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6. ABSTRACT 
This document is part of a two-manual set entitled "Risk Assessment Guidance f o r  
Superfund. 'I 
ecological assessment at Superfund sites; the other, the "Human Health Evaluation 
Manual," provides guidance for health risk assessment of these sites. 
The "Risk Assessment Guidance for Superfund" manuals were developed to be used durinl 
the Removal and Remedial Investigation/Feasibility Study (RI/FS) processes at Super- 
fund sites. The analytical framework and specific methods described in the manuals, 
however, may also be applicable to evaluations of hazardous wastes and hazardous 
materials for other purposes. 
The two manuals in this set have somewhat different target audiences. 
"Environmental Evaluation Manual" primarily addresses Remedial Project Managers (WMs 
and On-Scene Coordinators (OSCs), who are responsible for ensuring a thorough . 

evaluation of potential environmental effects at sites. 
Manual provides For the risk assessor - Updated procedures and policies, specific 
equations and variable values for estimating exposure, and a hierachy of toxicity 
data sources. -6r the risk assessment reivewer - A baseline risk assessment outline 
for consistent presentationof risk infornation and format, and a reviewer's checklist 
to ensure appropriate quality and content of the risk assessment. 

One manual, the "Environmental Evaluation Manual," provides guidance fol 
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NOTICE 

The policies and procedures set forth here are intended solely as guidance to EPA and other 
government employees and cOnVaCtors. 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. 

This interim final guidance is 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 
F&aZ Reginer 51394). The final NCP may adopt policies merent  than those in this manual and should, 
when promulgated, be considered the authoritative source. A final version of this manual will be published 
after the revised NCP is promulgated. 

Following the date of its publication, this manual is intended 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.. . 

UTUTIT 
zs' 

w o  IT'S 
FOR 

WiWT'S 
NEW 

DIsTRlBP 
TION PLAN 

THERE 
To SEND 
COMMENTS 

L 

=A's Human Healrh Evaluation Manual is a revision of the Superfwtd Public 
Health Evolication Manual (SPHEM; October 1986); it is Volume I of the two-volume set 
called Rbk Assessment Guidance for Superfknd. This manual has three main parrs: the 
baseline risk assessment (Part A); refmement of prelimiMry remediation goals (Part B); and 
evaluation of remedial alternatives (Part C). (Only Part A is included 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 
- especially 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 (RVFS) have been strengthened. 

In Part A you will find: 

For the risk 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, a checklist for RPM involvement throughout the process, and a complete 
index for quick reference. 

For the risk 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 uncerfaintis in the assessment. 

This manual is being distributed as an interim final document while the proposed NCP is 
being halized. After the final N O  is published, the manual will be updated and finalized. 
Parts B and C - which were not distributed as interim 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 

Washington,DC 20460 
Phone: 202475-9486 

401 M Street, SW (OS-230) 
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PREFACE 

I 

The Comprehensivt? 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 
a remedial 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. As part of 
its effort to meet these and other CERCLA 
requirements, EPA has developed a set of 
manuals, together entitled Rirk Assessmenr 
Guidance fm Superjknd. The Human He& 
Evaluation Manual (Volume I) provides guidance 
for developing health risk information at 
Superfund sites, while the Envitonmsrtal 
Evaluation Manual (Volume 1I) provides guidance 
for environmental assessment at Superfund sites. 
Guidance in both human health aaluation and 
environmental assessment is needed so that EPA 
can fulfill CERCLA's requirement to protect 
human health and the environment 

The Risk Assessment Guidance f a r  Su- 
manuals were developed to be used in the 
remedial investigatiodfeasibility study (RVFS) 
process at Superfund sites, although the analytical 
framework and specific methods descn'bed 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 Conducfing 
Remedial Investiganbnr and Feasibility S m d k  
Under CERCLA (October 1988), and users should 
be familiar with that guidance. The fwo 
Superfund risk assessment manuals were developed 
with extensive input from EPA workgroups 
comprised of both regional and headquarters stal€ 
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 W. 

Although human health risk assessment and 
environmental assessment are different processes, 
they share certain common information needs and 
generally on 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 RUFS, 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 6sh or other aquatic 
organism; 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 potentia1 effects on the aquatic 
emsystem. 

The two manuals in this set target somewhat 
diiierent audiences. The Environmental Evacuarion 
Manual is addressed primarily to remedial project 
managers (RPMs) and on-scene coordinators 
(OSCs), who are responsible for ensuring a 
thorough 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 also 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, Ecologuaf Asses- of Hmmdous 
Waste Sites: A FieId and Laboratory Reference 

reference to be used with the manual. 
Dawnenr (EPNrn/3-89/013), is an important 

The Human Health Evaluarion Manual is 
addressed primarify to the individuals actually 
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 (in, RPMs). 
The Human Health Evaluation Manual replaces a 
previous EPA guidance document, 27ze Superfund 
Public Health Evaluarion Manual (October 1986), 
which should no longer be used. The new manual 
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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 i n a d a t e  
human health risk assessments completed before 
(or in progress at) the publication date. 

?he Human Heawl Evatuaabn Manual 
provides a basic framework for health risk 
assessment at Superfund sites, as the 
Envirvnmental Evrrl2Cmion Mrmrral does €or 
environmental assessment. The Human HeuM 

Evaluation Manual differs, however, by providing 
more detailed guidance on many of the procedures 
used to assess health risk This additional level 
of detail is possible because of the relatively large 
body of information, techniques, and guidance 
2Milable on human health risk assessment and the 
extensive Superfund program experience 
conducting such assessments for sites. Even 
though the Human Health Evalwrion Manual is 
considerably more specific than the E n w o n m d  
Evaluation M k l ,  it also is not a "cookbook,' 
and proper application of the guidance requires 
substantial expertise and professional judgment. 

l 
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. 
INTRODUCTION 

The Comprehensive Environmental Response, 
Compensation, and Liabiliiy Act of 1980, as 
amended (CERCLA, or "Superfund"), establishes 
a national program for responding to releases of 
hazardous substances into the environment.' The 
National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) is the regulation that 
implements Among other things, the 
NCP establishes the o v e d  approach for 
determining appropriate remedial actions at 
Superfund 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 descri3ed in this manual is 
adapted from well-established chemical risk 
assessment principles and procedures (NAS 1983; 
CRS 1983; OSTP 1985). It is designed to be 
consistent with EPA's published risk assessment 
guidelines (EPA 1984, EPA 1986a-e; EPA 19% 
EPA 1989a) and other Agency-wide risk 
assessment policy. The Hwnan Healrh Evaluation 
Manual revises and replaces the Sup@nd Public 
Health Evaluation Manual (EPA 1986Q.3 It 
incorporates new information and builds on 
several years of Superfund program experience 
conducting risk assessments at hazardous waste 
sites. In addition, the Human Healrh Evaluation 
Manual together with the companion 
Environmental Evaluation Manual (EPA 1989b) 
replaces EPA's 1985 Endangerment Assessment 
Handbook, which should no longer be used (see 
Section 22.1). 

The goal of the Superfund human 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: 

provide an analysis of baseline risks4 
and help determine the need for action 
at sites; 

provide a basis for determining levels 
of chemicals that can remain onsite and 
stilI 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 emlaation process is designed 
to be used in the remedial investigatiodfeasibility 
study (RUFS) at Superfund sites. Although risk 
information is fundamental to the RUFS 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 
effeoiveness of the remedial response p'ocess. 
Chief among these principles is a bias for adon. 
EPA's Guidance far  COnmtCring R d  

000020 
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Investigations and Feasibilip Snidies Under 
CERCLA (EPA 1988b) also was revised in 1988 
to incorporate management initiatives designed to 
streamline the RUFS process and to make 
information collection activities during the RI 
more efficient. The Risk Assessment Guidance for 
Superfwrd, of which this Human Health Evaluation 
Manual is Volume 1; has been developed to 
reflect the emphasis on sueamlining the remedial 
process. The Human Health Evaluation Manual 
is a companior! document to the RVFS 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 Heawl 
Evaluation Manual should be familiar with the 
RUFS guidance, as well as with other guidances 
referenced throughout later chapters of this 
manual. 

The Human Health Evaluarion Manual is 
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 
managen, or RPMS). Although the terms risk 
assessor and risk assessment reviewer are used in 
this manual, it is emphasized that they generally 
refer to of individuals in appropriate 
disciplines (e&, 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 
nanual in designing, conducting, and reviewing 
human health evaluations. Because 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 instruct non-technical personnel 
how to perform technical evaluations, nor to allow 

professionals trained in one discipline to perform 
the work of another. 

The Human 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 RUFS. The three 
main parts of this process -- baseline risk 
assessment, refinement of 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 

. 
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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. 

1.1 OVERVIEW OF THE HUMAN 
HEALTH EVALUATION 
PROCESS IN THE RVFS 

Section 300.430 of the proposed 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 (RUFS) 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 RVFS 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 RVFS. 

This manual provides guidance on the human 
health evaluation activities that are conducted 
during the RUFs. The three basic parts of the 
RUFs human health evaluation are: 

baseline risk assessment (descriied in 
Part A of this manual); 

refinement of preliminary remediation 
goals (Part B); and 

remedial alternatives risk evaluatioq 
(Part C). 

these risk information activities are 
intertwined with the RUFS, this section descriies 
those activities in the context of the RUFs 
process. It relates the three parts of the human 

health evaluation to the stages of the RUFS, 
which are: 

0 project scoping (before the RI); 

0 site characterization @I); 

establishment of remedial action 
objectives (FS); 

0 d&elopment and screening of 
alternatives (FS); and 

0 detailed analysis of alternatives (FS). 

Although the RI/FS process and related risk 
information activities are presented in a fashion 
that makes the steps appear sequential and 
distinct, in practice the process is highly 
interactive. In fact, the RI and FS are conducted 
concurrently. Data collected in the RI influences 
the development of remedial alternativk in the 
FS, which in turn affects the data needs and scope 
of treatability studies and additional field 
investigations. The RUFS 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 must 
be conducted identically at every site. Likewise, 
the human health evaluation process descri%ed 
here should be viewed the same way. 

Two concepts are essential to the phased 
RVFS 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 relemt to selection of a remedial 
action. In this way, the overall site 
characterization effort can be continually scoped 
to minimk the collection of data and 
mrucimize data quality. 

The RVFS provides decision-makers with a 
technical evaluation of the threats posed at a site, 
a characterization of the potential routes of 
exposure, an assessmeni of remedial alternatives 
(including their rehtive advantages and 
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disadvantages), and an analysis of the trade-offs in 
selecting one alternative over another. EPA's 
interim final Guidance for Conducting Remedial 
Investigations and Feasibilrry Studies under 
CERCLA (EPA 1988b) provides a detailed 
structure for the RUFS. The RVFs guidance 
provides further background that is helpful in 
understanding the place of the human health 
evaluation in the RUFS process. The role that 
risk information plays in these stages of the RVFS 
is described below; additional background can be 
found in the RUFS guidance and in a sammary 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, 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) 

rtant step for the human health evaluation proms. 

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 fypes (including 
quantity and quality) of data needed, and to 
design efficient studies to collect these data. 
Potential site-speciirc modeling activities should 
be discussed at initial scoping meetings to ensure 
that modeling results will supplement the sampling 
data and effectively suppon 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: 

0 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 

0 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 mitigate these releases 
(i.e., under an assumption of no action). The 
baseline risk assessment contriiutes to the site 
characterization and subsequent development, 
evaluation, and selection of appropriate response 
alternatives. The results of the baseline risk 
assessment are used to: 

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

e modify preliminary remediation goals; 

' I  
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0 help support selection of the "no-action" 
remedial alternative, where appropriate; 
and 

0 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 (AR4Rs) 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; toxiciq assessment; and risk 
characterization, Each step is described briefly 
below and presented in Exhibit 1-2. 

Data collection and evaluation involves 
gathering and analyzing the site data relevant to 
the human health aaluation and identifymg 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 assessment is 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 
a qualitative estimate of the likelihood of such 
exposures occurring. Conducting an exposure 
assessment involves analyzing contaminant 
releases; identifying exposed 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 contarninant intakes for 
specific pathways. The results of this assessment 
are pathway-sp&c intakes for current and future 

exposures to indhidual substances. 
addresses exposure assessment.) 

(Chapter 6 

The toxicitv assessment component of the 
Superfund baseline risk assessment considers: (1) 
the types of adverse health effects associated mlth 
chemical exposures; (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. ?Lpically, the Superfund site risk 
assessments rely heavily on existing toxicity 
information developed on specific chemicals. 
Toxicity assessment for contaminants found at 
Superfund sites is generally accomplished in two 
steps: hazard identification and dose-response 
assessment. The first step, hazard identification, 
is 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 quantitative dose- 
response relationship, toxicity values are derived 
that can be used to estimate the incidence of 
adverse effects occurring in humans at different 
exposure levels. (Chapter 7 addresses toxicity 
assessment.) 

The risk characterization summarizes and 
combines outputs of the exposure and toxicity 
assessments to characterize baseline risk, both in 
quantitative 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 



8 0 7 7  

0 Gather and analyze relevant 

Identify potential chemicals of 

site data I 

concern 

Page 1-7 

, 

EXHIBIT 1-2 

PART A: BASELINE RISK ASSESSMENT 

0 Analyze contaminant releases 

0 Identify exposed populations 

0 Identify potential exposure 
pathways 

0 Estimate exposure 
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limited) action will be necessary, the Fs should be 
scaled-down as appropriate. 

The documents developed during site 
characterization include a brief prebhary  site 
characterization summary and the draft RI report, 
which includes either the complete baseline risk 
assessment report or a summary of i t  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 ETA 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. 

1.13 FEASIBILITYSTUDY 

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 
RI and FS are conducted concurrently, this 
development and analysis of alternatives is an 
interactive process in which potential alternatives 
and remediation goals are continually relined as 
additional information from the RI 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 RVFS guidance, p r e l i m i ~ ~ ~  
remediation goals typically are formulated first 
during project scoping or concurrent wilb initial 
RI activities (i.e., prior to completion of the 
baseline risk assessment). The preliminary 
remediation goals are therefore based initially on 
readily available chemical-specific ARARs (cg., 
maximum contaminant levels (MCLS) for drinking 
water). Preliminary remediation goals for 
individual substances are refined or mn6rmed at 
ihe 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: 

0 identifying chemical-specific ARARs; 

0 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; 

0 identifying non-substance-specific goals 
for exposure pathways (if necessary); and 

0 determining a refined preliminary 
remediation goal that is protective of 
human health for all substancekxposure 
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 satis@ those 
objectives should be developed. In the process of 
developing alternatives for remedial action at a 
site, two important activities take place. 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 
specifc 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 
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or a specific site problem (e.g., drums and tanks, 
contaminated ground 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 MITOW 
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 aFayed such that comparisons 
between alternatives can be made and key trade- 
of& 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 RVFS 
guidance, serve as the basis for conducting the 
detailed analyses during- the FS and for 
subsequently selecting an appropriate remedial 
action. The nine evaluation criteria are as 
follows: 

(1) overall protection of human health and 
the environment; 

compliance with ARARS (unless waiver 
applicable); 

long-term effectiveness and permanence; 

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

short-term effectiveness; 

implementabili ty; 

Cost; 

state acceptance; and 

community acceptance. 

Risk information is required at the detailed 
analysis stage of the RUFS so that each alternative 
can be evaluated in relation to the relevant NCP 
remedy selection criteria. 

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 RVFs 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 
t e r n  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 impam on human health and the 
environment should the remedy fail. An 
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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 
THEMANUAL 

The next two chapters present additional 
background 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 lo); 

0 refinement of preliminary remediation 
goals is covered in Part B of the manual 

(not included as pan of this interim final 
version); and 

0 the risk evaluation of remedial 
altemtives 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 
provided throughout the manual. All material is 
presented both in technical terms and in simpler 
text. It should 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 and definitions 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 k interpreted as mcaning "CERCLA, as amended by the Supafund 
Amendments and Reauthorization Act of 1986 (SARA)." 

2 40 CFR Part 300. Proposed revisions to the NCP wcre published 00 Darmber 21.1988 (53 Federal Register 51394). 

3. The tern "public health evaluation" was introduced in the previous risk aYeamen1 guidana (EPA 19869 to d e s a i k  the assessmat 
of chemical rclcasa'fmmia site and the analysis of public health Ihrrao, resulting from those rrlcases, and Superfund site risk assessment 
studies often are nfemd to as public health evaluations, or PHE* The t a m  "€'HE" should k replad by whichever of the three pans 
of the revised human health evaluation process is appropriate: "basdine risk asxsrnent," "documentation of preliminary mediation 
goals," or "risk evaluation of medial alternatives." 

4. Bascline risks are rirks that might adst if no remediation or institutional controls were applied at a site. 

5. Volume I1 of the Risk Assessment Guidance for Superfund is the Environmental Evaluation Manual (EPA 1989b), which provides 
guidance for the of potential emironmental (i.e, not human health) cffecls at sites. 

i 
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CHAPTER 2 

STATUTES, REGULATIONS, 
GUIDANCE, AND 

STUDIES RELEVANT TO 

EVALUATION 

This chapter briefly desmies the statutes, 
regulations, guidance, and studies related to the 
human health evaluation process. The 
descriptions focus on aspects of these documents 
most relevant to human health evaluations and 
show how recent revisions to the documents bear 
upon the human health evaluation process. 
Section 21 d e s c r i i  the following documents that 
govern the human health evaluation: 

the Comprehensive Environmental 
Response, Compensation, and Liability 
Act of 1980 (CERCLA, or Superfund) 
and the Superfund Amendments and 
Reauthorization Act of 1986 (SARA); 

the National Oil and Hazardous 
Substances Pollution Contingency Plan 
(National Contingency Plan, or NCP); 

Guidance for Conduuing Remedial 
Invesa’gaansandFearibikiyStudies Under 
CERCLA (RUFS guidance); 

0 c E R c L A c o m p ~ e w i t h L u w s  
Manual (ARARs guidance); and 

miit 2-1 shows the relationship of these 
statutes, regulations, and guidances governing 

human health evaluation. In addition, Section 
2.2 identifies and briefly describes other Superfund 
studies related to, and sometimes confused with, 
the RVFs human health evaluation. The ’ypes of 
studies discussed are: 

endangerment assessments; 
ATSDR health assessments; and 
ATSDR health studies. 

2.1 STATUTES, REGULATIONS, 
AND GUIDANCE GOVERNING 
HUMANHEALTH 
EVALUATION 

This section desmi. the major Superfund 
laws and program documents relevant to the 
human health evaluation process. 

2.1.1 CERCLA AND SARA 

In 1980, Congress enacted the Comprehensive 
Environmental Response, Compensation, and 
Liability Act (CERCLA) (42 US.C 9601 et seq.), 
commonly called Superfund, in response to the 
dangers posed by sudden or otherwise 
uncontrolled releases of hazardous substances, 
pollutants, or contaminants into the environment. 
CERCLA authorized 61.6 billion over !%e years 
for a comprehensive program todeanup the 
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EXHIBIT 2-1 

RELATIONSHIP OF DOCUMENTS GOVERNING 
HUMLAN HEALTH EVALUATION 

Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 

(CERCL4 or Superfund) 

Superfund Amendments and 
Reauthorization Act of 1986 (SARA) 

National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP) 

RI/FS Guidance 

Risk Assessment Guidance for Superfund (RAGS) 
0 Human Health Evaluation Manual ("EM) 
0 Environmental Evaluation Manual @EM) 

ARARS Guidance 

Superfund Exposure Assessment Manual (SEAM) 
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worst abandoned. or inanive 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 chemic&. 

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 "CERCJA as amended by SARA.? 
These amendments provided $85 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 RUFS 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@) 
include: 

0 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; 

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

0 the need to assess the use of alternative 
treatment technologies or resource 

recovery twhnologies 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 actions will need to 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 @e., ARARs). Also included is the 
new provision that state ARARs must be met if 
they are more stringent than federal requirements. 
(Section 21.4 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 qualitative in nature, should be 
distinguished from the EPA human health 
evaludtion, which is more quantitative. 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 such 
hazardous substances, and the comparison of 
existing morbidity and mortality data on 
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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 
qualitative, site-spec%c, and focuses on medical 
and public health perspectives. Exposures to site 
contaminants are discussed in tenns 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 quantitative, 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 
W P )  

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 (EF'A 1985) 
was published on November 20, 1985, and a 
significantly revised version (EPA 19%) was 
proposed December 21, 1988 in response to 
SARA. The proposed NCP is organized into the 
following subparts: 

0 Subpart A - Introduction 

Subpart B - Responsibility and 
Organization for Response 

0 Subpart C - Planning and Preparedness 

Subpart D - Operational Response 
Phases for Oil Removal 

Subpart E - Hazardous Substance 
Response 

Subpart F - State Involvement in 
Hazardous Substance Response 

Subpart G - Trustees for Natural 
Resou&s 

Subpart H - Participation by Other 
Persons 

Subpart I - Administrative Rewrd for 
Selection of Response Action 

0 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 notirkation 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 
(PNSI). The preliminary assessment involves 
collection and review of all available information 
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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 LSI is a more extensive investigation than the 
SI, and a main objective of the LSI is to collect 
sufficient data about a site to support Hazard 
Ranking System (I-IRS) scoring. One of the main 
objectives of the PAIS1 is to collect risk-related 
information for sites so that the site can be scored 
using the H R S  and priorities may be set for more 
detailed studies, such as the RUFS. 

Establishing priorities for remedial action. 
Sites are scored using the HRS, based on data 
from the PA/SULSI. 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 H R S  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. 

4 .  Remedial investigation/feasibility study 
(RUFS). As described in Section 1.1, the RUFS 
is the framework for determining appropriate 
remedial actions at Superfund sites. Although 

and therefore not restricted to sites on the NPL 
(see sections lOl(23) and 104@) of CERCLA), 
they most frequently are undertaken at NPL sites. 

I 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 descnied elsewhere, 

I R I B  activities technically are removal actions 
I 

are the guidance for developing risk information 
in the RUFS. 

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 RVFS 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 st i l l  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 RUFS 
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 p'ocess the various parts of the human health 
evaluation are conducted. 

2.13 REMEDIAL INVESTIGATION/ 
FEASIBILITY STUDY GUIDANCE 

EPA's interim final Guidance for Conducting 
Remedial Invesngarions and Feasibiiily Studies 
Under CERCLA (EPA 198&) provides a detailed 
structure for conducting field studies to support 
remedial decisions and for identifying, evaluating, 
and selecting remedial action alternatives under 
CERCLA This 1988 guidancedocumentisa 
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ROLE OF THE HUMAN HEALTH EVALUATION IN 
THE SUPERFUND REMEDIAL PROCESS 

Alternatives (FS 

The RIES can be undertaken prior to NPL tisting. 
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revision of two separate guidances for remedial 
investigations and for feasibility studies published 
in 1985. These guidances have been consolidated 
into a single document and revised to: 

0 reflect new emphasis and provisions of 
SARA; 

incorporate- aspects.of new or revised 
guidance related to RUFSs; 

incorporate management initiatives 
designed to streamline the RUFS 
process; and 

0 reflect experience gained from previous 
RUFS projects. 

The RUFS consists of the following general 
steps: 

0 project scoping (during the RI); 

0 site characterization (RI); 

establishment of remedial action 
objectives (FS); 

0 development and screening of 
alternatives (FS); and 

0 detailed analysis of alternatives (FS). 

Because Section 1.1 describes each of these steps, 
focusing on the role that risk information plays in 
the RUFS, a discussion of the steps is not 
repeated here. The RUFS guidance provides the 
context into which the human health evaluation 
fits and should be used in conjunction with this 
manual. 

2.1.4 ARARS GUIDANCE 

The interim final CERCLA Compliance with 
Other Laws Manual (EPA 1988d; EPA 1989a), or 
ARAFb guidance, was developed to assist in the 
selection of onsite remedial actions that meet the 
applicable or relevant and appropriate 
requirements (ARARs) of the Resource 
Conservation and Recovery Act (RCRA), Clean 
Water Act (CWA), Safe Drinking Water Act 
(SDWA), Clean Air Act (CAA), and other federal 
and state environmental laws, as required by 

CERCLA section 121. Part I of the manual 
discusses the overall procedures for identifying 
ARARs and provides guidance on the 
interpretation and analysis of RCRA requirements. 
Specifically: 

Chapter 1 defines "applicable" and 
"relevant and appropriate," provides 
matrices listing potential chemical- 
specific, location-specific, and action- 
specific requirements from RCRA, CwA, 
and SDWA, and provides general 
procedures for identifying and analyzing 
requirements; 

Chapter 2 discusses special issues of 
interpretation and analysis involving 
RCRA requirements, and provides 
guidance on when RCRA requirements 
will be ARARs for CERCLA remedial 
actions; 

Chapter 3 provides guidance for 
compliance with CWA substantive (for 
onsite and offsite actions) and 
administrative (for offkite actions) 
requirements for direct discharges, 
indirect discharges, and dredge and fill 
activities; 

Chapter 4 provides guidance for 
compliance with requirements of the 
SDWA that may be applicable or 
relevant and appropriate to CERCLA 
sites; and 

Chapter 5 provides guidance on 
consistency with policies for ground- 
water protection. 

The manual also contains a hypothetical scenario 
illustrating how ARARs are identified and used, 
and an appendix summarizing the provisions of 
RCRA, CWA, and SDWA. 

Part I1 of the ARARs guidance covers the 
Clean Air Act, other federal statutes, and state 
requirements. Specifically 

0 Chapter 1 provides an introduction to 
Part II of the guidance, and also includes 
extensive summary tables; 
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o 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; 

0 Chapter 5 discusses potential ARARS for 
sites contaminated with radioactive 
substances; 

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

Chapter 7 provides guidance on 
identifying and complying with state 
ARARS. 

2.1.5 SUPERFUND EXPOSURE 
ASSESSMEhT MANUAL 

The Superfund &posure Assessment Manual 
(EPA 1988e), which was developed by the 
Superfund program specifically as a companion 
document to the original Supe@nd 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: 

0 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 the 
Superfund Exposure Assessmenr Manual provides 
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 outlined 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 Supetfund Eposure Assessment Manual is 
structured in h e  segments: 

analysis of mntaminant releases from a 
subject site into environmental media; 

d u a t i o n  of the transport and 
environmental fate of the contaminants 
released; 

identification, enumeration, and 
characterization of potentially exposed 
populations; 

integrated exposure analysis; and 

uncertainty analysis. 

FNO recent publications from EPA's Office 
of Research and Development, the E;xposure 
Factors Handbook (EPA 1989b) and the Exposure 
Assessmetu Methods Handbook (EPA 1989c), 
provide useful information to supplement the 
SuperfndExposureAssessmenr Manual. AU 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 RVFS human health evaluation. 
It contrasts the objectives and methods and 
clarifies the relationships of these other studies 
with RUFS 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 responsible for a hazardous waste site, 
EPA must determine that an imminent and 
substantial endangerment to public health or the 



- 8 0 7 7  
Page 2-9 

i 
i 

t 

i 
! 

i 

I 

I 

i 

environment 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 Evaluarion 
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 Superfund site 
during the RIFS process fully satisfy the 
informational requirements of the endangerment 
assessment. These elements include the following: 

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

0 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; 

0 characterization of human health risks; 
and 

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

The human health and environmental 
evaluations that are part of the RUFs 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 fm Supetfund (Human 
Health Evaluation Manual and Environmental 
Evatuation Manual) is not required for 
endangerment assessment; therefore, the 
Endrmgennent Assesment Handbook will not be 
made final and should no longer be used. 

2.23 ATSDR HEALTB ASSESSMENTS 

CERCLAsection 104(i), as amended, requires 
the Agency for Toxic Substances and Disease 
Registry (ATSDR) to conduct health assessments 
for all sites listed or proposed to be listed on the 
NPL A health assessment includes a preliminaxy 
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 RUFS. 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: 

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); 

determine contaminants of concern 
associated with the site; 

identify and evaluate environmental 
pathways; 

identify and evaluate human exposure 
pathways; 

identify ' and evaluate public health 
implimtions based on available medical 
and toxicological information; and 

develop conclusioris concerning the 
health threat posed by the site and make 

I 
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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 heaith-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 quantitative, 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 A c n v ~  wuh the Supmfund 
Remedial Process (EPA 1987) provides information 
to EPA and ATSDR managers for use in 
coordinating human health evaluation activities. 
(Section 21, in its discussion of CERCLA, 
provides further information on the statutory basis 
of ATSDR health assessments.) 

2.23 ATSDR HEALTH STUDIES 

After conducting 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) a cluster 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 choose to follow up the results of a health 
assessment by establishing and maintaining 
national registries of persons exposed to hazardous 
substances and persons with serious diseases or 
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illness. A registry is a system for collecting and 
maintaining, in a structured record, information on 
specific persons from a defined population. The 
purpose of .a registry of persons exposed to 
hazardous substances is to facilitate development 
of new scientific knowledge through identification 
and subsequent follow-up of persons exposed to 
a defined substance at selected sites. 

Besides identifymg and tracking of exposed 
persons, a registry also is used to coordinate the 
clinical and research activities that involve the 
registrants. Registries seme an important role in 
assuring the uniformity and quality of the 
collected data and ensuring that data collection is 
not duplicative, thereby reducing the overail 
burden to exposed or potentially exposed persons. 
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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 the human health evaluation conducted 
during the RVFS. It presents the goals of the 
RUFS process as a whole and the human health 
evaluation in particular (Sections 3.1 and 3.2). It 
next discusses the way in which a site that is 
divided into operable units should be treated in 
the human health evaluation (Section 33). RUFS 
scoping is discussed in Section 3.4, and S d a n  3.5 
addresses the level of effort and detail necessary 
for a human health evaluation. 

3.1 GOAL OF THE RVFS 

The goal of the RUFS is to gather 
information sufficient to support an informed risk 
management decision regarding which remedy 
appears to be most appropriate for a given site. 
The RVFS provides the context for all site 
characterization activity, including the human 
health evaluation. To attain this goal efficiently, 
EPA must identify and characterize hazards in a 
way that will contribute directly to the selection 
of an appropriate remedy. Program experience 
has shown that Superfund sites are complex, and 
are characterized by heterogeneous wastes, meme 
variability in contamination levels, and a variety 
of environmental settings and potential exposure 
pathways. Consequently, complete characterization 
of a site during the RUFS, in the sense of 
eliminating uncertainty, is not feasible, cost- 
effective, or necessaxy for selection of appropriate 
remedies. This view has motivated the 
"streamlined approach" EPA is taking to help 
accomplish the goal of completing an RUFS in 18 
months at a cost of $750,000 per operable unit 

and $1.1 million per site. The streamlined 
approach recognizes that the elimination of all 
uncertainties is not possible or necessary and 
instead strives only for sufficient data to generally 
characterize a site and support remedy selection. 
The resulting remedies are flexible and incorporate 
specific contingencies to respond to new 
information discovered during remedial action and 
follow-up. 

3.2 GOAL OF THE RVFS €€UMAN 
HEALTH EVALUATION 

As part of the effort to streamline the 
process and reduce the cost and time required to 
conduct the RVFS, the Superfund human health 
evaluation needs to focus on providing 
information necessary to justify action at a site 
and to select the best remedy for the site. This 
should include characterizing the contaminants, 
the potential exposures, and the potentially 
exposed population sufficiently to determine what 
risks need to be reduced or eliminated and what 
exposures need to be prevented. It is important 
to recognize that information should be developed 
only to help EPA determine what actions are 
necessary to reduce risks, and not to fully 
characterize site risks or eliminate all uncertainty 
from the analysis. 

In a logical extension of this view, EPA has 
made a policy decision to use, wherever 
aDuroDriate, standardized assumptions, equations,' 
and values in the human health evaluation to 
achieve the goal of streamlined assessment. This 
approach has the added benefit of making human 
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health evaluation easier to review, easier to 
understand, and more consistent from site to site. 
Developing unique exposure assumptions or non- 
standard methods of risk assessment should not be 
necessary for most sites. Where justified by site- 
specrfic data or by changes in knowledge over 
time, however, non-standard methods and 
assumptions may be used. 

3 3  OPERAIBLEWS 

Current practice in designing remedies for 
Superfund sites often divides sites into operable 
units that address discrete aspects of the site (e.& 
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." RVFSS 
may be conducted for the entire site and operable 
units broken out during or afrer the feasibility 
study, or operable units may be treated 
individually from the start, with focused RVFSS 
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 RUFS, 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 RUFS must be 
mindful of other potential exposure pathways, and 
other actions that are being contemplated for the 
site to address other potential aposurs. Risk 
assessors should foresee that exposure pathways 
outside the scope of the focused RVFS may 
ultimately be combined with exposure pathways 
that are direaly addressed by the focused RUFS. 
Considering risks from all related operable units 
should prevent the unarpected 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. Risb assodated with residuals from the 
soil cleanup and the ground-water cleanup may 
need to be considered $s a cumulative total if 

there is the potential for exposure to both media 
at the same time. 

3.4 RyFS SCOPING 

PLanning the human health evaluation prior 
to beginning the detailed -is is an essential 
step in the p'ocess. The RPM must make up- 
front decisions about, for example, the scope of 
the baseline risk assessment, the appropriate level 
of detail and documentation, trade-off3 between 
depth and breadth in the analysis, and the staff 
and monetary resources to commit. 

Scoping is the initial planning phase of the 
RUFS 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 
undenaken 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 RUFS 
for a specific project or the site as t 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: 

0 identifying remedial action objectives; 

0 identifying potential treatment, resource 
recovery, and containment technologies 
that will satisfy these objeaives, and 

0 screening the technologies based on their 
effectiveness, implementability, and cost 

Remedial alternatives may be developed to address 
a mntaminated medium, a specific area of the 
site, or the entire site. Alternative remedial 
actions for s p e a f ~  media and site areas either can 
be carried through the FS process separately or 
combined into comprehensive altem&ves for the 
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entire site. The approach is flexible to allow 
alternatives to be considered in combination at 
various points in the process. The RVFS guidance 
discusses planning in greater detail. 

3.5 LEVEL OF EFFQRT/LEVEL OF 
DETAIL OF THE IPUMAN 
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 RF'M must 
consider include the following: 

0 number and identity of chemicals 
present; 

availability of ARARs and/or applicable 
toxicity data; 

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; 

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

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 descriied in this manual amly 
to all remedial sites. For 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). 'Ihis 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 
desmied in the manual do not apply to some 
sites. In addition, most of the components can 
wry 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. AU 
components 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 RVFs team, 
representatives of other agencies involved in the 
risk assessment or related studies (e&, 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 RUFS. Detailed guidance on 
planning related to collection and analysis of 
chemical data is given in Chapter 4 of this 
manual. 

7 7  

quality and q y t i t y  of available 
monitoring data. 
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ENDNOTE FOR CHAPTER 3 

1. All site monitoring dab must be subjected to appropriate quality asurancc/quality control programs. Ladr of acceptable data may 
limit by necessity the amount of data argilable for the human health cvalualion, and therefore may limit the scope of the evaluation. 
Acceptability is determined by whether data meet the appropriate data quality objectives (see W o n  4.12). 
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CHAPTER 4 

DATA COLLECTION 

This chapter discusses procedures for 
acquiring reliable chemical release and exposure 
data for quantitative human health risk assessment 
at hazardous waste sites.' The chapter is intended 
to be a limited discussion of important sampling 
considerations with respect to risk assessment; it 
is 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 QNQC measures 
' (Section 4.7); 

(7) evaluation of the need for Special 
Analytical Services (Section 4.S); 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 R E S ,  reasons and steps 
for identifymg risk assessment data needs early, 
use of the Data Qualify Objectives for Remedial 
Response Activities (EPA 1987a,b, hereafter 
referred to as the DQO guidance), and other data 
concerns. 

4.1.1 TYPES OF DATA 

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

contaminant identities; 

C = Quality &urance/Ona 
= Quality Assurantx PrOj 

RAS = Routine Analytical Semi 
RVFS = Remedial Investi 
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0 contaminant concentrations in the key 
sources and media of interesh2 

0 characteristics of sources, especially 
information related to release potentia 
and 

characteristics of the environmental 
setting that may affect the fate, transport, 
and persistence of the contaminants. 

Most of these data are obtained during the 
course of a remedial investigatiodfeasibility study 
(RVFS). Other sources of information, such as 
preliminary assessment/site inspection (PA/SI) 
reports, also may be available. 

4.1.2 DATA NEEDS AND THE RUFS 

The RUFS has four primary data collection 
components: 

(1) characterization of site conditions; 
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(2) determination of the nature of the 
wastes; , 

(3) risk assessment; an3 

(4) treatability testing. 

The site and waste characterization components of 
the RUFs 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 hte, 
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 RUFS 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 (QNQC) procedures for use in 
quantitative risk assessment. 

4.13 EARLY IDENTIFICATION OF DATA 
NEEDS 

Because the RUFS 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 
RUFS planning for a site. The earlier the 
requirements are identified, the better the chances 

are of developing an RVFS that meets the risk 
assessment data collection needs. 

One of the earliest stages of the RUFS at 
which risk assessment data needs can be addressed 
is the site scoping meeting. As discussed in the 
Guidance for Conducting Remedial Investigations 
and Feasibhy Studies Undm CERCLA (EPA 
1988a, hereafter referred to as RUFS 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 RUFs 
components (e.g., site and waste characterization) 
are addressed together. Scoping meeting attendees 
include the RPM, contractors conducting the 
RUFS (including the baseline risk assessment), 
onsite personnel (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 
RUFS and thereby help make maximum use of 
available resources and avoid duplication 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.g., 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 RVFS 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 

000051 



-- 8 0 7 7  
~ ~~ 

Page 4 4  

Laboratory Program (CLP) may be needed to 
achieve such lower quantitation limits. (See 
Section 4.8 for additional information concerning 
quantitation limits.) 

4.1.4 USE OF THE DATA QUALITY 
OBJECTIVES @QO) GUIDANCE 

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

ing to the DQO guidance @PA 1987a 

Use of this guidance will help ensure that all 
environmental data collected in support of RVFS 
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 camed 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 quantitative risk assessment; they 
can be discussed qualitatively in the risk 
assessment report, however, or may be the basis 
for further investigation. 

4.2 REYEW QF AVAILABLE SITE 
INFQRMATION 

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 @e., information existing at the 
start of the RVFS) should be reviewed in 
accordance with Stage 1 of the DQO process. 
Sources of available site information include: 

9 RUFs scoping information; 

0 PNSI data and Hazard Ranking System 
( H R S )  documentation; 

0 listing site inspection V I )  data 
(formally referred to as expanded site 
inspection, or ESI); 

0 photographs (e+, EPA’s Environmental 
Photographic Interpretation Center 
IEPICI); 

E 

i 

. 
0 records on removal actions taken at the 

site; and 

o information on amounts of hazardous 
substances disposed (e-g., from site 
records). 
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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 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 RUFS guidance (EPA 1988a). 

In most cases, site information available at 
the start of the RUFS 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 &ncenuations. 
Therefore, a preliminary site modeling strategy 
should be developed during RUFS 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 sitespecific parameters often needed to 
incorporate fate and vansport 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 
~ t u r a l l y  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: 

naturallv occurring levels, which are 
ambient concentrations of chemicals 
present in the environment that have not 
been influenced by humans (eg., 
aluminum, manganese); and 

anthrouopenic levels, which are 
concentrations of chemicals that are 
present in the environment due to 
human-made, non-site sources (eg., 
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 (eg., 

7 



EXHIBIT 4-1 

ELEMENTS OF A CONCEPTUAL EVALUATION MODEL 

VARIABLES 
HYPOTHESES TO 

BE TESTED 

I CONTAMINANTS I 
0 CONCENTRATIONS I SoURCES I OTIME 1 'LOCATIONS I 

- e SOURCE EXISTS 

SOURCE CAN BE CONTAINED 

0 SOURCE CAN BE REMOVED 
AND DISPOSED 

' SOURCE CAN BE TREATED 

PATHWAY EXISTS 
0 MEDIA 
0 RATES OF MIGRATION 

TIME 

e PATHWAY CAN BE 
INTERRUPTED 

e LOSS AND GAJN FUNCTIONS PATHWAY CAN BE 
ELIMINATED 

0 Pr'PES 
e SENSITIVITIES 

RECEPTORS 0 TIME 
CONCENTRATIONS 

0 NUMBERS 

RECEPTOR IS NOT 
IMPACTED BY MIGRATION 
OF CONTAMINANTS 

RECEPTOR CAN BE 
RE LOCATED 

e INSTITUTIONAL CONTROLS 
CAN BE APPLIED 

RECEPTOR CAN BE 
PROTECTED 

r 

1 

SOURCE: EPA 1987a 
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EXHIBIT 4-2 

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

A SITE SAMPLING INVESTIGATION 

me of Modeling Modeling Parameters' 

Source Characteristics Geometry, physicaVchemical conditions, emission rate, emission 
strength, geography 

Soil 

Ground-water 

Air 

Surface Water 

Sediment 

Biota 

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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agricultural areas); salt runoff from roads Curing 
periods of snow may contribute high ubiquitous 
levels of sodium. Polycyclic aromatic 
hydrocarbons (PAHs) and lead are other examples 
of anthropogenic, ubiquitous chemicals, although 
t!me chemicals also may be present at naturally 
occurring levels in the environment due to natural 
sources (e&, forest fires may be a source of 
PAHs-and lead is a natural component of soils in 
some areas). 

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.) 

4.4.2 BACKGROUND SAMPLXNG 
LOCATIONS 

Backgrouad 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. 

Identiwing background location requires 
knowing which direction is upgradientlupwindl 
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 anstant and 
concurrent monitoring of factors such as wind 
direction. 

4.43 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 s i te  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 

A statistical test of a hypothesis is a rule 
used for deciding whether or not a statement (ie., 
the null hypothesis) should be rejected in favor of 
a spec&d alternative statement (Le., 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 specified likelihood of 
error. In statistical hypothesis testing there are 
two types of error. The null hypothesis may be 
rejected when it is true (Le., a Type I error), or 
not rejected when it is false (i.e., a me I1 error). 
An example of a %e I 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 

OC?OO-56 , 
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are not. The corresponding %e I1 error would 
be to conclude that onsite contaminant 
concentrations are not higher than background 
concentrations when in fact they are. A 'Qpe I 
error could result in unnecessary remediation, 
while a ?Lpe I1 error could result in a failure to 
clean up a site when such an action is necessary. 

In customary notations, a (alpha) denotes the 
probability that a 'Qpe I error will &r, and ,9 
(beta) denotes the probability that a Type I1 error 
will occur. Most statistical comparisons refer to 
a, also known as the level of significance of the 
test. If a = 0.05, there is a 5 percent (Le., 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 are p and a 
concept called "power." The power of a statistical 
test has the value 1 - p 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 a (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 @e., fi 
= 0.15), enough background 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 I1 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 
background data. For example, air monitoring 
stations and ground-water wells are normally 
positioned based on onsite factors and gradient 
considerations. Bemuse 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 @e., the sampling results 
cannot be combined). Therefore, the information 
from each well or air monitor should be compared 
individually with background. 

Because there typically are many site-related, 
media-specific sampling location data to compare 
with background, there usually is a "multiple 
comparison problem" that must be addressed. In 
general, the probability of experiencing a Type I 
error in the entire set of statistical tests increases 
with the number of comparisons being made. If 
a = 0.05, there is a 1 in 20 chance of a Type I 
error in any single test. If 20 comparisons are 
being made, it therefore is likely that at least one 
Type I error will occur among all 20 tests. 
Statisn'cal Analysis of Ground-water Monitoring 
Data at RCRA Fadries (EPA 1989~) 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 cleanup 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 DEN"1- 
CATION OF POTENTIAL, 
HUMAN EXPOSURE 

A preliminary identification of potential 
human exposure provides much needed 
information for the S A P .  This activity involves 
the identification of (1) media of concern, (2) 
areas of concern (Le., eneral locations of the 

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) 

media to be sampled), P (3) types of chemicals 

4.5.1 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: 

0 any currently contaminated media to 
which individuals may be exposed or 
through which chemicals may be 
transported to potential receptors; and 

0 any currently unconminatedmedia that 
may become contaminated in the future 
due to contaminant transport. 

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

detailed evaluation of exposure pathways described 
in 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 RVFS as "operable units," and may include 
several media. Areas of concern also can be 
thought of as the locations of potentizliy 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: 

have different chemical types; 

have different anticipated concentrations 
or hot spots; 

are a release source of concern; 

differ h m  each other in terms of the 
anticipated spatial or temporal variability 
of contamination; 

must be sampled using different 
equipment and/or 

are more or less costly to sample. 

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 concern should not 
overlap and (2) all of the areas of concern 
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together should a m u n t  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 Cr"), 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 uansport. 
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 uanspon) 

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 specilic issues related to 
soil sampling are discussed below: the 
heterogeneous nature of soils, designation of hot 
spots, depth. of samples, and fate and vansport 
properties. 

Heterogeneous nature of soils. One 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 @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 chosm 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 
quantities of chemicals leaching to ground water 
and the time needed for chemicals.to leach to and 
within the ground water. 

4 5 3  GROUNDWATER 

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 (cg., sarpling 
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. 

I 

Hydrogeologic properties. The extent to 
which the hydrogeologic properties (e.g., hydraulic 
conductivity, porosity, bulk density, fraction 
organic carbon, productivity) of the aquifer@) 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(+ 

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 
water, because comparison of chemical 
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concentrations in unfiltered versus Ntered 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 (Le., 
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, uy 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. 

0 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.) 

Pumuine 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. 

0 

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

0 Well construction materials. Corrosion 
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 
should ultimately 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.g., filtered) 
should be provided in the sampling plan. 

45.4 SURFACE WATER AND SEDIMENT 

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 
waterbediment contamination. Some important 
considerations for surface water/sediment sampling 
that may affect the risk assessment for various 
'ypes and portions of water bodies @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 box below. 
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Latic waters. Lotic waters are fasi-movinq 
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.&, 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 
stratifed, 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 (Le., mud, sand, rock) should not be 
composited. Again, it is important to obtain data 
that will support the eyaluation of the potential 
exposure pathways of concern. For example, for 
pzthways such as incidental ingestion, sampling of 
near-shore sediments may be importanq however, 
for dennal 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 water will be 
assessed during the risk assessment, sediment 
should be sampled so that characteristics needed 
for modeling (e&, 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 in Procedures for 
Disperswn Modeling and Air Monitoring for 
Sup@nd Air Pathway Analysk (EPA 1989e). 
That document is Volume IV of a series of four 
technical guidance manuals called Procedures for 
Conducting Air Pathway Anatyses for Sup@nd 
Applications (EPA 1989e-h). me 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 IV. 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 steD 
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. Selection of a given level will 
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depend on technical considerations (e.g., detection 
limits) and available resources. The third steE on 
air monitoring is development of the air 
monitoring plan and includes determination of the 
type of air monitors, the number and location of 
monitow, the frequency and duration of 
monitoring, sampling and h l y s i s  produres,  and 
QNQC procedures. Step four details the day-to- 
day activities related to .conducting the air 
maintenance and calibration, and documentation 
of laboratory results and QNQC 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 siterelated 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 dif6culties 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 conenuations 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. 

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. 

45.6 BIOTA 

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, crawh),  fowl (e.g., pheasant, duck), and 
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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. 

~ 

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 skin off) are 
the most appropriate measures of exposure 
concentrations. Whole body measurements m y  
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 
Superfitnd. Environmental Evaluation Manual 
(EPA 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 &ncentrations wouid 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 a quantitative risk assessment; if inappropriate, 
even the strictest QA/QC procedures associated 
with the strategy will Cot 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 
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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 

-ically, 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 area 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 total 
variability in chemical concentrations is reduced 
substantially by subdividing the site into areas of 
concern, then the statistical performance should 

improve and result in a more accurate assessment 
of the site. 

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 
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 
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specified statistical performance. Some of the 
available guidance, such as the Ground-water 
Monitoring guidance (EPA lw), the RCRA 
Delisting guidance (EPA 1985d), and the Soils 
Cleanup Attainment guidance (EPA 19880, 
address these strategies in detail. 

Statistical performance (i.e., variability, 
pa we^, and certsinty). -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) dficulty in defining 
the distribution of the data (e&, 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 variabmty 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 4.43, power is 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 performancc quantity 
besides power that may need to be specified is 
the certainty of the calculations. One minus the 
certainty is the significance level (i.e., a), or false 
positive rate (see also Section 4.43). 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 be the upper 
confidence limit. This follows from the fact that 
in general, as certainty increases @e., a becomes 
smaller), the size of the confidence interval also 
increases. 

Practical considerations. Finally, questions 
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&, 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 
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 
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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 
(Le., 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 a random 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 
Also, geostatistical concentrations. 

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. TEe Soils Cleanup Attainment 
guidance (EPA 19884 discusses these calculations 
in further detail. 

4.63 D m . ' I Y P E S  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 
stratification due to depth or varying flow rates 
across a stream. 

4.6.4 CONSIDER TEMPORAL AND 
MEIXOROLOGICAL FACTORS 

Temporal (time) and meteorological 
(weather) factors also must be considered when 
determining sampling strategies. The sampling 
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design should amount for fluctuations in chemical 
concentrations due to these factors because in 
general, the variability in sampling resulrs 
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, annuaVseasonal 
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 variabiiity 
at the site. 

AnnuaUseasonal 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 waterhow water, (2) 
high rechargehow recharge, (3) windy/calm, a n d  
(4) high suspended solids/clear water. This fype 
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 

1 
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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 limits will be 
underestimated. 

Ideally, samples of various media should be 
collected in a manner that amounts 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. 

4.65 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.& 
hand-held organic vapor detectors) to more 
sophisticated (e.g., field gas chromatographs). 
(See Field Screening Mefhocls Cardog FPA 1987h] 
for more information.) 'Qpically, 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 
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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 RUFS 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/F’S sampling is not 
exhaustive site characterization, but rather to 
provide sufficient information to form the basis 
for site remediation. 

4.7 QNQC MEASURES 

This section presents an overview of the 
following quality assurance/quality control 
(QNQC) 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 QNQC 
eValUatiOnS. 

The Qua* Assurance Field Operalions 
Manual (EPA 1987g) 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 QNQC contacts (e.g., 
the regional Environmental Services Division) or 
EMSLLV should be consulted if more 
information concerning QNQC procedures for 
sampling is desired. 

4.7.1 SAMPLING PROTOSOL 

The sampling protocol for a risk assessment 
should include the following: 

0 objectives of the study; 

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

0 analytical suategies 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. There should be instructions on 
documenting conditions present during sampling 
(e.&, 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 @e., the individuaI 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 quantitation 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 (Le., the sampling materials cannot be 
reactive, sorptive, able to leach analytes, or cause 
interferences with the laboratory analysis). For 
example, if the wrong materiais 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. 

I 
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4.13 Q C S M B  

Field QC samples (e&, 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 mually 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+, 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. 

4.73 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 limirs may be needed)! and 
(2) chemicals other than those on the target 
compound list (TCL; Le., chemicals usually 
analyzed under the Superfund p ropm)  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 found in the User's 
Guide to the Contract Laboratov Program (EPA 
1988i). 

In reviewing the historical data at a site, the 
risk assessor should determine if non-TCL 
chemicals are expected. As indicated above, non- 
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 ii~ 
Chapter 5. 

4.9 TKLNG AN ACTIVE ROLE 
DURING WORKPIAN 
DEVELOPMENT ALND 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. 

4.9.1 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 
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are assigned based on the importance of the data 
in meeting RUFS objectives. One of the RUFs 
objectives, of course, is the baseline risk 
assessment. Therefore, the risk assessment data 
needs and their fit with those of other RUFS 
components are discussed. If certain risk 
assessment sampling needs are judged infeasible 
by the scoping meeting attendees, all persons 
involved with -site mvestigation should be made 
aware of the potential effects of exclusion on the 
risk assessment 

4.9.2 CONTRIBUTE TO WORKPIAN 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 S A P  speclfies 
the sampling strategies, the numbers, types, and 
locations of samples, and the level of quality 
control. The S A P  consists of a quality assurance 
project plan (QAPjP) and a field sampling plan 
(FSP). Elements of the workplan and the S A P  
are discussed in detail in Appendix B of the RUFS 
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 tash involved in conducting the risk 
assessment. It also should descriie 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: 

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

-- background concentrations by 
medium, 

- quantification of present and future 
exposures, e.g., 

exposure pathways 

present and potential future land 
use 

media that are or may be 
contaminated 

locations of actual and potential 
exposure 

present concentrations a t  
appropriate exposure points, 

- data needs for statistical analysis of 
the above, and 

- data needs for fate and transport 
models; 

0 sampleanalysishalidation,especiallywith 
respect to 

- chemicals of concern, and 
- analytical quantification levek 

0 data evaluation; and 

0 assessment of risks. 

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

Review the SAP. The risk assessor should 
carefully review and evaluate all sections of the 
S A P  to determine if data gaps identified in the 
workplan will be addressed adequately by the 

the presentation of the objectives. In the QAPjP 
component of the S A P ,  the risk assessor should 
pay particular attention to the QNQC procedures 
associated with sampling (cg., number of field 
blanks, number of duplicate 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 
mnsiderations in reviewing the S A P  are discussed 
in Section 4.13. 

Sampling program. Of particular importance is 
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In reviewing the FSP, pay panicular attention changes with the objectives of the SAP must be 
to the information on sample location and checked. (If risk zssessment objectives are not 
frequency, sampling equipment and procedures, specified in the original S A P ,  they will not be 
and sample handling and analysis. As discussed considered when changes to an SAP are 
in Section 45,  the sampling procedures should proposed.) 
address: 

each medium of concern; 

background concentrations; 

all potential exposure points within each 
medium, 

migration to potential exposure points, 
including data for models; 

potential exposures based on possible 
future land uses; 

sufficient data to satisfy concerns about 
distributions of sampling data 2nd 
statistics; and 

number and location of samples. 

The analytical plans in the kSP 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 SAP that 
potentidly may affect the data needs for risk 
assessment is neoessary. Prior to any changes in 
the SAP duriag actual sampling, compliance of the 

4.93 COplDUcT INTERIM IRGMGWS OF 
FIELD -CATION 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 fhe -merit of human health risks also may he suitable and nccgsary for an 
environmental evalua!ion of the si te Procedures for conduding an environmental evaluation of the hazardous waste site are outlined 
in the companion volume of this guidance, the Environmental Evaluation Manual (EPA 1989a), and are not discussed in this chapter. 

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

3. "Areas of Concern" within the context of thi guidance should k diflerentiated from the same taminology used by the Great Lakes 
envimnmental community. This latter use is defined by the International Joint Commission as an area found to be aacd ing  fhe Great 
Lakes Water Quality Agreanent objectives. 

4. New routine senrim that provide lower detection limits are currently under development. Contact the headquarters Analytical 
Operations Branch for funher information. 
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American society of Testing and Materials (ASIU). Undated. A Proaaed Guide for Sediment Collation. Storaze, Characterization, 
and Manipulation. Draft. Available frrnn G. Allen Bunon, Dcpt of Biological SaenQs, Wright State University, Dayton, Ohio 
4543s. 

Provides information concaning how to collst mntaminatcd scdimenq sediment spiking, dilution procedw,  
and QAMC Will probabty be in the annual AsrrvI manual 

Environmental Protection Agcncy (EPA). 1981. P r o a d w  for Handling and Ckmical Anatvsii of Sediment and Water Samples. 
Great Lakes Laboratory. 

Environmental Protection Agency (EPA). 1983. Technical Assistance Document for Sampling and Anahsis of Toxic Oreanic 
Comwunds in Ambient Air. Office of Research and Development. 

Provides guidance to pasons invohrcd in designing and implementing ambient air monitoxing programs for taxic 
organic compounds. Includes guidance on selecting sampling/analylical methods, sampling strattgy, QA 
procedures, and data format. Outliner policy issues. 

Environmental Proteaion Agency (EPA). 1984. Sediment Sampling Oualitv Assurance User's Guide. Environmental Monitoring 
S ~ p p ~ n  Laboratory. Las V g a ~ ,  NV. NTIS PB-85-233-542 

Overview of selected sediment models pmented as a foundation for stratification of study of regions and 
selection of locations for sampling sites, methods of sampling, sampling preparation and analysis. Discussion 
of rivers, lakes, and estuaries. 

Environmcntal Protection Agency (EPA). 198%. Practical Guide to Ground-water Sampling. Emironmental Research Laboratory. 
Ada, OK EPA 600/2-85/104. 

Contains information on laboratory and field testing of sampling materials and procedures. Emphasi i  
minimizing errors in sampling and analysii 

Environmental Proteaion Agency (EPA). 1985b. Methods Manual for Bottom Sediment Sample Collection. Great Lakes National 
Progrem Officc EPA 905/4-85/004. 

Provides guidance on s u m  planning, sample collcdion. document preparation, and quality assurance for 
sediment sampling s-. Sample site selection, quipmen~mn!ainas, collection field obsavation, presuvation, 
handling custody procedurrs 

Environmental Protection Agency (EPA). 1 9 8 5 ~  Cooucra tivc Amrrm ent on the Monitorina of Contaminants in Great Lakes Soon 
F s h  for Human Health Purrxxcs. Region V, Chicago, IL 

Disames sampling pr~tocols and sample composition used for spon fish (chinook salmon, coho salmon, lake 
 MU^, and rainbow trout), mgcimum composite samples (5 fish) and length mnga which would be applicable 
to hazardous waste sites mntaminating lakes or stream mcd for rsreational fshing. 

Environmental Protcdion Agcncy (EPA). 1985d Petitions 10 Mist Harardous Wastes Guidance Manual Office of Solid Waste. 
EPA/530/SW8510(n. 

Environmental Proteaion Agency (EPA). 1986a. Test Methods for Evaluatine Solid Waste (SW-84Q: Phvsical/Chemical Methods. 
Office of Solid Waste 

Provides analytical proadw to t a t  solid waste to detcrmint if it is a hazardous waste as defined under RCRA Contains 
information for collsting solid waste samples and for daamining reactivity, corroSiVity, ignitability, cornpasition of waste, 
and mobility of waste compounds 

Environmental Protation Agcncy (EPA). 1986b. Reld Manual for Grid Sampline of PCB Spill Sites to Verifv Cleanus. Office of 
T d c  Substanm EPA/S60/5861D17. 

Provides derailed, stepbydep guidance for using hexagonal grid sampling; includes sampling design, collection, 
QNQC and reponing. 

c 
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Resource Conselvation and Recoverv Act (RCRA) Ground-water Monitoring 
Technical Enforcement Guidance Document. Office of Waste Programs Enforcement 

0 

Environmental Prottction Agency (EPA). 1986c 

Contains a detailed presentation of the elements and procedures essential to the design and operation of ground- 
water monitoring systems that meet the goals of RCRA and its regulations. Includes appcndias on statistical 
analysis and some geophysical techniques. 

Environmental Protection Agency (EPA). 1987a. Data Qualitv Obiectives for Remedial Response Activities Development Proms. 
Office of Emergency and Remedial Response and Office of Waste Programs Enforcement. EPA/540/G-8711Kn. (OSWER 
Directiw 9335.0-7B). 

0 Identifies (1) the framework and process by which data quality objectives (DQOs; qualitative and quantitative 
statements that specify the quality of the data required to support Agency decisions during remedial response 
activities) are developed and (2) the individuals responsible for development of DQOs. Provides proadura 
for determining a quantifiable dcgree of certainty that can be used in making site-specific decisions. Provides 
a formal approach to integration of DQO development with sampling and ana@& plan development. Attempts 
to improve the overall quality and cost effectiveness of data collection and ana@& activities. 

Environmental Protection Agency (EPA). 198%. Data Qualitv Obicctives for Remedial Response Activities Example Scenario: RI/FS 
Activities at a Site with Contaminated Soils and Ground Water. Office of Emergency and Remedial Response and Office of 
Waste Programs Enforcement. EPA/540/G-87/004. 

0 Companion to EPA 1987a. Providg detailed e ~ m p l e s  of the procexi for development of data quality objectives 
(DQOs) for RWS aaivities under CERCLA. 

Environmental Protection Agency (EPA). 1 9 8 7 ~  A Compendium of Superfund Field Owrations Methods. Office of Emergency and 
Remedial Response. EPA/54O/P-87~1. (OSWER Directive 9355.0-14). 

Environmental Protection Agency (EPA). 1987d. Handbook Ground Water. Office of Research and Development. EPN625/6- 
871016. 

