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• ABOUT THE REVISION ..• 

WHATlT 	 EPA's HumtJII Htaith Evaluation Manual is a revJSlon of the Superfund Publk 
IS 	 Htailh Evaiutuion ManuoJ (SPHEM; Oct~bel1986); it is Volume I of the two-volume set 

called Risk Assa.snu!IU GuiIJI:mu for Sup • 'J."bjs manual has three main parts: the 
baseline risk assessment (pan A); refinement. of preliminary remediation goals (pan B); and 
evaluation of remedial alternatives (pan q. (Only Pan A is included in the fll'St 
distribution; see below.) . 

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

WHAT'S 	 'J."bjs revision builds upon the process established in SPHEM and provides more detailed 
NEW 	 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 (RIIFS) have been strengthened. 

• In Pan A you will find: 
I 

For the risk assessor -- Updated ptocedures and policies, specifiC equations and 
variable values for estimating expospre, 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 ~he risk assessment. 

For the RPM -- A comprehensive overview of the risk assessment process in the 
RIfFS. 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 S) 
to help summarize and present risk !information for the decision-maker. and more 
detailed descriptions of uncertainties in the assessment. 

I 
DISTRIBU	This manual is being distributed as an interim final document while the proposed NCP is 
TION PLAN 	 being finalized. After the final NCP is published, the manual will be updated and finalized. 

Pans Band 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. 

WHERE Toxies Integration Branch 

TO SEND Office of Emergency and Remedial Response 


• 
COMMENTS 401 M Street, SW (OS-nO) 


Washington, DC 20460 
 )
Phone: 202-475-9486 
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NOTICE 

i 

The policies and procedures set forth here are intended solely as guidance to EPA and other 
government employees and contractors. This guidance does °not constitute rulemaking by the Agency. and 
cannot be relied on to create a substantive or procedural right enforceable by any pany 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 
Federal Register 51394). The final NCP may adopt policies different 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 aU 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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The Comprehensive Environmental Respome., sampling and environmental setting data for a site. 
Compensation, and Liability Act (CERCLA) P~g for both assessments should begin during 
requires that actions selected to remedy hazardous the s~ping stage of the RIIFS, and site sampling 
waste sites be protective of human health and the and Other data collection activities to suppon the 
environment. CERCLA also mandates that when two !assessments should be coordinated. An 
a remedial action results in residual contamination example of this type of coordination is the 
at a site, future reviews must be planned and sampling and analysis of fish or other aquatic 
conducted to assure that human health and the organisms; if done properly, data from such 
environment continue to be protected. As pan of sampling can be used in the assessment of human 
its effon to meet these and other CERCLA health risks from ingestion and in the assessment 
requirements, EPA has developed a set of of damages to and potential effects on the aquatiC 
manuals, together entitled Rlsk Assusment eoosystem. 
Guidance for Superfund. The Human Health 
Evaluation Manual (Volume I) provides guidance The two manuals in this set target somewhat 
for developing health risk information at different audiences. The Environmental Evaiuanon 
Superfund sites, while the Environmental Manual is addressed primarily to remedial project 
Evaluation Manual (Volume II) provides guidance managers (RPMs) and on-scene coordinators 
for environmental assessment at Superfund sites. (OSCS), who are responsible for ensuring a 
Guidance in both human health evaluation and thorough evaluation of potential environmental 
environmental assessment is needed so that EPA effects at sites. The EnvironmOltal Evaluation 
can fulfill CERCLA's requirement to protect Manual is Dot a detailed "how-to· type of 
human health and the environment. gui4nce, and it does not provide ·cookbook" 

appljOaches for evaluation. Instead. it identifies 
The Rlsk AssusmOlt Guidance for Superfund the kinds of help that RPMs/OSCs are likely to 

manuals were developed to be used in the need and where they may find that help. The 
remedial investigation/feasibility study (RIIFS) manual also provides an overall framework to be 
process at Superfund sites. although the analytical used in considering environmental effects. An 
framework and specifiC methods described in the environmental evaluation methods compendium 
manuals may also be applicable to other published by EPA's Office of Research and 
assessments of hazardous wastes and hazardous Development, Ecological AssessmentS ofHazardous 
materials. These;, manuals are companion Waste Situ: A Field and Laboratory Reference 
documents to EPA's Guidance for Conducting Document (EPAJ60013-89/013), is an important 
Remedial Investigations and Feasibility Studies reference to be used with th~ manual. 
Under CERCLA (October 1988), and users should I 
be familiar with that guidance. The two • The Human Health Evaluanon Manu.al is 
Superfund risk assessment manuals were developed add~essed primarily to the individuals actually 
with extensive input from EPA workgroups conducting health risk assessments for sites. who 
comprised of both regional and headquaners staff. frequently are contractors to EP As other federal 
These manuals are interim final guidance; final agencies, states, or potentially responsible panies. 
guidance will be issued when the revisions It also is targeted to EPA staff. including those 
proposed in December 1988 to the National Oil responsible for review and oversight of risk 
and Hazardous Substances Pollution Contingency assessments (e.g., technical staff in the regions) 
Plan (NCP) become final. and those responsible for ensuring adequate 

evaluation of human health risks (i.e., RPMs). 
Although human health risk assessment and The Human Health Evaluation Manual replaces a 

environmental assessment are different processes. previous EPA guidance document. The Superfund )
they share cenain common information needs and Public Health Evaluation Manual (October 1986), 
generally can use some of the same chemical which should no longer be used. The new manual 

I 
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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 invalidate 
human health risk assessments completed before 
(or in progress at) the publication date. 

The Hunum HeoJth Evaluation Manual 
provides a basic framework for health risk 
assessment at Superfund sites, as the 
Environmmtlll Evaluation Manual does for 
environmental assessmenL The Ruman ReoJ.rh 

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 
available on human health risk assessment and the 
eztcDSm: Superfund program. ezperience 
conducting such assessments for sites. Even 
though the Human Health Evab.u:llio", Manual is 
comiderably more specific than the Environmemal 
Evabu:uion Manual, it also is not a ·cookbook,· 
and proper application of the guidance requires 
substantial expertise and professional judgmenL 
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CHAPTER 1 


i 
I 

INTRODUCTION 


The Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, as 
amended (CERCLA, or ·Superfund-), establishes 
a national program for responding to releases of 
hazardous substances into the environmenL 1 The 
National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) is the regulation that 
implements CERCLA. 2 Among other things, the 
NCP establishes the overall 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 described 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 1988a; 
EPA 1989a) and other Agency-wide risk 
assessment policy. The Human Health Evaluation 
Manual revises and replaces the Superfund Public 
Health Evaluation Manual (EPA 19861).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 Health Evaluation 
Manual together with the companion 
Environmental Evaluarion Manual (EPA 1989b) 
replaces EPA's 1985 Endangemrem Assessmem 
Handbook, which should no longer be used (see 
Section 2.2.1). 

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 
still be adequately protective of public 
health; 

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

• 	 provide a consistent process for 
evaluating and documenting public he.llth 
thre.l ts at sites. 

The human health evaluation process 
described in this manual is an integral pan of the 
remedial response process defined by CERCLA 
and the NCP. The risk information generated by 
the human health evaluation process is designed 
to be used in the remedial investigationif~sibility 
study (RIIFS) at Superfund sites. Although risk 
information is fundamental to the RIfFS 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 EP A program management 
prindples intended to promote the effiCiency and 
effectiveness of the remedial response process. 
Chief among these principles is a bias for action. 
EPA's Guidance for Col'Uiucting Remedial 



• Investigations and Feasibility Sntdies Under 
CERCLA (EPA 1988b) also was revised in 1988 
to incorporate management initiatives designed to 
streamline the RIIFS process and to make 
information collection activities during the RI 
more efficienL The Risk Assessment Guidance for 
Supl!1fund, of which thisHW72IlIJ HetUth EvaluDtion 
Manum is Volume I,s has been developed to 
reflect the emphasis on streamlining the remedial 
process. The Human Health Evaluation Manum 
is a .companion document to the RI/FS guidance. 
It provides a basic framework for developing 
health risk infonnation at Superfund sites and also 
gives specific guidance on appropriate methods 
and data to use. Users of the HW72IlIJ Heo.llh 
Evaluation Manual should be familiar with tbe 
RIIFS guidance, as well as with other guidances 
referenced throughout later chapters of this 
manual. 

• 
The Human Hea/Jh Evaluation Manum is 

addressed primarily to the individuals actually 
conducting human health evaluations for sites 
(frequently contractOrs to EP~ other federal 
agencies, states. or potentially responsible panies) . 
It also is targeted to EPA staff responsible for 
review and oversight of risk assessments (e.g., 
technical staff in the regions) and those 
responsible for ensuring an adequate evaluation of 
human health risks (i.e., remedial project 
managers, or RPMs). Although the terms risk 
assessor and risk assessment reviewer are used in 
this manual. it is emphasized that they generally 
refer to ~ of individuals in appropriate 
disciplines (e.g., toxicologists, chemists, 
hydrologists, engineers). It is recommended that 
an appropriate team of scientists and engineers b.e 
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 witb the resources at tbeir 
disposal. 

Individuals having different levels of scientific 
training and experience are likely to use the 
manual 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 
!!Q! intended to instruct non-technical personnel 
how to perform technical evaluations, nor to allow 

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

Risk Assessor. The individual or team or individuals 
who actually organizes and analyzes site dac.a. develops 
c:zposure and risk calculations, ud prepares buman 
health evaluation (i.e.. risk asscumcuI) repons. Risk 
assc::ssor:s Cor SUperfund liles frequently an: conuactors 
to EPA. other federai aplCicI. stiteS, or POlCUtiaiJy 
n:aponsibl~ panie:s. 

Risk As:!esment'Revi!O!l!5t. The iDdi¥iduaior _ of' 
iDdMdaals withirum £PA rqioa wbo pn:wides tecbDicaI 
ovenipi and quality assur.w:e rCYiew of human .health 
cvalualioll activities. 

Remedial Project Manager (RPM). The individual who 
manages and avcnees all RIIFS activitic::a. inciudiDgthe 
bUIDaD health evalualion, tor a site. The RPM is 
responsible {or ensuring adequate evaluation or humaD 
bealth rUb and Cor dcsermiDiDlthe level or re:soun:es 
to be committed 10 Ibe inlmaD bealth evaluatioD. 

Rist Manager. The indMdual or pDup of iadMduaJa 
wbo servc::a. IS pimaIy decisioD-mater ror a site. 
paaUy rqiouJ. Superfund management ill 
comultatioD with tbe RPM and memOen at the 
technical staff. The idClllity of tbe risk managu may 
ditter [rom rqiOl1 to regioa aDd Cor sites oC varying 
cumplcdty. 

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 
I EPA regional risk assessment contacts and 
: appropriate headquarters staff when encountering
I unusual or particularly complex technical issues. 

The rust three chapters of this manual 
provide background infonnation 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 RIIFS. 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 Ihe 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 RI/FS 

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 
environmenL The remedial investigation and 
feasibility study (RIIFS) is the methodology that 
the Superfund program has established for 
characterizing the nature and extent of risks posed 
by uncontrolled hazardous waste sites and for 
developing and evaluating remedial options. The 
1986 amendments to CERCLA reemphasized the 
original statutory mandate that remedies meet a 
threshold requirement to prOtect human health 
and the environment and that they be cost
effective, while adding new emphasis to the 
permanence of remedies. Because the RI/FS is an 
analytical process designed to suppon risk 
management decision·making for Superfund sites •. 
the assessment of health and environmental risk 
plays an essential role in the RIfFS. 

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

(1) 	 baseline risk assessment (described in 
Pan A of this manual); 

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

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

health evaluation to the stages of the RIfFS. 
which are: 

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

• 	 establishment of remedial action 
objectives (FS); 

• 	 development and screening of 

alternatives (FS); and 


• 	 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 i~t1uences 
the development of remedial alternatives in the 
FS. wbich in turn affects the data needs and scope 
of treatability studies and additional field 
invcs'liigations. The RI/FS should be viewed as a 
nexibie 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 described 
here should be viewed the same way. 

Two concepts are essential to the phased 
R.UFS approach. First. initial data collection 
efforts develop a general understanding of the site. 
SUbsequent data collection effon 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 direaed toward providing 
information relevant to selection of a remedial 
action. In this way, the overall site 
characterization effon can be continually scoped 
to minimize the collection of unnecessary data and 
maximize data quality. 

The RI/FS provides decision-makers with a..... Because these risk information acuvlUes are technical evaluation of the threats posed at a site. 
intertwined with the RI/FS. this section describes a characterization of the potential routes of 
those activities in the context of the RI/FS exposure, an assessment of remedial alternatives 
process. It relates the three parts of the human (including their relative advantages and 



• disadvantages), and an analysis of the trade-ofCs in 
selecting one alternative over another. EPA's 
interim final Guidance for Conducting Remedial 
Investigations and Fwsibiiily Studies under 
CERCLA. (EPA 1988b) provides a detailed 
structure for the RIIFS. The RIIFS guidance 
provides further backgroUlld that is belpful in 
understanding the place of the human bealth 
evaluation in the RIIFS process. The role that 
risk information plays in these Stages of the RI/FS 
is described below; additional background can be 
found in the RIIFS guidance and in a summary of 
the guidance found in Chapter 2. Exhibit 1·1 
illustrates the RIIFS process, showing where in tbe 
process risk information is gathered and analyzed. 

1.1.1 PROJECf SCOPING 

The purpose of project scoping is to define 
more specificaUy 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.) 

PROJECf SCOPING 

Program experience has shown [hat scoping is a very 
impon:lnt step ior th~ human health evaluation process. 
and both the health and environmental evaluation learns 
need to get involved in the RIIFS during the scoping 
stage. Planning Cor site data collection activities is 
necessary 10 focus the hUmaJI health evaluation (and 
environmental evaluation) on tbe minimum amount of 
sampling informalion in order 10 mea time.34d budget 
coDSU'aiDu, while at lhe same time ensuring thai enougb 
information is gathered to 8i1SCSS rislcs adequately. (Sec 
Chapter 3 for information on planning the human health 
evaluation.) 

• 


.J 
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 seeping 
are to identify the types of decisions that need to 
be made, to determine the types (including 
quantity and quality) of data needed, and to 
design efficient studies to collect these data. 
Potential Site-specific modeling activities should 
be discussed at initial, scoping meetings to ensure 
that modeling results will supplement the sampling 
data and effectively support risk assessment 
activities. 

1.1.2 SITE CHARACTERIZATION (Rl) 

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: 

• 	 coUection and analysis of field data t( '.) 

characterize the site; 

• 	 development ot a baseline risk 
assessment for both potential human 
health effects and potential 
environmental effects; and 

• 	 treatability studies, as appropriate. 

Part of the human health eval uation, the 
baseline risk assessment (Part A ot this manual) 
is an analysis of the potential adverse health 
effects (current or fUlure) 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 contributes to the site 
characterization and SUbsequent development, 
evaluation, and selection of appropriate response 
alternatives. The results of the baseline risk 
assessment are used to: 

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

)modify preliminary remediation goals; • 
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EXHIBIT 1-1 

RISK INFORMATION ACTIVITIES IN THE RIfFS PROCESS 
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• • help suppon selection of the ftno-action ft 

remedial alternative, where appropriate; 
and 

• 	 document the magnitude of risk at a 
site, and the primary causes of that risk. 

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

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

All 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 condi.tions 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 aU potential pathways of exposure; 
estimating exposure point concentrations for 

• 
specific pathways, based both on environmental 
monilOring data and predictive chemical modeling 
results; and estimating contaminant intakes for 
specific pathways. The results of this assessment 
are pathway-specific intakes for current and future 

J 
exposures to individual substances. (Chapter 6 
addresses exposure assessmenL) 

The toxiciN assessment component of the 
Superfund baseline risk assessment considers: (1) 
the types of adverse health effects associated with 
chemical exposures; (2) the relationship betweeD 
magnitude of exposure and adverse effects; and (3) 
related uncenainties such as the weight of 
evidence of a panicular chemical's carcinogenicity 
in humans. Typically, the Superfund site risk 
assessments rely heavily on existing toxicity 
information developed on specific chemicals.· 
Toxicity assessment for contaminants found at 
Superfund sites is generally aa:omplished in two 
steps: ha2ard identification and dose-response 
assessmenL The first step, ha2ard 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 quantitativelv ....... ').
evaluating the toxicity infonnation an 
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 transpon 
modeling to determine whether current or future 
levels at or near the site are of potential concern. 
(Chapter 8 addresses risk characteriza tion.) 

The level of effort required to conduct a 
baseline risk assessment depends largelv. 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 funher (or 
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EXHIBIT 1-2 
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limited) action will be necessary. the FS sbould be (Part B of this manual addresses the refinement 
scaled·down as appropriate. of preliminary remediation goals). These refined 

preliminary remediation goals are based both on 
The documents developed during site risk assessment and on chemical-specific A.RARs. 

characterization include a brief preliminary site Thus, they are intended to be protective and to 
characterization summary and tbe draft RI repan, comply with ARARs. The analytical approach 
which includes either the complete baseline risk used to develop these refined goals involves: 
assessment repon or a summary of it. The 
preliminary site characterization summary may be • identifying chemical.specific ARARs; 
used to assist in identification of ARARs and may 
provide the Agency for Toxic Substances and • identifying levels based on risk 
Disease Registry (ATSDR) with the data Decessary assessment where chemical-specific 
to prepare its health assessment (different from ARARs are not available or situations 
baseline risk assessment or other EPA human where multiple contaminants or multiple 
health evaluation activities; see Chapter 2). The exposure pathways make ARA.Rs not 
draft RI tepan is prepared after the completion protective; 
of the baseline risk assessment, often along with 
the draft FS report. • identifying non-substance-specific goals 

for exposure pathways (if necessary); and 
1.1.3 FEASIBILITY STUDY 

• determining a refined preliminary 

• 
The purpose of the feasibility study is to remediation goal that is protective of 

provide the decision-maker with an assessment of human health for all substance/exposure ).. 
remedial alternatives, including their relative pathway combinations being addressed. 
strengths and weaknesses, and tbe made-offs in 
selecting one alternative over another. The FS ! Development and screening of alternatives. 
process involves developing a reasonable range of !Once remedial action objectives have been 
alternatives and analyzing these alternatives in developed, general response actions. such as 
detail USing nine evaluation criteria. Because the treatment, containment, excavation, pU,mping, or 
RI and FS are conducted concurrently, this other actions that may be taken to satisfy those 
development and analysis of alternatives is an Objectives should be developed. In the process of 
interactive process in which potential alternatives developing alternatives for remedial action at a 
and remediation goals are continually refined as site, two imponant activities take place. First. 
additional information from the RI becomes volumes or areas of waste or environme]1tal media 
available. that need to be addressed by the remedial action 

are determined by information on the na ture and 
Establishing protective remedial action extent of contamination. ARARs. chemical.specific 

objectives. The first step in the FS process :environmental fate and toxicity information. and 
involves developing remedial action objectives tbat ,engineering analyses. Second', the remedial action 
address contaminants and media of concern. 1llternatives and associated technologies are 
potential exposure pathways, and preliminary screened to identify those that would be effective 
remediation goals. Under tbe proposed revised for the contaminants and media of interest at the 
NCP and the interim RI/FS guidance. preliminary site. The information developed in these two 
remediation goals typically are formulated first activities is used in assembling technologies into 
during project scoping or concurrent with initial alternatives for the site as a whole or for a 
RI activities (i.e., prior to completion of the specific operable unit. 
baseline risk assessment). The preliminary 
remediation goals are therefore based initially on The Superfund program has long permitted 

• 
readily available chemical-specific ARARs (e.g., remedial actions to be staged through multiple J" 
maximum contaminant levels (MCLs) for drinking operable units. Operable units are discrete 
water). Preliminary remediation goals for actions that comprise incremental steps toward the 
individual substances are refined or confirmed at final remedy. Operable units may be actions that 
the conclusion of the baseline risk assessment completely address a geographical ponion of a site 
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~~ letific site problem (e.g., drums and tanks. 
.,-nrininated 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 
.". '.ial alternatives are initially developed. it may
~;l;,.ecessary to screen the alternatives to narrow 

the list to be evaluated in detail Such screening 
aids in streamlining the feasibility study while 
ensuring that the most promising alternatives are 
being considered. 

Detailed analysiS of alternatives. During the 
detailed analysis, each alternative is assessed 
against specific evaluation criteria and the results 
of this assessment arrayed such that comparisons 
between alternatives can be made and key trade
ofts 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 RIfFS 
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; 

(2) 	 compliance with ARARs (unless waiver 
applicable); . 

(3) 	 long-term effectiveness and permanence; 

(4) 	 reduction of toxicity, mobility, or volume 
~ugh the use of tteatment; 

I 
(5) 	 short-term effectiveness; 

(6) 	 implementability; 

(7) 	 cost; 

(8) 	 state acceptance; and 

(9) 	 community acceptance. 

Risk information is required at the detailed 
analysis stage of the RI/FS 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 (le.,ioverall protectiveness and compliance 
with A.RA.Rs) are threshold determinations and 
must be met before a remedy can be seletted. 
Evaluation of the overall protectiveness of· an 
alternative during the RIJFS should focus on how 
a specific alternative achieves protection over time 
and how site risks are reduced. 

The next five criteria (numbers 3 through 7) 
are primary balancing criteria. The last two 
(numbers 8 and 9) are considered modifying 
criteria, and risk information does not play a 
direct role in the analysis of them. Of the five 
primary balancing criteria, risk information is of 
particular importance in the analysis of 
effectiveness and permanence. Analysis of long
term effectiveness and permanence involves an 
evaluation of the results of a remedial action in 
terms of residual risk at the site after response 
Objectives have been met. A primary focus of this 
evaluation is the effectiveness of the controls that 
will be applied to manage risk posed by treatment 
residuals andlor any untreated wastes that may be 
left on the site. as well as the volume and nature 
of that material. It should also consider the 
potential impacts on human health and the 
environment should the remedy fail. An 

I 
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• evaluation of short·tenn 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 willi 
respect to the potential effects on human Aeakll 
and the environment durinl implementation ofme 
remedial action and the lengtll of time .uI 
protection is achieved. 

1.2 	OVERALL ORGANIZATION OF 
THE MANUAL 

• 

The next two chapters present additional 
background material for the humaa health 
evaluation process. Chapter 2 discusses statuses, 
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 pans of the human 
health evaluation process: 

• 	 the baseline risk assessment is covered 
in Pan A of the manual (Chapters 4 
through· 10); 

• 	 refinement of preliminary remediation 
goals is covered in Pan B of the manual 

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

• 	 . the risk evaluation of remedial 
alternatives is covered in Pan C of the 
manual (not included as pan 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 sUessed 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 pans of the manual that do not 


..apply to their site . 	 .') 
, 

I Each chapter in Pan A includes a glossary of 
Iacronyms and definitions of commonly used terms. 
The manual also includes two appendices: 
Appendix A provides technical guidance for 
making absorption adjustmehts and Appendix B 
is an index. 

• 
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ENDNOTES FOR CHAPTER 1 


1. References made 10 CERC1..A. throughout this document should be interpre1ed as meaning "CERCLA, as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (SARA).· 

2. 40 CFR Pan 300. Proposed n:viIKlaI CO lbe NCP 'f!I'IClC published on December n. 1988 (53 Fedenal Register 51394). 

I 
3. The term ·public health evaluation" was introduced in the previous risk asseSsment guidance (EPA 1986f) 10 describe the asaessment 
of chemical n:lea.sc:s from a site and the analysis of public health threats n:sulting from those rdeases, and Superfund site risk a.s.se:s.sme:nt 
studies often are n:fem:d to as public bealth evaluatioas. or PIi:&. The term "PH£" should be replaced by wnichever of the three pans 
of !.be revised human hc:a.Ith evaluation proc:csa is appropriate: "baseline risk assesstDenL," "documentation of preliminary remediation 
goals, • or "risk evaluation of remedial alternatives." 

4. Baseline risks are risks that might cist if 110 remediation or institutional conlrols were applied at a site. 

5. Volume II of !.be Risk Assessment Guidance for Superfund is !.be Environmental Evalwltion Manual (EPA 1989b). which provides 
guidance for the analysis of potential environmental (i.e.. not human heaJlh) dfedS al sites. 
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CHAPTER 2 

STATUTES, REGULATIONS, 

GUIDANCE, AND 


STUDIES RELEVANT TO 

THE HUMAN HEALTH 


EVALUATION 


This chapter briefly describes 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 2.1 describes the following documents that 
govern the hum:m health evaluation: 

• 	 the Comprehens ive Environmental 
Response. Compensation. and Liability 
Act of 198U (CERCLA. or Superfund) 
and the Superfund Amendments and 
Reauthorization ACl of 19$6 (SARA); 

• 	 the N'.Ilional Oil am! Hazardous 
Substances PoJlution Conlinge"":),, Plan 
(Nalional Conlingcm,,"y Plan, or NCP); 

• 	 Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under 
CERCLA (RIffS guidance); 

• 	 CERCLA Compliance w;,1/ Other Laws 
Manual (ARARs guidance); and 

• 	 Superfund Exposure Assessment Manual ~..• 

(SEAI'v1). 

Exhibit 2·1 sh~ws the relationship of these 

2.2 identifies and briefly describes other Superfund 
studies related to. and sometimes confused wi th, 
the RWS human health evaluation. The types of 
studi~ disCWiSed are: 

• 	 endangerment assessments; 

• 	 ATSDR health assessmentS; and 

• 	 ATSDR health studies. 

2.1 STATUTES, 	REGULATIONS~ 
AND GUIDANCE GOVER.NING 
HUMAN HEALTH 
EVALUATION 

This section describes the major Superfund 
laws and program documentS relevant to the 
human health evaluation process. 

1.1.1 CERCLA AND SARA 

[n 1980, Congress enacted the Comprehensive 
Environmental Response, Compensation. ami 
Liability Act (CERCLA) (42 U.S.c. 9601 et seq.). 
commonly called Superfund. in response to the 
dangers posed by sudden or otherwise 
uncontrolled releases of hazardous substances. 
poUutanlS., or contaminants intO the environment. 

statUtes. regulations. and guidances governing CERCLA authorized Sl.6 billion over five years
human health evaluation. In addition, Section (or a comprehensive program to clean up the 
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EXHIBIT 2-1 

.RELATIONSHIP OF DOCUMENTS GOVERNING 
HUMAN HEALTH EVALUATION 

I 

• 

Statutes 

Comprehensive Environmental Response. 
Compensation. and Uability Act of 1980 

(CERCLA or Superfund) 

Superfund Amendments and 
Reauthorization Act of 1986 (SARA) 

Regulation ("Blueprint" for 
Implementing th Statutes) 

I 
National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP) 

Guidance 

RIIFS Guidance 

Risk Assessment Guif..lance for Superfund (RAGS) 
• Human Health Evaluation Manual (HHEM) 
• Environmental Evaluation Manual (EEM) 

ARARs Guidance 

Superfund Exposure Assessment Manual (SEAM) 

• ) 
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worst abandoned, or inactive waste sites in the 
nation. CERCLA funds used to establish and 
administer the cleanup program are derived 
primarily from taxes on crude oil and 42 differem 
commercial chemicals. 

The reauthorization of CERCLA is known 
as the Superfund Amendments and 
Reauthorization Act (SARA). and was signed by 
the President on October 17, 1986. (All funher 
references to CERCLA in this appendix should be 
interpreted as ·CERCLA as amended by SARA.-) 
These amendments provided S8.5 billion for the 
cleanup program and an additional $.500 milliOll 
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 
panicipate as panners 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 (Oeanup Standards) have 
the greatest impact on the RI/FS proc::ess. 

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

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

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

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

recovery tec;hnologies and use them to 
the maximum extent practicable. 

Section 121(c) of CERCLA requires a 
periodic review of remedial actions, at least every 
five ~ after initiation, for as long as hazardous 
sabs~a:s, pollutanrs, or rontaminanlS 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 
J:lBJlWl health and the environment, funher 
remedial actions will need to be ronsidered. 

Section 121(d) (2) (A) of CERCLA 
iDaxporates into law the CERCLA Compliance 
Policy, wbicb specifies that Superfund remedial 
actions meet any federal standards, requirements, 
aiteria., or limitations that are determined to be 
~ applicable or relevant and appropriate 
~emenlS (i.e., ARARs). Also included is the 
__ proYision tIlat state ARARs must be met if 
they M'C more stringent than federal requirements. 
(Section 2.1.4 provides more detail on ARAR.s.) 

~.rd.ated authorities. Under CERCLA 
s.ccti0n 104(i)(6). the Agency for Toxic Substances 
aad lDisease Registry (ATSDR) is required to 
conduct a health assessment for every site included 
or proposed for inclusion on the National 
Priorities UsL The ATSDR health assessment, 
which is fairly qualitative in nature, should be 
distinguished from the EPA human health 
evaluation, which is more quantitative. CERCLA 
section 1000i)(S)(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 
:rontamination, 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 
shon-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 (If 
e:::tisting morbidity and mortality data on 

l 
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diseases that may be associated with the 
observed levels of exposure. The 
Administrator of A TSDR shall use 
appropriate data, risk assessments, risk 
evaluations and studies available from the 
Administrator of EPA. 

There are purposeful differences between an 
A TSDR health assessment and traditional risk 
assessment. The health assessment is usually 
qualitative, site-specific. and focuses on medical 
and public health perspectives. Exposures to site 
contaminants are discussed in terms of especially 
sensitive populations, mechanisms of toxic 
chemical action, and possible disease outcomes. 
Risk assessment, the framework of the EPA 
human health evaluation, is a characterization of 
the probability of adverse effects from human 
exposures to environmental hazards. In this 
context, risk assessments differ from health 
assessments in that they are quantitative, chemical
oriented characterizations that use statistical and 
biological models to calcula te 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. 

.1.1•.1 	 NATIONAL CONTINGENCY PLAN 

(NCP) 


The National Contingency Plan provides the 
organizational structure and procedures for 
preparing for ant! responding to discharges of oil 
and releases of hazardous substances, pollutants. 
and contaminants.. The NCP is required by 
section 105 of CERCLA and by section 311 of the 
Clean Water Act. The current NCP (EPA 1985) 
was published on November 20, 1985, and a 
significantly revised version (EPA 1988a) was 

. proposed December 21. 1988 in response to 
SARA. The proposed NCP is organized into the 
follOwing subparts: 

• 	 Subpart A -- Introduction 

• 	 SUbpart B Responsibility and 
Organization for Response 

• 	 SUbpart C -- Planning and Preparedness 

• 	 SUbpart D -- Operational" Response 
Phases for Oil Removal 

• 	 Subpan E - Hazardous Substance 
Response 

• 	 Subpan F - State Involvement in 
Hazardous Substance Response 

• 	 Subpart G - Trustees for Natural 
Resources 

• 	 Subpart H - Participation by Other 
Persons 

• 	 Subpan I - Administrative Record for 
Selection of Response Action 

• 	 Subpart J - Use of Dispersants and 
Other Chemicals 

SUbpart E, Hazardous Substance Response, 
contains a detailed plan covering the entire range 
of authorized activities involved in. abating and "') 
remedying releases or. threats of releases of J 

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 notifiCltion. 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 arc screened to 
identify release situations warranli ng further 
remedial response consideration. These sites are 
entered into the CERCLA Informalion 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 103ta» ) 

Preliminary assessment and site inspection 
(PAlSI). The preliminary assessment inVOlves 
collection and review of aU 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 funher 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 (HRS) scoring. One of the main 
objectives of the P A/SI is to collect risk-related 
information for sites so that the site can be scored 
using the HRS and priorities may be set for more 
detailed studies, such as the RIfFS. 

Esmblishing priorities for remedial action. 
Sites are scored using the HRS, based on data 
from the P NS IlLSI. The HRS scoring process is 
the primary mechanism for determining the sites 
to be included on the NPL and, therefore, the 
sites eligible for Superfund-financed remedial 
action. The HRS is a numerical scoring model 
that is based on many of the factors affecting risk 
at a site. A revised version of the HRS (EPA 
1985b) was proposed December 23, 1988. 

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

are the guidance for developing risk information 
in the RIfFS. 

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

Remedial design/remedial action. The 
detailed design of the selected remedial action is 
developed and then implemented. The risk 
inforlnation developed previously in the RIIFS 
helpsi refine the remediation goals that the remedy 
will attain. 

Five-yenr 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 he:lith or the environment remain at 
the site. If it is determined during a five-year 
review that the action no longer protects human 
health and the environment, further remedial 
actions will need to be considered. 

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

2.1.3 	 REMEDIAL INVESTIGATIONI 

FEASIBIUTY STUDY GUIDANCE 


EP A's interim final Guidance for Conducting 
Remedial Investigations and Feasibility Studies 
Under CERCLA (EPA 1988c) 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 guidance document is a 
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revision o{ two separate guidances {or remedial 
investigations and {or feasibility studies published 
in 1985. These guidances have been consolidated 
into a single document and revised to: 

• 	 reflect new emphasis and provisions of 
SARA; 

• 	 incorporate aspects of new or revised 
guidance related to RIJFSs; 

• 	 incorporate management initiatives 
designed to streamline the RlIFS 
process; and 

• 	 reflect experience gained from previous 
RIJFS projects. 

The RIfFS consists of the {ollowing general 
steps: 

• 	 project scoping (during the RI); 

• 	 site characterization (RI); 

• 	 establishment of remedial action 
objectives (FS); 

• 	 development and screening of 
alternatives (FS); and 

• 	 detailed analysis of alternatives (FS). 

Because Section 1.1 describes each of these steps. 
focusing on the role that risk information plays in 
the RIfFS. a discussion of the steps is nOt 
repeated here. The:: RIfFS 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 Mnnual (EPA 1988d; EPA 1989a). or 
ARARs 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). Cle:m 
Water Act (CWA), Safe Drinking Water Act 
(SDWA), Clean Air Act (CM), and other federal 
and state environmental laws, as reqUired by 

CERCLA section 121. Pan I of the manual 
discusses the overall procedures for identifying 
ARARs and provides guidance on the 
interpretation and analysis of RCRA reqUirements. 

S~callY:

i. 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 offsi te actions) 
requirements for direct discharges, 
indirect discharges, and dredge a nd 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 

Pan II of the ARARs guidance covers the 
Cean Air Act. other federal statules. and state 
requirements. Specifically: 

• 	 Chapter 1 provides an introduction to 
Part II of the guidance, and also includes 
extensive summary tables; 
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• • Chapter 2 describes Clean Air Act 
requirements and related RCRA and 
stale requirements; 

• 	 ChapletS 3 and 4 provide guidance for 
compliance with several other federal 
statutes; 

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

• 	 Chapter 6 addresses requirements specific 
to mining. milling. or smelting sites; and 

• 	 Chapter 7 provides guidance on 
identifying and complying with state 
ARARs. 

SUPERFUND EXPOSURE 
ASSESSMENT MANUAL 

• 
The Superfund Erpomre Assusmem Manual 

(EPA 1988e). which was developed by the 
Superfund program specifically as a companion 
document to the original Superftuui Publk Health 
Evalumion. Manual (EPA 1986). provides RPMs 
and regional risk assessors with the guidance 
necessary to conduct exposure assessments that 
meet the needs of the Superfund human health 
risk' evaluation process. Specifically. the manual: 

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

• 	 serves as a source of reference 
concerning the use of estimation 
procedures and computer modeling 
techniques for the analysis of 
uncontrolled sites. 

The analytical process outlined in the 
Superfund Exposure Assessment 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 land assures that an 

adequate level of analytical detail is applied to 
suppon the human health risk assessment process. 

The exposure assessment process described in 
the Superfund Erpomre Assessmenr Manual is 
structured in five segments: 

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

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

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

(4) 	 integrated exposure analysis; and 

(5) 	 uncertainty analysis. 

Two recent publications from EPA's Office '') 
of Research and Development, the Exposure ' 
Facton Handbook (EPA 1989b) and the Exposure 
Assessment Methods Handbook (EPA 1989c), 
provide useful information to supplement the 
Superfund Erposure Assessment Manual. All three 
of these key exposure assessment references should 
be used in conjunction with Chapter 6 of this 
manuaL 

2.2 RELATED 	SUPERFUND 
STUDIES 

This section identities and briefly describes 
other Superfund studies related to, and sometimes 
confused with, the RIJFS human health evaluation. 
It contraSts the Objectives and methods and 
clarifies the relationships of these other studies 
with RIIFS 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 
panies responsible for a hazardous waste Site, 
EPA must determine that an imminent and 
substantial endangerment to public health or the 
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environment exists as a result of the site. Such a 
legal determination is called an endangerment 
assessmenL For remedial sites. the process for 
analyzing whether there may be an endangerment 
is described in this Human Health Evaluation 
MlUUUJI. and its companion Environmental 
Evaluation MtJ1t1lOl. In the past. an endangerment 
assessment often was prepared as a study separate 
from tbe baseline risk assessment. With the 
passage of SARA and changes in Agency practice, 
the need to perform a detailed endangerment 
assessment as a separate effon 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 RIfFS process fully satisfy the 
informational requirements of the endangerment 
assessment. These elements include the following: 

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

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

• 	 assessment oC the toxicity oC the 
hazardous wastes or substances present; 

• 	 characterization oC human health risks; 
and 

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

The human health and environmental 
evaluations that are pan of the RI/FS are 
conducted for purposes oC determining the 
baseline risks posed by the site, and for ensuring 
that the selected remedy will be protective oC 
human health and the environment. The 
endangerment assessment is used to suppon 
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 
endangermenL 

In 1985. EPA produced a draft manual 
specifically written for endangerment assessment. 
tbe Endangrrmmr Assessment Handbook. EPA 
bas determined that a guidance separate from the 
RbIc Assesmwu Guidance for Superfund (Human 
Hu.ilh Evalualion MIJ1I1J.(1). and Environmuual 
Evaluation Manual) is not required for 
endangerment assessment; thereCore, the 
Endangerment Assessmozl Handbook will not be 
made final and should no longer be used. 

2.2.l ATSDR REALm ASSESSMENTS 

CERa..Asection 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 preliminary 
assessment of the potential threats that individual 
sites and facilities pose to human health. The 
hea1fh assessment is required to be completed Wto 
the I maximum extent practicable- before 
completion of the RIIFS. ATSDR personnel. 
state personnel (through cooperative agreements). 
or contractors follow six basic steps. which are 
based on the same general risk assessment 
framework: as the EPA human health evaluation: 

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

(2) 	 detennine contaminants of concern 
associated with the site; 

(3) 	 identify and evaluate environmental 
pathways; 

(4) 	 identify and evaluate human exposure 
pathways; 

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

(6) 	 develop conclUSions concerning the 
health threat posed by the site and make 

http:104(i).as


• recommendations regarding funher 
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 emironment in order to assess any 
current or future impact on public health, develop 
health advisories or other health-related 
recommendations. and identify studi~ or actions 
needed to evaJuate 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 imponant 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 
biologicaJ 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, allhough 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 aU 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 Guitianu for CoorrJ.iruuing ATSDR 
HealJh Assessment Activiri4s with the Superfund 
RemedUJJ Process (EPA 1987) provides infonnation 
to EPA and ATSDR DWl8gers for use in 
coordinating human health evaluation activities. 
(Section 2.1. in its discussion of CERCLA. 
provides funher information on the statutory basis 
of ATSDR health assessments.) 

2.2.3 ATSDR IlFALTB STUDIES 

After conducting a health assessment, 
ATSDR may determine that additional health 
effectS information is needed at a site and, as a 
result, may undenake 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-,' "',)', 
reponed disease occurrence. which ma, 
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 stu.dy consisting 
of an investigation of pu tative 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 
epidemiologic:al study is usually not undenaken 
unless a pilot study reveals widespread exposure 
or increased prevalence of disease. 

A TSDR, in cooperation with the states, alsc )" 
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 identifying and tracking of exposed 
persons, a registry also is used to coordinate the 
clinical and research activities that involve the 
registrants. Registries serve an important role in 
assuring the unifOrmity and quality of the 
collected data and ensuring that data collection is 
no~ duplicative, thereby reducing the overall 
burfien to exposed or potentially exposed persons. 

~. 
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CHAPTER 3 


GE'I'fING STARTED: PLANNING 

I 

FOR THE HUMAN HEALTH 

EVALUATION IN THE RI/FS 


This chapter discusses issues related to 
planning the human health evaluation conducted 
during the RIIFS. It presents the goals of the 
RIIFS 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 3.3). RIIFS 
scoping is discussed in Section 3.4, and Section 3.5 
addresses the level of effort and detail necessary 
for a human health evaluation. 

3.1 GOAL OF THE RI/FS 

The goal of the RIIFS 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 RlIFS provides the context for aU site 
characterization activity, including the human 
health evaluation. To attain this goal efficiently, 
EP A must identify and characterize hazards in a 
wav that will contribute directly to the selection 
of 'an appropriate remedy. Program experience 
has shown that Superfund sites are complex, and 
are characterizeo by heterogeneous wastes, extreme 
variability in contamination levels, and a variety 
of environmental settings and potential exposure 
pathways. Consequently.compietecharacterization 
of a site during the RIIFS, in the sense of 

and Sl.l 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 
fonow-up. 

3.21 GOAL OF THE RI/FS HUMAN 
HEALTH EVALUATION 

As part of the effort to streamline the 
process and reduce the COSt and time required to 
conduct the RIIFS. 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. 

eliminating uncertainty, is not feasible, cost
effective, or necessary for selection of appropriate 
remedies. This view has motivated the 
"streamlined approach" EPA is· taking to help 
accomplish the goal of completing an RIIFS in 18 
months at a cost of 5750.000 per operable unit 

In a logical extension of this view. EPA has 
made a policy decision to use, wherever 
appropriate, 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 



Page 3-Z 

• health evaluation easier to review. easier [0 

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
specific data or by changes in knowledge over 
time, however, non-standard methods and 
assumptions may be used. 

3.3 OPERABLE UNITS 

• 

Current practice in designing remedies for 
Superfund sites often divides sites into operable 
units that address discrete aspects of the site (e.g .. 
source control. ground-WIter 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 prob lems." RIIFSs 
may be conducted for the entire site and operable 
units broken out during or after the feasibility 
stUdy, or operable units may be treated 
individually from the start, with focused RIIFSs 
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 RIIFS. whether that is an 
operable unit or the site as a whole. The baseline 
risk assessment and other risk information 
gathered will provide the justific:uion for taking 
the action for the operable unit. At the same 
time. personnel involved in conducting the human 
health evaluation for a focused RIIFS must be 
mindful of other potential exposure pathways, and 
other actions that are being contemplated for the 
site to address other potential exposures. Risk 
analysts should foresee that exposure pathways 
outside the scope of the focused RIIFS may 
ultimately be combined with exposure pa thways 
that are directly addressed by the focused RIIFS. 
Considering risks from all related operable units 
should prevent the unexpected discovery of high 
multiple pathway risks during the human health 
evaluation for the last operable unit. Consider. 
for example. a site that will be addressed in two 
operable units: a surface soil cleanup at the 

• 
contamination source and a separate ground-water 
Cleanup. Risks associated with residuals from the 
soil cleanup and the ground.water cleanup may 
need to be considered as a cumulative total if 

J
there is the potential for e..xposure to both media 

at the same time. 


'3.4 Rl/FS SCOPING 

Planning the human health evaluation prior 

10 beginning the detalled analysis is an essential 

step in the process. 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-offs between 

depth and breadth in the analysis. and the staff 

and monetary resources to commit. 


Scoping is the initial planning phase of the 
RIIFS process, and many of the planning steps 
begun here are continued and refined in later 
phases. Scoping activities typically begin with the 
coUection of existing site data, including data from 
previous investigatiOns such as the preliminary 
assessment and site inspection. On the basis of 
this information. site management planning is 
undertaken to identify probable boundaries of tb.""'. 
study area. to iden tify likely remedial actil.,.. J 
Objectives and whether interim actions may be 
necessary or appropriate, and [0 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 RIIFS 
for a specific project or the site as a whole is 
planned. 

The development of remedial alternatives 

usually begins during or soon after scoping. when 

likely response scenarios may first be identified. 

The development of alternatives requires: 


• 	 identifying remedial action Objectives; 

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

• 	 screening the technologies based on their 
effectiveness. implementability, and cost. 

Remedial alternatives may be developed to address 
a contaminated medium, a specific area of the 
site. or the entire site. Alternative remedi, ) 
actions for specific media and site areas either can 
be carried through the FS process separately or 
combined into comprehensive alternatives for the 
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~ntire site. The approach is flexible to aUow 
alternatives to be considered in combination at 
various points in the process. The R1JFS guidance 
discusses planning in greater detail. 

3.5 LEVEL OF EFFORT/LEVEL OF 
DETAIL OF THE HUMAN 
HEALTH EVALUATION 

An important pan of scoping is determining 
the appropriate level of efi'ortllevel of detail 
necessary for the human health evaluation. 
Human health evaluation can be thought of as 
spanning a continuum of comple::c:ity, detail, and 
level of effon, just as sites vary in conditions and 
complexity. Some of. the Site-specific factors 
affecting level of effon that the RPM must 
consider include the foUowing: 

• 	 number and identity of chemicals 
present; 

• 	 availability of ARARs and/or applicable 
toxicity data; 

• 	 number and comple::c:ity of exposure 
pathways (including comple::c:ity ofrelease 
sources and transpon media), and the 
need for environmental fate and 
transpon modeling to supplement 
monitoring data; 

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

• 	 quaJity and quantity of available 
monitoring data.1 

This manual is written to address the most 
complex sites, and as a result not all of the stem 
and procedures of the Superfund human health 
evaluation process described in this manual apply 
to all remedial sites. For example, Section 6.6 
provides /procedures and equations for estimating 
chemical, intakes through numerous exposure 
routes, Ilthough for many sites. much of this 
information will not apply (e.g.. the exposure 
route does not exist or is determined to be 
relatively unimportant). This manual establishes 
a generic framework that is broadly applicable 
across sites, and it provides specific procedures 
that cover a range of sites or situations that may 
or may not be appropriate for any individual site. 
As a consequence of attempting to cover the wide 
variety of Superfund site conditions, some of the 
process components, steps, and techniques 
described in the manual do not apply to some 
sites. In addition, most of the componentS can 
vary greatly in level of detail. Obviously, 
determining which elementS of the process are 
necessary, which are desirable. and which are 
extraneous is a key decision for each site. All 
components should not be forced into the assess
ment of a site, and the evaluation should be 
limited Ito the comple::c:ity 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 RIJFS team, 
representatives of other agencies involved in the 
risk assessment or related studies (e.g., ATSDR, 
natu.ra! 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 RIJFS. Detailed guidance on 
planning. related to collection and anaJysis of 
chemical data is given in Chapter 4 of this 
manuat 
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• ENDNOTE FOR CHAPTER 3 

1. All site monitoring data must be subjected to appropriate quality assurance/quality control pcognms. Lack of aa:eptable data may 
limit by neceuity the amount of data available for the human bealtb evaluation. and therefore may limit tbe scope of tbe evaluation. 
AcceptabililY is determined by whether data meet the appropriate ~ta quality objectives (see Section 4.1.2). 

• ) 


• 




PART A 

I 

BASELINE RISK ASSESSMENT 




I CHAPTER 4 


DATA COLLECTION 


FROM: 
e Site disccvery 

e Preliminary 
assessment 

, e Site inspection 

eNPL listing 

Toxicity 
Assessment 

Risk 
Characterization 

TO: 
-Selection of 

remedy 
-Remedial 

design 
-Remedial 

action 

• 


• 


DATA COLLECTION 

• Collect existing data 

• Address modeling parameter 
needs 

• Collect background data 

• Conduct preliminary exposure 
assessment 

• Devise overall strategy for 
sample collection 

• Examine OA/OC measures 

• Identify special analytical needs ) 
• Take active role during workplan 

development and data collection 



.. 

•----------- 

CHAPTER 4 

I 

DATA COLLECTION 


This Chapter discusses procedures for 
acquiring reliable chemical release and exposure 
data for quantitative human health risk assessment 
at hazardous waste sites.1 The chapter is intended 
to be a limited discussion of imponant 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 QAlQC measures 
(Section 4.7); 

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

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

4.1 BACKGROUND INFOR.MA TION 
USEFUL FOR DATA 
COLLECTION 

This section provides background information 
on the types of data needed for risk assessment. 
overall data needs of the RIIFS. reasons and steps 
for identifying risk assessment data needs early. 
use of the' Daza QuaJily Objectives for Remedial 
Response AcrivizW (EPA 1987a,b, hereafter 
referred to as the DQO guidance), and other data 
concerns. 

I 
4.1.1 [fYPES OF DATA 

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

• 	 contaminant identities; 

ACRONYMS FOR CHAFTER 4 

ct.P - ConU'3Cl Laboralory Progrnm 
000 - Dala Ouauty Objeclives 


FIT - Field llMlSligation T~1ll 


FSP - Field SampiiDc Plan 

HRS - Hazard RaIWD, System 
IDL - IRIU1IIIIeDl .Dcu:a.ioa Limit 

MDL - Mctbcd Dcsectioa Umit 
PMI - Preliminary AAeslmentlSite: Inspection 

OAJQC - Ouality AsluraJK:c(QuaUty Control 
OAPjP - Oualily AsluraDCC Project Plan 

RAS - Routine: ADaiytical SelVices 
RlIFS - Rc:mccIiaI bM:sUptionlFeasibility Siudy 

SAP - SampliD& ami AAatysis Plan 
SAS - Spedal AD.alytjcaI Services 

SMO - Sample: ~t orrlCC 
SOW - Statc:mc= of Wort 

TAL - Tarca AD.aIyIe List 

TCL - Tarca Compaaad List 

TIC - TeDwMIy ldea&ificd Compound 
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DEFINITIONS FOR CHAPTER 4 • 
Analy!es. The chemicals (or which a :sample is analymi 

Anthropogenic Badc:ground Levels. Concentrations of chemicals thai· an: preseDt in lhe environmat due &0 hUIDaD-made. non

aile sources (C-J., indusuy, au~~:::;::::::,,~:. '.:~::::i?~j:.,:,::~~:::;;::::t~;~,:::l;:i:::::::i::";:;::':::::::;","",.,{::.:,:;:>, ' , ,,' ':". ",,: :' :,;:.:::::/:,;::,. 
Contract L:tboratorv Program (an. 'A.naIytiCIlprogiaiD dewdoped forSupaftmd waste site sampJes&otm lbcnleecHor lepJly " 

defensible analyticaJ reswts supponed bya bip 1eve1 of quality assurance and dOCWDenUition. 

Data Oualitv Objectives COOOs). OuaJitalift: and qlWltilative stalements to ensure that dala of known and dOCWDented quality 
an: obtained duliDg an RlIFS to support au Acenc:Ydccision. 

Field Sampling Plan (FSP). Provides guidaDcc (or aU field work by definiag in detail the sampling and dala ga!.hering mel.hoda 
to be used on a project. 

Naturally Occuninr BaCkground Levels. Ambieal CODc:e:ntratioDsof,cbemicaJa that U'C'pn::scnt in the emriromneat .ad Uve 
noc been il'lfiueaced by hw:aanl (e.a.. aJlIIIIiDum. maDpncsc). ' ' 

Oualitv Assurance Project Plan (OAP!P). Describes the policy. organization. (UJlctionai activities. and quality assurance aDd 
quali!)' concrol protocols neceuary to achieve DOOs dictated by !.he inteoded use of the data (RIIFS Guidance). 

Routine AnalVlical Services (RAS). The set of a.p analyticaJ protocols !.hat an: used to analyze most Superfund site samples. 
These prolocols are provided in the EPA Slalemeots of Worlt lor the a.p (SOW Cor {norganics. SOW Cor Organics) and 
musl be followed by every CL.P laboratory. 

• 
Sampling and AnalYsis Plan (SAP). Consiscs of a Ouality Assurance Project Piau (ON;P) and a Field Samplin& Plan (FSP)• 

Sample Managem~t Office (SMO). EPA contractor prvviding maDagement, oper.ltional. and administrative suppon to the 
a.p to facilitate optimal usc of the prtIII'3m. ! 


I 

Special Annlvtical Services (SAS). Non-standardized analylcs conducted under !.he a.p to meet user requiremeots tbat cannot 

be mil;:l using RAS. such as shorter analyticallUnwtlund lime, lower detection IinnlS, and aonlysis or non-standard matrices 
or non·TeL compounds. 

Sintemem of Work (SOW) for the CLP. A documenl that specifies the instrumentation. sample handling procedures. analytical 
parnmetc~ and procedures. required quanlltation limilS, quality control requirements. and report format to be used by CLP 
laoorntones. TIIC SOW also contains !.he TAL and TCI.. 

Target :\naMe List rrAI.). Developed by EPA lor Superfund site sample analyses. The TAL is a list or 23 metals plus [otll1 
C!'l.nide routinely analyzed using RAS. 

Tareel ConmOunu List (TeL). Developed by EPA (or Superfund site sample analyses. The TCL. is a list of analytes (34 
vol:llll.: or:;:mir: chcmic:lls. 65 semivolat.ilc or.;anic chemicals. 19 pesllcides. 7 polychlolinaled biphenylS. ~ metals. and 
tOlal cyalllfJcl routinely 31U)1:ned using RAS. 

• contaminant concentrations in the key 
sources and media of interest,.2 

• characteristics of sources, especially 
information related to release potential; 
and 

Most of these data are obtained during the 
course of a remedial investigation/feasibility study 
(RIIFS). Other sources of information. such as 
preliminary assessment/site inspection (P A/SI) 
repons, also may be available. 

4.1.2 DATA NEEDS AND THE RlIFS 

• 
• characteristics of the environmental 

setting that may afft:ct the fate, transport, The RlIFS has four primary data coJJection J 
and persistence of the contaminants. components: 

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

wastes; 

(3) 	 risk assessment; and 

(4) 	 trcatabiliry tcsting. 

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

Data also are collected during the RI/FS to 
suppon 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 testc:d. Also, initial 
treatability testing may involve only a screening 
analysis that generally is not sensitive enough and 
does not have sufficient quality assurance/qualilY 
control (QA/QC) procedures for use in 
quantitative risk assessmenL 

4.1.3 	 EARLY IDENTIFICATION OF DATA 
NEEDS 

Because the RIIFS 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 imponant to identify those needs early in the 
RIfFS planning for a site. The earlier the 
requirements are identified, the better the chances 

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

On~ of the earliest stages of tbe RIJFS at 
which risk assessment data needs can be addressed 
is the site scoping meeting. As discussed in the 
Gu.idtlnce for Conduaing RemediIll InvurigatioIU 
and FUlSibilky Studies U1U1er CERCLA (EPA 
1988a, hereafter referred to as RIIFS 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 RIIFS 
components (e.g.. site and waste characterization) 
are addressed together. Scoping meeting attendees 
include the RPM. contractors conducting the 
RIIFS (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 ti~e and budget constraints are met. Thus, 
in addition to aiding the effon to meet the risk 
assessment data needs, this meeting can help 
integrate these needs with other objectives of the 
RI/FS and thereby help make maximum use of 
available resources and avoid duplication of efron. 

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 rouies 
(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 
lbe 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 RIfFS process, 
it wiU be easier to reach a decision on the 
number. type, and location of samples needed to 
assess exposure. 

During the planning stages of the RIlFS. the 
risk assessor also should determine if non-routine 
(i.e.. lower) quantitalion limits are needed to 
adequately characterize risks at a site. Special 
Analytical Services (SAS) of the EPA Contract 
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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 QUAUTY 
OBJECTIVES (DQO) GUIDANCE 

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

OVERVIEW OF DQO GUIDANCE 

Aa:ording to Ihe 000 IUidance (EPA 1987a and 
b). 000 are qualitative and quantitative statements 
established prior 10 data coUc:cUOI1, which specify the
quality of tbe data required to suppon Agency decisions 
during n:medial r=ponse activities. The 000 Cor a 
panicular site vary accorcl.ing to the enel use of the data 
(i.e., whether the daLa are collected to suppon 
preliminary assessments/site inspections, remedial 
iovestigatioDSlfeasibility studies, remedial designs, or 
mnedial actions). 

The 000 procesa consists of three Slages. In-Stage 
! (Identify Decision Types), allavailablesiteinfonnation 
is compiled and anaJyu:d in order 10 develop a 
conceptual model of the site that describes suspected 
sources. contaminant patbways, and potential receplOR. 
The outcome of Stage 1 is a definition of the objectiva 
oC the site investigation and an identification oC data 
gaps. Stage 2 (Identify Data Usc:sINeeds) involves 
spedfying the data nec=sary to meet the objectives set 
in Stage 1. selecting the sampling approaches and the 
analytical options for the site, anel evaluating mUltiple
option approaches to allow more timely or cost-effective 
data collection and evaluation. In· Stage 3 (Design Data 
eoncellon Program). the metbods to be used to obtain 
data of acceptable quality are specified in such products 
as the SAP' or the workptan. 

Use of this guidance will help ensure that all 
environmental data colleCted in suppon of RIIFS 
activities ~re of known and documented quality. 

4.1.5 	 OrnER 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 coU~ they should 
be carefuUy reviewed to· identify reliable.. accurate, 
and verifiable numbers that can be used to 
quantify risks. AU analytical data must be 
. evaluated to identify the chemic:a1s of potential 
concern (i.e., those to be carried through the risk 
assessment). Chapter 5 discusses the criteria to 
be considered in selecting the subset of chemical 
dau appropriate for baseline risk assessmenL 
Data that do not meet the criteria are not 
included in the quantitative risk assessment; they 
can be discussed qualitatively in the risk 
assessment repon. however, or may be the basis 
for further investigation. 

4.2 REVIEW OF AVAILABLE SITE 
INFORMATION 

Available site information must be reviewed 
~o (1) determine basic site charaCteristics, (2) 
putially identify potential exposure pathways and 
exposure points. and (3) help determine data 
needs (including modeling needs). All available 
site information (i.e.. information existing at the 
stan of the RIJFS) should be reviewed in 
accordance with Stage lof the DQO process. 
Sources of available site information include: 

• 	 RI/FS scoping information; 

• 	 P A/SI data and Hazard Ranking System 
(HRS) documentation; 

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

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

• 	 records on removal actions taken at the 
site; and 

• 	 infonnation 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 enensive site studies. 

Based on a review of the existing data, the 
risk assessor sbould formulate a conceptual model 
of the site that identifies all potential or suspected 
sources ofcontamination, types and concenttations 
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 asscssmenL Details concerning 
development of a conceptual model for a site are 
provided in the DQO guidance (EPA 1987a,b) and 
the RI/FS guidance (EPA 1988a). 

In most cases, site information available at 
the stan of tbe RIfFS is insufficient to fully 
characterize the site and the potential exposure 
pathways. The conceptual model developed at this 
stage sbould be adequate to determine the 
remaining data needs. The remainder of tbis 
chapter add.rcsscs risk assessment data needs in 
detail 

4.3 	ADDRESSING MODELING 
PARAMETER NEEDS 

As discussed in detail in Chapter 6, 
contaminant release, transpon, and fate models 
are often needed to supplement monitOring data 
when estimating exposure concentrations. 
Therefore, a preliminary site modeling strategy 
sbould be developed during RIfFS 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 pbysical and chemical 
data at the site. Exhibit 4-2 lists (by medium) 
several site.specific parameters often needed to 
incorporate fate and transpon 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 tbe model is not sensitive to a 

panicular 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-spcc:ific model parameler would be 100 
time consuming or expensive. For example. 
ccnaia !air'bome 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 pan of 
the year). 

Some model parameters are needed only if 
the sampling condUCted at a site is sufficient to 
suppon complcz models. Such model parameters 
may not be necessary if only Simple fate and 
transpon models are used in the risk assessment. 

4.4 DEFINING BACKGROUND 
SAMPLING NEEDS 

~und sampling is conducted to 
distinguisb site-related contamination from 
naturally occurring or other non-site-related leveLs 
of chemicals. The foUowing subsections define the 
types of background contamination and provide 
guidance on the appropriate location and number 
of background samples. 

4.4.1 TYPES OF BACKGROUND 

There are two different types of background 
levels of chemicals: 

. (1) 	 nalUr::tllv occurring levels, which are 
ambient concentrations of chemicals 
present in the environment that have not 
been intluenced by humans (e.g., 
aluminum, DWlganCSC); and 

(2) 	 anthropogenic levels, which are 
concentrations of chemicals that are 
present in the environment due to 
human-made. non-site sources ( e.g., 
indusuy, automobiles). 

Background can range from localized to 
ubiquitous. For example. pestiddes - most of 
which are not naturally occurring (anthropogenic) 
- may be ubiquitous in cenain areas ( e.g., 
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EXHIBIT4.} 


ELEMENTS OF A CONCEPTUAL EVALUATION MODEL 


SOURCES 

• 

• 


VARIABLES 


• CONTAMINANTS 

• CONCENTRATIONS 

• TIME 

• LOCATIONS 

• MEDIA 

• RATES OF MIGRATION 
• TIME 

• LOSS AND GAIN FUNCTIONS 

• TYPES 

• SENSITIVITIES 

-TIME 

• CONCENTRATIONS 

• NUMBERS 

HYPOTHESES TO 

BE TESTED 


• 	 SOURCE EXISTS 

• 	 SOURCE CAN BE CONTAINEC 

• 	 SOURCE CAN BE REMOVED 
AND DISPOSED 

• 	 SOURCE CAN BE TREATED 

• 	 PATHWAY EXISTS 

• 	 PATHWAY CAN BE 
INTERRUPTED 

• 	 PATHWAY CAN BE 
ELIMINATED 

• 	 RECEPTOR IS NOT 
IMPACTED BY MIGRATION 
OF CONTAMINANTS 

• 	 RECEPTOR CAN BE 
RELOCATED 

• 	 INSTITUTIONAL CONTROLS 
CAN BE APPLIED 

• 	 RECEPTOR CAN 8 E )
PROTECTED 

SOURCE: EPA 1987a 



--------------------------------------------------------------
·~,c 

EXHIBIT 4-2 


EXAl\1PLES OF MODELING PARAMETERS FOR wmCH 

INFORMATION MAY NEED TO BE OBTAINED DURING 


A SITE SAMPLING INVESTIGATION 


Type of Modeling Modeling ParametersQ 

Source Characteristics 

Soil 

..... -;round-water 

Air 

Surface Water 

Sediment 


Biota 


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

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

Head measurements, hydraulic conductivity (pump and slug test 
results), saturated thickness of aquifer. hydraulic gradient, pH. 
redox potential, soil.wa~er panitioning 

I 
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 3S 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 

Q 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 during extent (in three dimensions) of a contaminated 
periods of snow may contribute high ubiquitous area. However, statistical analyses are required 
levels of sodium. Polycyclic aromatic at some sites. making a basic understanding of 
hydrocarbons (P AHs) and lead are other examples statistics necessary. The follOwing discussion 
of anthropogenic. ubiquitous chemicals, although outlines some basic statistical concepts in the 
these chemicals also may be present at naturally Icontext of background data evaluation for risk 
occurring levels in the environment due to natural !assessmenL (A general statistics textbook should 
soun:es (e.g.. forat fires may be a source of : be reviewed for additional detaiL Also, the box 
PAHs. and lead is a natural component of soils in below lists EPA guidance that might be useful.) 
some areas). 

4.4.2 BACKGROUND SAMPUNG STATISTICAL METHODS GUIDANCE 
LOCATIONS 

Statisrical Methods for Evaluating Ground
Background samples are collected at or near water Mon.i.roring Data[rom Hazardous Waste 

the hazardous waste site in areas not influenced FacilWs (EPA 1988b) 
by site contamination. They are collected from 

each medium of concern in these offsite areas. 
 Surface /mpoundmem Clean Closure 
That is. the locations of background samples must Gui.dance Manual (EPA 1988c)
be areas that could not have received 

contamination from the site. but that do have the 
 Love Canal Emergency Declaration Area 
same basic characteristics as the medium of Habitability Study (EPA 1988<1)
concern at the site. 

