EPA/630/R-00/005
December 2000

Summary Report of the Technical Workshop on |ssues
Associated with Considering Developmental Changesin
Behavior and Anatomy when Assessing Exposureto
Children

U.S. Environmenta Protection Agency
Washington, DC
July 26-27, 2000

Risk Assessment Forum



U.S. Environmenta Protection Agency
Washington, DC 20460
NOTICE

This document has been reviewed in accordance with U.S. Environmenta Protection Agency (EPA)
policy and approved for publication. Mention of trade names or commercia products does not
condtitute endorsement or recommendation for use.

This report was prepared by Eastern Research Group, Inc., an EPA contractor (Contract No. 68-C9-
8148, Work Assignment Nos. 00-01 and 01-03) as a genera record of discussion held during the
Technicad Workshop on Issues Associated with Considering Developmenta Changes in Behavior and
Anatomy When Assessing Exposure to Children (July 26-27, 2000). Asrequested by EPA, this
report captures the main points and highlights of the meeting. 1t isnot a complete record of dl detalls
discussed, nor doesit embellish, interpret, or enlarge upon matters that were incomplete or unclear.
Statements represent the individud views of each workshop participant, none of the statements
represent analyses by or positions of the Risk Assessment Forum or the EPA.



CONTENTS

FOREWORD ..o e e e e e e e e e %
EXECUTIVE SUMM ARY .. e e e e Vi
1. INTRODUCTION ..ttt e e e e e e 1-1
11 WOrKShOp PUIPOSE . ..ot e 1-1
1.2 Workshop PartiCipantS . . . .. .o oot 1-1
1.3 ChagetothePand ........ ... i i e 1-1
L4 AQENA . ..o 1-2
15  WOrkshop SUMMaY .. ..o et 1-2
2. SUMMARY OF OPENING REMARKS ... . e 2-1
21 WEHCOME . . 2-1
2.2  Background on EPA’sRisk Assessment Forum . ... ... 2-1
2.3 Children's Exposure Assessment at EPA: Current Practices and Future Needs . . . 2-2
24  Mehodsof Exposure Assessmentfor Children .. .......... ... ... L 2-5
25  AgeBinsin Exiding Data Sets That Are Relevant to Children’s Exposure Assessmeitl 2
26 Chagetothe EXperts. .. ... e 2-18
3. CHANGE IN CHILDREN’'S EXPOSURE DUE TO BEHAVIORAL
DEVELOPMENT . .o e 3-1
3.1  TheDefenshility of Representing Behaviord Difference in Terms of
AQEBINS . . 3-2
3.2 Behaviorad DevelopmentandOra Exposure . .. ... .o oo 3-6
3.3  Behaviord Developmentand Dermd Exposure . ... .. ... 3-8
34  Behaviord Devdopment and InhdaionExposure . ... ... 3-10
3.5  Generd Conclusonsfor Incorporating Behaviord Development into
Childrem SRISK ASSESINENT . ..ot 311
3.6 RessachRecommendations.............. ... .. 3-15
4. CHANGE IN CHILDREN’'S EXPOSURE DUE TO ANATOMICAL
DEVELOPMENT . . e e 4-1
4.1  Individua Anatomica Characterigtics, Organs, and Systems ................. 4-2
42  GENEa ISSUES . ..o 4-24



4.3 Rescarch Recommendations . . . . . oo oo oo e e e e e e e e e e e e 4-28

5. FINAL PLENARY DISCUSSION . . .o e 5-1
APPENDIX A: LIST OF PANELISTS ... i A-1
APPENDIX B: LIST OF OBSERVERS . . ... i B-1
APPENDIX C: CHARGE TO THE EXPERTS . ... i C-1
APPENDIX D: AGENDA . . .. D-1
APPENDIX E: PRESENTER OVERHEADS. . . . ... . i E-1
Overheadsfrom Dr. Firestone@ sPresentation . ... e e E-3
Overheadsfrom Dr. Hubal'sPresentation . . . .. . ..ot e E-15
Overheads from Dr. Thompson'sPresentation . ..., E-33
Overheadsfrom Dr. Walker'sPresentation. . . . ... oot e E-57
APPENDIX F: BEHAVIOR GROUP OVERHEADS ......... .. .. F-1

APPENDIX G: CHILDREN'SEXPOSURE ASSESSMENT (ISSUE PAPER PREPARED
BY ELAINE HUBAL) . ... e e G-1

APPENDIX H: CHANGESIN CHILDREN'S EXPOSURE AS A FUNCTION OF AGE AND
THE RELEVANCE OF AGE DEFINITIONS FOR EXPOSURE AND RISK ASSESSMENT
(ISSUE PAPER PREPARED BY KIMBERLY THOMPSON) .. ...t H-1



FOREWORD

This report presents information and materids from a peer involvement workshop organized by EPA’s
risk Assessment Forum. The meeting was held in Washington, DC on July 26 and 27, 2000. The
meeting discussions focused on how to consder age related changesin behavior and physicd
development when assessing childhood exposures to environmental contaminants. These discussons
are part of EPA’s ongoing efforts to improve the assessment of risksto children.

The 1993 National Academy of Sciences (NAYS) report “Pegticides in the Diets of Infants and
Children” highlights important differences between children and adults with respect to risks posed by
pesticides. Some of the principlesin the NAS report provided the foundation for the Food Quadity
Protection Act of 1996 (FQPA) and the President’ s Executive Order 13045, Protection of Children
from Environmentd Hedlth Risks and Safety Risk. FQPA requires the consderation of aggregate
exposure to children when establishing pesticide tolerances (legd limits for resduesin food). Executive
Order 13045 broadens consderation of impacts on children by stating that “ each Federd agency: shall
ensure that its policies, programs, activities, and standards address disproportionate risks to children
that result from environmental hedlth risks or safety risks” Many of the comments the EPA recelved on
the Proposed Guidelines for Carcinogen Risk Assessment relate to the implementation of Executive
Order 13045. In response to these comments and regulatory initiatives, EPA has been investigating
ways to improve Agency risk assessments for children.

An Agency workgroup convened under the auspices of the Risk Assessment Forum has been exploring
children’ s exposure assessment issues. This workgroup has concluded that a mgor issue facing
Agency asessorsis how to consider age related changesin behavior and physiology when preparing
exposure assessments for children. Children’s behavior changes over timein ways that can have an
important impact on exposure. Further, children’s physiology changes over time in ways that can
impact both their exposures and their susceptibility to certain hedth effects. There are two aspectsto
these physiologica changes. Fird, there are anatomica changes resulting from physical growth.
Second, there are changes in pharmacokinetics and pharmacodynamics which affect the absorption,
digribution, excretion and effects of environmenta contaminants. The Agency is examining the
pharmacokinetic/pharmacodynamic changesin children through other efforts and future meetings on this
topic are anticipated. The July 26 and 27, 2000 workshop focused on incorporating age related
changes in behavior and anatomy into Agency exposure assessments.
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EXECUTIVE SUMMARY

On July 26 to 27, 2000, the U.S. Environmental Protection Agency (EPA) sponsored aworkshop to
discuss issues associated with considering developmenta changes in behavior and anatomy when
assessing exposure to children. The workshop panel comprised 22 experts in toxicology, exposure
assessment, risk assessment, and pediatrics from universities, sate and federad government, industry,
and medica centers.

An opening plenary session provided background on the workshop's purpose aswell asEPA’s
activities and the availability of data regarding exposure factors for children’s exposure assessment.
Pandligs then divided into two discussion groups—one focusing on behaviora changes during
childhood and their impact on exposure to environmenta contaminants, and the other focusing on
anatomica and physiologica changes during childhood and their impact on exposure to environmenta
contaminants. Each discussion group met for about 8 hours to define and characterize the important
behaviorad and anatomica facets of child development related to exposure, to discuss how best to
incorporate scientific and medica knowledge about childhood devel opment into the practice of
exposure assessment, and to suggest what research should be conducted to fill critical data gaps and
enhance child-related exposure assessment. The conclusions and recommendations developed by each
group were presented in afina plenary sesson. Key conclusions and recommendations included the
falowing:

# Both groups noted the limitations inherent in using age bins to characterize devel opmentd
change during childhood. They emphasized that while development is a series of discrete
events, these events occur dong a number of continua. There is considerable variability about
when a change begins and ends, and some behaviord patterns, once initiated, may never end.
Race, ethnicity, culture, and socioeconomic factors, as well as genetics, may contribute to the
variability. For these reasons, developmenta change for both behavior and anatomy should
idedly be characterized as digtributions.

# Bins may be useful as a guide to the development of exposure scenarios, but EPA should
aways keep in mind that bins are only a crude gpproximation of an underlying digtribution. Age
bins, if used uncritically during exposure assessment, could lead to sgnificant error. Exposure
assess0r's need to have an understanding of the biological phenomena underlying age bins.

# Both groups offered preliminary ideas about possible bins for developmenta change related to
exposure. However, they emphasized that these were based on very limited discussion,
working from general knowledge, and were provided only as a starting point for further work.
Even after further work, research would be needed to refine and vaidate those bins over time.

# Data for both behavioral and anatomica exposure factors are limited in terms of both qudity
and coverage. The adequacy of current data setsis highly variable, and some of the data may
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not be useful because they were gathered using outdated methods or because lifestyle changes
since the study was conducted make the results less relevant to today’ s conditions. More up-
to-date data would be useful for refining distributions of critical developmentd periods.

Despite the limitations of current data sets, more extensive use of available dataon child
development relative to exposure will likely greetly reduce the enormous errors currently made
when such dataare ignored. An age bin gpproach would therefore be an improvement over
the status quo, however, in the longer term, the pand would prefer a distributiona approach.

To identify and fill data gaps, EPA should first have developmenta specidigtsin the areas of
behavior and anatomy/physiology conduct an in-depth review of the literature to determine
what data are available and to evauate the data in terms of methodology, rdiability, sample
Sze, relationship to current exposure conditions, and variability. The expertsfet that a
consderable amount of useful information aready exists, abeit somewhat dipersed, in the
literature. A short-term goa could be to assemble thisinformation to examine what we know
about digtributions underlying the bins that might be utilized pending development of models that
can incorporate distribution.

A long-term project would be the development of integrated data sets (combining information
about children’s behavior and anatomy, their estimated exposure, their biomarkers for
particular chemicals, and their hedlth) to be used to evaduate the relaive importance of different
kinds of exposurein order to identify exposure pathway's that appear to be associated with the
mogt significant risks. Future research can then be focused on developing data for exposure
factors that appear to have the greatest Sgnificance for risk. The long-term goa should be to
develop good statistical data on distributions for behavioral and anatomica change that can
account for the variability inherent in childhood development; the Satistical datawould be
corrdated with biomarkers and clinicaly important endpoints.

Any physologicd datafor children will be inextricably linked to toxicokinetic and
toxicodynamic issues that must be taken into account when considering age bins.

Although the indirect exposure assessment gpproach can be valuable when direct data are not
available, some pandlists felt that direct assessments are not necessarily too expensive or too
difficult to be conducted. Thiswas thought to be feasible a least for the more prevaent toxic
chemicals and for the more prevaent exposures. Such studies should incorporate information
about both exposure and biomarkers of exposure.

Prenatal development was not discussed since it was outside the scope of the workshop, but

both groups strongly recommended that EPA ook closdly at maternal-fetd exposure, Sncein
utero development is such a critica and sendtive period.
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Pandigs fdt that the interdisciplinary nature of the pand contributed sgnificantly to the quality
of the discussion and recommended that the agency continue to involve a broad range of
specidigts, including pediatric and obstetrica subspecidigts, public hedth specidigts, exposure
and risk assessors, and toxicologists in further discussion about children’s exposure.
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1. INTRODUCTION

1.1  Workshop Purpose

The Technica Workshop on Issues Associated with Considering Developmenta Changes in Behavior
and Anatomy When Assessing Exposure to Children was held on July 26 and 27, 2000, in Washington,
D.C. The workshop was sponsored by the U.S. Environmenta Protection Agency’s (EPA’s) Risk
Assessment Forum, which has been exploring children’s exposure assessment issues. The purpose of
the workshop was to discuss issues associated with considering developmenta changes in behavior and

anatomy when ng children’s exposure to environmenta contaminants.

1.2  Workshop Participants

Paneligts a the workshop consisted of 22 experts, including pediatricians, toxicologists, risk assessors,
and public hedth professonds from industry, universities, consulting, and Sate and federa government
agencies. Over 50 observers attended the workshop. Panelists and observers are listed in Appendices
A and B, respectively.

1.3 Chargetothe Pane

The complete charge to pandistsis provided in Appendix C. Both behavioral and anatomica changes
over time can affect children’s exposure; anatomica changes can dso affect children’s susceptibility to
certain hedth effects. Pandists were asked to focus their discussions on defining and characterizing the
important facets of behaviora and anatomica devel opment during childhood and on how best to
edimate children’s exposure given the limitations in existing exposure information. They were asked to
focus on broad issues (rather than specific methodologies) and not to address pharmacokinetic issues,
snce these are being evaluated in a separate effort. They were dso asked to consider whether existing



exposure information is adequate and what research should be conducted to enhance children’s

exposure assessment.

1.4  Agenda

The workshop agendais provided in Appendix D. The workshop began with welcoming remarks; a
presentation about EPA’s Risk Assessment Forum; and a presentation on the current practices and
future needs of EPA’s Office of Children’s Hedlth Protection with respect to the conduct of children’s
exposure assessments. These were followed by two technicad presentations. Thefird, given by a
member of EPA’s Nationa Exposure Research Laboratory, described the agorithms and parameters
currently used to conduct indirect exposure assessments. The second, given by a member of the
Harvard Center for Risk Analys's, discussed how well the different parameters mentioned in the

previous presentation are currently documented in the research literature.

The forma charge to the experts was then presented and the participants divided into two discussion
groups corresponding to the two sections of the charge. One discussion group was charged to
consder developmenta changes in children’ s behavior-reated exposure factors and the other was
charged to consider developmenta changesin children’s anatomical exposure factors. (Discusson
group chairs and members are listed in Section 2.6.) The discussion groups met for 3 hours and then
reconvened in abrief plenary sesson to summarize their progress before adjourning for the evening.
The discussion groups resumed their work the next day and, after 6 hours of further deliberation,
presented their findings to each other at the fina plenary sesson. Open discussion among the full pand
of experts continued after the presentations.

15  Workshop Summary

This report summarizes the workshop presentations and discussions and is organized as follows:.



Section 2 of this report summarizes the presentations. Overheads used by the chairperson,
EPA presenters, and a commenting observer are provided in Appendix E. The background
papers that the presenters refer to are provided in Appendices G and H.

Section 3 and 4 report the conclusions that the two discussion groups (concerned with
behavior-related and anatomy-based exposure factors, respectively) presented at the
conclusion of the conference. Overheads used by the behavior-related discusson group in
presenting their results can be found in Appendix F.

Section 5 summarizes the find plenary discussion on issues related to assessing children’s
exposure.






2. SUMMARY OF OPENING REMARKS

2.1 Wecome

Jan Connery of Eastern Research Group, Inc. (ERG), opened the workshop by welcoming participants
and observers. She introduced Dr. Kimberly Thompson, the workshop chair, and asked other
workshop participants to introduce themselves to the group. Dr. Thompson added her own welcome
to the participants and began the introductions. After the introductions, Ms. Connery reviewed the
workshop agenda and introduced the first speaker.

2.2 Background on EPA’sRisk Assessment Forum

Bill Wood, Executive Director of EPA’s Risk Assessment Forum (RAF), provided background on the
RAF and its broad godsin sponsoring the workshop. The RAF is a standing committee within EPA
that is respongble for providing agency-wide guidance in the area of risk assessment. Thisworkshop is
one part of alarger consensus-building process that the RAF is undertaking to improve its

undergtanding of children’s risks from environmental contaminants.

