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Abstract:

This paper reviews the factors influencing exposure of children to environmenta contaminants and the

data available to characterize and assess that exposure. Children’s activity pattern data requirements

are demongtrated in the context of the agorithms used to estimate exposure by inhdation, dermal

contact, and ingestion.  Currently, data on children’s exposures and activities are insufficient to

adequately assess multimedia exposures to environmenta contaminants. As aresult, regulators use a

series of default assumptions and exposure factors when conducting exposure assessments. Datato

reduce uncertainty in the assumptions and exposure estimates are needed to ensure chemicas are

regulated gppropriately to protect children’s health. To improve the database, advancement in the

following generd areas of research is required:

* |dentification of appropriate age/developmental benchmarks for categorizing children in exposure
assessment.

» Deveopment and improvement of methods for monitoring children’s exposures and activities.

» Collection of activity pattern data for children (especialy young children) required to assess
exposure by al routes.

 Caollection of data on concentrations of environmenta contaminants, biomarkers, and transfer
coefficients that can be used as inputs to aggregate exposure models.



l. Introduction

Children’s exposures to environmenta contaminants are expected to be different and, in many cases,
much higher than adults (1-7). Differencesin exposure are due in part to differences in physiologica
function and surface-to-volume ratio. However, differencesin the behavior of children, particularly the
way in which children interact with their environment, may dso have a profound effect on the magnitude
of exposures to contaminants.

The U.S. Environmenta Protection Agency has pledged to increase its efforts to provide a safe and
hedthy environment for children by ensuring that dl EPA regulations, sandards, policies, and risk
assessments take into account specid childhood vulnerabilities to environmental contaminants. The
Food Qudity Protection Act of 1996 (FQPA) requires that exposur e assessments be used in the
pesticide tolerance setting process. Exposure assessments for FQPA must consider the potential
susceptibility of infants and children to pesticide exposures from al sources including those from food,
water, dugt, soil, and air. To meet these regulatory requirements, existing information on children’s
exposure to environmental contaminants needs to be used to develop and improve exposure
assessment methods and models for children. In addition, research on exposure that will answer
questions about age-related differences and will lead to better exposure assessments for children needs
to be designed and conducted.

This paper reviews the factors influencing exposure of children and the data available to characterize
and assess exposure, with afocus on children’s activity patterns. Activity pattern data requirements are
demondtrated in the context of agorithms used to estimate exposure by inhdation, derma contact, and
ingestion. Finally, data gaps and areas for future research to improve exposure assessment for children
areidentified.

I. General Principlesfor Studying Exposure of Children

Exposure is defined as the contact (at visble externa boundaries) of an individua with a pollutant for
specific durations of time. Exposure assessments are developed to characterize "redl-life" stuations,
whereby: a) potentially exposed populations are identified, b) potentia pathways of exposure are
identified, and c) the magnitude, frequency, duration and time-pattern of contact with a chemica
(potential doses) are quantified. Exposure assessments are conducted using either adirect or an
indirect approach. A direct assessment measures a person’s contact with achemica concentration in
a mediaover an identified period of time using persond monitoring techniques. Due to high study cods,
direct exposure assessments are not often conducted and few methods exist for making them. For a
few environmenta contaminants, biomarkers can serve as a useful measure of direct exposure
aggregated over time for al sources and pathways. However, few studies using biomarkers have
collected dl of the information required to accurately estimate exposure. An indirect assessment
uses available information on concentrations of chemicas in the various media, dong with information
about when, where, and how individuas might contact the chemicad. The indirect approach uses
models and a series of exposure factors (e.g., pollutant transfer, pollutant uptake) to estimate exposure.
The specific information and factors needed to conduct an indirect assessment for a given contaminant
depends on the significant routes and pathways for exposure to that contaminant.

Because of difficulties associated with performing direct exposure assessments, indirect exposure
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assessments are used typicaly to perform forma risk assessments needed to make regulatory

decisons. Indirect exposure assessments require data on the following exposure factors:

 Contaminant concentrations in the exposure media in the environment where the individua spends
time,

» Contact rates of the individua with the exposure media,

» Contaminant transfer efficiency from the contaminated medium to the porta of entry,

» Contaminant uptake rates,

» Activity patterns.

It is difficult to develop and verify exposure factors such as contaminant uptake rates and transfer rates
for young children. Children cannot intentionaly be exposed to contaminants; thus, controlled
laboratory studies with children cannot be conducted. Using adult surrogates for these studies
introduces bias, because adults do not behave like young children and therefore cannot mimic ther
contact activities. It dso isdifficult to collect persond air, blood, urine, and duplicate-diet samples from
achild. Inaddition, it isdifficult to accurately record a child’s activity patterns. Direct observation
(which may include videotaping) is consdered the most accurate way to record a child’ s activities,
especidly asthey relate to dermd absorption and ingestion. However, this methodology is very labor
intensve and costly. Findly, children engage in awider range of contact activities than adults, so a
much wider digtribution of activities must be consdered. Developing redigtic estimates of children’'s
exposures to environmental contaminants requires the understanding and quantification of children’'s
activity patterns.

It isimportant to understand that physiological characterigtics and behaviora patterns will result not only
in different exposures for children and adults, but aso for children of different developmenta stages.
Thus, exposure assessments are required for children in each age group, with age group being defined
by developmentd stage. Classification of children by age group should be based on estimates of when
developmenta changes commonly occur. For example, walking typicaly develops between 12 and 14
months. However, there are children who are early walkers (8-11 months) and late walkers (after 15
months). This variahility in development produces challenges for exposure assessment. If an
age-dependent modd of exposure is based on a prototypica child at that age, it may have little bearing
on exposure patterns of specific individuas who are delayed or advanced in development.

[11. Characterigticsof Children That Influence Exposure

Both physiologica and behaviora characteritics influence children’ s exposures to environmental
contaminants. Physiology and behavior isafunction of age, gender, race/ethnicity, and socio-economic
datus. All of these characterigtics pose chalenges for categorizing children and collecting data on their
exposures, these chalenges are briefly reviewed here.

Physiological characteristics

Physiologica characterigtics influence exposure by affecting a child’ s rate of contact with exposure
mediaor by dtering the exposure-uptake reationship that governsinterna dose resulting from an
exposure. Children have a much larger surface area rdative to body weight than do adults. The
surface-area-to-body-weight ratio for newborn infants is more than two times greater than that for
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adults. Thisratio decreases by about athird within the first year of life and remains congtant until about
17 years of age, when it decreases to the adult value (8). In addition to providing more areafor dermal
absorption, the larger relative surface area of children means that body heat will be lost more rapidly to
the environment, requiring a higher rate of metabolism to maintain body temperature. In addition, extra
metabolic energy is needed by children to fuel growth and development. The higher basd metabolic
rate and energy requirements in children mean that both oxygen and food requirements are greeter per
kilogram body weight for a child than for an adult. The higher breathing rate and food consumption rate
required to meet these physiological needs for children will result in higher relative exposures to
environmental contaminantsin air and food.

