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NOTICE

The policies and procedures set forth here are intended solely as guidance to EPA and other government
employees and contractors. This guidance does not constitute rulemaking by the Agency, and cannot be relied on to
create a substantive or procedural right enforceable by any party in litigation with the United States. EPA may take
action that is at variance with the policies and procedures in this manual and may change them at any time without
public notice.

Thisinterim final guidanceis based on policies in the proposed revisions to the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP), which were published on December 21, 1988 (53 Federal Register
51394). The fina NCP may adopt policies different than those in this manual and should, when promulgated, be
considered the authoritative source. A fina version of this manual will be published after the revised NCP is
promulgated.

Following the date of its publication, this manual isintended to be used as guidance for all human health risk
assessments conducted as part of Superfund remedial investigations and feasibility studies. Issuance of this manual
does not invalidate human health risk assessments completed before (or in progress at) the publication date and based
on previously released Agency guidance.
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ABOUT THE REVISION . ..

WHAT IT
IS

WHOIT'S
FOR

WHAT'S
NEW

DISTRIBU-
TION PLAN

WHERE
TO SEND
COMMENTS

EPA's Human Health Evaluation Manual is a revision of the Superfund Public

Health Evaluation Manual (SPHEM; October 1986); it is Volume | of the two-volume set called
Risk Assessment Guidance for Superfund. This manual has three main parts: the baseline risk
assessment (Part A); refinement of preliminary remediation goals (Part B); and evaluation of
remedial alternatives (Part C). (Only Part A isincluded in the first distribution; see below.)

Risk assessors, risk assessment reviewers, remedial project managers (RPMs), and risk
managers involved in Superfund site cleanup activities will benefit from this revision.

This revision builds upon the process established in SPHEM and provides more detailed
guidance on many of the procedures used to assess health risk. New information and techniques are
presented that reflect the extensive Superfund program experience conducting health risk
assessments at Superfund sites. Policies established and refined over the years

-- especialy those resulting from the proposed National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) -- have been updated and clarified. Additionally, the links between the
human health evaluation, the environmental evaluation, and the remedial investigation/feasibility
study (RI/FS) have been strengthened.

In Part A you will find:

For therisk assessor -- Updated procedures and policies, specific equations and variable
values for estimating exposure, and a hierarchy of toxicity data sources.

For the risk assessment reviewer -- A baseline risk assessment outline for consistent
presentation of risk information and format, and a reviewer's checklist to ensure
appropriate quality and content of the risk assessment.

For the RPM -- A comprehensive overview of the risk assessment process in the RI/FS,
achecklist for RPM involvement throughout the process, and a complete index for quick
reference.

For therisk manager -- An expanded chapter on risk characterization (Chapter 8) to help
summarize and present risk information for the decision-maker, and more detailed
descriptions of uncertainties in the assessment.

This manual is being distributed as an interim final document while the proposed NCP is

being finalized. After the final NCP is published, the manual will be updated and finalized. Parts
B and C -- which were not distributed asinterim final because they are highly dependent on possible
revisions to the NCP -- will be added. Periodically, updates of portions of the manual will be
distributed.

Toxics Integration Branch
Office of Emergency and Remedial Response
401 M Street, SW (0S-230)
Washington, DC 20460
Phone: 202-475-9486
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PREFACE

The Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) requires
that actions selected to remedy hazardous waste sites
be protective of human health and the environment.
CERCLA also mandates that when aremedial action
results in residual contamination at a site, future
reviews must be planned and conducted to assure that
human health and the environment continue to be
protected. Aspart of its effort to meet these and other
CERCLA requirements, EPA has developed a set of
manuals, together entitled Risk Assessment Guidance
for Quperfund. The Human Health Evaluation Manual
(Volume 1) provides guidance for developing health
risk information at Superfund sites, while the
Environmental Evaluation Manual (Volume II)
provides guidance for environmental assessment at
Superfund sites. Guidance in both human health
evaluation and environmental assessment is needed so
that EPA can fulfill CERCLA's requirement to protect
human health and the environment.

The Risk Assessment Guidance for Superfund
manuals were developed to be used in the remedial
investigation/feasibility study (RI/FS) process at
Superfund sites, although the analytical framework
and specific methods described in the manuals may
also be applicable to other assessments of hazardous
wastes and hazardous materials. These manuals are
companion documents to EPA's Guidance for
Conducting Remedial Investigations and Feasihility
Sudies Under CERCLA (October 1988), and users
should be familiar with that guidance. The two
Superfund risk assessment manuals were devel oped
with extensive input from EPA workgroups comprised
of both regional and headquarters staff. These
manuals are interim final guidance; final guidance will
be issued when the revisions proposed in December
1988 to the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) become final.

Although human health risk assessment and
environmental assessment are different processes, they
share certain common information needs and generally
can use some of the same chemical sampling and
environmental setting data for a site. Planning for
both assessments should begin during the scoping
stage of the RI/FS, and site sampling and other data
collection activities to support the two assessments

should be coordinated. An example of this type of
coordination is the sampling and analysis of fish or
other aquatic organisms; if done properly, data from
such sampling can be used in the assessment of human
health risks from ingestion and in the assessment of
damages to and potential effects on the aquatic
ecosystem.

The two manuals in this set target somewhat
different audiences. The Environmental Evaluation
Manual is addressed primarily to remedia project
managers (RPMs) and on-scene coordinators (OSCs),
who are responsible for ensuring athorough evaluation
of potential environmental effects at sites. The
Environmental Evaluation Manual is not a detailed
"how-to" type of guidance, and it does not provide
"cookbook" approaches for evaluation. Instead, it
identifies the kinds of help that RPMS/OSCs are likely
to need and where they may find that help. The
manual aso provides an overall framework to be used
in considering environmental  effects. An
environmental evaluation methods compendium
published by EPA's Office of Research and
Development, Ecological Assessments of Hazardous
Waste Stes: A Field and Laboratory Reference
Document (EPA/600/3-89/013), is an important
reference to be used with the manual.

The Human Health Evaluation Manual is
addressed primarily to the individuals actualy
conducting health risk assessments for sites, who
frequently are contractors to EPA, other federal
agencies, states, or potentially responsible parties. It
also is targeted to EPA staff, including those
responsible for review and oversight of risk
assessments (e.g., technical staff in the regions) and
those responsible for ensuring adequate evaluation of
human health risks (i.e., RPMs). The Human Health
Evaluation Manual replaces a previous EPA guidance
document, The Superfund Public Health Evaluation
Manual (October 1986), which should no longer be
used. The new manual incorporates lessons learned
from application of the earlier manual and addresses
a number of issues raised since the earlier manual's
publication. Issuance of the new manual does not
invalidate human health risk assessments completed
before (or in progress at) the publication date.
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The Human Health Evaluation Manual provides
a basic framework for health risk assessment at
Superfund sites, as the Environmental Evaluation
Manual does for environmental assessment. The
Human Health Evaluation Manual differs, however,
by providing more detailed guidance on many of the
procedures used to assess health risk. This additional
level of detal is possible because of the relatively
large body of information, techniques, and guidance
available on human health risk assessment and the
extensive Superfund program experience conducting
such assessments for sites.

Even though the Human Health Evaluation Manual is
considerably more specific than the Environmental
Evaluation Manual, it also is not a "cookbook," and
proper application of the guidance requires substantial
expertise and professional judgment.
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CHAPTER 1

INTRODUCTION

The Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as
amended (CERCLA, or "Superfund”), establishes a
national program for responding to releases of
hazardous substances into the environrhent. The
National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) is the regulation that
implements CERCLA. Among other things, the
NCP establishes the overall approach for
determining appropriate remedial actions at
Supertind sites. The overarching mandate of the
Superfund program is to protect human health and
the environment from current and potential threats
posed by uncontrolled hazardous substance
releases, and the NCP echoes this mandate.

To help meet this Superfund mandate, EPA's
Office of Emergency and Remedial Response has
developed a human health evaluation process as
part of its remedial response program. The process
of gathering and assessing human health risk
information described in this manual is adapted
from well-established chemical risk assessment
principles and procedures (NAS 1983; CRS 1983;
OSTP 1985). lItis designed to be consistent with
EPA's published risk assessment guidelines (EPA
1984; EPA 1986a-e; EPA 1988a; EP28%a) and
other Agency-wide risk assessment policy. The
Human Health Evaluation Manuakvises and
replaces th&uperfund Public Health Evaluation
Manual (EPA 1986f7° It incorporates new
information and builds on several years of
Superfund program experience conducting risk
assessments at hazardous waste sites. In addition,
the Human Health Evaluation Manuabgether
with the companionEnvironmental Evaluation
Manual (EPA 1989b) replaces EPA's 1985
Endangerment Assessment Handhoakhich
should no longer be used (see Section 2.2.1).

The goal of the @Gugpdriman health
evaluation process is to provide a framework for
developing the risk information necessary to assist
decision-making at remedial sites.  Specific
objectives of the process are to:

e provide an analysis of baseline risks
and help determine the need for action
at sites;

® provide a basis for determining levels of
chemicals that can remain onsite and
still be adequately protective of public
health;

® provide a basis for comparing potential
health impacts of various remedial
alternatives; and

® provide a consistent process for
evaluating and documenting public
health threats at sites.

The human health evaluation process
described in this manual is an integral part of the
remedial response process defined by CERCLA and

the NCP. The risk information generated by the
human health evaluation process is designed to be
used in the remedial investigation/feasibility study
(RI/FS) at Superfund sites.  Although risk
informationumélamental to the RI/FS and to the
remedial response program in general, Superfund
site experience has led EPA to balance the need for
information with the need to take action at sites
quickly and to streamline the remedial process.
Revisions proposed to the NCP in 1988 reflect EPA
program management principles intended to
promote the efficiency and effectiveness of the
remedial response process. Chief among these
principles is a bias for action. EPA&siidance for
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Conducting Remedial Investigations and
Feasibility Studies Under CERCL(EPA 1988b)
also was revised in 1988 to incorporate
management initiatives designed to streamline the
RI/FS process and to make information collection
activities during the Rl more efficient. TiRsk
Assessment Guidance for Superfurfdvhich this
Human Health Evaluation Manué Volume I

has been developed to reflect the emphasis on
streamlining the remedial process. THaman
Health Evaluation Manualis a companion
document to the RI/FS guidance. It provides a basic
framework for developing health risk information at
Superfund sites and also gives specific guidance on
appropriate methods and data to use. Users of the
Human Health Evaluation Manuashould be
familiar with the RI/FS guidance, as well as with
other guidances referenced throughout later chapters
of this manual.

The Human Health Evaluation Manuds
addressed primarily to the individuals actually
conducting human health evaluations for sites
(frequently contractors to EPA, other federal
agencies, states, or potentially responsible parties).
It also is targeted to EPA staff responsible for
review and oversight of risk assessments (e.g.,
technical staff in the regions) and those responsible
for ensuring an adequate evaluation of human health
risks (i.e., remedial project managers, or RPMs).
Although the terms risk assessor and risk
assessment reviewer are used in this manual, it is
emphasized that they generally refer_to teafns
individuals in appropriate disciplines (e.g.,
toxicologists, chemists, hydrologists, engineers). It
is recommended that an appropriate team of

scientists and engineers be assembled for the human

health evaluation at each specific site. It is the
responsibility of RPMs, along with the leaders of

human health evaluation teams, to match the
scientific support they deem appropriate with the
resources at their disposal.

Individuals having different levels of scientific
training and experience are likely to use the manual
in designing, conducting, and reviewing human
health evaluations. dtause assumptions and
judgments are required in many parts of the
analysis, the individuals conducting the evaluation

are key elements in the process. The manual is not
intended to instruabn-technical personnel how to
perform technical evaluations, nor to allow
professionals trained in one discipline to perform
the work of another.

KEY PLAYERS IN SUPERFUND
SITE RISK ASSESSMENT/
RISK MANAGEMENT

Risk Assessor The individual or team of individuals

who actually organizes and analyzes site data, develops
exposure and risk calculations, and prepares human
health evaluation (i.e., risk assessment) reports. Risk
assessors for Superfund sites frequently are contractorq to
EPA, other federal agencies, states, or potentially
responsible parties.

Risk Assessment RevieweT he individual or team of
individuals within an EPA region who provides technical
oversight and quality assurance review of human health
evaluation activities.

Remedial Project Manager (RPMJhe individual who
manages and oversees all RI/FS activities, including thg
human health evaluation, for a site. The RPM is
responsible for ensuring adequate evaluation of human
health risks and for determining the level of resources tdg
be committed to the human health evaluation.

Risk Manager The individual or group of individuals
who serves as primary decision-maker for a site,
generally regional Superfund management in consultatipn
with the RPM and members of the technical staff. The
identity of the risk manager may differ from region to
region and for sites of varying complexity.

THeman Health Evaluation Manual
admittedly cannot address all site circumstances.
Users of the manual must exercise technical and
management judgment, and should consult with
EPA regional risk assessment contacts and
appropriate headquarters staff when encountering
unusual or particularly complex technical issues.

The first three chapters of this manual provide
background information to help place the human
health evaluation process in the context of the
Superfund remedial process. This chapter (Chapter
1) summarizes the human health evaluation process
during the RI/FS. The three main parts of this
process -- baseline risk assessment, refinement of
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preliminary remediation goals, and remedial
alternatives risk evaluation -- are described in detail
in subsequent chapters. Chapter 2 discusses in a
more general way the role of risk information in the
overall Superfund remedial program by focusing on
the statutes, regulations, and guidance relevant to
the human health evaluation. Chapter 2 also
identifies and contrasts Superfund studies related to
the human health evaluation. Chapter 3 discusses
issues related to planning for the human health
evaluation.

11 OVERVIEW OF THE HUMAN
HEALTH EVALUATION PROCESS
IN THE RI/FS

Section 300.430 of the gposed revised NCP
reiterates that the purpose of the remedial process is
to implement remedies that reduce, control, or
eliminate risks to human health and the
environment. The remedial investigation and
feasibility study (RI/FS) is the methodology that the
Superfund program has established for
characterizing the nature and extent of risks posed
by uncontrolled hazardous waste sites and for
developing and evaluating remedial options. The
1986 amendments to CERCLA reemphasized the
original statutory mandate that remedies meet a
threshold requirement to protect human health and
the environment and that they be cost-effective,
while adding new emphasis to the permanence of
remedies. Because the RI/FS is an analytical
process designed to support risk management
decision-making for Superfund sites, the assessment
of health and environmental risk plays an essential
role in the RI/FS.

This manual provides guidance on the human
health evaluation acfiies that are conducted
during the RI/FS. The three basic parts of the
RI/FS human health evaluation are:

(1) Dbaseline risk assessment (described in
Part A of this manual);

(2) refinement of preliminary remediation
goals (Part B); and

(3) remedial alternatives risk evaluation
(Part C).

Because these risk information activities are

intertwined with the RI/FS, this section describes
those activities in the context of the RI/FS process.
It relates the three parts of the human health
evaluation to the stages of the RI/FS, which are:

° project scoping (before the RI);
° site characterization (RI);

° establishment of remedial action
objectives (FS);

] development and screening of
alternatives (FS); and

o detailed analysis of alternatives (FS).

Altbb the RI/FS process and related risk
informationitiet\are presented in a fashion that
makes the steps appear sequential and distinct, in
practice the process is highly interactive. In fact,
the Rl and FS are conducted concurrently. Data
collected in the Rl influences the development of
remedial alternatives in the FS, which in turn affects
the data needs and scope of treatability studies and
additional field investigations. The RI/FS should be
viewed as a flexible process that can and should be
tailored to specific circumstances and information
needs of individual sites, not as a rigid approach
that muehdhected identically at every site.
Likewise, the human health evaluation process
described here should be viewed the same way.

Two concepts are essential to the phased RI/FS
approach. First, initial data collection efforts
develop a general understanding of the site.
Subsequent data collection effort focuses on filling
previously unidentified gaps in the understanding of
site characteristics and gathering information
necessary to evaluate remedial alternatives.
Second, key data needs should be identified as early
in the process as possible to ensure that data
collection is always directed toward providing
information relevant to selection of a remedial
action. In this way, the overall site characterization
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effort can be continually scoped to minimize the
collection of unnecessary data and maximize data
quality.

The RI/FS provides decision-makers with a
technical evaluation of the threats posed at a site, a
characterization of the potential routes of exposure,
an assessment of remedial alternatives (including
their relative advantages and disadvantages), and an
analysis of the trade-offs in selecting one alternative
over another. EPA's interim fin@uidance for
Conducting Remedial Investigations and
Feasibility Studies under CERCL(EPA 1988b)
provides a detailed structure for the RI/FS. The
RI/FS guidance provides further background that is
helpful in understanding the place of the human
health evaluation in the RI/FS process. The role
that risk information plays in these stages of the
RI/FS is described below; additional background
can be found in the RI/FS guidance and in a
summary of the guidance found in Chapter 2.
Exhibit 1-1 illustrates the RI/FS process, showing
where in the process risk information is gathered
and analyzed.

1.1.1 PROJECT SCOPING

The purpose of project scoping is to define
more specifically the appropriate type and extent of
investigation and analysis that should be undertaken
for a given site. During scoping, to assist in
evaluating the possible impacts of releases from the
site on human health and the environment, a
conceptual model of the site should be established,

]
PROJECT SCOPING

Program experience has shown that scoping is a vdry
important step for the human health evaluation procegs,
and both the health and environmental evaluation teafns
need to get involved in the RI/FS during the scopinp
stage. Planning for site data collection activities i
necessary to focus the human health evaluation (ahd
environmental evaluation) on the minimum amount df
sampling information in order to meet time and budggt
constraints, while at the same time ensuring that enouph
information is gathered to assess risks adequately. (Yee
Chapter 3 for information on planning the human health
evaluation.)

considering in a qualitative manner the sources of
contamination, potential pathways of exposure, and
potential receptors. (Scoping is also the starting
point for the risk assessment, during which exposure
pathways are identified in the conceptual model for
further investigation and quantification.)

The preliminary characterization during project
scoping is initially developed with readily available
information and is refined as additional data are
collected. The main objectives of scoping are to
identify the types of decisions that need to be made,
to determine the types (including quantity and
quality) of data needed, and to design efficient
studies to collect these data. Potential site-specific
modeling activities should be discussed at initial
scoping meetings to ensure that modeling results
will supplement the sampling data and effectively
support risk assessment activities.
1.1.2 SITE CHARACTERIZATION (RI)
During site characterization, the sampling and
analysis plan developed during project scoping is
implemented and field data are collected and
analyzed to determine the nature and extent of
threats to human health and the environment posed
by a site. The major components of site
characterization are:

° collection and analysis of field data to
characterize the site;

° development of a baseline risk
assessment for both potential human
health  effects and  potential
environmental effects; and

o treatability studies, as appropriate.

Part of the human health evaluation, the
baseline risk assessment (Part A of this manual) is
an analysis of the potential adverse health effects
(current or future) caused by hazardous substance
releases from a site in the absence of any actions to
control or nitigate these releases (i.e., under an
assumption of no action). The baseline risk
assessment contributes to the site characterization
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RI/FS
STAGES

RISK
INFORMATION
ACTIVITIES

EXHIBIT 1-1
RISK INFORMATION ACTIVITIES IN THE RI/FS PROCESS

Project
Scoping

Review data
collected

in site
inspection

Review
sampling/
data collection
plans

Formulate
preliminary
remediation
goals (PRGs)

Determine
level of
effort for
baseline risk
assessment

Site
Characterization
(RD

RI/FS:
Establishment of  Developing & Detailed
Remedial Action  Screening of Analysis of

Objectives (FS) Alternatives (FS) Alternatives (FS)

Conduct
baseline
risk
assessment

Refine Conduct risk
PRGs based evaluation of
on risk remedial
assessment and alternatives
ARARs
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and subsequent development, evaluation, and
selection of appropriate response alternatives. The

results of the baseline risk assessment are used to:

° help determine whether additional
response action is necessary at the site;

° modify preliminary remediation goals;

° help support selection of the "no-action”
remedial alternative, where appropriate;
and

° document the magnitude of risk at a site,

and the primary causes of that risk.

Baseline risk assessments are site-specific and
therefore may vary in both detail and the extent to
which qualitative and quantitative analyses are
used, depending on the complexity and particular
circumstances of the site, as well as the availability
of applicable or relevant and appropriate
requirements (ARARs) and other criteria,
advisories, and guidance. After an initial planning
stage (described more fully in Chapter 3), there are
four steps in the baseline risk assessment process:
data collection and analysis; exposure assessment;
toxicity assessment; and risk characterization. Each
step is described briefly below and presented in
Exhibit 1-2.

Data collection and evaluatiorinvolves
gathering and analyzing the site data relevant to the
human health evaluation and identifying the
substances present at the site that are the focus of
the risk assessment process. (Chapters 4 and 5
address data collection and evaluation.)

An exposure assessmeig conducted to
estimate the magnitude of actual and/or potential
human exposures, the frequency and duration of
these exposures, and the pathways by which
humans are potentially exposed. In the exposure
assessment, reasonable maximum estimates of
exposure are developed for both current and future
land-use assumptions. Current exposure estimates
are used to determine whether a threat exists based
on existing exposure conditions at the site. Future
exposure estimates are used to provide decision-

makers with an understanding of potential future
exposures and threats and include alitgize
estimate of the likelihood of such exposures
occurrihg. Conducting an exposure assessment
involves analyzing contaminant releases; identifying
xpoged populations; identifying all potential
pathways of exposure; estimating exposure point
concentrations for specific pathways, based both on
environmental monitoring data and predictive
chemical modeling results; and estimating
contaminant intakes for specific pathways. The
results of this assessment are pathway-specific
intakes for current and future exposures to
individual substances. (Chapter 6 addresses
exposure assessment.)

The toxicity assessmgradnent of the
Superfund baseline risk assessment considers: (1)
the types of adverse health effects associated with
chemiqaiseires; (2) the relationship 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. Typically, the Superfund site risk
assessments rely heavily on existing toxicity
information developed on specific chemicals.
Toxicity assessment for contaminants found at
Sunpksites is generally accomplished in two
steps: hazard identification and dose-response
assessment. The first step, hazard identificat
the process of determining whether exposure to an
agent can cause an increase in the incidence of an
adverse health effect (e.g., cancer, birth defect).
Hazard identification also involves characterizing
the nature and strength of the evidence of causation.
The second step, dose-response evaluation, is the
process of quantitatively evaluating the toxicity
information and characterizing the relationship
between the dose of the contaminant administered
or received and the incidence of adverse health
effects in the exposed population. From this
guantitative dose-response relationship, toxicity
values are derived that can be used to estimate the
incidence of adverse effects occurring in humans at
differqrasere levels. (Chapter 7 addresses
toxicity assessment.)
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EXHIBIT 1-2

PART A: BASELINE RISK ASSESSMENT

Data Collection and
Evaluation

® Gather and analyze relevant
site data

@ Identify potential chemicals of
concern

Y

Exposure Assessment

® Analyze contaminant releases

Identify exposed populations

® Identify potential exposure
pathways

® Estimate exposure
concentrations for pathways

® Estimate contaminant intakes for
pathways

Y

Toxicity Assessment

® Collect qualitative and
quantitative toxicity information

® Determine appropriate toxicity
values

Risk Characterization

® Characterize potential for
> adverse health effects to occur

-- Estimate cancer risks

-- Estimate noncancer hazard
quotients

® Evaluate uncertainty

® Summarize risk information

The risk characterizatiorsummarizes and
combines outputs of the exposure and toxicity
assessments to characterize baseline risk, both in
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guantitative expressions and qualitative statements.
During risk characterization, chemical-specific
toxicity information is compared against both
measured contaminant exposure levels and those
levels predicted through fate and transport modeling
to determine whether current or future levels at or
near the site are of potential concern. (Chapter 8
addresses risk characterization.)

The level of effort required to conduct a
baseline risk assessment depends largely on the
complexity of the site. In situations where the
results of the baseline risk assessment indicate that
the site poses little or no threat to human health or
the environment and that no further (or limited)
action will be necessary, the FS should be scaled-
down as appropriate.

The documents developed during site
characterization include a brief preliminary site
characterization summary and the draft RI report,
which includes either the complete baseline risk
assessment report or a summary of it. The
preliminary site characterization summary may be
used to assist in identification of ARARs and may
provide the Agency for Toxic Substances and
Disease Registry (ATSDR) with the data necessary
to prepare its health assessment (different from
baseline risk assessment or other EPA human health
evaluation activities; see Chapter 2). The draft RI
report is prepared after the completion of the
baseline risk assessment, often along with the draft
FS report.

1.1.3 FEASIBILITY STUDY

The purpose of the feasibility study is to provide
the decision-maker with an assessment of remedial
alternatives, including their relative strengths and
weaknesses, and the trade-offs in selecting one
alternative over another. The FS process involves
developing a reasonable range of alternatives and
analyzing these alternatives in detail using nine
evaluation criteria. Because the Rl and FS are
conducted concurrently, this development and
analysis of alternatives is an interactive process in
which potential alternatives and remediation goals
are continually refined as additional information
from the Rl becomes available.

