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ENVIRONMENTAL PROTECTION
AGENCY

[FRL-2706-5]

Proposed Guldelines for Exposure
Asgessment

AGENCY: Environmental Protection
Agency (EPA).

ACTION: Proposed Guidelines for
Exposure Assessment and Request for
Comments.

SUMMARY: The U.5. Environmental
Protection Agency is proposing
Guidelines for Exposure Assessment
(Guidelines). These Guidelines are
proposed for use within the policy and
procedural framework provided by the
various statutes which EPA administers
to guide Agency analysis of exposure
data. We solicit public comment and
will take public commant into account in
revising these Guidelines. These
Cuidelines will be reviewed by the
Science Advisory Board in meetings
now tentatively scheduled for April
1985.

These proposed Guidelines were
developed as part of a broad guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA),
located in the Agency's Office of
Research and Development. Consonant
with the role of OHEA's Exposure
Assessment Group (EAG) as the
Agency’s senior health committee for
exposure assessment, the Guidelines
were developed by an Agency-wide
working group chaired by the Director of
EAG. )

DATE: Comments must be postmarked
by January 22. 1985.
ADORESSES: Comments may be mailed
or delivered to: Dr. James W. Falco.
Exposure Assessment Group (RD-689),
Office of Health and Environmental
Assessment, U.S, Environmental

totection Agency. 401 M Street S.W.,
Washington, DC 20460.
FOR FURTHER INFORMATION CONTACT:
Dr. James W. Falco. Telephone: 202—475-
8809.
SUPPLEMENTARY INFORMATION:
Preliminary drafis of these Guidelines
were sent out for review to 13 scientists
and engineers in the field of exposure
assessment within government,
universities in the United States and
abroad. and the private sector.
Comments received from these reviews,
generally favorable, were taken into
account in developing the Guidelines
proposed here. ’

In addition. as a result of the reviews.

four areas requiring further research
were identified as follows:

{1) Development of Mathematical
Model Selection Criteria.

A large number of mathematical
models are used to estimate a wide
variety of parameters needed for
estimating exposures. Guidance in the
form of selection criteria are needed to
ensure that the most appropriate
mathematical model is used for each
exposure parameter estimate.

(2) Development of Guidance for
Analysis of Metabolism Data.

Guidance is needed to provide
appropriate consideration of metabolism
data in the calculation of whole body
dose and in the ex‘rapolation of whole
organism dcse from ons species to
another.

{3) Definition of the Relaticnship
Between Exposure Assessment and
Epidemiology.

Guidance is needed to ensure that
pertinent parameters of exposure are
measured in prospective epidemiologic
studies. Methods providing the best
estimates of exposure for.retrospective
and historical epidemiologic studies
must be defined.

{4) Development of Methods to Relate

" Exposures Measured by Personal

Monitoring to Source Contributions.
Guidance is needed to establish
methods to relate exposures as
measured by personal monitoring to
controllable seurces and to discriminate
among possible sources and between
background and anthropogenic sources.

- It is the Agency's intent to revise the

Guidelines periadically to incorporate
the results obtained iff the four research
areas defined above as they become
available.

In addition to the publication of the
Guidelines, the Agency also will provide
technical support documents that
contain detailed technical information
needed to implement the Guidelines.
Two of these technical reports entitled
“Development of Statisticai Distribution
or Ranges of Standard Factors Used in
Exposure Assessments™ and
"Methodology for Characterization of
Uncertainty in Exposure Assessments™
are currently available. Technical
reports for the four new guideline areas
described above will be available at the
time of publication of the corresponding
guideline section. These technical
support documents will be revised
periodically to reflect improvements in
exposure assessmen! methods and new
information or experience.

Support documents used in the
preparation of these Guidelines as well
as comments received are available for
inspection and copying at the Public
Information Reference Unil (202-382-
5926). EPA Headquarters Library, 401 M

Street S.W.. Washington. DC. between
the hours of 8:00 a.m. and 4:30 p.m.

Dated: November 9, 1964,
William D. Ruckelshaus,
Administrator.

¢
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1. Introduction

These Guidelines provide the Agency
with a general approach and framework
for carrying out human or nonhuman
exposure assessments for specified
pollutants. The Guidelines have been
developed to assist future assessment
activities and encourage improvement in
thogse EPA programs that require. or
could benefit from the use of exposure
assessments. The Guidelines are
procedural. They should be followed to
the extent possible in instances where
exposure assessment is a required
element in the regulatory process or
where exposure assessments are carried
out on a discretionary basis by EPA
managernent to support regulatory or
programmatic decisicns.

This document. by laying out a set of
questions to be considered in carrying
oul an exposure assessment, should help
avoid inadvertent mistakes of omission.
EPA recognizes that gaps in data will be
commen, but the Guidelines will
nevertheless serve to assist in
organizing the data that are available,
including any new data developed as
part of the exposure assessment. [t is
understood that exposure assessments
may be performed at many different
levels of detail depending on the scope
of the assessment.

These Guidelines should also promote
consislency among various exposure
assessment activities that are carried
out by the Agency. Consistency with
respect to common physical. chemical,
and biological parameters, with raspect
to assumptions about typical exposure
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situations, and with respect to the
characterization of uncertainty of
estimates, will enhance the
comparability of results and enable the
Agency to improve the state-of-the-art of
exposure assessment over time through
the sharing of common data and
experiences.

It is recognized that the main
objective of an exposure assessment is
to provide reliable data and/or
estimales for a risk agsessment. Since a
risk assessment requires the coupling of
exposure information and toxicity or
effects information, the exposure
asgessment process should be
coordinated with the toxicity/effects
assessment. This document provides a
common approach to format, which
should simplify the process of reading
and evalualing exposure assessments
and thereby increase their utility in
asgessing risk.

