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lips" 

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. lp. 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 uncefiainties in environmental anelytical 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. lp. 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 concern 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 malyses. (p. 47) 
Define the type of detection or quantitation limit for reporting purposes; request the sample 
quantitation limit for risk assessment. lp. 47) 
When contaminant levels in 8 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. 
lp. 501 
Field methods can produce legally defensible data i f  appropriate method QC is available and 
if documentation is adequate. (p. 57) 
To minimize the potential for false negatives, obtain data from a broad spectrum analysis 
from each medium and exposure pathway. (p. 58) 
The CL P 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. lp. 58) 
Use of the Sampling Design Selection Worksheet will help the RPM or statistician determine 
an appropriate sampling design. (p. 65) 

* For further information, refer to tbe text. Page numbers are provided. 
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While other designs,may be appropflate in many cases, stratified random or systematic ' , 

sampling designs are always acceptable. (p. 65) 
If the natural'variability of the chemicals of potential concern is large (e.g., greater than 30.%), 
the majoc plsnning effort should be.to collect more environmental samples. (p. 72) 
At least on.8 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 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. (p. 75) 
Systematic sampling supplemented by judgmental sampling is the best stretegy for 
iden tifyins. hot spots. (p. 75) 
Focus planning efforts on maximizing the collection of useable data from 'critical samples. (p. 
78) 
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 ore specified'on the Method Selection 
Worksheet so that the most,appropriate methods can' be'considered. (p. 83) 
Use routine methods whereverpossible since method development is time-consuming and 

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 providitig data from a brohd 
spectrum ,analysis are available. (p. 89) 
Focus corrective action on maximizing the useability of data from critifal 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 8nd/or different. ' . . 
analyticel methods. (p. 107) 
Determine the distribution of the data before applying statistical measures. (p. 709) 
Determine the statistical measures of  performance most applicable to  site conditions before 
assessing data useability. (p. 7 10) 
Use data qualified as U or J for risk assessment purposes.' lp. 113) 
The major concern with false negatives is that the decision based on the risk assessment may 
not be protective of human health. (p. 117) 
False negatives can occur i f  sampling is not representative, if detection limits are above 
concentrations of  concern, or if spike recoveries are very law. (p. 7 17) 

.. . 

, 

may result in problems with laboratory implementation. , (p. 83) . , . .  

. 

' . 

False positives can occur when blanks are contaminated or spike recoveries are very high. (p. 
118) 
Statistical analysis may determine if site concentretions are significently 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. 127) 
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PREFACE 
The U.S. Environmental Protection Agency @PA) 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 (CERCLA) as amended by the Superfund 
Amenbentsand Reauthorization Actof 1986 (SARA). 
Datauseability is the process of assuring or determining 
that the quality of data generatedmeets the intexided use. 
Thisguidancehasbeen designedby the Risk Assessment 
Subgroup of the Data Useability Workgroup to provide 
datausers with andonally consistent basis for making 
decisions abu t  the minhurn quality and qmntity of 
enviro,mental analytical &zta that are sufiicient to 
support Superfund risk assessment decisions, regardless 
of which parties conduct the investigation. This 
document is the t"mt part (Part A) of the two-part 
Grtibnce for Data Useubility in Risk Assessment. Part 
B of this guidance addresses radiowalytical issues. 

Risk Assessment Guidunce j?)r Supqfund (RAGS), 
Volwne I: Human Health Evuluution Manuul, Purt A 
(EPA 1989;l) serves as tl general guidance document for 
the risk assessment process. Building upon RAGS, mi 
"interim final" version of Guidance forDotu Useubility 
in Risk Assessment was issued by the Risk Assessment 
Subgrotipof theData UseabiIity Workgmup in October 
19W0. The guidance was issued as "interim tiiid" in 
orclertoobtain anclincorporatecomnenrs andcriticisms 
from data users who tested it in real-world situatioiis. 

The authors acknowIedge tliesignificant help of all who 
have provided comments and criticisms. The results 
indicate that many people react favorably to the gu idance 
and find it useful in planning a risk assessment or in 
evaluating assessmenls Jready underway. Issues were 
identified where guidance in the interim 8nal oeeded to 
be supplemented or discussed in more detail. These 
issues include providing a more detziled discussicm of 
sampling strategies, incorporating groundwater facton, 
addressing soil depth for exposure, and obtaining 
background data. Issues concerning data reporting 
formats, vdihtion and use of noli-CLP dam, 'and 
tenhtively identified compounds were also iden tilied. 
The fmal version of the guidance provida gxeitter detail 
in the discussion of these and olher issues. 

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

xi 

specific conditions may often require sampling or 
analysis beyond the basic recommendations given in 
this guidance. The guidance does not directly address 
the use of ecological bra for purposes other than 
baseline risk assessments for human health, although 
some considemf ions havebeen included when datamay 
beusedforbothecologidand humanhealthevaluation. 

Thisguihcecomplements guibcepvided  in RAGS 
@PA 1989a). Guidance for Conducting Remedial 
Investigutions and Feusibility Sldies Under C E R U A  
(EPA W88a), andData ~ u ~ ~ ~ u b j e ~ i v e s f o r ~ e ~ d i ~  
Response Acfivifies: Development Process @PA 1987a). 
RAGS provides the framework for making data quality 
assessments in baseline risk assessments, and this 
guidance supplements and strengthens important 
technicalderailsof the frameworkby providingduection 
on ininimum requirements for environmental analytical 
data used in baseline risk assessments. As such, it 
complements md builds upon Agency guidance for the 
development md use of data quality objectives in all 
data adIection activities. 

This guidance is addressed primarily to the remedial 
project managers (RPMs) who have the principal 
responsibility for leading the data collection and 
assessment activities that support the human health risk 
&ssessmentand. secondarily, u>riskassessors whomust 
effectively communicate their data needs to the RPMs 
md use tlie data provided to them. Chemists, quality 
a,, suiaice specialists, statisticians, h ydtogeologists and 
other technical experts involved io the RI process can 
use this gui&mce to optimize the useability of data 
collected in the RI for use in baseline risk assessments. 

Cotnmeiits on the guidance should be sent to: 

Toxics Integration Branch 
Oftice of Emergency and Remedial Response 

Washington, DC 20460 
Phone: 202-260-9486 

401 M Stre t ,  SW (OS-230) 
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Chapter I 
Introduction and Background 

ThisguidancewasdevelopedbytheU.S.Environmental 
Protection Agency @PA) for remedialprojectmanagers 
(RlJMs), riskassessors, and contractors. It is published 
in two parts; this document is Part A. Part 3 solely 
addresses useability issues in radioanalytical sampling 
and analysis for risk assessment. 30th parts of this 
guidance are designed to assist RPMs in maximizing 
the useability ofenvironmental analyticaldatacoIlected 
in the remedial investigation (RI) process for baseline 
human hedtb risk assessments. Since RPMs. with 
assistance from technicalexperts,overseethepreparation 
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 hedth. This guidance provides 
detailed approaches and basic recommendations for 
both obtainingandinterprethg data for risk assessment 
that specifically adclress: 

. 

0 

0 

. 
L .  

How Lo design RI sampling and analytical 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 envbonmental analytical 
data of varying levels of quality from different 
sources and incorporating them into the risk 
assessment, 

Procedures for determining the leveI 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. 

AIthough Lhe guidance addresses the baseline risk 
assessment within the RI, it is appropriate €or 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 to ensure that adequate environmental 
analytical dataof acceptable quality and quantity for the 
risk assessment are collected during the RI. This 
guidance assists risk assessors in communicating their 
environmental analytical dataneeds to the WMs. Risk 
assessors shouldwork closely with the RPMs toidentify 

and recommend sampling designs and analytical 
methods tbat 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 to risk managers. 

This guidance provides a number of worksheets and 
exhibits that can be used as bases for the organization of 
sampling or analyticalplanning or assessmentpaxsses. 
However, implementation of guidance will be sire 
specific, and site personnel should develop andmodify 
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 ecoIogical 
assessment, thechemicalsofpotenlialconcernandrheir 
priorities may be different than those of the human 
health risk assessment. For example, iron is rarely of 
concern in human health risk assessments, but high 
levels of iron may pose a threat to aquatic species. Eco- 
guidance documents relevant toriskassessment include 
Risk Assessment Guidunce for Superfund, Volume II: 
Environmental Evuluution Munual (EPA 1989b), ECO 
Update (EPA 1991a) ond Ecological Assessment of 
Huzardous Wuste Sites: A Field cmd Laboratory 
Refermce @PA 1989~). 

1.1 CRITICAL DATA QUALlTY ISSUES 

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 issues 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 usability, and highlight 
the resolutions of these issues. 

IN RISK ASSESSMENT 

Acronyms 
CLP Contract Laboratory Program 
EPA US. Environmental Protection Agency 
QAPjP quality assurance project plan 
RAGS 
R1 remedial investigation 
RPM remedial project manager 
SACM Superfund Accelerated CIeanup Model 

Risk Assessment Guidance for Superfund 1 .  
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1.9.1 Data Sources 
Data users must select sampling and analytical 
procedures and pviders  appmprhte to the data needs 
of each risk assessment. Practical tradeoffs among 
detection limits, response time, documentation, 
analytical costs. and level of uncertainty should be 
Considaedpriortosekting sampling designs, analytica.I 
methods, and service providers. 

?he Conbact Laboratory Program (UP) has been the 
principal source of analytical data for investigations at 
hazardous waste sites. The U P  requires adherence to 
specificdataacceptance criteriawhichresultsindataof 
known analytical quality produced in a standardized 
package. Another principal source of analy tical data is 
the EPA Regional laboratory, which often jroduces 
data similar in quality to that of the CLP. Other 
analytical sours ,  such as field analysis or fixed 
laboratories @PA, state, M private), can also produce 
data of acceptable quality. Accordingly, RPA4s and risk 
awssors should seek the source of data that best meets 
the data quality needs of tbe risk assessment. Section 
4.2 provides guidance for selecting analytical sourcm. 
Field analytical data have been used primarily to aid in 
making decisions during sampling. However, recent 
advances in technology, 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 number of 
samptes 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 
useabili ty and applicability of fieldanaly tical data in the 
risk assessment process is also provided in Section 4.2. 

For any source of monitoring data, RPMs must ensure 
h i t  dataquality objectives, analyticalmethods, quality 
controlrequirementsandcriceiia,levelof documentation, 
and degreeandassignmentofresponsibilities forquality 
assuTmce oversight are clearly documentedin the quality 
assurance project plan (QAPjP). In addition, the RPM 
is responsible for the enforcement of these parameters. 
For non-Superfund-lead analyses, the potentially 
responsible party, state, or feded agency demnines 
and documents these parameters. The QAPjP is then 
submitted to the RPM for review. In all cases involving 
risk assessment, the RPMshouldaIways seek the source 
ofdala thatbestmeets thedataquality needs oftherisk 
assessor. The datasource chosen must generate data of 
known quality. 

1.1.2 Detection Limits 
Selecting the analytical method to meet the required 
detection limits is fundamental to the useability of 
analyticaldatainriskassessments. In addition, the type 
of detection limit, such as method detection limit os 
sample quantitation limit, used in making data quality 
decisions affects the certainty of the risk assessment. 
Guidance for making these decisions is provided in 
Section 4.2. Preliminary remediation goals, as defined 
in Risk Assessment Guidance for Superfind (RAGS) 
Volume I: Human Health Evaluatwn Manual, Part B 
(EPA 1991b). provide criteria to be considered in 
evaluating the adequacy of detection limits. 

1.1.3 Qualified Data 
Labomtories, and individuals conducting independent 
data review, affix axled qualifiers to data when quality 
control requirements or other evaluation criteriaam not 
met Data reviewers assess these and many otha 
criteria to determine the useability of data. Qualified 
data must be used appropriately in risk assessments. 
Data are aImost always useable in the risk assessment 
process, as long as the uncertainty in the data and its 
impact on the riskassessment are thoroughly explained. 
Section 5.6 describes procedures for incorporating 
qualified data and data of varying analyticalquality into 
the risk assessment. 

1.1.4 Background Samples 
In conducting a risk assessment, it is 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 metbod detection limits 
and sample results qualified during data review 
compIicate the use of background sampIe data to 
determine sitecontamination. Planningfarthecollecfion 
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 coIlecting 
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environmental analytical data for baseline risk 
assessments for human health should use guidance 
provided in Risk Assessment Guidance for Supe@id 
(RAGS) Volume I: Human Health Evaluation Manual, 
Part A (EPA 1989a) and this guidance to ensure that 
baselineriskassessmentsforhuman health areconducted 
consistently and are protective of the public bealth. 

1,2 FRAMEWORK AND ORGANIZA- 

This guidanceisorganized foHowingthe usual sequence ' 

used 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: 

TION OF THE GUIDANCE 

Data quality indicators, 

Data review, and 

Reports to risk assessor. 

These criteriaaddress the five major data quality issues 
described in Section 1.1 and other issues that impact 
datauseability in theriskassessment. Thedatauseability 
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 useability of the analyticaI data collected 
during the RI, and of data from other studies and 
sources, such as site inspections. Tbis guidance also 
describes how to determine the uncertainties in the risk 
assessment basetl on the level of uncertainty of the 
environmental analytical data, determined using the 
data useability criteria. 

* The analjdcaldata objective for baseline 
risk assessments is that the uncerfainty is 
known and acceptable, not that the 
uncertainty be reduced to a particular level. 

- Data sources, 

Documentation, 
Available analytical servicesin terms of analytical 
methods and detection limits, 

EXHIBIT 1. DATA USEASILITY CRITERIA TO PLAN SAMPLING, 
ANALYSIS AND ASSESSMENT EFFORTS 

IN BASELINE RlSK ASSESSMENT 

DEFINING 

DATA USEABlLlW 
CRITERIA (3.1) 

Data Sources 

PLANNING ASSESSING DETER M IN I NG 
~ 

SAMPLING 
CONS1 DERATIONS 

, Preliminary Sampling 
Issues (3.2) 

Strategies for 
Designing 
Sampling Plans (4.1) 

Documentation 

Analytical Methods 
and betection Limits I I I 
DataQuality ' 

Indicators 

Data Review 

ANALYTICAL 
CONSIDERATIONS 

Preliminary Analytical 
Issues (3.2) 

* Strategy for Selecting 
Analytical Methods 
(4.2) 

. .  

DATA USEABILKY 
CRITERIA (5.0) . 

. Reports. to Risk 
Assessor . ' 

Documentation : 
Data Sources . .  . 

Analytical Methods 

Data Review 

DataQuality 
Indicators 

and Detection Limits 

. .  

LEVELS 

CERTAINTY 

BASELINE 
RISK 

ASSESSMENT 
(6.1) 

. , .  
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Exhibit 2 summarizes the pwpose of each chapter of 
a i s  guidance and highlights how the chapters can best 
assistRPMsandriskassessors. Worksheets,assessment 
tables, and other aids m used extensively throughout 
the guidance. These are tools that can be used “as is,” 
or they can be modified for use of used as the basis for 
sitespecific worksheetsorsummaties. Chaptercontents 
an? summarized below. 

Chapter %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 
proms and emphasizes the impact of anafytical 
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 therisk assessment 
ZlfedeSdW. 

Cbapter 3-Useability Criteria for Baseline Risk 
Assessments: Six criteria are defined in this 
chapter for interpreting the importance of sample 
collection, analytical techniques, and data review 
procedms to the useability of analytical 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 R?. 

. Chapter4StepsforPlanning for the Acquisition 
of UseabIe Environmental Data in Baseline Risk 
Assessments: This chapter provides explicit 
guidance for designing sampling plans and 
selw.ting analytical mefhods based on the data 
qualityrequirements of baselineriskassessments. 
Worksheets for sampling design selection, soiI 
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 asses the useability of 
sitespecific data for risk assessments after data 
collection according to the six criteria defined in 
Chapter 3. For each assessment criterion, the 
chapter defines minimum data requirements and 
explains how to determine actual performance 
compared to performance objectives and execute 
appropriate corrective actions for data critical to 
the risk assessment. The chapter also describes 
options available to risk assessorsfor incorporating 
analytical data from different sources and varying 
levels of quality into the baseline tisk assessment. 

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

Appendices-The appendices provide andytical 
and sampling technical reference materials, 
including descriptions of generic organic and 
inorganic data review packages; listings of 
common industrialpollutants; analytical methods 
and detection or quantitation limits (see Section 
3.2.4 for definitions); common laboratory 
contaminants; calculation formulas for statistical 
evaluation; information on analytical data 
qualifiers; a summary of Contract L.aborauny 
Program methods with corresponding Target 
Compound List compounds and Target Andyte 
List anaytes; and an example of a conceptual site 
model. 

Index-The index provides cross-references 
throughouttheguidance. Thisisimportantbecause 
Chapters 3, 4, and 5 present planning and 
assessment issues as comp1eaentary discussions 
that can be viewed independently. 

Tips-Tips, marked witb 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 thechapter. 

‘ 



EXHl8lT 2 ORGANEATION OF THE GUIDANCE 

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

Provides guidelines for designing samplihg plans and selecting analytical methods. 
Provides worksheets to suppofl sampling design selection, soil depth sampling, 
and analytical method sdection. 

Chapter I 
Introduction and Background 

Presents critical data useability issues. 
Specifies audience to be pnmadly RPMs and risk as~88sors 
Defines scope and specifies organization of the guidance. 

Chapter 2 
The Risk Assessment Process . Explains the elements of a 

element. 
Defines the uncertainties in the risk assessment process. 
Describes the d e s  of the fisk assessor, RPM and others involved with the risk assessment 
planning and assessment process. 

assessment end the impact of analytical data quality on each 

A 

t 

rn 

Chapter 6 k 
Application of Data to Risk Assessments 

Provides procedures to determine the uncertainty of the analytical data. 
Explains how to distinguish site from background levels of contamination and deternine the 

. Discusses how to characterize contaminan! concentrations within exposure areas. 
presence (absence) of chemicals of potential concern. 

Appendices 

Provide technical reference materials for sampling and analysis. 
Desclibe data review packages and meanings of selected data qudifers. 

~. ~ 

21402402 
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Chapter 2 
The Risk Assessment Process 

This chapter is an overview of the data collection and 
evaluation issues that affect ihequality and useability of 
baseline human health risk assessments. Ecological 
risk assessment is not discussed in tbis 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 letations in characterizing risks to 
human health. 

The chapterhas twosections. Section2.1 is 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 we11 established. The National 
Research Council (NRC) prepared a comprehensive 
overview of this process (NRC 1983), which has become 
the foundation for subsequent EPA guidance @PA 
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 
progwn. 
The risk assessment process has four components: 

Data collection and evaluation, 

Exposure assessment, 

Toxicity assessment, and 

. Risk chmcterization. 

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

Uncertainty analysis is often viewed as the last step in 
the riskcharacterization process. However, asdiscussed 
in detail in RAGS, Part A, uncertainty analysis is a 
fundamental element of each component of risk 
assessment, and ihe results for each component require 
an explicitstatementof thedegreeofuncertainty. 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 asses-em. 

* To maximize data useability for the risk 
assessment, the risk assessor must be 
involved from the starr ofthe RI. 

The importance of obtaining analytical data that fulfill 
the needs of risk assessment cannot be ovastated. The 
risk assessor must be involved from the start of the risk 
assessment process to help establish the scope of the 
investigation and thedesign of the sampliig and analysis 
program. 

All analytical datacollected for baselinerisk assessment 
must be evaluated for their useabjlity. The procedures 
for evaluating the adequacy of tbe 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 
in each component of the risk assessment, which restrict 
the depth and breadth of the evaluation. This guidance 
deals only with the uncertainty inhemt in datacollection 
and evduation. Consult RAGS, Part A, for a more 
complete discussion of these and other uncertainties, 

’ 

ATSDR 

DQO 
EPA 
GIs 
HEAST 
IRIS 
LOAEL 
NOAEL 
NKC 
PAH 
PCB 

QAPjP 

RAGS 

R f D  
RI 
RME 
RPM 
SAP 
SOP 
UCL 

QA 

QC 

Acronyms 
Agency for Toxic Substances and Disease 

data quality objective 
U. S : Enviro nmental Protection Agency 
Geographical Information System 
Health Effects Assessment Summary Tables 
Integrated Risk Information System 
lowest-observable-advetseeffect level 
no-o bservable-adverse-effect level 
National Research Council 
polycyclic aromatic hydrocarbon 
polychlorinated biphenyl 
quality assurance 
quality assurance project plan 
quality control 
Risk Assessment Guidance for Superfund 
reference concentration 
reference dose 
mmedid investigation 
reasonable maximum exposure 
remedial project manager 
sampling and analysis plan 
standard operating procedure 
u m r  confidence limit 

Registry 
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EXHIBIT 3. DATA RELEVANT TO COMPONENTS OF 
THE RISK ASSESSMENT PROCESS 

Risk Assessment 
Component 

Data Collection and 
Evaluation 

Exposure Assessment 

Toxicity Assessment 

. .  

i 

Risk Characterization 

21402-003 
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EXHIBIT 4. BASELINE RISK ASSESSMENT PROCESS AND 
TYPICAL SOURCES OF UNCERTAINTY 

Exposure A6sessment 

1 

Assumptions regarcling intake 
factors, population drarectetistics, 
and exposure patterns may not 
adequately characterize exposure 
and may result in underestimates or 
overestimates of risk. 

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

Inappropriate selection of detection 
limit can result in overestimate or 
underestimate of risk. . 

As+umption of 100% bioavait- 
ability of chemicals in environ- 
mental media (soil in particular) may 
result in overestimates of risk. 

Assumption that chemicals of 
potential concern 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 concern cannot be fully 
characterized end may result in 
underestimates of risk. 

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

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

Data Collection and 
Evaluation 

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

Results may overestimate or 
underestimate risk when an 
insufficient number of 
sampfes are taken. 

Contaminant loss during 
sampling may result in 
underestimates of risk. 

Extraneous contamination 
,introduced during sampling 
or analysis may result in 
overestimation of risk. 

Risk Characterization 

RisWdose estimates are 
assumed to be additive in the 
absence of information on 
synergism and antagonism. 
This may result in over- 
estimates or underestimates 
of risk. 

Toxicity values are not 
available for all chemicals of 

. potential concern. Risks 
cannot be quantitatively 
characterized for these 
compounds and may result in 
underestimates of risk. 

For some chemicals or 
classes (e.g., PCBs, PAHs), 
in the absence of toxicity 
values, the cancer slope 
factor or RfD of a highly toxic 
class member is commonly 
adopted. This approach may 
overestimate risks. 

1 
Toxicity Assessment 

Criticat toxicity values are 
derived fmm animal studies 
using high dose levels. 
Exposures in humans occur 
at low dose levels. 
Assumption of linearity at 
low dose may result in 
Overestimates or under- 
estimates of risk. 

Inappropriate sefection of 
detection limit can result in 
overestimates or under- 
estimates of risk. 

Extrapolation of results of 
toxicity studies from 
animafs to humans may 
introduce error and 
uncertainty, inadequate 
consideration of 
differences in absorption, 
pharmacokinetics , and 
target organ systems, and 
variability in population 
sensitivity . 
There is considerable 
uncettainty 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 conservative high to 
low dose extrapolation 
models may result in 
overestimation of risk. 

. .  

I 
Source: Adapted from EPA 1989a. 
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Risk assessment can be a simple operation, using only 
screening-level data, or can becomprebensive, requiring 
a robust data set designed to support statis tical analyses. 
Exhibit 5 discusses the range of uncertainty of baseline 
risk assessment The first column in Exhibit 5 defines 
the range of the analysis from a low to a high degree of 
uncertainty. Thesecondcolumndescribesthe associated 
data useability and limitations in the risk analysis. 

The first level of analysis in Exhibit 5 is a 
quantitative risk assessment based on a sampling 
p r o g r a m  hat can be statistically analyzed. The 
assessment explicitly bounds and quantitates the 
uncertainty in all estimates. This analysis may 
sfrive to attain an ideal based upon the cmpIexity 
ofthe site. Theassessment is “quantitative”in that 
numeric estimates are derived for potentially 
adverse non-carcinogenicandcarcinogeniceffects, 
and in that the level of certainty is quantitated. 

lle second Ievel of analysis in Exhibit 5 is a 
quantitative assessment basedon alimitednurnber 
of samples or on data that cannot be fully 

Risk assessment conducted uslng well-designed, 
robust data sets and models directly applicable to site 
conditions. Sampling program, based on geostatistlcal 
or random design, wiIl 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. 

Risk assessment conducted using data set of limited 
quality and size. No meaningful 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. 

, 

quantitated. TheriskcharacteriZatianrnayinclude 
numeric estimates of excess lifetime cancer risks 
and the calculation of hazad indices. However, 
the level of analytical uncertainty for these 
measures may be significant but is either not 
quantitated or is estimated. Given the limitations 
of the analytical data, cmly a qualitative evaluation 
of the analytical uncertainv is feasible. Most 
baseline risk assessments fall within thiscategory. 
Bias may need to be determined for its effect on 
predicted exposures .and consequent risk. 
The third level of the continuum is a qualitative 
assessment of risk. The assessment is qualitative 
because no numeric measufes can be derived to 
indicate the potential €or adverse effects, and the 
level of certainty cannot be assessed. Tho risk to 
human health is considered only in general terms. 
Qualitative assessments are based upon limited 
sources of historical information, such as disposal 
records, CircumstantiaI evidence of contamination, 
or preliminary site assessment data. 

EXHIBIT 5. RANGE OF UNCERTAINN OF RISK ASSESSMENT 

Descriptio n/Lim ita t i on s Range of Analyses I 
Quantitative Assessment of Risk: 

Un,certainty minimized, quantified, 
and explicitly stated. Resulting or 
final uncertainty may be highly 
variable (either high or low). 

___ ~ 

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. 

Qualitalive Assessment of Risk: 

Only qualitative statement of 
uncertainty is possible. 
Uncertainty is high. 

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



rt AI/ 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 
RPMs 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. Datacollection begins with a statement of 
the risk assessment purpose and a conceptual model of 
thecunent understanding of the problems to be addressed 
for the site under investigation. The model draws from 
J 1  available historical dah (EPA 1989a). It is fmt 
created with a best estimate of the types and 
concentrations of chemicals, or of key chemicals that 
cuelikely tobepresent, given thehistoryof thesite. Site 
records, site maps, the layout of existing structures, 
topography, and readily observable soil, water and air 
characteristics on and off the site help to estimate 
chemicalsofpotential concern, likelyimpmtexposure 
pthways, potentially exposed populations, and likely 
temporal and spatial variation. All of these elements 
comprise theconceptualmodel (Efiibit 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. 
Sever; 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- 
ization, extent of plume, etc., what chemicals of 
concern will drive the risk-based decision), and 

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

Carefully designed sampling and analysis programs 
minimize the subsequent need to qualify the 
environmental data during the data assessment phase. 
The objective of the data collection effort is to produce 
data that can be used to assess risks to human hedlth with 
a known degree of certainty. 

A complete list of chemicals of potential concern is 
produced when the analytical data have been collected 
and evaluated. This list of analytes is tbe focus of the 
riskassessment. EPAao longer advocates the selection 
of “indicator compounds,” because this pmctice may 
not accurately reflect the total risk from exposure to 
multiple site chemicals of po tential concern, nor does it 
improve the quality or accuracy of the risk assessment 
(EPA 1989a). 

Uncertainty in data collection and evaluation: Fout 
principal decisionsmust bemade during data collection 
and evaluation in the risk assessment: 

9 The presence and levels of contaminants at the site 
at a predefined level of detail, 

If the levels of site-related chemicals differ 
significantly from their background levels, 
Whether the analytical dataare adequate to identify 
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 becontaminated 
andchemicals of potential concern havebeen identified, 
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 
acornbination of variance in sampling 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, quantify, and 
minimize these variabilities. 

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

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

Deriving siteconcentrations that donot accurately 
characterize the magnitude of contamination. 

i 
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EXHIBIT 6. DEVELOPMENT OF CONCEPTUAL SITE MODEL 

1 . 

Identify Chemicals of Potential Concern 

Historical data on former useage of site. 

Results from eadier analyses. 

Potential background chemicals. 

Mobility, toxicity and degradation 

Sources of release. 

characteristics. 

Y 

storage, use and disposarof chemicals 
of potential concern. 

characteristics information. 
Geological, hydrogeological and soil 

Sutface and subsurface topography. 

Meteomlogical data. 

Identify Population Characteristics 

9 On-site and nearby off-site 
population. 

Land use (current and future) 
'(e.g., residential, industrial, 
recreational). 

Receptors at risk. I '  
Pathways (e.g., Air 

inhalation) 
Pathways (e-g., Dermal Pathways (as., Soil 

Ingestion) 

I I 
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Determining if site concentra tions differ significantly 
from background concentrations. A fundamental 
decision in baseline risk assessments is whether the site 
poses an increased risk to human health and the 
environment. The decision depends on the degree of 
certainty 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 accommoclates 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 concentration of a chemicalat the study area is 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 to 
supplementbackgrounddata. Anexample of an off-site 
area is the 4-mile radius used for the air exposure 
pathway in the Hazard Ranking System.) If data from 
background samples areclearly different from the results 
of sile monitoring (e.g., mean chemical concentrations 
differ consistentlyby twoorders ofmagnitude), statistical 
analysis of the data may not be necessary. Under such 
circumstances, RAGS indicates that the primary issue is 
establishing areliable representation of the extent of 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 sitemonitoring 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 bypothesis isalways evaluatedand accepted or 
- rejected with aspecified level of certainty. This level of 
certainty is clefmed 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 I1 
ennr is the probability that thenull hypthesisis accepted 
when it is false (a false negative conclusion). How 
smpIing and analysis design affects the likelihood of 
these two types of emrs 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 
pzlrhways and their exposure areas are important in 
identifying potentially exposed populations and for 

developing intake estimates. In the baseline risk 
assessment, the risk assessor combines data on 
contamination with information on human activity 
patterns to identify exposurepathways and todetermine 
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 siterelated 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 
quantification 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). Analytical 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 environmental medium 
under evaluation. Hot spots need to be identified and 
characterized. Neptune, et. al. 1990, have proposed the 
concept of an “exposure unit” as the area over which 
receptors integrate expsure. 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 a r e a  of 
exposure. 

I 

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, medium of 
transport, etc.), 

To identify potentially exposed populations 
(receptors), and 
To measure or estimate the magnitude, duration, 
and frequency ofexposure to sitecontaminants for 
each receptor (or receptor group). 

Actionsathazardouswastesitesarebas~onanescimate 
of the reasonable maximum exposure (RME) expected 
tooccur underbothcumntandfutmconclitionsof land 
use (EPA 1989a). EPA defines the RME as the highest 
exposure that is reasonably expected to occuf at a site 
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overtime. RMEs areestimated for individual pathways 
and combined across expbsure pathwaysif appropriate. 
Once potentially exposed populations are identified, 
environmental ooncentrations at points of exposure 
must be determined or projected. Intake estimates (in 
mgkg-day) ate then developed for each chemical of 
potential concem using a conservative estimate of the 
average concentration to wbich receptors are exposed 
over the exposure period. (RAGS remmmends a 95% 
upper confidence limit WCL) on thearithmeticmean.) 
Theconcentration 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 
infoimation may be used subsequently in sensitivity 
and uncertainty analyses in the risk characterkition. 
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 
partmeters which comprise an exposure scenario may 
mu1 t in substantial uncertainty in the final assessment. 
The largest measure of uncertainty is associated with 
characterizing bransport and transformation ofchemicals 
in the environment, establishing exposure settings, and 
deriving estimates Ofichronic 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 theexposu~.esessmentp~~s,  themderisreferred 
to RAGS, Part A. 

Characterizing environmental fate, identifying 
exposure pathways, and identifying receptors at 
risk. An evaluation of the transport and transformation 
of chemicalsin the environment is cunductedfor several 
reasons: 

To understand the behavior of site-related 

To project the ultimate disposition of these 

chemicals of potential concern, 

chemicals, 

To identify exposure 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. 

Monitoring dataare most appropriately used toestimate 
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 forfutureexposure, or exposure 
at a distance from the source of release, or to predict 
presentconcentrations wheremeasurement is toocostly. 
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 fmm the sou~ce of dease. 
Models, of necessity. are simplifications of a reaf, 
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 
agplying the model to a particular site. The degree to 
which the model differs from reality (in critical areas of 
theanalysis)contributesto theuncertainty oftheanalysis. 
Transport models arecommonly selectedfor their utility 
in describing or interpreting a set of monitoring data. 
Chemical transport models must be carehlly selected 
for the% ability tomeaningfully characterize the behavior 
of chemicals in the environmental medium for the 
specific site under investigation. Models that are I 
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 
sile are primarily made up of clay. Additionally, if the 
analytical data set is severely limited in size or does not 
accurately characterize the nature of contamination at 
the site, a transport model cannot be properly selected or 
accurately calibrated. This introduces additional 
uncertainty. 

Uncertainty in the analytical data, 
compounded b y uncertainty caused b y  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. It is here 
that the professional judgment of the risk assessor is 
particularly important. The risk assessor must examine 
and interpret a diversity of information: 

Thenature,extent andrnagnitudeof contamination, 

Results of environmental transport maleling, 

Identification of exposure pathways and areas, 
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Identification of receptor groups currently exposed 
and potentidy exposed in the future, and 

Activity patterns and sensitivities of receptors and 
receptor groups. 

Basedon this information, theriskassessor characterizes 
theexposuresettingandquantifiesallparametersneeded 
in the equations to estimate intake (EPA 1989a). 
Chemical intake is a function 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 tbe average time period during wbich 
exposure occurs. Exhibit 7 is the generic form of the 
intake equation used in exposure assessment. 

The specific form of the intake equationvariesdepending 
upon the exposure pathway under consideration (e.g., 
ingestion, inhalation, dermal contact) @PA 1989a). 
Each of the variables in these equations, including 
chemicaI 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 Superfundriskassessments, EPAhasestablished 
standardizedexposureparameters to be used when site- 
specific data are unavailable @PA 1991b). Note that 
?he combinatiOn of all factors selected should result in 
an estimate of reasonable maximum exposure for each 
jlemical in each pathway (IEPA 1989a). 

For most risk assessments, it m a y  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 f d  
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 to evaluate the 
inherent toxicity of the compounds at the site, arid 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. 
Several values of toxicity are important in human heallh 
riskassessments. Reference closes (RfDs) andreference 
concentrations ( W s )  are used for oral and inhalation 
exposure, respectively, to evaluate non-carcinogenic 

and developmental effects; cancer slope factors andunit 
risk estimates are used for the oral and inhalation 
pathways for carcinogens. 

RfDsandRfCsarevaluesdeveloped byEPA 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 subpopulations, tbat is likely to be without an 
appreciable risk of adverse health effects over the 
period of exposure @PA 1989a). Subcbronic or chronic 
RfDs may be derived for a chemical for intermediae or 
long-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 uncettainty inherent in 
extrapolating the results of animal studies to humans. 
Modifying factors account for additional uncertaintie-s 
in the studies used to derive the NOAEL or LOAEL. 

, 

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

To reduce variability in toxicological values used for 
risk assessment, a standardized hierarchy of available 
toxicoIogical data is specified for Superfund, The 
primary source of information for these data is the 
Integrated Risk Information System (IRIS) database 
@PA 1989d). IRIS consists of verified IUDs, RfCs, 
cancer dope factors, unitrisks, andotherhealth riskand 
EPA regulatory information. Data in IRIS are regularly 
reviewed and updated by anEPA workgroup. If toxicity 
values are not available in IRIS, the EPA Health Effects 
Assessment Summary Tables (HEAST) @PA 199Oa) 
are used as a secondary Current source OF information. 
Additional sources of toxicity information are provided 
in RAGS. 
The toxicity assessment is conducted parallel with tbe 
exposure assessment, but may begin as early as the dah 
collection and evaluation phase. As chemicals of 
potential concern areidentified at thesite,thetoxiwlogist 
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. 
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EXHIBIT 7. GENERIC EQUATION FOR 
CALCULATING CHEMICAL lNTAKES 

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

boundary (mglkg body weight-day) 

Chemical-related variable 

C = chemical concentration; the average 
concentration contacted over the exposure 
period (e.g., rnglliter water) 

Variables that describe the exposed population 

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

EFO = exposure frequency and duration; describes how 
long and how often exposure occurs. Off en 
calculated using two terms (EF and ED): 

EF = exposure frequency (dayslyear) 

ED =exposure duration (years) 

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

Assessment-determined variable 

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

~~ ~~~ ~ 

Source: RAGS (€PA 1989a). 

21442007 
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Uncertainty analysis and toxicity assessment. The 
toxicityassessmentisanothescontributortounmtainty 
in risk assessment. Limitations in the analytical data 
from environmental samples affect the results of the 
toxicity assessment, but not to the extent that they affect 
other components of the risk assessment process,‘ Data 
on physical and chemical parame tenthatmay influence 
bioavailability can influence route-tu-muteand 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 in identifying chemicalsof potential 
concean, exposure pathways, and the time perioas over . 
which exposure may occur. Based on this information, 
the toxicologist identifies sub-&onic or chronic RfDs, 
ms, and cancer slope factors for oral, dermal, and 
inhalation exposure pathways. 
A list of toxicity values for risk assessment should 
includeanindicationofthe~egreeofcertainrlassociated 
with these values. Weight-of-evidence classifications 
provide aqualitativeestimateofcertainty andshouIdbe 
included in the discussion of cancer slope factors. 
Uncertainty and modifying factors used in deriving 
RtDsandRfCs should alsobe includedin the discussion 
of noncarcinogenic 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 
adverseeffectsinpotentially exposedpopulations. 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 rlskof adverse health 
impacts in an exposed individual. It is the cwentEPA 
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 p r d m  for calculating risk from exposure to 
carcinogenic compounds @PA 1986a, EPA 1989a, 
EPA 1989b)usesanon-threshold,dose-responsemodeI. 
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 factor is 
used in conjunction with the chronic daily intake to 
h i v e  a probabilistic upperbound estimate of excess 
lifetime cancer risk to the individual. 

The doseresponsemodelmost commonly usedby EPA 
in deriving the cancer slope estimates is linearized and 
multistage. Themathematicalrelationship of themodel 
assumes that the doseresponse 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 recommendedpractice forevaluating the potential 
for non-carcinogenic effects is to corn- the RfD of a 
given chemical to the estimated intake of tbe 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 ofriskcharactaimtion ispresenteclin RAGS. 
Further discussion of methods for risk characterization, 
and of specific factors such as metabolic rate factors, 
gender differences, and variable effects due tomultiple 
chemicals of potential concern, is available from many 
sources (EPA 1988a, TPA 1989b, EPA 198%). 

Uncertainty analysis in risk characterization. No 
risk assessment is certain. Riskassessment is aprocas 
that provides an estimate of potenrial @resent and 
future) individual risk, along with the limitations or 
uncertainties associated with the estimates. The most 
obvious effect of limitations in the analytical data on 
risk characterization is the ability to accurately estimate 
the potential for adverse effects in potentially exposed 
individuals. Clearly, if theavailable monitoring datado 
not facilitateameaningful determination of RMEhalUes, 
the risk estbnates will directly reflect this uncertainty. 
t Uncertainties in toxicological measures 
and exposure assessment  are o f t en  
assumed to be greater than uncertainties in 
environmental analytical data; thus, they 
are assumed to have a more significant 
e f fec t  on the uncertainty o f  the risk 
assessment. 

Resourceand timeconstraints oftenlimittheopportunity 
to develop a well-designed and comprehensive data set. 
Riskassessmentsmustbeconductedusingtheavailable 
information, even when there is no opportunity to 
improve the data set. However. the results should be 
presented withan explicit statement regarding limitations 
and uncertainty. 

If possible, a sensitivity analysis should be conducted to 
boundtheresultsofriskassessments. Asimpleapproach 
mi& 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 
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quantitative approaches to uncertainty analysis may be 
useful if they can be supported by the available 
information. Combining probability distribu tions using 
MonteCarlo techniques is one commonly cited example 
(EPA 1988b, EPA 1989% Finkel 1990). An overview 
of recommended methods for assessment of uncertainty 
in risk cbaracterization is presented in RAGS. 
Risk*Assistant, a sof&wm tool developed for EPA, 
provides an uncertainty analysis that determines the 
effect an the frnal risk estimate of using alternative 
parameter values, indicates the relative contribution of 
eachpathwaytorisbftomthecontaTninatedmedia, 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 
Melhodology for Characterization of Uncertainty in 
Exposure Assessment (EPA 1985) and Confronting 
Uncertainty in Risk Management: AGuide forDecision- 
Mukers ( F i e 1  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 
wiIl ultimately depend on the planning and interaction 
of thesetechnicalprofessionals. Key participants include 
the RPM and the risk assessor, who are primarily 
responsible for ensuring that data collected during the 
EU are useable for risk assessment activities. Other 
participants include hydrogeologists, chemists, 
statisticians, quality assurance staff, andother 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 RPMs 
responsibilities begin upon site listing and continue 
through deletion of the site from the National Priorities 
List. A network of technical experts, including 
representatives of othw agencies involved in human 
health or environmenWecoIogical assessments or 
related issues, is established at the start of the RI. This 
ensUtesthat the potential fat adverse effects to human 
health and theenvironment isadequately assessed during 
the FU. To successfully plan and direct the sampIing and 
analysis effort, the RPM must facilitate interaction 
among key participants. 

2.2.2 Gathering Existing Site Data 
and Developing the Conceptual 
Model 

The RPM is responsible forgathering and evaluating 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 dataneeds. 
Sources of information especially pertinent for risk 
assessment include data from potentially responsible 
parties, indusfrial records identifying chemicals used in 
processes, preIiminary naturaI 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 phomgrapbs and site 
maps showing past and present locations of stnrctures 
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 aIl 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 chemicaIs 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. P ~ l i m i n ~  identification ofpotential 
exposure pathways at the site under investigation is 
particuIarly important for the design of a thorough data 
collection effort. The conceptual site model should be 
provided to all key participants in h e  RI during tbe 
project scoping and should be included in the workplan. 
As work progresses and the site is better characterized, 
the RPM and the risk assessor shouId update the 
conceptual model. 

- 

' 

2.2.3 Project Scoping 
The adequacy of the sampling and anaIysis effort 
determines the quality oftherisk assessnent. 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. 
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EXHlBlT 8. ROLES AND RESPONSlBlLlTlES OF 
RISK ASSESSMENT TEAM MEMBERS 

Remedlal project manager 
Directs, coordinates and monitors all activities. 
Establishes network with other data users including federal, state and local agencies. 
Creates conceptual model. 
Gathers existing site data. 
Organizes sooping meetings. 
Controls budget and schedule. 
Guides preparation of QA documents. 
Ensures that the risk assessor receives preliminary analytical data. 
Contributes to data assessment. 
Develops preliminary list of chemicals of potential concern. 
Resolves problems affecting RI objectives, including risk assessment issues (e.g., resampling, 
reanalysis). 

Risk assessor 
Reviews all rejevant existing site data. 
Assists the RPM in developing the conceptual model and the preliminary list of chemicals of potential 

Contniutes to recommendations on sampling design, analytical requimments, including chemicals of 

Helps to refine the conceptual model. 
Communicates frequently with the RPM. hydrogeologist and chemist to ensure that data collection 

Reviews and contributes to SAP and QA documents. 
Assesses pmliminary data as soon as available to verify conceptual site model. 
Specifies additional needs. 
Assessee reviewed data for useability in risk assessment. 
Communicates all site activities with specific groups, such as chemists. 
Prepares risk assessment. 

concern. 

potential concern, detection limits and quality control needs during project sooping. 

meets needs. 

Hydrogeologist, chemlst and other technical support 
Provides technical input to scoping. 
Preparedpmvides input to SAP and QA documents in support of risk assessment data needs. 
Communicates frequently with the RPM andor risk assessor on status of data collection and issues 

Provides preliminary data to the RPM andlor risk assessor for review. 
Supports fate and transport modeling for the exposure assessment. 
lmplernents corrective actions to improve data useability. 

affecting data. 

auallty assurance speclalist 
Responsible for data quality review and technical assistance in preparing OA documents. 

* Provides historical performance QA data or recommendations for appropriate QC. 
Ensures adequate QA procedures are in place, including field and analytical audits. 

21-002408 
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* Analytical date collected solely for other 
purposes may not be of optimal use to the 
risk assessment. 

Data obtained solely witb the aim of characterizing the 
nature and extent of contamination at a sire may not 
fully support theneeds of theriskassessorinquanritating 
exposure. and therefore the potentid for adverse effects 
in buman and nonhuman receptors. Data on the nature 
and extent of contamhation may therefore be rejected 
by the risk assessor, requiring an additional round of 
sampling. For example, data identifying theboundaries 
of the site may not be representative of the level of 
contamination within an exposure area. Therefore, it is 
important to maintain the risk assessment data 
requirements as a higb priority throughout remedial 
investigations . 
S ~ p ~ g  andanalysismethodscliscussedduring scoping 
should ultimately be based on site-specific data needs. 
The RPM, risk assessor, hydrogeologist, statistician, 
andproject chemist must maintain opencummunication 

, 

during scoping and throughout the RI to ensure that this 
occurs. Datareview and deliverable requirements should 
bedetermined during the scoping meetings so that tbese 
specifications can be included in the sampling and 
analysis plan (SAP) for the tu. 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 i&ms useful 
for risk assessment to be considered by the RPM during 
scoping. Chapters 3 and 4 give specific guidance €or 
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 
pkan (QAPjP) should document the cumbinedkisions 
of the RPM, risk assessor, and other project staff. 

EXHIBIT 9. EXAMPLE RISK ASSESSMENT 
CHECKLIST FOR USE IN SCOPING 

Has all historical information been gathered and characterized 

What sample matrices should be investigated? 

What anaIytical methods should be used? 

Are the methods appropriate for risk assessment, given 

Will any special quality control requirements be necessary? 

Who will conduct the analysis (e.g., which type of laboratory)? 

What analytical data sources should be used (fixed laboratory 

and is it appropriate and avallable for use? 

specific contaminants present and their toxicity? 

andlor field analysis)? 

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 collection (e.g., 
due date, contractor availability)? 



, 

Particular emphasis is placed on establishing confidence 
limits, acceptable error, and level of quality control 
(discussed in Chapter 3). Tbis 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 worlcplan and SAP to 
ensure that the relevant data quality issues, sampling 
design, analytical needs, and data assessment procedures 
are adequately addressed for risk assessment. Exhibits 
10 and 11 provide checklisr to aid the review of the 
workplan and SAP. 

2.2.5 Budgeting and Scheduling 
As the overall sitemanager, the RPM must address and 
balance risk assessment data needs with other data use 
needs, such as health and safety, treatability studies, 
transport, and the nature and extent of contamination. 
The risk assessor is responsible for identifying specific 
data requirements for risk assessment and 
communicating these needs to the RPM. The RPM is 
responsible for developing and implementing the 
schdde for acquiring the data. Balancing costs and 
services while adhering to the schedule is a major 
responsibility of the RPM. 

TheRPMmustcoordinate theuseof analytical services. 
Data from different analytical sources provide the 

flexibility needed to balance cost with sampling needs 
andtime constraints. Theadvantages anddisadvantages 
of field analyses and fixtxl laboratory analyses should 
be considered, as described in Chapters 3 and 4. The 
risk assessmentparticipants canassist in the development 
of field sampling plans and the selection of appropriate 
analyticd 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 Iterative Communication 
Continuiug, open, and frequent communiciition nmong 
the particip'uts is critical to the success of the RI ,and 
baseline riskassessment. A singlemeeting or discussion 
is r,vely acteyuztte to ensure that all relevant issues have 
been addressed. Development of the risk awssment 
within the RI report is an iterative process of action, 
feedback, and correction or adjustment. 

Afterreview of the workplan, the SAP, and the QAPjP, 
the RPM monitors the flow of information. The risk 
assessor assiststhe W M  toensure that thedatapmduced 
are incompliance with therequirements of the workplan 
and SAP. Key questions they consider once the data 
become available are: 
. Have correct sampling protocoIs been followed? 

. Have all critical samples been collected? 

EXHIBIT I O .  CHECKLIST FOR REVIEWING THE WORKPLAN 

Does the workplan address the objectives of baseline risk assessment? 

Does the workptan document the current understanding of site history and the physical setting? 

Have historical data been gathered and assessed? 

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 preliminaly assessment of potential risks to human health and the environment'? 

including specific sampling and analysis requirements for risk assessment? 

describe the sampling, analysis and data review tasks? 

f 

Does the workplan document the decisions and evaluations made during project scoping, 

Does the workplan address all data requirements for the baseline risk assessment and explicitly 
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EXHIBIT 11. CHECKLIST FOR REVIEWING THE SAMPLING 
AND ANALYSIS PLAN 

Do the objectives of the QAPjP and the field sampling plan meet risk assessment needs 
established in the scoping meeting? 

Are QNQC procedures provided for in the SAP adequate for the purposes of the baseline 
risk assessment? 

Have the data gaps for risk assessment that were identified in the RI workplan been 
adequately addressed in the SAP? 

Are there sufficient QC samples to measure the likelihood of false negatives and false 
positives, and to determine the precision and accuracy of resulting data? 

Have analytical methods been selected that have detection limits adequate to quantitate 
contaminants at the concentration of concern? 

Have SOPS been prepared for sampling, analysis and data review? 

Will the sampling and analysis program result in !he data needed for the baseline risk 
assessment : 

-- to address 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, 
-- to evaluate temporal as well as spatial variation, and -- to support evaluation of current as well as future resource uses? 

Have the samples been analyzed as requested? 

Are data arriving in a timely fashion? 

Have appropriate sample quantitation Iimitddetec- 
tion limits been achieved? 

Has quality assurance been addressed as stated in 
the SAP and QApjP? 
Have the dam been reviewed as stated in the SAP? 
Is the quality of the analytical data acceptable for 
their intended use? 

Basedupon theseconsiderations, theRPM,riskassessor 
and other technical team members mustj ointl y determine 
if any corrective actions are needed, such as requesting 
additional sampling, using alternative analytical 
methods, or reanalyzing samples. 

* 

2.2.7 Data Assessment 
TheRPM andriskassessor workwith otherparticipants 
to identify a list of chemicals of potential concern and 
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decide on data review procedures. This infomation 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 
arrangementshave been established and explicitly stated 
in the SAP. 

The risk assessor may request preliminary data, or 
results that have received only a partial review, in order 
toexperlitethexiskassessmenttosavetimeandresoucces. 
Preliminary data can be used to validate the conceptual 
modelor tobegin the toxicity assessment. Thedatamay 
also indicateaneed formodifying sampIing 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. 
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2.2.8 Assessment and Presentation 
of Environmental Analytical 
Data 

Once environmental data are evalpkd in the data 
review process, the risk assessor develops a final data 
setfor usein the baselineriskassessment. Atlchemicals 
of potential concern should now be identified. The risk 
assessor prepares summary tables containing the 
following information: d 

Site name and sample locations, 

Number of samples per defined, representative 
areaofeachrnedium(e.g., donot countbackground 
samples together with other samples), 

Sample-specific results, 
Analyte-specific sample quantitation limits, 

Number of values above the quantitation limit, 

Measures of central tendency (e.g., 95% UCL on 
the arithmetic mean of the environmental 
concentration), 
Specifications for the treatment of detection or 
quantitationlimits and treament of qualified data, 
and 

Ranges of concentrations. 

All assumptions, qualiftcations, and limitations should 
be explicitly stated in the tables. The risk assessor 
provides the final data summary tables to the RPM, 
project bydrogeologis t, project chemist, and other 
appropriate project staff for review. These are the data 
that will be used in the baseline risk assessment to 
determine tbe potential risk to human health. It is 
essential, therefore, that this information consists of the 
best data avaiIable 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 I. 
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Chapter 3 
Useability Criteria for Baseline Risk Assessments 

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

Thechapterhastwosections. Section 3.1 discusses data 
useability criteria involved in risk assessment and 
suggests ways they can be applied to ensure data are 
useable. Section 3.2 presents preliminary sampling and 
analysis issues including identification of chemicals of 
potential concern, avai1,abIe sampling and analytical 
strategies or methods, and probable sources of 
uncertainty. 

Before scoping the N, it is critical for successful 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 RT. 

ct Effective planning improves the useability 
o f  environmentalanalyticaldata in the final 
risk assessment. 

Data needs for baseline risk assessments 'm not 
necessarily met by data the RPM acquires to identify the 
nature and extent of contamination at ahperfund site. 
For example, a s<mpling strategy designed to determine 
the boundaries of a contaminated areamay 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 to 
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 concentration is an analytical problem. Key 
concerns are the probability of falsenegatives and 
false positives. The selectionof analytical methods, 
laboratory performance, and type and amount of 
data review affects lhese issues for both site and 
background samples. 

Assumiilg that chemicals of potential concern 
have been identitid, the second question involves 

. 

background levels of contamination. Are site 
concentrations sufficiently elevated from m e  
backgroundlevels to indicate an increasedrisk for 
human health due to site contamination? 
AI1 exposure pathways and exposure areas must 
be identifed and examined. The two decisions 
concerning exposure pathways and areas primarily 
involve identifying and sampling the media of 
concern. 
The final decision involves characterizing exposure 
areas. Sampling and analysis must be 
representative and satisfy performance objectives 
determined during the planning process. 

RI planning and implementation of FU plans affect the 
certainty of chemical identification and quantitation. 
Therefore, the RIneeds to collect useableenviromenMI 
analytical data to enable the risk assessor to make these 
decisions. 

AA 
CLP 
CRDL 
CRQL 
DQI 
DQO 
GC 
HRS 
[CP 
[DL 
LOL 

MDL 
MS 
OVA 
PNSI 
PAH 
PCB 
PQL 
QA 
Qc 
QAPjP 
QW 
RI 
RWS 
RPM 
RRF 
RRT 
SAP 
SOP 
SQL 
TIC 
TRIS 
XRF 

LOQ 

Acronyms 

atomic absorption 
Contract Laboratory Program 
contract required detection limit 
contract required quantitation limit 
data quality indicator 
data quality objective 
gas chromatography 
Hazard Ranking System 
inductively coupled plasma 
instrument detection limit 
limit of linearily 
limit of quantitation 
method detection limit 
mass spectrometry 
organic vapor analyzer 
p r i m q  assessmentkite inspection 
polycyclic aromatic hydrocarbon 
polychlorinated biphenyl 
practical quantitation limit 
quality assurance 
quality control 
quality assurance project plan 
Quick Turnaround Method 
remedial investigation 
remedial inves tig a tiodfeasibility study 
remedial project manager 
relative response factor 
relative re tention time 
sampling and analysis plan 
standard operating procedure 
sample quantitation limit 
tentatively identified compound 
Toxic Release Inventbry System 
X-ray fluorescence 

25 



3.1 DATA USEABILtTY CRITERIA 

Suggested Actlon I 
Use data from different data sourms together to 
balance turnaround time, quality of data, and 
cost. Consult with a chemist or statlstician to 
assess mmpatibilily of data sets. 

Review the workplan and SAP and. if I 
appropriate, SOPs. As the data arrive, check 
for adherence to the SAP so that corrective 
action suchas resampling may be taken and still 
adhere to the project timetable. 

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

_ .  

3.1.1 Data Sources 
Thedatasources sdectedduringthe RI planning process 
depend on the type of data required and their intended 
use. Data collected prior to the Rl 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 daia requirements apply, whether the 
data are current or historical. Field screening mefhods 
can be used, md sufficient documentation produced, to 
act as an initial source of data. The minimum criteria for 
analytical data are discussed in Chapter 5 .  

Exhibit 13 identifies available data sources and their 
prim'y 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 useful for determining 
sampling locations and analytical approaches in the RI. 
Early site inspections may locate industrial process 
information that suggests chemicals ofpotential concern. 
Historical data indicate industry-specifk analytes and 
general levels of contamination and trends that are 
useful foridentifying exposurepathways, fordeveIoping 
the sampling design, and forselecting analyucalmethods. 
Historical analytical data are often available from the 
preliminary assessrnentlsite inspection (PMSI), 
including reports on the physical testing, screening, and 
analysisof samples. Other sources of snalytical data for 
baseline risk assessment include the Hazard Ranking 
System (HRS) documentation, site records on removal 
anddisposal, andindusuy-spcific systems for chemical 
discharge permits. Results from analyses by state or 
local governments may also indicate chemicals of 
potential concem. Exact locational data for historical 
samples should be obtained whenever possible. 

IC Use historicalanalyticaldata anda broad 
spectrum analysis to initially identify the 
chemicals of potential concern or exposure 
areas. 

The quality of historical data must be determined prior 
to their use in the R1. For historical analytical data to be 

EXHIBIT 12. IMPORTANCE OF DATA USEABILITY CRlTERlA 

Useability 

Dab Sources 
(3.1.1 ) . 

(3.1.2) 

Analytical 
Methods and 
Detection 
Limits 
(3.1.3) 

IN PLANNING FOR BASELINE RISK ASSESSMENT 

importance 

Data sources must be comparable if data are combined for 
quantitative use in risk assessment. Plans can be made in 
the RI for use of appropriate data sources so that data 
compatibility does not become an issue. 

Deviations from the SAP and SOPs must be documented 
so that the risk assessor will be aware of potential 
limitations in the data. The risk assessor may need 
additional documentation, such as field records on weather 
conditions, physical p&meters and site-specific geology. 
Data useable far risk assessment must be linked to a 
specific location. 

The method chosen must test for the chemical of potential 
concern at a detection limit that will meet the concentraBon 
levels of concern In applicable matrices. Samples may 
have to be reanalyzed at a lower detection limit if the 
detection limit is not low enough tu confirm the presence 
and amount of contamination. 

Stress importance of chairrotcustody for 
sample point identification in RI planning 
.......h.-.. 

Participate with chemist in seleding methods 
with appropriate detection limits during RI 

' planning. Consultation with a chemist is * 
required when a method's detection limit is at or 
above the concentratbn level of concern. 
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EXHIBIT 12. IMPORTANCE OF DATA USEABILITY CRITERIA 
IN PLANNING FOR BASELINE RISK ASSESSMENT 

(Cont'd) 

Data 
Useability 
Criterion 

Data Quality 
Indicators 
(3.1 -4) 

Completeness 

Comparability 

Representa- 
tiveness 

Precision 

Accuracy 

Data Review 
(3.t .5) 

Reporls 
to Risk 
Assessor 
(3.1.6) 

I mmrtanc e 

Compleleness for crilical samples must be 1 ooo/,. 
Unforeseen problems during sample collection (as defined 
in Chapter 4) and anaIysis can affect .data completeness. 
If a sample data set for risk assessment is not complete, 
more samples rnay have to be analyzed, affecting RI time 
and resource constraints. 