Establishing protective remedial action
objectives The first step in the FS process
involves developing remedial action objectives that
address contaminants and media of concern,
potential exposure pathways, and preliminary
remediation goals. Under the proposed revised
NCP and the interim RI/FS guidance, preliminary
remediation goals typically are formulated first
during project scoping or concurrent with initial RI
activities (i.e., prior to completion of the baseline
risk assessment). The preliminary remediation
goals are therefore baseditizlly on readily
available chemical-specific ARARSs (e.g., maximum
contaminant levels (MCLs) for drinking water).
Preliminary remediation goals for individual
substances are refined or confirmed at the
conclusion of the baseline risk assessment (Part B
of this manual addresses the refinement of
preliminary remediation goals). These refined
preliminary remediation goals are based both on
risk assessment and on chemical-specific ARARS.
Thus, they are intended to be protective and to
comply with ARARs. The analytical approach used
to develop these refined goals involves:

° identifying chemical-specific ARARS;

° identifying levels based on risk
assessment where chemical-specific
ARARs are not available or situations
where multiple contaminants or multiple
exposure pathways make ARARS not

protective;

° identifying non-substance-specificgoals
for exposure pathways (if necessary);
and

° determining a refined preliminary

remediation goal that is protective of
human health for all substance/exposure
pathway combinations being addressed.

Development and screening of alternatives
Once remedial action objectives have been
developed, general response actions, such as
treatment, containment, excavation, pumping, or
other actions that may be taken to satisfy those
objectives should be developed. In the process of
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developing alternatives for remedial action at a site,
two important activities take gte. First, volumes

or areas of waste or environmental media that need
to be addressed by the remedial action are
determined by information on the nature and extent
of contamination, ARARs, chemical-specific
environmental fate and toxicity information, and
engineering analyses. Second, the remedial action
alternatives and associated technologies are
screened to identify those that would be effective
for the contaminants and media of interest at the
site. The information developed in these two
activities is used in assembling technologies into
alternatives for the site as a whole or for a specific
operable unit.

The Superfund program has long permitted
remedial actions to be staged through multiple
operable units. Operable units are discrete actions
that comprise incremental steps toward the final
remedy. Operable units may be actions that
completely address a geographical portion of a site
or a specific site problem (e.g., drums and tanks,
contaminated gmund water) or the entire site.
Operable units include interim actions (e.g.,
pumping and treating of ground water to retard
plume migration) that must be followed by
subsequent actions to fully address the scope of the
problem (e.g., final ground-water operable unit that
defines the remediation goals and restoration
timeframe). Such operable units may be taken in
response to a pressing problem that will worsen if
unaddressed, or because there is an opportunity to
undertake a limited action that will achieve
significant risk reduction quickly. The
appropriateness of dividing remedial actions into
operable units is determined by considering the
interrelationship of site problems and the need or
desire to initiate actions quickly. To the degree that
site problems are interrelated, it may be most
appropriate to address the problems together.
However, where problems are reasonably
separable, phased responses implemented through a
sequence of operable units may promote more rapid
risk reduction.

In situations where numerous potential remedial
alternatives are initially developed, it may be
necessary to screen the alternatives to narrow the
list to be evaluated in detail. Such screening aids in

streamlining the feasibility study while ensuring
that the most promising alternatives are being
considered.

Detailed analysis of alternatives During the
detailed analysis, each alternative is assessed
against specific evaluation criteria and the results of
this assessment arrayed such that comparisons
between alternatives can be made and key trade-
offs identified. Nine evaluation criteria, some of
which are related to human health evaluation and
risk, have been developed to address statutory
requirements as well as additional technical and
policy considerations that have proven to be
important for selecting among remedial alternatives.
These evaluation criteria, which are identified and
discussed in the interim final RI/FS guidance, serve
as the basis for conducting the detailed analyses
during the FS and for subsequently selecting an
appropriate remedial aoti. The nine evaluation
criteria are as follows:

D overall protection of human health and
the environment;

2) compliance with ARARSs (unless waiver
applicable);

©) long-term effectiveness and
permanence;

4) reduction of toxicity, mobility, or
volume through the use of treatment;

5) short-term effectiveness;

(6) implementability;

@) COst;

(8) state acceptance; and

9) community acceptance.

Risk information is required at the detailed analysis
stage of the RI/FS so tha&ch alternative can be
evaluated in relation to the relevant NCP remedy
selection criteria.
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The detailed analysis must, according to the
proposed NCP, include an evaluation of each
alternative against the nine criteria. The first two
criteria (i.e., overall protectiveness and compliance
with ARARS) are threshold determinations and
must be met before a remedy can be selected.
Evaluation of the overall protectiveness of an
alternative during the RI/FS should focus on how a
specific alternative achieves protection over time
and how site risks are reduced.

The next five criteria (numbers 3 through 7) are
primary balancing criteria. The last two (numbers
8 and 9) are considered modifying criteria, and risk
information does not play a direct role in the
analysis of them. Of the five primary balancing
criteria, risk information is of particular importance
in the analysis of effectiveness and permanence.
Analysis of long-term effectiveness and permanence
involves an evaluation of the results of a remedial
action in terms of residual risk at the site after
response objectives have been met. A primary
focus of this evaluation is the effectiveness of the
controls that will be applied to manage risk posed
by treatment residuals and/or any untreated wastes
that may be left on the site, as well as the volume
and nature of that material. It should also consider
the potential impacts on human health and the
environment should the remedy fail. An evaluation
of short-term effectiveness addresses the impacts of
the alternative during the construction and
implementation phase until remedial response
objectives will be met. Under this criterion,
alternatives should be evaluated with respect to the
potential effects on human health and the
environment during implementation of the remedial
action and the length of time until protection is
achieved.

1.2 OVERALL ORGANIZATION OF

THE MANUAL

The next two chapters present additional
backgound material for the human health
evaluation process. Chapter 2 discusses statutes,
regulations, guidance, and studies relevant to the
Superfund human health evaluation. Chapter 3
discusses issues related to planning for the human

health evaluation. The remainder of the manual is
organized by the three parts of the human health
evaluation process:

° the baseline risk assessment is covered
in Part A of the manual (Chapters 4
through 10);

° refinement of preliminary remediation

goals is covered in Part B of the manual
(notincluded as part of this interim final

version); and

° the risk evaluation of remedial

alternatives is covered in Part C of the

manual (not included as part of this

interim final version).

Chapters 4 through 8 provide detailed technical
guidance for conducting the steps of a baseline risk
assessment, and Chapter 9 provides documentation
and review guidelines. Chapter 10 contains
additional guidance specific to baseline risk
assessment for sites contaminated with
radionuclides. Sample calculations, sample table
formats, and references to other guidance are
providedighout the manual. All material is
presented both in technical terms and in simpler
text. hitutdd be stressed that the manual is
intended to be comprehensive and to provide

guidance for more situations than usually are
relevant to any single site. Risk assessors need not

use those parts of the manual that do not apply to
their site.

Each chapter in Part A includes a glossary of
acronyms andititefi;m of commonly used terms.
The manual also includes two appendices:
Appendix A provides technical guidance for making
absorption adjustments and Appendix B is an index.
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ENDNOTES FOR CHAPTER 1

1. References made to CERCLA throughout this document should be interpreted as meaning "CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA)."

2. 40 CFR Part 300. Proposed revisions to the NCP were published on December 21, 1988 (53 FederallR@g)ster

3. The term "public health evaluation" was introduced in the previous risk assessment guidance (EPA 1986f) to descebmémt asse
of chemical releases from a site and the analysis of public health threats resulting from those releases, and Supskfassesisenent
studies often are referred to as public health evaluations, or PHEs. The term "PHE" should be replaced by whichevee pfitte thr
of the revised human health evaluation process is appropriate: "baseline risk assessment," "documentation of prelimiatioy remed
goals," or "risk evaluation of remedial alternatives."

4. Baseline risks are risks that might exist if no remediation or institutional controls were applied at a site.

5. Volume Il of theRisk Assessment Guidance for SuperfartdeEnvironmental Evaluation ManudEPA 1989b), which provides
guidance for the analysis of potential environmental (i.e., not human health) effects at sites.
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exists as a result of the site. Such a legal
determination is called an endangerment assessment.
For remedial sites, the process for analyzing whether
there may be an endangerment is described in this
Human Health Evaluation Manual and its companion
Environmental Evaluation Manual. In the past, an
endangerment assessment often was prepared as a
study separate from the baseline risk assessment.
With the passage of SARA and changes in Agency
practice, the need to perform a detailed
endangerment assessment as a separate effort from
the baseline risk assessment has been eliminated.

For administrative orders requiring a remedial
design or remedial action, endangerment assessment
determinations are now based on information
developed in the site baseline risk assessment.
Elements included in the baseline risk assessment
conducted at a Superid site during the RI/FS
process fully satisfy the informational requirements
of the endangerment assessment. These elements
include the following:

identification of the hazardous wastes or
hazardous  substances present in
environmental media;

assessment of exposure, including a
characterization of the environmental fate
and transport mechanisms for the hazardous
wastes and substances present, and of
exposure pathways;

assessment of the toxicity of the hazardous
wastes or substances present;

characterization of human health risks; and

characterization of the impacts and/or risks
to the environment.

The human health and environmental evaluations
that are part of the RI/FS are conducted for purposes
of determining the baseline risks posed by the site,
and for ensuring that the selected remedy will be
protective of human health and the environment.
The endangerment assessment is used to support
litigation by determining that an imminent and
substantial endangerment exists. Information
presented in the human health and environmental

evaluations is basic to the legal determination of
endangerment.

In 1985, EPA produced a draft manual specifically
written for endangerment assessment, the
Endangerment Assessment Handbook. EPA has

determined that a guidance separate from the Risk

Assessment Guidance for Superfund (Human Health
Evaluation Manual and Environmental Evaluation
Manual) is not required for endangerment
assessment; therefore, the Endangerment Assessment
Handbook will not be made final and should no
longer be used.

2.2.2 ATSDR HEALTH ASSESSMENTS

CERCLA section 104(i), as amended, requires the
Agency for Toxic Substances and Disease Registry
(ATSDR) torduct health assessments for all sites
listed or proposed to be listed on the NPL. A health
assessment includes a preliminary assessment of the
potential threats that individual sites and facilities
pose to human health. The health assessment is
required to be completed "to the maximum extent
practicable" before completion of the RI/FS.
ATSDR personnel, state personnel (through
cooperative agreements), or contractors follow six
basic steps, which are based on the same general risk
assessment framework as the EPA human health
evaluation:

(1) evaluate information on the site's physical,
geographical, historical, and operational
setting, assess the demographics of nearby
populations, and identify health concerns of
the affected community(ies);
(2) determine contaminants  of
associated with the site;

concern

evaluate environmental

(3) identify and

pathways;
(4) identify and evaluate human exposure
pathways;

(5) identify and evaluate public health
implications based on available medical and
toxicological information; and




CHAPTER 2

STATUTES, REGULATIONS,
GUIDANCE, AND
STUDIES RELEVANT TO
THE HUMAN HEALTH
EVALUATION

This chapter briefly describes the statutes, evaluation. In addition, Section 2.2 identifies and
regulations, guidance, and studies related to the briefly describes other Superfund studies related to,
human health evaluation process. The descriptions and sometimes confused with, the RI/FS human
focus on aspects of these documents most relevant to health evaluation. The types of studies discussed
human health evaluations and show how recent are:
revisions to the documents bear upon the human
health evaluation process. Section 2.1 describes the ® endangerment assessments;
following documents that govern the human health
evaluation: ® ATSDR health assessments; and

e the Comprehensive Environmental ® ATSDR health studies.

Response, Compensation, and Liability
Act of 1980 (CERCLA, or Superfund) and
the Superfund Amendments and 2.1 STATUTES, REGULATIONS, AND
Reauthorization Act of 1986 (SARA); GUIDANCE GOVERNING HUMAN
HEALTH EVALUATION
e the National Oil and Hazardous
Substances Pollution Contingency Plan This section describes the major Superfund
(National Contingency Plan, or NCP); laws and program documents relevant to the human
health evaluation process.
® Guidance for Conducting Remedial
Investigations and Feasibility Studies 2.1.1 CERCLA AND SARA
Under CERCLA (RI/FS guidance);
In 1980, Congress enacted the

® CERCLA Compliance with Other Laws Comprehensive Environmental Response,
Manual (ARARs guidance); and Compensation, and Liability Act (CERCLA) (42
U.S.C. 9601 et seq.), commonly called Superfund, in
® Superfund Exposure Assessment Manual response to the dangers posed by sudden or
(SEAM). otherwise uncontrolled releases of hazardous

substances, pollutants, or contaminants into the
Exhibit 2-1 shows the relationship of these statutes,
regulations, and guidances governing human health
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EXHIBIT 2-1

RELATIONSHIP OF DOCUMENTS GOVERNING
HUMAN HEALTH EVALUATION

Statutes

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

Superfund Amendments and
Reauthorization Act of 1986 (SARA)

Regulation (“Blueprint” for
Implementing the Statutes)

National Oil and Hazardous Substances
Pollution Contingency Plan (NCP)

Guidance

RI/FS Guidance

Risk Assessment Guidance for Superfund (RAGS)
® Human Health Evaluation Manual (HHEM)
©® Environmental Evaluation Manual (EEM)

ARARSs Guidance

Superfund Exposure Assessment Manual (SEAM)
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environment. CERCLA authorized $1.6 billion over
five years for a comprehensive program to clean
up the worst abandoned or inactive waste sites in the
nation. CERCLA funds used to establish and
administer the cleanup program are derived primarily
from taxes on crude oil and 42 different commercial
chemicals.

The reauthorization of CERCLA is known as
the Superfund Amendments and Reauthorization Act
(SARA), and was signed by the President on October
17, 1986. (All further references to CERCLA in this
appendix should be interpreted as "CERCLA as
amended by SARA.") These amendments provided
$8.5 billion for the cleanup program and an
additional $500 million for cleanup of leaks from
underground storage tanks. Under SARA, Congress
strengthened EPA's mandate to focus on permanent
cleanups at Superfund sites, involve the public in

decision processes at sites, and encourage states and

federally recognized Indian tribes to actively
participate as partners with EPA to address these
sites. SARA expanded EPA's research, development
(especially in the area of alternative technologies),
and training responsibilities. SARA also
strengthened EPA's enforcement authority. The
changes to CERCLA sections 104 (Response
Authorities) and 121 (Cleanup Standards) have the
greatest impact on the RI/FS process.

Cleanup standards Section 121 (Cleanup

Standards) states a strong preference for remedies

that are highly reliable and provide long-term
protection. In addition to the requirement for
remedies to be both protective of human health and
the environment and cost-effective, other remedy
selection considerations in section 121(b) include:

® a preference for remedial actions that
employ (as a principal element of the
action) treatment that permanently and
significantly reduces the volume, toxicity,
or mobility of hazardous substances,
pollutants, and contaminants;

e offsite transport and disposal without
treatment as the least favored alternative
where practicable treatment technologies
are available; and

° the need to assess the use of alternative
treatment technologies or resource
recovery technologies and use them to the

maximum extent practicable.

Section 121(c) of CERCLA requires a periodic
review of remedial actions, at least every five years
after initiation, for as long as hazardous substances,
pollutants, or contaminants that may pose a threat to
human health or the environment remain at the site.
If during a five-year review it is determined that the
action no longer protects human health and the
environment, further remedial adtioegdvto be
considered.

Section 121(d)(2)(A) of CERCLA incorporates
into law the CERCLA Compliance Policy, which
specifies that Superfund remedial actions meet any
federal standards, requirements, criteria, or
limitations that are determined to be legally
applicable or relevant and appropriate requirements
(i.e., ARARSs). Also included is the new provision
that state ARARs must be met if they are more
stringent than federal requirements. (Section 2.1.4
provides more detail on ARARS.)

Health-related authorities. Under CERCLA
section 104(i)(6), the Agency for Toxic Substances
and Disease Registry (ATSDR) is required to
conduct a health assessment for every site included
or proposed for inclusion on the National Priorities
List. The ATSDR health assessment, which is fairly
gualitative in nature, should be distinguished from
the EPA human health evaluation, which is more
guantitative. CERCLA section 104(i)(5)(F) states
that:

the term "health assessments" shall include
preliminary assessments of the potential risk to
human health posed by individual sites and
facilities, based on such factors as the nature and
extent of contamination, the existence of potential
pathways of human exposure (including ground or
surface water contamination, air emissions, and
food chain contamination), the size and potential
susceptibility of the community within the likely
pathways of exposure, the comparison of expected
human exposure levels to the short-term and long-
term health effects associated with identified
hazardous substances and any available
recommended exposure or tolerance limits for
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such hazardous substances, and the comparison
of existing morbidity and mortality data on
diseases that may be associated with the observed
levels of exposure. The Administrator of ATSDR
shall use appropriate data, risk assessments, risk
evaluations and studies available from the
Administrator of EPA.

There are purposeful differences between an
ATSDR health assessment and traditional risk
assessment. The health assessment is usually
gualitative, site-specific, and focuses on medical and
public health perspectives. Exposures to site
contaminants are discussed in terms of especially
sensitive populations, mechanisms of toxic chemical
action, and possible disease outcomes. Risk
assessment, the framework of the EPA human health
evaluation, is a characterization of the probability of
adverse effects from human exposures to
environmental hazards. In this context, risk
assessments differ from health assessments in that
they are guantitative, chemical-oriented
characterizations that use statistical and biological
models to calculate numerical estimates of risk to
health. However, both health assessments and risk
assessments use data from human epidemiological
investigations, when available, and when human
toxicological data are unavailable, rely on the results
of animal toxicology studies.

2.1.2 NATIONAL CONTINGENCY PLAN
(NCP)

The National Contingency Plan provides the
organizational structure and procedures for preparing
for and responding to discharges of oil and releases
of hazardous substances, pollutants, and
contaminants. The NCP is required by section 105
of CERCLA and by section 311 of the Clean Water
Act. The current NCP (EPA 1985) was published on
November 20, 1985, and a significantly revised
version (EPA 1988a) was proposed December 21,
1988 in reponse to SARA. The proposed NCP is
organized into the following subparts:

° Subpart A -- Introduction

° Subpart B -- Responsibility and
Organization for Response

° Subpart C -- Planning and Preparedness

° Subpart D -- Operational
Phases for Oil Removal

Response

° Subpart E -- Hazardous Substance
Response

° Subpart F -- State Involvement in

Hazardous Substance Response

° Subpart G -- Trustees for Natural
Resources

° Subpart H -- Participation by Other
Persons

° Subpart | -- Administrative Record for

Selection of Response Action

° Subpart J -- Use of Dispersants and Other
Chemicals

Subpart E, Hazardous Substance Response,

contains a detailed plan covering the entire range of
authorized activities involved in abating and
remedying releases or threats of releases of
hazardous substances, pollutants, and contaminants.
It contains provisions for both removal and remedial
response. The remedial response process set forth by

the proposed NCP is a seven-step process, as
described below. Risk information plays a role in
each step.

Site discovery or notification. Releases of
hazardous substances, pollutants, or contaminants
identified by federal, state, or local government
agencies or private parties are reported to the
National Response Center or EPA. Upon discovery,
such potential sites are screened to identify release
situations warranting further remedial response
consideration. These sites are entered into the
CERCLA Information System (CERCLIS). This
computerized system serves as a data base of site
information and tracks the change in status of a site
through the response process. Risk information is
used to determine which substances are hazardous
and, in some cases, the quantities that constitute a
release that must be reported (i.e., a reportable
quantity, or RQ, under CERCLA section 103(a)).

Preliminary assessment and site inspection
(PA/SI). The preliminary assessment involves
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collection and review of all available information
and may include offsite reconnaissance to evaluate
the source and nature of hazardous substances
present and to identify the responsible party(ies). At
the conclusion of the preliminary assessment, a site
may be referred for further action, or a determination
may be made that no further action is needed. Site
inspections, which follow the preliminary assessment
for sites needing further action, routinely include the
collection of samples and are conducted to help
determine the extent of the problem and to obtain
information needed to determine whether a removal
action is warranted. If, based on the site inspection,
it appears likely that the site should be considered for
inclusion on the National Priorities List (NPL), a
listing site inspection (LSI) is conducted. The LSl is
a more extensive investigation than the SlI, and a
main objective of the LSl is to collect sufficient data
about a site toupport Hazard Ranking System
(HRS) scoring. One of the main objectives of the
PA/SI is to collect risk-related information for sites
so that the site can be scored using the HRS and
priorities may be set for more detailed studies, such
as the RI/FS.

Establishing priorities for remedial action.

Sites are scored using the HRS, based on data from
the PA/SI/LSI. The HRS scoring process is the
primary mechanism for determining the sites to be
included on the NPL and, therefore, the sites eligible
for Superfund-financed remedial action. The HRS is
a numerical scoring model that is based on many of
the factors affecting risk at a site. A revised version
of the HRS (EPA 1988b) was proposed December
23, 1988.

Remedial investigation/feasibility — study
(RI/FS). As described in Section 1.1, the RI/FS is
the framework for determining appropriate remedial
actions at Superfund sites. Although RI/FS activities
technically are removal actions and therefore not
restricted to sites on the NPL (see sections 101(23)
and 104(b) of CERCLA), they most frequently are
undertaken at NPL sites. Remedial investigations are
conducted to characterize the contamination at the
site and to obtain information needed to identify,
evaluate, and select cleanup alternatives. The
feasibility study includes an analysis of alternatives
based on the nine NCP evaluation criteria. The
human health evaluation described in this manual,
and the environmental evaluation described

elsewhere, are the guidance for developing risk
information in the RI/FS.

Selection of remedy. The primary consideration

in selecting a remedy is that it be protective of
human health and the environment, by eliminating,
reducing, or controlling risks posed through each
pathway. Thus, the risk information developed in
the RI/FS is a key input to remedy selection. The
results of the RI/FS are reviewed to identify a
preferred alternative, which is announced to the
public in a Proposed Plan. Next, the lead agency
reviews any resulting public comments on the
Proposed Plan, consults with the support agencies to
evaluate whether the preferred alternative is still the
most appropriate, and then makes a final decision.
A record of decision (ROD) is written to document
the rationale for the selected remedy.

Remedial design/remedial action.The detailed
design of the selected remedial action is developed
and then implemented. The risk information
developed previously in the RI/FS helps refine the
remediation goals that the remedy will attain.

Five-year review. Section 121(c) of CERCLA
requires a periodic review of remedial actions, at
least every five years after initiation of such action,
for as long as hazardous substances, pollutants, or
contaminants that may pose a threat to human health
or the environment remain at the site. |If it is
determined during a five-year review that the action
no longer protects human health and the
environment, further remedial actions will need to be
considered.

Exhibit 2-2 diagrams the general steps of the
Superfund remedial process, indicating where in the
process the various parts of the human health
evaluation are conducted.