The absorbed dose--the amount of chemical that crosses areceptor’ s external boundaries--of an
environmental contaminant probably is the relevant measure of exposure for assessment of hedth risk.
Age-dependent barrier properties of the skin, respiratory-tract lining, and gastrointestind-tract lining
influences absorbed dose. The permesbility of the skin, highest at birth, decreasesin the first year such
that the skin of a 1-year old child issmilar to that of an adult (5). In addition, alayer of subcutaneous
fat developsin infants about 2-3 months old and continues to exist through the early toddler period (9).
Thislayer of fat may act asasnk for lipophilic chemicals absorbed through the skin. Changesin the
permesbility of lung epithdlid cdls during childhood have not been reported. However, the gas-
exchange sacs, or aveoli, continue to develop until adolescence, increasing the surface areafor
absorption so that the same exposure might lead to a higher absorbed dose as a child ages. Findly, in
the neonate, the stomach produces gastric acid a about 50% of the adult level (10). Asaresult,
stomach pH exceeds 2 until severa months after birth, when it drops by more than 15% to adult levels.
Gadtric pH affects absorption by adtering the ionization sate of chemicals. Absorption and permeshility
in the gut are dso regulated by the body to provide nutritiona needs which vary with age. For
example, children can aisorb more calcium than adults from the gastrointestind contents to satisfy
growth needs. The absorption of smilar postive ions (such as lead) can dso be enhanced inadvertently
by the same mechanism used to actively absorb cacium.

Behavioral development
Children’s behavior and the way that children interact with their environment may have a profound
effect on the magnitude of their exposures to contaminants.

Motor Capacity. A child’'s motor capacities determine how that child interacts with her environment.
The manner in which infants and toddlers move is Sgnificantly different from the manner in which adults
move and can sgnificantly impact their exposure to contaminants in the air and on residentid surfaces.
Motor cagpacity increases as a child develops. Asareault, children spend less time playing on the floor
and touching other potentially contaminated surfaces as they gain mobility and extend the boundaries of
thelr interactions.

Measurements or descriptions of the changes in motor capacity that occur as achild developsis
described in the developmenta psychology and pediatrics literature (11). Much of thisliterature,
however, focuses on changes in motor capacity that can be used to identify developmentd disabilities
and whether children have arrived at various developmental milestones (12). None of it directly
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addresses how a child's behavior might contribute to exposure to environmental chemicals. Using
developmenta milestones as an indication of children’ sinteractions with the environment is problematic,
asthereis dgnificant variability between when a child first achieves amilestone and when the child
performs the activities on aregular basis. In addition, activities such as crawling are not included
because not dl children crawl, and there is tremendous variation in how and when children first move
around. Despite these drawbacks, developmenta milestones can serve as useful guidelines for
classfying children in exposure studies.

Manua dexterity includes the ability to pick up, hold, and manipulate objects hed in the hand. A child's
hands are the means for placing food in the mouth and are the immediate source of non-dietary
exposure through hand-to-mouth and object-to-mouth behavior. Because the hand is used to act on
the environment and probably has more contact with water, soil, and dust than any other part of the
body, hands have been used as the equivalent of dermd surfaces in severa studies (13-15).

Extensve research has been done to document the changesin manua coordination of very young
children as they mature (16-20). Children show wide variability in manipulative performance. A young
child has not devel oped a stable manner of handling objects, and the performance is variable in both
dyle and effectiveness (19). Quantifying sgnificant intra- and inter-child differences for exposure
assessment in moving about and handling objects remains a challenge.

Mouthing Behaviors. Characterizing and quantifying children’s mouthing behaviors is dso important for
assessing the potentid for contacting and transferring contaminants from objects and surfacesin the
environment. Sucking and mouthing hands and objects are naturd behaviors in childhood development.
Infants are born with a sucking reflex, providing them with both nutrition and a sense of comfort or
security. If infants do not receive unrestricted breast feeding, they will suck on a pacifier, thumb (or
other finger), or other object like a blanket or stuffed anima. Asinfants develop, they begin to explore
their world through mouthing (21). During this stage of development, children put dmost everything
that they contact into their mouths for afew seconds. Y oung children may aso begin to use the mouth
as athird hand, placing some objects in the mouth in order to manage them.

Teething is ancther important stimulus for mouthing activities. Biting and chewing on fingers and objects
to relieve the discomfort of teething may be extensve. Teething usudly begins between 4 and 7 months
of age, but may start severd months earlier or later. Aswith al childhood behaviors, mouthing activities
vary sgnificantly from child to child and, therefore, the impact on exposure will dso be highly varidble.

Physical activities

Exposure to contaminants is a function of the specific physicd activities in which a child is engaged

(e.0., playing games, watching televison), the location of these activities (e.g., outdoors, at schoal, in
the living room), and the child’ s activity level while so engaged. Different activities lead to exposures by
different pathways. Locations where a child spends time determine the exposure media that may be
contacted, and affect the activity level that determines contact rate with those media. Differencesin
duration and frequency of periods spent in particular locations result in different exposures and risks to
children that vary with age and development stage. Additiond varigbility among children of amilar
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developmentd stagesis associated with seasond and geographic differences in activity patterns and use
of indoor and outdoor space. These concepts are discussed further in subsequent sections on physical
activity data.

Diet and eating habits

Children’s diets differ Sgnificantly from those of adults. The diet of newbornsis limited exclusvely to
breast milk or formula, both of which may expose infants to significant concentrations of environmentd
contaminants (22-23). Infants and young children eat more fruit and milk productsin proportion to
their body size and have aless varied diet than adults. In addition, there may be tremendous variability
in diet among young children of smilar ages and for asngle child at different periodsin time. Some
infants and toddlers go through phases where only afew preferred foods are eaten for weeks and
months a atime. Such alimited diet may potentidly increase dietary exposure of young children to
environmenta contaminants such as pesticide resdues in fruit (3, 6).

In addition to the exposures associated with the foods that children egt, the manner in which children
handle food asthey eat may aso impact their exposure to environmental contaminants. Small children
are lesslikdly than adults to consume food in a structured environment. Small children may St on the
floor or lawn to eat and often pick up and eat foods that have falen on the floor. Infants and young
children dso eat most of their food with their hands. Increased exposure occurs when children handle
and eat foods that have come in contact with the floor or other contaminated residentia surfaces (24-
25).

Gender

Gender has been identified as afactor influencing activity level and the types of behaviors and activities
in which children participate (26-28). Asearly as preschool (ages 3-5), gender differences exist in the
types of games played, frequency of play, and activity level. Locationsin which children spend time
aso vary with gender. Clear differences in frequency and type of outdoor activities have been found
between boys and girlsages 7 to 15 (28-29). Boys are more likely than girlsto play outdoors, and the
character of their activity is different from girls. Boys are morelikdly to be involved in physicaly
vigorous activities such as soccer, hockey, and bicycling, while girls are reported to St and go for
walks. Thus, in exposure assessment for school-aged children, gender differencesin activity level and
activity type must be addressed. There areinsufficient data to indicate whether there are gender
differencesin activity levels of infants and toddlers. It is useful for exposure modeling to know when the
differences emerge, as well as the degree to which they influence exposure.

Socioeconomic status and race/ethnicity

Children’ s exposure to environmenta contaminantsis likely to vary based on the socioeconomic status
(SES) of the child. Though evidence exigts to suggest that low-income groups tend to be more exposed
to many environmenta pollutants than the generd population, data are currently insufficient to
characterize the relationship between SES, ethnicity/race, age, and exposure (30). Exposure factors
related to children that may be affected by SES and race include the following:

» Proximity to source (e.g., distance from toxic release inventory Sites)

* Location (eg., urban, suburban, rura)
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* Housing stock (e.g., age, condition, type)
» Activity patterns (e.g., hygiene, housekeeping, activity leve, child care)
» Diet and drinking water supply

While there are subgtantiad data on the influence of housing stock, location and socioeconomic status on
environmenta exposure and adverse hedlth outcomes, there are few data on the relationship of these
influences to children’s activities and potentid contact with the physica environment. One study of
Swedish children from two housing projects found that proximity to parks and play areas and the floor
on which children live in an gpartment house influence where young children play and the amount of
time urban children play outside (29). However, thereislittle to suggest that housing stock and location
have any influence on children’ s behavior, and there are no comparable data evauating children’s
activitiesin the United States.