As the Agency performs more
exposure assessments, the Guidelines
will be revised to reflect the benefit of
experience.

IL. General Guidelines and Principles
A. Exposure and Dose

Exposure has been defined by
Committee E-47, Biological Effects and
Environmental Fate, of the American
Saciety for Testing and Materials, as the
contact with a chemical or physical
agent. The magnitude of the exposure is
determined by measuring or estimating
the amount of an agent available al the
exchange boundaries. i.e.. lungs. gut.
skin, during some specified time.
Exposure assessment is the
determination or estimation {qualitative
or quantitative) of the magnitude.
frequency, duration, and route of
exposure. Exposure assessments may
consider past. present. and future
exposuras with varving techniques for
each phase, i.e., modeling of future
exposures, measurements of existing
expasure, and biological accumulation
for past exposures. Exposure
assessments are generally combined
with environmental and health effects
data in performing risk assessments.

In congidering the exposure of a
subject to a hazardous agent, there are
several related processes. The contact
between the subject of concern and the
agent may lead to the intake of some of
the agent. If absorption occurs, this
conslitules an uptake (or an absorbed
dose) which then may lead to health
effects. When biological tissue or fluid
measurements indicate the presence of a
chemical, exposures can be estimated
from these data. Presence of a chemical
in such biologica! samples is the most
direct indication that an exposure has

occurred. The route of exposure
generally impacts the overalt exposure
and should be considered in performing
risk agsessments.

B. Decision Path to Determine Scope of
the Assessment

The first step in preparing an
exposure assessament should be the
circumscription of the problem at hand
to minimize effort by use of a narrowing
process. A decision logic path that
describes this process is shown in
Figure 1. As illustrated in Figure 1, the
preliminary assessment and the in-depth
assessment are two major phases in this
logic path.

The preliminary assessment phase
should commence by considering what
risk is under study and what law might
regulate the exposure to the agent.
Within this framework, a preliminary
data base should be compiled from
readily available scientific data and
exposure information based on
manufacturer, processor, and user
practices. Next, the most likely areas of
exposure {(manufacuring, processing,
consumer, distribution. disposal.
ambient, water and food, etc.) should be
identified. Since a complete data search
has not been conducted, well-identified
assumptions and order of magnitude
estimates are used to further narrow the
exposure areas of concern.
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Data from this preliminary exposure
assessment can then be coupled with
toxicity information to perform a
preliminary risk analysis. As g resuit of
this analysis, a decision will be made
that either an in-depth exposure
assessment is necéssary or that there is
no need for further exposure
information. The organization and
contenta of an in-depth exposure
assessment are given in the following
seclion.

In assembling the information base for
either a preliminary assessment or a
more detailed assessment, its adequacy
should be ascertained by addressing the
following considerations:

—Auvailability of information in every
area needed for an adequate
agssessment:

—Quantitative and qualitative nature of
the data:

—Reliability of information:

—Limitations on the ability to assess
exposure.

C. Uncertainty

Exposure assessments are based on
monitoring data, simulation model
estimates, and assumptions about
parameters used in approximating
actual exposure conditions. Both data
and asswnptions contain varying
degrees of uncertainty which influence
the accuracy of exposure assessments.
An evaluation of these uncertainties is
important when the assessment is the
basis for regulatory action.

The uncertainty analyses perfarmed
wil] vary depending on the scope of the
assessment, the guantity and quality of
monitoring data collected. and the type
and complexity of mathematical models
used. A discussion of the types of
analysis used for quantifying
uncertainties in exposures ia presented
in the next section.

Il1. Organization and Contents of an
Exposure Assessment

A. Overview

A suggested outline for an exposure
assessment document is given in Exhibit
1. The five major topics to be addressed
within most exposure assessments are
as follows: Sourcef{s); Exposure
Pathways: Monitored or Estimated
Concentration Levels and Duration;
Exposed Population(s); and Integrated
Exposure Analysis. These five topics are
appropriate for exposure agsessments in
general, whether the assessments are of
global, national, regional. local, site-
specific. workplace-telated, or other
scope. The topics are appropriate for
exposure assessments on new or
existing chemicals and radionuclides.
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They are also applicable to both single
media and multimedia asgessments.
Since exposure assessments are
performed at different levels of detail,
the extent to which any asaessment
coatains items listed in Exhibit 1
depends upon its scope. The outline is a
guide to organize the data whenever
they ate available.

B. Detarled Explanation of Outline
1. Executive Summary

The "Executive Summary" should be
writlen so that it can stand on its own
ag a miniature report. Its main focus
should be on a succinct description of
the procedures used, assumptions
employed. and summary tables or charts
of the results. A brief discussion of the
uncertainties associated with the results
should be included.

2. Introduction (Purpose and Scope)

This section should state the intended
purpose of the exposure assessment and
identify the agent being investigated., the
types of sources and exposure routes
included, and the populanons of
concern.