Soils SampUngQuality Assurance Guide (EPA
Identifying background location requires 1989b)

knowing whicb 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. A statistical test of a hypothesis is a rule 
Therefore, the determination of background used for deciding whether or not a statement (i.e., 
locations for air monitoring requires constant and the null hypothesis) should be rejected in favor of 
concurrent monitoring of factors such as wind a specified alternative statement (i.e., the 
direction. alternative hypothesiS). In the context of 

background contamination at hazardous waste 
4.4.3 	 BACKGROUND SAMPLE SIZE sites. the null hypothesis can be exp·ressed as 

"there is no difference between con taminant 
In appropriate circumstances. statistics may concentrations in background areas and onsite; 

be used to evaluate background sample data. and the alternative hypothesis can be expressed as 
Because the number of background samples ·concentrations are higher onsite." This expression 
collected is important for statistical hypothesis of the alternative hypothesis implies a one-tailed 
testing. at some sites a statistician should be test of significance. 
consulted when determining background sample 
size. At all sites, the RPM should decide the The number of background samples collected 
level of statistical analysis applicable to a at a site should be sufficient to accept or reject 
panicular situation. . the null hypothesis with a speCified likelihood of 

error. In statistical hypothesis testing there are 
Often. rigorous statistical analyses are two types of error. The null hypothesis may be 

unnecessary because site- and non-site-related rejected when it is true (i.e., a Type I error). or 

• 
contamination clearly differ. For most sites. the not rejected when it is false (i.e .• a Type I I error). .,) 
issue will not be whether a dirference in chemical An example of a Type I error at a hazardous .. 
concentrations can be demonstrated between waste site would be to conclude that con taminam 
contaminated and background areas, but rather concentrations in onsile soil are higher than 
that of establishing a reliable representation of the 	 background soil concentrations when in fact they 



~'are not. The corresponding Type 11 error would 
be to conclude that onsite contaminant 
concentrations are not higher than background 
concentrations when in fact they are. A Type I 
error could result in unnecessary remediation. 
while a Type II 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 Type I error will occur, and (J 
(beta) denotes the probability that a Type II 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 detennining 
the number of background samples are {J and a 
concept called ·power.· The power of a statistical 
test has the value 1 - {J 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 andlor 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 (i.e., (J 
= 0.15), enough background samples must be 
collected to ensure that the power of the test is 
at least 0.85. 

A small nUIt'Iber of background samples 
increases the likelihood of a Type 11 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. 

i 
4.4.4 	 I 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. Because of this purposive 
placement (see Section 4.6.1), several wells or 
monitors cannot be assumed to be a random 
sample from a single population and hence cannot 
be evaluated collectively (i.e., the sampling results 
cannot be combined). Therefore, the information 
from each well or air 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 ~ 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. 
Statistical Ana!)'sis of Ground-water Monitoring 
Data at RCRA Facilities (EPA 1989c) is useful 
for designing sampling plans for comparing 
information from many fixed locations with 
background. 

It may be useful at times to look at 
comparisons other than onsite versus background. 
For example, upgradient wells can be compared 
with down gradient 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 
sUitistical - significance of the oontamination can 
be ascertained. 

4.5 PRELIMINARY IDENTIFI
CATION OF POTENTIAL 
HUMAN EXPOSURE 

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

4.5.1 GENERAL INFORMATION 

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

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

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

• 	 any currently uncontaminated media that 
may become contaminated in the future 
due to contaminant transpon. 

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 

oontamiDants 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 tbe RIfFS as ftoperable unitS: and may include 

several media. Areas of concern also can be 

thought of as the locations of potentially exposed 

populations (e.g .• nearest residents) or biota (e.g., 

wildlife feeding areas). 


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

include areas of the site that: 

(1) 	 have different chemical types; 

(2) 	 have different anticipated concentrations 
or hot spotS; 

(3) 	 are a release source of concern: 

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

(5) 	 must be sampled using different 
equipment; and/or 

(6) 	 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 account for the entire area of the 
site. 

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

Types of chemicals. The types of chemicals 
expected at a hazardous waste site may dictate the 
site areas and media sampled. For example, 
cenain 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 impOrtanL 

Due to differences in the relative toxicities of 
different species of the same chemical (e.g., Cr+J 
versus Cr+6), the species should be noted when 
possible. 

Routes orcontnminanllntnsport. In addition 
to medium-specific concerns, there may be several 
potential current and future routes ofcontaminant 
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 transporL 
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 transporL) 

4.5.2 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 
aDd vegetation conditioas. aiJ.d sampling 
eqUipment, strategies, and techniques. In additioD 
to the geDera1 sampling considerations discussed 
previously, the following specific issues related to 
soil sampling are discussed below: the 
heterogeneous nature of soils, designation of hot 
spots, depth of samples, and fate and transpon 
properties. 

son. SAMPLING GUIDANCE 

Test Methods for Evaluating Solid Waste (SW
846): Physic4lIChemicai Methods (EPA 
1986a) 

Fu!iJi Manual for Grid Sampling ofPCB Spill 
Siles to Vtrih Cleanups (EPA 1986b) 

A Compmdium ofSuperfun.d Field Operations 
MmuxJs (EPA 1987c) 

Soillampling QtuzlityAssurance Guide (EPA 
Review Draft 1989b) 

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 vinuaHy 
impossible - see Section 4.6.3). Therefore. a 
large number of soil samples may be required to 
obtain sufficient data to c:llculate an exposure 
concentration. CompOSite samples sometimes are 
coUected to Obtain a more homogeneous sample 
of a particular area; however, as discussed in a 
later section, compositing samples also selVeS to 
mask contaminant hot spots (as well as areas of 
low contaminant concentration). 

Oesignution of hot spots. Hot spots (i.e., 
areas of very high contaminant concentrations) 
may have a significant impact on direct contact 
exposures. The sampling plan should consider 
characterization of hot spots through extensive 
sampling. field screening. visual observations, or 
a combination of the above. 
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Depth of samples. Sample depth should be 

• 


• 


applicable for the exposure pathways and 
contaminant transport routes of concern and 
should be chosen purposively within that depth 
interval. If a depth interval is chosen purposively, 
a random procedure to select a sampling point 
may be established.. Assessment of surface 
exposures will be more cenain if samples are 
collected from the shallowest depth that can be 
practically obtained, rather than, for example, zero 
to two feeL Subsurface soil samples are 
imponant. 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 transporL 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 GROUND WATER 

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

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

GROUND-WATER SAMPLING 

GUIDANCE 


HiuuJboo/c: Ground Water (EPA 1987d) 

Statistical Methods for Evaluating G;oum!.: 

. WaUT from Hazardous Wasu Faciliries (EPA.. 

::::·i988b i ::::.:: .... : : ::::'.' ..<:.:.::..:.........::.. : ....:.:..........::::.:.. ......:.:..:...•.:: ......::::. :::.:.:..::.::'.;:.:.•:.:'.::
.........). .... :.;: ..: 

..:.:.:::::;.:.... .:.:...:.... 

.' . Guidance on Remedial Actions . for 
Contaminated Ground Water at Superfund 

. sUes (EPA 1988e) 

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

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

Well location and depth. The location of 
wells should be such that both the horizontal and 
vertical extent of contamination can be 
characterized. Separate water-bearing zones may 
have different aquifer classifications and uses and 
therefore may need to be evaluated separately in 
the risk assessmenL In addition, sinking or 
floating layers of contamination may be present 
at different depths of the wells. 

Filtered vs. unfiltered samples. Data frOL.,.,) 
filtered and unfiltered ground-water samples are 
useful for evaluating chemical migration in ground 
water, because comparison of chemical 

http:chemicals.to
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concentrations in unfiltered versus filtered samples 
can provide imponant information on the form in 
which a chemical exists in ground water. For 
instance. if the concentration of a chemicaJ is 
much greater in unfiltered samples compared to 
filtered samples, it is likely that the majority of 
the cbemicaJ is sorbed onto particulate matter and 
not dissolved in the ground water. This 
information on the form of chemical (i.e.. 
dissolved or suspended on paniculate matter) is 
imponant to understanding chemical mobility 
within the aquifer. 

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

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. 

4.5.4 , SURFACE WATER AND SEDIMENT 
I 

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

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

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

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

• 	 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 

SURFACE WATER AND SEDIMENT 

SAMPLING GUIDANCE 


Procedures for Handlin.g and Chemical 
Anaiysis of Sediment and Water Samples 
(EPA and COE 1981) 

Sedimenr Sampling Quality AsSUl'ance User's 
Guide (EPA 1984) 

Methods Manual for Bortom Sediment Sample 
Collection (EPA 1985b) 

A Compendium ofSuperfund. Field Operations 
Methods (EPA 1987c) 

An Overview of Sediment Quality in the 
United States (EPA 1987e) 

Proposed Gui.d.e fOT Sedirn.eru Collection., 
Storagt., Characterization and Manipulation 
(The American Society for Testing and 
Materials, undated) 
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• Lode:: waters. Latic waters are fast-moving 
waters such as rivers and streams. Variations in 
mixing across the stream channel and downstream 
in rivers and streams can make it difficult to 
obtain representative samples. Altbough the 
selection of sampling points will be highly 
dependent on the exposure pathways of concern 
for a particuJar Site, samples generally should be 
taken both toward the middle of the channel 
where tbe majority of tbe 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 
outfaUs. Any facilities (e.g., dams, wastewater 
treatment plants) upstream that affect flow volume 
or water quality should be considered during the 
timing of sampling. "Background- releases 
upstream could confound the interpretation of 
sampling results by diluting contaminants or by 
increasing contaminant loads. In general, 
sampling should begin downstream and proceed 
upstream. 

• 
Lentie waters. Lentic waters are slow-moving 

waters such as lakes, ponds, and impoundments . 
In general, lentic waters reqUire more samples 
than lotic waters because of the relatively low 
degree of mixing of lentic Waters. Thermal 
stratification is a major factor to be considered 
when sampling lakes. If the water body is 
stratified. samples from each layer should be 
obtained. Venical 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 

subsequent samples. Sampling in flowing waters 

should begin downstream and end upstream. 

Wading should be avoided. Sediments of different 

composition (i.e., mud, sand. rock) should not be 

composited. Again, it is imponant to obtain data 

that will suppon the eyaluation of the potential 

exposure pathways of concern. For exampl~ for 

pathways such as incidental ingestion, sampling of 

near-shore sediments may be imponant; however, 

for dermal absorption of sediment contaminants 

during recreational use such as swimming, samples 

from di(ferent 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.g., fraction of organic carbon. 

panicle size distribution) can be determined (see 

Section 4.3). 


4.s.s AIR 

Guidance for developing an air sampling plan 
for Superfund sites is provided in Procedures for''') 
Dispersion Modeling and. Air Moniloring fOI 

Superfund Air Palhway Analysis (EPA 198ge)." 
That document is Volume IV of a series of four 
technical guidance manuals called Procedures for 
Conducting Air Pathway Analyses for Superfu,nd 
Applicalions (EPA 198ge-h). The other three 
volumes of the series include discussions of 
potential air pathways. air emission sources. and 
procedures for estimating potential source 
emission rates associated with both the baseline 
site evaluation and remedial activities at the site. 

Air monitoring information. along with 

recommendations for proper selection and 

applic:nion 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 step 
addressed is the process of coUecting and 
reviewing existing air monitoring infonnation 
relevant to the specific site, including source. 

• 
of salinity should be sampled. receptor, and environmental data. The second .) 

step involves determining the level 01 . 
Sediments. Sediment samples should be sophistication for the air monitoring program: the 

collected in a manner that minimizes disturbance levels range from simple screening procedures to 
of the sediments and potential contamination of refined techniques. Selection of a given level will 
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AIR SAMPLING GUIDANCE 

TeciJnkaJ .Assistance Documentfor SQl'1'IJ'ling 
andAna1ysis otTtJxicOrganic Compounds ill 
Am"icm Air (EPA 1983) 

:; .. )iJ:t:;p;n::::/;;;f2~;iei4OPu~~~ ... 

Methods (EPA 1987c). 

Procedu.rt:s for Dispersion Modeling and Air 

• Monitoring 	 for Superfund Air Pathway 
.Antzlyns (EPA 1988!) 

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 enlission 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 
meteorologiClI 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 (he air sampling results. The review of 
these meteorological data can help indicate the 
sampling locations and frequencies. 
MeteOrological characteristics also will be 
necessary if air modeling is to be conducted. 

4.5.6 BIOTA 

Organisms sampled for human health risk 
assessment purposes should be those that are 
likely to be consumed by humans. This may 
indude animals such as commercial and game fish 
(e.g.. saimon, trout, catfish), shellfish (e.g., oysters, 
dams, crayfish), fowl (e.g.• pheasant. duck). and 

depend on technical considerations (e.g., detection 
limits) and available resources. The third step on 
~ir monitoring is development of the air 
mOnitoring plan and includes determination of the 
type of air monitors. the number and location of 
monitors, the frequency and duration of 
monitoring, sampling and. analysis proc:idures. and 
QAlQC procedures. Step four details the day-to
day activities related to conducting the air 
maintenance and calibration, and documentation 
of laboratory results and QAlQC procedures. The 
fifth and final step involves the procedures 
necessary to (1) summarize and evaluate the air 
mOnitoring results for validity. (2) summarize the 
Statistics used. (3) determine site-related air 
concentrations (by comparison of upwind and 
downwind concentrations). and (4) estimate 
uncertainties in the results related to the 
monitoring equipment and program and the 
analytical techniques used in the laboratory. 

Given the difficulties of collecting sufficient 
air samples to characterize both temporal and 
spatial variability of air concentrations, modeling 
- along or in conjunction with monitoring - is 
often used in the risk assessment. For the most 
efficient sampling program. the section iIi 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 shon-term and long-term modeling. 
When evaluating long-term inhalation exposures, 
sample results should be representative of the 
long-term average air concentrations at the long1:.. 
term exposure points. This requires an air 

• sampling plan of sufficient temporal scale to 
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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 eifon should be made to 
sample species that are consumed most frequently 
by humans. Guidance for collecting biota samples 
is provided in the referenc::el given in thc box 
below. The following paragraphs address the 
following special aspects of biota sampling: 
ponion '15. whole sampling, temporal concerns, 
food preference, fish sampling, involvement by 
other agencies. 

BIOTA SAMPLING GUIDANCE 

Food and Drug Administration's Pesricitk 
AnalyricaJ Manual (FDA 1977) 

Cooperarive Agreement on the MOniroring of 
Contaminarw in Grear Lakes Spon FISh for 
Human Health Purposes (EPA 1985c) 

FDA's PesricidJ:s and Industrial Chemicals in• Domestic Foods (FDA 1986) 

A Compendium Of Superfund Field Operations 
Methods (EPA 1987c) 

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

Portionvs. 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 may 
be needed, however. for certain species of fish 
and/or for environmental risk assessments. For 
example. for some species. especially small ones 
(e.g., smelt). whole body concentrations are most 
appropriate. (See Risk Assessment Guidance for 
Superfund.: Environmental Evaluation Manual 

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

Fish sampling. It is recommended that fish 
of -catchable- size be sampled instead. of young, 
small fish because extremely young fish are not 
likely to be consumed. Older, larger fish also 
generally are more likely to have been exposed to 
site.specific contaminants for a long time, 
although for some species (e.g., salmon) the ) 
reverse is true. Both boltom-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 seoping process. 

4.6 DEVELOPING 	AN OVERALL 

STRATEGY FOR SAlVlPLE 

COLLECTION 


For each medium at a site, there are several 
strategies for collecting samples. The sampling 
strategies for a ~ite must be appropriate for use 
in a quantitative risk assessment; if inappropriate, 
even the strictest QNQC procedures associated 
with the strategy will not ensure the usability of 
sample results. Generally, persons actually 

• 
(EP A 1989a) for more information concerning conducting the field investigation will determine ') 
biota sampling for environmental assessment.) the strategy. As discussed in Section 4.1. risk 
The edible portion of an organism can vary with assessors also should be involved in discussions 
species and with the potentially exposed concerning the strategy. The following areas of 
subpopulation. 	 major concern «(rom a risk assessment 



•• 

pi 

Page 4-17 .' --------------------------------------------------------------
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 gWdance on sampling strategy. 

4.6.1 DETERMINE SAMPLE SIZE 

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

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

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

(2) 	 statistical methods that are planned; 

(3) 	 statistical performance (i.e., variability 
power, and cenainty) 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 

SAMPUNG STRATEGY GUIDANCE 

TesiMethods for Evab.u:uing Solid Waste (SW
'846): physktUlChmiical Methods (EPA 

,,}~) ',: ' , ..:, ,":":,,, 

, ," 	 btito. "Quauty"ObjeCtiv~ "for" RemoiUzJ ' 
Response Activities: Development Process 
(EPA 1987a) 

DQ1I1. Qualily Objectives for Remedial 
Response Activiliu: Example Scenario: 
RlfFS Acrivi:ties Ql a Site with ConltJminated 
Soils tznd Grt.'IIJ1'Id Waur (EPA 1987b) 

Expanded Sire Inspection (ES!) Transilional 
Guidance for FY 1988 (EPA 1987f) 

Quality Assurance Field OperOJions Manual 
(EPA 1987g) 

Statistical Methods for Evaluating the 
Attainment of Superfund Qeanup Standards: 
Volume 1, Soils and Solid Meditl (EPA 
1988f) , 

Proposed Guide.lines for Exposure-related 
MetJSUTemenu (EPA 1988g) 

InEerinz Report on Sampling Design 
Methodology (EPA 1988h) 

Standard Haruibook of Hazardous Waste 
Treamzent and Disposal (Freeman 1989) 

Soil Sampling Quality Assurance Guide (EPA 
1989b) 

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

SlDtistical methods. A variety of statistical 
manipulations may need to be performed on the 
data used in the risk assessmenL 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 1986c), the ReM 
Delisting guidance (EPA 1985d). and the Soils 
Qeanup Attainment guidance (EPA 1988f). 
address these strategies in detail. 

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

As discussed in Section 4.4.3. 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 onsile average conditions 
are 100 times larger than background or can 
accept a lower chance of detecting the difference 
if it exists (i.e.. a lower power). then a smaller 
sample size could be accommodated. 

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

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 bigher will be the upper 
confidence limiL This follows from the fact that 
in general, as certainty increases (i.e.. a becomes 
smaller), the size of the confidence· inteJVa1 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. practicaJ 
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 are3S of 
concern are established purposively (e.g•• with the 
intention of identifying contamination), the 
sampling locations within the areas of concern 
generally should not be sampled purposively if the 
data are to be used to provide defensible 
information for a risk assessment. Purposively 
identified sampling locations are not discouraged 
if the Objective is site characterization. conducting 

. a chemical inventory, or the evaluation of visually 
obvious contamination. The sampling results, 
however, may overestimate or underestimate the 

I 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 

• 

the certainty of the calculations. One minus the generally should not be modeled and used to 

certainty is the significance level (i.e., a), or false estimate other relevant statistics. After areas of ) 

pOSitive rate (see also Section 4.4.3). The higher concern have been established purposively, 

the desired certainty level (i.e., the lower the ground-water monitOring well locations, 

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

Several positive features are associated with 
data coUecled 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). Serond, estimates of 
the uncertainty of the average and the 
distributional form of the concentration 
measurements are informative and Simple to 
estimate when they are detennined 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 aU 
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 effon 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 
concentrations. Also, geostatistical 
characterizations - as described in the DQO 
guidance (EPA 1987a,b) - are best done with data 
collected from a Sj'Stematic sample. 

Disadvantages of Sj'Stematic sampling inc:1ude 
the need for special variance calculations in order 
to estimate confidence limits on the average 
concentration. The Soils Oeanup Attainment 
guidance (EPA 1988f) discusses these calculations 
in funher detaiL 

4.6.3 	 DETERMINE TYPES OF SAMPLES 

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

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

I 
Composite samples. Composite samples 

sometimes referred to as continuous samples for 
air - combine subsamples from different locations 
andlor times. As such, composite samples may 
dilute or otherwise misrepresent concentrations 
at specific points and, therefore, should be avoided 
as the ol1.ly inputs to a risk assessment. For 
media su~h 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 0 ften 
be the case in a large stream or river. 
Composites then an 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 

MEfEOROLOGlCAL FACTORS 


Temporal (time) and meteorological 
(weather) factors also must be considered when 
determining sampling strategies. The sampling 
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• design should account for fluctuations in chemical 
concentrations due to these factors because in 
general, the variability in sampling results 
increases with increasing complexity of these 
factors. When these factors are complex. 
specialized and detailed sampling designs are 
needed to maintain a <:ODStaDt and cenain .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, annuaUseasonal 
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 concentratioDS across an 
area of concern, which in tum will result in the 
underestimation of the confidence limits on the 
mean. The reason for this underestimation is that 
temporal variability is not included in an 
evaluation of the total environmental variability 
at the site. 

• Annual/seasonal sampling cycle. The ideal 
sampling strategy incorporates a full annual 
sampling cycle. If this strategy cannot be 
accommodated in the investigation, at least two 
sampling events should be considered. These 
sampling events should take place during opposite 
seasonal extremes. For example, sampling periods 
that may be considered extremes in temporal 
sampling include (1) high water/low water, (2) 
high rechargel10w recharge, (3) windy/calm, and 
(4) high suspended solids/clear water. This type 
of sampling reqUires some prior knowledge of 
regional seasonal dynamics. In addition, a 
sampling team that can mobilize rapidly might be 
needed if the panicular 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. 

Vnriability estimation. The simple variance 
estimators that are often used in risk assessment 
require that the data are independent or 
uncorrelated. Cenain types of repeated samples, 
however, (e.g., those from ground-water wells or 

SEASONAL VARIABILITY 

Reprdlc:lll of tbe medium _pled.,. iample 
composir.ion. may vary depeDdilll oa tile lime o(1"'!U 
and. weather conditionswbeD the: umplc is· c::oiledeIL 

. For. aample. QUa ..uxDIS . .,. Jl'IIIIIIJ•. au. ..:aoil:;~:.} 
··'compolitJoIUlodthUi atfec:t tJietjpcsud~:: 

. of dlemic:als pn:sent OIl so6d marerial; heavy 
precipitation and runoff Crom snowmelt may directly 
dilute chemical concenU'aUOm or change the types of 
chemicals present iD swfacc wau:r; heny raiD also may 
result iD aediment loadin, to water bodies, which· could 
inaase conlamiJlalioll or affc:c:t abe c:oncenLraUODl of 
other coDtaminanu through adsorptioa aDd setlIiDI in 
the water colll.lml; it grouDd-water samplea are c::oUc:c:ted 
from.u·are:a beaviIy depeDdcslt oa pouad wala'.Cor 
lniplioD, the compositioa of a umple collec&cd dmiltg 
the summer growing season may peatly durer from the 
composition of a sample collected in the winCef'. 

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 accountS for time and 

weather factors. Ifseasonal fluctuations cannot be 
characterized in the investigations. details 
concerning meteorological. seasonal. and climatic 
conditions during sampling must be documented. 

4.6.5 USE FIELD SCREENING ANALYSES 

An imponant component of the overall 
sampling strategy is the use of field screening 
analyses. These types of analyses utilize 
instrumentS that range from relatively sim pie (e.g., 
hand-held organiC vapor detectors) to more 
sophisticated (e.g.. field gas Chromatographs). 
(See Field Screening Methods Catalog [EPA 1987h] 

air monitors) actually are time series data that for more information.) Typically, field screening 
might be correlated. In other words, the is used to provide threshold indications of 
concentration of a contaminant in an aquifer contamination. For example. on the basis of soil 
measured at a well on a given day will depend, in gas screening, the field investigation team may 
part, on what the concentration in the aquifer was 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 RIJFS process. 

4." 	 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 RIJFS sampling is not 
exhaustive site characterization, but rather to 
provide sufficient information to form the basis 
for site remediation. 

4.7 QAlQC MEASURES 

This section presents an overview of the 
follOwing quality assurance/quality control 
(QAlQC) considerations that are of particular 
imponance 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 QAlQC 
evaluations. 

The Quality Assurance Field OperarWns 
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 QAlQC contacts (e.g., 
the regional Environmental Services Division) or 
EMSL-LV should be consulted if more 
information concerning QAlQC procedures for 
samp~gisdesired. 

4.7.1 	 SAMPUNG PROTOCOL 

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

• 	 Objectives of the study. 

• 	 procedures for sample 'collection, 
preservation, handling, and transpon; 
and 

• 	 analytical strategies that will be used. 

Presenting the objectives of the RI sampling is 
panicularly imponant because these objectives 
also will determine the focus of the risk 
assessment. There should be instructions on 
docu~enting conditions present during sampling 
(e.g.. i weather conditions, media conditions). 
Persons collecting samples must be adequately 
trained and experienced in sample collection. Test 
evaluations of the precision attained by persons 
involved in sample collection should be 
documented (i.e., the individual collecting a 
sample should do so in a manner that ensures 
that a homogeneous, valid sample is reproducibly 
Obtained). The discussion of analytical strategies 
should specify quantitation limits to be achieved 
during analyses of each medium. 

4.7.2. 	 SAMPUNG DEVICES 

The devices used to coUect. store, preserve, 
and transpon samples must not alter the sample 
in any way (i.e., the sampling materials cannot be 
reactive, sorptive.. able to leach analytes, or cause 
interferences with the laboratory analysis). For 
example, if the wrong materials are used to 
construct wells for the coUection of ground-water 
samples, organic chemicals may be adsorbed to the 
well materials and not be present in the collected 
sample. 
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4.7.3 	 QC SAMPLES 

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

4.7.4 	 COLLECTION PROCEDURES 

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

4.7.5 	 SAMPLE PRESERVATION 

Until analysis by the laboratory, any 
chemicais 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 ANALYfICAL 
SERVICES 

EPA's SAS, operated by the CLP t may be 
necessary for two main reasons; (1) the standard 
laboratory. methods used by EPA's Routine 

Analytical Services (RAS) may not be appropriate 
(e.g., lower detection limits may be needed)." and 
(2) chemicals other than those on the target 
compound list (TeL; i.e., chemicals usually 
analyzed under the Superfund progxam) may be 
suspected at the site and therefore may need to be 
analyl.ed. A discussion on the R.AS detection 
limits is provided in Chapter S. Additional 
information on SAS can be found in the User's 
Guide to the Contract Laboratory 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 seoping 
meeting. SAS is addressed in greater detail in 
Chapter S. 

4.9 TAKING AN ACTIVE ROLE 
D~NGWO~~ ') 
DEVELOPMENT AND DATA 
COLLECTION 

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

(I) 	 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 
SAMPUNG 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 imponance of the data 
in meeting RIIFS objectives. One of the RIJFS 
objectives, of course, is the baseline risk 
assessmenL Therefore, the risk assessment data 
needs and their fit with those of other RI/FS 
components are discussed. If cenain risk 
assessment sampling needs are judged infeasible 
by the scoping meeting attendees, all persons 
involved with site investigation should be made 
aware of the potential effects of exclusion on the 
risk assessmenL 

4.9.2 	 CONTRIBUTE TO WORKPLAN AND 
REVIEW SAMPLING AND ANALYSIS 
PlAN 

The outcome of the scoping meeting is the 
development of a workplan and a SAP. The 
workplan documents the decisions and evaluations 
made during the scoping process and presents 
anticipated future tasks, while the SAP specifies 
the sampling strategies, the numbers, types, and 
locations of samples, and the level of quality 
control. The SAP consists of a quality assurance 
project plan (QAPjP) and a field sampling plan 
(FSP). Elements of the workplan and the SAP 
are discussed in detail in Appendix B of the RIIFS 
guidance (EPA 19883). Both the workplan and 
the SAP generally are written by the personnel 
who will be involved in the collection of the 
samples; however. these documents should be 
reviewed by all personnel who will be using the 
resulting sample data. 

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

• 	 field investigation (e.g., 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 at 
appropriate exposure points. 

data needs for statistical analysis of 
the above. and 

data needs for fate and tcampon 
models; 

• 	 sample analysislvalidation. especially with 
respect to 

- chemicals of concern, and 
- analytical quantification levels; 

• 	 data evaluation; and 

• 	 assessment of risks. 

In reviewing the above, the precise infol"I'Qation 
necessary to satisfy the remainder of this guidance 
should be anticipated. 

Review the SAP. The risk assessor should 
carefully review and evaluate aU sections of the 
SAP to determine if data gaps identified in the 
workplan will be addressed adequately by the 
sampling program. Of particular imponance is 
the presentation of the objectives. In the QAPjP 
component of the SAP, the risk assessor should 
pay panicular attention to the QA/QC procedures 
associated with sampling (e.g., 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 
considerations in reviewing the SAP are discussed 
in Section 4.1.3. 
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In reviewing the FSP, pay panicular attention 
to the infonnation on sample location and 
frequency, sampling equipment and procedures, 
and sample bandling and analysis. As discussed 
in Section 4.5, the sampling procedures should 
addresS: 

• 	 each medium o( ooncem; 

• 	 background concentrations: 

• 	 all potential exposure points within each 
medium; 

• 	 migration to potential exposure points, 
including data (or models: 

• 	 potential exposures based on possible 
future land uses; 

• 	 sufficient data to satisfy roncems about 
distributions of sampling data and 
statistics; and 

• 	 number and location of samples. 

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

The SAP may be revised or amended several 
times during the site investigation. Therefore, a 
review of all proposed changes to the sampling 
and analysis plan that potentiany may affect the 
data needs for risk assessment is necessary. Prior 
to any changes in the SAP during actual sampling, 

compliance of the changes with the objectives of 
the SAP must be checked. (If risk assessment 
Objectives are not specified in the original SAP, 
they win not be considered when changes 10 an 
SAP are proposed) 

CONDucr INTERIM REVIEWS OF 
FIELD INVES'I1GATION 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 
oollected 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 nOl 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 shonen 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 

I gaps wiU 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 informatioD that is appropriate for the asrc::ssmcnt of buman healtb risa also may be suitable aDd neceuary for an 
environmental evaluatiOD of tbe site. Procedures for conducting an environmental evaluation of the hazardous waste site are outlined 
in tbc companion volume of this guidance, tbe Environmental Evaluation Manual (EPA 1989a). and are not discussed in this chapter. 

I 
2. The term "media- men to both environmental media (e.g .. soil) and mOO! (e.I.. fISh). 

3. "Areas of Concern" witbin the contc::tt of this guidance should be differentiated from tbe same terminology used by tbe Oreat I..a.kes 
environmental communiry. This latter use is defined by the International Joint Commission as an area round to be cxcccding the Great 
Lakes Water Qualiry Agreement Objectives. 

4. New routine services tbat provide lower detection limits are l;Um:Dtly under development. Contact the headquaners AltaJytical 
Opel'lltions Bl'llnch for further information. 
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• 	 REFERENCES FOR CHAPTER 4 

Amcric:an Society of Testing and Materials (ASTM). Undated. A Prooosed Guide for Sediment Collection, Storage, Ql.aracteriz.ation. 
and Manipulation. Draft. Available from G. AIlcD Burton, Dept o{ Biological Sciences, Wright State UDiYcrsiry, Dayum. Ohio 
45435. I 
• 	 ProrideI iDfcnutiaa CDDCCl"IliD& bow to c:oUc:a c:anauJ.aed 1CdimeDts, sedi.meld IpitiD& dUvlica proc:edura. 

aDd ONQC. Wlll probabty be ill the aJlDuaJ AS'TM minuaL 

Environmental Protec:tion Agency (EPA). 1981. Procedures for Handling and Chemical AnaMis of Sediment and Water Samples. 
Gte:at Lates Laboratory. 

Environmeutal Protection Asenc:y (EPA). 1983. Technical Assistance Document ror Sampling and Analvsi! or Toxic Omnic 
Compounds in Ambient Air. Office of Researdl and Dcvc:lopIDenL 

• 	 Provides guidaDce to persons iDvolYed ill designing and implc:tDenting ambient air monitoring prognms for t<D:ic 
orp.IIic compouods. IDdudcs guidance OD selecting samplinglaDatytic:al mctbods. samplins strategy. OA 
procedures. and data formaL OutliDes policy issues. 

Environmeutal Protec:tion Asency (EPA). 1984. Sediment Sampling Quality Assurance User's Guide. Environmental Monitoring 
Suppan L.aboratory. Las Vegas., NY. NTIS: PB-&5·Z33·S42., 

• 	 Overview or selected sediment models presented as a [oundation Cor stratification of study of regions and 
selection of locations for sampling sites, methods of sampling. sampling preparation and analysis. Discussion 
of rivera, lakes. and estuaries. 

Environmental Protection Asency (EPA). 1985a. Practical Guide to Ground·water Sampling. Environmental Research Laboratory. 
Ada., OK. EPA 6OOIl-8S1l04. , 

• 	 Conl.ains information OD laboratory and field testing I'f sampling materials and procedures. Emphasizes 
atinimizing cmm in sampling and analysiL• ) 


Environmental Protection Asency (EPA). 1985b. Methods Manual Cor Bouom Sediment Sample Collection. Great Lakes National 
Program OfDc:e. EPA 905/4-&5,1)04. 

• 	 Provides guidance on survey planning. sample collection. document preparation. and quality assurance for 
sediDleDt sampling surveys. Sample site selection. equipment/containers, collection field observ.llion. preservation. 
handling custody procedures. ' 

Environmental Protec:tion Agency (EPA). 1985c. Cooperative Agreement on the Moniloling of Con!aminanls in Great L:Jkes Span 
Fish for Human Health Purposes. Region V. Chicago. II 

• 	 DiscwIscs sampling protocols and sample composition used Cor spon fish (chinook salmon. coho salmon. lake 
lrout. and rainbow trout). maximum composite samples (5 fISh) and length ranges which would be applicable 
to hazardous waste sites contaminating lakes or streams lUSed Cor recreational fIShing.• 	 I, 

Environmental Protection Asency (EPA). 1985d. Petitions to Delist Ha:z.ardous Wastes Guidance Manual. Office of Solid Waste. 
EPAlS30ISW-&5IOO3. 

Environmeutal Prolec:tion Asency (EPA). 1986a. Tes! Methods for Evaluating Solid Waste (SW-846): Physical/Chemical Methods. 
Office of Solid Waste. ! 

I 
• 	 Provides analytical procedures to test solid waste to determine if it is a hazardous waste as defined under RCRA. Contains 

information for collecting solid waste samples and for determining reactivity, corrosivity. ignitability. composluon or waste. 
aDd mobility of waste compounds. 

Environmental Protec:tion Asency (EPA). 1986b. Field Manual for Grid Sampling of PCB Spill Sites to Veri'" Clonups. Office of 
TCXltic SubsWlc:cs. EPAl560/S~17. 

• • Provides detailed. step-by.step guidance for using haagonal grid sampling; includes sampling design. collection. ) 
OAlQC and reponing. 
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Environmcnw Protection Agency (EPA). 1986c. Resource O:mservation and Recoverv Act (RCM) Ground-water Monitoring 
Technical Enforcement Guidance Document. Office of Waste Programs Enforcement. 

• 	 Contains a detailed presentation of the elements and procedures essential to the design and operation of ground

water mOnitoring SYSlems tbat meet ttle goats of RCRA and ill regulations. lndudes appendices oa stalistic:at 

analysis and some geopbysica1 techniques. 


i 
Environmenw Protectioa Ape)' (EPA). 1987a. Data Oualirv Objectives for Remedial Response ActMties: Development Prncess. 

Omc:e of Emergency IlId Rema1ia\ Response and Office of Waste Propams Enforcement. EPM4IOIO-i1i003. (OSWBR 
Directive 9335.o..1B). 

• 	 Identifies (1) ttle framework and process by whicb data quality objectives (DOOs; qualitative and quantitative: 

statements that $pec:it'y tbe quality of tbe data required to support Agency decisions during remedial response 

activities) an: developed and (2) the individuals responsible for development of DQOs. Provides procedures 

for deten:r:rining a quantifiable degree of cenainty that can be UlIed in making site-specific dec:isions.Provides 

a formal approach to integration of 000 development with sampling and analysis platt developmenL Attempts 

to improve ttle avera1l quality and COSt effectiveness of data collection and analysis activities. 


Environmental Protection Agency (EPA). 198'7b. Data Quality Obiectives for Remedial Response Activities: Example Scenario: RJ/fS 
Activities at a Site with Contaminated Soils and Ground Water. Office of Emergency and RemedlaJ Respoasc and Omce of 
Waste Programs EnforcemenL EPAl540JO-i1IOO4. 

• 	 Companion 10 EPA 1987a. Provides detailed c:xamples of Ihe proccs$ for development of data quality Objectives 

(OOOs) for RI/FS activities under CERCLA. 


Environmental Protection Agency (EPA). 1987c. A Compendium of Suoerfund Field Operations Methods. Office of Emergency and 
Remedial Response. EPNS401P-87/oo1. (OSWER Directive 9355.0-14). 

Environmental Protection Agency (EPA). 1987d. Handbook: Ground Water. Office of Researc:h and Dew:lopmenl. EPAJ62516
871016. 

i 
• 	 Resource document that brings togetber the available tecbnical inf0n:nation in a Corm couvenieDl for personnel 


ilJVOived in ground-water management. Also addresses min.imizationiof uncenainties in order 10 make reliable 

predictions about contamination response to correctiVe or preventative measures. 


Environmental Protection Agency (EPA). 1987e. An Overview of Sediment QualilY in the United States. Office of Water ReguiatioDl 
and Standards. 

• 	 Good pnmer. Contains many references. 

Environmental Protection Agency (EPA). 1987[. E.wanded Site Inspection (ES!) Transitional Guidance for FY 1988. Office of 
Emergency and Remedial Response. (OSWER Directive 9345.1-.02). 

• 	 Provides reader with a consolidated ready reference of generol methodologies and activities [or conducting 

inspection won;. on sites being investigated Cor the NPL 


Environmental Protection Agency (EPA). 1987g. Qualitv Assurance Field Operations Manual. Office of Solid Waste and Em.ergency 
Respornse. 

• 	 Provides guidance: for the selection and definition of field methods. sampling proccdun:s, and custody 

responsibilities. 


Environmental Protection Agency (EPA). 1987h. Field Screening Methods Catalog. Office of Emergency and Remedial Response. 

• 	 Provides a listing of methods to be lI$ed during field screening. and includes method descriptiOns, their 

application 10 panicular $ites. their limitallons and uses, inslrUmentatioD ~uiremcnl.S, detection limits, and 

precision and accuracy information. 


Environmental Protection Agency (EPA). 1988a. Guidance Cor Conductin!! Remedial lJlVe!tigations andFC3llibiJilY StUdies Under 
CERClA. Intenm Final. Office of Emergency and Remedial Response. (OSWER Direcllve 9355..3-(1). 

• 	 Provides the lI$er (e.g .• EPA personnel. state agencies. potentially responsible parties (pRPs). federal f.ac:ility 

coordinators. and contractors assisting in RlIFS-reiated activities) with an averaII UIldcrstandiD& of the RI/FS 

process. Includes general information concerning scoping meetings, tbe development of conceptual models at 

the beginning of a site investigation, sampling. and analysis. 
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Environmental Protection Agency (EPA). 1988b. Statistical Methods Cor Evaluating Ground Water Crom Hazardous Waste Facilities. 
Office of Solid Waste. 

• 


• 	 Specifics fM: dillerent statistical methods tbat an: appropriate Cor ground-water moDitoril1g. OulliDes sampling 
proa:dun:s aDd performance SUlIIdards tbat are designed! to help minimize the occum:nce of Type I aDd 'I)'pe 

II ~ I 

E1MronmentaJ Protection Acency (EPA). 1988c. Surface Impound~ent Oean aosure Guidance ManuaL omce of Solid Watc. 

, 
Environmental Protection Agency (EPA). 1988d. Love Canal Emmencv Declaration Area HabitabiliTY StudY Repon. Prepared by 

CH2M Hill and Ufe Systems for EPA Region IL 

• 	 Provides a formal comparison of samples with background as well as detailed discussions concerning problems 

as:sociated with sampling to CY3luate dala. 


Environmental Protection Agency (EPA). 1988e. Guidance on Remedial Actions for Contaminated Ground Water at Superfund Sites. 
Interim Final. Office of Emergency and Remedial Response. (OSWER Directive 9283.1-2). 

• 	 Provides guidance to develop, CYaluate, aDd sdecl ground__tet' remedial actions at Superfund sites, focusing 

on policy i:ssucs and establishing cleanup levels. Also includes discussion oC dala collection activities Cor 

Characterization of contamination. 


Environmental Protection Agency (EPA). 1988f. Statistical Methods' Cor Evaluating the Attainment of Superfund Cleanup Siandards. 
Volume i: Soils and Solid Media. Draft. Office of Policy. Planning. and Evaluation. . 

• 	 Provides statistical procedun:s thai can be used in conjunction wilh attainment objectives defined by EPA to 

determine, with Ihe desired confidence, whether a site does indeed allain a cleanup standard. II also provides 

guidance on ampling or soils to obtaiD baseline information onsite. monitor cleanup operations, and verify 

attainment of cleanup objectives. 
 1 


Environmental Protection Agency (EPA). 1988g. Proposed Guidelin ror E.y:>osure.rdated Measurements. 53 Federal Register 48830 
(December 2. 1988). ! 

• 	 Focuses on general principles of chemical measurements in various physical and biological media. Assists 

those who must recommend, condUct. or CY3luate an ex:posure assessment. 


Environmental Protection Agency (EPA). 1988h. Interim Repon on Sampling Design Methodology. Environmental Moniloring 
Suppon Laboratory. Las Vegas, NY. EPJV600IX-88/408. 

• 	 Provide guidance concerning the statistical determination, of the number or samples 10 be collected. 

Environmental Protection Agency (EPA). 1988i. User's Guide to the Contract Laboratorv Progr:lm. OCfice of Emergency and 
Remedial Response. 

Environmcnlal Protecllon Agency (EPA). 1989a. Risk Assessment Guidance for Superfund: Environmental E\"aluat ion Manual. 
Intenm Final. Office of Emergency and Remedial Response. I EPN540/1-89/001A. (OSWER Direcllve 9285.7.01). 

Environmental Protection Agency (EPA). 1989b. Soil Sampling Qualitv Assurance Guide. Review Dr:lft. EnVironmental Monitoring 
Suppon Laboralory. Las Vegas. NY. 

• 	 Replaces earlier edition: NTIS Pb-84.198~21. IndudesiDQO·s. QAPP. information concerning the purpose 
of background sampling, selection of numbas of samplps and sampling sites. error control. sample design. 
sample documentallon. : 

Environmental Protection Agency (EPA). 1989c. Statistical Analvsis oC Ground·water Monitoring Data al RCRA Facilities. Office 
of Solid Waste. 

Environmental Protection Agency (EPA). 1989d. Ground-water Sampling Cor Metals AnalYSes. Office or Solid Waste and Emergency 

• 
Response. EPJVS40/4-89-OO1. 

.) 
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Environmental Protection Agency (EPA). 198ge. Air SUDerfund National Technical Guidance Series. Volume IV: Procedures for 
Dispe~ion Modeling and Air Monitorin2 for SUDeriund Air Pathway Analpis. Interim Final OUice of Air Quality Planning and 
Standards. Research Triangle Park. NC. EPN450(l.a91OO4. 

• 	 This volume discus:Ics procechm:s for disper.sion modeling aad air 1DO~&oriDg for supafuDd air pathway lUIIIIysa. 

Contains lUOmmendatioDi for proper :se!cction and appliallioa of iair dispcrsioa modc:ls aDd procedures to 

develop. conduct, and cvaluase tbe resulss of air c:oncentralioa IDODilOC'iq to charac:lc:rize dowmriDd aposure 

conditions (rom Supc:rf1md air cmiuioD soun::es. 


Environmental Protection Agency (EPA). 1989f. Air SUDerfund National Technical Guidance Series. Volume I: Application of Air 
Pathwav Analvses for Superfund Activities. Interim Final. Office of Air Quality Planning and Standards. Researcb Triangle Part. 
NC. EPN450(l.a9l001. 

• 	 Provides =mmended procedures for tbe conduct of air palbway analyx:s (APAs) Ulat meet the needs of the. 
Superfund program. The procedures arc intended Cor use by EPA remedial projCC1 managers. enforcement 
project managcn.. and air c:xpcns as wdl as by EPA SupcrfuDd CODtnaors. 'Ibc c:mpbalia of this volume is 
to provide a recommended AP A procedure n::iative to tbe remedial pbaIc of the Superfund process. 

Environmental Protection Agency (EPA). 1989g. Air Superfund National Technical Guidanee Series. Volume II: Estimation of 
Baseline Air Emissions at Superfund Sites. Interim finaL Office of Air Quality Planning and Sta.ndarcls.Rc:sean:b Triangle Part. 
NC. EPN450(l.a91OO2. 

• 	 This volume provides information concerning procedures for developing basc:iine emissions from landfills and 

lagoons. Describes baseline emissions from both undistUrbed sites and sites where media~isturbing activities 

are taking place. The procedures describc:c:l for landfills may be applied to solid hazardous waste,. and those 

for lagoons may be applied to liquid hazardous wasle. 


Environmental Protcc:lion Agency (EPA). 1989h. Air Superfund National Technical Guidance Series. Volume III: Estimation of Air 
Emissions from Cleanup Activities at Superfund Sites. Interim FmaJ. ocraa: of Air Qua.lity Planning and Standards. R.c::se:a.n:h 
Triangle Park. NC. EPN4SO(l.a91OO3. I 

I 
• 	 This volume provides technical guidance for estimatins air cmisaiona from remedial acUvir.ies at NFL sitCl that 


may impact local air quality for both onsite worXcrs at a lice aad the surrounding community while the remedial 

activities are occurring. Discusses methods to charaac:rize air quality impacu during soil removal. incineration. 

and air stripping. 


EnVIronmental Protection Agency (EPA). 1989i. Guidance Manual for Assessing Human Health Risks from Chemicallv Contaminated 
Fish and Shellfish. Office of Marine and Estuanne Protection. EPNS03l8.a91OO2. 

• 	 Study designed to measure concentrations of toxic substanees in edible tissues of fISh and shellfISh. 

Environmental Protection Agency (EPA) and Army Corps of Engineers (COE). 1981. Procedures for Handling and Chemical Analvsis 
of Sediment and Water Samples. Tcchmcal Commillcc on Dredged and Fill Matena.! ..1'echnical Rcpon EPNDE.al-1. 

Food and Drug Admmistration (FDA). 1m. Pesticide AnalYtical Manual. Volume 1. 

• 	 Provides a skin-on fillet (whole fish sampling) protocol used in USEP A monitoring of sponflSh in the Great 

ukes. Also includes information on COmposllinll. 


Food and Drug AdminIStration (FDA). 1986. Pesticides and Industrial Chemicals in Domestic Foods.. 

• 	 Provides guidance for sampling designs for fishery prodacu from the marltr:L 

Frcc:man. H.M. 1989. Standard Handbook of Hazardous Waste Treatment and Disposal. McGraw-Hili. New York. 

• 	 Provides detailed information concerning sampling and monitoring of hazardous wutes at remedial action sites 

(Chapters 12 and 13). 


Gilben. R.O. 1987. Stallstical Methods for Environmental Pollution Monitoring. Van Nostrand Reinhold. New York. 

• 	 Provides statistical analysis information by providing sampling plans, statistical tests. parameter estimation 

procedure tcchniques, and refercnc:c::s to pertinent publications. The statisticaltechniqucs disawcd are relauvely 

Simple. and examples. ac:rci.sc.. and ca.se Sludies are prcMded 10 illustrate procedures. 
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• CHAPTER 5 


DATA EVALUATION 


After a site sampling investigation bas 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 aU data available from the site 
investigation and son 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) 	 eva I uate tentatively iden tified compounds 
(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 conducting any of these steps. the 
EPA remedial project manager (RPM) should be 
consulted to determine if cenain steps 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 not evaluating cenain 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 

I 

I
, 

ACRONYMS FOR CHAPTER 5 

CLP .. Contract Laboratory Program 
CRDL - Contract·Required Detection Limit 
CROL .. Contract-Required Quantilation 

Limit 

DL .. Detection Limit 

FIT = Field Invcstigation Team 

IDL - Instrument Detection Limit 

MDL - Method Detection Limit 
NO - Non~etect 
PE .. Performance Evaluation 

POL - Practical QUintilation Limit 
ONOC -·Ouality AsauraaCC/Ouality Control 

OL - Ouantilatioo Limit . 
RAS - Routine Analytical Services 
SAS - Special Analytical Services 


SMa - Sample Management Office 

SOW - Statement of Work 

SOL .. Sample Quantitation Limit 


SVOC .. Scmivolatilc Organic Chemical 

TCL - Target Compound List 

TIC .. TcatatiYc:ly Idenafied Compound 

TOC - Total Organic Carbon 
TOX - Total Orgallic Halogens 
VOC - Volatile Orpaic Chcmic:al 
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• 	 DEFINITIONS FOR CHAPfER 5 

Chemicals of Potential Concern. Chemicals that are potentially site-related and whose data are oC suf!icieDl quality for· use 
in me qUIDWat.iYe riH 2S1CS1JDCnL . 

CommoD Labol'lltory Contaminants. CcnaiD orp..Dic cbemicala.(coalidered br EPA &0 be acetOl1&, .2.-butaDODe. .mcmyteDlt ..•.• 
. . chloride, 1OIueDe, aDd me pbLbalatnstera) tIIaunn:ollllDoDJy .bed iDtlII':.labontcxy aDd thus IDlY. be inUOdaced'iDIo 

a sample from laboratory craIS-contaiuinadon, DOl from the si~ . .. 

CGnt\"3ct.reguired Ouantitation Limit (CROLl. Che:mical-specific levels that a CLP laboratory must be able to routinely and 
reliably detect !lid qUllntitalC in specified sample tnatric:c:s. May or may nOi be equal to the reponed quantitation limit 
oC 2 given chemic:ai in a given sample. 

Detection Limit rot). The 100000l amount that can be distinguished !rom the Dorm.a.t "lloisc" oC aD aualyrical instnlmCDI 01' 

mcUlod. 

Non-dctects <NOs). Chemicals tbat are DOl dClected in • panicular aample above a c:ezUinJimil, usually tile quanlitation limit· . 
for the cbemical in tha1 sample. NOIl-de1ecta may be indicated by a "U" data qualifier. 

Positive Data. Analytical resulu for which measurable concentl'lltions (i.e .• above a quantitation limit) are reponed. May bave 
data qualificn attached (cxcept a U. which iudicata 2 oon-detect). 

I 

Ouantilalion Limit (QL). The lowest level al which a chemical can be accurately ami reproducibly quantitated. Usually equa! 
to the instrument detection limit mwtiplied by a factor oC three 10 five. but varies for diUerent cbemicals and different 
samples. 

• of chemicals thal are likely to be site-related and medium. A useful table format for presenting 
(2) reported concentrations that are of acceptable data is shown in E..dlibit 5-2. 
quality for use in the quantitative risk assessment. 
If the nine data evaluation steps are followed, the . Evaluate data from different time periods to 
number of chemicals to be considered in the determine if concentralions are similar or if 
remainder of the risk assessment usually will be changes have occurred between sampling periods. 
less than the number of chemicals initially If the methods used to analyze samples from 
identified. Chemicals remalOlOg in the differenl time periods are similar in lerms of the 
quantitative risk assessment based upon this lypes of analyses conducted and lhe QAiQC 
evaluation are referred 10 in this guidance as procedures followed. and if the conccntra tions 
"chemicab of potential concern." bet~cen sampling periods are similar. then the 

data: may be combined for the purposes of 
quarltitative risk assessment in order to obtain 

5.1 	COMBINING DATA more .information to characterize the site. If 
concentrations of chemicals change signifiCantly AVAILABLE FROM SITE 
be~een sampling periods, it may be useful to

INVESTIGATIONS keep the data separate and evaluate risks 
separately. AJternatively, one could Use only the 

Gather data, which may be from several most recent data in the quantitative risk 
different sampling periods and based on several assessment and evaluate older data in a qualita tive 
different analytical methods, from all available analysis of changes in concentrations over time. 
sources, including field investigation team (F11) The RPM should be consulted on the elimination 

reports, remedial investigations, preliminary site of any data sets from the risk assessment, and )


• assessments, and ongoing site characterization and justification for such elimination must be fully 

alternatives screening activities. Sort data by described in the risk assessment report. 
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EXHIBIT 5·1 

DATA EVALUATION 

~ing da.!rom 
MCIIIMCIUI'I'I CII_ I--....~ 

(Sec. 5.1). 

"01.. cannot De reauca<l. 
usa at. or 1 t2 at. as 

proxy concanuaaon. Of 

eliminate cnemlcll In 
sample. as approonale. 

See text for details 

concerning spacific 
stlllt'l!l: in thil': flnwr+t::UT 

proxy ccnc:arnruol\. 

'Ev...,.. qualllIecI dIIIL and 

IIIIrml'lllll. 1'I'IOdI1y. Of ....... CIaIa 

.. '"" - ... 1IIlfII'DPII-. 

Usa $AS. if possIN. 10 c:ortlirrn IOInIIIy and ~mraaon: 
Ol,.. ..... sa usa TICa as 1"-' _ (u aQPl'ClPfllII.,. 

CIIc:uIa•• nlll 01 ~c~ 
MQIIIlIIIII¥ 'I1:1II'I _ ..... c::nematI. NOTE: 
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EXHIBIT 5-2 


EXAMPLE OF OUTPUT FORMAT FOR VALIDATED DATA 


Area X 

Sample Medium Soil Soil Soil 
Sample 10 SRB·]·1 SRB·3-lDU SRB·]·2 
Sample Of Screen Dcp.h 0·1' 0·1' 2·4' 
Dale Collecled 12/14/87 12/14/87 12110/87 
Units Ullk& ullkl Ullk& 
Blanb or Duplicalcs Duplicale 

Cllcmi(;ll CROL" o.1t1CCDI ra lion Quall~( C8QL" Coog:oual ion Qualjfe( CROL" Cooccnllallog Q!!all~( 

Arodor·1016 80 80' U 80 80 U 2000' 2000 UJ 
Aroclor·1221 80 80 U 80 80 U 2000' 21m UJ 
Arocior·I212 80 80 U 80 80 U 2ID1. 20(JO UJ 
Aroclor·1242 80 411 J 80 42 J 2000' 21m UJ 
Aroclol·ll48 10 ]0 J 10 36 J 2000' 2/xX) UJ 
Aroclor·I1S4 160 120 J 160 110 J 2ID1 1800 J 
Aroclor·l260 ----160 - -210 160 220 2ID1 2100 

NOle: All values olher IbaD qualifiers musl be enlered II numbers, nol IS labels. 


" Co81racHcquired qU88lllall08 Uml. (unless olherwise nOled). Values for lIIuslfalloft only. 


II Refer 10 Secllon '.4 for an c:rpIanalion of qualificn. 


~ Sample quanlU.llon limil. 


...,... 
'a 
'" J. 

v L
'-' 
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5.2 EVALUATION 	OF ANALYTICAL 
METHODS 

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

results are appropriate for use in quantitative risk 
assessmenL Often. this determination has been 
made already by regional and contractor staff. 

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

OVERVIEW OF THE CLP AND OTHER EPA ANALYrICAL METHODS 

The EPA Conlr.iCt Laboratory Program (CLP) is intended to provide analytical :scmca for Superfund walle site samples. 
As di.scussc:d in the User's Guide 10 the Contract Laboratory Program (EPA 1988a. bereafter referred to as Lbe CLP User's 
Guide), the program was developea to fill the need for Iep.lly defensible results supported by a high Ic:vd of quality assurance 
(i.e.. data 0( known quality) and documentation. 

Prior to becoming CLP laboratories. analytical laboratories must mc= stringent requirements rol" laboratory space and 
praer.ices. instrumentation, pel'lOnnel training, and quality control (Qq, and also must suca::sstully analyze performance 
evaluation (PE) samples. Befon: the fint samples are sb.ipped to the laboratory, audits of CLP labs are conducted to verify all 
representations made by laboratory management. Condnuin, perfOl'1lWlCC is mODitorcd by periodic PE sample analyses. routine 
and remedial audlrs, conll'llct compliance scn:c:ning of data pacll:agcs, and ow:ni.Ih' by EPA. 

Superfund samples an: IlIOIt commonly analyzed usinglbe Routine Analytical ~ (RAS) conducted by Cl.P laboratories. 
Under RAS. all data an: generaled using Lbc same analyticat protocols spccit'yiq iDslrumentatioD, sample handling. analysis 
parameters. required quaotitalion limits, QC rcquiremenu, and repon formaL Protocols are provided in the CLP Stalement 
or Worli. (SOW) for Inorgania (EPA 1988b) and Lbe CI..P SUlIement of Work for Organics (1988c). The SOWs also contain 
EPA's target analyte or compound lists (TAL for inorganies, Tet. for orgaDics), wbk:ta an: the lisla of analytes and required 
quantitation limits (Qu) for which every Superfund site sample is routinety anaJyzed under RAS. As or June 1989. analyles 
on the TcurAL consist 0( 34 volatile organic chemicals (VOCS). 65 semivolalile organic chemicals (SVOCs), 19 pesticides, 
7 polychlorinated biphenyls, 23 metals, and lotal cyanide. Finally. the SOW spedfies data qualilien that may be plac:cd on 
cenain data by the laboratory 10 communicate informalion and/or QC problems. 

CI..P labs are required to submil RAS data pack.:lges to EPA's Sample Management Office (SMO) and to the EPA region 
from which Ihe samples onginated within 35 days oi receiPI of samples. SMO provides management. operational. and 
administrative suppon to Ihe CLP 10 facilitate oplimal use of the program. SMO personnel identify incomplete or missing 
elements and verify compliance witll QNQC requirements in the appropriate SOW. tn addition to Ihc SMO re'V\CW, all CLP 
data are impeded by EPA.appoinled regional dala validalon. Using L:1boratory Dala Validation Functional Guidelines is.~ued 
by EPA headquanen (hereafter referred 10 as Funclional Guidelines for lnorganics [EPA 1988dJ and Functional GLlidelines 
for Organics [EPA 1988eJ). regional guidelines. and professIonal judgment. the person validating data identifies dcvtalions trom 
Ihe SOW, poor QC results, manu inlerferences. and olher analytical problems that may compromise Ihe potenual uses of Ihe 
data. In Ihe validation proc:css. data may be rtag.,oed with qualifien to alen data users of deviatiOlll (rom QC requll~ments. 
These qualifiers differ from those qualifiers auach~ to I.be data by I.be laboratory. 

In addition 10 RAS. non-standard analyses may be conducted usinC Special Analytical Services (SAS) 10 meet user 
requirements such as shon turnaround lime, lower Qu. non-SLaDdard mauiccs, and the leslinl of anaIytes other lhan Ihose on 
the Target Compound LisL Under SAS, tbe user requests spcdfjc analyses. QC procedures, repon formats. and timeframe 
Deeded. 

Examples oC other EPA analytical methods include those described in Test Methods (or evaluating Solid Wnste (EPA 1986: 
hereafter referred 10 as SW-846 Methods) and Melhods for On;anic Chemical Analvsis of Municipal and Indust"al Wastcwater 
(EPA 1984; hereafter referred to as EPA 600 Methods). The SW-846 Methods provide analytical procedures 10 lest solid waste 
to determine it it is a hazardous waste as defined under the Resoun:c Conservation and RecoYerY Ad (RCRA). These methods 
include procedures lor collecting solid waste samples and for delennirung reactivity. corrosMty, ignitabiliry, composilion ofwasle. 
and mobililY ot waste components. The EPA 600 Melhoc:is are used in regulatory program under the Oean Water Acl to 
determine cltemicals pn:sent In mUnicipal and induslria! WUlCWIUers. 

http:ow:ni.Ih


• 
EXHIBIT 5-3 

. I 
EXAMPLES OF THE TYPES OF DATA It0TENTIALLY UNSUITABLE 

FOR A QUANTITATIVE RISK ASSESSMENT 

Analytical Instrument 
or Method Purpose of Analysis Analytical Result 

• 

HNu Organic Vapor Detector 

Organic Vapor Analyzer 

Combustible Gas Indicator 

Field Gas Chromatographt 

Health and Safety, 
Field Screen 

Health and Safety, 
Field Screen 

Health and Safety 

Field Screen/Analytical 
Method 

Total Organic Vapor 

Total Organic Vapor 

Combusu"ble Vapors. 
Oxygen-defident 
Atmosphere 

Specific Volatile and 
Semi-volatile Organic 
Chemicals 

a 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 GC/MS should be performed on 
a subset of the samples in a laboratory prior to use. 

• ) 
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~alytical results that are not specific for a 
panlcular compound (e.g., total organic carbon 
[Toq, total organic halogens (TOX]) or results 
of insensitive analytical methods (e.g., analyses 
using ponable field insuuments such as organic 
vapor analyzers and other field screening methods) 
may be useful when considering sources of 
contamination or potential fate and transpon of 
contaminants. These types of analytical results, 
however, generally are Dot 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 QA/QC procedures should 
be eliminated from funher quantitative use. 
These types of results, however, may be useful for 
qualitative discussiOns of risk in other sections of 
the risk assessment repon. 

The outcome of this step is a set of site data 
that has been developed according to a standard 

t... of sensitive, chemical-specific methods (e.g., 
. "'46 Methods rEPA 1986]. EPA 600 Methods 

(.~'.-\. 1984J, CLP Statements of Work (EPA 
1988b,c]), with QA/QC procedures that are wen· 
documented and traceable. The data resulting 
from analyses conducted under the CLP, which 
generally comprise the majority of results available 
from a Superfund site investigation, fall into this 
category. 

Although the CLP was developed to ensure 
that consistent QAlQC 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 
QAlQC procedures associated with other methods 
make jUdgments concerning the ultimate ·usabili~ 
of the data. Do not accegt at face value all 
remaining analytical results. whether from the CLP 
or from some other set of analytical 
methodologies. Instead, determine •• according to 
the steps discussed below - the limitations and 
uncertainties associated with the data so that only 
data that are appropriate and reliable for use in 

&a quantitative risk assessment are carried through 
"! process. 

5.3 EVALUATION OF 
QUANTITATION LIMITS 

This step. involves evaluation of quantitation 
limits and detection limits (Qu and Ou) for all 
of the chemicals assessed at the site. This 
evaluation ~ lead 10 the re-analysia of some 
samples. the use of .proxy" (or estimated) 
concentrations, and/or the elimination of certain 
chemicals from funher consideration (because they 
are believed to be absent from the Site). Types 
and definitions of Qu and OLs 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 fonowing 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 
~ these corresponding reference 
concentrations. which may result in 
undetected risk); and 

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

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

I , 
5.3.1 	 SAMPLE QUANTITATION UMITS 

(SQLs) THAT ARE GREATER THAN 
REFERENCE CONCENTRATIONS 

As discussed in Chapter 4, QLs needed for 
the site investigation should be specified in the 
sampling plan. For some chemicals. however, 
SQLs obtained under RAS or SAS may exceed 
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• cenain reference concentrations (e.g., maximum Three points should be noted when 
contaminant levels [MCLs], concentrations considering this example. 
corresponding to a 10-6 cancer risk). The box on 
the next page illustrates this problem. For cenain (1) Review of site information and a 
chemicals (e.g., antimony). the CLP contract· preliminary determination oC chemicals 
required quantitation limits (CRQLs) exceed the oC potential concern at a site :m::i!2r to 
corresponding reference concentrations Cor sample collection may allow the 
noncard:nogenic effects, based on the EPA-verified specification oC 10'liYef QLs (te.. using 
reference dose and a 2-liter per day ingestion of SAS) before an investigation begins (see 
water by a 70-ldlogram person.1 Estimation of Chapter 4). This is the most efficient 
cancer risks for several other chemicals (e.g., way to minimize the problem of QLs 
arsenic, styrene) at their CRQLs yields cancer exceeding levels of potential concern. 
risks exceeding 10-4. based on the same water 
ingestion factors. Most potential carcinogens with (2) EPA's Analytical Operations Branch 
EP A-derived slope factors have CRQLs that yield currently is working to reduce the CRQL 
cancer risk levels exceeding 10-6 in water, and values for several chemicals on the TCL 
none of the carcinogens with EPA-derived slope and TAt. and to develop an analytical 
factors have CRQL values yielding less than 10-7 seIVice for chemicals with special 
cancer risk levels (as of the publication date of standards (e.g., MCLs). 
this manual; data not shown) . 

