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ABSTRACT:

The Proposed Guidelines for Carcinogen Risk Assessment were published in the
Federal Register on April 23, 1996 (Federal Register: 17960-1801 1) for a 120-day
public review and comment period. The Proposed Guidelines are a revision of EPA's
1986 Guidelines for Carcinogen Risk Assessment (51 FR 33992), and when final, will
replace the 1 986 cancer guidelines. The full text of the FR notice also is being made
available via the Internet.

Since the publication of the 1986 cancer guidelines, there is a better understanding of
the variety of ways in which carcinogens can operate. Today, many laboratories are
moving toward adding new test protocols in their programs directed at mode of action
questions. Therefore, the Proposed Guidelines provide an analytical framework that
allows for the incorporation of all relevant biological information, recognize a variety of
situations regarding cancer hazard, and are flexible enough to allow for consideration of
future scientific advances.

The 1 986 cancer guidelines have several limitations in addition to their inadequacy in
addressing recent gains in the understanding of carcinogenesis. Although they called for
the evaluation of all relevant information, the classification scheme used for identifying
potential human hazard relied heavily on tumor findings, and in practice, seldom made
full use of all biological information. Moreover, the conditions of the hazard were not
taken into account. For example, it was common to assume that if an agent was
carcinogenic by one route of exposure (e.g., inhalation), it posed a risk by any route.
The 1986 cancer guidelines are also confined in that dose-response assessment allowed
for only one default approach (i.e., the linearized multistage model for extrapolating risk
from upper-bound confidence intervals). Moreover, very little guidance was given for
risk characterization, the component of risk assessment that describes potential human
risk, strengths and weaknesses of data, size of risk, and confidence of the conclusions
for the risk manager. The Proposed Guidelines include the following changes to address
these limitations, accommodate new information on carcinogenesis, and advance cancer
risk assessment:
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• Hazard Assessment Emphasizes Analysis of All Biological Information rather than
r,^-^. just tumor findings.

• Agent's Mode of Action is Emphasized to reduce the uncertainty in describing the
likelihood of harm and in determining the dose response approach(es). This emphasis
should provide incentive for generating key information needed to reduce the default
assumptions used in risk assessment.

• Hazard Characterization is Added to Integrate the Data Analysis of all relevant
studies into a weight of evidence conclusion of hazard, to develop a working conclusion
regarding the agent's mode of action in leading to tumor development, and to describe
the conditions under which the hazard may be expressed (e.g., route, pattern, duration,
and magnitude of exposure).

• Weight of Evidence Narrative Replaces the Current Alphanumeric Classification.
The narrative is intended for the risk manager and lays out a summary of the key
evidence, describes the agent's mode of action, characterizes the conditions of hazard
expression, and recommends appropriate dose response approach(es). Significant
strengths, weaknesses, and uncertainties of contributing evidence are highlighted. The
overall conclusion as to the likelihood of human carcinogenicity is given by route of
exposure.

• Three Descriptors for Classifying Human Carcinogenic Potential: "known/likely",
_^ "cannot be determined", and "not likely" replace the six alphanumeric categories

(AJB1,B2,C,D,E) in the 1986 cancer guidelines. Subdescriptors are provided under
these categories to further differentiate an agent's carcinogenic potential.

• Biologically Based Extrapolation Model is the Preferred Approach for quantifying
risk. It is anticipated, however that the necessary data for the parameters used in such
models will not be available for most chemicals. The Proposed Guidelines allow for
alternative quantitative methods, including several default approaches.

• Dose Response Assessment is a Two Step Process. In the first step, response data are
modeled in the range of observation and in the second step, a determination of the point
of departure or range of extrapolation below the range of observation is made. In
addition to modeling tumor data, the new guidelines call for the use and modeling of
other kinds of responses if they are considered to be measures of carcinogenic risk.

• Three Default Approaches—Linear, Nonlinear, or Both are provided. Curve fitting
in the observed range would be used to determine the effective dose corresponding to
the lower 95% limit on a dose associated with 10% response (LED 10). The LED 10
would then be used as a point of departure for extrapolation to the origin as the linear
default or for a margin of exposure (MOE) discussion as the nonlinear default. The
LED 10 is the standard point of departure, but another may be used if more reasonable
given the data set [(e.g., a no observed adverse effect level (NOAEL)]. In support of
discussion of the anticipated decrease in risk associated with various MOEs, biological

</"'""N information concerning human variation and species differences, the slope of the dose
response at the point of departure, background human exposure (if known), and other
pertinent factors would be taken into consideration.
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• Descriptions of Major Default Assumptions and Criteria for Departing From
Them are described.

• Risk Characterization is More Fully Developed by providing direction on how the
overall conclusion and confidence of risk is presented for the risk manager. The
Proposed Guidelines call for assumptions and uncertainties to be clearly explained.
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THIS DOCUMENT IS A PRELIMINARY DRAFT. It has not been formally released by the
U.S. Environmental Protection Agency and should not at this stage be construed to represent
Agency policy. It is being circulated for comment on its technical accuracy and policy
implications.
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DISCLAIMER

The current document constitutes work in progress. It incorporates
some changes to the January 1999 review draft based on discussions at the
January meeting and the recently released draft letter from the Science
Advisory Board (SAB), dated May 20, 1999. The Agency is continuing to
address the SAB recommendations. However, for the purpose of providing
a context for a discussion of the guidance on assessing children's risk, the
Agency has provided the most current version of the draft guidelines.

The document is a draft for review purposes only. It does not
constitute U.S. Environmental Protection Agency policy. Mention of trade
names or commercial products does not constitute endorsement tir
recommendation for use.
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GUIDELINES FOR
CARCINOGEN RISK ASSESSMENT

FRL-

AGENCY: U.S. Environmental Protection Agency

ACTION: Notice of Final Guidelines for Carcinogen Risk Assessment

SUMMARY: The U.S. Environmental Protection Agency (EPA) is today publishing a document
entitled Guidelines for Carcinogen Risk Assessment (hereafter "Guidelines"). These guidelines
were developed as part of an interoffice guidelines development program by a Technical Panel of
the Risk Assessment Forum within EPA's Office of Research and Development. These guidelines
revise and replace EPA's 1986 Guidelines for Carcinogen Risk Assessment published on
September 24, 1986 (51 FR 33992).

In an associated Federal Register notice, the Agency discusses its cancer assessment
prioritization process, including priorities for reassessments under these final guidelines.

FOR FURTHER INFORMATION, CONTACT: Technical Information Staff, Operations and
Support Group, National Center for Environmental Assessment-Washington
Office, telephone: 202-564-3261.

ADDRESSES:
The Guidelines will be made available in the following ways:

1) The electronic version will be accessible on EPA's Office of Research and Development home
page on the Internet at http://www.epa.gov/ORD

2)

3) This notice contains the full document. In addition, copies will be available for inspection at
EPA headquarters and regional libraries, through the U.S. Government Depository Library
program, and for purchase from the National Technical Information Service (NTIS), Springfield,
VA; telephone: 703-487-4650, fax: 703-321-8547. Please provide the NTIS PB No. Q ($xx.OO)
when ordering.
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SUPPLEMENTARY INFORMATION: In 1983, the National Academy of Sciences
(NAS)/National Research Council (NRC) published its report entitled Risk Assessment in the
Federal Government: Managing the Process (NRC, 1983). In that report, the NRC
recommended that Federal regulatory agencies establish "inference guidelines" to ensure
consistency and technical quality in risk assessments and to ensure that the risk assessment
process was maintained as a scientific effort separate from risk management. The 1986 cancer
guidelines were issued on September 24, 1986 (51 FR 33992). The Guidelines published today
continue the guidelines development process. These guidelines set forth principles and
procedures to guide EPA scientists in the conduct of Agency cancer risk assessments and to
inform Agency decision makers and the public about these procedures.

These guidelines contain inference guidance in the form of default inferences to bridge
gaps in knowledge and data. Research conducted in the past decade has elucidated much about
the nature of carcinogenic processes and continues to provide new information. These guidelines
take account of knowledge available now and to provide flexibility for the future in assessing data
and employing default inferences, recognizing that the guidelines cannot always anticipate future
research findings. Because methods and knowledge are expected to change more rapidly than
guidelines can practicably be revised, the Agency will update specific assessment procedures with
peer-reviewed supplementary, technical documents as needed. Further revision of the guidelines
themselves will take place when extensive changes are necessary.

Since 1986, the EPA has sponsored several workshops about revising the cancer
guidelines (U.S. EPA, 1989b, 1989c, 1994a). The Society for Risk Analysis conducted a
workshop on the subject in connection with its 1992 annual meeting (Anderson et al., 1993).
Participants in the most recent workshop in 1994 reviewed an earlier version of the guidelines
proposed here and made numerous recommendations about individual issues as well as broad
recommendations about explanations and perspectives that should be added. Many persons
commented on the proposal of these guidelines in 1996, and all of these comments were
considered. The EPA appreciates the efforts of all commenters and participants in the process and
has considered their recommendations and concerns. An overview of the major features of the
guidelines is provided below, followed by responses to comments on major science and science
policy issues.
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Overview of Major Features of the Guidelines

Characterizations

The guidelines call for greater emphasis on characterization discussions for hazard, dose
response, and exposure assessment. These discussions will summarize the assessments to explain
the extent and weight of evidence, major points of interpretation and rationale for their selection,
and strengths and weaknesses of the evidence and the analysis, and to discuss alternative
conclusions and uncertainties that deserve serious consideration (U.S. EPA, 1995). They serve as
starting materials for the overall risk characterization process which completes the risk
assessment.

Weighing Evidence of Hazard

The guidelines emphasize the weighing of all of the evidence in reaching conclusions about
the human carcinogenic potential of agents. This is to be accomplished in a single step after
assessing all of the individual lines of evidence. This is in contrast to the step-wise approach which
was called for in the 1986 guideline. Evidence to be considered include tumor findings in humans
and laboratory animals, an agent's chemical and physical properties, its structure-activity
relationships to other carcinogenic agents, and its activities in studies of carcinogenic processes.
Data from human studies are preferred for characterizing human cancer hazard. However, all of
the above-mentioned information could provide valuable insights into its possible mode(s) of
action and likelihood of human cancer hazard and risk. The guidelines recognize the growing
sophistication of research methods, particularly in their ability to reveal the modes of action of
carcinogenic agents at cellular and subcellular levels as well as toxicokinetic processes. The term
mode of action is defined as a series of key events and processes starting with interaction of an
agent with a cell, and proceeding through operational and anatomical changes resulting in cancer
formation. "Mode" of action is contrasted with "mechanism" of action, which implies a more
detailed understanding and description of events, often at the molecular level, than is meant by
mode of action.

Weighing of the evidence includes addressing not only the likelihood of human
carcinogenic effects of the agent but also the conditions under which such effects may be
expressed, to the extent that these are revealed in the toxicological and other biologically
important features of the agent.
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Weight of Evidence Narrative and Hazard Descriptors

The weight of evidence narrative to characterize hazard summarizes the results of the
hazard assessment and provides a conclusion with regard to human carcinogenic potential. The
narrative explains the kinds of evidence available and how they fit together in drawing
conclusions, and points out significant issues/strengths/limitations of the data and conclusions. As
the narrative also summarizes the mode of action information, it also sets the stage for the
discussion of the rationale underlying a recommended approach to dose response assessment.

In order to provide some measure of consistency in an otherwise free-form, narrative
characterization, standard descriptors are utilized as part of the hazard narrative to express the
conclusion regarding the weight of evidence for carcinogenic hazard potential. There are five
standard hazard descriptors: "carcinogenic to humans", "likely to be carcinogenic to humans",
"suggestive evidence of carcinogenicity but not sufficient to assess human carcinogenic

potential", "data are inadequate for an assessment of human carcinogenic potential", and "not
likely to be carcinogenic to humans ". Each standard descriptor may be applicable to a wide
variety of data sets and weights of evidence and are presented only in the context of a weight of
evidence narrative. Furthermore, more than one conclusion may be reached for an agent. For
instance, using a descriptor in context, a narrative could say that an agent is likely to be
carcinogenic by inhalation exposure and not likely to be carcinogenic by oral exposure.

Mode of Action

The use of mode of carcinogenic action in the assessment of potential carcinogens is the
main thrust of these guidelines. This area of emphasis arose because of the significant scientific
breakthroughs that have developed concerning the causes of cancer induction. In the absence of
mode of action information, EPA takes conservative ( public health protective ) default positions
regarding the interpretation of toxicologic and epidemiologic data. Animal tumor findings are
judged to be relevant to humans, and cancer risks are assumed to conform with low dose linearity.
Elucidation of a mode of action for a particular cancer response in animals or humans is a data

rich determination. J!i|igitif|c;ĵ

key ; to l̂d!e|pfying |̂̂ c'essei;Sats iiiiil^i^
Some modes of action are
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anticipated to be mutagenic and assessed with a linear approach for most, if not all, parts of the
population. This is the mode of action of radiation and several other agents which have been
recognized as known carcinogens. Several mutagenic carcinogens are also in utero carcinogens.
Other modes of action may be assessed with either linear or nonlinear approaches only after a
rigorous analysis of available data in accordance to the guidance as provided in the framework of
mode of action analysis.

Dose-Response Assessment

Dose-response assessment evaluates potential risks to humans at particular exposure
levels. The approach to dose-response assessment for a particular agent is based on the
conclusion reached as to its potential mode(s) of action for each tumor type. ||i|Jaj|||g1|a|irnaî

tiiiii^
|j.<an^^^

^^

Dose-response assessment for each tumor type is performed in two steps- assessment of
observed data to derive a point of departure, followed by extrapolation to lower exposures, to the
extent that is necessary. Dose-response data from human studies are preferred for estimating
risks. When animal studies are the basis of the analysis, the estimation of a human equivalent dose
utilizes toxicokinetic data to inform cross-species dose scaling, if appropriate and adequate data
are available. Otherwise, default procedures are applied. For oral dose, the default is to scale
daily applied doses experienced for a lifetime in proportion to body weight raised to the 0.75
power. For inhalation dose, the default methodology estimates respiratory deposition of particles
and gases and estimates internal doses of gases with different absorption characteristics. Guidance
is also provided for adjustment of dose from adults to children.

Response data on effects of the agent on carcinogenic processes are analyzed (non-tumor
data) in addition to data on tumor incidence. If appropriate, the analyses of data on tumor
incidence and on precursor effects may be combined, using precursor data to extend the dose
response curve below the tumor data. Even if combining data is not appropriate, study of the
dose response for effects believed to be part of the carcinogenic process influenced by the agent
may assist in evaluating the relationship of exposure and response in the range of observation and
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at exposure levels below the range of observation.

The first step of dose- response assessment is evaluation within the range of observation.
Approaches to analysis of the range of observation of human studies is determined by the type of
study and how dose and response are measured in the study. In the absence of adequate human
data for dose response analysis, animal data will generally be used. If there are sufficient
quantitative data and adequate understanding of the carcinogenic process, a biologically-based
model may be developed to relate dose and response data on an agent-specific basis. Otherwise,
as a default procedure, a standard model is used to curve-fit the data. The lower 95% confidence
limit on a dose associated with an estimated 10% increased tumor or relevant nontumor response
(LED10) is identified. This generally serves as the point of departure for extrapolating the
relationship to environmental exposure levels of interest when the latter are outside the range of
observed data. Other points of departure may be more appropriate for certain data sets; as
described in the guidance, these may be used instead of the LED10. The LED10, rather than the
ED]0 (the estimate of a 10% increased response), is the proposed standard point of departure for
two reasons. One is to permit easier comparison with the benchmark dose procedure for

^^ . noncancer health assessment—also based on the lower limit on dose. Another is that the lower
limit, as opposed to the central estimate, accounts for the variability in the experimental data.

The second step of dose-response assessment is extrapolation to lower dose levels, if
needed. This is based on extension of a biologically based model if supportable by substantial
data. Otherwise, default approaches are applied that are consistent with current understanding of
mode(s) of action of the agent. These include approaches that assume linearity or nonlinearity of
the dose response relationship, or both. The default approach for linearity is to extend a straight
line to zero dose/ zero response. The linear approach is used when there is an absence of
sufficient information on modes of action, or the mode of action information indicates that the
dose-response curve at low dose is or expected to be linear. The default approach for nonlinearity
is to use a margin of exposure analysis rather than estimating the probability of effects at low
doses. The use of a margin of exposure approach is included as a new default procedure to
accommodate cases in which there is sufficient evidence of a nonlinear dose response, but not
enough evidence to construct a mathematical model for the relationship. A margin of exposure
compares the point of departure (e.g., LED10 of a non-tumor response, a key event necessary for
the carcinogenic process) with the dose associated with the environmental exposure(s) of interest

/—*- by computing the ratio between the two. The margin of exposure analysis explains the biological
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considerations for comparing the observed data with the environmental exposure levels of interest
and assists the decision-maker to determine an acceptable level of exposure in accordance with
requirements of the statute under which the risk management decision is being made. There are
several factors to be considered. These include: the nature of the response (e.g., tumors or
precursor events) used in the dose response assessment, the slope of the dose response curve at
the point of departure (e.g., shallow or steep), human sensitivity to the response as compared with

:?&S&^^

laboratory animals (if animal data are used), pf:fi;aiur^^
^ - ; • '•'•'^:-~WVt^><--'^--'^:::^-<<^'^^W^'^^n?^' :^-~>; °;^^ht-'•J^'^^?H'^f^^n;^>HM:-.'':^:ih^^:^^"''^:

r;espon|le|f|̂ g'̂ J<^ and the nature of anticipated human
exposure and characteristics of the populations potentially at risk. If, in a particular case, the
evidence indicates a biological threshold, as in the case of carcinogenicity being secondary to a
toxicity that has a threshold, a reference dose (RfD) or reference concentration (RfC) like
approach may be considered. The RfD/RfC approach would include determination of a point of
departure (e.g. LEDi0) for a precursor event on the path toward carcinogenesis, and application
of uncertainty factors for cross-species and inter-individual variation and perhaps, others as
needed. In this case, the RfD or RfC would be an estimate with uncertainty spanning perhaps an
order of magnitude of daily exposure to the human population (including sensitive subgroups) that
is anticipated to be without cancer hazard despite a lifetime of exposure.
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Response to Comments on Major Issues

The EPA Science Advisory Board reviewed these guidelines at the proposal stage, and has
provided former advisory review of specific issues. In its proposal, the EPA asked for comment
on several major issues. These are discussed below. Other comments on science issues are
discussed in Appendix G.

Use of Mode of Action Information

The proposal to use mode of action information in both characterizing hazard potential
and in estimating dose-response was generally endorsed by commenters as appropriate for
employing new scientific knowledge and in opening the potential for consideration of alternative
tests of carcinogenesis (e.g., in genetically engineered animals), as well as new approaches to
collecting human data (e.g., molecular epidemiology.) The SAB (SAB, 1997) noted:

"The EHC (Environmental Health Committee) generally endorsed the Guidelines' mode of
action proposals, but suggested that the Guidelines contain specific criteria for judging
that the data on mode of action are valid and adequate."

There was a general call by public commenters for more guidance and examples of how to decide
that mode of action data on an agent are adequate to use.

These final guidelines continue the direction of the proposal as to use of mode of action
data. In response to SAB and public views, they include a framework for evaluation of data
regarding a postulated mode of action, and case examples to illustrate how the framework is used.
The framework can be used for assessments of potential modes of action whether the endpoint of
interest is cancer or other toxicity.

differeiuie$i It should also be noted that the 1996 Food Quality Protection Act calls for
assessment and regulatory consideration of the combined exposure to food-use pesticides that
have a common mechanism of action. This is an application of mode of action data that follows
existing EPA practice with regard to certain classes of environmental chemicals and pesticides.
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||||p||l||Ŝ p̂ !̂ |i||||̂
.||||f|||i|p|:'|ii|l||̂ |f|̂
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Inter-individual Variation

The 1996 Proposed Guidelines called for a factor of no less than 10 as a default value for
human variability in the analysis of margin of exposure, when application of the framework of
mode of action analysis supports a nonlinear dose response relationship at low doses. The
guidelines have not adopted application of an additional uncertainty factor when dose-response is
considered by a linear extrapolation procedure.

ubl||ff6̂
:th^

orchildfeap
The SAB and some public commenters also called for more attention in the guidelines and

in further investigation to the subject of inter-individual variation. Some commenters particularly
asked for reconsideration of the need for adding an uncertainty factor to the results of linear dose-
response assessment, citing the NRC, 1994 report, "Science and Judgment in Risk Assessment"
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which suggested adoption of such a factor with respect to estimates of individual risk. In
particular, some have been concerned that use of mode of action considerations to depart from
the linear dose-response approach might be insufficiently protective of fetuses, infants or children.
The NRC recommendation was discussed in the 1996 proposal of these guidelines, but is more
extensively discussed here.

The NRC, 1994 report recommended that EPA adopt a default assumption as to inter-
individual variability in susceptibility among humans to be used as an added factor of conservatism
with linear dose-response extrapolation. The report discussion indicated that this was not relevant
for estimating risk to the general population unless bias exists in an estimate of average risk, but
would apply to estimating individual risk (p. 208). The report was commissioned under the 1990
Clean Air Act, and the context of discussion was the estimation of risk from air emission sources.
"Population risk" in this context means all who are subject to a particular kind of emission in the
U.S. "Individual risk" means those who are in special circumstances such as being the most
exposed to an emission plume. The latter term may also apply to other special exposure scenarios
such as local exposures associated with waste sites or use of a product. The report regarded the
EPA linear risk extrapolation estimation as one of "average" or "median" risk because generally
rodent study results are used (with inter-species dose adjustment) to estimate human risk without
including adjustment for human variability. This results, in the report's view, in extrapolation of
response data from average rodent to average human. The report reviewed studies estimating
potential variation in susceptibility to cancer and found them to generally indicate that
"predisposed" people may be a factor of 10 more susceptible than "normal" ones. The studies
were in part of cancer mortality data that would cover all sources of variability including, diet,
personal habits, nutrition, inborn metabolism factors and genetic disease, infections, exposure to
radiation or chemicals, medical care, and all sources of exposure.

The Committee was divided on the question of whether an explicit factor of 10 in EPA
assessments of individual risk was justified at this time. The studies reviewed were summarized as
giving a first approximation of variability from all sources as a lognormal distribution with about
5% of the population at the two ends of the distribution being 25 times more or less susceptible
than average, and 1% at the extremes being 100 times more or less susceptible than average. The
report recommended an extensive list of research by the Federal government to inquire into the
extent of variability and the factors involved, and for examination of the adequacy of the 10-fold
factor traditionally used in non cancer toxicity assessment. Examples of factors conferring
susceptibility to cancer were discussed in Appendix H-2 to the report. These included genetic
diseases that lead to inability to repair DNA damage or are mutations in tumor suppressor genes
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(Li-Fraumeni, retinoblastoma, familial polyposis coli), viral diseases (hepatitis B, Epstein-Barr),
immune deficiency, nutritional factors, as well as toxicokinetic differences.

Reasoning about the following two questions provides the bases for the positions taken in
these guidelines and the responses to the SAB and public comments on these two issues—In the
absence of agent-specific data, is a default factor of 10 for inter-individual differences adequate,
given current data? Is the overall result of using linear extrapolation adequately protective
without an additional factor?

In the absence of agent-specific data, is a factor of 10 for inter-individual differences adequate
for carcinogenic response, given current knowledge?

Available information indicates the use of a 10-fold factor, as a default, is appropriate. The
incidence of cancer at given sites among human beings does not vary widely among persons with
very different diets in the U.S. and worldwide. Generally, the variation is within 10-fold
(Schottenfeld and Fraumeni, 1996; Parkin et al, 1988; NRC, 1990; ICRP, 1991) It is apparent
that cancer should be considered as a product of the balance of many risk and protective factors,
as is the familiar approach with heart and other diseases. Diet, genetic background, infectious
disease, lifestyle and other circumstances for individuals all are known to influence cancer risk.

It is also appropriate to consider data that examine human variability for noncancer effects
since nontumor response (i.e., a precursor response) is generally used in the margin of exposure
approach. EPA has traditionally used an uncertainty factor of 10 for human variability in
susceptibility in assessment of noncancer endpoints. The factor of 10 has been considered to
cover two elements of uncertainty in the absence of data: toxicokinetics (processes which
determine delivery of the active agent to the site of activity) and toxicodynamics (processes which
determine the extent of response) (U.S. EPA, 1994c; Renwick, 1993, 1997, 1998; WHO, 1994).

Several studies have examined variability among humans and some have examined the
coverage and adequacy of the traditional 10-fold factor (Renwick, 1993, 1997, 1998; Calabrese,
1985; Dourson and Stara, 1983; NRC, 1993b). Most of the human effect data have been about
therapeutic drugs or non cancer effects of various chemicals. The results inform the issue of
human variability generally. The data represented a range of metabolic or clearance pathways for
the agents included that would apply as well to xenobiotics. These studies support a conclusion
that the 10-fold factor is adequate as a default, but important exceptions need to be addressed in
individual cases, such as a case in which there is polymorphism in a major pathway of elimination
(e.g., enzyme kinetics), particularly if the pathway results in detoxification and if there is no
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compensation through alternative pathways. This is an area for further research and for analysis
of existing data and generation of guidance on pathways for major structural groups of
xenobiotics.

Renwick (1998) also analyzed therapeutic drug literature to study whether toxicokinetics
in infants and children indicate the need for an increased uncertainty factor and compared human
with rodent data. The examination included consideration and consequences associated with the
time it takes for major toxicokinetic functions to achieve adult competency including absorption,
distribution, and elimination mechanisms for xenobiotics as well as data on these functions at
different ages for a number of drugs. The analysis concluded that an increased uncertainty factor
for toxicokinetics for post-suckling infants and children is not required. Moreover, the higher
clearance of many xenobiotics by children may compensate, at least in part, for potential increased
organ sensitivity during development. In addition, the calculation of dose on a body weight basis
can provide an extra margin of safety This approach to dose calculation has been adopted in
these guidelines. Exceptions that require agent-specific analysis of the adequacy of the default are
an exposure scenario that applies to neonates and involves a pathway that is not mature, such as
cytochromes P450 whose maturation has been studied (Cresteil, 1998) or an agent that may be
more rapidly activated by children.

While there are exceptions that require attention for particular agents, available studies
support the use of the 10-fold factor, as a default. It should be noted that pre-existing disease or
genetic constitution may place a percentage of the population at special risk and the factor of 10
would not cover this. The Agency intends to develop supplementary guidance for incorporating
these considerations in the margin of exposure analysis.
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Is the overall result of using linear extrapolation adequately protective, -without an additional
factor?

The question is whether a linear extrapolation of tumor data from animal studies to
estimate individual risk should incorporate an extra factor for human variability. Given that
toxicokinetic or scaling adjustment is made to the animal dose to derive an human equivalent dose
(HED), the remaining question is whether the inherent conservatism of linear extrapolation is
adequate to cover uncertainties regarding human variation. Considerations not included in the
NRC 1994 report are pertinent.

First, dose-response assessments conducted for most environmental agents rely on data
from chronic animals bioassays which are conducted at high doses, with the highest dose selected
to produce some toxicity, a maximum tolerated dose. This is done to increase detection of any
carcinogenic property of an agent qualitatively. The consequence is that toxicokinetic, stress, and
other parameters may not be representative of tho^p at low dose. The "average" rodent has thus
been tested under sensitizing conditions and may not be appropriately characterized as "average"
in the sense of the NRC report. The extrapolation from such bioassays is more appropriately
described as from "sensitive", not "average" animals. Second, EPA (U.S. EPA, 1986b) has
always described the linear procedure using the linearized multistage (LMS) procedure as
resulting in a plausible upper bound estimate of risk at low dose where true risk may be lower,
including zero. The linear procedure adopted under these guidelines has the same
characterization and yields low dose risk estimates that are close to those of the LMS procedure.
On theoretical grounds (Lutz, 1990b) as well as from study of animal data sets (BLSI, 1995), a
linear extrapolation is generally a conservative approach that is believed, with few exceptions, to
over-estimate risk at low doses to varying degrees. This is important in the context of the
traditional low-dose target range of EPA risk management programs: 10"6 to 10"4risk for
population and individual risk. This is a range that is usually several orders of magnitude below
the range of observed data in animal bioassays and the range of observation in most human studies
and has been the range considered protective of the general and sensitive populations. (These
orders of magnitude are substantially greater than those used in estimating an RfD or RfC in non
cancer risk assessment). The NRC report explicitly considered variability only in the context of
conversion at the dose level of observed range of animal risk data to human risk, without mention
of the effect of extrapolation. These guidelines take the position that, given the sensitivity of the
condition of test animals and the context of EPA practice, there is not a reason to add an
uncertainty factor for human variation when a linear extrapolation procedure is used.
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Margin of Exposure Analysis

There was a parallel call for more guidance and examples of margin of exposure analysis
when mode of action indicates a nonlinear dose-response relationship.

More specific guidance for analysis of margin of exposure, including factors for inter-
individual variability in toxicokinetic and toxicodynamic capacity (also see discussions of inter-
individual variability above), will be developed, as recommended (SAB, 1999). These
methodologies will be peer reviewed and published separately for application to health assessment
generally.

Departing from Default Assumptions

A spectrum of views were expressed in the comments regarding the use of default
assumptions (default inference options). They ranged from advocacy of invoking defaults only as
a last resort to advocacy of never using any data to depart from a default unless the default can be
disproved. The comments tended to focus primarily on the use of mode of action data. Little
attention was given to assumptions such as the similarities of metabolic pathways among species
that are more readily subject to definition through experimentation. Fears were expressed by
different commenters that the Agency would be too lax and would be swayed by unfounded
assertions from interested persons, or too strict and would ignore good science. No comments
discussed the NRC, 1983 (Red Book) explanation of the use of inference options to support the
continuation of the assessment process in the face of gaps in data or knowledge.

The Agency considers the use of defaults in the way that the Red Book outlined. They
provide structure to the continuation of assessment in the face of gaps. All data sets for toxicity
assessment are incomplete. Standard inferences must be in place as a consistent foundation for
the everyday business of conducting a range of assessments for screening, for making priorities to
gather exposure or toxicity data, and for in-depth examination to support risk management
decisions. A completely unstructured system in which basic inferences are a last resort would be
impracticable. A system that treats inferences as so rigid that they are virtually impossible to
address with data would not be science. These final guidelines maintain the use of default
assumptions for the purpose of providing structure and encouraging research as was proposed.
To address the major concern that guidance was lacking on the issue of judging mode of action
data, the guidelines contain a framework for assessing such data that has been subject to a special
review by the Agency's Science Advisory Board (SAB, 1999). Moreover, the Agency will
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continue to rely on scientific peer review to ensure that its scientific findings are sound and
consistent with the current state of knowledge.

Peer Review
Comments on the proposal included several views about the intended use of peer review

to support good science in Agency assessments and methods as recommended by the National
Academy of Sciences (NRC, 1994). Most commenters were of the opinion that peer review is the
right approach to make sure that risk assessments are sound and that controversial issues will be
addressed with the help of the broader scientific community. The issue of composition of peer
review panels was foremost in the comments of a minority of commenters. Opposing views were
expressed in comments as to whether all Agency panels should exclude any scientist who works
for industry. Comments were devoid of discussion whether anyone associated with any other
groups should be excluded. Since proposing these guidelines, the Agency has adopted and
published a Peer Review Handbook (U.S. EPA, 1998b). This Handbook contains Agency policy
and practice on the technical products that should be peer reviewed, calls for diverse and balanced
panels of experts from differing backgrounds and covers many other issues. The Handbook does
not exclude otherwise qualified scientists from participating in peer review because of affiliation,
but contains policies and practices to be followed to avoid compromises to the impartiality and
independence of peer reviews. The reader is referred to the Handbook which contains extensive
information and practices to be followed on the subject of affiliation and other issues regarding
independent and impartial peer review.

{Responses to other major issues (e.g. hazard descriptors, selection of the point of departure,)
will be made available in the final guidelines.}

Date Carol M. Browner
Administrator
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GUIDELINES FOR EXPOSURE ASSESSMENT

AGENCY: U.S. Emdronrrental Protection Agency

ACTION: Final Guidelines for Exposure Assessment

SUMMARY: The U.S. EmdronrrEntal Protection Agsncy (ERA) is today issuing final

guidelines for exposure assessment The Guidelines for Exposure Assessment (hereafter

"Guidelines") are intended for risk assessors in ERA, and those exposure and risk
assessment consultants, contractors, or other persons who perform work under Agency
contract or sponsorship. In addition, publication of these Guidelines makes information

on the principles, concepts, and methods used by the Agency available to all interested

members of the public. These Guidelines supersede and replace both the Guidelines for

Estimating Exposures published September 24, 1986 (51 ER 34042-34054) (hereafter

"1986 Guidelines") and the Proposed Guidelines for Exposure-Related Measurements
published for comment on December 2, 1988 (53 ER 48830-48853) (hereafter "1988
Proposed Guidelines"). In response to recornmendations frorn the Science Advisory
Board (SAB) and the public, the 1986 Guidelines were updated and combined with the

1988 Proposed Guidelines and retitied as the current Guidelines for Exposure
Assessment.

These Guidelines establish a broad framework for Agency exposure assessments
by describing the general concepts of exposure assessment including definitions and
associated units, and by providing guidance on the planning and conducting of an
exposure assessment Guidance is also provided on presenting the results of the exposure
assessment and characterizing uncertainty. Although these Guidelines focus on
exposures of humans to chemical substances, much of the guidance contained herein also

pertains to assessing wildlife exposure to chemicals, or human exposures to biological,
noise, or radiological agents. Since these latter four areas present unique challenges,

assessments on these topics must consider additional factors beyond the scope of these
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Guidelines. The Agency may, at a future date, issue additional specific guidelines in
these areas.

EFFECTIVE DATE: The Guidelines will be effective May 29,1992.

FOR FURTHER INFORMATION CONTACT: Mchael A Callahan, Director,
Exposure Assessment Group,
Office of Health and EavironnEntal Assessment (RD-689),
U.S. Environmental Protection Agency,
401 M Street, S.W.,

Washington, DC 20460,202-260-8909.

SUPPLEMENTARY INFORMATION

Inits 1983 book Risk Assessment in the Federal Government: Managing the

Process, the National Academy of Sciences recommended that Federal regulatory
agencies establish "inference guidelines" to promote consistency and technical quality in

risk assessment, and to ensure that the risk assessment process is maintained as a
scientific effort separate fromrisk management A task force within EPA accepted that
recommendation and requested that Agency scientists begin to develop such guidelines.