The RAF is currently revisng EPA’s cancer risk assessment guiddlines. 1t is engaged in an ongoing
discussion with EPA’s Science Advisory Board (SAB) about improvements that could be made to
these guidelines so as to better address children’s cancer risks. The results of these discussions should
be released soon. In parald with RAF s efforts to incorporate the issue of children’srisksinto existing
cancer risk assessment guidedlines, there are severa other agency-wide programs to better address
children’srisks. The RAF, in this and previous workshops, is trying to capture the kinds of expertise
that are rapidly emerging (both within and outsde EPA) in connection with children’s risk assessment.



At present, there is some congstency and some variation in how EPA’ s different departments consider
children’srisks. The variaions are rooted in the different kinds of data, decisions, and pieces of
legidation with which the different departmentswork. The RAF would like to take a broader
perspective as it develops agency-wide guidance pertaining to these risks, and it recognizes that such a
perspective ought to be carefully developed in a consensus-building process. Dr. Wood concluded by
thanking the RAF Technica Pand for their assstancein thisregard. The Technica Pand is an advisory

group composed of senior scientists from across the Agency.

2.3  Children’s Exposure Assessment at EPA: Current Practices and Future Needs

2.3.1 Presentation

Next, Dr. Michadl Firestone, Science Director at EPA’s Office for Children’s Hedlth Protection,
delivered a presentation on EPA’s current policies for assessing children’s environmentd risks and how
the agency would like to further develop these palicies. Dr. Firestone remarked that it did not take him
long after joining the Office for Children’s Hedlth Prevention to recognize the key precept around which
the Officeis organized: “Children are not little adults” It isan overarching god of the Office to hep
others, within and outside EPA, to understand the specific ways in which children must be considered
differently than adults. He provided severd examples of how children differ physiologicaly and
behaviordly from adults

# Children eat and drink more for their sze than adults do.

# Children play and act differently than adults do: very young children have more contact with
ground surfaces than adults and engage in agreat ded of hand-to-mouth activity.

# Children’s bodies are undergoing devel opment.

# Children may be less able to metabolize and excrete certain toxic substances.



While it has been an important first step for EPA to distinguish children from adults, further digtinctions
are necessary. The need for a more refined approach to considering children is apparent from the fact
that some of the rapid changesin human development take place within the firg few years of life—it is
the purpose of the workshop to gather advice from the participants about how to take these
developments into account and better assess children’s exposure. Dr. Firestone referenced an earlier
comment by Dr. Lynn Goldman, Professor of Public Hedlth a Johns Hopkins University: EPA should

not consider children a* sub-population of concern” but rather a*“life-stage of concern.”

The ultimate goa of exposure assessment isto develop a day-to-day modd of human life that can
predict the chemicd exposures an individud islikdly to face a any point in hisor her life. Whilethisisa
laudable god, it is not likely to be redized in the foreseeable future, S0 risk assessors need to develop
ampler modds. One way to smplify exposure modedsisto dassfy individuds into age bins, though
some may be concerned that this procedure leads to over-asmplification.

Different programs within EPA have been attempting to develop default approaches (including the use
of age hins) to address children’s exposure when data are sparse. The different default approaches
ought to be replaced by a standardized approach that is based on science and that provides
judtifications based on evidence. EPA has convened the workshop to gain insght and input into factors
it should consider when devel oping such a standardized approach, as well asto identify what further
scientific research may be necessary to accomplish these goals.

Recent EPA actions to improve assessment of children’s exposure include:

# The EPA Rule-Writer’s Guide released in 1998. The guide is designed to help program
offices incorporate children’ s risks into their assessments. Under the auspices of EPA’s
Science Policy Council, the Office for Children’s Hedlth Prevention is currently reviewing the
usefulness of this guide to the different program offices.



# The Child-Specific Exposure Factors Handbook, which is currently undergoing peer review.
In 1997, EPA issued the latest version of the Exposure Factors Handbook, which contains
exposure factors useful for probabiligtic risk moddling. EPA’s Office of Research and
Development (ORD) has been developing a child-specific verson of the exposure factors
handbook thisyear. This new document is presently in draft form.

Efforts, such as those described above, to estimate children’ s exposure are hampered by the uneven
coverage of existing data sets. For example, the NHANES data on the biological monitoring of
pesticide exposure include no data for children under the age of 6.

Recent EPA risk assessments have tried to address the following age groups. fetuses, infants, toddlers,
children, and adolescents. There has been some variation, however, in the particular age ranges

attached to some of these qualitative categories.

In conclusion, Dr. Firestone expressed particular hope that the participants would provide guidancein

the following arees

# Defining age bins more effectively by carefully identifying the particular characterigtics that
digtinguish them.

# Deciding how findy EPA should subdivide the overdl life stage of childhood into age bins.

# Describing how additiond factors such as sex, culture, and geography might modify the
sgnificance of standard age bins.

# I dentifying the most pressing gaps in the base of scientific knowledge that would justify age bins.

2.3.2 Questions and Comments

Dr. William Well asked Dr. Firestone if he could more closdly define the percentage of children that he
hoped to describe in each age group. For example, was a particular age bin meant to accurately

describe the average child or arange of children? If arange, was a bin meant to describe 90 percent of
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the children within that age group, 95 percent, or 99 percent? Dr. Firestone replied that the EPA
definitely wanted to study digtributions as far out as they could be measured. The particular cutoff
points used in risk assessments would depend on the particular risks being considered. Dr. Well
continued to express some confusion about how EPA intended to use age bins to summarize the widely
varying development of complex organ syslems. Dr. Robert Johnson suggested that it might be more
appropriate to base exposure assessments directly on the relevant behaviora and physiologica
properties of the child rather than by generalizing from standard age categories. Dr. Firestone agreed
that such a sophisticated gpproach might be a good long-term goal for EPA, but cautioned that it was
not aredigtic short-term god. Dr. Mdanie Marty suggested that while models based on age bins might
often be adequate, users of age bins should be aert to the complexities that underlie them. There may
be cases in which a specific factor (such as mouthing behavior) is a more sgnificant indicator of
exposure than age. Dr. Firestone agreed with this cavest.

24  Methods of Exposure Assessment for Children

2.4.1 Presentation

Next, Elaine Hubd of EPA’s Nationa Exposure Research Laboratory (NERL) delivered a
presentation on some of the techniques presently used to assess exposure in children. Dr. Hubal began
by remarking that much of her work is oriented toward defining the particular kinds of deta thet, if
avallable, would be most hepful for use in exposure assessments. The definition of human exposureis
the contact (at some visble, externd boundary for some period of time) of an individua with a
pollutant. It isimportant to distinguish exposure from dose, even though the two concepts are related,
asindividuas do not necessarily absorb into their bodies al the chemicals they are exposed to.
Exposures can be measured either directly or indirectly:

# Direct exposure assessment involves actualy measuring the chemicasthat an individud is
exposed to, using tools like persond ar monitors or techniques like duplicate diet sampling.
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Biomonitoring tests are useful asindicators of direct exposure, but it is often difficult to develop
quantitative exposure estimates from the results of these measurements.

# Indirect assessments estimate exposure from data about chemica concentrationsin an exposure
medium (e.g., sail, toys, the floor). Concentration data are combined with information about
how an individua interacts with the exposure medium, and a series of exposure factors, to
arive a an esimate of persona expaosure to the chemica in the medium.

NERL is particularly interested in improving knowledge about the indirect exposure factors involved in
the transfer of chemicas from contaminated exposure media to children, whether by inhaation, dermd

contact, or ingestion. In genera terms, these factors are the:

# Concentration of chemicd in exposure medium.

# Contact rates of the individua with the medium.

# Contaminant trandfer efficiency from the medium to the porta of entry.
# Contaminant uptake rates.

# Human activity patterns.

Dr. Huba went on to discuss some of the characteristics of children that influence exposure. With
respect to physiologica effects, she distinguished between those that affect a child's susceptibility to
toxic chemicds (e.g., growth in an organ system creeting awindow of vulnerability) and those that
affect achild’s exposure to those chemicds (e.g., changesin food consumption, respiration, and
surface area to body weight ratio). There are many kinds of specific developmental changesthat are of
interest to exposure assessors. When a child acquires the ability to crawl, walk, run, or manipulate
objects, hisor her potentid exposure changes sgnificantly. These different developmentd capabilities
affect the different environments to which a child has access. Changesin how and what a child eats
affect his or her exposure to foodborne environmental contaminants. Other factors, such as gender,
socioeconomic status, race, and ethnicity are also extremely important because they can affect the
location, quality, and intendty of many other behaviors.
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Dr. Huba began summarizing the equations used to estimate children’s exposure from sets of exposure
factors. They are included in the document titled Children’ s Exposure Assessment: A Review of
Factors Influencing Children’ s Exposure and the Data Available to Characterize and Assess
That Exposure, which can be found in Appendix G and which has been published in the June 2000
issue of Environmental Health Perspectives (volume 8, number 6, page 475). With respect to these
equations, she indicated that the exposure pathway of ingestion can be broken down further into a
dietary pathway (egting) and a non-dietary pathway (placing fingers and objects in one's mouith).
Dietary ingestion pathway's can be broken down further to include both the contaminants present in the
food itsdf and contaminants that get onto the food asiit is consumed.

The characterization of a child's activity patterns requires severd kinds of information. Thefirgt kind of
information describes a child’s microenvironment: it provides a specific and detailed description of
the place a child occupies during an activity (e.g., indoors in a kitchen, outdoors on alawn). The
second kind of information is macroactivity: it isagenera description of what a child is doing (eg.,
watching televison, eating dinner, taking a shower). Thethird kind of information is described as
microactivity: the specific physica actsthat are characteristic of amacroactivity (e.g., the number of
times a child touches the floor per hour while watching television).

Children’sinhdation exposure is relaively wel characterized: it depends on amospheric pollutant
concentration in the particular microenvironment where a child islocated, that child’ srate of inhalation,
and the length of time spent in the microenvironment. There are four studies that provide macroactivity
datafor children over asingle day. These can be accessed through the Consolidated Human Activity
Database (CHAD) and used to estimate inhdation exposure. There are some problems with these
data: they are not longitudind, they do not provide detailed enough microenvironment information to
make it possible to estimate other kinds of exposure pathways (such as derma exposure), and the
macroactivity categories were developed for adults rather than for children.



Dermal exposure can be estimated with one of two dternative equations:

Equation 1. Macroactivity Approach. To esimate derma exposure using the macroactivity
approach, microenvironments are defined by location and surface type (e.g., indoors a home
on carpet). The derma exposure associated with a given macroactivity (e.g., actively playing in
the yard) is measured and used to develop an activity- and microenvironment-specific transfer
coefficient. Exposure can then be estimated individually for each of the microenvironments
where a child spends time and each macroactivity that the child conducts within that
microenvironment. Exposure over the 24-hour period isthe sum of dl of the
microenvironment/macroactivity (me/ma) exposures. For each
microenvironmental/macroactivity (me/ma), derma exposure over the 24-hour period (Egmnems)
isdefined as

Edme/ma: Csurf X TCder x ED

Where:

Cq = total contaminant loading on surface (ng/cn)

TCye = derma transfer coefficient for the me/ma (cn?/hr)

ED = exposure duration that represents the time spent in the me/ma (hr/day)

Equation 2: Microactivity Approach. To assess derma exposure using the microactivity
approach, exposure is estimated individually for each of the microactivities or events (e.g., each
time a child touches a given object) from which dermd contact or non-dietary ingestion occurs.
Exposure over the 24-hour period isthen the sum of al of theindividua exposures. For each
microactivity, dermal exposure over the 24-hour period (Eyemi) Can be defined as.

Eder/mi = Csurfx TEx SA xEF

Where:

Esermi = derma exposure for agiven microactivity over a 24-hour period (nmg/day)
Cq = tota contaminant loading on surface (ng/cny)

TE =trander efficiency, fraction transferred from surface to skin (unitless)

SA = aeaof surface that is contacted (crm/event)

EF = frequency of contact event over a 24-hour period (events/'day)

Thefirg equation is Smpler, but it has traditionally been used in agriculturd rather than home
environments, S0 it needs to be tested in the resdentia environment with children. It usesasingle,
lumped transfer coefficient to relate the contaminant loading on a surface to an individud’ s rate of
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exposure for each hour spent in a given microenvironment/macroactivity combination. Dermd transfer
coefficients must be developed empiricaly. To do so will require studying groups of children—it is
essentid that these groups be selected according to appropriate age binsin order to minimize the
varigbility of the measurements.

The second and more complex equation is based on detailed microactivity data. Instead of asingle,
lumped transfer coefficient, it uses data about how often a particular surface is touched per hour, the
surface area that is contacted with each touch, and the transfer efficiency of the contaminant from the
surface to the skin. This methodology requires extremey detalled information thet is often dow, cosly,
and chdlenging to collect.

Non-dietary ingestion exposure can be estimated through an equation smilar to the second,
microactivity-based dermd transfer equation:

For each microactivity resulting in non-dietery ingestion, exposure over the 24-hour period
(Ending/mi) can be defined as.

Ending/mi = Cx x TExm x SAx x EF

Where:

Engingmi = NOn-dietary ingestion exposure for a given microactivity over a 24-hour period
(ny/day)

x = hand or object that is mouthed

C, = tota contaminant loading on hand or object (ny/cn)

TE,, = trandfer efficiency, fraction transferred from object or hand to mouth (unitless)
SA, = aeaof object or hand that is mouthed (crP/event)

EF = frequency of mouthing event over a 24-hour period (events/day)

Determining indirect dietary ingestion involves measuring the detailed petterns of afood item’s contact

with contaminated surfaces beforeit is consumed.



Dr. Huba emphasized that the actud vaues and distributions of exposure factors are developed in the
context of specific exposure scenarios. An exposure scenario defines a particular source for a
chemicd (eg., the use of achemicd in the home), a particular population that is potentialy exposed,
and the timeframes, microenvironments, and macroactivities that are associated with the exposure
pathway for that chemical. Dr. Hubd concluded by emphasizing that proper sdlection of children’s age
categories will be crucid to the effective development of fild studies to characterize exposure factors

for different scenarios.

2.4.2 Questions and Comments

Dr. William Well inquired whether air sampling measurements were conducted at the height of adults or
children. Dr. Huba replied that athough some studies have found sgnificant differencesin chemicd
concentrations between adult and child heights, many have not. She gtill agreed with Dr. Well that it
was an important digtinction to bear in mind, along with other activity pattern data. Dr. Well asked
whether or not children’ s air exposure factor measurements were conducted at the gppropriate heights,
noting that some compounds on ground surfaces have limited volatility that can creste layers of airborne
chemicas confined to 6 inches above the surface. Children who crawl are therefore likely to have very
different inhal ation exposures than children who can walk. Dr. Hubd replied that, as yet, few exposure
assessment studies have been conducted that specifically consider children. The few assessments
geared toward children do sample air at the appropriate heights.

Dr. Richard Fenske asked for more information about how exposure scenarios are built and about how
many of them EPA puts together. They gppear to be the crucia place where dl the different exposure
factors come together. Dr. Huba said that she did not believe exposure scenarios were, a present,
being developed systematicaly. She hoped that more information about age differences among children
would help exposure assessors to make better decisions about when they can lump children together

into a single scenario and when they need to develop separate scenarios for two different age ranges.
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Dr. Fenske explained that at present, exposure assessors first identify a scenario and then develop the
particular data necessary to define that particular scenario. He wanted to know whether EPA was
hoping to develop a set of scenario-independent life stages with associated exposure factors. Dr.
Hubd believed that was EPA’sgoal. She commented further that general, scenario-independent data
on children’ s activity patterns would be an important resource for the proper development of specific

scenarios of children’s exposure.