• 
 lYPES AND DEFINITIONS OF DETEcnON L AND QUANTITATION IJMITS 


Strictly interpreted, tbe detecUon limit (OL) is tile IaM::sI 3.JII0W1t·of a chemiealthat can be "seen" above the normal. random 
noise or aD analytical iDsuumeru or metbod. A dlemical present below thal level eannot reliably be distinguished from noise. 
OU are chemjeal-speci.fte and instrumenl...specific and are determined by statislieal treatment or multiple analyses in which tbe 
ratio of tbe IQ\1IIeSI amount observed 10 the elecuonic noise ICYd (i.e., the signal-ta-noise ratio) D determilled. 011 any given 
day in any given sample. tbecalcuJated limit may not be attainable; however, a properly ealcuJated limit can be used as an overall 
general measure or laboratory performance. . 

Two types or Ou may be described - inslrument Du (IOu) and method OU (MOu). The tOL is generally the lowest 
amount o( a substance lhat can be detected by an instrument; it is a measure only of tbe OL for the instrument.. and does not 
consider any effects tbat sample matrix, handling, and preparation may have. TIle MOl- on tbe otber hand. lakes into account 
the reagents. sample matriX, and preparation steps applied to a sample in specific analytieai methods. 

Due 10 the irregular nature of instrument or method noise. reproducible quanlitalion of a chemical is not possible at the OL 
Generally, a (actor of three to fIVe is applied to the DL to obtain a quanlllallon limit (OL). whicll is considered to be the lowesl 
level at which a chemieal may be aCC'llr.ltely and reproducibly quanUulted. Du indicate the level at whicb a small amount would 
be "seen," whereas Qu indieate the levels at which measurements ean be "trustca." 

• 

Two types or Qu may be described - contract-required Qu (CROu) and sample Qu (SOu). (Contract-required detection 
limits [CROL1 is lbe term used for inorganic dlcmieals. For tbe purposes of this manual, h~, CRQL will refer to bolh 
organic and inorpnic chemicaJs.) III order to panlcipate io \.he CLP,lalaboatory must be able to meet EPA CRQu.. CRQu 
are chemieaJ-specific and vary depending on tbe medium analyzed and the amount of chemical c::tpected to be pn::senl in tbe 
Iample. N lbe name implies. CROLs arc DOl necessarily \.he lowest detectable levels achievable, bUI rather are levels thaI a 
CLP laboratory should routinely and reliably detect and quantitale in a variety of sample maUices.. A specific sample may 
require adjustments to tbe preparation or analydeal metbod (e.g., dilution. use of a smaller sample aliquot) in order to be 
ana.l'yzed. In these cases, tbe reponed OL must in tum be adjusted. Therefore, SOu.. not CRQu. will be the Qu of interest 
for most samples. ID fact, for tbe same cIlemieal, a specific SQL may be bigher than, lower than. or equal to SOL values Cor 
other samples. In addition, preparation or anaIytieal adjusunenlS luch as dilution of a sample for quantiUltion of an extremely 
high ICYd ot only one compound could result in non-detects (or all olher compouncJs incJudca as analylC$ for a particular 
method, even !bough these compounds may have been present al trace quantities in the undiluted sample. Because SQLs tate 
into account sample characteristics, sample preparation. and analytieal adjustmenlS, these values are tbe most relevant Qu for 
evaluating non-delected chcmieals. 

) 
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EXAMPLE OF REALm RISKS FROM INGESTION OF WATER CONTAMINATED 

WITH SELECTED CHEMICALS AT THEIR. QUANTITATION LIMlTSa 


i 
CROLar I Cancer' RiIt 

Cb.c:micIJ CAS #' 'CRDL(asIL)~ CRDlJRtCC • mOL QI"CRDLd 

';":" 

AIltimoDy 744().36-4) 60 4.3 
Anenic 744().38·2 10 SxlO"'" 
BeDZ(a)pyn:ne SO-32-8 10 31:10-3 

Bis(l-Chloroelbyl)ctber 111-44-4 10 31:10"'" 
2,4-Dinitrololuene 121-14·2 10 ~0-4 

Hc:uchlorobenzene 118-74-1 10 Sxl0-4 

N-NiU'ClScXli-o-dipropyiamine 621-64-7 10 '2x10·3 

PCB-I254 U096-69·1 1 2xlO-4e 
PCB-l260 U096-8Z·S 1 2x10-4 

Styrene l00-4%-S S .Q10-4 

Vinyl chloride 7S-01-4 10 7xl0-4 

a All values in this eumple an: tor illustration purposes only. 

b CRQL _ Contraa-requin:d quantitation limit (organics) of Ihe Contract Laboratory' Program (revised April 1989). 
CRDL - Contract-n:quin:d detection limit (inorganics) of tbe Contrac:t Labor.atory Program (revised July 1988). 

The CRQL and CRDL valuCl presented bere an: for the rqular mulli-media multi-c:oaccatralioll C1..P mctbods. 

'RrC - Reference conccntraUon (based on the August 1989 refcrence dale r'or oral cx:posurc, aasumiDg I 70-kilogram 
adult driDb 2 literl of contaminated water per day). 

d Cancer Risk at CRQL or CRDL - Excess upper-bound lifetime caDcer risk (based on the August 1989 slope fac:t0l' tor 
oral exposure. lWumin, a 70-kilogram adult drin.l;s 2 liten of contaminated water per day). 

e PCB.l260 slope {ac:tOl' was used. 

(3) 	 In several situations. an analytical 
laboratory may be able to attain QLs in 
particular samples that are below or 
above lhe CRQL values. 

If SAS was not specified before sampling 
began and/or if a chemica! is not detected in any 
sample from a panicular medium at the QL, then 
available modeling data, as well as professional 
jUdgment. should be used to evaluate whether the 
chemical may be present above reference 
concentrations. If the available information 
indicates the chemical is not present. see Section 
5.3.5 for guidance on eliminaling chemicals. If 
there is some indication that the chemical is 

• 	 " esent. then either re-analyze selected samples 
....using SAS. if time allows, or address the chemical 

qualitatively. [n 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 fer thepanicular 
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. 

I 
Re-analyze the sample. This (prefened) 

option discourages elimination of questionable 
chemicals (i.e., chemicals that may be present 
below their QL but above a level of potential 
concern) from the risk assessmenL 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 
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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 quaUtatively. 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 mCB 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 Cor the same chemical in other samples 
from the data set. Even if these SQLs do not 

• 	 l 

EXAMPLE OF UNUSUALLY mGB 
QUANTITATION UMlTS 

[11 this example, COnCCnl13lioas oClIemivolatile organic 
chemicals in soils have been ddermined using the CL.P's 
RAS. 

Concenl13tion (ug/lcgl 
Chemical Sample 1 Sample 2 Sample 3 Sample 4 

Phenol 	 330 Ua 390 19,000 U 490 

au .. Compoulld was analyZed for. bu( not detected. 
Value presenled (e.g., 330 U) is [he SQL. 

The QLs pn:!enled in this example (i.e.. 330 to 19,000 
ugIkc) vary widely from sampJe to 51mpJe. SAS would 
1101 aid in reducing the UDusaaiIy bip QL oC 19,000 
ug/kJ noted in Sample 3. aIIUDliDg it was due to 
uM\'I)idable maw iDt.erfen:su:a. 10 this case. (be result 
Cor pbeDol in Sampie 3 wouldbc dimiDated from the 
quantitative risk asseumenl because it would cause the 
calculated c:::rposure cona:ntratkms (from Otapter 6) to 
aceed [he maximum detected COJICeDIl3Uon (in this 
case 490 uglkg). Thus. the dela set would be reduced 
10 (bree samples: the non-detect in Sample 1 and the 
two detected values in Samples 1 and 4. 

exceed health-based standards or criteria, they may 
still present problems. If the SQLs cannot be 
reduced by re-analyzing the sample (e.g., through 
the use of SAS or sample cleaning procedures to 
remove matrix interferences). exclude the samples 
40m the quantitative risk assessment if they cause 
~e calculated exposure concentration (Le., the 
concentration calculated according to guidance in 
Chapter 6) to exceed the maximum detected con
centration for a particular sample set. The box 
on this page presents an example of bow to 
.address a situation with unusually high Q Ls. 

5..3..3 	 WHEN ONLY SOME SAMPLES IN A 
MEDIUM TFST POSITIVE FOR A 
CHEMICAL 

Most analytes at a site are not positively 
detected in each 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 
non-detected results usually are reported as SQLs. 
These limits indicate that the chemical was not 

' easured above certain levels, which may vary 
m sample to sample. The chemical may be 

p esent at a concentration just below the reponed 
quantit.ation limit, or it may not be present in the 
sample at all (i.e., the concentration in the sample 
is zero). 

~ 

In determining the concentrations most 
representative of potential exposures at the site 
(see Chapter 6), consider the positively detected 
results together with the non-detected result.S (i.e., 
the SQLs). If there is reason to believe tnat the 
chemical is present in a sample at a concentration 
below the SQL, use one-half of the SQL as a 
p~oxy concentration. The SQL value itself can be 
us~d if there is reason to believe the 
cOnc;entration is closer to it than to one-half the 
SQI- (See the next subsection for situations 
wbere SQLs are not available.) Unless site
sp6:mc information indicates ~hat 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 de'tected 
at the SQL would not be detected in the sample 
if the analysis was extremely sensitive). Also, do 
not simply omit the non-detected results front the 
risk assessment. 



WHEN SQLs ARE NOT AVAILABLE 

A fourth situation concerning QLs may 
sometimes be encountered when evaluating site 
data. For some sites, data summaries may not 
provide the SQLs. Instead, MDu, CRQLs, or 
even IOu may bave been substitute4 wberever a 
chemical was not detecte4. Sometimes, no 
detection or quantitation limits may_be provided 
with the data. As a first step in these situations, 
alwavs attempt to obtain the SOLs, because these 
are the most appropriate limits to consider when 
evaluating non-<ietected chemicals (i.e., they 
account for sample cbaracteristics, sample 
preparation, or analytical adjustments tbat 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 SOL. 
For samples analyzed by methods different from 
CLP methods, the MDL may be used as the QL, 

• the understanding that in most cases this will 
___...:restimate 	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 sbould rarely 
be used for non-detected chemicals since it is a 
measure only of the detection limit for a 
panicular instrument and does not consider the 
effect of sample handling and preparation or 
sample characteristics. 

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

After considering the discussion provided in 
the above subsections, generally eliminate those 
chemicals that have not been detected in any 
samples of a particular medium. On CLP data 
reports, these chemicals will be designated in each 
sample with a U qualifier preceded by the SQL or 
CRQL (e.g., 10 U). If infonnation exists to 
indicate that the chemicals are preseni, they 
should not be eliminated. For example. if 
chemicals with similar transport and fate 

".aCteristics are detected frequently in soil at a 
, and some of these chemicals also are detected 

. equently 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 contaips chemicals for which positive data 
(Le., anaI*cal 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 wbich no 
uncertainties are attached concerning either the 
assigned identity of tbe chemical .Q.t 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 
conductingltbe analyses or by persons perfonning 
data validation. These qualifiers often pertain to 
QNQC pr6blems 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 bv 
the laboratory may differ from those used bv dat~ 
vaJidation personnel in either identity or me;ning. 

5.4.1 	 TYPES OF QUALIFIERS 

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

t 
CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE 

IN QUANTITATIVE RISK ASSESSMENT 

I 

! 
Indicates: 

Uncenain Uncenain Include Data in Quantitative 
Qualifier Definition Identity? Concentration? . Risk Assessment? 

Inorganic Chemical Data~ 

B 	 Reponed value is No 
< CRDL, but > IDL_ 

U 	 Compound was analyzed for, Yes; 
but not detected. 

• 
E Value is estimated due to No 

matrix interferences . 

M 	 Duplicate injection precision No 
criteria not meL 

N Spiked sample recovery not No 
within control limits. 

S 	 Reponed value was detennined No 
by the Method of Standard 
Additions (MSA). 

W 	 Post-digestion spike for furnace No 
AA analysis is out of control 
limits, while sample absorbance 
is <50% of spike absorbance. 

• 	 Duplicate analysis was not No 
within control limits. 

+ 	 Correlation coefficient for No 
MSA was <0.995. 

No Yes 

Yes ? 

Yes Yes 

J 
Yes Yes 

Yes Yes 

No Yes 

Yes 	 Yes 

Yes Yes 

Yes Yes 

Organic Chemical Data:b 

• 
oJ
U Compound was analyzed for, Yes Yes ? 

but not detected . 

(continued) 
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EXHIBIT 5-4 (continued) 

CLP LABORATORY DATA QUALIFIERS AND THEIR POTENTIAL USE 

IN QUANTITATIVE RISK ASSESSl\fENT 


Indicates: 
Uncenain Uncertain Include Data in Quantitative 

Qualifier Definition Identity? Concentration? Risk Assessment? 

J 	 Value is estimated, No, for Yes ? 
either for a tentatively TCL chem
identified compound (TIC) icab; 
or when a compound is present 
(spectral identification Yes, for 
criteria are met, but the TICs 
value is <CRQL). 

a C Pesticide results were No No Yes 
confirmed by GO'MS. 

B 	 Analyte found in associated No es Yest
blank as 	well as in sample." 

E 	 Concentration exceeds No Yes Yes 
calibration range of 
GC'MS instrument. 

D 	 Compound identified in an No No Yes 
analysis at a secondary 
dilution factor. 

A 	 The TIC is :1 suspected aldol- Yes Yes No 
condensation product. 

X 	 Additional flags defined 

separately. 


-- = Data will vary with laboratory conducting analyses. 


Q Source: EPA 1988b. 


b Source: EPA 1988c. 


.... ,ee Section 5.5 for guidance concerning blank contamination. 



Page 5-14 

EXHIBIT 5-5 


VALIDATION DATA QUALIFIERS AND THEIR 

POTENTIAL USE IN QUANTITATIVE RISK ASSESSMENT 


\ 

I 
Indicates: 

Uncenain Uncenain Include Data in Quantitative 
Qualifier Definition Identity? Concentration? Risk Assessment? 

Inorganic and Organic Chemical Dataf 

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

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

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

Z 	 No analytical result (inorganic 

data only)_ 


Q 	 No analytical result (organic 

data only). 


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

-- =Not applicable 

a Source: EPA 1988d,e. 

b Organic chemical data only_ 

• 	
,) 




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

The type of qualifier and other site-specifiC 
factors determine how qualified data are to be 
used in a risk assessmenL 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 assessmenL 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 reponed 
concentration of the chemica4 but not in its 
assigned identity. Therefore, these data can be 
used just as poSitive data with no qualifiers or 

fcodes. 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 tbe 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 J..qualified concentrations the same way as 

EXAMPLE OF J QUALIFIERS 

In lhb cwnple. concc:nmuioll5 of volatile organic 
chemicals in ground wale' have been determined using 
the CLP's RAS. 

Concentration (ugtL) 
Chemial Sample 1 Sample 2 Sample 3 Sample 4 

Telr.lchioro
etbene 14,000 Ja 40 20J 

a J _ The numerica.l 'Value is aD estimated quannty. 

b U - Compound was analyzed Cor. but not detected. . 
Value prac:nted (e.g., 30 U) is tbe SQI.. 

Teuachlor:etbeue was detected in Ihrec of Cour 
samples al concc:nlr.luons of 14.000 "gil, 40 "gil. and 
20 ugll; Ibcn:forc:.l.bese COD<:CtIIr.lUons  II wdI II tbe 
llOO-detect - sbould be used in determining repn:sc::nta
live concc:nmuions. 
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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 contnbute Significantly to the risk, then 
appropriate cavealS can be attached. 

I 
I· . 
'EXAMPLE OF VAlJDA'I'ED DATA 

CONTAINING R QUALIFIERS 

10 t.bia example. concentrations of inorgauic: chemicaJs 
jn ground W3&c1' haft beeD determined usinc tbe CL.P·s 
RAS. 

Conomtrlltion (uctL) 
. OIemical Sample 1 Sample 2 Sample:' Sample 4 

Manganese 310 SOO Ra 30 UR b 500 

a R - Quality control indicates that tbe data are 
unusable (compound may or may DOt be present). 

b U - Compound was aoa/yzed for. but Dot detc:c:tel1. 
Value pn::sc:Dted (e.g., 30 U) is the SQI.. 

These data haw: bec:D validated, and thereCon: the R 
qlli"ifiers iDdicale that tile penon amducliDg the data 
vaUdatioD. n:jec:u:d Lbe data for maagaaese in Sampies 
2 ~ 3. The "OR" qualifier meana thai ma.apnese was 
DOl de$Cded in Sample 3; boM:w:r, the data validator 
rejected the noa-deteaed res.UIL Eliminate these two 
samples so tbat the data set DOW «Insists of ollly two 
samples (Samples I and 4). 

An illustration of the use of R·qualified data 
is presented in the box in this column. The 
definition, and therefore the use of the R 
qualifier. differs depending on whether the data 
have been validated or not. (Note that the CLP 
formerly used R as a laboratory qualifier to 
indicate low spike recovery for inorganiC. 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 assessment: if [he 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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not by the valida tor), then use the R-qualified 
data i~ 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 THE APPROPRIATE 
QUAUFIERS 

The information presented in Exhibits 5-4 
and 5·5 is based. on the most recent EPA 
guidance documents concerning qualifiers: the 
SOW for Inorganics and the SOW for OrganiCS 

• 

. (EPA 1988b,c) for laboratory qualifiers, and the 
Functional Guidelines for Inorganics and the 
Functional Guidelines for OrganiCS (EPA 1988d,e) 
for validation qualifiers. The types and definitions 
o~ q~alifiers, however, may be periodically updated 
wUhIn 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 
wuh the data, regional contacts should be 
consulted prior 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 guess about 
the definition of qualifiers. 

• 


5.5 COMPARISON OF 

CONCENTRATIONS 

DETECTED IN BLANKS WITH 

CONCENTRATIONS 

DETECTED IN SAl\IlPLES 


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 transponed to the 
laboratory or (2) in the laboratory during sample 
preparation or analysis. To prevent the inclusion 

. of non-site-related contaminants ia the risk 
assessment, the concentrations of chemicals 
detected in blanks must be compared with 
concentrations of the same chemicals detected in 

; site samples. Detailed definitions of different 
: types of blanks are provided in the box on the 
next page. 

Blank data should be compared with. results 
from samples with which the blanks are associated. .'"."'.., 

i It is often impossible, however, to detennine the J·	association between certain blanks and da tao In 
this case, compare the blank data with resultsIfrom the entire sample data set. Use the 

guidelines in the following paragraphs when 

comparing sample concentrations with blank 

concentra lions. 


Blanks containing common laboratory
I •
:contommants. As discussed in the CLP SOW for 
OrganiCS (EPA 1988c) and the Functional 
Guidelines for Organics (EPA 1988e), acet.one, 2
butanone (or methyl ethyl ketone), me t.hylene 
Ichloride. toluene, and the phthalate esters are 
!considered by EPA to be common laboratorY 
Icontaminants. In :.Iccordanc~ with the Function~1 
Guidelines for OrganiCS .(EPA 1988e) and the 
;~unctional Guidelines for Inorganics (EPA 198&1), 
;If the blank contains detectable levels of common 
Ilaboratory con~minants, th.e~ the sample results 
~hould be considered as posillve results only if the 
concentrations in the sample exceed ten times the 
maximum amount detected in anv blank. If th.: 
concent.ration. of a common laboratory 
contammant IS less than ten times the blank 
concentration, then conclude that the chemical j 

was not detected in the panicular sample and, in ..J 
accordance with EPA guidance. consider the 
blank-related concentrations of the chemica.l to be 
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TIPES OF BLANKS 

Blants are analytic::al qualil)' c:ontn:ll samples aDalyzo:l:l.a the samemaJmel".as sice samples. They are used in the mcasl.ln:man 
of contamination that hili been introduced into.a".aampIC, either,(1):iD. 1be field 1fib.iIe, the.lUI.1pIes went. being. collected. or 
transponed to the laboratoly 01' (2) in me labonltcxy during IalDple prepamioll «~ Four types of blanks - trip, field, 
laboratory calibratioD, aDd IaboralOr)' rapt (or DlClbod):- are. desc:tibc:d: ~ovr"" Ai disClIlSion. on lhe'lftu;t: 1IIed· for the blank 
also is provided.. ,..... ,;":: .:":: ·.:~:::::::::::.:.::;::::::;:::::';.i::.::~:!:::{:y:;/::·'::, ::': ....: : :.. :.. ::.: 

,>~. ';.:, ': ::.: .:;>...• :, ':. ,', 
." . 

Trip Blank. This type of blankia used to indiCiltepotenlial contamiJWioa due to migratioDof"Wllali]e organic chemicals 
(VOGl) from the air on the sile 01' ill sample shipping c:ontainen. through the septUm 01' around tile lid of sampling vials. and 
into tbe sample. A trip blank COnsisll of IaboralOt)' disti.lled, deionized wau:r in I 4O-mI gIasa vial sealed witll a teflon septum. 
The blank accompanies the empl)' sample botUes to the field as well as the. samples retuming to the laboratory for analysis; it 
is not opened until it is analyzed in the lab with the actual sice samples. The cxmtai.nm and. labels for uip blanks should be 
the same as the containers and labels for aClUa.! samples. tIlus making· the laboratory "blind" to the Identil)' of the blants. 

Field Blank. A field. blank is used 10 determiDe if ccrtaiD field umplias·OI' claDiDg procedura (e.~ insuffident deaniag 
of sampling equipment) rauk ill croaa-cc:mtalDina&ion of site sampIeL. Ute (be trip' blank, the field blank isa sample of disUlIed. 
deionized water taken to lbe field with empty sample bonia aDd is'.aulyzlld ill the: IaborlI1ory aIoa& with the actual samples. 
Unlike the trip blank. hO\WM:r. the field blank sample is opened ill lbefiddaDd UIed as a sample would be (e.g .. it is pourca 
through cleaned sampling equipment or it is poured from container to coDtainer ill the vidnity of a gas-powered pump). As 
with trip blann. the field blanks' contaillm and labels should be tIle:same as for actual samples. 

Laboratorv Calibration Blank. This type of blank is distiUed, deionized water lujeaed din:ctly into an insuument without 
haVing been treated with reagents appropriate to the analytical method used to aaa.Iy.ze lic:tuallite sa!Dples. This type of blank 
is used to indicate contamination in tile in:urument itsc.lf. or pouibly in the diItiUed, deionized water. 

Labonllorv Reagent or Method Blank. This blank raults ['rom the tre:Ilmcnt' of distilled. deionized water with all of the 
reagents lind manipulations (e.g.. cligcsdons or extractions) to which aite, ampies IwiD be subjected. Positive results in the 
reagent blank may indicate either conlamiDation 0{ tbe c:bemical n:agenlS 9! the gIu:sware aDdimplemenlS used to store or 
prepare the sample and resulting solutioOl.. Although a laboratory followial &ood laboratoryprac:tica will have its analytical 
proce:ssc:s under coDlrol. in some instances method blallk contaminatiOD caDIIOL be enLire1y'c.liminau:d. 

Water Used for Blants. For all the blanks dc:saibed above, rauks are reliable only if tbe water comprising the blank was 
clean. For example. if the laboratory water comprising the trip blank was contaminated with VOCS prior to being taken to the 
field. then the source of voe contamination in the trip blank cannot be isolated (lee laboratory calibradon blank). 

the quantitation limit for the chemical in that 
sample. Note that if all samples contain levels of 
a common laboratory contaminant that are less 
than ten times the level of contamination nOled 
in the blank. then completely eliminate that 
chemical from the set of sample results. 

BlDnks cont:lining chemicals that are not 
common laboratory cont:lminants. As discussed 
in the previously referenced guidance. if the blank 
contains detectable levels of one or more organic 
or inorganic chemicals that are !lQ! considered by 
EPA 10 be common laboratory contaminants (e.g .• 
all other chemicals on the TCL). then consider 
site sample results as positive only if the 

_ncentration of the chemical in the site sample 
~eds five times the maximum amount detected 

in any 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 all samples contain levels of a 
TeL chemical that are less than five times the 
level of contamination nOled in the blank. then 
completely eliminate that chemical from the set of 
sample resUlts. 

5.6 EVALUATION OF 
TENTATIVELY IDENTIFIED 
COMPOUNDS 

Both the identity and reported concentration 
of a tentatively identified compound (TIC) is 
questionable (see the box on the next page ror 
background on TICs). 1\vo optiOns for addressing 
TICs exist, depending on the relative number of 
TICs compared to non-TICs. 

http:aaa.Iy.ze
http:cxmtai.nm
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5.6.1 WHEN FEW TICs ARE PRESENT 

When only a few TICs are present compared 
to the TAL and TCL chemicals, and no historical 
or other site information indicates that either a 
panicular TIC may indeed be present at the site 
(e.g.. because it may be a by-product of a chemic:al 
operation conducted when the site was active) or 
that the estimated concentration may be very high 
(i.e., the risk would be dominated by the TIq. 
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 

TENTATIVELY IDEN'mlED 
COMPOUNDS 

EPA's TCL may be a limited subset of the organic 
compounds that could actually be encowuen:d at a 
panicular site. Thus, altbougb lhe C1.P RAS ~uin::s 
tbe laboratory to analyze samples only tor compounds 
on tbe To.. Ihe analylis of VOCS and SVOCS may 
indicate the pn::sence of additiODaJ organic:: compounds 
not on the TCL Thae additional compounds are 
shown by "peaks" on the cllmmatograma. (A 
chromatogram is a paper repn::sentation of tbe n:sponse 
ollhe instrument to the pn::senc:e of a compound.) The 
CLP laboratory must attempt to identify lhe 30 highest 
peaks (10 VOCs and 20 SVOCs) using computerized 
searches of a library containing mass spectra (CSSCDtiaUy 
"lingerpnnLS" [or panicular compound.s). When the 
mass spectra match to 3 cenain degree. the compound 
(or gcneral class of compound) is named: however, the 
assigned identity is in most cases highly unccnain. 
Thae compounds are called tentatively identified 
compounds (TICs). 

The CLP SOW provides procedun:s to obtain a rough 
estim:lle of concentr:lIion of TIes. Thae estimates. 
hQWe\·er. are highly uncenain and could be orders of 
magnnuue higher or lower tban the actual concentration. 
For TICs.. therdore. assigned identities may be 
inaccurate, and quantitation is certainly inaccurate. Due 
to these uncetUinties, TIC information olten is not 
provided with data summaries rrom site irm:stigalions. 
AddiUonal sampling ud analysis under SAS may reduce 
the unc::enainty associated with TIes and,lhcre!ore, TIC 
information should be sought when it is absent (rom 
dala summaries. 

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

5.U WHEN MANY TICs ARE PRESENT 

~many TICs are present relative to the TAL 
and TCL compounds identified, or if TIC 
concerttrations appear high or site iDlormation 
indicates that TICs are indeed present, then 
funher 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 iden tily 
and measure TICs are unavailable, or if there is 
insufficient time to use SAS, then the TICs should 
be included as chemicals of potential concern in 
the risk assessment and the uncertainty in both 
identity and concentration should be noted (unless 
information exists to indicate that the TICs are 
not present). 

5.7 COMPARISON OF SAMPLES 
WITH BACKGROUND 

lui 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 Cllculated 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. 

i 
~ 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 
intluentted by humans and (2) chemicals tbat 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 
surveys, United States Geological Survey [USGS] 
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r~,... .s). ;..s discussed in Chapter 4, background 
"ncentrations should be from the site or the 
~cinity of the site. 

5.7.1 	 USE APPROPRIATE BACKGROUND 
DATA 

Background samples collected during the site 
investigation should Dot 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 thal would be expected 
r particular site . 

• ,:z IDENTIFY STATISTICAL METHODS 

In cases where background comparisons will 
be made, any statistical methods that will be used 
should be identified prior to the collection of 
samples (see Chapter 4). Guidance documents 
and reports that are available to aid in 
background comparison are listed in Section 4.4.3. 
Prio: 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. 

S.7.3 	 COMPARE CHEMICAL 
CONCENTRATIONS WITH 
NATURALLY OCCURRING LEVELS 

;..s defined previously, naturally occurring 
levels are levels of chemicals that are present 
under ambient conditions and that have !l.Q! been 
'''!creased by anthropogenic sources. If inorganic 

....... micals are present at the site at naturally 
~rring levels, they may be eliminated from the 

quantitative risk assessment. In some cases. 

however. background concentrations may present 
a significant risk. and, while cleanup mayor may 
not eliminate this risk. the background risk may 
be an important site characteristic to those 
exposed. The RPM will always have the option 
to consider the risk posed by naturally occurring 
backgro, chemicals separately. 

In general. comparison with naturally 
occurring levels is applicable only to inorganic 
chemicals.' because' the majority of organiC 
chemicals found at Superfund sites are not 
naturally occurring (even though they may be 
ubiquitous). The presence of organic chemicals 
in background samples collected during a site 
investigation actually may indicate that the sample 
was collected in an area influenced by site 
contamination and therefore does not qualify as 
a true background sample. Such samples should 
instead be included with other site samples in the 
risk assessmenL 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 
~ONCENTRAnONS WITH 
¥ITHROPOGENIC 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 gener:ll, do not eliminate anthropogenic 
chemicals bec3USe, at many sitcs. it is extremely 
difficult to conclusively show at this stage of the 
site investigation that such chemic:lls are present 
al 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 th~ 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 
INFORMATION FOR USE IN 
THE RISK ASSESSMENT 

After the evaluation of data is complete as 
specified in previous sections, a list of the samples 
(by medium) is made that will be used to estimate 
exposure concentrations, as discussed in Chapter 
6 of this guidance. In addition, as shown in the 
flowchan in Exhibit 5-1, a list of chemicals of 
potential concern (also by medium) will be needed 
for the quantitative risk assessmenL 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 
q~alifiers attached (excluding samples 
WIth unusually high detection limits), and 

• 
(b) chemicals with qualifiers attached 
that indicate known identities but 
unknown cancen tra tions (e.g., J-qualified 
data); 

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

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

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

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

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

• 
desired. 

5.9 	FURTHER REDUCTION IN 
THE NUMBER OF 
CHEMICALS (OPTIONAL) 

IFor 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 procedures discussed in 
this section - USing chemical classes, frequency of 
detection, essential nutrient information, and a 
concentration-toxicity screen - may be used to 
further reduce the number of chemicals of 
potential concern in each medium. 

If conducting a risk assessment on a large 
numper 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. 

S.9.1 CONDUCf INITIAL ACfMTIES 

Sc!veral 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 his~orical 

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 roUles; (7) consider the treatabilirv of 
the chemicals; (8) examine applicable or rele~ant 
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 



.....,yarticular 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. 

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

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

Concentration Ilnd toxicity. Certain aspects 
.'.'. f concentration and toxicity of the chemicals also 
.... , ,.ust be considered prior to eliminating chemicals 

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

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

• '. !Xplicitly include a mObility, persistence. or 
..' bioaccumulation component, and therefore the 

risk assessor must pay special attention to these 
factors. 

Special exposure routes. For some chemicaisy 

certain exposure routes need to be considered 
carefully . before USing these procedures. For 
example, !Some chemicals are bighly volatile and 
may pose! a significant inhalation risk due to the 
home us¢ of contaminated water, particularly for 
showering. The procedures described in this 
section may not account for exposure routes such 
as this. 

Treatnbility. 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 thest media. 

I 
Need for procedures. Quantitative evaluation 

of all chemicals of potential concern is the most 
thorough approach in a risk assessment. In 
addition. the time reqUired to implement and 
defend the selection procedures discussed in this 
section may exceed the time needed to Simply 
carty 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 cenain 
chemicals within a chemical class. For example. 
of the polycyclic aromatic bydrocarbons (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 structure-activity relationships 
or other similarities) for consideration in later 
sections of the risk assessment. For example, the 
concenuations of only one group of chemicals 
(e.g., carcinogenic PAHS) would be considered 
rather than concentrations of each of the seven 
carcinogenic P AHs 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. tbis 
chemical class concentration would be used to 
characterize risk using toxicity values (i.e .• RIDs 
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 ail noncarcinogenic 
chemicals without regard to structure-activity or 
other chemical similarities; and (3) discuss in the 
risk assessment report thal 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 

concenuations at a site are spatially variable, the 

risk a!sessor can use modeling results to project 

infrequently detected chemic:al concentrations over 

broader areas wben 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 reson 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 tbis screen. If, for example, 
a frequency of detection limit of five percent is 
used, then at least 20 samples of a medium would 
be needed (i.e., one detect in 20 samples equals 
a flVe percent frequency of detection). 

In addition to available monitoring data and 

modeling results, tbe risk assessor will need to 
 'Jconsider other relevant factors (e.g., presence of 

sensiti'-'e subpopulations) in recommending 

approp'nate 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.g.,. known 

degradation products of chemicals present at the 

site, modeling resUlts). Chemicals expected to pe 

present should not be eliminated. (See the 

example of chemicals with similar transport and 

fate characteristics in Section 5.3.5.) 


The reported or modeled concentrations and 

locations of chemicals should be e.'C3mined to 

check for hOtspots, wbich may be especially 

important for shan-term exposures and which 

therefore should not be eliminated from the risk 

assessment. Always consider detection of 

panicular 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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~antrations that greatly exceed reference 
_ncentrations should not be eliminated. 

5.9.4 EVALUATE ESSENTIAL NUTRIENTS 

Chemicals that are (1) essential human 
nuttientS, (2) present at low ronccntrations (Le., 
only slightly elevated above naturally occurring 
levels), and (3) toxic only at very high doses (i.e., 
much higher than those that could be associated 
with contact at the site) need not be considered 
funher 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. Uterature values 
concerning acceptable dietary levels may conflict 
and may change fairly often as new studies are 
conducted. For example. arsenic - a potential 

.. . 	 inogen·- is considered by some scientistS to 

.~ an essential nuttient 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 (e.g., 
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 must be converted to concentrations 
in the media of concern for the site (e.g., soil • 

.... ''--inking water). .. . 

For these reasons. it may not be possible to 
compare essential nutrient concentrations with site 
concentrations in order to eliminate essential 
nuttient chemicals. In general, only essential 
nuttientS present at low concentrations (Le., only 
slightly elevated above background) should be 
elimina,:!~: help ensure that chemicals present 
at paten '. toxic roncentrations are evaluated in 
the quantitative risk assessment. 

5.9.5 	 USE A CONCENTRATION-TOXICIlY 
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 ronttibute significantly to risks 
calculated for exposure scenarios inVOlving that 
medium, so that the risk assessment is focused on 
the "most significant" chemicals. 

Calculate individual chemical soores. Two 
of the most important factors when determining 
the potential effect of including a chemical in the 
risk assessment are itS measured ronccntrations at 
the site ;md 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. 

INDIVIDUAL CHEMICAL SCORES 

where: 

R;j= risk factor for chemical i in 
'. medium j;

.-.' 	 . . 

Cq. = 	concentration ofchemical i in 
medium j; and 

Tij = toxicity value for chemical i in 
medium j (i.e., either tbe slope 
factor or lIRfD). 
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The units for the risk factor Rij 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. To 
be conservative, the concentration used in the 
above equation should be the maximum detected 
concentration determined aa::ording to procedures 
discussed in Olapter 6, and toxidty values should 
be obtained in accordance with the procedures 
discussed in Chapter 7. 

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

For some chemicals. both oral and inhalation 
toxidty values are available. In these cases, the 
more conservative taxidty values (Le.. ones 
yielding the larger risk factor when used in the 
above equation) usually should be used. If only 
one exposure route is likcly for the medium being 
evaluated., then the toxidty 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 R.t will be calculated for 
carcinogenic and noncarcinogenic effectS. The 
ratio of the risk factor for each chemical to the 
total risk factor (i.e.. R;jRj) approximates 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 RijRj ratios that are very low 
compared with the ratios of other chemicals in the 
medium. The RPM may wisb to specify a limit 
for tbis ratio (e.g.. 0.01; a lower fraction would be 
needed if site risks are c::x:pected to be high). A 
chemical that contributes less than the specified 
fraction of the total risk factor for each medium 
would not be considered further in tbe risk 
assessment for that medium. Chemicals exceeding 
the limit would be considered likely to contribute 

TOTAL CHEMICAL SCORES 

~:.~:R.:lr~.:R2I+.: ..Rjr + ... + Rij.: . 
-:.;:.: :::., :....... :: ..···.v··.', ',-/";'":"":':-:''''-.,'' •.", ........,.,-,':.,.,.." ,., ,. ..,'"'" . 


i\~~~~?0'"<'0 . . •.,...;>••",.:•. ,:.: ..•:..•.•••: •• 

:';;::Ri-totil rist-factor for medium 

Rli + ... + R;; = risk factors for 

chemicals 1 throUgh i in medium j. 


significantly to risks. as calculated in subsequent 
stages of the risk assessment. This screening 
procedure could greatly reduce the nUlDber of 
chemicals carried througb a risk assessment. 
because in many cases only a few chemicals 
contribute significantly to tbe total risk for a 
particular medium. 

, The risk factors developed in this screening 
procedure are to be used only for potential 
reduction of the number of chemicals carried 
through the risk assessment and have no meaning 
outside of the context of the screening procedure. 
They sbould not be considered as a quantitative 
measure of a chemical's taxidty or risk or as a 
substitute for the risk assessment procedures 
discussed in Chapters 6, 7. and 8 of this guidance. 

S.10 	 SUMMARY AND 
PRESENTATION OF DATA 

The section of the risk assessmen t. repon 
summarizing the results of tbe data collection and 
evaluation should be titled -Identifica tion 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 Lables to 
be included in this section of the risk assessment 
repon. I 



EXHIBIT 5-6 


EXAMPLE OF TABLE FORMAT FOR PRESENTING 

CHEl\1lCALS SAMPLED IN SPECIFIC MEDIA 


Table X 

Chemicals Sampled in Medium Y 


(and in Operable Unit Z. if appropriate) 

Name of Site. Location of Site 


Range Range 
of Sample of Detected 

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

Chemical A 3fZ.5 5 * 50 320 * 4600 100 - 140 
• Chemical B 25fZ.5 1 ·32 16·72 

a N 'I bl.. - = ot aval a e. 

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

a Number of samples in which the chemical was positively detected over the number of samples 
avail.ab)e, 



.. 


EXlflBIT 5-7 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 

CHEMICALS OF PO~NTIAL CONCERN IN 


ALL MEDIA! SAMPLED 

Table W 

Summary of Chemicals of 


Potential Concem at Site X, Location Y 

(and in Operable Unit Z. if appropriate) 


Concentration 

Chemical Soils Ground Water Surface Water Sediments Air 
(mg/kg) (ug/L) (ug/L) (ug/kg) (ug/m3) 

) 
Chemical A 5 - 1,100 1 2 • 30I 

I -

, 

Chemical B 0.5 ·64 S ·92 100 - 45,000 
Chemical C IS ·890 50 • 11,000 
Chemical 0 2 - 12 0.1 - 940 

-- = Not available. 

• 
) 
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5.10.1 	 SUMMARIZE DATA COLLEcnON 
AND EVALUATION RESULTS IN TEXT 

In the introduction for this section of the risk 
assessment repan. clearly discuss in bullet form 
the steps involved in data evaluation. If the 
optional screening procedure descn1>ed 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 uncenainties 
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 
~amples from each medium selected for use in 

• 	 ntitative risk assessment. Provide information 
. 	 .Iceming 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 repon. simply refer to the 
appropriate sections. If any samples (e.g .• 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 uniL 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

a' '1rces of contamination for other media (e.g .• 
~. und water, surface walertsediments). 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 ~Ch medium, identify in the repon 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 
trom 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 thaln 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 COLLEcnON 
AND EVALUATION RESULTS IN 
TABLES AND GRAPHICS 

As shown in Exhibit 5-6, a separate table that 
includes aU 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. I 

For each chemical. present the frequency of 
detection in a certain medium (i.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., < 10 mgtL. NO) 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 
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• 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, MOLs, or other types of non
sampJe-speci.fi.c values sbould be provided only 
wben SQLs are not available. Note tbat the range 
of QLs would not include any limit values (e.g., 
unusually bigh QLs) eliminated based on the 
guidance in Section 53. Finally, 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 type of presentation of 
chemical concentration data is the isopleth (not 
shawn). This graphic characterizes the monitored 
or modeled concentrations of chemicals at a site 
and illustrates the spatial pattern of 
contamination • 



ENDNOTE FOR CHAPTER 5 

1. Note that the values in this cample are for illustratioa purpoees oaIy. Maar CRriLs aDd CRDLs are in the process of being 
lowa:ed. and the RIDs and slope fadon my baw: cbanpd. 
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volatile. pesticide, and PCB chemicals. Contains analY"ical. document control. and quality assurance/qualitv control 
procedures. 

Environmental Protection Agency (EPA). 1988d. 	 laboratory D:lIa Valida,,"n Functional GuidelinC!3 ror Evalu:lImg Inon:;,nl's :~n::ilvsls. 
Office of Emergency and Remedial Response. 

• 	 Provides guidance in laboratory data evaluation and validation (or hazolrdous waste sile samples :analyzed unuer the EPA 
CLP program. Aids in detenninang data problems and shoncomings and potential actions to be laken. 

Environmental Protection Alency (EPA). 1988e. 	 Laboratory Data Validation Functional Guidelines for Evaluating Org3nics Analvsis 
(FunctiotUil Guidelines Cor Organics). crace of Emergency and Remedial Response. 

• 	 Provi~es guidance in IaboratOr)' data evaluation and validation for hazardous waste site samples analyzed under the EPA 
CLP program. Aids in determining data problems and shoncomings and potential actions to be tak~n. 

Environmental Protection Agency (EPA). 	1988!. Special Repon on IngC!3ted InorganiC Arsenic: Skin Cancer: NUlnllonal Essentialirv. 
Risk Assessment Forum. EPA 625/3-871013. 

• 	 Technical repon concerning the health effects of exposure to ingested a~ic. Includes epidemiologic studies suitable for 
dose·response evaluation Crom Taiwan. Mexico. and Germany. AI:so includes discllS$ions on p3tllologu;a1 charaClenstics and 
Significance oC arsenic-induced skin lesions. genotoxicity of arsenic. metabolism and distnbution. dose· response estimates 
for arsenic ingestion and arsenic as an essential nutrient. • 	 ) 
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CHAPTER 6 


EXPOSURE ASSESsMENT 


This chapter describes the procedures for 
conducting an exposure assessment as pan 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 chemicaJs 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 

assessment as well as a synthesis of 
rently available exposure assessment guidance 
information published by EPA. Throughout 

this chapter. relevant exposure assessment 
documents are referenced as sources of more 
detailed information supponing 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 1988a). 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 

. ~~ based on measurements or models of existing 
~ Iditions. those of future exposures can be based 

O'b 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 	 COMPONENTS OF AN 
EXPOSURE ASSESSMENT 

The general procedure for conducting an 
exposure ~ment is illustrated in Exhibit 6-1. 
This procddure is based on EPA's published 
Guit:ieJinu for ExpOSUT't Assusmmt (EPA 1986a) 
and on other related guidance (EPA 1988a. 
1988b).. It is an adaptation of the generalized 
exposure assessment process to the panicular 
needs of Superfund site risk assessments. 
Although some exposure assessment activities may 
have been staned earlier (e.g.. during RIIFS 
seeping or even before the RIIFS process began). 
the detailed exposure assessment process begins • 
after the chemical data have been collected and 

ACRONYMS FOR CHAPTER 6 

ATSDR • 	 A&CDCf for Tadc Sutlll8DCel and Dbase 
Rqisuy 

Bel'" - BI.occmc:cnU'8Uon Fac:toc 
COl - Chronic Daily IDtatc 

CEAM - Center for Exposlm: ASlICSamCll Modc:ling 
NOAA - National Oceanographic: aDd Almospbcric: 

AdminisU'8tioD 
NTOS - National Tcd1nic::al Guidance Sludies 

OAQPS - Omce of Air Quality Plallninl aDd 
SLlnc:Ia.rds 

R.ME - Rcuonable Maximum Exposure 
SCI - Subc:broDic Daily Intake 

Sl!AM - SupetfuJld E:I:poIure AsscDIDCIll Manual 
usas - Us. Ga::IIop:aJ Survey 
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DEFINITIONS FOR CHAPTER 6 

A.bsorbed Dose. The amowu of a substance pe:netratiDc t.be c:zchange boundaries of an organism after contact., AbIoriled, 
dare is calcuIal.Cd from t.be mae and t.be Ibsorpdoa: cflk:imc:y. It usua1ly is c:tprCiSSCd u maaof. IUIlItaDce:,absori:led 

imo tbc body per ~~'';.~per.UDil·~~:.f~~::~~f':,:::::;;;:.<::::~;':::::;::i::',::,:,:::::;";::::,, .:; :.' . ." ':::..'::.:':-'::::~;;.::. 
Administered Dc::!!!!;. 'Themaa· of: a subat.ace gi:wa to· an orgaDiamUtd mcoatllCtwithan ac:blIqc. bouDdaIy(q.,.H 

psttainleStiDaI trad) per unit body weight per unit time (e.g., mglkg-day). 

Applied Dose. The &moun, of a substance given to an orpni3m. espcdaIly tJ:u:ougil dermal conlaCt. 

Chronic Daily Intake (COD. Ezpcsure app:ssed III IDIIlI& of a subslance COIllaCtcd per unit body _gilt. per·u.ak:time. . 
m:aged 0\Ia' a 10111 period of lime: (III a SuperfUIKl program guidc:tine. scvea years to a lilcUme). .: '., . :. 

. . '"'.''' 

Contact Rate. Amouat of medilllll (e.g., pocmd wala'. aoiI.) coatadCd per UDit time or ew:Dt (e.g. Iileraol water· inpud 
per day),. :. . ..:. . .... ,,' .......:..... ':.:.:::': 

.": ".: ':.':".,. 

Exposure.. ConIaCl of all orpnia with a c:hcmic:aI Or'" pbyJicallgeaL. ~ isqUlUltificdutbe amouat oUIIe'&pIIl 
a\'lIliiable at the e:rd:wage boUDdarics of tbc arpnism (e.g.. sldll.. Iunp. gut) aac1 avaiJablc for abIsot:pDoD. 

Exposure AssessmenL The determiaalion or estimation (qualitatM: or quantitatiw:) of Ihe: mapitude, Crcquency, duralion. 
and roule of exposure. 

gxposure EvenL An incident of CODtac:l with a chemical or pbyslca1 agenL An aposure CYClIC can be defined. by time .(e.g.. 
day. hour) or by lhe incident (e.&-, eating a single mc:a.t of contaminated fisIl). 

Expo:surs Patlr!!!y. The c:oar.se I chemical or pbyaicll agall takct from a source to an exposed orgulsm. AD I:%pOSUI'e 
patJnnIy describm a unique rnerbanism by wbidl JIll iDdividual or popuIalion is exposed to c:bc::mica1J or phy.sicat agcolll 
It ClC' oriIiMdDc from a lit&. Each exposure padrway mdudes :a soun::e or rdc:ase from a 1OIII'CIe,.1D es:panD"C poiD&., 
aDd aD apoIUI'I: roue. It lbc c:xposun: poilu difl'c:n fromltbc source,.a UUspoa1lcr.'pcllUr medium (e.I-. air) or media 
em c::acs of iDtermc:dia tnUIsfc:r) aIIO is iDcIuded. 

Exposure Ppint. A locatioo of potential contact bet'Ween III orpaism and a chemical or pby.sical agent. 

E:rposure Route. The way a chemical or plrysical ageDt comes in contac:lwith an. organism (e.g.. by ingestion. inhalation, 
dermal contac:l). 

~ A measure: or c::rposure ~ as the mass of I substance in contael with the c:xd:Iange boulldary per unit body 
weight per unit time (e.g~ mg chemic:allkg bo<ty weighC-day). Also termed the normalized exposure rate; equiValenl to 
administered date. 

Lirelime AVet'3ge Oailv Inlalee. Exposure: expressed as mass of a substana: contacted per ullit body weight per unit lime. 
Iwraged OYCI' I lUc:time. 

Subchronic: Daily Intalee (SOD. Exposure expn::sscd as mass of a lIUbstaDce COD&.ae:1cd per unit body weight per unit time, 
averaged OYCI' a portion of a UCetime (as a Superfund program pidc1iDe, two weeb to seven years). 

validated and the chemicals of potential concern 
have been selected (see Cbapter S, Section 5.3.3). 
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 
described 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 

http:1OIII'CIe,.1D
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potential future populations that may differ 
under an alternate land use. 

Step 2 - Identification of exposure pathways 
(Section '.3). 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 UkeJy environmental 
fate (including persistence, panitioning. 
transport, and interm.edia 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 ot exposure (Section 
'.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 ofexposure concentrations 
and calculation of intakes. 

Estimation of exoosure concentr.nions 
(Section 6.5). In this part of step 3, the 
expos ure 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 and/or 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 terms 
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 mg/kg-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 
exposure concentration. 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 characteristic::s of the 
potentially exposed population. 

TERMS EQUIVALENT OR 

RELATED TO INTAKE 


Normalized Exposure Rate. Equivalent to intake 

Administered Dose. Equivalenl to inLllkc 

Applied Dose. Equivalenl to inlAkc 

Absorbed Oose. Equ.iva.lenl 10 intake multiplied. by 
an absorptIOn factor 

After intakes have been estimated. t hey are 
organized by population. as appropriate (Section 
6.7). Then. the sources of uncenainty (e.g.• 
variability in analytical data. modeling resUlts. 
parameter assumptions) and their effect on the 
exposure estimates are evaluated and summarized 
(Section 6.S). This information on uncertainty is 
important to site decision-makers who must 
evaluate the results or the exposure and risk 
~essment and make decisions regarding the 
degree or remediation required at a site_ The 
eXposure assessment concludes with a summary of 
the estimated intakes for each pathway evaluated 
(Section 6.9). 

'.l.Z R.EA.SONABLE MAXIMUM EXPOSURE 

Actions at Superfund sites ~hould be based 
on an estimate or 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 o( the reasonable maximum 
exposure necessarily involve the use of 
professional judgmenL This Chapter provides 
guidance for detennining the RME at a site and 
identifies some exposure variable values 
appropriate for use in this detennination. The 
specific values identified should be regarded as 
general recommendations, and could change based 
on site-specific information and the panicular 
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 o( a single exposure case 

• «(or 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 
uncenainty 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 (i.e., 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 expos~re 
estimate are more easily identified. 

6.2 	 STEP 1: CHARACTERI
ZATION OF EXPOSURE 
SETTING 

The fi~t 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 infonnation gathered during this 
step will suppon the 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 	 CHARACfERIZE' PHYSICAL 
SEITING 

Characterize the exposure setting with respect 
to the general physical characteristiCS of the site. 
Important j site characteristics include the 
(ollowing: i 

• 	 climate (e.g.. temperature, 

precipitation); 


• 	 meteorology (e.g., wind speed and 

direction); 


• 	 geologie setting (e.g., location and 

characterization of underlying strata); 

• 	 vegetation (e.g., unvegetated. forested. 

grassy); 


• 	 soil type (e.g.. sandy. organic, acid. 

basic); 


• 	 ground-water hydrology (e.g., depth. 

direction and type of now); and 


• 	 location and description of surface water 

(e.g., type, flow rates, salinity). 


Sources of this infonnation include site 
descriptions and data from the preliminary )
assessment (PA). site inspection (51), 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 
(NOAA) and the US. Geological Survey (USGS). 
The assessor also should consult with appropriate 
technical expertS (e.g., hydro geologists, air 
modelers) as needed to characterize the site. 

6.2.J 	 CHARACTERIZE POTENTIALLY 
EXPOSED POPUl.ATlONS 

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

Detennlne location of C:UrreDt populations 
reladve 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: 

• 	 site visit; 

• 	 other information gathered as part of 
the SI or during the initial stages of the 
Rl; 

• 	 population surveys conducted near the 
site: 

• 	 topographic, land use, housing or other 
maps; and 

• 	 recreational and commercial fisheries 
data. 

Determine current larid 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: 

• 	 residential; 
• 	 commercial/industrial; and 

• 	 recreational. 

Determine the current land use or uses of 
the site and surrounding area. The best source 
of this information is a site visiL Look for 
homes, playgrounds, parks, businesses, industries, 
or other land uses on or in the vicinity of the site. 
Other sources on loc::a1 land use include: 

• 	 zoning maps; 

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

• 	 data from the U.S. Bureau of the 
CeDsUS; 

• 	 topographic, land use, hOUSing or other 
maps; and 

• 	 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 
any 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 
Jollowing. 

• 	 Determine the percent of time that the 
potentially exposed population(s) spend 
in the potentially contaminated area. 
For qample, 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. 

• 	 Determine it 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. 

Determine how activities change with • 
the seasons. For example, some 
outdoor, summertime recreational 
activities (e.g., swimmiDg, 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. 

Determine if the site itself may be used • 
by local populations, particularly ifaccess 
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. 

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 ruture lnnd use. Determine if any 
activities associated with a current land use are 
likely LO be different under an alternate ~ 
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 

& 	 future residential land use may not be 
.,tifiable 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): 

• 	 master ,plans (city or county projections 
t

of future land use); 
i 

• 	 Bureau of the Census projections; and 

• 	 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. ~ture residential land use may be 
a reasonable JX?ssibility. 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. Be 
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 01 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 ) 
bigll exposure. and/or current or past exposures 
from other sources. Subpopulations that may be 
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more sensmve to chemical 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. imponant 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 	 STEP 2: 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, loca,lions, 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 tbe contact 
point. A medium contaminated as a result of a 
past release can be a contaminant source for other 
media (e.g.• soH 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, \vithout 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 
~urc pathway. 

\ The following sections describe the basic 
analytical proc:ess for identifying exposure 
pathways at Superfund sites and for sele-:ting 
pathways for quantitative .analysis. The pat.hway 
analysis described below is meant to be a 
qualitative evaluation of peninent site and 
chemical information. and not a rigorous 
quantitative evaluation of factors such as source 
strength. release rates, and cbemical fate and 
uanspon. Such factors are considered lat.er in 
the exposure assessment during the quantit.ative 
determination ofexposure concentrations (Section 
6.5). 

6.3.1 	 IDENTIFY SOURCES AND 
RECEIVING MEOlA 

. To determine possible release sources tor a 
sitel in the absence of remedial action, use all 
a~le site desaiptions and data from the PA, 
51, and RI repons. 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 loca tions 
to suppon 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, 
coDtanunated soil). 

I 

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



• EXffiBIT 6-2 

ILLUSTRATION OF EXPOSURE 
PATHWAYS I 

i 

....---- Pr.v.iling Wind Dir.ction 

•Expo.ure 
Point 

R.I•••• Mechanl.m 
-r-(Sit. Le.ching) 

Water Table 

i-----------,--------. <Tr.nsport M.dium 
(Ground W.ter) 

.. Ground-Wate, Flow 

) 
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EXHIBIT 6-3 

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

I ' 

,
Receiving Release 

Medium Mechanism Release Source 


Air 

Surface water 

I, Ground water 

Suil 

Sediment 

Biota 

Vola tiliz.ation 

Fugitive dust 
generation 

Surface runoff 

Episodic overland 
now 
Ground-water 
seepage 

Leaching 

Leaching 

Surface runoff 

Episodic overland 
now 

Fugitive dust 
generationl 
deposition 

Trdcking 

Surface runoff, 
Rpisodic overland ' 
now 

Ground-water 
seepage 

Lellching 

Uptake 
(direct contact. 
ingestion, inhalation) 

Surface wastes - lagoons. 
ponds. pits. spills 

Contaminated surface water 
Contaminated surface soil 
Contaminated wetlands 
Leaking drums 

Contaminated surface soil 
Waste piles 

Contaminated surface soil 

La~oon overflow 
Spills. leaking containers 

Contaminated ground ,,'ater 

Surface or buried wastes 
Contaminated soil 

Surface or buried wastes 

Contuminated surface soil 

LaKoon overflow 
Spills, leaking containers 

Contaminated surface soil 
Waste piles 

Contuminated 5urface 50il 

Surface wastes - lagoons. 
ponds. pits. spills 

Contuminated surface soil 

Cuntaminated ground water 

Surface or buried wastes 
Contuminated soil 

Contaminated soil, surface 
water. sediment. ground 
,,'ater or air 

Other biotu 
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• 	 .3.2 EVALUATE FATE AND TRANSPORT 
IN RELEASE MEDIA 

Evaluate the fate and transport of the 
chemicals to predict future exposures and to help 
link sources with currently contaminated media. 
The (ate and transpon 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 
oflsite) 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: 

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

• 	 physically transformed (e.g., volatilization, 
precipitation); 

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

• 	 biologically transformed (e.g. 
biodegradation): and/or 

• 	 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 physicaUchemical and 
environmental fate. properties. Use computer data 
bases (e.g., SRC's Environmen~al Fate. 
CHEMFATE. and BIODEG data bases; BIOSIS; 
AQUIRE) and the open literature as necessary 
as sources for up-to-date information on the 
physical/chemical and fate properties of the 

.hemicals of potential concern. Exhibit 6-,* 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 6.2.1) that may influence 
fate and transport. For example, soil 
characteristics such as moisture content, organic 
carbon content, and cation exchange capacity can 
greatly intluebce the movement of many chemicals. 
A high 'W3tcr!table may increase the probability of 
leaching of chemicals in soil to ground water. 

Use aU 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 
(ate 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. 

6.3.3 IDENTIFY EXPOSURE POINTS AND 
EXPOSURE ROUTES 	 ~) 

After I contaminated or potentially. 
contaminatdt 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 

IMPORTANT PHYSICAL/CHEMICAL AND 
! 

ENVIRONMENTAL FATE PARAMETERS 

, 
• 

provides a measure of the extent of chemical partitioning between organic carbon and water at . 
equilibrium. The higher the Koc.lhe more likely a chemical is to bind to soil orsediment than to 
remain in water. 

provides a soil or sediment-specific measure of the extent ofchemical panitioning between soil 
or sediment and water. unadjusted for dependence upon organic carbon. To adjust for the 
fraction oforganic carbon present in soil orsediment (tc). use K" - K;,.,x foe . The higher the K". 
the more likely a chemical is to bind to soil or sediment than to remain in water. 

provides a measure of the extcnt 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 usel.l as a surrogate for lipids (fat). and K... can be used to predict 
bioconcentrallon in aquatic organisms. 

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

Henry's Law Constant provides a measure of the extent ofchemic::nl partitioning between air and water at 
equilibrium. The highcr the Henry's Law constant. the more likely a chemical is to volatilize 
than to remain in the water. 

Vapor Pressure is the pressure c;'(crtcu by a chemic:11 vapor In 1..'quJlibrium with its solid or liquid form 3t 
any given tcmperature. It is uscu toc::nlculate the rate ofvolatilization ofa pure substance from a 
surface or in esum:ltIng 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. 

Diffusivity describes the movement of a molel.:ule in a liquid or gas medium as a result of differences in 
conc:entr:JtIon. It is used to cak.-ulate the dispersive component of chemlc::nl transport. The 
higher the Lliffusivlty. the mure likely a chemical IS to move in response to concentration 
gradients. 

Bioeoncentration Factor (lieF) provid..:s a measure of the extent ofchemical panitionmg at equilibrium 
between a biological meLlium such as fISh tissue or plant tissue and an external medium such as 
water. The higher the nCF. the greater the accumulation in living tissue is likely to be. 

Media-specific Half-lire provides a relative measure of the persistence of a chemical in a given medium. 
although actual values ean vary greatly depending on site-specific conditions. The greater the 
half-liCe. the more persistent a chemical is likely to be. 



• 	 EXHIBIT 6-5 

IMPORTANT CONSIDERATIONS FOR DETERMINING 

THE ENVIRONMENTAL FATE A.ND TRANSPORT 

OF THE CHEMICALS OF POTENTIAL CONCERN 


AT A SUPERFUND SITE 


• 


• 	 What are the principal mechanisms for change or removal in each of the environmental 
media? 

• 	 How does the chemical behave in air, water, soil, and biological media? Does it 
bioaccumulate or biodegrade? Is it absorbed or taken up by plants? 

• 	 Does the agent react with other compounds in the environment? 

• 	 Is there intennedia tr..nsfer? What are the mechanisms for intennedia transfer? What 
are the rateS of the intermedia transfer or reaction mechanism? 

. 	 I 
I 

I 
• 	 How long might the chemical remain in each environmental medium? How does its 

concentration change with time in each medium? 

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

• 	 Is IS steady-state concentration distribution in the environment or in specific segments of 
the environment achieved? 

') 


• 
 ) 




.' EXHIBIT 6-6 

FLOW CHART FOR 
FATE AND TRANSPORT ASSESSMENTS 


I 
, 

EDYironm.utal fatt' and transport asSHSmt'nt: atmospllne 

Contaminant Relt'lISe 

+ 
Pot.utial 

Voiatiliza'ioa of 
Con._i••••• 

from Si •• 

•
COII5idff Dil'Ktion 
and Ratt' of 

Contaminant 
Migration within 

,\if': Major 
MH'hanisms: Wind 

ClIl'I"t'nts, 
n~ion, 


+ 

Could St'UI..ut 

and Rainout 
PO'«'R.iallv Rnull 
in Suffidm. Soil 
Contamina.ion to 

BrinR About 
Leathinc 10 

Ground Watt'r? 

:'110 R G 
;0 

I Yes 

l' 

Consid.r 

Contaminant 
Tran.'lf.r .0 

Ground Wa.er: 
Assess Fatt' in 
tbis Ml!'dium 

SOU1'Ct!: Adapted from EPA 1988b. 

t 
Could 

Contaminants 
PO't'n.ially Rt'xh 

Auicultural. 
Hun.ine or 

fisbinR Areas? 

-. 
Considt'r Transf« 
of Contaminants to 
Plants or Animals 
Consumed by Ii.... 
mans; Assess Fat. 

in thrse Media 

t 


t 

•
Pot""tiIU lUIe_ of 

F••iw Dliltl 

Contaminated 


Panides from Si't' 


•
Comid... Dil'Ktion and 
Disfanct' of Panic'ulatt' 

Mov.m"". wi.h Wind 


CUl"f"Pn.s: Major 

MH'hanisms: Wind SpHd. 

Paniet. Si•• Gravjt a.iona. 


St-t.linc. Pl"t'ripi.alion 


t 

Del_ioe 
Probable 

Boundarin of 
E1t'Va'l!'d 

Contt'n.rations 

Idt'ntify 
Populations 

Dil'l'<'tly uposed 
to Atmospht'ric' 
Contaminants 

, 

Could 


Con'aminants 

PO't'n.ially 


Reath Suriu. 

Wa't'r? 


G Yes 

J 

Cun."id«'l'TI'3n.o;f.r 
of Contaminants 

to Surfxe Wat.r: 
Assess Fate in 
this Mediulft 

(continued) 
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EXHIBIT 6-6 (continued) 

FLOW CHART FOR 
FATE AND TRANSPORT ASSESSMENTS 

I 
EnYironmenta' fate and transpon _ftt: swf	... watft' and Mdimeot 

Contaminant R.lt'as. 

Rtfeas. to SurfllC't'_ Wat"' 

+ 
Could Exchanl" 

ofWat.r 
Dt'twHn Surfact' 

Wa'ft' and 
Ground Wat.r 
e.. Signirlcan''? 