Comparisons of play activities across socid classes have been studied for preschool children (31-33).
Some of the studies were conducted within the home and others at daycare centers. When the location
was the same (i.e,, daycare), no differences in behaviors were observed in children of different social
classes. However, within the home, class (as an indicator of poverty, socid stimulation, and poor
parenta education) influenced what the children had to play with and the type of play in which the
children engaged (34-36). For subjects tracked from age 15 to age 25 at 5-year intervals, socid class
and education level were related to the type and leve of activitiesin which the children participated (37)
. Children identified aslow socid class were less active, and children who eventudly went to college
were more active.

Maternd influences on children’s activity patterns have been evauated usng the HOME survey (34-
35). Paticularly for infants and toddlers, the mother isamgor factor in determining whet the child
does, what the child egts, and where the child is located.

Though a disproportionate percentage of ethnic and racid minorities belongs to economicaly
disadvantaged populations, there are few studies that specificaly address the relationship between race
or ethnicity and behaviors that might influence exposure to environmenta contaminants. Most of the
studies that address this issue consder lead exposure. One such study found that black urban children
are more likely than white urban children to ingest paint lead from window sills, while white children
ingest soil and suck fingers more than black children (38). These behaviors contributed to the children's
exposure to lead in multivariate analyses. However, astudy of 3-4 year old children in daycare
programs found no differences in the behaviors of black, white, and Mexican American children within
the context of the daycare setting (39). This does not mean that differences thet are culturaly or
economically driven might not exist when the children are & home or away from the daycare setting.

V.  Children's Exposure Monitoring Data

A variety of methods have been used to collect information about children’s exposure. Telephone
surveys and questionnaires can be used to capture globa events, particularly those that relate to air
pollutant exposure. Diaries go into more detail than surveys and collect information related to tempora
vaidionsin activities and behaviors that may contribute to exposure through multiple routes.
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Observations, persond monitoring, and biological monitoring are vauable tools for collecting precise
and detailed information. Because monitoring methods are often labor intensve and codtly to
implement, these are typicaly used with smdler groups of subjects. Methods for collecting persond
and biomonitoring data for children are discussed in this section, while physicd activity dataare
addressed separatdly in the next section.

Per sonal monitoring

To assess dietary exposure, prototypica diets have been used to characterize children. However,
these do not characterize specific subpopulations such as ethnic groups or inner-city poor. 1n addition,
the available FDA data sets are out of date and do not reflect the dramatic shift to fast food diets that
has occurred in the United States. Exigting dietary contaminant models assume that al contaminants
can be accounted for prior to the food entering the home or indtitution. Data presented by Wilson et d.
(40) and Sheldon et d. (41) suggest that there are sources of food contamination within the indtitution
and home that need to be addressed. These include the influence of resdentia and indtitutiona
pesticide trestment on food pesticide levels and the influence of hygiene habits on other food
contaminants such aslead. To obtain more specific information on dietary exposures, data are
obtained by collecting duplicate-diet samples. These samplesinclude a duplicate portion of dl food
and beverages prepared and consumed in the home. Results of duplicate-diet andysis are used in
combination with food diaries and supplementa questionnaires to assess exposures by dietary ingestion.
More refined protocols to assess dietary exposures of young children caused by contact of foods with
contaminated surfaces during egting are currently under development and testing (42-44).

For inhalation exposure, a variety of motion detectors and persona monitoring backpacks have been
developed to quantify activity levels and sample air within the individud’ s breathing zone (45). While
motion detectors have been used with some children, most of these studies were designed to evauate
the technique and have not proceeded to thoroughly characterize the level of activity in alarge
population of children. Breathing zone air monitors have been used with the few children who
participated in NHEXAS-Region 'V (46). Monitoring backpacks that can be worn successfully by
children of al ages have not been developed. Asaresult, persond monitoring is seldom done on
infants and preschool children.

Current techniques for measuring derma exposure are limited in utility. Measures of skin contamination
do not reflect changes in derma loading that occur subsequent to sampling and do not indicate the
amount of contamination actualy absorbed through the skin (47-48). In addition, dermal measurement
methods developed for occupationa use (where the environment and physica activities are
homogenous) may not be useful for measuring children’s resdentia exposures.

Findly, some of the most significant exposures to environmental contaminants experienced by children
may be related to non-dietary ingestion of contaminant residues, dust, and soil during mouthing of hands
subsequent to derma contact with contaminated surfaces and objects. Reliable methods to monitor
non-dietary ingestion of environmental contaminants have not been developed (8). However, non-
dietary ingestion of soil and dust has been monitored in feca samples using tracer eements (49-53).
These studies require collection of dietary data and concentrations of contaminants in resdentid soil
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and dugt to link the tracers to ingested soil and then to estimate ingestion of contaminants.

Biological monitoring

Biomarkers can serve as a useful measure of direct exposure aggregated over al sources and
pathways, measuring integrated exposure from dl routes. However, to use biomarkersfor this
purpose, severd important criteriamust be met. Biomarkers that can accurately quantify the
concentration of an environmenta contaminant or its metabolite(s) in easly accessble biologicd media
(blood, urine, bresth) must be available. 1t hasto be specific to the contaminant of interest, so that its
presence can be linked to that contaminant. The pharmacokinetics of absorption, metabolism, and
excretion must be known. Findly, the time between exposure and biomarker sample collection must be
known. Although there are a number of biomarkers that meet these criteria, very few studies usng
biomarkers have collected dl the information required to accurately estimate exposure. In addition,
ggnificant challenges are associated with collecting biomarker data from children (54).

Biomarker data have been collected for children to evaluate environmenta exposuresto lead (55),
benzene (56), arsenic (57), chromium (58-60), and pesticides (61-62). Most recently, the Minnesota
NHEXAS children’ s pesticide exposure study collected urine samples from children on three dternate
days and andyzed them for metabolites of chlorpyrifos, maathion, atrazine and diazinon. Thusfar only
the chlorpyrifos vadues are available (61). The children’s median levels of the chlorpyrifos biomarker,
TCPY, over the three measurements was 8.6 ppb, as compared to 2.2 for the popul ation-based
NHANES Il adult population. About 60% of the homesin the NHEXAS study were identified as
using or soring pesticides in the home within ayear, and were consdered to be “user” homes (though
the data do not show whether or not pesticides were gpplied during monitoring) . Levelsfor children in
these homes were sgnificantly higher than levels for children from homes classfied as low-users.
However, some of the highest monitored vaues were found in the low-user children, suggesting that
sources of exposure could not be identified based only on categorization of household pesticide use.
Similar results were found in a study that attempted to determine whether children who lived near a
pesticide manufacturing plant were exposed to polychlorinated biphenyls (63). There was no difference
between the proposed exposed children compared to controls; al children had measurable levels of the
metabolite, and no additional sources of exposure were reported. 1n astudy by Loewenherz et dl.
(62), children up to 6 years of age who lived with pegticide gpplicators in an agricultural region of
Washington State were monitored for increased risk of pesticide exposure. Results of this study did
indicate that gpplicator children experienced higher pesticide exposures than did reference children in
the same community and that proximity to Spraying is an important contributor to these exposures.

V. Children’s Activity Pattern Data

Asnoted previoudy, a child' s exposure is gregtly affected by where the child is and what the child is
doing. In exposure modeling, the location a child occupies is known as a microenvironment. A
microenvironment is aphyscd, three-dimensiona space having awell-characterized, rdatively
homogenous pollutant concentration level over a specified time period (64). A child'sactivity ina
microenvironment (e.g., indoors at home) can be described by what the child isdoing in agenerd
sense, such aswatching TV, eating, playing games, and crawling around on the floor. Thistype of
information has been used since the early 1980's to assess inhalation exposures (65). However, in
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recent years it has become obvious that generd activity descriptions do not provide enough information
on the specific contacts with exposure media that occur within a microenvironment of interest to
estimate dermad and non-dietary ingestion exposures.

