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Total Time Spent Taking or Giving a Bath by the Number of Respondents ............ 1530
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T T FF 15-51
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Range of the Number of Times Motor Vehicle Wi Started with Garage Door

Closed at Specified Daily Frequencies by the Number of Respondents ............... 15-53
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Table 15-50. Number of’ Hours Worked in a Week That Was Qutdoors (hourvweek) ..oy ... . veres 1565
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Number of Respondents ...oovovvrerinnerennon, e Cirerrencases 15066
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Number of Rcapondcnb ................................................ 15-67
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Numberof Respondents ... .vvvvneniiinnns it NP .. 1508
Table 15-54. Number of Times Using a Dishwasher at Specitied Frequencies by the Number of

T L SO 15-69
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Statistics for 24-Hour Cumulutive Number of Minutes Spent in Food Cleanup .. ....... 1586
Statisties for 24-Hour Cumulanive Number of Minutes Spent Cleamng House ... ... 15-87
Stansney tor 24-Hour Cumulative Number of Minutes Spent in OQutdoor Cleaming ... . .. 15-88
Stapsnies for 24-Hour Cumulative Number of Minutes Spent in Clothes Care ..., ... .. 15.89
Stausties for 224-Hour Cumulative Number of Minutes Spent in Car Repair/Maintenance . 15-90
Statisties tor 28-Hour Cumulative Number of Minutes Spentin Other Repairs ., ... ... 15.91
Statisties tor 24-Hour Cumulative Number of Minutes Spentin Plant Care ... . ...... .. 1592
Statisticy tor 24-Hour Cumulanve Number of Minutes Spentin Ammat Care ..., ..., 15.03

Statisties for 23.Hour Cumulative Number af Minutes Spent in Other Houschold Work | 18428

Tahle 15.79. Statsties for 24-Hour Cumulative Number of Minutes Spent in Indoor Plaving ........ 15-95
Tuhle 15-80, Stausties tor 24-Hour Cumulanive Number of Minutes Spentin Outdoor Plaving ... ... 1596
Tahle 1581, Statssties tor 24-Hour Cemulative Number of Minutes Spent for Caur Repair Services L 18.97
Table 1§.52. Statintics tor 23-Hour Cumulative Number of Minutes Spent Washing, ete. ... ..., 15-9%
Table 1583, Statistics tor 23-Hour Cumulative Number of Minutes Spent Sleeping/Napping ... .. ... 15-99
Table 15-54, Statsnes tor 24-Hour Cumulative Number of Minutes Spent Attending

Ul Time SO0 L e e e 15-100
Tuble 1585, Stansnics tor 24-Hour Cumul.m\c \umhcr ol Minutes Spentan Actise Sports ... ... 15-101
Tahle 15.86. Statistics tor 24-Hour Cumalative Number of Minutes Spent in Quidoor Recreanon .. 15162
Tuble 15-X7, Stansties tor 24-Hour Caumulative Number of Minutes Spent in Exercise ... ..o, 15-103
Table 15-8%. Statisties tor 23-Hour Cumubitive Number of Minutes Spent in Food Preparation ... .. 15102
Table 15-84, Statisties for 24-Hour Cumulative Number of Minutes Spent Doing Dishen/Laundey .., 15-108
Table 15-490. Statistres tor 24-Hour Cumulative Number of Minutes Spentin Housekeeping ... ... .. {$-106
Table 15.61, Statisties for 28-Hour Cumulative Number of Minutes Spent th Bathing ... .o L. 15107
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Table 15.494, Statistics tor 23-Hour Cumulauve Number of Minutes Eatingor Donking .., ., ... .. 15110
Table 15.95, Statsties for 23-Hour Cumulative Number of Minutes Spent Indoars at an

Auto Repair Shop/Gas Sttion ..., e e e 18-111
Tahle 15.96. Statstics for 24-Hour Cumulative Number of Minutes Spent Indoor at a

Oym/Health Club L e e e e, e 15-112
Table 15-07, Statisties for 23-Hour Cumulative Number of Minutes Spent Indoon at the

Laundromit . e e, e e 15-113
Table 15-95. Statisties tor 28Hour Cumulative Number of Wm..tc» Spent lndmr\ at Work

TN T o 1 10 P e i 15114
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DrvCleaners ...t e e e e 15-115
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Table 15-100. Statisties for 24-Hour Cumulative Number o Minutes Spent Indoors ata

Bar/Nightcluh/Bowling Alley oo ovvriniiiiiiiisiiiiianan e R R [
Table 15-101. Statistics for 2d-Hour Cumulative Number of Minutes Spent Indoor at a Restaurant ... 15-117
Table 15-102. Satistics tor 24-Hour Cumulative Number of Minutes Spent Indoors at School .. ..., 15-118
Table 15-103. Stagsties for 24-Hour Cumulative Number of Minutes Spent Indoors at a

Plant/Factory/Warchouse ......v... .. Cersraees ey Cearieeaeees 15-119
Table 15-104. Statistics for 23-Hour Cumulative Number of Minutes Spent Quidoors on a

Sidewalk, Strevt, or in the Neighborhood .. ... ettt eetraerr et araareras 15-120
Table 15-108. Statistics for 24-Hour Cumulative Number of Minutes Spent Quidoors in a

ParkingLlot ......coevvnvinins, e eienaararaar s Creerreans coens 152121
Table 15-106. Statistics for 24-Hour Cumulauvc Number ot Minutes Spent Quidoors ata
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Table 15-107. Suatisties for 2d-Hour Cumulative Number of Minutes Spent Quitdoors ata

CONN TGO SHC oo\ vt v et e ive s r s snnsnanestrsransrnsrnsasrarnrans coess 15123
Table 15-108, Statisties for 24-Hour Cumulative umbu' of \hnutcs Spent Qutdoors on School

Ground/Playground L ..ovivrii it iaiieairioniraiane g 15-124
Table 15-109. Suatistics for 23-Hour Cumulative Number of Minutes Spent Outdoors at a

Park/Golf Course . .......overnnnnnn. bheser e e et aesa e 15.128
Table 15-110. Suatistics for 24-Hour Cumulative Number of Minutes Spent Qutdoors at a

Pool/Riverlake .......... b esararaereaaaerre et crraraees 15-126
Table 15-111. Statisties for 2i-Hour Cumulative Number of Minutes Spent Quidoors at a

RestaurantPICNIC . .., v erens i rrrassnanmraans e creeererens 182127
Table 15-112. Suatistics for 24-Hour Cumulative Number of Minutes Spent Quidoors ata Farm ., ..., 15-128
Table 15-113. Statistics for 2¢-Hour Cumulative Number of Minutes Spent at Home in the Kitchen ... 15129
Table 15-114, Statistics for 23-Hour Cumulative Number of Minutes Spent in the Bathroom .. .,.... 15-130
Table 15-115, Statisties for 24-Hour Cumulative Number of Minutes Spent at Home in the Bedroom ., 15-131
Table 15-116, Statisties for 2%-Hour Cumulative Number of Minutes Spent at Home in the Garage .., [5-132
Table 15-117, Sratistics for 24-Hour Cumulative Number ot Minutes Spent in the Basement ..., .o 18-133
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PoolorSpa ..... e rraaea. e ek er et ieare e n ey 15-135
Table 15-120, Statistics for 24-Hour Cumulative Number of Minutes Spent . Home in the Yard or

Other Areas Quiside the HoUS oo et eee i e v rer s aasissanrass . 15-136
Table 15-121. Statistics for 24-Hour Cymulative Number of Minutes Spent Tr.xvghng. maCar,..,.. . 15-137
Table 15-122, Statistics for 24-Hour Cumulative Number of Minutes Spent Traveling in a Truck

(Pick-up/Van) .. ...ttt e N Crraeeaaees 15-138
Table 15-123. Suatistics for 2¢-Hour Cumulative Number of Minutes Spent Traveling on a Motorcycle,

Mopcn.orScoou:r .................................... vretranbiiarsinnes 152139
Table 15-124, Statistics tor 24-Hour Cumulative Number of Mmuxcs Spent Traveling in Other Truck,s 15-140
Table 15-125. Suatistics for 24-Hour Cumulative Number of Minutes Spent Travelingona Bus ..., 15-141
Table 15-126. Statistics for 24-Hour Cumutative Number of Minutes Spent Walking .o.vnvenvnntt 15-142
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BicyclesSkateboard/Rollerskate ............ erteeer e e rebee s 15-143
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Statisties for 23-Hour Cumulative Number of Minutes Spent Outdoors Other Than
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Staustics for 23-Hour Cumulative Number of Mimates Spent in an Office or Fuctory ... 15182
Statisies for 23-Hour Cumulative Number of Minutes Spent in Malls, Grovery Stores,

T T T . 15-153
Statisties for 24-Hour Cumulative \umbcr of \ inutes Spent in Schoals, Chun,hc\

Hospatals, and Publie Buildings .o . e cee. 15154
Statisties for 24-Hour Cumulative Number of Minutes \p«.nt in BarNaghiclubn,

Bowhng Allevs, and REMGURINS .00 e e e 15158
Statisties for 24-Hour Cumulative Number of Minutes Spent in Other Qutdoors

Such us Auto Repair Shops, Laundromats. Gyms, and at Work (non-pecificy ...... oo 13150
Statistics for 23-Hour Cumulative Number of Minutes Spent with Smohers Present ... 15157
Range of Time (minutest Spent Smoking Based on the Number of Respondents . ... .. . 18-15%
Number of Minutes Spent Smohing (mimutes/diav? ..o e 15-160
Range of Time Spent Smoaing Cigars or Pipe Tobacso by the Number of Respondents | 15-161
Number of Minutes Spent Smoking Crgars or Pipe Tobaceo iminutesday) .., .o .eu . 15162
Range of Number of Ciparettes Smoked Based on the Number of Respondents . ., . ..., 15-163
Range of Numbers of Cigarettes Smoked by Other People Based on Number

of Respondents ... ... ... . e e e 15-163
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Number of Respondents L ..o e e 15-168
Differences in Time Use thoursiweeh) Grouped by Sex, Emplosment Status,
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And 107 i e e e e 15-167
Time Usc thoursiweek) Ditterences by Educition for the Surveyvs Conducted 1n 1965

aNd LTS i e 15-168
Time Use (hourvweek ) Ditferences by Race tor the Surveys Cnndu«.rcd in 1965

And 10T e e e .. 15-169
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of Interviews ... ...ociivininnnen. Chbreises e arseseransans S L Y
Tabie 15-156. Mecan Time Spent (hounlwcck) in Ten Major Activity Cmcgonc\ Grouped by Gender . 15171
Table 15-157. Percent Responses of Children®s “Play™ (activities) Locations in Marvvale, Arizona ... 15-171
Table 15-158. Occupational Tenure of Emploved Individuals by Age and Sex........ vrvreeerenees 15-1T72
Table 15-159. Qccupationa! Tenure for Emploved Individuals Grouped by Sexand Race ... erees 150172
Table 15-160. Occupational Tenure for Employed Individuals Grouped by Sex and Employment

T o 1 devieserasseiises 18172
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Table 15-172, Confidence in Activity Patterns Recommendations .,.......... cererireaaeranane 15-178
Table 15-173. Confidence in Occupational Mobility Recommendations .. .ovevvvvannrroneninns .. 15-185
Table 15-174, Recommendations for Population Mebility ................ siesrreananieneiias |5:188
Table 15-178. Confidence in Population Mobility Recommendations . ......... e treeeeses 15188
Table 15-176. Summary of Recommended Values for Acuvity Fagtors ,........ .. ceresirrennens 15-187
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PREFACE

The National Center Sor Envitonmental Assessment (NCEA) of EPA's Office of Research and
Development (ORD) has prepared this handbook to address factors commenly used in exposure assessments. This
handbook was first published in 1989 1n response to requests from many EPA Program and Regional offices for
additional guidance on how to select values for exposure factor.

Several events sparked the efforts to revise the Exposure Factors Handbook, First, since its
publication in 1989, new daia have become avarluble. Second, the Risk Assessment Council issued a memorandum
ritled, "Guidance on Risk Characterization for Risk Managers and Risk Assessors,” dated February 26, 1992, which
emphasized the use of multiple descriptors of risk (1., measures of central tendency such as average or mean, of
high end), and characterization of individual risk. population nisk, important subpopulations. A new document was

- issued titled "Guidance for Risk Characterization,” dated February 1995, This document is an update of the
guidance issued with the 1992 policy. Third, EPA pubiished the revised Guidelines for Exposure Assessment in
1992, .

As part of the efforts to revise the handbook, the EPA Risk Assessment Forum sponsored a

two-day peer involvement workshop which was conducted during the summer of 1993, The workshop was attended
by $7 scientists from academia, consulting finns, privaic industry. the States, and other Federal agencics. The
purpose of the workshop was to identify new data sources, (o discuss adequacy of the datu and the feasibility of
developing statistical distributions and to establish prioritics.

As a result of the peer involvement workshop, three new chapters were added 10 the handbook.
These chapters are: Consumer Product Use, Residentind Building Characteristics, and Intake of Grains, This
document also provides a summary of the available data on censumption of drinking water; consumption of fruits,
vegewbles, beef. dairy products. grain products, and fish breast milk intake; soil ingestion; inhalation rates; skin
surface arca; »oil adherence: lifetime: activity patterns; and body weight. '

A new draft handbook that incorporated comments from the 1993 workshop was published for
peer review in June 1995, A peer review workshop was held in July 1995 to discuss comments on the dratt
handbook. A new draft of the handbook that addressed comments from the 1995 peer review workshop was
submitted to the Science Advisory Board (SAB) for review in August 1996, An SAB workshop meeting was held
December 19-20, 1996, to discuss the comments of the SAB reviewers. Comments from the SAB review have been

incorporated into the current handbook.
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FOREWORD

The Nanonal Center for Environmental Assessment (NCEAI of EPA' Office of Renearch and Development
(ORD) has five main tunctions: (1) providing risk assessment research, methods, and puidelines: (2) performing
health and ecological assessments: (33 developing, maintaining, and trunsferrmg vk assewsment information and
training: (<) helping ORD set research prionities; and (5) developing and maintaining resource support systems for
NCEA. The activities under cach of these functions are supported by and respond to the needs of the vanous
program offices. In relation to the first funcuon, NCEA sponsors projects aimed at developing of refiming techmgues
used IN CXPOSUTE UNWENSMCALS,
This handbook was fimt published 1n 1UX9 to provide statistical data on the various factors used 1in assewang
exposure, This revised version of the hundhuoh pravides the up-to-date data on these exposure factors. The

recommended values are based volely on our interpretations of the availghle data. In many situations different values
may he appropriute to use in consideration of policy, precedent or other fuctors,

Michael A, Callshan
Director

Nationa! Center for Environmental Assessment
Washington Office
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Yolume I - General Factors

Chapter 1 - Introduction

EFH

1. INTRODLUCTION
1.1. PURPOSE

The purpose of the Exposure Factors Handbook is
to: (1) summuarize data on human behaviors and
characteristics which atfect exposure to environmental
contaminants, and (2) recommend values 1o use for these
factors, These recommendations are not legally binding
on any EPA program and should be interpreted as
suggestions  which program offices or ndividual
cxposure assessors can consider and modity as needed.
Most of these factors are best quantified on a site or
situation-specitic basis.  The handbook has strived to
include tull discussions of the issucs which assensors
should consider in deciding how 1o use these data and
recommendations. The kundbook is intended to serve as
a support document to EPA's Guidelines tor Exposure
Assessment (U.S. EPA, 19924).  The Guidelines were
developed 1o promote consistency among the various
CXPOSUre assessment activities that are carried out by the
various EPA program offices. This handbook assists in
this zoal by providing a consistent set of exposure faclors
to calculate dose.

* addition of mean moisture content of wlected
truits, vegetables, grams, fish, meat, and
dairy products,

« addition of food intake by cluss m dry weight
per Xz of body weight per day.

e update of homegrown tood mntake;

* expansion of data in the dermal chapters

= update of fish intake data;

* expansion of data for tme spent at residence;,
[ 3

update of body weight data;

= addition of body weight data tor infants,
update of population mobslity data;

* addition of new data tor average time spent in

different locations and vartous microenvicon-

ments,;

addition of data for eccupational mobility:

addition of breast milk ingestion:

addinon of consumer product use; and

addition of reterence residence tacton.

Variation Among Studies

This haadbook s a compilation of avalable data

1.2. INTENDED

AUDIENCE

The Exposure Factors
Handbook is addressed to
exposure assessors inside the
Agency as well as outside, who
need to obtain data on standard
factors needed 10 calculate
human  exposure 1o loxic
chemicals,

Purpose

1.3. BACKGROUND

This handbook is the update of an carlier version
prepared in 1989, Revisions have been made in the
following areas:

addition of drinking water rates tor children;
changes in soil ingestion rates for children;
addition of soil ingestion rates for adults;
addition of tapwater consumption tor adults
and children;

addition of mean daily intake of food class
and subclass by repion, ape and per capita
rates;

L

« Summuarize data on human
behaviors and characteristics
atfecting exposure

* Recommend exposure tuctor
values

1. from a vanety of dJifferent
sources. With very foew
exceptions, the data presented
are  the analyses of  the
individuwa! study suthors. Since
the studies included 1 this
handbook varied in terms of
their objecnives, design, sope.
presentation of resulis, ete., the
level of detail, statistics, and
terminology  may  vary  from
study 10 study and from tagtor
o tacior. For example, some
authors used geometric means o present their results,
while others used arithmetic means or distributions.
Authors have sometimes used ditterent terms 10 deseribe
the same racial populations.  Within the construnt of
prexenting the onginal material as accurately as possible,
EPA Ras made an cttort to present discussions and
results in a consistent manner. Further, the strengths and
limitations of each study are discussed to provide the
reader with a better undenstinding of the unceraintes
associated with the values dernived trom the study,

1.3.1. Selection of Studies for the Handbook
Intormation 1n this handbook has been sumrmarnzed
from studies documented in the sereniitic literature and
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Volume I - General Factors

Chapter I - Introduction

other available sources. Studies were chosen that were
seen as useful and appropriate for estimating exposure
factors., The handbook contains summaries of selected
studies published through August 30, 1997,

General Considerations

Magy scientific studies were reviewed for possible
inclusion in this handbook. Studies were selected based
on the tollowing considerations:

Level of peer review:  Studies were selected
predominantly  from  the peer-reviewed
literature and final government reports.
Internal or interim reports were theretore
avoided.

Accessibilitv: Studies were preterred that the
user could access in their entirety if needed.

Reprodugcibilitv: Studies were sought that
contained sufficient information so that
methods could be reproduced, or at least so
the details of the author’s work could be
accessed and ¢valuated.

Focus on exposure factor of interest: Studies
were chosen that directly addressed the
exposure factor of interest. or addressed
related factors that have signiticance tor the
factor under consideration. As an example of
the latter case, a selected study contained
usefu! ancillary information concerning fat
content in dsh, although it did noe directly
address tish consumption.

Data pertinent to the U.S.:  Studies were
sclected that addressed the U.S. population,
Data trort populations outside the U.S. were
sometimes included it behavioral patterns and
other  characteristics of exposure were
similar,

Primary data:  Studies were deemed
preterable it based on primary data, but
studies based on secondary sources were also
included where they offered an original
analysis, For example, the handbook cites
studies of food consumption based on original

data collected by the USDA National Food
Consumption Survey.

Current information:  Studies were chosen
only if they were sufficiently recent to
represent current exposure conditions, This
is an important consideration for those tactors
that change with time.

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 tor collecting data to churacterize
long-term behavior.

Validity_of _approach:  Swdies utilizing
experimental procedures or approaches that
more likely or closely capture the desired
measurement were selected.  In general,
direet exposure data collection techniques,
suck as direct observation, personal
monitoring devices, or other known methods
were preferred where available, It studics
utilizing direct measurement were not
available, studies were selected that rely on
validated indirect measurement methods such
as surrogate measures (such as heart rate for
inhalation ratc), and use of questionnaires, If
questionmiires or surveys were used, proper
design and procedures include an adequate
sample size for the population under
consideration, a response rate large enough to
avoid biases, and avoidance of bias in the
design of the inscrument and interpretation of
the results.

Representativeness of the population: Studies
seeking to  characterize the national
population, a particular region, or sube
population were selected, if appropriately
representative of that population. In cases:
where data were limited, studies with
limitations in this area were included and
limitations were noted in the handbook.

Variability in the Jiogulmion: Studies were
sought that characterized any variability
within populations.

Exposure Factors Handbook
August 1997




Volume I - General Factors

Chapter I - Introduction

EFH

= Minimal tor detined) ias 1o study desion:
Studies were sought that were designed with
minimal bias, or at least it blases were
suspected to be present, the direction of the
as (l.e., an over or under eximate of the
parameter) was either stated or apparent from
the study design,

*  Mimmal cor delined) uncertainty in the data:
Studies were sought with frummal uncertainty
in the data, which was judged by evaluating
all the considerations listed above. At least,
studies  were  preferred  that  identitied
uncertaintics, such as those due to inherenit
variability in cnvironmenta) and exposure-
related parameters or possible measurement
error,  Stwdies that documented Quality
Assurance/Quality Control measurey were
preterable,

charscterizing exposure from selected exposure pathways
have been addressed 0 3 number ot enstung EPA
guidance documents, These include, but are not limited
to the tollowing:

+  QGuidelines for Exposure Assessment (U8,
EPA 19924);

* Dermal Exposure Assssment:  Principles
and Applications (U.S. EPA 1992h);

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

*  Risvk Asscssment Guidance tor Superfund
(U.S. EPA, 1989);

= Esnmating  Exposures  t©  Dioxin-Like
Compounds (U.S. EPA, 1994);

= Supertund Expasure Assessment Manual
(U.S. EPA, 1988a);

*  Sclection Criteria for Mathematical Models
Used in Exposure Assessmenns (US. EPA

Kev versus relevant studies
Certaun studies deseribed
in this handbook are designated
as "key,” that is, the most
usetul for deriving cxposure
factors. The recommended
values tor most exposure {actors
are based on the results of the
key studies.  Other studies are
designated "relevant,” meaning
applicable or pertinent, but not
necessarily the most impertant.  This distinction was
made on the strength of the attributes listed in the
*General Considerations,” For example, in Chapter 14

of Volume 1, onc set of studies is deemed to best

address the attributes listed and s designated as "Key.”
Other applicable studies, including foreign data, believed
1o have value to handbook users, but having fewer
anributes, are designated “relevant.”

1.3.2. Using the Handbook in an Exposure

Assessment

Some ot the sieps for performing an cxposure
assessment are (1) determining  the pathways of
exposure, () identitving the environmental media which
transports  the contaminant, (3} determining  the
contaminant concentration, (1) determining the exposure
ume, frequency, and duration, and (5) identifying the
exposed population.  Many of the issues related to

Key vs. Relevant Studies

« Kev studies used 1o derive
recommendations

» Relevant studies included to provide

1988b);

« Selection Criernia  for
Mathematical  Models
Used 1 Exposure
Assessments (ULS. EPA
198N

* Siandard Scenarios for
Estimanng Exposure to
Chemical  Subsmnces
Duning Use of Consurner
Products (U.S. EPA
1988a):

*  Pesticide Assessment Guidelines, Subdivisions K
and U (U.S. EPA, 1984, 1986b); and

*  Mecthods for Assessing Exposure o Chemcal
Substances, Volumes 1-13 (U.S. EPA, 1983
1989;.

These documents may serve as valuable mformation
FeSOUrces 1o assist in the assessment of exposure. The
reader is encouraged to refer to them tor more detailed
discussion.

In addition to the references listed above, this
handbook discusses the recommendations provided by the
American Industrial Health Council (ATHC) - Exposure
Factors Sourcebook (May 1994) tor some of the major
exposure tactors, The AIHC Sourcebook summarizes
and evaduates statistical dat for vanous exposure factors
uscd in risk assessments.  Probability dissnbutions tor
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specific exposure factors were derived trom the available
scientific literature using @Risk simulation sortware.
Each factor is described by a specitic term, such as
lognormal, normal, cumulative type. of triangular,
Qther distributions included Weibull, beta logistic, and
gamma. Unlike this handbook, however, the Sourcebook
does not provide a description and evaluation of every
study availabie o cach exposure factor,

Most of the data presented in this handbook are
derived from studies thar targeted (1) the general
popularion (e.g.. USDA food consumptin surveys): and
(2) a sample population from a specific area or group
(e.g.. Calabrese’s €2 al. (1989) soil ingestion study using
children from the Amherst, Massachusetts, arca). Due
to unique activity patterns, preferences, practices and
biological differences, various segments of the
population may ¢xperience exposures that are ditferent
from those of the

a discussion (see Appendix A of this chapter) has been
included which describes how dose-response tactors can
be moditied to be consistent with the exposure tactors for
a population of interest, This should serve as a guide tor
when this issue is a concern,
1.3.3. Approach Used to Develop
Recommendations for Exposure Factors
As discussed above, EPA first reviewed all
literature pertaining to a factor and determined rejevant
and Key studies. The Key studies were used to derive
recommendations tor the values of each factor. The
recommended values were derived solely from EPA’s
interprecation of the available data,  Different values may
be appropriate tor the user to select in consideration of
policy. precedent, strategy, or other factors such as site-
specitic information. EPA’s procedure tor developing
recommendations was
as follows:

geaeral  population,
which, in many cases,
may be pgreater. It is
necessary for risk or
exXposure  assessors
characterizing a diverse
population, to identify

multiple key studies

Recommendations and Confidence Ratings

= Recommendations based on data from single or

l. Key studies were
evaluated in terms
of both quality
and relevance to
specitic  popula-
tions (general U,

and enumermte certain
groups  within  the
general population who
are at risk for greater
conramingnt CXpPOSures

= Variability and limitation of the data evaluated

« Recommendations rated as low, medium, and
high confidence

S. population, age
groups, gender,
etc.). The criteria
for assessing the

or extibit 3 heightened
sensitivity o particular
chemicals. For turther
guidance on addressing susceptible populations, it is
recommended to consult the EPA, National Center for
Environmental Assessment document Socio-demographic
Daza Used for Identifving Potentially Highly Exposed
Subponulations (1o be released as a final document in the
Fall of 1997).

Most users of the haadbook will be preparing
estmates of exposure which are (o be combined with
dose¢-response tactors to esdmate risk.  Some of the
exposure factors (e.g., litfe ime, body weight) presented
in this document are also used in generating dose-
response relationships. In arder o develop risk extimates
properly. assessors must use dose-response relationships
in 2 manner consistent with exposure conditions.
Although. it is beyond the scope of this document 10
explain in detail how assessors should address this issue,

quality of' studies
1s  described  in
Section 1.3.1.

2. If only one swdy was classitied as key for a
particular factor, the mean value from that study
was selected as the recommended central value for
that population, It there were multiple key studies,
all with reasonably equal quality, relevance, and
study desipn information were available, a weighted
mean (it appropriate, considering sample size and
other statistical factors) of the studies were chosen
as the recommended mean value. [t the key studies
were judged 10 be unequal in quality, relevance, or
study design, the range of means were presented and
the user of this handbook must employ judgment in
selecting the most appropriate value for the
populationt of interest. In ¢ases where the national
population was of interest. the mid-point of the
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range was uswidly judged to be the most appropriate
value,

3. The variability of' the factor across the population
was discussed., [T adequate data were available, the
variability was described as either a weries of
percentiles or a distribution,

4. Limitations of the data were 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 parameteT uncertiinties (Measurement error,
sampling error) and model or scenario uncertuntics
il models or scenarios have been used in the
derivation of the recommended value.

5. Finally, EPA assigned a confidence ratiag of low,
medium or high to cach recommended value. This
rating is not intended to represent an uncertainty
analysis, rather it represents EPA’S judgment on the
quality of the underlying data used 1o derive the
recommendation,  This judgment was made using
the guidelines shown in Table 1-1. Table 1o is an
adaptation of the General Considerations discussed
carlier in Section 1.3.1. Clearlv this is 4 continuum
from low to high and judgment was used 10
determine these ratings. Recommendations given in
this handbook are accompanied by a discussion of
the rationale for their rating.

Tabie 1.2 summarizes EPA’s recommendations and
confidence ratings for the various exposure tactors,

It is important to note that the study clements
listed in Table 1-1 do not have the same weight when
arriving at the overall contidence rating for the various
cxposure factors. The relative weight of cach of these
clements depend on the exposure factor of interest.
Also, the relative weights given to the elements for the
various factors were subjective and based on the
professional judgement of the authors ot this handbook.
In general, most studics would rank high with regard 1o
“level of peer review,” “accessibility,” “togus on the
tactor of interest,” and “data pertinent to the U.S."
These elements are important tor the study to be included
in this handbook. However, a high score of these
clements does not necessarily ranslate into a lugh overall
score. Other elements in Table 1-1 were also examined
to determine the overall score.  For example, the

adequacy of data collection period may e more
important when determining usual intake of foods in a
population. On the other hand, 1t is not as important for
tactars where long-term variability may be small such as
tapwater intake. In the case of tapwater intake, the
currency of the data was 4 eriucal clement in determining
the tinal rating. [n addition, some ¢xposure factors are
more easly measured than others.  For example, soil
ingestion by children is estmated by measuning, in the
feces, the levels of certan clements found in soil. Body
weight, however, can he measured directly and it is,
theretore, a more reliable measurement. This s
retlected in the gontidence rating given 1o both of these
factors. In general, the better the methodology used o
measure the exposure tactor, the higher the confidence
in the value.

1.3.4, Characterizing Variability

This document attempts 1o charactenze variability
of each of the tactory.  Vartability is characterized m one
or more ot three waws: (1) as tables with various
pereentiles or ranges of wvalues; (2) s analvneal
distributions with specificd parameters; and/or (3ras a
qualitative discussion.  Analyses to it standard or
parametnic distributions (e.g., normal, lognormal) 1o the
exposure dats have not been performed by the authors of
this handbook, but have been reproduced in this
document wherever they were found m the literuture,
Recommendations on the uwe of thene distributions are
made whete appropnate hased on the adequacy of the
supporting data.  The list of exposure factors and the
way that variability has been characterized (e,
average, upper pereentiles, multiple percentles, titted
distnbution’ are presented in Table 1-3. The term upper
percentile is used throughout this handbook and it is
intended to represent valuss in the upper tail (ie.,
hetween SO0t and 99.9th percentile) of the distribution of
values for a particular exposure factor.,

An atternpt was made o present pereentile values
in the recommendations that are consizen: with the
exposure exsimators detined i the Exposure Guidelines
ti.e., mean, S0th, 9th, 95th, 98th, and 99.9th
percentiled. This was not, however, always possible
because either the data avatlable were iimited for some
tactors, or the authors of the study did not provide such
information. It is important 10 note, however, that these
percentiles were discussed in the Exposure Guidelines
within the context of sk descriptors and not individual
exopusure tactons. For example. the Guidelines stated
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Tatle 1-1. Conviderations Usad 10 Rate Confidence in Recommended Values

CONSIDERATIONS

NIGH CONFIDENCE

LOW CONFIDENCE

Study Elemenits
Level of peer roview

Accesubnlity

Reprodusibility

Focus on factor of interent

Dot perunent o U.5.

Prurary dag
Currency
Adequacy of dat collecnon perod

Valulity of approach

Study sizes

Reprevenmoveness of the populaton

Variabnlity in the populanion

Lack of bias 11 study Jevign
{a hugh ranng i desirable)

Response rames
Iispersor intervicws

Telephone interviews
Mail surveys

Measurement error

Other Eementn
Number of studies
Agreement between researchers

The studies recaived hugh level of peer
review (€. .. they appear in peer review
Journaly).

The studien are widely avadable w the public.

The results can be reproduced or
methodology can be followed and evaluand.

The studies {ocused on the exposure tactor of
tnterest.

The studies focused on the U.S. populaton,

The studies analyzied primary data.
The data were publivhed after 1990,

The siudy destgn caprures the meamurement
of interest (¢, ., usual consumption pamerms
of a population).

The swdies used the hest methodology
available m capture the measurement of
interest.

The sample size s greater than 100 samples.

The swdies recerved Himited peer review,

The studies are difficult to obtan (¢.g., draft
reporss, unpublished daw).

The resules cannot be reproduced, the
methodology 18 hard 1o follow, and the
author(s) cannot e located.

The purpowe of the studies wus to chamcienze
a relared tactor.

The studies focused on populations outside the
U.s.

The studies are based on secondary sources.
The data were published before 1980,

The study design does not very accuriely
capture the measyrement of (nicrest,

There are scrious limitations with the approach
used.

The sample size is loss than 20 samples,

‘The sample size depends on how the wrget population is defined. As the size of a sample
relative 1o the total swre of the @rget populanion ingreases, estimates are made with greater
stansocal assurance that the sample results retlect acrual characterntics of the arget population.

The smdy population is the same as
populanion of nterest.

The stuthes characterizey varbility in the
populanon studied.

Porennal bias i the studies are stated or can
be determined from the study devign.

The response rate 1y greater than 80 percent.
The response rae i» greater tan 80 percent.
The rexpose rate s grearer than 70 percent,

The vudy design nummizes measurement
etrors,

The tumtiber oF studies v greater than 3.

The results of srudies from different
reveurchery At 1 agreemwnt.

‘The study population is very different from the
population of interest,*

The charactenzation of vanability is limied.

The study design troduces biases in the
results.

‘The rexponse rute is Jens than 40 percent,
The response rate is Jess than 40 percent,
The response rate is less than 40 percent,

Uncertainties wath the data eant due o
meastrement error,

The oumber of stihies is §,

The results of studies from ditferent
rescarchers are in disugreement,

 DitTerences include aze, sex. race, income. or oiher demoeraphic parameters.
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Table 1-2. Summuary of Expmute Factor Recommendations and Confidence Rahings

EXPOSURE FACTOR

RECOMMENDATION

CONFIDENCE RATING

Total frust intahe rate

Tortal meat intake rate

Total dairy intake rate

Grain inahe

Rresst milk intake rate

Fish intuke rute

Drinking water intake raje

Toal vepetahle intake rate

21 mizhg-dav/1.3 Liday {avetape)
Momi/kglay /2.3 Liday (Mih percentile)
Percentiies and distnibution also ineluded

Means and percentiles alw included tor pregrant amd

lactating women

3.4 prhp-day { per capita averages

12.4 prhp-day (per capita U58th pereennle)
Percentiles also inclnded

Means presenied 1o individual truits

4.3 p/hpday € per capita aveTage)

10 g/helay (per capita 95th percentile)
Percentilen alvr included

Means presented for individual vegetables

2.1 pIhgday 1 per capits average

N1 R/ E-day tper capita YSth pereentile)
Petcentles abvo i luded

Percentiles alvo presented tor indivudual means

HAF pihp-day (per caDita average)

SU.T pebgday (per capits it pereentile)
Percentiles alwo included

Means prevented tor indis kdual doiry products

4.1 wWhgaday 1per Capita average)

10,3 p/hg-day 1per capita 95th percentiles
Percentiles also included

42 ml/day taveragey

1,033 mifday tupper percentile)

(wnetal Populaton

20,1 g/day (total tishy average

4.1 p'day (mariner aserape

0.0 goday ctreshwater/esuarine las etage
63 giday (towal tish) 98th percentile long-term
Percentibes alw includad

Senving size

129 g raveraper

126 2 (951h petcentiley
Recteanonal manine anglers

2 - 7 giday vfinfish onlsy

Recreatminal treshwater

B ddy tavetupes

oS piday (95th percentiley

Natve American Sutnisience Population
N Rday taverape)

170 il 1SSt nercentiles

Medium
Matium

Medium
Lovw

Medium
fane

Madium
{arw

Meadium
Lavwe

High

Low 1n jong-term upper perienules

Madium
Madum

High

High

High
Medwum

High
High

Medium

Meadium
Madium

Medium
Low
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Table 1-2. Summary of Exposure Factor Recommendations and Confhience Ratings (continued)

EXPOSURE FACTOR

RECOMMENDATION

CONFIDENCE RATING

Home produced food intake

Inhalanon rate

Surfuce ares

Soul adherence

Sail ingestion rate

Life expectancy
Body weight for wlults

Body weights for children

Body weights for infants (birth e &
ravnrhad

Toral Fruin

2.7 gkday (consumer only average)

111 gikg-day tconsumer only 95th percennile)
Percentiies also included

Toral vegetbles

o L ghgay ( comsumer only average)

7.5 yhgday (consuiner only 95th pergentile)
Percentiles alwo included

Tori meat

.2 ghyday (Consumer only average)

6.8 g/hg~day (consumer only 95th percentile)
Percennles alvo included

Toml dary producrs

14 g/hg-day (consumer only averuge)

<4 p'kg-day weonsumer only 95th percenule)
Percenttles abw included

Children (<1 yean)
4.5 de:y (average)
Chudren (1-12 yeur)
8.7 m’day taverage)
Adult Fermalex

1.3 m’/duy taverage)
Adule Males

13.2 mv'/day (aserager

Water congict ehathing amd swimitminggd

Use toial body surface arca tor chiidren in Tables 66
through 0-8; for adults use Tables 6-2 through o4
tpercentiles are included)

Kol contact tounfoor acnivines)

Lise whole ady part area bused on Table 0-6 through o-
R tor children and 6-2 through o6=4 for adules (percentiles
are included)

Use valuey presented ia Table 6-16 Jdepending on activity
amd hody part

wentral estimutes anly)

Chnldren

[N} myg/day tuverage)

U0} my/day cupper percentiled
Adules

S0 mgday qaverage)

hea child

10 g'day

T8 veurs

TL.A AR

Percentiles alvo presented in tables 7-3 and 7-3

Cne values presented in Tables 7-0 and 7-7 (mean and
percentes)

Use values prsented in Table 71 (percenules)

Medium (for means and short-term
distnbutions)
Low (for long-term distributions)

High
High
High
High

High

High

Medim

Low

High
High

High

High
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Tahle 1-2. Summury of Exposyre Factor Recommendations and Contidence Ratines (contrued) kL
EXPOSURE FACTOR RECOMMENDATION CONFIDENCE RATING i
Shorwering Rathing Showenng nme High )
10 min/day (avetage) ™
38 maniday (95th percentile) i':
ipercentiles are alwe included) o
Rathing ime High
20 mutves ent (mediany
45 min‘event (AMN percennle’
Rathing \howering trequens High
! shower evetit'day
Swamming Froquency High ot
1 event'month =
Duraton High I3
04} TRIn event tmedian) -,
180 rmun’event «¢Xith percennle) ".
Time induors Children sapes 3110 Medivm 3
19 hriday tweebdaysd “"; N
17 hriday tweehenxdsy ~,
Adults tapes 12 amd nider) Medum L
2} hriday .
Resdential Hugh :
164 hruday "{'.
Time cutdonrs Children cages 3114 Medium -
A hriday tweekdasw ~,
T hriday tweenemiv) -
Adulrs Medium iy
1.8 hridany -
Resutential High
2 hnsday
Time spent insde vehicle Adults
thr 20 manfdas Medium
Occupational tenute .6 yeurs (16 years old and okict High
Boputaton matility O years (average) Madium
0 years (98th percentiler Modium
Resndence volume 309 m tuvetages Meadium
217 m' iconwenatived Medium
Resulential air exchanpe (.48 smedian) Lavw
0 1R ieonservaniec) Lavw
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Table 1-3. Charucrenzanon of Vanability in Exposure Factors
Expowire Factors Average Upper percentile Muluple Percentiles Fuared Distributions
Dnnkang wawer moke rate 7/ 7/ e v
Tota) fnuts and total vegctables ke rate 7/ v v
Qualimnve divcussion for long-
term
Indrvidual frus and individual vegetibles v
ntahe rate
Tow! meats and dary products intake rane v 4 v
Qualintive dnicussion for long-
wrm
Individual meats and dairy products intihe s
rate
Gram intke 4 s e
Breast mulh incike riate s s/
Fish intake rare tor general populadon, v/ s
recreanonal manne, recreanonal
freshwater, and fanve amerin
Serving size Tor fish s /S 4
Homeprouced food inGihe rames 's 4 7
Satl inoke rate v Quahinitive discussion for jungs
term
Inhalinon rate e 4
Surface area 7/ e 7/
Sl adherence 7
Life expecuncy 7
Budy weight e 7 iy
Time indoon 7/
Tume outdirors 4
Showering time s
QOucupanonil tenyre 7/
Populanon mobiliry 4 4
_|Rewudence volume 7/
Resudential air exchange v

that the assessor may derive a high-end estimate of
exposure by using maximum or near maximum values
tor onc or more sensitive exposure tactors, leaving
others at their mean value.

The use of Monte Carlo or other probabilistic
analysis require a selection of distributions or histograms
for the input parameters. Although this handbook is not
intended 10 provide a complete guidance on the use of
Monte Carlo and other probabilistic analyses, the
following should be considered when using such
techniques:

The exposure assessor should only consider
using probabilistic analysis when there are
credible distribution data (or ranges) tor the
tactor under consideration, Even if these
distributions are known, it may not be
necessary to apply this technique.  For
example, if only average exposure values are
needed, these can often be computed
accurately by using average values tor each
of the input parameters,  Probabilistic
analysis is also not necessary  when
conducting  assessments  for  screening

Page
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purposes, i.¢., to determine it
unimportant pathways can be
climited.  In this case,
bounding estimates ¢an be
calculated using maximum or
near maximum values for
cach of the input parameters,

It is important to note that the selection of
distributions can be highly site specitic and
will always involve some degree of judgment.
Distributions derived from national data may
not represent local conditions. To the extent
possible, an assessor should use distributions
or frequency histograms derived from locat
surveys 0 assess risks locally.  When
distributional data are drawn trom national or
other surrogate population, it is important
that the assessor address the extent to which
local conditions may difter trom the surrogate
data,

In addition to a qualitaive statement of
uncertainty, the representativeness assump-
tion should be appropriately addressed as part
of & sensitivity analysis,

Dustribution tunctions 1o he used in Monie
Carlo analysis may be derived by fitting an
appropriate function to empincal data. In
doing this, it should be recognized that in the
lower and upper tails of the distribution the
data are scarce, o that several functions,
with radically ditferent shapes 1n the extreme
tails, may be consistent with the data. To
avoid introducing errors into the analvsis by
the arbitrary c¢hoice of an inappropriate
function, several technigues can be uwed.
One way is to avoid the problem by using the
empirical data itself rather than an analytic
tunction. Another is to do separate analyses
with several functions which have adequate
fit but form upper and lower bounds to the
cmpirical data. A third way is to use

be found in a standard stanistics text such as
Staustical  Methods tor  Eavironmental
Poliution Monitoring, Gilbert, R.O.. 1987,
Van Nostrand Remhold:  off-thesshelt
computer software such as Best-Fit by
Palisade Corporation can be used to
statistically determine the distributions that it
the data,

If only a range of values is known for an
exposure factor, the assessor has several
options.

- Keep that variable constant at 1its central
value;

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

- calculate 2 point estimate(s) instead of
using probabilistic analvsis; and

- assume a dismbution (The rationale for the
selection of a distribution should be
discussed at length.) There are, however,
cases where assuming o distribunion is not
recommended. These mclude:

-~ data are missing or very limited for a
Key parameter - examples include: sonl
ingestion by adults:

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

- data are not representtive of the
population of interest becaune sample
size was small or the population studied
was selected from a local area and was
therefore not representatise of the area
of interest - examples include: soil
inpestion by children; and

- ranges for 4 keyv varnable are uncertan
due to expenimental crror or other
limiations in the study devgn or
methodology - examples include: ~oil
ingestion by children,
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truncated analvtical distributions, Judgment 1.4, GENERAL EQUATION FOR

must be used in choosing the appropriate CALCULATING DOSE

goodness of 11 test.  Information on the The detinition of exposure as used 1n the Exposure
theoretical basis for fitting distributions ¢an Guidelines (U.S. EPA, 19923) is “condition of a
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chemical contacting the outer boundary of a human.”
This means contact with the visible exterior ot 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),
The magnitude ot exposure (dose) is the amount of agent
available at human exchange boundaries (skin, lungs,
gut) where absorption takes place during some specitied
time. An cxample of exposure and dose ior the oral
route as presentedd in the the EPA Exposure Guidelines
is shown in Figure [-1. Starting with a general integral
equation for exposure (U,S. EPA 19921), several dose
equations can be derived depending upon boundary
assumptions. One of the more useful of these dertved
equations is the Average Daily Dose (ADD). The ADD,
which is used for many noncancer eftects, averages
exposures or doses over the period of time over which
exposure oceurred. The ADD can be calculated by
averaging the potential dose (D,,,,) over body weight and
an averaging time.

ADD - Total Potental Dose

™ Body Waght x Averaging Time (Eqn. 1-)

For cancer etfects. where the biological response
is usually described in terms of lifetime probabilities,
even though exposure does not oecur over the entire
lifetime, doses are otten presented as [ifetime average
caily doses (LADDs). The LADD wkes the torm of the
Equation 1-1 with lifetime ceplacing averaging time.
The LADD is a very common term used 1 carcinogen
risk assessment where linear non-threshold models are
employed.

The towl exposure can be expressed as follows:

Total Putental Dose = € x IR v ED (Egn. 1:2)

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

The intake rate reters to the rates ot inhalation,
ingestion, and dermal contact depending on the route of
exposure, For ingestion, the intike rate is simply the
amount ot food containing the contaminant of interest
that an individual ingests during some specific time
period (units of mass/time). Much of this handbook is
devoted to rates of ingestion for some broad classes of
food. For inhalation, the intake rate is the rate at which
contminated air is inhaled, Factors that atfect dermal
exposure are the amount of material that comes into
contact with the skin, and the rate at which the
contaminant is absorbed.

The exposure duration is the length of time that
contaminant contact lasts, The time a person lives in an
area, trequency of bathing, time spent indoors versus
outdoors. etc. all atfect the exposure duration, The
Activity Factors Chapter (Volume 111, Chapter 15) gives
some examples of population behavior patterns, which
may be useful for estimating exposure durations o be
used in the exposure calculations.

When the above parameter values remain constant
over time, they are substituted directly into the exposure
equation. When they change with time, 2 sumumation
approach is needed to calculate exposure. In cither case,
the exposure duration is the length of time exposure
occurs at the concentration and intake rate specitied by
the other parameters in the equation.

Dose can be expressed as a total amount (with
uzits of mass, e.2., mg) or as a dose rate i terms of
mass/time (e.&., mg/day), or as a rate normalized to
body mass (¢.g.. with units of mg ot chemical per kg of
body weight per dav (mg/kg-dav)). The LADD is
usually expressed in terms of mgfkg-day or other
mass/mass-time units.

In most cases (inhalation and ingestion exposure)
the dose-response parameters for carcinogen risks have
been adjusted for the ditference in absorption across
body barriers between humans and the experimental
animals used to derive such parameters, Therefore, the
exposure assessment in these cases is based on the
potential dose with no explicit correction tor the {raction

Wherne: absorbed. However, the exposure assessor needs to
C wContamnant Concent make such an adjustment vy!.u:n calculating dermal
1R = Intoke Rate exposure and in other specitic cases when current
ED = Exposure Duration intormation indicates that the human absorption fuctor

Page Exposure Factors Handbook
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Source: U.S. EPA, 1992,
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Figure 11, Schematic of Dose and Exposute; Oral Route

used in the derivation of the dosesresponse factor is
inappropriate,

The lifetime value used in the LADD vervion of
Equation 1-! is the period of Uime over which the dose is
averaged. For carcinogens, the derivation ot the dowe-
response parameters usually assumes no explicit number
of years as the duration ol a lifetime, and the nominal
value of 75 years is considered a rcasonable
approximation.  For exposurc estimates to be used for
assessments other than carcinogenic risk, various
averaging periods have been used.  For acute exposures,
the administered doses are usually averaged over a day
or a single event. For nonchronic noncancer effects, the
time period used is the actual period of exposure, The
objective in selecting the exposure averaging time is to
express the exposure in a way which can be combined
with the dose-response relationship 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 food ingestion, the by
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 grams
per day per kilogram body weight, In this case, the body

weight has already been included in the “intake rate™
term in Equation 1-2 and the exposure assessar does not
need to expliaidy include body weight.

The units of intake in this handbook for the
ingestion of fish, breast milk, and the inhalation of air
are not normalized to body weight. In this case, the
cxXposure assessor needs (0 use (in Equation 1-1) the
average weight of the exposed population during the time
when the exposure actually occurs. It the exposure
occurs continuously throughout an individual®s life or
only during the adult ages, using an adult weight of 71,8
kg should provide sufficient accuracy. If the body
weight of the individuals in the population whose risk is
being cvaluated is non-standard m some way, such as for
children or for first-gencration immigrants who may be
smaller than the national population, and if reasonable
values are not available in the literature, then a model of
intake as a function of body weight must be used, One
such model is discussed in Appendix 1A of this chapter.
Some of the parameters (primarily concentrations) used
in estimating exposure are exclusively site specitic, and
therefare detault recommendatians could not be used.

The food ingestion rate values provided in this
hardbook are generally expressed as “as consumed”
since this is the fashion in which data are reported by
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survey respondents.  This is of importance because
concentration dat to be used in the dose equation are
generally measured in uncooked food samples. In most
situations, the only practical choice is o use the "as
consumed™ ingestion e and the uncooked
concentration. However, it should be recognized that
cooking generally results in some reductions in weight
(e.g.. loss of moisture), and that if' the mass of the
contaminant in the food remains constint, then the
concentration of the contaminant in the cooked food item
will increase. Therefore, if the “as consumed” ingestion
rate and the uncooked concentration are used in the dose
equation, dose may be underestimated.  On the other
hand, cooking may cause a reduction in mass of
conmminant and other ingredients such that the overall
concentration of contaminant does not chanpe
significantly, In this case, combining cooked ingestion
rates and uncooked concentradon will provide an
appropriate estimate of dose.  Ideally, food concentrition
dara should be adjusted to account for changes after
cooking. then the "as consumed” intake rates are
appropriate. In the absence of dam, it is reasonable to
assume that no change in ¢ontaminant ¢oncentration
oceurs after cooking, Except for general population fish
consurption and home produced toods, uncooked intake
rae data were not available for presention in this
handbook. Data on the general population fish
copsumption have been presented in this handbook
(Section 10.2) in both “as consumed™ and uncooked
basis, It is important for the assessor 1o be aware of
these issues and choose intake rate dam that best matches
the concentration data that is being used.

The link between the intake rate value and the
- exposure  duratonn value is a common sowte of
confusion i defining exposure scenarios. It is important
10 define the duration estimate so that it is consistent with
the inwmke rate: -

= The intke rate can be based on an individual
event, such as 129 g of fish eaten per meal
(U.S. EPA, 1996). The duration should be
based on the number of events or, in this
case, meals,

* The intake rate also cian be based on a long-
term average, such as 10 g/day, In this case
the duration should be based on the tota] time
interval over which the exposure oceurs.

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 cither a long-term average
{chronic exposure) or an event (acute exposure) basis, as
long as the duration value is selected appropriately.
Counsider the casc in which a person eats a 129-g fish
meal approximately tive times per month (long-term
average is 21.5 g/day) for 30 years; or 21.5 g/day of fish
every day for 30 years.

(129 g/mealks meals/moNmo/30 K365 LyrK30 yrv) = 235428 ¢

(21,5 g/day N 365 dyr 30 yr) m 235,428 ¢

Thus, a frequency of either 60 meals/year or a duration
of 365 days/year could be used as long as it is matched
with the appropriate intake rate,

1.5. RESEARCH NEEDS

In an carlier draft of this handbook, reviewers
were asked to idenuty tactors or areas where further
research is needed  The following list is a compilation
of areas for future research identified by the peer
reviewers and authors of this document:

» The daw and information available with
respect (o occupational exposures are quite
limited. Efforts need to be directed to
identify data or references on occupational
exposure,

e Further research is necessary 10 refine
estimates of tish consumption, particularly by
subpopulations of subsistence tishermen.

= Research is needed to better cstimate soil
intake rates, particularly how to extrapolate
short-term data to chronic expostures, Data
on soil intake rates by adults are very limited.
Research in this aren is also recommended.
Research i also needed 10 refine methods 10
calculate soil intake rate (i.¢., inconsistencics
amonyg tracers and input/output misalignment
errors indicate a tundamental problem with
the methods).  Research is also needed to
obmain more data fo better estimate sotl
adhetence.
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In cases where several studies of equal
quality and data collection procedures arc
available for an exposure factor, procedures
need to be developed 1o combine the data in

used 1o evaluate and present the
uncertainty associated with exposure
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order to create a single distribution of likely Chapter 3 Provides factors for estimating
values for that factor. human exposure through ingesthion
of water.
Reviewers recommended that the handboak
be made avalable in CD ROM and that the Chapter 4 Provides tactors for csumanng
data presented be made available in a format exposure through ingestion of soil,
that will allow the users to conduct their own
analysts.  The intent is to provide a Chapter 8 Provides factons for osumating
comprchensive factors ool with interactive exposure as a result of mhalation of
menu to gwide users 1o areas of interest, word vapors and particulates.
searching features, and data base files.
Chapter 6 Presenits  factors  for  estimating
Reviewers recommended that EPA derive dermal exposure 1o environmental
distribution functions using the empincal data contaminants that come in contact
for the various exposure tactors (o be used in with the skin,
Monte Carlo or other probabilistic analysis,
Chapter 7 Provides data on body weight,
Research 1s needed to derive 4 methodology
to extrapolate from short-term data to long- Chapter 8  Provides data on ife expectancy.
term or chronic exposures,
Volume {I - Ingestion Factors
Reviewers recommended that the consumer
products chapler be expanded to include more Chapter 9 Provides faclors for estmating
products, A comprehensive literature search expasure through ingestion of fruins
needs to be conducted to investigate other and vegetables,
sources of data,
Chapter 10 Provides factors for esumating
Breastmilk intike, exposure through ingestion of tish.
More recent data on tapwarer intake. Chapter 11 Provides factors for cstimating
exposure through ingestion of meats
SAB recammended analysss of 1993 and 1995 and dairy products,
CSFI data.
Chapter 12 Presents  data  for  oumating
1.6. ORGANIZATION exposure through ingestion of grain
The handbook is organized into three volumes s products,

follows:
Chapter 13 Presents  factors for estmating

Volume I - General Factors expaosure through ingeation of home

produced food.
Chapter 1 Provides the overall introduction to
the handbook Chapter 14 Presenis  dats  for  estimating
exposure throuph ingestion of breast
Chapter 2 Presents an analysis ol uncertainry milk,
and discusses methods that can be
Exposure Factors Handbook Page
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Volume 111 ~ Activitv Factors

Chaprer 15 Presents data on activity factors

{activity  patterns.  population
mobility, and occupational
mobility).

Chapter 16 Presents data on consumer product
use,

Chaprer 17 Presents factors used in estimating
residential exposures,

Figure 1.2 provides a roadmap to assist users ot
this handbook in locatiog recommended values and
coofidence ratngs for the various exposure factors
presented in these chapters. A glossary is provided at
the end of Volume 111,
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Appendix 1A

APPENDIX 1A
RISK CALCULATIONS USING ENPOSURE FACTORS HANDBOOK
DATA AND DOSE-RESPONSE INFORMATION FROM IRIS

1. INTRODUCTION

When calculating risk estimates for a specitic population, whether the enure national population or some sub-
population, the exposure information (either from this handbook or from other data) must be combuned with dose-
response information, The latter tvpically comes from the IRIS data base, which summarizes toxicity data for each
agent separately. Care must be aken that the assumptions about population parameters in the dose-response analysis
are consistent with the population parameters used in the exposure analysis. This Appendix discusses procedures for
insuring this consistengy.

In the IRIS derivation of threshold hased dose-response relationships (U5, EPA, 19963, such an the RID and the
RICs based on adverse systemic effects, there has generally been no explicit use of human exposure factors, In these
cases the numerical value of the R{D and RIC comes directly trom animad dosing experiments (and occasionally from
human studies) and from the application of uncertainty fagtors to retlect issues such as the duration of the experiment,
the tact that animals are being used to represent humans and the quality of the study, However in developing cancer
dosc-response (D-R) assessmients, a standard expasure seenario is assumed in calculating the slope factor (1.e., human
cancer risk per unit dose) on the hasis of either animal boussay data or human data.  This standard wenurio has
traditionally bren assumed to be typical of the U.S. population: 1) body weight = 70 kgi 2) air intake rate = 20
m’/day; 3) drinking water intake = 2 liters/day: <) lifetime = 70 veans, In RIC denvations for cases involving an
adverse effect on the respiratory tract, the air intake rate of 20 m/day is assumed.  The use of these specitic values
has depended on whether the slope tactar was derived from animal or human epdemiologic data:

. Animal Data; For dose-resopnse (D-R) studies hased on animal data, scale animal doses to human
equivalent doses using 2 human body weight assumption of 70 kg, No explicit lifetime adjustment is
necessary because the assumption is made that events oceurring in the lifetime animal binassay will oceur
with equal probability in a human lifetime, whitever that might happen to be.

. Human Data - In the analysis of human studies (either occupational or general population, the Agency has
usually made no explicit assumption of body weight or human lifetime.  For both of these parameters there
is an implicit assumption that the population usually of interest has the same descriptive parameters as the
population analyzed by the Agency. In the rare situation where this assumption is known 1o be wrong, the
Ageney has made appropriate corrections so that the dose-response parameters represent the national
average population.