2.1.3 REMEDIAL INVESTIGATION/
FEASIBILITY STUDY GUIDANCE

EPA's interim final Guidance for Conducting
Remedial Investigations and Feasibility Studies
Under CERCLA (EPA 1988c) provides a detailed
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EXHIBIT 2-2

ROLE OF THE HUMAN HEALTH EVALUATION IN
THE SUPERFUND REMEDIAL PROCESS

. Preliminary Assessment/ X Remedial . Remedial
Site Site Inspection/Listing HRS Scoring/ Investigation/ Selection Design/
Discovery Site Inspection NPL Listing Feasibility of Remedial

(PA/SI/LSI) Study Remedy Action
(RVES) 2 (RD/RA)

HUMAN
HEALTH
EVALUATION

PART A
Baseline Risk
Assessment
(RT)

PART C
Risk Evaluation
of Remedial
Alternatives (FS)

PART B
Development/
Refinement
of Preliminary
Remediation
Goals (FS)

@ The RI/FS can be undertaken prior to NPL listing.
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structure for conducting field studies to support Recovery Act (RCRA), Clean Water Act (CWA),
remedial decisions and for identifying, evaluating, Safe Drinking Water Act (SDWA), Clean Air Act
and selecting remedial action alternatives under (CAA), and other federal and state environmental
CERCLA. This 1988 guidance document is a laws, as required by CERCLA section 121. Part | of
revision of two separate guidances for remedial the manual discusses the overall procedures for
investigations and for feasibility studipsblished in identifying ARARs and provides guidance on the
1985. These guidances have been consolidated into interpretation and analysis of RCRA requirements.
a single document and revised to: Specifically:
° reflect new emphasis and provisions of ° Chapter 1 defines "applicable" and
SARA; "relevant and appropriate," provides
matrices listing potential chemical-
° incorporate aspects of new or revised specific, location-specific, and action-
guidance related to RI/FSs; specific requirements from RCRA, CWA,
and SDWA, and provides general
° incorporate  management initiatives procedures for identifying and analyzing
designed to streamline the RI/FS process; requirements;
and
° Chapter 2 discusses special issues of
° reflect experience gained from previous interpretation and analysis involving
RI/FS projects. RCRA requirements, and provides
guidance on when RCRA requirements
The RI/FS consists of the following general steps: will be ARARs for CERCLA remedial
actions;

° project scoping (during the RI);
° Chapter 3 provides guidance for

° site characterization (RI); compliance with CWA substantive (for
onsite and offsite actions) and
° establishment of remedial action objectives administrative  (for offsite  actions)
(FS); requirements for direct discharges, indirect

discharges, and dredge and fill activities;
° development and screening of alternatives

(FS); and ° Chapter 4 provides guidance for
compliance with requirements of the
° detailed analysis of alternatives (FS). SDWA that may be applicable or relevant

and appropriate to CERCLA sites; and
Because Section 1.1 describes each of these steps,

focusing on the role that risk information plays in the ° Chapter 5 provides guidance on

RI/FS, a discussion of the steps is not repeated here. consistency with policies for ground-water

The RI/FS guidance provides the context into which protection.

the human health evaluation fits and should be used

in conjunction with this manual. The manual also contains a hypothetical scenario
illustrating how ARARs are identified and used, and

214 ARARS GUIDANCE an appendix summarizing the provisions of RCRA,

CWA, and SDWA.
The interim final CERCLACompliance with

Other Laws Manua(EPA 1988d; EPA 1989a), or Part Il of the ARARs guidance covers the Clean
ARARs guidance, was developed to assist in the Air Act, other federal statutes, and state
selection of onsite remedial actions that meet the requirements. Specifically:

applicable or relevant and appropriate requirements
(ARARs) of the Resource Conservation and




Page 2-8

® Chapter 1 provides an introduction to Part Il
of the guidance, and also includes extensive
summary tables;

® Chapter 2 describes Clean Air Act
requirements and related RCRA and state
requirements;

® Chapters 3 and 4 provide guidance for
compliance with several other federal
statutes;

® Chapter 5 discusses potential ARARs for
sites contaminated with radioactive
substances;

® Chapter 6 addresses requirements specific
to mining, milling, or smelting sites; and

e Chapter 7 provides guidance on identifying
and complying with state ARARs.
2.1.5 SUPERFUND EXPOSURE
ASSESSMENT MANUAL

The Superfund Exposure Assessment Manual
(EPA 1988e), which was developed by the
Superfund program specifically as a companion
document to the original Superfund Public Health
Evaluation Manual (EPA 1986), provides RPMs and

regional risk assessors with the guidance necessary
to conduct exposure assessments that meet the needs

of the Superfund human health risk evaluation
process. Specifically, the manual:

® provides an overall description of the
integrated exposure assessment as it is
applied to uncontrolled hazardous waste
sites; and

® serves as a source of reference concerning

the use of estimation procedures and
computer modeling techniques for the
analysis of uncontrolled sites.

The analytical process outlined in t8aperfund
Exposure Assessment Manpabvides a framework

for the assessment of exposure to contaminants at or

migrating from uncontrolled hazardous waste sites.
The application of both monitoring and modeling

procedures to the exposure assessment process is

timed in the manual. This process considers all
contaminant releases and exposure routes and
assures that an adequate level of analytical detail is
applied to support the human health risk assessment
process.

The exposure assessment process described in the
Superfund Exposure Assessment Manual
structured in five segments:

(1) analysis of contaminant releases from a
subject site into environmental media;

(2) evaluation of the transport and environmental
fate of the contaminants released;

(3) identification, enumeration, and
characterization of potentially exposed
populations;

(4) integrated exposure analysis; and
(5) uncertainty analysis.

Two recent publications from EPA's Office of
Research and Development, tBeposure Factors
Handbook (EPA 1989b) and theExposure
Assessment Methods Handbod¢kPA 1989c),

provide useful information to supplement the
Superfund Exposure Assessment Manual. All three
of these key exposure assessment references should
be used in conjunction with Chapter 6 of this
manual.
2.2  RELATED SUPERFUND STUDIES

This section identifies and briefly describes other
Superfund studies related to, and sometimes

confused with, the RI/FS human health evaluation.

It contrasts the objectives and methods and clarifies
the relationships of these other studies with RI/FS
health risk assessments. The types of studies
discussed are endangerment assessments, ATSDR

health assessments, and ATSDR health studies.

2.2.1 ENDANGERMENT ASSESSMENTS

Before taking enforcement action against parties
passible for a hazdous waste site, EPA must
determine that an imminent and substantial

endangerment to public health or the environment
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exists as a result of the site. Such a legal
determination is called an endangerment assessment.
For remedial sites, the process for analyzing whether
there may be an endangerment is described in this
Human Health Evaluation Manual and its companion
Environmental Evaluation Manual. In the past, an
endangerment assessment often was prepared as a
study separate from the baseline risk assessment.
With the passage of SARA and changes in Agency
practice, the need to perform a detailed
endangerment assessment as a separate effort from
the baseline risk assessment has been eliminated.

For administrative orders requiring a remedial
design or remedial action, endangerment assessment
determinations are now based on information
developed in the site baseline risk assessment.
Elements included in the baseline risk assessment
conducted at a Superid site during the RI/FS
process fully satisfy the informational requirements
of the endangerment assessment. These elements
include the following:

identification of the hazardous wastes or
hazardous  substances present in
environmental media;

assessment of exposure, including a
characterization of the environmental fate
and transport mechanisms for the hazardous
wastes and substances present, and of
exposure pathways;

assessment of the toxicity of the hazardous
wastes or substances present;

characterization of human health risks; and

characterization of the impacts and/or risks
to the environment.

The human health and environmental evaluations
that are part of the RI/FS are conducted for purposes
of determining the baseline risks posed by the site,
and for ensuring that the selected remedy will be
protective of human health and the environment.
The endangerment assessment is used to support
litigation by determining that an imminent and
substantial endangerment exists. Information
presented in the human health and environmental

evaluations is basic to the legal determination of
endangerment.

In 1985, EPA produced a draft manual specifically
written for endangerment assessment, the
Endangerment Assessment Handbook. EPA has

determined that a guidance separate from the Risk

Assessment Guidance for Superfund (Human Health
Evaluation Manual and Environmental Evaluation
Manual) is not required for endangerment
assessment; therefore, the Endangerment Assessment
Handbook will not be made final and should no
longer be used.

2.2.2 ATSDR HEALTH ASSESSMENTS

CERCLA section 104(i), as amended, requires the
Agency for Toxic Substances and Disease Registry
(ATSDR) torduct health assessments for all sites
listed or proposed to be listed on the NPL. A health
assessment includes a preliminary assessment of the
potential threats that individual sites and facilities
pose to human health. The health assessment is
required to be completed "to the maximum extent
practicable" before completion of the RI/FS.
ATSDR personnel, state personnel (through
cooperative agreements), or contractors follow six
basic steps, which are based on the same general risk
assessment framework as the EPA human health
evaluation:

(1) evaluate information on the site's physical,
geographical, historical, and operational
setting, assess the demographics of nearby
populations, and identify health concerns of
the affected community(ies);
(2) determine contaminants  of
associated with the site;

concern

evaluate environmental

(3) identify and

pathways;
(4) identify and evaluate human exposure
pathways;

(5) identify and evaluate public health
implications based on available medical and
toxicological information; and
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(6) develop conclusions concerning the health
threat posed by the site and make
recommendations regarding further public
health activities.

The purpose of the ATSDR health assessment is
to assist in the evaluation of data and information on
the release of toxic substances into the environment
in order to assess any current or future impact on
public health, develop health advisories or other
health-related recommendations, and identify studies
or actions needed to evaluate and prevent human
health effects. Health assessments are intended to
help public health and regulatory officials determine
if actions should be taken to reduce human exposure
to hazardous substances and to recommend whether
additional information on human exposure and
associated risks is needed. Health assessments also
are written for the benefit of the informed
community associated with a site, which could
include citizen groups, local leaders, and health
professionals.

Several important differences exist between EPA
human health evaluations and ATSDR health
assessments. EPA human health evaluations include
guantitative, substance-specific estimates of the risk
that a site poses to human health. These estimates
depend on statistical and biological models that use
data from human epidemiologic investigations and
animal toxicity studies. The information generated
from a human health evaluation is used in risk
management decisions to establish cleanup levels
and select a remedial alternative.

ATSDR health assessments, although they may
employ quantitative data, are more qualitative in
nature. They focus not only on the possible health
threats posed by chemical contaminants attributable
to a site, but consider all health threats, both
chemical and physical, to which residents near a site
may be subjected. Health assessments focus on the
medical and public health concerns associated with
exposures at a site and discuss especially sensitive
populations, toxic mechanisms, and possible disease
outcomes. EPA considers the information in a health
assessment along with the results of the baseline risk
assessment to give a complete picture of health
threats. Local health professionals and residents use
the information to understand the potential health
threats posed by specific waste sites. Health

assessments may lead to pilot health effects studies,
epidemiologic studies, or establishment of exposure
or disease registries.

EPA's Guidance for Coordinating ATSDR Health

Assessment Activities with thengliRennedial

Process (EPA 1987) provides information to EPA
and ATSDR managers for use in coordinating human
health evaluation activities. (Section 2.1, in its

discussion of CERCLA, provides further information
on the statutory basis of ATSDR health
assessments.)

2.2.3 ATSDR HEALTH STUDIES

Aftelucting a health assessment, ATSDR
may determine that additional health effects
information is needed at a site and, as a result, may
undertake a pilot study, a full-scale epidemiological
study, or a disease registry. Three types of pilot
studies are predominant:
(1) a symptom/disease prevalence study
consisting of a measurement of self-reported
disease occurrence, which may be validated
through medical records if they are available;

(2) a human exposure study consisting of
biological sampling of persons who have a
potentially high likelihood of exposure to
determine if actual exposure can be verified;
and

(3) acluster investigation study consisting of an
investigation of putative disease clusters to
determine if the cases of a disease are
excessively high in the concerned
community.

A full-scale epidemiological study is an analytic
investigation that evaluates the possible causal
relationships between exposure to hazardous
substances and disease outcome by testing a
scientific hypothesis. Such an epidemiological study
is usually not undertaken unless a pilot study reveals
widespread exposure or increased prevalence of
disease.

ATSDR, in cooperation with the states, also may

hoose to follow up the results of a health

assessment by establishing and maintaining national
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registries of persons exposed to hazardous Besides identifying and tracking of exposed
substances and persons with serious diseases or persons, a registry also is used to coordinate the
illness. A registry is a system for collecting and clinical and researchitiastithat involve the
maintaining, in a structured record, information on registrants. Registries serve an important role in
specific persons from a defined population. The assuring the uniformity and quality of the collected
purpose of a registry of persons exposed to data and ensuring that data collection is not
hazardous substances is to facilitate development of duplicative, thereby reducing the overall burden to

new scientific knowledge through identification and exposed or potentially exposed persons.

subsequent follow-up of persons exposed to a
defined substance at selected sites.
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CHAPTER 3

GETTING STARTED: PLANNING
FOR THE HUMAN HEALTH
EVALUATION IN THE RI/FS

This chapter discusses issues related to planning streamlined approach recognizes that the elimination
the human health evaluation conducted during the of all uncertainties is not possible or necessary and
RI/FS. It presents the goals of the RI/FS process as instead strives only for sufficient data to generally
a whole and the human health evaluation in characterize a site and support remedy selection.
particular (Sections 3.1 and 3.2). It next discusses The resulting remedies are flexible and incorporate
the way in which a site that is divided into operable specific contingencies to respond to new information
units should be treated in the human health discovered during remedial action and follow-up.

evaluation (Section 3.3). RI/FS scoping is discussed
in Section 3.4, and Section 3.5 addresses the level of 3.2 GOAL OF THE RI/FS HUMAN

effort and detail necessary for a human health HEALTH EVALUATION
evaluation.
As part of the effort to streamline the
3.1 GOAL OF THE RI/FS process and reduce the cost and time required to
conduct the RI/FS, the Superfund human health
The goal of the RI/FS is to gather evaluation needs to focus on providing information
information sufficient to support an informed risk necessary to justify action at a site and to select the
management decision regarding which remedy best remedy for the site. This should include
appears to be most appropriate for a given site. The characterizing the contaminants, the potential
RI/FS provides the context for all site exposures, and the potentially exposed population
characterization activity, including the human health sufficiently to determine what risks need to be
evaluation. To attain this goal efficiently, EPA must reduced or eliminated and what exposures need to be
identify and characterize hazards in a way that will prevented. It is important to recognize that
contribute directly to the selection of an appropriate information should be developed only to help EPA
remedy. Program experience has shown that determine what actions are necessary to reduce risks,
Superfund sites are complex, and are characterized and not to fully characterize site risks or eliminate all
by heterogeneous wastes, extreme variability in uncertainty from the analysis.
contamination levels, and a variety of environmental
settings and potential exposure pathways. In a logical extension of this view, EPA has
Consequently, complete characterization of a site made a policy decision_to use, wherever appropriate
during the RI/FS, in the sense of eliminating standardized assumptions, equations, and values in
uncertainty, is not feasible, cost-effective, or the human health evaluation to achieve the goal of
necessary for selection of appropriate remedies. This streamlined assessment. This approach has the
view has motivated the "streamlined approach" EPA added benefit of making human health evaluation
is taking to help accomplish the goal of completing easier to review, easier to understand, and more
an RI/FS in 18 months at a cost of $750,000 per consistent from site to site. Developing unique

operable unit and $1.1 million per site. The exposure assumptions or non-standard methods of




Page 3-2

risk assessment should not be necessary for most
sites. Where justified by site-specific data or by
changes in knowledge over time, however, non-
standard methods and assumptions may be used.

3.3 OPERABLE UNITS

Current practice in designing remedies for
Superfund sites often divides sites into operable units
that address discrete aspects of the site (e.g., source
control, ground-water remediation) or different
geographic portions of the site. The NCP defines
operable unit as "a discrete action that comprises an
incremental step toward comprehensively addressing
site problems." RI/FSs may be conducted for the
entire site and operable units broken out during or
after the feasibility study, or operable units may be
treated individually from the start, with focused
RI/FSs conducted for each operable unit. The best
way to address the risks of the operable unit will
depend on the needs of the site.

The human health evaluation should focus
on the subject of the RI/FS, whether that is an
operable unit or the site as a whole. The baseline
risk assessment and other risk information gathered
will provide the justification for taking the action for
the operable unit. At the same time, personnel
involved in conducting the human health evaluation
for a focused RI/FS must be mindful of other
potential exposure pathways, and other actions that
are being contemplated for the site to address other
potential exposures. Risk analysts should foresee
that exposure pathways outside the scope of the
focused RI/FS may ultimately be combined with
exposure pathways that are directly addressed by the
focused RI/FS. Considering risks from all related
operable units should prevent the unexpected
discovery of high multiple pathway risks during the
human health evaluation for the last operable unit.
Consider, for example, a site that will be addressed
in two operable units: a surface soil cleanup at the
contamination source and a separate ground-water
cleanup. Risks associated with residuals from the
soil cleanup and the ground-water cleanup may need
to be considered as a cumulative total if there is the
potential for exposure to both media at the same
time.

3.4 RI/FS SCOPING

Planning the human health evaluation prior

to beginning the detailed analysis is an essential step

in the process. The RPM must make up-front
decidions, for example, the scope of the

baseline risk assessment, the appropriate level of
detail and documentation, trade-offs between depth
and breadth in the analysis, and the staff and

monetary resources to commit.

Scoping is the initial planning phase of the
RI/FS process, and many of the planning steps begun
here are continued and refined in later phases.
Scoping activities typically begin with the collection
of existing site data, including data from previous
investigations such as the preliminary assessment
and site inspection. On the basis of this information,
site management planning is undertaken to identify
probable boundaries of the study area, to identify
likely remedial action objectives and whether interim
actions may be necessary or appropriate, and to
establish whether the site may best be remedied as

one site or as several separate operable units. Once

an overall management strategy is agreed upon, the
RI/FS for a specific project or the site as a whole is
planned.

The development of remedial alternatives
usually begins during or soon after scoping, when
likely response scenarios may first be identified. The

development of alternatives requires:

e identifying remedial action objectives;

e identifying potential treatment, resource
recovery, and containment technologies
that will satisfy these objectives; and

® screening the technologies based on their
effectiveness, impleniléytand cost.

Remedial alternatives may be developed to address
a contaminated medium, a specific area of the site, or
the entire site. Alternative remedial actions for

specific media and site areas either can be carried
through the FS process separately or combined into
comprehensive alternatives for the entire site. The
approach is flexible to allow alternatives to be

considered in combination at various points in the
process. The RI/FS guidance discusses planning in
greater detail.
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3.5 LEVEL OF EFFORT/LEVEL OF
DETAIL OF THE HUMAN HEALTH

EVALUATION

An important part of scoping is determining
the appropriate level of effort/level of detail
necessary for the human health evaluation. Human
health evaluation can be thought of as spanning a
continuum of complexity, detail, and level of effort,
just as sites vary in conditions and complexity.
Some of the site-specific factors affecting level of
effort that the RPM must consider include the
following:

® number and identity of chemicals present;

® availability of ARARs and/or applicable
toxicity data;

e number and complexity of exposure
pathways (including complexity of
release sources and transport media), and
the need for environmental fate and
transport modeling to supplement
monitoring data;

® necessity for precision of the results,
which in turn depends on site conditions
such as the extent of contaminant
migration, characteristics of potentially
exposed populations, and enforcement
considerations (additional quantification
may be warranted for some enforcement
sites); and

e quality and quantity of available

monitoring datd.

This manual is written to address the most
complex sites, and as a result not all of the steps and
procedures of the Superfund human health
evaluation process described in this manual apply to

all remedial sifesr example, Section 6.6 provides
procedures and equations for estimating chemical
intakes through numerous exposure routes, although
for many sites, much of this information will not
apply (e.g., the exposure route does not exist or is
determined to be relatively unimportant). This
manual establishes a generic framework that is
broadly applicable across sites, and it provides
specific procedures that cover a range of sites or
situations that may or may not be appropriate for any
individual site. As a consequence of attempting to
cover the wide variety of Superfund site conditions,
some of the process components, steps, and
techniques described in the manual do not apply to
some sites. In addition, most of the components can
vary greatly in level of detail.  Obviously,
determining which elements of the process are
necessary, which are desirable, and which are
extraneous is a key decision for each site. All
gooments should not be forced into the assess-
ment of a site, and the evaluation should be limited
to the complexity and level of detail necessary to
adequately assess risks for the purposes described in
Sections 3.1 and 3.2.

Planning related to the collection and analysis
of chemical data is perhaps the most important
planning step. Early coordination among the risk
assessors, the remainder of the RI/FS team,
representatives of other agencies involved in the risk
assessment or related studies (e.g., ATSDR, natural
resource trustees such as the Department of the
Interior, state agencies), and the RPM is essential
and preferably should occur during the scoping stage
of the RI/FS. Detailed guidance on planning related
to collection and analysis of chemical data is given
in Chapter 4 of this manual.
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ENDNOTE FOR CHAPTER 3

1. All site monitoring data must be subjected to appropriate quality asslgaality control programs. Lack of acceptable data may limit by necessity
the amount of data available for the human health evaluation, and therefore may limit the scope of the evaluation. tAicdptehitined by whether
data meet the appropriate data quality objectives (see Section 4.1.2).
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CHAPTER 4

DATA COLLECTION

This chapter discusses procedures for
acquiring reliable chemical release and exposure
datafor quantitative human health risk assessment
at hazardous waste sites.! The chapter isintended
to be alimited discussion of important sampling
considerations with respect to risk assessment; itis
not intended to be a complete guide on how to
collect data or design sampling plans.

Following a general background section
(Section 4.1), this chapter addresses the following
eight important areas:

(1) review of available site information
(Section 4.2);

(2) consideration of modeling parameter
needs (Section 4.3);

(3) definition of background sampling
needs (Section 4.4);

(4) preliminary identification of potential
human exposure (Section 4.5);

(5) development of an overall strategy for
sample collection (Section 4.6);

(6) definition of required QA/QC measures
(Section 4.7);

(7) evaluation of the need for Specid
Analytical Services (Section 4.8); and

(8) activities during workplan development
and data collection (Section 4.9).

4.1 BACKGROUND INFORMATION
USEFUL FOR DATA
COLLECTION

This  section provides background
information on the types of data needed for risk
assessment, overall data needs of the RI/FS,
reasons and steps for identifying risk assessment
data needs early, use of the Data Quality
Objectives for Remedial Response Activities (EPA
1987a,b, hereafter referred to as the DQO
guidance), and other data concerns.

411 TYPESOF DATA

In general, the types of site data needed for a
baseline risk assessment include the following:

® contaminant identities;

ACRONYMS FOR CHAPTER 4

CLP = Contract Laboratory Program

DQO = Data Quality Objectives

FIT = Field Investigation Team

FSP = Field Sampling Plan

HRS = Hazard Ranking System

IDL = Instrument Detection Limit

MDL = Method Detection Limit

PA/S| = Preliminary Assessment/Site Inspection
QA/QC = Quality Assurance/Quality Control
QAPRP = Quality Assurance Project Plan

RAS = Routine Analytical Services

RI/FS = Remedia Investigation/Feasibility Study
SAP = Sampling and Analysis Plan

SAS = Special Analytical Services

SMO = Sample Management Office

SOW = Statement of Work

TAL = Target Analyte List

TCL = Target Compound List

TIC = Tentatively Identified Compound
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]
DEFINITIONS FOR CHAPTER 4

Analytes The chemicals for which a sample is analyzed.

Anthropogenic Background Level€oncentrations of chemicals that are present in the environment due to human-made, non-site sodrces
(e.g., industry, automobiles).

Contract Laboratory Program (CLPAnalytical program developed for Sufuend waste site samples to fill the need for legally defensible
analytical results supported by a high level of quality assurance and documentation.

Data Quality Objectives (DQQs)ualitative and quantitative statements to ensure &tatad known and documented quality are obtained
during an RI/FS to support an Agency decision.

Field Sampling PlaFSP). Provides guidance for all field work by defining in detail the sampling and data gathering methods to be ysed
on a project.

Naturally Occurring Background LevelsAmbient concentrations of chemicals that are present in the environment and have not bgen
influenced by humans (e.g., aluminum, manganese).

Quality Assurance Project Plan (QAPjR)escribes the policy, organization, functional activities, and quality assurance and quality contiol
protocols necessary to achieve DQOs dictated by the intended use of thelffega3uidance

Routine Analytical Services (RAS)The set of CLP analytical protocols that are used to analyze most Superfund site samples. These
protocols are provided in the EPA Statements of Work for the 80OR\( for InorganicsSOW for Organigsand must be followed by every
CLP laboratory.

Sampling and Analysis Plan (SAPTonsists of a Quality Assurance Project Plan (QAPjP) and a Field Sampling Plan (FSP).

Sample Management Office (SMOEPA contractor providing management, operational, and administragipers to the CLP to facilitate
optimal use of the program.

Special Analytical Services (SASNon-standardized analyses conducted under the CLP to meet user requirements that cannot be met using
RAS, such as shorter analytical turnaround time, lower detection limits, and analysis of non-standard matrices or non-t@dscompo

Statement of Work (SOW) for the CLPA document that specifies the instrumentation, sample handling procedures, analytical parameters
and procedures, required quantitation limits, quality control requirements, and report format to be used by CLP labidnet&@é/ also
contains the TAL and TCL.

Target Analyte List (TAL) Developed by EPA for Superfund site sample analyses. The TAL is a list of 23 metals plus total cyanjde
routinely analyzed using RAS.

Target Compound List (TCL)Developed by EPA for Superfund site sample analyses. The TCL is a list of analytes (34 volatile orgahic
chemicals, 65 semivalile organic chemicals, 19 pesticides, 7 polychlorinated biphenyls, 23 metals, and total cyanide) routinely analyzed
using RAS.

® contaminant concentrations in the key Most of these data are obtained during the

sources and media of interést; course of a remedial investigation/feasibility study
(RI/FS). Other sources of information, such as

® characteristics of sources, especially preliminary assessment/site inspection (PA/SI)
information related to release potential; reports, also may be available.
and 4.1.2 DATA NEEDS AND THE RI/FS

® characteristics of the environmental The RI/FS has four primary data collection
setting that may affect the fate, transport, ponments:
and persistence of the contaminants. (1) characterization of site conditions;

(2) determination of the nature of the wastes;
(3) risk assessment; and
(4) treatability testing.
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The site and waste characterization components of
the RI/FS are intended to determine characteristics
of the site (e.g., ground-water movement, surface
water and soil characteristics) and the nature and
extent of contamination through sampling and
analysis of sources and potentially contaminated
media. Quantitative risk assessment, like site
characterization, requires data on concentrations of
contaminants in each of the source areas and media
of concern. Risk assessment also requires
information on other variables necessary for
evaluating the fate, transport, and persistence of
contaminants and estimating current and potential
human exposure to these contaminants. Additional
data might be required for environmental risk
assessments (see EPA 1989a).