In 1984, ERA scientists began work on risk assessment guidelines for
carcinogenicity, mutagenicity, suspect developmental toxicants, chemical mixtures, and
estimating exposures. Following extensive scientific and public review, these guidelines
were issued on September 24,1986 (51FR 33992-34054). Subsequent work resulted in
the publishing of four additional proposals (one of which has recently become final):
Proposed Guidelines for Assessing Female Reproductive Risk (53 FR 24834-24847),
Proposed Guidelines for Assessing Male Reproductive Risk (53 FR 24850-24869),
Proposed Guidelines for Exposure-Related Measurements (53 FR 48830-48853), and
Proposed Amendments to the Guidelines for the Health Assessment of Suspect
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Developmental Toxicants (54 FR 9386-9403). The final Guidelines for Developmental

Toxicity Risk Assessment, published December 5,1991 [56 FR 63798-63826], supersede
and replace the proposed amendments.

The Guidelines issued today continue the guidelines development process
initiated in 1984. Like the guidelines issued in 1986, the Guidelines issued today set
forth principles and procedures to guide EPA scientists in the conduct of Agency risk

assessments and to inform Agency decision makers and the public about these
procedures. In particular, the Guidelines standardize terminology used by the Agency in

exposure assessment and in many aneas outline the limits of sound scientific practice.
They emphasize that exposure assessments done as part of a risk assessment need to

consider the hazard identification and dose-response parts of the risk assessment in the
planning stages of the exposure assessment so that these three parts can be smoothly
integrated into the ri^ characterization The Guidelines discuss and reference a number
of approaches and tools for exposure assessment, along with discussion of their

appropriate use. The Guidelines also stress that exposure estimates along with

supporting inforrnation will be fully presented in Agency risk assessment documents, and
that Agency scientists will identify the strengths and weaknesses of each assessment by
describing uncertainties, assumptions, and limitations, as well as the scientific basis and
rationale for each assessment

Wxk on these Guidelines began soon after publication of the 1986 Guidelines.

At feat time, the SAB recommended that the Agency devdop supplementary guidelines
for cx>nducting exposure studies. This supplementary guidance was developed by an
Agency work group oomposed of scientists frorn throughout the Agency, a draft was peer
reviewed by experienced professionals from, environmental groups, industry, acaderria,
and other governmental agencies, and proposed for ccminent on December 2,1988(as
Proposed Guidelines for Exposure-Related Measurements). In the public notice, the
Agency asked for comment on whether the proposed guidelines should be combined with
the 1986 guidelines in order to have a single Agency guideline for exposure assessment
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Cbnrnsnts from the public and the SAB \\oiehsavUy in faver of corri±iing the tvvo
guidelines.

Since proposal, the Agency has reformatted the 1988 Proposed Guidelines to
allow incorporation of the information in the 1986 Guidelines, and incorporated revisions

resulting from additional public and SAB corrrnents, to establish the current Guidelines.
The current Guidelines were reviewed by the Risk Assessment Forum and the Risk
Assessment Council, subjected to an external peer review, and presented to the SAB on
September 12,1991 for final cornraent (EPA-SAB-IAQG-92-015). In addition, the
Guidelines were reviewed by the "Working Party on Exposure Assessment, aninteragency
working group under the Subcommittee on Risk Assessment ctf the Federal Coordinating
Committee on Science, Engineering and Technology. Comments of these groups have
been considered in the revision of these Guidelines. The full text of the final Guidelines
for Exposure Assessment is published here.

These Guidelines were developed as cart of an interoffice guidelines development

program under the auspices of the Risk Assessment Fcaxini and the Office of Health and
Environmental Assessment in the Agency1 s Office of Research and EtevelopmsnL The
Agency is continuing to study risk assessment issues raised in these Guidelines, and will
revise themin line with new information as appropriate.

Following this preamble are two parts: Part Ais the Guidelines and Part B is the
Response to the Public and Science Advisory Board corrrnents submitted in response to
the 1988 Proposed Guidelines.

References, supporting documents, and ccarrnents received on the 1988 Proposed
Guidelines, as well as a copy of these final Guidelines for Exposure Assessment are
available for inspection and copying at the Public Information Reference Unit Docket
(202-260-5926), EPAHeadquarters Library, 4O1 MStreet, S.W, Washington, EC
between the hours of 8:00 am and 4:30 p.m
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PART A: GUIDELINES FOR EXPOSURE ASSESSMENT

1. INTRODUCTION
In 1984, the U. S. Environmental Protection Agency (EPA) initiated a program to

erisure scientific quality and technical cxinsistency erf Agency risk assessments. Oneof

the goals of the program was to develop risk assessment guidelines that would be used

AgencywLde. The guidelines development process includes a public review and

comment period for all proposed guidelines as well as Agency Science Advisory Board
review. Following the review process, the guidelines are revised if needed and then
issued as final guidelines. The Guidelines for Estimating Exposures (hereafter "1986
Guidelines") were one of five guidelines issued as final in 1986 (U.S. EPA, 1986a),. In

1988, the Proposed Guidelines for Exposure-Related Nfeasurements (hereafter "1988
Proposed Guidelines") were published in the Federal Register for public review and

comment (U.S. EPA, 1988a). The 1988 Proposed Guidelines were intended to be a
companion and supplement to the 1986 Guidelines.

"When proposing the 1988 guidelines, the Agency asked both the EPA Science

Advisory Board (SAB) and the public for cornments on cornbining the 1986 and 1988

exposure guidelines into a larger, more cornprehensive guideline; the majority of

comments received were in favor of doing so. Thus, these 1992 Guidelines Far

Exposure Assessment (hereafter "Guidelines") combine, reformat, and substantially

update the earlier guidelines. These guidelines make use of developments in the
exposure assessment field since 1988, both revising the previous work and adding several
topics not covered in the 1986 or 1988 guidelines. Therefore, the 1992 guidelines are
being issued by the Agency as a replacement for both the 1986 Guidelines and the 1988
Proposed Guidelines.

1.1. Intended Audience
This document is intended for exposure and risk assessors in the Agency and

those exposure and risk assessment consultants, contractors, or other persons who

performwork under Agency contract or sponsorship. Risk managers in the Agency may

13
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also benefit from this document since it clarifies the teniirKdogy and methods used by

assessors, which in some cases could strengthen the basis for decisions. In addition,
publication of these guidelines makes information on the principles, concepts, and
methods used by the Agency available to other agencies, States, industry, acadeiria, and
all interested members of the public.

**

1.2. Purpose and Scope of the Guidelines
There are a number of different purposes for exposure assessments, including

their use in risk assessments, status and trends analysis, and epidemiology. These
Guidelines are intended to convey Ihe general principles of exposure assessment, not to

serve as a detailed instructional guide. The technical documents cited here provide more
specific information for individual exposure assessment situations. As the Agency
performs more exposure assessments and incorporates new approaches, these Guidelines

will be revised.

Agency risk assessors should use these Guidelines in conjunction with published
guidelines for assessing health effects such as cancer (U.S. ERA, 1986b), developmental
toxicity (U.S. ERA, 1991a), mutagenic effects (U.S. ERA, 1986c), and reproductive
effects (U.S. ERA, 1988b; U.S. ERA, 1988c). These exposure assessment guidelines
focus on human exposure to chemical substances. Much of the guidance contained

herein also applies to wildlife exposure to cherricals, or human exposure to biological,
physical (i.e., noise), or radiological agents. Since these areas present unique challenges,
however, assessrmnts on these topics must consider additional factors beyond the scope
of these Guidelines.

For example, ecological exposure and risk assessment may deal with many
species which are interconnected via complex food webs, while these guidelines deal
with one species, humans. "While these guidelines discuss human exposure on the
individual and population levels, ecological exposure and risk assessments may need to
address comnrinity, ecosystem, and landscape levels, also. Wraeas chemical agents
may degrade or be transformed in the environment, biological agents may of course grow

14
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and multiply, an area not covered in these guidelines. The Agency may, at a future date,
issue specific guidelines in these areas.

Fteisons subject to these Guidelines should use the terms associaljed with chemical
exrxKure assessment in a manner consistent with the glossary in Sections. Throughout
the public comment and SAB review process, the Agency has sought definitions that
have consensus within the scientific community, especially those definitions common to

several scientific fields. The Agency is aware that certain well understood and widely
accepted concepts and definitions in the area of health physics (such as the definition of

exposure) differ from the definitions in this glossary. The definitions in this glossary are
not meant to replace such basic definitions used in another field of science. Itwasnot
possible, however, to reconcile all the definitions used in various fields of science, and
the ones used in the glossary are thought to be the most appropriate for the field of

chemical exposure assessment.
The Agency may, from time to time, issue updates of or revisions to these

Guidelines.

1.3. Organization of the Guidelines
These Guidelines are arranged in an order that assessors cxmrnonly use in

preparing exposure assessments. Section 2 deals with general concepts, Section 3 with
planning, Section 4 with data development, Section 5 with calculating exposures, Section
6 v^th imoertainty evaluation, and Section 7 with presenting the results. In addition,
these Guidelines include a glossary of terms (Section 8) and references to other
documents (Section 9).
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2. GENERAL CONCEPTS IN EXPOSURE ASSESSMENT

Exposure assessment in various forms dales back at least to the early twentieth
century, and perhaps before, particularly in the fields of epideniology (\\forld Health
Organization [WHO], 1983), industrial hygiene (Gook, 1969; Paustenbach, 1985), and
health physics (Upton, 1988). Epideniology is the study of disease occurrence and the

causes of disease, while the latter fields deal primarily with occupational exposure.
Exposure assessment ccirbines elemsr^ This has become

increasingly important since the early 1970s due to greater public^ acadenic, industrial,

and governmental awareness of cherrical pollution problems.
Because there is no agreed-upon definition of the point on or in thebodywhere

exposure takes place, the terminology used in the current exposure assessment literature
is inconsistent Although there is reasonable agreement that human exposure means
contact with the cherrical or agent (AUaby, 1983; Environ Corporation, 1988; Hodgson
et al., 1988; U.S. ERA, 1986a), there has not yet been widespread agreement as to

whether this means contact with (a) the visible exterior of the person (skin and openings
into the body such as mouth and nostrils), or (b) the so-caUed exchange boundaries
where absorption takes place (skin, lung, gastrointestinal tract).1 These different
definitions have led to some ambiguity in the use of terms and units for quantifying
exposure.2

Cbrnments on the 1986 Guidelines and the 1988 Proposed Guidelines suggested
that EPA examine how exposure and dose were defined in Agency assessments and
include guidance on appropriate definitions and units. After internal discussions and

external peer review, it is the Agency's position that defining exposure as taking place at

1 A third, less common, scheme is that exposure is contact with any boundary outside or inside of the
body, including internal boundaries around organs, etc. This scheme is al luded to, for example, in an article
prepared by the National Research Council (NRC, 1985, p. 91). One could then speak of exposure to the
whole person or exposure to certain internal organs.

2 For example, the amount of food ingested would be a dose under scheme (a) and an exposure under
scheme (b). Since the amount ingested in an animal toxicology study is usually termed administered dose,
this leads to the use of both exposure and dose for the same quantity under scheme (b). There are several
such ambiguities in any of the currently used schemes. Brown (1987) provides a discussion of various units
used to describe exposures due to multiple schemes.
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the visible external boundary, as in (a) above, is less ambiguous and more consistent with

nomenclature in other scientific fields. This is a change from the 1986 Guidelines.
Ubder this definition, it is helpful to think of the human body as having a

hypothetical outer boundary separating inside the body from outside the body. This
outer boundary of the body is the skin and the openings into the body such as the mouth,
the nostrils, and punctures and lesions in the skin. As used in these Guidelines, exposure
toacheiricalisthecccitactofthatcheni^ An exposure
assessment is the quantitative or qualitative evaluation of that contact; it describes the

intensity, frequency, and duration of contact, and often evaluates the rates at which the
chemical crosses the boundary (chemical intake or uptake rates), the route by which it

crosses the boundary (exposure route; e.g., dermal, oral, or respiratory), and the resulting

amount of the chemical that actually crosses the boundary (a dose) and the amount
absorbed (internal dose).

Depending on the purpose for 'which an exposure assessment will be used, the
numerical output of an exposure assessment may be an estimate of either exposure or
dose. If exposure assessments are being done as part of a risk assessment that usesa

dose-response relationship, the output usually includes an estimate of dose.3 Other risk
assessments, for example many of those done as part of epiderriologic studies, use
empirically derived exposure-response relationships, and may characterize risk without
the intermediate step of estimating dose.

2.1. Concepts of Exposure, Intake, Uptake, and Dose

The process of a chemical entering the body can be described in two steps:
contact (exposure), followed by actual entry (crossing the boundary). Absorption, either
upon crossing the boundary or subsequently, leads to the availability of an amount of the

3 The National Research Council 's 1983 report Risk Assessment in the Federal Government: Managing
the Process often addresses the output of an exposure assessment as an exposure or a dose (NRC 1983, pp.
32,35-36).
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cherrical to biologically significant sites within the body (internal dose4). Although the
description of contact with the outer boundary is sirrplerorK^ptuaUy, the description of a
chemical crossing this boundary is somewhat more complex.

There are two major processes by which a cherrical can cross the boundary from
outside to inside the body. Intake involves physically moving the cherrical in question
through an opening in the outer boundary (usually the mouth or nose), typically via
inhalation, eating, or drinking. Normally the cherrical is contained in a medium such as
air, food, or water, the estimate of how much of the chemical enters into the body
focuses on how muchof the carrier medium enters. In this process, mass transfer occurs
by bulk flow, and the amount of the chemical itself crossing the boundary can be
described as a chemical intake rate. The cherrical intake rate is the amount of cherrical
crossing the outer boundary per unit time, and is the product of the exposure
ccoc^itrationtirrEStheingesticnoririhalaticrirate. Ihgestion and inhalation rates are the
amount of the carrier medium crossing the boundary per unit time, such asm3 air

breathed/hour, kg food ingested/day, or liters of water consumed/day. Ingestion or
inhalation rates typically are not constant over time, but often can be observed to vary
within known limits.5

The second process by which a cherrical can cross the boundary :from outside to
inside the body is uptake. Uptake involves absorption of the ch^cal through the skin
or other exposed tissue such as the eye. Although the cherrical is often contained in a
carrier medium, the medium itself typically is not absorbed at the same rate as the
chemical, so estimates of the amount of the cherrical crossing the boundary cannot be

4 These guidelines use the term internal dose to refer to the amount of a chemical absorbed across the
exchange boundaries, such as the skin, lung, or gastrointestinal tract. The term absorbed dose is often used
synonymously for internal dose, although the connotation for the term absorbed dose seems to be more related
to a specific boundary (the amount absorbed across a membrane in an experiment, for example), while the term
internal dose seems to connote a more general sense of the amount absorbed across one or more specific sites.
For the purpose of these guidelines, the term internal dose is used for both connotations. The term internal dose
as used here is also consistent with how it is generally applied to a discussion of biomarkers (NRC, 1989a). It
is also one of the terms used in epidemiology (NRC, 1985).

5 Ingestion of food or water is an intermittent rather than continuous process, and can be expressed as
(amount of medium per event) x (events per unit clock or calendar time) [the frequency of contact]; (e.g.,
250 mL of water/glass of water ingested x 8 glasses of water ingested/day).
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made in the same way as for intake (see Section 2.1.3.)- Dermal absorption is an
exaiiple of ciirectuptateaooss the outer b^ A chenical intake rate

is the amount of chemical absorbed per unit time. In this process, mass transfer occurs

by diffusion, so uptake can depend on the concentration gradient across the boundary,
permeability of the barrier,and other factors. Chemical uptake rates can be expressed as
a function of the exposure concentration, perrneability coefficient, and surface area
exposed, or as a flux (see Section 2.1.4.).

The conceptual process of contact, then entry and absorption, can be used to
derive the equations for exposure and dose for all routes of exposure.

2.1.1. Exposure
The condition of a chenical contacting the outer boundary of a human is

exposure. Most of the time, the chemical is contained in air, water, soil, a product, or a
transport or carrier medium; the chemical concentration at the point of contact is the
exposure concentration Exposure over a period of time can be represented by a time-

dependent profile of the exposure cxjncentration. The area under the curve of this profile

is the magnitude of the exposure, in cxmoaitration-time units (Lioy, 199O, NRC, 1990):

'2
E = ( C(t) dt (2-l)

\\hene E is the magnitude of exposure, C(t) is the exposure concentration as afunction of
time, and t is time, t2 -1, being the exposure duration (ED). If ED is a continuous period
of time (e.g., a day, \\eek, year, etc.), then O(t) may be zero during part of this time.7

6 Uptake through the lung, gastrointestinal tract, or other internal barriers also can occur following intake
through ingestion or inhalation.

7 Contact time (CT) is that part of the exposure duration where C(t) does not equal zero; that is, the actual time
periods (events, episodes) during which actual exposure is taking place. The exposure duration as defined here,
on the other hand, is a time interval of interest for assessment purposes during which exposure occurs, either
continuously or intermittently.
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Integrated exposures are done typically for a single individual, a specific chernical, and a

particular pathway or exposure route over a given time period.8

The integrated exposures for anumber of different individuals (apopulation or
population segment, for example), may then be displayed in a histogram or curve
(usually, with integrated exposure increasing along the abscissa or x-axis, and the
nurriber of individuals at that integrated exposure increasing along the ordinate or y-axis).
This histogram or curve is a presentation of an exposure distribution for that population
or population segment. The utility of both individual exposure profiles and population
exposure distributions is discussed in Section 2.3.

2.1.2. Applied Dose and Potential Dose
Applied dose is the amount of a chemical at the absorption barrier (skin, lung,

gastrointestinal tract) available for absorption. It is useful to know the applied dose if a
relationship can be established between applied dose and internal dose, a relationship that
can sometimes be established experimentally. Usually, it is very difficult to measure the
applied dose directly, as many of the absorption barriers are internal to the human and
are not localized in such a way to make measurement easy. An approximation of applied
dose can be made, however, using the concept of potential dose9 (Lioy, 199O, NRQ
1990).

Potential dose is simply the amount of the chemical ingested, inhaled, or in
material applied to the skin. It is a useful term or concept for those instances in vvhich

8 An exposure pathway is the course a chemical takes from its source to the person being contacted. An
exposure route is the particular means of entry into the body, e.g., inhalation, ingestion, or dermal
absorption.

9 Potential dose is the potential amount of the chemical that could be absorbed if it were 100% bioavailable.
Note, however, that this does not imply that 100% bioavailability or 100% absorption is assumed when using
potential dose. The equations and discussion in this chapter use potential dose as a measurable quantity that can
then be converted to applied or absorbed dose by the use of the appropriate factors. Potential dose is a general
term referring to any of the exposure routes. The terms respiratory dose, oral dose, or dermal dose are sometimes
used to refer to the route-specific potential doses.
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there is exposure to a discrete amount of chenicaicr transport m^um, suchaseatinga
certain amount erf food or applying a certain amount of material to the skin.10

The potential dose for ingestion and inhalation is analogous to the administered

dose in a dose-response experiment Human exposure to environmental chemicals is
generally inadvertent rather than adrrinistered, so in these Guidelines it is termed

potential dose rather than administered dose. Potential dose can be used for dose-
response relationships based on administered dose.

For the dermal route, potential dose is the amount of chemical applied, or the
amount of chemical in the medium applied, for example as a small amount of paniculate
deposited on the skin. Note that as all of the chemical in the particulate is not contacting
the skin, this differs from exposure (the concentration in the particulate times the time of

contact) and applied dose (the amount in the layer actuaUy touching the skin).
The applied dose, or the amount that reaches the exchange boundaries of the skin,

lung, or gastrointestinal tract, may often be less than the potential dose if the material is
only partly bioavailable. Wiere data on bioavailabdlity are known, adjustments to the

potential dose to convert it to applied dose and internal dose may be made."

2.1.3. Internal Dose
The amount of a chemical that has been absorbed and is available for interaction

with biologically significant receptors is called the internal dose. Chee absorbed, the
chemical can undergo metabolism, storage, excretion, or transport within the body. The

10 It is not useful to calculate potential doses in cases where there is partial or total immersion in a fluid such
as air or water. In these cases, it is more useful to describe the situation in terms of exposure (concentration of
the chemical in the medium times the time of contact) or absorbed dose. For cases such as contact with water
in a swimming pool, the person is not really exposed to the entire mass of the chemical that would be described
by a potential dose. Nor is it usefu l to calculate dermal applied doses because the boundary layer is being
constantly renewed. The use of alternate ways to calculate a dose that might occur while swimming is discussed
in Section 2.1.4.2., in conjunction with Equations 2-7 and 2-8.

" This may be done by adding a bioavailabiltty factor (range: 0 to 1) to the dose equation. The bioavailability
factor would then take into account the ability of the chemical to be extracted from the matrix, absorption
th rough the exchange boundary , and any other losses between ingestion and contact with the lung or
gastrointestinal tract. When no data or information are available to indicate otherwise, the bioavailability factor
is usua l ly assumed to be 1.
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amount transported to an individual organ, tissue, or fluid of intenest is termed the
delivered dose. The delivered dose may be only a snail part of the total internal dose.
The biologically effective dose, or the amount that actually reaches cells, sites, or
mernbranes where adverse effects occur (NRC, 1990, p. 29), may only be a part of the
delivered dose, but it is obviously the crucial part. Currently, most risk assessments
dealing Vvith environmental chemicals (as opposed to pharmaceutical assessments) use
dose-response relationships based on potential (adrrinistered) dose cr internal dose, since

the pharmacckinetics necessary to base relationships on the delivered dose or biologically
effective doses are not available for most chemicals. This may change in the future, as
more becomes known about the phatrnacokinetics of environmental chemicals.

Doses are often presented as dose rates, or the amount of a cherrical dose (applied
or internal) per unit time (e.g., mg/day), or as dose rates on a per-unit-body-weight basis
(e.g., mg/kg/day).

Distributions of individual doses within a population or population segment nay
be displayed in a histogram or curve analogous to the exposure distributions described in
Section Z 1.1. The utility of individual dose profiles, as well as the utility of population
distributions of dose are described more fully in Section 2,3.

2.1.4. Exposure and Dose Relationships
Depending on the use of the exposure assessment, estimates of exposure and dose

in various forms may be required.
» Exposure concentrations are useful when ccoparing peak exposures to

levels of concern such as short-term exposure limits (STELs). They are
typically expressed in units such as ug/rrf, mg/m3, mg/kg, jJg^U mg^L,
ppb, orppm

« Exposure or dose profiles describe the exposure cxosentrationordoseasa
function of time. Concentration and time are used to depict exposure,
while amount and time characterize dose; graphical or tabular
presentations may be used for either type of profile.
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Such profiles are very important for use in risk assessment where the severity of
effect is dependent on the pattern by which the exposure occurs rather than the total
(integrated) exposure. For example, a developmental toxin may only produce effects if
exposure occurs during a particular stage of development Similarly, a single acute
exposure to very high cxritarrinant levels may induce adverse effects even if the average
exposure is much lower than apparent no-effect levels. Such profiles mil become
increasingly important as biologically based dose-iesponse models become available.

* Integrated exposures are usefulvvhen a total exposure for a particular
route (i.e., the total for various pathways leading to exposure via the same
route) is needed Units of integrated exposure are concentration times

time. The integrated exposure is the total area under the curve of the

exposure profile (Equation 2-1). Note that an exposure profile (a picture
of exposure concentration over time) contains more information than an
integrated exposure (a number), including the duration and periodicity of
exposure, the peak exposure, and the shape of the area under the time-
concentration curve.

« Tirne-weighted averages are widely used in exposure assessments,

especially as part of a carcinogen risk assessment A time-weighted
average exposure concentration (units of concentration) is the integrated

exposure divided by the period where exposure occurs, and is useful in
some of the equations discussed below in estimating dose. Atime-

weighted average dose rate is the total dose divided by the time period of
dosing, usually expressed in units of mass per unit time, or mass/time

normalized to body weight (e.g., mg/kg/day). Time-weighted average
dose rates such as the lifetime average daily dose (LADD) are often used
in dose-response equations to estimate effects or risk.12

12 Current carcinogen risk models, such as the linearized multistage procedure and other linear
nonthreshold models, use lifetime exposures to develop the dose-response relationships, and therefore use
lifetime time-weighted average exposures to estimate risks. Within the range of linearity for risk, this
procedure effectively treats exposures and doses as a series of "units," with each uni t of dose being equal to
any other unit of dose in terms of risk potential without respect to prior exposure or dose patterns. Current
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The discussion in the next three sections focuses on exposure via inhalation, oral
intake, and dermal absorption. Other exposure routes are possible, however, including
direct introduction into the bloodstream via injection or transfusion, contarrination of
exposed lesions, placental transfer, or use of suppositories. The exposures and doses for
these routes can be calculated in a similar manner, depending on \vhether an intake or
uptake process is involved.

Although equations for calculating exposure, dose, and their various averages are
in widespread use in exposure assessment, the assessor should ccrisider the implications
of the assumptions used to derive the equations. Srrplifying assumptions used in
deriving the equations may mean that variations in exposure concentration, ingestion or

inhalation rate, permeability coefficient, surface area exposed, and absorption fraction
can introduce error into the estimate of dose if average values are used, and this must be
considered in the evaluation of uncertainty (Section 6).

2.1.4.1. Calculating Potential Dose for Intake Processes
The general equation for potential dose for intake processes, e.g., inhalation and

ingestion (see Rgure 2-1 for illustration of various exposures and doses) is sirrply the
integration of the cherrical intake rate (concentration of the cherrical in the medium
times the intake rate of the medium, C times IR) over time:

dt (2-2)

\*here Dpo! is potential dose and BR(t) is the ingestion or inhalation rate.

research in the field of dose-response modeling is focusing on biologically based dose-response models
which may take into account the effects of the exposure or dose patterns, making use of all of the
information in an exposure or dose profile. For a more indepth discussion on the implications of the use of
time-weighted averages, see Atherley (1985).
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The quantity tj -1,, as before, represents the period of time over which exposure
is being examined, or the exposure duration (ED). The exposure duration may contain
times where the chemical is in contact with the person, and also times when O(t) is zero.
Contact time represents the actual time period where the ciierrical is in contact with the
person. For cases such as ingestion, where actual contact with food or water is
intermittent, and consequently the actual contact time nay be small, the intake rate is
usually expressed in terms of a frequency of events (e.g., 8 glasses of water consumed
per day) times the intake per event (e.g., 250 rriL of water/glass of water consumed).
Intermittent air exposures (e.g., 8 hours exposed/day times one cubic meter of air
inhaled/hour) can also be expressed easily using exposure duration rather than contact
time. Hereafter, the term exposure duration will be used in the examples belowto refer
to the termt2 -1,, since it occurs frequently in exposure assessments and it is often easier

to use.

Equation 2-2 can also be expressed in discrete formas a summation of the doses
received during various events i:

pot •*—• i i i \^"' ̂ )
i

where EDj is the exposure duration for event i. If C and IR are nearly constant (which is
a good approximation if the contact time is very short), Equation 2-3 becomes:

D = C IR • ED (2-4)pot \ /

where EDis the sum of the exposure durations for all events, and C and//? are the

average values for these parameters. Equation 2-4 will not necessarily hold in cases
where C and IR vary considerably. In those cases, Equation 2-3 can be used if the
exposure can be broken out into segments where C and IR are approximately constant If
even this condition cannot be met, Equation 2-2 may be used.

For risk assessment purposes, estimates of dose should be expressed in a manner
that can be compared with available dose-response data Frequently, dose-response
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relationships are based on potential dose (called administered dose in animal studies),
although dose-response relationships are sometimes based on internal dose.

Doses may be expressed in several different ways. Solving Equations 2-2, 2-3, or
2-4, for example, gives a total dose accumulated over the time in question. Thedoseper

unit time is the dose rate, which has units of mass/time (e.g., mg/day). Because intake
and uptake can vary, dose rate is not necessarily constant. An average dose rate over a
period of time is a useful number for many risk assessments.

Exposure assessments should take into account the time scale related to the
biological response studied unless the assessment is intended to provide data on the range

of biological responses (NRC, 1990, p. 28). For many noncancer effects, risk
assessments consider the period of time over \vhich the exposure occurred, and often, if

there are no excursions in exposure that would lead to acute effects, average exposures or
doses over the period of exposure are sufficient for the assessment These averages are
often in the form of average daily doses (ADDS).

An ADD can be calculated fromEquation 2-2 by averaging Dpol over body Vveight

and an averaging time, provided the dosing pattern is known so the integral can be
solved. It is unusual to have such data f or human exposure and intake overextended

periods of time, so some simplifying assumptions are commonly used. Lfeing Equation
2-4 instead of 2-2 or 2-3 involves making steady-state assumptions about C and IR, but
this makes the equation for ADD easier to solve.13 For intake processes, then, using
Equation 2-4, this becomes:

--\C-m-ED} I \BW • AT] (2-5)

where ADDpo, is the average daily potential dose, BWis body weight, and AT is the time
period over which the dose is averaged (converted to days). As with Equation 2-4, the

13 The assessor should keep in mind that this steady state assumption has been made when using Equation 2-5,
and should be able to discuss what effect using average values for C, IR, and ED has on the resulting estimate.
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exposure concentration C is best expressed as an estimate of the arithmetic mean

regardless of the distribution of the data. Again, using average values for C and IR in

Equation 2-5 assumes that C and IRare approximately constant
For effects such as cancer, \*tere the biological response is usually described in

terms of lifetime probabilities, even though exposure does not occur over the entire
lifetime, doses are often presented as lifetime average daily doses (LAEDs). The LAED
takes the form of Equation 2-5, v\dth lifetime (LT) replacing the averaging time (AT):

ADDpot = [ C IR • ED] I [BW • LT\ (2-6)

The LADD is a very common term used in carcinogen risk assessment where
linear nonthreshold models are employed.

2.1.4.2. Calculating Internal Dose for Uptake Processes (Especially via the Dermal
Route)

For absorption processes, there are two methods generally in use for calculating
internal dose. The first, oammonly used for dermal absoiptionfixxn a liquid \\here at
least partial immersion occurs, is derived from the equation for internal dose, D»nt, Vvhich

is analogous to Equation 2-2 except that the chemical uptake rate (C Kp • SA) replaces
the chemical intake rate (C IR). Thus,

| C(0 • Kp • SA(t) dt (2-7)
'i

where Kp is the perm&abiHty coefficient, and SA is the surface area exposed. BothCand
SAwill vary over time, and although Kp may not vary over time, it may vary over
different parts of the body. Unlike the intake processes, where the rate of the carrier
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medium crossing the boundary can be observed or measured, the carrier may or may not

cross the absorption barrier, the equations must be in terras of the chemical itself

crossing. The flow of the chemical across the barrier (or flux, J) is not directly

measurable, and is dependent on many factors including the nature of the chemical, the
nature of the barrier, active transport versus passive diffusion processes, and the
concentration of the chemical contacting the barrier. The relationship between the flux

and the exposure concentration14 is usually expressed as a permeability coefficient, Kp,
which is experimentally measurable.15 The internal dose that is analogous to the
potential dose in Equation 2-4 would be:

D.t •; C • K• SA • ED (2-8)'int " —p

where SA is the average surface area exposed and the AOpnt (average daily internal
dose) becomes:

ADDM = [ C • K • SA • ED ] I [ BW • AT ] (2-9)

(The corresponding LADEjnl would be obtained by substituting LT for AT.) This
is the method to use when calculating internal dose for a swimmer. The total body

surface area (SA) is assumed to be exposed to a layer of water with an average chemical

14 This relationship is described by Pick's Law, where J = Kp • C where C represents the steady-state
concentration of the chemical, J is the steady-state f lux , and Kp is the permeability coefficient.

15 The permeability coefficient, Kp, can be experimentally calculated for a chemical and a particular barrier
(e.g., skin type) by observing the flux rate in vitro (typical units: mg chemical crossing/sec-cm2), and
dividing it by the concentration of the chemical in the medium in contact with the barrier (typical units: mg
chemical/cm3). This allows the relationship between bulk concentration and the crossing of the chemical
itself to be made. K,, has the advantage of being fairly constant over a range of concentrations and can be
used for concentrations other than the one used in the experiment. The chemical uptake rate, relating the
crossing of the barrier of the chemical itself in terms of the bulk concentration, then becomes C times Kp
times the surface area exposed (SA).
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concentration C for a period of time (ED). It is not necessary to know the mass of the

chemical that comes in contact with the skin. The assumptions necessary in going from
Equation 2-7 to Equation 2-9 are comparable to those made in deriving Equation 2-5.
Recall that both C and SA will vary over time, and K,, may not be constant over different
parts of the body. If the assumption used to derive Equation 2-5 (that these variables are
nearly constant) does not hold, a different form of the equation having several terms must
be used

The second method of calculating internal dose uses empirical observations or

estimates of the rate that a chemical is absorbed when a dose is administered or applied.
It is useful when a small or known amount of material (suchasaparticulate)ora
chemical (such as a pesticide) contacts the skin. The potential dose of a chenical to the
skin, Dpol, can often be calculated frcrnknowing the concentration (Q and the amount of
carrier medium applied (JV^edinm )> either as a whole or on a unit surface area basis. Per
example, potential dose fixsm dermal contact with soil can be calculated using the

following equation:

(2-10)

where Dpot is potential dose, Medium ^ amount of soil applied, and Fadh is the adherence
factor for soil (the amount of soil applied to and adhering to the skin on a unit surface

area per unit time).

The relationship between potential dose and applied dose for dermal exposures is
that potential dose includes the amount of the chemical in the total amount of medium
contacting the skin, e. g., the amount of chenical in the soil whether or not all the
chemical itself ever comes in direct contact, and applied dose includes only that amount
of the chenical which actually directly touches the skin. Theoretically, the relationship
betvveen the applied dose (Dapp) and the internal (or absorbed) dose (Pnl) can be thought
of as:
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where f (t) is a complicated nonlinear absorption function, usually not measurable, having

the dimensions of mass absorbed per massapplied per unit time. The absorption
function will vary due to a number of factors (concentration gradient of chemical, carrier
medium, type of skin, skin moisture, skin condition, etc.). If f(t) could be integrated over

time from the start of exposure until time T, it would yield the absorption fraction, AF,
which is the fraction of the applied dose that is absorbed after time T. The absorption

fraction is a oumulative number and can increase with time to a possible maximum of 1
(or 100% absorption), but due to competing processes rray reach steady state long before
reaching 100% absorption. Equation 2-11 then becomes:

A, =AW AF (2-12)

where AFis the absorption fraction in units of mass absorbed/mass applied
(dimensionless).