When the population of interest is different than the national average (standard) population, the dose-response
parameter needs to be adjusted.  In addition, when the population of interest 1s different than the population from which
the exposure factors in this handbook were derived, the exposure factor needs to be adjusted. Two peneric examples
of situations where these adjustments are needed are as follows:

A) Detailed study of recent data, such as are presemed in this handbook, show that EPA's standard assumptions
(i.e.. 70 kg body weight, 20 mY/day air inhaled, and 2 L/day water intake) are inaccurate for the national population
and may be inappropriate tor sub-populations under consideration. The handbook addresses most of these situations
by providing gender- and age-specitic values and by normalizing the intake values 1o body weight when the data are
available, but it may not have covered all possible situations.  An example of & sub-population with a different mean
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body weight would be fernales, with an average body weight of 60 kg or children with a body weight dependent on
age. Another example of a non-standard sub-population would be 2 sedentary hospital population with lower than 20
m’/day air intake rates.

B) The population variability of these parareters is of interest and it is desired to estimaie percentile limits of the
population variation. Although the deiled methods for estimating percentile limits of exposure and risk in a
population are beyond the scope of this document, one would treat the body weight and the intake rates discussed in
Sccrions 2 to < of this appendix as distributions, rather than constants,

2. CORRECTIONS FOR DOSE-RESPONSE PARAMETERS

The correction tactors for the dosesresponse values tabulated in the [RIS data base for carcinogens are summarized
in Table IA-I. Use of these correction parameters is necessary o avoid introducing errors.into the risk analysis. The
second column of Table LA-] shows the dependencies that have been assumaed in the typical situation where the human
dose-response factors have been derived from the administered dose in animal studies. This wble is applicable in most
cascs that will be encountered, but it is not applicable when: a) the effective dose has been derived with a
pharmacokinetic model and b) the dose-response data has been derived trom human dow.,  In the tormer case, the
subpopulation parameters necd 10 be incorporated into the model. In the latter case, the correction factor tor the dose-
response parameter must be evaluated on a casesby case basis by examining the specitic data and assumptions in the
derivation of the parameter.

Table 1A-1. Procedures for Moditying IRIS Risk Values for Non-standard Populations®?

IRIS Risk Measure IRIS Risk Measure is Proportional 10:®  Correction Factor (CF) for modifying
[Unins} IRIS Risk Measures:®

Slope Factor (WH - (70)13 (WP

{per mpAki/day)}

Water Unit Risk TS IOWS3] = 24 (7003 (T2 x [T0/(WP)

[per ue/l}

Air Unit Risk: L3IWS] = 20/1(70)%) (15720 x 70/ WHF?

A. Purticles or acrosols
[per ugfm?], air concentration by

weipht
Air Unit Risky No explicit proportionality to body 1.0
B. Gusen weight or air intake is assumed. ppm by volume is assumed to be the
[per parts per million], air ctfective dose in both animals and
concentraton by volume, humans,

* W w Bodv weight (kg)
Iy = Dnnking water intake (liters per day)
I, = Airinuke (cubic meters per day)

¥ WS, 1%, 1,3 denote standard parameters assumed by IRIS

£ Modifiad risk measure = (CF) x IRIS vulue
WP, 7. LF denote nonsmndard parameters o the actual population
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As one example of the use of Table 1A-1, the recommended value for the average conswnption of tapwater for
adults in the U, S. population derived in this docurnent (Chapter 3}, is 1.4 liters per dav, The dnnking water unit risk
tor dichlorvos, as given in the IRIS information data base is 8.3 x 16 per u/l, and was calculated from the slope
factor assuming the standard intake, Iy, of 2 liters per day. For the United States population dnnking 1.3 liters of
tap water per day the corrected drinking water unit risk should be 8.3 x 10° X (1.4/2) = $.8x 10”7 per g/l The risk
{0 the average individua! is then estimated by muliiplying this by the average concentration in umis of g/

Another example is when the risk for women drinking water contaminated with dichlorvos is to be estimated.
If the women have an average body weight of 60 kg, the correction factor for the drinking water umt sk
(disregarding the correction discussed in the above paragraph), from Table 1A-1. is (70/60)=2 = 1.11. Here the ratio
of 7010 60 is raised to the power of /3. The corrected water unit risk for dichlorvos iy 8.3x 100 x 1,11 = 9.2x
10 per g/l As before, the risk to the average individual is estimated by multiplying this by the water concentration,

When human data are used to derive the risk measure, there is a large variation in the ditferent data sets
encountered in RIS, so no peneralizations can be made about glohal corrections.  However, the typical detault
exposufe values used tor the ar intake of an air pollutant over an occupational lifetime are: arr intke is 10 m*/day
for an S-hour shift, 240 days per vear with <0 vears on the job. It there is continuous exposure to ar ambient air
pollutant, the litetime dose is usually calculated assuming a 70-vear lifetime,

3. CORRECTIONS FOR INTAKE DATA .

When the body weight, WP, of the population of interest ditfers trom the body weight, WE, of the populanon trom
which the exposure values in this handbook were derived, the following model turmishes a reasonable basis for
estimating the intake ot food and air (and probably water alvo} i the population of intetest. Such a model 1s needed
in the absence of data on the dependency of intake on body swe. This occurs 1or inhalation data, where the intake data
are not normalized 10 body weight, whereas the model is not needed for food and 1ap water intakes if they are given
in units of intake per kg body weight,

The model is based on the dependency of metabolic oxygen consumption on body size. Oxygen consumption i
directly related to food (calorie) consumption and air intake and indirectly to water intake.  For mammals of a wide
range of species sizes (Prosser and Brown, 1961), und also for individuals of various swes withiss 3 specics, the ovygen
consumption and calorie (food) intake varies as the body weipht raised to a power between 0.65 and 0.75. A value
of 0,667 = 2/3 has been used in EPA as the default vilue for adjustng eross-species intakes, and the same tactor has
been used tor intra-species intake adjustments,

[NOTE: Following discussions by an interagency task force (Federal Register, 1992), the agreement was thar a
more accurate and defensible defawlt vadue would be 1o choose the power to 3/4 rather than /3. A recent article (West
et al., 1997) has provided a theoretical basis tor the 3/4 power scaling.  This will be the standard value to be used in
tuture assessments, and all equations in this Appendix will be modified in future 1isk assewments,  However, because
risk assessors now use the current TRIS intormation, ttus discussion 1s presented with the previous detault assumption
of 2/3).

With this model, the relation between the daily air intake in the population of interest, 1,7 = (m*/day)?, and the
intake in the population des¢ribed in this handbook, 1,F = (m*/day)® is:

1P = L x (WPAWE)>3,
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4. CALCULATION OF RISKS FOR AIR CONTAMINANTS

The risk is caleulated by multiplying the IRIS air unit risk, corrected as described in Table 1A-1, by the air
concentration. But since the corzection factor involves the intake in the population of interest (1,P), that quantity must
be included in the equation, as follows:

Appendix IA

(Risk)” = (air unit risk)¥ x (air concentration)
= (air unit risk)® x (1,720 x (70/WP¥* x (air concentration)
= (air unit risk)® x [( I, & x (WO/WE)3/20)] x (70/WP)* x (air concentration)
= (air unit risk)® x (2,520 x (70/WE)*? x (air concentration)

In this equation the air unit risk from the IRIS ¢at base (air unit risk)®, the air intake data in the handbook for
the populations where it is available (1,£) and the body weight of thar population (WE) are included along with the
standard IRIS values of the air intake (30 m/day) ard body weight (70 kg).

For food ingestion and tap water iatake, if body weight-normulized intake values from this handbook are used,
the intake data do not kave to be corrected as in Section 3 above, In these cases, corrections to the dose-response
parameters i Table LA-1 are sufticient.
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Chapter 2 - Variability and Uncertainty

b4 VARIABILITY AND UNCERTAINTY

The chapters that follow will discuss exposure
factors and algorthms for estimating exposure, Exposure
Tactor values can be used to obtain a range of exposure
estimates such as averape, high-end and bounding
estimates. [t is instructive here (o return to the general
cquation for potential Averuge Daily Dose (ADD,) that
was introduced in the opening chapter of this handbook:

commonly has been treated as it relates to the overali
process of conducting risk assewments; beciuse expanure
AMENMENT is 3 component of risk-assessment process, the
general concepts apply equally to the exposure-assessment,
companent.

-

21, VARIABILITY VERSUS UNCERTADSTY

While some authors have treated vanability as a
specific type or component of uncertunty, the

. Comvmnant Commmitoinm o imobs Rate o Faprmate [t simn

ADD
~ Healy Wergh A Awtaging |ime tFar

U.S. EPA (1995) has advised the nak assessor
a0 | (and, by analogy, the exposure asseswor) o
distinguish berween vanahility and uncertainty.

With the exception  of the c¢ontaminant
concentration, all parameters in the above cyuation are
considered exposure factors and, thus, arc treated in tair
detml in other chapters of this handbook.  Euch of the
exposure factors involves humans, either in terms of their
characteristics (c.g., body weight) or behavions (e,
amount of time spent in a speaific lucation, which affects
exposure duration), While the topies of vartabshity and
uncertainty apply equally to contaminant concentrations
and the rest of the cxposure factors 1n equation 2-1, the
Tocus of this chapter 1s on varishility and uncertainty as
they relate 1o exposure tactors, Consequently. examples
provided in this chapter relate primanly to exposure
factors, although contaminant concentrations may be used
when they better illustrate the point under discussion.

This chapter also is intended to acquaint the
cxpanure assessar with some of the tundamental concepts
and precepts related to vanability and uncertunty,
together with methods and considerations for evaluating
and presenting the uncertainty assaciated with exposure
extimates. Subsequent sections in this chapter are devoted
1o the following topics:

*  Distinction between variability and
uncertainty,

= Tvpes of vanahility;

e Mecthods of confranting vanahhity;

«  Types of uncentanty and reducing uncertainty:

o Analysis of variability and uncertainty; and

«  Presenting results of variabilinv/uncertanty
anilysis,

Fairly extensive treatises on the tapic of uncertainty
have heen provided, for example, by Morgan and Henrion
{1990, the National Rewearch Counci! (NRC, 1493) and,
10 a lesser extent, the ULS, EPA (1902; 1995). The topic

Uncertanty represents o lack of knowledge about
factors affecting exposure or risk, whereas varabiliry
arises from true heterogenaity across people, places or
tume. In other words, uncertainty can lead to inaccurate or
biased estimates, whereas varnahility can aftect the
precision of the extimates and the degree to which they
can he generalized. Most of the data presented m this
handbook concerns variahbility.

Variahlity and uncertainty can complement or
confound onc another, An instructive analogy has been
drawn by the Natonal Rescarch Council (NRC, 1094
Chapter 10), hased on the objective of estmating the
distance between the carth and the moon. Prior to Garly
recent technology developmenty, it was difficult to make
accurate measurements of this distance, resulting in
measurement uncertainty, Because the moon's orbit is
elliptical, the distance is a vanable quantity, Ifonly a few
IMCAsUrSIMENIy were 10 b taken without knowledype of the
elhptical pattern, then cither of the tollowing imcorrect
conclusions might be reached:

«  That the measurements were taulty, therehy
ascribing to uncertainty what was actually
caused by variahility: or

= That the moon's orit was random, therchy not
allowing uncertainty to shed hght on
~scemingly unexplamable differences that are
in fact variable and predictable.

A more fundamental error 1n the above situation
would be to incorrectly extimate the true distanee, by
assuming that a fow observations were sutficiont. Thas
latter pitfall - treating a highly variable quantity as it it
were invariant or only uncertain - s prohably the most
relevant o the CXpsure of sk assessor,

Now consider a situation that relates to exposure,
such as esumating the average daly done by one exposure

Exposure Factors Handbook
August 1997

Page

2-1

Ui-Jdka

GG 6

~OUNG

Ddleds

TN

-

L ATPAT Pl I

P
TN LY

Taglsl o a®




Volume I - General Factors

Chapter 2 - Variabilitv and Uncertainty

route - ingestion of conmminaled drinking water,
Suppose that it is possible to measure an individual's daily
water consumption (and concentration of the cottaminant)
exaculy, thereby eliminadng uncertainty in the measured
daily dose. The daly dose still has an inherent dayv-to-day
variability, however, due to changes in the individual's
daily water intake or the contaminant ¢oncentration 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 2 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 transiated into uncertainty in the ADD.
Although the individual's true ADD has no variability, the
astmate of the ADD has some uncertainty.

The above discussion pertains 0 the ADD tor one
person.  Now consider a distribution of ADDs across
individuals in a defined population (e.g.. the gencral U.S,
population). In this case, vanability refers to the range
and distribution of ADDs across individuals in the
population. By comparison, uncertinty refers to the
exposure assessor’s state of knowledge about that
distribution, or about parameters descnbing  the
distribution (.., mean, sandard deviation, general shape,
vanious percentiles).

As noted by the National Rescarch Council (NRC,
1994), the realms of variability and uncertainty have
fundamentally ditferent ramitications for science and
Jjudgment. For exampie, uncertainty may force decision-
makens to judge how probable it is that exposures have
been overestimated or underestimated tor every member
of the exposed population, whereas variability forces them
o cope with the certinty that different individuals are
subject to exposures both above and below any of the
exposure fevels chosen as a reference point.

2.2. TYPES OF VARIABILITY

Variability in exposure is related to an individual's
location, activity, and behavior or preferences at a
particular point in time, as well as pollutant emission rates
and physical/chemical processes that atfect concentrations
in various media (e.g.. air, soil. food and water). The
variations in pollutant-specific emissions or processes,
and in individual locations, activities or behaviors, are not

necessantly independent of one another, For example,
both personal activities and pollutant concentrations at a
specific Jocation might vary in response to weather
conditions, or between weekdavs and weekends,

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

= Variability across locations (Spatial
Vanability),

«  Variability over time (Temporal Variability);
and

= Variability amonyg individuals (Intcr-
individual Variability).

Spatial variability can occur both at regional
(macroscale) and focal (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 bodfs of water such as the
Great Lakes or coastal arcas.  As another example,
outdoor pollutant levels con 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)
10 denote a specitic locality (¢.g.. a residential lot or a
room in a specific building) where the airborne
concentration can be treated as homogencous (i.c.,
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 ditferent
times of the day.

Inter-individual variability can be cither of two
types: (1) human characteristics such as age or body
weight, and (2) human behaviors such as location and
activity patterns, Each of these variabilities, in turn, may
be related to several underlving phenomena that vary, For
example, the natural vartability 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
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generally will lead to an approximately lognormal
distribution  across  the  population,  of  across
spatisliemparal dimensions,

23.  CONFRONTING VARIABILITY

According to the National Research Council (NRC
1994), variability can be contronted in four basic ways
{Table 2-1) when dealing with science-palicy questions
surrounding issues such s EXPOSUTE OF NIk assexsment,
The first is to ignore the variability and hope for the
best. This strategy tends o work best when the variabiliry
i relatively small,. For enample, the assumphion that ail
adufts wergh 70 Ky is ikely to be correct within =25% for
most adults,

The sevond stratery involves disageregating the
variability in some explicit way, n arder to hetter
understund it or reduce it.  Mathemaucal models are
SPPropriale in some Cases, us in Hting & wine wave to the
annual outdoor concentration cycle tor o particular
pollutant and location, In other caises, particularly those
involving human characiersstics of hehaviors, it s caser
to disaggregate the data by considering all the relevant
subgroups or subpopulations, For example, distributions
of body weight could be developed sepurately for sdults,
adolescents and children, and even for males and temales
within each of these subgroups, Temporal and spanal
analogies for this concept invalve measutements on
approprizte time ~cales and choosing  appropriste
subregions or microenvironments.

The third strategy s 10 use the averuge value of 4
quantity that vanies, Although this strategry might appear
as tantamount to ignaring variability, it needs to be based

on a decision that the average value can be estimated
reliably in hight of the vanability (e.g.. when the
vartabality 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 tactor, In this cise,
the variability is Charactenized by the range between the
extreme values and a measure of central tendency. This
is perhaps the most common method of dealing with
vartability 1n exposure or risk assesament — to focus on
one tme penod (e, the period of peak exposure). one
spatial region (e, in cline proximity to the pollutant
souree of concern), or one subpopulation (€., 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
et all factors to valyes that maximize exposure or dose -
such an approach will almost alwavs lead 10 an
overestiimate,

2.4, CONCERN ABOUT UNCERTAINTY

Why should the exposure assessor be concermed
with uncertainty?  As nuted by the U.S. EPA (199),
SNPOMITE ssessment can involve a hroad array of
intormation sources and analyss techniques. Even in
sttuations where actual exposure-relaied measurements
exist, assumptions or ipferences will soll be required
hecause data are not likely to be avarlable for all aspects
ot the exposure wssessment. Moreover, the data that are
available may be of guesnonable or unknown guality.
Thus, exposure assessors have a responsihility to present
not just numbers, but also a clear and explicit explanation
of the implhications und himatations of ther analyses.

Tuble 2-1. Four Sirtegies tur Confronting Vanuthity

Strategy Example

Comment

Assumne that all adults weigh
70 kg

[gnore vanuility

Warks best when variatbity is smatl

Develop distributions of
body weight for age/gender
RTOUDS

Disagpregate the
vanability

Varatihity will be smaller in cach group

Use the average value Use average body weight for

adults

Cun the average be esumated reluhly miven what is
hnown about the variabiliny?

Use o fower-end value from
the weight distribution

Use o maximum or
minimum valuc

Conservative approach -- can lead to unreahistically
high exposure estimate if taken for all fucton
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Morgan and Henrion ([990) provide an argument
by analogv. When scientists report quantities that they
have measured, they are expected to routinely report an
otimate of the probable crroe asseciated with such
measurements.  Because uncertainties inherent in policy
analysis (ol which exposure assessment is a part) tend Lo
be even greater than those in the natural sciences,
exposure aséssars also should be expected to report or
comment on the yncertiintioy associated with their
estimates.

Additonal reasons tor addressing uncertainty in
exposure or risk assessments (LS, EPA, {492, Morgun
and Hennon, 1990) include the tollowing:

«  Uncertin information from ditlerent sources
of ditlerent quality ofien must be combined
for the assessment;

«  Decisions need to be made about whether or
how to expend resources to acquire additional
intormation,;

= Biasey may result in so-called "best estimates”
that in actuality are not very accurate; and

= Important tactory and potential sources of
disagreement in a problem can be wentilicd,

Addressing uncertainty will ingrease the likelihood
that results of an assessment or analysis will be used in an
appropriate manner.  Problems rarely are wlved to
evervone's satistacuion, and Jecisions rarely are reached
on the bavis o' u single picee of evidence. Resalts of prior
analyses can shed hght on current assessments,
particularly if they are ¢ouched in the context of
prevailing uncertainty at the time of analysis. Exposure
assessment tends to be an iteragve process, beginming
with a screening-level assessment that may identity the
need for more in-depth iassessment. One of the primary
goals of the more detailed assessment is 0 reduce
uncermainty in estimated exposures. This abjective can be
achieved more efticiently if gusded by presentation and
discussion of factors thought to be primanty responsible
for uncertunty in prior ¢xtimates,

-
Pt

TYPES OF UNCERTAINTY AND
REDUCING UNCERTAINTY

The problem of uncertainty in exposure or sk
assessment is relatively targe, and can quickly become too
complex for facile weatmene unless it is divided into
smaller and more manageable topics. One method of
division (Bogen, 1990) involves classifving sources of

uncertainty according to the step in the risk assessment
process (havard identification, dosesresponse assessment,
exposure assessment or risk characterization) at which
they ¢an occur, A more abstract and gencralized approach
preferred by some seientists is to partition all uncertainties
amony the three categories of bias, randomness and true
variability.  These ideas are discussed later in some
examples.

The U.S. EPA (1992) has classilied uncertainty in
CXPOSUTES assessment into three broad categornies:

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

2. Uncertuinty  regarding some
(Parameter Uncertainty),

3. Uncertainty reparding gaps in seientitic theory
required to make predictions on the basis of
causal inferences (Model Uncertainty),

parameter

Identitication of the sources of uncertaiaty in an exposure
assessment is the {irv step in determining how to reduce
that uncertainty, The types of uncertainty histed above ¢an
be turther deflined by examining their principal causes,
Sources and examples for each type of uncertainty arc
summarized in Table 2-2.

Because uncertainty in exposure assessments is
tundamentally tied to a lack of knowledge concerning
important exposure luctors, strategies for reducing
uncertainty necessarily involve reduction or elimination of
knowledyge mips. Example strategics to reduce uncertainty
include (1) cotlection of new data using a larger sumple
size, an unbiased sample design, a4 mwore  direct
measurement method or 2 more appropriate target
population, and (2) use of more sophisticated modeling
and analysis tools,

ANALYZING VARIABILITY AND
UNCERTAINTY

Exposure assessments often are developed in a
phased approach. The initial phise usually screens out the
exposure scenarios or pathways that are not expected to
pose much risk, to climinate them from more detailed,
resource-intensive review,  Screening-level assessments
tvpically examine exposures that would fall on or bevond
the high end of the expected exposure distribution.
Because sereening-level analyses usually are included in
the final exposure assessment, the final document may
contain scenarios that differ quite markedly in

0.
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Table 2-2. Three Tvpes of Uncertainty and Asswiated Sources and Evamples
Tvrwe of Uncertainty Sowrees Examnies
Scenano Uncertainry Descnptive errors Incormect or insuffickent intormaton
Aggregation erron. Spatial of temporal approumahons
Judgment crrons Sclection of an incortevt model
Incompicte analysiv Overlovking an important pathway
Parumeter Uncertunry Measurement errors [mprecise or buised measurements
Samphing errors Small or unrepreventalive samphes
Vanapity In ime, WPade OF AnVites
Surrogate data Siucturatly-relared chemicals
Maodel Uncertanty Relationsup error Incorrect inforence on the hasis Tor correlations
Moxdeling errors Faclodine relevant vanaties

sophistication, data  quality, and amenahility to
quantitative ¢xpressions of vanahility or uncertainty,

According to the U.S. EPA (1992), uncertainty

characterization and UNCCrAINtY 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,
e1c. Uncertainty assessment is 3 more quantitative process
that may range from simpler measures (c.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 concerniny the
quality of an asessment, including the potential
variability in the estimated exposures, major data paps,
and the effect that these data gaps have on the exposure
estimates developed,

A distinction between variability and uncertainty
was made in Scetion 2.1, Although the gquantitative
process mentioned above applies more directly o
variability and the qualitative approach more so 1o
uncertainty, there is some degree of overlap. In general,
cither method provides the assessor or decision-maker
with insights to better cvaluate the assessment in the
context of available dawa and assumptions, The following
paragraphs describe some of the more common
procedures for analyzing variability and unceriainty i
cxposure assessments.  Principles that pertain to
presenting the results of vanability/uncertainty analysis
are discussed in the next section,

Several approaches can be used to characterize
uncertiinty in parameter values. When uncertainty is
high, the assessar may use order-of-magnitude bounding
axtimages of parameter ranges {e.g., from 0.1 to 10 liters
for daily water intake).  Another method describes the
range for cach parameter including the lower and upper
bounds as well as 3 "best esamate” (e.g., 1.3 hters per
day) determined by avalable data or protesmonal
judgement.

When semitivity analysis indicates that a parameter
profoundly influences exposure estmates, the assensor
should develop a prohabilistic deseription of ity range. It
there are cnough data to support their use, standard
statistical methods are preferred. 1 the data are
inadequate, expent judgment can be used to generate a
subjective probabilistic representation, Such judgments
should be developed in a consistent, well-documented

manner. Morgan and Hennon (1990) and Rish {(19%%)
desenibe techniques to solicit expert judgment,

Most approaches to quantitative analysis examine
how variability and uncertointy in values of specific
parameters translate into the overall uncertainty of the
assessment. Details may be found in resiewasuch as Cox
and Baybutt (1981), Whitmore (19%5), Inman and Helton
(1948), Scller (1987), and Rish and Mamicio (1983),
Thene approaches can generally be deseribed (in order of

increasing complexity and data needs) ast (1) sensitivity
analysis;  (2) analvtical  uncertunty  propagation:
(3) probabilistic uncertainty analysis; or (4) classical
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statistical methods (US. EPA 1992). The four approaches
are sumnarized in Table 2-3.

medium, or low; and state whether they were based on
dam, analogy, or professional judgment.  Where

Table 2-3. Approoches o Quantimtive Analvsis of Uncertunty

Anoroah Descniption Example
Senuiivity Analyus Changing one put vanoble at a ume while Fix ench input at Jower (then upper) bound
leaving others constant, (o examine effect on while holding others at nominal values {e.g..
output trwndians)
Annlyncal Uncertainty Propagabion Examining how uncertasnty in individual Analyucally or aumencally otwain a partl
parancters affeuts the overall uncertunty of the denviative of the exposure equation with
ExXpOsile asacvarnent rospect to each input parameter
Probubnlistic Uncernunty Analysis Varytng each of the input vanables aver various Ansign probability density function to each
values of their nespective probability distnbutions.  parameter: randomly sumple values trom each
distnbution und insert them in thwe exposure
equatson (Monte Caro)
Clasgical Stanstical Methods Esumanny the populaton exposure distnbution Compute confidence interval extinuates {or

direcly, based on measured values from a

repreentanve cumnke

vanaus percentiles of the exposune hnbution

27. 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
ditferent levels of exposure by different individuals) has
been distinguished from uncerminty (the lack of
knowledge about the correct value for a specific exposure
medsure or esumate), Maost of the data that are presented
in thix handbook deal with variability directly, through
inclusion of statstics that pertain to the distributions for
various exposure factors,

Not all approaches historically used to construct
mensures or estimates of exposure have attempted to
distinguish between variability and uncertuinty. The
assexsor 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
undentanding of how exposures are distributed over the
population and how variability in population activitics
infTuences this distribution.

Although incomplete analysis is  essentially
unquantifiable as a source of uncerminty, it should not be
ignored. At a minimum, the assessor should describe the
rationale for excluding particular exposure scenarios;
characterize the uncertainty in these decisions as high,

un¢ertuinty is high, a sensitivity analysis can be used to

credible upper limits on exposure by way of a scries of

"what if” questions,

Although assessors have always used descriptors to
communicale the kind of scenario being addressed, the
1992 Exposure Guidelines establish clear quantitative
definitions for these nisk 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 arc
intended to address questions dealing with risks borne by
individuals within a population, including not only
measures of central tendency (¢.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 ¢ases of a particular
effect thar 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 the Exposure
Factors Handbook is one of the tools available to
cxposure  assessors (0 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

Page
2-6

Exposure Factors Handbook
August 1997




Volume I - General Factors

Chapter 2 - Variability and Uncertainty

uncertainties surrounding these deseriptors,  Uncertainty
may be presented using simple or very sophisticated

techmiques, depending on the requirements of the

assessment and the amount of data available. [t s bevond

the scope of this handbook to discuss the mechanies of

uncertainty analyws in detail, At a minimum, the assweswor

should address uncertainty qualitatively by answenng

questions such as;

«  What i the basis or rationale Jor selecting
these assumptions/parameters, such as data,
modehing, scientific judpgment, Agency policy,
"what if” considerations, ete.”

= What is the range or variahihty of the key
parameters? How were the parameter values
selected for use in the assessment! Werg
average, median, or upper-percentile values
chosen? If other choices had been made, how
would the results have diftered?

*  What 1s the assessor's confidence Oncluding
qualitative confidenee aspects) 1n the key
parameters and the overall assessment” What
are the quality and the estent of the data
base(s1 supporting the seleetion of the chowen
values?

Any cxposure estimate developed by an assessor
will have assoctated assumptions about the setiing,
chemical, populution characteristios, iand how contact with
the chemical occurs through various exposure routes and
pathwavs, The exposure assessor will need 1o examine
many sources of information that bear ¢ither directly or
indircetly on  these components of the  evposure
assessment. In addition, the assessor will be required 1o
make many decisions regarding the use of cxisting
information in constructing seenanios and settiny up the
cxposure equations. [n presenting the scenano results, the
asseswor should strive tor o balanced and impartial
treatment of the evidenge beartny on the conclusions with
the kev assumptions highlighted,  For these ey
assumptions, one should cite data sources and explain any
adjustments of the data,

The exposure assessor alwoe should qualitanvely
dexcribe the rationale for selection of any conceptual or
mathemaucal models that may have been used. This
discussion should address their venificotion and validation
status, how well they represent the situation being

assessed (€., averape versus high-end extimates), and
any plausible alternatives in terms of their acceptance by
the saientitic community,

SOWEG ¢ Nadijae

Table 2-2 summanizes the three Dpes of ‘:}
uncertainty, associated sourees, and examples. Table 2.3 —
summarizes tour approaches to analyse uncertanty o
quantitatively. Thewe are deseribed further in the 1992 o
Exposure Guidelines,
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3, DRINKING WATER INTAKE
3.3, BACKGROUND

Drinking water v i potential source ol human
expasure 1o osic substanees, Contamination of drinking
water may oceur by, tor example, peteoluhion ot toses
through the soil to ground water that is used as o souree
of drinking water, runoft or discharge o surface water
that is used as o source of drinking water; mtentionad or
unintentiond addimon of substances to treat water (¢.8.,
chlorination); and Jeaching of matertals from plumbnng
systems (e.g., lead), Estimating the magnitude of the
potential dose of toxigs from dronking water requires
information on the quantity of water consumed.  The
purpose ol this section is 10 deseribe key published
studies thit provide information on drinking water
consumption  (Section 3.2y and o provide
recomumnendations ol onsureplion rate vatues that should
be used 1n exposure assessments (Section 3.0),

Currently, the U.S LPA uses the quantity of 2 L
por day for adults and 1 L per doy or intants andividuals
of 10 kg body mass or Jess) as detault dnnking water
Intake rates (108 LA TUS0, ol These rates
include drinking water consumed ain the torm of juees
and other hevergpes contumng apwater c , cotteer.
The National Academy o Saences (NAS, (19T
estimuited that dily consumption of wister may vary with
levels of physical achivity and Nuctuauons i emperature
and hunuday. Tt s reasonahle o assame that some
individuals in physically-demandimg occupanions or hving
in warmer regions may have high fevels of water intake.

Numerous studies cited in this chapier have
generated data on drinking water ntake rates. In
general, these sources support EPA’S use of 2 Liday Tor
adulis and 1 Laday tor children as upperpercentile
tapwater mtane rintes, Many of the studies have reported
fuid intake rates tor both total Noids and wapwater.
Toral fiuid intake s detined as consumption of ull types
ot fluwds including tapwater, mulk, sott drnks, alcoholic
beverapes, and water intrinsic 1 purchased toesds. Total
tapwater s defined as water consumed directly from the
tap as o beverage or used in the preparation of foods and
beverages (1.c., cotlee, tea, frozen juices, soups, e,
Data for both comumplion Calegones are presented in
the sections that follow.  However, tor the purposes of
CXPOSUTE  lvsessiments  involvin sourse-specitic
contumunated drinking water, mtiahe rates based on total
APWAILT Ul more reprosentativeg o! souree-specttic
tapwater intake.  Grven the assumption that purchased
toods and beverages are widely distnbuted and less likely

o contn source-specific waler, e use of wial lud
intake rates may overestimate the patential exposure 10
tovie substances present only i Jocal water supplies,
theretore tapwater intake, rather than total nd intake,
s emphastzed 1 this section,

All studies on drinking water intake that are
currently available are bused on short-term survey data.
Although shon-term data may e suitable tor obtaining
mean miake vidues that are representative of hoth short-
and long-term consumption patierns, upper-percentile
values may be ditterent for short-term and long-lerm
data because more vartatwlity generally oceurs in short-
term sunvevs, 1t should also be noted that most drinking
water surveys currently aviilahle are based on recall.
This may be a source o} uncertainy in the esnmated
ke rates because of the subjective nature of this npe
al auies technigue,

The distribution ot water inuies is usually, but
not always, logmartiad, Instead of presenting anly the
logrormal parameters, the actudl percentile distribunions
are presented 10 thas handhook, usually with o comment
on whether or not it s Jognomul,. To o taciliate
comparisons berween studies, e mean and the h
pereentifes are given Jor all studies where the distmbution
data are avaddable,  With these two parumeters, slong
with ntormation about which dintnbunon s being
tollowed, one can caleulate, using stundard tormulas, the
peametric mean and gerometnie standard devaion and
hence any desired percentile of the distribution, Betore
donng such a caleulation one must be sure thar one of
these disinbutions adequately Tits the data.

The avinlable  studies on drinking water
consumption are summarized in the following sections,
They have been classiticd as either hey studies or
relevant studies hased on the applicabihity of their survey
designs 10 exposure assessment of the entire Unted
States population. Recommended ttahe rates are based
on the results of Key studies, but relevant studies are also
presented to provide the reader with idded perspective
on the current state-ot-knowledge pertaiming to drnking
water mhake.

J.2. REYGENERAL POPULATION STUDIES ON
DRINKING WATER INTAKE
Canada Deparrmenr of Health and Welfare (198])
- Tupwater Conmsumption i Canadu - In o study
conducicd by the Canadian Departmient of Health and
Welfare, 970 individuals trom 293 households were
survered to determine the per capita total tapwater intake
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rates for various age/sex proups during winter and
summer seasons (Canadian Ministry of Nativnal Health
and Weltare, 1981), [ntake rate was also evaluated as a
function of physical activity. The population that was
surveved matched the Canadian 1976 census with respect
to the propurtion in different age, regional, community
stze and dwelling type groups,  Participants monitored

tpwater consumed away from home, The survey alvo did
not attempt to estimate intake rates for fluids other than
tapwater.  Conscquently, no intake rates for total tluids
were reported.

Daily consumption distribution patems for various
age groups are presented in Table 3-1, For adults (over
18 vears of ape) only, the average total tapwater intake

Table 31, Daily Totd Tapwater Intake Distribution for Canadians, by Age Group
wpprox, 0.20 Lomerements, both sexes, combined seasons)

Amount Consumed” 3 and under
Lidav T Nuymber

Age Girowp yean )

017 18 and over
K Numher T Number

W) - 0,21 il 9
0.22-0.43 7.3 14
O.dd - 0.65 24.8 20
0.0 « 0,86 8
0.87-1.07 . 9
1.08 - 1.29 . D}
1.30 - 180 . “
1.31-1.71 . 5
172193 i
L2014 . i
215-206 . !
237 .2.57 0
258279 . 0
)< 300 . )
3ol -3.21 1§}
32-343 0
J.td - S0 0
las- 36 0
> V.86 0

-3 7 0.3 3
10.0 2 1Y 12
3.2 33 3.4 kb

M 8.5 54
36 13.1 8
w 14.8 ™
o4 15,3
17 12.1

TOTAL 100 0 L3

100.0

?  Includes tipwater amd foods and heverages denved from mpwater,
Souree Canadian Miniry of Nanonal Health and Weltare, {081,

waler intake for a 2.dav period (1 weehday, and |
weekend day) in both late summer of 1977 and winter of
1975, Al 970 individuals participated in both the summer
and winter surveys. The amount of tapwater consumed
was estimiited based on the respondents’ identitication of
the tvpe and size of beverage container used, compared to
standard stzed vessels,  The survey questionnaires
included a pictorial guide o help participants in
clasaafving the sizes of the vessels. For example, a small
class of water was. assumed to be equivalent 1o 4.0 ounces
of water, and a farge glass was assumed to contin 9.0
ounees of water.  The study also accounted for water
denved trom ice cubes and popsicles, and water in soups,
intanr formula, and juices, The survey did not attempt to
differentiate between tapwater consumed at home and

rate was 1.3%8 L/day, and the 90th percentle rate was 2.41
L/day as determined by graphical imterpolation.  These
data follow a lognormal distribution. The intake data for
mades, females, and both sexes combined as o function of’
age and expressed in the units of milliliters (grams) per
kilogram body weight are presented in Table 3-2. The
tapwater survey did not inglude body weights ol the
participants, but the body weight information was tuken
from a Canadian health survey dated 1981 it averaged
65.1 kye for males and §5.6 kg for femuales, Intoke rutes
for specitic ape groups and seasons arg presented in Table
3.3, The average daily total tapwater intake rates lor all
ages and seasons combined was 1.34 L/day, and the 90th
percentsie rate was 2.36 LAday. The summer intake rates
are nearly the same as the winter intake rates. The authors

Page
3-2

Exposure Factors Handbook
August 1997




Volume I - General Factors ;
é

Chapter 3 - Drinking Water Intake

speculate that the reason for the small seasonal variation

R . . Y Y e "
here is that in Canadi. even in the summer, the ambient Table 22 Averape Danly Tapwater lntaie ot Canadiane

ceapresaed as mutliliers per klorram hosdy wenrhty

temperature seldom exceeded 20 degrees C und marked
inerease 10 water consumption with high activity lesels Averave Dals Intaie iml, a0

has been observed in other studies only when the ambient

temperature has been hgher than 20 degrees. Average Ave Group (vean Femmale Mk Hoth Seves

daily 1otal tapwater intake rates as a function of the level < “ “ »
of physcal actvity, as ostimsated  subjectivels, are .4 " i i~
presented n Tuble 3=, The amounts of tapwater 17 2 bl )
consumed that are dernved from various foods and [iha) b} (hd o
heverages are presented in Table 3-5. Note that the :::“ :*: 'l‘T o
comumpnion of direct “raw™ tapwater is almast constant ' B - -
across all age groups trom schoolsage children through Tewa) Populanion 2 W1 )

the oldest ages.  The increase o total tapwiter
Sowrce” Canafian Snstr of Natonal Headth and Weltare 194

comumption beyand school age is due 10 colfee and tea
consumption,

Table -3 Averupe Datly Torad Tapwater Intake of Canadians. v Ace and Seaswn (Lidav®

APP (wean)

< 1.6 ~ |7 {4 5.8 5% Al Ages

Average

Summet 07 (RS 1.33 1.52 [IhX] 13
Winter 0 o0 (R ] 142 .59 1R L7
SummerWinier Q61 nx? . 1.3% [ 134
o Pereentle

Sumitier/Wititer 1 50 1 &0 ! 2 Py ] 238

“ Includes tapwater amd fomds and beserages denved o tapwater

Sanirce: Canindian Mimstn of Noaena) Health and Wellare 1unld

Table =3 Average Daily Totad Tapaater Intabe of Canadians as o Bunction of
Level of Physical Achviry at Work and an Spare Time
1A vears and oldur, combined seasons, Lidavy

Work Spare Time

Activity Consumpntion”™ Sumber ot Respondents Consumphion”™ NSumber ut Kespondents
lavel* Liday L/day

Extremely Actise 172 L 187 h
Yery Active 147 24 .81 1%
Somewhal Active 147 217 144 uz
Naw Very Actise 12 &7 1.82 RN
Not AL A Actve LY it 138 b
g Nor Stane [RI{] 48 14 N
TOTAL BHK v

4 The levels of physical activiny histed here were nol defined any turther by the survey repont, and caleponzation of activity kesel by sunvey
PARICIPANTS 15 assunied 10 be subjective
tncludes tapwater and fouds and deverages denved from tapsater

Somiree Canadian Mimstey of National Health and Weltire 1wa)
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Table B35, Averuge Dualy Tapwater Intake hy Canadians, Apporioned Amaong Vanous Beseragnes
(ath sixes. by aie, combined seasns, Lidav)”
CUmider 3 1.5 o17 (LIRS 15.54 55 arud Over
Toral Number m Group Wi 47 250 PN 254 183
War 014 03l 042 0.3 0. 0,38
Lee/Min o 0.0! 002 0.0 0.0l Q.02
Tea - 0.0l 005 0.2 0.4t 042
Cofter oot - 0.00 2937 0.58) 0,42
“Ortwr Type of Dnink™ (1] (VA PR 0.20 014 ot
Revonsntuted Mida a.10 Q.04 012 .08 0.04 a.08
Soup 004 0.08 0.07 (.06 0.0% AT
Homemale Reer/Wine - . BXipd (A7 Qo7 0.03
Homemade Popeicies aol .01 003 om - -
Ratw Formula ete. .o - - . - -
TOTAL 06l 0.86 114 1. t 55 1.57
 Includes tapwaler and tonds and beverages denved trom wpwiter,
=  Laasthan 0.0 Liday
e Canadian Stinwtey of Nawnal Health and Welfane 1951

Data concerming the source of tapwaler (municipal,
well, or Jake) was presented in one table of the study.
This catcgorization is not appropriste for making
conclusions about consumption of ground versus surface
water.,

This survey may be more representative ot total
tapwater  consumption  than  some  other  Jess
comprehensive surveys because it included data for some
rapwater-contuning items not covercd hv other studies
{i.e., ice cubes, popsicles, and intant formula), One
potential source of error in the study is that estimated
inthe rutes were based on identification ol standaed
vesel sizens the accuracy of this type of survey dita is rot
known. The ¢oolerclimate of Canada may have reduced
the importance of large tapwiater intakes resulting from
high activity Jesels, theretore making the study less
applicable to the United States, The authors were not able
to explain the surprisingly large vanatons between
regional tapwater intakes; the largest remonal ditterence
was between Onwriv (1,18 fitervday) and Quebec (1.55
laerviday),

Ershow and Cantor (1989} - Total Waier and
Tapwater [ntihe in the United States: Population-Based
Estimates of Quantities and Sources - Ershow and Cantor
(1989} ovtimated water intake rates bused on data

collected by the USDA 1977-1978 Nationwide Food
Consumption Survey (NFCS). Duily intake rates for
tapwater and total water were caleulited tor vanious age
groups for males, females, and bath sexes combined.
Tapwater was defined as "all water trom the houschold
tap consumed directly as a beverage or used to prepare
foods and beverages,”  Totd water was defined as
tapwater plus "water intrinsic to foods and beverages®
(Le., water containgd i purchased {ood and beverages).
The authoes showed that the age, sex, and rcial
distribtion of the surveved population closely matched
the estisnated 1977 UL S, poputation.

Daily total tapwater intake rates, expressed as mL
(grams) per day by age group are presented in Table 3-6.
These data follow a lognormal distribution, The same
dutie, expressed as ml (grams) per kg body weight per day
are presented in Table 3-7. A summary of these tibles,
showiny the mean, the 10th and 90th percentile intakes,
expressed s both mL/day and mL/kg-day as a tunction of
age, iy presented in Table 3-8, This shows that the mean
and Y0th percentile intuke rates for adults (ages 20 to 65+)
are approximately 1,410 mL/day and 2,280 mL/day and
for all ages the mean and 91th percentile intake rates are
1,190 ml/day and 2,000 mi/day. Note that older adults
have greater intakes than do adults between age 20 and
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Tahle -1 Sumnmary of Tapwater Intake by Are
Age Group Intake (mlJday) Intake (mlJag-day)
Mean 10rh-Ynh Percentiles Mean 100h-0(th Percentiles

Intunts (<! yean lng 0-6u0) 438 0.100
Children (1410 wears) T3 | 2 RhTh 128-6d 4
Teens (11419 yean) HhS 830,701 %2 65-323
Adults (20 -hd yoar) 1366 £54.2 26K IR X037
Adulty (65+ yeam) 1,454 TR22N7 Jx 109-47

All ayes 1191 4212 (2 g} X3 0N
Source' Tirnhow and Cantor 1 19%U)

65, an observation bearing on the interpretation of the
Cantor, et al. (1987) study which surveyed a population
that was older than the nationa) average (see Scction 3.3),
Ernhow and Cuntor (19589) also measured total
watcer intake for the same age groups and concluded that
i averaged 2,070 ml/day for all groups combined and
that tapwater intake (1,190 ml/day) is 55 percent of the
total water intake. (The detiled intake data tor various
age groups arc presented in Table 3.9), Erhow and
Cantor {1989) also concluded that, for all age groups
combined, the proportion of tapwater consumed as
drinking water, foods, and beverages is S& percent, 10
percent and 36 pereent, respectively, (The detailed data
on proportion of lapwater consumed for vanous age
groups are presented in Table 3-10). Erhow and Cantor
(1959) alvo observed  that males of all age groups had
higher total water and tapwater consumption rates than

females; the variation of each from the combined-sexes
mean was about 8 percent.

Ershow and Cantor (1989) also presented data on
total water intake and tapwater intake for children of
various ages,  They found, for infants and children
between the ages of 6 months and 15 years, that the 1otal
water intake per unit body weight increased smoothly and
sharply from 30 mL/kg-day above age 18 veans to 190
ml/kg-day for ages less than 6 months. This probably
represents metabolic requirements for water as a dictary
constituent.  However, they found that the intake of
tapwater alone went up only slightly with decreasing age
{(trom 2010 45 mL/Ag-day as ape decreases from 1] yeans
to less than 6 months).  Enhow und Cantor (1989
attnbuted this small cffect of age on tapwater intake to the
large number of  alternatve water sources (besides
tapwaler) used for the younger age groups.

Tabke -9 Total Tapwater Intake (s percent of total water intake s M Broad Ace Categon ™

Percennie Drstnunion

Ape (yeary) Meun

| s 10 = 50 78 ) Wl w
<! » n 0 0 thd ] kr) hM) a4 %2
110 345 [ v p23 W 15 57 " s L]
1119 47 [ 1N 24 a8 a7 LU m T4 LX!
20604 sy 12 byt 1% 4qu tl v ™~ al )
G5 &S 25 31 47 hi3 (a14 T4 =] - )

-

0 = Less than 0.5 percent.

Sonsrce: Frahow and Cantor (9

Dews not include pregnant women, lactating wornen, of breast-ted chiklren.
Total tapwatet is defined av "all water trom the himivehold tap consumed directly us 3 beverage of used to prepare toods amd beverages ™
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Table +10. General Dietary Sources of Tapwater tor Both Seres™P
% of Tapwater
Age
(years) Source Stndand
Meun Devinon 4 2% S0 74 05 9

<l Foud® 13} o (1} 0 0 10 70 100
Drinking Water 34 37 0 ki) 87 100 100 100
Other Beverages 20 B 0 0 0 x 100 100
All Sources i)

1.10 Food® is 16 [4] 3 10 19 4 100
Drinking Wawer ns 23 0 2 T .53 9% 1n
Other Beverages 20 ot 0 0 s knd 63 93
All Sources. 100

11-19 Food* t3 13 0 3 8 17 38 100
Drinking Waner 65 25 1] 52 70 RS 98 100
Other Beverages hund 3 0 0 16 M o8 96
All Sources 100

2040 Food® 8 10 0 - 5 11 e 49
Deanking Water 47 26 0 29 48 67 91 0.1}
Other Bevernges 43 o 0 ] LRt () 9 100
All Scurces 100

63w Foog® 8 9 0 o h Il 23 .}
Dritking Water 50 23 0 s 52 ob 7 ”m
Other Beverages +2 hat} 3 27 40 7 85 100
All Sources 10

All Food* 10 13 0 2 0 13 M od
Drninking Water 54 &7 0 Jo 56 o 95 100
Qther Beverages Jo T 0 14 h 23 hh rd 100
All Sources 100

*  Docs not incl'e pregnant women, lacraung women, or breast-fud children.

% Individual value- may not add o wals due o rounding.

€ Foot category tmludes soups.

¢ = Lessthan 0.5 poreent.

Sewree Ervhaow and . “antor, 1980

With respect to region of the country, the northeast
states hadd slightly lower average tapwater intahe (1,200
mL/day) than the three other regioas (which were
approximately equal at 1,400 mL/day).

This survey has an adequately larpe size (26,416
individuals) and it is & representative sample of the United
States population with respect to age distribution, sex,
ractal composition, and residential location. [tis therefore
suitable ax a  doseription  of national tapwater
consumption. The chiet limitation of the study is that the
data were collected in 1978 and do not reflece the
expected increase in the consumption of soft drinks and

bottled water or changes in the diet within the last two
decades, Sinee the data were collected for onty u three-
day period, the extrapolation to chronic intake is
uncertain,

Roseberry and Burmaster (1992) - Lognormal
Distributions for Water Intake « Roseberry and Burmaster
(1992) fit lognormal distnibutions to the water intake data
reported by Ershow and Cantor (1989) and estimated
population-wide dJisteibutions for totl fluid and total
tapwater intake based on proportions of the population in
each age group. Their publication shows the data and the
fitted Jog-normal distributions graphicaily. The mean

Page
3-8

Exposure Factors Handbook *
August 1997




Volume I - General Factors

Chapter 3 - Drinking Water Intake

odn

]

was estimated as the zero intercept, and the standard
deviation was estimated as the slope of the best fit line for
the natural logarithm of the intake rates plotied agmnst
their corresponding z-scores (Roscherry and Barmaster,
1992). Least squares technigues were used (o estimate the
best {it straight lines tor the transformed dati. Summary
statistics for the best-fit lognormal distribution are
presented in Table 3-11. In this table, the simulated
halanced population represents an adjustment (o account
for the different age distribution of the United States
population in 1988 from the age distribution 1n 197 when
Envhow and Cantor (1939) coliected their data. Table 3«
12 summarizes the quantiles and means of tpwater intake
as estimated from the best-fit distmbutions. The mean
towal tapwater intake rutes for the two adult populations
(age 20 10 65 years, and 65+ years) were estimated (o be
1.27 and 1,34 L/day,

Table 3-11. Summary Statisties for Rest-Fir Lognormal
Dustributions for Water Intake Raten®

In Total tiund
Group {ntube Rate .
{afe 1N verrs) M o R
0«<age<) 6.9719 0.201 (.99
1 vage <l TR 0.330 0.953
31 s age <20 7.4%) 0.347 0,964
20 < ape <68 7.503 0.400 [(Lral
6% < age 7.583 0.360 0.08K
All ages 7487 0.408 0.9%4
Simulated halanced populunan 7 402 1.407 1 (w)
in Total Tupwater

Group Intake

{age in vears - " R
0 < age <! $S8T 0.615 0.970
! cape <1} 6,426 0,408 11983
11 2 ape <20 6.607 0.535 0.9%
20 < uge <65 7.023 0.489 01.9456
65 < age 7.088 0.4%7 097K
All ages 6.870 0.530 0.978

Simulated halanced populanon 6 Rl 0 478 () Q0%

* These values (ml/day) were used In the following equations
to cstimate the quantiley and averages for total mpwater intake
shown in Tables 3-12,

97.5 percentile intake rule = eap Ly + (1.96 ' a))

75 percennile inuke rate = exp [ = (0.6745 ° 0))

50 percentile intake rute = exp [}

8 percentile (ntake rate = exp Ls - (0.6745  0))

2.5 percentile intake rute = exp [« - (1.96 " 6))

Mean intake ratg - exp [« + 0.5 o¥)}

Source; Roseberry and Burmaster, 1992,

These intake rates were based on the data originally
presented by Enhow and Cantor (1989). Consequently,
the same advantages and disadvantages associated with
the Ershow and Cantor (19%9) study apply to this data set.

33. RELEVANT GENERAL  POPULATION
STUDIES ON DRINKING WATER INTAKE
National Academy of Sciences (1977) - Drinking

Water and Health - NAS (1977) calevlated the average

per capitu water (liquid) consumption per day o be 1.63

L. This figure was based on a survey of the tollowang

literature  sources: Evans  (1931). Boume and

Kidder (1953 Walkeret al. {1957y, Wolf (1958); Guyton

(196%y;, McNall and Schlegel ¢196K); Randall (1973)

NAS (1974); and Pike and Brown (1975). Although the

calculated average intake rute was 1,63 L per day,

NAS (1977) adopted a larger rate (2 L per day) 10

represent the intake of the majority of water consumers,

This value is relatively consistent with the total wapwater

intakes rate estimated from the key studies provented

previously, However, the use of the term "liquid” was nat
clearly defined in this study, and it is not known whether
the populations surveyed are representative of the adult

U.S. population. Conscquently, the results of this study

are of limited use in recommending total apwater intake

rates and this study 1 not comidered a key study,
Hopkins and Ellis (19801 - Drinking Warer

Consumpiion in Grear 8ritain - A sudy conducted in

Great Bnitun over a b-week penod during September and

October 1974, extimated the drinking water consumption

raten of 3,564 individuals from 1,320 houscholds in

England, Scotland, and Wales (Hopkins and Elhis, 1980,

The participants were selected randomly and were asked

10 complete a questionnaire and a diary indicating the tvpe

and quantity of bheverages comumed over a f-week

period. Total liquid intake included 1ot tapwater taken
at home and away from home: purchased alcoholic
beverages; and non-tapwater-hased dnnks. Total mpwater
included water content of tea, cottee, and other hot water
drinks, homemade alcoholic beverapes: and tapwater
consumed directly as a beverage, The assumed tapwater

contents for these beverages are presented in Table 3213,

Bused on responses from 3,564 participants, the mean

intake rates and {requency distribution data for vanous

beverage categories were estimated by Hopkins and Ellis

(1980). Thewe data are listed in Table 3-13. The mean

per cupita total hqud intake rate for all individuals

surveved was 1.59 L/iday, and the mean per capita totad
tapwater intake rate was 0.95 L/day, with a1 90th percentle
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Volume I ~ General Factors

Chapter 3 - Drinking Watcr Intake

value of abour 1.3 Liday (which is the value of the
percentile lor the home tapwater alone in Table 3-14).
Liquid intake rates were also csumated for males and
females in various age groups. Table 3-15 summarizes
the total liquid and toral mpwater intake rates for 1,758
males and 1,800 females grouped into six age cateygories
(Hopkins and Ellis, 1980). The mean and 90th percentile
total tapwater intake values for adults over age 18 years

Table 312, Estmannd Quantles and Means for Total Tapwater Intahe Rates (mL/day)”
Age Group Petaennle Anthmeuc
‘ ) pd 8 50 s ors Averags
Dagexi N0 176 67 404 891 L]
tsage<t! m 443 620 67 1648 701
1< age<20 s a8 ™e 1128 2,243 w7
20 » ape < 68 430 RO7 tia2 1,561 200 1.o6$
68 < age 471 e (R 1,081 3044 1,341
All ages Y| 674 Y6} 13 iy ] 1,108
Simulated Balunewd Population 1o odu 087 1411 2984 1129
“ Towl wpwater is defined as “all water trotr e househiold tap consummed dinectly us o beverage or used to prepare foods and beverages,”
Source; Roscherry and Burmaster, (992
are, respectively, 1,07 Liday and 187 Liday, as
Table 313, Assumed Tapwaicr Conum of Heveraees determined by pooling data for males and females for the
Tuverave A Tavwier three adult age vanges in Table 3.15, This calculition
o Waer 100 assumes, us does Table 3-1+ and 3-15, that the underlying
Homiexmade IwerCuder/lager 10 distribution is normal and not lognormal,
Homermade Wine 100 > s . " ust s ;
Other Hot Water Drnks 100 The advantage of using these data is that the
Ground/Inmant Coflee:s responses were not generated on a recall basis, but by
k. ko recording daily intake in diaries. The Iatter approach may
! . .
Half Mitic %0 result in more accurate responscs being generated, Also,
All Milk 0 the use of total liquid and total tapwater was well defined
};2 Milk ':;’ in this study, However, the relatively shortsterm nature of
CocowrOrher Hot Milk Drinks 0 the survey make extrapolation to long-term ¢onsumption
:::mf“‘“ Orink » patterns ditlicult. Also, these data were based on the
Fruit Juice 1 0 population of Great Britain and not the United States,
m‘; Juee 2 ":)’ Drinking pattzrns may differ amony these populations as
Manesal Waiert 0 a result of varying weather conditions and socio-cconomic
Doukht culeribeer/lager 9 factors. For these reasans this study is not considered a
AL Z key study in this document,
’ g)u;x - ““'*:'0 :'“' ll‘:‘ wiier, milk noc adited, White - cuffee wilt Incernational Conumission on Radiological Protection
wiLer, LT M
Half Milk « coffee with S0% waner, 30% mitk; Al Milk - caftee (ICRP) (1981) - Report 10 the Task Group on Reference
, Dl ik waier notadded Man - Data on fluid intake levels have also been
Frun Juice: smfividuals were ased 10 the guestionnadire if they . I H .
consumed reidy-niade st juie (Lype | Abuvet, ur the vanety that sum‘mnn;gd by t?_zc Imcrnafxonal Commn:mon on
e dilned (type 2 Radiological Prowetion (ICRP) in the Report of the Task
¢ Information on volume of mineral waler comumed was obtained s pre et . o inpal
only a0 " oF bortes per wéek." A hotle was exmmed at Group.on Reference .\_/Lm (ICRP, 1981 ). T!'\c.sc intake
300 ML, 4 the volisme was ikt 30 tat 277 was assutned (0 be levels lar adults and children are summarized in Table 3-
consumed on weekenmds, and 317 dunng the week, 16. The amount of drinking water (tapwater and water-
Sewjreee  Biondons et e TOND . .
bused drinks) consumed by adults ranged from about

0.37 Lsday to about 2,18 L/day under “normal”
conditions, The levels for children ranged from 0.54 to
0.79 Liday. Because the populations, survey design, and
intake categorics are not clearly defined, this study has
limited usefulness in developing recommended intake
rittes for use in expusure assessment, [tis reported here as
a relevant study because the tindings, although poorly
detined, are consistent with the results of other studies,
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Chapter 3 - Drinking Water Intake

Table .16, Measured Fludd Intakes imUidavy
Water-Based
Subvect Total Fluids Milh Tarwater Drnks®
Adults £"pormal™ condinons® 1K 2400 120450 45-730 J20-1480
Adults (high environmental 2RHULI41D
temperature ta 32°C) 1% -

SD = 900
Aduits (moderately active| MWy
Children (5-14 yr) 13 1 200 320-500 ca. 00 2. 380

1301070 SO0 0T
* Includes tea, coffee, soft dninks, heer, cudet, wine, ete
b *Normal” conditions refer 1o typical envirompental tempetature and activity levels.
Source-  ICRP. 10K}

Gillies and Paulin (1983} - Variubility of Mineral
Imtakes from Drinking Warer - Gullies und Paulin 11983
conducted a sudy ta evalume vanahiliny of mineral intake
from drinking water. A study population of 109 adults
(7S females; 34 males) ranging in age from 16 10 80 years
{mecan age = 44 vears) in New Zealand was asked to
coilect dupheate samples of water consumed directly irom
the tap or used in beverage preparabon Juring a 23-hour
period. Participants were asked to colleet the samples on
a day when all of the water consumed would be trom their
own home, [ndividuals were ~elecicd haved on their
willingness to participate and their ability 1o comprehend
the collection procedures. The mean total tipwater intake
rate for this population was 1.25 1=0.39) L/day, and the
90th percentile rate was 1,90 1/dav, The median total
tapwater intake rate (1,26 {Jday) was very similar 1o the
mean intake rate (Gillies and Paulin, 1982), The reported
range was 0.26 to 2.80 L/day.

