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ACRONYMSAND ABBREVIATIONS

AAP = American Academy of Pediatrics

ADD = Average Daily Dose

AF = Adherence Factor

AIR = Acid Insoluble Residue

ANOVA = Analysis of Variance

ARS = Agricultural Research Service

ATSDR = Agency for Toxic Substances and Disease Registry
ATUS = American Time Use Study

BI = Bootstrap Interval

BMD = Benchmark Dose

BMI = Body Mass Index

BMR = Basal Metabolic Rate

BTM = Best Tracer Method

C = Contaminant Concentration

CARB = California Air Resources Board

CATI = Computer Assisted Telephone Interviewing

CDC = Centers for Disease Control and Prevention

CDSs = Child Development Supplement

CHAD = Consolidated Human Activity Database

Cl = Confidence Interval

cm? = Square Centi meter

cm? = Cubic Centimeter

CNRC = Children’s Nutrition Research Center

CRITFC = Columbia River Inter-Tribal Fish Commission
CSHII = Continuing Survey of Food Intake by Individuas
CTFA = Cosmetic, Toiletry, and Fragrance Association

Ccv = Coefficient of Variation

DARLING = Davis Area Research on Lactation, Infant Nutrition and Growth
DIy = Do-it-yourself

DLW = Doubly Labeled Water

DONALD = Dortmund Nutritional and Anthropometric Longitudinally Designed
E or EE = Energy Expenditure

EBF = Exclusively Breastfed

ECG = Energy Cost of Growth

ED = Exposure Duration

El = Energy Intake

EPA = Environmental Protection Agency

fg = Breathing Frequency

FCID = Food Commodity Intake Database

FTS = Feeding Infant and Toddler Study

FQPA = Food Quality Protection Act

F/S = Food/Soil

g = Gram
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GAF = General Assessment Factor

GLM = General Linear Model

H = Oxygen Uptake Factor

HEC = Human Equivalent Exposure Concentrations
HPV = High Production Volume

HR = Heart Rate

I = Tabulated Intake Rate

(N = Adjusted Intake Rate

ICRP = International Commission on Radiological Protection
IEUBK = Integrated Exposure and Uptake Biokinetic Model
IFS = lowa Fluoride Study

IOM = Ingtitute of Medicine

IPCS = International Programme on Chemical Safety
IR = Intake Rate

IR, = Intake Rate Percentile

IRIS = Integrated Risk Information System

KJ = Kilo Joules

KS = Kolmogorov-Smirnov

kg = Kilogram

L, = Cooking or Preparation Loss

L, = Post-cooking Loss

LADD = Lifetime Average Daily Dose

LT™M = Limiting Tracer Method

m? = Square Meter

m?3 = Cubic Meter

mg = Milligram

MJ = Mega Joules

mL = Milliliter

METS = Metabolic Equivalents of Work

MSA = Metropolitan Statistical Area

N = Number of Subjects or Respondents

N, = Weighted Number of Individuals Consuming Homegrown Food Item
[\ = Weighted Total Number of Individuals Surveyed
NAS = National Academy of Sciences

NCEA = National Center for Environmental Assessment
NCHS = National Center for Health Statistics

NERL = National Exposure Research Laboratory

NFCS = Nationwide Food Consumption Survey
NHANES = National Health and Nutrition Examination Survey
NHAPS = National Human Activity Pattern Survey

NHES = National Health Examination Survey

NHEXAS = National Human Exposure Assessment Survey
NIS = National Immunization Survey

NOAEL = No-observed-adverse-effect-level

NRC = National Research Council

Child-Specific Exposure Factors Handbook
September 2008

Page
XXX




CSEFH

Child-Specific Exposure Factors Handbook

OPP = Office of Pesticide Programs

ORD = Office of Research and Devel opment

PBPK = Physiologically-Based Pharmacokinetic

PDIR = Physiological Daily Inhalation Rate

PSID = Panel Study of Income Dynamics

RAGS = Risk Assessment Guidance for Superfund

RDD = Random Digit Dial

RfD = Reference Dose

RfC = Reference Concentration

RME = Reasonable Maximum Exposure

RQ = Respiratory Quotient

RTF = Ready to Feed

SA = Surface Area

SA/BW = Surface Areato Body Weight Ratio

SCS = Soil Contact Survey

SD = Standard Deviation

SDA = Soaps and Detergent Association

SE = Standard Error

SEM = Standard Error of the Mean

SES = Socioeconomic Status

SPC = Science Policy Council

SPS = Statistical Processing System

SRD = Source Ranking Database

TDEE = Total Daily Energy Expenditure

TFEI = Total Food Energy Intake

USDA = United States Department of Agriculture

USDL = United States Department of Labor

USDHHS = United States Department of Health and Human Services
uv = Ultraviolet

VO, = Oxygen Consumption Rate

VQ = Ventilatory Equivalent

VR = Ventilation Rate

w = Weight

W = Sample Weight Assigned to Observation x;.
WHO = World Health Organization

wIC = USDA’s Women, Infants, and Children Program
X; = i observation
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PREFACE

The Exposure Factors Program of the U.S. Environmental Protection Agency’s (U.S. EPA’s) Office of
Research and Development (ORD) has three main goals: (1) provide updates to the Exposure Factors Handbook and
the Child-Specific Exposure Factors Handbook; (2) identify exposure factors data gaps and needsin consultation with
clients; and (3) devel op companion documentsto assist clientsin theuse of exposurefactorsdata. Theactivitiesunder
each goal are supported by and respond to the needs of the various program offices.

The National Center for Environmental Assessment (NCEA) of the U.S. EPA’s ORD has prepared this
handbook to provide information on various physiological and behavioral factors commonly used in assessing
children’s exposure to environmental chemicals. Children have different exposure circumstances than do adults.
Understanding these differences is key for evaluating potential for environmental hazards from pollutants. They
consume more of certain foods and water and have higher inhalation rates per unit of body weight than adults. Y oung
children play close to the ground and comeinto contact with contaminated soil outdoors and with contaminated dust
on surfaces and carpetsindoors. Ingestion of breast milk is another potential pathway of exposure for infants and
young children.

NCEA published the Exposure Factors Handbook in 1997. That document includes exposure factors and
related data on children, aswell as adults. However, the U.S. EPA Program Offices identified the need to prepare a
document specifically for children’s exposurefactors. The Child-Specific Exposure Factors Handbook isintended to
fulfill this need.

Thishandbook wasfirst offered tothepublicin 2002. Sincethat time, the U.S. EPA hasincorporated updated
dataand revised the recommendations for several exposure factors and devel oped a standardized set of age categories
to be used for children’s exposure assessment. Where possible, the U.S. EPA has used this standard set of age
categoriesto permit easier comparison of dataamong multiple sourcesand to allow consi stency between different types
of exposure factors.
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EXECUTIVE SUMMARY

This Child-Specific Exposure Factors
Handbook has been prepared to focus on various
factors used in assessing exposure, specificaly for
children ages 0 to <21 years old. This handbook
providesnonchemical -specific dataon exposurefactors
for the U.S. EPA recommended set of childhood age
groupsin the following areas:

. ingestion of water and other select liquids
(Chapter 3);

. non-dietary ingestion factors (Chapter 4);

. ingestion of soil and dust (Chapter 5);

. inhalation rates (Chapter 6);

. dermal exposure factors such as surface area
and adherence (Chapter 7);
body weight (Chapter 8);

. intake of fruits and vegetables (Chapter 9);

. intake of fish and shellfish (Chapter 10);

. intake of meat, dairy products, and fats
(Chapter 11);

. intake of grain products (Chapter 12);

. intake of home-produced foods (Chapter 13);

. total food intake (Chapter 14);

. human milk intake (Chapter 15);

. activity factors (Chapter 16); and

. consumer products (Chapter 17).

The Child-specific Exposure Factors
Handbook was first published in 2002. Subsequently,
recognizing that exposures among infants, toddlers,
adolescents, and teenagers can vary significantly, the
U.S. EPA published its Guidance on Selecting Age
Groups for Monitoring and Assessing Childhood
Exposuresto Environmental Contaminants(U.S. EPA.
2005). To the extent possible, source data for the
independent studies cited in the earlier version of this
handbook were obtai ned and re-analyzed to conformto
the standard age categories. Thisupdate and revision
of the 2002 interim final Child-specific Exposure
Factors Handbook is designed specifically to
complement the U.S. EPA’s recommended set of
childhood age groups:

. Lessthan 12 months old: birth to <1 month,
1to <3 months, 3to <6 months, and 6 to <12
months.

. Greater than 12 months old: 1 to <2 years, 2

to <3 years, 3 t0 <6 years, 6 to <11 years, 11
to <16 years, and 16 to <21 years.

The data presented in this handbook have
been compiled from various sources, which includethe
U.S. EPA’s Exposure Factor Handbook (U.S. EPA,
1997), government reports, and information presented
in the scientific literature. The data presented arethe
result of analyses by the individual study authors.
However, in some cases the U.S. EPA has conducted
analysis of published primary data to present results
for therecommended agegroups. Studiespresentedin
this handbook were chosen because they were seen as
useful and appropriate for estimating exposure factors
based on the following considerations: (1) soundness
(adequacy of approach and minimal or defined bias);
(2) applicahility and utility (focus on the exposure
factor of interest, representativeness of the population,
currency of the information, and adequacy of the data
collection period); (3) clarity and completeness
(accessibility, reproducibility, and quality assurance);
(4)_variability and uncertainty (variability in the
population and uncertainty in the results); and (5)
evaluation and review (level of peer review and
number and agreement of studies). Overall confidence
ratings of high, medium, or low were derived for the
various exposurefactors based on the eval uation of the
el ements described above.

Many scientific studies were reviewed for
possible inclusion in this handbook. The handbook
contains summaries of sdlected studies published
through July 2008. Generally, studiesweredesignated
as “key” or “rdevant” studies. Key studies were
considered the most wuseful for deriving
recommendations; while relevant studies provided
applicable or pertinent data, but not necessarily the
most important for avariety of reasons(e.g., datawere
outdated, limitations in study design). The
recommended val uesfor exposurefactorsare based on
theresults of key studies. TheU.S. EPA’s procedure
for devel oping recommendations was as follows:

Page
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Key studies were evaluated in terms of both
quality and relevance to specific populations
(general U. S. population, agegroups, gender,
etc.). Thecriteriafor assessing the quality of
studies are described in Section 1.4.

If only one study was classified as key for a
particular factor, the mean value from that
study was selected as the recommended
central tendency value for that population. If
multiple key studies with reasonably equal
quality, relevance, and study design
information were available, aweighted mean
(if appropriate, considering sample size and
other statistical factors) of the studies was
chosen as the recommended mean value. If
the key studies were judged to be unequal in
quality, relevance, or study design, therange
of means is presented and the user of this
handbook should employ judgment in
selecting the most appropriate value for the
lifestage or local population of interest.
Recommendations for upper percentiles,
when multiple studies were available, were
calculated as the midpoint of the range of
upper percentilevalues of the studiesfor each
age group where data were available.

Aspects of exposure factors variability have
been discussed. This document attempts to
characterize the variability of each of the
factors. Variability refers to true
heterogeneity or diversity in a population.
Differences among individuals in a
population arereferred to as inter-individual
variability, differencesfor oneindividual over
time is referred to as intra-individua
variability. Since most of the studies used to
derive exposure factorsdata are short termin
nature, they present the variability in short
term exposures across a population sample
and often do not alow analysis of either
inter-temporal variability within individuals
nor inter-individual variability of long term
average exposures. Inter-individual

variability in this handbook is characterized
in one or more of the following ways: (1) asa
table with various percentiles or ranges of
values, (2) as analytical distributions with
specified parameters, and/or (3) as a
qualitative discussion.

4. Uncertaintieswere discussed in terms of data
limitations, the range of circumstances over
which the estimates were (or were not)
applicable, possible biases in the values
themselves, a statement about parameter
uncertainties (measurement error, sampling
error) and mode or scenario uncertainties if
models or scenarios were used to derive the
recommended value.

5. TheU.S. EPA assigned aconfidencerating of
low, medium or high to each recommended
value. This rating is not intended to
represent an uncertainty analysis; rather, it
represents the U.S. EPA’s judgment on the
quality of the underlying data used to derive
the recommendation.

6. Finally, the U.S. EPA developed a table for
each exposure factor to summarize the
recommended values for that factor. Table
ES-1 summarizes key recommended values
for the exposure factors included in this
handbook. Additional recommendationsand
detailed supporting information can be found
in theindividuals chaptersthat address these
factors.

In providing recommendations for the
various exposure factors, an attempt was made to
present percentile values that are consistent with the
exposure estimators defined in Guidelines for
Exposure Assessment (U.S. EPA, 1992) (i.e., mean,
50th, 90th, 95th, 98th, and 99.9th percentile).
However, this was not always possible, because the
data available were limited for some factors, or the
authors of the study did not provide such information.
It isimportant to note, however, that these percentiles
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were discussed in the guidelines within the context of
risk descriptors and not individual exposure factors.
For exampl e, the guiddines statethat the assessor may
derive a high-end estimate of exposure by using
maximum or near maximum values for one or more
sensitiveexposurefactors, leaving othersat their mean
value. Theterm “upper percentile” isused throughout
thishandbook, and it isintended to represent valuesin
the upper tail (i.e., between 90th and 99.9th percentile)
of the distribution of values for a particular exposure
factor.

Most of the data presented in this handbook
are derived from studies that target (1) the general
population (e.g., USDA food consumption surveys) or
(2) a sample population from a specific area or group
(eg., soil ingestion study using children from the
three-city areain southeastern Washington State). The
decision as to whether to use site-specific or national
values for an assessment may depend on the quality of
the competing data setsaswell as on the purposeof the
specific assessment.

It isimportant to note that the recommended
values were derived soldy from the U.S. EPA’s
interpretation of the available data. Different values
may be appropriate for the user in consideration of
policy, precedent, strategy, or other factors(e.g., more
up-to-date data of better quality and more
representative of the population of concern).

U.S. EPA. (1992) Guideinesfor exposure assessment.
Washington, DC: Office of Research and
Development, Office of Health and Environmental
Assessment. EPA/600/Z-92/001.

U.S. EPA. (1997) Exposure factors handbook.
Washington, DC: National Center for Environmental
Assessment, Office of Research and Development.
EPA/600/P-95/002Fa,b,c.

U.S. EPA. (2005) Guidance on sdlecting age groups
for monitoring and assessing childhood exposures to
environmental contaminants (2005). U.S.
Environmental Protection Agency, Washington, D.C.,
EPA/630/P-03/003F.
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1 INTRODUCTION
11 PURPOSE

The purpose of the Child-Specific Exposure
Factors Handbook is to provide exposure factors for
children. The handbook highlights the changes in
risk assessment practices that werefirst presented in
the U.S. Environmental Protection Agency's (EPA)
Cancer Guidelines, regarding the need to consider
children as lifestages rather than as subpopulations
(U.S. EPA, 2005b). It also emphasizes a major
recommendation in U.S. EPA’'s Supplemental
Guidancefor Assessing Susceptibility fromEarly-Life
Exposure to Carcinogens (U.S. EPA, 2005c¢) to sum
exposures and risks across lifestages rather than
relying on theuse of alifetimeaverageadult exposure
to calculate risk. This handbook also uses updated
information to incorporate any new exposure factors
data/research that have become available since the
early 2000's, and is consistent with the U.S. EPA's
new set of recommended childhood age groups (U.S.
EPA 2005a), including a standardized way to define
specific age groups.

Aswith the earlier version of the handbook,
this new version summarizes key data on human
behaviors and characteristics that affect children’s
exposure to environmental contaminants, and
providesrecommended val uesto usefor thesefactors.
These recommendations are not legally binding on
any U.S. EPA program and should be interpreted as
suggestions that Program Offices or individual
exposure/risk assessors can consider and modify as
needed. The decision as to whether to use site-
specific or national values for an assessment may
depend on the quality of the competing data sets as
well as on the purpose of the specific assessment.
The handbook has strived to include discussions of
the issues that assessors may consider in assessing
exposure among children of different ages, and may
be used in conjunction with the U.S. EPA document
entitl ed Soci o-demographic Data Used for Identifying
Potentially Highly Exposed Populations (U.S. EPA,
1999).

12 INTENDED AUDIENCE

The Child-Specific Exposure Factors
Handbook may be used by exposure and risk
assessors, economists, and other interested parties as

a source for data and/or U.S. EPA recommendations
on numeric estimatesfor behavioral and physiological
characteristics heeded to estimate childhood exposure
to toxic contaminants.

13 BACKGROUND
Because of physiological and behavioral

differences, exposuresamong children are expectedto

be different from exposures among adults. Children
may be more exposed to some environmental
contaminants, because they consume more of certain

foods and water per unit of body weight and have a

higher ratio of body surfaceareatovolumethan adults.

Equally important, rapid changes in behavior and

physiology may lead to differences in exposure as a

child grows up. Recognizing that exposures among

infants, toddlers, adolescents, and teenagers can vary
significantly, the U.S. EPA published its “Guidance
on Selecting Age Groupsfor Monitoring and Assessing

Childhood Exposuresto Environmental Contaminants

(U.S. EPA. 2005a).” This update and revision of the

2002 interim final Child-Specific Exposure Factors

Handbook (U.S. EPA, 2002a) is designed specifically

to complement U.S. EPA’s recommended set of

childhood age groups:

? Less than 12 months old: birth to <1 month,
1to <3 months, 3to <6 months, and 6 to <12
months.

? Greater than 12 months old: 1 to <2 years, 2
to <3 years, 310 <6 years, 6 to <11 years, 11
to <16 years, and 16 to <21 years.

Many studi es have shown that young children
can be exposed to various contaminants, including
pesticides, during normal oral exploration of their
environment (i.e.,, hand-to-mouth behavior) and by
touching floors, surfaces, and objects such as toys
(Eskenazi et al., 1999; Gurunathan et al., 1998; Lewis
et al., 1999; Nishioka et al., 1999; Garry, 2004). Dust
and tracked-in soil accumulatein carpets, whereyoung
children spend a significant amount of time (Lewis et
al., 1999). Children living in agricultural areas may
experiencehigher exposuresto pesticidesthan do other
children (Curwin et al., 2007). Pegticides may be
tracked into their homes by family members. In
addition, children livinginagricultural areasmay also
play in nearby fields or be exposed via consumption of
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contaminated human milk from their farmworker
mother (Eskenazi et al., 1999).

In terms of risk, children may also differ
from adults in their vulnerability to environmental
pollutants because of toxicodynamic differences(e.g.,
when exposures occur during periods of enhanced
susceptibility) and/or toxicokinetic differences (i.e.,
differencesin absorption, metabolism, and excretion)
(U.S. EPA, 2000a8). The immaturity of metabolic
enzyme systems and clearance mechanismsin young
children can result in longer half-lives of
environmental contaminants (Ginsberg et al., 2002,
Clewell et al., 2004). The cdlular immaturity of
children and the ongoing growth processes account
for devated risk (AAP, 1997). Toxic chemicalsin
the environment can cause neurodevelopmental
disabilities, and the developing brain can be
particularly sensitivetoenvironmental contaminants.
For example, elevated blood lead levels and prenatal
exposures to even relatively low levels of lead can
result in behavior disorders and reductions of
intellectual function in children (Landrigan et al.,
2005). Exposuretohigh levelsof methylmercury can
result in developmental disabilities among children
(Myers et al., 2000). Other authors have described
the importance of exposure timing (i.e.,
preconceptional, prenatal, and postnatal) and how it
affects the outcomes observed (Selevan et al., 2000).
Breysee et al. (2005) suggests that higher levels of
exposureto indoor air pollution and allergensamong
inner-city children compared to non-inner-city
children may explain the difference in asthmalevels
between these two groups. With respect to
contaminants that are carcinogenic via a mutagenic
mode of action, the U.S. EPA has found that
childhood is a particularly sensitive period of
development, in which cancer potencies per year of
exposure can be an order of magnitude higher than
during adulthood (U.S. EPA, 2005c).

Executive Order 13045: Protection of
Children from Environmental Health Risks and
Safety Risks, signed in 1997, requires all federal
agencies to address health and safety risks to
children, to coordinate research priorities on
children’s health, and to ensure that their standards
takeinto account special risksto children (EO, 1997).
To implement the Order, the U.S. EPA established

the Office of Children’s Health Protection (OCHP)
(renamed the Office of Children’s Health Protection
and Environmental Education (OCHPEE) in 2005),
whose job it is to work with Program and regional
offices within the U.S. EPA to promote a safe and
healthy environment for children by ensuring that all
regulations, standards, policies, and risk assessments
takeintoaccount risksto children. Legidation, such as
the Food Quality Protection Act and the Safe Drinking
Water Act amendments, has made coverage of
children’ shealth issues more explicit, and research on
children’s health issuesis continually expanding. As
a result of the emphasis on children’s risk, the U.S.
EPA Office of Research and Development (ORD)
developed a Strategy for Research on Environmental
Risksto Children (U.S. EPA, 2000a). Thegoal of the
Strategy is to improve the quality of risk assessments
for children. This Child-Specific Exposure Factors
Handbook is also intended to support the U.S.
EPA/ORD/NCEA's €fforts to improve exposure and
risk assessments for children.

In1997, theU.S. EPA/ORD/NCEA published
the Exposure Factors Handbook (U.S. EPA, 1997a).
The handbook includes exposure factors and related
data on both adults and children. Subsequently, the
U.S. EPA Program Offices identified the need to
consolidate al children’s exposure data into a single
document and the Child-Specific Exposure Factors
Handbook was published in 2002 to fulfill this need.
This handbook updates the 2002 edition of the Child-
Foecific Exposure Factors Handbook (U.S. EPA
2002a). It provides non-chemical-specific data on
exposure factors that can be used to assess
contributions from dietary and non-dietary ingestion
exposure, dermal exposure, and inhalation exposure
among children. Although the preconceptional and
prenatal (fetal) life stages are important to consider
they are not covered in this handbook.
Preconceptional exposures are included in the
Exposure Factors Handbook since they relate to
maternal and paternal exposures, and exposurefactors
for pregnant and | actating women are being devel oped
as part of a separate effort. This document does not
include chemical-specific data or information on
physiological parameters that may be needed for
exposure assessmentsinvol ving physi ol ogically-based
pharmacokinetic (PBPK) modeling. The U.S. EPA
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has developed guidance on how to use PBPK
information in risk assessment. Moreinformation on
the application of PBPK models and supporting data
isfoundin U.S. EPA (2006a, 2006b).
This handbook provides updated exposure
factor information for childreninthefollowing areas:
e ingestion of water and other select
liquids;
non-dietary ingestion;
soil and dust ingestion;
inhalation rates;
dermal exposure factors such as surface
area and adherence;
body weight;
e intake of fruits and vegetables;
* intake of fish and shellfish;
e intakeof meat, dairy products, and fats;
e intake of grain products;
e intake of home-produced foods;
» total food intake;
*  human milk intake;
e activity factors; and
e consumer products.

This handbook is a compilation of available
data from a variety of sources. Most of these data
have been described in detail in the U.S. EPA’s
Exposure Factors Handbook (1997a), but data
published after the release of the Exposure Factors
Handbook are aso included here. This latest
handbook updates the 2002 interim final Child-
Foecific Exposure Factors Handbook (U.S. EPA
2002). With very few exceptions, the data presented
here derive from the analyses of theindividual study
authors. Because the studies included in this
handbook vary in terms of their objectives, design,
scope, presentation of results, etc., thelevel of detail,
gtatigtics, and terminology may vary from study to
study and from factor to factor. For example, some
authorsused geometric meansto present their results,
while others used arithmetic means or distributions.
Authors have sometimes used different agerangesto
describedatafor children. In most cases, theoriginal
data are unavailable, and the study results cannot be
reallocated into the standard age groups used in this
handbook. Every effort has been madeto reallocate
source data into the standard age groups

recommended by the U.S. EPA in the report entitled
Guidanceon Selecting Age Groupsfor Monitoringand
Assessing Childhood Exposures to Environmental
Contaminants (U.S. EPA, 2005a; see Section 1.7),
when sufficiently detailed data are available. Within
the constraint of presenting the original material as
accurately as possible, the U.S. EPA has made an
effort to present discussions and resultsin a consistent
manner. The strengths and limitations of each study
are discussed to provide the reader with a better
understanding of the uncertainties associ ated with the
values derived from the study.

Most of the data presented in this handbook
are derived from studies that target (1) the general
population (e.g., USDA food consumption surveys) or
(2) asample population from a specific area or group
(eg., fish consumption among Native American
children). If it is necessary to characterize a
population that is not directly covered by the datain
this handbook, the risk or exposure assessor may need
to evaluate whether these data may be used as suitable
substitutes for the population of interest or whether
there is a need to seek additional popul ation-specific
data. If information is needed for identifying and
enumerating populations who may be at risk for
greater contaminant exposures or who exhibit a
heightened sensitivity to particular chemicals, the
reader isreferred to Socio-demographic Data Used for
Identifying Potentially Highly Exposed Populations
(U.S. EPA, 1999).

Because of the large number of tablesin this
handbook, tables are presented at the end of each
chapter, before the appendices, if any. In conjunction
with the Guidance on Selecting Age Groups for
Monitoring and Assessing Childhood Exposures to
Environmental Contaminants (U.S. EPA, 2005a), this
handbook is adopting the age group notation “ X to <
Y” (e.g., the age group 3to < 6 yearsis meant to span
a 3-year time interval from a child’'s 3rd birthday up
until the day before his or her 6th birthday).

14 SELECTION OF STUDIES FOR THE
HANDBOOK
Information in this handbook has been
summarized from studies documented in the scientific
literature and other available sources. Studies were
chosen that were seen as useful and appropriate for
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estimating exposure factors for children. The
handbook contains summaries of selected studies
published through July 2008.

Certain studies described in this handbook
are designated as “key,” that is, the most useful for
deriving exposure factors. The recommended values
for most exposure factors are based on the results of
the key studies (See Section 1.5). Other studies are
designated "relevant,” meaning applicable or
pertinent, but not necessarily the most important.
This digtinction was made on the strength of the
attributeslisted in the "General Assessment Factors'
listed below.