Data also are collected during the RI/FS to
support the design of remedial alternatives. As
discussed in the DQO guidance (EPA 1987a,b),
such data include results of analyses of
contaminated media "before and after" bench-scale
treatability tests. This information usually is not
appropriate for use in a baseline risk assessment
because these media typically are assessed only for
a few individual parameters potentially affected by
the treatment being tested. Also, initial treatability
testing may involve only a screening analysis that
generally is not sensitive enough and does not have
sufficient quality assurance/quality control
(QA/QC) procedures for use in quantitative risk
assessment.
4.1.3 EARLY IDENTIFICATION OF
DATA NEEDS

Because the RI/FS and other site studies serve
a number of different purposes (e.g., site and waste
characterization, design of remedial alternatives),
only a subset of this information generally is useful
for risk assessment. To ensure that all risk
assessment data needs will be met, it is important
to identify those needs early in the RI/FS planning
for a site. The earlier the requirements are
identified, the better the chances are of developing
an RI/FS that meets the risk assessment data
collection needs.

One of the earliest stages of the RI/FS at
which risk assessment data needs can be addressed
is the site scoping meeting. As discussed in the
Guidance for Conducting Remedial Investigations

and Feasibility Studies Under CERCL{&PA
1988a, hereafter referred to as RI/FS guidance), the
scoping meeting is part of the initial planning
phase of site remediation. It is at this meeting that
the data needs of each of the RI/FS components
(e.g., site and waste characterization) are addressed
together. Scoping meeting attendees include the
RPM, contractors conducting the RI/FS (including
the baseline risk assessment), amsitd pers
(e.g., for construction), and natural resource
trustees (e.g., Department of Interior). The scoping
meeting allows development of a comprehensive
sampling and analysis plan (SAP) that will satisfy
the needs of each RI/FS component while helping
to ensure that time and budget constraints are met.
Thus, in addition to aiding the effort to meet the
risk assessment data needs, this meeting can help
integrate these needs with other objectives of the
RI/FS and thereby help make maximum use of
available resources andugliciation of effort.

During scoping activities, the risk assessor
should identify, at least in preliminary fashion, the
type and duration of possible exposures (e.g.,
chronic, intermittent), potential exposure routes
(e.q., ingestion of fish, ingestion of drinking water,
inhalation of dust), and key exposure points (e.g.,
municipal wells, recreation areas) for each
medium. The relative importance of the potential
exposure routes and exposure points in determining
risks should be discussed, as should the
consequences of not studying them adequately.
Section 4.5 and Chapter 6 provide guidance for
identifying exposure pathways that may exist at
hazardous waste sites. If potential exposure
pathways are identified early in the RI/FS process,
it will be easier to reach a decision on the number,
type, and location of samples needed to assess
exposure.

During the planning stages of the RI/FS, the
risk assessor also should determine if non-routine
(i.e., lower) quantitation limits are needed to
adequately characterize risks at a site. Special
Analytical Services (SAS) of the EPA Contract
Laboratory Program (CLP) may be needed to
achieve such lower quantitation limits. (See
Section 4.8 for additional information concerning
quantitation limits.)
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4.1.4 USE OF THE DATA QUALITY
OBJECTIVES (DQO)

GUIDANCE

The DQO guidance (EPA 1987a,b) provides
information on the review of site data and the
determination of data quality needs for sampling
(see the box below).

OVERVIEW OF DQO GUIDANCE

According to the DQO guidance (EPA 1987a and b),
DQO are qualitative and quantitative statemen
established prior to data collection, which specify th
quality of the data required to support Agency decisior|s
during remedial responsactivities. The DQO for a
particular site vary according to the end use of the ddta
(i.e., whether the data are collected to support preliminafry
assessments/site inspections, remedial
investigations/feasibility studies, remedial designs,
remedial actions).

The DQO process consists of three stages. In Stage 1
(Identify Decision Types), all available site information i
compiled and analyzed in order to develop a conceptyal
model of the site that describes suspected sourcgs,
contaminant pathways, and potential receptors. The
outcome of Stage 1 is a definition of the objectives of the
site investigation and an identétion of data gaps. Stage
2 (Identify Data Uses/Needs) involves specifying the da
necessary to meet the objectives set in Stage 1, selecfing
the sampling approaches and the analytical options for the
site, and evaluating multiple-option approaches to allo
more timely or cost-effective data collection an
evaluation. In Stage @esign Data Collection Program),
the methods to be used to obtain data of acceptable quajity
are specified in such products as the SAP or the workplgn.

Use of this guidance will help ensure that all
environmental data collected in support of RI/FS
activities are of known and documented quality.
4.1.5 OTHER DATA CONCERNS

The simple existence of a data collection plan
does not guarantee usable data. The risk assessor
should plan an active role in oversight of data
collection to ensure that relevant data have been

obtained. (See Section 4.9 for more information
on the active role that the risk assessor must play.)

After data have been collected, they
should be carefully reviewed to identify reliable,
accurate, and verifiable numbers that can be used
to quantify risks. All analytical data must be

evaluated to identify the chemicals of potential
concern (i.e., those to be carried through the risk
assessment). Chapter 5 discusses the criteria to be
considered in selecting the subset of chemical data
appropriate for baseline risk assessment. Data that
do not meet the criteria are not included in the
titegive risk assessment; they can be discussed
qualitatively in the risk assessment report, however,
or may be the basis for further investigation.

4.2 REVIEW OF AVAILABLE SITE
INFORMATION

Available site information must be reviewed
to (1) determine basic site characteristics, (2)
initially identify potential exposure pathways and
exposure points, and (3) help determine data needs
(including modeling needs). All available site
information (i.e., information existing at the start of
the RI/FS) should be reviewed in accordance with
Stage 1 of the DQO process. Sources of available
site information include:

® RI/FS scoping information;

® PA/S|I data and Hazard Ranking System
(HRS) documentation;

® |isting site inspection (LSI) data (formally
referred to as expanded site inspection, or
ESI);

® photographs (e.g., EPA's Environmental
Photographic Interpretation Center [EPIC]);

® records on removal actions taken at the site;
and

e information on amounts of hazardous
substances disposed (e.g., from site records).

If available, LSI (or ESI) data are especially useful
because they represent fairly extensive site studies.

Based on a review of the existing data, the risk
assessor should formulate a conceptual model of
the site that identifies all potential or suspected
sources of contamination, types and concentrations
of contaminants detected at the site, potentially
contaminated media, and potential exposure
pathways, including receptors (see Exhibit 4-1). As
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discussed previously, identification of potential
exposure pathways, especially the exposure points,
is a key element in the determination of data needs
for the risk assessment. Details concerning
development of a conceptual model for a site are
provided in the DQO guidance (EPA 1987a,b) and
the RI/FS guidance (EPA 1988a).

In most cases, site information available at
the start of the RI/FS is insufficient to fully
characterize the site and the potential exposure
pathways. The conceptual model developed at this
stage should be adequate to determine the
remaining data needs. The remainder of this

chapter addresses risk assessment data needs in

detail.

4.3 ADDRESSING MODELING
PARAMETER NEEDS

As discussed in detail in Chapter 6,
contaminant release, transport, and fate models are
often needed to supplement monitoring data when
estimating exposure concentrations. Therefore, a
preliminary site modeling strategy should be
developed during RI/FS scoping to allow model
input data requirements to be incorporated into the
data collection requirements. This preliminary
identification of models and other related data
requirements will ensure that data for model
calibration and validation are collected along with
other physical and chemical data at the site.
Exhibit 4-2 lists (by medium) several site-specific
parameters often needed to incorporate fate and
transport models in risk assessments.

Although default values for some modeling
parameters are available, it is preferable to obtain
site-specific values for as many input parameters
as is feasible. If the model is not sensitive to a
particular parameter for which a default value is
available, then a default value may be used.
Similarly, default values may be used if obtaining
the site-specific model parameter would be too
time consuming or expensive. For example,
certain airborne dust emission models use a default
value for the average wind speed at the site; this is
done because representative measurements of
wind speed at the site would involve significant
amounts of time (i.e., samples would have to be
collected over a large part of the year).

Some model parameters are needed only if
the sampling conducted at a site is sufficient to
support complex models. Such model parameters
may not be necessary if only simple fate and
transport models are used in the risk assessment.

4.4 DEFINING BACKGROUND
SAMPLING NEEDS

Background sampling is conducted to distinguish
site-related contamination from naturally occurring
or other non-site-related levels of chemicals. The
following subsections define the types of
background contamination and provide guidance on
the appropriate location and number of background
samples.
4.4.1 TYPES OF BACKGROUND

There are two different types of background levels
of chemicals:

(1) naturally occurring leli@h are ambient
concentrations of chemicals present in the
environment that have not been influenced by
humans (e.g., aluminum, manganese); and

(2) _anthropogenic levelsvhich are
concentrations of chemicals that are present
in the environment due to human-made, non-
site sources (e.g., industry, automobiles).

Background can range from localized to ubiquitous.
For example, pesticides -- most of which are not
naturally occurring (anthropogenic) -- may be
ubiquitous in certain areas (e.g., agricultural
areas); salt runoff from roads during periods of
snow may contribute high ubiquitous levels of
sodium. Polycyclic aromatic hydrocarbons (PAHS)
and lead are other examples of anthropogenic,
ubiquitous chemicals, although these chemicals
also may be present at naturally occurring levels in
the environment due to natural sources (e.g., forest
fires may be a source of PAHs, and lead is a natural
component of soils in some areas).
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EXHIBIT 4-1

ELEMENTS OF A CONCEPTUAL EVALUATION MODEL

VARIABLES

SOURCES

RECEPTORS

® CONTAMINANTS

® CONCENTRATIONS
® TIME

® | OCATIONS

® MEDIA

® RATES OF MIGRATION

® TIME

® | OSS AND GAIN FUNCTIONS

® TYPES

® SENSITIVITIES

® TIME

® CONCENTRATIONS
¢ NUMBERS

HYPOTHESES TO
BE TESTED

® SOURCE EXISTS
® SOURCE CAN BE CONTAINED

® SOURCE CAN BE REMOVED
AND DISPOSED

® SOURCE CAN BE TREATED

® PATHWAY EXISTS

® PATHWAY CAN BE
INTERRUPTED

® PATHWAY CAN BE
ELIMINATED

® RECEPTOR IS NOT
IMPACTED BY MIGRATION
OF CONTAMINANTS

® RECEPTOR CAN BE
RELOCATED

® INSTITUTIONAL CONTROLS
CAN BE APPLIED

® RECEPTOR CAN BE
PROTECTED
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EXHIBIT 4-2

EXAMPLES OF MODELING PARAMETERS FOR WHICH
INFORMATION MAY NEED TO BE OBTAINED DURING

A SITE SAMPLING INVESTIGATION

Type of Modeling

Modeling Parameters”

Source Characteristics

Soil

Ground-water

Air

Surface Water

Sediment

Biota

Geometry, physical/chemical conditions, emission rate, emission
strength, geography

Particle size, dry weight, pH, redox potential, mineral class, organic
carbon and clay content, bulk density, soil porosity

Head measurements, hydraulic conductivity (pump and slug test
results), saturated thickness of aquifer, hydraulic gradient, pH,
redox potential, soil-water partitioning

Prevailing wind direction, wind speeds, stability class, topography,
depth of waste, contaminant concentration in soil and soil gas,
fraction organic content of soils, silt content of soils, percent
vegetation, bulk density of soil, soil porosity

Hardness, pH, redox potential, dissolved oxygen, salinity,
temperature, conductivity, total suspended solids, flow rates,
and depths for rivers/streams, estuary and embayment
parameters such as tidal cycle, saltwater incursion extent,
depth and area, lake parameters such as area, volume, depth,
depth to thermocline

Particle size distribution, organic content, pH, benthic oxygen
conditions, water content

Dry weight, whole body, specific organ, and/or edible portion
chemical concentrations, percent moisture, lipid content,
size/age, life history stage

? These parameters are not necessarily limited to the type of modeling with which they are
associated in this exhibit. For example, many of the parameters listed for surface water are also

appropriate for sediments.
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4.4.2 BACKGROUND SAMPLING
LOCATIONS

Background samples are collected at or near
the hazardous waste site in areas not influenced by
site contamination. They are collected from each
medium of concern in these offsite areas. That is,
the locations of background samples must be areas
that could not have received contamination from
the site, but that do have the same basic
characteristics as the medium of concern at the site.

Identifying background location requires
knowing which direction is upgradient/upwind/
upstream. In general, the direction of water flow
tends to be relatively constant, whereas the
direction of air flow is constantly changing.
Therefore, the determination of background
locations for air monitoring requires constant and
concurrent monitoring of factors such as wind
direction.

4.4.3 BACKGROUND SAMPLE SIZE

In appropriate circumstances, statistics may be
used to evaluate background sample data. Because
the number of background samples collected is
important for statistical hypothesis testing, at some
sites a statistician should be consulted when
determining background sample size. At all sites,
the RPM should decide the level of statistical
analysis applicable to a particular situation.

Often, rigorous statistical analyses are
unnecessary because site- and non-site-related
contamination clearly differ. For most sites, the
issue will not be whether a difference in chemical
concentrations can be demonstrated between
contaminated and background areas, but rather that
of establishing a reliable representation of the
extent (in three dimensions) of a contaminated
area. However, statistical analyses are required at
some sites, making a basic understanding of
statistics necessary. The following discussion
outlines some basic statistical concepts in the
context of background data evaluation for risk
assessment. (A general statistics textbook should
be reviewed for additional detail. Also, the box
below lists EPA guidance that might be useful.)

S
STATISTICAL METHODS GUIDANCE

Statistical Methods for Evaluating Ground-
water Monitoring Data from Hazardous Waste
Facilities (EPA 1988b)

Surface Impoundment Clean Closure
Guidance Manua{EPA 1988c)

Love Canal Emergency Declaration Areg
Habitability Study(EPA 1988d)

Soils Sampling Quality Assurance Gu{e#A
1989b)

A statistical test of a hypothesis is a rule used
for deciding whether or not a statement (i.e., the
null hypothesis) should be rejected in favor of a
specified alternative statement (i.e., the alternative
hypothesis). In the context of background
contamination at hazardous waste sites, the null
hypothesis can be expressed as "there is no
difference between contaminant concentrations in
background areas and onsite," and the alternative
hypothesis can be expressed as “concentrations are
higher onsite." This expression of the alternative
hypothesis implies a one-tailed test of significance.

The number of background samples collected
at a site should be sufficient to accept or reject the
null hypothesis with a specifiexbtikedierror.
In statistical hypothesis testing there are two types
of error. The null hypothesis may be rejected when
it is true (i.e., a Type | error), or not rejected when
it is false (i.e., a Type Il error). An example of a
Type | error at a hazardous waste site would be to
conclude that contaminant concentrations in onsite
soil are higher than background soil concentrations
when in fact they are not. Theocatires Type
Il error would be to conclude that onsite
contaminant concentrations are not higher than
background concentrations when in fact they are.
A Type | error could result in unnecessary
remediation, while a Type Il error could result in a
failure to clean up a site when such an action is
necessary.
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In customary notations; (alpha) denotes the
probability that a Type | error will occur, arfd
(beta) denotes the probability that a Type Il error
will occur. Most statistical comparisons referdo
also known as the level of significance of the test.
If « = 0.05, there is a 5 percent (i.e., 1 in 20)
chance that we will conclude that concentrations of
contaminants are higher than background when
they actually are not.

Equally critical considerations in determining
the number of background samples frand a
concept called "power." The power of a statistical
test has the value 1B and is defined as the
likelihood that the test procedure detects a false
null hypothesis. Power functions for commonly
used statistical tests can be found in most general
statistical textbooks. Power curves are a function
of o (which normally is fixed at 0.05), sample size
(i.e., the number of background and/or onsite
samples), and the amount of variability in the data.
Thus, if a 15 percent likelihood of failing to detect
a false null hypothesis is desired (if&.7 0.15),
enough backgund samples must be collected to
ensure that the power of the test is at least 0.85.

A small number of background samples
increases the likelihood of a Type Il error. If an
insufficient number of background samples is
collected, fairly large differences between site and
background concentrations may not be statistically
significant, even though concentrations in the many
site samples are higher than the few background
samples. To guard against this situation, the
statistical power associated with the comparison of
background samples with site samples should be
evaluated.

In general, when trying to detect small
differences as statistically significant, the number
of background samples should be similar to the
number of onsite samples that will be used for the
comparison(s) (e.g., the number of samples taken
from one well). (Note that this does not mean that
the background sample size must equal_the total
number of onsite samples.) Due to the inherent
variability of air concentrations (see Section 4.6),
background sample size for air needs to be
relatively large.

4.4.4 COMPARING BACKGROUND
SAMPLES TO SITE-RELATED

CONTAMINATION

The medium sampled influences the kind of
statistical comparisons that can be made with
baxkgt data. For example, air monitoring
stations and ground-water wells are normally

positioned based on onsite factors and gradient
considerations. Because of this purposive
placement (see Section 4.6.1), several wells or
monitors cannot be assumed to be a random
sample from a single population and hence cannot
be evaluated collectively (i.e., the sampling results
cannot be combined). Therefore, the information
from each well or air mortitarld be compared
individually with background.

Because there typically are many site-related,
media-specific sampling location data to compare
with backwgt, there usually is a "multiple

comparison problem" that must be addressed. In
general, the probability of experiencing a Type |
error in_the enéteof statistical tests increases
with the number of comparisons being made. If
=0.05, there is a 1 in 20 chance of a Type | error in
any sitege If 20 comparisons are being made,
it therefore is likely that at least one Type | error
will occur among all 20 t8tasistical Analysis
of Ground-water Monitoring Data at RCRA
Facilities (EPA 1989c) is useful for designing
sampling plans for comparing information from
many fixed locations with background.

It may be useful at times to look at
comparisons other than onsite versus background.
For example, upgradient wells can be compared
with downgradient wells. Also, there may be
several areas within the site that should be
compared for differences in site-related
contaminant concentration. These areas of concern
should be established before sampling takes place.
If a more complicated comparison scheme is
planned, a statistician should be consulted
frequently to help distribute the sampling effort and
design the analysis.
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A statistically significant difference between
background samples and site-related contamination
should not, by itself, trigger a cleap action. The
remainder of this manual still must be applied so
that the toxicological -- rather than simply the
statistical -- significance of the contamination can
be ascertained.

4.5 PRELIMINARY
IDENTIFICATION OF
POTENTIAL HUMAN
EXPOSURE

A preliminary identification of potential
human exposure provides much needed
information for the SAP. This activity involves the
identification of (1) media of concern, (2) areas of
concern (i.e., general locations of the media to be
sampledy, (3) types of chemicals expected at the
site, and (4) potential routes of contaminant
transport through the environment (e.g., inter-
media transfer, food chain). This section provides
general information on the preliminary
identification of potential human exposure
pathways, as well as specific information on the
various media. (Also, see Chapter 6 for a detailed
discussion of exposure assessment.)

45.1 GENERAL INFORMATION

Prior to discussing various specific exposure
media, general information on the following is
provided: media, types of chemicals, areas of
concern, and routes of contaminant transport is
addressed.

Media of concern (including biota). For risk
assessment purposes, media of concern at a site
are:

® any currently contaminatedhedia to
which individuals may be exposed or
through which chemicals may be
transported to potential receptors; and

® any currently uncontaminatededia that
may become contaminated in the future
due to contaminant transport.

Several medium-specific factors in sampling may
influence the risk assessment. For example,

in

imitations in sampling the medium may limit the
detailed evaluation of exposure pathways described

Chapter 6. To illustrate this, if soil samples are

not collected at the surface of a site, then it may not

be possible to accurately evaluate potential

exposures involving direct contact with soils or

exposures involving the release of contaminants
from soils via wind erosion (with subsequent
inhalation of airborne contaminants by exposed
individuals). Therefore, based on the conceptual
model of the site discussed previously, the risk
assessor should make sure that appropriate samples
are collected from each medium of concern.

Areas of concern. Areas of concern refer to the
general sampling locations at or near the site. For
large sites, areas of concern may be treated in the
RI/FS as "operable units," and may include several
media. Areas of concern also can be thought of as
the locations of potentially exposed populations
(e.g., nearest residents) or biota (e.g., wildlife
feeding areas).

Areas of concern should be identified based on
site-specific characteristics. These areas are
chosen purposively by the investigators during the
initial scoping meeting. Areas of concern should

include areas of the site that:

(1)
(2)

have different chemical types;

have different anticipated concentrations or
hot spots;

are a release source of concern;

3
(4) differ from each other in terms of the
anticipated spatial or temporal variability of
contamination;

must be sampled using different equipment;
and/or

(5)

(6)

In some instances, the risk assessor may want to
estimate concentrations that are representative of
the site as a whole, in addition to each area of
concern. In these cases, two conditions generally
should be met in defining areas of concern: (1) the
boundaries of the areas of concehowd not

are more or less costly to sample.
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overlap and (2) all of the areas of concern together
should account for the entire area of the site.

Depending on the exposure pathways that are
being evaluated in the risk assessment, it may not
be necessary to determine site-wide representative
values. In this case, areas of concern do not have
to account for the entire area of the site.

Types of chemicals.The types of chemicals
expected at a hazardous waste site may dictate the
site areas and media sampled. For example, certain
chemicals (e.g., dioxins) that bioconcentrate in
aquatic life also are likely to be present in the
sediments. If such chemicals are expected at a
particular site and humans are expected to ingest
aquatic life, sampling of sediments and aquatic life
for the chemicals may be particularly important.

Due to differences in the relative toxicities of
different species of the same chemical (e.g:? Cr
versus C° ), the species should be noted when
possible.

Routes of contaminant transport. In
addition to medium-specific concerns, there may
be several potential current and future routes of
contaminant transport within a medium and
between media at a site. For instance, discharge of
ground water or surface runoff to surface water
could occur. Therefore, when possible, samples
should be collected based on routes of potential
transport. For cases in which contamination has
not yet reached points of human exposure but may
be transported to those areas in the future,
sampling between the contaminant source and the
exposure locations should be conducted to help
evaluate potential future concentrations to which
individuals may be exposed (e.g., through
modeling). (See Chapter 6 for additional
discussion on contaminant transport.)

45.2 SOIL

Soil represents a medium of direct contact
exposure and often is the main source of
contaminants released into other media. As such,
the number, location, and type of samples collected
from soils will have a significant effect on the risk
assessment. See the box on this page for guidance
that provides additional detailed information
concerning soil sampling, including information on

sampling locations, general soil and vegetation

conditions, and sampling equipment, strategies,
and techniques. In addition to the general

sampling considerations discussed previously, the
following specific issues related to soil sampling

are discussed below: the heterogeneous nature of

soils, designation of hot spots, depth of samples,
and fate and transport properties.

SOIL SAMPLING GUIDANCE

Test Methods for Evaluating Solid Waste (SW
846): Physical/Chemical Method$EPA
1986a)

Field Manual for Grid Sampling of PCB Spill
Sites to Verify Cleanug&PA 1986b)

A Compendium of Superfund Field Operatiorn
Methods(EPA 1987c)

%)

Soil Sampling Quality Assurance GuiePA
Review Draft 1989b)

Heterogeneous nature of soilsOne of the
largest problems in sampling soil (or other solid
materials) is that its generally heterogeneous nature
makes collection of representative samples difficult
(and compositing of samples virtually impossible --
see Section 4.6.3). Therefore, a large number of
soil samples may be required to obtain sufficient
data to calculate an exposure concentration.
Composite samples sometimes are collected to
obtain a more homogeneous sample of a particular
area; however, as discussed in a later section,
compositing samples also serves to mask
contaminant hot spots (as well as areas of low
contaminant concentration).

Designation of hot spots. Hot spots (i.e.,
areas of very high contaminant concentrations)
may have a significant impact on direct contact
exposures. The sampling plan should consider
characterization of hot spots through extensive
sampling, field screening, visual observations, or a
combination of the above.
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Depth of samples. Sample depth should be
applicable for the exposure pathways and
contaminant transport routes of concern and
should be chosen purposively within that depth
interval. If a depth interval is chosen purposively,
a random procedure to select a sampling point may
be established. Assessment of surface exposures
will be more certain if samples are collected from
the shallowest depth that can be practically
obtained, rather than, for example, zero to two
feet. Subsurface soil samples are important,
however, if soil disturbance is likely or if leaching
of chemicals to ground water is of concern, or if
the site has current or potential agricultural uses.

Fate and transport properties. The
sampling plan should consider physical and
chemical characteristics of soil that are important
for evaluating fate and transport. For example,
soil samples being collected to identify potential
sources of ground-water contamination must be
able to support models that estimate both
guantities of chemicals leaching to ground water
and the time needed for chemicals to leach to and
within the ground water.

