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Changesin Children’s Exposure as a Function of Age and the Relevance of

Age Definitions for Exposure and Risk Assessment
Draft 7/19/00
Kimberly M. Thompson, Harvard Center for Risk Analyss

1. Introduction

During the past decade, improving the lives of children has emerged as a priority on the nationa
agenda. In the public and environmentd hedth arena, this priority has been reflected in changes to
gtatutory requirements (e.g., the 1996 Food Quality Protection Act and the Safe Drinking Water Act)
and in President Clinton's Executive Order 13045. This Executive Order requires federa agenciesto
ensure that their “ policies, programs, activities, and standards address disproportionate risks to children
that result from environmenta health risks or safety risks’ (EO13045, 1997). The Food Qudlity
Protection Act creates a demand for estimating aggregate exposure (i.e., estimating exposure from
multiple pathways for the same substance) and cumulative risk (i.e., assessing the risk of al substances
that act with same mechanism of toxicity over dl the multiple pathwaysin which they may act).

The focus on children's hedlth raises many chalenges for exposure and risk andysts. Children
arein adiginct phase of human life with unique characteridtics that distinguish them from adults. From
birth to adulthood their physiology and behavior are congtantly evolving, making them a " moving target”
for exposure and risk assessment. This raises anumber of issues:

. How should the age-related changesin children's behavior and physiology be considered when
assessing children's exposure to environmenta contaminants?

. What is the most appropriate way to categorize the available data into age groups when
ng children’s exposure?

. Given the rgpid change in modern society, how representative are data from previous sudies
for today's children?

. What it is the most gppropriate way to estimate childhood exposure given the limitationsin
currently available exposure informetion?

. To what extent is further research needed to provide the data necessary for estimating
children's exposure? What short-term studies or longer-term research are needed to provide
the missing data?

Thisissue paper has been prepared to stimulate discussion on these issues, with aparticular
focus on age-rdated anatomica and behaviora changes in children (changes in pharmacokinetics and
pharmacodynamics are not covered). The paper synthesizes the most current and relevant information
regarding children's anatomical and behaviora changes and discusses their value in exposure and risk
assessment. The paper is organized asfollows:

»  Section 2 reviews some of the key issues regarding children's exposure and risk
assessment.
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»  Section 3 presents a series of equations, developed Hubal et a. (2000) that provide a
useful gpproach for estimating exposure in children. These equations utilize a number of
exposure factors, including child-based exposure factors concerning physiology and
behavior, as well as environmentd factors, such as the concentration of contaminant to
which a child may be exposed. A Child-Specific Exposure Factors Handbook (CSEFH)
currently being developed by the U.S. Environmental Protection Agency (EPA) will
provide additiona information to analysts about the inputs in these equations. (Note that the
handbook will offer recommended vaues for exposure factors based on existing data, but
will not specify exposure factors as afunction of particular ages or age ranges.)

» Sections 4 through 8 of this paper synthesize and discuss the available data (as provided in
EPA's Child-Specific Exposure Factors Handbook) for each of the child-based exposure
factors utilized in Hubd et d.'s equations.

»  Section 4 discusses on anatomica changes that occur during growth (i.e., body weight
and skin surface areq).

» Sectionsb, 6, 7, and 8 discuss behaviord factors related to ingestion (food intake,
drinking water consumption, breast milk, fish consumption, soil ingestion, and other
non-dietary exposure factors); inhaation; derma exposure; and time-activity patterns,
respectively.

* Findly, Section 9 characterizes the chalenges and condraints that analysts face when using
these data in exposure and risk assessments.

* Referencesareligted in Section 10.

2. Key Issuesfor Children's Exposure
2.1 Unique Characteristics of Children

Children experience remarkable change from birth to adulthood. Two of the most dramatic
changes are rgpid increases in weight and height.  Figures 1a-1d summarize the increase in height and
weight for each gender up to age 3 and for ages 3-18 (note that these show continuous functionsfit to
cross-sectional discrete data to show the continuity of growth). Figure 2 shows the changesin body
proportions that occur from age 2 months to adulthood.

In addition to physical growth, children pass through numerous other physiologicd,
psychologicd, socia, and behaviord phases. These phases have different duration. Figure 3 shows a
typica chart for norma developmental milestones. Note that milestones for fine motor, grass motor,
language, and persond or socid development are categorized separately. Also note that these charts
do not include anatomical changes such as teething that could impact children's exposure and risk.
Some phases, such as crawling and mouthing objects, are common to al (or amogt al) developing
children. Other phases are common only to children with specific characteristics (e.g., kids with fair
skin), while others may depend on child-specific activity patterns (e.g., children that swvim, children that
consume alot of a particular food, teenage girls that wear make up).
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Figure 1(a): Growth chart for girlsbirth to 3 years.
(Source: http:/AMww.ama-assn.org/indgght/n_focus/nemours/baby/grow.htm)
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Figure 1(b): Growth chart for boys birth to 3 years.
(Source: http:/AMww.ama-assn.org/indgght/n_focus/nemours/baby/grow.htm)
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Figure 1(c): Growth chart for girls 3 to 18 years.
(Source: http:/AMww.ama-assn.org/indgght/n_focus/nemours/baby/grow.htm)
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Figure 1(d): Growth chart for boys 3 to 18 years.
(Source: http:/AMww.ama-assn.org/indgght/n_focus/nemours/baby/grow.htm)
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Figure 2: Changesin body proportions with age from 2 monthsto 25 yrs (Nelson et d., 1998).
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Figure 3: Developmenta milestones as afunction of age (Nelson et ., 1998).
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Different developmenta stages, milestones, and activities may have different significance for
physicians and exposurelrisk assessors. For example, developmenta milestones such as talking and
reading may be important to physicians but generally not to exposurefrisk assessors. Conversdy
everyday behaviors such as drinking alot of water or playing outsde may be sSgnificant to
exposure/risk assessors but not to physicians.

Many aspects of child development reflect continuous change, though they may not be
recorded as such. For example, physical growth is continuous even though measurements are typically
collected only at discrete pointsin time (eg., a annua physical exams) and the growth rate is not
congtant (e.g., growth spurts).

The developmenta phasg(s) or time periods that are relevant to arisk assessment depend on
the type of assessment. For lifetime cancer risks, childhood exposure is Smply one component of the
entire lifetime. In contrast, when assessing acute hazards, exposure/risk assessors may be most
interested in the peak exposure for ayoung child over the course of an hour or less. For some non-
cancer hedlth effects, the relevant exposure duration could be a day, aweek, ayear, etc. For toxic
effects that only occur if the child is exposed during a certain period of development (e.g., during the
formation of the limbsin utero), only exposure during that developmental window may be sgnificant.

Adults and children can react differently to the same exposure. For example, radiation
treastment for cancer can permanently damage the child’' s developing centra nervous system, which can
inhibit normal growth (Bearer, 1995). For exposures such asthis that may cause permanent or latent
hedlth impacts, andysts must develop approaches to characterize the impacts of hedth effects at
different times on the developmental trgjectories of children (McCormick, 1999).

Compared to adults, children have higher daily requirements for food, water, and oxygen per
unit of body weight, and they have a higher ratio of surface areato volume. However, this does not
necessarily mean that they are more vulnerable to health impacts than adults. In fact, their exposures
and risks can be higher or lower than those experienced by adults (ILSI, 1992; Bearer, 1995; ILSI,
1996). Thisis because they have different exposures, pharmacokinetics, and pharmacodynamics than
adults, and because the developmenta changes during childhood can affect the metabolism, aosorption,
and excretion of substances and make children more or less vulnerable to hedth effects. Consequently,
attention to toxicologica information is critical when characterizing risks to children. (As noted eaxrlier,
pharmacokinetics/pharmacodynamics in children is not covered in this paper.)