0 Resource document that brings together the available technicat information in a form cOnvenient for pasonnel 
involved in groundwater management. Also add- minimkition of uncertainties in order to makc reliable 
predictions about contamination response to corrective or preventative measures. 

Environmental Protection Agency (EPA). 1 9 8 7 ~  An Overview of Sediment Qualitv in the United States Office of Water Regulations 
and Standards. 

Goodprimer. Containsmaayreferences 

Environmental Protection Agency (EPA). 1987f. Expanded Site InsucUion fESn Transitional Guidance for FY 1988. Office of 
Emergency and Remedial Response (OSWER Directive 9345.1-.02). 

0 Provides reader with a consolidated ready rcfumce of general methodologies and aaivities for conducting 
inspection work on sites being imrcstigated for the NPL 

Environmental Protection Agency (EPA). 1987g. Qualitv Assurance Reld Owrations Manual. Office of Solid Waste and Emergency 
Response. 

0 Provides guidance for the selection and definition of field methods, sampling pmcedures, and custody 
raponsibilities 

Environmental Protection Agency (EPA). 1987h. Field Screm-ng Mahods Catalog. Office of Emergency and Randial Response. 

Provides a listing of methods to be used during field Scretning, and indudes method descriptions, their 
application to particular sites, their limitations and uses, instrumentation requirements, deteaion limits, and 
precision and accuracy information 

Environmental Protection Agency (EPA). 1988a. Guidance for Conductine Remedial Investinitions and Feasibilitv Studies Under 
CERCLA Interim F d  Office of Emagency and Remedial R a p c w .  (OSWER Dirraive 9355301). 

Provides the WT (e& EPA pasonnel, state agencies, potentially responsible parties (PRPs), federal fadlity 

process. Indudes general information mnarning scoping meclings, the development of maptua l  mod& at 
the aginning of a site h t i g a t i o o ,  sampling, and amlysk. 

~ r d i n a t o ~  and mtntctor~ misting in RI/FS-rrlatd activities) with ~n OYQall m d m t i d h g  of the RUFS 
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Eovironmenral Protection Agency (EPA). 1988b. Statistical Methods for Evaluating Ground Water from Hazardous Waste Facilities. 
Office of Solid Waste. 

Specifies 6vc different statistical mcthods that arc appropriate for pund-watcr monitoring. Outiino, sampling 
proadurcs and performance standards that are designed to help minimilr tbe ~ c c l l ~ ~ e n c e  of 
UCKTQIS. 

I and 

Envinmmcntal Protection Agency (EPA). 19- Surface Impoundment Clean aasurc Guidance Manual. Office of Solid Waste. 

Jbironmental Protcaion Agcncy (EPA). 19886 h e  Canal Emcrecncy Dedaration Area Habitabilit~ Stu& Re-uort. Prepared by 
CH2h4 Hill and Life Systems for EPA Region 11. 

Provides a formal comparison of samples with background as well as detail4 discussions concaning problems 
associated with sampling to evaluate data. 

Environmental Protection Agency (EPA). 1- Guidance on Remedial Actions for Contaminated Ground Water at Superfund Sites. 
interim F W  Office of Emergmq and Remedial Rgpons~. (OSWER Direaive 9283.1-2). 

Provides guidance to develop, evaluate, and select pund-water remedial actions at Superfund sites, focusing 
on policy issues and establishing deanup levels. Also includes discussion of data cotletion activities for 
characterization of contamination. 

Emrironmental Protection Agenq (EPA). 1988f. Statistical Methods for Evaluating the Attainment of Superfund Cleanup Standards. 
Volume I: Soils and Solid Media. Draft. Office of Policy, Planning, and Evaluation. 

Pmvides statistical procedures that can be used in conjunction with attainment objectives defined by EPA to 
determine, with the desired confidence, whether a site does indeed attain a cleanup standard. It also provides 
guidance on sampling of soils to obtain baseline information onsitc, monitor cleanup operations, and verify 
attainment of deanup objeaiVa. 

Environmental Proteaion Agency (EPA). 1988g. Pruuoscd Guidelines for EXDOSU rr-related Measurements. 53 Fedetal Register 48830 
(Deccmba 2,1988). 

Focusa on gcnaal principles of chemical mcasllrancnu in various physical and biological media Assists 
thosc who must recommend, w n d u ~ ,  or evaluate an aposurc assessment. 

Environmental Protection Agency (EPA). 1988h. Interim Reoort on Sa~~pliing Design Methodology. Emironmental Monitoring 
Support Labomtoy. Las Vegss, NV. EPA/600/X48/408. 

M d o  guidana concaning the statistical determination of the number of samples to be colltaed 

Envimnmental Protedion Agency (EPA). 1988i User's Guide to the Contract Laboratow Promam. Office of Emergency and 
Remedial Response 

Environmental Protedion Agency (EPA). 198% Risk Assessment Guidance for Suwrfund Environmental Evaluation Manual. 
Interim Fd. Offia of Emageacy and Remedial Response EPAIs40/1-89/OolA (OSWER Directive 9285.7-01). 

Emironmental Protection Agency (EPA). 1989b. Soil Sampline Qualitv Assurance Guide RcVicw Draft. Environmental Monitoring 
support Labolatoy. Las VgaJ, Nv. 

Replacer earlier edition: NTIS Pb-84-198-621. Includes DQOs, QAPP, information concerning the purpose 
of badrgrouad sampling, selection of numben of samples and sampling Sites, m o r  conml, sample design, 
sample documentation. 

Ewironmental Protection Agcnq (EPA). 1 9 8 9 ~  Statistical Analysii of Groundwater Monitorinrt Data at RCRA Facilities. Office 
of solid Waste. 

Ewironmental Protection Agency (EPA). 19896 Groundwater Sampling for Metals Analvss Office of Solid Waste and Emergency 
Raponsc. EF'A/540/4-89001. 
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Environmental Protection Agency (EPA). 1989e. Air Superfund National Technical Guidance Series. Volume lV Procedures for 
Dispersion Modeline and Air Monitorinpr for Superfund Air Pathway Anabis. Interim FmaL Ofice of Air Quality Planning and 
Standards. Research Triangle Park. NC EP#450/1-891004. 

This volume discusses procedures for dispersion modeling and air monitoring for superfund air pathway analyses. 
Contains recommendations for pmper selection and application of air dispenion models and procedures to 
develop, conduct, and evaluate the results of air concentration monitoring to characterize downwind ~[po5ure 
mnditions from Superfund air emission sources. 

Environmental Protection Agency (EPA). 19891. Air Superfund National Technical Guidance Series. Volume I: Application of Air 
Pathway Ana- for Superfund Activities. Interim Fml. Offia of Air Quality Planning and Standards. Raearch Triangle Park, 
N C  EP#450/1-89/001. 

Provides recommended procedures for the conduct of air patharay analyses (MAS) that meet the needs of the 
Superfund propm. The procedures arr intended for use by EPA ranedial project managen, enforcement 
project managers, and air experts as well as by EPA Superfund contractors. The emphasis of this volume is 
to prrni.de a rrcommended APA pmcedure &rive to the medial pbase of the Superfund proass. 

Environmental Protection Agency (EPA). 19891. Air Superfund National Technical Guidance Series. Volume II: Estimation of 
Baseline Air Emissions at Superfund Sites. Interim Final. Office of Air Quality Planning and Standards. Research Triangle Park, 
NC. EP#450/189XH)2 

This volume provides information conarning procedures for developing baseline emissions from landfills and 
lagoons. Describes baseline emissions from both undisturbed sites and sites where mediadisturbing activities 
are laking place. The pmceduzts described for landfills may be applied to solid hatardous waste, and those 
for lagoons may be applied to liquid hazardous waste 

Environmental Protection Agency (EPA). 1989h. Air Superfund National Technical Guidance Series. Volume III: Estimation of Air 
Emissions from Cleanup Activities at Superfund Sites. Interim Fd. Office of Air Quality Planning and Standards. Research 
Triangle Park, NC. EPA/450/1439/003. 

This volume provides technical guidance for estimating air anisions from remedial activities at NPL sites that 
may impact local air quality for both onsite workers at a site and the surrounding community while the remedial 
activities are Occuning. Discusses methods to charaaerize air quality impacts during soil removal, incineration, 
and air stripping. 

Environmental Protection Agency (EPA). 198%. Guidance Manual for Assessinl! Human Health Risks from Chernicallv Contaminated 
Fsh  and Shellfish. OfGce of Marine and Estuarine Protection. EpA/503/849/00L 

Study designed to measure concentxations of toxic substances in edible tissues of h h  and shellfish. 

Environmental Protection Agency (EPA) and Army Corps of Engineers (COE). 1981. Procedures for Handling and Chemical Anahsis 
of Sediment and Water Samples. Technical Committee on Dredged and Fffl MateriaL Technical Repon EPA/DE-81-1. 

Food and Drug Administration (FDA). 1977. Pesticide AnaMicaI Manual. Volume I. 

Provides a skin-on Ellet (whole fish sampling) pmtoa~l used in USEPA monitoring of sportfish in the Great 
Lakes. Also indudes information on mmpasiting. 

Food and Drug Administration (FDA). 1986. Pesticides and Indmtrial Chemicals in Domestic Foods. 

Provides guidance for sampling designs for fishuy produas from the market. 

Freeman, H.M. 1989. Standard Handbook of Hazardous Waste Treatment and Dis-I. McGraw-Hill. New York. 

Provides detailed information concerning sampling and monitoring of hazardous wastes at remedial action sites 
(Chapters 12 and 13). 

Gilbert, R.O. 1987. Statistical Methods for Eovironmental Pollution Monitoring. Van Nosuand Reinhold. New Yo& 

Provides statistical analysis information by providing sampling plans, statistical tests, parameter estimation 
proadure techniques, and referenas to pertinent publications. The statistical techniques discusred are relatively 
simple, and examples, acrcise, and case studis are provided to illustrate procedures. 
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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: 

! 

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

(2) evaluate the analytical methods used 
(Section 5.2); 

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

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

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

(6) evaluate tentatively identifiedcompounds 
(Section 5.6); 

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

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

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

Prior to conduaine any of these steps, the 
EPA remedial project manager fRPM) should be 
consulted to determine if certain stem should be 
modified, added, or deleted as a result of site- 
specific conditions. Also, some of the steps may 
be conducted outside the context of the risk 
assessment (e.g., for the feasibility study). The 
rationale for evaluating 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 

5 - \  000079 
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of chemicals that are likely to be siterelated and 
(2) reported concentrations that are of acceptable 
quality for use in the quantitative risk assessment. 
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 COMl3INING 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 QAJQC 
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 signifibntly 
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 
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5.2 EVALUATION OF ANALYTICAL results are appropriate for use in quantitative risk 
assessment. Often, this determination has been 
made already by regional and contractor staff. 

METHODS 

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

An overview of EPA analytical methods is 
provided in the box below. Exhiiit 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., 
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EXHIBIT 5-3 

EXAMPLES OF THE TYPES OF DATA POTENTIALLY UNSUITABLE 
FOR A QUANTITA"M3 RISK ASSESSMENT 

' I  

Analytical Instrument 
or Method Purpose of Analysis Analytical Result 

KNu Organic Vapor Detector Health and Safety, 
Field Screen 

Organic Vapor Analyzer Health and Safety, 
Field Screen 

Combustible Gas Indicator Health and Safety 

Total Organic Vapor 

Total Organic Vapor 

Combustible Vapors, 
Oxygen-deficien t 
Atmosphere 

Field Gas Chromatographf Field Screedhalytical 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 a quantitative risk assessment; however, a confirming analysis by GCMS should be performed on 
a subset of the samples in a laboratory p r  ror to use. 

I. 

! 
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Analytical results that are not specific for a 
particular compound (e&, total organic carbon 
[TOC], total organic halogens ("03) or results 
of insensitive analytical methods (e&, 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 
quantitative risk assessment; therefore, the risk 
assessor may not want to include them in the 
summary of chemicals of potential concern for the 
quantitative risk assessment. In addition, the 
results of analytical methods associated with 
unknown, few, or no QNQC 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 methods (e&, 
SW-846 Methods FPA 19861, EPA 600 Methods 
PPA 19841, CLP Statements of Work [EPA 
1988b,c]), with QNQC procedures that are well- 
documented and traceable. The data resulting 
from analvses conducted under the CLP. which 

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 fkom 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 

generally domprise the majority of results available 
from a Superfund site investigation, fall into this 
category. 

(2) a particular SQL may be significantly 
higher than positively detected values in 
other samples in a data set. 

Although the CLP was developed to ensure 
that consistent QNQC 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 
quantitative risk assessment. Neither the CLP nor 
QNQC procedures associated with other methods 
make judgments concerning the ultimate "usability" 
of the data Do not accept at face value all 
remaining analvtical results, whether from the CLP 
or from some other set of analytical 

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 S Q L  are not 
available. The final subsection addresses the 
specific steps involved with elimination of 
chemicals from the quantitative risk assessment 
based on their QL. 

53.1 SAMPLE QUANTITATION LIMITS 
(SQLS) THAT ARE GREATER THAN 
REFERENCE CONCENTRATIONS 

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. As discussed in Chapter 4, QLs needed for 

the site investigation should be specified in the 
sampling plan.- For some chemicals, however, 
SQLs obtained under RAS or SAS may exceed 
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certain reference concentrations (e.& maximum 
contaminant levels [MCLs), concentrations 
corresponding to a IO6 cancer risk). The box on 
the next page illustrates this problem. For cemin 
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 person.' Estimation of 
cancer risks for several other chemicals (e.g., 
arsenic, styrene) at their CRQLs yields cancer 
risks exceeding 10-4, based on the same water 
ingestion factors. Most potential carcinogens with 
EPA-derived slope factors have CRQLs that yield 
cancer risk levels exceeding 1U6 in water, and 
none of the carcinogens with EPAderived slope 
factors have CRQL values yielding less than IC7 
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 site to 
szmple collection may allow the 
spwication of lower QLs (i.e., using 
SAS) before an investigation 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 CRQL 
values for several chemicals on the TCL 
and TAL, and to develop an analytical 
service for chemicals with special 
standards (e.g., MCLs). 

FS AND DEFINLTiONS OF DETECTION LIMIT 1 
Stnctly interpreted, the detccti (DL) IS the lmt amount of a chemical [ha! e the n I 

I 

I 

I 

I 

f 
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(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 inforriation 
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 (Le., 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 this option is inclusion 
of chemicals positively detected at levels above 

7 7  
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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 BIGH 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 

exceed health-based standards or criteria, they may 
still present problems. If the SQLs cannot be 
reduced by reanalyzing the sample (e.g., through 
the use of SAS or sample cleaning procedures to 
remove matrix interferences), exclude the samples 
from the quantitative risk assessment if they cause 
the calculated exposure concentration &e., the 
concentration calculated according to guidance in 
Chapter 6) to exceed the maximum detected con- 
centration for a.particular sample s e t  The box 
on this page presents an example of how to 
address a situation with unusually high QLs. 

533 WHEN ONLY SOME SAMPLES IN A 
MEDIUM TEST POSITIVE FOR A 
CHEMICAL 

Most analytes at a site are not positively 
detected in sample 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 
nondetected results usually are reported as SQLs. 
These h i t s  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 below the 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 nondetected 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 
concenmtion 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 nondetected results from the 
risk assessment. 
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5.3.4 WHEN SQLs ARE NOT AVAILABLE 

! 

A fourth situation concerning QLs may 
sometimes he 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 
detection quantitation limits may be provided 
with the data. As a first steu in these situations, 
alwavs attempt to obtain the SQLs, because these 
are the most appropriate limits to consider when 
evaluating non-detected chemicals (Le., 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 nondetected 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. 

53.5 WHEN CHEMICAIS ARE NOT 
DEXECI1ED 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 
(Le., 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 chemical or the reported 
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 
QNQC 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 assessment. Qualifiers used by 
the laboratory may differ from those used by data 
validation personnel in either identity or meaning. 

5.4.1 TYPES OF QUALIFERS 

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 W b i t  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 lhey 
appear contradictory, ignore the laboratory 
quaiifier 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 
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CLP MORATORY DATA QUALIFIERS AND THEIR P0TElV"WL USE 
IN QUANTITATIVE RISK ASSESSMENT 

Qualifier Definition 

hdicates: 
Uncertain Uncertain. Include Data in Quantitative 

Identity? Concentration? Risk Assessment? 

c 

Inoreanic Chemical Data? 

B 

U 

E 

M 

N 

S 

W 

' +  

Reported value is 
cCRDL, 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). 

Postdigestion spike for furnace 
AA analysis is out of control 
limits, while sample absorbance 
is ~ 5 0 %  of spike absorbance. 

Duplicate analysis was not 
within control limits 

Correlation coefficient for 
MSAwas cQ.995. 

Oreanic Chemical Data!' 

U Compound was analyxd for, 
but not detected, 

No 

YeS 

No 

No 

No 

No 

No 

No 

No 

YeS 

? 

YeS 

YeS 

YeS 

YeS 

No 

YeS 

YeS 

YeS 

YeS 

? 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

? 

I 

(continued) 
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EXHIBIT 5-4 (continued) 

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

Qualifier Definition 

Indicates: 
Uncertain Uncertain Include Data in Quantitative 

Identity? Concentration? Risk Assessment? 

J 

C 

I3 

E 

D 

A 

X 

Value is estimated, 
either for a tentatively 
identified compound (TIC) 
or when a compound is present 
(spectral identification 
criteria are met, but the 
value is cCRQL). 

Pesticide results were 
confirmed by GUIviS. 

Analyte found in associated 
blank as well as in sample: 

Concentration exceeds 
calibration range of 
GCNS instrument. 

Compound identified in an 
analysis at a secondary 
dilution factor. 

The TIC is a suspected aldol- 
condensation product. 

Additional flags defined 
separately. 

No, for 
TCL chem- 
icals, 

Yes, for 
TICS 

No 

No 

No 

No 

YeS 

- 

Yes 

No 

YeS 

YeS 

No 

Yes 

-- 

? 

YeS 

Yes 

YeS 

Yes 

No 

- 

-- - - Data will vaq with laboratory conducting analyses. 

' Source: EPA 1988b. 

Source: EPA 198& 

See Section 5.5 for guidance concerning blank contamination. 
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EXHIBIT 5-5 

VALADATION DATA QUALIFIERS AND TMEIW 
POTENTIAL USE IN QUANTITATIVE RISK ASSESSMENT 

Qualifier Definition 

Indicates: 
Uncenain Uncertain Include Data in Quantitative 

Identity? Concentration? Risk Assessment? 

Inorganic and Orpanic Chemical Data? 

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

YeS ? 

J The associated numerical 
value is an estimated quantity. 

R Quality control indicates that 
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 
presence of material (tentative 
identification)! 

No 

YeS 

YeS 

No 

? 

-- = Not applicable 

a Source: EPA 1988d,e. 

Organic chemical data only. 

c 

. 

. 
i 
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evaluate the laboratory qualifier itself. If it is 
unclear whether the data have been validated, 
contact the appropriate data validation and/or 
laboratory personnel. 

The type of qualifier and other site-specific 
factors determine how qualified data are to be 
used in a risk 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 a risk 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 qualifiers that 
indicate uncertainties in concentrations but not in 
identification. 

Examples showing the use of certain qualified 
data are 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 here is to 
use Jqualified concentrations the same way as 

positive data that do not have this qualifier. If 
possible, note potential uncertainties associated 
with the qualifier, so that if data qualified with a 
J contribute significantly to the risk, then 
appropriate caveats can be attached. 

An illustration of the use of Rqualified 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 data may 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 assessmenc 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 
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noi by the validator), then use the R-qualified 
data in a manner similar to the use of J-qualified 
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 

5.4.2 USING "FIE APPROPRIATE 
QUALIFIERS 

The information presented in Exhibits 5 4  
and 5-5 is based on the most recent €PA 
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 @PA 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 a to 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 mess about 
the definition of qualifiers. 

5.5 COMF'ARISON 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 laboratoiy 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 
concentratiors 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 only if the 
concentrations in the sample exceed ten times the 
maximum amount detected in any blank. If 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, in 
accordance with EPA guidance, consider the 
blank-related concentrations of the chemical to be 

. 
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the quantitation limit for the chemical in that 
sample. Note that if samples 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. 

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 g g  considered 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 chemicaI in the site sample 
exceeds five times the maximum amount detected 
in anv blank. Treat samples containing less than 
five times the amount in any blank as non-detects 
and, in accordance with EPA guidance, consider 

the blank-related chemical concentration to be the 
quantitation limit for the chemical in that sample. 
Again, note that if@ samples 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 
TENTATNELY IDENTIFIED 
c0MPoms 
Both the identity and reported concentration 

of a tentatively identified compound (TIC) is 
questionable (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. 

7 

000095 



- 4 0-7 
Page 5-18 

When only a few TICS are present cornpared 
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 woncentration 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 

risk assessment, and document reasons for 
excluding TICS in the risk assessment report. 

5.6.2 WEEN MANY TICS ARE PRESENT 

If many TICS are present relative to the TAL 
and TCL compounds identified, or if TIC 
concentrations appear high or site infomztion 
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 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 COMPAFUSON OF SAMPLES 
WFIlI 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 background 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 
sumeys, United States Geological Survey [VSGS] 
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reports). As discussed in Chapter 4, background 
concentrations should be from the site or the 
vicinity of the site. 

5.7.1 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 MEI'FfODS 

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 4.43. 
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. 

5.73 COMPARE CHEMICAL 
CONCENTRATIONS WITE 
NATURALLY OCCURRING LEVEU 

As defined previously, naturally occumng 
levels are levels of chemicals that are present 
under ambient conditions and that have not been 
increased by anthropogenic sources. If inorganic 
chemicals are present at the site at naturally 
occurring levels, they may be eliminated from the 
quantitative 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 n a t u d y  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 me 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. 

5.7.4 COMPARE CHEMICAL 
CONCENTRATIONS WITH 
ANTHROPOGENIC LEVELS 

Anthropogenic levels are ambient 
concentrations resulting from human (non-site) 
sources. Localized anthropogenic 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 
from the risk assessment could result in the loss 
of important information for those potentially 
exposed. 
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5.8 DEVELOPMENT OF A SET OF 
CHEMICAL DATA AND 
&TORMATION 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 
@) Chemicals with qualifiers attached 
that indicate known identities but 
unknown concentrations (e.g., J-qualified 
data); 

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

(3) detected at levels significantly elevated 
above naturally occumng 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 SA$ and/or 

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

Chemicals that were not detected in samples 
from a given medium (i.e., nondetects) 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 FURTPHIER REDUCTION IN 
"'HE NUIMBER OF 
CHEI\.lfICALS (OrnONAL) 

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 
quantitative 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 pro-dures 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 ACIlVITlES 

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 (ARARS); 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 
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a particular 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. 

i 

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 jus- 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. 

I 

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 

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 underlying a 

I chemical's designation as a potential human 

I example, before eliminating potentiaIly 

I carcinogen.) 

Mobility, persistence, and bioacaunulation. 
Three factors that must be considered when 
implementing these procedures are the mobility, 
persistence, and bioaccumulation of the chemicals. 
For example, a highly volatile @e., mobile) 
chemical such as benzene, a long-lived @e., 
persistent) chemical such as dioxin, or a readily 
taken-up and concentrated (Le., bioaccumulated) 
chemical such as DDT, probably should remain in 
the risk assessment. These procedures do not 
explicitly include a mobility, persistence, or 
bioaccumulation 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 &I 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 (Le., 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 structureactivity relationships 
or other similarities) for consideration in later 
sections of the risk assessment. For example, the 
concentrations of only one group of chemicals 
(e&, carcinogenic PAHs) would be considered 
rather than concentrations of each of the seven 
carcinogenic PAHS 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 (Le., 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 not group 
solely by toxicity characteristics; (2) do not group 
- all carcinogenic chemicals or noncarcinogenic 
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 areas. Because 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 
arbitrarily setting 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 (Le., one detect in 20 samples equals 
a five percent frequency of detection). 

In addition to available monitoring data and 
modeling results, the risk assessor will need to 
consider other relevant factors (e.g., presence of 
sensitive subpopulations) in recommending 
appropriate site-specific limits on inclusion of 
infrequently detected chemicals in the quantitative 
risk assessment. For example, the risk assessor 
should consider whether the chemical is expected 
to be present based on historical data or any 
other relevant information (e&, known 
degradation products of chemicals present at the 
site, modeling results). Chemicals expected to be 
present should not be eliminated. (See the 
example of chemicals with similar transport and 
fate characteristics in Section 53.5.) 

The reported or modeled concentrations and 
locations of chemicals should be examined to 
check for hotspots, which may be especially 
important for short-term exposures and which 
therefore should not be eliminated from the risk 
assessment. Always consider detection of 
particular chemicals in all sampled media because 
some media may be sources of contamination for 
other media For example, a chemical that is 
infrequently detected in soil (a potential ground- 
water contamination source) probably should not 
be eliminated as a site contaminant if the same 
chemical is frequently detected in ground water. 
In addition, infrequently detected chemicals with 
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concentrations that greatly exceed reference 
concentrations should not be eliminated. 

5.9.4 EVALUATE ESSENTIAL NUTRIENTS 

Chemicals that are (1) essential human 
nutrients, (2) present at low concentrations (i.e., 
only slightly elevated above naturally occurring 
levels), and (3) toxic only at very high doses (Le, 
much higher than those that could be associated 
with contact at the site) need not be considered 
further in the quantitative risk assessment. 
Examples of such chemicals are iron, magnesium, 
calcium, potassium, and sodium. 

Prior to eliminating such chemicals from the 
risk assessment, they must be shown to be present 
at levels that are not associated with adverse 
health effects. The determination of acceptable 
dietary levels for essential nutrients, however, 
often is very difficult. Literature values 
concerning acceptable dietary levels may conflict 
and may change fairly often as new studies are 
conducted. For example, arsenic - a potential 
carcinogen -- is considered by some scientists to 
be an essential nutrient based on animal 
experiments; however, acceptable dietary levels are 
not well known (EPA 1988f). Therefore, arsenic 
should be retained in the risk assessment, even 
though it may be an essential nutrient at 
undefined dietary levels. Another example of a 
nutrient that is difficult to characterize is sodium. 
Although an essential element in the diet, certain 
levels of sodium may be associated with blood 
pressure effects in some sensitive individuals 
(although data indicating an association between 
sodium in drinking water and hypertension are 
inadequate [EPA 1987). 

Another problem with determining acceptable 
dietary levels for essential nutrients is that 
nutrient levels often are presented in the literature 
as concentrations within the human body (cg., 
blood levels). To identify an essential nutrient 
concentration to be used for comparison with 
concentrations in a particular medium at a site, 
blood (or other tissue) levels of the chemical from 
the literature mast be converted to conmntrations 
in the media of concern for the site (e.g., soil, 
drinkjng water). 

For these reasons, it may not be possible to 
compare essential nutrient concentrations with site 
concentrations in order to eliminate essential 
nutrient chemicals. In general, only essential 
nutrients present at low concentrations (i.e., only 
slightly elevated above background) should be 
eliminated to heIp ensure that chemicaIs present 
at potentially toxic concentrations are evaluated in 
the quantitative risk assessment. 

5 9 5  USE A'CONCENTRATION-TOXICXTY 
SCREEN 

The objective of this screening procedure is 
to identify the chemicals in a particular medium 
that - based on concentration and toxicity - are 
most likely to contribute significantly to risks 
calculated for exposure scenarios involving that 
medium, so that the risk assessment is focused on 
the "most sigdicant" chemicals. 

Calculate individual chemid scores. Two 
of the most important factors when determining 
the potential effect of including a chemical in the 
risk assessment are its measured concentrations at 
the site and its toxicity. Therefore, in this 
screening procedure, each chemical in a medium 
is first scored according to its concentration and 
toxicity to obtain a risk factor (see the box below). 
Separate scores are calculated for each medium 
being evaluated. 
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The units for the risk factor R j j  depend on 
the medium being screened. In general, the 
absolute units do not matter, as long as units 
among chemicals in a medium are the same. The 
concentration used in the above equation should 
be the maximum detected concentration, and 
toxicity values should be obtained in accordance 
with the procedures discussed in Chapter 7. 

Chemicals without toxicity values cannot be 
screened using this procedure. Such chemicals 
should always be discussed in the risk assessment 
as chemicals of potential concern; they should not 
be eliminated from the risk assessment. Guidance 
concerning chemicals without toxicity values is 
provided in Chapter 7. 

For some chemicals, both oral and inhalation 
toxicity values are available. In these cases, the 
more conservative toxicity values (i.e., ones 
yielding the larger risk factor when' used in the 
above equation) usually should be used. If only 
one exposure route is likely for the medium being 
mluated, then the toxicity values corresponding 
to that exposure route should be used. 

Calculate total chemical scores (per medium). 
Chemical-specific risk factors are summed to 
obtain the total risk factor for all chemicals of 
potential concern in a medium (see the box on 
this page). A separate Rj will be calculated for 
carcinogenic and noncarcinogenic effects. The 
ratio of the risk factor for each chemical to the 
total risk hctor (Le., &j/Rj) aporoximates the 
relative risk for each chemical in medium j. 

Eliminate chemicals. After carefully 
considering the factors discussed previously in this 
subsection, eliminate from the risk assessment 
chemicals with Rg/Rl ratios that are very low 
compared with the rauos of other chemicals in the 
medium. The RPM may wish to specify a limit 
for this ratio (e.g., 0.01; a lower fraction would be 
needed if site risks are expected to be high). A 
chemical that contributes less than the s~ecified 
fraction of the total risk factor for each medium 
would not be considered further in the risk 
assessment for that medium. Chemicals srceeding 
the limit would be considered likely to contribute 
significantly to risks, as calculated in subsequent 

stages of the risk assessment. This screening 
procedure could greatly reduce the number of 
chemicals camed through a risk assessment, 
because in many cases only a few chemicals 
contribute significantly to the total risk for a 
particular medium. 

The risk factors develod  in this screening 
procedure are to be used onlv for potential 
reduction of the number of chemicals camed 
throuah the risk assessment and have no meaning 
outside of the context of the screening procedure. 
They should not be considered as a quantitative 
measure of a chemical's toxicity or risk or as a 
substitute for the risk assessment procedures 
discussed in Chapters 67, and 8 of this guidance. 

5.10 SUMMARY AND 
PRESENTATION OF DATA 

The section of the risk assessment report 
summarizing the results of the data collection and 
evaluation should be titled "Identification of 
Chemicals of Potential Concern" (see Chapter 9). 
Information in this section should be presented in 
ways that readily support the calculation of 
exposure concentrations in the exposure 
assessment portion of the risk assessment. 
Exhibits 5-6 and 5-7 present examples of tables to 
be included in this section of the risk assessment 
report. 
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EXHIBIT 5-6 

EXAMPLE OF TABLE FORMAT FOR PRESENTING 
CHEMICALS SAMPLED IN SPECIFIC MEDIA 

Table X 
Chemicals Sampled in Medium Y 

(and in Operable Unit 2, if appropriate) 
Name of Site, Location of Site 

i 

I 

Range Range 
of Sample of Detected 

Frequency of Quantitation Concentrations Background 
Chemical Detectiona Limits (units) (units) Levels 

I 

I 
Chemical A 

* Chemical B 
3/25 

25/25 
5 - 50 
1 - 32 

320 - 4600 100 - 140 
16 - 72 - 

-- = Not available. 

Identified as a chemical of potential concern based on evaluation of data according to procedures 
described in text of report. 

Number of samples in which the chemical was positively detected over the number of samples 
available. 
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EXAMPLE OF TABLE FQRlblA'k FOR S-G 
CHEMICALS OF P Q I E ~  CONCERN IN 

ALL MEDIA SAMPLED 

Table W 
Summary of Chemicals of 

Potential Concern at Site X, Location Y 
(and in Operable Unit 2, if appropriate) 

Chemical 

Concentration 

Chemical A 5 - 1,100 - 2 - 30 - - 
Chemical B 05 - 64. 5 - 9 2  - 100 - 45,000 - 
Chemical C - 15 - 890 50 - 11,oOo - - 
Chemical D 2 - 12 - - I 0.1 - 940 

- = Not available. 

, 
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5.10.1 SUMMARIZE DATA COLLECTION 
AND EVALUATION RESULTS IN TEXT 

In the introduction for this section of the risk 
assessment report, clearly discuss in bullet form 
the steps involved in data evaluation. If the 
optional screening procedure described in Section 
5.9 was used in determining chemicals of potential 
concern, these steps should be included in the 
introduction. If both historical data and current 
data were used in the data evaluation, state this 
in the introduction. Any special site-specific 
considerations in collecting and evaluating the 
data should be mentioned. General uncertainties 
concerning the quality associated with either the 
collection or the analysis of samples should be 
discussed so that the potential effects of these 
uncertainties on later sections of the risk 
assessment can be determined. 

In the next part of the report, discuss the 
samples from each medium selected for use in 
quantitative risk assessment. Provide information 
concerning the sample collection methods used 
(e.g., grab, composite) as well as the number and 
location of samples. If this information is 
provided in the RI report, simply refer to the 
appropriate sections. If any samples (e&, field 
screening/analytical samples) were excluded 
specifically from the quantitative risk assessment 
prior to evaluating the data, document this along 
with reasons for the exclusion. Again, remember 
that such samples, while not used in the 
quantitative risk assessment, may be useful for 
qualitative discussions and therefore should not be 
entirely excluded from the risk assessment. 

Discuss the data evaluation either by medium, 
by medium within each operable unit (if the site 
is sufficiently large to be divided into specific 
operable units), or by discrete areas within each 
medium in an operable unit. For each medium, 
if several source areas with different types and 
concentrations of chemicals exist, then the 
medium-specific discussion for each source area 
may be separate. Begin the discussion with those 
media (e.g., wastes, soils) that are potential 
sources of contamination for other media (e&, 
ground water, surface water/sediments). If no 
samples or data were available for a particular 
medium, discuss this in the text For soils data, 
discuss surface soil results separately from those 
of subsurface soils. Present ground-water results 

by aquifer if more than one aquifer was sampled. 
Discuss surface water/sediment results by the 
specific surface water body sampled. 

For each medium, identify in the report the 
chemicals for which samples were analyzed, and 
list the analytes that were detected in at least one 
sample. If any detected chemicals were eliminated 
from the quantitative risk assessment based on 
evaluation of data (i.e., based on evaluation of 
data quality, background comparisons, and the 
optional screening procedures, if used), provide 
reasons for the elimination in the text (e.g., 
chemical was detected in blanks at similar 
concentrations to those detected in samples or 
chemical was infrequently detected). 

The final subsection of the text is a 
discussion of general trends in the data results. 
For example, the text may mention (1) whether 
concentrations of chemicals of potential concern 
in most media were close to the detection limits 
or (2) trends concerning chemicals detected in 
more than one medium or in more than one 
operable unit at the site. In addition, the location 
of hot spots should be discussed, as well as any 
noticeable trends apparent from sampling results 
at different times. 

5.10.2 SUMMARIZE DATA COLLECTION 
AND EVALUATION RESULTS IN 
TABLES AND GRAPHICS 

As shown in Exhibit 5-6, a separate table that 
includes all chemicals detected in a medium can 
be provided for each medium sampled at a 
hazardous waste site or for each medium within 
an operable unit at a site. Chemicals that have 
been determined to be of potential concern based 
on the data evaluation should be designated in the 
table with an asterisk to the left of the chemical 
name. 

For each chemical, present the frequency of 
detection in a certain medium @.e., the number of 
times a chemical was detected over the total 
number of samples considered) and the range of 
detected or quantified values in the samples. Do 
not present the QL or similar indicator of a 
minimum level (e.g., <lo mgL, ND) as the lower 
end of the range; instead, the lower and upper 
bound of the range should be the minimum and 
maximum detected values, respectively. The range 

i 



of reported QLs obtained for each chemical in 
various samples should be provided in a separate 
column. Note that these QLs should be sample 
specific; CRQLs, MDIs, or other types of non- 
sample-specific values should be provided 
when SQLs are not available. Note that the range 
of QIA would not include any limit values (e.& 
unusually high QIs) eliminated based on the 
guidance in Section 53. FmaUy, naturally 
occurring concentrations of chemicals used in 
comparing sample concentrations may be provided 
in a separate column. The source of these 
naturally occurring levels should be provided in a 
footnote. List the identity of the samples used in 

determining concentrations presented in the table 
in an appropriate footnote. 

The final table in this section is a list of the 
chemicals of potential concern presented by 
medium at the site or by medium within each 
operable unit at the site. A sample table format 
is presented in Exhibit 5-7. 

Another useful w e  of presentation of 
chemical concentration data is the isopleth (not 
shown). This graphic characterizes the monitored 
or modeled concentrations of chemicals at a site 
and illustrates the spatial pattern of 
contamination. 

! 
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ENDNOTE FOR CHAP'IER 5 

1. Note that the valua in tbis a m p l e  are for illustration purposes only. h4any CRQb and CRDL arc in the process of being 
lowered, and the RIDS and slope factors may have changed 
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CHAPTER 6 

EXPOSURE ASSESSMENT 

This chapter desmies the procedures for 
conducting an exposure assessment as part of the 
baseline risk assessment process at Superfund 
sites. The objective of the exposure assessment is 
to estimate the type and magnitude of exposures 
to the chemicals of potential concern that are 
present at or migrating from a site. The results 
of the exposure assessment are combined with 
chemical-specific toxicity information to 
characterize potential risks. 

The procedures and information presented 
in this chapter represent some new approaches to 
exposure assessment as well as a synthesis of 
currently available exposure assessment guidance 
and information published by EPA. Throughout 
this chapter, relevant. exposure assessment 
documents are referenced as sources of more 
detailed information supporting the exposure 
assessment process. 

6.1 BACKGROUND 

Exposure is defined as the contact of an 
organism (humans in the case of health risk 
assessment) with a chemical or physical agent 
(EPA 198th). The magnitude of exposure is 
determined by measuring or estimating the 
amount of an agent available at the exchange 
boundaries (Le., the lungs, gut, skin) during a 
specified time period. Exposure assessment is the 
determination or estimation (qualitative or 
quantitative) of the magnitude, frequency, 
duration, and route of exposure. Exposure 
assessments may consider past, present, and future 
exposures, using varying assessment techniques for 
each phase. Estimates of current exposures can 
be based on measurements or models of existing 
conditions, those of future exposures can be based 
on models of future conditions, and those of past 
exposures can be based on measured or modeled 
past concentrations or measured chemical 

concentrations in tissues. Generally, Superfund 
exposure assessments are concerned with current 
and future exposures. If human monitoring is 
planned to assess current or past exposures, the 
Agency for Toxic Substances and Disease Registry 
(ATSDR) should be consulted to take the lead in 
conducting these studies and in assessing the 
current health status of the people near the site 
based on the monitoring results. 

6.1.1 COI"0NENTS OF AN 
EXPOSURE ASSESSMENT 

The general procedure for conducting an 
exposure assessment is illustrated in Exhibit 6-1. 
This procedure is based on EPA's published 
Guidelines for Erposwe Assessment (EF'A 1986a) 
and on other related guidance (EPA 19&, 
1988b). It is an adaptation of the generalized 
exposure assessment process to the particular 
needs of Superfund site risk assessments. 
Although some exposure assessment activities may 
have been started earlier (e&, during RUFS 
scoping or even before the RVFS process began), 
the detailed exposure assessment process begins 
after. the chemical data have been collected and 
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validated and the chemicals of potential concern 
have been selected (see Chapter 5, Section 533). 
The exposure assessment proceeds with the 
following steps. 

Step 1 - Characterization of exposure setting 
(Section 6.2). In this step, the assessor 
characterizes the exposure setting with respect 
to the general physical characteristics of the 
site and the characteristics of the populations 
on and near the site. Basic site 

characteristics such as climate, vegetation, 
ground-water hydrology, and the presence and 
location of surface water are identified in this 
step. Populations also are identified and are 
desmied with respect to those characteristics 
that influence exposure, such as location 
relative to the site, activity patterns, and the 
presence of sensitive subpopulations. This 
step considers the characteristics of the 
current population, as well as those of any 
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potential future populations that may differ 
under an alternate land use. 

Step 2 - Identification of exposure pathways 
(Section 63). In this step, the exposure 
assessor identifies those pathways by which 
the previously identified populations may be 
exposed. Each exposure pathway describes 
a unique mechanism by which a population 
may be exposed to the chemicals at or 
originating from the site. Exposure pathways 
are identified based on consideration of the 
sources, releases, types, and locations of 
chemicals at the site; the likely environmental 
fate (including persistence, partitioning, 
transport, and intermedia transfer) of these 
chemicals; and the location and activities of 
the potentially exposed populations. 
Exposure points (points of potential contact 
with the chemical) and routes of exposure 
(e.g., ingestion, inhalation) are identified for 
each exposure pathway. 

Step 3 -- Quantification of exposure (Section 
6.4). In this step, the assessor quantifies the 
magnitude, frequency and duration of 
exposure for each pathway identified in Step 
2. This step is most often conducted in two 
stages: estimation of exposure concentrations 
and calculation of intakes. 

Estimation of exposure concentrations 
ISection 6.5). In this part of step 3, the 
exposure assessor determines the 
concentration of chemicals that will be 
contacted over the exposure period. 
Exposure concentrations are estimated using 
monitoring data and/or chemical transport 
and environmental fate models. Modeling 
may be used to estimate future chemical 
concentrations in media that are currently 
contaminated or that may become 
contaminated, and current concentrations in 
media andlor at locations for which there are 
no monitoring data. 

Calculation of intakes (Section 6.6). In this 
part of step 3, the exposure assessor 
calculates chemical-specific exposures for each 
exposure pathway identified in Step 2 
Exposure estimates are expressed in t e r n  
of the mass of substance in contact with the 
body per unit body weight per unit time (e.g., 

mg chemical per kg body weight per day, also 
expressed as mglkg-day). These exposure 
estimates are termed "intakes" (for the 
purposes of this manual) and represent the 
normalized exposure rate. Several terms 
common in other EPA documents and the 
literature are equivalent or related to intake 
(see box on this page and definitions box on 
page 6-2). Chemical intakes are calculated 
using equations that include variables for 
exposureconcentration, contact rate, exposure 
frequency, exposure duration, body weight, 
and exposure averaging time. The values of 
some of these variables depend on site 
conditions and the characteristics of the 
potentially exposed population. 

After intakes have been estimated, they are 
organized by population, as appropriate (Section 
6.7). Then, the sources of uncertainty (e.g., 
variability in analytical data, modeling results, 
parameter assumptions) and their effect on the 
exposure estimates are evaluated and summarized 
(Section 6.8). This information on uncertainty is 
important to site decision-makers who must 
evaluate the results of the exposure and risk 
assessment and make decisions regarding the 
degree of remediation required at a site. The 
exposure assessment concludes with a summary of 
the estimated intakes for each pathway evaluated 
(Section 6.9). 

6.1.2 REASONABLE MAXIMUM EXPOSURE 

Actions at Superfund sites should be based 
on an estimate of the reasonable maximum 
exposure (RME) expected to occur under both 
current and future land-use conditions. The 
reasonable maximum exposure is defined here as 
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the highest exposure that is reasonably expected 
to occur at a site. RMEs are estimated for 
individual pathways. If a population is exposed 
via more than one pathway, the combination of 
exposures across pathways also must represent an 
RME. 

Estimates of the reasonable maximum 
exposure necessarily involve the use of 
professional judgment. This chapter provides 
guidance for determining the RhE at a site and 
identifies some exposure variable values 
appropriate for use in this determination. The 
specific values identified should be regarded as 
general recommendations, and could change based 
on site-specific information and the particular 
needs of the EPA remedial project manager 
(RPM). Therefore, these recommendations should 
be used in conjunction with input from the RPM 
responsible for the site. 

In the past, exposures generally were 
estimated for an average and an upper-bound 
exposure case, instead of a single exposure case 
(for both current and future land use) as 
recommended here. The advantage of the two 
case approach is that the resulting range of 
exposures provides some measure of the 
uncertainty surrounding these estimates. The 
disadvantage of this approach is that the upper- 
bound estimate of exposure may be above the 
range of possible exposures, whereas the average 
estimate is lower than exposures potentially 
experienced by much of the population. The 
intent of the RME is to estimate a conservative 
exposure case (Le., well above the average case) 
that is still within the range of possible exposures. 
Uncertainty is still evaluated under this approach. 
However, instead of combining many sources of 
uncertainty into average and upper-bound 
exposure estimates, the variation in individual 
exposure variables is used to evaluate uncertainty 
(See Section 6.8). In this way, the variables 
contributing most to uncertainty in the exposure 
estimate are more easily identified. 

6.2 STEPk CHARACTERI- 
ZATION OF EXPOSURE 
SE'ITING 

The first step in evaluating exposure at 
Superfund sites is to characterize the site with 
respect to its physical characteristics as well as 
those of the human populations on and near the 
site. The output of this step is a qualitative 
evaluation of the site and surrounding populations 
with respect to those characteristics that influence 
exposure. All information gathered during this 
step will support ihe identification of exposure 
pathways in Step 2 In addition, the information 
on the potentially exposed populations will be 
used in Step 3 to determine the values of some 
intake variables. 

6.2.1 CEIARACERIZE PHYSICAL 
SGTTING 

Characterize the exposure setting with respect 
to the general physical characteristics of the site. 
Important site characteristics include the 
following: 

climate (e.g., temperature, 
precipitation); 

0 meteorology (e.g., wind speed and 
direction); 

geologic setting (e.g., location and 
characterization of underlying strata); 

vegetation (e.g., unvegetated, forested, 
grassy); 

soil type (e.g., sandy, organic, acid, 
basic); 

a ground-water hydrology (e.g., depth, 
direction and type of flow); and 

location and description of surface water 
(e.g., type, flow rates, salinity). 

Sources of this information include site 
descriptions and data from the preliminary 
assessment (PA), site inspection (SI), and remedial 
investigation (RI) reports. Other sources include 
county soil surveys, wetlands maps, aerial 
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photographs, and reports by the National 
Oceanographic and Atmospheric Association 
(NOM) and the US. Geological Survey (USGS). 
The assessor also should consult with appropriate 
technical experts (e.g., hydrogeologists, air 
modelers) as needed to characterize the site. 

622 CHARACTERIZEPOTENTIALLY 
EXPOSED POPULATIONS 

Characterize the populations on or near the 
site with respect to location relative to the site, 
activity patterns, and the presence of sensitive 
subgroups. 

Determine location of current populations 
relative to the site. Determine the distance and 
direction of potentially exposed populations from 
the site. Identify those populations that are 
closest to or actually living on the site and that, 
therefore, may have the greatest potential for 
exposure. Be sure to include potentially exposed 
distant populations, such as public water supply 
consumers and distant consumers of fish or 
shellfish or agricultural products from the site 
area. Also include populations that could be 
exposed in the future to chemicals that have 
migrated from the site. Potential sources of this 
information include: 

0 site visit; 

0 other information gathered as part of 
the SI or during the initial stages of the 
RI; 

0 population surveys conducted near the 
site; 

topographic, land use, housing or other 
maps; and 

0 recreational and commercial. fisheries 
data. 

Determine current land use. Characterize 
the activities and activity patterns of the 
potentially exposed population. The following 
land use categories will be applicable most often 
at Superfund sites:. 

0 residential; 
0 commercialbndustnal; and 

0 recreational. 

Determine the current land use or uses of 
the site and surrounding area. The best source 
of this information is a site visit Look for 
hones, playgrounds, parks, businesses, industries, 
or other land uses on or in the vicinity of the site. 
Other sources on local land use include: 

0 zoning,maps; 

0 state or local zoning or other land use- 
related laws and regulations; 

data from the U.S. Bureau of the 
census; 

topographic, land use, housing or other 
maps; and 

o aerial photographs. 

Some land uses at a site may not fit neatly 
into one of the three land use categories and 
other land use classifications may be more 
appropriate (e.g., agricultural land use). At some 
sites it may be most appropriate to have more 
than one land use category. 

After defining the land use(s) for a site, 
identify human activities and activity patterns 
associated with each land use. This is basically 
a “common sense” evaluation and is not based on 
2ny specific data sources, but rather on a general 
understanding of what activities occur in 
residential, business, or recreational areas. 

Characterize activity patterns by doing the 
following. 

0 Determine the percent of time that the 
potentially exposed population(s) spend 
in the potentially contaminated area. 
For example, if the potentially exposed 
population is commercial or industrial, 
a reasonable maximum daily exposure 
period is likely to be 8 hours (a typical 
work day). Conversely, if the population 
is residential, a maximum daily exposure 
period of 24 hours is possible. 

0 Determine if activities occur primarily 
indoors, outdoors, or both. For example, 

. 



office workers may spend all their time 
indoors, whereas construction workers 
may spend all their time outdoors. 

0 Determine how activities change With 
the seasons. For example, some 
outdoor, summertime recreational 
activities (e.g., swimming, fishing) will 
occur less frequently or not at all during 
the winter months. Similarly, children 
are likely to play outdoors less frequently 
and with more clothing during the winter 
months. 

0 Determine if the site itself may be used 
by local populations, particularly if access 
to the site is not restricted or otherwise 
limited (e.g., by distance). For example, 
children living in the area could play 
onsite, and local residents could hunt or 
hike onsite. 

0 Identify any site-specific population 
characteristics that might influence 
exposure. For example, if the site is 
located near major commercial or 
recreational fisheries or shellfisheries, 
the potentially exposed population is 
likely to eat more locally-caught fish and 
shellfish than populations located inland. 

Determine fubre land use. Determine if any 
activities associated with a current land use are 
likely to be different under an alternate future 
land use. For example, if ground water is not 
currently used in the area of the site as a source 
of drinking water but is of potable quality, future 
use of ground water as drinking water would be 
possible. Also determine if land use of the site 
itself could change in the future. For example, if 
a site is currently classified as industrial, 
determine if it could possibly be used for 
residential or recreational purposes in the future. 

Because residential land use is most often 
associated with the greatest exposures, it is 
generally the most conservative choice to make 
when deciding what type of alternate land use 
may occur in the future. However, an assumption 
of future residential land use may not be 
justifiable if the probability that the site will 
support residential use in the future is exceedingly 
small. 

Therefore, determine possible alternate future 
land uses based on available information and 
professional judgment. Evaluate pertinent 
information sources, including (as available): 

0 master plans (city or county projections 
of future land use); 

0 Bureau of the Census projections; and 

0 established land use trends in the general 
area and the area immediately 
surrounding the site (use Census Bureau 
or state or local reports, or use general 
historical accounts of the area). 

Note that while these sources provide potentially 
useful information, they should not be interpreted 
as providing proof that a certain land use will or 
will not occur. 

Assume future residential land use if it seems 
possible based on the evaluation of the available 
information. For example, if the site is currently 
industrial but is located near residential areas in 
an urban area, future residential land use may be 
a reasonable possibility. If the site is industrial 
and is located in a very rural area with a low 
population density and projected low growth, 
future residential use would probably be unlikely. 
In this case, a more likely alternate future land 
use may be recreational. At some sites, it may be 
most reasonable to assume that the land use will 
not change in the future. 

There are no hard-and-fast rules by which to 
determine alternate future land use. The use of 
professional judgment in this step is critical. 
sure to consult with the RPM about anv decision 
regarding alternate future land use. Support the 
selection of any alternate land use with a logical, 
reasonable argument in the exposure assessment 
chapter of the risk assessment report. Also 
include a qualitative statement of the likelihood 
of the future land use occurring. 

Identify subpopulations of potential concern. 
Review information on the site area to determine 
if any subpopulations may be at increased risk 
from chemical exposures due to increased 
sensitivity, behavior patterns that may result in 
high exposure, and/or current or past exposures 
from other sources. Subpopulations that may be 
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more sensitive to chenical 'exposures include 
infants and children, elderly people, pregnant and 
nursing women, and people with chronic illnesses. 
Those potentially at higher risk due to behavior 
patterns include children, who are more likely to 
contact soil, and persons who may eat large 
amounts of locally caught fish or locally grown 
produce (e.g., home-grown vegetables). 
Subpopulations at higher risk due to exposures 
from other sources include individuals exposed to 
chemicals during occupational activities and 
individuals living in industrial areas. 

To identify subpopulations of potential 
concern in the site area, determine locations of 
schools, day care centers, hospitals, nursing homes, 
retirement communities, residential areas with 
children, important commercial or recreational 
fisheries near the site, and major industries 
potentially involving chemical exposures. Use 
local census data and information from local 
public health officials for this determination. 

6.3 STEP2: IDENTIFICATION 
OF EXPOSURE PATHWAYS 

This section describes an approach for 
identifying potential human exposure pathways at 
a Superfund site. An exposure pathway describes 
the course a chemical or physical agent takes from 
the source to the exposed individual. An exposure 
pathway analysis links the sources, locations, and 
types of environmental releases with population 
locations and activity patterns to determine the 
significant pathways of human exposure. 

An exposure pathway generally consists of 
four elements: (1) a source and mechanism of 
chemical release, (2) a retention or transport 
medium (or media in cases involving media 
transfer of chemicals), (3) a point of potential 
human contact with the contaminated medium 
(referred to as the exposure point), and (4) an 
exposure route (e.g., ingestion) at the contact 
point. A medium contaminated as a result of a 
past release can be a contaminant source for other 
media (e.g., soil contaminated from a previous 
spill could be a contaminant .source for ground 
water or surface water). In some cases, the source 
itself (i.e., a tank, contaminated soil) is the 
exposure point, without a release to any other 

medium. In these latter cases, an exposure 
pathway consists of (1) a source, (2) an exposure 
point, and (3) an exposure route. Exhibit 6-2 
illustrates the basic elements of each type of 
exposure pathway. 

The following sections describe the basic 
analytical process for identifying exposure 
pathways at Superfund sites and for selecting 
pathways for quantitative analysis. The pathway 

i 

analysis described below is meant to be a 
qualitative evaluation of pertinent site and 
chemical information, and not a rigorous 

strength, release rates, and chemical fate and 
transport. Such factors are considered later in 
the exposure assessment during the quantitative 
determination of exposure concentrations (Section 
65). 

quantitative evaluation of factors such as source ! '  

63.1 iDENTIFYSOURCESAND 
RECEIVING MEDIA 

To detexmine possible release sources for a 
site in the absence of remedial action, use all 
available site descriptions and data from the PA, 
SI, and RI repom. Identify potential release 
mechanisms and receiving media for past, current, 
and future releases. Exhibit 6-3 lists some typical 
release sources, release mechanisms, and receiving 
media at Superfund sites. Use monitoring data in 
conjunction with information on source locations 
to support the analysis of past, continuing, or 
threatened releases. For example, soil 
contamination near an old tank would suggest the 
tank (source) ruptured or leaked (release 
mechanism) to the ground (receiving media). Be 
sure to note any source that could be an exposure 
point in addition to a release source (e.g., open 
barrels or tanks, surface waste piles or lagoons, 
contaminated soil). 

Map the suspected source areas and the 
extent of contamination using the available 
information and monitoring data. As an aid in 
evaluating air sources and releases, Volumes I and 
II of the National Technical Guidance Studies 
(NTGS; EPA 1989a,b) should be consulted. 

- 
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EXHIBIT 6-2 

ILLUSTRATION OF EXPOSURE 
PATHWAYS 

t - Prevailing Wind Direction 

Water Table 



Page 6-10 

EXHIBIT 6-3 

Air Volatilization 

Fugitive dust 
generation 

Surface water Surface runoff 

Episodic overland 
flow 

Ground-water 
seepage 

Ground water Leaching 

Surface wastes - lagoons, 

Contaminated surface water 
Contaminated surface soil 
Contaminated wetlands 
L a k i n g  drums 

ponds,.pits, spills 

Contaminated surface soil 
Waste piles 

Contaminated surface soil 

Lagoon overflow 
Spills, leaking containers 

Contaminated ground water 

Surface o r  buried wastes 
Contaminated soil 

Soil Leaching 

Surface runoff 

Episodic overland 
flow 

Fugitive dust 
generation/ 
deposition 

Tracking 

Surface or buried wastes 

Contaminated surface soil 

Lagoon overflow 
Spills, leaking containers 

Contaminated surface soil 
Waste piles 

contaminated surface soil 

COMMON CHEMICAL RELEASE SOURCES AT 
SITES IN THE ABSENCE OF REMEDIAL ACTION 

Sediment Surface runoff, 
Episodic overlani 
flow 

Ground-water 
seepage 

Leaching 

Biota Uptake 
(direct contact, 
ingestion, inhalation) 

Surface wastes - lagoons, 

Contaminated surface soil 
ponds,.pits, spills 

Contaminated ground water 

Surface or buried wastes 
Contaminated soil 

Contaminated soil, Surface 
water, sediment, ground 
water or a i r  

Other biota 
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6.3.2 EVALUATE FATE AND TRANSPORT 
IN RELEASE MEDIA 

I 
Evaluate the fate and transport of the 

chemicals to predict future exposures and to help 
link sources with currently contaminated media. 
The fate and transport analysis conducted at this 
stage of the exposure assessment is not meant to 
result in a quantitative evaluation of media- 
specific chemical concentrations. Rather, the 
intent is to identify media that are receiving or 
may receive site-related chemicals. At this stage, 
the assessor should answer the questions: What 
chemicals occur in the sources at the site and in 
the environment? In what media (onsite and 
offsite) do they occur now? In what media and 
at what location may they occur in the future? 
Screening-level analyses using available data and 
simplified calculations or analytical models may 
assist in this qualitative evaluation. 

After a chemical is released to the 
environment it may be: 

0 transported (e.g., convected downstream 
in water or on suspended sediment or 
through the atmosphere); 

0 physically transformed (eg., volatilization, 
precipitation); 

o chemically transformed (e.g., photolysis, 
hydrolysis, oxidation, reduction, etc.); 

0 biologically transformed (e.g, 
biodegradation); and/or 

0 accumulated in one or more media 
(including the receiving medium). 

To determine the fate of the chemicals of 
potential concern at a particular site, obtain 
information on their physicaUchemica1 and 
environmental fate properties. Use computer data 
bases (e.g., SRC's Environmental Fate 
CHEhIFA'IE, and BIODEG data bases; BIOSIS; 
AQUIRE) and the open literature as n-msary 
as sources for up-to-date information on the 
physicalkhemical and fate properties of the 
chemicals of potential concern. Exhibit 6-4 lists 
some important chemical-specific fate parameters 
and briefly describes how these can be used to 
evaluate a chemical's environmental fate. 

Also consider site-specific characteristics 
(identified in Section 6.21) that may influence 
fate and transport. For example, soil 
characteristics such as moisture content, organic 
carbon content, and cation exchange capacity can 
greatly influence the movement of many chemicals. 
A high water table may increase the probability of 
leaching of chemicals in soil to ground water. 

Use alI applicable chemical and site-specific 
information to evaluate' transport within and 
between media and retention or accumulation 
within a single medium. Use monitoring data to 
identify media that are contaminated now and the 
fate pathway analysis to identify media that may 
be contaminated now (for media not sampled) or 
in the future. Exhibit 6-5 presents some 
important questions to consider when developing 
these pathways. Exhibit 6-6 presents a series of 
flow charts useful when evaluating the fate and 
transport of chemicals at a site. 

6.33 IDENTIFY EXPOSURE POINTS AND 
EXPOSURE ROUTES 

After contaminated or potentially. 
contaminated media have been identified, identify 
exposure points by determining if and where any 
of the potentially exposed populations (identified 
in Step 1) can contact these media. Consider 
population locations and activity patterns in the 
area, including those of subgroups that may be of 
particular concern. Any point of potential contact 
with a contaminated medium is an exposure point. 
Try to identify those exposure points where the 
concentration that will be contacted is the 
greatest. Therefore, consider including any 
contaminated media or sources onsite as a 
potential exposure point if the site is currently 
used, if access to the site under current conditions 
is not restricted or otherwise limited (e.g., by 
distance), or if contact is possible under an 
alternate future land use. For potential offsite 
exposures, the highest exposure concentrations 
often will be at the points closest to and 
downgradient or downwind of the site. In some 
cases, highest concentrations may be encountered 
at points distant from the site. For example, site- 
related chemicals may be transported and 
deposited in a distant water body where they may 
be subsequently bioconcentrated by aquatic 
organisms. 
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EXHIBIT 6-4 

K, provides a measure of the extent of chemical partitioning between organic carbon and water at 
equilibrium. The  higherthe K,, the more 117relyachemical is tobind tosoil orsediment than to 
remain in water. 

