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The Honorable William Reilly
Administrator

U.S. Environmental Protection Agency
401 M. Street, 5.W.

Washington, D.C. 20460

Dear Mr, Reilly:

The Environmental Effects, Transport and Fate Committee of
the Science Advisory Board has completed its review of the Risk
Assessment Forum’s proposed Guidelines for Exposure-Related
Measurements. The review was conducted at the request of EPA’s
Risk Assessment Forum, and was conducted on December 2, 1988, in
Washington, D.C.

The Subcommittee recognizes these proposed guidelines as a
logical complement to the previocusly issued Guidelines for
Estimating Exposures. The prior guidelines, published and
reviewed by the SAB in 1986, provide a framework for exposure
assessment that may be integrated with the current guidelines
resulting in a useful tool for exposure assessors. The
committee recommends that such integration take place with
careful attention to the necessary linkages between measurements
and modeling. -

In addition to integration of the two sets of guidelines,
the Committee recommends some modifications. Since the
guidelines address exposure assessment for human health effects,
this bias should be acknowledged. Alternatively, the guidelines,
which have generic elements that can be brought to bear. on
effects to ecosystems, should be expanded to encompass exposure
assegsments in an ecological context. The focus and intended
audience of thé guidelines also need to be defined, and revisions
made accordingly. The Committee discussed quality assurance and
control stringency, the importance of exposure duration
considerationg, and needs concerning development and analysis of
data. In addition, a recommendations was made to incorporate
demographics, population dynamics, and population activity
patterns into the process for assessing exposures. Finally, the
committee requests that the guidelines be amended to include
references to other bodies of work that contain useful
information on exposure assessment.



Independent comments were received from two members of the
Indoor Air Quality and Total Human Exposure Committee. These
members reviewed the Exposure Measurement Guidelines and provided
a response. These independent comments are attached to the
report to provide further feedback and critigues of the
Guidelines.

The Subcommittee appreciates the opportunity to conduct this

scientific review. We request that the Agency formally respond
to the scientific advice transmitted in the attached report.

Sincerely

Dr. a;ﬁma/di;;l;: chairman
Executive Committee
Science Advisory Board

e e e A —— — i - il Sy —

. Rolf Hartung, rman*

Environsental Effects,
Transport and Fate
Committee

ENC

cg: Dorothy Patton
Michael Callahan
Bill Wood
Peter Preuss .
bonald Barnes

* Dr. Hartung served as Chairman until December 31, 1988. Dr.
Ken Dickson currently serves as Chairman of the Envirormental
Effects, Transport and Fate Committee. Since this review was
initiated during Dr. Hartung’s tenure, his efforts have seen it

to completion.



U.S. ENVIRONMENTAL PROTECTION AGENCY

NOTICE

This report has been written as a part of the activities of
the Science Advisory Board, a public advisory group providing
extramural sciéntific informwation and advice to the Administrator
and other officials of the Environmental Protection Agency. The
Board is structured to provide a balanced expert assessment of
scientific matters related to problems facing the Agency. This
report has not been reviewed for appreval by the Agency; and,
hence, the contents of this report do not necessarily represent
the views and policies of the Environmental Protection Agency or
other agencies in Federal government. Mention of trade pames or
commercial products does not constitute a recommendation for use.
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EVALUATION OF THE PROPOSED GUIDELINES FOR
BXPOSURE-RELATED MEASUREMENTS

1.0 EXECUTIVE SUMMARY

The Committee considered the draft guidelines for exposure=-
related measurements to provide a useful jintroduction te the
concepts that form the basis for techniques designed to measure
and estimate human exposure. The guidelines represent a logical
complement to the Guidelines for Estimating Exposures that were
published and reviewed by the Board in 1986. It is recommended
that these guidelines be integrated into a single guideline
document. The integration will recuire careful attention to the
linkages between measurements and modeling.

The document reguires a number of revisions, including a
clarification of the intended audience, and an extension to
explore the recle of measurements for assessing exposures that
detect ecosystem effects. In addition, the Committee pointed
out the need for technical corrections regarding industrial
hygiene measurements, and made comments on sampling design and
data interpretation. The Committee also pointed out the need for
increased attention to the study of varijability in the context of
defining uncertainty in exposure assessments.



2.0 RODOCTION

2.1 PRagquezt for Review

At the request of EPA’s Risk Assessment Forum, the Science
Advisory Board agreed to conduct a scientific review of the
Proposed Guidelines for Exposure-Related Measurements. The SAB’s
Environmental Effects, Transport and Fate Committee performed
this review with the assistance of other SAB members recognized
as experts in exposure assessment.

The Committee was requested to review the adequacy of the
scientific basis of the Guidelines for Exposure-Related
Measurements including these specific issues: adequacy of
guidance for interpreting contaminated blanks, interpretation of
data at or near the limit of detection, approaches to assessing
uncertainty, and the definition of specific scientific terms. 1In
.addition, the guidelines were examined in relation to greviously
identified Strategies for Improved Exposure Assessment®.

2.2 co Raview Proceadu

The Environmental Effects, Transport and Fate Committee met
on December 1 and 2, 1988, in Washington, D.C. On the second
meeting day, Drs. Lippmann and Leaderer joined the Committee to
complete the review of the exposure guidelines. Briefings were
provided on the guideline formulation process, and on past SAB
involvement and recommendations. An overview of the exposure
guidelines was given by Michael Callahan, Director of the
Exposure Assessment Group of the Office of Health and
Environmental Assessment within EPA’s Office of Research and
Development.

Prior to receiving this briefing, the Committee was provided
with a document entitled "Draft Guidelines for Exposure-Related
Measurements" and dated 10-31-88. The introduction to this
document is attached as Appendix A. In addition, the gquidelines
have been published in the Federal Register, Volume 53, Issue 232
pages 48830-48853. ’

Following the receipt of the draft document and the
described briefings, the Committee discussed the guidelines in
detail. Suggestions, conclusions, and recommendations were _
developed at the meeting. 1In addition, both general and specific
written comments on the guidelines were submitted for assembly by
the Chair. These comments were assembled into a draft report,
which was circulated for comment and consensus, prior to issuance
of this final report.

T & USEPA. Science Advisory Board. 1988. Future Risk: Research
Strategies for the 19903. Appendix B: Strategies for Exposure

Assessment Research. pp 20.



3.0 GENERAL COMMENTSH

The draft Guidelines provide a good expesition of the
concepts that form the basis of exposure measurement techniques.
They provide & logical and internally consistent quantification
framework by which human exposure may be measured and evaluated.
They represent a logical complement to the 1986 Guidelines for
Estimating Exposures, and are an essential component of an
overall program to insure scientific quality and technical
consistency in risk assessment.

3.1 t tion o o Guidelines

The Committee was asked to address the integration of the
proposed Guidelines with a document promulgated previously by the
Agency. This document, entitled "Guidelines for Estimating
Exposures," was published in the Federal Register (51 FR 34042)
in 1986. The Science Advisory Board conducted a review of this
document as part of its 1985 review of EPA’s Risk Assessment
Guidelines for Carcinogenicity, Mutagenicity, Chemical Mixtures,
Developmental Effects, and Exposure Assessment.