Exhibit L—Suggemd Outline for an
Exposure Assessment
1. EXECUTIVE SUMMARY
2. INTRODUCTION -
a. Purpose
b. Scope
3. GENERAL INFORMATION
a. Identity
(1) Molecular formula and structure, CAS
number, TSL number
(2} Description of technical grades.
contaminants, additives
(3) Other identifying characteristics
b. Chemical and Physical Properties
4. SOURCES
8. Characterization of Production and
Distribution
(1) Production and processing
(2) Distribution in commercs
b. Uses
c. Disposal
d. Summaty of Eavironmental Relegses
5, EXPOSURE PATHWAYS AND
ENVIRONMENTAL FATE
. Transport and Transformation
b. Identification of Pmu:ipal Palhways of
Expouurc
c. Predi -Eavironmemal Disttfbution
6. MONITORED.OR ESTRMA TED
CONCENTRATION LEVELS
a. Summary of Monitoring Dala
b. Estimation of Environmeatal
Concentrations
¢. Comparison of Concentration Estimates
with Monitoring Dala
?. EXPOSED POPULATIONS
a. Human Populations (Size, Location. and
Habits)
(1) Population size and characteristics
(2} Population location
(3) Population habits
b. Nonhuman Populations {where
appropriate)

(1) Population size and characteristics
(2} Population location
{3) Population habits
8. INTEGRATED EXPOSURE ANALYSIS
a. Calculation of Exposure
{1) Identification and characterizalion of
the exposed populations and critical
elements of the ecosystem
(2) Pathwaya of exposure
b. Human Dosimetry and Moniloring
c. Development of Exposure Scenarios and
Profiles
d. Evaluation of Uncertainty
9. REFERENCES
10. APPENDICES

3. General Information

a. /dentity. (1) Molecular formula and'
structure, synonyms, Chemical Abstract
Service number, Toxic Substance List
number,

(2) Description of techmcal grades,
contaminants, additives.

{3) Other identifying characteristics.

b. Chemical and Physical Properties. -
This subsection should provide a
summary description of the chemical
and physical properties of the agent.
Particular attention should be paid to
the features that would affect its
behavior in the environment. Examples
of factors to be included are molecular
weight, density, boiling point, melting
point. vapor pressure, solubility, pK,.
partition coefficients, and half-lives.

4. Sources

The points at which a hazardous -
substance is believed to enter the
environment should be described, along
with any known rates of entry, Points of
entry may be indoors as well as
outdoors, and environments include
indoor settings such as offices as well as
outdoor environments. A detailed
exposure assessment should include a
study of sources, production, uses, °
desfruction/disposal. and environmentai
release of a substance. The studies
should include a description of human
activities with respec! to the substance
and the environmental releases resulting
from those activities. It should account
for the controlled mass flow of the
substance from creation to destruction
and provide estimates of environmental
releases at each step in this flow.
Seasonal variations in environmental
releases should also be examined. All
sources of the substances should be
accounted for with the sum of the uses,
destruction, and the environmental
releases. The environmental releases
can be described in terms of geographic
and temporal distribution and the
receiving environmental media, with the
form identified at the various release
peints,

a. Characterization of Production and
Distribution. All sources of the

substance's release to the environment,
consistent with the scope of the
assessment, should be included, such as
production, extraction. processing,
imports, stockpiles. transportation.
accidental/incidental productionn asa
side reaction. and’'natural sources. The -
sources should be located. and activities
involving exposure to the substance
should be identified,
- b. Uses. The substance should be
traced from its sources through various
uses (with further follow-up on the
products made to determine the
presence of the criginal material as an
impurtiy), exports, stockpile increases,
etc.

¢. Disposal. This subsection should
contain an evaluation of disposal sites
and destruction processes, such as
incineration of industrial chemical
wastes, incineration of the substance as
part of an eénd-use item in municipal
waste, landfilling of wastes, biological
destruction in a secondary wastewater
treatment plant, or destruction in the
process of using the end product.
Hazardous contaminants of the
substance may be included, and

products containing the substance aga- - -

contaminant may be fellowed freme: - -

production through destructiony/- - T

disposal.

d. Summary of Environmental o
Releases. Estimates should be made of
the quantities of the substances released
to the various environmental media.
Sources of release to the environment
include production, use, distribution/
transport, natural sources, disposal, and

" contamination of other products.

Environmental releases should be
presented at a reasonable level of detail.
Extremely detailed exposure estimales
would attempt to specify the following
information for each significant
emission source: Location, amount of the
substances being released as a function
of time to each environmental medium,
physical characteristics of the emission
source, and the physical and chemical
form of the substance being released.
Evaluation of the uncertainties
associated with the emission estimates
should be given. A detailed discussion
of procedures for estimating uncertainty
is presented in section 8.d.

5. Exposure Pathways and
Environmental Fate

The exposure pathways section
should address how a hazardous agent
moves from the source to the exposed
population or subject. For a less detailed
assessment, broad generalizations on
environmental pathways and fate may
be made. In the absence of data, e.g., for
new substances, fate estimates may.
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have to be predicted by analogy with
data from other s . Pate .
estimaies may alse-bemade by using .-
models and/ o7 monitaeg date and
laboratory-derived prodisss rate
coefficients. At awy lewel of detail, -
certain pathways mey bejodged
insignficiant and not purswed forther.

For more detailed assessments
invelving environmental fate, the
sources analysis described previously
should provide the amount and rate of
emissionsg to the environment, and
posgibly the locations and form of the
emissions. The environmentsl pathways
and fate analysis follows the substance
fram its point of initial environmental
release, through.the environment, to its
ultimate fate, it may result in.an |
estimation of the geographic and
temporal distribution of concentrations
of the substance in the various
contaminated environmental media.

a. Transport and transfarmatian. The
substance. once released to the.
environment, may be trensperted {e.g..
convected downsatream.in water or on- -
suspended sediment, through the
atmosphera etc.) or physically
transformed (e.g. volatilized, melted,
absarbed/desorbed, etc.); may undergo
chemical iransformation such as
photoysis, hydrolyxis, oxidation,
redoction; may ondergo
biorensformation such as
biodegradation: or may accemnlate in
one or more media. Thus, the
environmental behavior of a subsatance
should be evalusied before exposures
are asaessed. Factors that shouid be
addressed include:

* How does the agent behave in sir,
water, soll. and biological media? Does
it bioaccumulate or biodegrade? Is it
absorbed or taken up by plants?

