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This report is an internal draft for review purposes only and does not
censtitute Agency policy. Mention of trade names or commercial products does
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FOREWARD

The Exposure Assessment Group is a newly formed office in EPA whose
function is to provide expert scientific oversight of the assessments made by
the various Agency programs of the exposure of humans to toxic substances.
These assessments are critical to the evaluation of the public health risks
that are presented by these toxic substances, to the development of
regulations to protect against the hazards they present, and for the
establishment of research priorities.

In order to define the qualitative and quantitative aspects of an exposure
assessment, Guidelines have been formulated by which the Agency will conduct
assessments in the future., Because these Guidelines fulfill the various needs
of all the Program Offices, they contain general policy/procedure statements.
The following Handbook has been constructed by the Exposure Assessment Group
to provide more specific details of how exposure assessments are to be
performed. Thus, the Handbook can be viewed as directly related to the
Guidelines with both documents helpful for understanding the Agency approach
in conducting exposure assessments.

James W. Falco, Director
Exposure Assessment Group
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ABSTRACT

This Exposure Assessment Handbook was constructed to provide specific
details of how the Agency conducts exposure assessments, The Office of
Pesticide Programs, Office of Air Quality Planning and Standards, 0ffice of
Radiation Programs, Nffice of Toxic Substances, and the O0ffice of Water
Regulation and Standards have all described their exposure assessment
procedures plus have provided recent examples of their exposure work.

The Handbook also contains a glossary of terms routinely employed,
standard factors used in caiculations, examples of modeling and monitoring
studies, and a discussion of how to calculate the uncertainties or errors.
Since the Handbook was designed to expand upon the concepts of the Exposure

Assessment Guidelines, the Guidelines are also included in an appendix to the
Handbook for reference.
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I. INTRODUCTION

Under the authorities provided by such statutes as the Toxic Substances
Control Act; the Clean Air Act; the Federal Water Pollution Control Act; the
Safe Drinking Water Act; the Federal Insecticide, Fungicide, and Rodenticide
Act; and the Atomic Energy Act, the U.S. Environmental Protection Agency (EPA)
is responsible for identifying, evaluating, and regulating a variety of chemical
and radiological hazards to human health and the environment. Exposure
assessments are an aessential component of the regulatory decision-making process
for understanding and quantifying the nature and magnitude of the hazards
presented by environmental agents and for discerning the most suitable control
options both from a technological and regulatory standpoint.

Although there is a substantial history of exposure assessments conducted by
the various EPA program offices to support both programmatic and regulatory
decisions, there is, at the present time, no clear consensus on how 2xposure
assessments should be conducted. The recognition of the importance of exposure
assessments to the Agency's mission and the need for a more coordinated and
consistent approach to conducting them by the various program offices led to the
formation of the Exposure Assessment Group within the 0ffice of Research and
Development's Office of Health and Environmental Assessment, The role of the
Exposure Assessment Group is to provide overall guidance and procedures to the
Agency for conducting exposure assessments, to ensure the quality of the
exposure assessments conducted by EPA, and, when needed, to provide independent
assessments of exposure to specific agents. An Agency-wide E£xposure Assessment
Work Group was also formed to provide for the full input of the various EPA
program offices to the development of the Exposure Assessment Group.

The initial product of the Exposure Assessment Group and the Exposure
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Assessment Work Group is a document entitled “Guidance for the Preparation of
Exposure Assessments" (see Appendix A). This guidance document provides an
overview of the kinds of data that should, in most cases, be considered in an
axposure assessment. The guidance document also suggests a format for
organizing and presenting those data. It is intended that the guidance document
will promote consistency in EPA's exposure assessments by providing a uniform
approach.

The present document -- "The Exposure Assessment Handbook" -- was created to
accompany the guidance document. Whereas the guidance document addresses the
requirements of exposure assessments in general terms, this Handbook provides
more practical guidance for the preparation of exposure assessments through the
presentation of specific exampies and detailed discussion of some kay aspects of
exposure assessments. It must be recognized that exposure assessment is a
rapidly evolving area that will certainly undergo significant changes over the
ensuing months and years. This Handbook and the quidance document that
accompanies it will necessarily be revised to reflect the changes and
developments that occur.

This Handbook begins with a discussion of exposure assessment needs and
procedures of the key EPA program offices: Toxic Substances, Pesticides
Programs, Water Regulation and Standards, Air Quality Planning and Standards,
and Radiation Programs. Exampies of current exposure assessments from these
offices are provided in Appendix B, with brief discussions of their content.
There is also a brief discussion on exposure assessment activities of the other
regulatory agencies that comprise the Interagency Regulatory Liaison Group.

The next section provides summary level information on models that may be of
interest in planning exposure assessments. Included is information that could

apply to modeling needs of the user of the Handbook. For example, mathematical
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descriptions of commonly used elements (e.g., Gaussian dispersion, 8riggs plume
behavior, liquid to vapor phasa mass transfer, laminar and turbulent flow, etc.)
could be readily appended to this section of the Handbook.

The Handbook also contains a listing and description of some data bases that
contain useful data on the monitoring and measurement of substances in the
environment. The ensuing section elaborates on uncertainty in exposure
assessment, and the different types of deficiencies apparent in the input data
or the assumed values. A discussion of the utility of sensitivity analysis in
bracketing estimates is also included.

In an attempt to standardize definitions of terms used in exposure
assessments, a glossary has been constructed. Similarly, an attempt has been
made to establish a set of standard (numerical and other) factors for use in
present and future exposure assessments. The use of a basic set of factors
would facilitate assimilation of the quantitative components of an exposure

assessment and the cross-comparison and cross-utilization of the results.
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[1. ORGANIZATION OF EXPOSURE ASSESSMENTS

A. OQUTLINE OF TYPICAL EXPOSURE ASSESSMENT PROCEDURES FROM VARIOUS PROGRAM
OFFICES

Each Program Office contributed to the development of the Exposure
Assessment Guidelines (Appendix A) which suggest methods for conducting exposure
assessments for ideal situations. For those readers who are not familiar with
these Guidelines, it is suggested that they be read first.

In this section, the Program QOffices were asked to describe their typical
exposure assessment procedures. It is evident that each Program Office has its
own goal with the particular end use and the availability of data dictating the
scope of the assessment.

A thorough review of how each Program Office performs hazard, exposure, and
risk assessments was recently conducted by a contractor (Clement Associates,
Inc.) for OPTS. This report isrstil1 in draft form under the title "Review and
Analysis of Hazard, Exposure, and Risk Assessment as practiced by EPA and other
Federal Regulatory Agencies." When finalized, the report will present a

critical analysis of the exposure assessment activities of the Agency.

Office of Pesticide Programs

Purpose--

The following discussion gives the purpose of and procedures used for
preparing exposure assessments for pesticides as part of regulatory activity
under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). These
assessments are prepared by the Envirommental Fate Branch of the Hazard
Evaluation NDivision, O0ffice of Pesticides and Toxic Substances.

The overall goal of a pesticide exposure assessment is to provide the input

necessary for risk assessment. The requirement for exposure assessments is



stated in the FIFRA requlations describing the Rebuttable Presumption Against
Registration (RPAR) process, at 40 CFR 162.11. The "Intasrim Guidelines for
Cancer Risk Assessment," published in May 1976, also specify exposure
information needed for risk assessment. The exposure assassments are used to
prepare risk assessments for chronic human health effects such as cancer, and
also for potentially single-dose toxic effects such as teratogenicity,
reproductive effects, and neurotoxicity.

Exposure assessments prepared under the mandate of FIFRA are limited to the
use of chemicals as pesticides. Exposure from other types of uses, or from
manufacture, formulation, transportation, and disposal, are not generally
considered. In practice, the assessments have been concerned with several
categories of exposed persons:

0 the general population exposed through pesticide residues in the food
supply, as well as exposure through air and drinking water contamination

o agricultural applicators, mixer/loaders, and flaggers exposed as a result
of their direct contact with the pesticide

o fieldworkers, harvesters, and others exposed upon re-entering treated
areas

o bystanders or nearby populations exposed as a result of pesticide drift
from the target area

0 industrial and institutional users of pesticides

o home users of pesticides and residents of homes in which pesticides have
been used

Procedure--

The information required for a pesticide exposure assessment is of two
general types: information about the use pattern of the pesticide and actual
data on dose of chemical received. The first of these is outlined in Table
II-1. This information is generally received from the Benefits and Field

Studies Division of OPP.



Actual field data on pesticide exposure is obtained from several sourcas:
the published literature; specific studies submitted by pesticide registrants;
field studies conducted by EPA; monitoring studies for food, water, air, human
blcod, urine, or adipose tissue; etc. The Environmental Fate Branch (EFB)
maintains an extensive file of pesticide exposure data, and continuously scans
the current literature for new information on exposure methodology and results.
Worldwide literature searches are also conducted for each pesticide exposure
assessment. In some cases, the Hazard Evaluation Division (HED) will fund
specific field studies designed to answer more general questions relating to
pesticide exposure. The EFB staff may advise registrants regarding the types of
exposure information needed and on methods and field procedures for measuring
exposure.

The basic residue data used for a human dietary exposure analysis of a
pesticidal chemical compound are the pesticide tolerance; Food and Drug
Administration and U.S. Department of Agriculture compliance, market basket, and
surveillance data; data from controlled field studies submitted with petitions
for tolerances under the Federal Food, Drug, and Cosmetic Act; company conducted
market basket survey data; EPA monitoring survey data; and the open literature.

The data base of pesticide exposure information is currently expanding very
rapidly. In the near future the entire data base will be abstracted into a
storage and retrieval system which will accommodate it in a more accessible

format.



TABLE II-1. USE/USAGE INFORMATION REQUIRED FOR PESTICIDE EXPOSURE ASSESSMENT

Assessment of exposure of pesticide applicators, fieldworkers, and nearby
populations to pesticides requires information on use practices and extent of
use. The following is a general list of the kinds of information that
contribute to this assessment.

For each use to be analyzed for exposure:
1. Pesticide label

2. Types of pesticide formulations used (emulsifiable concentrates, dusts,
granules, etc.)

3. Packaging information (for example, 5 1b sack of 25% dust, 55 gal drum of 4%
emulsifiable concentrate, etc.)

4. Methods of mixing and 1oading (such as open or closed system transfer to
application equipment, pouring dust into hopper, etc.)

5. Application rates and diluticns (for example, 1 1b per acre active
ingredient in 500 gal water)

6. Application schedules (when appliied during growing season; how often)

7. Application techniques
description of apparatus used (such as air blast sprayer, hi-boy rig,
backgack sprayer, indoor aerosol spray,
etc.,
common practices during application (spray pressure, speed of spray rig,
soil incorporation practices, type of spray
coverage, etc.)

8. Number of personnel involved in application and their identity (farmers,
commercial applicators, homeowners, etc.)

9. Extent of use (total acres treated per year, total pounds used, etc.)

10. Description of associated personnel used in application (mixer/loaders,
flaggers, etc.)

11. Estimates of duration of exposure including any patterns of exposure
(for example, 10 hours per day for 15 days in March or April; acres per hour
that can be treated)

12. Information on protective clothing in common use



TABLE 11-1 Continued

13. Percent of crop treated, cocnsumed on farm, exported, etc.

14, Brief description of important activities at the site following application
(cultivation, application of other agricultural chemicals, harvest
schedules, etc.)

15. History of past incidents which indicate propensity for non-adherence to
label directions and frequency of accidental exposure.



A number of methods have been developed to measure actual exposure to

pesticides under field conditions, The EFB maintains a separate file of

descriptions of these methods as well as examples of field study designs for

specific exposure monitoring situations. Although there is no single best

method for all exposure situations, the best current practice appears to be as

follows:

dermal: Pads made from alpha-cellulose (for dermal exposure to sprays) or
layers of gauze (for exposure to dusts or particulates) are attached to the
forearms, chest, back, thighs, and perhaps the forehead or a combination
pad made by placing gauze over alpha-cellulose (for exposure to dry
formulation while being mixed into a liquid solution) are attached to the
forearms, chest, back, thighs, and perhaps the forehead. The efficiency of
protective clothing might be determined by placing pads under as well as
over any protective equipment. These are collected for pesticide residue
analysis after the period of exposure. The results can be converted to a
milligram-per-square-centimeter dermal dose; when multiplied by standard
body surface areas, the rate of dermal contact may be estimated. For the
hands, which generaily receive the highest dermal exposure during actual
operations with pesticides, both measurement of residues on cotton or nylon
gloves and hand washing with 95% ethanol have been used.

inhalation: Both respirators and personal air sampling devices have been
used to sample air in the breathing zones of exposed persons. The former
give a direct measure of the amount of pesticide that would have been
inhaled, while the latter result in an air concentration that must be
multiplied by an assumed breathing rate in order to obtain a value of the
inhalation exposure. A number of studies are available which evaluate
absorbents available for use in air sampling devices. In situations where
it is important to measure air concentrations of pesticides that may be
present at very low levels, high-volume air samplers should be employed

to ensure the collection of an adequate sample volume. For both dermal and
inhalation exposure measurements, the Office of Research and Development has
prepared detailed reviews of the methods used by their Taboratories.

oral: The goal of the oral (dietary) exposure assessment is to predict the
pesticide residues in or on food as consumed. Projections of pesticide
residues in food as consumed can be made if it is «nown where the pesticide
was applied; the amount applied; what residue losses in commerce,
processing, cooking, etc., are expected; and the time interval from
application until consumption. Tabies of food consumption and data on the
extent to which crops are currently treated with the pesticide of interest
are used to calculate the contribution of residues to the diet for each crop
treated. The results of such calculations are summed aover all the foods
bearing residues of the pesticide to yield, for a national averaqe, a rate
of ingestion (mg/person/day).

urine: The above routes of exposure are all direct; that is, they result in
measurment of the actual amount of pesticide residue with which a person may
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come into contact. The appearance of pesticide residues and/or metabolites
in human urine, however, is prima Tacie evidence of exposure; when data on
the metabolism and the efficiency of excretion is available, the exposure
may be calculated from the amountexcreted. This indirect method of exposure
measurement can be more precisethan the above direct methods; however, it
cannot identify the route ofexposure,

other body tissues: Pesticide residues in blood, adipose tissue, or other
body tissues are oftan available as evidence of exposure. Adipose tissue
residues are generally limited to lipid-solubie and stable pesticides such
as the chlorinated hydrocarbons, which tend to accumulate in these tissues.
Since these residues may be stored over a long period of time, they indicate
continuous exposure rather than the more instantaneous type of exposure that
is measured by the direct methods discussed above. Blood levels of
pesticides are sometimes available; these indicate an immediate type of
exposure since blood is rapidly circulated and cleared by the kidneys.

The exposure estimates for the three routes of exposure are combined to
produce the total exposure assessment. Alternatively, urinary excretion data
might be used to back-calculate the total exposure by all routes, if adequate
information on the pharmacodynamics of the pesticide in humans or animals is
available. For dermal exposure, an estimate of skin absorption is necessary to
arrive at the actual dose by this route; very 1ittle data on human skin
penetration rates are available. The units of the dermal and inhalation
exposure are usually expressed in milligrams per hour of exposure-related
activity; when muitiplied by the estimated duration of the activity (obtained
from the use data in Table II-1) and divided by a standard body weight, the
units become milligrams per kilogram per day or per year, depending on whether
the risk assessment addresses single-dose or chronic effects.

Considerable judgment is necessary in order to complete a pesticide exposure
assessment. The evaluation of limited field monitoring data, the influence of
varying meteorological conditions, the use and efficiency of protective
clothing, the use and efficiency of closed mixing/loading/transfer systems, the
Targely unknown absorption rates of chemicals through the skin, varying particle

size which affects respiratory exposure, the sporadic but potentially enormous



exposura resulting from pesticide leaks and spilis, and varying human activicy
patterns are all matters of judgment that influence the numerical outcome of the
assessment. A primary requirement of the assessment is to state clearly all
assumptions used to derive the calculated exposure, and, if possible, to give an
estimate of the numerical variability.

Numerical assessments of exposure will often be requested in situations for
which actual field monitoring data are not available. In such cases, a saarch
of the EFB's exposure data base may reveal data for other similar pesticides
applied under similar circumstances. If the use practices associated witn these
measurements are sufficiently similar to those for the pesticide in question,
then a reasonable estimate of exposure may possibly be made, based on the
"surrogate" data.

Procedures for estimating envircnmental mobility of the pesticide when
experimental data are lacking are available. Computer models for calculating
estimated environmental concentrations (EEC's) from known physical chemical
parameters, along with hydrologic, and metorological data provide information on
the potential movement of pesticides from the site of application via spray
drift, leaching, surface runoff, and unscheduled field flushings, The EEC's are
relevant to human exposure in that potential concentrations of pesticides in
groundwater and surface potable water supplies can be estimated.

Alternatively, expcsure may perhaps be calculated from basic physical
properties, such as vapor pressure, Dy assuming reasonable values of volatility
rates, air circulation patterns, or other information necessary to make a
calculation. These types of procedures clearly call for additional levels of
judgment; such assessment procedures might or might not be attempted, depending
on the nature of the reguiatory gquestion.

The general format of pesticide exposure assessments is given in Table I[I-2.
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TABLE [I-2. FORMAT OF THE EXPOSURE ASSESSMENT

Include the common name, important trade names, the structure, relevant
physical properties (generally volatility, solubility, and perhaps partition
coefficient), and other pertinent information such as important metabolites
or degradation products, common impurities, significant inert ingredients in
formulations, etc.

A brief review of the environmental fate and transport of the pesticide
(typically the more important conclusions from the environmental fate
profile).

A brief overview of common formulations and use patterns.

Established tolerances.

Exposure through use: For each use, this section contains estimated values

oT dermal and inhaiation exposure, either from actual field monitoring
studies or derived from data obtained for other pesticides under the same
use conditions. These estimated values are then combined to produce a unit
exposure, as discussed above under Procedure. In general, some estimate of
the possibie range of the values should be included. In some cases, no
useful data whatsoever may be available; in such cases, the exposure
assessment should so indicate, and, if possible, suggest how data might be
obtained. No exposure estimate would be prepared in these cases.

The total exposure is then computed by multiplying the unit exposure by the
duration of exposure and then adding in the dietary contribution.
Information on the number of people exposed, and, if appropriate, some
indication of the sporadic or chronic nature of the exposure should also be
included. Thus, the exposure assessment ideally includes the Tevels at
which people are exposed, the number of pegple so exposed, and the duration
of the exposure.

Summary table: Lists the use patterns, the unit exposures, the number of

peopie, and the total daily and annual exposure. The specific dietary
burden for each crop is listed, as well as the total residue contribution.

Bibliography
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0ffice of Air Quality Planning and Standards

Pollutant Assessment 3ranch--

Purpose--In the Office of Air Quality Planning and Standards (0AQPS), the
Pollutant Assessment Branch of the Strategies and Air Standards Division is
responsible for performing exposure assessments for hazardous pollutants under
the authority of Section 112 of the Clean Air Act. Hazardous pollutant
standards are health-based, using "ample margin of safety to protect the public
health" as the criterion. Procedures in the proposed Airborne Carcinogen Policy
(44 FR 58642) further define and elucidate exposure assessment needs for
hazardous pollutants.

In regulating hazardous poliutants, exposure assessments are necessary to
show public health impact. Ambient air is the medium of concern, so the general
population is the group surveyed. Sources of air pollution fall into three
categories: point sources, area sources which are generailly small but numerous
and of a specified location, and sources which are numerous but of unspecified
Tocation (generally called prototypical sources).

Procedures--Exposure assessments are performed by gathering available data
on source locations and emissions, applying diffusion modeling techniques to
these, and then calculating population exposure to the emissions. Source
Jocation and emission data are gathered through literature search,
trade/technical journals, state/local agencies, and industry contac*t. Local
meteoroiogy is used where possible, and most recent census data are used to
determine population profiles.

Monitoring is undertaken as an integral part of the exposure assessment only
on a selected basis because of the time and expense invoived, and the vagaries
of meteorology. Furthermore, when monitoring is performed, it generally is to

provide confirmatory information supporting requlation rather than to serve as
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the basis for regulation.

The exposura assassments done by the Pollutant Assessment 3ranch are most
commonly level [ types. Their purpose is to estimate the number of persons
exposed to various concentration levels of a pollutant. This information, along
with input from the Carcinogen Assessment Group, is presented as evidence for
the Administrator's decision whether to list the substance as a hazardous

pollutant or not.

Ambient Standards Branch--

Purpose--Section 109 of the Clean Air Act pertains to the establishment of
National Ambient Air Quality Standards (NAAQS). In setting primary ambient air
quality standards, it should be the judgment of the EPA that the attainment and
maintenance of such standards, "allowing an adequate margin of safety, are
requisite to protect the public health." The most meaningful indicator of
margin of safety is a risk assessment of alternative ambient air quality
standards. This risk assessment explicitly accounts for uncertainty of
scientific information concerning adverse health effects and population
exposures. An exposure assessment is an inherent component of a risk
assassment.

The exposure assassments relevant to Section 109 of the Clean Air Act are
conducted by the Ambient Standards Branch of the Strategies and Air Standards
Division of OAQPS. These exposure assessments sarve two major purposes: 1) to
support ongoing NAAQS reviews (e.g., for substances such as S0,, CO,

NO»), and 2) to develop an exposure assessment capability to be a part of a

risk assessment methodology currently under development. (The models employed
become more refined with increasing experience in exposure assassment; thus, the
overall quality of exposure assessments improves with time.)

In general, the exposure assessment is intended to estimate the distribution
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of expected number of human exposures in a given geographical area to any
desired time-averaged ambient pollutant concentration (up to a one-year time
period) at any specified air quality level. The exposure model can be used to
estimate exposures at base year ambient concentrations or future year levels
when an area is in compliance with a given alternative national ambient air
quality standard,

In practice, exposure to a particular pollutant (such as CJ) is estimated
for several selected U.S. cities. A typical study area consists of a city and
several suburbs. The findings are then extrapolated to the entire U.S. urdan
population of roughly 140 million people. Exposures to rural populations are
not analyzed, as insufficient data from rural areas are available.

Procedure--

Sources of information--Some important sources of information for exposure
assessments are listed below.

Census Bureau. . . . « . . . Popuiation data, including
age and occupation data

Storage and Retrival of. . . Monitoring data
Aercmatric Data (SARCAD)

Stanford Research Institute,
International (SRI). . . . Time budget studies

Project Engineering Development
Company (PEDCO). . . . . Analysis of pollutant concentration data

Three major data bases ccntribute to the exposure assessment. These are
identified below:
1. Pollutant Concentration Data Base
A year is selected for which adequate data are available relevant

to the study area of concern, The SARCAD network (administered by the states)
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is the source of hourly pollutant concentration data for a one-vear period. A
monitoring network exists throughout the study area in order to measure legal
compliance to existing standards. (It is recognized that the monitoring network
does not measure air quality in between monitor locations. Various mathematical
intarpolation techniques are used to fill in data gaps.)

Human dosimetry is not employed, as this technique is not yet adequately
developed. The monitoring data is convenient to obtain, as the networks are in
place and are collecting data on an ongoing basis.

2. Human Activity Data Base
Time budget studies (provided by SRI) are conducted to Tearn how

people spend their time. Currently, people in the study area are considered to
be distributed among five microenvironments:

indoor work

other indoors

inside transportation vehicles

other transportation along roads

other outdoors
The concept of microenvironments is being further refined, and in the near
future ASB expects to be working with approximately 20 microenvironments for the
populations of interest.

Tne age and occupation data from the Census Bureau is used to generate 12
age and occupation categories. Using the time budget information and urban
transportation planning data, the fraction of people in each of the 12
categories is determined for the five microenvironments for each hour of the
day.

Furthermore, an estimate is made of the fractions of people at each af three

levels of activity: Tow (2.9., sitting, lying down), medium (walking), and high
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(jogging, tennis, etc.). Thus, a person is considered to be in 1 of 15 possible
situations at any given time (5 microenvironments x 3 levels of activity). Some
of these situations are null categories {e.g., being inside a transportation
vehicle at a high level of activity).