The risk levels generated in quanlilative risk assessment 
may be questionable i f  incompatible data sets are used 
together. 

Sample data must accurately reflect the site 
characteristics to effectively represent the site's risk to 
human health and the environment. Hot spots and 
exposure area media must have representative data. 

If the reported result is near the concentration of concern, 
it is necessary to be as precise as possible In order to 
quantify the likelihood of take negatives and false 
positives. 

Quantitative accuracy information is critical when results. 
are reported near he level of concern. Contamination in 
the.tield, during shipping, or in the laboratory may bias the 
analytical results. Instruments that are not caiibmted or 
tuned according to Statement of Work requlrernents may 
also bias results. The use of data that is biased may affect 
the interpretation of risk levels. 

Use of preliminary data or partially reviewed data can 
conserve time and resources by allowing modification of 
the sampling plan while the RI 1s in process. Critical 
analytes and samples used for quantitative risk 
assessment require a full data review. 

Data reviewers should report data In a format mat provides 
readability as well as darifying information. SQLs, a 
narrative, and qualifiers that are fully explained reduce the 
time and effort required in interpreting and using the 
anaIytical results. Limitations can be readily identtfied and 
documented in,the risk assessment report. 

Suggested Action 

. .  

Define completeness in the SAP for both the 

needed to meet performance objectives. 
Identify critical samples during scoping. The 
SAP should be reviewed by Ihe'RPM before 
initiation of sampling. 

' number of samples and quantity of useable data 

Plan to use comparable methods, sufficient 
quality control, and commn units of measure for 
different data sets that will be used together, to 
facilitate data compatabilily. Consult wilh a 
chemist lo ensure comparibility of data sets. 

Discuss plans for collection of sufficient number 
of samples, a sample design that accounts for 
exposure area media, and an adequate number 
of samples for risk assessment during scoping 
and document plans in the SAP. This guidance 
may be modified by Regionepedfic guidelines. 

Plan for the use of QC sarnp!es (dupticates, 
replicates andlor collocated samples) applicable 
to risk assessment bebre sampling activities . . 
begin. Assess confidence limits from the QC 
data on the basisof the sampling design or 
analytical method used. 

Plan and assess QC &la (blanks, spikes, 
performance evaluation samples) to measure 
bias in sampling and analysis. Consuit a 
chemist to inlerpret data qualified as 
"estimated that are near a concentration of 
concern. 

Decisions regardlng level and deplh of review will 
conserve time and project resourcas and should 
be made in conjunction with the RPM and 
analytical chemist. "Non-detect" results require 
a full review. 

Prescribe a report format during scoping. and 
include it in the SAP. Communicate with the 
potential data reviewer to aid the definition of a 
specific report format. Region-specific 
guidelines may apply. 

' 

. ' 2 1 9 0 2 - 0 1 2 ~ 1  . .  
. . .  . .  
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EXHIBIT 13. DATA SOURCES AND THEIR 
USE IN RISK ASSESSMENT 

Deta Type I Available Data 
Sources 

PNSI data Analytical 

HRS 
documentation 

Site records on 
removal and disposal 

Site records, 
manifests, 
PNSI, 
analytical 
Ad minis trat ive 

Chemical 
discharge -r Toxic Release 

Inventory System 
{TRIS) (industry- 
Specific) 

~ 

Site, source and 
media characteristics 
as found in PAlSi data 
and reference 
materia Is 