* What are the principal mechanisms
for change.or removal in each of the
environmental media. .

* Does the agent react with other
compounds in the egvironment?

¢ Is there intermedia transfer? What
are the mechanisms for intermedia
transfer? What are themtes. o the
intermedia transfes or reaction
mechanisms? 2

* How long might ths ggant remain in
each environmental medimmn? How does
its concentration change with time in
each medium?

s What are the products into which
the agent might degrade or change in the
environmeni? Are any of these
degradation products ecologically or
biclogieally harmful? What is the
environmental behavior of the bammful
producis? .

* Is a ateady-state conceniration
distribation in the enviroament, orin .

.
"

specific segments of the environment,
achieved? If not, can the nonsteady-
state distribution be described?

» What is the resultant distribution in
the environment—T[or different media,
different types or forms of the agent. for
different geographical areas, at different
times or seasons?

b. Identification of Principal
Pathways of Exposure, The principal
pathway analysis should evaluate the
saurces, locations, and types of
environmental releases, together with
environmental behavicral factors, to
determine the significant routes of
human and environmental exposure to
the substance. Thus, by listing the
impertant charecteristics of the
environmental release {entering media,
emissjon rates, etc.) and the ageot’s
behavior fintermedia transfer,
persistence, etc.) after release to each of
the entering media, it should be possible
to follow the movement of the agent
from its initial release to its subsequent
fate in the environment. At any point in
the environment, human or
environmental exposure may occur,
Pathways that result in major
concentrations of the agent and high
patential for human or environmental
contact are the principal exposure
pathways.

¢. Predicting Environmental
Distribution. Models may be used to
predict environmental distributions of
chemicals. Many modeling estimates of
environmental distribution of chemicals
are based in part on monitoring data. In
predicting environmental distributions
of chemicals, available monitoring data
shoutd be considered.

In this section an estimation is made,
using appropriate modets, of
representative concentrations of the
agent in different environmentai media.
and its time-dependence in specific
geogrephical locations (e.g., river basins,
streams, etc.).

8. Monitored or Estimated Concentration
Levels ’

a. Summary of Monitoring Data.
Monitoring data are used to identify
releases (source terms) and, in the
exposure pathways and fate
assessments, to quantitatively estimate
both release rates and environmental
concentrations. Some examples of naes
of monitoring data are: Sampling of
stacks of discharge pipes for emissions
to the environment; testing of products
for chemical or radionaclide content;
testing of preducts for chemical or
radioactive releases; sempling of
appropriste points withina ~
manufacturing plant to determine
releases from indnsirial processes or
practices; and sampling of solid waste -

for chemical or radionuclide cantent
These data should be characterized as
to accuracy, precision, and ‘
representativeness. If actual
environmental monitoring data are
unavailable, concentrations can be
estimated by various means, including
the use of fate models (see previous
section) ot, in the case of new
chemicals, by analogy with existing
chemicals.

The analysis of monitoring data

* should be considered a complement to

environmental pathway and fate
analysia for the following reasons: For
most pollutants, particularly orgamic and
new chemicals, monitoring data are
limited; analysis of monitoring data daes
not often yield relationshipa between
environmental relsases and
environmental corcentration
distribution in media of geographic
locations that have not been monitored;
analysis of monitoring data does not
provide information on how and where
bieta influence the environmental
distribution of a pollutant; and
mormitored coneentrations may not be
traceable fo individual sources that EPA
can regulate, Monitoring data are,
however, a direct somrce of information

for exposure analysis and, firthermare,

they can be used to calibrate or
extrapolate models or calculations to
asgess environmental distribution.

b. Estimation of Envirenmento}
Ceoncentrations. Concentrations of
agents shonld be estimated for alf
environmentz} media that might
contribute to significant exposures.
Generzally, the environmental
concentrations are estimated from .
monitoring data, mathematical models,
or & combination of the two. .

The concentrations must be estimate
and presented in a format consistent
with available dose-responge
information. In some cages an estimate
of annnal average concentration will be
sufficient, while in other cases the
temporal distribntion of concentrations
may be required. Future environmental
concentrations resulting from current or
past releases may also be projected. In
some cases, both the temporal and
geographic distributions of the
concentration may be assessed.
Mareover, if the agent has natural
sources, the contribution of these Yo
environmental concentrations may be
relevant. These “background”
concentrations may be particularly
imporfant when the results of tests of
toxic effecta show a threshold or
distinctly nonlinear dose-response, -

The uncertairities associated with the
estimated concentrations shoold be- -
evaluated by an analysis of the: -

- -
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uncertainties of the model} parameters
and input variables. When the estimates
of the environmental concentralions are
based on mathematical modals, the
mode! results should be compared to
available moniltoring data, and any
significant discrepancies should be
discussed. Reliable. analytically-
determined values should be given
precedence over estimated values
whenever significant discrepancies are
found.

7. Exposed Populations

Populations selected for study may be
done @ priory. but frequently the
populations will be identified as a result
of the sourcea and fate studies. From an
analysis of the distribution of the agent.
populations convected and
subpopulations (i.e., collections of
subjects) at potentially high explosure
can be identified, which will then form
the basis for the populations studied.
Subpopulations of high sensitivity, such
as pregnant women. infants, chronically
ill, etc.. may be studied separately.