2.2 Variability

Variability isakey chdlenge for children's exposure assessment. Children of the same age can
exhibit tremendous variability. This generdly limits the extent to which fixed age ranges can be used for
assessing children's development, exposure, and risk. Nonetheless defining some standard age ranges
for children would be hdpful, particularly in dedling with data gaps an mismaiches that arisein the
consderation of aggregate exposure and cumulative risk. Idedly, anadysts would know everything they
need to know for every child and would have good estimates of the exposures that children redly
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experience. Since thistype of datais not available, exposure/risk assessors typicdly use multiple data
sources when assessing aggregate exposure and cumulative risk. Because these data often have awide
aray of age categories, they often do not alow direct modding of the aggregate exposures for children.
An important challenge for andlysts isto modd the child of interest as he/she devel ops, rather than
piecing together deta to create "hypothetica™ children that could not redly exist (e.g., children thet live
25 hourg/day or consume more food than biologicaly possble). The ability to modd children's
exposure should improve over time with the collection of better information.

2.3 Representativeness

Another chalenge when ng children's exposure is the extent to which the available
exposure data represent the population of interest (Thompson, 1999). Exposure data are collected for
apecific group of people, in a specific place, and at a specific time. They can be used inarisk
assessment only to the extent that they are sufficiently relevant to the population being assessed in the
current time and place. The rapid pace of socid and behaviora change may diminish the relevance of
study data. For example:

* Inthe past decade, many fruits and vegetables that were available only seasondly now are
available virtudly year round.

* Many people consume an ever-increasing percentage of food away from home.

» Diesfor children, which have historicaly included alarge amount of fresh produce and
tapwater, are shifting to include larger amounts of processed food, bottled water, and soft
drinks.

3. Exposure Equations

Hubd et d. (2000) reviewed the factors that influence children’s exposure, and discussed the
data avallable to characterize these factors. They defined three terms, which they used to develop a
series of equations for estimating exposure:

* A microenvironment (me) isthe location a child occupies for a specified period of time.
Examples include outdoors-home lawn and indoors-home kitchen.

» A macroactivity (ma) isahighly aggregated description of what achild is doing during a
specified period of time. Examples indude playing games, watching televison, egting,
running, desping, and crawling.

* A microactivity (mi) is adetailed description of an event that takes place during a
macroactivity. Examplesinclude hand contact with afloor or an object and mouthing a
hand or an object.

Hubd et d. (2000) provided severd equations for estimating exposure. (These are discussed

asEquations 1, 2, 3, 4, and 6, below. Equations 5 and 7 were not developed by Huba et d. but they
have been added because they reflect typica exposure reationships used by andysts.)

H-12
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Equation 1. Inhalation Exposure

Inhalation exposure averaged over aday for a Sngle microenvironment/macroactivity (Eimema)

(in mg/day) is defined as

Eime/ma = IRma. Tme/ma' Came (1)

where

IRma = the child's respiration rate representing his activity leve for that macroactivity (m#/hr)
T.ema = thetimespentintha me/maduring the 24 hour period (hr/day)

Came = theair concentration measured in the microenvironment (mg/nt)

Equation 2: Dermal Exposure (Series of Contacts with Contaminated Medium)

Dermd exposure can be estimated individualy for each microenvironment and macroactivity by
using empiricaly derived transfer coefficients to aggregate the mass transfer associated with a series of
contacts with a contaminated medium (Hubd et d., 2000. Derma exposure averaged over aday for a
single microenvironment/macroactivity (Egmema (in mg/day) is defined as

Edme/ma = DTCder ¢ dema' erf (2)
where

DTC, =deamd tranfer coefficient for the me/ma (cn?/hr)
Toema = thetime spent in that me/ma during the 24 hour period (hr/day)
Caut = total contaminant loading on surface (mg/cn)

Equation 3: Dermal Exposure (Single Contact with Contaminated M edium)
Derma exposure can aso be modeled as a series of discrete transfers resulting from each

contact with a contaminated medium (Hubd et d., 2000). Dermal exposure averaged over aday for
each microactivity (Eyemi) (in mg/day) can be defined as.

Eder/mi = TE*SAEF- Csurf (3)

where

TE = trandfer efficiency, fraction trandferred from surface to skin (unitless)
SA = area of surface that is contacted (cn?/event)

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

Caut = contaminant concentration on surface (mg/cny)

For contaminants contacted in soil, exposure assessors may estimate the contaminant
concentration on the surface (mg/c?) (Cg,) by using information about the dermd soil loading on the
surface (mg/c?) (DSL) and a concentration of the contaminant in the soil (Mg contaminant/mg oil).
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Equation 4: Dietary Ingestion Exposur e (Food Consumption—Complex)
Hubd et d. (2000) defined dietary ingestion exposure averaged over aday (Ege) (in mg/food

item) as the amount of exposure that results directly from the food plus the amount that comes from the
food contacting a contaminated surface i times and a child's contaminated hand j times:

B = Wi * Crong + Q [TEgr ® SAgr * EFge * Coud + Q [TEr * SALr* EFye® Crand (4

where
W = amount of the individua food consumed (g/food item)
Ctond = contaminant concentration on food item as prepared for consumption (mg/g)

TEge  =trander efficiency, fraction transferred from surface to food, may be afunction of
duration of contact, moisture, surface type, etc. (unitless)
SAgr =aeaof food item in contact with contaminated surface (cn?/event)

EFyr = frequency of surface to food contact events that occur during consumption of food
item (eventsfood item)
Cauf = contaminant loading on contacted surface (mg/cn )

TEe  =trander eficiency, fraction transferred from hand to food (unitless)

SA,r = aeaof food item in contact with contaminated hand (cn?/event)

EF., =frequency of hand to food contact events that occur during consumption of food
item (eventsfood item)

Chaa = cOntaminant loading on child's hand (mg/cn)

Converting this exposure to units of mg/d requires multiplying by the number of food items consumed
per day (N) (in food items/day).

Equation 5: Dietary I ngestion Exposure (Food Consumption—Simple)

Equation 4 provides a reatively sophisticated assessment of exposure from food consumption.
However, when some of the exposure factors required for Equation 4 are not known, dietary ingestion
exposure can be estimated by the following Smpler traditional equation (not from Hubd et d., 2000) in
which dietary ingestion exposure averaged over aday (E,,) (in mg/day) is defined as.

Eng = IRo0a® Crood 5)
where
IRood the amount of the specific food that the child consumesin aday (g/day)

Crood the concentration of the contaminant in the food (mg/g)

Equation 6: Non-Dietary Ingestion

Non-dietary ingestion exposure averaged over aday for each microactivity in which it occurs
(Endgingmi) (in mg/day) can be defined as.
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where

X = object that is mouthed (including hand)

TE., = trandfer efficiency, fraction transferred from object or hand to mouth (unitless)
SA, = areaof object or hand that is mouthed (cn?/event)

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

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

Estimating Total Exposure

To estimate total exposure for an entire day or longer, exposures must be added and averaged
gopropriately. For air pollutants, total exposure has traditionaly meant adding the exposures to the
contaminants from the various microenvironments that the child experiences over the course of aday.
However, the appropriate dose-response relationship for the health effect of concern will determine the
appropriate dose metric, which determines the level of aggregation and averaging required. For most
risk analyses, estimating exposure typically requires averaging over alonger time period than a day
(e.g., ayear or alifetime). For thisreason, it isvery important for exposure/risk assessors to recognize
that short-term exposures tend to be more variable than long-term ones. For example, the amount of
daily exposure to a contaminant on grapes will be zero (on days when no grapes are consumed) and
non-zero on ancther day (when grapes are consumed). Over the longer term, the average grape
consumption will be greater than zero, but less than highest daily consumption amount. Thus, over time,
there will be regression to the mean. This phenomenon must be properly accounted for in
exposurelrisk assessment, but it is chalenging because currently very few longitudind dataexis.

