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A peer review of 'a draft of this document prepared before

June 30,
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That draft document

was 2ntitled "Occupational-Related Dermal Exposure Assessment

Methodology. "

It contained the same basic information,

though

organized slightly differently, as in this final version of the

document.
presented in a different form:

However, exposure data in that earlier draft were
average exposure from published

reports and independently calculated arithmetic and geometric
means for various subsets of data from the Pesticide Handlers

Exposure Databage

(PHED) were used.

The full peer review

comments can be obtained from the EPA’s Chemical Engineering

Branch.
and EPA responses:

The following is a summary of peer reviewer’'s comments

Peer Reviewer and Comment:
Mark Boeniger, NIOSEH

Suggested revigions to make some of
the terminology more consistent
throughout the document. Provided an
update on NIOSH research and
suggested additional NIOSH and OSHA
documents for evaluation. Suggested
clarification on the scope of the
project, tabulations, and provided
comments to clarify issuea digcussed
in the sampling methodology section
of the report.

Christine Whittaker, 08!1

Suggested to clarify the scope and
purpose of the document, consider
retitling the document to better
reflect the scope. Commented that no
new research is presented, although
the document clearly illuatrates the
problems associated with assessing
"dermal exposures in an occupational
setting.

omme.

We agree with the comments provided
which suggest additicnal
clarification and editorial review.
We have revised the report to make
the terminology consistent, and have
revised the document as suggested to
incorporate the clarifications. The

' scope of the project was also

clarified as suggested.

We agree with the comments provided.
The document title was reworded to
more appropriately reflect the scope
and purpose of the document. The
text was reviged to better reflects
the scope and purpose as well. It
is hoped that this document, which
is the first of its kind for
industrial occupational
environments, will prompt additional
regearch into this important area of
dermal exposure assessment.



Pesr Dev:oswer and Commenct:

Tom Klingner, CLI Laboratories,

Inc.

Addit:cnal information regarding
limizacions of the sampling
methodology, theoretical approaches
to predict K, for organic solvents,
bioclogical monitoring, and glove
permeation data wera presented. In
addition, limitations of the film
thicknegs method for liquids was
discussed. Suggested that exposure
duration for most of the cited
studies may not be comparable to
industrial exposures, and suggests
that pesticide re-entry is a closer
comparigon of induscry exposure
issues. Finally, suggested retitling
the document to better reflect the
scope and purpose.

‘Bert Hakkinesn, The Procter & Gamble
Cempany

Recommended an expanded literaturs
search and numerous additional
references for inclusion, including
work by other Federal Agencies.

Suggested revising the title to morn:

accurately reflect the scope and
purpose of the research. 'Provided a
great ‘deal of additional information
regarding the barrier effect of
protective clothing, the OPPT's
Exposure Assessment Branch (RAB)
DERMAL program, dermal deposition
rates from published reports, and
transfer of chemicals from fabric to
skin. A colleague with expertise in
dermal absorpticn and skin sxposure
-assessment also reviawed the document
and provided input. Suggested
additicnal information to provide
perspective on the use of the EPA’'S
Office of Raséarch and Develcpment
(CRD). K, approcach, and discussion of
decermination of K, values.

EPA Responge to Comment :

We agree with the comments provided.
A very thorough raview of the
document was conducted, and the
comments were excellent. The
additional information was
incorporated into the document.

With respect to biological
monitoring, a detailed evaluation of
biological menitaring data is
outside the scope of this effort,
but it is discussed briefly in
several places in the document.
reason for the exclusion is
primarily due to the fact that
Chemical Bngineering Branch (CEB)
only assessas dermal "exposura”
while another Division is :
respansible for assessing potential
for "absorpticn" when evaluating
dermal axpcosure issues within EPA‘s
Office of Pollution Prevention and
Toxics (OPPT). The cited studies
ware critically evaluated and
characterized with respect to
comparison to industrial operations.
As menticned abdve, the document was
ratitled in response to comments
raceived.

The

We agree with the camnents and have
incorporated the relevant references
and addicional information inte the
report. A very thorough reviaw and
excellent comnents were provided by
the reviewer. An expanded
literature search was conducted and
additional references were cbtained..
The additional information was
incorporated into the documenct. Thae
discussion of the ORD X, approach vas
expanded, including determination of
K, values and experimental
methodolegy. The scope and purpose
of the document was clarified and
tha title was changed to more
accurately reflect the content of
the document. Information available
on maximum skin loading of solids
and liquids was added.
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ser Reviewer and Comment:

Hans Marquart, TNO, The Netherlands

Numerous additional references, many
from Europe, were recommended for
inclusion. Suggested revisiting the
methodology used to critically
evaluate and analyze the pesticides
exposure data in light of the recent
study by Van Hemmen which also
reviewed and evaluated pesticides
exposure data. Suggested clarifying
and clearly articulating the
conclusions and recommendations,
particularly use of the published and
PHED data in quantifying amount
retained on the skin. Cautiocned on
the use of the PHED data due to
complexity and potential error in
calculation of statistical inference.
Suggested other areas for additional
regearch, including the effect of
washing the skin on the amount
available for penetration, and
collection of additional. data to
enable more accurate (less
conservative) estimates to be
developed. A colleague with
expertise in dermal absorption
reviewed the relevant portions of the
document and found them to be wall
writtan. Provided specific comments
on the sampling methodelogy, cautions
against grouping of exposure
scenarios which may not be similar,
and additional information on the use
of barrier effect of clothing data.

Franklin Mirer, United Auto Workers

Suggested to include statistical
descriptors such as means, standard
deviations, and ranges to
characterize the exposure data from
published reports.

T

EPA Response to Comment :

We agree with the comments provided
and have incorporated them into the
document where possible. A thorough
review of the document and excellent
comments were provided by the
reviewer. The Van Hemmen study was
reviewed and found to be an
excellent addition to the reporc.
Additional referances and
information from the study were
incorporated into the report. The
approach for analysis of the data
wag revigsed; statistical analysis
within PHED were used directly.
scaciscical approach used in Van
Hemmen'’s paper was adopted for this
document. The EPA’s Office of
Pesticide Programs (OPP} has been
involved in reviewing the document
as it progressed to ensure
appropriate use of PHED database and
interpretation of data. According
to OPP, the statistical calculations
in the PHED database are correct.
The additional areas for research
were incorporated and other comments
were incorporated into the document.

The

We agree with the comments and have
provided the ranges and means of
exposure data where available.
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Pasar Reviewer and Comment:
Richard Fenske, Univ. of Washington

This reviewer was unable to review
and comment on the entire document,
but agreed to provide comments on
Chapters 3 and 7 of the document,
which address the evaluation of the
studies gathered from the literature
and evaluation of the applications of
the daca. Numerous additional
references from Europe and the State
of California were suggested for
inclusion. Suggested a greater
clarity in the description of data
manipulation procedures, and
suggested a sample calculation with
some real data to add clarity.
Recommended to review a recent report
which suggests that soil loadings do
reach a maximum on the skin.

Provided reviews on the complexities
of the many issues associaced with
dermal exposure assegssment, and areas
needed further research. Questioned
why greenhouse studies were not
included within the report.

Expressed concern with the
normalization of exposures to 30-6Q
minutes per day as a standard daily
exposure period, which may be
appropriats for pesticides exposures,
but not for industrial exposures.
Suggested some additional refaerences
for further investigatiom.  Concurred
with ‘the authors that the
extrapolation of data generated in
outdoor pesticide application studies
to traditicnal. industrial exposures
involves many assumptions and
uncertainties, and generally agreed
that the CEB values can be used.

| California was unsuccessful.

EPA Response to Comment:

The review of Chapters 3 and 7 of
the document was comprehensive and
excellent comments were provided.
The attempt to obtain additional
references from the State of

The
data manipulation precedures in
Chapters 4 and 5 were clarified.
Additional evaluation of soil
loading data was conducted to help
interpret the data for predicting
the amount of solid retention in the
skin. Greenhouse studies were
excluded as most of the industrial
exposure scenarios evaluated by CEB
are not comparable to greenhouse
spraying. If greenhouse spraying-
type scenarios become mors prevalent

T in CEB assessments, additional data

will be compiled and evaluated.
Normalization of quantity rectained
on the skin over a standard daily
exposure period or a standard daily
quantity handled was revisited and a .
revised approach was adopted.
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I. INTRODUCTION

A, CRJEZCTIVES

Dermal contact with chemical substances during industrial
operations represents a potentially significant route of exposure
for workers. Unlike other routes of exposure such as inhalation,
dermal exposure sampling methods and interpretation of monitoring
data have not been well defined. The only situation where dermal
exposure has been studied extensively is in pesticide operations.

Exposure is defined by the Agency as the amount of substance
contacted by the outer boundary of the organism integrated over
time (EPA, 199%2a). For dermal exposure, it represents the amount
of substance that contacts the.skin prior to any penetration.
Accurate aggegsment of dermal exposure hazards must account for
the complex mechanism of continuous deposition, retention,
removal, evaporation, migration, and absorption at the skin
surface. However, there currently is no mocdel that can describe
these processes adequately. - As -a -result,-dermal exposure-has
been assessed by determining the amount of chemical deposited or
retained on the skin, or by determining the amount of chemical
that can be removed from the skin.

Because of a lack of field monitoring data on industrial
operations, the Chemical Engineering Branch (CEB) of the EPA
Office of Pollution Prevention and Toxics uses a method based con
extrapolating an estimated quantity of chemical retained on a
unit area over the total exposed skin surface area to estimate
dermal exposure. However, only limited knowledge on the input
parameters and applications of this method exist. Consequently,
validation and improvement of the method are needed.

The objectives of this report are to:

° Provide a literature search of monitoring data on
dermal exposure; identify other methods used for
predicting dermal exposure when monitoring data is not
available;

° Evaluate the CEB method and revise or identify
additional values and input parameters (e.g., quantity
remained on the skin, skin surface area) for predicting
dermal exposure under various exposure scenarios;

@ = Make recommendations to improve the CEB methcd based on
the literature search and evaluation.
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The field monitoring data available are almost exclusively
relatad to pesticide operations such as mixing, loading,
spraying, and flagging. When compared to typical industrial
operations, only the mixing and loading operations may find some
similarity with the corresponding industrial operations.
Therefore only dermal exposure data related to pesticide mixing
and loading operations are reviewed in this document. In
addition to presenting such dermal exposure data, several related
topics including dermal exposure monitoring methods, skin surface
area estimation, dermal absorption modeling, and barrier effects
of protective clothing are discussed within the report. It
should be noted that for these topics, a comprehensive literature
search was not conducted, and the reader is referred to other
sources for additional information. ‘

A review of available monitoring methods for assessing
dermal exposure is presented to provide an overview of the
difficulties and uncertainties involved in such monitoring. The
dermal absorption process and current knowledge on modeling are
discussed to reflect how they impact the exposure assessment.

The skin surface area at various anatomical regions of the body
ig critical in estimating total dermal exposure. Thus, a review
of the historical practices and current recommendations on skin
surface area are presented. Many pesticide studies have included
the barrier effects of protective clothing, and a brief review of
the available data on this topic is presented.

Biological monitoring, which can be an important ‘tool in
evaluating dermal exposure to some contaminants such as ,
polycyclic aromatic hydrocarbons and certain organic solvents, is
not addressed in this report. Recognized methods for conducting
biological monitoring are not available for the majority of the
substances evaluated by OPPT, and interpretation of biological
monitoring data in relationship to various routes of exposure is
often difficule.

B. BACKGROUND

The Chemical Engineering Branch uses the following equation
for estimating dermal potential dose rate (as the amount
available for absorption) (CEB, 1991):

D = SQC
where D = Dermal potential dose rate, mg/day
S = Surface area of contact, cm’
Q = Amount retained om skin, mg/cm?
C = Concentration of chemical of concern, percent by

weight.
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The CEB method assumes that a single contact with the
chemical results in the quantity retained on the skin for a
complece work day with exposure duration of 4 to 8 hours or
longer. It is also assumed that workers wash their hands at meal
break time and at the end of the shift. Additionally the CEB
method assumes that dermal protection, such as gloves, is not
used by the worker to limit exposure. Therefore, the method
generates estimates of potential daily dermal exposure at the
hands for the sub-population of workers who do not use dermal
protecticn. The estimates provided by this method are believed
to be conservative (i.e., overestimates), and this is confirmed
by the evaluation of data as discussed in this document.

This dermal exposure assessment method is currently used to
develop bounding estimates of the potential dose in terms of the
amount of a chemical remaining on a worker’s skin (usually
expressed in terms of mg/day) and available for absorption, after
the worker completes various common industrial activities leading
to occupational exposure. The dermal potential dose rate is
coupled with an estimate of the amount absorbed through the skin
to compute a predicted absorbed dose for purposes of risk -
assessment. A bounding estimate is an estimate of individual
exposure or dose where the estimate is purposely constructed to
be higher than the individual in the distribution with the
highest exposure or dose. A bounding estimate is useful in
developing statements such as "the exposure or dose is no greater
than ." Bounding estimates are quite useful in gcreening
level assessments. However, a bounding estimate cannot be used
for an estimate of actual exposure (EPA, 1992a).

Default input values for estimating the potential dose rate
on the hands have been developed for use in the above equation,
as shown in Table 1-1. The surface area of the hands is based on
Popendorf et al. (1983). The quantity of substance remaining on
the hands and available for absorption is based on a laboratory
study by Versar (1984). In the Versar study, participants
immersed their hands in one of several liquids, or performed
other activities. The amount of liquid retained on the hands was
then measured. The 1984 Versar study has been updated with the
most recent review dated 1992 (EPA, 1992¢). A summary of the
updated data on skin surface retention rates in mg/cm‘ is shown
in Table 1-2. The 1992 review followed a more rigorous treatment
of the data, however, the experimental subjects and procedures
still repregent a significant source of variability.

As recommended in the CEB Engineering Manual (CEB, 1991),
dermal exposure estimates should be adjusted by the following
factors when applicable:
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) The concentration of the chemical in the mixture
(weight fraction)

° The percent of the hand exposed if less than what would
be typically expected for the activity

o Rapid evaporation of the chemical, and

o The effect of an industrial hygiene program.

For substances which are corrosive, handled as
not available for contact due to physical form
encapsulated within a matrix), dermal exposure
negligible and is not quantified. .