Kd provides a soil or sediment-specific measure of the extent of chemical partitioning between soil 
or sediment an3 water, unadjusted for dependence upon organic carbon. To adjust for the 
fractionoforganiccarbonpresentinsoilorsediment(&),useK,, = G x f , .  The  higherthe&, 
the more likely e chemical is to bind to soil or sediment than to remain in water. 

ICr provides a measure of the extent of chemical partitioning between water and octanol at 
equilibrium. The  greater the K ,,,, the more likely a chemical is to partition to octanol than to 
remain in water. Octanol is used as a surrogate for lipids (fat), and K, can be used to predict 
bioconcentration in aquatic organisms. 

Solubility is an upper limit on a chemical's dissolved concentration in water at a specified temperature. 
Aqueou concentrations in excess of solubility may indicate sorption onto sediments, the 
presence of solubilizing chemicals such as solvents, or the presence of a non-aqueous phase 
liquid. 

Henry's Law Constant provides a measureof theextent of chemical partitioningbetween air and water at 
equilibrium. The  higher the Henry's Law constant, the more likely a chemical is to volatilize 
than to remain in the water. 

Vapor Pressure is the pressure exerted by a chemical vapor in equilibrium with its solid or liquid form at 
any given temperature. It is used to calculate the rate of volatilization of a pure substance from a 
surface or in estimating a Henry's Law constant for chemicals with low water solubility. The  
higher the vapor pressure. the more likely a chemical is to exist in a gaseous state. 

Difhsivity describes the movement of a molecule in a liquid or gas medium as a result of differences in 
concentration. It is used to calculate the dispersive component of chemical transport. The  
higher the diffusivity, the more likely a chemical is to move in response to concentration 
gradients. 

Bioconcentration Factor (BCF) provides a measure of the extent of chemical partitioning at equilibrium 
between a biological medium such as fish tissue or plant tissue and an external medium such as 
water. The  higher the BCF, the greater the armmulation in living tissue is likely to be. 

Media-specific Half-life provides a relative measure of the persistence of a chemical in a given medium, 
although actual values can vary greatly depending on site-specific conditions. The  greater the 
half-life, the more persistent a chemical is likely to be. 
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EXHIBIT 6-5 

IMPORTANT CONSIDERATIONS FOR DETERMINING 
THE ENVIRONMENTAL FATE AND TRANSPORT 
OF THE CHEMICALS OF P 0 " I A L  CONCERN 

AT A SUPERFUND SITE 

What a r e  the principal mechanisms for change o r  removal in each of the environmental 
media? 

How does the chemical behave in air, water, soil, and biological media? Does ir 
bioaccumulate o r  biodegrade? Is i t  absorbed or  taken u p  by plants? 

Does the agent react with other compounds in the environment? 

Is there intermedia transfer? What a re  the mechanisms for intermedia transfer? What 
are  the rates of the intermedia transfer o r  reaction mechanism? 

How long mi& the chemical remain in each environmental medium? How does its 
concentration change with time in each medinm? 

What are  the products into which the agent might degrade o r  change in the environment? 
Are these products potentially of concern? 

Is a steady-state concentration distribution in the environment o r  in specific segments of 
the environment achieved? 
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EXHIBIT 6-6 
FLOW CHART FOR 

FATE AND TRANSPORT ASSESSMENTS 

Environmental fate and transpor! assessment: atmosphere 

Contaminant Release 

4 

Volatilization of 
Contaminants 

from Site 

Fugitive Dust/ 
Contaminated 

Particles from Site 

Consider Direction 
and Rate of 

Contaminant 
Migration within 
Air; M4or 

Mechanisms: Wind 
Currents, 
Diswrsion 
6 

Distance of Particulate 
Movement with Wind 

Currents; Maor  

Could Settleout 
and Rainout 

Potentially Resuli 
in Sulllcient Soil 
Contamination to 

Bring About 
Leaching to e Ground Water? 

Consider 
Contaminant 
Transfer to 

Ground Water; 
Assess Fate in 

Contaminants 
Potentially Reac 

Agricultural, 
Hunting or 

Fishing Areas? 

of Contarninants to 
Plants or Animals 
Consumed by Hu- 
mans; Assers Fate 

in these Media 

Source: A&ptedfrom EPA 19886.' 

Determine 
Probable 

Boundaries of 
Elevated 

Concentrations 

Identify 
Populations 

Directly Exposed 
to Atmospheric 
Contaminants 

+- 
Could 

Contaminants 
Potentially 

Reach Surface 
Water? 

of Contaminants 
to Surface Watpr; 

Arsess Fate in 
this Medim 

(continued) 000123 
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Consider Direction and Rate of Contaminant 
Migmtion Within Waterbodg 

Assess Dirtance Downstreem. or h a s  of Lakes and Ertaaries 

Mqjor Mecbnnisms: Cumnts in Afkted Riwrs or Streams; 
DLrpcrsioa in Impoondmentq Tidal Currents and Flushing in 

Estuaries; Parlitioning to Sediment 
I 

EXHIBIT 6-6 (continued) 

Estimate 

in Sediment 
c Concentrations 

FLOW CHART FOR 
FATE AND TRANSPORT ASSESSMENTS 

Could Erchange 
of Water 

Beoveea solface 
water and 

Ground Water 
be Slgnifiiant? 

< 

Environmental fate and b-ansporl assessment: surface water and sediment 

Could Water be 
Used for Irriga- 
tion or Watering 

LinstOcL, of 
Docs watererbody 

SUPporl 
Commercial or 
sporcm 

Population? 
4 

Contaminant Release 

Consider 
TrpDsler of 

Contaminants 
to Ground 

Water, lesas 
Fate in this 

Medium 

Consider 
Transfer of 

Contaminants to 
Plants or 
Animals 

Consumed by 
Humans; Assess 

Fate in these 
Media 

Identify Human 
Populations 

D W y  

Surface 
Water 

Some:  A&p&dfim EPA 19886. 

Is Contaminant 
Volatile? 

Consider 
ThnsTer of 

Contaminants 
tom 

Assar Fate 
io this Medium 

I 

Identify Human 
Populations 

Directly 
Exposed to 
Sediment 

(continued) 
000124 
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EXHIBIT 6-6 (continued) 

FLOW CHART FOR 
FATE AND T W S P O R T  ASSESSMENTS 

Environmental fate and transpart assessment: soils and ground water 

Contaminant Release 

t 
Release to Soils at  or 
Surrounding the Site 

1 
Consider Rate of Contaminant Percolation Through Unsaturated 

Soils Based on Soil Penneabdities, Water or Liquid Recharge Rates 

Are Contaminants Vola- 
tile? Are Contaminants 

in Fine Particle Form or r- Sorbed to Particulates? 

Release to Ground . 
Water Beneath Site Contaminants 

Potentially 
Reach Ground 

Contaminated 
Soil Support 

Edible Species? 

c t 
Consider Direction and Rate of 

Ground Water Flow Using 
Available Hydrogeologic Data, 
or by AFsurning These Will A p  
oroximate Surface ToDoeraohv 

L 

Could Contaminants Could Contaminants Is Plume SufIicienUy Near 
Reach A Surface Reach Any Wells Ground Sudace to Allow 

Direct Uptake of Contami- 
Downgradient? nated Ground Water by 

Plants or Animals? 
! 

Is Well Water Used for 
Irrigation or for Watering i l -  Livestock or Could it be? 

Identify 
Human 

Populations 
Dimctly 

Exposed to 
Well Water 

Identify Human Consider Transfer of 
Populatlonr Contaminants to 

Atmosphere: Assess Directly Exposed 
Fate in this Medium 
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Consider Transfer of Contami- 
nants to Plants or Animals 

Consumed by HumaM; 
Assess Fate in these Media 

Contaminants 

Water; Assess 
Fate in this 

Medium 
C -- 

Source: Adaped from EPA 1 FS6b. 
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After determining exposure points, identify 
probable exposure routes (i.e,, ingestion, 
inhalation, dermal contact) based on the media 
contaminated.and the anticipated activities at the 
exposure points. In some instances, an exposure 
point may exist but an exposure route may not 
(e.g., a person touches contaminated soil but is 
wearing gloves). Exhibit 6-7 presents a 
population/exposure route .matrix that can be used 
in determining potential exposure routes at a site. 

6.3.4 INTEGRATE INFORMATION ON 
SOURCES, RELEASES, FATE AND 
TRANSPORT, EXPOSURE POINTS, 
AND EXPOSURE ROUTES INTO 
EXPOSURE PATHWAYS 

Assemble the information developed in the 
previous three steps and determine the complete 
exposure pathways that exist for the site. A 
pathway is complete if there (1) a source or 
chemical release from a source, (2) an exposure 
point where contact can occur, and (3) an 
exposure route by which contact can occur. 
Otherwise, the pathway is incomplete, such as the 
situation where there is a source releasing to air 
but there are no nearby people. If available from 
ATSDR, human monitoring data indicating 
chemical accumulation or chemical-related effects 
in the site area can be used as evidence to 
support conclusions about which exposure 
pathways are complete; however, negative data 
from such studies should not be used to conclude 
that a pathway is incomplete. 

From all complete exposure pathways at a 
site, select those pathways that will be evaluated 
further in the exposure assessment. If exposure 
to a sensitive subpopulation is possible, select that 
pathway for quantitative evaluation. All pathways 
should be selected for further evaluation unless 
there is sound justification (e.g., based on the 
results of a screening analysis) to eliminate a 
pathway from detailed analysis. Such a 
justification could be based on one of the 
following: 

the exposure resulting from the pathway 
is much less than that from another 
pathway involving the same medium at 
the same exposure point; 

the potential magnitude of exposure 
from a pathway is low; or 

the probability of the exposure occurring 
is very low and the risks associated with 
the occurrence are not high (if a 
pathway has catastrophic consequences, 
it should be selected for evaluation even 
if its probability of occurrence is very 
low). 

Use professional judgment and experience to 
make these decisions. Before deciding to exclude 
a Dathwav from Quantitative analvsis. consult with 
the RPM. If a pathway is excluded from further 
analysis, clearly document the reasons for the 
decision in the exposure assessment section of the 
risk assessment report. 

For some complete pathways it may not be 
possible to quantify exposures in the subsequent 
steps of the analysis because of a lack of data on 
which to base estimates of chemical release, 
environmental concentration, or human intake. 
Available modeling results should complement and 
supplement the available monitoring data to 
minimize such problems. However, uncertainties 
associated with the modeling results may be too 
large to justify quantitative exposure assessment 
in the absence of monitoring data to validate the 
modeling results. These pathways should 
nevertheless be camed through thc exposure 
assessment so that risks can be qualitatively 
evaluated or so that this information can be 
considered during the uncertainty analysis of the 
results of the exposure assessment (see Section 
6.8) and the risk assessment (see Chapter 8). 

63.5 SIJMMARIZE INFORMATION ON 
ALL COMPLETE EXPOSURE 
PATHWAYS 

Summarize pertinent information on all . 
complete exposure pathways at the site by 
identifymg potentially exposed populations, 
exposure media, exposure points, and exposure 
routes. Also note if the pathway has been 
selected for quantitative evaluation; summarize the 
justification if a pathway has been excluded. 
Summarize pathways for current land use and any 
alternare future land use separately. This 
summary information is useful for defining the 
scope of the next step (quantification of exposure) 



EXHIBIT 6-7 
MATRIX OF POTENTIAL EXPOSURE ROUTES 

Erposu~ Medium/ Residential CommerciaVIndustrial Recreational 
Erposnrc Route Population Population Population 

GEfmdmm 
Ingestion 
Dermal Contact 

iMa€aam 
Ingestion 
Dermal Contact 

Sediment 
Incidental Ingestion 
Dermal Contact 

Air 
Inhalation of Vapor 
Phase Chemicals 

ID~OOK 
optdoors 

Inhalation of 
PartiCUlaU 

Indoors 
outdoors 

SoillDUst 
Incidental Ingestion 
Dermal Contact 

Eppd 
Ingestion 

Fish and ShellZish 
Meat and Game 
Dairy 
Eggs 
Vegetables 

L 
L 

L 
L 

L, c 
L. c 

L 
L 

L 
L 

L, c 

A 
A 

A 
A 

A 
A 

A 
A 

- 
L 

L 

. 

L 
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and also is useful as documentation of the 
exposure pathway analysis. Exhibit 6-8 provides 
a sample format for presenting this information. 

6.4 STEP3: QUANTIFICATION 
OF EXPOSURE: GENERAL 
CONSIDERATIONS 

The next step in the exposure assessment 
process is to quantify the magnitude, frequency 
and duration of exposure for the populations and 
exposure pathways selected for quantitative 
evaluation. This step is most often conducted in 
two stages: first, exposure concentrations are 
estimated, then, pathway-specific intakes are 
quantified. The specific methodology for 
calculating exposure concentrations and pathway- 
specific exposures are presented in Sections 6.5 
and 6.6, respectively. This section describes some 
of'the basic concepts behind these processes. 

6.4.1 QUANTIFYING THE REASONABLE 
MAXIMUM EXPOSURE 

Exposure is defined as the contact of an 
organism with a chemical or physical agent. If 
exposure occurs over time, the total exposure can 
be divided by a time period of interest to obtain 
an average exposure rate per unit time. This 
average exposure rate also can be expressed as a 
function of body weight. For the purposes of this 
manual, exposure normalized for time and body 
weight is termed "intake", and is expressed in units 
of mg chemicalkg body weight-day. 

Exhibit 6-9 presents a generic equation for 
calculating chemical intakes and defines the intake 
variables. There are three categories of variables 
that are used to estimate intake: 

chemical-related variable - exposure 
concentra tion; 

variables that describe the exposed 
population :- contact rate, exposure 
frequency and duration, and body weight; 
and 

assessmentdetermined variable - 
averaging time. 

Each intake variable in the equation has a 
range of values. For Suuerfund exuosure 
assessments. intake variable values for a given 
pathwav should be selected so that the 
combination of all intake variables results in an 
estimate of the reasonable maximum exuosure for 
that uathway. As defined previously, the 
reasonable maximum exposure (RME) is the 
maximum exposure that is reasonably expected to 
occur at  a site. Under this approach, some intake 
variables may not be at  their individual maximum 
values but when in combination with other 
variables will result in estimates of the RME. 
Some recommendations for determining the values 
of the individual intake variables are discussed 
below. These recommendations are based on 
EPA's determination of what would result in an 
estimate of the FWE. As discussed previously, a 
determination of "reasonable" cannot be based 
solely on quantitative information, but also 
requires the use of professional judgment. 
Accordingly, the recommendations below are based 
on a combination of quantitative information and 
professional judgment. These are general 
recommendations, however, and could change 
based on sitespecific information or the particular 
needs of the risk manager. Consult with the RPM 
before varying from these recommendations. 

Exposure concentration. The concentration 
term in the intake equation is the arithmetic 
average of the concentration that is contacted over 
the exposure period. Although this concentration 
does not reflect the maximum concentration that 
could be contacted at any one time, it is regarded 
as a reasonable estimate of the concentration 
likely to be contacted over time. This is because 
in most situations, assuming long-term contact 
with the maximum concentration is not 
reasonable. (For exceptions to this generalization, 
see discussion of hot spots in Section 6.5.3.) 

Because of the uncertaintv associated with 
any estimate of exuosure concentration. the uuuer 
confidence limit (i.e.. the 95 percent uuuer 
confidence limit) on the arithmetic average will be 
used for this variable. There are standard 
statistical methods which can be used to calculate 
the upper confidence limit on the arithmetic 
mean. Gilbert (1987, particularly sections 11.6 
and 13.2) discusses methods that can be applied 
to data that are distributed normally or log 
normally. Kriging is another method that 

000128 
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EXAMPLE OF TABLE FORMAT FOR S U W Z I N G  
COMPLETE EXPQSURE PATHWAYS AT A SITE 

Potentially Exposed Exposure Route, Medium Pathway Selected Reason for Selection 
Population and Exposure Point for Evaluation? or EKclusion - 
Residents 

Residents 

Industrial 
Workers - 
Residents 

Residents 

from local wells down- 
gradient of the site 

Ingestion of ground water Yes 

Yes Inhalation of chemicals 
volatilized from ground 
water during home use 

Direct contact with 
chemicals of potential 
concern in soil on the 
site 

Direct contact with cherr- - 
cals of potential concern 
in soil on the site 

Ingestion of chemicals 
that have accumulated in 
fish located in onsite 
ponds 

Yes 

YeS 

No 

Residents use ground 
water from local wells 
as drinking water. 

Some of the chemicals 
of potential concern in 
ground water are volatile, 
and ground water is used 
by local residents. 

Contaminated soil is in 
a n  area potentially used 
by outside maintenance 
workers. 

Area could be developed 
in the future as a 
residential area. 

The potential for signifi- 
cant exposure via this 
pathway is low because 
none of the chemicals of 
potential concern accumulate 
extensively in fish. 

. 
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EXHIBIT 6-9 

GENERIC EQUATION FOR CALCULATING 
CHEMICAL INTAKES 

Where: 

I = intake; the amount of chemical at the exchange boundary 
(m%kg body weight-day) 

C = chemical concentration; the average concentration contacted 
over the exposure period (e.&, mg/liter water) 

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

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

EF = exposure frequency (daydyear) 

ED = exposure duration (years) 

BW = body weight; the average body weight over the exposure period 
erg) 

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

000130 
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potentially can be used (Clark 1979 is one of 
several reference books on kriging). A statistician 
should be consulted for more details or for 
assistance with specific methods. 

If there is great variability in measured or 
modeled concentration values (such as when too 
few samples are taken or when model inputs are 
uncertain), the upper confidence .-limit on the 
average concentration will be high, and 
conceivably could be above the maximum detected 
or modeled value. In these cases, the maximum 
detected or modeled value should be used to 
estimate exposure concentrations. This could be 
regarded by some as too consenmive an estimate, 
but given the uncertainty in the data in these 
Situations, this approach is regarded as reasonable. 

For some sites, where a screening level 
analysis is regarded as sufficient to characterize 
potential ixposures, calculation of the upper 
confidence limit on the arithmetic average is not 
required. In these cases, the maximum detected 
or modeled concentration should be used as the 
exposure concentration. 

Contact rate. Contact Ate reflects the 
amount of contaminated medium contacted per 
unit time or event. If statistical data are available 
for a contact rate, use the 95th percentile value 
for this variable. (In this case and throughout this 
chapter, the 90th percentile value can be used if 
the 95th percentile value is not available.) If 
statistical data are not available, professional 
judgment should be used to estimate a value 
which approximates the 95th percentile value. (It 
is recognized that such estimates will not be 
precise. They should, however, reflect a 
reasonable estimate of an upper-bound value.) 

Sometimes several separate terms are used to 
derive an estimate of contact rate. For example, 
for dermal contact with chemicals in water, 
contact rate is &timated by combining information 
on exposed skin surface area, dermal permeability 
of a chemical, and exposure time. In such 
instances, the combination of variables used to 
estimate intake should result in an estimate 
approximating the 95th percentile value. 
Professional judgment will be needed to determine 
the appropriate combinations of variables. (More 
specific guidance for determining contact rate for 
various pathways is given in Section 6.6.) 

Exposure frequency and duration. Exposure 
frequency and duration are used to estimate the 
total time of exposure. These terms are 
determined on a site-specific basis. If statistical 
data are available, use the 95th percentile value 
for exposure time. In the absence of statistical 
data (which is usually the case), use reasonable 
conservative estimates of exposure time. National 
statistics are available on the upper-bound (90th 
percentile) and average (50th percentile) number 
of years spent by individuals at one residence 
(EPA 1989d). Because of the data on which they 
are based, these values may underestimate the 
actual time that someone might live in one 
residence. Nevertheless, the upper-bound value of 
30 years can be used for exposure duration when 
calculating reasonable maximum residential 
exposures. In some cases, however, lifetime 
exposure (70 years by convention) may be a more 
appropriate assumption. Consult with the RPM 
regarding the appropriate exposure duration for 
residential exposures. The exposure frequency and 
duration selected must be appropriate for the 
contact rate selected. If a long-term average 
contact rate (e.& daily fish ingestion rate averaged 
over a year) is used, then a daily exposure 
frequency (Le., 365 daysbear) should be assumed. 

Body weight. The value for body weight is 
the average body weight over the exposure period. 
If exposure occurs only during childhood years, 
the average child body weight during the exposure 
period should be used to estimate intake. For 
some pathways, such as soil ingestion, exposure 
can occur throughout the lifetime but the majority 
of exposure occurs during childhood (because of 
higher contact rates). In these cases, exposures 
should be calculated separately for age groups 
with similar contact rate to body weight ratios; the 
body weight used in the intake calculation for 
each age group is the average body weight for that 
age group. Lifetime exposure is. then calculated 
by taking the time-weighted average of exposure 
estimates over all age groups. For pathways 
where contact rate to body weight ratios are fairly 
constant over a lifetime (e&, drinking water 
ingestion), a body weight of 70 kg is used. 

A constant body weight over the period of 
exposure is used primarily by convention, but also 
because body weight is not always independent of 
the other variables in the exposure equation (most 
notably, intake). By keeping body weight 
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constant, error from this dependence is minimized. 
The average body weight is used because, when 
combined with the other variable values in the 
intake equation, it is believed to result in the best 
estimate of the RME For example, combining a 
95th percentile contact rate with a 5th percentile 
body weight is not considered reasonable because 
it is unlikely that smallest person would have the 
highest intake. Alternatively, combining a 95th 
percentile intake with a 95th percentile body 
weight is not considered a maximum because a 
smaller person could have a higher contact rate to 
body weight ratio. 

Averaging time. The averaging time selected 
depends on the type of toxic effect being assessed. 
When evaluating exposures to developmental 
toxicants, intakes are calculated by averaging Over 
the exposure event (e.g., a day or a single 
exposure incident). For acute toxicants, intakes 
are calculated by averaging over the shortest 
exposure period that could produce an effect, 
usually an exposure event or a day. When 
evaluating longer-term exposure to  
noncarcinogenic toxicants, intakes are calculated 
by averaging intakes over the period of exposure 
(Le., subchronic or chronic daily intakes). For 
carcinogens, intakes are calculated by prorating 
the total cumulative dose over a lifetime @e., 
chronic daily intakes, also called lifetime average 
daily intake). This distinction relates to the 
currently held scientific opinion that the 
mechanism of action for each category is different 
(see Chapter 7 for a discussion). The approach 
for carcinogens is based on the assumption that 
a high dose received over a short period of time 
is equivalent to a corresponding low dose spread 
over a lifetime @PA 1986b). This approach 
becomes problematic as the exposures in question 
become more intense but less frequent, especially 
when there is evidence that the agent has shown 
dose-rate related carcinogenic effects. In some 
cases, therefore, it may be necessary to consult a 
toxicologist to assess the level of uncertainty 
associated with the exposure assessment for 
carcinogens. The discussion of uncertainty should 
be included in both the exposure assessment and 
risk characterization chapters of the risk 
assessment report. 

6.4.2 TIMING CONSIDERATIONS 

At many Superfund sites, long-term exposure 
to relatively low chemical concentrations (i.e, 
chronic daily intakes) are of greatest concern. In 
some situations, however, shorter-term exposures 
(eg., subchronic daily intakes) also may be 
important When deciding whether to evaluate 
short-term exposure, the following factors should 
be considered: 

0 the toxicological characteristics of the 
chemicals of potential concern; 

0 the occurrence of high chemical 
concentrations or the potential for a 
large release; 

persistence of the chemical in the 
environment; and 

0 the characteristics of the population that 
influence the duration of exposure. 

Toxicity considerations. Some chemicals can 
produce an effect after a single or very short-term 
exposure to relatively low concentrations. These 
chemicals include acute toxicants such as skin 
irritants and neurological poisons, and 
developmental toxicants. At sites where these 
types of chemicals are present, it is important to 
assess exposure for the shortest time period that 
could result in an effect. For acute toxicants this 
is usually a single exposure event or a day, 
although multiple exposures over several days also 
could result in an effect. For developmental 
toxicants, the time period of concern is the 
exposure event. This is based on the assumption 
that a single exposure at the critical time in 
development is sufficient to produce an adverse 
effect. It should be noted that the critical time 
referred to can o m r  in almost any segment of 
the human population (i.e., fertile men and 
women, the conceptus, and the child up to the age 
of sexual maturation [EPA 1989e1). 

Concentration considerations. 
chemicals can produce an effea after a single or 
very short-term exposure, but only if exposure is 
to a relatively high concentration. Therefore, it 
is important that the assessor identify possible 
situations where a short-term exposure to a high 
concentration could occur. Examples of such a 



Page 6-24 

situation include sites where contact with a small, 
but highly contaminated area is possible (e.g., a 
source or a hot spot), or sites where there is a 
potential for a large chemical release (e.g., 
explosions, ruptured dnuns, breached lagoon 
dikes). Exposure should be determined for the 
shortest period of time that could produce an 
effect. 

Persistence considerations. Some chemicals 
may degrade rapidly in the environment. In these 
cases, exposures should be assessed only for that 
period of time in which the chemical will be 
present at  the site. Exposure assessments in these 
situations may need to include evaluations of 
exposure to the breakdown products, if they are 
persistent or toxic at the levels predicted to occur 
at the site. 

Population considerations. At some sites, 
population activities are such that exposure would 
o a r  only for a shor? time period (a few weeks 
or months), infrequently, or intermittently. 
Examples of this would be seasonal exposures 
such as during vacations or other recreational 
activities. The period of time over which 
exposures are averaged in these instances depends 
on the type of toxic effect being assessed (see 
previous discussion on averaging time, Section 
6.4.1). 

6.5 QUANTIFICATION OF 
EXPOSURE: DETERMRVA- 
TION OF EXPOSURE 
CONCENTRATIONS 

This section describes the basic approaches 
and methodology for determining exposure 
concentrations of the chemicals of potential 
concern in different environmental media using 
available monitoring data and appropriate models. 
As discussed in Section 6.4.1, the concentration 
term in the exposure equation is the average 
concentration contacted at the exposure point or 
points over the exposure period. When estimating 
exposure concentrations, the objective is to 
provide a conservative estimate of this average 
concentration (e.g.,' the 95 percent upper 
confidence limit on the arithmetic mean chemical 
concentration). 

This section provides an overview of the basic 
concepts and approaches for estimating exposure 
concentrations. It identifies what type of 
information is needed to estimate concentrations, 
where to find it, and how to interpret and use it. 
This section is not designed to provide all the 
information necessary to derive exposure 
concentrations and, therefore, does not detail the 
specifics of potentially applicable models nor 
provide the data necessary to run the models or 
support concentration estimates. However, 
sources of such information, including the 
Sup@nd Erposure Assessment Manual (SEAM; 
EPA 1988b) are referenced throughout the 
discussion. 

65.1 GENERAL CONSIDERATIONS FOR 
ESTIMATING EXPOSURE 
CONCENTRATIONS 

In general, a great deal of professional 
judgment is required to estimate exposure 
concentrations. Exposure concentrations may be 
estimated by (1) using monitoring data alone, or 
(2) using a combination of monitoring data. and 
environmental fate and transport models. In most 
exposure assessments, some combination of 
monitoring data and environmental modeling will 
be required to estimate exposure concentrations. 

Direct use of monitoring data. Use of 
monitoring data to estimate exposure 
concentrations is normally applicable where 
exposure involves direct antac t  with the 
monitored medium (e.g., direct contact with 
chemicals in soil or sediment), or in cases where 
monitoring has occurred directly at  an exposure 
point (e.g., a residential drinking water well or 
public water supply). For these exposure 
pathways, monitoring data generally provide the 
best estimate of current exposure concentrations. 

As the first step in estimating exposure 
concentrations, summarize available monitoring 
data. The manner in which the data are 
summarized depends upon the site characteristics 
and the pathways being evaluated. : it may be 
necessary to divide chemical data from a particular 
medium into subgroups based on the location of 
sample points and the potential exposure 
pathways. In other instances, as when the 
sampling point is an exposure point (e.g., when 
the sample is from an existing drinking water well) 

I 

! 

000133 



I 

Page 6-25 

I 

I 

it may not be appropriate to group samples at all, 
but may be most appropriate to treat the sample 
data separately when estimating intakes. Still, in 
other instances, the assessor may wish to use the 
maximum concentration from a medium as the 
exposure concentration for a given pathway as a 
screening approach to place an upper bound on 
exposure. In these cases it is important to 
remember that if a screening level auuroach 
suggests a uotential health concern. the estimates 
of exuosure should be modified to reflect more 
probable exuosure conditions. 

In those instances where it is appropriate to 
group sampling data from a particular medium, 
calculate for each exposure medium and each 
chemical the 95 percent upper confidence limit on 
the arithmetic average chemical concentration. 
See Chapter 5 for guidance on how to treat 
sample concentrations below the quantitation 
limit. 

Modeling approaches. In some instances, it 
may not be appropriate to use monitoring data 
alone, and fate and transport models may be 
required to estimate exposure concentrations. 
Specific instances where monitoring data alone 
may not be adequate are as follows. 

Where exuosure Doints are spatially 
separate from monitoring uoints. 
Models may be required when exposure 
points are remote from sources of 
contamination if mechanisms for release 
and transport to exposure points exist 
(e.g., ground-water transport, air 
dispersion). 

Where temuoral distribution of data is 
lacking. Typically, data from Superfund 
inveitigations are collected over a 
relatively short period of time. This 
generally will give a clear indication of 
current site conditions, but both long- 
term and short-term exposure estimates 
usually are required in Superfund 
exposure assessments. Although there 
may be situations where it is reasonable 
to assume that concentrations will 
remain constant over a long period of 
time, in many cases the time span of the 
monitoring data is not adequate to 
predict future exposure concentrations. 

Environmental models may be required 
to make these predictions. 

0 Where monitoring data are restricted by 
the limit of auantitation. Environmental 
models may be needed to predict 
concentrations of contaminants that may 
be present at  concentrations that are 
below the quantitation limit but that may 
still cause toxic effects (even at such low 
concentrations). For example, in the 
case of a ground-water plume discharging 
into a river, the dilution afforded by the 
river may be sufficient to reduce the 
concentration of the chemical to a level 
that could not be detected by direct 
monitoring. However, & discussed in 
Section 5.3.1, the chemical may be 
sufficiently toxic or bioaccumulative that 
it could present a health risk at 
concentrations below the limit of 
quantitation. Models may be required 
to make exposure estimates in these 
types of situations. 

A wide variety of models are available for 
use in exposure assessments. SEAM @PA 1988b) 
and the Erposure Assessmenr Methodr Handbook 
(EPA 1989f) describe some of the models 
available and provide guidance in selecting 
appropriate modeling techniques. Also, the 
Center for Exposure Assessment Modeling 
(CEAM - Environmental Research Laboratory 
(ERL) Athens), the Source Receptor Analysis 
Branch (Office of Air Quality Planning and 
Standards, or OAQPS), and modelers in EPA 
regional offices can provide assistance in selecting 
appropriate models. Finally, Volume IV of the 
NTGS (EPA 1989c) provides guidance for air and 
atmospheric dispersion modeling for Superfund 
sites. Be sure to discuss the fate and transport 
models to be used in the exposure assessment with 
the RPM. 

The level of effort to be expended in 
estimating exposure concentrations will depend on 
the type and quantity of data available, the level 
of detail required in the assessment, and the 
resources available for the assessment. In general, 
estimating exposure concentrations will involve 
analysis of site monitoring data and application of 
simple, screening-level analytical models. The 
most important factor in determining the level of 
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effort will be the quantity and quality of the 
available data. In general, larger data sets will 
support the use of more sophisicated models. 

Other considerations. When evaluating 
chemical contamination at a site, it is important 
to review the spatial distribution of the data and 
evaluate it in ways that have the most relevance 
to the pathway being assessed In-short, amsider 
where the contamination is with respect to known 
or anticipated population activity patterns. Maps 
of both concentration distniution and activity 
patterns will be useful for the q o s u r e  
assessment. It is the intersection of activity 
patterns and contamination that defines an 
exposure area. Data from random sampling or 
from systematic grid pattern sampling may be 
more representative of a given exposure pathway 
than data collected only from hot spots. 

Generally, verified GCfMS laboratory data 
with adequate quality control will be required to 
support quantitative exposure assessment. Field 
screening data generally cannot be incorporated 
when estimating exposure concentrations because 
they are derived using less sensitive analytical 
methods and are subject to less stringent quality 
control. 

Other areas to be considered in estimating 
exposure concentrations are as follows. 

0 Steady-state vs. non-steady-state 
conditions. Frequently, it may be 
necessary to assume steady-state 
conditions because the information 
required to estimate non-steady-state 
conditions (such as source depletion 
rate) is not readily available. This is 
likely to overestimate long-term exposure 
concentrations for certain pathways. 

0 Number and me of exposure uarametm 
that must be assumed. In developing 
exposure models, values for site-specific 
parameters such as hydraulic 
conductivity, organic carbon conten; of 
soil, wind speed and direction, and soil 
type may be required. These values may 
be generated as part of the RL In cases 
where these values are not available, 
literature values may be substituted. In 
the absence of applicable literature 
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values, the assessor must consider if a 
reliable exposure concentration estimate 
can be made. 

Number and m e  of fate DroceSses to 
be considered. In some cases, exposure 
modeling may be limited to 
considerations of mass balance, dilution, 
dispersion, and equilibrium partitioning. 
In other cases, models of more complex 
fate processes, such as chemical reaction, 
biodegradation, and photolysis may be 
needed. However, prediction of such 
fate processes requires significantly larger 
quantities of model calibration and 
validation data than required for less 
complex fate processes. For those sites 
where these more complex fate processes 
need to be modeled, be sure to consult 
with the RPM regarding the added data 
requirements. 

ESTIMATE EXPOSURE 
CONCE-TiONS IN GROUND 
WATER 

Exposure concentrations in ground water can 
be based on monitoring data alone or  on a 
combination of monitoring and modeling. In 
some cases, the exposure assessor may favor the 
use of monitoring data over the use of complex 
models to develop exposure concentrations. It is 
most appropriate to use ground-warer sampling 
data as estimates of exposure concentrations when 
the sampling points correspond to exposure 
points, such as samples taken from a drinking 
water tap. However, samples taken directly from 
a domestic well or drinking water tap should be 
interpreted cautiously. For example, where the 
water is acidic, inorganic chemicals such as lead 
or mpper may leach from the distribution system. 
Organic chemicals such as phthalates may migrate 
into water from plastic piping. Therefore, 
interpretations of these data should consider the 
type and operation of the pumping, storage, and 
distribution system involved. 

Most of the time, data from monitoring wells 
will be used to estimate chemical concentrations 
at the exposure point. Several issues should be 
considered when using monitoring well data to 
estimate these concentrations. First, determine if 
the aquifer has sufficient production capacity and 
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is of sufficient quality to support drinking water 
or other uses. If so, it generally should be 
assumed that water could be drawn from anywhere 
in the aquifer, regardless of the location of 
existing wells relative to the contaminant plume. 
In a few situations, however, it may not be 
reasonable to assume that water will be drawn 
from directly beneath a specific source (e.g., a 
waste management unit such as a landfill) in the 
future. In these cases, it should be assumed that 
water could be drawn from directly adjacent to the 
source. Selection of the location(s) used to 
evaluate future ground-water exposures should be 
made in consultation with the RPM. Second, 
compare the construction of wells (cg., drinking 
water wells) in the area with the construction of 
the monitoring wells. For example, drinking water 
wells may draw water from more than one aquifer, 
whereas individual monitoring wells are usually 
screened in a specilic aquifer. In some cases it 
may be appropriate to separate data from two 
aquifers that have very limited hydraulic 
connection if drinking water wells in the area 
draw water from only one of them. Consult a 
hydrogeologist for assistance in the above 
considerations. 

Another issue to consider is filtration of 
water samples. While filtration of ground-water 
samples provides useful information for 
understanding chemical uansport within an aquifer 
(see Section 4.5.3 for more details), the use of 
filtered samples for estimating exposure is very 
controversial because these data may 
underestimate chemical concentrations in water 
from an unfiltered tap. Therefore, data from 
unfiltered samples should be used to estimate 
exposure concentrations. Consult with the RPM 
before using data from filtered samples. 

Ground-water monitoring data are often of 
limited use for evaluating long-term exposure 
concentrations because they are generally 
representative of current site conditions and not 
long-term trends. Therefore, ground-water models 
may be needed to estimate exposure 
concentrations. Monitoring data should be used 

- when possible to calibrate the models. 

Estimating exposure concentrations in ground 
water using models can be a complex task because 
of the many physical and chemical processes that 
may affect vansport and transformation in ground 

water. Among the important mechanisms that 
should be considered when estimating exposure 
concentrations in ground water are leaching from 
the surface, advection (including infiltration, flow 
through the unsaturated zone, and flow with 
ground water), dispersion, sorption (including 
adsorption, desorption, and ion exchange), and 
transformation (including biological degradation, 
hydrolysis, oxidation, reduction, complemion, 
dissolution, . and precipitation). Another 
consideration is that not all. chemicals may be 
dissolved in water, but may be present instead in 
nonaqueous phases that float on top of ground 
water or sink to the bottom of the aquifer. 

The proper selection and application of soil 
and ground-water models requires a thorough 
understanding of the physical, chemical, and 
hydrogeologic characteristics of the site. SEAM 
(EPA 1988b) provides a discussion of the factors 
controlling soil and ground-water contaminant 
migration as well as descriptions of various soil 
and ground-water models. For more in-depth 
guidance on the selection and application of 
appropriate ground-water models, consult 
Selection critmia for Mathematical MOdeLr Used in 
%omre Assessments: Ground-water ModeLF (EPA 
1988~). As with all modeling, the assessor should 
carefully evaluate the applicability of the model to 
the site being evaluated, and should consult with 
a hydrogeologist as necessary. 

If ground-water modeling is not used, current 
concentrations can be used to represent future 
concentrations in ground water assuming steady- 
state conditions. This assumption should be noted 
in the exposure assessment chapter and in the 
uncertainties and conclusions of the risk 
assessment. 

6.53 ESTIMATEEXPOSURE 
CONCENTRATIONS IN SOIL 

Estimates of current exposure concentrations 
in soil can be based directly on summarized 
monitoring data if it is assumed that 
concentrations remain constant over time. Such 
an assumption may not be appropriate for some 
chemicals and some sites where leaching, 
volatilization, photolysis, biodegradation, wind 
erosion, and surface runoff will reduce chemical 
concentrations over time. Soil monitoring data 
and site conditions should be carefully screened to 
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identify situations where source depletion is likely 
to be important SEAM (EPA 1988b) gives 
steady-state equations for estimating many of these 
processes. However, incorporating these processes 
into the calculation of exposure concentrations for 
soil involves considerable effort. If a modeling 
approach is not adopted in these situations, 
assume a constant concentration over time and 
base exposure concentrations on monitoring data. 
This assumption should be clearly documented. 

In evaluating monitoring data for the 
assessment of soil contact exposures, the spatial 
distribution of the data is a critical factor. The 
spatial distribution of soil contamination can be 
used as a basis for estimating the average 
concentrations contacted over time if it is assumed 
that contact with soil is spatially random (i.e., if 
contact with soil in all areas of the site is equally 
probable). Data from random sampling programs 
or samples from evenly spaced grid networks 
generally can be considered as representative of 
concentrations across the site. At many sites 
however, sampling programs are designed to 
characterize only obviously contaminated soils or 
hot spot areas. Care must be taken in evaluating 
such data sets for estimating exposure 
concentrations. Samples from areas where direct 
contact is not realistic (such as where a steep 
slope or thick vegetation prevents current access) 
should not be considered when estimating current 
exposure concentrations for direct contact 
pathways. Similarly, the depth of the sample 
should be considered, surface soil samples should 
be evaluated separately from subsurface samples 
if direct contact with surface soil or inhalation of 
wind blown dust are potential exposure pathway 
at the site. 

In some cases, contamination may be 
unevenly distributed across a site, resulting in hot 
spots (areas of high contamination relative to 
other areas of the site). If a hot spot is located 
near an area which, because of site or population 
characteristics, is visited or used more ffequently, 
exposure to the hot spot should be assessed 
separately. The area over which the zctivity is 
expected to occuf should be considered when 
averaging the monitoring data for a hot spot For 
example, averaging soil data over an area the size 
of a residential backyard (cg., an eighth of an 
acre) may be most appropriate for evaluating 
residential soil pathways. 

6.5.4 ESTIMATE EXPOSURE 
CONCENTRATIONS IN ATR 

There are three general approaches to 
estimating exposure concentrations in air: (1) 
ambient air monitoring, (2) emission 
measurements coupled with dispersion modeling, 
and (3) emission modeling coupled with dispersion 
modeling. Whichever approach is used, the 
resulting exposure concentrations should be as 
representative as possible of the specific exposure 
pathways being evaluated. If long-term exposures 
are being evaluated, the exposure concentrations 
should be representative of long-term averages. 
If short-term exposures are of interest, measured 
or modeled peak concentrations may be most 
representative. 

If monitoring data have been collected at a 
site, their adequacy for use in a risk assessment 
should be evaluated by considering how 
appropriate they are for the exposures being 
addressed. Volume I1 of the NTGS (EPA 1989b) 
provides guidance for measuring emissions and 
should be consulted when evaluating the 
appropriateness of emission data. See Chapter 4 
(Section 4.5.5) for factors to consider when 
evaluating the appropriateness of ambient air 
monitoring data. As long as there are no 
significant analytical problems affecting air 
sampling data, background levels are not 
significantly higher than potential site-related 
levels, and site-related levels are not below the 
instrument detection limit, air monitoring data can 
be used to derive exposure concentrations. There 
st i l l  will be uncertainties inherent in using these 
data because they usually are not representative 
of actual long-term average air concentrations. 
This may be because there were only a few sample 
collection periods, samples were collected during 
only one type of meteorological or climatic 
condition, or because the source of the chemicals 
will change over time. These uncertainties should 
be mentioned in the risk assessment 

In the absence of monitoring data, exposure 
concentrations often can be estimated using 
models. 'Avo kinds of models are used to 
estimate air concentrations: emission models that 
predict the rate at which chemicals may be 
released into the air from a source, and dispersion 
models that predict associated concentrations in 
air at potential receptor points. 
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Outdoor air modeling. Emissions may o a r  
as a result of the volatilization of chemicals from 
contaminated media or as a result of the 
suspension of onsite soils. Models that predict 
emission rates for volatile chemicals or dust 
require numerous input parameters, many of 
which are site-specific. For volatile chemicals, 
emission models for surface water and soil are 
available in SEAM (EPA 1988b). Volume IV of 
the NTGS (EPA 1989c) also provides guidance for 
evaluating volatile emissions at Superfund sites. 
Emissions due to suspension of soils may result 
from wind erosion of exposed soil particles and 
!?om vehicular disturbances of the soil, To 
predict soil or dust emissions, =A's fugitive dust 
models provided in AP42 (EPA 1923%) or models 
descriied in SEAM (1988b) may be used. 
Volume IV of the NTGS (EPA 1989c) also will 
be useful in evaluating fugitive dust emissions at 
Superfund sites. Be sure to critically review all 
modek before use to determine their applicability 
to the situation and site being evaluated. If 
necessary, consult with air modelers in EPA 
regional offices, the Exposure Assessment Group 
in EPA headquarters or the Source Receptor 
Analysis Branch in OAQPS. 

After emissions have bees estimated or 
measured, air dispersion models can be applied to 
estimate air concentrations at receptor points. In 
choosing a dispersion model, factors that must be 
considered include the type of source and the 
location of the receptor relative to the source. 
For area or point sources, EPA's Industrial Source 
Complex model (EPA 1987a) or the simple 
Gaussian dispersion models discussed in SEAM 
(EPA 1988b) can provide air concentrations 
around the source. Other models can be found 
in Volume IV of the NTGS (EPA 1989~). The 
Source Receptor Analysis Branch of OAQPS also 
can be contacted for assistance. Again, critically 
review all  models for their applicability. 

Indoor air modeling. Indoor emissions may 
occur as a result of transport of outdoor-generated 
dust or vapors indoors, or as a result of 
volatilization of chemicals indoors during use of 
contaminated water (e.g., during showering, 
cooking, washing). Few models are available for 
estimating indoor air concentrations from outside 
sokxs. For dust transport indoors, it can 
generally be assumed that indoor concentrations 
are less than those outdoors. For vapor transport 

indoors, concentrations indoors and outdoors can 
be assumed to be equivalent in most cases. 
However, at sites where subsurface soil gas or 
ground-water seepage are entering indoors, vapor 
concentrations inside could exceed those outdoors. 
Vapor concentrations resulting from indoor use of 
water may be greater than those outdoors, 
depending on the emission source characteristics, 
dispersion indoors, and indoor-outdoor air 
exchange rates. Use models discussed in the 
Q.mure Assessmslr MethodF Handbook (EPA 
1989f) to evaluate volatibtion of chemicals from 
indoor use of water. 

65.5 ESTIMATEEXPOSURE 
CONCENTRATIONS IN SURFACE 
WATER 

Data from surface water sampling and 
analysis may be used alone or in conjunction with 
fate and transport models to estimate exposure 
concentrations. Where the sampling points 
correspond to exposure points, such as at 
locations where fishing or recreational activities 
take place, or at the intake to a drinking water 
supply, the monitoring data can be used alone to 
estimate exposure concentrations. However, the 
data must be carefully screened The complexity 
of surface water processes may lead to certain 
limitations in monitoring data. Among these are 
the following. 

0 Temporal representativeness. Surface 
water bodies are subject to seasonal 
changes in flow, temperature, and depth 
that may significantly affect the fate and 
transport of contaminants. Releases to 
surbce water bodies often depend on 
storm conditions to produce surface 
runoff and soil erosion. Lakes are 
subject to seasonal stratification and 
changes in biological activity. Unless the 
surface water monitoring program has 
been designed to account for these 
phenomena, the data may not represent 
long-term average concentrations or 
short-term concentrations that may occur 
after storm events. 

Spatial representativeness. Considerable 
variation in concentration can occur with 
respect to depth and lateral location in 
surface water bodies. Sample locations 
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should be examined relative to surface 
water mixing zones. Concentrations 
within the mixing zone may be 
significantly higher than at downstream 
points where complete mixing has taken 
place. 

o Quantitation limit limitations. Where 
large surface water bodies are involved, 
contaminants that enter as a result of 
ground-water discharge or runoff from 
relatively small areas may be significantly 
diluted. Although standard analytjcal 
methods may not be able to detect 
chemicals at these levels, the toxic effects 
of the chemicals and/or their potential 
to bioaccurnulate may nevertheless 
require that such concentrations be 
assessed. 

o Contributions from other mums. 
Surface water bodies are normally subject 
to contamination from many sources 
(e&, pesticide runoe stormwater, 
wastewater discharges, acid mine 
drainage). Many of the chemicals 

dif6cult to distinguish from siterelated 
chemicals. In many cases background 
samples will be useful in assessing site- 
related contaminants from other 
contaminants (see Section 4.4). 
However, there may be other cases 
where a release and transport model may 
be required to make the distinction. 

associated with these sources may be 

Many analytical and numerical models are 
available to estimate the release of contaminants 
to surface water and to predict the fate of 
contaminants once released. The models range 
from simple mass balance relationships to 
numerical codes that contain terms for chemical 
and biological reactions and interactions with 
sediments. In general, the level of information 
collected during the RI will tend to limit the use 
of the more complex models. 

There are several documents that can bc 
consulted when selecting models to estimate 
surface water exposure concentrations, including 
SEAM (EPA 1988b), the Erposure Assessment 
Methou3 Handbook (EPA 1989f), and Selection 

for Mathematical Modeh Used in Erposure 
Assessments: Surface Water Models (EPA 198To). 
S W  lists equations for surface water runoff and 
soil erosion and presents the basic mass balance 
relationships for estimating the effects of dilution. 
A list of available numerical codes for more 
complex modeling also is provided. The selection 
criteria document (EPA 198%) provides a more 
in-depth discussion of numerical codes and other 
models. In addition, it provides guidelines and 
procedures for evaluating the appropriate level of 
complexity required for various applications. The 
document lists criteria to consider when selecting 
a surface water model, including: (1) type of water 
body, (2) presence of steady-state or transient 
conditions, (3) point versus non-point sources of 
contamination, (4) whether 1, 2, or 3 spatial 
dimensions should be considered, ( 5 )  the degree 
of mixing, (6) sediment interactions, and (7) 
chemical processes. Each of the referenced 
documents should be consulted prior to any 
surface water modeling. 

65.6 E S T I M A T E ~ O S U R E  
CONCENTRATIONS IN SEDIMENTS 

In general, use sediment monitoring data to 
estimate exposure concentrations. Sediment 
monitoring data can be expected to provide better 
temporal representativeness than surface water 
concentrations. This will especially be Vue in the 
case of contaminants such as PcBs, PAHs, and 
some inorganic chemicals, which are likely to 
remain bound to the sediments. When using 
monitoring data to represent exposure 
concentrations for direct contact exposures, data 
from surftcial, near-shore sediments should be 
used 

If modeling is needed to estimate sediment 
exposure concentrations, consult SEAM (EPA 
1988b). SEAM treats surface water and sediment 
together for the purpose of listing available 
models for the release and transport of 
contaminants. Models for soil erosion releases 
are equally applicable for estimating exposure 
concentrations for surface water and sediment. 
Many of the numerical models listed in SEAM 
and the surface water selection criteria document 
(EPA 198%) contain sections devoted to sediment 
fate and transport. 
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In the absence of adequate tissue 
measurements, first consider whether the chemical 
bioconcentrates (Le., is taken up from water) or 
bioaccumulates (i.e., is taken up from food, 
sediment, and water). For example, low molecular 
weight volatile organic chemicals do not 
bioaccumulate in aquatic organisms to a great 
extent. Other chemicals accumulate in some 
species but not in others. For example, PAHs 
tend to accumulate in mollusk species but not in 
fish, which rapidly metabolize the chemicals. For 
those chemicals that bioconcentrate in aquatic 
species of concern, use the organismEwater 
partition coefficient (i-e., bioconcentration factor, 
or BCF). approach to estimate steady-state 
concentrations. BCFs that estimate concentrations 
in edible tissue (muscle) are generally more 
appropriate for assessing human exposures from 
fish or shellfish ingestion than those that estimate 
concentrations in the whole body, although this is 
not true for all aquatic species or applicable to all 
human populations consuming fish or shellfish. 
When data from multiple experiments are 
available, select the BCF from a test that used a 
species most similar to the species of concern at 
the site, and multiply the BCF directly by the 
dissolved chemical concentration in water to 
obtain estimates of tissue concentrations. Be 
aware that the study from which the BCF is 
obtained should reflect a steady state or 
equilibrium condition, generally achieved over 
long-term exposures (although some chemicals 
may reach steady state rapidly in certain species). 
For some chemicals, BCFs may overestimate tissue 
levels in fish that may be exposed only for a short 
period of time. 

6.5.7 ESTIMATE CHEMlCAL 
CONCENTRATIONS IN FQOD 

Fish and shellfish. Chemical concentrations 
in fish and shellfish may be measured or 
estimated. Site-specific measured values are 
preferable to estimated values, but before using 
such values, evaluate the sampling plan to 
determine if it was adequate to characterize the 
population and species of concern (see Section 
4.5.6 for some sampling considerations). Also 
examine analytical procedures to determine if the 
quantitation limits were low enough to detect the 
lowest concentration potentially harmful to 
humans. Inadequate sampling or high levels of 
quantitation may lead to erroneous conclusions. 

When no BCF is available, estimate the BCF 
with a regression equation based on octanobvater 
partition coefficients &). several equations are 
available in the literature. Those developed for 
chemicals With structural similarities to the 
chemical of concern should be used in preference 
to general equations because of better statistical 
correlations. 

The regression equation approach to 
estimating BCFs can overestimate or 
underestimate concentrations in fish tissue 
depending upon the chemical of concern and the 
studies used to develop the regression equations. 
For example, high molecular weight PAHs (such 
as benz(a)pyrene) with high & values lead to 
the prediction of high fish tissue residues. 
However, PAHs are rapidly metabolized in the 
liver, and do not appear to accumulate 
significantly in fish. Regression equations using 
kw cannot take into account such 
pharmacokinetics, and thus may overestimate 
bioconcentration. On the other hand, studies used 
to develop regression equations which were not 
representative of steady-state conditions will tend 
to underestimate BCFs. 

Typical methods for estimating fish tissue 
concentrations are based on dissolved chemical 
concentrations in water. W e  chemicals present 
in sediment and biota may also bioaccumulate in 
fish, there are only limited data available to 
estimate conm%utions to fish from these sources. 
However, chemicals that readily adsorb to 
sediments, such as PCBs, can be present in surface 
water at concentrations below detection limits and 
still significantly bioaccumulate. Some models are 
available to assess the contribution of chemical 
concentrations in sediment to chemical 
concentrations in aquatic biota CEAh4 (ERL 
Athens) may be of assistance in choosing and 
applying an appropriate model 

Plants. Site-related chemicals may be present 
in plants as a result of direct deposition onto 
plant surfaces, uptake from the soil, and uptake 
from the air. When possible, samples of plants or 
plant products should be used to estimate 
exposure concentrations. In the absence of 
monitoring data, several modeling approaches are 
available for estimating exposure concentrations in 
plants. Use of these models, however, can 
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introduce substantial uncertainty into an exposure 
assessment. 

If deposition onto plants is the source of the 
chemical, air deposition modeling can be used in 
conjunction with plant interception fractions to 
estimate uptake. The plant interception fraction 
can be estimated by merhods published in the 
literature or can be developed for a specific crop 
by considerhg crop yield and the area of the plant 
available for deposition. 

If soil contamination is the source of the 
chemical, calculate the concentration in plants by 
multiplying soil to plant partition coefficients by 
soil concentrations. Use the open literature or 
computerized data bases to obtain these 
coefficients from field, microcosm, or laboratory 
experiments that are applicable to the type of 
vegetation or crop of concern (see EPA 198% 
sludge documents for some). In the absence of 
more specific information, use general BCFs 
published in the literature that are not crop- 
specific (see Baes et al. 1984 for some). When 
using these parameters, it is important to consider 
that many site-specific factors affect the extent of 
uptake. These factors include pH, the amount of 
organic material present in soil, and the presence 
of other chemicals. 

When literature values are not available, 
consider equations published in the literature for 
estimating uptake into the whole plant, into the 
root, and translocation from the root into above 
ground parts (see Calamari et al. 1987). Such 
methods require physicaUchemica1 parameters such 
as K, or molecular weight and were developed 
using a limited data base. Scientific judgment 
must always be applied in the development and 
application of any partition coefficient, and 
caution must be applied in using these values in 
risk assessment. 

' 

Terrestrial anhals. Use tissue monitoring 
data when available and appropriate for estimating 
human exposure to chemicals in the terrestrial 
food chain. In the absence of tissue monitoring 
data, use transfer coefficients together with the 
total chemical mass ingested by an animal per day 
to estimate contaminant concentrations in meat, 
eggs, or milk. Data to support modeling of 
uptake by terrestrial animals generally are not 
available for birds, but are available for some 

mammalian species. Terrestrial mammals such as 
cattle are simultaneously exposed to chemicals 
from several sourm such as water, soil, corn 
silage, pasture grass, and hay. Cattle ingest 
varying amounts of these sources per day, each of 
which will contain a different contaminant 
concentration. Because all sources can be 
important with regard to total body burden, an 
approach based upon the daily mass of chemical 
ingested per day.& recommended because it can 
be applied to input from many sources. 

Obtain trvlsfer coefficients from the 
literature (see Ng et al. 1977, 1979, 1982; Baes et 
a!. 1984 for some), or calculate them directly from 
feeding studies (see Jensen et al. 1981; Jensen and 
Hummel 1982; Fries et al. 1973; Van Bruwaene 
et al. 1984). In the absence of this information, 
use regression equations in the literature €or the 
estimation of transfer coefficients (see Travis and 
Arms 1988). It is important to be aware that 
regression equations that use feeding study results 
from short-term exposures may undsrestimate 
meat or milk concentrations. In addition, 
regression equations which rely on &values may 
overestimate exposures for chemicals such as 
benz(a)pyrene that are rapidly metabolized. 
Information on the amount of feed, soil and water 
ingested by dairy and beef cows is available in the 
literature and should be combined with chemical 
concentrations in these media to estimate a daily 
dose to the animal. 

6.5.8 SUMMARIZE EXPOSURE 
CONCENTRATIONS FOR EACH 
PATHWAY 

Summarize the exposure concentrations 
derived for each pathway. Exhibit 6-10 presents 
a sample format. 

6.6 QUANTIFICATION OF 
EXPOSURE: ESTIMATION 
OF CHEMICAL INTAKE 

This section describes the methodology for 
calculating chemical-specific intakes for the 
populations and exposure pathways selected for 
quantitative evaluation. The general equation for 
estimating intake was shown in Exhiiit 69. 
Remember that the intakes calculated in this step 

I I 
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EXHIBIT 6-10 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 
EXPOSURE CONCENTRATIONS 

Ingestion of ground water: 

Benzene 

Chlordane 

Cyanide 

Direct contact with soil: 

Manganese 

Selenium 

Mercury 

Inhalation of dust: 

Manganese 

Selenium 

Mercury 

9 ug/L 

5.3 u g n  

11 ug/L 

Concentrations are the 95 percent 
upper confidence limit on the 
arithmetic average of measured 
concentrations in downgradient 
monitoring wells. 

Concentrations are the 95 percent 
upper confidence limit on the 
arithmetic average of measured 
concentrations in onsite surface 

1200 mglkg 

48 mglkg 

2 mgnig soils. 

Concentrations are based on esti- 
mates of fugitive dust generation 
and dispersion to nearby homes. 
Concentration inputs for air model 
are 95 percent upper confidence 
limit on the arithmetic average of 
measured concentrations in onsite 
soil. 

1 mg/m3 

0.04 mp/m3 

0.002 mg/m3 

Concentration Comments 
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are expressed as the amount of chemical at the 
exchange boundary (e& skin, lungs, gut) and 
available for absorption. Intake. therefore. is not 
equivalent to absorbed dose, which is the amount 
of a chemical absorbed into the blood stream. 

The sections that follow give standa-d 
equations for estimating human intakes for 211 
possible exposure routes -at a site. Values for 
equation variables are presented for use in 
evaluating residential exposures. Considerations 
for deriving pathway-specific variable values for 
populations other than residential (Le., 
commercialhidustrial or recreational) also are 
given. In general, both upper-bound (e&, 95th 
percentile or maximum values) and average (mean 
or median) values are presented. These values 
can be used to calculate the RME or to evaluate 
uncertainty. A general discussion of which 
variable values should be used to calculate the 
RME was provided in Section 6.4.1; more specific 
guidance follows. A discussion of the uncertainty 
analysis is presented in Section 6.8. 

The information presented below is organized 
by exposure medium and exposure route. 

6.6.1 CALCULATE GROUND-WATER AND 
SURFACE WATER lNTA.KES 

Individuals may be exposed to chemicals of 
potential concern in ground water and surface 
water by the following routes: 

(1) ingestion of ground water or surface 
water used as drinking water; 

(2) incidental ingestion of surface water 
while swimming; and 

(3) dermal contact with ground water or 
surface water. 

Inhalation exposures to chemicals that have 
volatilized from surface or ground water are 
covered in Section 6.63. 

Intake from drhking water. Calculate 
residential intakes from ingestion of ground water 
or surface water used as drinking water, using the 
equation and variable values presented in Exhibit 
6-11. As discussed in section 65.3, chemical 
concentration in water (CW) should be based on 

data from unfiltered samples. Develop pathway- 
. specific variable values as necessary. Ingestion 

rates (IR) could be lower for residents who spsnd 
a portion of their day outside the home (e.g., at 

‘&’: work). Also, exposure frequency (EF) may vary 
with land use. Recreational users and workers 

Ggenerally would be exposed less frequently than 
residenzs. 

??! 

-* 

Intake from ingestion of surface water while 
swimming. Calculate intakes from incidental 
ingestion of surface water while swimming. Use 
the equation and variable values presented in 
Exhibit 6-12 Chemical concentration in water 
(CW) should represent unfiltered concentrations. 
Incidental ingestion rates (IR) while swimming 
have not been found in the available literature. 
SEAh4 @?A 1988b) recommends using an 
incidental ingestion rate of 50 mVhour of 
swimming. Exposure duration (ED) will generally 
be less for recreational users of a surface water 
compared to residents living near the surface 
water. Workers are not expected.to be exposed 
via this pathway. 