If one assumes that all the chemical contained in the bulk material will eventually
come in contact with the skin, then Dapp equals Dpol and using Equation 2-12, the Ejnl

equation becomes:

Din, =Dpa! AF (2-13)

and (using Equations 2-9 and 2-10) consequently:

ADD,nt = [C Mmeam, • A F ] / [ B W - A T ] (2-14)
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where IV^j^ is the mass of the bulk material applied to thesMn. For reasons explained

below, this approximation will by no means always give credible results. The key is
whether all the chemical contained in the bulk medium can actually contact the skin.
Although with certain liquids or small amounts of material, the applied dose may be
approximately equal to the potential dose, in cases where there is contact with rnore than
a irinimal amount of soil, there is research that indicates that using this approximation
may cause serious error (Yang et cd., 1989). "When this approximation does not hold, the
assessor must make assumptions about how much of the bulk material actually contacts
the skin, or use the first method of estimating internal dose outlined above.

Unfortunately, almost no data are available concerning the relationship between

potential dose and applied dose for dermal exposures. Experimental data on absorption

fractions derived for soil cornmanly use potential dose rather than applied dose, which

may make the experimental data at least in part dependent on experimental conditions

such as how much soil wasapplied. If the exposure assessment conditions are similar to
those in the experiment, this would not usually introduce much error, but if the

conditions vary widely, the error introduced may be difficult to determine.
As a practical matter, estimates of absorption fraction are often crude

approximations and may be difficult to refine even if some data irom experiments are
available in the published literature. Typically, absorption experiments report results as

an absorption fraction after a given time (e.g., 50% after 24 hours). Since absorption

fraction is a function of several variables such as skin temperature, pH, moisture content,
and exposed surface area, as well as characteristics of the matrix in which the chemical
occurs (e.g., soil particle size distribution, organic matter content, and moisture content),
it is often difficult to make comparisons between experimental data and conditions being
considered for an assessirent.

Wth single data points, it may not be clear whether the experiment reached
steady state. If several data points are available from different tirnes in the experiment, a
plot of absorption fraction vs. tirm may be instructive. For chemicals where data are
available for steady-state conditions, the steady-state value will probably be a good

approximation to use in assessments where exposure duration is at least this long,
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provided the conditions in the experiment are similar to those of the case being assessed

Assessors should be very cautious in applying absorption fractions for moderately

absorbed chemicals (where observed experimental absorption fractions are not in the
steady-state part of the cumulative curve), or in using experimental data for estimates of
absorption over a much shorter duration than in the experiment.

In almost all cases, the absorption fraction msthod of estimating internal dose
fk^mapptieddosegivescriyanapproximatimof The interested
reader is referred to U.S. EPA (1992b) for more thorough guidance on dermal exposure

assessment

2.1.4.3. Calculating Internal Dose for Intake Processes (Especially via Respiratory
and Oral Routes)

Chemicals in air, food, cr dririking v^ter nonrally enter the body through intake

processes, then are si±>sequentiyabscroed through internal uptake processes in the lung

or gastrointestinal tract Sometimes it is necessary to estimate resulting internal dose,

Ejnt, after intake. In addition, if enough is known about the pharmacokineticsoftiie
chemical to make addition of doses across routes a meaningftd exercise, the doses must
be added as internal dose, not applied dose, potential dose, or exposure.

Theoretically, one could calculate E}nt in these cases by using an equation similar
to Equation 2-7; but C in that equation would become the concentration of the chemical

in the lung or gastrointestinal tract, SA would be the internal surface area involved, and
Kp would be the permeability coefficient of the lung or gastrointestinal tract lining.
Although data from the pharmaceutical field may be helpful in detemrining, for example,
internal surface areas, all of the data mentioned above are not known, nor are they
measurable with current instrumentation.

Because Equations 2-2 through 2-4 estimate the potential dose Dpot, which is the
amount ingested or inhaled, and Equations 2-11 and 2-12 provide relationships between
the applied dose (Dapp) and internal dose (Pnl), all that is necessary is a relationship
between potential dose and applied dose for intake processes. Again, data on this topic
are virtually nonexistent, so a common assumption is that for intake processes, the
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potential dose equals the applied dose. Although arguments can be made that this

assumption is likely to be more nearly accurate than for the case of soil contact, the

validity of this assumption is unknown at this point Essentially, the assumption of
equality means that \vhatever is eaten, drunk, or inhaled touches an absorption barrier
inside the person.

Assuming potential dose and applied dose are approximately equal, the internal
dose after intake can be estimated by combining Equations 2-2 or 2-3 and 2-10 or 2-11.
Using Equations 2-3 and 2-11, this becomes:

DM = D
apP ' AF - Dpot-AF --C-IR-ED AF (2-15)

The ADD,,,, for the two-step intake/uptake process becomes:

ADDM - ADDpot • AF - [ C • IR • ED • AF ] I [ BW AT ] (2-16)

Using average values for C and IR in Equations 2-15 and 2-16 involves the same

assumptions and cautions as \*eze discussed in deriving the ADD and LADD equations in
the previous tv\o sections, and of course, the same cautions apply to the use of the
absorption fraction as \rere outlined in Section 2.1.4.2.

2.1.5. Summary of Exposure and Dose Terms With Example Units
Table 2-1 provides a summary of the exposure and dose terms discussed in

Section 2.1, along wth examples of units corrmonly used
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Table 2-1. Explanation of exposure and dose terras.

TERM

Exposu re

Potent ial
Dose

REFERS TO

Contac t of chemical wi th
outer bounda ry of a person.
e.g., skin, nose, mou th .

A m o u n t of a chemical
contained in mate r i a l
ingested, air breathed, or bulk
material applied to the skin.

G E N E R I C UNITS

concentration x time

mass of the chemical:

Dosa rate is mass of the
chemical / t ime;

the dose rate is sometimes
normalized to body weight :
mass of chemical/unit body
w e i g h t • time

SPECIFIC E X A M P L E UNITS

Dermal: (mg chem/L water ) • (hrs of
contact)

(mg chem/kg soil) • (hrs of
contact)

Respiratory: (ppm chem in air) • (hrs of
contact )

(ug/m'a i r ) • (days of
contact)

Ora!: (mg chem/L water) • (min of
contact)

(mg chem/kg food) • (min of
contac t )

Dermal: (mg chem/kg soil) • (kg soil
on skin)
= mg chem in soil applied to
skin

Respiratory: (ug c h e m / m j atir>*tr(inltiiiiii) •
(min exposed) = pg chemical
in air breathed

(mg chem/L water) • (L
water consumed/day) •

Oral: days exposed = mg chemical
ingested in
water

(also dose rate: m g / d a y )
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TERM

Applied
Dose

In te rna l
( A b s o r b e d )
Dose

Delivered
Dose

REFERS TO

A m o u n t of chemical in
contac t with the primary
absorpt ion boundaries (e.g..
skin, lungs, gastrointestinal
tract) and available for
absorption

The a m o u n t of a chemical
penetrat ing across an
absorpt ion barrier or
exchange boundary via
either physical or biological
processes.

A m o u n t of chemical
available for interaction with
any part icular organ or cell.

G E N E R I C UNITS

as above

as above

as above

SPECIFIC E X A M P L E UNITS

Dermal: (mg chem/kg soil) • (kg soil
directly touching skin) • (%
of chem in soil actually
touching skin) = mg chem
actually touching skin

(ug chem/m! air) • (m* air
directly touching lung) • (%
of chemical actual ly touch ing

Respiratory: lung) = mg chemical actual ly
touching lung absorption
barrier

(mg chem/kg food) • (kg
food consumed/day) * (% of
chemical touching g.i. tract) =
mg chemical actually
touching g.i. tract absorption

Oral: barrier

(also absorbed dose rate:
mg/day) chemical available to
organ or cell

(dose rate: mg chemical
available to organ/day)

Dermal: mg chemical absorbed
through skin

mg chemical absorbed via
Respiratory: lung

mg chemical absorbed via g.i.
Oral: tract

(dose rate: mg chemical
absorbed/day or ms/ks • d a y )

mg chemical available to
organ or cell

(dose rate: mg chemical
avai lable to organ/day)

36

801264



2.2. Approaches to Quantification of Exposure
Although exposure assessments are done for a variety of reasons (see Section 3),

the quantitative exposure estimate can be approached from three different ways16:
1. The exposure can be measured at the point of contact (the cuter bcnmdary of the

body) vvhile it is taking place, treasuring both exposure concentration and time of
contact and integrating them (tpcintKrf-contact measurement),

2. The exposure can be estimated by separately evaluating the exposure
concentration and the time of contact, then coniaining this information (scenario
evaluation),

3. The exposure can be estimated from dose, \\hich in turn can be reconstructed
through internal indicators (biomarkers,17 body burden, excretion levels, etc.)

after the exposure has taken place (reconstruction).
These three approaches to quantification of exposure (or dose) are independent,

as each is based on different data The independence of the three methods is a useful
concept in verifying or validating results. Each of the three has strengths and
Vveaknesses; using themin combination can considerably strengthen the credibility of an
exposure or risk assessment. Sections 2.2.1 through 2.2.3 briefly describe some of the
strengths and Vveaknesses of each approach.

16 These three ways are approaches for arriving at a quantitative estimate of exposure. Sometimes the
approaches to assessing exposure are described in terms of "direct measures" and "indirect measures" of
exposure (e.g.,NRC, 1990). Measurements that actually involve sampling on or within a person, for example,
use of personal monitors and biomarkers, are termed "direct measures" of exposure. Use of models,
microenvironmental measurements, and questionnaires, where measurements do not actually involve personal
measurements, are termed "indirect measures" of exposure. The direct/indirect nomenclature focuses on the type
of measurements being made; the scenario evaluation/point-of-contact/reconstruction nomenclature focuses on
how the data are used to develop die dose estimate. The three-term nomenclature is used in these guidelines to
highlight the point that three independent estimates of dose can be developed.

17 Biomarkers can be used to study exposure, effects, or susceptibility. The discussion of biomarkers in these
guidelines is limited to their use in indicating exposure.
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2.2.1. Measurement of Exposure at the Point-of-Contact
Fbint-of-contact exposure measurement evaluates the exposure as it occurs, by

measuring the chemical (xancentrations at the interface between the person and the

enviixjnment as a iunction of time, resulting in an exposure profile. The best known
example of the point-of-contact measurement is the radiation dosimster. This small
badge-like device measures exposure to radiation as it occurs and provides an integrated
estimate of exposure for the period of time over which the measurement has been taken.
Another example is the Total Exposure Assessment Msthodology (TEAM) studies (U.S.
ERA, 1987a) conducted by the EPA In the TEAM studies, a small pump with a

collector and absorbent was attached to a person's clothing to measure his or her
exposure to airborne solvents or other pollutants as it occurred. A third example is the
carbon monoxide (GO) point-of-contact measurement studies where subjects carried a

small CO measuring device for several days (U.S. EPA, 1984a). Dermal patch studies
and duplicate meal studies are also point-of-contact measurement studies. In all of these
examples, the measurements are taken at the interface between the person and the
environment while exposure is occurring. Use of these data for estimating exposures or

doses for periods that differ from those for which the data are collected (e.g., for

estimates of lifetime exposures) will require some assumptions, as discussed in Section
5.3.1.

The strength of this method is that it measures exposure directiy, and providing
that the measurement devices are accurate, is likely to give the most accurate exposure
value for the period of time over which the measurement wastaken. Itisoften
expensive, however, and measurement devices and techniques do not currently exist for

aU chemicals. This method may also require assumptions to be made concerning the

relationship between short-term sampling and long-term exposures, if appropriate. This
method is also not source-specific, a limitation when particular sources will need to be
addressed by risk managers.

2.2.2. Estimates of Exposure from Scenario Evaluation
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In exposure scenario evaluation, the assessor attempts to deterninethe
concentrations of chemicals in a medium or lo^m and link this inform

time that individuals or populations contact the chemical. The set of assumptions about

how this contact takes place is an exposure scenario. In evaluating exposure scenarios,
the assessor usually characterizes the chemical concentration and the time of contact
separately. This may be done for a series of events, e.g., by using Equation 2-3, or using
a steady-state approximation, e.g., using Equation 2-4.

The goal of chemical concentration characterization is to develop estimates of
exposure concentration. This is typically accomplished indirectly by measuring,
modeling, or using existing data on concentrations in the bulk media, rather than at the

point of contact Assuning the cx)nceritration in the bu^
exposure concentration is a clear source of potential error in the exposure estimate and

must be discussed in the uncertainty analysis. Generally, the closer the medium can be
measured to the point of cxintact (in both space and time), the less uncertainty there is in
the characterization of exposure concentration.

The goal of characterizing time of contact is to identify who is exposed and to
develop estimates of the frequency and duration of exposure. Like chemical
concentration characterization, this is usually done indiiecfly by ijsecf demographic data,
survey statistics, behavior observation, activity diaries, activity models, or, in the absence
of more substantive information, assumptions about behavior.

The chemical concentration and population characterizations are ultimately
combined in an exposure scenario, and there are various ways to accomplish this. Cbe of
the major problems in evaluating dose equations such as Equations 2-4 through 2-6 is
that the limiting assumptions or boundary conditions used to derive them(e.g., steady-
state assumptions; see Section 2.1.4.) do not always hold true. Two major approaches to
this problem are (1) to evaluate the exposure or dose equation under conditions where the
limiting assumptions do hold true, or (2) to deal with the uncertainty caused by the
divergence from the boundary conditions. As an example of the first way, the
nicaxDenvironment method, usually used for evaluating air exposures, evaluates segments
of time and location where the assumption of constant concentration is approximately
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true, then sums over all such time segments for a total exposure for the respiratory route,
effectively removing some of the boundary conditions by falling back to the more

general Equation 2-3. "While estimates of exposure concentration and tirne-of-contact are

still derived indirectly by this method, the concenrration and tirrje-of-contact estimates

canbemeasia^foreachrricaxDenvironnHiL This avoids much of the error due to using

average values in cases where concentration varies widely along with time of contact18

As examples of the second approach, there are various tools used to describe
uncertainty caused by parameter variation, such as Nfcnte Carlo analysis (see Section 5).
Section 6 discusses some of these techniques in more detail.

Oie strength of the scenario evaluation approach is that it is usually the least

expensive method of the three. Also, it is particularly suited to analysis of the risk
consequences of proposed actions. It is both a strength and a weakness of scenario

development that the evaluation can be performed with litfle or no data; it is a technique
that is best used when some knowledge exists about the soundness, validity, and
uncertainty of the underlying assumptions.

2.2.3. Exposure Estimation by Reconstruction of Internal Dose

Exposure can also be estimated after it has taken place. If a total dose is known,
or can be reconstructed, and information about intake and uptake rates is available, an
average past exposure rate can be estimated. Reconstruction of dose relies on measuring
internal body indicators after exposure and intake and uptake have already occurred, and
using these rnsasurements to back-calculate dose. Hbwever, the data on body burden
levels or biomarkers cannot be used directly unless a relationship can be established
between these levels or biomarker indications and internal dose, and interfering reactions
(e.g., metabolism of unrelated chemicals) can be accounted for or ruled out Biological

18 This technique still may not deal effectively with the problem of short-term "peak concentrations"
exceeding some threshold leading to an acute effect. Even the averaging process used in a microenvironment
may miss significant concentration spikes and average them out to lower concentrations which are apparently
less lexicologically significant. A similar problem exists when evaluating sources; a "peak release" of a toxic
chemical for a short t ime may cause serious acute effects, even though the average concentration over a longer
period of time might not indicate serious chronic effects.
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tissue or fluid measurements that reveal the presence of a chemical may indicate directly

that an exposure has occurred, provided the chemical is not a metabolite of other
chemicals.

Biological monitoring can be used to evaluate the amount of a chemical in the

body by measuring oneormore of the following items. Notall of these can be measured
, for every chemical:

* the concentration of the chemical itself in biological tissues or sera (blood,
urine, breath, hair, adipose tissue, etc.),

* the concentration of the chemical's metabolite(s),
* the biological effect that occurs as a result of human exposure to the

chemical (e.g., alkylated hemoglobin or changes in enzyme induction), or
» the amount of a chemical or its metabolites bound to target molecules.
The results of biornonitoring can be used to estimate chemical uptake during a

specific interval if background levels do not mask the marker and the relationships
between uptake and the marker selected are known. The time of sampling for
biomarkers can be critical. Establishing a correlation between exposure and the
measurement of the marker, including pharrnacokinetics, can help optimize the sampling

conditions.

The strengths of this method are that it demonstrates that exposure to and
absorption of the chemical has actually taken place, and it theoretically can give a good
indication of past exposure. The drawbacks are that it will not work for every chemical
due to interferences or the reactive nature of the chemical, it has not been

methodologically established for very many chemicals, data relating internal dose to
exposure are needed, and it may be expensive.

2.3. Relationships of Exposure and Dose to Risk
Exposure and dose information are often combined with exposure-response or

dbse-response relationships to estimate risk, the probability of an adverse effect
occurring. There are a variety of risk models, with various mathematical relationships
between risk and dose or (less frequently) exposure. A major function of the exposure
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assessment as part of a risk assessment is to provide the exposure or dose values, and
their interpietations.

The exposure and dose information available will often allow estimates of
individual risk or population risk, or both. Presentation of risks in a risk assessment

involves more than merely a numerical value, however. Risks can be described or
characterized in a nurnber of different ways. This section discusses the relationships

between exposure and dose and a series of risk descriptors.
In preparing exposure information for use in a risk assessment, the use of several

descriptors, including descriptors of both individual and population risk, often provides
more useful information to the risk manager than a single descriptor or risk value.
Developing several descriptors may require the exposure assessor to analyze and evaluate

the exposure and dose information in several different ways. The exposure assessor
should be aware of the purpose, scope, and level of detail of the assessment (see Sections
3.1 through 3.3) before gathering data, since the types and amotmts of data needed may
differ. The questions that need to be addressed as a result of the purposeofthe
assessment determine the type of risk descriptors used in the assessment,

2.3.1. Individual Risk
Individual risk is risk borne by individual persons within a population. Risk

assessments almost always deal with more than a single individual. Frequently,
individual risks are calculated for some or all of the persons in the population being
studied, and are then put into the context of where they fall in the distribution of risks for
the entire population.

Descriptions of individual risk can take various forms, depending on the
questions being addressed. For the risk manager, there are often key questions in

mapping out a strategy for dealing with individual risk For cancer (or when possible,
noncancer) assessments, the risk manager may need answers to questions such as:

» Are individuals at risk from exposure to the substances under study?
Although for substances, such as carcinogens, that are assumed to have no
threshold, only a zero dose would result in no excess risk; for
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noncaicinogens, this question can often be addressed In the case of the

use of hazard indices, "where exposures or doses are compared to a

reference dose or some other acceptable level, the risk descriptor "would be
a statement based on the ratio between the dose incurred and the reference
dose.

» To "what risk levels are the persons at the highest risk subjected?

* \Vho are these people, what are they doing, where do they live, etc., and
what night be putting them at this higher risk?

* Can people with a high degree of susceptibility be identified?

* "What is the average individual risk?

In addressing these questions, risk descriptors may take any of several forms:

« an estimate of the probability that an individual in the high end of the
distribution may suffer an adverse effect, along with an explanation (to the
extent known) of the (exposure or susceptibility) factors which result in
their being in the high end;

* anestiirateoftheprcibabititythatanM
risk may suffer an adverse effect; or

* an estimate of the probability that an individual will suffer an adverse

effect given a specific set of exposure circumstances.
Individuals at the high end of the risk distribution are often of interest to risk

managers when considering various actions to mitigate risk These individuals often are
either more susceptible to the adverse health effect than others in the population or are

highly exposed individuals, or both.
Higher susceptibility may be the result of a clear difference in the way the

chemical is processed by the body, or it may be the result of being in the extreme part of
the normal range in metabolism for a population. It may not always be possible to
identify persons or subgroups who are more susceptible than the general population. If
groups of individuals who have clearly different susceptibility characteristics can be
identified, they can be treated as a separate subpopulation, and the risk assessment for
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this subgroup may require a different dose-response relationsWpfrcrn the one used for

the general population. Wien highly susceptible individuals can be identified, but when
a different dose-response relationship is not appropriate or feasible to develop, the risks
for these individuals are usually treated as part of the variability of the general
population.

Highly exposed individuals have been described in the literature using many
different terms. Due to unclear definitions, terms such as maximum

exposed individual,19 \vorst case exposure,20 and reasonable worst case exposure21 have
sometimes been applied to a variety of <3^/zoc estimates with unclear target ranges. The
ternirnaxirrurn exposed individual has often been used synoiymDusly with "worst case
exposure, that is, to estimate the exposure of the individual with the highest actual or
possible exposure. An accurate estimate of the exposure of the person in the distribution
with the highest exposure is extremely difficult to develop; uncertainty in the estimate
usually increases greatly as the more extreme ends of the distribution are approached.
Even using techniques such as IVfonte Carlo simulations can result in high uncertainty

about whether the estimate is within, or above, the actual exposure distribution.

" The uppermos t portion of the high-end exposure range has generally been the target for terms such as
"maximum exposed individual," although actual usage has varied.

20 The term "worst case exposure" has historically meant the maximum possible exposure, or where
everything that can plausibly happen to maximize exposure, happens. While in actuality, this worst case
exposure may fall on the uppermost point of the population distribution, in most cases, it will be somewhat
higher than the individual in the population with the highest exposure. The worst case represents a hypothetical
individual and an extreme set of conditions; this will usually not be observed in an actual population. The worst
case and the so-called max imum exposed indiv idua l are therefore not synonymous, the former describing a
statistical possibility that may or may not occur in the population, and the latter ostensibly describing an
individual that does, or is thought to, exist in the population.

21 The lower part of the high-end exposure range, e.g., conceptually above the 90th percentile but below about
the 98th percentile, has generally been the target used by those employing the term "reasonable worst case
exposure." Above about the 98th percentile has been termed the "maximum exposure" range. Note that both
these terms should refer to estimates of exposure on the actual distribution, not above it.
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For the purpose of these guidelines, a high end exposure estimate is a plausible

estimate of the individual exposure for those persons at the upper end of an exposure
distribution. The intent of this designation is to convey an estimate of exposures in the
upper range of the distribution, but to avoid estimates that are beyond the true

distribution. GDnceptually, the high end of the distribution means above the 90th
percentile of the population distribution, but not higher than the individual in the
population who has the highest exposure. High-end dose estimates are described
analogously.

The concept of the high end exposure, as used in this guidance, is fundamentally
different firm terms such as worst case, in that the estimate is by definition intended to

fall on the actual (or in the case of scenarios dealing with future exposures, probable)

exposure distribution.

Key Point: The primary objective when developing an estimate of high-end
exposure or dose is to arrive at an estimate that will fall within the actual
distribution, rather than above it. (Estimates above the distribution are bounding
estimates; see Section 5.3.4.1.) Often this requires professional judgment when
data are sparse, but the primary objective of this type of estimator is to be within
this fairly wide conceptual target range.

The relationship between answering the questions about high-end individual risk
and what the exposure assessor must do to develop the descriptors is discussed in Section
3.4. Individual risk descriptors will generally require the assessor to make estimates of
high-end exposure or dose, and sometimes additional estimates (e.g., estimates of central
tendency such as average or median exposure or dose).

Another type of individual risk descriptor results from specific sets of

circumstances that can be hypothesized as part of a scenario, for example:
* Wratif ahomeownerlivesattheedgeof this site for his entire life?
a "What if a pesticide applicator applies this pesticide without using

protective equipment?
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• \Vhatif a consumer uses this product everyday for ten years? Chcea

month? Qiceaweek?
• \Vhat risk level mil occur if we set the standard at lOOppb?

The assumptions made in answering these assessirent-specdfic postulated
questions should not be confused with the approximations made in developing an

exposure estimate for an existing population or with the adjustments in parameter values
made in performing a sensitivity analysis. The assumptions in these specific questions

address a purer "if/then" relationship and, as such, are more helpful in answering specific
hypothetical or anecdotal questions. The answers to these postulated questions do not
give information about how likely the combination of values night be in the actual
population or about howmany (if any) persons night actually be subjected to the

calculated risk.
Exposure scenarios employing these types of postulated questions are

encountered often in risk assessments, especially in those where actual exposure data are
incomplete or nonexistent Although the estimates of individual exposure derived from
these assumptions provide numerical values for calculating risk, they do so more as a
matter of context than a determination of actual exposure. They are not the same types of
estimates as high-end exposure or risk, where some statement must be made about the
likelihood of their falling within a specified range in the actual exposure or risk
distribution.

2.3.2. Population Risk
Population risk refers to an estimate of the extent of harmfor the population or

population segment being addressed. Risk managers may need questions addressed such
as the following:

• Hbwmany cases of a particular health effect night be probabilistically
estimated for a population of interest during a specified time period?

» RDrnoncarcinogens, what portion of the population exceeds thereference

dose (RfD), the reference concentration (RfQ, or other health concern

level?
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» For carcinogens, how many persons are above a certain risk level such as

1O6 or a series of risk levels such as 105,104, etc?
• Hbw do various subgroups fall within the distributions of exposure, dose,

and risk?
• Wiat is the risk fcr a particxiar population segment?
• Do any particxdar si±)groups experience a high exposure, dose, or risk?

The risk descriptors for population risk can take any of several forms:

• a probabilistic pixgeclimcf the estimated extent of occurrenceofa
particular effect for a population or segment (sometimes called "number
of cases" of effect);

• a description of what part of the pcptilation(crpcptdaticn segment) is
above a certain risk value of interest; or

• a description of the distribution of risk among various segments or
subgroups of the population.

In theory, an estimate of the extent of effects a population might incur (e.g., the
number of individual cases that night occur during a specified time) can be calculated by
summing the individual risks for all individuals within the population or population
segment of interest The ability to calculate this estimate depends on whether the

individual risks are in terms of probabilities for each individual, rather than a hazard
index or other nonprobabilistic risk. The calculation also requires a great deal more
information than is normally available.

Far some assessments, an alternate method is used, provided certain conditions
hold An arithmetic mean dose is usuallymuch easier to estinate than the individual
doses of each person in the population or population segment, but calculating the
hypothetical number of cases by using mean doses, slope factors, and population size
must be done with considerable caution. If the risk varies linearly with dose, and there is
no threshold below which no effect ever occurs, an estimate
night occur can be derived from the definition of arithmetic mean. If A=T/n, where A
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is the arithmetic mean of n numbers, and Tis the sum. of the same n numbers, simple

rearrangement gives T= A n. If1tearitho^ciiEanriskfc^thep(pulaticri(A)can
be estimated, and the size of the population (n) is known, then this relationship can be

used to calculate a probabilistic estimate of the extent of effects OQ.22 Even so, several
other cautions apply "when using this method.

Individual risks are usually expressed on an upper bound basis, and the resulting
number of cases estimated in this manner will normally be an upper bound estimate due
to the nature of the risk model used. This method vwU not woric at aU for nonlinear dose-
response models, such as many noncancer effects or for nonlinear carcinogenic dose-
response models.

In practice, it is difficult even to establish an accurate mean health effect risk for
a population. This is due to many complications, including uncertainties in using animal

data for human dose-response relationships, nonlinearities in the dose-response curve,
projecting incidence data fromone group to another dissirrilar group, etc. Althoughit
has been common practice to estimate the number of cases of disease, especially cancer,

for populations exposed to chemicals, it should be understood that these estimates are not
meant to be accurate predictions of real (or actuarial) cases of disease. The estimate's
value lies in framing hypothetical risk in an understandable way rather than in any literal
interpretation of the term "cases."

Another population risk descriptor is a statemertt regarding how rnany people are
thought to be above a certain risk level or other point of demarcation. Bar carcinogens,
this night be an excess risk level such as 1O6 (or a series of levels, i.e., 105,104, etc.).
For noncarcinogenic risk, it night be the portion of the population that exceeds the RED
(a dose), the RfC (an exposure concentration), an effect-based level such as a lowest
observed adverse effect level (LOAEL), etc. Far the exposure assessor, this type of

"Since the geometric mean (G) is defined differently, use of the geometric mean individual risk (where G
does not equal A, such as is often found in environmental situations) in the above relationship will obviously
give an erroneous (usually low) estimate of the total. Geometric means have appropriate uses in exposure and
risk assessment, but estimating population risk in this way is not one of them.
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descriptor usually requires detailed inf brmation about the distribution of exposures or

doses.
Other population risk descriptors address the way the risk burden is distributed

among various segments of the subject population. The segments (or subgroups) could
be divided by geographic location, age, sex, ethnic background, lifestyle, economic

factors, or other demographic variables, or they could represent groups of persons \\ith a
typical sensitivity or susceptibility, such as asthmatics.

Fbr assessors, this means that data may need to be evaluated for both highly

exposed population segments and highly sensitive population segments. Incases
involving a highly exposed population segment, the assessor night approach this
question by having this segment of the population in rrind Vvten developing the

descriptors of high-end exposure or dose. Usually, however, these segments are
identified (either a priori or from inspection of the data) and then treated as separate,
unique populations in themselves, \vith segment-specific risk descriptors (population,
individual, etc.) analogous to those used for the larger population.

2.3.3. Risk Descriptors
In summary, exposure and dose information developed as part of an exposure

assessment may be used in cxHistructing risk descriptors. These are statements to convey
information about risk to users of that information, primarily risk managers. Risk

descriptors can be grouped as descriptors of individual risk or population risk, and vvithin
these broad categories, there are several types of descriptors. Not all descriptors are

applicable to all assessments. As a matter of policy, the Agency or individual program
offices vvithin the Agency may require one or more of these descriptors to be included in

specific risk assessments. Because the type of descriptor translates fairly directly into the
type of analysis the exposure assessor rmst perfcnn, the exposure assessor needs to be aware
of these policies. Additional information on calculating and presenting exposure estimates
and risk descriptors is found in Sections 5 and 7 of these Guidelines.
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3. PLANNING AN EXPOSURE ASSESSMENT
Exposure assessments are done for a variety of purposes, and for that reason,

cannot easily be regimented into a set format or protocol. Each assessment, however,
uses a similar set of planning questions, and by addressing these questions the assessor
\vill be better able to decide \vhat is needed to perform the assessment and how to obtain
and use the information required. To facilitate this planning, the exposure assessor
should consider some basic questions:

Purpose: Why is the study being conducted? \Vhat questions -will the study

address and how \vill the results be used?
Scope: \\faeredoes the study area begin and end? ^^ffl inferences be made on a
national, regional, or local scale? ^Vho or what is to be monitored? "What
chemicals and what media will be measured, and for which individuals,
populations, or population segments will estimates of exposure and dose be
developed?
Level of Detail: Kbw accurate must the exposure or doseestimate be to achieve
the purpose? Hbw detailed must the assessment be to properly account for the
biological link between exposure, dose, effect, and risk, if necessary? Haw is the
depth of the assessment limited by resources (time and money), and what is the
most effective use of those resources in terms of level of detail of the various
parts of the assessment?
Approach: Hbw will exposure or dose be measured or estimated, and are these
methods appropriate given the biological links among exposure, dose, effect, and
risk? Hbw will populations be characterized? Hbw will exposure concentrations
be estimated? \Miatisknovvnabouttheenvinanmentalandbid
substance? "What are the important exposure pathways? "What is known about
expected concentrations, analytical methods, and detection limits? Are the
presently available analytical methods capable of detecting the chemical of

interest and can they achieve the level of quality needed in the assessment?
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many samples are needed? ^Vhen will the samples be collected? Hbw
frecpenlly? Hbw will the data be handled, analyzed, and interpreted?

By addressing each of these questions, the exposure assessor will develop a clear
and concise definition of study objectives that will form the basis for further planning.

3.1. Purpose of the Exposure Assessment
The particular purpose for which an exposure assessment will be used will often

have significant implications for the scope, level of detail, and approach of the
assessment Because of the complex nature of exposure assessments, a multidisciplinary
approach that encompasses the expertiseof a variety of scientists is necessary. Exposure
assessors should seek assistance fkxn other scientists when they lack the expertise
necessary in certain areas of the assessment

3.1.1. Using Exposure Assessments in Risk Assessment
The National Research Council (NRC, 1983) described exposure assessment as

one of the four major areas of risk assessment (the others are hazard identification, dose-
response assessmsnt, and risk characterization). The primary purpose of an exposure
assessment in this application is often to estimate dose, which is combined with
cherrical-specific dose-response data (usually from animal studies) in order to estimate
risk. Depending on the purpose of the risk assessment the exposure assessment will
need to emphasize certain areas in addition to quantification of exposure and dose.

If the exposure assessment is part of a risk assessment to support regulations for
specific chemical sources, such as point emission sources, consumer products, or
pesticides, then the link between the source and the exposed or potentially exposed
population is important la this case, it is often necessary to trace chemicals from the
source to the point of exposure by using source and fate models and exposure scenarios.

By examining the individual components of a scenario, assessors can focus their efforts
on the factors that contribute the most to exposure, and perhaps use the exposure
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assessment to select possible actions to reduce risk Ffcr example, exposure assessments

are often used to compare and select control or cleanup options. Most often the scenario

evaluation is employed to estimate the residual risk associated with each of the
alternatives under consideration. These estimates are compared to the baseline risk to
determine the relative risk reduction of each alternative. These types of assessrrEnts can
also be employed to make screening decisions about whether to further investigate a
particular cherricaL These assessments can also benefit frornverific^on through the use
of personal or biological monitoring techniques.

If the exposure assessment is part of a risk assessment perfonrjed to set standards
for emdronmenlal media, usually the concentration levels in the medium that pose a
particular risk level are important Normally, these assessments place less emphasis on

the ultimate source of the chemical and more emphasis on linking concentration levels in
the medium with exposure and dose levels of those exposed. A combination of media

measurements and personal exposure monitoring could be very helpful in assessments for
this purpose, since what is being sought is the relationship between the two. Modeling

may also support or supplement these assessments.

If the exposure assessment is part of a risk assessment used to determine the need
to remediate a waste site or chemical spilL, the emphasis is on calculating the risk to an
individual or small group, comparing that risk to an acceptable risk level, and if
necessary determining appropriate cleanup actiots to reach an acceptable risk The
scHKceofchendcalcontan±iationmayorrrHynctbeknowa Although personal
exposure monitoring can give a good indication of the exposure or dose at the present

time, often the risk manager must make a decision that will protect health in the future.
For this reason, modeling and scenario development are the primary techniques used in
this type of assessment Emphasis is usually placed on linking sources with the exposed
individuals. Biological monitoring may also be helpful (in cases where the methodology
is established) in determining if exposure actually results in a dose, since some chemicals
are not bioavailable even if intake occurs.