141 General Assessment Factors

Many scientific studies were reviewed for
possible inclusion in this handbook. Generally,
studiesidentified in the Exposure Factors Handbook
(U.S. EPA, 1997a) askey studiesarealsoincluded in
this handbook as key studies. Alsoincluded are new
studies that became available after publication of the
Exposure Factors Handbook and the 2002 Child-
Foecific Exposure Factors Handbook (U.S. EPA,
2002a). Key studies from the Exposure Factors
Handbook were generally defined as the most useful
for deriving recommendations for exposure factors.
The recommended values for most exposure factors
are based on theresults of these studies. The Agency
recognizes the need to evaluate the quality and
relevanceof scientific and technical information used
in support of Agency actions (U.S. EPA 2002b,
2003a, 2006c). When evaluating scientific and
technical information, theU.S. EPA’ s Science Policy
Council (SPC) recommends using five General
Assessment Factors (GAFs): (1) soundness, (2)
applicability and utility, (3) clarity and completeness,
(4) uncertainty and variability, and (5) evaluation and
review (U.S. EPA 2003a). These GAFs were
adapted and expanded to include specific
considerations deemed to be important during
evaluation of exposure factors data, and were used to
judgethequality of the underlying data used to derive
recommendations.

14.2 Selection Criteria
The confidence ratings for the various
exposure factor recommendations, and selection of

the key sudies that form the basis for these
recommendations, were based on specific criteria
within each of the five GAFs, as follows:

(1) Soundness: Scientific and technical procedures,
measures, methods or models employed to generate
the information are reasonable for, and consistent
with, the intended application. The soundness of the
experimental procedures or approaches in the study
designs of the available studies were evaluated
according to the following:

Adeguacy of the Study Approach Used: In
general, more confidence was placed on
experimental procedures or approaches that
more likely or closaly captured the desired
measurement. Direct exposure data
collection techniques, such as direct
observation, personal monitoring devices, or
other known methods were preferred where
available. If studies utilizing direct
measurement werenot available, studieswere
sedlected that relied on validated indirect
measurement methods such as surrogate
measures (such as heart rate for inhalation
rate), and use of questionnaires. If
guestionnaires or surveys were used, proper
design and procedures include an adequate
sample size for the population under
consideration, aresponseratelargeenough to
avoid biases, and avoidance of bias in the
design of theinstrument and interpretation of
the results. More confidence was placed in
exposures factors that relied on studies that
gave appropriate consideration to these study
design issues.  Studies were also deemed
preferable if based on primary data, but
studies based on secondary sources were also
included where they offered an original
analysis. In general, higher confidence was
placed on exposure factors based on primary
data

Minimal (or Defined) Biasin Study Design:
Studies were sought that were designed with
minimal bias, or at least if biases were
suspected to be present, the direction of the
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bias (i.e, an over or underestimate of the
parameter) was either stated or apparent
from the study design. Moreconfidencewas
placed on exposure factors based on studies
that minimized bias.

(2) Applicability and utility: The information is
relevant for the Agency’s intended The
applicability and utility of the available studies were
evaluated based on the following criteria:
Focus on Exposure Factor of Interest:
Studies were preferred that directly
addressed the exposure factor of interest, or
addressed related factors that have
significance for the factor under
consideration. As an example of the latter
case, a sdected study contained useful
ancillary information concerning fat content
in fish, although it did not directly address
fish consumption.

Representativeness of the Population:
More confidence was placed in studies that

unimportant. 1n some cases, recent datawere
very limited. Therefore, the data providedin
these instances were the only available data.
Limitations on the age of the datawere noted.
Recent studiesare more likely to use state-of-
the-art methodol ogiesthat reflect advancesin
theexposureassessment field. Consequently,
exposure factor recommendations based on
current data were given higher confidence
ratingsthan those based on older data, except
in cases where the age of the data would not
affect the recommended values.

Adequacy of data collection period:
Because most users of the handbook are
primarily addressing chronic exposures,
studies were sought that utilized the most
appropriate techniques for collecting data to
characterize long-term behavior.  Higher
confidence ratings were given to exposure
factor recommendations that were based on
an adequate data collection period.

addressed the U.S. population. Data from
popul ationsoutsidethe U.S. weresometimes
included if behavioral patterns or other
characteristics of exposure were similar.
Studies seeking to characterize a particular
region or sub-population were selected, if
appropriately representative of that
population. In cases where data were
limited, studieswith limitationsin thisarea
wereincluded and limitations were noted in
the handbook. Higher confidence ratings
were given to exposure factors where the
available data were representative of the
population of interest.

Currency of Information: More
confidence was placed in studies that were
sufficiently recent to represent current
exposure conditions. This is an important
consideration for those factors that change
with time. Older data were evaluated and
consideredininstanceswherethevariability
of the exposure factor over time was
determined to be insignificant or

(3) Clarity and completeness: The degree of clarity
and completeness with which the data, assumptions,
methods, quality assurance, sponsoring organizations
and analysesempl oyed to generatetheinformationare
documented. Clarity and compl eteness was evaluated
based on the following criteria.

Accessibility: Studies that the user could
access in their entirety, if needed, were
preferred.

Reproducibility:  Studies that contained
sufficient information so that methods could
be reproduced, or could be evaluated, based
on the details of the author’s work, were
preferred.

Quality Assurance: Studies  with
documented quality assurance/quality control
measures were preferred. Higher confidence
ratings were given to exposure factors that
were based on studies where appropriate
quality assurance/quality control measures
were used.
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(4) Variability and uncertainty: The variability and
uncertainty (quantitative and qualitative) in the
information or the procedures, measures, methods or
modelsare evaluated and characterized. Variability
arisesfromtrue heterogeneity across people, placesor
time and can affect the precison of exposure
estimates and the degree to which they can be
generalized. Thetypes of variability include: spatial,
temporal, andinter-individual . Uncertainty represents
alack of knowledge about factors affecting exposure
or risk and can lead to inaccurate or biased estimates
of exposure. The types of uncertainty include:
scenario, parameter, and modd . The uncertainty and
variability associated with the studies was evaluated
based on the following criteria.

Variability in the population: Studies
were sought that characterized any
variability within populations. The
variability associated with the studies
presented in this handbook is characterized
as described in Section 1.5. Higher
confidence ratings were given to exposure
factors that were based on studies where
variability was well characterized.

Uncertainty: Studies were sought with
minimal uncertainty in the data, which was
judged by evaluating all the considerations
listed above. Studies were preferred that
identified uncertainties, such asthosedueto
inherent variability in environmental and
exposure-related parameters or possible
measurement error.  Higher confidence
ratingswere given to exposure factors based
on studies where uncertainty had been
minimized.

(5) Evaluation and review: The information or the
procedures, measures, methods or models are
independently verified, validated, and peer reviewed.
Relevant factors that were considered included:

Peer review: Studies selected were those
from the peer-reviewed literature and final
government reports.  Unpublished and
internal or interim reports were avoided.

Number and agreement of studies: Higher
confidence was placed on recommendations
where data were available from more than
one key study and there was good agreement
between studies.

15 APPROACH USED TO DEVELOP
RECOMMENDATIONS FOR
EXPOSURE FACTORS
As discussed above, the U.S. EPA first

reviewed the literature pertaining to a factor and

determined key studies. These key studies were used
to derive recommendations for the values of each
factor. The recommended values were derived solely
from the U.S. EPA’s interpretation of the available
data. Different values may be appropriate for the user
in consideration of policy, precedent, strategy, or other

factors such as site-specific information. The U.S.

EPA’s procedure for developing recommendations

was as follows:

(1) Study Review and Evaluation: Key studieswere
evaluated in terms of both quality and relevance to
specific populations (general U. S. population, age
groups, gender, etc.). The criteria for assessing the
quality of studies are described in Section 1.4.

(2) Single versus Multiple Key Studies: If only one
study was classified as key for a particular factor, the
mean value from that study was selected as the
recommended central value for that population. |If
multiple key studies with reasonably equal quality,
relevance, and study design information were
available, aweighted mean (if appropriate, considering
sample size and other statistical factors) of the studies
was chosen as the recommended mean value. |f the
key studies were judged to be unequal in quality,
relevance, or study design, the range of means is
presented and the user of this handbook must employ
judgment in selecting the most appropriate value for
the population of interest. Recommendationsfor upper
percentiles, when multiplestudieswereavail able, were
calculated as the midpoint of the range of upper
percentile values of the studies for each age group
where data were available.
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(3) Variability: The variability of the factor across
the population is discussed. For recommended
values, aswel asfor each of the studies on which the
recommendations are base, variability is
characterized in one or more of three ways. (1) asa
table with various percentiles or ranges of values; (2)
asanalytical distributions with specified parameters;
and/or (3) asaqualitative discussion. Analysestofit
standard or parametric distributions (e.g., normal,
lognormal) to the exposure data have not been
performed by the authors of this handbook, but have
been reproduced as they were found in the literature.
Recommendations on the use of these distributions
are made whereappropriate based on the adequacy of
the supporting data. Thelist of exposure factors and
the way in which variability has been characterized
throughout this handbook (i.e., average, median,
upper percentiles, multiple percentiles, fitted
distribution) are presented in Table 1-1.

In the providing recommendations for the
various exposure factors, an attempt was made to
present percentile values that are consistent with the
exposure estimators defined in Guidelines for
Exposure Assessment (U.S. EPA, 19923) (i.e., mean,
50th, 90th, 95th, 98th, and 99.9th percentile).
However, this was not always possible, because the
data available were limited for some factors, or the
authorsof the study did not provide such information.
Itisimportant to note, however, that these percentiles
were discussed in the guidelineswithin the context of
risk descriptors and not individual exposure factors.
For example, the guiddines state that the assessor
may derive a high-end estimate of exposure by using
maximum or near maximum values for one or more
sensitive exposure factors, leaving others at their
mean value. The term “upper percentile’ is used
throughout this handbook, and it is intended to
represent values in the upper tail (i.e., between 90th
and 99.9th percentile) of thedistribution of valuesfor
a particular exposure factor.

(4) Uncertainty: Uncertaintiesarediscussedinterms
of data limitations, the range of circumstances over
which the estimates were (or were not) applicable,
possible biases in the values themsel ves, a statement
about parameter uncertainties (measurement error,
sampling error) and model or scenario uncertainties

if models or scenarios were used to derive the
recommended value. A discussion of variability and
uncertainty for exposure factors is presented in
Chapter 2 of this handbook.

(5) Confidence Ratings: Finaly, the U.S. EPA
assigned a confidence rating of low, medium or high
to each recommended value. This rating is not
intended to represent an uncertainty analysis, rather, it
represents the U.S. EPA’s judgment on the quality of
the underlying data used to derive the
recommendation. Thisjudgment was made using the
General Assessment Factors (GAFs) described in
Section 1.4. Table 1-2 provides an adaptation of the
GAFs, asthey pertain to the confidenceratingsfor the
exposure factor recommendations. Clearly, thereisa
continuum from low to high, and judgment that was
used to determine these ratings. Recommendations
given in this handbook are accompanied by a
discussion of the rationale for their rating.

Itisimportant to notethat the study €lements
listed in Table 1-2 do not have the same weight when
arriving at theoverall confidencerating for thevarious
exposure factors. Therdative weight of each of these
elements for the various factors were subjective and
based on the professional judgement of the authors of
this handbook. Also, the relative weights depend on
the exposure factor of interest. For example, the
adequacy of the data collection period may be more
important when determining usual intake of foods in
a population, but it is not as important for factors
where long-term variability may be small, such as
tapwater intake. In the case of tapwater intake, the
currency of the data was a critical element in
determining thefinal rating. In general, most studies
ranked high with regard to "level of peer review,"
"accessibility," "focus on the factor of interest," and
"data pertinent to the U.S." because the U.S. EPA
specifically sought studies for the handbook that met
these criteria.

The elements in Table 1-2 were important
considerations for inclusion of a study in this
handbook. However, a high score for these elements
did not necessarily trandate into a high overall score.
Other considerationswent into determining theoverall
score. One such consideration was the ease at which
the exposure factor of interest could be measured. For
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example, soil ingestion by children can be estimated
by measuring, in the feces of children, the levels of
certain dements found in soil. Body weight,
however, can be measured directly, and it istherefore
a more reliable measurement. The fact that soil
ingestion is more difficult to measure than body
weight is reflected in the overall confidence rating
given to both of these factors. In general, the better
the methodol ogy used to measuretheexposurefactor,
the higher the confidencein the value.

(6) Recommendation Tables: The U.S. EPA
developed a table at the beginning of each chapter
that summarizes the recommended values for the
relevant factor. Table ES-1 of the Executive
Summary of thishandbook summarizesthe principal
exposure factors addressed in this handbook and
provides the confidence ratings for each exposure
factor.

16 SUGGESTED REFERENCESFOR USE
IN CONJUNCTION WITH THIS
HANDBOOK
Some of the steps for performing an

exposure assessment are: (1) identifying source of the
environmental contamination and the media that
transports the contaminant; (2) determining the
contaminant concentration; (3) determining the
exposure scenarios, and pathways and routes of
exposure; (4) determining the exposure time,
frequency, and duration; and (5) identifying the
exposed population. Many of the issues related to
characterizing exposure from selected exposure
pathways have been addressed in a number of
existing U.S. EPA documents. Some of theseprovide
guidance while others demonstrate various aspects of
the exposure process. These include, but are not
limited, to the following references listed in
chronological order:

. Methods for Assessing Exposure to
Chemical Substances, Volumes 1-13 (U.S.
EPA, 1983-1989);

. Sandard Scenariosfor Estimating Exposure
to Chemical Substances During Use of
Consumer Products (U.S. EPA, 1986a);

. Slection Criteria for Mathematical Models
Used in Exposure Assessments. Surface
Water Models (U.S. EPA, 1987);

. Selection Criteria for Mathematical Models
Used in Exposure Assessments: Groundwater
Models (U.S. EPA, 1988);

. Risk Assessment Guidance for Superfund,
Volume |, Part A, Human Health Evaluation
Manual (U.S. EPA, 1989);

. Methodology for Assessing Health Risks
Associated with Indirect Exposure to
Combustor Emissions (U.S. EPA, 1990);

. Risk Assessment Guidance for Superfund,
Volume |, Part B, Development of
Preliminary Remediation Goals (U.S. EPA,
1991a);

. Risk Assessment Guidance for Superfund,

Volume |, Part C, Risk Evaluation of
Remedial Alternatives (U.S. EPA, 1991b);

. Guidelines for Exposure Assessment (U.S.
EPA, 19923);
. Dermal Exposure Assessment: Principles

and Applications (U.S. EPA, 1992b);

. Estimating Exposures to Dioxin-Like
Compounds (U.S. EPA, 1994a);

. Soil Screening Guidance (U.S. EPA 1996a);

. Series 875 Occupational and Residential
Exposure Test Guidelines - Final
Guidelines- Group A - Application Exposure
Monitoring Test Guidelines (U.S. EPA
1996b);

. Series 875 Occupational and Residential
Exposure Test Guidelines - Group B - Post
Application Exposure Monitoring Test
Guidelines (U.S. EPA 1996c);
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. Policy for Use of Probabilistic Analysisin
Risk Assessment at the U.S. Environmental
Protection Agency, (U.S. EPA, 1997b);

. Guiding Principles for Monte Carlo
Analysis (U.S. EPA, 1997¢);

. Sociodemographic Data for Identifying
Potentially Highly Exposed Populations
(U.S. EPA, 1999);

. Options for Developing Parametric
Probability Distributions for Exposure
Factors (U.S. EPA 2000b);

. Risk Assessment Guidance for Superfund,
Volume |, Part D, Standardized Planning,
Reporting, and Review of Superfund Risk
Assessments (U.S. EPA, 2001a);

. Risk Assessment Guidance for Superfund
Volume 11, Part A, Process for Conducting
Probabilistic Risk Assessments (U.S. EPA,
2001b);

. Framework for Cumul ative Risk Assessment
(U.S. EPA, 2003h);

. Example Exposure Scenarios (U.S. EPA,
20030);
. Risk Assessment Guidance for Superfund,

Volume I, Part E, Supplemental Guidance
for Dermal Risk Assessment (U.S. EPA,
2004);

. Guidance on Selecting Age Groups for
Monitoring and Assessing Childhood
Exposures to Environmental Contaminants
(U.S. EPA, 20053);

. Cancer Guidelines for Carcinogen Risk
Assessment  Supplemental  Guidance for
Assessing Susceptibility from Early-Life
Exposure to Carcinogens (U.S. EPA,
2005h);

. Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to
Carcinogens (U.S. EPA, 2005c¢);

. Protocol for Human Health Risk Assessment
Protocol for Hazardous Waste Combustion
Facilities (U.S. EPA, 2005d);

. A Framework for Assessing Health Risk of
Environmental Exposures to Children
(Fina). (U.S. EPA 2006d); and

. Concepts, methods, and data sources for
cumulative health risk assessment of multiple
chemicals, exposures and effects. a resource
document (Final) (U.S. EPA, 2008).

These documents may serve as valuable information
resourcesto assist in the assessment of exposure. The
reader isencouraged torefer to them for more detailed
discussion.

17 THE USE OF AGE GROUPINGSWHEN

ASSESSING EXPOSURE

When this handbook was first published in
2002, no specific guidance existed with regard to
which age groupings should be used when assessing
children’sexposure. Age groupings varied from case
to case and among Program Offices within the U.S.
EPA. They depended on availability of data and were
often based on professional judgement. Morerecently,
theU.S. EPA hasendeavored to establish a consistent
set of age groupingsand publish guidance on thistopic
(U.S. EPA 2005d). This revision of the handbook
attempts to present data in a manner consistent with
the U.S. EPA’s recommended set of age groupings.

The development of standardized age bins
was the subject of discussion in a 2000 workshop
sponsored by the U.S. EPA Risk Assessment Forum.
The workshop was titled “Issues Associated with
Considering Devel opmental Changesin Behavior and
Anatomy When Assessing Exposure to Children”
(U.S. EPA, 2001c). Thepurpose of thisworkshop was
to gain insight and input into factors that need to be
considered when devel oping standardized agebinsand
identify future research necessary to accomplish these
goals. Panelists were divided into two groups. One
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group focused their discussions on defining and
characterizing the important facets of behaviora
devel opment during childhood, whilethe other group
focused on defining and characterizing physiol ogical
development during childhood. During the
workshop, it was recognized that the ultimate goal of
exposure assessment i sto devel op aday-to-day model
of human lifethat can predict the chemical exposures
an individual is likely to face at any point in life.
However, thisis not likely to be accomplished in the
near future, and assessors often need to classify
individuals into age bins in order to smplify the
exposure model. The recommendations listed bel ow
are those of the panel members and were considered
by the U.S. EPA in the development of age
groupings:

. Pandlists agreed that child development isa
series of discrete events, but these events
occur along a continuum.

. Age grouping/bins are a useful guide to
fulfill the Agency' simmediate need, but are
only acrudeapproximation of an underlying
digtribution.  Ultimately, sufficient data
should be gathered to develop a continuous
multivariate model that can replace bins.

. Adequacy of existing exposuredataishighly
variable.
. A considerable amount of additiona

information already exists, but it isdispersed
in the literature. It was recommended that
the U.S. EPA consults with experts in
developmental biology, physiology,
pharmacol ogy, and toxicol ogy and conducts
an in-depth review of the literature.

. Long term research should include the
development of integrated data sets that
combines information about the exposure
factors with biomarkers of exposure and
effects.

. The definition of age groups/bins for
childhood exposure assessment are

inextricably linked to toxicokinetic and
toxicodynamic issues.

. The two break out groups (i.e., behavioral
and physiological) offered the following
preliminary ideas for age groupings:

Age grouping based on behavioral
characteristics

0-2 months

2 - 6 months

6-12 months

1-2 years

2-6 years

6-11 years

11-16 years

16-21 years
Age grouping based on physiological
characteristics

0-1 month

1-6 months

6-12 months

1- 3years

3-9 years

9-21 years

One can observe that there was fairly good
agreement among the two groups with regard to the
age groupings that are important for infants and
toddlers. However, there was some disagreement with
regard to the older children. Appropriate age
groupings depend not only on behaviora and
physiological characteristics, but also on the specific
scenario being studied and chemical of concern.

Based upon consideration of the findings of
thetechnical workshop, aswell asanalysisof available
data, U.S. EPA developed guidance that established a
set of recommended age groups for development of
exposure factors for children entitled “Guidance for
Selecting Age Groups for Monitoring and Assessing
Childhood Exposures to Environmental
Contaminants’ (U.S. EPA, 2005a). Thisrevision of
the handbook was developed specifically to present
exposurefactorsdatain amanner consistent with U.S.
EPA’s recommended set of childhood age groupings.
The recommended age groups (U.S. EPA, 20053a) are
asfollows:

Birth to <1 month
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1 to <3 months
3 to <6 months
6 to <12 months
1to<2years
2to<3years
3t0 <6 years

6 to <11 years
11 to <16 years
16 to <21 years

1.8 CONSIDERING LIFESTAGE WHEN

CALCULATING EXPOSURE AND

RISK

A key component of U.S. EPA’s Guidance
on Selecting Age Groups for Monitoring and
Assessing Childhood Exposures to Environmental
Contaminants (U.S. EPA 20053) involvesthe need to
sum age-specific differences in exposure across time
when assessing long-term exposure, as well as
integrating these age-specific exposures with
age-specific differences in toxic potency in those
cases where information exists to describe such
differences: an exampleis carcinogens that act viaa
mutagenic mode of action (Supplemental Guidance
for Assessing Susceptibility fromEarly-Life Exposure
to Carcinogens - U.S. EPA, 2005c). When assessing
chronic risks (i.e., exposures greater than 10 percent
of human lifespan), rather than assuming a constant
level of exposurefor 70 years (usually consistent with
an adult level of exposure), the Agency is now
recommending that assessors calculate chronic
exposures by summing time-wei ghted exposures that
occur at each lifestage; this handbook provides data
arrayed by childhood age in order to follow this new
guidance (U.S. EPA 2005a). This approach is
expected to increase the accuracy of risk assessments,
becauseit will take into account lifestage differences
in exposure. Depending on whether
body-wei ght-adjusted childhood exposures are either
smaller or larger compared to those for adults,
calculated risks could either decrease or increase
when compared with the historical approach of
assuming a lifetime of a constant adult level of
exposure.

The Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to
Carcinogens also recommended that in those cases
where age-related differences in toxicity were also

found to occur, differences in both toxicity and
exposure would need to be integrated across all
relevant ageintervals. Thisguidancedescribessuch a
case for carcinogens that act via a mutagenic mode of
action, where age dependent potency adjustments
factors (ADAFs) of 10x and 3x are recommended for
children ages birth < 2 years, and 2 < 16 years,
respectively when thereisexposure during those years
and available data are insufficient to derive chemical -
specific adjustment factors.

Table 1-3, aong with Chapter 6 of the
“Supplemental Guidance” havebeen developedtohelp
the reader understand how to use the new sets of
exposure and potency age groupings when cal culating
risk through the integration of lifestage specific
changes in exposure and potency.

Thus, Lifetime Cancer Risk (for apopulation
with average life expectancy of 70 years) = ?
(Exposure x Duration/70 yrs x Potency x ADAF)
summed across all the age groups presented in Table
1-3. Thisis a departure from the way cancer risks
have historically been calculated based upon the
premisethat risk isproportional tothe daily average of
the long term adult dose.

1.9 FUNDAMENTAL PRINCIPLES OF

EXPOSURE ASSESSMENT

The definition of exposure as used by the
International Programme on Chemical Safety (IPCS,
2001) isthe “contact of an organism with a chemical
or physical agent, quantified astheamount of chemical
available at the exchange boundaries of the organism
and available for absorption.” This means contact
with the visible exterior of a person such as the skin,
and openings such as the mouth, nostrils, and lesions.
The process of a chemical entering the body can be
described in two steps: contact (exposure) followed by
entry (crossing the boundary). In the context of
environmental risk assessment, risk toan individual or
population can berepresented asa continuum from the
source through exposure to dose to effect as shown in
Figure 1-1 (U.S. EPA, 2003d; IPCS, 2006). The
process beginswith achemical or agent released from
a source into the environment. Once in the
environment, thechemical or agent can betransformed
and transported through the environment via air,
water, soil, dust, and diet. Individuals become in
contact with the chemical through inhalation,
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ingestion, or skin/eye contact. The individual’s
activity patterns as well as the concentration of the
chemical will determine the magnitude, frequency,
and duration of the exposure. The exposure becomes
an absorbed dose when the chemical crosses an
absorption barrier.  When the chemical or its
metabolitesinteract with atarget tissue, it becomesa
target tissue dose, which may lead to an adverse
health outcome. The text under the boxesin Figure
1-1 indicates the specific information that may be
needed to characterize each box.

19.1 DoseEquations

Starting with ageneral integral equation for
exposure (U.S. EPA, 1992a), severa dose equations
can be derived depending upon boundary
assumptions.
One of the more useful of these derived equationsis
the Average Daily Dose (ADD). The ADD, whichis
used for many noncancer effects, averages exposures
or doses over the period of time exposure occurred.
The ADD can be calculated by averaging the
potential dose over body weight and an averaging
time.

External Dose
ADD pot = Body Weight x Averaging Time (Egn 1-1)
The exposure can be expressed as follows:
External Dose=C x IRx E (Egn 1-2)
Where:
C = Contaminant Concentration
IR = Intake Rate

ED = Exposure Duration

Contaminant  concentration is the
concentration of the contaminant in the medium (air,
food, sail, etc.) contacting the body and has units of
mass/volume or mass/mass.

The intake rate refers to the rates of
inhalation, ingestion, and dermal contact, depending
on the route of exposure. For ingestion, the intake
rate is simply the amount of food containing the
contaminant of interest that an individual ingests
during some specifictimeperiod (unitsof mass/time).

Much of thishandbook is devoted to rates of ingestion
for some broad classes of food. For inhaation, the
intake rate is the rate at which contaminated air is
inhaled. Factorspresentedin thishandbook that affect
dermal exposure are skin surface areaand estimates of
the amount of soil that adheres to the skin.

Theexposure duration isthelength of time of
contaminant contact. Thelengthtimeapersonlivesin
an area, frequency of bathing, time spent indoors
versus outdoors, etc., all affect the exposure duration.
Chapter 16, Activity Factors, gives some examples of
population behavior/activity patterns that may be
useful for estimating exposure durations.

When the above parameter values IR and ED
remain constant over time, they are substituted directly
into the exposure equation. When they change with
time, a summation approach is needed to calculate
exposure. In either case, the exposure duration isthe
length of time exposure occurs at the concentration
and theintakerate specified by the other parametersin
the equation.