Intake from dermal eontact. Calculate 
intakes from dermal contact with water while 
swimming, wading, etc., or during household use 
(e.& bathing). 

Use the equation and variable values 
presented in Exhibit 6-13. In this case, the 
calculated exposure is actuallv the absorbed dose, 
not the amount of chemical that comes in contact 
with the skin (i.e., intake). This is because 
permeability constants (PC) reflect the movement 
of the chemical across the skin to the stratum 
corneum and into the bloodstream. Be sure to 
record this information in the summary of 
exposure assessment results so that the calculated 
intake is compared to an appropriate toxicity 
reference value in the risk characterization 
chapter. Note that PC are based on an 
equilibrium partitioning and likely result in an 
over-estimation of absorbed dose over short 
exposure periods (e.g., < 1 hr). The open 
literature should be consulted for chemical-specific 
PC values. The values in SEAM (EPA 1988b) are 
currently being reviewed and should not be used 
at this time. If chemical-specific PC values are 
not available, the permeability of water can be 
used to derive a default value. (See Blank ef d. 
119841 for some values [e.g., 8.4xl@cm/hr].) Note 
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EXHIBIT 6-11 

RESIDENTIAL EXPOSURE: INGESTION OF 
CHEMICALS IN DRINKING WATER ' 

(AND BEVERAGES MADE USING DRINKING WATER) 

Equation: 
Intake (mg/kg-day) = CW x IR x EF x ED 

B W x A T  

Where: 

CW = 
IR = Ingestion Rate (liters/day) 
E F  = Exposure Frequency (days/year) 
ED = Exposure Duration (years) 
BW = Body W e i g h t & )  
AT = 

Chemical Concentration in Water (mghiter) 

Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

cw: 
I R  

EF: 

ED: 

B W  

AT: 

Site-specific measured o r  modeled value 

2 liters/day (adult, 90th percentile; EPA 1989d) 
1.4 Iiterslday (adult, average; EPA 1989d) 
Age-specific values (EPA 1989d) 

Pathway-specific value (for residents, usually daily - 365 daydyear) 

70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) 

at one residence; EPA 1989d) 
9 years (national median time (50th percentile) at one residence; 
EPA 1989d) 

70 kg (adult, average; EPA 1989d) 
Age-specific values (EPA 1985a, 1989d) 

Pathway-specific period of exposure for noncarcinogenic effects 
(i.e., ED x 365 days/year), and 70 y e a r  lifetime for carcinogenic 
effects (i.e., 70 years x 365 dayslyear). 

'See Section 6.4.1 and 6.6.1 for a discussion of which variable values should be used to cakulate the 
remonable mprimum exposure. In general, combine 95ih or 90th percentile vcrlueEf0r contart rate 
and exposure frequency and duration variables. 
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EXHIBIT 6-62 

RESIDENTIAL EXBOSUPUE: 
INGESTION OF CHEMICALS IN SURFACE WATER 

WHILE SWMMXNG' 

Equation: 
Intake (rnglkg-day) = x CR x ET xEFx&P 

BW x AT . 
Where: 

CW = 
CR = Contact Rate (iitersbour) 
ET = Exposure Time (hoardevent) 
EF = Exposure Frequency (eventdyear) 
ED = Exposure Duration @ears) 
B W  = BodyWeight(kg) 
AT = 

Chemical Concentration in Water ( m i t e r )  

Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

cw: 
m. 
ET: 
E F  

E D  

B W  

AT: 

Sitespecific measured or modeled value 

50 mVhour (EPA 1989d) 

Pathway-specific value 

Pathway-specific d u e  (should consider local climatic conditions 
[e. g., number of days above a given temperature] and age of 
potentially exposed population) 

EPA 19884 EPA 1989d) 
7 days/year (national average for swimming; USDOI in 

70 years Oifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one 

9 years (national median time (50th percentile) at one residence; 

70 kg (adult, average; EPA 1989d) 
Age-specifrc values (EPA l985a, 1989d) 

Pathway-specific period of exposure for noncarcinogenic effects 
(Le., ED I. 365 days/year), and 70 year lifetime for carcinogenic 
effects (Le., 70 years x 365 days/year). 

residence; EPA 1989d) 

EPA 1989d) 

a See SeCpon 6.4.1 and 6.6.1 for a &cussion of which vadabk vcrlues should be usad to cnlrukdp Ihr 
reasoncble marimurn exposum. In general, wdinc 99% or 90th percent& values for contact rate 
and exposure frequency and duration variables. 
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i EXHIBIT 6-13 

RESIDENTIAL EXPOSURE: 
DERMAL CONTACT WITH CHEMICALS IN WATER' 

Equation: 

Absorbed Dose (m%kg4ay) = CW x S,4 x PC x ET x C F  
BW x AT 

Where: 

c w =  
SA = 
PC = 
E T =  
EF = 
ED = 
C F  = 
BW = 
AT = 

Chemical Concentration in Water (mgi te r )  
Skin Surface Area Available for Contact (cm2) 
Chemical-specific Dermal Permeability Constant ( c a r )  
Exposure Time (houdday) 
Exposure Frequency (dayshear) 
Exposure Duration bears) 
Volumetric Conversion Factor for Water (1 liter/1000 cm') 
Body Weight ocg> 
Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CW: Site-specific measured o r  modeled value 

SA: 

50th P P  (m2) (EPA 19891.198W 

Asmmw MA€E FlEMALE 
3 < 6  0.728 0.711 
6 < 9  0.931 0.919 
9 < 12 1.16 1.16 
12 < 15 1.49 1.48 
15 < 18 1.75 1.60 
Adult 1.94 1.69 

50th PercentileELPdy Pafl - mSrSubs -.dm 

0.18 
AGE Ma fwm 
3 < 4  0.096 
6 < 7  0.11 0.041 0.24 
9 < 10 0.13 0.057 0.31 
Adult 0.23 0.082 0.55 

!#as HANDS 
0.040 

a See Section 6.4.1 and 6.6.1 for a discussion 0, which variable values should be used to cnlrJllnirr Ute 
reasonable ntau'mum exposure. I n  general, combine 95th or 90th percentile values for contacl rate and 
exposure frequency and duration vnriables. Use SOtti percentile values for SA; see text for rationale. 

(con timed) 
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EXHIBIT 6-13 (continued) 

RESIDENTIAL EXPOSUR1E: 
DERMAL CONTACT WITPI CHEMICALS IN WA"13R' 

I 

NOTE: Values for children were calculated using age-spedjic swface areas and the average 
pmentage of total body mrfnce ore0 mpmented by partaiculm bodg pmtr in chtldren, 
presented in EPA 198Sa. Values for odullr presented in EPA 1989d or c u f i o m  
inforrmrlionpresentedin EPA 19850. Infirmation on nrrfcln m a  of otherbody panb (e.g., 
head, fag) and for female chikben and adults ais0 is presented in EPA 1985a. 19896 
Differences in body pori su@kce areas between is negligible. 

P C  Consult open literature for values mote that use of PC values results in 
an estimate of absorbed dose.] 

ET: Pathway-specific value (consider local activity patterns if information 

2.6 hrs/day (national average for swimming, USDOI in 
is available) 

EPA 1988b, EPA 1989d) 

EF: Pathway-specific value (should consider local climatic conditions 
[e. g., number of days above a given temperature] and age of potentially 
exposed population) 

EPA 1989d) 
7 daydyear (national average for swimming; USDOI in EPA l988b, 

E D  70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) at one residence; 
EPA 1989d) 

EPA 1989d) 

C F  1 liter/lOOO cm3 

B W  70 kg (adult, average; EPA 19899 
Age-specific values @PA l985a, l989d) 

A T  Pathway-specific period of exposure for noncarcinogenic effects 
(Le., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(Le., 70 years x 365 days/year). 

a See Section 6.4.1 and 6.6. I for a discussion of which vm'& values should be us& & calculate 
rhe reasonable mpIjrmun erposure. In general, combine 95th or 90th percmrilp values for 
contact rate and exposure frequency and duration vmkbles. 

I 

j 
I 

- :  
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that this approach may underestimate dermal 
permeability for some organic chemicals. 

To calculate the reasonable maximum 
exposure for this pathway, 50th percentile values, 
instead of 95th percentile values, are used for the 
area of exposed skin (SA). This is because 
surface area and body weight are strongly 
correlated and 50th percentile values are most 
representative of the surface area of individuals of 
average weight (e.&, 70 kg) which is assumed for 
this and all other exposure pathways. Estimates 
of exposure for this pathway are sti l l  regarded as 
conservative because generally conservative 
assumptions are used to estimate dermal 
absorption (PC) and exposure frequency and 
duration. 

Consider pathway-specific variations for the 
intake variables. SA will vary with activity and 
the extent of clothing worn. For example, a 
greater skin surface area would be in contact with 
water during bathing or swimming than when 
wading. Worker exposure via this pathway will 
depend on the type of work performed at the site, 
protective clothing worn, and the extent of water 
use and contact. 

6.63 CALCULATE SO& SEDIMENT, OR 
DUST INTAKES 

Individuals may be exposed to chemicals of 
potential concern in soil, sediment, or dust by the 
following routes: 

(1) incidental ingestion; and 
(2) dermal contact. 

Inhalation exposures to airborne soil or dust are 
discussed in Section 6.63. 

Incidental ingestion. Calculate intakes from 
incidental ingestion of chemicals in soil by 
residents using the equation and variable values 
presented in Exhiit 6-14. Consider population 
characteristics that might influence variable values. 
Exposure duration (ED) may be less for workers 
and recreational users. 

' h e  value suggested for ingestion rate (IR) 
for children 6 years old and younger are based 
primarily on fecal tracer studies and account for 
ingestion of indoor dust as well as outdoor so& 

These values should be viewed as representative 
of long-term average daily ingestion rates for 
children and should be used in conjunction with 
an exposure frequency of 365 daysbear. A term 
can be used to account for the fraction of soil or 
dust contacted that is presumed to be 
contaminated (FI). In some cases, concentrations 
in indoor dust can be equal to those in outdoor 
soil. Conceivably, in these cases, FI could be 
equal to 1.0. 

For ingestion of chemicals in sediment, use 
the same equation as that used for ingestion of 
soil. Unless more pathway-specific values can be 
found in the open literature, use as default 
variable values the same values as those used for 
ingestion of so& In most instances, contact and 
ingestion of sediments is not a relevant pathway 
for indusviaUcommercia1 land use (a notable 
exception to this could be workers repairing 
docks). 

Dermal contact. Calculate exposure from 
dermal contact with chemicals in soil by residents 
using the equation and variable values presented 
in EKhibit 6-15. As was the case with emosure to 
chemicals in water, calculation of mosure for this 
pathwav results in an estimate of the absorbed 
dose, not the amount of chemical in contact with 
the skin (i.e.. intake). Absorption factors (ABS) 
are used to reflect the desorption of the chemical 
from soil and the absorption of the chemical 
across the skin and into the blood stream. 
Consult the open literature for information on 
chemical-specific absorption factors. In the 
absence of chemical-specific information, use 
conservative assumptions to estimate ABS. 

Again, as with dermal exposure to water, 50th 
percentile body surface area (SA) values are used 
to estimate contact rates. These values are used 
along With average body weight because of the 
strong correlation between surface area and body 
weight. Contact rates may vary with time of year 
and may be greater for individuals contacting soils 
in the warmer months of the year when less 
clothing ki worn (and hence, more skin is available 
for contact). Adherence factors (AF) are available 
for few soil types and body pans. The literature 
should be reviewed to derive AF values for other 
soil types and other body parts. Exposure 
frequency (EF) is generally determined using site- 
spec5c information and professional judgment. 
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EXHIBIT 6-14 

RESIDENTIAL EXPOSURE: 

INGESTION OF CHEMICALS IN SOILa 

Equation: 

Intake (mglkg-daj) = CS x IR x CF x FI x EF x ED 
BW x AT 

Where: 

cs = 
IR = 
C F  = 
F I =  
EF = 
ED = 
BW = 
AT = 

Cbemical Concentration in Soil (mgncg) 
Ingestion Rate (mg soillday) 
Conversion Factor (10-8 kdmg) 
Fraction Ingested from Contaminated Source (unitless) 
Exposure Frequency (dayslyears) 
Exposure Duration (years) 
Body Weight (kg) 
Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

cs: 
I R  

CP: 
Fk 

EF 
ED: 

BW: 

AT: 

Site-specific measured value 

200 mglday (children, 1 through 6 years old; EPA 19899, 
100 mglday (age groups greater than 6 years old; EPA 1989@ 

NOTE: IR values are  default values and could change based 
on site-specific o r  other information. Research is currently ongoing 
to better define ingestion rates. IR values do not apply to  individuals 
with abnormally high soil ingestion rates (Le., pica). 

10 kg/mg 

Pathway-specific value (should consider contaminant location and 

365 dayslyear 

70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) a t  one 

9 years (national median time (50th percentile) at one residence; 

70 kg (adult, average; EPA 1989d) 
16 kg (children 1 through 6 years old, 50th percentile; EPA 1985a) 

Pathway-specific period of exposure for noncarcinogenic effects 

population activity patterns) 

residence; EPA 1989d) 

EPA 198913 

(Le., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(Le., 70 years x 365 daydyear). 

See Section 6.4.1 and 6.6.2 for a discussion of which variable values should be used to calculate 
lhe reasonabk? maXimUrn q w s u m  In general, use 951h or 90th preen& values for conlnct rate 
and erposun frequency and durafion variables. 

a 

. 
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EXHIBIT 6-15 

RESIDENTIAL EXPOSURE: 
DERMAL CONTACT WITH CHEMICALS IN SOIL' 

I Equation: 
Absorbed Dose (rngfltg-day) = CS x C F x  SA x A F x  ABS x EFx ED 

BW x AT 

I Where: 

cs = 
C F  = 
SA = 
A F =  
ABS = 
EF = 
ED = 
BW = 
AT = 

Chemical Concentration in Soil (m%kg) 
Conversion Factor (10 -a kg/mg) 
Skin Surface Area Available for Contact (cmYevent) 
Soil to Skin Adherence Factor (mg/cmz) 
Absorption Factor (unitless) 
Exposure Frequency (eventdyear) 
Exposure Duration (years) 
Body Weight (ks, 
Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CS: 

CF: 10-'kg/rng 

SA: 

50th Percentile T o u o d v  S u r f u r e a  (mzl CEPA 1989d. 1985a 

Based on site-specific measured value 

AGE N Rs1 l!ltuLE FEMALE 
3 < 6  0.728 0.711 
6 < 9  0.931 0.919 
9 < 12 1.16 1.16 
12 < 15 1.49 1.48 
15 < 18 1.75 1.60 
Adult 1.94 1.69 

XIANDS LEGS 
0.040 0.18 

'Ammw 
3 < 4  
6 < 7  0.11 0.041 0.24 
9 < 10 0.13 0.057 0.31 
Adult 0.23 0.082 0.55 

dEEls 
0.096 

NOTE: V i e s  for chilaken were ealculutmiuring age-specajic body surface areas and the average penwrtage 
of total body sutface area represented by pa&& b& parts in children, presented in EPA 1985a. 
Values for adults presented in EPA 1989d or c u e d f i n m  informalion presented in EPA 1985a. 

a See Section 6.4.1 and 6.6.2 for a &asion of which van& values should be used to the mason- 
able maximum eapsure. In general, combine 95th or 90th pemntile values for confact raio and erposun 
frequency variables. Use 50th percentile values for SA; see led for rationale. 

(con timed) 
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EXHIBIT 6-15 (continued) 

NOTE (continuad): Informab.on on sudace m a  of otherbodyportr (e.g.. k4 f&) ru2d for f &  
children and& d o  isprscntedin EPA 1985a, 1989d Diffkences inbodypartsu$ue 
areas between sezpt is negligible. 

AF: 1.45 mg/cmz - commercial potting soil (for hands; EPA 19891, EPA 

2.77 m&m2 - kaolin clay (for hands, EPA 1989d, EPA 1988b) 
1988b) 

ABS: Chemical-specific value (this value accounts for desorption of 
chemical from the soil matrix and absorption of chemical across 
the skin; generally, information to support a determination of ABS is 
limited - see text) 

EF Pathway-specifrc value (should consider local weather Lwnditions 
[e.g,number of rain, snow and frost-free days] and age of potentially 
exposed population) 

ED: 70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) at one residence; 
EPA 1989d) 

EPA 1989d) 

BW: 70 kg (adult, average; EPA l989d) 
Age-specific values (EPA 1985a, 1989d) 

A T  Pathway-specific period of exposure for noncarcinogenic effects 
(Le., ED x 365 daydyear), and 70 year lifetime for carcinogenic effects 
(Le., 70 years x 365 daydyear). 

a See Section 6.4. I and 6.6.2 for a &cussion of which v& v&s should be used to mLrrrlntr the 
reasonable nuuimum tqosum. In general, combine 95f.h or 90fh penmtilr v&m for cont4d raic 
and exposure frequency and durah'on van'ables. 

! 

I 
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"Best guess" values for children potentially useful 
in risk assessments are 3 timeshweek for fall and 
spring days (>32oF) and 5 timeshweek for summer 
days when children are not attending school. As 
discussed previously, in some cases, concentrations 
in indoor dust could be equal to that in outdoor 
environments. Therefore, at some sites, EF could 
be 365 dayshear. Worker and recreational user 
contact rates are dependent on the type of activity 
at the site. Exposure duration (ED) and exposure 
frequency (EF) may be lower for workers and 
recreational users. 

I 
(1 

i 

For dermal contact with sediment or dust, 
use the same equation as that for dermal contact 
with soil. As default values, also use the variable 
values given for dermal contact with soil unless 
more pathway-specific values can be found in the 
open literature. Adherence factors for some 
sediments (particularly sandy sediments) are likely 
to be much less than for soils because contact 
with water may wash the sediment off the skin. 
Exposure frequency for sediments also is probably 
lower than that for soils at many sites. 

Individuals may be exposed to chemicals of 
potential concern in air by inhalation of chemicals 
in the vapor phase or adsorbed to particulates. 
Dermal absorption of vapor phase chemicals is 
considered to be lower than inhalation intakes in 
many instances and generally is not considered in 
Superfund exposure assessments. 

As with other pathways, the inhalation 
intakes are expressed in units of mglkg-day. The 
combination of inhalation intakes with inhalation 
R ~ D S  (expressed in concentration units of mg/m3) 
will be discussed in Chapters 7 and 8. 

Inhalation of vapor-phase chemicals. 
Calculate intakes from inhalation of vapor phase 
chemicals using the equation and variable values 
presented in Exhibit 6-16. Consider variations 
with land use. Exposure time (ET) will generally 
be less for workers and recreational users. For 
exposure times less than 24 hours per day, an 
hourly inhalation rate (IR) based on activity, age, 
and sex should be used instead of the daily IR 
values. Exposure duration (ED) may also be less 
for workers and recreational users. 

Inhalation of particulate phase chemicals. 
Calculate intakes from inhalation of particulate 
phase chemicals by modifying the equations and 
variable values presented in Exhibit 6-16'for 
vapor-phase exposures. Derive inhalation 
estimates using the particulate concentration in 
air, the fraction of the particulate that is 
respirable @e., particles 10 um or less in size) 
and the concentration of the chemical in the 
respirable fraction. Note that it may be necessary 
to adjust intakes of particulate phase chemicals if 
they are to be combined with toxicity values that 
are based cn exposure to the chemical in the 
vapor phase. This adjustment is done in the risk 
characterization step. 

6.6.4 CALCULATE FOOD INTAKES 

Individuals may be exposed by ingestion of 
chemicals of potential concern that have 
accumulated in food. The primary food items of 
concern are: 

(1) fish and shellfish; 

(2) vegetables and other produce; and 

(3) meat, eggs, and dairy products (domestic 
and game species). 

Ingestion of fish and shellfish. Calculate 
intakes from ingestion of fish and shellfish using 
the equation and variable values given in Exhibit 
6-17. Exposure will depend in part on the 
availability of suitable hhing areas. The chemical 
concentration in fish or shellfish (CF) should be 
the concentration in the edible tissues (when 
available). The edible tissues will vary with 
aquatic species and with population eating habits. 
Residents near major commercial or recreational 
fisheries or shell fisheris are likely to ingest 
larger quantities of locally caught fish and shellfish 
than inland residents. In most instances, workers 
are not likely to be exposed via this pathway, 
although at some sites this may be possible. 

Ingestion of vegetables or other produce. 
Calculate intakes from ingestion of contaminated 
vegetables or other produce using the equation 
and variable values given in Exhibit 6-18. This 
pathway will be most significant for farmers and 
for rural and urban residents consuming 
homegrown fruits and vegetables. For 

000152 
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EXHIBIT 6-16 

RESIDENTPAL EXPOSWBE: 
INHALATION OF AIIPBORME (VAPOR PHASE) CHEMICALS' 

Where: 

CA = Contaminant Concentration in Air (mg/mJ) 
IR = Inhalation Rate (m3/bour) 
ET = Ejrposure Time (hours!day) 
EF = Exposure Frequency (dayslyear) 
ED = ExposureDuration(yean) 
BW = BodyWeightOrg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CA: 
I R  

ET: 

EF 

ED: 

B W  

AT: 

Site-specific measured or modeled value 

30 mJ/day (adult, suggested upper bound value: EPA 19899 
20 m3/day (adult, average: EPA 1989d) 
Hourly rates @PA 1989d) 
Agespecific values (EPA 1985a) 
Age, sew, and activity based values @PA l985a) 
0.6 m3/hr - showering (all age groups; EPA l989d) 

Pathway-specific values (dependent on duration of exposure-related 

12 minutes - showering (90th percentile; EPA 1989d) 
7 minutes - showering (50th percentile; EPA 1989d) 

Pathway-specific value (dependent on frequency of showering or  other 

70 YWWS (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) at one residence; 

70 kg (adult, average; EPA 19891) 
Agespecific values (EPA 1985% 19891) 

Pathway-specific period of exposure for noncarcinogenic effects 

activities) 

exposure-related activities) 

EPA 19891) 

EPA 19899 

(LC, ED x 365 dayslyear), and 70 year lifetime for carcinogenic effects 
(Le., 70 yean x 365 dayslyear). . 

Osee S d o n  6.4.1 and 6.6.3 for a discussion of which vankbk values s h o d  be used to c & h  the 
masonable maaimtm q o s w ~ .  In general, use 95th or 90th percentile valuesfor conlad rate and 
erp~s~rrfrequency and durolion variables. 

me equation and v h a b k  values for vapor phase ezposure can be used with nm@cafion to c & h  
parti&e erpozun. See t a t .  

. I  . .  
I 

0001.53 



- Q \ 7 7  
Page 6-45 

EXHIBIT 6-17 
' RESIDENTIAL EXPOSURE: FOOD PATHWAY -- 

INGESTION OF CONTAMINATED FISH AND SHEZLFISH' 

Equation: 
, .. .- Intake (m%kg-day) = CF x IR x FI x EF x ED 

BWxAT 

Where: 

CP = Contaminant Concentration in Fish (mgflrg) 
IR = Ingestion Rate (l&meal) 
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (meals/year) 
ED = Exposure Duration @ears) 
BW = BodyWeightOrg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

m. 
IR: 

FI: 
E F  

ED. 

BW: 

AT: 

Site-specific measured or  modeled value 

0.2.84 kg/meai (95th percentile for fin fish; Pao d 1 1982) 
0.1W kg/meal(SOth percentile for fin fish; Pao d 1 1982) 

132 @day (95th percentile daily intakes averaged over three days 

38 %day (50th percentile daily intake, averaged over three days 

6.5 @day (daily intake averaged over a year; EPA 19896 

Specific values for age, sex, race, region and fish species are 

Pathway-specific value (should consider local usage patterns) 

Pathway-specific value (shoold consider local population patterns 

48 days/year (average per capita for fish and shellfish; EPA Tolerance 

70 years (lifetime; by convention) 
30 yean (national upper-bound time (90th percentile) at one residence; 

9 years ( ~ t i 0 ~ 1  median time (50th percentile) at one residence; 

70 kg (adult, average; EPA l989d) 
Age-specific values (EPA l985a, 19891) 

Pathway-specific period of exposure for noncarcinogenic effects 

for consumers of fin fish; Pao et 1 1982) 

for consumers of fin fish; Pao et al. 1982) 

NOTE: Daily intake values should be used in conjunction with 
an exposure frequency of 365 dayslyear.) 

available (EPA 1989d, l989h) 

if information is available) 

Assessment System in EPA I989h) 

EPA 1989d) 

EPA l989d) 

(Le., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(Le., 70 yean x 365 daydyear). 

&don 6.4.1 and 6.6.4 for a &cussion of which vmiabk v b  should be used dD cdCUkt8 th8 
masonabk mainnun aposure. In  gmeml, use 95th or 90th peranrile vokcu fir intbku mt8 and 
apsurr jkqurency and hrutfon van'ables. 

OQ0154 . 
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EXHIBIT 6-18 

RESIDENTIAL EXPOSURE: FOOD PATHWAY -- 
INGESTION OF CONTAMINATED FRUITS AND VEGETABLES ' 

Equation: 
Intake (mdkg-day) = CF x 1R x FI x EF x ED 

BW x AT 

Where: 

C F  = Contaminant Concentration in Food (mg/kg) 
IR = Ingestion Rate (kglmeal) 
I;I = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (mealdyear) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CF: 

IR: 

FI: 

E F  

ED: 

BW: 

AT: 

Site-specific measured value or  modeled value based on soil 

Specific values for a wide variety of fruits and vegetables are  available 

Pathway-specific value (should consider location and size of 

concentration and p1ant:soil accumulation factor or deposition factors 

(Pa0 et d. 1982) 

contaminated area relative to that of residential areas, as well as 
anticipated usage patterns) 

Pathway-specific value (should consider anticipated usage patterns) 

70 years Oifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) at one residence; 

70 kg (adult, average; EPA l989d) 
Age-specific values (EPA 1985a, 198913 

Pathway-specific period of exposure for noncarcinogenic effects 

EPA 19899 

EPA 1989d) 

(Le., ED x 365 daysbear), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 

Osee Section 6.4.1 and 6.6.4for a discusion of which v m * a b k  values shouklbe used lo calculate the 
rearonable maximum exposure. In general, use 95th or 90th percentile values for contact rate and 
exposure ftequency and duration variables. 

. 
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contaminated backyard gardens, the fraction of 
food ingested that is contaminated (FI) can be 
estimated using information on the fraction of 
fruits or vegetables consumed daily that is home 
grown (HF). EPA (1989d) provides HF values for 
fruit (0.20, average; 030 worst-case) and 
vegetables (0.25, average; 0.40, worst-case). 
(worst-case values can be used as estimates of the 
95th percentile value.) Pa0 et al. (1982) provides 
specific values for a variety of fruits and 
vegetables. 

Workers are not likely to be exposed via this 
pathway. Recreational users could be exposed 
from consuming wild h i t s  or vegetables from the 
site, although such exposures are likely to be 
negligible. 

Ingestion of meat, eggs, and dairy products. 
Calculate intakes from ingestion of contaminated 
meat and daiiy products using the equation and 
variable values given in Exhibit 6-19. Derive 
pathway-specific values as necessary. Rural 
residents may consume poultry as well as livestock 
and wild game that have been exposed to 
contaminants at the site. The fraction of food 
ingested daily that is contaminated (FI) can be 
estimated for beef and dairy products using 
information provided in EPA (1989d) on the 
fraction of these foods that is homegrown 0. 
HF for beef is estimated to be 0.44 (average) and 
0.75 (worst-case). HF for daw products is 
estimated to be 0.40 (average) and 0.75 (worst- 
case). (Worst-case values can be used as estimates 
of the 95th percentile value.) Consider land-use ' 

variations. Workers are not likely to be exposed 
via this pathway. Exposure duration (ED) and 
exposure frequency (EF) will likely be less for 
recreational users (e.&, hunters). 

I 

6.7 COMBINING CHEMICAL 
I N T m S  ACROSS 
PATHWAYS 

As discussed previously, the RME at a site 
reflects the RME for a pathway as well as the 
RME across pathways. A given population may 
be exposed to a chemical from several exposure 
routes. For example, residents may be exposed to 
chemicals in ground water via ingestion of 
drinking water and via inhalation of chemicals that 

have volatilized from ground water during its use. 
They also could be exposed to chemicals in vapors 
or dust that have migrated from the site. To 
calculate an exposure that is a reasonable 
maximum across pathways, it may be necessary to 
combine the RME for one pathway with an 
estimate of more typical exposure for another 
pathway (see Section 8.3.1). The average variable 
values identified in the previous sections can be 
used to calculate intakes for these more typical 
exposures. At this point in the assessment, 
estimated intakes are not summed across 
pathways; this is addressed in the risk 
characterization chapter. However, the assessor 
should organize the results. of the previous 
exposure analyses (including any estimates of 
typical exposure) by grouping all applicable 
exposure pathway for each exposed population. 
This organization will allow risks from appropriate 
exposures to be combined in the risk 
characterization chapter (see Exhibit 6-22 for a 
sample summary format). 

6.8 EVALUATING 
UNCERTAINTY 

The discussion of uncertainty is a very 
important component of the exposure assessment. 
Based on the sources and degree of uncertainty 
associated with estimates of exposure, the 
decision-maker will evaluate whether the exposure 
estimates are the maximum exposures that can be 
reasonably expected to occur. Section 8.4 provides 
a discussion of how the exposure uncertainty 
analysis is incorporated. into the uncertainty 
analysis for the entire risk assessment. 

The discussion of uncertainty in the exposure 
assessment chapter should be separated into two 
parts. The first part is a tabular summary of the 
values used to estimate exposure and the range of 
these values. The table should include the 
variables that appear in the exposure equation as 
well as those used to estimate exposure 
concentrations (e+, model variables). A simple 
example of this table is shown in Exhibit 6-20. 
For each variable, the table should include the 
range of possible values, the midpoint of the 
range (useful values for this part are given in 
Exhibits 6-11 through 6-19), and the value used to 
estimate exposure. In addition, a brief description 
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EXHIBIT 6-19 

RESIDENTIAL EXBQSURE: FOOD PATHWAY -- 
HNGESTIQN OF CONTAMINATED MEAT, EGGS, 

AWD DAIRY PRODUCTS' 
Equation: 

Intake (mdkg-day) = CF x JR x Fl x EF x ED 
BW x AT 

Where: 

CF = Contaminant Concentration in Food (mgflrg) 
IR = Ingestion Rate (kgimeal) 
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (meals/year) 
ED = Exposure Duration (years) 
BW = Body WeigbtOrg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CF: 

IR: 

FI: 

EF: 
ED: 

BW: 

AT: 

Site-specific measured or modeled value. Based on soil 
concentrations, plant (feed) accumulation factors, and feed-to-meat 
or  feed-to-dairy product transfer coefficients 

0.28 kglmeal - beef (95th percentile; Pao ef al. 1982) 
0.112 kglmeal - beef (50th percentile; Pao et uf. 1982) 
Specific values for other meats are available (Pa0 et CrL 1982) 

0.150 kglmeal - eggs (95th percentile; Pao et CrL 1982) 
0.064 kg/meal - eggs (50th percentile; Pao et aL 1982) 

Specific values for milk, cheese and other dairy products are available 

Pathway-specific value (should consider location and size of contaminated 

(Pao et d. 1982) 

area relative t o  that of residential areas, as well as anticipated usage 
patterns) 

Pathway-specific value (should consider anticipated usage patterns) 

70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) a t  one residence; 

9 yean (national median time (50th percentile) a t  one residence; 

70 kg (adult, average; EPA 1989d) 
Age-specific values (EPA 198Sa, 1989d) 

Pathway-specific period of exposure for noncarcinogenic effects 

EPA 1989d) 

EPA1989d) 

(Le., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 

a See Section 6.4.1 and 6.6.4 for a dscucsion of which variable valuer should be used lo ccrleulntc 
the reasonable marimurn erposure. i n  general, use 95fh or 9U!h percentife calues for conract rate 
and erposurefrequeng and duration. 800157 

i. 
I 

' I  

. I  

0 1  

i '  
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EXHIBIT 6-20 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 
VALUES USED TO ESTIMATE EXPOSURE 

Variable Range Midpoint Value Used Brief Rationale 

PCB concentration ND - 3,500 250 
in soil (mgkg) (arithmetic mean) 

Chronic exposure 
(m%kg) 

Acute exposure 
(mg/kg) 

Adult soil ingestion 
rate (mud) 

0 - 170 

Exposure frequency 1 - 7  
(daystwk) 

17 
(arithmetic mean) 

3 

Exposure duration 1 - 20 10 
Orears) 

1,400 95th percentile upperbound 
estimate of mean concentration 

3,500 Maximum detected concentration 

100 Range based on assumptions 
regarding soil adherence and 
percent ingestion. Value used 
is from EPA 1989s 

5 Best professional judgment. 

20 Best professional judgment. 
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of the selection rationale should be included. The 
discussion that accompanies the table in the 
exposure assessment chapter should identify which 
variables have the greatest range and provide 
additional justification for the use of values that 
may be less certain. 

The second part of the uncertainty discussion 
is to summarize the major assumptions of the 
exposure assessment, to discuss the uncertainty 
associated with each, and to describe how this 
uncertainty is expected to affect the estimate of 
exposure. Sources of uncertainty that should be 
addressed include 1) the monitoring data, which 
may or may not be representative of actual 
conditions at the site; 2) the exposure models, 
assumptions and input variables used to estimate 
exposure concentrations; and 3) the values of the 
intake variables used to calculate intakes. Each 
of these sources should be discussed in the 
summary section of the exposure assessment A 
table may be useful in summarizing this 
i.nformation. Exhibit 6-21 presents a sample 
format. 

A supplemental approach to uncertainty 
analysis is to use analytical methods (e.g., first- 
order uncertainty analysis) or numerical methods 
(e.g., Monte Carlo analysis). These methods and 

their limitations are described in greater detail in 
Section 8.4 It is recommended that these analyses 
be used only after approval of the EPA project 
manager, and then, only as a part of the 
uncertainty analysis (and not as a basis for the 
reasonable maximum exposure). 

6.9 S m Z m - G  AND 
PRESEhTING TEPE EXPOSURE 
ASSESSMEhT RESULTS 

At this point, the exposure assessor should 
summarize the results of the exposure assessment. 
The summary information should be presented in 
table format and should list the estimated 
chemical-specific intakes for each pathway. The 
pathways should be grouped by population so that 
risks can be combined across pathways as 
appropriate. The summary information should be 
further grouped by current and future use 
categories. Within these categories, subchronic 
and chronic daily intakes should be summarized 
separately. Exhibit 6-22 presents a sample format 
for this summary information. In addition to the 
summary table, provide sample calculations for 
each pathway, to aid in the review of the 
calculations. 
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EXHIBIT 6-21 

EXAMPLE OF AN UNCERTAINTY TABLE FOR 
EXPOSURE ASSESSMENT 

-.. 

ASSUMPTION 

EFFEtX ON EXPOSURE ‘ 
Potential 

Potential Potential Magnitude 
Magnitude Magnitude for Over- 
for Over- for Under- or  Under 
Estimation Estimation Estimation 
of Exposure of Exposure of Exposure 

Environ-W& 
Sufficient samples may not have 
been taken to characterize the media 
being evaluated, especially with 
respect to currently available soil data. 

Systematic or random errors in the 
chemical analyses may yield erroneous 
data. 

Transuort M- 
Chemicals in fish will be at 
equilibrium with chemical 
concentrations in water. 

Use of a Gaussian dispersion model 
to estimate air concentrations offsite. 

Use of a box model to estimate 
air concentrations onsite. 

Low 

Low 

Use of Cowherd’s model to estimate 
vehicle emission factors. 

The standard assumptions regarding 
body weight, period exposed, life 
expectancy, population characteristics, 
and lifestyle may not be representative 
of any actual exposure situation. 

The amount of media intake is assumed Moderate 
to be constant and representative 
of the exposed population. 

Assumption of daily lifetime 

Use of “hot spot” soil data for 
upper-bound lifetime exposure High 

Moderate to 

Moderate to 
exposure for residents. Hish 

Moderate 

Moderate 

LOW 

LOW 

Moderate 

*A a general guideIine, wumptions mnr~pd m row”,  may a f f d  estimates oferposum by k s  one 
order of magnitude; QTsIMptioll( marked ‘kmiem&” mqy aff& rrtimples of exposure 
two orderr of magnit&; and assumptions marked “high” mrry d e c t  ~~ of exposure by more lhnn 
two orders of magnit&. 

beiween one and 
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EXHIBIT 6-22 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 

CURRENT LAND USEu 
THE RESULTS OF THE EXPOSURE ASSESSMENT- 

Population Exposure Pathway Chemical Chronic Daily Intake (CDI) (mgkg-day) 
Carcinogenic Noncarcinogenic 

Effects Effects 

Residents Ingestion of ground water 
that has migrated from 
the site to downgradient 
local wells 

Inhalation of chemicals 
that have volatilized from 
ground water during use 

Ingestion of fish 
that have accumulated 
chemicals in nearby 
lake 

Benzene 0.00025 
Chlordane 0.00015 
Phenol L 

Cyanide 
Nitrobenzene - 

C 

c 
C 

Benzene 0.000013 

Chlordane 0.00008 
MEK 
Phenol - 

C 

C 

, b  

0.00035 
0.1 
0.0003 
0.0001 

b - 

0.00019 
0.005 
0.08 

(I Similar tabler should be preparadfor all subchronic doily intake (SDI) erfinufes m well m for all CDI 
and SDI ertimafes under fuiure land use wnditions. 

CDIfir noncarcinogenic flkct3 not c- for benzene because it dws not have an EPA-vaijFed 
chronic reference dose (as of the publicab*on datc of this naanual). 

CDI for Uvcinogenic fleck not c & W  for &emirah not wnsidered b~ EPA to be potenhk! human 
carcinogens (as of the publication &te of this manual). 

i 

e 
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CHAPTER 7 

TOXICITY ASSESSMENT 
j 

I 

i 

The purpose of the toxicity assessment is to 
weigh available evidence regarding the potential 
for particular contaminants to cause adverse 
effects in exposed individuals and to provide, 
where possible, an estimate of the relationship 
between the extent of exposure to a contaminant 
and the increased likelihood and/or severity of 
adverse effects. 

Toxicity assessment for contaminants found 
at Superfund sites is generally accomplished in 
two steps: hazard identification and dose-response 
assessment. These two steps were first discussed 
in the National Academy of Sciences' publication 
entitled Risk Assessment in the Federal Government 
- Managing the Rocess and more recently in 
EPA's Guidelines for cmcinogen Risk Assasnmt 
(NAS 1983, EPA 1986). The first step, hazard 
identification, is the process of determining 
whether eqlosure to an agent can cause an 
increase in the incidence of a particular adverse 
health effect (e& cancer, birth defect) and 
whether the adverse health effect is likely to o m  
in humans. Hazard identification involves 
characterizing the nature and strength of the 
evidence of causation. The second step, dose- 
resuonse evaluation, is the process of 
quantitatively dua t ing  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 quantitative dose 
response relationship, toxicity values (e.& 
reference doses and slope factors) are derived that 
can be used to estimate the incidence or potenthI 
for adverse effects as a function of human 
exposure to the agent. These toxicity values are 
used in the risk characterization step to estimate 
the likelihood of adverse effects occurring in 
humans at different exposure levels. 

Toxicity assessment is an integral part of the 
overall Superfund site risk assessment Although 

toxicity information is Critical to the risk 
assessment, the amount of new toxicological 
evaluation of primary data required to complete 
this step is limited in most cases. EPA has 
performed the toxicity assessment step for 
numerous chemicals and has made available the 
resulting toxicity information and toxicity values, 
which have undergone extensive peer review. At 
some sites, however, there will be significant data 
analysis and interpretation issues that should be 
addressed by an experienced toxicologist. This 
chapter provides step-by-step guidance for locating 
EPA toxicity assessments and accompanying 
values, and advises how to determine which values 
are most appropriate when multiple values exist. 
Prior to this procedural discussion, background 
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information regarding EPA's methods for toxicity 
assessment is provided to assist the risk assessor 
in understanding the basis of the toxicity values 
and the limitations of their use. The steps of the 
toxicity assessment are illustrated in Exhrbit 7-1. 

Derivation and interpretation of toxicity 
values requires toxicological expertise and should 
not be unazrtaken by those without training and 
experience. Detailed guidance for deriving toxicity 
values is beyond the scope of this document For 
those persons interested in obtaining additional 
information about EPA's methods for toxicity 
assessment, references to appropriate guidance 
documents are given throughout this chapter. 

7.1 TYPES OF TOXICOLOGICAL 
INFORMATION CONSIDERED 
IN TOXIClTY ASSESSMENT 

'Ibis section summan'lff inf6dtion from 
several EPA docaments (espedally EPA 198%. f )  
on the basic types of data used in toxicity 
assessment. As part of the hazard identification 
step of the toxicity assessment, EPA gathers 
evidence from a Variety of sources regarding the 
potential for a substance to caw adverse health 
effeas (carcinogenic and noncarcinogenic) in 
humans. These sources may indude conaoued 
epidemiologic investigations, clinical studies, and 

experimental animal studies. Supporting 
information may be obtained from sources such as 
in Vipo test results and comparisons of structure- 
activity relationships. 

7.1.1 HUMAN DATA 

Wellconducted epidemiologic studies that 
show a positive association between an agent and 
a disease are accepted as the most convincing 
evidence about human risk At present, however, 
human data adequate to serve as the sole basis of 
a dose-response assessment are available for only 
a few chemicals. Humans are generally exposed 
in the workplace or by accident, and because these 
types of exposures are not intentional, the 
circumstances of the exposures (concentration and 
time) may not be well kaown. Often the 
incidence of effects is low, the number of exposed 
individuals is small, the latent period between 
exposure and disease is long, and exposures are to 
mixed and multiple substanas. Exposed 
populations may be heterogeneous, varying in age, 
sex, genetic constitution, diet, occllpational and 
home environment, auivity panerns, and other 
cultural factors affecting suscepuiility. For these 
reasons, epidemiologic data require careful 
interpretation. If adequate human studies 
(confirmed for validity and applicability) exist, 
these studies are given first priority in the dose- 
response assessment, and animal toxicity studies 
are used as supportive evidence. 
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EXHIBIT 7-1 

STEPS IN TOXICITY ASSESSMENT 

Step 1: Gather Toxicity Information- 
Qualitative and Quantitative- 
for Substances Being Evaluated 

Step 2: identify Exposure Periods for 
Which Toxicity Values Are Necessary 

Step 3:'Determine Toxicity Values for 
Noncarcinogenic Effects 

Step 4: Determine Toxicity Vaiues for 
Carcinogenic Effects 

Step 5: Summarite Toxicity information I I 
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Human studies having inadequate exposure- 
response information for a quantitative assessment 
are often used as supporting data Such studies 
may establish a qualitative relationship between 
environmental exposures and the presence of an 
adverse effect in exposed human populations. For 
example, case reports of exposures resulting in 
effects similar to the types of effects observed in 
animals provide support for the conclusions drawn 
from the animal data. 

7.1.2 ANIMAL DATA 

The toxicity data base for most chemicals 
lacks sufficient information on toxic effects in 
humans. In such cases, EPA may infer the 
potential for the substance to cause an adverse 
effect in humans from toxicity information drawn 
from experiments conducted on non-human 
mammals, such as the rat, mouse, rabbit, guinea 
pig, hamster, dog, or monkey. The inference that 
humans and animals (mammals) are similar, on 
average, in invinsic susceptibility to toxic 
chemicals and that data from animals can in many 
cases be used as a surrogate for data from humans 
is the basic premise of modem toxicology. This 
concept is particularly important in the regulation 
of toxic chemicals. There are occasions, however, 
in which observations in animals may be of 
uncertain lelevance to humans. EPA considers 
the likelihood that the agent will have adverse 
effects in humans to increase as similar results are 
observed across sexes, strains, species, and routes 
of exposure in animal studies. 

7.1.3 SUPPORTING DATA 

Several other types of studies used to support 
conclusions about the likelihood of occurrence of 
adverse health effects in humans are described 
below. At the present time, EPA considers al l  of 
these types of data to be supportive, not 
definitive, in assessing the potential for adverse 
health effects in humans. 

Metabolic and other pharmacokinetic studies 
may be used to provide insights into the 
mechanism of action of a particular compound 
By comparing the metabolism of a compound 
exhibiting a toxic effect in an animal with the 
corresponding metabolism in humans, evidence for 
the potential of the compound to have toxic 
effects in humans may be obtained 

Studies using cell cultures or microorganisms 
may be used to provide insights into a compound’s 
potential for biological activity. For example, tests 
for point mutations, numerical and structural 
chromosome aberrations, DNA damagehepair, and 
cell transformation may provide supportive 
evidence of Carcinogenicity and may give 
information on potential mechanisms of 
carcinogenicity. It should be noted, however, that 
lack of positive results in short-term tests for 
genotoxiaty is not considered a basis for 
discounting positive results in long-term 
carcinogenicity studies in animals. 

StructureactiVity studies (Le, predictions of 
toxicologic activity based on analysis of chemical 
structure) are another potential source of 
supporting data Under certain circumstances, the 
known activity of one compound may be used to 
estimate the activity of another saucntrally related 
compound for which sp&c data are lacking. 

7.2 TOXICITY ASSESSMENT FOR 
NONCARCINOGENIC EFFECTS 

This section s- how the types of 
toxicity information presented in Section 7.1 are 
considered in the toxicity assessment for 
noncarcinogenic effects. A reference dose, or 
RfD, is the toxicity value used most often in 
evaluating noncarcinogenic effects resulting from 
exposures at Superfund sites. Additionally, One- 
day or Ten-day Health Advisories (HAS) may be 
used to evaluate short-term oral exposures. The 
methods EPA uses for developing RfDs and HAS 
are described below. Various rypes of RfDs are 
available depending on the exposure route (oral 
or inhalation), the critical effect (developmental 
or other), and the length of exposure being 
evaluated (chronic, subchronic, or single event). 
This section is intended to be a summary 
description on@ for additional details, refer to the 
appropriate guidelines and other sources listed as 
references for this chapter (especially EPA 1986b, 
EPA 1989b-f). 

A chronic RfD is defined as an estimate 
(with uncertainty spanning perhaps an order of 
magnitude or greater) of a daily exposure level for 
the human population, including sensitive 
subpopulations, that is likely to be without an 
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appreciable risk of deletenous effeus during a 
lifetime. Chronic RfDs are s p a @  developed 
to be protective for long-term exposure to a 
compound As a guideline for Superfund program 
risk assessments, chronic RfDs generally should be 
used to evaluate the potential noncarcinogenic 
effects associated with exposure periods betweem 
7 years (approximateiy 10 percent of a human 
lifetime) and a lifetime. Many chronic IUDs have 
been reviewed and verified by an intra-Agency 
IUD Workgroup and entered into the Agency's 
Integrated Risk Information System (IRIS). 

More recently, EPA has begun developing 
subchronic RfDs (RfDs), which are useful for 
characterizing potential noncarcinogenic effects 
associated with shorter-term exposures, and 
develoumental RfDs fRfD,,,s), which are useful 
specifically for assessing potential developmental 
effects resulting from exposure to a compound 
As a guideline for Superfund program risk 
assessments, subchronic RtDs should be used to 
evaluate the potential noncarcinogenic effects of 
exposure periods between two weeks and seven 
years. Such short-term exposures can result when 
a particular activity is performed for a limited 
number of years or when a chemical with a short 
half-life degrades to negligiile concentrations 
within several months. Developmental RfDs are 
used to evaluate the potential effects on a 
developing organism following a single exposure 
event 

7.2.1 CONCEPT OF THRESHOLD 

For many noncarcinogenic effects, protective 
mechanisms are believed to exist that must be 
Overcome before an adverse effect is manifested. 
For example, where a large number of cells 
perform the same or similar function, the cell 
population may have to be significantly depleted 
before an effect is seen. As a result, a range of 
exposures exists from zero to some finite value 
that can be tolerated by the organism with 
essentially no chance of expression of adverse 
effects. In developing a toxicity value for 
evaluating noncarcinogenic effects (Le., an RfD), 
the approach is to iden* the upper bound of 
this tolerance range (Le., the maximum 
subthreshold level). Because variability exists in 
the human population, attempts are made to 
identify a subthreshold level protective of sensitive 
individuals in the population. For most chemicals, 
this level can only be estimated, the RfD 
incorporates uncertainty factors indicating the 
degree or extrapolation used to derive the 
estimated value. m summaries in IRIS also 
contain a statement expressing the overall 
confidence that the evaluators have in the RfD 
(high, medium, or low). The RfD is generally 
considered to have uncertainty spanning an order 
of magnitude or more, and therefore the RfD 
should not be viewed as a strict scientific 
demarcation between what level is toxic and 
nontoxic 

7.2.2 DERIVATION OF AN ORAL RfD (RfDo) 

Identifying the critical study and determining 
the NOAEL In the development of oral FUDs, al l  
available studies examining the toxicity of a 
chemical following exposure by the oral route are 
gathered and judged for scientific merit 
Occasionally, studies based on other exposure 
mutes (e.&, inhalation) are considered, and the 
data are adjusted for application to the oral route. 
Any differences between studies are reconciled and 
an overall evaluation is reached. If adequate 
human data are available, this information is used 
as the basis of the RfD. Otherwise, animal study 
data are used; in these cases, a series of 
professional judgments are made that involve, 
among other considerations, an assessment of the 
relevance and scientific quality of the experimental 
studies. If data h m  several animal studies are 
being evaluated, EPA first seeks to identify the 
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animal model that is most relevant to humans 
based on a defensible biological rationale, for 
instance, using comparative metabolic and 
pharmacokinetic data. In the absence of a species 
that is clearly the most relevant, EPA assumes 
that humans are at least as sensitive to the 
substance as the most sensitive animal species 
tested. Therefore, as a matter of science policy, 
the study on Ihe most sensitive -species (the 
species showing a toxic effect at the lowest 
administered dose) is selected as the critical study 
for the basis of the W. The effect characterized 
by the lowest-observed-advers~ffect-level" 
(LOAEL) after dosimetric conversions to adjust 
for species differences is referred to as the critical 
toxic effect. 

After the critical study and toxic effect have 
been selected, EPA identilies the experimental 
exposure level representing the highest level tested 
at which no adverse effects (including the critical 
toxic effect) were demonstrated. This highest "no- 
observed-adverse-effect level' (NOAEL) is the key 
datum obtained from the study of the dose- 
response relationship. A NOAEL observed in an 
animal study in which the exposure was 
intermittent (such as five days per week) is 
adjusted to reflect continuous exposure. 

The YOAEL is selected based in part on the 
assumption that if the critical toxic effect is 
prevented, then all toxic effects are prevented 
The NOAEL for the critical toxic effect should 
not be confused with the 'no-observedeffect level' 
(NOEL). The NOEL corresponds to the exposure 
level at which no effect at all has been observed, 
frequently, effects are observed that are not 
considered to be of toxicological significance. In 
some studies, only a LOAEL rather than a 
NOAELis available. The useofa LOAEL, 

however, requires the use of an additional 
uncertainty factor (see below). 

Applying uncertainty hctors. The RfD is 
derived from the NOAEL (or LOAEL) for the 
critical toxic effect by consistent application of 
uncertainty factors (UFs) and a modifying factor 
0. The uncertainty factors generalty oonsist of 
multiples of 10 (although values less than 10 are 
sometimes used), with each factor representing a 
specific area of uncerfainty inherent in the 
extrapolation from the available data. The bases 
for application of different uncertainty factors are 
explained below. 

A UF of 10 is used to aamunt for 
variation in the general population and 
is intended to protect sensitive 
subpopulations (eg,, elderly, children). 

A UF of 10 is used when extrapolating 
from animals to humans. This factor is 
intended to account for the interspecies 
variability between humans and other 
mammals. 

A UF of 10 is used when a NOAEL 
derived from a subchronic instead of a 
chronic study is used as the basis for a 
chronic m. 
A UF of 10 is used when a LOAEL is 
used instead of a NOAEL This factor 
is intended to account for the 

from LO- to NOAELs. 
ancertaintyassociatedwithextrapolating 

In addition to the UFS listed above, a modifying 
factor is applied. 

An h4F ranging from >O to 10 is 
included to reflect a qnalitative 
professional assessment of additional 
uncertainties in the critical study and in 
the entire data base for the chemical not 
explicitly addressed by the preceding 
uncertainty factors. The default value 
for the MF is 1.' 

To calculate the RfD, the appropriate NOAEL 
(or the LOAEL if a suitable NOAEL is not 
available) is divided by the product of all of the 
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applicable uncertainty factors and the modifying 
factor. That is: 

IUD = NOAEL or LOAEIJ(UF1 x UF,. x 
MF) 

Oral RfDs typically are expressed as one 
significant figure in units of mg/kgday. These 
concepts are shown graphically in EPA (1989g). 
To date, most RfDs developed by EPA and 
included in the sources listed in Section 1.4 are 
based on administered doses, not absorbed doses 
(see box on page 7-10). 

7 3 3  DERTVATION OF AN INBALATION 
vi) 

The methods EPA uses in the derivation of 
inhalation RfDs are similar in concept to those 
used for oral RfDs; however, the actual analysis 
of inhalation exposures is more complex than oral 
exposures due to (1) the dynamics of the 
respiratory system and its diversity across species 
and (2) differences in the physicochemical 

information can be found in EPA's I .  
Methodr for Development of Inhaconbn W i e  
Doses (EPA 1989d). 

properties of contaminants. A d d i t i O M l  

Identifying the critical study and detnmining 
the NOAEL. Although in theory the identification 
of the critical study and the determination of the 
NOAEL is similar for oral and inhalation 
exposures, several important differences should be 
noted. In selecting the most appropriate study, 
EPA considers differences in respiratory anatomy 
and physiology, as well as differences in the 
physicochemical characteristics of the contaminant 
Differences in respiratory anatomy and physiology 
may affect the pattern of contaminant deposition 
in the respiratory tract, and the clearance and 
redistribution of the agent. ConsequentIy, the 
different spedes may not receive the same dose of 
the contaminant at the same locations within the 
respiratory tract even though both species were 
exposed to the same particle or gas concentration. 
Differences in the physicochemical characteristics 
of the contaminants, such as the size and shape of 
a panicle or whether the contaminant is an 
aerosol or a gas, also influence deposition, 
clearance, and redistribution. 

In inhalation exposures, the target tissue may 
be a portion of the respiratory tract or, if the 
contaminant can be absorbed and distributed 
through the body, some extrarespiratory organ. 
Because the pattern of deposition may influence 
concentrations at the alveolar exchange boundaxy 
or different tissues of the lung, the toxic health 
effect observed may be more directly related to 
the pattern of deposition than fo the exposure 
concentration. Consequently, EPA considers the 
deposition, clearance mechanisms, and the 
PhJlsicochemical properties of the inhaled agent in 
determining the effective dose delivered to the 
target organ. 

Doses calculated in animals are converted to 
equivalent doses in humans on the basis of 
comparative physiological considerations (e.&, 
ventilatory parameters, regional lung surface 
areas). Additionally, if the exposure period was 
discontinuous, it is adjusted to reflect continuous 
exposure. 

Applying uncertainty factors. The inhalation 
RfD is derived from the NOAEL by applying 
uncertainty factors similar to those listed above 
for oral RfDs. The UF of 10 is used when 
extrapolating from animals to humans, in addition 
to calculation of the human equivalent dose, to 
account for interspecific variability in sensitivity to 
the toxicant The resulting RfD value for 
inhalation exposure is generally reported as a 
concentration in air (in m@m3 for continuous, 24 
hour/day exposure), although it may be reported 
as a corresponding inhaled intake (in mgkg-day). 
A human body weight of 70 kg and an inhalation 
rate of 20 &/day are used to convert between an 
inhaled intake expressed in units of mgkg-day and 
a concentration in air expressed in mg/m3. 

73.4 DERIVATION OF A SUBCHRONIC IUD 
wsl 

The chronic RfDs described above pertain to 
lifetime or other long-term exposures and may be 
overly protective if used to evaluate the potential 
for adverse health effects resulting from 
substantially less-than-lifetime exposures. For 
such situations, EPA has begun calculating toxicity 
values specifically for subchronic exposure 
durations, using a method similar to that outlined 
above for chronic RfDs. EPA's Environmental 
Criteria and Assessment Office develops 
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subchronic FUDs and, although they have been 
peer-reviewed by Agency and outside reviewers, 
RfDs values have not undergone verification by an 
intra-Agency workgroup (see Section 7.2.7). As 
a result, subchronic RfDs are considered interim 
rather than verified toxicity values and are not 
placed in IRIS. 

Development of subchronic reference doses 
parallels the development of chronic reference 
doses in concept; the distindon is one of 
exposure duration. Appropriate studies are 
evaluated and a subchronic NOAEL is identified. 
The RfDs is derived from the NOAEL by the 
application of UFs and MF as outlined above. 
When experimental data are available only for 
shorter exposure durations than desired, an 
additional uncertainly factor is applied. This is 
similar to the application of the uncertainty factor 
for duration differences when a chronic RID is 
estimated fiom subchronic animal data. On the 
other hand, if subchronic data are missing and a 
chronic oral RfD derived from chronic data exists, 
the chronic oral FUD is adopted as the subchronic 
oral IUD. There is no application of an 
uncertainty factor to account for differences in 
exposure duration in this instance. 

7.25 DERIVATION OF A DEVELOPMENTAL 
TOPCANT IUD (RfDdk) 

In developing an RtDb evidence is gathered 
regarding the potential of a substance to cause 
adverse effeas in a developing organism as a 
result of exposure prior to conception (either 
parent), during prenatal development, or 
postnatally to the time of sexual maturation. 
Adverse effects can include death, structural 
abnormality, altered growth, and functional 
deficiencies. Maternal toxicity also is considered. 
The evidence is assess4 and the substance is 
assigned a weightsfevidence designation 
according to the scheme outlined below and 
su ' 4 in the box in the opposite column, 
In this scheme, three levels are used to indicate 
the assessois degree of confidence in the data: 
definitive evidence, adequate evidence, and 
inadequate evidence. The definitive and adequate 
evidence categories are subdivided as to whether 
the evidence demonsmtes the occurrence or the 
absence of adverse effects. 

After the weight-of-evidence designation is 
assigned, a study is selected for the identification 
of a NOAEL. The NOAEL is converted to an 
equivalent human dose, if necessary, and divided 
by uncertainty factors similar to those used in the 
development of an oral RfD. It should be 
remembered that the IUD& is based on a short 
duration of exuosure because even a single 
exposure at a critical time (e.g., during gestation) 
may be sufficient to produce adverse 
developmental effects and that chronic exposure 
is not a prerequisite for developmental toxicity to 
be manifested. Therefore, RfDd values are 
appropriate for evaluating single event exposures, 
which usually are nor adjusted based on the 
duration of exposure. Additional information on 
the derivation of RfDd values is available in 
EPA's Proposed Amendmem to the Guidelines for 
the Health Assessment of Suspect Developmental 
Taxicants (EPA 1989e). 

73.6 ONEDAY AND TEN-DAY HEALTH 
ADVISORIES 

Reference values that may be useful for 
evaluating potential adverse effects associated with 
oral exposures of shorter duration have been 
developed by the Office of Drinking Water. 
These values are known as Oneday and Ten-day 
Health Advisories, which are issued as 
nonregulatory guidance. Health Advisory values 
are concentrations of antaminants in drinking 
water at which adverse health effects would not be 
expected to occur for an exposure of the specified 
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duration. The Health Advisory =lues are based 
on data describing noncarcinogenic effects and are 
derived by dividing a NOAEL or LOAEL by the 
appropriate uncertainty and modifying factors. 
They are based on a 10-kg child assumed to drink 
1 liter of water per day, and a margin of safety is 
included to protect sensitive members of the 
population. Oneday and Ten-day Health 
Advisories do not consider any carcinogenic risk 
assotiated with the exposure even if the compound 
is a potential carcinogen. For additional 
information on the derivation of Health Advisory 
values, refer to the Agency's guidance document 
(EPA 198%). 