Dr. Marty expressed some skepticism that toxicokinetic issues could be separated from exposure
issues. Any physiologica datathat are available about children are inextricably linked to toxicokinetic
and toxicodynamic issues. The participants, she continued, will not be able to avoid these issues when
they consder age bins. There is a concern that if one ignores toxicological factors, one will pay
inadequate attention to a particular exposure factor that is very important to a particular chemical
exposure. Dr. Hubd replied that EPA does not mean to ignore toxicologica factors—it is addressing
them in another meeting and it is Ssmply trying to focus the present workshop on issues of exposure.
Dr. Firestone suggested that assessments should be devel oped as matrices of different developmental
dages and different toxins of concern. A matrix will be filled in where exposures are particularly high
and toxicologicd risk is particularly great. Dr. Firestone was concerned about alowing different EPA
programsto define age bins in an idiosyncretic fashion. Dr. Bruce Lanphear admitted that indirect
exposure assessment was vauable in cases where no direct data are available, but he expressed
concern about the attitude that direct assessment istoo difficult and expensve to be useful. Dr.
Lanphear indicated that he did not believe direct assessments were too difficult and expensve to be
conducted, at least for prevaent toxic chemicas and prevalent exposures. These studies should
incorporate information about both exposure and biomarkers of exposure. Ultimately, he observed,
direct assessment is needed to validate the results of the “mechanistic models’ of indirect assessment.
Dr. Hubd agreed with these comments but cautioned that it is not dways possible to directly measure
how much of achemica an individua absorbed and how that individua absorbed it.
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Dr. Gary Ginsberg asked for a sense of how well studied and standardized the process of developing
transfer coefficients had become. Dr. Huba replied that these methods are currently being devel oped
at NERL and exposure assessors need some waly of focusing and coordinating their efforts as they
develop these methods. Dr. Ginsberg asked whether there were any surrogate methods that did not
need to be developed by working with children. Dr. Huba replied that there are some surrogate
methods but it is currently not well understood how the results of those methods can be used in

children’ s assessment.

Dr. Fenske expressed continuing skepticism, apparently shared by severd other pandists, about the
possibility of developing scenario-independent life stages for children.

25 AgeBinsin Existing Data Sets That Are Relevant to Children’s Exposur e Assessment

25.1 Presentation

Next, Dr. Kimberly Thompson presented an issue paper that she developed for the workshop. The
paper summarized the use of age categories in the exigting collections of children’s exposure data. Dr.
Thompson expressed the hope that the workshop would produce guidance both about how to make
the best use of existing data sets (for the short term) and about how to develop new data sets (for the

long run).

Children’ s development, whether at the most obvious level of physical growth or in terms of socid,
behavioral, and psychologica changes, affects the kinds of chemical exposures they are likely to
experience. Theissue of development is further complicated by a significant degree of variability among
children’s developmental pathways and exposurerisks. The pediatrician’s growth chart is afamiliar
illugtration of childhood development and variation. Pediatricians aso use Smilar sandardized charts of
behaviord milestones to assess behavioral development. The milestones described on these charts,

while sgnificant from amedica perspective, are often not closdy suited to the characterization of
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childhood exposure. As an example, Dr. Thompson said that dthough language and socid killsare
highly emphasized in pediatric medica charts, these factors are only of secondary significance to
exposure assessment. Conversely, the period of teething is extremely important to exposure assessors
but is not prominently defined in pediatric charts. Dr. Thompson expressed the hope that the workshop
might provide an opportunity for pediatricians and risk assessors to learn more about each other’s

work and might help them to work together, in the future, in amore coordinated fashion.

There are both quditative and quantitetive differences between how chemical exposures affect children
and adults.

# Quadlitative differences between adults and children exist when the effect of a chemical dose on
achild is completdly different from the effect the same dose would have on an adult. Children’'s
organ systlems are undergoing devel opment, creating windows of vulnerability to particular
chemicals.

# Quantitative differences between adults and children exist when the effect of achemica dose on
achild issimilar to the effect that the same dose would have on an adult, but is present to a
greater or lesser extent.

In the absence of careful studies of the effects of achemica on children, it is very difficult to extrapolate
from adult risk profilesto child risk profiles. Comparing the effects of a particular chemicd in children
and adults, the chemica may act completely differently or in the same way; to lesser extent or to a
greater extent. It isvery important that exposure assessors know where the critica windows of
vulnerability in childhood development are, so as to develop exposure data that specificaly address
those time periods.

The existing exposure data do use afairly wide range of different age categories, but these choices have
not been irrationd. Age categories are typically defined to reflect the particular factor being studied
(such aschange in diet, for example). The use of existing data often becomes problematic when one

wishes to make extrapol ations from them—for example, when one is attempting to extrapolate from
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short-term exposure studies to long-term exposure studies and vice versa. It is aso unclear how one
should dedl with the spatia and tempord limitations of exigting studies. For ingtance, can astudy of a
small group of children be taken as representative of dl the children in the United States? Can a
national study provide ussful information about exposure in a specific socioeconomic/cultura group?
Exposure assessors need to be very careful to avoid representing children in unredistic ways. Itisan
open question whether it would be most efficient to answer these questions by developing new data or
by learning how to better use exigting data.

Dr. Thompson'sreport (Changes in Children’s Exposure As a Function of Age in the Relevance
of Age Definitions for Exposure and Risk Assessment) isincluded in Appendix H. It describesthe
data that feed into the exposure equations that Dr. Hubal described in her previous presentation. Dr.
Thompson reiterated that there are three mgjor routes of exposure: inhalation, dermad, and oral. The
concept of the microenvironment, mentioned by Dr. Hubd earlier, was origindly developed with
reference to the measurement of chemical concentrationsin the ar. Theimportation of the concept of
the microenvironment to the assessment of derma and ora exposure has generated a great ded of

uncertainty, snceit is unclear how to characterize microenvironmentsin these new terms.

One of the mgor objectives of Dr. Thompson’s paper is to describe the availability of the data
necessary to use the standard set of exposure assessment equations (described in Dr. Hubd' s paper)
for children’s exposure assessment. Another mgjor objective is to describe the age categories that are
used in the exigting data rdevant to assessing children’s exposure. Other objectives are to characterize
the extent to which the dataare ble and the extent to which the exigting data age categories can
be modified. A primary source of Dr. Thompson's research was the draft copy of the Child-Specific
Exposure Factors Handbook (mentioned earlier by Dr. Firestone and provided to the participants at
the workshop).
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Exposure assessors are required by the Food Quality Protection Act to gauge aggregate exposure to
particular chemicas—that is to say, tota exposure from al sources, pathways, and routes. Thisis
extremdly difficult to accomplish with the present data sets because the age categories do not coincide
in the different studies describing different exposure pathways.

Dr. Thompson eva uated the existing exposure factor datafor children (e.g., body weight, food intake,
soil ingestion), closdly following pages 15 through 46 of her report. Summarizing her survey of the
studies that describe the different exposure factors, Dr. Thompson concluded that assessors lack the
kind of information they need to extrapolate exposure data from the particular populations that have
been studied to broader or different populations. A greet deal more is known about easily measurable
anatomical factors, such as body weight, than is known about behaviora factors such as the mouthing
of objects.

Direct, indirect, and biomarker studies can provide three independent techniques for filling in the gapsin
exposure assessors knowledge.  All three techniques should be used and can vaidate each other. Dr.
Thompson said that each of these techniques involves the taking of measurements and the use of
models. In theindirect assessment gpproach, one must make measurements in order to build one's
modd. In the direct approach, one needs modelsin order to interpret one' sdata. 1t will not do to cdll
for the use of either measurements or model's a one because the two kinds of tools are closely

interconnected.

Available exposure data describing children’s surface areas, their fish consumption rates, and the
duration of their mouthing behaviors are currently not used in any of the exposure assessment equations
described by Dr. Hubd. Also, these equations cal for pieces of data that are currently not availablein
the scientific literature. These missing data primarily have to do with the precise description of how
children might contaminate their food by touching it with their contaminated hands or dropping it on

contaminated surfaces before consuming it.
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Breast milk consumption is the only exposure factor for which data have been reported by individua
days of age. Water consumption, food consumption, and inhdation rates are the only factors for which
data are available in age ranges of months. On the yearly scae of age ranges, thereisagreat ded of
variability among the different age ranges that investigators have chosen for their sudies.

Dr. Thompson mentioned that many aggregate exposure models are being developed to meet the
demands of the Food Qudlity Protection Act and she gave an example from the Lifeline™ mode to
demondtrate the issues of how the model developers evauated the natura breskpointsin the datato
develop appropriate age bins.

Dr. Thompson went on to outline some goas for improvement in exposure assessment data. There are
gaps in the data on breast feeding, the handling of food and how it relates to non-dietary exposure, fish
intake rates, soil intake, and soil adherence rates. Assessors aso need more information about the
connections between different macroactivities, microactivities, and microenvironments. They adso need
to learn more about the activities of school-age children in the summertime and after schoal.

2.5.2 Questions and Comments

Dr. John Kissel made a comment about the use of the term “data’ in reference to the information in the
Exposure Factors Handbook (he had not looked yet at the Child-Specific Exposure Factors
Handbook). He found that many of the numbers in this handbook are estimates based on prior data
rather than actud measurements. He aso thought there was more need for critica evauation of the
different degrees of certainty about the different numbers in the handbook. For example, he thought
that dermal soil adherence could be measured much more accurately than soil ingestion numbers
because of the different methodol ogies used in those two measurements. He aso thought that the
consequences (in terms of assessing actua dosage) of underestimating dermd soil adherence factors

were far less grave than the consequences of underestimating soil ingestion factors. For both reasons,
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he consders derma soil adherence factors to be better measures than soil ingestion factors. Hewas
perplexed, therefore, that Dr. Thompson ranked a set of soil adherence factors generated by him as
being of low qudity, while aset of soil ingestion factors were ranked as being of medium qudity. Heis
concerned that exposure factors are being evaluated smply on the basis of the quantity of numbers that
exig to describe them rather than on the qudity of those numbers. This misevauation, he continued,
might lead to the misgppropriation of resources intended to improve data quality. Dr. Thompson
remarked that the assessments of quadity were not hers. she took them directly from the Child-Specific
Exposure Factors Handbook. She made her own evauations under the heading of “ Extent of
generdization” and she ranked both the derma soil adherence factors and the soil ingestion factors as
“low” under that heading. Dr. Thompson invited congtructive criticism from the participants about how
EPA might better evaluate data quality. Dr. Kissdl remarked that EPA should make it amgjor research
priority to learn more about soil ingestion in children with pica because it represents afar greater and
lesswdl understood exposure pathway than derma absorption through soil.

Another pandlist suggested developing growth charts for different organ systems. Dr. Weil asked if Dr.
Thompson had used the children’s growth charts being devel oped by the Centers for Disease Control
and Prevention (CDC). Dr. Weil commented that CDC left out the NHANES 11 data for children
over age 6 because they have become too fat.

Dr. Walker, aworkshop observer from EPA’s Nationa Center for Environmental Assessment, made
comments and presented some empirica evidence showing that children have multiple critica growth
periods, asthey develop from birth to maturity (his overheads are provided in Appendix E). He
defined a critica growth period as an age when the child reaches a peak growth velocity in weight or
height (growth spurt).

Dr. Waker said that he was hired by EPA to develop age-specific radiation dosmetry models, but

early on discovered this could not be done without devising a more adequate description of organ
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masses as afunction of age. He went on to say that many years were pent devel oping these models,
using cross-sectiona data that were obtained from the literature, but it was not until recently, after
acquiring large sets of longitudina height data for andysis, that he was able to develop a modd that was
representative of bone growth in children.

Dr. Waker showed overhead didesillugtrating how well his newly published WWHLA growth mode
(recently published in Growth, Development, and Aging 2000, 64, 33-49) fitted longitudina height
data of children from two mgor growth studies. He said that, dthough it was earlier believed that
children experienced only two spurts (infantile and pubertd), his height displacement and velocity
curves showed six, from birth to maturity. These spurts occurred at different timesin each child. Dr.
Waker named them according to the age when they reached their peak height velocity (PHV):
neonatd, infantile, early-childhood, middle-childhood, late-childhood, and pubertd. Hisanadyss
reveded that the mean ages at PHV for these spurts were different in maes and femaes (see his
overheads in Appendix E). Heindicated that, although the ages a PHV for the different spurts varied
between the children and depended on gender and whether a child was adow, average, or fast
grower, they represented developmental milestones for height growth in children and should be
consdered in risk assessment. He fdlt that his mode could be a powerful tool for better characterizing
height growth in children and identifying those critica periods of rapid growth that may make children
highly susceptible to xenobiotics from the environment. Dr. Waker dso presented graphs showing that
the kidneys and liver undergo multiple postnatdl growth spurts; the periods of rapid growth in height
correspond very closdly to periods where peak concentration levelsin the bones were found for such
bone seekers as radium-226 and strontium-90.

26  ChargetotheExperts

Kimberly Thompson reviewed the charge for the workshop. She urged pandists to think about the
questionsin the charge from a “vaue of information” approach. That is, they should consider how
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limited resources may be most efficiently alocated to meet research needs for the future. Dr.
Thompson suggested that pandigts think about the different ways in which the problem of children’s

exposure could be subdivided. Some reasonable ways to subdivide exposure are:

# By the dlass of chemicasinvolved in the exposure.
# By the organ affected in the exposure.
# By behavioral characteristics that lead to the exposure.

# By age categories (using the following categories as a starting point: newborn, infant, toddler,
young child, and adolescent).

Dr. Thompson advised the participants to think about the ways in which exposures, grouped in these
different ways, do or do not fal into smilar groups.

Dr. Thompson reviewed two pardld sets of questions (see Appendix C) for the two discussion groups
(one concerned with anatomical development and the other concerned with behaviora devel opment).
She asked the participants to identify the kinds of problems that might be associated with the use of age
bins. She aso asked the participants to focus, as much as possible, on anatomical and behaviora
developments that affect a child's exposure to chemicas. The participants then broke up into two

discussion groups (persons named in bold italics were discussion leaders):

Anatomy Group | Behavior Group I
Thomas Armstrong Deborah Bennett
ExxonMobil Biomedical Sciences, Inc. Lawrence Berkeley National Laboratory
Sophie Balk Richard Fenske
Montefiore Medical Center Department of Environmental Health, University of
Washington
Jim Bruckner Lynn Goldman
College of Pharmacy, University of Georgia Johns Hopkins School of Hygiene and Public Health
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Michael Dinovi
U.S. Food and Drug Administration

Anatomy Group | Behavior Group l

Celestine Kiss
U.S. Consumer Product Safety Commission

Gary Ginsberg
Connecticut Department of Public Health

Bruce Lanphear
Department of Pediatrics, University of Cincinnati and
Children’s Hospital Medical Center

Robert Johnson
Agency for Toxic Substances and Disease Registry

James Leckie
Department of Civil and Environmental Engineering,
Stanford University

John Kissel
Department of Environmental Health, University of
Washington

Mary Kay O’ Rourke
College of Public Health, University of Arizona

Melanie Marty
Cdlifornia Environmental Protection Agency

P. Barry Ryan
Rollins School of Public Health, Emory University

Johns Hopkins School of Hygiene and Public Health

George Rodgers Katherine Shea
Division of Pediatric Critical Care, University of Consultant
Louisville

Margo Schwab Robin Whyaitt

Joseph L. Mailman School of Public Health, Columbia
University

William Weil
Department of PediatricyHuman Devel opment,
Michigan State University

The two groups met separately during the afternoon of the first day of the workshop and the morning of

the second day. They convened briefly in aplenary session at the end of the first day to report their

progress, and again during the afternoon of the second day to report their conclusions and

recommendationsto al participants. The discussions and conclusions of the behavior and anatomy

groups are summarized in Sections 3 and 4, respectively. Section 5 summarizes the brief plenary

discussion that took place at the end of the workshop.
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3. CHANGE IN CHILDREN’'S EXPOSURE DUE TO
BEHAVIORAL DEVELOPMENT

The behavior group consisted of 10 specidigtsin fields relating to children’s exposure, including
pediatrics, risk assessment, and exposure assessment. A list of participantsis provided in Section 2.6.
The group was charged to consder the changesin behaviord patterns during childhood that can impact
children’s exposure to environmental contaminants (see Appendix C for the complete charge). The

group was asked to consider questions such as:

# Does it makes sense to think about childhood behaviora development as a series of discrete
events which lend themselves to characterization usng age group categories or “bins?’