Note that the advent of childhood age
groupings means that separate ADD’s should be
calculated for each age group considered. Chronic
exposures can then be calculated by summing across
each lifestage-specific ADD.

Cancer risks have traditionally been
calculated in those cases where alinear non-threshold
model isassumed, in terms of lifetime probabilities by
utilizing dose values presented in terms of lifetime
ADDs (LADDs). The LADD takes the form of the
Equation 1-1, with lifetime replacing averaging time.
While the use of LADD may be appropriate when
devel oping screening level estimates of cancer risk, as
discussed in Section 1.8 above, the U.S. EPA is now
recommending that risks should be calculated by
integrating exposuresor risksthroughout all lifestages
(U.S. EPA, 19923).

For some types of analyses, dose can be
expressed as atotal amount (with units of mass, e.g.,
mg) or as a dose rate in terms of mass/time (e.g.,
mg/day), or as arate normalized to body mass (e.g.,
with units of mg of chemical per kg of body weight per
day (mg/kg-day)). The LADD isusually expressed in
terms of mg/kg-day or other mass/mass-time units.

In most cases (inhalation and ingestion
exposures), the doseresponse parameters for
carcinogenic risks have been adjusted for the
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differencein absorption across body barriers between
humans and the experimental animals used to derive
such parameters. Therefore, the exposure assessment
in these casesis based on the potential dose, with no
explicit correction for the fraction absorbed.
However, the exposure assessor needs to make such
an adjustment when cal culating dermal exposureand
in other specific cases when current information
indicatesthat the human absorption factor used in the
derivation of the doseresponse factor is
inappropriate.

For carcinogens, the duration of a lifetime
has traditionally been assigned the nominal value of
70 years as a reasonable approximation.  For
exposure estimates to be used for assessments other
than carcinogenic risk, various averaging periods
have been used. For acute exposures, the doses are
usually averaged over a day or a single event. For
nonchronic noncancer effects, thetime period used is
the actual period of exposure (exposure duration).
The objective in sdlecting the exposure averaging
timeisto expressthe exposurein away which can be
combined with the dose-response reationship to
calculate risk.

The body weight to be used in the exposure
Equation 1-1 depends on the units of the exposure
data presented in this handbook. For example, for
food ingestion, the body weights of the surveyed
populations were known in the USDA surveys, and
they were explicitly factored into the food intake data
in order to calculate the intake as g/kg body weight-
day. In this case, the body weight has already been
included in the “intake rate” term in Equation 1-2,
and the exposure assessor does not need to explicitly
include body weight.

The units of intake in this handbook for the
incidental ingestion of soil and dust are not
normalized to body weight. In thiscase, theexposure
assessor will need to use (in Equation 1-1) the
average weight of the exposed population during the
time when the exposure actualy occurs. When
making body weight assumptions, caremust betaken
that the values used for the population parametersin
the dose-response analysis are consistent with the
population parameters used in the exposure analysis.
Intraspecies adjustments based on Iifegage can be
made using a scaling factor of BW™ (U.S. EPA
2006d, 2006e). Some of the parameters (primarily

concentrations) used in estimating exposure are
exclusvely site specific, and therefore default
recommendations should not be used. It should be
noted that body weight is correlated with food
consumption rates and inhalation rates.

Thelink between theintakeratevalueandthe
exposure duration value is a common source of
confusion in defining exposure scenarios. It is
important to define the duration estimate so that it is
consistent with the intake rate:

. Theintake rate can be based on an individual
event (e.g., serving size per event). The
duration should be based on the number of
eventsor, in this case, meals.

. The intake rate also can be based on along-
term average, such as 10 g/day. In thiscase
the duration should be based on thetotal time
interval over which the exposure occurs.

The objective is to define the terms so that,
when multiplied, they give the appropriate estimate of
mass of contaminant contacted. This can be
accomplished by basing the intake rate on either a
long-term average (chronic exposure) or an event
(acute exposure) basis, aslong asthe duration valueis
selected appropriately.

Inhal ation dosimetry isemployedtoderivethe
human equivalent exposure concentrations on which
inhalation unit risks, and reference concentrations, are
based (U.S. EPA, 1994b). U.S. EPA hastraditionally
approximated children’ srespiratory exposureby using
adult values, although arecent review (Ginsberg et al .,
2005) concluded that there may be some cases where
young children’s greater inhalation rate per body
weight or pulmonary surface area as compared to
adultscan result in greater exposuresthan adults. The
implicationsof thisdifferencefor inhalation dosimetry
and children’ srisk assessment were discussed at apeer
involvement workshop hosted by the U.S.EPA in 2006
(Foos et al., 2008).

Consideration of lifestage-particular
physiological characteristicsin the dosimetry analysis
may result in a refinement to the human equivalent
concentration to insure relevance in risk assessment
across lifestages, or might conceivably conclude with
multiple human equivalent concentrations, and
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corresponding inhalation unit risk values (e.g.,
separate for childhood and adulthood) (U.S. EPA,
2005b). The RfC methodology, which isdescribedin
Methods for Derivation of Inhalation Reference
Concentrations and Applications of Inhalation
Dosimetry (U.S. EPA, 1994b), alows the user to
incorporate popul ation-specific assumptionsinto the
models. Thereader isreferred to U.S. EPA guidance
(U.S. EPA, 1994b) on how to make these
adjustments.

There are no specific exposure factor
assumptions in the derivation of Reference Doses
(RfDs). The assessment of the potential for adverse
health effects in infants and children is part of the
overall hazard and dose-response assessment for a
chemical. Available data pertinent to children’s
health risks are evaluated along with data on adults
andtheno-observed-adverse-effect-level (NOAEL) or
benchmark dose (BMD) for themost sensitivecritical
effect(s), based on consideration of all health effects.
By doing this, protection of thehealth of children will
be considered along with that of other sensitive
populations. In some cases, it is appropriate to
evaluate the potential hazard to children separately
from the assessment for the general population or
other population subgroups.

192 Use of Exposure Factors Data in

Probabilistic Analyses

Although this handbook is not intended to
provide complete guidance on the use of Monte Carlo
and other probabilistic analyses, some of the datain
this handbook may be appropriate for use in
probabilistic assessments. The useof Monte Carloor
other probabilistic analysis requires characterization
of the variability of exposure factors and requiresthe
selection of distributions or histograms for the input
parameters of the dose equations presented in Section
1.9.1. The following suggestions are provided for
consideration when using such techniques:

. The exposure assessor should only consider
using probabilistic analysis when there are
credibledistribution data (or ranges) for the
factor under consideration. Even if these
digtributions are known, it may not be
necessary to apply this technique. For
example, if only averageexposurevaluesare

needed, these can often be computed
accurately by using average val uesfor each of
the input parameters unless a non-linear
model isused. Probabilistic analysisis also
not necessary when conducting assessments
for screening purposes, i.e., to determine if
unimportant pathways can be eiminated. In
this case, bounding estimates can be
cal culated using maximum or near maximum
values for each of the input parameters.
Alternatively, the assessor may use the
maximum values for those parameters that
have the greatest variance.

. It is important to note that the selection of
distributions can be highly site-specific and
dependent on the purpose of the assessment.
In some cases the selection of distributions
are driven by specific legidation. It will
always involve some degree of judgment.
Distributions derived from national data may
not represent local conditions. The assessor
needs to eval uate the site-specific data, when
available, to assess their quality and
applicability. Theassessor may decideto use
distributional datadrawn from thenational or
other surrogate population. Inthiscasg, itis
important that the assessor addressthe extent
towhich local conditions may differ from the
surrogate data.

. It is aso important to consider the
independence/dependence of variables and
data used in a simulation. For example, it
may be reasonable to assume that ingestion
rate and contaminant concentration in foods
are independent variables, but ingestion rate
and body weight may or may not be
independent.

In addition to a qualitative statement of
uncertainty, the representati veness assumption should
be appropriately addressed as part of a sensitivity
analysis.

. Didtribution  functions to be used in
probabilistic analysis may be derived by
fitting an appropriate function to empirical
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data. In doing this, it should be recognized that
in the lower and upper tails of the distribution
the data are scarce, so that several functions,
with radically different shapes in the extreme
tails, may be consistent with thedata. To avoid
introducing errors into the analysis by the
arbitrary choice of an inappropriate function,
several techniquescan beused. Onetechniqueis
to avoid the problem by using the empirical data
itself rather than an analytic function. Ancther
isto do separate analyses with several functions
that have adequate fit but form upper and lower
bounds to the empirical data. A third way isto
usetruncated analytical distributions. Judgment
must be used in choosing the appropriate
goodness-of-fit  test. Information on the
theoretical basis for fitting distributions can be
found in a standard statisticstext, (e.g., Gilbert,
1987, among others). Off-the-shelf computer
softwarecan be used to statitically determinethe
distributions that fit the data. Other software
tools are available to identify outliers and for
conducting Monte Carlo simulations.

e If only a range of values is known for an
exposure factor, the assessor has several options.
- keep that variable congtant at its central

value.

- assume several values within the range of
values for the exposure factor.

- caculate a point egtimate(s) instead of
using probabilistic analysis.

- assumeadistribution. (Therationalefor the
selection of a distribution should be
discussed at length.) There are, however,
cases where assuming a distribution is not
recommended. Theseinclude:

-- data are missing or very limited for a
key parameter;

-- data were collected over a short time
period and may not represent long term
trends (therespondent usual behavior) -
examples include: food consumption
surveys, activity pattern data;

-- data are not representative of the
population of interest because sample
sizewassmall or the population studied
was selected from alocal area and was

thereforenot representative of the area of
interest; for example, soil ingestion by
children; and

-- ranges for a key variable are uncertain
due to experimental error or other
limitations in the study design or
methodol ogy; for example, soil ingestion
by children.

110 CUMULATIVE EXPOSURES

The U.S. EPA recognizes that children may
be exposed to mixtures of chemicals both indoors and
outdoors through more than one pathway. New
directions in risk assessments in the U.S. EPA put
more emphasis on total exposures via multiple
pathways (U.S. EPA, 2003d, U.S. EPA, 2008). Over
the last several years, the U.S. EPA has developed a
methodology for assessing risk from multiple
chemicals (U.S. EPA, 1986b, 2000c). For more
information, the reader is referred to the U.S. EPA’s
Framework for Cumulative Risk Assessment (U.S.
EPA, 2003b).

111  ORGANIZATION
The handbook is organized as follows:

Chapter 1 Introduction

Chapter 2 Variability and uncertainty

Chapter 3 Ingestion of water and other
select liquids

Chapter 4 Non-dietary ingestion

Chapter 5 Soil and dust ingestion

Chapter 6 Inhalation rates

Chapter 7 Dermal exposure factors

Chapter 8 Body weight

Chapter 9 Intake of fruits and vegetables

Chapter 10  Intake of fish and shellfish
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Chapter 1 - Introduction

Chapter 11 Intake of meats, dairy products,
and fats

Chapter 12 Intake of grain products

Chapter 13 Intake of home-produced foods

Chapter 14  Total food intake

Chapter 15 Human milk intake

Chapter 16 ~ Adctivity factors

Chapter 17  Consumer products

Recommended values for exposure factors
are presented at the beginning of each chapter,
followed by detailed discussions of the data on
which these recommendations are based. Because
of the large number of tables in this handbook,
tables are presented at the end of each chapter,
before the appendices, if any.
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Table 1-1. Characterization of Variability in Exposure Factors
Average Median Upper Multiple

Exposure Factors percentile Percentiles
Ingestion of water and other v v v v
select liquids
Non-dietary ingestion v v v
Soil and dust ingestion v v v
Inhalation rate v v v v
Surface area v v v
Soil adherence v
Body weight v v v v
Intake of fruits and vegetables v v v v
Intake of fish and shellfish v v v v
Intake of meats, dairy products, v v v v
and fats
Intake of grain products v v v v
Intake of home produced foods v v v v
Total food intake v v v v
Human milk intake v v
Time indoors v
Time outdoors v
Time showering v v 4 4
Time bathing v v v v
Time swimming v v v v
Time playing on sand/gravel v v v v
Time playing on grass v v v v
Time playing on dirt v v v v
8 Soil pica and geophagy.
v = Data available
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Table1-2. Considerations Used to Rate Confidencein Recommended Values

General Assessment Factors

Increasing Confidence

Decreasing Confidence

Soundness
Adequacy of Approach

Minimal (or defined) Bias

The studies used the best available
methodology and capture the measurement of
interest.

Asthe sample sizerdativeto that of the target
population increases, thereis greater
assurance that theresults arereflective of the
target population.

Theresponserateis greater than 80 percent
for in-person interviews and telephone
surveys, or greater than 70 percent for mail
surveys.

The studies analyzed primary data.

The study design minimizes measurement
erors.

There are serious limitations with the approach used;
study design does not accurately capture the
measurement of interest.

Sample sizetoo small to represent the population of
interest.

Theresponserateislessthan 40 percent.

The studies are based on  secondary sources.

Uncertainties with the data exist due to measurement
eror.

Applicability and Utility
Exposure Factor of Interest

Representativeness

Currency

Data Collection Period

The studies focused on the exposure factor of
interest.

The studies focused on the U.S. population.
The studies represent current exposure
conditions.

The data collection period is sufficient to
estimate long-term behaviors.

The purpose of the studieswas to characterizea
related factor.

Studies are not representative of the U.S. population.

Studies may not be representative of current exposure
conditions.

Shorter data collection periods may not represent
long-term exposures.

Clarity and Completeness
Accessibility

Reproducibility

Quality Assurance

The study data could be accessed.
Theresults can be reproduced or methodol ogy
can be followed and evaluated.

The studies applied and documented quality
assurance/quality control measures

Accessto the primary data set was limited.

The results cannat be reproduced, the methodology is
hard to follow, and the author(s) cannot be located.

Information on quality assurance/control was limited
or absent.
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Table1-2. Considerations Used to Rate Confidence in Recommended Val ues (continued)

General Assessment Factors

Increasing Confidence

Decreasing Confidence

Variability and Uncertainty
Variability in Population

Uncertainty

The studies characterize variability in the
population studied.

The uncertainties are minimal and can be
identified. Potential biasin the sudiesare
stated or can be determined from the study
design.

The characterization of variability islimited.

Estimates are highly uncertain and cannot be
characterized. The study design introduces biasesin
theresults.

Evaluation and Review
Peer Review

Number and Agreement of Studies

The studies received high level of peer review
(e.g., they are published in peer review
journals).

The number of sudiesisgreater than 3. The
results of studies from different researchersare
in agreement.

The studiesreceived limited peer review.

The number of studiesis 1. Theresults of studies
from different researchersarein disagreement.
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Table 1-3. Integrating U.S. EPA’s Guidance on Selecting Age Groups for Monitoring and Assessing
Childhood Exposures to Environmental Contaminants (U.S. EPA, 2005a) with U.S. EPA’s Supplemental
Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005c) For Those
Contaminants Which Act Viaa Mutagenic Mode of Action
Exposure Age Group? Exposure Duration (yr) ADAF (Age-Dependent Potency
Adjustment Factor)
Birth to < 1 month 0.083 10x
1 <3 months 0.167 10x
3 < 6 months 0.25 10x
6 < 12 months 0.5 10x
1to< 2years 1 10x
2to< 3years 1 3X
3to< 6 years 3 3x
6 to< 11 years 5 3x
11 to < 16 years 5 3x
16 to < 21 years 5 1x
> 21 years (21 to < 70 yr) 49 1x
a EPA’ s recommended childhood age groups (excluding ages >21 years).
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2 VARIABILITY AND UNCERTAINTY

Variability and uncertainty are inherent in the
exposure assessment process. Addressing variability and
uncertainty will increase the likelihood that results of an
assessment or analysis will be used in an appropriate
manner. Thus, careful consideration of the variabilities
and uncertainties associated with the exposure factors
information used in an exposure assessment is of utmost
importance. The characterization of variability and
uncertainty will also assist in communicating risks to the
risk manager and the public.

Exposure assessment can involve a broad array of
information sources and analysis techniques (U.S. EPA,
1992). Even in situations where actual exposure-related
measurements exist, assumptions or inferences will still be
required because data are not likely to be available for all
aspects of the exposure assessment. Moreover, the data
that are available may be of questionable or unknown
quality. Thus, exposure assessors have a responsibility to
present not just numbers, but also a clear and explicit
explanation of the implications and limitations of their
analyses.

Morgan and Henrion (1990) provide an argument
for the need for variability and uncertainty analysis in
exposure assessment. They state that when scientists
report quantities that they have measured, they are
expected to routinely report an estimate of the probable
error associated with such measurements. They conclude
that because variabilities and uncertainties inherent in
policy analysis (of which exposure assessment is a part)
tend to be even greater than those in the natural sciences,
exposure assessors also should be expected to report or
comment on the variabilities and uncertainties associated
with their estimates.

Some additional reasons for addressing variability
and uncertainty in exposure or risk assessments (U.S.
EPA, 1992, Morgan and Henrion, 1990) include the
following:

. Decisions may need to be made about whether or
how to expend resources to acquire additional
information;

. Biases may occur in providing a so-called "best

estimate” that in actuality is not very accurate; and

. Important  factors and potential sources of
disagreement in a problem may be able to be
identified.

This chapter is intended to acquaint the exposure
assessor with some of the fundamental concepts and
precepts of variability and uncertainty as they relate to
exposure assessment and the exposure factors presented
in this handbook. It also provides methods and
considerations for evaluating and presenting the
uncertainty associated with exposure estimates.
Subsequent sections in this chapter are devoted to the
following topics:

. Variability versus uncertainty;
. Types of variability;
. Addressing variability;

. Types of uncertainty;

. Reducing uncertainty;

. Analysis of variability and uncertainty; and

. Presenting results of variability/uncertainty
analysis.

Fairly extensive treatises on the topic of uncertainty
have been provided, for example, by Morgan and Henrion
(1990), the National Research Council (NRC, 1994) and,
to a lesser extent, the U.S. EPA (1992; 1995). The topic
commonly has been treated as it relates to the overall
process of conducting risk assessments; because exposure
assessment isa component of risk-assessment process, the
general concepts apply equally to the exposure-assessment
component. Since the publication of the National
Research Council’s report entitled Scienceand Judgement
in Risk Assessment (NRC, 1994), the field of variability
and uncertainty analysis has continued to evolve. The use
of probabilistic techniques to address variability and
uncertainty have continued to increase. There are
numerous on going efforts in the Agency and elsewhere to
further improve the characterization of variability and
uncertainty. For example, an Agency task force is
developing white papers on the use of expert elicitation
for characterizing uncertainty in risk assessments. The
U.S. EPA’s Risk Assessment Forum has established a
workgroup to promote the use of probabilistic techniques
to better assess and communicate risk. The International
Programme on Chemical Safety (IPCS) is developing
guidance on characterizing and communicating
uncertainty in exposure assessment (WHO, 2006).

2.1  VARIABILITY VERSUS UNCERTAINTY
While some authors have treated variability as a

specific type or component of uncertainty, the U.S. EPA

(1995) has advised the risk assessor (and, by analogy, the
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exposure assessor) to distinguish between variability and
uncertainty. Uncertainty represents a lack of knowledge
about factors affecting exposure or risk, whereas
variability arises from true heterogeneity across people,
places or time. In other words, uncertainty can lead to
inaccurate or biased estimates, whereas variability can
affect the precision of the estimates and the degree to
which they can be generalized. Most of the data presented
in this handbook concerns variability.

Variability and uncertainty can complement or
confound one another, and it may not always be
appropriate to
give special
Uncertainty - a lack of knowledge significance to
about factors affecting exposure or distinguishing
risk. between the
Variability - arises from true two in every
heterogeneity across people, places case. Consider

or time. a situation that
relates to
exposure, such
as estimating the average daily dose by one exposure
route -- ingestion of contaminated drinking water.
Suppose that it is possible to measure an individual's daily
water consumption (and concentration of the contaminant)
exactly, thereby eliminating uncertainty in the measured
daily dose. The daily dose still has an inherent day-to-day
variability, however, due to changes in the individual's
daily water intake or the contaminant concentration in
water.

It is impractical to measure the individual's dose
every day. For this reason, the exposure assessor may
estimate the average daily dose (ADD) based on a finite
number of measurements, in an attempt to "average out"
the day-to-day variability. The individual has a true (but
unknown) ADD, which has now been estimated based on
a sample of measurements. Because the individual's true
average is unknown, it is uncertain how close the estimate
is to the true value. Thus, the variability across daily
doses has been translated into uncertainty in the ADD.
Although the individual's true ADD has no variability, the
estimate of the ADD has some uncertainty. It should be
noted, however, that a rigid delineation of variability and
uncertainty may not be as useful as assessing the available
information and attendant variation and properly
accounting for it (e.g., sensitivity analysis).

The above discussion pertains to the ADD for one
person. Now consider a distribution of ADDs across
individuals in a defined population (e.g., the general U.S.

population). In this case, variability refers to the range
and distribution of ADDs across individuals in the
population. By comparison, uncertainty refers to the
exposure assessor's state of knowledge about that
distribution, or about parameters describing the
distribution (e.g., mean, standard deviation, general shape,
various percentiles).

As noted by the National Research Council (NRC,
1994), the realms of variability and uncertainty have
fundamentally different ramifications for science and
judgment. For example, uncertainty may force decision-
makers to judge how probable it is that exposures have
been overestimated or underestimated for every member
of the exposed population, whereas variability forces them
to cope with the certainty that different individuals are
subject to exposures both above and below any of the
exposure levels chosen as a reference point.

2.2 TYPES OF VARIABILITY

Variability in exposure is a function of the
variability in human exposure factors (i.e., those related
to an individual's location, activity, behavior or
preferences at a particular point in time, or physiological
characteristics such as body weight), as well as variations
in contaminants concentrations (i.e., those related to
pollutant emission rates and physical/chemical processes
that affect concentrations in various media; e.g., air, soil,
food and water). The variations in human exposure factors
and chemical concentrations are not necessarily
independent of one another. For example, both personal
activities and pollutant concentrations at a specific
location might vary in response to weather conditions, or
between weekdays and weekends.

At a more fundamental level, four types of
variability can be distinguished:

. Variability across locations (Spatial Variability);
. Variability over time (Temporal Variability);

. Variability within an individual (Intra-individual
Variability; and

. Variability among individuals (Inter-individual
Variability).

Spatial variability can occur both at regional
(macroscale) and local (microscale) levels. For example,
fish intake rates can vary depending on the region of the
country.  Higher consumption may occur among
populations located near large bodies of water such as the
Great Lakes or coastal areas. As another example,
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outdoor pollutant levels can be affected at the regional
level by industrial activities and at the local level by
activities of individuals. In general, higher exposures tend
to be associated with closer proximity to the pollutant
source, whether it be an industrial plant or related to a
personal activity such as showering or gardening. In the
context of exposure to airborne pollutants, the concept of
a "microenvironment" has been introduced (Duan, 1982)
to denote a specific locality (e.g., a residential lot or a
room in a specific building) where the airborne
concentration can be treated as homogeneous (i.e.,
invariant) at a particular point in time.

Temporal variability refers to variations over
time, whether long- or short-term. Seasonal fluctuations
in weather, pesticide applications, use of woodburning
appliances and fraction of time spent outdoors are
examples of longer-term variability. Examples of shorter-
term variability are differences in industrial or personal
activities on weekdays versus weekends or at different
times of the day.

Intra-individual variability is a function of
fluctuations in an individual’s physiologic (e.g., body
weight), or behavioral characteristics (e.g., ingestion rates
or activity patterns). For example, patterns of food intake
change from day to day, and may change significantly
over a lifetime. Intra-individual variability may be
associated with spatial or temporal variability. For
example, because an individual’s dietary intake may
reflect local food sources, intake patterns may change if
place of residence changes. Also, physical activity may
vary depending upon the season, lifestage, or other factors
associated with temporal variability.

Inter-individual variability can be either of two
types: (1) human characteristics such as age or body
weight, and (2) human behaviors such as location, activity
patterns, and ingestion rates. Each of these variabilities,
in turn, may be related to several underlying phenomena
that vary. For example, the natural variability in human
weight is due to a combination of genetic, nutritional, and
other lifestyle or environmental factors. Variability arising
from independent factors that combine multiplicatively
generally will lead to an approximately lognormal
distribution across the population, or across
spatial/temporal dimensions. Inter-individual variability
may also be related to spatial and temporal factors.

2.3 ADDRESSING VARIABILITY
As noted in Section 1.6 of this handbook, this
document attempts to characterize variability of each of

the exposure factors presented. Variability is addressed
by presenting data on the exposure factors in one of the
following three ways: (1) as tables with percentiles or
ranges of values, (2) as analytical distributions with
specified parameters, or (3) as a qualitative discussion.

According to the National Research Council (NRC
1994), variability in exposure estimates can be addressed,
especially with regard to point estimates such as central
tendency (CT) or high end exposures (e.g., reasonable
maximum exposure (RME) used in the Superfund
program) in four basic ways (Table 2-1) when dealing
with science-policy questions surrounding issues such as
exposure or risk assessment. The first is to ignore the
variability. This strategy is likely to be used in
combination with one of the other strategies described
below (e.g., use the average value), and tends to work best
when the variability is relatively small, as in the case with
adult body weights. For example, the U.S.EPA practice
of assuming that all adults weigh 70 kg is likely to be
correct within £25% for most adults and within a factor of
3 for virtually all adults (NRC,1994). However, it is
cautioned that this approach may not be appropriate for
children, where variability may be large.

The second strategy involves disaggregating the
variability in some explicit way, in order to better
understand it or reduce it. Mathematical models are
appropriate in some cases, as in fitting a sine wave to the
annual outdoor concentration cycle for a particular
pollutant and location. In other cases, particularly those
involving human characteristics or behaviors, it is easier
to disaggregate the data by considering all the relevant
subgroups or subpopulations. For example, distributions
of body weight could be developed separately for adults,
adolescents and children, and even for males and females
within each of these subgroups. Temporal and spatial
analogies for this concept involve measurements on
appropriate time scales and choosing appropriate
subregions or microenvironments.

The third strategy is to use the average value of a
quantity that varies. Although this strategy might appear
as tantamount to ignoring variability, it needs to be based
on a decision that the average value can be estimated
reliably in light of the variability (e.g., when the
variability is known to be relatively small, as in the case
of adult body weight).