Equation 7: Estimation of Potential Dose

To edimate a potential dose (mg/kg/d) for risk assessment the results of the equations above
may need to be divided by body weight of the exposed individua (BW) or some function of body
weight:

Dose = EBW )
where

E = exposure (mg/d)

BW = body weight (kg)

Note that some exposure factors (e.g., ingestion rate and skin surface area) can be expressed
as afunction of body weight. When correlation exists between exposure factors this correation should
be conserved. Equation 7 is used only in Situations where body weight is not dready included in the
exposure factor.

Discussion of Anatomical and Behavioral Exposure Factors

Sections 4 through 8 of this paper discuss the various anatomical and behavioral exposure
factors utilized in Equations 1 through 7. For each exposure factors, the sections:

H-15
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» Describe the types of information needed in the context of exposure models

» Assessthe extent to which the data are accessible and the age categories can be modified,
and

» Discuss quantification of variability and uncertainty in the information.

Also for each exposure factor, asummary tableis provided that:

« Ligsthe key available data sources. Note that EPA's Child-Specific Exposure Factors
Handbook (CSEFH) was the source for nearly al the data sources listed in this paper.
Each source is given "source number” in the left-hand column of the table for identification
purposes. For example, in Table 1, the first source, NHANES 11, is given the source
number "BW(2)."

» Ligsthe age categories used by each source and, when available, the number of subjects
in each age group.

* Provides agenera assessment of (1) the data quaity based on the criteria and judgments
given in the EPA’ s Child-Specific Exposure Factors Handbook, and (2) the extent of
generdization (as judged by the issue paper author).

Following each table, afigure is provided for each exposure factor that graphicaly displaysthe
ages of the children for which data were collected by each source. Each figureis divided into three age
ranges.

» Figure (a) shows birth to 1 month (by days).
* Fgure (b) shows hirth to 3 years (by month).
» Figure (c) shows birth to 21 years (by year).

For each of these three age ranges, the figure provides information on the ages of children sudied by
each source listed in the preceding table. Data are displayed asfollows:

* Thefiguresidentify the studies using the source number provided in the left column of the table.
The reader should refer to the table for the specific source reference.

* An*“X" under agpecific age in the figure indicates that the study in question did report
measurements for children at that age.

* A bar isused between endpoints of arange to indicate that the study reported measurements for
children within that age range. Note when an age range is given, the available data generdly include
data for the entire month or year given asthe end of the agerange. Thisfact isreflected in the
figures. For example, for body weight, one of the sources provides data for the age range 7- 12
months. This rangeis shown on the corresponding figure as a bar extending from 7 monthsto just
before 13 months to indicate that the data cover the full duration of twelfth month.

All figures (a-c) are shown for each factor, even when no data are available for a particular age

range. Section 9 of this paper synthesizes these figures to show the avallability of datafor dl of the
factors and to reveal where additional information may be needed. Note that the age categories used in
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the figures were selected as a convenient means of summarizing the available data and were not
intended as recommendations of appropriate age categories.

4. Anatomical changesduring growth
4.1 Body weight (BW)

Body weight is critica to gppropriately assessing dose (see Equation 7). Datafrom large
cohorts can be used to develop complete growth charts and to characterize the variability in body
weight around each age (see Figures 1a-1d for an example). Any age grouping is possible since these
data are continuous and they may be converted into discrete age bins. Table 1 summarizesthe age
groupings provided by the data sources listed in EPA's Child-Specific Exposure Factors Handbook.
Figures 4a-c display these data by age categories.

The most extengve studies of body weights for children come from the National Center for
Hedth Statistics (NCHS) National Hedlth and Nutrition Examination Survey (NHANES) 11 and 111:

* NHANESII provided body weight data for children between 6 months and 19 years at
each age. Burmaster et d. (1997) reanalyzed NHANES |1 data and found that body weight
data digtribute lognormdly. (The fact that these data have been reanalyzed suggests that
they are likely to be accessible))

» Thedaafrom NHANES I1l were recently released and provide body weight data for
children and young adults between 2 months and 24 years of age. They are represented in
Table1l. These dataare also publicly available. Since NHANES I11 data are reported for
each year of age between 1 and 17 years, combining the results into different age ranges
and quantifying variability among children of the same age should be feasible.

The NHANES Il and NHANES 111 could be compared to determine whether there are
sgnificant differences that might indicate atime trend. For example, are children larger now than
children in the past? Recent advancesin medica technology aso dlow many more low birth weight
(lessthan 2500 g) and very low birth weight (Iessthan 1500 g) infantsto survive. This might lead to
greater variance in the weights of infants and children.

Remarkably, weight change of an individud child as afunction of age and the corrdation of
body weight with other exposure factors are lesswell sudied. For example, do children born at the
90™ weight percentile stay at the 90™ percentile or even continue to be larger than the median child?
Anecdota evidence of smal babies growing up to be large adults and large babies growing up to be
smdl adults suggests that genetics and other factors play arolein changes of body weight. Few
longitudina data exist concerning body weight as a function of age. Thistype of data may not be very
ggnificant when andlyzing chronic effectsfor an average child (e.g., the median or mean). However, if
the analysi's focuses on alow percentile individua child (e.g., a5 percentile child), then it may be
important to factor in the tendency of regression to the mean and to be cautious in congtructing a 5™
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percentile time weighted average estimate of body weight by using weights observed for 5 percentile
individuds at different ages.

Table 1. Key Body Weight Data Sour ces and Age Categories Used

Exposure
Variable (Source
number)

Description

Data Sources

Age groups used for
reporting data

Qudity and extent
of generdization

BW (1)

Body weght

NHANESIII,
2000 (NCHS as
reported in
CSEFH)

2 mo. (n=243)

3 mo. (n=190)
2-6 mo. (n=1020)
7-12 mo. (n=1072)
1yr. (n=1258)
2yr. (n=1513)
3yr. (n=1309)
4yr. (n=1284)
5yr. (n=1234)

6 yr. (n=750)
7yr. (n=736)
8yr. (n=711)
9yr. (n=770)

10 yr. (n=751)

11 yr. (n=754)

12 yr. (n=431)

13 yr. (n=428)

14 yr. (n=415)

15 yr. (n=378)

16 yr. (n=427)

17 yr. (n=410)
18-24 yr. (n=2532)

BW(2)

Body weght

Hamill et d., 1979
(NCHS as
reported in
CSEFH)

(n=867)
0 mo.
1 mo.
3 mo.
6 mo.
9 mo.
12 mo.
18 mo.
24 mo.
30 mo.
36 mo

Quadlity = High
Extent of
generdization =
High
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4.2 Skin surface area (SA and SA/BW)

Skin surface areainformation is most often used in derma assessments. (Dermal assessments
aso incorporate a number of behaviord factors, which are discussed in Section 7.) Direct surface area
measurements are much less common than body weight measurements. For example, body weight and
height (which corrlate with skin surface areq) are frequently measured by physicians, but body surface
areais rarely measured.

Instead, skin surface arealis generdly caculated from body weight and using relationships
based on data collected 65 years ago by Boyd (1935). Table 2 summarizes the age groupings for
surface area provided by the data sources listed in EPA's Child-Specific Exposure Factors Handbook.
Figures 5a-c display these data by age categories. Note that insufficient data exist for children under
age 2 years. For very smdl infants (e.g., low birth weight infants), extrgpolations must be performed to
esimate surface area because Boyd's rdationship for estimating surface area from height and weight
data did not include these children.

Many of the ideas discussed in Section 4.1 for the body weight factor apply to surface areaas
well. Assuming that the NHANES [11 data are available, the estimates for SA could be updated to
reflect these new data. Since surface area correlates with body weight, the uncertainties about body
weight estimates also affect surface area estimates.