A conclusion of the prior review was that the 19286
Guidelines for Estimating Exposures provide the framework for
exposure assessment in a useful, diagrammatic way that aids
overall understanding. This framework is missing from the
present draft document.

The current draft Guidelines are logical correlates
to the Guidelines for Exposure Assessment of September 24, 1986,
which emphasized general concepts. The concepts expressed in
both documents are so closely related that integration of the two
is a logical step. This integration should provide a clear
framework for exposure assessment.

In the process of integrating the two documents, it is
important to consider previous comments made by the SAB on uses
~ and abuses of mathematical models. These comments are detailed
in a Report of the Environmental Engineering Committee entitled
"Resolution on Use of Mathematical Models by EPA for Regulatory
Assessment and Decision-Making" (EPA-SAB-EEC-89-012, January,
1989). The daevelopment of an integrated set of guidelines for
exposure assessment will require careful attention to the
linkages between measurement and modeling. Competent exposure
assessments require an integrated approach that encompasses both
measurements and modeling.

Recommendation:
THE GUIDELINES FOR BRATIMATING RXIPOSURES (SEPT., 1986) AND
THE DRAFT GUIDELINES FOR EXPOSURE-RELATED MEASURBMENTS SHOULD BE

COMBINED INTO AN INTEGRATED DOCUMENT.



3.2 Bcope

Contaminants entering the environment through the air,
water, and soil come into contact with living organisms and

~materials as these contaminants move through the enviromment.

Contact of the ¢ontaminant with the target, or exposure, can
result in a variety of adverse effects. The Draft Guidelines
provide a good general review of the concepts behind exposure
measurement technigques, providing a useful introductory overview.

The guidelines emphasize assessment of exposure to humans.
Human exposure assessment techniques play a central role in
environmental epidemiology, risk assessment and risk management.
In environmental epidemiology, appropriate exposure assessment
methods are critical to minimizing errors, such as those caused by
cenfounding factors and misclassification, and to improving the
probability of uncovering expeosure-response relationships. 1In
risk assessment, exposure assessment provides essential
information on the concentration-frequency curve (population
exposed at various concentrations) for contaminant(s) in
different media (water, air, soil, food), and identifies the
intensity of exposure and its likely distribution. In risk
management, exposure assessment helps in formulating cost
effective mitigation efforts to reduce or minimize the risk
associated with exposure and to theh monitor progress toward the
reduction of risk. Exposure assessment plays yet another role in
generating questions for hypothesis testing and research. The
Guidelines presented to the Committee ¢learly focus on exposure
assessment techniques as they apply to risk assessment. This
should be stated in the Guidelines to target users to appropriate
applications. Some discussion of the role of exposure assessment
and the modifications necessary for other applications could also
be provided. '

In spite of an emphasis on exposure assessments for
humans, the document exhibits a general lack of understanding of
the principles and practice of industrial hygiene in exposure
assessment for industrial workers. Advances in this field have
generated many of the approaches that are used in exposure
assessments for humans; therefore, the guidance document should
reflect the state of the art of this discipline. -

The draft Guidelines focus on exposure assessments

as part of risk assessments for human health effects. Yet, due
to the general hature of the principles presented, much of the
information is applicable to exposure assessment for ecological
effects. The guidelines should either clearly acknowledge this
bias to human effects, or they should be revised to include a
more extensive framework for the assessment of exposures in an
ecosystem context.



Recommendation:

THE GUIDBLIHBE SHOULD ACKNOWLEDGE THE BIAS TOWARDS EXIPOSURE
ASSESSMENT FOR DETERMINING HUMAN HEALTH BF?ECTB, OR PREFERABLY, THE
lGUIDELIHEB SHOULD BE EXFPANDED TO INCLUDE EXPOSURE ASSESSMENTE POR
THE PROTECTION OF ECOBYSTEMS.

The Guidélines were developed with a focus on exposures to
non-biological agents, such as hazardous chemicals. Therefore,
the document does not apply to exposures involving agents that
are biological, such as microbiolegical or viral agents. The
exposure assessment described is not appropriate for assessing
“ioconcentration, species interaction or food chain interactions
.aat may ultimately affect exposure. This focus should be
explained early in the document.

In addition, the potential audience for the document is not
well defined. The coverage is ingsufficient for a person new to
the area. Are the guidelines intended to be a primer for
"aexposure assessors", or are they intended to provide an overview
of exposure assessment for a much wider audience?

Recomumendation:
THE AGENCY SHOULD CLEARLY DETINE THE FOCUS AND INTENDED
AUDIENCES YOR THE GUIDELINES LﬁD REVIBE THEM ACCORDINGLY.

3.3 Technical Iasues
3.3.1 Quality Assurance and Quality Control

The sections which discuss sample plans, uncertainty,
guality assurance and control, and analytical methods are
reasonably well constructed and complete. Caution is advised on
some of the consequences of being overly stringent on acceptance
and rejection criteria. Some mention of these along with some
guidance to the reader should be provided in the document. At
present, the guidance is too "Black and White" with no in-
between.

The accuracy and precision of exposure-related measurements,
or any measurement, are a function of the accuracy and precision
of all of the individual estimations that make up the
measurement. Likewise, the accuracy and precision of risk
assessments depend on the accuracy and precision of both hazard
and exposure estimates. While one should strive to produce the
best estimates possible, there may be cases where the hazard
estimation is so uncertain that precise exposure estimates may
not be warranted.

It is important to provide a strong statement on the need
for quality assurance/quality control. Following this statement,
the Cuidelines need only refer to other EPA documents
specifically designed to provide the detail needed.



3.3.2 Time Course of Exposures and Measurements

Exposures ¢an occur in a number of settings in which the
contaminant levels wvary. The duration of human contact with the
contaminant also varies considerably, as does the bioclogical
response time. It is therefore important to gather exposure data
on a time scale which is consistent with these Ffactors. The
identification of the health or comfort effects of concern and
the environmental centaminant(s) potentially associated with that
effect are vital to the selection of the exposure assessment
method and sampling strategy to be used,

The draft guidelines caution that care should be exercised
in applying long-term monitoring data to specific exposure
assessments. The draft guidelines acknowledge the importance of
population activity patterns in the case of personal monitoring.
However, in general the guidelines fail to address the question
of averaging times for exposure measurements. Although it is
recoghized that population activity patterns are important, the
gquidelines do not stress that chemical concentrations in the
different media must he measured over time scales that are
consistent with the activity of the exposed individual or sub-
population that is being monitored and the bioleogical averaging
time.

3.3.3 Development and Analysis of Data

Regarding the development of data, in particular the
recommended soil and sediment measurements, many other properties
are important in addition to pH and organic carbon content. 1In
fact, porosity, caticn-exchange capacity, or clay type may be
more important than the factors mentioned. The Committee
suggests omitting "pH" and "organic carbon content®, or including
all factors important to these processes.