The fourth strategy involves using the maximum
or minimum value for an exposure factor. In this case,
the variability is characterized by the range between the
extreme values and a measure of central tendency. This
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is perhaps the most common method of dealing with
variability in exposure or risk assessment -- to focus on
one time period (e.g., the period of peak exposure), one
spatial region (e.g., in close proximity to the pollutant
source of concern), or one subpopulation (e.g., exercising
asthmatics). As noted by the U.S. EPA (1992), when an
exposure assessor develops estimates of high-end
individual exposure and dose, care must be taken not to
set all factors to values that maximize exposure or dose --
such an approach will almost always lead to an
overestimate.

Probabilistic techniques (e.g., Monte Carlo or Latin
Hypercube Simulation) are frequently used for
characterizing the variability in risk estimates by
repeatedly sampling the probability distributions of the
risk equation inputs and using these inputs to calculate a
distribution of risk. This approach is used less frequently
in uncertainty analysis. Techniques for characterizing
both uncertainty and variability are available, and
generally require two-dimensional Monte Carlo analysis
(U.S. EPA, 2001). In situations in which an analyst
wishes to apply probabilistic techniques, and data lend
themselves to such analysis, more robust techniques to
describe data goodness-of-fit, identification and
deposition of data outliers, and sensitivity analysis of the
respective model should be used to address parameter
variability. These techniques are described in Section
1.9.2 of this document.

2.4  TYPES OF UNCERTAINTY

Uncertainty in exposure analysis is related to the
lack of knowledge concerning one or more components of
the assessment process.

The U.S. EPA (1992) has classified uncertainty in
exposure assessment into three broad categories:

1. Uncertainty regarding missing or incomplete
information needed to fully define exposure and
dose (Scenario Uncertainty).

2. Uncertainty regarding some parameter (Parameter
Uncertainty).
3. Uncertainty regarding gaps in scientific theory

required to make predictions on the basis of causal
inferences (Model Uncertainty).

Sources and examples for each type of uncertainty are
summarized in Table 2-2. As described in Section 1.6 of
this handbook, U.S. EPA has attempted to address the
uncertainty associated with the various exposure factors

presented in the handbook by applying confidence ratings
to the recommended data. In general, these confidence
rating are based on detailed discussions of any limitations
of the data presented. This information may be useful in
analyzing the uncertainty associated with an overall
exposure/risk assessment.

2.5 REDUCING UNCERTAINTY

Identification of the sources of uncertainty in an
exposure assessment is the first step in determining how
to reduce that uncertainty. The types of uncertainty listed
in Table 2-2 can be further defined by examining their
principal causes.

Because uncertainty in exposure assessments is
fundamentally tied to a lack of knowledge concerning
important exposure factors, strategies for reducing
uncertainty necessarily involve reduction or elimination of
knowledge gaps. Example strategies to reduce uncertainty
include (1) collection of new data using a larger sample
size, an unbiased sample design, a more direct
measurement method or a more appropriate target
population, and (2) use of more sophisticated modeling
and analysis tools if data quality allows.

26 ANALYZING VARIABILITY AND

UNCERTAINTY

Exposure assessments often are developed in a
tiered approach. The initial tier usually screens out the
exposure scenarios or pathways that are not expected to
pose much risk, to eliminate them from more detailed,
resource-intensive review. Screening-level assessments
typically examine exposures that would fall on or beyond
the high end of the expected exposure distribution.
Because screening-level analyses usually are included in
the final exposure assessment, the final document may
contain scenarios that differ quite markedly in
sophistication, data quality, and amenability to
quantitative expressions of variability or uncertainty.

According to the U.S. EPA (1992), uncertainty
characterization and uncertainty assessment are two ways
of describing uncertainty at different degrees of
sophistication.  Uncertainty characterization usually
involves a qualitative discussion of the thought processes
used to select or reject specific data, estimates, scenarios,
etc. Uncertainty assessment is amore quantitative process
that may range from simpler measures (e.g., ranges) and
simpler analytical techniques (e.g., sensitivity analysis) to
more complex measures and techniques. Its goal is to
provide decision makers with information concerning the
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quality of an assessment, including the potential
variability in the estimated exposures, major data gaps,
and the effect that these data gaps have on the exposure
estimates developed.

A distinction between variability and uncertainty
was made in Section 2.1. Although the quantitative
process mentioned above applies more directly to
variability and the qualitative approach more so to
uncertainty, there is some degree of overlap. In general,
either method provides the assessor or decision-maker
with insights to better evaluate the assessment in the
context of available data and assumptions. The following
paragraphs describe some of the more common
procedures for analyzing variability and uncertainty in
exposure assessments.  Principles that pertain to
presenting the results of variability/uncertainty analysis
are discussed in the next section.

Several approaches can be used to characterize
uncertainty in parameter values. When uncertainty is
high, the assessor may use order-of-magnitude bounding
estimates of parameter ranges (e.g., from 0.1 to 10 liters
for daily water intake). Another method describes the
range for each parameter including the lower and upper
bounds as well as a "best estimate” (e.g., 1.4 liters per
day) determined by available data or professional
judgement.

When sensitivity analysis indicates that a parameter
profoundly influences exposure estimates, the assessor
should develop a probabilistic description of its range. If
there are enough data to support their use, standard
statistical methods are preferred. If the data are
inadequate, expert judgment can be used to generate a
subjective probabilistic representation. Such judgments
should be developed in a consistent, well-documented
manner. Morgan and Henrion (1990) and Rish (1988)
describe techniques to solicit expert judgment.

Most approaches to quantitative analysis examine
how variability and uncertainty in values of specific
parameters translate into the overall uncertainty of the
assessment. Details may be found in various papers and
reviews such as Bogen and Spear (1987), Cox and
Baybutt (1981), Whitmore (1985), Inman and Helton
(1988), Seller (1987), and Rish and Marnicio (1988).
These approaches can generally be described (in order of
increasing complexity and data needs) as: (1) sensitivity
analysis; (2) analytical uncertainty propagation;
(3) probabilistic uncertainty analysis; or (4) classical
statistical methods (U.S. EPA 1992). The four approaches

Additional discussions describing approaches to
address variability and uncertainty in human exposure
assessments can be found in the following references:
Burin and Saunders (1999), Burmaster (1998a, b, and c),
Burmaster and Crouch (1997), Calaberse and Baldwin
(1998), Cox (1999), Cullen and Frey (1999),
Fayerweather et al. (1999), Finkel (1997), Frey (2002),
Frey and Patil (2002), Greenland, (2001), Hattis (1997),
Hattis and Anderson (1999), Hattis and Silver (1994),
Iling (1999), Jayjock (1997), Kalberlah et al. (2003),
Kelley and Campbell (2000), Meek (2001), Nayak and
Kundu (2001), Nicas and Jayjock (2002), Peretz et al.
(1997), Priceetal. (1997, 1999), Rai and Krewski (1998),
Renwick (1999), Renwick et al. (2001), Robinson and
Hurst (1997), Saltelli (2002), Semple et al. (2003), Simon
(1997), Shlyakhter (1994), Slob and Pieters (1998),
Wallace et al. (1994), Wallace and Williams (2005),
Weiss (2001), and Zheng and Frey (2005).

2.7 PRESENTING RESULTS OF VARIABILITY
AND UNCERTAINTY ANALYSIS
Comprehensive qualitative analysis and rigorous

quantitative analysis are of little value for use in the
decision-making process, if their results are not clearly
presented. In this chapter, variability (the receipt of
different levels of exposure by different individuals) has
been distinguished from uncertainty (the lack of
knowledge about the correct value for a specific exposure
measure or estimate). Most of the data that are presented
in this handbook deal with variability directly, through
inclusion of statistics that pertain to the distributions for
various exposure factors.

Not all approaches historically used to construct
measures or estimates of exposure have attempted to
distinguish between variability and uncertainty. The
assessor is advised to use a variety of exposure
descriptors, and where possible, the full population
distribution, when presenting the results. This
information will provide risk managers with a better
understanding of how exposures are distributed over the
population and how variability in population activities
influences this distribution.

Although incomplete analysis is essentially
unquantifiable as a source of uncertainty, it should not be
ignored. Ata minimum, the assessor should describe the
rationale for excluding particular exposure scenarios;
characterize the uncertainty in these decisions as high,
medium, or low; and state whether they were based on

are summarized in Table 2-3. data, analogy, or professional judgment.  Where
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uncertainty is high, a sensitivity analysis can be used to
estimate upper limits on exposure by way of a series of
"what if" questions.

Although assessors have always used descriptors to
communicate the kind of scenario being addressed, the
1992 Exposure Guidelines establish clear guantitative
definitions for these risk descriptors. These definitions
were established to ensure that consistent terminology is
used throughout the Agency. The risk descriptors defined
in the Guidelines include descriptors of individual risk
and population risk. Individual risk descriptors are
intended to address questions dealing with risks borne by
individuals within a population, including not only
measures of central tendency (e.g., average or median),
but also those risks at the high end of the distribution.
Population risk descriptors refer to an assessment of the
extent of harm to the population being addressed. It can
be either an estimate of the number of cases of a particular
effect that might occur in a population (or population
segment), or a description of what fraction of the
population receives exposures, doses, or risks greater than
a specified value. The data presented in this handbook is
one of the tools available to exposure assessors to
construct the various risk descriptors.

However, it is not sufficient to merely present the
results using different exposure descriptors. Risk
managers should also be presented with an analysis of the
uncertainties surrounding these descriptors. Uncertainty
may be presented using simple or very sophisticated
techniques, depending on the requirements of the
assessment and the amount of data available. Itis beyond
the scope of this handbook to discuss the mechanics of
uncertainty analysis in detail. The assessor can address
uncertainty qualitatively by answering questions such as:

. What is the basis or rationale for selecting these
assumptions/parameters, such as data, modeling,
scientific judgment, Agency policy, "what if"
considerations, etc.?

. What is the range or variability of the key
parameters? How were the parameter values
selected for use in the assessment? Were average,
median, or upper-percentile values chosen? If
other choices had been made, how would the
results have differed?

. What is the assessor's confidence (including
qualitative confidence aspects) in the key

parameters and the overall assessment? What are
the quality and the extent of the data base(s)
supporting the selection of the chosen values?

Any exposure estimate developed by an assessor
will have associated assumptions about the setting,
chemical, population characteristics, and how contact with
the chemical occurs through various exposure routes and
pathways. The exposure assessor will need to examine
many sources of information that bear either directly or
indirectly on these components of the exposure
assessment. In addition, the assessor may need to make
many decisions regarding the use of existing information
in constructing scenarios and setting up the exposure
equations. In presenting the scenario results, the assessor
should strive for a balanced and impartial treatment of the
evidence bearing on the conclusions with the key
assumptions highlighted. For these key assumptions, one
should cite data sources and explain any adjustments of
the data.

The exposure assessor also should qualitatively
describe the rationale for selection of any conceptual or
mathematical models that may have been used. This
discussion should address their verification and validation
status, how well they represent the situation being
assessed (e.g., average versus high-end estimates), and
any plausible alternatives in terms of their acceptance by
the scientific community.

Table 2-2 summarizes the three types of
uncertainty, associated sources, and examples. Table 2-3
summarizes four approaches to analyze uncertainty
quantitatively. These are described further in the 1992
Exposure Guidelines (U.S. EPA, 1992).

To the extent possible, this handbook provides
information that can be used to characterize the variability
and uncertainty of data for the various exposure factors.
In general, variability is addressed by providing
distribution of data, where available, or qualitative
discussions of the data sets used. Uncertainty isaddressed
by applying confidence rating to the recommendations
provided for the various factors, along with detailed
discussions of any limitations of the data presented.
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Table 2-1. Four Strategies for Confronting Variability

Strategy Example Comment
Ignore variability Assume that all adults weigh 70 ~ Works best when variability is small
kg
Disaggregate the Develop distributions of body Variability will be smaller in each group; it depends on
variability weight for age/gender groups availability of data
Use the average value Use average body weight for Can the average be estimated reliably given what is known
adults about the variability of a specific population or group with

potential exposures?

Use a maximum or Use a lower-end value from the Conservative approach -- can lead to unrealistically high

minimum value weight distribution exposure estimate if taken for all factors. It may be useful
as a screening method for eliminating pathways of exposure
that are not significant.

Source: NRC, 1994.

Table 2-2. Three Types of Uncertainty and Associated Sources and Examples

Type of Uncertainty Sources Examples

Scenario Uncertainty Descriptive errors Incorrect or insufficient information
Aggregation errors Spatial or temporal approximations
Judgment errors Selection of an incorrect model
Incomplete analysis Overlooking an important pathway

Parameter Uncertainty Measurement errors Imprecise or biased measurements
Sampling errors Small or unrepresentative samples
Variability In time, space or activities
Surrogate data Structurally-related chemicals

Model Uncertainty Relationship errors Incorrect inference on the basis for correlations
Modeling errors Excluding relevant variables

Source: U.S. EPA, 1992,
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Table 2-3. Approaches to Quantitative Analysis of Uncertainty

Approach

Description

Example

Sensitivity Analysis

Analytical Uncertainty Propagation

Probabilistic Uncertainty Analysis

Classical Statistical Methods

Changing one input variable at a time while
leaving others constant, to examine effect on
output

Examining how uncertainty in individual
parameters affects the overall uncertainty of the
exposure assessment

Varying each of the input variables over various
values of their respective probability
distributions

Estimating the population exposure distribution
directly, based on measured values from a

Fix each input at lower (then upper) bound
while holding others at nominal values (e.g.,
medians)

Analytically or numerically obtain a partial
derivative of the exposure equation with
respect to each input parameter

Assign probability density function to each
parameter; randomly sample values from each
distribution and insert them in the exposure
equation (Monte Carlo)

Compute confidence interval estimates for
various percentiles of the exposure

representative sample distribution
Source:  U.S. EPA, 1992.
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3 INGESTION OF WATER AND OTHER

SELECT LIQUIDS
3.1 INTRODUCTION

Water ingestion can be a pathway of
exposure to environmental chemicals among children.
Contamination of water may occur at the water supply
source (ground water or surface water); during
treatment (for example toxic by-products may be
formed during chlorination); or post-treatment (such as
leaching of lead or other materials from plumbing
systems). Children may be exposed to contaminantsin
water when consuming water directly as a beverage,
indirectly from foods and drinks made with water, or
incidentally while swimming.  Estimating the
magnitude of the potential dose of toxics from water
ingestion requires information on the quantity of water
consumed. The purpose of this section is to describe
key and relevant published studies that provide
information on water ingestion among children and to
provide recommended ingestion rate values for use in
exposure assessments. The studies described in this
section provide information on ingestion of water
consumed as a beverage, ingestion of other select
liquids, and ingestion of water while swimming.

Currently, the U.S. EPA uses the quantity 1 L
per day for infants (individuals of 10 kg body mass or
less) and children as a default drinking water ingestion
rate (U.S. EPA, 2000). This rate includes water
consumed in the form of juices and other beverages
containing tapwater. The National Academy of
Sciences (NAS, 1977) estimated that daily
consumption of water may vary with levels of physical
activity and fluctuations in temperature and humidity.
It is reasonable to assume that children engaging in
physically-demanding activities or living in warmer
regions may have higher levels of water ingestion.
However, there is limited information on the effects of
activity level and climatic conditions on water
ingestion.

Various studies cited in this section have
generated data on water ingestion rates; in general,
these sources support U.S. EPA's use of 1 L/day as an
upper-percentile tapwater ingestion rate for children
under 10 years of age. Based on the applicability of
the survey design to exposure assessments of the entire
US population, the study by Khan and Stralka (2008)
was selected as a key study of drinking water ingestion.
In this study, ingestion rates for direct and indirect
ingestion of water are reported. Direct ingestion is
defined as direct consumption of water as a beverage,
while indirect ingestion includes water added during
food preparation, but not water intrinsic to purchased

foods (i.e. water that is naturally contained in foods)
(Kahn and Stralka, 2008). Data for consumption of
water from various sources (i.e., the community water
supply, bottled water, and other sources) are also
presented. For the purposes of exposure assessments
involving site-specific contaminated drinking water,
ingestion rates based on the community supply are
most appropriate. Given the assumption that bottled
water, and purchased foods and beverages that contain
water are widely distributed and less likely to contain
source-specific water, the use of total water ingestion
rates may overestimate the potential exposure to toxic
substances present only in local water supplies;
therefore, tapwater ingestion of community water,
rather than total water ingestion, is emphasized in this
section.

The studies on water ingestion that are
currently available are based on short-term survey data
(two days). Although short-term data may be suitable
for obtaining mean or median ingestion values that are
representative of both short- and long-term ingestion
distributions, upper and lower -percentile values may
be different for short-term and long-term data. It
should also be noted that most currently available
water ingestion surveys are based on recall. This may
be a source of uncertainty in the estimated ingestion
rates because of the subjective nature of this type of
survey technique. Percentile distributions for water
ingestion are presented in this handbook, where
sufficient data are available. Data were not available to
estimate drinking water ingestion rates for children
during high activity levels or in extreme climates (i.e.,
hot weather). Also, data are not provided for the
location of water consumption (i.e., home, school, day
care center, etc.).

Limited information was available regarding
children’s incidental ingestion of water while
swimming. This exposure pathway may be important
since children are likely to ingest larger volumes of
water while swimming compared to adults; and
therefore, may have a greater exposure to pathogenic
microorganisms and chemicals present in the water
than adults. A recent pilot study (Dufour et al., 2006)
has provided some quantitative experimental data on
water ingestion for child and adult swimmers. These
data are provided in this chapter.

The recommendations for water ingestion
rates are provided in the next section, along with a
summary of the confidence ratings for these
recommendations. Therecommended valuesare based
on the key study identified by U.S. EPA for this factor.
Following the recommendations, the key study on
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water ingestion is summarized. Relevant data on
ingestion of water and other select liquids are also
provided. These studies are presented to provide the
reader with added perspective on the current state-of-
knowledge pertaining to ingestion of water and select
liquids.

3.2 RECOMMENDATIONS
3.2.1  Water Ingestion from Consumption of

Water as a Beverage and from Food and

Drink

The recommended water ingestion rates for
children are based on Kahn and Stralka (2008 and
supplementary data). This study presents estimates of
water ingestion by age range categories for the
population of the United States using data collected in
the U.S. Department of Agriculture’s (USDA’s) 1994-
96 and 1998 Continuing Survey of Food Intakes by
Individuals (CSFII) (USDA, 1998). A summary of the
recommended values for water ingestion rates is
presented in Table 3-1. A characterization of the
overall confidence in the accuracy and appropriateness
of the recommendations for drinking water intake is
presented in Table 3-2.

3.2.2  Water Ingestion while Swimming

Based on the results of the Dufour et al.
(2006) study, a mean water ingestion rate of 50
mL/hour for children ages 6 to 15 vyears is
recommended for exposure scenarios involving
swimming activities. The recommended upper
percentile value is 100 mL/hour. The recommended
values for children between 18 and 21 years of age are
based on the results for adults from Dufour et al.
(2006). The mean value is 20 mL/hour and the upper
percentile value is 70 mL/hour. Although this estimate
was derived from swimming pool experiments, Dufour
et al. (2006) noted that swimming behavior of pool
swimmers may be similar to freshwater swimmers.
Estimates may be different for salt water swimmers.
The confidence ratings for these recommendations are
presented in Table 3-3. Data on the amount of time
spent swimming can be found in chapter 16, Table 16-
21.
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Table 3-1. Recommended Values for Drinking Water Ingestion Rates?
Age Group Mean 95" Percentile Multiple Source
mL/day  mL/kg-day mL/day  mL/kg-day Percentiles
Per Capita
Birth to <1 month 184 52 839° 232°
1 to <3 months 227 48 896° 205°
3 to <6 months 362 52 1,056 159
6 to <12 months 360 41 1,055 126
1 to <2 years 271 23 837 71
2 to <3 years 317 23 877 60 See Tables Kahn and Stralka (2008)
3-4 and 3-9
3 to <6 years 380 22 1,078 61
6 to <11 years 447 16 1,235 43
11 to <16 years 606 12 1,727 34
16 to <18 years 731 11 1,983° 31°
18 to <21 years 826 12 2,540° 35°
Consumers Only
Birth to <1 month 470° 137° 858° 238°
1 to <3 months 552 119 1,053° 285°
3 to <6 months 556 80 1,171° 173°
6 to <12 months 467 53 1,147 129
11to <2 years 308 27 893 75 See Tables
2 to <3 years 356 26 912 62 3-14 and 3- Kahn and Stralka (2008)
3 to <6 years 417 24 1,099 65 19
6 to <11 years 480 17 1,251 45
11 to <16 years 652 13 1,744 34
16 to <18 years 792 12 2,002° 320
18 to <21 years 895 13 2,565° 35°
a Ingestion rates for combined direct and indirect water from community water supply.
b The sample size does not meet minimum requirements as described in the “Third Report on Nutrition Monitoring
in the United States” (LSRO, 1995).
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Table 3-2. Confidence in Recommendations for Drinking Water Ingestion Rates

General Assessment Factors

Rationale

Rating

Soundness
Adequacy of Approach

Minimal (or defined) Bias

The survey methodology and data analysis was
adequate. The survey sampled approximately 10,000
individuals under the age of 21 years; sample size
varied with age.

No physical measurements were taken. The method
relied on recent recall of standardized volumes of
drinking water containers.

Medium to High

Applicability and Utility
Exposure Factor of Interest

Representativeness

Currency

Data Collection Period

The key study was directly relevant to water ingestion.

The data were demographically representative (based
on stratified random sample).

Data were collected between 1994 and 1998.

Data were collected for two non-consecutive days.
However, long term variability may be small. Use of a
short-term average as a chronic ingestion measure can
be assumed.

Medium to High

Peer Review

Number and Agreement of Studies

The USDA CSFII survey received high level of peer
review. The Kahn and Stralka (2008) study was
published in a peer-reviewed journal.

There was 1 key study for drinking water ingestion.

Clarity and Completeness High
Accessibility The CSFII data are publicly available. The Kahn and
Stralka (2008) analysis of the CSFII 1994-96, 1998 data
was published in a peer-reviewed journal.
Reproducibility The methodology was clearly presented; enough
information was included to reproduce the results.
Quality Assurance Quality assurance of the CSFII data was good; quality
control of the secondary data analysis was not well
described.
Variability and Uncertainty High
Variability in Population Full distributions were given in a separate document
(Khan and Stralka, 2008b).
Uncertainty Except for data collection based on recall, sources of
uncertainty were minimal.
Evaluation and Review Medium

Overall Rating

Medium to High
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Table 3-3. Confidence in Recommendations for Water Ingestion while Swimming

Minimal (or defined) Bias

General Assessment Factors Rationale Rating
Soundness Medium
Adequacy of Approach The approach appears to be appropriate given that cyanuric

acid (a tracer used in treated pool water) is not metabolized,

but the sample size was small (41 children). The Dufour et al.

(2006) study analyzed primary data on water ingestion during
swimming.

Data were collected over a period of 45 minutes; this may not
accurately reflect the time spent by a recreational swimmer.

Applicability and Utility
Exposure Factor of Interest

Representativeness

Currency

Data Collection Period

The key study was directly relevant to water ingestion while
swimming.

The sample was not representative of the U.S. population.
Data cannot be broken out by age categories

It appears that the study was conducted in 2005.

Data were collected over a period of 45 minutes.

Low to Medium

Clarity and Completeness Medium
Accessibility The Dufour et al. (2006) study was published in a peer-
reviewed journal.
Reproducibility The methodology was clearly presented; enough information
was included to reproduce the results..
Quality Assurance Quality assurance methods were not described in the study.
Variability and Uncertainty Low
Variability in Population Only mean values for water ingestion were provided. Data
were not broken out by age groups
Uncertainty There were multiple sources of uncertainty (e.g., sample
population may not reflect swimming practices for all
swimmers, rates based on swimming duration of 45 minutes,
differences by age group not defined).
Evaluation and Review Medium
Peer Review Dufour et al. (2006) was published in a peer-reviewed journal.
Number and Agreement of Studies There was 1 study for ingestion of water when swimming.
Overall Rating Low
Child-Specific Exposure Factors Handbook Page
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3.3 DRINKING WATER INGESTION

STUDIES
3.3.1 Key Drinking Water Ingestion Study
3.3.1.1 Kahn and Stralka, 2008 - Estimated Daily

Average Per Capita Water Ingestion by

Child and Adult Age Categories Based on

USDA’s 1994-96 and 1998 Continuing

Survey of Food Intakes by Individuals

Kahn and Stralka (2008) analyzed the
combined 1994-96 and 1998 Continuing Survey of
Food Intakes by Individuals (CSFIl) data sets to
examine water ingestion rates of adults and children.
USDA surveyed households in the United States and
District of Columbia and collected food and beverage
recall data as part of the CSFIl (USDA,1998). In the
initial 1994-96 survey, over 15,000 respondents
provided data on what they ate and drank over two
non-consecutive days. A 1998 supplement, using the
same methodology, added responses for approximately
5,000 children aged 9 years and younger to the
database. Of the more than 20,000 individuals
surveyed, approximately 10,000 were under 21 years of
age, and approximately 9,000 were under the age of
11. For both survey days, data were collected by an in-
home interviewer. The day two interview was
conducted 3 to 10 days later and on a different day of
the week. The 1994-96 survey and 1998 supplement
are referred to collectively as CSFII 1994-96, 1998.
Each individual in the survey was assigned a sample
weight based on his or her demographic data. These
weights were taken into account when calculating
mean and percentile water ingestion rates from various
sources.