THe focus of this document is to identify
refine the "Q" and "S" factors and to evaluate
approach in estimating dermal exposure.

hot liquids, or
(e.qg., N
is assumed to be

perﬁinent data to
the overall CEB

TABLE 1-1. TYPICAL FACTORS FOR ESTIMATING

DERMAL PFOTENTIAL DOSE RATE

o Fitling/dumping containers of
powciers, flakes granules

e Spray peinting

Routine contact, ¢ Mgintenance/marusl cleaning of 1300 1-3
2 hands ol i pmant

¢ Unloading fi{ter cake
o Charqging filter
o Filing drums with liquid

Routine contact, 650 1-3
1 hardd

Incidental o Cormecting tronsfer Line 1300 1-3
contact,

2 hands o Welighing -

powder/scooping/mixing
(l.e., dye weighing)

Incidental * Sampling 650 1-3

contact,
1 hand o tading liquid/bench scale liquid
transfer

ource: CEB, 1991,

1-4

Activity Typical examples S, oo Q, mg/cf  Resulting typical
. cantact, mg

Routine immersion, o Handling wet surfeces 1300 5-14 6500 to 18200

2 hancs : '

‘1300 ta 3900

650 to 1950

1300 to 3900

450 to 1950
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TABLE 1-2 SURFACE RETENTION RATES
OF SELECTED LIQUIDS ON THE HANDS UNDER
VARIOUS EXPERIMENTAL CONDITIONS

Mireral oil Coocking oil 8ath ail
(mg/caty (mg/cm’) (mg/em’

[nitial wipe
Initial film thickness of Liquid on hands 1.36 2.07 1.49
Film thickness after partial wipe 0.54 0.75 0.51
Film thickness after full wipe 0.2 0.32 0.17
Secondary wipg
[nitial film thickness of (iquids on hands 1.22 1.72 1.3
Film thickness after partial wipe 0.44 0.48 0,41
Film thickness after full wipe 0.0% 0.06 0.07
Immersion
Estimated initial film thickness of |iquidyon 10.33 6.02 5.9
hand
Estimated film thickness of tiquid remsining 1.7% 1.3 1.34
after partial vipe
Hendiing u reg
lnitial film thickneas of liquid on palee 1.43 1.38 1.76
Film thickness sfter pertisl wips 0.38 9.1 0.46
Film thickness after fuil wipe g.11 0.0t Q.18
spitl cleary
Estimated initial film thickness of Liquid on 1.07 0.67 0.7m7
hand
Estimsted film thickness of ligquid remaining 0.48 0.47 0.4t
afier portisi wipe

Source: Table &-1, EPA, 1992¢ or Teble 4-1, EPA, 19650 for dats under inftial wipe, secondary wipe, and
immersion. Other data from Table 26, EPA, 1987,

Nate: Surface retention rates not reparted for hendling & reg and foe spill clesnup in EPA 1987b. Values
in table are coiculated using respective liquid density factors ss: minersl oil, 0.87; cooking oil, 0.92;
and bath ail, 3.861.
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cC. TESCHNICAL APPROACH

There are three variables in the CEB dermal exposure
equation: surface area of contact (S), quantity remaining on
skin (Q), and the concentration of chemical (C). The
concentration may be known or given or is estimated based on
available information. Specific values for Q and S for certain
work activities have been defined by CEB. The main focus of this
document is to evaluate and revise to:se values and to develop
additional values through the analysis of reported monitoring
data.

The key data needed for this document are those that provide
dermal exposure data equivalent to "Q," in terms of mg/cm® or
some other easily convertible units, and "S" in cm?. Two data
sources were used to gather the needed information:

° Dermal exposure data from published reports

o Dermal exposure data contained in the Pesticide
Handlers Exposure Database (PHED, 19953)

A literature search was conducted to identify published
reports for review and analysis of monitoring methods and data.
Then, pertinent dermal exposure data were extracted from PHED.
The exposure data were collated under various work activities for
use in evaluating the CEB method input parameters. A brief
overview of the literature search and data analysis procedures is

provided below.
Literature Search
A search of literature through the DIALOG gystem was
conducted to identify reports and papers that may contain dermal
exposure data. The DIALOG data files searched included:
Chemical Safety Newsbase
Chemsearch
Enviroline
Environmental Bibliography
Pharmaceutical News Index
NTIS
Compendex Plus
Chem Engineering and Biotech Abstracts

Medline
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Toxline

Occupational Safety and Health (NIQSH)
FSTA

Agrochemicals Handbook

International Pharmaceutical Abstracts
Biogis

EMBASE

Life Sciences Collection

Federal Register

Nursing and Allied Health

RTECS

CA Search

CRIS USDA

SPIN

The literature search was conducted in several steps.
Initially all titles in the DIALOG system whose absgtracts
contained the selected key words or phrases were identified.
Only those reports or papers not already available from the EPA
were ordered. Each paper was reviewed to extract pertinent
information for analysis of dermal exposure data, work activity,
and work practices. Available data under similar work conditions
during mixing, loading, bagging, and other similar operations
were grouped together and analyzed to establish the exposure
range and to estimate the high end exposure. Data relating to
barrier effectiveness of the protective clothing were also
reviewed.

The DIALOG search was conducted in two phases. (n tne first
phase, which was completed in 1992, the following keywords were
used:

derma] or gkin exposure and chemjcal or dusgt; and
dermal or gkin expogure and PCB or hazarxdous chemjcals.

Over 1800 titles in the DIALOG system were identified during
this search. The Occupational Safety and Health file and the
Toxline file contained the most titles, each with over 700, the
EMBASE file with 106 titles had the next highest number. A
listing of those titles published since 1980 was then cobtained.
Abstracts for those titles that suggest the inclusion of human
dermal exposure data were retrieved. The abstracts were then
reviewed to identify appropriate papers for acquisition.

1-7
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_ A follow-up literature search on the DIALOG system was wmade
in September 1994 following the completion of a peer review with

a broader search strategy to include the use of the following key
words:

dermal or skin with exposure or contamination or wipe or
wash and chemical or dugt or liguid, or vapor, or pesticide

This search identified more titles than the search conducted in
1952. Approximately 2580 titles were identified on the
Occupational Safety and Health and the Toxline files, of which
634 titles were published before 1980 and 1949 titles were
published after 1980. From this, additional papers were obtained
and reviewed.

In addition to the automated electronic database search, a
manual search of relevant secondary papers cited in the documents
already obtained was conducted. Reference papers recommended by
many peer reviewers of a draft copy of this document were also
obtained and reviewed for inclusion into the‘:report.

Data on biclogical monitoring have been used to agsess the
risk of dermal exposure or dermal absorption. However, it is
difficult to characterize biological monitoring results in terms
of relative contribution from inhalation, ingestion, and dermal
absorption (Klingner and McCorkle, 1993; Groth, 1992). Using
biological monitoring to assess dermal exposure is not the
subject of this document and reports related to biological
monitoring were not. searched or reviewed.

Aside from published reports, OSHA and NIOSH representatives
were contacted to inquire whether they have conducted any dermal
exposure studieg. Both OSHA and NIOSH have expressed an interest
in dermal exposure research and assessment technology. K OSHA has
designated a surface wipe sampling technique for use by its
Compliance Safety and Health Officers (OSHA, 1990; OSHA, 1995).
However, the technique is designed primarily to evaluate
contamination on equipment or tool surfaces. OSHA has
participated. in a study to evaludte dermal exposure to acrylamide
during grcuting operations (Cummins et al., 1992). NIOSH
reported that they had not conducted dermal exposure studies
similar to the Versar (1984) study, but numerous Health Hazard
Evaluations (for example, NIOSH, 1982; NIOSH, 1983a; NIOSH,
1983b; NIOSH, 1984; NIOSH, 1985; and NIOSH, 1991) have been
conducted to evaluate the potential for dermal exposure (or the
effectiveness of controls) via surface wipes, luminoscope
readings on worker's skin, vacuum sampling, etc. One study
evaluated dermal exposure using cotton gauze pads (NIOSH, 1991).
Many of these studies included bioclogical monitoring. NIOSH may
someday develop a Criteria Document on dermal exposure.

1-8
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Another rederal agency that has a keen interest in dermal
absorprion is the Food and Drug Administration (FDA). FDA is
primar.ly interested in dermal exposure to chemicals, drugs, and
cosmat:cs, and transdermal delivery of drugs. It has developed
protocols for testing percutaneous absorption of chemicals and
has conducted many of the studies. Such studies contribute to
much of cthe knowledge concerning percutaneous absorption.
However, these studies are generally not related to occupational
exposure. Typical dermal absorption studies as conducted by FDA
can be found in Bronaugh and Maibach (19%1) and in Wang et al.
{1953) . :

The Directorate of Health Science with the Consumer Product:
Safety Commission (CPSC) also has an interest in the evaluation
of dermal exposure. Years ago, it conducted research on the
potential transfer of fire retardants from treated fabrics to the
skin. However, CPSC has not conducted research in the past few
years on dermal exposure to or absorption of chemicals from
consumer products. ’

PHED Progessing Protocol

The PHED is a generic database containing measured expdsure
data reported-to EPA for workers involved in the handling and/or
application of pesticides in the field. It is separated into
four files: Mixer/Loader, Applicator, Flagger, and
Mixer/Loader/Applicator. For this report, only the Mixer/Loader
file was used to extract dermal exposure under various
combinations of formulation type and mixing/loading method. The
data contained.in PHED were developed according to EPA guidelines
and met certain quality assurance requirements. Thug, the data
derived from PHED were processed separately from the data .
obtained from published reports. A more detailed description of
the data processing protocol is provided in Chapter V where
information extracted from PHED data is presented.

Data Analysig

Since dermal exposure data are available primarily from
pesticide studies, certain assumptions, analysis, and
manipulation of data are necessary for application to industrial
settings.

In both the published reports and PHED, pesticide exposure
is reported as exposure to active ingredient (AI) only. However,
most pesticides are formulated with a certain amount of inert
material. Each formulated product is further diluted for use in.
field spraying applications. In mixing and spraying pesticides,
the diluted pesticide mixture, including the active ingredient,
inert material, and diluent, actually contacts the skin, but only
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the active 1ingredient in this mixture was analyzed by
lnvescigators to assess the exposure hazard. Thus, the reported
exposure data represents the quantity of active ingredient, not
the amount of chemical mixture, remaining on the skin after a
cercain period of exposure. Because the focus of this document
ls to determine "Q", the total mass of chemical retained on the
skin for generic uses, as opposed to the active ingredient (a
percentage of the total mass) of specific interest, all reported
pesticide exposure data were divided by the fractional weight
concentration, "C", to back calculate the estimated total mass
retained defined herein as estimated gross dermal deposition:

Estimated Gross -Deymal Deposition jn Terms of AT
Dermal Deposition = Fractional Concentration of Al in

Formulated or Mixed Product

Prior to the standardization of the pesticide testing
protocol by EPA in its Pesticide Assessment Guidelines,
Subdivision U, Application Exposure Monitoring (EPA, 15987a), the
surface area "S", used for each anatomical section of the bedy
varied depending on the investigators. - Thus, the "S" value for a
given section of the body is not consistent in the studies
reviewed. This presents a problem in interpreting unit area
exposure when conly. the exposure in ‘a body section or several -body
regicns is reported. An appropriate "S" value is needed to back-
calculate the unit area exposure. To define."S", the data used
or recommended in various EPA reports were reviewed. Body
surface area measurements used by various investigators were-
summarized for comparison with the EPA recommended values. . Based
on this comparison, the EPA recommended skin surface areas (EPA,
1987a) were used to estimate unit area deposition from the total
dermal deposition over one or several sections of the body.

The exposure data were collected, categorized, and
transformed to present estimated gross dermal deposition data in
units of ug/cm?. With a uniform measurement unit, the values can
then be compared with those reported in published reports,
contained in the PHED, and used in the CEB method.

D. REPORT ORGANIZATION

This report is organized into nine chapters:

e Chapter I, an introduction is presehted to identify the
objectives, background, and technical approach of this
document.

® Chapter II, a brief review of dermal exposure

assessment methods is presented.
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Chapter III, the skin surface area data are reviewed.

Chapter IV, dermal deposition data as obtained from
published reports are categorized into various
operation or work activities for evaluation.

Chapter V, dermal exposure data in the Mixer/Loader
file of the PHED are extracted and analyzed in this
gection, an overview of the PHED is provided and data
processing procedures are described.

Chapter VI, dermal deposition data developed in
Sections IV and V are collated in this section and
compared with corresponding input parameters for the
CEB method.

Chapter VII, available data on barrier effects of.
various types of clothing are presented to evaluate
whether the current estimating method can.be modified
to reflect the barrier effects.

Chapter VIII, conclusions and recommendations for
improving the CEB methods and for future research are
presented. '

Chapter IX, References.
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IT. DEZRMAL EXPOSURE ASSESSMENT METHODS

A historical perspective and a general review of the
techniques of estimating dermal exposure to pesticides have been
provided in EPA's Pesticide Assessment Guidelines (EPA, 1987a).
More recently, additional reviews of sampling techniques for
estimating dermal exposure have been presented by NIOSH (1991),
McArthur (1992), Van Hemmen (1992), Fenske (1993), and Ness
(1994) . Based on these reviews and following Fenske's

terminology (1993), dermal exposure sampling techniques can be
classified as:

° Surrogate skin

@ Removal

o Fluorescent tracer
© Surface sampling.

An overview of the commonly used methods under each of these
techniques is presented in this chapter. Additional details can
be found in the references cited above. In addition to actual
measurements of the amount of contaminants retained on skin
surfaces, various modeling parameters have been proposed by EPA.
A review of such estimating techniques is also provided in this
chapter.

A. DERMAL EXPOSURE MONITORING METHODS

Dermal exposure (the amount of chemical contacted by the
skin and available for absorption) can be estimated by directly
sampling and measuring the amount of chemicals deposited or
retained on the skin.. Additionally, the potential for dermal
exposure can be. estimated by indirectly sampling the chemicals on
the surfaceg that the skin may come in contact with. This
section desacribes the methods available for such sampling and
discusses the advantages and disadvantages of each method.

1. Surrogate skin Techniques

The surrogate skin techniques involve the use of a sampling
medium attached to the skin or clothing. The sampling medium may
be in the form of pads or patches, coveralls, special clothing,
and .gloves. The absorbent patch or pad method described by
Durham and Wolfe (1962) is the most frequently used. This method
was originally developed to evaluate skin exposure to pesticide
and has since become recognized as the standard method for
pesticide exposure assessment (EPA, 1987a). With this technique,

2-1



OCCUPATIONAL DERMAL EXPOSURE ASSESSMENT - A REV(EW Septemder 30, 1994

alpha-cellulose and multi-layered gauze pads are atcached to
various sites on the worker's outer clothing or skin to eatrap
pesticide residue that would have deposited on the skin. Dermal
exposure at an anatomical section of the body can be estimated by
multiplying the amount of residue collected on a unit area of the
absorbent pad by the exposed surface area of the body section on
which the pad is placed (and is assumed to represent). The
inherent assumption is that the skin loading or the amount of the
chemical deposit on a section of the body surface is uniform and
1s represented by the loading on the pad.

Pad materials used by various investigators have included
cotton; denim; cellulose filter paper discs; combined filter
paper and surgical gauze pads; entire items of clothing; and pads
impregnated with lanolin to simulate the oily surface of the skin
(EPA, 1987a). For assessing the deposition of liquids, the pad
material must be absorbent enough to retain, without
breakthrough, all of the liquid that contacts the pad. If the
pads are used for collecting dusts or dried residue, they must be
porous enough to collect such materials. In addition, the pads
must be strong enough to hold up under the abuse they will
receive in the field. They must not contain additives that may
interfere with chemical analysis of extracted residues.

A major uncertainty in using the pad method is in
extrapolating the data from a small area covered by the pad to a
particular section of the skin surface. For instance, Fenske
{1993) calculated that a pair of typical pads at the chest
represent only 0.73% of the entire chest surface which is
analogous to collecting a 4 minute air sample to represent an 8-
hour inhalation expcosure. In pesticide applications, deposits on
the skin and sampling pads are unlikely to be uniform over
individual body sections (Fenske, 1990). Misplacement of
sampling pads may over-sor under-estimate actual exposure because
of differences in exposure patterns. Fenske (1993) estimated
that a front patch at the head may overestimate the exposure by
35% during pesticide application and yet underestimate by 75%
during mixing. Localized high exposure at a certain bedy section
as determined from pad samples may also be the result of
incidental contact of the pads with contaminated equipment as
observed by Knarr et al. (1985) who found extraordinarily high
exposure at the legs because of fregquent contacts with the spray
nozzles during loading operations.