The document is quite specific on the requirements for
blanks, effective methodologies, the need for the measurement
system to be in statistical contrel, limits of detection, and
other tools for analysis. Such rigid specifications are .
essential if the analyst or the exposure assessor is not familiar
with the science behind the measurement methodologies. There
are, however, cartain pitfalls which arise when the criteria for
accepting or rejecting data are very narrow. For example, 1f the
concentration of a pesticide is well above the limit of detection
of the methodology, one may accept the measured value as long as
the blank concentration is no greater than 20%t of the measured
value. This may be inappropriate if the concentrations in both
the blank and sample are high but still within the 20% criteria,
since the high blank value may be indicative of severe analytical
precblems and may cast doubt on all the data.

Along the same lines, one may be willing to accept a lesser
degree of precision, a lesser percentage of spike recovery, etc.,
as concentrations decrease. Replicate measurements that are



within a factor of two may be acceptable at the ngKg'1 level but
unacceptable at the mgKg™— level.

The requirement for the measurement system to be in
"statistical control" may also be inappropriate in certain
circumstances. For instance, if concentrations of a chemical of
interest are near the limit of detection, one may not be able to
determine if the individual observations are randomly distributed
around the mean. This is because one tail of the data set will
be truncated due to the inability of the measurement system to
detect values helow a set level. Another example of the
potential inappropriateness of the "statistical contreol®
requirement is when the hazard of a chemical is extreme at very
low concentrations, or when the sample size must be small (i.e.,
blood). In such cases, the measurement system should be
optimized with less consideration being given to stability.

3.3.4 Applicability of Demographicas, Population Dynamica, and
Population Activity Patterns to Exposure Aaseasments

The Committee agrees that direct measurements of exposure
reflect many sources of variakility. This variability is in part
due to the continual changes in activity patterns of the
individuals that make up the population, and in part due to
source factors and environmental factors. The discussions on
pages 44-46 seem to imply that such measurements lack :
applicability, even though they are representative of the "real
world." Instead, the draft guidelines continue to seek o
justify the "maximum exposed individual" (MEI) on pages 53 and
S4. The MEI concept cannot be scientifically justified as a
component of exposure measurements and assessments. Whether the
MEI concept has a place in risk management or policy is outside
the charter of the Committee.

The Exposure Assessment Subcommittee of the Research
Strategies Committee (SAB-EC-88-040B) recommended undertaking a
series of steps that would improve the exposure assessments from
multiple sources, and would also help to define the uncertainties

in the process.

Racommandation: ‘ _

THE GUIDELINES NUST INCORPORATE DEMOGRAPHICS, POPULATION
DYNAMICS, AND POPULATION ACTIVITY PATTERNS INTO THE EXPOSURE
ASSESEMENT PROCESS.

3.3.5 Predictive Exposure Asasessaents

This section (pages 47-60) is more closely related to
modeling and estimating exposures in the context of the
1986 guidelines, than with exposure measurements. This
section relies heavily on simplistic linear models to derive the
LADE and LADD exposure equations. These are essentially
extensions of Haber’s Rule in toxicolegy without any linkage to




toxicokinetic considerations. The applicability of these models
needs to be demonstrated before they can be adopted.

3.4 Eg;g;' ggcigg Other Sourceas of Infn;gggi,un

The Committee agrees with the Agency’s approach in aveiding
the development of guidelines that are "cookbooks" for specific
exposure measurement technologies., However, it is important that
guidance be provided to assessors that are new to the field. The
Committee reccmmends that there be at least an acknowledgment in
the Guidelines that there are some general reference texts and
handbooks which can assist the new "exposure assessor" in
approaching useful measurement options. Similarly, reference
should ke made to appropriate documents published by the
Environmental Protection Agency, the Occupational Safety and
Health Administration, the National Institute for Occupational
Safety and Health, and the Fcod and Drug Administration, which
contain well developed sampling and analytical protocols. The
guidelines could be streamlined significantly by providing
extensive references to detailed information, as long as there is
assurance that this reference material is readily available to
the publie.

The draft guidelines contain many similarities and analogies
to the concepts and guidelines develcoped for exposure to and dose
assessment of ionizing radiation. Therefore, reference should ke
made to this body of work. Over 60 years ago the concept that
exposure to ionizing radiation or radiocactivity could have
detrimental as well as beneficial effects led the international
scientific community to develop an organization that would have
the responsibility for developing recommendations for radiation
protection, the Internaticnal Commission of Radiological
Protection (ICRP). Shortly thereafter, the American Roentgen Ray
Society, the Radiological Society of North America, and the
Radium Society joined together to establish a permanent standing
committee that periodically reviews the status of developments in
the field of radiation protection. This body, presently known as
the National Council on Radiation Protection and Measurements
(NCRP), issues reports and documents updating the development of
concepts and doctrine in the areas of exposure and dose
- determination. Reference to these two organizations would lead
the user to this important source of guidance adopted by the EPA
and by all Federal Agencies.

Recommendations

PHE GUIDELINES SHOULD REFER THEE READER TO OTHER GENERAL
SOURCES OF INFORMATION IN THE OPEN SCIENTIFIC LITERATURE AND IN
GOVERNMENT DOCUMENTS THAT ADDRESS EXPOSURE ASSESSMENT, AS WELL A3
TO THE DOCTRINE AND CONCEPTS PREVIOUSLY DEVELOPED FOR ABSESSING

EXPOSURE TO 1O0NIZING RADIATION.



3.5 gGlossary

The Glossary is useful, presenting many technical terms and
defining then in an appropriate manner. In some cases, extensive
detail in the text might be eliminated by reference to the
Glossary. There are a number of terms that are presented, but
not defined. Expansion is recommended to incliude all terms used
in the Guidelihes. According to two of the definitions, fate
includes transport. The Committee considers this to be
scientifically inconsistent. In addition, the difference between
"ambient medium" and "environmental medium" is unclear.

4.0 BPECIFPIC COMMENTS

Page 3; lines 14-16: The statements on practical significance
vary because of the premises that have been adopted. They should
not be "matters of opinion."™ :

Page 6; line 30: Easier detection is only one factor, and
probably not the most important one. Others include fewer
confounding exposures, easier access for sample collection, more
methods development and validation.

Page 7; line 19: Biological monitoring is not "usually* done
for the purpose of making inferences about absorbed dose; rather,
it is a technique for providing indications of either effects or
exposure. The guideline values used in industry are used
primarily to indicate excessive exposure.

Page 8; lines 27-32 (also see page 40, Table 3-1 and page 67;
lines 9=-12): Breathing zone measurements are improperly defined
here and on many subsequent pages. Breathing zone measurements
can only be made with fixed monitors when the worker never moves.
Instead, they are generally made using personal samplers or by
having a hygienist or technician hold a sampler inlet within 1 to
2 feet of a worker'’s nose as the worker moves about. Fixed

location sampling in industry is known as General Air Sampling.

Page 12: The quidelines appropriately stress the importance of
clearly defining the overall objectives of the study and the
nature of the decisions that will be made from the data as the
first step in the design of a study. However, the authors have
not been consistent in the treatment of this issue, so that the
definition of objectives has apparently a lower urgency on page
21 and 22. '

Page 13; lines 12~14 (also page 17; lines 10-19): It is also
important to indicate that sample averaging times are important.