In response to this need for more detailed information, a distinction is now made between "macro-" and
"micro-" activity information. The generd activities described above are macroactivities.
Microactivities are detailed actions that occur within agenerd activity, such as hand-to-surface and
hand-to-mouth behavior. The physicd activity data, both macro- and micro-activity, available to
asess exposure are reviewed in the following sections. Activity pattern data requirements are
demongtrated in the context of agorithms used to estimate exposure by inhdation, derma contact, and
ingestion. These dgorithms for combining the environmenta monitoring deta with the exposure factors
to estimate an exposure or a dose should be used to guide the type of data collected to assess
children’ s exposures.

Activity data required and available to assessinhalation exposures

For inhaation, exposureis estimated for each of the microenvironments where a child spends time and
each macroactivity that would result in a different inhdation rate while engaging in thet activity.
Exposure over the 24-hour period is then the sum of al of the microenvironmenta/macroactivity
(me/ma) exposures.

For each individuad me/ma, inhdation exposure over the 24-hour period (E;ema) IS defined as

Eime/ma = demax Came X IRma (1)
where
T.ema = thetimespentinthat me/maover the 24 hour period (h24h)
Came = theair concentration measured in the microenvironment (mg/nt’)
IRma = the child’s respiraion rate representing his activity leve for that macroactivity (m/h)

In order to gpply the above modd data are required on the amount of time the child spendsin each
me/ma over a 24-hour period (macroactivity data) and on the child’' sinhaation rate for each me/ma.
Inhalation rates are typically estimated based on age and weight of the child and on the macroactivity.

Macroactivity data are obtained using a variety of survey techniques, such astime-budget diaries or
recall (yesterday) telephone surveys (66). For areview of anumber of these macroactivity studies, see
Ott (67) and McCurdy (68). Macroactivity information relevant to inhaation exposure assessment for
anindividud contains a least one complete day of sequentid location/activity datafor every discrete
magor behavior that is undertaken (and disclosed!) by arespondent. Thisis known as a " person-day”
of information. There are nine studies that recorded person-day macroactivity dataon aflexible-time
bagis, but not al include data on children. The datafrom dl of these studies are contained in the EPA
National Exposure Research Laboratory's Consolidated Human Activity Database (CHAD)? (69).

lcHAD isarelational database usi ng acommon set of codes for activities, locations, intensity levels, and
guestionnaire information (80). Thus, it allows auser to easily combine information from the nine studiesin order to
increase the sample size of human activity data.
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Datafrom four of these sudies are dso available in EPA's THERdbA SE software system on the
Internet (70).

For children and adolescents younger than 18, CHAD contains about 4,300 person-days of
information. An explicit breakdown of these data for children <12 years old appearsas Table 1. For
these children, data are available from only three sudies: a) the 1990 Cdiforniachildren and youth”
recal survey (71); b) the 1983 Cincinnati diary study sponsored by the Electric Power Research
Indtitute (72); and c) the "air" and "water" versons of the 1992-1994 Nationa Human Activity Pattern
Survey (NHAPS) recal survey (73). Altogether, there are 3009 person-days of macroactivity datain
CHAD available from 2640 children <12 years old. Another survey of children's activities (being
incorporated into CHAD) was just released by the University of Michigan's Indtitute for Socia
Research (74).

The person-days of activity data can be used in exposure assessments in a number of ways. Each
person-day of data can be used separatdly to represent individuals in a modeling exercise or they can
be organized into "cohorts' (such as femae babies <6 months old) and used asa"pool” from which a
random sampling routine selects one individud to represent the cohort for aday (75-77).

Macroactivity data can aso be aggregated over the total population or a cohort of the population to
obtain "average" or other satistica measures of activity for some specified time period. This approach
ismost commonly used in exposure assessment, but it removes the inherent correlations among activity,
location, and time--and the pattern of exposures experienced--that truly determine dose received from
an environmental contaminant. I1n addition, mideading results can occur if the assessor is not careful
about how the data are prepared to represent a group.

Specific examples of the type of macroactivity data available for children are presented in Tables 2 and
3. The number of hours per day children spend in various microenvironments is summearized in Table 2.
Nearly dl children in CHAD spent some part of their diary day indoors a home, and the amount of
time spent in this microenvironment ranged from 15 to 20 hours per day on average (63 - 83% of day)
for habitues. Children lessthan 2 years old spend the most time indoors a home while older children
gpend the least amount of time. Variability within each age category was substantia, but dso fairly
consstent across al the age categories (standard deviations of approx. 4 hours). This high variability
remained when comparing hours spent indoors at home between weekdays and weekends or between
Seasons, indicating that inter-child variability in daily activities within each year of ageis sgnificant
compared to trends due to the day of the week or season when the diary was collected.

Approximately haf of the childrenin CHAD reported spending time outdoors a home, except for
children in the youngest age categories (< 2 yearsold). Lessthan one-third of children under 2 years
old reported being in this microenvironment. Children less than 2 years old aso spend the least amount
of time outdoors a home on average, while 4-7 year olds spend more time in this microenvironment
than older children.

Children aso spend asignificant amount of time in non-residentid microenvironments, including indoors
a school, stores, and restaurants; outdoors at parks and playgrounds; and in vehicles. Approximately
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40% of children were in school during their CHAD diary day for each age category of school-aged
children ($ 5 yearsold). On average, children spend approx. 6 hours per day in school. Time spent
indoors a school was fairly consstent for children $ 7 years of age, with lower standard deviations
(1.0-1.5 hours) than for younger children. A smal number of children lessthan 5 yearsold (2 - 16%)
aso reported being in school for as much as 6 hours per day on average. This highlights the lack of
gppropriate microenvironment categories for young children in the CHAD activity pattern sudies. Only
the Cdifornia study included * childcare facility’ as a separate microenvironment category. In the other
studies, the ‘school’ category may have been used for pre-school or other non-residentia childcare
facilities, or the non-specific ‘ other indoor’ category may have been used aso.

The number of children in CHAD that reported spending time outdoors at a park or playground also

varied ggnificantly with age. Only 10% of the children in the youngest age categories (< 2 years old)

reported being in this microenvironment, while approximately 40% of the older children (10-11 years
old) spent time outdoors at a park or playground. For those children that reported being outdoorsin
this microenvironment, the amount of time spent at apark or playground did not have atrend across

age categories. In addition, age differences were least evident in the percent of children that reported
being in vehicles, aswdl as the amount of time spent in vehicles for those children.

The number of hours children spend doing various macroactivities while indoors a home are
summarized in Table 3; age differences in children’s macroactivities are dso evident, as shown in Table
3. On average, the number of hours children spend both esting and deeping decreases graduadly with
age of the child, so that children less than 2 years old spend the most time doing these macroactivities.
Although showering/bathing times are fairly cons stent across ages, the other macroactivities displayed
in Table 3 do show age differences in the number of hours children spend playing games, watching
televison and doing other ‘passive’ activities while indoors a home. Thistable dso illugtrates another
areawhere macroactivity datain the CHAD studies are inadequate for characterizing children’s
activities and exposures. Categories such ‘playing games do not provide any information on the
activity leve of the child while playing, which can significantly affect inhdation exposure for example. In
addition, appropriate macroactivity categories for infants were not used in the CHAD studies, so a
large percentage of children lessthan 1 year old (62%) have a subgtantia amount of time (3" hours on
average) for the non-specific ‘ other passve activity’ category.