Field screening 

~~~ 

Physical 
parameters 
(e.g., meteor- 
ological, 
geological) 

Analyt ica I 

Field analytical Analytical 

Fixed laboratory,’ both Analytical 
CLP and non-CLP 
(EPA, state, PRP, 
commercial) 

Mobile laboratories often have the san 
with the exception of ICP or MS. 

useful in the quantitative risk assessment, sampling 
design, sampling and analytical techniques, anddetection 
limits must be documented, and the datamust have been 
reviewed. 

Historical analytical d2ta of unknown quality may be 
used in developing the conceptual model w as a basis 
for scoping, but not in determining representative 
exposure concentrations. Analytical data fiom the PA/ 
SIthatmeetminirnumdatauseabilityrequirements (see 
Section 5.1.1) can be combined with data from the RI to 

I .  2100mia 

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 sou~ces during an RI. 
For example, analytical services providing a rapid 
tumaroundofesrimateddatacanbeusedtoestimatetbe 
three-dimensional extent of contamination or to “chase” 
a groundwater pollutant plume. Rapid turnaround 
analytical services include field analysis or Quick 
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TurnaroundMethod(QTM)analysesunder theContract 
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 
typicallyproauCea fromsrreamlinedanalyticalmetbods, 
and a c e d  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 for arisk assessmen!. ~ ~ e i n c l u d e  fieldscreening, 
field analyses, and fixed laboratory analyses. 

Field screens are performed using chemical field 
test kits, ion-specific probes, and other monitoring 
equipment, but should be confirmed by other 
techniques. Field screening is usually performed 
to provide a preliminary assessment of the ~ y p e  
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 usually performed as part of an integrated 
s,wpling and analysis plan to quantitate risk 
assessment and site characterization. 

Fixed laboratory analyses are particularly useful 
for broad spectrum and confmation analyses. 
They often provide more detailed information 
over a wider range of analytes than field analyses. 
Fixedlaboratory analysesarecriti~toquantitative 
risk assessment and site characterization. 

Adiscussion ofissuesfelatedto fieldand fixed laboratory 
analyses is pmented in Section 3.2.9. 

Analytical services constitute a significant portion of 
the Superfund budget and should be conserved when 
possible. CLP costs do not appear on the remedial 
investigatiodfeasibilit y study (RI/FS) project budget. 
Analyte-specific methods may be used for chemicals 
identified after a broad spectrum analysis by CLP or 
other tixd laboratory analysis, and may provide more 
accurate results. Site samples analyzed by CLP routine 
analyticalservicestakeanaverageof 35daystoproduce 
resultsanddatareview willaddtotheove~all tumaround 
time. Other bra sources, such as amobile laboratory or 
CLP QTM or special analytical services, can quickly 
produce good ‘’fist look” results which can be followed 
upimmediately whileonsite. Mobilelaboratmy services 

can replace some CLP services if analytical capabilities 
are adequately demonstrated by metbod validation data 
andifm~umQCrequi.rementsaremet(seep. 59). At 
least 10% of sample analyses should be confmed by 
f i e d  labratopy analysis in all situations. 

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 
colIection activities. This RI documentation can be 
used later to evaluate completeness, comparability, 
representativeness, precision, and accuracy of the 
analytical data sets. Four major types of documentation 
are produced during an RI: 

Thesampling and analysisplan, including aquality 
assurance pmject plan (QApjP), 

Standard operating procedures (SOPS), 

Field and analytical records, and 

4 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 docmated in the S A P  (see Section 
3.1.4). The SAP includes the QApjP and information 
required in the SOPs, field and analytical records, and 
cbain-of-custody records @PA 1989a). 
Standard operating procedures and field and 
anaIytica1 records. SOPs for field and analytical 
methods must be written for all field and laboratory 
processes. Adherence to SOPs provides consistency in 
samplhgandanalysisandreduces thelevel of systematic 
errorassociatedwithdatacolIectionandanalysis. Exbibit 
14 lists the types of SOPs, field mfds, and analytical 
m r d s  thatareusuallyassociatedwith RIdatacollection 
and analyses, and relates the importance of each to the 
risk assessment. 
All deviations from the referend SOPs should be pm 
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 
quality cannot be determined. 

Chain-of-custody. The technical team must decide 
during scoping what datamay beused for costrecovery 
actions, and plan accordingly for the use of full-scale 
chain-of-custody or less formal chain-of-cus tody 
procedures. Full-scale chain-of-custody is required for 
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EXHIBIT 14. RELATIVE IMPORTANCE OF 
DOCUMENTATION IN PLANNING AND ASSESSMENT 

Dooum en tatio n 

Sampling and Analysis Plan 

Selection and Identification of sampling points 
Sample collection SOP 
Analytical procedures or protocols 
SOP for data reporting and review - QA project plan 
Method-specific QC procedures 
QAlClC procedures 
Documented procedures for corrective action 
SOP for corrective action and maintenance 
Sample presetvation and shipping SOP 

a SOPs for sample receipt, custody, tracking and storage 
SOP for installation and monitoring of equipment 

Chainof-Custody 

Documentation records linking data to sample location 
Sampling date 
Sample tags 

' Custody seals 
. Laboratory receipt and tracking 

Field and Analytical Records 
Field log records 
Field information describing weather conditions, physical parameters 
or sibspecific geology 
Documentation for deviations from SAP and SOPs 
Data from anatysis - raw data such as instrument output, spectra, 
chromatograms and laboratory narrative 
Internal laboratory records 

Importance 

Critical 
High 
High 
High 
High 

Medium 
Medium 
Medium 
Medium 
Medium 

Low 
Low 

\ 

Critical 
Critical 
High 
Low 
Low 

High 

High 

High 

High 

Low 

KEY Critical = Essential to the useability of data for risk assessment. 
Should be addressed in planning for risk assessment. , 

Prlmarity impacts how data are qualified in risk assessment. 
Usually has little effect on useability of data for risk assessment, 

High 
Medium 
low 

= 
= 
= 

cost recovery and enforcement actions, but does not 
affect a quantitative 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 clam collection and analysis process. 
&ample identity must be verifable from the collector's 
notebook and laboratory data sheets, as well as from a 
fomal Chain-Of-CustOdy. 

3.1.3 Analytical Methods and 
Detection Limits 

The choice of analytical methods is important in RI 
planning. Appropriate analyticalmethodshave detection 

2*-002014 

limits that meet risk assessment requirements for 
chemicals of pokntiaI concern and have sufficient QC 
measures to quantitate target compound identification 
and measurement. The detection limit of the method 
directly affects the useability of data because chemicals 
reported near thedetection limit haveagreaterpossibility 
of false negatives and falsepositives. The risk assessor 
or RPMmust consult a chemist for assistancein choosing 
an analyticalmethodwhenthoseavailablehavedetection 
limitsnear therequired action level. Wheneverpossible, 
methods should not be used if the detection limits are 
above the reIevant concentrations of concern. 
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3.1.4 Data Quality Indicators 
Data quality indicators (DQIs) are identified during the 
development of data quality objectives~@QOs), ta 
provide quantitative measures of the achievement of 
quality objectives. This section discusses each of Qve 
DQIs as they relate to the assessment of sampling and 
analysis. 

Completeness 

a Comparability 

0 Representativeness 

Precision 

Accuracy 

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

~~ ~. 

Representative data avoid false negatives 

contaminatton). 

Non-mpresentative data may result in 
bias of concentration estimates. 

1 and false posltives (field sampling 

documentation. The risk assessor may need to 
communicate with a chemist or statistician after the data 
collectionprocess has been 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 ta sampling and 
analysis inriskassessment and suggestplanning actions. 

Each D Q I  is defined in this section. Note qat the 
specific use of the indicators to measute data useability 
is different for sampling and analysis. For example, 
completeness as applied to sampling refm to thenumber 
of samples to be collected. Completeness as applied to 
analytical performance primarily refers to the number 
of datapoints that indicatean analytical result for each 
chemical of interest (e.g., 10 samples analyzed for 25 
chemicals will produce a total of 250 data points, 10 
data points for each chemical). 

I 
I 

EXHIBIT 15. RELEVANCE OF SAMPLING DATA QUALITY INDICATORS 

Stlpulate SOPs for sample 
coliection and handling in 

I the SAP to specify requirements for 
1 completeness. 

Use the same sample design across 
sampling episodes,and s'milar time 
periods. 

I 

r I 

I Importance I Suggested Plannlng Action 
Data Quality 
Indicators 

~~ 

Completeness 

Comparability 

Complete materials enable assessment 
of sample representativeness for 
identification of false negatives and 
estimation of average concentration. 

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

Representativeness Use an unbiased sample design. 

Collect additional samples as 
required. 

Prepare detaiIed SOPs for handling 
Reld equlpment. 

~- ~ 

Precision Variability in concentration estimates may 
increase uncertalnty. 

Increase number of samples. 

Use appropriate sample designs. 

1 Use QC results tor monitoring. I 
I I 

I 

Accuracy Contamination during sampling process, 
loss or sample from improper collecllon 01 
handling (loss of volatiles) may result in 
bias, false negatives, or false positives 
and inaccurate estimates of 
concentration, 

Use SOPs for sample collection, 
handling, and decontamination. 

Use QC resutts for monitoring. 
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EXHIBIT 16. RELEVANCE OF ANALYTICAL DATA 
QUALITY INDICATORS 

. . .  . , . .  

Data Quality 
Indicators 

Corn p leta ne ss 

comparability 

Representativeness 

~~ 

Precision 

Accuracy 

. Importance 
Poor data quality or lost samples 
reduces the size of the data set 
and decreases confidence in 
supporting inform etion. 

Comparable data allow the ability 
to combine analytical results 
acquired from various sources - 
using different methods for 
samples taken over the period of 
investigation. 

~ 

Non-representative data or 
non-homogeneity of sample 
increases the potential for false 
negatives or false positives. 

Potential for change in sample 
before analysis may decrease 
representativeness. 

Monitorjng can indicate the fevel 
of precision. 

Precision provides the level of 
confidence to distinguish 
between site and background 
levefs of contamination, It is of 
primary importance when the 
concentration of concern 
approaches the detection limit. 

~~ 

Accuracy also provides the level 
of confidence to distinguish 
between site and background 
levels of contamination. As 
concentration of concern 
approaches the detection limit, 
the differentiation includes 
confidence in determining 
presence or absence of chemical 
of potential concern. 

I 
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Completeness. Completeness is a measure of the 
amount of useable data resulting from adata collection 
activity. The required level of completeness should be 
defin~intheQAPjPforthenumberofsamples~uired 
in the sampling design and for the quantity of useable 
data for chemical-specific data points needed to m t  
performance objectives. All required data items must 
be obtained for criticaI samples and chemicals, which 
are identified in the QAF‘jP. Incompleteness in any data 
item may bias results as well as reduce the amount of 
useable data. 
Problems that occur during datacollection and analysis 
affect the completeness of a data set. Fewer samples 
m y  be collected and analyzed than Originally planned 
because of site access problans. Labommy performance 
may be affected if capacity is exceeded, causing data to 
be rejected. Some samples may not be analyzed due to 
mtrix problems. Samples that are invalid due to 
holding time violations may have to 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. 

Compa ra M I  i ty . Comparability expresses the 
confidence with which data are considered to be 
equivalent. Combined data sets are used regularly to 
develop quantitative estimates of risk. The ability to 
cornp<ue data sets is particularly critical when a set of 
chta for a specific panmeter is applied to a particular 
concentration of concern. 
Comparability for sampling primarily involves sampling 
designs and time periods. Typical questions to consider 
in determining sLmpling comparability include: 

- Was the same approach to 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? 

TypicaI questions to consider in determining analytical 
comnparability include: 

Were different amlytica1 methodologies used? 

Were detection limits the same or at least similar? 

Were different laboratories used? 

Were the units of measure the same? 

Were sample preparation procedures the same? 

Use routine available methods and consistent units of 
meastm when datacollection will span several different 
.sampling events and laboratories, to increase the 
likelihood that analytical results will be comparable. 
For field analyses confmed by laboratory analyses, 
careful attention must be taken to ens* that the data 
from field and fixed laboratories ~IE comparable or 
equivalent (see Section 3.2.9). When precision and 
accuracy areknown, the data sets can becompared with 
confidence. F’Ianning ahead for comparable sampling 
designs, methods, quality control, and documentation 
will aid the risk assessor in combining data sets for each 
exposure pathway. 

Representativeness. For risk assessment, 
representativeness is the extent to which data define the 
we risk to human health and the environment. Samples 
must becoIlected 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 handling, storage, preservation procedures, 
and the detection of any artifacts of laboratory analyses, 
suchas blankcontamination, are particularly important. 
For risk assessment, sampling and analyses must 
adequatelyrepresent each exposure areaorthedefinition 
of an exposure boundary. 
Representativeness can be maximized by ensuring that 
sampling locations are selected pperly, potential hot 
spots are addressed, and a sufficient number of samples 
are collected over a specified time span. The S A P  
should describe sampling techniques and the rationale 
used to select sampling locations. 

Precision. Precision is a quantitative measure of 
variability, comparing results for site sampIes to the 
mean, andisusuallyrepmdasacoefficientofvariation 
or a standard deviation of the arithmetic mean. Results 
of QC samples are used to calculate the precision of the 
analytical or sampling process. Measurement error is a 
combinationof samplecollection andanalytical factors. 
Field duplicate samples help to clarify 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 
are reprtednear aconcentration of concern, the standard 
deviation orcoefficient of variation can be incorporated 
in standard statistical evaluations to determine the 
tonfidence level of the reported data. A statistician or 

33 



a chemist shouldbeconsulted tomake thisdetermination. 
Total variability must beevaluated toassess theprecision 
of data used to define parameters in risk assessment. 
Accuracy. Accuracy is a measure of the closeness of a 
reported concentration to the true value. This measure 
is usually expressed as bias (high or low) and determined 
by calculating percent recovery from spiked samples. 
The risk assessor should how the required IeveI of 
d n t y f o r t h e  enduseofthedata, expressedasDQOs, 
when reviewkg accuracy information. When results 
are reported at cx near a concentration of'concem, 
accuracy information is critical. 
Accuracy of identification may be affected by sample 
contamination introduced in the field, during shipping, 
oratthelaboratory. Fieldandtripblanksshouldbe used 
during theN toidentify contamination and theassociated 
bias related to sample collection or shipment. Method 
blanks, audit samples, and calibration check standards 
should be used to monitor laboratory contamination. 
Accuracy information may be of less impoftance if the 
precision (bias) is known. 

3.1.5 Data Review I 

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: 

Analytes 

All 

All 

analytes 

malytes 

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 
R W ,  in conjunction with the risk assessor and the 
project chemist, 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 uses preliminary data in a 
qualitative manner ~3 identify compounds for toxicity 
studies and, initially, to ascertain trends in concentrations 
and distributions of the analytes of concern, to plan for 
additional sampling, and torequest additional analyses. 
Using data as they become available wilI 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 
cmfully as part of a structured process. 

Parameters 

Analytical results 

All analytical results, 
QC, and raw data 

Selected anaIytical 
results, QC, or raw 

data 

EXHIBIT 17. ALTERNATIVE LEVELS OF REVIEW OF ANALYTICAL DATA 

Level of 
Review 

None 

Full 

Partial 

Automated 

Samples 

Initial 

Initial samples 
analyzed for broad 

spectrum components 

Critical samples for all 

All samples for critical 
or 

I 

All 
~ ~ 

Parameters available 
to the automated 

system. No raw data 
are evaluated. 

Potential Uses 

Qualitatively identify risk 
assessment analytes. 

Modify SAP. 

QUantitatiV8ly perform risk 
assessment. Modify SAP. 

Modify review process. 

._ ~ _. 

fmprove timeliness, 
overall efficiency, , 
save resources. 

Focus on chemicals 
of potential concern. 

~~ 

Improve timeliness, 
consistency, cost 

effectiveness. If data are 
electronically transferred tc 

a database, eliminates 
transcription errors. 

21-002-01 7 

: 34 



c 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 m a y  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 policies. Careful 
consideration is required in selecting a level of review 
that is consistent with data quality requirements. 
A fun clata review minimizes false positives, false 
negatives, calculation errors, and transcription errors. 
“Non-detect” results must be reviewed to avoid “false 
negative’’ conclusions. Partialreview shouldbe utilized 
only after broad spectrum analysis results have 
undergone full review; it may be useful afkr chemicals 
of potential concern have been identified. A flexible 
approach to data review alternatives allows the RPM to 
balance time and resource constraints. 

specific criteria that may affect only a portion of results 
from one sample (e.g., recovery of a surrogate spike For 
organics or analyte spikerecovery 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 
thequantitative riskassessment shouldnot 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 computer-readable data in 
the fonnatrquiredbyteautomatedsystem. Thedepth 
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 transcriptionenors that canbeintroduced 
during manual review processes, and computer-readable 
output which usuaUy includes results and qualifiers. 
This information can be uansferrecl to computer-assisted 
riskassessment and exposuremodeling systems. Exhibit 
18 provides a list of software that aid data review and 

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

evaluation. 

EXHIBIT 18. AUTOMATED SYSTEMS* 
TO SUPPORT DATA REVIEW ~ 

System 

CADRE 
Computer Assisted Data 
Review and Evaluation ’ 

eDATA 
Electronic Data Transfer 
and Validation System 

EPA Contact 

Gary Robertson 
Quality Assurance Div. 
USEPA, EMSL-LV 
(702) 798-221 5 

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

Descrf ptio n 

An automated evaluation system 
that accepts files from CLP format 
disk delivery or mainframe transfer 
and assesses data based on ’ 
National Functional Guidelines for 
Organic (or Inorganic) Data Review 
(EPA 19918, EPA 19888) (default 
criteria). System accepts manual 
entry of other data sets, and rules foi 
evaluation can be userdefined to 
reflect specific information needs. 
(Inorganic system is in devefopment. 

An automated review system 
developed to assist in rapid 
evaluation of data in emergency 
response. May be applicable for bott 
CLP and non-CLP data. System 
combines DQOs, pre- establish ed 
site specifications, QC criteria, and 
sample collection data with laborator 
results to determine usesbility. 

80th systems operate on an IBM-compatible PC AT with a minimum of 640K RAM. 
A fixed disk is recommended. 

21-002-018 
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3.1.6 Reports from Sampling and * 

Analysis to the Risk Assessor 
PreIiminary data reports assist the risk assessor in 
identifying saropIingoranal~~lyticalproblems early enough 
so that corrective actions can be taken during data 
coIlection, &fore sampling or analysis resources are 
exhausted. The risk assessor shouldrequest preliminary 
data during RI planning and formalize the request in the 
SAP. The use of such information may reduce the 
overalltime'requited for theriskassessmentandincrease 
the quality of a quantitative risk assessment. 

Exhibit 19 lists the frnal dataand documentation needed 
to support risk assessment, and rates the importance of 
each item. Data are most useable when te'ported in a 
readable format and accompanied by additional, 
clarifying information. Regional policy usually defines 
report structures which specify the format for manual 
swnmaries, for machine-readable data(where required), 
andfor sununary tables fromdatareview. The RPMcan 
request the data reviewers to provide a data summary 
table listing sample results, sample quantitation limits, 
and qualifiers on diskette for downloading into Risk* 
Assistant(anautomatedtoo1 to supportriskassessmemt), 
spreadshem, or other software &grams that the risk 

EXHIBIT 19. DATA AND DOCUMENTATION NEEDED 
FOR RISK ASSESSMENT 

Data and Documentatlon 

Site description with a detailed map indicating site location, showing 
the site relative to surrounding structures, terrain features, population or 
receptors, indicating air and water flow, and describing the operative industrial 
process if appropriate. 

Site map with sample locations (including soil depths) identified. 

Description of sampling design and procedures Including rationale. 

Description of analytlcaf method used and detection limits including 
SQLs and detection limits for non-detect data. 

Results given on a per-sample basis, qualified for analytical timltatlons 
and error, and accompanled by SQLs. Estimated quantities of 
compoundsltentatlveiy identified compounds. 

Field conditions and physical parameter data as appropriate for the media 
involved in the exposure assessment. 

Narrative explanation of qualified data on an analyle and sample basis, 

QC data results for audits, blanks, replicates and spikes from the field and 

indicating direction of bias. 

laboratory. 

Definitions and descrlptlons of flagged data. 

0 Hardcopy or dlskette results. 

Raw data (instrument output, chromatograms, spectra). 

Definitions of technical jargon used in narratives. 

KEY Critical = Essential to the useability of data for risk assessment 
High = Should be addressed in planning for risk assessment. 
Medium = Primarily impacts how data are qualified in fisk assessment 
Low = H a s  little effect on useability of data for risk assessment. 

importance 

Critical 

Critical 

Critical 

Critlcat 

Critical 

Criiical 

High 

High 

High 

Medium 

High 

Low 

Y 
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assessor may use. An example of a recommended 
report format for tabular results appears in Appendii I. 

The data reviewer should provide a narrative summary, 
which is comprehensible 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 supported by a detailed commentary 
that explicitly addresses each item from thenarrative on 
a technical basis. The explanation for data qualification 
in the commentary facilitates datause. If anontechnical 
n,mative is unavailable, the risk assessor must (at a 
minimum) be provided with explanationsofqualification 
flags, detection limits, and interpretation of QC data 
(see Appendices I. V and VI for examples), A chemist 
familiar with the site can be requested to interpret the 
analytical review with sibspecificinfomation, such as 
physical site conditions that affect sampIe results. 

3.2 PRELIMINARY SAMPLING AND 

This guidance cannot encompass sampling design in the 
assessment of environmental sampling and analysis 
procedures: however, this section does sketch a 
framework for these activities. It discusses key issues 
for determining the potential impact of sampling and 
analysis procedureson datauseability for risk assessment 
and for.identifying situations that require statistical or 
methodological support. The sampling discussion 
primarily focuses on soil issues, but some generalizations 
can be made to other media such as sediment or 
groundwater. Rulesof thumb, referencetables, statistical 
formats and checklists support the statistical 
understanding and sophistication of RPMs and risk 
assessors. A Sampling Design Selection Worksheet, a 
Soil DepthSampling Worksheet, and aMethodSeIection 
Worksheet are tools, 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), 
EnvironFntal Sampling a d  Analysis (Keith 199Oa), 
Methods for Evaluating the Attainment of Cleanup 
Stunckrrds (EPA 1989e), and the Soil Sampling Quality 
Assurance User's Guide @PA 1989f). 

ANALYTICAL ISSUES 

37 

Severalassumptiomconcerning sampling andassociated 
statistical procedures have been made to simplib the 
discussion in this section: 

0' 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 performane parameters such as power 
and confidence level; these calculations are not 
provided in this guidance. 

Statisticians are consulted for any significant 
problems or issues not covered in this guidance. 

Superfund contaminant concentrations for a site 
generally f i t  a log-normal distribution. 
Measurements of variability are generally given 
in log-transformed units. Overviews of statistical 
methodology include Gilbert (1987) and Koch 
and Link (1971). Parametric tests in transformed 
units (fitchisonandBrown 1957) havelogarithmic 
forms (Seiche1 1956). Graphical methods of 
determining re-msfonned means and their 95 5% 
confidence levels are available (Krige 1978). 

Quality assurance p w d m s  for sampling and 
analysis are not separate, even though the 
discussion addresses them 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 Efas the 
reader to further discussion in the text Information 
relevant to preliminary sampling planning can be 
obtained by collecting site maps, photographs and other 
historical and current documents wbich depict 
production, buildings, sewageandstom drains, transport 
corridors, dump sites, loading zones, and storage areas. 
Areliable andcurrent basemap 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 
appropriatelevel of uncertainty cannotbe determined at 
this stage, an initial god should be agreed on for the 
final level of reliability, which may be revised during 
the iterativesampliagpcess. Since each siteis unique, 
it may be extremely difficult to auain a given level of 
data adequacy. An iterative sampling program may 



Issue 

. .  

Importance Suggested Action 

Chemicals of Potential 
Concern 
(3.2.1) 

Sampling variability can exceed 
measurement error by a factor of three to 
four (EPA 1989~). 

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

sampling and 
Analytical Variability 
versus Measurement 
Error (3.2.5) 

Reduce sampling variability by taking 
mare samples (using less expensive 
methods). This allows more samples 
to be analyzed. 

Use QC samples to estimate and 
control bms. Prepare SOPS far 
handIing all lield equipment. 

’ 

~~ - 

Chemicals have different rates of 
Occurrenca and caefficients 01 variation. 
This impacts the probability of false 
negatives and reduces confidence limits for 
eslimates of concentration. 

Contamination can be introduced during 
sample preparation, producing false 
pwithres. Filtering may remove 
contaminants sorbed on particles. 

chemicals with low Occurrence andlor 
high coefficients of variition. 

I Use blanks at sources of potential 
contamination. Colled liitered and 
unfiltered samples. 

Not all samples taken in a site 
characterization are useful for risk 
assessment. Often only a few samples have 
been taken in Ihe area of interest. 

Stalktical sampling designs may be cosily 
and do not take advantage of known areas 
af contamination. 

~ 

I Sampling problems vary widely by media as Design media-specific sampling 
(3.2.5) ’ dovariability and bias. I approaches. 
Media Variability 

Specil kally address exposure 
palhways in sampling designs. Risk 
asessors should participate in 
scoping meeting. 

Use judgmental sampling lo examine 
known contaminated areas, then use 
an unbiased method to characterize 
exposure. 

Sample Preparation 
and Sample 
Presetvation 
(3.2.6) 

Identitition d 
Exposure Pathways 
(3.2.7) 

Use of Judgmental or 
Purposive Sampling 
Design 
(3.2.8) 

Jlow arealisticappraisalofthevariability present atthe measuremelit error. Poor sampling techniques can 
site; a phased investigation may be warranted, with an swc?mp the natural phenomenon that is being evaluated. 
increase in data adequacy at each phase. Therefore, sampling options must be fully reviewed and 
Naturalvariation. It is importanttorealize thatnatural the probable uncertainty from sampling must be 
variation (environmental heterogeneity) in both soil acceptable. 
and water systems may be so great that variation due to 
field sampling is significantly greater than that due to 
Iaboramry analysis. For example, laboratory sample 
sample precision is commonly of the order of less than 
I%, whereas soil sample-sample pision is commonly 
between 30% to 40%. Sampling variation is influenced 
by the homogeneity of material being sampled, the 
number of samples, collection procedures, and the size 
of individual samples. 
Uncertainty in sampling measurements is additive. 
Exhibit 21 lists the components of sampling variability 
and measurement error. The find error associated with 

estimate is the sum of the errors associated with 
natural variation (intrinsic randomness, microstructure, 
macrostructure), plus scampling error, plus 1aboi;ltory 

Initialsurvey sampling plan. A prelimiiiary sampling 
plan shouldbe chosen thatproviclesabasis 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 dah allows evaluation 
of how well the sampling program is doing. Depending 
on the contaminant, current technology may allow on- 
site “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 
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EXHIBIT 21. SAMPLING 
VARIABILITY AND 

MEASUREMENT ERROR 

. Samdina van 'abitjjy: The variation 
between true sample values that is a 
function of the spatial variation in the 
pollutant concentrations. 

Jvleasurement err=. The variation 
resulting from differences between 
true sample values and reported 
values. Measurement error is a 
function of uncertainty due to the 
following: . 

Sample collection variation 
Sample preparationlhandlingl 
presewatiodstorage variation 
Analytical variation 
Data processing variation 

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 environmentaI issues in 
analytical chemistry are avaizable and can be 
consuIted (ASTM 1979, Manahan 1975, Dragun 
1988, Baudo, et. a!., 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. 

Exhibit22summarizes theimportanceofeachanalytical 
issue to risk assessment, lists suggested actions during 
the planning process, and refers the reader to fwther 
discussion in the text. Each issue is discussed in terns 
of its effect on data quality €or 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., humanhealth oremlogical) determines 
the type of samples to be collected. An ecological 

. .  
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assessmentmayrequ-m analysis of the wholebody orof 
a specific organ system of a target species (because 
organic, and some inorganic, chemicals of concern are 
often concentrated in tissues with high lipid contents). 
Human health risk assessment usually concentrates on 
edible portions. 
mid sampling considerations for biota include 
specifying the species to besampIed, 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 p h t  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 binder detection of the analyte, 

Spiking andduplicate information can be used to assets . 
method precision and accuracy. The primary source of 
performanceevaluation materials is the National Bureau 
of Standards repository. Samples and performance 
evaluation materials should be matched by m a ~ x  
(species and wholdedible portions), 

VoIatile analytes are very difficult to measure in biota. 
Samples should be stored on dry ice immediately afm 
collection. Fat and cholesterol can also block columns 
and impede chromatography for base/neuual/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. P h t  
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 
shipmenttothelaboratory, and tissues formetalsanalysis 
should be wrapped in plastic film. All tissues should be 
sent fiozen on dry ice. 

Air sampling and analysis issues. Air sampling 
procedures should account for windspeed and direction 
as well as seasonal and daily fluctuations; they should 
also account for the influence of these factors on the 
exposedpopuktion (e.g., the largestppulation may be 
potentially exposed in theevening when the wind speed 
may be least). The definition of detection limits is very 
important for air analyses. For example, the same 
concentration will appear very different if expressed on 
a weight/volurne basis than on a volumdvolume basis. 
Sampling strategies may need to distinguish between 
particulate and gaseous forms of chemicals of concern. 
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 andytical precision and accuracy. 



EXHIBIT 22. IMPORTANCE OF ANALYTICAL ISSUES 
IN RISK ASSESSMENT 

Analytical Issue 

Chemicals of 
Potential Concern 
(3.2.1) 

Tentatively Identified 
Compounds 
(3.2.2) . 

~ ~~ 

tdentification and 
Quantitation 
(3.2.3) 

... 

Detection Limits 
(3.2.4) 

Media Variability 
(3.2.5) 

Sample Preparation 
(3.2.6) 

Field Analyses versus 
Fixed Laboratory Analyses 
(3.2.9) 

Laboratory Performance 
Problems 
(3.2.1 0) 

Importance 

Chemicals of potential 
toxicological significance may be 
omitted. 

Identification and quantitation do 
not have high confidence, 

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

Significant risk may result at 
concentrations lower than 
measurable, 

Variability and bias may be 
introduced to analytical 
measurements. 

~~ 

Vatiability and bias may be 
introduced to analytical 
m easu rem ents . 
Tradeoffs required with regard to 
speed, precision, accuracy. 
personnel requirements, 
identification, quantitation and 
detection limits. 

Quality of data may be 
com promised. 

The sample medium should be checked to ensure that 
recovery:rates are documented. 

3.2.1 Chemicals of Potential Concern 
Chemicals of potential concern are chemicals that may 
be hazadous 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. Thesediffmncesareafunction 

Suggested Action 

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

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

Use technique with definitive 
identification (e.g., GC-MS). 
Alternatively, use technique with 
definitive identification first, followed 
by another technique (e.g., GC) to 
achieve lower q uantitatio n li m its. 

Review available methods for 
appropriate detection limit. 

Use envimnmental samples as QC 
samples to determine recovery and 
reproducibility in the sample media. 

Select analytical methods based on 
sample medium and strengths of the 
sample preparation technique. 

Consider options and set priorities. 

Select experienced laboratory and 
maintain communication. 

of fak and transport properties, occurrence in different 
media, andinteractions withotherchemicaJs,inad&tion 
touse and disposaipractices. 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 
exposurepathways of interest. Potential falsenegatives 
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occur as variability increases and occurrence rates 
decrease. From an ecological standpoint, chemicals of 
potential concernmay bedifferent from those for human 
health concerns, For example, copper is an analyte of 
high concern from an ecological perspective, but of low 
concern from a human health perspective. In addition, 
if water quality criteria are used as toxicologicaI 
thresholds, it shouldbe determined whether the criteria 
are based on ecological or human health effects. 

rc To protect human 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 10, for aqueous 
and soil/sediment matrides, and releases from industries 
known to produce waste commonly found at Superfund 
sites. Datafrom CLPSuperfundsites arealso available 
for calculating sitespecific coefficients of variation. 
Exhibit 23 hdicates the occurrenaxatesand coefficients 
of variation for selected chemicals of potential concern 
to risk assessors. Many other chemicals (which are not 
of concern) may be present without affecting the leveI 
of risk to the exposed population. 

ct Use preliminarydata to identiljwhemicals 
of potential concern and to determine any 
need to modi* the sampling or analytical 
design. 

The need for risk assessment indicates that there is 
already some howledge of contamination at the site. 
Bawl 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 present at 
a former munitions site. Exhibit 24 presents data on 
munitions compounds, such as feasible detection limits 
and health advisory limits. 

Information on industry-specific analytes is summarized 
in Exhibit 25 and detailed in Appendix 11. If historical 
data are incomplete, a broad spectrum 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 
term about chemicals of potential concern at the site, 
exposurepathways, ifhown, concentrations ofconcern, 
and other pertinent information, particularly any 
requirementtodistinguish specificstates ofthechemicals 
of potential concern. Some oxidation states of metals 
(e.g., chromium) are more easily absorbed or are more 
toxic than others, and organically substituted metals 

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 
parent compound, degradation products, and metabolites 
of chemicals of potential concern. 

3.2.2 Tentatively Identified 

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 stanckwds. A targetcompound 
in an environmental s'lmple is identified by matching its 
mass spectrum and relative retention time (RRT) to 
those obtained for the authentic standard during 
calibration. Quantitation of 8 target compound is 
achieved by comparison of its chromatographic peak 
area to that of an internalstandard compound, normalized 
to the relative response factor (RRF) which is the ratio 
of the peak areas of the authentic chemical standard and 
the intemal standard measured during calibration. 

Compounds 

* Specific analysis for compounds ident- 
ified during Iibrarysearch can be requested. 

Tentatively Identified Compounds (TICS) are any other 
compounds which are reported in the sample analysis, 
but for which theGC-MS instrument was not specifically 
calibrated. A TIC is identified by taking its mass 
spectrum fromtheenviromentalsample, 6mdcomp;lring 
it to a computerized library of mass spectra. 
Computerized cornpison routines score the various 
library 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 
reportert to be one of the compounds whose spectra 
were retrieved in the library search. Qumtitation of a 
TIC is less accurate than for target compounds, because 
the true RRF is not hown (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 theidentification of aTIC can be increased 
in several ways. The main steps in identitling and 
quantitating TIC data are sumarized in Exhibit 26. 
An analytical chemist trained in fhe interpretzuion of 
mass spectra and chromatograms can review TIC data 
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EXHIBIT 23. MEDIAN COEFFICIENT OF VARlATlqN FOR 
CHEMICALS OF POTENTIAL CONCERN 

Number of Sites Number of Sites 
Chemical of SoiVSediment at Which Chemical Water at Which Chemical 
Potential Concern Median %CV2 was detected3 Median %CV2 was detected3 

Chloromethane 16.7 61 sO.0 134 
Trichl oromethandc hIo roform 53.9 392 45.2 51 9 
TetrachloromethandCarbon tetrachloride 15.4 38 9.3 00 

1 ,PDichlomethane 17.6 64 24.7 158 
Tel rach lo roethane 17.0 56 17.4 101 
Vinyl chloride 11.0 55 15.7 197 
Tetrachloroethene 24.5 392 33.3 367 
Dichloropropane 19.0 29 13.3 79 

lsophorone 0.7 74 10.4 72 
Bis (2-chloroethyl) ether 0.5 10 20.1 34 

1,4-Dichlorobenzene 0.9 120 17.3 119 
Bis (2-ethylhexyl) phthalate 0.7 1197 29.5 782 

Benzo(a) pyrene 0.5 1058 10.8 76 
Styrene 16.9 117 33.3 69 
N-nitrosodiphenylamine 0.5 142 30.5 96 

DD E 4.5 329 813.0 40 

DDT 2.9 52 1 588.2 125 
Dieldrin 4.4 274 3.3 101 
Heptachlor 4.8 24 9 351 .9 151 
Gamma-BHC (lindane) 6.3 142 454.1 134 
PCBl260 0.21 25 1 41.7 23 ,. 

Arsenic 40.3 1098 58.0 940 
Beryllium 271.3 1091 100.0 931 
Cadmium 134.6 1006 33.7 945 
Ch romi urn 11.9 1098 23.0 wa 
Mercury 1032.3 1098 500.0 948 
Lead (Pb) 10.9 1098 97.3 039 

List of chemicals of potential concern is derived from health-based levels and frequency of occurence at Superfund 
sites listed in the CLP Statistical Database. (Number of sites for which data exist btals 8.900.) 

Median percent coefficient of variation of analyte concentrations. 

November 1988 to present. 
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EXHIBIT 24. MUNITIONS COMPOUNDS AND THEIR 
DETECTION LIMITS 

t 

+ 

** 

. : tt 

** 

** 
t* 

. .  

HMX 
RDX 
--I 

TN8 
DNB 
Tetryl 
TNT 
2,4 DNT 
TAX 
SEX 
2,6 DNT 
2,4,5 TNT . 
2 Am DNT 
4 Am DNT 
2,4 DAmNT 
2,6 DAmNT 
DlMP 
TNG 
--- 
DMMP 
NG 

0 c t a h yd ro- 1 ,3,5,7-t etr a nit ro- 1,3.5,7-t e trazoc i n e 
Hexa hydro-lI3,5-trinitro-l ,3,5-triazine 
Nitrobenzene 
1,3,5 Trinitrobenzene 
13- Dinitrobenzene 
Methyl-2,4,6-trinitrophenylnitramine 
2,4,6-Trinitrotoluene 
2,4 - Din i t ro to[ u e n e 
Hexa hydro - 1 -( N) - acetyl -3 , 5 -din itro-l,3,5-tri az i n e 
Octahydro- 1 -( N)-acetyl-3,5,7-trinitro- 1,3,5,7-tetrazoci ne 
2,6-Dinitrotoluene . 

2,4,5-Trinitrotoluene 
2-Amino-4,6-dinitrotoluene 
4-Amino-2,6-dinitrotoluene 
2,4- Diamino-6-nitrotoluene 
2,6- Diamino-4-nitrotoluene 
Disopropyl-methy Iphosphonate 
G ylc e r ol t r i n i t ra t e (Nitro g I yce ri n) 
N itrocell ulose 
Dimethyl methylphosphonate 
Nitroguanadine 

2 Detection Limit 
(PPb) 1 Health 

Advisory Acronym Compound Name 

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

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

Health advisory complete. 
** Health advisory in preparation (.1990). 

5.1 

4.2 
6.4 

... 5.9 
9.1 

4.4 

6.3 
2.3 

5.1 

< 

4 

21.002-024 
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EXHIBIT 25. SUMMARY OF MOST FREQUENTLY OCCURRING 
CHEMICALS OF POTENTIAL CONCERN BY INDUSTRY' 

"' _.. ,. 

. .  

. .  . .  

. .  

. .  

KEY . , , 4 =  ;ro&ing ,, , ,, I 
1 = Battery Recycling 5=  Wccd Preservatives 
2 = Munillons/Explosives 6 = Leal her Tanning , .  . .  . 

3 = Peslicide Manufacturlng 7 = Petroleum Refining .. . 

'Summarized from Appendix II. .. . 

. . ,, . .  

. .  

21-25 
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EXHIBIT 26. STEPS IN THE 
ASSESSMENT OF TENTATIVELY 

IDENTIFIED COMPOUNDS 

Identi fiation 

Quantitation 

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

tncorporate retention 
timdretention index matching 
and use physical 
characteristics (boiling point 
or vapor pressure) to 
determine If identification is 
reasonable. 

Examine historical data and 
industry-specific compound 
lists. 

Reanalyze sample with an 
authentic standard. 

Assess known analytlcal 
response characteristics for. 
similar compounds or similar 
compound classes. 

Determlne response . 
characteristics by analysis of 
an authentic standard. 

21.aoz.02s 

mass spectra and chromatograms can review TIC data 
and eliminate many fake positive identifications. The 
use of retention indices or relative retention times can 
confirmTlCs identified by the GC-MS computer @&el, 
et. al. 1989). Examination of historical data, industry- 
specific compoundlists, compound identifications from 
iterative sampling episodes, and analyses performed by 
different laboratories may also increase confidence in 
the identification of a n C .  The final identification step 
is to d y z e  the sample after calibrating the GC-MS 

. insmment with an authentic standard of the compound 
that the TIC is believed to be. 
If toxic compounds me identified as TICS by this type of 
broad spectrum analysis, the RPM or risk assessor 
should request further ,malyses to positively identify the 
compound and to accurately quantitate it. The risk 
assessor or RPM should discuss data requiremen& 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 we saturated aliphatic 
hydrocarbons and polycyclic ammatic hydrocarbons 

(PAHs). The risk assessor may be able to make a 
preliminary judgmem t of toxicity at the compund 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 required. 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 ate not 
especially toxic, but the PAH compound cIass contains 
carcinogens and are of greater concern. 

3.23 Identification and Quantitation 
A risk assessor first conftnns chemical identifhtion, 
and thm determines the level of contamination. This 
section summarizes the effects of detection limits and 
samplecontamination considerations on the confidence 
in analyteidentificatianandquanti~tion. 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 
illustrated in Exhibit 28. In addition, confidence in 
identifying and quantitating as representative of site 

EXHIBIT 27. REQUIREMENTS FOR 
CONFIDENT IDENTIFICATION AND 

QUANTITATION 

I denti fication. 

. .  

. .  .. 

Quantitation 

Analyte present above the IDL. 

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

I norganic - spect r d  absorptions 
compared to authentic 
standards. 

Knowledge of blank 
contarninatlon (if any). 

Instrument response known 
from analysis of an authentic 
standard. 

Detected concentration above 
the limit of quantitation and 
within the limit of linearity 
(instrument response not 
saturated). 
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EXHIBIT 28. RELATIVE IMPACTS OF DETECTION LIMIT 
AND CONCENTRATtON OF CONCERN: DATA PLANNING 

Relative Position of Method 
Detection Limit (MDL) and 

Concentration of Concern (COC) 

Lonfidence MDL C ~ C  Conlidem 

Concentratlon 

I 
MOL COG 

MDL 
I 

COC 

, I  Concentration 

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

.analytes and cites situations in which this is most likely 
to occur. 

The fust requirement of analysis is confidence in the 
ideiitification of chemicals of potential concern. 
Identification means that the cbemical was present in 
the environmental sample above the detection limit. 

Non-Detects and 
Detects Useable 

Possibility of 
False Positives and 

False Negatives 

Non-Detects Not 
Useable 

Detects Useable 

matrix interferences. The RPM should discuss these 
issues with an analytical chemist to de tmine  the best 
approach. A further discussion of limits of quantitation 
is presented in Section 3.2.4. and Appendix 111. 

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 alternative 
techniques are available, GC-MS determination is the 

Chemicals can be correctly identified at lower 
concentrations than are suitable for accurate quantitation. 
If lower quantitation limits are required for risk 
assessment purposes, a larger initial sample size may be 
processed, or the sample extract may be concentrated to 
a smailer final volume. However, concentration of an 
extract to a smaller volume, or increasing the sample 
size, may saturate the instrument in the presence of 

best available procedure for confident identification or 
confirmation of volatile and extractable organic 
chemicals of potential concern. The application of tbis 
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 111. In cases 
where the target detection limit is too low to allow 
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but more definitive, instrumental techniques can be 
used. 

The identification ofinorganicchemicalsismorecertain. 
A reported concentration determined by atomic 
absorption (AA) spectroscopy or inductively coupled 
plasma (ICP) atomic emission spectroscopy is generally 
considered evidence of presence at the designated level 
reported, provided there i s  no interference. If 
interferences exist, the laboratory should try to 
chakcterize the type of interferences (background, 
specrral 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 consult with the project chemist and the risk 
aSSeSsor wheneveranalyticalmethodsare tobeselected, 

Common Detection and QuantitationLimits 
Instrument detection limit. The IDL includes 
only the instrument portion of detection, not 
sample preparation, concentratioddilu tion 
factors, or method-specific parameters. 
Method detection limit. The MDL is the 
minimum amount of an analyte that can be 
routinely identified using a specific method. 
The MDL can be calculated fmm the IDL by 
using sample size and concentration factors 
and assuming 100% analyte recovery. 
Sample quantitation limit. The SQL is the 
MDLadjustedtoreflect sample-specific action 
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 reIated to the SQL that has been 
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. 
Practical quantitation limk The PQL, 
defind in SW846 methods, is the lowest level 
that can be reliably achieved within specified 
limits of precision and accqracy during routine 
laboratory operating conditions. 

and specify the nature of the detection limits that must 
bereported; it is thelaboratory’sresponsibility toadhere 
tothisrequiremen?. Ifno requirementhasbeen 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 malytical method, or as 
a samplespecifid quantitation limit. The risk assessor 
should request that the sample quantitation 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 responseand the quantity of analyte 
presented to the analytical system (Le., a calibration 
curve). 

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

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

The definitions that follow a% intended to provide the 
RPM and risk assessor with an understanding’of the 
various methods for Calculating detection limits, the 
t m s  used to describe specificdetection limits, and the 
limitations associated with identification and 
quantitation of chemicals of potential concern at 
concentrations near specified detection limits. 
Understanding the different terns 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. 

* Define the type of detection or quanti- 
tation limit for reporting purposes; request 
the sample qoantitation limit for risk 
assessment. 

Instrument detection limit. The insnuinent detection 
limit (IDL) includes only the instrument portion of 
detection, not sample preparation, con centrationldilution 
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 frorna blank. 
Thisrepresents 99% confidence that the signal identified 
is the result of the presence of the andyte, not random 
noise. The IDL is not the same as themethod detection 
limit. Use of the IDL should be avoided for risk 
assessment. 
Method detection limit. The method detection limit 
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EXHIBIT 29. THE RELATIONSHIP OF INSTRUMENT 
CALIBRATION CURVE AND ANALYTE DETECTION 

I Concent ration I 
IDL MDL LOQ LOL 

. .  

. .  

. .  .. .... .. . . .  

Method detection limit. The method detection limit 
. (MDL) is theminimum amount of an analyte that can be 
routinely identified using a specific method. The MDL 
canbecalculatedfrom theDL byusingsamplesizeand 
concentration factors and assuming 100% analyte 
recovery. Thisestimate of detection limit may bebiased 
low because recovery i s  f'requently less than 100%. 
MDLs are operationally determined as three limes the 
standard deviation of seven replicate spiked samples 
run according to the complete method. Since tbis 
estimate includes sample preparation effects, the 
procedure is more accurate than reported IDLs. 
However, the evaluation is routinely completed on 
reagent water. As aresult, potentially significantmatrix 
interferences that decrease analyte recoveries are not 
addressed. 

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 
prehinary remediation goal. When the concentration 
of concern of an analyte is greater than theMDL, 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 tbe MDL 
and concentration of concern overlap. When the 
concentration of concern i s  sufficiently less than the 
h4DL 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: 100 ppb pentachlorophenol standard 

If: SD=5ppb . .  

Then: IDL = 3 x 5 bpb = 15 ppb 

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

' ,,Example: 1'00 ppb pentachlorophenol spiked in sample producing average measured 
concentration of 50 ppb (not all analyte is recovered or measured) 

It 'SD.= 18 ppb 
' I .  Then: MDL 6 3 x  18 ppb = 54 ppb . .  

. .  

Incorporate calculation of MOL from IDL . , . 

SQL = MDL corrected for sample parameters 

Example: 

16 

100 ppb pentachlorophenol with MDL, of .57ppb 

Dilution factor = 10 (sample is diluted due to matrix interference or high 
concentrations of other analytes) 

. . .  
. Then: SQL = 10 x 57 ppb = 570 ppb 

' 
SD = Standard Deviation 

Sample quantitation limit. The SQL is the MDL, 
adjusted toreflectsample-specificaction suchasdilution 
or use of smaller aliquot sizes than prescribed in the 
method. These adjustments may be due to matrix 
effects or the high concentration of some analms. The 
SQL is the most useful Iiit for the risk assessor and 
should always be requested. 
For the same chemical, the SQL in one sample may be 

- higher ban, lower than, or equal to S QL values for other 
samples. In addition, preparation or analytical 
adjustments, such as dilution of the sample for 
quantitation of an exuemely high level of one chemical, 
couldresult in non-detects for other chemicals included 
in the analysis. even though these chemicals may have 
been present at trace quantitia in the undiluted sample. 
The risk assessor should request results of both original 
and mution analyses in this case, Since the reported 
SQLs take into account sample characteristics, sample 
preparation, and analytical adjustments, they am the 
most relevant quantitation limits for evaluating non- 
detected chemicals. 

Contract required quantitation (detection) limit. 
The CLP specifies a contract required quantitation limit 
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(CRQL) for organics and a contract required detection 
limit (CRDL) for inorganics. Each of thesequantities is 
related to theSQL thathasbeen shown through labomtory 
validation to bethe lower limit for confident quantitation 
and to be routinely within the defined linear ranges of 
the required calibration procedures. 
The use of CRQLs and CEWLs attempts to maintain the 
analytical requirements within performance limits 
(which are based upon laboratory variability using a 
variety of instruments). CRQLs are typically two to five 
times thereported MDLs and they generally cornpond 
to the limit of quantitation. 

Practical quantitationlimit. The pmctical quantitation 
limit (EQL), defmed in SW846 methods, is the lowest 
level that can be reliably achieved within specified 
limits of precision andaccuracy during routine labomtory 
operating conditions. It is important to note that the 
SQL and FQL arenot equivalent. Use of PQL values as 
measures of quantitation limits should be avoided 
wherever possible in risk assessment. 
Other quantitation measurements. The limit of 
quantitation (LOQ) is thelevelabovewhichquantitative 



results may be obtained with a specifled degree of 
confidence. At analyte concentrations close to, but 
above h e  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 f3096. Ten times the standard 
deviation measured for instrument detection is 
recommended todernonsttate alevel at which 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). 
Instrument 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 malyte Concentrations are above the LOQ. 
However, dilutions correspondingly increase SQLs. 
Datashouldberequested frombothdilutedand undiluted 
,analyses, 

3.2.5 Sampling and Analytical \ 

Variability Versus 
Measurement Error 

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

Exhibi t21 defmessampling variability andmeasurement 
error. Most SAPS are anecessary 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. 

ct When contaminant levels in a medium 
vary widely, increase the number ofsamples 
or stratify the medium to reduce variability. 

Sampling plans attempt to estimate and minimize both 
sampling variability and measmment error. Sampling 
variability affects the degree of confidence and power 
theriskassessor canexpect from thewults. 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 

’ 

I 

sampling variability that is a function of the spatial 
variation in the concentrations of cbemicals of potential 
concern 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 
statisticaI tests is high @PA 1989~). 

Spatial variability can be analyzed after an initial 
sampling effortthrough simple statistical summation or 
through the use of variogram analysis, a pm of the 
gmstatistics. EPA has developed software to assist a 
risk assessor in this analysis: Geostatistical 
Environmental Assessment Software(GE0EAS) @PA 
1988~) and Geostatistics for Waste Management 
(GEOPACK) @PA 199Ob) , 

Measurement error is estimated using the results of QC 
samples and represents the difference between tbe true 
sample value and the reported value. This difference 
has five basic soums: the contaminant being measured, 
sample collection procedures, sample handling 
procedures, analytical procedures, and data production 
procedures. Measurement e m r  due to analytical 
procedures is discussed in Section 3.2 uruler analytical 
issues. 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 
summarizesthe typesandusesof QCsamplesindefining 
variation and bias in measurement.. 

, (r Sampling variabilitytypicallycontributes 
much more to total error than analytical 
variability. 

In summarizing the discussion of sampling variability 
and measmment error, one finding puts the concepts in 
perspective: ‘‘An anaIysis of the components of total 
errorfrom soilsdatafromanNPLsitesampIedforPCBs 
indicated that 92% of the total variation came from the 
location of the sample and 8% from the measurement 
process” (EPA 19890. Of the 8%, less than 1% coukd 
be attributed to tbe analytical process. The rest of the 
8% isattributable to samplecollection, samplehandling, 
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 occuf in 
instances of poor methd performance for specific 
analytes. 
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EXHIBIT 31. MEASUREMENT OF VARIATION AND BtAS 
USING FIELD QUALITY CONTROL SAMPLES 

Qualtty Control 
Sample Types 

Field duplicate 

Field blank 

. i  

Field rinsate 

T ip  blank 

Source: EPA 1Q9Oc. 

Varlatlon or Bias M&SUred 

Provides data required to estimate the sum of 
subsampling and analytical variances. . 

Provides data required to estimate the bias due to 
contamination introduced during field sampling or 
cleaning procedures. Also measures contamination at 
laboratory. Compare wlth laboratory method blank 
to deternine source of contamination. 

Provides data required to estimate the sum of the bias 
caused by contamination at the time of sampling fmm 
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. 

21-002431 

Media or matrix variability. Appropriate samples 
mustbecollectedfmm eachmediumofconcernand, for @PA 1989a). 

This information also differs by the medium of concern 

heterogeneous media, from designated strata. 
Stratification reduces vadabilhy in results from 
individual strata, which canbe different layers or surface 
areas. Media to be sampled should include those 
cumntly 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 smm to reduce variability, the 
coefficient of variation and the required number of 
samples. 

. Sampling considerations vary according to media. The 
sampling concern m a y  involvecontaminantoccurrence, 
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 olher media. RPMs can 

The type of medium in which a chemical is present 
affects the potential sensitivity, precision, and accuracy 
of themeasurement. Sharpdistinctionsaccurinapplying 
a single method to media sucb 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 particulatecontent tbat 
affect sample processing. Exhibit 33 shows the sources 
of uncertainty across media. Spiked environmental 
samplesmonitor theeffectof thesesourcesofuncertainty 

- on the accuracy of recovery of target compounds fiom 
the matrix. Duplicates quantify the effect of these 
paramem an precision. The method must be chosen 
carefully if adiffcult medium such as oily waste or soil 
is to be analyzed. Routine methods usually specify the 
medium or media for which they are applicable. . 

use this exhibit to plan for possible sampling problems 
in the datacollection design. Sampling designs mustbe 
structured to identify and characterize hot spots. 
Information needed for fate and transport modeling 
should be obtained during a site sampling investigation. 

Method detection and genera3 confidence in analytical 
determinations are also often affected by specific media 
types and by analytical interference. The impact of 
matrix interference on detection limits, identification, 
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EXHIBIT 32. SAMPLING ISSUES AFFECTING CONFIDENCE 
IN ANALYTICAL RESULTS 

Problem LlkelIhood by Medium Major 
SamplIng Ground Surface Hazardoue 
Issues So11 Water Water Air Blota Waste 

Contaminant 
Migration 

Tern potal 
Variation 

Spatial 
Variation 

Topographic/ 
Geological 
Prop rties 

Hot Spots 

Sample 
Collection 

Sample 
Preparation/ 
Handling 

Sample 
Storage 

Sample 
Preservation 

J 

4 44 

44 JJ 

44 44 

._  .... 

J ' J  

J J  

Key: = Likely source of significant sampling problem. 
4 = Potential source of sampling problem, 

~ _ _ _ _ _ _  ~ 

Source: Modified ftom Keith 199Ob. 

and quantitation is illustrated by the following 
discussions (which not meant tobe comprehensive). 

Oil and hydrocarbons affecting GC-MS analyses, 

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

4 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, even at low concentrations, oil in asampleusually 
produces a large series of chromatographic peaks that 
interferewith thedetection ofother chemicalsofpotential 
concern during gas chromatography. Any chemic& of 
potential concern that may elufe concurrently from the 

GC column are obscured by the hyd.ocarbon response 
and may not present a distinct spectrum. Also, 
hydrocarbons that are present in signscant quantity are 
often idenwied as TICS, potentially adding a large 
number of compounds for consideration by the risk 
assessor. 
During RI planning, the risk assessor should determine 
if tdere is a potentid for hydrocarbon contamination. 
throughknowledgeofhistorical site useandexamination 
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 capture detection for 
halogenated compounds). 

Phthalates and non-pesticide chlorinated 
compounds. Phthalatesinterfere with pesticideanalyses 
by providing a detector response similar to tbat for 
chlorinated compounds. Phthalates and non-pesticide 
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EXHIBIT 33. SOURCES OF UNCERTAINTY THAT FREQUENTLY 
AFFECT CONFIDENCE IN ANALYTICAL RESULTS 

Degree of Slgniflcance by Medlum 

Source ot Hazardous 
Uncertainty Sodl Water Air 8toh Waste 

SAMPLING 

Design 
Contamination 
Collection 
Preparation 
Storage 
Pmsenration 

LABORATORY 

Storage 
Preparation 
Analysis 
Reporting 

ANALYTE-SPECIFIC 

Vdatility 
P hotodegradation 
Chemical Degradation 
Microbial Degradation 
contamination 

44 
J 
44 
44 
. . .  

4 

4 

J 
4 

KEY: 
44 = Likely source of significant error or uncertainty. 
J = Potentially soum of significant error or uncertainty. 

4414 = Magnitude of effect determined by examination of data. 

chlorinated compounds are often present in greater 
concentxations than the pesticides of concern. Pesticide 
data are often required at low detection limits and, 
therefore, GC-MS analysesarenotusedfor quantitation. 
In these cases, a gas chromatographic analysis using 
electron capture detection is more sensitive, providing 
a wider useful range of detection. The phthalates and 
&lorhated compounds can coelute with chemicals of 
potential concern, thereby obscuring the detection of 
.target analytes and raising the analyte-specific 
quantitation 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 an extrameasureof mnficlence 
in identification. Alternatively, sample extracts from 
positive analyses can be further concentrated for 

confmation 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 ifon 
response overlaps nearby signals, thereby obscuring the 
results of potentially toxic elements present at much 
lower concentrations. An interference check sample for 
ICPanalyses monitors the effect of such elements. High 
concentrations of iron are analyzed with low 
concentrations of other metals in these samples to 
indidate whether iron interfered with metal detection at 
lower concentrations. If spectraI intafexences a~ 
observed, datamay be qualified as overeStimated. The 
risk assessor or RPM should consult the project chemist 
to determine if a particular metbod requires a 
performance check. 
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3.2.6 Sample Preparation and 

Some samples q u i r e  preparation in the field to ensure 
thatthe results ofanalysesreflectthetruecharacte&ics 
of the sample. Sample filtration and cornpositing 
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 
techniques. 

Sample Preservation 

Sample 
Type 

Filtered 

Unfiltered 
_ .  

Grab 

Composite 

. .  

Information 

Can differentiate sorbed 
and unsorbed analytes. 

Total amount Of anaiyte 
in sample is measured. 

Can be used to locate 
hot spots. 

Can provide average 
concentrations over an 
area at reduced cost. 

EXHIBIT 34. SAMPLE . - 
PREPARATION ISSUES 

Presetvation --- acids, biocides 
(may be applicable to volatiles 

Unfiltered samples -- measure 
1 or metafs). 

1 total analytes 

Flitered samples -- discriminatc 
sorbed and unsorbed analytes 

Choice of sampie preparation 
protocols affects analyte 
speciation 

\ 

Issue I Action 

Sample 
Integrity 

source of 
Analyte 
Media ' 

Analyie 
Speciation 

Large 
Number of 
Samples to 
be Analyzed 

Composite samples 
(However, this raises the 
effective detection limit in 
proportion to the number of 
samples composited.) 

21901.Wl 

FiItration. If the risk assessor needs to discriminate 
between the mount of analyte present in true solution 
in a sample and that amount sorbed to solid particles, 
then the sampIe must be filteredand andyses should be 

. performed for both filterecl and unfiltered compounds. 
Some samples, such as tap water, are never filtered 
because thereisno particulate content. Filtration should 
be performed in the fieId 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 smoothIy. It is common practice only to filter 
a small proportion of J1 samples taken, and to perform 
analyses for the total content of the anaIyte in the 
majority of samples. Filtered samples generally provide 
a good indication of the fraction of contaminant IikeIy 
to be transported over large distances horizontally in a 
plume. However, in the immediate vicinity of a source 
or p i n t  ofexposure, unfiltered samples may be valuable 
in providing an indication of suspended material that 

.. . 

EXHIBIT 35. INFORMATION 
AVAILABLE FROM DIFFERENT 

SAMPLING TECHNIQUES 

21-002-035 

may act as a source or sink of dissolved contaminants 
and may therefore modify overall transport, 
Compositing. Reducing the number of samples by 
cornpositing is also a form of sampIe preparation. 
Compositing may be peaformed to reduce analytical 
costs, or in situations where the risk assessor has 
determined that an average value will best characterize 
an exposure pathway. Cornpositing cannot be used to 
identify hot spots, but can be effective when averaging 
across the exposure am. Caution should be exercised 
when cornpositing since low level detects can be 
averaged out and become non-detects . 
Preservation. Sample characteristics can be disturbed 
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 und 
Wastewater (Clesceri, et. af., eds. 1989). Samples are 
alsousuallyshippedwithicetoreducebiologicalactivity. 
Preparation. Severd factors in sample preparation 
affect analytical data. These factors include sample 
matrix, desired detection limit, extraction solvent, 
extraction efficiency, sampIe prepamtion technique, 
and whether the analysis is perforxned 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 b release the 
chemicals of concern from the sample matrix. For 
example, organicsolvents willextractnon-polar organic 
compounds from water. Polar and ionic compounds 
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(such as unsymmetrically halogen - substi tuted 
compounds, phenols, andcarboxy1icacids)may require 
additional techniques for extraction from water. The 
choice of solvent is also Critical to the extraction 
efficiency. Methanol would be expected to extract a 
larger quantity of volatileorganicmaterial 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 €or organic analytes are 
applied based on voIatility. Volatile organics are 
analyzed using head-space or purge and trap techniques. 
Exuaction alternatives for the analysis of less volatile 
(extractable) organic chemicals include separatory 
funnels, Soxhlet extraction appatatus, continuous liquid- 
liquid extractors, and solid phase cartridges. Details of 
these extraction options can beobtained from the project 
chemist. Strengths and weaknesses of each of these 
preparation procedures are described in Exhibit 36. 

For inorganic analyses, the sampIe matrix is usually 
digested in concentrated acid. The released metals are 
introduced into the instrument, then analyzed by flame 
AA or ICP atomic emission spectrophotometry. The 
selection of theacid for digestion influences thedetection 
limit because different acids have diffmnt digestion 
abilities. 

If digestion is not used, the sample measurement 
cornsponds to a determination of soluble metals 
rather thdm total metals. If soluble metals have a 
greater toxicological significance, this difference 
may be important to the risk assessment. 

If the sample is filtered in the fieldor the laboratory 
before digestion, any metals associated with 
particulates are removed before analysis. If 
particulates are an exposure pathway in the risk 
assessment, sample filteration would 
underestimate risk. 

- The analytical request must specify ifthesample is to be 
filtered and whether or not i t  is to be digested (t 
measure soluble metals). Unless otherwise specified, 
samples are usually digested but not filtered. 

3.2,7 Identification of Exposure 

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 spectrum analytical 
sample is required and two or three are recommended 

Pathways 
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for each medium and potential source in an exposure 
pathway. If the site sampling design fails toconsider all 
exposure pathways and media, additional sampIes will 
be required. 

Current and futureexposurepathwaysmay belimited to 
partic* areas of a site. If sampfing 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 tbe site. Samples not falling witbin 
the areas of potential concern are not used in the 
identification of chemicals of potential concern nor in 
the calculation of reasonable maximum exposure 
concentnition. Depending on exposure pathways, the 
riskassessormay utilizeonlyasmall numberofsamples 
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 

Judgmental or purposive designs that specify sampling 
points based on existing site knowledge may be 
appropriate for theinitial phaseof site sampling or when 
the risk assessment is performed using few samples. In 
such instances, non-statistical approaches may be more 
effective in accomplishing the purpose of the risk 
assessment for human health, tban statistical designs 
with unacceptably large sampling variability. 

Judgmentalsamples canbeincorporated intoa statistical 
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 hown contamination. Under the 
procedures described, the initial judgmental samples 
are not considered biased for the exposure area. Exhibit 
38summarizessomestxmgthsand weaknesses of biased 
and unbiased sampling designs. 

Resource constraints sometimes restrict the number of 
samples for theriskassessment and therefox! potentially 
increase thevariabrity 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 uncertainty 
of chemical quantities. The reasonable maximum 
exposure or uppex confidence limit cannot be calculated 
horn results of a judgmental design. Bias can be 
avoided with the procedures described in the previous 
paragraph. 



Fradon 
& Matrlx 

Volatile 
SoiWater 

EM radable 

in Water 
organics 

Extradable 
Organics in 
Soil 

Inorganics 

EXHIBIT 36. COMPARISON OF SAMPLE PREPARATION OPTIONS 

Prepa ratlon 

Head-space . 

Purge and Trap 

Separatoty 
Funnel 

Continuous 
Extraction 

Solid Phase 
Extraction 

Sonication 

Soxhlei 
Extraction 

Acia Digestion 

0.45 urn 
Membrane 
Finration 

Direct Aspiration 

Strengths 

Rapid, sirrple. p0tential)y automated and 
minimal intefferences if standards am 
prepared using sample medfa to minimize 
the effects ol ionic strength variability 
between samples and standards. 

Generally mommended for this analysis 
(comparabiliies~ can be automated; 
broadly applicable and allows concentration 
factor: good recoveries across analyte list. 

High precision and rwwerSes for waters. 

Rehtiiety rapid proceasing and low set-up 
costs; relatively hoh PAH recovery. 

Mini& mairix problems; generally higher 
anatyUca1 precision and high phenol 
recoverieq overall high extraction 
efficiency (accuw). 

Very wid,' simple technique; samples can 
be extraded in the field for IaborMory 
analysis; potentialy kw MDL in a clean 
matrix. 

. .  

RapM sample preparation: relatively b w  
. solvent requirement; good efficiency of 

analyte recovety/matrbc exposure to 
solvent. 

Relatively routine requirement for direct 
anatytical support; relatively good 
exposure of sample to solvent if sample 
texture appropriate: relatively low inilial 
cost. 

Dissolves particulates: provides resulls lor 
total metals. 

lsolatq dissolved rnetds species . . 

. .  

No preparation required; pmvides results 
for dissolved metals: 

Weaknesses 

Qualiiatke idenlifiiatbn: comparison of 
concentration possible but quantitative 
standardization is diffiilt, especially true 
for complex meirk (e.g.. particulntes and 
day in soil); no mechanism tot 
concqiratbn: application and sensitivity 
am very anafyieqecific. 

Sacrifice of either highly volatile analytes OT 

inadequate purge of low volafiility anatyteq 
dependent an purge and trap parameters. 

Soils have variable response dependent on 
soil characteristics, Eff iaency of soil purge 
is not mhitored. 

Generally kw recovery of target analybs; 
high potential for'matrix problems; poor 
method precision. ' 

Lower recovery of PAH and phthalates 
(especially higher molecular weight); 
time-consuming procedure and high inlial 
set-up costs; mote potential for 
cantamination. 

Pro+ure has limied available performance 
data Presence of interference and matrbc 

' ' problems can affect extraction efficiency 
and data quari. Each batch of extraction 
medium must be tested for efficiency by 
recbvety'of standards, preferably in the 
Same matrii Breakthrough (loss) occurs at 
high sample concentrations 

Latmiintensivi; constant kttentian to ' 
pmcedure; relatively hlgh initial cost. 
'Methylene chlohddacetone sohwit mkrun, 
results in many condensation products and 
.often in method blank contamination. . . 

R'elativety high operating cost-replacement .' 

apparatuS. solvent; for some matrices may . : 
not provide effiaent sampMaobent contact 
(e.g.. channeling, very slow sample au!pul), 

. . . .  , .  . . 

Some compounds amacid insoluble;, 
digestion may promote interference effects. 

FiHrdion problems in field; does no1 provide 
a total metals assay; is an extra sty ,in 
sample colleclion. 

Particulates affed sample introduction. 

. .  

214024M 
. .  . .  

' . . .  

. .  
. .  
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EXHIBIT 37. 1DENTlFlCATlON OF EXPOSURE PATHWAYS PRIOR TO 
SAMPLING DESIGN IS CRITICAL TO RISK ASSESSMENT 

Exampbs d sampling design missing exposure areas of concerni 

Systematic Grid 

Random: 

* *  . *  

x x  * .  
e -  X . *  

*-• x .** 

* *  I 
I *  

e *  

.e ** .* X.' 

k 
I 

X I  

No samples 
for exposure. 
pathway A 
and 
five for B 

No samples 
for exposure 
pathway 6 
and 
three for A 

.- . .. 
am. 

3.2.9 Field Analyses Versus Fixed 
Laboratory Analyses 

Field analyses are typically used to gatber preliminary 
infomation to reduce errors associated with spatial 
heterogeneity, or to prepme 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 freeof significant matrix interference, that 
can be usedquantitatively if confmed by a quantitative 
analysis from futed laboratdes. 

Field instruments ate usualIy divided into three classes: 
field pmzble instruments that can be carried by asingle 
pexson, fieldtranspo~bkinstnrments thatcanbemoved 
and used in the field or in a mobile laboratory, and 
mobile laboratwy instruments that are installed in a 
trailer for transport to a site. Instrumentation used may 
be GC, X-ray fluorescence (XRF), or organic vapor 

analyzer (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 
equivalentsratberthaninstandardunitsof concentration. 

A ~ y t i ~ r n e ~ ~ ~ ~ ~ v e ~ ~ t i o n ~ y ~ n ~ ~ c ~  
tooff-sitelaboratoriescannowbeemployedin the field. 
In addition, the quality of field instrumentation bas 
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 
supplia are available. With field analyses, greater 
numbers of samples m be analyzed with immediate, or 
very short, holding limes with no shipping and storage 
requirements. At least 10% of fieldanalyses should be 
confmed by fixed laboratory analyses to ensure 
comparability. 

* Field methods can produce legally 
defensible data if appropriate method QC is 
available and if documentation is adequate, 
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EXHIBIT 38. STRENGTHS AND 
WEAKNESSES OF BIASED AND UNBIASED 

SAMPLING DESIGNS 
- 

Sampll ng 
Deslgn 

Biased 
(judgmental, 
purposive) 

~ 

Unbiased 
(random, 

systematic 
grid, 

loostat ist ical) 

- 

Strengths 

Uses knowledge of 
location 

Fewer resources 