The advantage of these data are that they were
generated using duplicate sampling techniques, Because
this approach is more objective than recull methads, it
may result in more accurate response,  However, these
data are based on a shori-term survey that may nat be
representative of fong-term behavior, the population
surveyed is small and the procedures tor selecting the
survey population were not designied to be representative
of the New Zeuland population, and the results may not be
applicable to the United States, For these reasons the
study 1s not regarded as a kev study in this document,

Pennington (1933} - Revision of the Toal Dicr
Study Food List and Diets - Based on data from the U.S.
Food and Drug Admunistration’s (FDA'SY Towl Dict
Study. Pennington (1933) reported average mtake rates
for various foods and beverages for live age roups of the
population. The Total Diet Study s conducted annually

1o monitor the nutrient and contaminant content of the
U.S. food supply and to evaluate trends in consumption,
Representative dicts were developed based on 24-<hour
recall and 2-day diary dats from the 1977-197% US.
Department of Agriculture (USDA) Nationwide Food
Convumpnion Survey (NFCS) and 24-hour recall data
from the Second National Health and Numuon
Examination Survey (NHANES I, The number of
participanis in NFCS and NHANES IT was approximately
000 and 20,000, respectively.  The dicts were
Jdeveloped to “approximate H) percent or more of the
weight of the foods usually consumed™ (Pennington,
19831, The wource of water (honled water as
distinguished from tapwaler) was not stated in the
Penningion study.  For the pumpuoses of this report, the
consumption ratés tor the food cateporien defined by
Penmington (1983) were used to calculate total fluid and
total water imake rates for five age groups, Total water
includes water, tea, coffee, soft dnnks, and soups and
froeen  juices  that are recomstituted  with  water,
Reconstituted soups were assumed to be composed of S0
percent water, and juices were assumed to contan 75
percent water, Total tluids include total water in addition
to milk, ready-to-use infant formuta, milk-based »oups,
carbonated ~oft dnnks, alcoholic beverages, and canned
fruit yuices. These intake rates are prevented in Table
3-17. Based on the average intake rates for total water for
the two adulr age proups, 1.0 and 1.26 L/day, the average
adult inwake rate is about 1,15 L/day. These rates should
v more representative of the amount of source-speafic
witer consumed than are 1ol tluid intake rates, Because
this study was designed to measure food intake. and it
used hoth USDA 1978 dawy and NHANES I data, there
wiay nor pecewanly 3 swiematic anempt to deline
tapwater intake per s, as distingunshed from bottled
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waler. For this reason, it is not considered a key tapwater
study in this document.

Table 3-17. Inmke Rares of Towl Flusds and Tutal Tapwater by
Ave Group

Average Duly Consumpuion Rawe (Liday)
A Girovn Taoral Fluuis? Towal Tapwater?

611 months 0,30 0.30

2years 0.9 0.50
1416 years 147 T
2530 years 1.7 104
AWBS venre 1ol |

Includes mik, “ready-to-use™ formula, mulk-based soup,
carbonated soda, alcoholic beveryges. canned juices, water,
coffee, fea, recumnnitad juices, and reconstituted soups.
Does not include reconstimted infant formula.
b Includes water, coffee, tea, reconstnted juices, and
" recoastituted soups.

Sopree Dierived fm Panvingrnn. 1R

U.S. EPA (1984} - An Estimation of the Daily
Average Food Iniake by Age and Sex for Use in Assessing
the Radionuclide Intake of the General Population -
Using data collected by USDA in the 1977-78 NFCS,
U.S. EPA (1984) dewermined daily food and beverage
intake levels by age to be used in assessing radionuclide
intake through food consumption. Tapwaer. water-based
drinks, and soups were identified subcategories of the
totul beverage category. Daily intake rates for tapwater,
water-based drinks, soup, and total beverage are prosented
in Table 3-18. Asse¢en in Table 3-138, meun tipwater

intake for different adolt age groups (age 20 years and
older) ranged from 0,62 to 0.76 L/day, water-based drinks
intake ranyed (rom Q.34 to 0,69 L/day, soup intake runged
from 0.03 10 0.06 L/daty, and mean total beverage intake
levels ranged from 148 to 1,73 Lidny. Total tupwater
itake rates were estimated by combining the average
daily intakes of tapwater, water-bused drinks, and soups
for cach age group. For adults (ages 20 vears and older),
mean total tapwater intake rates range {rom 1,03 to 1 47
L/day, and for children (ages <} 1o 19 years), mean intake
rates range from 0.9 to 0,90 Liday, These intake rates do
not include reconstituted infant formula.  The tow
tapwater intake rates, derived by combining data on
tapwater, waier-based drinks, and soup should be more
reprozentative of source-specitic drinking water intake
than the 1ot beveruge intuke rates reported in this study.
These intake rates are bused on the same USDA NFCS
data used in Enhow and Cantor (1989), Therefore, the
data limitations discussed previously also apply to this
study.

Cantor et al. (1987) - Bludder Cancer, Drinknig
Water Source, and Tapwater Consumption - The Nutional
Cancer Institute (NCI), in i population-based, case control
study investigating the possible relationship between
bladder cancer and drinking water, interviewed
approximately 8,000 adult white individuals, 21 to 84
vears of age (2,805 cases and 5,258 controls) in their
homes, using o standardized questionnaire (Cuntor et al,,
1987). The cases and controfs resided in one of five
mctropolitan arcas (Atlanta, Detroit, New Qrleans, San

Table 3-18. Muean and Standan? Errue for the Daly Intake of Heverages and Tapwater by Ape

Tapwater Intake WaterBased Dnnks Soups Totu! Beverape Intuke™
imL) by unk) tmL)

14380 2 137
M7.0 £ 892
TA0 2435
¥01.0 x 16.5
10250 = W2
12410 2 359
1484.0 £ 46.9
153).0 2480
1642.0 2377
173202291
154702 328

Age (years)

45912
10t eTwy
3K 23
noeldl
A54£0.0
AN =22
WY £d2
13 xdl
200+ 33
Si.0zxl0
V=29

4570 =67

A3eddT

Y70 £ 218

165 = (80
1400 2 164
0185177
ML =231
4162200
6)1.0 = 180
oR0.3 = 14
sol.lelol

6025 299
1707 20l 5
du0edd
5210 x2nd
620227

T =200
656,42 130
619X = Wle
olos 2272
83 =200
TS 2227

Allagen
Under I
ol
S99
014
15019
po ]S
Sy .
30w e
0w 59
60 and over

* Includes wanirbased donks such Js cofTe, ete, Revoastituivd infans formuls Joes nor appear (o be included i thes group.
™ Includes tapwater and water-based dnnha such a3 cotfee, fe, soups, and oher dnmis such as soft donbs, tnntades, and aleohohe dnnks.

[S«we: U.S. EPA, 1984,
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Franciseo, and Seattle s and five Sttes (Connecticut, Towa,
New Jersey, New Mesico, and Utah). The individuals
interviewed were asked to recall the fevel ot intike of
tapwater and other beverapes in a tvpreal week during the
winter prior 1o the inlerview. Tota) beveruge intahe wis
divided into the following two components, Ty beverages
derived from tapwater; and 2j beverages from other
sources, Tapwater used in cooking foods and in e cubes
was appirently not considered. Participants also supphicd
information on the primary source of the water consumed
(i.c., private well, community supply, bottled water, etc..
The control population was randomiby sefected from the
general population and trequency matched 10 the bladder
cancer case populatton in terms of ape, sen, and
geographic locatton of residence. The case population
consisted of Whites only, hid no people under the aye of
21 vears and 57 percent were over the age of b5 vears,
The luid intake res tor the bladder cancer cuses were
not uved hecause their participation 1o the study wis hased
on sefection thctors that could hias the intahe ostitrates tor
the general populabion, Based on responses from 5,258
White controls (3,892 males; 1366 females), average
tapwater intake rates for a “typmical” week were compuled
by sex, age group, and geographic regon, These rates are
Iisted in Table 3219, The average total thad intuke rate
wis 2.0 T/day for men of which 70 percent 1.4 Liday
was denved from tipwater, and 1,72 L/day for wonen off
which 7% percent (135 Lidayy was derived trom tapwiner.
Frequengy distrihution dati 1or the S.0%1 contruls, tor
which the authors had information on both tapwater
consumption and crparetie smoking habits, are presented
in Tuble 3-20. These dita tollow o lognorma) distribution
having an average vajue of 1,30 Liday and an upper Yilth
percentile value of approumately 2.0 Liday. These
values were determined by graphically interpolating the
data o Tahle 3-20 after ploting it on Jog prohability
graph paper. These values represent the usual fevel of
intake for this population of adulis 1n the winter

A limitation associated with this data set s that the
population surveyed was nlder than the general population
and consisted exclusively of Whites. Also, the intahe data
are based on recadl ol behavior from the wanter previous
to the interview.  Extrapolation to other sciasons and
intake durativns s difheulr,

The authors presented data on penonsycars of

residence with vartous 1ypes of water supply sources
{(municipal  versus  private,  chlonnated  versus
nonchlorinated.  and  surfice  versus  well  water).
Unfortunately, these dats can nut be used to draw

conclusions about the Nattonal aserage apportionment of’
surface sersus proundwater sinee o larpe fraction (24
pereent) of mumcipal water intake in this survev could not
he spectfically annbuted to enher ground or surface
Walcr.

Tahie 119 Average Toval Tapwater Intake Rate by Sex
Are amd Cetwrraphic Area

Average Towd
Number of Tapwater Intahe 2D
Croun/Suberoun Kespondents Liday
Tontal proup 508 L
Sen
Males 1,542 140
Femakes 1.4 1.8
ARe, yodls
2144 241 LA
486 1991 e
nd-nd 247h 113
Gengraphic area
Atlanta 207 13w
Conimaivut e 137
Dietoout 429 13
Jowa T4 1)
New Jenay 1.5%42 27
Now Mewiea LAY 140
Sew Orfeans t2 161
Nant rancivea [ | &
Scaltle L) Vil
'1ah ML 1 s

* Srandard deviations aof repafted n Cantor et al (19xTy,
Toral tapwater detined as all waler amd Beserages denved
trom tapwaler,

Sowgroe T ant ot 1 THURT

Table 3220 Frequency Dismmibution ot Towl
Tapwater Intake Raten?

Comumpuon Cumulative
Rute (L'day) Frequency® ¢ %) Frequency™ (7
NI N6 206
O xl-7.42 1.3 41.6
IR RIS Y S 024
1.48-1.08 1u.8 ®1.9
A In} 10,0

4 Reprosents consumption nf mpwaler amd heverares derived
TrOm apwater 1N 4 “Npcdl” winter weth.
" Latracted trom Table 3 in Cantor et al. (19X

Source  Cantor, et ai., 1957,

AIHC (19941 - Exposure Factors Handbook - The
Exposure Factors Sourcebook (ATHC, 199<) presented
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drinking water intake rate recommendations for adults,
Although ATHC (1994) provided little information on the
studies used 10 derive mean and upper percentile recoms-
mendations, the references indicate that several of the
studies used were the same as ones categorized as relevant
studies in this handbook. The mean adult drinking water
recommendations in AIHC (1994) and this handbook are
in agreement. However, the upper percentile value
recommended by AIHC (1994) (2.0 Liday) is »lightly
lower than that rccommended by this handbook (2.4
L/day). Based on data provided by Ershow and Cantor
(1989), 2.0 L/day corresponds to only approximately the
8<th percentle of the drinking water intake rate
distribution. Thus, a slightly higher value is appropriate
for representing the upper perceatile (i.c., 90 to 95th
pereentile) of the distmbution. ATHC (199%4) also presents
simulated distibutions of drinking water intake bused on
Roscherry and Burmuaster (1992). These distnibutions are
also deseribed in detail in Section 3.2 of this handbook,
AIHC (1994) has been classitied as a relevant ruther than
a Key study because it is not the primary source for the

data used to make recommendations for this document.
USDA (1995) - Food and Nutrient Intakes by
Individuals in the United States, | Day, 1989-91. - USDA
(1995} cotlected data on the quantity of "plain drinking
water” and viarious other beverages consumed by
individuals in 1 day during 1989 through 1991, The duta
were collected as pant of USDA's Continuing Survey of
Food Intakes by Individunls (CSFID), The data used to
estimate tmegn per capita intake rates combined one-day
dietary recall data from 3 survey years; 1989, 1990, and
1991 during which 15,128 individuals supplied one-cay
intake data, Individuals from alt income levels in the 48
conterninous states and Washington D,C, were included
in the sample. A complex three-stage sampling design
was employed and the overall response rate tor the study
wan S8 percent. To minimize the biasing effects of the
low response rate and adjust for the seasonality, a series
of weighting factors was incorporated into the data
analysis.  The intake rates based on this study arc
presented in Table 3-21, Table 3-21 includes data tor: 2)
“plain drinking water”, which might be assumed 10 mean

Tahle 1-21 Meun Per Capira Dnnking Water Intuke Based on USIIA, OSEH Data From 1989.9) (miadavy
Sex and Age Plnn Deinkong Fruit Drinks
{vears) Warer Cuftee ‘Tea am! Ades* Teual

Males and Fermales:

Under 14 €) <(.5 17 2105

| 333 <9 9 85 427.8

3 400 2 20 100 37

5 & Under 359 1 7 80 463
Males:
611 537 2 <4 14 697
12-19 T8 12 05 104 936
W9 842 168 136 1 1247
30-39 3 {07 136 0 1,380
4049 748 M 149 53 1,481
559 755 551 168 51 1,528
6l)-69 LTy 06 115 KE 1.001
70-79 82+ 44 1is 45 1414
80 and over 747 20 168 57 1,205
20 and over am 4UN 19 ol) l4lo
Females:
6=11 470 ! 40 86 o)}
12-19 ik 21 o7 .y ™
0 VERS [0 120 )] 1.074
3039 732 37 130 50 1244
4049 ™ 412 174 3 1,403
50-59 819 438 137 kY 1431
60-00 420 429 24 3o 1,418
70-7 T J24 13 M 1.2
80 and over B30 275 149 et 1,308
20 and over ks s ke 141 30 1,088
Al tdivitinils T 260 114 (N 1.1%0
4 Includes regular and low Glone truir dninks, punches, and ades, including those made from powdered mix and trozen concentrie,

Excludes frut juices and carbonated dnnks.

Souprces TISDA, 1404
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tapwater directly consumed rather than hottled water: h)
coffee and tea, which might be assemed 1o be constituted
from tapwater; and 3) fruit drinks and ades, which might
be assumed 1o be reconstituted from tapwater rather than
canned products; and 3 the total of the three sources,
With these assumptions, the mean per capita total intuhe
of warer is extimated 1o be 416 mi/day tor adult males
(i.c.. 20 years of age and olden), 1.28% ml/day for adult
females  (1.e., 20 vears of age and oldery and 1,150
mbJ/day for all ages and both sexes combined. Although
these assumptions appear reasonable, a close reading of
the definitions used by USDA (1995 reveals that the
word “tapwater”™ does not occur, and this uncertunty
prevents the use of this study as a Key study of tapwater
intake.

The advantages of using these data are thats 1) the
survey had o large sample size: 2) the authors attempied
1o represent the general Umited States population by
oversampling low-income proups and hy weighting the
data to compensate for Jow response rates; and 3y 1t
retlects more recent intake data than the key studies. The
disadvantages are that: 1) the response rate was low; 2
the word “tapwater”™ was not defined and the assumptions
that must be used in order to compare the datii with the
other tapwater studies might not be valid; 3y the data
collection penod reflects only a onesday intake period,
and may not retleet long-term drinking water intake
patterns; ind 41 dalis on the pereentiles of the distribution
of intakes were not given,

Tvang and Klepers (1996 < Natona!l Human
Activity Partern Survey i NHAPS) - The US, EPA
collected infurmation on the number of glasses of drinking
water and juice reconstiiuted with tapwater consumed by
the general population as part of the Nutiona) Human
Activity Pattern Survev (Taang and Klepes, 1996,
NHAPS wius conducted between Ocrober 1992 and
September 1993, Over 9000 individuals 10 the 48
contiguous United States provided data on the Juration
and frequency of selected activinies and the time spent in
selected microenvironments via 24-hour diares. Over
4,000 NHAPS respondents alsa provided infurmation of
the number of B-ounce glisses of water and the number of
K-ounce glawes of juice reconstituted with water than they
drank dunng the 24-hour survey period (Tibles 3-22 and
3-231,  The median number of plasses of tapwater
consumoed was 12 and the median number of glasses of
juice with tapwater consumed was [-2,

For both individuals who drank tapwater and
imdividuals who drank juices recanstituted with mpwater,
the number of glasses ranped from 110 200 The highet
percentage of the population (37,1 percent) who drank
tapwater consumed 3-3 plasees and the highest percentape
ot the population (51.% percent) who consumed Juice
reconstituted with tapwater drank 1-2 glasses. Based on
the assumption that each glass contined 8 ounces of
water (226.4 mL, the total volume of tapwater and juice
with tapwater consumed would range from 0,23 Liday (1
plassy to 4.8 LAday (20 glasses) for respondents who drank
wpwater.  Using the same assumption, the volume of
tapwader consumed for the population who consumed 3-8
ghivees would by 0.6% Ly to 1,13 Laday and the volume
of jutce with tapwater consumed 1or the popalation who
consumed 12 plisses woukd be 0 23 Liday 1o 0.36 Liday.
Assuming thar the average individual consgmes 3-3
glasses of tipwater plus 1-2 plasses of juice wath tipwater,
the range ol total tipwater intane for this individual would
runge from 0.9 T/day 10 163 Liday, These values are
consisient wath the aserave intahe rates observed in uther
studies.

The advantinges of NHADPS s that the data were
collected for a Lirge nuinber of individuads and that the
Jabd are reprexentative of the US popalation. However,
evafuation of drnking swater ntahe rates was pot the
primary purpose of the study and the data do not retlect
the total valume of tapwater consumed, However, using

the assumptions described above, the estimated dninking
waler intihe rales o this study are within the same
ranyes vhsenved tor other drinking water studies,

Jd. PREGNANT AND LACTATING WOMEN
Ershow et al. 119915 - Intike of Tupuater and
Fotal Water Iy Pregnant and Lactating Women - Envhow
etal, (19D ased Jatis fram the 1977-7% USDA NFCS o
estimate total ud and otal apwater intake among
prepnant and Lictiating women fages 15-49 vearsy, Data
tor 188 pregnant woimen, 77 Lctanny: women, and 6,201
non-pregnant, nonslactatine control women were
evaluated  The pamcipants were imtenviewed based on 24
hour reeall, and then asked 10 record a food diany tur the
next 2 davs. "Tapwater” moluded pwater consumed
directly as o beveraee and tapwater used o prepare food
and tapwater-based beserages. " Tutal water” was Jefined
ws all water fram tanwiater and NANLUPB LT SOUTCCS,
including witer contamned i tood. Estimated total fuid
and total tipsater ntake rates 1or the three groups are
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4 Chapter 3 - Drinking Water Intake
Table 127 Numbder of Respondents that Consumed Tapwater af 3 Snecified Dalv Frequency
Nomber of Glasss i a Dav
Poputation Group Tol N Nane 1.2 1.4 [ 10-19 0 DK
Owerail 603 1.3 1238 1,283 300 151 R} K}
]
Male 2163 o SN2 569 alo 87 25 (%]
Female Saur a8 [N (5.5 o254 (= 6 7.
Refused - g - . » - - -
Azt (year)
= 263 (14 96 <0 7 ! 0 b
511 k=LY %) hrd %6 R 7 - 20
12-17 2 oy 109 SR psd 7 - 1
FR-tnd 24T YN 751 769 4 118 ] )
>od 630 117 127 243 (¥ 20 - 42
Rige
W it 374 1.Od8 1.024 1,026 410 121 pat 92
Black 43 147 113 129 ] 9 i M1
Anian red 2% Ix x & 1 - L
Suee Others us 6 In pind 6 7 - 5
Hinpanw: 19 63 32 ) 2 10 2 7
Refused o0 1% 10 13 6 1 i Yy
Mo 4l 1202 LI {162 451 129 6 116
Yeu 347 ity ¥0 73 41 18 R t3
DK b ) o 7 4 3 - !
E Refuned 46 1 h 1! 4 t i 3
i T
Full-ime am?7 617 525 497 =18 7= 1] 40
Partime Y %) W 120 50 13 7 b
Not Emplowed 1.3 RIK 278 413 18X 49 k] 54
Refusen 22 [} 4 i 1 - H J4
Edycation
< High School Iy L 95 18 51 4 2 28
High School Graduate 1,233 i s il [ R 2 13 »
< College s 58 197 - 1y M h 9
Collepe Gradnate 650 198 157 181 A2 19 4 [
Post Geaduate S 27 109 113 62 16 3 in
ol m"l"‘ Bn’tm
Notheast 1,048 151 n2 200 98 n ? ]
Midwest L0 243 288 04 127 2 9 3
South 1,601 450 437 408 168 (194 1§ 57
Went 97 290 24 hoyd 13 M 4 o
Duy.of Wnb
Weekday L1%5e N R40 N62 KR 96 7 106
Wehend 1,307 470 ki RLH H 55 4 2
Sewson
W inher 1063 JuR A2l Kxt.} 128 45 h] p
Spang 1,181 KXy 282 Jw 127 i 10 40
Summer 1.27% 182 21 dd 155 41 9 <0
Fall 943 247 o] 234 9 s 7 a2
Asthma
NO 4287 a2 1,137 1,155 459 1 a4 115
Yex M ve 43 91 40 ) | 13
DK s [ b 7 i 1 1 10
No 4,500 1.30% 1,198 1.206 <70 143 29 12l
Yer 25 1N 25 40 hes & ! [}
DK ki3 3 s 7 k] 2 1 9
DroachitvEmohysema
No $824 1,an0 1,161 1,189 474 {1 ] [
Yeu 203 pL 58 hi o L] 1 b}
213 n " [ A - - 1 Q9
NOTE: "¢ = Mg Data
"DR” = Don't know
N = sample sz
Refused = respondent refused 1o answer
Source’ Tune und Klapew, (946
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L-:l._
Tahle .27 Nuphet of Respondents that Consumed Tuee Revonstituted with Tapwater a2 a Seevified Dty Fraquency §
Sumber of Glasses in a Das :'7
Fopulation Group Totad N Nove 1.3 3.4 e 10,19 P nK =
Overall d.p1 157 1418 CXR 241 A 2 o ‘:
Gender
Malg 2 w7 ) 481 124 1% 17 RX) -
Female 2408 R0 ©wn N2 17 ix 4 A i
Retused 2 L4 2 - - - . -
At (yeurs)
1= 263 126 7 X i1 <4 1 hd
hh RS (] 140 hi) 12 2 ! 1!
12417 e 12 3L} LX) In bt ! 4
1%t INT2 277 17 hid 188 in s n
> hd (3] 200 252 1A 43 | 2 14
Ruce -
W hite 1T 1476 1,16 ™4 2n hrl s b .
Hiwk i} 200 142 Y] 15 v ! 7 -
Asian n 1 el 15 1 . . 0} )
Some Others h 46 v -4 z 1 3 ! -
Hispanic 193 9% 5 n 8 ] 1 hd
Ketused 0 2 1 7 2 1 - v -
Hispupic ~
i) 4,284 1.h%1 tMx P pal [ 17 49 Pt
Yeu M7 168 R7 al 14 7 4 7 -~
[¢1.9 A H 6 s . ! - 1 o
Retused 4 20 7 < i 1 - 7 .'C_'
Empimvment M
uil-time 2,017 LY b 412 103 b Y X e
Parr-time R 144 102 hi] iv 7 2 bl i~
Not Emploved 1,0 Ty W 268 78 20 T 2 -
Retused kM 15 <+ o+ 2 1 - 3 -
¥ : (A
< High Schoo! (Y] 146 1 43 oy ¥ - 3
High Schol Grutuae 1,283 A0 188 4 0% 2 i 17 {=
< Callege N wT 283 12 47 1% o 1
Collepe Grinlume 650 a2 201 12% u 7 { b
Post Graduate EEL 142 130 w bt b 3 <
(‘mnn Repion
Northeast .04 RR T 220 b3l ] kS 1l
Midwest 1,03 19h kXY 200 fl 17 4 14
South 1.1 b X Si6 KN N oY 10 2
West TN in hYY Il 13 17 1 ©
Duy.al Week
Woehday 1154 Lanl WY hlk 82 A} 11 <
Weehend 1 %07 Hity R i ) hal 10 0
Sepsofn
Winter 1203 hha's Ix2 hEL) ty pi} - {
Spnng IRLY 47 2 21s hT ® 17
Sumhnwr 1278 ) NG el [ " e,
Fall Y43 xS 268 210 AR 13 3 I
Asthmp
h ey [P 143 %51 olt ' -0 hi
Yeu ) 13 i T = A H Y
DK A8 14 1 6 . I - o
So 3,500 183 1,363 G(ny il 67 h{ h
Yes [l Y b x 7 s 1 {
DR s 12 3 x 3} I - .8
o 4,423 1,7%2 1.3} LESd )] Hs hy| 87
Yes onl | %9 s3 < 10 H - k}
DN 1, 11 4 7 ! d - o
NOTE: “o" a Misung Data
"DR™ = Doun't kniw
N = yample wize
Retused » Respondent refused 1o snswer
Saurce: Taane and Kiepeis {996
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presented in Tables 3-24 and 3-28, respectively.
Lactating women had the highest mean wotaf fluid intake
rate (2.24 L/day) compared with both pregnant women
(.08 L/day) and control women (1.94 L/day). Lactating
women also had a higher mean total tapwater intake rate
(1.31 L/day) than pregnant women (1.19 L/day) and
control women (1,16 L/day). The tipwater distributions
are neither normal ner lognormal, but lactating women
had a higher mean tpwater intake than controls and
pregnant women. Ershow etal. (1991) also reported that
rural women (n=1,385) consumed more total water (1.99
L/day) and mpwater (1.2¢ L/day) than urban/suburban
women (n=4581, 1.93 and 1.13 L/day, respectively).
Total water and tapwater intake rates were lowest in the
northeastern region of the United States (1.82 and 1.03
L/day) and highest in the western region of the United
States (2.06 L/day and 1.2]1 L/day). Mean intake per unit
bedy weight was highest among lactating women for bath
total fluic and total tpwater intake, Totl tapwater intake
accounted for aver 5O percent of mean towd fluid in all

these data sets (Section 3.2). A further advantage of this
study is that it provides information on estimates of total
waterand tapwater intake rates for pregnant and lactating
women. This topic has rarely been addressed in the
literature.

3.5. HIGH ACTIVITY LEVELS/HOT CLEMATES

MeNall and Sehlegel (1965) - Practical Thermal
Environmental Limits for Young Adult Males Working in
Hor, Humid Environments - McNall and Schiegel (1968)
conducted a sudy that evaluated the physiological
tolerance of adult males working under varying degrees of
physical activity. Subjects were required to pedal pedal-
driven propeller fans for 8-hour work cycles under
varyving environmental conditions. The activity pattern for
cach individual was: cycled at 15 minute pedalling and 15
miute rest for cach B-hour period. Two groups of cight
subjects each were used. Work rates were divided into
three categories as follows:  high activity level [0.15
horsepower (hp) per person], medium activity level (0.1

Table 3-24. Total Fluid Intake of Women 13=19 Yeurs Old
Percentile Distnbution
Reproductuve Standard
Stauat Mean Deviation s 10 s 50 75 %0 9s
mlidday
Contrl 140 646 s nmn 1467 1435 2308 R K1kl
Pregnant 2076 T3 [O8S 1230 1553 (Lt} adda 0% TS
Laconng 242 658 118S 144 143 2led 2658 M6y 353
m’ ‘! wm-\v
Control 23 123 15.8 %8 .8 3o.s n7 484 54
Pregnant 2 (1% 164 178 T8 308 “0.4 489 518
Lunanng 70 tte 196 218 21 kLA 45,0 17 0.2
* Number of observations: nonpregnant, nonlactating contruls (0 » 6,201 ), pregnunt {n « {A3): lactating (n = 77).
Source: Emhow etal., 1991,

three groups of women (Table 3-25). Drinking water
accounted for the largest single proportion of the ol
fluid intake for control (30 percent), pregnant (34
percent), and lactating women (30 percent) (Table 3-26).
All  other beverages combined accounted for
approximately <6 percent, 43 pereent. and 48 peecent of
the ol water intake for control, pregnane, and lactating
women, respectively, Food accounted for the remitining
partion of total water intake.,

The same advantages and limitations associated
with the Ershow and Cantor (1989) data also apply to

hp per person), and low acuvity level (0.05 hp per
persan), Evidence of physical stress (i, inercased body
temperature, blood pressure, ete.) was recorded, and
individuals were eliminated trom further testing if certain
stress eriteria were met. The amount of waler consumed
by the test subjects during the work cveles was also
recorded,  Water wis provided to the individuals on
request. The water intake rates obtained at the three
different activity levels and the various environmental
temperatures are presented in Table 3.27. The data
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Tahle 3.2%. Total Tapwater [ntake of Women 1849 Years Old

Percentile Distnbunaon

Source: Enhow etal., 100].

Number of abservations: nonpzegnant, nonlactatiny controls (0= 6, 201), pregnant (n = [K&); {actating (n = TN,

Repreductive Mean Swundard
Status” Deviation s 10 2% 30 75 %0 9%

miduy

Control 1157 638 310 453 mm 1063 1503 1983 210

Pregnant 1189 699 4 419 T 1063 1501 2191 p2 &Y

Lactaning 1310 591 430 612 RSS 1330 1693 1045 291
mL/kgiduy

Control 19.1 iR 5.2 15 11.7 173 2.4 kX! 39.1

Pregnam 1R} 10.4 4.9 59 107 164 238 345 06

Lactating .4 9.8 T4 0.8 14 M NIk 2 M kL] 7.4
Braction of duity flusd intake that 1s @pwater (%)

Conrrol 7.2 180 4.4 Rl 43.9 0.0 70.7 9.0 X ¥

Pregnant 5401 18.2 12 oA 42.9 %) ) 0.6 K32

Lactating S0 15.% 274 K0 495 AN [5R) Thd w14
s

Tahle 326 Total Flund (mi/Day) Denwed from Vanous MThetary Soures by Women Aged 1349 Yean®
Comind Ve owren Prernamt Womren 1 actating W omen
Percentile Percreniile Percentiie
Mean® Mean® Mean®
Soufves A 4 L " 0 »
Drnking Waer sy 40 1440 L2a) ek} 1700 T ) 160
Mulk and Milk Dninks 1n2 107 hpa) M xn 749 R pe ) K0
Gther Dairy Pronducts a1 X 93 24 v «n b 1
Meats, Poultry, Fish, Lggy 126 114 ) 12 104 82 133 3% a3
Legunes, Nuts, and Sevds 13 0 s n [¥] b 15 0 ke
Grain and Gran Progucts ) "3 a7 yn (] 24t 119 a2 InT
Cutrus nmd Noncitrus Frust Juces hxS 3 M " [i] N0 ~ 0 219
Fruits, Prwtoes, Vepetabies, Tomatoes 1o (B4 L84 n2 1xs Ann NS 197 ol o4
Fats, Osls, Drressings, Sugan, Swevts 9 b 41 9 3 ) 10 LS ~0
Tea 14N [ [3'i] 132 1 a7 =) el LY
Coffee amt Coftee Subniituies 201 3% 1048 19?7 [§} LAk Js ) s
Carbonated Soft Dnnks* 174 10 bl ] 130 I itk 17 57 +40
Noncarbomaied Soft Dnnxye In 0 b ) X 0 halds I [i] paay
Neer 17 [ 110 7 1] 0 17 0 147
Wine Spints, Liqueurs, Mived Dnnks 10 0 ('3 s 0 pa L [} b0
Al Sowrces TGy NA NA 0 NA NA 42 NA A
* Number of OneTvalione.  NORPIEERAN, RONLICIALNE LOALTON (1 = H201). preghant (n = [x%), Liaating (n = 7Ty
* Individual means may not ski to all-soufces toul due 1o roumting.
. Includes fegular, Kne-calone, and noncalone soft dhinks
NA. NOUAPDIODTIME 10 wiin the Cotumna tor the SOth aml ¥h percentiles of ke,
Sewirce frvhow e al 199
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presented are for test subjects with continuous duta only
(i.c.. those test subjects who were not climinated at any
stage of the study as a result of stress conditions), Water
intake was the highest at all activity levels when
environmental temperatures were ingreased. The highest
intake rate was observed at the low activity level at 100°F
(0.65 L/hour) however, there were no data tor higher
activity levels at 100°F. Irshould be noted that this study
extimated intake on an hourly basis Juring various Jevels
ot physical activity. These hourly intake rates cannot be
converted to daily intake rmtes by multpiving by 24
hours/day because they are only representitive of intake
during the specified activity levels and the intake rates for
the rest of the day are not knewn. Theretors, compirison
of intake rate values from this study cannot be made with
values from the previously described studies on drinking
water intake.

United States Aty (1983) « Water Consumption
Planning Factors Study - The U.S. Army has developed
water consumption planning factors to enable them to
transport an adequate amount of water to soldiers in the
field under various conditions (U.5. Army, 1933). Both

Table 327, Water Intake at Varous Activity Levels (L/hr)®
Room Activity Lovel
Temnerature” (* 1
High (0,18 hp/mun)® Modium (010 hp/mam* Low (0.08 hp/man)
No¢ Intake No. ke No, Intuke
100 - - - - 15 0.653
Q.75
93 18 0,540 12 0.343 6 0.50
.30 (0.5%) .31
9o9) b 0,280 7 Q.388 16 0.23
{0.26) {0.20) (0.20)
85 T (.218 HiJ 0.213 - -
10.36} .20)
80 io 0.222 - - - -
0. 1)
*  Dam expressed ax mean inthe with srandand devinion in purentheses.
" Humuity = 80 percent: wir velocity = 6l) fr/mn.
¢ Thesymbul “hp” refers o horswepower.
¢ Number of subjects with continuous data.
Source: MeNall and Schieeet, 1908

climate and activity levels were used to determine the
appropriate water consumption nceds, Consumption
factors have been cstablished for the following uses:
1) dnnking, 2) heat treatment, 3) personal hvgiene,
+) centralized hygicene, 5) foad preparation. 6) laundry,
7y medical treatment, 8) vehicle and aireraft maintenance,
9) graves registration, and 10) construction. Only
personal drinking witer consumption fuctors are described
here.

Drinking water consumption planning factors arc
based on the extimated amount of water needed to replace
tluids lost by urination, perspiration, and respiration. It
assumes that water Jost 10 urinary output averiges one
quart/duy (0.9 L/day) and perspiration losses range from
almost nothing in a controlled ¢nvironment to 1.5
quartvday (1.4 Liday) in a very hot climate where
individuals are performing strenuous work. Water losses
1o respiration are typically very low except in extreme
cold where water Josses can range from ! to 3 quarts/day
10,9 10 28 L/day). This occurs when the humidity of
inhaled air is near zero, but expircd air is 98 percent
saturated at body temperature (U.S. Army, 1983),
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Drinking water is defined by the US, Army (1483 a8 "all
fluids consumed by individuals to satis?y body needs tor
internal water.” This sncludes saups, hotand cold drinks,
and tapwater. Plapning factors have been established tor
hat, temperate, and cold climates based on the tollowing
mixture of activities among the work toree: 1S pereeat of
the force pertorming light work, 68 pereent of the toree
performing medium work, and 20 percent of the foree
petforming heavy work,  Hot chimates are detined as
tropical and and arcas where the temperature s preater
than X0°F. Temperate climates are defined as arcas where
the mean diuly temperature ranges trom 32 F uesa |
Cold regions are arcas where the mean daly temperature
is fess than 32°F, Dnnking water consumption tactors tor
these three chmates are presented in Table 128 These
factors are based on research onindividuals and siall uni
training exercises.  The estimites are assuined 1o be
conservative because they are rounded up o account lor
the suhjective nature of the activity mix and minor witer
losses that are not considered (U8, Army, 1953) The
advantape of uving these data iy that they provide o
conservative estiimate of drinking water intake wneng
individuals performing st vartous fevels ot physical
activity in hot, temperiate, and cold chimates, Howeser,
the planning tactors deseribed here are bawed on
assumptions about winter loss trom urination, perspiration,
and respiration, and are not based on sunvey data or actual
measurements,

3.6, RECOMMENDATIONS
The key studies deseribed 1o this section were used
in selecting recommended drinkane water tapwater)

consumption rutes for aduits and children, The studies on
ather subpopulations were not classitied s kev vemus
relevant. Although different sunvey  devigms and
populabions were utilized by Sey and relevant studies
deseribed n this report, the incan and upper-percentile
eshimiates reported in these studies are reasorahly similar,
The general devgn of both hey and relevant studies and
therr hnutanions are summarnzed in Table 3229, Tt should
he noted that studies that sunveyed large representatise
simples of the popalation provide more rehable estimares
ol intake rates for the general population. Most of the
survess deseribed here are based on short-term regall
which thay e iased toward  eweess intahe  rates
However, Cantor et al, 11957) noted that retrospective
detary venerally  produce moderate
correlations with "reference data from the pant.” A
suminary of the recommended values tor drinking water
itk rates as presented in Table 3230,

Adidty - The total tapwater consumption rates tor
adults rolder than 18 ar 20 vears) that have been reponted
inthe ey sunvess can besamimarized in Table 331, For
vomparisan, values Tor dady tapwater antahe tor the
relesant studies are shown in Table 3.32,

Nate that both Ershow and Cantor (1958 and
Peanington (19834 found that adults above 60 yeans of age
Bad Larver intakes than sounger adubis, This s ditticuly o
reconcie with the Cantor et al. { 19X7) study because the
latter, older population had o smaller aserage intake.
Because af these resulis, combimed with the tact that the
Cantor et ol (1987 study was not antended 1o bhe
representative of the UL S popualation, it s not included
herean the determmnation of the recommended value. The

aNACHNITICNTN

Table 25 Plasvne Factors tor Iodividual Fapuader Comumption

Lavironmental Condition

Revonmrended PPlannine Factor svaf dave?

Hivommended Planmine Factor Jodave®®

Hint lar 4
Tempetate 1.8t A7
ki L 2

4 Hased on s mn af actisaties amuony the work foree as fotlows

® Convered from galiday to L day

Source: 118 Armv, UK

18T hpht wanh, 68770 medium worh, 2007 heavy work These tacton
apply to the vomventional hattletield where ao nuddear, Mological, of Jhemiical wegpons e usal.

© Thin assutties 1 quarty 12-0our rest perid T for perspiesiion fosses and 1 quart iy nman tor arination plus O quarts 2 hours light
work/man, 9 yuarts/12-hours mxaletiie work man, and 12 goarts 12 hoors heavy wark, man

9 This assumes 1 quart/ 1 2-hour rest perusd man b ferspieation oss aid §qudtLdas iman 1o urinaten plus 1 quart’12-hoats hght
work/man, 3 quart §2-hours moderate work, man, amd O guarts {2 hours heass word ‘oan.

T This assumes T quart/ 12-hour resg petind 1w for Perspiration losses, § guart.dos. nun 1of gninaton. amd 2 quarts dav/in tor respiraten
lamses plus b yuart 1 2-homies Tht weorb qun, 3 guarts 12 houts Meaderaie Soth mun, amd 6 guattseds hodrs heavs wirk man.
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Lahies s i1 SMnmary of Hevoaumenddd Dnnking Witer Intahe Raie's
. Lo el - : Prroentilos v

0. -

Q%th

‘ 'Muin'ple B

F‘mcd
Distribations.

© 030 Liday

L ddmligeday
© 061 Lday -

0.87 Liday'

o ..-Lu«hy"
T3S miskpdny

09T Liday

mmuwy"--'

" 1t Liday

v .tmukmy". :

1=>Liday -

' g"'-m.smuunuy

. L¥LAday

' :".l.-lnwday .

0.24 Liday

| "0.66.Liday
M mbgdas

oNTUGy
16 mL/xg-day

" 13 LUday

19 mlikg-day
S 2lMay
IS mlg-day .

Lt l.rda‘y

© 16 mi/kgday

Dl ¥ Lday -
"'! miskgday

L3S mligaday - -

"', 0.68 L/day
102 mLkgedsy

15 Liday .

CUSUmy -

13Udny

o mb/kgeduy
T rr Uy

IS mlig-day
. T3Uday -
3+ mlskgday ‘

1.9-Liday
35 mka-dny

0.76 Liday

-
-t

1.5 Uday

T4 mLikgday

20Lday

© domlkgaay

“24Uday
.40 mL/kg-day

> u‘hy '
37 miJkg-day

127 ml..fkg-day'

Tables 16,

BT und 38
“Table3-d
' Tabled3

Tablen 3-6,

3-7 w38 -

Tables 3u6,

T.a0d B8

" Tables 3-8,
3.7, and" 8.

Table 325

Table 311®

Tuble 3-11"

Table 3-11>

Table 3112

Tibla 335,

: ..1 :oo osurmaepewnzou mmmmmpmmmnnd acmnry level; sec Table 1-‘7

-

.6Udavmmpuute chmm) w11 Llday (hotchmafc)' e Tublc 1-23

. Source: Ershow ana Cantor, 1989 o
“Sources Roseberry and Burmaster; 1962
- Scurce; Canndion Mimstry-of Health and Welram. 1981

Bsm«n(!Wl)mmmro;Mmmm lmnungwmmd;wm&wmn.

Som:e: Mc."imamtSchknL 1968

Tate =11 Todal Tarwaier Conmimnnin Ratws Frivn Kev Siwjies

hekity
Mesn Peroerithe Number m
1 ifawh R \'a-u:ww L i b
13n T4l o Canaadian Ministry of Heulth
aml Wetfare, juni
141 2 1.y Erine amd Cantur, 1909

Table V=32, Duily Tapwaitr Inahe Kates From Helevant Sudes

Mean (Latay) wxh Reterenc

Percentibe
[ o 240 Camwreral, 17
LAY (aliulannd) - NAS, 977
1.28 1.9 Gilhes and Paubin, 1)
LS w 0 yrs) - Pensungton, 19wt
120400 1063 yrv) - Penningion, 1983
1l AT (agen 20w - U.N. BI'A, tusd
137 (20 to 6k yrv) a7 Ershow amd Captor, 1R
1.4 (83 yray = Ershow and Cantor, 1984
115 - USDA, 1993
\ g [ K ad Hoankjns ynd Flhs i

* Age af tha Cantor &t Al {1987 population was hugher than the U 5.
average.

USDA (1995) data are not included because tapwater was
not defined in the survey and because the response rate
was low, although the results (showing lower intakes than
the studies based on older dati) may be accurately
retlecting an expected fower use of tipwater {compared to
1973) because of ingreasing use of bottled water and soft
drinks in recent years,

A value of 141 Liday, which ix the population-
weighted mean of the two national studies (Enshow and
Cantor, 1989 and Canadian Ministry of Health and

‘elfare, 1981) is the recommended average tapwater
intake rate,

The average of the 90th percentile values from the
same two studies (2,35 Liday) is recommended as the
appropriate upper limit. (The commonly-used 2.0 L/duy
intake rate corresponds to the 83th percentile of the intake
rate distribution amony the adults @ the Ershow and
Cantor (1989) study). In keeping with the desire to
ingorporate body weight into ¢xposure assessments
without introducing extrancous crrors, the values from the
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s

Ershow and Cantor (1989) study (Tables 3.7 und 3-8
expressed as mL/Ag-day are recommended in preference
to the litervday units.  For adults, the mean and 20th
percentile values are 21 mL/Ag-day and 34.2 mL/&kg/day,
respectively.

In the absence of actual data on chrome intake, the
values in the previous paragraph are recommended as
chronic values, although the chronic YMth upper percentile
may wvery well be larger than 238 Aoy, If 2
mathematical deseription of the intahe distribution s
needed, the parameters of lognorinil tit to the Ershow and
Cantor (1989 data (Tables 3-11 and 3-121 generated by
Rosehermy and Burmaster (1992) may be used. The
simuliated bulineed population distribution of aintakes
generated by Roscherry  and  Burmaster v not
recommended for use in the post- 1997 tume frame, since
it correets the 1978 data only for the ditferences in the age
structure of the L. S, population between 197X and JURK.

These recommended values are ditferent thun the 2
htenv/day commonly assumed in EPA 1isk assessments,
Assessors are encoutaged to use vilues which most
accurately reflect the exposed population. When using
values other than 2 literdday, however, the gssessars
should consider if the dose extimiate will be used 1o
estimate rsk by combiming with o dose-response
relationship which was derived assuming o tap water
intiske of 2 litervday. I such aninconsisiency enists, the
assessor should adjust the dose-response relationship as
deseribed in Appendix 1 of Chapter 1, TRIS does not use
a @ap water intake assumption in the denvation of RICs
and RiDx, but does make the 2 hterdday assutption an the
derivation of cancer slope factors and unit risks,

Children - The wpwater intahe rates for children
reported in the hey studies are summarized i Table 3-33,

The intake rates, us expressed us liters per day,
generally increase with age, and the data are consistent
across ages for the two hey studies except for the
Canadian Ministry of Health and Welfare (198 1) data for
ages 6 to 17 veary; 1t 1y recommended that any of the
Iiters/day values that match the age runge of interest
except the Canada data for ages 6 to 17 years be used.
The mL/Ag-day intake values show a consistent downward
trend with increasing ages: using the Enhow and Cantor
(1989} data 1 preference to the Canadian Ministry of
National Health and Wellure (1981) data s recommended
where the age ranges overlap,

The intakes for children as reported in the relevant
studies are shown 1in Table 334,

Fable .33 Koy Study Tapwater Infaae Kaivs for Chaldren
Ot

Afe Mean Percentike

tvearst  (LMday) Ldavy Reterence

<l 0.\ (I Frshow and Cantor, 1989

< Onl 150 Canadian Minniry of
National Health and
Welfare, |9nl

5 o7 150 Canadian Miniry of
Nahonal Health and
Weltare, 1Un}

110 0.74 [I] Lrbaow and Cantor, 19a4

17 114 22 Canadian Minniry of
Nationdl Health and
Weltare, 1498

-1 (97 L0 Ershow and Cantor, 198y

Table V-3 Summary of intake Rates tor
Children in Relevant Stindwes
Mean

Ape (ldday s Reterene
&1 1 nwnths 020 Pennngton, 19X
<)y 0.9 US EPA TS
<l nA2 Roneherry und Rummasier, W2
2yn ()& Pennington, 1oxi
14wy 8% LS EPA,
RAVRN . [ X} LS LPA, lund
110y 030 Roscherry amd Hurmaster, 1492
1014y TR US EPAL und
[ERLEY 072 Pennington. [oxd
18193 0 wn LS EPA, Tuss
B EEYY (7 Kinebetry amd Bumiader, 14992

Divregarding the Roseherry and Burmaster study,
which is u recaleulanon of the Enhow and Cantor (19%9)
study, the non-key studies generally have lower mean
intake values than the Enhow and Cantor ( 18949 study.
The reason 1s not known, but the results are ot peruasive
enough to diseount the recommendations based on the
Tatter study.  Intake rates for specitic pereenniles of the
distrbution muay  he selected  wang the  lognormal
distibution data generated by Roseberny and Burmaster
{1992y (Tables 3-11 and 3-12).

Pregnant and Lactanng \vomen <The data on
pwater intakes for control, pregnant. and lactaung
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women are presented in Table 3-25, The recommended
intake values are presented in Table 3-30.

High Acnivin/Hort Climates - Data on intake rates {or
individuals performing strenuous activities under various
environmental conditions are limited. None of these is
classed as a key study because the populations in these
studies are not representative of the general U.S,
population. However, the data presented by McNall and
Schlegel (1968) and U.S. Army (1983) provide bounding
intake values for these individuals. According to McNall
and Schlegel (1968), hourly intake can range from 0.2! to
0.65 L/hour depending on the temperature and activity
level, Intake among physically active individuals can
range from 6 L/day in temperate climates to 11 L/day in
hot climatex (U.S. Army, 1983),

A characterization of the overall confidence in the
accuracy and appropriateness of the recommendations for
drinking water is presented in Table 3-35, Although the
study ot Ershow and Cantor (1989) is of high quality and
consistent with the other surveys, the low currency of the
information (1978 data collection), in the presence of
anccedotal information (not presented here) that the
consumption of bottled water and beverages has increased
since 1980 was the main reason for lowering the
confidence score of the overall recommendations from
high to medium.
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Tahle 315 Contidence i Tapwater Intake Recommuendanons
Consislerahions Ratwitle Rotine
Seudy Eletwnts
= Lewe! of peer review ‘The sudy of Ershow amd Cantoe ( 1989) had a tharough expert High
panel review, Review procedures were not repotted in the
Canadian ~tudy; 1t was a govermment report, Other neports
presented are publinhed in seentfic journals.
* Accesattulity The two monographs are avinlable from the sponsonng agencies: High
the others are ibrary=acceasible,
* Reproducibility Methods ire well-dencnibed. Hizh
= Focun an factor of interest The studies are direetly relevant o tapwater. High
» Daia perninent (0 US Soe representativences” below, NA
= Pimary dida The two monugraphs usad recent prmary dato Ouss than one week)  High
un recall of intahe,
» Cumrency Data wene all collected 10 the 1978 era, Tapwater use may have Low
changed since that ime penod.
= Aduquacy of data collection These ane one- 1o three-day intake datae. Howewer, long e Medium
penod vanathity may be small, Ther use as a chromie ntahe measure can
P dnatiined.
= Valdity of approach The approuch was vompetently executed. High
= Sndy nne This study was the larpest monograph that had data tor 11,000 High
individuads,
« Rupresentativenesa of the Thae Ershow and Cantor ¢ 1989 and Canidian surveys went High
population validaed as demogruplacally representative,
= Chamctenzanon of The tull duitrshutions were iven in the mamn studics. High
vanabihity
= Lach of bras 1n study design Biaw was fot apparent. High
fhigh rating is demirable)
= Mcasurement ¢rror No physical meusutements were tahen. The meiod relied on Medium
revent recall of standardized volumes of dnnkang water containers,
and was not validated,
Other Elements
« Number of studtes There were twa hary studies tor g adult and chitld High for adult und
recommendattons. There were six other studies Tor adults, one children,
sudy for pregnent and Lctanng women, and two studies Tor tigh Low for the other
acnvity/hot clumales, neconunended
suhpopulation vilues.
- Agreement betwaeh This agreenient was god, High
nesearchers
Overul! Rating The dann are ewcallent, bt are nor curnend Muodium
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4,  SOIL INGESTION AND PICA
4.1. BACKGROUND

The ingestion of soil 1~ o potential source of human
exposure to toxicants.  The potential for exposure to
contaminants via this source iy greater for children
because they arc more likely to ingest more soil than
adults as a result of behavioral patterns present during
childhood. Inadvertent soil ingestion among children may
occur through the mouthing of objects or hands.
Mouthing behavior is considered to be a normal phase of
childhood development. Adults may also ingest sod or
dust parncles that adhere to foad, cigarettes, or thesr
hands. Deliberate soil ingestion is defined as pica and s
considered to he relatively uncommon. Because normal,
inadvertent soil ingestion 1s mare prevalent and data tor
individuals with pica behavior are himited, this wection
focuses primarily on normal soil ingestion that ogeurs as
a result of mouthing or umintentional hand-to-mouth
activity,

Several studies have been conducted to estimate the
amount of »oil tngested by children. Most of the early
studies attempied to estimate the amount of sotl ingested
by measuring the amount of dint present on children’s
hands and making generalizations based on hehavior,
More recently. woil intake studies have been conducted
usin a methodology that measures trace clements in feces
and ~oil that are believed to be poorly abmorbed in the yut
These measurements are used to estimate the amount of
~0il ingested over a spegitied time perniod. The available
studies on soil intake are summanzed in the following
scetions, Studies on sl intake amony children have been
classified as cither kev studics or relevant studics based on
their applicability 10 cxposure  assessment  needs,
Recommended intake rates arc based on the results of key
studies, but relevant studics are also presented to provide
the reader with added perspective on the current state-of-
knowledge pertaining to soil intake. Information on soil

_ingestion among adults is presented based on available
dota from a limited number of studies. This is an area
where more data and more research are needed. Relevamt
information on the prevalence of pica and intake among
individuals exhubiting pica behavior is also presented.

4.2, KEY STUDIES ON SOIL INTAKE AMONG
CHILDREN
Binder et al. (1986 « Estimating Soil Ingestion:
Use of Tracer Elements in Estimating the Amount of Soil
Ingested by Young Children - Binder et al. (1986) studied
the ingestion of soil among children 1 to 3 years of age

who ware diapers using a tracer technigue modificd tfrom
a method previousty used 1o measure soil ingestion among
grazing animals. The children were studied dunng the
summer of 1984 as part of a larger study of revidents
living near a lead smelter in East Helena, Montame
Soiled diapers were collected over a 3-day period from
65 chuldren (42 males and 23 females), and composited
samples of soil were obtmned from the children’s yards,
Buth excrcta and soil samples were analysed tor
aluminum, silicon, and utanium, These clements were
found i soil, but were thought to be poorly abworbed in
the gut and 10 have heen present in the dict only in limited
quantites. This made them useful tracers for estimating
soul imtake. Excreta measurements were obtained for 59
of the children,  Soil inpestion by cach child was
esimated based on cach of the three tracer elements using
astandard assumed fecal dry weight of 18 g/day, und the
following equation:

tEqn. -1y

estrmated soil inpenon for child 1 hasad on clement
e (p/dayy;

CONCENITanon ot element € in tacal ample of child
1{my/R);

fecal dry weight (g/dav ) and

comcentration of element € in ¢hild 1's yard vod
(mg/g).

The analvsis conducted by Binder et al. (1936)
awumed that: (1) the tracer elements were neither Jost nor
introduced during sample processing: (2) the satl ingested
hy children oniginates pnimarily from thewr own vards; and
{3) that absorption of the rracer clements by children
occurred in only small amounts. The study did not
distinguish between ingestion of soil and housedust nor
did 1t account for the prevence of the racer elements in
ingested foods or medicines,

The arithmetic mean quanuty of ~oil ingested by
the children in the Binder et al. (19%86) sudy was
oumated to e 181 me/day crange 28 to 1.324) bawed on
the aluminum tracer; 184 mg/day (range 31 to 799) baved
on the silicon tracer: and 1.83%% my/day (range < to
17.076) hased on the titanium tracer (Table <-1). The
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Table 4.1, Estmared Dinlv Soul Ingestion Based on Alwmnum, Siheon, and Titamum Concentrations

Median
imidaw

Mean
(me/davl

Eshmahon
Mlethod

Standard
Deviation
imgphdav)

Geometnc
Mean
fmy/dav)

95th Percenitke
tme/dav)

Range
(mpldavy

Alununum 181 121
Silicon I8 116
1834 o138

Minimum 108 L1

Tinnum

=03 251,324 S84 128

31.799 130
4-17.076 <0t

JT0N 65

Source- Rindder et al.. 19%6.

overall mean soil ingestion estimate based on the
minimum of the three individual wacer estimates tor each
child was 103 my/day (range 4 1o 708). The 95th
percentile values for aluminum, silicon, and titanium were
582 my/day, 578 my/day. and 9,590 mg/fday, respecnvely.
The 95th percentile value based on the minimum of the
three individual tracer estimates tor cach child was 386
my/day.

The authors were nat able to explain the difference
between the results for titanium and for the other two
clements, but speculated that unrecognized sources of
nnium in the dict or in the laboratory processing of stool
samples may have accounted tor the increased levels, The
frequency distribution graph of sail ingestion estimates
based on tGtanium shows that a group of 21 children had
purticularly high titanium values (i.e., >1,000 my/day).
The remainder of the children showed titanium ingestion
estimates ar Jower levels, with a distibution maore
comparable to that of the other elements,

The advanuges of this study are that a relatively
large number of children were studied and tracer elements
were used to estimate soil ingestion.  However, the
children studied may not be representative of the U.S.
population and the study did not account for tracers
ingested via foods or medicings. Also, the use of an
assumed fecal weight instead of actual fecal weights may
have biased the results of this study. Finally, because of
the short-term nature of the survey, soil intake estimates
may not be entirely representative of long-term behavior,
especially at the upper-end of the distribution of intake.