Estimate Swfan Wa'ft' Contaminaat COM'ft.racions 

Major FIIC'tOl'l: Soun:e R.1t'Ut' Stl't'ngtb. Dilution Voluln-

Could WaIn e.. 
UMd (or lnip 
.ion or Wa't'rin~ 

UYfttocJc. or 
[kws Watl'rbody 

Suppon 
Commt'R"ia' or 

Spon fish 
Popula'ion? 

I 

I 

Is Contaminant 
VoIa.il.'! 

Considt'r 
Transft'rof 

Contaminants 
to Air; 

AsMsa Fa.. 

-

Consider 
Transfer of 

Con.aminlm's 
to Ground 

Watt'r; AssftS 
Fatt' in this 

Mt'dium 

Consider 
Transfer of 

Contaminants to 
Mlmcsor 
AAimals 

Consumt'd by 
Humans: i\sw'ss 

Fatt' in Iht'se 
Mt'dia 

Idt'mify Human 
J'opulatioas 

Dind'y 
Exposed to 

Surface 
Water • Ihis Mt'dium 

Consider Dim1ioa and Ra.e of Contallliluuat 
Mlcra.kMI With. W.'ft'iIody 

Aswss DistalK'lll no-tl't'am. or Anoat of LaIiU!s and Estaarift 

Major M«hlmisms: CUlTftlts in Afi't'C1t'd IUwn or Sll't'ams: 
Di5p!'f'5ioa. lmpoundmt'nts: Tidal Curnnts and flushing in 

Estuarift: Panitioninc to Sf.cIimmt 

Estimalt' 
C oRCt'ntr2tions 

in St'dimt'nl 

Cons.idt'r 
S«Iimftl' as a 

Sowc:e of 
SurfllC'e Water 
Contaminants 

-

Idfttify Human 
Populations

DirK",
Exposed to 
S«Iimt'nt 

SOUTe.: Adaptedfrom EPA 1988b. 

) 


) 


(continued) 




EXHIBIT 6-6 (continued) 

FLOW CHART FOR 
FATE AND TRANSPORT ASSESSMENTS 

En..-ironme>n.al (at. and .ranspon as5('$$mrnt: soils and ground wa • ., 

~.aw to Ground 
War... s.""atll Sir. 

Considt'r DirKtion aM ita.. 0( 
Ground War ... F1_ Usin. 

A..-ailabl. Hydl'Olf'CNoP: Data. 
or by Assumin. n- Will Ap. 
proxima.. Sunae. To~pby 

• 


~ ., 
Is W.Il Waftr UHd (or 

Irrigation or (or Wat.rin. 
U"-f:OItMk. or Could it M? 

G B,Id.nti(yConside>r 
Human 

Contaminants 
Transf'.r o( 

PopuJa.ionjl 

10 Sunac. 
 DirKlly 

WatH': Aswss Ex~dlo 
W""I Wat.,.,. 


Ml'dium 

Fat. in 'his 

Con.aminant R.luM 

1 . 
~ 

~... to Soils at or 
Surnuadinl tM Sitt' 

! 

Con.~id.r Ra•• of Contaminanr Pl'fTolalion ThroulP't Unsaturatl'd 


Soils Bawd on Soil P.rm.abililin. Waftr or Uquid RKbar'!C" RatH
I 

+ 
Could 


ContaminaRIS 

Por...tially 


RIIaeb Ground 

Wa....? 


~G IVIS 

-. 

...1G I \'f'S 

Consid.r Transf.f of Conlami
nanlS 10 Plant'! or Animals 


l'onsuml'd by lIuman.<: 

ASSf'S5 Fat. ilt ,hf'Sl' ~I'dia 


-. 

+ 

Dots 
Contamina.ed 

Soil Sappon 


Edibl. SpKif'S? 


G 8 


I 

++ •
Could Contaminants Could Contaminants Is Plum&' Sulliei.....y N",ar 
Rueb A Sunaee> R.aeb Any W",Us Cround Sunae. 10 Allow 

Wa.ubudy? Loc:atl'd DirKt UptaJuo 0( Con.amj. 
Down..,.adi.nt? natl'd Gruund Watrr by 

Plants or Animals?GB G 

1 

Considft" Transf ... of 

Coltlaminants 10 

,\lmMph-. A<_lt 
Fa'. ilt 'his ~edium 

+ 
Ano Contamin....s Vola. 
tU.? Ano Contaminants 

In ti..... Panlcl. Fonn or 
SorbftI '0 Panit"ula.lS? 

- ,l Yesd:J 

Identify Human I 
Population. 

DIrectly Exposltt 
to SOils , 

Soun:tt: AdQPI/td from EPA 1985b. 

http:Panit"ula.lS
http:Contamina.ed


I 

-


After determining exposure points. identify 
probable exposure routes (i.e.. ingestion, 
inhal~tion. dermal contact) based on the media 
contaminated and the anticipated activities at the 
exposure poinlS. 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 is (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 
jU5tification 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 pathwav from Quantitative analysis, consult with 
the RPM. If a pathway is excluded from funher 
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 
suppleqtent the available monitoring data to 
minimiF 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 palhways should 
nevertheless be carried through lhe e."tp05ure 
assessment so that risks can be qualitatively 
evaluated or so that this information can be 
considered during the uncertainty analysis of !he 
results of the exposure assessment (see Section 
6.8) and the risk assessment (see Chapter 8). 

6.3..5 	 SUMMARIZE INFORMATION ON 
ALL COMPLETE E.,"{POSURE 
PATHWAYS 

Summarize pertinent information on aU 
complete exposure pathways at the site by 
identifying 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 
alternate 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 

I 

p' 


Exposure Mediuml 
Exposure Route 

Groynd Water 

Ingestion 
Dermal Contact 

Sudan Water 
Ingestion 
Dermal Contact 

Sediment 

Incidental Ingestion 
Dermal Contact 

AU: 
Inhabltion or Vapor 
Phase Chemicals 

Indoors 
Outdoors 

Inhahltion of 
Particulates 

Indoors 
Outdoors 

S9il/Dyst 

Incidental Ingestion 
Dermal Contact 

El!.rul 
Inge~titln 

Fish and Shellfish 
Meat and Game 
Dai", 
Eggs 
Vegetables 

Residential 

Population 


L 

L 


L 

L 


C 

C 


L 

L 


L 

L 


L.C 
L.C 

L 
L 
L.C 
L 
L 

Commercial/Industrial Recreational 
Population Population 

A 
A 

A L.C 
A L.C 

A C 
A L.C 

A 
A L 

A 

A L 

A L.C 
A L.C 

L 
L 
L 
L 
L 

L = lifrlilM uposun 
C ::: upoSUl'~ in children mDy H signijiclllltly grea~r thllll in adulls 
,t = aposuI'e to adul.ls (highest uposun is liluly to occur during occupational «livi/ies) 

- = Erposul'r of this population via this route is not liluly to occur. 
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.d also is - uSdul as documentation of the 
exposure pathway analysis. E<thibit 6-8 provides 
a sa~ple format for presenting this information. 

6.4 	 STEP 3: 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. H 
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 weighL For the purposes of this 
manual, exposure normalized for time and body 
weight is termed "intake", and is expressed in units 
of mg chemicallkg 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: 

(1) 	 Chemical-related variable - exposure 
concentration; 

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

• 
and 

(3) 	 assessment-determined variable 
averaging time. 

Each intake variable in the equation has a 
range of values. For Superfund exposure 
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 e?ij?osure for 
that pathway. 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 RME. As discussed previously, a 
determination of "reasonable" cannot be based 
solely on quantitative information. but also 
requires the use of p~ofessional judgment. 
Accordingly, the recommendations below are based 
on a combination of quantitative information and 
professional judgmenL These are general 
recommendations, however, and could change 
based on siterspecific information or the panicular 
needs of the risk manager. Consult with the RPM 
before varying from these recommendations. 

Exposure concentntion. 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 anyone 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-Lerm contact 
with the 'maximum concentration is not 
reasonable. (For exceptions to this generaUz.:ltion. 
see discussion of hot spots in Section 6.5.3.) 

Because of the uncenainty associated with 
any estimate of exposure concentration, the upper 
confidence limit (i.e.. the 95 percent upper 
confidence limit) on the arithmetic avernge 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. panicularly 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 



EXHIBIT 6-8 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 

COMPLETE EXPOSURE PATHWAYS AT A SITE 


, 
Potentially Exposed Exposure Route, Medium Pathway Selected Reason for Selection 
Population and E."(posure Point ror Evaluation? or Exclusion ~ 

CurreDt I.and Usc 

Residents 

Re!>id~nt5 

~ 
Industrial 
Workers 

future Land Use 

Residents 

Residents 

Ingestion or ground water 
rrom local wells down-
Vddient or the site 

Inhalation of chemicals 
volatilized from ground 
W'dter during home use 

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

Direct contact with chemi
cals of potential conCern 
in soil on the site 

Ingestion of chemicals 
that have accumulated in 
filth located in on~ite 
ponds 

Yes 

Yes 

Yes 

Yes 

No 

Residents use ground 
water from local wells 
as drinking water. 

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

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

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

The potential for signin
cant expnsure \'ia this 
pathway is low because 
none or the chemicals of 
pOlentiul concern accumulate 
extensinl,. in fish. 
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• 


GENERIC EQUATION FOR CALCULATING 

CHEMICAL INTAKES 


I 
I 

Where: 

I - intake; the amount or chemical at the exchanle boundary 

(mrlkg body weigbt-day) 


Chemical-related yadable 

C :Ii: 	 chemical concentr-.uiun; the al/erage concentration contacted 

oI/Cr the exposure pedod (e.g., mgllitrr water) 


yadablcs that describe the ellposed population 

CR. .. 	contact rate; the amount or contaminated medium contacted 

per unit time or event (e.g., liters/dar) 
 .,) 

I 

EFD .. exposure frequency and duration; describes how lonl and how 


often exposure occurs. Orten calculated usinl two tenns 

(EF and ED): 


EF .. exposure frequency (daysiyear) 

ED .. exposure dur-.ltion (years) 

DW = 	body weight; the U\'cr.lge body ~'eight over the exposure pedod 

(kg) 


Assessment-determined ,'ariilble 

AT .. averaging time; pedud over ~'hich exposure is averaged (days) 

I 	 ) 
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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. 

H there is great variability in measured or 
modeled concentration values (sueb as wben too 
few samples are taken or wben model inputs are 
uncertain). tbe 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 sbould be used to 
estimate exposure concentrations. This could be 
regarded by some as too conservative 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 exposures. 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 rate reflects the 
amount of contaminated medium contacted per 
unit time or evenL 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 estimated 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 

•. 'he appropriate combinations of variables. (MoreL," pecific 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 
lotal 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 (whidl is usually the case). U!C reasonable 
conserVative estimates of exposure time. National 
statistics are available on the upper-bound (90th 
percentile) and average (50tb 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 
aaual 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.g., daily rlSh ingestion rate averaged 
over a; year) is used, then a. daily exposure 
frequenCy (i.e., 365 dayslyear) should be assumed. 

I 

Body weight. The value for body weight is 
the average body weight over the exposure period. 
If exposure occurs only during childhood ye:us. 
the average child body weight during the exposure 
period should be used to estimate intake. For 
some pathways, such as soH ingestion. exposure 
can occur throughoul the lifetime but the majority 
of t:xposure 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. Ufctime exposure is then calculated 
by taking the time-weighted average of exposure 
estimates over aU age groups. For pathways 
where contact rate to body weight ratios are fairly 
constant over a lifetime (e.g., 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 



= 


Page 6·.::3 

~nstant. 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 nne with a Sth percentile 
body weigbt 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 shonest 
exposure period that could produce an effect, 
usuaUy an exposure event or a day. When 
evaluating longer· term exposure to 

InoncarcinOgeniC toxicants, intakes are calculated 
by averaging intakes over the period of exposure 
(i.e.. subchronic or chronic daily intakes). For 
carcinogens. intakes are calculated by prorating 
the total cumulative dose over a lifetime (i.e., 
chronic daily intakes, also called lifetime average 
daily inwke). This distinction relates to the 
currently held scientific opinion that the 
mechanism of action for each category is different 
(sec.: Chuptcr 7 for a discussion). The approach 
for curcinogens is based on the assumption that 
a high uosc received over a short period of time 
is c4uivaJcnt ltl a corresponding low dose spread 
over a lifetime (EPA 1986b). This approach 
become» problematic as the exposures in question 
bel,;omc more intense but less frequent. especially 
when th~re 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, shoner-term ex:posures 
(e.g.. subcbionic daily intakes) also may be 
imponanL ~en deciding whether to evaluate 
shon-term exposure, the following factors should 
be considered: 

• 	 the toxicological characteristics of the 

chemicals of potential concern; 


• 	 the occurrence of high chemical 

concentrations or the potential for a 

large release; 


• 	 persistence of the chemical in the 

environment; and 


• 	 the characteristics of the population tbat 

influence the duration of exposure. 


Toxicity considerations. Some chemicals can 
produce an ieffect after a Single or very shon-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 imponant 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 
effecL It should be noted tbat the critical time 
referred to can ooeur 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 198ge}). 

Concentration considerations. Many 
chemicals ca,n produce an effect after a single or 
very short-term exposure. but only if exposure is 
to a relatively high concentration. Therefore, it 
is important that tbe assessor identify possible ,)
situations where a short-term exposure to a higb 
concentration could occur. Examples of such a 
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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 drums. breached lagoon 
dikes). Exposure should be determined for the 
shonest 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 
occur only for a shon time period (a few weeks 
or months). infrequently, or intermittently. 
Examples of this would be seasonal exposures 
such as during vacations or other recreational 
aClIV1l1es. 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: DETE~\1INA
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 estimale 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 10 interpret and use it. 
"!\is section is not designed to provide all the 
information nece:wuy to deriYe exposure 
concentrations and, therefore, does not detail the 
specifics of potentially applicable models nor 
provide the data necessary to run the models or 
suppon concentration estimates. However, 
sources of such information, including the 
Superfund Erposure Assessment Manual (SEAM; 
EPA 1988b) are referenced throughout the 
discussion. 

6.5.1 	 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 transpon models. In most 
exposure assessments, some combination of 
monitOring data and environmental modeling will 
be reqUired to estimate exposure concentrations. 

Direct use of monitoring dnta. Use of 
monitoring data to estimate exposure 
concentrations is normally applicable where 
exposure involves direct contact 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) 



~	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 importaDt to 
remember that if a screening level approach 
suggests a potential health concern, the estimates 
of exgosure should be modified to reflect more 
probable exposure conditions. 

In those instances where it is appropriate to 
group sampling data from a panicular medium, 
calculate for each exposure medium and each 
chemical the 95 percent upper confidence limit on 
the arithmetic average chemical concentration. 
See Chapter S 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 exposure points are spatiallv 
separate from monitoring points. 
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., grounu-water transport, air 
dispersion ). 

• 

• Where temporal distribution of data is 
lacking. Typically. data from Superfund 
investigations 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 constam 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. 

• 	 Where monitoring data are restricted bI 
the limit of guantitation. Environmental 
m~dels 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 ofa ground-water plumedischarging 
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. as discussed in 
Section 5.3.1. the chemical may be 
sufficiently toxic or bioaccumulative that 
it could presem a health risk at 
concentrations below the limit of 
quamitation. Models may be required 
to make exposure estimates in these 
typeS of situations • 

A widb variety of models are available for 
use in expokure assessments. SEAM (EPA 1988b) 
and the Exposure Assessment Methods Handbook 
(EPA 1989f) describe some of the models 
available and provide guidance in selecting 
appropriate mpdeling techniques. Also, the 
Center for E:<posure Assessment Modeling 
(CEAM - Environmental Research Laboratorv 
(ERL) Athens), the Source Receptor Analysis 
Branch (Office of Air Quality Planning and' 
Slandards. or OAQPS). and modelers in EPA 
regional offices can provide assistance in selecting 
appropriale models. Finally, Volume IV of the 
NTGS (EP.A 1989c) provides guidance for air and 
atmospheric disperSion modeling ror 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 sophisticated models. 

Other consideratioDS. When evaluating 
chemical contamination at a site, it is imponant 
to review the spatial distribution of the data and 
evaluate it in ways that have tbe most relevance 
to the pathway being assessed. In short, consider 
where the contamination is with respect to known 
or anticipated population activity patterns. Maps 
of both concentration distribution and activity 
patterns will be useful for the exposure 
assessmenL 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 GC/MS laboratory data 
with adequate quality control will be required to 
suppOrt quantitative exposure assessment. Field 
screening data generaUy 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. 

• 	 Steadv-state vs. non-steadv-sI3te 
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. 

• 	 Number and type of exposure parameters 
that must be assumed. In developing 
exposure models, values for site-specific 
parameters such as hydraulic 
conductivity, organic carbon content of 
soH, wind speed and direction, and soil 
type may be required. These values may 
be generated as part of the RI. In cases 
where these values are not available, 
literature values may be substituted. In 
the absence of applicable literature 

values, the assessor must consider if a 
reliable exposure concentration estimate 
can be made. 

• 	 Number and type of fate processes to 
be considered. In some cases, exposure 
modeling may be limited to 
considerations of mass balance, dllution, 
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 
wbere these more complex fate processes 
need to be modeled. be sure to consult 
with the RPM regarding the added data 
requirements. 

6.5.2 	 ESTIMATE EXPOSURE 
CONCENTRATIONS 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-water sC}mpling 
data as estimates of e:c;posureconcentrutions 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 copper may leach from tbe 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 (rom 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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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 localion(s) used to 
evaluate future ground-water exposures should be 
made in consultation with the RPM. Second, 
compare the construction of wells (e.g., 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 specific 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 

a 	draw water from only one of them. Consult a 
• 	 hydro geologist for assistance in the above 

considerations. 

Another issue io consider is filtration of 
water samples. While filtration of ground-water 
samples provides useful information for 
understanding chemical transpon 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 transpon 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, fiow 
through the unsaturated zone, and fiow with 
ground w!ner). dispelSion, sorption (including 
adsorption, desorption, and ion exchange), and 
transformation (including biological degradation, 
hydrolysis, oxidation, reduction, complexation, 
dissolution, and precipitation). Another 
consideration is that not all chemicals may be 
dissolved in water, but may be present instead in 
nonaqueous phases that fioat on tOP of ground 
Wlter 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 
approp~te ground-water models, consult 
Sel.«tiOIl f;rittri4 for Malhemarical Models Used in 
Exposure .Assessmenu: Ground-water Models (EPA 
198&:). As with aU modeling. the assessor should 
carefully evaluate the applicability of the model to 
the site being evaluated., and should consult with 
a hydro geologist 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 
uncertainties and conclusions of the 
assessmenL 

the 
risk 

6.5.3 ESTIMATE EXPOSURE 
. 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. SOU monitoring data 
and site conditions should be carefully screened to 
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identify situations where source depletion is likely 
to be importanL 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 efforL 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 
generaUy 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 nOl 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 pathways 
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 frequently, 
exposure to the hot Spot should be assessed 
separately. The area over which the activity is 
expected to occur 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 (e.g., an eighth of an 
acre) may be most appropriate for evaluating 
residential soil pathways. 

6.5.4 	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN AIR 

There are three general approaches to 
estimating exposure concentrations in air: (1) 
a:mbient air monitoring, (2) emission 
measurements coupled with dispersion modcliJlg, 
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 shan-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 II 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 
still 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. Two kinds of models arc 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 occur 
as a result of the volatilization of chemicals from 
contaminated media or as a result of the 
suspension of onsile soils. Models that predict 
emission rates for volatile chemicals or dust 
require numerous input parameters, many of 
wbich 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 
evaluat,ing volatile emissions at Superfund sites. 
EmisSions due to suspension of soils may result 
from wind erosion of exposed soil panicles and 
from vehicular disturbances of the soil. To 
predict soil or dust emissions, EPA's fugitive dust 
models provided in AP42 (EPA 1985b) or models 
described 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 
models 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 headquaners or tbe Source Receptor 
Analysis Branch in OAQPS. 

After emissions have been 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 1989c). 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 transpon 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 
sources. For dust transpon indoors, it can 
generally be assumed that indoor concentrations 
are less than those outdoors. For vapor transpon 

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 Encentrations 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 
Exposure Assessment Methods Handbook (EPA 
1989f) to evaluate volatilization of chemicals from 
indoor use of water. 

6.5.5 	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN SURFACE 
WATER 

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

• 	 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 
surface 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 
pbenomena, the data may not represent 
long-tenn average concentrations or 
shott-tenn 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 moong zones. Concentrations 
within the mixing zone may be 
significantly higher than at downstream 
points where complete mixing bas taken 
plac:e.. 

• 	 Quantitadon Umit Hmitations. 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 analytical 
methods may not be able to detect 
chemicals at these levels, the toxic effects 
of the cheti:ricals and/or their potential 
to bioaccumulate may nevertheless 
require tbat such concentrations be 
assessed. 

• 	 Contributions rrom other sources. 
Surface water bodies are normally subject 
to contamination from many sources 
(e.g., pesticide runoff. stormwater, 
wastewater discharges, acid mine 
drainage). Many of the chemicals 
associated with these sources may be 
difficult to distinguish from site-related 
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 transpon model may 
be required to make the distinction. 

Many analytical and numerical models are 
available to estimate the release of contaminants 
to surface water and to predict the fate of 
contaminants once reJeased. The models range 
from simple mass balance relationships to 
numerical codes that contain tenos for chemical 
and biologic:a1 reactions and interactions with 
sediments. In generaL. the level of infonnation 
collected during the RI will tend to limit the use 
of the more complex models. 

There are several documents that can be 
consuJted when selecting models to estimate 
surface water exposure concentrations. including 
SEAM (EPA 1988b), the Exposure Assessment 
Methods Handbook (EPA 1989t). and Selection 

Criteria for Mathematical Models Used in Exposure 
Assessmen.cs: Surface Water Models (EPA 1987b). 
SEAM lists equations for surface water runof:f and 
soil erosion and presents the basic mass balance 
relationships for estimating the effects of dilution. 
A list of available numeric:a1 codes for more 
complex modeling also is provided. The selection 
criteria document (EPA 1987b) 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. 

6.5.6 	 ESTIMATE EXPOSURE 
CONCENTRATIONS IN SEDIMENTS 

Ih 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 true 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 e'tposure 
concentrations for direct contact exposures. oata 
from surficial, near-shore sediments shou ld be 
used. 

U modeling is needed to estimate sediment 
exposure concentrations, consult SEAM (EPA 
1988b). SEAM treats surface water and sec:liment 
together for the purpose of listing available 
models for the release and transpo n 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 1987b) contain sections devoted to sediment 
fate and transpon. 

http:Assessmen.cs
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t, 	 ESTIMATE CHEl'\1ICAL 
CONCENTRATIONS IN FOOD 

Fish and sheJlftsh. Chemical concentrations. 
fish and shellfish may be measured or 

timated. Site-specific measured values are 
eferable to estimated values, but before using 
;ch values, evaluate the sampling plan to 
~temtine if it was adequate to characterize the 
)pulation and species of concern (see Section 
5.6 for some sampling considerations). Also 
mmine analytical procedures to determine if the 
uantitation limits were low enough to detect the 
)WeSt concentration potentially harmful to 
umans. Inadequate sampling or high leYeJs of 
.uantitation may lead to erroneous condusions. 

In the absence of adequate tissue 
neasurements, first consider whether the chemical 
,ioconcentrates (Le., is taken up from water) or 
)ioaccumulates (i.e.. is taken up from food, 
;ediment, and water). For example, low molecular 
weight volatile organiC chemicals do not 
iilaccumulate in .aquatic organisms to a great 
.ent. Other chemicals accumulate in some 
species but not in others. For example, P AHs 
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 organismlwater 
panition 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 aU aquatiC species or applicable to all 
human populations consuming fish or sheUfish. 
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 

ay reach steady state rapidly in cenain species). 
• or some chemicals, BCFs may overestimate tissue 

levels in fish that may be exposed only for a shon 
period of time. 

When no BCF is available, estimate the BCF 
with a regression equation based on octanol/Water 
panition coefficients (Kow). Several equations are 
available in the literature. Those developed for 
chemicals with structural similarities to the 
chemical of am!cem 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 eD.Dlple, high molecular weight P AHs (such 
as benz(a)pyrene) with high Kow values lead to 
the prediction of high fish tissue residues. 
However, P AHs are rapidly metabolized in the 
liver, and do not appear to accumulate 
significantly in fish. Regression equations using 
Kow cannot take into account such 
pharmaCOkinetics, and thus may overestimate 
bioconcentration. On the other hand, studies used 
to develop re~ession 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. While chemicals present 
in sediment and biota may also bioaccumulate in 
fish, there are only limited data available to 
estimate contributions 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 significamly bioaccumulate. Some models are 
available to assess the contribution of chemic:lI 
concentrations in sediment to chemic:ll 
concentrations in aquatic biota. CEAM (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 uncenainty into an exposure 
assessmenL 

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 methods published in the 
literature or can be developed for a specific crop 
by considering crop yield and the area of the plant 
available for deposition. . • 

If soil contamination is the source of the 
chemical, calculate the concenuation in plants by 
multiplying soil to plant partition coefficients by 
soil concenuations. 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 1985c 
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 ai. 1984 for some). When 
using these parameters, it is imponant 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 ai. 1987). Such 
methods require physical/chemical parameters such 
as Kow or molecular weight and were developed 
using a limited data base. Scientific jUdgment 
must always be applied in the development and 
application of any panition coefficient, and 
caution must be applied in USing these values in 
risk assessment. 

Terrestrial animals. 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 suppon modeling of 
uptake by terrestrial animals generally are not 
available for birds, but are available for some 

mammalian species. Terrestrial mammals such as 
cattJe are simultaneously exposed to chemicals 
from several sources such as water. soil, corn 
silage, pasture grass. and bay. Cattle ingest 
varying amounts of these sources per day" each of 
ithich wiD contaiJl a different contaminant 
<loncenuation. Because aD sources can be 
important with regard to toW body burclen. an 
approach based upon the daily mass of chemical 
ingested per day is recommended because it can 
be applied to input from many sources. 

Obtain transfer coeffidents from the 
literature (see Ng et aJ. 1m, 1979, 1982.; Baa et 
aJ. 1984 for some), or calculate them directly from 
feeding studies (see Jensen et aJ. 1981; Jensen and 
Hummel 1982; Fries et ai. 1973; Van Bruwaene 
et ai. 1984). In the absence of this information. 
use regression equations in the literature for the 
estimation of transfer coefficients (see TraVis and 
Arms 1988). It is imponant to be aware that 
regression equations that use feeding study results 
from shon-term exposures may underestimate 
meat or milk concenuations. In addition. 
regression equations which rely on Kow values may 
civerestimate 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 Exhibit 6-9. 
Remember that the intakes calculated in this step 
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EXHIBIT 6-10 


EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 

EXPOSURE CONCENTRA1tIONS 


i 

Exposure 
Populations/Pathways Concentration Comments 

Cuma' Residents 

Ingestion of ground water: 

Benzene 

ChlonJane 

Cyanide 

Direct contact with soil: 

Manganese 

Selenium 

Mercury 

Inhalation of dust: 

Manganese 

Selenium 

Mercury 

9uglL 

5.3 ug/L 

11 ug/L 

1200 mglkg 

48 mg/kg 

2 mglkg 

1 mglm~ 

0.04 mg/m3 

0.002 mglm3 

Concentrations are the 9S percent 
upper confidence limit on the 
arithmetic average of measured 
concentrations in downgradient 
monitoring wells. 

co~centrations are the 9S percent 
upPer confidence limit on the 
arithmetic average of measured 
concentrations in onsite surface 
soils. 

Concentrations are based on esti
mates of fugitive dust generation 
anc.l dispersion to nearby homes. 
Concentration inputs for air model 
are 9S percent upper confidence 
limit on the arithmetIC average of 
measured concentrations in onsite 
soil. 

~,) 


• ) 
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are expressed as the amount of cllemical at tile 
exchange boundary (e.g., 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 sueam. 

The sections that follow give standard 
equatiOns for estimating human intakes for all 
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 (or 
populations other than residential (i.e., 
commercialfmdusuial or recreational) also are 
given. In general, both upper-bound (e.g., 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 uncenainty 
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 INTAKES 

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 6.6.3. 

Intake from drinking 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 6.5.3, 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 spend 
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 
generally "WOuld be exposed less frequently than 
residents. 

Intake from ingestion of surface water while 
swimming. Calculate intakes from incidental 
ingestion of surface water while swinuning. 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. 
SEAM (EPA 1988b) recommends using an 
incidental ingestion fate of SO mllhour 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. 

I Intake from dermal contact. Calculate 
lintakes from dermal contact with water while 
swimming, wading, etc., or during bousehold use 
(e.g., bathing). 

Use the equation and variable values 
presented in Exhibit 6-13. In this case, the 
calculated exposure is actually the absorbed dose, 
not the amount of chemical that comes in.contact 
with the skin (Le., intake). This i.s 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 toxidty 
reference value in the risk characterization 
chapter. Note that PC are based. on an 
equilibrium panitioning and likely result in an 
over-estimation of absorbed dose over shon 
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 BJ..ank et al, 
[1984J for some values [e.g., 8.4x1o-'crnlhr1.) Note 
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EXHIBIT 6-11 

RESIDENTIAL EXPOSURE: INGESTION OF 
CHEMICALS IN DRINKING WATER a 

(AND BEVERAGES MADE USING DRtNKING WATER) 

Equation: 
Intake (mgtkg-day) = CW x IR x Ef x ED 

BWxAT 

Wbere: 

CW.. Chemical Concentr.ltion in Water (mg/liter) 
IR .. Ingestion Rate (liters/day) 
EF = Exposure Frequency (days/year) 
ED.. Exposure Dur.nion (years) 
OW = Body Weight (kg) 
AT = Aver4ging Time (period over whil:h exposure is averaged - days) 

Variable Values: 

I 

cw: I 
Sile-specific measured or modeled value 

IR: lliters/day (adult, 90th percentile; EPA 1989d) 
1.4 liters/day (adult, averdge; EPA 1989d) 
Age-specific vl.llues (EPA 1989d) 

EF: Pathway-specific value (for residents. usually daily  365 days/year) 

ED: 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) 

OW: 70 kg (adult. aver.lge; EPA 1989d) 
Age-specific values (EPA 1985a. 1989d) 

AT: Pathwa,-specific period of exposure for noncarcinogenk effects 
(i.e., ED x 365 da)'s/year), and 70 year lifetime for carcinogenic 
effects (i.e., 70 years x 365 days/year) • 

•Se. Staion 6.4.11UUi 6.6.1 for II dht:ussion ofwlUda vtUiabk VaU"G SMuki 1M ustd to ctJU:ulmt th. 
ntuonobU mtUifIUIlIt uposun. In gtntral, combin. 95th or 90th ".rctntih vaU".s for conl4ct ral. 
and u;posun frtqutncy and dura/ion varitrbla • 

• 




•• 
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EXHIBIT 6-12 

RESIDENTIAL EXPOSURE: 

INGESTION OF CHEMICALS IN SURFACE WATER 


WHILE SWIMMING a 


Equation: 
Intake (mgtkg-day) = CW J CR X ET X EF iI ED 

BWxAT 

Where: 

CW Chemical Concentration in Water (mgtliter) 0= 

CR = Contact Rate (liters/hour) 

ET = Exposure Time (hours/event) 

EF = Exposure Frequency (events/year) 

ED = Exposure Dur.oltion (years) 

BW = Body Weight (kg) 

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


Variable Values: 

CW: 	 Site-specific measured or modeled value 

CR: 	 SO ml/hour (EPA 1989d) 

ET: 	 Pathway-specific value 

EF: 	 Pathway-specific value (should consider 10('3.1 climatic conditions 
(e. g.. number of da:n above a given temperature) and age of 
potentially exposed popuhltion) 

7 days/year (national average for swimming; USDOl in 
EPA 1988b, EI'A 1989d) 

EO: 70 years (lifetime: by convention. 
30 years (national upper-bound time (90th percentile) at one 

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

El'A 1989d) 

DW: 	 70 kg (adult, average; EPA 1989«1) 
Age-specific values (EPA 1985a, 1989d) 

AT: Pathway-specific period of exposure for noncarcinogenic effects 
(i.e., ED J 365 days/year). and 70 year liretime for carcinogenic 
effects (i.e., 70 years x 36S days/year). 

II S(f. S(fction 6.4.1 and 6.6.1 for a discussion of which variabU vtUuU sJaou.ld IH used to cDi.culQ/. th. 
rrlUonabk mtuimum uposun. In l:(fn(fraJ. combin(f 95th or 90lh pucmtik vtUuU for COIIIJIff 1'G/(f 

. and upDsurr frequency and duration variabks. 
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EXHIBIT 6-13 

RESIDENTIAL EXPOSURE: 

DERMAL CONTACT WITH CHEMICALS IN WATER a 


I 
I 

Equation: 

Absorbed Dose (mg/kg-day) =CW ;,; SA ;,; PC ;,; ET;,; EF x ED :'{ CF 

BWxAT 


Where: 

CW = Chemical Concentration in Water (mg/liter) 

SA = Skin Surface Area Available for Contact. (cma) 

PC = Chemical-specific Dermal Permeability Constant (cmlbr) 

ET == Exposure Time (hours/day) 

EF == Exposure Frequency (dayS/year) 

ED = Exposure Duration (ye-drs) 

CF = Volumetric Conversion F;lctor (or Water (1 Iiter/lOOO cm3 ) 


DW == Dudy Wright (kg) 

AT = A..-eraging Time (period over which exposure is averaged - days) 


Variable Values: ) 
cw: Site-!ipecific measured or modeled value 

SA: 

50th Percentile Iotal nody Suriate Area (rna) (EPA 1989d. 1985a) 

A~~ (ISS} .MA.L£ fEMALE 
3 < 6 0.728 0.711 

6 < 9 0.931 0.919 

9 < 12 1.16 1.16 

12 < IS 1.49 1.48 

IS < 18 1.7S 1.60 

"dull 1.94 1.69 


50th I'w:entile IIl1dy t'ila-spes:ifis; SurfjlCC Areas for Males 1m2) !EPA 1989d. 1985j1) 

.ABM.SA~r:; IYI!Sl HANDS LE.G.S 

3 < 4 0.096 0.040 0.18 

6 < 7 0.11 0.041 0.24 

9 < 10 0.13 0.057 0.31 

Adult 0.23 0.082· 0.55 


/I See Section 6.4.1 tmd 6.6.1 for G discussion ojltfhich variabUt va.lues shoWd IH used to caicultzu /he 
reasonGbU maximum txposure. In general. combine 95th or 90th percentiUt va.luu jar contAct rate and 

• 
txposure frtquency and duration variabl.cs. Use 50th percmlik va.lues for SA; see tat for rationait! . 

(continued) 
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EXHIBIT 6-13 (continued) 

RESIDENTIAL EXPOSURE: 

DERMAL CONTACT WITH CHEMICALS IN WATERtJ 


NOTE: 	 Value for chiJdrm wmr calcultll«lwin, "'~~ftf: body surf,," III'ftU lIIIIi 1M 1IVD'''ge I 
po'C~nlDg~ of IDIDl body sur/on anti rrprGmud by partit:u.llJr body ptII1s in chillWn. 
pnsenud in EPA 1985a. Value for tuIuJ.u pramud in EPA 1989d or cQ/.t:ultIud from 
infomuuion pns~ntedin EPA 198511. Informtllion on surf"" anti ofothD'body ptII1s (~.g.• 
Mad. fUl) and for femak chiJdrm lIIIIi aduIU also is pnsmud in EPA 1985", 1989d. 
DijJenncu in body part sur/,," ana ktwm sun is n'8ligiJM. 

PC: Consult open literature for values [Note tbat use of PC values results in 
an estimate of absorbed dose.J 

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

2.6 hrs/day (national average for swimming: USDOl in 
EPA 1988b, EPA 1989d) 

EF: Pathway-specific: value (should consider local c:limatic: conditions 
(e. Go. number of days above a given temperature) and age of potentially 
esposed population) 

1 days/year (national average for swimming: USDaI in EPA 1988b. 
EPA 1989d) I 

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

El"A 1989d) 
9 years (national mediaD time (50th percentile) at one residence; 

EPA 1989d) 

CF: 	 1 liter/l000 cm3 

OW: 	 70 kg (adult. average; EPA 1989d) 

Age-spec:itic values (EPA 1985a, 1989d) 


AT: 	 Pathway-specific period of exposure for noncarcinogenic effec:tS 
(i.e•• ED x 365 days/year), and 10 year lifetime for carcinogenic: effects 
(i.e.. 70 years J: 365 days/year). 

II S~e S~ction 6.4.1 and 6.6.1 for a discussion ofwhich varillbU value slwuJd be wed to cQ/.t:uuue 
the relllonahl~ maximum uposun. In gen"lIl. combine 95th or 90th pltrrmtik value for 
contact rate and uposure frequ~ncy and dur",ion "tuiabln. 
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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 e:xposed skiD (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.g., 70 kg) which is assumed for 
this and all other exposure pathways. Estimates 
of exposure for this pathway are still 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. 

6.6.2 	 CALCUlATE SOIL. SEDIMENT. OR 
DUST INTAKES 

lndividuals 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 6.6.3. 

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

The 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 soil. 

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 days/year. A term 
can be used to account for the fraction of soil or 
dust contacted that is presumed to be 
contaDliIkted (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 soil. In most instances, contact and 
ingestion of sediments is not a relevant pathway 
for industrial/commercial 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 thf equation and variable vaJues presented 
in Exhftlit 6-15. As was the case with exposure to 
chemicals in water, calculation of exposure 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 
aa-oss the skin and into the blood stre:sm. 
Consult the open literature for information on 
chemical-specific absorption factors. In the 
absence of chemical-specific information. use 
conservative assumptions to estimate ASS. 

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 is worn (and hence. more skin is available 
for contact). Adherence factors (AF) are available 
for few soil typeS and body parts. 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
specific information and professional jUdgment. 

I 
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EXHIBIT 6-14 


RESIDENTIAL EXPOSURE: 

, a 

INGESTION OF CHEMICALS IN SOIL 

Equation: 

Intake (mwkg-day) = CS 3 IR :s CF 3 EJ :s EE x En 
BWxAT 

Where: 

CS == Chemical Concentration in Soil (mwka> 

IR == Ingestion Rate (ma soil/day) 

CF == Conversion Factor (10'" kwmg) 

FI = Fraction Ingested Crom Contaminated Source (unitless) 

EF == Exposure Frequency (days/years) 

ED == Exposure Duration (years) 

BW == Body Weight (kg) 

AT == Averaging Time (period over which I!lCposure is averaged - days) 


Variable Values: 

CS: 	 Site-specific measured value 

IR:' 	 200 mwday {children, 1 through 6 years old; EPA 1989g} 
100 mwday (age groups greater than 6 yean old; EPA 1989g) 

NOTE: IR values are deCault values and could change based 
on site-specific or other information. Research is currently ongoing 
to better define in~estion r-dtes. IR values do not apply to individuals 
with abnormally high soil ingestion rates (i.e., pica). 

CF: 	 10 -6 kwmg 

FI: Pathway-specific value (should consider contaminant location and 
population activity patterns) 

EF: 	 365 days/year 

ED: 70 years (lifetime; b)' convention) 
30 years (mational upper-bound time (90th percentile) at one 

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

EPA 1989d) 

IJW: 	 70 kg (adult, aver-dge; EPA 1989d) 
16 kg (children 1 through 6 years old, 50th percentile; EPA 1985a) 

AT: Pathway-specific period of exposure ror noncarcinogenic effects 
(i.e., ED x 365 days/year), and 70 year lifetime ror carcinogenic effects 
(i.e., 70 years x 365 days/year). 

a	Sell SIlCtiOll 6.4.1 and 6.6.1 lor a t6scussioll o/which variilbk vtduft should btl used to CtUca/4tll 
lhll retuonilbk mtu:imum upusun. In general. USIl 95th or 90th pen:mtill vtduft for CDnlact ralll 
and tupOsun /rtqullnc:y and duration variabln. 
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EXHIBIT 6-15 

RESIDENTIAL EXPOSURE: 

DERMAL CONTACT WITH CHEMICALS IN SOILa 


Equation: 

Absorbed Dose (mglkg-<iay) - CS 1 CF :s SA '3 AF I ARS I EF '3 ED 
BWxAT 

Where: 

CS = Chemical Concentration in Soil (mW'kg) 

CF = Cunvenion Factor (10'" kg/mg) 

SA = Skin Surface Area Available Cor Contact (cm2/event) 

AF = Soil to Skin Adherence Fanor (mglcm2 ) 


ADS = Absorption Factor (unitless) 

EF = Exposure Frequency (events/year) 

ED = Exposure Duration (yean) 

BW = Body Weight (kg) 

AT = Aver.lging Time (period over which exposure is averaged - days) 


Variable Values: 

CS: Based on site-specific: measured value 

CF: 10'" k&'mg 

SA: 

50th I'ercentjh: Total nody Surface Area (m2) (EPA 1989d. 1985a) 

AGE CYBS} MA.L£ EEMA(,E 

J < 6 0.728 0.711 
6 < 9 0.931 0.919 
9 < 12 1.16 1.16 
12 < 15 1."9 1.48 
15 < 18 1.75 1.60 
Adult 1.94 1.69 

50th rercentile nod)' Pan-specific Surface Areas for Males 1m2) (EPA 1989d. 1985a) 

AGE CYBSl AIl.MS HANDS LEG.S 
3 < 4 0.096 0.040 0.18 
6 < 7 0.11 0.041 0.24 
9 < 10 0.13 0.057 0.31 
Adult O.ll 0.082 0..55 

NOTE: 	 Values/or children w," calculated using age-sp«IJic body sur/acll anlU and the allilrap I'fl'CniUlge 
o/total body sUr/act arlit! "prl!unttd by particular body partr in chiltlrrll. pratllted;n EPA 1985a. 
Values for aJiuUs pnsented in EI'A 1'J89d or calcuLated/rom in/ormaJion presellt. ill EPA 198511. 

II Ste Stcrion 6.4.1 and 6.6.2/or II discuuion o/whicJt IIan'ablt IIalues should bt used to caJcuLatt tltt "IUOII

• able mazimum trposun. In Ilentral. combinl! 95th or 90th ptI'Ctnrile "alun for contact rmll and. t!rfXJsurt 
II' /rtqutncy variabia. Use 50th ptI'Cl!lItile values for 5.4; selllUt for rationale. 

(continued) 




EXHIBIT 6-15 (continued) 

RESIDENTIAL EXPOSURE: 

DERMAL CONTACT WITH CImMICALS IN SOIL

4 


NOTE (continuM): Injol7fl4lion on sur/oa IInIl 0/odutr body pDrts (6.,., hud./m) tuUllor/muMit 
children tuUlo.duI.U oiso is praent«i in EPA 198511, 1989tL DijferenCG in body Pllrt SUr/lice 
IlnIU between sun is negligibk. 

AF: 1.45 mg/cm.1 - commercial potting soil (ror hands; EPA 1989d, EPA 
1988b) 

2.77 mglcma - kaolin clay (ror bauds; EPA 1989d. EPA 1988b) 

ADS: Chemical-specific value (this value accounts ror desorption of 
chemical rrom the soil matrix and absorption or chemical aeross 
the skin; generally, information to support a determination or ADS is 
limited - see text) 

EF: Pathway-specific value (should consider local weather conditions 
[e.g.,number of rain, snow and frost-free daysJ and age of potentially 
exposed population) 

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

EPA 1989d) 
9 yelln (national median time (50th percentile) at one residence: 

EI'A 1989d) 

DW: 	 70 kg (adult, aver.tge; EPA 1989d) 
Age-specific values (EI'A 1985a. 1989d) 

AT: Pathway-specific period or exposure for nnncarcino~enic efTects 
(i.e., ED x 365 days/year), and 70 year lifetime for carcinogenic efTects 
(i.e•• 70 yean x 365 dayS/year). 

USee Seaion 6.01.1 and 6.6.2 filr II disausion o/which variabk IIa.U.t1lll should H tu«i I/) cilkuUue the 
nlUolftIbU nuz.rimum aposure. In genttrGl. comhin6 951A 01' 901A pnuntill Vo.WlIII for contDCI rDle 
IJIIIi uposllre!requelfCY lind durDtio" ,ariabla. 
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nt 	 "Best guess values for children potentially useful 
in risk assessments are 3 times/Week for fall and 
spring days (>32°F) and 5 times/Week 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 sitell, EF could 
be 365 days/year. 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. 

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. 

6.6.3 CALCULATE AIR INTAKES 

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 ins tances 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 
RIDs (expressed in concentration units of mglmJ) 
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 (E1) 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 paniculate 
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 thaI is 
respirable (i.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 paniculate phase chemicals if 
they are to be combined with toxicity values that 
are based on 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; 

d) 	vegetables and other produce; and 
I 

(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 fishing areas. The chem-ical 
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 e3ting habits. 
Residents near major commercial or recreational 
fisheries or shell fISheries are likely to ingest 
larger quantities of locally caught fish and shel.l.f"ISh 
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 Etblbit 6-18. This 
pathway will be most significant for farmers and 
for rural and urban residentS consuming 
homegrown fruits and vegetables. For 
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EXHIBIT 6-16 

RESIDENTIAL EXPOSURE: 
INHALATION OF AIRBORNE (VAPiOR PHASE) CHEMICALS« b 

Equation: 

Intake (mg/kg-day) = CA :'( IS x F.T 1 EE 1 ED 
8WxAT 

When:: 

CA • Contaminant Concentration in Air (mg/m~) 


IR = Inhalation Rate (m~/bour) 


ET = Exposure Time (bours/day) 

EF = Exposure Frequency (days/year) 

ED Exposure Dur.ation (years) 
:1& 

BW = Body Weigbt (kg) 

AT = Aver.aging Time (period over which exposure is averaged - days) 


Variable Values: 

I, CA: Site-specific measured or modeled ~alue 
I 

IR: 	 30 m3/day (adult, suggested upper bound value; EPA 1989d) 
20 m~/day (adult, average; EPA 1989d) 
Hourly rates (EPA 1989d) 
Age-specific values (EPA 1985a) 
Age, sex, and activity based values (EPA 1985a) 
0.6 m3/hr - showering (all age groups; EPA 1989d) 

ET: 	 Pathway-specific values (dependent on duration of exposure-related 
activities) 

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

EF: Pathway-specific "alue (dependent on frequency of showering or other 
exposure-related activities) 

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

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

EPA 1989d) 

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

AT: Pathw.ay-specific period of exposure for noncarcinogenic effKts 
(i.e., ED x 365 days/year), and 70 year lifetime for carCinogenic effects 
(i.e., 70 years x 365 days/year). 

II Sn S«tion 6.4.1 and 6.6.J for a discussion of which variabk valua should H ustd 10 cakuUne the 
rrasollabil morimum aposure. In glneral, use 95lh or 90lh perclnlik ,alun for conlut rtIU IIItd 
uposurr frequency and duration "ariables, 

b Th« ,quation and variabk values for "apor phase uposurr Cillt H USN willa modifielllion 10 caku.lt:lu 
partieu.lt:lu uposurr. Ste lal. 

I 



EXHIBIT 6-17 


RESIDENTIAL EXPOSURE: FOOD PATHWAY

a

INGESTION OF CONTAMINATED FISH AND SHELLFISH
I 

Equation: 

Intake (mw'kg-<iay) =CF x lR x F1 x EF x ED 
llW x AT 

Where: 

CF Contaminant Concentration in Fish (mwkg) == 
IR Ingestion Rate (kglmeal) 

FI -= Fraction Ingested from Contaminated Source (unitless) 

EF = Exposure Frequency (meals/year) 

ED Exposure Dur.uion (years) 
== 
BW = Dody Weight (kg) 

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


Variable Values: 

)CF: 	 Sitt-specific measured or modeled value 

IR: 	 0.184 kg/meal (95th percentile for fin fish; pa~ ~t ala 1982) 
0.113 kg/meal (50th percentile for fin fish; Pa~ ~I aL 1982) 

131 w'day (95th percentile daily intakes averaged over three days 
for consumers of fin fish; Pao d aL 1982) 

38 gtday (50th percentile daily intake, averaged over three days 
for consumers of fin fish; Pao d ala 1981) 

6.5 K1day (daily intake averaged over a year; EPA 1989d. 
NOTE: Daily intake values should be used in conjunction with 
an exposure frequency of 365 days/year.) 

Specific values for aRe, sex. race, region and fish species are 
available (EPA 1989d, 1989h) 

Fl: 	 Pathway-specific value (should consider local usage patterns) 

EF: I'athway-specific value (should consider local population patterns 
if information is available) . 

48 dars/year (average per capita for fish and shellfish; EPA Tolerance 
Assessment System in EPA 1989h) 

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

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

EPA 1989d) 

OW: 	 70 kg (adult, aver.sge; EPA 1989d) 

Age-specific values (EPA 1985a. 1989d) 


• 
AT: Pathway-specific period of exposure for noncarcinogenic effects 

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

a	S~~ Sec/ion 6.4. J and 6.6.4 for a discussion of which f/ariabk valu" shouiJ H used tD caJ.culDJ, tit. 
nasonabk ma.rjmum upoIun. In g~n~ral. us~ 95th or 90th p~f'C~ntile valuu for jn/iJU r4tlt and 
UJ'Osun fr~qu~ncy and dura./;on ,an'ables. 
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EXHIBIT 6-18 

RESIDENTIAL EXPOSURE: FOOD PATHWAY 
INGESTION OF CONTAMINATED FRUITS AND VEGETABLES a 

Equation: 
Intake (mglkg-day) =CE:x fR x EI ~ BE '1 ED 

BWxAT 

Where: 

CF = Contaminant ConcentratioQ in Food (mr/k&) 

IR = Ingestion Rate (kglmeal) 

FI = Fraction Ingested from Contaminated Source (uniUess) 

EF = Exposure Frequency (meals/year) 

ED = Exposure Duration (years) 

OW = Body Weight (kg) 

AT = A\'eraging Tilne (period over which exposure is aver.;aged - days) 


Variable Values: 

Il CF: Site-specific measured value or modeled villue based on soil 
concentration and plant:soil accumulation factor or deposition factors 

! 
IR: Specific \'Ulues for a wide vari~ of fruits and vegetables are available 

(Pae ~t aI. 1981) 

FI: Pathway-specific value (should consider location and size of 
contaminated area relative to that of residential areas. as well as 
anticipated usage patterns) 

EF: 	 Pathway-specific \'alue (should consider anticipated usage patterns) 

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

EPA 1989d) 
9 years (nl.ltionl.ll median time (50th percentile) at one residence; 

EltA 1989dl 

OW: 	 70 kg (adult, a\'erage; EPA 1989dl 
Age-specit1c values (EI'A 1985a, 1989d) 

AT: Path"'ay-spec:ific period of exposure for noncarcinogenic effects 
(i.e., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 

Q See Section 6.4.1 and 6.6 • .1 for a discussiun afwhich VQrillhl~ values s/Wulli be us~d 10 calculat~ IIltt 
reasonllhle maximum exposure. In general, us~ 951h ur 90111 percentile ~'aLull$ for contact rale and 
exposure fr~quency and duratiun varillhles. 

http:nl.ltionl.ll
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contaminated backyard gardens. the fraction of 
food ingested that is contaminated (PI) can be 
estimated using information on the fraction of 
fruits or vegetables consumed daily tbat is ·bome 
grown (HF). EPA (1989d) provides HF values for 
fruit (0.20, average; D.3O worst..case) and 
vegetables (0.25, average; 0.40, worst..case). 
(Worst-case values can be used as estimates of the 
95th percentile value.) Pao et ai. (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 fruits 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 dairy 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 (HF). 
HF for beef is estimated to be 0.44 (average) and 
0.75 (worst-case). HF for dairy 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. E:tposure duration (ED) and 
exposure frequency (EF) will likely be less for 
recreational users (e.g., hunters). 

6.7 	 COMBINING CHEMICAL 
INTAKES 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 
combiqe the RME for one pathway with an 
estima~ 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 E.-rnibit 6-22 (or 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 wiH 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. 

I 

The discussion of uncertainty in the exposure 
assessment Chapter should be separated in to 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.g .• model variables). A simple 
example of this table is shown in E.-rnibit 6-20. 
For each variable. the table should include the 
range of possible values, the midpoint of the 
range (useful values for this pan are given in ) 
Exhibits 6-11 through 6-19). and the value used to 
estimate exposure. In addition, a brief description 



EXHIBIT 6-19 


RESIDENTIAL EXPOSURE: FOOD PATHWAY

INGESTION OF CONTAMINATED MEAT, EGGS, 


I 

AND DAIRY!PRODUcrS G 

Equation: 

Intake (mw'kg-day) = CE x IR x FJ x F,F x F,n 
IJW x AT 

Where: 

CF = Contaminant Concentration in Food (mg/kg) 

IR = IDgestion Rate (kwmeal) 

FI = Fraction Ingested from Contaminated Source (unitless) 

EF = E.xposure Frequency (mealsiyear) 

ED = Exposure Dur.nion (years) 

OW = Body Weight (kg) 

AT = Averdging Time (period over which exposure is averaged - days) 


Variable Values: 

CF: Site-specific measured or modeled ,·alue. Based on soil 
concentrations. plant (feech accumulation factors, and feed-to-meat 
or feed-tCHiairy product transfer coefficients 

IR: 	 0.28 kw'meal - beef (95th percentile; Pao et at 1982) 
0.111 kg/meal - beef (50th percentile; Pao et at 1981) 
Specific values for other meats are available (Pao et aJ. 1982) 

0.IS0 kg/meal - eggs (95th percentile; I'ao et aJ. 198.:n 
0.064 kw'meal - eggs (50th percentile: Pao et aJ. 1982) 

SpeCific values for milk. cheese and other dairy products are available 
(1'ao et aJ. 1982) 

FI: Pathway-specific value (shuuld con~ider location and size of contaminated 
area relatin tn that uf residential areas, as well as anticipated usage 
patterns) 

EF: 	 Pathway-specific value (should con!>ider anticipated usage patterns) 

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

EI'A 1989d) 
9 years (national median time (SOth percentile) at one residence; 

EPA1989d) ! 

IJW: 	 70 kg (adult, average; EI'A 1989d) 

Age-specific value!> (EI'A 1985a, 1989d) 


AT: Pathw • .I\·-specific period of exposure for noncarcinogenic effects 
(i.e., ED x 365 dayslyear), and 70 year lifetime for carcinogenic effects 
(i.e•• 70 years :< 365 days/year). 

(I See Section 6.4.1 and 6.6.4 jor a discussion ojwhich varillbk vaJua should H used to calculau 
th~ rlosonable mtu:imum exposure. In generaJ, use 95th or 90th pen:entik values jol' contact ratlt 
and aposurlt /requltncy and duration. 
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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 
in soil (m~kg) 

Chronic: exposure 
(mglkg) 

Acute exposure 
(m~kg) 

Adult soil ingestion 
rate (roWd) 

Exposure frequency 
(days/wk) 

Exposure duration 
(years) 

NO - 3.500 

0-110 

1 -1 

1-20 

150 
(arithmetic mean) 

11 
(arithmetic mean) 

3 

10 

1,400 

3,500 

100 

S 

20 

9Stb percentile upperbound 
estimate of mean concentration 

Maximum detected concentration 

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

Best professional judgmenL 

Best professional judgmenL 

,) 


• 




I 

• 


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 pan 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 
uncenainry is expected to affect the estimate of 
exposure. Sources of uncertainty that should be 
addressed include 1) the mOnitoring data, which 
mayor 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 
information. Exhibit 6-21 presents a sample 
format. 

A supplemental approach to uncertainty 
analysis is to use analytical methods (e.g., first
order uncenainty analysis) or numerical methods 
(e.g., Monte Carla 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 pan of the 
uncertainty analysis (and not as a basis for the 
reasonable maximum exposure). 

6.9 SUMMARIZING AND 
PRESENTING THE EXPOSURE 
ASSESSl\1ENT RESULTS 

At this point, the exposure assessor should 
summarize the results of the exposure assessmenL 
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 
fun her 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. 



EXHIBIT 6-21 


EXAMPLE OF AN UNCERTAINTY TABLE FOR 

EXPOSURE ASSESSMENT 


! 
I 

EFFECT ON EXPOSURE • 
Potential 

Potential Potential Magnitude 
Magnitude Magnitude ror Over-
for Over- for Under- or Under 
Estimation Estimation Estimation 

ASSUMPTION or Exposure or E.'l:posure or Exposure ~ 

Enyironmental Sampline and Analysis 
Sufficient samples may not han Moderate 

been taken to characterize the media 

being evaluated, especially with 

resptc:t to currently available soil data. 


Systematic or r.mdom errors in the Low 

chemical analyses may yield erroneous 

data. 


fate and Transport Modeline 
Chemicals in fish will be at )equilibrium with chemical 

concentrations in water. 


Use or a Gaussian dispersion model Low 

to estimate air c:onc:entr.uions otTslte. 


Use or a box model to estimate Low 

air c:onc:entr.uions onsite. 


Use or Cowherd's model to estimate Moderate 

vehide emission factors. 


Exposure rardmmr Estimation 
The standard assumptions re~arding Moderate 

body weiRht, period exposed, life 

expectancy, populatiun c:har.u:teristics, 

and lifestyle may not be representative 

of any actual expusure situutiun. 


The amount of media intake is assumed Moderate 

to be constant and representative 

of the exposed population. 


Assumption or daily lifetime Moderate to 

exposure for residents. High 


Use or "hot spot" soil data for Moderate to 

upper-bound lifetime exposure High 


"AJ' a genual guideline. assumptions markt!d as "low", may affect atimtUes 0/uposure by less than one 
ordltr ofmagnitude; aslumptions marked "matUrate" may aff«t eSlimaus 0/uposun by belW«n one and 
two ordrrs of magnitude; and assumptiolls markt!d "high" may affect estimata 0/u:po:sure by more than ) 
two ordltrs of magnilutk. 
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EXHIBIT 6-22 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 

THE RESULTS OF THE EXPOSURE ASSESSMENT


CURRE1 LAND USEQ 

I 

Population Exposure Pathway Chemical Chronic Dailv Intake (CDIl (mwkg-dav) 
,
1 

Carcinogenic Noncarcinogenic 
Effects EffKtS 

Residents 

r 

Ingestion 01 ground water 
that bas migrated from 
the site to downgradient 
local wells 

Inbulation of chemicals 
that have volatilized from 
ground water during use 

Ingestion of fish 
that bave accumulated 
chemicals in nearby 
lake 

Benzene 
Chlordane 
Pbenol 
Cyanide 
Nitrobenzene 

Benzene 

Chlordane 

ME~ 
Pherol 

_60.00025 
0.00015 0.00035 

c 0.1 
e 

0.0003 
e 0.0001 

b 
0.000013 

0.00008 0.00019 
e 0.005 

0.08 

(I Similar. tablu shouill. be prepared for all subchronic daily inUlJu (SDr) estimates tU well tU for all CD r 
and SDr estinuues under futun land we conditiolU. 

b CDr for noncarcinogenic effects not calculaledfol' berrune lHcawe it tiDes not have an EPA-verified 
chronic nfennce riDse (a: ofthe publication d4u ofthis man,uli). 

C 	CDr for carcinogenic effects not calculated for chemicais not cOlUidel'ftI by EP~t to be potential human 
carcinogens (a: of the publication date of this manual). 
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CHAPTER? 
I 

TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to 
weigh available evidence regarding the potential 
for panicular 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 
.... ssessment. These two steps were first discussed 

'in the National Academy of Sciences' publication 
entitled RiskAssumumt in w FedoaJ Government 
- Managing w Procus and more recently in 
EPA's Guidelines for Cmr.:inogen Risk AsstsSment 
(NAS 1983. EPA 1986). The first step. b.m!!! 
identification. is the process of determining 
whether exposure to an agent can cause an 
increase in the incidence of a panicular adverse 
health effect (e.g., cancer, binh defect) and 
whether the adverse health effect is likely to occur 
in humans. Hazard identification 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 (e.g., 
reference doses and slope factors) are derived that 
can be used to estimate the incidence or potential 
for adverse effects as a function of human 
exposure to the agent. These toxicity values are 
used in the risk characterization step to estimate 1-.... 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 bas 
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 Itoxicity assessments and accompanying 
values. and advises how to determine which values 
are mOst appropriate when multiple values ex:isL 
Prior to this procedural disCUSSiOn, background 

ACRONYMS FOR CHAPTER 1 

ADI.. Aca::plable Daily Inlake 
Ale.. Aca::plable Inlake fot Chronic Exposure 
A1S - Aca::plable Inlake fot Subc:broDic 

Exposure 
CRAVB.. CardnogeD Risk As:I.cssmCDt 

Vtrifi<:atiou EndeaYm' 
ECAO.. Environmental Criteria and .As:scs:smenl 

omce 
HAD - Health Asse:IsmCDl DoemnCDl 

flEA.. Health EO'c:ctI A:sIc:amCDl 


HEJ\ST - Heallh EO'c:ctI AslCUmeut Summary 

i Tablea 


HEED - Health aad. Eavil'OlUllC::lltai Eaecu 

Documcat 


HEEP - Heallh aad E.nvironmaItai EUec:ts 

ProfIle 


IRIS.. lnlep'3ltd Risk Informalion System 
LOAEL.. L.owc:sr-Observed-Ad\Iefse..Etrcc-Levet 
NOAEL .. No-ObserYed-Al:tverat:-Efl'ect-LeYet 

NOEL .. No-ObserYed-Eflcc·LcveI 
RID.. 	 Rcfen:nce DOle (wbeD used witbcut 

otber modifiers.. RID geucrally refc:n to 
c:broDic reference dOle) 

RIDdt - Dm:lopmenll& Rcfc:n:l\ce Dole 

RfDs " Subc:hn:laic Refen:DCIC Dole. 
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DEFINmONS FOR CHAPTER 7 

Acceptable DailY Intake (ADD. An estimate similar in conc:eptto the RID. but derived U$ing a less strictly defined methodology. 
RIDs ba:ve replaced ADb as !.he AgcDc.Ys prefem::d values for use in evaluating potential noocan:i.nogenic health e[feds 
resultiDa from ezpasure to • chemicaL I 

Acceptable Jptate for Chrome F.;po!ur'!i (Alg..Aa',esaimaJC ~:ib.concepL 10 the RtD,butderiw:d using a Iaa Ilr"icdy:, 
defiDed mc:lhodology. 0l.r0Dic RIDs ha-..e replaced Ales. as tbe Agency's preferred 'Values for use in evaluating potential . 
noncan:iDogenic' health dIects resulting from chronic exposure 10 a chemical. 

Acceptable Intake Cor Subchronic Exposure (AlS,). An estimate similar in concept \0 the subchronic RID, but derived uaing a 
less :.trictly defined methodology. Subchronic RIDs bave replaced AlSs as thc Agency's prefem:d values for usc in 
evaluating potenlialnoncarcinogcnic health cUccu resulting from subchronic exposure to a chemicaL 

Chronic Refettnc:e Dose (RtD). An estimate (wi!.h una::rtainty spanning pcr:haps an order of magnitudc or greater) oC. daily 
exposure level Cor the hUll1lD population, izll:luding sensitive subpopulations, that is Ukely to be without an appreciable risk, 
of de.leterious effccu during • lifelime. Chnmic RIDs ~. specifically devdopcd to be protective {or long-term ~re 
to a compound (as a Superfund program guidelirle.t'.JeI/a yearuo lifetime). 

Developmental Refm:nce Dose CRtDdtl. An estimaie (with unc:enauuy spanning perhaps an order of magnitude or greater) 
of an exposure level (or'the human population, induding sensitive subpopulations. Ihal is lil:dy 10 be withoul an appreciablc 
risk of developmental cUects. Developmental RIDs ~ used to evaluate Ihe effects of a singlc ctposure event. 