72.7 VERIFICATION OF RfDs 

EPA has formed an EUD Workgroup 
composed of members from many EPA office to 
veri@ existing Agency RfDs and to resolve 
conflicting toxicity assessments and toxicity values 
within the Agency. The Workgroup reviews the 
information regarding the derivation of an RfD 
for a substance and summarizes irs evaluations, 
conclusions, and reservations regarding the RfD 
in a standardized summary form from one to 
several pages in length. This form contains 
information regarding the development of the 
RfD, such as the chosen effect levels and 
uncertainty factors, as well as a statement on the 
confidence that the evaluators have in the RfD 
itself, the critical study, and the overall data base 
(high, medium, or low). Once verified, these data 

evaluation summaries are enterexl into IRIS and 
are available for public a- 

Workgroup-approved RfDs are referred to as 
verified RfDs. Those RtDs awaiting workgroup 
approval are referred to as intexim RfDs. At the 
time of this manual's publication, only chronic 
RfDs are being verified. No workgroup has been 
established to verify subchronic RfDs or 
developmental lUDs. 

73 TOXICITY ASSESSMENT FOR 
CARCINOGENIC EFFECTS 

This section desuiies how the types of 
toGcity infoimation presented in Section 7.1 are 
considerg in the toxicity assessment for 
carcinogenic effects. A slope factor and the 
accompanying weight-of-evidence determination 
are the toxicity data most commonly used to 
evaluate potential human cardnogenic risks. The 
methods EPA uses to derive these values are 
outlined below. Additional information can be 
obtained by consulting EPA's Guidelines for 
Cmcinogen Risk Assessment (EPA 1986a) and 
Appendix B to IRIS (EPA 1989a). 

73.1 CONCEPT OF NONTHRESHOLD 
EFFECTS 

Carcinogenesis, unlike many noncarcinogenic 
health effects, is generally thought to be a 
phenomenon for which risk evaluation based on 
presumption of a threshold is inappropriate. For 
carcinogens, EPA assumes that a small number of 
molecular events can evoke changes in a single 
cell that can lead to uncontrolled cellular 
proliferation and evenmany to a clinical state of 
disease. This hypothesized mechanism for 
carcinogenesis is referred to as "nonthreshold" 
because there is believed to be essentially no level 
of exposure to such a chemical that does not pose 
a finite probability, however small, of generating 
a carcinogenic response. That is, no dose is 
thought to be risk-free. Therefore, in evaluating 
cancer risks, an effect threshold cannot be 
estimated. For carcinogenic effects, EPA uses a 
two-part evaluation in which the substance &st is 
assigned a weight-of-evidence classification, and 
then a slope factor is calculated. 

.> 
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73.2 ASSIGNING A WEIGHT OF EVIDENCE 

In the first step of the evaluation, the 
available data are evaluated to determine the 
likelihood that the agent is a human carcinogen. 
The evidence is characterized separately for human 
studies and animal studies as sufficient, limited, 
inadequate, no data, or evidence of no effen The 
characterizations of these two types of data are 
combined, and based on the extent to which the 
agent has been shown to be a carcinogen in 
experimental animals or humans, or both, the 
agent is given a provisional weipht-ofevidence 

I class~cation. EPA scientists then adjust the 
provisional classification upward or downward, 
based on other supporting evidence of 
carcinogenicity (see Section 7.13). For a further 
description of the role of supporting evidence, see 
the EPA guidelines (EPA 1986a). 

i 

I 

I 

1, 

The EPA classification system for weight of 
evidence is shown in the box in the opposite 
column. This system is adapted from the 
approach taken by the International Agency for 
Research on Cancer (IARC 1982). 

73.3 GENERATING A SLOPE  FACTOR^ 

In the second part of the evaluation, based 
on the mluation that the chemical is a k n m  or 
probable numan carcinogen, a toxicity d u e  that 
defines quantitatively the relationship between 
dose and response (i.e., the sloue factor) is 
calculated. Slope factors are typically calculated 
for potential carcinogens in classes 4 B1, and B 2  
Quantitative estimation of slope factors for the 
chemicals in ciasS C proceeds on a case-by-case 
basis. 

Generally, the slope factor is a plausible 
upper-bound estimate of the probability of a 
response per unit intake of a chemical over a 
lifetime. The slope factor is used in risk 
assessments to estimate an upper-bound lifetime 
probability of an individual developing cancer as 
a resuit of exposure to a particular level of a 
potential carcinogen. Slope factors should alwavs 
be accompanied by the weight-ofevidence 
classification to indicate the strength of the 
evidence that the agent is a human Carcinogen. 

Identifying the appropriate data set. In 
deriving slope factors, the aMilable information 

about a chemical is esduated and an appropriate 
data set is selected. In choosing appropriate data 
sets, human data of high quality are preferable to 
animal data. If animal data are used, the species 
that responds most similarly to humans (with 
respect to factors such as metabolism, physiology, 
and pharmacokinetics) is preferred. When no 
clear choice is possible, the most sensitive species 
is given the greatest emphasis. OcmsionalIy, in 
situations where no single study is judged most 
appropriate, yet several studies collectively support 
the estimate, the geometric mean of estimates 
from all studies may be adopted as the slope. 
This practice ensures the inclusion of all relevant 
data. 

Brtrapolating to lower doses. Because risk 
at low exposure levels is difficult to measure 
directly either by animal experiments or by 
epidemiologic studies, the development of a slope 
hctor generally entails applying a model to the 
available data set and using the model to 
extrapolate from the relatively high doses 
administered to experimental animals (or the 
exposures noted in epidemiologic studies) to the 
lower exposure levels expected for human contact 
in the environment. 
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A number of mathematical models and 
procedures have been developed to Bnrapolate 
from carcinogenic responses observed at high 
doses to responses expemd at low doses. 
Different extrapolation methods may provide a 
reasonable fit to the observed data but may lead 
to large differences in the projected risk at low 
doses. In keeping with PA'S Guidelines fm 
Cmcinogen &kAssmment (EPA 1986a) and the 
principles outlined in chemrcal CmnnogerrcA 
Review of the Science and Its Associared Rincipk 
(OSTP 198!5), the choice of a lowdose 
extrapolation model is governed by consistency 
with Current understanding of the mechanism of 
carcinogenesis, and not solely on goodness-of-fit 
to the observed tumor data. When data are 
limited and when uncertainty exists regarding the 
mechanisms of carcinogenic actio& the EPA 
guidelines and OSTP principles suggest that 
models or procedures that incorporate lowdose 
linearity are preferred when compatible with the 
limited information available. EPA's guidelines 
recommend that the linearized multistage model 
be employed in the absence of adequate 
information to the contrary. Among the other 
models available are the Weibull, probit, logit, 
onehit, and gamma multihit models, as well as 
various timeto-tumor models. Most of these 
models are less conservative (Le, predict lower 
cancer potency) than the linearized multistage 
modeL These concepts and models are shown 
graphically in EPA (1989g) and OTA (1981). 

In general, after the data are fit to the 
appropriate model, the upper 95th percent 
confidence limit of the slope of the resulting dose 
response curve is calculated, This value is hown 
as the slope factor and represents an upper 95th 
percent confidence limit on the probability of a 
response per unit intake of a chemical over a 
lifetime (i.e., there is only a 5 percent chance that 
the probability of a response could be greater than 
the estimated value on the basis of the 
experimental data and model used). In some 
cases, slope factors based on human doseresponse 
data are based on the "best" estimate instead of 
the upper 95th percent confidence limits. Because 
the doseresponse curve generally is linear only in 
the lowdose region, the slope factor estimate only 
holds true for low doses. Information concerning 
the limitations on use of slope factors can be 
found in IRIS. 

Determining equivalent human doses. When 
animal data are used as a basis for extrapolation, 
the human dose that is equivalent to the dose in 
the animal study is calculated using the 
assumption that different species are equally 
sensitive to the effects of a toxicant if they absorb 
the same amount of the agent (in milligrams) per 
unit of body surface area. This assumption is 
made only in the absence of specific information 
about the equivalent doses for the chemical in 
question. Because surface area is approximately 
proportional to the 2/3 power of body weight, the 
equivalent human dose (in maday, or other units 
of mass per unit time) is calculated by multiplying 
the animal dose (in identical units) by the ratio of 
human to animal body weights raised to the 2t3 
power. (For animal doses expressed as mg/kgday, 
the equivalent human dose, in the same units, is 
calculated by multiplying the animal dose by the 
ratio of animal to human body weights raised to 
the lL3 power.) 

When using animal inhalation experiments to 
estimate lifetime human risks for partially soluble 
vapors or gases, the air concentration (ppm) is 
generally considered to be the equivalent dose 
between species based on equivalent exposure 
times (measured as fractions of a lifetime). For 
inhalation of particulates or completely absorbed 
gases, the amount absorbed per unit of body 
surface area is considered to be the equivalent 
dose between species. 

Snmmary of dose-response parameters. 
Toxicity values for carcinogenic effects can be 
expressed in several ways. The slope factor is 
usually, but not always, the upper 95th percent 
confidence limit of the slope of the doseresponse 
curve and is expressed as (mg/kg-day)-'. If the 
extrapolation model selected is the linearized 
multistage model, this value is also known as the 
Q*. Thatis: 

Slope factor = risk per unit dose 
= risk per rng/kg-day 

Where data permit, slope factors listed in IRIS 
are based on absorbed doses, although to date 
many of them have been based on administered 
doses. (Tbe qualifiers related to absorbed versus 
administered dose given in the box on page 7-10 
apply to assessment of cancer risk as well as to 
assessment of potential noncarcinogenic effects.) 
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Toxicity values for carrAogenic effects also 
can be expressed in terms of risk per unit 
concentration of the substance in the medium 
where human contact occu~s. These measures, 
called unit risb, are calculated by dividing the 
slope factor by 70 kg and multiplying by the 
inhalation rate (20 m3/day) or the water 
consumption rate .(2 literdday), respectively, for 
risk assodated with unit concentration in air or 
water. Where an absorption fraction less than 1.0 
has been applied in deriving the slope factor, an 
additional conversion factor is necessary in the 
calculation of unit risk so that the unit risk will 
be on an administered dose basis. The 
standardized duration assumption for unit risks is 
understood to be continuous lifetime exposure. 
Hence, when there is no absorption conversion 
required: 

air unit risk = riskperug/m3 
= slope factor x In0 kg x 

20 m3/day x 1u3 

water unit risk = risk per ugL 
= slope factor x In0 kg x 

2 uaYx 1 ~ 3  

The multiplication by lU3 is necessary to convert 
or e', is given in 

(the unit risk is given in 

73.4 VERIFICATION OF SLOPE FACTORS 

EPA formed the Carcinogen Risk Assessment 
Verification Endeavor (CRAW Workgroup to 
validate Agency carcinogen risk assessments and 
resolve conflicting toxicity values developed by 
various program offices. Workgroup members 
represent many dif€fxent EPA offices and are 
scientists experienced in issues related to both the 
qualitative and quantitative risk assessment of 
carcinogenic agents. Slope factors verified by 
CRAVE have undergone anensive peer review 
and represent an Agency consensus CRAVE- 
verified review summaries (similar to R€D 
Workgroup summaries) are entered into the IRIS' 
data base. 

7.4 IDENTIFYING APPROPRIATE 
TOXICITY VALUES FOR SITE 
RISK ASSESSMENT 

Using the methods outlined above, EPA has 
performed toxicity assessments for many chemicals 
found at Superfund sites and has made the results 
available for use. This section provides step-by- 
step methods for locating appropriate toxicity 
information, including numerical toxicityvalues, to 
be llsed in Superfund risk assessments. Because 
one's confidence in toxicity values depends heavily 
on the data base and the methods of extrapolation 
used in their development, guidance is also 
included for identifying the important information 
on which these values are based. 

7.4.1 GATHER TOXICITY INFORMATION 
FOR CHEMICALS BEING EVALUATED 

In the first step of the toxicity assessment, 
information is collected regarding the toxic effects 
that occur following exposure to the chemical 
being evaluated. Particular amtion.,should be 
paid to the route of exposure, the frequency and 
length of exposure, and the doses at which the 
adverse effects are expeaed to occur. Chemicals 
having potential reproductive or developmental 
effects should be flagged. Later in the evaluation, 
special reference doses for developmental effects 
can be sought for these chemicals. 

Several sources may provide useful toxicity 
information and references to primary literature, 
although only some of them should be used as 
so- for slope factors and reference doses (as 
explained below). 

Integrated Risk Information System (IRE)? 
IRIS is an EPA data base containing up-to-date 
health risk and EPA regulatory information for 
numerous chemicals. IRIS contains only fithose 
RfDs and slope factors that have been verified by 
the RfD or CRAVE Workgroups and 
consequently, is considered to be the preferred 
source! of toxicity information. Information in 
IRIS suuersedes all other sources. Onlv if 
information is not available in IRIS for the 
chemical beine evaluated should the sources below 
be consulted. IRE consists of a collection of 
computer 6les on individual chemicals. Existing 
information on the chemicals is updated as new 
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scientific data are reviewed. New files and new 
chemicals are added as information becomes 
available. These chemical files contain descriptive 
and quantitative information in the following 
categories: 

oral and inhalation chronic reference 
doses; 

oral and inhalation slope factors and 
unit risks for chronic exposure to 
carcinogens; 

Health Advisories from EPA's Office of 
Drinking Watm, 

EPA regulatory action summaries; and 

supplemental data on acute health 
hazards and physicalkhemical properties. 

To ensure a m  to the most up-to-date 
chemical information, IRIS is only available on- 
line. For information on how to access this data 
base, call IRIS User Support at 513-569-7254 or 
see the Federal R@er notice regarding the 
availability of IRIS (EPA 1988a). 

Should EPA regional staff have specific 
technical or scientific questions about any 
verification workgroup's analysis of particular data 
cited in IRIS, the Agency contact for a particular 
chemical (identified at the end of each IRIS file) 
should be consulted. If new data are identified 
suggesting that existing IRIS information may be 
outdated, or if there is concern or disagreement 
about the overall findings of particular files, the 
Agency IRIS coordinator should be consulted. 
The IRIS coordinator can assist in making 
arrangements should discussions with a verification 
workgroup be needed. 

Health Effects Assessment Summay Tables 
@EAST). Formerly "The Quarterly' and 
associated references, HEAST is a tabular 
presentation of toxicity information and values for 
chemicals for which Health kffects Assessments 
(HEAs), Health and Environmental Effects 
Documents (HEEDS), Health and Environmental 
Effects Profiles OIEEps), Health Assessment 
Documents (HADs), or Ambient Air Quality 
Criteria Documents (AAQCDs) have been 
prepared. HEAS" summarizes interim (and some 

verified) RfDs and slope factors as well as other 
toxicity information for specific chemicals. In 
addition, HEAST directs readers to the most 
current sources of supporting toxicity information 
through an extensive reference section. Therefore, 
HEAST is especially helpful when verified 
information for a chemical is not in IRIS. 
HEAST, which is updated quarterly, also provides 
a valuable pointer system for identifying current 
references on chemicals that are not in IRIS. 

HEAST can be obtained upon request from 
the Superfund Docket (FIS or 202-382-3046). 
The Docket will mail copies of HEAST to callers 
and place requestors on a mailing list to receive 
an updated version quarterly. HEAs, HEEDS, 
HEEF's, HADs, and AAQCDs referenced in 
HEAST are available through EPA's Center for 
Environmental Research Information (CERI) in 
Cincinnati, OH (513-569-7562 or FIS 684-7562) 
or the National Technical Information Service 
(NTIS), 5285 Port Royal Road, Springfield, VA 
22161 (7034874650 or 800-3364700). 

EPA criteria documents. These documents 
include drinking water criteria documents, drinking 
water Health Advisory summaries, ambient water 
quality criteria documents, and air quality criteria 
documents, and contain general toxicity 
information that can be used if information for a 
chemical is not available through IRIS or the 
HEAST references. Criteria documents are 
available through M I S  at the address given above. 
Information on drinking water criteria documents 
can be obtained through the Safe Drinking Water 
Hotline (800-426-4791). 

Agency for Toxic Substances and Disease 
Registry (ATSI)R) toxicological profiles. ATSDR 
is developing toxicological profiles for 275 
hazardous substances found at Superfund sites. 
The first 200 substances to be addressed have 
been identified in Federal Reginer notices (EPA 
1987, 1988b). These profiles contain general 
toxicity infomation and levels of exposure 
associated with lethality, cancer, genotoxicity, 
neurotoxicity, developmental and reproductive 
toxicity, imrnmotoxicity, and systemic toxicity (Le., 
hepatic, renal, respiratory, cardiovascular, 
gastrointestinal, hematological, musculoskeletal, 
and dermdocular effects). Health effects in 
humans and animals are discussed by exposure 
route (i.e., oral, inhalation, and dermal) and 
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duration @e., acute, intermediate, and chronic). 
Also included in the profiles are chapters on 
physicochemical properties, environmental fate, 
potential for human exposure, analytical methods, 
and regulatory and advisoly status. Contact NTIS 
at the address given on the previous page for 
further information on the status or availability of 
a particular profik 

EPA's Environmental Criteria and 
Assessment Office (ECAO). ECAO may be 
contacted s t  513-569-7300 (FTS 684-7300) for 
general toxmlogical information as well as for 
technical guidance concerning route-to-route 
exuapolations, toxicity values for dermal 
exposures, and the evaluation of chemicals without 
toxicity values. The requestor should identify their 
need for a "rapid response request' (within 48 
hours) for interim @dance on Super!imd health- 
related issues. Contractors must give the name 
and address of their RPM or regional risk 
assessment contact before ECAO will respond. 
RPMs and regional contacts will be sent a copy 
of ECAO's response to the contractor. 

Open litemtnre. A primary literature search 
may be valuable for determining whether new data 
are available that may affect IRIS information. 

7.43 D- TOXICITY VALUES FOR 
NONCARCINOGENIC EFFECTS (RfDs) 

After general toxicity information for the 
chemicals of concern has been locate4 the next 
step is to idenrify the appropriate toxicity values 

to be used in evaluating noncarcinogenic effects 
associated with the specific exposures being 
assessed. Fmt, by referring to the exposure 
information generated in Chapter 6, the exposure 
periods for which toxicity values are necessary and 
the exposure route for each chemical being 
evaluated should be determined. The appropriate 
toxicity d u e s  for the chemical for each exposure 
duration and route of exposure can then be 
identified using the sources listed above. 

For Superfund risk assessments, chronic RfDs 
should be identified for evaluating exposure 
periods between seven years and a lifetime, 
subchronic RfDs for exposure periods between two 
weeks and seven years, and One- or Tenday 
Health Advisories for orai exposure periods of less 
than two weeks. According to EPA (1988c), One- 
day Health Advisories are applicable to exposure 
periods as long as five days and Ten-day Health 
Advisories are applicable to exposure periods as 
long as two weeks. Developmental RfDs should 
be identified for evaluating single exposure events 
and other very short exposures (cg., one day). 
Note that for some substances and some exposure 
situations, more than one of the toxicity values 
listed above may be needed to adequately assess 
potential noncarcinogenic effects. 

Becaw carcinogens also commonly evoke 
noncarcinogenic effects, RfDs should be sought for 
all chemicals being carried through the risk 
assessment, including carcinogens. The RfDs 
derived for carcinogens, however, are based on 
noncancer effects and should not be assumed to 
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be protecthe against carcinogenicily. A sample 
format for summarizing RfDs and other toxicity 
values is shown in Exhibit 7-2 This information 
will be needed in the risk characterization step 
(see Exhibits 8-3 and 8-4). 

7.43 DKERMINE TOXICITY VALUES FOR 
CARCINOGENIC EFFECIS (SLOPE 
FACTORS) 

In this step of the toxicity assessment, 
appropriate toxicity values for eMiuating the 
carcinogenic risks associated with exposure are 
identified. First, by refening to the aposare 
information generated in Chapter 6, the route of 
exposure for the potential carcinogens being 
evaluated should be identified. Slope factors for 
these chemicals can then be identified using the 
hierarchy of sources listed in the box on page 
7-15. Slope factors for aU potential cardnogens 
having a weight-of-evidence classification of A, B, 
or C should be sought. A notation of the EPA 
weightsf-evidence classification should always be 
included with the slope factor. 4 sample format 
for summaridng the required toxicity values is 
shown in Exhibit 7-3. This information will be 
needed in the risk characterization step (see 
Exhibit 8-2). 

7.5 EVALUATING CHEMlCALS 
FOR WHICH NO TOXICITY 
VALLJES ARE AVAILABLE 

If EPAdenved RfDs and slope factors are 
available for the chemicals being examined, these 
values should always be used in the risk 
assessment. Use of EPAderived toxicity values 
prevents duplication of effort and ensures 
consistency among risk assessments If EPA- 
derived toxicity values are not available, the 
following measures are recommended 

7.5.1 ROUTETO-ROUTE EXTRAPOUTION 

For cases in which EPA-dekd toxicity 
values are not available for the route of exposwe 
being considered but are available for another 
route, EPA recommends contacting ECAO for 
guidance on routeto-route earapolation. If 
toxicity information is not available from ECAO, 
a qualitative rather than quantitative evaluation of 

the chemical is recommended. The implications 
of the absence of this chemical from the risk 
estimate should be discussed in the uncertainty 
section. 

75.2 DERMALEXPOSURE 

No RfDs or slope factors are available for 
lite dermal route of “posurc In some cases, 
however, noncarcinogenic or carcinogenic risks 
associated with dermal exposure can be evaluated 
using an oral RfD or oral slope factor, 
respectively. EPA recommends contacting ECAO 
for guidance on appropriate methods for 
evaluating dermal exposure for specific chemicals; 
some general guidance for calculating intakes via 
the dermal route and making appropriate 
comparisons with oral RfD values is given in 
Appendix A In brief, exposures via the dermal 
route generally are calculated and expressed as 
absorbed doses. These absorbed doses are 
compared to an oral toxicity value that has been 
adjusted, if necessary, so that it too is expressed 
as an absorbed dose. 

It is inappropriate to use the oral slope 
factor to evaluate the risb associated with dermal 
exposure to carcinogens such as benz(a)pyrene, 
which cause skin cancer through a direct action at 
the point of application. These types of skin 
carcinogens and other locally active compounds 
must be evaluated separately from the above 
method; consult ECAO for guidance. Generally 
only a qualitative assessment of risks from dermal 
exposure to these chemicals is possible. This does 
not apply to carcinogens such as arsenic, which 
are believed to cause skin cancer through a 
systemic rather than local action. 

If information is not available from ECAO, 
the assessor should describe the effects of the 
chemical qualitatively and discuss the implications 
of the absence of the chemical from the risk 
estimate in the uncertainty section of the risk 
assessment. 

753 GENERATION OF TOXICITY VALUES 

If EPAdenved toxicity values are unavailable 
but adequate toxiaty studies are available, one 
may derive toxicity values using Agency 
methodology. Any such derivation should be done 

I .  
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EXHIBIT 7-3 

EXAMPLE OF TABLE FORMAT FOR 
TOXICITY VALUES: POTENTIAL CARCINOGENIC EFFECTS 

~ ~~ 

SF Basis/ 
SF Source 

Slope Factor (SF) Weight-of-Evidence ?Lpe of 
Chemical (mglkg-day)'l Classification Cancef 

Oral Route 

Benzene Leukemia wateP/ 
IRIS 

Chlordane 

0.029* 

13. 

A* 

B2* wateP/ 
IRIS 

Inhalation Route 

..... ..... ... I ..... ..... 

Values for illustration only. 

Identify type@) of cancer in this table for Class A carcinogens only. 

Slope factor based on administered dose in drinking water and assumed absorption fraction of 1.0. 

i 
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in conjunction with the regional risk assessment 
contact, who will submit the derivation to ECAO 
for approval. Contact with ECAO should be 
established early in the process to eliminate any 
duplication of effort because ECAO may have 
information on the chemical being evaluated. 

7.6 UNCERTALNTIES RELATED 
TO TOXICITY INFORMATION 

Toxicity information for many of the 
chemicals found at Superfund sites is often 
limited. Consequently, there are varying degrees 
of unckrtainty associated with the toxicity values 
calculated. Sources of uncertainty associated with 
toxicity values may include: 

0 using dose-response information from 
effects observed at high doses to predict 
the adverse health effects that may occur 
following exposure to the low levels 
expected from human contact with the 
agent in the environment; 

using dose-response information from 
short-term exposure studies to predict 
the effects of long-term exposures, and 
vice-versa; 

using dose-response information from 
animal studies to predict effects in 
humans; and 

using dose-response information from 
homogeneous animal populations or 
healthy human populations to predict the 
effects likely to be observed in the 
general population consisting of 
individuals with a wide range of 
sensitivities. 

An understanding of the degree of 
uncertainty associated with toxicity values is an 
important part of interpreting and using those 
values. Therefore, as part of the toxiciry 
assessment for Superfund sites, a discussion of the 
strength of the evidence of the entire range of 
principal and supporting studies should be 
included. The degree of confidence ascribed to 
a toxicity value is a function of both the quality 
of the individual study from which it was derived 

and the completeness of the supporting data 
base. EPA-verified RfDs found in IRIS are 
accompanied by a statement of the confidence that 
the evaluators have in the RfD itself, the critical 
study, and the overall data base. AU EPA-verified 
slope factors are accompanied by a weight-of- 
evidence classification, which indicates the 
likelihood that the agent is a human carcinogen. 
The weight-ofevidence classification is based on 
the completeness of the evidence that the agent 
causes mer in experimental animals and 
humans. These designations should be used as 
one basis for the discussion of uncertainty. 

The discussion of uncertainty also should 
include an indication of the extent to which an 
analysis of the results from different studies give 
a consistent, plausible picture of toxicity. The 
greater the strength of the evidence, the greater 
one's confidence in the conclusions drawn. The 
following factors add to the strength of the 
evidence that the chemical poses a hazard to 
humans and should be considered: 

similar effects across species, strains, sex, 
and routes of exposure; 

clear evidence of a dose-response 
relationship; 

a plausible relationship among data on 
metabolism, postulated mechanism of 
action, and the effect of concern (see 
Section 7.13); 

similar toxicity exhibited by structurally 
related compounds (see Section 7.1.3); 
and 

some link between the chemical and 
evidence of the effect of concern in 
humans (see Section 7.1.1). 

High uncertainty (low confidence; low 
strength of evidence) indicates that the toxicity 
value might change if additional chronic toxicity 
data become available. Low uncertainty (high 
confidence) is an indication that a value is less 
likely to change as more data become available, 
because there is consistency among the toxic 
responses observed in different species, sexes, 
study designs, or in dose-response relationships. 
The lower the uncertainty about toxicity values, 
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the more confidence a decision-maker can have in 
the risk assessment results. Often, high 
confidence is associated with values that are based 
on human data for the exposure route of concern. 

7.7 SUMMARIZATION AND 

. TOXICITYINFORMATION 
PRESENTATION OF THE 

This section discusses methods for presenting 
toxicity information in the risk assessment 
document for the chemicals being e~lua ted .  

7.7.1 TOXICITY INFORMATION FOR THE 
MAIN BODY OF “HE TEXT 

A short description of the toxic effects of 
each chemical carried through the assessment in 
non-technical language should be prepared for 
inclusion in the main body of the risk assessment. 
Included in this description should be information 
on the effects associated with exposure to the 
chemical and the concentrations at which the 
adverse effects are expected to occur in humans. 
Toxicity values should be accompanied by a brief 
description of the overall data base and the 
particular study from which the value was derived. 
In addition, a notation should be made of the 
critical effect and any uncertainty factors used in 
the calculation. For any RfD value obtained from 
IRIS, a notation of the degree of confidence 
associated with the determination should also be 
included. To aid in the risk characterization, it 
should be indicated if absorption efficiency was 

considered and also what exposure averaging 
periods are appropriate for comparison with the 
value. 

Summary tables of toxicity values for all 
chemicals should be prepared for inclusion in the 
main body of the risk assessment report. RfDs in 
the table should be accompanied with the 
uncenainty factors used in their derivation, the 
confidence rating given in IRIS (ifapplicable), and 
a notation of the critical effect. Slope factors 
should always be accompanied by EPA’s weight- 
ofevidence classification. 

7.7.2 TOXICITY INFORMATION FOR 
INCLUSION IN AN APPENDIX 

If toxicity values were derived in conjunction 
with the regional risk assessment contact and 
ECAO for chemicals lacking EPA-derived values, 
a technical documentation/justifcation of the 
method of derivation should be prepared and 
included in the appendix of the risk assessment 
report. hcluded in this explanation should be a 
description of the toxic effects of the chemical 
such as information regarding the noncarcinogenic, 
carcinogenic, mutagenic, reproductive, and 
developmental effects of the compound. Also 
presented should be brief descriptions (species, 
route of administration, dosages, frequency of 
exposure, length of exposure, and critical effect) 
of the studies from which the values were derived 
as well as the actual method of derivation. 
References for the studies cited in the discussion 
should be included. 
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ENDNOTES FOR CHAPTER 7 

3. The quantitative risk valua and rupponing infomation found in IRIS rcp~acnt a consensus judgcmcnt of EPA’s Rcfacncc Dosc 
Workgroup or carrinogcn Risk Assessment Verification Endcam (CRAVE) Wortgroup. ’Ihac wortgroup arc composed of scicntistt 
[rom EPA’s program offices and the Offia of Resgxch and Dcvdopmcat The conapt  of Agency-widt consensus is one of thc mast 
valuable aspau of IRIS. 
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CHAPTER 8 

RISK CHARACTERIZATION 

This chapter describes the final step of the 
baseline health risk assessment process, risk 
characterization. In this step, the toxicity and 
exposure assessments are summarized and 
integrated into quantitative and qualitative 
expressions of risk. To characterize potential 
noncarcinogenic effects, comparisons are made 
between projected intakes of substances and 
toxicity values; to characterize potential 
carcinogenic effects, probabilities that an 
individual will develop cancer over a lifetime of 
exposure are.estimated from projected intakes and 
chemical-specific dose-response information. 
Major assumptions, scientific judgments, and to 
the extent possible, estimates of the uncertainties 
embodied in the assessment are also presented. 

Risk characterization also serves as the bridge 
between risk assessment and risk management and 
is therefore a key step in the ultimate site 
decision-m.iking process. This step assimilates risk 
assessment information for the risk manager 
(RPM or regional upper management involved in 
site decision-making) to be considered alongside 
other factors important for decision-making such 
as economics, technical feasibility, and regulatory 
context. The risk characterization methods 
described in this chapter are consistent with EPA's 
published risk assessment guidelines. Exhibit 81  
is an overview of risk characterization, and 
illustrates how it relates to the preceding toxicity 
and exposure assessments and to the refinement 
of prelimhry remediation goals. 

In the following sections, the risk 
characterization methodology is desaibed. There 
are separate discussions for Carcinogenic and 
noncarcinogenic effects because the methodology 
differs for these two modes of chemical toxicity. 
In addition to giving instructions for calculating 
numerical estimates of risk, this chapter provides 
guidance for interpreting, presenting, and 
qualifying the results. A risk characterization 

cannot be considered comdete unless the 
numerical mressions of risk are accomuanied by 
scplanatorv text interpreting and aualifving the 
results. 

8.1 REVIEW OF OUTPUTS FROM 
THE TOXICITY AND 
EXPOSURE ASSESSMENTS 

Most sites being assessed will involve the 
mluation of more than one chemical of concern 
and might include both carcinogenic and 
noncarcinogenic substances. The first step in risk 
characterization is to gather, review, compare, and 
organize the results of the exposure assessment 
(cg., intakes for all exposure pathways and land- 
uses and for all relevant substances) and toxicity 
assessment (e.g., toxicity values for all exposure 
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I Exposure Assessment 
Intake Estimates 

I Step 1: Organize Outputs of 
EXPOSU~~ and Toxicity Assessments 

EXHIBIT 8-1 

STEPS IN RISK CHARACTERIZATION 

0 Absorption Adjustments I 0 Consistency Check 
I Toxicity Assessment I 
I Toxicity Values I 

i 

Step 2: Quantify Pathway Risks 
For Each Substance, Estimate: 

0 CancerRisk 
0 Noncancer Hazard Quotient 

For Each Pathway, Calculate: 
0 Total Cancer Risk 
0 Noncancer Hazard Index 

I 
t 

Step 3: Combine Risks Across Pathways 
that affect the same individual@) over 
the same time periods 

Sum Cancer Risks  
0 Sum Hazard Indices 

I 
Step 4: Assess and Present 
Uncertainty 

0 Sitespecific Factors 
0 Toxicity Assessment 

Factors 

1 
Step 5: Consider Sitespecific 
Health or Exposure Studles 

CompamAdequate 
Studies with Results of 
Risk Assessment 

1 

J 

-------- 
I 
I Identify ARARs I 

-I---- l - - -  

1 
+ 

I 
l e - - - - - - - ]  

-------- 
Step 6: Summame Results of the Refine Preliminary 
Baseline Risk Assessment Remediation Goals 

I 
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routes and relevant substances). The following 
two subsections describe how to organize the 
outputs from the exposure and toxicity assessments 
and how to check for the consistency and validity 
of the information from the preceding exposure 
and toxicity assessments. 

8.1.1 GATAER AND ORGANIZE 
INFOFWA'QON 

For each exposure pathway and land nse 
evaluated in the exposure assessment, check that 
all information needed to characterize risk is 
available. The necessary exposure information is 
outlined in the box below. 

estimates correspond as closely as possible with 
the assumptions used in developing the toxicity 
values. 

For each chemical or substance evaluated in 
the toxicity assessment, use the checkiist provided 
in the next box to ensure that all information 
needed to characterize risk is available. 

S.l.2 MAKE FINAL CONSISTENCY AND 
VALIDITY CHECK 

Check the consistency and validity of key 
assumptions common to the exposure outputs and 
the toxicity outputs for each mntaminant and 
exposure pathway of concern These assumptions 
include the averaging period for exposure, the 
exposure route, and the absorption adjustments 
The basic principle is to ensure that the exposure 

Averaging period for exposure. If the toxicity 
value is based on average lifetime exposure (e.g., 
slope factors), then the exposure duration must 
also be expressed in those terms. For estimating 
cancer risks, always use average lifetime exposure; 
Le., convert less-than-lifetime exposures to 
equivalent lifetime values (see EPA 1986a, 
Guidelines for Carcinogen Risk /Issessment). On 
the other hand, for evaluating potential 
noncarcinogenic effects of less-than-lifetime 
exposures, do not compare chronic RfDs to short- 
term exposare estimates, and do not convert 
short-term exposures to equivalent lifetime values 
to compare with the chronic RfDs. Instead, use 
subchronic or shorter-term toxicity values to 
evaluate short-term exposures. Check that the 
estimated exposure duration is sufficiently similar 
to the duration of the exposure in the study used 
to identify the toxicity value to be protective of 
human health (particularly for subchronic and 
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shorter-term effects). A toxicologist should review 
the comparisons. In the absence of short-term 
toxicity values, the chronic RfD may be used as an 
initial screening value; i.e., if the mtio of the 
short-term exposure value to the chronic RfD is 
less than one, concern for potential adverse health 
effects is low. If this ratio exceeds unity, however, 
more appropriate short-term toxicity values are 
needed to confirm the existence of a significant 
health threat. ECAO may be consulted for 
assistance in finding short-term toxicity values. 

1 '  
i 

i 

! 

t ..b 

Exposure route. check that all toxicity values 
used for each'exposure pathway being evaluated 
at the site are consistent with the route of 
exposure (e.g., oral to oral, inhalation to 
inhalation). It is not possible to extrapolate 
between exposure routes for some substances that 
produce Jncalized effects dependent upon the 
route of exposure. For example, a toxicity value 
based on localized lung tumors that result only 
from inhalation exposure to a substance would not 
be appropriate for estimating risks assaciated with 
dermal exposure to the substance At this time, 
EPA considers it appropriate only to extrapolate - dermal toxicity values from values derived for 
exposure. It is not recommended that oral toxicity 
refexace values be extrapolated camally from 
inhalation toxicity values, although thS 
extrapolation may be performed on a casebycase 
basis in consultation with ECAO. In general, 
inhalation values should g&t be extrapolated from 
oral values. (Also, see Section 75J.) 

Inhalation RfDi values obtained from IRIS 
will usually be expressed as ambient.. air 
concentrations (Le., mg/m3), instead of as 
administered doses (Le., mglkg-day). It may be 
necessary, therefore, to calculate the FUDi in units 
of mgkgday for comparison with the intake 
estimated in the exposure assessment The RfDi 
expressed in mgkg-day would be equal to the 

RQ in m g d  multiplied ty U )  m3 air inhaled 
per person per day divided by 70 kg per person. 

Absorption adjustment Check that the 
exposure estimates and the toxicity values are 
either both expressed as absorbed doses or both 
expressed as intakes (Le., administered doses). 
Except for the dermal route of exposure, the 
exposure estimates developed using the methods 
provided in Chapter 6 should be in the form of 
intakes, with no adjustments made for absorption. 
Howewx, there are three types of absorption 
adjustments that might be neceSSary or 
appropriate depending on the available toxicity 
information. These are d e s c r i i  below. Sample 
CalaJlations for these absorption adjustments are 
provided in Appendix A 

(1) Dermal exposures. The output of the 
exposure assessment for dermal exposure 
is expressed as the amount of. substance 
absorbed per kg body weight per day. It 
therefore may be necessary to derive an 
absorbeddose toxicity value from an 
adminisrereddose toxicity value to compare 
with the srposure estimate. See Appendix 
A for sample calculations. 

(2)Absorbeddose toxicitv value. For the 
substances for which the toxicity value is 
expressed as an absorbed rather than 
administered dose (eg., inhalation slope 
factor in IRIS for trichloroethylene and 
several other substances), one should 
express exposure as an absorbed dose 
rather than as an intake. See Appendix A 

(3) Adiustment for medium of m s u r e .  
Adjusting for different relative absorption 
efficiencies based on the medium of 
exposure (e.& food, soil, or water for oral 
exposure, vapor or particulates for 
inhalation exposure) is occasionally 
appropriate, but not generally 
recommended unless there are stiong 
arguments for doing so. Many oral FUD 
and slope faaor values assume ingestion in 
warn even when based on studies that 
employed administration in corn oil by 
gasage or in feed. ?bus, in most cases, the 
unadjusted toxicity value will provide a 
reasonable or conservative estimate of risk 
See Appendix A 

c 



8.2 QUANTIFYINGRISKS 

"lis section describes steps for quantifying risk 
or hazard indices for both carcinogenic and 
noncarcinogenic effects to be applied to each 
exposure pathway analpxl The first subsection 
awes  proctdares for individual substances, and 
is followed by a subsection on procedures for 
quantifying risks associated with simultallwus 
exposures to several substances. Sample table 
formats for recording the results of these 
calculations as well as recording assodated 
information related to uncertainty and absorption 
adjustments are provided in Exhiiits 8 2  through 
8-4. 

8.2.1 CACCULATE RLSICS FOR INDIVIDUAL 
SUBSTANCES 

Cardnogenic ef?eets. For carcinogens, risb 
are estimated as the incremental probability of an 
individual developing cancer over a lifetime as a 
result of exposure to the potential carcinogen 
(Le., incremental or excess individual lifetime 
cancer risk). The guidelines provided in this 
section are consistent with EPA's (1986a) 
Guidelincr for Cmnnogcn Risk Assessment. For 
some carcinogens, there may be sllffident 
information on mechanism of action that a 
modification of the approach outlined Wow is 
warranted Alternative approaches may be 
considered in consultation with ECAO on a case- 
bycase basis. 

The slope factor (SF) convem estimated daily 
intakes averaged over a lifetime of arpormrt 
directly to incremental risk of an individual 
developing cancer. Becanse relatively low intake 
(compared to those experienced by tcst animals) 
arc most likely from environmental ezpmres at 
Superfund sites, it generally can be assumed that 
the dosGresponsc relationship will be linear in the 
lowdosc portion of the multistage model dose 
response curve. (Scc the Background Document 
2 of IRIS for a discussion of the multistage 
rnodet) Under this assumption, the slope hmr 
is a constant, and riskwill be direafy related to 
intake. Thas, the linear form of the carcinogenic 
risk equation is usually applicable for estimating 
Superfund site rislcn This linear lowdose 
equation is desarbed in the next bm. 

However, this linear equation is valid only at 
low risk levels (Le., below estimated risb of 0.01). 
For sites where chemical intakes might be high 
(Le., risk above 0.01), an alternate calculation 
equation should be used, The onehit equation, 
which iS consistent With the linear lowdose model 
given above and descn'bed in the box on page 
811, should be used instead. 

Because the slop &.or is o h  an upper 
95th percentile co-e limit of the probability 
of response based on experimental animal data 
used in the multistage model, the carcinogenic risk 
estimate will generally be an uowr-bound 
estimate. This means that EPA is reasonably 
confident that the 'ape risr will not exceed thc 
risk estimate derived through use of this modcl 
and is Iwly to be less than that predicted 

Nonca~dnogcnic e5xta The measure used to 
descnbe the potential for noncarcinogenic toxicity 
to.occm in an individual is expressed 8s the 
probability of an individual sufferiag an adverse 
efllen EPA docs not at the present time usc a 
probabilistic approach to estimating the potential 
for noncarcinogenic health effects Instead, thc 
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potential for noncarcinogenic effects is evaluated 
by comparing an exposure level over a specified 
time period (e+, lifetime) with a reference dose 
derived for a similar exposure period. This ratio 
of exposure to toxicity is called a hazard quotient 
and is described in the box in the opposite 
COlUmn. 

The nonmncer hazard quotient assumes that 
there is a level of exposure @e., RfD) below 
which it is unlikely for even sensitive populations 
to experience adverse health effects. If the 
exposure level (E) exceeds this threshold (Le., if 
E/RfD exceeds unity), there may be concern for 
potential noncancer effects. As a rule, the greater 
the value of E/RfD above unity, the greater the 
level of concern. Be sure. however. not to 
interuret ratios of E/RfD as statistical 
probabilities; a ratio of 0.001 does mean that 
there is a one in one thousand chance of the 
effect occurring. Funher, it is important to 
emphasize that the level of concern does not 
increase linearly as the FUD is approached or 
exceeded because FUDs do not have equal 
accuracy or precision and are not based on the 
same severity of toxic effects Thus, the slopes of 
the dose-response m e  in excess of the RfD can 
range widely depending on the substance. 

Three exposure durations that will need 
separate consideration for the possibility of 
adverse noncarcinogenic health effects are chronic, 

subchronic, and shorter-term exposures. As 
guidance for Superfund, chronic exposures for 
humans range in duration from seven years to a 
lifetime; such long-term exposures are almost 
always of concern for Superfund sites (e+, 
inhabitants of nearby residences, year-round users 
of specified drinking water sources). Subchronic 
human exposures range in duration from two 
weeks to seven years (as a Superfund program 
guideline) and are often of concern at Superfund 
sites. For example, children might attend a junior 
high school near the site for no more than two or 

duration are occasionally of concern at Superfund 
sites. For example, if chemicals known to be 
developmental toxicants are present at a site, 
short-term exposures of only a day or two can be 
of concern 

three years. Exposures less than two weeks in 

833 AGGREGATE RISKS FOR MULTIPLE 
SUBSTANCES 

At most Superfund sites, one must assess 
potential health effects of more than one chemical 
(both carcinogens and other toxicants). 
Estimating risk or hazard potential by considering 
one chemical at a time might significantly 
underestimate the risks associated with 
simultaneous exposures to several substances. To 
assess the overall potential for cancer and 
noncancer effects posed by multiple chemicals, 
EPA (1986b) has developed Guidelines for the 
Health Rirk Assessment of Chemical Miuures that 
can also be applied to the case of simultaneous 
exposures to several chemicals from a variety of 
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sources by more than one exposure pathway. 
Although the calculation procedures differ for 
carcinogenic and noncarcinogenic effects, both sets 
of procedures assume dose additivity in the 
absence of information on specific mixtures. 

Information on specific mixtures found at 
Superfund sites is rarely available. Even if such 
data exist, they are often difficult to use. 
Monitoring for "mixtures" or modeling the 
movement of mixtures across space and time 
present technical problems given the likelihood 
that individual components will behave differently 
in the environment (Le., fate and transport). If 
data are available on the mixtures present at the 
site, but are not adequate to support a 
quantitative evaluation, note the information in 
the "assumptions" documentation. 

Carcinogenic efiects. The cancer risk equation 
described in the box below estimates the 
incremental individual lifetime cancer risk for 
simultaneous exposure to several carcinogens and 
is based on EPA's (19-b) risk assessment 
guidelines. This equation represents an 
approximation of the precise equation for 
combining risks which accounts for the joint 
probabilities of the same individual developing 
cancer as a cons uence of exposure to two or 
more carcinoge&' The difference between the 
precise equation and the approximation described 
in the box is negligiile for total cancer risks less 
than 0.1. Thus, the simple additive equation is 
appropriate for most Superfund risk assessments. 

The risk summation techniques descriied in 
the box on this page and in the footnote assume 
that intakes of individual substances are small. 
They also assume independence of action by the 
compounds involved (Le., that there are no 
synergistic or antagonistic chemical interactions 
and that all chemicals produce the same effect, 
i.e., cancer). If these assumptions are incorrect, 
over- or underestimation of the actual multiple 
substance risk could result. 

Calculate a sepmte total cancer risk for each 
exposure pathway by summing the substance 
specific cancer risks. Resultinrr cancer risk 
estimates should be mre-ssed usinP one significant 
fieure only. Obviously, the total cancer risk for 
each pathway should not exceed 1. Exhiiit 8-2 
provides a sample table format for presenting 
estimated cancer risks for speci6ed exposure 
pathways in the "Total Pathway Risk" column. 

There are several limitations to this approach 
that must be acknowledged. First, because each 
slope factor is an upper 95th percentile estimate 
of potency, and because upper 95th percentiles of 
probability distributions are not strictly additive, 
the total cancer risk estimate might become 
artificially more conservative as risks from a 
number of different carcinogens are summed. If 
one or two carcinogens drive the risk, however, 
this problem is not of concern. Second, it often 
will be the case that substances with different 
weights of evidence for human carcinogenicity are 
included. The cancer risk equation for multiple 
substances sums all carcinogens equally, giving as 
much weight to class B or C as to class A 
carcinogens. In addition, s lop faxors derived 
from animal data will be given the same weight as 
slope factors derived from human data Finalty, 
the action of two different carcinogens might not 
be independent. New tools for assessing 
carhnogen interactions are becoming available 
(e.& Arcos er al. 1988). and should be considered 
in consultation with the RPM. The significance 
of these conCeRlS given the circumstances at a 
particular site should be discassed and presented 
with the other information desmied in Section 
86. 

Noncarcinogenic effects. To assess the overall 
potential for noncarcinogenic effects posed by 
more than one chemical, a hazard index (HI) 
approach has been developed based on EPA's 
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(1986b) Guidelines for Health Rkk A s s m e n t  of 
Chemical Mimaes. This approach assumes that 
simultaneous subthreshold exposures to several 
chemicals could result in an adverse health effect. 
It also assumes that the magnitude of the adverse 
effect will be p r ~ p o n i o ~ l  to the sum of the ratios 
of the subthreshold exposures to acceptable 
exposures. The hazard index is equal to the sum 
of the hazard quotients, as described in the box 
below, where E and the RfD represent the same 
exposure period (e.&, subchronic, chronic, or 
shorter-term). When the hazard index exxeds 
unity, there may be concern for potential health 
effects. While any single chemical with an 
exposure level greater than the toxicity value will 
cause the hazard index to exceed unity, for 
multiple chemical exposures, the hazard index can 
also exceed unity even if no single chemical 
exposure exceeds its RfD. 

It is important to calculate the hazard index 
separately for chronic, subchronic, and shorter- 
term exposure periods as described below. It is 
also important to remember to include RfDs for 
the noncancer effects of carcinogenic substances 

(1) Noncarcinoeenic effects - chronic 
exposures. For each chronic exposure 
pathway (is., seven year to lifetime 
exposure), calculate a separate chronic 
hazard index from the ratios of the chronic 
daily intake (CDI) to the chronic reference 

dose (RfD) for individual chemicals as 
desixibed in the box below. Exhibit 8-3 
provides a sample table format ior 
recording these results in the "Pathway 
Hazard Index" column. 

(2) Noncarcinogenic effects - subchronic 
mosures. For each subchronic exposure 
pathway (i.e., two week to seven year 
exposure), calculate a separate subchronic 
hazard index from the ratios of the 
subchronic daily intake (SDI) to the 
subchronic referenoe dose (RfDJ for 
individual chemicals as described in the box 
on the next page. Exhiiit 8 4  provides a 
sample table format for .recording these 
results in the 'Pathway Hazard Ind& 
column. Add only those ratios 
corresponding to subchronic exposures that 
will be occuxkig simultaneously. 

(3)Noncarcinorzenic effects - less than Two 
week mosures. The same procedure may 
be applied for simultaneous shorter-tern 
exposures to several chemicals. For 
drinking water exponms, 1- and lo-day 
Health Advisories can be used as reference 
toxicity values. Depending on available 
data, a separate hazard index might also be 
calculated for developmental toxicants 
(using RfDd), which might cause adverse 

000200 
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effects following exposures of only a few 
days. See Guidelines for the Health 
Assessment of Suspect Developmental 
T & m  (EPA 19- EPA 1989) for 
further guidance. 

There are several limitations to this approach 
that must be acknowledged. As mentioned earlier, 
the !eve1 of concern does not increase linearly as 
the reference dose is approached or exceeded 
because the RfDs do not have equal accuracy or 
precision and are not based on the same severity 
of effect. Moreover, hazard quotients are 
combined for substances with RfDs baskd on 
critical effects of varying toxicological significance. 
Also, it will often be the case that RfDs of 
varying levels of confidence that include different 
uncertainty adjustments and modifiling factors will 
be combined (e&, extrapolation h m  animals to 
humans, from LOAELS to NOAELs, from one 
exposure duration to another). 

Another limitation with the hazard index 
approach is that the assumption of dose additivity 
is most properly applied to compounds that 
induce the same effect by the same mechanism of 
action. Consequently, application of the hazard 
index equation to a number of compounds that 
are not expected to induce the same w e  of 
effects or that do not act by the same mechanism, 
although appropriate as a screening-level 
approach, could overestimate the potential for 

effects. This possibility is generally not of concern 
if only one or two substances are responsible for 
driving the HI above unity. If the HI is greater 
than unity as a consequence of summing several 
hazard quotients of similar value, it would be 
appropriate to segregate the compounds by effect 
and by mechanism of action and to derive 
separate hazard indices for each group. 

Segregation of tmad indices. Segregation of 
hazard indices by effect and mechanism of action 
can be complex and timeconsuming because it is 
necessarJl to identify all of the major effects and 
target organs for each chemical and then to 
class@ the chemicals according to target organ@) 
or mechanism of action. This analvsis is not 
simDle and should be Derformed bv a toxicoloeist. 
If the segregation is not carefully done, an 
underestimate of true hazard could result. Agenq 
review of particularly complex or controversial 
cases can be requested of ECAO through the 
regional risk assessment support staff. 

The procedure for recalculating the hazard 
index by effect and by mechanism of action is 
briefly desmied in the box on the next page. If 
one of the effect-specific hazard indices exceeds 
unity, consideration of the mechanism of action 
might be warranted. A strong case is required, 
however, to indicate that two compounds which 
produce adverse effects on the Same organ system 
(q., liver), although by different mechanisms, 
should not be treated as dose additive. Any such 
determination should be reviewed by ECAO. 

If there are specific data germane to the 
assumption of dose-additivity (eg., if two 
compounds are present at the Same site and it is 
known that the combination is five times more 
toxic than the sum of toxicities for the flvo 
compounds), then mod@ the development of the 
hazard index accordingly. Refer to the EPA 
(1986b) mixtures guidelines for discussion of a 
hazard index equation that incorporates 
quantitative interaction data. If data on chemical 
interaUim are available, but are not adequate to 
support a quantitative assessment, note the 
information in the "assumptions' being 
documented for the site risk assessment 
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8.3 COMBINING RISKS ACROSS 
EmOSURE PATHWAYS 

This section gives directions for combining the 
multi-chemical risk estimates acrOSS exposure 
pathways and provides guidance for determining 
when such aggregation is appropriate. 

In some Superfund site situations, an 
individual might be exposed to a substance or 
combination of substances through several 
pathways. For example, a single individual might 
be exposed to substance(sj from a hazardous waste 

site by consuming contaminated drinking water 
from a well, eating contaminated fish caught near 
the site, and through inhalation of dust originating 
from the site. The total exposure to various 
chemicals will equal the sum of the exposures by 
all pathways. One should not automatically sum 
risks from all exposure pathways evaluated for a 
site, however. The following subsections describe 
how to identify exposure pathways that should be 
combined and, for these, how to sum cancer risks 
and noncancer hazard indices across multiple 
exposure pathways. 

8.3.1 IDENTIFY REASONABLE EXPOSURE 
PATHWAY COMBINATIONS 

There are two steps required to determine 
whether risks or hazard indices for nvo or more 
pathways should be combined for a single exposed 
individual or group of individuals . The first is to 
identify reasonable exposure pathway 
combinations. The second is to examine whether 
it is likely that the ~ a m e  individuals would 
consistently face the "reasonable maximum 
exposure" (RME) by more than one pathway. 

Identify exposure pathways that have the 
potential to expose the ~ a m e  individual or 
subpopulation at the key exposure a rea  evaluated 
in the exposure assessment, making sure to 
consider areas of highest exuosure for each 
pathway for both current and future land uses 
(e.& nearest downgradient well, nearest downwind 
receptor). For each pathway, the risk estimates 
and hazard indices have been developed for a 
particular exposure area and time period; they do 
not necessarily apply to other locations or time 
periods. Hence, if TWO pathways do not affect the 
same individual or subpopulation, neither 
pathway's individual risk estimate or hazard index 
affects the other, and risks should not be 
combined. . 

Once reasonable exposure pathway 
combinations have been identified, it is necessary 
to examine whether it is likely that the g ! g  
individuals would consistently face the RME as 
estimated by the methods described in Chapter 6. 
Remember that the RME estimate for each 
exposure pathway includes many conservative and 
upper-bound parameter values and assumptions 
(e&, upper 95th confidence limit on amount of 
water ingested, upper-bound duration of occupancy 
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of a single residence). Also, some of the exposure 
parameters are not predictable in either space or 
time (e.&, maximum downwind concentration may 
shift compass direction, maximum ground-water 
plume concentration may move past a well). For 
real world situations in which contaminant 
concentrations vary over time and space, the same 
individual may or may not experience the RME 
for more than one pathway over the same period 
of time. One individual might face the RME 
through one pathway, and a different individual 
face the Rh4E through a different pathway. Only 
if you can explain why the key RME assumptions 
for more than one pathway apply to the same 
individual or subpopulation should the Rh4E risks 
for more than one pathway be combined. 

In some situations, it may be appropriate to 
combine one pathway’s RME risks with other 
pathways’ risk estimates that have been derived 
from more typical exposure parameter values. In 
this way, resulting estimates of combined pathway 
risks may better relate to RME conditions. 

If it is deemed appropriate to sum risks and 
hazard indices across pathways, the risk assessor 
should clearly identify those exposure pathway 
combinations for which a total risk estimate or 
hazard index is being developed. The rationale 
supporting such combinations should also be 
clearly stated. Then, using the methods described 
in Sections 8.32 and 83.3, total cancer risk 
estimates and hazard indices should be developed 
for the relevant exposure areas and individuals (or 
subpopulations). For example, Exhibits 8-2 and 
8-3 illustrate the combination of cancer risk 
estimates and chronic noncancer hazard indices, 
respectively, for a hypothetical nearby residential 
population exposed to contaminants from a site 
by two exposure pathways: drinking contaminated 
ground water from private wells and ingestion of 
contaminated fish caught in the local river. In 
this hypothetical example, it is “known” that the 
few families living next to the site consume more 
locally caught fish than the remaining community 
and have the most highly contaminated wells of 
the area 

The following two subsections desmie how to 
sum risks and hazard indices for multiple exposure 
pathways for carcinogenic and noncarcinogenic 
substances, respectively. 

832 SuMCANcERRISlcs 

First, sum the cancer risks for each exposure 
pathway contributing to exposure of the same 
individual or subpopulation. For Superfund lisk 
assessments, cancer risks from various exposure 
pathways are assumed to be additive, as long as 
the risks are for the Same individuals and time 
period (Le., less-than-lifetime exposures have all 
been convened to equivalent lifetime exposures). 
This summation is desmied in the box below. 
The sample table format given in m i i t  8-2 
provides a place to record the total cancer risk 
estimate. 

As described in Section 8.22, although the 
exact equation for combining risk probabilities 
includes terms for joint Ab, the difference 
between the exact equation and the approximation 
described above is negligible for total cancer risks 
of less than 0.1. 

833 SUM NONCANCER HAZARD INDICES 

To assess the overall potential for 
noncarcinogenic effects posed by several exposure 
pathways, the total hazard index for each exuosure 
duration Ke.. chronic. subchronic and shoner- 
term) should be calculated seDarately. This 
equation is described in the box on the next page. 
The sample table format given in Exhibit 8-3 
provides a place to record the total exposure 
hazard index for chronic exposure durations. 

When the total hazard index for an exposed 
individual or group of individuals exceeds unity, 
there may be concern for potential noncancer 
health effects. For multiple exposure pathways, 
the hazard index can exceed unity even if no 
single exposure pathway hazard index exceeds 
unity. If the total hazard index exceeds unity and 
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reasons, not the least of which are the resource 
requirements to collect and analyze site data in 
such a -yay that the results can be presented as 
valid probability distributions. As in all 
environmental risk assessments, it already is 
known that uncertainty about the numerical 
results is generally large (i.e., on the range of at 
least an order of magnitude or grater). 
Consequently, it is more important to identify the 
key siterelated variables and assumptions that 
conm%ute most to the uncertainty than to 
precisely.quantify the degree of uncertainty in the 
risk assessment. Thus, the focus of this section is 
on quaiitative/semiquantitative approaches that 
can yield useful information to decision-makers for 
a limited resource investment 

if combining exposure pathways has resulted in 
combining hazard indices based on different 
chemicals, one may need to consider segregating 
the contributions of the different chemicals 
according to major effect (see Section 8.22). 

8.4 ASSESSMENTAND 
PRESENTATION OF 
UNCERTAINTY 

This section discusses practical approaches to 
assessing uncertainty in Superfund site risk 
assessments and describes ways to present key 
information bearing on the level of confidence in 
quantitative risk estimates for a site. The risk 
measures used in Superfund site risk assessments 
usually are not fullv urobabilistic estimates of risk, 
but conditional estimates given a considerable 
number of assumptions about exposure and 
toxicity (cg., risk given a particular future land 
use). Thus, it is important to fully specify the 
assumptions and uncertainties inherent in the risk 
assessment to place the risk estimates in proper 
pelspecthe. Another use of uncertainty 
characterization can be to iden- areas where a 
moderate amount of Edditional data collection 
might significantly improve the basis for seleaion 
of a remedial alternative. 

Highly quantitative statistical uncertainty 
-is is usually not practical or necessary for 
Superfund site risk assessments for a number of 

There are several categories of uncertainties 
associated with site risk assessments. One is the 
initial selection of substances used to characterize 
exposures and risk on the basis of the sampling 
data and available toxicity information. Other 
sources of uncertainty are inherent in the toldcitv 
values for each substance used to characterize risk. 
Additional uncertainties are inherent in the 
-sure assessment for individual substances and 
individual exposures. These uncertainties are 
usually driven by uncertainty in the chemical 
monitoring data and the models used to estimate 
eJrposure concentrations in the absence of 
monitoring data, but can also be driven by 
population intake parameters. Finally, additional 
uncertainties are incorporated in the risk 
assessment when exposures to several substances 
across multiple pathways are summed. 

The following subsections describe how to 
swnmarke and discuss important site-specific 
exposure uncertainties and the more general 
toxicity assessment uncertainties. 

8.4.1 IDENTIFY AND EVALUATE 
IMPORTANT SITESPECIFIC 
UNCERTAINTY FACTORS 

Uncertainties in the exposure assessment 
typically include most of the site-specific 
uncertainties inherent in risk characterization, and 
thus are particularly important to summarize for 
each site. In risk assessments in general, and in 
the exposure assessment in particular, several 
sources of uncertainty need to be addressed: (1) 
definition of the physical setting, (2) model 
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applicability and assumptions, (3) transport, fate, 
and exposure parameter values, and (4) tracking 
uncertainty, or how uncertainties are magnified 
through the various steps of the assessment. 
Some of these sources of uncerrainty on be 
quantified while others are best addressed 
qualitatively. 