CHAD contains about 140 activity codes and 110 location codes, but data generdly are not available
for dl activities or locations for any single respondent. In fact, not al of the codes were used for most
of the gudies. And even though many codes are used in macroactivity sudies, many of the activity
codes do not adequately capture the richness of what children actualy do. They are much too broadly
defined and ignore many child-oriented behaviors. Thus, there is a need for more and better-focused
research into children's activities.

Aggregate human activity data are available from additiona sources other than those cited above.
Summary and distribution information regarding the time that children spend in various
microenvironments and their activities can be found in EPA's Exposure Factors Handbook (8) and the
American Indugtrid Headth Council's Exposure Factors Sourcebook (78). These are comprehensive
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source documents. More limited information about American children’s activities has been published in
Berry, et d. (79), Harlos, et d. (80), Roth Associates (81-82), Schwab et d. (83-84, 28), and Silvers
et d. (85-86). Thelast study isa1990-1991 survey of 1000 households with children 5-12 years old
in 9x dates. Results of that survey closdly match those of the Cdifornia sudy mentioned earlier in this
section.

Activity datarequired and available to assess exposur e by dermal contact and non-dietary
ingestion

Two main gpproaches are currently used to assess derma and non-dietary ingestion exposure. These
assessment approaches provide different ways of integrating exposure over time and space. In the
macroactivity approach, exposureis estimated individually for each of the microenvironments where a
child spends time and each macroactivity that the child conducts within that microenvironment. To do
this, exposure is modeled usng empirically-derived transfer coefficients to aggregate the mass transfer
associated with a series of contacts with a contaminated medium. In the microactivity approach,
exposure is explicitly modeled as a series of discrete transfers resulting from each contact with a
contaminated medium. It isimportant to understand that the tempora and spatid scaes of activity
patterns, exposure media concentrations, and transfer efficiencies to be measured will depend on the
assessment approach that is used.

To edtimate derma exposure using the macroactivity gpproach, 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 individudly 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 me/ma, dermal exposure over the 24-
hour period (Egmems) 1S defined as

Edme’ma: Csun‘ X TCder x ED (2)

Where

Cqu = tota contaminant loading on surface (mg/cn)

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

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

In order to apply the macroactivity approach to assess derma and nondietary ingestion exposure, data
are required on the amount of time the child spends in each me/maover a 24-hour period. While the
CHAD activity pattern studies can provide data on time spent in various me/ma, the types of surfaces
associated with each me/ma are not included in the database. Alternatively, CHAD doesinclude
information on time spent in different rooms within a home, which may be useful in the macroactivity
gpproach to modding derma and non-dietary exposures. According to datain CHAD, children spend
the mgjority of their time indoors at home in the bedroom (an average of 65-75%) and living room (15
25%). Theserooms likely contain textured surfaces such as carpet and upholstery, compared to the
kitchen and bathroom which are likely to have hard smooth surfaces (linoleum, tile). Since surface
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types are required to estimate derma exposures, this additiona data should be collected in future
activity pattern studies.

To assess derma exposure and non-dietary ingestion using the microactivity gpproach, exposure is
estimated individudly for each of the microactivites or events (e.g., each time a child touches a given
object) from which derma contact or non-dietary ingestion occurs. Exposure over the 24-hour period
isthen the sum of dl of theindividud exposures. For each microactivity, derma exposure over the 24-
hour period (Ege/mi) can be defined as

Eder/mi = CSJI’f xTExSA xEF (3)

Where

Esermi = derma exposure for a given microactivity over a 24-hour period (mg/day)

Cqu = tota contaminant loading on surface (mg/cn )

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

SA = areaof surface that is contacted (crmé/event)

EF = frequency of contact event over a 24-hour period (events/day)
For each microactivity resulting in non-dietary ingestion, exposure over the 24-hour period (E,gingmi)
can be defined as

Ending/mi = Cx X TExm X SAx x EF (4)

Where

Enaingm = NOn-dietary ingestion exposure for a given microactivity over a 24-hour period (mg/day)
X =hand or object that is mouthed

C, = total contaminant loading on hand or object (mg/cn)

TE,, =trandfer efficiency, fraction transferred from object or hand to mouth (unitless)

SA, = areaof object or hand that is mouthed (cnm/event)

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

To use the microactivity gpproach, a greeter level of detall (i.e., “microactivity datd’) is needed to
characterize peopl€ s dermd contact with chemica resduesin their environments and quantify
subsequent dermal absorption and non-dietary ingestion. Microactivities required to estimate dermal
and non-dietary ingestion exposure include frequency and duration of contact between skin surfaces
(including the mouth) and objects and parameters describing the nature of contact, such as pressure,
motion type, and exposed surface area.

Literature about children’s activities from the fidlds of child development and psychology tends to focus
on socia development and peer interactions of infants, toddlers and kindergarten children. The literature
seldom reports how children act on, or move about in, their physical space (87-88). A review of the
child behavior and psychology literature can be found in U.S. EPA, 1998 (89). Fregquency and
duration of handling and mouthing events were documented in severa of the reviewed studies.
However, in these studies caretakers introduced objects to children sitting on their lgps. Handling and
mouthing behaviors will differ for a child in his own environment under norma conditions.
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Because of the age dependencies and labor-intensive nature of gathering microactivity data, few data
sets relevant to exposure assessments currently exist. Two generd gpproaches to gathering such data
have been used: a) red-time hand recording, in which trained observers watch an individud and write
down the information of interest on a score sheet; and b) videotaping, in which trained videographers
tape an individua and then subsequently extract the data of interest by hand or by computerized
software.

A recent study used the first gpproach to quantify duration of mouthing in awake infants ages 3-36
months in the Netherlands (21). Five parents were asked to observe 8 children (10 times, 15 minutes
per day on two days) and measure mouthing time with a stopwatch. No differences were present
between the two observed days, across different periods of the day, or between boys and girls;
however, totd mouthing time did differ anong age groups. The mean daily extrgpolated mouthing times
(minutes) for ages 3 to 6 months, 6 to 12 months, 12 to 18 months, and 18 to 36 months were 36.9
(sd. 19.1), 44 (sd 44.7), 16.4 (d 18.2), and 9.3 (sd 9.8), respectively. The youngest children
mouthed mainly their fingers, while children 6-12 months mouthed toys not meant for mouthing. The
older age groups mouthed mostly non-toys and their fingers. On average, children sucked or bit on
objects two-thirds of the time and licked objects the other one-third of the time. The children aged 12
to 18 months sucked or hit the most, and the percentage of licking was largest in the youngest age
group. Note this study reported difficulties in parent training and compliance that may have influenced
the reliability of the reported data.

Severd studies have used the videotaping approach to quantify children’s microactivity data The U.S,
EPA’s Nationd Human Exposure Assessment Survey (NHEXAS) included videotaping 19 children 3
to 12 years old in Minnesota with a hand-held camera. Observers then replayed the videotapes and
recorded the frequency of object-to-mouth contact, hand-to-mouth contact, and hand contact with the
following object categories. clothing, dirt, smooth surface, textured surface, and hand-held object (90).
Reed (91) videotaped 30 children, between 18 months and 5 years old, in New Jersey (20ina
daycare facility and 10 in their homes) for atota of 168 hours and then recorded hand and mouthing
behaviorsin the same way as Freeman (90). Asin NHEXAS, observers recorded the frequencies of
hand-to-object contacts over 5-minute intervals. Objects recorded included clothing, dirt, another
hand, mouth, object, other items, smooth surfaces, and textured surfaces. Zartarian et a. (13, 92)
reported results for the left hand, right hand, and mouth from a videotape study of 4 agriculturd children
(whose ages were 2 to 4 years) in Cdifornia (31 hours of videotape). In this study a computer
software gpplication (93) was used rather than a scorecard to obtain the sequence of awide array of
objects contacted and the duration of each contact. Table 4 summarizes the type of microactivity data
collected in these sudies.