# What are the most important developmenta milestones in children’s behavior?

# For those behaviorsthat are likely to have an importance impact on exposure, is there existing
exposure information that is representative of the behavior?

# For those behaviors that are represented in existing exposure information, compare the age
groups identified for the developmenta milestone in question 2 with the age groupsin the
exiging exposure informetion.

# For those behaviors where the age groups reported in the exposure information are not aigned
with the age groups defined by the developmenta milestone, what is the best gpproach to
representing the appropriate age groups in an exposure assessment?

The group began by carefully evaluating the use of age binsin describing children’s behavior. They then
discussed specific issues related to characterizing behavioral changes relevant to exposure, organizing
their discussons by the three mgor exposure pathways (ord, dermal, and inhdation). They concluded
by integrating their discussions of the different exposure pathways into a preliminary breskdown by age
representing changesin congtdlations of behavior that could signa new categories of exposure and by
compiling aligt of research recommendations. The group’s chair presented the group’s conclusons a

the workshop' sfind plenary session.



This section summarizes the discussons and conclusons of the behavior group. It isdivided into five

sections deding with:

31

The defensibility of age bins (Section 3.1).

Specific behaviord factorsrelated to ord, dermal, and inhaation exposure pathways (Sections
3.2 through 3.4).

Conclusions developed by synthesizing the discussions about the three exposure pathways
(Section 3.5).

Recommendations for future research (Section 3.6).

The Defensibility of Representing Behavioral Differencein Termsof Age Bins

3.1.1 Principal Discussion Points

The group consdered whether or not it made sense to think about children’s behaviora devel opment

asaseries of discrete events that can be organized into age bins. They arrived at the unanimous

concluson that it did not make sense to think about childhood behaviord development in that fashion.

Although behaviora development follows a recognizable progression, it takes place differently between

individuas and unevenly within individuds. More specificaly:

Children begin developing behaviors a widdy different times, and that development often
occursin brief spurtsthat are hard to predict precisdly.

Different domains of behaviord development (e.g., language skills, motor skills, socid skills)
may not develop in a synchronized fashion, complicating attempts to peg an age range of
children to a particular overal stage of behaviord development.

It is extremdy difficult, Sometimes even impossible, to identify where in a child’ s devel opment
of aparticular behavior pattern ends. Many behavior patterns typically associated with smdl
children (such as mouthing non-food items) smply become less prominent with time and persst



into adulthood. It gppears that, in many cases, new behaviors do not completely replace older
behaviors.

# Modifying factors having to do with culture and socioeconomic status may subgtantialy limit
one' s cgpacity to generdize about the specific behaviors children exhibit within particular age
ranges.

Although it noted these mgor flaws with the practice of age binning, the group recognized the practica
utility of age binsto EPA in its day-to-day decison-making. The use of age bins, while problemdtic, is
agreat improvement over not taking behavioral development into account & al. Some pediatricians
within the group pointed out that it is common practice for them to use age bins as a garting point for
evauating their patients—an age bin provides a st of starting expectations for a particular child, which
can help them evauate that child’s particular characteristics. There was very strong concern within the
group, however, that if EPA developed age binsin an exposure assessment context, these bins might
take on a“life of their own” and come to be accorded an unjustified degree of authority and precison.
One pandist pointed out that when pediatricians use age bins, they use them at a screening assessment
level. Such use depends upon afamiliarity with the underlying continuous processes of children’'s
development. Agehins, if used uncriticaly by individuas unfamiliar with the behaviord development
that those bins cruddy represent, could lead to significant errors of exposure assessment. EPA

exposure assesors, therefore, need to become familiar with the continuous distributions that underlie

any age hinsthey use.

The group suggested that it would make sense to focus on particular behavioral milestones that indicate
the beginning of the capacity to engage in particular domains of behaviors (e.g., crawling, mouthing) that
potentialy lead to particular kinds of exposure. EPA should dways bear in mind that the underlying
expression of these domains of behavior are distributions rather than negt categories. Some pandists
consdered it entirdy plausible, in the aosence of specific evidence to the contrary, that the frequency
digtributions of different classes of behavior might be spread out broadly, rather than clustered, across



the range of children’s ages. The usefulness of the concept of generd behaviord age bins depends on
the degree to which the relevant behaviors are spread out or clustered together.

In their discussion of the merits of age bins, members of the group agreed that age bins could be useful
as aguide to the development of particular exposure assessment scenarios. They could serve as
reminders to the developers of exposure assessment factors that these factors need to be developed for
different broad age ranges among children.

The group members urged EPA to remember that the details they provided at the Workshop about
specific age categories were based solely upon their general knowledge. These details require much
more careful research and expert guidance before EPA can rely on them as scientifically validated facts.

3.1.2 Other Discussion Paoints

Concern about EPA’ s direction in basing children’ s exposure assessment on indirect exposure factors
was expressed by the members of the group. A substantial number of the panelists thought that EPA
was overreaching the inherent limitations of indirect exposure assessment and thought that it ought to be
focusing more of its resources on biomonitoring efforts. There was some suspicion that EPA wanted to
use age categories to develop a broadly generdizable model of child development rather than asa
guide to better understanding the underlying eements of childhood development. One panelist broadly
referred to the equations in the Hubd et d. paper as“modding efforts’ and indicated that she was
worried when she heard about them, given the poor and limited data that are being used as inputs to
them. She expressed strong skepticism about the results of these equations, contrasting them to
“empirica data” The chair reassured the pand that EPA was interested in the underlying eements of
childhood development, not modding efforts. Another pandist indicated that he disagreed with EPA’s
basi ¢ approach to exposure assessment but considered “mechanistic modeling” to be adequate for
addressing urgent, present day issues. He said that his cooperation with EPA was based on the



assumption that age-bin/modeling efforts would be phased out in the long run. Some members of the
group, however, fdt that the use of mechanistic modding was judtifiable (or even essentid) inthe
context of studying new chemicals for which exposure pathways are not yet well understood.

Some members of the group were frustrated that EPA did not place more emphasis on epidemiological
approaches to exposure assessment (as opposed to focusing primarily on what were seen as
“mechanigic modding” efforts). They fdt that indirect exposure assessments might be most vauable if
they were conducted simultaneoudly with direct exposure assessments and epidemiologica studies so
that the different kinds of data could be cross-referenced to each other.

Despite dl these cavests, the members of the group were generdly willing to suggest which domains of
behaviora development were relevant to exposure assessment and to make rough approximations of
when they tend to first appear. They emphasized that their conclusions should be taken as a gtarting

point for further research and not as a definitive evauation.

One pandigt indicated that EPA could add abiologica dimension to its Exposure Factor Handbook
by including information about the digtribution of behaviors and by induding information about
biomonitoring. Another pandlist agreed. The use of digtribution curves is an important tool that EPA
should useif it wishes to gpproach exposure factors in abiologicd fashion.

A pandig suggested creeting afidd of sudy smilar to indudtrid hygiene but focusing on children’s play
rather than adult work.

Findly, the group emphasized that it was extremdy important for EPA to look closdly &t fetal exposure,
athough it was not directly relevant to the present discussion of children’s behaviors. Transplacenta
exposure should really be considered a fourth exposure pathway in addition to the ord, dermd, and
inhdation pathways.



3.2  Behavioral Development and Oral Exposure

3.2.1 Principal Discussion Points

The group recognized four mgor domains of behaviord development that affect oral exposure to
chemicds

# Gross motor development. For example, the onsat of mouthing, Sitting, crawling, walking,
rolling, dimbing, bike riding.

# Fine motor development. For example, the onset of behaviors involving grasping objects,
placing hands in mouth, placing objectsin mouth, using utendils, and opening jars.

# Cognitive development. For example, the onset of understanding object permanency,
understanding the meaning of the word “no,” and understanding the concepts of deeth, danger,
and poison.

# Social development. For example, the onset of willingnessto follow directions, interest in risk
taking, and ability to drive an automobile.

Changes in these domains of development could plausibly affect ord exposure to chemicass through the
following six pathways

In connection with this discussion of exposure pathways, the group expressed particular hope that EPA
would locate existing data on when parents start feeding their children with bottles and with solid food
aswell aswhen they stop breast- and bottle-feeding their children. These Satistics are likely to be
highly variable between different ethnic and socid subgroups and may merit closer investigation. EPA
should attempt to find out at what ages children receive “exclusve’ breastfeeding (i.e., breast milk isthe
only food source), “full” bresstfeeding (i.e., breast milk is the only milk source), and “any” breastfeeding

(i.e., some breast milk is consumed).



3.2.2 Other Discussion Paoints

One pandlist expressed some confusion about which behavioral characteristics were relevant to ora

exposure. Many of them, such asbeing able to St or walk, are rdlevant in a* one-step-removed”

sense—they affect whether or not a child could get into aStuation in which he or she might have an ord

EXposure.

Another pandist mentioned it was important to distinguish whether children were ingesting non-food

items or soil in paticular.

Exposure Pathway

Breast Milk/Nursing

Examples of Relevant Age-Reated Developments

(Ages, particularly when stated as single numbers, are spontaneous approximations
from the workshop and require further validation)

Nursing takes place roughly from 0 to 18 months of age, though this varies by culture.

Bottle Feeding Bottle feeding takes place roughly from 0 to 12 or 24 months.

Food Head control (2 months), sitting (6 months), finger feeding (8 to 9 months), use of
utensils (10 to 12 months), and the final shift to adult patterns of eating. Solid food,
served in abottle asaslurry, is often consumed as early as 1 month of age, but 4 to 6
monthsisthe typical age range for beginning solid foods by themselves.

Water Use of cups (6 to 9 months).

Mouth-Hand Contact

Prevalence of hand-to-mouth behaviors, such as thumb-sucking. Gross motor skills
determine access to areas where the hand can become contaminated. Succession of
gross motor milestones: rolling (4 months), creeping (6 months), crawling (8 months),
walking (12 months), and climbing (18 months).

M outh-Object Contact

The ahility to interact with objectsisamajor factor here. The ability to grasp an object
to one’s mouth begins roughly at 3 to 5 months. A pincer grasp and moderate strength
are achieved by 9 months. Children become aware that objects exist even when covered
around 6 months but generally do not understand the meaning of the word “no” until
12 months.

There was some discussion of whether or not it was important to distinguish between mouthing and

chewing of objects. There was some expression of non-specific concern about determining how to

differentiate between different kinds of ora behaviors. There was disagreement about whether or not
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socioeconomic status and education were effect modifiers. Pandlists consdered them to be

confounders.

Severa pandigs were interested in including transplacental food consumption as an ord exposure, but
the group came to the eventual conclusion that EPA should consider transplacental exposure as a sort
of fourth exposure pathway rather than trying to fit it into oral exposure.

Some members of the group felt that non-food mouthing behavior was comparable to pica behavior.
The chair pointed out that these were essentially two different behaviors.

One pandlist suggested that the swallowing of coughed-up dusts might be considered a behaviora
factor contributing to non-dietary ord exposure, but there was some disagreement within the group
about whether this was an appropriate classfication. The degree of exposure varies depending on
whether one spits or swallows coughed-up mucus. Some panelists noted that playing in water or dusty
yards might contribute to non-dietary oral exposure.

Severa pandigs noted that their discussion of ora exposure behaviors was primarily focusing on very
young children. The chair thought this was aresult of the fact that behaviors never redly die out—it is

smpler to point out the beginning of behaviorsin early childhood than to estimate how those behaviors
scale back later in childhood. Animplication of this observation is that exposure assessment for older

children should aso incorporate nonfood mouthing behaviors.



3.3  Behavioral Development and Dermal Exposure

3.3.1 Principal Discussion Points
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The group recognized substantia smilarity between behavioral development’ s effects on ord exposure
and its effects on derma exposure. Thus, the previoudy discussed domains of gross motor
development, fine motor development, cognitive development, and socid development were also
found to be relevant to dermal exposure. However, the group noted that these behavioral domains may
have unique relationships to dermd exposure. Derma exposure can result from behaviors that cause

any part of the body (not just the mouth) to come in contact with contaminated surfaces.

Changes in these domains of development could plausibly affect derma exposure to chemicas through
the fallowing sx pathways.

# Showering
# Bathing
# Recreationa water use (e.9., sSwvimming)

# Surface contacts
— Floor
— Object
— Ground (outdoor)
# Skin-to-skin transfer
—  Withhands
— With other skin
# Intentiona applicationsto skin

The group aso noted that changes in a child's clothing/digper use throughout development would affect
the amount of hisor her skin available for derma exposure, as well as the permesbility of the skin.
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3.3.2 Other Discussion Paoints

One participant mentioned that there is significant concern about chloroform absorption into the skin
from water. Another member of the group wondered about the effects of different sogps on the
permesbility of the skin.

Panelists were unsure of whether or not they should distinguish between poals, lakes, rivers, and
drainage ditches in terms of their dermal exposure profiles.

One pandlist objected to digtinguishing between soil and floor exposure in the case of dermd contact
because this distinction had not been made in the case of ord exposure. The pandist wanted ord and
dermd exposures to be classfied in a pardld fashion.

A group member commented that children undergo a very aorupt trangition from taking no showers a
al to taking regular showers.

34  Behavioral Development and Inhalation Exposure

3.4.1 Principal Discussion Points

The group attempted to develop alist of behaviora milestones that affect inhalation exposure, but
ended by concluding that behaviora effects on inhalation exposure do not change in discrete jumps
marked by milestones; rather, they change in a continuous fashion because exposure by inhdétion is
driven subgtantialy by activity level and exposure scenarios. The rdevant domains of behaviord

change were:

# Gross motor development. Graoss motor development isimportant for characterizing the
amosphere in which children breethe (i.e, thar “persond clouds’). At different life stages,
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children spend their time breathing in different microenvironments depending on their modes of
locomation (e.g., ralling, crawling, and waking). Also, certain gross motor skills, such asthe
ability to run and play sports, tend to increase overdl activity levels as they develop.

# Activity level. The group concluded that activity level could not be consdered smply asa
series of states through which a child develops, and agreed that children’s broad leve of
development certainly affects their average activity level. For example, infants are generdly
relatively passve, but can exert themselves very intensdy when crying. Activity leve affects
inhdation rate and is thus an important factor in assessing inhdation exposure.

# Breathing behavior. The group considered the transition from mouth breathing to nasal
breething. They concluded that it is a Sgnificant factor in inhaation exposure, but is complex
and does not lend itself to discrete cut-offs.

3.4.2 Other Discussion Paoints

Some members of the group suggested that one should differentiate between activities that tend to tir
up dust and those that do not. This distinction determines whether one is exposed only to atmospheric

gases or aso to aerosol particles.