To covercome such-potential biases, clothing covering the
exposed skin has been used as a sample collection medium. For
instance, absorbent gloves have been used frequently to estimate
hand exposure during pesticide mixing and application (Dubelman
et al., 1982; Nigg and Stamper, 1983; Wojeck et al., 1983). The
World Health Organization (1986) adopts the use of the entire
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garment, along with the patches on the garment as standard
orotocol. The use of clothing as a sample collection medium
provides a more thorough representation of the exposure in the
pody regions being monitored. 1In fact, pesticide exposure
assessment experts currently consider "whole body" (i.e., whole
garment) exposure assessment methods superior to pad sampling

. (Chester, 1993). However, properly removing the garments without
contaminating them remains to be a challenging problem. Chemical
extraction from the garment requires large volumes of solvents
which may cause problems in terms of analytical sensitivity.

Each monitoring device (pads, gloves, garments, etc.,) has
its own merits and shortcomings in sample collection; extraction,
and data interpretation. 1Ideally the pads should have
adsorption, absorption, and desorption characteristics similar to
the skin. Overabsorption by the pads (working as a sponge)
compared to the skin is one of the main potential biases in the
method. This problem may be of particular concern when gloves
are used to estimate hand -exposure. In an extensive review of
agricultural pesticide exgosure databases, Van Hemman (1992) ,
could not find studies .that estimated the correlation between the
hand exposure and the deposit on gloves. Fenske (1993) stated
that the accuracy of glove and other garment samples remains an
cpen question.

The pad method is generally used for sampling of non-
volatile contaminants or those with a very low vapor pressure.
To sample for volatile compounds, charcoal impregnated cloth has
been used as the sampling pad. Popendorf et al..(1983) used such
a pad to measure hand exposure to 1,3-dichloropropene during a
nematicide application. The treated cloth measured ambient air
concentrations -as well as direct contact. Cohen and Popendorf
(1989) studied the use of a charcoal cloth for sampling volatile
liquid on clothing or skin. The charcoal cloth is a 100%
charcoal fabric that reportedly has good retention properties to
various solvents and vapors.. The authors found that evaporaticn
from liquid deposits was inversely proportional to the
logarithmic value of the droplet size, vapor pressure, and air
humidity; and that the adsorption of vapor was proportional to
the vapor concentration. 'The study concluded that the charcoal
cloth's accuracy and precision are optimal for monitoring dermal
exposure to materials with low to moderate volatility or with low
vapor concentration. ~However, no actual field measurements of
exposure were provided.

Another interest in the estimation of dermal exposure is how
much of the material collected on the pads outside the clothing
would have eventually penetrated the clothing. Thus, pads have
been placed inside the clothing to determine actual exposure and
to study pesticide penetration and permeation through the cloth.
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Pads have also been constructed with the sample of test fabric
backed up by an absorbent pad to provide a rough estimate of the
amount of residue that penetrated through the fabric.

2. Removal Techniques

Chemicals can be dissolved in solvents and thus it is
possible to remove the chemicals from the skin by washing,
wiping, or swabbing to estimate the amount deposited. Water-
surfactant mixes or water-alcohol wash solutions are generally
used to assess hand exposure in pesticide applications (Fenske,
1993). Accurate measurement of hand exposure is critical in
estimating over-all dermal exposure. According to the reviews
presented in the EPA Pesticide Assessment Guidelines (EPA,
1987a), 25 to 98 percent of total potential exposure may be from
hand exposure.

The EPA Guidelines (EPA, 1987a) suggested a standardized
hand rinse procedure for estimating hand exposure to pesticide.
Wwith this method, each hand is placed in a plastic bag.containing
200 ml of a washing solution. The bag is held tightly just below
the wrist bone and the hand is shaken vigorously. However,
washing techniques can at best remove the chemicals that have not
yet been absorbed by or lost from the skin; removal efficiency
can vary with residence time of a chemical on the skin. The type
of solvent used will also affect the removal efficiency. Fenske
and Lu (1994) found that removal efficiency of the hand rinse
varies with chemical lcading at the skin, the time between
exposure and washing, and the washing solvent. For example,
ethanol removed 30% of the chlorpyrifos applied to the hands at
loadings of approximately 7 ug/cm® with residence time showing no
effect. . A 10% isopropanol/distilled water solution removed 43%
immediately after exposure. Swabbing or wiping is highly
operator-dependent, variability in removal efficiency is likely
to be even greater.

3. Fluorescent Tracer and Other Light Sensing Techniques

Fluorescent. tracers have been used as another method to
identify contaminated areas on the skin or cloth and to quantify.
dermal exposure. Franklin et al. (1981) added a fluorescent
whitening agent to azinphosmethyl in a pesticide spray mixture.
After removing exposed pads and clothing, each pesticide
applicator was examined with ultraviolet light. The tracer was
found in areas such as the face and neck which were not monitored
with pads. The tracers were also found underneath the clothing.
Fenske et al. (1985, 1986a, 1986b) combined the use of
fluorescent compounds and video imaging measurements to produce
exposure estimates over virtually the entire body. The
investigators used the pre- and post-exposure images, standard
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curve relating dermal fluorescence to skin-deposited tracer, and

chemical residue sampling to estimate the quantity of chemical
depcsited on the skin.

The use of tracer technique has several important
limitations. As discussed by Fenske (1993), the limitations can
include:  potential interference with the intended usage and
performance of the chemical; different rates of transfer between
the tracer and the chemical to the skin; potential degradation of
the tracer during field use; and varying penetration
characteristics between the tracer and the chemical through
clothing.

Analogous to the fluorescent tracer technique, some
investigators have used visible spectrum detection to estimate
dermal exposure. Hill (1984) described a method utilizing the UV
excitation principle to quantify surface or skin fluorescence
from contamination. Two developmental instruments, called the
Spill Spotter and the Lightpipe Lumincscope developed earlier
(Schuresko, 1980; Vo-Dinh and Gammage, 1981) were used in this
study. Both instruments produce a beam of low-intensity,
longwave UV light to cause emission in the visible range from
excited polynuclear aromatic compounds. The emissions were then
measured by the instruments which quantify the fluorescence as
voltage response. By calibrating the’ fluorescence against a
known area concentration of polynuclear aromatic compounds in a
heavy distillate on pigskin, it was possible to estimate the
heavy distillate equivalent of skin contamination.

Lengerich and Burroughs (1989) tested a near real-time
monitoring procedure for estimating potential dermal exposure
during backpack herbicide spraying. 1In this test, water-
sensitive paper strips, which stain blue upon contact with spray
droplets, were acttached uniformly to the applicator on six
regions of the body. After field exposure, the density of stain
spots on paper strips was compared to standard strips sprayed
with known droplet density. This method provides an almost real-
time assesgment of potential dermal exposure to various parts of
the body, but not the actual exposure.

4. Surface Sampling Technigues

Dermal exposure, especially oF the hands, can occur through
contact with contaminated surfaces, tools, and equipment.
Surface sampling is a logical approach to assess such exposure
hazards. OSHA‘s Technical Manual includes a surface
contamination sampling technique for use by its Compliance Safety
and Health Officers (OSHA, 1990;. OSHA, 1995). It is designed to
evaluate potential contact of skln with contaminated surfaces, te
determine surface contamination that may come into contact with
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food or other materials that are ingested, and to assess the
effectiveness of personal protective equipment. Based on the
reports of several investigators using the OSHA or modified OSHA
procedure, Fenske (1993) indicates that there is a need to
develop a surface sampling technique which employs standard
materials and procedures, samples a defined surface area, and is
operator independent. The author further states that the goal
should be to collect "transferable" residues, not 100% of surface
residue, to be able to accurately assess the potential transfer
of surface residue to the contacted skin and that a Dermal
Transfer Coefficient may be estimated for specific work
activities.

Technically, it is possible to use the OSHA surface sampling
technique to sample for the chemical deposited on the skin.
However, the OSHA technical manual contains numerous
recommendations agajingt the use of skin wipes. The manual states
that "direct skin wipes should not be taken when high skin
absorption of a substance is expected. Under no conditions
should any solvent other than distilled water be used. on skin,

." (OSHA, 1995). Additionally, special considerations are
included in the OSHA technical manual regarding skin wipe
samples. It states: "Do not take surface wipe samples on skin
if a) OSHA or American Conference of Governmental Industrial
Hygienists (ACGIH) exposure limit shows a "skin® notation, the
substance has a skin LDS0 of 200 mg/kg or less, or an acute oral
LDS50 of S00 mg/kg or less, b) the substance is an irritant,
causes dermatitis, contact sensitization, or is termed
corrosive." Agide from these potential problems, the process of
collecting wipe samples can be very subjective (e.g., exerted
force) which introduces additional biases. Also, removal
efficiency of the wipe procedure is unknown.

B. DERMAL EXPOSURE ESTIMATING METHODS

In addition to the equation for estimating dermal exposure
used by CEB, the OPPT Exposure Assessment Branch (EAB) and the
EPA Office of Research and Development (ORD) have developed other
estimating methods. The EAB method and certain aspects of the
ORD methecd follow the same basic apprecach, in which the total
exposure s calculated by extending the estimated exposure based
on deposition at unit areas over the entire exposed skin area.
Because each method was developed to address a specific need, the
input parameters are somewhat different. The following is a
review of the EAB and the ORD methecds.

1. EABR Method .

The EAB assesses exposure to chemicals that results from
contact with consumer products. The computer program, DERMAL,
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developed by the EAB is to be used in performing screening level
estimatas of Potential Dose Rates (PDRs) from dermal contact with
consumer products (EPA, 1995; EPA, 1987b). The potential dermal
dose rate is defined as the amount of chemical contained in the
material applied to or contacting the skin (EPA, 1992b). The
PDRs resulting from ccntact with the following list of consumer
products are assessed by DERMAL:

1. General Purpose Cleaner - full strength and dilute
2. Liquid Laundry Detergent/Fabric Softener
3. Rug and Upholstery Cleaner

4. Floor Cleaner

5. Bar soap

6. Vinyl Upholstery Cleaner

7. Wax strippers

8. Spray Paint - undiluted

‘9. Exterior Latex Paint

10. Interior Latex Paint

11. Oil-based Paint

12. News Ink

13. Used Motor 0Oil

14. Lubricating Greases

15. . Diesel Fuel

16. Gasoline

Assessors can also estimate PDRs from other products by using the
"generic products" scenario in DERMAL. Users of the program can
input product-gpecific data (e.g., weight fraction of chemical,
density of formulation, frequency of events, et¢.) for a
particular scenario if relevant information is available.

Dermal exposure to the 16 products listed above can be
categorized as occurring by one of the following pathways:

1. Deposition of a film of liquid on the skin
Product Example: . Used Motor 0il

2. Contact with solid surfaces
Product Example: News Ink,

PDRS resulting from dermal exposure are calculated by the
following equations:

PDR = WF x AV x T x DSY x FQ x DIL x 1000 mg/g (1)

PDR = WF x MASS x FQ (2)
where

PDR = potential dose rate (mg/yr)

NF = weight fraction of chemical substance in product

(unitlegs)
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AV = skin surface area exposed per event (cm?/event)

T = film thickness of liquid on the skin surface (cm)
DSY = density of formulation (g/cm®)

£Q = frequency of events per year (events/yr).

DIL = dilution fraction (unitless)

MASS = mass of formulation

Equation (1) is used for all of the products in DERMAL except for
news ink. A slightly altered form of equation (1) is used for
bar soap because exposure to chemicals in soap can occur from
washing hands as well as taking baths/showers. The number of
events per year and the surface area exposed are different for
these two events. Equation (2) is used for news ink. The
calculation differs because news ink is a solid substance rather
than a film of liquid deposited on the skin. '

Default values which can be changed by the assessor, are
currently used for all of these variables. The weight fraction
of the chemical in the product is normally chosen from a list of
defaults based on information from-the submitter regarding the.
function (and sometimes the formulation percent) of the chemical
in the product. The default values currently in DERMAL come from
Stand i i mj a
During Use of Congumer Productg (Versar, 1986) and from exposure
scenarios developed by the EAB.

In accordance with EPA’s Guidelines for Exposure Asgessment
(EPA, 1992a), the EAB will also calculate Lifetime Average Daily
Doses (LADDs) in terms of mg/kg/day. The same equations for PDRs
will be used, with appropriate default values for FQ, in
calculating the LADDs. PDRs for both acute and chronic exposures
will be calculated. Specific parameters in defining the input
values for these calculations have been suggested by the EAB.

The EAB currently characterizes their consumer dermal exposure
estimates as hypothetical "what-if" estimates hecause of the
numerous uncertainties associated with estimating the dermal PDR.
These uncertainties (particularly concerning skin surface area
and number of thin films contacts) prelude determining where the
estimates lie on the actual distribution of exposures.

The film thickness of a liquid on the skin (T) is the
quotient obtained by dividing the mass of liquid retained per
square centimeter (cm?). of skin surface by the density of the
liquid as used by the consumer. Table 2-1 presents values for
film thickness rate of selected liquids under various
experimental conditions based on data presented in EPA, 1992c,
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TABLE 2-1 FILM THICKNESS VALUES
OF SELECTED LIQUIDS ON THE HANDS UNDER
VARIOUS EXPERIMENTAL CONDITIONS

Mineral ail Cooking ail 8ath ail

(Lm) (Lm) (Lm)
Initial wipe
Initial film thickness of liquid on hands 1.56 2.25 1.76
Film thickness after partial wipe 0.62 0.82 0.59
Fitm thickness after full wipe 0.27 0.3 0.20
Sec ry wi
Initial film thickness of liquids on hands 1.40 1.87 1.56
Film chi.ckness after partial wipe 0.47 0.52 0.48
Film thickness after full wipe 0.06 0.07 g.08
Immersion
Estimated initial film thickness of liquid on 11.87 6.58 6.90
hand
Estimated film thickness ot {iquid remaining 2.00 1.46 1.55 j
sfter partial wipe i
Handt i r
Initial film thickness of Liquid on pailms 1.54 1.50 2.04
Film thickness after partial wips 0.4b 0.34 0.53
Film thickness after full wipe 0.13 0.01 0.21
Spill clearp
Estimated initial film thickness of liquid on 1.3 0.73 0.89
hand
Estimated film thickness of liquid remaining 0.55 0.51 0.48

Source: Table é-2, EPA, 1992c or Table 8-2, EPA, 19850 for dats under {nitial wipa, secondary wipe, and
immersion, Other dats from Teble 26, EPA, 1967b.
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and EPA, 1989b. srresponding data expressed as skin surface
retencion rates in mg/cm’ are already presented in Table 1-2.
These data were originally developed and reported in Exposure
Assessment for Retention of Chemical Liquids on Hands (Versar,
1984) . In addition for use in the above equations, the surface
retention rates as found from this study form the basis for the
input parameters used in the CEB method.