Comparing results among these sudies is difficult because ages of children, reported summary statistics,
and categories of body parts and objects contacted were different among the sudies. Despite these
differences and the smadl sample szes, some interesting observations can be drawn. The children
studied exhibited short average duration of mouthing and surface contacts (on the order of seconds)
and high contact frequencies. Average contact frequencies across the studies for the same object
categories were reasonably similar, but the variability for a particular object category was high in each
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study. Object categories contacted the most frequently by hands were smooth surfaces (e.g., wood
furniture), bedding, clothes, plagtic toys, and paper. The only variable which was Satidticaly different
across age groups in the NHEXAS (ages 3-4, 5-6, 7-8, and 10-12) was object-to-mouth contacts,
which were greater for the 3-year olds (6+/-7 per hr) than the other groups. For age-matched boys
and girls, girls exhibited higher object-to-mouth contacts. However, this may be related to the fact that
boys spent subgtantialy more time outdoorsin active play (90). In the New Jersey study, contacts with
another hand (either the child’s own hand or another person’s hand) were found higher for children 1 to
3 years old (25/hr) than for children 4 to 6 years old (13.5/hr); hand-to-mouth contacts were
ggnificantly higher in the spring (10.4/hr) than the winter (4.6/hr); no variables were sgnificantly
different by gender; and some variables (contact with dirt, objects-to-mouth, other items, and textured
surfaces) were statisticaly sgnificant between daycare and resdentid children (91). Some
microactivities appeared to be setting-dependent (e.g., contact with dirt, grass, and toys) while others
(e.g., contact with clothes, body parts, and mouths) did not. In general, non-dietary object-to-mouth
contacts were less frequent than hand-to-mouth contacts. All of these results, however, may reflect the
types of behaviors quantified, the smdl sample size, and the setting and conditions under which the
observations were made.

In summary, the current database on children’s microactivitiesis sparse. More data for different ages
and body parts over awide range of scenarios are needed to reduce uncertainty in modeled estimates
of derma and non-dietary ingestion exposure and dose and to identify important objects for measuring
pollutant concentrations. However, before these data can be collected, the important activities and
contact parameters (e.g., surface type, contact duration, skin condition) need to be identified to
determine the type of microactivity data that should be collected. Then, a stlandard protocol for
collecting and reporting relevant children’s microactivity data could be developed.

Activity data required and available to assess dietary exposure
Y oung children do not consume foods in a structured manner. While egting, their foods contact surfaces
(hands, floors, eating surfaces, etc.) that may be contaminated. Thus, dietary exposures of young
children are difficult to accurately assess or measure. A young child’ s dietary exposure to
environmenta contaminants is characterized by the sum of three mgor terms (42):
1. theorigina contaminant resdue on foods before they are handled by the child;
2. surface-to-food contamination as the foods come into contact with contaminated surfaces
before being consumed by the child; and
3. surface-to-hand-to-food contamination as the child touches contaminated surfaces and then
handles and ests the foods.

To assess digtary ingestion, exposure is estimated individudly for each item of food consumed by the
child. Tota dietary exposure is then the sum of exposures for dl food items consumed over a 24-hour
period. For each food item, dietary exposure (Eg«) can be defined as the sum of the three termslisted
above. Theintake of a contaminant associated with one food item, | Specific egting activities resulting in
that food item’ s contact with contaminated surfaces, and | specific activities resulting in the food item’s
contact with the child's hands before it is eaten can be described as follows.
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Term 1 Term 2 Term 3
where:
Ej« = Totd dietary exposureto the environmenta contaminant for one food eaten (mg/food
item)
Cisa = Contaminant concentration of food item after preparation for consumption (g/g food)

W; = Totd amount of the individud food consumed (g food/food item)
Cqr = Contaminant loading on a contacted surface (ug/c?)

TEgr= Surfaceto food contaminant transfer efficiency (where trandfer efficiency isafunction
of duration of contact, surface type, moisture etc.) (unitless)
SAgr = Areaof contaminated surface that is contacted by the food item (crmé/event)

EFyr = Frequency of surface to food contact events that occur during consumption of the
food item (events/food item)

Crang = Contaminant loading on child's hand (ug/cn)
TE,= Handto food contaminant transfer efficiency (unitless)

SAye = Areaof the contaminated hand that is contacted by the food
(crmé/event)

EF.-= Freguency of hand to food contact events that occur during consumption of the food
item (events/food item)

In measurable quantities, Term 1 summed for al foods consumed over the day may be obtained by
duplicate-diet sampling procedures which providestotd, daily dietary intake of contaminants that are
present on the foods themsalves, plus those that have been introduced during preparation. Terms 2 and
3 are much more difficult to quantify even for the smplest egting scenario, and require measurements of
specific factors (e.g., surface concentrations, contact aress, transfer efficiencies) in the eating
environment of the child and andlyss of egting activities.

Recent studies on dietary exposure of children to lead (24, 94) and to pesticides (42-44) have begun to
explore potentid pathways of dietary contamination caused by the child's eating activities, and waysto
measure them. These studies are focused on young children (1-3 years old). In the study by Barlion
(24), children’s dietary exposure to lead was evauated by collecting a 24-hour duplicate of al foods
plus sentinel foods (i.e., individua food items used to represent foods contaminated during handling)
from 48 children 2 to 3 years of age. Sentind foods were contacted with the child' s hands and other
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surfaces to represent ways the child might handle the foods while egting. Additiona information
collected included lead concentrations from hand wipes, floor wipes, and venous blood; and
guestionnaire responses on activities related to exposure. Results showed that children’ s dietary
exposure to lead may potentialy increase by afactor from 4-20 when foods are handled by achildin a
contaminated environment.

Akland et d. (43) video taped the eating activities of young children to determine the frequency and
duration of activities that may lead to contamination, including hand-to-surface, hand-to-food, and
food-to-surface contacts. The frequency and duration of hand and food contacts with different
surfaces, types and amounts of foods consumed, and other |ocation factors were recorded for 10
children 1-3 years of age, eating both & home and in day-care facilities. Summary results from analyss
show that there is awide range of time and contact frequency between children. A specific food item
contacting the child’ s hands during an eating event depended on the type of food eaten, and age.
Bread, cered and banana were the food items most commonly handled while being esten by these
children. Food isin contact with aplate or egting utensil for the longest period of time (on the average
about 10 minutes), with food and hand contact, and food and surface contact, each about 2 minutes.
Food items come in contact with plate, hands and mouth about the same number of times on average
during an egting event.

Field testing is being conducted to collect additiona activity pattern data and to measure other input
parameters required for the dietary exposure mode (equation 5) under redlistic conditions to improve
dietary exposure assessments for young children. Thefied testing will o provide indirect
confirmation of the dietary exposure mode through comparisons of dietary exposures estimated by the
mode with measurements of handled foods and child biomarkers (42).

VI. Total Exposure Studies
An important component of current exposure and risk characterization isthe consderation of aggregate
exposures. When assessing exposure and hedlth risk to children, exposure information should be
aggregated from dl potentid exposure mediainduding the following:
the air that children bresath,
. the foods that children e,
. groundwater or surface water that is consumed as drinking water or used for bathing,
. other contaminated media contacted under nonoccupationa circumstances (i.e., derma or non-
dietary contact with contaminated resdential surfaces).