The group gave some initial consderation to using deeping, awake but quiet, and active as behaviord
stages, but the chair suggested that this was ingppropriate and that activity level varies continuoudy in
children. There was prolonged confusion about how to incorporate these terms (deeping, quiet, and
active) into a classfication scheme pardld to that which was used for the other exposure pathways.
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3.5 General Conclusonsfor Incorporating Behavioral Development into Children’s Risk
Assessment

3.5.1 Principal Discussion Points and Presentations
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Dr. Katherine Shea, the group’s chair, proposed a set of provisiond behaviora age bins as a garting

point for further research. The bins are as follows (see a0 the corresponding overheads in Appendix

F):

AgeBin

Characteristics Relevant to Oral and Dermal
Exposure Pathways

Characteristics Relevant to
Inhalation Exposure Pathways

0to 2 months

Breast and bottle feeding. Hand-to-mouth activities.
Rapid growth makes children particularly vulnerable to
chemicals.

Children spend agreat deal of their
time asleep.

3 to 5 months

Solid food isintroduced. Contact with surfaces
increases. Object-to-mouth activitiesincrease.

Children may breathe close to floor
level when placed in play pens or
infant seats on the floor.

6 to 11 months Food consumption expands. Children’sfloor mobility | Development of personal dust
increases. Children areincreasingly likely to mouth clouds.
non-food items.

12to 23 months | Children consume afull range of foods. They Children walk upright, run, and
participatein increased play activities, are extremely climb. They occupy awider variety
curious, and exercise poor judgment. Breast and of breathing zones and engagein
bottle feeding cease. more vigorous activities.

2to5years Children begin wearing adult-style clothing. Hand-to- | Occupancy of outdoor spaces
mouth activities begin to approximate adult patterns. increases.

6to 10 years Thereisdecreased oral contact with hands and non- Children spend timein school
food items, aswell as decreased dermal contact with environments and begin playing
surfaces. sports.

11to 15years Smoking may begin. Thereisan increased rate of Increased independence. Work
food consumption. outside of home begins.

16to 20 years High rate of food consumption continues. Independent driving begins.

Expanded work opportunities.

The group briefly discussed Question 3 of their charge (Appendix A), which asked whether or not

information was presently available on the behaviors that affect exposure. Panelists could only answer

this question in generd terms, because they did not have the resources to provide specific examples of

behaviord data. Thereisadefinite need for more data on behaviora exposure factors, as many of the

exising data are of limited qudity or coverage. Some members of the group suggested that exposure

factors be collected in the context of specific chemica compounds, and there was generd agreement
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that more work was needed on behaviord development in specific sub-populations of children (eg.,
developmentally impaired, physicaly disabled). It isdso very important, many fdlt, to better integrate
indirect measurements of exposure factors with physiologica and mass-ba ance measurements so asto

better validate those exposure factors.

Question 4 of their group’ s charge asks whether existing exposure factor data have been collected in a
manner that fits with the proper age bins for children. The group did not have time to review and
evauate the age distributions chosen by the different studies Dr. Thompson listed in her presentation.
They did note agenerd lack of rich data sets describing the exposure of very young children. They
suggested, furthermore, that EPA re-evauate the raw data of past exposure studies when it appears
that those studies did not organize their published results according to the best set of age categories.
Such plans, of course, would have to take into account some important concerns about the cost of re-
andyzing data and the continued protection of the privacy of the individuds from whom the raw data

were collected.

Question 5 of the charge asks for guidance in assessing exposure to a particular age bin when existing
data do not provide uniform coverage of that group. The group had no smple answersto this question
and could only encourage EPA to develop more data, focusing on being as child-protective as possible
and emphasizing direct, empirica data collection. With respect to the problem of aggregate exposure,
EPA should note that ora and dermal exposure factors are dependent on smilar behaviord parameters
and that inhaation exposure follows afairly independent set of parameters.

3.5.2 Other Discussion Points

The group generaly agreed with the chair’ s proposd for different age categories, but one pandist

suggested that they should not try to arrive at any further specificity, given the lack of data and
speciaized expertise to ground their discusson. Another pandist Sated that EPA tends to overestimate
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the universdity of its activity data—it tends to generdize from one set of data to many different
contexts, which may not be judtified. A third pandist responded that age categories would be useful
not only for collecting activity data but aso for the more direct, epidemiologica studies that other
pandistswere caling for. Thereis some vaue to mechanistic modeling, argued another pandist, when
it isunclear how exposure to anew chemicd is partitioned across different exposure pathways. The
emerging consensus in the group was that it was reasonable for EPA to conduct indirect exposure
asessment. The problem that panelists perceived, however, was that EPA does not seem to give
sufficient priority elther to the direct exposure assessment gpproach or to the validation of indirect

exposure models.

The group noted that these categories do not aign perfectly with the categories of cognitive
development articulated by Piaget. It isunclear, however, whether cognitive development (e.g., the
ability to understand the concept of degth) is as relevant to exposure assessment asit isto risk
management. For the purposes of scenario development, at least, the child’ s cognitive development is
acrucid factor for risk assessors to understand. Some members of the group aso briefly noted that the

categories do not aign perfectly with the Erickson’s categories of emotiona devel opment.

3.5.3 Observer Comments

Dr. Harvey Richmond of EPA’s Office of Air Quality Planning and Standards ddlivered some
comments pertaining to the group’ s discussons. He argued that each behaviord age bin should include
information about the amount of time children in that category spend outdoors. From his perspective,
one of the most important factors in inhalaion exposure is the amount of time that one spends outdoors.
Dr. Richmond aso noted the group’ s enthusiasm for conducting epidemiologica studies that include
biomarkers. He cautioned that, while such an gpproach isvauable, it is only technologicaly feasible for
alimited number of chemicds. Among air pollutants, he ventured that it would only work for 10
percent of the chemicals EPA is concerned about (e.g., certain metas and volatile organic compounds).
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He dso noted that biomarker datafor achemicd is of no use to exposure modding unless the paths of

exposure for that chemicd are dready very wel understood.

3.6

Resear ch Recommendations

The behavior group highlighted three mgjor data gaps that it believes EPA should immediately address

to improve its use of age bins. The group suggested the following measures:

Carefully evauating the digtribution of behaviors across different age ranges, taking into
consderation the variability introduced by effect modifiers and specific sub-populations, such as
particular ethnic and socioeconomic groups, developmentaly impaired children, and disabled
children.

Using integrated data sets to eva uate the relative importance of different kinds of exposure. It
isimportant to focus time and resources on exposure pathways that are more likely associated
with sgnificant risks.

Collecting integrated data sets that combine information about children’s behaviors, their
estimated exposure, their biomarkers for particular chemicds, and their hedth.

Other short-term data gaps mentioned by different members of the group include the lack of

information about:

# The frequency, distribution, and duration of children’s dermd and ora contact events.

# Prenatal exposure. EPA should, perhaps, hold another conference on issues of prenatal
exposure and its modifiers. The accumulaion of environmental contaminants in amniotic fluid is
aparticular area of concern.

# The relationship between adolescent developmenta milestones and adolescent exposure.

# The digtributiona properties around developmenta milestones.

# The exposure of children to household dusts and residues. Both ord and dermal exposures

need to be better characterized. Such studies could be conducted either by direct exposure
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measurement or by measurement of the number of contact events children have with household
dusts and residues.

# Hand-to-mouth and object-to-mouth transfer of contaminants. These exposure factors are
currently very poorly understood.
# The particular biomarkers which are most useful for measuring children’s exposures to

prevaent chemicals. Additiona pharmacokinetic data on these chemicals may aid in the proper
interpretation of biomarker data

# The extent to which EPA’s definitions of soil ingestion (as a measure of exposure) are vaidated
by biomarkers.

# The rdative sgnificance of different exposure pathways for children of different ages.

# Probability-based biomarker surveys of prevaent exposures. A good modd of this sort of
study is the one recently conducted on lead exposures by the National Center for Hedlth
Statigtics (with the support of the U.S. Department of Housing and Urban Devel opment).

# The amount of time children spend near the floor or soil and how this affects their persona dust
clouds.

Individua members of the behavior group aso mentioned severa data gaps that EPA should addressin
the long term. These include the lack of information abouit:

# The relationship between cross-sectiond studies and longitudinal studies. It is unclear to what
extent cross-sectiona studies can stand in for longitudina ones. It is common research practice
at present to smultaneoudly study the exposure of different children a different ages, but this
research strategy may leave out important information about how the exposure of particular
cohorts of children changes over time.

# How exposure varies at different times of the year and among different geographical locations.
For example, children may have different dermd transfer coefficients in the soring and summer,
depending on how swesty their pdms are.

# How long-term trendsin child-rearing practices affect children’s exposure.
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# Whether or not the recommended interventions for environmental hazards are indeed effective.
Randomized, controlled studies are needed to address this question.
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4. CHANGE IN CHILDREN’S EXPOSURE DUE TO
ANATOMICAL DEVELOPMENT

The anatomy group consisted of 11 specidigsin fidds reating to children’s exposure, including
pediatrics, risk assessment, and exposure assessment. A list of participantsis provided in Section 2.6.
The group was charged to consder the changesin anatomy during childhood that can impact children’s
exposure to environmenta contaminants and their susceptibility to health effects from that exposure.

The group was asked to consider questions such as:

# Can anatomica development during childhood be considered as a series of discrete bins,
particularly when existing information is not adequate to construct a continuous exposure
function?

# What are the most important developmenta milestones for anatomica changes related to
physica growth in children?

# For those anatomica characterigtics that are likely to have an important impact on exposure, is
there existing exposure information that is representetive of the characterigtics?

The group began by discussing the charge. Some pandlists questioned whether “binning” was an
gopropriate approach. Therewasinitid concern that such an gpproach could result in aimpracticaly
large number of bins, and that the type of information provided by such an gpproach may have an
inggnificant impact compared to other uncertainties in risk assessment. Other pandists fdt that binning
could have merit. The group eventualy agreed to pursue the possibility of binning since thiswas an
integrd part of their charge. They began by discussing the development of individua anatomica and
physiologica characterigtics (such as body weight and skin surface areq), organs, and systems
(including body fat, skin, skeleton, liver, immune system, reproductive and endocrine systems, lung and
respiratory system, gastrointestingl tract, rena system, cardiac system, muscle, and sensory organs).
They generdly limited their discussons to development after birth; fetd development and in utero
exposure were not covered. They then discussed genera issues related to characterizing
developmenta changes relevant to exposure, and concluded their discussions by compiling alist of
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research recommendations. The group’s chair presented the group’ s conclusions at the workshop's

fina plenary session.

This section summarizes the discussions and conclusions of the anatomy group. It isdivided into three

sections,

# Individua anatomical characteristics, organs, and systems (Section 4.1).

# Generd issues (Section 4.2).

# Research recommendations (Section 4.3).

In each section, the group’ s conclusions, as summarized by the chair in the find plenary sesson, are

provided firg, followed by a summary of the discussion that led to those conclusions.

4.1  Individual Anatomical Characterigtics, Organs, and Systems

411 Weight

Conclusions

For weight, the following preliminary bins were suggested based on changes in the rate of weight gain:
0to 6 months, 6 to 12 months, and 1to 2 years. From 2 to 8 years the rate of weight gain isrelatively
gable. Itincreasesagain at 8 yearsand at 10 years. After this, it peaks and then decreases at 13 to 15
years depending on gender. Skin surface area as afunction of weight isarapidly decreasing
relationship until about 1 year, when it levels off. It remains stable until about age 14, when it flattens
out and becomes virtualy horizontd.



Discussion

The chair presented datal on weight gain in children. The data showed rapid but different rates of
growth for three periodsin early childhood: 0O to 6 months, 6 monthsto 1 year, and 1to 2 years. By 2
years, weight gain continues a ardatively stable rate until about age 8, when it increases again. Weight
gain aso increases around age 10 or 11, then decreases at age 13 to 15, depending on gender.

4.1.2 Body Fat

Conclusions

The group considered body fat in terms of retention and mobilization of xenobiotic products. Excess fa
may act as asafety factor to the extent that it serves asasink for lipophilic chemicas. However, this
potentia “protection” becomes aliability during periods of weight reduction (e.g., in early adolescent
boys and during dieting—which is common to adolescent girls—when lipophilic substances stored in
the fat become mobilized).

The proportion of fat in the body increases during the first 18 months and then remains stable until
about age 14. At age 14 in boys, it begins to decrease dightly and then increases again. At 14 in girls,

it begins amore rapid increase, which continues up to adulthood.

The chair presented data at many points during the discussions. These datawere primarily drawn from five
sources:

# Pesticidesin the Diets of Infants and Children, National Research Council, 1993.

# Research Needs on Age-Related Differencesin Susceptibility to Chemical Toxicants, ILSI Risk Science
Institute, November, 1966.

# Bruckner, J.V., and Weil, W.B. 1999. Biological Factors Which May Influence an Older Child's or
Adolescent’ s Response to Toxic Chemicals. Regulatory Toxicology and Pharmacology, 29: 158-164.

# Analysis of the Michigan Department of Environmental Quality’s Administered Environmental Standardsto
Protect Children’ s Health, Michigan Environmental Science Board, February, 2000.

# Department of Labor Conference on Environmental and Occupational Risks of Adolescents.
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Discussion

The chair kicked off the discussion by showing body fat data for boys and girls by age. For boys at
age 20 years, there is more than a four-fold difference in body fat between the 10™ percentile (in which
boys have 5 kilograms of body fat) and the 90" percentile (in which boys have more than 20 kilograms
of fat). For girlsat that age, body fat ranges from 10 to 30 kilograms between the 10" and 90"
percentiles. The chair said there is a characteristic bump in fat mass for boys just prior to adolescence,
followed by adrop in body fat with the first stage of adolescence, then an increase. This bump does
not usualy gppear in girls.

The chair dso showed data from the early National Hedlth and Nutritiona Evauation Study
(NHANES); the Tecumseh, Michigan, study; and the Ten State Nutrition Survey of fat fold thickness
for triceps. These data show the same bump in fat massfor boys. In boys, extremity fat is constant
throughout childhood. For girls, it isfarly stable until early adolescence, when it rises and then levels
off a three times preadolescent levels. The chair was not sure whether thiswould have any impact on
exposure. However, he said, sincefat isamgor storage areafor lipophilic materids, it playsa

ggnificant role in what happens to chemicas once they enter the body.

Another pandlist said that work by the Connecticut Department of Hedlth found that body fat at birth is
low relative to older ages, but by about 1 year of age it flattens out as a percentage of body mass. This
would affect various pharmacokinetic parameters, such as partitioning and how much doseisretained in
the fat compartment. The pandist said the content of adipose tissue changes with maturation. It has
more water content at birth than at older ages, so thereisawindow at least in the first year in which
body compaosition is different enough to affect the retained dose.

The chair responded that this compaosition difference is due in part to the fact that there are alarge
number of fat cdls at birth but their szeisrdaively smdl. Fat cels contain a certain amount of protein



and water, which stay relatively constant. However, the protein and water content decrease
proportiondly as the fat cell grows by adding more fat. Thisincrease in fat content probably occurs
somewhere between the first and second years, while the number of fat cells stays relatively congtant
between 2 years and adolescence. He aso mentioned that the increased body water of infantsis
primarily extracdlular water rather then intracdlular water. Intracdlular water varieslittle and if
anything may be alittle low, because (in theory) there may not be as many solute particlesin infants
cdlsasin older children’s. Theloss of extracelular water after birth is a constant proportion of massin

gpecies from mice to giraffes.