In the Versar study, selected liquids were applied to the
hands of test subjects and then removed. The amount of liquid
initially applied and the amount retained after wiping were
determined. Originally, 3 aqueous and 3 non-aquecus liquids were
used. However, due to the difficultieg of accounting for
volatilization and evaporation losses, only the data from non-
agqueous liquids (mineral oil, cocking oil, and bath oil) were
retained. In the study, the liquid was applied to the hands from
a saturated cloth. The amount of liquid initially retained on
the hands was determined by the difference between the before and
after application weights of the cloth (and holding-cup).
Separate dry removal cloths were then used to wipe hands both
partially and fully. The difference between the amount of liquid
initially retained on the skin and the removal cloth was
determined as the amount remaining on the hands after wipe
removal. An "initial wipe" was performed with the hands washed
first before application of the liquid, while the "secondary
wipe" was performed immediately after the completion of the
initial wipe tests without intervening washing of hands. The
immersion tests were performed by dipping subjects’ hands (after
thorough washing) into a container holding the liquid and then
wiping partially and then fully with separate dry cloths. 1In the
test of handling a rag, the test subject handles zaturated rag
and the amount retained on the hands was determir from the
partial and full wipes. For testing liquid retencion from
cleanup, test subjects cleaned up 50 ml of spilled liquid with a
dry clean rag and the amount removed from partial and full wipes
were determined.

To assess dermal exposure to liquids that are not listed in
this table, on®e can use the data for the liquid that most closely
resembles the liquid for which one is trying to assess exposure.
Two physical properties that can be used to compare ;iqu;ds for
the purpose of assessing dermal exposure are kipematlc viscosity
and density. As a comparison, the maximum loading on the skin
can be interpreted as approximately 10 mg/cm’ based on the
immersion test with mineral oil (see Table 1-2). In a gtudy by
Rutledge (1988), the maximum retention or the limit of .
application of an insect repellent was reported to be 4 mg/cm
before runoff will start. This wvalue is very closg to the values
in Table 2-1, considering the difference in viscosity and
density. It should be noted that the data in Tables 1-2 and 2-1
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should be applied only for estimating liquid retention on the
skin. Retentlon of solids on the skin was not tested in the
Versar Study (1984) and estimation of solid retention should rely
on' other more relevant data as presented in this document.

2. ORD Method

The ORD method was developed to estimate absorbed dose
through dermal contact with contaminated water and soil (EPA,
1992b) . Due to the nature of dermal absorption processes,
different approaches are used for assessing absorption cof
chemicals which are liquids versus solid or particulate
materials. For solid media such as dust, the assumption is that
the process of absorption into the skin is sufficiently slow that
one can separate the deposition from the absorption process.
However, for liquid media, there could be overlapping between tne
deposition and absorption because of the potential rapid
absorption. Both processes must- be considered together as a
continuous process in assessing dermal exposure hazard. The
permeability coefficient approcach advocated by ORD for liquids
represents an attempt to address these considerations.

With the ORD approach, a permeation coefficient (K,) that
repregsents the rate at which the chemical penetrates the skin
(cm/hr) is used to estimate absorbed dose per event from contact
with aqueous solutions. For contact with particulate matter such
as contaminated soil, an absorbed percent is used to estimate the
fraction of the applied dose or the estimated amount adhered to
the skin being absorbed acrcss the skin in a specified time.

ORD‘s method in estimating dermal absorption from exposure
to an agqueocus solution is based on a theoretical analysis of: the
physical processes and mathematics involved. To account for the
regervoir effect of the skin when in contact with organics, the
skin is divided into two layers: the gtratum corneum and the
epidermis. A differential equation was formulated to describe
the movement of the chemical in liquid media through each layer
as a function of,time and penetration flux. By definirg the
initial and boundary conditions for these equations, the
equations were solved to estimate the absorption rate. The
system of partial differential equations requires knowledge of
the initial conditions of exposure (i.e., at time 0, what is the
concentration of contaminant on each layer of the skin?), and the
boundary conditions (i.e., what is the concentration of the
chemical on the surface of each layer at the end of the exposure
period?). It is important to note that the ORD approach was
devaloped for scenarios such assswimming or bathing where an
"infinite" exposure or boundary layer exists. -Thus, the system
of partial differential egquations would need to be modified to
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reflect the appropriate boundary conditions for occupational
expcsure, which would generally be "finite" in comparison.

'Based on a steady-state flux, absorption of an inorganic
chemical in water through the skin is estimated as:

DAsvene = Kp' Cu Covenc

where:
DA, ene = Dose absorbed per unit area per event (mg/cm, -
event)
K" = Permeability coefficient from water (cm/hr)
C, = Concentration of chemical in water (mg/cm?)
Cevene = Duration of event (hr/year)

A default value of 10" ecm/hr for K, for inorganics is
recommended. '

For organics in an aqueous matrix, absorption under
unsteady-state must be accounted for, and mathematical formulas
for estimation of absorbed dose can be found in Chapter 4 of EPA,
1992b.

Experimentally measured K, values for about 70 chemicals of
potential environmental interest in an aqueous solution are
available (See Table S5-3 of EPA, 1992b). Predicted K, values for
another 200 chemicals in aqueous solutions are also available
(Table 5-7 in EPA, 1992b). An estimating method for other
organics not listed is provided in the document referenced (EPA,
1992b) . No information is provided on the values of K, for
chemicals in a non-agqueous solution.

This predictive method is very new and the permeability
coefficient values will contribute the most to the uncertainty
associated with model eztimates. Permeability coefficient values
can be determined experimentally, but the result is dependent on
the experimental. conditions. This method is recommended by EPA's
ORD for inorganic liquids of infinite volume in aqueous media.
EPA recommends making a "reality check" when developing estimates
using this method.. The estimated absorbed dose should not exceed
the amount of contaminant in the: water. The estimate should be
questioned if the estimated absorbed dose exceeds S0% of the
contaminant in water (EPA, 1992b)."

For éstimating dermal absorption from contaminated soil, a
surface retention or adherence rate is used with percent
absorption to calculate per event ,dose:
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DAevenc = C!O).l X AF X A'BS
whera:
DA.vene = AbDSOrbed dose per event -(mg/cm® - event)
Ceu = Contaminant concentration in soil (mg/kg) (10°¢ kg/mg)
AF = Adherence factor of soil to skin (mg/cm? - event])
ABS = Absorption factor.

Life-time exposures are estimated by accounting for contact
time per event, frequency, life-time exposure duration, dose
absorbed per event, and total exposed skin surface area. The
range of recommended default values for dermal exposure factors
as recommended by ORD is presented in Table 2-2. These default
values represent the central tendency and upper bound estimates
of each parameter. The soil adherence rates of 0.1 and 1.0
mg/cm? are estimates of adherence over the entire potentially
exposed skin that covers several regions .of the body. However,
Kissel et al. (1996a) reported that soil loading encountered in
realistic exposure scenarios can extend beyond either end of this
range. The authors suggested a geometric mean hand loading of
0.01, 0.1, 1.0, and 10.0 %g/cm? to characterize roughly the solid
adherence from background, low, moderate, and high contact
activities, resgpectively. Soil adherence to the gkin is also
affected by the grain size and moisture content. Kissel et al.
(1996b) reported that for dry soil adherence varies inversely
with grain size but increases with grain size at moisture content
of 12 to 18%. '

TABLE 2-2
RANGE OF RECOMMENDED DEFAULTS FOR DERMAL EXPOSURE FACTCORS

water Contact Sail Contact
Bathing Swimming
Central Upper Central Upper Contral Upper
Event time 10 ain 1% ain 0.9 he/event | 1.0 hr 40 350
ard /event /event. 1 event/duy /wvent events/yr events/yr
frequency 1 event/day 1 event/day S days/yr 1 event/day
350 days/yr 350 day/yr 150 daywn/yr
‘Exposure 9y 30 years 9 yr 30 years ¢ yr 30 years
. duration
Adult skin 20,000 o 23,000 cof 20,000 cn' 23,000 cat 5000 o 5,800 cof
surface
area”
$ail-to-skin 0.2 my/cxf- 1.0 mg/cx’-
adharence event event
rate

A~
Source: EPA, 199¢b, Table 8-6.
* Seq Table 8-3 of EPA, 1992b for children skin surfsce area.
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3. APPLICATION TO DERMAL ABSORPTION ASSESSMENT

For exposures to particulate or solid materials, the
critical factors in estimating dermal exposure are the adherence
rate or surface retention rate in terms of mg/cm? and the surface
area in contact with the contaminant. The EAB method contains
two facters, DSY and T, for liquid exposure which translates into
mg/cm?; the ORD method dust adherence factor is also expressed in
terms of mg/cm?. Using such parameters, total exposure can be
calculated for the total area of skin surface exposed either on a
daily, hourly, yearly, or per event basis. This approach is
similar to CEB's approach. In fact, the same database was used
to develop the default values in both the CEB and EAB methods.

The ORD adherence rate and the CEB surface retention
parameters will be influenced by factors such as the quantity of
material handled, the duration and frequency of exposure, and the
physical state of the material handled. The current method used
?y CEB is fairly simplistic and does not fully consider these

actors.

The ultimate goal of developing a dermal exposure assesgsment
methcd is to allow estimation of the amount of chemical absorbed
through the dermal route of exposure. The current CEB method
generates an estimated potential dose retained on the skin over
the duration of one day’s work. The estimated potential dermal
dose is then used with an estimated percent absorption factor to
predict absorbed dose for both the solid and liquid materials.
This approach is analogous to ORD’S estimating method for.
absorption from contaminated soil. It should be noted that the
percent absorption may be dependent on skin loading, at least for
solid materials. Duff and Kissel (1996) reported that relative
percent absorption increased significantly with decrease in soil
loading from 10 to 5 and from 5 to L mg/cm?. The authors
postulated that this inverse relationship was due to incomplete
coverage of the skin at the lower loading and multiple layer
loading at the higher loading. Loading of solids and .coverage on
the skin may be important parameters in assessing dermal
absorption of solids.

ORD uses a separate approach, the permeation coefficient
approach, to estimate dermal absorption of chemicals from water
during such activities as swimming and bathing. This approach
was developed based on current understanding of the biological
mechanism of dermal absorption including skin-structure,
transport processes, metabolism, and factors that affect dgrmal'
absorpticn (e.g., body site, hydration level). The mechanism for
dermal absorption of chemical from a liquid matrix differs from
the dermal absorption from a solid or particulate matrix. The K
or skin permeation ccefficient approach is recommended by ORD for

2-14



CCIUPAT INAL JEIMAL SXPOSURE ASSESSMENT - A REVIEW Septemoer 30, 1994

assessmert of dermal exposure to liquid chemicals where
appl:cable, and surface deposition rate with an absorption
fracc.en 1s recommended for exposure to chemicals in solid form.

Iz may be possible to modify ORD'Ss approach for use with
non-aqueous media to directly estimate absorbed dose in
occupational exposure situations. However, K, values must be
avallable i1n order to use the ORD method. K, values for a large
number of chemicals in agqueocus solutions are available based on
experimental data. Some empirical equations have also been
developed to estimate K%.values. Information is not yet
available to estimate the value of K, for chemicals in a non-
aqueous solution which is more often encountered in many
occupational settings. Additionally, as pointed out in the ORD
document (EPA, 1992b), the method represents a new and still
evolving approach and tends to give overly congervative estimates
of absorbed dose. The lack of data and associated uncertainties
may limit its applicability in the near future in assessing
dermal absorption from occupational exposures.

Much of the data needed in estimating dermal abscrpticn have
been developed through in vitro or in vivo studies. Proposed
'gquidelines for.testing percutaneous absorption of chemicals by
both the in vitro and in vivo methods have been developed by the
Organization for Economic Cocoperation and Development (OECD) .
Examples of other procedures that were used by various
investigators can be found in Bronaugh and Maibach (1991) and in
Wang et al. (1993). The Interagency Testing Committee (ITC) is
in the process of reviewing the available. dermal absorption data
for approximately 600 chemicals submitted by OSHA. The ITC has
designated approximately 80 chemicals for dermal absorption rate
testing. This dermal absorption data is important not only in
determining the need for "skin designations® under QSHA
regulations, but also in evaluating the potential impact of
dermal exposure.

15
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III. SKIN SURFACE AREA

A. SKIN SURFACE AREA MEASUREMENTS

The CEB dermal exposure estimation method calculates
chemical deposition at a certain region of the body by extending
the unit area deposition over the entire region. Chapter II
describes varicus sampling methods and modeling techniques to
estimate unit area deposition or exposure. Thé other critical
factor needed to assess dermal exposure is the area of the skin
expesed. In this chapter, relevant EPA documents and other
published dermal exposure literature were reviewed to identify
the most current data on skin surface area.

. Several recent EPA documents contain reviews and
recommendations on skin surface area, including:

® Dermal Exposure Assessment: Principles and
Applications, Interim Report, January 1992 (EPA, 1992b)

(-] Exposure Factors Handbook, July 1989 (EPA, 1989a,
currently under revision)

° Pesticide Assessment Guidelines, Subdivision U,
Applicator Exposure Monitoring, 1987 (EPA, 1987a)

e Methods for Assessing Exposure to Chemical Substances,
Volume 7, April 1987 (EPA, 1987b).

All of the above EPA documents present similar estimates of adult
human body skin surfaces. All reference the same data source:
EPA Report, Development of Statistical Distributions or Ranges of
Standard Factors Used in Exposure Asgegsments, 1985 (EPA, 1985)

A summary of these estimates is presented in Table 3-1.

A literature search for dermal exposure studies revealed
that a number of earlier studies have been frequently cited when
surface area estimates are required. These studies included
Dubois (1916), Boyd (1935), and Berkow (1931). Dubois (1916)
used a linear direct measurement technique and made estimates
based on the principle that gurface area of the parts of the body
are proportional to, rather than equal to, the surface area of
the solids they resemble. Berkow (1931) used Dubois’ formula to
apportion surface areas at different parts of the body. Boyd
(1935) made direct measurements using body coatings,
triangulation, and surface integration. The Berkow (1931) study
ig the most cited study for skin surface area. Other studies of
body surface areas have been reported by Popendorf (1976),

3-1
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Popendorf and Leffingwell (1982), EPA (1985), and Murray and
Burmascar (1992).

TABLE 3-1 SURFACE AREA BY BODY PART FOR ADULTS (cm?)
e — S =
Men women

Body Part Mean n Mean n
Head 1,180 29 1,110 54
Trunk 5,690 29 5,420 54
Upper Extremities | 3,190 48 | 2,760 57
Arms 2,280 32 2,100 13
Upper Arms 1,430 -- --
Forearms 1,140 . -- --
Hands 840 32 746 12
Lower Extremities | 6,360 48 6,260 57
Legs 5,050 32 4,880 13
Thighs 1,980 32 2,580 13
Lower Legs 2,070 32 1,940 13

Feet 1,120 32 975 13

19,400

n = Number of observatiocns.
Source: EPA, 1985.

The skin surface area estimates of the studies mentioned
above are made with differing methods and many are based on a
very small number. of subjects, creating some variation in the
values provided for the same body region. Variation between
studies ig also due to differences in definition of the areas
that make up a particular portion of the bedy. One of the most
important and wideat variations in surface area of a single body
part is the hands. Whole hand and finger measurements range from
808 cm? (Berkow, 1931) to 1300 cm® (Popendorf and Leffingweil,
1982). In addition, there may -be measurement differences
relating to whether the surface areas measured include only the

3-2
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nearly flat nonfollicular areas or the three-dimengional
follicles as pointed out by Slone (1993). Slone believed that
there is insufficient evidence that skin surface areas have ever
been measured accurately. Because dermal exposure estimates are
proportional to skin surface area, variation or error in the
surface area estimate will affect the outcome.