Definition of the pbysical setting. The initial 
characterization of the physical setting that defines 
the risk assessment for a Superfund site involves 
many professional judgments and assumptions. 
These include deftnition of the current and future 
land uses, identification of possible exposure 
pathwavs now and in the future, and selection of 
substances detected at the site to include in the 
quantitative risk assessment. In Superfund risk 
assessments, particular attention should be given 
to the following aspects of the definition of the 
physical setting. 

0 Likelihood of exuosure uathwavs and land 
uses actuallv ommng.  A large part of the 
risk assessment is the estimation of cancer 
risk or hazard indices that are conditional 
on the existence of the exposure conditions 
analyzed; cg., if a residential development 
is built on the site 10 years from now, the 
health risk associated with contaminants 
from the site would be X It is important 
to provide the RPM or other risk manager 
with information related to the likelihood 
that the assumed conditions will occur to 
allow interpretation of a conditional risk 
estimate in the proper context. For 
example, if the probabiliy that a residential 
development would be built on the site 10 
or 50 years from now is very small, 
different risk management decisions might 
be made than if the probability is high. 
Present the information collected during 
scoping and for the exposure assessment 
that will help the RPM to identify the 
relative likelihood of occurrence of each 
exposure pathway and land use, at least 
qualitatively (cg., institutional land-use 
controls, zoning, regional development 
Plans). 

0 The chemicals not included in the 
quantitative risk estimate as a consequence 
of missing information on health effects or 
lack of quantitation in the chemical 

analysis may represent a significant source 
of uncertainty in the final risk estimates. 
If chemicals with known health effects were 
eliminated from the risk assessment on the 
basis of concentration or frequency of 
detection, one should now review and 
confirm whether or not any of the 
chemicals previously eliminated should 
actually be included. For substances 
detected at the site, but not included in the 
quantitative riskassessment because of data 
limitations, discuss possible consequences 
of the exclusion on the risk assessment. 

A checklist of uncertainty factors related to the 
definition of the physical setting is described in 
the box below. 

I '  

I 

Model applicability and assumptions. There 
is always some doubt as to how well an exposure 
model or its mathematical expression (e.g., 
ground-water transport model) approximates the 
true relationships between site-specific 
environmental conditions. Ideally, one would like 
to use a fully validated model that accounts for all 
the known complexities in the parameter 

C 
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interrelationships for each assessment. At present, 
however, only simple, partially validated models 
are available and commonly used. As a 
consequence,' it is important to identify key model 
assumptions (e&, linearity, homogeneity, steady- 
state conditions, equilibrium) and their potential 
impact on the risk estimates. In the absence of 
field data for model validation, one could perform 
a limited sensitivity analysis (i.e., vary assumptions 
about functional relationships) to indicate the 

' magnitude of uncertainty that might be associated 
with model form. At a minimum, one should list 
key model assumptions and indicate the potential 
impact of each on risk with respect to both 
direction and magnitude, as shown in the box 
below. A sample table format is presented in 
Exhibit 6-21 of Chapter 6. 

, .  

I 

Parameter value uncertainty. During the 
course of a risk assessment, numerous parameter 
values are included in the calculations of chemical 
fate and transport and human intake. A first step 
in characterizing parameter value uncertainty in 
the baseline risk assessment is to identify the key 
parameters influencing risk This usiially on be 
accomplished by expert opinion or by an explicit 
sensitivity analysis. In a sensitivity -is, the 
values of parameters suspected of driving the risks 
are varied and the degree to which changes in the 
input variables result in changes in the risk 
estimates are S- and compared (eg., the 
ratio of the change in output to the change in 
input). It is important to summarile the 
uncertainty associated with key parameters, as 
described below. 

Sienificant site data mus might have 
required that certain parameter values be 
assumed for the risk assessment For 

e 

example, no information on the frequency 
with which individuals swim in a nearby 
stream might be available for a site, and an 
assumed frquency and duration of 
swimming events based on a national 
average could have driven the exposure 
estimate for this pathway. 

Sienificant data uncertainties might exist 
for other parameters, for example, whether 
or not the available soil concentration 
measurements are representative of the 
true distribution of soil contaminant 
concentrations 

Tracking uncertainty. Ideally, one would like 
to carry through the risk assessment the 
uncertainty associated with each parameter in 
order to characterize the uncertainty associated 
with the final risk estimates. A more practical 
approach for Superfund risk assessments is to 
describe qualitatively how the uncertainties might 
be magnified or biased through the risk models 
used. General quantitative, semi-quantitative, and 
qualitative approaches to uncertainty analysis are 
described below. 

Quantitative aoproach. Only on the rare 
occasions that an RPM may indicate the need for 
a quantitative uncertainty analysis should one be 
undertaken. As mentioned earlier, a highly 

usually not practical or neceSSary for Superfund 
sites. 

quantitative statistical unceminty analj3is is 

If a quantitative analysis is undertaken for a 
site, it is neceSSary to involve a statistician in the 
design and interpretation of that analysis. A 
quantitative approach to characterizing uncertainty 
might be appropriate if the exposure models are 
simple and the values for the key input 
parameters are well known. In this case, the first 
step would be to characterize the probability 
dism3utions for key input parameter values 
(either using measured or assumed disuibutions). 
The second step would be to propagate parameter 
value uncertainties through the analysis using 
analytic (e.g., rirst-order Taylor series 
approximation) or numerical (e.g., Monte Carlo 

, simulation) methods, as appropriate. Aualytic 
methods might be feasible if there are a few 
parameters with known dism3utions and linear 
relationships. Numerical methods (e.g., Monte 
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Carlo simulation) can be suitable for more 
complex relationships, but must be done on a 
computer and can be resource intensive even with 
time-saving techniques (eg., Latin Hypercube 
sampling). 

Two common techniques of propagating 
uncertainty are first-order analyses and Monte 
Carlo simulations. First-order analysis is based on 
the assumption that the total variance of a model 
output variable is a function of the variances of 
the individual model input variables and the 
sensitivity of the output variable to changes in 
input variables. The sensitivity of the output 
variable is defined by the first derivative of the 
function or model, which can be generated 
analytically or numerically. A Monte Carlo 
simulation estimates a distribution of exposures or 
risk by repeatedly solving the model equation(s). 
The probability distribution for each variable in 
the model must be defined. The computer selects 
randomly from each distribution e v q  time the 
equation is solved. From the resulting output 
distribution of exposures or risk, the assessor can 
identify the value corresponding to any specified 
percentile (e.g., the 95th percentile in the 
exposure distribution). 

These quantitative techniques require 
definition of the distribution of all input 
parameters and knowledge of the degree of 
dependence (Le., covariance) among parameters. 
The value of first-order analyses or Monte Carlo 
simulations in estimating exposure or risk 
probability distributions diminishes sharply if one 
or more parameter value distributions are poorly 
defined or  must be assumed. These techniques 
also become difficult to document and to review 
as the number of model parameters increases 
Moreover, estimating a probability dismiution for 
exposures and risks can lead one into a false sense 
of certainty about the analysis. Even in the most 
comprehensive analyses, it will generally be true 
that not all of the sources of uncertainty can be 
accounted for or all of the parameter 
codependencies recognized. Therefore, in addition 
to documenting all input distributions and 
covariances, it is very important to identify all of 
the assumptions and incomplete information that 
have not been accounted for in the quantitative 
uncertainty analysis (e.g., likelihood that a 
particular land use will o m r )  when presenting the 
results. 

References descriiing numerical methods of 
propagating uncertainty through a risk analysis 
include Burmaster and von Stackelberg (1988), 
Hoffman and Gardner (1983), Iman and Helton 
(1988), and NRC (1983). References describing 
analytic methods of tracking uncertainty include 
Hoffman and Gardner (1983), NRC (1983), 
Downing a ai. (1985), and Benjamin and Cornell 
(1PIO). 

Semhuantitative auuroach. Often available 
data are insufficient to fuUy describe parameter 
dismiutions, but are sufliaent to describe the 
potential range of values the parameters might 
assume. In this situation, sensitivity analyses can 
be used to identify influential model input 
variables and to develop bounds on the 
dismiution of exposure or risk. A sensitivity 
analysis can estimate the range of exposures or 
risk that result from combinations of minimum 
and maximum values for some parameters and 
mid-range values for others. The uncertainty for 
an assessment of this type could be characterized 
by presenting the ranges of exposure or risk 
generated by the sensitivity analysis and by 
desmiing the limitations of *e data used to 
estimate plausible ranges of model input variables 
(EPA 1985). 

Qualitative auuroach. Sometimes, a qualitative 
approach is the most practical approach to 
describing uncertainty in Superfund site risk 
assessments given the use of the information (e.g., 
identifying areas where the results may be 
misleading). Often the most practical approach 
to characterizing parameter uncertainty will be to 
develop a quantitative or qualitative description of 
the uncertainty for each parameter and to simply 
indicate the possible influence of these 
uncertainties on the final risk estimates given 
knowledge of the models used (cg., a spedfic 
ground-water transport model). A checklist of 
uncertainty factors related to the definition of 
parameters is described in the box on page 8-22 
A sample table format is provided in Exhibit 
6-21 of Chapter 6. 

Consider presentation of information on key 
parameter uncertainties in graphic form to 
illustrate clearly to the RPM or other risk 
managers the significance of various assumptions. 
For example, Exhibit 8-5 plots assumptions 
regarding contaminated fish ingestion and resulting 

i 
i 
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EXHIBIT 8-5 

EXAMPLE OF PRESENTATION OF IMPACT OF EXPOSURE ASSUMPTIONS 
ON CANCER RISK ESTIMATE 

Ingestion of Fish Contaminated with Chemical X 
(30 mg WKg Fish Wet Weight) 

10 20 30 40 

GrarnsPerson/Day 

50 60 

---I FilletwithSkin - Fillet Only 

a 
The risk of developing cancer is plotted on a log scale. A risk of 104indicates a probability 
of 1 chance in 10,000 and a risk of 10'5indicates a probability of 1 chance in 100,000 of an 
individual developing cancer. 
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impacts on the cancer risk estimate for this 
exposure pathway. Exhibit 8-6 illustrates the 
significance of these same assumptions for the 
hazard index estimates for contaminated fish 
consumption. Additionally, maps showing 
isopleths of risks resulting from modeled air 
exposures such as emissions near the site may 
assist the RPM or risk manager in Visualizing the 
significance of current -or future site risb for a 
community. 

CHARA E 

bioconanmti 

List the value 
rationale for its 

Describe the measured or assumed oarame3er I 

8.4.2 IDENTIFY AND EVALUATE TOXICI" 
ASSESSMENT UNCERTAINTY 
FACTORS 

For substances that conmiute most to the 
estimates of cancer risk and noncancer hazard 
indices, summarize the uncertainty inherent in the 
toxicity values for the durations of exposure 
assessed. Some of the information (e.g., weight of 
evidence for potential human carcinogens, 
uncertainty adjustments for noncancer toxicity 

values) has already been recorded in the sample 
table formats provided in Exhibits 8-2 through 
8-4. Other information will be developed during 
the toxicity wessment itself (see Chapter 7). 
The box on page 8-24 provides a checklist of 
uncertainties that apply to most toxicity 
assessments. 

Multiple substance exposure uncertainties. 
Uncertainties associated with ~umming risks or 
hazard indices for several substances are of 
particular concern in the risk characterization step. 
The assumption of dose additivity ignores possible 
synergisms or antagonisms among chemicals, and 
assumes similarity in mechanisms of action and 
metabolism. Unfortunately, data to assess 
interactions quantitatively are generally lacking. 
In the absence of adequate information, EPA 
guidelines indicate that carcinogenic risks should 
be treated as additive and that noncancer hazard 
indices should also be treated as additive. These 
assumptions are made to help prevent an 
underestimation of cancer risk or potential 
noncancer health effects at a site. 

Be sure to discuss the availability of 
infomation concerning potential antagonistic or 
synergistic effects of chemicals for which cancer 
risks or hazard indices have been summed for the 
same exposed individual or subpopulations. On 
the basis of available information concerning 
target organ specificity and mechanism of action, 
indicate the degree to which treating the cancer 
risks as additive may over- or underestimate risk. 
If only qualitative information is available 
concerning potential interactions or dose-additivity 
for the noncarcinogenic substances, discuss 
whether the information indicates tbat hazard 
indices may have been over- or underetimated. 
This discussion is particularly important if the 
total hazard index for an exposure point is slightly 
below or slightly above unity, or if the total 
hazard index exceeds unity and the effect-specific 
hazard indices are less than unity, and if the 
uncertainty is likely to significantly influence the 
risk management decision at the site. 

8.5 CONSIDERATION OF SITE- 
SPECIFIC HUMAN STUDIES 

This section describes how to compare the 
results of the risk characterization step with 

000209 - 
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EXHIBIT 8-6 

EXAMPLE OF PRESENTATION OF IMPACT OF EXPOSURE ASSUMPTIONS 
ON HAZARD INDEX ESTIMATE 

i 

1 
I 

ingestion of Fish Contaminated with Chemical Y 
(10 mg YKg Fish Wet Weight) 

2.0 

1.5 

e 
r 8 

0.5 

I 

10 20 30 40 

Grams/Person/Day 

50 60 

FilletwithSkin - Fillet Only I..-. 
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ATSDR health assessments and other site-specific 
human studies that might be available. The first 
subsection outlines how to compare an A B D R  
health assessment for the site with the risk results 
summarized in the previous sections (Sections 8.2, 
8.3, and 8.4). The second subsection discusses 
when epidemiological or health studies might 
provide useful information for assessing exposures 
and health risks associated with contaminants 
from a site. 

preliminary ATSDR health assessment with the 
baseline risk assessment are outlined below. 

Review again the ATSDR health assessment 
findings and conclusions. These will be largely 
qualitative in nature. If the ATSDR health 
assessment identifies exposure pathways or 
chemicals of concern that have not been included 
in the RUFS baseline risk assessment, describe the 
information supporting the decision not to include 
these parameters. If there are differences in the 
qualitative conclusions of the health assessment 
and the quantitative conclusions of the baseline 
risk assessment, explain the differences, if possible, 
and discuss their implications. 

85.2 COMPARE WITH OTHER AVAILABLE 
SITE-SPECIFIC EPIDEMIOLOGICAL 
OR HEALTH STUDIES 

85.1 COMPARE WITH ATSDR HEALTH 
ASSESSMENT 

ATSDR health assessments were defined and 
compared to the RUFS risk assessment in Section 
222 As of 1989, preliminary ATSDR health 
assesmens should be completed before the RLlFS 
risk assessment is initiated and therefore should 
be available to the risk assessor as early as 
"scoping." The steps for comparing the 

For most Superfund sites, studies of human 
exposure or health effects in the surrounding 
population will not be available. However, if 
controlled epidemiological or other health studies 
have been conducted, perhaps as a consequence 
of the preliminary ATSDR health assessment or 
other community involvement, it is important to 
include this information in the baseline risk 
assessment as appropriate. However, not all such 
studies provide meaningful information in the 
antext of Superfund risk assessments. 

One can determine- the availability of other 
epidemiological or health studies for populations 
potentially exposed to contaminants from the site 
by contacting the ATSDR Regional 
Representative, the Centers for Disease Control 
in Atlanta, Georgia, and state and local health 
agencies as early in the risk assessment process as 
possible. It is important to avoid use of anecdotal 
information or data from studies that might 
include a significant bias or confounding factor, 
however. Isolated reports of high body levels of 
substances that are known to be present at the 
site in a few individuals living near the site are 
not sufficient evidence to confirm the hypothesis 
that these individuals have received significant 
srposures fkom the site. Nor can isolated reports 
of disease or symptoms in a few individuals living 
near the site be used to confirm the hypothesis 
that the cause of the health effects in these 
individuals was exposure to contamination from 
the site. A trained eddemiolopist should review 
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anv available studies in order to identifv Dossible 
studv limitations and implications for site risk 
findings. The small populations and wriable 
exposures predominating at most Superfund sites 
will make it extremely difficult to detect site 
related effects using epidemiological techniques. 

If sitespecific health or exposure studies have 
been identified and evaluated as adequate, one 
should incorporate the study findings into the 
overall risk characterization to strengthen the 
conclusions of the risk assessment (eg., the risk 
assessment predicts elevated blood lead levels and 
the human exposure study documented elevated 
blood lead levels only among those exposed to 
ground water contaminated by the site). Because 
of the generally large and different  pes of 
uncertainties associated with the risk assessment 
and actual health studies, a qualitative, not 
quantitative, comparison between the two types of 
studies is generally warranted. Areas of 
agreement and disagreement between the health 
study(ies) and the risk assessment should be 
described and factors that might contribute to any 
disagreement discussed. 

8.6 SUMMARIZATIONAND 
PRESENTATION OF THE 
BASELINE RISK 
CHARACTERIZATION 
RESULTS 

This section provides guidance on interpreting 
and presenting the risk characterization results. 
The results of the baseline evaluation should not 
be taken as a characterization of absolute risk. 
An important use of the risk and hazard index 
estimates is to highlight potential sources of risk 
at a site so that they may be dealt with effectively 
in the remedial process It is the responsibility of 
the risk assessment team to develop conclusions 
about the magnitude and kinds of risk at the site 
and the major uncertainties affecting the risk 
estimates. It is not the responsibility of the risk 
assessment team to evaluate the significance of the 
risk in a program context, or whether and how 
the risk should be addressed, which are risk 
management decisions. 

The ultimate user of the risk characterization 
results will be the RPM or other risk manager for 

the site. This seaion therefore outlines a 
presentation of material that is designed to assist 
the risk manager in using risk information to 
rea& sitespeafic decisions. 

8.6.1 SUMMARIZE RISK INFORMATION IN 
TEXT 

The final discussion of the risk characterization 
results is a key mmponent of the risk 
characterization. The discussion provides a means 
of placing the numerical estimates of risk and 
hazard in the context of what is known and what 
is not known about the site and in the context of 
decisions to be made about selection of remedies. 
At a minimum, the discussion should include: 

confidence that the key site-related 
contaminants were identified and discussion 
of contaminant concentrations relative to 
background concentration ranges; 

a description of the various types of cancer 
and other health risks present at the site 
(e.&, liver toxicity, neurotoxicity), 
distinguishing between known effects in 
humans and those that are predicted to 
occur based on animal experiments; 

level of confidence in the quantitative 
toxicity information used to estimate risks 
and presentation of qualitative information 
on the toxicity of substances not included 
in the quantitative assessment; 

level of confidence in the exposure 
estimates for key exposure pathways and 
related exposure parameter assumptions; 

the magnitude of the cancer risks and 
noncancer hazard indices relative to the 
Superfund site remediation goals in the 
NCP (e.& the cancer risk range of le to 
l@’ and noncancer hazard index of 1.0); 

the major factors driving the site risks (e.g., 
substances, pathways, and pathway 
combinations); 

the major factors reducing the certainty in 
the results and the significance of these 
uncertainties (e.&, adding risks over several 
substances and pathways); 
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exposed population characteristics; and 

0 comparison with sitespecific health studies, 
when available. 

In addition, if the size of the potentially 
exposed population is large, the presentation of 
population numbers may be of assistance to the 
RPM, especially in evaluating risks in the context 
of current land use. Individual risk estimates 
based on the reasonable maximum exposure 
@ME) should not be presented as representative 
of a broadly defined population, however. 

8.62 SUMMARIZE RISK INFORMATION IN 
TABLES 

A tabular summary of the cancer risks and 
noncancer hazard indices should be prepared for 
all exposure pathways and lan4 uses analyzed and 
for all substances carried through the risk 
assessment These tables must be accompanied by 
explanatory text, as described in the previous 
section, and should not be allowed to stand alone 
as the entire risk characterization. ?he sample 
table formats presented in Chapter 6 and in 
Exhiiits 8-2 to 8-6 provide basic summary formats. 
Exhiiits 8-7 and 8-8 provide examples of optional 
presentations that might assist in visualization of 
the risk assessment results. These bar graphs 
present the baseline cancer risk estimatesand 

noncanax hazard indices, respectively, by pathway 
for an identified subpopulation near the site. The 
stacked bars in Exhibit 8-8 allow the reader to 
immediately identify the pathway@) contributing 
most to the total hazard index as well as identify 
the substances driving the indices in each pathway. 
Reference levels are also provided (e.g., hazard 
index of 1.0). Exhibits 8-5 and 8-6 introduced in 
Section 8.4.1 provide examples of figures that 
could help the RPM or other risk manager 
visualize the impact of various assumptions and 
uncertainties on the final risk or hazard index 
estimate. In addition, graphics relating risk level 
(or magnitude of hazard index) to concentrations 
of substances in environmental media and cost of 
Dtreatment' could allow the RPM or other risk 
manager to weigh the benefits of various remedial 
alternatives more easily. Examples of the last type 
of graphics are presented in Part 'C of this 
manual. 

In a few succinct concluding paragraphs, 
smmarize the results of the risk characterization 
step. It is the responsibility of the risk assessment 
team members, who are familiar with all steps in 
the site risk assessment, to highlight the major 
conclusions of the risk assessment. The discussion 
should summarize both the qualitative and the 
quantitative findings of cancer risks and noncancer 
hazards, and properly qualify these by mention of 
major assumptions and uncertainties in the 
assessment. 



5-8077 L 

8-27 

EXHIBIT 8-7 

I 

EXAMPLE OF PRESENTATION OF RELATIVE CONTRIBUTION OF INDIVIDUAL 
CHEMICALS TO EXPOSURE PATHWAY AND TOTAL CANCER RISK ESTIMATES 

I 

Nearby Resident Population 
Excess Lifetime Cancer Risk 5 3 x 10 -4 

1 I 

Public Water Supply 

Benzene 

Chlordane 

Contaminated Fish 

i 

._ I 

i 

Exposure Pathway 

a 
The risk of developing cancer is plotted on a log scale. A risk of 1O"indicates a probability 
of 1 chance in 10,000 of an individual developing cancer. Risks of 10'5and 10dcorrespond to 
probabilities of 1 chance in 100,000 and 1 chance in 1,000,000, respectively. Values in 
parentheses represent EPA's weightof-evidence classification of the agent a s  a potential 
human carcinogen: A = human carcinogen; and 82 = probable human carcinogen 
(with sufficient evidence in animals and inadequate or  no evidence in humans). 
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........................................................................................................ 
Phenol 

EXAMPLE OF PRESENTATION OF RELATIVE CONTRIBUTION OF INDIVXDUAL 
CHEMICALS TO EXPOSURE PATHWAY AND TOTAL HAZARD INDEX ESTIMATES 

Nearby Resident Population 
Chronic Hazard Index P 0.6 

Well Water 

Nitrobenzene 

MEK 

0.4 

0.3 

0 2  

0.1 

0 

Contamlnated Fish 

Exposure Pathway 
0 

8 
The hazard index is equal to the sum of the haterd quotients (Le, exposure 
ieveMlfD) for each chemlcal. tt is not - a probability; a hazard Index or 
quotient of 11.0 indicates that it is unlikely for even sensitive populations to 
experience adverse health effects. 

j 

I 

. 
i 
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CHAPTER 9 

DOCUMENTATION, REVIEW, AND 
MANAGEMENT TOOLS FOR 

THE RISK ASSESSOR, 
REVIEWER, AND MANAGER 

This chapter provides tools for the 
documentation, review, and management of the 
baseline risk assessment. These tools will help 
ensure completeness and consistency throughout 
the risk assessment and in the reporting of 
assessment results. Section 9.1 provides 
documentation tools (for risk assessors), Section 
9.2 provides review tools (for risk assessment 
reviewers), and Section 93 provides management 
tools (for remedial project managers [RpMs] and 
other decision-makers concerned with the site). 

9.1 DOCUMENTATION TOOLS 

Throughout Chapters 4 to 8 of this manual, 
guidance is provided to the risk assessor on how 
to summarize and docament many beginning, 
intermediate, and final steps of the risk 
assessment. The purpose of this section is to 
consolidate that guidance, provide a final check to 
ensure that all appropriate documentation has 
been completed, and provide additional 
information that should be helpful. This section 
addresses (1) basic principles of documenting a 
Superfund site risk assessment (e& key 'dos' and 
don'ts', the rationale for consistency), (2) a 
suggested outline and guidance for the risk 
assessment report, and (3) guidance for providing 
risk assessment summaria in other key reports. 

9.1.1 BASIC PRINCIPLES 

There are three basic principles for 
documenting a baseline risk assessment 

(1) address the main objectives of the risk 
assessment; 

(2) communicate using clear, concise, and 
relevant text, graphics, and tables; and 

(3) use a consistent format 

Addressing the objectives. The objectives of 
the baseline risk assessment - to help determine 
whether additional response action is neceSSary at 
the site, to provide a basis for determining 
residual chemical levels that are adequately 
protective of public health, to provide a basis for 
comparing potential health impacts of various 
remedial alternatives, and to help support 
selection of the "no-action" remedial alternative 
(where appropriate) - should be considered 
carefully during the doamentation of the, risk 
assessment. Recognizing these objectives early 
and presenting the results of the risk assessment 
with them in mind will assist the RPM and other 
decision-maken at the site with readily obtaining 
and using the necessaty information to evaluate 
the objectives. Failing to recognize the 
importance of the objectives could result in a risk 
assessment report that appears misdirected and/or 
~ e c e s s a r y .  

Communicating. Clearly and concisely 
colllmunicating the relevant results of the risk 
assessment can be one of the most important 
aspects of the entire RUFS. If done correctly, a 
useful instrument for mitigating public health 
threals will have been developed. If done 
incorrectly, however, risks could be 
underemphasized, possibly leading to the 

q -  I 000218 
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occurrence of adverse health effects, or they could 
be overemphasized, possibly leading to the 
unnecessary expenditure of limited resources. See 
the box below for some helpful hints on 
communicating the baseline risk assessment. 

Many skills for communicating the baseline 
risk assessment also can be learned by reviewing 
the literature on risk communication. The 
following box lists just some of the literature that 
is available. Courses on the subject also exist 

Using a consistent format. A consistent 
format for al l  Superfmd risk assessments is 
strongly recommended for four important reasons: 

(1) it encourages consistency and 
completeness in the assessment i w  

- -  ow-[ I -- 

(2) it allows for easier review of the risk 
assessments; 

(3) it encourages consistent use of the 
results by RPMS and other decision- 
makers; and 

(4) it helps demonstrate to the public and 
others that risk assessments are 
conducted using the same framework (if 
not the same specific procedures). 

Using other formats a n  lead to slower review 
times, different interpretations of similar results, 
and the charge that risk assessments are 
inappropriately being conducted differently from 
one site to another. The following subsections 
provide guidance on the use of consistent formats. 

9.13 BASELINE RISK ASSESSMENT 
REPORT 

. The baseline risk assessment report references 
and supports the RUFS report. Depending on the 
site, the risk assessment report can range from a 
small, simple document with no appendices that 
can simply be added to the RUFS report as a 
chapter, to a large, complex document with many 
appendices that can "stand don&" This subsection 
provides general guidance on how to organize the 
baseline risk assessment report and which 
information should be included in the report. 
More detailed guidance, however, is found by 
following the guidance in previous chapters of this 

? 

I 
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manual. 'careful use of that guidance will ensure 
a well-documented baseline risk assessment report. 

Exhibit 9-1 provides a suggested outline for 
the full baseline risk assessment report. This 
outline generally follows the flow of the risk 
assessment and the organization of this manual. 
The "bulleted' items are not necessarily seqion 
headings, but rather are often items that should 
be considered when writing the report. Note that, 
as with the manual, not all comuonents of the 
outline are auulicable to all sites. This is 
especially true if the risk assessment report will be 
a chapter in the RUFS repon. At some sites, and 
especially when the risk assessment report will be 
a stand-alone document, more site-spat items 
could be added to the report. 

I 

f 

1 

I 

Examples of tables and graphics that should 
be included in the report are presented as exhibits 
in previous chapters of this manual. Note, 
however, that additional tables and graphics may 
be useful. 

This suggested outline may be used as a 
review guide by risk assessors (and risk assessment 
reviewen) to ensure that all appropriate 
components of tile assessment have been 
addressed. Section Y.2 addresses review tools in 
greater detail. 

9.13 OTHERKEYREPORTS 

Two important reports that must include 
summaries of the baseline risk assessment are (1) 
the remedial inve igatiodfeasibility study (RUFS) 
report and (2) the record of decision (ROD) 
report. 

1 

Summary for the RUFS report. One of the 
chapters of the RUFS typically is devoted to a 
summary of the baseline risk assessment. Part of 
this summary should address the human health 
evaluation (the other part should address the 
environmental evaluation). The human health 
summary should follow the same outline as the 
full baseline risk assessment report, with almost 
each section of the summary being a distillation 
of each full report chapter. The risk 
characterization chapter is an exception, however, 
in that it could be included in the RUFS report 
essentially unchanged. Most tables and graphics 
should be included unchanged as well. For more 

information, see Guidance for Conmtcthg Remedial 
Investigations and FeasibiIity Studies Undo 
CERCLA (EPA 1988b). 

Summary for the ROD report. The ROD 
documents the remedial action selected for a site. 
It consists of three basic components: (1) a 
Dedaratioq (2) a Decision Summary; and (3) a 
Responsiveness Summay. The second component, 
a Decision Summary, provides an overview of the 
sitespecific factors and amlyscs that led to the 
selection of the remedy. Included in this 
component is a summary of site risks. As with 
the risk assessment summary for the RUFS report, 
the summary for the ROD report should follow 
the same outline as the full risk assessment. This 
summary, however, should be much more 
abbreviated than the RVFS summary, although 
care must be taken to address aU of the relevant 
sitespecific results. For more information, see 
Interim Final Guidance on P r e p h g  Supe#nd 
Decision Documents: Thc Froposed Plan, the 
Record o f  Decision, Explanarion of Significant 
werenca, and the Record o f  Decirion Amendment 
(EPA 1989). 

9.2 REVIEWTOOLS 

This section provides guidelines on reviewing 
a risk assessment report. A checklist of many 
essential criteria that should be adequately 
addressed in any good risk assessment is provided 
m i i t  9-2). The checklist touches upon issues 
that are often problematic and lead to difficulty 
and delay in the review of risk assessments. 
Principal questions are presented in the checklist 
with qualifihg statements or follow-up questions, 
as well as references to appropriate chapters and 
sections of this manual. The checklist is intended 
as a guide to assist the prelimimy reviewer by 
ensuring that critical issues concerning the quality 
and adequacy of information are not overlooked 
at the screening level review of risk assessments. 
Experience has shown that reviewers should pay 
particular attention to the following concerns. 

0 Were all appropriate media sampled? 

Were any site-related chemicals (e.g., 
human carcinogens) eliminated from 
-is without appropriate justification? 
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EXHIBIT 9-1 

SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT 

1.0 INTRODUCTION 

1.1 M e w  
0 General problem at site 

Sitespecific objectives of risk assessment 

12 Site Background 
0 Site description 
0 Map of site 
0 General history - Ownership 
- Operations 
- Contamination 

0 Significant site reference points 
Geographic location relative to offsite areas of interest 

0 General sampling locations and media 

1.3 Scope of Risk Assessment 
0 Complexity of assessment and rationale 
0 Overview of study design 

1.4 Organization of Risk Assessment Report 

20 IDENTlFiCATION OF CHEMiCALS OF POTENTIAL CONCERN 

21 General Site-specific Data Collection Considerations 
Detailed historical information relevant to data collection 

0 PreIiminary identification of potential human exposure 
0 Modeling parameter needs 
0 Backgroundsampling 
0 Sampling locations and media 
0 Samplingmethods 
0 QNQCmethods 
0 Special analytical services (SAS) 

2 2  General Sitespedfic Data Evaluation Considerations 
Steps used (including optional screening procedure steps, if used) 

0 QNQC methods during evaluation 
0 General data uncertainty 

23 Environmental Area or Operable Unit 1 (Complete for All Media) 
0 Area- and media-specific sample collection strategy (cg., sample size, sampling locations) 
0 Data from site investigations 

! 

I 

I 

(continued) 
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EXHIBIT 9-1 (continued) 

SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT i 
1 .  

i 

f 
0 Evaluation of analytical methods 
0 Evaluation of quantitation limits 
0 Evaluation of qualified and coded data 
0 Chemicalsinblanks 
0 Tentatively identified compounds 
0 Comparison of chemical concentrations with background 
0 Further limitation of number of chemicals 

Uncertainties, limitations, gaps in quality of collection or analysis 

2 4  Environmental Area or Operable Unit 2 (Repeat for AU Areas or Operable Units, As 
Appropriate) 

2.X Summary of Chemicals of Potential Concern 

3.0 EXPOSURE ASSESSMENT 

3.1 Characterintion of Exposure Setting 
0 Physical Setting 

-- Climate - Vegetation 
-- Sdl  type 
-- Surtace hydrology 
-- Ground-water hydrology 

0 Potentially Exposed Populations 
-- Relative locations of populations with respect to site 
- Current land use 
-- Potential alternate future land uses 
-- Subpopulations of potential concern 

1. 

3.2 Identification of Exposure Pathways 
0 Sources and receiving media 
0 Fate and transport in release media 
0 Exposure points and exposure routes 

Integration of sources, releases, fate and transport mechanisms, exposure points, and exposure 
routes into complete exposure pathways 

0 Summary of exposure pathways to be quantified in this assessment 

3.3 Quantification of Exposure 
0 Exposure concentrations 

Estimation of chemical intakes for individual pathways 

(continued) 
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EXHIBIT 9-1 (continued) 

SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT 

3.4 Identification of Uncertainties 
0 Current and future land-use 
0 Environmental sampling and -is 
0 Exposure pathways evaluated 
0 Fate and transport modeling 
0 Parameter values 

3 5  Summary of Exposure Assessment 

4.0 TOXIClTY ASSESSMENT 

4.1 Toxicity information for Noncarcinogenic Effects 
o Appropriate exposure periods for toicity values 
0 Up-to-date IUDs for all chemicals 
0 One- and ten-day health advisories for shorter-term oral exposures 
0 Overall data base and the critical study on which the toxicity value is based (including the 

critical effect and the uncertainty and modifying factors used in the calculation) 
0 Effects that may appear at doses higher than those required to elicit the critical effect 
0 Absorption efficiency considered 

4.2 Toxicity Information for Carcinogenic Effects 
0 EKposure averaged over a lifetime 
0 Up-to-date slope factors for all carcinogens 
0 Weight-of-evidence classification for all  carcinogens 
0 ?Lpe of cancer for Class A carcinogens 
0 Concentration above which the dose-response m e  is no longer linear 

4 3  Chemicals for Which No EPA Toxicity Values Are Available 
0 Review by ECAO 
0 Qualitative evaluation 
0 Documentationijustikation of any new taxicity values developed 

4.4 Uncertainties Related to Toxicity Information 
Quality of the individual studies 

0 Completeness of the overall data base 

45 Summary of Toxicity Information 

5.0 RISKCHARACIERIZATION 

5.1 Current Land-use Conditions 
0 Carcinogenic risk of individual substances 
0 Chronic hazard quotient calculation (individual substances) 
0 Subchronic hazard quotient calculation (individual substances) 

(continued) 
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EXHIBIT 9-1 (continued) 

SUGGESTED OUTLINE FOR A. BASELINE RISK ASSESSMENT REPORT 

Shorter-tern hazard quotient calculation (individual substances) 
0 Carcinogenic risk (multiple substances) 

Chronic hazard index (multiple substances) 
0 Subchronic hazard index (multiple substances) 
0 Shorter-term hazard index calculation (multiple substances) 
0 Segregation of hazard indices 

Justification for combining risks across pathways 
Noncarcinogenic hazard index (multiple pathways) 
Carcinogenic risk (multiple pathways) 

5.2 Future Land-use Conditions 
b 

b 

b 

0 

0 

0 

0 

0 

0 

0 

Carcinogenic risk of individual substances 
Chronic hazard quotient calculation (individual substances) 
Subchronic hazard quotient calculation (individual substances) 
Carcinogenic risk (multiple substances) 
Chronic hazard index (multiple substances) 
Subchronic hazard index (multiple substances) 
Segregation of hazard indices 
Justification for combining risks across pathways 
Noncarcinogenic hanrd index (multiple pathways) 
Carcinogenic risk (multiple pathways) 

5.3 Uncertainties 
Site-specific uncertainty factors 
-- Definition of physical setting 
-- Model applicability and assumptions 
-- Parameter values for fate/uanspon and exposure calculations 
Summary of toxicity assessment uncertainty 
-- Identification of potential health effects 
-- Derivation of toxicity value 
-- Potential for synergistic or antagonistic interactions 
-- Uncertainty in evaluating less-than-lifetime exposures 

5.4 Comparison of Risk Characterization Results to Human Studies 
ATSDR health assessment 

0 Site-specific health studies (pilot studies or .epidemiological studies) 
Incorporation of studies into the overall risk characteritation 

5.5 Summary Discussion and Tabulation of the Risk Characterization 
0 Key site-related contaminants and key exposure pathways identified 

Qpes of health risk of concern 
0 Level of confidence in the quantitative information used to estimate risk 
0 Presentation of qualitative information on toxicity 

(continued) 
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EXHIBIT 9-1 (continued) 

SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT 

0 Confidence in the key exposure estimates for the key exposure pathways 
Magnitude of the cardnogenic and noncarcinogenic risk estimates 

0 Major factors driving risk 
Major factors mntriiuting to uncertainty 

0 Exposed population characteristics 
Comparison with sitespecific health studies 

6.0 SUMMARY 

6.1 Chemicals of Potential Concern 
6.2 Exposure Assessment 
6 3  Toxicity Assessment 
6.4 Risk Characterization 

I 

i 
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EXHIBIT 9-2 

REVIEWERCHECI(LIST 

i 

1.0 GENERALCONCERNS 

0 Were the SitesDeCific obiective(s1 of the risk assessment stated? (HHEM - 1) 

0 Was the same of the assessment described (e& in terms of the complexity of the assessment and 
rationale, data needs, and overview of the study design)? (HHEM - 1.1.1,35) 

0 Was an adequate histow of site activities provided, including a chronology of land use (e.g., 
specifying agriculture, industry, recreation, waste deposition, and residential development at the 
site)? ~~ - 21.4, 9.1) 

0 Was an initial qualitative overview of the nature of contamination included (e.& specifying in a 
general manner the kinds of contaminants, media potentially contaminated)? (HHEM - 21.4,g.l) 

0 Was a Fenera1 mau of the site depicting boundaries and surface topography included, which 
illustrates site features, such as fences, ponds, structures, as well as geographical relationships 
between specific potential receptors and the site? (HHEM - 21.4, 9.1) 

2 0  CONCERNS IN REVIEWING DATA COLLEiCl'ION AND EVALUATION 

2.1 Data Collection 

0 Was an adequate "concemml model" of the site discussed? (HHEM - 4.2) 

- a qualitative disaxssion of potential or suspected sonrces of contamination, types and 
concentrations of contaminants detected at the site, potentially contaminated media, as well 
as potential exposure pathways and receptors 

0 Was an adequate Data Oualitv ObiectiveS (DQO) statement provided? (HHEIt4 - 4.1.4) 

- a statement specifying both the qualitative and quantitative nature of the sampling data, 
in terms of relative quality and intent for use, issued prior to data collection, which helps 
to ens= that the data collected will be appropriate for the intended objectives of the study 

0 Were kev site characteristics documented? (HHEM - 43,4.5) 

- soivsediment parameters (eg., particle Size, redox potential, mineral class, organic carbon 
and clay content, bulk density, and porosity) 

- hydrogeological parameters (e.& hydraulic gradient, pH/Eh, hydraulic conductivity, location, 
saturated thickness, direction, and rate of flow of aquifers, relative location of bedrock layer) 

(continued) 
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EXHIBIT 9-2 (continued) 

REvlEwER CHECKLIST 

- hydrological parameters (e.g., hardness, pH, dissolved oxygen, salinity, temperature, total 
snspended solids, flow rates, and depths of rivers or streams; estuary and embayment 
parameters such as tidal cycle, range, and arm as well as lake parameters such as area, 
volume, depth, and depth to thermocline) 

temperature, humidity, annual average and 24 hour maximum rainfall) 
- meteorological parameters (eg., direction of preMiling wind, average wind speed, 

Were all auuronriate media samDled? (HHEM - 4.4, 45, 4.6) 

- was there adequate justification for any omissions? 

- were literature estimates employed for omissions in background sampling and were they 

0 Were all kev areas sampled, based on all available information (cg., prelimimry assessment, 

referenced properly? 

field screening)? (HHEM - 4.4, 45, 4.6) 

Did sampling include media along potential routes of migration (e.g., between the contaminant 
source and potential future exposure points)? (HHEh4 - 4.5, 4.6) 

Were samuline locations consistent with nature of contamination (e.&, at the appropriate 
depth)? (HHEM - 45, 4.6) 

Were sampling efforts consistent with field screening and visual obsexvations in locating "hot 
m"? (HHEM - 4.5, 4.6) 

Were detailed samuline: maus provided, indicating the location, type (e.g., grab, composite, 
duplicate), and numerical code of each sample? (HHEM - 5.10) 

Did sampling incluiie aDuroDriate QNQC measures (e.&, replicates, split samples, trip and field 
blanks)? (€IHEM - 4.7, 5.4) 

Were backmound samples collected from appropriate areas (cg., areas proximate to thesite, 
free of potential contamination by site chemicals or anthropogenic sources, and similar to the 
site in topography, geology, meteorology, and other physical characteristics)? (HHEM - 4.4, 
5.7) 

2.2 DataEvaluation 

0 Were any siterelated chemicals (e$.. human carcinoeens) eliminated from analysis without 
appropriate justification? (HHEM - 5.9) 

! 
I '  

(continued) 
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EXHIBIT 9-2 (continued) 

- as infrequently detected chemicals (HHEM - 533, 5.93) 

- as nondetects in a specific medium without employing a "prmry" concentration (HHEM - 
53) 

- as common laboratory contaminants even though sample concentrations were signi6cantiy 
higher than that found in blanks? (HHEM - 5 5 )  

- as present at a "ubiquitous level"? (HHEh4 - 5.7) 

0 Were inauurouriate 'D~OXY concentrations' assigned to site-related chemicals? (HHEM - 53) 
- was a value of zero or the instrument detection limit (IDL) assigned? 

-- was an erroneous sample-speafic quantitation limit employed? 

0 Were aoprooriate analvtical methods employed for collection of data upon which risk estimates 
are based? (HHEM - 5.2) 

- were the methods consistent with the requisite level of sensitivity? 

- were established procedures with adequate QNQC measures employed? 

0 Did the data meet the Data Qualitv ObiectiVes (DQO)? (HHEM - 4.1.4) 

-- were the sampling methods consistent with the intended uses of data? 

0 Were appropriate data Qualifiers employed? (HHEh4 - 5.4) 

0 Were suedal analvtical seMces (SAS) employed when appropriate? (HHEM - 53) 
- was SAS employed as an adjunct to routine anaiysiS in cases where certain contaminants 

were suspected at low levels, as non-TU chemicals, in non-standard matrice, or in 
situations requiring a quick tarnaround time? 

3.0 CONCERNS IN RENEWING THE EXPOSURE ASSESSMENT 

0 Were 'reasonable maximum exuosu~es' considered (La, the highest exposures that are reasonably 
expected to ~JCCIK)? (HHEM - 6.1.2, 6.4.1, 6.6) 

0 Were arrent and future land uses considered? (HHEM - 6.1a6.2) 

(continued) 

I 

/ 
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EXHIBIT 9-2 (continaed) 

REMEWER CHECKLIST 

Was residential land use considered as an alternative future land use? (HHEM - 6.22) 

- if not, was a valid rationale provided? 

Were all potential sensitive subuouulations considered (e&, elderly people, pregnant or nursing 
women, infants and children, and people with chronic illnesses)? (HHEM - 6.22) 
Were all significant contaminant sources considered? (HHEh4 - 63.1) 
Were all potential contaminant release mechanism considered, such as volatilization, fugitive dust 
emission, surface runoff/overland flow, leaching to ground water, tracking by humans/animals, and 
soil gas generation? (HHEM - 63.1) 
Were all potential contaminant transport uathwavs considered, such as direct air transport 
downwind, diffusion in surface water, surface water flow, ground-water flow, and soil gas migration? 
(HHEM - 63) 
Were all relevant cross-media transfer effects considered, such as volatilization to air, wet 
deposition, dry deposition, ground-water discharge to surface, and ground-water recharge from 
surface water? (HHEM - 63) 
Were all media uotentiallv associated with exoosure considered? (HHEh4 - 6.2, 63) ' 

Were all relevant SitesDeCific characteristics considered, including topographical, hydrogeological, 
hydrological, and meteorological parameters? (HHEM - 6.1, 63) 
Were all wssible exwsnre oathwas considered? (HHEM - 63) 
- was a valid rationale offered for exclusion of any potential pathways from quantitative 

evaluation? 

Were all %atial relationshius' adequately considered as factors that could affect the level of 
exposure (e&, hot spots in an area that is frequented by children, exposure to ground water from 
two aquifers that are not hydraulidly connected and that differ in the type and extent of 
contamination)? (HHEM - 6263) 
Were appropriate approaches employed for calculating average exuosure concentrations? (HHEM - 6.4, 6.5) 
- was a valid rationale provided for using geometric or arithmetic means? 

Were auurouriate or standard default values used in exposure calculations (e.& agespecific body 
weights, appropriate exposure frequency and duration values)? (HHEM - 6.4,6.5,6.6) 

i 

i 
I 

" 

(continued) 
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EXHIBIT 9-2 (continued) 

REVIEWER CHECKLIST 

! 

I 

I 

4.0 CONCERNS IN REVIEWING THE TOXICITY ASSESSMENT 

0 Was the exclusion of anv carcinoeen from analysis adequately justified (e.&, were "weightsf- 
evidence" classifications and completeness of exposure pathways considered in this decision)? 
(HHEM - 5.9, 73) 

0 Were appropriate "route-to-route" extrauolations performed in cases where a toxicity value was 
applied across differing routes of exposure? (HHEM - 75.1, 8.1.2) 

- were the extrapolations based on appropriate guidance? 

0 Were auurouriate toxicitv values employed based on the nature of -sure? (HHEh4 - 7.4, 7.5) 

- were subchronic vs. chronic RfDs applied correctly based on the duration of exposure? 

.- were all sensitive subpopulations, such as pregnant or nursing women potentially requiring 
developmental RfDs (RfD&), considered in the selection of the toxicity values used? 

0 Were the toxicity values that were used consistent with the values contained within the Inteerated 
Risk Information Svstem (IRIS) or other EPA documents? (HHEM - 7.4, 7.5) 

5.0 CONCERN IN REVIEWING THE RISK CHARACERIZATION 

0 Were exuosure estimates and toxicitv values consistently expressed as either intakes or absorbed 
doses for each chemical taken through ,risk characterization? (HHEh4 - 8.1.2) 
- was a valid rationale given for employing values based on absorbed dose? 

0 Were all siterelated chemicals that were analyzed in the exposure assessment considered in risk 
characterization? (HHEM - S.l.2) 

- were inconsistencies esplailled? 

0 Were risks apppriately summed only across exposure pathways that affect the same individual 
or population subgroup, and in which the same individual or popuiation subgroup faces the 
"reasonable maximum exposure," based on the assumptions employed in the exposure assessment? 
(HHEM - 83)  

0 Were sources of uncertainty adequately characterized? (€€HEM - 8.4) 
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Were current and future land uses 
considered? 

Were all significant contaminant sources 
considered? 

Were appropriate or standard default 
values used in exposure calculations? 

0 Were the toxicity values that were used 
consistent with the values contained 
within the Integrated Risk Information 
System (IRIS) or other EPA documents? 

Although the checklist addresses many pertinent 
issues, it is not a complete listing of all potential 
concerns, since this objective is beyond the scope 
of a preliminary review tool. In addition, some of 
the concerns listed are not necessarily appropriate 
for all risk assasment reports. 

The recommended steps in reviewing a risk 
assessment report are as follows: 

(1) compare the risk assessment report 
outline to the suggested outline in 
Senion 9.1 of this chapter (ic, Exhiibit 
9-1); 

(2) use the checklist in this section (k, 
Exhibit 9-2); and 

(3) conduct a comprehensive review. 

The outline (E,%hiiit 9-1) and the checklist 
(Exhibit 9-2) are intended only as tools to assist 
in a preliminary review of a risk assessment, and 
are not designed to replace the good judgment 
needed during the comprehensive review. These 
two tools should provide a framework, however, 
for the timely screening of risk assessments by 
reviewers with a moderate level of eJrperience in 

the are& If these steps are followed in order, 
then some of the major problems with a risk 
assessment report (if any) can be identified before 
significant resources are expended during the 
comprehensive review. 

93 MANAGEMENT TOOLS 

This section provides a concise checklist for 
the RPM to use in carrying out their role in the 
risk assessment process (see Ekhibit 9-3). Other 
decision-makers at the site also may find this 
checklbt useful. Specific points at which the 
managers should be involved, or may be called 
upon to become involved, during the risk 
assessment are discussed in Chapters 4 through 8 
of the manual. This checklist extracts information 
from those chapters, and also includes pointers on 
planning and involvement for the manager. The 
purpose of the checklist is to involve managers in 
the direction and development of the risk 
assessment and thereby avoid serious mistakes or 
costly misdirections in focus or level of effort. 

Although the checklist is shaped to suggest 
when and how the manager should become 
involved in the risk aSSeSSment process, it is 
assumed that part of the manager's involvement 
will require consultation with technical resources 
available in the region or state. The checklist 
advises consulting the "regional risk assessment 
support staff at a number of points in the 
process. This contact may not be one person, but 
could be a number of different technical people 
in the region, such as a toxicologist, 
hydrogeologist, or other technical reviewer. The 
manager should become aware of the resources 
available to him or her, and use them when 
appropriate to ensure that the risk assessment 
developed is useful and accurate. 

! 
i 

I 
i 

c 
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EXHIBIT 9-3 

CHECKLIST FOR MANAGER INVOLVEMENT 

1. GETTZNGORGANIZED 
I -  . .  

I 

i 

I 

0 Ensure that the WorkpIan for the risk assessment conaacmr support is m place (if needed). 

Identify EPA risk assessment support personnel (to be used throughout the risk assessment 
p-1. 

0 Gather relevant information, such as appropriate risk assessment guidances and site- 
speafic data and reports. 

0 Identify available state, county, and other non-EPA resclurces. 

2 BEFORE THE SCOPING. IvEEITNG 

0 Make initial contact with risk assessor. 

0 Provide risk assessor with available guidances and site data. 

0 Determine (or review) data collection needs for risk assessment, considering: - modeling parameter needs; - type and location of background samples; 
- the preliminay identification of potential human exposare; 
- strategies for sample collection appropriate to site/risk assessment data needs; - statisticalmethodq - QNQC meawes of particular importance to risk assesrnenq - special analytical services (SAS) needs; 
- alternate future land use; and 
- location(s) in p u n d  water that will be used to evaluate future ground-water exposures. 

3. AT THE SCOPING ME€I'ING 

0 Present risk assessment data colleaion needs. 

0 Ensure that the risk assessment data collection needs wiU be considered in development 
of the sampling and anal@s plan. 

Where limited resource q u i m  that less-than-optimal sampling be conducted, discuss potential 
impacts on risk assessment results. 

0 

4. AI;TERTHESCOPINGMEETING 

0 

Ensure that the risk assessor reviews and approves the sampling and ana@& plan. 

Consult with ATSDR if human monitoring is planned. 

(contind) 



EXHIBIT 9-3 (continued) 

CHEcI(I,IST FOR MANAGER INVOLVEMENT 

5. DURING SAMPLING AND ANALYSIS 

0 Ensure that risk assessment needs are being met during sampling. 

0 Provide risk assessor with any preliminary sampling results so that hebhe can determine 
if sampling should be refocused. 

0 Consult with A?SDR to obtain a status report on any human monitoring that is being conducted. 
Provide any results to risk assessor. 

6. DURING DEVELOPMENT OF RISK ASSESSMENT 

0 Meet with risk assessor to discuss basis of excluding chemicals from the risk assessment 
(and developing the list of chemicals of potential concern). Confirm appropriateness of 
excluding chemicals. 

0 Confirm determination of alternate future land use. 

0 Confirm location(s) in ground water that will be used to evaluate future ground-water exposures. 

0 

0 

Understand basis for selection of pathways and potensially exposed populations. 

Facilitate discussions between risk assessor and EPA risk assessment support personnel 
on the following points: 

- the need for any major exposure, fate, and tmsport models (e.& air or ground-water 
dispersion models) used; 

- sitespecific exposure assumptions; 

- non-EPAderived toxicity values; and 

- appropriate level of detail for uncertainty analy&, and the degree to which unceminties wiU 
be quantified. 

0 

0 

Discuss and approve combination of pathway risks and hazard indices. 

Ensure that end results of risk characterization have been compared with A'ISDR health 
assessments and other sitespedfic human studies that might be available. 

7. REWEWINGTHERISKASSESSMENT 

Allow sufficient time for review and inmrporation of comments. 

Ensure that reviewers' coqments are incorporated. 

c 

! 

i 

. 

c 

! 
(continued) 
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EXHIBIT 9-3 (continued) 

CHECKLIST FOR MANAGER INVOLVEMENT 

8. COMMUNICATING THE RISK ASSESSMENT 

Plan a briefing among technical staff to discnss significant finding and uncertainties. 

0 

Brief upper management- 

Discuss development of graphics, tools, and presentations to assist risk management decisions. 

Consult with other groups (e.g., community relations s-, as appropriate. 

, 
I 
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C€€APTER 10 

RADIATION RISK ASSESSMENT 
GUIDANCE 

There are many sites contaminated with 
radioactive substances that are included on the 
National Priorities List (NPL), and additional sites 
are expected in future NPL updates. This chapter 
provides supplemental baseline risk assessment 
guidance for use at these sites. This guidance is 
intended as an overview of key differences in 
chemical and radionuclide assessments, and not as 
a comprehensive, stand-alone approach for 
assessing the risks posed by radiation. . 

The reader should be familiar with .the 
guidance provided in Chapters 2 through 9 before 
proceeding further in Chapter 10. Although the 
discussions in the previous chapters focus 
primarily on chemically contaminated sites, much 
of the information presented is also applicable to 
the evaluation of radioactively contaminated 
Superfund sites. For consistency and completeness, 
the topics discussed in each section of this chapter 
parallel the topics covered in each of the previous 
chapters. 

After a brief introduction to some of the 
basic principles and concepts of radiation 
protection (Section lO. l ) ,  seven additional areas 
areaddressed: . 

Regulation of Radioactively 
Contaminated Sites (Section 10.2)); 

Data Collection (Section 103); 

Data Evaluation (Section 10.4); 

Exposure and Dose Assessment (Seaion 
105); 

Toxicity Assessment (Section 10.6); 

Risk Characterization (Section 10.7); and 

Documentation, Review, and 
Management Tools for the Risk 
Assessor, Reviewer, and Manager 
(section 10.8). 
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There are special hazards associated with 
handling radioactive waste and EPA strongly 
recommends that a health physicist experienced in 
radiation measurement and protection be 
consulted prior to initiating any activities at a site 
suspected of being contaminated with radioactive 
substances. EPA also recommends that the 
remedial project manager (RPM) or on-scene 
coordinator (OSC) should designate both a 

i chemical risk assessor and a radiation risk 
assessor. These individuals should work closely ! 

with each other and the RPM to coordinate 

safety planning, sampling and analysis) and 
exchange information common to both chemical 
and radionuclide assessments, including data on 
the physical characteristics of the site, potentially 
impacted populations, pathways of concern, and 
fate and transport models used. At the conclusion 
of the remedial investigation/feasibility study 
(RVFS) process, the RPM should issue a single 
report that summarizes and integrates the results 
from both the chemical and the radiation risk 
assessments. 

I remedial activities (e.g., site swping, health and 

~i 

A two-phase evaluation is desaiied for the 
radiation risk assessment. & discussed in Section 
10.5, procedures established by the International 
Commission on Radiological Protection (ICRP 
1979) and adopted by EPA in Federal Guidance 
Report No. 11 (EPA 1988) are used to estimate 
the radiation dose equivalent to humans ffom 
potential exposures to radionuclides through all 
pertinent exposure pathways at a site Those 
estimates of dose equivalent may be used for 
comparison with established radiation protection 
standards and criteria. However, this methodology 
was developed for regulation of occupational 
radiation exposares for adults and is not 
completely applicable for estimating health risk to 
the general population at a Superfund site. 
Therefore, a separate methodology is presented in 
Section 10.7.2 for estimating health risk, based on 
the age-averaged lifetime excess cancer inadence 
per unit intake (and per unit external exposure) 
for radionuclides of concern Radiation risk 
assessments for Superfund sites should include 
estimates of both the dose equivalent computed 
as desaibed in Section 105, and the health risk 
attributable to radionuclide exposures computed 
using the approach desuiied in Section 10.7. 

Only summary-level information is presented 
in this chapter, and references are provided to a 
number of supporting technical documents for 
further information. In particular, the reader is 
encouraged to consult Volume 1 of the 
Background Infmnation Document for the Dr@ 
Environmental Impact Statement for Proposed 
N E S W S  for Radionuclides @PA 1989a) for a 
more comprehensive discussion of EPA's current 
risk assessment methodology for radionuclides 

For additional radiation risk assessment 
information and guidance, RPMs and other 
interested individuals can contact the Office of 
Radiation Programs (OW) within EPA 
headqnarters at 202-475-9630 (FE 475-9630). 
Interested individuals also can contact the 
Regional Radiation Program Managers within 
each of the EPA regional offices for guidance and 
health physics support. 

10.1 RADIATION PROTECTION 
Pmmms AND 
CONCEPTS 

Radioactive atoms undergo spontaneous 
nudear transformations and release excess energy 
in the form of ionizing radiation. Such 
transformations are referred to as radioactive 
decay. As a result of the radioactive decay 
process, one element is transformed into anothw, 
the newly formed element, called a decay product, 
will possess physical and chemical properties 
different from those of its parent, and may also be 
radioactive. A radioactive species of a particular 
dement is referred to as a radionuclide or 
radioisotope. The exact mode of radioactive 
transformation for a particular radionuclide 
depends soleiy upon its nuclear characteristics, and 
is independent of the nuclide's chemical 
dmac&rWcs or physical state. A fundamental 
and unique charactenstl 'c of each radionuclide is 
its radioactive half-life, defined as the time 
reqaired for one half of the atoms in a givcn 
quautity of the radionuclide to decay. Over 1,600 
different radionuclides have been idenaed to 
date, with haif-lives ranging from fractions of a 
second to millions of years. Selected radionuclides 

000238 
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of potential importance at Superfund sites are 
listed in Exhibit 10-1. 

Radiation emitted by radioactive substances 
rn transfer sufficient localized energy to atoms 
to remove electrons from the electric field of their 
nucleus (ionization). In living tissue this energy 
transfer can destroy cellular constituents and 
produce electrically charged molecules (Le., free 
radicals). Extensive biological damage can lead to 
adverse health effects. The type of ionizing 
radiation emitted by a particular radionuclide 
depends upon the exact nature of the nuclear 
transformation, and may include emission of alpha 
particles, electrons @eta particles or positrons), 
and neutrons; each of these transformations may 
be accompanied by emission of photons (gamma 
radiation or x-rays). Each type of radiation 
differs in its physical characteristics and in its 
ability to inflict damage to biological tissue. These 
characteristics and effects are summarized in the 
box on this page. 