Clausing er al. (1987) « A Method for Estimating
Sail Ingestion by Children - Clausing et al. (1987)
conducted a soil ingestion study with Dutch children using
a tracer element methodology similar to that of Binder et
al, (1986). Aluminum, titanium, and acid-insoluble

residue (AIR) contents were determined tor focal samples
from children, aged 2 to 4 years, attending a aurscry
school, and for samples of playground dirt at that school.
Twenty-seven daily fecal samples were obtained over 2
S-day period for the 138 children examined. Using the
average soil concentrations present at the school, and
assuming a standard lecal dry weight of 10 g/day,
Clausing <t al. (1987) estimated soil ingestion for cach
tracer. Clausing et al. (1987) also collected cight daily
fecal sumples from six hospitalized, bedridden children,
These children served as 2 control group, represeating
children who had very limited access o soil,

The average quantity of soil ingested by the school
children in this study was as tfollows: 230 mg/day (range
23 to 979 mwday) for aluminum; 129 mg/day (range 48
o 362 mp/day) for AIR; and 1,430 mg/day (range 64 to
11,620 my/day) tor titanium (Table 3-2). Ax in the Binder
et al. (1986) study, a fraction of the children (6/19)
showed titanium values well above 1,000 mg/day, with
most of the remaining children showing substantially
lower values. Based on the Limiting Tracer Method
(LTM). mean soil intake was estimated to be 105 mg/day
with 1 population standard deviation of 67 myg/day (range
23 10 362 mg/day). Use of the LTM assumed that “the
maximum amount of soil ingested corresponded with the
lowest estimite trom the three tracers” (Clausing et al.,
1987). Geometric mean soil intake was estimated to be
90 my/dav. This assumes that the maximum amount of
soil ingested cannot be higher than the lowest estimate for
the individual tracerms.

Mean soil intake for the hospitalized children was
estimated to be 56 my/day based on aluminum (Table 4-
3). Fortitanium, three of the children had estimates well
in excess of 1,000 my/day, with the remaining three
children in the range of 28 to 58 my/day, Using the LTM
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method, the mean ~0il ingestion rate wins estimated to be  soil intake rate was 45 mp/day. The duta on hospitalized
49 mg/day with a population standard deviation of 22 children suggest a major nonsoil source of titumum for
mg/day (range 26 to 83 mg/day), The geomeme mean  some children, and may suggest a background nonsoil
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source of aluminum, However, conditions specific to
hospitalization (e.g.. medications) were not considered,
AlR measurements were not reported for the hospitalized
children. Assuming that the tracer-based soil ingestion
rates observed in hospitalized children actually represent
background tracer intake from dietary and other nonsoil
sources, mean soil ingestion by nursery school children
was estimated to be $6 mg/day, based on the LTM (i.e..
105 myfday for nursery school children minus 49 my/day
for hospitalized chifdren) (Clausing et al, 1987).

The advantages of this study are that Clausing et al.
(1987} evaluated soil ingestion among two populations of
children that had differences in access to soil, and
<corrected soil intake rates based on background estimates
derived from the hospitlized group, Howgver, a smaller
number of children were used in this study than in the
Binder et al. (1986) study and these ¢children may not be
representative of the ULS. population. Tracer elements in
foods or medicines were not evaluated. Also, intake rates
derived from this study may not be representative ot soil
intake over the long-term because of the short-term nature
of the study. In addition, onc of the factors that could
affect soil intake rates is hygiene (c.g., hand washing
frequency). Hygienic practices can viry across countrics
and cultures and may be more stringently emphasized in
a more structured environment such as child care centers
in The Netherlands and other European countries thaa in
child care centers in the United States,

Calabrese et al. (1989} « How Much Soil do Young
Children Ingestr An Epidemiologic Study - Calabrese et
al. (1989) studied soil ingestion among children using the
basi¢c racer design developed by Binder ¢t al. (1986),
Howgver, in contrast to the Binder et al. (1986) study,
cight racer elements (i.c., aluminum, barium, manganese,
silicon, titanium, vanadium, yttrium, and zirconium) were
analvzed instead of only three (i.c., aluminum, silicen, and
tianium). A total of 6<% children between the ages of |
and < ycars old were included in the study. These
children were all selected from the greater Ambherst,
Massachusetts ared and were predominantly from two-
parent  houscholds where the parents were highly
cducated. The Calabrese et al. (1989) study was
conducted aver cight days during a two weck period and
included the use of a mass-balance methodology in which
duplicate samples of food, medicines, vitamins, and others
were collected and analyzed on a daily basis, in addition
to soil and dust samples collecred from the child's home
and play area. Fecal and urine sumples were also

callected and analyzed for tracer elements. Toothpaste,
low in tracer content, was provided to all participants,

In order to validate the mass=balance methodology
used to estimate soil ingestion rates among children and
to determine which tracer ¢lements provided the most
relinble dati on soil ingestion, known amounts of soil (i.c.,
300 mg over three days and 1,500 mg over three days)
containing cight tracers were administered to six adult
volunteers (i.c., three males and three females). Soil
samples and feces sumples from these adults and duplicate
food samples were analyzed for tracer clements to
calculate recovery rates of' tracer elements in soil. Based
on the adult validation study, Calabrese et al. (1989)
<onfirmed that the tracer methodology could adequately
detect tracer clements in feces at levels expected to
correspond with soil intake rates in children, Calabrese ot
al, (1989) also found that aluminum, silicon, and yttrium
were the most reliable of the eight tracer clements
analyzed, The standard deviation of recovery of these
three tracers was the lowest and the percentage of
recovery was closest to 100 percent (Calabrese, et al.,
19¥9), The recavery of these three tracers runged from
12010 153 percent when 300 my of soil had been ingested
over a three-day period and from 88 to 94 percent when
1,500 my soil had been ingested over a three-duy period
(Table 4~4).

Using the three most reliable tracer clements, the
mean soil intake rate for children, adjusted to account for
the amount of tracer found in food and medicines, was
estimated o be 153 my/day based on aluminum, 154
myg/dav based on silicon, and 85 mg/day based on yttrium
(Table 3-5), Median intuke rates were somewhat lower
(29 my/day for aluminum, 40 mg/day for silicon, and 9
my/day tor yttrium). Upper-percentile (i.e., 95th) values
were 223 my/day tor aluminum, 276 mg/day for silicon,
and 106 myfday for yurium, Similar resulls were
observed when soil and dust ingestion was combined
(Table 4-5). Intake of soil and dust was estimated using
a weighted average of trucer concentration in dust
composite samples and in soil composite samples bused
on the umechildren spent at home and away from home,
and indoors and outdoors, Calabrese ot al. (1989)
suggested that the use of titanium as a tracer in carlier
studies that lacked food ingestion dota may have
significantly overestimated soil intake because of the high
levels of titanium in food. Using the median values of
aluminum and silicon, Calabrese ¢t al. (1989) estimated
the quantity of soil ingested daily to be 29 my/day and
«+0 my/day, respectively, It should be noted that soil
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Sowirce: Adapted from Caluhrese ot ot 108G

Table 4=3. Mean and Standard Desianon Percentace Recovery of Escht Tracer Elements
300 mg Sail Ingested 1500 mg Sott Ingested
Tracer Element Mean 5D Mean sD
Al 1528 1075 935 15.5
Ba 23033 4533.0 149.8 a5
Mn 1nn2 1310 2483 1¥3.6
St 139.3 149.6 91.8 16.6
Ti 2515 3160 6.3 3R0.0
v 345.0 2470 147.6 668
Y 120.5 324 475 126
Zr %0.6 337 4.6 kRIS
Source: Adanted from Calahrese et al., 1689,
Table &5 Sl and Dust Inpeshion Extimates for Children Aped 11 Years
Intahe (Mmg/day)*
T Elemen
T ' ~ Mean Median sD 95th Percennle Maumum
Alurminum
sonl [ 153 Ry L bt 6837
dust & W R} 1272 $06 X402
sovl/dust comned o 154 20 629 4™ 4939
Silicon
sori o} 154 40 693 16 3549
dust (X Gl 39 6,83 692 S4X70
soil/dust combined el 483 49 308 653 24,900
Yitrium
sorl [ xS 9 %90 106 6,736
dust [ 62 18 ox7 16y £,096
sol/dust combined 62 63 13 n? 159 St
Thamum
0t [ 218 A 1,150 1,432 6,707
dust ol 163 o | 659 1266 A%
et combined Al 17N 1w ()] 1 040 kRS d
*  Cormected for Tracer Concentranons tn Fords

ingestion for one child in the study ranged from
approximately 1010 14 grams/day duning the second week
of observation, Average soil ingestion for this child was
5 to 7 my/day, based on the entire study period,

The advantages of this study are that intake rates
were corrected for tracer concentrations in foods and
medicines and that the methodology was validated using
adults, Also, intake was observed over a Jonger Nime

period in this study than in earlier studies and the number
of wacers used was larger than for other studies. A
relatively large population was studied, but they may not
be entirely representative of the U.S, population because
they were sclected from a single location,

Davis eral, (1990) - Quantitarive Estimates of Soil
Ingestion in Normal Children Berween the ages of 2 and
7 years: Population-Based Estimates Using Aluminum,
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Silicon, and Tizanium as Soill Tracer Elements - Davis et

al. (1990) also used a mass-balance/tracer technique to-

estimate soil ingestion among children. In this study, 104
childrer: between the ages of 2 and 7 years were randomly
selected from a threewcity area in southeastern Washington
Sate. The study was conducted over a seven day period.
primarily during the summer. Daily soi] ingestion was
evaluated by collecting and analyzing soil and house dust
samples, feces, urine. and duplicate food samples for
aluminum, silicon, and titinium. In addition, information
on dictary habits and demographics was collected in an
attempt o identify dehavioral and demographic
characteristics that influence soil intake rates among
children. The amount of soil ingested on a daily basis was
estimated using the following equation:

The soil intake rates were cotrected by adding the amount
of gracer in vitamins and medications to the amount of
tracer in food, and adjusting the food quantities, feces dry
weights, and tracer concentrations in urine to account for
missing samples.

Soil ingestion rates were highly variable, especially
those based on titaninm. Mean daily soil ingestion
estimates were 38.9 mg/day for aluminutn, 82.4 myg/day
for silicon and 245.5 mg/day for titanium (Table 4-6).
Median values were 25 my/day for aluminum, 59 mg/day
for silicon. and 81 mg/day for dtanium. Davis et al,
(1990) also evaluated the extent to which differences in

" tracer concentrations in house dust and yard soil impacted

estimated soil ingestion rates. The value used in the
denominator of the mass balance equation was
recalculated to represent a weighted
average of the tracer concentration in yard

s, - DW o DWp)

(Eqn. 4-2)

soil and house dJust based on the
proportion of time the child spent indoors
and outdoors. The adjusted mean soil/dust
intake rates. were 645 mg/day for
aluminum, 160.0 mg/day for silicon, and

where: 268.4 myg/day for titanium. Adjusted
xS)(c - ;‘;‘L “:g‘:‘;‘mﬁ(:"m V based on mucer € (2); median soil/dust intake rates were: S1.8
Dw; = focos dry weight on mifet paper (@) mg/day for aluminum, 112.4 mg/day for
Er =  ouccramount in feces (ugfp): silicon, and 16,6 my/day for titanium,
E, = aceramountin urioe (ug/gh Davis ct al. (1990) also observed that the
DWyy =  food dry weight ()¢ following demographic characteristics |
Egy =  tracer amount it food (ug/g): and associated 'thh'gh' il intake rates:
Egqt =  acerconcenmanoa in soit (ug/g). were dssaciated wath high sotl in €s:
~male sex, non=white racial group, low
income, operator/laborer as the principal
Table &6, Average Dmlv Sonl Ingention Values Based on Aluminum, Sificon. and Titanium as ‘Tracer Elemenn®
Standard Ervor of the
Element Mean Median Mean Range
(mw'd) fm=/dy (mufdy (me/d)®
Aluminum 89 =3 fdd 279.010 9045
Silicon E 9e 122 «404,0 10 534.6
Tianium M5 813 119.7 $.820.810 6,182
Minimum ; 389 33 e «5,820.8
Maximum 2498 X1.3 1197 6, 1822
a Excludes three children who did not provide any samples (Nw101),
b Negative values occurmed as a result of correction for nonsod sources of the tracer clements,
Sourcet Adapted from Davis eral., 1960,
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occupation of the parent, and <ity of residence. However,
none of these factors were predictive of soil intake rates
when tested using multple linear regression,

The advantages of the Davis ¢t al. (1990) study are
that soil intake rates were corrected hased on the tracer
content of foods and medicines and that a relatively large
number of children were sampled. Also, demographic and
behavioral information was collected tor the survey group.
However, although a relatively large sample population
was surveyed, these children were all from a single arex of
the U.S. and may not he representative of the U.S,
population as a whole. The study was conducted over a
ong-week period during the summer and may not be
representative of long-term {i.e.. annual) patterns of
intuke.

Van Wimen 1 al. {1990) - Estimgled Sol
Ingestion by Children - In a study by Van Winen et al,
{1990}, soil ingestion amonyg Dutch children ranging in
age from 1 to 5 years was evaluated using o tracer ¢lement
methodology simifar 1o that used by Clausing ot al.
(1987). Van Winen ct al, (1990) meisured three trucen
(i.c., itanium, aluminum, and AIR} in ~oil and feces and
estimated soil ingestion based on the LTM. An average
daily teces weight of 15 g dry weight was assumed. A
total of 292 children attending davcare centers were
sampled dunng the fing of 1wo sampling periods and 157
children were sampled in the second sampling penod: 162

of thene children were sampled during both periods (1e..
at the beginning and near the end of the summer of 1986).
Atotal of 78 children were sampled at campyrounds, and
15 hospitalized ¢hildren were sampled. The mean vajues
tor these groups were: 162 mg/day for children in dayeare
centers, 213 mg/day for campens and 93 mg/day for
hospitalized children. Van Wijnen et al. (1990) also
reported geometric mean LTM values because sail intake
rates were found to be skewed and the log transformed
data were approximatcly normally distnbuted. Geometnie
mean LTM valuey were estimated to be 111 mg/day for
children in daycare genters, 174 mg/day for children
vacationing at campyrounds (Table 4-7) and 74 mg/day
for howpitalized children (70-120 mg/day hased on the 95
percent confidence limits of the mean). AJR was the
limiting tracer in about 80 percent of the samplen. Among
children atrending daycare centers, ~oil intake was alwo
found 1o be higher when the weather was pood (Le., <8
dayvweek precipitation) than when the weather was bad
(i.c.. >4 davwweek precipitation (Table <-%). Van Winen
ct al. (1990) suggest that the mean LTM value for
hospitalized infants represents hachground intake of
racens and should be used to correct the sl intake rates
hased on LTM values for other sampling groups. Using
mean values, corrected soil intake rates were b9 mp/day
(162 mg/day minus 93 me/day) for dayeare children and
120 myday (213 mg/sday minus 93 mg/day) for campers,

Table &7, Geromettie Mean (GM) and Standard Devianon (GSD) LTM Valun
for Chuldren at Daveare Conters and Camporounds
Trascare Contem Campviomimis
Age 1) e n GM LTM GSD LTM n GMLT™ GSD LTM
1y /davy imridav) ionslday)y Lmfdas)
<} Carls 1 %1 108 - . -
Hovs 1 78 - . .
12 [o21118 0 24 | %7 k] x0T 1w
Hows 17 14 147 s 2 ha
R Giths ™ N {.74 -+ n7 244
Harvs 7 ot {83 % 232 =18
R Crls n Tl 187 [ thd g
Tty 'l (R{1] LR . 14 142
L) Gitls ! 180 - v 1t el
Hows < 99 162 X (K 1.3
All girls LY 17 1.70 n 17w 167
All by e HE 1 dn 42 1LY ™
Toia) [T 11t () u® 173 1™
*  Age and/or wes not repisiered tor eyht chikiren,
P Ape nof regidered tur seven children.
Sonirce: Adapted trom Van Winen ot ol 190
Exposure Factors Handbook Page
August 1997 37

‘ 4

s

- '

2%

FA OG0 b Uied

GOV

GriJie

)

fis}

4l‘_l AAT AR




fan

Volume I - General Factors

Chapter 3 - Soil Ingestion and Pica

Table 4-X, Estimated Geometric Mean LTM Values of Chuldren Attending Daycare Ceniers
According tn Ave, Wedther Catepory. and Samipling Penod

First Sumpling Penod

Second Sampiing Penod

Age (years)

Eatirnated Geometne Mean
LTM Vulue
{mefdavy

Estimated Geometne Mean
LT™ Value

{mridnv)

Bad «l
(3= dayviweek precapitation) £ a4

-
-

def
Rensonabie <l
€2+ daywheeek precipitation) 12

3ol

4.5
Good <!
(<2 daywaek precipitanon ) 1=

-

Jecd
—t

% k o7
103 RO
104 91
124 1

ol

9%
w
Yl
61

Seaprree Vo Wimen or 4l 100

Corrected peometric mean soil intake was estimated to
range from 0 to 90 my/dav with 2 90th percentile value of
190 my/day for the various age catcgories within the
davaare group and 30 to 200 mgfday with o 90th
percentile value of 300 myg/day for the various ape
categories within the campinyg group.

The advantage of this study is that soif intake was
estirmated for theee ditferent populations of children: one
expected to have high intake. one expected o have
“tvpical™ inwke, and one expected to have low or
background-level intahe. Van Wijnen ¢t al. (1990) used
the background racer menurements to cormect st intake
rates for the other two populations. Tracer concentrations
in food and medicine were not evaluned. Abwo. the
populaton of children studied was relatively large, but
may not be repreaentative of the U.S. population, This
study was conducted over a relatively short time pertod,
Thus, estimated intake rtes may not reflect long-term
pattems, especially at the high-end aof the distribution.
Another limitation of this study is that values were not
reported  element-by-clement  which would be the
preferred way of reporting. 1n addition, one of the tactors
that could affect soil intuke rates is hygiene (c.y., hand
washing frequency). Hygienic practices can vary across

countries and cultures and may be more stringently
cmphasized in a more structured cnvironment such as
child care centers in The Netherlands and other European
countries than in child care centers in the United States.
Stanek and Culubrese (1995a) - Daily Estimates of
Soil Ingestion in Children - Stanck and Calubrese (1995a)
presented a methodology which links the physical passage
of food and fecal samples to construct daily soil ingestion
estimates from dJoily food and fecal trace<tlement
concentrattions, Soil ingestion data for children obtained
from the Amhenst study (Calubrese et al.. 1989) were
reanulyzed by Stanck and Calabrese (1995a). In the
Ambhenit study, soil ingestion measurements were made
over a period of 2 weeks for a non-random sample of
sixty=tour children (ages of 13 vears old) living adjacent
1o an academic area in western Massachusetts,  During
cach weck. duplicate {ood samples were collected for 3
comecutive days and fecal samples were collected for 4
consecutive days for cach subject. The total amount of
cach of cight trace elements present in the food and fecal
samples were measured.  The cight trace ¢lements are
aluminum, barium, manganese,  silicon,  titanium,
vanadium, vitrium, and zirconium,  The authors
expressed the amount of trace element in food input or
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fecal output as a "soil equivalent,” which was defined as Specifically, amony elements that may be more usetul for ’2
the amount of the clement in average daily food intiake (or  estimation of ingestion, the mean estimutes decreased for fud
average daily fecal output) divided by the concentrution Al (153 mg/d 10 122 mg/d) and Si (1584 mp/d to 139 I
of the element in soil. - A lag period of 28 hours between  my/d), but increased for Ti (218 mp/d 1o 27 mp/idyand Y "
food intake and fecal output was assumed for all (85 md to 165 md). The “overall™ mean estimate from =
respondents.  Day 1 for the food sample corresponded to - this reanalysis was 179 mp/d. Table -8 presents the -
the 22 hour period from midnight on Sunday to midnight  empirical distibution of the the “overall™ mean daily woil d
on Monday of a study week; duy 1 of the fecal sample  ingestion estimates tor the 8-day study penod (not based
corresponded to the 24 hour period from noon on Monday  on lognormal modeling),  The estimated intake based on
to noon on Tuesday (Stunck and Calabrese, 1995a).  the “overall”™ estimates is 48 mg/diy ar less for 50 percent
Bascd on these definitions, the food soil equivalent was — of the children and 208 mg/day or less tor 95 percent of
subtracicd from the fecal soil equivalent to obtain an the children. The upper percentile values for most of the ot
estimate of soil ingestion for a trace element. A dailv  individual trace clements are somewhat higher,  Next, -t
“overall” ingestion estimate was constructed for cach  estmates of the respondents sosl intake averaged over a ‘.f
child as the median of truce clement values remaining period of 365 davs were presented biused upon the -
after tracens fathing outside of i defined range around the lognormal models it 1o the dinly ingestion esimates ¢
overull median were excluded. Additionally, estimates of - (Table 4-10).  The estimated mediun value of the 62 r
the distribution of sol ingestion projected over a period  respondents’ daily soil ingesiion averaged over a vear is bl
of 365 days were derived by fitting log-normal 7S me/day, while the 95th pereentile is 1,751 mg/day. =
distributions to the "averall™ daily soil ingestion estimates. Aostrength of this study is that it attempis 1o make :
Tahlc 4-9 presents the estimates of mean daily soil full use of the collected data through estimation of daily i
ingestion intake per child (mg/day) for the 64 study  ingestion rates or children. The data are then sereened to -
participants. (The authors also presented estimates of the  remove less consistent tracer estimates and the remaining e
median values of daly intake for each child, For most  values are agpregated.  Individual daily estimates of =
risk assessment purposes the child mean values, whichare  ingestion will be subyect to lurger error than are weekly s

proportional to the cumulative sail intake hy the chld, are
needed instead of the median values) The approach
adopted in this paper led to changes in ingestion extimates
from those presented in Calabrese et al, (19899,

average values, particularly since the assumption of a
constant lag tme between food intake and fecal output
may he not he correct for many subject days. The
aggregation approach uwed to amse at the “owerall”
mgestion estimates rests on the assampuon that the mean

Tabke 4.9 Distinbuhon ot Average (Mean) Daly Sl Inpestion Estimates Per Child tor 6 Children® ime/davd

Type of Fatimate Overali Al Ha Mn bl Ti v Y &
Numbher of Samnles thebd thedy [RED 1% 1h (%4 (] ial L)
Mean 17V 122 [ hh] 1,081 1iv hedl 2 a8 a
S5h Percentiie 10 10 bt} Kb} bl » h 0 0
SOth Percentile 48 v hS 124 2 1 47 Hal 1s
75th Percentile XN n 260 R G4 43 177 <7 41
90th Percentile 1846 1A 470 TN 206 18 WD ns 7
Y5th Percentile 20 254 Six 12,373 pal) et N 144 1T
Muaximum 7701 o4 a7 17w 17.174 4978 12 088 i NNTH 2%

)

shown,
Source: Stanek and Calabrewt. 19980

For each ¢ild, estimates of soil ingestion were tormed o days =% and the mean of theve emates was then evaluaiad tor each chiild The
values in the column “overall™ correspond 1o percentiies of the distnbution of thewe means over the & children When spectlic trace chemenns,
were nof exclisded via the relaiive siandard des tion cnténa, atimates of wal Ingesnon hassd on the specitie e ¢lerment were formed toe
10K days for cach subyect  The mean soil ingestion estimale was agaun evduated. The distnidution of these means tor specific e elements is
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ingestion estimates across acceprable tracers provides the
most reliable ingestion estimates, The validity of this
assumption depends on the particular set of tracers used
in the study, and is not fully assessed.

Table 4-10. Esumated Dismbation of Individuad Mean Daily Soib
Ingesnion Basedd on Data for 64 Subjecns

Proweetdd Over W65 Dawe
Range 1 -2.268 mp/d®
S0th Percennle (medinn 75 mg/d
90th Percentile 1190 mg/d
Qheth Perrennls [RaIK

¢ Based on fimng a log-normal distnbution to model daty sant
ingesnon values.

" Subyject with pica excluded,

Sonree Sranek and Calabree 100<4

In developing the 365 day soil ingestion estimates,
data that were obtained over a short period of time (as is
the case with all avaslable soil ingestion studies) were
exuupolated over a yeur, The 2-week study period may
not reflect variability in trucer element ingestion over a
yeor. While Stanck and Calabrese (1998a) auempt to
addrexs this through loymormal modeling of the long tenn
intake, new uncertainties are introduced through the
parametric modeling of the limited subject day data.
Also, the sample population size of the original study was
small and site limited, and, thercfore, is not representative
of the U.S. population. Study mean extimates of soil
ingestion, such as the study mean estimates presented in
Table 49, are subsuntially more reliable thun any
available distributional estimates,

Stanek and Calabrese (1995h) - Soil Ingestion
Estimates for Use in Site Evaluations Bused on the Best
Tracer Method - Stanck and Calabrese (1995b)
recaleulated ingestion rates that were estimated in three
previous mass-balunce studies (Calubrese et al., 1989 and
Davis et al., 1990 for children’s soil ingestion, and
Calabrese et al., 1990 for adult soil ingestion) using the
Best Tracer Mcthod (BTM). This method allows tor the
sclection of the most recoverable tracer for a particular
subject or group of subjects, The selection process
inveives ordering trace elements for cach subject bused on
food/soil (F/S) rutios. These ratios are estimated by
dividiny the total amount of” the tracer in food by the
racer concentration in soil, The F/S atio is small when
the tracer concentration in food is almost zero when
compared to the tracer concentration in soil. A small F/S
ratio is desirable because it lessens the impact of tranait
time error (the erroe that occurs when tecal autput does

not retlect food ingestion, due to fluctuation in
gastromntestinal  transit time) in the soil ingestion
calculation. Because the recoverability of tracers can vary
within any group of individuals, the BTM uses 4 ranking
scheme of F/S ratios to determine the best tragers for use
in the ingestion rate calculation, To reduce biases that
may oceur as a result of sources.of fecal tracers other than
{oud or suil, the median of soil ingestion estimates based
on the four lowest B/S ratios was used (o represent soil
ingestion among individuals,

For adults, Stanck and Calabrese (1995b) used data
for 8 tracers trom the Calabrese et al, (1990) study to
estimate soil ingestion by the BTM. The lowest F/S ratios
were Zr and Al and the element with the highest F/S ratio
was Mn. For soil ingestion estimates based on the median
of the lowest four F/S rutios, the tragers contributing most
often to the sail ingestion estimates were Al Si, Ti, Y, V,
and Zr. Using the median of the soil tngestion rates based
an the best four tracer clements, the average adult soil
ingestion rate was estimited to be 64 myg/day with a
median of 87 mg/day. The 90th percentilc soil ingestion
estimate was 142 mg/day. These estimates are based on
18 subject weeks for the six adult volunteers described in
Calubrese et al. (1990),

For children, Stanek and Calabrese (1995b) used
data on 8 tracers trom Calubrese et al., 1989 and duta on
3 tracers trom Davis et al. (1990) to cstimate soil
ingestion rates. The median of the soil ingestion estimates
{rom the lowest four F/S ratios trom the Calabrese ct al,
(1959} study most often included Al, Si, Ti, Y. and Zr.
Based on the median of ol ingestion estimates from the
best four tracers, the mean soil ingestion rate was 132
mg/fday and the median was 33 mg/day. The 95th
pereentile value was 154 my/day. These estimates are
based on data for 128 subject weeks for the 642 children in
the Calabrese et al, (19%9) study. For the 101 children in
the Davis et al. (1990) studty, the mean soil ingestion rate
was 69 mg/day and the median soil ingestion rate wis
mg/day. The 95th percentile estimate was 246 mg/day.
These data are based on the three tracers (ie., Al Si, and
Ti) trom the Davis ct al. (1990) studv. When the
Calabrese ¢t al, (1989) and Davis et al, (1990) studies
were combined, soil ingestion was estimated to be 113
my/day (mean); 37 mp/day (median); and 217 my/day
(95th percentile), using the BTM,

This study provides a reevaluation of previous
studies. Its advantages are that it combines data from 2
studies tor children, one from Califorma and one trom
Massuchusetts,  which  increases  the  number  of
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Figure 5-1. Schematic of Dose and Exposure: Respiratory Route

Source: U.S. EPA, 1992,

The respiratory system is comprised of three
regions:  nasopharyageal,  tracheobronchial,  and
pulmonary. The nasopharyngeal region extends from the
nose to the larynx, The trachcobronchial region forms the
conducting airways between nasopharynx and alveoli
where gas exchange occurs. 1t consists of the trachea,
bronchy, and hronchiolex. The pulmonary regions consists
of the acinus which is the site where gas exchange occurs;
it is comprised of respiratory bronchioles, alveolar ducts
and sacs, and alveoli. A detailed discussion of pulmonary
anatomy and physiology can be found in:  Benjamin
(198%) and U.S. EPA (1989 and 1994),

Each region in the respiratory system can he
involved with removing pollutants from inspired air. The
nasopharyngeal region filters out large inhaled particles,
moderates the temperature, and increases the humidity of
the air.  The surfuce of the tracheobronchial region is
covered with ciliated mucous seereting cells which forms
a mucoaliary escalatar that moves particles from deep
regrions of the lung to the oral cavity where they may be
swallowed and then excreted. The branching pattern and
physical dimensions of the these airways determine the
pattern of deposition of airborne particles and atworption
of guses by the respiratory tract,  They decrease in

diameter as they divide into a bifurcated branching
nctwork dilutes gases by axial diffusion of gases along the
streamline of airwaws and radial diffusion of gases due to
an increase in cross sectional area of the tungs. The
velocity of the airstream in this decreasing branching
nctwork creates a2 turbulent force such that airborne
particles can be deposited alony the walls of these airways
by impaction, interception, sedimentation, or diffusion
depending on their size. The pulmonary region contains
macrophages which engulf panicles and pathogens that
enter this portion of the Jung.

Notwithatanding these removal mechanisms, both
gascous and particulate pollutants can deposit  in vanious
regions of the lung, Both the physiology of the lung and
the chemistry of the pollutant influences where the
pollutant tends to deposit,

Gascous pollutants are evenly dispened in the air
stream. They come into contact with a large portion of
the lung.  Generully, their solubility and reactivity
determines where they deposit in the fung, Water ~oluble
and chemically reactive gases tend (o deposit in the upper
respiratory tract.  Lipid soluble or non-reactive gascs
usually are not remaved in the upper airways and tend to
deposit in the distad portions of the lung. Gases can be

Page
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5. INHALATION ROUTE

This chapter presents data and recommendations
far inhalation rates that can be uved 10 assexs exposure (o
contminarnts in air. The studies discussed in this chapter
have been classified ax key or relevant. Key studies are
used as the basis for deriving recommendations and the
relevant studics are included to provide additional
background and permspective.  The recommended
inhalation rates are summarized in Scction 5.2+ and cover
adults, ¢children, and outdoor workers/athletes,

Inclusion of this chapter in the Exposure Factors
Handbook does not imply that assessors will always need
o select and use inhalation rates when evaluating
¢xposure (o air contaminants. In fact, it is unnecessary to
calculate inhaled dose when using dose-response {actors
from Integrated Risk Information System (IRIS) (U.S,
EPA. 1994).  This is duc to the fact that IRIS
methodology accounts for inhalation rates in the
development of “dose-response™ relationships.  When
using [RIS for inhalation risk assessments, “dose-
response™ relationships require only an average air
concentration to evaluate health concerns:

« For non-carcinogens, IRIS uses Reference
Concentrations (RfC) which are expressed in
congentration units. Hazard is evaluated by
comparing the inspired air concentration to the

.RIC.

= For carcinogens, IRIS uses unit risk values
which are exprossed in inverse concentration
units. Risk ivevaluated by multiplying the unit
risk by the inspired air concentration.

Denailed descriptions of the [RIS methodology for
derivation of inhalation reference concentrations can be
found in two methods manuals produced by the Agency
(U.S, EPA, 1992 1999). .

IRIS employs a default inhalation rate of 20
m’/day. This is greater than the recommendated value in
this chapter. When using [RIS, adjustments of dose-
response relationships using inhalution rates other than the
defaulr, 20 m¥day, are not currently recommended,
There are instances where the inhalation rate data
presented in this chapter may be used for estumating
average daily dose, For example, the inhalatino average
daily dose is often estimated in cases where a compative
pathway analysis is desired ar to determine a total dose by

adding across pathways in coses where R1Cs and unit risk
factors are not available.

5.1. EXPOSURE EQUATION FOR INHALATION
Faor those cascs where the average daily dose
{ADD) needs to be estimated, the general cquation is:

ADD = {{Cx IR x ED] / [BW x AT}} (Eqn, 51)
where:

ADD = average daily dose (myrkgday);

C = conaminant concensraton i inhaled air (ug/m’);

IR = inhalaton rate (m/day);

ED = exposure duration (days);

BW = body weight (ki) and

AT = averaging ume (days), for non-carcinogenic effecs

AT = ED, for carcinogenic or chronic effects AT =
70 years or 25,550 days (hifetince),

The average daily dose is the dose rate averaged
over a pathway-specific period of exposure expressed as
a daily dose on a persunit-body-weight basis, The ADD
ts used for exposure 1o chemicals with non-carcinogenic
non-chronic cffects. Forcompounds with carcinogenic or
chroni¢ effects, the lifetime average daily dose (LADD)
is used. The LADD is the dose rate averaged over a
lifetime. The contaminant concentration refers to the
concentration of the contaminant in inhaled air. Exposure
duration refers to the total time an individual is exposed
to an air pollutant,

5.2, INHALATION RATE
5.2.1. Backpround .

The Agency defines exposure as the chemical
concentration at the boundary of the body (U.S. EPA,
1992), In the case of inhalation, the situation is
complicated by the fuct that oxygen exchange with carbon
dioxide takes place in the distal portion of the tung. The
anatomy and physiology of the respiratory system
diminishes the pollutant concentration in inspired air
{potential dose) such that the amount of a pollutant that
actually enters the body through the lung (internal dose)
is lesy than that measured at the boundary of the body
(Figure $-1). When constructing risk assessments that
concern the inhalation route of exposure, one must be
aware i any adjustments have been employed in the
estimation of the pollutant concentration to account for
this reduction in potential dose,
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Tahle .22 Summary of Extimates of Sl Ineestion by Children
Mean imeidavy 1 Tnnwr Perepnrile (molidnvy Refomences
AY < AfRe Th hd Al b1l Ti Y
£3} 2R S84 T Binder et al. 19%6
30 129 Clausing et al. 1987
3% g AR Davis et al. 1990
AL 1o0* 263"
153 154 218 % =3 ) 1432 106 Calubrese ot a, (989
1 ax3r 170" os® 4P 633" 10%9h s
1= 139 - 7 los 54 pel 3 pri] Jd Stanck and Calabrese, 1995a
133 2w Stanek aind Calabrese, 19950
a9 120 Van Wijnen et al. (990
Awrage = 146 my/day sl I3 my/day sond
121 my/day souf and dust 38T my/day sod and dust combuwed
cevmPipet
* AlR = Acud Insoluble Remdue
B Sodand dust combined
¢ BTM
¢ P YA cnmecnad valiee

Table &23. Summarv of Recommended Values for Soil Ingestion

Mcan

1pner Percentile

100 mg/day™

50 my/day
10 gldav™

400 mgldnyb

200 mg/day may be used as 2 conservutive estimare of the mean (S text),
Swgy period was short; therefore, these values are not estimates of usual intake,

To he yineed in acute ex
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+  Reproducibility
e Fogus on factor of interest
o [Druapertinent to U.S.

= Primary dits
e Currercy
e Adequacy of data collection penod

»  Validuy of approach

= Study swe

e Representahivencess of the
populatson

e Charactenzahion of vanamhiy

e Lack of mas in study design thigh
rating is desirabie)

+  Measutement eftor

Other Elements
e Number at studies
= Agreement beiween rescarchery

Tahke 321 Confidence 1n Sl Intibe Recommendation
Conderations Wt e H s
Study Elements
«  Level of peer review All Key studies ane trom peer feview litetature. High
s Accoesmhibity Papers are widely as ailable trom peet review journals, High
Methodology uved was presented, but results are dilficult to Muodium

reproduce.

The focus 0f the studies was 00 estmating soil intahe raie by
children; studics did not fovus on intake rare try wdults.

Two of the hey studies tesuwed on Tuteh chiidren, other studies
used children trom specihic areas of the U S,

All the studies were baved on pnmary data,
Studies were conducted after 1980

Children were mot studied fong enough 1o fully chanwtenge day to
day vanabihty,

The s approach is the only practical way ko study sl intabe,
but refinements are needed in tracer selevtion and matchog npu?
with autputs. The mave recen? studies corrected the data for
sources of the tracers in tood, There ane, oweer, vome cofverns
abonit abnorphion of the tracers 1RO the body amd lag tnwe hetween
input amd output.

The samphe sizey used 10 the hey studies were adeyguate tor
children. However, only few adully huve been studied

The study populanion may not be reprewentative of the UN 10 terms
OF Fae, MR I0=0COnICY, and pevgraphical localion;, Mudies
frwiised on speCific artus; fwo of the studices uved Dutch chikiren.
Day-to-day vanatmlity wis not very well Chamitenzed

The selection of the populanion stodicd May IRtnaduce some Bias 10
the results (1 ¢, children near a smetter st volunleers in punery
sehiwi, Duteh childreny.

Errors may rsall du 10 prohlems with abwrphion of 1 triwens in
the hady and mismaiching inputs and outputs

There are 7 hey studies

Dewptie the vanabwliry, there ss genetal sgreement amwng
researchers on central extimates of daly intake tor Children

High 1o children)
Las 1155 aitulted

Medium

High
High
Madium

Madum

Maedmm (o chukdreny
Larwn ¢ Lo xfults)

Livw

Lo
Majmm

Madium

High
Medium

Overull Rating Studics wore well designed; results wate Tarly convistent, sampie Medmm (tor childeen -
size was adequate tor children and very small for adulty; accuracy long term central
at methodology s unceriain, vanaMbty cannot e charactenzed de esiimate)
1o himitations 1 data vollecton penad. Ihwutfivent dala 10 Lo (107 MUl
recommend uppet fercentie extimaies for both chikiren and adults Law tto upper
v enty e
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engaged in outdoor activities and a range of 056 10 1 10
mg/day of house dust duriny indoor activities, These
exttmates were derived from assumptions about so1l/dust
levels on hands and mouthing behavior; no supporting
measurements were made.  Making further assumptions
about frequencies of indoor and ouldoor activiues,
Hawley (1985) dertved an annual average of 60.5 mg/day.
Given the lack of supporting measurements, these
extimates must be comiderad conjecturul. Krablin (1989)
used amenic levels in unne (n=26) combined with
information on mouthing behavior and activity patterns 1o
suggest an estimate for adult soil ingestian ot 10 my/day.
The study protocols are not well described und has not
been formally published. Finally, Calabrese et al. (1990)
conducted a tracer study on 6 adults and tound o range of
30 to 100 my/day. This study is probably the most
reliable of the three, but still has two significant
uncertainties: (1)

representativeness of the general population is unknown
due 1o the small study size (n=6); and (2)
tepresentativeness of long-term behavior is unknown
since the study was conducted over only 2 weeks. In the
pust, many EPA risk assessments have assumed an adult
sil ingestion rate of 50 my/day for industrial settings and
100 my/day for residential and agricultural scenarios,
These values are within the range of extimates from the
studies discussed above, Thus, 50 mg/day still represents
a reasomable central estimaie of adult soil ingestion and is
the reccommended value in this handbook.  This
recommendittion is clearly highly uncertain; however, and
as indicated in Table <-21, is given a low confidence
rating.  Considering the uncertaintics in the central
esfimate, a recommendation for an upper percentile value
would be inappropriate,  Table 4«23 summarizes soil
ingestion recommendations for adults,
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In conducting o risk assessment for TCDD, LS,
EPA (1983) used § g/day to repre~ent the soil intake rate
for pica children. The Centers for Disease Control ICDCh
also investigated the potential for exposure o TCDD
through the ~oil ingestion route. CDC used a value of 10
f/day to represent the amount of ~oil that a child with
deliberate  soil  ingestion  behavior  might  ingest
(Kimbrough ¢t al., 1983). These values are consistent
with those observed by Calahrese et al, (1991,

4.7. RECOMMENDATIONS

The key studies described in this section were used
1o recommend values for vail intake amonyg children. The
key and relevant studies used ditferent survey designs and
study populations. These studies are summurized in Table
4-20. For cxampie, vome of the studicy considered Tood
and nonfood ~ources of trace elements, while athers did
not.  In other studien, soil ingestion estimates were
adjusted 10 account for the contribution of house dust to
this estimate.  Despite these differences, the mean and
upper-perceniile estimates reported for these studtes are
relatively consistient. The confidence rating for sl intake
recommendations is presenied in Table 3-21,

It is important, however, to understand the various
uncertainties assoctated with these values.  First,
individuals were not studicd tor sufficicnt penods of time
10 get a good estimate of the usual intake. Therelore, the
values presented in this section may not be representative
of long term exposures, Second, the experimental error in
measuring soil ingestion values for individual children as
alyo a source of uncertainty. For example, incomplete
sample collection of both input (1., food and nonfoed
sources) and output (1.e., urine and feces) is a limitaton
for some of the sudies conducted.  In addition, an
individual's soil ingestion value may be artificially high or
low depending on the extent to which 4 mismatch hetween
input and output occurs due to individua! varation in the
gastrointestinal transit time. Third, the degree to which
the tracer clements used in these studies are abworbed in
the human body is uncertain,  Accuracy of the soil
ingestion estimates depends an how good this assumption
is. Fourth, there is uncertainty with regard to the
homogeneity of sorl samples and the accuracy ol parent's
knowledge about their child's playing areas, Fitth, all the
sot} ingestion studies presented in thiy secnion with the
exception of Calabrese et al. (1959) were conducted
during the summer when voil contact is more hikely.

Although the reecommendations presented below are
derived irom studies which were mostly conducted in the

summer, exposure dunng the winter monthy when the
ground s trozen or snow corvered should not be
conmdered as rero. Exposure dunnp these months,
ajthough lower than in the summer months, would not be
zeto because some portion of the house dust comes trom
autdoar s,

Sl Ingestion Among Chuldren - Estimates of the
amount of sonl ingented by children are summarnzed in
Tahle $-22. The mean values ranged from 39 mg/day to
270 mpiday with an average of 146 mp/day for ol
ingestion and 191 m/day for ol and dust ingestion,
Results ohtuned using ttanium as a tracer in the Binder
<t al. (19860 and Claustng ot ul, 1 1987) studies were not
cansidered i the denvation ot this recommendation
because these studies did not take 1nto consderation other
sourees of the element in the dier which for Bitanium
seems o be sigmficant. Theretore, these values may
overestimate the sl intake. One can note that this gToup
of mean values s consintent with the 200 mp/day value
that EPA programs have used as a consersative mean
estimate. Taking into consderation that the highest
values were seen with titanum, which may exhiit greater
vanability than the other tracers, and the fact that the
Calabrese ot al. (1989) study included 2 mca child, 100
m/day is the best estimate of the mean for children under
& years of age. However, since the children were studied
for short pentods of ume and the presalence of pra
behavior is not known, excluding the pica child from the
calenlations may underesnmate sotl ntake rates. It
plausible that many children may exhibit some maa
hehavior it studied for longer peniods of tme, Over the
penod of study, upper percentile values ranped from 106
mg/day to 1432 me/day wath an average of 3%3 myday
for so] ingespon and §37 medday {or soil and dust
ingestion,  Rounding to one syrmiticant figure, the
recommended upper percennle soil ingestion rate tor
children s 400 mp/day. However, since the peniod of
siudy was short, these values are not extimates of usual
intake. The recommended values for sonl ingestion among
children and adults are summanzed in Table 423,

Data on sl ingestion  rates for children who
Jehiberately ingest st} are alvo himited. An ingestion rate
of 10 ¢/day is a reasonable value for use 1n acute exposure
assesamients, hused on the avadable information. 1t should
be noted, howeser, that this value is based on only one
pica child observed in the Calabrese t all (19893 study.

Soil Ingestion Among Aduldts - Only three studies
have atwempted to estimate adult sotl ingestion, Hawley
(1988) suggested o value of 480 myp/day for adults
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duning the fint week of observation and 10.1 o 13.6
g/day during the second week of  observation
(Table <-18). These results are based on muss-bajunce
analyses for seven (i.c., aluminum, barium, manganese,
silicon, titanium, vanadium, and yitrium) of the eight
tracer elements used. [ntake rates based on Arconium was
significantly lower bur Calabrese et al, (1991) indicated
that this may have "resulted from a limitation in the
analvtical protocol.”

Table 4-18. Dauly Sl lngeation Esnmation in a Soil-Pica Chiald
Tracer and v Werk imoidavy
e Week ) Weeh 2
Tree Fanmared Koyl Inowanon Funmatm? Senl frimatyon
Al L3 13,600
Ra LRl 12,088
Mn hdhnd | 121
hY] 142 10958
Ti 1543 11870
v 1260 19,071
Y 147 [ R
Zr N AGUL]
Ko € ylabeegs or gl 19491

Calabrese and Stanek (1992) - Distinguishing
Qutdoor Soil Ingestion from Indoor Dust Ingestion in a
Soil Pica Child - Calabrese and Stanck (1992)
qQuantitatively distuagunbed the amount of outdoor ~oil
ingestion from indoor dust ingestion in a soil pica child,
This study was based on a previous mass-balance study
(conducted in 1991) in which a 3-1/2 vear old ¢hild

ingested 10-13 grams of soil per day over the second
weck of a Z-week soil ingestion study. Alo. the previous
study attlized a »oil trucer methudology with eight
ditferent trucers (Al Ba, Mn, Si, Ti, V. Y, Zr). The
reader is referred to Calabrese et al. (1989) for u detuiled
des¢ription and results of' the soil ingestion study.
Calabrese and Stanck (1992) distinguished indoor dust
from outdoor soil in ingested soil based on a methodology
which compared differential clement ratios,

Table <-19 presents tracer ratios ol soil, dust, and
residual fecal samples in the soil pica child. Calabrese
and Stanck (1992) reported that there was & maximum
total o' 28 pairs of trucer ratios based on erght tracers.
However, only 19 puirs of tracer ratios were availuble for
quantitative evaluation as shown in Table 4-19, Of these
19 pairs, Y fecal wacer ratios el within the boundaries for
soil and dust (Table 4-19). For these 9 tracer soils, an
interpolation was performed to estimate the relative
contribution of sail and dust to the residual fecal tracer
ratio. The other 10 fecal tracer ratios that fell outside the
soil and dust boundaries were concluded to be 100
percent of the fecal tracer ratios from soil origin
(Calabrese and Stanek, 1992), Also, the 9 residual fecal
samples within the boundaries revealed that a high
percentage (71-99 percent) of the residual fecal tracers
were extimated o be of soil origin, Therefore, Calubrese
and Stanek (1992) concluded that the predominant
proportion of the fecal tracers was from outdoor soil and
not {rom indoor dust origin,

Tabie 4-19. Ranus of Sul, Dust, and Residual Fecal Sunnles i the Soif Prea Child
Estimated % of Residual Fecal Tracers of Soil
Tracer Roo Purs Sanl Feval Nust Ormnn as Predicted by Specific Tracer Ratiox

1. MoTh 208,364 218.241 00,120 87

s BT 187435 200191 115837 [{4)]

3 ST 148117 136400 7490 42

o, VT 4003 10.261 17.8%7 100

s, AVTH IR0 21.087 13,3206 100

6. YT 577 9621 5.009 100

7. Moy 24203 2N S5.HN2 100

3. BvY LRSS 21832 20432 T

9. SVY T 14.20% (R L3

10, vry 1.702 1.067 3158 {4

. AVY 246 Ti92 2351 B&

12 MAl 1R 10.207 19.520 100

13 RwA! {18} 9778 H.092 P

14, SvAl R.O48 6481 0.562 Kl

15, ViAl 0743 0487 LA 100

In. S0V 10.343 13318 0419 100

17 MwS 107 1578 W72 W

1%, BN 1.266 1.5t 15460 X3

19 \Mn/Ma | RN | (Wit ) 100

Source: Calabrese and Stanch, (992
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Tahle 4-17. Adult Day Sou Ingesnion Estimates by Week and Tracer Element After Sahtructng Food and Capsule [npeston,
Rased ah Median Amherst Sl Cancenmranoms' Means and Medians Over Sutwects imuni?

Wonl Al Ra \n L] T \ Y 7r
Meany

| 110 -2 kA1) M n 1,.o%K% (% ™
2 oK 12,208 1.300 14 24 1) 21 M
3 i} 20! T 23 R R 6T T4
Medians

| 60 - KK 3 102 112 Res 124
2 ks 7 136K 18 H2 [t s ns
1 W IR/ LX) g4 144, (1 [ SE=Y

* Data were convenied to milligrams

Sonrce Calabhree ot 51 1000

Negative values occur because of correction for fond and capule ingsstion.

and 3 years (Sayetta, 19%6). The incidence of dehiberate
ingestion behavior in children has been shown to ditfer for
diffcrent subpopulations. The incidence mitte appears to
be higher for black children than for white children,
Approximately 30 percent of hlach children aged 1 w0 6
years are reported to have deliberate ingestion behavior,
compared with 10 to 1% percent of white ctuldren in the
same age group (Danford, 1982). There does not appear
to be any sex differences 1n the incidence rates for males
or females (Kaplan and Sadock, 19XS). Lourie et ab
(1963) states that the incidenee of mca s higher amony
children in lower sociocconomic groups (1.c.. $0 to 60
percent) than in higher income tamilies (1.¢.. about 30
percent). Deliberate vonl ingestion hehavior uppears to be
more common in rural arcas (Vermeer and Frate, 1979,
A higher rate of pica has also been reported for pregnant
women and individuals with poor nutritional status
(Danford, 19%2). In general, deliberate ingestion behavior
s more frequent and more severe in mentally retarded
children than in children in the general population
(Behrman and Vaughan 1983, Dantord 1982, Fortar and
Arncil 19%4, [lingworth 1983, Savetty 1986).

It should be nated that the pica sanstics Sited
above apply to the incidence of gencral pica and not soil
pica. Information on the incidence of sl pica is limited,
but it appears that sotl pica is less common. A studv by
Vermeer and Frate (1979) showed that the invidence of
geophagia (i.c., carth-eating) was about 16 percent among
children tfrom o rural black community in Mississippi.
However, peophagia was deseribed as a cultural practice
among the commumty surveved and may not be
representative of the general population, Average daily
consumption of ~«o1l was estimated to be 50 wday. Bruha
and Panghorn (1971) reported the incidence of pica for

“dint” 10 be 19 percent tn children, 14 percent in pregnant
women, and 3 percent in nonpregnant wormen.  However,
“din” was not clearly defined. The Bruhn and Panghorn
(1971% study was conducted amony 91 non-black, low
income  families of migrant agncultural workers an
Californta. Based on the data trom the five key tracer
studies (Binder et al., 19%6; Clausing ¢t al, 1987: Van
Wijnen et al., 1990 Davis et al., 194%0; and Caluabrene et
al., 19%9) only one child out of the more than 600 children
involved in all of thewe studies ingested an amount of soil
signitficantly greater than the range trr other children.,
Although these studies did not ainclude dats for all
populations and  were  representatinve of  short-term
ingestions unly, it can be assumed that the incidene rate
of dehberate sl ingestion behavior in the general
population is low, However, it s incumbent upon the user
10 use the appropriate value tor thair specitic study
population.

1.6, DELIBERATE SOIL INGESTION AMONG

CHILDREN

Information on the amount of ol ingested by
shildren with abnormal sot] ingestion hehastor s limited.
However, some evidence suggests that a rate on the order
of 10 pday may not be unreasonable.

Calubrese et al. (19914 - Evidence of Soil Pica
Behavior and Quanntication of Soil Ingention - Calubrese
et al. (1991 estimated that upper range sl ingestion
values may range trom approximately 3-7 gramv/day.,
This estimate wis based on ahservations of one piea child
among the 64 children who participated in the study. In
the study, & 3.5-vear old femule exhibited extremely tugh
~0il ingestion behavior during one of the two weehs of
obvervation. Intihke ranped from 73 mpiday to 2.2 widay
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was assumed to occur 12 days/year. Hawley (1945) also
assumed that soil comprises 80 percent of houschold dust.
Based on these assumptions about soil intake and the
trequency of indoor and outdoor activities, Hawley (1985)
estimated the annual average soil intake rate for adults to

of 500 myg of soil per day) during the three days,
Duplicate meal samples (food and beverage) were
collected from the six adults. The sample included all
foods ingested trom brezktast Monday, through the
cvening meal Wednesday during cach of the 3 weeks. In

be 60.5 my/day (Table 4.16). addition, all medications and vitamins ingested by the
Table 4+16. Extimames of Sml Ingestion for Adulm
Annual Average Soil
Exposure Dayw/Year Fraction Soif Intake
Scnanos Media frnt/davy Activity Content (mg/davy
Adult
Work in aroc (year-round) Duse 110 j il 0.8 3
Living Spase (year-roumd) Dunt 0.%6 oS 0.8
Qutdoor Work (summer) Sanl 430 43 1 x4
TOTAL SOIL INTARE
Someces  Hawlev, 1988,

The soil intake value estimated by Hawley (1985)
is consistent with aduit soil intake rates suggested by other
researchers. Cafabrese et al. (1987) suggested that soil
intke amony adults ranges from 1 to 100 my/day.
According to Calabrese et al. (19387), these values "arc
conjectural and based on tractional estimates® of carlicr
Center for Disease Control (CDC) estimates.  In an
evaluanon of the scientific literature concerning soil
ingestion rates for children and adults (Krablin, 1989),
Arco Coul Compuny suggested that 10 mp/day may be an
appropriate value for adult soil ingestion, This value is
based on “extrapolation from - urine  anenic
epidemiological studies and information o mouthing
behavior and time activity patterna™ (Krablin, 19589).

Calabrese et al. (1990) « Preliminary Adulr Soil
Ingestion Estimates: Results of a Pilor Study- Calabrese
et al. (1990) studied six adults to evaluate the extent to
which they ingest soil. This adult stdy was originally part
of the children soil ingestion study conducted by
Calabrese and was used to validate part of the analvtical
methodology used in the children study,  The participants
weze six healthy adules, three males and three females, 25-
<1 vears old. Euch volunteer ingested one empty gelatin
capsule at breakfast and one at dinner Monday, Tuesday,
and Wednescay during the tine week of the study. During
the second week, they ingisted 50 my of sterilized soil
within a gelatin capsule at breakiast and at dinner (a total
of 100 my of sterilized soil per day) tor 3 days. For the
third week, the participants ingested 250 my of stenilized
soil in a pelann capsule at breakfast and at dinner (a total

adults were collected, Total excretory output were
collected from Monday noon through Friday midnight
over 3 consceutive weeks. Table 4+17 provides the mean
and median values of soil ingestion for each ¢lement by
week. Data obtained from the first week, when empty
gelatin capsules were ingested, may be used to derive an
estimate of soi! intake by adults, The mean intake rates
for the cight tracers are: Al 110 mg: Ba, =232 myg: Mn,
330 mg: St 30 my: T, 71 myg: V, 1,288 mg: Y, 63 mg:
and Zr, 134 my,

The advantage of this study is that it provides
quantitative estimates of soil ingestion for adults. The
study also corrected for tracer concentrations in foods and
medicines. However, a timitation of this study is that a
limited number of subjects were studied. In addition, the
subjects were only studied for one week before soil
capsules were ingested.

PREVALENCE OF PICA

The selentific literature detine pica as “the repeated
¢ating ol non-nutritive substances” (Feldman, 1986), For
the purposes of this handboak, pica is defined as an
deliberately high sofl ingestion rate, Numerous articles
have been published that report on the incidence of pica
among various populations, However, most of these
papers describe pica for substances other than soil
including sand, clay, paint, plaster, hair, string, cloth,
glass, matches, paper. feces, and various other items.
These papers indicate that the pica occurs in
approximately half’ of all children between the ages of ]

4.5,
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accutate estimate of soil ingestion, and the validity of this
assumption depends on the specific set ol trucers used 1n
the study and nced not be correct. The approach used for
the estimation of daily tracer intake is the same as n
Stanck and Calabrese (19984), and some hmnanons ot
that approach are mentioned in the review of that study.

Sheppard (1995 - Parameter Values 10 Model the
Soil Ingestion Pathway - Sheppard (19951 summarized
the available literature on o} ingestion o estimate the
amount of soi! ingestion in hurans for the pumases of
risk assessment,  Sheppard (1948 cateporized the
avatlable  so)l ingestion sudies  into twe general
approaches: (1) those that measured the sl intuhe rate
with the use of tracers ia the sail, and 12) those that
estimated  soil ingestion hased  on activity e,
hand-to-mouth ) and exposure duration, Sheppard (1995)
provided estimates ol sotl intake hased on previousty
published tracer studies. The data from these studies were
assumed o be lognormally distributed due to the broad
range, the concept thit soil ingestion s never zero, and the
possihility of very high values. In order th pecount for
skewness i the data, geometric means rather than
arithmetic means, were videulated by age, excluding pica
and geophagy values.  The geometric mean for soud
ingestion rate for children under six was estimated 1o be
100 mg/day,  For children over six and adults, the
geometric mean intike rale was estimated to he 20
mg/day, Sheppard (1995) also provided soif inpestion
estimates for indoor and outdoor activities hased on data
tfrom Hawley (1985) and assumptions regarding duration
of exposurc (Table 2-15).

Sheppard’s (19465) estimates, based on activity and
exposure duration, are guite smilar to the mean values
from intahe rate estimates described in previous sections.,
The advantages of this study are that the model can be
uwed 1o caleulate the ingesion rate from non-food sources
with variability v exposure ingestion rates and exposure
durations. The limitatton of this study t that it does not
introduce new Jata; previous data are re-evaluated. In
addition, because the mode! 1s hased on previous data, the
same advantages and Himitations of those studies apply.