Page 16; lines 3=-5: It is not true that occupational exposure
studies have focused more on transient exposure levels. Most are
focused on chronic exposure evaluations.

Pages 18-20: Condense, with emphasis on media that account for



direct exposures, such as air, drinking water, food and soil
coming into direct contact with people, especially children.

Page 19; line 10: Many factors in addition to pH and organic
carbon content influence the bioavailability and other
characteristics of chemicals in soils or sediments. In fact,
porosity, cation-exchange capacity, or clay type may be more
important in Some instances than the factors mentioned. The
Committee suggests omitting "pH" and "organic Carbon content", or
including all factors important to these processes.

Page 21; line 9: Delete the sentence: "Fregquently .... to

Page 24; par. 5: Delete the definition of "Kriging", it is too
much detail for a document of this type. References to the
literature dealing with data reduction and interpretation would
be more useful here. The appropriate use of references here and
on page 25 should lead to a condensation of the text and improve
its utility,

Page 27; lines 6-8: The sampling plan should be reviewed by a
good statistician. The design should be directed by a good
scientist who is familiar with the problems likely to be
encountered.

par, 2: Sampling duration must take the averaging time for
the effect into consideration,

par. 3; line 4: The use of spiked samples should be
discussed here, including the treatment of spike recovery data,.

par. 6; lines 1~3; Clarify the sentence.

Page 28; lines 3-4: Delete this sentence.

Page 31; Section 2.7.: Condense with reference to other EPA
documents on QA/QC.

Page 35; line 1: Natural background cannot be called
contamination. '

Page 41; Table 3-1: Under B.l1 - Examples Col.; add: "Breathing
Zone Sampling in Industry."

Under B, add a new subheading 2: "Passive Vapor Sampling.";
shift existing subheadings to 3 and 4, respectively.

Under C.2 - Usually Attempts .... Column; change
parenthetical entry to "may be indicative of gither relatively
recent exposures or long term body burden."

Pages 48-52: Condense and present concepts in narrative format.

Page 53; line 10: 20 ug/L chloroform is a more realistic
concentration.

Page 58; lines 7-9: While Roach’s approach is very good for
occupational hygiene, it is not at all clear that it is generally
applicable to community exposures.

10



Page 64; lines 20-22: Tt is not EPA’sS responsibility to create
work for statisticians. A more appropriate statement is found on
page 65, lines 7-9,

Page 68; lines 25-27: This is a definition of "Exposure-Response
Assessment," it is inconsistent with earlier definitions of
"DDSE: [ 1] .

Page 69: line 22: Delete "outdoor natural.®

Page 70; line 8: Expand the definition to indicate that
exposure rates for ajr are generally characterized by
concentration,

11
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10=-31-8
1. INTRODOCTION

1.1. Pwpose of the Guidelines

In 1984, EFA argenized a new program to ensire scientific quality
and technical consistency in the Agency's risk assessments, Included
in the program's goals was the develoment of Agencywide gquidelines for
risk assessment. The first graup of five quidelines was issued in 1986
and included The Guidelines for Estimting Exposures (U.S. EPA, 1986a).
The FProposed Guidelines for Exposnre-Related Meampements is a
companion and supplement to the Guidelines for Estimating Exposures.

The Guidelines for Estimating Evposures were developed to help
avoid inadvertent mistakes of omission. They present the risk _
assessor with a set of questions tn be considered in carrying cut an
exposure assessmertt and provide a procedural framesork for estimating
the degree of lnman camtact with a chemical of corcern. The Guidelines
for Estimating Exposures set forth intermal Agercy procedures that
facilitate consistency by developing cammon approaches to exposime
assﬁm:entsarﬂbyprumﬁ:gtmqualitya:ﬂammofsdm
uderlying EFA exposre assessnerts, -

As stated in the Guidelines for Estimating Exposures, "Ideally,
expesure measurements are based on measured data. EPA recognizes that
to assist in organizing the data that are available, including new data
developed as part of the exposure assesspent. In the absence of
sufficient reliable data ard the time to cbtain apprepriate -
messurements, exposire assessmerts my be based on validated
mathematical models., Whenever possible, exposare assessmerts based on
mdeling should be complementad by relizble measurements.” Camments
received an the Guidelines for Estimting Bposures, including comments
from EFA's Science Advisory Board (SAB), suggested a supplement dealing
in more detajl with how to make and use measurements in exposure
assessment, In accord with these suggestions, the Agency prepared the
Proposed Guidelines for Exposure-Related Measurements,



This dooument foouses primarily on chemical measuremerts in
various physical ard biclayical media, The guidelines are intended tno
help exposre assessors meke informed choices recarding collection ard
interpretation of these types of data. Other types of exposure-related
measurements (e.qg., activity profiles) are not considered in detail
here., .

The Proposed Guidelines for Exposure-Related Measrements (herein-
after Guidelines) are not intended to serve as a step-by-step
instuctional guide, but to convey gemeral principles. Rather, they
represent a collection of information already refined by consensus
approval. As the Agency performs more exposire assescments and
incorporates various novel approaches, these Guidelines will be
revised.

1.1.1. Intended Adience

These Guidelimes are intended to assist those who mist recommend,
corduct, or evaluate an exposure assessment, EXposure assessment is a
mltidisciplinary process that should reflect the combined irput of “
analytical and envirommental chemists, biclogists, engineers,
statisticians, and cthers as apprepriate. To ensure a credible
exposire assessoent, the assessor mist be fampiliar with the site or
program—specific nesds and the factors that affect how well these
neads will be fulfilled.

Important aspects to be considered when generating new data
(i.e., making measurements) include sampling plans, field activities,
expert judgment with sample designs that provide cbjective
measurements. The popose of sampling an envircnmental medium, or of
mmmﬂrmﬂyfotani:ﬂivﬁml,nrnfsmpﬁ:qtismes
or body fluids, is to make an inference about the nature or quality of
the whole medium, population, or absorbed dose. Statistics, while a
useful tool, camrot alone provide the rationale for the link between
the sample and the whole. It is the exposure assessor, as builder of

' the assessment, who must provide the explapation and justificatien for

this link, usuallyth:mghcazefuliylajﬂmtlogicastnmythe
sample is accurate amd representative. Statistics, and the help of a

2



statistician,hmever,areoftmmtialpartsofatabljstﬁ:gﬂn
link between the sample and the pepulation of inference,

When evaluating data (i.e., using exposure—related measurements)
exposure assessors should carefully examine the relaticnship between
thepqmlatimmwhiﬁthemamrmrtawemmﬂearﬂth&mlaﬂm
aryl understood is the possible difference between statistical
significance ard practical significance. The former term relates to
whether doserved differences could be the result of the variability of
the data used jn a decision prooess, The latter relates +n whether the
difference, if real, would be of practical importance. For a given set
of circumstances, measures of statistical significance sheuld not vary
from che assessor to ancther because they are calculated using
established procechnres, while statements on practical significance are
very likely to vary fram assessor to assessor since they are matters of
1.1.2. Orgenization of the Guidelines

These Guidelines consist of three parts. The introduction
describes same general aspacts of exproare assessment and some major
sources of measirement data used in exposure assessments. The seoond
chapter discusses the making (i.e., generaticn) of measurements for
exposure assessments including the role of the exposmre assessor,
sampling plans, uncertainty analysis, quality assurance, guality
control, and method selection. The third chapter describes the use of
measurements in exposire assessments including evaluation of
uncertainty in the use of measurements, the role of limit-of-detaction
values, and the use of surrogate data.