Timeliness 

FOCUSCIS sampling 
effort 

Ability to calcJate 
uncertainty 

Ability to determine 
upper confidence 
limit 

Represe ntat iven e3 s 

Reduces probability 
of lalee negative 

Weaknesses 

Inability to cakulale 
uncertainty 

Inability to determine 
upper confidence 
limit 

Decreases 
representativeness 

Increases 
probability of false 
negatives 

Resource intensive 

May require 
statistician 

timeliness 

More samples 
required 

Significant QA oversight of field analyses is 
recommended to enable the data to be widely used. 
Field analysis performance data are often no& available- 

. inpartbecauseofthevarietyof equipmentandoperating 
environments, variety of sample matrices, and relative 
‘hewness” of certain technologies. Therefore, an in- 
field method validation program is recommended. 
Spikes and performance evaluation materials should be 
incorporated, if available in addition to other standard 
QC measures such as blanks, calibration standards, and 
duplicates. 

The precision and accuracy of individual measurements 
may be lower in the field than at fixed laboratories, but 

. the quicker turnaround and the possibility of analyzing 
a 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 

range of analytes than field analyses, and are generally 
more reliable than field screening or field analytical 
techniques. 

* To minimize the potential for false neg- 
atives, obtain data from a broad spectrum 
analysis from each medium and exposure 
pathway. 

Fixed laboratory analysis commonly uses mass 
specaometry €or organic analyses, which provides 
greatly enhanced abilities for compoundidentification. 
For inorganics, AA spectroscopy or ICP atomic emission 
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. 

* The CLPororherfixsdlaborarorysources 
are most 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 should be considered when 
selecting field or fixed laboratory instrumentation. 
Exhibit 39 compares fhe characteristics of field and 
fixed laboratory analyses. The risk assessor and RPM 
shouW consult the project chemist to consider the 
available options and make a choice of analysis based 
on method parameters, turnaround time, and cost, as 
we11 as other data requirements pertinent to risk 
assessment needs (e.g., legd defensibility). Exhibit 40 
compares the strengths and weaknesses of field and 
fmed laboratory analyses. 

3.2..10 Laboratory Performance 

The RPM should be aware of problems that occur 
during laboratory anaIyses, 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 labomtory 
performance problems from method performance 
problems. 

Problems 

* Solicit the advice of the chemist to en- 
sure proper laboratory selection and to 
minimize laboratory and/or methods 
performance p rub /ems that occur in sample 
analysis. 
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EXHI,BIT 39. CHARACTERISTICS OF FIELD AND 
FIXED LABOR AT0 RY ANALYSES 

Character Istfc 

Prevention of 
false negatives 

Fleld Analysls 

Immediate analysis 
means volatiles not lost 
due to shipment and 
storage. 

Prevention of 
false positives 

No sample to sample 
contamination during 
shipment and storage. 

Analytical 
Turnaround Time 

Data available 
immediately or in up to 
24 to 48 hours 
(additional time 
necessary for data 
review). 

Sample 
Preparation 

Limited ability to prepare 
samples prior to 
analysis. 

. 
21402-038 

Labomtory performanceproblemsmy occur forroutine 
or non-routine analytical services and can happen with 
the most technically experienced and responsive 
laboratories. Laboratory problems include instrument 
problems and down-time, personnel inexperience or 
insufficient training, and overload of samples. Issues 
that may appear to be laboratory problems, although 
they are actually planning problems, indude inadequate 
access tustandards, u n c l e a r ~ u ~ m e n t s i n  theanalytical 
specifications, difficulty in implementing non-routine 
methods, and some samplerelated problems. Another 
problem for the RPM may be a lack of laboratories wilh 
appropriate experience or available capacity to meet 
analytical needs. These problems can usually be averted 
by “up-front” planning and by a detailed description of 
required analytical specifications. 

Instrumentproblemscan berevealed withaunique 
identifier for each instnunen t in thelaboratory that 
is reported with the analyses. Calibration and 

performance standards, such as calibntion check 
standards, intemaI standards, or systemmonitoring 
compounds, should be specified in the analytical. 
methodto monitorperformance ofeach instrument. 
In addition, the use of instrumentblanks should be 
specified (to avoid the possibility of cany-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 inlabratory records andreports, 
and qualift cations ofpersonnel requiredin contracts 
should be documented. . Sample and method problems can often be 
distinguished from laboratory problems if they are 
notassociated with aspeciftcinstrumentoranalyst. 
A review of method QC data should distinguish 
between laboratory and sample problems. 
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Analysis' 
~ 

Fidd -Portable XRF 
(Metals) 

Field GC 

Mobile laboratory 
XFIF, AA (Metals) 

Mobile Laboratory 
Luminescence 

Mobile Lciboratoty 
GC. G C M S  

Fixed Laboratory 
XRF, AA, ICP 
( M ~ t a l s  - Available 
Routine Methods) 

Fixed Laboratory 
GC B'GC-MS 
(Organics - Available 
Routine Methods) 

EXHIBIT 40. STRENGTHS AND WEAKNESSES OF FIELD 
AND FWED LABORATORY ANALYSES 

Strengths 

Extremely high volume sampling and analysis; 
compatible with sophisticated sampling and 
data handling software. Detection Ilmit may be 
above laboratory instrument values but 
applicable to specific site levels of interest. 

Rapid analysis supporting high volume .kampllng 
for varlety of volatile and extractable organic ' 

target compounds (includes pesticidWPC8s). 
Minimization of sample handling varlabfliv and 
data quality Indicators comparable to fixed 
laboratory methods. 

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

Rapid survey of analytes that routlnety 
require sample preparation (e-g., PAHs and PCBs). 
Detection limits can be adjusted within limits to 
site-specific concentrations of concern. 

Combines hlgh volume capacity of field 
analyses with increased confidence in 
identification (GC-MS) or improved data 
quality(GC}. GC methods may be identical 
b laboratory procedures but quality is 
inbrmediate due to site condiUons (ag., 
temperature, humidity and power requirements). 

Highest comparability and representativeness. 
Data quality, including detection limits, ' 
generatly predictable. Efficient match of analyses 
required to instrument (e.g., multiple analyses 
run simultaneously by ICP). 

Highest comparability and representativeness. 
Necessary confirmation of qualitative 
identification. Data quality and detection 
limits generally predictable. In depth 
analysis and sample archives for follow-up 
testino. 

.- 

Weaknesses 

Confirmation technique recommended. 
Comparabllity may require external 
standardization of calibration because 
quanitation is based on soli surface area 
versus a soil volume. Results often lower 
than from AA analyses. 

Requires prior site knowledge to ensure 
applicabllity to speclflc conditions (e.g., 
soil-gas may not be appropriate tor 
[nvestfgation in sandy area). Confidence 
in identification Is matrix- and site-specific 
and highly variable depending on sample 
mplexity. Confirmation technlque 
recommended. 

Requlres slgnificant resources, time, 
and personnel to transport, maintain 
and operate; generally most appropriate at 
high volume sites, especially remote. 

Technlque has had rnlnimal use fn €PA 
slle investigation. Comparabllity may 
be an issue and requlre extensive 
confirmatory analyses: 

Same weaknesses as for mobile 
laboratory lnorganlcs. An additional 
weakness Is lhe increased tmining 
requirements and decreased availabillty 
ot experienced GGMS operators for 
totally Independent system operation. 
Posibiity o? dte contaminatlon and 
cross-contamination. 

Stow delivery of data; increased 
documentation requirement due to 
the number of participants--reiatively 
high sample cost. 

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

I 

ICP = Inductively Coupled Plasma Speclroswpy. Graphite AA = Graphite Furnace (electrothermal) Atomic Absorption 
Spectroscopy. Flame AA = Flame Atomic Absorption Spectroscopy. ICP-MS = Inductively Coupled Plasma-Mass 
Spectroscopy. XRF = X-Ray Fluorescence. GC = Gas Chromatography. GC-MS = Gas Chromatography-Mass 
Spectrometry. AA = Atomlc Absorption Spectroscopy. 

21402016' 
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EXHIBIT 40. STRENGTHS AND WEAKNESSES OF FIELD 
AND FIXED LABORATORY ANALYSES 

. .  

Graphite AA 

' (Cmt'd) 
. .  

. .  

Strengths - . . _  
AnaIysls* 

. .  . .  

. .  
~itilp~e,.automatec~; i a p  assay most metals; can .. 
assay low level metals; can detect ppb levels. 

ICP 

Flame AA 

Simple, automated, extremely rapid; can assiay 
metals sirnultanegusly; can detect ppb levels. 

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

ICP-MS 

ICP-Hydride 

_ _ _ _ _ _ ~  

Rapid; can detect low levels; accurate, 
' 

Rapid; can detect low levels of Andmony, Arsenic, 
Selenium; Hydride formation eliminates spectral 
interferences. 

Wea kn esse8 
. .  

Subject to salt or iron interferences; lacks 
detection capability'at low levels; not 
suitable for less than 20 ppb Arsenic, Lead, 
Selenium, Thallium, Cadmium, Antimony; 
requires background and interelement 
correction. . .  

Lower precision and accuracy result unless 
methods of standard additions used. 
Method is timeconsumlng; requires 
background correction; requires matrix 
modifiers; subject to spectral interferences. 
Graphite tube requires replacement 
frequently. 

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

Method is subject to isobaric molecular and 
ion interferences. Nebulization, transport 
process, and memory physical 
interferences occur. Method is relatively 
new and is expensive. Specialized tralnlng 
is required. 

Dependent on analyie oxidation state: 
especially sensitive to copper interference. 
Method is relatively new. Specialized 
training is required. 

I 

ICP = Inductively Coupled Plasma Spectroscopy. Graphite AA 5 Graphite Furnace (electrothermal) Atomic Absorption 
Spectroscopy. Flame AA = Flame Atomic Absorption Spectroscopy. ICP-MS = Inductively Coupled Plasma-Mass 
Spectroscopy. XRF = X-Ray Fluorescence. GC = Gas Chromatography. GGMS = Gas Chromatography-Mass 
Spectrometry. AA = Atomic Absorption Spectroscopy. 

- .. 

. . .  . I  

. .  . 
. . ./ . . . .- . . .  . .. . .  . .  . . .  

. .  
. ( .  

. .  . .  
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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 suitable 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 conmiute 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 
guidanceonly. Each Region,orthestaffatanindividual 
site, may modify these for their use or &velop their own 
materials. 

The chapter has two sections. The f i t  section of the 
chapter describes the process of selecting a samplimg 
design strategy and deveIoping a sampling plan to 
resohe 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? 

Ate all exposure areas fully characterized? 

A Sampling Design Selection Worksheet and a Soil 
Depth Sampling Worksheet are used as data ColIection 
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 guidance 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 detennineanalyticalpriorities so that themost suitable 
combination of methods is selected. 

The risk assessor or RPM, in consultation wilb other 
technical experts, will probably compIete several 
worksheets, representing different media, exposure 
pathways, potential samphg strategies, chemicals of 
potential concern, and analyticalpriorities. This is done 
to compile sufficient information tocommunicate basic 
risk assessment requirements to the RPM, and to ensure 
that these requirements are addressed in the sampling 
and analysis plan (SAP). 
The selection ofsampling plans and analytical methods 
shouldbe based on theperformancemeasuresdiscussed, 

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 

This section provides guidance forevaluating alternative 
sampling strategies. Risk assessment may involve 
sampling many media at a site: groundwater, surface 
water, soil, sediment, indusaial sludge, mine tailings, or 
air. The strategies for sampling different media often 
vary. For example, random stratified sampling may be 
the appropriatemethod for examination of soils at a 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 

SAMPLING' PLANS 

AA 
BNA 
CAS 
CLP 
cv 
CVAA 
DQO 
EMMI 
EMSLLV 

EPA 
Gc 
GFAA 
GIs 
GPC 
ICP 
MDL 
MDRD 
MS 
PNSI 
PCB 
QA 
Qc 
RAS 
RI 
RME 
KPM 
SAP 
VQA 
XRF 

Acronyms 

atomic absorption 
b aselneutrdacid 
Chemical Abstracts Service 
Contract Laboratory Program 
coefficient of variation 
cold vapor atomic absorption 
data quality objective 
Environmental Monitoring Methods Index 
Environmental Monitoring Systems 

U.S. Environmental Protection Agency 
gas cbromtography 
graphite furnace atomic absorption 
Geographic Information System 
gel permeation chmatograpby 
inductively coupled plasma 
method detection limit 
minimum detectable relative difference 
mass spectrometry 
primary assessmenthite inspection 
polychtorinated biphenyl 
quality assurance 
quality control 
routine analytical services 
remedial jnvestigation 
reasonable maxhum exposure 
remedial project manager 
sampling and analysis plan 
volatile organics 
X-ray fluorescence 

Laboratory - Las Vega 
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extent of a plume containing the chemical of Concenr, 
and also often examine seasonal or temporal variability 
in chemical concentfatims. Exhibit 41 summarizes the 
relative vattation in spatial and temporal propetties 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 sectiun is focused on 
detesmining the spatial extent and variability of the 
concentration of chemicals of potential concern. 
Therefae, it applies most directly to soils and sediments. 
SomeEPA Regions have developed sampling guidances 
for groundwater, and the RPM and risk assessor should 

Measurement 

Geophysical Measurements 

Soil-Gas Measurements 

WeatherIAir Quality 

Surface Water Quality 

Physical Soil Properties 

Soil Moisture 

Soil Quality 

Aquifer Properties 

Groundwater Flow 

Concentration of Groundwater 
Contaminants 

Exhibit 43. Schematic examples of some of the designs 
are illusbated 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, obtainminimum required levels 
of detection for chemicals of potential concern, and 
haveacceptable probabilities of falsepositives and false 
negatives. Meeting these objectives ir~wlves optimizing 
theconfidenceinconcenttationes~~s and theability 
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 (e.g., mean, standard 
deviation, and standard error). 

Relative Variatlon in Measurements 
Attributable to: 

Spatial Temporal 

Large Small 

Large Large 

Large large 

Usually Small Usually Large 

Large Small 

Large Large 

Large Small 

Large Small 

Usually Large Usually Small 

Large Large 

consult these whenever available. Increasing the number of samples may increase initial 
costs, depending on whether fmed & field analytical 
methods ate used for analysis. but it is necessary in ExampIes of common sampling designs are given in 

Exhibit 42, and their overall applicability is shown in 

EXHIBIT 41. EXAMPLES OF SPATIALLY AND 
TEMPORALLY DEPENDENT VARIABLES 

, '. 
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Design 

Judgmentall 
Purposive 

Classicel Random 

Classical Stratified: 

Random 

Systematic 

Cluster 

Composite 

Systematic: 

Random 

Examples of Application 

Monitoring Welts 
Hot spots 

Background Soil 

Drums at Surface 

Waste Piles 

Soil from Boreholes 

Soil from Test Pits 

Determine Concentrations of 
Chemical8 of Potential 
Concern in Soil 

Gid 

Search 

Surrogate 

Phased 

Concenttations of Chemicals 
of Potential Concern. Surface 
Soil Characteristics 

Contaminant Hot Spots 

Gas Detector Measurements 

Extent of Contamination 

I Geostatistical I Distribution of Contamination 

certain situations (see Section 4.1.2). The sampling 
design can often be improved by stratifying within a 
medium to reduce variability, or by selectkg adifferent 
sampling approach, such as a geostatistical procedure 
termed “Mging.” Improving the efficiency of the 
statistical estimators involves specifying the type of 
data distribution if parametric procedures are being 
used, or switching from nonparameaic to parametric 
procedures if distributional assumptions can be made. 

Exhibit 45 is a Sampling Design Selection Worksheet, 
structurebassist design selection forthemmtcornplex 
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 to 
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 selected based on the 
specific reason for sampling (e.& defining a boundary 

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 modified to assess 
alternative sampling strategies. Completion of a set of 
worksheets (Le., a worksheet for each medium 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 (Le., field samples, quality control 
sampIes, and background samples). 

The remainder of this section is a step-by-step guide to 
completing the Sampling Design Selection Worksheet. 
Chemicals of potential concern 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 

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

Pathway,medium and design alternatives. Sampling 
procedures used in environmental sampling are either 
unbiased or biased. Classical and geostatistical models 
are unbiased in terms of sample evaluation and 
hypothesis 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 
classicalorgeostatisticdmodel. Biased,orjudgmental/ 
purposive, design requires theuseof differentapproaches 
to planning and evaluation. 

t While other designs may be appropriate 
in many cases, stratified random or 
systematic sampling designs are always 
acceptable. 

CIassical model: The classical model uses either 
a random or stratified random sampling design. It 
is appropriate. for use in sampling any medium to 
define the representative concentration value over 
the exposure area. It is not subject to judgmental 
biases, and produces known estimates and 
recognized statistical measures and guidelines. A 
stratiFred random design provides the RPM and 
risk assessor with great flexibility. If the nature 
and extent of the exposure areas are not yet well 
defined, a pilot random study can be conducted 
and tbe results included in the final design. The 
data can be averaged for any exposure area. The 
classical model is the basis for calculating 

. 
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EXHIBIT 43. APPLICABILITY OF SAMPLING DESIGNS 

21-02-043 

Confdencelevels, power,andminimum detectable approaches to estimating key parameters can 
relative differences (MDRDs). produce different estimates. 

6 Geostatistical model: Geostatistical techniques 9 Systematic grid sampling: Systematic grid 
are good for identifying hot spots and can be used sampling procedures are good for identifying 
for calculating reasonable maximum exposure unknown hot spots and also provide unbiased 
(RME). These techniques require complex estimates of chemicaloccmncemdconcentration 
judgmental or purposive calculation procedures. (Gilbert 1987) useful in calculating the RME. 
Even with the useof availablecomputerprograms, Systematic sampling can be used in geostatistical 
a statistician shouldbe consultedbecausedifferent or classical estimation models. Variance 
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EXHIBIT 44. COMMON SAMPLlNG DESIGNS 

Simple Random 
Sa mp I i ng 

Cluster 
Sampling 

Stratified Random, 
Sampling 

Systematic Grid 
Sampling . 

Clusters 

St rat if i ed Systernat i c 
Sampling 

Strata 

Systematic Random 
Sampling 

. '  . .  

21m2.044 
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EXHIBIT 45. PART I: MEDIUM SAMPLING SUMMARY 
SAMPLING DESIGN SELECTION WORKSH€ET 

(Cont'd) 

A. Site Name 
C. Medium: Groundwater, Soil, Sediment, Surface Water, Air 

D. Comments: 

B. Base Map Code 

Other (Specify) 

E. Medlud 
Pathway 
Code 

Exposure Pathway/ 
Exposure Area Name 

Column Totals: 

PU&Sive 

F. Number of Samples from Part 11 

aack- 
ground 

Statistical 
Design 

GeO- 
metrlcai 
or Geo- 
statistical 
Design QC 

G: Grand Total: 

Row 
Total 
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EXHIBIT 45. PART II: EXPOSURE PATHWAY SUMMARY 
SAMPLING DESIGN SELECTION WORKSHEET 

' (Cont'd) 

0. Stratum or ExposureArea 

Name and Code P. 
Reason 

H. 
Chemical of POtenfkl Concern 

and CAS Number 

JudgmentaV 
Purposive 

I. 
Frequency 

of 
Occurrence 

Geo- 
statistical metrical 
Design Or Gee- 

statistical 
Design 

J. Estimation 

QC 

Arithmetic 
Mean Maxi mu rn 

M. Code (CAS Number) of Chemical of Potential Concern Selected as Proxy 
N. Reason for Defining New Stratum or Domain (Circle one) 

1. Heterogeneous Chemlcal Distribution 
2. Geological Stratum Controls 
3. Historical Information Indicates Difference 
4. FieId Screening Indicates Difference 
5. Exposure Variations 
6. Other (specify) 

- 
K. 
cv - 

- 

L. 
3ackground 

R. Total (Part 1. Step F): 

Q. Number of Samples from Part 111 

Back- 
ground 

Row 
Total 
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0. 
E. 

S. 

T. 

U. 

v. 

W. 

X. 

Y. 

Judgmental/ Back- Statis- Geo- QC Row 
Purposive ground tical . metrical Total 

Design a orGeo- 
statistical 

.. 

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

(Cont'd) 
Stratum or Exposure Area 
MediurdPathway Code Pathway Code 

Domain Code 

21 -002-04503 

Judgmental or Purposive Sampling 
Comments: 

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

An exposure area and stratum MUST be sampled by a! least TWO samples. 

Number of .Samples 

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

Number of Background Samples 

Statistical Samples 
CV of proxy or chemical of potential concern 
Minimum Detectable Relative Difference (MDRD) ,- (<40% if no other information exists) 

L I l  ... 

Confidence Level (>80%) Power of Test (>go%) 

Number of Samples 
(See formula in Appendix 1V) 

/ '  

n 
Geometrical Samples' u 
Probability of hot spot prior to investigation 
Hot spot radius 

Probability that NO hot spot exists after investigation 
(see formula in Appendix IV) 

(Enter distance units) 
(a to 100%) 

(enter only if >75%) 

Geostatistical Samples 

Required number of samples to complete grid + 
Number of short range samples 

Quality Control Samples - 
Number of Duplicates 
Number of Blanks 

(Minimum 1 :20 environmental samples) 
(Minimum 1 per medium per day or 1 per sampling 
process, whichever is greater) n 

U 



calculations tequired toestimate confidencelimits 
on theaverage concentrationareavailable(Cau1cutt 
1983). Systematic sampling is powerful for 
complete site or exposure area charactekation 
when the exposure area is known to be 
heterogeneous. 

Determining number ofsamples Four factors need to 
b e o o n s i d e r e d i n d n g  thetotalnumberof Samples 
required (see Exhibit 46): 

Exposureareas, 
Statistical performance objectives (based on site 
environmental samples), 

I 

Quality assurance objectives (based on QC 
samples), and 

- Background samples (based on MDRD). 

1 
EXHIBIT 46. FACTORS IN DETERMINING 
)TAL NUMBER OF SAMPLES COLLECTED 

Number of Exposure Areas that wlll be Sampled 
(P. 74) 

Media within exposure area 
Slrata within exposure area medium 

Number olSamplcs for Each Exposure Area 
Crouplng Given Required Statlsdcal Performance 
(P. 75) 

Confidence (1- a), where a is the probability of a 
type I error 
Power (1-p), where j3 is the probability Or a type I1 e m  
Minimum detectable relative differenca 

Numbor of Quality Control Samples (p. 76) 

Field duplicate (collocated) 
Field duplicate (split) 

Field evaluation 
Blank (trip, field, and equipment {rimate)) 

Number of Background Samples (p. 74) 

6 Number of site samples collected 
6 Minimum detectable relative diffemme 

The number of environmental site samples is ultimately 
controlled by performance requirements, given the 
statistical sampling design. The relationship between 
number ofsamples andmeasures of performancedepends 
upon thevariability of thechemicalsofpotentialconcern, 
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 
measures of performance is the basis for determining 
the number of samples necessary to provide useabIe 
data far risk assessment. 

* I f  the natural variability of the chemicals 
of potential concern is large (e.g., greater 
than 30%), the major planning effortshould 
be to collect more environmental samples. 

The number of samples can be calculated given a 
coefficient of variation, a required confidence Ievel 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 variation and statistical perfommnce 
objectives. CaIculation formulas in Appendix 1V 
facilitate theexamination of effectsbeyond 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. 

Part I: Medium Sampling. Summary 

A. 

B. 

C. 

D. 

E. 

F. 

Enter b e  Superfund site name. 

hter a code that uniquely identities a base map of 
the site or the exposure unit. 

All sampling events should be identified on a map 
orin adatabasesuch asaGeographicaIInformation 
System (GIs). 

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

Enter any comments required to describe the 
exposure area, and other information such as the 
RPM'sname. 

Enter a medidpathway code that has been 
assigned for the risk investigation. 

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 
been selected from Part11 (Step R) of the worksheet 
when completed. 



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

Samples Required to Meet 
Mlnlrnum Detectable 

Coeff lclent Confidence Relatlve Dlfference 
of Varlation (%) Power (YO) Level (%) 5% 10% 20% 

10 95 90 36 10 3 
15 95 90 78 21 6 
20 95 90 138 36 10 

30 95 90 31 0 78 21 
25 95 90 21 6 55 15 

35 95 90 42 1 106 28 

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

Source: EPA 1989c. 

21-002-047 

Sample types are broken out by sample type: Part II: Exposure Pathway Summary 

JudgmentaVPurposive, H. 

Background, 

Statistical design (e.g., stratified random 
sampling), 

Geometrical orgeostatistical design (including 
hot spot sampling), and 

Quality control samples. 

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

G. Enter the grand tokd of all sampIes within a specific 
medium. 

I. 

J. 

List the chemicals of potentid concern and their 
CAS numbers. 

List the known or suspected chemicals of potential 
concernbasedon historical data. This w i l l g e n d y  
be from the PA/SI. 

List the frequency of occurrence (a). 
The fiquency of occurrence is the percent of 
samples in which thechemicalof potential concern 
has been identified. This may be obtained from 
site-specific dam or calculated from historial (PA/ 
SI) data or fate and transport modeling. 

Enter an estimate of the average (arithmetic mean) 
and maximum concentration of the chemical of 
potential concern. 

Historical dam M data from similar sites can be 
used to derive these values. More sampling will 
usually be necessary to determine statistically 
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significant differences if these values are close to 
background levels or to the levels of detection. 

K. Estimate the coefficient of variation. 

The coefficient of variation (CV) can be estimated 
from site-specific data or from data from similar 
sites. Thenumber 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. 

L. Estimate background concentration. 

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

M. Select a proxy chemical of potential concern. 

Choose a proxy from the list of chemicals of 
potential concern to develop smplingplans. Note 
tbat a proxy that has the highest CV, lowest 
frequency of occurrence, or whose concentrationat 
the site is closest to background levels wilI require. 
the most samples. 

N. Developthereasonfordefiningnew strataorareas. 

4 Heterogeneous Chemical Distribution: If a 
chemicaI can be shown to have dissimilar 
distributions of concentration in different 
areas, 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 
@uce separate areas where similar statis tid 
distributions are likely to exist. In particular, 
different “stratigraphic” layers may produce 
distinct strata. 
H istoricalInfomTtion: His torica2 information 
011 production, discharge or storage of 
chemicals of ptentlal 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, h d  use or 
receptorgroupscan beused to identify separate 
aTezLs. 

0therreasons~beusedto~u~separ; l te  
sampling areas, such as observed stress on 
vegetation, oily appeatance of soils, or the 
existence of refuse, etc. 

0. List the stratum or area name and code. 

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

P. Annotate reason from Step N. 

Q. List the number of samples estimated after 
compIeting Pm III of this worksheet, 

€2. List the number of samples estimated after 
completing Part I1 and Part III of this worksheet. 

Part IXk Exposure Area Summary 

3. 

T. 

\ 
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Enter judgmenWpurposive sampling comments. 

Aminimumof three to five judgmental orpurposive 
samples must be used to sample a stratum or 
exposure area. Historical or prior site information 
canbeused tolocatesamplingpositions 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 caIculating risk, 

Identify background samples. 

For statisticd 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 ma& 
to the SAP if necessary. 

Background samples must be taken for eacb 
exposure pathway. As with QC samples, results 
from the background sample should be assessed 
early to see if background levels will severely 
impact the sampling design. The number of 
necessary background samples increases as the 
variability of the background vdues incmses, 
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 chose instances where 
background levels are close to on-sitecontamination 
levels, it may be necessary to collect as many 
background samplesassite samples. Small nmbers 
of background samples increase the probability of 
atype31,falsenegativeerror(i.e., thatnodifference 
exists between site and background when a 
difemce does, in fact, exist). However, rigorous 
statistical anayses involving background samples 
may be unnecessary if site and non-site related 
contamination clearly differ. 

IC Collect and analyle background samples 
prior to the final determination of the 
sampling design since the number of 
samples is significanrly reduced if little 
background contamination is present. 

Backgroundlevels ofcontaminants 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 fmm a false positive 
or falsenegativeresult. Results from single samples 
me different estimators than those from statistical 
parameters from poled samples. Background 
sampling must be increased in the following 
situations: 

4 Contamination exists in more than one 
medium, 

4 Expeckduxfficientsof variation in chemicals 
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. 

U. Identify statistical samples. 

Samples should be systematically or randomly 
heated. The number of samples can be calculated 
using the CV of the proxy variable, the required 
MDRD, the required confi&nce level and power of 
the test. and the appropriate statistical formula and 
appropriate charts. 

For example, using the equation in Appendix I V  

Where Z, and 2, are obtained from the normal 
distribution tables for significance levels a 
and B respectively: a is the probability of the 
false positiveerrorrate, andB is theprobabitity 
of the false negative error rate. 

Then, if a is 0.2 (20%) and the confidence 
level is 80% then Za is 0.842. If B is 0,05 (5%) 
then the power is 95% and 2, is 1.648. 

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

and -15 samples arerequired. 

V. Identify samples from geometrical design, 

cc Systematic sampling supplemented by 
judgmental sampling is the best strategy 
for identifying hot spots. 

For example. using the equation in Appendix I V  

cv 

Where R E  20 m 

and A = 37,160 mz 

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

probability that a hot spot exists 
after a sampling grid has been 
done. 

and C = 0.2 The acceptable “walk away’* 

then: 

D = 2.7, R = 54.8 m, and 
n = 27,160b4.82 = 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 augmented by 
randomly locating two additional samples. The 
results for number of samples from U and V are not 
additive. 

W. Identify samples from geostatistical design. 

A geostatistical sampling patternshouldbedesigned 
at theearly stage of planning. Asmtistician should 
be consulted to develop the design. 
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X. Quality Control Samples 

Generally, duplicates shouldbetakenataminimum 
of 1 duplicate for every 20 environmental samples 
(EPA 39896. However, this frequency may be 
modified based on site conditions. For example, 
the number of dupIicates and other QC samples 
may be set bigh for the beginning of site sampling, 
evaluated after several duplicates 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 duplicate samples are taken per 
medium, Critical samples are recominended for 
designation as duplicates in theQA sampling design. 

EXHIBIT 48. NUMBER OF SAMPLES REQUIRED 
TO ACHtEVE GIVEN LEVELS OF CPNFIDENCE, 

POWER, AND MDRD 
~ . .  

Confldmm (1-a) Paver (14) MDRD Na of Sampes 

00% 90% 10% 42 
20% 12 

. 80% 90% 20% e 
EW. 80% 10% ' 19 

80% 209c 6 
00% 40% 3 .  00% 

=2 

E m 2  

'Values lor number ol samples are based on a CV of 26%. 

'The mlnlrnurn recommended pefformance measures for riskassessmen 
are: confidence (60%) and power (eo%). 

Source: €PA 1689~. 

Blanks provide an estimate of bias due to 
contamination introduced by sampling, 
transportation, carryover during field filtration, 
pserv?ion, or storage. At least one field blank 
per medium should be collected each day, and at 
leastoneblanknustbecollected for each sampliig 
process (EPA 19890. 

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 sampliig 
strategy requires modification. For a more detailed 
discussion of the types and use of QC samples see 
A Rationale for the Assessment of Errors in the 
Sampling of Soils @PA 1990~). 

Y. Calculate the sample total for stratum or exposure 
area (enter in Part 11, Step U). 

4.1.3 Specific Sampling Issues 
Selection of performance measures. Quantitative 
dataquality indicators basedon performance objectives 
should be proposed for completeness, comparability, 
representativeness, precision, and accuracy during 
planning. Performance measures are specifred as 
minimum l i i t s  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 ate determined 
by the level of acceptable uncertainty, which incIudes 
that associated with hot spot identification. 
Recommendedminiiumciiriteriaare SPecifiedinWbit 
48 for statistical performancemeasures associated with 
the uncertainty in risk assessment: confidence level, 
power, and MDRD. Recommended minimum criteria 
for measurement e m r  and completeness for critical 
samples are discussed in the following sections. 
Setting minimum acceptable limits for confidence 
leveI, power, and minimum detectable relative 
difference. Confidence level, power, and MDRD are 
three measures of sampliig design precision, These 
measures are ultimately determined by the coefficient 
of v,uiation of chemical concentration and the number 
of samples. Each measure is briefly defmed as follows: 

Confidence level: The confidence level is 100 
minus a, where c1 is the percent probability of 
taking action when no action is required (false 
positive). 

Power: Power is 100 minus B, where D is the 
percent probabfity of not taking action when 
action is required (fUe 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 levekare 
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 equd to 25%. 

It is important to note that the number of samples 
required to meet confidence and power requirements 
will be Iow if the acceptable MDRD is large; that is, if 
site contamination is easily discriminated from 
background levels. 

Determining required precision of measurement 
error. Field duplicates and blanks am the major field 
QC samples of importance to the precision of 
measurement error. Duplicates provide an estimate of 
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, 
total measurement error variance, including variance 
due to sample collection, preparation, analysis, and data 
processing. They do not discriminate between-batch 
errorvatiance. Iftheduplicateiscoollocatad, contaminant 
sampIe variation caused by a heterogeneous medium is 
also included in the measure. The precision of the 
measurement emr estimate is subject to the number of 
duplicates on which the estimate is based. Exhibit 49 
gives the estimated precision of the measurement error 
based on the number of duplicate pairs. With three 
duplicates, the true measurement mor variance could 
be as much as 13.88 times the observed variance, if a 
95% tevel of confidence is required. The RSOUTC~S 
needed for the collection and analysis of duplicates 
depend on the magnitude and variability of the 
concentration of concern for the chemicals of potential 
concern. 

Little roam for measurement error exists if the 
levelofconcentration of concern isnear themethod 

detection limit, and the precision of the estimate of 
measurement error is critical. 

If the natural variability of the chemicals of 
potential concern is relatively large, tbe 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 m e a s m  and selection of the 
appropriate number of QC samples maybe found 
in A Ratwmle for the Assessment of Errors in the 
Sampling of Soils @PA 19%). 

Planning for 100% completeness for criticalsampIes. 
Certain samples 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 one background sample is taken foragivenmedium 
andexposurearea, tbenthatsamplewouldbeconsidered 

EXHIBIT 49. CONFIDENCE LEVELS FOR THE 
ASSESSMENT OF MEASUREMENT VARIABILITY 

Number of 
Duplicate 

Interval for 95% Confidence that Measurement Error Is Within Llmlts 

Pair Samples Observes True Observed 
VarIance(s ) Variance Vatlance ($1 

10 9 4  
2 
2 

0 2 2 7  5. 

3 .32 - < LT 

2 < 
2 
2 
2 

- .36 

.39 s U d 6.02 

.42 

4 
5 

6 c 6 I 4.84 
< 4.14 

2 I 3.67 
< 3.33 

10 -49 - < D - c 3.08 

- 
- U 7 .44 s 

8 .46 5 

9 .47 s 
2 
2 - U 

2 

2 
2 
2 

2 

c U - c 2.40 

c 2.08 
15 .54 - 
20 -58 I 

25 .62 - c U d 1.91 

50 .70 s 
100 .77 - 

- 0 

0.  - c 1.61 
< 1.35 s U 

s2 =' Observed variance (precision of an estimate). 

U2 = True variance (population variance). 

Note: 
Source; EPA 1990~. 

Assumes data are or have been transformed to normal distribution. 
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"critical." All data associated with such a sample must 
be complete. The only acceptable level of completeness 
for critical samples is 100%. 

* Focus planning efforts on maximizing 
the collection of useable data from crirical 
samples. 

Hot spots and the probability of missing a hot spot. 
Hot spots are primarily an issue in soil sampling. The 
RPM and risk assessor must determine whether hot 
spots exist in the exposure area and the probable size of 
the hot spot. This information can often be deduced 
Erom historical data and assisted 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 systematic and geostatisticd designs. However, a 
search strategy which stratifies the area based on grids 
(and then randomly samples within each grid canbe used 
within the cIassical technique. Systematic and 
geostatisticd design approaches provide the best 
npproach to unknown hot spot identification. 
Appendix IV describes numerical procedures and 
assumptions to determine the probability that a given 
systematic design will detect a hot spot and provides a 
ciilcuhtion formula based on a geometrical approach. 
To employ this formula, the distance between grid 
points and the estimated size of the hot spot as a radius 
must be specified. 

Historical data cornpara bility. The RPM may wish to 
assess historical data dong with current results or may 
anticipate that the current data will need to be compared 
with results b r n  future sampling activities. Consult a 
statistician in either of these cases to determine if the 
current sampling design will allow the production of 
dataofbowncomparability. Factorsother 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 exposureareas 
may need to be considered. Temporal effects, such as 
the seasonality or time period of sampling, or seasonal 
heightofawatertable,mayalsobeimportant. Analytical 
methods have been modified over time and many 
required detection limits have been revised. 

The abilitytocombine data from different 
sampling episodes or different sampling 
proceduresisa very important consideration 
in selecting a sampling design but should 
be done with caution. 

4.1.4 Soil Depth Issues 
Theappropriate depth or depths to takesoil samples can 
be a major issue in determining a sampling design. 
Exhibit 50 is a worksheet designed to belp the RPM and 
risk assessor to determine an appropriate soil sampling 
depth, The conceptual site model (Exhibit 6) provides 
thebasisforcompletingthis worksheet Thenature and 
depth of soil horizons at the site should be established 
wherever possible. Features such as porosity, humic 
content, clay content, pH, and aerobic status often affect 
the movement or fate of chemicals of potential concern 
through a soil. As with other worksheets provi&d 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 
cment and future land use scenarios in soil exposure 
mas because of the sorptive and retentive properties of 
soils. 

Completing the Soil Depth Sampling Worksheet 

1, Land Use Alternatives 

A. Identify current or future land use. 

3. Identify exposure scenario. 

The exposure scenario should be identified for 
c m n t  orfuturelanduse. Identify thescenario 
acuuding to Role ofBaseline Risk Assessment 
in SuperjhndRemedy SelectwnDecision (EPA 
1991~) andHumanHealth EvalwfionManual 
Supplemental Guidance: Standard Default 
Exposure Factors(EPA 1991d). Aresiclentid 
exposure scenario should be used whenever 
there are, or may be, occupied residences on or 
adjacent to the site. Unoccupied sim should 
be assumed to be residential in the future 
unless residential land use is unreasonable. 
Sites thataresurroundedbyoperatingindus~ 
facilitieS can beassumedtoremainas industrial 
areas unless there is an indication that this 
assumption is not appropriate. Other potential 
land uses, such as recreation and agricultural, 
m y  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), 
sernivolatile organics (semi-VOAs), inorganics 
or metals, or special class) that apply. 
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EXHIBIT 50. SOIL DEPTH SAMPLING WORKSHEET 

Step 1 - Land Use Speciflcatlons* 

I A (check one) 
- Current 
- Future 
- Current & Future, Same 

Sampling Depth Considerations 

Step 2: Chemicals of Concern 
A Class: VOAs, Metals, 

semi-VOAs, Special 
(e.g., PCBs, dioxin) 

B Physical Prdperties: Mobile, 
Soluble, or Leachable 

Step 3: Soil Characteristics 
A Taxonomy 
B Organic Content 
c Particle Size 
D Concern for Migration to Other 

Media, (Air, SW. sediments, 
GW’ 

Sbp 4 Vegetative Cover 
Heavy/Sparse/lntermittent 

step 5: Other Factors 

16 (check one) 
- Residential - 

- Other (Specify) 
CommerciaMndustrlal 

- Recreational - Agricultural 

Step 6. Expected 
Depth of Contamination 

by Chemicals of 
Potential Concern 

Surface Units 

7 

Subsurface 

Step 7. hposure Pathways 

Ingestion Dermal Inhalation 

Step 8. Represenbtfve 
Sample Depths 
(units 1 

The complexity of a site determines if multiple worksheets are necessary to distinguish between current and future land use scenarios 
(e.g., mkof residential and commercial use for different areas of a site, possible future residential use, etc.). 



B. Record physical properties. 

Circle the physical properties of the chemicals 
of potential concern that apply. These 
properties can be estimated from factors sucb 
as the octanol/water partition coefficient, 
Henry’s law constant, and water solubility 
appropriate to each chemical. 

3. Soil Characteristics 

A. Record the taxonomic designation of the soil, 
if known. 

B. Record the organic matter content of the soil. 

C. Record the most common particle size of the 
soil. 

ID. Identify any concern for migration of the 
chemicals of potential concern to other media 
(e.g., air, sediment, surface water, and 
groundwater). 

4. Vegetative Cover 

Circle whether the vegetative cover of the site is 
heavy, sparse or intermittent. 

5. Other Factors 

List other factors or considerations that influence 
the desired depth of soil sampling. For example, 
geologica1 factors (e.g., depth to groundwater or 
bedrock) could influence soil sampling. 

6 . ExpectedDepth of Contamination by Chemicals 
of Potential Concern 

7. 

Enter expected depth (and units) of contamination 
by chemicals of potential concern, given the 
chemicals, soil characteristics and vegetative cover. 
Depth can 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 potential 
concern, soil characteristics and vegetative cover. 
Physical and chemical properties of the chemicals 
of potential concern will influence their activity in 
theexposurepathway (e.g., VOAsand theinhalation 
pathway). Soil characteris tics and vegetative cover 
will also influence the exposure pathway (e.g., 
groundwater and water ingestion pathway). 

$ 

8. Representative Sample Depths 

Record representative sample depths (including 
units) indicated by the data completed in Steps 2 
through 7. 

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 SOiI. If the 
.surface is grass covered, surface soil is considered 
the 2 inches below the grass layer. 

Subsurface soil can typically range from6 inches 
to6ormorefeetinsoildepth. Forexample, at sites 
with potential soil moving activity, soil depths 
greater than 6 feet could be of concern in risk 
assessment. 

Other Performance Measures. Other performance 
measuresrnay be designated to facilitate the monitoring 
and assessment of sampling. For example, field spikes 
andifield evaluation or audit samples can be used to 
assess the accuracy and comparability of results. Field 
matrix s p i h  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 lolown concentration, which are introduced in the 
field at theearlieststagepossibleand subject totbesame 
manipulation as routine samples. Field evaluation 
samples will increase the total number of samples 
collected. Performance measures for field spikes and 
evaluation samples are expressed in terms of percent 
recovery. Difficulties associated with field spiking, 
especially in soil, have resultd.in limited use of this 
practice @PA 19890. 

4.1.5 Balancing Issues for Decision- 

Completing a number of Sampling Design Selection 
Worksheets (Exhibit 45) for different exposure mas, 
media, and sampling design alternatives willenable the 
RPM andrisk a$sessorto compare andevaluate sampling 
design options and consequences and select &be 
appropriate sampling design for each medium and 
exposure pathway. Practical tradeoffs between response 
time, analytical costs, number of samples, sampling 
costs, and level of uncertainty can thenbe 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 some, collection of additional 
samples to estimate chemical concentrations and 
distribution can be avoided. 

Making 

. .  .. . .  . .  
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Computer programs are useful tools in developing and 
evaluating sampling strategies, especially in trading off 
costs against u n d n t y ,  and identifying situations 
when additionalsamples willnot significantly 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. 
~emajorsystemsthatsupportenvifonmental sampling 
decisions are listed, contacts for information given, and 
brief descriptions provided in Exhibit 5 1. 

4.1.6 Documenting Sampling Design 
Decisions 

It is impartant todocument the primary issues considered 
in balancing tradeoff to accommodate resourceconcerns 
and their impact on data useability. Fully document all 
final sampling design decisions, including the rationale 

for each decision. During the course of the RT, continue 
todocumentpertinentissues that ariseandany sampling 
p h  modifications which are implemented. 

4.2 STRATEGY FOR SE 
ANALYTICAL MET) 

LECTJNG 
iODS 

This section describes how to use the Metbod Selection 
Worksheet shown in Exhibit 52 as a data collection and 
decision-makingtd toguide theselectionofanalytical 
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 
chemist and use this worksheet in method selection. 
Alternatively, it can be a model to create a worksheet 
specifically suited to their needs. Methods selected in 
this process m y  be routine or non-routine. 

EXHIBIT 51. AUTOMATED SYSTEMS* TO SUPPORT 
ENVIRONMENTAL SAMPLING 

7 System 

Data Quality Objective 
(Training) - Expert 
System 

ESES 
Environmntal Sampling 
(Plan Oasign) - Expen 
System 

Geostatistical 
Environmental 
As3eessment sofiware 

Mullivariate Statistical 
Analysis Package 

EPA Contact 

Dean Neptune 
USEPA 
Quality Assurance 
Management StaM 
(202) 260-9464 

Jeff Van Ee 
Exposure Assessment Dw. 
USEPA. EMSL-LV 
(702) 798-2387 

Evan Englund 
Exposure Assessment Dv. 
USEPA. EMSL-LV 
(702) 798-2248 

Jeff Van Ee 
bcposure Assessment Ow. 
USEPA. EMSL-L$ 
(7021 798-2367 

JeH Van Ee 
Exposure Assessment Dw. 
USEPA, EMSL-LV , 

(702) 798-2367 

Descriptlon 

Tralning system designed lo assist in 
planning of environmental 
Investlgatbne based on DQD proces. 

E*perl system designed to assist in 
planning sample oolledon. Includes 
models that address statisldical design. 
QC, samptingprocedures, sample 
handling, budget, and documentation. 
Current system addresses metal 
contaminenla in a soil matria. (Expandec 
application under development. contact 
EMSL-LV.) 

~ ~~ 

Colleclbn d software tools for 
Iwo-Uirnensional geostatktical analysis 
of spatial& distributed data points. 
Programs Include file management, 
contour mapping, kriging, and variograrn 
analysis. 

A collection of staiistical progmmslhat 
accept GEOEAS fiks lor multivariate 
analysis. 

System designed to assist in 
assessment of error in sampling of sib. 
Estimates measurement error variance 
oonponenls. .Presents scatter plots of 
QC data and error plots to assia in 
detamining the appmpn'ate amount of 
Q C s a m ~ l e s .  . 

All systems will run on any 1BM.compatible PC AT with a minimum of 640K RAM. A !ked disk is I' recommended. 



EXHIBIT 52. METHOD SELECTION WORKSHEET 

I. Analytes 
A. 

Chemical or Class of 
Chemicals of 

Potential Concern 

. .  

6. 
Reporting 

Requirement' 
(Y or N) 

II. Medium 

A. 
Turnaround 

Time 
(enter hours 

or days} 

111. Critical Parameters 

6. 
ID Only or 

IO Plus 
Quant 

(ID or lD+Q) 

. c. 
Concen- . 
tration of 
Concern 
(or PRG) 

D. 
Required 
Method 

Detection 
~ i r n i  13 

4 IV. Routine Available Methods 

. 
' Y= Total reported for compound class. 
N -- Each analyte reported separately. 

'Preliminary remediation goal. 
$Method detection limit should be no greater than 20% of concentration of concern. 

Refer to Appendix Ill for specific methods. Recommend consultation with chemist and/or automated methods search to determine all methods available. 
Exhibit 53 lists comDuter svstems that su~~ort method selection.) 



lr 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 witb regulatory responsibility, 
professional organization), are validated, 
documented, and published, and contain 
information on minimum performance 
characteristics such as detection limit, precision 
and accuracy, and useful range. 

Non-routine methods address situations with 
unusual orproblematicmatrices, low detection 
limits or new parameters, procedures or 
techniques; they often contain adjustmmts to 
routine methods. 

ct Use routine methods whereverpossible 
since method development is time- 
consuming and may result in problems with 
laboratory implementation. 

4.2.1 Completing the Method 

1. 

2. 

3. 

4. 

Sele6tion Worksheet 
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 lB, indicate whether 
theconcentration foreach~alyteshouldbereported 
separately, or the tolal for the compound class 
reported. 

Identify medium for analysis. 

Specify the analysis medium (e.g., soil, sediment, 
groundwater, surface water, air, biota). 

Decide on critical parameters. 

Specify the required dataturnaround time (IIIA) as 
the number of hours or days from the time of 
sample collection. Indicate whether chemical' 
identification alone is desired or identification plus 
qmntitation (IIIB). Specify the concentration of 
concem(1IIC)andrequimldetection orquantitation 
limit (IIID). 
Identify routine available methods. 

Use the final worksheet column, in consultation 
with the proj ec t chemist, to list the methods available 
that satisfy the requirements in thepreceding steps. 
Reference sources and software are available to 

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 
listedin Appendix ID. Themethodsin theappendix 
are from the following somes: 

Contract Laboratory Program (CLP) 
Statements of Work for Routine Analytical 
Services (IPA 1990d, EPA 199oe), 

Test Methods for Evaluating Solid Waste 
(SW846): PhysicaPChemical Methods (EPA 
1986b), 

Standard Methods for the Examination of 
Water and Wastewater (Clesceri, et. al,, e&. 
.1989), and 

EPA Series  200, 300, 500, 600 and 1600 
Methods @PA 1983, EPA 1984, EPA 19884 
and EPA 19898). 

Other sources of methods are: 
Field Analytical Support Project (FASP) (EPA 
1989h), 

1987b), 
Field Screening Methods Catalog (EPA - 

Field Analytical Methods Catalog, 

ERT Standard Operating Guidelines, 

Close SupporC Anulyticul Methods, 

A Compendiumof SupegundField0peratwrt.s 
Methods @PA 1987c), 

Association of Official Analytical Chemists 
(AOAC), and 

American Society for Testing and Materials 
(ASTM). 

Several computer-assisted search and artificial 
intelligencebased tools are available, including the 
Environmental Monitoring Methods Index (EMMI), 
the Smart Methods Index, andacomputerizedreference 
book on analyticalmethods. Some of thesesystems are 
designed as teaching tools, as well as infomtional 
compendia, All offer the ability to rapidly search and 
compare lists of chemicals and method chatackristics 
from accepted reference sources. Exhibit 53 lists 
software products that aid method selection, identifies 
contacts for information, and gives a short description 
of the product. 
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EXHIBIT 53. AUTOMATED SYSTEMS* 
TO SUPPORT METHOD SELECTION 

W. A Tdllard 
USEPA 
olflw of Water 
(207.) 2e3-7120 

John Nocertno 
Qualw Aswrrence Olv. 
USEPA, EMSL-LV 
(702)79&2110 

Aldo Maggella 
Advanced Monitoring 
Dlv. 
USEPA, EMSL-CV 
(702) 786-2254 

Environmental 
Monitoring 
Melhods Index 
(EMMI) 

An autornatsd sating and 
selealon soflware package that 
currently conlalns over 800 
methods and over 2soo 
anatjtes trom more than 
regulating and non-regulalhg 
IWs These are CIOS 
referenced to facnltat~ s e k l b n  
based on reguked needs (04.. 
anawe detdion Ilmk. 
Instnrmtrd). 

Natural hnguage expert system 
prototypethat provide 
lnteraclh'e querler of database6 
c ~ r e l e r e n c s d  by method, 
ana*, and pefhtmance 
teaturea 

An e x p d  system that suggests 
and rank BeoPhyskal 
ted~nfque~ Including SoiCgas. for 
apptlcablllly 6i use bawd on 
ale-specllic charecterllw. 

A three-volume set oi dlskenes 
and a printed manual prwldes 
a search of sampling and 
a n a l y W m e t h 0 d ~ t .  
from a menu-driven pmgrwnol 
150 EPA-appmved methods. 
The databam can be seanhed 
by method. analyle, met&, and 
varbue aA mnsiderafions 

Smart Methods' 
Index 

amphydca! 
Techniques 
Expea System 

EPASamplng 
and Analysts 
Data Base 

Lewls Publishers 
1 -8W272-7737 

All sydems will run on any IBM-compatible PC AT wlth a dnlrnurn d WOK RAM. 
A fked dlsklsrecomnded. . .  

4.2.2 Evaluating the Appropriate- 
ness of Routine Methods 

rt Analyte-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 thepmperrnethodiscritid tothe 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 themethod. Dataquality issues (precision, 
accuracy, andinterfmnces) are usually describedin the 
method. Consult the project chemist and examine 
availablemethods with respect to thecriteriadefined on 
the Method Selection Worksheet. It may be helpful to 
divide the analyte Est into categories based on the types 
of analysis. For example, a tequitement €or chromium, 
cadmium, andarsenic data could not be generated by the 
same analysis as data for chlorinated hydrocarbons 
because of sampIe extraction and treatment procedures. 
It may be possible to use severalmethods 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, extractable organics, 
and pesticides are analyzed by different methods. In 
some cases, no routine method 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 am of 
highestpriarityandwhichcanbemodified. Forexample, 
if a low detection limit is of high priority. tummund 
time and cost of analysis will likely increase. 
Alternatively, low detection limit and precision 
requirementstnay need tobemcdifiedifan initialbroad 
spectrumanalysisis ofhighpriority toquickIydetennine 
the largest number of chemicals present at the site. 

Turnaround time. Turnaround time is determined by 
the available instrumentation, sample capacity, and 
methods reguirements. Ihmaround times for f ~ l d  
analyses can be as short as a few hours, while those for 
fixed laboratory analyses include transport time and 
range from several days to several weeks. Field 
instruments can provide the quickest results, especially 
if the data do not go through a forrnal 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 l i i ts .  If data are 
needed quickly, a field method can be used for initial 
results and a fixed laboratory method used to produce 
more detailed resuIts (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 
oftoxicologicalconcern (seeSection3.2.4). Thesample 
quantitation li i i tsvary according to thesize, treatment, 
and analysis ofeach individual sample. The quantitation 
limits for chemicals in water samples areoften far lower 
than for the same chemicals in soils because of co- 
extractable componentsin the soil. Interfexences known 
for the method may hinder acquisition of data of 
acceptable quality and are more pronounced near the 
method detection limit. Compare documented method 
interferences with site conditions to identify potential 
merhodpmblems. Somecommon sourms of interference 
in organic and inorganic analyses are summarized in 
Exhibits 54 and 55. If needed sample quantitation 
limits mno t  be met by available methods, consult the 
project chemist for the feasibility of detection at the 
desired level in the required sample type. n e  chemist 
can help determine if method adaptation can resolve the 
problem, or if a non-routine method of analysis can be 
used. 
Useful range. The useful range of amethod is therange 
of concentration of chemicals for which precise and 
accurate results can be generated. This range is anaIyte 
specific. The lower end of the useful range is the 
method detection limit, often generically referred to as 



EXHIBIT 54. COMMON LABORATORY CONTAMINANTS AND 
INTERFERENCES BY ORGANIC ANALYTE 

Contamination 

Interference 
or 

Fat/Oil 

Sulfur 

P ht hatate 
Esters 

Laboratory 
Solvents 

Fraction 

Extractable 
organics , 
pesticides, and 
PCBs 

Extractable organics, 
:hlorinated and 
Dhosphorus- 
zontaining pesticides 

Chlorinated 
pesticides, PCBs, 
and extractable 
organics 

Volatile organics 
(methylene chloride, 
acetone, and 
2-butanone) 

* 
Source: EPA 1986a. 

Matrix 

Tissue, 
waste, 
soils 

Sediment, 
waste, 
soils ’ 

Effects on I Analysis 

Increased 
detection limit, 
decreased 
precision/ 
accuracy 

All 

AI[ 

Presence/ 
absence, 
detection limits, 
precision/ 
accuracy 

False positive 
identification 
(pesticides and 
extractable 
organics) or 
positive bias 
(pesticides and 
extract able 
organics) 

False positive 
identification or 
positive bias 

Removal i 
Action 

GPC (all groups), florisil 
(pesticides), acid 
digestion (PCSs only) 

GPC, copper, 
mercury, tetrabutyl 
ammonium sulfate 

Florisil, GC-MS 
confirmation of identity 
(pesticides , P C Bs) , 
evaluation of reagents 
and method blanks for 
contamination 

Confidence in data use 
based on interpretation 
of blank data 

21 -OM. . .  

the “detection limit” If a lower detection l i t  is 
required, use of a larger sample or smaller final exmct 
volume can sometimes compensate. However, any 
interfering chemicals are also concentrated, thereby 
producing greater interferenceeffects. Above the useful 
range, the response may not be linear and may affect 
quantitation. This causes inaccurate and/or imprecise 
measurement, 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 
p r a n  t at the low end of the useful range of the method, 
whileothersareabove theuseful range. In thissituation, 
two analyses, at different effective dilutions, are 
necessary to produce accurate and precise (lata on all 
chemicals. If detailed criteria for performing and 

reporting such actions are not already part of the 
analyticalStatementofWork, then thelaboratory should 
be instructed to notify the RPM if this situation occurs, 
to allow for sufficient time far reanalysis within the 
specified holding time. All relevant analyses should be 
reported to maximize the useabili ty of both detected and 
non-detected analytes. 

c Allresults should be reported forsamples 
analyzed at more than one dilution. 

Precisionandaccuracy. Routinemetbodsoftenspecify 
precision and accuracy witb 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 
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EXHIBfT 55. COMMON LABORATORY CONTAMINANTS AND 
INTERFERENCES BY INORGANIC ANALYTE 

Beryllium 

Cadmium 

ICP 

GFAA 

ICP 

Chromium GFAA 

ICP 

Mercury 

Selenium 

Key: ICP a Inductively coupled plasma. 
GFAA = Graphite furnace atomic absorption. 
CVAA = . Cold vapor atomic absorption. 

ICP 

CVAA 

GFAA 

ICP 

I 

~ 

Cyanide 
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Colorimetric/ 
spectrophotometric 



presence of a large 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 

Ifroutinemethods arenotavailable~suittheparame~s 
of interest, it is often due to one or more of the following 
factors: 

The detection limit of commonly available 
instrumentation has been reached, and a lower 
detection limit is required for the riskassessment, 

An unusual combination of chemicals are of 
potential concern, 
The sample matrix is complex, and 

6 The chemicals of potential concern or other 
analytical parameters are unique to a particular 

Consult an analytical chemist for specific guidance on 
thepotentiallimitationsof alternativeapproaches. 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 capabiiity of current 
analytical technology. Turnaround timesandcostsmay 
also be increased. 

Adaptation of routine methods. Adapting routine 
methods may be a solution when routine methods will 
not provide the desired data even after compromises 
have been made with respect to parameters such as 
tummund time and cost. Using the completed Method 
Selection Worksheet as the starting point, work closely 
with an analytical 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 andysis of site 
samples, it is advisable to confirm alaboratory'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 
rnethodcannotbeadaptedtoprovidethenecessary data. 
Such analyses can be found in the research literature, 
usually CataIogued by analyte or instrument. On-line 
computerized search services can be of considerable 
help in identifying such methods. Work interactively 
with an analytical: chemist in reviewing selectedmethds. 

3 site. 

Recognize that non-routine analyses require a greater 
level of capability and experience from the analytical 
laboratory, and that turnaround time can be longer 
because the method may need alteration during andysis 
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 substantialpotentialconcernthat 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 timeconsuming and 
expensive. Unforeseen problems can often arise when 
the method is implemented in the laboratory. Problems 
can occur even when laboratory personnel have superior 
training andexperience. 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. Treat laboratory personnel as partners 
in the development process. This is true whether 
a commercial 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 (seeExhibit 53) may be useful 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 to produce analytical dah for 
risk assessment purposes, identify and evaluate the 
following laboratory qualifications: 

Possession of appropriate instnunentation and 
trainedpersonnel to perform the required analyses, 
as defined in the analytical specifications, 

Experience in performing the same or similar 
analyses, 
Performance evaluation results from formal 
monitoring or accreditation programs, 
Adequate laboratory capacity to perform all 
analyses in the desired timeframe, 
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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, tbe laboratory shouId have 
highly trained personnel and instrumentation not 
dedicated toproduction work, especiallyif new methods 
or untested modifications are requested. 

Accreditdon pgrams monitor the level of quality of 
laboramyperfomance withinthescopeof theirchatem 
Many of tbese programs periodically provide 
pesformance evaluation samples that the laboratories 
must analyze within certain limits in order to maintain 
their sratus. Prim to labmamcy selection, request that 
labomtones providein formation 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 Labomtory 
Practices Standanis (Annual BookofASTMStandards) 
also provides a measure of laboramry quality. 

4.2.5 Writing the Analysis Request 
Include the following items in the analysis request: 

A clear, complete description of the sample 
preparation, extraction, and analysis procedures 
including detailed pexformancespecifications. For 
adaptation of routine methods, specify the routine 
method and explicitly state alterations with 
applicable neferences. 

Documented reporting requirements. 

Labomtory access to required authentic chemical 
standards. 

A mechanism for the laboratory to obtain EPA 
technical assistance in implementing method . m~~tionsorperformingnon-routinemethods. 

If the analysis request is for a non-routine 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 specifkation must 
include the frequency, acmptancecriteria, and Corrective 
action requirements for each of the following: 

Instrument standardization, including tuning and 
initial and continuing calibration, 

QC check samples such as surrogate compound 
and internal standard recoveries. 

Mebod blank performance (permissible level'd 
contamination), 

Spike sample recovery requirements, 1 .  

Duplicate analysis requirements, and 

performance evaluation or QC sample results. 

Allow time for the labomtory to review the analysis 
request and question any part of the desdption'that 
seemsunclear or unworkableaccording toits experience 
with the analytes or sample matrix. Rebinary  data, 
such as precision and accuracy data on a subset of the 
analytes,canberequestedtodetennineifthe laboratory 
can implement thepoposedmethod. Should the criteria 
not be met in the preliminary analyses, the analytical 
chemist should advise the laboratory on additional 
method modifications to produce the required data I In 
some cases, even qualitative data can be used to note 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 a problem that may affect data quality. The RPM and 
the site technical team can then judge the magnitude of 
the problemand determine appropriatecoxrectiveaction. 

4.3 BALANCING ISSUES FOR 

Resource ksues. Resource limitations are a major 
reason for sampling design modification. Tbe number 
of samples required to acbieve desired performance 
measures may exceed resource availability. Modifying 
the sampling design and the efficiency of statistical 
estimatorscanreducesamplesizeandcosts,andimprove 
overall heliness for the risk assessment. Analytical 
metbods such as fieId analyses may also d u c e  cost. 
Systematic and gemtatistical 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 
contaminant distribu tion, and support SAP modifications 
to 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, 

DECISION-MAKING 
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media, and sampling design al&ernariveS will enable the 
~Mandriskassessortocompateandevalua~sampling 
design options and consequences and select the 
appropriate sampling design for each medium and 

Computer programs are usefuI tools in developing and 
evaluating sampliig strategies, especially in trading off 
costs against uncertainty, and i&ntifying situations 
when additional samples will not significantly affect the 
useabfity of the data (i.e., the point of diminishing 
returns). Each automated system bas specific data 
requirements andis based on specific site assumptions. 
memajor systemsthat support environmental sampling 
decisions are listed, contacts for information given, and 
brief descriptions provided in Exhibit 5 1. 

Documenting design decisions. It is important to 
document the primary issues considered in balancing 
tradeoffs to accommodate resource concerns 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 XU, continue to document 
pertinent issues that arise and any plan modifications 
which are implemented. 
Thegoalofbalancingissuesintheselectionof analytical 
methods is to obtain the best analytical performance 
without sacrificing risk assessment requirements. "he 
selection of analytical methods often involves tradeoffs 
among the required detection limit, nurnber of analytes 
involved, precision and accuracy, turnaround time, and 
a t ,  Some choices may conflict with others. 

Cost shouldbeconsideredonly after themost appropriate 
methocis have been determined. Methods requiring 
specialized instnunentation, such as high resolution 
mass spectrometry, will be more expensive. Methods 

exposure pathway. 

for use on matrices such as soil, can be more. expensive 
than similar methods for a simplesmatrix such as water. 
Less expensive methods often have higher detection 
limits and less specific confinnation of identification. 
However, the turnaround times are often quicker 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 site has already been 
charactenzedby broad specarm analyses. In evaluating 
routine melhods, consider whethex analysis of more 
samples through use of less expensive methods can 
provide a similar level of data quality to that achieved 
through the use of more expensive methods on fewer 
Samples. By remaining aware of theeffectof individual 
issues on the data quality, the RPM can determine the 
optimum choices. 

cc Field analysis can be used to decrease 
cost and turnaround time, providing data 
from a broad spectrum analysis are 

I 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 thetieredapproach, considertheuseof split 
samples (i.e., sending sample splits for analysis by fEld 
and fmed labomtories). Quantitative comparison can 
then be made between the precision and accuracy of the 
field analyses and those of the fixed laboratory. 
Confirnation of identification by both field and fixed 
laboratories also increases data confidence and 
useability. It is recommended that field methods should 
be used with at least a 10% rate of confumation or 
comparison by fured laboratory analyses. I 
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EXHIBIT 56. COMPARISON OF ANALYTICAL OPTIONS 
FOR ORGANIC ANALYTES IN WATER 

FlELD SCREEN/FIELD ANALYSIS (Assumes preparation step) 
GC(PCB) J 

GC (VOA) J 

GC (BNA) J 

GC (Pesticides) d 

G C (Soil Gas) 4 

PHOTO VAC 
Detector 

FIXED LABORATORY 

CLP RAS 
VOA . 

BNA 
. Pesticides 

Dioxin 
I 

CLP LOW CONC 
GC 4 
VOA 4 
BNA J 

500 SERIES 
GC J 
VOA J 
BNA J 

600 SERIES 
GC .I 
VOA 4 
BNA J 

SW846 

VQA 
BNA 

GC .I 

1600 SERIES 
', GC J 

VOA 
BNA 
Dioxin 
PCDDs, PCDFs 

J 
J 

4 
4 

iJ 
J 
J 
J 

. -- 

.I 
4 
J 
J 
.I 

J 

4 
J 
J 

4 
J 

' d  

J 
4 
J 
J 

J 
.I 
J 

J 
J 
J 

90 



EXHIBIT 57. COMPARISON OF ANALYTICAL OPTIONS 
FOR ORGANIC ANALYTES IN SOIL 

'FIXED LABORATORY 
CLP RAS 
VOA 
BNA 
Pesticides 
Dioxin (2,3,7,8 TCDD) 

SW846 

VOA 
BNA 

GC 4 

1600 SERIES 
GC .I 
VOA 
BNA 
Dioxin 

FIELD SCREEN 
GC(PC3) J 

GC(V0A) 4 

GC( BNA) J 

GC( Pesticides) 

GC(Soi1 Gas) 4 

PHOTO VAC 
Detector 

4 
.I 

4 

J 
J 

J 
.I 
.I 

d 

J 

J 
4 
.I 
4 

'. 
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EXHIBIT 58. COMPARISON OF ANALYTICAL OPTIONS 
FOR INORGANlC ANALYTES IN WATER AND SOIL 

4 
4 

4 

4 



, 
EXHIBIT 59. COMPARISON OF ANALYTICAL OPTIONS* FOR 

ORGANIC AND INORGANIC ANACYTES IN AIR 

Quantitathre Preclslon 81 
Method MDL Confidence Tlmellness Accuracy Cornpa rabl I lty 

CLP VOA 
.. Cannister 

Tenax 

CLP BNA 

FIXED LABORATORY 

2-5 ppb 4 .  
2-30 ppb .I 
(for most) 

0.00001 - .I 
0.001 ugIrn3 

3-10ngtm3 4 
. CLP Metals 

, Key: 4 = Method strength 

t 

. ,  The methods described are new Statements of Work. 
. .  . .  ... . . .  



Chapter 5 
Assessment of Environmental Data for Useability in 

Baseline Risk Assessments 
This chapter provides guidance for the assessment and 
intqretation of environmental data for use in baseline 
human health risk assessments. Ecological risk 
assessments follow a similar logic but may differ in 
some details of sampling and analytical methodologies 
and minimum data requirements. The discussion of 
data assessment is presented as six steps that define the 
assessment process for ea& 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 USEABIUTY 
ASSESSMENT OF CRITERIA 

CRITERION I 

Reports to Risk 
Assessor 

(5.1 1 

+ 
I CRITERION II 1 . ' 

Documentation 
(5.2) 

CRlTERlON 111 

Data Sources 
(5.3) 

t 
CRITERION IV 

Analytical Method and 
Detection Limit 

(5.4) 

CRITERION V 

Data Review 
(5.5) 

CRtTERlON VI 

Data Quality 
Indicators 

(5.6) 
2 I W € % D  

The four basic decisions to be made from data collected 
in the RI are: 

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? 

'The uncertainty associated with each data useability 
criterion affects the level of confidence associated with 
each of these decisions. 

How toconduct thedata assessment. Theriskassessor 
or RPM examines the data, documentation, andreports 
fa each assessment criterion (I - VI) to determine if 
perfonnanceiswIthinthelimitsspedfiedintheplanning 
objectives. The data assessment process for each 
criterion should be conducted according to the step-by- 
step procedures discussed in- this chapter. M€nimum 
requirements 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 themajor impact on 
assessment if the minimum requirements associated 
with each data usability criterion have not been met. 

CLP 
cv 
CRDL 
CRQL 
DQO 
GC 
ICP 
MDL 
MS 
QA . 
Qc 
RAGS 
RI 
RME 
RPD 
RPM 
SAP 
SOP 
SQL 

Acronyms 

Contract Laboratory Program 
coefficient of variation 
contract required detection limit 
contract required quantitation limit 
data quality objective 
gas cbromatography 
inductively coupled plasma 
method detection l i t  
mass spectrometry 
quality assurance 
quality control 
Risk Assessment Guidance for Superfund 
remedial investigation 
reasonable maximum exposure 
relative percent difference 
remedial pmject manager 
sampling and analysis plan 
standard operating procedure . 
sample quantitation limit 



5.1 Repohs to Risk 
Assessor 

She description Unable to perform 
sampling design with quantitatim fisk 
SamDle kcations assessment 

Unabletoassess 
exposure pathways 
Unable to identi& 

concentration for 
exposure areas 

' appmphte 

5.5 Data Review ' Defined level of data review Potenlial for false 
negatives or false far a11 data 

. 

EXHIBIT 61. MINIMUM REQUIREMENTS, IMPACT IF NOT MET, AND 
CORRECTIVE ACTIONS FOR DATA USEABILITY CRITERIA 

Impact on Rlsk 
Assessment It Crlterlon 

Not Met 
Minimum 1 ' .  'Requirement 

Ostn Uaeability 
Crlkrfon 

Corroctlve 
Actfon. 

._ Request missing 
information 
Perform qualitalive 
risk assessment .. 

. .  

Anabical method and 
detectlon lid 
Results on per-sample basis, 
qualified for analytical 
limitat Ions 
Sample quantitatlon limits and 
detection limits for  OR- 
detects - Field conditions for media 
and environment 
Pretimfnary reports 
Meteombglcaldata 
Fleldre~orls 

5.2 Documentation Sample results rehted to 
geographic location 
(chaln-of-custody records. 
SOPS, ffetd and anatytlcal 
records) 

~ . _ _  
Request locations 

Resampling . 
identified 

5.3 Data Sources Analytical data results for 
one sample per medium 
per exposure pathway 
Broad spectrum anafysls lor 
one sample per medium 
per exposwe pathway 
Field measurements data 
for media and environment 

Potential for tats 
negathres or false 
positives 
Increased vafiabllity in 
exposure modeling 

Resampling or 
reanalysis for 
cfitical m p l e s  

~ 

Reanalysis 
Resampling or 
reanalysis for critical 
samples 
Documented 
statements of 
lim'tation for non- 
critical samples 

. .  
Routine (federally 
documented) methods used 
to anwe chemicals of 
potential cuncern in aitlcal 

5.4 Analytical 
Melhad and 
Detection LlmR 

Unquant ifmd precision 
and accuracy 
False negatives 

Perform data 
review 

5.6 Data Quality 
Indicators 

Sampling variability 
quantified for each anatyle 
QC samples lo identify and 
quantify precision and 
accuracy I 

Sampling and 
analyllcal precision and 
acquracy quantified 

Unable to quantify 
confidence levels for 
unceflainty 
Potential for talse 
negatives or false 
pOSltiveS 

.~ 

Resampling for 
critical samples 
Perform qualitative 
rlsk assessment 
Perfom 
quantitative 
riskassessment 
for non-critical 
samples with 
documented 
discussion of 
potential limitations 



The following activities should be performed for each 
assessment criterion: 

Identify or determine performance objectives and 
minimum data requirements. 

Quantitative or qualitative performance objectives 
should be specified in the sampling and analysis 
plan for all components of the acquisition of 
environmental data (as discussed in Chapter 4). 
The fmt step in assessing each criterion is to 
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 minitnum requirements can be 
adopted as performance objectives if objectives 
were not specified. For example, the requirement 
that theremust beabroad spectrum analysis for at 
least onesample in eachmedium 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 to determine the peifmance 
that was achieved foreachdatauseability criterion. 
This performance should then be compared with 
the objectives established during planning. Take 
particular note of performance for sampIes or 
analyses that are critical to the baseline risk 
assessment. All deviations from the objectives 
should benoted. In thosecases whereperformance 
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 
c~teristicsofthesiteortosuperiorperfarmance 
in some stage of the data acquisition. Corrective 
action is thenext stepwhere perfomancecloes not 
meet performance objectives for data critical to 
the risk assessment. 

- Determine and execute any corrective action 
required. 

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 datacriticalto~eriskassessment. Correctiveaction 
options are described 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 