4.4, SOIL INTAKE AMONG ADULTS

Hawley 1985 - Assessment of Health Risk frem
Expensire to Contamnated Soil -« Information on saoil
sngeston among adults s very limited. Hawley (1985)
estimated  soil angestion among adults based  on
dssumptions regarding activity patterns and corresponding
mgestion amounts, Hawley (1935) assumed that adults
myest outdoor sonf at i rte of 450 mp/day while engaged
i vardwork or other physical acnvity. These outdoor
exposures were assumed 1o oceur 2 davvweek during §
months of the vear (1.e., May throuph Gctober), The
tngestion estimate was based on the assamption that a 50
wrvthick Taver of sail v ingested from the inside surfaces
of the thumb und fingers of one hand. Ingesnon of indoor
housedust was assumed to oceur trom typical living space
activities such as cattng and smokang, and work in attics
or other uncleaned areas of the house. Hawley (1985
assumed that adulls ngest an aserage of 0.56 mg
housedust?day dunny typical Tiving spawe activities and
11 mg housedust/dany while working in attics. Attic work

Tahle d-15 Sl inpention Rates for Assesaiment Purposes
Sobf Lasad on Sof Eavpanune Ingestion Sugpested Eyposure Average Duly Sond
Receptor Age Semng Hamlbs Rude Duiratiomns Ingesinm
[L{ITIRiU) tmethed (hrivTy Hneidas
Pica Child LI 2id) SO0
25yn Ouidonn 0 20 10%4) 0
Inudiny 04 1 Renwanng® )
byry Outdonr [ 0 Tiw) 20
Indixn TR 018 S0 b
Adult Garderung I n WX 20
Indear noe nns < QG N+
4 Hawley (1955 aasumed the chikd wpent all the Brat ol Bome, s that the indodr e was 8,700 hourdvear minus the aurdior me
Source: Sheanard 1998
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Possible sources of negative bias identified by Calabrese
and Stanek (1995) are the {ollowing:

« Ingestion of tracers in food, but the tracers are
not captured in the fecal sample either due to
slow lag time or not having a fecal sample
available on the final study day; and

Sample measurement errors which result in
diminished detection of fecal tracers, but not in
soil tracer levels,

The authors developed an approach which attempted to
reduce the magnitede of error in the individual trace
clement ingestion extimates, Results from a previous
study conducted by Calabrese et al, (1989) were used to
quantify these errors based on the following criteria: (1)
a lag period of 28 hours was assumed for the passage of
tracers ingested in food to the feces (this value was
applied to all subjectday estimates); (2) daily soil
ingestion rate was estimated for each tracer tor each 24-hr
day a fecal sample was obtained: (3) the median trucer-
based soil ingestion rate for each subject-day was
determined. Also, upper and lower bound estimates were
determined bused on criteria formed using an assumption
of the magnitude of the reladve standard deviation (RSD)
presented in anather study conducted by Stanck and
Calabrese (19952). Daily soil ingestion rates for tracens
that fell beyond the upper and lower ranges were excluded
from subsequent calculations, and the mediun soil
ingestion rates of the remaining tracer clements were

considered the best estimate for thut particular duy. The
magnitude of positive or pegative error for a specific
trager per day was derived by determining the difference
between the value for the trucer and the median value; ()
negative errors due 1o missing fecal samples at the end of
the study period were also determined (Calabrese and
Stanck, 1995).

Table 4-14 presents the estimated magnitude of
positive and negative error for six tracer clements in the
children'’s study (i.c., conducted by Calubsese ct al,, 1989),
The original mean soil ingestion rates ranged from a low
of 21 mg/day based on zirconium to i high of 459 my/day
based on titanium (Table $-13), The adjusted mean soil
ingestion rate after correcting for negative and positive
errors ranged from 97 my/day based on yttrium to 208
myg/day based on titanium (Table <-14), Calabrese and
Stanck (1995) concluded that correcting for errors at the
individual level for each tracer clement provides more
reliable cstimates of soil ingestion,

This report is valuable in providing additional
understanding of the natere of potential crrors in trace
clement specitic estimates of soil ingestion. However, the
operational definition used for estimating the error in a
trace clement estimate was the observed difference of that
tracer from it median tracer value, Specific identification
of sources of ¢rror, or direct evidence that individual
tracers were indeed in crror was not developed,
Corrections to individual tracer means were then made
according to how different values for that tracer were
from the median values. This approach is based on the
hypothesis that the median tracer value is the most

Table 414, Poutive/Negunve Error (has) in Sor) Ingestion Estimates in the Calubrese ot al, (1989) Massdbalunce Study:
Ftfect on Mean Soil Inpestion Esnmate ime/davy®

Newitrve Froe

Lack of Fecal
sampleon Final  OtherCunex”  Total Nugative  Total Positive Onginal Adjusted
Studv Dav Eror Error Net Etror Mean Mean
Alumupum 14 t 28 43 -i% 153 136
Silicon 15 6 2t 41 «20 154 133
Tianum . 3d IRT oty a2 +i3 218 =08
Vanadium [ b 12t 432 31t 459 148
Yrnum X ol M 2 -2 RS 97
Zirconym L3 0Y] [ pd < .03 ) 1"

* How o rend table: foe examphe, alumnum as & soil tracer displased both neganve and posittve error,. The cumutative total negitive seror is
extimatid {0 beas e mean estiale by 35 mgiday downwand, However, aluminum has positive errar busing the originad mean uprward by
23 mg/day. The net bas in the ongina mean was 18 m/day positive brias. Thus, the ongroal 156 my/day mean for aluminum should be
comected Jownward to 136 my/day.

® Values indicie impact on mean of 12%-subject-waehy in milligrams of soif ingrested per day.

Sovirve Calihanes andd Stanel, 100€
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methodologies were emploved 10 identify ditferences in
the recoveries of the various tracers (Sedman and
Mahmood, 1994,

From the agult studies, the ANOVA of the natural
logarithm of the recovenies of tracers from 0.3 or 1.5 pof
ingested soil showed a significant difference (= =0,05)
among the estimates of recovery of the tracers regardless
of whether the recoveries were combined or analyzed
separately (Scedman and Mahmood, 1993). Sedman and
Mahmood (19941 alvo reported that barium, manganese,
and zirconium vielded significantly different estimates of
soil ingestion thun the other tracers (aluminum, wilicon,
¥itnum, ttanum, and vanadium). Tabie $-13 presents the
Tukey's multiple companson of mean log tracer regavery
in adults ingesting known quantities of voil,

The average ages of children i the two recent
studies were 2.4 vears in Calubrese, et al, (19%9) and 2.7
vears in Davis et al, (1990), The mean of the adjusted
levels of soil ingestion for a twe vear old child was 220
mg/kg for the Calabrese et al, (19843 study and 170 mg/ky
for the Davis et al, (11990) study (Sedman und Mahmood,

1604), From the adjusted ~oil ingestion estimates, based
on a normal distribution o1 means, the mean extimate tor
a 2-vear old child was 195 my/day and the overall mean
of sail ingestion and the standard eror of the mean wis 53
mg/day (Sedman and Mahmood, 1993),  Based on
uncertzinties assoiated with the method  employed.
Sedman  and Mabmood  (1994) recommended  a
comservative estimate of soil ingestion in young children
of 250 my/day. Based on the 250 mg/day ingestion rate

in a 2-vear old child, an average daily ~oil ingestion over
a lifetime was estimated to be 70 myday. The lifenme
anmales were denved tsing the equation prexented above
that de~enbes changes in »oil ingestion with age (Sedman
and Mahmood, 1994).

AJHC Exposure Factors Sourcebook (1993) - The
Exposure Factors Sourcebook (ATHC, 1994) unes dam
from the Calubrene et al. (1990) study to derive il
INEENion rates using Arconium as the tracer. More recent
papenrs ndicate that zirconium v not a good tracer,
Theretore, the valuey recommended in the AIHC
Sourcebook are not appropriate.  Furthermore, because
individuals were only studied for a short period of time,
deniving a distrtbution of usual intake s not possible and
s nappropnate.,

Calabrese and Stunek (1995) - Resolving
Intertracer Inconsisiencies in Soil Ingestion Estimarion -
Calabrese and Stanek (1993) cxplored sources and
magmitude of pomitive and negatve errors in woil ingestion
extimates for children on a subject-week and trace element
basis, Calabrene and Stanek (1995) 1dentified possibie
sources of positive errors to be the following:

* Ingestion of high levels of trucers hefore the
study starts and low angestion dunng study
perodd may resull in over estimation of »oil
ingestion; and

« Inpestion of element tracen tfrom 2 non-food or
non-s01] saurce duning the study period,

Un~dr:

\G\ »

LAY 314
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Tabl 4213 Tukew's Multinke Companvon of Mean Law Tracer Recovery in Adults inpesting Khown Quantities of Sonl
Tracer Reported Mean Age Adjusted Mean
smlAngy fmp/dany
Calabrewe o1 al . 1949 Study
Atuminuin 153 164}
Stheon 184 161
Truanium Jix o
Vanisdum 384 AM0
Yunum KS 9
Davin et al, 1990 Study
Alunmanum w hX]
Sthiwon %] 111
Tt nim BTN 1
* Age wdjustend mean estimates of soil ingestion in young children Mean estimittes of sotl ingaeshion for each (Rer in cach vy were
wdiusted uming the tollowing eguation:
Yoy T where Y m adjusted mean soil Ingestion (m/day s, \ = 3 CONMIant, und T m age 10 yean

Sewrree s Sedman amd Mihtnood 1004
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Table d-12. Estimated Soil Ingestion Rate Summary Statistics and Pammeters for Disinbutions
Uwing Binder et a). (19%6) Data with Actual Fecal Weights
Sl Intake (me/dav)
Trace Element Bass
Al Si T MEAN"
Mean L s 1,004 91
Min 1 10 1 13
10rh =l 19 3 =
20ty KR} e = ks
0th W Ja 47 43
40th 43 52 172 49
Mad 45 o0 291 5
Hith 33 [\ 478 oY
70ch P i T 92
d0th 104 104 1Lo7! 100
90th 7 166 2,105 143
Max 1.201 o 14,061 921
Lagnormul Distnibuion Parameters
Median 45 o0 - L
Standang Devianon 69 93 - 12
Anthmens Meun 7 K3 - 91
Undertving Normal Distnbunon Parameters
Moan 4.00 4.07 - 4.13
Srimtand Dinviatie 0 Hx N us - s
4 MEAN = anthinetic average of vosl ingesnon based oa alurmum and sihicon,
Sourves Thomeson amd Burmaster, (991
medicine and the results may not be reprosentative of
long-term itk cca s dota were derived -0.113+
S intake rates because the datit were derived from Y «x JRENTEDE) (Eqn. 4-3)
a short-term study.
Sedman and Mahmood (1994) - Soil Ingestion by
Children and Adults Reconsidered Usimg the Results of where:
Recent Tracer Studies - Sedman and Mahmood (1993) Y, = adjusted mean soil ingestion (mg/day)
used the results of two recent children’s (Calabrese et al X = 2 constant
1989; Davis et al. 1990) tracer studies to determine yr = average age (2 years)

estimates of average daily »oil ingestion in younyg children
and forovera litetime. In the two studies, the intake and
excretion of a variety of tracers were monitored, and
concentrations of tracers in soil adjacent to the children’s
dwellingy were determined (Sedman and  Mahmood,
1993). From a mass balunce approach, estimates ot soil
ingestion in these children were determined by dividing
the excess triacer intake (Le., quantity of tracer recovered
in the leces in excess of the measwred intake) by the
average concentration of tracer in soil samples from cach
child's dwelling. Sedman and Mahmood {(1994) adjusted
the mean estimates of sot} ingestion in children for cach
tracer (Y) from both studies to reflect that of a 2-year old
child usiny the following equation:

In addition to the sudy in young children, a study
(Calabrese et al., 1989) in adults was conducted to
evaluate the tracer methodology. In the adult studies,
percent recaveries of tracers were determined in six adults
who ingested known quantitics of tracers in 1.5 or 0.3
grams of soil. The distribution of tracer recoveries from
adults was cvaluated using data analysis techniques
invoiving visualization and exploratory data analysis
{Sedman and Mahmood, 1994). From the results obtained
in these stucies, the distribution of tracer recoveries from
adults were determined.  n addition, an analysis of
variance (ANOVA) and Tukey's multiple comparison
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Table 4-11. Eshmares of Sof Ingestion for Children
Annual Average Souf
Expmure DayvYear Fraution So Intahe
Scenanoy Media Imefdav) Actvity Content tmafdasy
-~ ‘ .,

Outdoor Activitws { Summer) Sont >0 130 1 90
Indoor Activities (Summet) Dus 0 2 ox >0
Indoor Actvities (Winiet Dust 100 X o )
TOTAL SOIL INTAKE 180
Older Chnld 14 Years Oy
Outdoor Activities {Sumimer) Sonl 0 IS ! pd
Indoor Activines (Year-Round) Dust i s 0.5 o
TOTAL SO INTAKT R
Source’ Hawlev, 19%8

fingers on onc hand while playing outdoors.  This
assumption was based on data from Lepow et al. (197%),
Qutdoor activitics were assumed to ogeur cach day over
S months of the year (1.e.. during May through Oclober),
These children were also assumed to ingest 3 mp/day of
housedust from the indoor surfaces of the hands during
indoor activities occurring over the entire year, Using
these data, Hawley (1985) extimated the annual average
»0il intake rate for older children to be 234 mp/dav
(Table <11,

Thompson and Burmaster (19915 - Parametric
Distributions for Soil Ingestion by Children - Thompwon
and  Burmaster (1991)  developed  parameterized
distributions of woil ingestion rates for ¢hildren based on
a reanalysis of the data collected by Binder et al. (19%6).
In the onginal Binder ct al, (19%6) study, an amsumed
fecal weight of 18 g/day was used. Thompson and
Burmaster reestimated the soil ingeation rates from the
Binder et al. (1986) study using the actual stool weights of’
the study participants instcad of the assumed stool
weights, Because the actual stool weights averaged only
7.5 gfday, the seil ingestion extimates presented by
Thompson and Burmaster (1991) are approximately one-
half of those reported by Binder et al, (19%61. Table 4-12
presents the distribution of estimated so1 ingestion rates
calculated by Thompson and Burmaster (1991) baved on
the three trucers elements (i.c., aluminum, silicon, amd
titanium), and on the arithmetic average of soil ingestion
based on aluminum and silicon. The mean so1 intake
rates were 97 mg/day for aluminum, X§ mgday for
silicon, and 1,004 mpfday for tianium. The 90th
pereentile esumates were 197 mg/day for aluminum, 166
my/day for silicon, and 2,105 my/day for titanium. Based

on the arithmetic average of aluminum and silicon for
cach child, mean soil intake was eximated to be 91
mg/day and 9th percentile intake was esxtimated 1o be 143
mgfday.

Thompvon and Burmaster (1991) wemed the
hypothesis that sail ingestion rates hased on the adjusted
Binder et al. (1936) data for aluminum. ilicon and the
average of these two tracers were lognormally disnibuted.
The distribution of soil intake based on titanium was not
tented for lognormality because titanium may be present
in food i high concentrations and the Binder et al, (19%6)
study did not comrect for food sources of timnium
(Thompon and Burmaster, 19910, Although visual
mspection of the distributions for alurmunum, silicon, and
the average of these tracens all indicated that they may be
lognormally distributed, statistical tests indicated that only
silicon and the average aof the whicon and aluminum
tracers were lognormally distbuted.  Soil intake rates
baved on aluminum were rot lognormally distidbured.
Table 3-12 alvo prevents the lognormal distribution
pacametens and underlyving normal dinmbution parametens
{(1.c.. the natural logarithms of the data) for aluminum,
silicon, and the average of thewe two tracers. According
to the authors, “the parameters evamated from the
underlying normal distribution are much more reliable and
robust” (Thompeon and Burmaster, 1991),

The advantages of this atudy are that it provides
percentile data and defines the shape of woil intake
dixributions. However, the number of data poinds ined 1o
fit the distribution was limited, In addition, the Mudy did
not generate “new” data. Imatead, it provided a reanalwsis
of previously-reported data using actual fecal weights, No
corrections were made for tracer intake from food or
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obvervations. It alse corrects for biases associated with
the differences in tracer metabolism. The Limitations
associated with the data used in this study are the same as
the limittons described in the summaries of the
Calabrese et al. (1989), Davis et al, (1990) and Calabrese
et al. (1990) studies,

RELEVANT STUDIES ON SOIL INTAKE
AMONG CHILDREN
Lepow et al, (1975) - Investigations Into Sources
of Lead in the Environment of Urban Children - Lepow ¢t
al. (1975) usedd data trom a previous study (Lepow et al.,
1974) o estimate daily soil ingeston rates of children.
Lepow etal, (1974) estimated ingeston of airborne lead
fallour amonyg urban children by: (1) analyzing surface
dirt and dust samples from locutions where children
played; () measuring hand dire by applying preweighed
adhesive labels to the hands and weighing the amount of
dirt that was removed; and (3) observing "mouthing™
behavior over 3 to 6 hours of normal play, Twenty-two
children from an urban area of Connecticut were included
in the study. Lepow et al. (1975) wsed data trom the 1974
study and found that the mean weight of soil/dust on the
hards was 1 my  Assuming that a child would put
fingers or other “dirty™ objects into his mouth about 10
times a day ingesting 11 my of dirt each time, Lepow et
al. (19735) estimated that the daily soil ingestion rate
would be about 100 mg/day. According to Lepow et al.
(1975). the amount of hand dirt measured with this
technique is probably an underestimate because dirt
trapped in skin folds and creases was probudbly not
removed by the adhesive label. Consequently. mean soil
ingestion ratcs may be semewhat higher than the values
estimated in this study.

Day er al. (1975} - Lead in Urban Street Dust -
Day etal. (1975) evaluated the contribution of incidental
ingestion of lead-contaminatad street dust and soil to
children's total daily intake of lead by meuasuring the
amount of lead in strect dust and »oif and estimating the
amount of dirt ingested by children. The amount ot soil
that might be ingested was estimated by measuring the
amount of dirt that was. transferred o a "sticky sweet”
during 30 minutes of play and assuming that a child might
<cat from 2 to 20 such sweets per day. Based on “a small
number of direct measurements,” Day et al. (1975) found
that § to S0 mg ot dirt from a childs hands may be
transferred to a “sticky sweet™ during 30 minutes of
“normal plavground activity. Assuming that all of the dirt
is tngested with the 2 o 20 "sticky sweets,™ Day et al.

43.

(1975) estimated that intake of soil among children could
range {rom 10 to 1000 my/day.

Duggan and Williams (1977) - Lead in Dust in City
Streety ~ Duggan and Williams (1977) assessed the risks
associated with lead in street dust by analyzing strect dust
from areas in and around London for lead, and estimating
the amount of hand dirt thac a child might ingest. Duggan
and Williams (1977) estimated the amount of dust that
would be retnined on the forefinger and thumb by
removiny a small amount of dust from a weighed amount,
rubbing the forefinger and thumb together, and
reweighing to determine the amount retained on the finger
and thumb. The results of "a number of tests with several
different people” indicated that the mean amount of dust
retained on the finger and thumb was approximately < mg
with a range of 2 to 7 mg (Duggan and Williams, 1977).
Assuming that a child would suck his/her finger or thumb
10 times a day and that all of the-dirt is removed cach time
and replaced with new dirt prior to subsequent mouthing
behavior, Duggan and Williams (1977) estimated that 20
my of dust would be ingested per day.

Hawley er al, (1985) - Assessment of Health Risk
from Exposure to Contaminated Soil - Using existing
literature, Hawley (1985) developed scenarios for
extimating exposure of youny children, older children, and
adults to contmminated soil, Annual soil ingestion rates
were estimated based on assumed intake rates of soil and
housedust ftor indoor and outdoor activities and
assumptions about the duration and frequency of the
activities. These soil ingestion rates were based on the
assumption that the contaminuted arca is in a region
having a winter season.  Housedust was assumed to be
comprised of 80 percent soil.

Qutdoor exposure to contaminated soil among
wouny children (Le., 2.5 vears old) was assumed to occur
5 days per week during only 6 months of the year (i.c..
mid-Apnil through mid-October). Children were assumed
to ingest 250 mys sailfday while playing outdoors based on
data presented in Lepow et al, (19745 1975) and Roels et
al, (1980). Indoor exposures amonyg this population were
based on the assumption that young children ingest 100
my of houscdust per day while spending all of their time
indoors during the wirter months, and SO mg of houscdust
per day during the warmer months when only a portion of
their time s spent indoors, Based on thesc assumptions,
Hawley (1985) estimated that the annual average soil
intake rate for young children is 150 my/day (Table 2-11).
Older children (.c., 6 year olds) were assumed to ingest
50 mg of soil per-day from an arez equal to the area of the
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Table $-10. Compansom of Estimated Basal Metabolic Rates (RMR) wath Average Food-Energy Intakes for
Individuals Sampled 1n the 1977.78 NFCS
Cohor/Age Body Weight BMR* Energy Intake (EFD) Rauo
(vean) ke My a'P kea) 8°1° w1 g kea) 47 EFTIVRMR
Children
Under | 7.6 1.74 416 a2 v 1.90
lto2 13 .08 4 507 1208 188
lo$ 1% .09 LED 6.4 1dah 1.66
6to X 26 441 1083 743 174 1.68
Males
910! i .42 1203 LR 2040 158
121014 50 645 1540 954 pagl 1.4x
151014 b 764 %21 108 2568 1.41
191022 74 7.56 1804 10.0 2208 Ik}
oM 79 787 1574 10,1 24N 1.2
351050 ®2 754 Ix1) 951 270 1.2
Slto6d K0 749 1788 904 2158 121
651074 76 6.1% 1476 %.02 1913 1.0
- 71 S 1417 72 1860 L2
Females
910}t 36 491 H”n 7.7 ERTY 154
1210 14 49 sod 17 .72 1842 1.7
1510 18 56 6.03 (B2 ] 7.3 1744 12
I3 wnd 59 S.64 1359 6.71 1601 1Bt
Nol 62 S.x% 1413 (-3 1603 1id
IS1w0s50 bh bt 13%0 6.0 1814 110
Sltood 67 542 1388 640 152% 110
651072 6h 5.26 1256 S 1430 114
7%+ 62 $11 1220 Sl 1417 tin
¥ Calculated from the appropnate age and gender-hased BMR equations mven i1n Appendrx Tabie SA-3.
MJ d'' - mega joules/day
keal 4! » kalo calones/day
Source” Lavion, 10G%
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source of upgertainty in the inhalation rates estimated. An
advanmge is that this study provides empirical data useful
in exposure assessments for a subpopulation thought to be
the most highly exposed ¢ommon occupational yroup
{outdoor workers).

Laytonn  (1993) - Metabolically Consistent
Breathing Rases for Use in Dose Assessments - Layton
(1993) presented 2 new method for estimating
metabolically consistent inhalation rates for use in
quantitative dose assexsments of airborne radionuclides.
Generally, the approach for estimating the breathing rire
for a specitied tme frume was 1o calculate a time-
weighted-average of ventilation rates associated with
physical activities of varving durations (Layton, 1993).
However, in this study, breathing rates were caleulated
based on oxygen consumpion dassociated with energy
expenditures for short ¢hours) and long (weeks and
months) periods of time, using the following general
equation to calculae energy-dependent inhalation rates:

Ve=ExHVQ (Eqn. $-3)
where:

Vg =  venilanon rane (L/mun or m'hn);

E = emrgy cxpenditure e (kilojoulevminute
tRJ/run) or megajoulenhour (MJI/n];

H =  volyme of oxygen [ac standard temperature and
prevsure, dry wr (STPD) comsumed i the
produchon of § kilojoule (KD of energy expended
(/RS or mY/MD); and

VQ = vennlatory equivalent (fato of munute volume

{L/mn} 1o oxygen uptake (L/min) umitless.

Three aliernative approaches were used to esamate
daily chronic (long term) inhalation rates for different
age/gender cohorts of the U.S. population using this
methodology.

Inhalation rates were estimated by multiplving
average daily tood energy intakes for difterent age/gender
cohorts, volume of oxvgen (H), and ventilatory equivalent
(VQ). as shown in the equation above. The average food
energy intake data (Table $5-10) are based on
approximately 30,000 individuals and were obtiined from
the USDA 1977-78 Nationwide Food Consumption
Survey (USDA-NFCS), The food ¢nergy intakes were
adjusted upwards by a constant fuctor of 1.2 for all
individuals 9 vears and older (Layton, 1993). This tuctor
compensated for a consistent bias in USDA-NFCS
arributed to under reporting of the foods consumed or the

methods used to ascertain dictary intakes, Layton (1993)
used a weighted average oxygen uptake of 0.05 L Ox/KJ
which was determined from data reported in the 1977-78
USDA-NFCS and the second National Health and
Nutrition Examination Survey (NHANES II). The survey
sample tor NHANES [I was approximately 20,000
participants, ‘The ventilatory equivalent (VQ) of 27 used
was caleulated as the geometric mean of VQ data that
were abtained from several studies by Layton (1993),

The inhalation ratg estimation techniques are
shown in footnote (a) of Table 5-11, Table 5-11 presents
the daily inhalation rate for cach age/gender cohort, The
highest daily inhalation rates were reported for children
between the ages of 6-8 vears (10 m¥day), for males
between 15-18 years (17 m'/day), and females between 9-
11 years (13 mYday). Estimated average lifetime
inhalation rates for males and females are 14 m¥/day and
10 m'day, respectively (Table S-11). Inhalation rates
were also ealeulated for active and inactive periods for the
various age/gender cohorts,

The inhalation rate for inactive periods was
estimated by multiplving the basal metabolic rate (BMR)
times the oxygen uptake (H) times the VQ,  BMR was
defined as "the minimum amount of cnergy required 1o
support basic cellular respiration while at rest and not
actively digesting food™(Layton, 1993), The inhalation
rate for active periods was caleulated by multiplying the
inactive inhalation rate by the ratio of the rate of energy
expenditure during active hours to the estimated BMR.
This ratio is presented as Fin Table 5-11, These data for
active and inactive inhalation rates are also presented in
Table 5-11, For children, inactive and active inhalation
rates ranged between 2.35 and $.95 m*/day and 6.35 10
13.09 mYday, respectively. For adult males (19-64 years.
old), the average inactive and active inhalation rates were
approximately 10 and 19 m¥/day. respectively. Also, the
average inactive and active inhalation rates for adult
females (19-63 years old) were approximately 8 and 12
mY/day. respectively.

Serond Approach

[nhalation rates were calculated by multiplying the
BMR of the population cohorts times A (ratio of total
daily energy expenditure 1o daily BMR) times H times
VQ. The BMR daw obtained from literature were
statistically analyzed and regression cquations were
developed 1o predict BMR from body weights. of various
age/gender cohorts (Layton, 1993). The statistical data
used to develop the regression equations are presented in
Appendix Table SA=¢. The data obtained from the sccond
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Tahle S-X_Drmbuhons of Individual and Group Inhatation/Ventlanon Rase for Outdone Worken <
~
Vennlanon Rate (VR em At e
-
"3 "
Percenr oy
Prpylanon Group and Suberoup® Mean = SD [ 0 i :3
Al Subpeers (0" = 10y 1an20T2 G 162 w0
Job
CCWLahorers (nmS) L4d 2 0.60 0.4x {Jch] kY.
lron Workers in=}l) 1.62 x 066 0.60 1.5 A :
-—
Carpenters (n=11) 162078 o 1.74 414 ?
=~
Sitee —
-
Medical Office Site (ha7) 132 0.0h 0.60 1.0 L Yrnd &‘j'.‘
Hoamital Site (12} I RO+ 07K 0T 1 %0 194 i
[y
; Fach group or subgroup mean was calculated from individual means, mof from pooled data. ;.—_:’
0 = number of individuals performsng specific jobs of numher of iIndividuals at survey sites, me
€ GCW . pencral consinaiion worker. A
b‘
Source: Linn et ol 1991 -
L-'_"
=
Tuble 8.9, Individusl Mean Inhafation Rate (m*/hr v Seif-Eshimated Rreathing Rate or Job Acnvity Catevory tor Outdions Warkers
Self-Esumated Job Acnviry Category (m’/hn)
Breuthing Rate (m*/hr;
Population Group and Subgroup Slow M Fast Sw/sSud Walk Carry Trade®
All Subtyects (n= 19 .44 1.86 P01 1.56 1.80 210 1.92
Job
GCW*Lahorers (n= 5) 1.20 1.56 1.08 1.26 144 .74 1.56
{ron Workers (n=3) 1.3K 186 2.0 1.62 (Sl ) 1.9%8 1.92
Campenters (n=11) 1.62 2.04 2 1.63 1.92 22 208
Sie
Office Sue (n=T) .14 144 1.62 1.14 1.8 1.68 1.0
Hospital Sue (nw 12y 1.62 2.16 2.40 1.80 2.0 24 214
*  GCW - gencral consirugnhon worker
b Trade - "Working at Trade® (1.¢., tasks specific 10 the individual's job classiticabion)
Sourcer Linn et al.. 1063

Therefore, it was necessary to predict [R values that were unknown amount of uncertainty to the data et
outside the calibration range, ‘This may introduce an  Subjective self=estimated breathing rates may be another
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Tuble 5-7. Summary of Average Inbulaaon Rates tm'/hrd by Age
Croue axd Acivity Lewels in Field Promenis

Ave Gy Livhe® Sedentury” Moderate®
Young Chikiren® oNp* DNP 0.8
Cultren” pNp DNP 1.07
Adult Fermaka® Lig" 051 DNP
Adulr Males* 1 40y naY 1™

* Lght acniviry wus definesd an car maintenance (nales),
housework ( femades), and yord work (females) (v Appendix
Table SA-2 for onginal data).

5 Sedentary activity was defined as car dnving and nding (both
penders) (see Appendix Table SASD toe onginal dat).

¢ Moderans activity was defined us mowtng (males); wood
working (males): yard work (males): and play (childnen) (v
Appendix Table SA~Z for onginal dat),

¥ Young chldren (both genders) s 3 « 5.9 yrs old,

¢ DNP. Geoup did nut performn this protocol o N was too small
for appropnale Meah CINMpPAnsuns.,

! Chuldren (buth genders) = &« 12.9 yrs old.

¥ Adult fetnales defined an adolescent, young to middle aged, and
older adult females.

¥ Qider adults not inciuded 1n mean value since they did not
perform this activity.

¢ Adult males defined as adolescent, youny to mlddk aged, and
older aduir males,

} Adolescents oot inglnded momean value since they did not
perform this achwty. ’

Source Adams. 1991

and HR were measurcd simultancously during the test,
The data were analyzed using least squares regression to
derive an equation for predicting VR at a given HR,
Following the calibration tests,.cach subject recorded the
type of activities. to be performed during their work shitt
(Le. sitting/standing, walking, litting/cierying, and
*working at trade™ - defined as tasks specific to the
individual's job classification). Location, and scli-
estimated breathing rates (slow™ similar to slow walking,
“medium” similar to tast walking, and “fast™ similar to
running) were alvo recorded in the diary. Durinyg work, an
investigator recorded the diary information dictated by the
subjects. HR was recorded minute by minute for each
subject before work and during the entire work shift,
Thus. VR ranges. for cach breathing rute and activiry
category were estimated from the HR recordings by
employing the relationship between VR and HR obtained
from the calibration tests,

A ttal of 182 hours of HR recordings were
obtined during the survey from the |9 volunteers; 44
hours reflected actual working time according to the diary
records. The lowest actual working hours recorded was
6.6 hours and the highest recorded tor a complete work
shift was 11.6 hours (Linn et al, 1993). Summary
statistics for predicted VR distributions for all subjeets,
und for job or site defincd subgroups. arc presented in
Tahle §-8. The data reflect all recordings before and
during work, and at break times.  For all subjects, the
mc:m [R was 1.68 m'/hr with a standard deviation of

72 (Table 5-8). Also, for most subjects, the st and
99th percentiles. of HR were autside of the ¢alibration
range (calibration ranges are presented in Appendix Table
SA-3). Theretore, corresponding IR percentiles were
extrapulated using the calibration data (Linn et al., 1993).

The data presented in Table 5-9 represent
distribution patterns of IR tor cach subject, total subjects,
and job or sit¢ defincd subgroups by self-estimated
breathing rates (sloaw, medium, fast) or by type of job
activity, All data include working and non-working hours,
The mean inhalation rates for most individuals showed
statistically »ignificant increases with higher sclf-
estimated breathing rates or with ingreasingly strenuous
job activity (Linn et al., 1993). Inhalation rates were
higher in hospital site workers when compared with office
site workers (Table 5-9), In spite of their higher predicted
VR workers at the hospital site reported a bigher

percentage of slow breathing time (31 percent) than

workers at the office site (20 percent), and a lower
percentage of fast breathing time, 3 percent and 5 percent,
respectively (Linn ¢t al., 1993), Thercfore, individuals
whose work was objeetively heavier than average (from
VR predictions) tended 1o dexcribe their work as lighter
than average (Linn et al,, 1993), Linn et al. (1993) also
concluded that during an O, pollution episode,
construction  workers  should  experience  similar
microenvironmental O, exposure congentrations as other
healthy outdoor workers, but with approximately twice as

high a VR, Therefore, the inhaled dose of Q, should be.

almost two times higher for typical heavy-construction
workers than for typical healthy adults performing foss
sirenuous outdoor jobs,

A limitation associated with, lhls study is the small
sample size. Another limitation of' this atudy is that
calibration data were not obtained at cxtreme conditions,
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mowing protocols, HR, VR, and 1), were measured duning
cuch protocol. Most protocels were conducted tor 30
minutes. All the active fieid protocols were conducted
twice,

During all activities in cither the Jaboratory or ficld
protocols, 1R for the childrens group revealed no
significant gender differencen, but those tor the adult
groups demonstrated gender differences. Theretore, IR
data presented in Appeadix Tables $A-1 and SA-2 were
cateporized as young children. children tno penderyand
tor adult ternale, and adult male by activaty levels (resting,
sedentary, light, moderate, and heavvy), These categorized
datas trom the Appendix tables are summurized ov IR in
m'hr in Tables $+6 and $-7. The laboratory protocols are
shuwn in Tuable $-6. Tuble 57 presents the mean
inhalation rates by group and activity fevels (hight,
sedentary, and moderatey in field protocols, A
comparison of the data shown in Tables 5.6 and 527
supgest that during light and sedentary activities in
laboratory and field protocols, simitur nhalation rates
were obtuned tor adult fermales and aduit males,
Accurate predictions of IR across all population groups
and activity types were obtaincd by including body
surtace arca (BSA), HR, und 1 1n multiple regression
analysis (Adams, 1993, Adams (1993) ealeulated BSA
from measured height and weight using the equation:

HSA = Hoght® =% L Weapht® 4% 71 &t (Egn. &

A limitation avsociated with this study i~ that the
population does not represent the peneral US. population,
Alvo, the classtication of activity types (1.e.. lahoratory
and ficld protocolt anto actsity levels may bas the
wnhalation rates obtaned for various age/gender cohor,
The estimated rates were based on shortterm data and
may not retlest long-term patterns, An advantaye of thes
study is that it provides inhalation data for all ape groups.

Linn et al. (1993) - Activiny panterns in Otone
Exposed Construction Weoriers - Linn et al, (1993)
estimated the inhalation rates of 19 construction warhers
who perform heavy outdoor labor tefore and duning a
typical work staft. The workers (labarers, iron worker,
and carpenterst were emploved at a site op 3 hoamtal
<campus in suburhan Los Angeles. The comtruction site
included a new hospital huilding and a separate medical
office complex. The study was conducted between mmud-
July and carly November, 1991, Dunng this period, osone
(O levels were tvpically lugh. Imitially, each sutyect was
calibrated with a 28-munute exeramwe toxt that included
slaw walung, fast walking, jogmng, litung, and carrving.
Al calibranion ety were conducted 1n the morminps. VR

Table S Summan, of Aversre Inhalation Kates (m e by Ace Groun and Adivins Levels for Laboraton Prodocaly

Ape Groun Howane” Sedentan® Liem® \oteraie? HeawnS
Young Children! 037 40 (68 DNPF pNp
Chiaren® 048 047 ous 174 haL]
Adult Femades! 041 4R 1 27 2w
Adult Malek nsd 0 1) 148 1 al a1

Young childten (hath pemdersy 3- S 49 v ol

Children thath penden) - 129 yn old,

e -on o Ta Lt Tx

Source” Adamied from Adams, 1out

Resting dehined as bvingt e Appendin Table SA -1 1of ongimad datay

Sedentary detined as vting and sunding 1voe Appendic Table SA-1 tor onginal ds)

Laght detined as walkang at apeed deve) 1.5 < 3 (hnph (vee Appendin Tabie SA-1 for ongimnal datat

Moderate detined as Last walling (3.3 3 0 mpli) wind shwe runming 135 < 4 O mphy (see Appenadin Tabke SA-1 tor anginal deta)
Heavy detined as tast mnnng 14 % - 60 mphi owe Appendin Tahle SA-1 tor onginad data

DNE - Group di) nis pertorm this protacol of N was oo smiadl tor appropnale mean companyons Al soung chikiren diud nof run.
Adult ternakes detined as adulcweent, young to tnddie aged, and older atult femakes.

Older wdults not included 1n mean valwe since they did not pertirm running (rofocols 31 partoular speeds
Adult males defined as adolewent, waung to riddle aged. and older adult nades.

Page
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Chapter 5 - Inhalation
Tabie %% Inhution Patterns of Dulv inhalanon Rates for Elementary (EL) and Hhich School (S Students Grouped by Activigy Level
Age Mean IR® Percentile Ranhings
" - .\ "d'
Students (yrs} Location Activity type” m 7dav) at “nh oih
ELn*=i7) 10-12 Indour Lighe 17 =93 1271 kILN )
Modenute pa | Q.70 234 T8
Heavy 04 0.046 oM 1.37
EL Outdour Laght | (4 Reg) 172 9,50
Modernite (.24 0.4 1.6 7!
Heavy 0.57 0.24 0dn 1.80
HS (n=|9y 1347 Indoor Laght 152 S.NS 14,04 ol
Moderare 14 0.63 120 6.01
Heavy 025 0.4 [ Jnnd 137
HS Outdoor Lagit (.18 0.50 1.08 [ 2
Moderue 1.6 062 1.40 7.41
Heayww ) O ik n ™ 110
. For this repoet, activily type presentnd m Table 5-3 was nedefined as ght activity for sbow, moderate activity foe medium, and heavy
anwiry for fast,
*  Daly mbalinon rate wis caleulated by mulnplying the hours spent af each dutivaty level (Table -3} by the cormesponding inhalation rate
(Table 5-3).
¢ Number of eiementary (EL) amd tgh school students (HS).
Nougrnr Ayt frun Srer ar 41 TOOT (Canevitd g dany tevm Tahls ST qndd S0y

A limitation of this study is the small sample size,
The results may not be representative of all children in
these age sroups. Another limitation is that the accuracy
of the elf-<estimated breathing rates reported by vounger
age groups is uncertain.  This may affect the validity of
the datm set penerated. An advantage of this study is that
inhalation rates were determined foe children and
adolexcents. These data arc useful in estimating exposure
for the vounger population,

Adams (1993) - Measurcmenr of Breathing Rute
and Volume in Routinely Performed Daily Activities -
Adams  (1993) condusted rescarch to accomplish two
main objectives: (1) identification of mean and ranges of
inhalation rates for various age/gender cohorts and
spesitic activitics; and (2) derivation of simple lincar and
multiple regression equations used to predict inhalation
rates through other measured variables: heart rate (HR),
breathing frequency (). and oxygen consumption (V)
Atotal of 160 subjects participated in the primary study.
There were four age dependent groups: (1) children 6 to
12,9 vears old, (2) adolescents berween 13 and 18,9 vears
old, (3) adults between 19 and 59.9 vears old, and (4)
seniors >60 yvears old (Adams, 1993). An additionul 40
children from 6 to 12 vears old and 12 youny children

from 3 to § vears old were identitied as subjects tor pilot
testing purposes in this age group (Adamy, 1993),

Rexting protocols conducted in the taboratory for
all age groups consisted of three phases (25 minutes each)
of lving, sitting, and standing. They were categorized as
rosting and sedentary activities, Two active protocols,
moderate (walking) and heavy (jogging/ running) phases,
were performed on a treadmill over a progressive
continuum of intensities made up of 6 minute iatervals, wt
3 speeds, ranging from slow (o moderately fast.  All
protocols involved measuring VR, HR, fy (breathing
frequency),  and {oxygen  comsumption),
Measurements were taken in the last § minutes of cach
phase of the resting protocol, and the fast 3 minutes of the
6 minute intervals at cach speed designated in the active
protocols.

In the field, all children completed spontancous
play protocols, while the older adolescent population (16-
I8 years) completed car driving and riding, car
maintenance (males), and housework (femuales) protocols.
All adult females (19-60 years) and most of the senior
(60-77 years) temales completed housework, yardwork.
and car driving and riding protocols, Adult and senior
mules completed car driving and riding, vardwork, and

Vo
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Table 8.1, Dimibution of Predicted TR by Lovanon ang Activiney Levels for Elementary and Hich Sotwnl Sasdents gb
tnhalation Rates (m’rhr) -
-
. /
Age * Recorded Peteentile Rankings 0
(yry) Student Location Actmity Level Time* J
Meun = SD a1 Snh W) Ik
10.12 EL Indoor o 40.6 054 = 02 0.1% 0.8 pRTY
(=T medium ha Y 000 £ 042 (.24 {181 b1
fast 24 102 = 0.00 0.4 0.0 42
Outdoons slow K4 0,00 = 0.5 n.36 0 432 N
medm 1n.2 108 = 0.4 0.24 0.9 130 Z
fant 4.3 Lid ¢ 060 0.4 0.% kKN -
4
1317 Hs Indoars sow 70.7 0.7 = 0.36 0.30 n.2 324 4
(ni= 19 medium .9 0.9 = 0.42 naz n.84 $.02 -
last 1.4 1.26 + 0.06 0.5 1.0% 6B ;
E
Outduars o n.2 0.90 + 0.4¥ 0.42 0.9 s f’
medium 1.4 1.2 =078 0.4x TN 70 b
tast 14 140 - | 0% N AN ) 0 404 ';
*  Recorded time averaged about 23 hr per elementary sehinl student and 33 hr, per high whool student, aver 72-hr. perunds. ,-':-'
P Geommetric means clovely approvimated Mith perceniiles, peometne standard deviations were 1.2-1 3 for (TR, 1.5-1.% tor VR, '_f,‘
€ EL = clementary school student; HS w high sehool smdent, -
9 N = number of students that parkipates 1n survey, .
¥ Highest single value. ‘:"
Somircer Spier ot al 1007 LN

Tahle $ai Averupe Hours Spent Per Dav an a Given Lixcanon and Activiny Leved for Elementars (FL» and High Schond (HS) Snudents
Activiry Level
Studem Totad Time Spent
(P i 17 HE® N w1 ! eanon Slone Malium Favt Thes das
EL Inforor 16.3 20 U 196
EL Outdonr 22 1.7 (1) 14
HS Indoor 19.5 1.5 0.2 212
HS Outdonos 12 11 0z ks
*  Elementary school (EL) students wete between 10-12 vears okl
b High school (HS) students were hetween 13-17 year old,
€ N comesponds to number of schonl students.
Source: Speer e al., 1092,
Page Exposure Factors Handbook
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Tahle %.2. Subrect Panel inhalation Rates bv Mean VR, Upner Percentiles. and Self-Estimated Brenthing Rares

Inhalation Rates (n*/e)

Panel N* Mean VR 99ih Persentile Mean VR at Activity Lewels
(M) VR (m? e
Slow Mediym® Fasé
Henlthy
1 -Adults. 20 0. 246 1}y 4 1o .06
= = Elementary Scheol Studenns 17 090 1.98 0.84 096 Lid
3 - High School Srudents 19 0.84 w2 0.78 1 1.02
7 « Constructon Workers* 7 1.50 4.26 1.26 1.30 1.68
Asthmatics
4= Adults 49 Loz 192 1,02 .68 246
3« Aduint ot 1.20- i 120 204 $.02
& - Blemenmirv and Hivh Schonl Snidents k] 1 20 = an 1 20 120 1 %N

- Number of individuals in each survey panel.

¢ Excluding subjects also in Panel &,

Sonrces Lo sral 1O

» Some subjects did not report medium and/or fast activity. Group means were caleulated (rom individual means (i@, pive oqual weight
to-ench individual who recorded any ime at the indicated activity kevel),
b Contruchon warkers recorded only on [ day, mostly dunng work, while others reconded on 2 1 work or schoot day and x 1 day off.

A limitation of this study is that calibration data
may overestimate the predictive power of HR during
acwal field monitoring. The wide variety of exercises in
everyday activities may result in greater variation of the
VR-HR relationship than calibrated. Another limitation
of this swdy is the small sample size of cach
sybpopulation surveyed. An advantage of this study is
that diary data can provide rough estimates of ventilation
patterns. which are useful’ in exposune assessments.
Another advantage is that inhalation rates were presented
for various subpopulations (i.c.. healthy outdoor adult
workers, healthy children, asthmatics, and construction
workers).

Spier et al. (1992) - Activity Patterns in
Elementary and High School Students Exposed To
Oxidant Pollution - Spier et al. (1992) investigated
activity patterns of 17 elementary school students (10-12
yeans-old) and 19 high school students (13-17 years old)
in suburban Los Angeles from late September to October
(oxidart pollution season). Calibration testy were
conducted in supervised outdoor exercise sessions, The
exercise sexsions consisted of § minutes for cach: rest,
slow walking, jogging, and tast walking. HR and VR
were measured during the last 2 minutes of each exercise.
Individua] VR and HR relationships for each individual
were determined by fitting a regression line to HR values
and log VR values, Each subject recorded their daily
acrivities, change in location, and breathing rates in
diaries for 3 consecutive days. Self-estimated breathing

rates were recorded as slow (slow walking), medium
(walking faster than normal), and ast (running)., HR was
recorded during the 3 days once per minute by wearing a
Heart Watch. VR values for cach self-estimated breathing
rate and activity type were estimated from the HR
recordings by employing the VR and HR' equation
obtained from the calibration tests,

The data presénted in Table 5-3 represent HR
distribution patterns and corresponding predicted VR for
each aye group during hours spent awake, At the same
self-reported  acrivity levels for both age groups,
inhalation rates were higher for outdoor activitics than for
indoor activities. The total hours spent indoors by high
school students (21.2 hours) were higher than for
clementary school students (19.6 hours), The converse
was true for outdoor activities; 2.7 hours for high school
students, and 4.4 hours for clementary school students
{Table 5-1). Based on the data presented in Tables 5-3
and S=&, the average activity-specific inhalation rates for
clementary (10-12 years) and high school (13-17 years)
students were caleulated in Table 5-5. For elementary
schootl students, the average daily inhalation rates (based
on indoor and outdoor locations) arc 15.8 mY/day for
light activities, .62 m*day for moderate activities, and
0.98 m*/day for heavy activities, For high school students
the daily inhalation rates for light, moderate, and heavy
activities are estimated to be 16,4 m¥/day. 3.1 m%day, and
0.5¢ m’/day, respectively (Table 5-5).

Exposure Factors Handbook
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of contrasting Oy air quality (10 males, 14 females, ages
1946 vears), Panel 6; 13 youny asthmatics (7 males, 6
females, ages 11-16 year): Panel 7; construction workers
(7 males, ages 26-34 yeans).

Tnitially, a calibration test was conducted, followed
by a training sexsion. Finally, a field study was conducted
which involved subjecty' collecting their own heart rate
and diary data, During the calibration tests, VR and HR
were meisured simultaneously at cach exercise level.
From the calibration data an equation was developed
using lincar regression analysis to predict VR from
measured HR (Linn et al., 19925,

In the field study, each subject (exgept construction
workers) recorded in diaries: their daily activities, change
in locations (indoors, outdoor, or 1n a vehicle), self-
cstimiled breathing rates during cach activity/lecation,
and time spent at each activity/location. Healthy subjects
recorded their HR once every 60 seconds, Asthmatic
subiects recorded their diary information ance every hour
using a Heart Waich, Construction workers dictated their
diary information to a technician accompanying them on
the job. Subjective breathing rates were defined as slow
(walking at their normal pace): medium (faster than
normal walking), and fast (running or similurly strenuous

exercised. Table 5-1 presents the calibranon and field
protocols for selfemonitoning of activities Tor each subject
panel.

Table 52 presents the mean VR, the 99th
percentile VR, and the mean VR at each subjecuive
activity level (slow, medium, fast), The mean VR and
Yoth percentile VR were derived from all HR recordings
(thut appeared to he valid) without considering the diary
data. Euch of the three activity levels was determined
from both the concurrent diary data and HR recordings by
direct caleulation or regression (Linn et al., 1992). The
mean VR for healthy adults was 0,78 m'hr while the
mean VR for asthmatic adults was 1,02 m*hr (Table 5.2).
The preliminary duta for construction workers indicated
that durng o 10-hr work shutt, their mean VR (1.50 mYhr)
exceeded the VRs of all other subject puncls (Table 5-2).
Linn et al. (1992) reported that the diary data showed that
most individuals except construction workers spent most
of thair time {n o typical day) indoors at slow activity
level. Duning slaw activity, athmatic subjects had higher
VR thun healthy suhjects, except construction worker
{Tuble 5-2). Also, Linn ot al. (1992} reported that in
cvery pangl, the predicied VR comrelated sipniticantly wath
the subjective estimates of activity levels,

Table 5.1 Calibration and Field Protowols for Self-Montanng ot Acthivities Grovped by Subiect Panels

Fanel

Calibration Protacol

Firh! Prowono)

Panel | - Healthy Outdoor Workens - 18
femnale, £ male, age 19.50

Pune! 2 . Healthy Elementary School
Students « § male, 12 female, age 10-12

Pane! 3 - Healthy High School Students
- 7 male, 12 female, age 1317

Panet 4 - Adult Asthmaties, chmcally
mild, moderate, and severe - 18 male,
M female, age 18.50

Panel & « Adult Asthmaties from 2
ne1ghborhoods of contrusting Oy air
quality - 10 male, td fomale, age 19=i6

Panel 6 - Young Asthmatics - 7 male, 6
female, age 11+16

Panel 7 - Construction Workers - 7
male, ape 26-34

Laboratory treadmull exercise weats, indoe
hallway walling tests at ditferent weltchosen
speeds, 2 outdoor tents consisted ¢f 1-hour
cycles each of rent, walking, and jopging.
Outdnor exercises each conusted of 20 minute
e, slow walling, Jogping and tast wallng

Outdoor exercisey each consisied of 20 minute
rent, slow walking, jopging and tast walking

Treadmull und hallway exercise tents

Treadmill and hallway exercive revts

Laboratory exercise tests on hiowles and
treadmilis

Performed similar exercises as Pasel 2 and 3,
4nd also pertormed joberelated tests including
Iitne and carrving ) 4kp nie

Jdaws 10 | ivmical sumimer weeh nclinded mont
aive workday and most swctive day off)s, HR
revordings and activity diary dunng waking
hours,

Saturday, Sundav and Monday (schonl dav) in
carly sutumn; HR recordings and activity diacy
dunng waking hours and dunng sleep.

Samw as Panel 2, however, no HR recordiiyh
dunng sleep (or most subedts.

1 rvpical summer week, | ovprcal winter weeh,
hourly activity/health diary duning waking houn,
fung tunction tests 3 umes daily; HR recordings
dunng waaing hours on at keast 3 daws oncluding
Mt active work day and day off).

Similar to Panel 4. personal NO. and aad
expeaufe monitonny included. (Punels 4 andg 8
were studied in ditterent yean, and had 10
sibjets In Comimont

Similar to Papel 4, summer momitonag for 2
suCcenivg weehy, iIncluding & conrrolled
expuonure studies with tew or po obtnervahle
rewpiiory eftects.

HR recordings and diary intormation dunng |
typical summer work day.

Conree: Lann et nl 100D
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absorbed into the blood stream or react with lung tissue.
Gases can be removed from the lung by reaction with
tissues or by expiration, The amount of gas retained in
the lung or other parts. of the body is mainly due to their
solubility in blood.

Chemically, purticles are quite heterogenous, They
range {rom aqueous soluble particles o solid insoluble
particles. Their size, chemical composition, and the
physical forces of breathing dictate where they tend to
deposit in the lung. Large particles, those with a diameter
of greater than 0.5 micrometers (um), not filtered out in
the nasopharynx, tend to deposit in the upper respiratory
tract at airway brunching points due to impaction. The
momentum of these particles in the air stream is such that
they tend 1o collide with the airway wall at branchinyg
points in the tracheobronchial region of the lung. Those
particles not removed from the aintream by impaction
will likely be deposited in small bronchi and bronchioles
by sedimentation, a process where by particles settle out
of the airstream due to the decrease in aintream velocity
and the gravittional force on the particles.  Small
particles, less than 0.2 um, acquire a random mution due
to bombardment by air molecules. This movement can
cause particles (o be deposited on the wall of an air way
throughout the lungs.

Apecial cane existy tor fibers, Fibers can deposit
along the wall of an airway by a process known as
interveption. This occurs when a tiber makes contact with
an airway wall. The likelihood of interception increases
as airway diminish in diameter. Fiber shape intluences
deposition too. Lony, thin, straight tibers tend to deposit
in the deep region of the fung compared to thick or curved
tibers.

The health risk associated with human exposure 10
airborne toxics is a function of concentration of air
pollutants, chemical species, duration of exposure, and
inhalation rate. The dose delivered to target organs
(including the lungs) , the biologically effective dose, is
dependent on the potentail dose, the upplied dose and the
internal dose (Figure 5-1) A detailed discussion of this
concept can be found in Guidelines for Exposure
Assexsment (U.S. EPA, 1992).

The estimation of applied dose for a given air
pollutant is dependent on inhalation rate, commonly
deseribed as ventilation rate (VR) or breathing rate, VR
is usually measured as minute volume, the volume in liters
of air exhaled per minute(Vig). Vi is the product of the
number of respiratory cycles in a minute and the volume

ol air respired durning cach respiratory ¢vele, the udal
volume( Vy),

When interested in calculating internal dose,
assexvors must consider the alveolar ventilation rate. This
is the amount of air available for exchange with alveoli
per unit tme. It is equivalent to the tidal volume( V)
minus the anatomic dead space of the lungs (the space
contsining air that does not come into contiet with the
alveoli). Alveolur ventilation is approximately 70 percent
of’ wtal ventilation: tidal volume is approximately 500
milliliters (mi)} and the amount of anatomic dead space in
the lungs is approximately 150 mi, approximately 30% of
the amount of air inhaled (Menzel und Amdur, 1986).

Breathing rates are affected by numerous individual
characteristics, including age, gender, weight, health
status, and levels of activity (running, walking, jogging,
ete). VRs are either measured directly using a spirometer
and a collection system or indireetly from heart rate (HR)
measurements.  [n many of the studies described in the
following scctions, HR measurcments are  usually
vorrelated with VR in simple and multiple regression
analysis.

The available studies on inhalition rates are
summarized in the following secrions. Inhalation rates are
reported for adults and children (including infants)
performing various activities and outdoor workers/
athletes.  The activity levels have been categorized as
resting, sedenury, light, moderate, and heavy. In most
studies, the sample population kept diaries to record their
physical acttvities, locations, and breathing  rates.
Ventilation rates were cither measured, self-estimated or
predicted  from  equations  derived  using VR-HR
calibration relationships.

§.2.2. Key Inhalation Rate Studies

Linn er al. (1992 - Documentation of Activity
Patterns in "High-Risk" Groups Exposed to Qzone in the
Los Angeles Area - Linn et al. (1992) conducted a study
that estimated the inhalation rates for “high-risk”
subpopulation groups exposed to ozone (Q,) in their daily
activities in the Los Angeles aren.  The population
surveved consisted of seven subject panels: Pantel ]: 20
healthy outdoor workers (15 males, 5 females, ages 19-50
yean); Panel 2: 17 healthy elementary school students (5
males, [2 females, ages [0-12 vears); Panel 3: 19 healthy
high school students (7 males, 12 females, ages 13-17
veans), Panel +#: 49 asthmatic adults (clinically mild,
moderate, and severe, 15 males, 34 temales, ages 18-50
yaars); Panel 5: 24 asthmatic adults from 2 neighborhoods
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by subtracting the total ume spent at sleep, mderute,
heavy, and very heavy activities from 22 hours (Lavton,
1993). The range of inhalation rates for adull females
were 9.6 10 11 mday, 9.9 10 11 mYday. and 11 10 18
m'/day, for the fird, wccond, and third apptoach,
respectivelv, The inhalation rates for adult males ranged
from 13 10 16 m"/day for the fint approach, and 1310 17
m/day for the second and third approaches.