In many cases, exposed populations
can be described only generally. In some
cases, however, more specific
information may be available on matters

-such as the following:

a. Human Populations. {1) Population
size and characteristics (e.g., trends.
sex/age distribution)

{2) Population location

(3) Population habits—transportation
hebits, eating habits, recreational habits,
workplace habits, product use habits,
etc,

b. Nonhuman Populations (where
appropriate). (1) Population size and
characteristics (e.g.. species. trends)

(2) Population [ocation

(3) Population habits

Census and other survey data may be
used o identify and describe the
population exposed o various
contaminated environmental media.
Depending on the characteristics of
available toxicological data. it may be
appropriate to describe the exposed
population by other characteristics such
as species, race-age-sex distnbution.
and health status,

8. Integrated Exposure Analysis

The integrated exposure analysis
combines the estimation of
environmental concentrations (sources
and fate information) with the
descriptton of the exposed population to
yield exposure profiles. Data should be
provided on the size of the exposed
populations; duration, frequency, and
intensity of exposire; and routes of

exposure. Exposures should be related
to sources,

For more detailed assessments, the
estimated environmental concentrations
should be considered in conjunction
with the geographic distribution of the
human and environmental populations.
The behavioral and biological
characteristics of the exposed
populations should be considered and
the exposures of populations to various
concentration profiles should be
estimated.The results can be presented
in tabular or graphic form. and an
estimate of the uncertainty associated
with them should be provided.

a. Calculations of Exposure. The
calculation of exposure involves two
major aspects:

(1) Identification of the Exposed
Population and Critical Elements of the
Ecosystem.

The estimate of environmental
concentrations also should give the
geograhical areas and environmental
media contaminated. The stated purpose
of the assesament should have
prescribed the human and
environmental subjects for which
exposures are to be calculated. If the
subjects are not listed, the contaminated
geographical areas and environmental
media can be evaluated to determine
subject pepulations. The degree of detail .
lo be used in defining the exposed -
population distribution depends on the
concentration gradient over geographic
areas,

(2) Identification of pathways of
exposure,

(a) Identification and description of
the routes by which the substances
travel from production site, through
uses, through envirorunental releases/
sources, through transport and [ate
processes. to the target population

{b) Quantitative estimates of the
amounts of the chemical {ollowing each
exposure pathway. Such estimates ajlow
the various pathways to be put in the
perspective of reiative importance.

From the geogrpahic and tempral
distribution of environmental
concentrations. the exposed population.
the behavioral characteristics. and the
critical elements of the ecosystem.
exposure distributions can be estimated.
The results of exposure calculation
should be presented in a format that is
consistent with the requirements of the
dose-response functions which may
later be used in a Hsk assessment. For
example, when health risks caused by
exposure aver extended durations are
considered, average daily exposure over
the duration of exposure usually is
calculated. When lifetime risks are

- considered, average daily exposure over

a lifetime usually is calculated. In
contrast. when health risks caused by
exposures over short durations are

considered, expoaure rates are
calculated over short time intervals to
ensure that peak risks are defined.
Many exposure assessments are based
on the average exposure occurring over
the exposure’period. The range of .
possible exposures is usually divided
into intervals, and the exposures within
each interval are counted. The reuslts
can be presented in a tabular form or as
a histogram.

The population residing in a specific
geographic area may be exposed to &
substance from several exposure routes.
For each exposure route, exposusre of
individuals in these populations may be
determined by summing the contnbution
of all aources to the exposure route.
When exposures involve more than one
exposure route, the relative amounts of
a aubstance absorbed ia usually route
dependent. Cansequently, total
absorbed dosé estimates must account
for these differences. Because ERA
regulates sources of releases, the
contribution to exposurey from each
type of source being considered should'
be displayed. Exposure estimates should
be presented for each significant
exposure route (i.e., those routes
conaistent with tha regulatory purpasel.

.and the resuits should be tabulated in

such a way thal total externally applied
and absorbed dose can be determined.

b. Human Dosimetry and Monitoring.
Biological monitoring of human body
fluids and tissues for substances or their
metabolites can be used to estimate
current or past exposure ta chemicals.
When analytical methods are available.
chemicals that have been abaorbed into
the body can be measured in body
tissue and fluid. Such measurementa can
be used to estimate exposure, However,
the substances o which humans are
exposed are highly variable in the
degree to which they leave in the body
reliable indicators of exposure.
Furthermore. although & compound may
be relatively easy to detect in body
tissue. for some compounds, attributing
body burdens to specific environmental
releases may be difficult because of
limited ability lo obtain environmental
monitoring data.

c. Development of Exposure Scenarios
and Profiies. Depending on the scope of
the exposure assessment. the total
exposure may be fractionated into one
or more "exposure scenarios” 0
facilitate quantification. As an example,
Table 1 lists seven very broad scenarios:
Occupational. Consumer,
Transportation, Disposal, Food. Drinking
Water, and Ambient. For each of the
scenarios, the major topics necessary to
quantify exposure include sources,
pathways, monitering, and population
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characteristics. Investigation of only ane
scenario may be necesgary far the scope
of some assesamexgs For example, a
pesticide applicatiggtexposure
assessment may.ghasider the

occupational scenario which.would
address the exposure to applicators and

populations in the vicinity of thae site. An

exposure assessment artound a
hazardous waste site may focus on the

disposal scenario. The exposure
assessment also may consider other
acenarios. The more extensive and
comprebensive the scope, the mare
scenarios are usually involved. ~