For most assessments of derma exposure, andysts consder the extent to which different parts
of the child’s body might be exposed. Although reasonably reliable estimates for tota surface areafor
children over 2 years old are available, estimates of surface area associated with specific parts of the
body are less available and lessreliable. This can be important when combined with information about
children’ s behavior. For example, consder a child wearing shorts who Sitsin sand to play, or achild
who is crawling and pulls his or her legs and hands over the floor. The fact that children do these
behaviors at different ages (and Sizes) may impact estimates of exposure.
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Table 2: Surface Area Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
SA (1) Surface area EPA, 1985, Using | 2-3 yr. (n=?) Qudity = High
datafrom 3-4yr. Extent of
NHANESII — 4-5yr. generdization =
separately 5-6 yr. Medium (based
reported 6-7yr. on extrapolation
percentiles for 7-8 yr. using rlaively old
both boys and 8-9yr. data, inadequate
girls (from 9-10 yr. informetion for
CSEFH) 10-11 yr. children under age
11-12 yr. 2)
12-13 yr.
13-14 yr.
14-15yr.
15-16 yr.
16-17 yr.
17-18 yr.
SA/BW (1) Surface areal Phillipset d., 0-2yrs.
body weight ratio | 1993 (reported in | 2.1-17.9 yrs.

CSEFH)

H-21




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

DRAFT- DO NOT CITE OR QUOTE

Anas Days) 201 2 3 4 5 B T & 8 12 10 12 13 14 1E IE 7 IE B 20 21 23 33 B4 EE

2E 27 28 23 32

LR

SABW (1)

Figure 5a  Summary ot Available Surtace Area (G4 Daza oy Days

Agar MentFel oo 1 2 504 6O T R O 1011 AR AN AL IR IR AT IR CE BC 8T RP RN RS PR PG FT 02RO M 22 00 04 25

G

54010 \

AW )

Figure 8b  Summary ci Available Surface Area (5A) Datz oy Monihs

Age: (Yieassl a0 P a1 4 nonm 7R & AR 11 CF A 14 14 16 17

1

4010

SAMN (A b

Figura 5c  Swmmary uf Available Surface fzg (SA) Cala by Yoars

={ = Aspzrtes withl1 age ranga

H-22




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

DRAFT- DO NOT CITE OR QUOTE

5. Changesin ingestion and mouthing behavior

Assessing exposure from ingestion is probably the most difficult of al the exposure routes
because so many things are ingested or mouthed. Initialy, children consume large amounts of breast
milk or formula and then gradudly their diets become increasingly more varied. Nationd dietary studies
including the U.S. Department of Agriculture (USDA) Nationwide Food Consumption Survey (NFCS)
and Continuing Survey of Food Intakes by Individuds (CSFII) provide alarge amount of information
about dietary exposure. The data collected in these large studies are generdly reported in age range
categories and they are available for reanalysis. These studies are typicaly cross-sectiond in nature
and cepture variability in the population well, a least at the time of the survey, but they do not capture
longitudina changes in dietary consumption patterns for individua children asthey grow. Thislack of
data makes the assessment of lifetime aggregate exposure challenging, particularly with respect to
understanding important sources of corraion. For example: Do children that est ardatively large
amount of grapes as 9-month olds continue to consume alot of grapesinto their teens, or is egting alot
of grapes more characteristic of a phase or of parental concepts about what young children should eat?
Do children who consume alot of apples also est alot of pears? These types of questions are difficult
to answer with the available data.

Section 5 reviews Sx key exposure factors concerning ingestion in children:

» Section 5.1 reviews the age categories used in the one mgor survey that assesses food intake
amounts.

» Section 5.2 covers drinking water ingestion, for which data are available from severd
large studies.

» Sections 5.3 and 5.4 review the age category information in the ingestion exposure
databases for breast milk and fish, respectively. These databases are based on much
gmaler sgudiesin loca populations.

* Findly, severd samdl studies provide some information about non-dietary ingestion
exposures of children. These studies generaly do not include nationa data, but instead
report the results for asmdl convenience sample of children studied in a specific loca area.
Typicaly, the categories used for children in the smaller studies represent the age ranges of
the children in the sudy. While the data may be accessible by contacting the researchers
that conducted the sudy, given the rdaively smal sample szesinvolved reassessing them
to look a different age categoriesislesslikely to be useful than for some of the larger
national studies. Nonetheless, Sections 5.5 and 5.6 review the age category information for
soil ingestion and for mouthing non-dietary objects, respectively.

5.1 Food intake (I R¢y,s/BW)
Table 3 summarizes the age groupings for food intake provided by the U.S. Department of
Agriculture's Continuing Survey of Food Intakes by Individuas (CSFII) study—the data source listed

in EPA's Child-Specific Exposure Factors Handbook. Figures 6a-c display these data by age
categories. The USDA's CSHII study provides data from a nationd survey of food consumption. The
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resultsinclude data for totd fruits, tota vegetables, totd grains, totd mests, tota fish, total dairy
products, and totd fats. USDA collects these nationd data using a stratified sampling strategy that
specifically collects food consumption information from children. The data are reported as intake rates
per unit of body weight (g of food/kg of body weight/d) (i.e., data were collected for each individud so
the reported data preserve the correlation between food consumption and body weight). Thus, no
additional caculation is needed to account for body weight when estimating dose. The food intake
factor comes from Equation 5 and it relates to the W, factor mentioned by Huba et a. (2000) and
given in Equation 4 (when the W is multiplied by the number of such food items consumed per day
[N] and divided by body weight [BW]).

Unfortunately the USDA data do not provide information over long time periods, or longitudina
datafor individua children. For a“typica child,” there are some long-term dietary congtraints that must
apply (e.g., requirements for caoric intake, sufficient vitamins and mineras). However, the extent to
which individua children meet these requirementsis unknown. Corrdation of diet with socioeconomic
factors may aso be an important issue in the context of the exposure assessment.

Table 3: Food Intake Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
Food Ingestion Food intake (for | EPA, 2000. (Data | <1 yr. (n=359) Qudity=Highin
(IR0 BW) (2) various foods) from USDA 1-2 yr. (n=1356) average, low in
CSFII) 3-5yr. (n=1435) long-term, upper
(Reportedinthe | 6-11 yr. (n=1432) percentiles
CSEFH) 12-19yr. (n=1398) | Extent of
generdization =
Medium (Lack of
long-term focus)
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5.2 Drinking water consumption (IR e OF 1R yae/BW)

Severd large sudies on drinking water intake provide good estimates of the amount of drinking
water consumed. Table 4 summarizes the age groupings for drinking water consumption provided by
the data sources listed in EPA's Child-Specific Exposure Factors Handbook. Figures 7a-c display
these data by age categories.

Not surprisingly, the amount of drinking water consumed may depend on the type of physicd
activity being done by the individua and on the temperature and humidity (e.g., people might consume
more water in the summer). The exigting studies provide information about both the total tap water
consumed and the totd fluid intake. The data from these surveys are generdly available for reandyss
and have been andyzed to characterize the variability in the population. The data gppear to distribute
lognormally (Roseberry and Burmaster, 1992).