For longer averaging periods (such as 8 hours), it is not sufficient to
estimate fractions of people in various microenvironments and activity levels;
rather it becomes necessary to follow various types of people through their
activities during the period of interest.

In organizing the data, there are separate sets of data for the three
climatologic regions of the U.S. and for weekdays versus weekends,

3. Population Data Base
This information consists of the number of people living in the
study area, the number in each sector, and the numbers in the 12 age and
occupation categories.

The monitoring network provides base values for pollutant concentrations.
These base values are transformed for each microenvironment depending upon its
relationship to the nearest monitoring station(s). For example, if the
pollutant is carbon monoxide and the microenvironment is the interior of an
autcmobile, the base value is multiplied by a factor greater than one. Such a
transformation follows from the fact that the monitoring stations are located at
fixed points outdoors and that the carbon monoxide levels are higher within
vehicles and along roads. Alternatively, a pollutant concentration value may be
obtained by interpolation between values taken from two monitoring stations.

Another important consideration is transportation patterns. People will not
only pass between microenvironments in a given sector, but will also move from
one sector into another where different base values will be obtained. For

instance, many people will commute from the suburbs or countryside into the
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neart of the city during the course of a day. In addition, they are likely to
dbe in a number of microenvironments within each geographical sector.

Using the modei described above, it is the task of the Ambient Standards
dranch to determine the present exposure of urban populations to air poliutants
and to detarmine how exposure changes under various altarnative control
standards that may be implemented.

In addition, the data for a one-year period are used to project ambient air
concentrations for future years. This area contains considerable uncertainty as
the air concentrations of pollutants are highly dependent upon meteorological
conditions. The data base over the one-year period is used to develop a

probability distribution for future concentrations of air pollutants.



Qffice of Radiation Programs

Purpose--

The overall goals of radioactive exposure assessments conducted by the
Of fice of Radiation Programs are to determine the health effects that result
from radioactive emissions, and to determine whether it is cost effective to
introduce control measures to reduce those emissions in the interest of
protecting the public health.

Although the problems of reactor safety are handled by the Nuclear
Regulatory Commission (NRC), autnority over radiocactivity in the environment is
within the jurisdiction of the EPA under the National Environmental Policy Act
(NEPA) of 1969. In addition, the Clean Air Act amendments enacted in August
1977, gave the EPA authority to establish standards to control emissions of
radiocactive pollutants into the atmosphere and to reqgulate radioactive
pollutants.

The scope of the environmental exposure assessments performed by the 0ffice
of Radiation Programs is 1) to determine the isotopic compesition of the
radioactive source term, the physical states in which those radionuclides are
emitted, the rates at which they are emitted, the models by which they diffuse
and are absorbed in the envirorment, the pathways of exposure, individual and
population exposures; 2) to make risk and health effects analyses; and 3) to
perform assessments of the requirement for controls in the interest of public
health,

Procedure--

Sources of information--Although the overall scope of environmental

assessments is essentially the same for all source terms, the details of
developing the data for these broad areas often differ widely. For example,

solid, liquid, and gaseous radioactive effluents containing many radionuclides
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are emitted from nuclear reactors and expose populations through the pathways of

inhalation, ingestion, and direct radiation. O0n the other hand, the mining,

storage, and combustion of natural gas are concerned with radon and its daughter

products, which expose the population to radicactivity essentially through the

inhalation pathway. In the development of an environmental assessment, data are

drawn from the following sources:

Nuclear Regulatory Commission. . . . .reactor emission data

Bureau of Mines. . . + « « «. . . . . .mineral and energy production data
Mine Safety & Health Administration. .radon concentration & ventilation data
O0ak Ridge National Laboratory. . . . .dose conversion factors

National Academy of Sciences . . . . .health risk data

Department of Znergy . . « « + « « « .€Nergy and environmental data

Corps of Engineers, Dept. of Army . . waterways impoundment data

Weather Bureau . . « + « « « + « « » meteorological data
Nuclear Reactor Facilities . . . . . .environmental, dose, and source data
State Health Departments . . . . . . .environmental data

In addition, the following data are obtained from field and laboratory

measurements (see reference 1 for analysis methods):

o

0

stack gas velocity and volume flow rate by EPA method 2

integrated gas sampling for radon emission from sources by EPA method 3
particulate emission rate by EPA method 5

particle size analysis of particulate emissions by Sierra Cascade Impactor

sample process emissions, including after the last control device - EPA
method 5

stack height for diffusion estimates
stack temperature and pressure
area and volume of tailings piles

radionuclide concentrations at various points of emissions, e.q.,
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nucl

ear reactor fission products

uranium 234 235 238
radium 226
1ead 210
thorium 228 230 232
potonium 210

0 radionuci

ide concentrations in air, water, and food

Development of the environmental assessment--The computer code described in

Airdos (2) represents a method for estimating radionuclide concentrations in

air, ground s

urface, water, and in such foods as meat, milk, and fresh produce.

Doses to 11 human organs from these pathways are computed from the rates of

inhalation, i

are converted

to health eff

ngestion, and dose conversion factors. Individual doses (rem/y)
to population doses (person-rem/y) which, in turn, are converted

ects from risk factors (health effects/person-rem/y) (3-5).

The assumptions used in this assessment ara as follows:

1.

As indica
essentially t

number of hea

Health effects calculations are based upon the linear non-threshold
hypothesis that the number of cancers that may occur per unit dose
at low doses and dose rates is the same as observed at higher doses
and dose rates and also that all radiation is harmful.

A modified Gaussian plume equation is used to estimate both
horizontal and vertical dispersion (6-7).

In the calculation of an airborne external immersion dose at ground
level, a semi-infinite cloud was assumed.

Ingestion doses are basad upon the assumption of uniform daily
consumption rates for each type of food.

Other assumpticons peculiar to the particular source exposure
assessment, e.g., the size of the tailings pile for radon emission
assessment or the size of a nuclear reactor for assassing the
exposure from fission products.

ted previously, the broad scope of an exposure assessment is

he same for all sources, the end result being an estimate of the

1th effects resulting from a radiocactive source and a determination
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of which emission control devices are cost effective. However, different sourca

tarms make it necessary to alter the structure of the format in the intsrest of

making an orderly presentation. A good example of the format, style, and

compaosition of an exposure assessment is the report "Assassment of Potential

Radiological Health Effects from Radon in Natural Gas" by Raymond H. Johnson et

al., EPA-520/1-73-004.
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Office of Toxic Substances

PUrpNSe--

The Toxic Substances Control Act (TSCA) directs the EPA to identify and
appropriately regulate chemical substances and mixtures that present an
unreasonable risk of injury to health or the environment. Sections 4, 5, and 6
of TSCA specifically apply to the work of exposure assessment for toxic
substances,

Section 4 of TSCA gives the EPA the authority to require that testing be
conducted on a chemical substance or mixture for which insufficient data is
available with respect to health and environmental effects or exposures,

Section 4(f) requires the EPA to act within 180 days of receipt of test data
or other information that indicates a chemical may present a significant risk to
health or the environment. Under this subsection the EPA must "initiate
appropriate action ... to prevent or reduce to a sufficient extent such risk or
publish in the Federal Register a finding that such risk is not unreasonable."

Section 5 of TSCA requires the EPA to consider human and environmental
exposure and potential risk to new chemical substances or mixtures for which a
premanufacturing notice has been filed,

Section 6 of TSCA concerns the regulation of existing chemical substances
and mixtures. An exposure assessment is specifically required for substances
falling under this section.

Within the Office of Pesticides and Toxic Substances (OPTS), the Office of
Toxic Substances (0TS) is responsible for preparing risk assessments to support
regulatory decision making. The Exposure Evaluation Division (EED) is
responsible for most of the exposure assessments pursuant to sections 4, 5, and
5. The Economics and Technology Division is responsible for a part of some of

the assessments.
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The Assessment Division combines the exposure assessment with the assessment
of adverse effects of the chemical substance in order to generate a risk
assessment. The Chemical Control Division then utilizes the risk assessment in
the process of generating a Control Options Document.

The exposure assessments performed for 0TS will meet different goals
depending upon the applicable section of TSCA. For instance, under Section 6,
the exposure assessment will have a rather broad scope with regard to
consideration of pathways of exposure and populations exposed. In contrast, for
a substance falling under Section 4(f), the exposure assessment may be limited
to the particular exposure pathway and/or exposed population indicated by the

test data or other information received by the Agency.

Procedure--

Sources of information--In conducting an exposure assessment, information

gathering is directed toward the five major areas described in the Guidelines
document: (1) Sources (Materials Balance), (2) Exposure Pathways, (3) Population
or Target Studies, (4) Monitering or Concentration Levels, and (3) Integrated
Exposure Analysis.

Information and data are obtained through worldwide literature searches,
from industry, through EPA monitoring studies, and from other U.S. Government
Agencies. Exposure information is often obtained from sources such as the
Occupational Safety and Health Administration (OSHA) and the Consumer Product
Safety Commission (CPSC). Population data are often obtained from the Bureau of
the Census and the Worker Population Studies produced by National Institute for
Occupational Safety and Health (NIOSH).

Sources (materials balance)--For exposure assessments on existing chemicals,
the materials balance studies are performed. The information needed to perform

a matarials balance study may be found in the Guidelines document in the
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"Suggested Qutline for an Exposure Assessment." Usually the entire Unitad
States during a particuiar calendar year is chosen as a boundary for the system
being balanced, but other geographical or time boundaries can be used for
specific purposes. The environmental releases are reported as amounts and rates
of release to the various media, listed by geographical location and
physical-chemical form of the substance at the point of release.

txposure pathways and environmental fate--The principal pathways of exposure
are identified and environmental distribution is predicted using models. When
available, monitoring data is compared to the predicted environmental
concentrations,

Population studies--Normally, population characteristics studies will be
done only for those locations where potential exposure exists based upon
information provided by chemical release, enviranmental fate, or monitoring
studies. For abiotic receptors, population characteristics are replaced by
studies of the receptor (e.g., ozone layer).

Monitoring--Monitoring data are generally obtained from the published
literature or from reports provided by industry. 0TS may also perform
monitoring studies for some substances under TSCA.

Integrated exposure analysis--Exposure scenarios and profiles are provided
by subpopulation, and provide information on frequency, duration, and intensity
of exposure.

Exposure projections for new chemicals--Making an exposure projection for a
new chemical (under Section 5 of TSCA) involves developing much of the same kind
of intormation as for existing chemicals, i.e., materials balance information,
environmental fate information, and population characteristics, In most cases,
however, since the chemical is not yet being produced, monitoring as a

verification tool is limited to follow-up studies. The information developead



for exposure assassment for new chemicals depends to a large degree upon
astimates, data on chemicals similar to the one being studied, and the data
provided by the potential manufacturer,

Format--The format for exposure assessments for toxic substances closely
resembles that suggested in the Guidelines document. The basic cutline is
presented below.

I. Introduction and Executive Summary
[T. General Information
IIT. Sources (Materials Balance)
IV. Exposure Pathways and Environmental Fate
V. Population Studies
VI. Integrated Exposure Analysis
VII. Bibliography

VIII. Appendices
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0ffice of Water Regulation and Standards

Purpose--

The Clean Water Act (as amended, 1977) set forth a national objective "to
restore and maintain the chemical, physical, and binlogical integrity of the
Nation's waters." To accomplish this end, several general goals were
aestablished, which include the following:

1. That the discharge of pollutants into navigable waters be
eliminated by 1985.

2. That an interim goal of water quality which provides for the
protection and propagation of fish, shellfish, and wildlife and
provides for recreation in and on the water be achieved by
July 1, 1983.

3. That the discharge of toxic pollutants in toxic amounts be
prohibited.

The requirement for risk assessment for toxic pollutants (and thereby
exposure assessment) is indicated in sections 307(2) (1) and (2) of the Clezn
Water Act. Section 307(a) (1) establishes that a list of toxic pollutants
(priority pollutants) be published, to which the EPA may add or delete any
pollutant. In revising the list of priority pollutants, the EPA is required to
take into account the following factors: "the toxicity of the pollutant, its
persistence and degradability, the usual or potential presence of the affacted
organisms in any waters, the importance of the affected organisms, and the
nature and extent of the effect of the toxic pollutant on such organisms.”
Section 307(a) (2) states that each priority pollutant shall be subject to
effluent limitations, and that the EPA may publish effluent standards fcr
pollutants, after considering the factoré listed above as well as "the extent to
which effective control is being or may be achieved under other regulatary
authority."

In accordance with the 1977 amendments to the Clean Watsr Act, the EPA

listed 129 priority pollutants which it agreed to evaluate. Within the Office
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of Water Regulation and Standards (OWRS), the Monitoring and Data Support
Division (MDSD) is responsible for evaluating the exposure and risks to human
and nonhuman species resulting from the occurrence of the 129 priority
pollutants in the water environment.

In general, the exposure assessments carried out under the mandate of the
Clean Water Act are specifically focused in terms of exposure media and
populations exposed., Exposures via water media are analyzed, and attention is
directed to both human and nonhuman-exposed populations,

Although the exposure assessments conducted by MDSD are limited to exposure
via water media, an attempt is made to put all routes of exposure into
perspective. Where water media are the predominant routes of exposure, MDSD
makes reccmmendations of ways to reduce water exposure after performing a risk
assessment, When it becomes apparent that other media are important routes of
exposure to a toxic pollutant, the information is directed to the appropriate
program office(s) within EPA for follow-up study.

An important goal of exposure assessments for QWRS is to aid in the
decisions to add to or delete from the 1ist of priority pollutants required by
Section 307(1) (a) of the Clean Water Act.

Another function of exposure assessments is to assist cther program offices
in risk assessment of imminent hazards presented by toxic wastes (e.g., spills
and other emergencies). In these situations, the MDSD provides into the risk
assessment input regarding possible alternatives for clean-up or other
corrective measures.

Procedure--

In the MDSD, the entire staff is responsible for all aspects of each

exposure assessment with which they are involved. Specific division of labor in

a particular exposure assessment may exist between contractors hired for the
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oroject.

The initial stage in preparing an exposure assessment consists of a cursory
review of the available intormation on a toxic pollutant. Tnis activity is
valuable in giving direction for in-depth analysis of exposure by identifying
target populations, pathways of exposure, and other important parameters., It is
at this stage that an exposure assessment may be referred to another program
office if it becomes apparent that water media are not sigificant routes of
exposure,

Information and data are obtained from worldwide searches of the published
Titerature, from unpublished reports, from industry, and from other Federal or
State agencies and organizations. The Food and Drug Administration is a helpful
source of information on levels of toxic pollutants in foods. Much information
is gathered through the assistance of contractors.

Monitoring is conducted by the MDSD and by states, tPA Regions,
universities, and contractors. Currently all monitoring data obtained by the
MDSD are stored in a computerized data base, STQRET (Storage - Retrieval system
for water quality data). All states, contractors, universities, and other
organizations receiving Federal funds are required to enter their monitoring
data into STORET; many independent researchers have entered data into STORET on
a voluntary basis. This computerized data base allows rapid access to the
existing monitoring data on a given toxic pollutant under consideration. More
information concerning the monitoring data storage and retrieval system may be
obtained from the STORET User Assistance Branch of the MDSD.

A detailed exposure assessment will include a materials balance, {.e., a
study of sources, production, uses, destruction/disposal, and environmental
release of a substance., The materials balance analysis includes the entire

United States for a particular calendar year as the boundaries of the system
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being analyzed. O0ften the materials balance will be studied for several
calendar years with special attention directed to any changes from one year to
the next. Projections may be made for future years from observed trends.

Studies of population characteristics are made with particular attention to
the identification of subpopulations which may be at highest risk. Human
populations may be subdivided on the basis of age, geographic location, and
other parameters. Less is known about the characteristics of aquatic
populations, but subdivisions may be made within aquatic systems if the exposure
data permits such differentiation.

Finally, exposure scenarios are devised for a typical individual in each
subpopulation identified above. Commonly used assumptions are employed
concerning daily intake of drinking water, diet, and other parameters in order
to facilitate comparisons between exposure calculations for different
substances. A value for exposure to each subpopulation is estimated,
particularly for groups at highest risk. One then estimates the number of
individuals within the high-risk subpopulation.

The exposure assessment for a toxic pollutant is then incorporated into the
risk assessment with the outline of such a document dictated by the natura of
the poliutant. A general outline is presented below:

I. Executive Summary
II. Materials Balance
IIl. Environmental Pathways/Fate
[V. Routes of Exposure
V. Integrated Exposure Assessment
VI. Toxicological Data
VII. Risk Assessment
VIII. Conclusions

IX. Bibliography
X. Appendices
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B. EXPOSURE ASSESSMENT ACTIVITIES OF OTHER FEDERAL REGULATORY AGENCIES

Consumer Product Safety Commissicn {CPSC)

The Commission's mandate includes assessment of chemical as well as
mechanical injury. The Commission has thus taken steps to develop the means to
conduct comprehensive exposure assessments and has begun to develop assessments
utilizing these evolving technigues.

In the past year, CPSC has supported the development of assessments of
consumer exposure to formaldehyde, indoor air pollutants, and bisazobipheny]
(i.e., benzidine and some of its congeners) dyes. It has also supported the
development of a comprehensive report on exposure assessment status and
principles. Many procedures, approaches, and problems are discussed in this
report on status and principles. Included are human ecology, dose-time
functions, uncertainty, entropy, non-equiTibrium systems, susceptible
populations, and the use of decision logic tables in exposure assassment.

Exposure assessment modeling on benzidine-based dyes follows the sequence of
first establishing exposure scenarios and then estimating corresponding exposure
estimates using composition data, stoichiometric considerations, and mass
balance methods. This approach permits ranking of exposure scenario estimates
in order of perceived severity. Severity depends on chemical nature (e.g.,
reduced or oxidized form), route of entry, quantity or concentration, duration,
outdoor or indoor use, size and sensivity of the population, and other factors
peculiar to individual scenarios. The emphasis in the approach is on using
professional judgment to determine exposure scenarios and the best data sources
and models to use to estimate exposure. Limitations are described and
suggestions for improving the data base or the models are suggested at

appropriate points throughout the report,
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Reports on exposure to formaldehyde and indoor air pollutants begin
similarly with identification of sourcaes and scenarios. Source strength data is
used in an air pollution model based on environmental parameters.

In indoor exposure modeling there are as many scenarios as there are exposed
populations, poliutants, sources, and environmental conditions. For example,
source strength data for formaldehyde emission from plywood, particleboard,
textiles, gas combustion, cigarette smoke, aerosol products, outdoor air
pollution, and insulation must be evaluated in relation to probable values of
many environmental parameters. These parameters include temperature, humidity,
area and/or volume of generation, specific rate of decomposition, smoking rate,
forced filtration and decay effects, and air mixing factors. Probable single
and multipie source scenarios can be obtained as characteristic exposure
(concentration X time) data points by integrating the concentration vs., time
graphs obtained by using a simple programmable calculator.

Health effects are summarily discussed in the formaldehyde and indoor air

pollutants reports, but damage or risk assessment is not attempted.

Food and Drug Administration (FDA)

The broad scope of FDA's responsibilities leads to a spectrum of exposure
assessment needs. Exposure assessments range from the relatively well-defined
problem of evaluating the probable use of specific prescription drugs to compiex
exposure assessments, such as exposures resulting from environmental
contaminants (e.g., polychlorinated biphenyls and aflatoxins); food animal
additives/drugs (e.g., diethylstilbestrol); or migrants from food packaging
(e.g., dioctyl adipate and vinyl chloride migration from certain
polyvinylchloride food wraps).

The FDA, often in collaboration with other Federal agencies, has in the past
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been involved in various types of exposure assessments on chemicals of
significant concern, i.e., saccharin, nitrites and nitrates, selenjum, PC3's,
chlorofiuorocarbons, and lead acetate, and is currently invoived in axposure
assessments on formaldehyde and the phthalates.

The FDA assesses exposure on at least two different levels. The first level
relates directly to FDA's mandate to ensure that foods, feeds, drugs, cosmetics,
biologics, medical and radiological devices are safe and/or effective for humans
or specific target animals. These exposure assessments often involve mass
balance, dose-type calculations.

Estimates prepared on the safety/efficacy level are generally developed in
terms of the intake of a substance, usually presumed to be a biocactive agent,
e.g., a chemical substance, form of radiation, microorganism, etc., associated
with the use or consumption of foods, drugs, or other carrier vehicles. iIntake
normally occurs via ingestion and absorption within the gastrointestinal tract,
passage through the skin, or by inhalation.

On a second level, related to the National Environmental Policy Act (NEPA),
FDA is developing and applying exposure assessment methcdology for assistance in
the preparation of environmental assessments and environmental impact
statements. These environmental documents often include exposure assessments
containing both materials balance analysis and estimation of muitimedia and
multispecies exposures through prediction of the introduction and fate of
FDA-regulated substances in the environment.

The requirement for assessment of environmental impact relates directly to
the influence of manufacture, use, and disposal of foods, feeds, drugs,
cosmetics, biologics, and medical and radiological devices on environmental
quality. Such efforts by the FDA are being coordinated with other government

agencies, primarily through the Interagency Regulatory Liaison Group.



Department of Agriculture (USDA)

The USDA is responsible for assuring the safety of meat products. Estimatas
of the amounts of toxic substances in foods that are included under USDA's
mandate are prepared by standard mass balance methods.

The Department's recent exposure/risk assessment on nitrosamines in bacon
illustrates a direct approach for determining human exposure to nitrosamines
that can, in turn, be used to estimate cancer risk.

Using knowledge of the average national consumption of bacon per day and
data on the types and amounts of nitrosamines in bacon, it was possible to
estimate average daily exposure (as a dose) to nitrosamines in bacon.
Sensitive, state-of-the art analytical chemistry methods were used to secure
quantitative composition data.

Carcinogenicity response data were reviewed and evaluated in conjunction
with the exposure data with the objective of estimating the increase in human
cancers associated with this national average type of exposure scenario. Other
possible minimum (best case) and maximum (worst case) exposure scenarios were
not considered. These could have been used to bracket the national exposure
average, thus constituting one aspect of a sensitivity analysis reiated to
exposure and risk.

Occupational Safety and Health Administration (0OSHA) and National Institute for
Occupational Safety and Healtn {NIOSH)

At OSHA, exposure assessments are used to support rule-making activities and
thus, are not in themselves generally anticipatory. These assessments are based
on comprehensive evaluation and assimilation of very large quantities of onsite
monitoring data. Exposure data are compared to standards already in place,
i.e., 8-hour, time-weighted average concentrations. Since concentration data

are available, there is no need to develop or assume concentration-time data
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prior to preparing an exposure assessment of this type.

The anticipatory {research) side of occupational exposure assessment is
performed by the National Institute for Occupational Safety and Health {NIOSH).
Assessment of the health and safety effects of exposure to workplace chemicals
is a component of many NIOSH documents. For example, a recent document on the
benzidine-based dyes illustrates the role of NIOSH in exposure assessment. The
NIOSH report to OSHA assesses the impact of workplace exposure to these dyes and

suggests that exposure be further decreased.
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I11. MODELS EMPLOYED IN EXPOSURE ASSESSMENTS

Some general exposure assessment principles of use in this Handbook have
been presented in a review of the state-of-the-art in exposure assessment (1).
An ideal model is described as providing for multiple emission sources;
conversion of emission rates to contaminant concentrations in 511 media (air,
water, soil, food); exposure to humans, plants, and animals (we would add
materials); multiple routes of exposure to humans (inhalation, ingestion, dermal
absorption); and allowing for interactive effects (synergistic or antagonistic)
of muitiple pollutants. Although the ideal model is not available, components
can be assembled into useful models tailored to specific problems. Adequate
characterization and central filing of existing model components, in conjunction
with a decision logic approach, could facilitate the assembly of case-specific
models (2). In the meantime, such synthesis must be left to the reader with a
need t0 assess exposure,

In this Handbook, the intent is to provide the reader with a general
overview of some of the existing models, with an emphasis on both physical and
biological aspects of exposure assessment. Basic information on a variety of
models is provided in Table III-1, including a model acronym, carrier vehicles,
exposure routes, suitability for estimating the integral of the product of
concentration and the derivative of time (Cdt), basis and summary features, and
contacts and references for further details. No attempt has been made to
critically evaluate the models, provide comparisons between them, or to include
only those models that have been validated.