45.3 GROUND WATER

Considerable expense and effort normally are
required for the installation and development of
monitoring wells and the collection of ground-
water samples. Wells must not introduce foreign
materials and must provide a representative
hydraulic connection to the geologic formations of
interest. In addition, ground-water samples need
to be collected using an approach that adequately
defines the contaminant plume with respect to
potential exposure points. Existing potential
exposure points (e.g., existing drinking water
wells) should be sampled.

More detailed information concerning
ground-water sampling considerations (e.g.,
sampling equipment, types, and techniques) can be
found in the references in the box on this page. In
addition to the general sampling considerations
discussed previously in Section 4.5.1, those
specific for ground water -- hydrogeologic
properties, well location and depth, and filtered vs.
unfiltered samples -- are discussed below.

GROUND-WATER SAMPLING
GUIDANCE

Practical Guide to Ground-water Sampling
(EPA 1985a)

A Compendium of Superfund Field Operatior|s
Methods(EPA 1987c)

Handbook: Ground WatdEPA 1987d)

Statistical Methods for Evaluating Ground
Water from Hazardous Waste FacilitiSPA
1988b)

Guidance on Remedial Actions fo
Contaminated Ground Water at Superfund Sit¢s
(EPA 1988e)

Ground-water Sampling for Metals Analysep
(EPA 1989d)

Hydrogeologic properties. The extent to
which the hydrogeologic properties (e.g., hydraulic
conductivity, porosity, bulk density, fraction
organic carbon, productivity) of the aquifer(s) are
characterized may have a significant effect on the
risk assessment. The ability to estimate future
exposure concentrations depends on the extent to
which hydrogeologic properties needed to evaluate
contaminant migration are quantified. Repetitive
sampling of wells is necessary to obtain samples
that are unaffected by drilling and well development
and that accurately reflect hydrogeologic properties
of the aquifer(s).

Well location and depth. The location of
wells should be such that both the horizontal and
vertical extent of contamination can be

characterized. Separate water-bearing zones may

have different aquifer classifications and uses and
therefore may need to be evaluated separately in the
risk assessment. In addition, sinking or floating
layers of contamination may be present at different

depths of the wells.

Filtered vs. unfiltered samples. Data from

filtered and unfiltered ground-water samples are
useful for evaluating chemical migration in ground
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water, because comparison of chemical
concentrations in unfiltered versus filtered samples
can provide important information on the form in
which a chemical exists in ground water. For
instance, if the concentration of a chemical is
much greater in unfiltered samples compared to
filtered samples, it is likely that the majority of the
chemical is sorbed onto particulate matter and not
dissolved in the ground water. This information
on the form of chemical (i.e., dissolved or
suspended on particulate matter) is important to
understanding chemical mobility within the
aquifer.

If chemical analysis reveals significantly
different concentrations in the filtered and
unfiltered samples, try to determine whether there
is a high concentration of suspended particles or if
apparently high concentrations are due to sampling
or well construction artifacts. Supplementary
samples can be collected in a manner that will
minimize the influence of these artifacts. In
addition, consider the effects of the following.

® Filter size A 0.45 um filter may screen
out some potentially mobile particulates
to which contaminants are absorbed and
thus under-represent contaminant
concentrations. (Recent research
suggests that a 1.0 um may be a more
appropriate filter size.)

® Pumping velocity Pumping at too high
a rate will entrain particulates (to which
contaminants are absorbed) that would
not normally be mobile; this could
overestimate contaminant
concentrations.

® Sample oxidation After contact with
air, many metals oxidize and form
insoluble compounds that may be
filtered out; this may underestimate
inorganic chemical concentrations.

® \Well construction materialsCorrosion
may elevate some metal concentrations
even in stainless steel wells.

If unfiltered water is of potable quality, data
from unfiltered water samples should be used to
estimate exposure (see Chapter 6). The RPM

howdd dtimately decide the type of samples that
are collected. If only one type of sample is
collected (e.g., unfiltered), justification for not
collecting the other type of sample (e.qg., filtered)
should be provided in the sampling plan.
45.4 SURFACE
SEDIMENT

WATER AND

Samples need to be collected from any nearby
surface water body potentially receiving discharge
from the site. Samples are needed at a sufficient
number of sampling points to characterize exposure
pathways, and at potential discharge points to the
water body to determine if the site (or some other
source) is contributing to surface water/sediment
contamination. Some important considerations for
surface water/sediment sampling that may affect the
risk assessment for various types and portions of
water bodies (i.e., lotic waters, lentic waters,
estuaries, sediments) are discussed below. More
detailed information concerning surface water and
sediment sampling, such as selecting sampling
locations and sampling equipment, types, and
techniques, is provided in the references given in
the references given in the box below.

SURFACE WATER AND SEDIMENT
SAMPLING GUIDANCE

Procedures for Handling and Chemica
Analysis of Sediment and Water SamieRA
and COE 1981)

Sediment Sampling Quality Assurance Usel
Guide (EPA 1984)

S
Methods Manual for Bottom Sediment Samp|e
Collection(EPA 1985b)

A Compendium of Superfund Field Operatiorjs
Methods(EPA 1987c)

[N

An Overview of Sediment Quality in the Unite!
Stateg EPA 1987¢)

Proposed Guide for Sediment Collectior,
Storage, Characterization and Manipulation
(The American Society for Testing and
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Lotic waters. Lotic waters are fast-moving
waters such as rivers and streams. Variations in
mixing across the stream channel and downstream
in rivers and streams can make it difficult to obtain
representative samples. Although the selection of
sampling points will be highly dependent on the
exposure pathways of concern for a particular site,
samples generally should be taken both toward the
middle of the channel where the majority of the
flow occurs and along the banks where flow is
generally lower. Sampling locations should be
downgradient of any possible contaminant sources
such as tributaries or effluent outfalls. Any
facilities (e.g., dams, wastewater treatment plants)
upstream that affect flow volume or water quality
should be considered during the timing of
sampling. "Background" releases upstream could
confound the interpretation of sampling results by
diluting contaminants or by increasing contaminant
loads. In general, sampling should begin
downstream and proceed upstream.

Lentic waters. Lentic waters are_slow-
moving waters such as lakes, ponds, and
impoundments. In general, lentic waters require
more samples than lotic waters because of the
relatively low degree of mixing of lentic waters.
Thermal stratification is a major factor to be
considered when sampling lakes. If the water body
is stratified, samples from each layer should be
obtained. Vertical composites of these layers then
may be made, if appropriate. For small shallow
ponds, only one or two sample locations (e.g., the
intake and the deepest points) may be adequate
depending on the exposure pathways of concern
for the site. Periodic release of water should be
considered when sampling impoundments, as this
may affect chemical concentrations and
stratification.

Estuaries. Contaminant concentrations in
estuaries will depend on tidal flow and salinity-
stratification, among other factors. To obtain a
representative sample, sampling should be
conducted through a tidal cycle by taking three sets
of samples on a given day: (1) at low tide; (2) at
high tide; and (3) at "half tide." Each layer of
salinity should be sampled.

Sediments. Sediment samples should be
collected in a manner that minimizes disturbance
of the sediments and potential contamination of

subsequent samples. Sampling in flowing waters
should begin downstream and end upstream.
Wading should be avoided. Sediments of different
composition (i.e., mud, sand, rock) should not be
composited. Again, it is important to obtain data
that will support the evaluation of the potential
exposure pathways of concern. For example, for
pathways such as incidental ingestion, sampling of
near-shore sediments may be important; however,
for dermal absorption of sediment contaminants
during recreational use such as swimming, samples
from different points throughout the water body
may be important. If ingestion of benthic (bottom-
dwelling) species or surface wateitile assessed
during the risk assessment, sediment should be
sampled so that characteristics needed for
modeling (e.g., fraction of organic carbon, particle
size distribution) can be determined (see Section
4.3).
455 AIR

Guidance for developing an air sampling plan
for Superfund sites is provided Rrocedures for
Dispersion Modeling and Air Monitoring for
Superfund Air Pathway Analys{EPA 1989e).
That document is Volume IV of a series of four
technical guidance manuals callecedures for
Conducting Air Pathway Analyses for Superfund
Applications (EPA 1989e-h). The other three
volumes of the series include discussions of
potential air pathways, air emission sources, and
procedures for estimating potential source emission
rates associated with both the baseline site
evaluation and remedial activities at the site.

Air monitoring information, along with
recommendations for proper selection and
application of air dispersion models, is included in
Volume V. The section on air monitoring
contained in this volume presents step-by-step
procedures to develop, conduct, and evaluate the
results of air concentration monitoring to
characterize downwind exposure conditions from
Superfund air emission sources. The first step
addressed is the process of collecting and
reviewing existing air monitoring information
relevant to the specific site, including source,
receptor, and environmental data. The second step
involves determining the level of sophistication for
the air monitoring program; the levels range from
simple screening procedures to refined techniques.
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Selection of a given level will depend on technical
considerations (e.g., detection limits) and available
resources. The third stegn air monitoring is
development of the air monitoring plan and
includes determination of the type of air monitors,
the number and location of monitors, the frequency
and duration of monitoring, sampling and analysis
procedures, and QA/QC procedures. Step four
details the day-to-day activities related to
conducting the air maintenance and calibration,
and documentation of laboratory results and
QA/QC procedures. The fifth and final step
involves the procedures necessary to (1)
summarize and evaluate the air monitoring results
for validity, (2) summarize the statistics used, (3)
determine site-related air concentrations (by
comparison of upwind and downwind
concentrations), and (4) estimate uncertainties in
the results related to the monitoring equipment and
program and the analytical techniques used in the
laboratory.

Given the difficulties of collecting sufficient
air samples to characterize both temporal and
spatial variability of air concentrations, modeling
-- along or in conjunction with monitoring -- is
often used in the risk assessment. For the most
efficient sampling program, the section in Volume
IV on modeling should be used in conjunction with
the section on monitoring.

Volume IV also contains a comprehensive
bibliography of other sources of air monitoring and
modeling guidance. Note, however, that while this
volume contains an extensive discussion on
planning and conducting air sampling, it does not
provide details concerning particular monitoring
equipment and techniques. The box on this page
lists some sources of detailed information on air
sampling. The following paragraphs address
several specific aspects of air sampling: temporal
and spatial considerations, emission sources,
meteorological conditions.

Temporal and spatial considerations. The goal

of air sampling at a site is to adequately
characterize air-related contaminant exposures. At
a minimum, sampling results should be adequate
for predictive short-term and long-term modeling.
When evaluating long-term inhalation exposures,
sample results should be representative of the long-
term average air concentrations at the long-term

modeling. When evaluating long-term inhalation
exposures, sample results should be representative
of the long-term average air concentrations at the
long-term exposure points. This requires an air
sampling plan of sufficient temporal scale to
encompass the range of meteorological and
climatic conditions potentially affecting emissions,
and of sufficient spatial scale to characterize
associated air concentrations at potential exposure
points. If acute or subchronic exposures resulting
from episodes of unusually large emissions are of
interest, sampling over a much smaller time scale
would be needed.
- ____________________________________|

AIR SAMPLING GUIDANCE

Technical Assistance Document for Sampling
and Analysis of Toxic Organic Compounds i
Ambient Air(EPA 1983)

-

A Compendium of Superfund Field Operatiors
Methods(EPA 1987c)

Procedures for Dispersion Modeling and Ail
Monitoring for Superfund Air Pathway Analysig
(EPA 1988f)

Emission sources. Selection of the
appropriate type of air monitor will depend on the
emission source(s) being investigated as well as the
exposure routes to be evaluated. For example, if
inhalation of dust is an exposure pathway of
concern, then the monitoring equipment must be
able to collect respirable dust samples.

Meteorological conditions. Site-specific
meteorological conditions should be obtained (e.g.,
from the National Weather Service) or recorded
during the air sampling program with sufficient
detail and quality assurance to substantiate and
explain the air sampling results. The review of
these meteorological data can help indicate the
sampling locations and frequencies.
Meteorological characteristics also will be
necessary if air modeling is to be conducted.

4.5.6 BIOTA
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Organisms sampled for human health risk
assessment purposes should be those that are likely
to be consumed by humans. This may include
animals such as commercial and game fish
(e.g., salmon, trout, catfish), shellfish (e.g., oysters,
clams, crayfish), fowl (e.g., pheasant, duck), and
terrestrial mammals (e.g., rabbit, deer), as well as
plants such as grains (e.g., wheat, corn), vegetables
(e.g., spinach, carrots), and fruit (e.g., melons,
strawberries). An effort should be made to sample
species that are consumed most frequently by
humans. Guidance for collecting biota samples is
provided in the references given in the box below.
The following paragraphs address the following
special aspects of biota sampling: portion vs. whole
sampling, temporal concerns, food preference, fish
sampling, involvement by other agencies.

BIOTA SAMPLING GUIDANCE

Food and Drug Administration'®esticide
Analytical Manual(FDA 1977)

=)

Cooperative Agreement on the Monitoring d
Contaminants in Great Lakes Sport Fish foj
Human Health Purposg&PA 1985c¢)

=

FDA's Pesticides and Industrial Chemicals in
Domestic Food$FDA 1986)

A Compendium of Superfund Field Operatior
Methods(EPA 1987c)

[%)

Guidance Manual for Assessing Human Health
Risks from Chemically Contaminated Fish angd
Shellfish(EPA 1989i)

Portion vs. whole sampling. If only human
exposure is of concern, chemical concentrations
should be measured only in edible portion(s) of the
biota. = For many fish species, estimates of
concentrations in fillets (skin on or skiffoare the
most  appropriate  measures of exposure
concentrations. Whole body measurements may be
needed, however, for certain species of fish and/or
for environmental risk assessments. For example,
for some species, especially small ones (e.g., smelt),
whole body concentrations are most appropriate.
(See Risk Assessment Guidance for Superfund:
Environmental Evaluation ManuétPA 1989a) for

more information concerning biota sampling for
environmental assessment.) The edible portion of
an organism can vary with species and with the

potentially exposed subpopulation.

Temporal concerns. Any conditions that
may result in non-representative sampling, such as
sampling during a species’ migration or when
plants are not in season, should be avoided.

Food preferences. At some sites, human
subpopulations in the area may have different food
consumption patterns that need to be evaluated.
For example, some people commonly eat the
hepatopancreas of shellfish. In these cases, organ
concentrations would be most appropriate for
estimating exposure. Another example of a less
common food preference is consumption of
relatively large quantities of seaweed and other
less commonly eaten seafoods in some Asian
communities.

Fish sampling. It is recommended that fish

of "catchable" size be sampled instead of young,
small fish because extremely young fish are not
likely to be consumed. Older, larger fish also
generally are more likely to have been exposed to
site-specific contaminants for a long time,
although for some species (e.g., salmon) the
reverse is true. Both bottom-dwelling (benthic)
and open-water species should be sampled if both
are used as a food source.

Other agencies. Biota sampling may
involve other federal agencies such as the Fish and
Wildlife Service or the Department of Agriculture.
The equivalent state agencies also may be
involved. In such cases, these agencies should be
involved early in the scoping process.

4.6 DEVELOPING AN OVERALL
STRATEGY FOR SAMPLE
COLLECTION

For each medium at a site, there are several
strategies for collecting samples. The sampling
strategies for a site must be appropriate for use in
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a quantitative risk assessment; if inappropriate,
even the strictest QA/QC procedures associated
with the strategy will not ensure the usability of
sample results.  Generally, persons actually
conducting the field investigation will determine the
strategy. As discussed in Section 4.1, risk assessors
also should be involved in discussions concerning
the strategy. The following areas of major concern
(from a risk assessment perspective) are discussed
in this section: sample size, sampling location,
types of samples, temporal and meteorological
factors, field analyses, and cost of sampling. Many
of these areas also are discussed for specific media
in Section 4.5. See the box in the opposite column
and Section 4.5 for more detailed guidance on
sampling strategy.

4.6.1 DETERMINE SAMPLE SIZE

Typically, sample size and sample location (see
Section 4.6.2) are determined at the same time.
Therefore, much of the discussion in this subsection
is also pertinent to determining sampling location.
The discussion on statistics in Section 4.4 is useful
for both sample size and location determinations.

A number of considerations are associated with
determining an appropriate number of samples for
a risk assessment. These considerations include the
following four factors:

(1) number of areas of concern that will be
sampled;

(2) statistical methods that are planned,;

(3) statistical performance (i.e., variability
power, and certainty) of the data that will be
collected; and

(4) practical considerations of logistics and cost.

In short, many decisions must be made by the risk
assessor related to the appropriate sample size for
an investigation. A statistician cannot estimate an
appropriate sample size without the supporting
information provided by a risk assessor. The
following paragraphs discuss these four factors as
they relate to sample size determinations.

Areas of concern. A major factor that
influences how many samples are appropriate is the

number of areas of concern that are established
prior to sampling. As discussed in the next
subsection, if more areas of concern are identified,
then more samples generally will be needed to
characterize the site. If the totalilitsriab
chemical concentrations is reduced substantially
ubdlisiding the site into areas of concern, then
the statistical performance should improve and
result in a more accurate assessment of the site.

SAMPLING STRATEGY GUIDANCE

Test Methods for Evaluating Solid Waste (SW
846): Physical/Chemical Mebds (EPA
1986a)

Data Quality Objectives for Remedial
Response Activities: Development Process
(EPA 1987a)

Data Quality Objectives for Remedial
Response Activities: Example Scenario:
RI/FS Activities at a Site with Contaminated
Soils and Ground WatdEPA 1987b)

Expanded Site Inspection (ESI) Transitiong
Guidance for FY 1988EPA 1987f)

Quality Assurance Field Operations Manual
(EPA 19879)

Statistical Methods for Evaluating the
Attainment of Superfund Cleanup Standard
Volume 1, Soils and Solid MediaPA 1988f)

o7

Proposed Guidelines for Exposure-relateg
MeasurementéEPA 1988g)

Interim Report on Sampling Design
Methodology(EPA 1988h)

Standard Handbook of Hazardous Waste
Treatment and DisposéFreeman 1989)

Soil Sampling Quality Assurance GuideRPA

Statistical methods. A variety of statistical

manipulations may need to be performed on the
data used in the risk assessment. For example,

there may be comparisons with background
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concentrations, estimates of upper confidence limits
on means, and determinations of the probability of
identifying hot spots. Each of these analyses
requires different calculations for determining a
sample size that will yield a specified statistical
performance. Some of the available guidance, such
as the Ground-water Monitoring guidance (EPA
1986¢), the RCRA Delisting guidance (EPA
1985d), and the Soils Cleanup Attainment guidance
(EPA 1988f), address these strategies in detail.

Statistical performance (i.e., variability,
power, and certainty). If samples will be taken
from an area that is anticipated to have a high
degree of variability in chemical concentrations,
then many samples may be required to achieve a
specified level of certainty and power. If
contaminant concentrations in an area are highly
variable and only a few samples can be obtained,
then the risk assessor should anticipate (1) a great
deal of uncertainty in estimating mean
concentrations at the site, (2) difficulty in defining
the distribution of the data (e.g., normal), and (3)
upper confidence limits much higher than the mean.
Identification of multiple areas of concern -- each
with its own set of samples and descriptive statistics
-- will help reduce the total variability if the areas of
concern are defined so that they are very different
in their contaminant concentration profiles. Risk
assessors should discuss in the scoping meeting
both the anticipated variability in the data and the
desired power and certainty of the statistics that will
be estimated from the data.

As discussed in Section 4.4.3, powisr the
likelihood of detecting a false null hypothesis.
Power is particularly important when comparing
site characteristics with background. For example,
if a 10 percent difference in mean concentrations
needs to be determined with 99 percent likelihood
(i.e., power of 0.99), a very large number of
samples will likely be needed (unless the site and
background variabilities are extremely low). On the
other hand, if the investigator is only interested in
whether the onsite average conditions are 100 times
larger than background or can accept a lower
chance of detecting the difference if it exists (i.e., a
lower power), then a smaller sample size could be
accommodated.

The other statistical performance quantity
besides power that may need to be specified is the

certaifitthe calculations. One minus the
certainty is the significance leve) (ioe false
positive rate (see also Section 4.4.3). The higher
the desired certainty level (i.e., the lower the
significance level), the greater the true difference
must be to observe a statistical difference. In the
case of upper confidence limits on estimates of
mean concentrations, the higher the desired
certainty level, the higher will bapplee
confidence limit. This follows from the fact that
in general, as certainty increases (ebecomes
smaller), the size of the confidence interval also
increases.

Practical considerations. Finally,
guestions of practicality, logistics, sampling
equipment, laboratory constraints, quality
assurance, and cost influence the sample size that
will be available for data analysis. After the ideal
sample size has been determined using other
factors, practical considerations can be introduced
to modify the sample size if necessary.

4.6.2 ESTABLISH SAMPLING
LOCATIONS

There are three general strategies for
establishing sample locations: (1) purposive, (2)
completely random, and (3) systematic. Various
combinations of these general strategies are
possible and acceptable.

Much of the discussion on statistics in the
preceding subsection and in Section 4.4 is
appropriate here. Typically, a statistician should

be consulted when determining sampling location.

Purposive sampling. Although areas of
concern are established purposively (e.g., with the
intention of identifying contamination), the
sampling locations within the areas of concern
generally should not be sampled purposively if the
data are to be used to provide defensible
information for a risk assessment. Purposively
identified sampling locations are not discouraged
if the objective is site characterization, conducting
a chemical inventory, or the evaluation of visually
obvious contamination. The sampling results,
however, may overestimate or underestimate the
true conditions at the site depending on the
strategies of the sampling team. Due to the bias
associated with the samples, data from purposively
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identified sampling locations generally should not
be averaged, and distributions of these data
generally should not be modeled and used to
estimate other relevant statistics. After areas of
concern have been established purposively, ground-
water monitoring well locations, continuous air
monitor locations, and soil sample locations should
be determined randomly or systematically within
the areas of concern.

Random sampling. Random sampling involves
selecting sampling locations in an unbiased manner.
Although the investigator may have chosen the area
of concern purposively, the location of random
sampling points within the area should be
independent of the investigator (i.e., unbiased). In
addition, the sampling points should be independent
of each other; that is, it should not be possible to
predict the location of one sampling point based on
the location of others. Random sampling points can
be established by choosing a series of pairs of
random numbers that can be mapped onto a
coordinate system that has been established for each
area of concern.

Several positive features are associated with
data collected in a random sampling program. First,
the data can be averaged and used to estimate
average concentrations for the area of concern
(rather than simply an average of the samples that
were acquired). Second, estimates of the
uncertainty of the average and the distributional
form of the concentration measurements are
informative and simple to estimate when they are
determined from data that were obtained randomly.
Finally, if there is a trend or systematic behavior to
the chemical concentrations (e.g., sampling is
occurring along a chemical gradient), then random
sampling is preferred because it reduces the
likelihood that all of the high concentration
locations are sampled to the exclusion of the low
concentration locations.

Systematic sampling. Systematic sample
locations are established across an area of concern
by laying out a grid of sampling locations that
follow a regular pattern. Systematic sampling
ensures that the sampling effort across the area of
concern is uniform and that samples are collected in
each area. The sampling location grid should be
determined by randomly identifying a single initial
location from which the grid is constructed. If such

relcen component is not introduced, the sample
is essentially purposive. The grid can be formed
in several patterns including square, rectangular,
triangular, or hexagonal, depending on the shape
of the area. A square pattern is often the simplest
to establish. Systematic sampling is preferable to
other types of sampling if the objective is to search

for small areas with elevated concentrations.

Also, geostatistical characterizations -- as
described in the DQO guidance (EPA 1987a,b) --
are best done with data collected from a
systematic sample.

Disadvantages of systematic sampling
include the need for special variance calculations
in order to estimate confidence limits on the
average concentration. The Soils Cleanup
Attainment guidance (EPA 1988f) discusses these
calculations in further detail.

4.6.3 DETERMINE TYPES OF SAMPLES

Another item of concern is the
determination of the types of samples to be
collected. Basically, two types of samples may be
collected at a site: grab and composite.

Grab samples. Grab samples represent a
single unique part of a medium collected at a
specific location and time.

Composite samples.Composite samples --
sometimes referred to as continuous samples for
air -- combine subsamples from different locations
and/or times. As such, composite samples may
dilute or otherwise misrepresent concentrations at
specific points and, therefore, should be avoided
as the only inputs to a risk assessment. For media
such as soil, sediment, and ground water,
composite samples generally may be used to
assess the presence or absence of contamination;
however, they may be used in risk assessment only
to represent average concentrations (and thus

exposures) at a site. For example, "hot spots"

cannot be determined using composite samples.
For surface water and air, composite samples may
be useful if concentrations and exposures are
expected to vary over time or space, as will often
be the case in a large stream or river. Composites
then can be used to estimate daily or monthly
average concentrations, or to account for
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stratification due to depth or varying flow rates
across a stream.