Table 4: Drinking Water Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
IR e @d Drinking water EPA, 2000 (Using | 0<1 yr. (n=359) Qudity=High
IR ae/BW (1) intake for total datafrom 1-10 yr. (n=3980) Extent of
fluid intake USDA’sCSFII) |[11-19yr. (n=1641) |generdizaion=
and Ershow and High
Cantor, 1989
(Reported in
CSEFH)
IR ae @0 Drinking weater EPA, 2000 (Using | <0.5 ( n=199)
IR ae/BW (1) intake for total datafrom 0.5-0.9 (n=160)
fluid inteke USDA’sCSFIl) | 1-3 (n=1834)
and Ershow and | 4-6 (n=1203)
Cantor, 1989 7-10 (n=943)
(Reported in 11-14 (n=816)
CSEFH) 15-19 (n=825)
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5.3 Breast milk (IR peastmiic)

Five studies provide estimates of breast milk intake that can be used to estimate infant exposure
to substances in the milk. Table 5 summarizes the age groupings for breast milk data from these studies.
Figures 8a-c display these data by age categories. These studiesincluded estimates of infants up until
age 1. Mog of the studies have focused on quantifying milk ingestion for young infants (under 6
months). Note that no data are available for children that are breast-fed beyond age 1.

Information about the percentages of infants that are breast-fed is relatively sparse. One study
(NAS, 1991) provides data for the percentage of newborns being breast-fed and of 5- to 6-month-old
infants being breast-fed. To estimate a population risk (or population expaosure) for this exposure
pathway, additiona information about the decline in the percentage of infants that are breast-fed may be
needed. In generd, these data are relaively sparse and they may not reflect current trends for breast-
feeding. Shorter postpartum hospitdization for normd deliveries and longer infant hospitdization for
very premature infants may impact the amount of breast milk consumed and the tendency to breaest-
feed.
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Table5: Breast Milk Ingestion Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
IRyreasmitk (1) Breast milk inteke | Pao et d., 1980 Completely breast- Qudity=Medium
(Reported in fed Extent of
CSEFH) 1 mo. (n=11) generdization =
3 mo. (n=2) Low (based on
6 mo. (n=1) andl samplesize
Partidly and ingbility to
Breastfed characterize
1 mo. (n=4) vaiahility)
3 mo. (n=11)
6 mo. (N=6)
9 mo. (n=3)
IRyreasmitk (2) Breast milk intake | Dewey and 1 mo. (n=16)
Lonnerda, 1983 |2 mo. (n=19)
(Reported in 3 mo. (n=16)
CSEFH) 4 mo. (n=13)
5 mo. (n=11)
6 mo. (n=11)
IRyreasmitk (3) Breast milk intake | Butteet d, 1984 | 1 mo. (n=37)
(Reported in 2 mo. (n=40)
CSEFH) 3 mo. (n=37)
4 mo. (n=41)
I Ryreasmitk (4) Breast milk intake | Nevilleet d., Intake per day
1988 (Reported in | Each day for days 1
CSEFH) to 11 (n=71t012)
For days 14, 21, 28,
35, 42, 49, 56 (n=10
to 13)
For days 90, 120,
150, ... 360 (n=9 to
13)
IRyreasmitk (5) Breast milk inteke | Dewey et d., 3 mo. (n=73)
1991ab 6 mo. (n=60)
(DARLING 9 mo. (n=50)
Study) (Reported | 12 mo. (n=42)
in CSEFH)
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5.4 Fish consumption (IR,

Amounts of fish consumed depend on the segment of the population under consideration. For
children in some segments of the population, data about the amount and types of fish egten are relaively
sparse. In particular, people who catch fish, either for sport or for sustenance, are generdly likely to
consume more fish than those people who do not. Does this tendency trandate to grester fish
consumption for their children? For those fishing for sustenance, it probably does, but for oort fishers
it may not. In ether case, few data are available to answer these questions.

Because different population segments consume different types and amounts of fish, the data for
fish consumption cover severd different categories of fish consumed and types of consumers. Table 6
summarizes the age groupings for fish consumption reported in the sudies covered by EPA's Child-
Specific Exposure Factors Handbook. Figures 9a-c display these data by age categories. These
gudies included estimates of infants up until age 1.

While generd intake data are available from USDA's large CSFII database, most of the fish
consumption data come from relatively smadl studies. These data are difficult to extrgpolate to the
larger population and make characterization of variability a chadlenge. The age categories used in the
dudies differ, and very little information is available a al for fish consumption by reaively young
children. These data are not as readily accessible as the data from the national surveys, but they have
been reassessed to characterize variability in some cases. For example, Ruffle et d. (1994) fit
lognormal didtributions to the daily fish consumption rates obtained in the Tuna Research Ingtitute
Survey.
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Table 6: Fish Intake Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
IR, and IR;/BW | Generdl intake EPA, 1996 (Data | 14 or under Qudity=Highin
@ rates (freshwater | from USDA (n>1000) average, low in
and estuarine, CSFII) 15-44 yr. (n>1000) | long-term upper
marine, and totd) | (Reported in the percentiles
CSEFH) Extent of
IR (2) Generd intake Javitz, 1980 0-9yr. generdizaion =
rates of fish andyss of the 10-19yr. Medium (Some
consumers Tuna Research datardatively old)
Indtitute Survey
(Reported in the
CSEFH)
IR (3) Generd intake Ruppeta., 1980 |<1lyr.
rates of fish of the Tuna 12-18 yr.
consumers Research Indtitute | 19+ yr.
(freshwater finfish, | Survey (Reported
tweter finfish, in the CSEFH)
and shellfish)
IR and IR;;/BW Fish meds per West et al., 1989 | 1-5yr.
and Niisn meass (4) month for anglers | (Reported in 6-10 yr.
with fishing CSEFH) 1-20 yr.
licenses
IRiisn (5) Intake rate for Columbia River <5yr. (n=204)
Native American | Inter-Triba Fish
fishers Commission
(CRITFC), 1994
(Reported in
CSEFH)
Niish meais (6) Generad number of | Tsang and 1-4yr.
fishegtingevents | Klepeis, 1996 5-11yr.
(medls) (Reported in 12-17 yr.
CSEFH)
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5.5 Soil ingestion (IRg;)
The amount of soil ingested by children depends on whether or not the ingestion is intentiond:

» For incidenta ingestion, severd studies have attempted to measure soil intake indirectly by
measuring the amounts of trace e ements in stool and urine samples, and in some studies by
subtracting the amounts of these eementsin food (using duplicate medls).

* Vey limited exposure deta are available for intentiona ingestion of soil, known as pica

Table 7 summarizes the age groupings for soil ingestion data from the studies covered by EPA's
CSEFH. Figures 10a-c display these data by age categories. The methodology used to estimate ol
ingestion isindirect, relatively complicated, and proneto errors. In addition, the studies reflect short-
term, small loca analyses that do not extrgpolate easily to nationd, long-term studies.

In general, soil ingestion tendencies probably vary considerably over days and characterization
of thisvarigbility isrelatively limited. A dgnificant amount of uncertainty exists about the amount of soil
ingested by children. In addition, the extent to which children ingest the soil as a function of different
microactivitiesis unknown. Asdiscussed by Hubd et a. (2000) and shown in Equation 4, one
mechanism for soil ingestion is when children eat with dirt on their hands that gets trandferred to the
food, or when food drops onto a dirty surface and children pick it up and est it. The existing soil
ingestion data do not ditinguish between different activities that lead to soil ingestion, and more effort is
needed to combine activity monitoring/modeling with amounts of soil ingested.