In Table 5, several examples are presented to demondtrate the type of data required to assess
aggregate exposure to a variety of environmenta contaminants. The first two examples, depicting
exposure to methylmercury and lead, might be consdered smple systems, each with one chemica and
typicaly only one route of exposure. Thefind two examples, depicting exposure to chloroform and
pesticides, require consideration of multiple exposure media and routes. As shown in Table 5, some of
the most useful studies for assessing exposure collect a combination of persond and biological
monitoring data, environmental concentration data, and activity pattern data. These types of Sudiesare
required to assess aggregate exposure by the indirect approach. Some examples of studies for which a
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combination of children’s exposure data were (or are currently being) collected are presented in Table
6.

VII. Conclusions

Currently, data on children’s exposures and activities are insufficient to adequately assess exposuresto
environmental contaminants. As aresult, regulators use a series of default assumptions and exposure
factors when conducting exposure assessments. The more uncertain the assumptions and exposure
factors used, the more conservative they must be to protect children’s health. Data to reduce
uncertainty in the assumptions and exposure estimates are needed to ensure chemicas are regulated
appropriately. To improve the database available to assess children’s exposures, three areas of
research are required.

1. Identification of appropriate age/developmental benchmarks for categorizing children in
EXposure assessments

As discussed previoudy, the physiologica characteristics and behaviord patterns of children not only
result in differences in exposures between children and adults, but aso result in differencesin exposures
among children of different developmenta stages.  Clasgification of children by age group should be
based on estimates of when developmenta changes most commonly occur. Both physiologica and
behaviora development need to be considered in developing appropriate age classfications. Protocols
for addressing variability in development need to be established to insure that exposure patterns of
specific individuals who are delayed or advanced in development can be adequately characterized. In
addition, methods need to be developed for addressing developmenta characterigtics, such as teething,
that will likely span age classfications, yet may have avery sgnificant influence on a child's exposure.

2. Development and improvement of methods for monitoring children’s exposures and
activities

Significant chdlenges are associated with developing and verifying exposure factors for young children,
such as contaminant contact rates and transfer rates. Novel methods must be developed and validated
in the manner of Sheldon et d. (41), Noland et d. (95), Kisdl et d. (96), and Gurunathan et d. (14) to
eicit information from or about young children who are non-verba or lack a well-devel oped sense of
time about their activities and exposures. New and improved methods are needed to monitor persona
exposures, measure biomarkers, and survey activitiesin these young children. Methods that can be
used with infants should aso be deve oped.

3. Collection of physical activity data for children (especially young children) required to
assess exposure by all routes

The data availabile for conducting exposure assessments for children are highly variable, depending on
the route of exposure consdered. The data that are available for ng inhaation exposures is the
most complete. However, even for inhdation, limited data are available for very young children. For
al routes of exposure, sufficient population-based data are needed to better characterize children’s
exposures and behaviors as a function of age, gender, setting (residence, school, daycare),
socioeconomic status, race/ethnicity, location (urban, suburban, rurd), region, and season. These data
gaps are particularly sgnificant for young children lessthan 4 years old.
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In addition, the following route-specific data are required to improve assessment of children’s
EXPOSUres.

Digtary ingestion Improved information on the foods children est and the residues on them is needed.
Those foods most frequently consumed by infants and children need to be identified; and distributions of
amounts consumed need to be quantified more specificaly. Because of the changing nature of
children's diets, food consumption surveys should include adequate sample Szes of children aged 0to 6
months, 6 to 12 months, 12 to 24 months, 24 to 36 months, 3 to 5 years, 5to 10 years, and 11 to 18
years. The residues associated with a child’ s diet (prior to food preparation and handling by the child)
need to be better characterized. Methods to assess exposures caused by contamination of foods
during consumption by the child need to be evaluated. Activities specificaly related to the way children
consume foods need to be categorized. Current information is not specific enough to determine the
relative magnitude of the child handling component to the total dietary intake of a contaminant.
Inhalation Thereisaneed for more and better-focused research into children's activities. The current
database, seemingly extensive, is deficient from an exposure modding perspective because many of the
activity codes do not adequately capture the richness of what children actually do. They aretoo
broadly defined and ignore many child-oriented behaviors, limiting the utility of these data for assessng
the frequency and duration of children’s contact with contaminated air, children’s activity levels and,
consequently, inhdation rates.

Derma contact and non-dietary ingestion. Currently, there are no methods available to directly assess
derma and non-dietary ingestion exposures. Therefore, it is particularly important that studies be
performed to identify the most important exposure factors for assessing dermal exposures.
Characterigtics of surfaces and objects contacted by children are important in assessing children’s
derma and non-dietary ingestion exposures. Consequently, the definition used to identify
microenvironments in which children spend time must be modified to include the surface type. In
addition, more survey and observationd studies across dl ages of children are required to characterize
both macro- and micro-activities that contribute to dermal exposure in these microenvironments, as
well as contact and transfer necessary for non-dietary ingestion and contamination of food.

The research needed to better characterize and quantify children’s exposures to environmenta
contaminants is best conducted by carefully considering the data needed to assess aggregate exposure.
The dgorithms for combining the environmental monitoring data with the exposure factors to estimate
an exposure or adose should be used to guide the type of data collected. In thisway, future research
efforts will mogt efficiently provide the knowledge base needed to improve exposure assessments for
children.
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Table 6. Summary of Available Children’s Aggregate Exposure Data

Sudy
Children’s Exposure to Persistent
Organic Pollutants

PAH Exposures of Childrenin
Low-income Families

Multimedia Concentrations of
PAH in Day Care Centers
Housedust/Infant Pesticide

Exposure Study (HIPES)

Total OP pesticide Exposure

Participants Exposure Data References
9 preschoolersages 2-5  Indoor air, outdoor air, food and beverages, indoor dust, and outdoor pl&yilson et al. (197)
pilot study area soil, handwipes and urine samples were collected both at home and\filson and Morgan (98)

day care center and analyzed for persistent organic pollutantsincluding
20 target PAHs and several pesticides.

24 children ages2to 4 Indoor air, outdoor air, housedust, soil, duplicate diet, and urine sampleChuang et al. (99)
Three separate pilot studiezollected and analyzed for persistent organic pollutants.

9 daycare centers Indoor air, outdoor air, food and beverages, indoor dust, and outdoor pl&yilson, et al. (100),

area soil were sampled and analyzed for persistent organic pollutants ~ Wilson, et al. (40).
including 20 target PAHs and several pesticides.

9 toddlers, pilot study Indoor air, outdoor air, personal air, housedust, soil, handwipe, Lewisetal. (101)
dislodgeable residue samples collected and analyzed for 31 pesticides

Children1to5 Environmental and biological samplesto account for all exposure routes.Lu et al. (102)

Among Children in Rural aidlimber unknown Indoor air, outdoor air, housedust, surface wipes, handwipes, and urine

Urban Environments

NHEXAS

Children’s Pesticide Exposure
Study

Agricultural Health Pilot
Study

School-Based Study of Complex
Environmental Exposures and
Related Health Effectsin Children

Exposure of Children to Pesticide
in Yuma County, Arizona

samples collected and analyzed for selected pesticides.