Based on the data reported in varicus dermal exposure
studies, the EPA Pesticide Assessment Guidelines (EPA, 1987a)
recommended the values as shown in Table 3-2' for the surface
areas for various regions of the body and locations of dermal
exposure pads that represent these regicns. Thisgs set of data
matches very well with the data shown in Table 3-1. In addition,
this document provides guidance on relating the deposition data
from exposure pads to appropriate body sections.

The recommended approach is to use the values presented in
Table 3-2 based on the EPA (1987a) guidelines. The gquidelines
are based on recent data and are used in PHED. It should be
noted that the Chemical Engineering Branch method currently uses
the Popendorf and Leffingwell (1982) values to estimate surface
areas of the hands.

B. SURFACE AREA/BODY WEIGHT DISTRIBUTION DATA

As described in Chapter II, the EAB method recommends the
calculation of LADD-type values where exposure assessments will
be used to support risk adssegsment. The LADD equation involves a
surface area factor in the numerator and a body weight factor in
the denominator. The current OPPT default value for body weight
for risk assessment purposes is 70 kg for males and 60 kg for
females. However, the skin surface area or surface area
distribution values. are not necessarily consistent with a 70 or
60 kg body. Thus the EAB Dermal Model suggests the use of a
surface area/body weight. ratio to replace the surface area and
body weight factors (Phillips et al., 19%92). For instance, a 50
percentile surface area/body weight ratio for an adult is 0.0286
m?/kg, while the 95 percentile ratio is 0.0329 m?/kg. By using
this approach, the EAB believes that a more accurate
representation of surface area and body weight could be made to
calculate dermal exposure.
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TABLE 3-2 EPA RECOMMENDED VALUES ON BODY SURFACE AREA
AND CORRESPONDING LOCATIONS OF DERMAL EXPOSURE PADS

. — = —
Region of Surface area Location of pad(s)
the body (cm?) of region representing region
Head 1,300 Shoulder, back, chest®
Face 650 Chest
Back of neck 110 Back
Front of neck® 150 Chest
Chest /stomach 3,550 Chest
Back 3,550 Back
Upper arms 2,910 Shoulder and
forearm/upper arm
Forearms ) 1,210 Forearm
Hands 820
Thighs 3,820 Thigh
Lower legs 2,380 Shin
Feet 1:310 --
_m——w
4 Surface area for the head includes the 650 cm?® face surface
area.
® Exposure to the head may be estimated by using the mean of
the shoulder, back, and chest patches, or by using a head
patch.
< Includes "V" of the chest.

Source: EPA, 1987a.
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IV. DERMAL EXPOSURE DATA FROM PUBLISHED REPORTS

Cermal exposure data available from published reports are
almost exclusively reported as part of pesticide exposure studies
which typically include inhalation exposure as well. The extent
of exposure obviously is related to the type of operation
involved. Therefore, exposure ig typically reported on the basis
of a pesticide-related operation guch as mixing and loading,
application, flagging, or a combination of somé of these
operations. ' Among these operations, only the mixing and loading
operation can find comparable equivalents in an industrial
setting. For instance, raw ingredients are routinely weighed,
mixed, and loaded into a mixer, reaction vessel, or similar
. equipment, during chemical manufacturing. Notwithstanding the
difference in the equipment, procedures, and the scale of
operations, mixing and loading occur both in industrial and in
pesticide operations.

Other pesticide operations have little in common with even a
similarly termed industrial operation. For instance, the paint
spraying operation as used in industries generally involves the
use of spray paint booths with the spray jets pointed forward
while pesticide spraying is usually performed with the operator
in a tractor cab or an airplane cockpit with the spray jets
pointed upward or downward. In the case of greenhouse pesticide
spraying, the movement of the sprayer and the direction of spray
jets also can not find comparable industrial spraying situations.
Therefore, data on pesticide spraying operations in both the
fields and greenhouses are excluded from this document. Data
related to flaggers are also excluded for the same reascn.
Pesticide reentry dermal exposures also are not believed to he
comparable to industrial dermal exposures. After a designated
period of time post-application, a worker reenters an area where
pesticides have intentionally been applied. The worker may then
be potentially exposed to dislodgeable residués from foliage and
other surfaces which have been treated. Industrial workers may
also be potentially exposed to dislodgeable residues, but the
source of the contamination will be quite different. Therefore,
pesticide reentry exposuyre data-are not included for analysis.

From the literature search conducted, approximately 100
papers were identified to be related to pesticide mixing and
loading operations. A few pesticide studies with data on bagging
and stacking operations were also identified. Of the published
reports with data on mixing and loading operations, the types of
formulation and mixing-methods include mixing of dry
powder/materials, mixing of powder with a liquid, mixing of
liquids, and liquid pumping. Additionally, there are a few
papers that contain non-pesticide data, which generally report on
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the exposure from intermittent contacts in industrial settings.
Based on this analysis of the available studies, the relevant
data are grouped into the following categories for discussion:
mixing of powders, bagging, stacking, mixing of powder with a
liquid, liquid mixing and transfer, and intermittent contact.

Typically, dermal exposure to pesticide was determined by
multiplying the amount of the active ingredient retained on
absorption pads attached to the skin or work clothing by the area
of the body section that the absorption pads represent. For hand
exposures, most studies analyzed hand wash solutions to determine
dermal exposure. Such data are commonly expressed in terms of
hourly exposure (mg/hr) since most tests were conducted for a
duration of 30 to 60 minutes. Some studies chose to report the
exposure on a daily exposure basis (mg/day) by extending the
measured level to an assumed daily exposure duration. Such a
time normalized approach is particularly evident in those papers
published before the early 1980“s. Later papers often reported
dermal exposures in terms of the quantity of chemical or quantity
of active ingredient handled (mg/lb.AI).

With the CEB method, the potential dermal dose is estimated
on the basis of daily exposure (mg/day) and assuming one or two
dermal exposure events per day. It does not imply an estimate of
8 continuous hours of exposure. The implication is that the
calculated dermal dose represents a daily retention of
contaminants on the skin either through a single contact event or
multiple events.

Retention of chemicals on the skin surface does not
necessarily follow a linear relationship with exposure duration
or the quantity of chemical handled. There is a limit.to the
amount of chemical that can-be retained. A single exposure event
may be sufficient to reach the maximum retention, for instance,
immersion. Therefore, using an hourly retention rate (e.g., in
mg/cm?/hr or mg/hr) to characterize dermal exposure could be
misleading as reported by Kilgore et al. (1984) and Knarr et al.
(1985). Normalizing exposure on the basis of total quantity of
active ingredients (e.g., in upg/cm?/lb. AI) handled was found to
be more appropriate to evaluate ‘pesticide exposure (Franklin et
al., 1981). However, linear extrapolation of exposure by the
quantity handled can also lead to overestimation. For this
document, available data are normalized by both time and
quantity, where applicable. This way the data can be
extrapolated by either factor, whichever is applicable or more
appropriate. '

As described in Section II, dermal exposure data in

pesticide studies are reported only for exposure to thg active
ingredient. For this report, the total amount of chemical

4-2
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deposited on the skin, not the active ingredient, is of primary
incerest. Therefore, a term "Gross Dermal Deposition” is
designated to represent the estimated total mass of the chemical
product deposited on the skin. It is calculated by dividing the
reported exposure by the fractional weight concentration of
active ingredient in the chemical. This does not mean the inert
material and the diluent in the pesticide mixture are of concern
in exposure, rather, it is the numerical value of the "total
amount" that is of interest in this document for geneéric
applications. '

For example, if a 25% Nitrofen powder is handled, the
reporcted exposure of 10 pg/cm?® to the active ingredient on the
skin would mean that an estimated 40 ug/cm?® (10 divided by 0.25)
of the formulated powder product has been depogsited on the skin.
If the same Nitrofen powder is mixed to make a spray solution
with a concentration of 0.5%, a dermal exposure of 10 ug/cm?
implies that an estimated 2000 ug/cm® (10 divided by 0.005) of
the spray mixture was retained on the skin. Most of the
pesticide studies provide- information on formulation
concentration and dilution factors; therefore the reported dermal
exposure can be converted into deposition. However, it should be
noted that this approach of calculating the estimated gross
deposition from a given amount of active ingredient is rather
simplistic and assumes that all ingredients in a pesticide
mixture behave the same physically. Different ingredients may
have different deposition, evaporetion, or absorption rates.

Many different forms of data presentations are found in the
available reports. Exposure may be presented in detail with
individual data points and certain statistical descriptors; as a
range; and as arithmetic or geacmetric means with or without
standard deviations. The data may have been normalized by time
or quantity with or without the duration or quantity of chemical
reported. Additionally, some investigators only report the total
exposure at a body section or at several body sections combined
(e.g., mg/hr at forearms), while others report exposure in unit
area loading rate, i.e., the data from absorption pad. To be
able to combine and compare the data from various reports, a
uniform unit must be used. Thus, for this document, the reported
dermal exposure data are converted to estimated gross dermal '
deposition first then normalized by time to obtain a unit as
pg/cm?/hr and normalized by quantity of the formulated product to
obtain a unit of ug/cm?/gal or ug/cm?/lb, where applicable.

In the remainder of this chapter, dermal exposure data are
grouped by specific formulation type and cperation for
discussion. Furthermore, operatiocnal factors such'as indoor or
outdoor operation, manual transfer or mechanical pumping, open or
closed mixing, and use of protective clothing are identified and
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the underlving data categorized and treated accordiingly. For
instance, most of the mixing and loading operations found in
published reports are performed outdoors, the few data points for
indoor mixing were presented but excluded from further
statistical analysis. Other factors that may affect dermal
exposure sgch as sampling and analysis method, study protocol,
work practices (use of protective clothing), and any unplanned
worker actions are usually reported in the papers cited in this
document. All these factors were evaluated to ensure that the
data can be properly interpreted and compared with other studies.
For instance, most of the studies use a hand rinse procedure to
determine hand exposure. Dubelman et al. (1982), Everhart and
Holt (1982), Nigg and Stamper (1983), and Wojeck et al. (1983)
used glove extract to determine hand exposure which may result in
ovaerestimates. Their hand exposure data are included in the data
tables presented in this chapter but are not included for
distributional analysis. For exposure at other parts of the
body, absorption pads . are used in all studies cited except the
study by Chester et al. (:387) who used the entire corresponding
sections of Tyvek suits as samplers. Their data are well within
the range reported by other investigators and are included for
analysis.

A data table summarizing the data, including the reported
exposure and the normalized gross dermal deposition data, is
prepared for each operation. In each data table, chemical
product name and Al concentration is provided in the first
column. This is followed by specific body sections for which
exposure data are available. The reported average exposure
and/or range of exposure in mg/hr or ug/cm?® depending on the unit
used by the original investigators, is then provided for the body
section cited. - Exposure duration in hours and quantity of
chemicals handled in pounds or gallonsg then follow. In the next
column, the estimated gross dermal deposition in ug/cm? for the
body section cited is presented. Where necessary, applicable
skin surface areas from an EPA report (EPA, 1987a) are used to
convert the data to a unit area gross deposition. If only the
hourly exposure rate is reported in the paper the gross dermal
deposition is calculated on the basis of the reported duration of
exposure, or an assumed exposure period is used. Data in the
last two columns are calculated by dividing the estimated gross
dermal deposition by the quantity of the formulated product
handled and by the exposure time in hours to obtain the
respective normalized rate.

Even though only the exposure data from peer reviewed
journals or well documented studies are included in this report,
any attempt to statistically analyze the combined exposure data
for a body section under each operation is inappropriate because
of differences in study objective, test protocol, data quality,
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and analytical method. Besides, for many of the operations,
there are only a limited number of data points and even fewer
data points for certain specific body secticns.

For two operations, mixing of powder into a solution or
slurry and liquid mixing and transfer, a relatively large amount
of data are available. The outside clothing exposure data
(calculated gross dermal deposition) for these operations are
also plotted on scatter diagrams to show the spread of the data.
Only the time normalized data are included in these diagrams
since there are much fewer data on a quantity normalized basis.
Following the approach used by Van Hemmen (1992), the scatter
diagrams are used to determine an "Indicative 90th percentile
deposition" as a conservative estimate of potential exposure.
The "Indicative 90th percentile deposition" is chosen at a
rounded value that is exceeded only by approximately 10 percent
of .the data points for each body section.

Only the calculated gross dermal deposition at an exposed
body section or outside the clothing are included in the scatter
diagrams for analysis as potential exposure. Exposure inside the
clothing would have reflected the barrier effects of the c¢lothing
which introduced additional variables (the fabric material, weave
type, worker habit, etc.) in estimating dermal exposure.
Therefore, such data are excluded from analysis of Indicative
90th percentile exposure at this time.

Since most of the data in this section were derived from
pesticide studies, an explanation of some of the chemical terms
commonly used in pesticide application is appropriate (Farm
Chemical Handbook, 1992). ’

Dry Concentrate: A dry, relatively free-flowing
powder containing the maximum
possible amount of AI. A wetting
agent amy be 'included so that the
mixture is ready to be dispensed in
water for spray application in
which case it is termed a dry
wettable powder. Without wetting
agent, but suitable for further
dilution to form a dust, it is
called a dust base.

Emulsifiable Concentrate: Produced by dissolving the AI and
‘ emulsifying agent in an organic
golvent.
Encapsulated: pesticide enclosed in tiny capsules

(or beads) of thin polyvinyl or
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other plastic material to control
release of the chemical and extend
the period of diffusion, thus
providing increased safety to
applicators as well as to the
environment.

Solution: Mixture of one or more substances
in another substance (usually a
liquid) in which all the
ingredients are completely
dissolved.

Suspension: Particles of a solid or immiscible
liquid dispersed in a liquid or gas
but not dissolved in it.

Wettable Powder: A powdered preparation containing
sufficient suitable surface active
material (wetting agent) so that
the powder will be wetted and
suspensible in water as a spray
material.

A, Mixing of Dry Powder Materials.

Data grouped under this operation pertain to dermal exposure
to workers who open bags of powder or granular chemicals and pour
the contents into a mixing tank; or scoop out a measured portion
of the contents for mixing with other dry chemicals or :
substances. A summary of the available data is shown in Table 4-
1. Some of the available data are expressed in terms of total
amount of AI deposited on skin surfaces per hour (mg/hr) and
usually represent the total exposure on uncovered areas of the
body. In other cases, data on dermal exposure may be reported
for various parts of the bedy..