• 
Dose-response Evaluation. The process of quantitatively evaluating tmicity information and charaCII~rizing the relationship 

between the dose of a contaminant adminislered or received and Ihe incidence of adverse health effecls in Ihe exposed 
populalion. From the quantitative dose·n:::sponse relationsbip, toxicity values are derived that ~ \!$Cd in thc risk 
characterization step to estimate Ihe Ukelihood or adverse effects occurring in humans at diff~t ctpo5ure levels. 

i 
HaZArd Identificalion. The process of determining wbctber exposure tq an agent caD cause an increase in the incidence oC a 

particular adverse health cUCCl (e.g.. cmeer, birth ddCCl) and wbether tbe advem: health effect is likely to occur ill humans. . I 
Integrated Risk Information System (IRIS). An EPA data base containing verified RIDs and slope factors and up-to-date health 

risk and EPA regulatory information (or numerous chemicals. IRts is EPA's preferred source for loxicity information (or 
Superfund. 

Lowest-ObserYed-Advel"$c·Errect-LeveI (LOAEt). In dose-response e:rperimenlS. the lowest exposure level at which there are 
statistically or biologically significant increases in frequency or severity of advel"$e effects between the etposed populat ion 
and its appropriate control group. 

No·Observed-Adverse·Effect·LeveI CNOAEt). In dose-response ctpcriments, an ctposure level at which thcrc :Ire no statistically 
or biologically significant increases in thc frequency or severity o( :ldversc effects between the ctposed population and its 
appropriate control: some effects may be produced at this level. but they are nOI considered 10 be :ldverse. nor precursors 
to specific adverse etIects. In an ctpcrimenl with more Ihan one NOAEL. the re;;ulalol')' focus is primarily on Ihe hi;ne:::n 
one. leading to thc common usage of the term NOAEL to mean t~e highl.'lit ctposure level withom adwrsc c(Cect. 

I 
No·Observed·Effecl-!..evel (NOEL). In dose·respon!l!: c:tperiments. an ic'\posure 11."\·c1 at which there arc no st:nislic.1I1y, or 

biologically sigOliicant inC"ClSCS in the frequency or seventy of il.!!Y t:fCcct between the e.'cpost:c.1 population and its .1ppropnate 
control. 

Reference Dose (RID). The A&ency's preferred toddly value for eval~ting noncarcinogenic effects resulting (rom exposures 
at Superfund sites. See specific entries for chronic RID. subehronic RID. and devclopment:ll RID. TIle acronym RfD, 
when used without otber modifiers, either refers generically to all types of RIDs or specifically 10 chronic RIDs; it nC"Ver 
refers specifically to subehronie or developmental RIDs. ' 

• 

(continued) 
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."'---------- 
DEFINITIONS FOR CHAPTER 7 

(continued) 

. 	 .' I . 
Slope Factor. A plausible upper-bound estimale of &be probability of a R:Spoue pcrillJlit intake o{ adll:mical OYCr'a1iCcdmCo 

The slope faaor is used 10 esdmale aD upper-boundpmbability of ac imtividuaI devdopiDc CIJICCr.'.a. rauJt'af aUfcdme 
oC crposu~ to a panicuJar level oC a pole.atial carcinogen. . 

Subchronic Reference Dose (RID,). An estimate (with unccnainty spanning perbaps ac on:Icr of magniuKle or greater) of a 
daily exposure level for the human population. including sensitM: subpopula1ions, tbat is likely to be wi&bout an appreciable 
risk oC deleterious effects during a portion of a lifetime (as a Superfund program guiddiDe, t'9IO weeks to seven )'eat'S). 

Toxicity Value. A numerical expn::s:sion of a sub$lancc's dose-responsen:lationship that is used in risk .assessments. The IDOIt 
lXllDlDOD toxicity values used in Superlund prosram risk uaemn"'SlII'lI'C n:fc::n:Dce dClIC:I (fGr oonc:an:iDogcu.ic: cffc:aI) and 
slope faaOt'S (Cor can:inogenjc effeas). 

Weight of Evidence CLassification. AD EPA classification system for charac;tcriziug &be ment to which the available data indicate 
that an agent is II human carcinogen. Recently, EPA has developed weight-of-evidence classification systcmll for some other 
kinds of toxic effects, such as developmental effects.. 

r:
:nformation regarding EPA's methods for toxicity 

ent is provided to assist the risk assessor 
~rstanding the basis of the toxicity values 

U1 ;He limitations of their use. The steps of the 
:oxicity assessment are illustrated in Exhibit 7-1. 

Derivation and interpretation of toxicity 
lalues requires toxicological expertise and should 
lot be undertaken by those without training and 
:xperience. Detailed guidance for deriving toxicity 
falues is beyond the scope of this document. For 
:hose persons interested in obtaining additional 
nformation about EPA's methods for toxicity 
lSsessment, references to appropriate guidance 
10cumentS are given throughout this chapler. 

7.1 	TYPES OF TOXICOLOGICAL 
INFORMATION CONSIDERED 
IN TOXICITY ASSESSMENT 

This section summarizes information from 
ieveral EPA documents (especially EPA 1989a, f) 
)D the basic types of data used in toxicity 
ISsessment. As part of the hazard identification 
itep of the toxicity assessment, EPA gathers 
r.·..·· 'e from a variety of sources regarding the 
",...p~al for a contaminant to cause adverse 
lealth effects (carcinogeniC and noncarCinogenic) 
n humans. These sources may include controlled 
:pidemiologic investigations, clinical studies, and 

experimental animal studies. Supporting 
information may be obtained from sources such as 
in vitro test r~ults and comparisons of structure
activity relatirDShips. 

7.1.1 HUMAN DATA 

Well-conducted 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 bec:luse these 
types of exposures are not intentional. the 
circumstances of the exposu'res (concentration and 
time) may not 'be well known. Often the 
incidence of effects is low, the number of exposed 
individuals is smaJI. the latent period between 
exposure and! disease is long, and exposures are to 
mixed and I multiple substances. Exposed 
populations may be heterogeneous. varying in age, 
sex, genetiC constitution, diet, occupational and 
nome environment, activity patterns, and other 
cultural factors affecting susceptibility. For these 
re:lSons, 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 supponive evidence. 
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EXHIBIT 7-1 


STEPS IN TOXICITY ASSESSMENT 


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

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

Step 3: Detennine Toxicity Values for 
Noncarcinogenic Effects 

Step 4: Detennine Toxicity Values for 
carcinogenic Effects 

, 

! 

I 
I 

Step 5: Summarize Toxicity Infonnation 



§ 

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 suppon 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 infornation drawn 
from experiments conducted on non-human 
mammals, such as the rat, mouse, rabbit, guinea 
pig, hamster. dog. or monkey. The inference that 

• 	 l!!"''1l.ans and animals (mammals) are similar. on 
... 	.age, in intrinsic susceptibility to toxic 

cilemic:als and that data from animals can in many 
cases be used as a surrogate for data from humans 
is the basic premise of modern toxicology. This 
concept is panicularly important in the regulation 
of toxic chemicals. There are occasions, however, 
in which observations in animals may be of 
uncenain relevance 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 all of 
these types of data to be supponive. 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 

•. chanism of action of a particular compound. 
~r 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. 

?3ge 705 

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 Imutations. numerical and structural 
chromoso~e aberrations. DNAdamage/repair. and 
ceO tramformation may provide supportive 
evidence of c:ardnogenicity and may give 
information on potential mechanisms of 
carcinogenicity. It should be not~ however. that 
lack. of positive results in shon-term. tests for 
genotoxicity is not considered a basis for 
discounting positive results in long-term 
c:ardnogenicity studies in animals. 

Structure-activity studies (Le.. predictions of 
toxicolOgic activity based on analysis of chemica.1 
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 structurally related 
compound for which specifiC data are lacking . 

I 

7.2 TOXICI1Y ASSESSMENT FOR 
NONCARCINOGENIC EFFECTS 

This section summarizes bow the types of 
toxicity information presented in Section 7.1 are 
considered in the toxicity assessment for 
noncarcinogenic effects. A reference dose, or 
RID, 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 shon-tenn oral exposures. The 
methods EPA uses for developing RIDs and HAs 
are described below. Various types of RIDs are 
available depending on the exposure route (oral 
or inhalation). the critical effect (developmental 
or otber). and the lengtb of exposure being 
evaluated; (chronic, subchronic, or single event). 
This section is intended to be a summary 
description only; for additional details. refer to the 
appropriate guidelines and otber sources listed as 
references for this chapter (especially EPA 1986b. 
EPA 1989b-t). 

A chronic RID 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 deleterious effects during a 
lifetime. Chronic RIDs are specifically developed 
to be protective for long-term exposure to a 
compound. As a guideline for Superfund program 
risk assessments. chronic RIDs generally should be 
used to evaluate the potential noncarcinogenic 
effects associated with e::r;posure periods between 
7 years (approximately 10 percent of a human 
lifetime) and a lifetime. Many chronic RIDs have 
been reviewed and verified by an intra-Agency 
RID Workgroup and entered into the Agency's 
Integrated Risk Information System (IRIS). 

FORMER TERMINOLOGY 

• 

Prior to the development of RfDs. noncarcinogenic 
effeas ofd1ronic ~ we:re evaluated using values 
cailed aceeptable daily intakes (AD's) or acceptable 
intakes for chronic qposure (Alas). While ADIs and 
Alas are similar in concept to RfDs, RIDs have been 
derived. USing a m.ore strictly defined m.ethodology and 
represent me AgeDc:y's preferred toxicity values. 
Fun.hennore., many cbroa.ic RIDs bave been reviewed 
and verified by an intta-Agmq RID Workgroup; t.bese 
verified RIDs reprc:sc:nl an Agc:nq consensus and are 
preferred ova' Other RtDs lhal have nOl undergone suc:fl 
review (see SectioD 72..1, Verification or RIDs). 
Similatty, ascptable intakes for subchronic sxposure:s 
(A'Ss) have been supc:rseded by me more stric:lJy 
defined subchromc RID v.aIua. Therefore., tbe Cormer 
terminology (ADI. Ale, AlS) should no longer be used 
in Superfund program. risk assessmencs. 

More recently, EPA has begun developing 
subchronic RIDs (RfDsa which are useful for 
characterizing potential noncarcinogenic effects 
associated with shorter-term exposures. and 
developmental RIDs (RfDd&). which are useful 
specifically for assesSing potential developmental 
effects resulting from exposure to a compound. 
As a guideline for Superfund program risk 
assessments. subchronic RfDs 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 negligible concentrations 
within several months. Developmental RIDs 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, pro tective 
mechanisms are believed to exist that must be 
overcome before the adverse effect is manifested. 
Fdr example. where a large number of cells 
~orm the same or similar function, the cell 
population may have to be significantly depleted 
before the 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 (i.e.. an RID). 
the approach is to identify the upper bound of 
this tolerance range (i.e.. 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 cheIl1icals. 
this level can only be estimated; the RID 
incorporates uncertainty factors indicating the 
degree or extrapolation used to derive the 
estimated value. RID summaries in IRIS also 
co~tain a statement expressing the overall 
co~fidence that the evaluators have in the RID 
(high, medium, or low): The RID is gen~rally 
considered to have uncertainty spanning an order 
of magnitude or more, and therefore the RID 
should not be viewed as a strict scientific 
demarcation between what level is toxic and 
nontoxic. , 

7.2.2 DERIVATION OF AN ORAL RID (Rmo) 

Identifying the critical study and determining 
the NOAEL. In the development of oral RtDs. all 
a"'~i1able studies examining the toxicity of a 
chemical following exposure by the oral rou te :ue 
gathered and judged for scientific merit. 
Occasionally, studies based on other exposure 
routes (e.g .• inhalation) are considered, and the 
da~a are adjusted for application to the oral route. 
Ariy 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 RID. Otherwise, animal stUdy 
data are used; in these cases. a seri es of 
professional jUdgments are made that involve. 
among other considerations. an assessment of the 
relevance and scientific quality of the experimental 
studies. If data from several animal studies are 
being evaluated, EPA first seeks to identify the 
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tanimal 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 maner of science policy. 
the study on the 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 RID. The effect characterized 
by the "lowest-observed·adverse-effect-Ievel" 
(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 identifies 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 

'1m obtained from the study of the dose
~.,. .Jonse 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 NOAEL is selected based in pan 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-observed-effect level" 
(NOEL). The NOEL corresponds to the exposure 
level at which no effect at all bas been observed; 
frequently, effectS are observed that are not 
considered to be of toxicological significance. In 
some studies, only LOAEL rather than a NOAEL 
is available. The use of a LOAEL, however, 

MULTIPLE TOXIC EFFECl'S AND RfDs 

The RID is developed (rom a NOAa for the most 
sensitive. or critica!, toxic efIea based ill pan on tbe 
assumption that if the critical toQe e1fea is prevented, 
then all ume effec:u are prevented. It should be 
remembered during tbe risk dlanlaerization step of tbe 
risk lWCSSmenl that if exposure Ieve!& ~ the RID, 
.hen adverse d(ccts in addilion to &be c::ritical tca:ic: 
effect may begin 10 appear. 

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

Applfi:ng uncertainty factors. The RID is 
derived from the NOAEL (or LOAEL) for the 
critic:al toXic effect by consistent application of 
u.nc:ertaintY factors (UFs) and a modifying factor 
(MF). The uncertainty factors generally consist of 
mUltiples of 10 (although values less than 10 are 
sometimes used). with each factor representing a 
specific area of uncertainty 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 account for 
variation in the general population and 
is intended to protect sensitive 
subpopulations (e.g., 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 

• :: 10 b used when a NOAELr:a 

derived from a subchronic instead of a 
chronic Study is used as the basis for a 
chronic RID. 

A UF of 10 is used when a LOAEL is • 
used instead of a NOAEL. This factor 
is intended to account for the 
uncertainty associated with extrapolating 
from LOAELs to NCAELs. 

In addition to the UFs listed above, a modifying 
factor (ME) is applied. 

• 	 An MF ranging from >0 to 10 is 
~duded to reflect a qualitative 
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 1.1 

To calculate the RID, 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: 

RID = NOAEL or LOAELl(UF1 x UF2..• x 
MF) 

Oral RIDs typically are expressed as one 
significant figure in units of mglkg-day. These 
concepts are shown graphically in EPA (1989g). 
To date, most RIDs developed by EPA and 
included in the sources listed in Section 7.4 are 
based on administered doses, not absorbed doses 
(see box on page 7-10). 

7.2.3 	 DERIVATION OF AN INHALATION 
RID (RID;) 

• 

The methods EPA uses in the derivation of 
inhalation RIDs are similar in concept to those 
used for oral RIDs; 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 
propenies of contaminants. Additional 
information can be found in EPA's Interim 
Methods for Development of Inhakltion Refertnce 
Doses 	(EPA 1989d). 

Identifying the critical study and determining 
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. rn selecting Ihe most appropriate stUdy, 
EPA considers differences in respiratory anatomy 
and physiology, as well 3S differences in the 
physicochemical characteristics of the contaminant. 
Diffcrcm:es in rcspir:nory anatomy and physiology 
may affect the pattern of contaminant deposition 
in the respiratory Iract, and the clearance and 
redistribution of the agenL Consequently, the 
different species 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 particle 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 boundary 
or different tissues of the lung, the toxic health 

; effect observed may be more directly related to 
; the pattern of deposition than to the exposure 
· concentration. Consequently, EPA considers the 
deposition, clearance mechanisms, and the 
physicochemical properties of the inhaled agent in 
determining the effective dose delivered to the 
target organ. 

Doses calculated in animals are convened to 
equivalent doses in humans on the basis of 
comparative physiological considerations (e.g.• 
ventilatory parameters, regional lung surface 
areas). Additionally, if the exposure period was 
discontinuous, it is adjusted to reflect continuous 
exposure. 

Applying uncertainty factors. The inhalatiOnJ 
fD is 	 derived from the NOAEL by applying 
ncenainty factors similar to those listed above~or oral RIDs. 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 RID value for 

inhalation exposure is generally reported as a 

concentration in air (in mglmJ for continuous, 24 

hour/day exposure), although it may be reported 

as a corresponding inhaled intake (in mglkg-day). 

A human body weight of 70 kg and an inhalation 

rate of 20 mJ/day arc used to convert between an 

inhaled intake expressed in units of mglkg-day and 

~ concentration in air expressed in mglm.3. 

I 

7.2.4 	 DERIVATION OF A SUnCHRONIC RID 
(RID,) 

The chronic RIDs described above pertain to 

lifetime or other long-tenn exposures and may be 

overly protective if used to evaluate the potential 

for adverse health effects resulting from 

substantially less-than-Iifetime 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 RIDs. EPA's Environmental 

Criteria and Assessment Office develops 


I 



subchronic RIDs and, although they have been 
peer-reviewed by Agency and outside reviewers, WEIGHT-OF-EVIDENCE SCHEME FOR
RIDs values have not undergone verification by an DEVELOPMENTAL TOXICITY 
intra-Agency workgroup (see Section 72.7). As 
a result, subchronic RIDs are considered interim • Ji)djnitjve EYidcDce for: 
rather than verified toxicity values and are not 
placed in IRIS. ;::,',);:~~i...o'~~~TaDd1y ',' 


- N~ Appan:::at HamaD Oc:Ydopmentai Toxicity
Development of subchronic reference doses 

parallels the development of chronic reference • Adequasc Evidence for: 
doses in concept; the distinction is one of 

• Po[enlial Human DCYdopmcnw TOlIicity
exposure duration. Appropriate studies are 
evaluated and a subchronic NOAEL is identified. · .. - No.Appan:nt POICDtiaI Human Ocveiopmental 
The RID" is derived from the NOAEL by the TaDd~ 	 , 

application of UPs and MF as outlined above. 
• Inadcqusc Evidcace for DcterminiJIg POlCDtiaIWhen experimental data are available only for Human Deveiopmenra.I Toxicity

shoner exposure durations than desired, an 
additional uncertainty factor is applied. This is 
similar to the application of the uncenainty factor 
for duration differences when a chronic RID is After the weight-of-evidence designation is 
estimated from subchronic animal data. On the assigned, a study is selected for the identification 
other hand, if subchronic data are missing and a of a NOAEL. The NOAa is convened to an 
chronic oral RID derived from chronic data exists. equivalent human dose. if necessary. and divided 

~...• 	 the chronic oral RID is adopted as the subchronic by uncertainty factors similar to those used in the 
oral RID. There is no application of an deve~pment of an oral RID. It should be 
uncertainty factor to account for differences in remembered that the RIDdt is based on a shon 
exposure duration in, this instance. duration of exposure because even a single 

exposure at a critical time (e.g., during gestation) 
7.2.5 DERIVATION OF A DEVELOPMENTAL may be sufficient to produce adverse 

TOXICANT RID (RmdJ developmental effects and that chronic exposure 
is not a prerequisite for developmental toxicity to 

In developing an RtDdl. evidence is gathered be manifested. Therefore. RtDdt values are 
regarding the potential of a substance to cause appropriate for evaluating Single event exposures. 
adverse effects in a developing organism as a which usually are !!Q! adjUSted based on the 
result of exposure prior to conception (either duration of exposure. Additional information on 
parent). during prenatal development, or the derivation of RlDdl values is available in 
postnatally to the time of sexual maturation. EPA's Proposed Amendments to rhe Guidelines for 
Adverse effects can include death, structural the Health Assessment of Suspect Developmenml 
abnormalily, altered growth. and functional Toxicants (EPA 198ge). 
deficiencies. Maternal toxicity also is considered. 
The evidence is assessed, and the substance is 7.l.6 ONE-DAY AND TEN-DAY HEALTH 
assigned a weight-of-evidence designation : ADVISORIES 
according to the scheme outlined below and I 
summarized in the box in the opposite column. Reference values that may be useful for 
In this scheme, three levels are used to indicate evaluating potential adverse effects associated with 
the assessor's degree of confidence in the data: oral exposures of shorter duration have been 
definitive evidence, adequate evidence, and developed by the Office of Drinking Water. 
inadequate evidence. The definitive and adequate These values are known as One-day and Ten-day 
evidence categories are subdivided as to whether Health Advisories, which are issued as 
the evidence demonstrates the occurrence or the nonregulatory guidance. Health Advisory values 
absence of adverse effects. are concentrations of contaminants in drinking 

water at which adverse health effects would not be 
expected to occur (or an exposure of the specified 
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• duration. The Health AdvisoI}' values 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 lO-kg child assumed to drink 
1 liter of water per day, and a margin of safety is 
induded to protect sensitive members of the 
population. One-day and Ten-day Health 
Advisories do not consider any carcinogenic risk 
associated with the exposure even if the compound 
is a potential carcinogen. For additional 
information on the derivation of Healtll AdvisoI}' 
values, refer to the Agency's guidance document 
(EPA 1989c). 

7.2.7 	 VERIFICATION OF RIDs 

• 

EPA has formed an RID Workgroup 
composed of members from many EPA offices to 
verify existing Agency RIDs and to resolve 
conflicting toxicity assessments and toxicity values 
within the Agency. The Workgroup reviews the 
information regarding the derivation of an RID 
for a substance and summarizes its evaluations, 
conclusions, and reservations regarding the RID 
in a standardized summary form from one to 
several pages in length. This form contains 
information regarding tbe development of the 
RID, such as the chosen effect levels and 
uncertainty factors, as well as a statement on the 
confidence that the evaluators bave in the RID 
itself, the critical study, and the overall data base 
(high, medium, or lOW). Once verified. these data 

ABSORBED VERSUS 

ADMINISTERED DOSE 


TOXicity values .- for bolh noncarcinogenic and 
C<lrcinogenic efCectS - are generally C<llculatcd irom 
critical eUect levels based on admillistered rather than 
absorbed doses. It is imponant. therefore. to compare 
such toxicity values to exposure estimates apn::ssed as 
intakes (corresponding 10 administered doses), not as 
absorbed doses. For tbe few tallic:ity values that have 
been based on absorbed doses. either the exposure 
estimate or !he toxicity value should be adjusted to 
make the values comparable (i.e.. compare exposures 
estimated as absorbed doses to toxicity values apressed 
as absorbed doses, and exposures estimaled as intakes 
to toxicity values apressed as admiDistered doses). See 
Appendix A Cor guidance on malting adjustmCIIIS {or 
absorption efficiency. 

evaluation summaries are entered into IRIS and 
are available for public access. 

Workgroup-approved RIDs are referred to as 
. verified RIDs. Those RIDs awaiting 'WOrkgroup 
approval are referred to as interim RtDs. At the 
time of this manual's publicatioD, only chronic 

i RIDs are being verified. No workgroup bas been 
: established to verify subchronic RfDs or 
developmental RIDs. 

7.3 TOXlCI'IY ASSESSMENT FOR 

CARCINOGENIC EFFEcrS 


This section describes how the types of 
toxicity information presented in Section 7.1 are 

.considere~ 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 carcinogenic risks.. The 
methods EPA uses to derive these values are 

ioutlined below. Additional information can be 
0btained by consulting EPA's Guidelines fOT 

Carcinogen Risk Assessment (EPA 1986a) and 
1
'Appendix B to IRIS (EPA 1989a). 

7.3.1 	 CONCEPT OF NONTHRESHOLD 

EFFECfS 


CarCinogenesis, unlike many noncarcinogenic 
:health effects, is generally thought to be a 
phenomenon for which risk evaluation based on 
presumption of a threshold is inappropria teo For 
carCinogens. EPA assumes that a small number of 
Imolecular events can evoke changes in a single 
.cell thal can lead to uncontrolled cellular 
\proJifcration and eventually to a clinical state of 
'disease. This hypothesized mechanism for 
carcinogenesis is referred to as "nonthreshold ft 

:because there is believed to be essentially no level 
jof 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-pan evaluation in which the substance first is 
assigned a weight-of-evidence classification, and 
then a slope factor is calculated.• 




_ ASSIGNING A WEIGHT OF EVIDENCE 

EPA WEIGHT-OF-EVIDENCE 
In the first step of the evaluation. the CLASSIFICATION SYSTEM FOR 

ailable 	data are evaluated to determine the 'CARCINOGENICITY 
reUhood that the agent is a human carcinogen. 
le evidence is chanu:tcrized separately for human GrtlUp . i Dacri~lioDadies aDd animal studies as suffidCDt, Hmited, '::,.""",.-~-.;,.~----;........;..----

',.. "1 "":', ',,'adequate, no data. or evidence of DO effect. The 
A ,Hmaan carcinogenwaaerizations of these two types of data are 

)mbined. and based on the extent to which the Bl or 	 Probable human carcinogen 
~ent has been shown to be a carcinogen in B2 
tperimenw animals or humans, -or both, the Bl indicates that limited human daL1 are 
~ent is given a provisional weight-of-evidence available. 

assification. EPA scientists then adjust the 
B2 indicates sut'fici.ent evidence in

rovisionai classification upward or downward, mimaII and inadequate or 110 c:vidcuce in 
ased on other supporting evidence of humans. 
m:inogenicity (see Section 1.1.3). For a tunher 

C Possible human c:an:inogenescription of the role of supponing evidence, see 
le EPA guidelines (EPA 19868). D Not d.usiC'Jable as to human 


can:inogenidt.y 

The EPA classification system for weight of 


vidence is shown in the box in the opposite 
 E 	 EvidC11ce of nonc:ardnogenidt.y for 
buma.asolumn. . This system is adapted from the 

~h taken by the International Agency for 
,' ", ,b on Cancer (!ARC 1982). 

about a chennb, is e:valuated and an appropriate 
'.3.3 GENERATING A SLOPE FACfOR2 data set is selCcted. In choosing appropriate data 

sets, human data of high quality are preferable to 
In the second pan of the evaluation. based animal data. If animal data are used. the species 

)D the evaluation that the chemical is a known or that responds most similarly to humans (with 
)fobable human carcinogen. a toxicity value that respect to factOrs such as metabolism. physiology. 
lefines quantitatively the relationship between and pharmaCOkinetics) is preferred. When no 
lose and response (i.e.. the slope factor) is clear choice is possible. the most sensitive species 
::alculated. Slope factors are typically calculated is given the greatest emphasis. Occasionally. in 
:or potential carcinogens in classes A. BI. and B2. situations wbere no single study is judged most 
Ouantitative estimation of slope factors for the appropriate, yet several studies collectively support 
:hemicals in class C proceeds on a case-by-case the estimate, the geometric mean of estimates 
basis. from aU studies may be adopted as the slope. 

This practice ensures the inclusion of all relevanl 
Generally, the slope factor is a plausible data. ' 

upper-bound estimate of the probability of a 
response per unit intake of a chemical over a Extrapolating to lower doses. Because risk 
lifetime. The slope factor is used in risk at low cxpos~re levels is difficult to measure 
assessments, to estimate an upper-bound lifetime directly either by animal experimentS or by 
probability of an individual developing cancer as epidemiologic studies, the development of a slope 
a result of exposure to a panicular level of a factor generaUy entails applying a model to the 
potential carcinogen. Slope factors should ~ available data set and USing the model to 
be accompanied by the weight-of-evidence extrapolate from the relatively higb doses 
da,'!FHication to indicate tbe strength of the administered to experimental animals (or the 
• 	 ce that the agent is a human carcinogen. exposures noted in epidemiologic studies) to the 

lower exposure levels expected for human contact 
Identifying the appropriate data set. In in the environmenL 

deriving slope factors, the available information 
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A number of mathematical models and 
procedures have been developed to extrapolate 
from carcinogenic responses observed at high 
doses to responses expected 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 EPA's Guidelinu for 
Cardnogt:n Risk Assessment (EPA 19863) and the 
principles outlined in Chemical Carcinogens: A 
Review of the Science and lIS Associated Principles 
(OSTP 1985). the choice "f a low-dose 
extrapolation model is governed by consistency 
with current understanding of the mechanism of 
carcinogenesis, and not solely on goooness-of-fit 
to the observed tumor data- When data are 
limited and when uncertainty exists regarding the 
mechanisms of carcinogeniC action, the EPA 
guidelines and OSTP principles suggest that 
models or procedures that incorporate low-dose 
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, 
one-hit, and gamma multibit models. as well as 
various time-to-tumor models. Most of these 
models are less conservative (i.e., 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 known 
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 dose-response 
data are based on the "best" estimate instead of 
the upper 95th percent confidence limits. Because 
the dose-response curve generally is linear only in 
lbe low-dose 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 arc: 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 assumpliOD is 
made only in the absence of specific information 

, about the equivalent doses for the cheDlical in 
question. Because surface area is approximately 
proponional to the 2/3 power of body wei ght, the 
equivalent human dose (in mglday. 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 2/3 
power. (For animal doses expressed as mglkg-day, 
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 1/3 power.) 

When using animal inhalation experiInents to 
estimate lifetime human risks for panially 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 paniculates or completely absorbed 
gases, the amount absorbed per unit 0 f body 
surface area is considered to be the equivalent 
dose between species. 

Summary of dose-response panunetel"S. 
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 dose.response 
~urve and is expressed as (mglkg-day)"l. If the 
6.trapolation model selected is the linearized 
multistage model, this value is also known as the 
ql-' That is: 

Slope factor 	= risk per unit dose 
= risk per mglkg-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. (The 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.) 

I 
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Toxicity values for carcinogenic effects also 
can be expressed in tenns of risk per unil 
concentration of the substance in the medium 
where human contact occurs. These measures. 
ca.lled unit risks, are calculated by dividing the 
slope factor by 70 kg and multiplying by the 
inbalation rate (20 rr/day) or the water 
consumption rate (2 Uterslday). respectively, for 
risk associated 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 llietime exposure. 
Hence, when there is no absorption conversion 
required: 

air unit risk = risk per ug/mJ 

= slope factor lC InO kg x 
20m31day x 10-3 

water unit risk = risk per ug/L 
=- slope factor x InO kg x 

ZUday x 10,,3 

The multiplication by 10,,3 is necessary to convert 
from mg (the slope factor. or q1·, is given in 
(mglkJ-dayr1) to u1 (the unit risk is given in 
(ug/m r1 or (ugIL)" ). 

7.3.4 	 VERIFICATION OF SLOPE FACTORS 

EPA fonned the Carcinogen Risk Assessment 
Verification Endeavor (CRAVE) Workgroup to 
validate Agency carcinogen risk assessments and 
resolve conflicting toxicity values developed by 
various program offices. Workgroup members 
represent many different EPA offices and are 
scientists experienced in issues related to both the 
qualitative and quantitative risk assessment of 
carcinogenic agents. Slope factors verified by 
CRA VE have undergone extensive peer review 
and represent an Agency consensus" CRA VE
verified review summaries (similar to RID 
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 
~rformed toxicity assessments for many chemicals 
fohnd at Superfund sites and has made the results 
av~ilable for use. This section provides step-by
step methods for locating appropriate toxicity 
information. including numerical toxicity values. to 
be used in Superfund risk assesslDents. 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 inform.ation 
on which these values are based. 

7.4.1 	 GATHER TOXICI1Y INFORMATION 
FOR CHEMICALS BEING EVALUATED 

In the first step of the toxicity assessment. 
information is collected regarding the toxic effects 
that occur foUowing exposure to the chemical 
being evaluated. Particular attention should be 
paid to the route of exposure. the frequency and 
ldngth of exposure. and the doses at which the 
adverse effects are expected 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 tOXlClty 
information and references to primary literature. 
although only some of them should be used as 
sources for slope factors and reference doses (as 
explained below). 

Integrated Risk Information System (IRIS).3 
IRIS is an EPA data base containing up-to-date 
health risk and EPA regulatory informa lion for 
n.umerous chemicals. IRIS contains only those 
~fDs and slope factors that have been verified by 
the RID or CRAVE Workgroups and 
consequently, is considered to be the preferred 
source of toxicity infonnation. Infonna tion in 
IRIS supersedes all other sources. Onlv if 
information is not available in IRIS for the 
chemical being evaluated should the sources below 
be consulted. IRIS consists of a coUection of 
computer files 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 foHowing 
categories: 

• 	 oral and· inhalation chronic reference 
doses; 

• 	 oral and inhalation slope faCtors and 
unit risks tor chronic exposure to 
carcinogens; 

• 	 Health Advisories from EPA's Office of 
Drinking Water; 

• 	 EPA regulatory action summaries; and 

• 	 supplemental data on acute health 
hazards and physical/chemical propenies. 

• 
To ensure access 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 Suppan at 513-569-7254 or 
see the Federal Register 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 panicular 
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 EfTec:ts Assessment Summary Tables 
(BEAST). Formerly "The Quanerly" and 
associated references, HEAST is a tabular 
presentation of toxicity information and values for 
chemicals for which Health Effects Assessments 
(HEAs), Health and Environmental Effects 

• 
Documents (HEEDs), Health and Environmental 
EffeCts Profiles (HEEPs), Health Assessment 
Documents (HADs), or Ambient Air Quality 
Criteria Documents (AAQCDs) have been 
prepared. HEAST summarizes interim (and some 

verified) RIDs and slope faCtors as well as other 
toxicity information for specific chemicals. In 
addition, HEAST directs readers to the most 
current sources of supponing toxicity information 
$Qugh an extensive reference section. iberefore, 
r)EAST is especially helpful when verified 
Wormation for a chemical is not in IRIS. 
JiEAST. which is updated quanerly. also provides 
ai valuable pointer system for identifying current 
references on chemicals that are not in IRIS. 

HEAST can be obtained upon reques t from 
the Superfund Docket (FrS 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 quanerly. HEAs. HEEDs, 
HEEPs, HADs, and AAQCDs referenced in 
HEAST are available through EPA's Cen ter for 
Environmental Research Information (eERI) in 
Cincinnati, OH (513-569-7562 or FTS 684-7562) 
or the National Technical Information Service 
(NTIS). 5285 Pon Royal Road. Springfield, VA 
22161 (703-487-4650 or 800-336-47(0). 

)
' EPA criteria documents. These documents 

in lude drinking water criteria documents, drinking~ter 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 documen t.s are 
available through NTIS at the address given above. 
Information on drinking water criteria documents 
can be obtained through the Safe Drinking Water 
Hotline (800-426-4791). 

I Agency ror Toxic Substances and 0 isease 
Registry (ATSDR) toxicological profiles. A TSDR 
is ! developing toxicological profiles for 275 
hazardous substances found at Superfund sites. 
The first 200 substances to be addressed have 
betn identified in Federal Register notices (EPA 
1987, 1988b). These profiles contain general 
toxicity information and levels of exposure 
associated with lethality. cancer, genotoxicity, 
neurotoxicity. developmental and reprod uctive 
toxicity. immunotoxicity. and systemic toxicity (i.e., 
hepatic, renal, respiratory, cardiovascular, 
gastrointestinal, hematological, musculoskeletal, ) 
and dermal/ocular effeCts). Health effects in 
humans and animals are discussed by exposure 
route (i.e., oral, inhalation. and dermal) and 
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HIERARCHY OF TOXICITY INFORMATION 

Because toxicity informatiOll may change rapidly and quic:kly become outdated, care should be taken to find tbe most recent 
information available. IRIS is updated monthly, provides verified RfDs and slope (aaon. and is the Agency's preferred source 
or toxicity iDformatiOD. Only if values are unavailable in IRIS should other informatioo SOUl'aSbe consulted. 

< '<, "I ,« : <, .. <' ':'<":<, " 
HEAST is the :second man c:urrall soun:e or toxicity information or impon.anc:e to Supc:rtund. UnlUiie IRIS. HE.AST provides 

informatiOll regarding interim. as weU as vaified RlDs and slope factOD. Reader-, are direaed to supportiDg loxicityinformation 
for interim and verified values in an c:uensive reference section or HEAST. HEAST information should only be sougbt for those 
chemicaLs not listed in IRIS. 

Toxicity information. RfDs. and slope factOD also can be found in other EPA documents. Although these values were 
developed by offices within the Agency, they nave not necessarily been verified by the RfD or CRAVE Workgroups. The use 
of up-to-date verified information is preferred to tbe use of interim information and., tben:Core, toxicity information 1lI0uid be 
obtained from other EPA references only if information could nOI be found in IRIS or HEAST. Before using references other 
than those ciled in IRIS or HEAST, chcct with ECAO at 513-569-7300 (FTS 684-7300) to see it more cumml i.nlormatioo is 
available. 

duration (i.e., acute, intermediate, and Chronic). 
Also included in the profiles are Chapters on 
physicochemical propenies, environmental fate, 
potential for human exposure. analytical methods. 
and regulatory and advisory status. Contact NTIS 
at the address given on the previous page for 

_,'. "ther inrormation on the status or availability of 
.. .Janicular profile. 

EPA's Environmental Criteria ond 
Assessment Office (ECAO). ECAO may be 
contacted at 513-569-7300 (FTS 684-7300) for 
general tOxicological inrormation as well as for 
technical guidance concerning route·to·route 
extrapolations. 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 guidance on Superfund health· 
related issues. Contractors must give the name' 
and address of their RPM or regional risk 
assessment contact before ECAO will respond. 
RPMs and regionaJ contacts will be sent a copy 
or ECAO's response to the contractor. 

Open Iiteruture. A primary literature search 
may be valuable for determining whether new data 
are available that may arfect IRIS inrormation. 

7.4.2 	 DETERMINE TOXICI1Y VALUES FOR 
NONCARCINOGENIC EFFECTS (Rfl)s) 

• " After general toxicity information ror the 
~hemicals of coneern has been located, the next 

step is to identify the appropriate toxicity values 

to be used in evaluating noncarcinogenic effects 
associated with the specific exposures being 
assessed. First, by referring to the exposure 
information generated in Chapter 6, the e.'<posure 
periods ror which toxicity vaJues are necessary and 
the exposure route for each chemical being 
evaluated should be determined. The appropriate 
toxicity ytllues for the chemical for each exposure 
duration I and route of exposure can then be 
identified using the sources listed above. 

For Superfund risk assessments, chronic RIDs 
should be identified for evaluating exposure 
periods between seven years and a lifetime, 
subchronic RIDs for exposure periods between two 
weeks and seven years, and One- or Ten-day 
Health Advisories for oral exposure periOds of less 
than two weeks. According to EPA (1988c), One· 
day Health Advisories are applicable to e:tposure 
periods as long as five days and Ten-day Health 
Advisories are applicable to exposure periods as 
long as two weeks. Developmental RIDs should 
be identified for evaluating single exposure events 
and other very short exposures (e.g., one day).< 

Note that for some substances and some exposure 
situation~, more than one of the toxicitv values 
listed abbve may be needed to adequateiy assess 
potential noncarcinogenic effects. 

Because carcinogens also commonly evoke 
noncarcinogenic erfects, RIDs should be sought ror 
all chemicals being carried through the risk 
assessment. incJuding carcinogens. The RIDs 
derived ror carcinogens, however, are based on 
noncaneer effects and should not be assumed to 
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be protective against carcinogenicity. A sample 
format for summarizing RIDs and other toxicity 
values is shown in Exhibit 7.2. This information 
will be needed in the risk characterization step 
(sec Exhibits 8.3 and 8-4). 

7.4.3 DETERMlNE TOXIClTYVALUES FOR 
CARClNOGENlC EFFEcrs (SLOPE 
FACI'ORS) 

• 

In this step of the toXICIty assessment, 
appropriate toxicity values for evaluating the 
carcinogenic risks associated with exposure are 
identified. FllSt, by referring to the exposure 
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 all potential carcinogens 
having a weight-of-evidence classification of A. B. 
or C should be SOughL A notation of the EPA 
weight-of-evidence classification should always be 
included with the slope factor. A sample format 
for summarizing 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.S 	EVALUATING CHEMICALS 
FOR WHICH NO TOXICITY 
VALUES ARE AVAILABLE 

If EP A-derived RIDs· and slope factors are 
available for the chemicals being examined, these 
values should always be used in the risk 
assessment. Use of EPA-derived 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 ROUTE·TO.ROUTE EXTRAPOLATION 

• 
For cases in which EPA-derived toxicity 

values are not available for the route of exposure 
being considered but are available for another 
route, EPA recommends contacting ECAO for 
guidance on route·to·route extrapolation. 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. 

I 	 . 

7f.2 DERMAL EXPOSURE 

. No RIDs or slope factors are available for 
the dermal route of exposure. In some cases, 
however. noncarcinogenic or carcinogenic risks 
associated with dermal exposure can be evaluated 
using an oral RID or oral slope factor, 
respectively. EPA recommends contacting ECAO 
for guidance on appropriate methods for 
evaluating dermal exposure for specific che:rnicals; 
some general guidance for calculating intakes via 
the dermal route and making appropriate 
comparisons with oral RID 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 exp ressed 
as an absorbed dose. 

I 

I It is inappropriate to use the oral slope 
fabor to evaluate the risks associated with dermal 
exposure to carcinogens such as benz(a)pyrene, 
which cause skin cancer through a direct aC1ion 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 
sys~emic rather than local action. 

;1 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. 

7.5.3 GENERATION OF TOXICllY VALUES 

If EPA·derived toxicity values are unava Hable 
but adequate toxicity studies are available~ one ~,) 
may derive toxicity values using Agency 
methodology. Any such derivation should be done 
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EXHIBIT 7-2 

EXAMPLE OF TABLE FORMAT FOR 

TOXICITY VAl...lJl~S: 110TENTIAL NONCARCINOGENIC EFFECTS 


OIlOnic RID" Conlldence Cdlbl RfD Buist UlKICru' • ., .nd 
Chemical (milke-day) Level' Effect RfD Source Modifyl•• P.CIOIS 

Oral Roule 

Phenol 0.'· Medium KJdney .lId 
Over effects 

W.ter/ 
IRIS 

UF -

MF -

1.000" for 
H.A.S.L 
I 

Nitrobenzene O.OIXIS· Medium Hemllololle. 
.drenal. Wney, 
.nd liver drecb 

Wiler/ 
IRIS 

UF -

MF -

10,000 fOl 
H.A.S,L 
I 

Inlliialion Roule 

• V.lues for muslI.,lon only. 

• Similarly form.lled lables .Iso could be used (or subcllronlc .nd shorler-term lolle'., values. 

• Contldence level hom IRIS, ell her IIlgll, medium, or low. 

~ RfD ellprCSKd as administered dose In drinking Wiler, wllb assumed .bsorpllon ••dlon of 1.0. 

II Uncertainty adJuslmen. of 1.000 used '0 represent combined II. A, S, and l elll'polations. 

Uncertainly IdJuslmenls: 	 H so vlrialion In lIuman sensllivily; 

A ••nim.1 It, lIuman ClIuapolation; 

S - el1r'polalion hom lubchronic 10 cbronlc NOAE .... 

L .. CI1rapolalion from LOAEl 10 NOAEL 


-( 


.., 
t 
...... 
~I -
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EXHIfIT 7-3 

i 
EXAMPLE OF TABLE FORMAT FOR 

TOXICIlY VALVES: POTENTIAL CARCINOGENIC EFFECTS 

Slope Factor (Sf) Weight..of-Evidence Type of SF Basist 
Chemical (mg/kg-dayrI Oassifica tion Cancer" SF Source 

• 

Oral Route 

Benzene 0.029* A· Leukemia Watef1t 
IRIS 

Chlordane 1.3'" B2· Watef1t 
IRIS ) 

Inhalation Route 

• Values for illustration only. 

(J Identify type(s) of cancer in this table for Class A carcinogens only. 
, 

h Slope factor based on administered dose in drinking water and assumed absorption fraction of 1.0. 

• ) 
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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 UNCERTAINTIES RELATED 
TO TOXICITY INFORMATION 

Toxicity information for many of the 
chemicals found at Superfund sites is often 
limited. Consequently, there are varying degrees 
of uncertainty associated with the toxicity values 
calculated. Sources of uncertainty associated with 
toxicity values may include: 

• 	 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 populalions to predict [he 
effects likelv to be observed in the 
general pc:,pulation 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 
va11'p.:<;. Therefore. as part of the toxicity
&: :tent for Superfund siles, a dis~ion of the 
~th of the evidence of the enure 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 RIDs found in IRIS are 
accompaniep by a statement of th~ confidence. t~at 
the evaluators have in the RID Itself, the ermcal 
study, and the overall data base. All 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-of-evidence classification is based on 
the completeness of the evidence that the agent 
causes cancer 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 andi 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 7.1.3); 

• 	 similar toxicity exhibited by structurally 
related compounds (see Section 7.1.3); 
and 

• 	 some link between lhe chemic.;)l 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, 



Page 7-20 

---------------------------------- ,~~,iJIIiIII

• 


• 


• 


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 
PRESENTATION OF THE 
TOXlCI1Y INFORMATION 

This section discusses methods for presenting 
toxicity information in the risk assessment 
document for the chemicals being evaluated. 

7.7.1 	 TOXICl'IY INFORMATION FOR THE 
MAIN BODY OF THE TEXT 

A shon 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 
panicular study from which the value was derived. 
In addition. a notation should be made of the 
critical effect and any uncenainty factors used in 
the calculation. For any RID 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 repon.. RIDs in 
the table sbould be accompanied with the 
uncenainty factors used in their derivation, the 
confidence rating given in IRIS (if applicable). and 
a notation of the critical effect. Slope factors 
should always be accompanied by EPA's weight. 
of.evidence classification. 

7.7:1. 	 TOXICI1Y INFORMATION FOR 
INCLUSION IN AN APPENDIX 

If toxicity values were derived in conjunction 
with the regional risk assessment contact and 
ECAO for chemicals lacldng EP A~erived values, 
a technical documentationijustification of the 
method of derivation should be prepared and 
included in the appendix of the risk assessment 
repon. Included 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 

1. The MF is set le:ss thaD one for a small number of subslllJlces to ac:count for numtional essentiality. 
i 
I

Z. The slope Cactor is occasionally rdl:m!d to as a caru::cr POleDcy factor; however, uac of this tcrm.iDolosY iI DOt n:commended. 

3. The quantitatM: risk vaJuc:s and supporting informatioD CouDd in IRIS reprc:sCDt • CODICDSUI judp:mc:lu 01. EPA'. RcCen:nce Dose 
Workgroup or Carcinogen Risk Assessment Verification Endeavor (CRAVE) Wortgroup. These 'III'OI'kgroupi are composed of scientists 
from EPA's program offices and the Office of Research and Development. The concept of Agency-wide consensus is one of tbe most 
valuable aspects of IRIS. 
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RISK CHARACTERIZATION 
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RISK CHARACTERIZATION 

• 	Review outputs from toxicity and 
exposure assessments 

• Quantify risks from individual 
chemicals 

• Quantify risks from multiple 
chemicals 

• Combine risks across exposure 
pathways 

• 	Assess and present uncertainty 

• Consider site-specific human 
studies 
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CHAPTER 8 

I
RISK CHARACTERIZATION 


1b.is Chapter describes the final step oC the 
baseline health risk assessment process, risk 
characterization. In this step. the toxicity and 
exposure assessments arc 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 infonnation. 
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-making 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 imponant 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 8-1 
is an overview of risk characterization, and 
illustrates how it relates to the preceding toxicity 
and exposure assessments and to the following 
development of preliminary remediation goals. 

In the following sections, the risk 
characterization methodology is described. There 

cannot be considered complele unless the 
numerical expressions oC risk are accompanied bv 
explanatory text interpreting and qualifving the 
IS.Yl!!. 

8.1 	 REVIEW OF OUTPUTS FROM 
THE TOXICI'lY AND 
EXPOSURE ASSESSMENTS 

Most sites being assessed will involve the 
evaluation of more than one chemical of concern 
and Imight include both carcinogenic and 
noncarcinogenic substances. The 'first step in risk 
chadcterization is to gather, review, compare, and 
organize the results oC the exposure assessment 
(e.g.. intakes Cor all exposure pathways and land
uses and for all relevant substances) and toxicity 
assessment (e.g.. toxicity values for all exposure 

ACRONYMS FOR CHAPTER 8 

ARAR "" Applicable or Relevant and Appropriate 
Requirement 

ATSDR- Agency (or Toxic: SubstancC$ and Dise:ue 
. 	 Regisuy 
i CDl -	 Chronic: Daily Intake: 

ECAO - Environmental Criteria and Assessment 
OIDa: 

.. , '.E - Exposun: Levd 
i HI -	 Hazar:d i.Dda 

_ llRlS - IDtegrated Riat Information System 
UJAEL • Lawc.t-Oblcrved-Adversc·E.!Iec:t·J...cyc1 
NOAEL - No-Obacm:d-AdYI:ne-E.!Iec:t-Level 

NRC -	 Nuclear Rqulatory Commission 
RfD .. 	Rc!en::nce Dole (when u.sc:d without 

other modifiers. RfD gencrally refers to 
chrtmic reference dose)are separate discussions for carcinogenic and 

• 	
RIDdt .. OcYdopmc::lltal Reference Dose

noncarcinogenic effects because the methodology RID, -	 Sl.Ibchronic Rcfc:rena: Dose )differs for these two modes of chemical toxicity . RJJFS -	 Ranec1ia.l Jrm::stigation/Fe:asibility Study 
RME - Reasonable Maximum Exposure 

SDI • Subchronic Daily intake 
In addition to giving instructions for calculating 
numerical estimates of risk, this Chapter provides 

SF - Slope Fac:totguidance for interpreting, presenting. and 
qualifying the results. A risk characterization 
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DEFINlTlONS FOR CHAPTER 8 
. . 

Absorbed Dose; The amount.of a SUbsUIIICI: ~tingthe~boWl~es.at anorpmism.after COZIr.act. . .AtJsorbcd:~ . 
is calc:uia1ed from· theinlakeand.I.he..absot:ption dIiciency~.. lt wwally IS ,~, as lIlJIII:·of.asubltaJK:e al:llorbell::lDlo.·:. 

·...;;;;ag1&J§ia~;~1;~,i~*~~~j

."?' .', ".' •• ' 

Chronic Reference Dose (RID), . All estimate (with uncertainty ,panning perba-Ps III order or mapitude· or grc3ter) of a daily 
aposure IC'II'd eo. the human populalioll. including :sensitive lUbpopulatiom. thai is likely to bewithow III appredablO risk: .. 
of deleterious d!Ct:IlIdllrinr; a lifetime. ClroDic: RID• .ve spcdfka1lydeYdopcd 10 beprolective forlOng"tt:rm' cxposu.re. 
to a c:ompoulKt (as: a SuperfuDd. program guideline:, :seven ycaa to lifetime).... . . 

Developm~tal Reference ~" 'OUDdtk An ~~le. (with~~ ·sp&DDiq:perilapam.DnlCr oCmlpilude·or·~;·~·'~).,·:: 
of an c::xp<.lSure.levd iorthehuman. population, including sensi.1.ive subpopWadODa,. that· ialitdY to. be without au ~): 

." riat'of developmcnt·'f~ ..•:e:~~··~'~::~;.~:;;;;;*·~~~~;~::~:.:~~P~:;:=:::~;1:~~~~:~l;i~!l;]~~::::;l:::::.1: 
Exposure.. ConUld of III .orgauisDi.With. a dlcmiCd or pbysicaf agalt.< F::Ipoan:' ia:quanriflcdu.the amOUDt··.of' lbe:...,. 

availab.le at the 'excflange boundaries··of the organism: (e.g .. ski!l.lunp. (lJl). and· available' for.' absorpti.oD:.: . . . ,,:;;;:::::,::,-,,:> . 

Exposure Assessment. The determination·or estimation (qualitative or quantitative) or the magnitude. fn:quCllC:Y, duntiOlt, ad 

roule of c::xp<.lSure. . . . 


Ex.posure Pathwav_ Thec:ourse a chemical.or physical agent takes from a source.tO aD c:tposecl organism. AD c:rposurepat.b.WJly 
describes a unique mecbanism by whidl an individual or population is c::l'p03Cd to c:bem..ic:aJs or. physic:a.l agen ... at or '.' 
originatiug from a sice. Eac:b exposure pa1hwly indudes a soun::c or rde.ate from a sour=; an c::;qJOIIure' poiDt. and: aD" . 
ezposurerouce. If the expoaure point difl'en from the source::,.a t:ramponlt:zposure·mcmum:.( e.g., air) or mcdia·.(iDicasca::., 
of intermedia.lranIfcr) a.Iso·i:s·iDdud~ .... :... ........ ... . ...~;.. ."'; . . 

.. . . .... . ":. . ...... ......... . .• :' ... . .......; j.:::.•.: ....... " .........:.:.... .'. . . .':. :. .'>':.:..,.;..... ;:.::... 
Exposure Rout~ Theway.ac:bemic:ai orpbysic:al agent comes in C:ODtaawitb anorpni:sm (c.g...by. iDgc:nioao inbalatioa..dc:rmal ... , 

c:ontact). . '. I.'. '. . .. "'. .' 
, .... '. :"'. 

.. 

H3%ard Inder (HIt The sum or more thaJi onehazani quoDent for mulupJe~cesandior multiple exposure patlJways.'... 

The HI iscalc:ulaled separately for chronic. subc:hrouic, andshoncr-duralion: cxpc:IIUIeS. . '.: ..... , .. 


Hazard Quotient. The ratio ora· single substance c:rposure level aver a specified time period (e.g.. subchronic:) to a reference 

dose for that substance derived Crom a similar c:rposure period. 


~ A measure of c:rposure expressed as the mass of a substance in contact. with the exchange boundary per unit body 

weight per unit time (e.g., mg chemicalllcg body weight-Gay). Also termed the normalized exposure rate; equivalent. to 

administered dose. 


Integrated Risk Information Svstem ORIS). An EPA data base containing verified RfDs and slope faCloD and up-to-date bc:a.lth 

nsk and EPA regulatory information Cor numerous cbemicals. IRIS is EPA's preferred liQurc.e for toxicity information for 

Superfund. 


Reference Dose (RID). The Agency's prefcrrcd toxicity value for evaluating n01lCU'cinogenie e.tIc:as n:suJe from c:rposun:::s at 
Superfund sites. See spcciflc: eDuies for chronie RID. subc:b:ro~ RID. aDd d~1 RID. The ac:roaym 1UD. wbeu' 
used without otber modifies:so eilber men.~crica1Iy to all types.of RfJ)a.or: spec:iflCllly to· dmmic Rms; itnr:Yl\!r'n:fen.·, 
spec:itica1Jy to SUl:!c:bronic: «:,~devdopmental RIDs. .. . ...:"':"0': ..... ,:, 

. . 
Slope Factor. A plausibleupPcr·baliftd estimate of the probabiUty of a response per unit intake or a chemial aver a liret.ime. 


The slope [actor is used to estimate an upper-bound probability of an individual developing canter as a. result of a liretime 

of exposure to a particular . level at a potentia! ca.n:inogcn. . 


Subchronie Reference Dose (RIDs). An estimate (with unoettainty sparuting perhaps.an order ofmapUtw:le or crcater) of a· 

daily aposure le'\l'd for the buman population. includina sensitive subPOpUIaUoDS•.that is Iikdy to bcwitllout an appreciable 

riale of deleterious effects· during' a ponion of a lifetime (as- a. Superfund program guideline, I:'I11II) weeD. to SC'YeD' years). 


Weight-of-Evidence Oassificatlon; An EPA cla.3sificaUon :system for' c:b.ar:acter.i:g the c:nent to whidl the available, data·n 

indicate that an ageDl is abutnaa c:m:inogen. Rcc:ently. EPA baa. deve1oped.wcigbt.of"C'riclcDc:eduaificaticcu,lu:ms: for 
some other kinds of tozie e!Ced5; such as developmenw dCects. ...... : ....... 

http:perhaps.an
http:RfJ)a.or
http:types.of
http:c.g...by
http:source.tO
http:chemical.or
http:absorpti.oD
http:availab.le
http:amOUDt��.of
http:cxposu.re
http:theinlakeand.I.he
http:boWl~es.at
http:amount.of
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EXHIBIT 8-1 


STEPS IN RISK CHARACTERIZATION 


tl-------1 
Step 1: Organize Outputs of ...._---__1 IExposure Assessment I 

Exposu... and Toxlctty Assessments 1-': _I~ke Estim~~ _ J 
• Exposure Duration 
• Absorption AdJustments 1_------...:1 Toxicity Assessment I 
• Consistency Check • I Toxicity Values I 

I ________ J 

Step 2: Quantify Pathway Risks 
For Each Substance, Estimate: 

• Cancer Risk 
• Noncancer Hazard Quotient 

For Each Pathway. Calculate: 

• Total Cancer Risk 
• Noncancer Hazard Index 

Step 3: Combine Risks Across pa~hwaYS 
that affect the same individual(s) over 
the same time periods 

• Sum Cancer Risks 
• Sum Hazard Indices 

Step 4: Assess and Present 
Uncertainty 

• Site-specific Factors 
• Toxicity Assessment l 

Factors i 

Step 5: Consider Site-Specific 
Health or Exposure Studies 

• Compare Adequate ,--------,
Studies with Results of I Identify ARARs I 
Risk Assessment 

• l----r--- J 

--------,• I Develop Preliminary IStep 6: Summarize Results of the 
Baseline Risk Assessment ~ _ ~~iati~~a~ _ J 
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routes and relevant SUbstances). The following 
two subsections describe how to organize the TOXICITY INFORMATION NEEDED 
outputs from the exposure and toxicity assessments FOR RISK CHARACTERIZATION
and how to check for the consistency and validity 
of the information from the preceding exposure • SJapefactors for au carciJlo&enic c:hcmic:aJlt. .. 
and toxicity assessments. 

• 	 Dlaculliorl of,.aPlofcvideac:eaDd daaific::a&.ioal,
(craU ~ c:hcmic:a1L" ..'" 

8.1.1 	 GAmER AND ORGANIZE 
INFORMATION • 	 Type of cancer for Clasa A carcinogens. 

• 	 OIronic lIDd subchronic RfDs and shorter-term 
100000ty valua (if approptiate) lor all chemicals 

For each exposure pathway and land-use 
evaluated in the exposure assessment, check that 

(im::llKliDl can:iaogens ana developmental
all 	 information needed to characterize risk is taDCIIIlI).
available. The necessary exposure information is 
outlined in the box below. I • 	 0ilfc:aI etrect aaoc:iatedwitb each RaJ. 

• 	 Di:scussioa of unccnainties. uncenai.nty !actors. 
and modifying maer used in deriving each RfD 

EXPOSURE INFORMATION NEEDED aDd "dqrce of confidence" in RID (i.e... high. 
medium. lOW).FOR RISK CHARACTERIZATION 

• 	 WbeLber Ibe loxicity valua are cxpn=sed as 
• 	 Eslimated intakes (chronic. subchronic. and absortx:d or adminislered doses. 

shoncr-Icnn. as appropriate) for chemicals. 

• 	 PharmacoldDetic data that mav affect the 
• 	 lmponant etpOSure modeJing assumptions. ccuapoladon from animals 10 bu~ns tor both 

including: the RfD aDd sfope laaer. 

• chemical concentration al the crposure • 	 UDCel'Ulinties in any route-to-roule e:arapolations.
points;,.' 

• frequency and duration or ccposure: 

estimates correspond as closely as possible with 
the assumptions used in developing the toxicity 

· characlC:riZlllion of uncenainties. 

· absorption assumptions; and 

values. 

• 	 List ot which exposure pathways can reasonably 
conlnbutc to the e'tposure of lhe: same individuals Averaging period for exposure. If the toxicity 
over the same: lime pcnod. 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; 

For each chemical or substance evaluated in i.e., conven less-than-lifetime e.'(posures to 
the toxicity assessment. usc the checklist provided equivalent lifetime values (sec EPA 1986a, 
in the box below to ensure that all information Gu.idelines for Carcinogm Risk Assessmenl). On 
needed to characterize risk is available. the other hand, for evaluating potential 

noncarcinogenic effects oC. less-than-lifetime 
8.1.2 MAKE FINAL CONSISTENCY AND exposures"do not compare chronic RIDs to shon

VAUDllY CHECK term exposure estimates, and do not convert 
shon-term exposures to equivalent lifetime values 

Check the consistency and validity of key to compare with the chronic RIDs. Ins tead, use 
assumptions common to the exposure outputs and subchronic or sooner-term toxicity values to 
the toxicity outputs for each contaminant and evaluate shon-term exposures. Check: that the 
exposure pathway of concern. These assumptions estimated exposure dur.l1ion is sufficiently similar 
include the averaging period for exposure, the to the duration of the exposure in the study used 
exposure route, and the absorption adjustments. to identify the toxicity value to be protective of 
The basic principle is to ensure that the exposure human health (panicularly ror 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 RID may be used as an 
initial screening value; i.~ if the ratio of the 
short-term exposure value to the chronic RID is 
less than one, concern for potential adverse health 
effects is low. If this ratio c:a:eeds unity. however, 
more appropriate shon-term toxicity values are 
needed to confirm the existence of a significant 
health threat. ECAO may be consulted for 
assistance in finding shon-term toxicity values. 

EPA ENVIRONMENTAL CRITERIA 

AND ASSESSMENT OFFICE (ECAO) 


TECHNICAL ASSISTANCE 


FrS 684-7300 

513-569-7300 

, 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 localized 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 associated with 
dermal exposure to the substance. At this time, 
EPA considers it appropriate only to extrapolate 
dermal toxicity values from values derived for oral 
exposure. It is nOl recommended that oral toxicity 
reference values be extrapolated casually from 
inhalation toxicity values, although this 
extrapolation may be performed on a case-by-case 
basis in consultation with ECAO. In general, 
inhalation values should JlQ! be extrapolated from 
oral values. See Section 7.S.1 for additional 
information. 

• 
Inhalation RID; values obtained from IRIS 

will usually be expressed as ambient air 
concentrations (Le., mglmJ ), instead of as 
administered doses (i.e., mg/kg-day). It may be 
necessary, therefore. to calculate the RIDi in units 
of mg/kg·day for comparison with the intake 

expressed in '!lglkg-day would be equal to the 
RID; in mg/m'" multiplied by 20 m3 air inhaled 
per person per day divided by 70 kg per person. 

iAbsorption ~djustment. Check that the 
exposure estimates and the toxicity values are 
either both expressed as absorbed doses or both 
expressed as intakes (i.e., 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. 
However, there are three types of absorption 
adjustments that might be necessary or 
appropriate depending on the available toxicity 
information. These are described below. Sample 
calculations 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 
absorbed..<Jose toxicity value from an 
administered..<Jose toxicityvalue to compare 
with the exposure estimate. See Appendix 
A for sample calculations. 

(2) Absorbed..<Jose 	 toxicity value. For the 
substances for which the toxicity value is 
expressed as an absorbed rather than 
administered dose (e.g., 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) Adjustment for medium of exposure. 
Adjusting for different absorption 
efficiencies based on the medium of 
exposure (e.g., food, soil, or water for oral 
exposure, water or paniculates for 
inhalation exposure) is occ:asionally 
appropriate, but not generally 
recommended unless there are strong 
arguments for doing so. Many oral RID 
and slope factor values assume ingestion in 
water even when based on studies that 
employed administration in corn oil by 
gavage or in feed. Thus, in most cases, the 
unadjusted toxicity value will provide a 

estimated in the exposure assessment. The RID; 
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reasonable or conservative estimate of risk. 
See Appendix A. 

8.2 	 QUANTIFYING RISKS 

This section describes steps for quantifying risk 
or hazard indices for both carcinogenic and 
noncarcinogenic effectS to be applied to each 
exposure pathway analyzed. The first subsection 
covers procedures for individual substances. and 
is followed by a subsection on procedures for 
quantifying risks associated with simultaneous 
exposures to several substances. Sample table 
formats for recording the results of these 
calculations as well as recording associated 
information related to uncertainty and absorption 
adjustments are provided in Exhibits 8-2 through 
8-4. 

8.2.1 	 CALCULATE RISKS FOR INDMDUAL 
SUBSTANCES 

Carcinogenic effects. For carcinogens, risks 
are estimated as the incremental probability of an 
individual developing cancer over a lifetime as a 
result of exposure to the potential carcinogen 
(i.e., incremental or excess individual lifetime 
cancer risk). The guidelines provided in this 
section are consistent with EPA's (1986a) 
Guidelines for Carcinogen Risk Assessment. For 
some carcinogens, there may be sufficient 
information on mechanism of action that a 
modification of the approach outlined below is 
warranted. Alternative approaches may be 
considered in consultation with ECAO on a case
bY-Clse basis. 