EPA's catalog of environmental models (3) is an extensive compilation of
modeling information. Water quality, water runoff, air quality, economic, and

some other specialized models are described in a consistent summary format. For
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each model, concise statements of overview, capabilities, assumptions, input
data requirements, output calculations, resource requirements, applications,
contacts for further information, and key referances are provided.

Along with other documents, the catalog of environmental models was reviewed
with the objective of selecting models that are useful, either in whole or in
part, for estimating exposure. The objective of this Handbook is to provide the
reader with a broad view of existing concepts with which to plan and structure
his or her own action plan, The exercise of prudent professional judgement is
the most important ingredient in exposure assessment at the present state of
development of this fieid. The information in this Handbook is a basic
framework for displaying possibilities that can be structured and connected by
the reader to meet case-specific requirements.

Table III-1 displays information that can be scanned to reveal kay features
of existing models with components that may be useful in the conduct of exposure
assessments. The reader can select items of interest and proceed through the
columns of information to the summarized descriptive material. Foliow-up
activities include contacting key individuais and reviewing the literature.

Although individual requirements may sometimes be met by a single model, a
particular case may necessitate identification and use of a component feature of
a complete model, or sequential application of discrete parts of two or more
models. For example, the equaticn for time dependence of pollutant
concentration at the coordinates of a home some distance from the source can be
coupled with an indoor air pollution model to provide a hybrid model that may
better meet the needs of a particular user of the Handbook than any single
model. Similarly, an evaporation model can be used as the generation term or
function in a conservative type, air pollution model incorporating various

physical and chemical decay rates.



For the reader who wishes to relate dose to exposure, a very useful chapter
on exposure and resultant toxic a2ffect models can be found in a comprehensive
report on mathematical models for atmospheric pollutants (4). Compared to the
state of development and appiication of air pollution source and pathway models,
the state of development of exposure and toxic effect models is lagging. Source
and pathway models can be used to relate emission or generation of pollutants
and ambient concentrations. Exposure models also incorporate attempts to Tink
concentrations and durations with affected persons, other animals, plants, and
objects in the environment.

Source models provide an estimate of the temporal and spatial variation of
emission increases and decreases. Pathway process models consider physical and
éhemica] decay of the concentration through the action of physical and chemical
processes along the path between the source and the potentially affacted
subject. There is at present no substitute for specific knowledge and decision
Togic in assessing exposure and toxic effect.

Multimedia considerations apply to comprehensive exposure assessments
consisting of diverse, yet interrelated, exposure scenarios. For example,
airborne pollutants can be diluted and dispersed by the wind, undergo
coagulation or chemical reactions, settle to the ground, be absorbed in cloud
elements or precipitation, be absorbed on the ground, enter groundwater, or be
washed out in precipitation. Humans, animals, plants, and materials can be
exposed directly and indirectly. Entry can occur through surface contact,
ingestion, or inhalation according to the spectrum of exposure scenarios
applicable to a given system,

Strenge, Watson, and Droppo (5) surveyed radiation exposure models and
classified them according to atmosphere, surface water, ground water, and

terrestrial pathways. Included in information on the 22 models that were
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selected were internal and external doses, susceptible organs, and type of
computer program, Key features of some of thesa exposure models are summarized
in Table III-2.

EPA has prepared the Guideline on Air Quality Models (10) which recommends
air quality modeling techniques that may be applied to air pollution control
evaluations., The Guideline makes specific recommendations concerning air
quality models, data bases, and general requirements for concentration
estimates. The appendix of the Guideline contains summaries of the recommended

models, several of which are listed here in Table [II-1.

I11-4
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TABLE ITI-1. FEATURES OF MODELS WITH EXPOSURE COMPONENTS

Model Carrier Exposure Ease of Inte-
Acronym!  Vehicles Routes grating Cdt

Basis and Summary Features References

EPA/ Air Inhalation Direct
GEOMET

CPSC/ Air Inhalation Direct
JRB

cpsc/ Consumer Inhalation, Direct (but
JRB Products Skin absorp- requires
' tion, GI knowledge of
tract use duration
and frequency)

Ccpsc/ Air Inhalation  Indirect (re-

ABERDEEN quires coup-
ling with time-
dependent model)

Mass balance, conservative type, 6
deterministic equation., Applicable

to indoor/outdoor air. Generation

term and two types of decay. Suit-

able for hand calculator.

Mass balance, conservative type, 7.8
deterministic equation. Generation

term and three types of decay for

indoor use with outdoor air infil-

tration. Suitable for developing

tailored exposure profiles by user

interaction with a programmable

calculator.

Mass balance, conservative type 2
analyses of discrete scenarios

with case-by-case analysis. Suitable

for hand calculator.

Mass balance, Models evaporation 9
from a liquid surface. Provides

generation output that can be used

with conservative indoor/outdoor

models to obtain concentration-

time exposure profiles.

1See key to Acronyms at end of table.

(continued on following page)
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TABLE TTII-1.

(continued)

Model Carrier Exposure Ease of Inte- Basis and Summary Features References
Acronym Vehicles Routes grating Cdt
SEM Water ATl determin- Integration HandTes only point source inputs to 3(p.6)
able from possible streams, rivers, and shallow non-
knowledge of stratified lakes. 1st order decay.
concentration Simulates dilution, advection, and
temperature effects. 1-dimensional.
Considers uncoupled chemical re-
actions. Suitable for hand calculator.
£S001 Water All determin- Integration Mass balance. Can be used for sequential 3(p.12)
able from possible reactions of two substances having 1st
knowledge of order kinetics. Tidally averaged, steady-
concentration state model. Suitable for complex water
networks (100 junctions, 50-100 sections),
Requires computer.
DEM Water All determin- Direct: Real -time, 1ink node model simulating 3(p.15)
able from Dynamic unsteady tidal flow and dispersion in an
knowledyge of estuary. Two-dimensional flow. Hydraulic
concentration and quality (pollutant concentration)
model components. Mass balance checks at
each junction. Predicts time varying
concentrations. Requires computer.
TIM Water  All determin- Direct: Derivative model of DEM. llandles up to 4 3(p.20)
able from Dynainic constituents with coupled or noncoupled
knowledge of reactions with 1st order decay. Used for
concentration networks (300 junctions, 300 channels).
Requires computer.
HARG3 Water All determin- Indirect: Mass balance. Multidimensional, steady- 3(p.23)
able from Steady state model for two reacting substances.
knowledye of State Handles 1st order kinetics. Incorporates

concentration

convective-diffusive mass transport with
source and decay terms. Requires computer.

(continued on following padgf
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TABLE TII-1.

(continued)

Model Carrier Exposure tase of Inte- Basis and Suminary Features

Acronym Vehicles Routes grating Cdt

FEDBAKO3  Water ATl deterwmin- Indirect: Mass balance. Handles consecutive reactions 3(p.?27)
able from Steady and 1st order kinetics. Assumes that steady
knowledge of State state conditions apply. Requires computer.
concentration

PLUME Water All determin- Indirect: Considers only mixing and dilution with no
able from Steady water flow in a steady state stratified
knowledye of State environnent. 3-dimensional output. Provides
concentration concentration data along plume centerline.

Requires computer.

QUAL-TT Water Al determin- Direct: Simulates dynamic behavior of constituents
able from Dynamic subject to dispersion, flow, nutrient
knowledge of cycles, and algal growth. 1-dimensional for
concentration networks. Considers 1lst order decay. Only

point discharges and constant inflows are
considered. Instantaneous mixing is assumed.
Requires computer,

FH Water A1 determin- Direct: Simulates near shore currents and exchange
able from Dynamic precesses. Sophisticated treatment of dis-
knowledge of persion, advection, and dynamic plumes.
concentration Requires computer,

REDEQL Water All determin- Indirect: Computes equilibria for up to 20 wmetals and
able from Kinetics not 30 anions in a system. Includes complexa-
knowledge of considered ation, precipitation, redox, and plt depen-
concentration dent reactions. Requires computer.

RECETV~I1 Water  All determin- Direct: Two-dimensional model representing advec-
able from Dynamic tion, dispersion and dilution., Used on
knowledge of networks. Can simulate coupled and non-
concentration coupled chemical reactions. lst order decay

considered. Assumes instantaneous mixiny.
Requires computer.

(continued on following page)

References

3(p.32)

3(p.36)

3(p.48)

3(p.52)

3(p.62)
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TABLE T1I-1.

(continued)

Model Carrier Exposure Ease of Inte- Basis and Summary Features References
Acronym Vehicles Routes grating Cdt
EXPLORE-1 Water All determin- Direct: llandTes 1-dimensional flow in streams and 3(p.66)
able from Dynamic rivers, 2-dimensional flow in shallow 1akes
knowledge of and estuaries. Capable of handling constant
concentration or time-varying point or diffuse sources
of substances. Requires computer.
MS Water  All determin- Direct: Sophisticated model with use in determining 3(p.70)
CLEANER able from Dynamic bioaccumulation of toxic substances. Re-
knowledge of quires computer,
concentration
DTURNAL Water All determin- Indirect: Used to predict diurnal fluctuations during 3(p.77)
able from Steady periodic steady-state conditions. Useful
knowledge of State when algal oxygen production is related to
concentration concentration of affective agent. Requires
computer,
AGRUN Runoff All determin- Direct: Simulates hydrology and channel pollutant 3(p.80)
Water able from Dynamic loads for agricultural watersheds. Uses
knowledge of the universal soil loss equation and
concentration llorton's equation to compute infiltration
rates. Reguires specification of soil
parameters. Requires computer.
ARM-T] Runoff All determin- Direct: Mass balance. Assumes all runoff water 3(p.83)
Water able from Dynanic from locations in the watershed. Pollutant
knowledge of transformations are approximated by a
concentration series of 1st rate expressions. Arrhenius

equation used to adjust rates to different
temperatures. Partitioning between phases
assumed to be instantaneous. Requires
computer,

(continued on followiny page)
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TABLE I1I-1. (continued)

Re ferences

Model Carrier Exposure Lase of Inte- Basis and Summary Features
Acronym Vehicles Routes grating Cdt
GWMTMI Ground ATT determin- Direct: Based on convective-dispersive mass trans-  3(p.97)
Water able from Unsteady port equation modified for 1st order decay.
knowledge of State 1-dimensional treatment. Surface concentra-
concentration tion can be constant or exponentially
varying. Vertical seepayge constant.
Soil saturated or unsaturated. Requires
computer,
GWMTM2 Ground All determin- Direct: Describes concentration distribution in 2 3(p.99)
Water able from Unsteady underground dimensions. Advection and
knowledge of State dispersion in 2 dimensions with 1st order
concentration decay and an exponentially decaying
Gaussian boundary condition. Useful for
sanitary landfills, wastewater lagoons,
and chemical dumps. Requires computer.
EPAURA Runoff All determin- Indirect Assumes accumulated pollutants are all 3(p.101)
Water able from carried off in rainfall on an area of
knowledge of impervious surface. Requires computer.
concentration
CPARRB Runoff All determin- Assumes all rural areas have slope per- 3(p.103)
Water able from centages allowing erosion to take place.
knowledge of Calculates delivered sediment to a water
concentration body based on the universal soil loss
equation. Pollutant loads are outputed.
Requires computer.
NPS Runoff All determin- Direct: Used to estimate nonpoint source pollutant 3(p.112)
Hater able from Various loads in urban and rural settings. Requires
knowledge of time computer.
concentration

(continued on following paqe)
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TABLE ITI-1. (continued)

Model Carrier Exposure tEase of Inte- Basis and Summary Features References
Acronym Vehicles Routes grating Cdt
HIMAY 2 Air Inhalation Direct: Applies to uniforn wind conditions and level 3(p.120)
Hourly terrain. Based on Gaussian plume. No physical
values removal or consideration of chemical reac-
outputed tions. Requires small computer.
APRAC 1-A Air Inhalation Direct: Computes hourly averages of CO concentra- 3(p.122)
Only for tions at any urban location. Plume rise
Co not treated. Requires small computer.
Could input carboxyhemoglobin model for
determination of effective dose.
APRAC 2 Air Inhalation Direct: Makes use of historical CO concentration 3(p.127)
Only for records. Useful for hydrocarbons, CO,
C0, HC, oxides of nitrogen. Requires computer.
and NOy
PSM*'S Air Inhalation Indirect: Based on Briggs plume rise methods and 3(p.133)
Only for Pasquill-Gifford dispersion methods.
niax imum, Assumes Gaussian spreading both harizon-
short-term tally and vertically. Requires computer,
levels
TEM Air Inhalation Direct: Based on an emissions data inventory and 3(p.138)
Depends a set of meteorological parameters over
on updating over a grid. Gaussian plume, Briggs plume
rise. Available as a computer progranm.
TCM Air Inhalation Direct: Similar to CDM, but requires less computer 3(p.140)
Depends time. Gaussian plume, Briggs plume rise.

on updating

Requires computer,

(continued on following page)
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TABLE T1I-1.

(continued)

References

Model Carrier Exposure Ease of Inte- Basis and Summary Features

Acronym Vehicles Routes grating Cdt

15C Air Inhalation Direct: Similar to CRSTER except multiple source
Dynamic separation, polar or cartesian coordinates.

Gravitational settling and dry deposition
of particulates, Simulates line area and
volume sources. Evaluates building wake
effects. Exponential decay of pollutants.
Concentration estimates for 1l-hour to
annual average. Requires computer.

PAL Air Inhalation Direct: For small-scale point, line, and area sources 3(p.l147)
One-hour of pollutants. Flat terrain assumed. Briggs
concentration plume behavior, Gaussian plume dispersion.
increments No provision for chemical reactions.

Requires small computer.

CRSTER Air Inhalation Direct: Provides cancentrations for each hour of a 3(p.151)

Dynamic one year period. Handles up to 19 colocated
elevated stack emissions. Employs modified
form of Gaussian plume equation. Average
emission rates assumed. llorizontal and
vertical dispersion considered. Requires
small computer,

AQDM Air Inhalation Indirect: Used to evaluate area sources in urban 3(p.156)
Steady areas. Treats physical processes of
State transport and diffusion, Limited to SO

and suspended particulates. Assumes
Gaussian diffusion and homogeneous
diffusion. CDM/CDMQC is perferred wodel.
Requires computer,

(continued on followiny page)
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TABLE ITI-1.

(continued)

Model Carrier Exposure Ease of Inte- Basis and Summary Features References
Acronyn Vehicles Routes grating Cdt
RAM Air Inhalatiaon Direct: Employs hourly meteorological data. Based 3(p.159)
Concentrations on Briggs plume rise and the Pasquill-
determined Gifford dispersion equations with parameters
haourly valid for urban areas. Constant emission
rates assumed for each point and area
source. Chemical decay half-1ife can be
inputed. Requires computer.
VALLEY Air Inhalation Direct: Model is a steady-state, univariate Gaussian 3(p.166)
Concentrations plume algorithm. Provides ground level con-
determined centrations at 112 receptor sites in a
daily or radial grid. Incorporates plume rise and
yearly limited mixing. Chemical reactivity and
physical decay can be introduced (both ex-
ponential). Requires computer,
NRRM Air Inhalation Direct Model only for ozone/oxidants and single 3(p.172)
precursor hydrocarbons. Requires concentra-
tion data. Does not require computer.
SAI Air Inhalation Direct: Three-dimensional model for area sources in 3(p.174)
Dynamic urban areas. Simulates transport, diffusion,

and photochemical oxidation reactions. Out-
puts hourly concentrations of photochemical
oxidants and ozone. Requires computer.

(continued on folTowing page)
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TABLE I1I-1. (continued)
Model Carrier Exposure Fase of Inte- Basis and Summary Features References
Acronym Vehicles Routes grating Cdt
ChM/COMQOC  Air Inhalation Direct (but Used to determine seasonal or annual 3(p.177)
provides long- quasistable concentrations at ground level
term concentra-  receptors. Treats one or two pollutants
tion values simultaneously. Briggs formula for plume
only) behavior. Gaussian plume for vertical dis-
persion. Permits exponential decay for
chemical half-life considerations. CDOMQC out-
put allows source contribution table. Requires
computer.
REPS Air Inhalation Indirect: Used to deterimine the impact of changes in  3(p.182)
(This is a national characteristics and parameters on
projection future air quality. Covers five of the
model) criteria pollutants for the 243 Air Quality
Control Regions in the U.S. Requires
computer,
SEAS Air, All reducible Indirect: Used to determine environmental, economic, 3(p.185)
Water, to concen- (This is a and enerqy effects of differing growth
Solids trations projection patterns and policies, Forecast from 1 to
model) 50 years into future. Would require study
to determine applications in exposure
assessment. Requires computer.
COPMOD1 Poten- ? ? Used to estimate the impact on copper 3(p.192)
tially producer's costs from pollution abate-
Air, ment expenditure. The model requires
Water, study to determine applications in
Solids exposure assessment. Requires computer.
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TABLE IT11-1. (continued)

Madel Carrier Exposure tEase of Inte- Basis and Summary Features References
Acronyn Vehicles Routes Grating Cdt
CONMOD Poten- ? ? Econometric model. Used for estimating the  3(p.195)
tially economic impact resulting from EPA's sewer
Water and sewer treatment plant expenditure
program. Requires computer,
PTM Poten- ? ? Provides economic outputs (income statement, 3(p.198)
tially flow of funds summary, balance sheet) from
Air, production and pollution control cost inputs.
Water, Model would require study to determine appli-
Solids cations in exposure assessment. Requires
computer,
CARMOD Air, ? ? Econometric model for estimating long run 3(p.204)
Water levels of automobile demand. Connection with
automobile induced pollution is not apparent.
Would require study to determine suitability
for inputing exposure assessments. Requires
computer.
ABTRES Air, Inhalation, Indirect: Forecasts costs associated with pollution 3(p.211)
Water  Others depend- (This is a control systems. May be useful in exposure
dent on con- projection assessment work because specific types of
centration model) pollutants can be studied. Residual levels

of pollutants provided as output data. Useful
for "what if" questions relating cleanup
extent with associated costs. Requires
computer,

(continued on following page)
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TABLE I11-1. (continued)

ModeT Carrier Exposure Ease of Inte- Basis and Summary Features References
Acronym Vehicles Routes Grating Cdt
WRAP Solids ? ? Used to determine the most efficient 3(p.214)
regional system design for resource
recovery system. Requires study to deter-
mine i1f useful for exposure assessment
inputs. Requires computer.
MMMSPT- Air Inhalation Direct for Based on the effects of pollutants on the 3(p.219)
EPM COy: (This rate of COo excretion from the lungs,
is a dose which is a measure of efficiency of respiratory
model by proxy) function. Often reduces observation period
for an effect of a pollutant to minutes
instead of hours. Effects of pollutants are
hased on the difference of integral
CCQZVCO dt between control animals
an expgsed animals. Calculator can be used.
NRHM Elec-  Body/Organ Direct: Used for predicting thermal load to animal 3(p.222)
tro- (Converts to organ when animal is exposed to radiation
magnetic dose) converted to heat within the organ. Applies
Radia- to microwave radiation. Requires small
tion computer,




Model Acronym

Water Quality Models

SEt

ESC01

NEM

TT™

HARO3
FEDBAKO3
PLUME
QUAL-II
REDEQL.EPA

RECEIV-T1

EXPLORE-I
MS.CLEANER

DIURNAL

Water Runoff Models
AGRUN
ARM 11
GWMTM1
GWMTMZ
EPAURA

EPARRB
NPS

Air Quality Models

AIWAY 2
APRAC-1A

APRAC-2

pPSM'S
TEM
TCH
LIRAQ
PAL

KEY TO ACRONYMS

Name of Model

Simplified Estuary Model

Estuarine Water Quality Model

Dynamic Estuary Model

Tidal Temperature Model

Water Quality Model

Water Quality Feedback Model

Qutfall Plume Model

Stream Quality Model

Computer Program for Chemical
Equilibria in Aquecus Systems

Receiving Water Model

Water Quality Model

Multi-Segment Comprehensive Lake
Ecosystem Analyzer for Environmental
Resources

Receiving Water Model

Agricultural Watershed Runoff Model

Agricultural Runoff Model (Version II)

One Dimensional Groundwater Mass
Transport Model

Two Dimensional Groundwater Mass
Transport Model

NMon-Point Runoff Model for a Single Storm

Even in an Urban/Suburban Setting

Non-Point Runoff Model for a Rural Setting

Non-Point Source Pollutant Loading Mecdel

EPA HIWAY Model

Air Pollution Research Advisory Committee

Model 1A

Air Pollution Research Advisory Committiee

Model 2
Point Source Models
Texas Episodic Model
Texas Climatological Model
Livermore Regional Air Quality Model
Point, Area, Line Source Algorithm
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Model Acronym Name of Model

Air Quaiity Models (Cont.)

CRSTER Single Source Model
AQDM Air Quality Display Model
RAM Gaussian Plume Multiple Source

Air Quality Algorithm
VALLEY Gaussian Plume Dispersion Algorithm
- - - Nonlinear Rollback/Rollforward Model
SAI Systems Applications, Inc., Model
CDM/CDMOC Climatological Display Model
REPS Regional Emissions Projection System
ISC Industrial Source Complex Model

Economic Models

SEAS Strategic etnvironmental Assessment System
COPMOD1 U.S. Copper Industry Model
CONMOD Construction Model
PTM Steel Industry Model
CARMOD Automobile Demand Model
ABTRES Abatement and Residual Forecasting
Model

Other Models

WRAP Waste Resources Allocation Program
MMMSPT- Mathematical Model for Fast Screening
EPM Procedure for Testing the Effects of

Pollutants in Mammals

NRM Nonionizing Radiation Models
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TABLE TlI-2.

EXPOSURE-EFFECTIVE DOSE MODELS

Fluid Flow
Regions

Compartments

Compatibility with
Modeling of Stable
Gases and Particles

Reference

Air: Nose,

Throat, Lunys Lung Compatible T.G. Hatch and P. Gross. Pulmonary Deposi-

tion and Retention of Inhaled Aerosols.
New York: Academic Press, 1964.

Blood B1ood Compatible Robert T. Jones. "Blood Flow." Annual
Review of Fluid Mechanics, 1. Palo Alto,
CA: Annual Reviews, Inc., 1969. pp. 223-244.

Air, Surface Atmosphere, Compatible Dale D. Huff and Paul Kurger. “"Simulation

and Ground Water, Humans, of the Hydrologic Transport of Radioactive

Water Aquatic Plants Aerosols." Radionuclides in the Environ-
ment. Washington, D.C.: Adv. in Chem. Ser.
Mmerican Chemical Society, 93, 1670.
pp. 487-505.

Air, HWater Air, Soil, Plants, Compatible A. Cardinale, V. Gervasio, A. Marxocchi,

Animals, Humans

(also includes transfer
coefficients for
inhalation, direct
radiation, and ingestion
of food)

and E. Nardelli. "A Proposed Approach

on Modeling Techniques for Ecological
Purposes Using Dynamic Criteria. "“In
Proceedings of the Second Meetinyg of the
Expert Panel on Air Pollution Modeling.
Paris, France: NATO Committee on the
Challenges of Modern Society, July 26-27,
1971. Chapter 11, pp. II-1 to I]-20.

(continued on folTowing page)
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TABLE T11-2.

(continued)

Fluid Flow
Regions

Compartments

Compatibility with
Modeling of Stable
Gases and Particles

Reference

Air: Nose,
Throat, Lungs

Air, Pulmonary
Region, Blood,
Lymph Nodes,

Bone, Gl Tract

Compatible

U.S. Nuclear Regulatory Commission. Reactor
Safety Study, An Assessment of Accident
Risk in U.S. Commercial Nuclear Power
Ptants. 1975. NUREG-75/014, WASH 1400.

Air, Surfaces,
Liquid and Solid
Foods

Target population
growing at an
exponential rate,
Susceptible argans

Compatible
(and most comprehensive
radiation model)

J.L. Rider and S.K. Beal. A Model to
Estimate Radiation Dose Commitments to the
World Population from the Atmospheric
Release of Radionuclides. West Mifflin, PA:
Bettis Atomic Power Laboratory, February
1978. WAPD-TM-1274.