Of the six studies cited, only one (Fenske et al., 1950)
reported uiit area deposition rate at the body sections ‘
monitored. Other studies reported primarily combined depcosition
at unclothed areas of the body, typically including face, neck, V
of neck, forearms, and hands. Without the studies’ original
data, it is impossible to back calculate unit deposition rate at
individual body sections. However, total gross deposition at
these unclothed sections (face, neck, and forearms  of the body
would be 104 mg based on the mean exposure data fr : Fenske et
al. (1990). This is comparable to the range of 27 0 154 mg
derived from mean exposure of other studies that aiso ‘include
hand exposure.
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The pesticides used in the six studies included in Table 4-1
were all described as dust or powder except the disulfoton used
by Wolfe et al. (1387a) which was described as “granular." It is
unclear whether there was a difference in particle size among the
various dust, powder, or granules cited in the studies. Nor was
it clear whether grain size has any effects on dermal exposure
from the studies. Kissel et al. (1996b) conducted a series of
laboratory studies to investigate the effect of particle size and
moisture content on soil adherence to skin. Their results
indicate that for dry soil (<2% moisture) adherence rate in
mg/cm? varies inversely with grain size and adherence occurs
predominantly for particles small than 150 u or even 65 u. For
wet soil (12-18% moisture), adherence generally varies directly
with particle size.

B. Bagging

Bagging operation refers ta the operation where workers £ill
bags of dry powder mix at the filler spout, remove, and then seal
the bags. Three studies were found to have included data on
dermal exposure during bagging operations. A summary of these
data is presented in Table 4-2. The data generally represent
total hourly exposure at unclothed .areas of the body including
face, neck, V-of neck, forearms, and gloved or ungloved hands.
From these data, the gross dermal deposition including exposure
at ungloved hands ranged from 49 to 1986 mg for 1 hr. of.
exposure. One other study, by Ccmer et al. (1975), also
contained exposure data that included bagging . operations.
However, the reported exposure represented the combined exposure
during mixing and bagging operations and are excluded from this
summary.
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TABLE 4-1 DERMAL EXPOSURE DATA AND ESTIMATES FOR DRY MIXING OPERATIONS

Chemucal Body Section o« Pud Locstion Reported Exposwse Qusntny Estunated Estimated Esumated Holoisnce
Formadation Exgoswe” Durason Hendled Giross Gross Gross
{he} {ibs) Dermal Deposition Deposition by
Deposiuian*®* by Quantty Time
{wgfcm?/ib) Waicmiihn
50% 00T (mgrtu) {mg) Walile and
Face,nack, V of neck, forearms, and hands 13.3-44.7432.7) 0.6-1.0 N.A. 28 6- -~ -- Armatiang,
{muumum piotection) 89.4(65.4) 1971
Face, nechi, snd V of neck only (w/PPE) 4.2-18.2012.8) 0.61.0 NA. -
8.4
38.4(25.8)
Exposise from 6 s mbdng DOT in f isting pl Hand exposwie (rom hand wash. Exposure detsinuned ftom layered gauze pads.

Exposwe duration snd amownt of DOT handied not reportad. 1 tw sxposiure assumed. Short sieeve shurts and long pants with mintmum protection (no
gloves). PPE used inciuded coveralle, respirator. and rubber gloves.

10% Disulfoton (mg/thw} (mg) Wolle el al,
Face, neck, V of neck, forsarms, and hands 27x36 N.A. NA, 17: 36 - - 1978s
Exposwie lrom 7 during mixing ol dry granuder 10% disulfoton formulation to dry fartilizes. Layerad gauze sbsorbent pads were attached

to woikes’s clothing. H.ndcupo.unllonhamlwuh. No gloves used. Quantity of chemicals handied and dusation of exgoswe not reparted. 1 u.
axposwe sasumed. -

26% Parathion ) (mg/ha) img) Waolle et af,
Face, neck, V of neck, foresima, and hands 30.42372.6 0.6-10.0 N.A. 163.6 2 150 - - 1978b
Exposwre from 8 during Minng in p i Ic;muhung plants. Exposwe determined from layerod gauze pads. Hand sxposure ftom
hand wash. Workars waea short sleeved shirts, long pants, no gloves. Work & d 30-60 minut t af chemicsls p¢ d nat reported. 1

howt exposure assumed.

. D-panumg on tha anginal dets teposted, ranges with the mesn valus in parenthesis; mean valus £ stendard deviation; of only the mean valus (in paientheses) is presanted
G-lcuuucd by dividing percant lormulation into the reported expos and ded fos the duration wheis appropnale; data nat provided unless duration data is aveilable or assumed
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TABLE 4-1 DERMAL EXPOSURE DATA AND ESTIMATES FOR DRY MIXING
OPERATIONS (Cont’d)
Chamucal Body Saction or Ped Location Reponed Exposuse Quantity Estimated Esumated Estumated Ralstania
Formulauon Enposwe’ DOwauon Handiad Gross Gross Gross
(e} tins) Dermat Dsposiion Deposiion by
Deposiion** by Quantity Time
Lsglcm/ib) wgicm®/hn)

5% Captan {mg/v) lugicm?) Stevens and

Face, nack, V of neck, outdoor 46202 ] N.A. 11261260 - 1125150 Dawvis, 1981

Hands, cutdoor 3.0:2.0 1 N.A 73.2x48.8 73.2148.8

Face, neck, V of neck, indoor 0.95610.41 1 N.A, 23.8210.3 -- 2381103

Hands, indoos 0.0920.07 1 N.A. 2.221.7 - 22217

Total axposwse wihile filling the hopp of asad dusting chi wiath Capten {1 1/2 ibs. of Capl'.n dust par 100 ibs. of cut potatoss). Workers wore

long-alsaved shins or jachkats, wath head Q and back leathes glaves. Expoasure othar than hands wera measuied with multi-lsyered gaurs

pads; hand exposute was meaasured udmm\ddnuucmhnlmdowo ducauon ranged /4 to 2 hus {1 tw assumad). 3 ouldaor and 7-8 wndoor

messuwemanis mads skin surface aress in EPA 18874 used to csiculats groas deposition fiom reporied exposwe.
Lindane {mgm) Giay ot al ,
(concentration Chast <0.t NA. N.A. NA. - - 1983
nol 1epoarted) Arme <0.% NA. N.A. NA. -~ -

Hands 81424648 NA. N.A. N.A. - -

Exposue measwed while emplying bags of Mansb-Lindane into the hop of lal saed’ . Approximately 18,000 to 20,000 kg of wheat

seeads are Usated pw hour. Exposwss was found only m the hand. . hecked the unif y of spphcation using thew bare hands. Dermal

axposnes othas than hand

Exposute duauon and lpplauon (3108 NOI repoiisd. 2 messwsementa made.

d wath multi-layered gaute gads. Hand upoulu were measuisd with the rinse technique.

* Depanding on the onginal data reported, tanges with the mean velua In puienthesis; mean velus 1 standard deviation, of anly the mean valua (in parenthesss) is presentad

“* Cakulaled by dividing peicent foimulstion inlc the reportad

e and

ded fos the d

2
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TABLE 4-1 DERMAL EXPOSURE DATA AND ESTIMATES FOR DRY MIXING
OPERATIONS (Cont‘’d)
=
Chemucal Body Section or Ped Lacstion Rsported Exp Q ity € ted € d Estmated Aeferancs
Fotmulation Exposure® Ducation Handlad Gross Gioss Gross
' {ha) {ibs) Oamal Deposition Dspositian by
Depoattion®* by Quanuty Tima
wglcmlib) walem’ i
18.76% Lindane (mg) Usglcm?®) wglcm?/ib) g/cmi/ha) Fenske al al .
Chesnt, {inside clothuing) 0.07-0.71(0.48) 0.4 2.6, a.11-1.07 0.01-0.14 0.28-2 68 1990
Back, {inside clothing) 0.11-2.6840.71) . 0.4 7.6 0.17-3.89 002-0 62 0.41-9 23
Forsarma, (inskde clothing) 1.31-18.7(6.43) Q4 7.6 6.72-73.8 0.77-9.81 14 4-184
Uppesr suma, (inside clothing) 0.12-2.91(1.12) 0.4 7.5 0.22-6.33 0.03-0.7% 0.66-13.3
Upper legs, (inside clothing) 0.08-9.32(2.88) 0.4 7.8 0.11-13.0 0.01-1.24 028328
Lowas legs, (inaide clothing) 0-0.33{0.16) 04 15 0-0.74 0-0.10 0-1.85
Chest, (outer clothung) 0.92-7.64(3.21) 04 78 1.38-11 8 0.18-1.67 346-204
Back, {outes clothing) 0.85-4.68{2.48) 0.4 7.6 1.28-8.88 0.17-0.92 3.18-12.20
F {outer clothung) 6.67-61.8{17.8) 0.4 7.6 24.6-228.3 3.27-30.4 61.4670.8
Upper asma, {outes clothing) 0.99-10.1(4.43) 0.4 18 1.81-18.6 0.24-2.48 4.64-46.3
Uppes legs, (outer clothing) 2.80-132.8134.0) 0.4 7.6 4.06-186.1 0.64-24.7 10.1-463
Lowaer logs, {outes clothing) * 0.43-6.95({1.34} 0.4 7.8 0.96-13.3 0.13-1.78 2.41-333
Hands, linside gloves) {0.24) 4.81 0.64 120
Exposed haad and neck (".72) - - -
Workers woie long sleeve shurts, iong pants, gioves,and respirators. Absorbent pads with impervious backing were placed outside and inside the
clothing. Exposure was measuied fos manusl { ping Lind fram bags and minng with s stick) of wheat geaun with Lindane powders
tormulation i plantes boxes. Hand exposwis Measwred with a handwash technique. Aversge duration of mixing was 24.1 muinultes and 3.4 kg of
Lind formulation was handied. V2 s made. '
A

“ Depsnaing on e onginal du‘ 18p0red, ranges with the mean vafua 10 parenthesis; mean value z standaid devistion; os only the mean value (in parenthesas) is presented
Calculalad by diviing percent {oimulation mnio the (eported exp and extendad 104 1he wheie appiopnats, dats not provided uniass duration dats is available or assumed.
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TABLE 4-2 DERMAL EXPOSURE DATA AND ESTIMATES FOR BAGGING OPERATION
Chamicst Body Secton of Ped Logaion Reporned Exposwie Guantty Esti d E o £ d Reference
Formutation Enxposura® Duration Handled Geose Gsoss Gross
) (ibe) Darmal Depositian Deposition
Depasition®* by by Time
Quanuty pglcm’ v
pa/cm’id
(mgrtu) (mg}
650% DDY Face. neck, V of neck, foressme, and 95-993(824.65) 0.5-1.0 N.A. 190-1988 - - Wolle and
hands {(warkers who filled 4 & & I Dage Atmsuong,
st the spouy at Flent A, minissum 19214
potection)
Face, nack, V of neck, foresims, and 108-227(163.6) 065-1.0 N.A. 218443 - -
hande (workers who filled 50 i bags at -
the spout st Plant A, minimum
prolaction)
Face. neck. V of neck, forsarms, and 24.6-34(31.2) 0819 NA. 40.2-68 - -
hands (workers wha filled 4 1b bags st
the spout st Mlant 8. minimum
piotaction)
Face, nack, V of neck, (warkers who 28.4-12472.7) a8-t.9 NA. §2.8-240 - 08-210
titled 4 & 6 B bags at the spoust ot Pant
A, wiPPE)
Face, nech, V of nack, (warkers who 24.3-87.5143.5) 0610 NA. 43.8-178 - 81- 218
fited 60 & bags at the spout at Ment A,
wiPPE)
Face, neck. V ol nach. lworkers who 2.8-19.8{14.2) 0.6-1.0 N.A. 16.8-380.2 - 20-48
liled 4 I Dags st the spout st Plant &,
wiPPE).
No informatian on the number of bags handied per unit ime. Exg: de d with & d 9 podnu;d" dwash. £ach exp
lasted 30-60 mi 1 b exp d. No ps tive clothing e¢ gioves used undar minkmum protection. PPE used
includad . .ple . and rubbad gloves. 4-0 messurements made 1os each test. EPA 19878 skin aress used 10 calculate gross
deposition by time. where appiceble. .
¢ Depsnding on 1ha onginsl dats sreporied, sangss with the masn value in parsnthesia; mean value & atandard deviation; ot only the mean value {in pargnth }is pr d

nto the

** Calculated hy dividing peicent (ormid

poried exposurs snd ded for the h

4-11
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TABLE 4-2 DERMAL EXPOSURE DATA AND ESTIMATES ON BAGGING OPERATION (Cont’Ad)

Chamicsl Body Section or Fed Locetion Reponed Exposse Q ity E d Estimated Eatimated Ret o
Formulation Expasne® Duration Handied Grosa Gioss ~ 1 Groas
the) {ibe) Dermat -1 Deposition Deposition
Oeposition®* by by Tune
Quantity sglomte
mlcm’ab
06% (mg/h) (mg)
Duuifoton Face, neck, v of neck, loresams, and 1.2x2.0 N.A. N.A. 240 £ 400 - Woite ol al.,
hands 1978a
Exp from 8 messurements whils filling bage with pesticide-fertilizer mix at the filler spout. Layered geuze pada were sttached to
kat’s clothing. Hend enp from hend h. No gloves used. Numbaer of hags handied and duration of exposwrs not reported. | he.
expasunre assumod. .
26% {mgAw) A {mg) Wolle et 8l ,
Parathion Face. nack, V of neck, forsarma, snd 02.1£98.4 0.6-1.0 NA. 320394 - - 1978
hands
Totsl mesn sxposwre fiom 17 messurements while filling the bage st the spowa. :w.mmmmnowmu ol opedation,
J using layerad gauze pads and hendwash. Number of bage handied not feported. Workers wors work cloth, no gloves used. 1| lv. axposute
sssumed.

® Dependuing on the osiginal dats reported, senges with the mesn valus in parsnthssis; mesan value t standasrd deviation; os only the maan value (in parentheses) s presented
** Caiculated by dividing paicent {ormuistion Into the reported exp and ded (or the duration where

PpPropil data not provsded uniess duration data is avedabie or assumaed
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C. Stacking

A summary of dermal exposure data related to stacking
operations is presented in Table 4-3. Workers who perform
stacking operations generally stack full bags of powder or
granular material on pallets, operate the machine for closing bag
tops, or pack bags in cartons for shipment.

The three studies identified that contain 'stacking operaticn
dermal exposure data are all from the same research team. They
reported only total exposure at unclothed areas of the body
including face, neck, V of neck, forearms, and ungloved hands.
Based on 1 hr. of exposure, total gross deposition calculated
ranges from 30 to 480 mg.
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TABLE 4-3 DERMAL EXPOSURE DATA AND ESTIMATES FOR STACKING OPERATIONS
Chemucel BodyiSection or Pad Lacation RAeported Enposure Quantity Esu d E d Eswumated Refarence
Formulation Expasuxe® Duation | Handied Gioas Gross Groas
) ibe) Dermal Dep Deposi by
Degosition®* by Quantity Tuna
pg/cmim sgicmihg
50% DOY (ngtw) img} Wolle and
flc.,f nech, V o neck, folearms, and 68.2-140.2{08.5) 0.5-1.0 NA. 138-293 - Armsliong,
ungiavad hands 1971
Faca nack, and V ol neck (wiAPE) 16.2-32.6(26.2) 0.6-1.0 N.A. 30.4-66.0 -
Tou‘1 - from 4 ments while paciing filled bags of dry mix into canons for shipment. Number of bags handied not reponed.
Expasure detesmined from layered gauge pads and hontweeh during 30 to 80 minute period. 1 . axposwse sssumed. PPE used included
Coveralle, reepiraios, and nibher gloves. A
0.5% img} (mg) Wolla et al.,
Desulfoton Faca, neck, V of nack, foresrme, and 24229 NA. N.A. 480-600 - - 1978a
hands
Total axposwse f1om 6 maasiremants whils staciking bags of Discitoton powdes formulation onta slorege paliels. Exposws delessmined
l-oqmwumﬂmmmuwoumdww-maw. 1 hu. exnposure sssumed.
26% (mg/ha) {mg) - - Wolle st al.,
Parsiivon Face, nack, V of neck, forsaime, and | 34.0202.0 0610 | NA. 1301248 18780
hands
Tau‘i; axposuts liom 26 ts while Aing tull bage of dry lﬂ-hﬁn. onta storge paliets, op ing bag closur R o
paching bags in caronas fof shipmant. Exposwre determined with leyersd gauls pade and handwash during 30 (0 60 minutes operstion. 1
ha. oxposixe assumed. Guantity of bags handied not raported.