If the exposure assessment is part of a risk assessment used as a screening device
x-^v. for setting priorities, the emphasis is more on the comparative risk levels, perhaps with
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the risk estimates falling into broad categories (e.g., sera-quantitative categories such as
high, medium, and low). For such quick-sorting exercises, rarely are any techniques
used other than modeling and scenario developrnent. Decisions made in such cases
rarely involve direct cleanup or regulatory action without further refinement of the risk

assessment, so the scenario development approach can be a cost-effective way to set

general priorities for future investigation of worst risk first

If the exposure assessment is part of a risk assessment that is wholly predictive in
nature, such as for the prerrBrurfacture notice (PMN) program, a modeling and scenario
developrnent approach is recommended In such cases, measurement of cherricals yet to
be manufactured or in the environment is not possible. In this case again, the link
between source and exposed individuals is emphasized.

Not only are risk assessments done for a variety of purposes, butthetoxic
endpoints being assessed (e.g., cancer, reproductive effects, neurotoxic effects) can also

vary widely. Endpoints and other aspects of the hazard identification and dose-response

relationships can have a major effect on how the exposure information must be collected

and analyzed for a risk assessment. This is discussed in more detail in Section 3.5.1.

3.1.2. Using Exposure Assessments for Status and Trends
Exposure assessments can also be used to determine whether exposure occurs and

to monitor status and tends. The emphasis in these exposure assessments is on what the
actual exposure (or dose) is at one particular time, and how the exposure changes over
time. Examples of this type of assessment are occupational studies. Characteristics and
special considerations for occupational studies have been discussed by the National
Institute for Occupational Safety and Health (MOSH, 1988).

Exposure status is the snapshot of exposure at a given time, usually the exposure
profile of a population or population segment (perhaps a segment or statistical sample
that can be studied periodically). Exposure trends show how this profile changes with
time. Normally, status and trends studies make use of statistical sampling strategies to
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assure that changes can be interpreted meaningfully. These data are particularly useful if
actions for risk amelioration and demDnstration of the effectiveness of these actions can

be made through exposure trend measurements.
]vfeasurement is critic^ to such assessments. Personal monitoring can give the

most accurate picture of exposure, but biological or media rnonitoring can indicate

exposure levels, provided a strong link is established between the biological or media
levels and the exposure levels. Usually this link is established first by correlating

biological or media levels with personal irmitoring data for the same population over the
same period.

3.1.3. Using Exposure Assessments in Epidemiologic Studies
Exposure assessments can also be important components of epiderriologic

studies, where the emphasis is on using the exposure assessment to establish exposure-

incidence (or dose-effect) relationships. Ear this purpose, personal nxmtoring,
biological monitoring, and scenario development have all been used. If the population

under study is being currently exposed, personal monitoring or biological monitoring
may be particularly helpful in establishing exposure or dose levels. If the exposure took
place in the past, biological monitoring may provide useful data, provided the chemical is
amenable to detection without interference or degradation, and the pharmacokinetics are

known. Mare often, however, scenario development techniques are used to estimate
exposure in the past, and often the accuracy of the estimate is limited to classifying

exposure as high, medium, or low. This type cf categorization is rather ccrnmon, but

sometimes it is very difficult to determine who belongs in a category, and to interpret the

results of the study. Although epiderriologic protocols are beyond the scope of these
Guidelines, the use of exposure assessment for epidemiology has been described by the
World Hsalth Organization (WHO, 1983).

3.2. Scope of the Assessment
The scope of an assessment refers to its cxsmprehensiveriess. Bar example, an

important limitation in many exposure assessments relates to the specific cherrical(s) to
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be evaluated Although this seems obvious, where exposure to multiple chemicals or
nixtunes is possible, it is not always clear whether assessing "all" chemicals will result in
a different risk value than if only certain significant chemicals are assessed and the others

assumed to contribute only a ninor amount to the risk, This may also be true for cases

where degradation products have equal or greater toxic»lc^cal concerns. In these cases,
a preliminary investigation may be necessary to determine which chemicals are likely to
be in high enough concentrations to cause concern, with the possibile contribution of the

others discussed in the uncertainty assessment The assessor must also determine
geographical boundaries, population exposed, environmental media to be considered, and
exposure pathways and routes of concern.

The prpose of theexposure assessment will usually help define the scope. There

are characteristics that are unique to national exposure assessments as opposed to
industry-wide or local exposure assessments. Peer example, exposure assessments in
support of national regulations must be national in scope; exposure assessments to
support cleanup decisions at a site will be local in scope. Exposure assessments to

support standards for a particular medium will often concentrate on that medium's
concentration levels and typical exposure pathways and routes, although the other
pathways and routes are also often estimated for perspective.

3.3. Level of Detail of the Assessment
The level of detail, or depth of the assessment, is measured by the amount and

resolution of the data used, and the sophistication of the analysis employed. It is

determined by the purpose of the exposure assessment and the resources available to

perform the assessment. Although in theory the level of detail needed can be established

by deterrrining the accuracy of the estimate required, this is rarely the case in practice.
To conserve resources, most assessments are done in an iterative fashion, with a
screening done first; successive iterations add more detail and sophistication. After each
iteration, the question is asked, is this level of detail or degree of confidence good
enough to achieve the purpose of the assessment? If the answer is no, successive
iterations continue until the answer is affirmative, new input data are generated, or as is
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the case for many assessments, the available data, time, or resources are depleted
Resource4irrited assessments should be evaluated in terms of •what part of the original

objectives have been accomplished, and how this affects the use of the results.
The level of detail of an exposure assessment can also be influenced by the level

of sophistication or uncertainty in the assessment of health effects to be used for a risk
assessment If only very weak health information is available, a detailed, costly, and in-
depth exposure assessment will in most cases be wasteful, since the most detailed

inforrnation will not add significantly to the certainty of the risk assessment.

3.4. Determining the Approach for the Exposure Assessment
The intended use of the exposure assessment will generally favor one approach to

qirantifying exposure over the others, or suggest that tMO or rrrxe approaches be

combined These approaches to exposure assessment can be viewed as different ways of
estimating the same exposure or dose. Each has its own unique characteristics, strengths,
and weaknesses, but the estimate should theoretically be the same, independent of the

approach taken.
The point-^f-ccntact approach requires measurements of chemical cceoenrrations

at the point where they the exposed individuals, and a record of the length of time of
contact at each cxricentration. Some integrative techniques are inexpensive and easy to
use (radiation badges), while others are costly and may present logistical challenges
(personal conrinuous-sairpling devices), and require public cooperation.

The scenario evaluation approach requires chemical concentration and time-of-
contact data, as well as information on the exposed persons. Chemical concentration
may be determined by sampling and analysis or by use of fate and transport models
(including simple dilution models). IVbdels can be particularly helpful when some
analytical data are available, but resources for additional sampling are limited.
Inforrnation on human behavior and physical characteristics may be assumed or obtained
by interviews or other techniques frornindividuals who represent the population of
interest
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Fbr the reconstruction of dose approach, the exposure assessor usually uses
measured body burden or specific biomarker data, and selects or constructs a biological

model that uses these data to account for the chemical's behavior in the body. If a
phanracokinetic model is used, additional data on metabolic processes will be required
(as well as model validation infoonation). Information on exposure routes and relative
source strengths is also helpful.

Che of the goals in selecting the approach should include developing an estimate
having an acceptable amount of uncertainty. In general, estimates based on quality-

assured measurement data, gathered to directly answer the questions of the assessment,
are likely to have less uncertainty than estimates based on indirect infcrmation. The

approach selected for the assessment \vil1 determine which data are needed. All three

approaches also require data on intake and uptake rates if the final product of the
assessment is a calculated dose.

Sometimes more than one approach is used to estimate exposure. Borexample,
the TEAM study combines point<aF-contact measurement with the rricroemdionment
(scenario evaluation) approach and breath measurements for the reconstruction of dose
approach (U.S. ERA, 1987a). If more than one approach is used, the assessor should
consider how using each approach separately can verify or validate the others. In
particular, point-of-contact measurements can be used as a check on assessments made
by scenario evaluation.

3.5. Establishing the Exposure Assessment Plan
Before starting wrak on an exposure assessment, the assessor should have

determined the purpose, scope, level of detail, and approach for the assessment, and
should be able to translate these into a set of objectives. These objectives will be the
foundation for the exposure assessment plan. The exposure assessment plan need not be
a lengthy or formal document, especially for assessments that have a narrow scope and
little detail. Far more complex exposure assessments, however, it is helpful to have a
written plan.
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For exposure assessments being done as part of a risk assessment, the exposure
assessment plan should reflect (in addition to the objectives) an understanding of how the
results of the exposure assessment willbeused in the risk assessment Fearsome
assessments, three additional components may be needed: the sampling strategy (Section

3.5.2), the modeling strategy (Section 3.5.3), and the communications strategy (Section

7.1.3).

3.5.1. Planning an Exposure Assessment as Part of a Risk Assessment
Ffcs: risk assessments, exposure information must be clearly linked to the hazard

identification and dose-response relationship (or exposure-response î ationsMp; see
Section 3.5.4). The toxic endpoints (e.g., cancer, reproductive effects, neurotoxic
effects) can vary widely, and along with other aspects of the hazard identification and
dose-response relationships, can have a major effect on how the exposure information

must be collected and analyzed for a risk assessment. Some of these aspects include
implications of limited versus repeated exposures, dose-rate considerations, reversibility

of toxicological processes, and composition of the exposed population.
« Limited versus Repeated Exposures. Current carcinogen risk models

often use lifetime time-weighted average doses in the dose-response
relationships owing to their deri\^cnfrom^hTetinEarrirnal studies. This
does not mean cancer cannot occur after single exposures (witness the A-
bomb experience), merely that exposure information must be consonant
with the source of the model. Some toxic effects, however, occur after a
singlft nr a limited mnrirRr oFexpnsinn^ inrJlnHing qtTntf- rfgytinps snch as

anesthetic effects and respiratory depression or certain developmental
effects following exposure during pregnancy. Bar developmental effects,
for example, lifetime time-weighted averages have little relevance, so
different types of data must be collected, in this case usually shorter-term
exposure profile data during a particular time window. Consequently, the

exposure assessors and scientists who conduct rnonitoring studies need to
collaborate with those scientists who evaluate a chemical's hazard
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potential to assure the cb\elcptiEnt of a i^^ If
short-term peak exposures are related to the effect, then instruments used

should be able to measure short-term peak concentrations. If cumulative
exposure is related to the effect, long-term average sampling strategies

will probably be more appropriate.
* Dose-Rate Effects. The use of average daily exposure values (e.g., ADD,

LADD) in a dose-response relationship assumes that within some limits,

increrrEnts of C times T (exposure concentration times time) that are
equal in magnitude are equivalent in their potential to cause an effect,
regardless of the pattern of exposure (the so-called Habefs Rule; see

Atherley, 1985). In those cases where toxicity depends on the dose rate,
one may need a more precise determination of the time people are
exposed to various concentrations and the sequence in which these

exposures occur.

* Reversibility of Toxicological Processes. The averaging process for
daily exposure assumes that repeated dosing continues to add to the risk
potential. In some cases, after cessation of exposure, toxicolqgical
processes are reversible over time. In these cases, exposure assessments

must provide enough information so that the risk assessor can account for
the potential influence of episodic exposures.

* Composition of the Exposed Population. For some substances, the type

of health effect may vary as a function of age or sex. Likewise, certain
behaviors (e.g., smoking), diseases (e.g., asthma), and genetic traits (e.g.,

glucose-6-phosphate dehydrogenase deficiency) may affect the response
of a person to a chemical substance. Special population segments, such as
children, may also call for a specialized approach to data collection
(WHO, 1986).

3.5.2. Establishing the Sampling Strategy
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If the objectives of the assessment are to be met using nEasurements, it is
important to establish the sampling strategy before sarrples are actually taken. "The

sampling strategy includes setting data quality objectives, developing the sampling plan
and design, using spiked and blank samples, assessing background levels, developing

quality assurance project plans, validating previously generated data, and selecting and
validating analytical methods.

3.5.2.1. Data Quality Objectives
All measurements are subject to uncertainty because of the inherent variability in

the quantities being measured (e.g., spatial and temporal variability) and analytical
measurement variability introduced during the measurement process through sampling
and analysis. Some sources of variability can be expressed quantitatively, but others can

only be described qualitatively. The larger the variability associated \\ith individual

measurements, the lower the data quality, and the greater the probability of errors in
interpretation. Data quality objectives (DQCfc) describe the degree of uncertainty that an
exposure assessor and other scientists and management are willing to accept.

Realistic DQOs are essential. Data of insufficient quality will have little value for

problem solving, while data of quality vastly in excess of what is needed to answer the

questions asked provide few, if any, additional advantages. DQOfe should consider data
needs, cost-effectiveness, and the capability of the measurement process. The amount of

data required depends on the level of detail necessary for the purpose of the assessment
Estimates of the number of samples to be taken and measurements to be made should

account for expected sample variability. Finally, DQOs help clarify study objectives by
compelling the exposure assessor to establish how the data will be used before they are
collected.

The exposure assessor establishes data criteria by proposing limits (based on best
judgment or perhaps apilot study) on the acceptable level of uncertainty for each
conclusion to be drawn from new data, considering the resources available for the study.
DQQs should include:
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* Aclear statement of study objectives, to include an estimation of the key
study parameters, identifying the hypotheses being tested, the specific

aims of the study, and how the results will be used
* The scope of study objectives, to include the irinirrumsizeofsubsamples

firm which separate results may be calculated, and the largest unit (area,
time period, or group of people) the data will represent

* A description of the data to be obtained, the media to be sampled, and the
capabilities of the analytical methodologies.

* The acceptable probabilities and uncertainties associated with false

positive and false negative statements.
* Adiscussionof statistics used to summarize the data; any standards,

reference values, or action levels used for comparison; and a description
and rationale for any mathematical or statistical procedures vised

« An estimate of the resources needed

3.5.2.2. Sampling Plan
The sampling plan specifies how a sample is to be selected and handled An

inadequate plan will often lead to biased unreliable, or meaningless results. Good
planning, on the other hand makes optimal use of limited resources and is more likely to

produce valid results.
The sampling design specifies the number and types of samples needed to achieve

DQOs. Factors to be considered in developing the sampling design includestudy

objectives, sources of variability (e.g., temporal and spatial heterogeneity, analytical

differences) and their relative magnitudes, relative costs, and practical limitations of
time, cost, and personnel.

Sampling design considers the need for temporal and spatial replication,
compositing (combining several samples prior to analysis), and multiple detenrinations
on a single sample. A statistical or envktxm^iital prccess model may be used to allocate
sampling effort in the most efficient manner.
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/*****" Data may be collected using a survey or an experimental approach. Itmaybe
desirable to stratify the sample if it is suspected that differences exist between segments

of the statistical population being sampled. In such cases, the stratified sampling plan
assures representative samples of the obviously different parts of the sample population
while reducing variance in the sample data The survey approach estimates population
exposure based on the measured exposure of a statistically representative sample of the
population. In some situations the study objectives are better served by an experimental

approach; this approach involves experiments designed to determine the relationship
between two or more factors, (e.g., between house construction and a particular indoor

air pollutant). In the experimental approach, experimental units are selected to cover a
range of situations (e.g., different housing types), but do not reflect the frequency of
those units in the population of interest An understanding of the relationship between
factors gained from an experiment can be combined with other data (e.g., distribution of

housing types) to estimate exposure. An advantage of the experimental approach is that
it may provide more insight into underlying mechanisms which may be important in

targeting regulatory action. However, as in all experimental wcric, one must argue that
the relationships revealed apply beyond that particular experiment

A study may use a combination of survey and experimental teclmiques and
involve a variety of sampling procedures. A summary of methods for measuring water
exposure is found in Lynch (1985). Snith et dL. (1987) provide guidance for field
sampling of pesticides. Relevant EPAreference documents include Survey Management

Handbook, Volumes I and H (U.S. ERA, 1984b); Soil Sampling Quality Assurance
User1 s Guide (U.S. ERA, 1990a); and A Rationale for the Assessment of Errors in the
Sampling of Soils (U.S. ERA, 1989a). A detailed description of msthods for
enumerating and characterizing populations exposed to chemical substances is contained
in Methods for Assessing Exposure to Chemical Substances, Volume 4 (U.S. ERA,
1985a).

Factors to be considered in selecting sampling locations include population

density, historical sampling results, patterns of environmental contamination and
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environmental characteristics such as streamflow or prevailing wind direction, access to
the sample site, types of samples, and health and safety requirements.

The frequency and duration of sample collection will depend on whether the risk
assessor is concerned with acute or chronic exposures, how rapidly contamination
patterns are changing, ways in which chemicals are released into the environment, and
whether and to what degree physical conditions are expected to vary in the future.

There are many sources of information on methods for selecting sampling
locations. Schweitzer and Black (1985) and Schweitzer and Santolucito (1984) give

statistical methods for selecting sampling locations for ground water, soil, and hazardous
wastes. A practical guide for ground-water sampling (U.S. ERA, 1985b) and a handbook
for stream sampling (U.S. ERA, 1986d) are also available.

The type of sample to be taken and the physical and chemical properties of the
chemical of concern usually dictate the sampling frequency. For example, deterrrining
the concentration of a volatile chemical in surface water requires a higher sampling
frequency than necessary for ground water because the chemical concentration of the
surface water changes more rapidly. Sampling frequency night also depend on whether
the health effects of concern result fromacute or chronic exposures. More frequent
sampling may be needed to determine peak exposures versus average exposure.

Aprelirrinary survey is often used to estimate the ortfimumnurnber, spacing, and
sampling frequency. Factors to be considered include technical objectives, resources,
program schedule, types of analyses, and the constituents to be evaluated. Shaw et aL.
(1984), Sanders and Adrian (1978), and Nelson and \\ard (1981) discuss statistical
techniques for determining the optimal number of samples.

Sampling duration depends on the analytical method chosen, the limits of
detection, the physical and chemical properties of the analyte, chemical concentration,
and knowledge of transport and transfcmation mechanisms. Sampling duration may be
extended to ensure adequate collection of a chemical at low concentration or curtailed to
prevent the breakthrough of one at high concentration. Sampling duration is directly
related to selection of statistical procedures, such as trend or cross-sectional analyses.
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Storage stability studies with periodic sample analysis should normally be mn

cxancumently with the storage of treated samples. However, in certain situations where
chemicals are prone to break down or have high volatility, it is advisable to run a storage
stability study in advance so that proper storage and maximum time of storage can be
determined prior to sample collection and storage. Unless storage stability has been
previously documented, samples should be analyzed as soon as possible after collection
to avoid storage stability problems. Individual programs may have specific time limits
on storage, depending on the types of samples being analyzed.

3.5.2.3. Quality Assurance Samples
Sampling should be planned to ensure that the samples are not biased by the

introduction of field or laboratory contaminants. If sample validity is in question, all
associated analytical data will be suspect. Held- and laboratory-spiked samples and
blank samples should be analyzed concurrently to validate results. The plan should
provide instructions clear enough so that each worker can collect, prepare, preserve, and

analyze samples according to established protocols.
Any data not significantly greater than blank sample levels should be used with

considerable caution. All values should be reported as measured by the laboratory, but
Vvith appropriate caveats on blank sample levels. The method for interpreting and using
the results from blank samples depends on the analyte and should be specified in the

sampling plan. The following guidance is recxrrrnended:
* For volatiles and serrivolatiles, no positive sample results should be

reported unless the concentration of the compound in the sample exceeds
10 times the amount in any blank for the cornraon laboratory
contaminants methylene chloride, acetone, toluene, 2-butanone, and
common phthalate esters. The amount for other volatiles and
serrivolatiles should exceed 5 times the amount in the blank (U.S. EPA,
1988d).

* For pesticides and polychlorinated biphenyls (PQBs) no positive sample

results should be reported unless the concentration in the sample exceeds 5
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/—v times that in the blank (U.S. ERA, 1988d). If a pesticide or PCB is found

in a blank but not in a sample, no action is taken.
• Far inorganics, no positive sample results should be reported if the results

are less than 5 times the amount in any blank (U.S. EPA, 1988e).

3.5.2.4. Background Level
Background presence may be due to natural cr anthropogenic sources. Atsorre

sites, it is significant and must be accounted for. The exposure assessor should try to

determine local background concentrations by gathering data item nearby locations
clearly unaffected by the site under investigation

\Vhen differences between a background (control area) and a target site are to be
determined experimentally, the control area must be sampled with the same detail and
care as the target

3.5.2.5. Quality Assurance and Quality Control
yS*****^

Qjaliry assurance (QA) assures that a product meets defined standards of quality
with a stated level of confidence. QA includes quality control.

Quality assurance begins with the establishment of DQOs and continues

throughout the measurement process. EachlabcratcsyshoiidhaveaQAprograrnand,
for each study, a detailed quality assurance project plan, with language clear enough to
preclude confusion and nisunderstanding. The plan should list the DQOs and fully

describe the analytes, all materials, methods, and procedures used, and the

responsibilities of project participants. The EPA has prepared a guidanre document
(U.S. EPA, 1980) that describes all these elements and provides complete guidance for
plan preparation. Quatity confcol (QQ ensures a product or service is satisfactory,
dependable, and economical. A QC program should include development and strict
adherence to principles of good laboratory practice, consistent use of standard
operational procedures, and carefully-designed protocols for each measuremsnt effort
The program should ensure that errors have been statistically characterized and reduced
to acceptable levels.
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3.5.2.6. Quality Assurance and Quality Control for Previously Generated Data
Previously generated data may be used by the exposure assessor to fulfill current

needs. Any data developed through previous studies should be validated with respect to
both quality and extrapolation to current use. One should consider how long ago the data
Vvere collected and whether they are still representative. The criteria for method selection
and validation should also be followed when analyzing existing data Other points
considered in data evaluation include the collection protocol, analytical methods,
detection limits, laboratory rjerformance, and sample handling.

3.5.2.7. Selection and Validation of Analytical Methods
There are several major steps in the method selection and validation process.

First, the assessor establishes methods requirements. Next, existing methods are
reviewed for suitability to the current application. If a new method must be developed, it

is subjected to field and laboratory testing to determine its performance; these tests are

then repeated by other laboratories using a round robin test Finally, the method is

revised as indicated by laboratory testing. The reader is referred to Guidance f or Data
Useability in Risk Assessment (U.S. ERA, 199Cb) for extensive discussion of this topic.

3.5.3. Establishing the Modeling Strategy
Often the most critical element of the assessment is the estimation of pollutant

ccncentrations at exposure points. This is usually carried out by a combination of field
data and mathematical modeling results. In the absence of field data, this process often
relies on the results of mathematical models (U.S. ERA, 1986e, 1987b, 1987c, 1988f,
1991b). EPAs Science Advisory Board (U.S. ERA, 1989b) has concluded that, ideally,
modeling should be linked with monitoring data in regulatory assessments, although this
is not always possible (e.g., for new chemicals).

A modeling strategy has several aspects, including setting objectives, model
selection, obtaining and installing the code, calibrating and running the computer model,
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and validation and verification. Many of these aspects are analogous to the QA/QC

measures applied to measurements.

3.5.3.1. Setting the Modeling Study Objectives
The first step in using a model to estimate concentrations and exposure is to

clearly define the goal of the exposure assessment and how the model can help address

the questions or hypotheses of the assessment. This includes a clear statement of \\hat
information the model will help estimate, and how this estimate-will be used. The
approach must be consistent with known project constraints (i.e., schedule, budget, and
other resources).

3.5.3.2. Characterization and Model Selection
Regardless of whether models are extensively used in an assessrrEnt and a formal

modeling strategy is documented in the exposure assessment plan, \vhen computer
_^ sirniation models such as f??te and transport models and exposure models are used in

exposure assessments, the assessor must be aware of the petfcrmanos characteristics of
the model and state how the exposure assessment requirements are satisfied by the
model.

If models are to be used to simulate pollutant behavior at a specific site, the site
must be characterized. Site characterization for any modeling study iridijdes examining
all data on the site such as source characterization, dimensions and topography of the

site, location of receptor populations, meteorology, soils, geohydrology, and ranges and
distributions of chemical concentrations. Far exposure models that simulate both
chemical concentration and time of exposure (through behavior patterns) data on these
two parameters must be evaluated

For all models, the modeler must determine if databases are available to support
the site, chemical, or popdaticn characterization, and that aU parameter required by the
model can be obtained or reasonable default values are available. The assessment goals
and the results of the characterization step provide the technical basis for model

/-**->•. selection.
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Criteria are provided in U.S. ERA (1987b, 1988f) for selection of surface -water
models and ground-water models respectively, the reader is referred to these documents

for details. Similar selection criteria exist for air dispersion models (U.S. ERA, 1986e,
1987c, 1991b).

A primary consideration in selecting a model is \*hether to perform a screening
study or to perfbrm a detailed study. Asoieeningstudyn3akssapielininaiye\^i3ation
of a site ora general comparison bet\\een several sites. It may be generic to a type of
site (i.e., an industrial segment or a climatic region) or may pertain to a specific site for

Vvhich sufficient data are not available to properly characterize the site. Screening studies

can help direct data collection at the site by, for example, providing an indication of the
level of detection and quantification that vrould be required and the distances and
directions froma point of release where chemical concentrations night be expected to be

highest
The value of the screening-level analysis is that it is simple to perform and may

indicate that no significant contanination problem exists. Screening-level models are
frequently used to get a first approxknation of the concentrations that may be present
Often these models use very conservative assumptions; that is, they tend to overpredict
concentrations or exposures. If the results of a conservative screening procedure indicate
that predicted concentrations or exposures are less than some predeterrrined no-concern
level, then a more detailed analysis is probably not necessary. If the screening estimates
are above that level, refinement of the assumptions or a more sophisticated model are

necessary for a more realistic estimate.
Screening-level models also help the user conceptualize the physical system,

identify important processes, and locate available data. The assumptions used in the
preliminary analysis should represent conservative conditions, such that the predicted
results overestimate potential conditions, limiting false negatives. If the limited field
measurements or screening analyses indicate that a contanination problemmay exist,
then a detailed modeling study may be useful.

A detailed study is one in \\hich the purpose is to make a detailed evaluation of a
specific site. The approach is to use the best data available to make the best estimate of
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spatial and temporal distributions cf chemicals. Detailed studies typically require much
more data of higher quality and models of greater sophistication.

3.5.3.3. Obtaining and Installing the Computer Code
It may be necessary to obtain and install the computer code for a model on a

specific computer system Mxlem computer systems and software have a varietyof
differences that require changes to the source code being installed. It is essential to
verify feat these modifications do not change the way the model works or the results it
provides. If the mxkl is already instaUed arc! supported on a ccm^
the user has access, this step is simplified greatly.

Criteria for using a model include its demonstrated acceptability and the ease with
which the model can be obtained. Factors include availability of specific models and
their documentation, verification, and validation. These so-called irrplementation
criteria relate to the practical considerations of model use and may be used to further
narrow the selection of technically acceptable models.

3.5.3.4. Calibrating and Running the Model
Calibration is the process of adjusting selected model parameters within an

expected range until the differences between model predictions and field observations are
within selected criteria Calibration is Mghlyrecornrrjended for all operational,
deterministic models. Calibration accounts for spatial variations not represented by the
model formulation; functional dependencies of parameters that are either
nonqi lantifiable, unknown, or not included in the model algorithms; or extrapolation of
laboratory measurements to field conditions. Extrapolation of laboratory measurements
to field conditions requires considerable care since many unknown factors may cause
differences between laboratory and field.

The final step in the modeling portion cf an exposure assessment is to run the
model and generate the data needed to answer the questions posed in the study
objectives.

69

801297



Experience and familiarity vvithamodel can also be important This is especially
true with regard to the mote complex models. Detailed models can be quite complex
with a large number of input variables, outputs, and computer-related requirements. It
frequently tabes months to years of experience to fully comprehend all aspects of a

model. Consequently, it is suggested that an exposure assessor select a familiar model if
it possesses all the selection criteria, or seek the help of experienced exposure modelers.

3.5.3.5. Model Validation
Model validation is a process by which the accuracy of model results is compared

with actual data from the system being simulated. There are numerous levels of

validation of an environrrEntal fate model, for example, such as verifying that the
transport and transformation concepts are appropriately represented in the mathematical
equations, verifying that the computer code is free from error, testing the model against
laboratory microcosms, running field tests under controlled conditions, running general

field tests, and repeatedly comparing field data to the modeling results tinder a variety of
conditions and chemicals. In essence, validation is an independent test of how well the

model (with its calibrated parameters) represents the important processes occurring in the
natural system Although field and environmental conditions are often different during

the validation step, parameters fixed as a result of calibration are not readjusted during
validation.23

The performance of models (their ability to represent treasured data) is often

dramatically influenced by site characterization and how models represent such
characteristics. Characterizing complex, heterogenous physical systems presents major

challenges; modeling representations of such systems must be evaluated in light of that
difficulty. In many cases, the apparent inability to model a system is caused by

inccopleterJhysicalciiaracterizaticnoftrEsyslern In other cases the uncertainties
cannot be readily apportioned betvseen the model per se and the model's input data.

"in other words, a fundamenta l rule is that a model should not be validated using data that were already
used to generate or calibrate the model, since doing so would not be an independent test.
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Li addition to comparing model results with actual data (thus illustrating
accuracy, bias, etc.), the model validation process provides information about conditions

under which a simulation will be acceptable ardacxxirare^ and under Vvhat conditions it
should not be used at all. AH models have specific ranges of application and specific
classes of chemicals for •which they are appropriate. Assessors should be aware of these

limitations as they develop modeling strategies.

3.5.4. Planning an Exposure Assessment to Assess Past Exposures
In addition to the considerations discussed in Sections 3.5.1 through 3.5.3, if the

data are being collected to assess past exposures, such as in epideniologic studies, they

need to be representative of the past exposure conditions, which may have changed Vvith
time. The scope and level ofdetail of the assessment depends greatly on the availability

and quality of past data Several approaches fcrdeterrrining and estiirating past
exposure are provided in the literature (Waxwaler et al., 1988; Stem et al., 1986;
MOSH, 1988; Q^fe et al., 1988; Hbmung and Meinhardt, 1987).
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4. GATHERING AND DEVELOPING DATA FOR EXPOSURE ASSESSMENTS
f.

The information needed to perfomi an exposure assessment will depend on the
approach(es) selected in the planning stage (Section 3). For those assessments using

point-of-contact irEasurements, the information includes:
* Measured exposure ooraoenlrations and duration of contact

For assessments using the scenario evaluation method for estimating exposures, the
needed information includes:

* Information on chemical concentrations in media, usually desirable in the
format of a cxTK^ntration-time4ocation profile.

* Information on patsonsvdio are exposed and the duration of contact wth
various concentrations.

For assessments estimating exposure from dose, the information includes:

* Biomarker data
* FharmacoMnetic relationships, including the data to support

pharrnacoktnetic models.
If dose is to be calculated, data are needed on:

* Intake and uptake, usually in the form of rates.
Information on sources, both natural and anthropogenic is usuaUy IMpful. If the

agent has natural sources, the contribution of these to environmsntal concentrations may
be relevant These background concentrations may be particularly important \\toen the

results of toxicity tests show a threshold or distinctly nonlinear dose-iesponse
relationship. In a situation \vhere only relative or additional risk is considered,
background levels may not be relevant

4.1. Measurement Data for Point-of-Contact Assessments
This approach requires that chemical concentrations be measured at the interface

between the person and the environment, usually through the use of personal monitors;
there are currently no models to assist in the process of obtaining the cxxicentration-time
data itself. The cherrical concentrations contacted in the media are measured by
sampling the individual's breathing zone, food, and vrater. These methodologies \vere
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originally developed for occupational nrnitoring; they may have to be modified for
exposures outside the workplace. An example of this is the development of a small
pump and collector used in the TEAM studies (U.S. ERA, 1987a). In order to conduct

these studies, a monitoring device had to be developed that was sufficiently small and

lightweight so that it could be worn by the subjects.

The Total Himan Exposure and Indoor Air Quality (U.S. ERA, 1988h) report is a
useful bibliography covering models, field data, and emerging research methodologies,
as well as new techniques for accurately determining exposure at nonoccupational levels.

New data for a particular exposure ass* ŝsment may be developed through the use

of point-of-contact methods, or data from prior studies can sometimes be used. In
determining whether existing point-of-contact monitoring data can be used in another

assessment, the assessor must consider the factors that existed in the original study and

that influenced the exposure levels measured Some of these factors are proxirrity to
sources, activities of the studied individuals, tirre of day, season, and weather conditions.

Point-of-contact data are valuable in evaluating overall population exposure and

checking the credibility of exposure estimates generated by other methods.

4.2. Obtaining Chemical Concentration Information
The distribution of chemical concentrations is used to estimate the concentration

that comes in contact with the individuals) at any given time and place. This can be
done through personal monitoring, but for a variety of reasons, in a given assessment,
personal monitoring may not be feasible. Alternative methods involve measuring the
concentration in the media, or modeling the concentration distribution based on source
strength, media transport, and chemical transforrnation processes. Rr exposure scenario
evaluation, measurements and modeling of media concentrations are often used together.

TVfeny types of measurements can be used to help determine the distribution of
chemical concentrations in media Theycanbernsasurementsoflhecxjocentrationsin
the media themselves, measurements of source strength, or measurements of
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environmental fate processes which will allow the assessor to use a model to estimate the
concentration in the media at the point of contact Table 4-1 illustrates some of the types

of measurements used by exposure assessors, along with notes cxincerning what
additional information is usually needed to use these measurements in estimating

exposure or dose. For epiderriologic studies, questionnaires are often used when data are
not measureable or are otherwise unavailable.
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Table 4-1. Examples of types of rrEasuremsnts to characterize exposure-ndated
media and parameters.

Type of Measurement
(sample)

Usual ly At tempts to
Characterize (whole ) Examples

Typical Information Needed
to Characterize Exposure

A. FOR USE IN EXPOSURE SCENARIO EVALUATION

1 . Fixed-Location Monitoring

2. Short-Tern) Media Monitor ing

3. Source Monitoring of Facilities

4. Food Samples
(also see #9 below)

Envi ronmenta l m e d i u m ;
samples used to establish
long-term indications of
media qual i ty and trends.

Env i ronmen ta l or ambien t
m e d i u m ; samples used to
establish a snapshot of
q u a l i t y of medium over
relatively short time.

Release rates to the
environment from sources
(facilities). Often given in
terms of relationships
between release amounts and
var ious operating parameters
of the facilities.

Concentrations of
contaminants in food supply.

Nat ional Stream Quali ty
Account ing Network
(NASQAN),"
water quali ty networks,
air quali ty networks.

Special studies of
environmental media,
indoor air.

Stack sampling, e f f luen t
sampling, leachate
sampling from landfills,
incinerator ash sampling,
fugitive emissions
sampling, pollution
control device sampling.

FDA Total Diet Study
Program,' market basket
studies, shelf studies,
cooked-food diet
sampling.

Population location and
activities relative to monitoring
locations; fate of pollutants
over distance between
monitoring and point of
exposure; time variation of
pol lutant concentration at point
of exposure.