Air

Human as a single
compartment

Compatible (but assumes
even distribution
over whole body)

Robert Handy and Anton Schindler. Estima-
tion of Permissible Concentrations of
Pollutants for Continuous Exposure.
Research Triangle Park, N.C.

Research Triangle Institute for U.S.
Environmental Protection Agency, EPA-
600/2-76-155, June, 1976.

Air, Water

Plants: Many
compartments and
environmental
variables

Compatible

W.W. Heck and C.S. Brandy. "Effects on
Vegetation: Native, Crops, Forests." Air
Pollution. Third Edition, II. New York:
Academic Press, 1977. Editor A.C. Stern.
pp. 157-229.

S.B. MclLaughlin and D.S. Shriner. "Plant
Pollutant Interactions and the Oak Ridge
Approach to Air Pollutant Impact Analysis.”
O0ak Ridge, TN: Oak Ridgqe National
Labaratory 1976.

(continued on following page)
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TABLE T1I-2.

(continued)

Fluid Flow Compartments Compatibility with Reference B o
Regions Modeling of Stable

Gases and Particles
Air, Water Plants: Compatible J.H. Bennett and A.C. Hill. "Interactions

Atmosphere,
vegetative canopy,
soil, root system,
leaf, stomatal zone,
plant tissues and
cells.

of Air Poliutants with Canopies of Vegeta-
tion." Response of Plants to Air Pollution.
New York: Academic Press, 1975. pp. 273-306.
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IV. MONITORING EMPLOYED IN EXPOSURE ASSESSMENTS

This chapter consists of three sections: mcnitoring methods, data bases,
and monitoring activity.

Part A gives some examples of the available methodologies for monitoring
chemical, biological, and physical parameters. [t is designed as a compendium,
referring the reader to referenced texts and reports.

Part B, which is a listing of some of the available computer files, should
serve as a reference to the reader who desires access to past or current data
generated from monitoring studies. By examination of the various data bases one
may decide which would be likely to contain the desired information. No attempt
has been made to report whether or not the data contained in these data bases
has been validated,

Part C is a listing of past or ongoing monitoring activity. The purpose of
this presentation is to make the reader aware of other monitoring studies. This
may be helpful in providing more references on certain methodologies as well as

axamples for examination and possible application to future studies.

A. MONITORING METHODS

This section includes the monitoring of chemical, biological, and physical
data., For details of the procedures and instruments used, refer to the
referenced reports.

Chemical Data Monijtors

Concentrations of substances in the following media may be monitored with
available methodology.
Air--

Aliphatic Aldehydes 1

Ammonia 1

Carbon Dioxide 1
Carbon Monoxide 1,3



Flements of Atomic No. 16 - 35 and 82 1
Lead !

Metals 2

Methane !

Nitrogen Oxides 1,3

Organic Vapors

Ozone and Oxidants 1,4

Polynuclear Aromatic Hydrocarbons 2
Respirable Particies 1,3

Sulfur Oxides !

Total Hydrocarbons 1

Total Suspended Particles 1

Water, Blood, brinel--
Halogenated Hydrocarbons and Benzene
Metals
Pesticides and PCB's
Polynuclear Aromatic Hydrocarbons
Hair--
Arsenic, Cadmium, and Lead

Polychlorinated Biphenyls
Poiynuclear Aromatic Hydrocarbons

Biological Data Monitors

Personal Cardiopulmonary Electrode Monitors 4

Physical Data Monitors

The following parameters may be monitored using available methodology.
Air--

Wind Speed 1

Wind Direction 1

Temperature 1

Relative Humidity 1
Water--

Sedimentation--

B. DATA BASES

Listed below are the available data bases generated from monitoring studies.
(Source: Enviro-Control, Rockville, MD)



SAROAD (Storage and Retrieval of Aeromatic Data System)

EPA data hase with ambient air quality data from over 4000 active air
monitoring sites across the country.

HATREMS (Hazardous and Trace Emissions System)

EPA emissions data base for pollutants not regulated by the Primary
Ambient Air Standards.

NEDS (National Emissions Data System)

EPA data base on emissions of pollutants for which there are Primary
Ambient Air Standards. Collection is from about 75,000 point sources
and 3,200 area sources.

EHIS (Emissions History Information System)

EPA data base containing reports of U.S. pollutant emissions estimates
for previous years.

AERQS (Aerometric and Emissions Reporting Systems)

EPA data base of pollution data.

STORET (Storage and Retrieval for Water Quality Data)

EPA data base on water quality.

NPDES (National Pollutant Discharge Elimination System)

tPA data base with information on the guantity and quality of discharges
which have been permitted under the National Discharge Permit Program for
all point source discharges into U.S. water.

NAWDEX (National Water Data Exchange)

U.S. Geographical Survey data base of water monitoring data from
federal, state, and local programs.

WATERDROP (Distribution Register of Organic Pollutants in Water)

EPA data base of organics in water.

EDAS (Environmental Data Analysis System)

EPA data bases on fine particle emissions, liquid effluents, solid
wastas, and gaseous emissions.
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Environmental Contaminant Monitoring Program

Department of Interior data base with pesticide monitoring data for
fish, ducks, and starlings. Twenty pesticides, organics, and heavy
metals are included.

Pesticides Soils Monitoring Program

Results of EPA monitoring programs to measure levels of pesticides in
soil.

Iv-4



C. ONGOING MONITORING ACTIVITY

Beaumont - Lake Charles Environmental Study

This is a multimedia study of air, food, and drinking water in the Texas-
Louisiana Gulf Coast. Body burden measurements will be studied by taking blood
samples. The target pollutants that will be investigated are halocarbons,
benzene, vinyl chloride, cadmium, and mercury. This study will be performed by
the Qffice of Research and Development, Region VI, and the Mational Enforcement
and Investigative Center.

The first phase of this investigation has now been completed. A number of
monitoring methods were tested in the field, including personal air quality
monitors to measure direct numan exposure to 15 volatile organic compounds
(VOC), a method of collecting and analyzing human breath samples for VOC Teveis,
an analytical protocol for determining VOC levels in blood, and a collection
method and fracticnation scheme for bioassay of particulate organics. £Sight
sampling trips between August 1978 and March 1980 resulted in determining levels
of 10 to 20 toxic substances in about 40 air samples, 20 water samples, 12 food
composites, and 22 blood and urine samples taken from local non-occupationally
exposed individuals. Major conclusions to date are as follows:

1. Use of personal monitors coupled with breath analysis appears to be a
promising technique for field monitoring studies.

2. Individual exposures at Lamar University in Beaumont and ambient
concentrations at Lake Charles, LA are high for many organic species.

3. Investigations of sources identified several industrial or waste
disposal sites of concern.

Southern Ohio Integrated Exposure Assessment Study

This study is an effort to establish outdoor gradients in concentrations of

saveral pollutants: benzo(a)pyrene, arsenic, cadmium, and benzene. There are
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plans to extend the monitoring to indoor and personal exposures. Tnis study is
being performed by the EPA fnvironmental Monitoring and Support Laboratory in
Las Yegas, Nevada.

Carbon Monoxide Studies

In this study 1,000 vehicles in Denver and Boston including schoolbuses,
police vehicles, and taxicabs, are being tested for carbon monoxide (CC) levels
inside passenger compartments. Stain tubes and personal monitors in conjunction
with CO analyzers are being used. Commuting pathways and other activity
patterns are also to be studied. This study is being performed at EPA’'s
Environmental Monitoring and Support Laboratory, Researach Triangle Park.

World Health Organization (WHQ) Air Quality Monitoring Project

There are two goals of this project. The first is to establish and develop
air monitoring systems, and tne second is to exchange information on the leveis
and trends of air pollution, There are currently about fifty counties
participating in this project, and a supporting monograph, "Analyzing and
Interpreting Air Monitoring Data" (WHO 1980), has been published.

Total Exposure Assessment Methodology (TEAM) Study

The goal of this research progrem is to provide field tested methods for
estimating total human exposure to selected toxic or hazardous substances. Al
major pathways contributing to human exposure for a geographical area are to te
investigated simultaneously for each individual in the study. A comparative
analysis is to be made on the air each person breathes, the water he/she drinks,
and the food he/she eats. Concurrently, the same chemicals or their metabolites
will be measured in each person's biological fluids. The program will attempt
to establish, for each chemical, the relative importances of certain routes of
exposure as well as to determine whether a predictable correlation exists

between exposure and body burden,
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This initial study, with a duration of about 6 months, will be conducted on
nine individuals seiected from the communities of £lizabetn and Bayonne, flew
Jersey. The specific aims of this pilot study are as follows:

1. To develop, test, ana apply portable or personal air quality monitors
capable of determining ambient air concentrations of selected toxic chemicals in
the microenvironment of an individual.

2. To develop and/or field test sampling and analytical protocols and
questionnaires for measuring the toxic chemicals of interest in air, food,
drinking water, and human body fluids.

Subobjectives include the following:

1. To determine which substances are important in terms of exposure.

2. To determine biological variability within and between individuals.
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V. TREATMENT OF UNCERTAINTY IN EXPOSURE ASSESSMENTS

Uncertainty in exposure assessments arises becausa frequently such
assessments are derived from limited monitoring data, simulation models, and
assumptions about parameters for approximating actual exposure conditions. Both
data based on estimated parameters and assumptions about parameters are likely
to contain uncertainties which affect measurements introduced in exposure
assessments. It is true that good and ample monitoring data and realistic
assumptions will reduce, to a large extent, the magnitude of uncertainty
associated with exposure assessments. However, quality data for various
elements of exposure assessments are rare, and this is one area where future
efforts need to be directed to improve exposure assessment analysis.

In general, two approaches are available for dealing with uncertainties in
exposure assessments. The first, a parametric approach, is usually based on a
mathematical model which 1inks the output and input variables. The model itself
can range from simple to complex. Using the most probable input values as
estimates, the estimate of output is derived through the specified model.
Uncertainties in the input variables or parameters are expressed as likely
ranges for the variables and estimates of the variables. The variation in
output variable due to perturbations in input values or parameters can be
evaluated by partial derivatives or by a simple method of calculation,
substituting new values of the variables or parameters.

The above treatment c¢f uncertainty, conducted through sensitivity analysis
of exposure assessments due to parametric variations, is based on a mathematical
model and ranges of input values, and uses partial derivatives as the principal
tools. In the second approach, which can be termed a statistical approach,

parameters are estimated statistically from the data. The uncertainties of the

V-1



parameters in this case can be expressed by statistical confidence intervals,
which are ranges in which the true values of the parameters are expected to lie
with a certain level of confidance. Furthermore, uncertainties associatad with
individual parameters can be progressively combined by the method of error
propagation of certainty to obtain the confidence interval or uncertainty of the
output variable. The model in this case can be considered as statistical rather

than mathematical. Further explanation of the above two approaches follows.

A, PARAMETRIC APPROACH

Johnson {1) has given a good example of one approach for thoroughly
investigating uncertainties in exposure assassments. The apprcach is a
parametric analysis of the numerical effects of possible variations in input
terms on the estimated dose of radiation from radon in natural gas. This is
just cne example of how to deal with uncertainty and is far from a complete
treatment of how to quantitate uncertainty in all types of exposure assessments.

A schematic diagram of the overall assessment of the exposura from radon
contamination is depicted in Ficure 1. This sort of graphical representation is
very helpful, as it presents an organized approach to the assessment and shows
all its major components, including a listing of the important parameters
involved. Following this schematic diagram, a table showing the most probable
input values or parameters used for analysis and their possible variations
(ranges) seems useful and needs to be given. The input term values are first
selected and defended or justified as being representative of a probable,
well-defined scenario. In the analysis given by Johnson, these information bits
include the radon concentration in the gas at the point of use, the tvpe of
appliance, and parameters related to gas use, such as degree days, nhouse size,

air exchange rate, mode of exposure, critical organ, and other factors.

v-2



Gas use, heating, cooking, Radon dosimetry Movhidity

etc.
Use rate, venting, dilution, Critical mode of Horvtality
volume exposure
222pn concentration 222pp concentration Critical organ
Hell location, Daughter product equilibria, Population statistics
depth and pressure free {fon fraction, ventilation
seasonal rate, aerosol properties, Geographical gas use
variations dispersion and removal processes
production rate
Hatural Home use Dose Health
gas ___Storage_ of s equivalent | - risk
wells Transport natural gas I person-re )
time Tt T T
Gas processing Radon concentration Dose equivalent to
and distribution, to dose conversion health clivcts
mixing from factors conversion tactors
different well fields
SOURCE EXPOSURE POPULATION HEALTH
TERM CONDITIONS EXPOSURE LIFECTS

(D O O ()

Figure 1. Model for estimating potential health effects from radon in natural ga.

SOURCE:  Johnson, R.L., Jr., D.E. Bernhardt, N.S. Nelson, and H.N. Calley, Jr. MNovewber 1973. Asscssments of
potential radiological health effects from radon in natural gas. EPA 520/1-73-004.



Possible variations in each of the above parameters are then listed, e.g.,
although the radon concentration used in the assessment was 20 pCi/liter, the
possible variation is 10 to 100 pli/liter. A table (Table V-1) is used to
provide representative values of the parameters and their possible variations.

A second table (Table V-2) is then used to provide simple, one-at-a-time
factors for use in estimating the effects on the assessment of output value for
variations in the input terms. To facilitate such "what if" analyses by the
reader, correction multipliers are provided for each value. For example, since
the exposure decreases exponentially with increasing air exchange rate, and 1.0
air exchanges per hour is the reference level, muitipliers at 0.25 and 2.0 air
exchanges per hour are given. The correction at 0.25 air exchanges per hour is
6.01, i.e., the expogure is 6.01 times as great at 0.25 than at 1 air exchange
per hour. The correction multiplier at 2.0 air exchanges per hour is C.339,
which is 0.339 of the dose at 1 air exchange per hour. Also, the dose at 2 air
exchanges per hour is 1/18th of the dose at 0.25 air exchanges per hcur, thus
showing the pronounced influence of air exchange rate on radon-related dose to

the bronchial epithelium.
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ABLE Y-1. EXPOSURE CONDITIONS AND POSSIBLE VARIATION IN PARAMETERS FOR

ANALYZING DOSE FROM RADON IN NATURAL GAS

Parameter Condition for this Possible variationso
analysisd
Raden concentration in 20 pCi/l 10-100 pCi/1

gas at point of use

Gas appliances

Gas use:
Ranges
Heaters

Degree-days

Appliance venting

House size

Air change rate

Cooking ranges
Space heaters

0.765 m3/day
0.354 m3/degree-day

Average for each state

Unvented

226.6 m3

One per hour

Could include
refrigerators, clothes
dryers, etc.

Up to 1.19 m3/day

0.28-0.42 m3/degree-
day

+ 25% within states

Ranges could be partly
vented

142-425 m3

0.25-5 per hour

dThese are intended to be typical average conditions, although some of the
less well understood parameters were chosen to give a higher or more

conservative dose estimate.

DThese are reasonable variations which could be encountered for a large
fraction of the exposure conditions or population at risk.

CSee original document for average annual degree-days and for variation

with degree-days/day.

dratio of Rn, RaA, RaB, RaC (RaC').

€This factor includes assumptions for daughter equilibria, critical mode

of exposure, lung model, and other dosimetry factars.

(continued on following page)



TABLEZ V-1. (continued)

Parameter Condition for this Possible variations®
analysisd

Radon concentration in home

from ranges 0.0028 pCi/l 0.001-0.05 pCiN
from heatersC 0.01 pCi/l 0.005-0.3 pCiNl
Radon daugnters:
in gas No daughters , 1, 1, 1, 14
in home 1, 0.8, 0.6, 0.4d 1, 1, 1, 1 tod
1.0, 0.5, 0.25, 0.1
Percent free RaA 8.5 percent 5-25 percent
Critical mode of exposure Inhalation of radon Radon alone gives
daughters < 1% of dose
Critical organ Bronchial epithelium Some exposure also to
nasopharynx, lung,
and whole body
Dose conversion factore 100 rads/year for 50-125 rads/year

continuous exposure
at 1 WL (100 pCi/1)

Quality factor 10 3-10

aThese are intended to be typical average conditicns, although some of the
1ess well understood parameters were chosen to give a higher or more
conservative dose estimate,.

bThese are reasonable variations which could be encountered for a large
fraction of the exposure conditions or population at risk.

CSee original document for average annual degree-days and for variation
with degree-days/day.

dratio of 2:n, RaA, RaB, RaC (RaC').

€This factor includes assumptions for daughter equilibria, critical mode
of exposure, lung model, and other dosimetry factors.
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TABLE V-2. CORRECTIONS TO ADJUST ESTIMATED HEALTH EFFECTS FOR DIFFERENT
EXPOSURE CONDITIONS

Parameter Correction muitiplier

Air changes per hour

0.25 6.01

1.0 1.0

2.0 0.339
Radon activity Lineard
Quantity of gas used Linear
House size Linear

Daughter equilibria

Ratio 1, 1, 1, 1 1.9
1, 0.9, 0.8, 0.7 1.3
1, 0.8, 0.6, 0.4 1.0
1, 0.75, 0.5, 0.3 0.84
1, 0.5, 0.25, 0.1 0.39
Percent unattached RaA
3 0.75
8.5 1-0
10 1.3
25 2
Dose conversion factor _Linear
Quality conversion factor Linear
Health effects conversion factor Linear

. dA Tinear correction means the correction is proportional to the variation
in the parameter.
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Finally, no exposure assessment should be considered complete without a
raview of uncertainties, This review should include a qualitative evaluation of
the significance of pertinent assumptions in light of reasonable variations
which could be encountered for actual exposure conditions. If possible, special
emphasis should be placed on evaluating extremes in each assumption. For
example, have parameters been chosen to evaluate extreme or average exposure
conditions? Is the final assessment likely to be an overestimate or
underestimate? In addition, the review of uncertainties could also include a

cmparison of exposure estimates with actual monitoring data (if any exists),
and a mathematical/statistical propagation of errors for each of the assessment
parameters.

The approach outlined above is a simple one based on calculating results
after substituting the new values oF the parameters. To summarize, this simple
approach has four basic components:

1. A schematic diagram of the overall assessment.

2. A table listing the main assumptions and possible quantitative variation

of each parameter,

3. A sensitivity analysis of the effects of the output variable(s) with

variations of the input variables or parameters.

4. A review of uncertainties.

This approach provides answers to "what if" questions identical to those
that can be generated by partial derivatives. An elegant exposition of the
partial derivative approach was given in the GEOMET Indoor-Qutdoor Air Pollution
Model (2). The model estimates indoor air pollutant concentrations as a
function of outdoor pollutant lavels, indoor pollutant generation source rates,
pollutant chemical decay rates, and air exchange rates. Sensitivity studies on

the model parameters were conducted with partial derivatives indicating change
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in outdoor pollutant levels for variations in input variables or parameters. The
main advantage of the partial derivative approach is that formulas for
evaluating partial derivatives can be provided. Simple graphs of output vs.
input parameter variations, taken one at a time, can be used to show the forms
and strengths of the various dependencies,

Mathematically, for a given general model y = f(X,P), model sensitivity is

defined as:

| (X0, Po)

where

f = the function defining the mathematical model,

X = (X1, X2, ..., Xn) = the vector of independent variables,

P =(P1, P2, ..-5 Pn) = the vector of parameters,

Xo = (X10> X20s «++» %no) = fixed value of X, and

"

Po = (P10» P2Qs «-+>» Pno) = fixed value of P.

The term 3 f(X,P) = (Xo, Po) is the partial derivative of
5 Pi
the function f with respect to the parameter p; at fixed values of the input
and parameter vectors Xg and Py. The partial derivatives can be considered

as sensitivity coefficients. The change in the function f due to perturbations

of several parameters is given by the following equation:

df 3 f dpj (1)

1 3Py

nel o=

i

Equation (1) indicates that the approximate uncertainty (df) of f is a linear
combination of the uncertainties in the individual parameters (dpj, i=1, ...,

k), where the coefficient of each dpj is the sensitivity coefficient. The
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approach can be usad for arror or sensitivity analysis when af, the actual

change in the function, can be approximated by df.

B. STATISTICAL APPROACH

In the parametric approach, the effects of the variations of the input
values on the output value is either determined numerically through the
substitution of the new values of the input variables or through evaluation of
the partial derivatives. Statistical methods are not used directly for analysis
of uncertainty but the ranges of the ipput variables can be determined
indirectly through statistical analysis,

In the statistical approach, uncertainty is analyzed through more rigorous
use of statistical methods. Essentially, in this approach uncertainty of an
unknown parameter is given by a confidence interval where the true value of the
parameter will Tie. The level aof confidence can be set accordingly as desired
. by the analyst. Furthermore, uncertainties associated with individual
parameters can be propagated, and the manner in which they are propagated wili
depend on the functional relationships between variables and upon the type of
uncertainty (random or systematic) involved.

The uncertainty or error in the estimate of a parameter can be broken down
into two components known as random error and systematic error. Random error
results from imprecision of measurements, which is indicated by the scatter of
the independent measurements on a parameter. Systematic error, on the other
hand, results from the inherent bias in the measurement process and cannot be
eliminated even if the sample size is greatly increased. Failure to measure
something that is intended results in bias. If bias is zero, then uncertainty
will consist solely of random error,

R.W. Serth et ai. (3) have provided practical and useful formulas for
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evaluation of uncertainty or errors when random or systematic errors are
present, Tables V-3 and V-4 give error propagation formulas for various
operations of variables for random and systematic errors. In the case of randcm
errors, uncertainty is expressed by confidence intervals determined from
samples. For example, consider two independent variables X; and Xp whose
measurements are subject to random errors. The true means Xj and Xp are
unknown and are estimated from samples ny and np. The errors of measurement

for Xy and X are assumed to be normally distributed with zero means and
variances 012 and 022. The sample means A and B are the estimates of

true means, With these assumptions, (1-a) x 100% confidence intervals for

X7 and YE are given by A + a and B + b. The terms a and b are evaluated by

91 92

Za'?%% and 2 AT where Z, is the (1-2/2) percentage point of the
normal distribution and can be obtained from the table of normal distribution,
The propagation of error for addition of X7 and Xp can be obtained by
considering y = X] + X2. The confidence interval of X] + Xp is given by
A+ B+ vaZ + bZ (sese Table V-3). Confidence intervals for other functions
of X1 and X, are given in Table V-3. [In practice, the population variances
612 and 022 are not known, and they have to be estimated by sample
variances. Where the variances 012 and 02 are not known and are
replaced by sample estimates, the terms a and b are given by togérand
ts, 52 where ta is the (1-2/2) percentage point of 't' distributrgn and
YN2
s12 and 5,2 are sample estimates of 312 and G52, When the
sample size is large, confidence intervals can be approximated well by using

normal distribution.
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The determination of confidence intarvals and propagation of errors provides
another possible approach to determine uncertainty associated with axposure
assessments, The cutput variable related to exposure assessments usually
depends on various input parameters whose estimates are needed %o make sound
exposure assessments, If sample data are available for estimating parameters,
the uncertainty or confidence interval for each parameter can be constructed by
the method discussed above. Furthermorz, propagation of error formulas can be

used for determination of uncertainty of any function of the parameters.
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TABLE V-3. ERROR PROPAGATION FORMULAS FOR RANDOM ERRORS

Operation Error Propagation Formula
Addition Xp + X2 A+B+7a +p?
Subtraction X1 - %2 A -8B +7al + b2
Multiplication XX AB + 78232 + A2b2
Division L1/ %2 (A/B) + EE_+ ff_bz
vV B2 g4
General case f(X1X2) f(A,B) :/ 5F(A,B)Z 1o + of(A,B)]2 b2
NAERERS! :i —ngﬁi—l!