Inhalation rates were also obtained for shon-term
exponures for vanous age/gender cohorts and Sive energy-
expenditure categorics (rest, sedentary, light, moderute,
and heavy). BMRs were multiplied by the product of
MET, H, and VQ. The data obiined tor shont erm
exposures are presented in Table 5«14,

The major strengths of the Lavton ¢ 19931 study are
that it obtains similar results ustnge three  ditferent
approaches to estimate inhalation rates in different age
groups and that the populations are large, consisting of
men, women, and children. Explanations for ditferences
m results duc to metabnlic measurements, reported diet,
or activity patierns are supported by observations reported
by other investigators in other studies. Mayor limitations
of this study are that activity pattern levels estimated 1n

thin study are somewhat subjective, the explanation that
acuvaty pattern ditferences s respunable tor the lower
leve. obtained wath the metabolic approach (25 pereent)
compared to the activity pattern approach i not well
suppurted by the dati, and differem populatons were used
in cich approach which may introduce error,

23 Relevant Inhalation Rate Studies
International Commission on Radiloviecal Protection
(ICRPY (1981 ) - Report of the Task Group on Reference
Man - The International Commisvon of Radiological
Pretecuon ({CRP) estimated dwily inhalation rates for
reference adult males, adult females, chldren (10 years
old), intunt (1 yvear oldy, and newbomn bahies by umng a
tre-activity-ventilation approach. This approach for
oumatny inhalation rie over a speaitied period of time
wus based an caleulanng a ume waighted average of
inhulation rates associned with physical activines of
varving durations.  ICRP (19813 compuled reterence
values  (Appendix Table  SASS)  of  minute
velumeinhalation rates from varous Literature sources,
ICRP (1981 assumed that the daily activities of a
relerence man and wonian, and child (10 yr convsted of

Tahie 4. 14 Inhalatnen W tiw Shaen-Term [ yrumures

AgTivite Tapee
Rewt ovdeniary Laght Minderabr Heavy
Gender/Age (y13) Weight Hvk" MITT T HMR Malipher)
o’ (MEidav) ' ) - ad v
frbatstnom Hoosm oottt £
Malke
8-} 14 1 [(RV] o [(Rt] L) ful
1-<l0 Al + W 24 N 0 < e 240
10 - <in hi] "0 [{NLY (s 3 [[AY [l (e}
IR - <4ty n T fad TN O b } e 4
A0 - <fl) w) T Wy [{R M (IR 1 % VAN +n
(L % Al 0w 041 o [IRLY Vi
hemaie
0%-<} 13! N Wid 917 ™ L] ) b
1.« 2t 41 0 [ N4% {rwn e §
0. =ln W@ L 0V [jR1Y [T [ Aw
ILEE &1 LM S [{RE] 04 [T% 132 1)
M) - #tl) Hu LY TS [{IR ¢ [{R] 1) hh 12 124
Pl ) [ LITH n U n 0t ey b oy X1}

4 Body wevghis were busedd on average weiphts tor agefgember coborh of the U S sopuilation
P Ihe BMRs tor the #Re/pender cobims were wakivlaled using the fos(e five Dealy seighis amd the BME cquations 1Apremdiy Tanke SA~)
Y o Rangeot [ 5.2
4 Range of V-4
€ Range of 3% - 20
C The whalaiin tate was cabulired Py mulnplying BNSR ONI8as s W THID O LA on ME T VO 2T 0 g/ 0 iminy
' Ongma) daty were prevented in Lenun Conversion fo m'Me was thMasnag as fidims
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<
approach are presented in Table S-12, Inhalution rtes for - sleep, MET=1; tight-activity,  MET=1.5. moderate ;
children (6 months - 10 years) ranged from 7.3-9.3 mYday  activity, MET=4: hard activity, MET=6; and very hard e
for male and 5.6 to 8.6 m“/day for female children and activity, MET=10. The phwsical activitios were based on -
(10-18 veurs) was 15 mYday for males and 12 m¥day for  recall by the text subject (Layton, 19931, The survey 7
females. Adult females (18 years and older) ranged from  sample was 2,126 individuals (1,120 women and 1,006 3
9.9-11 mYday and adult males (1% veurs and older) men) ages 2074 years that were randomly selected from
ranged from 13-17 m'/day. These rates are wmilartothe  four communities in California.  The BMRs were
daily inhalation rates obtained using the first approach,  estimated uwing the metabalic cquations presented in
Also, the inactive inhalation rates obtuined from the fimt Appendix Table SA-2. The body weights were obtained
approach are fower than the inhalution rates obtained  from a study conducted by Nujar and Rowland (1987)
usiny the second approach. This may be attnhuted tothe which randomly sampled individuals from the US,
BMR multipher employed in the cquation of the second  population (Layton, 1493),  Table $-13 presents the ;;
approach to calculate nhalution rates. inhalation rates (V) in m/day and mVhr for adult males I
Third_ Approach and females aged 20-72 vears at fise phsical activity -
Inhalation rates were caleuluted by muluplving  levels, The total daily inhalation rates ranged from 13-17 .
estimated energy expenditures associated with different mday for adult males and 11-15 m'Yday for adult -,
levels of physical activity engaged in over the coune of an temales. -
average day by VQ and H for each ape/gender cohort, The rates for adult females were higher when -
The energy cxpenditure associated with cach level of  compared with the other two approaches. Lavion (1993) 7-._'
activity was estimated by muluplving BMRs of cach reported that the estimuted inhalation rates obtained from ;
activity level by the metabohic equivalent (MET and by the third approuch were particularly sensitive to the MET o
the ime spent per day performing each activity forcach value that represented the energy expenditures tor hight -
age/pender population. The ume-activity data used inthis — activities, Lavton (19933 stited turther that in the onimnal -
approach were obtuned from a survey conducted by Sallis  ume-activity survey 1e., condueted by Sallis et al., 19%5), =

ctal. (1985) (Layton, 1993), In that survey, the physical-
activity categonies and associated MET values used were

time spent performing light activitios was not presented.
Therefore, the tme spent at hight activines was estimated

Table 512 Dy Inhadatium ey Ottauned trom the Ration
of Todal Frierey Bupenditure to Rasal Motabobie Rate iR\

Gender/Age Houdy Wepht® HMR™ H Inhalation Rate,
Y the ML Vo AY im0 i idan

Malr

08.<} 14 13 hrd 14 nns T3

3. <t hA) 41 hod It 111 Yy
10-«ly hX) nT had 1.7 [$X15} Hh

1% . 230 Th 7 hes L] 00 17

30 . <nd S0 75 27 144 008 1n
6l 78 B el HR) Hos K]
Femule '

08.<1 1 2t hel 1.6 YOS St
A.<l0 n 40 7 & G oS L
10 -« 50 <7 x 1. ao0s 12

IX . <0 62 hil paj 1,3x ans 1"

10 . <60 6x £x by 1.3 nos 1
tlie " LR » 13w f ok uy

* Body weight was based on the average weights 10r agespender cobarty in the US. populatnm.
® The HMRs (hasad metaholis rate’ are caliulated using the revpective tuady weights and BMR equations (see Appendin Tubke $A-4

* The values of the BMR multipher tEFD/RMR ) for thowe 1% year and older were denived trom he Husotis €1l 119y atady Male = 1,59,
Female = 1.3%  For mabes and fetnales under 10 years okd, the mean KMR mulhiplier used was 16 For makes and females aged 10 1o« IX
yean, the mean values tur A grven ah Table S0 1 tor 1213 years and 18-15 seary, ape Drackets tor miakes and temakes were used’ male = 1.7
and female = 1.5,

4 Inhalation rate = BMR LA L H « VO, VO = ventilution equivakent and H = oxygen uptake

Sewpree {aveon 1001
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Tahle .11 Dailv Inhalation Rares Caleulated from Food-Fnerev Intakes
Dwly inhslanon nhalation Rawes
R yr=® Klpaprs o Ve la-l vt At
rherti Ao (vmyrd [ s Yty hy 4t ol rmVdayvy cm¥dnys
Childrew
«l H +3 1" 1.9 a7 2y 633
1.2 - an n Le == 418 9.13
3.3 3 N3 {4] 7 o 490 10.96
6% 3 10 10 1.7 22 3.9% 13.09
Males
%. 11 3 I 9 1.9 25 kAN 18.)
12- 14 3 (] 9 (1L} - L 19.16
15418 “ 17 N 1.7 2 10.M 2103
19.22 + i ) 1.6 Iv 10.28 194
pARN 4 1} in L8 [ (&) 10.62 1912
-5 i® 13 " L5 K] 10.25 184S
51-04 14 [ L] [ 1.7 10.14 1719
LAY 10 1) " 1.4 (K.} M 130
To= 1 1} | 1.6 1.9 »02 15.24
Lifeime awerage ¥ 1
Females
LIRS A 1y . 9 19 -3 0.0} 1638
1214 } 2 4 1§ .3 pA 70l {32
1S-in + 4 K 1.4 .7 LA L] Lind
9.2 + 1 L] 14 1.6 To8 12.29
2304 11 it " 1.4 i.h T 127
%0 1 n o [ 1.8 7.80 1.7
51 -6d £ 100} L] 1.3 1.5 7.50 1.8
a7 10 @7 » 14 Bl 7.0 1003
T 1 “e L] 14 .6 6.50 11.04
§ iternne g ee § tHy

* Duwly inhalanun ran was cilvulasnd by miainplying the EFD valuas (see Tabhe 310} by H 1 VQ x (m 1,000 L) tor subjects under 9 yeurs of age sad hy
L2 H VO n (m* 1,000 L) (tor subpesrs 9 yenrs of age anad older (e teat for explanation).
W here:
CFD = Food everyy inmhe (Koaliday) or (Miday)
M = Ouygen uptahe = 005 LO-/XS or 0 21 LOVRLGE
VQ = Venhlahon equivalent = X7 m peimietnic mean of VQu (unitiens)

P MET = Metaboby equivalent

¢ Inhalunon rue for perunts was cubalatad us BMR & H 1 VQ w (d 1,440 min'' ) and tor aciive penuds by muluplymyg inactive inhalation e by §
150 fuomone 1, BMR values are trom Table %10,
Whatre

BMR = Basal mwtabolic cate (MIALiy) oe thgthry
S Lin the tumber of yeurs for eah age cubort,

¢ For indivaluals 9 yeurs of age amd okder, \ was cakoulitend by multiplyng the ruo tor EFD/IEMR (unithessy (Table 3-10) by the factor 1.2 (sce text for
wxplanana),

‘ F - (kA - SV S tumitlona), ranw of the raile of enerpy sxperntituine Juniny sctive hours o the estimmated BMR (unitless)
Where
h = Number of hours spens sieeping each day (hrs)

¥ fufeome average was caloulatend by mulnplying indesidual inhalstion rase by corfesponding L values g the products across cohurts and dvkding the
resulr by 75, the tofal of the coburt age spuns.
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their own ventilation level during the fast 20 seconds of
cach seyment and VR was measured during the last
minute of cach segment. Immediate feedhack was miven
10 the subject’s estimate; and the third and fourth stages
involved 2 outdoor sessions of 3 hours cach. Each hour
comprised 15 minutes cach of rest, slow walking, jogyring,
and fast walking. The subjects estimated their own
ventilation level at the middle of cuch sepment, The
subject’s estimate was verified by a respirometer which
measured VR in the middle of each 15-minute activity.
No feedback was given to the subject,  The overall
percent correct seore obtuined for all ventilation levels
was 68 percent (Shamoo et al., 19925, Therefore, Shumon
et al. (1992) concluded that this training protocal was
effective in training subjects to correctly estimate their
minute ventilation levels,

For this handbook, inhalation rates were analysed
from the raw data provided by Shamouo ¢t al, (1992),
Table 5-21 presents the mean mhalation rates ohtained
from this analysis ot four ventlation levels 1in two
microenvironments (1.¢., indoors and outdoorsy for all
subjects. The mean inhaiation rates for all subjects were
0.93, 1,92, 3.01, £.80 m /hr for low, medium, heavy, and
very heavy activiies, respegtively,

Tahle 8:21. Actual Inhalation Kates Measured at
Four Vennlation Lovels

Mean Inhalation Rate® (mry

Subjgect Laxation Very
liva Maedium Haetiv e Heavy
All Indewor 123 .3 i 413
subpects (Tremtmill
Mos)
Ouldinnr N.A% } un 2 490
Towal nut { ud 01t 4w

¢ Onginal dina were provented n Lmin, Converaon 10 m M was
obtaned as follows:

mn m' I

) e | re— Y —
ht HULY PR ]

Source: Adapted trom Shamono et al , 947

The population sample size used 1n this study was
small and wis not selceted to represent the pencral ULS.
population. The training upproach employed may not be
cost effective beeause 1t was labor intensive: therefore,
this approach may not be viable in field sudies especially
for field studies within targe sample sizen,

AIHC (199d) « The Exposure Fuctors Seurcehook -
ATHC (1993) recommends an average adult mhalation
rate of 18 m'/day and presents values for children of
vartous ages. These recommendations were denived from
data presented in U.S. EPA 11489, The newer study by
Layton (1993) was not constdered.  In addition, the
Sourcebook presents prohability distributions derived by
Brorby and Finley (19931, For cach distribution, the
@Risk formula is provided for direct use tn the @Rink
wimulation saftware (Palisade, 1992y, The organizztion of
this document Makes It VEry convenient o use in support
of Monte Carlo analysis, The reviews of the supporting
studies are very bricf with little analysis of their strengths
and weaknesses, The Sourcebook has been classitied as
a relevant rather than hey study because it s not the
arimary  source  lor  the dats used 10 make
recommendattons in this document. The Sourcebook is
very similar to this document in the sense that ot
summarizes exposure tactor data and recommends values,
Assueh, it s clearly relevant as an alternutive information
souree on inhalation rates as well as other exposure
fagtons,

5.2.4. Recommendations

In the Qzone Criteria Dovument prepared by the
U.S. EPA Otfice of Environmiental Cniteria and
Assessment, the EPA idennticd the coilupsed range of
activities and its ¢orrespunding VR v foltows: hight
evereine (V) < 23 Lnin or L4 m /ey moderate/ medium
excreine (V= 24-43 L/min or 1.4:2.6 m'/Mhrr heavy
exercise (Vp= 4363 L/min or 2.6-3.% m'/hry and very
heavy exercise (V> 63 Limin or 3% m'hn), (Adams,
19493).

Recent peer reviewed scienhific papers and an EPA
teport comprise the studies that were evaluated in this
Chapter. These studies were conducted 1n the United
States among both men und women of different age
groups. All are widelv avaddable, The confidence ratings
in the inhalation rate recommendations are shown in Table

6.9

Each study focused on ventilanon rites and fuctors
that may affect them.  Studies were conducted amony
randomly selected volunteers,  Etforts were made to
inglude men, women, different age groups, and different
hinds of activitics,  Measurement methods are indirect,
but reproducible. Methads ure well desenibed (except for
questionnaires) and expenmental error 1y well
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The overall mean predicted VR was 0,42 m’/hr for sleep:
0.71 m'hr for slow activity; 0.8 m’/hr for medium
activity; and 2.63 m*/hr for fast activity.

The mean predicted VR and standard deviation, and
the percentage of ime spent in cach combination of VR,
activity type (essential and noneessential), and location
(indoor and outdoor) are presented in Table 5-20,
Essential activities include income-related work,
household chores, child care, study and other school
activities, personal care and destination-oriented travel,
Non-casential activities include sports and active leisure,
passive leisure, some travel, and social or civig activities
(Shamoo et al., 1991), Table $-30 shows that inhalation
rates were higher outdoors than indoors at slow, medium,
and fast activity levels. Also, inhalation rates were higher
for outdoor non-essenual activities than for indoor non-
exsential activity levels at slow, medium, and fast self«
reported breathing rates (Table 5-20).

An advantage of this study is that subjective agtivity
diary dam can provide exposure modclers with useful
rough estimates of VR for groups of generally healthy
people. A limitation of this study is that the results
obwined show high within-person and between-person
variability 1n VR at cach diary-recorded level, indicating
that VR estimates from diary reports could potentially be

substantially misleading in individual cases. Another
limitation of this study is that elevated HR data of slow
activity at the second hour of the excreise session reflect
persistent  effects of exercise and/or heat  stress.
Theretore, predictions of VR from the VRHR
relationship may be binsed.

Shamoo et al. (1992) - Effectiveness of Training
Subjects o Estimate Their Level of Ventilation - Shamoo
etal. (1992) conducted a study where nine non-sedentary
subjects in good health were trained on a treadmill 1o
estimate their own ventilation rates at four activity levels:
low, medium, heavy, and very heavy. The purpose of the
study was to train the subjects sclf-estimation of
ventilation in the field and assess the effectiveness of the
teaining (Shamoo ct al,, 1992). The subjects included 3
females and 6 males between 21 to 37 years of age. The
tests were conducted in four stages.  First, an initial
treadmill pretest was conducted indoors at various speeds
until the four ventilation levels were experienced by each
subject; VR was measured and feedback was given to the
subjects. Second, two treadmill training sessions which
involved seven 3-minute scgments of varying specds
based on initial tests were conducted; VR was measured
and feedback was given to the subjects, Another similar
session was conducted; however, the subjccts estimated

Table 5.20. Distnbunon Pattem of Inhalabon Raze by Location and Activity Tvpe for 20 Outdoor Workers

Self-reportid

Locanon Activiiv Tvpe® Activity Level

% of Time

Inhalation rate (m*mn®

«SD % of Avpr®

Sleep 28.7
Slow s
Medium 24
Fuat Q

Siow 204
Medium 09
Fast 02

Slow ] ]
Medum I8
Fuxt 1]

Slow 32
Medium a8
Faat n7

Indoor Essential

0422012 0918
07220306 106 43
072 =030 2018

0 0

94 = 36
120250
212

0.06 £0.36
0.7 =030
1.86 £ 096

78 £0.36 117242
044 £0.54 130z 56
0 0

136 290
213291
1A - 1K

090 £ 0.60
1,26 = 0.00

TR
NI

activities,

Sowsrce Adnpret from Shamae era] Tod1y

Exsential activities inglude incomesrelated, work, houschold chores, child care, study and other school activities, personal care, and
dstnanun-onented travels Nonsessentiaf acaovites include sports and active lersure, passive lenare, some travel, and sogial or civic

*  Data prevented by Shamoo et al. (1991) in htervmintue were converted to m“r,
¢ Stnhc waa calculated by converting each VR fora given subject to a percentage of her/lim overall averge,
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at increasing speeds, HR and VR were measured at the
third minute at each J-munute interval speed. In addition,
subjects were tested while walking a 90-meter coune in a
corridor at 3 selfesclected speeds (normal, slower than
normal, and faster than normal) for 3 minutes.,

Two outdoor testing semions (one hour each) were
conducted for each subject, 7 davs apart, Subjects
excrcised on a 260-meter asphalt course, A sexsion
involved 15 minutes each of rest, slow walking, jogging,
and fast walking dunng the finvt hour, The sequence was
alsvo repeated during the second hour. HR and VR
measurements were recorded Marting at the Sth minute of
each 15-minute segment. Following the calibration tests,
a field study was conducted in which subject's self-
monitored their activities by filling out activity diary
booklets, seif-estimated their breathing rates, and their
HR. Breathing rates were defined as sleep, slow (slow or
normal walking); medium (fast walking): and fast
(running) (Shamoo ¢t al., 1991), Change~ in location,
activity, ar breathing rates during three 23-hr periods
within 4 week were recorded, These periods included
their most active working and non-working days. Each

subject wore Heart Waichey which recorded their HR
ance per minute during the ficld study. Ventlation rates
were estimated for the following categones: sleep, slow,
medium, and fast.

Calibration data were {it to the equation log (VR)
= intercept « (slope x HR), each individual's intercept and
slope were determined separately to provide a specific
equation that prediens each subject's VR from measured
HR (Shamoo et al., 1991), The average measured VRs
were 0.48, 0.9, 1.6X, and <.02 m hr for rest, slow walking
or normal walking, fas walking and jogging. respectively
(Shamoo et al., 1991). Collectively, the diary recordings
showed that sleep occupied abour 33 percent of the
subject’s umes slow activity 59 percent; medium activity
7 percent; and fast activity 1 percent. The diary dama
covered an average of 69 hours per subject (Shamoo et
al., 1991). Tuble 519 presents the distribution pattern of
predicted ventilation rates and equivalent ventlation rates
(EVR) obtained at the four activity levels, EVR was
defined as the VR per square meter of body surface area,
and alvo as a percentage of the subjects average VR over
the entire ficld monitoring period (Shamoo ct al., 1991).

Tahk 19 Mhstnbution Puttern of Predicted VR and VR rauuivalent wennlation rate) tae 20 Ousdoor Worken
VR (m'mr* EVR® {m'Mr/me body surfae)
Self-Reported Anthmetic Geomtne Anthmetic Geometne
Achvity Lavel N Mean + SD Mean = SD Mean ¢+ 8D Mean « S
Sleep 18,897 0422016 0.9 308 0 £00% 0.22+00%
Slow 41,748 071204 0.65 £ D.(M 0Mm=020 035 =000
Muedium KR Ol Ond =047 076009 04dn 2024 04 =008
Fast T TR1I+Y A 1 MT w0 3d 14%« 10 TN -0 13
Porcentiie Rankine VR

! & 10 <N ) s o 9w 9
Skeep (.18 0 024 0.3 06h on 040 120
Slow 0.30 01 0.3 0t 1.08 1.22 1.9% 4.8
Medium 0.3 {1a2 0 4% on 1.32 1.6 20 Imd
Fint N4 ) &3 N m) T 74 L Jedi) X [T 10 %

Percentie Ranbines, FVR

| ) 10 0 0 [ w WY
Sleep 0.12 012 0.12 024 0.6 0.36 04X 0.60
Slow 0% 1R 0,24 0.36 0.84 0.66 §.0% 240
Medivm 0.In 033 Q.30 042 o 090 1.8 b}
Frint 0y nn 0% o uh 184 ™ 4 nA L X
* Datds presented by Shamou et af. (1991 1 Iiters/inute were convented 1o m /e
" EVR = VH per square meter of body surface area
M Number of minutes with valid appeanng bt rale reconds and corresponding daily records of breathing rute.
Source' Shumoo et oyl (04
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>

various controlled levels of excrcine: and (2) individual
VR and HR relationships were determined in another sct
of volunteers during supervised excrcise sessions
(Shamoo et al., 1990), In the first approach, the truning
sexsion involved 9 volunteers (3 females and 6 males)
from 21 to 37 years old. Imitially the subjects were trained
on a meadmill with regularly increasing speeds, VR
measurements were recorded dunng the Iast minute of the
3-minute interval at each speed. VR was reported to the
subjects as low (1.8 m¥/hr), medium (1.5-2.3 m¥hr),
heavy (24-3.8 m'/hr), and very heavy (3.8 m’hr or
higher) (Shamoo et al., 1990).

Following the initial text, treadmill trining sessions
were conducted on a different day in which 7 ditlerent
speeds were presented, each for 3 minutes in arbitrary
order. VR was measured and the subjects were given
feedback with the four ventilation ranges provided
previously. Alter resting, a treadmill testing sexsion was
conducted in which seven speeds were presented in
different arbirrary order (rom the training session. VR
was. measured and each subject estimated their own
ventilation level ateach speed, The correct level was then
revealed o cach subject after histher own extimate.
Subsequently, two- 3-hour outdoor supervised exercise
sessions were conducted in the summer on  (wo
consccutive days. Each hour consisted of 15 minutes cach
of rest, slow walking, jogging, and tast walking. The
subjects’ ventilation level and VR were recorded;
however, no feedbuck was given to the subjects.
Electrocardiograms were recorded via direct connection
or telemetry and HR was measured concurrently with
ventilation measurement forall treadmill sessions.

The second approach consisted of two protocol
phases (indoor/outdoor exercise sessions and lield
testing). Twenty outdoor adult workers berween 19.50
vears ol were recruited. Indoor and outdoor supervised
exercises. similar to the protocols in the first approach
were conducted; however, there were ro teedbacks. Also,
in this approach, electrocardiograms were recorded and
HR was measured concurrently with VR. Duriny the ticld
testing phase, subjects were trained to record their
acrivities during three ditferent 24-hour periods during
one week. These periods included their most active
working and non-working days. HR was measured quasi-
continuously during the 24-hour periods that activities
were recorded. The subjects recorded in a diary all
changes in physical activity, location, and exercise levels
during waking hours.  Self-estimated activities in
supervised exercises and field studies were categorized as

slow (restng. slow walking or equivalent), medium (fast
walking or equivaien?), and fast (jogging or cquivaient),

Inhalation rates were not presented in this study. In
the first approach, about 68 percent of all self-estimates
were correct for the 9 subjects sampled (Shamoo ct al.,
1990). Inaccumate sclf-estimates occurred in the younger
male population who were highly physically fit and were
competitive derotic trainers.  This subset of sample
population ended to underestimate their own physical
activity levels at higher VR ranges. Shamoo et al. (1990)
attributed this to a "macho effect.” In the second
approach, a regression analysis was conducted that related
the logarithm of VR to HR. The logarithm of' VR
correlated better with HR than VR itselt (Shamoo ctal.,
1950).

A limitation associated with this study ts that the
population sampled is not representative of the general
U.S. population. Also, ventilation rates were not
presented. Training individuals to estimate their VR may
contribwte to uncertainty in the results because the
estimates are subjective.  Another limitation is that
catibration data were not obtained at extreme conditions;
theretore, the VR/HR relationship obtained may be
biased. An additional limitation is that training subjects
may be too labor-intensive for widespread usc in exposure
assessment studies. An advantage of this study is that HR
recordings arc usctul in predicting ventilation rates which
in turn are usetul in estimating exposure.,

Shamoo eral. (1991) - Activity Patterns in @ Panel
of Quudoor Workers Exposed te Oxidant Pallution -
Shamoo et al. (1991) investignted summer activity
patterns in 20 adult volunteers with potentially high
exposure to ambient oxidant pollution. The selected
volunteer subjects were 15 men and § women ages 19-50
years from the Los Angeles area, All volunteers worked
outdoors at least 10 hours per weck. The experimental
approach involved two stuges: (1) indirect objective
estimation of VR from MR mcasurements; and (2) self
estimation of inhalation/ventilation rates recorded by
subjects in diaries during their normal activitics,

The approach consisted of calibrating  the
relationship between VR and HR for cach test subject in
controtled exercise; monitoring by subjects of their own
normal activities with diaries and electronic HR recorders:
and then relating VR with the activities described in the
diaries (Shamoo ct al,, 1991), Calibration tests were
conducted for indoor and outdoor supervised exercises to
determine individual relationships between VR and HR.
Indoors, each subject was tested on a treadmill at rest and
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Table %16 Summan of Human Infalation Rates for Men Wornen. and Chubinen b Activuy | avel im wemn®

" Heshine® n 1ipne? n Menterane’ n Heawn!
Adult male 54 0y 1114 o 102 23 67 4.1
Adult fermale bl 03 Tt 0s 1h 16 n 29
Average adultf 03 06 P le
Child, age b yean L} 04 1) (i3] 4 20 s =3
Childd. are 10 vears tn N4 &1 10 by '] 12 4l 1e

" Valuew of infialation raics fof males, tomales, and chikiten (maie and tethakes prevenied o tis able reprevenit the mcan of values repone? far e
activity level in 1983, (Noe Appendi Table SA-T for a detaid Iniing of the data from U 5. EPAL 191

n = number of obervadions al cach activity kevel

Includes walching ilevison, resding, and deemng.

InCludes Most SOMERKE worh, ALENGIE 10 DETIOMA] Aeeds And CAFT. hobives, A CONMCTITE IWNOT NJ0O0T fepaifs Al Mot wprowerents.
Includes heavy indoor Clearup, performance of Maje indoor repairs amd alicraions, and climinng stars,

includes vigotous physical cxcrCing and CHImiHRE s CAFTYING & fowd,

Denved by taking the mean of the adult male amd sdult female values for cach stivity level,

- -~ 8 A+t ¥

Source: Adarust feom Ui S8 FPA L 1GxA

Tabie 1% Summary ot Daly Iahalsown Kases Grouped by
Tahie 517, Activity Paniern Data Aggregated for Three Ape and Acnvicy bt
Micrenvitonments v Activity Level for all Ape Groum Dauly Inbalanon Kase (m' Aoy Total N
Average Hours Per Day m Subpet Heshn  Light  Modevase  Heawy ?:-’:,:‘
Microenvironment Activity Each Microenvironment at ) =
level Fach Activity Leve! Aduk Male P .ot 143 0% 4
Indoors Resting YR AduR I e 2 oed )
Laght L%, Female
'“mfm’ o7 Adult s ATl Ton ons n
e e
AL - Chait 447 xus =2 0% 167
[
Outdoors Resting 055 (pe oy
Laght 0.50% Chuld +47 111w 451 ons a0z
M e 0 "S e T
Heavy 0.12 ® Daaly inhalarnwn rate was caliuhated wung te fofkowing equaton.
TOTAL .77
ks &SRy
In Trapsportanon Resting 0xn T O
Vehle Light 0.%4
Maoderate 008 IR, =  inhalados rase o T actvry (Table L1%)
Heavy 00012 1, " Dours et Per uas g )™ shiuaty (Tabe So1%
TOTAL [ B b - Number of acTIVITY PeTnds
et Adamted from 115 FPA_ [ORS T - teal e ol The eponere pervind 1€ 3., & day)
P Total daly mbalation Tate was cakoulstnd by summang the specific
WTVTY (resnn e, hghi. mderaie, heavy) daly mhalanon rae
Source Gemetmiod usng e Jade from US EPA {19nS) a0 Qwows
Tambm 498 ant %17
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8 hours of rest and 16 hours of light activities. [twas also
assumed that 16 hours were divided evenly between
occupational and nonoccupational activities. It was
assumed that a day consisted of 14 hours resting and 10
hours light activity foran infant (1 vr). A newbom's daily
activities consisted of 23 hours resting and 1 hour light
activity. Table 5-1§ presents the daily inhalation rates
obtained for all ages/genders. The estimated inhalation
rates were 22.8 m/day for adult males, 21.1 m/day for
adult females, 14.8 m'/day for children (age 10 vears),
3.76 m*/day for infants (age 1 year), and 0.78 m*/day for
newborns.

Table 1% Dailv inhalatews Rawes Tasimanad From Dady Activites®

Inhalation Rate (IR)
Subyect Rewting Lighe Daily Inhulston
im0 Aduvity Rae (DIR"
in'hn (m Yuluwd
Adult Mar O t2 24
Adulr Woman [IR] Y 1.4 ME|
Chuit (10 Y [+ 34 [i0rs.] th %
Infan <1 yrt 0% Q28 R kL]
Norwe e nat ) O oM™

% Assmprions mude were hasad on 8 hours resting and 16 hours ight
nvny for ddulm and chuldrem (1O yesy: 14 hour nesung smd 10 hours
Lighe wemviry forintaams (1 yry, 23 howrs nesting and | hour tight achivity

» tor aewborms

l L
DIR = = Tikg,

N, = Comespunding inhalutton e at ™ scnviry
1, = Howrs st Junmg the i achviry
k= Number of Jcivity panods

T =Toml o of the dnpymine pemiod (1 ., & Jayy

Soiacy ICRP 1G0T

A limittion associated with this. study is that the
validity and accuracy of the inhalation rates data used in
the comptilation were not specified, This may introduce
some degree of uncertainty in the results obtained. Also,
the approach used involved assuming hours spent by
various age/gender cohorts in specific activitics. These
assumpuons may over/funder-estimate the inhalation rates
obtained.

U.S. EPA (1985} - Development of Statistical
Distributions or Ranges of Standard Factors Used in
Exposure Assessmenty - Duc to a paucity of information
in the literarure regarding equations used to develop
statistical distributions of minute ventilation/ventilation
rate at all activity levels for male and female children and
adults, the U.S, EPA (1985) compiled measured values of’
minute ventilation for virious age/gender cohorts from

carly studies, In more recent investigations, minute
ventilations have been measured more as background
information than as rescarch objective itsell” and the
available studies have been for specitic subpopulations
such as obese, asthmatics, or marathon runpers, The data
compiled by the U.S, EPA (1985) for cach age/gender
cohorts were obtained at various activity levels. These
levels were categorized as light, modermie, or heavy
according to the criteria developed by the EPA Oftice of
Environmental Criteria and Assessment for the Ozone
Criteria Document. These criteria were developed for a
reference male adult with a body weight of 70 kg (U.S.
EPA, 1985). The minute ventilation rates for adult males
based on these activity level categorics are detailed in
Appendix Table SA-6.

Tabie 5-16 presents a summary of inhalation rates
by age. yender, and activity level (detailed data are
presented in Appendix Table 5A-7). A description of
activities included in cach activity level is also presented
in Table $-16. Table 5-16 indicates that at rest, the
average adult inhalation rate is 0.5 m¥hr. The mean
inhalation rate for children at rest, ages 6 and 10 years, is
0.4 m'fhr. Tuble 5-17 presents activity pattern data
aggregated {or three microenvironments by activity level
for all age groups. The total average hours spent indoors.
was 20,4, outdoors wans 1,77, and in rransportation vehicle
was 1.77. Based on the data presented in Tables S<16 and
5-17, a daily inhalation rate was calculated for adults and
«<hildren by using a time-activity-ventilation approach.
These data are presented in Table S-18, The calculated
average daily inhalation rate is 16 mY/day for adults, The
average daily inhalation rate for children (6 and 10 yrs) is
18.9 mYday ([16,74 « 21.02)/2).

A limitation associated with this study is that many
of the values used in the data compilation were from carly
studies. The accuracy and/or validity of the values used
and data collection method were not presented in U.S,
EPA (1985). This introduces uncertainty in the results
obmined. An advantige of this study is that the dota are
actual measurement data for a large number of subjects
and the data are presentedd for both adults and children,

Shamoo et al. (1990) - Improved Quantitation of
Air Pollution Dose Rates by Improved Estimation of
Venrilution Rate- Shamoo et al. (1990) conducted this
study to develop and validate new methods to accurately
estimate ventiiation rates tor typical individuals during
their normal activities. Two practical approaches were
tested for estimating ventilation rates indirectly: (1)
volunteers were trained to estimate their own VR at
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Table 5-28. Summary of Adult Inhalanon Rates tor Short-Term Exposure Studies
Anthmetic Mean (m'/hr
Actvity Level
Rest Sedentary Light Maoderate High Reterence ;
0.5 0.5 1.4 S 33 Adams, 1993 (Lab protocols)
- 0.6 le 1.8 - Adams, 19493 (Field pratocals)
0.3 0 0.7 14 s Layton, 1993 (Shartterm .
evposyre? o
04 - 0.6 1.8 30 Laytan, 1943 (3rd approachi :‘
- - 10 1.6 0 lann et al,, 19492 “?
-
Table 526, Summary of Children's {1X vears old or lows) Inhalation Rates tor Loag-Term Exposure Studien® E
Anthmetic Mean (mYday) -
Mades and ?
Age Males Femules Femalen Reterence 0y
less than | yr - - 4.8 Lavton, 1993 Il
<2 years - - b.¥ Lavton, 1493 pf,
3.5 ycars - - K3 Layton, 1993 -
6-8 years - - 10 Laston, 1993
9-11 years 14 13 - Lavion, 1943
12-14 yeurs 15 12 - Layinn, 1993
151X yeurs 17 12 - Layton, 10l
* Layton, 1993 st approach,

Table $.27. Summury of Children’s Inhalution Rates tor Shorr-Term Exposure Studies
Arithmetic Mean (m¥hr)
Activity Level
Rest Sedentary Light Moderate High Referenee
0.4 0.4 0.8 - - Adimy, 1903 (Lah protocols)
- - - 0.9 - Adams, 1993 (Field protocols)
0.2 0.3 0.5 1.0 25 Laston, 1993 (Short-term data)
- - 1% 2.0 =2 Speretal, 1992 (1012 yrv)
- - 0.4 1.0 1 fannctal, 1992(10-12 vy
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Table § 24 Surumary of hbalaion Rate States

Sraty Potation Suney e Suney T Pyriag Doy Geoeraied Limtations! Uy Lriitcs
REY INTALATION RATE STUDIES:
Adams, 199 R=100, 25e4 677, m = 43, 3500 3 12 Throe 33 min phawy of roading Reean valors of IR fof BaH matey IR goerclated pocely wich IR
protocad in the 1d 6 iy of activg and females and thilen by Beir
fuacoly in the kb, 30 min phavws sty kavels
of (eW pratwoh rejeaicd e,
fagton, 1993 NICS survey: & 3000, NHAMES suregy:

Pimagral, 1992

Lt ad , 128

S;icretal, 1992

a:20 000

Time Activiy wney. a2 126

Parel § - 20 healhy ctdoog s orkens, acs
19 50, Panel 3 « D healthy elemvntary stod
stafents, 3gey 1032, Parcl 3+ 19 heabity
high whod sulenis, a3e4 1307, Parx1 §- 89
adak scdimanics, apes 1850, Parcd 5 - 24
adult ashowtics, 3zes 19 83, Parcl 6 - 13
young vlamates, apes 11-18, Par1 7. 7
constcton werkens, ages 2634

a=19 corsarxioa s oiders

n =34 sradents, agay 1047,

RELEVANT ENHAYATION RAYE STLTHES:

KRF, N

Shamyaetal . 1920

Sumaest, 199}

Stamoctal, 1992

US LPA. 1955

Naed on data from oter rekrenes
B =9 volueer wecken a3er 2137, 0 =20
outkoor workers, 19 50 years oM

n=2) outdwr wark:n, ages 19 50

£=9 non scdereary subjects, ages 11437,

Bascd on duta from soveral Erratune sources

ate spqing and casty autamn 3
duny digyy Conanntio woilen'
diary day.

WS Wl carly Novesider, 1991)
[rary recowdir gs be hre weet,
during w ork and bk ey

(Lae Septeader - Ouiober) Wnadied
3 conseeuting dayy of duary
revocdog

Enadved 3 e inkag sewsiontio
3 e ot loor session o & actinity
kel

[hary weordngs of theoe 24 0.
perinds wikiz awesh

I min inenah of inkor
eweniesing 3 W outhoor exercing
5035008 at § mthiny kevels

[raty IRs, WRi o § acanv ity Jervch:
3 IR fur shon kenm eaposures o
s atvity kvl

Beas and upper estimaies of IR,
Mean IR af 3 aczivity kevils

Datrlutsa prierns of outly IR
$y xiviny kel

Drodntation pareras of hourly IR
by sty kel aad haton

Roforence dasty iR for aluh
females. sl emaks, (Lalteen (10
0 and nfant g1 y1)

No iR data presensed

[rsirdution panerns of IR and
EVR by activiey kernclyant
hxarion

Actaal o asuncd ventlation naves
frewesicd

Eaimatd IR for aduk maks, skl
feales and (Lilren {ages & and
10; by saris activin Bvely

Reporied § o biact ia the dutary
sureyt englged, Che stiviey sy
s baed on el

Sralfl aange sine, Dahbratin da ng
atained ove £ HR range, actis ks
tecd onhint e dary daa

St eple populaia sice,
breading ratcy subjeang i matere,
nTvikies hase oo what 1erm duny
dara

Activeics bawed on shay e Jany
data, wlf evimared trading fatc bty
yourgei pogulation v as biawd, sow
sang e pogclation e

Valiay and acouracy of dafa st
engboyed ot dfincd IR was
evaraicd nd Fxaarcd

Nawwhd data were prewonicd Fog &
asaessncns stades

Sl ampke size, thod krn duary
dan

Srall sazg e sioe, tnaining appeaad
ey ff be et effeciive, ¥ R obeained
for outdior wockery shich are
scitivg hpopuleion

Vahduy and scouracy of Sala sct
erglned ot defired, IR was

IR = irhatetion raze: 1R = tean e EVR = equinatene acrzilanon rae
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dabke 24 Summary of Recornmenadsd Values fiwr inhataton
{'rver Percent) e

Mean

a5 m’iday

6.4 m'day

R m Ky
10 m*/day

14 mVday
13 miday

15 mY%day
2mYday

17 mVday
12 m'rday

Adults (1965 yry)
females
males

Shon:term Exposyres

Adults
Rest
Sedentary Actrvibes
faght Activities
Moderaie Activines
Heavy Activitics

11.3mYaey
152 m iday

04 m*hr
05 m¥r
1.0 m'Mr
16 mimr
A2 m'mw

Prit

Children
Ret
Sedentary Activities
Laght Actrvitien
Moderate Activibes
Heavy Activities

03 m’nr
0 m*Mhr
1.O0m'Mr
12m'Mm
19m'M

Outdoor Workers
Hourty Average
Slow Activines
Muderaie Actvities 1.5 m M
Heqvy Actvities S m'mr

hlny £V KV and K. rar eptircn. @ s e

1am'mr
1.1 m'hr

which distribution of activity patterns are specitied. the
recommended average rates are 0.3 m /b during rest: 0.8
m'/hr for sedentary actvaties; 1.0 m'hr tor hight
activities; 1.6 m'/hr for moderate activities; and 3.2 mhr
for heavy activities,

Children t 18 yrs olid or less inclucing infants i - For
the purpose of this recommendation, chitdren are defined
as males and females between the apes of 1-1% vears old.
while intunts are individuals less than 1 vear old. The
inhalanon rates for children are presented  below

according 1o different exposure ~eenartos,  The daily
inhalation rates tor long-term dose asscwments, are based
on the int approach of Laston (14993 (Table $-11) and
are summarized in Tahle $:26,

Based on the hev studs results fre, Laston, 1993y,
the recommended daly inhalution rate for nfants
tchildren less than 1 wri, dunng lonp-term dose
assewments nv 3.8 miday. For children 1-2 yean old, -
S vears old, and 6-% years old, the recommended daily
inhalation ftes are 6% m'Aday, %.2 m'Aday, and 10
m My, respectively. Recommended values for children
aged 9-11 yean are 14 m ' fday for males and 13 mY/day
for females. For children aged 12-14 vears and 15-1X
seary, the recommended values are shown in Table .23

For short-term exponsares tor children aged 1S vears
and under, in which activity patterns are hnown, the data
are summanyzed 1n Tuhle $-27. For short term expusures,
the recommiended aserape hourly inhalation rates are
hased on these hev studies They arc averaged oser each
activity held as folloss, 0.3 m'hr Juring rest; 0.3 m'Me
for sedentary activities; 1.0 m/hr for hight activitien; 1.2
m'/hr for moderate sctivities; and 1.9 m'/hr for heasy
activities. The recommended short-term evpaosure data
alvo nclude mfants o than 1 osr Thee values
represent averapes of the acnvaty level data trom key
sudies s Tuble §-274.

Outdror Worker - Inhalation rate data tor outdoor
workers/athlete are hmited  Howeser, based on the hey
studies thinn et al, 1992 and 1993, the recommended
average hourly nhalatton rate for outdoor workers s
1.2 m'Mr and the upper-percentile rate is 3.3 m'/hr (e
Tables 825 and §-%)0. Thiv s caleuluted as the weighted
mean of the YUth pereentife values reponted tor the
individuals on Parels T and 7 an Tables §-5 and the 19
subjects in Table $:8. The recommended averupe
inhalation rates for ourdoor workers hased on the activity
lesels cateporized us  slow thght activition), medium
tmaoderate actvanios), and fas! theasy activinies) are 1.1
m'hr, 1.5 m'Mhr, and 2.5 m'/hr, respectively, These
vajues are bused on the data trom Linn ot al. (1992 und
1993y und ure the wesghted mean of the salues for the
imdividualy on Panels 1 and 7 in Table 5.5 and the 19
outdoor workers 1n Table $-9. Inhalation rates may be
higher among outdoor workersathictes because levels of
activity outdoors may be hwher. Therelore, this
subpopulation group may be more suseeptible to air
pollutants and are consudered o Thich-risk™ subyroup
(Shamoa ot al, 1991 Linneral., 1942),
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Table 4232 Confidence i Inhalanon Rate Rocommendanons
W tnile

Tova b lrrrone ""l_"m'

Study Elements
= Peer Review

High
High

Medium
High
High

Medium
High
High

Medium

Medium
High
High

Studies are from peer reviewed journal articles and an EPA peer reviewed
neport.

Studies i jourmals have wide airculation. )
EPA reports ane aviilable trom the Nanonal Technical Information Service.

Information on queshonnaines dud interviews were 1ot provided,

Studes tocused on ventilation mies and Cictors influenctng them.

Studiew conducted 1n the ULS.

Hoth dats collection and resanalysis of exming Jata occurmed.

Revent studies were evaluased.

Effort was made 1o cotlect data over ume,

Measunemients were made by indinat methoda,

An etfort has been made to consider age and gender, but not systematically.
An eftirt has been made 10 address age and gender, but not systematically,
Subjects were selected mndomly from volunteers and measured in the same

Acansstbility

= Reproduaibihiny
Fovus on factor of intenne

=  Dampernentio U S,
Primury durs
Cumency
Adequicy of data collection permad
Valudity of approsch
Representanveness of the populition
Characrenzainon of vanabihity
Luich of bras ity shty devign

wity,
*  Measurement o
Other Elements
= Sumber of shudics

- Agreement betwenn fesearchen
methods,

Overull Rating

Meusurement ervor s well dovumenied by siafivticy, but provedures
measure factor indirectly.

Frve ey studies and six pelevant studies were eviluaied,
There 1 genera agreeiment among researchers using ditferent expenmental

Several studies exast that atempt to estimade inhalition cates acconding to
age, gender and wtivity.

Medium

High

High

documented.  There is general agreement with these
estimates amonyg rescarchern.,

The recommended inhalation rates for adults,
<hildren, and outdoor workerw/athletes are based on the
key studies described in this chapter (Table S-23).
Difterent survey designs and populations were utilized in
the studies desenibed in this Chapter. A summary of these
destgns, data generated, and therr limitattons/advantages
are presented in Table 5-24. Excluding the study by
Lavion {1993), the population surveved in all of the key
studies dexcribed in this report were limited to the Los
Angeles area. This regional population may not represent
the general US. populaton and may result in biases,
However, based on other aspects of the study design,
these studies were selected as the basis for re¢commended
inhalation rates.

The selection of inhalation rates o be used for
exposure assessments depends on the age of the exposed
population and the specific activity levels of this
population during various exXposure senanos.  The
recommended  values for adults, children dncluding
infants), and outdoor workers/athletes for use in various
exposure swenanos are discussed below. Thewe rates were
<alculated by averaping the inhalation rates for each
activity level from the various kev studies (sc¢ Table 5-

25).

Adults  (19-65+ yrx) = Adults in this
recomynendation include young to middle age adults (19-
64 yex), and older adults (65« yes), The daily average
inhalation rates for long term exposure for adults are: 11.3
m'/day for women and 15.2 mYday for men. These
values are averages of the inhalation rates provided for
males and females in each of the three approaches of
Lavion (1993) (Tables 5-11 through S-14). An upper
pereentile is not recommended. Additional research and
analysis of activity pattern data and dictary data in the
future i necessary to attempt to calculate upper
percentiles.

The recommended value for the general population
average inhalation rate, 11.3 m"/day for women and 15.2
m*/day for men, is different than the 20 m*/day which has
commonly been assumed in past EPA risk assessments,
In addition, recommendations are presented for various
ages and special populations (athletes, outdoor workers)
which also differ from 20 m¥day.  Assessors are
encouraged to use values which most accurately reflect
the exposed population,

For exposure scenarios where the distribution of
activity  patterns  is known, the following results,
caleulated trom the studies referenced are shown in Table
5-25. Based on these key studics, the following
recommendations are made: for short term exposures in
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combined with the total surface arca o that body part. No
reduction of budy part area is made for clothing coverage
using this approach.  Thus, assessors who adopt this
approach, should nat use the defaults presented abuove for
soil exposed skin area. Rather, they should uwe Table 64
to obtain total surfuce areas of speaific body parts, See
dewiled discussion below,

6.3. SOIL ADHERENCE TO SKIN
6.3.1. Backpround

Soil agnerence 10 the surface of the skin is a
required parameter to caleulute dermal dose when the
exposure  scenaro anvolves dermal contact with &
chemical in soil. A number of studies hive attempted to
determine the magnitude of dermal o] adherence. These
studiey are deseribed in detail in ULS, EPA (1992b), This
section summarizes recent studies that esttmate soul
adherence 1o skin for use as expasure factors,

6.2.2 Kev Sail Adherence to Skin Studies

Kissel et al, (199a) - Factors Affeciing Sl
Adherence to Skin in Hund-Press Trials: Investigation of
Soil Contuct and Skin Coverage - Kissel et al. (199624)
conducted wil adherence expenments uwng five sl
types (deseniplory obtaned locally in the Secaule,
Washington, arcu: sand (211, loamy sand (CP), loamy
sand (85), sandy loam (2283, and silt loam (720 Al soils
were analyzed by hvdrometer (settling velocity) tw
determine composition. Clay contents ranged from (0.5 to
7.0 pereent. Orgamic carbon content, determined by
combustion, runged {rom .7 to 4.6 percent, Satls were
dry sieved to obtain particle size ranges of <150, 150-250,
and »>250 um. For cach »oil 1ype, the amount of soul
adhering to an adult female hand, usiny hoth sieved and
unsiesed  woils, was deterrmined by measunng  the
difference v soil sample weight before and after the hand
was pressed into a pan containtng the tent sotl, Loadings
were estimated by dividing the recovered sl mass by
total hand area, although loading occurred primanly on
only onc sude of the hand. Results showed that generally,
soil adherence 1o hands could be directly correlated with
moisture content, invenely cortelated with particle size,
and independent of glay content or orgamic carbon
content.

Kissel er al. 11996k « Field Measurement af
Dermal Soil Louding Artributable to Vartous Activities:
Implications  Jor Exposure Assessment - Further
experiments were conducted by Kissel et al, (1996b) to
estimate soil adherence associated with varous indoor and

ouldoor activities: greenhouse gardening, e hwon do
karate, soccer,  rugby, reed  gatherng,  rrigation
installation, truck farming, and playing i mud, A
summary of field studies by activity, gender, age, field
condittons, and ¢lothing worn is presented in Table 6-11,
Subjcety' body surfaces (forearms, hands, lower leps in all
Cases, faces, and/or fect; pairs in some cisen) were winhed
hefore and after monitored activities. Pared samples
were poaled into single ones. Mass recovered was
converted to loading usming allometnic models of surface
arca, These daty are presented o Table 0~12, Results
presented are based on direct measurement of soil loading
on the surfaces of skin before and after occupationa) and
recreational activities that may be expected to have sl
contact (Kiwsel ¢t al., 1996h),

633, Relevant Soil Adherence to Skin Studies

Lepowetal (19751 - Imvestipanons into Sources of
Lead vz the Enviranment of Urban Chaldren « This study
wis  wonducted  to adentifv  the  behaviaral  and
envire .mental factors conttibuting to cleveted lead levels
imtee preschool children. The study was performed over
6 to 25 months, Samples of dirt from the hands of
subjects were collected duning the coune of play around
the areas where they lived,  Preweighed self-adhesive
Jabels were used to sample a standard ares on the palm of
the hands of 16 male and female children, The labels
were pressed 0n a single arca, often prassed several ime,
o obtain an adequate sample. In the laboratory, labels
were equilibrated in a desiceant cabinet for 24 hooes
feomparable to the preweighed desiccation), then the total
weight was recorded. The mean weigzht of dirt from the 22
hand sample labels wis 11 mpe. This corresponds 1o 0.51
mg/em®. Lepow et al. (197$) reported that this amount
(11 mg) represented only a small fraction (percent nat
specified) of the ol amount of surtace din present on
the hands, because much of the dirt may be trapped in skun
tolds and ereases or there may be a patchy ditribution of
dirt an hands.

Roelx eral, (198G ~ Exposure to Leud by the Oral
and the Pulmonury Routex of Children Liviny in the
Vicinity of a Primary Lead Smelter - Rocls ¢t al. (19%0)
examined blood lead levels among 661 children, 9to 13
years old, who lived in the vicinity of a large lead smelier
in Brussels, Belgium. Dunng tive ditferent study pertods,
lead levels were assessed by rinsing the childrens” hands
in 500 mL dilute nitric acid. The amount of lead on the
hands was divided hy the concentration of lead in ~oil to
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the pamicular body part(s). For cxample, to assexs
exposure to a chemical in a cleaning produet for which
only the kands are expased, surface area values for hands
from Table 64 can be used. For exposure to both hands
and arms, mean surface areas for these parts from Table
6~+ may be summed to estimate the total surface arca
exposed, The mean surface area of these body parts tor
men and women is as follows:

Sutlne Araans)

Men,  Women
Arma (includes upper ama and torearms) 0223 0210
Hamds 0.084 0.075
Total area oM2 0.28%

Theretore, the total body part surtace area thar may be in
contact with the chemical in the cleaning product in this
example is 0.312 m* for men and 0.285 n= for women,

A common assumption s that clothing prevents
dermal  contict and  subsequent  absorption  of
contaminants. This assumption miy be false in cases
where the chemical may be able to penetrate ¢lothing,
such as in a fine dust or liquid suspension.  Studies using
personal patch monitors placed bencath ¢lothing of
pesticide warkers exposed to tine mists and vapors show
that a significant proportion of dermal exposure may
occyr at anatomical sites covered by clothing (U.S. EPA,
1992b). In addition, it has been demonstrated that o
“pumping” effect can occur which causes material to
move under [(oose clothing (US, EPA. [992b,,
Furthermore, studies have demonstrated that hands cannot
be considered to be protected trom exposure cven il
waterproof gloves are wom (ULS, EPA, 1992b). This may
be due 1o contamination to the interior surface of the
gloves when donning or removing them during work
activities (U.S. EPA, 1992b). Depending on the sk,
pesticide workers have been shown to experience {2
percent to 43 percent of their total exposure through their
hands, approximately 20 percent to 23 percent through
their heads and necks, and 36 percent to 64 percent
through their torsos and arms, despite the use of protective
gloves and clothing (US. EPA, 1992b).

Forswimming and bathing scenarios, past exposure
assessments have assumed that 78 percent to 100 percent
of the skin surtace is exposed (US. EPAL 1992b). As
shown in Table 6-3, total adult body surtace arcas can
vary from about 17.000 cm® o 23,000 em®. The mean is
reported as approximately 20,000 cm®,

For default purposes, adult body surface arcas of
20,000 ¢m® (central estimate) to 23,000 ecm® (upper
pereentile) are recommended in US. EPA (1992b),
Tables 6-2 and 6-3 ¢an also be used when the default
values are not preferred.  Central and upper-percentile
values for children should be derived {rom Tabie 6-6 or
6-7.

Unlike exposure to liquids, clothing may or may
not be effective in limiting the extent of exposure (o soil,
The 1989 Exposure Faciors Handbook presented two
adulr clothing scenarius tor outdoor activities (U.S. EPA,
19%9):

Central tendency mid range: Individual wears
long sleeve shirt, pants, and shoes, The exposed
skin surtace is limited to the head and hands (2,000
€m*).

Upper percentile: Individual wears a short sleeve
shirt, shorts. and shoes. The exposed skin surface
is limited to the head, hands, forcarms, and lower
tegs (5,300 cm®).

The clothing scenarios presented above, suggest that
roughly 10 percent to 25 percent of the skin arca may be
exposed to »oil, Since some studies huve suggested that
exposure ¢an occur under clothing, the upper end of this
range was sclected in Dermal Exposure Assessment:
Principles and Applications (U.S. EPA, 1992b) for
deriving defaults. Thus, taking 28 percent of the total
body surtace area results in defaalts for adults of 5,000
¢m* 10 5,800 cm®, These values were obtained from the
body surface areas in Table 6-2 after rounding to 20,000
cm=and 23,000 em®, respectively, The range of defaults
for children can be derived by multiplying the 50th and
95th percentiles by 0.25 for the ages of interest.

‘When addressing soil COntact cXPOSUITS, ASKENNOM
may want to refine estimates of surface arca exposed on
the basis of seasonal condivons.  For example, in
moderate climates, it may be reasonable to assume that §
percent of the skin iy exposed during the winter, 10
percent during the spring and tall, and 2% percent during
the summer.

The previous discussion, has presented information
about the area of skin exposed to soil, These estimates of
exposed skin area should be useful to assessors using the
traditional approach of multiplying the soil adherence
factor by exposed skin area to estimute the total amount of
soil onskin, The next section presents soil adherence data
specific to activity and body part und is designed to be
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D'Agostino’s test. The results indicate that the SA/BW
ratios for infants arc lognormally distnbuied and the
SA/BW ratios for adults and all apes combined are
normally distnibuted (Figure 621 SA/BW ration for
children were neither nonnally  nor  lognormally
distiibpted, According to Phatlips et al, (1943), SAVBW
ratios should be used to caleulate LADDN by replacing the
body surface arca tactor in the numerator of the LADD
cquation with the SA/BW rativ and eliminating the body
weight factor in the denominator of the LADD equation,

The etfect of gender and age on SA/BW
distributton was abo analyzed by classifving the 401
abservations by gender and age.  Statistical analyses
indicated no significant differences between SABW
ratios for males and females, SA/BW ration were found
to decrease with icreasing age.

6.2.4, Relevunt Surface Area Studies

Murray und  Burmaster (1992) - Estimated
Distributions par Tatal Body Surfuce Area of Men and
Women i the United States - In this study, distributions
of total body surfuce arca for men and wumen ages 18 (o
74 years were estimated using Monte Cario sunulations
based on hetght and weight distnbution data, Four
different furmulie tor estimating body surface arci s a
tunction of height und weight were employed: Dubois
and Dubois (1916); Boyd (1935); UK, EPA (]URS); and
Costeff (19663, The formulae ol Dubois and Dubuis
t1916); Boyd (1935); und U.S. EPA (1UX5) are based on
height and weight, They arc discussed in Appendiy BA,
The formula developed by Costet! (1966) is bused on 220
observations that estimate body surtace arcu based on
weight only, This formulias:

SA® JW TN w0 thqn. -2y
where: .

SA = Surface Area {m*); and

W= Weipht (k).

Formulue were compared and the etfect af the correlanon
hetween height and weight on the body surfage area
distribution was analvzed.