Population location and
activities (this is critical since
it must be closely matched to
variations in concentrations
due to short period of study);
fate of pol lutants between
measurement point and point
of exposure; time variation of
pollutant concentration at point
of exposure.

Fate of pol lutants from point of
entry into the envi ronment to
point of exposure; popula t ion
location and activities; time
variation of release.

Dietary habits of various age,
sex, or cultural groups.
Relationship be tween food
items sampled and groups
(geographic, ethnic,
demographic) studied.
Relationships between
concentrations in uncooked
versus prepared food.

continued on the following page

" To characterize dose, intake or uptake information is also needed (see Section 2).

" U . S . E P A (1985c).

' U . S . E P A (1986f).
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Table 4-1. continued

Type of Measurement
(sample)

5. Drinking Wate r Samples

6. Consumer Products

7. Brea th ing Zone M e a s u r e m e n t s

8. M icro environmental Studies

9. Surface Soil Sample

10. Soil Core

Usual ly A t t emp t s to
Character ize (whole)

Concentrations of pollutants
in drinking water supply.

Concentration levels of
var ious products.

Exposure to airborne
chemicals.

A m b i e n t medium in a
defined area, e.g., kitchen,
automobile interior, office
sett ing, parking lot.

Degree of contamination of
soil available for contact.

Soil including pollution
available for g round-wa te r
contaminat ion; can be an
indicat ion of qua l i ty and
trends over time.

Examples

Ground Water Supply
Survey,'1 Communi ty
Wate r Supply Survey,'
tap wa te r .

Shelf surveys, e.g.,
solvent concentration in
household cleaners.'

BIndustr ia l hygiene
studies, occupational
surveys, indoor air
studies.

Special studies of indoor
air, house dust,
contaminated surfaces,
radon measurements ,
office building studies.

Soil samples at
contaminated sites.

Soil sampling at
hazardous waste sites.

Typical Information Needed
to Characterize Exposure

Fate and distribution of
pollutants from point of sample
to point of consumption.
Population served by specific
facilities and consumption rates.
For exposure due to other uses
(e.g., cooking and showering),
need to know activity patterns
and volatilization rates.

i
Establish use patterns and/or
market share of part icular
products, individual exposure at
various usage l«vels,|extent of
passive exposure. J

Location, activities, and time
spent relative to monitoring
locations. Protective :
measures/avoidance.;

Activities of s tudy populat ions
relative to monitoring locations
and time exposed. ;

Fate of pollution on/ife soil;
activities of potentially exposed
populations. '

Fate of substance in soil;
speciation and bioaviilability.
contact and ingestion rates as a
funct ion of activity pa t t e rns and
age. \

continued on the following page

d U.S .EPA(1985c) .

' U . S . E P A (1985d).

'U .S .EPA (1985a).
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Table 4-1. continued

Type of M e a s u r e m e n t
(sample)

11. Fish Tissue

Usually At tempts to
Characterize (whole)

Extent of contaminat ion of
edible fish tissue.

Examples

Nat iona l Shellfish
Survey.8

Typical Information Needed
to Characterize Exposure

Relationship of samples to food
supply for individuals or
popula t ion of interest;
consumpt ion habits; preparation
habits .

B. FOR USE IN POINT-OF-CONTACT MEASUREMENT

1. Air Pump/Part iculates and
Vapors

2. Passive Vapor Sampl ing

3. Split Sample Food/ Split
Sample Drinking Wate r

4. Skin Patch Samples

Exposure of an individual or
populat ion via the air
m e d i u m .

Same as above.

Exposures of an individual
or popu la t ion via ingestion.

Derma l exposure of an
ind iv idua l or populat ion.

TEAM study ,k carbon
monoxide s tudy. 1

Breathing zone sampling
in industrial settings.

Same as above.

TEAM study.'

Pesticide Applicator
Survey.*

Direct measurement of
individual exposure during time
sampled. In order to characterize
exposure to population.
relationships_between
individuals and the population
must be established as well as
relationships be tween times
sampled and other times for the
same individuals, and
relationships be tween sampled
individuals and other
populations. In order to make
these links, activities of the
sampled individuals compared
to populations characterized are
needed in some detail .

Same as above.

Same as above.

1) Same as above.

2) Skin penetration.

continued on the following page

8 U . S . E P A (19860-

h U . S . E P A (1987a).

'U .S .EPA (1987a).

'U .S .EPA (1987a).

" U . S . E P A (1987d).
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Table 4-1. continued

Type of Measu remen t
( sample )

Usual ly A t t empt s to
Characterize (who le ) Examples

Typical Information Needed
to Characterize Exposure

C. FOR USE IN EXPOSURE ESTIMATION FROM RECONSTRUCTED DOSE

1. Breath

2. Blood

3. Ad ipose

4. Nai ls , Hair

5. Ur ine

Tota l internal dose for
ind iv iduals or popula t ion
( u s u a l l y indicat ive of
re la t ive ly recent exposures) .

Tota l internal dose for
individuals or popula t ion
(may be ind ica t ive of ejllxej;
re la t ively recent exposures to
fa t - so lub l e organics oilong
term b o d y burden for
metals).

Tota l internal dose for
ind iv idua ls or populat ion
(usually indicative of long-
term averages for fat- soluble
oreanics).

Total internal dose for
ind iv iduals or population
(usua l ly indicat ive of past
e x p o s u r e in weeks to months
range; can sometimes be
used to eva lua t e exposure
pat te rns) .

Tota l internal dose for
individuals or populat ion
(usual ly indicative of
elimination rates); time from
exposure to appearance in
urine may vary, depending
on chemical .

Measu remen t of volat i le
organic chemicals
(VOCs), alcohol.
(Usual ly limited to
volatile compounds).

Lead studies, pesticides,
heavy metals (usually
best for soluble
compounds , a l though
blood lipid analysis may
reveal lipophilic
compounds).

NHATS. 'd iox in studies,
PCBs (usual ly limited to
lipophilic compounds) .

H e a v y metal studies
(usually limited to
metals) .

Studies of
tetrachloroethylene" and
trichloroethylene."

1) Relationship be tween
individuals and populat ion;
exposure history (i.e., s teady-
state or not) pharmacokinetics
(chemical half- l ife) , possible
storage reservoirs within the
body.

2) Relat ionship between breath
content and body burden.

1) Same as above.

2) Relationship between blood
content and body burden.

1) Same as above.

2) Relationship between adipose
content and body burden.

1) Same as above.

2) Relat ionship between nails,
hair content and body burden.

1) Same as above.

2) Relationship be tween urine
content and body burden.

'U .S . ERA (1986g).

" 'U.S .EPA (1986h).

" U.S.EPA (1987e).
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4.2.1. Concentration Measurements in Environmental Media
Nfeasured concentration data can be generated for the exposure assessment by a

new field study, or by evaluating concentration data from completed field study results
and ming them to estinEte concentration IVfedia measurements taken close to the point
of contact with the individual(s) in space and tirre are preferable to measurements far
removed geographically or temporally. Astheo^tarioefrcrnthepointafcxjntact
increases, the certainty of the data at the point of contact usually decreases, and the
obligation for the assessor to show relevance of the data to the assessment at hand
becomes greater. For example, an outdoor air measurement, no matter how close itis
taken to the point of contact, cannot by itself adequately characterize indoor exposure.

Concentrations can vary considerably from place to place, seasonally, and over
time due to changing emission and use patterns. This needs to be considered not only
when designing studies to collect new data, but especially when evaluating the

applicability of existing rrEasurements as estimates of exposure concentrations in a new
assessment It is a particular concern when the measurement data will be used to
extrapolate to long time periods such as a lifetime. Transport and dispersion models are
fiequently used to help answer these questions.

The exposure assessor is likely to encounter several different types of
measurements. Che type of measurement used for general indications and trends of
concentrations is outdoor fixed-location monitoring. ThisrnsasurernaitisusedbyEPA
and other groups to provide a record of pollutant concentration at one place over time.
Nationwide air and water monitoring programs have been established so that baseline
values in these environmental media can be documented. Although it is not practical to
set up a national rrcnitoring network to gather data for aparticular exposure assessment,
the data from existing networks can be evaluated for relevance to an exposure
assessment These data are usuaUy somewhat removed, and often far removed, fiom the
point of contact Adapting data fixsnprevious studies usually presents challenges similar
to those encountered when using network data. If new data are reeded for the

assessment, studies measuring specific chemicals at specific locations and times can be
conducted.
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Contaminant concentrations in indoor air can vary as much or more than those in
outdoorair. Consequently, irKkxr exposure is best represented^
the point of contact Hb\\ever, because pollutants such as carbon monoxide can exhibit
substantial indoor penetration, indoor exposure estimates should consider potential
outdoor as well as indoor sources of the cxDntarrinant(s) under evaluation.

Facd and drinking Vvoler rnsasu^ General
characterization of these media, such as market basket studies (where representative diets

are characterized), shelf studies (where foodstuffs are taken from store shelves and
analyzed), or drinking water quality surveys, are usually far removed from the point of
contact for an individual, but may be useful in evaluating exposure cxincentrations over a
large population. Closer to the point of contact would be measurements of tap water or
fcodstiiffsinahcinie,andhowtheyareused. In evaluating the relevance of data from
previous studies, variations in the distribution systems must be considered as well as the
space-time proximity.

Consumer or industrial product analysis is sometimes done to characterize the
concentration of chenic^ in rroducts. The formulation of products can change
substantially over time, similar products do not necessarily have similar formulations,
and regional differences in prodirt forrrijlation can also occur. These should be
considered when determining relevance of extant data and when setting up sampling
plans to gather new data

Another type of concentration measurement is the niarjenvironmental
measurement. Rather than using measurements to characterize the entire medium, this
approach defines specific zones in which the cxmc^irraticn in the medium, of interest is
thought to be relatively homogenous, then characterizes the ccrcentraticn in lhat zone.
Typical rrioxjenvironmsnts include the home or parts of the home, office, automobile, or
other indoor settings. Ivficroenvircnments can also be divided into time segments (e.g.,
kitchen-day, kitchen-night). This approach can produce measurements that are closely
linked with the point of contact both in location and time, especially when new data are
generated fbra particular exrjosure assessment The more specific the
rricrcenviraoment however, the greater the burden on the exposure assessor to establish
that the measurements are representative of the population of interest Adapting existing
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data bases in this area to a particular exposure assessiroit requires the usual evaluation
discussed throughout this section.

The concentration measurement that provides the closest link to the actual point
of contact uses personal monitoring, which is discussed in Section 4.3.

4.2.2. Use of Models for Concentration Estimation
If concentrations in the media cannot be measured, they can frequently be

estimated indirectly by using related measiirements and models. To accomplish this,
source and fate information are usually needed. Source characterization data are used as
input to transport and trarisfcmBtimrrodels (environment These models
use a combination of general relationships and situation-specific information to estimate
concentrations. In exposure assessments, mathematical models are used extensively to
calculate environmental fate and transport, ccncentrations of chemicals in different
environmental media, the distribution of cx3ncentrations over spac^arxitirr^ indoor air
levels of chemicals, concentrations in foods, etc. In determining the relevance of this
type of model for estimating concentrations, the same rules apply as for the
nEasuremerilsctf concentrations discussed in the previous section, \\hencxxicentrations
in the media are available, models can be used to interpolate concentrations between
measurements. Because models rely on indirect measurements and data remote frorn the
point of contact, statistically valid analytical measurements take precedence when
discrepancies arise. Wren it is necessary to estimate contributions of individual sources

to overall concentrations, models are commonly used.
Source characterization measurements usually determine the rate of release of

chemicals into the environment frorna pointcf emission sixh as an incinerator, landfill,
industrial facility, or other source. Often these measurements are used to estimate
emission factors, or a relationship between releases and facility operations. Since
emission factors are usually averages over time, the assessor must deterrrine whether
given emission factors from previous wodc are relevant to the time specificity and source
type needed for the exposure assessmsnt Generally, emission factors are more useful for
long-term average emission calculations, and become less useful when applied to
intermittent or short-term exposures.
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Environmental fate measurements can be either field measurements (field
degradation studies, for example) or laboratory measurements (partition coefficients,

hydrolysis, or biodegradation rates, etc.). Approximations for these rates can sometimes
also be calculated (Lyman et al., 1982).

Errvironmental fate models calculate estimated concentrations in media, that in
turn are linked to the concentrations at the point of contact The use of estimated
properties or rates adds to the uncertainty in the exposure ooncentration estirnate. \Vhen
assessors use these methods to estimate exposures, uncertainties attributable to the model
and the validation status of the model must be clearly discussed in the uncertainty section

(see discussion in Section 6).

4.2.3, Selection of Models for Environmental Concentrations
Selection of an appropriate model is essential for successful simulation of

chemical concentrations. In most cases assessors will be able to choose between several
models, any of which could be used to estimate environmental concentrations. There is
no right model; there may not even be a best model. There are, however, several factors
that \\ill help in selecting an appropriate model for the study. The assessor should
consider the objectives of the study, the technical capabilities of the models, how readily
the models can be obtained, and how difficult each is to use (U.S. ERA, 1987b, 1988f).

The primary consideration in selecting a model is the objective of the exposure
assessment The associated schedule, budget, and other resource constraints will also
affect model selection options. Mbdels are available to support both screening-level and
detailed, site-specific studies. Screening models can provide quick, easy, and cost-
effective estimates of environmsnM oxx^entrations. They can support data collection
efforts at the site by indicating the required level of detection and quantification and the
locations where chenical cxxicentrations are expected to be highest They are also used
to interpolate chemical concentrations betvseenmeasureirents. Vvfaere study objectives
require the best estimates of spatial and temporal distributions of chemicals, more

sophisticated models are available. These models require moreand better data to
characterize the site, and therefore site-specific data may be needed in order to use them
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The technical capabilities of a model are expressed in its abitity to simulate site--
specific contaminant transport and transformation processes. The model nust be able to
simulate the relevant processes occurring \^tWn the specified environmental setting. It
must adequately represent the physical setting (e.g., the geometric configuration of

hydrogeological systems, river widths and depths, soil profiles, meteorological patterns,
etc.) and the chemical transformation processes. Held data from the area where doses
are to be estimated are necessary to define the input pararrEters required to use the
models. Incases in which these data are not available, pararneter values representative of

field conditions should be used as defaults. Assumptions of homogeneity and
simplification of site geometry may allow use of simpler models.

In addition, it is important to thoroughly imderstandthepsrformance
characteristics of the model used This is especially true with regard to the more
complex models. Detailed models can be quite complex with a large numberofinput
variables, outputs, and corrputer-related requirements.

4.3. Estimating Duration of Contact
As discussed in Section 2, the duration of contact is linked toaparticular

exposure concentration to estimate exposure. Depending on the purpose of the
assessraait and the cx^nfidence needed in the acxxiracy of the final estimate, several
approaches for obtaining estimates of duration of contact can be used

Ideally, the time that the individual is in contact with a chemical would be
observed and recorded and linked to the axicentrations of the chemical during those
time segments. Although it is sometimes feasible to do this (by point-of-contact
measurement, see Section 4.1.), many times it is not In those cases, as in cxmcentration
characterization, the duration of contact must be estimated by using data that may be
somewhat removed from the actual point of contact, and assumptions must be made as to
the relevance of the data.

It is common for the estimate of duration of contact at a given concentration to be
the single largest
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source of uncertainty in an exposure assessment24 The exposure assessor, in developing
or selecting data fear making estimates cf duration of contact, must often assums that the
available data adequately represent exposure.

4.3.1. Observation and Survey Data
Qsserv^m and reccaxiing of activities, including location-time data, are likely to

bethetypesof data collection closest to the point of contact This can be done by an
observer or the peison(s) being evaluated for exposure, and can be done for an
individual, a population segment, or a population. The usual method for obtaining these
data for population segments or populations is survey questionnaires. Surveys can be
performed as part of the data-gathering efforts of the exposure assessment, or existing
survey data can be used if appropriate.

There are several approaches used in activity surveys, including diaries,
respondent or third-party estimates, momentary sampling, \ideonxmitoring, and
behavioral meters. The diary approach, probably the most povverful method for
developing activity patterns, provides a sequential record of a person's activities during a
specified time period. Typical time-diary studies are done across a day or a Vveek Diary
forms are designed to have respondents report all their activities and locations for that
period. Carefully designed forms are especially important for diary studies to ensure that
data reported by each individual are comparable. The resulting time budget is a sample
of activity that can be used to characterize an individual's behavior, activities, or other
features during the observation period Sequential activity iroratoring forms the basis of

an activity profile. Several studies have demonstrated the reliability of the diary method
in terms of its ability to produce similar estimates. One study (Robinson, 1977) found a
0.85 correlation between diary estimates using the yesterday and tomorrow approaches
and a 0.86 correlation betvseen overall estimates. However, no definitive study has
established the validity of time-diary data Questionnaires are used for direct questions
to collect the basic data needed. Questionnaire design is a complex and subtle process,

24 Conversely, it may be stated that the largest source of uncertainty is the concentration for a given exposure
duration. Often, however, the concentration in the media is known with more certainty than the activities of the
individual(s) exposed.
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and should only be attempted with the help of professionals well-versed in survey
techniques. A useful set of guidelines is provided in the Siffvey Management Harelbook

(US. EPA, 1984b).

Respondent estimates are the least expensive and most ccrnmonly used

questionnaire alternative. Respondents ate simply asked to estimate the time they spend
at a particular activity. Basically, the question is, how many hours did you spend doing

/ this activity (or in this location or using a certain product)? In exposure studies,
respondents may be asked how often they use a chemical or product of interest or

perform a specific activity. These data are less precise and likely to be somewhat less

accurate than a carefully conducted diary approach.

At a less demanding level, respondents may be asked whether their hornes contain
items of interest (pesticides, etc.). Since this information is not tirne-of-activity data, it is
moreuseful in characterizing whether the chenical of interest is ptesenL ftdoes,
however, give the assessor some indication that use nay or may not occur.

Estimates from other respondents (third parties) use essentially the same
approach, except that other informants respond for that individual. Here the question is

how many hours per week does the target person spend doing this activity?

Momentary (beeper) sampling or Mephone-<x>incidental techniques ask
respondents to give only brief reports for a specific moment —usually the moment the
respondent's home telephone or beeper sounds. This approach is limited to tines when
people are at home or able to carry beepers with them

Methods that use behavioral meter or rnonitoring devices are probably the most

expensive approach, since they require the use or development of equipment, respondent

agreement to use such equipment, and technical help to install or adjust the equipment
The Exposure Factors Handbook (U.S. EPA, 1989c) contains a summary of

published data on activity patterns along with citations. Note that the summary data and
the mean values cited are for the data sets included in the Handbook, and may or may not
be appropriate for any given assessment.

4.3.2. Developing Other Estimates of Duration of Contact
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"When activity surveys cannot be used to estimate duration of contact, it may be
estimated from more indirect data This is the least expensive and most commonly used

approach for generating estirnates of duration cf contact; it is also the least accurate. But
for some situations, such as assessing the risk to new chemicals being introduced into the

marketplace or in assessing future possible uses of contaminated sites, it is the only
approach that can be used.

In general, the methods used to make these estimates fall into two areas: (1) those
where the time it takes to perfbrman activity is itself estimated, and (2) those where an
average duration of contact is estimated by cxxrbining the time of a unit activity with
data on the use of a product or commodity.

Nfethods that try to estimate the time of a particular activity include general time-
and-irotion studies that night be adapted for use in an e^qxasure assessment, general
marketing data which include time of use, anecdotal information, personal experience,
and assumptions about the amount of time it takes to perform an activity.

Ivfethods that estimate average times for activities fixanproduct or commodity use
usually interpret data on product sales or marketing surveys, water use, general food

sales, etc. Information on use can be corrbined with an estimate of the number of
persons using the product to estimate the average consiimption of the product If an
estimate of the duration of contact with one unit (product, gallon of water, etc.) can be
made, this can then be multiplied by the average number of units consumed to arrive at
an estimate of average duration of contact for each individual.

EXa^on-of-contact estimates based on data collected close to the actual point of
contact are preferable to those based on indirect measurements; both of these are

preferred to estimates based on assumptions alone. TliisMexarchyisiisefulinboththe
data-gathering process and uncertainty analysis.

4.4. Obtaining Data on Body Burden or Biomarkers
Body burden or biomatker data denote the presence of the chemical inside the

body of exposed individuals. In a reconstructive assessment, these data, in conjunction

with other enviionmental monitoring data, may provide a better estirnate of exposure.
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A biomarker of exposure has been defined as an exogenous substance or its
metabolite or the product of an interaction between a xenobiotic agent and some target
molecule or cell that is measured in a compartment within an organism (NRC, 1989a).
Examples of simple direct biomarkers include the chemical itself in body fluid, tissue, or

breath. Mfeasurable changes in the physiology of the organism can also constitute
markers of exposure. Elxarrplesinclucfediangesinapartict^

activLty. The interaction of xenobiotic compounds with physiological receptors can
produce measurable complexes which also serve as exposure biomarkers. Gher markers

of exposure include xenobiotic species adducted to protein or DNA, as well as a variety
of genotoxicity endpoints, such s nicronuclei and mutation. Some biomarkers are
specific to a given chemical while others may result from exposure to numerous
individual or classes of compounds.

Biomarker data alone do not usually constitute a complete exposure assessment,
since these data must be associated with external exposures, tfawever, biomarker data
complement other enviramrailal monitoring data and modeling activities in estimating
exposure.

4.5. Obtaining Data for Pharmacokinetic Relationships
To estimate dose from exposure, onenxisturderstandthephamBcoldneticsof

the chemical of interest This is particularly true when comparing risks resulting from
different exposure situations. Two widely different exposure profiles for the same
chemical may have the same integrated exposure (area under the curve), but may not
result in the same internal dose due to variations in disposition of the chemical under the
two profiles. For example, enzymes that normally could metabolize low concentrations
of a chemical may be saturated when the chemical is absorbed in high doses, resulting in
a higher dose delivered to target tissues. The result of these two exposures may even be
a different toxicological endpoint, if pharmacokinetic sensitivities are severe enough.

An iterative approach, including both monitoring and modeling, is necessary for
proper data generation and analysis. Data collection includes monitoring of
environmental media, personal exposure, biomarkers, and pharmacokinetic data It may

involve monitoring for the chemical, metabolites, or the target biomarker. IVfcmitoring
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activities must be designed to yield data that are useful for model formulation and
validation. Madeling activities must be designed to simulate processes that can be
monitored with available techniques. The phanracokinetic data necessary for model
development are usually obtained from laboratory studies with animals. The data are
generated in experiments designed to estimate such model parameters as the time course
of the process, absorption, distribution, metabolism, and elimination of the chenicaL
These data, and the pharmacckinetic models developed from them, are necessary to
interpret field biomarker data.

4.6. Obtaining Data on Intake and Uptak >
The Exposure Factors Handbook (U.S. ERA, 1989c) presents statistical data on

many of the factors used in assessing exposure, including intake rates, and provides

citations for the primary references. Scare of these data were developed by researchers
using approaches discussed in Section 4.2.1 (for example, Pao et al. (1982) used the
diary approach in a study of food consumption). Intake factors included are:

* drinking water consumption rates;
» consumption rates for homegrown fruits, vegetables, beef, and dairy products;
« consumption rates for recreationally caught fish and shellfish;
» incidental soil ingestion rates;

* pulrnonary ventilation rates; and
* surface areas of various parts of the human body.

The Exposure Factors Handbook is being updated to encxaipass additional factors
and to include new research data on the factore oorrently covered It also provides
default parameter values that can be used when site-specific data are not available.
Obviously, general default values should not be used in place of known, valid data that
ate more relevant to the assessment being done.
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5. USING DATA TO DETERMINE OR ESTIMATE EXPOSURE AND DOSE
Collecting and assembling data, as discussed in the previous section, is often an

iterative process. Ghee the data are assembled, inferences can be made about exposure
concentrations, times of contact, and exposures to persons other than those for whom

data are available. During this process, there usually will be gaps in information that can
be filled by nuking a series of assumptions. If these gaps are in areas critical to the
accuracy of the assessment, further data collection may be necessary.

Once an acceptable data set25 is available, the assessor can calculate exposure or
dose. Depending on the method used to quantify exposure, there are several ways to
calculate exposure and dose. This chapter will discuss making inferences (Section 5.1),

assumptions (Section 5.2), and calculaticns (Section 53).

5.1. Use of Data in Making Inferences for Exposure Assessments
Inferences are generalizations that go beyond the information contained in a data

set The credibility of an inference is often related to ths irethod used to rrake it and the
supporting data. Anecdotal information is the source of one type of inference, but the
assessor has ctdy lirnited knowledge of how weUorieanecxfcjte represents the realrn of

possibilities, so anecdotes as a basis for inference should be used only with considerable
caution. FtofessionaljudgrrEnt is usually preferred to arjecdotes assuming that it is based
on experience representing a variety of conditions. Statistical inferences also are
generalizations that go beyond the data set They may take any of several forms (see any
statistics textbook for examples), but unlike those described above, a statistical inference
will usually include a measure of how certain it is. Far that reason, statistical inferences
are often preferable to anecdotes or professional judgment provided the data are shown to
be relevant and adequate.

As discussed above, the primary use of data from exposure-related measurements
is to infer more general information about exposure cxxicentrations, contact times,
exposures, or doses. 1^ exatrple, treasured ccricxntraticns in a m

25 An acceptable data set is one that is consistent with the scope, depth, and purpose of the assessment, and
is both relevant and adequate as discussed in Section 5.1.
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irfer what the ccnceritrationmigritte

measured directly. PDint-of-contact measurement data for one group of people may be
used to infer the exposures of a similar group, or to infer what the exposures of the same
group night be at different times.

In all cases, the exposure assessor must have a clear picture of the relationship
between the data at hand and what is being characterized by inference. For example,
surface water concentration data alone, although essential for characterizing the medium
itself, are not necessarily useful for inferring exposures from surface water, since other
information is necessary to complete the link between sirface water and exposure. But
the medium's characteristics (over space and time) can be used, along with the location
and activities of individuals or populations, to estimate exposures. Samples taken for
exposure assessment may be designed to characterize different aspects (or components)
of exposure. Bar example, a sample taken as a pc^Krf-contact exposure measurement is
qualitatively different from a sample of an environmental medium or body fluid.

Different rneasurements taken under the general category of exposure-related
measurements cannot necessarily all be used in the same way. The exposure assessor
must explain the relationship between the sample data and the inferences or conclusions
being drawn from them In order to do this, data relevance, adequacy, and uncertainty
must be evaluated.

5.1.1. Relevance of Data for the Intended Exposure Assessment
"When making inferences from a data set, the assessor must establish a dear link

between the data and the inference, \\henstatisticallybasedsarrplingisusedtogenerate
data, relevance is a function of how well the sample represents the medium, or parameter
being characterized Wien planning data collection for an exposure assessment, the
assessor can use information about the inferences that will be made to select the best
measurement techniques. In many cases data are also available from earlier studies. The
assessor must determine (and state) how relevant the available data are to the current
assessment; this is usually easier for new data than for previously collected information.

5.1.2. Adequacy of Data for the Intended Assessment

90

801318



Table 4-1 in the previous section illustrated how different types of n^asurernsnts
may be used to characteri2e a variety of concentrations, contact tin^ and intake or
uptake parameters. Nevertheless Just because certain types of measurements generally
can be used to make certain inferences, there is no guarantee that this can always be
done. The adequacy of the data to make inferences is deterrrined by evaluating the

amount of data availableand the accuracy of the data. Evaluation of the adequacy of
data will ensure that the exposure assessment is conducted with data of known quality.

In general, inadequate data should not be used, but when it can be demonstrated
that the inadequacies do not affect results, it is sometimes possible to use such data In
these cases, an explanation should be given as to why the inadequacies do not invalidate
conclusions drawn from them In some cases, even seriously inadequate or only partially
relevant data may be the only data available, and some information may be gained frccn
their consideration. It may not be possible to discard these data entirely unless better data

are available. If these data are used, the uncertainties and resulting limtationsofthe
inferences should be clearly stated If data are rejected for use in favor of better data, the
rationale for rejection should be clearly stated and the basis for retaining the selected data
should be documented. QA/QC considerations are paiarnount in considerations of which
data to keep and which to discard.

Outliers should not be eliminated from data analysis procedures unless it can be
shown that an error has occurred in the sample collection or analysis phases of the study.

Very often outliers provide much information to the study evaluators. Statistical tests
such as the EXxon test exist to oeterrrine the presence of outliers (Dixon, 1950, 1951,
1953, 1960).

5.1.2.1. Evaluation of Analytical Methods
Analytical methods are evaluated in order to develop a data set based on validated

analytical methods and appropriate QA/QC procedures. In a larger sense, analytical
methods can be evaluated to determine the strength of the inferences made from them,
and in turn, the confidence in the exposure assessment itself. Consequently, it is just as
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important to evaluate analytical methods used for data generated under another study as it
is to evaluate the methods used to generate new data

The ERA. has established extensive QA/QC procedures (U.S. EPA, 1980). Before
measurement data are used in the assessment, they should be evaluated against these
procedures and the results stated If this is not possible, the assessor must consider what
effect the unknown quality of the data has on the confidence placed on the inferences and

conclusions of the assessment.

5.1.2.2. Evaluation of Analytical Data Reports
AnassoitmertfofqualMersisofteniKedindatavaUdation. These qualifiers are

used to indicate QA/QC problems such as uncertain chemical identity or difficulty in
determining chemical concentration. Qualifiers usually appear on a laboratory analysis
report as a letter of the alphabet next to the analytical result Some examples of data
qualifiers, applied by U.S. EPAregional reviewers for Contract Laboratory Program
(CLP) data include:

B (blank) - the analyte was found in blank samples;
J (judgment) - the compound is present but the concentration value is estimated;
U (undetected) - the chemical was analyzed for but not detected at the detection

lirrit;
R (reject) - the quality control indicates that the data are unusable.

The exposure assessor may contact the laboratory or the person who validated the data if
the definitions of the qualifiers are unclear. Since the exposure assessment is only as
good as the data supporting it, it is essential to interpret these types of data properly to
avoid misrepresenting the data set or biasing the results.

5.1.2.2.1. Evaluation of Censored Data Sets
Exposure assessors ccrnrncxily encounter data sets containing values that are

lower than limits deemed .reliable enough to report as numerical values (Le.,
quantification limits [QL]). These data points are often reported as nondetecCed and are
referred to as censored The level of censoring is based on the confidence with whichthe
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analytical signal can be discerned from the noise. \^Methecxrlcaltrati.on^H.ybehi^lly
uncertain for substances below the reporting limit, it does not necessarily mean that the
concentration is zero. As a result the exposure assessor is often faced with the problem
of having to estimate values for the censored data Although a variety of techniques have
been described in the literature, no one procedure is appropriate under all exposure
assessment carcumstances; thus, the exposure assessor will need to decide on the

appropriate method for a given situation. Techniques for analyzing censored data sets
can be grouped into three classes (Ffelsel, 1990): simple substitution methods,
distributional methods, and robust methods.

Simple substitution methods, the most commonly encountered technique, involve
substitution of a single value as a proxy for each nondetected data value. Frequently
used values have included zero, the QL» QL/2, and 0-7/226.

In the wxst-case approach, all nondetects are assigned the value of the QU which
is the lowest level at which a cherrical may be accurately and reproducibly quantitated

This approach biases the mean upward Oh the other hand, assigning all nondetects the
value of zero biases the mean downward The degree to which the results are biased will
depend on the relative number of detects and nondetects in the data set and the difference
between the reporting liirit and the measured values above it

In an effort to rrinirrize the obvious bias introduced by choosing either zero or
the QL as the proxy, two other values have been suggested, i.e., QL/2 and QL//2.
Assigning all nondetects as QL/2 (Nehls and Akland, 1973) assumes that all values
between the Q_, and zero are equally likely, therefore, an average value would result if
many samples in this range v\ere measured Hanung and Feed (1990) discuss the merits
of assigning a value of QLAT2 for nondetects rather than QL/2 if the data are not highly
skewed (geometric standard deviation < 3.0); otherwise they suggest using QL/2.

Based on reported analyses of simulated data sets that have been censored to
varying degrees (Gleit, 1985; Haming and Reed, 1990; GSlliomand Hblsel, 1986; Ifelsel

26 Some programs, such as the U.S. Department of Energy (1991), do not recommend this procedure at all,
if it can be avoided.
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and Gohn, 1988), it can be concluded that substitution with QL/2 or QL//2 for
nondetects will be adequate for most exposure assessments provided that the nondetects
do not exceed 10% to 15% of the data set or the data are not highly stewed. When such
situations arise, the additional effort to mate use of more sophisticated methods as
discussed below is reconrnended Ob the cither hand, the exposure assessor may
encounter situations in which the purpose of the assessment is only to serve as a screen to
determine if a health concern has been triggered or if a more detailed study is required,
then assigning the value of the OJ1- to aUrx>ndetect values can be justified. If, whenusing
this conservative approach, no concern is indicated, then no further effort is warranted.
This method cannot be used to prove an unacceptable risk exists, and any exposure
values calculated using this method should be caveated and clearly presented as less than
estimates.

Distributional methods, unlike simple substitution methods, mate use of the data
above the reporting limit to extrapolate below it One such technique is the use of log-
probit analysis. This approach assumes a lognormal probability distribution of the data.
In the probit analysis, the detected values are plotted on the sc^e and the rxxidetectable
values are treated as unknowns, but their percentages are accounted for. The geometric
mean is Determined from the 5dh percentile. As discussed by Travis and Land (1990),
limitations of the method have been pointed out, but it is less biased and more accurate
than the frequently used substitution methods. This method is useful in situations where
the data set contains enough data points above the reporting linit to define the
distribution function for the exposure values (i.e., lognormal) with an acceptable degree
of confidence. The treatment of the nandetectable samples is then straightforward,
assuming the nondetectable samples follow the same distribution as those above the
reporting lirrit

Robust methods have an advantage over distributional methods in so far as they
do not assume that the data above the reporting linit foUcw a defined distribution (e.g.,
lognormal) and they are not subject to transformation bias in going frcffnlpgarithms back
to original units. GUliom and tHsel (1986) have described the application of several
approaches to data sets of varying sarnple si2e and degree of censoring. These methods
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involve somewhat more data manipulation than the log-probit method discussed earlier in
this Section, but they may be more appropriate to use when the observed data do not fit a

lognormal distribution. Generally, these methods only assume a distributional formfor
the censored values rather than fee entire data set, and extrapolation from the uncensored
data is done by using regression techniques.