—

Note:

A+ aand B + b are confidence intervals for X; and X», where X and
X7 arethe true average values and A and B are the sample means basad on
samples ny and np, It is assumed that the variables X; and Xp are
statistically independent. The errors are assumed to be normally distributad
with zero means and variances 012 and 0,2, The error propagation
formulas give (l1-x ) x 100 percentage confidence intervals for various
operations of X and y, where a = Za ¢l and b = Za g2 , and

T /o~
z, is the (1-a/2) percentage point of the normai distribution. The formulas
for multiplication, division, and the general case are only approximations, as
they are based only on the first two terms in the Taylor Series expansion.
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TABLE V-4, ERROR PROPAGATION FORMULAS FOR SYSTEMATIC ERRORS

Operation Lower Bound Upper Bound
Addition (A +8) -(a+hb) (A +38) + (a+hb)
Subtraction (A - B) - (a +b) (A -B) + (a +Db)
Multinlication AB + sgn(AB)ab - (a|B|+b|A]) AB + sgn{AB)ab + {al|Bj+b|Al)
Division A - alB|+b|A] A+ a|Bl+b|A]

) B¢ + sgn(AB)b|B] () B< - sgn(AB)b[3]
Note:

A +aand B + b are error bounds for X1 and Xp, where A and 3 are
estimates, The formulas give lower and upper bounds of four basic mathematical
operations of X; and Xp. The formulas are valid only when X1 and Xp are
functionally independent variables. Sgn (AB) denotes the algebraic sign of the

product AB.



As an exampie of the application of error propagation of uncertainty,
consider that a certain pollutant is released to the air and that solid wastes
are disposed of from a plant. It is requirad to estimate the mean emission
factors of air and solid waste separately, as well as the total mean emission
factor, wnich is the sum of the two individual emission factors. Consider that

the following sample data are available for estimation.

TABLE V-5. HYPOTHETICAL DATA

Air Solid Waste
Number of observations, n 10 15
Sample mean emission factor, g/kg 0.403 0.760
Sample standard deviation, s, g/kg 0.318 0.540
£0.975, n-1 (0.975 point of 't'
distribution) 2.262 2.145

Following the notation of Table V-3, the estimates of mean emission factors

for the pollutant to air and solid waste are as follows:

cstimate of mean air emission factor = A = 0.403 g/kg

Estimate of mean solid waste emission factor = B = 0.760 g/kg
The 95% confidence intervals for mean emission factors to air and solid waste
are given as:

95% confidence interval of mean air emission factor = 0.403 +

0.228 g/kg, a = 0.228 g/kg

95% confidence interval of mean solid waste emission factor

0.760 +
0.298 g/kg, 5 = 0.298 g/kg
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The total emission factor is the sum of the air and solid wasta emission
factors. Tne confidence interval of the mean of the total emission factor is
calculated by the error propagation formula for addition (sse Table 3) as

follows:

Confidence interval of total emission factor = A + B + Yal + b2

1.163 + 0.375 g/xg

Though rigorous statistical analysis of uncertainty in exposure assessments
is desirable, it might be difficult to adopt. The sampling data for estimation
of various parameters are often unavailable or scanty, making them unsuitable
for reliable statistical analysis. In these situations, a simpier parametric
analysis or a combination of parametric end practical statistical analyses can

prove to be useful,
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YI. GLOSSARY OF TERMS USED IN EXPOSURE ASSESSMENTS

Tnis chapter of the Handbook contains many terms commonly used in the
exposure assessments of the various program offices. It is important that these
terms be defined since they are not universally understood as having only one
meaning. It is hoped that the definitions presanted here will be used by all

program offices in future assessment reports.

abiotic: referring to nonliving elements of the environment,

absorption, chemical: the uptake of a pollutant by its penetration into living
or nonliving material through a physical or biological process.

absorption, radiation: the process by which radiation imparts some or all of
its energy to any material through which it passes.

acute: referring to exposure of short duration. Traditionally a general term
used for serious adverse effects following brief exposure, such as "acute
studies" referring to LDgp estimates.

adsorption: the adhesion of pollutants to the surfaces of materials.

ambient: environmental or surrounding conditions.

area source: a pollutant source that releases emissions over a relatively large
geocraphical area.

background, chemical: normal environmental concentrations of a pollutant
resulting from non-specified sources.

background, radiation: radiation arising from radicactive material other than
the one directly under investigation.

bioaccumulation: the ingestion and concentration of a substance (poilutant) b
an organism,

A\

J

bioassay: the determination of the biological effect of a substance on a test
organism.

bioconcentration: the increase in concentration in tissues of aquatic organisms

over that in water due to the water only, and not due to ingestion (see
bioaccumulation).

biodegradation: the decomposition of a pollutant by organisms into mora
elementary compounds.
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biomagnification: tha total accumulation of a pollutant by a series of
organisms in the food chain normally showing increasing concentrations of
the pollutant in each succeeding trophic level.

biotransformation: the changing of a substance into other compounds; inciudes
biodegradation.

burden: the quantity of a substance contained in a given constituent at a given
time.

carcinogenicity: the capacity of a substance (pollutant) to cause or induce
cancer,

CAS registration number: a number assigned by the Chemical Abstracts Service to
jdentify a chemical substance unambiguously.

chronic: referring to adverse offects resulting from long term and/or
frequently occurring exposure to a pollutant,

critical pathways: those pathways by which a significant amount of pollutant
moves from the source to the receptors.

critical receptor: a designated segment of the human population or of the
environment which is most adversely affected by exposure to a pollutant.

critical sourcef(s}: the pollutant source(s) that contributes significantly to
the exposure of the critical receaptor.

cumulative exposure: the summation of exposures of a receptor to a pollutant,
over a period of time.

Curie: the unit used in measuring radiocactivity amounting to a decay rats of
3.7 x 1010 disintegrations per sacond.

damage/response: the mathematical relationship between exposure and likelihood
or extent of injury to the receptor.

decomposition: the reduction of net energy ievel and cnange in chemical
composition of organic matter because of actions by microorganisms.

degradation: the chemical or biological transformation of a complex compound
into simpler compounds,

dermal exposure: exposure of an organism's external membrane (generally the
skin) to a pollutant,

diffusion: the movement of a pollutant in an environmental medium resulting in
its ditution,

direct exposure: exposure resulting from occupational or consumer contact with
a chemijcal.



dose, chemical: the quantity of a pollutant absorbed across the exchange
boundaries of the receptor and available for interacticn with metabolic
processas.

dose, radiation: the quantity of radiation absorbed, expressed in units of
rads.

dose commitment, radiation: the sum of doses to all individuals over the period
a radioactive substance (pollutant) persists in the environment in a state
available for interaction with humans; measured in person-rems.

dose equivalent, radiation: biologically effective radiation, expressed as the
product of absorbed dose, a quality factor, and a distribution factor;
measured in units of rems,

dose rate: the quantity of material (pollutant) absorbed across the exchange
boundaries per unit of time.

dose response: the function relating dose to the likelihood of adverse
effects to an organism.

dosimetry: (1) instrumentation to measure dose; (2) process of measuring dose.

ecological (or environmental) exposure: exposure of a nonhuman receptor to an
environmental pollutant,

ecology: the interrelationships of living things to one another and to their
environment or the study of such interrelationships.

ecosystam: the interacting system of a biological community and its nonliving
environment.

effective stack height: the sum of the stack height and the plume rise.

effluent: gaseous or liquid outfiow (including aerosols and particuiates) of a
pollutant from a source to the environment.

emission factor: a term relating the amount of a pollutant released to the
environment by a source to the lTevel of activity of the source.

emission rate: the amount of a pollutant released to the environment by a
source per unit of time,

environmental fate: the destiny of a pollutant after release to the
environment; it involves temporal and spatial considerations of pollutant
transport, transfer, and transformation.

enidemiology: the science that deals with the incidence, distribution, and
as the final outcome, control of disease.
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exposure, chemical: a measure of the amount of a pollutant available at the
exchange toundaries, i.e., lungs, gut, and skin of the receptor during
specified times.

axposure, radiation: a measure of the jonization producad in air by X or gamma
radiation; expressed in units of roentgens.

exposure assessment: an estimation of the magnitude of exposure to an
environmental poliutant; it generally requires that an estimation be made of
all of the pollutant's major features including sources, releases, fate, and
contact.

foliar uptake: the uptake of a pollutant by plant leaves.

fugitive emissions: emissions which are nct directly out of the stacks.
Fugitive emissions are leaks which aren't captured in the exhaust system.

fume: an airborne dispersion of minute solid particles commonly formed by the
condensation of a votatilized solid, often molten metal, and frequently
accompanied by oxidation.

gradient: the rate of change of a guantity with distance,

half-1ifa: the length of time required for the mass, concentration, or activity
of a pollutant to be reduced by one-half.

histogram: a bar chart depicting the frequency of occurrence of each of various
cutcomes of an experiment or series of events,

hydrolysis: The process by which a compound is degradead by reaction with water.

indirect exposure: exposure not resulting from ejther occupaticnal or consumer
contact with a chemical.

intake: that amount of pollutant inhaled, ingested, or absorbed dermally during
a specified period of time.

integrated exposure assessment: a summation over time, in all media, of the
magnitude of expcsure to an environmental pollutant.

intermedia: concerning the transfer of a pollutant from one environmental
medium to another,

Teaching: the movement or removal of a pollutant by the action of a percolating
liquid (generally watear).

materials balance: an accounting of sources, production, uses,
destruction/disposal, and environmental release of a substance.

metabolite: any product of metabolism, especially a transformed pollutant.

mobile source: a moving pollutant source such as an automobile.



mobilization: the physical, chemical or biological disturbance of chemicals
that may be relatively harmless if left undisturbed in bones, adipose
tissue, ore deposits, landfills, or bottom sediments of water bodies so that
these chemicals can move into the general environment where exposures can
occur,

modaling: the development of mathematical procedures to simulate real events
and processes.,

monitoring: measuring concentrations or behavior of pollutants in environmental
media or in human or other biological tissue.

morbidity: (1) relating to diseases caused by exposure to environmental
pollutants; (2) the rate of illness in a population caused by exposure to
pollutants,

mortality: (1) relating to fatalities caused by exposure to environmental

poliutants; (2) the rate of deaths in a population caused by exposure to a
pollutant.

mutagenicity: (1) the ability of a substance (pollutant) to cause a permanent,
hereditary change in an organism such that the affected characteristic will
be transmitted to future generations of descendants; (2) the ability of a
substance {poilutant) to cause a change in the genetic material of a cell.

particulates: finely divided solid or liquid particles in the air or in an
emission. Particulates include dust, smoke, fumes, mist, spray, and fog.

pathogenic: causing or capable of causing disease.

pathways: the sequence of environmental interactions of a pollutant extending
from its source to the receptor.

percolation: downward flow or infiltration of water through the pores or spaces
of a rock or soil.

permissible dose: the dose of radiation or hazardous substance that may be
received by an individual within a specified period with the expectation of
no significantly harmful result.

person rem: the product of the average individual dose in a population and the
number of individuals in the population.

pharmacokinetics: the dynamic behavior of chemicals inside biological
(especially animal) systems; it includes the processes of uptake,
distribution, metabolism, potentiation or detoxification, and excretion.

photochemical smog: air pollution associated with oxidants rather than with

sulfur oxides, particulates, etc., and arising from the interaction of light
with organic matter.
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photolysis: the decomposition or dissociation of a molecule as the result of
the absorption of light,

point sourca: a ceographically small, stationary smission sourca.

npopulation at risk: the population subgroup that is susceptible to the toxic
effects of the poliutant in question at the exposed concantration levels.

prototype source: a source that is used as a typical example to represent other
similar sources (of a certain size category) in lieu of individual modeling.

rad: the acronym for radiation absorbed dose. A dose of one rad equals the
absorption of 100 ergs of radiation energy per gram of absorbing material.

radiation: the transmission of electric or magnetic energy through any medium,
with or without matter. The term has been extended to include streams of
particles, e.g., alpha particles, beta particles, and cosmic radiation.
Examples of radiation are heat rays, sunlight, radio waves, X or gamma
rays, and lightning discharges. (Alpha particles are helium nuclei and beta
particles are electrons.)

receptor: a living or nonliving object that receives, may receive, or has
raceived environmental exposure to a pollutant.

rem: acronym for roentgen equivalent man. The unit of dose of any ionizing
radiation wnich nroduces the same biological effect as a unit of absorbed
dose of ordinary X-rays.

reservoir: a place in the environment where a pollutant collects for possibie
later release.

risk: the potential for realization of unwanted negative consaquencas of an
avent.

risk assessment: a quantification of the environmental and/or health risk
resulting from exposure to a pollutant; it combines exposure assessment
results with dose/response and/or damage/response information to estimate
risk.

root uptake: the absorption of a pollutant by a plant through its roots.

route of exposure: the nature of exposure to an organism; this includes
inhalation, ingestion, dermal contact, and less frequently, injection and
implantation.

runoff: the portion of rainfall, melted snow, or irrigation water that flows
across ground surfaces and into streams, lakes, ponds, discharge basins,
sewage treatment plants, etc.

sedimentation: the settling of s0lids under the action of gravity.
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sink: a place in the environment where a pollutant coilects more or less
permanentiy.

sorption: the procass of taking up and holding either by adsorption or
absorption.

source: the origin of the emissions of a pollutant to the environment.

species, chemical: a specific kind of chemical molecule or radical jon, as
opposed to a class, mixture, or unspecified substance; the halium atom, the
benzene molecule, and the OH radical are chemical species.

stratification: (1) the division of a population into subpopulations for

sampling purposes; (2) the separation of environmental media into layers as
in lakes.

synergism: cooperative action of two or more agents such that the total effect
is greater than the sum of the individual effects taken independently.

teratogenicity: the capacity of a substance {(pollutant), to cause nonhereditary
changes, e.g., birth defects, in a first-generation descendant.

threshold: the lowest dose at which a specified measureable effect is observed
and below which it is not.

threshold limit value (TLV): the largest exposure at which no measurable
adverse effects are expected to be produced; a 1ist of values is published
periodically by the American Conference of Governmental Industrial
Hygienists for various chemical compounds.

time-weighted average: an average of a sample of observations weighted to
represent time history, usually applied to environmental concentrations.

toxicant: a substance that kills or injures an organism through its chemical or
physical action or by altering its environment.

toxicity: the quality or degree of being poisonous or harmful to piant or
animal life,

transfer: the movement of a pollutant from one environmental medium to another,
transformation: the change in chemical state or structure of a pollutant.

transport: the movement of a poilutant from one anvircnmental medium to
another,

uncertainty: a range of values (probability estimates) or the statistical
confidence limits associated with an estimated value.

uptake: See dose, chemical.
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YII. STANDARD FACTORS USED IN EXPOSURE ASSESSMENTS

This saction of the Handbook contains some of the parameters used in the
exposure assassments of the Program Offices. We have classified these
parameters as biological, economic, chemical, and physical, Tne Program Offices
reserve the right to exercise judgement in the use of these standard ftactors as
mitigating circumstances (such as current data) may warrant the substitution of

more appropriate numbers.

A. BIOLOGICAL PARAMETERS

Mass of Standard Humansl

male adult: 70 kg
female adult: 60 kg

Skin Surface Area?

1.85 m2 - totally exposed (man 180 cm high)

0.294 m2 - assuming short-sleeved, open-necked shirts, pants,
shoes, with no gloves or hats

0.091 m2 - assuming long sleeved shirts, gloves, pants, shoes.

Effective Pore Size of Skin and Other External MembranesS3

4 Angstroms (0.4 nm)

fmount of Food Consumptiond

1500 gm/day (excluding beverages)

Drinking Water Consumption?

2.0 liters per day

Respiratory Rated

Adult male Adult female
resting 0.5 m3/hr 0.27 m3/hr
light work 1.2 m3/np 1.0 m3/hr
medium or heavy work 1.8 m3/hr 1.5 m3/hr
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Size of Respirable Particulatas {aercdynamic diameter)3

< 1 pum : 100% reach the alveoli; 0% retention in nasal passace
2 um : 80% reach the alveoli; 20% retention in nasal passage
5um ; 50% reach the alveoli; 50% retention in nasal passage

>i0 um : almost complate retention in nasal passaage
- mouth breauhers can inhale particles up to 15um aerodynamic diameter
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8. ECONOMIC PARAMETERS

1877 U.S. Population by and State (in thousands)’

] 1 Undert ! i | A 1
TIPS O PIRE ) [SPONT S LT I VPR IDPIPI N B
JTATE i TII3 . eesy ¢ o yealy . oyeary . mdy Covears | s
i J . 1 ! ogver uver
! ! ;
‘ : Lo
! . :
- ! i gy cee | e ;e el e
L T PrgE I Sk § RS-t I g S 2 L 45Tz

New ZAL, euennd] a4 AR W.TH]
MAC .. 1 X7 G4 MY
Nl i ar - :
Vliaecaenan o] M3

Seeseevccnsy 444 pA]
1 SR i R

ulhd. At 2 ;’ 2.022
T SO HER] WX
NI Rl R

‘.'a.._.....-..! T4 &2

E. No. Cesto.__.|

(o1} T N,
e

DL P
Mt ecraae e
LA SO,
W. Na. Crota....
MiRflmeenaan
lowa e
MO..vramn
N. IJak
8, Dallaaae...
Netif ...,

—tesnens

S Al

3o coconamae]
W Ve ..
NCocaanas

L eema e e
[o] USSR

E Se. Ceat.....
AY.eoames anoae
ry 21 VORI
AL e

SIS e
W, So, Contao..|

1.3 { SO,

Mont ...
1T R Tt I~
WSO e = 3
L[ PO oy s
N Mesaa we n
AR 134 135
Utah, .o 102 »
NV e st b

: reemratonres .33 LTS 16,213 | 5.ATT ] %1% | 2.0m
Wash e eneas] oS ] Leer ne i .. v
L1, SO {0 133 i ~y et} 10808
[ V3T SR TN SR L R I S - PO T s
AlvsRa. e, ... =& P2 K] L) v et I
Hawau. ..., ] Y] L3 ] 13 Q (1%}

VII-3



1977 U.S. Population by Age and Sex {in thousands)’

Male

Total, all years 105,240
under 5 years 7,790
5-13 vears 16,438
14-17 years R,553
18-21 years 3,436
22-24 years 5,740
25-34 years 16,312
35-44 years 11,433
45-54 years 11,319
55-64 years 11,319
65 vears and aver 9,599
16 years and over 76,730
18 years and over 72,460
21 years and over 66,060
median age (yrs.) 28.2

Female Total
111,062 216,332
7,446 15,235
15,789 32,227
3,228 16,781
R,361 16,798
5,811 11,551
16,677 32,890
12,047 23,480
12,062 23,332
12,062 23,382
13,925 23,491
83,763 160,521
89,629 152,089
73,210 139,320

30.6 29.¢

Number of People Ixposed to the Chemical (exclusive of a workplace

environment;®

Number of Pecople

> 20 x 106

2 - 20 x 106

0.2 - 2 x 100

¢ 2 x 105

VIi-4

Examples

- widely used househola produc:s

- generai air, food, and water
contaminants

- automotive products

- products used widely in
commercial environments

- less wideiy used housahoid
products

- regional air and water
nollutants, farm chemicals
(exclusive of pesticides)

- specialty hobbies, specialty
products

- neighborhood air and water
pollutants from locail
industries

- chemical intermediates rarely
found outside the workplace



Srequency of Exposure to tne Chemical (exclusive of a workplace environment)8

Frequency

Daily or more often

Weekly

Monthly

Yearly or less frequently

Examples

- general air, food, and watar
contaminants
- household products in regular use
- material used inside
automobiles
- clothing

- hobby crafts

- household products used
intermittently

- bleaches

- gardening products

- dry cleaning

- certain solvents

- house maintanance

- automobile maintenance

- application of housenold
paints
- specialty products

Intensity of Exposure to the Chemical (exclusive of a workplace environment)8

Intensity

High (10-1 or more grams
per exposure)

Medium (10-1 to 10-2 grams
per exposure)

Low (10-3 to 10-4 grams
per exposure)

Very Tow (less than 10-5
gram per exposure)
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Examples

plastics, fabrics, surface
coatings, volatile solvents used
in closed spaces, liguids
contacting skin, high
concentration gases

fabric additives, solvents in
open spaces or outdoor, dusts,
solutes, transitory exposures to
vapors or aerosols

low level indoor exposure,

volatile substances from home
furnishings and building

materials (e.g. plasticizers, flame
proofers), low volatility solvents,
pigments

environmental contaminants (low
level air, food, and water
conteaminants), monomers in polymers



Time Spent in VYarious Activitiesd

activity budget for 3 hr workday:

activity budget for 24 hr workday:

Birth Rate’
1976: 14.8 per 1,000 population

Death Rate’

1976: 8.9 per 1,000 population

Average Life Expectancy’

Male - 69.0 years

Female - 76.7 years
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tmoloyment by Industry (1977)7

Total Percent Female
(x 102)
Agricuiture, forestry, fisheries 3,383 18.5
Mining 814 3.5
Construction 5,504 6.4
Manufacturing 20,637 29.8
Transportation, communications, and 5,833 22,3
other public utilities
Wholesale and retail trade 18,706 44,3
Wholesale trade 3,597 23.6
Retail trade 15,109 49,2
Finance, insurance, and real estate 5,038 54,1
Banking and other finances 2,061 63.2
Insurance and real estate 2,977 47.0
Servicesd 25,658 60.5
dusiness services 1,924 43.0
Automobile services 794 11.0
Personal services?@ 3,826 73.6
Private households 1,406 86.1
Hotels and lodging places 1,068 63.2
Entertainment and recreation 268 36.4
Professional and related services 17,644 4.5
Hdospitals 3,645 75.G
Health services except hospitals 2,683 72.9
Slementary, secondary schcols 5,106 70.6
Colleges and Universities 2,016 47.9
Welfare and religious agencies 1,429 57.5
Public administrationb 4,972 32.9

dIncludes industries not shown separately
OIncludes workers involved in uniquely govermmental activities, e.9.,
judicial and legislative
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Farms7
number of farms in the U.S. - 2.7 x 105

total farm acreage in the U.S. - 1 x 109 acres
average farm size in the U.S. - 397 acres

Total Land in U.S.7

2.264 x 109 acres
Home GardenslG

average size - 750 ft?

annual value of home grown praduce - $14 dillion

percentage of U.S. housenold with gardens - 449

total amount of land used as gardens - 6 million acres
House Sizell

142 - 425 m3

Building Size for Tvpical Endosed Production Facility3

7,000 - 25,000 m3 (259,000 - 925,000 fc3)

C. CHEMICAL PARAMETERS

Chemical Composition of Dry Airl2

Substances fourd in greatar non-variable ccncentrations--

Nitrogen 78.084 + 0.004% (percent by volumes)
Oxygen 20.946 + 0.002% (percent by volumes)
Argon 0.934 + 0.001% (percent by volumes)

Substances found in lesser non-variadle concentrations--

Necn 18.18 + 0.04 ppm
Helium 5.24 + 0.004 ppm
Krypton 1.14 + 0.01 ppm
Nitrous Oxide 0.5 + 0.1 ppm
Hydrogen 0.5 ppm

xenon 0.087 = 0.001 ppm
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Substances found in variable concentrations; may depart significantly from
normal, from time to time and place to place--

Carbon Nioxide 336 + 10 ppm

Methane 2.0 ppm

Sulfur Dioxide G-1ppm

Ozone 0 - 0.07 ppm (summer)
0 - 0.02 ppm (wintar)

Mitrogen Dioxide 0 - 0.02 pom

iodine 0 - 0.01 pom

Anmonia trace

Carbon Monoxide 0 - trace

Chemical Composition Sea Water, Surface Water, and Ground Waterl3

See the CRC Handbook of Environmental Control, Volume 111, Water
Supply and Water Treatment.

pH Ranges for Various Water Quality Categories14

Category Range
Recreation and Aesthetics 5.0 - 9.0
Public Water Suppiies 6.0 - 8.5
Fish, Aquatic, and Wildlife 6.0 - 9.0
Marine and estaurine organisms 6.7 - 8.5
Fresh water organisms 6.0 - 9.0
Agricultural Use 5.5 - 9.0
Irrigation Water Supplies 4,5 - 9,0

D. PHYSICAL PARAMETERS

Air Change Rate (Home Dwelling)ll

0.25 - 5 per hour
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Characterization of Production Emissions3

Emission Route % of Total Zmissions of Air
Process Yents 66 - 70%
Fugitive Emissions 15 - 20%
Storage and Transgortation 8 - 10%
Solid and Liquid Waste 2 - 5%

Stream Emissions

Average Wind Speed3
5.5 m/sec
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APPEMDIY A

GUIDAMCE FOR THE PREPARATION OF

EXPOSURE ASSESSMENTS



I. PURPQSEZ

The guidelines presentad in this document provide the Agency with 3
general aogrcach and framework for carrying out numan or nonhuman 2xposure
assessments for specified poliutants. The guidelines have Deen deveioped with
+he intention that they will assist in future assessment activities and
ancourace improvement in those ZPA programs which require, cor could benefit
frcm, the use 07 exposure assassments. The Juidelines ara procsdural and are
not intended o usurp the substantive basis for regquiatory standards or the
data requirements for reculatory action under any statute. They should be
followed %o the extent possidie in instances where 2xoosurs assassment is 3
required 2lement in the regulatory process or where exposure assessments are
carriad out on 3 discretionary bdasis by IPA management %o support requlatory
or orogrammatic cdecisions. In scme cases, the guideiines will be useful oniy
as a rough template to help 2nsure that significant oversights do not occur.
In other casas, the guidelines will sarve more cioseiy as a model.