1.1.3. Fold of Techmical Support Documents

It is impracticable to create guidelines that give specific step-
by-step instructions for every situation. The assessor shymld consult
technical support dooments, such as those referred to in these
Guidelines, for more specific informaticn,

1.2. EBExposure Assecement

The National Research Council (NRC) in 1983 described risk

assescnent as cantaining scme or all of the following four steps:

3



hazard jdentification (the determinatieon of whether a particular
chemical is or is ot causally linked to particular health effects),
dese—resnnss asceesment (the determination of the relation between the
magnitide of exposure ard the probability of ccomrrence of the health
effect=z in question), exposire assessment (the determination of the
extent of lhman exposne before or after applicetion of requlatory
cantrols), and pisk characterization (the description of the nature and
often the magnitude of luman risk, including attendant uncertainty).

Onoe a dose-response relaticonship is eshablished, and often this
is done in a controlled sitnation sach as a laboratory, ane can make
statements suxch as, "if the dose is 'x,' then the response shoald be
'y.'" A major problem confromting risk assessors when trying to apply
the dose-response relationship to an actual "real-world™ problem is the
question of what dose to use as representative of the actual situation.
The primry purpose of an eposire assessment is usually to estimte
the real-world dose value to use in a dose-respense relationship,

The EFA Guidelines for Estimating Exposure (U.S. EFA, 1986a)
define exposure as the contact with a chemical or physical agent. The
magnitude of this contact is determined by mea=uring or estimating the
amunt of an agent available at the exchange bourdaries (i.e., lungs,
gastrointestinal tract, skin) during some spacified time. Once the
agent is absorbed through these bamdaries, the amourt cruesing the
boundary becomes the absorbed dose. Exposure assessment is the
qualitative or quantitative determination/estimation of the mamitude,
frequency, duration, ard route of exposure. Exposures are sametimes
refarred to in the literature in tems of "administered dose" or
vapplied dose," which describe comtact with the orqanism, but not
absarption. thmterdtnhamhqardduﬂdmtbeusedm
describe exposmre if avoidable, Exposure assessments often present not
mlyth-m,butalsntheahsnﬂ:edm,midzcanbe
calailated from exposure if the absorption fraction is known (see the
Glcesary of Terms).

Over the last decade, exposure assessors have generally
approached the evaluation of real-world exposures in three ways: by
tryhgtamaameﬂnmmedj:ecuymﬂeitistakingplace ("the

4



direct measuremernt approach™), by trying to reconstruct an absorbed
dese from evidence within an organism after the exposire and absorption
have taken place (“the reconstructive approach"), or by trying to mke
Es!:mtmnfthedlstnhrtlcnofthadmualarﬂtheorgamsm
separately, then linking them ("the predictive approach®). A1l of
these approaches involve measmpements of some kind, and the
measurements used in these approaches to determine or estimate
exposure are generally termed "expoane-related measurements." This
term applies to measurements taken for use in an exposure assessment,
vmetherormttheymaaswe'achnlmesdimctly,nrdjxectly
provide information upon which exposire will ulhmtely be estimted.
1.3. Saurces of Measirement Data

Mmimmmmmofmmﬂﬁsmuyusﬂtn
provide reliable measipements for exposre asseccment Deeds,. The
methodologies discussed below focus on direct measrement of exposure,
measuremertt of biological markers, and measuremernts for _
characterization of media for predictive assessments, These Guidelines
will mot discuss the collection of data on population activity
patterns, althaush it is recognized that these data play an important
mole in exposure assessment.

The reader shauld keep in mind that the measurements discussed in
sections 1.3.1 through 1.3.3 share a similarity in that for most of
them, a substance or medium is being amalyzed for chemical content.
However, the yse of the resulting measmrement data is fundamentally
different for the three different approaches to exposure assessment,
ard therefore considerations in making these measuremernts vary also.
1.3.1. Direct Meammrement of Exposumre

Dimi&aamm:tofwmmﬂncmtactafammical
ﬁmmdgahimﬂmormhmn)wﬁleitm,bymﬂgtm
chemical concentrations at human physical exchange boundaries (skin,
lungs, etc.) as a finction of time (e.g., throughout a day) to obtain
an exposure profile, A mmber of individual profiles can be
statistically aggregated to make statements aboat the exposure profiles
for hman or nonhuman populations, provided the individuals sampled
have a kewn relaticnship to the entire populatien.

5



As the name implies, the direct measuremert: method relies
essentially on measured data. The best-Xnown example of the direct
measirenent of expesanre is the radiation dosimeter, a small badge-like
device warn in areas where exposire to radiation is possible. The
dosimeter effectively measures exposures to radiation while it is
taking place, then indicates wihen a preset level has been exreaded,
Arother example of direct measuvement of pollutant esposure is provided
by the Total Exposure Asseccment Methodology (TEAM) shadies (U.S. ER,
1987a) corxhictad by EPA.  In the TEAM shixdies, a small pump with a
collector and absorbent is attached to a person's ¢lothing amd measires
the exposures to airborme solvents or other pollutants while the
e:q_::m.treté]mplace. The abecrbernt cartridges are then amalyzed for a
variety of chemicals. A third direct measrement example is given by
the carben monoxdde (0) shdies done by EFA in the 1980s, where a
small 0 measuring device was carried by a mumber of pecple over
several days (U.S. EFA, 1984a). The device had a recording capability
which allowed the assessor to analyze the exposure to (O over that time
pericd. Inallthraecfﬂmeexarpla,thakaytndimtmamt
technicques is that the measurements mast be taken at the interface
bMtMpﬂsmmﬂtmmmmmethwﬁle
it is taking place. .

1.3.2. BRioclogical Monitoring far Reoonstructive Exposire Assesnent

Ancther method, yielding useful measurement data for
reconstructive exposire assessments, involves biological monitoring.
Biolegical tissue or fluid measurements that reveal the presence of a
chemical may indicate directly that an exposure has occurred, provided
the chemical is not a metabolite of cther chemicals., There has been
mich intavest in relating bioclegical saple levels to exposure,
partic:ﬂarly'fur ocxupaticnal exposure where chemical concentraticns
are high encgh to permit easier detection.

Faur types of measurements using biclogical monitoring can be
used to evaluate the ameant of a chemical in the body:

1. Measurement of the concentration of the chemical itself in
various biological tissues or fluids (bloed, urine, breath,
hair, adipose tissue, etc.) (body burden).



2. b!gamrtof‘trﬂmmtimquarmofﬂn
bictransfarmation products (metabolites) of the chemical.