Children older than 8 Indoor air, outdoor air, housedust, soil, dislodgeable residue, duplicate Pellizzari et a.(46);
diet, and urine samples collected and analyzed for VOCs, pesticides, Sexton et al. (103)
metals, and PAHSs.
100 children Indoor air, outdoor air, water, housedust, soil, dislodgeable residue, *Quackenboss et al. (61)
3to 12 years handwipe, duplicate diet, urine, and blood samples collected and
analyzed for selected pesticides

Farm workers, spouses, Indoor air, outdoor air, housedust, soil, dislodgeable residue, handwipe,Melnyk et al. (104);
children. Six farmsin NC duplicate diet, blood, and urine samples collected and analyzed for Streicher et al. (105);
and IA, pilot study selected pesticides Camann et al. (106)

800 children attending Outdoor, in-home, in-school, personal, and human tissue monitoring for * Recently funded

elementary school intwo VOCs, metals, ETS, PAHSs, and pesticides. study. K. SextonisthePI.
low-income neighborhoods
in south Minneapolis

100-300 children, primarily Indoor air, surfaces, housedust, hands, and other media sampled for * M. Lebowitz isthe PI
low income Hispanic and pyrethroids and OPs. Blood sampled for cholinesterase inhibitors.
Cocopah

* Abstracts describing these studies can be found on US EPA’s National Center for Environmental Research and Quality Assurance website at http://www.epa.gov/ncerga
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Table 1. Number of Person-Day</Individuals* for Children in CHAD* Database

Age Group All Studiest California Cincinnati# NHAPS-Air NHAPS-Water

Oyear 223/199 104 36/12 39 44
0-6 mo. 50 15/5
6-12 mo. 54 21/7

1lyear 259/238 97 3v11 64 67
12-18 mo. 57
18-24 mo. 40

2 year 317/264 112 81/28 57 67

3 2781242113 54/18 51 60

4 259/23291 41714 64 63

5 254122798 40/14 52 64

6 237/19981 57/19 59 40

7 243/21385 45/15 57 56

8 259/226103 49/ 17 51 55

9 229/19590 5117 42 46

10 2247199105 38/13 39 42

11 2271206121 3211 44 30

Total 3009/ 2640 1200 556/187 619 634

* CHAD=Consolidated Human Activity Database available on US EPA Intranet.

#The number of person-days of data are the same as the number of individuals for all studies except for the Cincinnati study. Since up to three days of activity
pattern data were obtained from each participant in this study, the number of person-days of datais approximately three times the number of individuals.
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Table 2. Number of hours per day children spend in various microenvironments by age.

AGE

Average + Std. Dev. (Percent of children reporting > 0 hours in microenvironment).

Indoors

(years) athome

©oOo~NO O wWNEO

B
)

19.6 + 4.3 (99%)

195+ 4.1 (99)

17.8+ 4.3 (100)
180+ 4.2 (100)
17.3+ 4.3 (100)

16.3+ 4.0 (99)
160+ 4.2 (98)
155+ 3.9(99)
156+ 4.1 (99)
152+ 4.3(99)
16,0+ 4.4 (96)
14.9+ 4.6 (99)

MICROENVIRONMENT

Outdoors
at home

1.4+ 1.5 (20%)
1.6+ 1.3(35)
2.0+ 1.7 (46)
21+18(48)
24+18(42)
25+21(52)
26+22(48)
2.6+20(48)
2.1+ 25 (44)
2.3+28(49)
1.7+ 1.9 (40)
1.9+ 23 (45)

Indoors
at school

35+ 3.7 (2%)
34+38(5
62+33(9)
5.7+238(14)
49+32(16)
5.4+ 25 (39)
58+ 2.2 (34)
6.3+ 1.3 (40)
6.2+ 1.1 (41)
6.0+ 15(39)
59+ 15(39)
59+15(41)

Outdoors

at park

1.6+ 1.5 (9%)
1.9+ 27 (10)
20+17(17)
15+09(17)
23+1.9(20)
16+15(29)
21+24(32)
15+1.0(28)
22+24(37)
17+15(34)
2.2+ 2.3 (40)
20+ 1.7 (44)
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Invehicle

1.2+ 1.0 (65%)
1.1+ 0.9 (66)
1.2+ 15(76)
14+19(73)
1.1+08(79)
1.3+ 1.8(80)
1.1+038(79)
11+ 1.1(77)
13+21(82)
1.2+12(76)
11+1.1(82)
16+1.9(74)



Table 3. Average number of hours per day children spend doing various macroactivities while indoors at home by age (Percent of children
reporting > 0 hours for microenviron-ment /macroactivity).

MACROACTIVITY IN HOME MICROENVIRONMENT

Watch TV Read, Think,
AGE Sleep Shower Play or Listen Write, Redax,
(yr) Eat or Nap or Bathe Games to Radio Homework Passive
0 19(%%) 126(99%) 04 (44%) 4.3 (29%) 1.1(9%) 0.4 (4%) 3.3 (62%)
1 15097 12.1 (99) 0.5 (56) 39 (68) 18 (41) 0.6 (19) 2.3 (20
2 13(9 115(100) 05(53 25 (59) 2.1 (69) 0.6 (27) 14 (18
3 12(%) 11.3 (99) 0.4 (53) 2.6 (59) 26(@81) 08(27) 1.0 (19)
4 11(N) 109 (100)  05(52) 26 (54) 25 (82) 0.7 (31) 11 (17)
5 11(%) 105 (98) 05 (54) 2.0 (49 2.3 (89 0.8 (31) 12(19)
6 11(9%9) 104 (98) 0.4 (49) 19 (35) 23 (82 09 (38 11(14
7 10 9.9 (99) 0.4 (56) 21(39) 25 (84) 0.9 (40) 0.6 (10)
8 09(9) 10.0 (%) 0.4 (51) 20(3Y) 2.7 (83) 10 (45 0.7 (7)
9 09(% 9.7 (%) 0.5 (43) 17 (28 31(83) 10(44 09 (17)
10 1.0(86) 9.6 (94) 04 (43) 1.7(38) 35(79) 15 (47) 0.6 (10)
11 09 (89) 9.3 (94) 0.4 (45) 19 (27) 3.1 (85) 1.1(47) 0.6 (10)
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Table4. Summary of Studies Containing Children’s Microactivity Data

Reference

Groot et al., (21)

Freeman, (90)

Reed et dl., (91)

Zartarianet a., (13)

Zartarianet d., (92)

Number of
Children

8

19

Ages of

Children

3to 36 months

3yearsto 12 years

18 monthsto 5 years

2to4years

2to4years

Study L ocation Type(s) of Data Collected

Netherlands

Minnesota

urban NJ
20 daycare,
10 residential

agricultural CA

agricultural CA

mouthing duration

Method Used

children’ s mothers; real-time observation
with stopwatches; 15 minute intervals

hand-to-object, hand-to-mouth, videotape observation by

object-to-mouth contact
frequency

hand-to-object, hand-to-mouth,
object-to-mouth contact
frequency

left hand-to-object,
right hand-to-object contact
frequency and duration

object-to-mouth contact
frequency and duration
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researchers with scorecards;
5 minuteintervals

videotape observation by
researchers with scorecards;
5 minuteintervals

videotape observation by
researchers with computerized
transl ation software

videotape observation by
researchers with computerized
transl ation software



Table 5: Example Scenarios of Children’s Exposure to Environmenta Pollutants

Media Significant Routes
Contaminant Exposure Media of Exposure Data Required to Assess Exposure
Methylmercury Contaminated fish Dietary ingestion - Concentrations of methyl mercury in fish
or mother’ s milk - Fish consumption rates
- Resulting concentrations in mother’s milk
- Consumption rates of mother’s milk
Lead Dust, soil, paint chips Non-dietary ingestion - Concentrations of lead in dust, soil, paint chips
- Activity patterns (mouthing behavior, finger sucking, dirt ingestion,
eating behavior, hand washing, outdoor play, etc.)
- Nutritional status
- Blood |ead measurements (direct assessment of exposure)
Chloroform Water, air Inhalation - Concentrations of chloroform in water
Dermal contact - Bathing, showering, and swimming activities
Non-dietary ingestion - Breath concentrations (direct assessment of exposure)
Pesticides Food, air, water, soil, Dietary ingestion - Pesticide use patterns
plants/turf, house dust, Inhalation - Concentrations of pesticidesin al relevant exposure media
surfaces/objects, clothes Dermal contact - Activity patterns
Non-dietary ingestion - Biomarkers of exposure (direct assessment of exposure)
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