The purcose of the guidelines {s threefold. First, the document, by

laving out 2 set of questions to be considered in carrying out an exposure

m

24

[¢Y)

ssessment, shcuid nelp avoid inadvertant mistakes of cmissicn.
reccgnizes that zaps in data will be ccmmon, but the gquidelines will
nevertheless serve t0 assist in organizing the data that are available,
including any new data developed as nar+t of the exposure assessment. It is
undersiood that exposurs assessments may be performed at many different levels
of detail depending on the scope of the assessment.

The second major purpose of the guidelines is to prcmota consistency, o
tne extant faasible, among the varicus exposure assessment activities that are

carriad cut by the Agency. Consistency with respect to commen physical,
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chemical, and biolegial paramerars, with respect 0 assumptions about tynical
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ituations, and with respect o the presentation orf the nossihbia

mimates, wiil 2nhance the ccmparabilizy of ro2sults anc enapla tne
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Agency tQ improve the stita-of-the-art of exposure assessment over tine
throuch the sharing of common data and sxperiences.

Finally, the cuidelines orovide a format for orcanizing the contents of an
axposursa assassment document., This common approach to format will simplify
the orocess of raading and avaiuating the assessments and, thereby, increase
the utility of exposure assassment documents.

As the Agency performs more exposure assessments, the guideiines will

he reyised to raflact the benefit of experience.



[T, GEMERAL GUIDELINES AND PRINCIPLES
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cxposura is tne contact betwesn 2 subject of concern and a chamical,

o

islogical, or physical entity, neresaftar designatad as zan agent. Ths
magnitude of the exgosurs 13 determined by measuring or 2stimating the amount
of ap agent availadle af tha 2xchange doundaries, i.e., lungs, gut, skin,
during seme spacifiad time. fxposure assassment is the detarminaticn or

estimacion fqualitative or quantitative) of the maanitude, fraquency,
duration, and route of exposure, Exposur2 assessments may consider past,
Jrasent, and future exposures with varying technigues for 2ach phase, 1.2.,
modeling of future 2axposuras, measuraments for existing exposura, and

binlogical accumulztion for past a2xposures., Ixposure assassments zre ovien

combined witn anvironmentai and

m

altn aff2cts data ia performing risk
assassments.
in considering tne exposura of a subject to a hazardous agent, there are

sevaral related 2r subseguent procasses. Thne contact betwean the subject of

concarn end th2 agant may l12ad to the intake of some of Ihe acent,

—
—t,

zbsorption occurs, this constitutaes an uptiake (Or an avsorded d0se2) anich then

may lezd to nealth effacts.

B. NECISION PATH TO DEZTERMINE SCOPE OF THE ASSESSMENT

3.
D

—h

irst stan in Jranaring an exposure assassment should 2e the
circumscribing of the oroblem at hand to minimize resource utilization by use

of 2 narrowing proc2ss. This grocess could taka tne form ¢

s

g decision lo

[¥]

12
path &s shown in Figure [[-1, The two phases of such 3 logic path would He
the praiiminary assassment pnasa and tne in-dantn ass2ssment ohase.

The praliminary assessment ohase should commence by considaring wshat risk



s uncar study ind wnat law might reguiata the exposure o the agent., Hithin
113 framework, & creliminzry diti hase should De compilad from razdily
a2 s¢ci1entific data 4and exposurs informmation ddsed on manufacturar,
arocaessor, and user sracticas, MNext, the most likaly araas of 2xposure

/

{manufacturing, orocessing, consumer, distribution, disposal, amoient, wazar

d be dafinad., Many of these ar2as will have aiready bean
iminatad Trom consideration beacause of the risk under study and the
requiatory law, Since & complate data search has not deen conductad, well

identified assumptions and "ball park" estimates ars usad to further narrow

the 2axposure are23s of concern,

o |
[$7)
-
(87
~h
-
O
3
r
=
-

1is sreliminary axposure assassment can then be ccunlad vt
toxicity information to parform a przliminary risk analysis. As & result of
this analysis, a decisiorn will be made thet z2ither an in-depth expssure
assessment is necsssary or that there is no nsed for further exposurea
information. The organization and contents of an in-depth axposure assessment
ara ziven in Sectjon [I.

In 2ss2mbiing the information dase for eicher a pr2iiminary assassmant or
nore detailed assassment, its adequacy should be ascartained 5y addressing ths
follcwing considerations:

- availability of information in every area neeced for an adaquate

assassment;

- quentitative and gualitative nature of the data;

- r2liability of information,

P
{

- limitztions on the 2pility to ass2ss @xposure.
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zxposura conditions. 3oth data and assumptions contain varying degraees of

uncartainty wnich influence the accuracy of axposurz assassments, An

)

avaluation of these uncertaintiass is imcortant and may ce nhelpful to orogrem

offices when {h2 assassments are the basis for regulatory action. A rigorous
statistical analvsis of uncartainty is often impossible. Howevar, tharz ara
simpler approaches which would de useful in describing generally the

uncertainty inherent jin an axposure assassment,

Tha elements of a simptifiad evaluation of uncertainty might include zne

following
i, 2 schematic diagram =7 tha overall assassment
2. 3 tabls Tisting the main assumptions and nossihle aquanititativa

3. a sensitivity analysis

4, 2 raviaw of uncertainties

(7]

The schematic diagram may be heioful in several ways. [t jprasents an
organized approach to the assassment and shows all the major components of :he
assessment, including a listing of important parametars {o be evaluatad., Such
a mode! enabies technical and nontechnical persons to visualize quicdly the
overiil sccpe of the assassment.

ne table that lists all the parametars for the assassment is 2 place for

specifying all the values or assumptions detailing the conditions of the

2Xp0sSure 3ssassment., This tabi2 snould correspond to the pariametfers
identifiad in the schematic aialram, Th= tadle shculd also include 2 lisiing
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range 07 acrtual 2xp0sur2 ZondiTions that mignt bYe expactsed. Tne tfax:
accompanving this zadla should give r23s0ns 7or 2ach 3ssumpiion,
Since actual 2xoosura conditfions may have parzmeters witn values 41 {2rent

from those chosan for che assassment, a table oF correction factors could be

nalpful.  This table would show now the overall sxposura assessment can

o

e

variad Dy 3djusting 2z¢h par

(o1}

matar, With tha fadle, ona coula quickly see the
affect of an 1ncreasa or decr=2ase of any parameter on the overall assassment.
This selective variation of parameters is called 2 sensitivity analysis. A
oroperly utilized sensitivity analysis will provide an astimate of the
sossibie variations in calculated exposure concentritians wnen relavant
parameters and procass ratas are varied within pre-astablished ranges,

-

A rayiew of

uncartaintias should include a qualitative avaluyation of tha

v
—
(Y]
D
t+
O
[9Y)
-
(%}
[{Y]
<

-1

partinent assumptions in lignht of raasonani2 variations «hich

couid He an

(@]

ountarad for actual 2xposure conditions. [¥ possible, spacial
emphasis should e placed on avaluating extremes in zacn assumption. For
axampia, neve parametars desn chosen to avaiuate exireme Or average axposurs

1T

conditions? Is the Tinal 2ssessment likely to Ve 4n overasiimata or

T

in addition, the raview of uncertainties could also inciude & comparison

£

0f axposure astimates with actual monitoring data (if any 2xists), and a
mathematica])statistical avaiuation based on propagation of errors for each of
ne assessment paramnetars.

Some 24posura assessments may 32 based largely on nonitoring data. In
these <asas, the uncartainty in th2 axposure asssssments will depend tath on
tne saapie collaction and analysis errors and on the statistical veriation
itad with axtrapolating the gohsarvations mage For the samgia to the

as3assed pooulation and time Trama,



dhen using models, savaral types of methamatical and statistical mathods
can D2 anpioved o caiculate uncartainty in the 2«posure assessments from the
Jncertaintizs in tne inputl components.,  Zxampias of input uncartdintie=s are
staulation mogets, 2mission ratas, e«nd avaporation rates. They can te
combined Lo 2stimate tne uncertainty in tne exposure assassments through an
aralytical aporoach. This aporeach usualiy raquires the 2xpectad valuas and
yariancas, a2nd sometimes racguir2s tne covariancas of the variables, as input;
tha output 13 the varianca of an estimated exposura. Simuiation tachniques

{such as Monte Carlo tachnigues) may also te used to estimate uncartainty,
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DI ORGANIZAVION aND CONTEINTS OF AN ZXP0SURE ASSzZsswant

Tre structure of a specific 2xposura assessient will depend on i

S

v

-

2, the sources of concern, and the exposur2 media svaluatad. Tne actual

O
3
o
M)
3
3
2
g
a
)
-
or
O
[
-
(@]
w
[e%)

opez~ in the document is arbitrarv, but the document

snould astamot to include scme discussion of all five major topics listed

<)
-
(a9
3
Q.
w)

hould proceed in a 10gicai order from sourcas %3 2xposure

estimates. A suqgested outline for an axposure dssassment document is aiven
2 h ol

Since exposura assassments are written at many diffarent lavels of dezail,
the extent to whicn any assessiment contains the items listed as sudheadings in
xhidit {1l-1 depends on the purnose, scope, and lavel of detail af “he
assassnent.  The cutline is a guide to organizing the data wnenevsr thay ara
2, or organizing data deveicped as part of the exposure assassment.
n2 Fiva major topics te address within most exposure assessiients are as
“31lows: (1) Sourca(s); (2) Exposura Pathways; {3) Exposed Pooulation(s); (4)
ffonitoring or Zstimated Concentratiicn Levels; and (3) Inteqraszad Zxposurs

tnalvsis. Addressing 2 tooic mav H2 a5 simpla as a singia statement
concerning a broad assumption made, or it may involve desceiption of some or
all of tne data outlined in the subheadings of Exhihit III-1. These five
tonics are appropriate for exposure assassments in general, whether the

-

assassmants are of globel, national, ragional, local, site-speci

pa
-t

ic,

, Or otner scope. The topics are appropriate for 2xs0sure
assassments cn new or existing chemicals and radionuciides. They ara alss
1

aopliczbl2 o both sin media and qultimedia assassaents.

«wl
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SUGGZISTID QUTLINE 7OR AN ZXPOSURI 2355zZ3SNMENT

SNTRODJCTION

[CYR
(val

(9]

(&)

3 -
1%

pes
—
ey
]
3
ct
—
<t

<

1. Moliecular formula and structure, CAS number, TSL number
2. Deascription of technical grades, contaminants, additives
3. fOther jdentifyinag characteristics

R, <{hemical and Physical Properties
SNURTES

4, Charicterization of Production and Distribution

1. Preduction znd processing
2. nDistribution in commerce

2. Yses
. 3Jisposal
J.  Summary 2F Znvironnental Reiaases

TAPOSURE PATHAAYS A

.

1D ZNVIRONMZNTAL FATE

A. Transport and Transformation
3. Identification of Principal Pathways of Txposure

£. Estimates af Invironmental Conceatrations (Distribution) Ysing

MONITORING OR ESTIMATZD CONCEINTRATION LEVELS

A, Summary of Monitoring Data

-

5. feomperisca of foncantration Zstimatas with “anitaring Data

stimation of Znvironmental Concentrations

)
T
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-

-

.

1XPNSED POPULATIANS

=
0

Human 2oopulations [3ize, lLocation, and Habirs)
L. Population size and characteristics
2. Population Iacation
3. Population hadizs
3. Nonhuman Populations (whers appropriata)
1. Populatinon size and characteristics
2. Population location
3. Population nabits
INTIGRATED EZXPOSURT ANALYSIS
A. Development of EZxposure Profiles and Scenarios
1. Identification and characterization of the exposed ponulatians
and critical elements of the ecosystem
2. Pathways of exposure
3. Hurman Dosimetry and Monitorina

. falculation of Zxposuras

D. Evaluation of Uncertainty
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fNetailed Sxnlanation of OQutline

L. CXECUTIVE SUMMARY

The "Exacutive Summarv" should He writtan so tha® it zan stand an izs
own ds a miniature report. Its main focus should be on a succinct description
of the procaduras used, assumptions employed, and on summary tables or charts

of the resylts. Some discussion of the uncertainties associited with the

rasults should Se included.

I1.  INTRODUCTION (Purpose and Scope)
This section should state the intended purpose of the exposure
assessment and identify the agent deing investigated, the types of sources and

exposure routes included, and the populations of concern.

r—
=
—e

. GENERAL INFORMATION

=g

Identity

1. If approoriate, moiecular formula and structure, synonyms, CAS
number, TSL number

2. 1f aporopriate, descrintion of technical Jrades, confiminants,
addizives

3. Wnere appropriate (e.g., for radionuclides), othsr ideatifving
characteristics

B. Chemical and Physical Properties

Tnhis is a sunmary description of the chemical and physical
oroperties of the agent. Particular attention should be paid to the faatures
that would affact its behavior in the environment. Examples of factors o he

inct

O

dded, 17 avaiianle or approoriate, are molecuiar weignt, density, boiling

soint, meiting point, vapor pressure, solubility, oKz, vapor density,

A-12



fartition coefficients, and nalf-livas,

v, SQURE

m
(V2]

Tne points at which 3 nazardous substance is deliaved to enter the
environment should be described, along with any known ratas of entry. [The
anvirgcament iazludes the natural (outdoor) surroundings and indoor or
anthropogenic surroundings.] A detailed exnosure assassment will include a

“materials balance,” definad her2 as a study of sources, nroduction, uses,
destruction/disposal, and environmental release of a substance. The materials
balance should include a description of man's activities with respect to the
suhbstance and the environmental raleases resuliting from those activities. It
should account for the controlled mass flow of the substance from creation to
destruction and provide estimates of environmnental releases at each stes in
this flow. Seasonal variations in environmental releases should also be
examined. All sources of the substance are balanced (as in accounting) with
the sum of the uses, destruction, and the envirommental r2leases. The
anvirgonmental releases can be desziribed in terms of geoirapnic and tennoril
discribution and the receiving environmentil media, with the form identified
at the various release points,

A. Characterization of Production and Distribution

A1l sources of the substance's release to the environment,
consistent with the scope of the assessment, should be included, sich as
production, extraction, processing, imports, stockpiles, transportation,
ac:identa1/incidenfa1 sroduction as a side rzaction, and na*ural sourcas.
dnhere appropriate, the sources should be located, and activities involving

2xposure to the sudbstance should be identified.
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3. Uses
The substance is traced from its sources through various uses (with
further foliow-up on the oroducts made to detarmine the presence of the
original material as an impurity), exports, stockpile increases, etc.
. Disposal
wnere necassary, this section may involve an asvialuation of 4isnosal
sites and destruction pnrocesses, such as incineration of industrial chemical
wasta, incineration of the substance as part of an end-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. As
necessary, hazardous contaminants of the substance may he included, and
products containing the substance as a contaminant may be followed from

oroduction through destruction/disoosal.

D. Summary of Environmental Releases

Estimates should be made of the quantities of the substance released
to the various environmental media. Sources of release to the environment
include production, use, distribution/transnort, natural sources, disposal,
and contanination of other products. Znvironaental releasas should be
presentad at a reasonable level of detail. Extremely detailad axposure
estimates would attempt to specify, to the extent feasible, for each
significant emission scurce: location, amount of the substance being releasad

S

[y}

as a function of time to each environmental nedium, ohysical charactaristi
of the emission source, and the pnysical and chemical form of the substancsa
being released. Some svaluation of the uncertainties associated with the

emission estimates should be given.
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v, ZXPOSURE PATHANAYS AND ENVIROMMENTAL FATE

The exnosurs pathways section should address, wherever possibles, how 2
hazardous agsnt jets from the source to the exposed population or subject.

For a less detailed assassment, broad generalizations on anvironmental fate
and patiways may b2 made. In the absence of data, e.g., for new substances,
fate estimates may have to be aredicted by analogy with data from other
substances. Fate estimates may 21so be made by using models and
laboratory-derived process rate coefficients. At any level of detail, certain
pathways may be judged insignificant and not pursued further.

For more detailed assessments involving environmental fate, the sources
(materials balance) analysis described previously should provide the amount
and rate of emissions to the environment, and possihly the Tocations and fornm
of the emissions. The environmental pathways and fate analysis folilcws the
substance from 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
Zarious contaminatad environmental media.

A, Transoort and Transformation

The substance, once releasad to the environment, may be transported
(e.q., carried downstream in water or on suspended sediment, carried on air
currents, etc.) or physically transformed (e.g., volatilized, melted,
absorped/desorbed, etc.); undergo chemical transformation such as pihotolysis,
nydrolysis, oxidation, reduction; undergo biotransfimation such as
oiodegradation; or accumulate in one or more media. These procasses may yield
an anvironmental distribution quite different from that associatad with the
initial environmental load. Thus, the envirormental behavior of 3 substance

should ve evaluatad before exposures can be assassad.
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Fictors that may be addressed include:

9  How does the adent behave in air, water, soil, and biological
media? Joes it oioaccumulate or diodegrade? Is it ibsorbed ar
taken up by olants?

o What are the principal mechanisms for change or removal ia each
of the environmental media?

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

5] Is there intermedia transfer? What are the mechanisns far
intermedia transfer? unat are the rates of the intermedia
transfer or reaction mechanisms?

o How long might the agent remain in each environmental medium?
How does its concentration change with time in each medium?

0 What are the products into which the agent might degrade or
change in the environment? Are any of these degradation
nroducts ecologically or biologically harmful? What is the
environmental bHenavior of the narmful sraducts?

n Is a "steady state" concentration distribution in the
anvirgnment, or specific segments of the environment, achiaved?
not, can the non-steady state distribution De described?

0 What is the rasultant distribution in the environment -
for different media, different types or forms of the agent, for
different geographical areas, at different times or seasons?

(W3

Identification of Principal Pathways of Exposure

The principal pathway analysis should eviluate the sources,
1acations, and types of environmental release together with environmental
benhavioral factors to determine the significant routes of human and
environmental exposure to the substance. Thus, by listing the important
characteristics of the environmental release (entering media, emission rates,
etc.) and the agent's behavior (intermedia transfar, persistence, etc.) aftar
release to eacn of the entering media, it should be possihle to follow the
flow of the agent from its initial release to its subsequent fite in the
anviroament., At any point along these environnental flow Tines, hunan or

environmental expcsure micht occur. Points with sufficient concantration of
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the agent an¢ isurficient potential for numan or environmental contact,
including *he i2 pathways where no anvironmental fate is invoived, are the
principal axposure pathways.

C. Estimates of EZnvironmental Concentrations (Distribution)

Wdhere apopropriate, models can bde used to predict environmental
concentrations. IMany models are based on monitoring data, and the *wo are
closely linked, as described in section VI below.

In this section an estimation is made, using appropriate models, of
average or representative concentrations of the agent in different
environmental media, and its time dependence in specific geographical

locations {e.q., river basins, streams, etc.).

YI.  MONITORIMG QR ESTIMATED CONCZNTRATION LEVELS

4. Summary of Monitoring Data

As discussed in the previous sections, monitoring data are used
throughout the materials balance and exposure pathways assessments to allow
quantitative estimates of both sources (releases) and environmental
conzentrations. Some 2xamples of monitoring data used in a materials balanca
would be: ({a) sampling of stacks or discharge pipes for emissions to the
environment; (b) testing of products for chemical or radionuclide content; (c)
testing of products for chemical or radioactive releases; (d) sampling of
appropriate points within a manufacturing plant to determine releasas from
industrial processes or practicas; and {e) sampling of solid waste for
chamical or radionuclide content. These data should be put into nerspective
as to accuracy, orecision, and representativeness. If actual environmental
Honitaring data ars unavailable, concentrations can %e estimatad nhy various

means, including the use of fate models (see previous section), or in the case
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of new chemicals, by analogy with existing chemicals.

B. Compoarison of Concentration Zstimates with Monitoring Data

Examination of monitoring data has o9ften been considered a
substitute for environmental pathways and fate analysis, sinc2 monitoring data
directly orovide the environmental distributions of pollutants. The analysis
of monitoring data should be considered a complement to snvironmental pathway
and fate analysis for the following reasons: {a) for most pollutants,
oarticularly organic and new chemicals, monitoring data are limited ; (h)
analysis of monitoring data does not often yield relationships between
materials Dalance and environmental concentration distribution in media or
geographic locations that have not been monitored; (c) analysis of monitoring
data does not provide information on how and wheres binta influenca the
environmenial distribution of a pollutant; and (d) monitaored concentrations
may not be traceable to individual sources that EPA can regulate. HMonitoring
data are, however, a direct source of information for exposure analysis and,
furthermcre, they can be used to calibrate or extrapolate models or
calculations to assass anvironmental distribution,

(. Estimation of Envirconmental Concentrations

Where consistant with the purpose of the exposure assassment, it is
necessary to estimate the environmental concentrations of the agent resulting
from its release, behavior, and subsequent fate. Concentrations should be
estimated for all environmental media tnhat the release, behavior, and fate
analysis indicate might contributa to significant exposurss. Generally, the
environmental concentrations are estimated from monitoring data, mathematical
nodels, ar a combination of the two.

The concentrations must De estinatad and presantsd in a format

consistent with available dose-rasponse or damage-raspanse information. IAa



some cases an astimate of annual average concentrations will be sufficient,
while in other cases the tenporal distribution of concentrations may be
raauired. Future environmental concentrations ra2sulting from current or past
releases may also be projected. In some cases, both the temporal and
geographic distributions of the concentration may 5Se assessed. Moreover, if
the agent has natural sources, the contribution of these %o environmental
concentrations may be relevant. These "background" concentrations may be
particularly important when the results of tasts of toxic effacts show a
threshold or distinctly nonlinear dose-response.

The uncertainties associated with the estimated concentrations
should be evaluated by an analysis of the uncertainties of the model
narametars and input variables. llhen the estimates of the envirommental
concentrations are based on mathematical models, the model results snould be
ccompared to available monitoring data, and any significant discrepancies

discussed.

VIT. EXPOSZD POPULATIONS

Poputations selected for study may be done a priori, but many *times the
populations will be identified as a result of the sourcas and fate studies.
From an analysis of the distribution of the agent, populations and
subpopulations (i.e., collections of subjects) at potentially high exposure
can de identified, which will then form the basis for the populations studied.
Subpopulations of high seasitivity, such as pregnant women, youth, chronically
111, 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 inattars

such as the following:
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A. Human Populations
1. Population size and characteristics (e.q., trends, sex/age
distribution)
2. Population locaticn
3. Populition habits - transportation habits, eating habits,
recreational habits, workplaca habi%ts, product use habits, ete.
3. Nonhuman Populations (if appropriate)

1. Population size and characteristics (e.g., species, trends)

2. Population location

3. Population habits

Census and other survey data may be used to identify and describe
the exposed population for the various contaminated eavironmental nedia.
Denending on the characteristics of available toxicological data, it may bHe
appropriate to describe the exposed population by other characteristics such

as species, race-age-saex distribution, and health status.