3. Measurement of :Dbiolcgical effect that oxurs as a result of
hman eyposne the chemical (e.g., alkylated hemcglobin)
(types of biemarkers), '

4, Measurement of the amamt of a chemical boamd to target
mleciles (e.q., INA adducts or chromosame aberratiens {(types
of bimmarkers).

The results of biomonitoring can be used to estimate the amount of
dmicalupta}mdmi:gaspecificmtmalﬂtlnmlatiashiphemean
uptake ard the markers selected is Kxwn (i.e., pharmacckinetics are
known) amd if background levels befare the expomme interval are known.

Reconstyuctive exposite assessment relies heavily on measured
data. However, the data on bady burden or bicmarker values carmot be
meddﬁecﬂyformassmntmlﬂa'rﬂaﬁaﬁhipmha
establicshed between these levels and absorbed dese, and interfering
reactions (e.g., from metabolism of nonrelated chemicals) can be
acoanted for or ruled out. Biological monitoring for exposure
assessment usually involves sampling tissues or fluids for the parpose
of mking inferences about abeorberl dose,
1.3.3. Meagmements far Predictive Exposire Assescment

In predictive exposure assessment, the assessor attempts to
match, or link, individuals or collections of irdividuals with the
concentrations of chemicals or agents they are contacting. Usually,
the assegsor addresses the characterization of the irdividuals or
population separately fram the characterization of the chemical or
agent., Population characterization involves idertifying those
individuals who are exposed and the activities (habits) that bring
them into contact with the chemical or agent. This my invelve
demograghics, mnvey statistics, behavior cbeservation, activity
diaries, or other means of cbtaining this infarmation. Although
pepulation characterization may involve measurements, these
measurements are fundamertally different from the chemical/media
characterization discussed in these Guidelines, and therefare will not
be specifically discussed further here.



Measyrements employed in characterizing the chemical or agent in
pradictive expesure assessments are quite varied, but they all share a
cann parpase:  to use sampling to make inferences about the
distﬁhutignofdmical/agentmnmtimﬁinﬂﬁmdiabein;
sampledl. Measurements are often used as imputs to medels. Once the
concentration distribution has been estimated or measiped, this
estimate exposure.

The followirg are a few exzmples of the types of measimremernts used
in predictive exposure assessment to characterize the concentrations of
chemicals or agents in various media. Fixed location wonitoring has
been used by the Agency amd other groups to provide a record of
pellutant concentration at ane spot over same length of time.
provide centimuous monitoring of pollutant concentration so that
"baseline” values in these erviromental media can he documerted.
Measurements jin envirormental media can also be done in focused studies
which lock for specific chemicals or agents in specific places and
times. Ipdoor air messurements simply refer to the gecraphic zone
mnitored. There are valid reasons for differentiating indeor
measurements from amndoor anes, since when performing an exposure
assessment, the considerable time spent indoors for most persons needs
to be linked with the concentrations they are exposed to indoors. The
home, office, autamobile, or other defined areas are often called
micreerwiromments, ard are used in predictive exposure assessment to
hettarlhﬂcdmimln:mﬂatiaﬁwithi:ﬂividmlsorpqmlaticm
en 3 Zore remerts, usdally associated with industrial hygiene
suﬂiuutﬁnﬂmrmxre refer to measuremerts taken by a fixed
location device situated at appreximately head height at or near where
the waroer spends a substantial amamt of time. Note that this differs
f:mdiractmsmam, shneﬂnmﬁtorisfﬁcedmtherthanmvug

: 3 are often mede

tnd:aractermthesepotmﬂalmepaﬂnays General
characterization of these media, such as market basket shadies, shelf
studies (where foodstuffs are taken from store shelves and analyzed),
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(413) 340-2476

April 14, 1989

Dr. Mort Lippmann
Inscitute of Environmental Medi¢ine
New York University Medlcal Center

A. J,

Lanza Laboratories

Longmeadow Road
Tuxedo, NY 10987

Dear Morcz:

This responds to the request made at the March meeting of the IAQ/THE that
committee members review EPA's exposure-related measurement guidelines
dated Occober 31, 1988, and the EET & FC draft review of thesa guidelines

dated

April 1989,

It was my understanding that since the EET & FC already reviewed the
guldelines and since time was of the essence, 3 detailed review was noc
required. I shall ctherefore make some general comments followed by
specific ones which 1 believe will give credence to the criticisms
contained in the general comments. )

Ganeral Comments

The report is poorly written. 1It’s style is cumbearsome,
bureaucratie, redundant and in many parts vague. It is not clear
for whom the authors intended the repoxt. Those already
knowledgeable about exposure measurements would find it tedious and
ezinimally informative. Those new to the field would find it
confusing.

The report is replete with technical inaccuracies, and with
misinformation on basic exposure concepts. Most important, the
definition of exposure, which is the foundation on which the report
rests, i3 inconsistent wich that currently acceptable to most
exposure experts In the sciencific communicy, as well as with other
recent EPA reports, some of which have already received SAB review
and approval,  This will be discussed in more detail under specific
comments, ’



Dr. Lippmann
Paga 2
April 14, 1489

I found the EET & FC review included wany useful cricicisms.
However, I was surprised that the committes appeared to agree with
the fundamental exposure concepts espoused in the EPA guidelines,
including the definicions as given in the report and the glossary
(ef. p.' 14 which states "The glessary is useful, Presenting many
technical cerms and defining them in an appropriate manmer."). I
also note that on p. 5, the committee states "... eXposure
assessment provides essential information on the concentration
frequency curve (population at various concentrations)...*, I
maintain expogure assessment provides information on the pepulacion
at various exposures. I do not wish to criticize the committee for
these oversights since I do not know how much time the members had
to review the guidelines and I realize that the committee review is
only a draft.

I do not recommend that these guidalines be published., I agree with
the EET & FC that only one guideline be published, ucilizing
Information in this guideline and the 1986 guideline, Furthey, I
recommend that this be done only after the intended audience be
defined, the committee’'s remarks as well as those in this memo be

taken into account, and that an appropriate committee of SAB review
the integrated document,

Specific Comments

.

The glossery contains many definitions at variance with those
commonly accepted by professional exposure assessors. The most
serious descrepancy, since it lays the foundation for other
definitions and for the sclentific content of the entire document,
is that of exposure itself (p. 69). This definition states that
"Exposure {3 quantified as the amount of the agent available at the
exchange boundaries...”, The authors appear to equate exposure with
dose., For example, on p. 68 "dose-response assessment™ i3 defined
as "The determination of the relationship between the magnitude of
exposure and the probability of occurrence of cthe health effects in
question®, while on p. 69 they equate “administered dose®™ wich
exposure. Although EPA can define terms as suits thelr specific
needs, I believe they should do so with internal consistency and
whenever possible in concert with the scientific community outside
EPA., This is not the case. For example, in the February 1988 acid
aerosols issue paper, EPA repeatedly expresses acid particle
exposures. in units of (ug/m® + h), that 1s, exposure takes into
account both concentration and the cime an individual is exposed.
On the other hand, the November 4, 1988 EPA document "Interrelation
of Experimental Exposure and Ambient Alr Quality Data for Comparison
of Ozone Exposure Indices and Estimating Agricultural Losses®
repeatedly gives exposure the units of concentration. For example,
on p. 3-6 of that document che authors state “exposure should not
exceed 21 ppm". Thus there is disagreement, even within EPA, on
this very basie definition. Since EPA i3 considering the totral

human exposure concept as a guiding scientific principle in risk

assessment and risk management, I think it critizal chat the agency
establish one definition for this basic concept.