Khan and Stralka (2008) derived mean and
percentile estimates of daily average water ingestion
for children in eleven different age categories: <1
month, 1 to <3 months, 3 to <6 months, 6 to <12
months, 1 to <2 years of age, 2 to <3 years, 3 to <6
years, 6 to <11 years, 11 to <16 years, 16 to <18 years,
and 18 to <21 years of age. The increased sample size
for children younger than 11 years of age (from 4,339
in the initial 1994-96 survey to 9,643 children in the
combined 1994-96, 1998 survey) enabled water
ingestion estimates to be categorized into the finer age
categories recommended by U.S. EPA (2005). Per
capita and consumers only water ingestion estimates
were reported in the Kahn and Stralka (2008) study for
two water source categories: all sources and
community water. “All sources” included water from
all supply sources such as community water supply

(i.e., tap water), bottled water, other sources, and
missing sources. “Community water” included tap
water from a community or municipal water supply.
Other sources included wells, springs, and cisterns;
missing sources represented water sources that the
survey respondent was unable to identify. The water
ingestion estimates included both water ingested
directly as a beverage (direct water) and water added
to foods and beverages during final preparation at
home or by local food service establishments such as
school cafeterias and restaurants (indirect water).
Commercial water added by a manufacturer (i.e., water
contained in soda or beer) and intrinsic water in foods
and liquids (i.e., milk and natural undiluted juice)
were not included in the estimates. Kahn and Stralka
(2008) only reported the mean, 90™ and 95" percentile
estimates of per capita and consumers only ingestion.
The full distribution of ingestion estimates for various
water source categories (all sources, community water,
bottled water, and other sources) were provided by the
author. Tables 3-4 to 3-7 provide mean and percentile
per capita ingestion estimates of total water (combined
direct and indirect water) in mL/day for the various
water source categories (i.e., community, bottled,
other, and all sources). The 90 percent confidence
intervals around the estimated means and the 90
percent bootstrap intervals around the 90" and 95"
percentiles of total water ingestion from all water
sources are presented in Table 3-8. Tables 3-9 to 3-13
present the same information as Tables 3-4 to 3-8 but
in units of mL/kg-day. Consumers only combined
directand indirect water ingestion estimates in mL/day
for the various source categories are provided in Tables
3-14 to 3-17. Table 3-18 presents confidence and
bootstrap intervals for total water ingestion estimates
by consumers only from all sources. Tables 3-19 to 3-
23 present the same information as Tables 3-14 to 3-18
but in units of mL/kg-day.

The data show that the total quantity of water
ingested per unit mass of body weight is at a maximum
in the first month of life and decreases with increasing
age. The per capita ingestion rate of water from all
sources combined for children under 1 month of age is
approximately four times higher than that adults, and
consumers younger than 1 month of age ingest
approximately 8 times the amount of water (all sources
combined) as adults (Kahn and Stralka, 2008). The
pattern of decreasing water ingestion per unit of body
weight is also observed in per capita and consumers
only estimates of community water (Tables 3-9 and 3-
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19), bottled water (Table 3-10 and 3-20) and other
sources (Tables 3-11 and 3-21).

The CSFII 1994-96, 1998 data have both
strengths and limitations with regard to estimating
water ingestion. These are discussed in detail in U.S.
EPA (2004) and Kahn and Stralka (2008). The
principal advantages of this survey are (1) that the
survey was designed to obtain a statistically valid
sample of the entire United States population that
included children and low income groups; (2) sample
weights were provided that facilitated proper analysis
of the data and accounted for non-response; and (3)
that the sample size (approximately 10,000 children)
is sufficient to allow categorization within narrowly
defined age categories. Over sampling of children
enhanced the precision and accuracy of the estimates
for the child population subsets. One limitation of this
survey is that data were collected for only 2 days and
does not necessarily represent “usual intake.” “Usual
dietary intake” refers to the long-term average of daily
intakes by an individual. Thus, upper percentile water
ingestion estimates based on short-term data may differ
from long-term rates because short-term consumption
data tend to be inherently more variable. However,
Kahn and Stralka (2008) noted that variability due to
short term duration of the survey does not result in bias
of estimates of overall mean. In addition, the survey
was conducted on non-consecutive days, which
improves the variance over consecutive days of
consumption. However, the two non-consecutive days
of data collection, although an advantage over two
consecutive days, provide limited information on
individual respondents. The two-day mean for an
individual can easily be skewed for numerous reasons.
Estimation at the individual respondent level was not,
however, an objective of the survey. The large sample
provides useful information on the overall distribution
of ingestion by the population, and should adequately
reflect the range among respondent variability.
Another limitation of these data is that the survey
design, while being well-tailored for the overall
population of the United States and conducted
throughout the year to account for seasonal variation,
is of limited utility for assessing small and potentially
at-risk subpopulations based on ethnicity, medical
status, geography/climate, or other factors such as
activity level.

3.3.2  Relevant Drinking Water Ingestion Studies
3.3.2.1 Levyetal., 1995 - Infant Fluoride Intake
From Drinking Water Added to Formula,

Beverages, and Food

Levy et al. (1995) conducted a study to
determine fluoride intake by infants through drinking
water and other beverages prepared with water and
baby foods. The study was longitudinal and covered
the ages from birth to 9 months old. A total of 192
mothers, recruited from the post partum wards of two
hospitals in lowa City, completed mail questionnaires
and three-day beverage and food diaries for their
infants at ages 6 weeks, and 3, 6, and 9 months of age
(Levy et al., 1995). The questionnaire addressed
feeding habits, water sources and ingestion, and the
use of dietary fluoride supplements during the
preceding week (Levy et al., 1995). Data on the
quantity of water consumed by itself or as an additive
to infant formula, other beverages, or foods were
obtained. In addition, the questionnaire addressed the
infants’ ingestion of cow’s milk, breast-milk, ready-to-
feed infant products (formula, juices, beverages, baby
food), and table foods.

Mothers were contacted for any clarifications
of missing data and discrepancies (Levy et al., 1995).
Levy et al. (1995) assessed non-response bias and
found nosignificant differences in the reported number
of adults or children in the family, water sources, or
family income at 3, 6, or 9 months. Table 3-24
provides the range of water ingestion from water by
itself and from addition to selected foods and
beverages. The percentage of infants ingesting water
by itself increased from 28 percent at 6 weeks to 66
percent at 9 months, respectively, and the mean intake
increased slightly over this time frame. During this
time frame, the largest proportion of the infants’” water
ingestion (i.e., 36 percent at 9 months to 48 percent at
6 months) came from the addition of water to formula.
Levy et al. (1995) noted that 32 percent of the infants
at age 6 weeks and 23 percent of the infants at age 3
months did not receive any water from any of the
sources studied. Levy et al. (1995) also noted that the
proportion of children ingesting some water from all
sources gradually increased with age.

The advantages of this study are that it
provides information on water ingestion of infants
starting at 6 weeks old and the data are for water only
and for water added to beverages and foods. The
limitations of the study are that the sample size was
small for each age group, it captured information from
a select geographical location, and data were collected
through self reporting. The authors noted, however,
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that the three-day diary has been shown to be a valid
assessment tool. Levy et al. (1995) also stated that (1)
for each time period, the ages of the infants varied by
a few days to a few weeks, and are, therefore, not exact
and could, at early ages, have an effect on age-specific
intake patterns, and (2) the same number of infants
were not available at each of the four time periods.

3.3.2.2 Helleretal., 2000 - Water Consumption and

Nursing Characteristics of Infants by Race

and Ethnicity

Heller et al. (2000) analyzed data from the
1994-96 CSFII to evaluate racial/ethnic differences in
the ingestion rates of water in children younger than 2
years old. Using data from 946 children in this age
group, the mean amounts of water consumed from
eight sources were determined for various racial/ethnic
groups, including black non-Hispanic, white non-
Hispanic, Hispanic and “other” (Asian, Pacific
Islander, American Indian, Alaskan Native, and other
non-specified racial/ethnic groups). The sources
analyzed included: (1) plain tap water, (2) milk and
milk drinks, (3) reconstituted powdered or liquid
infant formula made from drinking water, (4) ready-to-
feed and other infant formula, (5) baby food, (6)
carbonated beverages, (7) fruit and vegetable juices
and other noncarbonated drinks, and (8) other foods
and beverages. In addition, Heller et al. (2000)
calculated mean plain water and total water ingestion
rates for children by age, sex, region, urbanicity, and
poverty category. Ages were defined as less than 12
months and 12 to 24 months. Region was categorized
as Northeast, Midwest, South, and West. The states
represented by each of these regions was not reported
in Heller et al. (2000). However, it is likely that these
regions were defined in the same way as in Sohn et al.
(2001). See Section 3.3.2.4 for a discussion on the
Sohn et al. (2001) study. Urbanicity of the residence
was defined as urban (i.e., being in a Metropolitan
Statistical Area [MSA], suburban [outside of an MSA],
or rural [being in a non-MSA]). Poverty category was
derived from the poverty income ratio. In this study,
a poverty income ratio was calculated by dividing the
family’s annual income by the federal poverty
threshold for that size household. The poverty
categories used were 0-1.30, 1.31-3.50, and greater
than 3.50 times the federal poverty level (Heller et al.,
2000).

Table 3-25 provides water ingestion estimates
for the eight water sources evaluated, for each of the

race/ethnic groups. Heller et al. (2000) reported that
black non-Hispanic children had the highest mean
plain tap water intake (21.3 mL/kg-day), and white
non-Hispanic children had the lowest mean plain tap
water intake (12.7 mL/kg-day). The only statistically
significant difference between the racial/ethnic groups
was found to be in plain tap water consumption and
total water consumption. Reconstituted baby formula
made up the highest proportion of total water intake
for all race/ethnic groups. Table 3-26 presents tap
water and total water ingestion by age, sex, region,
urbanicity, and poverty category. Onaverage, children
younger than 12 months of age consumed less plain
tap water (11.0 mL/kg-day) than children aged 12-24
months (17.7 mL/kg-day). There were no significant
differences in plain tap water consumption by sex,
region, or urbanicity. Heller et al. (2000) reported a
significant association between higher income and
lower plain tap water consumption. For total water
consumption, ingestion per kg body weight was lower
for the 12-24-month-old children than for those
younger than 12 months of age. Urban children
consumed more plain tap water and total water than
suburban and rural children. In addition, plain tap
water and total water ingestion was found to decrease
with increasing poverty category (i.e., higher wealth).

A major strength of the Heller et al. (2000)
study is that it provides information on tap water and
total water consumption by race, age, sex, region,
urbanicity, and family income. The weaknesses in the
CSFII data set have been discussed under Kahn and
Stralka (2008) and U.S. EPA (2004) and include
surveying participants for only two days.

3.3.2.3 Sichert-Hellert et al., 2001 - Fifteen Year
Trends in Water Intake in German Children
and Adolescents: Results of the DONALD
Study
Water and beverage consumption was
evaluated by Sichert-Hellert et al. (2001) using 3-day
dietary records of 733 children, ages 2 to 13 years,
enrolled in the Dortmund Nutritional and
Anthropometric Longitudinally Designed Study
(DONALD study). The DONALD study is a cohort
study, conducted in Germany, that collects data on
diet, metabolism, growth and development from
healthy subjects between infancy and adulthood
(Sichert-Hellert et al., 2001). Beginning in 1985,
approximately 40 to 50 infants were enrolled in the
study annually. Mothers of the participants were
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recruited in hospital maternity wards. Older children
and parents of younger children were asked to keep
dietary records for three days by recording and
weighing (to the nearest 1 gram) all foods and fluids,
including water, consumed.

Sichert-Hellert et al. (2001) evaluated 3,736
dietary records from 733 subjects (354 males and 379
females) collected between 1985 and 1999. Total
water ingestion was defined as the sum of water
content from food (intrinsic water), beverages and
oxidation. Beverages included milk, mineral water,
tap water, juice, soft drinks, and coffee and tea. Table
3-27 presents the mean water ingestion rates for these
different sources, as well as mean total water ingestion
rates for three age ranges of children (age 2 to 3 years,
age 4 to 8 years, and age 9 to 13 years). According to
Sichert-Hellert et al. (2001), mean total water
ingestion increased with age from 1,114 mL/day in the
2 to 3 year old subjects to 1,891 and 1,676 mL/day in
9to 13-year-old boys and girls, respectively. However,
mean total water intake per body weight decreased
with age. Sichert-Hellert et al. (2001) observed that
the most important source of total water ingestion was
mineral water for all children, except the 2 to 3 year
olds. For these children, the most important source of
total water ingestion was milk .

One of the limitations of this study is that it
evaluated water and beverage consumption in German
children and, as such, it may not be representative of
consumption patterns of U.S. children.

3.3.2.4 Sohn et al., 2001 - Fluid Consumption

Related to Climate Among Children in the

United States

Sohn et al. (2001) investigated the
relationship between fluid consumption among
children aged | to 10 years and local climate using data
from the third National Health and Nutrition
Examination Survey (NHANES I1l, 1988-94).
Children aged 1 to 10 years who completed the 24-
hour dietary interview (or proxy interview for the
younger children) during the NHANES I11 surveywere
selected for the analysis. Breast-fed children were
excluded from the analysis. Among 8,613 children
who were surveyed, 688 (18 percent) were excluded
due to incomplete data. A total of 7,925 eligible
children remained. Since data for climatic conditions
were not collected in the NHANES Il survey, the
mean daily maximum temperature from 1961 to 1990,
averaged for the month during which the NHANES 111
survey was conducted, was obtained for each survey

location from the U.S. Local Climate Historical
Database. Ofthe 7,925eligible children with complete
dietary data, temperature information was derived for
only 3,869 children (48.8 percent) since detailed
information on survey location, in terms of county and
state, was released only for counties with a population
of more than a half million

Sohn etal. (2001) calculated the total amount
of fluid intake for each child by adding the fluid intake
from plain drinking water and the fluid intake from
foods and beverages other than plain drinking water
provided by NHANES Ill. Sohn et al. (2001)
identified major fluid sources as milk (and milk
drinks), juice (fruit and vegetable juices and other
noncarbonated drinks), carbonated drinks, and plain
water. Fluid intake from sources other than these
major sources were all grouped into other foods and
beverages. Other foods and beverages included bottled
water, coffee, tea, baby food, soup, water-based
beverages, and water used for dilution of food. Mean
fluid ingestion rates of selected fluids for the total
sample population and for the subsets of the sample
population with and without temperature information
are presented in Table 3-28. The estimated mean total
fluid and plain water ingestion rates for the 3,869
children for whom temperature information was
obtained are presented in Table 3-29 according to age
(years), sex, race/ethnicity, poverty/income ratio,
region, and urban or rural. Poverty/income ratio was
defined as the ratio of the reported family income to
the federal poverty level. The following categories
were assigned: low socioeconomic status (SES) =
0.000-1.300 times the poverty/income ratio; medium
SES = 1.3.01-3.500 times the poverty/income level,
and high SES = 3.501 or greater times the
poverty/income level. Regions were as Northeast,
Midwest, South, and West, as defined by the U.S.
Census (see Table 3-29). Sohn et al. (2001) did not
find significant association between mean daily
maximum temperature and total fluid or plain water
ingestion, either before or after controlling for sex,
age, SES and race or ethnicity. However, significant
associations between fluid ingestion and age, sex,
socioeconomic status and race and ethnicity were
reported.

The main strength of the Sohn et al. (2001)
study is the evaluation of water intake as it relates to
weather data. The main limitations of this study were
that northeast and western regions were over
represented since temperature data was only available
for counties with populations in excess of a half
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million. In addition, whites were under-represented
compared to other racial or ethnic groups. Other
limitations include lack of data for children from
extremely cold or hot weather conditions.

3.3.2.5 Hilbigetal., 2002 - Measured Consumption
of Tap Water in German Infants and Young

Children as Background for Potential

Health Risk Assessment: Data of the

DONALD Study

Hilbig et al. (2002) estimated tap water
ingestion rates based on 3-day dietary records of 504
German children aged 3, 6, 9, 12, 18, 24 and 36
months. The data were collected between 1990 and
1998 as part of the DONALD study. Details of data
collection for the DONALD study have been provided
previously under the Sichert-Hellert et al. (2001) study
in Section 3.3.2.3 of this handbook. Tap water
ingestion rates were calculated for three subgroups of
children: (1) breast-fed infants <12 months of age
(exclusive and partial breast-fed infants) (2) formula-
fed infants <12 months of age (no human milk, but
including weaning food) and (3) mixed-fed young
children aged 18 to 36 months. Hilbig et al. (2002)
defined “total tap water from household” as water from
the tap consumed as a beverage or used in food
preparation. “Tap water from food manufacturing”
was defined as water used in industrial production of
foods, and “Total Tap Water” was defined as tap water
consumed from both the household and that used in
manufacturing.

Table 3-30 summarizes total tap water
ingestion (in mL/day and mL/kg-day) and tap water
ingestion from household and manufacturing sources
(in mL/kg-day) for breastfed, formula fed and mixed-
fed children. Mean total tap water intake was higher
in formula-fed infants (53 mL/kg-day) than in breast-
fed infants (17 g/kg-day) and mixed-fed young
children (19 g/kg-day). Tap water from household
sources constituted 66 to 97 percent of total tap water
ingestion in the different age groups.

The major limitation of this study is that the
study sample consists of families from an upper social
background in Germany (Hilbig et al., 2002). Because
the study was conducted in Germany, the data may not
be directly applicable to the U.S. population.

3.3.2.6 Marshall et al., 2003a - Patterns of

Beverage Consumption During the

Transition Stage of Infant Nutrition

Marshall et al. (2003a) investigated beverage
ingestion during the transition stage of infant
nutrition. Mean ingestion of infant formula, cow’s
milk, combined juice and juice drinks, water, and other
beverages were estimated using a frequency
questionnaire. A total of 701 children, ages six
months through 24 months, participated in the lowa
Fluoride Study (IFS). Mothers of newborns were
recruited from 1992 through 1995. The parents were
sent questionnaires when the children were 6, 9, 12,
16, 20, and 24 months old. Of the 701 children, 470
returned all six questionnaires, 162 returned five, 58
returned four and 11 returned three, with the minimum
criteria being three questionnaires to be included in the
data set (Marshall et al., 2003a). The questionnaire
was designed to assess the type and quantity of the
beverages consumed during the previous week. The
validity of the questionnaire was assessed using a
three-day food diary for reference (Marshall et al.,
2003a). The percentage of subjects consuming
beverages and mean daily beverage ingestion for
children with returned questionnaires are presented in
Table 3-31. Human milk ingestion was not quantified,
but the percent of children consuming human milk was
provided at each age category (Table 3-31). Juice (100
percent) and juice drinks were not distinguished
separately, but categorized as juice and juice drinks.
Water used to dilute beverages beyond normal dilution
and water consumed alone were combined. Based on
Table 3-31, 97 percent of the children consumed
human milk, formula, or cow’s milk throughout the
study period, and the percentage of infants consuming
human milk decreased with age, while the percent
consuming water increased (Marshall et al., 2003a).
Marshall et al. (2003a) observed that in general, lower
family incomes were associated with less breastfeeding
and increased ingestion of other beverages.

The advantage of this study is that it provides
mean ingestion data for wvarious beverages.
Limitations of the study are that the it is based on
samples gathered in one geographical area and may
not be reflective of the general population. The
authors also noted the following limitations: the
parents were not asked to differentiate between 100
percent juice and juice drinks; the data are parent-
reported and could reflect perceptions of appropriate
ingestion instead of actual ingestion, and a substantial
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number of the infants from well educated,
economically secure households dropped out during
the initial phase.

3.3.2.7 Marshall et al., 2003b - Relative Validation
of a Beverage Frequency Questionnaire in

Children Ages 6 Months through 5 Years

Using 3-day Food and Beverage Diaries

This study was based on data taken from 700
children in the IFS. This study compared estimated
beverage ingestion rates reported in questionnaires for
the preceding week and dairies for the following week.
Packets were sent periodically (every 4 to 6 months) to
parents of children aged 6 weeks through 5 years of
age. This study analyzed data from children, ages 6
and 12 months, and 2 and 5 years of age. Beverages
were categorized as human milk, infant formula, cow’s
milk, juice and juice drinks, carbonated and
rehydration beverages, prepared drinks (from powder)
and water. The beverage questionnaire was completed
by parents and summarized the average amount of
each beverage consumed per day by their children.
The data collection for the diaries maintained by
parents included 1 weekend day and 2 week days and
included detailed information about beverages
consumed. Table 3-32 presents the mean ingestion
rates of all beverages for children aged 6 and 12
months and 3 and 5 years. Marshall et al. (2003b)
concluded that estimates of beverage ingestion derived
from quantitative questionnaires are similar to those
derived from diaries. They found that it is particularly
useful to estimate ingestion of beverages consumed
frequently using quantitative questionnaires.

The advantage of this study is that the survey
was conducted in two different forms (questionnaire
and diary) and that diaries for recording beverage
ingestion were maintained by parents for three days.
The main limitation is the lack of information
regarding whether the diaries were populated on
consecutive or non-consecutive days. The IFS survey
participants may not be representative of the general
population of the U.S. since participants were
primarily white, and from affluent and well-educated
families in one geographic region of the country.

3.3.2.8 Skinner et al., 2004 - Transition in Infants’
and Toddlers’ Beverage Patterns
Skinner et al. (2004) investigated the pattern
of beverage consumption by infants and children
participating in the Feeding Infant and Toddlers Study
(FITS) sponsored by Gerber Products Company. The

FITS is a cross-sectional study designed to collect and
analyze data on feeding practices, food consumption,
and usual nutrient intake of U.S. infants and toddlers
(Devaney et al., 2004). It included a stratified random
sample of 3,022 infants and toddlers between 4 and 24
months of age. Parents or primary caregivers of
sampled infants and toddlers completed a single 24-
hour dietary recall of all foods and beverages
consumed by the child on the previous day by
telephone interview. All recalls were completed
between March and July 2002. Detailed information
on data collection, coding and analyses related to FITS
are provided in Devaney et al. (2004).

Beverages consumed by FITS participants
were identified as total milks (i.e., human milk, infant
formulas, cows milk, soy milk, goat milk), 100 percent
juices, fruit drinks, carbonated beverages, water and
“other” drinks (i.e., tea, cocoa, dry milk mixtures, and
electrolyte replacement beverages). There weresix age
groupings in the FITS study: 4t0 6, 7t0 8, 9to 11, 12
to 14, 15 to 18, and 19 to 24 months. Skinner et al.
(2004) calculated the percentage of children in each
age group consuming any amount in a beverage
category and the mean amounts consumed. Table 3-33
provides the mean beverage consumption rates in
mL/day for the six age categories. Skinner et al.
(2004) found that some form of milk beverage was
consumed by almost all children at each age; however,
total milk ingestion decreased with increasing age.
Water consumption also doubled with age, from 163
mL/day in children aged 4 to 6 months old to 337
mL/day at 19 to 24 months old. The percentages of
children consuming water increased from 34 percent
at 4 to 6 months of age to 77 percent at 19 to 24
months of age.

A major strength of the Skinner et al. (2004)
study is the large sample size (3,022 children).
However, beverage ingestion estimates are based on
one day of dietary recall data and human milk quantity
derived from studies that weighed infants before and
after each feeding to determine the quantity of human
milk consumed (Devaney et al., 2004); therefore,
estimates of total milk ingestion may not be accurate.

3.4 WATER INGESTION WHILE
SWIMMING

3.4.1 Dufour et al., 2006 - Water Ingestion
During Swimming Activities in a Pool: A
Pilot Study
Dufour et al. (2006) estimated the amount of

water ingested while swimming, using cyanuricacidas
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an indicator of pool water ingestion exposure.
Cyanuric acid is a breakdown product of
chloroisocyanates which are commonly used as
disinfectant stabilizersin recreational water treatment.
Because ingested cyanuric acid passes through the
body unmetabolized, the volume of water ingested can
be estimated based on the amount of cyanuric acid
measured in the pool water and in the urine of
swimmers, as follows:

Vpoolwater ingested = Vurine X C’A‘urine/C'A‘pool (Eqn 3'1)

where:

V ool water ingested = volume of pool water ingested

(mL)

Virine = volume of urine collected over a
24-hour period (mL)

CAine = concentration of cyanuric acid
in urine (mg/L)

CA = concentration of cyanuric acid

in pool water (mg/L)

Dufour et al. (2006) estimated pool water
intake among 53 swimmers that participated in a pilot
study at an outdoor swimming pool treated with
chloroisocyanate. This pilot study population included
12 adults (4 males and 8 females) and 41 children
between 6 and 15 years of age (20 males and 21
females). The study participants were asked not to
swim for 24 hours before or after a 45 minute period of
active swimming in the pool. Pool water samples were
collected prior to the start of swimming activities and
swimmers’ urine was collected for 24 hours after the
swimming event ended. The pool water and urine
sample were analyzed for cyanuric acid.

The results of this pilot study are presented in
Table 3-34. The mean volume of water ingested by
children over a 45-minute period was 37 mL. The
maximum volume of water ingested by children was
154 mL/45 minutes and the 97" percentile was 90 mL.
Individuals older than 18 years of age ingested an
average of 16 mL over a 45-minute period; the
maximum amount ingested by these individuals was
53mL over a 45-minute period. The mean ingestion
rates for males tended to be higher than that of
females, but these differences were not statistically
significant. The advantages of this study is that it is
one of the first attempts to measure water ingested
while swimming. However, the number of study

participants was low and data cannot be broken out by
the recommended age categories. As noted by the
Dufour et al. (2006), swimming behavior of pool
swimmers may be similar to freshwater swimmers, but
may differ from salt water swimmers.

Based on the results of the Dufour et al.
(2006) study, the recommended mean water ingestion
rate for exposure scenarios involving swimming
activities is 50 mL/hour for children under 16 years of
age (37 mL/0.75 hour, rounded to one significant
figure) and the upper percentile value is 100 mL/hour
(90 mL/0.75 hour, rounded to one significant figure).
For children, ages 18 to <21 years, the recommended
mean water ingestion rate for scenarios involving
swimming activities is 20 mL/hour (16 mL/0.75 hour,
rounded to one significant figure). Because the data
set is limited, the upper percentile water ingestion rate
for 18 to <21 year olds is based on the maximum value
observed in adults in the Dufour et al. (2006) study: 70
mL/hour (53 mL/0.75 hour, rounded to one significant
figure).
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Table 3-4. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Community Water (mL/day)
Age Sample Mean Percentiles
size 10 25 50 75 90 95 99
Birth to <1 month 91 184 - - - 322 687* 839* 860*
1 to <3 months 253 227 - - - 456 804 896* 1,165*
3 to <6 months 428 362 - - 148 695 928 1,056 1,424*
6 to <12 months 714 360 - 17 218 628 885 1,055 1,511*
1 to <2 years 1,040 271 - 60 188 402 624 837 1,215*
2 to <3 years 1,056 317 - 78 246 479 683 877 1,364*
310 <6 years 4,391 380 4 98 201 547 834 1,078 1,654
6 to <11 years 1,670 447 22 133 350 648 980 1,235 1,870*
11 to <16 years 1,005 606 30 182 459 831 1,387 1,727 2,568*
16 to <18 years 363 731 16 194 490 961 1,562 1,983*  3,720*
18 to <21 years 389 826 24 236 628 1,119 1,770 2,540*  3,889*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition

Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.