4.6.4 CONSIDER TEMPORAL AND
METEOROLOGICAL FACTORS

Temporal (time) and meteorological
(weather) factors also must be considered when
determining sampling strategies. The sampling
design should account for fluctuations in chemical
concentrations due to these factors because in
general, the variability in sampling results increases
with increasing complexity of these factors. When
these factors are complex, specialized and detailed
sampling designs are needed to maintain a constant
and certain level of accuracy in the results.
Countering this need, however, is the cost of the
sampling. The following paragraphs address the
interactions of the single sampling event,
annual/seasonal sampling cycle, variability
estimation, and the cost of sampling.

Single sampling event.Variability measures from
a single sampling event will underestimate the
overall variability of concentrations across an area
of concern, which in turn will result in the
underestimation of the confidence limits on the
mean. The reason for this underestimation is that
temporal variability is not included in an evaluation
of the total environmental variability at the site.

Annual/seasonal sampling cycle The ideal
sampling strategy incorporates a full annual
sampling cycle. If this strategy cannot be
accommodated in the investigation, at least two
sampling events should be considered. These
sampling events should take place during opposite
seasonal extremes. For example, sampling periods
that may be considered extremes in temporal
sampling include (1) high water/low water, (2) high
recharge/low recharge, (3) windy/calm, and (4) high
suspended solids/clear water. This type of sampling
requires some prior knowledge of regional seasonal
dynamics. In addition, a sampling team that can
mobilize rapidly might be needed if the particular
year of sampling is not typical and the extreme
conditions occur at an unusual time. See the box on
this page for examples of seasonal variability.

Variability estimation . The simple variance
estimators that are often used in risk assessment
require that the data are independent or

uncorrelated. Certain types of repeated samples,

however, (e.g., those from ground-water wells or
air monitors) actually are time series data that
might be correlated. In other words, the
concentration of a contaminant in an aquifer
measured at a well on a given day will depend, in

part, on what the concentration in the aquifer was
_______________________________________________|

SEASONAL VARIABILITY

Regardless of the medium sampled, samp
composition may vary depending on the time of year al
weather conditions when the sample is collected. Fpr
example, rain storms may greatly alter soil composition
and thus affect the types and concentrations of chemicgls
present on solid material; heavy precipitation and runoff
from snowmelt may directly dilute chemical concentrationg
or change the types of chemicals present in surface water;
heavy rain also may result in sediment loading to watgr
bodies, which could increase contamination or affect tte
concentrations of other contaminants through adsorption
and settling in the ater column; if ground-water samples
are collected from an area heavily dependent on groupd
water for irrigation, the compiten of a sample collected
during the summer growing season may greatly differ fro
the composition of a sample collected in the winter.

o D

=

on the previous day. To reduce this dependence
(e.g., due to seasonal variability), sampling of
ground-water wells and air monitors should be
either separated in time or the data should be
evaluated using statistical models with variance
estimators that can accommodate a correlation
structure. Otherwise, if time series data that are
correlated are treated as a random sample and
used to calculate upper confidence limits on the
mean, the confidence Ilimits will be
underestimated.

Ideally, samples of various media should be
collected in a manner that accounts for time and
weather factors. If seasonal fluctuations cannot be
characterized in the investigations, details
concerning meteorological, seasonal, and climatic
conditions during sampling must be documented.

4.6.5 USE FIELD SCREENING ANALYSES

An important component of the overall sampling

strategy is the use of field screening analyses.
These types of analyses utilize instruments that
range from relatively simple (e.g., hand-held
organic vapor detectors) to more sophisticated
(e.g., field gas chromatographs). (SEeld
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Screening Methods Catal¢gPA 1987h] for more
information.) Typically, field screening is used to
provide threshold indications of contamination. For
example, on the basis of soil gas screening, the field
investigation team may determine that
contamination of a particular area is indicated and
therefore detailed sampling is warranted. Although
field screening results usually are not directly used
in the risk assessment, they are useful for
streamlining sampling and the overall RI/FS
process.
4.6.6 CONSIDER TIME AND COST OF
SAMPLING

Two primary constraints in sampling are time
and cost. Time consuming or expensive sampling
strategies for some media may prohibit multiple
sampling points. For example, multiple ground-
water wells and air monitors on a grid sampling
pattern are seldom located within a single area of
concern. However, multiple surface water and soil
samples within each area of concern are easier to
obtain. In the case of ground water and air, several
areas of concern may have to be collapsed into a
single area so that multiple samples will be
available for estimating environmental variability or
so that the dynamics of these media can be
evaluated using accepted models of fate and
transport.

In general, it is important to remember when
developing the sampling strategy that detailed
sampling must be balanced against the time and
cost involved. The goal of RI/FS sampling is not
exhaustive site characterization, but rather to
provide sufficient information to form the basis for
site remediation.

4.7 QA/QC MEASURES

This section presents an overview of the following
quality assurance/quality control (QA/QC)
considerations that are of particular importance for
risk assessment sampling: sampling protocol,
sampling devices, QC samples, collection
procedures, and sample preservation. Note,
however, that the purpose of this discussion is to
provide background information; the risk assessor
will not be responsible for most QA/QC
evaluations.

Th@uality Assurance Field Operations Manual
(EPA 19879) should be reviewed. In addition, the
EPA Environmental Monitoring Support
Laboratory in Las Vegas, Nevada, (EMSL-
LV) currently is writing a guidance document
concerning the development of quality assurance
sample designs for Superfund site investigations.
Regional QA/QC contacts (e.g., the regional
Environmental Services Division) or EMSL-LV
should be consulted if more information
concerning QA/QC procedures for sampling is
desired.
4.7.1 SAMPLING PROTOCOL
The sampling protocol for a risk assessment
should include the following:

® objectives of the study;

® procedures for sample collection,
preservation, handling, and transport; and

® analytical strategies that will be used.

Presenting the objectives of the RI sampling is
particularly important because these objectives
also will determine the focus of the risk
assessment. Themelds be instructions on
documenting conditions present during sampling
(e.g., weather conditions, media conditions).
Persons collecting samples must be adequately
trained and experienced in sample collection. Test
evaluations of the precision attained by persons
involved in sample collection should be
documented (i.e., the individual collecting a
sample should do so in a manner that ensures that
a homogeneous, valid sample is reproducibly
obtained). The discussion of analytical strategies
should specify quigation limits to be achieved
during analyses of each medium.
4.7.2 SAMPLING DEVICES
The devices used to collect, store, preserve, and
transport samples must not alter the sample in any
way (i.e., the sampling materials cannot be
reactive, sorptive, able to leach analytes, or cause
interferences with the laboratory analysis). For
example, if the wrong materials are used to
construct wells for the collection of ground-water
samples, organic chemicals may be adsorbed to
the well materials and not be present in the
collected sample.
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4.7.3 QC SAMPLES

Field QC samples (e.g., field blanks, trip
blanks, duplicates, split samples) must be collected,
stored, transported, and analyzed in a manner
identical to those for site samples. The meaning
and purpose of blank samples are discussed in
detail in Chapter 5. Field duplicate samples are
usually two samples collected simultaneously from
the same sampling location and are used as
measures of either the homogeneity of the medium
sampled in a particular location or the precision in
sampling. Split samples are usually one sample that
is divided into equal fractions and sent to separate
independent laboratories for analysis. These split
samples are used to check precision and accuracy of
laboratory analyses. Samples may also be split in
the same laboratory, which can provide information
on precision. The laboratory analyzing the samples
should not be aware of the identity of the field QC
samples (e.g., labels on QC samples should be
identical to those on the site samples).

4.7.4 COLLECTION PROCEDURES
Collection procedures should not alter the
medium sampled. The general environment
surrounding the location of the sample should
remain the same so that the collected samples are
representative of the situation due to the site
conditions, not due to conditions posed by the
sampling equipment.

475 SAMPLE PRESERVATION

Until analysis by the laboratory, any
chemicals in the samples must be maintained as
close to the same concentrations and identities as in
the environment from which they came. Therefore,
special procedures may be needed to preserve the
samples during the period between collection and
analysis.

4.8 SPECIAL ANALYTICAL
SERVICES

EPA's SAS, operated by the CLP, may be
necessary for two main reasons: (1) the standard
laboratory methods used by EPA's Routine
Analytical Services (RAS) may not be appropriate
(e.g., lower detection limits may be needtd), and

(2) chemicals other than those on the target
compound list (TCL; i.e., chemicals usually
analyzed under the Superfund program) may be
suspected at the site and therefore may need to be
analyzed. A discussion on the RAS detection
limits is provided in Chapter 5. Additional
information on SAS can be fountUsertae
Guide to the Contract Laboratory PrografEPA
1988i).

In reviewing the historical data at a site, the
risk assessor should determine if non-TCL
chemicals are expected. As indicatedabove,
TCL chemicals may require special sample
collection and analytical procedures using SAS.
Any such needs should be discussed at the scoping
meeting. SAS is addressed in greater detail in
Chapter 5.

4.9 TAKING AN ACTIVE ROLE
DURING WORKPLAN
DEVELOPMENT AND DATA
COLLECTION

The risk assessor should be sure to take an
active role during workplan development and data
collection. This role involves three main steps:

(1) present risk assessment sampling needs at
the scoping meeting;

(2) contribute to the workplan and review the
Sampling and Analysis Plan; and

(3) conduct interim reviews of outputs of the
field investigation.

See Chapter 9 for information on the role of the
RPM during workplan development and data
collection.
49.1 PRESENT RISK ASSESSMENT
SAMPLING NEEDS AT
SCOPING MEETING

At the scoping meeting, the uses of samples
and data to be collected are identified, strategies
for sampling and analysis are developed, DQOs
are established, and priorities for sample
collection are assigned based on the importance of
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the data in meeting RI/FS objectives. One of the
RI/FS objectives, of course, is the baseline risk
assessment. Therefore, the risk assessment data
needs and their fit with those of other RI/FS
components are discussed. If certain risk
assessment sampling needs are judged infeasible by
the scoping meeting attendees, all persons involved
with site investigation should be made aware of the
potential effects of exclusion on the risk
assessment.

49.2 CONTRIBUTE TO WORKPLAN
AND REVIEW SAMPLING AND
ANALYSIS PLAN

The outcome of the scoping meeting is the
development of a workplan and a SAP. The
workplan documents the decisions and evaluations
made during the scoping process and presents
anticipated future tasks, while the SAP specifies the
sampling strategies, the numbers, types, and
locations of samples, and the level of quality
control. The SAP consists of a quality assurance
project plan (QAPjP) and a field sampling plan
(FSP). Elements of the workplan and the SAP are
discussed in detail in Appendix B of the RI/FS
guidance (EPA 1988a). Both the workplan and the
SAP generally are written by the personnel who will
be involved in the collection of the samples;
however, these documents should be reviewed by
all personnel who will be using the resulting sample
data.

Review the workplan. The workplan should
describe the tasks involved in conducting the risk
assessment. It also should describe the
development of a preliminary assessment of public
health and environmental impacts at the site. The
risk assessor should review the completed workplan
to ensure that all feasible risk assessment sampling
needs have been addressed as discussed in the
scoping meeting. In particular, this review should
focus on the descriptions of tasks related to:

e field investigation (e.g., source testing, media
sampling), especially with respect to

-- background concentrations by medium,
-- guantification of present and future
exposures, e.g.,

- exposure pathways

- present and potential future land
use

- media that
contaminated

are or may be

- locations of actual and potential
exposure

- present concentrations at
appropriate exposure points,

-- data needs for statistical analysis of the
above, and

-- data needs for fate and transport
models;

e sample analysis/validation, especially with
respect to

-- chemicals of concern, and
- analytical quantification levels;

e data evaluation; and
® assessment of risks.

In reviewing the above, the precise information
ecessary to satisfy the remainder of this guidance
houdd be anticipated.

Review the SAP. The risk assessor should
carefully review and evaluate all sections of the
SAP to determine if data gaps identified in the
workplan will be addressed adequately by the
sampling program. Of particular importance is the
presentation of the objectives. In the QAPjP
poo@nt of the SAP, the risk assesduoisd
pay particular attention to the QA/QC procedures
associated with sampling (e.g., number of field
blanks, numlzkrpdicate samples -- see Section
4.8). The SAP should document the detailed, site-
specific procedures that will be followed to ensure
the quality of the resulting samples. Special
considerations in reviewing the SAP are discussed
in Section 4.1.3.

In reviewing the FSP, pay particular attention to
the information on sample location and frequency,
sampling equipment and procedures, and sample
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handling and analysis. As discussed in Section 4.5,
the sampling procedures should address:

® cach medium of concern;
® background concentrations;

e all potential exposure points within each
medium;

® migration to potential
including data for models;

exposure points,

® potential exposures based on possible future
land uses;

e sufficient data to satisfy concerns about
distributions of sampling data and statistics;
and

® number and location of samples.

The analytical plans in the FSP should be reviewed
to ensure that DQOs set during the scoping meeting
will be met.

The SAP may be revised or amended several
times during the site investigation. Therefore, a
review of all proposed changes to the sampling and
analysis plan that potentially may affect the data
needs for risk assessment is necessary. Prior to any
changes in the SAP during actual sampling,
compliance of the changes with the objectives of
the SAP must be checked. (If risk assessment
objectives are not specified in the original SAP,
they will not be considered when changes to an
SAP are proposed.)

4.9.3 CONDUCT INTERIM REVIEWS
OF FIELD INVESTIGATION

OUTPUTS

All sampling results should be reviewed as
soon as they are available to determine if the risk
assessment data needs outlined in the workplan
have been met by the sampling. Compare the
actual number, types, and locations of samples
collected with those planned in the SAP.
Sampling locations frequently are changed in the
field when access to a planned sampling location
is obstructed. The number of samples collected
may be altered if, for instance, there is an
insufficient amount of a certain medium to collect
the planned number of samples (e.g., if several
wells are found to be dry).

If certain sampling needs have not been met,
then the field investigators should be contacted to
determine why these samples were not collected.
If possible, the risk assessor should obtain samples
to fill these data gaps. If time is critical, Special
Analytical Services (see Section 4.7) may be used
to shorten the analytical time. If this is not
possible, then the risk assessor should evaluate all
sampling results as discussed in Chapter 5,
documenting the potential effect that these data
gaps will have on the quantitative risk assessment.
In general, the risk assessment should not be
postponed due to these data gaps.
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ENDNOTES FOR CHAPTER 4

1. Some information that is appropriate for the assessment of human health risks also may be suitable and necessanyrforesmtatevialuation
of the site. Procedures for conducting an environmentalatiaiuf the hazardous waste site are outlined in the companion volume of this guidance,
the Environmental Evaluation Manu&@PA 1989a), and are not discussed in this chapter.

2. The term "media" refers to both environmental media (e.g., soil) and biota (e.g., fish).

3. "Areas of Concern" within the context of this guidance should be differentiated from the same terminology used byl tieeS sratironmental
community. This latter use is defined by the International Joint Commission as an area found to be exceeding the Gre#&til @kesditWAgreement
objectives.

4. New routine services that provide lower detection limits are currently under development. Contact the headquartedsOyebtions Branch
for further information.
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° Provides guidance for the selection and definition of field methods, sampling procedures, and custody responsibilities.
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° Provides the user (e.g., EPA personnel, state agencies, potentially responsible parties (PRPs), federal facility coordinators,
and contractors assisting in RI/FS-related activities) with an overall understanding of the RI/FS process. Includes general
information concerning scoping meetings, the development of conceptual models at the beginning of a site investigation,
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recommendations for proper selection and application of air dispersion models and procedures to develop, conduct, and




Page 4-29

evaluate the results of air concentration monitoring to characterize downwind exposure conditions from Superfund air
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CHAPTER 5

DATA EVALUATION

After a site sampling investigation has been

completed (see Chapter 4), a large quantity of
analytical data is usually available. Each sample
may have been analyzed for the presence of over
one hundred chemicals, and many of those
chemicals may have been detected. The following
nine steps should be followed to organize the data

into a form appropriate for a baseline risk
assessment:

)

2

3

4

®)

(6)

Q)

©)

©)

gather all data available from the site
investigation and sort by medium
(Section 5.1);

evaluate the analytical methods used
(Section 5.2);

evaluate the quality of data with respect
to sample quantitation limits (Section
5.3);

evaluate the quality of data with respect
to qualifiers and codes (Section 5.4);

evaluate the quality of data with respect
to blanks (Section 5.5);

evaluate tentatively identified
compounds (Section 5.6);

compare potential site-related
contamination with background (Section
5.7);

develop a set of data for use in the risk
assessment (Section 5.8); and

if appropriate, further limit the number
of chemicals to be carried through the
risk assessment (Section 5.9).

Prior to conducting any of these steps, the

EPA remedial project manager (RPM) should be

consulted to determine if certain steps should be

modified, added, or deleted as a result of site-

specific conditiaisd, some of the steps may

be conducted outside the context of the risk
assessment (e.g., for the feasibility study). The
rationale foevadtiating certain data based on

any of these steps must be fully discussed in the
text of the risk assessment report.

The following sections address each of the data
evaluation steps in detail, and Exhibit 5-1 presents
a flowchart of the process. The outcome of this
evaluation is (1) the identification of a set of
chemicals that are likely to be site-related and (2)
reported concentrations that are of acceptable
guality for use in the quantitative risk assessment.

ACRONYMS FOR CHAPTER 5

CLP = Contract Laboratory Program
CRDL = Contract-Required Detection Limit
CRQL = Contract-Required Quantitation
Limit

DL = Detection Limit

FIT = Field Investigation Team

IDL = Instrument Detection Limit

MDL = Method Detection Limit

ND = Non-detect

PE = Performance Evaluation

PQL = Practical Quantitation Limit
QA/QC = Quality Assurance/Quality Control
QL = Quantitation Limit

RAS = Routine Analytical Services

SAS = Special Analytical Services

SMO = Sample Management Office
SOW = Statement of Work

SQL = Sample Quantitation Limit

SVOC = Semivolatile Organic Chemical
TCL = Target Compound List

TIC = Tentatively Identified Compound
TOC = Total Organic Carbon

TOX = Total Organic Halogens

VOC = Volatile Organic Chemical




DEFINITIONS FOR CHAPTER 5

Chemicals of Potential ConcertChemicals that are potentially site-related and whose data are of sufficient quality for use
quantitative risk assessment.

Common Laboratory Contaminant€ertain organic cheioals (considered by EPA to be acetone, 2-butanone, methylene chlol

n the

ide,
hple from

chemical in a given sample.

toluene, and the phthalate esters) that are commonly used in the laboratory and thus may be introduced into a san
laboratory cross-contamination, not from the site.

Positive Data Analytical results for which measurable concatiins (i.e., above a quantitation limit) are reported. May have da
qualifiers attached (except a U, which indicates a non-detect).

Quantitation Limit (QL) The lowest level at which a chemical carabeurately and reproducibly quantitated. Usually equal to the
instrument detection limit multiplied by a factor of three to five, but varies for differentichlsrand different samples.

Contract-required Quantitation Limit (CRQLEhemical-specific levels that a CLP laboratory must be able to routinely and religbly
detect and quantitate in specified sample matrices. May or may not be equal to the repditetioquizmit of a given
Detection Limit (DL) The lowest amount that can be distinguished from the normal "noise" of an analytical instrument or mgthod.

Non-detects (NDs) Chemicals that are not detected in a particular sample above a certain limit, usually the quantitation lifnit for
the chemical in that sample. Non-detects may be indicated by a "U" data qualifier.

—

a

If the nine data evaluation steps are followed, the
number of chemicals to be considered in the
remainder of the risk assessment usually will be
less than the number of chemicals initially
identified. Chemicals remaining in the quantitative
risk assessment based upon this evaluation are
referred to in this guidance as "chemicals of
potential concern."

5.1 COMBINING DATA
AVAILABLE FROM SITE
INVESTIGATIONS

Gather data, which may be from several
different sampling periods and based on several
different analytical methods, from all available
sources, including field investigation team (FIT)
reports, remedial investigations, preliminary site
assessments, and ongoing site characterization and
alternatives screening activities. Sort data by
medium. A useful table format for presenting data
is shown in Exhibit 5-2.

Evaluate data from different time periods to
determine if concentrations are similar or if
changes have occurred between sampling periods.
If the methods used to analyze samples from
different time periods are similar in terms of the
types of analyses conducted and the QA/QC
procedures followed, and if the concentrations
between sampling periods are similar, then the data
may be combined for the purposes of quantitative
risk assessment in order to obtain more information
to characterize the site. If concentrations of
chemicals change significantly between sampling
periods, it may be useful to keep the data separate
and evaluate risks separately. Alternatively, one
could use only the most recent data in the
quantitative risk assessment and evaluate older data
in a qualitative analysis of changes in
concentrations over time. The RPM should be
consulted on the elimination of any data sets from
the risk assessment, and justification for such
elimination must be fully described in the risk
assessment report.
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EXHIBIT 5-1
DATA EVALUATION

- Analytical NO Eliminate data associated with
Sampling data from method appropriate inappropriate methods. Possibly use
each medium of concern for quantitative qualitatively in other risk
(Sec. 5.1). risk assessment assessment sections.

(Sec. 5.1)?

Is
quanititation limit (QL)
> health-based reference,
concentration?

Is QL YES

Isa
chemical not detected unusually high?

in a sample
(Sec. 5.3)?

Reanalyze or address

qualitatively, as appropriate.

Do other
samples in same
medium test positive?

YES

< Use QL or 1/2 QL as
proxy concentration.

If QL cannot be reduced,
use QL or 1/2 QL as
proxy concentration, or
eliminate chemical in
sample, as appropriate.

< Generally eliminate
chemical. < NO

Qaulifiers
and codes attached
to data (Sec. 5.4)?

YES | Evaluate qualified data, and
eliminate, modify, or leave data
as they are, as appropriate.

Bank YES F
ot Common lab concentration > 10x
co(ggaéng\g;!’on contaminates? blank concentration,

Sample NO
concentration > 5x

blank concentration,

Eliminate blank
contaminates.

Expected to be
present and are primary
contaminants at site?,

Many
tentatively identified
compounds (TICs;
Sec. 5.6)?

I Eliminate TICs (as appropriate).

Use SAS, if possible, to confirm identity and concentration;
otherwise use TICs as they are (as appropriate).

Site
chemicals
equal to background
(Sec. 5.7)?

Chemicals of potential YES

concern for quanitative
risk assessment.

Calculate risk of background chemicals
separately from site-related chemicals.

NOTE: See text for details
concerning specific
steps in this flowchart
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EXHIBIT 5-2
EXAMPLE OF OUTPUT FORMAT FOR VALIDATED DATA

Area X

Sample Medium Soil Soil Soil

Sample ID SRB-3-1 SRB-3-1DU SRB-3-2

Sample or Screen Depth 0-1 0-1 24

Date Collected 12/14/87 12/14/87 12/10/87

Units ug/kg uglkg uglkg

Blanks or Duplicates Duplicate

Chemical CRQL’ Concentration QualiﬁerlJ CROL?  Coneentration Qualiﬁerb CRQL®  Concentration Qualiﬁerb

Aroclor-1016 80 80 U 80 80 U 2000¢ 2000 uJ
Aroclor-1221 80 80 U 80 80 U 2000 2000 uJ
Aroclor-1232 80 80 U 80 80 U 2000 2000 uJ
Aroclor-1242 80 40 J 80 4 J 2000° 2000 uJ
Aroclor-1248 80 30 J 80 36 J 2000¢ 2000 uJ
Aroclor-1254 160 120 J 160 110 J 2000¢ 1800 J
Aroclor-1260 160 210 160 220 2000° 2100

Note: All values other than qualifiers must be entered as numbers, not as labels.
“ Contract-required quantitation limit (unless otherwise noted). Values for illustration only.
b Refer to Section 5.4 for an explanation of qualifiers.

¢ Sample quantitation limit,
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5.2 EVALUATION OF results are appropriate for use in quantitative risk
ANALYTICAL METHODS assessment. Often, this determination has been made

already by regional and contractor staff.

Group data according to the types of analyses
conducted (e.g., field screening analysis,
semivolatiles analyzed by EPA methods for water
and wastewater, semivolatiles analyzed by EPA's
Superfund Contract Laboratory Program [CLP]
procedures) to determine which analytical method

An overview of EPA analytical methods is
provided in the box below. Exhibit 5-3 presents
examples of the types of data that are not usually
appropriate for use in quantitative risk assessment,
even though they may be available from a site
investigation.

]
OVERVIEW OF THE CLP AND OTHER EPA ANALYTICAL METHODS

The EPA Contract Laboratory Program (CLP) is intended to provide analytical services for Superfund waste site samples. As
discussed in thelser's Guide to the Contract Laboratory ProgrdBEPA 1988a, hereafter referred to as the CLP User's Guide), the program
was developed to fill the need for legally defensible results supported by a high level of quality assurance (i.e., datagofkty) and
documentation.