In summary, when dealing wife censored data sets, a variety of approaches can be
used by fee exposure assessor. Selecting the appropriate method requires consideration
of fee degree of censoring, fee goals of the exposure assessment, and the accuracy
required. Regardless of the method selected, the assessor should explain fee choice made
and how it may affect the summary statistics. Presenting only fee summary statistics
developed by one of these methods should be avoided. It is always useful to include a
characterization of the data by the percentage of detects and nondetects in language such
as "in 37% of the samples fee chemical was detected above fee quantitation limit; of

these 37%, fee mean concentration was 47 ppm, the standard deviation was 5 ppm, etc."

5.1.2.2.2. Blanks and Recovery
Blank samples should be compared wife the results from their corresponding

samples. Wien comparing blank samples to fee data set, the following rules should be
followed (outlined in Section 3):

* Sample results should be reported only if the ccrrentraticns m fee sample
exceed 10 times fee maximum amount detected in fee blank for common
laboratory contaminants. Common laboratory contaminants include:
acetone, 2-butanone (or methyl ethyl ketone), mefeylene chloride, toluene,
and phthalate esters.

* Sample results should be reported only if fee concentrations m fee sample
exceeds times the maximum amount detected in a blank for chemicals
that are not common laboratory contaminants.

In general, for other types of qualifiers, the exposure assessor may include the
data wife qualifiers if they indicate that a chemical's concentration is uncertain, but its
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identity is known. If possible, the uncertainties associated with the qualifier should be
noted

Chemical spike samples that show abnormally high or low recoveries may result
in qualified or rejected data Assessors should not use rejected data; these samples
should be treated as if the samples were not taken, since the resulting data are unreliable.
Typically, analytical results are reported from the laboratory unadjusted for recovery,

with the recovery percentage also reported The assessor rrust determine how these data
should be used to calculate exposures. If recovery is near 100%, concentrations are not
normally adjusted (although the implicit assumption of 100% recovery should be
mentioned in the uncertainty section). Hawever, the assessor may need to adjust the data
to account for consistent, but abnormally high or low recovery. The rationale for such
adjustments should be clearly explained; individual program offices may develop
guidance on the acceptable percent recovery limits before data adjustment or rejection is
necessary.

5.1.3. Combining Measurement Data Sets from Various Studies
Cbrrbining data from several sources into a single data set irrist be done

cautiously. The circumstances under which each set of data was collected (target
population, sampling design, location, time, etc.) and quality (precision, accuracy,
representativeness, completeness, etc.) rrust be evaluated Combining summary statistics
of the data sets (e.g., means) into a single set may be more appropriate than ccrribining
the original values. Statistical methods are available for combining results from
individual statistical tests. For example, it is sometiires possible to use several studies
with marginally significant results to justify an overall conclusion of a statistically
significant effect.

The best way to report data is to provide sufficient background information to
explain what was done and why, induding dear docximentation of the source of the data
and intending any references.

5.1.4. Combining Measurement Data and Modeling Results

96

801324



Gornbining model results with measurement data must be done with an
understanding of how this affects the resulting inferences, conclusions, or exposure

estimates. If model results are used in lieu of additional data points, they must be
evaluated for accuracy and representativeness as if they were additional data, and fee
imcertainty associated with this data ccini±iaticnmustbecfesc^bedfuUy, asdiscijssedin
Section 5.1.3.

On the other hand, measurement data are often used within the contextofthe
model itself, as calibration and verification points, or as a check on the plausibility of the
model results. If measurements are used within the model, the uncertainty in these
msasurements affects the uncertainty of the model results, and should be discussed as
part of the uncertainty of the model results.

5.2. Dealing with Data Gaps
Even after supplementing existing measurement data with model results, there are

likely to be gaps in the information base to be used for calculating exposures and doses.
There are several ways to deal with data gaps. None are entirely satisfactory in all
situations, but they can be useful depending on the purposes of the assessment and the
resources available. The following options can be used singly or in combination:

a New data can be collected. This may be beyond the reach of the assessor's
resources, but promises the best chance forgetting an accurate answer. It
is most likely to be a useful option if the new data are quick and easy to

obtain.
* Thescope of the assessment can be narrowed. This is possible if the data

gaps are in one pathway or exposure route, and the others have adequate
data ft may be a viable option if the pathway orroute has values below
certain bounds, and those bounds are small relative to the other pathways
being evaluated. This is unlikely to be satisfactory if the part of the
assessment deleted is an important exposure pathway or route and must be
evaluated.
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Conservative27 assumptions can be used This option is useful for
establishing bounds on exposure parameters, but limits how the resulting

exposures and doses can be expressed For example, if onewereto
assume that a person stays at home 2A hours a day as a conservative
assumption, and used this value in calculations, the resulting contact time
would have to be expressed as an upper limit rather than a best estimate.
"When making conservative assumptions, the assessor must be aware of
(and explain) how many of these are made in the assessment, and how
they influence the final conclusions of the assessment.28

Ivfcdels may be used in some cases, not only to estimate -slues for
concentrations or exposures, but also ?o check on Low conservative certain
assumptions ate.
Surrogate data may also be used in some cases. Far example, for pesticide
applicators' exposure to pesticides, the EPA Office of Pesticide Programs
(U.S. EPA, 1987d) assumes that the general paramefTS of application
(such as the human activity that leads to exposure) are more important

than the properties of the pesticide in determining the level of exposure.29

This option assumes that surrogate data are available and that the
differences between the chemical and the surrogate are small. If a clear
relationship can be determined between the concentration of a chemical
and the surrogate (usually termed an indicator cherrical) in a medium, this
relationship could also be used to fill data gaps. In any case, the strength

27 "Conservative" assumptions are those which tend to maximize estimates of exposure or dose, such as
choosing a value near the high end of the concentration or intake rate range.

28 Obviously, the mathematical product of several conservative assumptions is more conservative than any
single assumption alone. Ultimately, this could lead to unrealistically conservative bounding estimates (see
Section 5.3).

29 Note that when using a passive dosimetry monitoring method, what is measured is the amount of chemical
impinging on the skin surface or available for inhalation, that is, exposure, not the actual dose received. Factors
such as dermal penetration, are, of course, expected to be highly chemical dependent.
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and character of the relationship bet\\een the chenical and the surrogate
must be explained.

* Professional judgment can be used The utility of this option depends on

the confidence placed in the estimate. Expert opinion based on years of

observation of similar circumstances usually carries more weight than
anecdotal information. The assessor must discuss the implications of
these estimates in the uncertainty analysis.

5.3. Calculating Exposure and Dose
Depending on the approach used to quantify exposure and dose, various types of

data will have been assembled. In calculating exposures and doses from these data, the
assessor needs to direct attention specifically to certain aspects of thedata Theseajpects

include the use of short-term data for long-term projections, the role of personal
mDnitoring data, and the particular way the data night be used to construct scenarios.
Each of these aspects is covered in turn below.

5.3.1. Short-Term Versus Long-Term Data for Population Exposures
Short-term data, for the purposes of this discussion, are data representing a short

period of time measured (or modeled) relative to the time period covered in tine exposure

assessment. For example, a 3-day sampling period would produce short-temi data if the
exposure assessment covered a period of several years to a lifetime. The same 3-day
sanpling period would not be considered short-term if the assessment covered, say, a few

days to a week.

Short-term data can provide a snapshot of concentrations or exposures during that
time, and an inference must be made about what that means for the longer termif the
exposure assessment covers a long period. The assessor must determine how well the
short-term data represent the longer period.

Even when short-term population data are statistically representative (i.e., they
describe the shape of the distribution, the mean, and other statistics), use of these short-
term clata to irfer long-term exposures are Usingshort-
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s^ term data to estimate Ic»ig-termexrx3suresh^

people exposed, but to overestimate the exposure levels to the upper end of the

distribution, even though the mean will remain the same.30 Both concentration variation

at a single point and population mobility will drive the estimates of the levels of exposure

for the upper tail of the distribution toward the mean. If short-terni data are used for
long-term exposure or dose estimates, the implications of this on the estimated exposures
must be discussed in the assessment. Likewise, useof long-termmortttoring data for
specific short-term assessments can miss significant variations due to short-term
conditions or activities. Long-term data should be used cautiously when estimating
short-term exposures or doses, and the implications should be discussed in the

assessment.

5.3.2. Using Point-of-Contact Data to Calculate Exposure and Dose
Ftiint-of-contact exposure assessments are often done with the intent of protecting

the individuals, often in an occupational setting. \Vhenexposures are being evaluated to
determine whether they exceed an action level or other benchrrark, pcdritKrfH^ontact
measurements are the most relevant data

Typically, point-of-contact measurement data reflect exposures over periods of
rrinutes to perhaps a week or so. For individuals whose exposures have been measured,

these data may be used directly as an indication of their exposure during the sampling
period, provided they are of adequate quality, measure the appropriate chemical, and

311 Consider, for example, a hypothetical set of 100 rooms (microenvironments) where the concentration of
a particular pollutant is zero in 50 of them, and ranges stepwise from 1 to 50 (nominal concentration units) in
the remainder. If one person were in each room, short-term "snapshot"
monitoring would show that 50 people were unexposed and the others were exposed to concentrations ranging
from 1 to 50. If the concentration in each room remained constant and people were allowed to visit any room
at random, long-term monitoring would indicate that all 100 were exposed to a mean concentration of 12.75.
The short-term data would tend to overestimate concentration and underestimate the number of persons exposed
if applied to long-term exposures. If only average values were available, the long-term data would tend to
underestimate concentration and overestimate the number exposed if applied to short-term exposures. Because
populations are not randomly mobile or static, the exposure assessor should determine what effect this has on
the exposure estimate.
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actually measure exposure while it occurs. This is the only case in which measurement
data may be used directly as exposure data

\\hen using pcant-of-contact nxasurements, even with statistically based data,
several inferences still trust be made to calculate exposure or dose:

» Inferences must be rrade to ar^ly shcrt-ter^
long-term estimates of exposure; these are subject to the cautions outlined

in Section 5.3.1.
• Inferences must be made about the representativeness of the inctvidual or

persons sampled for the individual or population segment for which the
assessment is done.

» Inferences must be made about the factors converting measured exposure

to potential or internal dose for use in a risk assessment
* If the assessment requires it, inferences must be made about the

relationship between the measured chemical exposures and the presence
and relative contribution of various sources of the cherricaL

5.3.3. The Role of Exposure Scenarios in Exposure Assessment
Exposure scenarios have several functions in exposure and risk assessments.

Hrst, they are calculational tools to help the assessor develop estimates of exposure,
dose, and risk, ^^hatever ccarbination of data and models is used, the scenario will help
the assessor to picture how the exposure is taking place, and \villhelporganizethedata
and calculations. Second, the estimates derived from scenarios are used to develop a
series of exposure and risk descriptors, which were discussed in Section 2.3. finally,

exposure scenarios can often help risk managers make estimates of the potential impact
of possible control actions. This is usually done by changing the assumptions in the
exposure scenario to the conditions as they would exist after the contemplated action is
implernented, and reassessing the exposure and risk. These three uses of exposure
assessments are explained in Sections 5.3.3.1,5.3.3.2, and 5.3.3.3, respectively.
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An exposure scenario is the set of infonration about how exposure takes place.
An exposure scenario generally includes facts, data, assumptions, inferences, and
sometimes professional judgment about the following:

• The physical setting where exposure takes place (exposure setting)
• The exposure pathway(s) from source(s) to exposed individual(s)

(exposure pathways)
• The characterization of the cherrical, i.e., amounts, locations, time

variation of concentrations, source strength, environmental pathways from
source to exposed individuals, fate of the chemical in the environment,
etc. (characterization of the cherrical)

• Identification of the individuals) or population(s) exposed, and the profile

of contact with the cherrical based on behavior, location as a function of
time, characteristics of the individuals, etc. (characterization of the
exposed population)

• If the dose is to be estimated, assumptions about the transfer ofthe
cherrical across the boundary, i.e., ingestion rates, respiration rates,
absorption rates, etc. (intake and uptake rates)

It usually is necessary to know whether the effect of concern is chronic, acute, or
dependent on a particular exposure time pattern.

The risk characterization, the link between the development ofthe assessment and
the use of the assessment, is usually communicated in part to the risk manager by means
of a series of "risk descriptors," which are merely different ways to describe the risk
Section 2.3 outlined two broad types of descriptors: individual risk descriptors and
population risk descriptors, with several variations for each. To the exposure or risk
assessor, different types of risk irifooi^aticnreqtdre different risk descriptors and
different analyses of the data The following paragraphs discuss some of the aspects of
developing and using exposure scenarios in various functions for exposure assessment

5.3.3.1. Scenarios as a Means to Quantify Exposure and Dose
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\Vhen using exposure scenario evaluation as a means to quantify exposure and
dose, it is possible to accumulate a large volume of data and estimated values, and both

the arnointt and type of infcoiHtion can vary widely. The exposure scenario also
contains the information needed to calculate exposure, since the last three bullets above

(Section 5.3.3) are the primary variables in most exposure and dose equations.
As an example, consider Equation 2-5, the equation for lifetime average daily

potential dose (LADDpol). This equation uses the variables of exposure concentration
(Q, intake rate (OR), and exposure duration (ED) as the three primary variables. Body
weight (BW) and averaging time (AT) (in this case, lifetime, LT) are not related to the
exposure or doseperse, but are averaging variables used to put the resulting dose in

convenient units of lifetime average exposure or dose per kg of body weight.
In looking at the three primary variables (C, ER, and ED), the exposure assessor

must Determine what value to use for each to solve the equation. In actuality, the
information available for a variable like C may consist of measurements of various points
in an environmental medium, source and fate characterizations, and model results. There
will be uncertainty in the values for Cfor any individual; there will also be variability

among individuals. Eachof these primary variables will be represented by a range of

values, even though at times, the boundaries of this range will be unknown. tfc>w
exposure or dose is calculated depends on how these ranges are treated

In dealing with these ranges in trying to solve the equation forLADD, the
assessor has at least two choices. Rrst, statistical tools, such as the Mante Carlo analysis,
can be used to enter the values as frequency distributions, which results in a frequency
distribution for the LADD. This is an appropriate strategy when the frequency
distributions are known for C, IR, andED(or for the uptake analogs, Q K,,, SA and ED
introduced in Section 2), and when these variables are independent.

A second approach is to select or estimate discrete values from the ranges of each
of the variables arid use these values to solve the LADD equation. This approach usually
results in a less certain estimate, but may be easier to do. ^Vhich values are used
determines how the resulting estimate will be described. Several terms for describing
such estimates are discussed in Section 5.3.3.Z
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SiiK^e^qxsuretocherricalsoocxirsthrxxi^ia'varietyof different pathways,

contact patterns, and settings, sufficient perspective most be provided to the users of the

assessment (usually risk managers) to help them make an informed decision. Providing
this perspective and insight would be relatively straightforward if complete and accurate
information woe known about the e?qx)sure, dose, and risk fcr each arxle\^^ person
within the population of interest In this hypothetical situation, these individual data
could actually be arrayed next to the name of each person in the population, or the data
could be compiled into frequency distribution curves. Rxrnsuch distributions, the
average, median, nmimum, or other statistical values could easUy be read off the curves
and presented to the risk manager. In addition, accurate information could be provided

about how many persons are above certain exposure, dose, or risk levels as well as
inforrnation about where various subgroups fall within the subject distribution.

Unfortunately, an assessor rarely has these kinds of data; the reality an assessor
faces usually falls far short of this ideal. But it is precisely this IdndcfrnfcrrrHtion about
the distribution of exposure, dose, and risk that is needed many times by the risk assessor
to characterize risk, and by the risk manager to deal with risk-related issues.

In the absence of (Xjrnprehensive data, or if the scenario being evaluated is a
possible future use or post-control scenario, an assessor must make assumptions in order
to estimate what the distribution would look like if better data were available, or if the
possible future use becomes a reality. Cbrrrnunicating this estimated distribution to the
risk manager can be difficult The assessor must not only estimate exposure, dose, and
risk levels, but must also estimate where those levels nightfall on the actual distributions
or estimated distributions for potential future situations. To help corrrnunicate where on

the distribution the estimate night fall, loosely defined terms such as reasonable worst
case, worst case, and maximally exposed individual have been used by assessors.
Although these terms have been used to help describe the exposure assessor's perceptions
of where estimated exposures fall on the actual or potential distribution for the future use,
the ad hoc nature of the historical definitions used has led to SCCTE inconsistency. Cheof
the goals of these Guidelines is to promote greater consistency in the use of terms
describing exposure and risk,
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5.3.3.2. Exposure Scenarios and Exposure Estimators as Input to Risk Descriptors
As discussed in Section 23, risk descriptors convey information about risk to

users of that information, primarily risk managers. This information usually takes the
form of answers to a relatively short set of questions, not all of -which are applicable to
all assessments. Section 5.3.5 provides more detail on how the exposure assessor's
analysis leads to construction of the risk descriptors.

5.3.3.3. Exposure Scenarios as a Tool for Option Evaluation
A third important use for exposure scenarios is as a tool for evaluating proposed

options for action. Risk managers often have a number of choices for dealing with
environmental problems, from taking roacticn on one exlreirE to
actions, each with different costs, on the other. Often the exposure scenarios developed
as part of the baseline risk assessment provide a powerful tool to evaluate the potential
reduction of exposure and risk for these various options, and consequently are quite
nseful in many cost-benefit analyses.

There are several additional related uses of exposure scenarios for risk managers.
They rray help establish a range of options for cleanup by showing the sensitivity of the
risk estimates to the changes in assumed source or exposure levels. The exposure
assessor can use the sensitivity analysis of the exposure scenario to help evaluate and
cornmunicate the uncertainty of the assumptions, and what can be done to reduce that
uncertainty. "Well-crafted and soundly based exposure scenarios may also help
communicate risks and possible options to ccrnrnunity groups.

Although it is beyond the scope of these Guidelines to detail the methods used for
option evaluation and selection, the assessor should be aware of this potential use.
Discussing strategy (and specific information needs) with risk managers is usually
prudent before large resource expenditures are made in the risk assessment area

5.3.4. General Methods for Estimating Exposure and Dose
A variety of methods are used to obtain estimates of dose necessary for risk

characterization. These range frorn quick screening level calculations and rules cf thumb
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to more sophisticated techniques. The technique to be used in a given case is a matter of
thearrxiurtf ofinfomBtionavattableand Several of the
methods are outlined in the following sections.

Normally it is neither practicable nor advisable to immediately develop detailed
information on all the potential pathways, since not all may contribute significantly to the

outcome of the assessment31 Rather, evaluation of the scenario is done in an iterative
manner. Hrst,screeriingcr bounding techniques are used to ascertain wWch pathways
are unimportant, then the information for the rernaining pathways is refined, iteratively
becoming more accurate, until the quantitative objectives of the assessment are met (or
resources are depleted).

In beginning the evaluation phase of any assessment, the assessor should have a
scenario's basic assumptions (setting, scope, etc.) well identified, one or more applicable
exposure pathways defined, an equation for evaluating the exposure or dose for each of

those exposure pathways, and the data and information requirements pertinent to solving
the equations. Qjality and quantity of data and infcmation needed to substitute
quantitative values or ranges into the parameters of the exposure equation will often vary
widely, irompostulated assumptions to actual high-quality measurements. ]Vfeny times,
there are several exposure pathways identified within the scenario, and the quality of the
data and information may vary for each.

A cornmon approach to estimating exposure and dose is to do a preliminary
evaluation, or screening step, during which bounding estimates are used, and then to
proceed to refine the estimates for those pathways that cannot be eliminated as of trivial
importance.

5.3.4.1. Preliminary Evaluation and Bounding Estimates

31 There are some important exceptions to this statement. First, the public or other concerned groups may
express particular interest in certain pathways, which will not normally be dropped entirely at this point. Second,
for r o u t i n e repetitive assessments using a certain standard scenario for many chemicals, once the general
b o u n d i n g has been done on the various possible pathways, it may become standard operating procedure to
immediately begin developing information for particular pathways as new chemicals are assessed.
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The first step that experienced assessors usually take in evaluating the scenario
involves making bounding estimates for the individual exposure pathways. The purpose
of this is to eliminate further work on refining estimates fcr pathways that are dearly not
important

The method used for bounding estimates is to postulate a set of values for the
parameters in the exposure or dose equation that will result in an exposure or dose higher
than any exposure or dose expected to occur in the actual population. The estimate of
exposure or dose calculated by this method is clearly outside of (and higher than) the
disMbiMm of actiM exposures or doses. If the valueof this bounding estimate is not
significant, the pathway can be dirninated fromfurther refinement32

The theoretical upper bounding estimate (TUBE) is a type of bounding estimate
that can be easily calculated and is designed to estimate exposure, dose, and risk levels
that are expected to exceed the levels experienced by all individuals in the actual
distribution. The TUBE is calculated by assuming lirritsforall the variables used to
calculate exposure and doss that, when combined, will result in the mathematically
highest exposure or dose (highest concentration, highest intake rate, lowest body weight,
etc.). The theoretical upper bound is a bounding estimate that should, if the limits of the
parameters used are known, ensure that the estimate is arx>ve the actual exposures
received by all individuals in the population. It is not necessary to go to the formality of
the TUBE to assure that the exposure or dose calculated is above the actual distribution,
however, since any corrbination that results in a value clearly higher than the actual
distribution can serve as a suitable upper bound.

The bounding estimate (a limit of individual exposure, dose or risk) is most often
used only to eliminate pathways from further consideration. This is often done in
screening-level assessments, where bounding estimates of exposure, dose, or risk provide
a quick and relatively easy check on whether the levels to be assessed are trivial relative

32 "Not significant" can mean either that it is so small relative to other pathways that it will not add perceptibly
to the total exposure being evaluated or that it falls so far below a level of concern that even when added to other
results from other pathways, it will be trivial. Note that a "level of concern" is a risk management term, and the
assessor must discuss and establish any such levels of concern with risk managers (and in some cases, concerned
groups such as the local community) before eliminating pathways as not significant.
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to a level that would cause concern. If acceptably lower than the concern level, then

additional assessment work is not necessary.
Bounding estimates also are used in other types of assessments. They can be used

for deregulation of chemicals when pathways cr concentrations can be shown to present

insignificant or de nirdnvs risk. They can be used to determine whether more
information is needed to determine whether a pathway is significant; if the pathway's
significance cannot be ruled out by a bounding estimate, test data may be needed to
refine the estimate.

There are two important points about bounding estimates. Hrst, the only thing

the bounding estimate can establish is a level to eliminate pathways from further
consideration It cannot be used to mate a determination that a pathway is significant
(that can only be done after more inforrnation is obtained and a refinement of the
estimate is made), and it certainly cannot be used for an estimate of actual exposure

(since by definition it is clearly outside the actual distribution). Second, when an

exposure scenario is presented in an assessment, it is likely that the amount of refinement
of the data, information, and estimates will vary by pathway, some having been
eliminated by bounding estimates, sorns elirrinated after further refinement, and others
fully developed and quantified. This is an efficient way to evaluate scenarios. In such
cases, bounding estirnatesniM not be cxosideaied to be equally as sophisticated as an

estimate of a fully developed pathway, and should not be described as such.
Experienced assessors can often eliminate some obvious pathways more or less

by inspection as they may have evaluated these pathways marry times before.33 In these
cases, the assessor muststill explain why the pathway is being eliminated. For less
experienced assessors, developing bounding estimates for all pathways is instructive and
will be easier to defend.

5.3.4.2. Refining the Estimates of Exposure and Dose

" Experienced assessors may also be able to determine quickly that a pathway requires refined estimation.
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For those pathways not eliminated by bounding estimates or judged trivial, the

assessor will then evaluate the resulting exposure or dose. At this point, the assessor will
make estimates of exposure or dose that are designed to fall on the actual distribution.
The important point here is that unlike a bounding estimate, these estimates of exposure
or dose should focus on points in the actual distribution. Both estimates of central

tendency and estimates of the upper end of the distribution curve are useful in Grafting
risk descriptors.

Consider Equation 2-6 for the lifetime average daily potential dose (LADDpol), an
equation often used for linear, nonthreshold carcinogen risk rnodels. The assessor will
nse the data, ranges of data, distributions of •:. "ata, and assumptions about each of the
factors needed to solve the equation for dose. Generally, both central estimates and high-
end estimates are performed. Each of these CTtirnates has uncertainty (perhaps
unquantifiable uncertainty), and the better the quality and cxirnprehensiveness of data

used as input to the equation, the less uncertainty.

After solving the equation, the assessor will determine whether the uncertainty

associated with the answer is sufficiently narrow to allow the risk descriptors to be
developed (see Section 3.4) and to answer satisfactorily the questions posed in the

exposure assessment statement of purpose. Evaluating whether the data, uncertainty, risk
descriptors, and answers to the questions are good enough is usually a joint responsibility

of the risk assessor and the risk manager.
Should the estimates of exposure or dose have sufficiently narrow uncertainry, the

assessor can then proceed to develop the descriptors and finish the assessment If not, the
data or assumptions used usually will have to be refined, if resources allow, in an attempt
to bring the estimated exposure or dose closer to what the assessor believes are the actual
values in the population. FeriningtheestirrHtesusuaUyreqi±estrMnewdatabe
brought into consideration34; this new inforrnation can be other studies from the
literature, inforrnation previously developed for another, related purpose that can be
adapted, or new survey, laboratory, or field data The decision about which particular

34 It also can involve new methods or additional methods for analyzing the old data.
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parts of the information base to refine should be based both on which data will most

significantly reduce the uncertainty of the overall exposure or dose estimate, and on
which data are in fact obtainable either technologically or within resource constraints.

After refinement of the estimate, the assessor and risk manager again determine
whether the estimates provided will be sufficient to answer the questions posed to an
acceptable degree, given the uncertainties that may be associated with those estimates.
Refinements proceed iteratively until the assessment provides an adequate answer within
the resources available.

5.3.5. Using Estimates for Developing Descriptors
Risk assessors and risk managc.Ts are encouraged to explore a range of ways to

describe exposure and risk information, depending on the purpose of the assessment and
the questions for which the risk manager must have answers. Section 2.3 outlines a

series of risk descriptors; in the sections below, these are discussed in the context of how
an exposure assessor's analysis of the data would lead to various descriptors for risk.

5.3.5.1. Individual Exposure, Dose, and Risk
Qjestions about individual risk are an important component of any assessment,

especially an estimate of the high end of the distribution. Section 5.3.4.1 indicated that

bounding estimates are actually a useful but limited form of individual risk estimate, a
forrnvvhichisbydefMticnbeyordtheMghestpointontte This
section deals with estimates that are actually on the distribution of exposure, dose, or
risk.

There are several approaches for arriving at an individual riskestimate. Since
calculation of risk involves using information nxanfields other than exposure
assessment, the reader is advised to consult other Agency guidelines for more detailed
discussions (ag., U.S. EPA, 1986b, 1986c, 1988b, 1988c, 1991a). The uncertainty in the
risk estimate will depend heavily on the quality of the information used. Thereare
several steps in the process:
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First, the question of unusual susceptibility of part of the population must be

addressed If equal doses result in vridely different responses in tv\o individuals, it may
be necessary to consult with scientists familiar with the derivation of the dose-response
relationship for the chemical in question in order to ascertain whether this is normal

\^riabilityarrcrgnrErrbeisofapcpulatioa Normal variability should have been
considered as part of the envelopment of the dose-response relationship; unusual
susceptibility may not have been. If such a highly susceptible subgroup can be
identified, it is often useful to assess their risk separately from the general population. It
will not be common, given the current data availability, to clearly identify such
susceptible subgroups. If none can be identified, the default has usually been to assume
the dose-response relationship applies to all members of the population being assessed.

Where no information shows the contrary, this assumption may be used provided it is
highlighted as a source of uncertainty.

Second, after the population or population segment can be represented by a single
dose-response relationship, the appropriate dose for use in the dose -response relationship
(absorbed^nternal dose, potential dose, applied dose, effective dose) rrust be identified.
For dosenresponse relationships based on adrrinistered dose in animal studies, potential

dose will usually be the human analogue. If the dose-response relationship is based on
internal dose, then that is the mcst appropriate human dose. If the estimates of exposure
and dose from the exposure assessment are in an inappropriate form (say, potential dose
rather than internal dose), they must be converted before they are used for risk
calculations. This may involve analysis of McavailabiUty, abscqticnraresasailniction
of form of the chemical and route, etc. If these data are not available, the default has
been to assume the entire potential dose becomes the internal dose,35 Asmoredata
becoms available ooncerning absorption for different chemicals, this conservative

35 The unstated assumption is often made that the relationship between administered dose and absorbed dose
in the animal is the same as that between potential dose and internal dose in humans, provided a correction is
made for body weight/surface area. In other words, the bioavailability and absorption fractions are assumed to
be the same in the human as in the animal experiment. If no correction is made for absorption, this leads to the
assumption that the absorption percent is the same as in the animal experiment from which the dose-response
relationship was derived. Note this uncorrected conversion of potential dose to internal dose does not assume
"100% absorption" unless there was 100% absorption in the animal s tudy.
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assumption may not always be the best, or even a credible, default Wiatever
assumption is made concerning absorption (or the relationships among any of the
different dose terms if used, for that matter), it should be highlighted in the uncertainty

section.

Once the first two steps have been done, and the obse-response relationship and
type of dose have been identified, the exposure and dose information needs to be put in
the appropriate form. Ideally, this WDuld be a distribution of doses of the appropriate
type across the pcpjlaticncrpcfxiaticnsubgroipcf interest This may involve

converting exposures into potential doses or converting potential doses into internal,
delivered, or biologically effective doses. Once this is accomplished, the high-end
estimate of dose mil often (but not always) lead fairly directly to the high-end estimate

of risk The method used to develop the high-end estimate for dose depends on the data
available. Because of the skewed nature of exposure data, there is no exact formula that
will guarantee an estimate will fall into this range in the actual population if only sparse
data are available.

The high-end risk is a plausible estimate of the individual risk for those persons at

the upper end of the risk distribution. The intent of this descriptor is to convey an

estimate of risk in the upper range of the distribution, but to avoid estimates that are
beyond the true distribution. Conceptually, high-end risk means risks above the 90h

percentile of the population distribution, but not higher than the individual in the

population wbohas the highest risk. This descriptor is intended to estimate the risks that
are expected to occur in small but definable Mghr^rd segments of trie subject population.
The use of "above the 9Cf percentile" in the definition is not meant to precisely define
the range of this descriptor, but rather to clarify what is meant conceptually by high end.

The high-end segments of the exposure, dose, and risk populations may represent
different individuals. Since the location of individuals on the exposure, dose, and risk
distributions may vary depending on the distributions of bioavailability, absorption,
intake rates, susceptability, and other variables, a high exposure does not necessarily

result in a high dose or risk, although logically one would expect a moderate to highly
positive correlation among exposure, dose, and risk.
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"\\hen the complete data on the population distributions of exposures and doses

are available, and the significance of the factors above (bioavailability, etc.) are known to
the extent to allow a risk distribution to be constructed, the Mgh-end risk estimate can be
represented by reporting risks at selected percentiles of the distributions, such as the 9dh,
95h, or 98fh percentile. \Vhen the corrplete distributions are not available, the assessor
should conceptually target something above the 90h percentile on the actual distribution.

In developing estimates of high-end individual exposure and dose, the following

conditions must be met:
* The estimated exposure or dose is on the expected distribution, not above

the value one would expect for the person with the highest estimated risk
in the population. This means that vvhen constructing this estimate froma
series of factors (environmental concentrations, intake rates, individual
activities, etc.), not all factors should be set to values that maximize
exposure or dose, since this will almost always lead to an estimate that is
much too conservative.

* Tte corrbination of values assigned to the exposure and dose factors can
be expected to be found in the actual population. In estimating high-end
exposures or doses for future use or post-control scenarios, the criterion to
be used should be that it is expected to be on the distribution provided the
future use or control measure occurs.35

Some of the alternative methods for o^eterrrining a high-end estimate of dose are:

* If sufficient data on the distribution of doses are available, take the value
directly for the percentile(s) of interest within the high end. If possible,

the actual percentile(s) should be stated, or the number of persons
detemined in the high end above the estimate, in order to give the risk
manager an idea of where within the high end-range the estimate falls.

36 This means that estimates of high-end exposure or dose for future uses are limited to the same conceptual
range as current uses. Although a "worst-case" combination of future conditions or events may result in an
exposure that is conceivably possible, the assessor should not merely use a worst-case combination as an estimate
of high-end exposure for possible future uses. Rather, the assessor must use judgment as to what the range of
exposures or doses would plausibly be, given the population size and probability of certain events happening.
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* If data on the distribution of doses ate net available, but data on the

parameters used to calculate the dose are available, a simulation (such as

an exposure model or Monte Carlo similation) can sometimes be made of
the distribution. In this case, the assessor may take the estimate from the
simulated distribution. As in the method above, the riskmanager should
be told where in the high-end range the estimate falls by stating the
percentileor the number of persons above this estimate. The assessor and
risk manager should be cautioned that unless a great deal is known about
exposures or doses at the high end of the distribution, simulated

distributions may not be able to differentiate between Ixoxting estimates
and high-end estimates. Simulations often include low-probability
estimates at the upper end that are higher than those actually experienced
in a given population, due to improbability of finding these exposures or
doses in a specific population of limited size, or due to nonobvious

correlations among parameters at the high ends of their ranges.37 Lfeing
the highest estimate froma MDtrte Carlo simulation may therefore

overestimate the exposure or dose for a specific population, and it is
advisable to use values somewhat less than the highest Mbnte Carlo
estimated value if one is to defend the estimate as being within the actual
population distribution and not above it

Simulations using finite ranges for parameters will result in a

simulated distribution Vvith a calculable finite maximum exposure, and the
maximum, exposures calculated in repeated simulations will not exceed

37 For example, although concentration breathed, frequency, duration, and breathing rate may be independent
fora consumer painting rooms in a house undermost normal circumstances, if the concentration is high enough,
it may affect the other parameters such as duration or breathing rate. These types of high-end correlations are
difficult to quantify, and techniques such as Monte Carlo simulations will not consider them unless relationships
are k n o w n and taken into account in the simulation. If extreme concentration in this case resulted in lower
breathing rate or duration, a non-corrected Monte Carlo simulation could overestimate the exposure or dose at
the high end. Far less likely, due to self-preservation processes, would seem the case where high concentration
increases duration or intake rate, although this theoretically might also occur.
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this theoretical maximum38 \\hen unbounded default distributions, such
as lognormal distributions, are used for input parameters to generate the

simulated exposure distributions, there vwJl not be a finite maximum
exposure lirrit for the simulation, so the maximum value of the resulting
simulated distribution will vary with repeated simulations. TheEPA's
Science Advisory Board [SAB] (U.S. EPA, 1992a) has recommended that
values above a certain percentile in these simulations be treated as if they
vrere bounding estimates, not estimates of high-end exposures (see Rgure
5-1). The SAB noted that for large populations, simulated exposures,
doses, and risks above the 99,9* percentile may not be meaningful when
unbounded lognormal distributions are used as a default

38 This max imum is the theoretical upper bounding estimate (TUBE).
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Although the Agency has not specifically set policy on this matter,
exposure assessors should observe the f allowing caution when using
simulated distributions. The actual percentile cutoff above which a
simulation should be considered a bounding estimate may be expected to

vary depending on the size of the population. Since bounding estimates
are established to develop statements that exposures, doses, and risks are
"not greater than...," it is prudent that the percentile cutoff bound expected

exposures for the size of the population being evaluated. Ear example, if
there are 100 persons in the population, it may be prudent to consider

simulated exposures above the 1 in 500 level or 1 in 1000 level (Le.,
above the 99.5th or 99.9th percentile, respectively) to be bounding
estimates. Due to uncertainties in simulated distributions, assessors
should be cautious about using estimates above the 99.9th percentile for
estimates of high-end exposure regardless of the size of the population.
The Agency or individual program offices may issue more direct policy
for setting the exact cutoff value for use as high-end and bounding
estimates in simulations.
If some information on the distribution of the variables making up the
exposure or dose equation (e.g., concentration, exposure duration, intake

or uptake rates) is available, the assessor may estimate a value which falls
into the highend by meeting the defining criteria of'highend": an

estimate that will be within the distribution, but high enough so that less

than 1 out of 10 in the distribution will be as high. The assessor often
constructs such an estimate by using nHximumor near-iraximum values
for one or mrae of the most sensitive variables, leaving others at their
mean values.39 The exact method used to calculate the estimate of high-
end exposure or dose is not critical; it is very important that the exposure

39 Maximizing all variables, as is done in bounding estimates, will result in virtually all cases in an estimate
that is above the bounds of this range, that is, above the actual values seen in the population.
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assessor explain why the estimate, in his or her opinion, falls into the
appropriate range, not above or below it

• If almost no data are available, it will be difficult, if not impossible, to

estimate exposures or doses in the high end Ore method that has been
used, especially in screening-level assessments, is to start with a bounding

estimate and back off the limits used until the con±anation of parameter
values is, in the judgment of the assessor, clearly in the distribution of
exposure or dose. Obviously, this methodresults in a large uncertainty.
The availability of pertinent data will determine how easily and defensibly
the high-end estimate can be developed by simply adjusting or backing off

from the ultra conservative assumptions used in the bounding estimates.
This estimate must still meet the defining criteria of "high end,'' and the
assessor should be ready to explain why the estimate is thought to meet
the defining criteria.