A pandist pointed out that while fat could increase the retained dose of achemicd, it might dso act asa
protective sink that lowers the chemica activity of toxic chemicasin the body. If so, leaner people
would be at greater risk, Snce asingle exposure to achemica could overwhelm protective measures.
Preadolescent maes could dso be a greater risk from chemica mobilization that occurs with fat tissue
loss, ancethisis atime when they typically losefat tissue. Also, data suggest that about 60 to 80
percent of girls diet, so they too could be vulnerable to this type of risk, particularly during the first
period of dieting. Another pandist agreed that fat would not be protective when mobilized, such as
during weight loss and breast feeding. The grester the exposure and amount of chemica stored, the
higher would be the risk during periods of mobilization. Dr. James Waker, an EPA observer, said the
some radioactive chemica's such as xenon are stored in fat, so the amount of fat a child has could be an
exposure concern. A pandist pointed out that fat transport should aso be consdered. If there are
developmentd changesin how fat is transported and deposited in the fat cdlls, this could affect

EXposure.



4.1.3 Skin

Conclusions

In the premature infant, the skin as a porta of entry gppears to have differentid permeability with age,
but members of the group did not know how long this differentia permesability remained after birth. The
likelihood of skin being abraded can vary with age, since children are more likely to abrade their skin as
their mobility increases. Occluded skin may aso be susceptible to eroson. Skin under occlusive
digpersin particular might have more permesbility than nonoccluded skin, especialy when digper rash
ispresent. In later childhood, extensive eczemaor acne could ater skin permesbility. For theratio of
skin surface area per unit of body weight, there isarapidly decreasing rdationship until 1 year; then the
ratio decreases steadily but more dowly until about age 14, when it begins to flatten out to become
virtudly seable.

Discussion

The chair cited datathat showed argpid decline in skin surface areato weight ratio during the first year
of age, with ardatively dower but stable decrease in the ratio thereafter until about age 14. Hedso
mentioned data showing increased skin permesbility for about the first month of life. Thisincreased
permeability was a problem when hexachlorophene was used to scrub newborns. The chair said the
Sratum corneum begins to develop in the firs month of life, and that shortly after the first year of life,
skin permesbility does not appear to vary with age.

Other pandigts thought that there might be somewhat different data in the literature, but did not cite
gpecific sudies. One pandist speculated that there might be data on neonate absorption in the
pharmaceutica literature and suggested that EPA look into this. An observer mentioned work by
Fitzpatrick, which indicates that full-term infants have a complete stratum corneum, but a thinner dermis.



The stratum corneum is not necessarily complete in premature infants. A pandlist pointed out that
dermal thickness can be criticd to absorption of chemicads, including both the rate of absorption and
total absorption (since not dl chemicas absorbed into the skin enter the circulatory system). Another
pandist sad that research has shown scrotd skin (which isin contact with occlusive digpers) to be the
most permegble of dl.

Paneligts discussed skin conditions that may affect absorption. For example, digpers are an occlusive
dressing, S0 they hydrate the skin and prevent the evaporation or volatilization of chemicas, which
could increase absorption. This could be an issue for babies and toddlers up through toilet training.
Any break in the stratum corneum can compromise the skin barrier. Children with eczema can have a
sgnificant proportion of skin thet isinvasively open, and thus could be a sensitive subpopulation, one
pandlist suggested. She aso expressed concern about adolescents with acne. This might not be as
great a concern, another pandist responded, because measurements of soil loadings show that the face
stays rdaively clean compared to hands or knees. An observer mentioned that children with aopic
dermatitis have a compromised barrier, so bioavailability is much grester, and adults with psoriasis have
acompromised barrier, which can make as much as a 20-fold difference. A pandlist pointed out that
skin shedding can be protective for highly lipophilic chemicals (greater than log 5 K ), which may be
doughed off before they are absorbed in the circulatory system. Another pandlist wondered whether
sunburns in childhood and adolescence might have any impact on chemica exposure,

The chair mentioned that the faces and arms of young children have a greater proportion of body
surface areathan adults. Thisistrue for the arms, for example, up to age 6 or 7. Exposure caculations
often use adult proportions for young children, which can be off by 2 percent or so. Ancther panelist
thought this difference was too smdl to have regulatory significance, given dl the other uncertainties.



The pandigts briefly discussed whether activities that increase blood flow to the skin (such as crying in
infants) could impact absorption. This might be the case for lipophilic chemicas for which the rete at
which they are trangported away by the blood is dower than the rate at which they penetrate the skin.

4.1.4 Skeleton

Conclusions

Periods of bone growth can increase susceptibility to deposition of substances such as heavy metas
and some antibiotics. Rapid bone growth occurs during the first year, after which the rate of growth is
smilar to that for the rest of the body until adolescence, when there is a period of rapid skeletd growth
from gpproximately age 10to 16 in girlsand 12 to 18 in boys. Epiphysid closure? starts around 11
yearsin girlsand 13 yearsin boys and takes approximately 6 to 7 years, depending on the Site of
closure. Interference with this process could shorten the length of the bone or prevent closure and

result in increased bone length, which can cause long-term joint dysfunction in adult years.

Discussion

The chair presented graphs showing skeletd mass and calcium accretion. During the fird year, thereis
rapid growth in tota skeletd (bony and cartilaginous) mass. This tapers off until adolescence, when
there is another 9gnificant increase in skeletd weight from about age 10 to 16 in femdes and 12 to 18
inmaes. Cacium accretion pesks at about 14 yearsin boys; in girls the pesk is smdler and occurs
earlier. During periods of rgpid increase in skeletal mass, children may be more vulnerable to exposure
from heavy metds. Ancther period of vulnerability would be the period of epiphysa closure and
cessation of bone growth, which occurs during much of adolescence. Thisis atime when thejoint

2Epi physes are secondary bone-forming centers separated from a parent bonein early life by cartilage. When an
epiphysis closes, it becomes part of the larger (parent) bone.
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gpaces may be susceptible to exposures that could affect the cartilage. This susceptibility is present
from about 11 to 18 yearsin girlsand 12 to 19 yearsin boys.

Dr. Walker, an EPA observer, said he had data showing that the uptake of some heavy metds, such
as, radium and strontium, is high during the neonatal and pubertal growth periods. The chair responded
that the skdletd growth rate is high during the first months of life, but (because there is so much cartilage
growth during the earliest months) thisis largely linear growth rather than an increase in bone minerd
content. Another panelist pointed out that weight triples during the first year. Dr. Walker, said that his
milestones, developed using the empirica growth mode, correspond almost exactly with the ones that
the group decided on for the skeleton. Hismode discerned a growth spurt at birth, between 8 and 12
months, between 3 and 4 years, between 6 and 7 years, at about 8 yearsin femaes and 10 yearsin

males, and a 12 yearsin femaes and 14 yearsin males.

415 Liver

Conclusions

With regard to environmenta agents, hepatic enzyme activity is reaively deficient during the first yeer

of life, reaches a pesk level that exceeds adult efficiency sometime during the second year of life, and

then decreases to the adult range by 2 to 3 years of age. Data on developmentd changesin the liver

need to be evauated.

Discussion

In previous work, two pandlists had examined liver enzyme development and found that, at about 1

year of age, enzyme activity exceeds adult activity per gram of liver by about 150 percent. Enzyme
activity returnsto normd during the second year, after which it isrdatively stable. However, liver



function during the first 6 months after birth is deficient in some respects compared to adults. Dataare
available to define these early deficiencies more specificaly. A pandist said that much of the liver
function data are fairly old and questioned how relevant they would be given more recent exposures to

compounds that could be liver enzyme inducers.

4.1.6 Immune System

Conclusions

The group emphasized that the immune system was highly complex and that undergtanding of it is
rapidly evolving. During the first few months of life, infants have greeter susceptibility to certain types of
infection, but by about 1 year of age most immune functions have matured.

Discussion

The group noted that the immune system is extremely complex. They pointed out that in utero exposure
could have a sgnificant impact on immune system development but that discusson was outsde the
scope of the group’s charge. Pandligts shared various facts about the immune system development in
children, including the fact that breast-fed babies are less likely to develop type 1 diabetes and that
infants up to about 2 months of age are more susceptible to ahost of infections they are not susceptible
to later, while breast-fed babies may be less susceptible to others due to maternad antibodies. Thus, the
firdt 6 to 12 months after birth appear to be very different from the rest of childhood in terms of the
potentia impacts of exposure. The panelists pointed out that a number of objective measures, like
white cell counts and immunoglobulin levels, are age-dependent. These could be used as markers for
what isnormd at particular ages, but little is known about the sgnificance of deviations from norma

leves.
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The chair mentioned that though the thymus islarge in infants and smdll in adults, thymic function
gppears to continue into adult life, so the gland' s larger size during infancy may not be sgnificant. One
pandlist wondered whether data were available on aveolar macrophage clearance of particles and how
that varieswith age, snce dower clearance during childhood could affect dose. Another pandist
pointed out that EPA and the March of Dimes held a Workshop to Identify Critical Windows of
Exposure for Children’s Health in September 1999 in Richmond, Virginia. The workshop included a
work group on the immune and respiratory systems, and areport of this work group was provided in
Volume 108, Supplement 3 (June 2000) to Environmental Health Per spectives, pages 483 to 490.
This publication includes a series of artides discussng the timdine for immune system development in
humans, mice, and rats. The authors suggest birth to 1 year as a significant bin for maturation of
immune system competence, and 1 to 18 years as a bin for establishment of the immune system
memory (i.e., induction of response to disease). He suggested that the authors might be useful sources
for further information. The chair suggested that bins for immunological development should be
established by specidigts after thorough examination of the literature in this complex area.

4.1.7 Reproductive and Endocrine Systems

Conclusions

Hyperplasa occurs dramaticaly beginning a about age 8 in girls and age 10 in boys, and extending for
about 8 yearsin each case. This could be avulnerable time for potentid mutationa changes that could
have long-term hedlth impacts. The group did not have data on when the function of the thyroid,
parathyroid, pancreetic idet cdls, and rend cortica and medulary cdlls become mature. This needsto

be examined.

Discussion
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Paneligts agreed that in utero exposure was an important concern for development of ovarian and
teticular tissues (as well as other organs), but agreed that in utero exposure was outside the charge of
the group. They discussed what ages would be appropriate to bracket bins for reproductive
development during adolescence. The chair noted that onset of puberty varies by gender, thereis
subgtantid variability within each gender, and onset gppears to be happening at earlier ages. A binfor
reproductive organ development that started at age 8 for girlswould likely capture about 95 percent of
girls, hesaid. The bin for boyswould need to extend to age 19 to capture 95 percent of boys. Other
pandists suggested 8 to 18 for girlsand 10 to 19 for boys, 8 to 15 yearsfor girls, snce few girls have
menarche past age 15; and 8 to 16 yearsfor girls, Snce most textbooks cite 8 years as the lower limit
for breast development (the beginning of puberty in most girls) and the upper limit for onset is about 14
years, with an additiona 2 years until menarche. The chair pointed out that ovulation usualy does not
gart until about 2 years after menarche, so abin should extend for 2 years after menarche to alow for
potential effects on developing oocytes. An observer expressed concern that too broad a bin could
wash out the potentia for making associations. Some pandists thought that there were alot of datain
this area, which would dlow graphing of digtributions; this would make it possible to cregte bins that
capture different percentiles of boys and girls.

The chair asked the group to consider the endocrine system as well, since research has shown that
many thyrotoxic drugs can interfere with thyroid development and function if given to animasearly in
development. Also, many environmenta agents have been shown to interfere with thyroid function in
animas. The chair asked pandists whether they had any information on the nonreproductive
components of the endocrine system, such as the pancress, thyroid, parathyroid, and adrends.

One pandist mentioned that perchlorate, a groundwater contaminant in many arees of the western
United States, is a powerful thyroid toxin that affects iodine uptake in the thyroid. Pandlists did not
have any data on whether thyroid sengtivity to environmenta agents was different in children than in
adults. Another pandist thought thet even if there are windows of developmenta vulnerability for the
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endocrine system, this would not necessarily affect the amount of internd or externd dose per exposure

event.

Dr. Walker, an EPA obsarver, said there are chemicals in the environment that have been shown to
affect the thyroid, and since thyroid hormones affect growth, the uptake and distribution of these
chemicals could be affected. The chair agreed with this and asked the group whether there were
periods when those organ systems are more likely to be differentially affected by exposure than a other
times. He sad that sudies with animals show the induction of permanent thyroid dysfunction by using
an endocrine disruptor to insult thyroid anlage (the fetd tissue that will ultimately form the thyroid gland)
ealy in life, but the same compound will not cause dysfunction if exposure occurs later inlife. A
pandist said that the State of Cdifornia has been concerned about both prenatal and perinatal exposure
to perchlorate, which isapowerful thyroid toxin. She aso said that anima studies show that brain
maturation is grosdy affected by effects on the thyroid. The chair pointed out that children born without
athyroid will suffer permanent brain damage if the thyroid function is not replaced within a short time of
birth. Another pandlist added that it iswell known that thyroid deficiency in childhood can have
permanent devadtating effects on brain development. This suggests there is differentid susceptibility to
thyroid dysfunction in children compared to adults

4.1.8 Lung and Respiratory Tract

Conclusions

Changesin the ventilatory rate, aveolar surface area, and oxygen requirements dl dter the rate at which
voldtile and particulate materid enter the system through the respiratory tract. Developmenta changes
in the upper airways (the nasd-pharyngea pathway and the snuses) need further evauation.

Deveopment of some sinuses does not begin until after birth and occurs primarily during the first 6

years of life. Gender differencesin ventilatory function develop around adolescence.
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Discussion

The group discussed how aveolar surface area, ventilation rate, and behavior affected children’s
exposure viathe lung. One pandist sad that, for the first 2 years of life, dveolar surface areaand
ventilatory rate are Sgnificantly different, so that the minute volume exchange of oxygen and other gases
issgnificantly higher. He said that exposure to particulate matter in the lung is approximately four times
higher in the infant than in the older child. Ancther pandig said that astudy by the Cdifornia EPA a
their Davis facility has shown that lung surface area to body weight ratio did not change much after 12
years of age, but that infants had amuch larger surface areato body weight ratio and much higher
oxygen requirements. She said that ventilation rates are akey factor in thefirgt 1 to 3 months of life and
are quite different than, for example, ventilation at 1 year of age. Thus, aconsderation of ventilation
rates would suggest different bins than the numbers of aveoli or the surface area of dveoli. Only about
15 percent of aveoli are present at birth; the rest are acquired during the first 3to 4 years of life. Also,
athough infants are not very mobile, their breathing function can be highly active when they cry and
scream. A third panelist pointed out that infants take about 40 to 60 breaths per minute, compared to
12 breaths per minute in adults.

The chair noted that ventilatory rate decreases during the first 3 months, and then continues to decrease
at adower rate. He said that alveolar surface areaincreases until about 3 years of age, when it
changes proportiond to body size. He also pointed out that there are Sgnificant gender differences
during adolescence with respect to vitd capacity, FEV 4, (forced expiratory volume in one minute) and
0 on. Boys generdly have higher ventilatory function than girls of the same age and weight, though
part of that may be related to lean body mass rather than weight itself.

Pandigts discussed the significance of nose breathing. Maost children are nose breathers, unless they get

acold (which children do on average six times per year). Style of breathing likely would not impact
exposure to water-soluble compounds, since these can be absorbed in the upper airways, however, it
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could impact less soluble compounds, which penetrate the lower airways. A pandist wondered
whether differences in the nose structure with age might be relevant. Another speculated that there
might be a critica period in infancy when there is a high ventilation rate and lower surface area of the
upper respiratory tract that could make infants more susceptible to exposure of less soluble air
pollutantsin the lung.