TABLE 1. EXPOSURE ASSESBMENT NEEDS FOR VARIOUS EXPOSURE SCENARIOS

Exponre cerary Source needs Fute neech Popriation Charsclanssca needd MorikcRing nety
Occupmtanal (heemical rodugion)....| Sie/pleme locatons inpleny/on-cte | Physicel and  chemical  propertes | Workers, famifies, poouistion sround | Inplent/oneter  [eiaces, WML
makria belance. mosule. slee/plants - eveis  uToUNdn  wl/plart
. hurman monmorng,
Conmuyur (drect use of chasnucal of | Coneunpdon rates, dstritution pat- | Physical end  chemical prop Conur Leveia in pr
inacvertant ugeL. TS TR N procucta, sher! He reloase mites, Modeia,
Transoraton/ srage/ xully ........... .-} PaGarms of deytaton and ranspor- | Physical and chemcal [ropertes, | Siorage, TanEpOnanon  workery, | Reeesty, ambient ievela.
tmoorT mocieis jor andis. enviformesmal 2% modeis. general POpLEToN I srek.
O rcaudo e | Maseriale  balercs around  disposal | Fate wehin ol el | Workers 28 gie of deposel, peners | P o, lovels o1
). mathod, offioercy, relecses 0 & ronmancet W Of  relsascs sround aile. ¥ procews, ambiert eveid
wronmert, mooesa.
Food. Foodd Chamn, DECKAgng, adcitives. | Food chain  modele, ists during | Genarsd popuiation, nonfuman pog- | Levels i food, eeden?; foos chal
preparation of procesaing of food. ulasion. sanping.
Oriniing Wl ...t erisstromencoonan | Groundwater, surtace water, datrib- | Lasch rries hom poed, chiorneton | General pOCUBEON...e. e o] LOVEIR I AINKING Wiy, Qroundeay!
. tion syssem, DrOCEseE, ‘28 in WNE, MOt «, arace W, Yesmer
¢ - %
Ambiant Rel 10 wrONTent, aFr, Wnd | Environmental rte MOdeis ... .| Ganerst popuUIESon, noNfaman Pop- | Axiamt Alr, wea, sol, s hume
ey, viedaon, ronicTG.

It will usually be advantageous in
performing an exposure essessment to
identify exposure scenarios. quantify the
exposure in each scenario, and then
integrate the scenarios o estimate total
exposure. In this “integrated exposure
analysis,” summation of independent
exposures from different scenarios
(keeping exposure routes separate) often
will result in a breakout of exposure by
subpopulations, since the individual
scenariog nsually treat exposure by
subpopulation. Therefore, the
integration of the scenarios, or
integrated exposure analysis, will often
redult in an exposure prefile.

For each exposed subpopulation,
exposure profiles should include the size
of the group, the make-up of the group
{age, sex, etc.), the source of the agent,
the exposure pathways, the frequency
and the intensity of exposure by each
route {(dermal, inhalation. etc.), duration
of exposure, and the form of the agen!
when expoaure occurs. Assumptions
and uncertainties asgociated with each
scenario and profile.should be clearly
discussed. Gew. '

d. Evaluation of Unéeriainty. (1)
Introduction. Qfien an exposure
agsessiment progresses-through several
atages of refinement. The purpose of
these Guidelines is to present methods
appropriate for characterization of
uncertainty for assessments at various
stages of refinement, from assessmenls
based upon limited initial data 1o those
based upon extensive data.

The appropriate method for
characterizing uncertainty for en
exposure assessment depends upon the
underlying parameters being estimated,
the type and extent of data available,
and the estimation pracedures utilized.

The uncertainty of interest'is always
with regard to the population
characteristic being estimated. For
example, when the population
distribution of exposures is being
estimated, characterization of

uncertainty addresses the possible .

differences between the estimated
distribution of exposure and the true
population distribution of exposure.

An exposure asaessment quantifies
contact of a substance with affected
population members (human ot
nonhuman subjects). The measure of
contact (e.g., environmental level of
absorbed dose) depends upon what is
needed to predict risk. An integrated
exposure assegament quantifies this
contact via all routes of exposure
{inhalation, ingestion, and dermal) and
all exposure pathways {e.g..
occupational exposure, exposure from .
consumption of manufactured goods,
etc.). The exposed population generally
is partitioned into subpopulations such
that the likely exposure of all members
of a subpopulation is attributable to the
same sources. The exposure for each
member of a subpopulation is then the
sum of exposures vver a fixed set of
sources and pathways. The measured or
eatimated exposures for members of a
subpopulation are ideally used to
estimate the subpopulation distribution
of exposure or characteristics thereof.
However, a lack of sufficient
information sometimes precludes
estimation of the subpopulation
distributions of exposure and only
summary measures of this distribution,
such as the mean, minimum, maximum,
etc., are estimated. In each case
characterization of uncertainty for the .
exposure assessment primarily

addresses iimitations of the data -and the
estimation procedures. The proportions
of the population members in the
individual subpopulations are usually
estimated and can be used (by.
comhining estimated diatributiona for
the subpopulations) to estimate the -
distribution of exposure [or the total
population. Uncertainty concerning the
sizes of the subpopulations should be
addressed by diacussing limitations of
the data and estimation methoda-as well
as by tabulating confidenca interval
estimates for the population sizes.
whenever possible.

{2) Assessments Based Upen Limited
Initial Dato. The initial exposure
assagsment for a substance may be
based upon limited data for exposura.
and/for input variables for an exposure
prediction model (i.e.. an equation that -
expresses expoaure as a function of one
or more input variables). These data
might be either extant data or data
produced by an initial small-scale study.
The initial limited data frequently are
insufficient to permit estimation of the
entire distribution of exposure. Instead,
summary measures of this distribution,
such as the mean, minimum, and
maximum, are usually eatimated.