Adescriptor of central tendency may be either the arithmetic mean risk (average
or the median risk (median estimate), but should be clearly labeled as such.

"Where both the arithmetic mean and the median are available, but differ substantially, it
is helpful to present both.

Exposure and dose profiles often fall in a skewed distribution that many times
appears to be approximately lognormally distributed, although statistical tests for
Icgnormality may fail. The arithmetic mean and the median are the same in a normal
distribution, but exposure data are rarely normally distributed As the typical skewness
in the distribution increases, the exposure or dose distribution comes to resemble a

Iqgnormal curve where the arithmetic mean will be higher than the median. It is not
unusual for the arithmetic mean to be located at the 75th percentile of the distribution or
higher. Thus, the arithmetic mean is not necessarily a good indicator of trie nidpoint
(median, 50h percentile) of a distribution.

The average estimate, used to describe the arithmetic mean, can be approximated

by using average values for all the factors making up the exposure or dose equation. It

does not necessarily represent a particular individual on the distribution, but will fall
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/***">v within the range of the actual distribution. Historically, this calculation has been referred
to as the average case, but as with other ad hoc descriptors, definitions have varied
widely in individual assessments.

\Vhen the data are highly skewed, it is sometimes instructive to approximate the

median exposure or dose, or median estimate. This is usually done by calculating the
geometric mean of the exposure or dose distribution, and historically this has often been
referred to as the typical case, although again, definitions have varied widely. Both the
average estimate and median estimate are measures of the central tendency of the
exposure or dose distribution, but they must be clearly diff eientiated when presenting the
results.

It will often be useful to provide additional specific individual risk information to
provide perspective for the risk manager. This specific information may take the form of
answers to what if questions, such as, what if a consumer should use this product without
adequate ventilation? Fcr the risk manager, these questions are likely to put bounds on
various aspects of the risk question. For the assessor, these are much less ccrnplicated
problems than trying to estimate baseline exposure or dose in an actual population, since
the answers to these questions involve choosing values for various parameters in the
exposure or risk equations and solving themfor the estimate.

This type of risk descriptor is a calculation of risk to specific hypothetical or
actual cornbinations offactors postulated witriin the exposure assessment It is often
valuable to ask and answer specific questions of the "what if' nature to add perspective to
the risk assessment

Each assessment may have none, one, or several of these specific types of
descriptors. The arawers to these question rrigte be a pcintest^
usually fairly simple to calculate. The answers to these types of postulated questions,
however, do not directly give information about how likely that cornbination of values
rright be in the actual population, so there are some limits to the applicability of these
descriptors.

^^ 5.3.5.2. Population Exposure, Dose, and Risk
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Questions about population exposure, dose, and risk are central to any risk
assessment Ideally, given the time and methods, the assessor night strive to construct a
picture of exposure, dose, and risk in which each individual exposure, dose and riskis
known. These data could then be displayed in a frequency distribution.

The risk manager, perhaps considering what action night be necessary for this

particular situation, night ask how many cases of the particular effect night be
prti^abilistic^y estimated in a population during a specific time period, or what
percentage of the population is (or how many people are) above a certain exposure, dose,
or risk level.

Par those who do the assessments, answering these questions requires some

knowledgexjf the population frequency distribution. This information can be obtained or
estimated in several ways, leading to two descriptors of population risk.

The first is the probabilistic number of health effect cases estimated in the

population of interest over a specified time period This descriptor can be obtained either
by siurrring the individual risks over all the individuals in the population, or by

multiplying the slope factor obtained from a carcinogen dose-response relationship, the
arithmetic mean of the dose, and the size of the population. The latter approach may be

used only if the risk model assumes a single linear, nonthreshold response to dose, and
then only with some caution.40 If risk varies linearly with dose, knowing the arithmetic
mean risk and the population si7R can lead to an estimate of the extent of harmfor the

40For example, when calculating risks using doses and "slope factors," the risk is approximately linear with
dose until relatively high individual risks (about 10'') are attained, after which the relationship is no longer even
approximate ly linear. This results from the fact that no matter how high the dose, the individual risk cannot
exceed 1, and the dose-risk curve approaches 1 asymptotically. This can result in artifacts when calculating
population risk from average individual doses and population size if there are individuals in the population in
this nonlinear risk range. Consider a population of f ive persons, only one of whom is exposed. As an example,
assume a lifetime average daily dose of 100 mg/kg/day corresponds to an individual risk of 4 x 10"'. Increasing
the dose fivefold, to 500 mg/kg/day, would result in a higher individual risk for that individual, but due to the
nonlinearity of the dose-risk curve, not yet a risk of 1. The average dose for the five persons in the population
would then be 100 mg/kg/day. Multiplying the "average risk" of 4 x 10'1 by the population size of five results
in an estimate of two cases, even though in actuality only one person is exposed. Although calculating average
ind iv idua l dose, estimating individual risk from it, and multiplying by the population size is a useful
approximation if all members of the population are within the approximately linear range of the dose-risk curve,
this method should not be used if some members of the population have calculated indiv idual risks higher than
abou t 10"', since it will overestimate the number of cases.
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population as a whole, excluding sensitive subgroups for which a different dose-response
curve may need to be used BGrnoncarcinogeris, or for nonlinear, nonthreshold
carcinogen models, using die arithmetic mean exposure or dose, multiplying by aslope

factor to calculate an average risk, and multiplying by the population size is not
appropriate, and risks should be summed over individuals.41

Obviously, the more relevant information one has, the less uncertain this

descriptor, but in any case, the estimate used to develop the descriptor is also limited by
the inherent uncertainties in risk assessment methodology, e.g., the risk estimates often
being upper confidence level bounds. "With the current state of the science, this
descriptor should not be confused with an ar uarial prediction of cases in the population

(which is a statistical prediction based on a great deal of empirical data).
The second type of population risk d^criptor is an estimate of the percentage of

the population, or the number of persons, above a specified level of risk, RfD, RfC,

ijQAEL, or other specific level of interest This descriptor must be obtained by
measuring or simulating the population distribution, which can be done in several ways.

Hrst, if the population being studied is small enough, it may be possible to
measure the distribution of exposure or dose. Usually, this approach can be moderately

to highly costly, but it may be the most accurate. Possible problems -with this approach
are lack of measuring techniques for the chemical of interest, the availability of a suitable

population subset to monitor, and the problem of extrapolating shat-termmeasurements
to long-term exposures.

Second, the distribution itself may be simulated froma model such as an
exposure model (a model that reports exposures or doses by linking concentrations with
contact times for subsets of the population, such as those living various distances froma
source) or a Monte Carlo simulation. Although this may be considerably less costly than
measurements, it wifl probably be less accurate, especially near the high end of the

distribution. Although models and statistical simulations can be fairly accurate if the

41 In these cases, a significant problem can be the lack of a constant (or nearly constant) "slope factor" that
would be appropriate over a wide exposure/dose range, since the dose-response curve may have thresholds,
windows , or other discontinuities.
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proper input data are available, these data are often difficult to obtain and assumptions
must be made; use of assumptions may reduce the certainty of the estimated results.

Third, it nay be possible to estimate how many people are above a certain
exposure, dose, or risk level by identifying and enumerating certain population segments

known to be at higher exposure, dose, sensitivity, or risk than the level of interest
For those who use the assessments, this descriptor can be used in the evaluation

of options if a level can be identified as an exposure, dose, or risk level of concern. The
options can then be evaluated by estimating how many persons would go from the higher
category to the lower category after the option is implemented.

Questions about the distribution of exposure, dose, and risk often require the use
of additional risk descriptors. In considering the risks posed by the particular situation

being evaluated, a risk manager night want to know how various subgroups fall within

the distribution, and if there are any particular subgroups at dispriportionately high risk.
It is often helpful for the risk assessor to describe risk by an identification, and if

possible, characterization and quantification of the magnitude of the risk for specific
highly exposed subgroups within the population. This descriptor is useful when there is
(or is expected to be) a subgroup experiencing significantly different exposures or doses

from that of the larger population.
It is also helpful to describe risk by an identification, and if possible,

characterization and quantification of the magnitude of risk for specific highly sensitive
or highly susceptible subgroups within the population. This descriptor is useful when the
sensitivity or susceptibility to the effect for specific subgroups within the population is
(or is expected to be) significantly different from that of the larger population. In order
to calculate risk for these subgroups, it will sometimes be necessary to use a different
dose-response relationship.

Generally, selection of the subgroups or population segments is a matter of either
apriori interest in the subgroup, in which case the risk manager and risk assessor can
jointly agree on which subgroups to highlight, or a matter cf discovery of a subgroup
during the assessment process. In either case, the subgroup can be treated as a population
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/****v in itself and characterized the same wayas the larger population iising the descriptors for
population and individual risk

Exposures and doses for highly-exposed subpopulations can be calculated by
defining the population segment as a population, then estimating the doses as for a
population The assessor must make it clear exactly which population was considered.

A special case of a surpopulaticn is that of children. Bar exposures that take
place during childhood, \vhen low body weight results in a higher dose rate than would
be calculated using the LADCp01 (Equation 2-6), it is appropriate to

average the dose rate (intake rate/body weight) rather than dose. The LADDpoI equation
then becomes

- V i C, ( IR I BW ); • ( £Z\ I L T ) } (5-1)

where LADDpol is the lifetime average daily potential dose, EEj is the exposure duration
(time over which the contact actually takes place), Ci is the average exposure

concentration during period of calendar time ED|, //?, is the average ingestion or

inhalation rate during EE>, BVs{ is body weight during exposure duration EEj, and LTis
the averaging time, in this case, a lifetime (converted to days). This form of the LADDpol

equation, if applied to an exposure that occurs primarily in childhood (for example,
inadvertent soil ingestion), may result in an LADDpol calculation somewhat higher than
that obtained by using Equation 2-6, but there is some evidence that it is more defensible
(Kbdell et al., 1987; additional discussion in meiro^andunifrornHugh MdSrmon, EPA,
to Mchael CMahan, EPA, November 9,1990).
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6. ASSESSING UNCERTAINTY

Assessing uncertainty may involve simple or very sophisticated techniques,
depending on the requirements of the assessment Uncertainty characterization and

uncertainty assessment are two activities that lead to different degrees of sophistication in
describing uncertainty. Uncertainty characterization generally involves a qualitative
discussion of the thought processes that lead to the selection and rejection of specific
data, estimates, scenarios, etc. Fbr simple exposure assessments, where not much

quantitative information is available, uncertainty characterization may be all that is
necessary.

The uncertainty assessment is more quantitative. The process begins with sirrspler
measures (i.e., ranges) and simpler analytical techniques (i.e., sensitivity analysis), and
progresses, to the extent needed to support the decision for which the exposure
assessment is conducted, to more complex measures and techniques. The development
and iirplementation of an appropriate uncertainty assessment strategy can be viewed as a
decision process. Decisions are made about ways to characterize and analyze
uncertainties, and whether to proceed to increasingly more complex levels of uncertainty
assessment

6.1. Role of Uncertainty Analysis in Exposure Assessment
Exposure assessment uses a wide array of information sources and techniques.

Even where actual exposure-related measurements exist assumptions or inferences will
still be required (see Section 5.2). Ivfcst likely, data will not be available for all aspects
of the exposure assessment and those data that are available may be of questionable or
unknown quality. In these situations, the exposure assessor will have to rely on a
combination of professional judgment inferences based on analogy with similar
chemicals and conditions, estimation techniques, and the like. The net result is that the
exposure assessment will be based on a number of assumptions with varying degrees of
uncertainty.
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The decision analysis literature has focused on the importance of explicitly
incorporating and quantifying scientific uncertainty in risk assessments (Mxgan, 1983;
Knkel, 1990). Reasons for addressing uncertainties in exposure assessments include:

* Uncertain information finom different sources of Different quality must be
combined.

» A decisim mist be made abc^ whether and how to e^
acquire additional information (e.g., production, use, and emissions data;
environmental fate information; monitoring data; population data) to
reduce the uncertainty.

» There is considerable empirical evidence that biases may result in so-
called best estimates that are not actually very accurate. Even if all that is
needed is a best-estimate answer, the quality of that answer may be
improved by an analysis that incorporates a frank discussion of
imcertainty.

» Exposure assessment is an iterative process. The search for an adequate
and robust methodology to handle the problem at hand may proceed rnore
effectively, and to a more certain conclusion, if the associated uncertainty
is explicitly included and can be used as a guide in the process of
refinement.

* A decMm is rarely made on the basis of a single piece of analysis.

Further, it is rare for there to be one discrete decision; aprocessof
multiple decisions spread over time is the more common occurrence.
Chemicals of concern may go through several levels of risk assessment
before a final decision is made, \Vithin this process, decisions may be
made based on exposure considerations. An exposure analysis that
attempts to characterize the associated imcertainty allows the user or
decision-maker to better evaluate it in the context of the other factors
being considered.

* Exposure assessors have a responsibility to present not just nurrbers but
also a clear and explicit explanation of the implications and limitations of
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their analyses. Lhcertainty characcerizalion helps cany out this
responsibility.

Essentially, the ccHistruction of scientifically sound exposure assessments and the
analysis of uncertainty go hand in hand. Thereward for analyzing uncertainties is
knowing that the results have integrity or that significant gaps exist in available

information that can make decision-nuking a tenuous process.

6.2. Types of Uncertainty
Uncertainty in exposure assessment can be classified into three broad categories:
1. Uncertainty regarding missing or inoD^

define the exposure and dose (scenario uncertainty)
2. Uncertainly regarding some parameter (parameter uncertainty)

3. Uncertainty regarding gaps in scientific theory required to make

predictions on the basis of causal inferences (model uncertainty)

Identification of the sources of uncertainty in an exposure assessment is the first
step toward eventually determining the type of action necessary to reduce that
uncertainty. The three types of urK^rlairjry mentioned atowc^n be fur^

examining some principal causes for each.
Exposure assessments often are developed in a phased approach. The initial

phase usually involves sorre type of broad-based screening in which the scenarios that

are not expected to pose a risk to the receptor are eliminated from a more aetailed,

resource-intensive review, usually through developing bounding estimates. These
screening-level scenarios often are cxDnstructed to represent exposures that "would fall
beyond the extrems upper end of the expected exposure distribution. Because the

screening-level assessments for these nonproblem scenarios usually are included in the
final exposure assessment document, this final document may contain scenarios that
differ quite markedly in level of sophistication, quality of data, and amenability to
quantitative expressions of uncertainty. These also can apply to the input parameters
used to construct detailed exposure scenarios.
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The following sections will discuss sources, characterization, and methods for

analyzing the different types of uncertainty.

6.2.1. Scenario Uncertainty
The sources of scenario uncertainty include descriptive errors, aggregation errors,

errors in professional judgment, and incomplete analysis.

Descriptive errors include errors in information, such as the current producers of
the chemical and its industrial, commercial, and consumer uses. Information of this type
is the foundation for the eventual development of exposure pathways, scenarios, exposed
populations, and exposure estimates.

Aggregation errors arise as a result of lumping approximations. Included among
these are assumptions of homogeneous populations, and spatial and temporal
approximations such as assumptions of steady-state conditions.

Professional judgment comes into play in virtually every aspect of the exposure
assessment process, from defining the appropriate exposure scenarios, to selecting the

proper environmental fate models, to determining representative environmental
conditions, etc. Errors in professional judgment also are a source of uncertainty.

Apotentially serious source of uncertainty in exposure assessmsnts arises from
incomplete analysis. For example, the exposure assessor may overlook an important
consurrEr exposure due to lack of information regarding the use of a chemical in a
particular product Although this source of uncertainty is essentiaUy urquantifiable, it
should not be overlooked by the assessor. At a rninirnum, the rationale for excluding
particular exposure scenarios should be described and the uncertainty in those decisions
should be characterized as high, medium, or low. The exposure assessor should discuss
whether these decisions were based on actual data, analogues, or professional judgment
For situations in which the uncertainty is high, one should perform a reality check where
credible upper limits on the exposure are established by a "what if" analysis.

Characterization of the uncertainty associated with nonnumeric assumptions
(often relating to setting the assessment's direction and scope) will generally involve a
qualitative discussion of the rationale used in selecting specific scenarios. The discussion
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should allowthe leader to make an independent judgment about the validity of the

conclusions reached by the assessor by describing the uncertainty associated with any
inferences, extrapolations, and analogies used and the weight of evidence that led the
assessor to particular conclusions.

6.2.2. Parameter Uncertainty
Sources of parameter uncertainty include rneasurement errors, sampling errors,

variability, and use of generic or surrogate data.
IVfeasurement errors can he random or systematic. Random error results from

imprecision in the measurement process. Systematic error is a bias or tendency away
from the true value.

Sampling errors concern sample representativeness. The purpose of sampling is
to mate an inference about the nature of the whole froma rrEasurement of a subset of the

total population. If the exposure assessment uses d^ that were generated for another
purpose, for example, consumer product preference surveys or compliance rratitoring

surveys, uncertainty will arise if the data do not represent tte exposure scenario being
analyzed.

The inability to characterize the inherent variability in environmental and
exposure-related parameters is a major scurcecf uncertainty. For example,
meteorological and hydrological conditions may vary seasonally at a given location, soil

conditions can have large spatial variability, and human activity patterns can vary
substantially depending on age, sex, and geographical location.

The use of generic or surrogate data is common when site-specific data are not

available. Examples include standard emission factors for industrial processes,
generalized descriptions of emdrcnmental settings, and data pertaining to structurally
related chemicals as surrogates for the chemical of interest This is an additional source
of uncertainty, and should be avoided if actual data can be obtained.

The approach to characterizing uncertainty in parameter values will vary. Itcan
involve an order-of-rragnitude bounding of the parameter range when uncertainty is

/•«""*-,. Mgh, era Description of the range fcr each of the paran^ers including the lower-and
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upper-bound and the best estimate values and justification for these based on available

data or professional judgment In some circumstances, characterization can take the foam

of a probabilistic description of the parameter range. The appropriate characterization

will depend on several factors, including whether a sensitivity analysis indicates that the

results are significantly affected by variations \\lthin the range. AMien the results are
significantly affected by a particular parameter, the exposure assessor should attempt to
reduce the uncertainty by developing a description of the likely occurrence of particular

values within the range. If enough data are available, standard statistical methods can be

used to obtain a meaningful representation. If available data are inadequate, then expert

judgments can be used to develop a subjec^ve probabilistic representation. Expert
judgments should be developed in a consistent, v^<Iccumented manner. Examples of
techniques to solicit expert judgments have been described (Morgan et al., 1979; Morgan
etal., 1984; Rish, 1988).

Most approaches for analyzing uncertainty have focused on techniques that

examine how uncertainty in parameter values translates into overall uncertainty in the

assessment Several published reports (Cox and Baybutt, 1981; U.S. EPA, 1985f; Inman

and mton, 1988; Seller, 1987; Rish and Mamicio, 1988) have reviewed the many
techniques available; the assessor should consult these for details. In general, these

approaches can be described, in order of increasing complexity and data requirements, as
either sensitivity analysis, analytical uncertainty propagation, probabilistic uncertainty
analysis, or classical statistical methods.

Sensitivity analysis is the process of changing one variable while leaving the

others constant and deterrrining the effect on theoutput The procedure involves fixing

each uncertain quantity, one at a time, at its credible lov^er-botmd and then its upper-
bound (holding all others at their medians), and then computing the outcomes for each
combination of values. These results are useful to identify the variables that have the
greatest effect on exposure and to help focus further inforrrMcm gathering. The results
do not provide any infonrjation about the probability of a quantity s value being at any
level within the range; therefore, this approach is most useful at the screening level when
deciding about the need and direction of further analyses.
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Analytical uncertainty propagation involves examining how uncertainty in
individual parameters affects the overall uncertainty of the exposure assessment

Intuitively, it seems clear that uncertainty in a specific parameter may propagate very

differently through a model than another variable having approximately the same

uncertainty. Some parameters are more important than others, arcl the irodel structure is
designed to accountfor the relative sensitivity. Thus, uncertainty propagation is a
function of both the data and the model structure. Accordingly, both model sensitivity

and input variances are evaluated in this procedure. Application of this approach to

exposure assessment requires explicit rmthematical expressions of exposure, estimates of

the variances for each of the variables of interest, and the ability either analytically or
numerically to obtain a mathematical derivative of the exposure equation.

Although uncertainty propagation is a powerful tool, it should be applied Vvith
caution, and the assessor should consider several points. It is difficult to generate and
solve the equations for the sensitivity coefficients. In addition, the technique is most

accurate for linear equations, so any departure from linearity mM be carefuUy evaluated

Assumptions, such as independence of variables and normality of errors in the variables,

need to be checked. Rnally, this approach requires estimates of pararrEter variance, and

the inforrnation to support these may not be readily available.
Probabilistic uncertainty analysis is generally considered the next level of

refinement The most common example is the M^nte Carlo technique where probability
density functions are assigned to each pararreter, then values from these distributions are

randomly selected and inserted into the exposure equation. After this process is
completed many times, a distribution of predicted values results that reflects the overall

uncertainty in the inputs to the calculation.
The principal advantage of the MDnte Carlo method is its very general

applicability. There is no restriction on the form of the input distribxjticnis or the riature
of the relationship betvveen input and output; computations are also straightfbrward.
There are some disadvantages as well as inconveniences, however. The exposure

assessor should only consider using this technique when there are credible distribution
data (or ranges) for most key variables. Even if these distributions are known, it may not
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be necessary to apply this teclmique. Fee: example, if only average exposure values are
needed, these can often be computed as accurately by using average values for each of
the input parameters. Anoth^ irxxriveruence is that tte sensitivity csf the results to the

input distributions is somewhat cximbeisorns to assess. Changing the distribution of only
one value requires rerunning the entire calculation (typically, several hundreds or
thousands of times), finally, Mbnte Carlo results do not tell the assessor which variables
are the most important contributors to output uncertainty. This is a disadvantage since

most analyses of uncertainty are performed to find effective ways to reduce urxxrtainty.
Classical statistical methods can be used to analyze uncertainty in measured

exposures. (3i vena data set cf treasured expositfevalu^
population distribution may be estimated directly, provided that the sample design was
developed property to capture a representative sample. The measured exposure values
also may be usexl to directly compute confidence interval estimates for percentiles of the
exposure distribution (American Chemical Society, 1988). Wien the exposure
distribution is estimated from measured exposures for a probability sample of population

members, confidence interval estimates for percentiles of the exposure distribution are

the primary uncertainty characterization. Data collection survey design should also be

discussed, as well as accuracy and precision of the measurement techniques.
Often the observed exposure distribution is skewed; many sample numbers have

exposure distributions at or below the detection limit In this situation, estimates of the
exposure distribution may require a very large sample size. Fitting the data to a
distribution type can be problematic in this situation because data are usually scant in the
low probability areas (the tails) where numerical values vary widely. As a consequence,
for data sets for which the sampling has been cornpleted, means and standard deviations
may be determined to a good approximation, but characterization of the tails of the
distribution will have much greater uncertainty. This difference should be brought out in
the discussion. For data sets for which sampling is still practical, stratification of the
statistical population to oversample the tail may give more precision and confidence in

the irjformation in the tail area of the distribution.
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6.2.3. Model Uncertainty
At a rrinimum, the exposure assessor should describe in quaUtative terms the

ratioiiale for selection of any conceptual and nathematic^ models. This discussion
should address the status of these approaches and any plausible alternatives in terms of
their acceptance by the scientific ccrnrmnity, how \\ell the rrrdel(s) represents the

situation being assessed, e.g., high end estimate, and to'what extent verification and
validation have been done. Relationship errors and modeling errors are the primary
sources of modeling uncertainty.

Relationship errors include errors in correlations between chemical properties,

structure-reactivity correlations, and environmental fate models. In choosing to use these
tools, the exposure assessor must decide among the many possible functional forms
available. Even though statistics on the performance of the methodology for a given test
set of chemicals may be available and can help guide in the selection process, the
exposure assessor must decide on the most appropriate mdhodology for the chemical of
interest based on the goals of the assessment

Modeling errors are due to models being simplified representations of reality, for
example approximating a three-dimensional aquifer with a two-dirnsnsional
mathematical model. Even after the exposure assessor has selected the most appropriate
model for the purpose at hand, one is still faced with the qiiestion of how \sell the model
represents the real situation. This question is compoundedby the overlap between
modeling uncertainties and other uncertainties, e.g., natural variability in environmental
inputs, representativeness of the modeling scenario, and aggregation errors. The

dilemma facing exposure assessors is that many existing models (particularly the very
complex ones) and the hypotheses contained within them cannot be fully tested (Beck,

1987), although certain components of the modelmay be tested. Even \\Jien a model has
been validated under a particular set of conditions, uncertainty will exist in its application
to situations beyond the test system

A variety of approaches can be used to quantitatively characterize the uncertainty
associated with model constructs. One approach is to use different modeling
formulations (including the preferred and plausible alternatives) and consider the range
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of the outputs to be representative of the uncertainty range. This strategy is most useful

when no dear best approach can be identified due to the lack of supporting data or when
the situations being assessed require extrapolation beyond the conditions for which the

models were originally designed.
Where the data base is sufficient, the exposure assessor should characterize the

imcertainty in the selected model by describing the validation and verification efforts.
Validation is the process of examining the performance of the model compared to actual
observations under situations representative of those being assessed. Approaches for

model validation have been discussed (U.S. ERA 1985e). Verification is the process of

ronfiming that the model computer code< producing the proper numerical output In
most situations, only partial vaiidationi is possible due to data deficiencies or model
complexity.

6.3. Variability Within a Population Versus Uncertainty in the Estimate
Fbr clarity, it should be ernphar zed that variability (the receipt of different levels

of exposure by different individuals) is being distinguished frornuocertainty (the lack of
knowledge about the correct value for a specific exposure measure or estimate). Most of
the exposure and risk descriptors discussed in this report deal with variability directly,
bii estimates must also be made of the uncertainty of these descriptors.42 This may be
done qualitatively or quantitatively, and it is beyond the scope of this report to discuss
the mechanics of uncertainty analysis in detail. It is an irrportant distinction, however,
since the risk assessor and risk manager need to know if the niimbers being reported for
exposures take variability, uncertainty, or both, into consideration.

Not all approaches historically used to construct measures or estimates of
exposure attempted to distinguish variability and uncertainly. In particular, in many

42 Each measure or estimate of exposure will have its associated uncertainty which should be addressed
both qualitatively and quantitatively. For example, if population mean exposure is being addressed by use of
direct personal monitoring data, qualitative issues will include the representativeness of the population monitored
to the full population, the representativeness of the period selected for monitoring, and confidence that there were
not systematic errors in the measured data. Quant i ta t ive uncertainty could be addressed through the use of
confidence intervals for the actual mean population exposure.

133

801361



cases in which estimates were termed worst case, focusing on the high end of the exposed
population and also selection of high-end values for uncertain physical quantities resulted
in values that were seen to be quite conservative. By using both the high-end individuals

(variability) and upper confidence bounds43 on data or physical parameters (uncertainty),
these estimates night be interpreted as "not exceeding an upper bound on exposures

received by certain high-end individuals."
Note that this approach will provide an estimate that considers both variability

and uncertainty, but by only reporting the upper confidence bound, it appears to be
merelyarrcreceriservativeestirrateafthevar^ High end estimates which include
consideration of uncertainty should be presented with both the upper and lower

uncertainty bounds on the high end estimate. This provides the necessary information to
the risk manager. Wlhout specific discussion of what was done, risk managersmay
view the results as not having dealt with uncertainty. It is fundarrEntal to exposure

assessment that assessors have a clear distinction between the variability of exposures
received by individuals in a population, and the uncertainty of the data and physical

parameters used in calculating exposure.
The discussion of estimating exposure and dose presented in Section 5.3.4

addresses the rationale and approaches for constructing a range of measures or estimates
of exposure, with emphasis on how these can be used for exposure or risk
characterization. The distinction between these measures or estimates (e.g., average
versus high end) is often a difference in anticipated variability in the exposures received
by individuals (i.e., average exposure integrates exposures across all individuals, while
high-end exposure focuses on the upper percentiles of the exposed group being assessed.)
Although several measures can be used to characterize risk in different ways, this does
not address which of these measures or characterizations is used for decisions. The
selection of the point or measure of exposure or risk upon which regulatory decisions are

43 The confidence interval is interpreted as the range of values within which the assessor knows the true
measure lies, with specified statistical confidence. The upper bound confidence limit is the higher of the two
ends of the confidence interval.
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rmde is a risk management decision governed by programmatic policy, and is therefore

beyond the scope of these gtddelines.
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7. PRESENTING THE RESULTS OF THE EXPOSURE ASSESSMENT

One of the most important aspects of the exposure assessment is presenting the
results. It is here that the assessment ultimately succeeds or fails in meeting the

objectives laid out in the planning as discussed in Section 3. This section discusses

communication of the results, format considerations, and suggested tips for reviewing

exposure assessments either as a final check or as a review of work done by others.

7.1. Communicating the Results of the Assessment
Communicating the results of an exposure assessment is more than a simple

summary of conclusions and quantitative estimates for the various pathways and routes
of exposure. The most important part of an exposure assessmentis the overall narrative

exposure characterization, without which the assessment is merely a collection of data,

calculations, and estimates. This exposure characterization should consist of discussion,
analysis, and conclusions that synthesize the results from the earlier portions of the
document, present a balanced representation of the available data and its relevancy to the
health effects of concern, and identify key assumptions and major areas of uncertainty.
Section 7.1.1 discusses the exposure characterization, and Section 7.1.2 discusses how

this is used in the risk characterization step of a risk assessment,

7.1.1. Exposure Characterization

The exposure characterization is the summary explanation of the exposure
assessment. In this final step, the exposure characterization:

* provides a statement of purpose, scope, level of detail, and approach used
in the assessment, including key assumptions;

* presents the estimates of exposure and dose by pathway and route for

individuals, population segments, and populations in a manner appropriate
for the intended risk characterization;

* provides an evaluation of the overall quality of the assessment and the
degree of confidence the authors have in the estimates of exposure and
dose and the conclusions drawn;
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• interprets the data and results; and
» communicates results of the exposure assessment to the risk assessor, who

can then use the exposure characterization, along with characterizations of

the other risk assessment elements, to develop a risk characterization.
As part of the statement of purpose, the exposure ciiaraderizaticci explains why

the assessment was done and what questions were asked. It also reaches a conclusion as

to whether the questions posed were in fact answered and with what degree of
confidence. It should also note whether the exposure assessment brought to light

additional or perhaps more appropriate questions, if these were answered, and if so, with
what degree of confidence.

The statement of scope discusses the geographical or demographic boimdaries of

the assessment. The specific populations and population segments that were the subjects
of the assessment are clearly identified, and the reasons for their selection andany

exclusions are discussed Especially sensitive groups or groups that may experience
unusual exposure patterns are highlighted.

The criaracterization also discusses whether the scope and level of detail of the
assessment were ideal for answering the questions of the assessment and whether

Imitations in scope and level of detail were made because of technical, practical, or

financial reasons, and the implications of these limitations on the quality of the
conclusions.

The methods used to quantify exposure and dose are clearly stated in the exposure
characterization. If models are used, the basis for their selection and validation status is
described. If measurement data are used, the qualityof the data is discussed. The
strengths and weaknesses of the particular methods used to quantify exposure and dose
are described, along with comparison and contrast to alternate methods, if appropriate.

In presenting the exposure and dose estimates, the important sources, pathways,
and routes of exposure are identified and quantified, and reasons for excluding any from
the assessment are discussed

A variety of risk descriptors, and where possible, the full population distribution
is presented Risk managers should be given some sense of how exposure is distributed
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over the population and how variability in population activities influences this
distribution. Ideally, the exposure characterization links the purpose of the assessment
with specific risk descriptor, which in turn are presented in such a way as to facilitate
construction of a risk characterization.

A discussion of the quality of the exposure and dose estimates is critical to the
credibility of the assessment. This may be based in part on a quantitative uncertainty
analysis, but the exposure characterization must explain the results of any such analysis
in terms of the degree of confidence to be placed in the estimates and conclusions drawn.