Table 3-5. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Bottled Water (mL/day)

Sample Percentiles
Age dze  Mean — 25 50 75 90 95 99
Birth to <1 month 91 104 - - - 18 437* 556* 1,007*
1 to <3 months 253 106 - - - - 541 T71* 1,056*
3 to <6 months 428 120 - - - - 572 774 1,443*
6 to <12 months 714 120 - - - 53 506 761 1,284*
1 to <2 years 1,040 59 - - - - 212 350 801*
2 to <3 years 1,056 76 - - - - 280 494 1,001*
3 to <6 years 4,391 84 - - - - 325 531 1,031*
6 to <11 years 1,670 84 - - - - 330 532 1,079*
11 to <16 years 1,005 111 - - - - 382 709 1,431*
16 to <18 years 363 109 - - - - 426 680* 1,605*
18 to <21 years 389 185 - - - - 514 1,141*  2,364*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition

Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-6. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Other Sources (mL/day)
Sample Percentiles
Age sice M T 25 50 75 90 95 99
Birth to <1 month 91 13 - - - - - - 393*
1 to <3 months 253 35 - - - - - 367* 687*
3 to <6 months 428 45 - - - - - 365 938*
6 to <12 months 714 45 - - - - 31 406 963*
1 to <2 years 1,040 22 - - - - - 118 482*
2 to <3 years 1,056 39 - - - - 52 344 718*
3 to <6 years 4,391 43 - - - - 58 343 830
6 to <11 years 1,670 61 - - - - 181 468 1,047*
11 to <16 years 1,005 102 - - - - 344 786 1,698*
16 to <18 years 363 97 - - - - 295 740* 1,760*
18 to <21 years 389 47 - - - - - 246* 1,047*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source: Kahn and Stralka, 2008 and supplementary data.
Table 3-7. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: All Sources (mL/day)
Sample Percentiles
Age sice M T 25 50 75 90 95 99
Birth to <1 month 91 301 - - 135 542 846* 877* 1,088*
1 to <3 months 253 368 - - 267 694 889 1,020  1,265*
3 to <6 months 428 528 - 89 549 812 1,025 1,303 1,509*
6 to <12 months 714 530 37 181 505 771 1,029 1,278 1,690*
1 to <2 years 1,040 358 68 147 287 477 735 961 1,281*
2 to <3 years 1,056 437 104 211 372 588 825 999 1,662*
310 <6 years 4,391 514 126 251 438 681 980 1,200 1,794
6 to <11 years 1,670 600 169 304 503 803 1,130 1,409 2,167*
11 to <16 years 1,005 834 224 401 663 1,099 1,649 1,960  3,179*
16 to <18 years 363 964 236 387 742 1,273 1,842 2,344*  3,854*
18 to <21 years 389 1,075 189 406 803 1,394 2,117 2,985*%  4,955*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source: Kahn and Stralka, 2008 and supplementary data.
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Chapter 3 - Water Ingestion ‘
Table 3-9. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Community Water (mL/kg-day)
Sample Percentiles
Age size M g 25 50 75 90 %5 99
Birth to <1 month 88 52 - - - 101 196* 232* 253*
1 to <3 months 245 48 - - - 91 151 205* 310*
3 to <6 months 411 52 - - 20 98 135 159 216*
6 to <12 months 678 41 - 2 24 71 102 126 185*
1 to <2 years 1,002 23 - 5 17 34 53 71 106*
2 to <3 years 994 23 - 6 17 33 50 60 113*
3 to <6 years 4,112 22 - 6 17 31 48 61 93
6 to <11 years 1,553 16 1 5 12 22 34 43 71*
11 to <16 years 975 12 1 4 9 16 25 34 54*
16 to <18 years 360 11 - 3 8 15 23 31* 55*
18 to <21 years 383 12 1 4 10 16 17 35* 63*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source: Kahn and Stralka, 2008 and supplementary data.
Table 3-10. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Bottled Water (mL/kg-day)
Age Samp|e Mean Percentiles
size 10 25 50 75 90 95 99
Birth to <1 month 88 33 - - - 6 131* 243* 324*
1 to <3 months 245 22 - - - - 97 161* 242*
3 to <6 months 411 16 - - - - 74 117 193*
6 to <12 months 678 13 - - - 4 52 87 139*
1 to <2 years 1,002 5 - - - - 18 28 67*
2 to <3 years 994 5 - - - - 19 35 84*
3 t0 <6 years 4,112 5 - - - - 18 30 59
6 to <11 years 1,553 3 - - - - 10 18 41*
11 to <16 years 975 2 - - - - 8 14 26*
16 to <18 years 360 2 - - - - 6 10* 27*
18 to <21 years 383 3 - - - - 8 19* 34*
a Includes all participants whether or not they ingested any water from the source during survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- = Zero.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-11. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: Other Sources (mL/kg-day)

Sample Percentiles

Age doe | Mean — 25 50 75 90 95 99
Birth to <1 month 88 4 - - - - - - 122*
1 to <3 months 245 7 - - - - - 52* 148*
3 to <6 months 411 7 - - - - - 55 155*
6 to <12 months 678 5 - - - - 3 35 95*
1 to <2 years 1,002 2 - - - - - 11 45*
2 to <3 years 994 3 - - - - 4 23 61*
3 to <6 years 4,112 2 - - - - 3 19 48
6 to <11 years 1,553 2 - - - - 7 16 36*
11 to <16 years 975 2 - - - - 7 14 34*
16 to <18 years 360 2 - - - - 5 11* 27*
18 to <21 years 383 1 - - - - - 4* 14*

a

b

Includes all participants whether or not they ingested any water from the source during survey period.
Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

- = Zero.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.

Table 3-12. Per Capita® Estimates of Combined Direct and Indirect® Water Ingestion: All Sources (mL/kg-day)

Sample Percentiles
Age sice M T 25 50 75 90 95 99
Birth to <1 month 88 89 - - 21 168 235* 269* 338*
1 to <3 months 245 77 - - 46 134 173 246* 336*
3 to <6 months 411 75 - 9 73 118 156 186 225*
6 to <12 months 678 59 4 20 53 86 118 148 194*
1 to <2 years 1,002 31 6 13 24 39 63 85 122*
2 to <3 years 994 31 7 15 26 41 59 73 130*
310 <6 years 4,112 29 7 14 25 38 56 69 102
6 to <11 years 1,553 21 6 10 18 27 39 50 76*
11 to <16 years 975 16 4 8 13 20 31 39 60*
16 to <18 years 360 15 4 6 12 18 28 37* 59*
18 to <21 years 383 16 3 6 12 21 32 41* 73*

a

b

Includes all participants whether or not they ingested any water from the source during survey period.
Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

- = Zero.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-14. Consumers Only? Estimates of Combined Direct and Indirect® Water Ingestion: Community Water

(mL/day)
Sample Percentiles
Age sice  Mean ™5 25 50 75 90 95 99
Birth to <1 month 40 470* 32* 215* 482* 692* 849* 858* 919*
1 to <3 months 114 552 67* 339 533 801 943* 1,053*  1,264*
3 to <6 months 281 556 44 180 561 837 1,021 1,171*  1,440*
6 to <12 months 562 467 44 105 426 710 971 1,147 1,586*
1 to <2 years 916 308 43 107 229 428 674 893 1,248*
2 to <3 years 934 356 49 126 281 510 700 912 1,388*
310 <6 years 3,960 417 57 146 336 581 867 1,099 1,684
6 to <11 years 1,555 480 74 177 373 682 994 1,251 2,024*
11 to <16 years 937 652 106 236 487 873 1,432 1,744 2,589*
16 to <18 years 341 792 106 266 591 987 1,647 2,002*  3,804*
18 to <21 years 364 895 114 295 674 1,174 1,860 2,565*  3,917*
a Excludes individuals who did not ingest water from the source during the survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition

Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.

Table 3-15. Consumers Only? Estimates of Combined Direct and Indirect® Water Ingestion: Bottled Water (mL/day)

Age Sample Mean Percentiles

size 10 25 50 75 90 95 99
Birth to <1 month 25 - - - - - - - -
1 to <3 months 64 450* 31* 62* 329* 743* 886* 1,045*  1,562*
3 to <6 months 103 507 48* 88 493 747 1,041*  1,436*  1,506*
6 to <12 months 200 425 47 114 353 630 945* 1,103*  1,413*
1 to <2 years 229 262 45 88 188 324 600 709* 1,083*
2 to <3 years 232 352 57 116 241 471 736 977* 1,665*
310 <6 years 1,021 380 72 149 2901 502 796 958 1,635*
6 to <11 years 332 430 88 168 350 557 850 1,081*  1,823*
11 to <16 years 192 570 116* 229 414 719 1,162*  1,447*  2,705*
16 to <18 years 63 615* 85* 198* 446* 779* 1,365*  1,613*  2,639*
18 to <21 years 97 769 118* 236 439 943 1,788*  2,343*  3,957*
a Excludes individuals who did not ingest water from the source during the survey period.

b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the

preparation of food or beverages.

- Insufficient sample size to estimate mean and percentiles.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-16. Consumers Only? Estimates of Combined Direct and Indirect® Water Ingestion: Other Sources (mL/day)

Sample Percentiles

Age dre Mean — 25 50 75 90 95 99
Birth to <1 month 3 - - - - - - - -
1 to <3 months 19 - - - - - - - -
3 to <6 months 38 562* 59* 179* 412* 739* 983* 1,205*  2,264*
6 to <12 months 73 407* 31* 121* 300* 563* 961* 1,032*  1,144*
1to <2 years 98 262 18* 65 143 371 602* 899* 1,204*
2 to <3 years 129 354 56* 134 318 472 704* 851* 1,334*
310 <6 years 533 396 59 148 314 546 796 1,019 1,543*
6 to <11 years 219 448 89 177 347 682 931 1,090  1,596*
11 to <16 years 151 687 171* 296 482 947 1,356*  1,839*  2,891*
16 to <18 years 53 657* 152* 231* 398* 823* 1,628 1,887  2,635*
18 to <21 years 33 569* 103* 142* 371* 806* 1,160*  1,959*  1,962*
a Excludes individuals who did not ingest water from the source during the survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the

preparation of food or beverages.

- Insufficient sample size to estimate means and percentiles.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.

Table 3-17. Consumers Only? Estimates of Combined Direct and Indirect® Water Ingestion: All Sources (mL/day)

Sample Percentiles

Age size M g 25 50 75 90 95 99
Birth to <1 month 58 511* 51* 266* 520* 713* 858* 986* 1,274*
1 to <3 months 178 555 68* 275 545 801 946* 1,072*  1,470*
3 to <6 months 363 629 69 384 612 851 1,064 1,330*  1,522*
6 to <12 months 667 567 90 250 551 784 1,050 1,303 1,692*
1 to <2 years 1,017 366 84 159 294 481 735 978 1,281*
2 to <3 years 1,051 439 105 213 375 589 825 1,001 1,663*
310 <6 years 4,350 518 134 255 442 682 980 1,206 1,796
6 to <11 years 1,659 603 177 310 506 805 1,131 1,409 2,168*
11 to <16 years 1,000 837 229 404 665 1,105 1,649 1,961 3,184*
16 to <18 years 357 983 252 395 754 1,276 1,865 2,346*  3,866™
18 to <21 years 383 1,094 219 424 823 1,397 2,144 3,002*  4,967*
a Excludes individuals who did not ingest water from the source during the survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the

preparation of food or beverages.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition

Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-19. Consumers Only? Estimates of Direct and Indirect® Water Ingestion: Community Water (mL/kg-day)
Sample Percentiles
Age size MeaN T 25 50 75 90 95 99
Birth to <1 month 37 137* 11* 65* 138* 197* 235* 238* 263*
1 to <3 months 108 119 12* 71 107 151 228* 285* 345*
3 to <6 months 269 80 7 27 77 118 148 173* 222*
6 to <12 months 534 53 5 12 47 81 112 129 186*
1 to <2 years 880 27 4 9 20 36 56 75 109*
2 to <3 years 879 26 4 9 21 36 52 62 121*
3 to <6 years 3,703 24 3 8 19 33 49 65 97
6 to <11 years 1,439 17 3 6 13 23 35 45 72*
11 to <16 years 911 13 2 5 10 17 26 34 54*
16 to <18 years 339 12 1 4 9 16 24 32* 58*
18 to <21 years 361 13 2 5 10 17 29 35* 63*
a Excludes individuals who did not ingest water from the source during the survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source  Kahn and Stralka, 2008 and supplementary data.
Table 3-20. Consumers Only? Estimates of Direct and Indirect® Water Ingestion: Bottled Water (mL/kg-day)
Age Sample . Percentiles
size 10 25 50 75 90 95 99
Birth to <1 month 25 - - - - - - - -
1 to <3 months 64 92* 7* 12* 76* 151* 164* 220* 411*
3 to <6 months 95 72 6* 15 69 100 149* 184* 213*
6 to <12 months 185 47 5* 11 34 73 104* 120* 166*
1 to <2 years 216 22 5 8 16 27 49 66* 103*
2 to <3 years 211 25 4 8 17 35 54 81* 91*
3 to <6 years 946 21 4 8 16 29 45 57 90*
6 to <11 years 295 15 3 5 11 19 30 42* 69*
11 to <16 years 180 11 2* 4 8 14 24* 27* 44*
16 to <18 years 63 10* 1> 3* 7* 11* 23* 27* 37*
18 to <21 years 93 11 2* 3 6 14 27* 30* 54*
a Excludes individuals who did not ingest water from the source during the survey period.
b Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.
- Insufficient sample size to estimate means and percentiles.
* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).
Source: Kahn and Stralka, 2008 and supplementary data.
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Table 3-21. Consumers Only? Estimates of Direct and Indirect® Water Ingestion: Other Sources (mL/kg-day)

Sample Percentiles
Age size M T 25 50 75 90 95 99
Birth to <1 month 3 - - - - - - - -
1 to <3 months 19 - - - - - - - -
3 to <6 months 38 80* 10* 23* 59* 106* 170* 200* 246*
6 to <12 months 68 44* 4* 10* 33* 65* 95* 106* 147*
1 to <2 years 95 23 1* 5 13 28 46* 84* 125*
2 1o <3 years 124 26 4* 10 21 34 55* 66> 114*
3 to <6 years 505 22 3 8 17 30 46 56 79*
6 to <11 years 208 16 3 6 12 23 32 39* 62*
11 to <16 years 148 13 3* 6 9 18 27* 36* 56*
16 to <18 years 52 10* 2 4* 7 12* 24* 29* 43*
18 to <21 years 33 8* 1* 2* 6* 10* 16* 27* 31*

a

Excludes individuals who did not ingest water from the source during the survey period.
b

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

- Means insufficient sample size to estimate distribution percentiles.

The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source  Kahn and Stralka, 2008 and supplementary data.

Table 3-22. Consumers Only? Estimates of Direct and Indirect® Water Ingestion: All Sources (mL/kg-day)

Sample Percentiles
Age size Mean T 25 50 75 90 95 99
Birth to <1 month 55 153* 13* 83* 142* 208* 269* 273* 400*
1 to <3 months 172 116 12* 50 107 161 216* 291* 361*
3 to <6 months 346 90 9 52 86 125 161 195* 233*
6 to <12 months 631 63 10 27 58 88 120 152 198*
1 to <2 years 980 31 7 14 25 40 64 86 122*
2 t0 <3 years 989 31 7 15 27 41 59 73 130*
3 to <6 years 4,072 29 7 15 25 38 56 70 102*
6 to <11 years 1,542 21 6 10 18 27 39 50 76*
11 to <16 years 970 16 4 8 13 20 31 39 60*
16 to <18 years 354 15 4 7 12 18 29 37* 60*
18 to <21 years 378 16 3 6 12 21 32 41* 73*

a

Excludes individuals who did not ingest water from the source during the survey period.
b

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source  Kahn and Stralka, 2008 and supplementary data.
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‘ Chapter 3 - Water Ingestion
Table 3-26. Plain Tap Water and Total Water Consumption by Age, Sex, Region, Urbanicity, and Poverty Category
Plain Tap Water Total Water
(mL/kg-day) (mL/kg-day)
Variable N Mean SE Mean SE
Age
<12 months 296 11 1.0 130 4.6
12-24 months 650 18 0.8 108 1.7
Sex
Male 475 15 1.0 116 4.1
Female 471 15 0.8 119 3.2
Region
Northeast 175 13 1.4 121 6.3
Midwest 197 14 1.0 120 31
South 352 15 1.3 113 3.7
West 222 17 1.1 119 4.6
Urbanicity
Urban 305 16 15 123 35
Suburban 446 13 0.9 117 3.1
Rural 195 15 1.2 109 3.9
Poverty category?
0-1.30 289 19 15 128 2.6
1.31-3.50 424 14 1.0 117 4.2
>3.50 233 12 1.3 109 35
Total 946 15 0.6 118 2.3
a Poverty category represents family’s annual incomes of 0-1.30, 1.31-3.50, and greater than 3.50 times the
federal poverty level.
N = Number of observations.
SE = Standard Error.
Source: Heller et al., 2000.
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Chapter 3 - Water Ingestion
Table 3-27. Intake of Water from Various Sources in 2-13-y-old Participants of the
DONALD Study 1985-1999
Boys and girls Boys and girls Boys Girls
Water Intake from: 2-3 years 4-8 years 9-13 years 9-13 years
N = 858° N =1,795° N =541° N = 542°
Mean
Water in Food (mL/day)? 365 (33)° 487 (36) 673 (36) 634 (38)
Beverages (mL/day)? 614 (55) 693 (51) 969 (51) 823 (49)
Milk (mL/day)? 191 (17) 177 (13) 203 (11) 144 (9)
Mineral water (mL/day)? 130 (12) 179 (13) 282 (15) 242 (15)
Tap water (mL/day)? 45 (4) 36 (3) 62 (3) 56 (3)
Juice (mL/day)? 114 (10) 122 (0) 133 (7) 138 (8)
Soft drinks (mL/day)? 57 (5) 111 (8) 203 (11) 155 (9)
Coffee/tea (mL/day)? 77 (7) 69 (5) 87 (4) 87 (5)
Mean = SD
Total water intake*® (mL/day) 1,114 + 289 1,363 + 333 1,891 + 428 1,676 + 386
Total water intake*® (mL/kg-day) 78 £22 61+13 49+ 11 43+ 10
Total water intake*® (mL/kcal- 1.1+0.3 09+0.2 1.0+0.2 1.0+0.2
day)
a Converted from g/day, g/kg-day, or g/kcal-day; 1 g =1 mL.
P N = Number of records.
¢ Percent of total water shown in parentheses.
d Total water = water in food + beverages + oxidation.
SD = Standard deviation.
Source: Sichert-Hellert et al., 2001.
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‘ Chapter 3 - Water Ingestion
Table 3-28. Mean (+ Standard Error) Fluid Intake (mL/kg/day) by Children Aged 1-10 years,
NHANES l11, 1988-94
Sample with Sample without
Total Sample Temperature Information Temperature Information
(N =7,925) (N =3,869) (N = 4,056)
Total fluid 84+1.0 84+1.0 85+14
Plain water 27+£0.8 27+£1.0 26+1.1
Milk 18+0.3 18+ 0.6 18+0.4
Carbonated drinks 6+0.2 5+0.3 6+0.3
Juice 12+0.3 11+0.6 12+0.4
N = Number of observations.
Source: Sohn et al., 2001.
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Chapter 3 - Water Ingestion ¢
Table 3-29. Estimated Mean (z Standard Error) Amount of Total Fluid and Plain Water Intake
among Children® Aged 1-10 Years: (NHANES I11, 1988-94)
Total Fluid Plain Water
N mL/day mL/kg-day mL/day mL/kg-day
Age (years)
1 578 1,393 + 31 124 +2.9 298 £ 19 26+1.8
2 579 1,446 + 31 107 £ 2.3 430 £ 26 32+1.9
3 502 1,548 + 75 100 + 4.6 482.+ 27 31+1.8
4 511 1,601 + 41 91+28 517 £ 23 29+1.3
5 465 1,670 + 54 84+23 525 + 36 26+1.7
6 255 1,855 + 125 81+4.9 718 £ 118 31+47
7 235 1,808 + 66 71 £2.3 674 + 46 26+1.9
8 247 1,792 + 37 61+1.8 626 + 37 21+1.2
9 254 2,113+ 78 65+2.1 878 £ 59 26+14
10 243 2,051+ 97 58+ 2.4 867 £ 74 24+20
Sex
Male 1,974 1,802 + 30 86+1.8 636 + 32 29+1.3
Female 1,895 1,664 + 24 81+15 579 £ 26 26+1.0
Race/ethnicity
White 736 1,653 + 26 79+1.38 552 + 34 24+1.3
African American 1,122 1,859 + 42 88+1.8 795 + 36 36+15
Mexican American 1,728 1,817 £ 25 89+1.7 633 + 23 29+1.1
Other 283 1,813 + 47 90+4.2 565 + 39 26+ 1.7
Poverty income ratio®
Low 1,868 1,828 + 32 93+26 662 + 27 32+13
Medium 1,204 1,690 + 31 80+1.6 604 + 35 26+14
High 379 1,668 + 54 76+ 25 533141 22+ 1.7
Region®¢
Northeast 679 1,735+ 31 87+23 568 + 52 26+2.1
Midwest 699 1,734 + 45 84+15 640 £ 54 29+1.38
South 869 1,739+ 31 83+£22 613+ 24 28+1.3
West 1,622 737+ 25 81+1.7 624 + 44 27+19
Urban/rural®
Urban 3,358 1,736 + 18 84+1.0 609 + 29 27+11
Rural 511 1,737 £ 19 84+4.3 608 + 20 28+1.2
Total 3,869 1,737 + 15 84+1.1 609 + 24 27+1.0
2 Children for whom temperature data were obtained.
b Based on ratio of household income to federal poverty threshold. Low: <1.300; medium: 1.301-3.500; high >3.501.
¢ All variables except for Region and Urban/rural showed statistically significant differences for both total fluid and plain water
intake by Bonferroni multiple comparison method.
d Northeast = Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island,
Vermont;
Midwest = Illinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota,
Wisconsin;
South = Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi,
North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia;
West = Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington,
Wyoming.
N = Number of observations.
Source: ~ Sohnetal., 2001.
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‘ Chapter 3 - Water Ingestion
Table 3-34. Pool Water Ingestion by Swimmers
Study Group Number of Average Water Ingestion Rate Average Water Ingestion Rate
Participants (mL/45-minute interval) (mL/hour)?

Children <16 years old 41 37 49

Males <16 years old 20 45 60

Females <16 years old 21 30 43
Adults (>18 Years) 12 16 21

Men 4 22 29

Women 8 12 16
2 Converted from mL/45 minute interval.
Source: Dufour et al., 2006.
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4 NON-DIETARY INGESTION FACTORS
4.1 INTRODUCTION

Young children have the potential for exposure
to toxic substances through non-dietary ingestion
pathways other than soil and dust ingestion (e.g.,
ingesting pesticide residues that have been transferred
from treated surfaces to the hands or objects that are
mouthed). Young children mouth objects or their
fingers as they explore their environment. Mouthing
behavior includes all activities in which objects,
including fingers, are touched by the mouth or put into
the mouth except for eating and drinking, and includes
licking, sucking, chewing, and biting (Groot et al.,
1998). Videotaped observations of children’s mouthing
behavior demonstrate the intermittent nature of hand to
mouth and object to mouth behaviors in terms of the
number of contacts recorded per unit of time (e.g., Ko
et al., 2007).

In alarge non-random sample of children born
in lowa, non-nutritive sucking behaviors were reported
by parents to be very common in infancy, and to
continue for a substantial proportion of children up to
the third and fourth birthdays (Warren et al., 2000).
Hand to mouth behavior has been observed in both pre-
term and full term infants (Rochat et al., 1988, Blass et
al., 1989, Takaya et al., 2003). Infants are born with a
sucking reflex for breast feeding, and within a few
months, they begin to use sucking or mouthing as a
means to explore their surroundings. Sucking also
becomes a means of comfort when a child is tired or
upset. Inaddition, teething normally causes substantial
mouthing behavior (i.e., sucking or chewing) to
alleviate discomfort in the gums (Groot et al., 1998).
Children’s mouthing behavior can potentially result in
ingestion of toxic substances (Lepow et al., 1975).

There are three general approaches to gather
data on children’s mouthing behavior: real-time hand
recording, in which trained observers manually record
information (e.g., Davis et al., 1995); video-
transcription, in which trained videographers tape a
child’s activities and subsequently extract the pertinent
data manually or with computer software (e.g., Black et
al., 2005); and questionnaire, or survey response,
techniques (e.g., Stanek et al., 1998). With real-time
hand recording, observations made by trained
professionals (rather than parents) may offer the
advantage of consistency in interpreting visible

behaviors and may be less subjective than observations
made by someone who maintains a care giving
relationship to the child. On the other hand, young
children’s behavior may be influenced by the presence
of unfamiliar people (e.g., Davis et al., 1995). Groot et
al. (1998) indicated that parent observers perceived that
deviating from their usual care giving behavior by
observing and recording mouthing behavior appeared to
have influenced the children’s behavior. With video-
transcription methodology, an assumption is made that
the presence of the videographer or camera does not
influence the child’s behavior. This assumption may
result in minimal biases introduced when filming
newborns, or when the camera and videographer are not
visible to the child. However, if the children being
studied are older than newborns and can see the camera
or videographer, biases may be introduced. Ferguson
et al. (2006) described apprehension caused by
videotaping and described situations where a child’s
awareness of the videotaping crew caused “play-acting”
to occur, or parents indicated that the child was
behaving differently during the taping session. Another
possible source of measurement error may be
introduced when children’s movements or positions
cause their mouthing not to be captured by the camera.
Data transcription errors can bias results in either the
negative or positive direction. Finally, measurement
error can occur if situations arise in which care givers
are absent during videotaping and researchers must stop
videotaping and intervene to prevent risky behaviors
(Zartarianetal., 1995). Survey response studies rely on
responses to questions about a child’s mouthing
behavior posed to parents or care givers. Measurement
errors from these studies could occur for a number of
different reasons, including language/dialect differences
between interviewers and respondents, question
wording problems and lack of definitions for terms used
in questions, differences in respondents’ interpretation
of questions, and recall/memory effects.