April 14, 1985

A commitcee of the National Ressarch Council has Tecently complered
a draft report om "Advances in Assassing Human Exposure to Airborne
Pollutants", 1Included are suggasted definitions for coneeprs
related to exposure assessment. The committee drafc Ye&pOrt states
that "Human exposure consists of contact at one or more boundary
layers between the human snd the environmenr wich a contaminanc{s)
at a speclfic concentration(s) for a specified period of cime. Thu=
the units of exposure are concentration multiplied by time.". The
committee goes on to define other concepts such as rotal exposure,
integrated exposure, dose, total dese, internal or administered
dose, and biologically effected dose. I recommend that the EPa
staff who rewrite the guidelines attempt to sccept the
recommendations of the NRC (for information as to when a drafc
document might be availsble for review I suggest calling Ray Wassel
of the NRC at (202) 334-2617).

Clearly 1if EPA should accept this recowmendation it will be
necessary to make substantial revisions In the text, since the text
discussion and equations all flow from the definitions in che
glossary,

p. 66 The authors state: "Indoor ambient and cutdoor ambient are
sometimes used to deferenciate betwean indoor znd outdoar
surroundings”. I have never seen this daferentiation. Rather che
most common use of the word ambient is to refer to outdoor air,
which I agree is a misnomer.

P- 67 The authors state: "Breathing zone measurements are
frequently made ... by placing monitors at fixed locations ..."
Breathing zone measurements are usually made using personal samplers
attached to the parson.

P. 71 The authors equate the word microenvironments with *a series

of ayess" The definition of microenvironment is a three-dimensional
space having a volume such that the concentration for the pollutant

of interest can be considered constant during a specified
measurement time interval. Further if properly coupled with
activity pattern data, microenvironmental measurements need not be
carried out sequentially.

P. 10 Paragraph one, The statement *...dose-response assessment
(the determination of the relation between the magnitude of exposure
and the probabilicy of occurrence of the healeth effects in question)
..." shows the lack of the authors discincrion between dose and
exposura,

pP. 4 Second paragraph. The primary purpose of an exposure
assessment i{s not to estimate "che real world dose*, but simply to
estimate exposure. Also, the authors use the Phrase “real world" a
number of times during this report. What other worlds do they have

“in mind?

f. 4-5 The nomenclature that the authors usa to describe the chree
methods for measuring exposure are not as pedagogically useful as
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the desecriptors used by many scientiscs and alse by the HRC
committee discussed above. I recommend that EXPOSUre assesSsment
approaches be divided inte two categories; indirect mathods {which
combine microenvironmental measurements with activicy diaries
through -models to obtain exposure), and the direct method., The
direct method has two subcategzories, personal monitoring and
biological markers.

* P. 3, last par. The authers state that direct measurezents are made
by "measuring concentrations at human physical exchange boundaries
(skin, lungs, etc.)...". Personal monitors are not placed ixn
people’s lungs. Of course the authors realize this since on the
next page they give as direct measurement example, the use of a €O
measuring device which is carried by people. This is just one of
many cases of imprecise writing.

* p. 7, par. 2 Biological monitoring is not usually dena toe make
inferences about adsorbed dose. Biolegical menitoring is used for a
varlety of purposes, for example, toxicological purpeses, screening
purposes, etc.

* p. 7, last par. In the indirect method (what the authors refer to
as predictive exposure assessment) population charactarization
involves much more than just who is exposed and what their
activities are that bring cthem into contact with the chemical or
agent., One of the most important parameters is the activity time
pattern data. These sections on the different methods for wmeasuring
exposure are vague and incomplete,

« p. 8, Indoor air measurements do pot "sinply refer to the
geographic zone monitored®. If the authors feel a need to define
the term, why not say indoor measurements refer to measurements made
indoors. Perhaps the intelligent reader would not require an entire
sentence, but could deduce the location from the adjective “indooxr™.

+ p.8, par. 2 The home office, ete. are not microenvironments. They
are environments. See an earlier comment for the correct definition
of microenvironment.

* p.8, last par. Breathing zone measurements are not taken by a fixed
location device unless the worker does not meve from his wark
location. .

* P.9 The authors say that *... measurements of food and drinking
water are taken as split samples taneou as an individual is
ingesting them". This indeed must be a painful experience for the
individual under test.

* p. 9, par. 1 The authors say that “Source characterization
measuremnents usually refer to sampling to determine the rate of
release of chemicals ...". Such measurements are usually referred
to as source emission measurements.



P- 9, last par. The authors state that the proof of reliability of
data is embodied in the form of quality assurance and qualircy
control. It is quality assurance that yields che "proof™. Puc
simply, quality contrel is the system of procedures that is used
before and during data collection to make it good data, whereas
quality assurance is the system used to assure (i.e. "prove') that
the data that has already been collected is indeed accurate and
precise (the authors use these definitions on p. 31).

p. 11, par. 1. The authors state ".., the exposure assessors task
is to obtain or estimate does information ...". Clearly the authors
do not differentiate between dose and exposure. This kind of
confusion is contained throughout the report,

p 11, par, 1. The sentence "Since dose involves both the organism
and the chemical, obtaining representative dose informaction involves
establishing a4 link between the organism and the chemical® says
nathing.

P- 11, par, 2. The authors equate measurement data with samples.
Data are not the same as samples,

p- 12. The sentence "It is incumbent on the exposure assessor to be
well informed and to parcicipate in such decisions relating to the
making of measurements so that the sampling process is relevant to
the questions being asked to the assessor.®, is another meaningless
sentence. '

P.- 14, lastc par. The authors state ",.. measurements are made of
the actual pollutant concentrations contacting a person's body by
essentially using split samples of the air breathed,...”. It is
unclear what the authors are referring to when they speak of
spliting air samples,

p. 17, par. 1. I think it inappropriate to state that
"environmental media are primarily responsible for the wide
dispersion of anthropogenic chemicals that reach the
environment...", Perhaps man’s activities have something to do with
the wide dispersion of chemicals. It is not clear what the authors
are trying to say. ’

p. 46, The authors state that "... the exposure assessor is advised
to consult a statistieian ...* Statements about bringing
statisticians occur a number of times in this report. If ir is
necassary to bring in this point why not also refer to the need to
consult with chemists, engineers, meceorologists, toxicologists,
etec,, ete.,

p. 48-57. Should the EPA accept the NRC definitions for exposure,
dose etc. this entire section would have to be completely rewritten,
Even now, using the definitions of the authers, there are errors in
the mathematics, For example, the right side of equation (3-5) and
equation (3-6) are identical. Therefore, T = ED. Yet, the authors
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imply T is the cime of interest, whereas, ED, is the duration of
exposure over all events where exposure cccurs,

* p. 36, par. 2. Vhat do the authors mean by the statement "the Monre
Carle Method immediately uses the faet ,.." thar iz, what is the
purpese of the phrase “immediarely uses"?