Also, remarkably, the existing studies do not include children under age 1 year, even though
these children are likely to be in contact with the floor. More datafor very young children is needed.
In addition, datafor children over age 7 years are dso missing. While this behavior islikely to be
reduced sgnificantly by age 7 years, some soil ingestion may continue beyond that age associated with
outdoor play, etc.
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Table 7: Sail Ingestion Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
IR (1) Soil intake—non- | Binder et d., 1-3yr. (n=65) Qudity=Medium
intentional 1986 (Reported in for average, long-
CSEFH) term central
IR (2) Soil intake—non- | Clausing et d., 2-4yr. (n=18) estimates)
intentional 1987 (Reported in Extent of
CSEFH) generdization =
IR (3) Soil intake—non- | Calabreseet d., 1-4yr. (n=64) Low (All non-
intentional 1989 (Reported in national data,
CSEFH) short-term studies,
IR (4) Soil intake—non- | Daviset d., 1990 | 2-7 yr. (n=104) not al ages of
intentional (Reported in children included)
CSEFH)
IR (5) Soil intake—non- | VanWijnenetd., | 1-5yr. (n=292)
intentional 1990 (Reported in
CSEFH)
IRy (6) Soil intake (pica) | Calabrese et dl., 35yr. (n=1)

1991 (Reported in
CSEFH)
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5.6 Other non-dietary ingestion

Children may be exposed to environmenta pollutants when they place non-food itemsinto their
mouths as discussed for Equation 6. The studies regarding this behavior tend to be divided into studies
that estimate the duration of mouthing (T ..) ad studies that estimate the frequency of mouthing (EF).
While these are related concepts, they are not the same, and dightly different equations are needed to
estimate exposure based on these different data.

Table 8 summarizes the age groupings for non-dietary ingestion data from the studies included
in EPA's CSEFH. Figures 11a-c display these data by age categories. In generd the link between
duration of mouthing and microactivities or macroactivitiesis relatively unexplored. The sudies
included here represent very smdl non-nationa studies that are typicdly of a short-duration. The
mouthing duration data collected by Juberg et d. (2000) suggests that longitudina studies of mouthing
duration are needed because regression to the mean does occur and children’ s mouthing duration of

h objects does decrease over the first 3 years. No studies provide information about mouthing behavior
z for children over age 6. While this behavior islikely to be reduced sgnificantly by age 6 years, some
m mouthing of objects may continue beyond that age associated with outdoor play, cigarettes, etc.
z Table 8: Non-dietary I ngestion Data Sour ces and Age Categories Used
a Exposure Varidble | Description | Data Sources Age groups used for | Quality and extent of
(Source number) reporting data generdization
o Tmoutn (1) Duraionof | Grootetd., 1998 | 3-6 mo. (n=5) Qudity=? (Not in
a mouthing (Reported in 6-12 mo. (n=14) CSEFH)
CSEFH) 12-18 mo. (n=12) | Extent of generdization =
u‘ 18-36 mo. (n=11) | Medium for average for
> young children, low for
long-term centra
- estimates and for d
: extremes
u Trouth (2) Duration of | EPA andysisof 10-60 mo. (n=92)
“ mouthing Daviset d., 1995
(Reported in
- 4 CSEFH)
Tmouth (3) Duraion of | Jubergetal., 2000 | 0-18 mo. (n=275)
ﬁ mouthing 19-36 mo. (n=110)
n EF (1) Frequency | Reedetd., 1999 | 2-6yr. (n=30)
m of mouth (Reported in
contact CSEFH)
m EF (2) Frequency | Zatarianetd., 2.5-4.2 yr. (n=4)
: of mouth 1997
contact (Reported in
CSEFH)
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6. Inhalation (IR,

A number of studies provide data on inhaation rates for children. Inhaation ratesvary asa
function of activity (i.e., higher than average ventilation rate when exercisng, lower when degping), and
edimates are available for severd different types of activities for both hedthy and asthmatic children.
Table 9 summarizes the age groupings for inhaation data from the studies covered by EPA's handbook.
Figures 12a-c display these data by age categories.

The estimates by Layton et d. (1993) rely on estimating inhalation rates based on food energy
intake and on basad metabalic rate. Since dietary data are available for large numbers of people, the
sample sizes possible with this approach can be very large. However, snce amodd is required to go
from the food intake to the inhaation rate estimate, error may be introduced into the estimates
associated with themodel. The fact that Layton et d. (1993) found smilar estimates of inhaation rates
using different data and different modeling approachesis reassuring. Nonetheless, some uncertainties
remain about the results. 1n addition, different age categories were used in the different approaches due
to differences in the age categories used in the input data for the models.

One chdlenge in using the inhdation rate data is the need to characterize the daily activitiesto
obtain good estimates of the average daily inhalation rate. Exposure and risk assessors typicaly want
to know the inhdation rate over alonger time period than smply during an activity, SO some
time/activity weighting is needed to meet the needs of risk andyss. Remarkably, none of the studies
report inhalation rate as afunction of body weight or address their corrdation. Studies with longitudina
data on inhdation rates are missing and additiona studies are needed to better characterize inhdation
rates of children as afunction of age and to estimate their average inhdation rates.
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Table 9: Inhalation Rate Data Sour ces and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
(Source number) reporting data of generdization
IR (1) Inhalationrateof | Linnetd., 1992 |10-12 yrs. (n=17) Qudity= Medium
hedthy and (Reported in 13-17 yrs. (n=19) Extent of
agthmatic youth CSEFH) 11-16 yrs. (n=13) generdization =
IR (2) Inhalationrateof | Spieretd. 1992 | 10-12 yrs. (n=17) Medium (Limited
hedthy youth (Reported in 13-17 yrs. (n=19) datafor very
exposed to CSEFH) young children,
oxidant pollution andl sample
IR (3) Inhaation ratefor | Adams, 1993 3-5.9yr. gze9)
“young children” (Reported in 6-12.9yr.
(3-5.9), CSEFH)
“children” (6-13)
IR (4) Inhaation rate Layton, 1993 <lyrs.
estimated based (Reported in 1-2yrs.
on food energy CSEFH) 3-5yrs.
intake 6-8 yrs.
9-11yrs.
12-14 yrs.
15-18 yrs.
IR, (5) Inhaation rate Layton, 1993 0.5-<3 yrs.
estimated based (Reported in 3-<10yrs.
on basal metabolic | CSEFH) 10-<18yrs.
rate
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7. Dermal contact

In contrast to many other exposure factors for which daily rates are common and generaly
avalable, the available datafor dermal contact are primarily activity-based. Most of the existing data
focus on derma exposure from contaminated soil. The EPA's CSEFH does not recommend using a
sngle vaue for soil adherence. Instead the Agency recommends that analysts find the activity thet is
most smilar to the one of interest and estimate the dermd soil loading based on this.

Table 10 summarizes the age groupings for inhalation data from the studies covered by EPA's
CSEFH. Figures 13a-c display these data by age categories. Kissdl et a. (1996a; 1996b) and Holmes
et a. (1996) provided data for the rate of soil adherence to the skin as afunction of different activities
based on controlled experiments. The rdatively smal database |leaves a high degree of uncertainty in
edimation of derma exposure and provides only alimited ability to characterize variahility in the
population. In addition, the observations made in the field studies may not be fully representative of
actud activitiesthat occur. Asaresult of the design of these studies, the age ranges reported reflect the
age ranges of the participating subjects.

In some analyses of derma exposure, knowing the surface area of the body or part of the body
may be necessary. The age categories for surface area data are provided in Section 4.2.

One factor that may impact the amount of skin in contact with contaminants is the amount of
clothing worn by the individua for various activities. Seasond variaions are likely to impact both the
activities and the clothing worn, and data that account for this correation are not currently available for
children. Kissd et d. (1996) and Holmes et d. (1996) do note the types of clothing worn by
participants and the month of the data collection. Reandysis of the existing data might be possible by
contacting the study authors, but it is probably of limited use given the very smal sample Szes.