The slope factor (SF) converts estimated daily 
intakes averaged over a lifetime of exposure 
directly to incremental risk of an individual 
developing cancer. Because relatively low intakes 
(compared to those experienced by test animals) 
are most likely from environmental exposures at 
Superfund sites, it generally can be assumed that 
the dose-response relationship will be linear in the 
low-dose ponion of the multistage model dose
response curve. (See the Background Document 
2 of IRIS for a discussion of the multistage 
model). Under this assumption. the slope factor 
is a constant, and risk will be directly related to 
intake. Thus, the linear form of the carcinogenic 
risk equation is usually applicable for estimating 

Superfund site risks. This linear low-Oose 
equation is described in the box below. 

where: 

Risk = a unitless probability (e.g., 2 x 
.. 10") of an individual developing 

···canc:er; 

COl =	chronic daily intake averaged over 
70 years (mglkg-day); and 

SF =	slope factor, expressed in (mglkg· 
day)'l. . 

The COl is identified in EmibilS 6-11 through 6-19 and 
6-22 and the SF is· identified in Emibit 7·3. 

However, this linear equation is valid only at 
low risk levels (i.e., below estimated risks of 0.01). 
For sites where chemical intakes might be high 
(i.e., risk above 0.01). an alternate calculation 
equation should be used. The one-hit equation. 
which is consistent with the line:1r low-dose model 
given above and described in the box on page 
s..l1, should be used instead. * 

Because the slope factor is often an upper 
95th percentile confidence limit of the probability 
of response based on experimental animal data 
used in the multistage model. the carcinogenic risk 
estimate will generally be an upper-bound 
estimate. This means that EPA is reasonably 
confident that the -true risk- will not exceed the 
risk estimate derived through use of this model 
and is likely to be less than that predicted. 

Noncarcinogenic effects. The measure used to 
describe the potential for noncarcinogenic toxicity 
to occur in an individual is !!.Q! expressed as the 
probabilitx of an individual suffering an adverse 
effect. EPA does not at the present time use a 
probabilistic approach to estimating the potential 
for noncarcinogenic health effectS. Instead, the 
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&polure Palhway: Ingesllon of Conlaminaled Privale Well Walcr 

- "'1EXIIiBIT 8-2 

EXAMI'LE OF TAULE FORMAT FOR CANCER IUSK ESTIMATES 


COl Chemical· TOIal Total 
COl Adj. (m SF Wei&hlOf Type of SF SF Basis sp«ilic Palhway Exf!o!ure 

Chemical (mg/kg·day) Abstlrr· (mg/kg.day) I Evidence Cancer" Snun;c (Vehicle) RIsir!J Ris~ RIs~ 

Denz.ene O.D:X)lS' Nil 0.019' A' L.eukemla UEA Wale,c 711(J' 

Chlordane O.mIIS· Nil I.]t 81' IRIS Wale,c bl(J4 

bl(J4 

&posure Palhway: Inlcslion 01 Conlaminaled Fish 

Chlordane 0.00(1)8' Nil I.J' 8Z' JRIS W.le,c JlJ(J4 

blo-' 

Nearby Resldenllal Populallon in Area Y .. Toul Cancer Risk (weighl o( evidence predamlnanlly B2)" JII(J4 

• Valucs far muslI'lioa only. SF .. Slope FIClor 
/I Idenllty type of cancer III Ihls lable for Class A carcinogens only. CDI Chronic Olily latake:0 

• All cancer risles should be aprcssed IS one significanl ngure only. 

e Slope faclOr based on dose adminislered in drinking waler and assumed absorplion h,clion of 1.0. 

" Summariz.e wei&hl of evidence (or carcinogens conlribuling mosl 10 Ihe lolal cancer risk eslimale. 
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EXHIBIT 8-3 


EXAMPLE OF TABLE FOnMAT FOR CHRONIC HAZARD INDEX ESTIMATES 


COl TOlal 
Adjuslcd RID Paillway Exposure 

COl lor RID Confidence Critical RID RID Basis Uncerlalnly ModiCytnll Haurd Hazard Baurd 
Chemical (mglltg·day) Atosmplilln (mglltg·day) Level Ellect Source (Vehlclc) AdjustmcnlS Factor Qunllenl" Index'" Index" 

F..xposurc Palhway: Ingeslion 01 Conlaminalcd Private Well Wllcr 

Phenol 0.. " No 0.6" M Kidney, IRIS Wiler" H.A.S.L·'" 0.2.
liver 

Niuobenzene 01XXl1· No O.IIIXlS· M Several IRIS Waler ".A.S.L· I· U.2 

Cyanide O.lXXll· No o.ln· M Thyroid IRIS Waler' B.A· S· 0.02 
0.; 

Elposure Pathway: Inscstlon 01 ConlamlnllC:d Fish 

Phenol ooa· Yes 0.6· M Kidney, 
livcr 

IRIS Waler' ",A.S,L·'" . 0.1 

MEK O.OOS" Yes II.OS· . M CNS, 
lelolol 

IRIS Walcr' ".A.S· •• 0.1 

o.~ 

NC.lIrby Resldenltal Porulilion In Area Y •• TOlal Chronic lIaurd Indel 	 0.,6 

• Values 'ur lliusullion only. 

.. All haurd Indices and haurd quollenlS should 
be expressed as onc slgnilicanl filurc only. 

• U Ihc 	haurd !ndea is srealcr Ihan 1.11, 5CC 

Section 8.2.2 lor guidance OD possible 
scgfeg:lI!on or haurd iRl.ic. by cndpoinl. 

f RID tlpressed as adllliniSlcrcd dnse. 
iI tlnccllainl)' adjuslmenl 0' 1,IXXl used III 

rCI!Jescnl mmtoincd Ii. A. S. &I L cxnarnl;lIiIlIlS. 

Abhreviallons 'or Uncerllinly Adluslmcnls: 
Faclor of '" uscd 'or each adjuslmenl. 
unless indicaled olherwise. 

II = vafialion in ""man sensltivlly 
A = ani~lallu human cliupoialion 
S = eXlJapolalion ffom subchronic 10 chronic NOAEL 
I. = e~lJap(llalion frum LOAEL III NOAEL 

Cunlidcnrc Level: l. .. low. M '" medium. II '" high. 

MF - ModlfylnS 'aclor 'or EPA verified 
RIDs. lbls 'Iclor rcprcaen .. pro'es • 
sional JUdgmenl nn overall dlla blsc 
nol specifically lIddrcsscd by 

uncertainly adjuslments. 

COl Chronic Dail), InlakeIII 

RID - Chronic Refcrente Dosc 

"0.. 

~ 

&, 
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EXIIiBIT 8-4 


EXAMPLE OF TAIU£ 1·'OnMAT FOR SUnCnRONIC IIAZARD INDEX ESTIMATES 


TOlal 
Sf)! RID. Pathway Exposure 

SOl Adjusted 'ur RIll. Critical RID. RID, Basis lJnc.crlainty Modll'yinl Uazard "azard Uazard 
Chemical (ml\lk,·day) Absmplinn (mg/ld·day) Elreel Source (Vehicle) Adjustments factor QUOlienl" Indel" Indel" 

Exposure Palhway: Ingcsllon of Conlaminaled Sl.hlllllyar'" S"il/Sil Years 

Manganese 0.02' Yes Ilj' CNS, HEA Waler" II, A" I· OJ14 
rcpw. 

Selenillm 0.UIl08" Yes flCKI~ " Sevcral I-IEA Walcr" II. A" "S" 0.2 

Mercury tHVJOOI' Yc;s IlIlfNll" eNS ilEA Waler" II" I· 003 

Tin 0.1X16" 1'111 06' Liver, IiEA FuO!f II. A" •• 001 
kidne), 

0.1" 

0.111Nearby Elemenlary Schoolyard .. TOlal SUhl'hltlnic Ila/.. ,'" 'mle. 

" Values 'or iIIustralion only. Ahbrevialions for lIncerlainly Adjustmenls: MF '" Modifying factor tor EPA RID"s. 
FaclOr of III us.:d tor each adjuslment, This faclor represenlS professional 

.. All haurd indices and haurd qUOlicnls shuuld unless mdicaled olherwise. judgmenl on overall dall base nOI 
be apresscd as one ,Ignlficanl figure IIl1ly, specifically Blldressed by bnculain1y 

6 	 It hazard index is grcalcr Ihan to, StC II = v;lIi""l)n in human sensilivily adjusl mcnl s. 
Secllon 82.2 tor guidance on POSSlbic A = animal lu human e.uapolalion 
segregation ot haurd index by endpoilll L = c.llapolalhln frllnl I.OAEI. 1/1 NOAEL SOl = Sub\.hmnic Dally Inlake 

, 	Rms elp'(':)5ell as adminislered dmc. RID, Subthmnic Reference: Dose II: 

'"\) 
Co> 

~ 
ou 
-D 
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EXPLANATION OF SAMPLE TABLE FORMAT 

FOR CANCER RISK ESTIMATES 


I 

A .sample uble format lor S1tDlIIlari:zincancer risk estimates i&provlded in Exhibil8-2. For each ba3eli.Dc.risklll:leSl1DC:Df.;; ..·. 
. atl.ea:K two: SWIlIIW'Ytab1es ge:nc:raJJy'wouk! .be . n:quircd::; .. 0De for:~t land,uses, aDd' one Cor' future land uaes... f1t.::lhe:'~/ 
c::wnpJeprovided in .&hibitjS;.2;: two ctp06UfC'patbwaya::were.dCtcrmined to (:OIltriblUecto ccpoaurc: of,a·: nearb)"~dU::::l: 

. poplllatioa.: Lindcrcum::nt'1Imii:tUK:::::~of,privalc:-=n:MtCraml.lminatcd:with:.bemcDc:aDd chlordaDc Uid;,biicsUOD:Of:t~j 
.: fish couWDmau:d'with. dIlordIi~··.MorecM:r,::a wbsetCi:the:papulation in ArCa: Y Was ~'tO lhe muiiDal 'wdI water.: , 
conumlnauon and co\U'Umed more lotally caught. flSb· dian. the remainder of the Dearby papulation. 

Values for tbe' chronic daily intake (CDI), averaged over a lifetime, of each contaminant by each c:tpCSwc pathway would 
be obtained from a table suc.bas that shown in Exhibit 6-22.. The CDl via well water was not adjusled for absorption efficiency 
because the !!ope factors Cor these substances auumeingcnioD in water and an absorption fraction of 1.0. The CDI. for 
chlordane in fisb was nol. adjusted for vehicle of cxposure(i.e.., food ve!"SUI water) becaU5C absorption efficiency data <were' , 
limited, and an absorptioa.fr:action of 1.0 was used uaconservatiYeassumption. If. forccamp!c, available data had.indicated ' 
that only 10 pen:cnt of chloniancingcsu:d witllfishil absorbcd"tbc COl oouJd have been adjUSlCddoWDwanl to 0;000008 mgIkJ:" ,.': :. 

, day (Le..,OJlOOO8mlJl:g-day'x 0~10.bIorptioIlfl'actl~n~;i,3·:::'·: :, . . . ., . '.' , .: 
".,.' .';';' 

Values for the slope factors (SF),weight-of-eYidaK:e c:la.sailicarion. lype or cancer (for Class A carcinogens), reic:t1':2:lce 

sou.rce of the SF, and basis of the SF (vehicle·o{.admio:istration'.and absorption efficiency) would be obtained from a table such 

as that shown in Exhibit 7·3. The chcmicaJ.,pc::ificrisks werecalcuJ.atcd from the COl and SF using the linear low-d05e cancer 

risk equation (risk - COl x SF). The total pathway risk for ingestion of private well water is tbe sum of the twO chemical· 

specific risks for that pathway. The total risk estimate for, the nearby residential population in aRJI Y is the sum or the cancer 

risks for the two pathways. Note that il is imporunr to summarize the weight of evidence for the carcinogens oontributing most 

to the toul cancer risk estimate; in this example. chlordane. a Class 82 carcinogen, accounted for most of the risk. 


EXPlANATION OF SAMPLE'TABLE FORMAT 

FOR CHRONIC HAZARD INDEX ESTIMATES 


A sample table format for summarizing chronic b.azard inde:t estimates is provided in Exhibit 8-3. For each baseline risk 
as.sessment, at least two·summary tables generally would be required: one for current land uses anet one for future land uses. 
In the example provlded in Exhibit 8·3, two e%pOIIW'e pathways wen: determined to conuibutc to exposure of a ncarby residential 
population under current'land use: ingestion of private well water conurrunated with phenol, nitrobenzene. and cyanide .:p1d 
ingestion of fISh conuminated wilh phenol and methyl ettxyl kctone(MEK). Moreover, a subset of the population in Area Y 
was exposed to the maximal well water contamination and consumed more locally caught fISh thaD the remamder of the nearby 
population. 

Values for tile chronic daily intake (CDI), averaged over the period of cxpo$ure. of each contaminant by each apo5ure 
pathway would be obtained {rom a table such as. that shown in Exhibit 6·22. The CO[ via well water was not adjusted for 
absorption efficiency bcC3U5C the RIDs for these: substances are based on ingestion in water and an absorption (ractlon of 1.0. 
The COl for phenol and MEK in ruh was not adjusted Cor vehicle ot aposure (i.e:..., food versus water) bcause absorption 
efficiency dau were limited. aDd an absorption fraction of 1.0 was used 3$ 8 conservative assumption. If, for example. available 
data had indicated that only 2D percent of MEK ingested with flS.b is absorbed, the CDI for MEK. oould have been adjusted 
downward to 0.001 mllki~ (i.e., 0.00' m&lkl-dly x 0.20 absorption efficiency). 

Values for the RID$, confidence IcYd in tbe RID, critical effect. sou.rce of the value, and basis of the RID (vehicle of 
administration and .absorption cfficjc:ncy) would be obtained {rom a table such as that shown in Exhibit 7.2,. The chemical
spcdfic ha:zard quotients are eqna1to the' CDI divided by the RID. The lotal pathway hazard indo: for ingestion of private weU 
water is the $um of the three chemical-specific hazard quotients Cor that pathway. The total bazan:l Index estimate for the nearby 
residential popuiation in area Y is the sum of the hazard indices for the IWO exposure pathways. 

Note that it is important to indude the noncarcinogeniC effects o( carcinogenic substances when appropnate reference doses 
are available. For exampie. in an. aaual risk assessment of the chemicals summarized in Exhibit 6-22, Ihe potential 
noncarcinogenic: effects ot: chlordane should be cvalu.att:d and. appropriate entries made in tables such as th05e shown in E:lthibits 
7-2 and 8·3. 
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ONE-HIT EQUATION FOR HIGH 
CARCINOGENIC RISK LEVELS 

Risk = 1 - exp( -CD I x SF) 

where: . 

Risk = 	a unitless probability (e.g., 2 x 
10.5) of an individual 
developing cancer; 

exp = the exponential; 

CDI = chronic daily intake averaged 
over 70 years (mglkg-<fay); and 

SF = slope factor, in (mglkg-dayrJ • 

iotemial for noncarcinogenic effects is evaluated 
Iy comparing an e."Cposure level over a speCified 
ime period (e.g., lifetime) with a reference dose 
.ved for a similar exposure period. This ratio 
"'exposure to toxicity is called a hazard quotient 
.nd is described in the box in the opposite 
:o!umn. 

The noncancer hazard quotient assumes that 
here is a level of exposure (Le., RID) below 
vhich it is unlikely for even sensitive populations 
o experience adverse he:llth effects. If the 
:xposure level (E) exceeds this threshold (i.e., if 
~ID exceeds unity), there may be concern for 
)otenti::ll nonC3ncer effects. As ~ rule, the gre3ter 
.he value of E/RID ahove unity. the gre3ter the 
evel of concern. Sf.! sure. however. not to 
nteroret ratios of E:RID as statistical 
Jrobabilities; a ratio of 0.001 does .!!.Ql mean that 
:here is a one in one thousand chance of the 
~ffect occurring. Further, it is important to 
~mphasize that the level of concern does not 
increase linearly as the RID is approached or 
!xceeded because RIDs do not have equal 
accuracy or precision and are not based on the 
5ame severity of toxic effects. Thus, the slopes of 
the dose· response curve in excess of the RID can 
range widely depending on the substance. 

enree exposure durations that will need 
separate consideration for the possibility of 
adverse noncarcinogenic health effects are chronic, 

NONCANCER HAZARD QUOTIENT 

Noncaneer Hazard Quotient = ElRfD , 

where: 
.',: .: ~:, :'. . . 

. E = exposure level (or intake); 

RID = reference dose; and 

E and RID are expressed in the same 
units and represent the same exposure 
period (i.e... chronic, subchronic, or 
Shaner-term). 

subchronic, and shoner-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.g., 
inhabitants of nearby residences, year-round users 
of specified dpnking water sources). Subchronic 
human expos~res typically range in dura tion from 
two weeks to seven years and are often of concern 
at Superfund sites. For example, children might 
auend a junior high school near the site for no 
more than two or three years. E~posures less 
than two weeks in 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. 

8 . .! . .! AGGREGATE RISKS FOR MULTIPLE 
SUBSTANCES 

At most Superfund sites, one must assess 
potential health effects of more than one chemical 
(both carciqogens and other toxicants). 
Estimating risk. or hazard potential by considering 
one chemicaf at a time might significantly 
underestimate the risks associated with 
simultaneous exposures to several substances. Tn 
assess the overall potential for cancer and 
noncancer effects posed by mUltiple chemicals. 
EPA (1986b) has developed Guidelines for (he 
Heallh Risk Assessmenr of Chemical Mixtures that 
can also be applied to the case of simultaneous 
exposures to several chemicals from a variety of 
sources by more than one exposure pathway. 
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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. tbey 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 (i.e., fate and transport). If 
data !I$l available on the mi:rtures present at the 
site, but are not adequate to support a 
quantitative evaluation, note the information in 
the -assumptions· documentation. 

Carcinogenic effects. 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 (1986a,b) risk assessment 
guidelines. This equation represents an 
approximation of tbe precise equation for 
combining risks which accounts for the joint 
probabilities of the same individual developing 
cancer as a conse?uence of exposure to two or 
more carcinogens. The difference between the 
precise equation and the approximation described 
in the box is negligible for total cancer risks less 
than 0.1. Thus. the simple additive equation is 
appropriate for most Superfund risk assessments. 

CAl"lCER RISK EQUATION FOR 
MULTIPLE SunSTANCES 

Riskr = 1: Risk; 

where: 

Riskr = the total cancer risk, expressed 
as a unitless probability; and 

Riski = the risk estimate for the iUI 

substance. 

The risk summation techniques described 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 
~mpounds involved (Le., that there are no 
Synergistic or antagonistic cbemical interactions 
and that all chemicals produce the same effect, 
Le., cancer). If these assumptions are incorrect, 
over- or under-estimation of the actual multiple
substance risk could result 

Calculate a separate total cancer risk for each 
exposure pathway by summing the substance
specific cancer risks. Resulting cancer risk 
estimates should be expressed using one significant 
figure onlv. Obviously, tbe total cancer risk for 
each pathway should not exceed 1. Exhibit 8-2 
provides a sample table format for presenting 
estimated cancer risks for specified exposure 
pathways in the "Total Pathway Risk" column. 

There are several limitations to this approach 
that must be acknowledged. First. because each 
slope (actor is an upper 95th percentile estimate 
df potency, and because upper 95th percentiles of 
p,obabiUty distributions are not strictly additive, 
tbe total cancer risk estimate might become 
artificially more conservative as risks from a 
number of different carcinogens are summed. If 
one or £wo 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. I n addition. slope factors derived 
from animal data will be given the same weight as 
slope factors derived from human data. Finally, 
the action of two different carCinogens might not 
be independenL New tools for assessing 
carcinogen interactions are becoming available, 
and should be considered in consultation with the 
RPM (e.g., Arcos el al. 1988). The significance 
of these concerns given the circumstances at a 
panicular site should be discussed and presented 
with the other information described in Section 
8.6. 

Noncarcinogenic elTects. 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 



(1986b) Guidelines for Heallh Risk Assessment of 
Chemical Mixtures. This approach assumes that 
simultaneous subthreshold exposures to several 
chemicals could result in an adverse health effect. 
Il also assumes that the magnitude of the adverse 
effect will be proponional to the sum of the ratios 
of the subthreshOld exposures to aa:eptablc 
exposures. The hazard index is equal to the sum 
of the hazard quotients, as described in the box 
below, where E and the RID represent the same 
exposure period (e.g.• subchronic, chronic, or 
Shorter-term). When the hazard index exceeds 
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 RID. 

NONCANCER HAZARD INDEX 

Hazard Index = El/R1Dl + E2IRIDz + _ 
+ EJRtDj 

where: 

Ej = exposure level (or intake) for 
the ilh toxicant; 

RID; = reference dose for the ilh 
toxicant; and 

E and RID are expressed in the same 
units and represent the same exposure 
period (i.e., chronic. subchronic. or 
shorter-term). 

It is important to calculate the bazard index 
separately for chronic, subchronic, and shoner
term exposure periods as described below. It is 
also important to remember to include RIDs for 
the noncancer effects of Qucinogenic substances. 

(1) Noncarcino{!enic 	 effects chronic 
exposures. For each chronic exposure 
pathway (i.e., 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 (RID) for individual chemicals as 
described in the box below. E;'(hibit 8-3 
provides a sample table format for 
recording these results in the 'Pathway 
Hazard Index· column. 
I 

CHRONIC ·NONCANCER HAZARD 

INDEX 


Chronic 
Hazard Index =CDI1IRID1 + CDlzIRfD2 

+ ... + CDI/RID; 

where: 

CD~ = chronic daily intake for the ith 

toxicant in mg/kg-day, and 

RID; =	chronic reference dose for the 
ida toxicant in mg/kg..<fay. 

The COl is idexllfficd in Exhibil.l 6-11 through 6-19 
aud t-22 and t.hc RfD is identified in E:dlibit '.2

! 

(2) NonC3rcinogenic effects - subchronic 
exposures. For each subchronic exposure 
pathway (i.e.. two week to seven year 
exposure), calculate a separate subchronic 
hazard index from the ratios of subcruonic 
daily intake (SDI) to the subchronic 
reference dose (RIDs) for indiviDual 
chemicals as described in the box on the 
next page. Exhibit 8-4 provides a sample 

. table format for recording these 	res ults in 
the ·Pathway Hazard lnde..'(" column. Add 
only those ratios corresponding to 
subchronic exposures that will be occurring 
simultaneously. 

(3) Noncarcinogenic effects 	 - less than two 
week exposures. The same procedure may 
be applied for simultaneous shoner-term 
exposures to several chemicals. For 
drinking water exposures. 1- and lQ..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 RIDdzS), which might cause adverse 



SUBCHRONIC NONCANCER 
HAZARD INDEX 

Subchronic 

Hazard Index = SOI1/RfD.utS01iRID.rl.,>. 


.+;;.... +SDli/RfDa ',::.::.;":,,, 
.,?" • . . 

where: 

SOli = subchronic daily intake (or the 
iUl toxicant in mglkg-day; and 

RfD.si = 	subchronic reference dose for 
the fh toxicant in mg/kg-day.·· 

effectS following exposures of only a few 
days. See Guidelines for the Health 
Assessment of Suspect Developmental 
Toxicants (EPA 1986c; EPA 1989) for 
funher guidance. 

There are several limitations to this approach 
that must be acknowledged. As mentioned earlier, 
the level of concern does not increase linearly as 
the reference dose is approached or exceeded 
because the RIDs 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 RIDs based on 
critical effectS of varying toxicological signifiC3nce. 
Also, it will often be the case that RIDs of 
varying levels of confidence that include different 
uncenainty adjustments and modifying factors will 
be combined (e.g., extrapolation from 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 type of 
effects or that do not act by the same mechanism 
could overestimate the potential for effects, 
although such an approach is appropriate at a 

screening level. 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 vaiue, 
it would be appropriate to segregate the 
icompounds by effect and by mechanism of action 
Iand to derive separate hazard indices for each 
group. 

Segregation of hazard indices. Segregation of 
hazard indices by effect and mechanism of action 
can be complex and time-consuming because it is 
necessary to identify all of the major effectS and 
target organs for each chemical and then to 
classify the chemicals according to target organ(s) 
or mechanism of action. This anaJvsis is not 
simple and should be performed bv a toxicologist. 
If the segregation is not carefully done, an 
underestimate of true hazard could result. Agency 
review of panicularly complex or controversial 
cases can be requested of ECAO through the 
regional risk assessment suppon staff. 

The procedure for recalculating the hazard 
index by effect and by mechanism of action is 
briefly described 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 
(e.g., liver), although by different mechanisms. 
should not be trea.ted as dose additive. Any such 
determination should be reviewed by ECAO. 

If there are specific data germane to the 
assumption of dose-additivity (e.g.~ 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 two 
compounds). then modify 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 
interactions are available, but are not adequate to 
suppan a quantitative assessment, note the 
information in the "assumptionsn being 
documented for the site risk assessmenL 

http:SOI1/RfD.utS01iRID.rl


PROCEDURE FOR SEGREGATION OF 
lIAZARD INDICES BY EFFECT 

Segreptioa of b.a:r.ard iDdia::s requires identification 
of the major dl'eas of cacb. chemical.. indudlDJ lbole 

:;:JeC8u:bipc:r dclICI tbaDdIe.critic:lh:fioct(C-I-tmc . 
chemical. may calIX IM:rclamaSC· It: I dale of 100 
mgttg-day and neuroloxicity at a dose of 250 mgt1cg
day). Major effect calegOries include neurotoxicity, 
dc:velopmental tOXicity, reproductive toxicity, 
immunotoxiciry. and adverx effects by target organ (i.e.. 
hepatic, renll. respiratory, cardiovascular, 
gutroiDtCltinal, hematological, muscWoskdetaJ, and 
dermal/ocular dfects). Although higher exposure levels 
may be required to produce adverse health effects olba" 
thaD the critical effect, the RIO CUI be used as the 

. toxicity' value for each dfed category .. I couservative 
and simplifying step. 

INFORMATION SOURCES FOR 

SEGREGATION OF HAZARD INDICES 


Of the available information soun::cs., the ATSDR 
Toxicological Proffies an: well suiled in Cormat and 
content to allow a rapid detcrminaticlll of additional 
beaJlh effects lhat may occur at c:xposun: levels higher 
than those that produce the critical dfed. Readen 
should be aware that the ATSDR definitions of 
aposun: durations an: somewhat different lhan EPA's 
and an: independent of species: acute - up 10 14 days; 
intermediate - more than 14 days 10 1 year; chronic 
- greater than one year. IRIS conlains only limited 
information on health effects beyond Ihe critical dfect, 
and EPA criteria documents and HEAs. HEEPs. and 
HEEDs mav nOI sYStematically cover all healtb effects 
observed al'doses higher those associated with the most 
sensItive eiCccts. 

8.3 	 COMBINING RISKS ACROSS 
EXPOSURE 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 subsunce(s) 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 e::rposure 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 two or more 
pathways should be combined for a single exposed 
individual or group of individuals. The flISt is to 
identify reasonable exposure pathway 
combinations. The second is to examine whether 
it is likely that the ~ individuals would 
consistently face the -reasonable maximum 
exposure" i(RME) by ~ore than one pathway. 

I 

I 
Identify exposure pathways that have the 

potential to expose the ~ individual or 
subpopulation at the key exposure areas evaluated 
in . the exposure assessment, making sure to 
consider areas of highest exposure for each 
pathway for both cunent and future land-uses 
(e.g., nearest downgradient well, ne:lrest downwind 
receptor). For each pathway, the risk estimates_ 
and hazard indices have been developed for a 
panicular 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 same 
individuals would consistentlv 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.g., upper 95th confidence limit on amount of 
water ingested, upper-bound duration ofoccupancy 

I 



•• of a single residence). Also, some of the exposure 
parameters are not predictable in either space or 
time (e.g., 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 mayor may nOl 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 RME 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 subpopuJation sbould the RME risks 
for more than. one pathway be almbined. 

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 8.3.2 and 8.3.3, lOtal 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 describe how to 
sum risks and hazard indices for multiple exposure 
pathways for carcinogeniC and noncarcinogenic 
substances, respectively. 

8.3.2 SUM CANCER RISKS 

First, sum the cancer risks for each exposure 
pathway contributing to exposure of the same 
individual or sub population. For Superfund tisk 

iassessments, cancer risks from various exposure 
~ pathways are assumed to be additive, as long as 
. the risks are for the same individuals and time 
period (i.e., less-than-lifetime exposures have all 
been convened to equivalent lifetime exposures). 
This summation is described in the box below. 
The sample table format given in Exln'bit 8-2 
provides a place to record the total cancer risk 
estimate. 

CANCER RISK EQUATION FOR 
MULTIPLE PATHWAYS 

Total Exposure Cancer Risk 

Risk(exposure pathway]) + 
Risk(exposure pathwaY2) + _... + 
Risk(exposure pathwaYi) 

As described in Section 8.2.2, although the 
exaCt equation for combining risk probabilities 
includes terms for joint risks, the difference 
between the exact equation and the approximation 
described above is negligible for total cancer risks 
of less than 0.1. 

8.3.3 SUM NONCANCER HAZARD INDICES 

To assess the overall potential for 
noncarcinogenic effects posed by several exposure 
pathways, the total hazard index for each exposure 
duration (i.e.. chronic, subchronic. and shorter
term) should be calculated separatelv. This 
equation is described in the box on the next page. 
The sample table fonnat 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 



HAZARD INDEX EQUATION FOR 
MULTIPLE PATHWAYS 

Total Exposure Hazard Index = 
:":':Hmnf" JDdex(eXposure pathWaYli + 

Hazard Index(exposure pathwaY2) + ...... + 
Hazard Index(exposure pathwaYi) 

where: 

Total Exposure Hazard Index is 
calculated separately for chronic, 
sobchronic, and shoner-term exposure 
periods. 

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 8.2.2.). 

8.4 ASSESSMENT AND 
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 probabilistic estimates of risk. 
but conditional estimates given a consiilerable 
number of assumptions about exposure and 
toxicity (e.g., risk given a particular future land
use). Thus, it is important to fuUy specify the 
assumptiOns and uncertainties inherent in the risk 
assessment to place the risk estimates in proper 
perspective. Another use of uncenainty 
characterization can be to identify areas where a 
moderate amount of additional data collection 
might significantly improve the basis for selection 
of a remedial alternative. 

Highly quantitative statistical uncertainty 
. analysis is usually not practical or necessary for 

Superfund site risk assessments for a number of 

reasons, not the least of which are the resource 
requirements to collect and analyze site data in 
such a way tbat the results can be presented as 
valid probability distributions. As in all 
enviroI;1mental risk assessments, it already is 
known i that uncertainty about the numerical 
results is generally large (i.e.. on the range of at 
least an order of magnitude or greater). 
Consequently, it is more important to identify the 
key site-related variables and assumptions that 
contribute most to the uncenainty than to 
precisely quantify the degree of uncertainty in the 
risk assessmenL Thus, the focus of this section is 
on qualitative/semi-quantitative approaches that 
can yield useful information to decision-makers for 
a limited resource investmenL 

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 toxicitv 
values for each substance used to characterize risk. 
Additional uncertainties are inherent in the 
exposure 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 
exposure concentrations in the absence of 
monitoring data. but can also be driven by 
population intake parameters. Finally, additional 
uncenainties are incorporated in the risk 
assessment when exposures to several substances 
across multiple pathways are summed. 

The follOwing subsections describe how to 
summarize and discuss important site-specific 
e."Cposure uncertainties and the more genera I 
toxicity assessment uncertainties. 

8.4.1 	 IDENTIFY AND EVALUATE 

IMPORTANT SITE..sPEClFIC 

UNCERTAINlY FACfORS 


Uncertainties in the exposure assessment 
typically include most of the site-specific 
uncertainties inherent in risk characteriz.ation. 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 



applicability and assumptions. (3) transport. fate. 
and exposure parameter values, and (4) tracking 
uncertainty. or how uncenainties are magnified 
through the various steps of the assessment. 
Some of .these sources of uncenainty can be 
quantified while others are best addressed 
qualitatively. 

Definition or the physical 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 definition of the current and future 
land uses. identification of possible exposure 
pathways now and in the future, and selection of 
substances detected at the site to include in the 
quantitative risk assessment. In Superfund risk 
assessments. panicular attention should be given 
to the following aspects of the definition of the 
physical setting. 

• 	 Likelihood of exposure pathways and land 
. uses actuallv occurring. A large part of the 
risk assessment is the estimation of cancer 
risks or hazard indices that are conditional 
on the existence of the exposure conditions 
analyzed; e.g., if a residential development 
is built on the site 10 years from now. the 
health risks 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 probability 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 
scaping and for the exposure assessment 
that will help the RPM to identify the 
relative likelihood of occurrence of each 
exposure pathway and land-uses. at least 
qualitatively (e.g., institutional land-use 
controls. zoning. regional deveiopment 
plans). 

• 	 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 uncenainty 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 risk assessment because of data 
limitations, discuss possible consequences 
of the exclusion on the risk assessment. 

A checklist of uncenainty factors related to the 
definition of the physical setting is described in 
the box below. 

UST PHYSICAL SETTING DEFINITION 
UNCERTAINTIES 

• 	 For chmlicals not included in tile quantitative risk 
assessment. describe briefly: 
- n:uon ror c:r.cIur.ioD (e.g., quality conuol), and 
• 	 possible COase:jIlCDCCS of c::J:clusion on risk 

OI.sseSSl1lent (e.g... becallllC of widespread 
contamination, undcn::stimale of risk.). 

• 	 For tbe current land uses describe: 
• 	 sources and quality of information. and 
• 	 qualitative confidence level. 

• 	 For the rUlun! land uses describe: 
- soun::cs and qualilY of information . .:lnd 
• 	 iniormation re.l.aled 10 the likc:lihood of 

occurrence. 

• 	 For each ?POsure pathwllv. dcscribe why pathway 
was selecled or nOI selected for evaluation (i.e•• 
sample table ronnat irom Exhibll 6-8). 

For e:Jch combination of p:uhwavs. describe any 
qualificalions re;;ardin; Ihe sc!ecuon of c::tpOSure 
patbwlyl cobSidcred to contribute to aposure of 
tile same individual or group of individuals over 
lbc s.ame period 01. time. 

Model appliobility and assumptions. There 
is always some doubt as to how well an exposure 
model or its mathematical expression (e.g., 
ground-water transpon model) approximates the 
true relationships between si te-specific 
environmental conditions. Ideally, one would like 
to use a fully validated model that accounts for a11 
the known complexities in the parameter 
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~	interrelationships for each assessment. At present, 
however, only simple, partially validated models 
are available and co,mmonly used. As a 
consequence, it is imponant to identify key model 
assumptions (e.g., 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 uncenainty that might be associated 
with model form. At a minimum, one should list 
key model assumptions and indicate 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. 

CHARACTERIZE MODEL 
UNCERTAINTIES 

• Ust/summari:z.e tbe key model assumptions. 

• Indicate lbe potential impaa of cadi on risk: 

- dirc:c:tiOD (i.e., may aver- or uDden:stimate 
risk); and 

• magnitude (e.,", order of magnitude). 

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 usuaJly can be 
accomplished by expert opinion or by an explicit 
sensitivity analysis. In a sensitivity analysis, 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 summarized and compared (e.g., the 
ratio of the change in output to the change in 
input). It is important to summarize the 
uncenainty associated with key parameters, as 
described below. 

• 	 Significant site data gaps might have 
required that cenain parameter values be 
assumed for the risk assessment. For 

example, no information on the frequency 
with which individuals swim in a nearby 
stream might be available for a site, and an 
assumed frequency and duration of 
swimming events based on a national 
average could have driven the exposure 
estimate for this pathway. 

• 	 Significant data uncenainties 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 cany through the risk assessment the 
uncenainty associated with each parameter in 
order to characterize the uncenainty associated 
with the final risk estimates. A more practical 
approach for Superfund risk assessmen,ts 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 uncenainty analysis are 
described Ibelow. 

Quantitative approaCh. 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 
quantitative statistical uncertainty analysis is 
usually not practical or necessary for Superfund 
sites. 

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 t~ characterize the probability 
distributions for key input parameter values 
(either using measured or assumed distributions). 
The second step would be to propagate parameter 
value uncertainties through the analysis using 
analytic (e.g., first-order Taylor series 
approximation) or numerical (e.g., Monte Carlo 
simulation) methods, as appropriate. Analytic 
methods might be feasible if there are a few 
parameters with known distributions and linear 
relationships. Numerical methods (e.g., Monte 

I 
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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 (e.g., Latin Hypercube 
sampling). 

Two common techniques of propagating 
uncenainty are first-order analyses and Monte 
Carlo simulations. rm;t-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 every 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 aU input 
parameters and knowledge of the degree of 
dependence (i.e._ 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 
del1ned 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 distribution 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 
accounteu for or all of the parameter 
codependencies recogniz.ed. Therefore, in addition 
to uocumenting all input distributions and 
covarianccs, it is very important to identify all of 
the assumplions anu incomplete iniormation that 
have !!.ill been al,;counted for in the quantitative 
uncertainty analysis (e.g.. likelihood that a 
particular land use will occur) when presenting the 
results.I"· 

References describing 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). 

i Downing a aI. (1985), and Benjamin and Cornell 
! (1970). 

Semi-quantitative approaCh. Often available 
data are insufficient to fully describe parameter 
distributions, but are sufficient 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 
distribution 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 
describing the limitations of the data used to 
~timate plausible ranges of model input variables 
(EPA 1985). 
I 

Qualitative approach. 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 practic:ll approach 
to characterizing parameter uncertainty will be to 
develop a quantitative or qualitative description of 
the uncertainty for each parameter lnd to simply 
indic:lte the possible influence of· these 
uncertainties on the final risk estimates given 
knowledge of the mouels useu (e.g., a specific 
ground-water transport model). A checklist of 
uncertainty factors related to the defini lion 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 kev 
parameter uncertainties in graphiC form to 
illustrate clearly to the RPM or other risk 
managers the significance of various assumptions. 
For example, Exhibit S-5 plots assumptions 
regarding contaminated fish ingestion and resulting 

http:recogniz.ed
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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 XlKg Fish Wet Weight) 
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The risk of developing cancer is plotted on a log scale. A risk of 10-4indicates 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 resuJting from modeled air 
exposures sucb as emissions near the site may 
assist the RPM or risk manager in visualizing the 
significance of current or future site risks for a 
community. 

CllARACTERIZ~ FATE AND 

TRANSPORT AND EXPOSURE 

PARAMETER UNCERTAINTIES 


• 	 LisI all key exposure assess:me:Dt parameters (e.g", 
infiltration rate, exposure duration. 
btoconcentration faclors, body weight). 

• 	 Ust the value used for eac.b parameter and 
rationale for its selection. 

• 	 Describe tbe measured or 3SS\lmed parameter 
'Ir.llue distributions, if po.'iSible, coWlidcriDg: 

• 	 lOul range; 

• 	 shape of distribution, if known (e.g.. Jog
oormal); 

• 	 mean (geometric or arithmetic) + standard 
deYiation; and/or . 

• 	 specific percentilcz (e.g., median. 95th). 

• 	 Quantify the uncenainty of statistical values used 
in the risk assessment (e.g., standard C1TOr ot the 
mean) or data gaps and qualifiers. 

DC$CTibe potential direction and magnitude of bias 
in risk estimate resulting from assumptiOns or data 
gaps (see Exhibit 6·21). 

8.4.2 	 IDENTIFY/EVALUATE TOXICITY 
ASSESSMENT UNCERTAINTY 
FACfORS 

For substances that contribute 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 assessment itself (see Chapter 7). 
The box on page 8--24 provides a checklist of 
uncertainties that apply to most toxicity 
assessments. 

Multiple substnnce exposure uncertainties. 
Uncertainties associated with summing 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, the data available to 
assess interactions quantitatively are generally 
lacking. In the absence of adequate information, 
EP A 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 
information 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 under-estimate risk. 
If only qualitative information is. available 
concerning potential interactions or dose-additivity 
for the noncarcinogenic substances. discuss 
whether the information indicates tha t haUlrd 
indices may have been over- or under-estimated. 
This discussion is particularly imponant 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 signifiClntly influence the 
risk management decision at the site. 

8.S 	 CONSIDERATION OF SITE· 

SPECIFIC HUMAN STUDIES 


This seaion desaibcs bow to compare the 
results of tbe risk characterization step with 
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EXHIBIT 8·6 

EXAMPLE OF PRESENTATION OF IMPACT OF EXPOSURE ASSUMPTIONS 

ON HAZARD INDEX ESTIMATE 

Ingestion of Flsh Contaminated with Chemical Y 

(10 mg Y/Kg Fish Wet Weight) 
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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 ATSDR 
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. 

CHARACTERIZE TOXICITI 

ASSESSMENT UNCERTAINTIES 


For each substance c:mied th.n:lup the q1Wldtattve 
risk assessment. list ulICC1"talDtie:s relaled to: 

• 	 qualitative hazard findings (i.e., potential Cor 
Iluman to.ticity): 

• 	 derivation of toxicity values. e.g .. 

• hu.man or animal data. 


- duntion of study (e.g .• chronic study used to set 

,,"ubchronic RfD). and 


- any special corWderatiollS; 


• 	 the potential for synergistic or antagonistic 
inlc:ractiollS with other substaDCe:S affecting the 
same individuals: alld 

• 	 calcuLanon of lifetime cancer risles on the baSIS of 
less-than-lifetime exposures. 

For e:lch substance not inC!uded in the quantitative 
risk allSessment because of inadequate tOXIcity 
m!ormallon. list: 

• 	 possible hC:lltll effects: and 

• 	 poMible corusequenc:es of exC!usion on final risk 
estimates. 

8.5.1 	 COMPARE WITH ATSDR HEALTH 
ASSESSMENT 

ATSDR health assessments were defined anO 
compared to the RIfFS risk assessment in Section 
2.2.2. As of 1989. prelimmary ATSDR health 
assessments should be completed before the RIfFS 
risk assessment is initiated and therefore should 
be available to the risk assessor as early as 
"scoping: The steps for comparing the 

preliminary A TSDR 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 RIIFS baseline risk assessment, describe the 

information supponing the decision not to include 
these parameters. If there are differences in the 
qualitative conclusions of the he:llth assessment 
and the quantitative conclusions of the baseline 
risk assessment, explain the differences, if possible, 
and discuss their implications. 

8.5.2 	 COMPARE WITH OrnER AVAllABLE 
SITE·SPECIFIC EPIDEMIOLOGICAL 
OR HEALm STUDIES 

For most Superfund sites, studies of human 
exposure or health effects in the surrounding 
population will not be available. However, if 
conuoUed epidemiological or other health studies 
have been conducted, perhaps as a consequence 
of the preliminary ATSDR health assessment or 
other community involvement, it is imponant to 
lnclude this information in the baseline risk 
assessment as appropriate. However, not all such 
studies provide meaningful information in the 
context of Superfund risk assessments. 

One can sletermine 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 Dise:lse 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 signific:lnt 
exposures from 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 epidemiologist should review 



anv available studies in order to identify possible 
studv limitations and implications for site risk 
findings. The small populations and variable 
exposures predominating at most Superfund sites 
will make it extremely difficult to detect site
related effectS using epidemiological techniques. 

If site-specific health or exposure studies have 
been identified and evaluated as adequate, one 
should incorporate the study findings into the 
o~erall risk characterization to strengthen the 
conclusions of the risk assessment (e.g., 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 types 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 	 SUMMARIZATION AND 

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 characteriution of absolute risk. 
An important use of tht: 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 uncenainties affecting the risk 
estimates. It is not the responsibility of the risk 
assessment team to evaluate the signifiC4lnce 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 characteriution 
. 'results will be the RPM or other risk manager for 

the site. This section therefore outlines a 
presen:.ation of material that is designed to assist 
the risk manager in using risk information to 
reach site.specific decisions. 

8.6.1 	 SUMMARIZE RISK INFORMATION IN 
TEXT 

The final discussion of the risk characterization 
results is a key component ot the. risk 
characterization. The discussion provides a means 
ot placing the numerical estimates ot risk and 
hazard in the context ot 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.g.. liver tOXIctty, 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 nOl 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 can<.:er ris ks and 
noncancer hazard indices relative to the 
Superfund site remediation goals in the 
NCP (e.g., the cancer risk range of 10'.1 to 
lO'7 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 0 f these 
uncertainties (e.g., adding risks over several 
substances and pathways); 
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• 	 exposed population characteristics; and 

• 	 comparison with site-specific 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 
(RME) should not be presented as representative 
of a broadly defined popUlation, however. 

8.6.2 SUMMARIZE RISK INFORMATION IN 
TABLES 

A tabular summary of the cancer risks and 
noncancer hazard indices should be prepared for 
all exposure pathways and land 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. The sample 
table formats presented in Chapter 6 and in 
Exhibits 8-2 to 8-6 provide basic summary formats. 
Exhibits 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 Clncer risk estimates and 

nonClncer 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(s) 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-S and S-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 
uncenainties on the final risk or hazard index 
estimate. In addition, graphiCS rela ting risk level 
(or magnitude of hazard index) to concentrations 
of substances in environmental media and cost of 
-treatment- 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, 
summarize 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 uncertain ties in the 
assessment. 
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• EXHIBIT 8-7 

EXAMPLE OF PRESENTATION OF RELATIVE CONTRIBUTION OF INDIVIDUAL 
CHEMICALS TO EXPOSURE PATHWAY AND TOTAL CANCER RISK ESTIMATES 


Nearby Resident Population 

Excess Lifetime Cancer Risk:!S 3 x 10-4 
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en 10 -1 
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::::l 
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0
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10 "'" 
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10 ·7 

:!S 1 X 10"'" 

a . 

• 
The risk of developing cancer is plotted on a log scale. A risk of 10""'indicates a probability 
of 1 chance in 10,000 of an individual developing cancer. Risks of 1et5 and 10-6 correspond to 
probabilities of 1 chance in 10.000 and 1 chance in 1.000,000. respectively. .J 
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EXHIBIT 8-8 


EXAMPLE OF PRESENTATION OF RELATIVE CONTRIBUTION OF INDIVIDUAL 

CHEMICALS TO EXPOSURE PATHWAY AND TOTAL HAZARD INDEX ESTIMATES 


Nearby Resident Population


Chronic Hazard Index =0.6 


1.2 

1.1 
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• .,"""., • ~ .' > ~ , • • ~ 

Swimming 

0 

Exposure Pathway 
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t ENDNOTE FOR CHAPTER 8 

1. The probability of an individual dcvelopinl cancer foUowinC ctpoIIure to more than. one carc:inogen is the probability of developing 
cancer from at le3St one ot the carc:iDogens. For two can:inogcns. the pm:isc equation Cor cstimatinl this probability is riskl + risk2' 
probability (risk1. risll'.l,) wtIerc the Iancr tenD is the joim probability at tbc rwO risb oa:urring in thc amc individual. If the risk to 
arent 1 is distribut.ed in the population indcpcndauJy or the risk to 'ICDt 2. the latter term would eq~ (riskl)(riskl,). ThiI equatiOD 
can. be c:rpanded to evaluate risks Crom more thaD t'\lIIO substances. 

http:distribut.ed
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This chapter provides tools for the 
documentation, review, and management of the 
baseline risk assessmenL These tools will help 
ensure completeness and consistency throughout 
the risk assessment and in the reponing of 
assessment results. Section 9.1 provides 
documentation tools (for risk assessors), Section 
9.2 provides review tools (for risk assessment 
reviewers). and Section 9.3 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 document 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.g., key "dos· and 
don'ts·, the rationale for consistency). (2) a 
suggested outline and guidance for the risk 
assessment repon, and (3) guidance for providing 
risk assessment summaries in other key reports. 

9.1.1 BASIC PRINCIPLES 

There are three basic principles for 
documenting a baseline risk assessment: 

CHAPTER 9 


i 
DOCUMENTATION, REVIEW, AND 

~AGEMffiNTTOOLSFOR 

THE RISK ASSESSOR, 

REVIEWER, AND ~AGER 


(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 formaL 

"'ddressing the objectives. The objectives of 
the b~line 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 suppon 
selection of the "no-action" remedial alternative 
(wbere appropriate) - should be consid.;red 
carefully during the documentation 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-makers at the site with readily obtaining 
and using the necessary information to evaluate 
the objectives. Failing to recognize the 
imponance of the objectives could result in a risk 
assessment repon that appears misdirected and/or 
unnecessary. 

Communicating. Clearly and concisely 
communicating the relevant results of the risk 
assessment can be one of the most imponant 
aspects of the entire RI/FS. If done correctly, a 
useful instrument for mitigating public health 
threats will have been developed. If done 
incorrectly, however, risks could be 
underemphasized., possibly leading to the 



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. 

Try to: 

.. ~:hl&hly'tedw~:}erms·:~·(c.g.;bt a 
glossary); and '" .. .. .. 

• 	 UIC a·~qu.mtif.ac:M:JYIlCm'" preferably 
!be meuic.sysu:a- Wougb.ou1:.aAd.UAif6.lba&· 
ase ibo~:wtIerc:pasaibk::(c.J;.:1lIi'L.!or all 

.. . ·1mCr·~~t.::;:';:~;C\~i,£::::(:;(··,·:,~::,::~~i.:,;:'·>' 

:~;,:~!g~~~~' 

..•... ~..d1viden";: :::;..<:":;::....:.:.:::.:.:.::.;:..:::;::~.;.\:.:: ::. 

• 	 ·tbe·· pn!SCIltaUoa:::«.;.O[,': :mucb. •. :1fWUUiwive 
infOlmlltioa WithiD· the,' If::a. (ratlle:r tbaa ill. 
tables)j. and 

• 	 tbedmlriDtoPri*~t"'ccmchwolll 
(e.g:., S1Itiq:tbat. tbc'.:row Of: lI.rgest ri:st is 
ilIIigniticanl)~ 

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 all Superfund risk assessments is 
strongly recommended for four imponant reasons: 

• (1) it encourages consistency and 
completeness in the assessment itself; 

(2) 	 it allows for easier review of the risk 
assessments; 

(3) 	 it encourages consistent use of the 
results by RPMs and other decision
maker.I; 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 can lead to slower review 
times. differenl 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. 

9.102 	 BASEUNE ruSK ASSESSMENT 
REPORT 

The baseline riU: assessment repon references 
and supports the RIIFS repon. Depending on the 
site. the risk assessment repon can range from a 
small, Simple document with no appendices that 
can simply be added. to the RI/FS report as a 
chapter, to a large, complex document with many 
appendices that can ·stand alone.· This subsection 
provides general guidance on how to organize the 
baseline risk assessment repon and ~hich 
information should be included in the repon. 
More detailed guidaDce. hO"1o'e'Vel', is found by 
following the guidance in previous chapters of this 
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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 reporL This 
outline generally follows the flow of the risk 
assessment and the organization of this manual 
The "bulletede items are not necessarily section 
headings. but rather are oiten items that should 
be considered when writing the repon. Note that, 
as with the manual, not all components of the 
outline are appliC3ble to all sites. This is 
especially trUe if the risk assessment report will be 
a chapter in the RIIFS reporL At some sites, and 
especially when the risk assessment repon will be 
a stand-aJone document, more site-specifiC items 
could be added to the reporL 

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 
reviewers) to ensure that all appropriate 
components of the assessment have been 
addressed. Section 9.2 addresses review tools in 
greater detail. 

9.1.3 OTHER KEY REPORTS 

1\vo imponant repons that must include 
summaries of the baseline risk assessment are (1) 
the remedial investigation/feasibility study (RIJFS) 
report and (2) the record of decision (ROD) 
repon. 

Summary ror the RIfFS report. One of the 
chapters of the RIIFS typically is devoted to a 
summary of the baseline risk assessmenL 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 repon chapter. The risk 
characterization chapter is an exception, however, 
in that it could be induded in the RIIFS repo" 
essentially unchanged. Most tables and graphics 
should be included unchanged as well. For more 

information, see Gui.dmJce for Conducring Remedial 
Investigations and Feasibility Studies Under 
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 
Declaration; (2) a Decision Summary; and (3) a 
Responsiveness Summary. The second component, 
a Decision Summary, provides an overview of the 
site-specific factors and analyses that led to the 
selection of the remedy. Induded in this 
component is a summary of site risks. As with 
the risk assessment summary for the R1JFS report, 
the summary for the ROD repon should follow 
the same outline as the full risk assessmenL 'Ibis 
summary, however, should be much more 
abbreviated than the RIIFS summary, although 
care must be taken to address all of the relevant 
Site-specifiC reswts. For more information, see 
Interim Final Gui.dmJce on Preparing Superfund 
Decision Documents: The Proposed Plan. the 
kcord. of Decision, Explanation of Significanr 
Dijft!1V1ces, and eM Record ofDecision Amen.dmenl 
(EPP,.. 1989)., ) 

9.2 REVIEW TOOLS 

This section provides guidelines on reviewing 
a risk assessment reporL A checklist of many 
essential criteria that should be adequately 
addressed in any good risk assessment is provided 
(Exhibit 9-2). The checklist touches upon issues 
that are oiten problematic and lead to difficulty 
and delay in the review of risk assessments. 
Principal 'questions are presented in the checklist 
with qualifying statements or follow-up questions, 
as well as references to appropriate chapters and 
sections of this manual The checklist is in 'tended 
as a guide to assist the preliminary revie'Wer by 
ensuring that critical issues concerning the quality 
and adequacy of infonnation are not overlooked 
at the screening level review of risk assessments. 
Experience has shown that reviewers should pay 
particular attention to the following concerns. 

• Were all appropriate media sampled? 

• Were any site-related chemicals (e.g., )
human carcinogens) eliminated from 
ana.Iysis without appropriate justification? 
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EXHIBIT 9·1 


SUGGESTED OUTLINE FOR A BASELINE ruSK ASSESSl\1ENT REPORT 


1.0 IN1RODUCTION 

1.1 Overview 
• General problem at site 
• Site-specific Objectives of risk assessment 

1.2 Site Background 
• Site description 
• Map of site 
• General history 

Ownership 

.- Operations 

- Contamination 


• Significant site reference points 
• Geographic location relative to offsite areas of interest 
• General sampling locations and media 

1.3 Scope of Risk Assessment 
• Complexity of assessment and rationale 
• Overview of study design 

1.4 Organiz:ltion of Risk Assessment Report 

2.0 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

2.1 General Site-specific Data Collection Considerations 
• Detailed historical information relevant to data collection 
• Preliminary identification of potential human exposure 
• Modeling parameter needs 
• Background sampling 
• Sampling locations and media 
• Sampiing methods 
• QAlQC methods 
• Special analytical services (SAS) 

I 

2.2 General Site-specific Data Evaluation Considerations 
• Steps used (including optional screening procedure steps, if used) 
• QAlQC methods during evaluation 
• General data uncertainty 

2.3 Environmental Area or Operable Unit 1 (Complete for All Media) 
• Area· and media-specific sample collection strategy (e.g., sample size, sampling locations) 
• Data from site investigations 

(continued) 
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EXHffiIT 9-1 (continued) 


SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT 


• 	 Evaluation of anaIytic:aJ methods 
• 	 Evaluation of quantitation limits 
• 	 Evaluation of qualified and coded data 
• 	 Chemicals in blanks 
• 	 Tentatively identified con:pounds 
• 	 Comparison of chemical concentrations with background 
• 	 Funher limitation of number of chemicals 
• 	 Uncertainties, limitations, gaps in quality of collectiOn or analysis 

2.4 	 Environmental Area or Operable Unit 2 (Repeat for All Areas or Operable Units, As 
Appropriate) 

2.X Summary of Chemicals of Potential Concern 

3.0 	 EXPOSURE ASSESSMENT 

3.1 	 Characterization of Exposure Setting 
• 	 Physical Setting 

Climate 
- Vegetation 
-	 Soil type 

Surface hydrology 

•• Ground-water hydrology 


• 	 Potentially Exposed Populations 
.• Relative locations of populations with respect to site 
•• Current land usc 
.• Potential alternate future land uses 

Sub populations of potential concern 

3.2 	 Identification of Exposure Pathways 
• 	 Sources and receiving media 
• 	 Fate and transport in release mt:lIia 
• 	 E.,<posure points and exposure routes 
• 	 Integration of sources, releases, fate and transport mechanisms, exposure poinIS, and expusure 

routes into complete exposure pathways 
• 	 Summary of exposure pathways to be quantified in this assessment 

3.3 	 Quantification of EXposure 
• 	 Exposure concentrations 
• 	 Estimation of chemical intakes for individual pathways 

• 	 (continued) 



EXHIBIT 9-1 (continued) 


SUGGESTED OUTUNE FOR A BASELINE RISK ASSESSMENT REPORT 


3.4 Identification of Uncenainties 
• 	 Current and future land4use 
• 	 Environmental sampling and analysis 
• 	 Exposure pathways evaluated 
• 	 Fate and transpon modeling 
• 	 Parameter values 

3.5 Summary of Exposure Assessment 

4.0 TOXICITY ASSESSMENT 

4.1 Toxicity Information for Noncarcinogenic Effects 
• 	 Appropriate exposure periods for toxicity values 
• 	 Up·to-date RIDs for all chemicals 
• 	 One- and ten-day health advisories for shoner-term oral exposures 
• 	 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) 
• 	 Effects that may appear at doses higher than those required to elicit the critical effect 
• 	 Absorption efficiem.), considered 

4.2 Toxicity Information for Carcinogenic Effects \ 
• 	 E'tposure averaged over a lifetime . 
• 	 Up-tO-date slope factors for all carcinogens 
• 	 Weight-at-evidence classification for all carcinogens 
• 	 Type of cancer for Class A carcinogens 
• 	 Concentration :lbove which the dose-response curve is no longer linear 

4.3 Chemicals for Which No EPA Toxicity Values Are Available 
• 	 Review by ECAO 
• 	 Qualitative evaluation 
• 	 Documentation/justification of :lny new toxicity values developed 

4.4 Un..:ertainties Related to Toxicity Information 
• 	 Quality of the individual studies . 
• 	 Completeness of the overall data base 

4.5 Summary of Toxicity Information 

5.0 RISK CHARACTERIZATION 

5.1 Current Land-use Conditions 
• 	 Carcinogenic risk ot individual substances 
• 	 Chronic hazard quotient calculation (individual substances) 
• 	 Subchronic hazard quotient calculation (individual substances) 

(continued) 
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EXHIBIT 9-1 (continued) 

SUGGESTED OUTLINE FOR A BASELINE ruSK ASSESSMENT REPORT 

i 
• 	 Shoner·term hazard quotient calculation (individual substances) 
• 	 Carcinogenic risk (multiple substances) 
• 	 Chronic hazard index (multiple substances) 
• 	 Subchronic hazard index (multiple substances) 
• 	 Shorter-term hazard index calculation (multiple substances) 
• 	 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 
• 	 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 hazard 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/transport and exposure calculations 

• 	 Summary of toxicity assessment uncertainty 
-- Identification of potential health effects 

Derivation of toxicity value 
-- Potential for synergistic or antagonistic inleractions 
-- Uncertainty in evalualing less-than-lifetime exposures 

5A Comparison of Risk Characterization Results to Human Studies 
• 	 ATSDR health assessment 
• 	 Site-specific health studies (pilot studies or epidemiological stUdies) 
• 	 Incorporation of studies into the overall risk characterization 

5.5 Summary Discussion and Tabulation of the Risk Characterization 
• 	 Key site-related contaminants and key exposure pathways identified 
• 	 Types of health risk of concern 

• 
• Level of confidence in the quantitative information used to estimate risk 
• Presentation of qualitative information on toxicity 

(continued) 
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EXHIBIT 9·1 (continued) 

SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMENT REPORT 

• Confidence in the key aposure estimates flr the key exposure pathways 
• Magnitude of the carcinogenic and noncarcinogenic risk estimates 
• Major factors driving risk 
• Major factors contributing to uncertainty 
• Exposed population characteristics 
• Comparison with site-specific health studies 

6.0 SUMMARY 

6.1 Chemicals of Potential Concern 
6.2 Exposure Assessment 
6.3 Toxicity Assessment 
6.4 Risk Characterization 

• 




Page 9-9 

EXHmIT 9·2 


REVIEWER CHECKLIST 


1.0 	 GENERAL CONCERNS 

• 	 Were the site-specific objective(s) of the risk assessment stated? (HHEM - 1) 

• 	 Was the scope of the assessment described (e.g., in terms of the complexity of the assessment and 
rationale, data needs, and overview of the study design)? (HHEM· 1.1.1, 3.5) 

• 	 Was an adequate historv of site activities provided, including a chronology of land use (e.g., 
specifying agriculture, industry. recreation, waste deposition, and residential development at the 
site)? (HHEM· 2.1.4, 9.1) 

• 	 Was an initial qualitative overview of the nature of contamination included (e.g., specifying in a 
general manner the kinds of contaminants, media potentially contaminated)? (lniEM. 2.1.4, 9.1) 

• 	 Was a general map 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 - 2.1.4, 9.1) 

t 2.0 CONCERNS IN REVIEWING DATA COLLECTION AND EVALUATION, 

2.1 	 Data Collection 

• Was an adequate ·conceptual model- of the site discussed? (HHEM. 4.2) 

a qualitative discussion of potential or suspected sources of contamination, types and 
concentrations of contaminants detected at the Site, potentially contaminated media, as well 
as potential exposure pathways and receptors 

• 	 Was an adequate Data Qualitv Objectives (000) statement provided? (HHEM - 4.1.4) 

_w 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 ensure that the data collected will be appropriate for the intended objectives of the stUdy 

• 	 Were key site characteristics documented? (HHEM - 4.3, 4.5) 

soil/sediment parameters (e.g., panicle size, redox potential, mineral class, organic carbon 
and ctay.content, bulk density, and porosity) 

-	 hydrogeological parameters (e.g., hydraulic gradient, pHJEh. 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) 


REVIEWER CHECKLIST 


hydrological parameters (e.g., hardnest pH, dissolved oxygen, salinity, temperature, total 
suspended solids, flow rates, and depths of rivers or streams; estuary and embayment 
parameters such as tidal cycle, range, and area; as well as lake parameters such as area, 
volume, depth, and depth to thermocline) 

meteorological parameters (e.g., direction of prevailing win~ average wind speed, 
temperature, humidity, annual average and 24 hour maximum rainfall) 

• 	 Were all appropriate media sampled? (HHEM. 4.4, 4.5, 4.6) 

-	 was there adequate justification for any omissions? 

- were literature estimates employed for omissions in background sampling and were they 
referenced properly? 

• 	 Were all key areas sampled. based on all available information (e.g., preliminary assessment, 
field screening)? (HHEM - 4.4, 4.5, 4.6) 

I 

• 	 Did sampling include media along potential routes of migration (e.g., between the contaminant 
source and potential future exposure pointS)? (HHEM. 4.5, 4.6) 

• 	 Were sampling locations consistent with nature of contamination (e.g., at the appropriate 
depth)? (HHEM - 4.5, 4.6) 

• 	 Were sampling effortS consistent with field screening and visual observations in locating -hot 
spots"? (HHEM - 4.5, 4.6) 

• 	 Were detailed sampling maps provided. indicating the location, type (e.g., grab, composite, 
duplicate), and numerical code of each sample? (HHEM - 5.10) 

• 	 Did sampling incluae appropriate QNQC measures (e.g., replicates, split samples, trip and field 
blanks)? (HHEM· 4.7, 5.4) 

• 	 Were background samples collected from appropriate areas (e.g., areas proximate to the site, 
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, 
~~ -	 I 

2.2 Data Evaluation 

• 	 Were any site-related chemicals (e.g., human carcinogens) eliminated from analysis without 
appropriate justification? (HHEM. 5.9) 

(continued) 
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• EXHIBIT 9-2 (continued) 

REVIEWER CHECKLIST 

as infrequently detected chemicals (HHEM;' 5.3.3, 5.9.3) 

as non--detects in a specific medium without employing a ·proxy" concentration (l-frffiM. 
5.3) 

as common laboratory contaminants even though sample concentrations were significantly 

higher than that found in blanks? (HHEM· 50S) 


as present at a ·ubiquitous level-? (HHEM. 5.7) 


• 	 Were inappropriate ·proxy concentrations' assigned to site-related chemicals? (HHEM • 5.3) 

was a value of zero or the instrument detection limit (lDL) assigned? 

was an erroneous sample-specific quantitation limit employed? 