*+ P. 60, par. 3, The authors state: "Even in the case of serious
flaws, data should not be discarded antirely unless better data are
available”. The authors would have to define the phrase "serious
flaws" very carefully before I could accept this statemenr. Bad

data is bad data and should be discsarded. Put another way, garbage
in, garbage out, :

- I could not find a definition or reference to the important exposure
metric, "integrated exposure®.

I believe these specific comments adequately support my general
¢riticisms, It is never pleasant to criticize a report, particularly so
thoroughly. I also am aware that should the above recommendations he
taken, the report will have to be rewritten. However, in light of the
fact that EFA management is seriously considering adopting the total human
exposure concept as the guiding scientifie principle in carrying out the
agency's mandate for risk assessment and risk management, it is cririeal
that the exposure assessmeut guidelines which form the scientific
foundation of the total human exposuras concept be useful, readable and
scientifically accurate, I compliment EPA on its foresight in embracing
the total human exposure concept and in taking these first sTeps to

develop exposure assessment guidelines. I look forward to the integrated
exposure assessient guldelines,

Sincerely,

evone/d. Wesolowski, Ph.D., Chief
ir &*Industrial Hygiene Laboratory

JIW: st

coc? R. Flaak
P. Lioy
R. Wasszel
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Minneapolis MN 55403

22 April 1989

Mr, A. Robert Flaak, Executive Secretary
Science Advisory Board (A-101F)

U.5. Enviroomantal Protection Agency

401 M Street, SW

Washington, DC 20460

Dear Bob,

The enclosed comments are submitted as requested at our TAQTHE Committee of
28-2% March 1989, These comments are based on my review of the "Draft
Guidelines for Exposure~-Related Measuremeats" of November 1988, the "Report of
the Envitromnental Effects, Transport and Fate Committee" of April 1989, and ay
participation in the 28-29 March IAQTHE Committee meeting. :

Geperal Comments

1. This draft contains mueh usaful information, and has the potential of being
an important Guide for researchers and investigators. However, as iandicated
by the EETFC, major revisions will be required, I concur in this opinion.

2. If this document is te provide credible guidance for exposure measurement,
it must clearly and authoritatively define "exposure” in measureable
terminology. Only in Chapter 3 is a quantitative definitiom proposed.
Moreover, the proposed definition is not universally accepted. If the units
of exposure are to be consistently expressed as mass, then the measurements
of intensity, I, and time, dt, wust be clearly described. It is recommended
that these terms be clearly defined and discussed in Chapter 1.

3. The three methods of "measuring" exposure are presented in a somevhat
confusing manner, Does the Direct Method provide a "measure" of
concentration or a measure of exposure? If it is to be exposure, is the
measure in terms of wass or the integral of wmass and time? The other two
methods are "indirect” indicators (not measures) of exposure, If
uncertainty prihciples are to be used, a clear distinction of measures and
indicators is-necessary.

4. The fact that this document is limited to discussions of wmeasuring chemical
contaminants should be clearly indicated in its objective and title,

5. I concur that this draft document should be integrated with the previously
issued Guidelines for Estimating Exposures. The integrated document should
then be reviewed and published.

Specific Comments

Page 2 - The focus of the document on chemical measurements, without
consideration of physical (e.g., thermal, lighting, acoustic, etc) or
biological (e.g., wicrobiological) influences of the factors, is a serious
limitation.

v
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Page 4, par 2 - In the proposed definition of exposure, which boundaries
distinguish measures of exposure from measures of dose?

Page 5, top of page - The units of measure of exposure should be defined.
Also, they should be distinguished from the units of measure of dose. When
assessing total exposure, how are units of measure of exposure by various
pathways rationalized?

Page 5, par )l - How can measurements of population activity or duration of
exposure be neglected in a document purported to be a Meagurement
Guideline? These factors must be addressed.

Page 5, par 2 - Other enviromnental factors (e.g., physical, psychosocial,
ate¢,) that affeet axposure should be identified and measuremant methods
should ba discussed.

Page 6, par 1 — The description of a dosimeter to measure exposure adds to the
confusion between the concepts of dose and exposure. Clarification is
neaded,

Page 6, par 2 = "Biological monitoring"” is not technically a "measure" of
exposure, although it may be an "indicator"™. Please clarify. How biological
monitoring differs from dose measurement must be clarified in temms of
exchange boundaries and target organs.

Pages 6 and 7 — The "indirect" measurement methods of biological monitoring
and predictive assessments should be clearly classified differently than
the "direct" measurement method. In fact, is it even possible to determine
toral exposure by “direct measurement”? Since the "direct" method probably
yields incomplete information, aund the "indirect" methods require
prediction to assess exposure, how can exposure be assessed wilthout
modeling and s:mulatlnn? This Guideline should be rewritten lntegrally with
the 1986 Guide,

Page 7, par 2 — The "geographic zone" of indoor air is a confusing concept.
Does this refer to the difference of an indoor enviromment in Los Angeles
and Bostom, or to two adjacent rooms in the same building?

Page 12, par 1 - Why would an objective be to support a type of assessment?
The "direct" and "indirect" (recomstructive and predictive) methods may be
chosen to meet an objective, but they should not be objectives themselves.

Page 14, par 2 - How can methods of measuring be considered sciemce? What is a
split sample and how is it obtained? 1Is it real? How can a sample of air

and food be split? How can these results be combined with those of a patch
to get a direct measurement of total exposure? This whole concept is
confusing and needs clarification,

Pages 20 - 23 - The discussion on "Setting Data Quality Objective" is very
good., :
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Pages 23 - 31 (Sections 2,5 and 2.6) - The discussions are primarily directed
to the "predictive assessment”" method. What plaas and uncertainty
evaluations are needed for the other methods?

Page 36, par 1; page 46, par 1; page 47, par | - Substitute for the term
"absorbed dose". As indicated in Chapter 1 of the Guide, the term confounds
the concepts of dose and exposure.

Page 48 - The dimensions of exposure (i.e., mass) in Equation 3.l are not
consistent with others generally accpepted internationally (e.g.,
concentration x time), However, if it is assumed here that E -_f[dt,‘rather
than E = fCdt, then previous sections of this Guide should have extensive
discussions on how to accurately and precisely measure I by direct and
indireet methods. Also is E, as defined in this Section, consistent with
the measures of exposure using "direct" and other "indirect" (i.e.,
biological monitoring) methods?

Page 51 - The Equation for dose (EQ 3.12) is not consistent with generally
accepted definitions (e.g., absorption in target organ). How does the
proposed definition rationalize with the more common definitions? Also, the
discussion on dose goes beyond the scope of this documeat (EQs 3.12 to
3.14) and should be deleted.

Best regards,

-
Yames E. Woods, Ph,D., P.E.
Member, IAQTHE Committee of SAB

¢c: Dr. Mortonm Lippmann