YITT. INTEZGRATED ZXPOSURE AMALYSIS

The integrataed exposure analysis combines the estimation of
environnental concentrations (sources and fate information) with the
description of the exposed population to yield exposure profiles and exposure
pathway analyses. If available, significant data should be provided on the
size of the exposed populations; duration, frequency, and iatensity of
exposure; and route of exposurz. To the extent possihle, consistent with the
scopa of the exposure assassment, exposuras should be related to sources.

For more detailed assessments, the estimated environmental
concentrations should be considered in conjunction with the geodgrapnic

distribution of the human and environmental populations. To the extent
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desirable, the behavioral and biological characteristics of the exposed
populations should be considerad and population exposures to various
concentration profiles snould be estimated. The results can de presented in
tabular or graphic form, and an approximation of the uncertainty associated
with them should be estimated.

A. Development of Exposure Scenarios and Profiles

Depending on the scone of the exposure assessment, the total
exposure nicture may be fractionated into one or more “exposure scenarios” to
facilitate quantification of exposure. As an example, Table [II-1 Tists seven
very broad scenarios: 0Occupational, Consumer, Transportation, Disposal, Food,
Drinking Water, and Ambient. For each of the scenarios, the major topics
necessary to quantify exposure, namely sources, pathways, monitoring, and
population characteristics, are invoived. Investigation of only one scenario
may be necessary for the scope of some assessments. For example, a pesticide
application exposure assessment may consider the occupational scenario, which
would cover the exposure to applicators and populations in the vicinity of the
site. An exposure assessment around a hazardous waste site may focus on the
1isposal scenario. The exposure assessment also may consider other scenarios.
The more extensive and comprehensive the scope, the mare scenarios arz usually
involved.

[t will usually be advantageous in performing an exposure assessment
to identify exposure scenarios, quantify the 2xposure in each scenario, and
then inteqrate the scenarios for a total exposure picture. In this
"integrated exposure analysis," the adding of independent exposures from
4i fferent scenarios (kesping exposura routes separate) will aoftan result in a
breazkout of axnosure by subpopulations, since the individual scenarios usually

treat 2xposure by subpopultation. Therafore, the integration of the scenarios,
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Exposure Scenario

Nccupdational
{chemical production
processing, usel

Consumer
(direct use of
chemical or
{nadvertent use)

Transportation/
Storage/Spills

Disposal (fnclude
incineration, land-
fili)

Food

Driuking Hater

Ambient

TABLE THL-1.  CXPOSURL ASSESSMLNT NLEEDYS FOR VARIOUS EXPOSURE SCLENARIOS

Sources Needs

site/plant locations,
fn-plant/on-site
materials balance

consumption rates,
distribution pattern
amounts in products

patterns of distribu-
tion & transportation;
models for spills

materials balance
around disposal method,
efficiency, releases

to envirvomnent

food chaln, packaging,
additives

groundwater, surface
water, distribution
system

releases to envirun-
ment; air, Vand, water

ate Heeds

chemical properties
models?

chemical properties,
shelf life, release
rdates, models?

chemical properties,
environnental fate
models

fate wilhin disposal
process; cnvironnen
ta} fate of releases;
wodels

tood chain models,
fate during prepara-
tion or processing of
food

leach rates From
pipes, chlorination
processes, fate iIn
water; models

enviromnental fate
wodels

Population Characteristics Heeds

workers, families,
popilation around sites/
pldnts

consuners

storage, transportation
workers; general
population in area

workers at site of disposal,

general population around
site

general population,
nonhuman populations

gencral population

general population;
nonhuman populations

Mont toring Heeds

in-plant/on-site levels,
releases, ambient levels
surrounding site/plants
human monitoring

levels In products,
releases

releases, ambient levels

releases, levels at
various points within
process, aibfient levels

levels In tood, feed-
stuff; food chain
saupling

levels in drinking
water, ground water,
surface water; treat-
ment plaats

ambient alr, water,
sofl, etc.; human
monitoring



or inteqrated exposure analysis, will oftan result in an exposure profile such
as that shown in Figure I[II-1.

For 2ach exposed subpopulation {(or group), exposurz profiles should
include, where relavant data are available, the size of the group, the source
of the agent, the exposure pathways, the freaquency and the intensity of
exnosure by edach route (dermal, inhalation, etc.), duration of exposure, and
the form of the agent when exposure occurs. The following discussion, and the
discussion under Section 3 and C below, refers to calculating the exposures
under each scenario.

1. Identification of the Exposed Population and Critical Zlements

of the tcosystem

The estimate of environmental concentrations also should give the
qeoqgrapnic araas and environmental media contaminated. The stated ourpose of
the assassment should have prescribed the human and environmental subjects for
which exposureas are to be calculated. If the subjects are not listed, the
contaminated geographic areas and environmental media can be evaluated to
detarmine major subiects. The degree of detail to.be utilized ia tha exposad

population distribution depends on the concentrition gradient over geographic
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Figure III-1.

Typical Exposure "Profile® of General Population
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2. Pathways of Zxposure

sinere necessary for the regulatory purpose of the exposure

assessment, some or all of the following should be provided:

3, QNualitative - Identification and description of the routes
bv which the substances travel from production site, through
uses, through environmental releases/sources, throuan
transport and fate processes, if any, to the tarqget
nopulation.

b. Quantitative - Attaching available numerical values to the
amounts of the chemical following each exposure pathway.
Such estimates allow the various pathways to be put in the

perspective of relative importance.

o)

duman Dosimetry and Monitoring

After the exposure estimates are made, they can he checked by
comparison with any available human dosimetry, human tissue monitoring, or

non-invasive huyman monitoring.

~

2. Calculation of Exposures

From the geographic and temporal distribution of enviromiantal
concentrations, the exposed population, the dehavioral characteristics, and
the critical elements of the ecosystem, exposure distributions can be
astimated. The way the exposure calculations are made should be consistent
4ith the requirements of the dose-response or damage-responsa functions that
may latar De used in a risk assessment. Examples of requirements are annual
average exposures, peak exposures, exposures that are greater than som2
threshold value, or>the frequency and distribution of intermittent exposures.
Hzny past exposure assessments have been based on the average axposura

accurring over the exposure pericd. The range of possible expasures is
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usually divided into intervals, and the exposures within each interval are
counted. The results can be presentad in tabular form or as a nistogram (see
Figure I11-1).

The pnopulation residing in a specific geographic area may be
gnvironmentally exposed to a substance from several different sources and
through several exposure routes. Exposures for individuals in these
oopulations may be determined by summing over sources for the same exposure
route, but exposures through different exposure routes should be kept
separate. Combined exposures should be stated only if the metabolic fate
processes are well understood. B8ecause EPA regulates sources of releases, the
contribution to exposures from each type of source with respect to which
requlation is being considered should be displayed, if the information is
availablea. Estimates should be presented for exposure from all re2levant
exposure routes (i.e., those routes consistant with the requlatory purpose),
and the results siould be tabulated in such a way that total axposures can be
determined. ({(For example, see Table I[II-2 as one way of presenting the
rasults.)

N. Evaluation of Uncertainty

See II. AGENERAL GUIDELINES AND PRINCIPLES, section C.
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TA3LE II1-2. EXAMPLE OF A PRESENTATION FOR MULTIROUTE EXPQSURES

Poputation Population Exposure Route
Subgroup Subgroup Size Inhalation Ingesticn Dermal
(mg/yr) (mg/yr) (mg/yr)

Manufacturing facility
workers 200 40 5 a.

n

Seneral population

in area around 54,000 20 1 0.1
industrial or

manufacturing facility

Farmers 3,000 5 2 0.2

IX. REFERENCES
The references should contain a listing of all reports, documents,

articles, memoranda, contacts, etc. that have been citad in the report.

A. APPENDICES

The appendices may contain such items as memoranda and letters that are
not readily accessible by others, tables of monitoring data, detaiisd lists of
enission sources, detailed tables of exposures, process flow diagrams,
mathematical model formulations, or any other item that may be needed to

describe or document the exposure assessment.
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APPENDIX B. EXAMPLES OF EXPOSURE ASSESSMENTS

Examples of typical exposure assessment are presented here from five EPA
program offices. Because of space limitations, no attempt is made to discuss
any example in depth. For more details about each of the examples, the reader

should refer to the source documents themselves.

1. "Assessment of Potential Radiological Health Effects from Radon in
Natural Gas." U.S. EPA Office of Radiation Programs, Washington, D.C.
20460. November 1973.

Release Estimates--

This document primarily covers the release of radon (222Rn) in dwellings
through use of natural gas in unvented cooking ranges or space heaters. Radon
concentrations in natural gas at production wells and in gas processing,
distribution, and storage systems are also presented and discussed.
Environmental Fate Estimates--

Environmental fate estimates for 222Rn are not addressed directly in this
document. The principal 222pn exposure pathway considered is to individuals
in private residences.

Exposure Estimates--

The document contains a discussion of indoor human exposure to 222Rn and
its important daughter isotopes, 218po, 2l4py, 214gi, and 214pg, The
primary concern for expasure to radon is from inhalation and retention of radon
daughters which release their alpha decay energy to tissues of the respiratory
system, especially the lungs. Various lung models are presented and discussed
in an attempt to determine the relationship of exposure to radon daughters and

the development of precancerous cells. Dose conversion factors for radon and

radon daughters are tabulated for conditions in normal rooms representative of

3-1



typical dwellings. Exposure conditions are postulated on the basis of an
average kitchen range use of 0.765 m3 of natural gas per day in a home with a
volume of 226.6 m3 having an air change rate of once per hour (dilution volume
= 226.6 x 24 = 15,438 m3).

The authors calculated the estimated annual dose to an individual at 0.028

rems/year in the following manner:

3 N
226.6 m° house x 24 air changes - 7111

g = (dilution factor)
0.765 m® gas used per day (in ranges)

Assumed natural gas

22Rn concentration = 20 pCi/1  _ 0.0028 pCi/1
dilution factor 7111

0.0028 pCi/1 x 100 rads/year

T00 pCi/T = 0.0028 rads/year

0.0028 rads/year x 10 = (0.028 rems/year
quality ractor

Further assumptions and calculations are made to estimate the average
tracheobronchial dose to individuals from unvented kitchen ranges and space
heaters at 15 and 54 mrem/year, respectively, or 2.73 million person-rems per
year for the entire United States population.
Discussion--

The tracheobronchial dose effect or risk of concern from radon daughter
exposure is lung carcinoma. The authors calculated an absolute risk of 35
excess deaths/106 persons/year/rem from exposure to radon and its daughter

isotopes. This factor is multiplied by the dose of 2.73 x 106



person-rems/year to obtain an estimate of 35 excess deaths per year. However,
uncertainties in and corrections for loss of daughter products by plating out or
deposition on surfaces; low ventilation rate; nose breathing instead of mouth
breathing; a lower, more realistic continuous residence time in dwellings; and
other factors lower this estimate to a more. likely estimated excess mortality of
15 deaths/year, which represents only 0.03 to 0.08 percent of normal lung cancer
mortality. Several methods for reducing exposure to 222Rn through additional
controls in production, processing, distribution, use, and storage of the gas
are discussed. It is calculated that controls for reducing radon concentrations
in natural gas by storage methods would cost over $100 million for the
elimination of each potential excess death., The authors concluded that controls
would not be cost effective on a national basis and that the use of natural gas
containing 222Rn for average exposure conditions does not contribute
significantly to lung cancer deaths in the United States. (For more details

from the text of this report see pages V-5 - V-7.)



2. "DOVP/Trichlorofon/Naled Exposure Assessment.” U.S. EPA Office of Pesticide
Programs, Washington, D.C. 20460. February 1981.
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“pDVP/Trichlaraofon/Naled: Exposure Assessient.” US EPA Office of Pesticide
Prograns, Hashington, D. C. 20460. February, 1981.

OLVP/ TR lC'.lI:GRQE'QH/ HAlED

This document develops the human exposure assessment for three related

pesticides: DUVP, trichlorofon, and naled, far possible fncluslon in pasition Exposurs Assesument
document 1, the OPP preliminary risk assessment for these pesticides. Each Product Chealastcy

Syucheads aud Porwulictloa
pesticide s an organaphosphorus fnsecticide used to control a number of Bavironmeacal Face

Phyatcochentcal Degradatton and Magabolf sa
different spectes of jnsects. Thesa three insecticides show a similarity Non-Dieciry Zipodure

Diacary Ixposure
both chemically and metabolically.
This exposure assessment focuses an the interconversion possibilities of
these three pestichdes. A review of the literature leads to the conclusion
that the conversion of naled and trichlorofaon to DOVP s plausible in
manmalfan systems. [n addition, the metabolism of DDVP by hydrolysis and/
or demethylation has been shown to produce other degradates in many species

Prepared by:
tacluding wan.

—
The environmental fate of these three pesticides {s Incompletely under- \\ Z,-Q~—- (\\). )‘-(m-u D
stood. lluwever, it appears that long-term persistence under natural Baviroumenc3al Face Brauch Rlchard 7. Muraakl, Ph.D.
Bazard Evaluacion Divistoan Chemlyt
enviromnental conditions does not appear to be a factor. Office of Pesclcide Progrima Review Jectiou M. 3

February 12, 1vdl
The quantitative non-dietary exposure data for affected populations
represent the best currently avallable estlimates of exposure occuring
during the most twportant registered uses of these pesticides. lhe
dietary burden was cdlculated by deteymining the rate of ingestion of

food commodities bearing the lega) tolerance linjts,
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SUMMARY - - HON-DIETARY EAPOSURE

P - U S

The numerical values generated in this summary are based on the anil sas
of the avallable literature and represent the best currently avarbable

Lisc of Tables estimates of exposure.
A Haled
fage I. Aerfa)l Application for Mosquito Control

Urine concentratton of dimethylptiosphate = 0.80 ppu

2roduct Chemiascry IafOCmacion. . - « ¢ « o o+ ¢ 4 4 b e e e 4o 2 8. Trichlorofon
. I. Marenouse Waorkers Exposed as o Result of Storage of TCF
Formulacions of Naled, Trichlorofau, sad pichlorvas. . . . . . . . a
Dafly Respiratory Exposure
Half-lives for the Dahydrachlortinacion of TCP and foc tha exposure rsnge: 0.06-1.1391 wg/wd

Uydcolysls of DDVP in Buffars of Varyiug pH and ac 37.5°C. . . . . 11
expasure mean: 0.72 mg/m3

Half-1fves of the Ln vitro Degradaciom of TCF snd DDVP ac 37.5°C . 2] absorption factor: 100%
0.72 mg/m3 x 1.8 md/mr x 8 hr/day x person/70 ky
Ia Yito Decarmination of Half-lives L€ 5 x 1079 o DOVP ta Blood. . 15
s 0.15 mg/kg/day
Diacary Zxpowusra from Tolaraocas: DDVE. . . . . ¢ ¢ ¢« & v o o o o 47 . Turf Applicators
a) Baom Application
Dtlacary Expsourw from Tolerancea: Trichlocafou. « . + & « + « .« & 1]
Dafly Respiratory Expasure
Diacacy Expogura from Tolerances: MHaled . .« . . o ¢« ¢« & o o & o & 49 H. D.

Daily Dermal Exposure

Trichlorofon detected: 2 ug/mé body surface
Body area exposed: 0.203 m2 (hand and Forcarm)
Absorption factor: ldt
2 ug/mzlday x 0.203m2 «x person/70 ky x 0.1
= 0.0006 ug/kg/dsy
b) Spray Gun Applicators
Daily Respiratory Eaposure
0.002 mg/m3 x V.8 @md/hr x 8 hrfday x  person/l0 by

= 0.000d my/kq/dsy

-40-
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Eil_l_u-:ruul Exposure
Trichlocofon decacted: 0.8) ug/ w2 body surface
Bady area ¢xposed: 0.6 ?
Absocption factor: 10X
0.83 ug/wl/day x 0.6 w¥ x perso/70 kg x 0.1
- 0.0007 ug/kg/day
c. pove
1. Wurkers fn Warehouses
Asgumpt lony;
1. two lnsecticidal treacments per weuk
2. effective level of Insecclcide: 2 mg DOVE/£c3
3. normal wotk day 13 8 hours

Daily Respiratory Exposure

a) Insecticide eprinklued oa floor

Tiae Aftar DDVP Content
Treatmeat In Alr
4 he 1.7 wg/wd
24 he 0.9 ug/m]
48 hr <0.4 og/al

Podaible weekly exposurae:

Exposure duriog first day aftec ctreatment:

1.7 wg/ad x 1.8 ad/hr x 8 he/day x peraon/70 kg

= 0.35 ag/kg/day 1
Expodure durlog sscond day after treatdent:
0.9 ag/wd x 1.8 adhc x B he/day x parecn/70 kg
“ 0.15 ag/ky/day
Exposure during thicd day afcer treatmencs
0.4 mg/m‘ x 1.8 @¥hr x 8 he/day =x pucscn/T70 kg

-~ 0.1 ag/kg/day

b

Tocal co¢ week (two treatdeals pet week): 0.7 + 1))
- 1.2 ag/hg/uk

Approxinaty averyge Jdally ssposurs = 0.2 my/%e/day

) Acrosol Treitwcent
Time Aftar DOVP Concent
Treatoent In Alc
4 hr 2.2 ey/wl
24 he 0.14% ag/al
72 hr 0.0 ag/wl

fosatble weekly ¢exposura:

Exposure during £1r9C duy after treatment:

2.2 ug/ad x 1.8 @¥/ur x 8 he/day x persen/70 kg
«  0.45 ng/kyg/day

Expogure during second day after credcment:

.14 wg/@d 2 1.8 a¥hr x B he/day x  pecson/70 kg
=  0.0) ag/kg/day

Expogure during thisd day after tredtmenc:

0.07 ag/wd x 1.8 a¥hr x 8 hrfday a parson/70 '
= 0.15 mg/kyg/day

Toral for weck (two Creacwencs par week): 0.9 + 0.06
= 0.99 wg/kg/uk

Approxfmata average dally exposure = 0.2 mi/kg/-l.lz

Afrcrafr Personnel -- Dtatnsectton of Afrplaues

Reuplratory Exposure

DOVP alr concentractons. range. 0.15-0.25 mg/m]

mean: 0.20 ag/al
Assowpcload: 30 win/tredtument, 3 treatmencs/day
0.2 ag/wd x 1.8 wd/he x 1.5 hi/day x  person/lo kg

- 0.007 aglky/day

0.03
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. Mouscholdecs wich Resln Scripd

Assuapclon; over the pertod of 90 Jdays, the dally average amount
of DOVP {n the atr 1a 0.03 ag/wld

The maxlaum potenclal dally fnhalatlon oxpogsure to homeowner;
For 2 hours of modarate work:
0.03 ag/ad x 1.8 a¥/he x 2 hr - 0.1 wg
For 10 hours of light work:
0.0 ag/ad x 1.2 a@d/hc x 10 he = 0.4 ag
¥For 12 hours of reat;
0.0 ag/w} x 0.3 @¥/hc x 12 hr =« 0.2 ag

Total dally average exposure: 0.7 mg/day «x Eff;ﬁﬁ = 0.01 wy/kg/day
70/ kg

It s recognized that DDVP concentractons la the atr do aot reamsin
constant over 3 paciod of 90 days, cha 2ffaccive llfaciae of ctho scrip.
Therefore, dally exposures co DDVP are also calculated for four diffurent
fatecvals from the time of Ingcallation of the sccipi one day afcer

the atyip 13 hung and approxtimately onu moath, two wmanths, and three
monchy after [nscallacton. Based on the daca of Collina and DeVries
(19731) and on tha 3«ma activity schedule used In the previous calculacton,
the Jafly expodurea 4ra eatlmuced to be a3 follows:

A. 1 day after tuscallacton: 0.06 g DOVP/nd of alr

Tocal daily exposure; 0.02 wg/kg/day

B. 28 days after fnstallatifon: 0.02 wyg DDVE/m? of air

Total dally exposure: 0.005 ag/kg/day

C. 56 duys aftec lostallacion; 0.01 ag DOVK/ad of atr

Toctal dally aexposure: 0.003 mg/kg/day

D. 91 Jdays after fnstallatlon: <0.01 my DOVE/wd of alc

Tocal datly expousure: <0.00) wg/ky/ Jay

-4)-

. Houscholder with One Fles Collar on Per

Caoncentration of DDV (o
A. Boovam (casual exposure) rcange: 0.000t3 - J.00)1 nd/ul (177 duys)
acau; O 0016 wg/a?
8. Breathlayg Zone range: 0.003-9.29 mg/n’ (1-89 day)
mcan;: 0.15 mg/m]
1f casual exposucre o the pert ta far 8 hours/day and the sverage
breathing rate fa 1.2 m]/hr atd ta the breachlng zoue of the pat
the exposuca tlme L3 t hour/day, then the pocential ciposure Is:
A. Casudl expodure:
0.0016 /a3 x 1.2 wd/hc x 8 hour/day = 0.015 myfday
8. Breathlng zoaa:
0.15 @g/@? x 1.2 wd/hr x 1 hour/duy = 0.18 wy/ day

Total pocencial dally expusure due to lohulatlon frow pet Jeacloy
one fleca collar t3 0.2 wy/day or 0.003 m5/k&£ﬂil'

4 G



3. "Human Exposure to Atmospheric Concentrations of Selected Chemicals." U.S.
EPA Office of Air Quality Planning and Standards, Research Triangle Park,
N.C. 27711. May 1980.

Introduction--

Systems Applications, Incorporated, in conjunction with Hydroscience,
Incorporated, and Minimax Research Corporation, estimated the atmospheric
concentrations of, and magnitude of, populations exposed to 35 chemicals. Three
different methodologies were employed to make exposure estimates. The
methodology used depended on the type of source being considered. Sources were
classified into three major categories:

1. Major, Specific Point Sources - Sources considered as specific point
sources individually accounted for significant emission fractions and had enough
information available to estimate emissions. Most specific point sources were
chemical manufacturing facilities.

2. General Point Sources - General point sources were sources for which
sufficient information to make emissions estimates was generally not available
or which were too small or too numerous to consider practically as specific
point sources. Estimates of exposure to chemicals released from general point
sources were made by developing estimates for one or more prototypes and by
multiplying those estimates by the number of sources the prototype(s)
represents.

3. Area Sources - Sources that were even more numerous and widely
distributed than general point sources were more conveniently treated as area
sources. Examples of sources that are generally combined and treated as area

sources are home chimneys and automobiles.



Estimates of Exposure to Chemicals Released from Specific Point Sources--

Estimates of emissions from specific point sources were made by multiplying
emission factors (mass emi tted/mass produced or used) by production or use data.
Emission factors were developed by several different methodologies. A number of
emission factors were estimated for model plants based on data obtained during
onsite visits to chemical manufacturers "Emission Control Options for the
Synthetic Organic Chemical Manufacturing Industry," (EPA 68-02-2577). Emission
factors were also estimated from process monitoring data taken from state air
emissions inventory questionnaires (EIQ). 1In addition, emission factors were
obtained %rom various reports published by EPA. Finally, if no other
information was available, the emission factor for a given process was either
assumed to be equal to the emission factor estimated for another similar process
or was taken as the average of emission factors estimated for several different
processes.

Three types of emissions evolving from the production and intermediate use
of a chemical were considered.

1. Process emissions - "discrete losses that occur at process vents from
reactors, columns, and other types of plant equipment." Process emissions are
often obtained by direct monitoring of process vents.

2. Storage emissions - losses from storage tanks as well as from loading
and handling. Storage emissions estimates were generally obtained from AP-42
(Compilation of air pollutant factors,” 2nd ed. US EPA, Research Triangle Park,
N.C. 27711. Publication No. AP-42. April 1976) calculations.

3. Fugitive emissions - "losses that result from plant equipment leaks,
visual openings, evaporation from waste products, and other nondiscrete

sources." Estimates of fugitive emissions are generally obtained by material
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balance. For most chemical manufacturing facilities, separate emission factors
for process vent, storage, and fugitive emissions were estimated. However, in
cases of insufficient information, an overall emissions factor was estimated.