Prior to becoming CLP laboratories, analytical laboratories must meet stringent requirements for laboratory space and gractices
instrumentation, personnel training, and quality control (QC), and also nugsissiully analyze performance evaluation (PE) samples. Befpre
the first samples are shipped to the laboratory, audits of CLP labs are conducted to verify all representations maderypynabagement.
Continuing performance is monitored by periodic PE sample analyses, routine and remedial audits, contract compliancefsdedaning
packages, and oversight by EPA.

Superfund samples are most commonly analyzed using the Routine Analytical Services (RAS) conducted by CLP laboratorie$. Under
RAS, all data are generated using the same analytical protocols specifying instrumentation, sample handling, analysis pagaimeder
guantitation limits, QC requirements, and report format. Protocols are providedGhPh8tatement of Work (SOW) for InorganiE®A
1988b) and th€LP Statement of Work for Organi¢988c). The SOWSs also contain EPA's target analyte or compound lists (TAL{for
inorganics, TCL for organics), which are the lists of analytes and required quantitation limits (QLs) for which every Sejtersamadple is
routinely analyzed under RAS. As of June 1989, analytes on the TCL/TAL consist of 34 volatile organic chemicals (VOCu)léBlsem|
organic chemicals (SVOCs), 19 pesticides, 7 polychlorinated biphenylsetaBnand total cyanide. Finally, the SOW specifies data qualifigrs
that may be placed on certain data by the laboratory to communicate information and/or QC problems.

CLP labs are required to submit RAS data packages to EPA's Sample Manageiner{B®fO) and to the EPA region from which
the samples originated within 35 days of receipt of samples. SMO provides management, operational, and administratvéhsu@hért
to facilitate optimal use of the program. SMO personnel identify incete@r missing elements and verify compliance with QA/Q
requirements in the appropriate SOW. In addition to the SMO review, all CLP data are inspected by EPA-appointed regaicaltdeta
Using Laboratory Data Validation Functional Guidelines issued by EPA headquarters (hereafter referred to as Functioeal fGuideliganics
[EPA 1988d] and Functional Guidelines for Organics [EI88e]), regional guidelines, and professional judgment, the person validating fata
identifies deviations from the SOW, poor QC results, matrix interferences, and othécalr@aigblems that may compromise the potential usg¢s
of the data. In the validation process, data may be flagged with qualifiers to alert data users of deviations from Qéhtequiiteese qualifiers
differ from those qualifiers attached to the data by the laboratory.

T

In addition to RAS, non-standard analyses may be conducted using Special Analytical Services (®as)isemnequirements such|
as short turnaround time, lower QLs, non-standard matrices, and the testing of analytes other than those on the TargeLi€ontpaierd
SAS, the user requests specific analyses, QC procedures, report formats, and timeframe needed.

Examples of other EPA analytical methods include those descrifedtiMethods for Evaluating Solid WadEPA 1986; hereafter
referred to as SW-846 Methods) avdthods for Organic Chemical Analysis of Municipal and Industrial WastewW&fA 1984; hereafter
referred to as EPA 600 Methods). The SW-846 Methods provide analyticallpreséo test solid waste to determine if it is a hazardous walste
as defined under the Resource Conservation and RecoveflR BRIA). These methods include procedures for collecting solid waste samples
and for determining reactivity, corrosivity, ignitability, composition of waste, and mobility of waste components. The BP&GQ3 are used
in regulatory programs under the Clean Water Act to determine chemicals present in municipal and industrial wastewaters.
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EXHIBIT 5-3

EXAMPLES OF THE TYPES OF DATA POTENTIALLY UNSUITABLE
FOR A QUANTITATIVE RISK ASSESSMENT

Analytical Instrument

or Method Purpose of Analysis Analytical Result
HNu Organic Vapor Detector Health and Safety, Total Organic Vapor
Field Screen
Organic Vapor Analyzer Health and Safety, Total Organic Vapor
Field Screen
Combustible Gas Indicator Health and Safety Combustible Vapors,
Oxygen-deficient
Atmosphere
Field Gas Chromatography? Field Screen/Analytical Specific Volatile and
Method Semi-volatile Organic
Chemicals

¢ Depending on the detector used, this instrument can be sufficiently sensitive to yield adequate data for
use in quantitative risk assessment; however, a confirming analysis by GC/MS should be performed on
a subset of the samples in a laboratory prior to use.
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Analytical results that are not specific for a
particular compound (e.g., total organic carbon
[TOC], total organic halogens [TOX]) or results of
insensitive analytical methods (e.g., analyses using
portable field instruments such as organic vapor
analyzers and other field screening methods) may
be useful when considering sources of
contamination or potential fate and transport of
contaminants. These types of analytical results,
however, generally are not appropriate for
gquantitative risk assessment; therefore, the risk
assessor may not want to include them in the
summary of chemicals of potential concern for the
guantitative risk assessment. In addition, the
results of analytical methods associated with
unknown, few, or no QA/QC procedures should be
eliminated from further quantitative use. These
types of results, however, may be useful for
qualitative discussions of risk in other sections of
the risk assessment report.

The outcome of this step is a set of site data
that has been developed according to a standard set
of sensitive, chemical-specific nieids (e.g., SW-

846 Methods [EPA 1986], EPA 600 Methods [EPA
1984], CLP Statements of Work [EP®88b,c]),
with QA/QC procedures that are well-documented
and traceable. The data resulting from analyses
conducted under the CLP, which generally
comprise the majority of results available from a
Superfund site investigation, fall into this category.

Although the CLP was developed to ensure
that consistent QA/QC methods are used when
analyzing Superfund site samples, it does not
ensure that all analytical results are consistently of
sufficient quality and reliability for use in
guantitative risk assessment. Neither the CLP nor
QA/QC procedures associated with other methods
make judgments concerning the ultimate
"usability" of the data, Do not accept até value
all remaining analytical resultsvhether from the
CLP or from some other set of analytical
methodologies. Instead, determine -- according to
the steps discussed below -- the limitations and
uncertainties associated with the data so that only
data that are appropriate and reliable for use in a
quantitative risk assessment are carried through the
process.

5.3 EVALUATION OF
QUANTITATION LIMITS

This step involves evaluation of quantitation
limits and detection limits (QLs and DLs) for all of
the chemicals assessed at the site. This evaluation
may lead to the re-analysis of some samples, the
use of "proxy" (or estimated) concentrations,
and/or the elimination of certain chemicals from
further consideration (because they are believed to
be absent from the site). Types and definitions of
QLs and DLs are presented in the box on the next

page.

Before eliminating chemicals because they are
not detected (or conducting any other manipulation
of the data), the following points should be
considered:

(1) the sample quantitation limit (SQL) of
a chemical may be greater than
corresponding standards, criteria, or
concentrations derived from toxicity
reference values (and, therefore, the
chemical may be present at levels
greater than these corresponding
reference concentrations, which may
result in undetected risk); and
(2) a particular SQL may be significantly
higher than positively detected values
in other samples in a data set.

These two points are discussed in detail in the
following two subsections. A third subsection
provides guidance for situations where only some
of the samples for a given medium test positive for
a particular chemical. A fourth subsection
addresses the special situation where SQLs are not
available. The final subsection addresses the
specific steps involved with elimination of
chemicals from the quantitative risk assessment
based on their QLs.

5.3.1 SAMPLE QUANTITATION LIMITS
(SQLs) THAT ARE GREATER THAN
REFERENCE CONCENTRATIONS

As discussed in Chapter 4, QLs needed for the
site investigation should be specified in the
sampling plan. For some chemicals, however,
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SQLs obtained under RAS or SAS may exceed
certain reference concentrations (e.g., maximum
contaminant levels [MCLs], concentrations
corresponding to a 0 cancer risk). The box on
the next page illustrates this problem. For certain
chemicals (e.g., antimony), the CLP contract-
required quantitation limits (CRQLs) exceed the
corresponding reference concentrations for
noncarcinogenic effects, based on the EPA-verified
reference dose and a 2-liter per day ingestion of
water by a 70-kilogram persdn. Estimation of
cancer risks for several other chemicals (e.g.,
arsenic, styrene) at their CRQLSs yields cancer risks
exceeding 19 , based on the same water ingestion
factors. Most potential carcinogens with EPA-
derived slope factors have CRQLs that yield cancer
risk levels exceeding 0 in water, amohe of the
carcinogens with EPA-derived slope factors have
CRQL values yielding less than 10 cancer risk
levels (as of the publication date of this manual;
data not shown).

Three points should be noted when considering
this example.

(1) Review of site information and a

preliminary determination of chemicals
of potential concern at a sitegprior
sample collection may allow the
specification of lower QLs (i.e., using
SAS) befor@nvestigation begins

(see Chapter 4). This is the most
efficient way to minimize the problem
of QLs exceeding levels of potential
concern.

(2) EPA's Analytical Operations Branch
currently is working to reduce the
CROQL values for several chemicals on
the TCL and TAL, and to develop an
analytical service for chemicals with
special standards (e.g., MCLSs).

steps applied to a sample in specific analytical methods.

at which measurements can be "trusted."

TYPES AND DEFINITIONS OF DETECTION LIMITS AND QUANTITATION LIMITS

Due to the irregular nature of instrument or method noise, reproducible quantitation of a chemical is not possible &eherBlly,
a factor of three to five is applied to the DL to obtain a quantitation limit (QL), which is considered to be the lowastleiatl a chemical
may be accurately and reproducibly quantitated. DLs indicate the level at which a small amount would be "seen," whedieest e ievels

Two types of QLs may be described -- contract-required(QRLs) and sample QLs (SQLs). (Contract-required detection limjts
[CRDL] is the term used for inorganic chemicals. For the purposes of this manual, however, CRQL will refer to both orgeorigaainc
chemicals.) In order to participate in the CLP, a laboratory must be able to meet EPA CRQLs. CRQLseakspesific and vary depending
on the medium analyzed and the amount of chemical expected to be present in the sample. As the name implies, CRQlesaagilyahaed
lowest detectablievels achievable, but rather are levels that a CLP laboratory should routinely and reliably detect and quantéetgy of
sample matrices. A specific sample may require adjustments to the preparation or analytical method (e.g., dilutiommafiercfaargple
aliquot) in order to be analyzed. In these cases, the reported QL must in turn be adjusted. Therefore, SQLs, not GR@hs Qi of
interest for most samples. In fact, for the same chemical, a specific SQL may be higher than, lower than, or equal tesSQloth&r
samples. In addition, preparation or analytical adjustments such as dilution of a sample for quantitation of an extréavelydfighly one
compound could result in non-detects for all other camgs included as analytes for a particular method, even though these compound$ may
have been present at trace quantities in the undiluted sample. Because SQLs take into account sample characteristezaisdiopleapd
analytical adjustments, these values are the most relevant QLs for evaluating non-detected chemicals.

Strictly interpreted, the detection limit (DL) is the lowest amount of a chemical that can be "seen" above the normalpis@dom n
of an analytical instrument or method. A chemical present below that level cannot reliably be distinguished from naisech&hgcal-secific
and instrument-specific and aretermined by statistical treatment of multiple analyses in which the ratio of the lowest amount observed|to the
electronic noise level (i.e., the signal-to-noise ratio) is determined. On any given day in any given sample, the dalitulaségdniot be
attainable; however, a properly calculated limit can be used as an overall general measure of laboratory performance.

Two types of DLs may be described -- instrument DLs (IDLs) and method DLs (MDLs). The IDL is generally the lowest ajnount
of a substance that can be detected by an instrument; it is a measure only of the DL for the instrument, and does aolyaffesitethat
sample matrix, handling, and preparation may have. The MDL, on the other hand, takes into account the reagents, saemplepnmegtaration
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EXAMPLE OF HEALTH RISKS FROM INGESTION OF WATER CONTAMINATED
WITH SELECTED CHEMICALS AT THEIR QUANTITATION LIMITS @

CRQL or Cancer Risk
Chemical CAS # CRDL (ug/L) CRDL/RfC at CRQL or'CRDL
Antimony 7440-36-0 60 4.3
Arsenic  7440-38-2 10 5x10
Benz(a)pyrene 50-32-8 10 3%10
Bis(2-Chloroethyl)ether ~ 111-44-4 10 3%10
2,4-Dinitrotoluene 121-14-2 10 2x10
Hexachlorobenzene 118-74-1 10 5%10
N-Nitroso-di-n-dipropylamine ~ 621-64-7 10 2%310
PCB-1254 11096-69-1 1 2x10
PCB-1260 11096-82-5 1 2x10
Styrene 100-42-5 5 4x10
Vinyl chloride 75-01-4 10 7x10

2 All values in this example are for illustration purposes only.

¢RfC =
liters of contaminated water per day).

¢ PCB-1260 slope factor was used.

® CRQL = Contract-required quantitation limit (organics) of the Contract Laboratory Program (revised April 1989).
CRDL = Contract-required detection limit (inorganics) of the Contract Laboratory Program (revised July 1988).

The CRQL and CRDL values presented here are for the regular multi-media multi-concentration CLP methods.

d Cancer Risk at CRQL or CRDL = Excess upper-bound lifetime cancer risk (based on the August 1989 slope factor for
oral exposure, assuming a 70-kilogram adult drinks 2 liters of contaminated water per day).

Reference concentration (based on the August 1989 reference dose for oral exposure, assuming a 70-kilogram 2dult drinks

(3) In several situations, an analytical laboratory
may be able to attain QLs in particular samples

that are below or above the CRQL values.

If SAS was not specified before sampling
began and/or if a chemical is not detected in any
sample from a particular medium at the QL, then
available modeling data, as well as professional
judgment, should be used to evaluate whether the
chemical may be present above reference
concentrations. If the available information indicates
the chemical is not present, see Section 5.3.5 for
guidance on eliminating chemicals. If there is some
indication that the chemical is present, then either re-
analyze selected samples using SAS, if time allows,
or address the chemical qualitatively. In determining
which option is most appropriate for a site, a
screening-level risk assessment should be performed

by assuming that the chemical is present in the
sample at the SQL (see Section 5.3.4 for situations
where SQLs are not available). Carry the chemical

through the screening risk assessment, essentially

conducting the assessment on the SQL for the
particular chemical. In this way, the risks that would
be posed if the chemical is present at the SQL can be
compared with risks posed by other chemicals at the

site.

Re-analyze the sample.This (preferred) option
discourages elimination of questionable chemicals
(i.e., chemicals that may be present below their QL
but above a level of potential concern) from the risk
assessment. If time allows and a sufficient quantity
of the sample is available, submit a SAS request to
re-analyze the sample at QLs that are below
reference concentrations. The possible outcome of
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this option is inclusion of chemicals positively
detected at levels above reference concentrations but
below the QLs that would normally have been
attained under routine analysis of Superfund samples
in the CLP program.

Address the chemical qualitatively. A second and
less desirable option for a chemical that may be
present below its QL (and possibly above its health-
based reference concentration) is to eliminate the
chemical from the quantitative risk assessment,
noting that if the chemical was detected at a lower
QL, then its presence and concentration could
contribute significantly to the estimated risks.

5.3.2 UNUSUALLY HIGH SQLs
Due to one or more sample-specific problems

(e.g., matrix interferences), SQLs for a particular
chemical in some samples may be unusually high,
sometimes greatly exceeding the positive results
reported for the same chemical in other samples
from the data set. Even if these SQLs do not

EXAMPLE OF UNUSUALLY HIGH
QUANTIFICATION LIMITS

In this example, concentrations of semivolatile organic
chemicals in soils have been determined using the CLP's RAS.

Concentration (ug/kg)
Chemical Sample 1 Sample 2 Sample 3 Sample 4

Phenol 330U 390 19,000 U 490

a

U = Compound was analyzed for, but not detected. Value
presented (e.g., 330 U) is the SQL.

The QLs presented in this example (i.e., 330 to 19,000 ugfkg)
vary widely from sample to sample. SAS would not aid in|
reducing the unusually high QL of 19,000 ug/kg noted in
Sample 3, assuming it was due to unavoidable matrix
interferences. In this case, the result for phenol in Samplg 3
would be eliminated from the quantitative risk assessment
because it would cause the calculated exposure concentrgtions
(from Chapter 6) to exceed the maximum detected
concentration (in this case 490 ug/kg). Thus, the data set
would be reduced to three samples: the non-detect in Sample 1
and the two detected values in Samples 2 and 4.

exceed health-based standards or criteria, they may
still present problems. If the SQLs cannot be
reduced by re-analyzing the sample (e.g., through the
use of SAS or sample cleaning procedures to remove
matrix interferences), exclude the samples from the
gquantitative risk assessment if they cause the
calculated exposure concentration (i.e., the
concentration calculated according to guidance in
Chapter 6) to exceed the maximum detected con-
centration for a particular sample set. The box on
this page presents an example of how to address a
situation with unusually high QLs.
5.3.3 WHEN ONLY SOME
SAMPLES IN A MEDIUM
TEST POSITIVE FOR A
CHEMICAL

Most analytes at a site are not positively
detected in_eaclsample collected and analyzed.
Instead, for a particular chemical the data set
generally will contain some samples with positive
results and others with non-detected results. The
non-detected results usually are reported as SQLs.
These limits indicate that the chemical was not
measured above certain levels, which may vary from
sample to sample. The chemical may be present at
a concentration just belothe reported quantitation
limit, or it may not be present in the sample at all
(i.e., the concentration in the sample is zero).

In determining the concentrations most
representative of potential exposures at the site (see
Chapter 6), consider the positively detected results
together with the non-detected results (i.e., the
SQLs). If there is reason to believe that the chemical
is present in a sample at a concentration below the
SQL, use one-half of the SQL as a proxy
concentration. The SQL value itself can be used if
there is reason to believe the concentration is closer
to it than to one-half the SQL. (See the next
subsection for situations where SQLs are not
available.) Unless site-specific information indicates
that a chemical is not likely to be present in a
sample, do not substitute the value zero in place of
the SQL (i.e., do not assume that a chemical that is
not detected at the SQL would not be detected in the
sample if the analysis was extremely sensitive).
Also, do not simply omit the non-detected results
from the risk assessment.
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5.3.4 WHEN SQLs ARE NOT AVAILABLE

A fourth situation concerning QLs may
sometimes be encountered when evaluating site data.
For some sites, data summaries may not provide the
SQLs. Instead, MDLs, CRQLs, or even IDLs may
have been substituted wherever a chemical was not
detected. Sometimes, no detectiomgoantitation
limits may be provided with the data. As a first step
in these situations, always attempt to obtain the
SQLs because these are the most appropriate limits
to consider when evaluating non-detected chemicals
(i.e., they account for sample characteristics, sample
preparation, or analytical adjustments that may differ
from sample to sample).

If SQLs cannot be obtained, then, for CLP
sample analyses, the CRQL should be used as the
QL of interest for each non-detected chemical, with
the understanding that these limits may overestimate
or underestimate the actual SQL. For samples
analyzed by methods different from CLP methods,
the MDL may be used as the QL, with the
understanding that in most cases this will
underestimate the SQL (because the MDL is a
measure of detection limits only and does not
account for sample characteristics or matrix
interferences). Note that the IDL should rarely be
used for non-detected chemicals since it is a measure
only of the detection limit for a particular instrument
and does not consider the effect of sample handling
and preparation or sample characteristics.

5.35 WHEN CHEMICALS ARE NOT
DETECTED IN ANY SAMPLES IN
A MEDIUM

After considering the discussion provided in
the above subsections, generally eliminate those
chemicals that have not been detected in any samples
of a particular medium. On CLP data reports, these
chemicals will be designated in each sample with a
U qualifier preceded by the SQL or CRQL (e.g., 10
U). If information exists to indicate that the
chemicals are present, they should not be eliminated.
For example, if chemicals with similar transport and
fate characteristics are detected frequently in soil at
a site, and some of these chemicals also are detected
frequently in ground water while the others are not
detected, then the undetected chemicals are probably
present in the ground water and therefore may need

to be included in the risk assessment as ground-water
contaminants.

The outcome of this step is a data set that
only contains chemicals for which positive data (i.e.,

analytical results for which measurable

concentrations are reported) are available in at least

one sample from each medium. Unless otherwise
indicated, assume at this point in the evaluation of
data that positive data to which no uncertainties are

attached concerning either the assigned identity of

the chemibel mported concentration (i.e., data
that are not "tentative," "uncertain," or "qualitative")
are appropriate for use in the quantitative risk
assessment.

5.4 EVALUATION OF QUALIFIED
AND CODED DATA

For CLP analytical results, various
qualifiers and codes (hereafter referred to as
qualifiers) are attached to certain data by either the
laboratories conducting the analyses or by persons
performing data validation. These qualifiers often
pertain to QA/QC problems and generally indicate
questions concerning chemical identity, chemical
concentration, or both. __All _qualifiers must be
addressed before the chemical can be used in
quantitative risk assessmerualifiers used by the
laboratory may differ from those used by data
validation personnel in either identity or meaning.

54.1 TYPES OF QUALIFIERS

A list of the qualifiers that laboratories
are permitted to use under the CLP -- and their
potential use in risk assessment -- is presented in
Exhibit 5-4. A similar list addressing data validation
qualifiers is provided in Exhibit 5-5. In general,
because the data validation process is intended to
assess the effect of QC issues on data usability,
validation data qualifiers are attached to the data
after the laboratory qualifiers and supersede the
laboratory qualifiers. If data have both laboratory
and validation qualifiers and they appear
contradictory, ignore the laboratory qualifier and
consider only the validation qualifier. If qualifiers
have been attached to certain data by the laboratory
and have not been removed, revised, or superseded
during data validation, then evaluate the
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EXHIBIT 5-4

CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE

IN QUANTITATIVE RISK ASSESSMENT

ndicates:

Uncer

Qualifier  Definition

tain Uncertain Include Data in Quantitative
Identity? Concentration?

Risk Assessment?

Inorganic Chemical Data

B Reported value is

+

<CRDL, but >IDL.

Compound was analyzed for,
but not detected.

Value is estimated due to
matrix interferences.

Duplicate injection precision
criteria not met.

Spiked sample recovery not
within control limits.

Reported value was determined
by the Method of Standard
Additions (MSA).

Post-digestion spike for furnace
AA analysis is out of control
limits, while sample absorbance
is <50% of spike absorbance.

Duplicate analysis was not
within control limits.

Correlation coefficient for
MSA was <0.995.

Organic Chemical Data

U

Compound was analyzed for,

detected.

No

Yes

No

No

No

No

No

No

No

Yes
(continued)

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

?but not
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EXHIBIT 5-4 (continued)

CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE
IN QUANTITATIVE RISK ASSESSMENT

Indicates:
Uncertain Uncertain Include Data in Quantitative
Qualifier  Definition Identity? Concentration? Risk Assessment?
J  Value is estimated, No, for Yes ?
either for a tentatively TCL chem-
identified compound (TIC) icals;
or when a compound is present
(spectral identification Yes, for
criteria are met, but the TICs
value is <CRQL).
C Pesticide results were No No Yes
confirmed by GC/MS.
B  Analyte found in associated No Yes Yes
blank as well as in sampie.
E Concentration exceeds No Yes Yes
calibration range of
GC/MS instrument.
D Compound identified in an No No Yes
analysis at a secondary
dilution factor.
A The TIC is a suspected aldol- Yes Yes No

condensation product.

X Additional flags defined - - -
separately.

-- = Data will vary with laboratory conducting analyses.
@ Source: EPA 1988b.

P Source: EPA 1988t. See Section 5.5 for guidance concerning blank contamination.
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EXHIBIT 5-5

VALIDATION DATA QUALIFIERS AND THEIR
POTENTIAL USE IN QUANTITATIVE RISK ASSESSMENT

Indicates:
Uncertain Uncertain Include Data in Quantitative
Qualifier  Definition Identity? Concentration? Risk Assessment?

Inorganic and Organic Chemical DAta

U The material was analyzed Yes Yes ?
for, but not detected. The
associated numerical value
is the SQL.

J The associated numerical No Yes Yes
value is an estimated quantity.

R Quality control indicates that Yes Yes No
the data are unusable (compound
may or may not be present).
Re-sampling and/or re-analysis is
necessary for verification.

Z No analytical result (inorganic -- - -
data only).

Q No analytical result (organic -- -- -
data only).

N  Presumptive evidence of Yes Yes ?
presence of material (tentative
identification)®

-- = Not applicable
2Source: EPA 1988d,e.

® Organic chemical data only.
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laboratory qualifier itself. If it isunclear whether
the data have been validated, contact the
appropriate data validation and/or laboratory
personnel.

Thetype of qualifier and other site-specific
factors determine how qualified data are to be
used inarisk assessment.  As seen in Exhibits 5-
4 and 5-5, the type of qualifier attached to certain
data often indicates how that data should be used
in arisk assessment. For example, most of the
laboratory qualifiers for both inorganic chemical
data and organic chemical data (e.g., J, E, N)
indicate uncertainty in the reported concentration
of the chemical, but not in its assigned identity.
Therefore, these data can be used just as positive
data with no qualifiers or codes. In general,
include data with qudifiers that indicate
uncertainties in concentrations but not in
identification.