of not meeting performance requirements given the 
certainty of the risk assessment. Corrective actions may 
improve data qudity 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 

Retrieve missing information- 

Resolve technical or procedural 
problems by requesting additional 
explanation or clarification fmm the 
technical team. 

Request reanalysis of sample@) 
from extract. 

Request construction and 
re-intelpretation of analytical results 
from the laboratory or the pmject 
chemist. 

Request additional 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 or impute data based on 
approved default options and 
imputation routines. 

Qualify or reject data for use in risk 
assessment. 

21402-062 

Using a worksheet to organize the data assessment. 
Thelevelof certainty associated with thedatacomponent 
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 (dab 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 Usability 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 

97 



EXHIBIT 63. DATA USEABILITY WORKSHEET 
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EXHIBIT 63. DATA USEABlLtN WORKSHEET 
(Cont'd) 

Data Useability Criterion 

Data Quality Indicators 

A. Completeness 

- _________~~ 

B. Comparability 

C. Representativeness 

D. Precision 

E. Accuracy 

Decision: Accept, Qualified Accept, Reject I1 

useability criterion. Outline the justification for each 
decision in the comments section I 

Tlie 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 I1 through V examines 
available data and results in terms of the assessment of 

datauseability criteria for documentation (Section 5.2), 
data sources (Section 5.3), analytical method and 
dewtion limit (Section 5.4), and data review (Section 
5.5). Criterion VI inclucles the assessment of sampling 
and analytical performance (Section 5.6) according to 
five data quality indicators: completeness, 
comparability, representativeness, precision, and 
accuracy. 
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5.1 ASSESSMENT OF CRITERION I: 
REPORTS TO RISK ASSESSOR 

Minimum Requirements 

Site description, 

Sampling design with sample locations, 
related to site-specitic data needs and data 
quality objectives. 

Analytical method and detection limit. 

Results on per-sampIe basis qualified for 
analytical limitations. 

Sample quantitation limits and detection 
limits for nondetects. 

Field conditions for media and en&nment. 

Preliinaryreports. 

Meteorological data. 

Field ret)orts. 

Data and documentation supplied to the risk assessor 
must be evaluated for completenes s and appropriateness, 
and to determine if any changes were made to the work 
plan or the sampling and analysis plan (SAP) during the 
course of the work. The SAP discusses the sampling 
andanalyticaldesignandcontainsthequality assurance 
projectplan anddataquality objectives @QOs), ifthey 
have been developed. The risk assessor should receive 
preliminary and find data reports, as described in the 
following sections. 

5.1.1 Preliminary Reports 

c Use preliminary data as a basis for 
identiij4ng sampling or analysis deficiencies 
and taking corrective action. 

- Preliminaryanalyticaldarareports allow theriskassessor 
tobegin assessment as soon as the sampling and analysis 
effort has begun, These initial reports have three 
functions: 

The risk assessor can begin to characterhe the 
baseline risk assessment on the basis of actual 
clata, Chemicals of interest will be identified and 
the variability in concentration can be estimated. 

Potential problems in sampling or analysis can be 
identifiedandthene~ forcorrectiveactioncanbe 
assessed. For example, additional samplesmay be 
required, or the method may need to be modified 
because of matrix interferences. 

RI schedules ate more Likely to be met if the risk 
assessmentprocess can beginbefore the final data 
reports are produd,  

The mjor advantage of preliminary =view 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 dati for fisk assessment. 

5.1.2 Final Report 

rr Problems in data useability due to sam- 
pling usually can affect all chemicals 
involved in the ris& assessment: problems 
due to analysis may only affect specific 
chemicals. 

The minimum data reports and documentation needed 
to prepare the risk assessment arc 

A description of the site, including adetailedmap 
showing thelocation of each sample, surrounding 
struchms, terrain features, receptor populations, 
indications of air and water flow, andadescription 
of the operative industrial process (ii any), 

Adescription andrationaleforthe~p~ngdesign 
and sampling procedures, 

A description of the analytical methods used, 

Results for each analyte and each sampIe, qualified 
for andytical limitations, and a full description of 
alI deviations from SOPS, S A P S ,  and QA plans, 

Sample quantitation limits (SQLs) and detection 
limits for undetected analytes, with an explanation 
of the detection limits reported and any 
qualifications, 

A narrative explanation of the level of data review 
usedandtheresulting dataqualifiers.' Thenarrative 
should indicate the direction of bias, based on the 
assessment of $he results from QC smpies (e.g., 
blanks and field and laboratory spikes), and 

A description of field conditions and physical 
parameter data as appropriate for rhe media 
involved in the exposure assessment. 

It may not be possible to perfom a quantitative baseline 
riskassessment ifany of these materials are notavailable 
and cannot be obtained. The RPM or risk assessor 
should attempt to retrieve missing del~verables from the 
source. 

Additionai reports and data that are useful to the risk 
assessor. such as data results on Contract Laboratory 
~gram(QLP)diskerres,areIis~inExhibit 19. Access 



to this information can improve the efficiency and 
quality of the risk aSSeSSment However, not having 
access doesnotnecessarilyrequifethedatatobequali~ed 
or rejected. Minimum requirements for reports to the 
risk assessor are listed in Exhibit 61. 

5.2 ASSESSMENT OF CRITERION II: 
DOCUMENTATION 

Minimum Requirements 

Sampleresultsxekited togeographic location 
(chain-of-custody records, SOPs, field and 
analytical records). 

Three types of documentation must be assessed: cbain- 
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 tbat sample results 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 areunuseable 
for quantitative risk assessment. Full scale chain-of- 
custody procedures (from sample collection through 
analysis) are required for enforcement or cost recuvery. 

SOPs clesuibeandspecify the procedures toke followed 
during sampling and analysis. They are QA procedures 
that increase theprobability ibatadatacollection design 
will be properly implemenkxl. SOPS also increase 
consistency in performing tasks and, as a result, 
determine the level of systematic error and reduce the 
r&om error associated with sampling and analysis. 
Knowledge that SOPS were developed and followed 
increases confidence that the quality of data can be 
determined, and the level of certainty in risk assessment 
Gm be established. The existence of SOPs for each 
process or 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. 

FieId and analytical tecords 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 
requirements. QC data from bIanks, 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 tc, resolving 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 111: 
DATA SOURCES 

Minimum Requirements 

Analytical sample data results for each 
medium within an exposure area. 
Broad spectrum anaiysis for one sample per 
medium per exposure area. 

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 evaluated according to data 
quality indicators and not source (e.g., analytical 
protocols may have changed significantly over time). 

The minimum analytical data requirement for risk 
assessment is that results are produced for eachmedium 
withinanexposureareausing abroadspec tnunanal~~ 
technique, such as GC-MS methods for organic analytes 
of ICP for inorganic analytes. The useability of data 
will almost always inrrease as more broad spectrum 
analyses are performed for each exposure area. The 
absence of a broad spectrum analysis fiom a fixed 
laboratory results in an increased probability of false 
negatives; all chemicals of potential concern 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 orher analytical 
data, are subject to the basic documentation and data 
review requirements discussed in this chapter. The 
location of thesampledatapointmustbelmown, as weU 
as the method and SQL achieved far analytical results. 
Guidance for the assessment of analytical data to 
detennine 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,orcontamination sourceareacriticaldata 
source, whose omission can significantly affect l e  
ability of the risk assessor to perfom a quantitative 
assessment. Physical siteinformation isalso required to 
paform exposure fate and bansportmodeling. Examples 



of sucb 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,” @PA 1989a) providesa list of 
data elements accurding to medium modehg category. 
~esem~~~entsmustbecol lectedduring sampling. 
The use of default options and routines to estimate 
missing values allows the use of themodel but increases 
theuncertaintyassociatedwiththeexposuteassessments. 

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 

5.4 ASSESSMENT OF CRITERION IV: 
ANALYTICAL METHOD AND’ 
DETECTION LIMIT 

Minimum Requirements 

Routine (fdemllly ’ documented) methods 
used to analyze chemicals of potential 
concern in critical samples. 

The risk assessor cornpates 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 to review the detection limits early and 
resolve any problems. When a chemical of potential 
concern is reported as not detected, the result can only 
beused with confidenceifthe quantitation limitsreported 
are lower than the corresponding concentration of 
concern. The minimum recommended requirement is 
that the MDL be no more than 20% of the concentration 
of concern, so tbat the SQL will also be below the 
concentration of concern. Chemicals identified above 
this ratio of detection limit to concentration of concern 
can be used with good confidence. For example, if the 
concentration of concern for arsenic in groundwater is 
70 u g L  for an average claily 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 andyticalrnethods anddetection limits 
are listed in W i b i t  61. 

Iftheconcentrationofconcern isless thanorequaI to the 
detection limit, and the chemical of concern is not 
detected, do not use zero in the calculation of the 
concentration term. When the MDL reported for an 
analyte is near to the concentration of concern, the 
confidence in both identification and quantitation may 
be low. This is illustrated in Exhibit 64. Information 
concerning non-detects or detections atorneardetection 

Minimum Requirements 

Defined level of data review for all data, 

Data review asseses the quaIity of analytical results 
and is performed by aprofessional with aknowledge 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 indatathat areidentified by thereview, 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. Data 
that have not been reviewed must be identified because 
the Iack of review increases the uncertainty for the risk 
assessment. These data may lead to fatse positive or 
false negative assessments and quantitation errors. 
Unreviewed data m a y  also contain transcriprion errors 
and calculation errors. Data may be used in the 
preliminary assessment before review, but must be 
reviewed at a predetemined level before use in the fmd 
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 
pIanning process and must include an’ examination of 
laboratoryandmethodperformmce forthesamples and 
analytes involved. This examination includes: 

Evaluation of data completeness, 

Verification of instrument calibration, 

Measurement of laboratory precision using 
dupticates; measurement of laboratory accuracy 
using spikes, 

Examination of blanks for contamination, 
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EXHIBIT 64. RELATIVE IMPORTANCE OF DETECTION LIMIT 
AND CONCENTRATION OF CONCERN: DATA ASSESSMENT 

Relative Podtion of Method 
Detection Llrnlt (MDL) and 

Concentration of Concern (COC) 

Confidenc 
I [mi! 

Concentration. 1 
I Concentration . 

COC . . M ~ L  

I Concentration 

Assessment of adherence tomethod specifications 
and QC limits, q d  

Evaluation of method performance in the sample 
IYUtliX. 

Specific data review procedures are dependent upon the 
method and data user requirements. Section 5.6.1 
details procedures for evaluating QC samples for 
laboratory and method performance. CLP data review 
procedures are performed according to criteria outlined 
in National Functional Guidelines for Organic Data 
Review (€PA 1991e) andhboratory Data Validutwn: 
Functional Guidelines for  Eva1 uating In0 rganics 
Analyses (EPA 1988e). Minimum requirements for 
data review are listed in Exhibit 61. 

Consequence 

Non-Detects and 
Detects Useable 

Possibility of 
False Positives and 

False Negatives 

Non-Detects Not 
Useable 

Detects Useable 

Possibility of False 
Negatives 

5.6 ASSESSMENT OF CRITERION VI: 
DATA QUALITY INDICATORS 

Minimum Requirements 

Sampling variability quantitated for each 
d y t e .  

QC samples required to identify and 
quantitate precision and accuracy. 

Sampling and analytical precision and 
accuracy quantitated, 

The assessment of data quality inficatois presented in 
this chapter is significant to determine dm usability. 
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EXHIBIT 65. CONSEQUENCES OF ALTERNATIVE SAMPLING 
STRATEGIES ON TOTAL ERROR ESTIMATE 

Environmenlal 

StaUstbIan Assumpllons Statlstlcal 
Model 

Group Data by Non-Statisttd 
Medlum'!Stralrn Treatment 

No 

Preclslon-CV for Each Estimate Statistlcal 

Yes 
Eshate Sampllng 
Measurement Error 

Modify Performance 

Estlrnate Analytical 
Measurement Error 

L - I I  Accept Quantltatke , - 
Total Error Estimates 

n m m  



e Qualified data can usually be used for 
quantitative risk assessments. 

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 m 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 estimates of average concentration and 
reasonable maximum exposure (RME). Once the 
indicator is examinedor anumerical value is determined, 
theresults canbe compared totheperformanceobjectives 
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 
quality 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. 

I 

Effect on Identiflcatlon When auantltatlve Blss 
Crltedon la not Met 

5.6.1 Assessment of Sampling and 
Analytical Data Quality 
Indicators 

The major activity in determining the useability of data 
based on sampliig is assessing the effectiveness of the 
sampling operations perfomed. 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 banslated into site- 
specific objectives based on scoping and plannmg 
decisions. 
Independent data review evaluates laboratory results, 
not sampling. Determining the useability of analytical 
results begins with the review of QC samples and 
qualifiers to assess analytical performance of the 
labomory 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; dataare reviewed at the sample 
level for other criteria, such as holding time. Factors 
affecting theaccuracy of identification andthe precision 
and accuracy of quantitation of individual chemicals, 
such as calibration and recoveries, must be examined 
analyte-by-analyte. Thequalifiers usedin thereview of 
CLP data are presented and their effect on data quality 
is discussed in this section. Exhibit 66 presents a 
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EXHIBIT 66. USE OF QUALITY CONTROL DATA FOR RlSK ASSESSMENT 

.. 
~ a l ~ e  Negative' 

None, unless analyte found 

other. Then either false 
positive or false negative. 

False Positive 

in one duplicate and not the 

auallty dontml Criterion 

High 

LOW 

High or 

Use data as upper limit. 

Use data as lower limit. 

Use data as estirnathpoor precision. 
Low2 

High Set confidence level 5x blank 
Use data above confidence level. 
Use data betow confidence level 
as estimate. 

Spikes (High Recovery) 

Spikes (Low Recovery) 

hemal Standards 
(Reproducibility) 

Internal Standards 
(High Recovery) 

Internal Standards 
(Low Recovery) 

Duplicates 

~~ 

.. - Use data as estimate-poor precision. 

- Low Use data as lower limit. 

False Negative 1 High Use data as upper limit. 

Blanks 

Calibration Use data as estimate 
I I unless oroblern is extreme. 
- High or I Low2 

I Reject data or examine raw data and I -- I use professional iudgment. 
Fabe Negative I Tune 



s~oftheQCsamplesandthedatauseimpIicarions 
of qualified data. Corrective action options are shown 
in Exhibit 62. 

Impact When Minimum 
Requirements Are Not Met 

Higher probability of false 

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 accmcy 
measurements. The risk assessor must examine the 
reported precision [reIative percent difference (RPD)] 
andaccuracy [percent recovery (%R)] datato determine 
usability. Ranges used for rejection and qualification 
of CLPdata have been determinedbased on the analysis 
of target compounds in environmental media. nese 
ranges, documented in the FunctionaI Guidelines @PA 
l991e, EPA 1988e) can be used in the absence of 

~ 

Corrective Action 

Completeness. Completeness for sampling is 
cdculated by the folIowing formula: 
Percent - - A ccentable 
Completeness 

Thismeasureofcompleb=nessisusefulfordata~~tion 
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 
sti l l  be obtained or whether the level of completeness 
mustbeincreased, eitherby further sampling orby 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 

Total Number of Samples Collected 

specifications in the plhning documents. obtaining more samples should be reviewed. 

Minimum Requirements 
for Completeness 

Percentage of sample 
completeness determined 
during planning to meet 
specified performance 
measures. 

100% of all data for analytes 
in critical samptes (at least 
one sample per medium per 
exposure area). 

All data from critical samples 
considered crucial. 
Background samples and 
broad spectrum analyses are 
usually criiical. 

negatives. 

Reduction in confidence 
level and power. 

'A reduction in the number of 
sampfes reduces site 
coverage and may affect 
representativeness. Data for 
critical samples have 
significantly more impact 
than incomplete data for 
noncritical samples. 

Useability of data is 
decreased for critical 
samples. 

Useability of data is 
potentially decreased for 
non-critical samples. 

Reduced ability to 
differentiate site levels from 
background. 

Impact of incompleteness 
generally decreases as the 
number of samples 
inc reas 8s. 

Resampling or reanalysk to 
fill data gaps. 

. Additional analysis of 
samples already at 
laboratory. 

Determine whether the 
missing data are crucial to 
the risk assessment (Le., 
data from critical samples). 
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?Lpical causes far 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 
number of smpleson which identification andestimates 
of concentration of chemicals at the site are based. The 
reduction in the number of samples from the original 
design further affects representativeness by reducing 
site coverage and increases the variability in 
ConCentration estimates. Only thecollectionof additional 
samples will resolve the problem, unless the samples 
involved were duplicates or splits. ?n this case. or if the 
cause was laboratory performance, the extracts may be 
considered for reanalysis. 
Completeness for analytical data is calculated by the 
following formula: 

Percent - 
Completeness 

The completeness for analytical data required for risk 
assessmentisclefinedasthenumberof chemical-specific 
data results for an exposure area in an operable unit that 
are determined acceptable after data review. 

I 

- 
Total Number of Samples Analyzed 

Mlnirnum Requirements 
for Cornparablllty 

.Unbiased sampling design or 
documented reasons for 
selecting 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. 

An analysis is considered complete if all data generated 
are determined tobeaoceptablemeasurements as defined 
in the SAP. Results for each analyte should be present 
for each sample. In addition, data from QC samples 
necessary to determine 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 analyticalmethodshavenotchanged 
over h e .  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. 

c Anticipate the need to combine data from 
different sampling events andor different 
analytical methods, 

Comparability is a very important qualitative data 
indicator for analytical assessment and is a critical 

Impact When Mlnimum 
Requlrements Are Not Met 

Non-additivity of sample 
results. 

Reduced confidence, power, 
and ability to detect 
differences, given the 
number of samples 
available. 

Increased overall error. 

Corrective Action 

For Sampling: 

Statistical analysis of effects 
of bias. 

For Analytical Data: 

* Preferentially use those data 
that provide the most 
definitive identification and 
quantitation of the chemicals 
of potential concern. For 
organic chemical 
identification, GC-MS data 
are preferred ovar 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 cambination of data 
sets from different analyses for the same chemicals of 
potential concern. The assessment of data quality 
indicatursdetermines if analyticalresultsbeingreported 
are equivalent to data obtained from similar andyses. 
Only comparable data sets can readily be combined for 
the purpose of generating a single risk assessment 
calculation. 

'Ibeuseo€routinemethods simplifies the determination 
of comparability because all laboratories use the same 
standardized procedures and reporting parameters. In 
other cases, the risk assessor may have to consult witb 
an analytical chemist to evaluate whether different 
methods are sufficiently comparable to combine data 
sets. The RPM should request complete descriptions of 
non-routine methods. A preliminary assessment can be 
made by comparing the analytes, useful range, and 
detection l i i t  of the methods. If different units of 
measure have been reported, a l l  measurements 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 exposurearea or unit ofinterest. Non-representative 
chemical identification may result in false negathes. 
Non-representative estimates of concentration levels 
may be higher or lower than the true concentration. 
Non-representative sampling can usuJly only be 

resolved by additional sampling, unless the potential 
limitations of the risk assessment are acceptable. 
It is impomt  to &teanine whether any changes have 
occurred in the actual sample d e c t i o n  that convert an 
originally unbiasedsamphgplaninto abiasedsampling 
episode. Bias in unbiased designs is difficdt 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 results. Incompleteness 
of data potentially decreases representativeness and 
increases the potential for M s e  negatives and the bias in 
estimations of concentration. 

Representativeness is deteanined 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 
representativeness since data of low quality may be 
rejected for use in risk assessments. Holding time, 
sample preservation, extraction procedures, and results 

~~ -~ 

Mhrlmum Requfrements 
for Representativeness 

' Sample data representative 
of exposure area and 
operable units. 

6 Documented sample 
preparation procedures. 
Filtering, compositing, and 
sample preservation may 
affect representativeness. 

Documented analytical data 
as specified In the SAP. 

~ 

Impact When Mfnlmum 
Requirements Are Not Met 

Bias high or low in estimate 
of RME. 

fncreased likellhood of false 
negatives. 

Inaccurate identification or 
estimate of concentration 
that lead6 to Inaccurate' 
calculation of dsk. 

Remaining data may no 
longersufficlently represent 
the slte i f  a large portion of 
the data are rejected, or if aft 
data from analyses'of 

. samples at a specific locatlon 
are rejected. 
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Corrective ActIon 

Additional sampling. 

Examination of effects of 
sample preparation 
procedures. 

For critical samples, 
reanalyses of samples or 
resampling of the affected 
site areas. For non-critical 
samples, reanalyses or 
resampling should be 
decided by the RPM In 
consultation with the 
technical team, 

If the resampling or 
reanalyses cannot be , 

perfomed, document In the 
site assessment report mat 
areas of the site are not 
represented d u e  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 tde 
assessment of precision are estimating sampling 
variability from the observed spatial variation and 
estimating the measurement enor attributable to the 
data collection process. Assumptions concerning the 
sampling design and datadistributionsmustbeexamined 
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 analyta may not be representative of the site. 

* Determine the distribution of  the data 
before appiying statistical measures. 

' 

Minimum Requirements 
for Preclslon 

~ 

Confidence level of 80% (of 
as specified in DQOs). 

Power of 90% (or as specifiec 
in DQOs). 

Minimum detectable relative 
. differences specified in SAP 

and modified after analysis of 
background samples if 
necessary. 

One set of field duplicates or 
more as specified in the SAP. 

9 Analytical duplicates and 
splits as specified in the SAP. 

Measurement error specified. 

The nature of tbe observed chemical data distribution 
affects estimation procedures. The estimation of 
variabiIicyandcunfidenceintervals will becomecomplex 
if the distribution cannot be assumed normal 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 to support such 
analysis. Statistical tests may be used to compare the 
distribution of the observed data with the normal or log 
normal distribution (Gilbert 1987). Graphs of data 
withoutstatistical testxesultsmay alsobeacceptable for 
some datasets. statistical computer software can assist 
in the analyses of data distribution. 

W n l i a p  var w. 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 

Impact When Minimum 
Requirements Are Not Met 

Errors in decisions t o  act or 
'not act based on analytical 
data,. 

Unacceptable level of 
'uncertainty: 

Increased variability of 
quantitative results. 

False negatives for 
measurements'near the 
detection limits. 

. .  
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Correctlve Action 

For Sampling: 

9 Add samples based on 
information from available 
data that are known to be 
representative, 

Adjust performance 
objectives. 

For Analysis: 

Analysis of new duplicate 
samples. 

Review laboratory protocols 
to ensure comparability. 

Use precision measure- 
ments to determine 
confidence limits for the 
effects on the data. 

The risk assessor can use 
the maximum sample resuks 
lo set an upper bound on the 
uncertainty in the risk 
assessment if there is too 
much variability in the ' 

analyses. 
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EXHIBIT 67. STEPS TO ASSESS SAMPLING PERFORMANCE 

1 

.l. 

2. 

3. 

4. 

5. 

6. 

7.  

a. 

9. 

10. 

Confirm statistical assumptions. 

Summarize analyte detection data by strata: media within site or site subgroups 
and strata within media. 

Transform anaiyte concentration data so distribution is approximately normal. 

Calculate the coefficient of variation for each analyte detected. 

Using Exhibit 47 'Relationships Between Measures of Statistical Performance 
and Number of Samples Required," look up the range of power, confidence 
level and minimal detectable relative differences for the calculated 
coefficient of variation. 

Compare the statistical performance measures required to those achievable 
given the Coefficient of variation and sample size. 

If the performance objectives are achieved, go to Step 9. 

I f  the required statistical performance levels are not met, then additional 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 
1V can be used to determine the number needed. 

If the performance parameters are to be changed, the parameter to be changed 
should be the one which will increase the probability of taking unnecessary 
action as opposed to unnecessary risk. 

Examine the results of the QC samples. Sample results must be considered to 
be qualitative i f  no results are available for QC samples. 

If the QC sample results indicate possible bias through contamination, take 
appropriate corrective action. 

each chemical of potential concern. The RPM or risk 
assessor should discuss the implications of these 
assumptions with a statistician to determine their 
potential impacts on data useability. 

sampling variability. Three issues are involved in the 
assessment of required statistical performance: 

Level of certainty or confidence, 

Determine the statistical measures of 
performance most applicable to site 
conditions before assessing data useability. 

Power,and 

Minimum detectable reIative difference, 

Once the statistical assumptions and observed analyte 
variability are h o w n ,  selected statistical performance 
measures can be assessed to determine the data quality 
achieved. AdclitionaI sampIes may be needed, or 
modified DQOs required, as a result of evaluating 

The required level for each of these performance 
measures should be includedin 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 €or 
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discriminating con tam in ant concentrations from 
background levels in risk assessment are provided in 
Exhibit 68. 

EXHIBIT 68. RECOMMENDED 
. MINIMUM STATISTICAL 

PERFORMANCE PARAMETERS FOR 
RISK ASSESSMENT 

0 

1 (1-false positive estimate) or (I u). 
2 (I-false negative estimate) or (I 9). 

Source: EPA 19891. 

1 Confidence level: 
80% minimum, reject null when true (take 
unnecessary action). 

Power: 
90% minimum, accept null when false (fail to 
take action when action is required). 

Minimum detectable relative difference: 
10% - 20%, usually depends on concentration 
of concern. 

2 

2 1 ~ - o ~ n  

First., summarize the sample results at the analyte level 
by stratum and strata within media to determine whether 
the pe'iformance 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, assessmentproceeds to that of analytical error 
for that smtum and analyte combination. 

The distribution for stratum and analyte combinations 
with multiple data pints should usually be examined 
for normality and transformect to log normal. The 
coefficient of variation is calculated for each stratum 
and analyte combination. If the dislribution resulting 
from the transformation is not normal, a new 
distributional model will need to be identified and 
vdidated in consultation with a statistician, Non- 
parametric procedures which q u i r e  no distributional 
assumptions may also be used. 

Conversely, the statistical performance achieved can be 
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 p r o c d  to the assessment 
of measurement mor. 

If the requiredstatisticalperfonnanceobjectives arenot 
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 
Chapter 4 and Appendix IV can be used to calculate the 
number of samples required. Ifaperformanceparameter 
is changed, it should be the one that will increase the 
probability of taking unnecessary action as opposed to 
an increased probability of unnecessary risk The 
uncertainty Ievelwillfhenbereducedfm!, theminimum 
detectable relative difference will be inmased second, 
and the level of power will be reduced last. Minimum 
recommended levels for performance parameters in 
riskassessment in the absenceof site-specificDQOsare 
80% confidence levels, 90% power, and 10-20% 
minimum detectable relative differences @PA 19890. 
Exbibit 68 summarizes the recommended DQos for 
statistical performance parameters. 

nt error. Measurement error is estimated 
using the results of field duplicate samples. Field 
duplicates determine total within-batch measurement 
error, including andytical error if the samples are also 
analyzed aslaboratoryduplicates. Theestimateis of the 
difference between analytical values reported for 
duplicates. This typeof variation has fourbasicsources: 
sample collection procedures, sample handling and 
stomge procedures, analytical proceclures, and data 
processing procedures. 

The formulafor computing therelativepercent d e  
between duplicates is: 

where R, and rC, me the results from the fitst and second 
duplicate samples, respectively. Precision is a measure 
of the repeatability of a single measmment 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,orby adiffidt, heterogeneous samplematrix. 
The last effect can be distinguished from the others by 
evaluation of laboratory QC data. 
If splitsampleshavebeen analyzed by differentmethods 
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. Ifboth sets ofdataexhibitthesameproblems, 
then laboratory performance can usually be ruled out as 
a sourceof error. Splits are Jso useful when using non- ' 

routine methods or comparing results from different 
analytical methods. 
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Accuracy. Accuracy is a measure of overestimation M 
underestimation of reported concentfadons and is 
evaluated from the Tesults of spiked samples. The 
procedure for determining accuracy willvary according 
to differences in the numbex 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 
determinetheextentofbiason~esamplemeasu~nt. 
Asetofstandards atknownconcentrsttionsismixedinto 

sampIe preparation and analysis. The analytical results 
are compared to 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 
vend rather than a specific quantitative measure, 

Accuracyiscon~~edprimarilyby theanalyticalprocess 
and is reported as bias. The absolute bias of a sampling 
design cannot be &termined unambiguously because 
the true value of the chemicals of concern in theexposure 
area can never be known. However, statistically based 
sampling designs described in Chapter 4 are structured 
to produce unbiased results. 

l a portion of the sample or into distilled water prior to 

Bias can be estimated using field spikes on field 
evaluation or audit samples to assess the accuracy and 

Minimum Requirements 
for Accuracy 

F i e i  spikes to assess 
' 

accuracy of non-detects and 
positive sample results if 
specified in the SAP. 

specified in the SAP. 
Analytical spikes as 

Use analytical methods 
(routine methods whenever 
poss i b I e) that specify 

, expected or required 
recovery ranges using 
spikes or other QC 
measures. 

No chemicals of potential 
.. concern detected in the 

blanks. 

comparability of mults. These estimates wiu reflect 
the effects of sample collection, handling, holding time, 
and the analytical process on the result for tbe Sample 
collected. 

Bias is estimated for the measurement process by 
computing tbepercent recovery (%R) for the spiked or 
reference compound as follows: 

%R = a 
Because of the inherent problems associated with the 
spiking procedure and the intapretation of recovery, 
spikes are considered minimum requirements only if 
specified in the SAP. Field matrix spikes are currently 
not recommended for use in soils @PA 19890. 
Field blanks areevaluated toestimate the potential bias 
caused by contamination from sample collection, 
preparation, shipping andor storage. Results for the 
analysis of field blanks indicate whether contamination 
resulted in bias, but they are not estimates of accuracy. 
Bias pertaining to analytical recoveries is computed as 
follows: 

Perce61 -- . .  - 
Bias Amount Spikd 

Impact When Minimum 
Requirements Are Not Met 

~ ~~ 

Increased potential for false 
negatives. 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. 

Increased potential for false 
positives. If spike recovery 
exceeds 1 OO%, interferences 
may be present, and it is 
probable that the method or 
analysis is biased high. 
Analytical res u I ts 
overestimate the true 
concentration of the spiked 
analyte. 

Correctke Action 

Consider resampling at 
affected locations. 

No correction factor is 
applied to.CLP data on the 
basis of the percent recovery 
in calculating the analyte 
come n tratio n . 
If recoveries are extremely 
low or extremely high, the 
risk assessor should consuR 
with an anatytical chemist to 
identify a more appropriate 
method for reanalysis of the 
samples. 

. I  
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Blanks are of Primary concern for the analysis of bias 
involved in sampling because of the difficulty in 
perfoming feldspkes and theavailability ofappmpriate 
reference standards and matrix for evaluation samples. 

Results from blanks can be used to estimate the extent 
ofhighbiasin theeventofamlamination. 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 
laboratoryblanksarenot, theRPMorriskassessor 
can conclude that Contamination occurred prior lo 
receipt of the samples by the laboratmy. If the 
contamination is significant (Le., it will interfere 
with the&~~tionofrisk),Considerresamplg 
at affected locations. 

If it is not possible to resample, the RPM or risk 
assessormustassess theeffect of thecontamination 
on the potential for false positives, Often, this 
detmination can be made by examining data 
from samples located nearby. If all samples and 
blanks show the samelevel ofaparticularchemica1, 
the presence of the chemical in the samples is most 
liiely 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 labomtory 
blanksatecontaminated, 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 generated by the routine 
anaIyticalservicesoftheCLParereviewedandqualified 
by RegionaI representatives according to the guidelines 
found in the Functional Guidelines as moctified to fit the 
requirements of tbe individual Regions. 

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 
&ermined by the QC samples), data are entered in the 
data summafy tables in the data validation report as the 

SQL or corrected quantitation limit (MDL conected for 
dilution and percent moisture), and qualified with a U. 
Note that the same chemical can be reported undetected 
~aseriesofsamples~differentconcentratioI 
of sample differences. 

Data qualified with an R are rejected because 
performanmrequiremm& in the sample or in associated 
QC analyses were not met. For example, if a mass 
spectrometer “tune” isnot within specifications, neither 
the identification nor quantitaticm of chemicals can be 
accepted with confidence. Extremely low recoveries of 
a chemical in a spiked sample might aIso warrant an R 
designation for that chemical in associated samples 
becauseof theriskof falsenegatives(see Appendix VI). 

Data qualified with a J present amore complex issue. J- 
qualified data are considered “estimated” because 
quantitation in the sample or in associated QC samples 
did not meet specifications. The justification for 
qualifying the data should be explained in the validation 
report. Draft revisions of the Functional Guidelines 
propose that the justification be included on a qualifiet 
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 
time violations, tberesultsareusuallybiasedlowbecause 
some of the volatile compounds may have volatilized 
during storage. 

Data associated with contaminated blanks are not 
consideredestjmatedandarenot flaggedJ. Thepresence 
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. An action level is determined for each chemical 
based on the quantity found in the blank. Data above the 
action level are accepted without qualification and (lata 
between the contractrequired quantitationlimi t (CRQL) 
and the action level are qualified U (undetected). 

Estimated organik and inorganics data that am 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 laboratories to denote 
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assessedto determine whethefaproblem existsineither 
sampling or analysis. 'Ibis assessment leads to different 
combinations of problem determination. For example, 
completeness may have been a problem in samling 

probIems with the analytical data. nese qualifiers and 
their potential use in risk assessment are discussed in 
RAGS @FA 1989a). 

[YES] but not a problem in-analysis lNO]f 
combination is [yES/NO]. 5.6.2 Combining the Assessment of 

Sampling and Analysis 
Basicguidanceis givenonthecombiuationsofsmpling 
and analysis once assessment pattefns based on the 
determination of aproblemhave beenestablished. ?his 
guidance is qualitative in nature and is presented to 
assist in organizing the data assessment problem for the 
application of professional judgment. If the assessment 
pattern is LNo/No], the issueof combiningresultsis not 
aproblern. Conversely. ifthepatternis [YES/yEs], the 
issue of combining results is an issueof theeffectsof tbe 
combinedmagnihrdes. Instances of combined sampling 
and analysis problems for a single indicator will have 
significant effects on the risk assessment uncertainty. 
The most complicatedassessmentpa#ern to interpret is 
encountered when a problem occurs in one area but not 
in another (e.g., in sampling but not in analysis). This 
situation is briefly discussed for each indicator in the 
following sections. 

Once the quality of the sampling and analysis effort bas 
been assessed ushg 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 section as aqualitativeprocedur, Statistical models 
are available €or combining data sets with different 
variability and bias. Tberisk assessor should consult a 
chemist or statistician if the magnitude of the sampling 
and analysiseffart warrants the use of a formal statistical 
treatment of comparability. 

The basic model for estimating total variability across 
sampling andanalysis components ispmntedinExhibit 
69- An example of a non-statistical approach to 
combining the assessment results is given in Exhibit 70. 
Using this approach, each data quality indicator is 

EXHIBIT 69. BASlC MODEL FOR ESTiMATlNG 
TOTAL VARIABILITY ACROSS SAMPLING AND 

ANALYSIS COMPONENTS 

where ot =total variability 

q,, = measurement variability 
up - = population variability . 

2 2 2 2 2 2 
Sn = Os + %  + % + %  + %  , 

where as = sampling variability (standard deviation) 

ts,, I handling, transportation and storage variability 

ss = preparation variability (subsampling variability) 

ae = laboratory analytical variability 

= between batch variability 

NOTE: It is assumed that the data are normally distributed or that a 
normalizing data transformation has been performed. 

Source: EPA 199Oc. 

~. 
21-002.06 
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EXHIBIT 70. COMBINING DATA QUALITY INDlCATORS FROM 
SAMPLING AND ANALYSIS INTO A SINGLE ASSESSMENT 

Data Quality 
Indicators 

Completeness ' 

Comparability 

~ 

Representativeness 

Precision 
0 

Accuracy 

OF UNCERTAINTY 

bssessment of Problems 

Sampling Analytical , 

[::I [%] 

i 

Combined Sampling I 
and Analytical . 
Determination 

Y ESff ES 

NONES 

Y E W E S  ~ 

Y ES/NO 

NOff ES 

Y ES/NO 

NONES R 
YESNES 

Y EWNO 

Y ES/NO 

NONES 

The combination [NOINO] indicates that the data quality indicator will not affect the 
level of uncertainty in data useabiliy. 

21-062470 
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Completeness. A sampIe is considered incomplete for 
allanalytes. Analytical incompleteness is usuallyrelated 
to particular andytes. in this instance [yEs/YES I, 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 pqticular chemical can be substantial. For example, 
if collection of 10 samples was planned and one sample 
couIdnot be collected because of site access problems, 
one was broken in transport, and the laboratory 
experienced analysis problems witb 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 [YESMOI, the effects are 
distributed across all chemicals involved in the risk 
assessment. Ifthe pauem is LNOEES], 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 ovet time. Data can be averaged and considered as 
a singb data set. For analytical data, comparability 
problems are related primarily to the use of different 
methods and laboratories. A pattern of [YES/YES] will 
indicate that the risk assessor will have considerable 
difficulty in combining the various data sets into a 
singIe asseSsment of risk. In situations ofCYES/NO] or 
INo/yEs], the problem of sampling comparability is 
more difficult to resolve, Models exist for determining 
comparability between methods and integrating results 
across laboratories. These models involve the general 
statistical approach toconfrrming datasets with different 
but known variability and bias (Taylor 1987). 

Representativeness. Representativeness in sampling 
is criticalto theriskassessment Non-repnxentativeness 
affects both false negatives (chemicals not i&ntitied) 
and estimates of concentration and, aerefcm, affects 
estimates of RME. Andy tical repxsentativeness 
involves the question of whether the andytical 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 separateiy 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 on theestimateof RME. Mytical  variability 
willbeminimdincomparison totheeffectsofsampling 
variability unless the samphg variability is UntypicdIy 
low and the analytical variability is untypically high. 

Accuracy. The assessment of accuracy in sampling is 
focused primariIy on recoveries from spiked or 
performance evaluation samples. Analytical 
performance and potential blank contamination are 
reflected in analytical spike recoveries. Ifthe paftem is 
[YES/YES] for accuracy, this may require assessment 
of calibration, or of potential blank contaminants, and 
integration of their possible effects by compafison of 
results from laboratory and field QC samples. 

If the accuracy pattern is CNOTyEs], then the issue is 
analytical performance. Low variability in sampling as 
measured by low coefficients of variation for chedcals 
of potential concern should increase the risk assessof’s 
concern over an analytical accuracy problem. 

High sampling variability ( C ~ > 2 5 % )  will greatly reduce 
the effects of analytical bias on the level of certainty of 
the risk assessment. 

. .  
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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 guidance 
builds on each of the Drevious chauters. 

6.1.1 What Contamination is Present 

The risk assessor's first task is to use analytical data to 

and at What Levels? 

Chapter 2 explained the risk assessment process 
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 unceatainty 
associated with the analytical data. 

Chapter 3 defined six data useability criteria and 
examined preliminary issues that must 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. 

Chapter5 describedhow touseeachdatauseability 
criterion to determine the effect of sampling and 
analysis issues on data quality and on theuseability 
of data in baseline risk assessment. 

The Data Useability Worksheet (Exbibit 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 
context of the four major decisions tobe made by the 
riskassessorwith environmentalanalyticaldata. 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 
uiteria affect the level of confidence involved in each 
decision. The level of certainty in the data collection 
and evaluation component of risk assessment affects the 
overall certainty of the risk estimate. 

determine what contamination is present at the site and 
at what levels (Le., what potential exists for increased 
risk from the contamination). Exhibit 71 lists the 
criteria from the DataUseability Worksheet that affect 
this decision. Themost critical analytical&taquestion 
to be answered before calculating the risk is the 
probability of false negatives or false positives. False 
negatives are of greater concern 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 calculated risk to be biased 
high, and are of concern because taking unnecessary 
action at a site is costly. 

rt The major concern with false negatives 
is that the decision based on the risk 
assessment maynot beprotective ofhuman 
health. 

Probability of false negatives. False negatives occur 
when chemicals of potential concem are present but are 
not &tectal by the sampling design or the analytical 
method. Tbe probability of false negative 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 combined mor. 

* False negatives can occur i f  sampling is 
not representative, if detection limits are 
above concentrations of concern, or ifspike 
recoveries are very low. 

Sampling strabgies can increase theprobabilityof false 
negatives if too few samples were taken or if sections of 
the site were not sampled. The probability of false 
negativesinueasesifsamplingofanyexposurepathway 
was not representative. 

Knowledgeofanalyte-specificdetection limitsis critical 
to determining the probability of false negatives. 
Recovery values from spikes, internal standards, 

Acronyms 

RAGS 
SAP sampling and analysis plan 
SOP standard operating procedure 

Risk Assessment Guidance for Superfund 
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EXH181T 71. DATA USEABILITY CRITERIA AFFECTING 
CONTAMINATION PRESENCE 

Worksheet 
Ref0 re nce 

1 
2B 
2c 
3A 
4 
5 
6A 
6C 
SO 
6E 

Data Useability 
Crite rlon 

I 
Reports to risk assessor 
Documentat ion (SO Ps) 
Documentation (analytical records} 
Data soumes (analylical) 
Analytical methods 

Completeness (analytical) 
Representativeness (sampling) 
Precision (analytical) 
Accuracy (sampling and analytical) 

. Data review 

surrogates, and system monitoring compounds are used 
to assess the level of accuracy and precision in laboratory 
dataanddetermmewhetherthedetectio~limitsstatedin 
the analytical methods have been 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 occur because of “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 
recoveries are acceptable, or biased high as 
documentedclurhg data review, and the detection 
limits are below the concentration of concern for 

The probability of falsenegatives is directlyrelated 
to the amount of bias if spike recoveries are biased 
lowanddetectionlimitsmbelow theconcentration 
of concern for each q d y t e .  The effect is more 
pronouncedthe cIoser the concentration of concern 
is to the detection limits. 

The possibility of false negatives should be 
carefully evaluated whenever sample exrracts have 
been highly diluted (ie., diluted beyond n o d  
method specifications). 

Probability of false positives. False positives occur 
when a chemical of concern is detected by an andytical 

each analyte. 

Data Collection and 
Evaluation becleion 

I 
What contamination is 
present and at what. 

levels? 

method but is truly not present at the site. Assessment 
of the following parameters fi-om the Data Useability 
Worksheet can be used to determine the probability of 
falsepositives: analytidmethods, datareview, sampling 
accuracy, analytfcal completeness, analytical precision 
and accuracy, and combined error. 
I 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 
most importantindicatorofprobability of falsepositiws, 
particuk1y when accompanied by high spikerecuveries. 
As described in Chapter 5, samples can be contaminated 
during sampling, storage, or analysis. Field and 
laboratory blanks identify this pmblem by &temining 
the level and point of contamination. Sample matrix 
interferences can also cause false positives. High spike 
recover3esindicatethatmatrixinterferencehasoccuned. 

The probability of false positives is high if the 
chemical of potential concern has been detected in 
any blanks. False positives should be suspected 
for any sample value less than 5 rimes the blank 
concentration (10 times for common laboratory 
contaminants). High spike recoveries combined 
with blank contamination increase the likelihood 
of false positives. 

The probability of afalse positive for an analyteis 
directly related to the mount of bias if chemicals 
of potential concern are detected in blanks and 
spike recoveries for the anaIy&e are biased high. 

\ 
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The probability of false positives is highest when 
the reported concentration is near the detection 
limit €or an analyte. 

9 Theprobability of falsepositives is low ifchemicals 
of potential concern have notbeen detected in any 
blanks and spike recoveria are not biased high. 

Are site concentrations 
sufficiently different from 

background? 

6.1.2 Are Site Concentrations 
Sufficiently Different from 
Background? 

B ackgroundsamples provide baselinemeasurements 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. Backgroundsamples 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 tothe sourceof contamination. 
Historical data, when available, are particularly useful 
in selecting sampling and analysis techniques used to 
determine thefepresentativec~c~uationsof chemicals 
of potential cuncern in background samples. Historical 
data can help to delineate physical areas 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 
must determine if background samples are 
uncontaminated. The entiredatacollectionprocess will 
be slmplifred if chemicals of potential concern are not 
found in background samples. If chemicals of potential 
concern are found in the background samples, the risk 
assessor must determine whether tbey are at naturally 

, ’ 

occurring levels, of anthropogenic origin, due to 
contamination during the sampling process, or are site 
contaminants. 

Both naturally occurring chemicals and anthropogenic 
chemicals have significance €of risk assessment. 
Naturally occurring chemicals are those expected at a 
site in the absence of human influence. MetaIs 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 would contain higher metal levels. 
Anthropogenic chemicals are defined in RAGS @PA 
1989a)aschemicals that arepresentin theenvironment 
due to man-made, non-site sources (e.g,, industry, 
automobiles). Chemicals of anthropogenic origin may 
include organic compounds such as phthalates 
(plasticizers), DDT, orpolycyclic aromatichydrocarbons 
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 consiclered 
naturally occuming. They may be present because 
they are either site conthinants or are of 
anthropogenic origin. They also could be a result 
of contamination during sampling. 

The risk assessor may eliminate chemicals from 
risk assessment calculation siftheir concentrations 
fall within naturally-ocming levels andare below 
the concentration of concern. 
Contamination of background sampla is indicated 
ifchemicalconcentrationsarehigherthan~~rally 
occurring levels. Such contamination may come 

EXHIBIT 72. DATA USEABILITY CRITERIA AFFECTING 
BACKGROUND LEVEL COMPAREON 

Worksheet 
Reference 

Data Useability 
Criterion 

1 
2A 
3A 
6A 
6B 
6D 
6E 

Reports to risk assessor 
Documentation (SAP) and historical data 
Data sources (analytical) 
Completeness (sampling) 
Comparability (analytical) 
Precision (analytical) 
Accuracy (sampling and analytical) 

Data Collection and 
Evaluation Decision 
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from anthropogenic sources or from problems in 
sampling or andysis activities. The risk assessor 
may include analytical data with orher site data or 
perform a separate risk assessment based on best 
professional judgment. 

Anthropogenic chemicals shouldnot beeliminated 
from the risk assessment. 

Statistical analysis may benecessary to determine 
if site Ievels are distinctly different from those 

1 
2A 
38 
6A 
66 

and determine tbe effect on the risk assessment if they 
are excluded from study. Guidance highlights for 
exposure pathway identification for risk assessment 
are: 

Reports to risk assessor 
Documentation (SAP) 
Data sources (non-analytical) 
Completeness (sampling) 
Comparability (sampling) 

Recommend acquisition of additional samples 
from the inadequately represented exposure 
pathway or area if feasible. (Sampling 
considerations presented in Chapter 3 should be 
mexaained). 

Investigate whether computer simuIation modeling 
isfeasibleifadditionaIsamplescannotbecollected 

found in background sampIes when background 
results approach site concentmion levels. 

. 

from an inadequatelyrepresentedpathwayorarea. 
For example, air flow models could be used to 
e s h t e  transport of volatile contaminants if the 
contamination of soil and water at a site is fully 
characterized but no air samples were obtained. 

Statistical 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 coiicentrations at levels close to 

Are all exposure 
pathways and areas 

identified and 
examined? 

the detection limit. 
. .  

Statistical analysis may determine ifsite 
Concentrations are significantly .above 
background concentrations when the 
differences are not obvious. 

6.1.3 Are All Exposure Pathways and 
Areas Identified and Examined? 

The iden ti fication andexamination of exposure pathways 
is cliscussed in detail in RAGS. Exhibit73 summarizes 
thecriteriathat therisk assessormust assess todetermine 
the probable level of certainty thatallexposure pathways 
and areas have been identified and examined. 

The nature of the exposure pathways and areas to be 
examinedis critical totheselectionof asampling design 
and analytical methods. If the pathways and areas are 
not identified properly, the resulting characterization 
may beinappropriate. Theriskassessor shoulddetdne 
which pathways and areas are not adequately assessed 

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 cannotbe collected 
from an inadequately represented pathway and no 
simulation models are appropriate. For example, 
equilibrium partition coefficients can be used to 
estimate movement in the vadose zone of soil if 
insufficient clata exist to calibrate a groundwater 
msport  model. 

6.1.4 Are All Exposure Areas Fully 
Characterized? 

Assessing how we11 exposure areas 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. 
To be fully characterized, the exposure area must have 

EXHIBIT 73. DATA USEABILITY CRITERIA AFFECTING EXPOSURE 
PATHWAY AND EXPOSURE AREA EXAMINATION 

Worksheet Data Useability 
Reference Criterion 

Data Collection and 
Evaluation Decision 

1 

2 1-002-073 
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been appropriately sampIed. Broad spectrum anaIyses 
must also havebeen conducted for themediaof concern 
and analyte-specific methods used where appropriate. 
The uncertainty in data collection and analysis depends 
on h e  evaluation of completeness, comparability, and 
representativeness as discussed in Section 5.6. Based 
on these indicators, the fisk assessor should determine 
h e  magnitude of the effect of data confidence on the 
riskassessment. Guidance highlights for chancrerization 
of exposure areas for risk assessment are: 

e 

0 

6.2 

The 

Use the data but note the level of confidence 
associared withassessment of theaffected 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 uncertainty associated with the data is high, 
the risk assessor may determine that an exposure 
pathway w area is not fully characterized. 

ASSESSMENT OF UNCERTAINTY 

LINE RISK ASSESSMENT FOR 
HUMAN HEALTH I 

ASSOCIATED WITH THE BASE- 

level of certainty in making each of the four 

overall uncertainty in data collection and anaiysis 
components of risk assessment. The critical factor in 
assessing the effect of uncertainty on the environmental 
analytical data component of risk assessment is not that 
uncertaintyexists, butntherthat theriskassesscu is 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 u n c d n t y  is assessed using sensitivity 
analysis. The l e s t  desirable situation occurs when the 
uncertainty in data is unknown. This situation can occur 
if the minirnum requirements given in Chapter 5 for the 
data useability criteria have not been achieved. - The primary planning objective is that 

uncertainty levels are acceptable, kn,own 
and quantitatable, not that uncertainty be .- . 
eliminated. decisions discussed in Section 6.i contributes to tbe 

EXHIBIT 74. DATA USEABILITY CRITERIA AFFECTING 
EXPOSURE AREA CHARACTERIZATION 

Worksheet Data Useability 
Reference ' Criterion 

Data Collection and 
Evaluation Declsion 

1 
2A 
2 8  
2c 
3A 
3B 
6A 
66  
6C 
6D 

Reports to risk assessor 
Documentation (SAP) 
Documentation (SOPS) 
Docurnentation (field records) 
Data sources (analytical) 
Data sources (non-analytical) 
Completeness (sampling and analytical) 
Comparability (sampling and analytical) 
Representativeness (sampling and analytical) 
Precision (sampling) 

Are all exposure areas 
fully characterized? 

21-002-074 
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EXHIBIT 75. UNCERTAINTY IN DATA COLLECTION AND EVALUATION 

OFTHE RISK ASSESSMENT 
' DECISIONS AFFECTS THE CERTAINTY 

I 

Are all 
exposure 
areas fully 

characterized? 

Decisions To 
Be Made 

What 
contamination is 
present and at 
what levels? 

I Aresite I I 
I+ I sufficiently 

concentrations n 

different from 
background? 

I 

Are all exposure 
pathways and 

areas identified 
and examined? 

Risk Assessment 
Process 

Data Collection 
and €valuation 

Toxicity 
Assessment 

r-- 
Risk 

Characterization 

I 

n 

I 

* 
i 
I 
i 
f 

1 
i 
i 

i 

I 

i 

. i  ' I  
i 

1 

Nature of Risk 
Assessment 

Quantitative 
(uncertainty 

explicitly stated) 

Quantitative 
(uncertainty not 

known) 

Qualitative (no 
uncertainty 
estimate) i 

L 
21407.475 

I 
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APPENDIX I 
DESCRIPTION OF ORGANICS AND XNORGANICS 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: 

o A description of the data reporting format, 
o 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 
quantitation/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 laboratory 
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, quality 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: 

1) 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 instrument) 
Tabulated summary forms for field sample results (in increasing RAS, SAS, or 
project sample number order) 
Raw data for field samples (in increasing RAS, SAS, or project sample number 
order) 
Raw data for laboratory standards and quality control samples (in chronological 
order by type of quality control sample/standard by date of analysis by 
instrument) 

3)  

4) 

5) 

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 data 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 resolution, 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. Ali equations, dilution factors and information 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, SD, etc.), sample identification numbers, dates/tirnes 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 quality control 
samples/standards analyzed by the laboratory. For example, typical tabulated summary forms 
for volatile organics analyses include but are not Iimited 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 outliers. 

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 

, 
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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 
each 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 all 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 limits for each initial calibration on a separate form. The form must also contain the 
concentration of the calibration standards, instrument ID, !ab 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.al1 target and surrogate compounds for each continuing 
calibration on a separate form. The form must also contain the concentration of the 
continuing calibration standard, instrument ID, lab file ID, and dates/times of initial and 
.continuing calibration standard analyses which pertain 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 displayed 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 field sample analyzed by the laboratory. At 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 (continued) 

sample, the tabdated 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 Reconstructed 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, 

0 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: 

0 Instrument printouts and strip chart recordings containing the following 
information: laboratory sample identification number, RAS, SAS or project 

concentration, instrument ID, lab file ID, and operating conditions, and 
, . sample number, date and time of analysis, absorbance/emissions values, analyte 

0 Standard curve raw data, plotted standard curves, linear regression equations, 
and correlation coefficients. 

LABORATORYLOGBOOKPAGES 

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 I (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, 
R A S  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 

PATE : 

SUBJECT: 

FROM: 

TO : 

U 

TBRU: 

OVERVXEU 

Case consisted of four (4 )  low level water and two ( 2 )  l o w  
l eve l  so i l  samples, submitted for .full organic analyses- Included 
in this data set was one (1) equipment blank and one (1) t r i p  
blank. . The trip blank was analyzed for volatiles only. The 
samples w e r e  analyzed as a Contract Laboratory Program (CLP) 
Routine Analytical Service (RAS), 

A l l  samples w e r e  successfully analyzed for all. target compounds 
with the .exception of 2-Butanone and 2-Hexanane i n  the volatile 
fraction. 
according to the Contract Laboratory Program (CLP) Routine 
Analytical Service (RAS) protocol ~ 

A l l  remaining instrument and meulad sens i t iv i t i e s  were 

MAJOR PROBLEM 

The response factors (RF) for 2-Butanone and 2-Hexanone were less 
than 0 . 0 5  in one of the continuing volatile calibration. The 
quantitation limits for t h k  compound i n  the a f f e c t e d  samples 
were qualified unreliable,  “Rea. 
the affected samples. ) 

(See Table X in Appendix F for 

MINOR PROBLEHS 

Several conpounds failed precision criteria for i n i t i a l  and/or 
c o n t i n u i n g , . c a l i b r a t i Q ~ s =  Quantitation limits and t h e  reported 
results f o r  these  conpounds may be biased and, therefore, .have 
been qualified estimated, “UJ*‘ and “Jqt,  respectively, (See Table 
I in Appendix F for the affected s a m p l e s ) .  
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APPENDIX I (Continued) 

2. DATA REVIEW SUMMARY 

Page 2 of 3 

The s o i l  semivolatile M S / M S ~  analyses were o r i g i n a l l y  
extracted within the technical and contractual holding 
t i m e s .  
recoveriks, and th,ese re-extractions w e r e  performed outside 
of holding times, Surrogate recoveries were again outside 
of the  QC limits, therefore ,  original sample results are 
being reported. 

NOTES 

0 

Re-extractions w e r e  required because of surrogate 

o The maximum concentration of compounds found in the t r i p  
blanks, f i e l d  blanks, or method blanks are listed below. 
All samples with concentrations of common laboratory 
contaminants less than ten t i m e s  (<lox) the blank 
concentration,  and uncommon laboratory contaminants less 
than five times ( c S X )  the blank concentration have been 
qualified *‘B** in the data summary table. (See Appendix 

COmDOUnd Concentrat ion tuu/L) 

Methylene chloride * 7 s  

Bis (2-ethylhexyl)phthalate * 10 3 

Acetone * 9 3  

* Common Laboratory Contaminant 

o 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-Sniked ComDounds 
Concentration lua/Ll 

ComDound 

Phenanthrene 
Fluoranthene 
Benzo(a) anthracene 
Chrysene - 
B i s  (2-ethylhexyl) phthalate 
Benzo (b)  pFkene 
Benzo (k) pyrene 
Benzo (a) pyrene 

150 J 
3 4 0  J 
29.0 J 
290 J 
160 J 
190 J 
230 J 
2 4 0  J 

190 3 
4 7 0  J 
310 J 
330 J 
200 J 
240 J 
200 z 
190 5 

1.40 J 
4 4 0  5 
320 3 
300 J 
2 4 0  J 
2 4 0  J 
220 J 
2 4 0  3 

%RSD 

16.5 
16.3 

5 . 0  
6 . 8  

2 0 - 9  
12.4 
7.1 
12.4 

RSD- Relative Standard Deviation 
\ 
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APPENDIX I (Continued) 

2. DATA REVIEW SUMMARY 

P a g e  3 of 3 

o The pesticide/PCB analyses of a l l  so i l  szaples and associated 
QC samples had surrogate recoveries in excess of the QC limit, 
Since  no positive results were reported for any pest ic ide or 
PCB compounds for any of the samples in this caseino 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 
Functional Guidelines for Evaluating O r g z n i c  Analyses w i t h  
modifications for use w i t h i n  Region 1x1,  The text  of t h i s  
report addresses only those problems affecting usabil i ty .  

were reviewed i n  zccordance w i t h  the 

ATTACHMENTS 

APPENDIX A - G l a s s a r y  of Data Qualifiers 
APPENDIX 3 - Data Summary- These'include: 

(a) All positive results for target coxpounds with 

(b) All unusable detect ian limits (quzlified ' lRt t ) .  

qualifier codes where applicable. 

APPENDIX C - Results as Reported by t h e  Labcratory f o r  A 1 1  

APPENDIX D y R e v i e w e d  and Corrected Tentatively Identified 

APPENDIX E - Organic Regional Data AssessneRt Sumnary 
APPENDIX F - Support Documentation 

Target Compounds 

Compounds 

J 

I32 I 



b. 
w w 

TEnPA2.9 

Sanple Locat ion -- 
J n y y l e  u w b c r  

I r a f f i c  Repcrt Nunbcr 

Remarks 

Sampling d a t e  I 

I Mrgrni e Analyr es 

A l u p l n m  P 
Anthony P 
Arsenic F 
Barfun P 
Beryl t (M P 
Cadniwn P 
C S ( C l V n  P 
Chromlun P 
cob1 1 P 
copper P 
Iron P 
Lcad F 
nsgnes ivp P 
nsng a n w  P 
Mercury cv 
N i c k e l  P 
Potssslm P 
Selcni un F 
Sllvcr P 
Sodim. P 
l h e l  I i u n  F 
Vanadfun P 
Zinc P 
Cyrnldc C 

Analytical Method 

'T-- 
CLP INOROANIC ANALYSIS AOULtWSSAMPLPD~CnON LlMllS (ufl 

CERCUSSII8 NAMB 
CAS8 No. , S W  Ha 

f Furnace AA ROTE: 
P ICP/flam@ A A  
Cv Cold Vapor NA Not Analyzcd. 
C Cotorimetric 

for 11,) onn I yr  I !t 
for ICP snalysls 
for furnacc A &  anolysls 
for Cyanide cnalysi.s 
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Sanplr N u r k r  

t r a l f l c  Report umber 

nfmdrks 

$supling date 

Analysis Oole 

Percent Solids 

\ 

t; 

Inorganic Analytcs 

Aluninm P 
Antimony P 
Arctnic f 
Bar lun  p .  
Beryl t i u n  P 
taciniun P 
Catctun P 
Chrmlm P 
Cobslt P 
cow r P 
Iron P 
Lead f 
MbQncrlun . P 
Manganese P 
Mer w r y  N 
Nlckct P 
Pot ass I u n  P 
Setmlun F 
Si  tver . P ,  
Sodim, P 
Thal l iun F 
Vanad i un P 
Zinc P 
Cyan 1 de C 

- 

TADM ' . 
CLY INOROANlChNALYSlS . SOIL AND SEOlM(WTSAMF(B DBTBCnON WMIIS(uyl) 

CRI~CLIS srm NAMN . 
CASe N& 

I - 

c Colorlmetrtc 

for  ng analyst8 
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fo r  furnace AA analysfa 
f o r  Cymlde analysts 
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TEWt2-1 

Saapt e toce t i on 

Sanplt Wvrt>or 

t r s f f l c  Report w W r  

Rcmarkr 

S6-t ing date 

' 
Aluninun P 
Ant imny P 
Arsenic F 
Bartua P 
Berylliua . P 
cs&niun P 
c a t c l m  P 
Chromhm P 
CObel t  P 
copper - P  
I ran P 
L edd P 
Mag nss f M P 
M ang a n a  e P 
ntrcury cv 
UIcktl P 
Potarriun P 
S e l c n l m  F 
Silver P 
sodiun P 
the1 I t u n  F 
Vrnadlm P 
2 inc P 
Cyanide C 

I_ 

CRDL 

- 
200 
bo 
10 

200 
5 
5 

5000 
10 
50 
2s 

100 
3 

5000 
15 

0.2 
40 

5000 
f 

10 
5000 

10 
50 
20 
10 

J 
- 

' i 

]ant 1 tn t io1 
R Vatuc i s  re, 
U Rcviscd Sam1 

UJ O w n t i t a t i o i  

TABLE 
SOfLANALYnCAL RlSULm (u@d CLP INOROANICANALYSIS 

CERCIJS SflP. NAhiC: 
CASU Na , sw HO, 

PAGE o f  - 

lml  tit ions lcntlf icd c -Ing tho quality contrc revlcu. 
: t ed-. 
! Ounntitotlon L i m i t .  
i m i t  i s  approximate due to Limititations fdentlfied i n  the quality controt revieu. 

NA Hot Analyzed. 
Samplt results arc reported on n dry uelght basis. 
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I norgani c m a l  ytcs 

Almlnvn P 
Ant i m y  P 
Arstnie f 
8ariun P 
BePyt I im P 
Cadmiun P 
CSlCfUn P 
Chraiun P 
Cobalt P 
Copper P 
Iron P 
Lead P 
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Mercury cv 
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Potasoiun P 
Selcniun F 
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Sodiun P 
ThalIIun C 
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CLP LNOROANIC ANALYSIS AOVUOUSAHALYnCALRWLTS (ufl) 

CRDL 
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10 
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roo 
5 
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20 
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10 
so00 

10 
50 
20 
10 

Sonpte  Locstfon 

fsnptr UuI'&r 

T r a f f i c  Report n h x r  

. I  . ' I- 
Analvtical Method J . .. 
I 
P .  
cv 
C 

Furnace R 

- 

I 
V a l u e  i s  rclectcd. 

- 

I 
V a l u e  i s  rclectcd. 

- 

Ity contrc 

-- 

I C P / F l a w  AA U Revfred Sample Ouantltetlon Llmtt. 
Cold Vapor  
Color imetr I c  NA Not Analyzed. 
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TW2- 1 - 1 
. .  

Vinyl Chlorfde 
I Ch 1 oroe t hanc 
Me thy1 enc Chloride 
Acetone 
Carbon Olrulf ide 
1,f-D I th\oroethtnt 
1 1.0 k h  loroethane 
1,2-Dichloroethene(lotal) 
Chloroform 
I ,  2-Dieh lorocthane 
t-Bwtmnonc 
1 1,l-Tr i chloroethsnc 
Carbon Tetrachloride 
Vinyl Acetate 
Branodich I orancthane 
1,Z-Olchloroprop~ne 
clr-1,3-Dlchloropropenc 
lr ich I orocthenc 
01 bronxh t or- t ham 
1 , 1 ,201r IC h loroc thane 
Benxene 
trani-1,S.DlChloropropenc 
Bromof o m  
4-Methyl-2-pentanone 
2- Nexanone 
Tet rsch 1 oroe thane 
1,1,2,2~Tctrachloroethanc 
lo I ucnc 
Ch t oroknzene 
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10 
5 

i o  
S 
5 
5 
5 
5 
5 

10 
5 
f 

10 
5 
I 
S 
5 
S 
5 
5 
5 
5 

10 
10 

5 
S 
5 
5 

-- 
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J 
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R Value IS rejected. 
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Sample Munbcr 
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Rcmar k s 
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Analysis Oste 

- 

J ouont l ta t ion 
UJ Ousntltatlon 

t s  approx lato due to iimttatlons.tdanttfied during the qualfty control rcvlew, 
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w 
OD 

-I 
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10 
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.s 
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' 5  
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' .s 
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10 
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. 5  
S 
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5 
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- 
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V o l o t i l c  Organic Compound 
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Brcmanethenc 
Vlnyl Chloridc 
Chloroethonc 
Hethylcnc Chloridc 
Acct one 
Carbon Oisulfidc 
1,l~Oichlorocthcnc 
1, l -Dich Lorocthonc 
1,2~Oichloroothcne ( T o t o t )  
Chloroform 
1,2-Dichlorocthanc 
2 - But anone 
l , l , l - ~ r i c h l o r o c t h o n c  
Carbon fetrachlor idc 
Vinyl A e c t I r c  
B r omod i ch I orme t h ano 
I ,  2~Olchloroprop,~c 
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Dlbromoehloromcthane 
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B en1 enc 
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aromoform 
b-Methyl-2.pcntanonc 
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101 vene 
Ch I orobcnt enc 
Ethylbenzene 
Styrene 
xylene (Toto()  
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t sanp le  Locatton 

samgle Wunber 

T r a f f i c  Report Wunber 

Rcmorks 

Seagling Date 

D i l u t i o n  rector 

Pcrccnt Sol ids 

V o l a t l l c  Organic Compound 

Ch to rmthene  

- 
$ 
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V iny l  Chlorfde 
Chloroethanc 
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Acetonr 
Cerbon b i s u l f i d e  
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Toluene 
Chlorobenzene 
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I .  
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CLP VOlAYlLE ORCAW!C ANALYSlS 

CEkCLlS S I T E '  NAME 
# 
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. .  
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0 :10 
0.10 
0'10 
0.10. 
0.10 
0.10 
0.10 

I :::o I 
0.5 

0.s 1 0.5 

l- 
I 

CR& Contract Rcquired Pumtltntlon Limit. 
J 

UJ 
R Va\uo fs rejoetcd. 

Ouentltation I s  approximote due to Llrnftetfons identified during the quality control review, 
Quantitetlon Llmit I s  approximated due to llmitetions identified In the quality control revicu. 
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Smpte 
U t  

sarppie Loca t i on 
t 

ouantttat lon Limits ar 
Ousrrtltatloi\ L l m l t e  qrs appro 

b l t u t i o n  Factor 

E 
' 

5-rt troant I tne 
Acmaph theno 
2,bDInitraphmoi 
4 - N f t rophcnol 
oibntofuran 
2,4-D int trotoluens 
Diethylphthatate 
4-Chkophcnyt -phcnylcther 
Fluorene 
4-Y t tr oani I i n e  
4,6-0 In I t ro- 2-mc t h y 1 phenol 
W-Ht trosddiphenylemfne 
4-6roclrophenyI -phenylethcr 
Hexachlorobentcne 
PentachIorophenol 
Phenanthrene 
Anthracene 
Di-n-krtylphthol ate 
FLUOrMChenc 
Pyrene 
Butyt benzy 1 ph the la  t e  
3,3~-0~chlorobcntldIne 

TAUIE 
CIE WlT1ACTAfll.80ROAHICAUALYslS AOVROUSSAMPLC OUAIvmATlOH UMTIS (urn) 

CERCUS StTB NAME 

u s e  No. . , sw NO. 

. e p r  tcd on 
nata &a to 

Y uciaht b 

' . PAGE of . 

I 

I 
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I 

I 
I 

I 
I 

m l t ~  aro roportocl an n dry wo olit malm. 

PACE-of - 

lbls (2-Chlorotthyl) ether 
~ ,2  -Ch L oropheno 1 

1,3- D i ch 1 orobenzenc 
U, 1,4*Dlchloroknzene 

Benzyl Alcohol 

2-Wethylphenol 
bfs (2-ChloroisoproWl)ether 

R - H ~  t roso-di -n-propylamlne 
Hexach Lotoethane 
Nltrobenlene 
1 sophorone 
2- N i t ropheno I 
2.4-0 imct hyl phenol 
Benrolc aeld 
blr (2-Chloroethoxy) methene 
,2,4-Diehlorophenol 
1.2,G- Tr lchlorobentenc 
Uaphthsl ME 
f-ch[oroanl line 
Hexsch 1 orokr t ad 1 enc 
4 -Chl oro-h@thy\phsno~ 
2-Mot hyl n n h  t hn I cno 
Ncxac h l  orocyc I opnlnc!! oiia 
2,4,6- I r ich I oropheno L 
2,d,S.frfchlorophenol 
2-Chl oronephthal ene 
2 4 1  troonil Inc 

Aceneph thy l cne 

lsenple Locat ion . I 

Senpl Ing Date 

D l l u r l o n  Foetor 

CERCUS sm NAME 

CASE NO. , S W  NO. 

. .. 

R Value- l s  rclected. 
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CERUIJS~II NAM& 

CAS! Na , sw NO. 

]Sample Location I I I I 

T r e f f i c  Report N w h r  

Remarks 

Sanpllng Date 

IDiLutIon Factor I I 

I ym;;;c 
,delta-uHc 
' g a m -  BHC ( L Indone) 
Heptachlor . 
Aldrin 
Heptachtor epoxlde 
fndosulfan I 
D I eldr i n 
4.6' -ODE 
Endrln I 
Endosulfan 11 

Endosut fen sul fete 
I, 4 -DDT 
net hoxych 1 or 
Endr 1 n Let one 
rtpha-Chlordane 
gam-Chlordane 
Toxaphene 
Aroclor-1016 
Aroc Lor. 1221 
Aroc lot-1232 

~Aroclor.1268 Arpclor-1242 

Aroc lor - 1254 
Aroc 1 or - 1260 

-DDD . 

r- 

. .  

I i i 1 i 

-r 
PACE-of- 

.. 

I 

Sample ouantltatlon Limits are reported on dry welght basis. 
UJ clUantft8ti011 Limits are approxfmate due to limItat(ono identif led durlng the quality control revleu. 

R Value i s  rejected. 
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=I -Sample Location 

Sanplc Humbcr 

Traffic Report Nunbcr 

Remarks 

Secrpling Date 

Extrection Oote 

Y ~ 

-I 

I-- --- 

Phenol 
bls (2-Chloroethyl) ether 
2-Chlorophenol 

I,C-Olchlorobenzene 
Ben2yl Alcohot 
I,Z-Olchlorobcnrrno 
2-He t hy t phenol 
bir  (2-Chloroisopropyl)cthcr 
4 -We thy1 ph enol 
N - N I  troso.di - n-propy I emlne 
Hcnecht or oc thnnc 
Nitrobenzene 
I rophorono 
2 - w I t rophem l 
2 , 4 4  I mc t h y I phcno I 
Bcnrolc acid 
b t s ( 2-Ch I OPOC thoxy 1 met hanc 
2,t-Dlchlorophcnot 
1,2,4. If Ichl orobcnrcnc 
Naphthalene 
4*Chloroanil (ne 
H@x8chIOrObutcd{@fte 
C.Chtoro-3-methytphcnOL 
2.Hethylnaphthelene 
Hexeehtorocyclapentadf ene 
2 , C ,  641 r I ch I or ophenol 
2,L, 5-f  r I ch I or ophcnol 
2-Chl oronaph thaleno 
2.Nitroanilinc 
Oimethylphthatate 
Acenaph t hyknc 
2,6-Dinitrotoluenc 

1,S-Oichtorobcnzcnc 

- 
R O l  - 

330 
330 
334 
350 
330 
330 
330 
330 
330 
330 
33 0 
330 
330 
330 
330 
330 

t600 
330 