For each specific point source, average annual atmospheric concentrations
at ground level were estimated for 10 distances from the source in each of 16
wind directions. The concentrations were estimated by the use of a computer
program which combined unidirectional Gaussian solutions for each combination of
atmospheric stability classes and 6 wind speed categories with meterological
data on the annual frequencies of each of the 16 wind directions, 7 atmospheric
stability categories and 6 wind speed categories for the geographical vicinity
of the specific point source. The meteorological data used were modified STAR
data, which are climatological frequency of occurrence summaries formatted for
use in EPA Gaussian dispersion models and are recorded for numerous
meteorological stations throughout the country. The estimated concentrations
were not only functions of distance, wind direction, emission rates, and
effective stack heights but were also modified to account for the chemicals'
atmospheric reactivities.

Three major types of reactions were considered in estimating a chemical's
average atmospheric reactivity: photolysis, reaction with the hydroxyl radical,
and oxidation by ozone. Psuedo-first order rate constants were estimated based
on assumed concentrations of hydroxyl radical and ozone.

Population exposure to various concentrations of a chemical were estimated
by use of U.S. Census Bureau data at the level of finest resolution available:
Enumeration District/Block Groups (ED/BG's). As mentioned above, concentrations
were estimated for 160 points (receptors) around each specific point source (10
distances in each of 16 wind directions). At small radii from the point source

(e.g., up to 2.8 km), a single ED/BG contained saveral neighboring receptors, so
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the population within the ED/BG was apportioned among the receptors falling
inside the ED/BG. At larger radii (e.g., >2.8 km), most ED/BGs contained no
receptors, so concentrations that populationé within those ED/BGs were exposed
to were estimated from the estimated concentrations at surrounding receptors.
The estimates were based on an approximately linear relationship between the log
of concentration and the log of distance from the source for large distances and

on interpolation between neighboring wind directions.

Estimates of Exposure to Chemicals Released from General Point Sources--
Exposure estimates were made for prototype point sources in each of nine
geographical regions. The methodology employed was similar to that used to
obtain exposure estimates for chemicals released from specific point sources.
However, exposure estimates were generally made only for urban areas. The
population exposed to a given concentration estimated at one of the 160
receptors was assumed to be equal to the area of the radial sector whose center
is the receptor times the average urban density for the geographical region
considered. The data from a STAR meterologicdl station that was representative
of the geographical region being considered was used to estimate atmospheric
concentrations. ‘Exposure estimates for a prototype point source within a given
geographical region were multiplied by the number of sources within the same

geographical region represented by the prototype to be overall exposure

estimates.

Estimates of Exposure to Chemicals Released from Area Sources--
Atmospheric concentrations of chemicals emitted from urban area sources were

estimated by use of the Hanna-Gifford equation:

X = CQo/u
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where

X = average atmospheri¢ concentration,

C = coefficient dependent on city size,
Qq = effective emissions rate per unit area, and
u = average wind speed.
Specific values of C have been estimated by Hanna and Gifford (1973) for a large-
number of U.S. cities.

The effective emissions rate for a given city Qo was assumed to be the sum
of emissions from mobile sources (e.g., automobiles), stationary heating sources

(e.g., chimneys), and non-heating sources. The emissions from mobile sources

for a specific city were estimated from the following equation:

")

EM = national total mobile source emissions of the chemical,

where

A = land area of the city,

a = estimated number of autcs in the city,

t = estimated number of trucks and buses in the city,

R = ratio of average truck-bus emissions to auto emissions,
a' = astimated national total of autos, and

t' = estimated national total of buses/trucks.
The emissions from heating sources for a specific city were estimated from the

following equation:

) )

EH = national total heating source emissions of the chemical,

where

A = area of the city,



P = population of the city,

HR = heating requirementé (degrees-days/yr),

P ]

population of United States, and

4633 = population-weighted nationwide per capita heating requirement
(degree-days/yr).

The emissions from non-heating stationary sources for a specific city was

estimated from the following equation

)

EN = national total emissions from non-heating stationary area sources, and

.where

A, P, and P' are given above.
The overall psuedo-first order decay constants used in the dispersion
modeling for point sources were also used for area source modeling. The

following equation was used to estimate the overall effective emissions rates:

Qo = {Qu + Qq + Qy) = exp(-K4 A/2)
u

exp(-Kp A/2)
u
where
OM» Qy, and Qy are defined above,
Kd

average daytime psuedo-first order decay constant, and

Kn = average negative psuedo-first order decay constant.
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PRIORITY REVIEW LEVEI, 13 FORMALDENDYE Appendix A

Exawple Categoriaation of tormaldehyly Eipoanre;

Racause of the large amt diversa nuaber of poteatially oxposed
subpoputations and the poleatial diversity of Infarnaction neadod
for furthor assesqanent of risks and reduction of tho<n riska, AD
haa at;emptad to establish cateqgories and assign priorities for
further action. Although many difforent criteria could be uaserd
to establish categorles, the attachad table presents an crarpln
of a somawhat subjectlve categorization based on: 1ire af the
potentially exposed subpopulation; confidance In data on auposure
lovals; and significance of tha rlsk. In this table, first
priority is given to those situations where confldence {n the
exposure (data is falr or gnod and either the total potentially
February 19, 19A1
axposed subpopulation 1s large (l.e. the numnber of potentially
affected parsons Is large) aor the estimated Lodividaa) riuk {2
hlghl. Second priority is glven where a modarate number of
individuals ara potentially e:xposed, confldence in the e¢posur:
data is fair, and the estlmated indlvidual risk is molerate.
Third pricrity is given where the nuaber of potentially exposesd
mRﬁXF'aa individuals 13 elther small or unknown, confldence in the
vy exposure level is poor, and/or tha estimated risks may be
considered low. Obviously, these prioritias are subjact to

change aa additional Information becomes avallable.

Office of Toxic Substances

Offlce of Pesticldes and Toxlc Substances

U.S. Environmental Protectlon Agency

Ygecause the risk estimates derived in thia asnessment are upprer
953 contidence limits for lifetime risks, and are likely over-
estimates fn many casca, Lhe loweat risk estimited Tor v arven
subpopulation was used to rccommend priorities for further
action.

Washington, D.C. 20460
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Founaidely 1o ((::lzn), the simpleat member of the aldehvidae
chemical cicegory, aexista in many differant forms. Pure inono-~
meric formald hyde (1004 formaldehyde) Ls a colorlesa, punuent
gas that spontanzousty polymerjzes in tho tawperatura randge of
~90 C to 100°C. Aquaous Zormaddehyd2 (formalin) i3 a clear,
colorlesa, pungent solution of about 373 by walaht of
forwaldehyd2 gas Jn water, usually with 10-15% methanol adled to
prevent polymeriration. Formaldehyda also exista ln polymeric
forma, the bzst known of which are paraformaldehyde and trioxana

or trioxywmethylane.

Formaldchyde {u manufactured commerclally hy 15 companioes at
52 sites by tlhie catalytlc oxidation of methanol. A second source
of formaldehyde I3 its Indlrect production by natural processes
and human activity such as thae photochemical oxidation of ajr~
borne hydrocarbona and the incomplate combustion of hydrocarbons
in fousil fuels and rcefuse. Approximately 1,580,000 kkq of
formaldehyde woere genurated fn the U.S. in 1978; 1,070,000 kka
from commurcial production and 510,000 kkg from fndirect
production.

Almost all of the commorclally produced formaldehpte is
conuuned domestically; less than 13 was exported in 1978, he
uses of formaldehyde can ba broken into three major cateqorles:
non-consumptive uses; pseundo-connumptive uses; and congsumptive
usas. in 1978, non;uonsmuptlva usesa, wherein thae chemlcal
identity 13 not changed, most likely consuned leas than 5% of the
commercially praduced formaldehyde. These uses generally employ
formaldehyde as a prescrvative and disinfectant (e.a., in
coumetics and tollelries), aa a preservatlve (o.q., for
blological apeclucns and in embalming), or as a fungicide (e.a.,
in the manufucturae of antibotics and disinfection of sick roomsg).
Approzimately 37% of the commercially produced formaldehyde was
uacd in psowda-consunptive naca (chembcal fdentity not

lrreversildy aleerved), primarily Ia tho manufacture of three

ol

products: ureca=formaldehyle resing; nrea--formal Tehy e
concentriten; and hegamethylienctaotranine.  Taase product s
reganeratne semo or all of the orlglual forwaldehyde fa the course
of their intended uwae or Incidental decomposition. 1he
congumpiLive uses of formaldelhyde, accounting ror alout 575 of the
total production volume, includa the synthesis of products such
as maelamine and phenol~formaldehyde resios, pentacrvthritol, 1,4-

Lutancdlol, ac=tal resina, and Lrimethylolpropane.,

Although jndirect productions 13 believed Lo be the larger
contributor to environmental valaase of €ormaldehyd.n,
commerclally produced formald:hylde appears to be responuible for
the most slgnlficant human exposures to this substance. Inlivect

production accounts for about 97% (510,000 kkg) of the ananal
formaldcehyde emissions to Lhe atmosphere. Since tha wmajor
mechanisms for atmospheric deqgradation depend on sunlight, the
persistence aof alcborne formatluchyde s oxpecLed'Lo bie: qreatse ia
{ndoor air than in outdoor alr. For outdoor alr, the laovels in
urban areas are aexpected to be higher than the levelsa in rural
T&fé because of the larger nuuaber of findirect sources (ec.3.,
vehicular exhausts and Inclaerators) in urban areas. uith indonr
environments, however, the abscnce of the relatively fast,
sunllght-induced degradation {s expected to allow airborne
reloases to bulld up in concentration. Physical procesues such
as ventllation wlll'the major factord affocting the formaldehyde

pan)
concentrations in thé se situaciona.

Ho waterbarne releases of formaldehyde were ldentified or
guantlfled in this report; any such relcases are expected to ba
short liverd. Formaldehdye, per se, la not persistent in water
hacause it rapldly hydrates to glycols which are bfodeavadible.
very low concentratlons of fornaldehyde, thus, are projected for
amblent waters, except {n extrame casen such aa spllils of con-

centrated solutions.

ttonjtoring data indicate that the highest potential espo-
gurea to Farmaldehyda are the result of flts dlrect production and

tha comsrerclal and consurer aseu o€ Larmaldehyde and formaldn-

vit
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hyde~containing produacta. Although the available monitoring Jdata
are limited in thelr statistical reareseatatlvencas of the
populations uzlhu!, it appeara thit aituatlons having a
particularly high potentlal for e.posure to formaldehvde includa:
wochplace savivonments in industrics os dlverse as formaldehyde
manufaciuring, resin-manuwfacturing, textlile and garent manu-
facturing, plywood and particleboavd productlon and thosa
involved in the production and application of urez-formaldehyde
foam; raesidences containing particleboard manufactured with urca-
formal.lchyde vesins; restduncea contalaing urea-formaldeliyda foam
Insulatlon; blology laboratorlies; and autopsy roams. ‘Mo other
gituations, nushroom farming and piarticleboard veneering, alsa
show a high potential for formaldohyde exposure based on
monitoring data, but these data may not be reproesentativae of
gencral levels for these occupations. The entire 1.S. population
also 1s exposed to formaldehyda in the ambient air at the low
part per billlon level, and potentially through the use of

products containing formaldehyde as a preservative/disinfectant.

Tha potential for exposure to high concentration of
formalidehyde is of concern because of the preliminary results of
a recaunt bioassay conducted by the Chemical IndustLry Institute of
Toxicology (CIIT). The CILIT bloasaay results provide evidencu
that fourmaldehyds causes cancer ln rats recelving lcng-tarm
exposurea via inhalation (the major route of human 2xposure). In
the CIIT biocassay, rata (120/sex/dosa) wara expoused via
tnhalavion to 2, 6, and 15 ppmn formaldehyda (actual measured
concentretions were 2.1, 5.6, and 14.1) for A hours per dav, &

1 Examtnation of rata serjally

days per week for 24 wonthy.
sacrificed at months 6, 12, 18, and 24 showed dlaclinct
hyporplasia and metaplaslia of the nasal epithelium. In addition,

95 tumors (92 cataalytic squamout cell carcinomas of the nasal

Yrhe same type of hiloaasay also waa conducted using mice,
Rasulty from the wouusa bioassay woera pnot used in thia report
because ol problens in iaterpreting tha available data.

viit

turbipates and 3 roespiratory cpitheltal Ganor ) svere deted Codoan
raty (G}l uncchedhibed deathiag ot celicduled sacrinyr. -, Cheoagh € he
2i-month gacrifice) enpoced (o 1401l pra Formal® s b, Pho e

¢

tumors aluo were detected at 21 wonths in rats & poned 1o S04 pom

formabduhydz,

Yhae CII'T bioassay protaocol was revicued Yz o pancl o
expecta convenad by the Conswazr Product Safety Coawmrrasion
{Cpse), undar Lhe aagis of Lha Hatloual Toxicology vrageen (rep),
and found to be conutstont with accepted stamlacds For coanfuatineg
Inhalation uxposure bivagusays. Tha RTP panel, using bioeauay
data available through the 13-month sacrifice (V.o., 306 sonawons
coll carcinomas of the nasal turbinates) conclulod that

"formaldchyde pases a cancer risk to humans®,

Using a lineariced wultistage carcinogenasis madel, in
conjunction with the available results from the CIIT bioassay ad
astimated levels of formaldehylde caposures Lor waiioag
subpopulations in the U.8., the upper 95% confilence limits on
lifetime hunan carcinogenic risks wera caloulated,  the
calculated risk estlmatesa sugaest that a high level oL risk may
be associated with a pumber of situations iavolving expoaur s Lo
formaldehy:da. For most of the Identifilicd subpopulations, the
egtimated risks are vqual to or graater than 10753, howuver, 1n
some instances the rlaks are in the range of 10_l (e.q., V1" foam
producers/disteibutory exposced to 5.4 ppwm , patholaglsls . (poned
to 7.9 ppm), 10”2 (a.g., workera in U-F foam insulated Larliding,
axpased to 3.1 ppm U-F foam inastallers/dealers exposed Lo 2.0
ppm), and 1073 (e.g., direct producers af formaldehyde) . e
veader, housver, should note that these risk eablimates are upper
95% coanfidence limity; f.e., rlaks generally will not excoad

thesae estimates, but may, in fact, be constderably leau.

Ix
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ABSTRACT

This report agsesses the riek of exposure to zinc, as part of ar
ongoing program of the Monitoring and Data Support Division, Office ¢
Hager Regulations and Standards, U.S. Environmental Protection Agenc)
The goal of this progrem i{s to identify the aources of and evaluate t
exposure to the 129 priority pollutants.

A materislas balance is developed for zinc that considers major
sources of release from the culturel and natural environments to the
first point of entry into air, soill, or water. The amount of materi:
released from each source 18 estimated and, to the degree posaible, t
locationa of raleases are identified.

The distribution of zinc in the environment 18 assessed by con-
sideration of available monitoring data and the physical, chemical, &
biological processes that determine the environmental pathways and u)
mate fate of pollutant releases.

For both humans and other biota, the significant routes of expos
are identified and the extent and magnitude of expogure estimated. 1
svailable data on decleterious eoffacts are reviewed In octder to identi
the nature of the effects reported and potentially harmful levels of
posurs,

Information concerning all of the above topics is combined in an
attempt to assess the riske of exposure to ztnc for various aubpopu-
lationa.
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1. EXECUTIVE SUMMARY

HATERIALS BALANCE

Approximataly 1.19 million metric tons (MT) of zinc were consumad in the
U.S. 1a 1977, about half of which was imported. 2inc 14 veed primarily
in metallic form in gelvanizing (41%), alloye end die casting (362),
bress (12%), and rolled ziac (3X) 1in construction, transportation,
elactricel, machinery and other induatries. The rensindar (8%) 1a used
as zinc oxide and other zinc coupounds, which ave used in & wida

variety of pto&ucts. such as plastice, paper, paints and cosmetics.

Less than 10 of the zinc supply is recycled domestically. An unknoun
amount is accumulating vithin tha economic systea, and the remainder is
relaased to the environment, pricarily as solid wastea dlispoased of to
land. Refuse comprised of apeht praducts contaeining zine, ore nine
tallings, wetala working wastes, coal ash, and wunicipal and industrial
eludges constitute major sources of landfilled zinc. 1In addition, sig-
oificant quantities of zinc are agriculturally landopresd as fortilizer

sdjuvant .

The largest input of zinc to water resulto from erasion of soil particles
containing natural traces of zine (43,400 MT/yr). Culturally accelerqted
eronion accounts for 70% of thias eoll Josaj geologic or natural ercefon
constitutes the other 30X. However, as thie source 18 dilute and widely
dispersed it 1s unlikely to result in signiflcantly elevated aquatic
concentrations. On the other hand, urban sunoff (5250 MT/ys), inactive
ofas drafinage (4060 HT/yr), end munfcipal and industrial effluents
(17,000 MT/yr combined) are smaller but more concentrated sources,
capable of affecting many local areas. PDrainage from active minfog

areas 18 considerably Jees than from inactive areas due to the disposal

methods currently employed. -
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POTW represeant the largest taotal point source zinc discharges, xeceivi
contributions from water supply and distribution system corrosion, com
bined sewer srea xunoff, lnduatri;l wastes, gnd human excrement.
Industries with large discharges of zinc directly to water fuclude
iron and steel, zinc smelting (pf!narily from a stngle mill), and

poaalbly plastics and electvoplating.

The total quantity of zinc estiwated to be emitted to air (27130 MT/yr)
is a small portion of the total environmental releaae. Hefuae fnclner
ation, coal combustion, and some metale working industrics constitute

the major souxces. Along with xeleases of zinc through metal corrosele

and tire abrasfon, these sources contribute to uxban runoff contaminat

DISTRIBUTION OF ZINC IN THE ENVIRONMENT

Ziuc in ambient water is usually found at concentratjous of leas than

50 ug/l. However, in many locaticons concentrations of 100-1009 ug/l
are found. The fact that higher concentretlons are more common in
Hew England, the Southeast, the Miasouri River Basin, the Rio Grande
River Baein ond the Upper Colorado, appesis to be correlated with
wmining activities in these areaa. However, in all river basina there

are sama locations with zinc concentrations of 100-1000 wg/l.

Zinc has a tendency to ahsorb to sedimentary materfal. Con-

sequently, anthropogenic diacharges of zinc 1n‘excess of levels natural
in equilibrium with equatic sediments vedult 1in removal {rom the water
column and enriclment of sedimenta. Severe zine countamination thus
tendas to be confined to the reg!on'ot the source. Zinc in the water

column 18 primarily in the form of the free ion.

Zinc is genarally found {n soila at concentrations beétween 10 mg/kg and
300 mg/kg, with a wean of about 50 mg/kg. Soils near Wighways and
snelters have been found to contaln higher concentrations, due to

deposition of zinc released in tire abrasion and stack eminmsions.
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The mobility of zinc in soll depends on the solubility of the compound
and, to some extent, on the soll properties. Zinc in a soluble fomm,
such as zinc gulfate, is fairly mobile in most aﬁlla. However, as
relat ively 1lictle land disposed sinc ta 1n soluble form, the slow rate
of dissolution will liwit mobility. Consequently, movement toward
groundvater ia expected to be sjow unless zinc is applied to soil 4in
soluble fora (esuch as in asgricultural spplicaticns) or sccompanied by
corrosive substances (duch ao in wine tafilings). The transport of
soil zinc¢ oay also result from surface runoff or entreinment of

pacrticles into the atmoaphere.

Annua}l averaga ailrborne zlnc concentrations in urban areas of the Unlted
States are generolly less thau 1 ualn]. Although data are sparse,
higher atrboxne concentrations of zinc would be expected in the vicinity
of ilron end ateal-producing plento and zinc smeltexs. Atmospheric
emissions of zinc, consieting primarily of zinc sorbed to submicron
pgtticulato matter and the oxide o!-:lnc.aro expected to be short-lived
in the atmoophere, with deposition upon moil and pavement occurring as

fallout end washout.

EFFECTS OF 2INC

2ioc $» 8n esmential trace element i human and anima}l nutritionj the
recompended dietary allowance for humans is 3-15 mg/dsy fn humans.
2inc deficiency in humans has been assocfated with such effects ass
growth impaimments, inhibition of sexual maturation, loss of appetite,
inability to gatn weight, skeletal abnormalities, perakeratotic
egaphageal and akin lesions, and hair loass.

Hoderately high levels of zinc appear to have few adverse effects on
humans or anfmale; the metal hWas not been shown to be either carcifnegenic
or mutegenic. Human survival lhae beea reported after fngeation of up

to 12,000 mg of metallic ziuc, and most individuals appesr capable of
fugest ing 150 mg zinc on a dally basils whithout adverse effect.

Vierigtoy and diarchea, acting to reduce further assimilstion, are
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generally the threshold effects. However, it is zinc's disagreeabl
metallic taste which conatrains the drinking water criterfon to 5 o

well below any emetic threshold.

Inhalation of zinc oxide at comcentrations of 15 mglm) of zinc or a
produces fever, malalse, headache, and occasional vomiting, thus

necesaitating the occupational exposure gtandards curvently in effe

The effects of zinc on aquatic organisms are of more concern. Seve
fish kille in recent years have been attributed to zinc from runoff
diecharges from wining aress and emeiters. flowevex, the concentrat
causing wortality were generally not well documented, and in wany c

high levels of other metals were also present.

In the laboratory, avoidance reactions have been observed in rainbo
traut at concentratione ae low as 5.6 ug/l. Effects on growth,
reproduction and sumrvival are reported in various Ereshwater fish
specfea after chronic exposure to coécentratlona of 106-1150 ug/1.
There ara not enough data to perwit generalizatfons concerning inver
brates ad a group, The proposed fresh water criterion ranges from

approximately 15-80 ug/l depending on hardness.

Acute toxtcity studies have been conducted for many specles of Eres
water fiah. LCSO values range from 90-103,000 ug/l, with salmonids
and striped base reported as belng the wost sensitive. Invertebrat

are, with some exceptions, sensitive to ‘the same range of concentra

The limited fnformation avallable suggests that marine invertebrate
are less susceptible than freshwater specles. MHarine invertebrates

such as oysters and crabs exhibit growth reductfons at 50-125 ug/l.

A atrong negative correlation between water horduacss and zinc toxic
has been confirmed for freshwater organisms. The effects of temper:

pll, and other water quality parametexs are not as well undevatood.
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EXPOSURE AND RISK
Humana are primarily exposed to zine through ingestioni the dietary

intake of an average teenage male has boen ootinngad to be 18.6 wg
tinc/day. Dietary suppleménts may pxovids up ta an additfonal 75 mg
gtfac per tablet. The mean intake of zinc in drinking water 18 0.4
ng/doy (maximum of 26 mg/day). MNegligible quantities ave inhaled ia
embient air. Since humans are able to tolerate 150 mg/dsy without
adverse effects, Little risk appears to be aosociated with these

exposures.

Exposure of aquatic organisms to 100-1000 ug/} total zinc 1s commoan

in the United States, eapecjally fn New'England, the Westera Gulf afd

the Southeast regions. Since calcium hardness appears to mitigate tha
toxicity of zinc, risk way be greater in MNew England and parte of the

Southeast, which heve soft water.

Salwonids and Invertebrates are acutely sensitive to zinc concentration
in the rauge of 100-1000 ug/l. Over 20% of the water sumples taken
aationwide have ginc concentrations exceediug 100 ppb. About 25X of
all samples excued the proposed chronic exposure water quality criterion.
Hlowever, there 18 some uncertainty in estimating risk from laboratory
toxicity data coupled witl, ambient monitoring data. Organisms fn the
environment may be somewhat less susceptible to toxicity than those in
the laboratory due to differences in the make~up of the two syetems.
Comparad to laboratory watera, uhern the toxic free jon of zine can be
expected to predomfnate, a portion of zinc in environmental waters wmay
be adaorbed to aolida or, under certain conditions, complexed with
oxgenic or inorganic matevial. In additfon, acclimation way occur in

environments receiving chronic exposures.

Consequently, estimation of the actual ecological risk due to zinc
requirgs closur examinatfon of areas having elevated aquatic zinc levels,
enploylog both fleld and laboratory wmeasuces of stresa, Also needed 18

1 :r underataading of the relatlonship between toxicity and chemlcal

Giretont o0 of ziac.