~ 

Quantities of radionuclides are typically 
expressed in terms of activity at a given time t 
(A(t)). The SI unit of activity is the becquerel 
(Bq), which is defined as the quantity of a given 
radionuclide in which one atom is transformed per 
second ‘(Le., one decay per second). The 
conventional unit of activity is the curie (a), 
which is defined as $e quantity of a given 
radionuclide in which 3.7x1d0 atoms undergo 
nuclear transformation each second; one curie is 
approximately equivalent to the decay rate of one 
gram of Ra-226. A more convenient unit of 
activity for expressing environmental 
concentrations of radionuclides is the picoCurie 
@Ci), which is equal to Ci Occasionally, 
activity is expressed i n c o r r q  in terms of counts 
per second (cps) or counts per minute (cpm): 
these refer to the number of transformations per 
unit time measured by a particular radiation 
detector and do not represent the true decay rate 
of the radionuclide. To derive activity values, 
aun t  rate measurements are multiplied by 
radioisotope-specific detector caiiration factors. 
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EXHIBIT 10-1 
e- 8 0 7 7  

RADIOLOGICAL CHARACTERISTICS OF SELECTED RADIONUCLIDES 
FOUND AT SUPERFUND SITESa 

Average Radiation EnerPies &feV/dezavjb 
Nuclide Half-lifec Alpha Beta, Electron s- 

Am-241 
Am-243 
Ba-137m 
C14  
(3-144 
Cm-243 
Cm-244 
co-60 
Cr-51 
(3-134 
CS-135 
CS-137 
Fe-59 
H-3 
1-129 
1-131 
K-40 
Mn-54 
MO-99 
Nb-94 
Np-237 
P-32 
Pb-210 
Po-210 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-226 
Ra-228 
Ru-106 
s-35 
Sr-89 
Sr-90 
TC-99 
T~99m 
Th-230 
n-232  
u-234 
u-235 
U-238 

432Xld y 
738xld y 
255x100 h 
5.73xld y 
284xld d 

1.8lxld y 
5.27~100 y 
277xld d 

2.85xld y 

206x100 y 
230x106 y 

1.23xld y 

1.2&lOp y 

203x10' y 

223xld y 

3.0(brld y 
4.45xld d 

157x10' y 
8.04~100 d 

3.13~102 d 
6.60xld h 

214x106 y 
1.43xld d 

138x102 d 
8.77xld y 
24lxlod y 
654xld  y 

3.76~16 y 

5.75~100 y 
3.68xlG d 
8.74xld d 
5.05xld d 
29lxld y 

6.02~100 h 
7.70~104 y 
1.4lxld' y 

7.04x1$ y 
4.47xle y 

1.44xld y 

1.60xld y 

2Uxl6 y 

244x16 y 

557x100 
536x100 

-- 
I 

5.89~100 
5.89~10' 

I 

I 

I 

- 
- 
- 
- - 
I 

- 
- 

4235x100 

- 
5.40x10' 
559x100 
5.24~100 
5.24~100 

497x100 
4.86~100 

1.22x10-4 

- 
- 
- 
- - 
- 
- 

4.75~10' 
4.07~10' 
4.84~100 
4.47~10' 
4.26~10' 

5.21x1U2 

6 3 7 ~ 1 0 ' ~  
217x10-2 

4.95Xl0-2 
9.22xl0--2 
13&10-' 
859X1U3 
9.65X1O2 
3.86xlu3 
1.64x10-' 

1.87XlU' 
1.17xlU' 
5.68~10~ 
638x1U2 
1.!3ZXlCtx 
523x10' 
4.ZxlU3 
3.93xlU' 
1.68XlU' 
7.01xlU2 
6.95xlU' 
3.80~10~ 
8.19xl0'8 

6 . 7 4 ~ 1 0 ~  

6.73x1U2 

1.06XlU2 

1.06x10-2 
5.25xlu3 
8.73xlU3 
35%lU3 
1 . 6 9 ~ 1 0 ~  
1.ooKlu'2 
488X10d 
5.83xlU' 

l.OlXl0-' 

1.25Xlu2 

4.92Xlo--2 
l.OcbrlU2 

1.96xlU' 

1.62xlU2 
1.42~10'~ 

132x1U2 

3Zxl0-2 
5.6lXlu2 
5.9&10-' 

207x10-2 
135x10'' 
1.70X1U3 
250XlOO 
3.26xlu2 

- 

155x100 - 
- 

l.lsal00 

246x1V2 
- 

38lxlU' 
156x10" 
836x10" 
150XlU' 
lSrxlOO 
3.46x1U2 

4.SlxlU3 
851x1C6 
1.81x1U3 
8.07x10-4 
1 .73~1~~  
255x1U6 
1.44~1~~ 
6.75~10~ 
4.14x1U9 

- 

- 
8.45x1U5 - 
- 

1.26xlU' 
155x1V3 
1.33~1~3 
1.73~1~3 
156x10" 
136xlm3 

000240 
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The activity per unit mass of a given 
radionuclide is called the specific activity, and is 
usually expressed in units of becquerels per gram 
(Bq/g) or curies per gram (Wg). The shorter the 
half-life of the radionuclide, the greater is its 
specific activity. For example, Co-60 has a 
radioactive half-life of about 5 years and a specific 
activity of 4x1d3 Bq/g, whereas Np-237 has a 
half-life of 2 million years and a specific activity 
of 3x10’ Bqlg. 

radiation. The absorbed dose of any radiation 
divided by the absorbed dose of a reference 
radiation (traditionally 250 kVp x-rays) that 
produces the same biological endpoint is called 
the Relative Biological Effectiveness or RBE For 
regulatory purposes, an arbitrary consensus RBE 
estimate called the Quality Factor or Q is often 
used. The dose equivalent (H) was developed to 
normalize the unequal biological effecrs produced 
from equal absorbed doses of different types of 
radiation. The dose equivalent is defined as: 

Several terms are used by health physicists to 
describe the physical interactions of different types 
of radiations with biological tissue, and to define 
the effects of these interactions on human health. 
One of the first terms developed was radiation 
exposure, which refers to the transfer of energy 
from a radiation field of x- or gamma rays to a 
unit mass of air. The unit for this definition of 
exposure is the roentgen (R), expressed as 
coulombs of charge per kilogram of air (1 R = 
2.58~10-4 Wg). 

The term exposure is also defined as the 
physical contact of the human body with radiation. 
Internal exposure refers to an exposure that occurs 
when human tissues are subjected to radiations 
from radionuclides that have entered the body via 
inhalation, ingestion, injection, or other routes. 
External exposure refers to the irradiation of 
human tissues by radiations emitted by 
radionuclides located outside the body either 
dispersed in the air or water, on skin surfaces, or 
deposited on ground surfaces. All types of 
radiation may contribute to internal exposure, 
whereas only photon, beta, and neutron radiations 
contribute significantly to external exposure. 

Ionizing radiation can cause deleterious 
effects on biological tissues only when the energy 
released during radioactive decay is absorbed in 
tissue. The absorbed dose (D) is defined as the 
mean energy imparted by ionizing radiation per 
unit mass of tissue. The SI unit of absorbed dose 
is the joule per kilogram, also assigned the special 
name the gray (1 Gy = 1 joule&). The 
conventional unit of absorbed dose is the rad (1 
rad = 100 ergs per gram = 0.01 Gy). 

For radiation protection purposes, it is 
desirable to compare doses of different types of 

H = DQN 

where D is the absorbed dose, Q is a quality 
factor that amunts for the RBE of the type of 
radiation emitted, and N is the product of any 
additional modifying factors. Quality factors 
currently assigned by the International 
Commission on Radiological Protection (ICRP) 
include values of Q=20 for alpha particles, Q=lO 
for neutrons and protons, and Q=l for beta 
particles, positrons, x-rays, and gamma rays (ICRP 
1984). These factors may be interpreted as 
follows: on average, if an equal amount of energy 
is absorbed, an alpha particle will inflict 
approximately 20 times more damage to biological 
tissue than a beta particle or gamma ray, and 
mice as much damage as a neutron. The 
modifying factor is currently assigned a value of 
unity (N=l) for all radiations. The SI unit of 
dose equivalent is the sievert (Sv), and the 
conventional unit is the rem (1 rem = 0.01 Sv). 

!, 
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The dose delivered to tissues from radiations 
external to the body occurs only while the 
radiation field is present. However, the dose 
delivered to body tissues due to radiations from 
systemically incorporated radionuclides may 
continue long after intake of the nuclide has 
ceased. Therefore, internal doses to specific 
tissues and organs are typically reported in terms 
of the committed dose equivalent (HrJo), which 
is defined as the integral of the dose equivalent in 
a particular tissue T for 50 years after intake 
(corresponding to a working lifetime). 

When subjected to equal doses of radiation, 
organs and tissues in the human body will exhibit 
different cancer induction rates. To account for 
these differences and to normalize radiation doses 
and effects on a whole body basis for regulation 
of occupational exposure, the ICRP developed the 
concept of the effective dose equivalent (HE) and 
committed effective dose equivalent ( H E J ~ ) ,  which 
are defined as weighted spms of the organ-specific 
dose equivalents (Le., X w f l ~ )  and organ-specific 
committed dose equivalents (Le., cWflrJo),  
respectively. Weighting factors, wr, are based on 
selected stochastic risk factors specified by the 
ICRP and are used to average organ-specific dose 
equivalents (ICRP 1977,1979). The effective dose 
equivalent is equal to that dose equivalent, 
delivered at a uniform whole-body rate, that 

corresponds to the same number (but possibly a 
dissimilar distribution) of fatal stochastic health 
effects as the particular combination of committed 
organ dose equivalents (see the box on this page). 

A special unit, the working level (WL), is 
used to describe exposure to the short-lived 
radioactive decay produas of radon (Rn-222). 
Radon is a naturally occurring radionuclide that 
is of particular concern because it is ubiquitous, 
it is very mobile in the environment, and it decays 
through a series of short-lived decay products that 
can deliver a significant dose to the lung when 
inhaled. The WL is defined as any combination 
of short-lived radon decay products in one liter of 
air that will result in the ultimate emission of 
13x16 MeV of alpha energy. The working level 
month is defined as the exposure to 1 
WL for 170 hours (1 working month). 

Radiation protection philosophy encourages 
the reduction of all radiation exposures as low as 
reasonably achievable (ALARA), in consideration 
of technical, economic, and social factors. 
Further, no practice involving radiation exposure 
should be adopted unless it provides a positive net 
benefit. In addition to these general guidelines, 
specific upper limits on radiation exposures and 
doses have been established by regulatory 
authorities as described in the following section. 

! 



Additional dkcussion on the measurement of 
radioattivity is provided in Sections 103 and 10.4, 
and the evaluation of radiation exposure and dose 
is discussed further in Section 105. Discussion of 
potential health impacts from ionizing radiation 
is presented in Section 10.6. 

10.2 REGULATION OF 
RADIOACTIVELY 
CONTAMINATED SITES 

Chapter 2 briefly describes the statutes, 
regulations, guidance, and studies related to the 
human health evaluation process for chemical 
contaminants. The discussion describes CERCLA, 
as amended by SARA, and the RWS process. 
Since radionuclides are classified as hazardous 
substances under CERCLA, this information is 
also appli.cable to radioactively contaminated sites. 
Chapter 2 also introduces the concept of 
compliance with applicable or relevant and 
appropriate requirements (ARARs) in federal and 
state environmental laws as required by SARA. 
Guidance on potential ARARs for the 
remediation of radioactively contaminated sites 
under CERCLA is available in the CERCLA 
CompIinnce wifh Other LJWS Manual (EPA 198%). 
Only a brief summary of regulatory authorities is 
presented here. 

The primary agencies with regulatory 
authority for the cleanup of radioactively 
contaminated sites include EPA, the Nuclear 
Regulatory Commission (NRC), the Department 
of Energy (DOE), and state agencies. Other 
federal agencies, including the Department of 
Transportation (DOT) and Department of Defense 
@OD), also have regulatory programs @ut more 
limited) for radioactive materials. Also, ~ t i o n a l  
and international sdentifiic advisory organizations 
provide recommendations related to radiation 
protection and radioactive waste management, but 
have no regulatory authority. The following is a 
brief description of the main functions and areas 
of jurisdiction of these agencies and organizations. 

0 EPA’s authority to protect public health 
and the environment from adverse effects 
of radiation exposure is derived from 
several statutes, including the Atomic 
Energy Act, the Clean Air Act, the 

Uranium Mill Tailings Radiation Control 
Act (UMTRCA), the Nuclear Waste 
Policy Act, the Resource Conservation 
and Recovery Act (RCRA), and 
CERCLA EPA’s major responsibilities 
with regard to radiation include the 
development of federal guidance and 
standards, assessment of new 
technologies, and surveillance of 
radiation in the environment EPA also 
has lead responsibility in the federal 
government for advising all federal 
agencies on radiation standards. EPA’s 
radiation standards apply to many 
different types of activities involving all 
types of radioactive material (Le., source, 
byproduct, special nuclear, and naturally 
occurring and accelerator produced 
radioactive material [NARM]). For 
some of the EPA standards, 
implementation and enforcement 
responsibilities are vested in other 
agencies, such as NRC and DOE. 

0 NRC licenses the possession and use of 
certain types of radioactive material at 
certain types of facilities. Specifically, the 
NRC is authorized to license source, 
byproduct, and special nuclear material. 
The NRC is not authorized to license 
NARM, although NARM may be 
partially subject to NRC regulation when 
it is associated with material licensed by 
the NRC Most of DOES operations 
are exempt from NRC‘s licensing and 
regulatory requirements, as are certain 
DOD activities involving nuclear 
weapons and the use of nuclear reactors 
for military purposes. 

0 DOE is responsible for conducting or 
overseeing radioactive material 
operations at numerous government- 
owned/mntsauor-operatal facilities. 
DOE is also responsible for managing 
several inactive sites that contain 
radioactive waste, such as sites associated 
with the Formerly Utilized Sites 
Remedial Action Program (FUSRAP), 
the Uranium Mill Tailings Remedial 
Action Program (UMTRAP), the Grand 
Junction Remedial Action Program 
(GJRAP), and the Surplus Facilities 
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Management Program (SFMP). DOE is 
authorized to control all types of 
radioactive materials at sites within its 
jurisdiction. 

0 Other federal agencies with regalatory 
programs applicable to radioactive waste 
include DOT and DOD. DOT has 
issued regulations that set forth 
packaging, labeling, record keeping, and 
reporting requirements for the transport 
of radioactive mat- (see 49 CFR 
Parts 171 through 179). Most of DOD's 
radioactive waste management aaivities 
are regulated by NRC and/or EPA. 
However, DOD has its own program for 
controlling wastes generated for certain 
nuclear weapon and reaaor operations 
for military purposes. Other agencies, 
such as the Federal Emergency 
Management Agency (FEMA) and the 
Department of the Interior (DOI), may 
also play a role in radioactive waste 
cleanups in certain cases. 

States have their m authority and 
regulations for managing radioactive 
material and waste. In addition, 29 
states (Agreement States) have entered 
into agreements with the NRC, whereby 
the Commission has relinquished to the 
states its regulatory authority over 
source, byproduct, and small quantities 
of special nuclear material. Both 
Agreement States and Nonagreement 
States 011 also regulate NARM. Such 
stateimplemented regulations are 
potential ARARS. 

The NationaI Council on Radiation 
Protection and Measurements (NCRP) 
and the International Commission on 
Radiological Protection (ICRP) provide 
recommendations on human radiation 
protection. The KCRP was chartered 
by Congress to collect, analyze, develop, 
and dissermna * te information and 
recommendations about radiation 
proteaion and measurements. The 
ICRP's function is basically the same, 
but on an international leveL Although 
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neither the NCRP nor the ICRP have 
regulatory au thor i ty ,  the i r  
recommendations serve as the basis for 
many of the general (Le., not 
sourcespecific) regulations on radiation 
protection developed at state and federal 
levels. 

The standards, advisories, and guidance of 
these various groups are designed priumily to be 
consistent with each other, often overlapping in 
scope and purpose. Nevertheless, there are 
important differences between agencies and 
programs in some cases. It is important that 
these differences be well understood so that when 
more than one set of standards is potentially 
applicable to or relevant and appropriate for the 
same CERCLA site, RPW will be able to 
evaluate which standards to follow. In general, 
determination of an ARAR for a site 
contaminated with radioactive materials requires 
consideration of the radioactive constituents 
present and the functional operations that 
generated the site, whose regulatory jurisdiction 
the site falls under, and which regulation is most 
protective, or if relevant and appropriate, most 
appropriate given site conditions 

For further information on radiation 
standards, advisories, and guidance, RPh4s should 
consult the detailed ARARs guidance document 
(EPA l-), as well as EPA's O W  and/or 
Regional Radiation Program Managers. 

10.3 DATA COLLECTION 

Data collection needs and procedures for sites 
contaminated with radioactive substances are very 
similar to those described in Chapter 4 for 
chemically contaminated sites. There are, 
however, some basic differences that simplify data 
collection for radionuclides, including the relative 
ease and accufacy with which natural background 
radiation and radionuclide contaminants can be 
detected in the environment when compared with 
chemical con mminants. 

The pathways of exposure and the 
mathematical models used to evaluate the 
potential health risks associated with radionuclides 
in the environment are similar to those used for 
evaluating chemical contaminants. Many of the 

radionuclides found at Superfund sites behave in 
the environment like trace metals. Consequently, 
the types of data needed for a radiation risk 
assessment are very similar to those required for 
a chemical contaminant risk assessment For 
example, the environmental, land use, and 
demographic data needed and the procedures used 
to gather the data required to model fate and 
effect are virtually identical. The primary 
differexices lie. in the procedures used to 
characterize the radionuclide contaminants. In the 
sections that follow, emphasis is placed on the 
procedures used to characterize the radionuclide 
contaminants and not the environmental setting 
that affects their fate and effects, since the latter 
has been thoroughly covered in Chapter 4. 

103.1 RADIATION D)ETE(=TION METHODS 

Field and laboratory methods used to identify 
and quantify concentrations of radionuclides in the 
environment are, in many cases, more exact, less 
costly, and more easily implemented than those 
employed for chemical analyses. Selection of a 
radiometric method depends upon the number of 
radionuclides of interest, their activities and types 
of radiations emitted, as well as on the level of 
sensitivity required and the sample size available. 
In some cases, the selection process requires prior 
knowledge of the nature and snent of radioactive 
contamination present onsite. See the references 
provided in the box on page 10-12 for detailed 
guidance on sample collection and preparation, 
radiochemical procedures, and radiation counters 
and measurement techniques. The following 
discussion provides an oveNiew of a few of the 
radiation detection techniques and instruments 
currently used to characterize sites contaminated 
with radioactive materials. 

Eleld methods utilize instrumental techniques 
rather than radiochemical procedures to determine 
in-situ identities and concentrations of 
radionuclides, contamination profiles, and external 
beWgamma exposure rates. Field instruments 
designed for radiation detection (see Exhibit 10- 
2) are portable, rugged, and relatively insensitive 
to wide fluctuations in temperature and humidity. 
At the same time, they are sensitive enough to 
discriminate between variable levels of background 
radiation kom naturally occurring radionuclides 
and excess radiation due to radioactive waste. 
Because of the harsh conditions in which they are 
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sometimes operated, and because their detection 
efficiency varies with photon energy, all field 
instruments should be properly caiibrated in the 
laboratory against National Bureau of Standards 
(NBS) radionuclide sources prior to use in the 
field. Detector response should also be tested 
periodically in the field against NBS check-sources 
of known activity. 

Commonly used gamma-ray survey meters 
include Geiger-Muller (G-M) probes, sodium 
iodide (NaIp)) clystals, and solid-state 
germanium diodes (Ge(Li)) coupled to ratemeters, 
scalers, or multichannel analyzers ( M a ) .  These 
instruments provide measurements of overall 
exposure rates in counts per minute, or 
microRoentgens or microrem per hour. However, 
only NaI and Gew) detectors with MCAs provide 
energy spectra of the gamma rays detected and 
can therefore verifj the identity of specific 
radionuclides. Thin window G-M detectors and 
Pancake (ionization) probes are used to detect 
beta particles. Alpha-particle surface monitors 
include portable air proportional, gas proportional, 
and zinc sulfide (ZnS) scintillation detectors, 
which all have very thin and fragile windows. The 
references in the box on this page provide 
additional information on several other survey 
techniques and instruments, such as aerial gamma 

surveillance used to map gamma exposure rate 
contours over large areas. 

Laboratory methods involve both chemical 
and instrumental techniques to quantify low-levels 
of radionuclides in sample media. The 
preparation of samples prior to countins is an 
important consideration, especially for samples 
containing alpha- and betaemitting radionuclides 
that either do not emit gamma rays or emit 
gamma rays of low abundance. Sample 
preparation is a multistep process that achieves 
the following three objectives: (1) the destruction 
of the sample matrix @rbariiy organic material) 
to reduce alpha- and beta-particle self-absorption; 
(2) the separation and concentration of 
radionuclides of interest to increase resolution and 
sensitiviy, and (3) the preparation of the sample 
in a suitable form for counting. Appropriate 
radioactive tracers (i.e, isotopes of the 
radionuclides of interest that are not present in 
the sample initially, but are added to the sample 
to serve as yield determinants) must be selected 
and added to the sample before a radiochemical 
procedure is initiated. 

For alpha counting, samples are prepared as 
thin-layer (low mass) sources on membrane fdters 
by mprecipitation with stable carriers or on metal 
discs by electrodeposition. These sample filters and 
discs are then loaded into gas proportional 
counters, scintillation detectors, or alpha 
spectrometry systems for measurement (see Exhibit 
10-3). In a proportional counter, the sample is 
immersed in a counting gas, usually methane and 
argon, and subjected to a high voltage field: alpha 
emissions dissociate the counting gas creating an 
ionization current proportional to the source 
strength, which is then measured by the system 
electronics. In a scintillation detector, the sample 
is placed in contact with a ZnS phosphor against 
the window of a photomultiplier (PM) tube: alpha 
particles induce flashes of light in the phosphor 
that are converted to an electrical current in the 
PM tube and measured. Using alpha spectromeuy, 
the sample is placed in a holder in an evacuated 
chamber facing a solid-state, surface-bamer 
detenor: alpha particles strike the detector and 
cause electrical impulses, which are sorted by 
strength into electronic bins and counted. AU 
three systems yield results in counts per minute, 
which are then converted into activity units using 
detector- and radionuclidespecific calibration 
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values. Alpha spectrometry is the only system, 
however, that can be used to identify specific 
alphaemitting radionuclides. 

For beta counting, samples are prepared both 

scintillation fluid, similar in function to a 
phosphor. Betaemitting sources are counted in 
gas proportional counters at higher voltages than 
those applied for alpha counting or in scintillation 
detectors using phosphors specifically constructed 
for beta-particle detection. Betaemitters mixed 
with scintillation fluid are counted in 20 ml vials 
in beta-scintillation counters: beta-particle 
interactions with the fluid produce detectable light 
flashes. Like alpha detectors, beta detectors 
provide measurements in counts per minute, which 
are converted to activity units using calibration 
factors. It should be noted, however, that few 
detection systems are available for determining the 
identity of individual betaemitting radionuclides, 
because beta particles are emitted as a continuous 
specuum of energy that is difficult to characterize 
and ascribe to any specific nuclide. 

as th in-s~~rce~ and as SOlutiOnS mixed with 

It is advisable to count all samples intact in 
a known geometry on a NaI or Ge@) detector 
system prior to radiochemical analysis, because 
many radionuclides that emit gamma rays in 
sufficient abundance and energy can be detected 
and measured by this process. Even complex 
gamma-ray spectra emitted by multiple 
radionuclide sources can be resolved using Gem) 
detectors, MCAs, and s o m e  packages, and 
specific radionuclide concentrations can be 
determined. If the sample activity is low or if 
gamma ray are feeble, then more rigorous alpha 
or beta analyxs are advised, 

103.2 REVIEWING AVAILABLE SITE 
INFORMATION 

In Chapter 4, reference is made to reviewing 
the site data for chemical contaminants in 
accofdaLlce with Stage 1 of the Data Quality 
Objectives (DQO) process (see box on Page 4-4). 
This process also applies to radionuclides. For 
further guidance on the applicability of DQOs to 
radioactively contaminated sites, consult -A's 
Office of Radiation Programs. 

1033 ADDRESSING MODELING 
P V N E E D S  

Exhiits 4-1 and 4-2 descriie the elements of 
a conceptual model and the types of information 
that may be obtained during a site sampling 
investigation. These exhibits apply to radioactively 
contaminated sites with only minor modifications. 
For example, additional exposure pathways for 
direct external exposure from immersion in 
contaminated air or water or from contaminated 
ground surfaces may need to be addressed for 
certain radionuclides; these exposure pathways are 
discussed further in subsequent sections. In 
addition, several of the parameters identified in 
these exhiits are not as important or necessary 
for radiological surveys. For example, the 
parameters that are related primarily to the 
modeling of organic contaminants, such as the 
lipid content of organisms, are typically not 
needed for radiological assessments. 

103.4 DEFINING BACKGROUND 
RADIATION SAMPLING NEEDS 

As is the case with a chemically contaminated 
site, the background characteristics of a 
radioactively contaminated site must be defined 
reliably in order to distinguish natural background 
radiation and fallout from the onsite sources of 
radioactive waste. With the possible exception of 
indoor sources of Rn-222, it is often possible to 
make these distinctions because the radiation 
detection equipment and analytical techniques 
used are very precise and sensitive, At a 
chemically contaminated site, there can be many 
potential and dacult-to-pinpoint ofiite sources 
for the contamination found onsite, confounding 
the interpretation of field measurements. With a 
radioactively contaminated site, however, this is 
not usually a problem because sources of 
radionuclides are, in general, easier to isolate and 
identilj. In fact, some radionuclides are so 
specifically associated with particular industries 
that the presence of a certain radioactive 
contaminant sometimes acts as a "fingerprint" to 
identify its source. Additional information on the 
s o m  of natural background and man-made 
radiation in the environment may be found in the 
references listed in the box on the next page. 
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103.5 PRELIMINARY IDENTIFICATION 
OF POTENTIAL EXPOSURE 

Identification of emrironmental media of 
concern, the types of radionuclides expected at a 
site, areas of concern (sampling locations), and 
potential routes of radionuclide transport through 
the environment is an important part of the 
radiological risk assessment process. Potential 
media of concern include soil, ground water, 
surface water, air, and biota, as discussed in 
Chapter 4. Additional considerations for 
radioactively contaminated sites are listed below. 

0 Usually a very limited number of 
radionuclides at a site contribute 
significantly to the risk During the site 
scoping meeting, it is appropriate to 
consult with a health physicist not only 
to develop a conceptual model of the 
facility, but also to identify the 

0 

0 

103.6 

anticipated Critical radionuclides and 
pathways. 

In addition to the environmental media 
identified for chemically contaminated 
sites, radioactively contaminated sites 
should be eclmined for the potential 
presence of actanal radiation fields. 
Many radionaclides emit both beta and 
gamma radiation, which can create 
significant extemal exposures. 

There are other components in the 
environment that may or may not be 
critical exponm pathways for the public, 
but that are very useful indicators of the 
extent and type of contamination at a 
site These components include 
sediment, aquatic plants, and fish, which 
may concentrate and integrate the 
radionuclide contaminants that may be 
(or have been) present in the aquatic 
environment at a site. Accordingly, 
though some components of the 
environment may or may not be 
important direct routes of exposure to 
man, they can serve as indicators of 
contamination 

DEVELOPING A !3"RATEGY FOR 
SAMPLE COUCX'ION 

The discussions in Chapter 4 regarding 
sample location, size, type, and frequency apply as 
well to radioactively contaminated sites with the 
following additions and qualifications. First, the 
resolution and sensitivity of radioanalytical 
techniques permit detection in the environment of 
most radionuclides at levels that are well below 
those that am considered potentially harmfuL 
Analytical techniques for nonradioactive chemicals 
are usually not this sensitive. 

For radionuclides, continuous monitoring of 
the site environment is important, in addition to 
the sampling and monitoring programs d e s c n i  
in Chapm 4. Many field dewices that measure 
external gamma radiation, such as continuous 
radon monitors and high pressure ionization 
chambers, provide a rcal time continuous record 
of radiation exposure levels and radionuclide 
concentrations Such devices are useful for 
determining the temporal variation of radiation 
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levels at a contaminated site and for comparing 
these results to the variability observed at 
background locations. Continuous measure-mens 
provide an added level of resolution for 
quantifying and chamcterizing radiological risk. 

Additional faaors that affect the frequency of 
sampling for radionuclides, besides those discussed 
in Chapter 4, include the half-lives and the decay 
products of the radionuclides. Radionuclides with 
short half-lives, such as Fe59 (half-life = 445 
days), have to be sampled more frequently because 
relatively high levels of contamination can be 
missed between longer sampling intervals. The 
decay producrs of the radionuclides mast also be 
considered, became their presence can interfere 
with the detection of the parent nuclides of 
interesS and because they also may be important 
contriiutors to risks. 

10.3.7 QUALITY ASSURANCE AND 
QUALITY CONTROL (QNQc) 
MEASURES 

The QNQC concepts desmied in Chapter 
4 also apply to sampling and analysis programs for 
radionuclides, although the procedures differ. 
Guidance regarding sampling and measurement of 
radionuclides and QAJQC protocols for their 
analyses are provided in the publications listed in 
the box on this page. 

The QNQC protocols used for radionuclide 
analysis were not developed to meet the evidential 
needs of the Superfund program; however, it is 
likely that many of the current radiological 
QNQC guidance would meet the intent of 
Superfund requirements. Some areas where 
radiological QNQC guidance may not meet the 
intent of Superfund are listed below. 

0 The degree of standardization for 
radiochemical procedures may be less 
rigorous in the QNQC protocols than 
that required for chemical labs under 
the Contract Laboratory Program (CLP). 
In radiochemical laboratories, several 
different techniques may be used to 
analyze for a specific radionuclide in a 
given matrix with comparable results. 
The CLP requires all participating 
chemical laboratories to use standardized 
techniques. 

The required number and type of QC 
blanks are fewer for radionuclide 
samples. For example, a "trip" blank is 
not generally used because radionuclide 
samples are less likely to be 
contaminated from direct exposure to air 
than are samples of volatile organics. 

Limited guidance is available that specifies 
field QNQC procedures (see the box on this 
page). These and other issues related to QAJQC 
guidance for radiological analyses are discussed 
further in the Section 10.4. 

i 
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10.4 DATA NALSJATION 

Chapter 5 describes the procedures for 
organizing and evaluating data collected during a 
site sampling investigation for use in risk 
assessment The ten-step process cutlined for 
chemical data evaluation is generally applicable to 
the evaluation of radioactive contaminants, 
although many of the details must be modified to 
accommodate differences in sampling and 
analytical methods. 
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10.4.1 COMBINING DATA FROM 
AVAILABLE SITE INVESTIGATIONS 

AU available data for the site should be 
gathered for evaluation and sorted by 
environmental medium sampled, analytical 
methods, and sampling periods. Decisions should 
be made, using the process described in Section 
5.1, to combine, evaluate individually, or eliminate 
specific data for use in the quantitative risk 
assessment. 

10.4.2 EVALUATING ANALYTICAL 
METHODS 

As with chemical data, radiological data 
should be grouped according to the types of 
analyses performed to determine which data are 
appropriate for use in quantitative risk assessment. 
Analytical methods for measuring radioactive 
contaminants differ from those for measuring 
organic and inorganic chemicals. Standard 
laboratory procedures for radionuclide analyses are 
presented in references, such as those listed in :the 
box on page 10-12 Analytical methods include 
alpha, beta, and gamma specuomeuy, liquid 
scintillation counting, proponional counting, and 
chemical separation followed by spectromeuy, 
depending on the specific radionuclides of interest. 

Laboratory accreditation procedures for the 
analysis of radionuclides also differ. Radionuclide 
analyses are not currently conducted as part of the 
Routine Analytical Services (RAS) under the 
Superfund CLP. However, these analyses may be 
included under Special Analytical Services (SAS). 
The EPA Environmental Radioactivity 
Intercomparison Program, coordinated by the 
Nuclear Radiation Assessment Division of the 
Environmental Monitoring Systems Laboratory in 
Las Vegas (EMSLLV), provides quality assurance 
oversight for participating radiation measurement 
laboratories (EPA 198%). Over 300 federal, state, 
and private laboratories participate in some phase 
of the program, which includes analyses for a 
variety of radionuclides in media (e.& water, air, 
milk, and food) with activity concentrations that 
approximate levels that may be encountered in the 
environment. Similar intercomparison programs 
for analysis of thermoluminescent dosimeters 
(TLDs) for external radiation exposure rate 
measurements are conducted by the DOE 
Environmental Measurements Laboratory (EML) 

and the DOE Radiological and Environmental 
Services Laboratory (RESL). 

In both cases, these intercornparison 
programs are less comprehensive than the CLP in 
terms of facility requirements other than analysis 
of performance evaluation samples, such as 
laboratory space and procedural requirements, 
instrumentation, training, and quality control. 
However, until such time as radiation 
measurements become fully incorporated in the 
CLP, use of laboratories that successfully 
participate in these intercomparison studies may 
be the best available alternative for ensuring 
highquality analytical data. Regardless of 
laboratory accreditation, all analytical results 
should be carefully scrutinized and not accepted 
at face value. 

As discussed in Chapter 5 for chemical 
analyses, radioanalytical results that are not 
specific for a particular radionuclide (e.g., gross 
alpha, gross beta) may have limited usefulness for 
quantitative risk assessment. They can be useful 
as a screening tool, however. External gamma 
exposure rate data, although thought of as a 
screening measurement, can be directly applied as 
input data for a quantitative risk assessment. 

10.43 EVALUATING QUANTITATION 
LIMITS 

Lower limits of detection ( U s ) ,  or 
quanutation limits, for standard techniques for 
most radionuclide analyses are sufficiently low to 
ensure the detection of nuclides at activity 
concentrations well below levels of concern. 
There are exceptions, however: some 
radionuclides with very low specific activities, long 
half-lives, and/or lowenergy decay emissions (e.& 
1-129, C-14) are diflicult to detect precisely using 
standard techniques. To achieve lower LLDs, a 
laboratory may: (1) use more sensitive 
measurement techniques and/or chemical 
extraction procedures; (2) analyze larger sample 
sizes, or (3) increase the counting time of the 
sample. A laboratory may also choose to apply 
all three options to increase detection capabilities. 
Exhibit 10-4 presents examples of typical LLDs 
using standard analytical techniques. 

The same special considerations noted for 
chemical analyses would also apply for 
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EXHIBIT 10-4 

EXAMPLES OF LOWER LIMITS OF DETECTION (LLD) 
FOR SELECTED RADIONUCLIDES USING STANDARD ANAL,YTICAL METHODS" 

LLD 
P a  Bs Isotope Sample ~ e d i a ~  Methodology e 

-Water 
Soil (dry wt.) 
-Biota (wet Wt)' 
-Aip 

10 0.4 
0.1 0.004 
0.1 0.004 
25 0.9 

Gamma Spectrometry 
Gamma Spectrometry 
Gamma Spectrometry 
Gamma Spectrometry 

a-60 

Sr-90 

Cs-137 

Pb-210 

Ra-226 

Th-232 

U-234 
u-235 
u-2338 

-Water 1 0.04 Radiochemistry 

-Water 10 0.4 
03  0.01 
1 0.04 
0 3  0.01 
1 0.04 
0 3  0.01 
30 1 

Gamma Spectrometry 

Gamma Spectrometry 
Radiochemistry 
Gamma Spectrometry 
Radiochemistry 
Gamma Specuometry 

Radiochemisvy 
-soil (dry wt.) 

-Biota (wet a) 

-Air 

-Water 

-Biota (wet WL) 
-Air 

Soil ( d r y w t )  
0.2 0.007 
0.2 0.007 
0.2 0.007 
5 0.2 

Radiochemistry 
Radiochemistry 
Radiochemisuy 
Radiochemistry 

-Water 100 4 
0.1 0.004 
0.1 0,004 
0.1 0.004 
0.1 0.004 
1 0.04 

Gamma spectrometry 
Radiochemistry 
Radon Daughter Emanation 
Radon Daughter Emanation 
Radon Daughter Emanation 
Alpha Spectrometry 

soil  (drywt.) 
-Biota (wet wt) 
-Air 

-Water 

-Biota (wet WL) 
-Air 

soil ( d r y w t )  
0.02 O.OOO7 
0.2 0.007 
0.02 O.OOO7 
03 0.01 

Alpha Spectrometry 

Alpha Spectrometry 
Alpha Proportional Counter 

Alpha Spectrometry 
Alpha Spectrometry 
Alpha Spectrometry 
Alpha Spectrometry 

Radiochemistry 

-Water 
Soil (dry WL) 
-Biota (wet wt) 
-Air 

0.02 0.0007 
0.1 0.004 
0.01 O.OOO4 
02 0.007 

(continued) 
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EXHIBIT 10-4 (continued) 

EXAMPLES OF LOWER LIMITS OF DETECTION (LIB) 
FOR SEIIECI'ED RADIONUCJJDES USING STANDARD ANALYTICAL METHODSu 

Methodology 
I 

Pu-238 -Water 0.02 0.0007 
Pu-239 soil (dry wt)  0.1 0.004 
Pu-240 -Biota (wet wt.) 0.01 O.CHlO4 

-Air 0.2 0.007 

Alpha Spectrometry 

Alpha Spectrometry 
Alpha Spearometry 

Alpha spectrometry 
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radionuclides that are not detected in any samples 
from a particular medium, but are suspected to be 
present at a site. In these cases, three options may 
be applied: (1) re-analyze the sample using more 
sensitive methods; (2) use the LLD value as a 
"proxy" concentration to evaluate the potential 
risks at the d e t d o n  limit; or (3) evaluate the 
possible risk implication of the radionuclide 
qualitatively. An Terienced health physicist 
should decide which of these three options would 
be most appropriate. 

When multiple radionuclides are present in 
a sample, various interferences can occur that may 
reduce the analytical sensitivity for a particular 
radionuclide. Also, in some areas of high 
background radioactivity from MtUrauy occurring 
radionuclides, ir may be difficult to differentiate 
background contributions from incremental site 
contamination. It may be possible to eiiminate 
such interferences by radiochemical separation or 
special instrumental techniques. 

A sample with activity that is nondetmble 
should be reported as less than the appropriate 
sample and radionuclide-specific LLD value. 
However, particular caution should be exercised 
when applying this approach to radionuclides that 
are difficult to measure and possess unusually high 
detection limits, as discussed previously. In most 
cases where a potentially important radionuclide 
contaminant is suspected, but not detected, in a 
sample, the sample should be reamdpd using 
more rigorous radiochemical procedures and more 
sophisticated detection techniques 

If radionuclide sample data for a site are 
' reported without samplespecifx radionuclide 

quantitation limits, the laboratory conducting the 
analyses should be contacted to determine the 
appropriate LLD values for the anaiytical 
techniques and sample media. 

10.4.4 EVALUATING QUALWIELI AND 
CODED DATA 

Various data qualifiers and codes may be 
attached to problem data from inorganic and 
organic chemical analyses conducted under the 
CLP as shown in Exhibits 5 4  and 5-5. These 
include laboratory qualifiers assigned by the 

laboratory conducting the analysis and data 
validation qualifiers assigned by personnel involved 
in data validation. These qualifiers pertain to 
QNQC problems and generally indicate questions 
concerning chemical identity, chemical 
concentration, or both. No coriesponding system 
of qualifiers has been developed for radioanalytical 
data, although certain of the CLF' data qualifiers 
might be adopted for use in reporting 
mdioanalytical data. The health physicist should 
define and evaluate any qualifiers attached to data 
for radionuclide analyses. Based on the discussions 
in Chapter 5, the references on methods listed 
above, and professional judgment, the health 
physicist should eliminate inappropriate data from 
use in the risk assessment. 

10.45 COMPARING CONCENTRATIONS 
DETECTED IN BLANI(S WITH 
CONCENTRATIONS DETECTED IN 
SAMPLES 

The analysis of blank samples (e&, laboratory 
or reagent blanks, field blanks, calibration blanks) 
is an important component of a proper 
radioanalytical program. Analysis of blanks 
provides a measure of contamination introduced 
into a sample during sampling or analysis 
activities. 

The CLP provides guidance for inorganic and 
organic chemicals that are not common laboratory 
contaminants. According to this guidance, if a 
blank contains detectable levels of any uncommon 
laboratory chemical, site sample results should be 
considered positive only if the measured 
concentration in the sample exceeds five times the 
maximum amount detected in any blank. Samples 
containing less than five times the blank 
concentration should be classified as nondetects, 
and the maximum blank-related concentration 
should be s p a e d  as the quantitation limit for 
that chemical in the sample. Though they are 
not considered to be common laboratory 
con- . ts, radionuclides should not be 
classified as nondetects using the above CLP 
guidance Instead, the health physicist should 
evaluate all active sample preparation and 
analytical procedures for possible sources of 
contaminatioa 

c 

t 

" 
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10.4.6 EVALUATING TENTATIVELY 
IDENTIFIED RADIONUCLIDES 

Because radionuclides are not included on the 
Target Compound List (TCL), they may be 
classified as tentatively identified compounds 
(TICS) under CLP protocols. In reality, however, 
radioanalytical techniques are sufficiently Sensitive 
that the identity and quantity of radionuclides of 
potential concern at a site can be determined with 
a high degree of confidence. In some cases, 
spectral or matrix interferences may introduce 
uncertainties, but these problems usually can be 
overcome using special radiochemid and/or 
instrumental methods. In cases where a 
radionuclide's identity is not sufficiently 
well-defined by the available data set: (1) further 
analyses may be performed using more sensitive 
methods, or (2) the tentatively identilied 
radionuclide may be included in the risk 
assessment .as a contaminant of potential concern 
with notation of the uncertainty in its identity and 
concentration. 

10.4.7 COMPARING SAMPLES WITH 
BACKGROUND 

It is imperative to select, collect, and analyze 
an appropriate number of background samples to 
be able to distinguish &tween onsite sources of 
radionuclide contaminants from radionuclides 
expected normally in the environment. 
Background measurements of direct radiation and 
radionuclide concentrations in all media of 
concern should be determined at sampling 
locations geologically similar to the site, but 
beyond the influence of the site. Screening 
measurements (e.& gross alpha, beta, and gamma) 
should be used to determine whether more 
sensitive radionuclide-spedfic analyses are 
warranted. Professional judgment should be used 
by the health physicist tG select appropriate 
background sampling locations and analytical 
techniques. The health physickt should also 
determine which naturaily Occurring radionuclides 
(e.g., uranium, radium, or thorium) detected onsite 
should be eliminated from the quantitative risk 
assessment. All man-made radionuclides deteaed 
in samples collected should, however, be retained 
for further consideration. 

10.4.8 DEVELOPING A SET OF 
RADIONUCLIDE DATA AND 
INFORMATION FOR USE IN A 
RISK ASSESSMENT 

The process described in Section 5.8 for 
selection of chemical data for inclusion in the 
quantitative risk assessment generally applies for 
radionuclides as well. One exception is the lack 
of CLP qualifiers for radionuclides, as discussed 
previously. Radionuclides of concern should 
include those that are positively detected in at 
least one sample in a given medium, at levels 
significantly above levels detected in blank samples 
and significantly above local background levels. 
As discussed previously, the decision to include 
radionuclides not detected in samples from any 
medium but suspected at the site based on 
historical information should be made by a 
qualified health physicist. 

10.4.9 GROUPING RADIONUCLIDES BY 
CLASS 

Grouping radionuclides for consideration in 
the quantitative risk assessment is generally 
unnecessary and inappropriate. Radiation dose 
and resulting health risk is highly dependent on 
the specific properties of each radionuclide. In 
some cases, however, it may be acceptable to 
group different radioisotopes of the same element 
that have similar radiological characteristics (e.g., 
Pu-238/2391240, U-235R38) or belong to the same 
decay series. Such grouping should be determined 
vexy selectively and seldom offer any significant 
advantage. 

lOA.10 FURTHER REDUCTION IN THE 
NUMBER OF RADIONUCLIDES 

For sites with a large number of 
radionuclides detected in samples from one or 
more media, the risk assessment should focus on 
a select group of radionudides that dominate the 
radiation dose and health risk to the critical 
receptors. For example, when considering 
transport through ground water to distant 
receptors, ' vansit times may be very long, 
consequently, only radionuclides with long 
half-lives or radioactive progeny that are formed 
during transpon may be of concern for that 
exposure pathway. For direct external exposures, 
high-energy gamma emitters are of principal 
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concern, whereas alphaemitters may dominate 
doses from the inhalation and ingestion pathways. 
The important radionuclides may differ for each 
exposure pathway and must be determined on 
their relative concentrations, half-lives, 
environmental mobility, and dose conversion 
factors (see Section 105 for discussion of dose 
conversion faaors) for each exposure pathway of 
interesL 

The total activity inventory and individual 
concentrations of radionuclides at a Superfund site 
will change with time as some nuclides decay 
away and others 'grow in" as a result of 
radioactive decay processes. Consequently, it may 
be important to evaluate different time scales in 
the risk assessment For example, at a site where 
Ra-226 (half-life .= 1600 years) is the only 
contaminant of concern in soil at some initial 
time, the Pb-210 (half-life = 223 years) and 
Po-210 (half-life = 138 days) progeny will also 
become dominant contributors to the activity 
onsite over a period of several hundred years. 

10.4.11 SUMMARIZING AND PRESENTING 
DATA 

presentation of results of the data collection 
and evaluation process will be generally the same 
for radionuclides and chemical contaminants. The 
sample table hmats presented m Exhi%its 5-6.and 
5-7 are equally applicable to radionuclide data, 
except that direct radiation measurement data 
should be added, if appropriate for the 
radionuclides and exposure pathways identified at 
the site. 

10.5 EXPOSURE AND DOSE 
ASSESSMENT 

This section descn'bes a methodology for 
estimating the radiation dose equivalent to 
humans from potential exposures to radionuclides 
through all pertinent exposure pathways at a 
remedial site. 'lEese estimates of dose equivalent 
may be used for cornpaxison with radiation 
protection standards and criteria. However, this 
methodology has been developed for regulation of 
occupational radiation exposures for adults and is 
not completely applicable for estimating health 
risk to the general population. Section 10.7.2, 

therefore, describes a separate methodology for 
estimating health risk 

Chapter 6 describes the procedures for 
conducting an exposure assessment for chemical 
contaminants as part of the baseline risk 
assessment for Superfund sites. Though many 
aspects of the discussion apply to radionuclides, 
the term "exposure" is used in a fundamentally 
different way for radionuclides as compared to 
chemicals. For chemicals, exposure generally 
refers to the intake (e.&, inhalation, ingestion, 
dennal exposure) of the toxic chemical, expressed 
in units of m@g-day. These units are convenient 
because the toxicity values for chemicals are 
generally expressed in these terms. For example, 
the toxicity value used to assess carcinogenic 
effects is the slope factor, expressed in units of 
risk of lifetime excess cancers per mgkg-day. As 
a result, the product of the intake estimate With 
the slope factor yields the risk of cancer (with 
proper adjustments made for absorption, if 
n-m 

Intakes by inhalation, ingestion, and 
absorption are also potentially important exposure 
pathways for radionuclides, although radionuclide 
intake is typically expressed in units of activity 
(i.e., Bq or Ci) rather than mass. Radionuclides 
that enter through these internal exposure 
pathways may become systemically incorporated 
and emit alpha, beta, or gamma radiation within 
tissues or organs. Unlike chemical assessments, 
an exposure assessment for radioactive 
contaminants can include an explicit estimation of 
the radiation dose equivalent As discussed 
previously in Section 10.1, the dose equivalent is 
an expression that takes into consideration both 
the amount of energy deposited in a unit mass of 
a specific organ or tissue as a result of the 
radioactive decay of a spe&c radionuclide, as 
well as the relative biological effectiveness of the 
radiations emined by that nuclide. (Note that the 
term dose has a different meaning for 
radionuclides [dose = energy imparted to a unit 
mass of tissue] than that used in Chapter 6 for 
chemicals [dose, or absorbed dose = nass 
penetrating into an organism].) 

c 

Unlike chemicals, radionuclides can have 
deleterious effects on humans without being taken 
into or brought in contact with the body. This is 
because high energy beta panicles and photons 

n 
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from radionuclides in contaminated air, water, or 
soil can trawl long distances with only minimum 
attenuation in these media before depositing their 
energy in human tissues. External radiation 
exposures can result from either scposure to 
radionuclides at the site area or to radionuclides 
that have been transported from the site to other 
locations in the environment. Gamma and x-rays 
are the most penetrating of the emitted radiations, 
and comprise the primary conmiution to the 
radiation dose from external exposures. Alpha 
particles are not sufficiently energetic to penetrate 
the outer layer of skin and do not contribute 
significantly to the external dose. External 
exposure to beta particles primarily imparts a dose 
to the outer layer skin cells, although highenergy 
beta radiation can penetrate into the human body. 

The quantification of the amount of energy 
deposited in living tissue due to internal and 
external exposures to radiation is termed radiation 
dosimetry. The amount of energy deposited in 
living tissue is of concern because the potential 
adverse effecrs of radiation are proportional to 
energy deposition. The energy deposited in tissues 
is proportional to the decay rate of a radionuclide, 
and not its mass. Therefore, radionuclide 
quantities and concentrations are expressed in 
units of activity (e.& Bq or a), rather than in 
units of mass. 

Despite the fundamental difference between 
the w y  exposures are expressed for radionuclides 
and chemicals, the approach to exposure 
assessment presented in Chapter 6 for chemical 
contaminants largely applies to radionuclide 
contaminants. Specifically, the three steps of an 
exposure assessment for chemicals also apply to 
radionuclides: (1) characterization of the exposure 
setting, (2) identification of the exposure 
pathways; and (3) quantification of exposure. 
However, some of the methods by which these 
three steps are carried out are merent for 
radionuclides. 

105.1 CFiARACTERZING THE EXPOSURE 
S m G  

Initial characterization of the exposure setting 
for radioactively contaminated sites is virtually 
identical to that descriied in Chapter 6. One 
additional consideration is that., at sites suspected 
of having radionuclide contamination, a survey 

should be conducted to determine external 
radiation fields using any one of a number of field 
survey i n s k e n t s  (preferably, G-M tubes and 
NaIW) field detectors) (iee EKhibit 10-2). Health 
and safety plans should be implemented to reduce 
the possibility of radiation exposures that are in 
excess of allowable limits. 

105.2 IDENTIFYLNGEXPOSURE 
PATHWAYS 

The identification of exposure pathways for 
radioactively contaminated sites is m y  similar to 
that described in Chapter 6 for chemically 
contaminated sites, with the following additional 
guidance. 

In addition to the various ingestion, 
inhalation, and direct contact pathways 
descriied in Chapter 6, external exposure 
to penetrating radiation should also be 
considered Potential external exposure 



pathways to be considered include 
immersion in contaminated air, 
immersion in contaminated water, and 
radiation exposure from ground surfaas 
contaminated with beta- and photon- 
emitting radionuclides. 

As with nonradioactive chemicals, 
environmentally ~dispened radionuclides 
are subject to the same chemical 
processes that may accelerate or retard 
their transfer rates and may increase or 
decrease their bioaccumulation 
potentials. These transformation 
processes must be taken into 
consideration during the exposure 
assessment. 

Radionuclides undergo radioactive decay 
that, in some respects, is similar to the 
chemical or biological degradation of 
organic compounds. Both processes 
reduce the quantity of the hazardous 
substance in the environment and 
produce other substances. (Note, 
however, that biological and chemical 
transformations can never alter, Le., 
either increase or decrease, the 
radioactivity of a radionuclide.) 
Radioactive decay products can also 
contribute significantly to the radiation 
exposure and must be considered in the 
assessment. 

Chapter 6 presents a series of equations 
(Exhibits 6-11 through 6-19) for 
quantification of chemical exposures. 
These equations and suggested default 
variable values may be used to estimate 
radionuclide intakes as a first 
approximation, if the equations are 
modified by deleting the body weight and 
averaging time from the denominator. 
However, depending upon the 
characteristics of the radionuclides of 
concern, consideration of radioactive 
decay and ingrowth of radioactive decay 
products may be important additions, as 
well as the external exposure pathways. 

0 Chapter 6 also refers to a number of 
computer models that are used to predict 
the behavior and fate of chemicals in the 

environment. While those models may 
be suitable for evaluations of radioactive 
contaminants in some cases, numerous 
models have been developed specifically 
for evaluating the transport of 
radionuclides in the environment and 
predicting the doses and risks to exposed 
individuals. In general, models 
developed specifically for radiological 
assessmenu should be used. Such 
models include, for example, explicit 
consideration of radioactive decay and 
ingrowth of radioactive decay products. 
(Contact ORP for additional guidance on 
the fate and transport models 
recommended by EPA) 

10.53 QUANTIFYING EXPOSURE: 
GENERAL CONSIDERATIONS 

One of the primary objectives of an exposure 
assessment is to make a reasonable estimate of 
the maximum exposure to individuals and critical 
population groups. The equation presented in 
Erhi i t  6-9 to calculate intake for chemicals may 
be considered to be applicable to exposure 
assessment for radionuclides, except that the body 
weight and averaging time terms in the 
denominator should be omitted. However, as 
discussed previously, exposures to radionuclides 
include both internal and external exposure 
pathways. In addition, radiation exposure 
assessments do not end with the calculation of 
intake, but take the calculation an additional step 
in order to estimate radiation dose equivalent. 

The radiation dose equivalent to specified 
organs and the effective dose equivalent due to 
intakes of radionuclides by inhalation or ingestion 
are estimated by multiplying the amount of each 
radionuclide inhaled or ingested times appropriate 
dose conversion factors (DCFs), which represent 
the dose equivalent per unit intake. As noted 
previously, the effective dose equivalent is a 
weighted sum of the dose equivalents to all 
irradiated organs and tissues, and represents a 
measure of the overall detriment. Federul 
Guidonce Repon No. I1 (EPA 1988) provides 
DCFs for each of over 700 radionuclides for both 
inhalation and ingestion exposures. It is 
important to note, however, that these DCFs were 
developed for regulation of occupational exposures 
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to radiation and may not be appropriate for the 
general population. 

Radionuclide intake by inhalation and 
ingestion is calculated in the same manner as 
chemical intake e;xcept that it is not divided by 
body weight or averaging time. For radionuclides, 
a reference body weight is already incorporated 
into the DCFs, and the dose is an expression of 
energy deposited per gram of tissue. 

If intake of a radionuclide is defined for a 
specific time period (ag., Bq&ar), the dose 
equivalent will be expressed in corresponding 
terms (e.&, *&ear). Because systemically 
incorporated radionuclides can remain within the 
body for long periods of time, internal dose is 
best expressed in terms of the committed effective 
dose equivalent, which is quai to the effective 
dose equivalent over the %year period following 
intake. 

Ekternal exposures may be determined by 
monitoring and sampling of the radionuclide 
concentrations in environmental media, direct 
measurement of radiation fields using portable 
instrumentation, or by mathematical modeling. 
Portable survey insnnments that have been 
properly caliirated can display dose rates (e& 
Svb), and dose equivalents can be estimated by 
multiplying by the duration of exposure to the 
radiation field. Alternative@, measured or 
predicted concentrations in environmental media 
may be multiplied by DCFs, which relate 
radionuclide concentrations on the ground, in air, 
or in water to external dose rates (eg., Sv/hr per 
Bq/m2 for ground contamination or Svb per 
~ / m 3  for air or water immersion). 

The dose equivalents associated with esemai 
and internal exposures are expressed in identical 
units (eg., Sv), so that contriiutions from all 
pathways can be summed to estimate the total 
effective dose equivalent value and prioritize risk 
from Werent sollfces. 

In general, radiation exposure assessments 
need not consider acute toxicity effects. Acute 
exposures are of less concern for radionuclides 
than for chemicals because the quantities of 
radionuclides required to cause adverse effects 
from acute exposure are -me@ large and such 
levels are not normally encountered at Superfund 

sites. Toxic effects from acute radiation exposures 
are possible when humans are exposed to the 
radiation from large amounts of radioaaive 
materials released during a major nuclear plant 
accident, such as Chemobyl, or during 
above-ground weapons detonations. Consequently, 
the exposure and risk assessment guidance for 
radionuclides presented in this chapter is limited 
to situations causing chronic exposures to low 
levels of radioactive contaminants. 

105.4 QUANTIFYINGEXPO- 
DETERMINING EXPOSURE POINT 
CONCENTRATIONS 

The preferred method for estimating the 
concentration of chemical or radioactive 
contaminan0 at those places where members of 
the public may come into contact with them is by 
direcl measurement. However, this will not be 
possible in many circumstances and it may be 
necessary, therefore, to use environmental fate and 
transport models to predict contaminant 
concentrations. Such modeling would be 
necessary, for example: (1) when it is not possible 
to obtain representative samples for all 
radionuclides of concern (2) when the 
contaminant has not yet reached the potential 
exposure points; and (3) when the contaminants 
are below the limits of detection but, if present, 
can still represent a significant risk to the public 

Numerous fate and traasport models have 
been developed to estimate contaninant 
concentrations in ground water, soil, air, sluface 
water, sediments, and food chains. Models 
developed for chemical contaminants, such as 
those discussed in Chapter 6, may also be applied 
to radionuclides with allowance .for radioactive 
decay and ingrowth of decay products. There are 
also a number of models that have been 
developed specitically for radionuclides. These 
models are similar to the models used for toxic 
chemicals but have feanua that make them 
convenient to use for radionuclide pathway 
analys& such as explicit consideration of 
radioactive.;decay and daughter ingrowth. 
Available models for use in radiation risk 
assessments range in complexity from a series of 
hand calculations to major computer codes. For 
example, NRC Regulatory Guide LIO9 presents 
a methodology that may be used to manually 
estimate dose equivalents from a variety of 
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exposure pathways (NRC 1977). Examples of 
computerized radiological assessment models 
include the AIRDOS-EPA code and the 
EPA-PRESTO family of codes, which are used 
extensively by EPA to estimate exposures and 
doses to populations following atmospheric 
releases of radionuclides and releases from a 
low-level waste disposal facility, respectively. 
Guidance on selection and use of the various 
models can be obtained from the EPA Office of 
Radiation Programs. 

Exhiiit 6-10, Example of Table Format for 
Summarizing Exposure Concentrations, may be 
used for radionuclide contaminants, except that 
radionuclide concentrations are expressed in terms 
of activity per unit mass or volume of the 
environmental medium (e.g., Bq/kg, BqL) rather 
than mass. 

105.5 QUANTIFYING EXPOSURE: 
EsIlMATING INTAKE AND DOSE 
EQUIVALENT 

Section 6.6 presents a description of the 
methods used to estimate intake rates of 
con taminants from the various exposure pathways. 
Exhibits 6-11 to 6-19 present the equations and 
input assumptions recommended for use in intake 
calculations. In concept, those equations and 
assumptions also apply generally to radionuclides, 
except that the body weight and averaging time 
terms in the denominators should be omitted. 
However, as discussed previously, the product of 
these calculations for radionuclides is an estimate 
of the radionuclide intake, expressed in units of 
activity (cg., Bq), as opposed to mg/kgday. In 
addition, the endpoint of a radiation exposare 
assessment is radiation dose, which is calculated 
using DCFs as explained below. As qlained 
previously, dose equivalents calcniated in the 
following manner should be used to compare with 
radiation protection standards and Criteria, not to 
estimate risk 

htemaI Ikp0snx-e Exhibiis 6-11, 6l2,614, 
6-17,6-18, and 619 present simplified models for 
the ingestion of water, food, and soil as pathways 
for the intake of environmental contaminan ts. 
The recommended assumptions for ingestion rates 
and exposure durations are applicable to 
radionuclide exposures and may be used to 
estimate the intake rates of radionuclides by these 

pathways. As noted previously, however, these 
intake estimates for radionuclides should not be 
divided by the body weight or averaging time. 
These intake rates must be multiplied by 
appropriate DCF values in order to obtain 
committed effective dose equivalent values. The 
more rigorous and complex radionuclide pathway 
models noted previously typically require much 
more extensive input data and may include default 
parameter values that differ somewhat from the 
values recommended in these exhiiits. 

Exhibit 6-16 presents the equation and 
assumptions used to estimate the contaminant 
intake from air. For radionuclides, the dose from 
inhalation of contaminated air is determined as 
the product of the radionuclide concentration in 
air (Bqhn3), the breathing rate (m3 per day or 
year), exposure duration (day or year), and the 
inhalation DCF (Sv per Bq inhaled). The result 
of this calculation is the committed effective dose 
equivalent, in units of Sv. 

Chapter 6 points out that dermal absorption 
of airborne chemicals is not an important route 
of uptake. This point is also true for most 
radionuclides, except airborne tritiated water 
vapor, which is efficiently taken into the body 
through dermal absorption. In order to account 
for this route of uptake, the inhalation DCF for 
tritium includes an adjustment factor to amunt  
for dermal absorption. 

External Exposure. Immersion in air 
containing certain beta-emitting . and/or 
photon-emitting radioactive contaminants can also 
result in external exposnres. Effective dose 
equivalents from extemal exposure are calculated 
as the product of the airborne radionuclide 
concentration @q/m3), the extema~ DCF for air 
immersion (Svb per BqM), and the duration of 
exposure (hours). 