The chair said alot of data are available on ventilaion rate in very young children, including data on the
development of aveolar surface area, on minute volume rates, and therefore on air contact with the
surface of alveoli. He thought those data were referenced in Chapter 2 of Pesticidesin the Diets of
Infants and Children. A panelist thought data were missing regarding measurements for specific
activitiesin children under 3 years of age. Another pandist said most data are for sick children and
thought that there were insufficient sudies of hegthy children. The qudity of the available data must be
consdered as well, another pandist pointed out, including considerations of how the data were
collected, how accurate they are, whether they are up to date, and whether there is some reason why
they might not be gpplicable (e.g., they pertain only to sick children). Many of the techniquesin older
sudies (for example, looking at the rate of blood flow from specific tissues) are far from sate-of-the-art
now, said another panelist, and there is disagreement about their vdue. The chair said that many older
morphologic sudies (e.g., measuring the surface area of aveoli) were well done and the data are

available in old biology handbooks.

A pandigt cautioned that future research should be directed toward data that would be truly useful for
exposure assessment, and should avoid areas that will not have a significant impact. For example, an
analysis of breathing rate distributions shows only atwo-fold difference between the 5" and 95"
percentile, which isinggnificant in the overdl uncertainty of risk assessment. The chair pointed out that
it would be difficult for the current pandists to cite specific data gaps, since they had not recently
reviewed the literature, and he suggested that the quality, comprehensiveness, and significance of the
data for exposure assessment would need to be reviewed carefully for data ggps. He said most of the
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papers in the Environmental Health Perspectives review (referenced earlier) recommend more

research.

The group briefly discussed the upper respiratory tract. Panelists felt that the nose and upper airways
could have sgnificance since they serve as achemica entry point, a potentid target for effects, and a
potentia detoxifying organ; however, the pandists were not aware of data on whether and how the
nose and upper airways might differ between children and adults. A panelist pointed out thet large
numbers of children have alergies or adenoida hypertrophy; when affected by these, they breathe
through their mouths, bypassing the ciliary clearance mechanism in the nasopharynx. Another pandist
noted that certain sinuses (frontal and sphenoid sinuses) are not formed at birth, so development of
some sinus function takes place after birth. Pandigs listed upper airway changes, including sinus

development, as an area that should be examined.

419 Gastrointestinal Tract

Conclusions

Up to 3 months or so after birth, the infant somach is more dkaline and has a greater capacity to

absorb intact proteins and large peptides. However, the group did not know whether this difference

had any sgnificance for exposure.

Discussion

The group discussed development of the gastrointestinal tract during childhood. They noted thet, during

thefirgt 1 to 3 months of life, the somach is more akaine and has a greater capacity to absorb intact

proteins and large peptides than later. This could impact developing sensitivities to certain proteins,

snce they get into the system intact a a time when immune tolerance could occur. However, this
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difference lags for 1 to 3 months, and very little data are available regarding these gastrointestinal
differences in babies after the first month of age. One pandist questioned whether pH differences were
relevant during the first month of life, when there islittle varigbility in diet. Another pandist responded
that there are data suggesting that pH is related to development of methemoglobinemiain infants fed
water with high nitrate content. A third panelist pointed out that the infant somach may aso be
exposed to particles cleared from the deep lung.

The group was not aware of changesin matility of gut during childhood and had no information on how
gut surface area changed. They noted that gut colonization changes with birth and again with the
trangition from breast milk to other foods, but probably not much after that. Colonization of breastfed
and bottlefed infants is different (e.g., breastfed infants are colonized with lactobacillus rather than E.
coli). Beyond thefirst year of life, even breastfed babies are exposed to so many other foods that
breast milk’ simpact is much less sgnificant (unless it contains Sgnificant toxicants).

A pandig sad data suggest that children’s excretions have a high fat content and wondered whether
that was because children have ahigh fat diet or because they are less efficient at absorbing fat. He
said that decreased fat absorption has been suggested as a mitigating factor in exposure to lipophilesin
breast milk.

One pandlist questioned the extent to which children with deficient diets or nutrition should be noted as
asubpopulation. A pandig sad there likely would not be any gender-related differencesin growth rate
of the gadtrointesting tract until age 8 or 9, though there could be individua differencesin growth
spurts.

4.1.10 Circulatory System

Conclusions
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Thereisa protein-binding deficiency during the first 6 months of life. Fetd hemoglobin, whichis
present during the firg few months of life, has different binding capacities than adult hemoglobin.
Around age 2 years or younger, children switch from liver and spleen as a source of hematopoiess.
Extracdlular fluid increases during the first 6 months or so of life and then rapidly decreases until about
age 2, when it becomes more condstently related to body size. Children with GEPD (glucose-6-
phosphate dehydrogenase) deficiency may be a susceptible group. There may well be other
susceptible groups of children that will need to be considered as we learn more about the preva ence of

genetic differences.

Discussion

Pandligts discussed features of the circulatory system that might distinguish children from adults. For
example, with regard to blood chemistry during the first 6 months, there are many more protein-binding
displacers relative to protein-binding sites, which means that thereis excess bilirubin. Also, there are
fewer basc and acidic binding Stes, so there is more drug displacement. This suggedts thet the effective
dose in the central compartment for chemicals that are significant protein binders will be different in
younger children compared to older age groups. A pandlist estimated that protein binding probably
was an issue for the firgt 6 months of life. Another pandigt said that infants have more fetal hemoglobin,
which makes them susceptible to methemoglobinemia. A pandist pointed out that the hematopoietic
cgpabiilities of the marrow change during the first year, but he did not know if this had any toxicologica
ggnificance. Also, extramedulary hematopoiess (i.e., the liver and spleen producing hematopoeaitic
tissue rather than just bone marrow) is very significant in the first year of life. After the firgt year, only
bone marrow produces new blood cells. A pandist said that total body water in infants was higher,
which affects volume, digtribution, and clearance. Another panelist mentioned that G6PD deficiency, a
genetic condition that can result in anemia, could characterize a susceptible subpopulation. Another
pandist pointed out that the genetic polymorphism issue overlays the entire discussion.
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4.1.11 Renal System

Conclusions

Before 6 months, rend function (in terms of parameters such as glomerular filtration rate and tubular
maximum) is less than would be predicted by surface area, but by about 6 months of age, those
functions have approached adult values per unit of surface area. So after about 6 months, rena
function can be scaled by surface area.

Discussion

The chair mentioned a paper he had written showing that kidney function is practicaly normd at birth,
and essentidly reaches adult vaues per unit of surface area by age 6 months. This suggested there
should be abin for the first 6 months after birth, snce thereis ill recognizable immaturity in rend
function during that time. After 6 months a separate bin for the kidney likely is not necessary. Another
pandis sad that, whileit is generdly accepted that metabolic rate (P-450 metabolism) is subgtantialy
greater after the first year and throughout childhood, he has seen recent information suggesting it is not.
These data (which have been criticized) do however indicate that there are differences in the rate of
clearance of drugs but no differences in the rate of metabolism compared to adult levels. Thisopensto
question the commonly accepted notion that rates of metabolism and rena clearance are higher during
childhood and then gradudly diminish to adult levels during adolescence. A third pandlist discussed
dlometric scaling. He pointed out that many of the P-450 and conjugetion systems mature somewhere
between 6 months and 1 year, a which point they can be dlometricaly scaled to surface area. For
example, physicians can use this scaling to predict blood flow to the liver based on surface area when
prescribing drugs. The fact that the liver system isimmature during the first 6 months and the fact thet
alometric scaling cannot be done for that period together argue for a bin covering the first 6 months.
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4.1.12 Cardiac System

Conclusions

The group had little information about the changes in circulatory dynamicsin the heart. They
recommended that EPA examine whether there are any significant changesin cardiac output and
regiona blood flow during childhood.

Discussion

The chair kicked off the discusson by saying that the heart generdly appearsto be fairly mature at
birth, and that he was not aware of any significant changesin shape or function after birth. A pandist
questioned whether blood flow to tissues or organs could change as afunction of age. Pandists were
not aware of significant changes to the cardiac system, but thought it would be useful for EPA to
examine whether there are any sgnificant changes in cardiac output and regiond blood flow during
childhood.

4.1.13 Central Nervous System (CNS)

Conclusions

The centra nervous system changes rapidly during early development and likdly is the system that needs
the most bins. Very little information is available about the duration and variability of periods of change.
Neurond migration occurs during the first 6 months of life, followed by rapid mydination, much of
which is completed by 2 years of age. At about age 10 years, certain synapses change and atrophy.
Thisis probably reasonably complete by age 20. The blood-brain barrier aso changes during
childhood, though the group did not know when this occurs, and this could be significant.
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Discussion

The chair said that the Environmental Health Per spectives supplement (referenced earlier) contained
apaper by Deborah Rice and Stan Barone, Jr. (pages 511 through 533), with afigure on the
development of the nervous system, which showed that the various areas of the brain continue
developing until age 19. The paper dso had data showing that the order in which nervous system
components develop is not necessarily the same in rats as in humans, so there is difficulty extrapolating
from ratsto children. Higtoricaly scientists have thought that most brain development takes place by 1
year of age, and brain size by age 2 is about 90 percent of adult Sze. However, research on
synaptogenesis indicates thet children lose alot of syngpsesin early or mid adolescence in order to
develop an adult brain configuration. This and other research suggests that brain development is not
datic during childhood, so it is difficult to know what might be critical periods. A pandist said that for
sometoxinslikelead, the first 210 5 years are critica because thisis the period when brain growth is

rapid.

The chair said the fact that neonatal deficiency in thyroid function or PKU (phenylketonuria) can rapidly
lead to permanent brain damage suggests that the first 6 or so months of life can be avery sengtive
time. Also, the maturation of the blood-brain barrier would affect the internal dose to the central
nervous sysem. The window for that maturation is goproximeately thefira year of life. The char
mentioned concern about the effect of thimerasol, a mercuric component of vaccines. The effects of
vaccination on the centra nervous system may have increased as the age of vaccination has decreased.
Though the mechaniam for these effectsis not known, their existence suggests that the nervous system is
more vulnerable in younger children. He aso mentioned that there are increasing neuropsychiatric
disorders for birth to adolescence at varying times; however, it can be difficult to identify pesksin these
disorders with age because the way in which these diseases are defined and diagnosed at different ages

has changed over time.
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4.1.14 Muscle

Conclusions

Muscle goes through the same periods of hyperplasia and hypertrophy that other tissues do, but littleis

otherwise known about the development of muscular tissue.

Discussion

Pandligts discussed data that might suggest critica periods for muscle development in children. The
chair showed data on crestinine coefficient (a surrogate for muscle mass'development) by age and
gender. These data showed that the muscle mass of boys and girls began to differ around 12 to 14
yearsof age. Dr. Walker, an EPA observer, said that lots of data are available on lean body massasa
function of age. These data show growth spurts as children develop and are important for assessing the
effects of chemicas like cesum, which target musclesin the body. He dso said the Size of the muscle
compartment isimportant, because it determines how much of the chemicd is stored. A pandist
agreed, saying that while muscle had low perfusion and metabolism compared to other organs, itisa
sgnificant large reservoir for storage of chemicasin the body. The size of the muscle compartment isa
sengtive parameter in PBPK modding. It would therefore be an important variable for neonates

because they have ardatively large muscle compartmen.

The chair showed data for lean body massin boys and girls. He pointed out that changes in body mass
during childhood reflect changes in surface area and weight, and that there are gender differences. Dr.
Waker pointed out that there are racid/ethnic differencesin these parameters. For example, African-
Americans have higher bone dengties than other groups, and Caucasians have higher lung capacities
than African-Americans. He thought that genetic or racid differences should be consdered. The chair
asked whether data were available for children. A pandlist responded that there was a difference of
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about 10 to 15 percent in lean body mass in children, though other panelists felt this was too small to be
sgnificant.

A pandlist discussed therole of cregtinine in dose assessment. Dose assessors routingdy use cregtinine
as acorrector for hydration state when evauating dose for various compounds that are excreted in
urine. The assumption has been that daily crestinine output is congtant in children, but the pandist’s
(and others) research suggeststhisis not so. Hefdt that creatinine output and variability in children
should be better studied, given creatining srole in dose estimation. The chair expressed surprise a this
finding, Snce many studies on urinary excretion assume that creetinine clearance is a congtant unless the

subject is dehydrated.

Dr. Waker, an EPA observer, showed a graph illustrating how cancer incidence rates for
rhabdomyosarcomas vary with age. The curves showed that the rates peaked during the neonatal and
pubertd growth periods. He said this corresponded very closdly to what is normaly found in height
and muscle velocity curves and suggests an association between muscle growth rates and  soft tissue
cancersin children. The chair pointed out that this raises the issues of hyperplasia and hypertrophy in
al tissues. Cdls are more susceptible to mutation when they are multiplying (i.e,, during hyperplagtic
periods) than when they are smply enlarging (i.e., during hypertrophic periods). Hyperplastic
multiplication tends to occur early in development and continue for some time; how long it continues
vaieswith thetissue. After that, growth islargely hypertrophic until adolescence, when hyperplastic
growth occurs again. Identifying periods of hyperplagtic growth specific to the various organs and
tissues (generaly sometime during infancy and early adolescence) could provide important information
about periods of susceptibility. A pandist agreed this was important and said the State of Cdifornia
was trying to identify hyperplastic time periods in order to “weight” age at exposure for risk

assessments.
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Another panelist said that the first year or two of life, when the exposure measures change rapidly,
would be much more important in terms of exposure assessment than the later years of childhood, when
exposure measurement would not vary by age. A different panelist responded that occupationa
exposures would start to occur in later adolescence; these exposures should be considered in arisk
assessment. The chair pointed out that muscle mass increases before strength in adolescence, so

adolescents are vulnerable to occupationa injury because they are not as strong as they look.

4.1.15 Sensory Organs

Conclusions

The group reported no conclusions for this area.

Discussion

Panelists briefly discussed the eyesand ears. A pandist said that some toxins do enter through the eyes
and ears, but he did not know whether children were more susceptible than adults. Other pandists
pointed out that environmenta tobacco smoke is associated with recurrent otitis media, and recurrent
ear infectionsin early childhood can cause learning disabilities and lifelong difficulty. Ancther pandist
mentioned data suggesting that young children are more susceptible to drug toxicity in the middle ear.

4.2 General Issues

Conclusions

# The critica periods for exposure and impact on organs and systems need to be evduated. The
scientific data are not reedily available as to exactly what those periods are, when they occur,
and how sharply defined they are. Research should be done to gether available data and
evauate their methodology, reliability, sample sze, rdationship to current exposure conditions,
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and variability. Where no data are available, where the methods are antiquated, or where the
data do not cover the age groups, research should be conducted to gather the data.

Regarding bins for physiologica development, the following generd bins could be used asa
very preiminary starting point: 0 to 6 months, 6 to 12 months, and 1 to 3 years for boys and
girls; 3to 8 years and 8 to 16 yearsfor girls, and 3 to 9 yearsand 9 to 18 yearsfor boys. The
0 to 6 month bin will likely need to be further subdivided; possible appropriate subdivisons
might be 0 to 1 month, 1 to 3 months, and 3 to 6 months. The bins should be correlated with
behavior. Binsdo not make sense unless there are real data to back them up, so research
should be conducted as mentioned above to gather and evauate existing data to confirm or
refine these bins, and data should be developed where they do not exigt.

Almogt dl sysems gart with cdl growth in number (hyperplasia) and then go to cdll growth in
sze (hypertrophy). Periods of hyperplasa have the greatest likelihood of mutational changes.
So many of the early bins reflect the period of cdlular hyperplasia. This becomes particularly
obvious higtoricdly in studies of body fat, but is aso true of other systems.

Both premature and low birth weight babies are sengtive subpopulations that need to be
conddered separately. With very premature babies (under 1,500 grams), there is even more
concern, since their hedth status continues to differ from term babies even when they reach
what would have been term. Other susceptible populations should be considered. The group
did not discuss the fetus, but they did emphasize its importance because so much critical
development that can affect the impact of environmenta agents takes place during the feta

period.

Variahility is an important issue that must be consdered. Variability is greater during periods of
rgpid change and may dso be rdated to gender, age, ethnicity, and genetic polymorphism.