Examples showing the use of certain
gudified dataare presented in the next two boxes.
The first box addresses the J qualifier, the most
commonly encountered data qualifier in Superfund
data packages. Basically, the guidance hereisto
use Jqualified concentrationsthe same way as
positive data that do not have this qualifier. If
possible, note potential uncertainties associated
with thequalifier, so that if data qualified with aJ
contribute significantly to the risk, then
appropriate caveats can be attached.
|

EXAMPLE OF J QUALIFIERS

In this example, concentrations of volatile organic
chemicasin ground water have been determined using the
CLPsRAS.

Concentration (ug/L)

Chemical Samplel Sample2 Sample3 Sample4
Tetrachloro-
ethene 14,000F 40 30U° 20J

#J=The numerical valueis an estimated quantity.
® U = Compound was analyzed for, but not detected. Value
presented (e.g., 30 U) isthe SQL.

Tetrachlorethene was detected in three of four samples at
concentrations of 14,000 pg/1, 40 pg/l, and 20 ug/1;
therefore, these concentrations -- as well as the non-detect
-- should be wused in determining representative
concentrations.

Anillustration of the use of R-qualified data
is presented in the box in this column. The
definition, and therefore the use of the R qualifier,
differs depending on whether the data have been
validated or not. (Note that the CLP formerly used
R as a laboratory qualifier to indicate low spike
recovery for inorganics. This has been changed,
but older datamay still have been qualified by the
laboratory with an R.) If it is known that the R
data qualifier indicates that the sample result was
rejected by the data validation personnel, then this
result should be eliminated from the risk
assessment; if the R data qualifier was placed on
the data to indicate estimated data due to low spike
recovery (i.e, the R was placed on the data by
the laboratory and not by the validator), then use
the R-qualified datain a manner similar to the use
of Jquaified data (i.e., use the R-qualified
concentrations the same way as positive data that
do not have this qualifier). If possible, note
whether the R-qualified data are overestimates or
underestimates of actual expected chemical
concentrations so that appropriate caveats may be
attached if data qualified with an R contribute
significantly to the risk.

EXAMPLE OF VALIDATED DATA
CONTAINING R QUALIFIERS

In this example, concentrations of inorganic chemicalsin
ground water have been determined using the CLP's RAS.

Concentration (ug/L)
Chemical Sample 1 Sample2 Sample 3 Sample 4

Manganese 310 500R* 30UR® 500

# R = Qudlity control indicates that the data are unusable
(compound may or may not be present).

® U = Compound was analyzed for, but not detected. Value
presented (e.g., 30 U) isthe SQL.

These data have been validated, and therefore the R
qualifiers indicate that the person conducting the data
vaidation rejected the data for manganese in Samples 2 and
3. The "UR" qualifier means that manganese was not
detected in Sample 3; however, the data validator rejected
the non-detected result. Eliminate these two samples so that
the data set now consists of only two samples (Samples 1
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5.4.2 USING THE APPROPRIATE
QUALIFIERS

The information presented in Exhibits 5-4

and 5-5 is based on the most recent EPA guidance

documents concerning qualifiers: the SOW for
Inorganics and the SOW for Organics (EPA
1988b,c) for laboratory qualifiers, and the
Functional Guidelines for Inorganics and the
Functional Guidelines for Organics (EPA 1988d,e)
for validation qualifiers. The types and definitions
of qualifiers, however, may be periodically updated
within the CLP program. In addition, certain EPA
regions may have their own data qualifiers and
associated definitions. These regional qualifiers
are generally consistent with the Functional
Guidelines, but are designed to convey additional
information to data users.

In general, the risk assessor should check
whether the information presented in this section is
current by contacting the appropriate regional CLP
or headquarters Analytical Operations Branch staff.
Also, if definitions are not reported with the data,
regional contacts should be consulted prior
evaluating qualified data. These variations may
affect how data with certain qualifiers should be
used in a risk assessment. Make sure that
definitions of data qualifiers used in the data set for
the site have been reported with the data and are
current. Never guess about the definition of

qualifiers

5.5 COMPARISON OF
CONCENTRATIONS
DETECTED IN BLANKS WITH
CONCENTRATIONS
DETECTED IN SAMPLES

Blank samples provide a measure of
contamination that has been introduced into a
sample set either (1) in the field while the samples
were being collected or transported to the
laboratory or (2) in the laboratory during sample

preparation or analysis. To prevent the inclusion
of non-site-related contaminants in the risk
assessment, the concentrations of chemicals
detected in blanks must be compared with
concentrations of the same chemicals detected in
site samples. Detailed definitions of different types
of blanks are provided in the box on the next page.

Blank data should be compared with results
from samples with which the blanks are associated.
It is often impossible, however, to determine the
association between certain blanks and data. In
this case, compare the blank data with results from
the entire sample data set. Use the guidelines in
the following paragraphs when comparing sample
concentrations with blank concentrations.

Blanks containing common laboratory
contaminants. As discussed in the CLP SOW for
Organics (EPA 1988c) and the Functional
Guidelines for Organics (EPA 1988e), acetone, 2-
butanone (or methyl ethyl ketone), methylene
chloride, toluene, and the phthalate esters are
considered by EPA to be common laboratory
contaminants. In accordance with the Functional
Guidelines for Organics (EPA 1988e) and the
Functional Guidelines for Inorganics (EPA 1988d),
if the blank contains detectable levels of common
laboratory contaminants, then the sample results
should be considered as positive results drtlye
concentrations in the sample exceed ten times the
maximum amount detected in any blank the
concentration of a common laboratory contaminant
is less than ten times the blank concentration, then
conclude that the chemical was not detected in the

particular sample and, iraccordance with EPA
guidance, consider the blank-related concentrations
of the chemical to be the quantitation limit for the
chemical in that sample. Note that if siimples
contain levels of a common laboratory contaminant
that are less than ten times the level of
contamination noted in the blank, then completely
eliminate that chemical from the set of sample
results.
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TYPES OF BLANKS

Blanks are analytical quality control samples analyzed in the same manner as site samples. They are used in the me
of contamination that has been introduced into a sample either (1) in the field while the samples were being collecpetted tiatise
laboratory or (2) in the laboratory during sample preparation or analysis. Four types of blanks -- trip, field, laboiatatiprcabnd
laboratory reagent (or method) -- are described below. A discussion on the water used for the blank also is provided.

Trip Blank This type of blank is used to indicate potential contatiin due to migration of volatile organic chemicals (VOCH
from the air on the site or in sample shipping containers, through the septuranat tive lid of sampling vials, and into the sample. A tri
blank consists of laboratory distilled, deionized water in a 40-ml glass vial sealed with a teflon septum. The blank esthenpampty
sample bottles to the field as well as the samples returning to the laboratory for analysis; it is not opened untitédsratiayiab with
the actual site samples. The containers and labels for trip blanks should be the same as the containers and labstnipies;ttrals
making the laboratory "blind" to the identity of the blanks.

Field Blank A field blank is used to determine if certain field sampling or cleaning procedures (e.g., insufficient clean
sampling equipment) result in cross-contamination of site samples. Like the trip blank, the field blank is a sampéeptidisiillzed water
taken to the field with empty sample bottles and is analyzed in the laboratory along with the actual samples. Unlikiatte lapvever,
the field blank sample is opened in the field and used as a sample would be (e.g., it is poured through cleaned samplmgeiispm)
poured from container to container in the vicinity of a gas-powered pump). As with trip blanks, the field blaak&rsoand labels should
be the same as for actual samples.

Laboratory Calibration BlankThis type of blank is distilled, deionized water injected directly into an instrument without ha
been treated with reagents appropriate to the analytical method used to analyze actual site samples. This type ofbiamkdicatee
contamination in the instrument itself, or possibly in the distilled, deionized water.

Laboratory Reagent or Method BlanKhis blank results from the treatment of distilled, deionized water with all of the reag
and manipulations (e.qg., digestions or extractions) to which site samples will betsdbjPositive results in the reagent blank may indicq
either contamiation of the chemical reagentstbe glassware and implements used to store or prepare the sample and resulting sol
Although a laboratory following good laboratory practices will have its analytical proegs$eiscontrol, in some instances method blan
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contamination cannot be entirely eliminated.

Water Used for BlanksFor all the blanks described above, results are reliable only if the water comprising the blank was|clean.
For example, if the laboratory water comprising the trip blank was cordgadiwith VOCs prior to being taken to the field, then the sourge
of VOC contamination in the trip blank cannot be isolated (see laboratory calibration blank).

Blanks containing chemicals that are not
common laboratory contaminants. As discussed

in the previously referenced guidance, if the blank
contains detectable levels of one or more organic
or inorganic chemicals that are ratnsidered by
EPA to be common laboratory contaminants (e.g.,
all other chemicals on the TCL), then consider site
sample results as positive only if the concentration
of the chemical in the site sample exceeds five
times the maximum amount detected in any blank
Treat samples containing less than five times the
amount in any blank ason-detects and, in
accordance with EPA guidance, consider the
blank-related chemical concentration to be the
guantitation limit for the chemical in that sample.
Again, note that if alsamples contain levels of a

TCL chemical that are less than five times the level
of contamination noted in the blank, then

completely eliminate that chemical from the set of
sample results.

5.6 EVALUATION OF
TENTATIVELY IDENTIFIED
COMPOUNDS

Both the identity and reported concentration of a
tentatively identified compound (TIC) s
guestionable (see the box on the next page for
background on TICs). Two options for addressing
TICs exist, depending on the relative number of
TICs compared to non-TICs.
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5.6.1 WHEN FEW TICs ARE PRESENT risk assessment, and document reasons for
excluding TICs in the risk assessment report.
When only a few TICs are present compared
to the TAL and TCL chemicals, and no historical
or other site information indicates that either a
particular TIC may indeed be present at the site
(e.g., because it may be a by-product of a chemical
operation conducted when the site was active) or
that the estimated concentration may be very high
(i.e., the risk would be dominated by the TIC),
then generally do not include the TICs in the risk
assessment. Otherwise, follow the guidance
provided in the next subsection. Consult with the

RPM about omitting TICs from the quantitative

5.6.2 WHEN

PRESENT

MANY TICs ARE

If many TICs are present relative to the TAL
and TCL compounds identified, or if TIC
concentrations appear high or site information

indicates that TICs are indeed present, then further
evaluation of TICs is necessary. If sufficient time
is available, use SAS to confirm the identity and to
positively and reliably measure the concentrations

of TICs prior to their use in the risk assessment. If

TENTATIVELY IDENTIFIED
COMPOUNDS

EPA's TCL may be a limited subset of the
organic compounds that could actually be encountered gt a
particular site. Thus, although the CLP RAS requires tl
laboratory to analyze samples only for compounds on t
TCL, the analysis of VOCs and SVOCs may indicate th
presence of additional organic compds not on the TCL.
These additional compounds are shown by “peaks"” on the
chromatograms. (A chromatogram is a papgr
representation of the response of the instrument to the
presence of a compound.) The CLP laboratory mupt
attempt to identify the 30 highest pedk® VOCs and 20
SVOCs) using computerized searches of a librafy
containing mass spectra (essentially "fingerprints" fdr
particular compounds). When the mass spectra match| to
a certain degree, the compound (or general class |of
compound) is named; however, the assigned identity is in
most cases highly uncertain. These compounds are called
tentatively identified compounds (TICs).

D7 o

The CLP SOW provides procedures to obtai
a rough estimate of concentration of TICs. The
estimates, however, are highly uncertain and could e
orders of magnitude higher or lower than the actual
concentration. For TICs, therefore, assignedtities may
be inaccurate, and guantitation is certainly ina@igur Due
to these uncertainties, TIC information often is n
provided with data summaries from site investigationg.
Additional sampling and analysis under SAS may redude
the uncertainty associated with TICs and, therefore, Tl
information should be sought when it is absent from daja
summaries.

SAS methods to identify and measure TICs are
unavailable, or if there is insufficient time to use
SAS, then the TICs should be included as
chemicals of potential concern in the risk
assessment and the uncertainty in both identity and
concentration should be noted (unless information
exists to indicate that the TICs are not present).

5.7 COMPARISON OF SAMPLES
WITH BACKGROUND

In some cases, a comparison of sample
concentrations with background concentrations
(e.g., using the geometric mean concentrations of
the two data sets) is useful for identifying the non-
site-related chemicals that are found at or near the
site. If background risk might be a concern, it
should be calculated separately from site-related
risk. Often, however, the comparison of samples
with background is unnecessary because of the low
risk usually posed by the background chemicals
compared to site-related chemicals.

As discussed in Chapter 4, information
collected during the RI can provide information on
two types of background chemicals: (1) naturally
occurring chemicals that have not been influenced
by humans and (2) chemicals that are present due to
anthropogenic sources. Either type of backod
chemical can be either localized or ubiquitous.

Information on background chemicals may
have been obtained by the collection of site-specific
background samples and/or from other sources
(e.g., County Soil Conservation Service surveys,
United States Geological Survey [USGS] reports).
As discussed in Chapter 4, background
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concentrations should be from the site or the
vicinity of the site.

57.1 USE APPROPRIATE
BACKGROUND DATA

Background samples collected during the
site investigation should not be used if they were
obtained from areas influenced or potentially
influenced by the site. Instead, the literature
sources mentioned in the previous paragraph may
be consulted to determine background levels of
chemicals in the vicinity of the site. Care must be
taken in using literature sources, because the data
contained therein might represent nationwide
variation in a particular parameter rather than
variation typical of the geographic region or
geological setting in which the site is located. For
example, a literature source providing
concentrations of chemicals in ground water on a
national scale may show a wide range of
concentrations that is not representative of the
variation in concentrations that would be expected
at a particular site.

5.7.2 IDENTIFY STATISTICAL METHODS

In cases where background comparisons will be
made, any statistical methods that will be used
should be identified prior to the collection of
samples (see Chapter 4). Guidance documents and
reports that are available to aid in background
comparison are listed in Section 4.4.3. Prior to
conducting the steps discussed in the next two
subsections, the RPM should be consulted to
determine the type of comparison to be made, if
any. Both a justification for eliminating chemicals
based on a background comparison and a brief
overview of the type of comparison conducted
should be included in the risk assessment report.
5.7.3 COMPARE CHEMICAL
CONCENTRATIONS WITH
NATURALLY OCCURRING
LEVELS

As defined previously, naturally occurring
levels are levels of chemicals that are present
under ambientanditions and that have nbeen
increased by anthropogenic sources. If inorganic
chemicals are present at the site at naturally

occurring levels, they may be eliminated from the

guantitative risk assessment. In some cases,

however, background concentrations may present

a significant risk, and, while cleanup may or may

not eliminate this risk, the background risk may be

an important site characteristic to those exposed.
The RPM will always have the option to consider
the risk posed by naturally occurring background
chemicals separately.

In general, comparison with naturally
occurring levels is applicable only to inorganic
chemicals, because the majority of organic

chemicals found at Superfund sites are not naturally
occurring (even though they may be ubiquitous).
The presence of organic chemicals in background
samples collected during a site investigation
actually may indicate that the sample was collected
in an area influenced by site contamination and
therefore does not qualify as a true background
sample. Such samples should instead be included
with other site samples in the risk assessment.
Unless a very strong case can be made for the
natural occurrence of an organic chemical, do not
eliminate it from the quantitative risk assessment
for this reason.
574 COMPARE CHEMICAL
CONCENTRATIONS WITH
ANTHROPOGENIC LEVELS

Anthropogenic  levels are  ambient
concentrations resulting from human (non-site)
sources. Localizedpagimic background is
often caused by a point source such as a nearby
factory. Ubiquitous anthropogenic background is

often from nonpoint sources such as automobiles.
In general, do not eliminate anthropogenic
chemicals because, at many sites, it is extremely
difficult to conclusively show at this stage of the
site investigation that such chemicals are present at
the site due to operations not related to the site or
the surrounding area.

Often, anthropogenic background chemicals
can be identified and considered separately during
or at the end of the risk assessment. These
chemicals also can be omitted entirely from the risk
assessment, but, as discussed for natural
background, they may present a significant risk.
Omitting anthropogenic background chemicals
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from the risk assessment could result in the loss of
important information for those potentially
exposed.

5.8 DEVELOPMENT OF A SET OF
CHEMICAL DATA AND
INFORMATION FOR USE IN
THE RISK ASSESSMENT

After the evaluation of data is complete as
specified in previous sections, a list of the samples
(by medium) is made that will be used to estimate
exposure concentrations, as discussed in Chapter
6 of this guidance. In addition, as shown in the
flowchart in Exhibit 5-1, a list of chemicals of
potential concern (also by medium) will be needed
for the quantitative risk assessment. This list
should include chemicals that were:

(1) positively detected in at least one CLP
sample (RAS or SAS) in a given
medium, including (a) chemicals with
no qualifiers attached (excluding
samples with unusually high detection
limits), and (b) chemicals with
gualifiers attached that indicate known
identities but unknown concentrations
(e.g., J-qualified data);

(2) detected at levels significantly elevated
above levels of the same chemicals
detected in associated blank samples;

(3) detected at levels significantly elevated
above naturally occurring levels of the
same chemicals;

(4) only tentatively identified but either
may be associated with the site based
on historical information or have been
confirmed by SAS; and/or

(5) transformation products of chemicals
demonstrated to be present.

Chemicals that were not detected in samples
from a given medium (i.e., non-detects) but that
may be present at the site also may be included in
the risk assessment if an evaluation of the risks
potentially present at the detection limit is desired.

5.9 FURTHER REDUCTION IN THE
NUMBER OF CHEMICALS
(OPTIONAL)

For certain sites, the list of potentially site-
related chemicals remaining after quantitation
limits, qualifiers, blank contamination, and
background have been evaluated may be lengthy.
Carrying a large number of chemicals through a
gquantitative risk assessment may be complex, and
it may consume significant amounts of time and
resources. The resulting risk assessment report,
with its large, unwieldy tables and text, may be
difficult to read and understand, and it may distract
from the dominant risks presented by the site. In
these cases, the procedures discussed in this section
-- using chemical classes, frequency of detection,
essential nutrient information, and a concentration-
toxicity screen -- may be used to further reduce the
number of chemicals of potential concern in each
medium.

If conducting a risk assessment on a large
number of chemicals is feasible (e.g., because of
adequate computer capability), then the procedures
presented in this section should not be used.
Rather, the most important chemicals (e.g., those
presenting 99 percent of the risk) -- identified after
the risk assessment -- could be presented in the
main text of the report, and the remaining
chemicals could be presented in the appendices.

5.9.1 CONDUCT INITIAL ACTIVITIES

Several activities must be conducted before
implementing any of the procedures described in
this section: (1) consult with the RPM; (2) consider
how the rationale for the procedure should be
documented; (3) examine historical information on
the site; (4) consider concentration and toxicity of
the chemicals; (5) examine the mobility,
persistence, and bioaccumulation potential of the
chemicals; (6) consider special exposure routes; (7)
consider the treatability of the chemicals; (8)
examine applicable or relevant and appropriate
requirements (ARARSs); and (9) examine the need
for the procedures. These activities are described
below.

Consultation with the RPM. If a large number
of chemicals are of potential concern at a particular
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site, the RPM should be consulted. Approval by

the RPM must be obtained prior to the elimination

of chemicals based on any of these procedures.
The concentration-toxicity screen in particular may

be needed only in rare instances.

Documentation of rationale. The rationale for
eliminating chemicals from the quantitative risk
assessment based on the procedures discussed
below must be clearly stated in the risk assessment
report. This documentation, and its possible
defense at a later date, could be fairly resource-
intensive. If a continuing need to justify this step
is expected, then any plans to eliminate chemicals
should be reconsidered.

Historical information.  Chemicals reliably
associated with site activities based on historical
information generally should not be eliminated
from the quantitative risk assessment, even if the
results of the procedures given in this section
indicate that such an elimination is possible.

Concentration and toxicity. Certain aspects of
concentration and toxicity of the chemicals also
must be considered prior to eliminating chemicals
based on the results of these procedures. For
example, before eliminating potentially
carcinogenic chemicals, the weight-of-evidence
classification should be considered in conjunction
with the concentrations detected at the site. It may
be practical and conservative to retain a chemical
that was detected at low concentrations if that
chemical is a Group A carcinogen. (As discussed
in detail in Chapter 7, the weight-of-evidence
classification is an indication of the quality and
quantity of data wunderlying a chemical's
designation as a potential human carcinogen.)

Mobility, persistence, and bioaccumulation.
Three factors that must be considered when
implementing these procedures are the mobility,
persistence, and bioaccumulation of the chemicals.
For example, a highly volatile (i.e., mobile)
chemical such as benzene, a long-lived (i.e.,
persistent) chemical such as dioxin, or a readily
taken-up and concentrated (i.e., bioaccumulated)
chemical such as DDT, probably should remain in
the risk assessment. These procedures do not
explicitly include a mobility, persistence, or

atiomulation component, and therefore the risk
assessor must pay special attention to these factors.

Special exposure routes For some chemicals,
certain exposure routes need to be considered
carefully before using these procedures. For
example, some chemicals are highly volatile and
may pose a significant inhalation risk due to the
home use of contaminated water, particularly for
showering. The procedures described in this
section may not account for exposure routes such as
this.

Treatability . Some chemicals are more difficult
to treat than others and as a result should remain as
chemicals of potential concern because of their
importance during the selection of remedial
alternatives.

ARARs. Chemicals with ARARs (including
those relevant to land ban compliance) usually are
not appropriate for exclusion from the quantitative
risk assessment based on the procedures in this
section. This may, however, depend in part on how
the chemicals' site concentrations in specific media
compare with their ARAR concentrations for these
media.

Need for procedures Quantitative evaluation of
all chemicals of potential concern is the most
thorough approach in a risk assessment. In
addition, the time required to implement and defend
the selection procedures discussed in this section
may exceed the time needed to simply carry all the
chemicals of potential concern through the risk
assessment. Usually, carrying all chemicals of
potential concern through the risk assessment will
not be a difficult task, particularly given the
widespread use of computer spreadsheets to
calculate exposure concentrations of chemicals and
their associated risks. Although the tables that
result may indeed be large, computer spreadsheets
significantly increase the ability to evaluate a
number of chemicals in a relatively short period of
time. For these reasons, the procedures discussed
here may be needed only in rare instances. As
previously stated, the approval of these procedures
by the RPM must be obtained prior to
implementing any of these optional screening
procedures at a particular site.
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5.9.2 GROUP CHEMICALS BY CLASS

At times, toxicity values to be used in
characterizing risks are available only for certain
chemicals within a chemical class. For example,
of the polycyclic aromatic hydrocarbons (PAHS)
considered to be potential carcinogens, a slope
factor currently is available (i.e., as this manual
went to press) for benz(a)pyrene only. In these
cases, rather than eliminating the other chemicals
within the class from quantitative evaluation
because of a lack of toxicity values, it may be
useful to group data for such a class of chemicals
(e.g., according to structure-activity relationships
or other similarities) for consideration in later
sections of the risk assessment. For example, the
concentrations of only one group of chemicals
(e.g., carcinogenic PAHs) would be considered
rather than concentrations of each of the seven
carcinogenic PAHSs currently on the TCL.

To group chemicals by class, concentrations
of chemicals within each class are summed
according to procedures discussed in Chapter 6 of
this guidance. Later in the risk assessment, this
chemical class concentration would be used to
characterize risk using toxicity values (i.e., RfDs
or slope factors) associated with one of the
chemicals in the particular class.

Three notes of caution when grouping chemicals
should be considered: (1) do nobgp solely by
toxicity characteristics; (2) do not group all
carcinogenic chemicals or_afloncarcinogenic
chemicals without regard to structure-activity or
other chemical similarities; and (3) discuss in the
risk assessment report that grouping can produce
either over- or under-estimates of the true risk.
5.9.3 EVALUATE FREQUENCY OF
DETECTION

Chemicals that are infrequently detected may
be artifacts in the data due to sampling, analytical,
or other problems, and therefore may not be
related to site operations or disposal practices.
Consider the chemical as a candidate for
elimination from the quantitative risk assessment
if: (1) it is detected infrequently in one or perhaps
two environmental media, (2) it is not detected in
any other sampled media or at high concentrations,

and (3) there is no reason to believe that the
chemical may be present. Available modeling
results may indicate whether monitoring data that
show infrequently detected chemicals are
representative of only their sampling locations or of
broader areasalBe chemical concentrations at
a site are spatially variable, the risk assessor can
use modeling results to project infrequently
detected chemical concentrations over broader
areas when determining whether the subject
chemicals are relevant to the overall risk
assessment.  Judicious use of modeling to
supplement available monitoring data often can
minimize the need for the RPM to resort to
arbitrarilttisg limits on inclusion of infrequently
detected chemicals in the risk assessment. Any
detection frequency limit to be used (e.g., five
percent) should be approved by the RPM prior to
using this screen. If, for example, a frequency of
detection limit of five percent is used, then at least
20 samples of a medium would be needed (i.e., one
detect in 20 samples equals a five percent
frequency of detection).

In addition to available monitorin