• • Were appropriate analytical methods employed forcoUection of data upon which risk estimates 
are ba.sec1? (HHEM· 5.2) I 

! 
were the methods consistent with the reqUisite level of sensitivity? 

were established procedures with adequate QAJQC measures employed? 

• 	 Did the data meet the Data Quality Objectives (OQO)? (HHEM • 4.1.4) 

-- were the sampling methods consistent with the intended uses of data? 

• 	 Were appropriate data qualifiers employed? (HHEM - S.4) 

• 	 Were special analytical services (SAS) employed when appropriate? (HHEM • 5.3) 

_. 	 was SAS employed as an adjunct to routine analysis in cases where cenain contaminants 
were suspected at low levels, as non-TCL chemicals, in non-standard matrices, or in 
situations requiring a quick turnaround time? 

3.0 	 CONCERNS IN REVIEWING TIlE EXPOSURE ASSESSMENT 

• 	 Were "reasonable maximum exposures" considered (i.e., the highest exposures that are reasonably 
expected to occur)? (HHEM • 6.1.2, 6.4.1, 6.6) 

• • Were current and future land uses considered? (HHEM· 6.1.2, 6.2) 

(continued) 
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EXHIBIT 9·2 (continued) 

t REVIEWER CHECKLIST 

• 	 Was residential land use considered as an alternative future land use? (lffiEM - 6.2.2) 

- if not, was a valid rationale provided? \ 

• 	 Were all potential sensitive subpopulations considered (e.g., elderly people, pregnant or nursing 
women, infants and children, and people with chronic illnesses)? (HHEM - 6.2.2) 

• 	 Were all Significant contaminant sources considered? (HHEM - 6.3.1) 

• 	 Were aU potential contaminant release mechanisms considered, such as volatilization, fugitive dust 
emission, surface runoff/overland flow, leaChing to ground water, tracking by humans/aniInals, and 
soil gas generation? (HHEM - 6.3.1) 

• 	 Were all potential contaminant transpon pathways considered, such as direct air transpon 
downwind, diffusion in surface water, surface water flow, ground-water flow, and soil gas migration? 
(HHEM - 6.3) 

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 - 6.3) 

• 	 Were aU media potentialJv associated with exnobure considered? (HHEM - 6.2, 6.3) 
I 

• 	 Were all relevant site-specific characteristics considered, including topographical, hydrogeological, 
hydrological, and meteorological parameters? (HHEM· 6.1, 6.3) 

• 	 Were all possible exposure pathways considered? (HHEM - 6.3) 

was a valid rationale offered for exclusion of any potential pathways from quantitative 
evaluation? 

• 	 Were all ·spatial relationships' adequately considered as factors that could affect the level of 
exposure (e.g., hot spots in an area that is frequented by children, exposure to ground water from 
rwo aquifers that are not hydraulically connected and that differ in the type and extent of 
contamination)? (HHEM· 6.2, 6.3) 

• 	 Were appropriate approaches employed for calculating average exposure concentrations? (HHEM 
- 6.4, 6.5) 

i 

- was a valid rationale provided for using geom~tric or arithmetic means? 

• 	 Were appropriate or standard default values used in exposure calculations (e.g., age-specific body 
weights, appropriate exposure frequency and duration values)? (HHE.\1 - 6.4, 6.5, 6.6) 

(continued) 



Page 9-13 

EXHIBIT 9·2 (continued) 


REVIEWER CHECKLIST 


4.0 	 CONCERNS IN REVIEWING THE TOXICITY ASSESSMENT 

• 	 Was the exclusion of anv carcinogen from analysis adequately justified (e.g., were "weight-of. 
evidence" classifications and completeness of exposure pathways considered in this decision)? 
(HHEM • 5.9, 7.3) 

• 	 Were appropriate "route-to-route" extrapolations performed in cases where a toxicity value was 
applied across differing routes of exposure? (HHEM· 7.5.1, 8.1.2) 

- were the extrapolations based on appropriate guidance? 

• 	 Were appropriate toxicity values employed based on the nature of exposure? (HHEM - 7.4. 7 . .5) 

- were subchronic ~ chronic RIDs applied correctly based on the duration of exposure? 

- were all sensitive subpopulations. such as pregnant or nursing women potentially requiring 
developmental RIDs (RIDa,S). considered in the selection of the toxicity values used? 

• 	 Were the toxicity values that were used consistent wittl the values contained within the Integrated 
Risk Information S~tem (IRIS) or other EPA documents? (HHEM· 7.4, 7.5) 

5.0 	 CONCERNS IN REVIEWING THE RISK CHARAcrERlZATION 

• 	 Were exposure estimates and toxicity values consistently expressed as either intakes or absorbed 
doses for each chemical taken through risk characterization? (HHEM - 8.1.2) 

- was a valid rationale given for employing values based on absorbed dose? 

• 	 Were all site-related chemicals that were analyzed in the exposure assessment considered in risk 
characterization? (HHEM - 8.1.2) 

- were inconsistencies explained? 


Were rislG appropriately summed only across exposure pathways that affect the same individual 
• 
or 	population subgroup, and in which the same individual or population subgroup laces the 
"reasonable maximum exposure: based on the assumptions employed in the exposure assessment? 
(HHEM - 8.3) 

Were sources of uncertainty adequately characterized? (HHEM - 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 crposure ca1culations? 

• 	 Were the toxicity values that were used 
consistent with the values contained 
within the Integrated Risk Infonnation 
System (IRIS) or other EPA documents? 

Although the checklist addresses many penment 
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 assessment repons. 

The recommended steps in reviewing a risk 
assessment repon are as follows: 

(1) 	 compare the risk assessment report 
outline to the suggested outline in 
Section 9.1 of this chapter (i.e., Exhibit 
9.1); 

(2) 	 use the checklist in this section (i.e., 
Exhibit 9-2); and 

(3) 	 conduct a comprehensive review. 

The outline (Exhibit 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 [Ools should provide a framework, however, 
for the timely screening of risk assessments by 
reviewers with a moderate level of experience in 

the area. If these steps are followed in order, 
then some of the major problems with a risk 
assessment repon (if any) can be identified before 
significant resources are expended during the 
rmprehensive review. 

9.3 MANAGEMENT TOOLS 

This section provides a concise checklist for 
the RPM to use in carrying out their role in the 
risk assessment process (see Exhibit 9-3). Oth~r 
decision·makers at the site also may find this 
checklist useful. Specific points at which the 
managers should be involved, or may be called 
upon to berome involved, during the risk 
assessment are discussed in Chapters 4 through 8 
of the manual. This checklist extracts infonnation 
from those Chapters, and also includes pain ~ers on 
planning and involvement for the manager_ ~e 
purpose of the checklist is to involve mana gers. In 

the direction and development of the nsk 
afsessment and thereby avoid serious mistakes or 
cpstly misdirections in focus or level of effon. 

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 
iri the region, such 3S a toxico logist. 
hydro geologist, 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 
dcrveloped is useful and accurate. 
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EXHIBIT 9-3 


CHECKLIST FOR MANAGER INVOLVElWENT 

1. 	 GETI'ING ORGANIZED 

• 	 Ensure that the workplan for the risk assessment contractor suppon is in place (if needed). 

• 	 Identify EPA risk assessment suppon personnel (to be used throughout the risk assessment 
process). 

• 	 Gather relevant information, such as appropriate risk assessment guidances and site
specific data and repons. 

• 	 Identify available state. county, and other non-EPA resources. 

2. 	 BEFORE THE seOPING MEETING 

• 	 Make initial contact with risk assessor. 

• 	 Provide risk assessor with available guidances and site data. 

• 	 Determine (or review) data collection needs for risk assess..hent, considering: 

- modeling parameter needs; I 

- type and location of background samples; 

- the preliminary identification of potential buman exposure; 

- strategies for sample collection appropriate to site/risk assessment data needs; 

- smtistical methods; 

- QA/QC measures of panicular imponance to risk assessment; 

- special analytical services (SAS) needs; 

- alternate future land use; and 


location(s) in ground water that will be used to evaluate future ground-water exposures. 

3. 	 AT TIlE SeOPING MEETING 

• 	 Present risk assessment data collection needs. 

• 	 Ensure that the risk assessment data collection needs will be considered in development 
of the sampling and analysis plan. 

• 	 Where limited resources require that less-than-optimal sampling be conducted, discuss potential 
impacts on risk assessment results. 

4. 	 AFTER 1HE seOPING MEETING 

• 	 Ensure that the risk assessor reviews and approves the sampling and analysis plan. 

.) 	• Consult with ATSDR if human monitoring is planned. 

(continued) 



Page 9·16 

EXHIBIT 9-3 (continued) 


CHECKLIST FOR MANAGER INVOLVEMENT 


S. 	 DURING SAMPLING AND ANALYSIS 


Ensure that risk assessment needs are being met durinJ sampling. 
• 
Provide risk assessor with any preliminary sampling results so that he/she can determine . • 
if sampling should be refocused. 


Consult with ATSDR to obtain a Status repo" on any human monitoring that is being conducted. 
• 
Provide any results to risk assessor. 

6. 	 DURING DEVELOPMENT OF RISK ASSESSMENT 

• 	 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. 

• 	 Confirm determination of alternate future land use. 

• 	 Confirm location(s) in ground water that will be used to evaluate future ground-water exposures. 

• 	 Understand basis for selection of pathways and potentially exposed populations. 

I 	 • Facilitate discussions between risk assessor and EPA risJ assessment suppon personnel 
OD the following points: 

•• the need for any major exposure. fate, and transpon models (e.g., air or ground-water 
dispersion mOdels) used; 

_. Site-specific exposure assumptions; 

_. non-EPA-derived toxicity values; and 

- appropriate level of detail for uncertainty analysis, and the degree to which uncertainties will 
be quantified. 

• 	 Discuss and approve combination of pathway risks and ha:za.rd indices. 

• 	 Ensure that end results of risk characterization have been compared with ATSDR health 
assessments and other site-specific human studies that might be available. 

7. 	 REVIEWING 1HE RISK ASSESSMENT 

Allow sufficient time for review and incorporation of comments.• 

• 	 Ensure that reviewers' comments are incorporated. . 

• 	 (continued) 
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EXHmIT 9-3 (continued) 


CHECKLIST FOR MANAGER INVOLVEMENT 


8. COMMUNICATING TIm RISK ASSESSMENT 

• Plan a briefing among technical staff to discuss significant findings and uncenainties. 

• Discuss development of graphics. tools, and presentations to assist risk management decisions. 

• Consult with other groups (e.g., community relations staft), as appropriate. 

• Brief upper managemenL 

• 
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CHAPTER 10 

, 

. 	 I 
RADIATION RISK ASSESSl\fENT 

GUIDANCE 

There are many sites contaminated with 
radioac:tive substances that are included on the 
National Priorities Ust (NPL). and additional sites 
are expeCted in future NPL updates. 'Ibis 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 ramiliar with . the 
guidance provided in Chapters 2 through 9 before 
proceeding further in Chapter 10. Althougb the 
discussions in the previous Chapters focws 
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 tbe previous 
Chapters. 

After a brief introduction to some of the 
basic principles and concepts of radiation 
protection (Section 10.1), seven additional areas 
are addressed: 

(1) 	 Regulation of Radioactively 
Contaminated Sites (Section 10.2); 

(2) 	 Data Collection (Section 10.3); 

(3) 	 Data Evaluation (Section 10.4); 

(4) 	 Exposure and Dose Assessment (Section 
10.5); 

. : . ' .. ACRONYMS,. SYMBOLS, AND UNITS 
FOR CHAPTER 10 

A(t) - AaMty at TUDe I 


Bq - 8ea:lucrci 

Cl - Curie 


a.P • CoaIDCl Labon&ory I'rop'am 

o - AbIorbed DcIe 


DC: • DOIIC CoIrvenioa Fac:lor Per Unit latHe 
HE - E.ffecIive Dale EqWVa.leDt 
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, • OtpIT 
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(S) 	 Toxicity Assessment (Section 10.6); 

(6) 	 Risk Characterization (Section 10.7); and 

(7) 	 Documentation, Review, and 
Management Tools for the Risk 
Assessor, Reviewer. and Manager 
(Section 10.8). 
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There are special huards associated with 
handling radioactive waste and EP A 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 (Osq should designate both a 
chemical risk assessor and a . radiation risk 
assessor. These individuals .should work closely 
with each other and the RPM to coordinate 
remedial activities (e.g., site scoping. health and 
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 
(RI/FS) process, the RPM should issue a single 
report that summarizes and integrates the results 
from both the chemical and the radiation risk 
~sessments. 

A two-phase evaluation is described for the 
radiation risk assessmenL As 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 from 
potential exposures to radio nuclides 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 
radia tion exposures for adults and is not 
completely applicable for estimating bealtb 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 incidence 
per unit intake (and per unit external exposure) 
for radionuclides o( concern. Radiation risk 
assessments (or Superfund sites should include 
estimates of botb the dose equivalent computed 
as described in Section 10.5, and the health risk 
attributable to radionuclide exposures computed 
USing the approach described in Section 10.7. 

Only summary-level infonnation is presented 
in this chapter, and references are provided to a 
number of supporting tecbnical documents for 
further information. In particular, the reader is 
encouraged to consult Volume 1 of the 
BacJcgfpund Information Document for thI Draft 
Enviiohmenuu Impact StJJtemtmt for Proposed. 
NESHAPS for Radionuclidu (EPA 1989a) for a 
more comprehensive discussion of EPA's current 
risk assessment methodology (or radionuclides. 

For additional radiation risk assessment 
infonnation and guidance, RPMs and other 
interested individuals can contact the Office of 
Radiation Programs (ORP) within EPA 
headquarters at 202475-9630 (FrS 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 
PRINCIPLES AND 
CONCEPTS 

Radioactive atoms undergo spontaneous 
nuclear 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 transfonned into another: 
the newly formed element, called 3. 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 
element is referred to as a radionuclide or 
radioisotope. The ex:lct mode of radioactive 
transformation for a particular radionuclide 
depends solely upon its nuclear characteristics. and 
is independent of the nuclide's chemical 
characteristics or physical state. A fundamental 
and uhique cbaracteristic of each radionuclide is 
its radioactive half-life, defined as the time 
required for one half of the atoms in a given 
quantity of the radionuclide to decay. Over 1,600 
different radionuclides bave been identified to 
date, with half-lives ranging from fractions of a 
second to millions of years. Selected radionuclides 



of potential imponance at Superfund sites aret listed in Exhibit 10-1. 

Radiation emitted by radioactive substances 
can tranSfer sufficient localiz.ed energy to atoms 
to remove elecuons from the elearic field of their 
nucleus (ionization). In liviD, tissue lhis energy 
transfer can destroy cdJ.uIar a»nstitueDU and 
produce electrically charged molecules (i.e.., free 
radicals). Extensive biological damage can lead to 
adverse health effectS. The type of iOnizing 
radiation -emitted by a panicuJar radionuclide 
depends upon the exact nature of the nuclear 
transformation. and may include emission of alpha 
particles. electrons (beta 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 
difi'ers in its physical characteristics and in its 
ability to inflict damage to biological tissue. These 
characteristics and effects are summarized in tbe 
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), wbich is defined as the quantity of a given 
radionuclide in which one atom is transformed per 
second "(i.e... one decay per second). The 
a»JIYentio~ unit of activity is the curie (0). 
which is defined as the quantity of a gM:D 
radionuclidt in which 3.7xU)'O 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 pia»Curie 
(pCi), which is equal to 1a12 a. Occasionally, 
activity is c:rpressed ina»rrec:tly in terms of a»unu 
per second (cps) or counts per minute (<:pm): 
these refer to the number of transformations per 
unit time measured by a particuJar radiation 
detector and do not represent the true decay rate 
of the radio nuclide. To derive activity values, 
count rate measurements are multiplied by 
radioisotope·specific detector c:aJJ.oration factors. 

PRINCIPAL TYPF..S OF IONIZING RADIATION 

Neba panicles are doubly cJw:pd c:ad0lll, compared of two pracoDII aDd two ~tnxa., wbicb are ejecled ~ 
from Lbe nucleus of aD a&om wbcD Lbe nClllrOll 10 proloo ratio ia 100 1GIr. Becrae of dIcir n::Iarm:l1larJe maD aad dIarge. 
alpba pan:ida lad 10 ioDiI.e ocarby au:ms quilc radiIy, apeudiq tbcir asc:qy ill abaR djstmces. Atpba parrides will muaDy 
DOt pc:nc:sme aD ordiJwy sheet of paper or \he oau::r Iayt:r of skill. CoaseqIlCDdy, alpba panicles rcpn:aeDt a aip.itic:aat b.azard 
only wbal taken inlo tile body. wl1c:re lheir eneqy is comp1etdy absorbed by amaIl Wllumes of tissues. 

Beta panicles are dccuoas ejected at bigb speeds rrom tile nudea& of III aDIU1ble alOm wbCD a DCUlrDll spoDUIneou:sJy 
convens to a prolon and aD dccuoD. UD1ikc alpha panicI.c:s. bela panicles ale DOt cmilCed willl diK:n:u: energies but an: ejecu:d 
(rom die nucleus aver a continuous energy specrum. Bcu panlc:.lls are smaller tbaD alpha panicles, carry a single nepave 
clw'ge. and possess a lower specific iOllization polauiaL Unshidded bela soun:ClH:::1Il CODStitute c:uemal hazards if tbe beta 
radiation is withiD a few centimeters of exposed .slc:iD surfaces and iC lhe bela CDatY is greater UWl 70 keY. Beta SOIll'\:les 

shielded witb cenam metallic materials may produce bn:msArahIIlDC (low eneqy z-r.y) radiation wlricb mIIY abo contribute to 
the c:aernaJ radiation c:rposure. lDtemally, beta paniclc:s have a muc.b greater l'llIIIe thaD alpha panides in tissue. However. 
beause Ibey cause fewer ionizaooas per uDlt palb lengtb. beua panicles deposit muc.b less energy to sm.al.l Wlwmes of tissue anel, 
consequently. intliCl musl Jess damage IhaD alpha partida. 

Posilrons are idanical 10 beta panides c:u:ept lIlal they have a posUm: cIIarge. • A. paslU'OD is emitled rrom tbe nucteus of 
a l1CUuon-defiClent alOlll ",Ilea a prolan spomaucouajy traDSfonu i.D&o a DCUUOD. A1IcmatiYdy. in c:ascs wbere poutrol1 cmisaion 
is DOt energetir:ally possible. Lbe neuUOD. ddicie.nc:y may be avercome by elccuoD ClpwrII. wbereby ODe of lIle ortriUU-dCClrOlD 
is capllm::d by lbe nucleus aDd united with a procoa 10 COI'ID a Deutraa. OC' by acmjbila,iQa radiation.1rbereby lIle combined IDIII 
of • posiuon and deanm is corm:ned into pbolon asc:qy. The damqe bdIic:uId, by posib'ODs 10 small YOIumcs of tis.wc is 
similar to that ot bela panicleL i 

I 
Gamma radiations are pbOIODS emitted from tile nw:1cDS of. a ractioactiYe atom. X-ay:s. wruc:b are c:ara-Dudear in origin, are 

idt:ntic:aJ in form to gall1lDl rays. but IuM: slighll)' lower enCIV ranges. 'There are tbree maiD Vi1I}'I in WIlic:b x- and gamma ra-ys 
intCl'lCl witb mllIC!': Ine pbOloelc:c:uic etC=. lIle Compton ett=. and pair productioD. All tbree procc:ssc:s yield dectrons which 
tben ionize or =te oLber 3Ul111S of tbe SUbsWlc:e. BCClUDe: of I.beir hip paICUlUiOll ability. x- aDd pmma radiations an: of 
mOit CODl:Cm as c:acmaJ hazards.. 

Neulrons are cmiucd during nuclear fission reactions, along witb two smaIJer nudei. caJled fISSion fragments. and beta and 
gamma radiation. For radionudidc:s likely 10 be encomnerec1 at SuperfuDd siter.. Lbe rate of spontaneous fission is minute and 
no signi6caD1 neulrDD rad.ia1ioo ill cxpc:CIed. 

http:localiz.ed
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EXHIBIT 10-1 

RADIOLOGICAL CHARACTERlSTICS OF SELECTED RADIO NUCLIDES 
FOUND AT SUPERFUND SITESQ

I 
avera&e Ra!!i!tioD snergjes (MeVldecav)D 

Nuclide Halt-lilcf Alpha ! Bela, Elccuon X. Gamma 

I' 

Am·241 4.32:do2 y S.S7xIOo 
Am-243 7.38xlo3 Y S.36xloO 
Ba·l37m 2.5Sx100 b 
C-14 5.73xlo3 y 
Ce-I44 2.84:11:102 d 
Cm-243 2.8Sx101 Y S.89xl00 
Cm-244 I.S1xlo1 Y 5.89xl00 
Co-60 5.27xl00 y 
Cr-Sl 2.77xlo1 d 
Cs-l34 2.06xloO y 
CS-13S 2.3Oxl06 Y 
Cs-137 3.00xlo1 Y 
Fe·59 4.45xlo1 d 
H-3 l.23xlcY y 
1-129 1.57xl07 Y 
1-131 8.04xloO d 
K-40 1.281:10" Y 
Mn-54 3.13xlo2 d 
Mo-99 6.6Oxlo1 b 
Nb-94 2.03xla' y 
Np-237 2.14xl06 y 4.85xloO 
P-32 1.43xlcY d 
Pb-210 2.23xlo1 Y 
Po-210 1.38xl02 d 5.4OxloO 
Pu-238 8.77xlo1 y 5.59x1O° 
Pu-239 2.4Ixla' y 5.24xloO 
Pu-240 6.54xloJ y 5.24xlOo 
Pu-241 1.44xloI y 1.22't1O"· 
Pu-242 3.76x105 y 4.97x1OO 
Ra-226 l.6OxloJ Y 4.86xloO 
Ra-228 5.75xloO y 
Ru-l06 3.68xl02 d 
5-35 8.74xlo1 d 
5r-89 S.05xlo1 d 
5r-90 2.9lxlo1 y 
Tc-99 2.13xloS y 
Tc-99m 6.02xl00 h 
Th-230 7.7OxlO" Y 4.75xloO 
Th-232 1.41xloI° y 4.07xlOO 
U-234 2.44xloS y 4.84xloO 

5.2lxl0-2 3.2Sxl<r2 

l.17xl0-2 5.6lxl<r2 

6.37xl0-2 S.98:d<r1 

4.9Sxl0-2 

9.22xl0-2 2.07xl<r2 

1.38:110-1 1.3Sxl0"1 
S.59xlo-J 1.7Oxl0"3 
9.6Sxl0-2 2.5Oxl00 
3.86xlcrJ 3.26xl<r2 

1.64xl0-1 l.5SxloO 
6.73xl0-2 

1.87x10-1 

1.17xlo-l 1.19xloO 
5.68xl0-3 

6.38xlcr2 2.461:10,2 
1.92xl0-1 3.8lxlO"i 
S.23xlcr1 1.5&1:10"1 
4.22xlcr3 8..36xl0"1 
3.93x10-1 I.5OxlO"I 
l.68xlcri 1.57xl00 
7.0lxl0-1 3.46xl0"2 
6.95xlo-i 

3.8Oxl0-1 4.8lx1O.j 

8.19xlcrB 8.51xl<r6 

1.()6xlO,l 1.8lxlO·j 

6.74x1cr3 8.07xlcr 
1.()6xlO·1 1.73xl0·j 

5.25xlO·) 2.55xl0·6 

8.73xlO·) lA4xlO') 
3.59xlcr) 6.7SxlO·; 
1.69xl0·2 4.14xlO·9 

l.(Xlxl<r2 

4.88xlcr2 

5.83xlcr1 8.45xlO"S 
1.9&1:10-1 

1.0lxl0-1 

1.62xl0-2 l..26xl0·] 
1.42xlcrZ 1.55xl0·3 

1.25xl0·2 1.33xlO·j 

1.32xlcr2 1.73xl0·3 

U-235 7.04xloB V 4.47xlOO 4.92xlO'2 1.56xlO,1..' U-238 4.47xHf y 4.26xloO 1.00xlO-,Z 1.36xlO,3 

a Soum:: ICRP 1983 (acept Ba·137m dall from lCoc:ber 1981). 

b Computed :II Ibe sum of tbe products of tbe encrpes and yields of individual radiations. 

/; Half·life c:q=ascd in yean (y). days (d), and boW'S (b). 




• 
Page lO~ 

The activity per unit mass of a given radiation. The absorbed dose of any radiation 
radionuclide is called the specific activity, and is divided by the absorbed dose of a reference 
usually expressed in units of becquerels per gram 
(Bq/g) or curies per gram (Cilg). The shoner the 
half-life of the radionuclide, the greater is its 
specific activity. For example, Co-6O has a 
radioactive half·life of about 5 years and a specific 
activity of 4x1oIJ Bq/g. wbereas Np-237 has a 
half-life of 2 million years and a specific activity 
of 3%107 Bq/g. 

Several terms are used by health pbysicists 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 ref'ers to the transf'er of energy 
from a radiation field of' x· or gamma rays to a 
unit mass of' air. The unit f'or this definition of 
exposure is the roentgen (R), expressed as 
coulombs of' cbarge per kilogram of' air (1 R = 
2.S8x1<r C/kg). 

The term exposure is also defined as the 
physical contact of' the- human body with radiation. 
Internal exposure ref'ers to an exposure that occurs 
when human tissues are SUbjected to radiations 
from radio nuclides that have entered the body via 
inhalation, ingestion, injection., or other routes. 
External exposure refers to the irradiation of' 
human tissues by radiations emitled by 
radio nuclides 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 signific:lntly 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 impaned 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 joulelkg). 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 

radiation (traditionally 250 kVp x-rays) that 
: produces the same biological endpoint is called 
I the Relative Biological Effectiveness or RBE. For 
i regulatory purposes. an arbitrary consensus RBE 
. estimate called the Quality Factor Dr Q is oiten 

used. The dose equivalent (H) was developed to 
normalize the unequal biological effects produced 
from equal absorbed doses of different types of 
radiation. The dose equivalent is defined as: 

H = DQN 

where D is the absorbed dose, Q is a quality 
factOr that accounts f'or the RBE of' the type of' 
radiation emitted, and N is the product of' any 
additional modifying f'actors. Quality factors 
currently assigned by the International 
Commission on Radiological Protection (lCRP) 
include values of Q=20 for alpha panicles. Q=1O 
for neutrons and protons, and Q=1 for beta 
. particles, positrons, x-rays, and gamma rays (ICRP 
1984). These mctors may be interpreted as 
foUows: on average, if an equal amount of energy

1
is absorbed, an alpha particle will inflict 
approximately 20 limes more damage to biological 
tissue than a beta particle or gamma ray, and 
twice as much damage as a neutron.. The 
modifying mctor is currently assigned a value of' 
unity (N=l) for aU radiations. The 51 unit of' 
dose equivalent is the sieven (Sv). and the 
conventional unit is the rem (1 rem = 0.01 Sv). 

GENERAL REALm PHYSICS 
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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 reponed in tenns 
of the committed dose equivalent (HT.50). 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 difierences and 10 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 (HE,So), which 
are defined as weighted sums of the organ-specific 
dose equivalents (Le., I: wp-lT) and organ-specific 
committed dose equivalents (i.e., I:wTHT,So), 
respectively. Weighting factors, wT, are based on 
selected stochastic risk factors specified by the 
ICRP and are used to average organ-specific dose 
equivalents (lCRP 19n,1979). The effective dose 
equivalent is equal to that dose equivalent, 
delivered at a uniform whole-body rate, that 

EFFECTIVE DOSE EQUIVALENT 

The effective dO'lC equivalent, HE ,is a weighted sum of dO'lC equivalenlJl 10 aU organs aDd tissues (ICRP 1917, ICRP 1979). 
defined as: 

HE - :t"'T HT 
.. :!(,.,. ..); . .... .".'::.':' 

where w-r is the weighting fador for organ or ti&'Jue T and HT is the mean dose equivalent to ~n or tiuue.T.·Th'~ ~~:;;.::;:: 
wort which is normalized so that the summation oC all the organ weighting facton is equal to one. com:::sponcia to the fractiOnal 
conuibution of organ or tissuc T to tne IOtal ri.:sk of stochastic: health effects when thc body is uniformly irradiated. Similarly, 
the committed etreaive dose equivalent, H£.,5Ot is defined as the weighted sum of committed dO'lC equiYalcnll to all irradia1ed 
organs and tissues. as follows: 
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corresponds to the same number (but possibly a 
dissimilar distribution) of fatal stochastic health 
effects as the particular combination of committed 
orga, dose equivalents (see the box on this page). 

A special unit, the working level (WL), is 
used to describe exposure to the shon-lived 
radioactive decay products 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 shQrt-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 
1.3)(105 MeV of alpha energy. The ,working level 
month (WLM) is defined 3S the exposure to 1 
WL fQr 170 hours (1 working· month). 

iRadiation protection philosophy encourages 
the teduction 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. 

HE and HE.50 tbus n:flect both the dislributioD of dO'lC among the variom orPns aDd lissueroe the'body aDd their assumed 
relative scnsitivities to stOChaslic: dIcas.. The organ and tissue 'ftighting factor values wr are as follows: Gonad&. 0.25; Breast. 
0.1.5: Red Marrow. 0.12; Lungs, 0.12; Thyroid., 0.03; Bonc Surface. 0.03; and Remainder, 0.30 (i.c:.... a valUfll of "'T - 0.06 i& 
applicable to each of the five rc:maininll organs or tissues recciviDglhe highest doscs). 
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Additional discussion on the measurement of 
radioaCtivity is provided in Sections 10.3 and 10.4, 
and the evaluation of radiation exposure and dose 
is discussed tunher in Section 10.5. Discussion of 
potential health impacts from ionizing radiation 
is presented. in Section 10.6. 

10.2 	 REGULATION OF 
RADIOACTIVELY 
CONTAMINATED SITES 

Chapter 2 briefiy describes the statutes, 
regulations, guidance, and studies related. to the 
human health evaluation process for chemical 
contamjnants. The discussion describes CERCLA., 
as amended. by SARA. and the RI/FS p~. 
Since radionuclides are classified as hazardous 
substances under CERCLA., this information is 
also appl~C3ble 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 ot radioactively contaminated sites 
under CERCLA is available in the CERCL.A 
ComplUmct with OthtrLaws MDIUUJi (EPA 1989c). 
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 (NRq, the Depanment 
of Energy (DOE), and state agencies. Other 
federal agencies. including the Department of 
Transportation (DOT) and Department of Defense 
(DOD), also have regulatory programs (but more 
limited) for radioactive materials. Also, national 
and international scientific 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. 

Uranium Mill Tailings Radiation Control 
Act (UMTRCA), tbe Nuclear Waste 
Policy Act, the Resource Conservation 
and Recovery Act (RCRA). and 
CERCLA. EPA's major responsibilities 
with regard to radiation include the 
deYelopmCDt of federal guidance and 
standards, assessment ot new 
technologies. and surveillance of 
radiation in the environmenL EPA also 
bas 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 acc:elerator produced 
radioactive material [NARMD. For 
some of tbe EPA standards. 
implementation and enforcement 
responsibilities are vested in other 
agencies, such as NRC and DOE. ') 
NRC licenses the possession and use of• 
certain types ot radioactive material at 
certain types otfacilities. 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 
panially subject to NRC regulation when 
it is associated with material licensed by 
the NRC. Most of DOE's 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. 

• 	 DOE is responsible tor conducting or 
overseeing radioactive material 
operations at numerous government
ownedlconuactor-operated facilities. 
DOE is also responsible for managing 
several inactive sites that contain 
radioactive waste, such as sites associated 
with the Formerly Utilized Sites 

• 	 EPA's authority to protect public health )

• Remedial Action Program (FUSRAP), 
and the environment from adverse effects the Uranium Mill Tailings Remedial 
ot radiation exposure is derived from Action Program (UMTRAP), the Grand 
several statutes, including the Atomic Junction Remedial Action Program 
Energy Act, the Clean Air Act, the (GJRAP), and the Surplus Facilities 
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MAJOR FEDERAL LAWS FOR RADIATION PROTECTION 

• 	 Alomic:: Energy Aa or 1954, Public Uw 83-703· established lhe.A1omic:: Energy Co~ion as the basic:: regulatory 
authority fcc ioDiziq racHatioa. _j_ 


. I 
• Enerv Rcorpnizalioa Aa of 1974. Public Ln 93438 • amc:aded tile Atomic:: EnergyAcl. and established-the Nuc:lear 

- RquWory Ommjqion 10 rqulate .,."wenee -11UCIear ac:tiYilieL-i . --- ::: .. ..
• 	 Marine Protcc:tion. Rc:sean:h. and Sanc:maries Act or 1972, Public Law 92-532 - cstablished conn-ob ror ocean disposal or 


ndioac::tivc walle.. 


• 	 Sare Drinlcing Water Act. Public Law 93-523 - mandJIted regulation of I1Idionuclides in drinking water. 

• 	Oean Air Act Amendments of 1977, Public Law 95-95 - c::aended <XJVenIge of the Ac::t's provisions to include 

ndionuc::UdeL . 


• 	 Uranium Min Tailings Radiation Control AD.. or 1978, Public Law ~15 • required stabilization and control or byproduct 
materials (primanly mill tailings) at licensed commercial uranium aDd thorium processing siles. 

• 	Low·l.eYe.I RadioaClive Waste Policy ACl oll980, Public:: Law 96-513 • made states responsible for disposal of u..RW 

generaled within their borden and encouraged formation of iDler-stale compac::ts. 


• 	 Nuclear Waste POlicy Act or 1982, Public: Law 97-425 • mandJIled the development or repositories ror the disposal or 

high·leveI radioaClive waste aud spent uudear fueL 


• 	Low·l.eYe.I Radioactive Waste Policy Act Amendments or 1985, Public:: Law 99-240 - amended ~WPA requirements and 
schedules ror establishment or U,RW disposal capacicy. 

Management Program (SFMP). DOE is 
authorized to control all types of 
radioactive materials at sites within its 
jurisdiction. 

• 	 Other federal agencies with regulatory 
programs applicable to radioactive waste 
include DOT a.nd DOD. DOT has 
issued regulatiOns that set forth 
packaging, labeling, record keeping. and 
reporting requirements for the transport 
of radioactive material (see 49 CFR 
Pans 171 through 179). Most of DOD's 
radioactive waste management activities 
are regulated by NRC and/or EPA. 
However. DOD has its own program for 
controlling wastes generated Cor certain 
nuclear weapon and reactor operations 
for military purposes_ Other agencies, 
such as the Federal Emergency 
Management Agency (FEMA) and the 
Department of the Interior (001). may 
also play a role in radioactive waste 
cleanups in certain cases. 

• 	 States have their own 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 can also regulate NARM- Such 
state-implemented regulatiOns are 
potential ARARs. 

• 	 The National Council on Radiation 
Protection and Measurements (NCRP) 
and the International Commission on 
Radiological Protection (ICRP) provide 
recommendations on human radiation 
protection. The NCRP was chartered 
by Congress to collect. analyze, develop, 
and disseminate information and 
recommendations about radiation 
protection 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 authority, their 
recommendations serve as the basis for 
many of the general (i.e., not 
source-specific) regulations on radiation 
protection developed at state and federal 
1e'Jels. 

• 

The standards, advisories, and guidance of 
these various groups are designed primarily to be 
consistent with each other, often overlapping in 
scope and purpose. Nevenheless, 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, RPMs 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 funher information on radiation 
standards, advisories, and guidance, RPMs should 
consult the detailed ARARs guidance document 
(EPA 1989c), as well as EPA's ORP 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 accuracy with which ttatural background 
radiation and radio nuclide contaminants can be 
detected in the environment when compared with 
chemical contaminants. 

• The pathways of exposure and the 
mathematical models used to evaluate the 
potential health risks associated with radionuclides 
in ~he environment are similar to those used for 
evaluating chemical contaminants. Many of the 

radionuclides found at Superfund sites behave in,J 
the environment like trace metals. Consequently, 
the types of data ~eeded for a radiat.ion risk 
assessment are very similar to those required for 
a chemical contaminant risk assessmenL 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 vinually identical. The primary 
differences 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. 

10.3.1 RADIATION DETEcnON 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 0 ,. 

radionuclides of interest, their activities and types"I,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 extent 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 overview of a few of the 
,radiation detection teChniques and instruments 
[currently used to characterize sites contaminated 
[with radioactive materials. 

Field methods utilize instrumental techniques 
[rather than radiochemical procedures to determine 
lin-situ identities and concentrations of 
radio nuclides, contamination profiles, and external 
beta/gamma exposure rates. Field instruments 
designed for radiation detection (see EXhibit 10
2) are ponable, 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 backgroun l ,)' 

radiation from naturally occurring radionuclide:. 
and excess radiation due to radioactive waste. 
Because of the harsh conditions in which they are 
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" EXHIBIT 10-2 


TYPES 01' FIELD nADIATION DETECTION INSTRUMENTS 


Range of Counlinl Rale 
In~lrulncn's and (llhel CharaC:lcrislia; 

Bela·Gamma Surface Monhof$'l 

Porrable Counl Rale Meier (1bln 
Walled or Thin Window G·M Counler) 

Alpha Surrace Monilol"$ 
Porlable Air Propoflional Counler 
willi Probe 

POlllble Gas Row CouRier wilh Probe 

POrlable Scinlillaliun Counler with 
Probe 

AJr Monllol"$ 
Pallicle Samplel"$ 

Filler Paper (High.volume) 

Filler Paper (Low.volume) 

Electrllstatic Preeipilator 

Impinger 

Tnlium Monilon 
Row ionlz':lIion chambers 

I). I,1m; O·IO,I.MXl; O-loo,nOO 
counl/min 

o·lIlo,mo count/min over 
l1U0 em

O·IIIO,CXlO count/min liver 
Wllem1 

11-1110,1101. cnunt/min over 
lUI! em} 

40 r.',min (LI m'lmin) 

01 10 10 f,J/mln 
(111111)·0.3 mJ/min) 

3 n"min (IW9 mJ/min) 

211 III 411 nJ/min 
(0.6-1.1 mJ/min) 

1)111 pCVmJ,min 

• None or .hese surface monllolS b lull able for uitium deteclion. 

Suurce: NCRP Rcporl No. 57 (NCRP 1978). 

l'ypital Uses Remarks 

Surraca, ".nds, dOlhlnl 

SurrateS, h.nds, clothlnl 

SurfateS, hands, dmhinl 

Surfaca, hands, elulhinl 

For quk" grlb samples 

For conllnuous room air 
brealhinl wne monlt",lnl 

For continuous monilorinl 

Alphl contamination 

Continuous moniloring 

Simple, reliable, ballery powered 

NOl accurlle In hlllh humidily; battery powered; 
fragile window 

NOl a!Jeeled by Ihe humidity; ballery powered; 
fralile window 

NOI afreeled by Ihe humidi.y; banery powered; 
fralile window 

Used Iniermillenilr. requires separale coulner 

Used con'inuously; requires separale counler 

Sample deposlled on ''Yclindrical shell; requires 
separale roulI.cr 

Special uses; reqUires separale counler 

May be sensilive to olher sources or IoIlIUIIo. 

"U 

-3 ... 

o 
I 

.... -


http:roulI.cr
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RADIONUCUDE MEASUREMENT 

PROCEDURES 


EnvironmmtoJ Radiarion Measurements 
(NCRP"1976) 

In.rtrUmentarion and Morritoring Methods for 
Ro.diation Protecticn (NCRP 1978) 

Radiochemical AIuliyticoJ Procedures for 
Analysis of Enwo1Jl1fentoJ Samples (EPA 
19791) 

Eastun Enviro1Jl1fentoi Raduuion Facility 
R.ad.Wchemimy Proceliures Maru.u:JJ (EPA 
1984a) 

A Handbook of Radioactivity Measurement 
Procedures (NCRP 1985a) 

• sometimes operated, and because their detection 
efficiency varies with photon energy, all field 
instruments should be properly calibrated in the 
laboratory against National Bureau of Standards 
(NBS) radionudide 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 (NaI(11) crystals, and scUd-state 
germanium diodes (Ge(Li)) coupled to ratemeters, 
scalers, or multichannel analyzers (MCAs). These 
instrumentS provide measurements of overall 
exposure rates in countS per minute, or 
microRoentgens or microrem per hour. However, 
only Nal and Ge(U) detectors with MCAs provide 
energy spectra of the gamma rays detected and 
can therefore verify the identity of specific 
radionuclides. Thin window G-M detectors and 
Pancake (ionization) probes are used to detect 
beta panicles. Alpha-panicle surface monitors 
include portable air proportional, gas proponional, 
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 illfltrumentat techniques to quantify low-levels 
of ~dionuclides in sample media. The 
prepatation of samples prior to counting is an 
important consideration. especially for samples 
containing alpha- and beta-emitting 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 (primarily organiC material) 
to reduce alpha- and beta-particle self-absorption; 
(2) the separation and concentration of 
radio nuclides of interest to increase resolution and 
sensitivity; 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 
proced*e is initiated. 

\ 

For alpha counting, samples are prepared as 
thin-layer (low mass) sources on membrane filters 
by coprecipitation 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 E.'d1ibit 
10-3). In a proportional counter. the sample is 
immersed in a counting gas. usuaUy 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 photonwltiplier (PM) tube: alpha 
panicles \induce flashes of light in the phosphor 
that are convened to an electrical current in the 
PM tube and measured. Using alpha spectrometry. 
the sample is placed in a holder in an evacuated 
chamber facing a solid-state. surface-barrier 
detector: alpha panicles strike the detector and 
cause electrical impulses. which are soned by 
strength into electronic bins and counted. All 
three systems yield results in counts per minute. 
which are then convened into activity units using 
detector- and radionuclide-specific calibration 
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l'ypical ACIIviI), 

1)pe: of In$!rumcnl Rance (mCI) 1)pial Sample Form Dall Acquisilion Ind Dlspla), 

EXHIBIT 10-3 


TYPES OF LABORATORY RADIATION DETECTION INSTRUMENTsa 


Gu Proportional Counlers 

Liquid-Scinlillation Counlen 

NI' (11) Cylindrical or Well Crysilis 

lonlulloa OuImben 

Solld-slale DeleclOrs 

10'7 10 IO,J 

10'7 10 to J 

10" 10 IO'J 

1ct1 10 101 

10'2 10 10 

Film disc mounl, lIS 

Up 10 20 ml or liquid JCI 

liquid, solid, or conlllac4 ....

<" 1111 

Uquld. solid, or roatalllCd ... 
(an be IlrCe In llu) 

Various 

Ralemeler or scaler 

Accessories for bld:Crounll lublractlon, quencb corrcclion. 
Inlernll IIlnlllrd, umple romplrlson 

Ralemeler 

Dlscrllllinllors for lDCIIuriDI Vlrious energ rqioas 

Multlcblnnel IDllyzer, or rompuler plus Inllol-to-dlJital 
roDven" 

Compulltlona' aa:cs.sortea for fu"~erg-pcak idenllflCallon, 
quanlificallo.. IDd Ipccuvm 11I1pplni 

10niulioD-airreni lIICIIuremenlj 
ellJi..1 (mO) rcadout. II III dose allb'1lors 

Muldcblnnel 1IIIIyur or rompuler with various rcadou' 
opllons 

·Soura: NCRP Reporl No. 58 (NCRP 1985a). 

oft 
fi 
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values. 	 Alpha spectrometry is the only system. 
however. 	 that can be used to identify specific 
alpha-emitting radionuclides. 

, 

For beta counting, samples are prepared bOth 
as thin-soun::cs and as solutions mixed with 
scintillation fluid, similar in function to a 
phosphor. Bcta..emitting sources are counted in 
gas proportional counters at higher voltages than 
those applied for alpha counting or in scinJ.illation 
detectors using phosphors specifically constructed 
for beta-panicle detection. Beta-emitters mixed 
with scintillation fluid are counted in 20 mJ vials 
in beta-scintillation counters: beta-panicle 
interactions with tbe fluid produce detectable light 
flashes. Uke alpha detectors, beta detectors 
provide measurements in counts per minute, which 
are convened to activity units USing calibration 
factors. It should be noted, however, that few 
detection systems are available for determining the 
identity of individual beta-emitting radio nuclides, 
because beta panicles are emitted as a continuous 
spectrum of energy that is difficult to characterize 
and ascribe to any specific nuclide. 

It is advisable to count all samples intact in 
a known geomeuy on a Nat or Ge(U) detector 
system prior to radiochemical analysis, because 
many radio nuclides 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 Ge( Li) 
detectors. MCAs. and software packages. and 
specific radionuclide concentrations can be 
determined. If the sample activity is low or if 
gamma rays are feeble, then more rigorous alpha 
or beta analyses are advised. 

10.3.2 	 REVIEWING AVAllABLE SITE 
INFORMATION 

In Chapter 4. reference is made to reviewing 
the site data for chemical contaminants in 
accordance with Stage 1 of the Data Quality 
Objectives (DQO) process (see box on Page 4-4). 
This process also applies to radionuclides. For 
funher guidance on the applicability of DQOs to 
radioactively contaminated sites, consult EPA's 
Office of Radiation Programs. 

10.3.3 	 ADDRESSING MODEUNG 
PARAMETER NEEDS 

Exhibits 4-1 and 4-2 describe 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 patbways 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 funher in subsequent sections. In 
addition, several of the parameters identified in 
these exhibits are not as important or necessary 
for radiological surveys. For exampie, 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. 

J10.3.4 	 DEFINING BACKGROUND 
RADIATION SAMPLING NEEDS 

As is the case with a chemically contaminated 
site, tbe 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 difficult-lo-pinpoint offsile sources 
for the contaminalion found onsile, con founding 
t.he interpretation of field measurements. With a 
radioactively contaminated site, however. lhis is 
not usually a problem because sources of 
radionuclides are, in general. easier to isolate and 
identify. In fact, some radio nuclides 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 
sources of natural background and man·made 
radiation in the environment may be found in the 
references listed in the box on the next page. 



NATURAL BACKGROUND RADIATION 

Tritium in /.he Environmtnr (NCRP 1979) 

Ionizing RaditItion: SourCI!S and Effects 
(UNSCEAR 1982) . 

Exposure from the Uranium Series with 
Emphasis 011 &don and its Daughters 
(NCRP 1984b) 

Carbon-J4 in the Environment (NCRP 
1985c) 

Envir011Tl'Wlltl1 RilIiioaaivity (Eisenbud 
1987) 

PopuIalion Exposure to External NaJ:U:rai 
Radiation Background in the United States 
(EPA 1987a) 

Ionizing Ri:IdUJtion Exposure of the 
Population of the United StlUl!S (NCRP 
1987a) 

Exposure of elu Population of the United 
Slates and Canada from NaJ:U:rai 
Background R.adiation (NCRP 1987b) 

10.3.5 	 PRELIMINARY IDENTIFICATION 
OF POTENTIAL EXPOSURE 

Identification of environmental media of 
concern. the types of radionuc1ides expected at a 
site. areas of concern (sampling locations). and 
potential routes of radio nuclide transpon 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. 

• 	 Usually a very limited number of 
radionuc1ides 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 

anticipated critical radionuclides and 
pathways. 

• In addition to the environmental media 
identified for chemically contaminated. 
sites. radioactively contaminated sites 
should be aamined for the potential 
presence of enema! radiation fields. 
Many radionuclides emit both beta and 
gamma radiation. which can create 
significant enemal exposures. 

• There are other components in the 
environment that mayor may not be 
critical exposure pathways for the public, 
but tba1 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 

I environment at a site. Acc:ordingly. 
though some components of the 
environment mayor may not be 
important direct routes of exposure to 
man. they can serve as indicators of 
contamination. 

10.3.6 	 DEVELOPING A STRATEGY FOR 
SAMPLE COLLECI'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 
techniql.aes permit detection in the environment of 
most radio nuclides at levels that are well below 
those that are considered potentially harmful. 
AnalytitaJ techniques for nonradioactive chemicals 
are USWuly not this sensitive. 

For radionuc.lides. continuous monitoring of 
the site environment is imponant. in addition to 
the sampling and monitoring programs described 
in Chapter 4. Many field devices that measure 
external gamma radiation, such as continuous 
radon monitors and high pressure ionization 
chambers. provide a real time continuous record 
of radiation exposure levels and radio nuclide 
concentrations. Such devices are useful for 
determining the temporal variation of radiation 
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these results to the variability observed at 
background locations. Continuous measure·mentS 
provide an added level of resolution for 
quantifying and cbaracteriziDg radioJogical risk. 

Additional factors that affect the frequency of 
sampling for iadionuc1ides, besides those discussed 
in Chapter 4, include the ha)f·lives and the decay 
productS of the radionuc1ides. . RadionucUdes with 
shan half. lives, such as Fe-59 (half-tHe = 44.5 
days), have to be sampled more frequently because 
relatively high levels of contamination can be 
missed between longer sampling intervals. The 
decay products of the radionuclides must also be 
considered, because their presence can interfere 
with the detection of the parent nuclides of 
interest, and because they also may be important 
contributors to risks. 

• 
10.3.7 QUAU1Y ASSURANCE AND 

QUAU1Y CONTROL (QA/QC) 
MEASURFS 

The 	QAlQe concepts dCSClbed in Chapter 
4 also apply to sampling and analysis programs for 
radio nuclides, although the procedures differ. 
Guidance regarding sampling and measurement of 
radionuclides and QAlQC protocols for their 
analyses are provided in the publications listed in 
the box on this page. 

The QAlQC protocols used for radio nuclide 
analysis were not developed to meet the evidential 
needs of the Superfund program; however, it is 
likely' that many of the current radiological 
QAlQe guidance would meet the intent of 
Superfund requirements. Some areas where 
radiological QAlQC guidance may not meet the 
intent of Superfund are listed below. 

• 	 The degree of standardization for 
radiochemical procedures may be less 
rigorous in the QAlQC 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 matm with comparable resUlts. 
The CLP reqUires all panicipating 
chemical laboratories to use standardized 

• 	 The required number and type of QC 
blan.kS are fewer for radionuclide 
samples. For example, a wtrip· blank is 
not generally used because radionuclide 
samples are less likely to be 
contaminated from direct e:rposure to air 

. than are samples of volatile organics.. 

Limited guidance is available that specifies 
field QAlQC procedures (see the box on this 
page). These and other issues related to QAlQC 
guidance for radiological analyses are discussed 
further in the Section 10.4. 

RADIONUCLlDE MEASUREMENT 
QAlQC PROCEDURES 

Quality ContrOl fm Enviro1l1l1D1Ull. 
MtaSU1VIII!1IU Using Gamma-Ray 
Spectrom~ay (EPA 1977b) 

UpgrtlIiing Envi:ronmenlaJ RmIJation Data 
(EPA 1980) 

Handbook ofAnaIyti.c.aJ Quality C01UTol in 
Radiotuuziyrjt;D lAbormorit!s (EPA 1987b) 

QA Procedurt!s fo1' Hto.lth. Labs 
Rmiiochemistry (American Public Health 
Association 1987) 

10.4 DATA EVALUATION 
i 

I 


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 outlined for 
chemical data evaluation is generally applicable to 
the evaluation of radioactive contaminants, 
although many of tbe details must be modified to 
accommodate differences in sampling and 
analytical methods. 

techniques. 

http:AnaIyti.c.aJ
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10.4.1 	 COMBINING DATA FROM 
AVAILABLE SITE INVESTIGATIONS 

All available data for tbe site should be 
gathered for evaluation and soned by 
environmental medium sampled, analytical 
methods, and sampliDg periods. Decisions should 
be made, using tbe 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 ANALYrICAL 
METHODS 

As witb chemical data, radiological data 
should be grouped aa:ording 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 tbose for measuring 
organic and inorganic chemicals. Standard 

boralOry procedures for radionuclide analyses are 
~~i"{esented in references, such as those listed in the 
II' box on page 10-12. Analytical methods include 

alpha, beta, and gatnma spectrometry, liquid 
scintillation counting. proponional counting. and 
chemical separation followed by spectrometry, 
depending on the specific radionuclides of interesL 

Laboratory accreditation procedures for the 
analysis of radionuclides also differ. Radionuclide 
analyses are not currently conducted as pan 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 
Intercompanson Program, coordinated by the 
Nuclear Radiation Assessment Division of the 
Environmental Monitoring Systems Laboratory in 
Las Vegas (EMSL.L V), provides quality assurance 
oversight for panicipating radiation measurement 
laboratories (EPA 1989b). Over 300 federal, state, 
and private laboratories panicipate in some phase 
of the program. which includes analyses for a 
variety of radionuclides in media (e.g., water, air, 
milk, and food) with activity concentrations that 
<tpproximate levels that may be encountered in the 

.......'" ,nvironment. Similar inte.rcomparison 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 intercomparison 
prograqlS are less comprehensive t.ba4 the CLP in 
terms qf facility requirements other tban 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 tbat successfully 
participate in tbese intercomparison studies may 
be tbe best available alternative for ensuring 
higb-quality analytical data. Regardless of 
laboratory accreditation, all analytical results 
should be careful1y 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 
e:xposu~e rate data, although tbought of as a 
screening measurement, can be directly applied as 
input data for a quantitative risk assessment. 

10.4.3 	 EVALUATING QUANTITATION 
UMITS 

Lower limits of detection (LLDs), or 
quantilation limits. for standard tecbniques for 
most radionuc1ide 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 low-energy decay emissions (e.g., 
1-129, C·14) are difficult to detect precisely using 
standard techniques. To achieve lower LLDs, a 
laboratory may: (1) use more sensitive 
measurement tecbniques and/or chemical 
e::ruaction procedures; (2) analyze larger sample 
sizes; or (3) increase the counting time of the 
sample. A laboratory may also choose to apply 
all tbree 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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EXHmIT 10-4 


EXAMPLES OF LOWER LIMITS OF DETECTION (LLD) 

FOR SELECTED RADIONUCLIDES USING .STANDARD ANALYTICAL METHOD&' 


I 


IlC 
Isotope Sample Mediab pCi Bq 	 Methodology 

Co-60 	 -Water 10 0.4 Gamma Spectromeuy
..soil (dry wt.) 0.1 0.004 Gamma Spectromeuy 
·Biota (wet wt.t 0.1 0.004 Gamma Spectromeuy
.AifI 2S 0.9 Gamma Spectromeuy 

Sr·90 	 • Water 1 0.04 Radiochemistry 

Cs·137 	 .Water 10 0.4 Gamma Spectromeuy 
0.3 0.01 Radiochemistry

..soil (dry wt.) 1 0.04 Gamma Spectromeuy 
,..~~ - ,0.3 0.01 	 Radiochemistry 

·BiOla (wet wt.) 1 0.04 	 Gamma Spectrometry .-J
0.3 	 RadiochemiStry~'11·Air 30 	 Gamma Spectromeuy 

Pb·210 	 .Water 0.2 0.007 Radiochemistry
..soil (dry wt.) 0.2 0.007 Radiochemistry 
·BiOla (wet wt.) 0.2 0.007 Radiochemistry 
·Air 	 5 0.2 Radiochemistry 

Ra·226 	 .Water 100 4 Gamma Spectrometry 
0.1 0.004 	 Radiochemistry 
0.1 0.004 Radon DaUghter Emanation 

-Soil (dry wt.) 0.1 0.004 Radon Daughter Emanation 
·BiOla (wet wt.) 0.1 0.004 Radon Daughter Emanation 
-Air 1 0.04 Alpha Spectrometry 

Th·232 	 ·Water 0.02 0.0007 Alpha.Specuometry 
-Soil (dry wt.) 0.2 0.007 Radiochemistry 
·Biota (wet wt.) 0.02 0.0007 Alpha Spectrometry 
-Air 0.3 0.01 ~pha Proportional Counter 

1 

U-234 -Water 0.02 0.0007 Alpha Spectrometry 
U·235 -Soil (dry wt.) 0.1 0.004 Alpha Spectrometry 
U·238 -Biota (wet WL) 0.01 0.0004 Alpha Spectrometry 

·Air 0.2 0.007 Alpha Spectrometry 

(continued) I 
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EXHIBIT 10-4 (continued) 


EXAMPLES OF LOWER LIMITS OF DETECTION (LLD) 

I 

FOR SELECI'ED RADIONUCLIDES USING STiARD ANALYTICAL METHODsa 

I 

LI.J2 
Isotope Sample Mediab pCi Bq Methodology 

Pu·238 .Water 0.02 0.0007 Alpha Spectrometry 
Pu-239 -Soil (dry wt.) 0.1 0.004 Alpha Spectrometry 
Pu·240 .Biota (wet wt.) 0.01 0.0004 Alpha Spectrometry 

·Air Q.2 0.007 Alpha Spectrometry 

a 

b 

Soun::c: u.s. Environmental ProtectiOD Agency Eastem Environmental Radiation Facility (EPA-EERF). Depanment of Energy 
Environmental Measurements LaboralOl')' (DOE·EML). and c:ommcn:ial Iabonlloric:s. Note that LLDs are radionuc:lide·. media-. 
sample size-, and Iabonllory-specific higher and lower LLDs thaD thOl5e reponed above are possible. The risk assessor should 
request and repon the LLDs supplied by tbe laboratory per(onning the analyses. 

I 
Nominal aampie mea: water (1 liter). soil (1 q dry WL), biola (1 q 'Well WI.). and air (1 rdter sample). 

C Biola includes vqetalion. fish, and meaL . 

d Air refCft to a sample of 300 m3 of air collected on a filter, whicb is analyzed for the radionuc:lidc of interest. 
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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 detection limit; or (3) evaluate the 
possible risk implication of the radionuclide 
qualitatively. An experienced 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 naturally occurring 
radionuclides, it may be difficult to differentiate 
background contributions from incremental site 
contamination. It may be possible to eliminate 
such interferences by radiochemical separation or 
special instrumental teChniques. 

A sample with activity that is nondetectable 
should be reported as less than the appropriate 
sample and· radionuclide.specific u..o value. 
However, particular caution should be exercised 
when applying this approach to radio nuclides that 
are difficult to measure and possess unusually high 
detection limits, as discussed previously. In most 
cases where a potentially important radio nuclide 
contaminant is suspected, but not detected, in a 
sample, the sample should be reanalyzed using 
more rigorous radiochemical procedures and more 
sophisticated detection techniques. 

If radionuclide sample data for a site are 
reported without sample-specific radionuclide 
quantitation limits. the laboratory conducting the 
analyses should be con~cted to determine the 
appropriate LLD values for the analytical 
techniques and sample media. 

10.4.4 	 EVALUATING QUAUFIED AND 
CODED DATA 

Various data qualifiers and codes may be 
attaChed to problem data from inorganiC and 
organic chemical analyses conducted under the 

ACLP 	as shown in Exhibits 5-4 and 5·5. These 
• nclude laboratory qualifiers assigned by the 

laboratory conducting the analysis and data 
validation qualifiers assigned by personnel involved 
in data validation. These qualifiers pertain to 
QAJQC problems and generally indicate questions 
conce~ning chemical identity, chemical 
conceritration, or both. No corresponding system 
of qualifiers has been developed for radioanalytic:al 
data, although certain of the CLP data qualifiers 
might be adopted for use in reponing 
radioanalytical 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. 

10.4.5 	 COMPARING CONCENTRATIONS 
DETECTED IN BLANKS WITH 
CONCENTRATIONS DETECTED IN 
SAMPLES 

The analysis of blank samples (e.g., laboratory 
or reagent blanks, field blanks, calibration blanks) 
is an Iimportant component of a proper 
radioanadytical 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 
concentra.tion 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 non detects, 
and the maximum blank-related concentration 
should be~ specified as the quantitation limit for 
that chemical in the sample. Though they are 
not considered to be common laboratory 
contaminants. 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 
contamination • 



Page 10·Z1 

10.4.6 	 EVALUATING TENTATIVELY 
IDENTIFIED RADIONUCUDES 

Because radionuclides are not included on the 
Target Compound List (TCL), they may be 
classified as tentatively identified compounds 
(TICs) under a..P 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 radiochemical and/or 
insuumenw methods. In cases where a 
radionuclide's identity is not sufficiently 
well-defined by the available data set: (1) funher 
analyses may be performed using more sensitive 
methOds, or (2) the tentatively identified 
radio nuclide may be included in the risk 
assessment as a contaminant of potential concern 
with notation of tbe uncenainty in its identity and 
concentration. 

•.." 1004.7 COMPARING SAMPLES WITH 
BACKGROUND 

It is imperative to select, collect, and analyze 
an appropriate number of background samples to 
be able to distinguish between onsite sources of 
radionuclide contaminants from radionuclides 
expected normally in tbe 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.g., gross alpha, beta, and gamma) 
should be used to determine whether more 
sensmve radio nuclide-specific analyses are 
warranted.. ProCessional judgment should be used 
by the health physicist to select appropriate 
background sampling locations and analytical 
techniques. The health physicist should also 
determine which naturally occurring radionuclides 
(e.g., uranium, radium. or thorium) detected onsite 
should be eliminated from the quantitative risk 
assessment. All man~made radio nuclides detected 
in samples collected should. however, be retained 

.. {or funher consideration. 

10.4.8 	 DEVELOPING A SET OF 
RADIONUCUDE DATA AND 
INFORMATION FOR USE IN A 
RISK ASSESSMENT 

~e 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 {or radionuclides, as discussed 
previously. Radionuclides of concern should 
include tbose 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 pbysicist. 

10.4.9 	 GROUPING RADIONUCUDES BY 
CLASS 

i 
qrouping radionuclides for consideration in 

the ~uantitative risk assessment is generally 
unnecessary and inappropriate. Radiation dose 
and resulting health risk is highly dependent on 
tbe 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~2381239f240, U~2351238) or belong to the same 
decay series. Such groupings should be determined 
very selectively and seldom o((er any signific::\nt 
advantage. 

10.4.10 	 FURTHER REDUCTION IN THE 

NUMBER OF RADIONUCUDES 


Fat sites with a large number of 
radionuclides detected in samples (rom one or 
more media, the risk assessment should focus on 
a seleCt group of radionuclides that dominate the 
radiation dose and health risk to the critical 
receptors. For example, when considering 
transport through ground water to distant 
receptors. transit times may be very long; 
consequently, only radionuclides with long 
half-lives or radioactive progeny that are formed 
during transport may be o{ concern for that 
exposure pathway. For direct external exposures, 
high~nergy gamma emitters are of principal 



concern, alpha-emitters may 
doses from the inhalation and ingestion pathways. 
The imponant radionudides may differ for each 
exposure 	pathway and must be determined on 
tbeir 	 relative concentrations, balf-Iives, 
environmental mobility, and dose conversion 
factors (see Section 10.5 for discussion of dose 
conversion factors) for each exposure pathway of 
interesL 

• 

The total activity inventory and individual 
concentrations of radionuclides at a Superfund site 
will cbange 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 assessmenL For example, at a site where 
Ra-226 (half-life = 1600 years) is tbe only 
contaminant of concern in soil at some initial 
time, the Pb-210 (half-life = 22.3 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 formats presented in Exhibits 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 describes a methodology for 

estimating the radiation dose equivalent to 
humans from potential exposures to r3dionuclides 
through all peninent exposure pathways at a 
remedial site. These estimates of dose equivalent 
may be used· for comparison 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, 
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whereas 	 dominate therefore, describes a separate methodology for 
estimating health risk. 

i Chapter 6 describes the procedures for 
cbnducting an exposure assessment for chemical 
contaminants as pan of the baseline risk 
assessment for Superfund siteS. Though many 
aspectS of tbe discussion apply to radio nuclides, 
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.g., inhalation, ingestion, 
dermal exposure) of the toxic chemical, expressed 
in units of mg/kg-day. These units are convenient 
because the toxicity values for chemicals are 
generally expressed in these terms. For example, 
tbe toxicity value used to assess carcinogenic 
effects is the slope factor, expressed in units of 
risk of lifetime excess cancers per mg/kg-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 
necessary). 