Given the limitations in the number of microenvironments and activities for which dataare
available, additional data are needed to better characterize dermal contact.
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Table 10: Soil Adherence Data Sources and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Quaity and extent of
(Source number) reporting data generdization
DSL (1) Soil Adherence KisHd et d. 8-42 yrs. (n=7) Quadlity=Low
from 1.5 hoursof | (1996b), Holmes Extent of
indoor et d. (1996) generdization = Low
Tae Kwon Do (Reported in (Dataare very
CSEFH) limited)
DSL (1) Soil Adherence KisHd et d. 6-13 yrs. (n=4)
from 2 hours of (1996b), Holmes | 3-13 yrs. (n=6)
indoor play on et d. (1996)
carpeted floor (Reported in
CSEFH)
DSL (1) Soil Adherence Kisd et d. 1-6.5 yrs. (n=6)
from indoor and (1996b), Holmes | 1-6.5 yrs. (n=6)
outdoor exposure | et a. (1996) 1-4 yrs. (n=5)
during daycare (Reported in 1-4.5 yrs. (n=4)
(four groups of CSEFH)
children in day
cae3.5, 4,8, and
8 hours,
respectively)
DSL (2) Soil Adherence Kiss et d. 13-15 (n=8)
from 0.67 hours of | (1996b), Holmes
outdoor soccer et d. (1996)
(Reported in
CSEFH)
DSL (2) Soil Adherence KisH et d. 16-35 (n=8)
from 4 hours of (1996b), Holmes
outdoor gardening | et a. (1996)
(Reported in
CSEFH)
DSL (2) Soil Adherence Kiss et d. 16-35 (n=7)
from 11.5 hours of | (1996b), Holmes
archeological et d. (1996)
work (Reported in
CSEFH)
DSL (2) Soil Adherence KisH et d. 9-14 (n=6)
fromkidsplaying | (1996b), Holmes
inmud (2 times et d. (1996)
for 0.17 and 0.33 | (Reported in
hours, CSEFH)
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8. Time/activity patterns (T oma)

Severd nationa and locd studies provide data on how children of various ages spend their time
in various microenvironments and on various mgor activities. Table 11 summarizes the age groupings
for timefactivity pattern data from the studies covered by EPA's CSEFH. Figures 14a-c display these
data by age categories.

These data have been reanayzed to assess the variability in the population for some factors
(e.g., Funk et al., 1998 reanalyzed data collected by the Cdifornia Air Resources Board, as did Hubal
et a., 2000). Thefact that the datalisted below are not independent should be taken into
congderation, but it does provide evidence of the availability of the existing data and the different age
categories that have and can be used.

One issue associated with time/activity is the need to meet the congtraint of 24 hours/day when
combining time/activity data. Thisissue has not been thoroughly addressed in the context of children’s
exposure estimates or in the characterization of variahility in timefectivity patterns. In particular, if times
spent tend to digtribute lognormaly, then the means will exceed the medians and adding the mean
vaues could lead to average timefactivity estimates that exceed 24 hours/day. Analysts need to
develop appropriate methods for dedling with this issue.

Similar to other factors discussed in thisissue paper, no longitudina studies exist and dl of the

time/activity data requires extrapolation from short-term to long-term, which suggests the need for
additiona study.
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Table 11: Time/Activity Pattern Data and Age Categories Used

Exposure Varigble | Description Data Sources Agegroupsused for | Qudity and extent
reporting data of generdization
Trema (1) Averagetime Timmer et d., 3-11 yrs. (n=229) Qudity= Medium
spent for mgjor 1985 (Reported in | 12-17 (n=160) Extent of
activities CSEFH) generdization =
Trema (2 Averagetime Timmer et d., 3-5yrs. Medium (dataare
spent for mgjor 1985 (Reported in | 6-8 yrs. limited for
activities CSEFH) 9-11yrs. infrequent
12-14 yrs. activities, but do
15-17 yrs. alow good
Trema (3) Averagetime Robinson and <12 yrs. characterization of
spent indoors, Thomas, 1991 mgor activities)
outdoors, and in- | compared data
vehideand in from the Cdifornia
various ectivities | Air Resources
Board study and a
nationa study
(Reported in
CSEFH)
Trema (4) Averagetime Robinson and 12-17 yrs. (n=183)
pent in various Thomeas, 1991 18-24 yrs. (n=250)
micro- (Reported in
environments CSEFH)
Trema (D) Averagetime Wiley et d., 1991 | 0-2 yrs (n=313)
pent in various (Reported in 3-5yrs.(n=302)
magor activities CSEFH) 6-8 yrs (n=269)
9-11 yrs. (n=316)
Treima (6) Averagetime Funk et a, 1998 | 6-8 yrs. (n=269)
spent & homeand | (Reported in 9-11 yrs. (n=316)
away fromhome | CSEFH) 12-17 yrs. (n=183)
and level of
activity with
respect to
inhdation
exposure
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Trema(7) Averagetime Huba et d., 2000 | 0 (n=199)
Spent in various (Reported in 1 (n=238)
activities CSEFH) 2 (n=264)
3 (n=242)
4 (n=232)
5 (n=227)
6 (n=199)
7 (n=213)
8 (n=226)
9 (n=195)
10 (n=199)
11 (n=206)
Trema (8) Averagetime Daviset d., 1995 | 10-60 mo. (n=92)
spent indoorsand | (Reported in
outdoors at home | CSEFH)
and away from
home
Trema(9) Averagetime Tsang and Kleipis, | 1-4 yrs (n=40)
spent showering, | 1996 (Reported in | 5-11 yrs.(n=139)
in the bath, or in CSEFH) 12-17 yrs (n=268)
the bathroom
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9. Discussion
9.1  Synthesisand observations

As demongrated in Sections 4 to 8, substantial exposure information is available, but Sgnificant
gapsin our knowledge still remain. The lack of datain key areas and the representativeness of those
datathat are available pose key challenges to exposure and risk assessors for children's hedth, as
discussed below.

Representativeness of data

For dl the exposure factors discussed, the representativeness of the available data to the
individua, population, tempord, and/or spatid scae of interest is an ongoing issue. Not surprisngly,
we know the most about children’s observable anatomica characterigtics, such as body weight and
height, and we know the least about less easily observable behaviora characteristics such as where and
how they spend their time or how much soil they ingest. Nonetheless, even in the area of anatomica
development where we have substantialy more data, issues of representativeness pose challenges for
exposure and risk assessors. For example, we have limited information about how well measurements
collected for today’ s children will represent children of future generations. Further, with advancesin
medica technologies, sgnificant numbers of low birth weight babies (less than 2,500 g) and very low
birth weight babies (between 1,000-2,500 g) now survive. Essentialy no exposure assessment
information exigts for these children.

Extrapolation from today’ s children to future generations a o raises chalenges for exposure
and risk assessors in the context of behavioral changes. For example, eating habits and practices have
changed so dramatically that diary studies of esting habits from 10 years ago might not mention foods
that children eat today (e.g., new breakfast ceredls, exotic foods). In addition, with the increased
globaization of trade, today’s children can eat “seasond” fruits and vegetables nearly dl year.

Lack of Data

With respect to using a microenvironment, macroactivity, and microactivity approach in
exposure models, the data are somewhat limited in some contexts to support these efforts. Table 12
summarizes the different factors discussed in Sections 4 through 8 and indicates which of the exposure
equations listed in Section 3 use that factor. Note that overal body surface area (SA), the number of
fish meds (Nyigmeas), @d the duration of mouthing of objects (T ,,..n) &€ not listed in any of Equations
1 through 7 but they do appear in the EPA’ s Child-Specific Exposure Factors Handbook.  Using these
factors requires modification of the exposure equations or modification of the factor to be consistent
with the equations.

Table 13 ligs the exposure factors, which were not discussed in Sections 4 through 8, but

which are required in Equations 1 through 7. Note that equations 3 and 4 in particular require many of
these factors. These factors indicate some of the challenges that andysts will face in using Equations 3
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and 4 given the existing data. The presence of the transfer coefficients (DTC and TES) in Table 13 is
not surprising because, like concentrations, these values are often contaminant-specific and medium-
gpecific. They may aso depend on the contact mechanics (for which good information about children’'s
activities are needed) and on skin characteristics (which may vary with age). Comparing Tables 12
and 13 suggests the presence of data gaps in the context of ng derma exposure. This
comparison dso clearly showsthat very few data exist related to non-dietary intake. In particular, how
do children’s handling of food impact their exposures, what is the amount of a contaminant that can be
ingested from food items retrieved from the floor, and in what contexts do these exposures matter?