Some researchers express mouthing behavior
as the frequency of occurrence (e.g., contacts per hour
or contacts per minute). Others describe the duration of
specific mouthing events, expressed in units of seconds
or minutes. This handbook does not address issues
related to contaminant transfer from thumbs, fingers, or
objects or surfaces, into the mouth, and subsequent
ingestion.  The recommendations for mouthing
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frequency and duration are provided in Section 4.2,
along with a summary of the confidence ratings for
these recommendations. The recommended values are
based on key studies identified by U.S. EPA for this
factor. Although some studies in sections 4.3.1 and
4.4.1 are classified as key, they were not directly used
to provide the recommendations. They are included as
key because they were used by Xue et al., 2007 in a
meta analysis, which is the primary source of the
recommendations provided in this chapter for hand-to-
mouth frequency. Following the recommendations, key
and relevant studies on mouthing frequency (section
4.3) and duration (section 4.4) are summarized and the
methodologies used in the key and relevant studies are
described. Information on the prevalence of mouthing
behavior is presented in Section 4.5.

4.2 RECOMMENDATIONS

The key studies described in Section 4.3 and
Section 4.4 were used to develop recommended values
for mouthing frequency and duration, respectively,
among children. In several cases, key studies pre-dated
the recommendations on age groups in U.S. EPA’s
Guidance on Selecting Age Groupsfor Monitoring and
Assessing Childhood Exposures to Environmental
Contaminants (U.S. EPA, 2005), and were performed
on groups of children of varying ages. For cases in
which age groups of children in the key studies did not
correspond exactly to U.S. EPA’s recommended age
groups, the closest age group was used.

Table 4-1 shows recommended mouthing
frequencies, expressed in units of contacts per hour,
between either any part of the hand (including fingers
and thumbs) and the mouth, or between an object or
surface and the mouth. The recommended hand-to-
mouth frequencies are based on data from Xue et al.
(2007). Xue et al. (2007) conducted a secondary
analysis of data from several of the studies summarized
in this chapter, as well as data from unpublished
studies. Xue et al. 2007, provided data for the age
groups of interest to U.S. EPA and categorized the data
according to indoor and outdoor contacts. The
recommendations for frequency of object-to-mouth
contact are based on data from Reed et al., (1999),
Freeman et al., (2001), Tulve et al., (2002), AuYeung
et al., (2004), and Black et al., 2005.
Recommendations for duration of object-to-mouth are

based on data from Juberg et al., (2001) and Greene,
(2002). Recommendations for hand-to-mouth duration
are not provided since those estimates may not be
relevant to environmental exposures. Table 4-2
presents the confidence ratings for the recommended
values. The overall confidence rating is low for both
frequency and duration of hand-to-mouth and object-to-
mouth.
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Table 4-1. Summary of Recommended Values for Mouthing Frequency and Duration

Age Group Indoor Frequency (contacts/hour) Outdoor Frequency (contacts/hour) Source

Hand-to-Mouth

Mean 95™ Percentiile Mean 95" Percentile

Birth to <1 month - - - -
1 to <3 months - - - -
3 to <6 months 28 65 - -
6 to <12 months 19 52
1to <2 years 20 63
2 to <3 years 13 37
3 to <6 years 15 54
6 to <11 years 7 21
11 to <16 years - -
16 to <21 years - - - -

==
A~ O
~
)

Xue et al., 2007

Tw oy
w
[o)]

Object-to-mouth

Mean Frequency (contacts/hour) 95™ Percentile Frequency (contacts/hour)

Birth to <1 month - -

1 to <3 months - -

3 to <6 months - -

6 to <12 months 24* - Reed et al., 1999; Freeman
1 to <2 years 20° - etal., 2001; Tulve et al.,

2 to <3 years 10¢ - 2002; AuYeung et al., 2004;
3 to <6 years 10¢ - and Black et al., 2005.

6 to <11 years 14 -

11 to <16 years - -

16 to <21 years - -

Mean Duration (minutes/hour) 95™ Percentile Duration (minutes/hour)

Birth to <1 month - -

1 to <3 months - -

3 to <6 months 11° 26"

6 to <12 months 11° 26"

1to <2 years 8 22 Juberg et al., 2001 and
2 to <3 years 139 16" Greene, 2002.

3 to <6 years - -

6 to <11 years - -

11 to <16 years - -

16 to <21 years - -

a

b

> @ = o o

Mean calculated from Black et al., 2005 (7 to 12 months).

Mean calculated from Tulve et al., 2002 (<24 months), AuYeung et al., 2004 (<24 months), and Black et al., 2005 (1 and 2
years).

Mean calculated from Reed et al., 1999 (2 to 6 years), Freeman et al., 2001 (3 to 4 years and 5 to 6 years), Tulve et al., 2002 (>24
months), AuYeung et al., 2004 (2 to 6 years), and Black et al., 2005 (37 to 53 months).

Mean calculated from Freeman et al., 2001 (7 to 8 years and 10 to 12 years).

Mean calculated from Juberg et al., 2001 (0 to 18 months) and Greene, 2002 (3 to 12 months).

Calculated 95™ percentile from Greene, 2002 (3 to 12 months).

Mean calculated from Juberg, et al., 2001 (19 to 36 months) and Greene, 2002 ( 24 to 36 months).

Calculated 95™ percentile from Greene, 2002 ( 24 to 36 months).

= No data.
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Table 4-2. Confidence in Recommendations for Mouthing Frequency and Duration
General Assessment Factors Rationale Rating
Soundness Low
Adeguacy of Approach The approaches for data collection and analysis used were adequate to
provide estimates of children’s mouthing frequencies and durations.
Sample sizes were very small relative to the population of interest. Almost
all key studies published primary data; in cases where secondary data were
used, U.S. EPA judged the secondary data to be of suitable utility for the
purposes for developing recommendations.
Minimal (or defined) Bias Bias in either direction likely exists in both frequency and duration
estimates; the magnitude of bias is unknown.
Applicability and Utility Low
Exposure Factor of Interest Key studies for older children focused on mouthing behavior while the infant
studies were designed to research developmental issues.
Representativeness Most key studies were of samples of U.S. children, but due to the small
sample sizes and small number of locations under study, the study subjects
may not be representative of the overall U.S. child population.
Currency The studies were conducted over a wide range of dates. However, the
currency of the data are not expected to affect mouthing behavior
recommendations.
Data Collection Period Extremely short data collection periods may not represent behaviors over
longer time periods.
Clarity and Completeness Low
Accessibility The journal articles are in the public domain, but in many cases, primary
data were unavailable.
Reproducibility Data collection methodologies were capable of providing results that were
reproducible within a certain range, when compared with results obtained
using alternate data collection techniques (e.g., Smith and Norris, 2003).
Quality Assurance Several of the key studies applied and documented quality assurance/quality
control measures.
Variability and Uncertinty Low
Variability in Population The key studies characterized inter-individual variability to a limited extent,
and did not characterize intra-individual variability over diurnal or longer
term time frames.
Description of Uncertainty The study authors typically did not attempt to quantify uncertainties inherent
in data collection methodology (such as the influence of observers on
behavior), although some described these uncertainties qualitatively. The
study authors typically did attempt to quantify uncertainties in data analysis
methodoloogies (if video-transcription methods were used). Uncertainties
arising from short data collection periods typically were unaddressed either
qualitatively or quantitatively.
Evaluation and Review Medium
Peer Review All key studies appear in peer review journals.
Number and Agreement of Several key studies were available for both frequency and duration, but data
Sudies were not available for all age groups. The results of studies from different
researchers are generally in agreement.
Overall rating Low
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4.3 NON-DIETARY INGESTION -

MOUTHING FREQUENCY STUDIES
4.3.1 Key Studies of Mouthing Frequency
4.3.1.1 Zartarian et al.,1997a - Quantifying

Videotaped Activity Patterns: Video

Translation Software and Training

Technologies/Zartarian et al.,, 1997b -

Quantified Dermal Activity Data From a

Four-Child Pilot Field Study/Zartarianetal.,

1998 - Quantified Mouthing Activity Data

From a Four-Child Pilot Field Study

Zartarian et al. (1997a, 1997b, 1998)
conducted a pilot study of the video-transcription
methodology to investigate the applicability of using
videotaping for gathering information related to
children’s activities, dermal exposures and mouthing
behaviors. The researchers had conducted studies using
the real-time hand recording methodology, resulting in
poor inter-observer reliability and observer fatigue
when attempted for long periods of time, prompting the
investigation into using videotaping with transcription
of the children’s activities at a point in time after the
observations (videotaping) occurred.

Four Mexican-American farmworker children
in the Salinas Valley of California each were
videotaped with a hand-held videocamera during their
waking hours, excluding time spent in the bathroom,
over one day in September 1993. The boys were 2
years 10 months old and 3 years, 9 months old; the girls
were 2 years 5 months old and 4 years 2 months old.
Time of videotaping was 6.0 hours for the younger girl,
6.6 hours for the older girl, 8.4 hours for the younger
boy and 10.1 hours for the older boy. The videotaping
gathered information on detailed micro-activity patterns
of children to be used to evaluate software for
videotaped activities and translation training methods.
The researchers reported measures taken to assess inter-
observer reliability and several problems with the
video-transcription process.

The hourly data showed that non-dietary
object mouthing occurred in 30 of the 31 hours of tape
time, with one child eating during the hour in which no
non-dietary object mouthing occurred. Average object
to mouth contacts for the four children were reported to
be 9 contacts per hour, with the average per child
ranging from 1 to 19 contacts per hour (Zartarian et al.,
1997a). Objects mouthed included bedding/towels,

clothes, dirt, grass/vegetation, hard surfaces, hard toys,
paper/card, plush toy, and skin (Zartarian et al., 1997a).
Average hand to mouth contacts for the four children
were reported to be 13 contacts per hour (averaging the
sum of left hand and right hand to mouth contacts and
averaging across children, from Zartarianetal., 1997b),
with the average per child ranging from 9 to 19 contacts
per hour.

This study’s primary purpose was to develop
and evaluate the video-transcription methodology; a
secondary purpose was collection of mouthing behavior
data. The sample of children studied was very small
and not likely to be representative of the national
population. As with other video-transcription studies,
the presence of non-family-member videographers and
a video camera may have influenced the children’s
behavior.

4.3.1.2 Reed et al, 1999 - Quantification of

Children’s Hand and Mouthing Activities

Through a Videotaping Methodology

In this study, Reed et al. (1999) used a video-
transcription methodology to quantify the frequency
and type of children’s hand and mouth contacts, as well
as a survey response methodology, and compared the
videotaped behaviors with parents’ perceptions of those
behaviors. Twenty children ages 3 to 6 years old
selected randomly at a day care center in New
Brunswick, New Jersey, and ten children ages 2 to 5
years old at residences in Newark and Jersey City, New
Jersey who were not selected randomly, were studied
(gender not specified). For the video-transcription
methodology, inter-observer reliability tests were
performed during observer training and at four points
during the two years of the study. The researchers
compared the results of videotaping the ten children in
the residences with their parents’ reports of the
children’s daily activities. Mouthing behaviors studied
included hand to mouth and hand bringing object to
mouth.

The video-transcription mouthing contact
frequency results are presented in Table 4-3. The
authors analyzed parents’ responses on frequencies of
their children’s mouthing behaviors and compared those
responses with the children’s videotaped behaviors,
which revealed certain discrepancies. Parents’
reported hand to mouth contact of “almost never”
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corresponded to overall somewhat lower videotaped
hand to mouth frequencies than those of children whose
parents reported “sometimes,” but there was little
correspondence between parents’ reports of object to
mouth frequency and videotaped behavior.

The advantages of this study were that it
compared the results of video-transcription with the
survey response methodology results, and described
quality assurance steps taken to assure reliability of
transcribed videotape data. However, only a small
number of children were studied, some were not
selected for observation randomly, and the sample of
children studied may not be representative of either the
locations studied or the national population. Due to the
children’s ages, the presence of unfamiliar persons
following the children with a video camera may
influence the video-transcription results. The parents’
survey responses may also be influenced by
recall/memory effects and other limitations of survey
methodologies.

4.3.1.3 Freemanetal., 2001 - Quantitative Analysis

of Children’s Microactivity Patterns: The

Minnesota Children’s Pesticide Exposure

Study

Freeman et al. (2001) conducted a survey
response and video-transcription study of some of the
respondents in a phased study of children’s pesticide
exposures in the summer and early fall of 1997. A
probability-based sample of 168 families with children
ages 3 to <14 years old in urban (Minneapolis/St. Paul)
and non-urban (Rice and Goodhue Counties) areas of
Minnesota answered questions about children’s
mouthing of paint chips, food-eating without utensils,
eating of food dropped on the floor, mouthing of non-
food items, and mouthing of thumbs/fingers. For the
survey response portion of the study, parents provided
the responses for children ages 3 and 4 years, and
collaborated with or assisted older children with their
responses. Of the 168 families responding to the
survey, 102 were available, selected, and agreed to
measurements of pesticide exposure. Of these 102
families, 19 agreed to videotaping of the study
children’s activities for a period of four consecutive
hours.

Based on the survey responses for 168
children, the 3 year olds had significantly more positive

responses for all reported behavior compared to the
other age groups. The authors stated that they did not
know whether parent reporting of 3 year olds’ behavior
influenced the responses given. Table 4-4 shows the
percent of children, grouped by age, who were reported
to exhibit non-food related mouthing behaviors. Table
4-5 presents the mean and median number of mouthing
contacts by age for the 19 videotaped children. Among
the four age categories of these children, object to
mouth activities were significantly greater for the 3 and
4 year olds than any other age group, with a median of
3 and a mean of 6 contacts per hour (P =0.002, Kruskal
Wallis test comparison across four age groups). Hand
to mouth contacts had a median of 3.5 and mean of 4
contacts per hour for the three 3 and 4 year olds
observed, median of 2.5 and mean of 8 contacts per
hour for the seven 5 and 6 year olds observed, median
of 3 and mean of 5 contacts per hour for the four 7 and
8 year olds observed, and median of 2 and mean of 4
for the five 10, 11 and 12 year olds observed. Gender
differences were observed for some of the activities,
with boys spending significantly more time outdoors
than girls. Hand to mouth and object to mouth
activities were less frequent outdoors than indoors for
both boys and girls.

For the 19 children in the video-transcription
portion of the study, inter-observer reliability checks
and quality control checks were performed on randomly
sampled tapes. For four children’s tapes, comparison of
the manual video-transcription with a computerized
transcription method (Zartarian et al., 1995) was also
performed; no significant differences were found in the
frequency of events recorded using the two techniques.
The frequency of six behaviors (hand to mouth, hand to
object, object to mouth, hand to smooth surface, hand
to textured surface, and hand to clothing) was recorded.
The amount of time each child spent indoors, outdoors,
in contact with soil or grass, and whether the child was
barefoot was also recorded. For the four children
whose tapes were analyzed with the computerized
transcription method, which calculates event durations,
the authors stated that most hand to mouth and object to
mouth activities were observed during periods of lower
physical activity, such as television viewing.

An advantage to this study is that it included
results from two separate methodologies, and included
quality assurance steps taken to assure reliability of
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transcribed videotape data. However, the children in
this study may not be representative of all children in
the U.S. Variation in who provided the survey
responses (sometimes parents only, sometimes children
with parents) may have influenced the responses given.
Children studied using the video-transcription
methodology were not chosen randomly from the
survey response group. The presence of unfamiliar
persons following the children with a video camera may
have influenced the video-transcription methodology
results.

4.3.1.4 Tulve et al., 2002 - Frequency of Mouthing

Behavior in Young Children

Tulve et al. (2002) coded the unpublished
Davis et al. (1995) data for location (indoor and
outdoor) and activity type (quiet or active) and analyzed
the subset of the data that consisted of indoor mouthing
behavior during quiet activity (72 children, ranging in
age from 11 to 60 months). A total of 186 15-minute
observation periods were included in the study, with the
number of observation periods per child ranging from
1to 6.

Results of the data analyses indicated that
there was no association between mouthing frequency
and gender, but a clear association between mouthing
frequency and age was observed. The analysis
indicated that children <24 months had the highest
frequency of mouthing behavior (81 events/hour) and
children >24 months had the lowest (42 events/hour)
(Table 4-6). Both groups of children were observed to
mouth toys and hands more frequently than household
surfaces or body parts other than hands.

An advantage of this study is that the
randomized design may mean that the children studied
were relatively representative of young children living
in the study area, although they may not be
representative of the U.S. population. Due to the ages
of the children studied, the observers’ use of
headphones and manual recording of mouthing
behavior on observation sheets may have influenced the
children’s behavior.

4.3.1.5 AuYeung et al., 2004 - Young Children’s

Mouthing Behavior: An Observational Study

via Videotaping in a Primarily Outdoor

Residential Setting

AuYeung et al. (2004) used a video-
transcription methodology to study a group of 38
children (20 females and 18 males; ages 1 to 6 years),
37 of whom were selected randomly via a telephone
screening survey of a 300 to 400 square mile portion of
the San Francisco, California peninsula, along with one
child selected by convenience due to time constraints.
Families who lived in a residence with a lawn and
whose annual income was >$35,000 were asked to
participate. Videotaping took place between August
1998 and May 1999 for approximately two hours per
child. Videotaping by one researcher was
supplemented with field notes taken by a second
researcher who was also present during taping. Most of
the videotaping took place during outdoor play,
however, data were included for several children (one
child <2 years old and 8 children >2 years old) who had
more than 15 minutes of indoor play during their
videotaping sessions.

The videotapes were translated into ASCII
computer files using VirtualTimingDevice™ software
described in Zartarian et al. (1997a). Both frequency
and duration (see Section 4.4.2.5 of this Chapter) were
analyzed. Between 5 and 10 percent of the data files
translated were randomly chosen for quality control
checks for inter-observer agreement. Ferguson et al.
(2006) described quality control aspects of the study in
detail.

For analysis, the mouthing contacts were
divided into indoor and outdoor locations, and 16
object/surface categories. Mouthing frequency was
analyzed by age and gender separately, and in
combination. Mouthing contacts were defined as
contact with the lips, inside of the mouth, and/or the
tongue; dietary contacts were ignored. Mouthing
frequencies for indoor locations are shown in Table 4-7.
For the one child observed that was <24 months of age,
the total mouthing frequency was 84.8 contacts/hour;
for children >24 months, the median indoor mouthing
frequency was 19.5 contacts/hour. Outdoor median
mouthing frequencies (Table 4-8) were very similar for
children <24 months of age (13.9 contacts/hour) and
>24 months (14.6 contacts/hour).
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Nonparametric tests, such as the Wilcoxon
rank sum test were used for the data analyses. Both age
and gender were found to be associated with differences
in mouthing behavior. Girls had significantly higher
frequencies of mouthing contacts with the hands and
non-dietary objects than boys (p = 0.01 and p = 0.008,
respectively).

This study provides distributions of outdoor
mouthing frequencies with a variety of objects and
surfaces. Although indoor mouthing data were also
included in this study, the results were based on a small
number of children (N=9) and a limited amount of
indoor play. The sample of children may be
representative of certain socioeconomic strata in the
study area, but is not likely to be representative of the
national population. Due to the children’s ages, the
presence of unfamiliar persons following the children
with a video camera may have influenced the video-
transcription methodology results.

4.3.1.6 Blacketal., 2005 - Children’s Mouthing and

Food-Handling Behavior in an Agricultural

Community on the U.S./Mexico Border

Black et al. (2005) studied mouthing behavior
of children in a Mexican-American community along
the Rio Grande River in Texas, in the spring and
summer of 2000, using a survey response and a video-
transcription methodology. A companion study of this
community (Shalat et al., 2003) identified 870 occupied
households during the April 2000 U.S. census and
contacted 643 of these via in-person interview to
determine presence of children under the age of 3 years.
Of the 643 contacted, 91 had at least one child under
the age of 3 years (Shalat et al., 2003). Of these 91
households, the mouthing and food-handling behavior
of 52 children (26 boys and 26 girls) from 29 homes
was videotaped, and the children’s parents answered
questions about children’s hygiene, mouthing and food-
handling activities (Black et al., 2005). The study was
of children ages 7 to 53 months, grouped into four age
categories: infants (7 to 12 months), 1 year olds (13 to
24 months), 2 year olds (25 to 36 months), and
preschoolers (37 to 53 months).

The survey asked questions about children’s
ages, genders, reported hand-washing, mouthing and
food-handling behavior (N=52), and activities (N=49).
Parental reports of thumb/finger placement in the mouth

showed decreases with age. The researchers attempted
to videotape each child for four hours. The children
were followed by the videographers through the house
and yard, except for times when they were napping or
using the bathroom. Virtual Timing Device™ software
was used to analyze the videotapes.

Based on the results of videotaping, most of
the children (49 of 52) spent the majority of their time
indoors. Of the 39 children who spent time both indoors
and outdoors, all three behaviors (hand to mouth, object
to mouth and food handling) were more frequent and
longer while the child was indoors. Hand to mouth
activity was recorded during videotaping for all but one
child, a 30 month old girl.

For the four age groups, the mean hourly hand
to mouth frequency ranged from 11.9 (2 year olds) to
22.1 (preschoolers), and the mean hourly object to
mouth frequency ranged from 7.8 (2 year olds) to 24.4
(infants). No significant linear trends were seen with
age or gender for hand to mouth hourly frequency. A
significant linear trend was observed for hourly object
to mouth frequency, which decreased as age increased
(adjusted R? = 0.179; P = 0.003). Results of this study
are shown in Table 4-9.

One advantage of this study is that it compared
survey responses with videotaped information on
mouthing behavior. A limitation is that the sample was
fairly small and was from a limited area (mid-Rio
Grande Valley) and is not likely to be representative of
the national population. Due to the children’s ages, the
presence of unfamiliar persons following the children
with a video camera may have influenced the video-
transcription methodology results.

4.3.1.7 Xue et al, 2007 - A Meta-analysis of
Children’s Hand-to-Mouth Frequency Data
for Estimating Nondietary Ingestion
Exposure
Xue et al. (2007) gathered hand-to-mouth
frequency data from 9 available studies representing
429 subjects and more than 2,000 hours of behavior
observation. The studies used in this analysis included
several of the studies summarized in this chapter
(Zartarianetal.,1998; Reed etal., 1999; Freeman et al.,
2001; Greene, 2002; Tulve et al., 2002; and Black et
al., 2005), as well as several other sets of unpublished
data. These data were used to conduct a meta-analysis
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to study differences in hand-to-mouth behavior. The

purpose of the analysis was to:

1) examine differences across studies by age
(using the new U.S. EPA recommended age
groupings (U.S. EPA, 2005)), gender, and
indoor/outdoor location;

2) fit variability distributions to the available
hand-to-mouth frequency data for use in one
dimensional Monte Carlo exposure
assessments;

3) fit uncertainty distributions to the available
hand-to-mouth frequency data for use in two
dimensional Monte Carlo exposure
assessments; and

4) assess hand-to-mouth frequency data needs
using the new U.S. EPA recommended age
groupings (U.S. EPA, 2005).

The data were sorted into age groupings.

Visual inspection of the data and statistical methods

(method of moments and maximum likelihood

estimation) were used, and goodness-of-fit tests were

applied to verify the selection among lognormal,

Weibull, and normal distributions (Xue et al., 2007).

Analyses to study inter- and intra- individual variability

of indoor and outdoor hand to mouth frequency were

conducted.  There were 894 hours of behavior

observation data for the 429 children, ages 0.3 to 12

years, across all available studies. It was found that age

and location (indoor vs. outdoor) were important
factors contributing to hand to mouth frequency, but

study and gender were not (Xue et al., 2007).

Distributions of hand to mouth frequencies were

developed for both indoor and outdoor activities.

Distributions are presented in Table 4-10 for indoor

settings and Table 4-11 for outdoor settings. Hand to

mouth frequencies decreased for both indoor and
outdoor activity as age increased, and were higher
indoors than outdoors for all age groups (Xue et al.,

2007).

A strength of this study is that it is the first

effort to fit hand to mouth distributions using U.S.

EPA’s recommended age groups using available data

on mouthing behavior from studies using different

methodologies, of children in different locations.

Limitations of the studies used in this meta-analysis

apply to the results from the meta-analysis as well; the

uncertainty analysis in this study does not account for

uncertainties arising out of differences in approaches
used in the various studies used in the meta-analysis.

4.3.2  Relevant Studies of Mouthing Frequency
4.3.2.1 Davisetal., 1995 - Soil Ingestion in Children
with Pica: Final Report

In 1992, under a Cooperative Agreement with
U.S. EPA, the Fred Hutchinson Cancer Research Center
conducted a survey response and real-time hand
recording study of mouthing behavior data. The study
included 92 children (46 males, 46 females) ranging in
age from <12 months to 60 months, from Richland,
Kennewick, and Pasco, Washington. The childrenwere
selected randomly based on date of birth through a
combination of birth certificate records and random
digit dialing of residential telephone numbers. For each
child, data were collected during a seven day period in
January to April, 1992. Eligibility included residence
within the city limits, residence duration >1 month, and
at least one parent or guardian who spoke English.
Most of the adults who responded to the survey
reported their marital status as being married (90
percent), their race as Caucasian (89 percent), their
household income in the >$30,000 range (56 percent)
or their housing status as single-family home occupants
(69 percent).

The survey asked questions about thumb-
sucking and frequency questions about pacifier use,
placing fingers, hands and feet in the mouth, and
mouthing of furniture, railings, windowsills, floor, dirt,
sand, grass, rocks, mud, clothes, toys, crayons, pens,
and other items. Table 4-12 shows the survey
responses for the 92 study children. For most of the
children in the study, the mouthing behavior real-time
hand recording data were collected simultaneously by
parents and by trained observers who described and
quantified the mouthing behavior of the children in their
home environment. The observers recorded mouth and
tongue contacts with hands, other body parts, natural
objects, surfaces, and toys every 15 seconds during 15-
minute observation periods spread over 4 days. Parents
and trained observers wore headphones that indicated
elapsed time (Davis et al., 1995). If all attempted
observation periods were successful, each child would
have a total of 16 15-minute observation periods with
60 15-second intervals per 15-minute observation
period, or 960 15-second intervals in all. The number
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of successful intervals of observation ranged from 0 to
840 per child. Comparisons of the inter-observer
reliability between the trained observers and parents
showed “a high degree of correlation between the
overall degree of both mouth and tongue activity
recorded by parents and observers. For total mouth
activity, there was a significant correlation between the
rankings obtained according to parents and observers,
and parents were able to identify the same individuals
as observers as being most and least oral in 60 percent
of the cases.”