! Intakes by inbalation., ingestion, anJ 
absorption are also potentially imponant exposure 
pathways for radionudides, although radionuclide 
intake is typically expressed in units of activity 
(i.e., Bq or Ci) ratber than mass. Radionuclides 
that enter through tbese 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 estim3!.ion of 
the radiation dose equivalent. As discussed 
previously in Section 10.1, the dose eqUivalent is 
an expression that 13kes into considera tion both 
the amount of energy deposited in a unit mass of 
a specific organ or tissue as a resuIt of the 
radioactive decay of a specific radion uclide, as 
well as the relative biolOgical effectiveness of the 
radiations emitted by that nuclide. (Not.e that the 
term dose has a different meaning for 
radionuclides [dose =energy impaned to a unit 
mass of tissue) than that used in Chapter 6 for 
chemicals [dose, or absorbed dose = mass 
penetrating into 3n organism).) 

Unlike chemicals, radionudides can h.. ~ 
deleterious effects on huma~ without being taken 
into or brought in contact with the body_ This is 
because high energy beta panicles and photons 
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from radionuclides in contaminated air, water, or 
soil can travel long distances with only minimum 
attenuation in these media before depositing their 
energy in human tissues. Enernal radiation 
exposures can result from either exposure to 
radionuclides at the site area or to radionuclides 
that have been tranSpone4 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 contribution to the 
radiation dose from external exposures. Alpha 
panicles 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 high-energy 
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 effects of radiation are proponional to 
energy deposition. The energy deposited in tissues 
is proponional to the decay rate of a radionuclide, 
and not its mass. Therefore, radionuclide 
quantities and concentrations are expressed in 
units of activity (e.g., Bq or Ci), rather than in 
units of mass. 

Despite the fundamental difference between 
the way 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 camed out are different for 
radionuclides. 

10.5.1 	 CHARACTERIZING TIlE EXPOSURE 
SEITING 

Initial characterization of the exposure setting 
for radioactively contaminated sites is vinually 
identical to that described 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 anyone of a number of field 
survey instruments (preferably, G-M tubes and 
NaI(D) field detectors) (see Exhibit 10.2). Health 
and, safety plans should be implemented to reduce 
the ipossibility of radiation exposures that are in 
excess of allowable limits. 

! 

REFERENCES ON EXPOSURE 
ASSESSMENT FOR RADIONUCUDES 

Calculation ofA.nrwal Doses to Man from 
Routine Releases of Reactor Ejflumls 

···(NRC 1977) 

Radiological Assessment: A Te.rtbook on 

Environmenuzl Dose AJzalysis (TIll and 

Meyer 1983) 


Models and Parameters for Environmental 
Radiological Assessmenrs (Miller 1984) 

Radiological Assessmenr: l'redicring the 
lTransport, BioaccumuIation, and Uptake by 
l\ian of Radionuclides Released to the 
Environment (NCRP 1984a) 

Background Information Document. Draft 
EIS for Proposed NESHAPS for 
Radionuciides, Volume 1, Risk Assessmenl 
Methodology (EPA 1989a) 

Screening Techniques for Determining 
Compliance with Environmental Standards 
(NCRP 1989) 

I 
10.5.2 	 IDENTIFYING EXPOSURE 

PATHWAYS 
, 

: The identification of exposure pathways for 
radioactively contaminated sites is very similar to 
that described in Chapter 6 for chemically 
contaminated sites, with the follOWing additional 
guidance. 

• 	 In addition to the various ingestion, 
inhala tion, and direct contact pa thways 
described in Chapter 6, external exposure 
to penetrating radiation should also be 
considered. Potential external exposure 
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• 

• 


• 

pathways to be considered include 
immersion in contaminated air. 
immersion in contaminated water, and 
radiation exposure from ground surfaces 
contaminated with beta- and photon
emitting radionuclides. 

• 	 As with nonradioactive chemicals, 
environmentally dispersed radionucUdes 
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 
assessmenL 

• 	 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, i.e., 
either increase or deaease, the 
radioactivity of a radionucUde.) 
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 imponant additions, as 
well as the external exposure pathways. 

• 	 Chapter 6 also refers to a number of 
computer models that are used to predict 
the behavior and fate of chemicals in the 

environmenL While those models may 
be suitable for evaluations of radioactive 
contaminants in some cases, numerous 
models have been developed specifically 
for evaluating the transpon of 
radionuclides in the environment and 
predicting the doses and risks to exposed 
iDdMduals. In general, models 
developed specifically for radiological 
assessments 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 transpon models 
recommended by EPA.) 

10.5.3 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 
Exhibit 6.9 to calculate intake for chemicals may 
be considered to be applicable to exposure 
assessment for radionudides, except that the body 
weight I 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 estitnated by multiplying the amount of each 
radionudide 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. Federal 
Guidance Report No. 11 (EPA 1988) provides 
DCFs for each of over 700 radionuclides for both 
inhalation and ingestion exposures. It is 
imponant 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 except 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 (e.g., Bqlyear). tbe dose 
equivalent will be expressed in corresponding 
terms (e.g., Svlyear). 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 equal to the effective 
dose equivalent over the So..year period following 
intake. 

, External exposures may be determined by 
.. 	_",onitoring and sampling of the radionuclide 

concentrations in environmental media, direct 
measurement of radiation fields using portable 
instrumentation. or by mathematical modeling. 
Portable survey instruments that have been 
properly calibrated can display dose rates (e.g., 
Sv/hr). and dose equivalents can be estimated by 
multiplying by the duration of exposure to the 
radiation field. Alternatively. 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 (e.g .• Svlhr per 
Bq/m2 for ground contamination or Svlhr per 
Bq/mJ for air or water immersion). 

The dose equivalents associated with external 
and internal exposures are expressed in identical 
units (e.g.• Sv). so that contributions from aU 
pathways can be summed to estimate the total 
effective dose equivalent value and prioritize risk 
from different sources. 

In general. radiation exposure assessments 
'1eed not consider acute toxicity effects. Acute 

~posures are of less concern (or radionuclides 
II' ~ than for chemicals because the quantities of 

radionuclides required to cause adverse effects 
from acute exposure are extremely 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 radioactive 
materials released during a major nuclear plant 
accident such as Chemobyl, or during 
above-gfound 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. 

10.5.4 	 QUANTIF11NG EXPOSURE: 

DETERMlNING EXPOSURE POINT 

CONCENTRATIONS 


The preferred method for estimating the 
concentration of chemical or radioactive 
contaminants at those places where members of 
the public may come into contact with them is by 
direct measurement. However, this will not be 
possible in many circumstances and it may be 
necessary. tberefore, to use environmental fale and 
transpon models to predict contaminant 
concenvations. Such modeling would be 
necessaty, for example: (1) when it is not possible 
to Obtain representative samples for aU 
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 transpon· models have 
been developed to estimate contaminant 
concentrations in ground water. soil. air, surface 
water, sediments. and food chains. Models 
developed for chemical contaminants. such as 
those d~cussed 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 
develOHed specifically (or radionucUdes. These 
models! are similar to the models used for toxic 
chemicals but have features that make them 
convenient to use for radionuclide pathway 
analysis, such as expliCit consideration of 
radioactive decay and daughter ingrowth. 

. Available models (or use in radiation risk 
assessments range in complexity from a series of 
hand calculations to major computer codes. For 
example. NRC Regulatory Guide 1.109 presents 
a methodology that may be used to manually 
estimate dose equivalents from a variety of 



• exposure pathways (NRC 1977). Examples of pathways. As noted previously, however. these 
computerized radiological assessment models intake estimates for radionuclides should not be 
include the AlRDOS·EP A code and the divided by the body weight or averaging time. 
EP A·PRESTO family of codes, which are used These intake rates must be multiplied by 
extensively by EPA to estimate exposures and appropriate DCF values in order to obtain 
doses to populations fonowing atmospheric C)m.mitled effective dose equivalent values.. The 
releases of radionuclides and releases from a more rigorous and complex radionucllde pathway 
low-level waste disposal facility, respectively. models noted previously typically require much 
Guidance on selection and use of the various more extensive input data and may include default 
models can be obtained from the EPA Office of parameter values that differ somewhat from the 
Radiation Programs. values recommended in these exhibits. 

Exhibit 6-10, Example of Table Format for .Exhibit &'16 presents the equation and 
Summarizing Exposure Concentrations, may be assumptions used to estimate the contaminant 
used for radionuclide C)ntaminants, except that intake from air. For radionudides, the dose from 
radio nuclide concentrations are expressed in terms inhalation of contaminated air is determined as 
of activity per unit mass or volume of the the product of the radionuclide concentration in 
environmental medium (e.g., Bqlkg, BqJL) rather air (Bq/mJ), the breathing rate (mJ per day or 
than mass. year), exposure duration (day or year). and the 

inhalation DCF (Sv per Bq inhaled). The result 
10.5.5 QUANTIFYING EXPOSURE: of this calculation is the committed effective dosr )' 

ES11MATING INTAKE AND DOSE equivalent, in units of SV'v; 
EQUIVALENT 

I Chapter 6 points out that dermal absorption 

• 

I 
, 

. Section 6.6 presents a description of the of airborne chemicals is not an imponant route 
methods used to estimate intake rates of of uptake. This point is also true for most 
C)ntaminants from the various exposure pathways. radionuclides, except airborne tritiated water 
Exhibits &.11 to &.19 present the equations and vapor, which is efficiently taken into the body 
input assumptiOns recommended for use in intake through dermal absorption. In order to account 
calculations. In concept. those equations and for this route of uptake, the inhalation DCF for 
assumptions also apply generally to radionuclides. tritium includ~ an adjustment factor to account 
except that the body weight and averaging time for dermal absorption. 
terms in the denominators should be omitted. 
However. as discussed previously, the product of External Exposure. Immersion in air 
these calculations for radionuclides is an estimate containing certain beta-emitting and/or 
of the radionuclide intake, expressed in units of photon-emitti'lg radioactive contaminants can also 
activity (e.g., Bq), as opposed to mg/kg-day. In result in external exposures. Effective dose 
addition, the endpoint of a radiation exposure equivalents from external exposure are calculated 
assessment is radiation dose, which is calculated as the product of the airborne radionuclide 
using DCFs as explained below. A:s explained concentration (Bq/mJ), the external DCF for air 
previously, dose equivalents calculated in the immersion (Svlhr per Bq/mJ), and the duration of 
following manner should be used to compare with exposure (hours). 
radiation protection standards and criteria, not to 
estimate risk. Exhibits 6-13 and 6-15 illustrate the dermal 

uptake of contaminants resulting from immersion 
Internal Exposure. E:'thibits 6-11, 6-12, 6-14, in water or contact with soil. This route "r 

6-17,6-18. and 6-19 present simplified models for uptake can be important for many organ •. ...) 
the ingestion of water, food, and soil as pathways chemicals; however, dermal uptake is generally not 
for the intake of environmental contaminants. an imponant route of uptake for radionuclides, 
The recomm.:!nded assumptions for ingestion rates which have small dermal permeability constants. 
and exposure durations are applicable to External radiation exposure due to submersion in 
radionudide exposures and may be used to water contaminated with radionuclides is possible 
estimate the intake rates of radionuclides by these and is similar to external exposure due to 
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immel'Sion in air. However, because of the 
shielding effects of water and the generally short 
durations of such exposures, immel'Sion in water 
is typically of lesser significance. The product of 
the radionuc1ide concentration in water (Bqlnf). 
the relevant DCF (Sv/hr per Bq/m3), and the 
duration of exposure (hours) yields effective dose 
equivalenL 

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 
photon-emitting radionuc1ides of concern, the 
external DCF for ground surface exposure (Svlbr 
per Bq/m'\ and the duration of exposure (houl'S). 

10.5.6 	 COMBINING INTAKES AND DOSES 
ACROSS PATHWAYS 

t' 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 subject to 
multiple exposure pathways, the results of the 
exposure assessment should be organized by 
grouping aU applicable exposure pathways for each 
exposed population. Risks from various exposure 
pathways and contaminants then can be integrated 
during the risk characterization step (see Section 
10.7). 

10.5.7 	 EVALUATING UNCERTAINTI" 

The radiation exposure assessment should 
include a discussion of uncertainty, that, at a 
minimum. should include: (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, including the uncertainty associated 
with each assumption and how it might affect the 
exposure and dose estimates. Sources of 

cenainty that must be addressed include: (1)
lIIIIIl-"'w 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 v.ith radiological risk 
assessment are provided in the. Background 
Infonnarion Documenl for the Draft EIS for 
Proposed iNESlW'S for RadionucJidt!s (EPA 
1989a). R¥WJogical Assessmml (Till and Meyer 
1983), and NCRP Repon No. 76 (NCRP 19843). 

10.5.8 	 SUMMARIZING AND PRESENTING 
EXPOSURE ASSESSMENT RESULTS 

Exhibit 6-22 presents a sample format for 
summarizing the results of the exposure 
assessmenL 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 iden tified. 

The :informatioD should be organized by 
exposure J;thway. population exposed. and current 
and futu;r use assumptiOns. For radionuclides. 
however, it may not be necessary to summarize 
short-term and long-term exposures separately as 
specified for chemical contaminants. 

10.6 	 TOXICITY ASSESSMENT 

Chapter 7 describes the two-step process 
employed to assess the potential tOxicity of a given 
chemical contaminant. The fil'St step. hazard 
identification. is used to determine whether 
exposure ,to a contaminant can increase the 
incidence of an advel'Se health effect. The second 
step, dose "'response assessment, .is used to 
quantitatively evaluate the toxicity information and 
characteriZe the relationship between the dose of 
the contaminant administered or received and the 
incidence of advel'Se health effects in the exposed 
popUlation. 

There are cenain fundamental differences 
between radionuclides and chemiClls that 
somewhat simplify toxicity assessment for 
radionuclides. As discussed in the previous 
sections, the advel'Se 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. 

Dose-response assessment for radionuclides 
is also more straightforward. The type of effects 
and the likelihood of oCCWTence 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 conten 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 from 
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 functional 
deviations produced during the growth and 
development of an embryo (more commonly 
referred to as binh defects). Radiation may 
induce other deleterious effects at acute doses 
above about 1 Sv, but doses of this magnitude are 
not normally associated with radioactive 
contamination in the environmenL 

. REFERENCEs ONBEALm: EFFECTS' . 
. OF RADIATION mOSURE . . 

,. I '; ,',.,.' , ...,'. " ., ,', " ..,.,:: 7~:': :';'.;' ': :~:: 

~~!!!~!e~;;1

Limits·io;~iliJ. of R~,:,;;tlides by . 
Worker.r (I~P :~979). . . '. . 

Injlzunce:Oj'l)ose tind. Its biStribul1.'on in. 
. .Tunt! on DoSe.;.Response Relationships for. '. 

;;.;;;f~'r:~.~~:..;ft'IW:.l~~.(:.: .. '.:r:,'· 
:;::.:i·Ti.i·EJftd:i::·o.#::·~~idd~l4:.·~tEip~~ 
:\J;ow'LivdslitlDni:im . RiiiIiazion(NAS . ';:'~J ::,.. :,,; ... g.... . .... 

JndJ.lction of Thyroid Cancer by Ionizing 
Rodiation (NCRP'198Sb) 

Lung Cancer Risk from Indoor Exposures to 

. RJZdon Doughten (lCRP 1987)

.'. I:·.· ' . 

.. ,. ".: '. . .....,... ' , . ' ....... ,.'<; 

HtlLlih Risks ofRadon and Other Iruemallj ..... 

.. '.DqJosiJed .AJp1uJ-Emitters (National . 
Accidemy of ~ences .1988) 

Ionizing Radimion: Sources. Effects. and 
Risks (UNSCEAR 1988) 

Health Effects Models for Nuclear Power 
Planz Accidou Consequence Analysis: 
Low-LET RtuJiarion (NRC 1989) 

As discussed in Section 10.1, ionizing 
radiation causes injury by breaking molecules into 
electrically charged fragments (i.e., free radicals), 
thereby produdng 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 (e.g., alpha panicles) produce 
bigh density regions of ionization. For this 
reason, they are called bigh-LET (linear energy 
transfer) panicles. Other types of radiation (e.g., 
x-rays, gamma rays, and beta panicles) are called 
low-LET radiations because of the low density 
panern of ionization they produce. In equal 
doses. the carcinogenicity and mutagenicity of 
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~ :-LET radiations may be an order of 
nitude or more gre:ner than those of low-LET 
ations, depending on the endpoinl being 
uated. The variability in biological 
ctiveness is accounted for by the quality factor 
1 to calculate the dose equivalent (see Section 
.}. 

Carcinogenesis. An enensive body of 
~ature exists on radiation carcinogenesis in man 
animals. This literature has been reviewed 

it recently by the United Nations Scientific 
nmittee on the Effects of Atomic Radiation 
~SCEAR) and the National Academy of 
!nce5 Advisory Committee on the Biological 
ects of Ionizing Radiations (NAS-BEIR 
mmittee) (UNSCEAR 1977, 1982, 1988; NAS 
'2, 1980, 1988). Estimates of the average risk 
fatal cancer from low-LET radiation from these 
dies range from approximately 0.007 to 0.07 
11 cancers per sieven. 

• \crease in cancer incidence or mortality 
~,,,,,"reasing radiation dose has been 
Irnstrated for many types of cancer in both 
man populations and Iabora tory animals 
NSCEAR 1982, 1988; NAS 1980, 1988). 
Idies of humans exposed to internal or enernal 
uces of ionizing radiation have shown that the 
:idence of cancer increases with increased 
1iation exposure. This increased incidence, 
wever, is usually associated with appreciably 
!ater doses and exposure frequencies than those 
countered in the environmenL Therefore, risk 
timates from small doses obtained over long 
riods of time are determined by enrapolating 
e effects observed at high, acute doses. 
alignant tumors in various· organs most often 
Ipear long after the radiation exposure, usually 
, to 3S years later (NAS 1980, 1988; UNSCEAR 
182, 1988). Radionuclide metabolism can result 
the selective depOSition of certain radionuclides 

. specific organs or tissues, which, in turn, can 
:suit in larger radiation doses and 
19her.than-normal cancer risk in these organs. 

Ionizing radiation can be considered 
ant:~-;nogenic, i.e., it acts as a complete 
~!n in that it serves as both initiator and 
.,:lter, and it can induce cancers in nearly any 
ssue or organ. Radiation-induced cancers in 
umans have been reponed in the thyroid, female 
reast, lung, bone marrow (leukemia), stomach, 

liver, large intestine, brain. salivary glands, bone. 
esophagus, small intestine. urinary bladder, 
pancreas. rectum, lymphatic tissUes, skin, pharynx, 
uterus, ovary. mucosa of cranial sinuses, and 
kidney (UNSCE{\R 1977, 1982, 1988; NAS 1972, 
1~ 1988). These data arc taken primarily from 
studies of hu~ populations exposed to bigh 
levels of radiation. including atomic bomb 
survivors, underground miners, radium dial 
painters, patients injected with thorottast 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 uncenainty in determining low-level 
radiation risks (see EPA 19893). It 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 (NAS 1980, 1988). Females 
have approxima~ly 2 times as many total cancers 
as fatal cancers following radiation exposure, and 
males have approximately 1.5 times as many (NAS 
1980). 

Mutagenesis. Very few quantitative data are 
avai1able on radiogenic mutations in humans, 
panicularly from low-dose exposures. Some 
mutations are so mild they are not noticeable, 
while other mutagenic effects that do occur are 
similar to nonmutagenic effects and are therefore 
not necessarily recorded as mutations. The bulk 
of data suppor~ing 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 fOnDS 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 Ilumans (NAS 1980, 1988; UNSCEAR 1982, 
1988). The vast majority of the demonstrated 
mutations in human germ cells contribute to both 
increased mortality and illness (NAS 1980; 
UNSCEAR 1982). Moreover. the radiation 
protection community is generally in agreement 
that the probability of inducing genetic changes 



Page 10·30 

increases linearly with dose and that no 
"thresbold- dose is required to initiate heritable 
damage to germ cells. 

The incidence of serious genetic disease due 
to mutations and ducmosome aberrations induced 
by radiation is referred to as genetic detrimenL 
Serious genetic disease includes inherited ill 
health. handicaps, or disabilities. Genetic disease 
may be manifest at binh or may not become 
evident until some time in adulthood. 
Radiation-induced genetic detriment includes 
impairment of life, shonened 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 tban the mother. The 
age of the fetus at the time of exposure is the 
most imponant factor in determining· the extent 
and type of damage from 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) (UNSCEAR 
1986; Brent 1980). Effects on nervous 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 IS weeks, 
which is the time the nervous system is 
undergoing the most rapid differentiation and 
proliferation of cells (Otake 1984). 

10.6.2 DOSE-RESPONSE RELATIONSHIPS 

• This section describes the relationship of the 
risk of fatal cancer, serious genetiC effects, and 
other detrimental 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 tbeil origins in 
terms of DNA damage, these effects are believed 
to b~ stochastic; that is, the probability (risk) of 
these effectS increases with the dose of radiation, 
but the severity of the effects is independent or 
dose. For neither induction of cancer nor genetic 
effects. moreover, is there any convincing evidence 
for a -threshold- (i.e., some dose level below 
wbich tbe 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 cenain that a giveI& dose of 
radiation, no matter how large, has caused an 
observed cancer in an individual or will cause one 
in the future. 

Exhibit I()..S summarizes EPA's current 
estimates of the risk of adverse effects associated 
with human exposure to ionizing radiation (EPA 
1989a). lmponant points from this summary table 
are provided below. 

I 
• 	 Very large doses (> 1 Sv) of radiation 

arc 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. 

• 	 The 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 ris ks of 
cancer. However, there is a possibility 
of a threshold. and the exposures must 
occur over a specific period 0 f time 
during gestation to cause the effecL 
Teratogenic effectS can be induced only 
during the nine months of pregnancy. 
Genetic effects are induced during the 
3()..year reproductive generation and 
cancer can be induced at any point 
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EXHIBIT 10-5 


SUMMARY OF EPA'S RADIATION. RISK FACTORSa 


Risk 
; 

Significant Exposure Period Risk Factor Range 

Low LET (Gv·1) 

Teratogenicf 
Severe mental retardation Weeks 8 to 15 of gestation 0.25-0.55 

Genetic: 
Severe hereditary defectS, 
all generations 

3O-year reproductive generation 0.006-0.11 

Somatic 
Fatal cancers 

All cancers 

Lifetime 
In utero 
Lifetime 

0.012-0.12 
0.029-0.10 
0.019-0.19 

l:iigh LET (Gy-l) 

Genetic: 
Severe hereditary defects, 
all generations 

3O-year reproductive generation 0.016-0.29 

Somatic 
Fatal cancers 
All cancers 

Lifetime 
Lifetime 

0.096-0.96 
0.15·1.5 

Radon Decav Products ocr6 WLM·1l 
Fatal lung cancer Lifetime 140-720 

a 
i 

In addition to the stochastic risks indicated, acute toxicity may occur at a mean lethal dose of 3-5 Sv 
with a threshold in excess of 1 Sv. 

b The range assumes a linear, non-threshold dose-response. 
may exist for this effect. 

i 
However, it is plausible that a threshold 

I 
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• 


• 


during the lifetime. Ifa 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 cancer 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 flu! 
Draft Environmeruai Impact Suuement for Proposed 
NESHAPS for RadionucJidu (EPA 1989a) for 
cancer mortality and. cancer incidence. 

10.7 	 RISK CHARACTERIZATION 

The final step in the risk assessment process 
is risk characterization. This is an integration step 
in which the risks rrom individual radionuclides 
and pathways are quantified and combined where 
appropriate. Uncenainties also are examined and 
discussed in this step. 

10.1.1 	 REVIEWING OUTPUTS FROM mE 
TOXICITY AND EXPOSURE 
ASSESSMENTS 

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 supponing 
documentation to ensure that it is sufficient to 
suppon 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 radionuciides 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 
ad.d.ressecl. 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 analyzed. For example, 
the standard dose conversion factors are based on 
certain generic assumptiODS regarding the 
characteristics of the exposed inc:tividual and the 
chemical and physical properties of the 
radionudides. Also, as is the case for chemical 
contaminants, the environmental transfer factors 
used in the models may DOt apply to an settings. 

Though the risk assesSment models may 
include a large number of radionuclides and 
pathways, the imponant radionuc1ides and 
pathways are usually few in number. As a result, 
it is often feasible to cbeek the computer output 
using hand calculations. This type of review can 
be perfonned by bealth physicists familiar with 
the moqels and their limitations. Guidance on 
conducqng such calculatiODS is provided in 
numerous references, including 1111 and Meyer 
(1983) and NCRP Repon No_ 76 (NCRP 19843). 

10.1.2 	 QUANTIFYING RISKS 

Given that the results of the exposure 
assessment are vinuaUy complete, correct.., and 
applicable to the conditions being considered, the 
nen step in the process is to calc~late and 
combine risks. As discussed previously, tbe risk 
assessment for radio nuclides is somewhat 
Simplified because only radiation carcinogenesis 
needs to be considered. 

Section 10.5 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 sex-specific coefficients 
for individual organs receiving significant radiation 
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tJ-----------------------------------
doses. This information may be used along with 
organ-specific dose conversion maors to derive 
slope faaors that represent the age-averaged 
lifetime excess cancer incidence per unit intake for 
the radionuclides of concern. The Integrated Risk 
Information System (IRIS) contaiDs 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 supporung 
documentation for the derivation of these values 
(see Chapter 7 for more detail on IRIS). 

The slope faaors from the IR.IS data base for 
the inhalation pathway should be mUltiplied by the 
estimated i.nhaled activity (derived using the 
methods presented in Section 6.6.3 and Exhibit 
6-16, without division of the body weight and 
averaging time) for each radionuclide of concern 
to estimate risks from the inhalation pathway. 
Similarly, risks from the ingestion pathway should 
be estimated by multiplying the ingestion slope 
faaors by the aaivity ingested for each 

) radionuclide of concern (derived using the 
methods presented in Exhibits 6-11,6-12, 6-14,6
17, 6-18, and 6-19, 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 
faaors by the airborne radionuclide concentration 
(Bq/m3) and the duration of exposure. Risk from 
the ground surface pathway should be computed 
as the produa of the slope faaor, the soil 
concentration (Bq/ml ), and the duration of 
exposure for each radio nuclide of concern. 

The sum of the risks from all radionuclides 
and pathways yields the lifetime risk from the 
overall exposure. As discussed in Chapter 8, 
professional judgment must be used 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. 

10.7.3 	 COMBINING RADIONUCUDE AND 
CHEMICAL CANCER RISKS 

~ 	 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. Cenain 

precautions should be taken, however, before 
summing . these risks. First, me risk assessor 
should evaluate wbether it is reasonable to assume 
that the same individual can receive the maximum 
radiologidat and chemical dose. It is possible for 
this to ockur in some cases because many of the 
environmental traDSpon processes and routes of 
exposure are the same for radionuclides and 
chemicals. 

. 
In cases wbere different environmental fate 

and transpon models have been used to predict 
chemical and radio nuclide exposure, the 
mathematical models may incorporate somewhat 
different assumptions. These differences can result 
in incompatibilities in the two estimates of risk. 
One imponant difference of this nature is how the 
cancer toxicity values (i.e., slope factors) were 
developed. For both radionuclides and chemicals, 
cancer toxicity values are obtained by extrapolation 
from experimental and epidemiological data. For 
radio nuclides, however, human epidemiological 
data form the basis of the extrapolation, while for 
many ~hemical carcinogens, laboratory 
experimepts are the primary basis for the 
extrapolation. Another even more fundamental 
difference between the two is that slope faaors 
for chemical carcinogens generally represent an 
upper bound or 95th percent confidence limit 
value, while radio nuclide slope faaors 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 	 iASSESSING AND PRESENTING 
IUNCERTAINTIES 

Uncertainties in the risk assessment must be 
evaluated and discussed. including uncertainties in 
the phys~cal setting definition for the site, in the 
models Used, in the exposure parameters, and in 
the toxicity assessment. Monte Carlo uncertainty 
analyses are frequently performed as part of' the 
uncertainty and sensitivity analysis for radiological 
risk assessments. A summary of the use of 
uncertainty analyses in suppon of radiological risk 
assessments is provided in NCRP Report No. 76 
(NCRP 1984a), RadioLogical Assessment (Till and 
Meyer 1983), and in the Background Informanon 
Document for rhe Draft EIS for Proposed NESHAPs 
for Rtuiionuclides (EPA 1989a). 
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10.7.5 	 SUMMARIZING AND PRESENTING 
THE BASELINE RISK 
CHARACfER.lZATION RESULTS 

The results of the baseline risk 
characterization should be summarized and 
presented in an effective JIl81lDer to assist in 
decision-ma.k:iDg. The estimates of risk should be . 
summarized in the contel'l of the specific site 
conditions. Information should include the 
idenlity and concentrations of radionuclides, types 
and magnitudes of· health risks predicted, 
uncertainties in the exposure estimates and toxicity 
information, and characteristics of the site and 
potentially exposed populations. A s1Ul1.1DalY table 
should be provided in a format similar to that 
shown in Exhibit 6-22, as weU as graphical 
presentations of the predicted health risks (see 
Exhibit 8-7). 

10.8 	 DOCUMENTATION, 
REVIEW, AND 
MANAGEMENT TOOLS 
FOR THE RISK ASSESSOR, 
REVIEWER, AND 
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 risks are DOt needed. 
In addition, because radionuc1ide hazard and 
lOxicity have been addressed adequately on a 
generic basis, there is no need for an extensive 
discussion of lOxicity in the report. 
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I 

ADJUSThlENTS FOR 
ABSORPTION EF'FICIENCY 

This 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 
t:X]osure estimate and the toxicitv value for 
comparison are both expressed as absorbed doses 
or both expressed as intakes. 

Information concerning absorption effi
ciencies might be found in the sections describing 
absorption loxicokinetics in HEAs, HEEDs, 
HEEPs, HADs, EPA drinking water quality 
criteria or ambient water quality criteria 
documents, or in ATSDR toxicological profiles. 
If there is no information on absorption efficiency 
by the oraUinhalation routes, one can attempt to 
find absorption efficiencies for chemically related 
substances. If no information is available. 
conservative default assumptions might be used. 
Contact ECAO for further guidance. 

Adjustments may be necessary to match the 
exposure estimate with the toxicity value if one is 
based on an absorbed dose and the other is based 
on an intake (Le., administered dose). 
Adjustments may also be necessary for different 
vehicles of exposure (e.g., water, food, or SOil). 

For the dermal route of exposure, tbe 
procedures outlined in Chapter 6 result in an 
estimate of the absorbed dose. Toxicity values 
that are expressed as administered doses will need 
to be adjusted to absorbed doses for comparison. 
This adjustment is discussed in Section A.!. 

For the other routes of exposure (i.e., oral 
and inhalation), the procedures outlined in 
Chapter 6 resell in an estimate of daily intakes. 
If the toxicity value for comparison is expressed 

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 (i.e., intake) to an absorbed 
dose is needed for comparison with the toxicity 
value. This adjustment is discussed in Section 
A.2 

Adjustments also may be necessary for 
different absorption efficiencies depending on the 
medium of exposure (e.g., contaminants ingested 
with food or soil might be less completely 
abSorbed than contaminants ingested with water). 
This adjustment is discussed in Section A..3. 

A.I ADJUSTMENTS OF TOXICITY 
VALUE FROM ADMINISTERED 
TO ABSORBED DOSE 

Because there are few, if any, toxiCity 
reference values for dermal exposure. oral values 
are frequently used to assess risks from dermal 

ACRONYMS FOR APPENDIX A 

ATSDR - Agency for Toxic Substances and. 
Disease Regislry 

ECAO - Environmcnlal Crileria and. Assessment 
Office 


HAD - Health As3c:ssmenc Document 

!-lEA - Health EfIccu Assessment 


HE£D - Health and Environmental ElTeets 

'Doc:ument 


HEEP - Hcaltb and Environmental Effects 

Profile 


RfI) - Rdc:n:ua: OOIC 

SF - Slope FaaDr' 




DEFINmONS FOR APPENDIX A 

Absorbed.Dose. The lllDOWU of a substance penetrating thecchallge boundaries of an organism alta' coaUICL Absorbed . 
dose ilH:alallated from the intate and tbe absorption ctncieaey; ahd it usually iscprc:saecl as mata of • aubilance 
Ibsorbed into the body per wait body weighf per ua.iuime (C+O:I:I:aJ;q-<lay~:::.. :.. :. ...'. . .:.. 

: .....!. 

Administem:f Dose.. The mass o( substance adminisl.CrCd toanorganil.iJa~·.ui contac::nritb an c:tehaDge boundary (e.g.. 
gastrointestinal tract) per unit body weight per unit time (e.g.. mglkg-day). 

Exposure Route. The way a chemical or physical agent comes in contact witb an organism (i.e., by ingestion. inhalation. or 
dermal contact). 

l!:!!m- A measure of exposure cpn:ssed. as the mass of substance in CODtact with the c:u:b.a.age boundary per unit body weight 
per unit lime (e.g .. mglkg-day). Also termed the normalized e:qlOSUI'C rate. equivalent to administered dose. 

Reference Dose (Rrol. The Agency'S preferred tCllticity value tor evaluating DOnc:m:inogeaic effccu resulting from exposures 
It Superfund SItes. See specific entries {or cI1ronic: RID. subc.bronic. RID, and demopmenw RfD. The acronym RID, 
when used withQut other modilier.s, either re(ers generically LO all types of RIDs or specifically to c:hroaic RfDs; it never 
refers specifically to subchronic: or developmental RIDs. 

Slope Factor. A plausible upper·bound estimate of the probability or a response per unil intake o( a chemical Oller a IiCetime. 
The slope ractor IS used to estimate an upper-bound probability of au individual developing cancer as a result o( a 
lifetime ot e:(posure to a panicular level or a potential carcinogen. 

exposure. Most RIDs and some slope factors are 
expressed as the amount ofsubstance administered 
per unit time and unit body weight, where:lS 
exposure estimates for the dermal route of 
exposure are eventually expressed as absorbed 
doses. Thus, for dermal ex-posure to contaminants 
in water or in soil. it may be necessary to adjust 
an oral toxicity value from an administered to an 
absorbed dose. Tn the hoxes to the right and on 
the next page are samples of adjustments for an 
oral RID and an oral slope factor, respectively. 
If the oral toxicitv value is alreadv expressed as an 
ahsorbed dose (e.!! .. trichloroethvlene). it is not 
necessarv to adjust the toxicity value. 

In the absence of any information on 
absorption for the substance or chemically related 
substances, one must assume an oral absorption 
effiCiency. Assuming 100 percent absorption in an 
oral administration study that serves as the basis 
for an RID or slope factor would be a DQ!l: 

conservative approach for estimating the dermal 
RID or slope factor (i.e., depending on the type 
I}f chemical. the true absorbed dose might have 

.. . ieen much lower than 100 percent. and hence :101It......~ absorbed-dose RID should similarly be much lower 
or the slope factor should be much higher). For 
example. some metals tend to be poorly absorbed 

I 
EXAMPLE: ADJUSTMENT OF AN 


ADMINISTERED TO AN ABSORBED 

DOSE RID 


An oral RID, unadjusted for absorption. 
equals 10 mglkg-day. 

Other information (or an assumption)' 
indicates a 20% oral absorption efficiency in 
the species on which the RID is based. 

The adjusted RID that would correspond to 
the absorbed dose would be: 

10 mg/kg-day x: 0.20 =2 mg/kg-day. 

The adjusted RID of 2 mglkg-day would be 
compared with the amount estimated to be 
absorbed dermaUy each day. 
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(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. 

EXAMPLE: ADJUSTMENT OF 
EXPOSURE ESTIMATE TO 

AN. ABSORBED DOSE 

:TIle:cxposure asseSsment' indicates tilai:aD,' 
;;./:iD.dMdualingests ,40mgJkg~y of'the:: 
';j:;,:':fc:hCJniC3I:' from, 10Cllly grown. vegetabJe& ..: . :,;,;::: 

The oral RID (or slope faaor) for the 
chemical is based on an absorbed,' not 
ad.ministered, dose. 

The humanoral, absorption efficiency'for the 
contaminant from food. is known or assumed. 

'010: be 10 percent. 

The adjusted exposure, expressed as an 
absorbed dose for comparison with the RID 
(or slope faaor). would be: 

40 mg/kg-day x 0.10 = 4 mglkg-day. 

ezposure assumed by the toxicity value (e.g., RID 
values usually are based on or have been adjusted 
to jretlea exposure via drinking water, while the 
sit~ 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 
exposure to contaminated food or soil (e.g., if the 
substance does not desorb from soil in the 
gastrointestinal tract). Similarly, a substance 
might be more completely absorbed following 
inhalation of vapors than follOwing inhalation of 
particulates. The selection of adjustment method 
will depend upon the absorption efficiency 
inherent in the RID or slope factor used for 
comparison. To adjust a food or soil ingestion 
exposure estimate to match an RID or slope 
factor based on the assumption of drinking water 
ingestion, an estimate of the relative absorjltion 
of the substance from food or soil and from water 
is needed. A sample Cllculation is provided in 
the box on the next page. 

In the absence of a strong argulllent for 
making this adjustment or reliable information 
on absorption efficiencies, assume that the relative 

,.aJ 

An oral slope factor. unadjusted for 
absorption equals 1.6 (mglkg-dayrI . 

Other information (or an assumption) 
indicates a 20% absorption efficiency in the , 
species on which the slope factor is based. 

The adjusted slope factor that would 
correspond to the absorbed dose would be: 

1.6(mglkg-dayr1/O.20 = 8 (mglkg-dayrI . 

The adjusted slope faaor of 8 (mg/kg
dayr1 would be used (0 estimate the cancer 
risk associated with the estimated absorbed 
dose for the dermal route of exposure. 

A.2 ADJUSTMENT OF EXPOSURE 
ESTIMATE TO AN ABSORBED 
DOSE 

If (he toxicity value is expressed as an 
absorbed rather than an administered dose, it may 
be necessary to convert the exposure estimate 
from 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 corner. Do not adjust exposure estimates 
for absorption efficiencv if the toxicilV values are 
based on administered doses. ' 

A.3 ADJUSTMENT FOR MEDIUM 
OF EXPOSURE 

If the medium of exposure in the site 
exposure assessment differs from the medium of 

http:1.6(mglkg-dayr1/O.20
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EXAMPLE: ADJUSTMENT FOR 
MEDIUM OF EXPOSURE 


The expected buman daily intake. of the 

substance in food or soil is estimated to be 
10 mWkg-day. ..... .. 
'. '. :.. ": ...,: . ':'::;';:}:~:.' 

Absorption of the substance from drinking . 
wa ter is known or assumed to be 90%, and 
absorption of the substance from food or 
soil is known or assumed to be 30%. 

The relative absorption of the substance in 
food or soil/drinking water is 0.33 (i.e., 
30190). 

The oral intake of the substance. adjusted 

to be comparable with the oral RID (based 

on an administered dose in drinking water). 

would be: 


10 mg/kg-day x 0.33 = 3.3 mglkg-day. 

absorption efficiency between food or soil and 
water is 1.0. 

If the RID or slope factor is expressed as an 
absorbed dose rather than an administered dose., 
it is only necessary to identify an absorption 
efficiency associated with the medium of concern 
in the site exposure estimate. In the example 
above, this situation would translate into a relative 
absorption of 0.3 (i.e., 30/100). 
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INDEX 


A 

Absorbed dose 


calculation 6-34, 6-39, 7..8, 7.10, 7·12 

definition 6-2, 6-4, 6-32, 6-34, 7-10, 10-2 

following dermal contact with soil, 


sediment, or dust 6-39, 6-41 to 6-43, 7
16 


following dermal contact with water 6-34, 

6-39, 7-16 


radiation 10-1, 10-2, 10-6 

toxicity value 7·10, 7-16, 8·5, A-1, A·2 


Absorption adjustment 

dermal exposures 8-5, A·l, A-2 

medium of exposure 8-5. Aw 3, A-4 


Absorption efficiency 

default assumptions 6-34. 6-39, A-2 to A-4 

dermal 6-34, 6-39 

general 6-2, 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 6·2, 6·6, 6-7, 6-24, 7·3 


Acute exposures. See E:rposure .- short-term 

Acute toxicantS 6-23, 6-28 


ADIs. See Acceptable daily intakes 

Administered dose 6-2, 6-4. 7-1, 7-2, 7-10. 8.2, 

8-5, A-I to A-4 


Agency for Toxic Substances and Disease 

Registry 1..8, 2·1, 2·3, 2-4, 2-8 to 2·11, 6-1, 6
17. 7-14, 8-1, 8-15, 8-24 


Air data collection 

and soil 4-10 

background sampling 4-9 


concentration variability 4-9 

emission sources 4-15 

flow 4-8 

meteorological conditions 4-15, 4-20 

mOnitoring 4-8, 4-9, 4-14 

radionuclldes 10-U 

sample type 4-19 

sampling locations 4-19 

shon-term 4-15 

spatial considerations 4-15 

temporal considerations 4-15, 4-20 

time and cost 4-21 


Air exposure 
i 
 dispersion models 6-29 

I indoor modeling 6-29 

I outdoor modeling 6-29 


volatilization 6-29 


Analytes 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 services 4-22 

special analytical services 4-3. 4·2: 


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 6-2, 6-4 


ARAR. See Applicable or relevant and 
appropriate requirement 

A(t). See Activity at time t 

ATSDR. See Agency for Toxic Substances and 
Disease Registry 

Averaging time 6-23 
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B 
Background 


anthropogenic 4-2, 4-5 

comparison to site related contamination 4

9, 4-10, 4-18 

defining needs 4-5 to 4-10, 6-29, 6-30 

information useful for data collection 4-1 

localized 4-5 

naturally occurring 4-2, 4-5, 8--25, 10-14 

sampling 4-5 to 4-10, 10-14 

ubiquitous 4-5 


BCF. See Bioconcentration factor 

Bench scale tests 4-3 


Benthic oxygen conditions 4-7 


Bioconcentration 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 

laboratory calibration 5-17 

laboratory reagent or method 5·17 

trip 4-22, 5·17 


Body weight as an intake variable 6-22, 6-23, 6· 

39, 7·8, 7·12, 10·26, 10·33 


Bulk density 4-7, 4-12 


c 
Cancer risks 


extrapolating to lower doses 7·11, 7·12 

linear low-dose equation 8·6 

multiple pathways 8·16 

multiple substances 8-12 

one· hit equation 8·11 

radiation 10-28 to 10-32 

summation of 8--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 


Modeling 


Center for Exposure Assessment Modeling 6-1, 

6-25, 6-31 


CERCLA See Comprehensive Environmental 

Response, Compensation, and Liability Act of 

1980 


CERa..A Information System 2-4 


CERCLlS. See CERCLA Information System 


Checklist for manager involvement 9·14 to 9·17 


Chemicals of potential concern 
 ,)definition 5-2 

listing 5·20 

preliminary assessment 5-8 

radionuclides 10·21 

reducing 5·20 to 5-24 

summary 5·24 to 5·27 


Chronic daily intake 6-1, 6-2, 6-23, 7·1, 8-1.8-6 

to 8·11 


CLP. See Contract Laboratory Program

Combustible gas indicator 5·6 

Common laboratory contaminants 5·2, 5-3, 5·13,. 
5-16, 5·17 

Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 1-1,' 

1-3, 2·1 to 2-4 


Concentration.toxicity screen 5·20, 5·23 

Conceptual model 4-5, 4-10 


Contact rate 6-2, 6-22 ) 


Contract Laboratory Program 

applicability to radionuc1ides 10·16, 10-17, 


10-20, 10-21 
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definition 4-2 

routine analytical seIVices 4-22, 5-5, 5-7, S


IS, 5-18, 5-20 

special analytical seIVices 4-3, 4-22, 5-5, 5-7 


to 5-10, 5-18 to 5-20 

statements of work 5-5 


Contract-required detection limiL Set 
Detection- limit 

Contract-required quantitation limiL See 
Quantitation limit 

CRAVE. See Carcinogen Risk Assessment 
Verification Endeavor 

CRDL See Conuact-required detection limit 

CritiC31 study. See Reference dose 

CritiC31 toxicity effect. See Reference dose 

CRQL_ See Contract-required quantitation 
limit 

Curie 10-2, 10-4, 10-6 


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 3-4, 4-1 to 4-5, 4-19, 4
24, 10-14 


DCF. See Dose conversion factor 

Decay products 10-2, 10-7, 10-21, 10-24 


Decision Summary 9-3 


Declaration 9-3 


Dermal 

absorption efficiency 6-34, 6-39 

contact with soil, sediment, or dust 6-39, 6

41 to 6-43, A-2 

contact with water 6-34, 6-37 to 6-39, A-2 


exposure 4-10, 4-11, 4-14, 6-34, 6-37 to 6
39, 6-43, 8-5, A-2 


external radiation exposure 10-22, 10-23, 

10-25, 10-26 


toxicity values 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

31 

instrument 4-1, 5-1, 5-7 

limitations to 4-15, 4-22, 5-8 

method 4-22, 5-1, 5-7 

radio nuclides 10-17 to 10-20 


Diffusivity 6-12 


Dissolved oxygen 4-7 


DL See Detection limit 

I 

Documentation_ See Preparing and reviewing 

the baseline risk assess men t 

Dose 

absorbed ~ administered 6-4, 7-10, 8-2, A

I to A-3 

absorption efficiency A-I to A-3 

response curve 7-12 

response evaluation 7-1, 7-2, 7-11, 7-12 


Dose conversion factor 10-1, 10-2, 10-24. 10-25, 

10-26 


Dose equivalent 

c.ommitted 10-1, 10-2, 10-7, 10-24, 10-25, 


10-26 

effective 10-1, 10-2, 10-7, 10-24, 10-25. 10

26 


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 

transpon indoors 6-29 
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E 
E. 	 See Exposure level 

ECAO. See Environmental Criteria and 
Assessment Office 

Emission sampling 

rate 4-5, 4-7, 4-14 

strength 4-7 


Endangennenl Assessmenr 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-I 


EnviTonmenral Evaluation Manual 1.1, 1-11, 2·9, 

4-16 


Environmental Photographic Interpretation 

Center 4-4 


EPIC. See Environmental Photographic 
Interpretation Center 

Epidemiology 

site-specific studies 2-10, 8-22, 8-24 

toxicity assessment 7-3, 7-5 


Essential nutrients 5·23 

Estuary sampling 4-7, 4-13, 4-14 


Exposure 

averaging time 6-23 

characterization of setting 6-2, 6-5 to 6·8 

definition 6-2, 8·2 

event 6-2 

expressed as absorbed doses 6·34, 6·39, A-1 

for dermal route 6·34, 6-39, 6-41 to 6-43 

frequency/duration 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 exposures 6-32 to 647 

poin t 6·2, 6-11 

potentially exposed populations 6-6 to 6-8 

radionuclides ~ chemicals 10-22 

route 6·2, 6-11, 6-17, 6-18, 8-2, A-I 

short-term 6-23, 8-11, 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 exposure to 


contaminated water 6-34 

preliminary 4-3, 4-10 to 4-16 

radiation 10-22 to 10-27 

spatial considerations 6-24 to 6-26 


Exposure concentrations 

and the reasonable maximum exposure 6-19 

in air 6-28., 6-29 

in food 6-31, 6-32 

in ground water 6-26, 6-27 

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 
I 	 components 6-8, 6-9 


definition 6-2, 8-2 

external radiation exposure 10-22, 10-23, 


10-25, 10-26 

identification 6-8 to 6-19 

multiple 6-47 

summarizing 6-17, 6·20 


F 

Fate and transport assessment 6-11, 6-14 to 6

16. See also Exposure assessment 

Field blanks. See Blanks 

Field investigation leam 4-1, 4-16, 4·20, 4-24. 5· 

. I, 5·2 


Field sampling plan 4-1, 4-2, 4-23, 4-24, 10-15 


Field screen 4-11, 4-20, 4-21, 5·5, 5·6, 5-24 


First-order analysis 8-20 
 ) 
FIT. See Field investigation team 

rtve-year review 2·3, 2-5 


Food chain 2·3. 4-7, 4-10, 4-16, 6-31, 6-32 


Fraction organic contenr n( CI'Iil 4..7 




Frequency of detection. See Detection 
frequency 

FS. See Remedial investigation/feasibility study 

FSP. Set Field sampling plan 

G 

Ground-water data collection 


and air 4-13 

and soil 4-12 

filtered ~ unfiltered samples 4-12, 6-27 

hydrogeologic: propenies 4-12 

sample type 4-19 

traDSpon route 4-11 

well location and depth 4-12 


Grouping chemicals by class 5-21, 1()"21 

H 
HADs. See Health Assessment Documents 

HAs. See Health Advisories 

Half-life 6·12, 10·2 

Hazard identification 1-6, 7-1, 7.2, 1()"28 to to
30 


Hazard index 

chronic 8-13 

definition 8-1, 8·2 

multiple pathways 8-16, 8-17 

multiple substances 8·12, 8-13 

noncancer 8-12, 8·13 

segregation 8-14. 8-15 

short-term 8·13, 8-14 

subchronic 8-13, 8·14 


Hazard quotient 8-2, 8-11 


Hazard Ranking System 2-5, 2-6, 4-1, 4-4 


HE' See Dose equivalent 

HE,5o- Set Dose equivalent 

Head measurements 4-7 


Health Advisories 2-10, 7-9, 7-10, 8-13 


Health and Environmental Effects Documents 
7·1, 7·14, A·1 

Health and Environmental Effects Profiles 7-1, 

I
71"14, A·1 
I 


Health Assessment Documents 7.1, 7-14, A-I 


Health Effects Assessments 7-1, 7.14, A-I 


Health Effects Assessment Summary Tables 7-1, 

7-14 


Health physicist 1()"3, 1()"21 


HEAs. Set Health Effects Assessments 


HEAST. Set Health Effects Assessment 

Summary Tables 

HEEDs. Set Health and Environmental Effects 
Documents 

~s. See Health and Environmental Effects 
Profiles 


Henry's law constant 6-12 


Hi See Hazard index 


HNu organiC vapor detector 5-6 


Hot spots 4-10 to 4-12, 4-17, 4-19. 5-27, 6-24, 6
28 


HQ. See Hazard quotient 


HRS. See Hazard Ranking System 


HT• See Dose equivalent 


Hr.5o- See Dose equivalent 


Hydraulic gradient 4-7 


I 

!ARc. See International Agency for Research 


on Cancer 


!DL. See Instrument detection limit 
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Ingestion 

of dairy products 4-16, 6-47, 6-48 

of fish and shellfish 4-3, 4-11, 4-14, 4-15, 4

16, 6-43, 6-45 

of ground water 6-34, 6-35 

of meat 4-15, 4-16, 6-47, 6-48 

of produce 4-16, 6-43, 6-46, 6-47 

of soil. sediment, or dust 6-39, 6-40 

of surface water 4-14, 6-34, 6-35 

while swimming 4-14, 6-34,6-36 


Instrument detection limiL See Detection limit 


Inhalation 6-43, 6-44 


Intake 6-2, 6-4, 6-19, 6-21, 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 


~ 6-12 


Koc 6-12 


Kow 6-12, 6-31 


Kriging 6-19 


L 
Land use 


and risk characterization 8-10, 8-20. 8-26 

current 6-6 

future 6-7 


Lentic waters 4-14 


LET. See Linear energy transfer 


Level of efton 1-6 to 1-8, 3-3 


Life history stage 4-7 


Lifetime average daily intake 6·2, 6-23, 8-4 


Linear energy transfer 10-1, 10·2, 10-28, 10·29, 

10-31 


Unearized multistage model 7.12, 8-6 


Upid content 4-7, 10-14 


un. See Lower Umi~ of detection 


LOAEL. See Lowest-observed-adverse-effect

level 


Lotic waters 4-13, 4-14 


Lower limit of detection 10-1 


Lowest-observed-adverse-effect-Ievel 7-1, 7-2, 7
7,8-1 

M 

Management tools 9-1, 9-14, 10-1, 10-34 


Maximum contaminant levels 1-8, 5-8 

I 


MCLs. See Maximum contaminant levels 

MDL. See Method detection limit 

Media of concern 

air 4-14 

biota 4-15 

ground water 4-12 

sampling 4-2. 4-3, 4-10 to 4-16 

soil 4-11 

surface water/sediments 4-13 


Metals 

absorption by gastrointestinal tract A-2. A

3 

default assumptions for A-2 


Method detection limiL See Detection limit 


MeV. See Million electron volts 


MF. See MOdifying factor 
 ) 
Million electron volts 10-1, 10-5 
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Modeling 4-3 to 4-8, 5-8, 5-22, 5-27, 6-25, 6-26. 

8-18 to 8·20 


Modifying factor 7·7, 7·21. 8-4, 8-8, 10-1, 10-2, 

10-6 


Monte Carlo simulation 8-19.8-20 

Multistage model. See Linearized 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, 2-4, 2-5 


National Priorities List 2-3, 2-5, 2-6, 10-1 


National Response Center 2-4 


National Technical Guidance Studies 6-1 


NCP. See National OU and Hazardous 

Substances Pollution Contingency Plan 

ND. See Non-detect 

NOAA. See National Oceanographic and 
AtmospheriC Administration 

NOAEL. See No-observed-adverse-effect-level 

Noncancer hazard indices. See Hazard index 

Noncancer hazard quotient. See Hazard 
quotient 


Noncarcinogenic threshold toxicants 7-6 


Non-detects 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 


Nudear Regulatory Commission 8-1. 10-8 


Nuclear transformation 10-2 


o 
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 

I 


Operable 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 


Oxygen-deficient atmosphere 5-6 


p 
PA. See Preliminary assessment/site inspection 


Partition coefficient 4-7, 6-31, 6-32 


PMI. See Preliminary assessment/Site 

inspection 

Pc. See Permeability constant 

PE. See Performance evaluation 
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Performance evaluation 5-1. 5-5 


Permeability constant 6-34, 1()"26 


Persistence 4-2, 5-21. 6-4, 6-23, 6-24 


pH 4-7 


PHE. Se~ Public health evaluation 


Porosity 4-7, 4-12 


PQL Se~ Practical quantitation limit 


Practical quantitation limit 5-1 


Preliminary assessment/Site inspection 2-4, 2·5, 

2-6, 4-2, 4-4, 6-5 


Preliminary remediation goals 1·3 to 1-5, .1-8, 8
1 


Preparing and reviewing the baseline risk 

assessment 


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 


PRGs. See Preliminary 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 Assurance/Quality Control 


QL See Quantitation limit 


Qualifiers. See Data 


Quality assurance project plan 4-1. 4-2, 4-23 


Quality assurance/quality control 3-4, 4-1. 4-3, 5· 

I, 5-29 


1Quality factOr 10-2, 1Q.6 

Quantitation limit 
oompared to health-based concentrations 5

2. 5-5, 5·7, 5-8, 5-11 

oontract-require4 5-1. 5·2, 5-8 

definitions 5·2, 5-5, 5-8 

evaluation 5-1 to 5-9, 1()"20 

high 5-10 

radionuclides 1()"17 to 10-20 

sample 5-8 

strategy 4-21 

unavailability 4-3, 5-10 


R 
RA. See Remedial' action 

Radiation. See Radionuclides, radiation 

i 

Radiation advisory groups 

I International Commission on Radiation 


Protection 10-3, 10-9, 10-28 

National Academy of Sciences 10-28, 10-29 

National Council on Radiation Protection 


and Measurements 10-9, 10·28 
United Nations Scientific Committee on 


the Effects of Atomic Radiation 10-28, 

10-29, 10-30 


Radiation detection instruments 

gas proponional counters 10·12. 10-13 

Geiger-Mueller (G-M) counters 10-11. 10

12 

ionization chambers 10-11 to 10-13 

scintillation detectors 10-11 to 10·13 

soUd,sUlte detectors 10-12.. 1()"13 


Radiation units 

becquerel 10-1. 10-2, 10-4, 10-6 

curie 10-1. 10·2, 10-4, 10·6 

pia:>curie 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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Radionuclidl:S, radiation 

alpha panicles 1Q..4, 10·5, 10·28 

beta panicles 1Q..4, 10-5, 10-28 

decay proouas 10·2, 10-7, 10-21, 10·24 

definition 1()"2 

external 1()"2 

half·life 1()"2 

internal 10·2 

ionizing 10·2 

linear energy transfer 10·2, 10·28, 10-29, 


10-31 

lower limit of detection 10·17, 10·20 

neutrons 1()..4 

photons 1()..4, 10-5, 10-28 

positrons 1()..4 

quality factors 10-2, 10-6, 10·29 

radioactive decay 10-2, 10·2 

radon decay products 10-7 

regulatory agencies 10-8, 10-9 

relative biological effectiveness 10-1, 10-6, 


10-29 

risk characterization 10-32 to 10-34 

toxicity assessment 10·27 to 10-32 


RAS. See Routine analytical services 

RBE. See Relative biological effectiveness 

RCRA See Resource Conservation and 
Recovery Act 

RD. See Remedial design 

Reasonable maximum exposure 

and body weight 6-22, 6·23 

and contact rate 6-22 

and exposure concentration 6·19 

and exposure frequency and duration 6·22 

and risk characterization 8-1,.8-15, 8-16, 8· 


26 

definition 6-1, 6-4, 6-5 

estimation of 6-19 to 6-23, 8-15,8.16 


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

13, A·1, A-2 

critical toxic effect 7·7, 8-4, 8-10, 8·15 

critical study 7·7 

definition 7·1, 7·2, 8-2, A·2 


developmental 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, S-2, 8·9, 


8-14 

verified 7·10 


Regional Radiation Program Managers 10.3, 10· 

10 


Relative biological effectiveness 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·S, 2-6, 2·9 

Remedial investigation/feasibility study 1·1 to 1
~, 1·8 to 1.10, 2·5 to 2-7, 3-1 to 3-3, 4-1 to 

~S, 4-23, 8-1 

I 


Remedial project manager 
and background sampling 4·8 
and elimination of data 5-2, 5·17, 5·20, 5

21 

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 


Remedy selection 1·9, 2-5 


Resource Conservation and Recovery Act 2-7, 

10-8 


Responsiveness Summary 9·3 

Reviewing the risk assessment. See Preparing 
and reviewing the baseline risk assessment 

RID. See Reference dose 

RIDdr See Reference dose 

RIDs- See Reference dose 

http:8-15,8.16
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RI. See Remedial investigation/feasibility 

studies 


RI/FS. Set Remedial investigation/feasibility 

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 RI/FS process 1-3 to 1
10 


Risk manager 1-2 


RME. See Reasonable maximum exposure 


ROD. See Record of Decision 


Route-to-route extrapolation 7-16 


Routine analytical services. Set Contract 

Laboratory Program 

RPM. Set 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 limit 5-1. See also 
Quantitation limit 

Samples. Set Sampling 

Sampling 

annual/seasonal cycle 4-20 

composite 4-11, 4-14, 4-19 

cost 4-10, 4-17, 4-18, 4-20.4-21 

depth 4-7, 4-11. 4-12, 4-19 

devices 4-21 

grab 4-19 

purposive 4-9, 4-10, 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 transpon 4-10 to 4

16 

strategy 4-16 

systematic 4-18, 4-19 


I 

I 


Sampling and analysis plan 1-4, 4-1, 4-2, 4-3, 4
22 to 4-24 


SAP. Set Sampling and analysis plan 


SARA See Superfund Amendments and 

Reauthorization Act of 1986 


SAS. Set Special analytical services 


Scoping 

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 


SOl. See Subchronic daily intake 

SEAM. See Superfund ExpolUTe Assessment 
Manual 

i 

S~gregation of hazard indices 8-14, 8-15 


Selection of remedy. Set Remedy selection 

Semi-volatile organiC chemical 5-1 


SI. Set International System of Units, 
Preliminary assessment/site inspection 

Site discovery c( notification 2-4 


Site inspection. See Preliminary assessment/site 
inspection 

Skin 5-29, 1-16, 10-4, 10-6, 10-22. 10-29. See 

also Dermal 


Slope factor 5-9, 5-21. 7-3, 7-11 to 7·13, 7-16. 8
1.8-2 to 8-7, 8-10 to 8-12, 1'-2. to-33. A-I 

to A-4 


SMO. Set 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 
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Solubility 6·12 


Sorption 6-27 


SOW. St!e Statements of work 


Special analytical services. See Contract 

Laboratory Program 


Specific organ 4-7, 10-7, 10-22 


SPHEM. See Superfund Public Health 

Evaluation MIl1UJ.D.i 

SQL. Set! Sample quantitation limit 

Stability class 4-7 


Statements of work. Set Contract Laboratory 
Program 

Statistics 

and background 4-8 to 4-10, 5-18 

certainty 4-8, 4-17, 4-18 

methods 4-8, 4-18 

power 4-9, 4-18 

sampling strategy 4-16 to 4-20 

variability 4-9, 4-18 


Structure.activity studies 7-5 


Subchronic daily intake 6-1, 6-2. 6-23, 7·1. g·l 


Superfund. See Comprehensive Environmental 

Response. Compensation, and Liability Act of 

1980 


Superfund Amendments and Reauthorization 

Act of 1986 1·11. 2·1 to 2-4 


Superfund Exposure Assessment Manual 2·1. 2·8. 

6-1 


Superfund Public Health Evaluation Manual 1·1. 
2-8 


SVOC. See Semi-volatile organic chemical 


T 
T. See Tissue 

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
8, 5-17, 5·21, 10·20 


I 


TeL. ISet! Target compound list 

Tentatively identified compound 4-1, 5-1, 5-13, 

5.17, 5·18 


Thermocline 4-7 


TIC. See Tentatively identified compound 


Tidal qc1e 4-7, 4-14 


TlSSue 10·1 


TOe. Set! Total organic carbon 


Tools 

documentation 9·1 to 9-8 

management 9·13 to 9-17 

review 9·3, 9·9 to 9-14 

I 


Topography 4-7 


Total organic carbon 5-1 


Total organic halogens 5·1 


TOX. Set Total organic halogens 


Toxicity assessment 1-6. 1·7, 7·1, 7-4, 10·27 to 

10-32 
 A 

TOxicity values 

absorbed U administered dose 7·10, A·l 

definition 7-3 

generation of 7-16 

hierarchy of information 7 15 

oral 7·16, 10-33. A-2 

radiation 10-22, 10-32 

reducing number of chemicals 5·21. 5-23 


Transfer coefficients 6-32 


Transformation 5·20, 6-27, 7.5, 10·2. 10-3, 10·5 

Treatability 5-21 


Trip blanks. Set Blanks 
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u 
UFs. See Uncenainty factors 

Uncertaintv analvsis 

expos~ 6-i7, 6-34, 6-47,6-49 to 6-51, 8

18, 8-22 

factors 7-7 to 7.10, 8-4, 8-8, 8-9, 8-17, 8-18, 


8-20,8-22 

first-order analysis 8-20 

model applicability and assumptions 6-50, 


8-18 to 8-22 ' 

Monte Carlo simulation 8-20 

multiple substance exposure 8-22 

parameter value 8-19 

qualitative 8-20, 8-21 

quantitative 8-19, 8-20 

radiation 10-27, 10-33 

risk 8-17 

semi-quantitative 8-20 

toxicity 7-19, 7-20, 8-22 


Uncertainty factors. See Uncenainty analysis 
factors 

Unit risk 7-13 


U.S. Geological Survey 6-1, 6-6 


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, 4-16, 6·31, 10-6, 10·7 


WorkpIan 4-1, 4-4,4-22 to 4-24, 9-15 


WT• $ee Weighting factor 
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