The agency should continue to involve pediaricians in further discusson about children's
exposure.

Discussion

Severa pandigts noted that there are critica periods for children’s health when developing target

organs and systems might be particularly vulnerable to toxic effects from exposure to environmenta

chemicds. These periods would need to be overlaid with behaviord datato show whether significant

exposure could occur. Ages of particular concern would be those a which exposure correlates with a
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critica period for developmental physiology. A panelist wondered whether these periods were more
relevant to hazard identification than exposure assessment, and suggested the group might want to
confine its discussion to physiologica changes that affect portals of entry for exposure to environmenta
chemicas. Others disagreed, saying that data on vulnerable periods would help assessors understand
where they needed to refine their exposure estimates.

Members of the group emphasized thet the bins they had indicated for individua organs and systems
were highly preliminary. Daathat panelists are aware of suggest there are critica periods for effectsin
children, but this needsto be evaluated. They recommended that research be conducted to
systematicaly review the literature, gather data rdlevant to defining critical periodsin target organs, and
evauate these data for reliability, applicability, and relevance to current exposure and lifestyle factors.
Such a search would likely reveal many data gaps in which additiona research would be needed to
identify and define critical periods.

The group discussed whether overarching bins or breakpoints could be devel oped for childhood based
on smilaritiesin the bins for the individua organ sysems. A pandist suggested the following genera
bins. 0to 6 months; 6 to 12 months; 1 year to 2 or 3 years; 2 or 3 yearsto early adolescence (8 or 9
years depending on gender); and 8 or 9 yearsto the end of adolescent growth. Another pandist
thought that O to 1 month might be a separate bin because so much change happens during that first
month. A third pandlist said there would be subgstantid variability during the first yeer, so thet a least
two hinsif not more would be appropriate. Another panelist expressed concern that too many bins
might create a nightmare for the regulatory community, who could be asked to provide data for each
bin.

Pandligts discussed the issue of variability. They noted that each bin, rather than being discrete or fixed,

represents a digtribution. The larger the variability within a bin, the greater the concern about using a
median or centra tendency vaue for that bin. Even asmdl bin, for example for the first month after
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birth, could have great variability if dramatic developmenta changes are occurring, such as
developmentsin lung function. Since children are amuch more variable population than adults, robust
data sets are needed to generate bins smal enough to adequately characterize, and minimize the
variability in, the groups the bins represent. Variability is grester during periods of rapid change (eg.,
growth spurts) and may aso relate to gender, age, ethnicity, and genetic polymorphism. Sufficient data
are needed to capture the range of variability and ensure that each bin is small enough to minimize
variability. Good gatigtica data on digtribution within the bin are important, because they make
probabiligic analyss possible; thisin turn makesit possble for an analyssto reflect the full spectrum of
the parameter, rather than a angle-point estimate that may bias the results. Pandlists generdly agreed
that, in cases of high variahility, digtributiond datawould be very vaudble.

Panelists discussed premature and low birth weight babies. A number of pandlists felt it important to
consder exposure of premature infants. For example, said one pandit, premature infants are highly
exposed to phthalates. Severd pandists suggested that premature babies represent a specia
subpopulation, particularly very smadl premature infants (e.g., under 1,500 grams). Premature infants
during the first month or two of life are quite different from full-term infants in terms of hepatic clearance
and other systems. The chair suggested that the bin for premature infants could go up to the expected
time of birth, at which point they are smilar to full-term infants unless they are sick.

Severd other pandists said that low birth weight babies (less than 2,500 grams) should aso be
consdered a specid population. Since mortaity and birth weight are astraight line, dl low birth weight

children, even a term, are susceptible.
The chair suggested that weight in relation to gestational age should be considered. For example, a

premature infant with alow birth weight (e.g., 1,800 grams) could be more vulnerable than an infant of
the same weight born after 37 weeks of gestation. He suggested that infants with aweight too low for
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gestationd age be consdered a separate group from infants with a weight appropriate for gestationa
age.

Another panelist pointed out that the reason why a child had low birth weight was adso important. Low
birth weight due to a congenitd infection would likely be a greater concern than low birth weight due to
materna reasons such as placentd insufficiency, hypertenson, or smoking, which probably would not
affect growth once the baby was born. Babies and children of any age with chronic illness should dso
be considered a specid subpopulation, the chair said. Around 10 percent of children will have some
kind of chronic illness (e.g., asthma, cerebra pasy) a some point in their life that serioudy interferes
with their dally activities.

Panelists mentioned that concurrent exposures to other chemica's could potentidly be a problem at any
time during childhood. Concurrent exposure to recreationa drugs could be aparticular problemin

adolescence.

A pandist suggested that, for longer-term research, alongitudina study to develop adata base to
modd growth would be useful. Some other pandists questioned the vaue of longitudind studies. They
sad that these dudies are very expengive and that the results from following individuas over time are
not different enough from cross-sectiona data for different ages to make them worth doing. Another
pandist pointed out that the factors that influence exposure and development (e.g., activity patterns,
types of food consumed) change over time. For this reason, contemporary cross-sectiond data would

be more vauable than longitudina data because they would reflect current conditions.

Dr. Walker, an EPA observer, said that cross-sectiona data do not alow identification of discrete
critica growth periods, whereas longitudina data do. He also said that a database on devel opmental
variables in childhood would be very helpful for risk assessment. The agency, he said, needs to better
characterize anatomical and physiologica parameters, determine whether sufficient data are available to
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define critica periods, and develop a scientific bads for defining critical periods. 1dedly, sufficient
information ultimately will be available to replace each bin with a continuous function/modd from
infancy to maturity.

4.3 Resear ch Recommendations

At the end of the discussion, panelists were asked to individually compile alist of the research needs
for children’s exposure they felt were most important. Panelists listed the following needs. (Note that
since these needs were suggested by individud pandidts, they do not necessarily represent the views of
more than one pandlis.)

4.3.1 Short-Term Research Needs

# EPA should criticaly evaluate the existence and qudity of data bases for organ system
functiond development with respect to bins and should particularly identify areas where there
areno data. Variability within the bins should be characterized. A database for system
development through childhood, from birth to maturity, should be devel oped.

# Research is needed to improve our understanding of exposuresin the O to 6 month bin
(particularly for inhaation) and the 6 to 12 month bin (particularly for nondietary consumption)
because so much change takes place during thistime. Also, adolescence gppears to be an
important physiologica window for which further research may be needed.

# The development of the gastrointestingl tract and itsimpact on biocavailability for severd classes
of compounds should be studied. There is Sgnificant uncertainty about degree of nondietary
ingestion and how age and devel opment impact absorption.

# A prospective study (perhaps of siblings) would be useful to better understand sex differences
in lipophilic absorption and mobilization and differencesin plasmalevelsfor lipophilic
substances. Thiswould be particularly important to a better understanding of the impact of
absorption during adolescent growth spurts.

# Research is needed to evauate common modes of action for pesticides and to develop and
vaidate biomarkers of exposure that may be useful for a broad spectrum of pesticides.
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Data on food and water intake should be examined to determine their adequacy in covering
intake for each age group. More people should be surveyed and the surveys should cover
more than 2 days. Development of an dgorithm to determine the ideal duration of sampling
(i.e., the minima number of days needed to provide data relevant to along-term average)
would be useful. Optima duration may vary with age. For example, what food is esten in early
life varies much less than what food is egten at older ages. The length of the sudy may need to
increase as food intake and variability increase.

Research is needed to improve the genera exposure assessment (measuring and modeling)
techniques to improve the power of epidemiologic data for the dose-response component of
risk assessment.

Research is needed to improve understanding of differencesin exposurein critica time periods
for different socioeconomic and ethnic groups.

Research is needed to improve our understanding of, and ability to measure, what specific
contaminants are present in various environmenta media to which children are exposed,
including dust, soil, medicines, and vaccines.

In the area of inhaation exposure, research is needed into upper respiratory function during the
firg 2 years of life, including scrubbing capability, transport, and ciliary function.

Research is needed to clarify and generate new data on the lung, including the mgjor factors
that influence absorption in the lung (e.g., surface area, cardiac output), respiratory rate, and
flow rates of water-soluble and lipid-soluble compounds for the deep lung and upper
respiratory tract. Since dmogt al studies of respiratory Stuations have been done with people
at rest, respiratory function during exercise gppears worth looking a. In generd, the Sate of
the art for measuring absorption in lung of children for different classes of chemicals needsto be
improved.

Research is needed into pulmonary clearance in children, particularly both ciliated and
macrophage clearance of particles from the deep lung in very young children.

Research is needed into the upper respiratory barrier, including the snuses, ora pharynx, nasa
physiology and scrubbing activity, and the distribution of chemica flow pathways in the nose
(the relationship of flow change to surface areq).

Moreinformation is needed on liver clearance functions. Datarelated to liver clearance
mechanisms and enzyme levels (except, possibly, for recent P-450 data) should be reexamined.
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More information is needed on cardiac output.

More information is needed on skin permeghility in children with or without occluson. For
example At wha age does the rate of skin asorption in children match adult vaues?

Information on dermd transfer efficiency and absorption kinetics of chemicas such as
pesticides is grosdy inadequate. Better information is needed on transfer efficiency and
absorption kinetics to skin.

Research is needed into lipophilic and nonlipophilic substances in breast milk and what kind of
trandfer rates exist between milk and the neonatd gut, given the gut pH and developmenta
changes. These trander rates likely vary with time as the gut starts maturing. Current breast
milk models focus on lipophilic toxics. ThereisapH difference between plasma and breast
milk, so breast milk isa sink for some chemicals, depending on the pharmacokinetics.
Research should examine factors other than lipid solubility that determine what enters breast
milk. Also, thereisaneed for better measurements of breast milk contaminants (for example,
better data are needed on metals). Breast milk data primarily cover white upper middle class
women,; better data may be needed for other socioeconomic groups.

On the behaviora side, research is needed into transfer rates and efficiencies between surfaces
and the skin, such as hand- or toy-to-mouth transfer rates. In generd, better data are needed
on the trandfer efficiency for mouthing.

Research is needed to better define rates of consumption of game fish in children of different
cultures. There are Sgnificant cultura differences in how much fish people et.

Information on soil ingestion rates in children is not adequate. Both incidence and prevaence
data are needed. Also, better understanding is needed of what fraction of soil ingestion might
be house dust, which could have higher concentrations of some contaminants.

Better information is needed on consumption and content of folk and herba medicines. Data
suggest that about 60 percent of the U.S. population uses these medicines. Some of the
medicines contain toxic components, such as lead.

Data are needed on the incidence and prevaence of children accompanying parentsto farm
fields during periods of farm activities.

4.3.2 Long-Term Research Needs
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# Pandligts debated whether alongitudina correlative study of children sarting at birth and
following them for about 20 years would be useful. Some felt such astudy would be ussful,
while others fdt it would too expensve and yield results that might be out of dete by the time
the study was completed. However, somewhat longer-term exposure information may be
needed than the short-term/cross-sectional data currently available. In particular, longitudinal
data through first year or two of life could be useful, and differences due to socioeconomic
gatus or ethnicity should be noted.

# Long-term research should include research on critica periods and possible exposure
differencesin fetd development.

# Ultimately, sufficient data should be gathered to develop a continuous multivariate moded thet
can replace bins. Over the long term, EPA should work to develop this type of modd.®

3In a post-meeting comment, one pandlist noted that he strongly dissented with this recommendation
and felt that it would not be aworthwhile line of research. Given the variation in the physical-chemica
behavior of agents of interest and the multiplicity of exposure scenarios and toxicologica endpoints
EPA mugt ded with, he fdt that a Sngle mode would not be feasble.
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5. FINAL PLENARY DISCUSSION

Kimberly Thompson ddlivered some summary remarks to synthesize the findings of the two discusson
groups and introduce the plenary session of the workshop. It is clear, she gathered, that thereis a great
ded of work that remains to be done in learning how to assess children’s exposure. The discussions of
the two groups have highlighted the basic fact thet it is inadequate to lump children into a single category
when conducting risk and exposure assessment. They have dso pointed out that there are existing data
sources that could tell usagreat deal about children’s exposure factors if they are only properly
anadyzed or re-analyzed. There ought to be a comprehensive review of the datathat have not been
adequately andyzed.

The behavior group, which addressed the question of whether or not age bins were really accurate
representations of childhood development, indicated that bins should be replaced by some other
andyticd framework in thelong run. For the short term, while one must use age bins, it is encouraging
to note that there is substantia overlap between the provisond binning systems developed by the
anatomy and behavior groups. There are, however, some inconsstencies to be worked out in the age
ranges between 2 and 15 years. One panelist reiterated the point that users of bins should understand
the underlying distributions of behavior that those bins are gpproximating. Another pandist pointed out
that there was no reason to use afixed set of binsfor adl children’s exposure assessment. One could
use adifferent set of exposure bins for the different organ systems targeted by a chemical, so asto
make sure that the bins were firmly centered around the relevant windows of vulnerability.

One pandist asked whether the present exposure factor data were sufficiently copious that they could
be re-analyzed and broken down into more detailed age bins. Dr. Shea, chair of the behavior group,
stated that the answer to that question is unknown, but estimated that the adequacy of present data sets
would be highly varigble. In some exposure scenarios, children could be rebinned, but in others one

would create sample sizes that would be too smdll (e.g., less than 10 children) if one broke age



categories down more findy. Another panelist seconded the point that exposure factors should be
evauated in a chemicd-specific or exposure-specific fashion.

Severa pandigts inquired about the next steps that EPA would take in connection with the issues raised
at the workshop. William Wood suggested that EPA might produce a supplement to the 1992
Exposure Assessment Guidelines that would incorporate some of the conclusions from the workshaop.
He dso indicated that EPA was organizing aworkshop on children’s pharmacokinetics. One pandlist
suggested that EPA use the ToxPr ofile document as a guide to organize datawell.

Pediatricians among the pandists were interested in continuing and strengthening the partnership
between the risk assessment community and the pediatric community that they saw developing at the
workshop. One panelist suggested that EPA reach out to pediatric speciaists who might be able to
provide more specific answersto its questions about behaviord and physiologicd child development.
The EPA should dso gart to actualy use age-specific exposure factors in its risk assessments.

Dr. Thompson asked the pandlists and observers to suggest important lessons for EPA that emerged
from the workshop. Individua pandlists and observers suggested that EPA:

# Draw on the knowledge of expertsin developmentd biology, physiology, pharmacology, and
toxicology.

# |dentify three or four epidemiologists to serve on an ongoing basis as risk assessment advisors.

# Carefully verify the genera conclusions of the pandlists by going back to the specific exposure
data EPA should redize that the pandigts did not have access to this data while forming their
conclusions—they were working solely from their generd knowledge.

# Use agroup like the Internationd Life Sciences Indtitute or the National Academy of Sciences
to pull together the necessary experts on along-term basis to address children’s exposure
iSsues.



#

Work in the context of specific exposure scenarios.

Gather new exposure factor data to flesh out the new age bins that are created.

Evauate the variability within particular age bins and study how different exposure pathways
might require different age bins.

Carefully distinguish behaviord data from other kinds of data and avoid exaggerating their
precison. Thereisa particular temptation to treet quantified behaviora data asif they were
engineering data, Smply because they are expressed in numbers.

Be careful to reflect ethnic varighility.

Some paneligts indicated they were not adequately notified that they would be asked to come up with

short-term research goals at the workshop. Therefore, EPA should not take the suggestions offered at

the workshop to be comprehensive—panelists might have come up with more suggestionsiif they had

had more notice.

Dr. Thompson thanked the pandligts for their participation and hard work in connection with the
workshop. Jan Connery thanked the panelists on behdf of ERG and adjourned the meeting.
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