If the assessment is based upon
measured exposures, the methods.used.
to characterize uncertainty depend
mainly upaon whether or not the data.
result from a probability sample for.
which the probability of inclusion is
known for each sample member.
Characterization of uncertainty for an
assessment based vupaon a probability
sample of expasures is discuased later
in section 8. d. {5). If the measured
exposures are not based upon a
probability sample, acknowledgement

—~—
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.that ro strictly valid statistical

inferences ran be made beyond the
units actually in the sample is one
aspect of the charasterization of
uncertainty. If irference srocedures are
imo'ementad. the 2ssumpitons vpon
which these 'nfererces are based [e.g..
treatment of the sampie asif it was 4
simpie random sample. or asswmption of
an underlving mode!) should ce
explicitly slated 3nd iustified. The data
callection methuds and inherent
limitutions of the dita should aisc oe
discussed.

An inttial exposure assessment also
may be based upon limited data. such as
est:mated rznges, fcr input vanables for
an exposice prediction model. The
exposure predicticn model would be
derived from a postulaied exposure
scenario that describes the pathways
from sources to contact with population
membera. If the data were only
sufficient to support estimates of the
ranges of the input variables. the
exposure assessment might be limited to
a sensitivity analysis. The purpose of
the sensitivity analysis would be to
identify influential model input
variables and develop bounds on ihe
distribution of exposure. A sensitivity
analysis would estimate the range of
exposures that would result us
individual mecdel input variables were
varied from their minimum to their
maximum possible values with the other
input variables held at fixed values. e.g..
their midranges. The overall minimum
and maximum possible exposures
usually would be estimated also. For an
exposure agsessment of this type, the
uncertainty wouid be characterized by
describing the limitations of the data
used to estimate plausible ranges of
model input variabies and by discussing
justification for the model. Justification
of the mode! should include a
description of the exposure scenario.
choice of mode! input variables, and the
functional form of the model. Sensitivity
1o the mode! formulation also can be
investigated by replicating the
sensitivity analysis for plausible
alternative models.

If the maximum possible exposure
eslimated by the sensitivity analysis
presented no significant health risk.
there might be no need to refine the
assessment. [f both the mimmum and
maximum exposures presented a
potentiaily significant heaith risk. it
would be known that the exposure
scenario represented a significant health
problem without refining the -
assessment, When the minimum
exposure estitnate does not present a
potentially significant hea!th risk and
maximum dose. then greater importance

15 placed vn choosing & summary
parameter of the exposuse distribunion
(e.g.. the mean or persentde] as the bass
for a regulatuey decision. Refining the
BXPDSITE c$EOSSMENL 10 22 ipate the
distribut:on of expesure pzrvis
selection of any sLmm=ry parameter
{minmum. manximum. mes
peroennie. =ic.) as the
regulatary dec.sion. .
The sensnty i
eahanced by cumpu
exgosures that re:
input variahle comb :
input variable kas ¢~ set ol
nossibie values. the <ar ! ali possible
combinations of the irpuet varianles can
be formed. and the praditted expoisure
can pe comptited fur esch combination.
These exposure predictions cin be used
to form a distriburon of exposuses by
wounting the numbar of occurrences of
each exposure 21z orinterval of
exposures. This is equivaient
estimating the distzibution of exposures
thai results from treating all input
vofiable combinanons us equally likely.
This proceducte can aiso te applied by
discretizing continuucs input vaciables
und representing them by squally-
spaced points. In he Limit. as the equal
spaces become small and the number of
poinis becaomes large. the distribution of
exposure that results from counting
occurrences of exposure levels is
equivalent to estimating the distribution
of exposures that resuits fcom
statistically-independent. continuous
input variables with uniform
distributions on the estimated ranges.
This estimated distribution of exposure
values can be prodeced by the methods
of mathematical statistics or *lonte
Carlo simulation. The Monte Cario
method consists of random!y generating
input variate values and vsing these lo
compute corresponding exposure leveis,
generating an exposure distribution via
many iterations. Int2rpretation of
statistics based upcn his expostre
distribution would be in terms of the
equally likely input vanasle
combinations. For 2xzmple, the 95th
percentile of this dissribution would be
the exposure level cxceeded by only 5%
of the exposures resuliing frem treating
all combinations of input variable
values as equally likely. Afthough this
distribution of exposures cannot be
interpreted as an 2stimate of the
population distribution {unlees e input
variables actually ar2 st3tistic
independen! and uniformly disiributed},
it provides additionel infzrmation for
making regulatory decisicns.
Characterizaticn of uncertainty woyld-
inclede a discussion of lirutations of the
data and justification for the model as

<

1 *he aredinted
A oossible

disc:ssed above. Sensitivity to mude!
fermulation cou'd also be invesugated
oy estimating the distribution of
gxpreusa thal resuils itnm asirg the
same umiorm ingut sarable .
distrioutions with sluusible abrornetins
modals and compastng the es:. aten
carcaniiies.