330 
330. 
330 
330 : 
330 
330 
330 
330 
330 
1600 
330 
1600 
330 
330 
330 

-- 
X O L  Cor 

CERCUS Stll3 NAMb 
CAS0 NO. , sw NO. 

. 

J OuantItotlon 
UJ auontitstlon ' 

cd aumt It 

-1 
PAGE O f  

R Value 1s rejected. 

approxtmi e due ;o Iimltatlons ldentlfted durlng the que( ty control review. 
approxfmete due to Iimjtattons identjf fed durlng the qual ty control revlev. 



\Sawla Location 

I 
Controct Required oatacti 

J -OwntItot!01) Is approxtmmte 

i Traffic Rcpoit Nunbar 

. ._ 

dub to tliltati#rr'Identfffed during the qrwlity controt rcvlew. 

SanplIng Date I 

Z 

E x t r a c t i o n  Date i 
lAne'yhis Oatc I semi -volrt I Le caapound 

2,bDint trophcnol 
4-Nltrophenel 
Diknzofursn 
2,C-Dinl trotoluem 
0 ! e thy l ph tha I at c 
b Chl oropheyt -phenyl ether 

1600 I I600 
330 
330 
330 
330 
330 

1600 
1600 
336 
330 
330 

1600 
f30 
330 
330 
330 
530 
330 
660 
330 
330 
330 
530 

330 
330 
330 
330 

t .I- 
CUOl I tlalt. 
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due to lfmltattons 'tdontlfled during the gvallty control rcvlcw. 

. .  . .  

,ample Location 

;ample Wunber 

'ratfic Rcporr ltunbcr 

temarks 

!elrpllng D a t e  

Extrection Date 

Analysis Oatc 

Pest ic Ide/PCB Corrpand 

aipha-Bwc 
kts-BHC 
de 1 t a - B HC 
gamna.eHC (rindanc) 
Hcpt schl or 
Aldrin 
Heptachlor epoxide 
Endoowlfm I 
0 leldr i n  
6 ,  C'.DOE 
Endr In 
Endosulfan 1 1  
4 , C ' - o o D  
Endosulfan sutfete 
t ,C  t *DO1 
Mcrhorychlor 
Endr 1 n k t t one 
L I phs- Ch I orddnc 
gam-Chlordane 
loxophcnc 
Aroclor-1016 
Aroelor- 1221 
AroclOr-1232 
Aroclor.\ZLZ 
Aroclor- 1248 
Aroetor- 1254 
bot tor. 1260 

- 
CROL - 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8 .O 
I6 ,O 
16,O 
16,O 
16.0 
16.0 
16.0 
16.0 
80.0 
16.0 

80.0 
160.0 
80,O 
80.0 

80 .o 
80.0 

160-, 0 
160.0 

X O L  ( 

ao,o 

aa.o 

- I 
itract Rcauircd Ouanl totton l i n  
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PACE o f  

bis (2-Chlor.oethyt) ether 
2- Chlorophenol 
1,3-01chloroknrme 
1,4.0 1 ch lo rob tnr  me 
Benzyl Alcohol 
l,t-Dfehl~r&n?nrene 
2-Methylphenol 
bit ~2~C~lOtOlSopropyl)cther 
4 -ne thy lphcw 1 
N-Nltroso-d1-n-pro~lamlne 
Hexachloroethane 
N f  trobenzene 
tsophorone 
2-Mttrophcnol 
2.4-Dimethylphenol 
Benrolc ac id  . 
b i  s (2-a loroethoxy) me thane 
2,b-O I cht orophenol 
1,2,4~Trlchtorobcnzenc 

Percent follds I 

f 

CERCUS Sm NAME 

m0ua , SDO NO. 

Sample a( l n t i t a t l o n  I, i t s  are rea ted on a dr 
UJ auantt ta l  on Ildt I s  spproxlmatrd due t o  tlmil 
R Value fs rejected. 
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c 
I I 
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IDiluiion Factor I I 

2,4-0lni trotoluene 
Dibentofuran 

D i ethylphtha late 
4 -Ch loropheny l - phenyL ether 
F luorene 
4-Nitroanll tna 
4,6-0tnl tro-t.mctthylphenol 
~-witrosodlphenylamlnc 
d-Bromophenyl=phcnytether 
Hexach lorobulzcne 
Pentech 1 orophenol 
Phenanthrene 
Anthracene 
D I -n-butylphtha late 
F l uoran t hene 
Pyrcne 
Buty(benzy1 ph that ate 

~ , R C L I S ~ T ~  NAMR 

CASE NO. ' , Srxl NO. 

I '  
I I . S O ~ D \ O  Quontitatlon Limits a 

PACE Of 

I 
reported on dry wclght basis. 

R Value i s  rejected. 
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sarrplt Locat ion  1 

Senpl ing'oate I 
I I m o n  Factor 

I 

IPesr lc  IdelPC" C ~ O U n d  I 
beta-BWC 
delta-BHC 
9amna-BHC (Lindane). 
Heptach I or 
Aldrin 
Heptachlor epoxldc 
Endosulfan 1 
Or cldr t n 
4,4' 4 D E  
Endrln 
Endosut f bn 1 I 
4,4'-OQQ 
Endosulfan sulfnte 
4,4'-QDt 
Mcthoxych tor 
Endrin ketom 
alphe-Chlordenc 
@am~-Chtordnnc 

Aroclor-1221 
Aroclor-1232 
Aroclor.1242 
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.. . ~ 
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Sample Quontitatfon Ltmlrs nrc reported on dry weight bests, 
UJ Ouantftatlon 4lmlts are approxfmstc due t o  tlrnltations. ldent 

Q fled during t h e  qunl i ty  controt re9lcw. 



APPENDlX I1 
LISTING OF COMMON POLLUTANTS GENERATED BY SEVEN INDUSTRIES 

Appendix II identifies seven industries that generate waste which contains pollutants that 
This appendix is intended to aid the are known to pose human and environmental hazards. 

reader in three ways: 

o 

o 

o 

To assist in the identification of target compounds and potential exposure pathways. 
To predict associated contaminants that potentially yield interferences. 

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: 

Industrv s&x%k 

1 Battery Recycling 
2 Muni tions/Explosives 
3 Pesticides Manufacturing 
4 Electroplating 
5 Wood Preservatives 
6 Leather 'Tanning 
7 Petroleum Refining 

3691, 3692 
2892 
2842. 2879 
347 1 
249 1 
3111 
291 f 

The appendix consists of seven tables and depicts the pollutants associated with each of 
the seven industries, the CAS number of each pohtant,  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. 
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I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 

. 2s 
26 
27 

29 
30 
31 
32 
33 
34 
35 

28 

I 

b 
CASNumbct Air' Wata Soil, Other Rank Compound 

LEAD 

SULFURIC ACLD 

MANOANESE 
AMMONIUM SULFATE (SOLUTION) 

AMMONIA 
CADMIUM 
ANTIMONY 
BARIUM 
NICKEL 
FORMALDEHYDE 
A C m N E  
XYLENE (MIXED ISOMERS) 
TETIU\CHLOROETHYLENE 
DICHU3ROMrmANH 
PHENOL 
MERCURY 

METHYL STHYL KETONE 
METHYL ISOBUTYL KETONE 
HYDROCHLORIC ACID . 
NITRIC ACID 
1.1, X-TRICHLOROEllIANE (METHYL CHIBROFORM) 
COBALT 
ARSENIC 
COPPER 
SILYER 
ACETONITMU 

N-BUTYL ALCOHOL 

7 4 3 m  ; 
7757826 
1310732 
7664p39 
7783202 
743- 
71U6 
67561 
76131 
79016 

108883 
7440666 
7664417 
7410439 
7440360 
7440393 
744oMo 
50000 
67641 

1330207 
127 I84 
75092 

108952 
7439916 

71363 
78933 
108101 

76470 10 
7697372 

7 1556 
744484 
7-82 
7440508 
7440224 

75058 

Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 

. Y  
Y 
Y' 
Y 
Y 
Y 
y .  

Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 

Y 
Y 

Y Y 

Y 
Y 

Y Y 
Y 
Y 
Y 
Y 
Y 

Y Y 
Y 

Y Y 
Y 
Y 

Y Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 

Y Y 
Y 
Y 
Y 

. -, 

Rank = Order of Froqucncy of Occurrcncc 
Other = Other Wit (Biota, Hazardous Waste, Sludge, e.) 

b 



I 

Rank Compound 
b 

CAS Nurnbcr Air WatW Soil Other 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

ACETONE 
NITRIC ACID 

PENT ACHSDROPHENOL 
SODIUM SULFATE (SOLUTION) 
AMMONIA 
SULFURIC ACD 
METHYL ETHYLKETONE 
CYCrnHEXANE 
CHWRINE 
NITROGLYCERIN 
DICXLOROMETHANE 
CALUUM CYANAMIDE 
LEAD 
ETHYLENE GLYCOL 
N-BUTYL ALCOHOL 
TERT-BUTYL ALCOHOL 
M-XYLENE 

AhiMoNmM m T E  (SOLUTION) 

METHANOL 
As&sros(FRlABLE) 
1 , 1 * 1-rnCH~ROETHANE 
POLYCHU>RWATED BIPHENYLS 
corn  
ALUMINUM 
2,4-DINKROTOLUENE 
GLYCOL ETHEfU 
BENZENE 
BIS(M3'HYLHWM) ADIPATE 
ZINC 
DIBUTYL P w m  
SODIUM HYDROXIDE (SOLUTION) 
DIETHYL PHTHALATE 

67641 
7697372 
6484522 

87865 
7757826 
7664417 
7664939 

78933 
110827 nsuos 
55630 
75092 

156627 
7439921 

10721 1 
71363 
75650 

108383 
67561 

1332214 
71556 

1336363 
744050% 
7429905 

121 142 
7914 1 
71132 

10323 I 
74- 

84742 
13 10732 
84662 

Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 
Y 

Y .  
Y 

Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 

Y 

Y 

Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 

Y 
Y 

Y 

Y 
Y 

Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y '  

Y 
Y 
Y 
Y 
.Y 
Y 
Y 

r 

a 
Rank - Order of Froqutncy of occurrum 

Other 0 Othu Matricer (Biota. Hazrvdous Waste. Sludge, rto.) 
b 
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Rank Compound 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
1s 
16 
17 
t8 

QI 19 
20 
21 
22 
23 
24 
2!5 
26 
27 
28 
29 
30 

c. 
VI 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SODIUM SULFATE (SOLUTION) 
AMMONIA 
TOLUENE 
SODIUM HYDROXIDE (SOLUTION) 
TITANIUM TETRACHLORIDE 
METHANOL 
DICHmROMETHANE 
XYLENE (MIXED 1SOMERS) 
CHLOROBENZENE 
HYDROCHIDMC ACiD 
CHMROPHENOU 
STYRENE 
ACRYLONITRILE 
FORMALDEKYDE 
CARBON TECRACHLORIDE 
CHLOROTHAtONlL 
I .ZDICHU)ROETHANE 
ACETONE 
HEXACHLOROBENZENE 
1.1.1 -TRICHLBROFIHANE 
ETHYLENE OLYCOL 
QLYCOL mERs 
1.5BUTADIENB 
CHLOROMETHANE 
W A N  
TETMCHLOROETHYLENE 
CHtORINB 
CARBARn 
COPPER 
PARATHION 
ZINEB 
PYRIDM 
AMMONIUM NITRATE (SOLUTION) 
PHOSPHORIC ACID 
CARBON DISULFIDB 
1,2,4-TRICHUlROBENZEE 
SuLmRlC ACID 
MALEIC ANHYDRDE 
ETHYLBENZENE 
2.4-D 
BROMOMETHANE 
SEC-BUTYL ALCOHOL 

CAS Numbtr Ait 
9 

77 
7c 

1 
13 
75 

13 
1 

74 
I 
1 
1 

1l 
1 

I 

- 
'5 
i6 
IO 
111 
is 
6 
7 
I3 
IO 
i4 
10 
IO 
IO 
5 
5 
19 
IO 
6 
I1 
I 
IO 
1 
la 
7 
L3 
l2 
R 
6 

W 

- 
7 
4 
Q 
0 
a 
3 
5 
0 
a 
1 
ti 

17 

6 
rl 
fl 
I7 

' I  
0 
9 
IC 
'4 
Q 
rl 
13 
i3 
C 

a 
a 

a 

Watu Soil 
b 

Other 

lax 
417 Y 
883 Y 
v32 Y 
1450 
'561 Y 
4x2 Y 
m7 Y 
907 Y 
010 Y 
A89 Y 

Y 
'131 I42s Y 
KKWI Y 
i235 Y 
'456 Y 
'062 Y 
'641 Y 
I741 Y 
556 Y 
1211 Y 
,141 Y rn Y 
I873 Y 
lo62 Y 
US4 Y w Y 
1252 Y m Y 

56382 Y 

110861 Y 
12122477 

6486522 
7664382 Y 

75150 Y 
120821 Y 

7664939 Y 
108316 Y 
100414 Y 
94757 Y 
74839 Y 
T a m  Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 

-Y 

Y 
Y 

' Y  

Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Y 
Y 

Y 
Y 

Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y' 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 



RankL Compound 

LISTING OF C 2s%LLLuTANTs 
GENERATED BY SEVENlNDUSi'RlES 

INDUSIRY 3; PIESI'ICJDES MANUFACTURING 

CAS Number Air W.tcr 
b 

sou Other 

43 
44 
65 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
s9 

c 60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

. 72 
73 
74 
75 
76 
77 
78 

. 79 
80 
81 
82 
83 
84 

ut 
4 

LFAO 
CUMENE 
ASBESTOS (FRIABLE) 
FREON 113 
UIC1 IWKOUENLUNE (MIXED ISOMbKS) 
CYCLOHEXANE 
2,CDICHLOROPHENOL 
I ,4-DICHIBROSENZENE 
D JCHIX)ROBROMOMETH ANE 
TRlFLURAUN 
1.2,CTRIMETHYLBENZENE 
METHYL ISOBUTYL KETONE 
1 ,4-DIOXANE 
NITRIC ACID 
N-BUTYL ALCOHOL 
FLUOMEKIRON 
2-MEINOXYETHANOL 
BIS(2-ETHYLHEXYL) ADIPATE 
PHENOL 
ACRYLIC ACID 
QUINToZWE 
ALUMINUM 
BENZOYL PEROXIDE 
0-XYLENE 
CHROMIUM 
2-PHENYLPHENOL 
HYDROGEN CYANIDE 

M-XYLKNE 

ZINC 
HEXACHLOROCY CLOPENTADIENE 
DICOFOL 
BIPHENYL 

METHYLETHYLKETONK 
TRICXLOROFTWLENE 

TETRACHLORVINPHOS 
DI(zETHYL€IEXYL) PHTHALATE (DEHP) 
TEREPHTHALIC ACID 
DICHLORVOS 
MANE3 
P-XYLENE 

4-NITROPHENOL 

M-CRESOL 

743992 1 
98828 

108383 
1332214 

76131 
2SJ2 I226 

110827 
120832 

. 10646'7 
75274 

1 5 8 m  
95636 

108101 
123911 

7 m 7 2  
7 1363 

216B172 
109864 
10323 t 
108952 
79107 
82688 

134428 l 
94360 
95476 

7440473 
90437 
74908 

7440666 
77474 

115322 
9u24 

1oQM7 
78933 
79016 

108399 
%1115 
1178 17 
100210 
62737 

12427382 
106423 

Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

. Y  

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 
Y 

-Y 

y 

Y 
Y 
Y 
Y 

i 

Y 

Y 

Y 
Y 
Y 

Y. 

Y 

Y 
Y 

. .  

Y 

Y 

Y 

Y 
Y 
Y. 
Y 
Y 
Y 
Y '  
Y 

Y 
Y '  
Y 
Y 
Y 
Y 
Y '  
Y 
Y 
Y 
Y 
Y 
Y 
y. 
Y 

Y' 

Y' 
Y 
Y 
Y 
Y 
Y' 
Y 

Y 
Y 
Y 
Y 

- Y  
Y 
Y 

Rank = Order of Fquency of Occunence 
Other = Other Matrk (Biota. HBzardO~s Waste, Sludge, e&.) 

b 



A pendixU 

GENERATED BY SEVEN INDUSI'RIIES 
INDUSTRY 3: PESTICIDES MANUE'ACTURWC 

LISTXNG OF C ~ ~ O N  POLLUTANTS 

Rank 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 

c. 1 02 
103 
104 
105 
106 
107 
I os 
109 
110 
111 
112 
113 
114 
1 I5 
116 
117 
118 
119 
120 

VI 
00 

METHYLENE BROMIDE 
CHLORAMBEN 
BENZENE 
HYDROGEN FLUORIDE 
ETHYLENE 
C.I. ACID BLUE 9. DI!SODIUM SALT 
DIMETE fL SULFATE 
lSOPROPYL ALCOHOL 
HYDRAZINE 
VINYL CHLORIDE 
M ETHYLENEBlS(PHENYLIS0CYANATE) 
EPICHLOROHYDRIN 
PROPYLENE 
NITRILOTRMCEl'tC ACID 
ARSENIC 
NAPHTHALENE 
VINYLIDENE CHLORIDE 
TRICHLORFON 
DIBUTYL PHTHAIATE 
ANILINE 
METHOXYCHLOR 
D lETHAN0LA.M INE 
NITROBENZENE 
CYANIDE COMPOUNDS 
AMMONIUM SULFATE (SOLUTION) 
LINDANE 
POLYCHLORINATED BIPHENYLS 
PROPYLEN 9 OXIDE 

PHOSGENE 
HEXACHLOROETHANE 
CADMIUM 
ETHYLENE OXIDE 
BENZYL CHLoRlDE 

CHLOROBENZIUTE 

2,4-DINITRdPHENOL 

4.6-DINITRO-O-CRESOL 

CAS Number 

74953 
133904 
7 1432 

7664393 
74851 

3844459 
77781 
61630 

302012 
75014 

101688 
106898 
115071 
139139 

7440382 
91203 
75354 
52686 
84742 
62533 
7243s 

11 1422 
98953 
57125 

7783202 
58899 

1336363 
75569 
5 1285 
7544s 
67721 

7490139 
75218 

100447 
534521 
510156 

Compound b 
Air ' Water Soil Other 

Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y -  
Y 

Y 
Y 

Y 

Y Y 

Y 

Y 

Y 

Y Y 

Y 

Y 
Y Y 

Y 
Y 
Y 

Y 

Y 

c 
F b k  = Order of Frequency of Occumnce 

Other = Other Matricer (Biota, Hazardous Warrtt, Sludge, ea.) 
b 



n 
Rank Compound CAS Number Air Water Soil 

b 
other 

2 
3 
4 
5 
6 
7 
8 '  
9 
10 
11 
12 
13 ' 

14 

, I  2 

HYDROCHLORIC ACID 
SODIUM HYDROXIDE (SOLUTION) 
1.1.1-TRICHLOROETHANE 

' I  
I 

1 
2 
2 
2 
23 
24 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 N-BUTYL ALCOHOL 
38 TERT-BUTYL ALCOHOL 

G 1 
W 

. 2 5 '  

SODIUM SULFATE (SOLUTiON) 
NITRIC ACID 
DICHLOROMEI'HANE 
NICKEL 
TRICHMROETHYLENE 
CHROMlUM 
TETRACHLOROETHYLENE 
METHYL ETHYL KETONE 
ZINC 
FREON 113 
ALUMINUM 
COPPER 
l'HOS1'140KIC ACID 
TOLUENE 
LEAD 
XYLENE (MIXED ISOMERS) 
ACETONE 
CADMtUM 
ETHYLBENZENE 
ETHYLENE GLYCOL 
CYAN I DE COM PaUNDS 
AMMONlA 
FORMALDEHYDE 
GLYCOL ETHERS 
CHLORINE 
METHANOL 
ETHYLENE OXIDE 
METHYL ISOBUTYL KETONB 

HYDROGEN FLUORIDE 
PHENOL 

2-METHOXYElMANOL 

1 .ZDICHLDROBENZENG 

~ I 

39 BARIUM 
40 VINYLIDENE CHLORlDE 
41 ZETHOXYETHANOL 
42 LSOPROPYL ALCOHOL 

Rank = Order of Frequency of Occurrence 
Other .i 0 t h ~  Matrices (Biota, Hazardous wW8, Sludge, e.) 

b 

7644939 
76470 10 
1310732 
71556 

7757826 
7697372 
75092 

74#20 
79016 

7440473 
127184 
78933 

7440666 
7613 1 

7429905 
7440508 
7664382 

108883 
7439921 
1330207 
6764 1 

7440439 
100114 
14721 1 
57125 

76644 17 
soow 
79141 

7782505 
67561 

108101 
109864 
7664393 

108952 
95501 
71363 
75650 

7440393 
75354 
110805 
67630 

7 m a  

- 

Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y 
Y Y 

Y 
Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 

Y 
Y 
Y Y 
Y 
Y 
Y v 

r 

Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
y 
Y 

Y 

Y 



I 

Rank Compound CAS Number Air'  Water Soil 

43 MANQANESB 
44 HYDROGEN CYANIDE 
45 STYRENE 
46 TETRACHLORVINPHOS 
41  MElAMlNB 
48 N-DIOCTM. PHTHALATE 
49 1.4-DIOXANE 
5 0  COBALT 
51 NAPHTHALENE 
53 SILVER 
54 PROPYLENE 

52 AMMONIUM SULFATE (soLuTIoN) 

7 4 3 M  Y 

Y 
74908 

961115 
10878 1 

7440484 
123911 1'7800 Y 

b 
Other 

Y 

Y 

~~ 

Y 
Y 

Y 
Y 

Y 
Y 
Y 

a 
Rank = Or&r of Frequency of OccuncPca 

Wet = Other Matriots (Biota, Hszardors Wac, Shdgo. etc.) 
b 



RMLr Compouad 
b 

CAsNumbCp Air WlUX sod m a r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 
14 
IS 
16 

CHROMIUM 
NAPHTHALENE 
AMMONIA 
PENTACHUIROPHENOL 
DiBENZOFURAN 
ANTHUCENE 
COPPER 
ARSENIC 
FORMALDEHYDE 
BIPHENYL 
BENZEN6 
DICHLOROMETHANE 
I ,  1, I-TRICHLOROEl'HANE 
AMMONIUM SULFATE (SOLUTION) 
QUINOLINE 
PHENOL 

17 ZlNC 
18 PHOSPHORIC ACID 
19 0-CRESOL .. 

20 HYDI\OC€&ORIC ACID 
2i  M-CRESOL 

Rank - Order of Frequency of Occumco 
Other = 0th- M a w b  (Siota, Hszardour Waste, Sludge, ctc.) 

b 

7440473 

7664417 
87865 

132649 
la127 

744auw 
7440382 

50000 !ma . 
71432 
75092 
7 1556 

7783202 
91225 

108952 
7440666 
7664382 

%487 
7647010 

108394 

91203 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y .  
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y' 
Y 

Y 
Y 
Y 
Y 
Y 

Y 

Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 
Y Y 

Y 
Y 
Y Y 

Y 



Rank Compound 

LISTING OF C %en ON POLLUTANTS 
GENERATED BY S E  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
I6 
17 
18 

t4 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

w 
o\ 

AMMONIUM SULFA% (SOLUTION) 
SULFURIC ACID 
SODIUM HYDROXIDE (SOLUTION) 
W O N I A  
TOLUENE 
SODIUM SULFATE (SOLUTION) 
METHYL EWYL KETONE 

CHROMIUM 
GLYCOL E T b  
METHYL JSOBUTYL KETONE 
2-METHOXYETHANOL 
ACETONE 
2-ErHOxYETmNOL 
N-BUTYLALCOHOL . 

CYCLOHEXANh 
AMMONIUM NI”MTE (SOLUTION) 
MANGANESE 
1,l. l-TRICHLOROETHANE 
DICHLOROMETHANE 
DIETHANOLAMWE 
METHANOL 
ISOPROPYL ALCOHOL 
PHOSPHORIC ACID 
RHYLENEGLYCOL 
FREON 113 
PHENOL 
ETHYL ACRY U T E  

XYLENE Wrxm ISOMERS) 

T m a W R O - V W ”  I**” 

b 
CAS N u m k  Air Water Soil Other 

7753826 
78933 

1330207 
J E h m  7440473 79141 

108101 
109864 
6764 1 

110805 
71363 

127184 ;ni n r LENC 

‘. 

n 

Rank - Order of F r c q u ~ ~ y  of 0cc-c~ 

Other = Olher Matrices ( B i o t s .  Hszrudour Waste, Sludge, e.) 
b 

130827 
6484522 
7439965 

71554 
75092 

11 1422 
67561 
67630 

7664382 
10721 1 
76131 

108952 
140885 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

. Y  

Y 

Y 
.Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

y .  

Y 

Y 
Y 

Y 

Y 

Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y Y 

Y 
Y 



8 b 
Rank Compound CAS Number Air W- Soil OthU 

1 
2 
3 
4 
5 
6 
7 
8 
9 
I O  
i l  
12 
13 
14 
15 
16 
17 
18 

20 
21 
2.2 
-23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

c 

8 19 

rn 

SODIUM SULFATE (SOLUTION) 
ALUMINUM 
AMMONIA 
SODIUM HYDXOMDE (SOLUTION) 
SULFURIC ACID 
TOLUENE 
XYLENE (MIXED ISOMERS) 
BENZENE 
METHYL ETHYL K6TONE 
PROPYLENE 
PHENOL 
DIETHANOLAMINE 
ETHYLENE 
METHANOL 
Cl?CU3HE%WE 
1,2,4TRIMETHYLBENZWE 
ETHYLBENZENE 
PHOSPHORIC ACID 
CHROMIUM 
METHYLTERT-BUTYLETHER 
ASBESTOS (FRIABLE) 

AMMONIUM SULFATE (SOLUTION) 

CUMENE 

P-XYLENE 

M-XYLENE 

LEAD 
METHYL ISOBUTYL KETONE 
ETHYLENE GLYCOL 
MOLYBDENUM TRIOXIDE 
ZINC 
HYDROCHLORIC ACID 
OLYCOL ETHERS 
BARIUM 
COPPER 
1,l. 1-TRICHLOROETXANE 

\ 

7757826 
742990s 
76444 17 
1310732 
7664939 

108883 
13-7 

71432 
78933 

115071 
108952 
11 1422 
7485 I 
67561 

110827 
$5636 

1004 14 
7664382 
7440473 
1634049 
1332214 

106423 
7783202 

108383 
98828 
6764 I 

1319373 
7664393 

W76 
912W 

7440020 
7782505 
743992 t 
10810I 
10721 1 

13 13275 
7440466 
7647010 

79141 
7440393 

7 1556 
74-08 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

r 

r 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

r 

Y 
Y 
Y 
Y 
v 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

'Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y. 
Y 
Y 
Y 
Y 
y .  
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y -  
Y 
Y 
Y '  

Rank = Order of Fraquency of Occur~ence 

Othcr = Other M u r r i i  (8 i ,  )iazrudour Wastc, Sludge, ate.) 
b 



A peadixII 

GEN&RATED BY SEVEN RWUSlXlES 
INDUSTRY 7: PETROLEUM REFINING 

LISHNG OF C~~ONPOLLUTANTS 

(I b 
Rank Compound CAS Number Air Wator Soil Other 

43 
44- 
45 
46 
47 
48 
49 
50 
51 
52 
53 
34 
55 
56 
57 
5s 
s9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
12 
73 
74 
75 
76 
77 
78 
79 
80 
81 

83 

!2 

a2 

84 

ANTIMONY 
1.3-BUTADIENE 
N-BUTYL ALCOHOL 
FORMAUlEHYDE 
EPICHLOROHYDRIN 
COBALT 
VANADIUM (FUME OR DUST) 
CUMENE HmROPEROXIDE 
TERT-BUTYL ALCOHOL 
4,4'-ISOPROPYLIDENEDIPHENOL 
BUTYRALDEHYDE 
BIPHENYL 
CARBON TETRACHLORIDE 
STYRENE - 
TRICHLOROETHYLENE 
MANGANESE 
ETHYLENE OXIDE 
AMMONIUM NITRATE (SOLUTION) 
CARBON DISULFIDE 
1 ,t.DICHLOROETHANE 
POLYCHLORINATED BIPElENYIS 
PHOSPHORUS (YELLOW OR WHITE) 
QUINOLINE 
2-METHoxyETHANOL 
1 ,ZDIBROMOETHANE 
TETRACHLOROETHYLENE 
ANTHRACENE 
2,4-DIMET'€iYLPHENOL 
HYDROGEN CYANIDE 
CHIDROMEIWANB 
MTROBEHZENE 
I ,%DICHLOROPROPANE 
CARBONYL SULFIDE 
ACmN1TRII.E 
SILVER 
THALLIUM 
FREON 113 
SELENIUM 
DICHLOROMETHANE 
MERCURY 
CADMIUM 

2-ETHOXYETHANOL 

7440360 
1- 
71363 
som 

106898 
7-84 
7440622 

80159 
75650 
8oos7 

123728 
92524 
56235 

low25 
7W 16 

7 4 3 m  
75218 

6481522 
7SlM 

107062 
1336363 
1723 140 

91225 
109864 
106934 
127 184 
120127 
105679 
74908 
74873 
9ws3 
78875 

443581 
75058 

7440214 
1108oJ 

7440280 
76131 

75992 
7439976 
7440439 

7782492 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 

Y .  
Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 
Y 

i 

Y Y 
Y 

Y Y 
Y 
Y Y 
Y Y 
Y 
Y 

Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 

Y 

Y 

Y 
, Y  

Y 
Y 

- Y  

Y 

Y 

Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 



Rank Compound 

dixu 
L m W G  OF C%&ON POLLUTANTS 
GENERATED BY SEVEN INDUSHUES' 

INDUSi'RY 7: PETROLEUM REFINING 

b 
CAS Number Air WatEt Soil other 

85 1.1 .tTRICHLQROEIMANE 
86 AbENIC 
87 CYANIDE COMPOUNDS 
88 CHLORINE DIOXlDE 
89 ACRYLIC ACID 
90 
91 

I .3- DI C1.l LOROPROPYLW E 
1.2- BUTY LEN E OXID6 

92 CHLOROBENZENE 
93 1 ,CDlOXANE 
94 DI(2-EWYLWXYL) PHTHAlATE (DEHP) 
9s BERYLUUM 
36 CHLOROFORM 

79005 
7440382 

57125 
1OW9044 

79107 
542756 
lW87 
108907 
123911 
I17817 

74404 17 
67663 

Y Y 
Y Y Y Y 

Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 
Y 

Y 
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APPENDIX III 
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 
The methods that are available for analysis of pollutants of concern in risk assessment. 

appendix facilitates appropriate method selection for pollutants in the matrix of interest. 

Appendix 111 consists first of a summary of definitions of commonly used detection 
limits and quantitation limits. Tables 1. 11, and 111 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 herein 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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APPENDIX ill 
GLOSSARY 

lnotrumentalon 
CVAA = 
ECD = 
ELCD = 
FID = 
FLAME = 
Fluor = 
FPD = 
GC = 
GC-MS = 
GFAA = 
HPLC = 
HYDAA = 
ICP = 
LC f 
MS = 
NFD = 
PID = 
uv = 

Cold Vapor Atomic Absorption 
Electron Capture Detector 
Electrolytic Conductivity Detector 
Ram Ionization Detector 
Flame Atomic Absorption 
Fluorescence 
Flame Photometric Detector 
Gas Chromatography 
Gas Chromatography-Masa Spectrometry 
Graphite Furnace Atomic Absorption 
High Pressure Liquid Chromatography 
Hydride Atomic Absorption 
Inductively Coupled Plasma 
Liquid Chromatography 
Mass Spectrometty 
NitrogedPhosphorus Detector 
Photoionization Detector 
unravioiet 

QuantltationlDetectkn Limits 
CRDL = 
CRQL = 
EDL E: Estimated Detection Lkni 
MDL = Method Detection Limit 
NA = Not Available 
PQL = Practkal Quantitation Unat 

Contract Required Detection Lima 
Contract Required Quantitation Limit 

Wtthod.rsample Pmparatbn 
CLP sow 
DI 
EPA 

€PA AIR 

€PA DW 
EP Bracts 
MCAWW 
QTM Quick Turnaround Method 
SDDC Silver dethyldthiocabmate 
S M E W  
SW846 
TO Toxic organic 
XTN 
351 0 
3540 
3550 
5030 Purge and Trap 

Contract Laboratory Program Statement of Work 
Direct injection of liquid samples; solid sanrples mixed, then injected 
Guidelines Establishing Test Procedures for the Analyela of Pollutants 
under the Clean Water Act 
Compendium of Methods for the Detem'nation at Toxic Organic 
Compounds in Ambient Air 
Methods for the Determination ot Organic Corqounds in Drlnkhg Water 
Extraction procedure toxicity tea extracts 
Methods for Chemical Analysis of Water and Wastes 

Standard Methods for the Examinatton of Water and Wastewater 
Test Methods for Evaluating Solid Waste 

Extraction methods that codd be used include 3510,3520,3540 and 3550 
Separatory Funnel Extraction of Liquid SanpIes 
Soxhtet Extraction of Solid Sarrples 
Sonication Extraction of Solid Samples 
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APF'ENDMIII 
TABLE 1 

METHODS AND DE"ECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 
AIR MATRICES 

AN ALY TE/ 

CAS NUMBER METHOD MFERENCWTITLE OF METHOD ATION DETECTION LIMIT 

ORGANOCHLORINE PESTICIDESlAROCLORS 

COMMON NAME INSTRUMENT- QUANlTI'AnON/ 

Chlordane EPA AIR METHOD TO4 "Method for the Determination of Organochlorine GC-ECD 
57749 Pesticides and Polychlorinated Biphenyls in Ambient Air" 

p,p'-DDE EPA AIR METHOD TO4 "Method for the Determination of Organochlorine GC-ECD 
72559 Pesticides and Polychlorinated Biphenyls in Ambieat Air" 

GC-ECD p,p'-DDT 
50293 

VOLATILE COMPOUNDS 

EPA AIR METHOD T O 4  'Method for the Determination of Organochlorine 
Pesticides and Polychlorinated Biphenyls in Ambient Air" 

c. 
cn 1.l-dichlomthaae 
Y) 

75343 ': 

I, I ,2-tnchforoethane 
79005 

1 , 1.2.2: :: 
tetrachloroethane 
79345 

1,2dichloroethane 
107062 

1 ,2dichlompropane 
78875 " 

EPA AIR METHOD TO-14 'The Determination of Volatile Organic Compomds 
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas 
chmatograpbic Analysin' 

EPA AIR METHOD TO-14 "The Determination of Volatile Organic CompoPnds 
(VOCs) in Ambieat 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 Canister Sampling and Gas 
Chromatographic Analysis' 

EPA AIR METHOD TO-2 "Method for the Determination ofYolatile Organic 
Compounds in Ambient Air by Carbon Molecular Sieve Adsoiption and Gas 
Chromatography-Mass Spectrometry (GC-MS) " 

EPA AIR METHOD TO-I4 "The Determination of Volatile Organic Compounds 
(VOCs) in Ambient Air Using SUMMA Passivated Canis- Sampling and Gas 
chromatographic Analysis' 

GC-MS 

GC-MS , 

GC-MS 

GC-MS 

GC-MS 

EDL = > 1.0 ng/m 3 

EDL = > 1.0 ng/m3 

3 EDL = > 1.0 ng/m 

NA 

NA ' 

NA 

NA 



APPENDK lII 
TABLE I 

METHODS AND DETECTION/QUANTITATION LIMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 
AIR MATRICES 

YTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT 

INSTRUMENT- QUANTITATIONI r 

EPA AIR METHOD TO-1 "Method for the Determination of Volatile Organic GC-MS NA 

ANA 

1,44chloroWne 
106467 

Benzene 
Y 

4 71432 0 

Chloroezhene 

75014 
' (Vinylchloride) 

~Dicbloromethane 
(Methylene chloride) 
75092 

Compounds in Ambient Air Using Tenax Adsorption and Gas Chromatography- 
Mass Spe&om&y (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 Pmancentration Techniques and Gas 
Chromatography with Flame Ionization and Electran Capture Detection" 

EPA AIR METHOD TO-1 "Method for the Dstermination 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 Samphg and Gas 
C h r O ~ t O g r a p h l C  Analysis" 

J 

EPA AIR METHOD TO-2 
Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas 

"Method for the Determiriation of Volatile Organic 

Chtomatogra~hy-Mas~ Spe&ow (GC-MS)" 

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic 
Campouads in Ambient Air Using Cryogenic PreconCentratian Techniques and Gas 
Chromatography with Fiame 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" 

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds 
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas 
Chromatographic Analysis" 

GC-MS NA 

GC-FID/ NA 
GC-ECD 

GC-MS . NA 

3 GC-MS EDL = 6.0 mg/m 

GC-MS NA 

GC-FID/ NA 
GC-ECD 

GC-MS NA 

GC-MS NA 



. APPENDIX 111 
TABLE I 

METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 
AIR MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QWANmTATION/ 
ATION DETECTION LIMIT 

Dichlmmethane EPA AIR METHOD TO-2 'Method for the Detemhtion of Volatile Organic 
(Methylene Chloride) 
75092 

Ethenyl Benzene 
(Styrene) 
100425 

Tetrachtoroet hene 
(Tetrachloroethylene) 
127184 

Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas 
' C h r o ~ t o g ~ p h y - M ~ S  SpectAnetry (GC-MS)" 

EPA AIR METHOD TO-3 "Method for !he 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 Comptyds 
(VOCS) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas 
Chromatographic Analysis" 

EPA AIR METHOD TO-3 "Method for the D e t e h t i u n  of Volatile Organic 
Compounds in Ambient Air Using Cryogenic Preconceutration Techniques and Gas 
Chromatography with Flame Ionization '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 
chromatograp~c Analysis" 

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic . 

Compounds in Ambient Air Using Cryogenic P~.econcentration Techniques and GHS 
Chromatography with Flame Ioniretian and Electron Capture Detection' 

Tetrachloromethane 
(Carbon Tetrachloride) 
56235 

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds 
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas 
Chmatogxapkc Analysis" 

GC-MS 

GC-FIDI 
GC-ECD 

GC-MS 

GC-FID/ . 
GC-ECD 

GC-MS 

GC-MS 

GC-FID/ 
GC-ECD 

GC-MS 

NA 

NA 

EDL = 10 mg/m 3 

NA 

NA 

3 EDL = 50 mg/m 

NA 

EDL = ZOO0 mg/m 3 



APmlLxIII 
TABLE I 

MH"l'ODS AND DETECTIONIQUAWrITATION LIMITS EylR SPECIFLED ANALYTES OF CONCERN TO RISK ASSIBSMENT 
AIRMATRICES 

ANALYTEI 
COMMON NAME INSTKUMENT- QUAWITATION/ 
CAS NUMBER METHOD REFERENCEIITIZE OF MEFHOD ATION DETECTION LIMIT 

Tetrachlommethane 
(Carbon Tetrachloride) 
56235 

EPA AIR METHOD TO-2 "Method for the Detemm& ' 'on of Volatde Organic GC-MS NA 
Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas 
Chromatography-Mass Specbometry (GC-MS)" 

Trichloromethane 

67663 
(chlorofom) 

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic Gc-FIDI 
GC-ECD Compounds in Ambieat Air Using Cryogenic Precmcentration Techniques and Gas 

Chromatography with Flame Ionization and Electron Capture Detection" 

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS 
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling'and Gas 
Chromatographic Analysis" 

EPA AIR METHOD TO-2 "Method for the Determiaation of Volatile. Organic 

ChromatograPhy-Ma~~ specttometry (GC-MS)" 

GC-MS 
Compounds in Ambient Air by Carbon Molecular Sieve Adsorptim and Gas 

GC-FID/ 
GCBCD 

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic 

Chromatography with Flame Ionization and Electron Capture Detection" 
Compounds in Arnbient Air Using Cryogenic Preconmtdon Techniques and aaS 

NA . 

EDL = 2000 mg/m3 

NA 

NA 



APPENDIX II1 
TABLE I1 

METHODS AND DETECTION/QUANTITATION LUllTS FOR SPECIFIED ANALYTES OF CONCERN TO RlSK ASSESSMENT 
SOJLISEDIMENT MATRICES 

ANALYTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD 

INSTRUMENT- QUANTITATION/ . 
ATION DETECTION LIMIT 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 
Mul ti-Media, Multi-Conceatratim " 

MCAWW METHOD 206.2/SW846 Metbod 7060 "Arsenic (Atomic Absorption, 
Furnace Technique)" 

SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emission 
spectfoscopy" 

INORGANICS 

GFAA-ICP CRDL = 2.0 mgncg Arsenic 
7440382 

GFAA MDL = 0.1 mgkg 

ICP EDL = 5.3 mg/kg 

I 

s 
Beryllium 
7440417 

w 

Cadmium 
7440439 

i .  

SW846 METHOD 7061 "Arsenic (Atomic Absorption, Gaseous Hydride)" 

CLP SOW METHOD INORG "Statement of Work for luorganics Analysis - 
Multi-Media, Multi-C-htion" 

MCAWW METHOD 210,1/SW846 Method 7090 "Beryllium (Atomic 
Absorption, Direct Aspiratim)" 

MCAWW METHOD 210.2/SW846 Method 709 1 "3eryhm (Atomic 
Absorption, Furnace Technique)" 

SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emissicn 
~ F ~ s c o p Y "  

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 
Multi-Media, Multi-Concentration" 

MCAWW METHOD 213.1/SW846 Method 7130 "Cadmium (Atomic 
Absorption, Direct Aspiration) " 

MCAWW METHOD 213.2/SW846 Method 7131 "Cadmium (Atomic 
Absoxption, Furnace Technique)" 

HYX)AA.  MDL = 0.1 m g k g  

GFAA-FLAME- CRDL = 1.0 mgkg 
ICP 

FLAME MDL = 0.5 mgkg 

GFAA MDL = 0.02 mg/kg 

ICP EDL = 0.03 q / k g  

GF AA-I CP- 
FLAME 

CRDL = l.Omg/kg 

FLAMB MDL = 0.5 m a g  

GFAA MDL = 0.01 mgkg 



APPENDIX lII 
TABLE Il 

SOILIBIMENT MATRICES 

METHODS AND DE~ECTION~QUANT~~ATION L ~ S  FOR SPECIFIED ANALYTES OF CONCERN TO IUSK ASSESSMENT 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD 

INSTRUMENT- QU ANTITATIONI 
ATION DETECTION LIMIT 

Cadmium SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Bmission ICP EDL = 0.4 mg& 

Chromium, Total 
7440473 Multi-Media, Multi-Concentration" 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 

MCAWW METHOD 218.1/SW846 Method 7190 "Chomium (Atomic 
Absorption, Direct Aspiration)" 

MCAWW METHOD 218.2lSW846 Method 7191 "Quomiurn (Atomic 
Absorption, Furnace Technique)" 

c. SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emission 
spectro=OPY" 

SW846 METHOD 7195 "chromium Hexavdat (Coprecipitation) for EP 

2 

Chromium, Hexavalent 
7440473 Extracts" 

SW846 METHOD 7196 "chromium Hexavalent (Colorinaetric) for EP Extracts" 

SW846 METHOD 7197 "chromium Hexavalent (Chehtidxwtion) for EP 
Extracts" 

SW846 METHOD 7198 "chromium Hexavalent (Differential Pulse Polarography) 
for EP Extracts" 

Cyanide, Totd CLP SOW for Inorganic Analysis-Multi-Media, High Concentration 

SMEWW Method 4500 CN, Cy D, E, F, Total Cyanide after Distillation 
57-12-5 

CRDL = 2.0 mgkg GFAA-ICP- 
FLAME 

FLAME MDL = 5.0 mg&g 

MDL = 0.1 mg/kg GFAA 

ICP EDL = 0.7 mgkg 

FLAME-GFAA MDL = lo0 mgkg 

MDL = 10 mg/k.g colorimeter 

FLAME MDL = 20 mgkg 

Polarograph MDL = 20 mgkg 

C d O l h ? & X  CRDL = 1.Omgkg 

COIorimeter- EDL = 2.0 mgkg 
Titrimetric- . EPL=5.Omgkg 
Ion-SeleqAive 
EU43CW6 



APPENDIX III 
TABLE II 

METHODS AND DETECTIONlQUANTiTATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

SOILlSEDIMENT MATRKES 
- 

ANALYTE/ 
COMMON NAME INSTRUMENT- QUANTlTATIONl 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT 

Cyanide, SWS46 Method 9010, "Total and Amendable Cyanide (Colofimettric, manual)" Colorimeter CRDL = 1.0 mgkg - 
Total & 
Amellable to 
Cyorinatim 

Lead 
7439921 Multi-Media, Multi-Concentration" 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 

MCAWW METHOD 239. VSW846 Method 7420 "Lead (Atomic Absorption, 
Direct Aspiration) " 

MCAWW METHOD 239.2ISW846 Method 7421 'Lead (Atomic Absorption, 
Furnace Technique) " 

SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emission 
Spec~OsCapY " 

Mercury 
7439976 Multi-Media , Multi-Concmtration" 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 

MCAWW METHOD 245.5 "Mercury in Sediment (Manual Cold Vapor 
Technique)" 

SW846 METHOD 7471 "Mercury in Solid or Semisolid Waste (Manual Cold- 
Vapor Technique)" 

ORGANOCHLORINE PESTICIDES/AROCLORS 

Aroclor 1260 
(PCB- 1260) Media, Multi-Concentration" 
11096825 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 

CLP SOW METHOD QTM "Chdcal Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques " 

GFAA-PLAMH- 
ICP 

FLAME 

GFAA 

ICP 

CVAA 

CVAA 

CVAA 

GC-ECD 

GC-BCD 

CRDL = 0.6 mgkg 

MDL = lOmgkg 

MDL = 0.1 mglkg 

EDL = 4.2 mgkg 

CRDL = 0.1 mgkg 

MDL = 0.2 mgkg 

MDL = 0.1 mgkg 

CRQL = 33 ugkg 

CRQL = 33 uglkg 



APPENDIX III 
TABLE I1 

METHODS AND DETECTION/QUAWTiTATION L D a s  FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

SOILISEDIMENT MATRICES 

ANALYTEI 
COMMON NAME INSTRUMENT- QUANTl'TATION/ 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT 

I 

Chlordane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Mdti- 
57749 : 

Dieldrin 
6057 1 

Heptachlor 
76448 

Lindane 
58899 

Media, Multi-Concent~ation" 

CLP SOW METHOD QTM (Alpha and Gamma) "Chemical Analytical Services 
for Multi-Media, Multi-Concentration. Samples for Organic Analysis by Quick 
Turnaround Gas chromatography Techniques' (CRQL is for Gamma chlordane) 

SW846 METHOD 8080 'OrganocHorhe Pesticides and PCBs" 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentratian Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Tecbniques" 

SW846 METHOD 8080 'Organochlorine Pesticides and PCBs" 

CLP SOW METHOD ORG 'Statemeat of Work for Organics Analysis - Multi- 
Media, Multi-Concentmtion' 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques' 

SW846 METHOD 8080 'Organochbrhe Pesticides md PCBs" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentratim" 

CLP SOW METHOD QTM "Chemical Analytical Sentices for Multi-Media, 
Multi-concenttatiOn Samples for Organic Analysis by Quick Turnaround Gas 
chromatography Techniques" 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECI) 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

CRQL = 1.7 U g k g  

CRQL - 3.3 Ugkg 

. .  

PQL = 9.0 ugkg 

CRQL = 3.3 ugkg 

CRQL = 3.3 ugkg 

PQL = 1.'3 U g k g  

CRQL = 1.7 u g k g  

CRQL = 3.3 u g h  

PQL = 2.0 ugkg 

CRQL = 1.7 ug/kg 

CRQL = 3.3 u g h  



AFPENDMIII 
TA3LE II 

METHODS AND DETECTION/QUANTITATION LJMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSBSMENT 
soIL/smlMENT MATRICES 

ANALYTW 

CAS NUMBER METHOD REFERENCE1 TITLE OF METHOD ATION 

p,p'-DDE 

COMMON NAME INSTRUMENT- QUAPITITATION/ 
DETECI'ION LIMIT 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 3.3 ugkg 
i2559 

p,p'-DDT 
50293 

Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Merlia, GC-ECD 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

SW846 METHOD 8080 mOrganocldorhe Pesticides and PCBs" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quck "umamund Gas 
Chromatography Techiques" 

GC-ECD 

GC-ECD 

GC-ECD 

SW846 METHOD 8080 "orgenochlorine Pesticides and PCBs" GC-ECD 

SEMIVOLATILE COMPOUNDS 

3,5,5-trimethyl- 

Q=FhOWe) 

CLP SOW METHOD ORG "Statemeat of Work for Organics Analysis - Multi- GC-MS 
2cyclohexen-1-e Media, Multi-Concentraton" 

78591 
SW846 METHOD 8270 "Gw C~WOI&O&~-M~SS Specttometry f a  GC-MS 
Semivolatile Organics: Cap- column Technique" 

Be.nzo <a> pyrene 
50328 Media, M U l t i - C ~ f i ~ t d h '  

CLP SOW METHOD ORG "Statement of Work for Organics Anslysis - Multi- GC-MS 

CLP SOW METHOD QTM "Chemical Analyticai Services for Multi-Media, GC-FID 
Multi-Concentration Samples for Organic Analysis by Quick Ttunamd Gas 
Chromatography Techaiques" 

CRQL = 3.3 uglkg 

PQL = 2.7 ugkg - 

CRQL = 3.3 ugkg 

CRQL = 3.3 ug&g 

PQL - 8.0ugkg 

CRQL = 330ugkg 

-- 

J?QL = 6 6 0 ~ g 4  

CRQL = 330 ugkg 

CRQL = 330 ugkg 



APPENDIXI I I  
TABLE II 

METHODS AND DETECTION/QU~I"ATlON LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 
SOIL/SEDlMEIW MATRICES 

ANALYTE/ 
COMMON NAME INSTRUMENT- QUANTITATION/ 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATlON DETECTION LIMIT 

PQL = 660 ugkg SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS Benu, <a> pyrme 
50328 

Bis-(2-Dichloroethyl) 
ether 
111444 

Bis-(Zethylhexyl) 
phthalate 
117817 

N-nitrosodi- 

86306 
phenylamine 

Semivolatile Organics: Capillary Column Technique' 

SW846 METHOD 8310 "Poly~n~clear Aromatic Hydrocsrbons" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concenlratian" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
M&, Multi-Cm~tratim" 

SW846 METNOD 8060 "Phthalate Esters" 

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry fix 
Semivolatile Organics: Capillary Column Technique' 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Cmmtration" 

SW846 Method 8270 "Gas Chromatography-Mass spectrometty for Semivolatile 
Organics: Capillary Column Technique" 

VOLATILE COMPOUNDS 

I ,  1 -dichlomehe 
75343- Media, Multi-ConcemUation" 

CLP SOW METHOD ORG "SU-t of Work b organics Analysis - Multi- 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 8240 "Gas chromatography-Mass Spectnrmepry for VolatiIe 
organics" 

HPLC 

GC-MS 

GC-MS 

GC-ECD . 
GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-BLCD 

GC-MS 

PQL = 15 ugkg 

CRQL = 330 ugkg 

CRQL = 330ugkg 

PQL = 1340 ugkg 

PQL = 660 ugkg 

CRQL = 330 ugkg 

PQL = 660ugkg 

CRQL = IOugkg 

PQL = 0.7 ugkg 

PQL = 5.0 ugkg 



APPENDIX W 

METHODS AND DETECTlONlQUANTITATION L M a S  ]FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 
SOIL/SEDIMFNI' MATRICES 

TABLE Ir 

ANALYTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD 

INSTRUMENT- QU ANTITATION/ 
ATION DETECTION JJMIT 

1,l -dichloroethane 
75343 

1,1 dichloroethene 
75354 

1 1 ,Ztrichlomthane 
79005 

1 9  1,2,2- 
tetrachloroethane 
79345 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Conceatrati& Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques " 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

CLP SOW METHOD ORG 'Statement of Work for Organics h d Y S i 6  - Multi- 
Media , Multi-Concentration " 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 82-40 "Gas ChrOmatography-Mass Spectrometry for Volatile 
Organics" 

GC-PID 

GC-MS 

GC-PID 

GC-MS . 

GC-MS 

GC-ELCD 

GC-MS 

GC-MS 

GC-ECD 

GC-ELCD 

GC-MS 

CRQL = 4OUgkg 

CRQL = 10 ugkg 

CRQL = 40 ug/kg 

PQL = 5.0 ugkg  

CRQL = 10 ug&g 

PQL = 0.2 ugkg 

PQL = 5.0 Ugkg 

CRQL = 1Ougkg 

CRQL = 40 ugkg 

PQL = 0.3 ugkg 

PQL - 5.0 ug/kg 



METHOD 

ANALYTEI 
COMMON NAME 
CAS NUMBER 

~ iDDETECTl NlQI NTlT. 

APPENDIX lll 
TABLE 11 

TJON LIMITS FOR SPECIFIED NALYTES OF CONCERN TO RISK ASSESSMENT 

SOILlSEDIMENT MATIUCES 

INSTRUMENT- QUANTITATION/ 
DETECTION LIMIT ATION METHOD REFERENCE/ TITLE OF METHOD 

1,2dichloroethane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS 
107062 Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Tunlamud Gas 
Chromatography Techniques" 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

/ SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry fos Volatile 
organics" 

g I ,2dichloropropaae CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
78875 . Media, Multi-Concentration" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

. .  SW846 METHOD 8010 "Halogenated Volatile Organics" 

1,4-dichIorobenzene 
106467 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 8020 "komatic Volatile Organics" 

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for 
Semivolatile Organics: Capillary column Technique" 

Benzene 
71432 

CLP SOW METHOD ORG "Stateanent of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analyticat Sewices for Multi-Media, 
Multi-Concenuation Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

GC-PID 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-ELCD 

GC-ELCD 

GC-PID 

GC-MS 

GC-MS 

GC-PID 

CRQL =i 10 ug/kg 

CRQL = 40 u g h  

PQL = 0.3 ugkg 

PQL =5.0 ugkg 

CRQL = 10 uglkg ' .  

FQL = 5.0 u g k g  

PQL .= 0.4 uglkg . 

PQL = 2.4 U g k g  

PQL = 3.0 u g k g  

PQL = 660 ugkg 

CRQL = 10 u g h  

CRQL = Mugkg 



APPENDIX Ill 
TABLE II 

METHODS AND DETECTIONIQUANTiTATION LIMlTS FOR SPECIFJED ANALYTES OF L~NCEA 
SOILISEDIMEN" MATRICES 

TO RISK ASSESSMENT 

AN ALY TEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD 

INSTRUMENT- QUANTITATI~N~ 
ATION DETECTION LIMIT 

Benzene 
71432 

Chloroethene 
(Vinyl Chloride) 
75014 

C 

C 
W 

Dichloromethane 
(Methylene Chloride) 
75092 

Ethenyl Benzene 
(Styrene) ' 

100425 

Tet rachlomthene 
(Tetrachloroethylene) 
127184 

SW846 METHOD 8020 "Aromatic Volatile Organics" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectromtry for VoIatile 
Organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

8W846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration' 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

1 

GC-PID 

GC-MS 

GC-MS 

GC-PID 

GC-ELCD 

GGMS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

PQL = 2.0ugkg 
. .  

PQL = S . O ~ g l k g  

CRQL = IOuglkg 

CRQL = 40 ugkg 

PQL = 1.8 ugkg 

PQL = 10 ugkg 

CRQL = l O ~ g k g  

PQL = 5.0ugkg 

CRQL = l0ugkg 

PQL.= 5.0 Ug/kg 

CRQL = 10 U g k g  



APPENDIX 111 
TABLE ll 

METHODS AND DETECTION/QUANTITATION LIMITS M)R SkCIIi'IED ANALYTES OF CONCERN TO RISK ASSESSMENT 
SOILlSEDMENT MATRICES 

ANALYTE/ 
COMMON NAME INSTRUMENT- QUANTITATIONI 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION .DFiTECTION LIMIT 

Tetrachlomethene CLP SOW METHOD QTM "Chemicai Analytical Services for Multi-Media, GC-PID CRQL = 40 ugkg 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

(Tetrachloroethylene) 
127184 

Tetrachlorornethane . 
(Carbon Tetrachloride) 

.. 56235 
F 

i5 

Trichloromethane 
(Chlorofom) 
67663 

SW846 METHOD 8010, "H8lOgeMted Volatile Organics" 

SW846 METHOD 8240 "Gas Cbromatography-Mass Spectrometry for Volatile 
organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Qutck Tumaround Gas 
Chromatography Techniques" 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 8240 "Gas Chrornatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-C~n~entration" 

CLP SOW METHOD.QTM "Chemical Analytical ServiceS for Multi-Media, 
Multi-Concentration Samples for organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

SW846 METHOD 8010 "Halogenated Volatile organics" 

GC-ELCD PQL = 0.3 U g k g  

GC-MS . PQL = 5.0uglkg 

GC-MS CRQL = lOug/kg 

GC-PID .. CRQL = 40 ugkg 

GC-ELCD PQL = 1.2 ugkg 

PQL = 5.0 ugkg GC-MS 

CRQL = IOugkg GC-MS 

GC-PID CRQL = 40ugkg 

GC-ELCD . PQL = 0.5 u g h  



APPENDIX 111 ' .  . 
;, . .. . . . , 

METHODS ANDBETECTION/Q 
. .  . .  . . . .  

. .  . .  . . . :;. .. . :.. . _ : _ . .  '. 
. .. . .  . 

' . ' AQUEOUS MATRICES 
i . .  . .  . .  

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QUANTITATION I 
ATION DETECTION LIMIT 

INORGANICS 

Arsenic 
7440382 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 
Mul t i-M edia , Mu1 t i-Concent ration ' 

MCAWW METHOD 200.7/SW846 Method 60101SMEWW Method 3120B 
"Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 
Element Analysis of Water and Wastes" 

MCAWW METHOD 206.2/SW846 M e t h d  706O/SMEWW Method 3 113B 
"Arsenic (Atomic Absorption, Furnace T&hnique)' 

MCAWW METHOD 206.3ISW846 Method 7061/SMEWW Method 3114B 
"Arsenic (Atomic Absorption-Gaseous Hydride)' Use method 206.5 for sample 
preparation 

c 
00 
W 

MCAWW METHOD 206.4 "Arsenic (Spectrophotometric-SDDC)" Use method 
206.5 for sample preparation 

S M E W  METHOD 3500AS C "Silver Diethylditbiwarbamate Method" 

Beryllium 
7440417 Multi-Media, Multi-Concentration" 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 

MCAWW METHOD 200.7/SW846 Method 6010ISMEW Method 3120B 
" Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 
Element Analysis of Water and Wastes" 

MCAWW METHOD 210.1 "Beryllium (Atomic Absorption, Direct Aspiration)" 

MCAWW METHOD 210.2/SW846 Methud 7091/SMEWW Method 3 113B 
"Beryllium (Atomic Absorption, Furnace Technique)" 

. .  . . .  

GFAA-ICP CRDL = 10 ug/L 

ICP MDL = 53 ug/L, 53 uglL 
EDL=50 ug/L 

GFAA MDL = 1.0 ugk, 1.0 ug/L 
EDL=l.OUg/L. . 

HYDAA MDL = 2.0 ug/L, 2.0 ug/L 
EDL= 1.0 ug/L 

Colorimeter MDL := 10 Ug/L. 

Colorimeter EDL '= 28.6 ugIL 

GFAA-FLAME- CRDL = 5.0 Ug/L 
ICP . . . .  . . /  .:. 

I CP EDL = 0.3.ugL 
.. . . .. 

FLAME MDL - 5.0 ugL 

G F U  MDL = 0.2 ug/L, 0.2 ugL 
EDL-0.2 ug/L 



APPENDIX Ill 
TABLE III 

METHODS AND DETECTION/QUANTITATION LLMTI'S FOR SPECIFIED ANALYTES OF CONCERN TO RISK MSMEN'T.' 

AQUEOUS MATRICES 

ANALYTW 
COMMON NAME 
CAS NUMBER METHOD REFERENCEmITLE OF METHOD 

INSTRUMENT- QU AN'TITATI ON/ 
ATION DETECTION LIMIT 

Beryllium S M E W  METHOD 31 1 1DlSW846 Method 7090 "Direct Nitrous Oxide FLAME EDL= 5.0 ug/L, 5.0 ug/L 
74404 17 Acetylene Flame Method" 

S M E W  METHOD 31 I 1E "Extraction/Nitrous Oxide-Acetylene Flame Method" 

S M E W  METHOD 3500BE D "Aluminon Method" 

CLP SOW METHOD INORG "Slatemeal of Work for Inorganics Analysis - L Cadmium 
7440439 Multi-Media, Multi-Concentration" 

MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B 
"Inductively Coupled Plasma-Atomic Emission Spectrometfic Method for Trace 
Element Andy& of Water and Wastes" 

r 00 
P 

MCAWW METHOD 213.1/SW846 Method 7130/SMEWW Method 3111B 
"Cadmium (Atomic Absorption, Direct Aspiration)" 

MCAWW METHOD 213.2/SW846 Method 7131/SMEW Method 3113B 
"Cadmiurn (Atomic Absorption, F u m e  Technique)" 

S M E W  METHOD 3 1 1 1 C " ExtractionlAir-Acetylene Flame Method" 

S M E W  METHOD 3500CD D "Dithizone Method" 

'Chromium, Total 
7440473 

CLP SOW METHOD INORG "Statement of Work for InorganicS Analysis - 
Multi-Media , Multi-Concent rat ion " 

MCAWW METHOD 200.7lSW846 Method 6010/SMEW Method 3120B 
"Inductively Coupled Plasma-Atomic Emission Spectrodc  Method for Trace 
Element Analysis of Water and Wastes" 

MCAWW METHOD 218.1/SW%46 Method 719o/SMEWW Method 3111B 
"Chromium (Atomic Absorption, Direct Aspiration)" 

f 

FLAME 

Coloripet er 

GFAA-FLAME- 
ICP 

ICP 
.. 

FLAME 

GFAA 

FLAME 

colorimeter 

GFAA-ICP- 
FLAME 

ICP 

FLAME 

MDL=5.0 ug/L 
- 

EDL = 5.0 u g L  

EDL = 5.0 ug/L 

CRDL = 5.0 ugL 

EDL = 4.0 ugn 

MDL = 5.0 ug/L,, 5.0 ug/L 
IDL=2.0 u g n  

MDL = 0.1 uglL, 0.1 uglL 
EDL =O. 1 ug/L 

NA 

EDL = 2Oug/ml 

CRDL = 10 uglL 

EDL = 7.0 ug& 

MDL = 50 ug/L, 50 uglL 
EDL = 20 ug/L 

f f 



APPENDIX III 
TABLE III 

METHODS AND DETECTIONlQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RLSK ASSESSMENT 

AQUEOUS MATRICES . 
AN ALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QUANTITATIONl 
ATION DETECTION LIMIT 

Chromium, Total 
7440473 

MCAWW METHOD 218.2 /SW846 Method 7191/SMEWW Method 3113B GFAA MDL = 1.0 ug/L, 1.0 uglL 

Chromium, Hexavalent 

c 
W 
VI 

Cyanide, Total 
57-12-5 

"Chromium (Atomic Absorption, Furnace Technique)" 

MCAWW METHOD 21 8.3 "Chromium (Atomic Absorption, Chelation- 
Extraction)" 

MCAWW METHOD 218.4/SW846 Method 7197 "Chromium, Hexavalent 
(Atomic Absorption, Chelation-Extraction)' 

MCAWW METHOD 218.5 "Chromium, Dissolved Hexavalent (Atomic 
Absorption, Furnace Technique)" 

SMEWW METHOD 311 1C "Exfraction/Air-Acetylene F l k e  Method" 

SW846 METHOD 7195 "Chromium, Hexavalent (Coprecipitation)" 

SW846 METHOD 7196/SMEWW Method 35OOCR D "Chromium, Hexavalent 
(Colorimetric) " 

SW846 METHOD 7198 "chtomium, Hexavalmt (Differential Pulse 
Polarography)' 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - 
Mu1 ti-Media, Mul ti-Concentration * . 

SMEWW Method 4500-CN, C, D, E, F 'Total Cyanide after Distillation" 

\ 

MCAWW Method 335.2 "Cyanide, Total, Titrimetric Spectrophotometric)" 

EDL = 2.0 ug/L 

FLAME MDL = 1.0 ug/L 

FLAME MDL = 10 ug/L, 1.0 ug/L 

GFAA MDL = 1.0 u g L  

FLAME NA 

FLAME, GFAA MDL = 5.0 ug/L 

Colorimeter MDL = 500ug/L, NA 

Polamgraph MDL = 10ugA. 

Colorimeter/ CRDL - 10 Ug/L 
Titrimetric 

Colorimeter/ EDL = 20 ug/L 
Titrimetric/ EDL = 50 ug/L 
Ion-Selec tive 
Electrode 

Colorimeter/ BDL = 20 ug/t 
Titrimetric 



APPENDIX 111 
TABLE XI1 

METHODS AND DETkCTION/QUANTI"ATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

Cyanide, Total and 
Amenable to 
Chlorination 

SW846 METHOD 9010A, "Total and Amenable Cyanide (Colorimetric, Manual) Colorimeter/ EDL = 20ug/L 
Titrimetric 

Cyanide, Amenable to 
Chlorination 

c 
00 
QI .. 

Cyanide, Weak and 
Dissociable 

Lead 
743992 1 

UV)" 

S M E W  METHOD 4500-CN,G "Cyanide Amenable to Chlorinati6n aft& 
Distillation" 

SW846 METHOD 9012 "Total and Amenable Cyanide (Colorimetric, Automated Colorimeter/ EDL = 20 ug/L 
Titrimetric 

Colorimeter/ EDL = 20 ug/L 
EDL = 50 ug/L Titrimetric/ 

ion-Selec tive 
EIecmde 

MCAWW METHOD 335.1 "Cyanide, Amenable to Chlorination" 

S M E W  METHOD 4500-CN, I, D, E, F "Weak and Dissociable Cyanide" 

CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis -. 
Multi-Media , M ulti-Concentration" 

MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B 
"Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 
Element Analysis of Water and Wastes" 

MCAWW METHOD 239.llSW846 Method 7420BMEWW Method 31 11B "Leal 
(Atomic Absorption, Direct Aspiration)" 

Colorime$?r/ EDL = 20 ug/L 
Titrimetric 

colorimetfx/ EDL = 20 uglL 
Ti trimetxic/ EDL = 50 ugh 
Ion-SeIective 
EIecrode 

G F A A - W E -  CRDL 3.0 Ug/L 
ICP 

ICP EDL = 42 ug/L, 42 ug/L, 
40 ugn, 

MDL = 100 Ug/L,lOO Ug/L 
EDLF 50 ug/L . 

FLAME 
. .  

MCAWW METHOD 239.USW846 Method 7421 / S M E W  Method 3 113B " h a d  
(Atomic Absorption, Furnace Technique)" . EDL = 1 .O ug/L 

GFAA MDL = 1.0 ug/L,lOO ug/L 



AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATlON DETECTION LIMIT ' 

Mercury CLP SOW METHOD INORGIMCAWW Method 245.1 and 245.2 
74399% "Statement of Work for Inorganics Analysis - Multi-Media, Multi-Concentration, 

Mercury Manual ; Mercury Automated Cold Vapor Technique' 

S M E W  METHOD 3 112B/SWS46 Method 7470 "Cold-Vapor Atomic 
Absorption Spectrometric Method" 

S M E W  METHOD 3500HG C 
"Dithizone Method" 

ORGANOCHLORINE PESTICIDESIAROCLORS 
CI 

3 Aroclor 1260 
(PCB- t 260) 
I 1096825 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electmn 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Conmhtim" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Sample for Organic Analysis by Quick 'Ibmaround Gas 
Chromatography Tecbniques' 

EPA METHOD 608 "Organochlorine Pesticides and PCBs" 

EPA METHOD 625 "Base/Neutrals and Acids' 

EPA DW METHOD 505 "Analysis of Organohalide Pesticides and Aroclors in 
Water by Microextraction and Chromatography" 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by 
Gas Chromatography with an Electron Capture Detector' 

CVAA 

CVAA 

Colorimeter 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

CRDL = 0.2 uglL 
MDL=O.Z U~IL,O.~ ugn 

EDL= 1 .O ug/L 
MDL=O.P ugfL 

EDL = 2.0 u g n  

CRQL = 0.20 ug/L 

. .  

CRQL = l.Oug& 

CRQL = 1.0 ug/L 

. .  

NA 

NA 
./ 

MDL = 0.189 ug/L 

NA 



APPENDIX 111 
TABLE ItI 

METHODS AND DETECTION/QUANTXTATION LIMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 

CAS NUMBER 
COMMON NAME INSTRUMENT- QU ANTITATION I 

DETECTION LIMIT ATION METHOD REFERENCElTITLE OF METHOD 

Aroclor 1260 S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS NA 
(PCB-I 260) 
1 1096825 

Chlordane 
57749 

c. 
02 
00 \ 

f ' 

Mass Spectrometric Method", 

S M E W  METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic 
Method I" 

S M E W  METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic 
Method 11" 

CLP SOW METHOD LC-ORG (CRQL is for alpha and gamma Chlordane) 
."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 "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCBs" 

EPA METHOD 625 "BaselNeutrals and Acids" 

EPA DW METHOD 505 "Analysis of Orgamhalide Pesticides aad Arodors in 
Water by Microextraction and Chromatography" 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by 
Gas Chromatography with an Electron Caphue Detector" 

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas chromatographic- 
Mass Spectrometric Method" 

S M E W  METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic 
Method I" 

GC-MS NA 

GC-ECD NA 

GC-ECD CRQL =.O.Ot ug/L 

GC-ED CRQL = 0.05 u g L  

MDL = 0.014 ug/L GC-ECD 

GC-MS NA 

GC-ECD MDL = 0.14 ug/L 

GC-ECD NA 

GC-MS NA 

GC-MS MDL = O.OI4ug/L 

f 



APPENDIX 111 
TABLE IIl 

METHODS AND DETECTIONIQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

AN ALY TEI 
COMMON NAME 

, CASNUMBER METHOD REFERENCEITITLE OF METHOD 
IN STRUM ENT- QU ANTITATION I 
ATION DETECTION LIMIT 

Dieldrin SMEW%' METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic 
6057 1 

I.- 
Q) W 

Method D" 

CLP SOW METHOD LC-ORG "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 "Shtement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCBs" 

EPA METHOD 625 "Base/Neutrals and Acids" 

EPA DW METHOD 505 "Analysis of Organohalide Pesticides and Aroclors in 
Water by Microextraction and Chromatography ' 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by 
Gas Chromatography with an Electron Caphue Detector" 

S M E W  METHOD 6410B Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

S M E W  METHOD 6630B 'Liquid-Liquid Extraction Gas Chromtograpbic 
Method I" 

S M E W  METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic 
Method 11" 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

GC-MS 

GC-MS 

GC-ECD 

MDL = .0.014 ug/L 

CRQL = 0.02 ugIL 

CRQL = 0.1 uglL 

CRQL = 0.1 ug/L 

MDL = 0.002 ug/L 

MDL = 2.5 ug/L 

. MDL = 0.012 ug/L 

EDL = 0.02 UglL , 

. .  . '  

MDL = 2.5 Ug/L 

MDL = 0.002 ug/L 

MDL = 0.002ugIL 



APPENDIX 111 
TABLE IIX 

METHODS AND DETECTIUNIQUANTITATION LIMITS FOR SPECIFiED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME INSTRUMENT- QUANTITATION/ 
CAS NUM3ER 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 

CI 

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- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Tunraround Gas 
Chmmabgtaphy Te+iques" 

EPA METHOD 6081SW846 Method 8080' "Organochlorine Pesticides and PCBs" 

EPA METHOD 625 "Base/Neutrals and Acids" 

EPA DW METHOD 505 "Andysis of Organohalide Pesticides and Aroclors in 
Water by Microextraction and Chromatography" 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by 
Gas Chromatography with an Electron Capture Detector" 

EPA DW METHOD 525 "Detemination of Organic Compounds in Dnnking 
Water by Liquid-Solid Extraction and Capillary Column Gas Chmatography- 
Mass Spectrometry" 

S M E W  METHOD 64LOB "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

S M E W  METHOD 6630B "Liquid-Liquid Extraction Gas chromatographic 
Method I" 

S M E W  METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic 
Method 11" 

GC-ECD 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 0.05 ug/L 

CRQL = 0.1 uglL 

MDL = 0.003 ug/L 

MDL'= 1.9 uglL 

MDL = 0.003 ug/L 

EDL = 0.01 uglL 

MDL = 0.04 ug/L 

MDL = 1.9 ug/L 

MDL = 0.003 ug/L 

MDL = 0.003 ug/L 



APPENDIXIII 
TABLE m 

METHODS AND DETECTION/QUAWCITATfON LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTITATIONl 
ATION DETECTION LIMIT 

CRQL = 0.01 ug/L Lindane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD 
58899 Low Concentration Water Samples for Organic Compounds by Gas 

Chromatography -Mass Spectrometry (GC-MS) and Gas Cbromatography-Elktm 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD "Statement of Work for Organics Analysis - Multi-Media, 
Multi- Concentration" 

- 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
chromatography Techniques* 

EPA METHOD 608/SW846 Method 8080 'Organochlorine Pesticides and PCBs" 
c 

c, 
us 

EPA METHOD 625 "Basehleutrals and Acids" 

EPA DW METHOD 505 "Analysis of Organohafide Pesticides a d  AKW~OIS in 
Water by Microextraction and Chromatography " 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by 
Gas chromatograpby with an Electron Capture Detector" 

EPA DW METHOD 525 "Determination of Organk Compounds in Drinking 
Water by Liquid-Solid Extraction and Capillary Column Gas Chmatography- 
Mass Spectrometry" 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples h r  Organic Compounds by Gas 

r 

p,p'-DDE 
72559 

Chromato~phy-MaSS Spe~trometry (GC-MS) and Gas Chtomatog~phy-necbron 
Capbure (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statemeat of Work for Organics Analysis - Multi- 
Media, Multi-Concentmtion" 

GC-ED 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

CRQL = 0.5 U g L  

CRQL = 0.1 ug/L 

MDL = 0.009 ug/L, 
0.004 ug/L 

MMDL = 3.1 ug/L 

MDL = 0.003 ug/L 

EDL = 0.015 UglL 

MDL = 0.1 ug/L 

CRQL - 0.02 ug/L 

CRQL = 0.1 uglL 



APPENDIX Ill 
TABLE In 

METHODS AND DETECTION/QUANTITATION LIMITS MIR SPECiF'IED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEl 

CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATlON DETECTION LIMIT 

p,p'-DDE CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 0.1 uglL 

COMMON NAME INSTRUMENT- QUANTITATIONl 

72559 

p,p'-DDT 
50293 

Multi-Concentration Samples for Organic ,&lysis by Quick Turnaround Gas 
Chromatograpby Techniques" 

EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCBs" 

EPA METHOD 625 "Base/Neutrals and Acids" 

EPA DW METHOD 508 "Determination of chlorinated Pesticides in Water by 
Gas Chromatography with an Electron Capture Detector" 

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

S M E W  METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic 
Method I" 

S M E W  METHOD 663063 "Liquid-Liquid Extraction Gas Chromatographic 
Method II" 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water SampIm for Organic Cumpounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD OR0 "Statement of Work for Organics Analysis - Multi- 
Media, MuIti-Concentration " 

GC-ED 

GC-MS 

GC-ECD 

GC-MS ' 

GC-MS 

GC-ECD 

GC-ECD 

GC-ECD 

CLP SOW METHOD QTM "Chemical Analytical Sewices for Multi-Media, 
Multi-Concentration Samples for Organic AnaIysis by Quick Turnaround Gas 
Chromatography Techniques" 

GC-ECD 

EPA METHOD 6081SW846 Method 8080 "Organochlorine Pesticides and PCBs" GC-ECD 

f (' 

MDL = 0.004 ug/L 

MDL = 5.6 ug/L 

EDL = 0.01 ug/L 

MDL = 5.6 uglL 

MDL = 0.004 ug/L . 

MDL = 0.oWugL 

CRQL = 0.10 u g L  

CRQL = 0.1 ug/L 

MDL = 0.012 ug/L 

(' 



L 

APPENDIX III 
TABLE HI 

METHODS AND DETECTIONIQUAIYTlTATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT- 

AQUEOUS MATRICES ANALYTEl 

CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT 
COMMON NAME INSTRUMENT- QUANTITATIONl 

p,p'-DDT EPA METHOD 625 "BaselNeutmIs and Acids" GC-MS MDL = 4.7 U g L  
50293 

EPA DW METHOD 508 "Determination of Chlorinated Pesticides h Water by 
Gas Chromatography with an Electron Capture Detector" 

S M E W  METHOD 64 1 OB "Liquid-Liquid Extraction Gas Chromtographic- 
. Mass Spectrometric Method" 

S M E W  METHOD 6630B " Liquid-Liquid Extraction Gas Chromatographic 
MethodI" a 

. S M E W  METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic c s Method II" 

SEMIVOLATKE COMPOUNDS 

3 ,5,5-trimethyl-2- 
cyclohexene- 
1 -one (Isophorone) 
7 859 1 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatogrephy-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

EPA METHOD 609 "Nitroaromatics and Isphorone" 

EPA METHOD 609 "Nitroaromatics and Isphorone" 

EPA METHOD 625 "BaseNeutrals and Acids" 

S M E W  METHOD 64 10B "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for 
Semivolatile Organics: Capillary Column Technique" 

GC-ECD 

GC-MS 

GC-MS 

GC-ECD . 

GC-MS 

GC-MS 

GC-FID 

GC-ECD 

GC-MS 

GC-MS 

GC-MS 

EDL = 0.06uglL 

MDL = 4.7 uglL 

MDL = 0.012 ug/L . 

MDL = 0.012 UglL 

CRQL = 5.0 UglL 

CRQL = 10 ug/L 

MDL = 5.7 ugL 

MDL.= 15.7 ug/L 

MDL = 2.2 u g k  

MDL = 2.2 ugL 

PQL = 10 ug/L 



APPENDM ID 
TABLE III 

METHODS AND DETECTION/QUANTlTATLON LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

AN ALY TE/ 
COMMON NAME 
CAS NUMBER METHOD REFBRENCEITITILE OF METHOD 

INSTRUMENT- QUANTITATION/ 
DETECTION UMIT ATlON 

Benu, C a> pyrene 
50328 

CLP SOW METHOD LC-ORG "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 

GC-MS CRQL = 5.0 ug/L 

Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Mdti-Cancentrationn 

GC-MS CRQL = 10 ug/L 

EPA METHOD 610/SW846 - Method 8 100 "Polynuclear Aromatic Hydrocarbons" 

EPA METHOD 625 "Base/NeuWs and Acids" 

EPA DW METHOD 525 "Determination of Organic Compounds in Drinking 
Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography- 
Mass Spectrometry" I 

GC-FID 

GC-MS MDL = 2.5 ug/L 

GC-MS MDL = 0.04 ug/L 

MDL = 0.023 U g l L  

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

GC-MS MDL = 2.5 ug/L 

GC-ECD CRQL = 20uglL CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples €or Organic Analysis by Quick Tamaround Gas 
Chromatography Techniques' 

MDL = 0.023 ug/L S M E W  METHOD 644OB "Liquid-Liquid Extraction Chromatographic Method" GC-MS 

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS PQL = lOug/L I 
Semivolatile Organics: Capillary column Technique" 

SW846 METHOD 83 10 "Polynuclear Aromatic Hydrocatbons" HPLC MDL = 0.023 ugh. 



APPENDIXHI 
TABLE III 

METHODS AND DETECTIONIQUANTlTATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICJES 

ANALYTEI 
COMMON NAME INSTRUMENT- QUANTITATIONl 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT 

CRQL = 5.0 ug/L CLP SOW METHOD LC-ORG "Chemical Analytical Sedces for the Analysis of Bis-(2-Chloroethyl) 
ether 
111444 

Bis (2ethylhexyl) 
phthalate 
117817 

1 

Low Concentration Water Samples for Organic Compomds by Gas 
Chromatography-Mass Spemometq (GC-MS) and Gas Chromatography-Electron 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
Media, Mdti-Concentratim" 

EPA METHOD 625 "BaseMeutrals and Acids" 

S M E W  METHOD 6WOB "Closed-LOOP Stripping, G~-Chromatogiaphi~-M~~- 
spectrometric Analysis" 

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas chromatographic- 
Mass Spectrometric Method" 

SW846 METHOD 8250 "Gas Chromatography-Mass Spectrometry for 
Semivolatile Organics: Packed Column Technique" 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Elwtron 
Caphm (GC-ECD) Techniques " 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration' 

EPA METHOD 606 "Phthalate Ester" 

EPA METHOD 625 'Base/Neutrals and Acids" 

EPA DW METHOD 525 "Determination of Organic Compounds in Drinking 
Water by Liquid-SoIid Extraction and Capillary Column Gas chromatography- 
Mass Spectrometry" 

~ 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

GC-MS 

GC-MS 

CRQL = lOug/L 

MDL = 5.7ug/L 

EDL = 0.001 ug/L 

MDL = 5.7 ug/L 

CRQL = 5.0ugL 

CRQL = 10 ug/L 
' .  

MDL = 2.0ug/L 

MDL = 2.5ugL 

MDL = 0.8 ug/L 



APPENDEIII 
TABLE JR 

METHODS AND DETECTtONlQUANTITATION LLMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME INSTRUMENT- QUANTITATION/ 
CAS NUMBER METHOD REFERENCEITITLE OF METHOD ATION DETECTION LIMIT 

Bis (2ethylhexyl) S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chfomatograpbic- 
phthalate Mass Spectrometric Method" 
I17817 

SWS46 METHOD 8060 "Phthalate Esters" 

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for 
Semivolatile Organics: Capillary Column Technique" 

SW846 METHOD 8250 "Gas Chromatogra&y-Mass Spectrometry for Semi- 
Violatile Organics: Packed Column Technique" 

N-nitrosodi- 
g phenylamine 

. CLP SOW METHOD LC-ORG "Chemical Analytical SeMces for the Analysis of 
CL 

Low Cancentraticm Water Samples for Organic Compounds by Gas 
86306 Chrornatogtaphy-Mw Spectrometry (GC-MS) and Gas C b ~ b ~ p h y - E h b ~  

Cap- (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-cwCentraton" 

EPA METHOD 607 "Nitrosamines" 

EPA METHOD 625 "Base/Neutrals and Acids" 

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric (GC-MS) Method" 

VOLATILE COMPOUNDS 

1, t-dichloroethane 
75343 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Lbw Conceathtion Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas #romatogfaphy-Ble&on 
Cap- {GC-ECD) Techniques" 

GC-MS 

GC-ECD 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

MDL = 2.5 ug/L 

MDL = 2.0uglL 

.MDL = 2.5 p g n  

CRQL = 5.0 ug/L 

CRQL = 10 uglL 

MDL = 0.81 ug/L 

MDL = 1.9 uglL 

MDL = 1.9 ugL 

PQL = 1ougn 

CRQL = 1.0 ug/L 



APPENDlX III 
TABLE III 

METHODS AND DETECTIONIQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCEPIlTLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

1,l dichloroethane CL.P SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
75343 

c1 

3 

Multi-Concentration Samples for Organic k l y s i s  by Quick Turnaround Gas 
Chroma!ography Techniques' 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable 
Halocarbons" 

EPA METHOD 624 "Purgeables" 

EPA DW METHOD 502. I "Volatile Halogenated Organic Compunds m Water 
by Purge and Trap Gas Chromatography" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary column Gas Chmatography with Photbionization and Eilecttolytc 
Conductivity Detectors in Saries" 

EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW 
Method 621OC (Method II) "Measuremat of Purgeable Organic Compounds in 
Water by Packed column Gas chromatography-Mass Spectrometry" 

EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary column Gas Chomatography-Mass 
Spectrometry" 

S M E W  METHOD 6230C "Purge and Trap Packed-Column Gas 
Chromatographic Method It" 

S M E W  METHOD 6230D "Purge and Trap Capillary-COlumn Gas 
Chromatographic Method" 

GC-PID 

GC-MS 

GC-ELCD 

GC-MS 

GC-ELCD 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 20 ug/L 

CRQL = 10 ug/L 

MDL = 0.07 UgL 

MDL = 4.7 ug/L 

MDL = 0.003 ug/L 

MDL = 0.07 uglL 

MDL = 0.2 ug/L 
MDL = 4.7 ug/L 

MDL = O.O4ug/L 

MDL = 0.07 ug/L 

NA 



APP3l:NDIX a1 
TABLE IU 

METHODS AND DETE6TIONIQUANTITATION LIlwTS FOR SPECIFIED ANALYTES OF CONCERN TO RlrSK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 

CAS NUMBER METHOD REFEEGNCElTITLE OF METHOD ATION DETECTION LIMIT 
COMMON NAME INSTRUMENT- QUANTITATION/ c 

1,l -dichlomethane SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 uglL - - -  
75343 Organics" 

1 , l  dichloroethene 
75354 

CLP SOW METHOD LC-ORG "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 "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Sampls for Organic Analysis by Quick Turnaround Gas 
chromatography Techniques" 

EPA METHOD 624 "Purgeables" 

EPA METHOD 601/SMEWW Method 62308 "Purgeable Hydrocarbons" 

EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas Chromatography" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Wakx by Purge and 
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 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 524. USMEWW Method 6210B (Method I)/SMEWW 
Method 6210C (Method 11) "Measurement of Purgeable Organic Compounds in 
Water by Packed Column Gas ChrOmatography-Mass Spectrometry' 

\ 

GC-MS 

GC-MS 

GC-ECD ' 

GC-MS 

GC-ELCD 

GC-ELCD 

GC-PID 

GC-ELCD 

GC-MS 

CRQL = 1.0 ugh. 

CRQL = 10 ug/L ' 

CRQL = 2Oug/L 

MDL = 2.8 ug/L 

MDL = 0.13 ug/L 

MDL = 0.003 ug/L 

NA 

MDL = 0.07 ug/L 

MDL =.0 .2~g/L 
MDL = 2.8 ug/L, 2.8 ug/L 

/' ' /' / 
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APPENDIX 111 

TABLE III 
METHODS AND DETECTIONIQUANTITATION LIMITS FOR' SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

1 , l  dichloroethene EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.12 ugA, 
75354 Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 

Spectrometry ' 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

S M E W  METHOD 6230C "Purge and Trap PackedColumn Gas 
Chromatographic Method 11" 

c. 
\o \o Chromatographic Method" 

S M E W  METHOD 62301) "huge and Trap Capillary-Column Gas 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

1.1 ,Z-trichloroethane 
79005 

CLP SOW METHOD LC-ORG "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 OLMOl.0 "S@tement of Work for Organics Analysis 
- Multi-Media, Multi-Concentration' 

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable 
Halocarbons" 

EPA METHOD 624 "Purgeables" 

EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas Chromatography" 

MDL = ZOug/L . .  . GC-PID 
. .  .. . . . .  . .  . .  

. .  ; 1 .  . 

MDL = 0.13 ug/L GC-MS 

. ... 
GC-PID/ ' . 'NA . .  

GC-ECD 

GC-MS PQL = 5.0 uglL 

GC-MS CRQL = 1.0 UglL 

GC-MS CRQL' = IO ug/L 

aC-ELCD MDL = 0.02 ug/L 

GC-MS MDL = 5.0 ug/L 

GC-ELCD MDL = 0.007 ugL 



APPENDXX III 
TABLE Ill 

METHODS AND DETECTION/QUANTITATION LIMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME INSTRUMENT- QUANTITATIONl 
CAS NUMBER ATION DETECTION LIMIT METHOD REFERENCE/TITLE OF METHOD 

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 
Water by Capillary Column Gas Chromatography-Mass Spectrometry" 

S M E W  METHOD 6040B "Closed-Loop Stripping, Gas-Chromatographic-Mass 
Spectrometric Analysis" 

S M E W  METHOD 6210B "Purge and Trap Packed-Column Gas 
Chromatographic-Mass Spectrometric Method I " 

S M E W  METHOD 6230C "Purge and Trap Packed-Column Gas 
Chmatographic Method II" 

!2 
0 

S M E W  METHOD 6230D "Purge and Trap Capillary-Column Gas 
Cbromatographc Method" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics " 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gs;f 
Chmmatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron 
Capture (GC-ECD) Techniques" 

. 
1,  I ,2,2- 
tetrachloroethane 
79345 

CLP SOW METHOD ORG, "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical SenriceS for Mdti-Media, 
Multi-Concatration Samples for Organic Analysis by Quick Turnaround Gas 
Chmmatogmphy Techniques* 

GC-MS MDL = 0.1 ug/L 

GC-MS EDL = 0.002 ug/L 

MDL e 5,OuglL GC-MS 

GC-MS MDL = 0.02 uglL 

GC-ECD NA 

GC-MS PQL = 5.0 ug/L 

GC-MS CRQL = I .O ug/L 

1 GC-MS CRQL = 1OuglL 

GC-PID CRQL = 20 U g L  

f / 



APPENDIX I11 
TABLE 111 

METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

AN ALYTE/ 

CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION 
COMMON NAME INSTRUMENT- QUANTITATIONI 

DETECTION LIMIT 

I ,  1,2,2- EPA METHOD 601/SW846 Method 8010/SMEWW Method 62308 "Purgeable 
tetrachloroethane Halocarbons" 
79345 

EPA METHOD 624 "Purgeables" 

EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas CJhrOmatography" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 524.1lSMEWW Method 6210B "Measurement of Purgeable 
Organic Compounds in Water by Packed Column Gas Chromatography-Mass 
Spectrometry" 

EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeabie 
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 
Spectrometry" 

S M E W  METHOD 6040B "Closed-Loop Stripping, Gas-Chromatographic-Mass- 
Spectrometric Analysis' 

S M E W  METHOD 6230D "Purge and Trap Capillary-Column Gas 
chromatogniphic Method 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD LC-ORG "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" 

1,2-dichloroetbe 
10fM2 

GC-ELCD 

GC-MS 

GC-ELCD 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-PID 

GC-MS 

GC-MS 

MDL = 0.03 ug/L 

MDL = 6.9 ug/L 

MDL = 0.01 u g L  

MDL = 0.08 UglL - 

MDL = 0.4 ug/L 
MDL = 6.9 ug/L 

MDL = 0.04 ug/L 
MDL = 1.11 .ug/L 

EDL = 50 ng/L 

MDL = 0.03 ug/L 

PQL = 5.OuglL 

CRQL = 1.0 uglL 
. .  



APPENDIX Ill 
TABLE III 

METHODS AND DETECTlONlQUANTlTATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLFi OF METHOD 

INSTRUMENT- QUANTITATIONl 
DETECTION LIMIT ATION 

1 ,Z-dichIoroethane 
107062 Media, Multi-Concentration" 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Molti- GC-MS CRQL = I O  ug/L 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques " 

EPA METHOD 601/SW846 Method 8010lSMEWW Method 6230B "Purgeable 
Halocarbons' 

EPA METHOD 624 "Purgeables" 
N 
8 EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water 

by Purge and Trap Gas Chromatography" 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW 
Method 6210 C (Method 11) 'Measurement of Purgeable Organic Compounds in 
Water by Packed CoIumn Gas Chromatography-Mass Spectrometry' 

EPA DW METHOD 524.2 "Measurement of Purgeable Organic Compoumls in 
Water by Capillary Column Gas Chromatography-Mass Spectrometry " 

SMEWW METHOD 6230C "Purge and Trap Packed Column Gas 
Chomatographic Method II" 

SMEWW METHOD 6230D "Purge and Trap Capillary column Gas 
Chromatographic Method" 

GC-EC 

GC-ELCD 

GC-MS 

GC-ELCD 

. GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 2 0 u g L  

MDL = 0.03 UE/L 

MDL = 2.8 ug/L 

MDL = 0.002~glL 

MDL = 0.03 ug/L 

MDL = 0.2 agn., 2.8 ug/L, 
MDL = 2.8 u g n  

MDL = 0.06 ugfL 

MDL = 0.03 UglL 

NA 



APPENDIX LI1 
TABLE III 

METHODS AND DETECTION/QUANTlTATION LIMITS FOR SPECIFED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

AN ALY TEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QUANTITATIONI 
ATlON DETECTION LIMIT 

GC-MS PQL = 5.0 ug/L I ,2-dichloroethane SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
107062 Organics" 

I ,Zdichloropropane 
78875 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 

Capture (GC-ECD) Techniques" 
ChrOmatOg~phy-MaSS Spectrometry (GC-MS) and GB C h ~ ~ b g ~ p h y - E k W m  

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

EPA METHOD 601/SW846 Method 8 0 1 0 / S M E W  Method 6230B 
"Purgeable Halocarbons " 

EPA METHOD 624 "Purgeables" 

EPA DW METHOD 502. I "Volatile Halogenated Organic Compounds in Water 
by putge and Trap Gas chromatography" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary column Gas Chmatography with photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 524.1/SMEWW Method 6210B/SMEWW Method 6210C 
'Measurement of Purgeable Organic Compounds in Water by Packed Column Gas 
Chromatography-Mass Spectrome.try" 

EPA DW METHOD 524.WSMEWW Method 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 
Spectrometry" 

GC-MS 

GC-MS 

GC-ELCD 

GC-MS . 

GC-ELCD 

GC-PID 

GC-ELCD 

GC-MS 

GC-MS 

CRQL = 1.0 uglL 

CRQL = 10 ug/L 

MDL = 0.04 uglL 

'MDL = 6.0 ugL 

NA 

NA 

MDL = 0.01 uglL 

MDL = 0.2 uglL . 

MDL = 6.0 ug/L, 6.0 UglL 

MDL = 0.04 u g L  



APPENDIX 111 
TABLE III 

METHODS AND DETECTION/QUANTITATION LIMlTS FOR SPECIElED ANALWES OF CONCERN TO RlSK ASSESSMENT 

AQUEOUS MATRICES 

AN ALY TEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCEITITLE OF METHOD 

INSTRUMENT- QUANTITATIONl 
ATION DETECTION LIMIT 

1,2dichloropropane 
78875 

\ 

EPA S M E W  METHOD 6230C "Purge and Trap Packed-column Gas GC-MS MDL = 0.04 ug/L 
Chromatographic Method I1 " 

1,4dichlorobenzene 
106467 

S M E W  METHOD 62301) "Purge and Trap Capillary-Column Gas 
Chromatographic Methd" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-matron 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

EPA METffOD 601/SW846 Method 8OlO/SMEWW Method 6230B "Purgeable 
Halocarbons" 

EPA METHOD 6M/SW846 Method 8020/SMEWW Method 6220B "purgeable 
h m a t i C S "  

EPA METHOD 612 'Chlorinated Hydrocarbons" 

EPA METHOD 624 "Purgeables" 

EPA METHOD 625 "Base/Neutrals and Acids" 

EPA DW METHOD 502.1 'Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas Chromatography' 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

~ . 

GC-ECD 

GC-MS 

GC-MS 

GC-MS 

GC-ELCD 

GC-PID 

GC-ED 

GC-MS 

GC-MS 

GC-ELCD 

GC-PID 

NA 

PQL = 5.0ug/L 

CRQL - 1.0 ug/L 

CRQL = 10 ug/L 

MDL = 0.24 ugk 

MDL = 0.3 ug/L 

MDL = 1.34 ug/L 

NA 

MDL = 4.4 uglL 

NA 

MDL = 0.01 ug/L 



APPENDIX III 
TABLE 111 

METHODS AM) DETECTION/QUANTITATION LIMITS FOR SPECWED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCEITITLE OF METHOD 

INSTRUMENT- QUANTITATION I 
ATION DETECTION LIMIT 

1,4dichlorobenzene EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and OC-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 Ammatic and Unsaturated Organic ' 
. Compounds in Water by Purge and Trap Gas Qromatography" 

EPA DW METHOD 524.1/SMEW Method 6210B (Method I)/SMEWW 
Method 6210C (Method 11) "Measurement of Purgeable Organic Compounds in 
Water by Packed Column Gas chromatography-Mass Spectrometry" 

EPA DW METHOD 524.2/SMEWW Method 6210D "Measuremat of Purgeable 
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 
Spectrometry" 

S M E W  METHOD 6230C "Purge and Trap P a c ~ - c o l u m n  Gas 
Chro~tographic Method II" 

S M E W  METHOD 6230D "Purge and Trap Capillary-column Gas 
Chromatographic Method" 

S M E W  METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Method" 

SW846 METHOD 8270 'Gas Chromatography-Mass Spectrometry for 
Semivolatile Organics: CapiUary Column Technique" 

CLP SOW METHOD LC-ORG "chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromtography-Electrtm 

Benzene 
71432 

capture (GC-ECD) Techniques" 

GC-PID MDL = 0.006 ug/L 

GC-MS MDL = 2.0 ug/L 

GC-MS MDL = 0.03 ug/L 

GC-MS MDL = 0.24 uglL 

GC-PID/ NA 
GC-ECD 

MDL = 4.4 ug/L GC-MS 

GC-MS PQL = 10ugk 

GC-MS CRQL = 1.0 ug/L 



APPENDIX HI 
TABLE III 

METHODS AND DETECTlON/QUANTITATION LIMITS FOR SPECIFiED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 

CAS NUMBER METHOD REPERENCE/TTITLE OF METHOD ATION DETECTION LIMIT 

Benzene 
7 1432 Media, Multi-Concentration" 

COMMON NAME INSTRUMENT- QUANTTTATIONl 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 5.0 ug/L 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Orgauic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

EPA METHOD 6021SWS46 Method 80201SMEWW Method 6220B "Purgeable 
AromatiCS" 

EPA METHOD 624 'Puxgeables" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 503.1 "Volatile Aromatic and Unsaturated Organic 
Compounds in Water by Purge and Trap Gas Chromatography" 

EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMBWW 
Method 621OC (Method 11) 'Measurement of Purgeable Organic Compounds in 
Water by Packed CO~UIIUI Gas Chromatography-M~S Spe~trometry" 

EPA DW METHOD 524.2iSMEWW Method 6210D "Measurement of putgeable 
Organic C o q m d s  in Wakr by Capillary column Gas Chromatopphy-Mass 
Spectrometry" 

S M E W  METHOD 6220C "Purge and Trap Gas Chromatographic Method 11' 

S M E W  METHOD 6230D "Purge and Trap Capillary-Column Gas 
Chnnnatographic Method' 

GC-ECD CRQL I= 20 ug/L 

MDL = 0.2 ug/L GC-PID 

GC-MS MDL = 4.4 ug/L 

GC-PlD MDL = 0.01 uglL 

GC-PID MDL = 0.02 ug/L 

GC-MS MDL = 0.1 ug/L, 4.4 ugh. 
MDL = 4.4ug/L 

GC-MS MDL = 0.04 UglL 

GC-MS. MDL = 0.2 ug/L 

GC-ECD NA 



APPENDIX IN 
TABLE III 

METHODS AND DETECTION/QUAN"ATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALWE/ 
COMMON NAME 
CAS NUMBER METHOD REFERENCEi/"ITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
DETECTION LIMIT ATION 

Benzene SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
71432 Organics" 

Chloroethene 
(Vinyl Chloride) 
75014 

CLP SOW METHOD LC-ORG "ChemicaI Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Elecmn 
Capture (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statemeat of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
chtomatbgraphy Techniques" 

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230 "Purgeable 
Halacarboas" 

EPA METHOD 624 "Purgeables" 

EPA DW METHOD 502.1 'Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas Chromatography' 

EPA DW METHOD 502.2 "Volatile organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytk 
Conductivity Detectors in Series" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series" 

EPA DW METHOD 524. USMEWW Method 6210B (Method I)/SMEWW 
Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in 
Water by Packed Column Gas Chromatography-Mass Spectrometry" 

GC-MS 

GC-MS 