Finally, a description of additional research and data needed to improve the
exposure assessment is often helpful to risk managers in making decisions about
improving the quality of the assessment. For this reason, the exposure characterization

should identify key data gaps that can help focus further efforts to reduce uncertainty.
Additional guidance on conrmnicating the results of an exposure assessment can

be f bund in the proceedings of a recent workshop on risk communic^on (American
Industrial Kfealth Council, 1989).

7.1.2. Risk Characterization
]Vbst exposure assessments will be done as part of a risk assessment, and the

exposure characterization must be useful to the risk assessor in constructing a risk

characterization. Risk characterization is the integration of information fbornhazard
identification, dose-response assessment, and exposure assessment into a coherent
picture. A risk characterization is a necessary part of any Agency report on risk whether
the report is a preliminary one prepared to support allocation of resources toward further
study or a comprehensive one prepared to support regulatory decisions.

Risk characterization is the culmination of the risk assessment process. Ihthis

final step, the risk characterization:
• integrates the individual characterizations from the hazard identification,

dose-response, and exposure assessments;
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• provides an evaluation of the overall quality of the assessment and the
degree of confidence the authors have in the estimates of riskand
conclusions drawn;

» describes risks to individuals and populations in terms of extent and
severity of probable harm; and

» communicates resists of the risk assessment to
It provides a scientific interpretation of the assessment The risk manager can then use
the risk assessment, along with other risk management elements, to mate public health
decisions. The following sections describe these four aspects of the risk characterization
in more detail.

7.1.2.1. Integration of Hazard Identification, Dose-Response, and Exposure
Assessments

In developing the hazard identification, dose-response, and exposure portions of
the risk assessment, the assessor makes many judgments concerning the relevance and
appropriateness of data and methodology. These judgments are summarized in the
individual characterizations for hazard identification, dose-response, and exposure. In
integrating the parts of the assessment, the risk assessor deterrrinesif some of these
judgments have implications for other parts of the assessment, and whether the parts of
the assessment are compatible. Rr example, if the hazard identification assessment
determines that a chemical is a developmental toxicant but not a carcinogen, the dose-
response and exposure information is presented accordingly; this differs greatly from the
way the presentation is made if the chemical is a carcinogen but not a developmental
toxicant

The risk characterization not only examines these judgments, but also explains the
ranstraints of available data and the state of knowledge about the phenomena studied in
making them, including:

» the qualitative, •vseight-of-evidence conclusions about the likelihood that
the chemical may pose a specific hazard (or hazards) to human health, the
nature and severity of the observed effects, and by what route(s) these
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effects are seen to occur. These judgments affect both the dose-response
and exposure assessments;

* for noncancer effects, a discussion of the dose-response behavior of the

critical effect(s), data such as the shapes and slopes of the dose-response
curves for the various other toxic endpoints, and how this information was
used to determine the appropriate dose-response assessment technique;
and

• the estimates of the magnitude of the exposure, the route, duration and
pattern of the exposure, relevant pharmacokinetics, and the number and

characteristics of the population exposed. This inforrrjation must be
compatible with both the hazard identification and dose-response

assessments.
The presentation of the integrated results of the assessment draws from and

highlights key points of the individual characterizations of hazard, dose-response, and
exposure analysis performed separately under these Guidelines. The summary integrates
these component characterizations into an overall risk characterization.

7.1.2.2. Quality of the Assessment and Degree of Confidence
The risk characterization summarizes the data brought together in the analysis and

the reasoning upon which the assessment is based The description also conveys the
major strengths and weaknesses of the assessment that arise from data availability and the

current limits of understanding of toxicity mechanisms.
Confidence in the results of a risk assessment is consequently a function of

confidence in the results of analysis of each element: hazard, dose-response, and
exposure. Each of these three elements has its own characterization associated with it
Fbr example, the exposure assessment component includes an exposure characterization.

\Vithin each characterization, the iirportant uncertainties of the analysis and
interpretation of data are explained so that the risk manager is given a clear picture of
any consensus or lack thereof about significant aspects of the assessment. For example,

/«—-N vdrenever more than one viewof dose-response assessment is supported by the data and
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by the policies of these Guidelines, and choosing between them is difficult, the views are
presented together. If ore has been selected over another, the rationale is given; if not,

then both are presented as plausible alternatives.

If aquantitative uncertainty analysis is appropriate, it is surnmarizedintherisk
characterization; in any case a qualitative discussion of iirpcrtant uncertainties is
appropriate. If other organizations, such as other Federal agencies, have published risk
assessments, or prior EPA assessments have been done on the substance or an analogous
substance and have relevant similarities or differences, these toD are described

7.1.2.3. Descriptors of Risk
There are a number of different ways to describe risk in quantitative or qualitative

terms. Section 2.3explains how risk descriptors are used It is important to explain what
aspect of the risk is being described and how the exposure data and estimates are used to
develop the particular descriptor.

7.1.2.4. Communicating Results of a Risk Assessment to the Risk Manager
Ctace the risk characterization is completed the focus turns to corrinunicating

results to the risk manager. The risk manager uses the results of the risk characterization,
technologic factors, and socioecononic considerations in reaching a regulatory decision.

Because of the way these risk management factors may impact different cases, consistent,
but not necessarily identical, risk management decisions must be made on a case-by-case
basis. Consequently, it is entirely possible and appropriate that a chemical with a
specific risk characterization may be regulated differerjfly under different statutes. These
Guidelines are not intended to give guidance on the nonstientific aspects of risk
management decisions.

7.1.3. Establishing the Communication Strategy
For assessments that must be explained to the general pi±>Kc, a cxxrirjunication

strategy is often required Although risk oairnunication is cften considered a part of risk
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management, it involves input from the exposure and risk assessors; early planning for a
communication strategy can be very helpful to the ultimate risk communication.

The EPA has guidance on preparing communication strategies (U.S. EPA,

1988g). Additional sources of information are the. New Jersey Department of
Environmental Protection (1988a, 1988b) and the NRC (1989b). These documents, and
the sources listed within them, are valuable resources for all who will be involved with
the sensitive issues of explaining environmental health risks. TheNRC(1989b, p. 148)

states:
It is a mistake to simply consider risk cx«rrnunication to beanadd-on

activity for either scientific or public affairs staffs; both dements should
' be involved. There are clear dangers if risk messages are formulatedorf

hoc by public relations personnel in isolation from available technical
expertise; neither can they be prepared by risk analysts as a casual
extension of their analytic duties.

7.2. Format for Exposure Assessment Reports
The Agency does not require a set format for exposure assessment reports, but

individual program offices within the Agency may have specific format requirements.

Section 3 illustrates that exposure assessments are performed for a variety of purposes,
scopes, and levels of detail, and use a variety of approaches. "While it is impracticable for
the Agency to specify an outline format for all types of assessments being performed
within the Agency, program offices are encouraged to use consistent fcmars for similar
types of assessments within their own purview.

All exposure assessments must, at a irinirnum, explain a narrative exposure
characterization section that contains the types of inforrnation discussed in Section 7.1.
For the purpose of consistency, this section should be titled exposure characterization.

Placement of this section within the assessment is optional, but it is strongly suggested
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that it be prorrinently featured in the assessment It is not, however, an executive

summary and should not be used interchangeably with one.

7.3. Reviewing Exposure Assessments
This, section provides some suggestions on how to effectively review an exposure

assessment and highlights some of the common pitfalls. The emphasis in these
Guidelines has been on how to properly conduct exposure assessrnents; this section can
serveasafinMchecMistinieviewingtheconpletedassessrrEnt An exposure assessor
also may be callad upon to critically review and evaluate exposure assessments
conducted by others; these suggestions should be helpful in this regard

Reviewers of exposure assessments are usually asked to identify inconsistences
with the urxJerlyiiig science and with Agency-developed guidelines, factors, and
methodologies, and to determine the effect these inconsistences might have on the results
and conclusions of the exposure assessment. Often the reviewer can only describe

whether these inconsistencies or deficiencies night underestimate or overestimate
exposure.

Some of the questions a reviewer should ask to identify the more cxmrnon pitfalls
that tend to underestimate exposure are:

Has the pathways analysis been broad enough to avoid overlooking a significant
pathway? Bar example, in evaluating exposure to soil contaminated with PQBs, the

exposure assessment should not be limited only to evaluating the dermal contact

pathway. Other pathways, such as inhalation of dust and vapors or the ingestion of
contaminated gamefish froman adjacent streamreceiving surface runoff containing
contaminated soil, should also be evaluated as they could contribute higher levels of
exposure from the same source.

Have all the contaminants of concern in a mixture been evaluated? Since risks
resulting from exposures to complex mixtures of chemicals with the same mode of toxic
action are generally treated as additive (by summing the risks) in a risk assessment,
failure to evaluate one or more of the constituents would neglect its contribution to the
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total exposure and risk. This is especially critical for relatively toxic or potent chemicals

that tend to drive risk estimates even when present in relatively low quantities.
Have exposure levels or concentration measurements been compared with

appropriate background levels? Contaminant concentrations or exposure levels should
not be compared with other contaminated media or exposed populations. "When

comparing with background levels, the exposure assessor must determine whether these
concentrations or exposure levels are also affected by contamination from anthropogenic

activities.
Were the detection limits sensitive enough to make interpretations about

exposures at levels corresponding to health concerns? Were the data interpreted
correctly? Because values reported as not detected (ND) mean only that the chemical of
interest was not found at the particular detection lirrit used in the laboratory analysis, ND
does not rule out the possibility that the chemical may be present in significant
concentrations. Depending on the purpose and the degree of conservatism warranted in

the exposure assessment, results reported as ND should be handled as discussed in

Sections.

Has the possibility of additive pathways been consideredfor the population being
studied? If the purpose of the exposure assessment is to evaluate the total exposure and
risk of a population, then exposures from individual pathways within the same route may
be summed in cases which concurrent exposures can realistically be expected to occur.

Some questions a reviewer should ask to avoid the more prevalent errors that

generally tend to overestimate exposure are:

Have unrealistically conservative exposure parameters been used in the
scenarios? The exposure assessor must conduct a reality check to ensure that the

exposure cases used in the scenario(s) (except bounding estimates) could actually occur.
Have potential exposures been presented as existing exposures? In many

situations, especially when the scenario evaluation approach is used, the objective of the
assessment is to estimate potential exposures. (That is, if a person were to be exposed to
these chemicals under these conditions, then the resultant exposure would be this much.)

In determining the need and urgency for regulatory action, risk managers often weigh
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actual exposures more heavily than higher levels of potential exposures. Therefore, the

exposure assessment should clearly note vstether the results represent actual or potential
exposures.

Have exposures derivedfrom "not detected" levels been presented as actual
exposures? Far some exposure assessments it may be appropriate to assume that a
chemical reported as not detected is present at either the detection Unit or one-half the
detection limit The exposure estimates derived from these nondetects, however, should
be clearly labeled as hypothetical since they are based on the conservative assumption
that chemicals are present at or below the detection limit, vdien, in fact, they may not be
present at all. Exposures, doses, or risks est4; aated from data using substituting values of

detection limits for "not detected" samples must be reported as 'less than" the resulting
exposure, dose, or risk estimate.

Questions a revievver should ask to identify cornmon errors that may
underestimate or overestimate exposure are:

Are the results presented with an appropriate number of significant figures? The
number of significant figures should reflect the uncertainty of the numeric estimate. If
the likely range of the results spans several orders of magnitude, then using more than

one significant figure implies more confidence in the results than is warranted
Have the calculations been checkedfor computational errors? Obviously,

calculations should be checked for arithmetic errors and mistakes in converting units.

This is overlooked more often than one night expect
Are the factors for intake rates, etc. used appropriately? Exposure factors should

be checked to ensure that they correspond to the site or situation being evaluated.
Have the uncertainties been adequately addressed? Exposure assessment is an

inexact science, and theconfidence in the results may vary tremendously. It is essential
the exposure assessment include an uncertainty assessment that places these uncertainties
in perspective.

If Monte Carlo simulations were used, were correlations among input
distributions known and properly accounted for? Is the maximum, value simulated by this
method in fact a bounding estimate? Was Monte Carlo simulation necessary? (AMbnte
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Carlo simulation randomly selects the values from the input parameters to simulate an

individual. If data already exist to show the relationship between variables for the actual
individuals, it makes litde sense to use Mbnte Carlo simulation, since one already has the
answer to the question of how the variables ate related for each individual. A simulation
is unnecessary.)
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8. GLOSSARY OF TERMS

Absorbed dose - See internal dose.

Absorption barrier - Any of the exchange barriers of the body that allow differential
diffusion of various substances across a boundary. Examples of absorption barriers are
the skin, lung tissue, and gastrointestinal tract wall.

Accuracy -ThemeasiBeofthecxxrectriesscfclata,asgive^
the measured value and the true or standard value.

Administered dose - The amount of a substance given to a test subject (human or
animal) in determining dose-response relationships, especially through ingestion or
inhalation. In exposure assessment, since exposure to chemicals is usually inadvertent,
this quantity is called potential dose.

Agent - A chemical, physical, rrineralogical, or biological entity that may cause
deleterious effects in an organism after the organism is exposed to it.

Ambient - The conditions surrounding a person, sampling location, etc.

Ambient measurement - A measurement (usually of the concentration of a chemical or
pollutant) taken in an ambient medium, normally \vith the intent of relating the measured
value to the exposure of an organism that contacts that medium

Ambient medium - Cbe of the basic categories of material surrounding or contacting an
organism, e.g., outdoor air, indoor air, water, or soil, through which chemicals or
pollutants can move and reach the organism (See also biological medium,
environmental medium)

Applied dose - The amount of a substance in contact with the primary absorption
boundaries of an organism (e.g., skin, lung, gastrointestinal tract) and available for
absorption.

Arithmetic mean - The sum of all the measurements in a data set divided by the number
of msasurements in the data set

Background level (environmental) - The concentration of substance in a defined
control area during a fixed period of time before, during, or after a data-gathering
operation.

Breathing zone - A zone of air in the vicinity of an crganisrnfrorn which respired air is
drawn. Personal monitors are often used to measure pollutants in the breathing zone.
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Bias- A systematic error inherent in a method or causedby some feature of the
measurement system

Bioavailability - The state of being capable of being absorbed and available to interact
with the metabolic processes of an organism Bioavailability is typically a function of
chemical properties, physical state of the material to which an oiganismis exposed, and
the ability of the individual organism to physiologically take up the chemical.

Biological marker of exposure (sometimes referred to as abiomarker of exposure) -
Exogenous chemicals, their metabolites, or products of interactions between a xenobiotic
cherrical and some target molecule or cell that is measured in a compartment within an
organism

Biological measurement - A measurement taken in a biological medium. Bar the
purpose of exposure assessment via reconstruction of dose, the measiirement is usually of
the concentration of a chemical/metabolite or the status of a biomarker, normally with
the intent of relating the measured value to the internal dose of a croric^ at some time
in the past (Biological measurements are also taken for purposes of monitoring health
status and predicting effects of exposure.) (See also ambient measurement)

Biological medium - Ore of the major categories of material within an organism, e.g.,
blood, adipose tissue, or breath, through which chemicals can move, be stored, or be
biologically, physically, or chemically transformed (See also ambient medium,
environmental meciium)

Biologically effective dose - The amount of a deposited or absorbed cherrical that
reaches the cells or target site where an adverse effect occurs, or where that cherrical
interacts with a membrane surface.

Blank (blank sample) - An unexposed sampling medium, or an aliquot of the reagents
used in an analytical procedure, in the absence of added analyte. The measured value of
a blank sample is the blank value.

Body burden - The amount of a particular cherrical stored in the body at a particular
time, especially apotentially toxic cherried in the bcxfy as a result of exposure. Body
burdens can be the result of long-term or short-term storage, for example, the amount of
ametal in bone, the amount of alipophilic substance such as PCB in adipose tissue, or
the amount of carbon monoxide (as (^irxaxyhemoglobin) in the blood
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Bounding estimate - An estimate of exposure, dose, or risk that is higher than that
incurred by the person in the population with the rnghest exposure, dose, or risk.
Bounding estimates are useful in developing statements that exposures, doses, or risks are
"not greater than" the estimated value.

Comp arability - Ihe ability to describe likenesses and differences in the quality and
relevance of two or more data sets.

Data quality objectives (DQO) - Qualitative and quantitative statements of the overall
level of uncertainty that a decision-maker is willing to accept m resiits or decisions
derived from environmental data DQOs provide the statistical framewaic for planning
and managing en\dronmantal data operations consistent with the data user's needs.

Dose - The amount of asi±>staiiceavanablefoririteractimwithn^
biologically significant receptors after crossing the outer boundary of an organism The
potential dose is the amount ingested, inhaled, or applied to the skin. The applied dose is
the amount of a substance presented to an absorption barrier and available for absorption
(although not necessarily having yet crossed the outer txiundary of the organism). The
absorbed dose is the amount crossing a specific absorption barrier (e.g., the exchange
boundaries of skin, lung, and digestive tract) through uptake prccesses. Internal dose is a
more general term denoting the amount absorbed without respect to specific absorption
barriers or exchange boundaries. The amount of the chenic^ available for interaction by
any particular organ or cell is termed the delivered dose for that organ or cell.

Dose rate - Dose per unit time, for example in mg/day, sometimes also called dosage.
Dose rates are often expressed on a per-urat-body-weight basis, yielding units such as
rng/kg/day (mg/kg-day). They are also often expressed as averages over some time
period, for example a lifetime.

Dose-response assessment - The detjemination of the relationship between the
magnitude of adrrinistered, applied, or internal dose and a specific biological response.
Response can be expressed as measured or observed incidence, percent response in
groups of subjects (or populations), or the probability of occurrence of aresponseina
population.

Dose-response curve - A graphical representation of the quantitative relationship
between administered, applied, or internal dose of a chemical or agent, and a specific
biological response to that chemical or agent

Dose-response relationship - The resulting biological responses in an organ or organism
expressed as a function of a series of different doses.

Dosimeter - Instrument to measure dose; many so-called dosimeters actually measure
exposure rather than dose.
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Dosi metry - Ffrocess of measuring or estimating dose.

Ecological exposure - Exposure; of a nonhuman receptor or organism to a chemical, or a
radiological or biological agent

Effluent - "Waste material being discharged into the environment, either treated or
untreated Effluent generally is used to describe water discharges to the environment,
although it can refer to stack emissions or other material flowing into the environment

Environmental fate - The destiny of a chemical or biological pollutant after release into
the emdronment Environmental fate involves temporal and spatial considerations of
transport, transfer, storage, and transformation.

Environmental fate model - In the context of exposure assessment, any mathematical
abstraction of a physical system used to predict the concentration of specific chemicals as
a function of space and time subject to transport internie^ storage, and
degradation in the oivironment

Environmental medium - One of the major categories of material found in the physical
environment that surrounds or contacts organisms, e.g., surface water, ground water, soil,
or air, and through which chemicals or pollutants can move and reach the organisms.
(See ambient medium, biological rrEdturn)

Exposure - Contact of a chemical, physical, or biological agent with the outer boundary
of an organism Exposure is quantified as the cxjncentration of the agent in the medium
in contact integrated over the time duration of that contact

Exposure assessment - The determination or estimation (qualitative or quantitative) of
the magnitude, frequency, duration, and route of exposure.

Exposure concentration - The concentration of a chemical in its transport or carrier
medium at the point of contact

Exposure pathway - The physical course a chemical or pollutant takes from the source
to the organism exposed.

Exposure route - The way a chemical or pollutant enters an organism after contact, e.g.,
by ingestion, inhalation, or dermal absorption.

Exposure scenario - A set of facts, assumptions, and inferences about how exposure
takes place that aids the exposure assessor in evaluating, estimating, or quantifying
exposures.
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Fixed-location monitoring - Sampling of an environmental or ambient msdiumfor
pollutant concentration at one location continuously or repeatedly over some length of
time.

Geometric mean - The nth root of the product of n values.

Guidelines - Rinciples and procedures to set basic requirements for general limits of
acceptability for assessments.

Hazard identification - A description of the potential health effects attributable to a
specific chemical or physical agent For carcinogen assessments, the hazard
identification phase of a risk assessment is also used to determine whether a particular
agent or chemical is, or is not, causally linked to cancer in humans.

High-end exposure (dose) estimate - Aplausible estimate of individual exposure or
dose f or those persons at the upper end of an exposure or dose distribution, conceptually
above the 9dh percentile, but not higher than the individual in the population who has the
highest exposure or dose.

High-end Risk Descriptor - Aplausible estimate of the individual risk for those persons
at the upper end of the risk distribution, conceptually above the 9Qfh percentile but not
Mghertlian the individual in the rxj^ Note that persons in
the high end of the risk distribution have high risk due to high exposure, high
susceptibility, or other reasons, and therefore persons in the high end of the exposure or
dose distribution are not necessarily the same individuals as those in the high end of the
risk distribution.

Intake - The process by -which a substance crosses the outer boundary of an organism,
without passing an absorption barrier, e.g., through ingestion or inhalation. (See also
potential dose)

Internal dose - The amount of a substance penetrating across the absorption barriers (the
exchange boundaries) of an organism, via either physical or biological processes. For the
purpose of these Guidelines, this termis synonymous with absorbed dose.

Limit of detection (LOD) [or Method detection limit (MDL)] - The ninirnurn
concentration of an analyte that, in a given matrix a«l vvith a specific rnethod, has a 99%
probability of being identified, qualitatively or quantitatively measured, and reported to
be greater than zero.

Matrix - A specific type of medium (e.g., surface water, drinking water) in which the
analyte of interest may be contained.
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Maximally exposed individual (MEI) - The single individual with the highest exposure
in a given population (also, maximum exposed individual). This termhas historically
been defined various ways, including as defined here and also synonymously with worst
case or bounding estimate. Assessors are cautioned to look for contextual definitions
when encountering this terrain the literature.

Maximum exposure range - A seniquantitative termrefening to the extreme
uppermost portion of the distribution of exposures. Fbr consistency, this term (and the
dose or risk analogues) should refer to the portion of the individual exposure distribution
that conceptually falls above about the 98fh percentile of the distribution, but is not higher
than the individual with the highest exposure.

Median value - The value in a measurement data set such that half the measured values
are greater and half are less.

Microenvironment method - A method used in predictive exposure assessments to
estimate exposures by sequentially assessing exposure for a series of areas
(micaxDenvircoments) that can be approxirnaied by constant or weU<±iaracterized
concentrations of a chemical or other agent

Microenvironments - Well-defined surroundings such as the home, office, aioCornbbile,
kitchen, store, etc. that can be treated r s homogeneous (or well characterized) in the
concentrations of a chemical or other agent

Mode - The value in the data set that occurs most frequently.

Monte Carlo technique - A repeated random sampling from the distribution of values
for each of the parameters in a generic (exposure or dose) equation to derive an estimate
of the distribution of (exposures or doses in) the population.

Nonparametric statistical methods - IVfethods that do not assume a functional form
with identifiable parameters for the statistical distribution of interest (distribution-free
methods).

Pathway - The physical course a cherrical or pollutant takes from the source to the
organism exposed.

Personal measurement - AmeasiirementcxjUecCedfromanii^
environment using active or passive devices to collect the samples.

Pharmacokinetics - The study of the time course of absorption, distribution,
metabolism, and excretion of a foreign substance (e.g., a drug or pollutant) in an
crganisrris body.
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Point-of-contact measurement of exposure - An approach to quantifying exposure by
taking measurements of concentration over tin^ at cr near the point of contact b^vveoi
the cherrical and an organism while the exposure is taking place.

Potential dose - The amount of a cherrical contained in material ingested, air breathed,
or bulk material applied to the skin.

Precision - Ameasureof theieptodutibilityof a rreasui^ valiie under a given set of
conditions.

Probability samples - Samples selected froma statistical population such that each
sample has a known probability of being selected.

Quality assurance (QA) - An integrated system of activities involving planning, quality
control, quality assessment, reporting and quality improvement to ensure that a product
or service meets defined standards of quality with a stated level of confidence.

Quality control (QC) - The overall system of technical activities Vvhose purpose is to
measure and control the quality of a product or service so that it meets the needs of the
losers. The aimis to provide quality that is satisfactory, adequate, dependable, and
economical.

Quantification limit (QL) - The concentration of analyte in a specific matrix for Vvhich
the probability of producing analytical values above the method detection lirrit is 99%

Random samples - Samples selected from a statistical population such that each sample
has an equal probability of being selected.

Range - The difference between the largest and smallest values in a measurement data
set

Reasonable worst case - A serriquantitative termieferring to the lower portion of the
high end of the exposure, dose, or risk distribution. The reasonable worst case has
historically been loosely defined, including synonymously Vvdth maximum exposure or
worst case, and assessors are cautioned to look for contextual definitions when
enccoiteringthisterniintheUterature. As a serriquantitative term, it is sometimes
useful to refer to individual exposures, doses, or risks that, while in the high end of the
distribution, are not in the extreme tail. For consistency, it should refer to a range that
can conceptually be described as above the 90h percentile in the distribution, but below
about the 9$h peicentile. (compare rnaximum. exposure range, worst case).

Reconstruction of dose - An approach to quantifying exposure from internal dose,
which is in turn reconstructed after exposure has occurred, from evidence within an
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organism such as chaiical levels in tissues or fluids or from evidence of other
biornarkeis of exposure.

Representativeness - The degree to which a sample is, or samples are, characteristic of
the whole medium, exposure, or dose for which the samples are being used to mate
inferences.

Risk - The probability of deleterious health or environmental effects.

Risk characterization - The description of the nature and often the magnitude of human
or nonhuman risk, including attendant uncertainty.

Route - The way a chemical or pollutant enters an organism after contact, e.g., by
ingestion, inhalation, or dermal absorption. _^

Sample - A small part of something designed to show the nature or quality of the whole.
Exposure-related measurements are usually samples of environmental or ambient media,
exposures of a small subset of a population for a short time, or biological samples, all for
the purpose of inferring the nature and quality of parameters important to evaluating
exposure.

Sampling frequency - The time interval between the collection of successive samples.

Sampling plan - A set of rules or procedures specifying how a sample is to be selected
and handled.

Scenario evaluation - An approach to quantifying exposure by measurernent or
estimation of both the amount of a substance contacted, and the frequency/duration of
contact, and subsequently linking these together to estimate exposure or dose.

Source characterization measurements - Measurements made to characterize the rate
of release of agents into the environment from a source of emission such as an
incinerator, landfill, industrial or municipal facility, consumer product, etc.

Standard operating procedure (SOP) - A procedure adopted for repetitive use when
performing a specific measurement or sampling operation.

Statistical control - The process by which the variability of measurements or of data
outputs of a systemis controlled to the extent necessary to produce stable and
reproducible results. To say that nfEasurements are under statistical control means that
there is statistical evidence that the critical variables in the measurement process are
being controlled to such an extent that the system yields data that are reproducible within
well-defined limits.
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Statistical significance - An inference that the probability is low that the observed
difference in quantities being measured could be due to variability in the data rather than
an actual difference in the quantities themselves. The inference that an observed
difference is statistically significant is typically based on a test to reject one hypothesis
and accept another.

Surrogate data - Substitute data or measurements on one substance used to estimate
analogous or corresponding values of another substance.

Uptake - The process by which a substance crosses an absorption barrier and is absorbed
into the body.

Worst case - A serriquantitative termreferring to the maximum possible exposure, dose,
or risk, that can conceivably occur, whether or not this exposure, dose, or risk actually
occurs or is observed in a specific population. Historically, this termhas been loosely
defined in an adhoc way in the literature, so assessors are cautioned to look for
contextual definitions when encountering this term It should refer to a hypothetical
situation in which everything that can plausibly happen to maxirri2e exposure, dose, or
risk does in fact happen. This worst case may occur (or even be observed) in a given
population, but since it is usually a very unlikely set of circumstances, in most cases, a
worst-case estimate will be somewhat higher than occurs in a specific population. As in
other fields, the worst-case scenario is a useful device when low probability events may
result in a catastrophe that must be avoided even at great cost, but in most health risk
assessments, a worst-case scenario is essentially a type of bounding estimate.
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PARTB: RESPONSE TO PUBLIC AND SCIENCE ADVISORY BOARD

COMMENTS

1. INTRODUCTION
This section sunrnarLaes the major issues raised in public comments on the

Proposed Guidelines for Exposure-Related Ivfeasurements (Thereafter "1988 Proposed
Guidelines") published December 2, 1988 (53 FR 48830-48853). In addition to general
comments, reviewas were requested to comment specifically on the guidance for
interpreting contaminated blanks versus field data, the interpretation of o"ata at or near the
limit of detection, approaches to assessing uncertainty, and the Glossary of Terms.
Comment was also invited on the following questions: Should the 1988 Proposed
Guidelines be combined with the 1986 Guidelines for Estimating Exposures (hereafter
"1986 Guidelines")? Is the current state-of-the-art in making measurements of
population activities for the purpose of exposure assessment advanced to the point where
the Agency can construct guidelines in this area? Given that EPA Guidelines are not
protocols or detailed literature reviews, is the level of detail useful and appropriate,

especially in the area of statistics?
The Science Advisory Board (SAB) met on December 2, 1988, and provided

written cxraments in a Miy, 1989 letter to the EPA Adrrinistrator (EPA-SAB-EETFC-
89-020). The pubHc comment period extended until Mferch 2,1989. Comments were
received from 17 individuals or organizations.

After the SAB and public comment, Agency staff prepared summaries of the
comments and analyses of major issues presented by the commentors. Thesewere
considered in the development of these final Guidelines. In response to the comments,
the Agency has modified or clarified most of the sections of the Guidelines. For the
purposes of this discussion, only the most significant issues reflected by the public and
SAB comments are discussed Several minor recommendations, which do not warrant
discussion here, were considered and adopted by the Agency in the revision of these
Guidelines.
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The EPArevised the 1988 Proposed Guidelines in accordance with the public and
SAB comments, retitling them Guidelines for Exposure Assessment (hereafter
"Guidelines"). The Agency presented the draft final Guidelines to the SAB at a public
meeting on September 12,1991, at which time the SAB invited public cxarrnent for a
period of 30 days on the draft. The SAB discussed the final draft in a January 13,1992
letter to the Adrrinistrator of the ERA (EPA-SAB-IAQC-92-015). There were no
additional public comments received

2. RESPONSE TO GENERAL COMMENTS
In general, the reviewers were corrplernsntary regarding the overall quality of the

1988 Proposed Guidelines. Several reviewers requested that the Agency better define the
focus and intended audiences and refine the Guidelines with regard to treatment of
nonhuman exposure. The Agency has refined its approach and coverage in these
Guidelines. Although these Guidelines deal specifically with human exposures to
chemicals, additional supplemental guidance may be developed for ecological exposures,
and exposures to biological or radiological entities. The Agency is currently developing

separate guidelines for ecological risk assessment.
Concerns were expressed about the Agency's use of the terms exposure and dose.

Consequently, the Agency reviewed its definitions and uses of these terms and evaluated
their useelsewhere in the sdentific ccarrnunity. The Agency has changed its definitions
and uses of these terms from, that in both the 1986 Guidelines and the 1988 Proposed
Guidelines. It is believed that the definitions contained in the current Guidelines are now
in concert with the definitions suggested by the National Academy of Sciences and others
in the scientific field.

~Many reviewers urged the Agency to be more explicit in its recommendations
regarding uncertainty in statistics, limits of detection, censored data sets, and the use of
models. Sorre reviewers felt the level of detail was appropriate for statistical uncertainty
while others wanted additional methods for dealing with censored data. Several
oDmmended the Agency for its ackrxsvdedgement of uncertainty in exposure assessments
and the call for its explicit description in all exposure assessments, while others
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expressed ccocem for lade of adoic^edgerrErt Accordingly,
these areas have been revisited and an entire section has been devoted to uncertainty. "Wfe
agree with the reviewers that much more work remains to be done in this area,
particularly with evaluating overall exposure assessment uncertainty, not only with
models but also with the distributions of exposure parameters. The Agency may issue
additional guidance in this area in the future.

Some reviewers submitted extensive documentation regarding detection limits
and statistical representations. Several submitted comments arguing against data
reporting conventions that result in censored data sets and recommended that the Agency
issue a guidance dccument for establishing total system detection limits. The Agency
found the documentation to be helpful and has revised the sections of the Guidelines
accordingly. LMbrtunately, several of the other suggestions go beyond the scope of this
document

The reviewers generally commented that the glossary was useful, presenting
many technical terms and defining themin an appropriate manner. The glossary has
been expanded to include the key terms used in the Guidelines, while at the same time
correcting some definitions that were inconsistent or unclear. In particular, the
definitions for exposure and dose have been revised

3. RESPONSE TO COMMENTS ON THE SPECIFIC QUESTIONS

3.1. Should the 1988 Proposed Guidelines be combined with the 1986 Guidelines?
The SAB and several other conrrentors recxDrnmended that the 1986 Guidelines

and the 1988 Proposed Guidelines be corrbined into an integrated dccument The
Agency agrees with this iecx)mmendation and has made an effort to produce a single
guideline that progresses logically from start to finish. This was accomplished through
an extensive reformatting of the two sets of guidelines as an integrated document, rather
than a simple joining together of the previous versions.

In integrating the two previous guidelines, the Agency has revised and updated
the section in the 1986 Guidelines that suggests an outline for an exposure assessment A
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more complete section (Section 7 of the current Guidelines) now discusses how
assessments should be presented and suggests a series of points to consider in reviewing

assessments.
The Agency has also expanded the section in the 1986 Guidelines that discussed

exposure scenarios, partly by incorporating material from the 1988 Proposed Guidelines,
and partly as a result of comments requesting clarification of the appropriate use of
certain types of scenario (e.g., "worst case"). Section 5.3 of the current Guidelines
extensively discusses the appropriateness of using various scenarios, estimates, and risk
descriptors, and defines certain scenario-related terms for use in exposure assessments.

3.2. Is the current state-of-the-art in making measurements of population activities
for the purpose of exposure assessment advanced to the point where the Agency can
construct guidelines in this area?

Both the SAB and public comments recommended the inclusion of demographics,
population dynamics, and population activity patterns in the exposure assessment
process. In response, the Agency has included additional discussion on use of activity
patterns in the current Guidelines, while recognizing that more research has to be done in

this area.

3.3. Is the level of detail of the Guidelines useful and appropriate, especially in the
area of statistics?

As night be expected, there was no clear consensus of opinion on what
constitutes appropriate coverage. Regarding quality assurance (QA) and quality control
(QQ, it was felt that a strong statement on the need for QA/QC followed by reference to
appropriate ERA documents was a suitable level of detail. Statistical analyses, sampling
issues, lirrit of detection, and other analytic^ issues aU elirited nany thoughtfW
comments. "Where the recommaxiations did not exceed the scope of the dxumentorthe
role of ERA, the Agency has attempted to blend the various recommendations into the
current Guidelines. In all these areas, therefore, the previous sections have beenrevised
in accordance with comments.
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