Table 12: Summary of Physiological and Behavioral Factors Discussed in Sections 4 through

8
Extent of “X” Denotes Used in Equation Number
h Factor Qudity generdization
1 2 3 4 5 6 7

z BW H H X
(1Y SA H M

SA/BW
z IR/ BW | HIL M X
- | IRyter H H X
u IR,/ BW

IRbreagtmilk M L X
(@] IR, HIL M X
a |R;¢/BW

Nfish meals H/ L M

IRy M L X
g Tmouth M/ L

EI:mouthi ng M / L X
- R, M M X
.- DSL L L X
u Toe/ma M M X X
m H=high, M=medium, L=low, H/L=high for average/low for long-term and upper-percentiles
4 M/L= medium for average/low for long-term and upper-percentiles
<
(a8
L
7))
=

H-50




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

DRAFT- DO NOT CITE OR QUOTE

Table 13: Summary of Other Exposure Factors

“X” Denotes Used in Equation Number

1 2 3 4 5 6 7

DTCy X

X
TEdermd X
X

IS
M
XXX XXX X

Key of symbols.

BW = body weight (kg)

SA  =aeaof surfacethat is contacted (cn’/event)

SAg: = areaof food item in contact with contaminated surface (cé/event)

SALr = area of food item in contact with contaminated hand (cn¥/event)

SA, =areaof object x or hand that is mouthed (cn?/event)

IRq = theamount of the specific food that the child consumesin aday (g/day) (generd category
includes breast milk, drinking water, fish, &c.)

W;  =amount of theindividua food consumed (g/food item)

TE  =trandfer efficiency, fraction trandferred from surface to skin (unitless)

TEgr = trander efficiency, fraction transferred from surface to food (unitless)

TE,r = trander efficiency, fraction trandferred from hand to food (unitless)

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

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

EFge = frequency of surface to food contact events that occur during consumption of food
item (eventsfood item)

EFue = frequency of surface to food contact events that occur during consumption of food
item (eventsfood item)

IR, = thechildsrespiration rate representing his activity level for that macroactivity (m#/hr)
DSL = dermd soil loading on surface (mg/cn)

DTC,, = derma transfer coefficient for the me/ma (cré/hr)

Toema =  thetime spent in that me/ma during the 24 hour period (hr/day)
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Figures 15, 16, and 17 show the data available by age category for the exposure factorsin
Equations 1, 2, 3, 5, and 6. (Equation 4 is not included because so many factors are missing.):

* Figure 15 shows data available for 0 to 30 days (by day). (Notethat data are available for only

two exposure factors.)

* Figure 16 showsthe data available for 0 to 36 months (by month). (Note that data are available for
only five exposure factors.)

* Figure 17 showsthe data available for 0 to 24 years (by year). (Data are available for 11 exposure
factors.)

These figuresilludrate the age-related compatability of the available data for gpplying Equations 1, 2,
3,5, and 6 (followed by Equation 7 as gppropriate to estimate dose). They clearly indicate that some
important differencesin age categories exis for the individua equations used to estimate exposure and
dose. For andyds attempting to estimate aggregate exposure (multiple pathways for the same
substance), the consstency of the age categories for the data used in different equations might also be

an issue.
Age: Deysr n 7 2 A 4 57 £ 7 8 & 1011 R A8 14 13 16 A7 1A A8 20 #r 22 23 A 2R SR OPT OFR 29 A0
R L1 X

Pyppespere & € K X X X X X X X X X X i ¥

Figure 15, Data Available fer Ages O to 30 Days for Exposure Factors Used in Equations 1, 2, 3, S, and §
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In generd, the lack of longitudina data that would dlow corrdation of the expaosure with
growth limits the ability to confidently mode children’s exposure. For example, when modeling
aggregate exposure as required by the Food Quality Protection Act, andysts face the challenges of
building long-term exposure profiles based on short-term data from awide range of sources. In this
context, they must make assumptions about the interindividua variability (i.e., the extent to which the
observed differences in daily exposures represent differences between children) and the intraindividua
variahility (i.e,, the extent to which the observed differences in daily exposures represent differences for
each child). Inredlity, both sources of variation probably exist. Unfortunately our ability to
characterize them is limited by the lack of repeated samplesin longitudind studies.

9.2 Challenges

While data are limited, the demand for exposure and risk andysis to inform risk management
decisions concerning children's hedlth continuesto increase. For most of the exposure factors
discussed in this issue paper, some information is available. Significant data ggps remain in the following
aress.

C Breast milk consumption by infants today and for children over age 1 year.

C Children’sfood handling practices and how this leads to exposure (e.g., by esting with
dirty hands or by esting food that has dropped onto a contaminated surface).

C Fish intake rates for young children and for children whose familiesinclude sport fishers
or whose families rely on sef-caught fish for sustenance.

C Incidental and intentiona soil intake by children.

C Soil adherence for dermal exposure.

C Relationships between various microactivities, macroactivities, and microenvironments
where children spend time.

C Correlation between exposure factors and growth (i.e., how children’s exposure
behaviors change over time).

The demand for aggregate exposure assessment and cumulative risk assessment under the
Food Qudity Protection Act (1996) creates a much greater need for information about correlation
between exposure factors and growth and places emphasis on the combined exposures that children
experience ingtead of on their exposure from asingle pathway. Currently the greatest chalengeliesin
combining the data from various independent studies in away that gppropriately models the
experiences of red American children.

Anaydts building modes to estimate aggregate exposure have aready had the experience of
asessng and deding with the inconsstencies of the age categories for children (Persond
communication with Paul Price and Chris Chaisson, 2000). For example, in building Lifdine™ (a
mode being devel oped to estimate aggregate exposure from pesticides), Price and Chaisson evauated
al the existing data bases to explore where the natural breakpoints of age categories occur in the data.
In one example, for the time activity factor of time spent a home, they found four age ranges that
correspond to infancy (0-1 year), pre-school children (1-5 years), school-age children (6-18 years),
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and post school-age children (>18 years) as the relevant categories. Figure 18 shows the distributions
of datafor these factorsin these age categories for both genders.
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Figure 18: NHAPS Data on Time Spent at Home for Males and Femalesin Four Age Groups
(Source: The LifeLineTM Project)
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Notably, gender does not gppear to be significant. Although these data provide good information about
the time spent at home by age category, they do not provide extensive information about the activities
pursued while at home. In addition, very little information exists about the details of how timeis spent in
different microenvironments, athough videography studies and other new methods provide a means for
collecting these data. In addition, how school-age children spend their time in summer months and after
schoal isrdaively uncertain. The advantage that modds like the Lifdine™ mode have over traditiond
exposure moddsistheir ability to track the child over the smdlest relevant time unit (e.g., exposure
over aday) and to build longer exposures based on cumulating these units. . Thisisjust one example,
and the same issue would gpply in the development of other aggregated exposure modds like
Cdendex™, the Cumulative and Aggregate Exposure Risk Evduation System (CARES), MENTOR,
Stochastic Human Exposure and Dose Smulation (SHEDS), and the Totd Risk Integrated
Methodology (TRIM).

A large, nationd longitudind study of children’s exposure would provide vauable data to
support exposure and risk analyses. However, currently enough information does exist to support
modding efforts as long as the uncertainty in the analysis is gppropriately consdered. The most
sgnificant chalenges to modelers come from extrapolating the existing data to project short-term data
to longer-term averages required for the evauation of chronic hazards and dealing with the existing data

gaps.
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