~~~~ ~ 

PQL = 5.0 ug/L 

CRQL = .l.O ug/L 

GC-MS 

GC-ECD 

GC-ELCD 

GC-MS 

GC-ELCD 

GC-PID 

GC-ELCD 

GC-MS 

CRQL = 10 ug/L 

CRQL = 20 ug/L 

MDL. = 0.18 UglL 

NA 

MDL = 0.01 u g L  

MDL = 0.02 ug/L 

MDL = 0.04 ug/L 

MDL = 0.3 ug/L 



. 
APPENDlX LII 

TABLE Ill 
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEi 
COMMON NAME INSTRUMENT- QU ANTITATION I 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD ATION DETECTION LIMlT 

Chlomethene EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.17 ug/L 
(Vinyl Chloride) Organic Compounds in Water by Capillary Column Gas Chromatography-M&s 
75014 Spectrometry" 

S M E W  METHOD 6230C "Purge and Trap Packed-Column Gas 
Chromatographic Method 11" 

S M E W W  METHOD 6230D "Purge and Trap Capillary Column Gas 
Chromatographic Method" 

SW846 METHOD 8010 "Halogenated Volatile Organics" 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

. CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chrmnabgnrphy-Ele~~tron 

a0 

Dichloromethane 
(Methylene Chloride) 
75092 

Capture (GC-ECD) TeChiqUeS" 

CLP SOW METHOD ORG *Statement of Wok for Organics Analysis - Multi- 
Media, Mul ti-Concentration " 

EPA METHOD 601/SMEWW Method 6230B.- "Purgeable Halocarbons' 

EPA METHOD 624 "Purgeables' 

EPA DW METHOD 502. I "Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas Chromatography" 

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Pnrge and 
Trap Capillary Column Gas Chromatography with photoionization and Electrolytic 
Conductivity Detectors in Series" 

GC-MS 

GC-Prnl 
GC-ECD 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-ELCD 

GC-MS . 

GC-ELCD 

GC-ELCD 

MDL = 0.18 ug/L 

NA 

MDL = 0.18 ug/L 

PQL = 10 ug/L 

CRQL = 2.0 u g L  

CRQL = 1Oug/L 

MDL = 0.25 ugL 

MDL = 2.8 ug/L 

NA 

MDL = 0.02 u g L  



N 
0 
\D 

APPENDIX III 
TABLE III 

METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMEN" 

AQUEOUS MATRICES 

ANALYW 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

Dichloromethane EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)ISMEWW GC-MS MDL = 1.0 ug/L 
(Methylene Chloride) 
75092 

Method 6210C (Method 11) "Measurement of Purgeable Organic Compounds in 
Water by Packed Column Gas Chromatography-Mass Spectrometry" 

EPA DW METHOD 524.2 / S M E W  Methood 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 
Spectrometry" 

S M E W  METHOD 6230C "Purge and Trap Packed-Column Gas 
chromatogra~c Method 11" 

S M E W  METHOD 62301) "Purge and Trap Capillary-Column Gas 
chmmatographic Method" 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
organics" 

Ethenyl Benzene 
(Styrene) 
100425 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chnrmatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron 
Cap- (GC-ECD) Techniques" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, M u l t i ~ ~ t r a t i o n "  

EPA METHOD 602 "Purgeable Aromatics" 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionbation and Electrolytic 
conductivity Detectors in Series" 

EPA DW METHOD 503.1 "VoIatile Aromatic and Unsaturated Organic 
Colllpounds in Water by Purge and Trap Gas chromatognphy" 

- 

MDL = 2.8 I&L 

GGMS MDL = 0.03 ug/L 

GC-MS MDL = 0.25 ug/L 

GC-ECD ' NA 

GC-MS PQL = 5.0 ug/L 

GC-MS CRQL = 1.0 ugn. 

GC-MS CRQL = 10 ug/L 

GC-PID MDL = 0.20 ugL 

GC-PID MDL = 0.01 ug/L 

GC-PID MDL = 0.008 ugL 



APPENDIX III 
TABLE IU 

METHODS AND DETECTION/QUANTITATlON LIMITS FOR SmCIFIED ANALYTES OF CONCERN TO RISK ASSESWEN" 

AQUEOUS MATRICE!3 

ANALYTEl 

CAS NUMBER METHOD REFERENCEiTITLE OF METHOD ATION DETECTION LIMIT 
COMMON NAME INSTRUMENT- QUANTITATIONl 

EPA DW METHOD 524.l/SMEWW Method 6210C "Measurement of Purgeable GC-MS MDL = 0.2 ug/L Ethenyl Benzene 
(Styrene) 
100425 

Te trachloroethene 2 (Tetrachloroethylene 
127184 

Organic Compounds in Water by Packed Column Gas Chromatography-Mass 
Spectrometry * 

EPA DW METHOD 524.2 / S M E W  Method 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass 
Spectrometry" 

SW846 METHOD 8240 "Gas Chmmatography-Mass Spectrometry for Volatile 
Organics" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

CLP SOW LC-ORG "Chemical Analytical Services for Analysis of Low . 
Concentration Water Samples for Organic Compounds by Gas Chromatography- 

ECD) Techuique' 
Mass Spectrometry (GC-MS) and Gas C h ~ m & ~ h y - E k & ~  Capture (GC- 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-C~ncen~tion Samples for Organic Analysis by Quick Tumaround Gas 
chromatography Techniques" 

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Pargeable 
Halocarbons" 

EPA METHOD 624 'Purgeables" 

EPA DW METHOD 502. I 'Volatile Halogenated Organic Cumpounds in Water 
by Purge and Trap Gas chromatography" 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with PhdoiOnization and Electroiyhc 
Conductivity Detectors in Series" 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

. j  

GC-ECD 

GC-ELCD 

GC-MS 

. GC-ELCD 

GC-PID 

MDL = O.O4ug/L 

PQL = 5.0 uglL 

CRQL = 10 u g L  

CRQL = 1 .O uglL 
. .  

CRQL = 20 uglL 

MDL = 0.03 uglL 

MDL = 4.1 ug/L 

MDL = 0.001 ug/L 

MDL = 0.05 uglL 



APPENDIX 111 
TABLE III 

METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

AN ALYTEI 
COMMON NAME 
CAS NUMBER METHOD RBFERENCEITITLE OF METHOD 

INSTRUMENT- QUANTTATION/ 
ATION DETECTION LIMIT 

~- 

Tetrachloroet hene EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD 
- ~~ 

MDL = 0.04 ug/L 
(Tetrachloroethylene) 
127184 

Tet rachloromethane 
(Carbon Tetrachloride) 
56235 

Trap Capillary Column Gas Chromatography with Photoionization and Eleckblytic 
Conductivity Detectors in Series" 

EPA DW METHOD 503.1 "Votatile Aromatic and Unsaturated Organic 
Compounds in Water by Purge and Trap Gas Chromatography' 

EPA DW METHOD S24.11SMEWW Method 6210B (Method I)/SMEWW 
Method 621OC (Method 1l) "Measurement of Purgeable Organic Compounds in 
Water by Packed column Gas chromatography-Mass Spectrometry" 

EPA DW METHOD 5%.2/SMEWW Method 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary Column Gas Chromtography-Mass 
Spectrometry " 

SMEWW METHOD 604OB "Closed-Loop Stripping, Gas-Chromatographic-Mass- 
Spectrometric Analysis" 

S M E W  METHOD 6230C Purge &d Trap Packed-Column Gas 
Chromatognzphic Method I1 ' 

SMEWW METHOD 62301) "Purge and Trap Capillary-Column Gas 
Chromatographic Method" 

SW846 METHOD 82- "Gas Chromatography-Mass Spectfometry for Volatile 
Organics' 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatogmpby-Electmn 
C @ I ~  (GC-ECD) Techniqu-" 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration" 

GC-PID 

GC-MS 

GC-MS 

GC-MC 

GC-MS 

G C - P I D / 
GC-ECD 

GC-MS 

GC-MS 

GC-MS 

MDL = 0.01 ug/L 

MDL = 0.3 ug/L, 4.1 UgiL 
MDL = 4.1 ug/L 

MDL = 0.14 ugL 

EDL = 0.10 ug/L 

MDL = 0.03 ug/L 

NA 

PQL = 5.0 ug/L 

CRQL = l.0 ug/L 

CRQL = 10 ug/L 



APPENDIX III 
TABLE III 

MIETHODS AND DETECTIONlQUANTITATION LIMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOW MATRICES 

ANALY-EiI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TlTLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION UMIT 

GC-ECD CRQL = 20 ugL Tetrachloromethme 
(Carbon TetrachIoride) 
56235 Chromatography Techniques" 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 

EPA METHOD 601/SW846 Mehod 80101SMEWW Method 6230B "Purgeable 
Halocarbons" 

GC-ELCD MDL = 0.12 ugn 

EPA METHOD 624 "Purgeables" GC-MS MDL = 2.8 ug/L 

GC-ELCD MDL = 0.003 ug5 EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water 
by Purge and Trap Gas chromatography" 

MDL = 0.01 u g L  EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas chromatography with Photoionhtion and Electrolytic 
Conductivity Detectors in Series" 

GC-ELCD 

EPA DW METHOD S24.1/SMEWW Method 621OB (Method ;[)/SMEW GC-MS 
Method 6210C (Method Lt) "Measurement of Purgeable Organic Compounds in 
Watet by Packed Column Gas Chromatography-Mass Spectrometry" 

EPA DW METHOD S24.2tSMEWW Method 6210D 'Measurement of Purgeable GC-MS 
Organic Compounds in Water by CapiUary Column Gas Chromatography-Mass 
Spectrometry' 

S M E W  METHOD 6230C "Purge and Trap Packed-Column Gas 
Chromatographic Method 11" 

S M E W  METHOD 6230D "Purge and Trap Caplllary-Column Gas 
Chromatographic Method" 

MDL = 0.3 ugIL, 2.8 u g 5  
MDL = 2.8ugL , 

MDL = 0.21 ug/L 

GC-MS MDL = 0.12 

GC-ECD NA 

SW846 METHOD 8240 "Gas chromatography-Mass Spectrometry for VoIatile GC-MS PQL= 5.0ugIL , 

Organics" 



APPENDIX Ln 
TABLE Ill 

METHODS AND DETECTIONlQUANTITATION LIMlTS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER 

, 

METHOD REFERENCEITITLE OF METHOD 
INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

Trichloromethane 
(chlomfofm) 
67663 

CLP SOW METHOD LC-ORG "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 "Statement of Work for Organics Analysis - Multi- 
Media, Mult Xonmtration " 

GC-MS CRQL = 1.0 ug/L 

CRQL = 10uglL GC-MS 

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques" 

CRQL = 20 U g k  

EPA METHOD 6011SW846 Method 80101SMEWW Method 6230B "Purgeabie 
HdOCafbOIlS" 

EPA METHOD 624 "Purgeables" GC-MS MDL = 1.6 uglL 

GC-ELCD MDL = 0.05 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 
Trap Capillary Column Gas chromatography with Photoionization and Electrolytic 
Conductivity Detectors in Series' 

GC-ELCD MDL = 0.02 ug/L 

EPA DW METHOD 524,1/SMEWW Method 6210B (Method J)/SMEW 
Method 6210C (Metbod II) "Measmemat of Purgeable Organic Compounds in 
Water by Packed Column Gas Chromatography-Mass Spectrometry" 

GC-MS MDL = 0.2 @/L, 1.6 u g L  
MDL = 1.6ugL 

MDL = 0.03 ug/L GC-MS EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable 
Organic Compounds in Water by Capillary column Gas Chromatography-Mass 
Spectrometry" 

S M E W  METHOD 6230C "Purge and Trap Packed-column Gas 
Chromatogrrtphic Method U" 

GC-MS MDL = 0.05 u g L  



 APPENDIX^ 
TABLE III 

METHODS AND DEXECTIONIQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESS= 

AQUJXOUS MATRICES 

ANALYTEI 
COMMON NAME ' 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

INSTRUMENT- QUANTITATIONI 
ATION DETECTION LIMIT . 

Trichloromethane S M E W  METHOD 6230D "Purge and Trap Capillary-Column Gas GC-ECD NA 
(Chloroform) Chromatographic Method" 
67663 

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

GC-MS PQL = 5.0 ug/L 



APPENDIX Ill 
TABLE IV 

METHOD TlTLES AND APPLICATIONS 
APPLICATION OF METHOD 

\ 
METHOD REFERENCE TITLE OF METHOD 

*CLP sow 

METHOD INORG 

METHOD LC-ORG 

METHOD. ORG 

!2 
METHODQTM 

*= 
METHOD 601 

METHOD 602 

"Statement of Work for Inorganics Analysis - Multi-Media, 
Multi-Concentration, " Doc No. ILM(YZ.0 

"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, " 
6/91 Draft 

"Statement of Work for Orgenics Analysis - Multi-Media, 
MultiConcentration," Doc NO. OLMOl.8 (8/91) 

"Chemical Analytical Services for Multi-Media, Multi- 
Concentration Samples for Organic Analysis by Quick 
Turnaround Gas Chromatography Techniques, " Draft 719 1 

"Purgeable Halocarbons" 

"Purgeable Aromatics" 

This method is for the analysis of 23 metals and cyanide. Sample matrices 
compatible with this method include water and soillsediment. 

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 Uvee separate msthods. The.ae methods are fox 
the analysis of 34 volatile compounds, 65 semivolatile compounds and 27 
organochlorine pesticides and Aroclm. Sample matrices compatible with 
these methods include water and spillsediment. 

Tbis method consists of five separate methods. These methods are for the 
analysis of 21 volatile compounds, 16 polynuclear aromatic hydrocarbons, 
16 phenols, 19 pedicidm and 8 Aroclors plus toxaphene. Sample matrices 
compatible with this method include water and soil/sediment. 

This method is for the analysis of 29 purgable halocarbons. Sample 
matrices compatible with this mehod include municipal and industrial 
discharges. 

This method is for the analysis of seym purgeable womatic compoutlds. 
Sample matrices compatible with this method include municipal and 
hdwtrial discharges. 

'CLP SOW 

2~~~ 

CONTRACT LABORATORY PROGRAM (CLP) STATEMENT OF WORK, OFFICE OF EMERGENCY AND REMEDIAL RESPONSE 

GUIDELJNES ESTABLISHING TEST PROCEDURES FOR THE ANALYSIS OF POLLUTANTS UNDER THE CLBAN WATER ACT FINAL 
RULE AND INTERIM FINAL RULE AND PROPOSED RULE, 10/84,40 CFR PART 136 

I 



METHOD REFERENCE 

APPENDIXID 
TABLE IV 

METHOD TITLES AND APPLICATIONS 
TITLE OF METHOD APPLICATION OF METHOD 

METHOD 606 

METHOD 607 

METHOD 608 

METHOD 609 

METHOD 610 

METHOD 612 

METHOD 624 

"Phthalate Ester" 

"Nitrosamines" 

"OrganochIorine Pesticides and PCBs" 

"Nitroaromatics and bphorone" 

I 

"Polynuclear Aromatic Hydrocarbons" 

'Chlorinated Hydrocarbons" 

"Purgeables " 

METHOD 625 "BaselNeutrals and Acids" 

This method is for the analysis of six phthalate ester compouads. Sample 
matrices compatible With this method include municipal and industrial 
discharges. 

This method is for the analysis of t&e nitm~emines. sample matrices 
compatible with this metbod include municipal and industtial discharges. 

This method is for the analysis of 27 organochloxine pesticides and 
h l o r s .  Sample matriceS compatible with this method include municipal 
and industrial discharges. 

This method is for the analysis of four nitmammatics and isophorone. 
Sample matrices compatible with @is mthod include municipal and 
illdustrial discharges. 

This method is for the analysis of 16 polynuclear aromafic hydrocarbons. 
Sample matrices compatible with this method include municipal and 
indu&al discharges. 

This method is for the analysis of nine chlorinated hydrocarbons. Sample 
matrices compatible with this merhod include municipal and industrial 
dischatges. 

This method is for the analysis of 30-33 purgeable organic compounds. 
Sample matrices umpatiile with this mthod include municipal and 
industrial discharges. 

This method is for the analysis of 80-84 wmivolatile compod.  Sample 
matrices compatible with this method include municipal and industrial 
discharges. 



APPENDIX III 
TABLE 1V 

METHOD TITLES AND APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF 'METHOD 

3EPA AIR 

MET'HOD TO-I "Method for the Detemhation of Volatile Organic 
Compounds in Ambient Air Using Tenax Adsorption and Gas 
Chromatography-Mass Spectrometry (GC-MS)" 

METHOD TO-14 "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 Ca+m Molecular Sieve 
Adsoption and Gas Chromatography-Mass Spectrometry 

METHOD TO-2 

(GC-MS)' 

2 METHODTO-3 "Method for the Determination of Volatile Organic 
Compounds in Ambient Air Using Cryogdc 
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 

.- 
METHOD T O 4  

This method is for the analysis of 18 nonpolar volatile compounds with 
boiling points between 80 and 200 degrees OC. Samples are. collected on 
pre-cleaned 6 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 OC. 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 OC. 

This method is for the analysis of 11 organochlorine pesticides and 
Aroclors. Samples are collected on polyurethane faam filters. Samples 
are prepared using a Soxhlet extmction. Analysis is performed by GC- 
ECD. 

3EPA AIR COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT AIR, 5/88, 
ENVIRONMENTAL MONITORING SYSTEMS LABORATORY/RTP, EPA 600/4-84-041 
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TABLE IV 

METHOD TITLES AND APPZICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLlCATlON OF METHOD 

4EPA DW 

METHOD 502.1 "Volatile Halogenated Organic Compounds in Water by Purge 
and Trap Gas Chromatography" 

METHOD 502.2 "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" 

I 

METHOD 503.1 

METHOD 505 "Analysis of Organohalide Pesticides and Aroclors in Water 
E . by Microextraction and chromatography " 
00 

METHOD 508 "Determination of Chlorinated Pesticides in Water by Gas 
Chromatography with an Electron Capture Detector" 

METHOD 524.1 . "Measurement of Purgeable Organic Compounds in Water by 
Packed~Column Gas Chromatography-Mass Spectrometry " 

METHOD 524.2 "Measurement of Purgeable Organic Compounds in Watir by 
Capillary Column Gas Chromatography-Mass Spectrometry" 

This method is for the analysis of 40 halogenated vofatile 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 aud 
Aroclors. Sample matrices compatible with this mthod include drinking 
water, source water aud 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 
drin%tng 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 pobbility. 

4EPA DW METHODS FOR THE DETERMINATION OF ORGANIC COMPOUNDS IN DRINKING WATER, 12/88, ENVIRONMENTAL MONITORING 
SYSTEMS LABORATORY/CINN, EPA 600/4-88/039 
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TABLE IV 

METHOD TITLES AND APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

EPA DW 

METHOD 525 

SMCAWW 

METHOD 200.7 

METHOD 206.2 

. METHOD206.3 
E 
W 

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" 

"hductively Coupled Plasma-Atomic Ermssion Spectrometric 
Method for Trace Element Analysis of Water and Wastes" 

"Arsenic (Atomic Absorption, Furnace Technique)" 

"Arsenic (Atomic AbsorptionGaseous Hydride)" 

"Arsenic (Spectrophotometric-SDDC)" 

"Arsenic (Sample Digestion prior to Total Arsenic Analysis 
by Silver Diethyldithiocarbamate or Hydride Procedures)" 

"Beryllium (Atomic Absorption, Direct Aspiration)" 

MCAWW METHOD FOR CHEMIC, 

This method is for the analysis of 35 organic compounds. Sample 
matrices compatible with this method include drinlullg 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 wastswatet. 

Sample matrim compatible with this method include drinking water, 
surface water, saline wata, waste, sludge and soil/sediment. 

This method is for the analysis of inorganic arsenic. Sample matrices 
compatible with this meihod include drinking water, fmh 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 mthod include drinking water, 
surface water, groundwater, waste, sludge and soil/sediment. 

I. ANALYSIS OF WATER AND WASTES, 3/83, ENVIRONMENTAL, MONITORING SYSTEMS 
LABORATORY /CINN, EPA 600/4-79/020 
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TABLE IV 

METHOD TITLES AND APPLlCATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

M 
' 0  

MCAWW 

METHOD 210.2 

METHOD 213.1 

METHOD 213.2 

METHOD 218. I 

METHOD 218.2 

METHOD 21 8.3 

METHOD 218.4 

METHOD 218.5 

METHOD 239.1 

METHOD 239.2 

METHOD 245.1 

"Beryllium (Atomic Absorption, Furnace Technique)" 

"Cadmium (Atomic Absorption, Direct Aspiration)" 

"Cadmium (Atomic Absorption, Fumace Technique)' 

"Chromium (Atomic Absorption, Direct Aspiration)" 

"Chromhm (Atomic Absorption, Furnace Technique)" 

"Chromium (Atomic Absorption, Chelation- Extraction)" 

"Chromium, Hexavalent (Atomic Abrphon, chelation- 
Extraction) " 

'Chromium, Dissolved Hexavalent (Atomic Absorption; 
Furnace Technique) " 

"Lead (Atomic Absorption, Direct Aspiration)" 

"Lead (Atomic Absorption, Furnace Technique)" 

"Mercury (Manu1 Cold Vapor Technique)" 

Sample matrices compatible with this method incIude'dTinking water, 
surface water, groundwater, waste, sludge and soil/sediment. 

Sample matrices compatible with this method include drinking water, 
surface water, groundwater, waste, sludge and soillsediment. 

Sample matrices compatibIe with this method mcIude 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 soillsediment. 

Sample matrices compatible with .&s method include drinking water, 
surface water, groundwater, waste, sludge and soillsediment. 

Sample matrices compatible with this method include drinking water, 
surface water, groundwater and waste. 

Sample matrice compatible with this method include drinking water, 
SUrEace water, groundwater and waste. 

Sample matrices compatibIe with this method incIude dhking water, 
surface watez and &in filtered wastes. 

Sample matrices compatible with this method include drinking water, 
surface water, groundwater, waste, sludge and soillsediment. 

!hmpIe matrices compatible with this method include drinking water, 
surface water, groundwater, waste, sludge and soiYsediment. 

Sample matrices compatible with this method incIude drinking water, 
surface water and saline water. 
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TABLE IV 

METHOD TFIZES AND APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

MCAWW 

METHOD 245.2 

METHOD 245.5 

METHOD 335.1 

i 

METHOD 335.2 

g L '%MEW 

METHOD 31 I l B  

- METHOD 31 11C 

METHOD 31 11D 

METHOD 31 11E 

. .  

"Mercury (Automated Cold Vapor Technique)" 

"Mercury in Sediment (Manual Cold Vapor Technique)" 

"Cyanide, Amendable to Chlorination" 

"Cyanide, Total (Titrimetric, Spectrophotometric)" 

"Direct Air-Acetylene Flame Method" 

"ExtractiodAir-Acetylene Flame Method" 

"Direct Nitrous Oxide-Acetylene Flame Methcd" 

"ExtraCtiOdNitm~ Oxide-Acetylene Flame Method" 

Simple matrices compatible with this method include surface water, waste 
water and effluent. 

Sample matrices compatible with this method include bottom deposits, 
sludge and s o i l / s e d i ~ t .  ,-- 

This method is applicable to the determiqation of cyanide amenable to 
chlorination in drinking, surface and saline waters and domestic and 
indush.ial wastes. 

T h i s  method is applicable to the &termination of cyanide in drinking, 
surface and saline waters and domestic and industrial wastes. 

This method 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 concantratims. 
Sample mabices compatible with this methad include surface water, 
groundwater and drinking water. 

This methad 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 beryllium. Sample 
matrices compatible with this analysis include groundwater, d a c e  water 
and dtinking water. 

' S M E W  SANDARI)  METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER, 17TH EDFTION, 1989 
1 
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TABLE IV 

METHOD TITLES AND APPLKATIONS 

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

S M E W  

METHOD 31 12B 

METHOD 31 13B 

METHOD 31 14B 

METHOD 3 120B 

I 4  
h) 

METHOD 3500AS C* 

METHOD 3500BE D* 

"Cold Vapor Atomic Absorption Spectrometric Method" 

"Electrothermal Atomic Absorption Spectrometric Method" 

"Manual Hydride GenerationlAtomic Absorption 
Spectrometric Method" 

"Inductively Coupled Plasma (ICP) Method" 

"Silver Diethyldithiocarbamate Method" 

"Aluminon Method" 

This method is for the analysis of mercury. Sample matrices compatible 
with this method include groundwater, surface water and drdung 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 groundwr, surface water and drinking water. 

This method is for the analysis of arsenic. Sample matrices c o m e b l e  
with this method include groundwater, surf;8ce water and drinking water. 

This method is for the analysis of beryllium. Sample matrices compatible 
with this method inciude groundwater, surface water and drinking water. 

METHOD 35WCD D* 

METHOD 3500CR D* 

"Dithiume Method" 

"Colorimtric Method" 

This me&& is for the analysis of cadmium. Sample matrices compatible 
with this tllethod include groundwater, surface water and drinking water. 

This method is for the analysis of chroslium. hnple matrices compatible 
with this method include gmdwater, surface water and drinking water. 

* The first two letters after the number represent the elemeat name and the third letter is the method code. 
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TABLE IV 

h4E"HOD TITLES AND APPLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

S M E W  

METHOD 3500HG C* "Dithizone Method" 

METHOD 3500PB D* "Dithimne Method" 

METHOD 4500 CN "Cyanide" 

METHOD 6040B 

u 
METHOD 6210B !2 

METHOD 6210D 

METHOD 6220B 

METHOD 6220C 

" Closed-Loop Stripping, Gas Chromatographic-Mass 
Spectrometric Analysis" 

"Purge and Trap Packed-Coluw Gas Chromatographic-Mass 
Spectrometric Method I" 

"Purge and Trap Gas Chromatographic Method I" 

"Purge and Trap Gas Chromatographic Method 11" 

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 lead. Sample matrices compatible with 
this method inctude groundwater, surface water and drinking water. 

This methd is used for the analysis for cyanide in aqueous and solid . 

matrices. It includes total cyanide, cyanide amenable to chlorination, and 
weak and dissociable cyanides. 

This method is for the analysis of volatile organic compounds of 
intermediate weight. Sample matrices compatible with this method 
include groundwater, surface warn and drinking water. 

This method is for the analysis of 3 1 volatile organic compounds. Sample 
matrices compatible with tbis method include groundwater, surface water 
and drinking water. 

This method is for the analysis of 62 purgeable organic compounds, 
Sample matrim Compatible with this methud include drinking water, raw 
source watet and water being treated for potability. 

" ius  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 number represent the elemat name and the third letter is the method code. I 
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TABLE IV 

METHOD TITLES AND APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

S M E W  

METHOD 6230B 

METHOD 6230C 

METHOD 6230D 

METHOD 6410B t3 
N 
9. 

METHOD 6440B 

METHOD 6630B 

METHOD 6630C 

8SW846 - . 
METHOD 6010 

"Purge and Trap Packed Column Gas Chromatographic 
Method I" 

"Purge and Trap Packed Column Gas Chromatographic 
Method 11" 

"Purge and Trap Capillary-Column Gas Chromatographic 
Method" , 

" Liquid-Liquid Extraction Gas Chmmatographic-Mass 
Spectrometric Method" 

' Liquid-Liquid Extraction Chromatographic Method" 

"Liquid-Liquid-Extraction Gas Chromatographic Method I" - 

"Liquid-Liquid Extraction Gas Chromatographic Method 11' 

"Inductively Coupled Plasma Atomic Emission Spectrycopy" 

This method is for the analysis of 29 purgeable halocarbons. Sample 
matrices compatible with tb,is method include municipal and mdustrial 
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 purgeable hslocarbons. Sample 
matrices compatible with this method include drinbg water, raw source 
water and water being treated for potability. 

This method is for the analysis of $1 d v o l a t i l e  organic compounds. 
Sample matrices compatible with this method include groundwater, 
surface water and drinking watsr. 

Ths 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 orgrtnochlorine pesticides. Sample 
matrices compatible with this method include groundwater, surface water 
anddrinkringwater. 

This method is for the analysis of 26 metals. Sample matrices compatible 
with this method include groundwater, soils end.wastes. 

- 
'SW846 TEST METHODS FOR EVALUATING SOLID WASTE, THIRD EDITION, 11186, OFFICE OF SOLID WASTE AND EMERGENCY RESPONSE. 
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TABLE IV 

METHOD TITLES AND APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

SW846 

METHOD 7060 "Arsenic (Atomic Absorption, Fmace Technique)" 

c METHOD 7061 "Arsenic (Atomic Absorption, Gaseous Hydride)" 

Sample matrices compatible with this method include groundwater, soils, 
extracts and wastes. 

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 mtrices compatible with this method include water and wastes. 

MEZHOD 7130 "Cadmium (Atomic Absorption, Direct Aspiration)" Sample matrices compatible with this method include water, waste and 
sludge.. 

METHOD7131 "Cadmium (Atomic Absorption, Furnace Technique)" Sample matrices compatibie with this method include water, mil and 
waste. 

METHOD 7 190 "Chromium (Atomic Abarption, Direct Aspiration)" Sample matrices compatible with this method include water, soil and 
waste. 

Sample matrices compatible with this method include water, soil and 
Waste. 

This method is for the analysis of dissolved hexavalent chromium in 
extraction procedure (EP) toxicity extracts and groundwater. 

This method is for the analysis of dissolved hexavalent chromium in 
extraction procedure (EP) toxicity characteristic extracts and groundwater. 

This method is for the analysis of dissolved hexavalmt chromium in 
extraction procedure (EP) toxicity extracts and groundwater. 

METHOD 7191 "Chromium (Atomic Absorption, Furnace Technique)" 

METHOD 7195 "Chromium, Hexavalent (Coprecipitation)" 

METHOD 7 196 "Chromium, Hexavalent (Colorimetric)* 

METHOD 7197 "Chromium, Hexavalent (Chelation/Extraction)" 
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TABLE IV 

METHOD TITLES AND APPLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

- SW846 

METHOD 7198 

METHOD 9010A 

METHOD 9012 

METHOD 7420 

h) 

METHOD 7421 

METHOD 7470 

METHOD 7471 

METHOD 8010 

METHOD 8020 

'Chromium, Hexavalent (Differential Pulse Polarography)" 

"Todl and Amenable Cyanide" 

"Total and Amenable Cyanide (Colorimetric, Automated 
UV) " 

"Lead (Atomic Absotption, Direct Aspiration)" 

"Lead (Atomic Absorption, Furnace Technique)" 

"Mercury in Liquid Waste (Manual Cold-Vapor Technique)" 

"Mercury in Solid or Semisolid Waste (Manual Cold-Vapor 
Technique)" 

"Halogenated Volatile Organics" 

"An>matic Volatile Organics" 

Th~s 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 inorgauic 
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 witb this method include groundwater, 
aqueous waste and mobility procedure extracp. 

This method is for the analysis of inorganic and organic mrcury. Sample 
matrices compatible With this method include soil, sludge and srdiment. 

This mehod is for the analysis of 34 halogenated volatile organic 
compoun&. Sample matrices compatible with this mthd 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 mclude 
soil/sludge, groundwater, liquid waste and water immiscible waste. 
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TABLE N 

METHOD TITLES AM) APPLICATIONS 
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD 

SW846 

METHOD 8060 

METHOD 8080 

METHOD 8100 

METHOD 8240 
h) 

Y 
METHOD 8250 

METHOD 8270 

METHOD 8310 

/ "Phthalate Esters" 

"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 HydrocBrbons" 

This method is for the analysis of six phthalate esters. Sample matzices 
compatible with this method include water, soil, sludge and water 
immiscible waste. 

This method is for the analysis 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, drmking water and soillsediment. 

This method is for the analysis of 73 volatile organic compounds. Sample 
matrims include groundwater, caustic or acid liquors, and soillsediment. 

This method is for the analysis of 113 semivolatile organic compounds. 
Sample matrices compatible with this h o d  iaclwh solid waste, soil and 
groundwater. - 

This method is for the analysis of 131 semivolatile compounds. Sample 
matrim compatible with tbis 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 

L Drinking Water (USEPA, Office of Water) 
Sample 
Introduction/ Detection Limit/ 

rabon - - 
Acrolein and Acrylonitrile 

Basdeutrals, Adds and 

Benzidines 

Pesticides 

b 
603 

625' 

605 

632 

515.1 

612 

508 

504 

630 

525. 