Monte Cuarlo simulanons were conducted to
estimate body surface arca distributions. They were bused
on the bivariate distributions estimaled by Brainard and
Burmaster (1992) for height and natural loganthm of

waight and the formulae doseribed above, A total of
5,000 random samples cach for men and women were
selected fram the two currelated bivanute distributions,
Body surfuce area caloufations were made for each
sample, and for each formula, resulting in bodv surface
area distnibutions. Murray and Burmaster (£992), found
that the by surtuce area trequency distnbutions were
simlar for the four models (Table 6-10). Using the U.S.
EPA (19851 formula, the median surfuce area values were
caleutated to be 1.96 m* for men and 1.69 m* for women.
The median valug for women is identical to that generated
hy U, EPA (1OKS s but differs for men by approximately
opercent. Body surfice aren was found to have
lognormal distributions tor hoth men and women (Figure
6-3). Tt was also found that asuming correlation hetween
heght and weipht influences the tinul distribution by less
than | pereent,

ATHC (19948) « Expesure Factors Sourcebook - The
Exposure Factors Sourcehook (ATHC, 1994 pravides
simifar body surfuce area dita as presented  here.
Consistent with this document, average and percentile
values are presented on the basis of age and gender. In
addition, the Sourcebook prosents point estimates of
evposed shin surtuce arcas for various seenanos on the
hasis of several published studies, Finally, the Sourcebook
presents probapihty distnbutions bised on U.S, EPA
(1989) and as denved by Thompson and Burmaster
(1991 Verar (19910); and Brorby and Finley (1993,
For cach distributian, the @Risk formuli is provided for
direct use in the @RiNK simulation sottware {Palisade,
19492, The orgunization of this document, makes it very
convement 10 use in support of Monte Carlo anadysis,
The reviews of the supporting studies are very hrief with
bte analysis of their strenpths and weaknesses, The
Sourcehook has been classitied as a relevant rather than
hey study begause it is sot the pnmary source for the data
used 1o make recommendations in this document. The
Sourcebook is very similar 1o this document in the senwe
that 1t summarizes exposure tactor data and recommends
vitlues, As such, it s clearly relevant as an aliernative
infurmation source on body surface ares as well as other
exposure fuctors,

6.2.5, Applicution of Body Surface Area Data

In many settings, 10 likely that only certain parts
of the body are exposed.  All body parts thut come in
contact with a chemical must be considered to estimate
the total surface area of the bady exposed. The data in
Tauble 64 may be used 1o esimate the total surface aren of

Page
Gt

Exposure Factors Handbook
August 1997

AN LITEY B Jro

T
e

e G

.I;‘\!

}




Volume I - General Factors

Chapter 6 - Dermal

Boyd (1935) that were complete for surthee area, height,
weight, and age for their analysis, Boyd (1935) had
reported surtace area estimates tor 1.1 14 individuals using
coating, triangulation, or surface integration methods
(US, EPA, 1935).

U.S. EPA (1985) used SPS to generate equations
10 caleulate surface area as a function of height and
weight. These equations were then ased to caleulate body
surface area distributions of the U.S. population using the
height and weight data obtained from the National Health
and Nutrition Examination Survey (NHANES) 1 and the
computer program QNTLS of Rochon and Kalsheck
(1983),

The equation proposed by Gehan and George
(1970) wan determined by U.S, EPA (1985} to be the best
choice for estimating tow! body surtace area, However,
the paper by Gehan and George (1970) guve insufticient
information to estmate the standacd error about the
regression.  Therefore, U.S, EPA (1985) used the 401
direct measurements of ¢hildren and adults and reanalyzed
the data uning the formula of Dubois and Dubois (1916)

and SPS to abtain the standard error (U.S. EPA, 1988),

Regression equations were developed for specitic
body parts using the Dubois and Dubois (1916) formula
and using the surface area of virious body parts provided
by Boyd (1935) and Van Graan (1969) in conjunction
with SPS, Regression equations for adults were
developed for the head, trunk (including the neck). upper
extremitics. (arms and hands, upper arms, and torcarms)
and lower extremities (legy and teer, thighs, and lower

legs) (ULS. EPA, 1985). Table 6-1 presents a summary of

the equation parametens developed by U.S. EPA (1988)
for caleulating surface area of adult body parts. Equations
to estimate the body part surface area of children were not
developed because of insufficient data,

Percentile estimates of total surtace arca and
surface arca of body parts developed by U.S. EPA (1985)
using the regression equations and NHANES [T height and
weight data are presented in Tables 6-2 and 63 for adult
males and adult females, respectively. The calculated
mean surface areas of body parts for men and women ure
presented in Table &3, The standard deviation, the
minimum value, and the maximum value for each body
part are included. The median total body surtace arca for
men and women and the correspondiny standard errors
about the regressions are also given, It has been assumed
that errors associated with height and weight are
negligible (U.S. EPA, 1985). The data in Table 6-5

present the percentaye of total body surface by body part
for men and women.

Percentile estimates for towl surface area of male
and {emale children presented in Tables 6-6 and 6-7 were
caleulated using the total surface area regression equation,
NHANES II height and weight data, and using QNTLS,
Estimates are not included {or children younger than 2
yeans old because NHANES height data are not available
for this age group. For children, the error associated with
height and weight cannot be assumed to be 7zero because
of their relatively small sizes, Therefore, the standard
crrors of the percentile estimates cannot be estimated,
since it cannot be assumed that the crrors associated with
the exogenous variables (height and  weight) arce
independent of that associated with the model; there are
insufficient duta to determine the relationship between
these crrors,

Measurements of the surface area of children's
body parts are summarized as a percentage of total surtace
area in Table 6-8. Because of the small sample size, the
data cannot be assumed 1o represent the average
pereentage of surface arca by body part for all children.
Note that the percent of total body surface area
contributed by the head decreases from childhood to
adult, while the percent contributed by the ley increases,

Phillips et al. (1993) - Distributions of Towal Skin
Surfuce Area to Body Weight Raties - Phillips ¢t al.
(1993) observed a strong correlation (0.986) between
body surface arca and body weight and studied the effect
of using these factors as independent variables in the
LADD equation. Phillips et al. (1993) concluded that,
because of the correlation between these two variables,
the use of body surface area to body weight (SAVBW)
ratios in human ¢xposure dssessments is more appropriate
than treating these factors as independent variables,
Direct measurement (couting, triangulation, and surface
integration) data from the scientific literature were used
1o calculate body surface arca to body weight (SA/BW)
ratios for three age groups (infants aged O to 2 years,
children aged 2.1 10 17.9 years, and adults 18 years and
older). These ratios were calculated by dividing body
surface arcas by corresponding body weights for the 401
individuals analyzed by Gehan and George (1970) and
summarized by U.S. EPA (1985). Distributions of
SA/BW ratios were developed and summary statistics
were calculated for each of the three age groups and the
combined data set.  Summary statistics for these
populations are presented in Table 6+9. The shapes of
these SA/BW distributions were determined  using
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values can be tound in Section 5.3.1 of “Dermal Exposare
Assessment: Principles and Applications™ (LS. EPA,
1992h),

For dermal contact with contaminated  soul,
estrrmation of the DA, ., is ditferent from the extimation
for dermal contact with chermcals in sater, [t s hased on
the concentration of the chemica in soil, the adherence
factor of «oil to shin, and the absorption {raction.
Information for DA, esttmation fronm soll contact can
be found in U.S. EPA (1992hy, Section 6.3,

The apparcnt simpheity of the absorption fraction
(pereent absorhed) makes this approach appeualing,
However, it is not practical 1o apply 12 to water contact
scenanos, such as swimming, because of the ditficulty in
extimating the total matenial contacted (U8, EPA, 1992hy,
Tt is assumed that there s ewsentiadly snmfinete amount of
matertal available, and that the chemica) will be replaced
continuously. therehy increasing the amount of material
(contning the chemicahr available by some aree
unknown amount. Thereture, the permwaility cocttcient
~hased approach s recommended over the absorpion
traction approach for determiming the dermally absorbed
dose of chemicals in aqueous media.

Before the abworplion fraction anproach cun be
used n st contagt  seenarios,  the  contaminan
concentration in soil must be established. Notall of the
chemical i a luver of dirt apphed 10 skin may be
hioavailable, nor is 1t assumed o be an anternal dose.
Because of the luck of Ky data for campaounds bound to
»aoil, and reduced uncertainty 1n detining an apphed dose,
the absorption traction-hased approach s sugpested for
determining the internal dose of chemicals 1n sl More
detailed explanation ol the equations, assumptions, and
approaches can be found in "Dermal Exposure
Assessment: Principles and Apphciations™ (U8, EPAL
199b).

6.2. SURFACE AREA
6.2.1. Rackground

The 1ol surtace area of shin cxposed o g
contaminant must be Jdetermined using measurcmient or
estimation  technigues  betore conducting o dermal
expostre  assensment.  Depending on the expoure
MWCRANO, estimation of the surtice arca Tor the total hody
or a specific body part can be used 1o caleulnte the contact
rate for the pollutant, This section presents estimates tor
total budy surface arca and for body purts and presents
information on the appheation of body surface area data,

6.2.2. Meanurement Techniques

Coating, trianzulation, and surtacc micgration are
direct measurement techngues that have been used to
measure total dody surtace arca and the surtace arca of
speaifie body puns, Consderatien has been mven for
ditterences due t age, sender, and rase The resalts of
the sanous  echnmigues have heen summanszed
“Develogment of Statisnical Dastributions o Ranges of
Standard Factors Used i Eyposure Assosmenin™ (ULS.
EPA, 1985), The coating method consists of coating
cither the whole bady or specttic body regons with a
substance of anown or measurad area. Trangulation
consids of marking the area of 1he body nto seometne
firures, then caleulanng the firure areas trom thair hincar
dimensions, Surface iterration s pertormed by using a
planumeter and adding the arcas.

The  traspulation measurement technigue
descloped by Boyd (1935 has reen tound 1o e hehly
rehiahle. It estumates the surtace arca of the body using
LCOMCIS APRrovinulions that asseme parts of the hody
resembic peometric sobds iBosd, 1935 More recently,
Popendort and Lethnpeac!t (19760 and Havaoh et al,
197N Rave developed similar geometnic methods that
assunie beads parts conespond to geometne solids, sach as
the sphere and oyhinder A Lincar methad proposed by
DuBois and Dulzons 1149160 14 based vn the prinaiple that
the surface arcas of the parts ol the By are proportional,
rather than cqual 1o the surtace arca of the solids they
resembie,

In addiion to direct medsurement techmgques,
several tormulae have been proposed o eatimuite bods
surface area from measufements ab ather mayor body
dimensions (e, heent and woight cUSDEPA, 19588,
Generally, the tormutae are based on the prinaiples that
hods density and shupe are roachin the same and that the
relationship of surface area o any dimension may be
represented by the curve ot central tendeney of their
plotted vatues or by the alvebrine expresaon for the cunve.
Avdiseussion and compartsan af tormulae to determine
tolal body surtace arca are presented in Appendin 6,

6.2.% Kev Bady Surface Arca Studies

128, EPA 11983y - Developmenr of Stainsneal
Divrehvitiemy or Kanses of Stamdurd Fuctors Used i
Exponare Assessmenny - US EPA cionSanalvzed the
direct surface arcs measurement data of Gehan and
Cieorge 11978) vvng the Stanstical Processing Syslem
1SPSY soltware packace of Buhvao!t et al, 01952y, Gehun
and George (1970 selected D1 micasurements made by

Page
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Volume I - General Factors

Chaopter 6 - Dermal

6. DERMAL ROUTE

Dermal exposure can oceur during a variety of
activiies  in  ditfferent environmental media  and
microenvironments (U.S. EPA, 1992). These include:

Water (¢ bathiny, washing, swimming):

+ Soil (eg. outdoor recreation, yardening,
construction);

= Sediment (e.g.. wading, [ishing):

= Liquds (.. use of commercial producty):

=  Vapors/fumes (. use of commercial
products); and

Indoors (¢.g.. carpets, tloons, countertaps).

The major factors that must be considered when
csumating  dermal  exposure  are;  the  chemical
concentration in contact with the skin, the potential dose,
the extent of skin surface area exposed, the duration of
exposure, the absompaon of the chemical through the skin,
the internal dose, and the amount of chemical thar can be
delivered to a target organ (i.e., biologically effectve
dos¢) (see Figure 6-1), A demiled disqussion of these
factors ¢an be found in Guidelines tor Exposure
Assensment (US. EPA, 1992a).

This chapter focuses on measurements of body
surface areas and various factors needed to estimate
dermal exposure to chemicals in water and soil,
Information concerning dermal exposure to pollutants in
indoor environments is limited.  Useful information
concerning estimintes of body surtace area can be found in
“Devetopment of Statistical Distributions or Ranges of
Standard Factoes Used in Exposure Assessments” (ULS,
EPA, 1985). “Dermal Exposure Assessment: Principles
and Applications (U.S. EPA, 1992b), provides detailed
information concerning dertmal exposure uning a stepwise
guide in the eXposUre ASsCSsment Process,

The available sudies have been classified as cither
key or relevant based on their applicability (o exposure
asessment needs and are summarized in this chapter,
Recommended values are based on the results of the key
studien. Relevant studies are prasented to provide an
added perspective on the state-of-knowledge pertaining to
dermal exposure factors. All tables and figures presenting
duta from these studies are shown at the end of this
<hapter.

EQUATION FOR DERMAL DOSE

The average daily dose (ADD) is the dose rate
averaged over a pathway-specific period of' exposure

6.1.

expressed as a daily dose on a per-unit-body-weight basis,
The ADD 13 used for exposure 1o chemicals with non-
carcinogenic non-chronic effects, For compounds with
carcinogenic or chronic etfects, the lifetime average daily
dose (LADD) is used. The LADD is the dosc rale
averaged over a lifetime,

For dermal contact with chemicals in soil or water,
dermally absorbed average daify dose can be estimated by
(U.S. EPA, 1992b):

ADD.DA__IEVlEDnEFISA
BW x AT

(Zyn. 6-1)

ADD = average daly dme(mg!kg-duy):‘

DAy = abworbed dose per cvent (mg/cmr-cvent);
EV = event frequency (evend/day);

ED = exposure duranon (years);

EF = exposure frequency (days/year):

SA = kit surface ares available for contact (cm®);
Baw = body weight (kg), and

AT = averaging ume (days) for noncarcinogenic

effeens, AT = ED and for carcinogenic effects,
AT = 70 years or 23,550 days.

This method is to be used to calculate the absorbed dose
of a chemical. Total body surtace area (SA) ts assumed
to be exposed for a period of time (ED).

For dermal contact with water, the DA, is
estimated with consideration for the permenbility
coefficient from water, the chemical concenteation in
water, and the event duration, The approach to estimate
DA e i different for inorganic and organic compounds.
The nonsteady-state approach to estimate the dermally
absorbed dose from water is recommended as the
preferrcd approach for organics which exhibit octanol-
water partitioning (U.S. EPA, 1992b).  First, this
approach more accuraiely refiects normal human exposure
conditions since the short contuct times. associated with
bathing and swimming generally mean that steady state
will not occur, Secomd, the approach accounts tor uptake .
that can occur after the actual exposure event due to
absorption of residual chemical trapped in skin tissue.
Use of the nonsteady-state mode! for organics has
implications for selecting permeability coefficient (Kp)
values (U.S. EPA, 1992b). It is recommended that the
traditional steady-state approach be applied to inorganics
(U.S. EPA, 1992b). Detailed information concerning how
to estimate absorbed dose per event (DA.,) and K,
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Table SA6, Estimated Minute Venulation Assoctated with Acivity Level for Average Male Adult ;
[}
{
Level of work L/min Representative activities z.',.-'
1
Laght 13 Level walking at 2 mph; washing, clothes
Light 19 Level walking at 3 mph; bowling: scrubbing floors
Light s Dancing; pushing wheelharrow with 1 5-kg load; simple construction; stacking firewood
Moderate iy, Easy cyching: pushing wheelharrow wath 75-kg load: using sledgehammer -
=
Moderate as Chimbing st plaving tenmis; digging with spade ‘&’j
Moderate 40 Cychng ut 1.3 mph; walking on snow; digging trenches :
Heavy §s Crosvcountry skitng: rock chmbing, stnr chimbing (:
Heavy 63 with load; playing squash or hundball: chopping i
Very heavy n with axe <,
-t
Very heavy S Level runming at 10 mph; competitive cveling 2
e,
Scvere 100+ Competitive long distance running; cross-country skiing .
* Average adult assumed 10 weigh 70 kg, E‘
Source:  Adapted trom U.S. EPA, 1985 LY
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Appendix SA

Tuhle SA-Y Charactensticey of Indiv il Satiects Anhroometne Data Job Catepones, Calibrabhon Rewalts

Cahibratron
Suby. # Are (vean Hi Hiny Wi ifn Esvaw Growp® Job" Sae HR Ranpe! -
1761 n 7 150 Whi GCwW ot #ih 108 81
1761 o™ 63 135 Asn GCW ™ =112 R -]
176 R T 168 Hik Car Ote SeNT 9%
1768 K n 138 wm (ro g Ot 120 oT
1766 k) 67 170 His Car O T2 XY
1767 M 74 20 Wt Car < 59114 o
1768 2 o 158 Hi GCW Ofc 62182 b
1764 R T ha (] Wit Car Hoap R R -«
1770 0 0 ] Wht Car Homp [A8{} X9
1771 W 173 150 Wht Car Hosp %1 1% 91
eyl n 7 0 Wik Car Hosp X130 av
1773 ki) o4 170 Wht Imn Hovp b ) R
1774 pd} HX 150 Hu Car Howp o130 kL)
1778 42 07 150 Wht Im Howp Ta-11% N¥
17 b 0 10 Hiv Car Honp 68152 o d
177 as Tt o Ind Car Honp T0-12v “i
1T 0 0 178 Wht Car Howp T2-140 )
1750 37 s 242 His im Honp 68120 AL
1781 i ) 1hs His Lab Howp fen 12t b
Meun Kk} 70 X1 121 o
<P < 3 1 " ln ny
*  Ahbrewiahons are interpreted as follows. Ethae Group. Asn = Asian-Pacific, Bl = Hlack, His = Hispamc, Ind = American indian, Wi =
White

Jon. Car = curpenter, GCW = pencral construction worker, Im = roaworber, Lab w laharer

Sse. Howp = hospital buidbing, Ofc = maedieal otfice compien. Calibration daia

HR range = runge of heant rtes in cabihration study

£ = cocthicient of determination {propomion of wenlilanon raie vanatshity explanable by heart raie vanatlity under calibvanon-study
conditions, using quadraiic predichion equationt.

Sonree 1nn ol Juddt

4 s ¥

Table SA~  Statnhos of the ApaGender Cohorts laxd 1o Develon Rerrension Fauations tor Pradictineg Haval Metabodw: Rates i RMR

Gender/Age BMR Body Weight
) gt 5D cv? ke \° HAIR Eauation ¢
Males
Under 3 .51 0M1N 06} hh 162 0.249 hw - 0.127 04l
<t 414 Q.4ux 0.12 pi Kk} 0.04 tw « 22110 08}
Dio< 1% bR 117} 0.20 42 ™ 0.074 bw + 2784 0493
IX10< X0 H.87 (R4} .12 H3 e, 020 0.063 bw « 2 X0 .68
Wto<chd hs O K72 013 [ bodty 0 048 b+ 1683 0on
60 - 5.59 0.92% 017 [ . 50 0 049 b « 2454 07
Females
Under 3 .54 0.418 o8 HY 137 0243 bw - 0130 0.9
A<D XS 0.4 013} 2 413 0 ONS b « 2033 0Oxl
0toc I .04 Ut 018 W 78 (.05 hw = 2898 as
1Xto< 30 AR o 0.1% h) e 0.062 hw « 2036 omn
WiwCtd S.62 LX) 0.11 3] arn 00  bw = 351 0.6x
60 - 4 %S i nye “ i NN e & 2 TRE neas
b Coefficwent of vanation (SD/mean)
P N« number of subvjects
€ Body woight (hw) in kg
coeflicient of correlanon
Semprces | avion 1991
Page Exposure Factors Handbook
SA~1 August 1997

ra
(“/‘

-

GGGy ¢ Uidls

() *

Uit

\'\C\.\ *> lj"\ ,?...,

ST

T

.

Crars

"
~

n




Volume I - General Factors

Appendix SA
‘Table SA-1. Mean Minute Ventilation (V.. Limin) bv Group and Activity for Laboeatory Protocols
Activity Younye Children® Children Adult Females Adult Males
Lyng 6.19 .51 712 893
Simnyg 6.48 T8 7 9.30
Sending . , 6.76 3449 8.36 10.05
Walking 1.5 mph 10.25 DNP DNP DNP
1.875 mph 1053 DNP DNP . DNP
S0mgh DNP 14,13 DNP DNP
225 mph 1168 DNP DNP DNP
ZSmph DNP 15.58 2032 2413
3.0mph DNP 17.79 W20 DNP
33 mph DNP DNP DNP 2790
4.0mph DNP DNP DNP 36,53
Running 3.5 mph DNP 26.77 D.\-'Pb DNP
<0 mph DNP 3138 +6.03 DNP
4.5 mph DNP 3722 7.867 7.30
5.0mph DNP DNP 50.78° 58.48
60 mph nNp DNP DNP: 5% and
®  Young Cluldren. male and female 3+5.9 yr olds; Children, male and female 6-12.9 yr olds; Adult Females, adolescent,
young to middle-aged. and older adult females: Adult Males, adolescent, young to ruddle-aged, and older adult males;
DNP, group did not perform this protocol or N was (oo small for appropnate mean comparisons
> Older adults not included 1n the mean value since they did not perform runming protocol at particular speeds,
Sonrees  Adamx 1997

Table SA-Y. Mean Minute Venttlation (V,.. L/min) bv Group and Activity for Field Protocols

Activity " Youne Children® Children Adult Females Adult Males
Play 1131 17.89 DNP DNP
Car Driving DNP DNP 8.95 10.79
Car Riding DNP DNP 819 9.83
Yardwork DNP DNP 19,23¢ 26.07°31.89¢
Housework DNP DNP 17.38 . DNP
Car Maintenance DNP DNP DNP 2,214
Mowing DNP DNP DNp 30.55°
Woadworking DNP - DNP' DNP 24.42¢

*  Young Children, male and female 3-5.9 yr olds; Children, male and female 6-12.9 yr ofds; Adult Femules, adolescent,
young 10 middle-aged, and older adult temales: Adult Males, adolescent. young to middle-aged, and older adult males;
DNP, group did not perform this protocol or N was too small for appropriate mean comparisons;

lf Mean value for young to middle-aged adults only
€ Mean value for older adults only
: Older adults not included in the mean value since they did not pertorm this activity.

Adolescents not included in mean value since they did not perform this activity

Sauree  Adams, 1097
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Tahle aenr Taaal By Surfaee Area of Male Chilitren in Uniare Meten®
N Percent e

Age(ymn ‘ 0 i :« 0 2 RS w0 a8

Z«} [ ped Q.34 0552 Q.3 0.00} 0.629 0.4} Q.06 QoK

Ik 03483 0.600 0620 0ola 0.6Mm 0.700 0719 0.729 0. 70u

4l 0033 0.658 0.67) 0089 [ Nall o 0.790 Q.809 Q543

S«<o YA o 0732 (.74 0.79} 040 0.N0d 0.9 Quin

6<T 0.757 [+ dvg.0] 0N 0.M2! 0.N00 0918 0487 1.0t 1.06

T<3 0.9 0832 0.0 o 09 oMy Lol 1.06 1

K 0.43 097 0914 [T 1.00 1.0n 132 L7 1.24
2«0 0.9 0,960 0.9%5 1.00 1.97 113 t.io .23 t.29

10« 1.0 1.04 1.06 1.10 |13 e ) [ ] {40 LR

el 1.00 1.00 L2 1.18 1.2} 140 147 1.5 Lo )
2«1} Ly 113 {.2o 1.2% [ 147 1.52 1.62 176 |
13 e 1.20 1L+ 7 1.3 147 182 Le? 178 1.8 !
s 133 1.9 145 1.5¢ 1.0t 17y L% 184 193

1S«1n 1.45% 149 152 1.60 1.70 L7 Lad 1,90 202

16«17 1.33 1.59 1ol 1.606 178 1.87 198 201 ain ;
1T< s LM 1.5 1.62 109 1,50 1.91 1.96 2.0 b

It [ 1,31, N.836 O 0.67} 0728 0.TH8 oNl? Qud2 QN6

6x9 omY LY TN ORM O.R66 091 Lo 1.03 1.09 {44

9wl oy 1.00 [ K124 1.07 [B1. [ e} 1.0 42 1AL

12«18 119 124 (Irg 132 149 10w 573 1L.77 1.N8

14 in 1< 1A% K [ 7% 1 XM ol M AL

* Lack of hesght metasurerrwnts for hulifim «2 years in NHANES I peecluded calculation of surface preas for this age group.

L F vulues calculuted ueing NHANES 1] Jain.

Kayneer L4 S HWA fhns

Fatrle 6T Toan! fiendv Surface Amen of Fermale Cluldren in Spuane Metn®
Porcen)le
Ape o™ L] n 1% % an % RS o0 "

<} [ 5,303 08 0.544 [} s 0.5 0nto 0.623 0.637 0.053
Iz 0.44% 04570 0.3 onoT 0.649 Q688 0.707 0.1 0737
‘s 0627 only 0.09% (o1 0.700 Q758 0.1 0.7 Q.20
$<6 0na7s 0,700 04 [1)ral] 0.7 onM 0D x70 0902 0.952
axT [+ &l 0744 0.770 oMl [ 3,2\ 09l 0.yl QU9 1.0}
T<h [+ 8 24 Q.H04 0.A19 O.RM onT 0977 1.02 1.06 L3
X9 [L V.1 Q.14n 0.91) 092 100 .08 1.04 f.11 .18
9«10 133 24 Oy 090 1.01 1.00 114 .2 1) 1l
10<it o.m{ 0 1.0% 110 117 129 1.4 .37 143
1«2 108 1.8 L2 Lin .30 .40 1.50 .56 1.62
<t} i LY 1.24 1.2? 140 1.5 1.02 t.od 1.70
Y lé 1.2t 12 12 LW 14N 130 (X.73 L.73 1,86
td 1S (&1 .34 1w 14% 1.5% 1.00 L7 1.7% [§.4]
15«16 L 149 HEY 1AT 157 1.67 1.72 1.76 1.3
16«7 140 1.4 Lt 153 1.60 L 1.7v 184 1.91
T« in 1A 140 1.3 1.3 1.63 .73 1.40 1.54 1.94
A2 1.2 0.545 anio 0.630 0654 0Tt a0 [ 34) oxM 04Ty
[ X442 0.754 0.70) 0804 O xS oNe .00 L0 1,07 1.13
L2 354 [ L g a0 1.03 1.0% 110 Lu t.a 143 130

2«13 12 | B (8 ] LA ) Lal () (S LAY
15N 1 40 [ 147 (R 1 i}y tm 17 Tty 197
*  tack of henghr trurnsurerreenis for ctukinen <2 yeers o NHANES I prechuded calculanon of wrface areds for fhus age group.
P Esimate vidues caloulaied uaing NHANES Ul data.
Suw S Bpa tode
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Tahle 6=d Surface Area by Howdw Part for Aduliv im®)

Men

HBody part

oy

Wit Min N (I

Lo

Hend 10 0160) 0090 h (N ONK2S)y

Truni, R . (0.104) 0 0n h a7y
(Incl, Neck)

Upper extrenutics 10 (k1) [ERLY . h 0241

Arms : {0 0374) 0™ k WOl
Upper arms 00180 [ g .
Forearms 0.013 0 (s Nk .

Hands k (1111 bes] 0 0596 10,0081y

e

-

Lower extremities 10.0001) 0.3 h (0.067%
Legs ; (0 (KRS [§nd} b R SR 0 051%)
Thighs k 10.1470) 0128 k (0.0
Lower logs 10.0379) n.043 ‘ ; , 10.02400
Feet J e nonll K {0.00800)

~ e i1

Sl

I EN AT

l..
“

TOTAL NN | #h 1ML

A"

()

* number of otnervalions,

¥ standard devianion.

* median (see Table t2).

¥ sandard error,

* percenttles (S1h - Y51,

Source: Adapted from 1) 8 EPA, 1048

vl e

Tahle 4% Percentare of Toral Rewdy Sartace Area by Part for Adults

Men

Body pant Mean 64"
Head X 7.8 .
Trunk ; 38, b

Upper estremities L
Arms K , 10.%4)
Uppet arms . 0.5
Forearms X 0.4
Hands 32 5.2 10.5)

Lower estremities 4% . 1.%
Leys 2 It th &y
Thighs » . (]
Lower legs 2 .o,
Foet 12 [IRY)

Number of observaions,
Standatd devianion,
Nouree Adanted from U S FPA. 1uxs

»
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Table 6= Surface Aren of Adult Males in Sauore Metors
Percentile
Rowtw tsee < 10 1 A% 40 s X< o 0% SspE*
Tow! 166 fopd L76 (1 194 207 24 220 08 0.00374
Hemd a119 0121 [ faat} 0124 0.130 0.13% 0.138 0.140 0.143 0.0202
Tronk® 0591 0.0 0.643 0674 0T ox07 0481 .83 0935 0.0118
Upper eurenites 0.1 0332 0.M0 0.3%50 0372 G398 0408 G418 043 0.00101
Armas 0241 0232 0254 Q270 0.291 0.314¢ o 0.33% 0.5%4¢ 0.00387
Forearms 0.1006 Q.1 0115 0121 A K} 0, )a® 0.151¢ 0.157% 0.166* 0.0207
Hads. Q088 0.088 0.0%0 0.3 0.09% 0.108 0.104 .12 .07 Q0187
Lower extremities 0.65) 0676 0.692 Qa71s 0.76l oxl0 V8. k1.9 Q85K 0.R8gY 0.00033
Legs 0339 0.961 0576 asey .ol 0.686° 0714 07348 0.762¢ o030
Thugha 038 [+ Mk} 0.3 0.354 [} 4 0411 [ e o 0442 0.463¢ 0.0149
Lorwer leps [+ 41 ] 0226 [+ it s 0.240 0.2%0 0Tz 0282 0288 0.299 0.0149
Fousert LXRE LREL N 1% N1y 0111 0N g 014 0140 NNy
*  Srandand error for the 5-95 percentile ofeach budy part.
® Trunk includes neck.
% Percentile estimates exceed the maxinum measuned values upon which the equations are based.
Soumer 118 FPA JURS

Table 61 Surface Area of Adult Fernales 1in Squane Moters

Percennle
Rawlv part < 10 Had 2 <0 % Xs L] 9% SE*
Towm} 145 149 1.53 154 t.69% 182 1.9t 198 209 0.00374
Head 0.100 0.1q7 Q.108 0.109 0.1} 0413 0.014 0115 0.117 0.00678
Trunk® 0.490 03507 0.513 0.5 n3mM 0.036 0677 0.704 0.752 0.00567
Upper extremitics 0.200 0.265 0.269 0274 0287 0.308 0311 0.218 0.329 0.00%33
Arma 10 214 217 0.2t 0210 0208 024 Q24T 0.283¢ 0.009%6
Hands 00730 00736  007ST Q07?7 OO0XIT  OONGKS 00903 009 0Nt 00172
Lawer extremities 0.564 0582 0.59% 0.61% 0.657 0704 0.73%0 0.757 0.7496 0.00033
Legs 0460 o077 0.488 0.507 0.346 0.392 0.623 0.645% 0.683¢ 0.0130
Thighs o 0.281 0.289 0.100 0.328 0,157 0.379 0.394 0424 0.0449
Lower legs 0.1%6 0.192 0.197 0204 Q2I% 0.233 0.243 0,249 0204 0.0149
Fewt 0n (o 0 (Nt n s Q{08 01t n 17 NI"R NI N1y 00147

*  Siandard error for the 395 percentle of each body pan,

* Trunk includes meck

*  Percentle eshmates exceed the maximum measunéd values upon which the equations ane based,
Sources U S EPA. 194S.
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Figure 61, Schematic of Do and Exposure: Dermal Route

tmt= trect

Tahle 6.1 Summary of Fauanon Parameten for Calculanine Adult Koty Surtace Arva

Equanion for surface arcus (m*)

Rody Part N a, W He P % SE
Hend
Femaie 7 00X 0.124 0 INv 00l oW O Omdy
Male a2 00482 [eRELY 0 050 00l o o0
Trunk
Femaule 57 0.1x% 0.7 .30 000} oxTy O OUseT
Male K 00240 0O xox £.010 0.004 0 X%t aollx
U'!rrr Extrermitics
Make 52 004K 0341 0178 0001 05 600x13
Male +X 0.0012% 0460 0524 0.00] 0.421 0.0101
Afms
Female 173 00N 0.201 0 74 a0l nm 0} DOsstory
Male a ECHIER nole 0.501 0N} 0 X% ooT?
Uprer Arms
Male & X.70 0.741 -1 40 0.28 0576 00187
Forearms
Maic [ 0326 0.X8K% 0.X4% 0.08 0.%97 0.0207
Hands
Female [ 0.0 3 0412 00274 0.l 0447 1Ko} s
Male a2 00287 [ILYAS H2n 000) 0.878 0.01%7
Lower Extremities® 108 0.00206 045K 0 6% 0.00} 0.2 400l
45 0.00230 0.542 0626 0.001 Q.70 a0l
Thighs 45 O 00382 o6y 0379 0.004 0.7 Ouldy
Lower lepy 45 0.000276 04l 0973 0.00% [(rpet 00149
Reet 45 0 (NOkKLX 0N nns 000} [ 00147

2 gA ma, wht e

of lower extremitics,
Source: U S EPA. 198RS

W= Weight in batograms; H = Height in contimeters, I » Lovel of sigmficance: R® » Coefficient of determinabon;
SA = Surface Arei; §.C. = Standard error; N = Number of obwervations

One obwervation for a female whowe hody weipht excoeded the 98 percentile was not used.

Although two separte regressions were marginally indicated by the F e, pooling was done {or consisency with individual components
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limited number of measurements. Specific situations have
been selected to assess woil adherence to  skin.
Consequently, variation due to individuals, protective
clothing, temporal, or scasonal factors remain to be
studied in more detil, Theretore, caution is required in
interpretation and application of these results for exposure
assessments.,

These smdies are based on limited data, but

suggest:

= Soil properties influence adherence. Adherence
increases. with moisture content, decreases with
particle size, but is relatively unatfected by clay
or organic carbon content.

» Adherence levels vary considerably across
ditferent parts of the body. The highest levels
were found on common contact points such as
hands, knees, and elbows; the least was detected
on the face,

= Adhecrence levels vary with activity. [n general,
the highest levels of soil adherence were seen in
outdoor workers such as farmens and irrigation
systermn  installers,  followed by outdoor
recreation, and gardening activities, Very high
adherence levels were seen in individuals
contacting wet soils such as might occur during
wading or other 'shore area recreational
acuvities,

In consideration. of these general observations and
the recent data trom Kissel et al. (1996a, 1996b), changes
ane needed from past EPA recommendations which used
one adherence value to represent all soils, body purts, and
activities. One approach would be to select the activity
from Table 6-11 which best represents the exposure
scenario of concern and use the corresponding adherence
value from Table 612, Although this approach represents
an improvement, it still has shortcomings, For example,
it is ditficult to decide which activity in Table 6-12 is
mast reproentitive of a rvpical residential sefting
involving a variety of activities. [t may be wsetul to
combine these activities into general clises of low,
moderate, and high contact. In the {uture, it may be
possible to combine acnviry-specific soil adherence
otimates. with survey-specific soil adherence estimates
with survew-derived data on activity frequency and
duraion to develop overall average soil contact rates.

EPA is sponsoriny rescarch to develop such an approach.
As this information becomes. availble, updated
recommendations will be issued,

Table 6-12 provides the best estitmates available on
activitysspecific adherence values, but are based on
limited data, Therefore, they have a high degree of
uncertainty such that considerable judgment must be used
when sclecting them for an assessment. The confidence
ratings for various aspects of this recommendation are
summanzed in Table 6-18. Insufficient data are available
1o develop a distribution or a probability function for soil
loadingy,

Past EPA guidance has recommended assuming
that soil exposure accurs primarily to exposed body
surfaces. and used typical clothing scenarios to derive
estimates of exposed skin arca,  The approach
recommended above for estimating soil adherence
addresses this issue in a different manner. This change
was motivated by two developments.  First, increased
acceptance that soil and dust particles can get under
clothing and be deposited on skin, Second, recent studies
of soil adherence have measured soil on entire body parts
{whether or not they were covered by clothing) and
averaged the amount of soil adhenng to skin over the area
of entire body part. The soil adherence levels resulting
from these new studies must be combined with the surface
area of the entire body purt (not merely unclothed surface
arca) 1o estimate the amount of contaminant on skin, An
important caveat, however, is that this approach assumes
that clothing in the exposure scenario of interest maiches
the clothing in the studies used to derive these adherence
levels such that the same degree of protection provided by
¢lothing can be assumed in both ¢ases. [§ clothing differs
significantly between the studies reported here and the
exposure scenarios under investigation, considerable
Judgment is needed to adjust cither the adherence level or
surtace area assumption,

The dermal adherence value represents the amount
of soil on the skin at the time of measurement. Assuming
that the amount measured on the skin represents its
accumuiation between washings and that people wash at
least once per day, these adherence values <can be
interpreted as daily contact rates (U.S. EPA, 1992b).
However, this is not recommended because the residence
time of soils on skin has not been studied. Instead, itis
recommended that these adherenee values.be interpreted
on an event basis (ULS. EPA, 1992b).
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1985, Differences between the rat and human soil
adhesion tindings may be the result of differences in rul
and human skin texture, the types of soils used, sail
moisture content or possibly the methods of measuring
soil adhesion (Yang et al., 1959),

6.4. RECOMMENDATIONS
6.1.1. Body Surface Area

Body surface area estimates are based on direct
measurements.  Re-anralysis of data collected by Bowd
(1935) by several investigrators (Gehan and George, 1970;
U.S. EPA, 1985; Murray and Burmaster. 1992; Phillips et
al., 1993) constitutes much of this literature, Mathods are
highly reproducible and the results are widely agcepted.
The representativeness of these data to the pencral
population is samewhat limited since variabilty due 1o
race or gender have not been systematicatly addressed,

Individual  body  surface  area  studies  are
summarized in Tahle 6-13 and the recommendations for
body surface arca are summarized in Table 614, Tuble
6-15 presents the canfidence ratings for virous aspects of
the recommendations for body surface arca, The U.S.
EPA (1985) study iy hused on pencrally aceepted
measurements that enjoy widespread usage, summarizes
and compares previous reparts tn the titeraure, provides
statistical distributions for adults, and provides duts tor
total body surface area and body parts by gender for
adults and children, However, the results are based on
401 selected measurements from the original 1,114 made
by Boyd (1935). More than hall of the measurements are
fram children. Therefore, these estimales may be subject
10 sclection bias and may nol be representative of the
general populition nor specific ethnic groups. Phillips et
al. (1993) analyses are based an dircet measurement dista
that provide distributions of body surface ared to calculiae
LADD, The results are consistent with previous efforts to
estimate body surface arca. Analyses are based on 401
measurcments  selected  trom  the onginal 1,014
measurements made by Boyd (1935 and data were not
analyzed for specific body parts. The study by Murray
and Burmaster (1992) provides frequency distnbutions tor
body surtace arca for men and women and produces
results that are similar to those obtained hy the U.S, EPA
{1985), but do not provide duta tor body purts nor can
results be applied to children,

For most dermid exposure seenanios concerning
adults, it is recommended that the hady surface arcas
presented in Table 6-4 be used atter determining which
body parts will be cxposed, Table 6= was selected

hecause these data are straightforward determinations for
most  seenarios,  However, for others, additional
cansiderations may need to be addrensed. For example,
(1) the npe of clothing worn could have a signiffcant
effect on the surfuce arca exposed, and (2) climane
conditions will also affect the type of clothing worn and,
thus, the skin surface ares exposed,

Frequency, ovent, and exposure duration for water
activitien and soil contact are presented in Activity
Paticrns, Volume IT1, Chapter 15 of this report. For each
parameter, recommended values were demved tor average
and upper percentile values. Exch of these considerations
are also discussed in more detnl in US, EPA (1992D).
Data in Tables 6-2 and 63 can be used when surfage area
distributions are preferved. A range of recommended
values for estimates of the skin surface area of children
may te taken from Tables 66 and 6-7 using the S0th and
9Sth percentile values for age(s) of concern.  The
recommended S0th and 98th percentile values for adult
skin surface arca provided i U8, EPA (1992b) are
presented in Tuble 616,

64,2, Soil Adherence to Skin

Table 617 summarizes the relevant and hey studies
addressing ~oil adherence to skin, Both Lepoaw ¢t al.
(1975) and Roels et al. (1980) momtored typical
expasdres in children. They attempred 10 estimate typical
exposure by recovery of yecumulated soif from hands at
specific tme intervals, The efficiency of their sample
collection methods s not known and mas be subject 1o
crrar,  Oaly children were studicd which may Limit
weneralizing these results 1o adults, Later studies (Que
Hee ot al., 1988 and Driver et al., 1989 attempted to
characterize both soil praperties and sample collection
etficiency ta estimate adherence of soil to skin, However,
the experimentul conditions used to expose shin o soil
may not reflect typicisd dermal expasure situations, This
provides useful information about the influence of soil
churaereristics on skin adherence, but the intimate contact
of skin with sail required under the controfled
cxprerimental conditions in the studies by Driver et al.
(19%9) and Que Hee ¢f al. (19585) may have exaggerated
the amount of adherence over what typieally occuns,

More recentiy, Kissel et al. (19964; 1996) have
refated Jermal adherence to soil charactenisties and 1o
specific activities., In all cases, eaperimental design and
measurement methods  are siratghtforward and
reproducible, bur application ot results s limited, Both
controlied expeniments and ficld studies are based on a

Page
6-8

Exposure Factors Handbook
August 1997

Sart

Sacsre i

4

s




Volume I - General Factors

Chapter 6 - Dermnal

extimate the amount of soil adhering to the hands. The
mean il amount adhering to the hands was 0,159 grams,

Que Hee er al, (1885) - Evolunon of Efficient
Methods to Sumple Lead Sources, Such ay House Dust
and Hand Dust, in the Homes of Children - Que Hee etal,
(19385) ined sotl having paructe sizes eanging from 4 &
10 833 pm diameters, fractionated 1810 Six S2e ranges, (o
estimate the amount that adhered to the paulm of the hand
that are assumed 10 be approximately 160 ¢m” est
subject with an average total body surface area of 16,000
em= and a toral hand surface area of 400 cm®). The
amount of soil that adhered to shin was determined by
applving approxsmately 5 ¢ of sail tor cach size fractuon,
removing excess »il by shaking the hands, and then
measuring the difference tn weight belore and after
application, Several assumptions were made to apply
these results to other soil types and exposure seenarios:
(a2} the oil i composed of particles of the ndicated
diametens: (b all soil types and pacticle sizes adhere to
the skin to the degree observed in this study: and an
equivalent weight of particles of any diameter adhere to
the same surface anea of skin, On average, 31.2 my of woil
adhered to the palm of the hand,

Driver er al. (1989} - Soil Adherence to Htuman
Skin - Driver et al. (1989) conducted soil adherence
experiments usiny various soil types collected trom sites
in Virginia, A total of tive soil tvpes were coflected:
Hyde, Chapanoke, Panorima, Juchlund, and Montaito.
Both top soils and subsoils were collected tor each soul
type.  The soils were also charucterized by cation
exchange capacity. organic content. clay mineralogy, and
particle size distribution.  The soils were dry sieved
abtain particle sizes of <250 pm and <150 ym. For cach
soil type, the amount of soil adhering to adult mide hands,
using both sieved and unsteved soils, was determined
gravimetrically fi.e,, measuring the difference in soil
sample weight before and after soil applicanon to the
hands).

An attempt was made to measure onlv the mmimal
or "monolaver” of sail adhering to the hands, This was
done by mining 3 pre-weighed amount of suil vver the
entire surface arca of the hands tor a perind of
approximately 30 seconds, followed by removal of excess
s0il by yently rubbing the hunds together after Contact
with the soil.  Excess soil that was removed from the
hands was collected, weighed, and compared to the
original sotl sample weight,  The authors measured
average adherence of 1,40 mgfem® for particle swzes leas
than 150 pm, 0.95 mg/em® tor particle sizes less than 250

pm, and 0.5% mg/cm: for unsieved soils.  Analysis of
vartanee statistics showed that the most important factor
attecting adherence variability was particle size (p <
0.001). The aext most important tactor is soil type and
subtype (p < 0,00!). The interaction of soil type and
particle size was also significant, but at a lower
signiticance level (p<0,01),

Driver et al. (1989) found statistically significant
increases in soil adherence with decreasing particle size:
whereas, Que Hee et al, (1985) found relatively small
chanpes with changes in particle size, The amount of soil
adherenee found by Driver et al. (1989) was greater than
that reported by Que Hee et al. (1985).

Sedmun (1989) - The Development of Applied
Action Levels for Sail Contact: A Scenarip for the
Exposure of Humans to Soil in a  Residential Setting -
Sedman (1989) used the estimate from Roels et al. (1980),
0.159 &, and the average surtace arca of the hand of an 11
vear old, 307 cm* 1o estimate the amount of soil adhering
per unit area of skin 10 be 0.9 my/em®, This assumed that
approximately 60 percent (185 cm®) of the lead on the
hunds was recovered by the method employed by Roels et
al. (19805,

Sedman (1989) used estimates from Lepow ot al.
(1975), Roels et al. (19501, and Que Hee et al, (1985) to
Jevelep a maximum soif load that could occur on the skin.
A rounded arithmetic mean of 0.5 mg/fem* was calculated
trom these three studies. According to Sedman (1989),
this was near the maximum Joad of soi} that could occur
on the skin but it i1s unlikely that most skin surfaces would
be cavered with this wmount of soi} (Sedman, 1989),

Yang et al. (1989 - In vitro and In vivo
Percutancous  Absorption of Benzolalpyrene from
Petroleum Crude - Fortified Soil in the Rar - Yang et al,
(1989) evaluated the percutancous  absorption  of
benzofalpyrene (BAP) in petroleum crude oif sorbed on
soil using a moditied in vt technique, This method wats
used in preliminary experiments to determine the
minimum amount of soil adhering to the skin of rats,
Based en these results,  percutancous  absorption
experiments with the ¢rudessarbed soil were conducted
with soil partivies of <150 wm only, This particle sizc
was intended to represent the composition of the soil
adhering to the skin surface. Approximately 9 my/em® of
soil was found to he the minimum amount required for a
“monolayer” coverage of the skin surtace in both jp vitro
and in vivey experiments, This value is larger thun reports
for human skin in the studies of Kissel et al., 1996a,b:
Lepow et al., 1975: Roels et al., 1980: and Que Hee et al,,
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Table 6«18, Confidence 1n Soil Adherence to San Recommendations

Considerations

Ranonale

OGS « b

Study Elements
* Level of Peer Review
* Accessibality
= Reproducivihty

* Focus on factor of interest

e Daw pertinent to U.S,

+ Prnimary dataa

* Currency

* Adequacy of data collecnon
penod

= Validity of approach

= Representativeness of the
population

« Charactenzation of vanahility

= Lack of bras 1o study design

* Mcasurement error

Other Elements

= Number of studies

* Agrecment among rescarchers

Overall Rating

Studies were trom peer reviewed journad arhicles,
Articles were published 1n widely arculated joumnals
Reports clearly devenbe expenmental method.

The goal of the studics was 1o Jetermuine soal adherence to
skin.

Expenments were conducted 1n the U.S.

Expenments were directly measure sonl adherence to shan.
exvposure and done of chemicals 1n sotl were measured
indirectly or estimated from soil contact.

New studies were presented.

Scasonal factors may be impurtunt, but have not been
studied adequately.

Skin rinsiag techrque s a widely emplaved procedure,

Studies were himuted 1o the State of Washington and may
not be repreventative of other locales

Vanamhty in soil adherenée is affected by many facton
including soil propertics, achivity and individual behavior
patternw,

The studies attempted to measure o1l adherence in
sclected acthivities and conditions to1dentify important
achvities and groups.

The expenimental error is low and well controlled, but
apphication of results 1o other similar activities may be
subject to vanation,

The experiments were controlled as they were conducted
by a tfew laboratones; activity patterns were studred by
only one laboratory,

Rewults trom key study were consistent with earher
ostmates trom relevant studies and assumptions, but are
hmited 10 hand data.

Data are himited, therefore it s difficull 1o extrapolate
from experiments and field abservations to general
conditions ,
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Table 6-16, Recommendations for Adult Body Surface Area ‘:'}
Water Contact :
O
Soth 95th .
Bathing and Swimming 20,000 cm? 23,000 em® o
Soil Contact =
95th
Qutdoor Activities $.500 cm®
Source: U.S, EPA, 1992,
2
Tahle 617 Summary of St Adherence Studies ”
Swe sonl Poapulation .-
Stundy Fraction Adhcn:n::c Surveved Commenis -
[I¥1343] tmefem) =
KEY STUDIES .
Kisect et al., 1095, <30, 150 Vanous 28 adults Duta presented 1or sl loadings by -
200), »280 24 children bedy pant. See Table -1 1. -
Kissell et al., 1996b - Vartous 12 children Dats prosented by activity and body -
XY mtults Part. o
RELEVANT STUDIES
Dnveret al., 1UxG <150 1 an Aduits Used S sl types and 2-3 st} honzons
<250 s Aduits ttop sotls and sabtsatdsi; placed sl
unsieved 0.58 Adults oser entire hund of tes subiect, cxcens
remuned by shuihing the hands,
Lepow et al., 1478 - 0.5 10 children Chrt trom hands collected dunng play.
Represents only traction of total
prowent, some dirt may be trapped in
~shan tolds,
Que Hee ot al,, 1988 - 1.5 1 adult Assumied exposad area = 20 0m®. Test
subpect was 14 vean old
Rocls ¢t al., 1980 - N.4.1 8 661 children Subects livad near smelter in
Hrussels, Helpum, Mean amount
adhenng to sl was 0. 154G g,
Sedman, 19%Y - 0. 05 Children Used evtimate ot Roels et al. (1980
and average swrlwe of lund ot an 11
year ohd; uved estimates of Lepow et
al. 11975, Roels et al, ¢ 19%0), and
Que Hee et ul, (19581 to develop
mean of 0.5 mg/ome®.
Yang et al., 1084 <|80 9 Ruits Rat ~hin “monolaser™ e, minimal
amount of st cosenny the sarnl; in
SO And 10 vivo e iments
Page Exposure Faetors Handbook
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Cintn Ta e, ooble 0=l Summary of Recommended Values for SKin Surtace Area-

" 'Surface Area” -3 L% L Central Tendency - . Multiple Percentiles.

-

' © 7 Upper Pereentile -

"o Tables64and 6-5. . - sec Tables6-Zand 63 .

L

" se Tables 6-2and 63 |

23.000em™ .o T

-, 5800 cm?