* Dspending on the ariginal dats 18pared, (angs with ean values in paisnthasis; mean valuo = s1onderd devistion; or only the mean value (1n parenthesis) s presentad.

°* Caiculated by dviing percent (o/mulation into the raported exposure snd sxtended [of the duration where applicable; dats not

rided uniess d

18 aveisbie ot assumed.
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D. Mixing of Powder with a Ligquid

This operation refers to the mixing of dry powder into a
slurry or liquid solution. In such an operation, workers
commenly open containers of wettable powder, take the entire
contant or a measured amount and dump the powder into a tank
where it is mixed with water or other liquid. A summary of the
available data is shown in Table 4-4. During this mixing
operation, the worker would initially be exposed to the powder
and thern to the mixed liquid. There are no data to estimate the
relative percentage contribution of exposure from the
concentrated formulation and frem the diluted mix. It is
believed that the majority of exposure results from contact with
the powder. In Table 4-4, the gross dermal deposition calculated
assumed that exposure was entirely from the formulated powder
product. The actual gross dermal deposition may be higher than
the calculated values, because for the same amount of active
ingredient reported there must be a larger amount of diluted mix
than the concentrated formulation due to concentration
differences.

Exposure data from six studies are pregented in Table 4-4.
All the studies reported unit area .or total exposure at various
body sections; including chest, back, forearms, upper arms, upper
legs, lower legs, and hands. Exposure inside the clothing or
under the gloves is generally lower than outside the clothing.
In fact, the Knarr et al. (1985) study reported a penetration
factor of 0.53 for molinate powder mixing based on comparison of
deposition on expcsure pad outside and inside the coverall.

Unit area ex--<sure at each bocdy section from the studies
cited here usual: varies over a range of several orders of
magnitude. A sca::zer diagram of the potential gross dermal
deposition data ::rmalized by time as calculated from cutside
clothing or exposed body section exposure is shown in Figure 4-1
to illustrate this point. From this, the Indicative 90 '
percentile deposition is determined as: hands, 300 ug/cm’/hr;
forearms, 200 ug/cm?/hr; head or face, 120 ug/cm’/hr; chest, 40
ug/cmé/hr., back, 15 pg/cm?/hr; upper legs, 15 ug/cmi/hr, upper
arms, 0.5 upg/cm?/hr; and lower legs, and 0.1 ug/cm’/hr. As
expected, the body sections likely to have more direct contact
with the chemicals, the hands and forearms, have the highest
exposure. Similar analysis on the limited amount of quantity
normalized data shows the Indicative 90th Percentile depositions
as: hands, 1.5 ug/cm?/lb; forearms, 2.0 ug/cm’/lb; head or face,
0.4 ug/cm?/lb; chest, 1.0 ug/cm?/lb; back, 0.15 ug/cm’/1lb; upper
legs, 3.0 ug/cmi/lb; upper arms, 0.6 ug/cm’/lb; and lower legs,
0.1 pg/cm?*/lb. These data are summarized in Table 4-5.
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TABLE 4-4 DERMAL EXPOSURE DATA AND ESTIMATES FOR MIXING OF POWDER INTO LIQUID
Chemical Body Seclion o7 Pad Location Reported Expasure Quantity Estimated Estimated Estimated Relerance
Formulstion Exposurs® Durauson Handisd Gross Dermal Gross Gross
tibs) Dapasiipn® ® Daeposition by Deposition by
Guantity Time
wglcm?iib) wolcm*ihs)
Nitrolen wg/cm?) wolcm?) Maddy et al ,
60% powder Foraarms (inside clothing) 0.028-0.053 0.23-0.36 NA 0.0656-0.10 - 0 16-0 36 1960
Uppes Legs (inside clathing) 0.013-0.10 0.23-0.36 N.A. 0,026-0.20 - 0.096-0 69
Chast (inskis clothing) 0.008-0.071 0.230.38 N.A. 0.018-0.14 - 0.060-0.21
Back {nside ciothing) 0.003-0.011 0.23-0.36 N.A. 0.008-0.022 - 0018-0.072
F {outnide clothing) 0.6-1.78 0.23-0.38 N.A. 1.0-3.68 - 2.86-12.67
Upper Lege {outside clothing) 0.28:2.12 0.23-0.36 N.A. 0.58-4.2 -- 2.62-14.9
Chast loutside clothing) 0.19-0.09 0.23-0.38 N.A. 0.38-1.8 - 1.08-6.67
Back {outside clothing) 0.07-0.4% 0.23-0.36 N.A, 0.14-0.82 -- 0.44-2.68
Hands Unside gioves) 673-1229 0.23-0.3§ N.A. 11468-2468 - 1.40-:3.00
Exposures from 6 measursmenta during mixing and loading of wettable powd Workers woce long-sk d shirts, Ionn panta, waterpiaat hat, gloves,
boou ondu-pnlu Ewuoatuummhpldnmououwolqwolcmwnducldolhmdlmuhy«colgmnpw\odmonumol
Hand determined with the hand rines tachnl Exp 4 fqr muxing snd loading oparation of spproximataly
IB to 20 minutes.
Casbaryl Uglcm* A} Maitlen ot al
60-80% Chast {outsida) 0.7-49.13 - Fl4 min, N.A.° - 1.4-61.42 1982
Woetishle Back (outside} 0.3 12.0% 3-14 min. N.A, - 0.24-16.14
Powdes Shouiders {outside) 0.7-26.12 314 min. N.A. - 1.4-31.40
Foreaims {outside) 0.7-48.20 314 min. N.A. - 1.4-67.78
Hande (without gloves) 2.67-3890 3-14 min. N.A. - 3.34-487
" Hands (with gloves} 3.43-0.88 314 min. N.A. - 4.28-12.32
Exposwre from 3 experiments for 80% powder with up to 10 replicates, and 2 sxpariments lor 60% powder with 1 test sach {14-20 measuremantis).
Exposwse 1eporied (or 101al par body section, velues ae back calculsted 10 show per unit s7ea exposurs using skin surface aies of EPA, 1987a. Ranges
of mixing timo shown; totsl amount of formuiation nat ragoried. Hand exposure from rinss proceduse, othes exp trom pads.

* Depanding on the oniginal data 1eported, 14nges wilth tha mesn valus in parenthes:s; moan value t standard deviation, of anly the mean value Lin parontheses) 1s prasented
“* Caiculated by dividing pescent lormulation into the reporied exp and ext

ded (0s the du

where sppiop
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TABLE 4-4 DERMAL EXPOSURE DATA AND ESTIMATES FOR MIXING OF POWER INTO LIQUID (Cont’'d)
Chemucal Body Section os Pad Location Reported Exposure Quantity Estumated Estimated Esumaled Rolatence
Formulation Exposwie® Dusation Handled Gioss Dermai Gross Grass

' (ibs) Deposiion®*® Dsposition by Deposition by
Quantny Time
we/cm’/tb) w/cmiihn
Benlate G/cm’) (wg/cm?) Everhart snd
{60% Foresrms (outside clothing) 0.62-31.40{7.61) 2.2-6.0 min. 26-60 1.24-628 0.03-1 34 t16-1256 Hait, 1982
Benomy) Face (outside clothing) 0.02-12.012.82) 2.2-6.0 min. 25-60 0.04-24.0 0.001-0.61 0 6-480
Chaslt {outside clothing) 0.02-4.70{1.63}. 2.2-6.0 min. 25-60 0.04-9.4 0.001-0.20 05-188
Back (outside clothing) 0.02-3.80{0.90) 2.2-6.0 min. 25-60 0.04-78 0.001-0 19 0 5-207
Hands {on glovas) 2.8-566.2(14.90) 2.2-6.0 min. 26-60 6.8-110 0.22-1.84 94-2210
Exposwrs fram 10 uisls of opaning bags and mining. Pads on of clothing. Hand exp fiom catton glaves. Workers ware long sleeved
shirts, long pants, and gloves.
O¢deam 10G {mg/day) (ug/cm® Knar st ol .
Selactive Trunk (nside clothing) 15z18 N.A. 13,000 2112226 0 0002 £ 0 0002 02710.28 1985
110% Armas (inside clothung) 1.3x1.) N.A. 13,000 3.16122.67 10.0002 £ 0.0002 0401+0.33
moknate) Legs (inside clothing) 13217 N.A. 13.000 21.0221.4 0.002 + 0.002 2631343
Menule Haad (unclothed) 0.065 £0.088 N.A. 13,000 0.620.76 0.00004 = 0.0001 0.061+0.09
Face snd neck {unclothsd) 0.73x+0.87 N.A. 13,000 9.1310.38 0.0007 2 0.0008 1.14t1 06
Trunk (outards clothing) 283+302 MN.A. 13,000 4.0+4.26 0.0002 1 0.0003 0.5-0.63
Arms (outside clothing) 2462208 N.A. 13.000 6.9615.06 0.0005 1 0.0004 0.7410.63
Lega (outside clothing) 24.6232.1 N.A. 13,000 39.6251.8 0.003 1 0.004 4.9416.48
Hands (no gloves) 0.4+20.30 NA. 13,000 -4.08+3.68 0.0004 £ 0 0003 ‘0611046
Aveiage axposwie feported only for sxpased skin area and for inside personal clothing (coverall). Rapartedinside exposuse calculated by authais fiom
outside pad dats with a tested penatration factor af 0.63. Valuss shown here for outside clothing exposure sie hack calculated. Results (or 4 days of
testng snd 1spoited as dady exposwe. Hand esxpase liom sinse p d MixerAcadesrs aix and load herbicide, refuel pl and clean windshields
Dady expasure sssumed 10 be 8 tus. and skin swTace arsas in EPA 19878 used for calculation of gross dermal degasition. Leg exposwie was high dus
(o repaated contect with tha spray nozxis duwing refusling.

° Dapending on ths onginal dats 1spored, ranges with the mean value i parenthesis; maan value 1 siandard devislion; or only the mean value {in pareniheses) 1z presented

** Calculated by dividing paercant formulation inio tha rapasted exposwia and axtanded 10r the duwation whaese appropriate, data not provided uniess duration data 1s availtable ar assumod
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TABLE 4-4 DERMAL EXPOSURE DATA AND ESTIMATES FOR MIXING OF POWER: INTO LIQUID (Cont’d)
Chemucal Body Sectian os Pad Locetion foponed Exposwte Q E ted Esumeted Esumatead Referance
Formulation Exposure® Dusation Handisd Gross Dermal Gioss Giass

na) Deposinon**® Daposinon by Daposilion by
Quanuty Tims
(wg/cm?/ib) glcmih)
Fosetyl-Al " Gmgremfivil Fenske, ot sl .
B0% powder Chast (insids clothing) 0-0.030(0.018) 76-108 min. 1.61 0-0.037 0-004 1987
Back (inside clothing) 0-0.007(0.0031) 76-105 min. 1.61 0-0.009 0-0.009
Upper arma (inside clothung) 0.007-0.02(0.023) 78-105 mwin. 1.81 0.009-0.02 0 009-0.03
Forsarma (inside clothing) . 0.007-0.17¢0.121 76- 108 min. .81 0.008-0.2) 0.009-0.2}
Upper legs linside clothing) 0-0.013(0.0087) 76-108 min, 1.61 0-0.018 0-0.18
Lower legs {inside clathing) 0-0.006{0.0034) 76-108 mwin. 1.61 0-0.008 0-0.006
Chest (outside clothing) 0.01-0.17(0.11) 76-108 min. 1.81 0.01-0.21 0.01-0 21
Back {outside clothing) 0.01-0.04(0.02) 76-108 min. 1.6¢ 0.01-0.06 0.01-0.05
Upper arma (outside clothung) 0.10-0.67(0.34) 76-106 min. 1.51 0.12-0.70 0.13-0.
Fotesrma (Gutside clothing) 0.18-0.64(0.25) 76-108 min. 1.6t 0.20-0.78 0.2-0.8
Upper legs {outside clottung) 0.03-2.67(0.79) 76106 min. 1.61 0.04-3.27 0.04-3.33
Lower lags (outside clathing) 0.01-0.10{0.04) 76-108 min. 1.6% '‘0.01-0.12 0.01-0.13
Hands (inside gloves) 9.2-63.4(35.8Len | 75-108 niin. 1.61 0.01-0.08 0.01-0.10
Uncovered face and nack 69.4-363{213)9ar 76-108 min. 1.61 0.08-0.63 0.09-0.6%
Exposuss masswed from 4 mixas. Workers wore long-siesved shirts, long pants, gloves, sad resgisator. Exposwe determinad with multi-layered gauzs
pads inside and autside the woik cloth. Hand exp was measined with the hand rinse technique. Agpioximately 684 g. of fosrmulation handlad
filing up 12 1anks in an sversge of 89 minutes.
Mancozeb wgicm®) Gglecm’) Mummas e ai ,
80% Face lexposed) " 0.18-0.7110.38) 6-20 min. N.A. 0.24-0.9 -~ 0.84-3 65 1985
Wattable Neck tront (chest outside pad) 0.10-3.6211.14) 6-20 min. N.A. 0.134.4 - 0.83-13.20
Powgder Neck back (back oulside pad) 0.17-0.38{0.28) 5-20 min. MN.A. 0.21-0.48 - 0.76-3.90
Forearms {eaposed) 0.93-7.7712.92) 6-20 min. NA. 11§87 - 4.10-29.14
Faca (undss hood) 0.10-0.33(0.18) §-20 min. NA. 0.13-0.41 - 0.60-1.60
Neck front {chest inside pad) 0.10-0.7110.32) 6-20 min. NA. 0.13-0.89 - 0.44-3.10
Neck back (back inside pad) 0.10-0.36(0.23) 5-20 min. N.A. 0.13-0.48 - 0.60-2.42
F {nside clothing) 0.10-0.93(0.67) 6-20 min. N.A. 0.13-1.18 - 0.83-13.96
Hands (inside gloves) 0.037-0.8010.22) 5-20 min. N.A. 0.06-1.0 - 0.16-40
Exposure ot 2 reph at 3 dift sites. Mixing time ranged fiom 6 1o 20 minutes { gs 14 mi ): Vo t of formwdation used not
seported. Hand exp s based on ot ch on the colton gloves used, othas anpgagwe lrom cotton geure pads. Warkers wore unspecifisd
piatective clothing and cotton gloves inside pioteclive gloves. '

* Dapending on the

P asnd

§ data reparied, ranges with the mean valus in parentheiis; mesn vsius t standard deviation; o1 anly the maan vatus in parenthaeses) 15 prasentad.
** Catculated by dividing parcent loimulation in1o the jeporied

ded 1oc the durstion whese sppropnate; dats not piavided unless duration data is avalable or assumaed.
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OCCUPAT [CNAL OERMAL ESXPOSURE ASSESSMENT

INDICATIVE 90TH PERCENTILE ESTIMATED GROSS DERMAL DEPOSITION

- A REVIEW

TABLE 4-5

September 30,

FOR MIXING OF POWDER WITH A LIQUID

Indicative 90th Percentile Deposition
Time Normalized Quantity Normalized
ug/cm?/hr pg/cm?/1b
Head or Face 120 0.4
Shoulders 30 --
Upper Arms 0.5 0.6.
Chest 40 1.0
Back 15 0.15
Forearms. 200 2.0
Upper Legs is 3.0
Lower Legs 0.1 0.1
Hands 300 1.5

1996

Determined from data in Table 4-4 and Figure 4-1 ss the value exceeded only by approximately 10X of the data

points reported for each body section; numbar of data points veries between body sections snd between

normalizing factors.
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E. Liquid Mixing and Transfer

Liquid mixing and transfer operations refer to operations
where one liquid is added to another liquid either through tank-
top transfer or through an enclosed pumping system for mixing.
Depending on the type of transfer operation (e.g., manual liquid
transfer vs. automated closed system pumping), exposures could be
quite different. Available exposure data from 10 studies are
summarized in Table 4-6. Other studies on liquid mixing
operations, including those of Lavy et al. (1980), Wojeck and
Nigg (1980), and Byers et al. (1992) did not report the
concentration of the formulated pesticide used which made "the
calculation for gross deposition impossible. These data are
therefore excluded. One study by Knaak et al. (1989) contains
some incomplete data on dermal exposure for liquid mixing
operation and is also not included.