61 1 

609 

507 

607 

531.1 

617 

614 

622 

508A 

505' 

608' 

604 

606 

- 
GC-FID P&T 0.50.6 

GC-MS XTN 0.09-44.0 

HPLCElectmhem 0.080.13 XTN 

XTN 0.003-1 1.1 Carbamates and Urea 
Pesticides 

Chlorinated Acids 

HPLCNV 

ECO 
Capillary Column 

GC-ECD ' 

ECD 
Capillary Column 

GC-ECD 

XTN EOL, 0.1-1 .O 

Chlorinated Hydrocarbons 

Shbrinated Pesticides 

XTN 0.03-1.34 

XTN . EDL, 0.01 4.5 (most 

XTN 0.01 

4 1) 

\ 
I ,2-Dibromoethane and 

1,2-Dibmmo-3-Chloropmpanf~ 

3ithiocarbamate Pesticides Colodmetric CS, Liberation 1.9-15.3 

XTN 0.1-1.0 Extractable Olganics GC-MS 
Capillary Column 

GC-ELCD XTN 0.3-3.9 

XTN - 0.01-15.7 

XTN EDL (Estimated 0.L) 
0.1-5.0 (most c1.0) 

0.150.81 XTN 

DI 0.5-4.0 

-faloethers 

Vitroaromatics and lsophorone 

Vitrogen and Phosphomus 

Nitrosamines 

Contalniing Pesticide 

GC-FID + ECD 
L 

NPD 
Capillary Column 

GCNPO 

U-Methylcarbarnates and 
N-Methyfcarbamoylorimes 

3rganohalide Pesticides and 
PCBs 

HPLC 
Fluorescance.DeWtor 

GC-ECD XTN 0.W2-0.176 

3rganophosphat.e Pesticides 

Irganophosphate Pesticides 

JercNorination Screenlng of 
PCBs 

GC-FPD OC NPD 

GC-FPD 

XTN 0.012-0.01 5 

XTN 0.1 -5.0 

XTN . 0.1 -0.3 ECDELCO Packed or 
Capillary Column 

XTN ,Variable 
Pesticide 0.005.1.0 
Herbicide 02-7.0 
P C b  0.1-0.5 

XTN 0.002-0.24 

. .  
'esticide and PCBs GC-ECD . 

Capillary Column 

'esticides and PCBs 
OrganocModne 

'henols 

'hthalate Esters 

GC-ECO 

GC-FID XTN 0.14-16.0 

0.29-3.0 GC-ECD XTN 

'urgeable Aromatics 002' GC-PID PaT 0.2-0.4 

' Frequently requested method. 
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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, Off ice of Research and Development) 

ComPound Class 

Purgeable Halocarbons 
Purgeable Organics 

Pu rg ea ble Organics 

P u rgeables 

Volatile Aromatics and 

Volatile Halocarbons 

Volatile Halocarbons 

Unsaturated Compounds 

EPA 
MAahukL 
601 
524.1 

524.2* 

624' 

503.1 

502.1 

502.2' 

vtical Svstem 

GCiELCD 

Capillary Column 

Capillary Column 

GC-MS 

GC-MS 

GC-MS 

GC-PID 

GC-ECD 
Packed Column 

Capillary Column 
G C-EtC DIP 1 D 

2,3,7,8-Tetrachlordibenzo-p 61 3 GC-MS 
dioxin 

Triazine Pesticides 61 9 GC-NPD 

Aqueous and Solid Matrices (USEPA, Office of Water) 

€PA 
Comt>ound Class hlkunaa ical Svstem 

Semivolatile Organics 1625 . Isotope Dilution by 
GC-MS (Capillary 
Column) 

Tetra- through octa- 1613 Isotope Dilution by 
chlorinated dioxins high resolution 
and furans GC-high resolution MS 

Volatile Organics 1624 Isotope Dilution by 
GC-MS (Capillary 
Column) 

. .  

Sample 
Introduction/ 

P&T 
P&T 

P&T 

P&T 

?&T 

P&T 

P&T 
I 

XTN 

XTN 

Sample 
Introduction/ 
Preparatilon_. 

XTN 

XTN 

P&T 

Detection Limit/ - 
0.02-1.81 
0.1 -1 .o 

0.02 -0.2 

1.6-7.2 

0.002-0.03 

0.001 -0.01 

0.01 -0.1 0 

0.002 

0.03-0.07 

Detection 
€laaxmu 

most 20-1 00 ppb 
(dependent on 
% solids) 

10-100 parts per 
quadrillion in water 
1-10 parts per trillion 
in soil 

(dependent 
5-1 00 ppb 

on %solids) , 

* Frequently requested method. 

229 
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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.) 

ComDound C lass 

Acrolein, Acrylonitrite, 

Aromatic Volatile Organics 

Acetonitrile 

Chlorinated Hert>icides 

C hlo n'nated H ydroca &on s 

Nitroaromatics and Cydic 

Organophosphorus Pesticides 

Ketones 

Organochlorine Pestiades and 
PCBs 

Phenols 

Phthalate Esters 

Poly n udear Aroma tic 
Hydrocarbons 

Poly nud ea r Aromatic 
Hydrocarbons 

Purgeable Halogenated Volatile 
Organics 

Purgeable Non-Halogenated 
Volatile Organics 

Semivolatile Organics 

Volatile Organics 

EPA 
Ml2uKah 

8030 

8020* 

81 50 

8120 

8090 

8140 

8080" 

8040 

8060 

8100 

831 0 

801 0 

801 5 

ana* 

8240" 

GC-FID 

GC-FID 

GC-ECD or ELCD 

GC-ECD 

GC-FID or ECD 

GC-FPD OT NPD 

GC-ECD 

GC-F ID 

GC-ECD 

GC-FID 

HPLCNV and Fluor 

GC-E LC D 

GC-FID 

GC-MS 
Capillary Column 

GC-MS . 

Sample 
Introduction/ 
Premration 

5030 

5030 

3550 

3550 

3550 . 

3550 

3550 

3550 

3550 

3550 

3550 

5030 

5030 

3550 

5030 

Detection Limit/ 
Ranae' 

0.5-0.6 

0.2-0.4 

0.1 -200 

0.03-1.3 

0.06-5.0 

0.1 -5.0 

70-1000 

0.1 4-16 

0.29-31 

Not Reported 

0.013-2.3 

0.03-0.52 

Not Reported 

Not Reported 

1.6-7.2 

' Frequently requested method. 
\ 
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APPENDIX Ill 
TABLE V-8 

SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS 
INORGANIC ANALYTES 

TotaVOissolved Metals 
TotaVDissohred Metals 
TotaVDissohred Metals 
Aluminum 
Antimony 
Antimony 
Ant irnony 
Barium 
Barium 
Beryllium 
Beryllium 
Boron 
Calcium 
Cakium 
Cobalt 
Cobalt 
Copper 
Copper I 

Cyanide 

Cyanide 

Cyanide 

Cyanide, 
Amenable to 
Chlorination, 
without 
distillation 

CyanMe 

Gold 

Gold 

Iron 
Iron 

€PA 
IkMhxuL 

1620 
601 0 
7000 
7020 
204.2 CLP 
7040 
7041 
7080 
7081 
7090 
7091 
21 2.3 
21 5.2 
71 40 
7200 
7201 
721 0 
721 1 
335.2 

335.2 

355.1 

4500-CN-H 

Detection Limit - 
ICP 
ICP 
AA 
AA 
GFAA 

,AA 
GFAA 
AA 
GFAA 
AA 
GFAA 
Spectraphot o met ric 
Titrimetric 
AA 
AA 
GFAA 
AA 
GFAA 
Total, (Tiirimetric, 
Spectrophotometric) 
Mldi (DistiJMion, 
Total, Colorimetric, 
Automated UV) 
Amenable to 
Chlorination 
(Tiirimet ric, 
Spectrophotometric) 
Spectrophotometric 

Standard Method 
for the Examin- 
ation of Water 
and Wastewater 
1989 
335.3 

231.1 

Total, S p  
t rophoto- 
metric 
AA 

231.2 GFAA 

7380 AA 
7381 GFAA 

~05,3010 
3005,3010 
3005,3010 
3005,301 0 

3005,3O10 
300!5,3010,3020 
3005,301 0 
Nitric acid, reflux 
3005,301 0 
3020 
Hydrochloric acid 

3005,301 0 
3005-301 0 
3020 
3005,3010 
Nitric acid, reflux 

+ 

*** 

.**e 

pH > 12 

+++ 

Nitric acid, Aqua 
Regh 
Nitric acid, Aqua 
Regia 

3005,3010 
Nitric acid, reflux 

1,000 
4300.5700 

70 
20 
30 
2.0 
50-200 
1 .O-30 
200 
100,OOO 
4800-5200 
3400-4600 
50 
3700-4300 
1 .o 
10 

5.0 

10 

20 

10 

100 

1 .o 

4400-5600 
1 .o 
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AnaMe 

iridium 

iridium 

Magnesium 
Manganese 
Manganese 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Nickel 
,osmium 

Osmium 
Osmium 
Palladium 
Palladium 
Platinum 
Platinum 
Potassium 
Rhenium 
Rhenium 
Rhodium 

Rhodium 
Ruthenium 
Ruthenium 
Selenium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Thallium 
Thallium 
Tin 
Tin - 
Titanium 
Titanium 
Vanadium 
Vanadium 
Zinc 
zinc 

EPA 
lYktkab 

235.1 

235.2 

7450 
7460 
7461 
246.1 
246.2 

7481 
7520 
252.1 

252.2 
7550 
253.1 
253.2 
255.1 
255.2 
761 0 
204.1 
264.2 
265.1 

265.2 
267.1 
267.2 
270.3 
7740 
7741 
7760 
7761 
7770 
7840 
7841 
282.1 
282.2 
283.1 
283.2 
7910 
791 1 
7950 
7951 

7480 

Detection LlmW 
l3anwwu 

Sample 

AA 

GFAA 

AA 
. A A  

GFAA 
AA 
GFAA 
AA 
GFAA 
AA 
AA 

GFAA 
AA 
AA 
GFAA 
AA 
GFAA 
AA 
AA 
GFAA 
AA 

GFAA 
AA 
GFhA 
AA-Hydride 
GFAA 
AA Hydride 
AA 
GFAA 
AA 
AA 
GFAA 
AA 
GFAA 
AA 
GFAA 
AA 
GFAA 
AA 
GFAA 

Nitric acid, Aqua 
Regia 
Nitric acid, Aqua 
Regia 
3005,301 0 
3005,3010 
Nitric acid, reflux 
e 

3005,301 0 
3020 
3005,301 0 
Nitrlc,sulfuric 
acids 
Nitric acid 
3005,301 0 
Nitric acid 
Nitric acid 
*. 
*. 
3005,301 0 
Nitric acid 
Nitric acid 
Nitric acid 
Regla 
Nitric acid 
Hydrochloric acid 
Hydrochloric acid 

30m 
3005,301 0 
3005,301 0 
Nitric acid, reflux 
3005,301 0 
3005,3010 
3020 

*. 

.e 

** 
.* 
.e 

3005,3010 
3020 
3006,3O10 
Nitric acid, refhoc 

3000 

30 

970-1 030 
10 
0.2 
100 
1 .o 
10,000 

4900-5100 
300 

20 

100 
5.0 
IO00 
20 
1000-2200 
5000 
200 
50 

5.0 
200 
20 

3.0-5.0 
5.0 
12oO.28OO 
0.2 
4800-5200 

1 .&lo 
800 
5.0 
400 
10 
4B4M)-50600 
50 
5.0 
0.05 

- 

APPENDIX 111 
TABLE V-B 

SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS 

(conUnued) 
INORGANIC ANALVTES 
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APPENDIX 111 
TABLE V-B 

SUMMARY OF ROUTlNE METHODS BY PROGRAM AND COMPOUND CLASS 
INORGANIC ANALYIFS 

(continued) 

htnple Preparation Methods 

3005 

301 0 

3G20 

Acid Digestion of Waters for Total Recoverable Dissolved Metals for Analysis by Flame Atomic Absorptbn 
Spec!mwpy or Inductively Coupled Plasma Spectroscopy. 

A& 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 M8talS for Analysis by Furnace Atomic 
Absorption Spectroscopy. .. .. 

CLP preparation methods are categorized by wate;/soi[. ICP, AA, and GFAA instrumentation. 

CLP methods are based on the 200 series Methods for Chemical Analysis of Water and Wastes. US. 
Environmental Monitoring Systems Laboratory. Cincinnati, Ohio. March, 1 983. 

Water sample preparation for GFAA uses nitric acid, hydrogen peroxide and mild heat. SOW 788,O-5. 

Water sample preparation for ICP and AA uses nitric acid, hydrochloric acid and mild heat. SOW 788,0-5. 

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, 0-5,6. 

Nitric and hydrochloric acids are used for digestion. 

Total cyanide is determined by a refluxdistillation procedure using a sodium hydroxide scrubber. 

Cyanide amenable to chlorination is chlorinated at pH greater than 1 I. 
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APPENDIX IV 
CALCULATION FORMULAS FOR STATISTICAL EVALUATION 

Appendix IV provides calculation formulas to enable responsible risk assessment personnel to determine the 
minimum number of samples necessary to meet statistical perfwmance objectives. ?his 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 afkr sampling. 

Calculation Formulas to Determlne the Number of 
Samples Required Given Coefficient of Vatlation and 

Statlstlal Performance Objectives 

The minimum number of samples, n, required to achieve a specified precision and confidence level at a 
defined minimum detectable relathre difference may be estimated by the fdfowing equation: 

For one-sided, one-=ample t-test n 2 [(Z, + Z#Dp + 0.5z2, 

For one-sided, two-sample t-test n L 2 [(Za + z$/Op + OSP, 

where:. 2 is a percentile of the standard m a l  U i i i i n  such that P(Z a 9 = a, is M a r l y  defined, 
and 0 (I h R O / C V ,  where MOAD is the minimum detedabte relathre diff erenc8 and CV is the coefficient of 
varlatbn. NOTE: Data must be transformed (ZJ for example: 

, 

Confidence Level 
1-a a 2, 

0.80 0.20 0.842 
0.85. 0.15 1.039 
0.90 0.10 1.282 
0.95 0.05 1.645 
0.99 0.01 2.326 

Power 
1-8 B q+ 
0.80 2.00 0.842 
0.85 0.15 1.039 
0.90 0.10 1282 
0.95 0.05 1.645 
0.99 0.01 2.326 

As an exampre d applying the equatiin above, assume CV - 30%. Confidence Level = 80%. Power - 95%. 
and Mlnbnum Oeleuable Relative Difference - 20%. For irdinite degrees of freedom (t distrbutii be<#mes a 
nomat one), Z,= 0.842 and Zp - 1.645. From the data asswned, 0 - 20% /30%. Therefore, 

n 2 [(0.842 + 1.645)/(20/30)~ i 0.5 (0.842)' 

n 2 13.917 + 0.354 = 14.269 

n 2 15 samples required (round up) 

Souroe: Adaptedfrom EPA 1989~. 
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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 plan will identify a hot w. 
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 fall on 8 hot spot is easily obtained from a geometriil 
argument since at least one grid point must fall in any square of area D 
spot. From this concept, it follows that the probability of sampling a hot spot P(WE) is given by: 

centered at the center of the hot 

= 1  i f ~ r ~ i 5  
where the angle DI(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 prabability of a hit is d4 = 0.785, which 
implies that the probabflity that this grid spacing woukl not hit a hot spot if it exists is 0.21 5. 

' No Hot Spot Exists: Example # 2 
This set of formulas addresses the probabilii that no hot spot exists (given that none were tound). This 
argument requires the use of a subjective probability, P(E) (where P(E) is the probability 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 formula gives: 

P(E 1 i) - P(i! I E) P(E) I [P(G I E) P(E) + P(H I E) PE)] 
= P(1 I E) P(E) / [Pg I 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 studydoes not find one is: 

- .  P(E I no hit) = 0.215 (0.25) / [0.215 (0.25) + 0.751 = 0.067. 

Hence, the probability that no hot spot exists is (1-0.067) = 0.933. 

Source: Adapted'from EPA 1989c. 
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Appendix IV (continued) 
Number of Samples Required in a One-sided One-Sample &Test to Achieve a Mini- 
mum Detectable Relative Difference at Confidence Level (1-a) and Power of (1 +) 

BO 

- 
coeff icient 
of Variation 

(%I 
10 

IS 

99 164 43 13 8 6 
95 101 27 8 5 3 

80 46 12 4 2 2 
90 73 19 6 3 2 I 

20 

. .  

Source: El 
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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 Relative Difference at Confidence Level (la) and Power of (%@) 

(continued) 
~ ~ 

Coefficient 
of Variation 

(W 
?5 

IO 

5 

ource: EPP 
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APPENDIX V 
"J" DATA QUALIFIER SOURCE AND MEANING' 

Appendix V lists the parameters and criteria that produce a."J" flag in accordance with the 
National Functional Guidelines for Organic Data Review (EPA 1991e) and Labotatoratory Data Validation 
Funniond Guidelines for Inorganics Analyses @PA 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 "I," or "estimated 
concentration" (the associated numerical value is an estimate of the amount amally 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 CRITERIA 

ANALYSIS: Organic (3/!JO).VOA & BNA 

Holding times 14 < VOA < 30days 
7 < BNA C 22 days 

Mass Calibration 

Ion Abundance Several data elements 
I in expanded window 

Calibrations 

-- initial I Average RRF < .05 
%RSD > 30% 

-- continuing R R F . <  .OS 

%D between initial 
and continuing 
calibration > 25% 

Blanks If associated result is 
between detection limit 
and CRQL 

Associated samples 
(+ results) 

All associated data 

LIKELY 
IMPLIC AT10 

Compound specific (+ results) 
Compound specific (+ results) 

No generalization 

Precision 

Compound specific (+ resuIts) 

Cornpound specific 

Low 

Compound specific ('t results) 

LOW 

Precision . 

High 
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APPENDIX V (CONTINUED) 

PARAMETER . CRITERIA ACTION 

Surrogates 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 
+lo096 of the 
associated standard 

Internal standards 

LIKELY 
IMPLICATIOPP 

Low Fraction specific (+ results) 
(negative results are flagged 
wlsample quantimion limit as 
estimated (VJ)) 

Fraction specific (4- results) 
L -  

L O W  

Fraction specific (+ results) High 

Associated compounds No generalization 
(+ results) (nondetects flagged 
w/sample quantitation limit - UJ) 

TICS None All TIC results - (NJ) No generalization 

ANALYSIS: Pesticides (2/88) 

Holding Times 7 < PEST < 22 Associated positive results 
days (negative results - UJ) 

Instrument DDT breakdown Associated positive DDT 
Performance > 20% results (J) 

Results for DDD and/or 
DDE (NJ) 

Low 

Low 

Endrin breakdown Associated positive Endrin results Low 
> 20% (J); Results for Endrin Ketone (J) 

. .  

. 
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APPENDIX V (CONTINUED) 

LrKELY 
PARAMETm lTERIq ACTION IMPLICATIONZ 

Calibrations 

-- initial ' If criteria for linearity Associated positive results 

-- continuing 
not met 

If ID between 
calibration factors 
> 15% (20% for 
compounds being 
confirmed) 

Associated positive results 

No generalization 

No generalization 

Surrogates If low surrogate Associated results ' Low 
recoveries obtained 

Compound Quantitation limits Estimated quantitation limit (UJ) No generalization 
Quantitation and 
Detection Limits scale peaks 

ANALYSIS Inorganic (390) 

affected by large, OfE- 

Holding Times/ Exceeded Associatedsamples > IDL Low 
Preservation r < IDL WJ11 

Calibrations Correlation coefficient Associated samples > IDL No generalization 
I < 0.995 

Midrange CN- Associated sampfes Precision 
standard not distilled 

r < IDL WJ)1 

-- 1CV or CCV %bR outside windows Associated samples > IDL Low lH igh 
but within the ranges 
of 7589% or 11 1- 

or 116-13096; Hg, 
65-7996 or 121- 
135%) 

125% (CN, 78-8496 

-- ICs (for ICP) If ICs recovery > Associated samples > IDL High 
120% 
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APPENDIX V (CONTINWD) 

LIKELY 
IMPLICATIOP PARAM_ETER . CRITERIA 

If ICs recovery falls 
between 50-7996 

Associated sampIes > IDL 
C<IDL WJ)I 

LOW 

Interferents with 
concentrations. , 
comparable to or 
higher than analyte 
levels 

Associated samples > IDL 
IDL WOl 

High 

ICs Al, Ca, Fe, and 
Mg interfering 
elements > 2xCRDL 
and 10% reported 
concentration of the 
affected element 

Associated samples 

LCS (Aqueous) Recovery within 
range 50-79% or 
> 120% 

Associated samples > IDL 
[ < IDL WJ)1 

Low/High 

LCS (Solid) Recovery outside 
control limits , 

Associated samples > IDL Low/High 

Low 

Precision 

Recovery lower than 
control limits 

Associated samples [ < IDL (VJ)] 

Outside control limits Associated samples of same 
matrix > IDL 

Duplicate, . 

Matrix Spike 
Sample 

Recovery > 125% or 
< 75% 

Associated samples > IDL Low /High 

Low Recovery with in 
range 30-74% 

Associated sampIes [ < IDL (UJ)] 

Precision ' AA Post 
Digestion Spike 

Duplicate injection 
outside + 20% 
RSD (or CV) and 
sample not rerun once 

Associateddata > IDL 
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APPENDIX V (CONTINUED) 

LIKELY 
PARAMETER CRITERIA ACTION IMPLICATIONZ 

Rerun sample does Associated data > IDL 'Precis ion 
not agree within 
+ 20% RSD (CV) 

Post digestion spike 
recovery < 40% 
even after rerun 

Associated data > IDL 

Post digestion spike 
recovery > 115% or 
< 85% 

Associated data [ < IDL (UJ)] 

If sample absorbance 

digestion spike 
absorbance and if 
furnace post digestion 
spike recovery not 
within 85 - 115% 

Associated samples > IDL 
is < 50% of post [ c IDL WJ)1 

LOW 

H i g h b w  

Low/High 

'MSA not done Associated data > IDL Precision 

Any samples run by Associated data > IDL No generalization 
MSA not spiked at 
appropriate levels 

MSA correlation Associated data > IDL No generalization 
coefficient < 0.995 

ICP Serial Criteria not met Associated data > IDL Precision 
Dilution 
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APPENDIX V (CONTINUED) 

BNA -- 
C r n L  -- 

CRQL -- 
cv ' - -  

ICs  -- 

ICV -- 
IDL -- 

IS 

PEST -- 

-- 

RRF - 
RSD -- 

TIC -- 
VOA - 

Selected Acronym Key 
. .  Base/neutral/acid or semivolatile . .  

. .  

. .  
Contract required detection limit (inorganics) . .  . .  . 

. 
. .. 

Contract required quantitation limit (organics) 

Coefficient of variation 

Interference check sample 

Initial calibration verification 

Instrument detection limit 

Internal ,standard 

Pesticide 

Relative response factor 

Relative standard deviation 

Tentatively identified compohd 

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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' APPENDIXVI 
"R" .DATA QUALIFIER SOURCE AMD MEANING' 

Appendix VI lists the parameters and criteria that produce an 'R" flag in accordance with the 
Naional Functional Guidelines f i r  Organic Data Review @PA 1991e) and Laboratmy Data Vdidation 
Functional Guidetines fir 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. 

LIKELY 
IMPLIC AT ION^ A C m  . PARAM-R CRITER IA 

ANALYSIS: Organic (3M) VOA & BNA 

Grossly exceeded Professional judgment 
(nondetects) 

Low 

Unusable 

Unusable 

LAW 

High 

LOW 

LOW 

Holding times 

In error Mass Calibration Associated samples 

\ 

Ion Abundance Outside expanded 
windows 

Associated samples 

Calibrations Mean RRF or 
RRF C 0.05 ' 

Compound specific 
(nondetects) 

Blanks 'Gross contamination 
(saturated peaks) 

Compound specific 
(associated samples) 

< 10% Re&ery Surrogates Entire fraction 
(negative results) 

Extremely low area 
counts; Major abrupt 

. 
. drop off -- ' 

Associated compounds 
(nond etects) 

Internal Standards 

Suspected artifacts Professional judgment Unusable .. . . .  TICS 
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PARA METER CRITERIA 

ANALYSIS: Pesticides (2/88) 

Grossly exceeded Hoiding Times 

APPENDIX VI (CONTINUED) 

LIKELY 

lnstrument 
Performance 

DDT 
Retention 
Time 

RT 

D DT/End r in 
Degradation 

Retention 
Time Check 

Surrogates 

Compound 
- Quantitation and 

Detection Limits 

.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 
(nondet ects) 

Affected CompounL, 

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 

IMPLIC A- 

LOW 

Unuseable 

Unuseable 

Low 

Unuseable 

LOW 

Unuseable 
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APPENDIX Vl (CONTI-) 

WKELY 
ER CRITERIA ACTION IMPLIC ATIO Nf 

/ 

ANALYSIS: Inorganic (3m) 

Holding Times Grossfy exceeded Profasional judgment LOW 
(Results < IDL) 

Calibrations Minimum number of .Professional judgment Precision 
standards not used; (associated samples) 
Not calibrated daily 
or each time 
instrument set up 

-- ICV or CCV 

ICs (for XCP) 

96R outside of 75- Associated samples Low/High 
125% (CN, 70-130; 
Hg, 65- 13596) 

AI, Ca, Fe or Mg in Affected analytes High 
samples ICs and 
ICs <SO% 

RESUI~S --   XI DL for ~ffected malyte~ High 
elernsnts which are 
not present in the 
EPA-provided 
solution and levels of 
Ai, Ca, Fe or Mg> 
50% of levels found 
in ICs, and estimated 
interferences due to 
Al, Ca, Fe or Mg 
> 90% 

LCS (Aqueous) Recovery < 50% Affected analytes LOW 

Matrix Spike Sample Recovery C 30% . Affected samples (results Low 
C IDL) 

AA Post Digestion Recovery < 10% Affected samples (results Low 
Spike e IDL) 
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APPENDIX VI (CONTINUED) 

. .  .. . . .  . .  
l Selected Acronym Key . . ) .  

AA - 
BNA - 
ccv -- 
DBC - 
ICP -- 
res - 
ICV -- 

IDL -* 

LCS - 
RRF -- 
RT - 
ne - 

VQA - 

Atomic absorption 

Base/neutral/acid or semivolatile 

Continuing cdibration verification 

. . .  Dibutyl chlorendate 
. .  

Inductively coupled plasma .. ' : .' 

Interference check sample 

Initial calibration verification 

Instrument detection limit 

Laboratory control sample 

Relative response factor 

Retention time 

Tentatively identified compound 

. .  Volatile 

. .  

.. , . . . . . , . . . . . , . .  . >:: 

. .  
. .  . .  , .  

. > ; 

. .  . . .... . . .. . .  
. .  . , .  . .. 

. .  
. .- . 

.. '. 

~ 

Implication Key 

Low: The associated resuIt may underestimate the true value. 

High: The associated result may overestimate the true value. 

Precision: The associated resuIt may be of poor precision (high variability). 

No generalization: No generalization can be made as to the likely implication. 

Unuseable: Data are probably unusable without resampling and reanalysis. 
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Common Laboratory 
Contaminants Concentration Requirements 

Methylene Chloride Sample concentrations less than 0 
lox that detected in method 
blanks will be reported as 
undetected (or flagged B). 

0 

Risk Assessment 
Implications 

Acetone Sample concentrations less than 0 
lox that detected in method I ’ 

blanks will be reported as 
undetected (or flagged B). 

0 

0 

Toluene Sample concentrations less than 0 
lox, that detected in method 
blanks will be reported as 
undetected (or flagged B). 

0 

Include, analyte if 
Concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
lox greater than blank 
concentration and multiple 
chlorinated volatile analytes 
are detected. 
Exclude analyte in all other 
situations. 

Include analyte if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
1Ox greater than blank 
concentration and multiple 
ketones are detected. 

Exclude analyte in all other 
situations. 

Include analyte if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than , 

1 Ox blank concentration 
and multiple aromatic or 
fuel hydrocarbons are 
detected. 

0 Exclude analyte in all other 
situations. 



APPENDIX VI1 (CONTINUED) 

Common Laboratory 
Contaminants Concentration Requirements 

i 

Risk Assessment 
Implications 

2-Butanone (methyl 
e thylketone) 

Phthalates (Le., dimethyl 
phthalate, diethyl 
phthalate, di- n- butyl 
phthalate, butylbenzyl 
phthalate , bh( 2 - 
ethylhexyl) phthalate, di- 
n-octyl phthalate) 

Tentatively Identified 
Compounds 

Carbon dioxide 

Diethyl ether 

Hexanes 

. .  

Sample concentrations less than 
1Ox that detected in method 
blanks will be reported as 
undetected (or flagged B). 

Sample concentrations less than 
l ox  that detected in method 
blanks will be reported' as 
undetected (or flagged B). 

Not reported if present in the 
method blank. 

Not reported if present in the 
method blank. 

Not reported if present in the 
method blank. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Include analyte if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
IOx blank concentration 
and multiple ketones are 
detected. 

Include analyte if 
concentration is greater 
than lox blank. 

Exclude analyte in all other 
situations. 

Exclude analyte in all 
situ a tions . 
Include analyte if 
concentration is greater 
than lox blank. 

Exclude analyte in all other 
situations. 

Exclude if analyte 
concentration is not lox 
met hod blank. 

Exclude if analyte 
concentration is not lox 
field blank (EPA 
definition). 

Exclude if sample is not 
analyzed within seven days. 
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APPENDIX VI1 (CONTINUED) 

Common Laboratory 
Contaminants Concentration Requirements 

Risk Assessment 
Implications 

Solvent preservative 
artifacts (e.g., 
cyclohexanone, 
c yclo hexenone, 
c yclo hexanol, 
cyclohexenol, 
chloroc yclohexene. 
chloro c yclo hexanol) 

1 

o Exclude if sample is not 
analyzed within seven days. 

Not reported if present in the o Exclude if artifact 
method blank. concentration is not lox 

method blank. 

o Exclude if artifact 
concentration is not lox 
field blank @PA 
definition). 

Aldol reaction products of 
acetone (e.g., 4-hydroxy- method blank. 
4-methyl-2-pentanone, 4- 
methyl-penten-2-one, 
5,5-dimethyl-2(5H)- 
f uranone) 

Not reported if present in the 

o Exclude if sample is not ' 

analyzed within seven days. 
. .  

o Include analyte if '". 

concentration is greater 
than lox blank. 

o Include snalyte if 
concentration is less than 
lox greater than blank 
concentration and multiple 
ketones are detected. 

o Exclude analyte in all other 
situations. 
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APPENDIX VIlI 
CLP METHODS SHORT SHEETS 

'ITIZE: USEPA CONTRACT LABORATORY PROGRAM 
STATEMENT OF WORK FOR ORGANIC ANALYSIS 
MULTI-MEDIA, MIXTI CONCENTRATION 

DOCUMENT. DATE: 

EFFECTIVE DATES 

CONCENTRATION: 

DATA TURNAROUND: 

DOCUMENT NUMBER I 
Not Applicable 

September 28,1990 through February 1994 

Low to Medium 

14 Days or 35 Days 
____ 

1- MATRICES: I Aqueous/Soil/Sediment* 11 
SIGNIFICANT FEATURES 

The compounds include volatiles, semivolatiles. and pesticide/PCBs. 
Volatiles and semivolatiles 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 identifted by GC/ECD at concentrations above 10 ng/uL are confirmed by G U M S  analysis. 

REVISIONS/MODIFICATIONS 

OLMOl.0 SOW 
The following is a Ilst of the significant changes from the 2/88 SOW tbat are incorporated m tbe 

Selected volatile CRQLs have been raised; pestidelPCB low soil CRQLs have been lowered, and 
selected pesticide/PCB aqueous CRQLs have been changed. 
Target Compound List (TCL) changes include the elimination of vinyl acetate from the volatile TU, 
the elimhiuion of benzyl alcobol and b z o i c  acid i3om the semivolatile TCL, the addition of 
carbazole to the semivolatile TCL, and the addition of endrin aldehyde to the pesticide TCL. The 
semivolatile TQ; compound bis(2cbloroisopropyl)ether was renamed 2,i?'oxybis(l-cbloroppane). 
A new method for analysis of pestkidsPCBs is used. Changes include the use of wide bore capillary 
columns, new surrogates, and new calibration techniques. 
Pest ic imB quantitation is performed using both the primary and secondary columns. Tbe l o w  
value is reported by the laboratory. 

The only significant change in the OLMOI.l (December, 1990) and OLMOl.1.1 (Februafy, 1991) 
revisions to the OLMOl.l through OLMO1.0 SOW was the lowering of selected Semivolatile CRQLs. The 
significant changes in the OLMOl.1 through OLMO1.7 revisions to the OLMO1.0 SOW we= the lowering 
of selected semivolatile CRQLs and options for either a 14 day or 35 day data nunaround. . 

RECOMMENDED USES 

define the nature and extent of potential site contamination during SSI, LSI, and RVFS activities, Tbis 
method is suitable when a 14 day or 35 day turnaround for results is adequate. It is recommended for 
samples fiom known or suspected hazardous waste sites where potential contamination may be present at 
significant risk levels. 

Analytical Service) in order to achieve the CRQLs. 

This Routine Analytical Services (RAS) method is recommended for broad spectrum analysis to 

* Sediment samples with high moisture content should be solicited as RAS + SAS (Special 
/ 

COMPOUNDS AND CRQLs 

Quantitation Limits (CRQLs) are listed in Attachment 1. 
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Tlm USEPA CONTRACT LABORATORY PROGRAM 
STAlEMENT OF WORK FOR ORGANIC ANALYSIS 

DOCUMENT DATE: 

EFFECTIVE DATES: 

MULTI-MEDIA, HIGH CONCENTRATION 

DOCUMENT NUMBER II 
Septembet 1988 

June 7,1989 through December 26,1991 

CONCENTRATION: 

DATA TURNAROUND: 

MATRICES: 

High: Greater than 20 ppm 

35 Days 

Liquid/SotidlMulti-phase 

SIGNIF'ICANT FEATURES 
0 No holding times are designated for high concentration samples. 

"he analyses are suitable for highly contaminated samples (>20 mg/Kg). 

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. 

Volatile, extraclable (semivolatiles and pesticides), and multicomponent extractable (Aroclors and 
Toxaphene) compounds are included. 

Volatila and extrac@les are analyzed by GCIMS;  Aroclors and Toxaphene analyzed by GC/ECD. 

Second column confirmation by GCECD is required for Arochrs 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 Routine 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 turnaround for results is adequate. ,Et is recommended for samples obtained from chummed 
material, waste pits or lagoons, waste piles, tanker trucks, onsite tanks, and apparent contaminated soil 
areas. The waste matedal may be indusrrial process waste, byproduck, raw materials, intermediates and 
contaminated products. Samples may be spent oil, spent solvents, paint wastes, metal treatment wastes, 
and polymer fonnutations. 

miscible liquid, water immiscible liquid, or solid. Various methods of phase separation may be utllized 
depending on the number and types of phases in a sample. 

COMPOUNDS AND CRQLs 

Quantitation Limits (CRQLs) are listed in Attachment 1. 

The method is suitable for solids, liquids, or multiphase samples, a phase being either water 

The Target Compound List compounds included in the analysis and their Contract Required 
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DOCUMENT NUMBER: 

DOCUMENT DATE: 

W E C T I W  DATES: 

ILM01.0 

Not Applicable 

September 7,1990 through September 26,1993 

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 distillation for cyanide analysis and the microwave digestion 
for GFAA and ICP analyses. These two sample preparation procedures require less sample volume 
than the traditional Statement of Work sample pparation procedures. 

t 

L 
CONCENTRATION: Low to Medium 

DATA TURNAROUND: 35 Days 

MATRICES Aqueous/SoiUSediment* 

REVISIONS/MODIFICATIONS 

None to date 

W C O V D E D  USES 

This Routine Analytical Service ( R A S )  method is recommended for broad spectrum analysis to 
define the nature and extent of potential site contamination during SSI, LSI, and IU/FS activities. This 
method is suitable when a 35 day turnaround for resuIts is adequate. It is recommended for samples from 
known or suspected hazanious waste sites where potential contamination may be present at significant risk 
levels. 

Analytical Service) in order to achieve the CRQLs. 
* Sediment samples with high moisture content should be solicited as U S  + SAS (Special 

ANALYTES ANDCRQL 

Quantitation Limits (CRQLs) are listed in Attachment 2. 
The Target Analyte List analytes included in the analysis and their Contract Required 
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'ITTZE: USEPA CONTRACT LABORATORY PROGRAM 
STATEMENT OF WORK FOR INORGANIC ANALYSlS 
MULTI-MEDIA, HIGH CONCENTRATION 

L 

DOCUMENT DATE. Not Applicable 

EFFECTLYE DATES May 15,1991 through November 30,1993 

CONCENTRATION: High 

DATA TURNAROUND: 35 Days 

I 

MATRICES: LiqoidlSolid/Multi-phase 

DOCUMENT NUMBER I IHC01.2 

The lHCO1.1 and XHCOl.2 revisions to the IWO1.0 SOW do not signikcantly affect data 
. 

usability. 

RECOMMENDED USES 

This routine AnalyticaI Service (RAS) method is recommended for pre-remedial, remedial, or , 
removal projects where bigh 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 a 

miscible liquid, water immiscible liquid, or solid. A phase separation step is applied prior to digestion. 
Ehch phase is analyzed and reported as a separate sample. 

ANALYTES AND CRQLs 

The method is suitable for solids, liquids, or multipbase samples, a phase being either water 

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 Contm Laboratory Pmgmm 
Statement of Work far Organlc An- 
Multi-Medii Low to Maurn and High Concentralbn 

~ 

&+Dbrilrophenol 

4-Nilmphed 

Dibenrduran 

2,4Oinitmtoluene 

Diilhylphlhalale 

Attachment 1 (Cont'd) 
Target Compound List and Associated CRQLs 

) 

25. 800. 100 

25' 800' 100 

10 330 20 

10 330 20 

10 330 20 

*CtdoroPhenvLPhatwlher 10 

DbbutylphIhafnte i o  330 20 

Fborutnhene 10 330 2 0 '  

Fyrene $0 330 20 

BulybnzylpMhnlate 10 330 20 

hlblchtoroberuidine to" 330" 1 40 

330 20 

Be nza(a)anlhrscene I . 10 330 20 I 1 
ChrVWW I 10 330 20 

&nzo(k)fluoranthene 

Benzo(a)pyremr 
Indeno(l2,3<d)pyrene 

10 330 20 

10 330 20 

10 330 20 

-i&zo(ghi)perylena 10 330 20 I 1 1 I 
CRob previously 5 ugl. and 5 u g h ~  in 2/aa SOW 

** CROLs previously 20 ugk and 600 ugkg In 2/8B SOW 

Nole: 

1 the  samplespecifi CRQLs for soil samples will be adjusted for penant moisture and win be higher than those Iisled 
above. 

2 Medurn level soil CRQL = $20 n Aqueous CAC4 repotted in u&. 

3 All ClXXs are based on wet weigM and apply to 6oM and Ilquid campla  
4 Results for both wlii and liquid oamples are reported as mgkg, wet weight. 

Dib&ofa.h\anIhmcene 10 
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USEPA Contrael Lahatory Program 
Staternenl of work for Organic Analysis 
MuhkMedii, Low to Medium and High Concentration 

fluoranthene 

Pyrene 
But ylbenrylphthaIaf e 

3,3'-Dl~hl~0b~ZiditW 

Benzo(a)anlhracena 

chrysana 
bls(2-Ethvlhexvlldthalate 

Attachment 1 (Cont'd) 
Target Compound LIS? and Associated CRQLs 

10 330 20 

10 330 20 

10 330 20 

IO"' 336" 40 

10 330 20 

10 330 20 

10 I 330 20 7 
Dl.na~rylphlhalate 

Benzo(b)tluoranthene 

Benro(k)fluoranlhene 

Benzo(a)pyrem 

Indeno(l,2,3cd)pyrene 

Dibenzo(e. h)anthraeene 

Benzo(g, h.l)perylene 

~- 
10 330 20 

10 330 20 

10 330 20 

10 330 20 

10 330 20 

.to 330 20 

10 330 20 

\ 

21-00une.1 
\ 



USEPA C&itnel Laboratory Program 

MuWiMsdla, Low to Medium and HW Concentration 
Statement of Wak lor organic Ana)ysi. 

Attachment 1 (Cont'd) 
Target Compound List and Associated CRQLs 

CROLs previously 5 u& and 5 ugkg in 2rge SOW 

No& 

1 The sample-specifii CmL6 for mil samples will be adjU6td for pement moisture and wlll be higher than 
those lisled above. 

2 Medium level d l  CROL I 1 OOO x Aqueous CROL reporled in & 
3 All CGQLs are based on wet weight and apply to d i d  and liquid sample& 

4 Resulls far both -!Id and liquid samples am reported as m@@ we1 weight 
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Attachment I (Cont'd) 
Target Compound List and Associated CRQLs 

4,4'-DDf 

Methoxychlor 

Endrin ketone 

Endrin aldehyde 

alpha-Chlordane 

0.10 3.3 2d 

0.5 . 17.0 20 

0.1 0 3.3 20 

0.10 3.3 -. 
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 solid and- liquid samples are reported as W g ,  wet weight. 

Aqueous CRQLs changed from 2/88 SOW to the following: 

Aqueous CRQLs (ug/L) - alpha- and gamma-Chlordane from O S  to 0.05. 

All low soil CRQLs changed from 2/88 SOW to the following: 

* *  Low Soil CRQLs (ugkg): alpha-BHC through Endosulfan I from 8.0 to 1.7; 
Dieldrin through 4,4'-DDT and Endrin ketone-from 16.0 to 3.3; 
Methoxychlor from 80.0 to 17.0; 
alpha- and gamma-Chlordane from 60.0 to 1.7. 

* 

,260 



Attachment 1 (Cont'd) 
Target Compound List and Assoclated CRQLs 

Note: 

1 All CRQLs are based on wet weight and apply to solid and liquid samples. 

2 Results for both solid and liquid samples are reported as mgkg. wet weight. 

Aqueous CRQLs changed from 2/88 SOW to the following: , 
. 

Aqueous CRQLs (ugR) - Toxaphene from 1 .O to 5.0; 
Aroclors-1016, 1.232, 1242, and 1248 from 0.5 to i.0: 
Aroclor-I221 from 0.5 to 2.0. : 

All low soil CRQLs changed from 3888 SOW to the following: 

** Low Soil CRQLs (uglkg): Toxaphene from 160.0 to 170.0; 
Aroclor-1016, 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.O.TCL Ex 
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USEPA Contract Laboratory Program 
Statement of Work for Organic Analysis 
Mulli-Media. Multi-Concentration and High Concentration 

Anal@ 

Aluminum 

Antimony 

Arsenlc 

\ 

Multl-concentration ( I )  - HighGncentra%n (2,3) 

Aqueous Low Soil LlquidlSoWMuiU- Phase 
CRQL . CROL CRQL (ms/ks, PPm) 

lW/C PPb) PPb) 

200 40 80 

60 12 20 

10 2 5 

Attachment 2 
Target Analyte List and Associated CRQLs 

Barium I 200 40 80 
~ ~. 

Beryllium 5 1 5 

Cadmium 5 1 '  10 

Calcium SO00 to00 80 

Chromium 10 2 10 

Cobalt 50 10 I 20 

Copper 

Iron 

Lead 

~ 

25 5 40 

100 20 20 

3 0.6 10 

Magnesium 

Manganese 

Mercurv 

5ooa fOOO 80' 1 

15 3 10 ' 

0.2 0.1 0.3 
~ .. .- ~ ~ 

Nickel 

Potassium 

Selenium 

Silver 

~~ ~ - ~ - 
40 8 20 

5000 1000 - 
5 1 5 

' 10 2 10 
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~ ~~ 

Sodium 

Thailium 

Vanadium 

~ ~ ~ 

5000 loo0 a0 1 

10 2 20 

50 10 20 

. - ~~ ~ 

Zinc 20 4 10 

Cyanide 10 2 1.5 
- .~ ~~ ~ - 

PH .. .. WA 

Conductivity .., - 3.0 (um hos/cm) 
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Glossary 

m. The degree of agreement of a measured value with the true or expected value of the quantity of concern. 

m. The chemical for which a sample is analyzed. 

e. The ability of an analyte to exist in, or change between, chemically Merent forms (e.g., 
valence state, complexation state) depending on ambient conditions. 

nd rev&. Concentrations of chemicals that are present in the environment due to human- 
made, non-site sources (e.g., industry, automobiles). 

m. A sample of hown composition provided by EPA far contractor analysis to evaluate contractor 
performance. 

jlveragg, The sum of a set of observations divided by the number of observations. Other measures of central 
tendency are median, mode, or geometric mean. 

w. A sample taken from a lucation where chemicals present in the ambient medium are assumed 
due to natural sources. 

&. A systematic error inherent in a method or caused by some artifact or idiosyncmy of the measurement 
system, 

Biased. A sampling plan in which the data obtained may be systematically different from the true mean. 
Biased sampling protocols are appropriate for certain objectives (e.g., clustering of samples to search for hot spots). 

m. The plants and animals of the study area. 

m. A clean Sample that has not been exposed to the analyzed sample stream in order to monitor conbmination 
during sampling, transport, storage, or analysis. 

Broad 
variety of chemicals. 

m. The comparison of a measurement standard or instrument with another standard M instrument to report 
or eliminate, by adjustment, any variation (deviation) in accuracy of the item being compated. The levels of 
calibration standards shoutd bracket the range of levels for which actual measurements are to be made. 

-. A plausible, upper-bound estimate of the probability of cancer response in an exposed 
individual, per unit intake over a lietime exposure period. 

An analytical procedure capable of providing identification and quantitation of a wide 

Records that contain information about the sample from sample collex-tion 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. 

Chem- Concern. A chemical initially identified or suspected to be present at a site that may be 
hazardous to human health. , 

, A statistical description of experimental data that assumes normality and independence. 
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-. 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 measured parameter that is likely to be observed at a 
specified level of confidence. 

Promm [CLn Analytical program developed for analysis of Superfund site samples to 
provide analytical results of known quality, supported by a bigh level of quality assurance and documentation. 

Limit CRO Ll. The chemicd-spific quantitation levels that the CLP requires to Contract -on 
be routinely and reliably quantitated in specified sample matrices. 

Data Asses-. The determination of the quantity and quaIity of data and their useability for risk assessment. 

. .  

, 

moll . A perfoiman& measure for sampling and analytical procedures. 

itv 0-. QuaIitative and quantitative statements that spTify the quality of the data . .  
required to support decisions. DQOs are determined based on the end use of the data to be collected. 

Rev&. 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 parameters by a professional with 
knowledge of the tests performed. 

Data 1 I-. The ability or appropriateness of data to meet their intended use. 

Data V a l m .  CLP-specific evaluation process that examines adherence to performance-based acceptance criteria 
as outlined in National Functional Guidelines fur Organic (or Inorganic) Data Review (EPA 1991e, EPA 1988e). 

\ 

hi t .  The minimum concentration or weight of an analyte that can be detected by a single measurement 
above instrumental background noise. 

Dilutioa. Adding solvent to a sample, with an analyte concentration higher than the standsrd calibration curve, to 
bring the analyte concentration into a quantifiably measurable range. 

DissoIved Metals . Metals present in solution rather than sorbed on suspended particles. 

D o m h .  A mappable subset of the total area containing the populations, after which distinct statistical properties 
can be described. 

Dose-- Eval-, The process of quantitatively evaluating toxicity infomiation and characterizing the 
relationship between the dose of a contaminant administered or received and the incidence of adverse health effects 
in the exposed populations. 

-. A second sample taken from the same source at the Same time and analyzed under identical conditions to 
assist in the evaluation of sample variance. 

- e m  . The area of a site over which a receptor is likely to contact a chemical of potential concern. 

Exnowre A, 9 se ssmenl. The determination or estimation (qualitative or quantitative) of the magnitude, frequency, 
duration, and route of exposure. 

\ 
&posure Path= . The course of a chemical or physical agent fiom 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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m., The process of releasing compounds from a sample matrix prior to analysis. 

. A statement that a condition does not exist when it actually does. 

Ct-. A statement that a condition does exist when it actually does not. 

FieldAnalvses. Analyses pertomed in the field using sophisticated portable instruments or instruments set up in a 
mobile laboratory on site. Results are available in real time or in several hours and may be quantitative or 
qualitative. 

m. An instrument that is sufficiently rugged and not of excessive weight that can be wried and used by 
an individual in the field. 

-. Analyses performed in the field using portable instruments. The results are available in real time 
but are often not compound-specific or quantitative. 

-. Analyses performed in an off-site analytical laboratory. 

w v  of Oc-. The ratio of occurrence of a chemical existing at a site compared to occurrence at a l l  sites 
or compared to the frequency at which the chemical was tested for. 

E). A computerized database designed to overlay multiple information 
elements such as maps, annotations, drawings, digital photos, and estimated concentrations. 

-. A statistical or mathematical description of experimental data with special attention to spatial 
covariance or temporal variation. 

m. A theory of statistics that recognizes observed concentrations as dependent on one another and 
governed by physical processes. Gemtatistical methods consider the location of data and the size of the site for 
calculations. 

. .  

I 

-. Sample property that is unevenly distributed in the population. . .  

. Data collected before the remedial investigation. 

m. The length of time from the 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. 

. A sample pruprty that is evenly distributed over the population. 

Hot. Location of a substantially higher concentration of a chemical of concern than in smunding arm of a 
site. 

Hudrocafbon. An organic compound composed of carbon and hydrogen. 

Identification. Confmation of the presence of a specific compound or analyte in a sample. 

i m i m  . 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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Tntakg. A measure of exposure expressed as the mass of a substance in contact with the exchange boundary per unit 
body weight and unit time. 

on S m .  An EPA database Containing verified RfDs, RfCs, slope factors, up-to- 
date health tisks and EPA regulatory information for numerous chemicals. IRIS is WA’s preferred source for 
toxicity information for Superfund. 

-. A compound added to organic samples and blanks at a know concentration prior to analysis. It 
is used as the basis for quantitation of target compounds, 

-Fling. The process of locating sampling points based on the investigator’s best judgment 
from historical data of where the sample should be taken. 

Krirring. A procedure utilizing a spatial covariance function and known values at sampling locations to estimate 
unknown values at unsampled locations. For each estimate, an m r  of estimate is generated, 

imit of DetectlrmOT)). The concentration of a chemical that has a 998 pmbability of producing an analytical . .  
’ result above background ‘hoise” using a specific method. 

of 0- COO). The concentration of a chemical that has a 99% probability of producing an analytical . .  
result above the LOD. Results below LOQ are not quantitative. 

m. The agreement between an actual instrument reading and the reading predicted by a straight line drawn 
between calibration pints that bracket the reading. 

ab1 @Adverse -Effect-Level LOAE L’1. In dose experiments, the lowest exposure level at which there 
are statistically or biologicalIy significant increases in frequency or severity of adverse effects between the exposed 
population and its apparent mntro1 group. 

Ma.., F A characteristic pattern of ion fragments of different masses resulting Mrn analysis that can be 
compared with a mass spectral library for analyte identitication. - 

am. The predominant material comprising the sample to be analyzed (e.g., drinking water, sludge, air). 

murement   ern^ . The difference between the true sample vdue and the observed measured value. 

nt Variabilitv. The difference between an observed measurement and the unknown true value of the 
. property being measured. 

V m .  Variability auributed to matrix effects. 

Method B lank P- . A measure that defines the level of laboratory background and reagent contamination. 
It is determined by analyzing a method blank consisting of all reagents, internal standards, and surrogate standards 
that are carried through the entire analytical procedure. 

Method De- W L J .  The detection limit that rakes into account the reagents, sampIe matrix, and 
preparation steps applied to a sample in specific analytical methods. 

. .  

um D w b l e  R&tive Difference. Percent difference between two concentration levels tbat can be detected 
in analyses. 
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m. A mathematical description of an experimental data set. 

-. Variation in values or propaties of a parmeter tbat 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). 

. .  

-. A probability density function that approximates the distribution of many random variables 
and has the form generally called the "bell-shaped curve." 

NullHvwthesis. For risk assessment, statistical hypothesis tbat states on-site chemical concentrations am not 
higher than background. 

particlllate. Solid material suspended in a fluid medium (air or water). 

. .  
_- 

-. A sample of known composition pkvided for laboratory analysis to monitor 
laboratory and method performance. 

-. 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 (cbain-of-custody records) must be available 
to relate all sample results to geographic locations. 

-. The variation in true pollution levels from one popuhtion unit to the next. Some factors that 
cause this variation are dismce, direction, and elevation. 

power. A parameter used in statistics that measures the probability that the result from a specified sampling or 
analytical proms correctly indicata that no further action is requited. 

k. The lowest level that can be reliably achieved within specifed limits of 
precision and accufacy during mutine laboratmy operating conditions. 

-. A measure of the agreement among individual measurements of the same promy, under prescribed 
similar conditions. 

. .  . .  
\ 

. 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 
in€omtion and am modified to reflect results of the baseline risk assessment. They also are used during analysis of 
remedial alternatives in the remedial investigatiodfeasibility study ( W S )  

preservation. Treatment of a sample to maintain representative sample properties. 

m. A code appended to an analytical result that indicates possible qualitative or quantitative uncertainty in 
the result. 

-. An analysis that identifies an analyte in a sample without numerical certainty. 

r. An orderly assembly of detailed and specific procedures which delineates 
how data of known and accepted quality is produced for a specific project. 

-Limit. The lowest experimentaliy measurable signal obtained for the actual analyte using a particular 
procedure. 

. .  
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-. An analysis that gives a numerical level of certainty to the concentration of an analyte in a sample. 

-. The process of locating sample points randomly within a sampling area. 

. .  

aria.  The concentration range over whicb the analytical m e  remains hear. The limit within which 
response is IinearlyreIatea to concentration, 

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 
uncedty  in the chemical concentration. 

-. An individual organism or species, or a segment of the population of the organism or species, tbat is 
exposed to achemical. 

m. A determination of the accuriicy of the analytical procedure. made by comparing measured values for B 
spiked sample against &be known spike values. 

-. An estimate, with uncertainty spanning an order of magnitude, of continuous 
exposure to the human population (including sensitive subgroups) through inhalation that is Iikely to be without 
appreciable risk of deleterious effect during a lifetime. 

-. 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. 

A. A measure of precision which is based on the mean of two values fiom related 
analyses and is reported as an absolute value. 

v. A measure of the relative mass spectral response 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. 

v n  tR.Q. A process for collecting data to characterize site and waste and for conducting 
treatability testing as necessary to evaluate the pexformance and wst of the treatment technologies and support the 
design of selected remedies. 

-. The degree to which the data collectd accurately reflect the actual concentration or 
- distribution. 

-. The length of time that a compound is retained on an analytical column (common in GC, HPLC, 
and IC). 

A software developed for EPA which provides analytical took and databases to assist exposure and 
risk assessments of chemically contaminated sites. 

Risk. Tbe process of integrating the results of the exposure and toxicity assessments (Le., 
comparing estimates of intake with appropriate toxicological values to determine the likelihood of adverse effects in 
potentially exposed populations). 

-. A method issued by an organization with appropriate responsibility. A routine method has been 
validated and published and contains information on minimum performance characteristics. 
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-. The maintenance of the sample in the same condition as when sampled. 

. .  . .  m. The dewtion limit that accounts for sample characteristics, sample preparation 
and analytical adjustments, such as dilution. 

k. A document consisting of a quality assut.ance project plan, and the field 
sampling plan, which provides guidance for all. field samphg and analytical activities that will be performed. 

p. The variability attributed to various sampling schemes, such as judgmental sampling and 
systematic sampling. 

m. The capability of methodofogy or instrumentation to discriminate between measurement responses for 
quantitative differences in a parameter of interest. 

~~. A sampling scheme whek positions, times, or intentah are based on a r a n h i z e d  
' selection. 

-. 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. 

-. 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. 

w. A single sample divided for the same measurement by two processes for the purpose of monitoring p i s i o n ,  
acturacy or comparability of two analyses. 

ne-. The most common measure of the dispersion of observed values or results expressed as the . .  
magnitude of the square root of the variance. 

ura (SOPS). A written document which details an operation, analysis, or action whose 
mechanisms are thoroughly prescribed. 

Smnling. A sampling scheme where the target population is divided into a certain number of 
non-overlapping parts for the purpose of achieving a better gstimate of the popuJation parameter. 

-. A sampling scheme where a consistent pattern is apportioned to various subareas or 
domains. 

&a&. 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. 

-. A standard of known concentration added to environmental samples for quality control 
purposes. A surrogate standard is not likely to be found in an environmental sample, but has similar analytical 
properties to one a more analytes of interest. 
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, . .  
. .  

T W .  The use of s m g a t e  analytes to assess the effectiveness of an analytical process (i,e., the 
ability to recover analytes from a complex environmental matrix). 

&. A random sampling plan utilizing points predefined by a geometric pattern. 

TareetComwund/Anal\Lte. The compound/analyte of interest in a specific method. The tern also has been used in 
the Federal Register to denole compoundslanalytes of regulatory significance. 

-, Variation observed in chemical concentrations that is dependent on time. . .  

1. Organic compounds detected in a sample that are not target compounds, 
internal standards or surrogates. 

7. The toxicity assessment considers the following: 1 )  tbe types of adverse health effects 
associated with chemical exposures; 2) The relationsbip between magnitude of exposure and adverse effects; and 3) 
related uncertainties such as the weight of evidence of a particular chemical's carcinogenicity in humans. 

. .  

-Threshold. The concentfation at which a compound exhibits toxic effects. 

-. The time from laborasory receipt of samples to receipt of a data package by the client. 

-. Tbe variability in a pnxl~ss that may consist of contributions from sampling, analysis, review, and 
random mor. 

95% -t Nu. A value that, when calculated repeatedly for different, randomly draw 
subsets of site data, equals or exceeds the true mean 95% of the time. 

. .  

m. That portion of the calibration curve that will produce the most accurate and precise results. 

m. A measure. of dispersion. It is the sum of the squares of the differences between &he individual values and 
the arithmetic mean of the set, divided by one less than the number of values. 

/ 

Xis&&. The physical pmpexty of a fluid that offers a continued resistance to flow. 

-. The solid or liquid compounds that may undergo spontaneous phase change to a gaseous state at 
standard temperature and pressure. 

-. The linear distance between successive maxima or minima of a wave form. 

-. An EPA classification system for chamcterizing 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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