One advantage of this study is the
simultaneous observations by both parents and trained
observers that allows comparisons to be made regarding
the consistency of the recorded observations. The
random nature in which the population was selected
may provide a representative population of the study
area, within certain limitations, but not of the national
population. Simultaneous collection of food,
medication, fecal, and urine samples that occurred as
part of the overall study (not described in this summary)
may have contributed a degree of deviation from
normal routines within the households during the 7 days
of data collection and may have influenced children’s
usual behaviors. Wearing of headphones by parents
and trained observers during mouthing observations,
presence of non-family-member observers, and parents’
roles as observers as well as care givers may also have
influenced the results; the authors state “Having the
child play naturally while being observed was
challenging. Usually the first day of observation was
the most difficult in this respect, and by the third or
fourth day of observation the child generally paid little
attention to the observers.”

4322 Lew and Butterworth, 1997 - The
Development of Hand-Mouth Coordination
in 2- to 5-Month-Old Infants: Similarities
With Reaching and Grasping
Lewand Butterworth (1997) studied 14 mostly

first-born infants (10 males, 4 females) in Stirling,

United Kingdom, in 1990 using a video-transcription

methodology.  Attempts were made to study each

infant within a week of the infant’s 2-month, 3-month,
4-month and 5-month birthdays. After becoming
accustomed to the testing laboratory, and with their
mothers present, infants were placed in semi-reclining

seats and filmed during an experimental protocol in
which researchers placed various objects into the
infants’ hands. Infants were observed for two baseline
periods of 2 minutes each. The researchers coded all
contacts to the face and mouth that occurred during
baseline periods (prior to and after the object handling
period) as well as contacts occurring during the object
handling period. Hand to mouth contacts included
contacts that landed directly in or on the mouth as well
as those in which the hand landed on the face first and
then moved to the mouth. The researchers assessed
inter-observer agreement using a rater not involved with
the study, for a random proportion (approximately 10
percent) of the movements documented during the
object handling period, and reported inter-observer
agreement of 0.90 using Cohen’s kappa (a measure of
the agreement between two raters) for the location of
contacts. The frequency of contacts ranged between 0
and 1 contacts per minute.

The advantages of this study were that use of
video cameras could be expected to have minimal
impact on infant behavior for infants of these ages, and
the researchers performed tests of inter-observer
reliability. A disadvantage is that the study included
baseline observation periods of only 2 minutes’
duration, during which spontaneous hand to mouth
movements could be observed. The extent to which
these infants’ behavior is representative of other infants
of these ages is unknown.

4.3.2.3 Tudella et al., 2000 - The Effect of Oral-
Gustatory, Tactile-Bucal, and Tactile-
Manual Stimulation on the Behavior of the
Hands in Newborns
Tudella et al. (2000) studied the frequency of
hand to mouth contact, as well as other behaviors, in 24
full-term Brazilian newborns (10 to 14 days old) using
a video-transcription methodology. Infants were in an
alert state, in their homes in silent and previously heated
rooms in a supine position and had been fed between 1
and 1 1/2 hours before testing. Infants were studied for
a four minute baseline period without stimuli before
experimental stimuli were administered. Results from
the four minute baseline period, without stimuli,
indicated that the mean frequency of hand to mouth
contact (defined as right hand or left hand touching the
lips or entering the buccal cavity, either with or without
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rhythmic jaw movements) was almost 3 right hand
contacts and slightly more than 1.5 left hand contacts,
for a total hand to mouth contact frequency of about 4
contacts in the four minute period. The researchers
performed inter-observer reliability tests on the
videotape data and reported an inter-coder Index of
Concordance of 93 percent.

The advantages of this study were that use of
video cameras could be expected to have virtually no
impact on newborns’ behavior, and inter-observer
reliability tests were performed. However, the study
data may not represent newborn hand to mouth contact
during non-alert periods such as sleep. The extent to
which these infants’ behavior is representative of other
full-term 10 to 14 day old infants’ behavior is unknown.

4.3.24 Ko et al., 2007 - Relationships of Video
Assessments of Touching and Mouthing
Behaviors During Outdoor Play in Urban
Residential Yards to Parental Perceptions of
Child Behaviors and Blood Lead Levels
Ko et al. (2007) compared parent survey

responses with results from a video-transcription study
of children’s mouthing behavior in outdoor settings, as
part of a study of relationships between children’s
mouthing behavior and other variables with blood lead
levels. A convenience sample of 37 children (51
percent males, 49 percent females) 14 to 69 months old
was recruited via an urban health center and direct
contacts in the surrounding area, apparently in Chicago,
[llinois. Participating children were primarily Hispanic
(89 percent). The mouth area was defined as within 1
inch of the mouth, including the lips. Items passing
beyond the lips were defined as in the mouth.
Placement of an object or food item in the mouth along
with part of the hand was counted as both hand and
food or object in mouth. Mouthing behaviors included
hand-to-mouth area both with and not with food, hand-
in-mouth with or without food, and object-in-mouth
including food, drinks, toys or other objects.

Survey responses for the 37 children who were
also videotaped included parents reporting children’s
inserting hand, toys or objects in mouth when playing
outside, and inserting dirt, stones or sticks in mouth.
Video-transcription results of outdoor play for these 37
children indicated 0 to 27 hand-in-mouth, and 3 to 69
object-in-mouth touches per hour for the 13 children

reported to frequently insert hand, toys or objects in
mouth when playing outside; 0 to 67 hand in mouth,
and 7 to 40 object-in-mouth touches per hour for the 10
children reported to “sometimes” perform this behavior;
0 to 30 hand-in-mouth, and 0 to 125 object in mouth
touches per hour for the 12 children reported to “hardly
ever” perform this behavior, and 1 to 8 hand-in-mouth,
and 3 to 6 object-in-mouth touches per hour for the 2
children reported to “never” perform this behavior.

Videotaping was attempted for two hours per
child over two or more play sessions, with
videographers trying to avoid interacting with the
children. Children played with their usual toys and
partners, and no instructions were given to parents
regarding their supervision of the children’s play. The
authors stated that during some portion of the videotape
time, children’s hands and mouths were out of camera
view. Videotape transcription was performed manually,
according to a modified version of the protocol used in
the Reed et al. (1999) study. Inter-observer reliability
between three video-transcribers was checked with
seven 30 minute video segments.

One strength of this study is its comparison of
survey responses with results from the video-
transcription methodology. A limitation is that the non-
randomly selected sample of children studied is unlikely
to be representative of the national population.
Comparing results from this study with results from
other video-transcription studies may be problematic
due to inclusion of food handling with hand to mouth
and object to mouth frequency counts. Due to the
children’s ages, their behavior may have differed from
normal patterns due to the presence of strangers who
videotaped them.

4.4 NON-DIETARY INGESTION -
MOUTHING DURATION STUDIES
44.1 Key Mouthing Duration Studies
4.4.1.1 Jubergetal., 2001 - An Observational Study
of Object Mouthing Behavior by Young
Children
Juberg et al. (2001) studied 385 children ages
0 to 36 months in western New York state, with parents
collecting real-time hand-recording mouthing behavior
data, primarily in children’s own home environments.
The study consisted of an initial pilot study conducted
in February 1998, a second phase conducted in April
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1998, and a third phase conducted at an unspecified
later time. The study’s sample was drawn from families
identified in a child play research center database or
whose children attended a child care facility in the same
general area; some geographic variation within the local
area was obtained by selecting families with different
zip codes in the different study phases. The pilot phase
had 30 children who participated out of 150 surveys
distributed; the second phase had 187 children out of
approximately 300 surveys distributed, and the third
phase had 168 participants out of 300 surveys
distributed.

Parents were asked to observe their child’s
mouthing of objects only; hand to mouth behavior was
not included. Data were collected on asingle day (pilot
and second phases) or five days (third phase); parents
recorded the insertion of objects into the mouth by
noting the “time in” and “time out” and the researchers
summed the recorded data to tabulate total times spent
mouthing the various objects during the day(s) of
observation. Thus, the study data were presented as
minutes per day of object mouthing time. Mouthed
items were classified as pacifiers, teethers, plastic toys,
or other objects.

The results of the combined pilot and second
phase Il data are shown in Table 4-13. For both age
groups, mouthing time for pacifiers greatly exceeded
mouthing time for non-pacifiers, with the difference
more acute for the older age group than for the younger
age group. Histograms of the observed data show a
peak in the low end of the distribution (0 to 100 minutes
per day) and a rapid decline at longer durations.

A third phase of the study focused on children
between the ages of 3 and 18 months and included only
non-pacifier objects. Subjects were observed for 5 non-
consecutive days over a 2 month period. A total of 168
participants returned surveys for at least one day,
providing a total of 793 person-days of data. The data
yielded a mean non-pacifier object mouthing duration
of 36 minutes per day; the mean was the same when
calculated on the basis of 793 person-days of data as on
the basis of 168 daily average mouthing times.

One advantage of this study is the large sample
size (385 children); however, the children apparently
were not selected randomly, although some effort was
made to obtain local geographic variation among study
participants.  There is no description of the

socioeconomic status or racial and ethnic identities of
the study participants. The authors do not describe the
methodology (such as stopwatches, analog or digital
clocks, or guesses) parents used to record mouthing
eventdurations. The authors stated that using mouthing
event duration units of minutes, rather than seconds,
may have yielded observations rounded to the nearest
minute.

4.4.1.2 Greene, 2002 - A Mouthing Observation

Study of Children Under Six Years of Age

The U.S. Consumer Product Safety
Commission (CPSC) conducted a survey response and
real-time hand recording study between December 1999
and February 2001 to quantify the cumulative time per
day that young children spend awake, not eating, and
mouthing objects. “Mouthing” was defined as sucking,
chewing, or otherwise putting an object on his/her lips
or into his/her mouth. Participants were recruited via a
random digit dialing telephone survey in urban and
nearby rural areas of Houston, Texas and Chicago,
Illinois. Of the 115,289 households surveyed, 1,745
households had a child under the age of 6 years and
were willing to participate. In the initial phase of the
study, 491children ages 3 to 81 months participated.
Parents were instructed to use watches with second
hands, or count seconds to estimate mouthing event
durations. Parents also were to record mouthing
frequency and types of objects mouthed. Parents
collected data in four separate, non-consecutive 15-
minute observation periods. Initially, parents were
called back by the researchers and asked to provide
their data over the telephone. Of the 491 children, 43
children (8.8 percent) had at least one 15-minute
observation period with mouthing event durations
recorded as exceeding 15 minutes. Due to this data
quality problem, the researchers excluded the parent
observation data from further analysis.

In a second phase, trained observers used
stopwatches to record the mouthing behaviors and
mouthing event durations of the subset of 109 of these
children ages 3 to 36 months, and an additional 60
children (total in second phase, 169), on two hours of
each of two days. The observations were done at
different times of the day at the child’s home and/or
child care facility. Table 4-14 shows the prevalence of
observed mouthing among the 169 children in the
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second phase. All children were observed to mouth
during the four hours of observation time; 99 percent
mouthed the category defined as “anatomy.” Pacifiers
were mouthed by 27 percent in an age-declining pattern
ranging from 47 percent of children less than 12 months
old to 10 percent of the 2 to <3 year olds.

Table 4-15 provides the average mouthing
time by object category and age in minutes per hour.
The average mouthing time for all objects ranged from
5.3t0 10.5 minutes per hour, with the highest mouthing
time corresponding to children <1 year of age and the
lowest to the 2 to <3 years of age category. Among the
objects mouthed, pacifiers represented about one third
of the total mouthing time, with 3.4 minutes per hour
for the youngest children, 2.6 minutes per hour for the
children between 1 and 2 years and 1.8 minutes per
hour for children 2 to <3 years old. The next largest
single item category was anatomy. In this category,
children under 1 year of age spent 2.4 minutes per hour
mouthing fingers and thumbs; this behavior declined
with age to 1.2 minutes per hour for children 2 to <3
years old.

Of the 169 children in the second phase, there
were usable data on the time awake and not eating (or
“exposure time”) for only 109; data for the remaining
60 children were missing. Thus, in order to develop
extrapolated estimates of daily mouthing time, from the
2 hours of observation per day for two days, for the 109
children, the researchers developed a statistical model
that accounted for the children’s demographic
characteristics, in order to estimate exposure times for
the 60 children for whom exposure time data were
missing, and then computed statistics for the
extrapolated daily mouthing times for all 169 children,
using a “bootstrap” procedure. Using this method, the
estimated mean daily mouthing time of objects other
than pacifiers ranged from 37 minutes/day to 70
minutes/day with the lowest number corresponding to
the 2 to <3 year old children and the largest number
corresponding to the 3 to <12 month old children.

The 551 child participants were 55 percent
males, 45 percent females. The study’s sample was
drawn in an attempt to duplicate the overall U.S.
demographic characteristics with respect to race,
ethnicity, socioeconomic status and
urban/suburban/rural settings. The sample families’
reported annual incomes were generally higher than

those of the overall U.S. population.

This study’s strength was that it consisted of a
randomly selected sample of children from both urban
and non-urban areas in two different geographic areas
within the U.S. However, the observers’ presence and
use of a stopwatch to time mouthing durations may
have affected the children’s behavior.

4.4.2 Relevant Mouthing Duration Studies
4421 Barr et al,, 1994 - Effects of Intra-Oral

Sucrose on Crying, Mouthing and Hand-

Mouth Contact in Newborn and Six Week

Old Infants

Barr et al. (1994) studied hand to mouth
contact, as well as other behaviors, in 15 newborn (8
males, 7 females) and 15 five to seven week old (8
males, 7 females) full-term Canadian infants using a
video-transcription methodology. The newborns were
2 to 3 days old, in a quiet, temperature-controlled room
at the hospital, in a supine position and had been fed
between 2 1/2 and 3 1/2 hours before testing. Barr et
al. (1994) analyzed a one minute baseline period, with
no experimental stimuli, immediately before a sustained
crying episode lasting 15 seconds. For the newborns,
reported durations of hand to mouth contact during 10
second intervals of the one minute baseline period were
in the range of 0 to 2 percent. The five to seven week
old infants apparently were studied at primary care
pediatric facilities when they were in bassinets inclined
at an angle of 10 degrees. For these slightly older
infants, the baseline periods analyzed were less than 20
seconds in length, but Barr et al. (1994) reported
similarly low mean percentages of the 10 second
intervals (approximately 1 percent of the time with hand
to mouth contact). Hand to mouth contact was defined
as “any part of the hand touching the lips and/or the
inside of the mouth.” The researchers performed inter-
observer reliability tests on the videotape data and
reported a mean inter-observer reliability of 0.78 by
Cohen’s kappa (a measure of the agreement between
two raters).

The advantages of this study were that use of
video cameras could be expected to have virtually no
impact on newborns’ or five to seven week old infants’
behavior, and inter-observer reliability tests were
performed. The study data did not represent newborn
or five to seven week old infant hand to mouth contact
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during periods in which infants of these ages were in a
sleeping or other non-alert state, and may only represent
behavior immediately prior to a state of distress
(sustained crying episode). The extent to which these
infants’ behavior is representative of other full-term
infants of these ages is unknown.

4.4.2.2 Zartarian et al., 1997a - Quantifying

Videotaped Activity Patterns: Video

Translation Software and Training

Technologies/Zartarian et al., 1997b -

Quantified Dermal Activity Data From a

Four-Child Pilot Field Study/Zartarian etal.,

1998 - Quantified Mouthing Activity Data

From a Four-Child Pilot Field Study

Asdescribed in Section4.3.1.1, Zartarian etal.
(1997a, 1997b, 1998) conducted a pilot study of the
video-transcription methodology to investigate the
applicability of using videotaping for gathering
information related to children’s activities, dermal
exposures and mouthing behaviors. The researchers
had conducted studies using the real-time hand
recording methodology, resulting in poor inter-observer
reliability and observer fatigue when attempted for long
periods of time, prompting the investigation into using
videotaping with transcription of the children’s
activities at a point in time after the observations
(videotaping) occurred.

Four Mexican-American farmworker children
in the Salinas Valley of California each were
videotaped with a hand-held videocamera during their
waking hours, excluding time spent in the bathroom,
over one day in September 1993. The boys were 2
years 10 months old and 3 years, 9 months old; the girls
were 2 years 5 months old and 4 years 2 months old.
Time of videotaping was 6.0 hours for the younger girl,
6.6 hours for the older girl, 8.4 hours for the younger
boy and 10.1 hours for the older boy. The videotaping
gathered information on detailed micro-activity patterns
of children to be used to evaluate software for
videotaped activities and translation training methods.

The four children mouthed non-dietary objects
an average of 4.35 percent (range 1.41 to 7.67 percent)
of the total observation time, excluding the time during
which the children were out of the camera’s view
(Zartarian et al., 1997a). Objects mouthed included
bedding/towels, clothes, dirt, grass/vegetation, hard

surfaces, hard toys, paper/card, plush toy, and skin
(Zartarian et al., 1997a). Frequency distributions for
the four children’s non-dietary object contact durations
were reported to be similar in shape. Reported hand to
mouth contact presumably is a subset of the object to
mouth contacts described in Zartarian etal., 1997a, and
is described in Zartarian et al., 1997b. The four
children mouthed their hands an average of 2.35
percent (range 1.0 to 4.4 percent) of observation time.
The researchers reported measures taken to assess inter-
observer reliability and several problems with the
video-transcription process.

This study’s primary purpose was to develop
and evaluate the video-transcription methodology; a
secondary purpose was collection of mouthing behavior
data. The sample of children studied was very small
and not likely to be representative of the national
population. Thus, U.S. EPA did not judge it to be
suitable for consideration as a key study of children’s
mouthing behavior. As with other video-transcription
studies, the presence of non-family-member
videographers and a video camera may have influenced
the children’s behavior.

4.4.2.3 Groot et al., 1998 - Mouthing Behavior of

Young Children: An Observational Study

In this study, Groot et al. (1998) examined the
mouthing behavior of 42 Dutch children (21 boys and
21 qgirls) between the ages of 3 and 36 months in late
July and August 1998. Parent observations were made
of children in 36 families. Parents were asked to
observe their children ten times per day for 15 minute
intervals (i.e., 150 minutes total per day) for two days
and measure mouthing times with a stopwatch. In this
study, mouthing was defined as “all activities in which
objects are touched by mouth or put into the mouth
except for eating and drinking. This term includes
licking as well as sucking, chewing and biting.”

For the study, a distinction was made between
toys meant for mouthing (e.qg., pacifiers, teething rings)
and those not meant for mouthing. Inter-observer and
intra-observer reliability was measured by trained
observers who co-observed a portion of observation
periods in three families, and who co-observed and
repeatedly observed some video-transcriptions made of
one child. Another quality assurance procedure
performed for the extrapolated total mouthing time data
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was to select 12 times per hour randomly during the
entire waking period of four children during one day, in
which the researchers recorded activities and total
mouthing times.

Although the sample size was relatively small,
the results provided estimates of mouthing times, other
than pacifier use, during a day. The results were
extrapolated to the entire day based on the 150 minutes
of observation per day, and the mean value for each
child for the two days of observations was interpreted
as the estimate for that child. Summary statistics are
shown in Table 4-16. The standard deviation in all four
age categories except the 3 to 6 month old children
exceeded the estimated mean. The 3 to 6 month
children (N=5) were estimated to have mean non-
pacifier mouthing durations of 36.9 minutes per day,
with toys as the most frequently mouthed product
category, and the 6 to 12 month children (N=14) 44
minutes per day (fingers most frequently mouthed).
The 12 to 18 month olds’ (N=12) estimated mean non-
pacifier mouthing time was 16.4 minutes per day, with
fingers most frequently mouthed, and 18 to 36 month
olds’ (N=11) estimated mean non-pacifier mouthing
time was 9.3 minutes per day (fingers most frequently
mouthed).

One strength of this study is that the
researchers recognized that observing children’s
behavior might affect the behavior, and emphasized to
the parents the importance of making observations
under conditions that were as normal as possible. In
spite of these efforts, many parents perceived that their
children’s behavior was affected by being observed,
and observation interfered with care giving
responsibilities such as comforting children when they
were upset. Other limitations included a small sample
size that was not representative of the Dutch population
and that also may not be representative of U.S. children.
Technical problems with the stopwatches affected at
least 14 of 36 parents’ data.

4.4.2.4 Smith and Norris, 2003 - Reducing the Risk
of Choking Hazards: Mouthing Behavior of
Children Aged 1 Month to 5 Years/Norris
and Smith, 2002 - Research Into the
Mouthing Behaviour of Children up to 5
Years Old
Smith and Norris (2003) conducted a real-time
hand recording study of mouthing behavior among 236
children (111 males, 125 females) in the United
Kingdom (exact locations not specified) who were from
1 month to 5 years old. Children were observed at home
by parents, who used stopwatches to record the time
that mouthing began, the type of mouthing, the type of
object being mouthed, and the time that mouthing
ceased. Children were observed for a total of 5 hours
over a two week period; the observation time consisted
of twenty 15 minute periods spread over different times
and days during the child’s waking hours. Parents also
recorded the times each child was awake and not eating
meals so that the researchers could extrapolate
estimates of total daily mouthing time from the shorter
observation periods. Mouthing was defined as
licking/lip touching, sucking/trying to bite, biting or
chewing, with a description of each category, together
with pictures, given to parents as guidance for what to
record.
The results of the study are shown in Table 4-
17. While no overall pattern could be found in the
different age groups tested, a Kruskal-Wallis test on the
data for all items mouthed indicated that there was a
significant difference between the age groups. Across
all age groups and types of items, licking and sucking
accounted for 64 percent of all mouthing behavior.
Pacifiers and fingers exhibited less variety on mouthing
behavior (principally sucking), while other items had a
higher frequency of licking, biting, or other mouthing.
The researchers selected 250f the 236 children
randomly for a single 15 minute observation of each
child (total observation time across all children: 375
minutes), in order to compare the mouthing frequency
and duration data obtained according to the real-time
hand recording and the video-transcription
methodologies, as well as the reliability of parent
observations versus those made by trained
professionals. For this group of 25 children, the total
number of mouthing behavior events recorded by video
(160) exceeded those recorded by parents (114) and
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trained observers (110). Similarly, the total duration
recorded by video (24 minutes and 15 seconds)
exceeded that recorded by observers (parents and
trained observers both recorded identical totals of 19
minutes and 44 seconds). The mean and standard
deviation of observed mouthing time were both lower
when recorded by video versus real-time hand
recording. The maximum observed mouthing time was
also lower (6 minutes and 7 seconds by video versus 9
minutes and 43 seconds for both parents and trained
observers).

The strengths of this study were its comparison
of three types of observation (parents, trained
professional observers, and videotaping), and its
detailed reporting of mouthing behaviors by type,
object/item mouthed, and age group. However, the
children studied may not be representative of the study
population, and may not be representative of U.S.
children.

4425 Au Yeung et al, 2004 - Young Children’s
Mouthing Behavior: An Observational Study
via Videotaping in a Primarily Outdoor
Residential Setting
As described in Section 4.3.1.5, AuYeung et

al. (2004) used a video-transcription methodology to
study a group of 38 children (20 females and 18 males;
ages 1 to 6 years), 37 of whom were selected randomly
via a telephone screening survey of a 300 to 400 square
mile portion of the San Francisco, California peninsula,
along with one child selected by convenience due to
time constraints. Families who lived in a residence with
a lawn and whose annual income was >$35,000 were
asked to participate. Videotaping took place between
August 1998 and May 1999 for approximately two
hours per child. Videotaping by one researcher was
supplemented with field notes taken by a second
researcher who was also present during taping. Most of
the videotaping took place during outdoor play,
however, data were included for several children (one
child <2 years old and 8 children >2 years old) who had
more than 15 minutes of indoor play during their
videotaping sessions.

The videotapes were translated into ASCII
computer files using Virtual TimingDevice™ software
described in Zartarian et al. (1997a). Both frequency
(see Section 4.3.1.5 of this Chapter) and duration were

analyzed. Between 5 and 10 percent of the data files
translated were randomly chosen for quality control
checks for inter-observer agreement. Ferguson et al.
(2006) described quality control aspects of the study in
detail.

For analysis, the mouthing contacts were
divided into indoor and outdoor locations, and 16
object/surface categories. Mouthing durations were
analyzed by age and gender separately, and in
combination. Mouthing contacts were defined as
contact with the lips, inside of the mouth, and/or the
tongue; dietary contacts were ignored. Mouthing
durations are shown in Table 4-18 (outdoor locations).
For the children in all age groups, the median duration
of each mouthing contact was 1 to 2 seconds,
confirming the observations of other researchers that
children’s mouthing contacts are of very short duration.
For the one child observed that was <24 months, the
total indoor mouthing duration was 11.1 minutes/hour;
for children >24 months, the median indoor mouthing
duration was 0.9 minutes/hour (Table 4-19). For
outdoor environments, median contact durations for
these age groups decreased to 0.8 and 0.6 minutes/hour,
respectively (Table 4-20).

Nonparametric tests, such as the Wilcoxon
rank sum test were used for the data analyses. Both age
and gender were found to be associated with differences
in mouthing behavior. Girls’ hand to mouth contact
durations were significantly shorter than for boys (p =
0.04).

This study provides distributions of outdoor
mouthing durations with a variety of objects and
surfaces. Although indoor mouthing data were also
included in this study, the results were based on a small
number of children (N=9) and a limited amount of
indoor play. The sample of children may be
representative of certain socioeconomic strata in the
study area, but is not likely to be representative of the
national population. Due to the children’s ages, the
presence of unfamiliar persons following the children
with a video camera may have influenced the video-
transcription methodology results.
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4.5 MOUTHING PREVALENCE
45.1  Stanek et al., 1998 - Prevalence of Soil

Mouthing/Ingestion Among Healthy

Children Aged 1to 6

Stanek et al. (1998) characterized the
prevalence of mouthing behavior among healthy
children based on a survey response study of parents or
guardians of 533 children (289 females, 244 males)
ages 1to 6 yearsold. Study participants were attendees
at scheduled well-child visits at three clinics in Western
Massachusetts in August through October, 1992.
Participants were questioned about the frequency of 28
mouthing behaviors of the children over the preceding
month in addition to exposure time (e.g., time outdoors,
play in sand or dirt) and children’s characteristics (e.qg.,
teething).

Table 4-21 presents the prevalence of reported
non-food ingestion/mouthing behaviors by child’s age
as the percent of children whose parents reported the
behavior in the preceding month. The table includes a
column of data for the 3 to <6 year age category; this
column was calculated by U.S. EPA as a weighted
mean value of the individual data for 3, 4, and 5 year
olds in order to conform to the standardized age
categories used in this handbook. Among 