Exhibits 6-13 and 6-15 illustrate the dermal 
uptake of contaminants resulting from immersion 
in water or contact with SOL This route of 
uptake can be important for many organic 
chemicals, however, dermal uptake is generally not 
an important route of uptake for radionuclides, 
which have small dermal permeability constants. 
Extemal radiation exposure due to submersion in 
water contaminated with radionuclides is possible 
and is similar to external exposure due to 
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immersion in air. However, because of the 
shielding effects of water and the generally short 
durations of such exposures, immersion in water 
is typically of lesser significance. The product of 
the radionuclide concentration in water (Bq/m3), 
the relevant DCF (Sv/hr per Bq/m3), and the 
duration of exposure (hours) yields effective dose 
equivalent. 

The third external exposure pathway of 
potential significance is irradiation from 
radionuclides deposited on the ground surface. 
Effective dose equivalents resulting from this 
pathway may be estimated as the product of the 
soil surface concentration (Bq/m2) of 
photonemitting radionuclides of concern, the 
external DCF for ground surface exposure (Sv/hr 
per Bq/m2), and the duration of exposure (hours). ; 

105.6 COMBINING INTAKES AND DOSES 
ACROSS PATHWAYS 

The calculations described previously result 
in estimates of committed effective dose 
equivalents (Sv) from individual radionuclides via 
a large number of possible exposure pathways. 
Because a given population may be subjea to 
multiple exposure pathways, the results of the 
exposure assessment should be organized by 
grouping all applicable exposure pathways for each 
exposed population. Risb from various exposure 
pathways and contaminants then can be integrated 
during the risk characterization step (see Section 
10.7). 

10.5.7 EVALUATING UNCERTAINTY 

The radiation exposure assessment should 
include a discussion of uncertainty, that, at a 
minimum, should indude: (1) a tabular summary 
of the values used to estimate exposures and doses 
and the range of these values; and (2) a summary 
of the major assumptions of the exposure 
assessment, induding the uncertainty associated 
with each assumption and how it might affect the 
exposure and dose estimates. Sources of 
uncertainty that must be addressed include: (1) 
how well the monitoring data represent actual site 
conditions; (2) the exposure models, assumptions, 
and. input variables used to estimate exposure 
point concentrations, and (3) the values of the 
variables used to estimate intakes and external 
exposures. More comprehensive discussions of 

uncertainty associated with radiological risk 
assessment are provided in the.Background 
I n f d n  Document for the Draji €IS for 
Proposed NESHRPS for Raa?oruuUs (EPA 
1989a), Radiological ha- Fill and Meyer 
1983), and NCRP Report No. 76 pCRP 1%). 

105.8 SUMMARIZING AND PRESENTING 
ExPosuREAssEssMENT RESULTS 

Exhibit 6-22 presents a sample format for 
summarizing the results of the exposure 
assessment. The format may also be used for 
radionuclide contaminants except that the entries 
should be specified as committed effective dose 
equivalents (Sv) and the annual estimated intakes 
(Bq) for each radionuclide of concern. The 
intakes and dose estimates should be tabulated 
for each exposure pathway so that the most 
important radionuclides and pathways contributing 
to the total health risk may be identified. 

The information should be organized by 
exposure pathway, population exposed, and current 
and future use assumptions. For radionuclides, 
however, it may not be neceSSary to summarize 
short-term and long-term exposures separately as 
s w e d  for chemical contaminants. 

10.6 TOXICITY ASSESSMENT 

Chapter 7 descriies the two-step process 
employed to assess the potential toxiety of a given 
chemical contaminant The first step, hazard 
identification, is used to determine whether 
exposure to a contaminant can increase the 
incidence of an adverse health effen The second 
step, doseresponse assessment, is used to 
quantitatively evaluate the t&city information and 
characterize the relationship between the dose of 
the contaminant administered or received and the 
inadence of adverse health effects in the exposed 
population. 

There are certain fundamental differences 
between radionuclides and chemicals that 
somewhat simplify toxicity assessment for 
radionuclides. As discussed in the previous 
sections, the adverse effects of exposure to 
radiation are due to the energy deposited in 
sensitive tissue, which is referred to as the 
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radiation dose. In theory, any dose of radiation 
has the potential to produce an adverse effect. 
Accordingly, exposure to any radioactive 
substances is, by .definition, hazardous. 

Doseresponse assessment for radionuclides 
is also more straightforward. The type of effects 
and the likelihood of occurrence of any one of a 
number of possible adverse effects from radiation 
exposure depends on the radiation dose. The 
relationship between dose and effect is relatively 
well characterized (at high doses) for most types 
of radiations. As a result, the toxicity assessment, 
within the context that it is used in this manual, 
need not be explicitly addressed in detail for 
individual radionuclides at each contaminated site. 

The sections that follow provide a brief 
summary of the human and experimental animal 
studies that establish the hazard and dose-response 
relationship for radiation exposure. More detailed 
discussions of radiation toxicity are provided in 
publications of the National Academy of Sciences 
Committee on Biological Effects of 'Ionizing 
Radiation (BEIR), the United Nations Scientific 
Committee on Effects of Atomic Radiation 
(UNSCEAR), NRC, NCRP, and ICRP listed in 
the box on this page. 

10.6.1 HAZARD IDENTIFICATION 

The principal adverse biological effects 
associated with ionizing radiation exposures fiom 
radioactive substances in the environment are 
carcinogenicity, mutagenicity, and teratogenicity. 
Carcinogenicity is the ability to produce cancer. 
Mutagenicity is the property of being able to 
induce genetic mutation, which may be in the 
nucleus of either somatic (body) or germ 
(reproductive) cells. Mutations in germ cells lead 
to genetic or inherited defects. Teratogenicity 
refers to the ability of an agent to induce or 
increase the incidence of congenital malformations 
as a result of permanent structural or functio~l 
deviations produced during the growth and 
development of an embryo (more commonly 
referred to as birth defects). Radiation may 
induce other deletenous effects at acute doses 
above about 1 Sv, but doses of this magnitude are 
not normally associated with radioactive 
contamination in the environment. 

As discussed in Section 10.1, ionizing 
radiation causes injury by breaking molecules into 
electrically charged fragments @e., free radicals), 
thereby producing chemical rearrangements that 
may lead to permanent cellular damage. The 
degree of biological damage caused by various 
types of radiation varies according to how spatially 
close together the ionizations occur. Some 
ionizing radiations (eg., alpha particles) produce 
high density regions of ionization. For this 
reason, they are called high-LET (linear energy 
transfer) panicles. Other types of radiation (e.g., 
x-rays, gamma rays, and beta particles) are called 
low-LET radiations because of the low density 
pattern of ionization they produce. In equal 
doses, the carcinogenicity and mutagenicity of 
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high-LET radiations may be an order of 
.magnitude or more greater than those of low-LET 
radiations, depending on the endpoint being 
evaluated. The variability in biological 
effectiveness.is accounted for by the quality factor 
used to calculate the dose equivalent (see Section 
10.1). 

cardnogenesis. An extensive body of 
literature exists on radiation carcinogenesis in man 
and animals. This literature has been reviewed 
most recently by the United Nations Scientific 
Committee on the Effects of Atomic Radiation 
(UNSCEAR) and the National Academy of 
Sciences Advisory Committee on the Biological 
Effects of Ionizing Radiations (NAS-BEIR 
Committee) (UNSCEAR 1977,1985 1988, NAS 
1972, 1980, 1988). Estimates of the average risk 
of fatal cancer from low-LET radiation from these 
studies range from approximately 0.007 to 0.07 
fatal cancers per sieveh 

An increase in cancer incidence or mortality 
with increasing radiation dose has been 
demonstrated for many types of cancer in both 
human populations and laboratory animals 
(UNSCEAR 1982, 1988, NAS 1980, 1988). 
Studies of humans exposed to internal or external 
sources of ionizing radiation have shown that the 
incidence of cancer increases with increased 
radiation exposure. This increased incidence, 
however, is usually associated with appreciably 
greater doses and exposure frequencies than those 
encountered in the environment Therefore, risk 
estimates from small doses obtained over long 
periods of time are determined by extrapolating 
the effects observed at high, acute doses. 
Malignant tumors in various organs most often 
appear long after the radiation exposure, usually 
10 to 35 years later (NAS 1980,1988; UNSCEAR 
1982,1988). Radionuclide metabolism can result 
in the selective deposition of ceRain radionuclides 
in specific organs or tissues, which, in turn, can 
result in larger radiation doses and 
higher-than-normal cancer risk in these organs. 

Ionizing radiation can be considered 
pancarcinogenic, i.e., it acts as a complete 
carcinogen in that it serves as both initiator and 
promoter, and it can induce cancers in nearly any 
tissue or organ. Radiation-induced cancers in 
humans have been reported in the thyroid, female 
breast, lung, bone marrow (Ieukemia), stomach, 

liver, large intestine, brain, salivary glands, bone, 
esophagus, small intestine, urinary bladder, 
pancreas, rectum, lymphatic tissues, skin, phapx ,  
uterus, ovary, mucosa of crania1 sinuses, and 
kidney (UNSCEAR 1977,1982,1988; NAS 1972, 
1980,1988). These data are taken primarily from 
studies of human populations exposed to high 
levels of radiation, including atomic bomb 
survivors, underground miners, radium dial 
painters, patients injeaed with thorotrast or 
radium, and patients who received high x-ray doses 
during various treatment programs. Extrapolation 
of these data to much lower doses is the major 
source of uncertainty in determining low-level 
radiation risks (see EPA 1989a). Ir is assumed 
that no lower threshold exists for radiation 
carcinogenesis. 

On average, approximately 50 percent of all 
of the cancers induced by radiation are lethal. 
The fraction of fatal cancers is different for each 
type of cancer, ranging from about 10 percent in 
the case of thyroid cancer to 100 percent in the 
case of liver cancer @AS 1980, 1988). Females 
have approximately 2 times as many total cancers 
as fatal cancers following radiation exposure, and 
mafes have approximately 15 times as many (NAS 
1980). 

Mutagenesis. Very few quantitative data are 
avaiIable on radiogenic mutations in humans, 
particularly from lowdose exposures. Some 
mutations are so mild they are not noticeable, 
while other mutagenic effects that do occur are 
similar to nomutagenic effecrs and are therefore 
not necessarily recorded as mutations. The bulk 
of data supporting the mutagenic character of 
ionizing radiation comes from extensive studies of 
experimental animals (UNSCEAR 1977, 1982, 
1988; NAS 1972,1980,1988). These studies have 
demonstrated all forms of radiation mutagenesis, 
including lethal mutations, translocations, 
inversions, nondisjunction, and point mutations. 
Mutation rates calculated from these studies are 
extrapolated to humans and form the basis for 
estimating the genetic impact of ionizing radiation 
on humans (NAS 1980, 1988, UNSCEAR 1982, 
1988). The vast majority of the demonstrated 
mutations in human germ cells contriiute to both 
increased mortali’ty and illness (NAS 198Q 
UNSCEAR 1982). Moreover, the radiation 
protection community is generalIy in agreement 
that the probability of inducing genetic changes 
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increases linearly with dose and that no 
"threshold" dose is required to initiate heritable 
damage to germ cells. 

The incidence of serious genetic disease due 
to mutations and chromosome aberrations induced 
by radiation is referred to as genetic detriment. 
Serious genetic disease includes inherited ill 
health, handicaps, or disabilities. Genetic disease 
may be manifest at birth or may not become 
evident until some time in adulthood. 
Radiation-induced genetic detriment includes 
impairment of life, shortened life span, and 
increased hospitalization. The frequency of 
radiation-induced genetic impairment is relatively 
small in comparison With the magnitude of 
detriment associated with spontaneously arising 
genetic diseases (UNSCEAR 1982, 1988). 

Teratogenesis. Radiation is a well-known 
teratogenic agent. The developing fetus is much 
more sensitive to radiation than the mother. The 
age of the fetus at the time of exposure is the 
most important factor in determining the extent 
and type of damage born radiation. The 
malformations produced in the embryo depend on 
which cells, tissues, or organs in the fetus are 
most actively differentiating at the time of 
radiation exposure. Embryos are relatively 
resistant to radiation-induced teratogenic effects 
during the later stages of their development and 
are most sensitive from just after implantation 
until the end of organogenesis (about two weeks 
to eight weeks after conception) (WSCEAR 
1986, Brent 1980). Effects on nemus system, 
skeletal system, eyes, genitalia, and skin have been 
noted (Brent 1980). The brain appears to be 
most sensitive during development of the 
neuroblast (these cells eventually become the 
nerve cells). The greatest risk of brain damage 
for the human fetus occurs at 8 to 15 weeks, 
which is the time the nervous system is 
undergoing the most rapid differentiation and 
proliferation of cells (Otake 1984). 

10.6.2 DOSERESPONSE RELATIONSHIPS 

This section describes the relationship of the 
risk of fatal cancer, serious genetic effects, and 
other deuimental health effects to exposure to low 
levels of ionizing radiation. Most important from 
the standpoint of the total societal risk from 
exposures to low-level ionizing radiation are the 

risks of cancer and genetic mutations. Consistent 
with our current understanding of their origins in 
terms of DNA damage, these effects are believed 
to be stochastic; that is, the probability (risk) of 
these effects increases with the dose of radiation, 
but the severity of the effects is independent of 
dose. For neither induction of cancer nor genetic 
effects, moreover, is there any convincing evidence 
for a "threshold" (Le., some dose level below 
which the risk is zero). Hence, so far as is 
known, any dose.of ionizing radiation, no matter 
how small, might give rise to a cancer or to a 
genetic effect in future generations. Conversely, 
there is no way to be certain that a given dose of 
radiation, no matter how large, has caused an 
observed cancer in an individual or will cause one 
in the future. 

Exhibit 10-5 summarizes EpA's current 
estimates of the risk of adverse effects associated 
with human exposure to ionizing radiation (EPA 
1989a). Important points from this summary table 
are provided below. 

e Very large doses (>1 Sv) of radiation 
are required to induce acute and 
irieversible adverse effects. It is unlikely 
that such exposures would occur in the 
environmental setting associated with a 
potential Superfund site. 

e me risks of serious noncarcinogenic 
effects associated with chronic exposure 
to radiation include genetic and 
teratogenic effects. Radiation-induced 
genetic effects have not been observed 
in human populations, and extrapolation 
from animal data reveals risks per unit 
exposure that are smaller than, or 
comparable to, the risk of cancer. In 
addition, the genetic risks are spread 
over several generations. The risks per 
unit exposure of serious teratogenic 
effects are greater than the risks of 
cancer. However, there is a possibility 
of a threshold, and the exposures must 
occur over a specilic period of time 
during gestation to cause the effect. 
Teratogenic effects can be induced only 
during the nine months of pregnancy. 
Genetic effects are induced during the 
30-year reproductive generation and 
cancer can be induced at any point 
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EXHIBIT 10-5 

SUMMARY OF EPA'S RADIATION RISK FACTORS" 
-- 8 0 7 1  

Risk Significant Eposnre Period Risk Factor Range 

Low LET (of') 
Teratogenid' 

Severe mental retardation Weeks 8 to 15 of gestation 

Genetic 
Severe heredimy defects, 
all generations 

3O-v reproductive generation 

somatic: 
Fatal cancers 

All cancers 

Lifetime 
In utero 
Lifetime 

Genetic 
Severe hereditary defects, 
all generations 

myear reproductive generation 

somatic: 
Fatal cancers 
All cancers 

Lifetime 
Lifetime 

Radon Decav Produds Clod WLM-") 
Fatal lung cancer Lifetime 

0.25-055 

0.006-0.11 

0.012-0.12 
0.029-0.10 
0.019-0.19 

0.016-0.29 

0.096-0.96 
0.15-15 

140-720 

In addition to the stochastic risks indicated, acute toxicity may occur at a mean lethal dose of 3-5 Sv 
with a threshold m exoess of I Sv. 

The range assumes a linear, non-threshold doseresponse. However, it is plausible that a threshold 
may exist for this effea. 
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during the lifetime. If a radiation source 
is not controlled, therefore, the 
cumulative risk of cancer may be many 
times greater than the risk of genetic or 
teratogenic effects due to the potentially 
longer period of exposure. 

Based on these observations, it appears that 
the risk of cancer is limiting and may be used as 
the sole basis for assessing the radiation-related 
human health risks of a site contaminated with 
radionuclides. 

For situations where the risk of cancer 
induction in a specific target organ is of primary 
interest, the committed dose equivalent to that 
organ may be multiplied by an organ-specific risk 
factor. The relative radiosensitivity of various 
organs (i.e., the caner induction rate per unit 
dose) differs markedly for different organs and 
varies as a function of the age and sex of the 
exposed individual. Tabulations of such risk 
factors as a function of age and sex are provided 
in the Background Information Document for the 
Dr@ Environmental Impact Smement for Proposed 
NESHAPS for Radionuclides (EPA 1989a) for 
cancer mortality and cancer incidence. 

10.7 RISK CHARACTEIIQIZATION 

The final step in the risk assessment process 
is risk characterization. This is an integration step 
in which the risks from individual radionuclides 
and pathways are quantified and combined where 
appropriate. Uncertainties also are examined and 
discussed in this step. 

10.7.1 REYEWING OUTPUTS FROM THE 
TOXICITY AND EXPOSURE 
ASSE&MENTS 

The exposure assessment results should be 
expressed as estimates of radionuclide intakes by 
inhalation and ingestion, exposure rates and 
duration for external exposure pathways, and 
committed effective dose equivalents to individuals 
from all relevant radionuclides and pathways. The 
risk assessor should compile the supporting 
documentation to ensure that it is sufficient to 
support the analysis and to allow an independent 
duplication of the results. The review should also 
confirm that the analysis is reasonably complete 

in terms of the radionuclides and pathways 
addressed. 

In addition, the review should evaluate the 
degree to which the assumptions inherent in the 
analysis apply to the site and conditions being 
addressed. The mathematical models used to 
calculate dose use a large number of 
environmental transfer factors and dose conversion 
factors that may not always be entirely applicable 
to the conditions being analyled For example, 
the standard dose conversion factors are based on 
certain generic assumptions regarding the 
characteristics of the exposed individual and the 
chemical and physical properties of the 
radionuclides. Also, as is the case for chemical 
contaminants, the environmental transfer factors 
used in the models may not apply to all settings. 

Though the risk assessment models may 
include a large number of radionuclides and 
pathways, the important radionuclides and 
pathways are usually few in number. As a result, 
it is often feasible to check the computer output 
using hand calculations. This type of review can 
be performed by health physicists familiar with 
the models and their limitations. Guidance on 
conducting such calculations is provided in 
numerous references, including Till and Meyer 
(1983) and NCRP Report No. 76 (NCRP 19%). 

10.72 QUANTIFYING RISKS 

Given that the results of the exposure 
assessment are v i rwl ly  complete, correct, and 
applicable to the conditions being considered, the 
next step in the process is to calculate and 
combine risks. As discussed previously, the risk 
assessment. for radionuclides is somewhat 
simplified because only xadiation carcinogenesis 
needs to be considered. 

Seaion 105 presents a methodology for 
estimating committed effective dose equivalents 
that may be compared with radiation protection 
standards and criteria. Although the product of 
these dose equivalents (Sv) and an appropriate 
risk factor (risk per Sv) yields an estimate of risk, 
the health risk estimate derived in such a manner 
is not completely applicable for members of the 
general public A better estimate of risk may be 
computed using age  and sexspeQfic coefficients 
for individual organs receiving significant radiation 
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doses. This information may be used along with 
organ-specific dose conversion factors to derive 
slope factors that represent the age-averaged 
lifetime exass cancer incidence per unit intake for 
the radionuclides of concern The Integrated Risk 
Information System @US) and the Health Effects 
Assessment Summary Tables OIEAST) contain 
slope factor values for radionuclides of concern at 
remedial sites for each of the four major exposure 
pathways (inhalation, ingestion, air immersion, and 
ground-surface irradiation), along with supporting 
documentation for the derivation of these values 
(see Chapter 7 for more detail on IRIS). 

The slope factors for the inhalation pathway 
should be multiplied by the estimated inhaled 
activity (derived using the methods presented in 
Section 6.6.3 and Exhibit 616, without division 
of the body weight and averaging time) for each 
radionuclide of concern to estimate risks from the 
inhalation pathway. Similarly, risb from the’ 
ingestion pathway should be estimated by 
multiplying the ingestion slope faaors by the 
activity ingested for each radionuclide of concern 
(derived using the methods presented in Exhibits 
6-11, 6-12, 6-14, 617, 6-18. and 619, without 
division by the body weight and averaging time). 
Estimates of the risk from the air immersion 
pathway should be computed by multiplying the 
appropriate slope factors by the airborne 
radionuclide concentration (Bq&) and the 
duration of exposure. Risk from the ground 
surface pathway should be compated as the 
product of the slope factor, the soil concentration 
(Eiq/m2), and the duration of exposure for each 
radionuclide of concern. 

The sum of the risb from all radionuclides 
and pathways yields the lifetime risk from the 
overall expasure. As discus& in Chapter 8, 
professional judgment must be &XI in combining 
the risks from various pathways, as it may not be 
physically possible for one person to be exposed 
to the maximum radionuclide concentrations for 
all pathways. 

10.73 COMBINING RADIONUCLIDE AND 
CHEMICALCANCERRISKS 

Estimates of the lifetime risk of cancer to 
exposed individuals resulting from radiological and 
chemical risk assessments may be summed in 
order to determine the overall potential human 

health hazard associated with a site. Certain 
precautions should be taken, however, before 
summing these risks. Fmt, the risk assessor 
should evaluate whether it is reasonable to assume 
that the same individual can receive the maximum 
radiological and chemical dose. It is possible for 
this to occur in some cases because many of the 
environmental transport processes and routes of 
exposure are the same for radionuclides and 
chemicals. 

In cases where different environmental fate 
and transport models have been used to predict 
chemical and radionuclide exposure, the 
mathematical models may incorporate somewhat 
different assumptions. These differences can result 
in incompatibilities in the two estimates of risk 
One important difference of this nature is how the 
cancer toxiaty values (Le., slope faaors) were 
developed. For both radionuclides and chemicals, 
cancer toxicity values are obtained by extrapolation 
from experimental and epidemiological data. For 
radionuclides, however, human epidemiological 
data form the basis of the extrapolation, while for 
many chemical carcinogens, laboratory 
experiments are the primary basis for the 
extrapolation. Another even more fundamental 
difference between the two is that slope factors 
for chemical carcinogens generally represent an 
upper bound or 95th percent confidence limit 
value, while radionuclide slope factors are best 
estimate values. 

In light of these limitations, the two sets of 
risk estimates should be tabulated separately in 
the final baseline risk assessment. 

10.7.4 ASSIBSING AND PRESENTING 
UNCERTAXNTES 

Uncertainties in the risk assessment must be 
evaluated and discussed, including uncertainties in 
the physical setting definition for the site, in the 
models used, in the exposure parameters, and in 
the toxiaty assessment. Monte Carlo uncertainty 
analyses are frequentiy performed as part of the 
uncertainty and sensitivity analysis for radiological 
risk assessments. A summary of the use of 

assessments is provided in NCRP Report No. 76 
(NCRP 1984a), ~1~~~ (Till and 
Meyer 1983), and in the BaJcgnnu2d Znfomdon 

uncertainty analyses in support of radiological risk 



10.7.5 SUMMARIZING AND PRESENTING 
THE BASELJNE RISK 
CEARACIXRIZATION RESULTS 

The results of the baseline risk 
characterization should be summanled ' and 
presented in an effeaive manner to assist in 
decision-making. Tbe estimates of risk should be 
Sammanzed in the context of the specific site 
conditions. Information should include the 
identity and concentrations of radionuclides, types 
and magnitudes of health risks prediaed, 
uncertainties in the exposure estimates and toxicity 
information, and Characteristics of the site and 
potentially exposed populations. A summary table 
should be provided in a format similar to that 
shown in Exhiiit 622, as well as graphical 
presentations of the predicted health risks.(see 
Exhiiit 8-7). 

10.8 DOCUMENTATION, 
-,AND 

-R,m 

MANAGEMENT TOOLS 
FOR THE RISK ASSESSOR, 

MANAGER 

The discussion provided in Chapter 9 also 
applies to radioactively contaminated sites. The 
suggested outline provided in Exhibit 9-1 may also 
be used for radioactively contaminated sites with 
only minor modifications. For example, the 
portions that uniquely pertain to the CLP 
program and noncarcinogenic risb are not needed. 
In addition, because radionuclide hazard and 
toxicity have been addressed adequately on a 
generic basis, there is no need for an extensive 
discussion of toxicity in the report, 
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APPENDIX A 

ADJUSTMENTS FOR 
ABSORPTION EFFICIENCY 

Tlis appendix contains example calculations 
for absorption efficiency adjustments that might be 
needed for Superfund site risk assessments. 
Absorption adjustments might be necessary in the 
risk characterization step to ensure that the site 
exuosure estimate and the toxicitv value for 
comuarison are both emressed as absorbed doses 
or both emressed as intakes. 

Information concerning absorption effi- 
ciencies might be found in the sections describing 
absorption toxicokinetics in HEAs, HEEDS, 
HEEPs, HADs, EPA drinking water quality 
criteria or ambient water quality criteria 
documents, or in ABDR toxicological proiiles. 
If there is no information on absorption efficiency 
by the oravinhalation routes, one can attempt to 
find absorption efficiencies for chemically related 
substances If no infoxmation is available, 
conservative default assumptions might be used. 
Contact ECAO for further guidance. 

as an administered dose, no adjustment may be 
necessary (except, perhaps, for vehicle of 
exposure). If the toxicity value is expressed as an 
absorbed dose, however, adjustment of the 
exposure estimate (Le., intake) to an absorbed 
dose is needed for comparison with the toxicity 
value. TBjs adjustment is discused in Section 
A.2. 

Adjustments also may be necessary for 
different absorption efficiencies depending on the 
medium of exposure (e.& contaminants ingested 
with food or soil might be less completely 
absorbed than contaminants ingested with water). 
This adjustment is discussed in Section A.3. 

A1 ADJUs"MENTS OF TOXICITY 
VALUE FROM ADMINISTERED 
TO ABSORBED DOSE 

Adjustments may be necessary to match the Because there are few, if any, toxicity 
derence values for dermal exposure, oral values 
an frequently used toassessrisksfromdermal 

exposure estimate with the toxicity value if one is 
based on an absorbed dose and the other is based 

Adjustments may also be neceSSary for differtnt 
vehicles of exposure (e& water, food, or soil). 

-1. . .  
! on an intake (Le., admmmed 

For thc dermal mute of exposure,.the 
procednres outlined in C h a p  6 result in an 
estimate of the absorbed dose Toadry values 
that are expresed as administered doses will need 
to be adjusted to absorbed doses for comparison. 
This adjustment is discused in Section Al. 

For the other routes of exposure (Le., oral 
and inhalation), the procedures outlined in 
Chapter 6 resalt in an estimate of daily intake. 
If the toxiaty valse for comparison is expressed 
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exposure. Most RfDs and some slope factors are 
expressed as the amount of substance administered 
per unit time and unit body weight, whereas 
exposure estimates for the dermal mute of 
exposure are eventually expressed as absorbed 
doses. Thus, for dennai e~cposure to contaminants 
in water or in soil, it may be necgSafy to adjust 

absorbed dose. In the boxes to the right and on 
the next page are samples of adjustments for an 
oral RfD and an oral slope faaor, respectively. 
If the oral toxicitv value is alreadv exoress edasan 
absorbed dose fez.. uichlomethvlene~. it is not 
necessary to adiust the toxiatv value. 

an oral toxicity value from an sdministered toan 

In the absence of any information on 
absorption for the substane or ChemiCalIy related 
substances, one most assDme an oral absorption 
efficiency. Assuming 100 percent absorption in an 
oral administration study that serves as the basis 
for an RfD or slope faaor would be a e 
conservative approach for estimating the dermal 
RfD or slope factor (Le., depending on the type 
of chemical, the true absorbed d<rse might have 
been much lower than 100 percent, and henQ an 
absorbeddose RfD should similarly be much lower 
or the slope factor should be much higher). For 
example, some metals tend to be poor& absorbed 

t 

P 
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A.2ADJUSI'MENT OF EXPOSURE 
ESIIIMA'IE TO AN ABSORBED 
DOSE 

If the toxicity value is expressed as an 
absorbed rather than an administered dose, it may 
be necessary to comrt the exposure estimate 
h m  an intake into an absorbed dose for 
comparison. An example of estimating an 
absorbed dose from an intake using an absorption 
efficiency factor is provided in the box in the top 
right comer. Do not adiust ~XDOS are estimates 
for absorotion efficiencv if the toxicitv values are 
base4 on administered doses. 

c 

A3ADJUSI'MENT FOR MEDIUM 
OF EXPOSURE 

If the medium of exposure in the site 
exposure assessment differs from the medium of 

(less than 5 percent) by the gastrointestinal tract. 
A relatively conservative assumption for oral 
absorption in the absence of appropriate 
information would be 5 percent. 

eqxxsare assumed by the toxiaty value (e.& FUD 
values psually are based on or have been adjusted 
to reflect exposare via drinking water* while the 
site medium of concern may be soil), an 
absorption adjustment may, on occasion, be 
appropriate For example, a substance might be 
more completely absorbed following exposure to 
contaminated drinking water than following 
expaare to contaminated food or soil (e.&* if the 
substance does not desorb fiom soil in the 
gastrointestinal tract). Similarly, a substance 
might be more completely absorbed following 
inhalation of vapors than following inhalation of 
particalates The selection of adjustment method 
will depend upon the absorption efficienq 
inherent in the RfD or slope factor used for 
cornpaxison. To adjust a food or soil ingestion 
exposare estimate to match an RfD or slope 
factor based on the assumption of drinking water 
ingestion, an estimate of the relative absorption 
of the substance fiom food or soil and h m  warn 
is needed. A sample calcalation is provided in 
the box on the next page 

In the absence of a strong argument for 
making this adjustment or reliable information 
on relative absorption efficiencies, assume that the 



relative absorption efficiency between food or soil 
and warn is 1.0. 

If the IUD or slope hxor is expressed as an 
absorbed dose rather than an administered dose, 
it is only n v  to identify an absorption 
effiaency 8ssociBtcd witb the medium of ooncero 
in the site eqosure estimate. In the example 
above, this sitnation would muslate into a relative 
absorption of 0.3 (& 3oflOo). 

i 
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A 
Absorbed dose 

calculation 634, 639, 7-8, 7-10, 7-12 
definition 62, 64,632, 6-34, 7-10, 10-2 
following dermal contact with soil, 

sediment, or dust 639, 6-41 to 613, 7- 
16 

following dermal contact with water 634, 

radiation 10-1,10-2,10-6 
toxicity value 7-10, 7-16, 8-5, A-1, A-2 

639, 7-16 

Absorption adjustment 
dermal exposures 8-5, A-1, A-2 
medium of exposure 8-5, A-3, A-4 

Absorption efficiency 
default assumptions 634,639, A-2 to A-4 
dermal 634,639 
general 62, 7-10, 7-20, 8-5, 8-10 

Acceptable daily intakes 7-1, 7-2, 7 6  

Activity at time t 10-1 

Activity patterns 62, 6-6, 67, 624, 7-3 

Acute exposures. See Exposure - short-term 

Acute toxicants 623,628 

ADIs. See Acceptable daily intakes 

Administered dose 6-2, 6-4, 7-1, 7-2, 7-10, 8-2, 
8-5, A-1 to A 4  

Agency for Toxic Substances and Disease 
Regis~y 1-8, 2-1, 2-3, 2-4, 2-8 to 2-11, 61, 6 
17, 7-14, 8-1, 8-15, 8-24 

Air data collection 
and soil 4-10 
background sampling 4 9  

concentration Mtiability 4-9 
emission sources 4-15 
flow 4-8 
meteorological conditions 4-15,4-20 
monitoring 4-8,4-9,414 
radionuclides 10-11 
sample type 4-19 

short-term 4-15 
spatial consideradons 4-15 
temporal considerations 4-15, 4-20 
time and cost 4-21 

sampling locations 4-19 

Air exposure 
dispersion models 629 
indoor modeling 6-29 
outdoor modeling 629 
volatilization 629 

Anaiyte~ 4-2, 5-2, 5-5, 5-7, 5-10, 5-27 

Analytical methods 
evaluation 5-5 to 5-7 
radionuclides 10-12,10-13 
routine analytical senrices 4-22 
special analytical services 4-3, 4-22 

Animal studies 7-12,10-28,10-29,10-33 

Applicable or relevant and appropriate 
requirement 2-2, 2-7, 2-8, 8-1, 10-8 to 10-10 

Applied dose 62,6-4 

ARAR. See Applicable or relevant and 
appropriate requirement 

A@). See Activity at time t 

A'TSDR. See Agency for Toxic Substances and 
Disease Registry 

Averaging time 623 
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B 
Background 

anthropogenic 4-5 4-5 
comparison to site related contamination 4- 

defining needs 4-5 to 4-10,6-29,6-30 
information useful for data collection 4-1 
localized 4-5 

sampling 4-5 to 4-1410-14 
ubiquitous 4-5 

9, 4-10. 4-18 

MtUrallJ' OCClUlhg 4-54-5,8-25,10-14 

BCF. See Bioconcenuation factor 

Bench scale tests 4-3 

Benthic oxygen conditions 4-7 

Biomncentration 4-11, 6-31, 6-32 

Bioconcentration factor 6-1, 6-12,6-31,6-32 

Biota sampling 4-7, 4-10, 4-16 

Blanks 
evaluation 5-17 
field 4-22, 4-23, 5-17, 10-20 
laboratory 4-22, 5-13, 5-17 
laboratorp caliiration 5-17 
laboratory reagent or method 5-17 
trip 4-22, 5-17 

Body weight as an intake Variable 6-22,623,6- 
39, 7-8, 7-12, 10-26, 10-33 

Bulk density 4-7, 4-12 

C 
Cancer risks 

earapolating to lower doses 7-11, 7-12 
linear lowdose equation 8-6 
multiple pathways 8-16 
multiple substances 8-12 
onehit equation 8-11 
radiation 10-28 to 10-32 
summation of &12,8-16 

Carcinogenesis 7-10, 10-28 to 10-32 

Carcinogen Risk Assessment Verification 
Endeavor 7-1, 7-13 

Carcinogens 5-8, 5-21, 6-23, 7-10, 8-6, 10-30, 10- 
33 

CDI. See Chronic daily intake 

CEAM. See Center for Exposure Assessment 

Center for Exposure Assessment Modeling 61, 

Modeling 

625,631 

CERCLA See Comprehensive Environmental 
Response, Compensation, and Uability Act of 
1980 

CERCLA Information System 2-4 

CERCLIS. See CERCLA Information -rem 

Checklist for manager involvement 9-14 to 9-17 

Chemicals of potential concern 
definition 5-2 

preliminary assessment 5-8 
radionuclides 10-21 
reducing 5-20 to 5-24 

listing 5-20 

5-24 to 5-27 

Chronic daily intake 6-1,62,6-23,7-1,8-1,&6 
to 8-11 

CLP. See Contract Laboratory Program 

Combustible gas indicator 5-6 

Common laboratory antaminants 5-2, 53, 5-13, 

Comprehensive Environmental Response, 

5-16, 5-17 

Compensation, and Liability Act of 1980 1-1, 
13, 2-1 to 2-4 

Concentration-toxicity screen 5-20,5-23 

Conceptual model 444-10 

Contact rate 6-56-22 

Contract Laboratory Program 
applicability to radionuclides 10-16, 10-17, 
10-20,10-21 

I 

L 
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definition 4-2 
routine analyticai services 4-22, 5-5, 5-7, 5- 

15, 5-18, 5-20 

to 5-10, 5-18 to 5-20 
spedai analytical SeMCes 4-3, 4-22, 5-5, 5-7 

statements of work 5-5 

Contract-required detection limit. See 
Detection limit 

Contract-required quantitation limit. See 

CRAVE See carcinogen Risk Assessment 

Quantitation limit 

Verification Endeavor 

CRDL See Contract-required detection limit 

Critical study. See Reference dose 

Critical toxicity effect. See Reference dose 

CRQL See Contract-required quantitation 
limit 

curie 10-2,10-4,104 

D 
D. See Absorbed dose - radiation 

Data . 
codes 5-11 to 5-16 
positive 5-2 

. qualifiers 5-11 to 5-16 

Data quality objectives 344-1 to 4-5,4-19,4- 

DCF. See Dose conversion factor 

Decay products 10-2,10-7,10-21,10-24 

Decision Summary 9-3 

Declaration 9-3 

Dermal 

24,10-14 

absorption efEdency 6-34,6-39 
contaa with so& sediment, or dust 6-39, 6- 

contact with water 634,637 to 6-39, A-2 
41 U) 643, A-2 

exposure 4-10, 4-11, 4-14, 6-34, 6-37 to 6- 

external radiation exposure 10-22,10-23, 
39, 6-43, 8-5, A-2 

10-25,10-26 
tctxicity value 7-16 

Detection frequency 5-20, 5-22 

Detection limits 
contract-required 5-1, 5-2, 5-8 
definition 5-1, 5-2, 5-8 
evaluation 4-3 to 4-5, 5-7 to 5-11, 5-20, 6- 

instrument 4-1, 5-1, 5-7 

method 4-22, 5-1, 5-7 . 
radionuclides 10-17 to 10-20 

31 

limitations to 4-15, 4-22, 5-8 

Diff~~Mty 6-12 

Dissolved oxygen 4-7 

D L  See Detection limit 

Documentation. See Preparing and reviewing 
the baseline risk assessment 

Dose 
absorbed 

absorption efficiency A-1 to A-3 
response m e  7-12 
response evaluation 7-1, 7-2, 7-11, 7-12 

administered 6-4, 7-10, 8-2, A- 
1 to A-3 

Dose conversion factor 10-1, 10-2, 10-24, 10-25, 
10-26 

Dose equivalent 
wpmmitted 10-1, 10-2, 10-7, 10-24, 10-25, 

10-26 

26 
ef€eccive 10-1,10-2,10-7,10-24,10-25,10- 

DQO. See Data quality objectives 

Dry weight 4-7 

Dust 
exposure 6-39,6-43 
fugitive dust generation 4-3,4-5,4-15, 6-29 
transport indoors 6-29 
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E 
E See Exposure level 

ECAO. See Environmental Criteria and 
Assessment Office 

Emission sampiing 
rate 4-5, 4-7, 4-14 
strength 4 7  

Endangemtent Handbook 1-1, 2-9 

Endangerment assessments 2-1, 2-8 

Environmental Criteria and Assessment Office 
7-1, 7-15, 7-16, 7-19, 8-1, 8-5, A-1 

Environmental Evafuation Manual 1-1, 1-11, 2-9, 
4-16 

Environmental Photographic Interpretation 
Center 4-4 

EPIC See Environmental Photographic 
Interpretation Center 

Epidemiology 
sitespecific studies 2-10, 8-22, 8-24 
toxicity assesrment 7-3, 7-5 

Essential nutrients 5-23 

Estuary sampling 4-7, 413,614 

Exposure 
averaging time 623 
characterization of setting 6-2,6-5 to 
definition 6-2,8-2 
event 6-2 
expressed as absorbed doses 634,639, A-1 
for dermal route 6-34,6-39,6-41 to 6-43 
frequencyldnration 6-22 
general considerations 6-19 to 6-24 
level 8-1 
long-term 6-23 
parameter estimation 6-19 to 6-23 
pathway-specific arposmes 6-32 to 6-47 
point 62,611 
potentially exposed popalations 6-6 rn 6-8 
radionuclides cbemrcnlz * 10-22 
route 6-2, 6-11,617, 6168-2, A-1 
Short-term 6-23,8-1l,10-25,10-28,10-30 

Exposure assessment 
definition 1-6, 1-7, 6-1, 6-2,8-2 
intake calculations 6-32 to 6-47 
objective 6-1 
output for dermal contact with 
contaminated soil 6-39 

output for dermal exposare to 
contaminated water 6-34 

prelimhary 43 ,410  to 4-16 
radiation 10-22 to 10-27 
spatial considerations 6-34 to 6-26 

Exposure concentrations 
and the reasonable maximum exposure 6-19 
in air 628,6-29 
in food 6-31, 6-32 
in ground water 626,627 
in sediment 6-30 
in soil 6-27, 6-28 
in surface water 6-29,6-30 
summarizing 6-32, 6-33, 6-50, 6-52 

Exposure pathways 
components - 6 9  
definition 6-2,8-2 
mexnal radiation scposure 10-22,10-23, 

10-25,10-26 
ide;ltification 6-8 to 6-19 
multiple 6-47 
summarbhg 617,620 

F 
Fate and tI;insport assessment 6-11, 614 to 6- 

16. See d o  Exposure assessment 

Fieldblanks SeeBlmh 

Field investigation team 41,416, 4-20, 4-24, 5- 
1, 5-2 

Field sampling plan 4-1,42, 4-23,424,10-15 

Field ~Cfeen 411,420,4-21,5-5,5-6,5-24 

Fmt-order ana@& 8-20 

FIT. See Field investigation team 

Food chain 2-3, 4-7, 410, 416, 6-31, 6-32 

Fraction organic content of soil 4-7 

00~28c)  
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Frequency of detection. See Detection 
I frequency 

I t  FS. See Remedial inveStigation/feaSibility study 

FSP. See Field sampling plan 

G 
Ground-water data collection l- 

and air 4-13 
and soil 4-12 
filtered 3 unfiltered samples 4-15 6-27 

(I hydrogeologic properties 4-12 
sample 'ype 4-19 
transport route 4-11 
well location and depth 4-12 

Grouping chemicals by class 5-21, 10-21 
I 

1 

H 
HADs. See Health Assessment Documents 

HAS. See Health Advisories 

Half-life 61510-2 

Hazard identification 1-6,7-1,7-2, 10-28 to 10- 
30 

Hazard index 
chronic 8-13 
definition 8-1,8-2 
multiple pathways 8-16, 8-17 
multiple substances 8-15 8-13 
noncancer 8-158-13 
segregation 8-14, 8-15 
short-term 8-13, 8-14 
subchronic 8-13,8-14 

Hazard quotient 8-58-11 

Hazard Ranking System 2-5, 2-6, 4-1, 4-4 

HE. See Dose equivalent 

HFJ~ S ~ C  DOSC eqnivalent 

Head measaremenrs 4-7 

H d t h  2-10, 7-9, 7-10, 8-13 

Health and Environmental Efieas Documents 
7-1, 7-14, A-1 

Health a d  Emrironmental Efieces profiles 7-1, 
7-14, A-1 

Health Assessment Do~aments 7-1, 7-14, A-1 

Health Efiects -t~ 7-1, 7-14, A-1 

Health Efiects Assessment S v  Tables 7-1, 
7-14 

Health physicist 10-3,1021 

HEAS. See Health E€fkus Assessments 

HEAST. See Health Efhs Assessment 
Summary Tables 

HEEDS. See Health and Environmental Ef6tai 
Documents 

HEEPs. See Health and Environmental E&US 
profiles 

Henry's law constant 6-12 

HI. SeeHaZardindex 

HNu organic vapor detector 5-6 

Hot spots 4-10 to 4-154-17,4-19,5-27, 624,6- 
28 

HQ. See Hazard quotient 

HRS. See Hazard Ranging System 

HI. SeeD~eqaivalent  

See Dose equivalent 

Hydraulic gradient 4-7 

I 
IARC See International Agency for Research 

on Cancer 

IDL See Instrument &teaion limit 



Ingestion 
of dairy products 4-16, 6-47,- 
of fish and shellfish 4-3,4-11,4-14,4-15,4- 

of meat 4-15, 4-16, 647, 648 
of pruduce 4-16,6-43, -6-47 
of soil, sediment, or dust 6 3 9 , W  
of snrface warn 414,634,635 
while Swimming 414,634,636 

166.43, &45 
of gromd water 634,635 

htrument detection limii See Detection limit 

Inhalation 643,644 

Intake 6-2,64,6-19,621,8-2,10-26 

Integrated Risk Information System 7-1,7-2, 7- 
6, 7-12 to 7-15, 8-1, 8-2, 8-7, 8-8, 10-33 

International Agency for Research on Cancer 7- 
11 

International system of units 10-1 

Ionizing radiation. See Radionuclides, radiation 

IRIS. See Integrated Risk Information System 

K 

y3 6-12 

& 6-12 

#ow 6-l2,6-31 

Krigillg 6-19 

L 
Land use 

and risk characterization 8-10,8-20,8-26 
current 6-6 
future 6-7 

Lentic waw 4-14 

LET. See Linear en- transfer 

Level of effort 1-6 to 1-8,3-3 

Lifetime average daily intake 6-2,6-23,8-4 

Linear energy transfer 10-1,10-2,10-28,10-29, 

Linearized multistage model 7-12,&6 

Lipid content 4-7, 10-14 

LLD. See Lower limit of detection 

LOAEL see Lowest~bserved-adversHffeu- 

10-31 

level 

Lotic waters 4-l3,4-14 

Lower limit of detection 10-1 

Lowest-observed-adverse-effa-level 7-1, 7-5 7- 
7, 8-1 

M 
Management tools 9-1, 9-14, 10-1, 10-34 

Maximum contaminant levels 1-8,5-8 

M(=Ls, See Maximum contaminant levels 

MDL See Method detection limit 

Media of concern 
air 4-14 
biota 4-15 
ground water 4-12 
sampling 4-543,410 to 4-16 
soil 4-11 
surface water/sediments 4-l3 

Metals 
absorption by gastrointestinal m u  A-2, A- 

defauit assumptions for A-2 
3 

Method detection limit See Detection limit 

MeV. See Million electron volts 

MF. See Modifying factor 

Million elearon volts 10-1,10-5 

!’ 
..A 

.- 
Life history stage 4-7 
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Modeling 4-3 to 4-8, 5-8, 5-22, 5-27, 6-25,&26, 
8-18 to 8-20 

Modifying Pactor 7-7, 7-21, 8-4, 8-8, 10-1, 10-2, 
10-6 

Monte Carlo simulation 8-19, 8-20 

Mdtistage modeL See bearized multistage 
model 

N 
N. See Dose equivalent 

National Oceanographic and Atmospheric 
Administration 6-1,6-6 

National Oil and Hazardous Substances 
Pollution Contingency Plan 1-1, 2-2, 24, 2-5 

National Priorities List 2-3,2-5, 2-6, 10-1 

National Response Cent= 2 4  

National Technical Guidance Studies 6 1  

NCP. See National Oil and Hazardous 
Substances Pollution Contingency Plan 

ND. See Nondetect 

NOAA. See National Oceanographic and 
Atmospheric Administration 

NOAEL See No-observed-adverse-effect-1-1 

Noncancer hazard indices. See Hazard index 

Noncancer hazard quotient. See Hazard 
quotient 

Noncarcinogenic threshold toxicants 7-6 

Nondetects 5-1, 5-2, 5-7, 5-10, 5-11, 5-15, 5-16 

No-observed-adverse-effect-level 7-1, 7-2, 7-7, 8- 
1 

Normalized exposure rate 6-4, 8-2, A-2 

NPL See National Priorities List 

NRC See Nuclear Regulatory Commission 

NTGS. See National Technical Guidance 
StUdieS 

Nuclear Regulatory Commission 8-1,1044 

Nuclear transformation 10-2 

0 
OAQPS. See Office of Air Quality Planning 

and Standards 

OERR. See Office of Emergency and Remedial 
Response 

Office of Air Quality Planning and Standards 6- 
1 

Office of Emergency and Remedial Response 1- 
1 

Office of Radiation Programs 10-3, 10-10, 10-14, 
10-24 to 10-26 

OperabIe units 1-8, 1-9, 3-1, 3-2, 5-24 

Oral absorption A-2, A-3 

Oral cancer potency factor adjustment A-3 

Oral reference dose adjustment A-2 

Organic carbon content 4-7, 4-12, 5-5 

Organic vapor analyzer 5-6 

OVA See Oxygen vapor analyzer 

Oxygendeficient atmosphere 5-6 

P 
PA See Preliminary assessmenthite inspection 

Partition coefficient 4-7, 631,632 

P M L  See Prelimimy assessmentbite 
inspection 

PC See Permeability constant 

PE See Performance evaluation 

, 
/ 
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Performance evaluation 5-1, 5-5 

Permeability constant 6-34,10-26 

Persistence 4-2, 5-21, 6-4, 623, 6-24 

pH 4-7 

PHE See Public health evaluation 

Porosity 4-7, 4-12 

PQL See Practical quantitation limit 

Practical quantitation limit 5-1 

Prehnimy assessment/site inspection 2-4, 2-5, 
2-6, 4-2, 4-4, 6-5 

Preliminary rexxiediation goals 1-3 to 1-5, 1-8, 8- 
1 

Preparing and reviewing the baseline risk 

addressing the objectives 9-1, 9-2 
communicating the results 9-1, 9-2 
documentation tools 9-1 to 9-8 
other key reports 9-3 
review tools 9-3, 9-9 to 9-14 
scope 9-2, 9-3 

assessment 

PRGs. See Prelimhay remediation goals 

Primary balancing criteria 1-9 

Proxy concentration 5-10 

Public health evaluation 1-11 

Q 
Q. See Dose equivalent 

QAPjP. See Quality assurance project plan 

QNQC See Quality AssuranWQuality Control 

Q L  See Quantitation limit 

Qualifiers. See Data 

Quality assurance project plan 4-1,4-2,4-23 

Quality assurance/qaality control 34,4-1,4-3,5- 
1, 5-29 

Quality factor 10-2,106 

Quantitation limit 
compared to health-based concentrations 5- 

contract-required 5-1, 5-2, 5-8 

evaluation 5-1 to 5-9, 10-20 

radionuclides 10-17 to 10-20 
sample 5-8 
strategy 4-21 

2, 5-5, 5-7, 5-8, 5-11 

definitions 5-2, 5-5, 5-8 

high 5-10 . 

Unavailability 4-3, 5-10 

R 
RA. See Remedial'action 

Radiation. See Radionuclides, radiation 

Radiation advisory groups 
International Canmission on Radiation 

National Academy of Sciences 10-28, 10-29 
National Council on Radiation Protection 

United Nations Scientific committee on 

Protection 10-3,10-9,10-28 

and Measurements 10-9,10-28 

the Effects of Atomic Radiation 10-28, 
10-29, 10-30 

Radiation detection instruments 
gas proportional counters 10-12, 10-13 
Geiger-Mueller (G-M) counters 10-11, 10- 

ionization chambexs 10-11 to 10-13 
scintillation detectors 10-11 to 10-13 
solid-state detectors 10-l2,10-13 

12 

Radiation units 
becquerel10-1,10-2,10-4,10-6 
curie 10-1,10-2,104,10-6 
picocurie 10-1 
rad 10-2,10-6 
rem 10-2 
roentgen 10-2, 10-6 
sieven 10-1,10-2,10-6 
working level 10-7 
working level month 10-7 
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Radionuclides, radiation . 
alpha particles 10-4,10-5, €0-28 
beta particles 10-4,10-5,10-28 
decay products 10-2, 10-7, 10-21,10-24 
definition 10-2 
external 10-2 
half-life 10-2 
internal 10-2 
ionizing 10-2 
linear energy transfer 10-2,10-28,10-29, 

lower Limit of detection 10-17,10-20 
neutrons 10-4 
photons 10-4, 10-5,10-28 
positrons 10-4 

radioactive decay 10-2,10-2 
radon decay produas 10-7 
regtilatory agencies 10-8, 10-9 
relative biological effectiveness 10-1, 10-6, 

risk characterization 10-32 to 10-34 
toxicity assessment 10-27 to 10-32 

10-31 

quality factors 10-2,10-6,10-29 

10-29 

RAS. See Routine analytical Senrices 

RBE See Relative biological effectiveness 

RCRA See Resource Consenration and 
Recovery Act 

RD. See Remedial design 

' t  

i 

i 

Reasonable maximum exposure 
and body weight 622,623 
and contaU rate 6-22 
and exposure concentration 6-19 
and exposure freqaency and duration 6-22 
and risk characterization &1,&15,816,& 

definition 6-1,646-5 
estimation of 619 to 6-23, 8-l5,&16 

26 

devel~pmta l  7-1, 7-6, 7-9, 8-2 
inhalation 7-8 
oral 7-6, 7-7 
subchronic 7-1, 7-2, 7-6, 7-8, 7-9, 8-2, 8-9, 

verified 7-10 
8-14 

Regional Radiation Program Managers 10-3,10- 
10 

Relative biological effectivemi& 10-1,10-6,10- 
29 

Release sources 6-10 

Remedial action 1-3, 1-8 to 1-10. 2-5, 2-7, 2-9, 
3-1, 3-2, 6-8, 10-8 

Remedial action objectives 1-3, 1-8, 2-7 

Remedial design 2-5, 2-6, 2-9 

Remedial hvestigatiodfeasibility study 1-1 to 1- 
5, 1-8 to 1-10, 2-5 to 2-7, 3-1 to 3-3, 4-1 to 
4-5,4-23,8-1 

Remedial project manager 
and background sampling 4-8 
and elimination of data 5-2, 5-17, 5-20, 5- 

and ground-water sampling 4-13 
and radiation 10-3 
and reasonable maximum exposure 6-5 
and scoping meeting 4-3 
definition 1-2 
management tools for 9-14 to 9-17 

21 

Remedy selection 1-9, 2-5 

Resource Conservation and Rec~ve~y Act 2-7, 
10-8 

Record of Decision 2-5, 9-3 

Redox potential 4-7 

Reference dose 
chronic 7-1, 7-2, 7-5, 8-1, 8-2, 8-8, 8-10, 8- 

critical toxic &ea 7-7, 84, 810, 8-l5 
critical study 7-7 
d a t i o n  7-1, 7-2, 8-2, A-2 

13, A-1, A-2 

Reviewing the risk assessment See Frepanng 
and reviewing the baseline risk assessment 

RfD. See Reference dose 

RfDh S a  Reftrence dose 

RflD, See Reference dose 
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RL See Remedial invstigationtfeasibility study 

RI/FS. See Remedial investigatiodfeasibility 
study 

Risk assessment reviewer 1-2, 9-1, 9-3, 9-9 to 9- 
14 

Risk assessor 
definition 1-2 
tools for documentation 9-1 to 9-8 

Risk characterization 1-6, 1-7, 8-1 

Risk information in the RUFS process 1-3 to 1- 
10 

Risk manager 1-2 

RME See Reasonable maximum exposure 

ROD. See Record of Decision 

Route-to-route extrapohtion 7-16 

Routine analytical services. See Contract 
Laboratory P r o w  

RPM. See Remedial project manager 

S 
SaLinity 4-7, 4-14, 6-5 

Saltwater incursion extent 4-7 

Sample Management Office 4-1, 4-2, 5-1, 5-5 

Sample quantitation iimit 5-1. See alro 
Quantitation limit 

Samples. seesampling 

sampling 
annual/seasonal cycle 4-20 
composite 4-11, 4-14, 4-19 
cost 4-10, 4-17, 418,420, 4-21 
depth 4-7, 4-11, 4-12, 4-19 
devices 4-21 
grab 4-19 
purposive 4-9,410, 4-12, 4-18, 4-19 
radionuclides 10-10 to 10-16 
random 4-9,4-12,4-18 to 4-20 

routes of contaminant transport 4-10 to 4- 

strategy 4-16 
systeaatic 4-1&4-19 

16 

Sampling and analysis plan 1-4, 4-1,4-2, 4-3, 4- 

SAP. See Sampling and ana@& plan 

SARA See Superfund Amendments and 

22 to 4-24 

Reauthorization Act of 1986 

SAS. see Special analyrical services 

*Ping 
meeting 4-3, 4-18, 4-22, 4-23, 9-15, 10-15 
of project 1-3 to 1-5, 1-8, 2-7, 3-2, 3-3 

SDL See Subchronic daily intake 

SEAU See S u j w j i d  Eqwmre Assessment 

Segregation of hazard indices 8-14,8-15 

Selection of remedy. See Remedy selection 

Semi-volatile organic chemical 5-1 

SL See International System of Units, 

M d  

Preliminary assessmentbite inspeuion 

Site discovery or notibtion 2 4  

Site inspection. See preliminary assessmentbite 
inspection 

Skin 5-29,7-16,10-4, lO-a,10-22,10-29. Set 
also Dermal 

Slope factor 5-9, 5-21, 7-3, 7-11 to 7-U, 7-16, 8- 
1, 8-2 to 8-7.8-10 to 8-12, 10-2, 10-33, A-1 
to'A4 

SMO. See Sample management office 

Soil data collection 4-11 
and ground water 4-12 
depth of samples 4-12 
heterogeneity 4-11 
hot spots 4-11 

( '  , 

t, 

c; 
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Solubility 6-12 

Sorption 6-27 

SOW. See Statements of work 

Special analytical services See Contract 

Spec& organ 4-7,10-7,10-22 

SPHEU SeesupcrfimdhblicHkahh 

Laboratory Program 

Evrriuation Mmrucll 

SQL See Sample quantitation limit 

Stability class 4-7 

Statements of work. See Contract Laboratory 
program 

StatistiGI 
and background 4-8 to 4-145-18 
certainty 443,417,418 
methods 44,418 
power 49,418 
sampling strategy 4-16 to 4-20 
variability 69,418 

Structure-activity studies 7-5 

Subchronic daily intake 6-1,6-2,6-23,7-1,8-1 

Superfund See Comprehensive Environmental 
Response, Compensation, and Liability Act of 
1980 

Superfund Anendmeats and Reauthoxization 
Act of 1986 1-11, 2-1 to 2-4 

superfund lztpxwz Asesmau Manual 2-1,2-8, 
6-1 

SlrPQfiurd hbk Hcrrihh Evaliration Manual 1-1, 
2-8 

SVOC See Semi-volatile or-? chemid 

T 
T. see?cssae 

TAL See Target analyte list 

Target analyte list 4-1, 4-2, 5-5, 5-8, 5-17 

Target compound list 4-1, 4-2, 4-22, 5-1, 5-5, 5- 

Tm See Target aompound list 

Tentatively identilled compound 4-1, 5-1, 5-13, 

8, 5-17, 5-21, 10-20 

5-17, 5-18 

'Ihermocline 4-7 

TIC See Tentatively identifiexl compound 

'ITdal cycle 4-7.4-14 

Tissue 10-1 

TOC See Total orgauic carbon 

Tools 
docamentation 9-1 to 9-8 
-gmeIlt 9-13 to 9-17 
review 9-3, 9-9 to 9-14 

TOPograPhY 4-7 

Total organic carbon 5-1 

Total organic halogens 5-1 

TOX See Total organic halogens 

Toxicity assessment 1-6, 1-7.7-1, 7-4, 10-27 to 

Taxidtyvalnes 

10-32 

absorbed E ndministerPn dose 7-10, A-1 
definition 7-3 

hierarchy of information 7-15 

radiation 10-22,10-32 
reducing number of chemicals 5-21.5-23 

gtneratiOn Of 7-16 

oral 7-16,10-33, A-2 

Tfamfercoeffhn ' ts6-32 

Transformation 5-20,6-27,7-5,10-2,10-3,10-5 

Treatability 5-2l 

Tripblanks, SeeBlanks 
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U 
UFs. SeeUncenaintyfaaors 

Uncertainty analysis 
exposure 6-17, 6-34, 647, 6-49 to 6-51, 8- 
18, 8-22 

8-20,822 
facton 7-7 to 7-10, 8-4, a, 8-9, 8-17, 8-18, 
first-order analysis 8-20 
model applicability and assumptions 6-50, 

Monte Carlo simulation 8-20 
multiple substance exposure 8-22 
parameter value 819 

radiation 10-27, 10-33 
risk 8-17 
semiquantitative 8-20 

8-18 to 8-22 

qualitative 8-20,8-21 
quantitative 8-19,8-20 

toxicity 7-19, 7-20, 8-22 

Uncertainty factors. See Uncertainty analysis - 
factors 

Unit risk 7-13 

U.S. Geological survey 6-1, 66 

USGS. See U.S. Geological Survey 

V 
Vapor pressure 6-12 

VOC See Volatile organic chemical 

Volatile organic.chemical 4-2, 5-1, 5-17, 6-31 

W 
Water hardness 4-7 

Weighting factor 10-1,10-2,10-7 

Weight-of-evidence classification 5-20, 7-3, 7-9, 
7-11, 8-2, 8-4, 8-7, 8-10 

Whole body 4-7,4-166-31,10-6,10-7 

Workplan 4-1, 4-4, 4-22 to 4-24, 9-15 

W, See Weighting b r  