(33 Assessmerts Sased Lcas
Subiertive Estinmatas of inpur Vorzba
Destribuions. fa mode! has hezan
formulated that expresses exgosure as 4
‘furnction of one or mere tnpul virishles.
the methods of mathematical staiisucs
or Monte Catlo simulation can he ased
to estirnate the populaticn disinbution
of exposure from an estimare of the imnt
distribution of the model input
variables. ldeaily mode! inpat variablas
should be represented by ginpirically
validated probabiiity distributiens. In
some cases. it may be possitis 0
formulate an estimate of :he 2.a°
distribution of model inpat var.. s
from discussions with subject-matter
experts (e.g.. via histograms for
statistically-independent inpu*
variables). The eslimated popuiation
distribution of exposure will be
equivalent to the distribution discussed
in'section 8. d. {2} for equally likely
tombinations of input variable values
only when the input variable
distributions supported are independent
uniform distributions. When qualilative
xnowledge of input variable
distributions is ued to estimate the
population distribution of exposure,
unceriainty is characterized by
discussing justification for the presumed
model and inpul variable distributions.
Alternative models and/or alternative
input variable distributions also should
be discussed. Sensitivity to these
aiternatives can be investigaied by
estimating the distributions of exposure
that resuit from plausible alternatives
and comparing the percentiles of the
estinated exposure distributions, All
available data, even if data are limited.
should be used to validate the presumed
wnput variable distnibutions and the
predicted distributicn of exposurs.

i) Assessments Besed Upon Data for
Model Input Variables. The exposure
aszeesment based upon an estimate of
tha jnint probability distribution for
model input variables caa be refined by
collecting sample survey data for model
input variables for a sample of
nopulation members. The populaticn
éistribution of exposure can then be
esumated by compuiing the expected
exposure for 2ach sample member based
vpon the model. These expactad
2xposures ¢an be used to directly
compute confidence interval estimates
for percentiles of the exposure
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distribution. Aiternatively, the sample
survey data can be used to compute
joint confidence interval estimates for
percentiles of the input vanable
distribution, which can then be used to
generate confidence interval estimates
for percentiles of the exposure
distribution. [n either case, the interval
estimates for percentiles of th¢ exposure
distribution are a useful quaniitative
characterization of uncertainty.
Characterization of uncertainty for tha
exposure assesamen! would contain 4
thorough discussion of limitations of the
data and justification for the model used
to compule expected exposures. The
design of the samgle survey used to
produce the data base should also be
discussed. if a probability sample were
not used. the lack of a probability
sample would be an additional source of
uncertainty. Any assumptions used in
computing the confidence interval
estimates, such as independence of
model input variables, should be
explicitly stated and justified.
Sensitivity to model formulation san be
investigated by estimating the
distribution of exposure for plausible
alternative models and comparing the
estimated percentiles, if sample survey
data have been collected for the input

variables of the alternative modeis.
Appropriate available data for exposure
should be used to validate the predicted
distribution of exposure. If specific
probability distributions have been
presumed for any model input variables.
the data for these varialies should be
used to test for gocdness of i1 for these
distributicns.

(5] Assessmen!s Based (pon Dr:a for
Expesure. A major reducrion in the
uncertainty associaied with an #xpnsure
assessment can be achievad by directly -
measurify the exposure for a sufficiently
large sampie of members of the aff2cted
population. This reduction in
uncertainty is achieved by sliminating
the use of a model to predic' eapasure.
The measured exposure levels can be
used to directly estimate the population
distribution of expusure and confidence
interval estimales for percentiles of the
exposure distribution. Direct confidence
interval estimates also can be computed
for other characteristics of the exposuce
distribution, such as the mean exposure.

These confidence interval estimates
are then the primary characterization of
uncertainty for the exposure
assessment. Limitations of the data and
design of the sample survey used to
collect the data also should be

discussed. [f the sample was not a
probability sample. this would again be
1n additional source of uncertainty.

8} Summary. A summary of the
primary methods recommended for *
chardcterizing uncertainty in exposure
assessments is presented in Table 2.
Virtally all exposure assessments,
except thuse based upon measured
exposure levels for a probability szmple
of pon-iaticn members. cely upon a
modeito predist exposure. The model
mJy e any mathematical {unction.
simple or complax. that expresses an
individual's exposure as a funciion of
ane ar more input variables. Whenever
a meel that has not heen vaildated is
used as the basis for an exposure
assessmernt. the unceriainty associated
with the exposure assessmen! may be
substanttal. The primary
characterization of uncertainty is at
least partly qualitative in this case. le,
it includes a description ui the
assuraptions inherent in the model and
their justification. Plausibie alternative
mudels should be discussed. Sensitivity
of the exposure 2ssessment to medel
furmulation can be investizated by

_replicating the assessment for plausibie

alternative models.

TABLE 2.—SUMMARY OF PRIMARY METHODS FOR CHARACTERIZING UNCERTAINTY FOR EXPOSURE ASSESSMENTS

Typa and axtanl of dste
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When an exposure assessment 's
based upon directly measured expasure
levels for a probability sample of
population members, uncettainiy can be
greatly reduced and described
quantitatively. 'In this case, the primary
sources of uncertainty are measurement
errors and sampling errors. The effects
of these sources of error are measured
quantitatively by confidence interval
estimates of percentiles of the exposure

distribution. Moreover. the sampling
errors can be limited by taking a large
sample.

Whenever the latter is not feasible. it
is sometimes possible tc abtain st least
some data for expusure and model input
variables. These data should be used t0
assess goodress of fit of the medel and/
or presumed distributions of input
variables. This substantiaily reduces the
amount of quantitative uncertainty for

estimation of the distribution of
exposure and is strongly recommended.
It is recognized, however. that it may not
be feasible to coilect such data.

9. References )

The references should contain a
listing =f ail reports. documents. aiticles,
memoranda. conlacts. elc. that have
heen cited in the report.

10. Appendices
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The appendices may contain such

;  items as memoranda and letiers that are*

‘. .- not readily accessible. other tables of
monitoring data.. detailed lists of
emigston sources, detailed tables of .
exposures, process flow diagrams, '
mathematical model formulations, or
any other item thal may be needed to
describe or document the exposure
assessment
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