' SceTables 6-6 and 67 .
 sccTable &8

-
L

. secTables 6-6 and 67

see Table 68

Table 6-15. Contidence 1n Body Surtace Area Measurement Recommendations

Considerations Ranonale Rating
Study Elements
= Level of Peer Review Studies were from peer reviewed journal aricles, High
EPA report was peer reviewed belore distnibution.
= Acceasibility The journals used have wide circulanon, i High
EPA report avaslable from National Techmeal Information
dervige.
* Reproducibility Expernmental methods are well-deseribed., High
= Focus on factor of interest Expenments measured skin arca direetly. High
= Data pemnentto U8, Expenments conductad 1n the U.S. High
= Pnmary daa Re-analywis of pnmary data in more detail by two different Low
nvestyzatory
= Currency Nesther rapidly changing nor controversial arca; estimaies Low
made 10 19335 deemed o be accurure and subsequently
used by others.
= Adequacy of' data collecnion Not relevant to exposure fuctor; parameter not ame NA
penad dependent.
= Vahdity of approach Agpmuch used by other investigators; not challenged 1n High
other Mudies.
= Represéntanivencss of the Not statnsucally representative of U.S, population. Meadium
population
= Charastensation of vanubshity lnd:vgiual vanality due to age, race, or gender not Low
stuc
= Lack of bias 1n study demign Objective subject selection and measurement methods High
used; results reproduced by others with ditferent methods,
= Measwrement error Measurement vanations are jow: adequately described by Low/Madium
NOMmal statistics,
Other Elements
= Number of studies ! expenment; two independent re-unalvses of this data set. Medium
= Agreement among rescarchen Constatent results obtamned with ditferent analyses; but Medium
trom a mngle set of measurements,
Overall Rating This factor can be directly measured. It is not subject to High
dispute, Intluence of’ age, rce, or gender have not been
detaled adequately 1n these studies,
Exposure Factors Handbook
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Tahle 6~1 2. Geometne Mean and Geometne Standard Deviations off
Soil Adherence by Activity and Body Revion (continued)
Post-activity Dermal Sotl Loadings (mg/cm2)
Activity N# Hands Arms Legs Faces Feet
Gardeners No. 2 7 0.18 .05« 0.022 0.047 0.26
34 29 2.0 1.6 -
Rugby No. 1 8 0.40 0.27 0.36 0.059
1.7 1.6 1.7 27
Rugby No. 2 8 0.1 o1 0.15 0.046
1.4 1.6 1.6 1.4
Rugby No. 3 7 0.0:9 0.031 0.057 0.020
1.7 1.3 1.2 1.5
Archeologists T 0.14 0.041 0.028 0.050 0,24
1.3 19 4.1 1.8 1
Construction Workers b 0.4 0.098 0.066 0.029
1.5 1.5 1. 1.6
Unlity Workers No. ! 5 032 0.20 Q.10
1.7 27 1.5
Utility Workers No. 2 6 0.7 0.30 0.10
! 1.8 1.5
Equip. Operators No, | <+ 0.26 0.089 0.10
o5 1.6 1.t
Equip, Operators No, 2 4 032 027 0.23
1.6 14 17
Farmens No. | 4 0.4t 0.059 0.0058 0018
lo 32 a7 1.4
Farmens No, 2 6 047 0.13 0.037 0.041
1.4 22 39 3.0
Reed Gatherens 4 0.66 0.036 Q.16 0.63
1.8 ol 9.2 71
Kids-in-mud No. ! 6 35 1! 36 S
23 6.1 20 J.o
Kids-in-mud No., 2 6 L1 1 9.5 6.7
- 3.8 2.3 1o
* Number of subjects.
Sonprese Kissel er ol 1906h: Holmes ot al , 1906 (submitted for puhlicationt
Exposure Factors Handbook Page
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Table 6~12. Geometne Mean and Geometnic Standard Deviations of
Sl Adherence by Activitv and Bady Remon
Postsactivity Dermal Sanl Loadimn (me/emy
Activity N* Hands Arms Lem Faces Fect
Jingeor
Tae Kwon Do 7 0.0063 0.0019 0.0020 0.0022
1.9 ! 20 -1
GreenhouseWorkers 2 0.043 0.006e1 0.0018 0.0050
Indoor Kids No. | 3 0.0073 0.0042 0.00<41 0012
1.9 19 23 1.4
Indoor Kids o, 2 6 0.014 0.00:44 0.0031 0.0091
15 2.0 1.8 7
Daveare Kids No, 1a 6 0.11 0.02n 0.030 6.07%
19 (Y 1.7 23
Daycare Kids No, b ] Q.15 on 0.023 0.13
=1 1.5 1.2 14
Daycare Kids No. 2 s 0.073 0.023 0.011 0.0:d
1.6 1.4 1.4 13
Daycare Kids No, 3 1 0.036 0,012 0,013 0.0053
1.3 1.2 0 1
{Quigoor
Soccer No. | N on 0.01 0.0 0.012
1.4 20 iy 1.5
Soccer No, 2 ¥ 0.035 0.0043 0.014 60l6
3.9 a2 LR 1.5
Soccer No, 3 7 0.01y 0.0029 0.00%} oM
1.5 -2 1.6 1.6
Croundskeepers No. | 2 0.18 0.008 0.0021 0.01%
Groundskeepers No, 2 5 0.09% 0,002t a.0010 0.010
21 2.6 1.5 =0
Groundsheepers No. 3 7 0.030 0.0022 0.0000 0 004 0.000
23 1.4 1B, |}
Groundskeepers No, 4 7 0.045 n.0ld 0.000K 0.0026 0.01%
1.9 1.8 1.9 1.6 -
Groundskeepers No, § 8 0.032 0.n22 0.0010 0.0039
1.7 g 1.4 2.1
Landscape/Rockery 4 0.072 0.030 0.0087
2.1 21 1.9
Irmgation Instaliers [ 0.19 0.01% 0.0054 0.0063
1.t a2 1.8 1.3
Gardeners No. | N 0.20 0.050 0.072 0.05K 0.17
1.9 2.1 - 1.6 -
Page Exposure Factors Handbook
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Chaopter & - Dermal
Tahle 6=11. Summarv of Freld Studies (contininsd)
Evenr*
Activity Moath (hed N' M F Ave Conditions Clothing
Gardeners No. & Aug. 4 T2 5 2682 Weadng pruming. digging a 3of 7 long pants, Sof 7 short sleeves,
trench, piclkang frust, cheaning 1 sleeveless, socks, shoes, no gloves
Rugby No. | Mar. L7 8 8B 0 2022 Mixed grasa-barewet lield All in short sleeve shirts, shorrs,
vanable sock Jengths
Rugby Na. 2 July - 8 3 0 223 Gras ficld (30% otime) and alls  All in shorts, 7 of ¥ in short sleeve
weather fich$ (mux of gravel, sund, shirts, 6 of B in Jow sochs
and clay) (20% oftime)
JRugby No. 3 Sept. 215 7 7 0 2430 Compasted mixedprass and bare  All short pants, 7 of & short or rolled
«carth field up skeeves, socks, shoes
Archeotogists July 1.5 7 3 & 1635 Digging withtrowel, sereening dirt, 6 o T short pants,all shoet skeeves, 3
worting no shoes Or 30cks, 2 sundale
IConsruchion Workers. Sepe. b 2 8 0 21-30 Muxed bane carth and concrete S of 8 pants,7 of ¥ short slecves, all
surfuces, dust and dehns »0cks and shoes
Unlity Workers No.1 July 95 S 5 0 2<% Cleaning, fiaing mains, excavaton All long pants.short sieeves, socks,
(backhoe and shovel) boots, gloves somctimes
Unhity Workers Nal Aug, 95 6 6 0 M4 Cleamng, fing mains, excavation All long pants, 5 of 6 short sleeves,
(hachhoe and showel) socks, boats, gloves sometunes
[Equip. Operurors. No. Aug 8 4 3 0 2% Lanh scraping withheavy All long pants, 3 of 4 short sleeves,
machinery, dusty conditions socks, boots, 2 of 4 gloves
Equep. Operators No.2 Aug. 3 4 & 0 254 Eanhscruping withheavy All long pants, 3 of 4 short sleeves,
machinery, dusty conditions socks, hoots, { gloves
Farmers No. ! May 2 4 2 2 39«l Manual weedingmechamical Allin long pants, lwavy shoes, short
cultivation sheeve shirm, no gloves
Farmers No. 2 July 2 6 4 2 13«13 Manual weedingmechanweal 2 of 6 short, & of 6long pants, ! oI b
culivation lang steeve shirt, o gloves
Reed Gatherers Aug. > 4 0 4 4367 Tidaltts 2 of 4 shorsleeve shinw/knee length
pants, all wore shoes
Kids-in-mud No. | Sept, 017 o 5§ | 914 Lakeshorehne AlLin short sleeve Toghints, shorts,
barefoot
Kids-n.musd No. 2 Sept. 0N 6 5 1 %I4 Lakeshorchme All In shont sleeveTeshirts, shorts,
harefout
OutdoarTowls INI 125 34
2 Event duranion
b Number of subject

¢ Activines were confined to the house
Sources: Kiwsed er al.. 1996h: Holmes et al.. 1996 (subminted for publication),
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Tahle i-11 Summary of Field Studies
Event®
Activity Month (hrs)y N M OF Ape Conditions Clothing
{indoot
Tac Kwon Do Feh, LS T 6 1 KAl Camered foor All i jonglecves long pants martial
Ity unitorm, shoewes rolied bach,
barefoot
Greenhouse Worken Mar. £33 2 1 1 39 Plantwatenngapraying, ol Long pants, elhow kength short skeeve
blending, stentizabion shirt, no gloves
Indoor Kads No, | Jan, 2 4 3 1 o1} Playng on capeted foor 3 of 4 short pants, T of + short shivves,
sovka, N0 shoes
Indoor Kids No, 2 Feb. 2 6 4 2 1} Playing on carpeted floor Sof 6 long pants, 3 of 6 loag sheves,
SOChs, IO shoes
IndoorTewls 19 N 5
Quidoor
Daycare Kids No 12 Aug. KA & 5 1 1465 Indoon: hnoleum surfaoe: 4of 610 long pants, 4 of 6 short
ogtdoors: grass, hare euth, harked  sleeves, shoes
area
Daycare Kads No. 1b Aug. 4 6 S 1 165 Indoon: bnokeum surface, 4 of 610 Jong pann, < of & short
outdoors. grass, hare cana, harhed  sleews, no shoey
Arca
Daycare Kids No.X¢ Sept. X 5 4 1 i=1  Indoors, kow napped carpeting, Lof § long pants, lof § long sieeves,
hinoleumn surtaces all bancfoot for part of the Jday
Daycare Kidw No. 3 Nav. ] 4 3 1 1«lX Indoon: hnoleum surface, outside: All long pants, 3 of 4 long shecwes,
grass, hare exrth, harked area sochs and shoos
Soccer No. | Nov. 067 ® X O 13RS Half grass-half bare camh 6 of X long slecven, 4 of % long pants,
A of 2 «horr pants and v guarcs
Soccer No. & Mar, 15 B0 % 24N Alleweather fickd (samd-pround All i short shecwe durts, whorts, ke
trres) sOchy, Win puands
Soccer No. 3 Nov, 15 7 0 7T &M Allweather field (sand-ground Allin \bort dkeeve unrrs, shorts, ke
fires) sochs, shin guards
Groundskeepers No. | Mar. 18 2 It 29.52 Campus grounds, urhan All n long pants, metermittent use of
hormculture center, arborefum ghower
[Groundshoepers No. 2 Mar, 43 5 3 X 2.3 Campus groundsurban All 1n Jong pants, tsermurtent use of
homeulture censer, arboretum glowes
Groundskeepers No. 3 Mar, » T 85 2 3062 Campus groundsurhan All in long pants, intermuttend yae of
hormcultre center, arboretum glowes
Groundsheepers No, 4 Aug. 43 7 4 3 2.3% Campus grounduurhan S 0f 711 short sedve shirts,
horticulrure oemker, arboretum erTIent use of glowes
[Groundskeepers No. 5 Aug. .3 X6 2 1964 Campus groundsurban S of % ahort docwe sinrms,
hornculture center, arhorerum IMETITUTIENT use of glowes
Landscape/Rockery lunc 9 4 3 ! 74} Dhgpning imanaal andmechanical),  Afl long pants, 2 long sheevey, all
roch, moving ~ocks and boots
imgationinstallers Oxt. k 6 6 0 2l Landscapingaarface restoration  Allun long pants, 3 of 6 1hort veewe of
slerveleis s
Cardeners No. 1 Aug. 4 X1 T 1638 Weeding prunmzdigiing atrench 6.0f X long pants, T of K <hart slevves,
1 sleewelen, $ock, WY, MACTTTUIRNE
1pve of glomes,
Page Exposure Factors Handbook
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Surface Area: Men
ercuencydaknﬂbuﬁcn

Prahabitity

Area in me, n=5,000. LHS

Surfzce Area: Women
Frecuency Distbuticn

3.00

8

q

f

Prohahiliy)

f

— e o e | e B § e B

, n=5.000, LHS

.00

Figure 6-3. Frequency Distributions tor the Surface Area of Men and Women
Source: Murray and Burmaster, 1992,

Exposure Factors Bandbook
August 1996

fiauanha iy

fiauanhauy




Volume I - General Factors

Chapter 6 - Dermal

Intant SA/BW Rauos: Lognorm(0.0641.0.0114)

Expectsd Value=
8,4108:02

MO39

Vaduas in 10°-2

All Ages SA/BW Ratas: Normal(0,0489,0.0187

Valuas in 107-2

Adulr SA/BW Raties: Normalf0,0284.0.0028)

2 117 b= b4 -4
Vaives s 1073

Figure 6-2. SA/BW Distributions for Infants, Adults. and All Ages Combined
Source: Phillips et al,, 1993,
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‘Tahle fvid Descripiree Statistics for Surface Amw/Todv Weioht (SA/IIWS Ratias ine ke
Percentiles
Range
& s (vt Mon MMy N <p® 3 10 P 50 3 %0 9%

o2 0.0 1 Q.0421-0.1 142 00114 TRt 00470 agsar 0.40%63 QOnt7 a09 Ledizd B 0080
21179 0 004D 00268-0.0470 00070 1.0%) 00291 0.0328 0.0)70 0042 0.0:454- 0.0501 Q.09
> I8 00204 00200:0.0351 0.0028 7.6%e-0 0.0 00244 0030 0.0288 0.0y02 00316 0.0329
A1} o 0 iy 10N 114 AMe? O 1led NN [ e N Y0 N Ngue 0 (1) n o4 [ Xialid
*  Sandatd devaabon
* Standasi error of ihe mean.
10 o mkm argl 1001

Table A=100 Sransical Resulrs i Tl Bintv Surtas Aren Distniwitions (md)

Men

LS [P Y Dotirve and Plinee oo
Mean . 1,93 1.9 1.9
Muedisn LYo 1.0 1.94 189
Mode 190 19 1.90 1.%0
Standund Devishon ol9 018 0.17? Jole
Shirwrets brg 0o 0. 004
Kiirmais VoM 10n 107 02

Wonmn

1ty fipa Ttowd Pl -M“[hvu Contot?
Mean 1Ln .7 o0 i
Maedian 1.6% 1.68 1.07 1.68
Muode 1608 {6l 160 1.606
Staodard Devianon .21 Q.20 A1) o
Skewiweis [ a4 QN8 0.7 oo
W\ yrrian 4 4 401 149
Ko ppryr Mure v st Myrryiame O™
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Appendix 6A

It has been determined that the Gehan and George model is the formula of choice for extimating total surface area of the
hody since it is based on the largest number of direct measurements.

Nomograms

Sendroy and Cecchini (1954) proposed a graphical method whereby surface area could be read from a dagram
relating height and weight 1o surface arca. However, they do not give an explicit model for calculating surfuce area. The
graph was developed empirically based on 252 cases, 127 of which were from the 401 direct measurements reported by
Boyd (1935). In the other 125 cases the surface area was extimated using the lincar methed of DuBois and DuBois
(1916). Because the Sendroy and Cecchini method is graphical, it is inherently less precise and Jess accurate than the
formulae of other authors discussed above,
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Appendix 6A

Haycock ct al, (197%) without Xnowledge of the work by Gehan and George (19703, developed values for the
parameters ag, a;, and a, for the DuBois and DuBois model. Their interest in making the DuBois und DuBois model
more accurate resulied from therr work in pediatnios and the fuct that DuBoss and DuBos (19161 included only one child
in their study group. a severely undernounshed mirl who weighed only 138 pounds at age 21 months, Haycock et al.
(1978) uscd their own geometnie method for estimating surface area from 33 body measurements for 81 subjects. Therr
study included newborn infants (10 casen), nfants (12 cases), children (40 cases). and adult members of the medical and
secretanal statfs of 2 hospitals (19 casen), The subjects all had grossly normal body strucrure, but the sample included
subjects of widely varying physique ranging trom thin 1o obese. Black, Hispanic, und white ¢hildren were included in
their sample. The values of the model parumeters were salved tor the relationship between surfaee aren and beyght and
weight by multiple regression analysis. The least squares Best 1it Tor this equation vielded the followang vilues for the
three coctficients: ag = 0,024205, a; = 0.3964, and 2, = 0.537%. The resalt was the following equation for eximating
surface arca:

SA = 0.023268 HP e g0 i (Egn. 6A-9)
expressed logarthmically as:
INSA=InN023265 + 0.6 In H « D837 In W (Eqn. 6A-10)

The cocfficients for this cquation agree remarkahly with those obtained by Gehan and George (1970) for 401
mcasurements.

George et al. (1979 agree that a melel more complen than the model of DuRom and DuBais for estimating

surface areit v unpecessary. Based on samples o) direct measurements by Bosd (1935 and Gehan and George £ 19704,

and samples of geametnic estimates by Haveoek et al. (1978), these authors huve obtained parameters for the DuBos

and DuBoiy mode! that are ditferent thun those onginally postulated 1n 1916, The DuBoss and DuBois model ¢an be
written loganithmically as:

InSA=lna,=alnH+a. In'W 1Egn. 6A-11H)

The values for i, a), and a obtained by the vanous authors discussed in this section are presenied to follow:

Table 6A-2. Summary of Surface Arca Parameter Values for the DuBuoss and DuBuos Model

Author Number N 4y a,
{veari ol persons
DuBoi» and DuBois (1916) Y 0.007 142 0,725 04235
Boyd (1935 K} 0.01787 0.500 02838
Gehan and George (1670 <0 0.02350 042246 031456
Haveock et al. (197X X1 0.024268 0,396 0.537%

The agreement between the mode! paremeters eximated by Gehan and Georpe (19700 and Haveock et al, (197%)
1s remarkable in view ol the tact that Hayeoek o1 al. (1978 were unaware of the previous work, Hayeoek et al. 1197%)
used an entirely ditferent set of subjeets, and used peometric estimates of surfuce arca rather than direct measurements,

Page Exposure Factors Handbook
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Appendix 6A

Using the least squares procedure for the 401 abservations, the following parameter estimates and their standard
crrors were obtained:

89 =-3.73¢0.18), a, =0.417(0.052), 2, =0.517 (0.022)

The mode! iy then:
SA = 0.0239 HOHVT w7 (Egn. 6A<T)

or in logarithmic form:
InSA=-373+0417InH«0517In W (Eqn, 6A-8)

with a standard error about the regression of 0.00373, This model explains more than 99 pereent of the total variation
in surface arca among the observations, and is identical to two significant figures with the model developed by Gehan
and George (1970).

When natura) logarithms of the measured surface areas are plotted against natural fogarithms of the surface
predicted by the equation, the obnerved surface areas are symmetrically distributed around a line of perfect fit, with only
a few large percentage deviations, Only five subjects ditfered trom the measured value by 25 percent or more. Because
each of the five subjects weighed Jess than 13 pounds, the amount of difterence was small. Eighteen estimates differed
from mcasurements by 15 to 24 percent. Of these, 12 weighed fess than 15 pounds cach, 1 was overweight (5 feet 7
inches, 172 pounds). 1 was veiy thin (4 feet 11 inches, 78 pounds), and < were of average build, Since the same observer
measured surface area for these < subjects, the possibility of sone bias in measuned values cannot be discounted (Gehan
and George 1970).

Gehan and George (1970) also considered separate commnts for different age groups: less than 5 years old, 5 years
old to less than 20 years old, and greater than 20 years old. The different values for the constants are presented below:

Table 6A-1. Estimated Parameter Values for Ditferent Age Intervals

Age Number 2, X P
rroun of nerons

All ages <01 0.02350 042226 0.51356
<5 years old 229 0.02667 0.38217 0.53937
r 5-+220 years old 42 0.03050 0.35129 0.54375
> 20 vears old! 30 0.015<8 0.54168 0.46336

The surface areas estimated using the parameter values for all ages were compared (o surface areas estimated
by the values for cach age group for subjects at the 3rd, 50th, and 97th percentiles of weight and height. Nearly all
differences in surface area estimates were less than 0.01 square meter, and the fargest difference was 0,03 m* for an
18-vear-old at the 97th percentile. The authors concluded that there is no advantage in using separate values of ag, ay,
and a. by age interval.
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Gehan and George (1970) proposed another set of constants for the DuBois and DuBois model. The constants e
were based on a total of 401 direct measurements of surface areq, height, and weight of all postnatal subjects listed in .

Boyd (1935), The methods used 1o measure these subjects were coating (163 cases), surface integration (222 cusces),
and triangulation (16 cases),

Gehan and George (1970) used a leastesquares method 1o identify the values of the constants. The values of
the constants chosen are those that minimize the sum of the squared pereentage erron of the predicted values of surface
arca, This approach was used because the importance ol an error of 0,1 square meter depends on the surface area of the
individual, Gehan and George (1970) used the 401 observations summarized in Boyd (1935) in the least-squares method,
The following estimates of the constiants were oblained: ag = 0.02350, a, = 0.32246, and a, = 0.51456. Hence, their
cquation for predicting surface area (SA) is:

OCH 0

SA = 0.02350 HO340 (0345 (Eqn. 6A-3) =
=
or in loganthmic form: ':
~
In SA= -3.75080 + 0,42246 In H « 051456 In W (Eqn. 6A-3) &
where: ’_',i
SA = surface area in square meters; &,
H = heightin centimeters: and -
W =  weightinkg. -
-
fa

This prediction explains more than 99 percent of the variations in surface area among the 201 individuals measured
{Gehan and George, 1970),

¢y

The equation proposed by Gehan and George (1970) wan determined by the U.S. EPA (19X5) as the best choice
for estimating total body surface arca. However, the paper by Gehan and George gave insufficient information to
estimate the standard error about the regression. Therefore, the 401 direet measurementy of children and adults (1.¢.,
Boyd, 1935) were reanalyzed in U.S. EPA (1985) using the formula of Dubois and Dubois (1916) and the Statistical
Processing System (SPS) software package to obtain the standard error.

The Dubois and Dubots (1916) formula uses weight and height as independent variahles to predict total body
surface area (SA), and ¢an be writlen as:

SA =B Wre, (Egn. 6A-5)
or in logarithmic form;
In(SA),=Inag+ain H+alnW +Ine, (Eqn. 6A-6)
where:
Sai = surfuce area of the i-th individual (m®);
Hi = height of the i-th individual (cm);
Wi = weight of the isth individual (kg):
8.3, anda. = parameters to be estimated; and
¢, = arandom crror term with mean zero and ¢constant variance.
Page Exposure Factors Handbook
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APPENDIX 6A

FORMULAE FORTOTAL BODY SURFACE AREA

Most fornulae for estimating surface area (SA). relate height to weight to surface arca, The following formula
wis proposed by Gehan and George (1970):

SA = Kw3? (Eqn. 6A-1)
where:
SA = surface area in square meters;
W = weightinkg: and
K = consmnt

While the above equation has been criticized because human bodies have different specific gravities and because
the surface arca per unit volume differs for individuals with different body builds, it gives a reasonably good estimate
of surface area.

A formula published in 1916 that still finds wide acceptance and use is that of DuBois and DuBois. Their
mode! can be written:

SA =a H M - (Eqn. 6A-2
where:
SA = surface area in square meters;
H = heightin centimeters; and
W = weightinkg

The values. of aq (0.007182), a; (0.725), and a, (0.425) were estimated from a sample of only nine individuals
for whom surface area was directly measurcd. Boyd (1935) stated that the Dubois formulis was considered a reasonably
adequate substitute for measuring surface area. Nomograms. for determining surface area from height and mass presented
in Volume I of the Geigy Scientific Tables (1981) are based on the DuBois and DuBois. formula. In addition, a
computerized literature search conducted for this report identified several articles written in the last 10 years in which
the DuBoix and DuBois formula was used to estimate body surface area.

Boyd (1935) developed new constants for the DuBois and DuBois model based on 231 direct measurements
of body surface area found in the literature. These data were limited to measurements of surface arca by coating methods
(122 cases). surface integration (93 cases), and triangulation (16 cases). The subjects were Caucasians of normal body
build forwhom dat on weight, height, and age (except for exact age of adults) were complete. Resulting values for the
consants in the DuBois and DuBois model were 3, = 0.01787, a, = 0,500, and a. = 0.4833. Boyd also developed a
formula based exclusively on weighe, which was inferior to the DuBois and DuBois formula based on height and weight.
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Table 7-7. Weight in Kekograms for Females 6 Months-19 Yrears of Age--Numbes Examined, Mean, Standard
Doviation, and Selectad Peccennles, by Sev and Age. United Sutes, 1976-1550
Percentile
Number of
Fersons Mean  Sundard
Ape Euaminad (1) Daviation 5ih Ith I5th 25t S(xh 5tk 85th  9mh 95th
61 months .. .., m 88 1.2 66 73 1.5 19 &9 94 10.1 10.4 10.9
Yyears ........ 33 10.8 14 BB 9.1 9.4 99 107 1.7 12.4 129 134
Tyrars ..., 1316 13.0 1.5 108 H 11s 12O N7 38 145 149 159
Iycars ...... .o 366 149 21 1ua 123 129 134 147 160 17.0 174 84
dyears L....... 396 170 24 B2 143 143 151 167 184 19.3 202 b IN
Syeass ...,.... 364 19.6 3 153 61 167 122 190 2.2 ng M4 66
6yrars . ....... 135 1.1 40 170 128 186 193 213 18 66 289 9.6
Tyeass ..., 157 17 50 192 19 198 214 28 M 28.7 103 Mo
Byears ........ 13 219 57 N4 231 N3 M4+ NS W2 ) 331} Bs
Gyears ........ 149 e B4 229 250 258 210 297 N6 393 93 184
Wyecars...... .. 136 361 80 257 28 290 N0 S HS 111 458 3.6
lyears.....,.. 140 48 109 298 303 M3 M9 403 458 510 366 (0o
12years . ....... 147 46.4 0.0 323 30 37 W1 454 56 580 s 611
Vyears........ 162 509 e 354 9.0 403 41 o 552 W09 64 76.3
Mdycars........ 1718 548 1 03 428 7 14 35 0) 65.7 61.6 752
Byears........ 145 35.1 98 450 451 4635 482 S’y 596 61.2 65.5 76.6
16ycars........ 170 381 10, 441 47.3 489 513 ss56 625 68.9 33 76.8
.E’ Wyears...... .« IH 59.6 4 #1489 5035 3522 584 634 684 H6 81.8 ] ;:
S iBycars........ 170 590 11,0 453 435 S08B 528 S64  6)O 60 0.1 78.0 3
E Vyears. .. ..., 158 0.2 1o 483 197 3517 339 51.) 644 0.7 H8 8.1 :‘ g
a
> g v
8 Note: 1hg = 2.2046 pounds, - 9
. g ¥ Inctudes ¢hhing weight, eximated as ranging from 0.09 10 0.28 Lilogram. 5“5 8
#,% 3 Source: National Center for Health Stativics, 1987, p&- a
.Eg “'i
S R
g § S
NES S |
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g Table 74. Weight in Klograms for Males 1874 Years of Ape--Number Examined, Mean, Sundard
S Deviation, and Stlevted Percent.les, by Race and Age: United States, 1976 1930°
Q'
a Percentile
8 Numter of
Persons Man  Sundard
m Race and Afe Fumind (i) Deviaten  Sth 10ch 15th 35th  SOh 15th 85th OOth 95th
All racer®
1M years ..., 5916 11 138 586 63 619 637 769 B8sS N3 95.7 1027
& 1IB2years ..., 958 ns 11 S8 W4 619 618 710 8013 251 2.4 9.5
IMyean ..., 1,067 817 137 3598 629 654 I3 MNs 856 al 95\ 1027
I 48yeary ..., HS 809 14 52.7 63.1 61,7 1 M9 581 218 988 1043
$-8yan .,.,.,... 0 839 136 508 682 672 Hr Mo 534 045 75 105
556ty ..., 1,227 738 1e 599 638 &5+ 0 N3y §£56 205 247 1023
65-Myary ..., 1.4 M8 s 544 585 612 6y M2 81 81.9 912 9% 6
White
1874 years .,... 5,143 1835 13 593 628 658 94 M3 856 91.4 955 o3
1824ycars ....... 216 M2 ne 568 s 620 650 N4 806 855 910 1000
WA years ..., 901 130 13.% 399 637 659 (98 180 856 91.3 953 100.7
B4years ..., 653 8t4 128 621 66 ¢33 N9 801 832 9216 937 1011
4558 yeass ....... 617 810 N4 620 6.1 613 719 790 894 912 No 1045
5564ycars ..... 1086 789 124 &S 648 €66 W6 WY 836 %04 918 161.%
65 M years ..... 1,045 54 124 555 595 628 610 MY 80 8.9 212 9%0
Black
18 T4years ....... 649 779 152 580 611 636 672 753 854 9229 933 105.4
1828 y¢ary ... ..., 1] ] 722 no 581 69 6231 619 W8 Ny 818 817 236
B-Iyears ....... 139 82 163 587 834 619 634 753 B4 06 921 1063
Biiyears ....... 20 825 154 * 61.7 652 6371 831} 918 100.4 104 2 ’
455 years ....... 62 824 145 ' 647 670 732 3818 9310 1000 1025 *
$564ycars ....... 19 136 147 5638 614 &13 630 710 865 9298 98 6 1047
65-Myears ... .. 128 131 i5.3 523 56.7 30 610 712 Bl 908 913 105.1
Note: 11g = 22046 pounds.
* Includes clothing weight, estimated as ranging from 0.09 to 0.28 Silogram.,
% Includes all other races not shown as separate categories. .
€ Data not available,
- Sousce: National Cenker for Health Stativiics, 1987,
DR
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that 15 years old. However, this study does provide body
weight data for infants less than 6 menths old,

NCHS (1987) - Anthropometric Reference Data
and Prevalence of Overweight, United States, 1976-80 -
Statiics on anthropometric measurements, including
body weight, for the U.S. population were collecied by
NCHS through the second National Health and Nutrition
Examination Survey (NHANES II), NHANES IT was
conducted on a nationwide probability sample of
approximately 28,000 persons, aged 6 months 10 74 vears,
from the civilian, non-institutionalized population of the
United Stutes.  Of the 28,000 persons, 20,322 were
intervicwed and examined, resulting in 4 response raic of
73.1 percent, The survey began in February 1976 and was
completed in February 1930, The sample was selected so
that certain subgroups thought to be at high risk of
malnutrition  (perons with low incomes, preschool
children, and the elderly) were ovemampled,  The
cstimales were weighted to reflect national population
estimates, The weighting was accomplished by inflating
cxamination results for cach subject hy the reciprocal of
selection probabilities adjusted to account for those who
were not examined, and post stratifving by ruce. age, and
sex (NCHS, 1987,

The NHANES 11 collected standard  body
measurements of sample subjects, including height and
weight, that were made at vatious times of the day and in
different sexsons of the year. This lechnigue was used
because one's weight mav vary between winter and
summer and may fluctuate with recency of food and water
intake and other daily activities (NCHS, 1987). Meuan
body weights of adults, by age. and their standard
deviations are presented in Table 7-2 for men, women,
and both sexes combined.  Mean body weighis and
standard deviations for children, ages 6 months to 1Y
years, are presented in Table 7-3 for boys, girls, and bovs
and girls combined, Percentile distributions of the body
weights of adults by age and race for males are presented
in Table 7-3, and for females in Table 7-5. Dua tor
children by age arc presented in Table 7-6 for males, and
for femaicy in Table 7-7.

Results shown in Tables 7-3 and 7.5 indicats that
the mean weight for adult males is 78,1 kg and for adult
females, 65.4 kg. [t also shows that the mean weight tor
White males (78.5 Kg) is greater than for Black males
(77.9 kg). Additionally, mean weights are greater fur
Black females (71,2 kg) than for White females (64,8 kg,
From Table 7.3, the mean body weights for girls and boys
arc approximately the same from ages 6 maonths to 14

years. Starting at years 15-19, the ditference in mean
body weight ranges from 610 11 kg

Table 7.3 Reaty Wearehts of Aduin® thilwrame s

Men am)
Men Woften Worren
Age tyears)
Mean Sud. Mean Sad. Mean (hg)
ikey Dy they e
L] kel 127 06 1Y 67.2
Pl ™7 e L 150 2%
(LYY mY (R (38 142 O
LA L) [RY.Y HH G 143 48
AR XA ™n 124 LY 147 T4
AMae N T4n 2% " AR me
INg T8 ™1 (K] a5 148 TN

Node ] g = 22048 pouteds
¢ Invkades Chuhing werght, PHmaled as ranying from 8 0% o 0 2% kikgeam.
Sumice Adapeend trom Naikomat Conter tor Health Satisins (NCHS ), 1onT

Tahle 21 Hiuty Werghty of Chulidren® thilograms )
Bays am)
Havey Ll Girla
Ape Mean S Mean d. Mean
ihg) Dev thgr Des (hgy
A} muniin vd (R LA 12 Wl
| year tes Lw i 14 1A
T veats 1ie 17 (RIQJ 14 (R
1years 147 ] 144 2 153
4 yean 17n s TH Y4 174
£ years TR in tusn L} 192
f yean M 40 g} S0 2
T yeans M) 19 M7 hi1] 2w
A years .Y 62 Nu 7 1
W vears My HA Yy LR ns
i veans M 77 W} y W
1] yeann M3 (1181 L1 ] A +) 1
12 yean - J ¢ 4 01t FLR}
[RET P, AUt 123 L) fim LTS
I yeurs 7] IR by 1 0
[REFLY IRV Ho s8] L] b
Ih veany LYA) 124 @ ! i nh
V7 yeary w7 1S “in 114 612
IR years kIR 127 o i nt!
14 penry kil 118 wHY Y 10 o4 0
Note' | kg e 22040 pounds,
Y I liedts chthung weight, esbimmied as Fanging from O (2 16 0 2% Lkogrem
Samrf e Aifaraend Prore Noatesp ) aneer e He b Sagiarees oNTHN Ha™

7w RELEVANT BOPY WEIGHT STUDIES

Brainard and Burmaster (1992} - Rivariate
Distrehutions for Height und Weight of Men and Women
in the United States - Brainard and Burmaster (1992)
examined duts on the height and weight of adults
published by the U.S. Public Health Scervice and fit
bivariate distributions to the tabuluted values for men and
women, separately,
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Figure 7-2. Weight by Age Percentiles tor Girls Aged Birth-36 Months
Source: Hamill et al.. 1979
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7. BODY WEIGHT STUDIES

There are several physiological factors needed to
calculatz potential exposures. These include skin surface
area (sec Volume I, Section 6). inhalation rate (see
Volume [, Section 5) life expectancy (sce Volume I,
Section 8), and body weight. The average daily dose is
typically narmalized to the average body weight of the
exposed population. If exposure occurs only during
childhood years, the average child body weight during the
exposure period should be used o estimate risk (U.S.
EPA, 19%89). Conversely. if’ adult exposunes are being
evaluated, an adult body weight value should be used,

The purpose of this section is to describe published
studies on body weight for the general ULS. population.
The studies have been classified as either key or relevant
studics, based on the criteria described in Volume |,
Section 1.3.1. Recommended values are based on the
results. of key studies. butr relevant studies are also
presented to provide the reader with added perspective on
the current state of knowledge peraining to bedy weight

7J1. KEYBODY WEIGHT STUDY
Hamill et al. (1979) = Physical Growrh: National

Center for Health Statistics (NCHS) Task Force that
included academic investigators and representatives from
CDC Nutrition Surveillance Program selected, collated,
integrated, and defined appropriate dats sets to generate
growth curves for the age interval: birth to 36 months
developed (Hamill ct al., 1979). The percentile curves
were for assesxing the physical growth of children in the
US. They are based on accurate measurements made on
large nationally representative samples of children
(Hamill et al., 1979). Smoothed percentile curves were
derived for body weight by age (Hamill et al,, 1979).
Curves were developed for boys and for girls. The data
used to construct the curves were provided by the Fels
Researeh Institute, Yellow Springs, Ohio. These data
were {rom an ongoing longitudinal study where
anthromopetric data from direct measurcments are
collected regularly from participants (~1,000) in various
areas of the U.S. The NCHS used advanced statistical
and computer technology to generate the growth curves.
Table 7-1 presents the percentiles of weight by sex and
age. Figures 7-1 and 7-2 present weight by age
percentiles for boys and for girls aged birth to 36 months,
rexpectively, Limitations of this study are that mean body

Center for Health Statistics Percentiles - A National weight values were not reported and the data are more

Tabke 7-1. Smouthed Percentiles of Wesght (in kg) by Sex and Age:
Stahstics from NCHS and Duta from Fels Research Insnute, Bieth to Jo Months
Smoothed® Percentile
Sth 10th 25th 50th 78th Axh 95th

Sex and Ape Weght in Kilograms
Male
Bty b, 43 vt 3.00 K o hX. 4 Ja2 4,18
1 Month .16 343 a2 +29 4.75 5,14 538
3 Months 443 478 532 s98 636 744 7137
& Muonths 6.20 6,61 .20 748 K49 9,10 940
9 Months TR 795 83356 9.18 Q.88 1049 1093
12 Moaths 3,43 8,84 949 1015 1091 11.54 1.9
18 Months 259 992 10.67 1147 123 {3.0% (R
24 Months 10.54 1033 11,63 1259 13.44 14.29 14,70
30 Months 114 11.30 1263 11.67 14.51 1547 1597
36 Months 226 12.09 1358 14,69 15.59 16,60 17.2%
Female
Hirth 236 258 -93 3.3 352 364 3.81
1 Month ~97 Kl s 394 436 4.6% 492
3 Months 418 3.47 488 540 590 6.39 6,74
6 Maoaths 519 6.1 6.00 Tl T.83 8.38 .73
9 Moaths 7.00 7 7.89 8.56 924 9.83 10,17

= Months 7.84 N.19 8.81 9353 10.23 10.87 124
18 Months 292 9.30 10.04 10,82 11.5% 12.30 12,76
o4 Months. 987 1026 11.10 11.90 1274 1357 14,08
30 Moaths 10.78 1121 tn 1293 13.93 14,84 15,33
J6 Months 11.60 12.07 12.99 13.93 15.03 15.97 16.54
* Smoothed by cubicsspline approximation.
Sourcet Hamill et al., 1979
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Chapter 8 - Lifetime
Table 8-, Confidence in Litetime Expectancy Recommendations
Considerations Ranonale Ranng
il ty
*  Level of peer review Data are published and have received eviensive peet revicw. High
s Accenmbility The study was widely avaslabhe 1o the public (Census dati). High
= Reproducibility Kesults can be reproduced by analy ang Cemus daa. High
= Focus on factor of interest Starnhical data on hie expectancy were published 1 this study. High
* Dura pertinent to US The study tocined on the U.S. population. High
* Prmary data Pnmary data were analyzed. High
= Currency The study was published in 1995 and discusses lite expectancy tremds from High
1970 to 1993, The stuty has also made projectioms for 1995 unti the year
20
*  Adequacy of data collection perkwd The data analyzed were colkevted 0wt a penod of yean, High
*  Valdity of approach Censun data 1 collected and analyzed over a penod of yean, High
= Study sie This study was hased on U.S. Cemn data, hans the populaiion study uze High
s expected to he greater than 100,
*  Representaniveness of the population The dats are representanive of the U.S. populahion. High
= Charactenzanon of vanatihity Data were averagod by pendet and race hut only for Blacks and Whites, ne. Medm
other nationalitics wete fepresentad within the section.
= Lack of b in study devgn (High rating There are no apparent hases. High
1s desirable)
*  Meawurement error Measutement error may he almuted 10 parmons of the populanon that Medium
avord or provide minkeading informManon on census survweys
Mber Eloments
*  Number of studwes Daca presentend 10 the section are from the U.S. Rurcau of the Cotwn Lo
publicahon.
*  ARrecmont between researchers Recommendaion was hased on only one study, g it 1s widely avcepted, Hizh
Owerall Rating HIGH
Exposure Factors Handbook Page
August 1997 8-

V.S GOVERNMENT PRINTING OFFICE: 199% 6300017801 72

Uit

SEA e GGG e

Wl W

A XY ics W'Y '/‘l\ ll.}

' N

l")
r,

)}l ¢ '}‘(

5208




Uisdis

Volume I - General Factors
24 ;
o . [
Chapter 8 - Lifetime e
v
1>
Table 8.2, Expoctation of Life by Race, Sex, and Age: 1992 (continued) l_
i
Expectation of Life in Years ?
o7
White Black -
Age in 19%0
{ycars) Toka Male Female Maie Female 1
~y
50 .3 7. k] K 2.0 e L.;
| b 6.3 o hod) n? y;
2 2.6 5.4 30.1 218 268
hX] 264 246 2 208 6.0
5 9 37 .3 201 ]
55 5.1 hal) s 195 pXK
56 243 a2 26.6 18,8 07 i
§? 04 213 257 182 30 =
S inde 206 N9 176 2 »
59 219 198 241 169 s o,
60 211 9.1 n2 163 08 -
61 264 In3 nd 158 20 &
62 9.7 176 26 152 194 f
63 154 169 20X 14.6 (]34 -
(5} 182 162 200 14.1 8.0 f=
6s 175 155 19.3 138 174 &
-
70 142 124 156 1.0 143 "~
EA 1.2 9.6 {podnd 19 14 ~
K0 L& 7.2 92 6.8 a6 .
X3 and over 6.2 &3 6.6 sl 63 -
o
Source: U.S, Bureau of Cetaus, 19495, g
¢
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Volume I - General Factors ’
Chapter 8 - Lifetime -~ * :
Table 8-, Expectation of Life by Race, Sex, and Age: 1992
Expectation of Life in Years
White Black
Age in 1990
(yeors) Towl Male Female Male - Female

Atbth 7538 T2 98 65.0 79
v 754 T8 793 652 74.)
2 y! T8 7.3 643 s8]
3 yaXi 709 73 614 plo
4 72 @9 763 2 7.2
5 716 689 754 ol 70.3
& 706 679 Tad 0.5 9.3
T 9.6 669 T3 595 643
R o8.6 659 T 58,8 673
9 676 65.0 T 57.5 66.3
10 66.6 &h0 704 56.5 65.4
1 636 63.0 094 555 64
12 46 620 Pr 54.6 634
13 637 61.0 T s1.6 624
14 627 60.0 06.5 2.6 614
13 017 591 05.5 517 60.4
16 60.7 8.1 o5 7 595
7 5.8 T 615 498 58.5
18 SH.8 56.2 62.5 489 518
v 79 £5.3 61.6 a8.1 56,6
0 569 543 60.6 a2 $5.6
b3} 160 534 596 63 546
= $5.1 52 58.7 a5 537
b 54 516 517 6 5.7
M 532 506 56,7 438 si8
2 Lnded K% 4 $87 a9 50.%
26 513 a8 S48 azl 49.9
el 504 78 38 42 8.9
-3 4944 469 -8 40,4 48.0
o 485 46.0 518 05 471
30 475 45.1 509 w7 46,1
3 16,6 b 1 499 378 45,2
32 457 2 449 370 a3
» bs 423 48,0 362 34
k3 438 $ld 470 153 a4
s 29 405 40.0 345 415
36 420 396 5.1 337 40.6
37 410 Ry €31 39 ¥7
38 40,1 378 432 2.1 N
3 ™2 Jo9 422 3 379
40 W3 36.0 4.2 305 LrA]
Y T 8.1 403 297 62
42 365 a2 393 289 333
43 56 333 It 232 3t
“ M7 24 s e 316
L 338 S 365 26,7 27
46 329 30.6 .6 259 319
7 20 %7 4.7 282 31.0
43 311 288 3.7 244 d
a9 4 .0 28 pa kv 293
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Chapter 8 - Lifetime

Tahic 8.1, Expectation of Lafe ar Rirth, 1970 t0 1993, and Prosections, 1995 10 2010 iweani®

TOTAL WHITE RLACK AND OTHER" RLACK

YEAR Total  Male  Femalke  Total  Male  Female  Toal  Male  Female  Totad  Mule  Female
1970 708 67.1 4.7 713 680 750 653 613 6ud od.1 600 683
1978 e LUR 766 T4 695 7. 6X%.0 617 4 oh R a4 73
1980 737 700 T 744 07 ) [0 LA Tin 6.} 38 ) =5
1981 74.1 704 TN 74.% 711 ™ 703 02 T4 BAY S ka >
1982 74.8 0.8 ™. 7% s ™7 08 66N T4 wa as.} AR
19383 Ne N0 ™. 782 716 ™7 M9 w70 4.7 pud RS2 738
1983 M7 T ™2 783 718 ™7 kAR ] ™Y L] 683 FATS
1988 n? Th ™2 7.3 IR ™3 7.0 67.0 Tim ol 680 Tid
1986 7 .2 ™2 754 Ty Tax 709 [1 k] 744 o} L% 4
1947 149 714 ™A 86 ni ™Y 710 (L] 750 LR [ % ns
198K 789 e ™A e n2 LA T08 067 X XY twh 4 e
{GRY 780 Tnr ™S tak s 792 109 oh T T4 6K X [ ] AR
190 784 718 THH ™) = ™ 72 67.0 82 LIS 1.5 o
1941 758 710 e h3 74 T4 b 7.8 LY 748 LU LX) 7N
1942 18K 723 9.1 768 AN TON TN 817 87 LX) 650 T
1991 8.8 T2 ™Y .3 730 M 718 674 188 o4 3 o7 T
Projections® 1948 761 T2 nNT T M %03 728 6e2 MK MY aSw T4

2000 767 72 %0.2 714 4.3 M09 Ny 6%.3 58 702 65.3 751

2008 TA EAR ] 807 .2 744 LI 73.6 6| ™. 70.7 hS 9 758

0N Ty 74 5 L] TH N 786 N0 741 fo Y ™7 711 &6 S 760

-

Source:

BExcludes deuths of nonresidents of the United States,
Racial desenptions were il provided 10 e dati soutce

Hased on middle mortahity assumptions; for details, see U.S. Hurcaw of the Census, Curent Population Repofts, Senes P23, No. 1104,

Bureau of the Census, 1998,

Page
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Volume I - General Factors

Chapter 8 - Lifetime

3. LIFETIME

The length of an individual's life is an important
factor to consider when evaluating cancer risk because the
dose estimate is averaged over an individual's litetime.,
Since the averaging timne is found in the denominator of
the dose equation, a shorter lifetime would result in a
higher potential risk estimate, and conversely, a longer life
expectancy would produce a lower potential risk estimate,

8.1. KEYSTUDY ON LIFETIME

Sastical data on life expectancy are published
annually by the U.S, Department of Commerce in the
publication: “Statistical Abstract of the United States.”
The latest year for which statistics are available is 1993,
Available dam on lifc expectancien for various
subpopulations. borii in the years 1970 to 1993 arc
presented in Table 3-1. Data for 1993 show that the lite
expectancy for an average person boen in the United
States in 1993 is 75.5 years (U.S. Burgau of the Census,
1995). The table shows that the overall life expectuncy
has avernged approximately 75 years since 1982, The
average life expectancy formales in 1993 was 72,1 years,
and 78.9 years for fernales, The data consistently show an
approximate 7 yeans. ditference in lite expectancy for
males and females from 1970 to present. Table 8-1 also
indicates that life expectancy for white males (73.0 years)
is consistently longer than for Black males (64.7 years),
Additionally, it indicates that life expectancy for White
females (79.5 years) is longer than for Black females
(73.7), adifference of almost 6 years. Table 8-2 presents
data for expectation of life for perons who were at a
specitic age in year 1990, These data are available by
age, gender, and ruce and may be useful for deriving
exposure estmates based on the age of a specific
subpopulation. The data show that expectation of life is
longer for females and for Whites,

Y
3.2. RECOMMENDATIONS
Current data suggest that 75 years would be an
appropriate value to reflect the average life expectancy of
the general population and is the recommended value, If
gender is a factor considered in the assessment, note that
the average life expectancy value for females is higher
than for males. Itis recommended that the assessor use
the appropriate value of 72.1 years for tnales or 78.9 years
for ferales, If race is a consideration in assessing
exposure for male individuals, note that the life
expectancy is about 8 vears longer for Whites than for
Blacks. It is recommended that the assessor use the
values of 73 years and 64.7 years for White males and
Black males, respectively, Table 3-3 presents the
contidence rating for life expectancy recommendations.
This recommended value is different than the 70
years commonly assumed for the general population in
EPA risk assessments. Assessors are encouraged to use
values which most accurately reflect the exposed
population, When using values other than 70 years,
however, the assessors should conmsider if the dose
estimate will be used to estimate risk by combining with
a dose-response relationship which was derived. assuming
a lifetime of 70 years. It such an inconsistency exists, the
assessor should adjust the dose-response relationship by
multiplying by (lifetimes70).  The Integrated Risk
Information System (IRIS) docs not use a 70 year lifetime
assumption in the derivation of RfCs and R{Ds, but does
make this assumption in the derivation of’ some cancer
slope factors or unit risks.

8.3. REFERENCES FOR CHAPTER 8

U.S. Bureau of the Census, (1995) Statistical abstracts of
the United States,
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Table 7-12. Confidence in Body Weight Recommendations ‘:."
o
Conuderations. Ranonale Ranny .
-t
Study Elements vk
* Level of peer review NHANES 1T was the major souree of ¢ata for NCHS (1987). Thn s a High ,,‘.}‘
hahed study which reoewved 2 tph level of poer revsew. The Hamill et S
al. (1979) s a peet reviewsd Journal publication.
* Accosmibility Borh studies are available to the public. High
* Reproducibiliry Results can be reproduced by analynng NHANES |1 data and the Fels. High -
Research Institute data, A
= Focus on factor of interest The studies focused on Body weaight, the exposure factor of interest. High ..'.".
i)
= Data pemnent 1o US The data represent the U.S. populanon. High -
-
= Pnmury daa The primary data wete gencrated from NHANES I daa and Feds, studaes, Mechum A
thus thewe data are sexcondary. -
i~
+ Currency ‘The data wete collected hetween 1976419%0, Low P
« Adequacy of data collecnion The NHANES [T sty included data collecied aver a period of 4 years. High e
penod Hody weight measurerments were tahen M vanous tmes of the ay and at A
Aifferent seanom, of the year. )
« Validity of approach Direct hady weiphts were measured for both sudies. For NHANES 1T, High -
subgroups st rrk for malmxntion were overaampled. Weighting was -
accomplished by inflMing examinanon nesalty. for those not examuned and -
were stratified by race, age. and wx. The Fels data are from an ongowng A
longitudinal siudy where the data are cotlectad regularty, L
e Study size The sample size convisted of 2X,000 persons for NHANES L. Author High
noted 1n Hamull et al. (1979) that the data set was Lurge.
* Representativeness of the Data collected focused on the U.S. populanion for hath studes. High
population
= Characterizabon of Both studics charactenzed vanatnlity reganding age and wor. Additionally High
vanawiity NHANES I charactenzed race (for Blacks, Whites and 1otal populations)
and sampled pervons with low mcome.
* Lack of nas in study design Thete are no apparent uses in the study designs for NHANES 1. The Madum-
(hugh rating 1 desirable) study devign for collectiag the Feh data was nor provided. High
* Measurement crror For NHANES T, measurement etror should be low since bedy weiphts High
were performed in 2 mobtwle examinanion conter using standardized
provedures and oquipment. Also, MERSUITTICHIS Were Tahen af vanous.
nimes of the day 10 accoum for wenght Nuctuations as a result of recent food
or water intake. The authors of Hamull et al. (1979) report that study data
are based on accurate direct measuremends from an ongoing longitudinal
study.
Other Elements
* Number of studes ‘There are two studics. Lirw
* Agrectnent berweoen researchers There 1 comsistency among the two studies, High
Oveenll Rating High
Page Exposure Factors Handbook
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Chapter 7 - Body Weight Studies
Table 7-10. Summary of Bodv Weght Studies.
Sudv Number of Subects Popalation Cominents
KEY.STURIES .
Hamull eral. (1979) ~-1,000 U.S, general Authors noted thar diatn are uccurmte measurements from a
populistion large nationally represeritasrve sample of children,
NCHS, 1987 20322 U.S. general Rased on civilian non-snstitutionalized populiation aged &
(NHANES ID population months to 74 years. Rexponse rig was 73,1 percent.
RELEVANTSTUDIES
Braunard and Burmaster, 1992 12501 (5,926 men and 6,588 ULS, general Used data from NHANES II to it bivante Jisthbutions to
women) population women and men age 18 to 74 years.
Burmaster et al., 19M 3438 (4,079 females and U.S, genernl Used data from NHANES I 1o develop fitted dutnbutions
<4379 males) populanoa for children aged 6 10 20 years old. Adjustedd {or non-
reyponse by age, gender, und race,

7+ REFERENCES FOR CHAPTER7

Amcrican Industrial Health Council (ATHC). (199¢)
Exposure factors sourcebook. AIHC, Washington,
DC

Brainard, J.; Burmaster, D. (1992) Bivanate
distributions for height and weight of men and
women in the United States. Risk Anal, 12(2):267-
27s.

Brorby, G.: Finley, G. (1993) Standard probability
density functions for routine usc in environmental
health risk assessment. Presented at the Socicty of
Risk Amalysis Annual Meeting, December 1993,
Savannah, GA.

Burmaster, D.E.; Lloyd, KJ.: Crouch, EA.C, (1994)
Lognormal distributions of body weightas a
function of age for female and male children in the
United States. Submitted 2/19/9<4 to Risk Analysis
for publication.

Hamill, P.V.V.: Drizd, T.A.; Johnson, C.L.; Reed, R.B.;
Roche, AF.: Moore, WM. (1979) Physical
growth: National Center foc Health Sttistics
Percentiles. American J. Clin, Nutr. 32:607-609.

X Seermmw-w

'.' . n/ ‘.,, | ""v.

National Center for Health Statistics (NCHS) (1987)
Anthropometric reference data and prevalence of
overweight, United States, 1976-80. Data from the
National Health and Nutrition Examination Survey,
Series. 11, No, 238, Hyattsville, MD: U.S.
Deparsment of Health and Human Services, Public
Health Service, National Center for Health
Statisties. DHHS. Publication No. (PHS) 87-1688.

Palisade, (1992) @Risk Users Guide. Palisade
Corporation, Newfield, NY.

U.S. EPA (1989) Risk asscssment guidance for
Supertund, Volume I: Human health evaluation
manual. Washington, DC: U.S, Eavironmental
Protection Agency, Office of Emergency and
Remedial Response. EPA/530/1-89/002.

Versar, Inc, (1991) Analysis of the impact of exposure
assumptions on risk assessment of chemicals in the
environment, phase II: uncertainty analyses of
existing exposure assessment methods. Draft
Report, Prepared for Exposure Assessment Task
Group, Chemical Manufacturers Association,
Washington, DC,
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Tahle 7:0. Statisiics {or Probamiity Plot Regresson Anatyses
Maule's Houly Werghts & Moniths 1o 20 Yesr of Ave
Lognormal Probabiliry Phots
Age farnear Corve
s a.*
6 months to | year pn) 0132
1102 years 2446 o.l1le
2o} year 260 0.120
At0d yeans 275 0114
4105 yean QK7 0.133
5106 years 2499 0134
6107 yean RN K] 0.145
7 to K years 321 015
N 10 9 yeurs KX ) a.1%1
910 10 years 143 0.16%
1010 11 years ise 0.1v8
11 10 12 yean 169 02352
121013 yeans am 0.224
1310 1d veans 1.xx 0218
14 10 15 years 4.02 0.13]
1510 16 yours 4.8 0.159
1610 17 yeur 4.20 0.16%
1710 18 years 4,19 0.167
iXto |9 yean +4.28 .15
{9 10 20 wear <426 0154
¥ iy 0 - comeapond to the mean and tandard deviation,
respoctively, of the loghormal distnbution of hody weight (kg),
Sowprce Byrmister e at 1043

AIHC - Exposure Factors Sourcebook - The
Exposure Factors Sourcebook (ATHC, 1994) provides
similar body weight data as presented here. Consistent
with this document, an average adult body weight of 72 kg
is recommended on the basis of the NHANES I dat
CNCHS, 1987). Theswe data are alvo used to derive
probability distributtons for adults and children, In
addition, thc Sourcebook  presents  probability
distributions derived by Brainard and Burmaster (1992),
Versar (1991) and Brorby and Finley (1993), For each
distribution, the @Risk formulx is provided for direct use
in the @Risk simulation software (Palisade, 1992). The
organization of this document, makes it very convenient
1o usc in support of Monte Carlo analysis. The reviews off
the supporting studies are very brief with little analvsis of
their strenths and weaknesses, The Sourcebook has been
classified as a relevant rather than key study because it is
not the prnimary source for the data used to make
recommendations in this document. The Sourcebook is
very similar to this document in the sense that it
summarizes exposure factor data and recommends values,
As such, it is clearly relevant as an alternative information
source on body weights as well as other exposure factors.

7.3. RECOMMENDATIONS

The key studies described in this section was used
in selecting recommended values for body weight. The
general description of both the key and relevant studies
are summarized in Table 7-10, The recommendations for
body weight are summarized in Table 7-11. Table 7-12
ptesents  the confidence ratings for body weight
recommendations. The mean body weight for all adults
(male and female, all age groups) combined 1s 71.8 kg as
shown in Table 7-2. The mean values for each age group
in Table 7-2 were derived by adding the body weights for
men and women and dividing by 2 If age and sex
distnbution of the expoed population is known, the mean
body weight values in Table 7-2 can be used. If percentile
duta are needed or it ruce is a factor, Tables 7-3 and 7-8
can be used 1o welect the appropriate data for percentiles
or mean values.

For infants (hirth to 6 months), appropriate values
for body weight may be sclected from Table 7-1. These
dat (percentile only) are presented for male and female
infants.

For children, appropriate mean values for weights
may be selected from Table 7-3. If percentile values are
neceded, these data are presented in Table 7-6 for male
children and in Table 7-7 for female children.

Body weight is a function of age, gender, and race
and populations of many geographic regions may vary
from the general population across geographic regions.
Therefore, the user should make appropriate adjustments
when applying the percentiles to other geographue regions.

The mean recommended value for adults (71.8 kg)
is different than the 70 kg commonly assumed in EPA nsk
AMCMNWINENIES.  Assensofy are encouraged to use values
which most accurately reflect the exposed population,
When using values other than 70 kg, however, the
assexsors should consider if the dove extimate will be used
to estimate risk by combining with a dose-response
relationship which was derived assuming a body weight of
70 kg. If such an inconsistency exists, the assexsor should
adjust the dose-response relationship as described in the
appendix to Chapter 1. The Integrated Risk Information
Sysem (IRIS) does not use a 70 kg body weight
asumption in the derivation of RICy and RiDx, but does
make this assumption in the derivation of cancer slope
factors and unit risks,
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X

Height and weight of 5,916 men and 6,588 women
in the age range of 18 to 73 years were taken from the
NHANES II study and statistically adjusted to represent
the U.S. population aged 18 to 74 years with regard to age
structure, sex, and race. Estimation techniques were used
to fit normal distributions. to-the cumulative marginal data
and goodness-of-{it tests were used to test the hypothesis
that height and lognormal weight follow a normal
distribution for cach sex. It was found that the marginal
distributions of height and lognormal weight for both men
and women are Gaussian (normal) in form.  This
conclusion was reached by visual observation and the high
R® values for bestefit lines- obtined using lincar
regression. The R values. for men's height and lognormal
weight are reported to be 0.999. The R values. for
women's height and lognormal weight are 0.999 and
0.935, respectively.

Brainard and Burmaster (1992) it bivariate
distributions to extimated numbers of men and women
aged 18 to 74 years in cells representing 1 inch height
intervals and G pound weight intervals, Adjusted height
and lognormal weight data for men were fit to a single
bivanate normal distribution with an estimated mean
height of 1,75 meters (69.2 inches) and an estimated mean
weightof 78,6 kg (173.2 pounds). Forwomen, height and
lognormal weight data werg it to a pair of superimposed
btvariate normal Jdistributions (Brainard and Burmaster,
1992). The avernge height and weight for women were
estimated from the combined bivariate analwses. Mean
height for women was estimated to be 1.62 meters (63,8
inches) and mean weight was estimated to be 65.8 kg
{145.0 pounds). For women, a calculation using a single
bivarite normal distribution gave poor results (Beainard
and Burmaster, 1992). According 10 Brainard and
Burmaster, the distributions.are suitable for use in Monte
Carlo simulation,

Burmaster eral. (1994%) (Submitted 2/19/9 to Risk
Analysix for Publication) - Lognormal Distributions of
Body Weight as @ Function of Age for Female and Male
Children in the United Stutes - Burmaster et al. (1994),
performed data analysis to fit normal and lognormal
distributions. to the body weights. of female and male
chiidren at age 6 months.to 20 years (Burmaster et al.,
1994).

Dam used in this analysis were {rom the second
survey of the National Center for Health Stutisties,
NHANES II, which included responses from 4,079

females and 4,379 males 6 months to 20 years of age in
the U.S. (Burmaster et al.. 1994). The NHANES 1l data
had becn swtistically adjusted for non-responsc and
probability of selection, and stratified by age. sex, and
race to retlect the entire U,S. population prior to reporting
(Burmaster et al., 1994), Burmaster et al. (1999)
condueted exploratory and quantitative data analyses, and
fit normal and lognormal distributions to percentiles of
body weight for children. Cumulative distribution
functions (CDFs) were plotied for female and male body
weights on both lincar and logarithmic scales.

Two models were used to assess the probability
density functions (PDFs) of children's. body weight.
Lincar and quadratic regression lines were fitied to the
data, A number of goodness-of-fit measures were
conducted on data generated by the two models,
Burmaster eral, (1994) found that lognormal distcibutions
give strong fits (o the body weights of children, ages 6
months 10 20 years.  Statistics for the lognormal
probability plots. are presented in Tables 7-8 and 7-9,
These data can be used for further analyses of body
weight distribution (i.c., application of Monte Carlo
analysis).

Table T+8. Statistics for Probabiity Plot Regression Analyses
Femules RBodv Weivhts 6 Monthe t0 20 Years of Ave
Lognormal Probability Pots
Age £ srwnr Curee
w ot
o eronths to 3 yoar 1o 0,143
1102 years Pt 0.128
20 ) years 256 0112
3wdyean 209 0.137
+103 yeans b4 A} 013
%100 years 298 0.163
0t 7T years 10 Q.17
TioN yeurn e Q.17
B0 years xn 0,136
910 10 years kK .} 0214
10t0 11 years 157 0.1%
w12 yuars ki) 020
1210 1) yeurs N2 213
1310 14 yuars loT 0llo
1d10 13 years X 0.187
1510 16 years .00 0.156
161017 years *,00 0.167
1710 I8 yours 408 0.163
1R 10 1% years 07 Q.47
10t 20 venrs + 10 0 ldsd
* iy Oy - correspond to the mean and stamlard deviation, respecrively, off
the lognormal disinbution of hody wetght (kg).
Srwiovess fhirvwyiator of 3 10404
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