In pesticide application, liquid transfer occurs when an
emulsifiable concentrate, a solution, or a suspension is mixed
with a diluent for spraying. Except for spills and splashes,
dermal exposure is likely to be the result of incidental contact
with contaminated equipment surfaces. Thus, personal work habit
can play a critical role in determining the extent of exposure.
For instance, Knaak et al. (1992) found a high exposure at the
lower leg because most of the mixing/loading operations studied
consisted of pouring liquid from one container to another below
the waist level and liquid splashing might have caused the
relatively high exposure at the lower part of the legs.

Unusually high exposure at the legs was found by Knarr et al.
(1995) due to frequent contact with spray nozzles during the
loading operations. Conversely, Chester et al. (1987) found most
of the exposure was concentrated in the arms, trunk, and hands.
Lavy et al. (1980) reported high exposure at the thighs and
observed that workers frequently rubbed their hands against their
pants at the thigh area.

Comparing the estimated gross dermal deposition at the same
body section from the studies included in Table 4-6, one will see
a wide range of variations. A scatter diagram of the data as
shown in Figure 4-2 further illustrates this point. Only the
data from-9 of the 12 studies are shown in Figure 4-2; data from
the remaining 3 studies do not provide normalized deposition at
individual body sections. Of the 12 studies included in Table 4-
6, three are related (the last three studies in the table) to
exposures during closed-system pumping operations. The 'range of
exposures reported in closed system pumping are generally at the
mid- or lower-range of those reported for tank top transfers.
These data are included in the ‘scatter diagram but are analyzed
separately for the Indicative 90th Percentile estimates. Based
"on the data points pertaining to open mixing shown in Figure 4-2,
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the Indicative S50 Percentile estimated gross depositions for
various body sections are estimated as: hands, 200 pg/cm?/hr;
forearms 10 ug/cm?’/hr, chest, 8 ug/cm®’/hr; upper legs, 5.0
pg/cm?/hr, back 3.0 ug/cm?/hr, shoulder, 3.0 ug/cm?/hr; lower
legs, 1.0 pg/cm?*/hr; and head, 0.1 ug/cm?/hr. For the quantity
normalized data, the Indicative 90th Percentile estimated
depositions are: hands, 100 ug/cm?/gal; forearms, 4.0
pg/cm?/gal; chest, 0.4 ug/cm?/gal; upper legs, 10 ug/cm?/gal;
back, 0.2 ug/cm?/gal; shoulders, 0.3 ug/cm?’/gal; lower legs, 2.0
ug/cm?/gal; and head, 0.4 ug/cm?/gal. Table 4-7 summarized these.
data.



OCCUPATIONAL DERMAL EXPOSURE ASSESSMENT - A REVIEMW

TABLE 4-6 DERMAL EXPOSURE DATA AND ESTIMATES

September 30, 1996

FOR LIQUID MIXING OR TRANSFER OPERATION

Chemical Body Secuon or Pad Locetion Reporied Exposure Quantity Estimated Estimated Esumated Ruterence
Formulation Exposure* Duration Handled Gross Dermal Gross Gross
the) {gslion) Dspaosttion® ® Reposition by Degposition by
Quantity Time
walcm?igal) walemiheg

Nitraten 25% - glcm?’) - um/cm?) Maddy ot
smulsifiable Forearma (inside ciothing) 0-0.006 14-21 min NA. 0-0.02 -- 0-0061 al , 1980
concentiste Upper Legs (insids clothing) 0-0.012 14-21 min N.A. 0-0.048 - 0-0 155

Chest linside clothing)’ 0-0.0008 1421 min | NA. 0-0.0024 - 0-0.008

Back (inside clothing) 0-0.0011 14-21 min N.A. 0-0.0043 - 0-0.014

Forearms {outsids clathing) 0.003-0.088 14-21 min N.A. 0.013-0.344 - 0.05-0.984

Upper Lags (outside clothing) 0.004-0.36 14-21 min N.A. 0.017-1.456 - 0.07-4.82

Chest {outside clathing} 0.0041-0.0176 14-21 min NA. 0.016-0.070 - 0.07-0.23

Back {outside clothing) 0.0011-0.060 14-21 oun N.A. 0.004-0.24 -- 0 018-0.80

Exposures from 4 measuramants during mixing and loading of concentrate. Workers wore long-siseved shirts, long pants, waterproof hat, gioves, baats,

and resplrator. Exposwe determined with pads mads out of a top layar of cotton duck cloth and nnes laysra of gauze pinned ta exterior of disposable

covaralis. Hand exposure dstermined with the hand rinas technique. Expasurs measured for mixing and loading opssation of approximateiy 16 to 20

minutes.
Carbaryl 40-48% (mg/h) Maitlen at
Liquid Chest loutside) <D.L.-0.29 0.13-0.40 N.A. - - 007-2.42 al., 1982
Suspension or Back (outside) <D.L.-0.7 0.13-0.40 N.A. - .- 0.07-16.13
Concentrale Shouldars {outside) <D.L-0.84 0.13-0.40 N.A, - - 0.07-3.23

Foreasms (outside) <D.L.-6.2) 0.13-0.40 N.A. - - 007-13.04

Hands {without gloves) 0.47-68.95 0.13-0.40 N.A. - - 1 13-210 21

Hands (with glovas) 0.23-3.76 0.13-0.40 N.A. - - 070-11.43

Exposwie from 2 experimenia lm'AO_’b kquid with up 1o 10 replicates, and 2 sxperimenta for 48% kquid with 1 test each (5-16 measurements). Exposure

reported (or tatal par body saction, values are back calculated 10 show per unit area exposure suing skin surface area of EPA, 1987a. Ranges ol muxing

ume sh : total am t ot §

not rteported. Hand exposwie fiom rinse proceduie, other exgoswe fram pads.

¢ Dapanding on the original data r1eported, rsnges with the mean value in paranthesis; mean value + stendard deviation; of only the mean value {in parentheses) s presentad
** Calculated by dividing parcent formulation into the rsported sxposure and extended for the durauon wiiere appropriate; data not provided unless durauon datas i1s available or assumed
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TABLE 4-6 DERMAL EXPOSURE DATA AND ESTIMATES FOR LIQUID MIXING OR TRANSFER OPERATION
(Cont’d)
Chamucat ﬁodv Section of 1 ocation Reported Exposure Quantity Estmatad Estumated Esumated Relerencn
Formulation Exposuie® Duwiation Handled Grass Dermal Gross Gross
{tw) (gaion) Osposition®* Reposiion by Deposition by
Quantity Tima
(wg/cmigall wglcm?ihn)

EPN {3-4 lbs/gal, . B {mg/8-he) {mgl Ataliah, et
42%) Face, V of neck, back of neck, foiearms, 8.3x4.3 1.62-2.83 N.A. 3.76 - el., 1982

and hands {unclothad reglons) - 1.67-2.93

Tata! {on cloth and expossd skin) 66162 N.A. 39.3 - -

Yotal exposure of loaders reported for unclothad and clothed segion of the body from d patch s extrapolaisd to 8-hr exposure liom 3 tests.

Loaders openad k icide contsinar trisnsferred it to holding tank, mixed, lh.n sttachad 10 & hose 10 transter the .ina tu sprayer tank-on plenoa. Hand

‘oxpoluu' trom hand rinse. 2 hi. exposwe sssumaed.
Dialiate 46% glcm’) (Tt Dubalman
concentrale Head (open tenk 1) {0.18) 0.047 ] 10.33) 10.067) {(7.00 ot al.,

Forshead {open tank fill) {0.67) 0.047 6 (1.49) {0.30) 131.7) 1982

Shouidor {outsr clothing, open tank i} {0.08) 0.047 [ {0.13) 10.027) 2.7n

Chest (outer clothing, opsn tank (i) {0.18) 0.047 (] (0.42) (0.084) (8.94)

Back (outer clothing, apen tank fill) {0.07) 0.047 § (0.18) (0.0N) {3.40)

Hands (open tank (i) 171.2) 0.047 [ (168) 32) 13362)

Head, forshead, shouldar, chast, of back {<0.006) 0.28 6 (<0.01Y (<0.002) 1{<0.039)

[closed system tank fill) -

Hands (closad system llnl fill) {<0.06) 0.28 1 <0.13) {<0.027) (<0 48)

Othar bady regi {ck Y wank fid) (3.006)-10.013) 0.28 ] 10.01)-(0.03) (0.002)-(0.006) {0 00B)-{0.10)}

Dpon mnt 1 took 2.8 minutes, closad system transies 1ook approximately 17 minutes.
d mined ljom gauze pads. Msan

, lank lnH.

pasure from 6 reph

Hand exposuwie determinsd from cotion gloves extraction. Other

fos apen tank (il and 3 rephcates sach of 3 difterent systems for closed

* Depending on tha onginal data reponad, ranges with tha mean value in parenthesis; maan value + standard devistion; of only ths mean value (in parenthesas) is piesented.
" * Calcuiated by dmdlng percant formulation into the reparted axpaosure and extended fos the duraion whare appiopriate; data not provided unless dusation data 1s available or assumed.
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TABLE 4-6 DERMAL EXPOSURE DATA AND ESTIMATES FOR LIQUID MIXING OR TRANSFER OPERATION
(Cont’d)
Chemucal Body Section o¢ Ped Location Roported Exposure Quantity Esumated Esumated Esumatad Refarance
Farmulation Exposuie® Duration Handled Gross Dermal Gross Gross
the) {galion) Deposition®® _Reposition by Deposition by
Quantity Time
(wg/cm?/gal) tuglcm*itu)
Esteron 99 (mgicm®) g/icm?) Lavy ot
{4 bs/gal, 48% Right wrist {outside) 0.24-9.49 mg 13-78 mun 90 gal 0.6-19.8 0.006-0 22 12515 2 al, 1982
L 2,4-D) Lelt wrist {outside) 0.05-10.0 mg 13-78 min 90 gal 0.10-20.8 0001-0.23 0 26-16.0
W Neck (outside) 0.10-0.29 mg 13-78 min 90 gal 0.21-0.60 0.002-0 007 0 16-1.61
Head (outside) 0.47-24.8 mg 13-78 min 80 gsl 0.98-61.7 0.011-0.67 2 45-163.2
Right wnst (under Tyvek) 0.21-4.72 mg 13-78 min 80 gal 0.44-9.83 0.006-0.11 202-31.05
Left wrist {under Tyvek) 0.06-9.28 myg 13-78 min 90 gal 0.10-18.33 0.001-0 21 0.48 34 4
Neck (under Tyvek) 0.06-0.10 mg 13-78 min 80 gal 0.10-0.21 0.001-0.002 0.16 0 96
Head (under Tyvek) 0.36-6.30 mg 13-78 min 90 gl 0.73-11.0 0.008-0.12 1.04-34 9
Exposure of 3 batch load: ixing and loading formulation with open tanks on 3 days, each lasting 13 10 78 minutes. Patch al outer clothing (demim)
used as pads lor axposure testing.
4E Acaraban (4 pglemiite pglcm? Nigg and
Ibs/gal 48%) Back (outside clothing} 0.091+0.02 N.A. 1.126 0.19:x0.04 0.17+0.04 0.09 0 02 Stamper,
chlorohenziate Chast (outside clothing) 0.19x0.08 N.A, 1.126 0.40+0.10 0.35+0.09 01910.05 1983
Shoulders (outside clathing) 0.16120.04 N.A. 1.128 0.311+0.08 0.28+0.07 0.16£0.09
Wrist (outssde clothing) 0.456£0.13 N.A. 1.126 0.9420.27 0.83120.24 0.451:0.13
Shun {outside clothung) 0.66:0.32 N.A. 1.126 1.3810.67 1.2220.69 0661:0.32
" Hand (outside clothing) 1000 £ 300 NA. 1.126 2080 2 625- 1860 £ 565 1000 1 300
Forearma (outside clothing) 1.4410.61 N.A. 1.126 3.021.27 267112 1.44 £ 0.6
Thigh (outside clothing) 4.061£1.49 N.A. 1.126 A.441£3.10 7.60x2.76 4.05¢1.49
Forearma {inside clothing) 0.081£0.03 N.A. 1.128 0.19x0.08 0.1720.06 0.09:0.03
Thighs (insida clothing) 0.03:0.02 N.A 1.126 0041004 066:004 00310 G2

Exposure st outside clothing {except otherwise noted) of 18 replicates. For lorearms and thugh semples, 12 replicates were mada tor outside patch
samples. and 21 to 23 rephcatss for inside patch samplas. Workars wore long sleaved shuts, long pants, wide-bammaed hats, leather shoes, and cloth-

lines rubbes gloves plus, & rubbes apron. Hand sxposure trom giove wash. Duration not reparted, sssumed 1 hr. exposure for gross deposition calculauon.

* Depanding on the onginal dats raportad, uhau with the mean vafue in paranthaesis; mean value + standard deviation: or only the mean value (in parenthesas} is presented.

** Calculated by dividing porcent formulation inta the reported axposurs and extended for the dusrstion where approptfiate; data not provided untess durstion data 15 available or assumed
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TABLE 4-6. DERMAL EXPOSURE. DATA AND ESTIMATES FOR LIQUID MIXING QR TRANSFER OPERATION
(Cont’d)
Chemucal Body Section ot Pad Location Reported Expaswa Quanuty Estimated Estumated Estumeated Reference
Formulation Expoawre® Duration Handied Gross Dermal Gross Gross
' {ha) {gakon) D ,' b Reposiion by Deposiuon by
Quantity Tima
g/cm®/gal) (uglem?ih}
Diquart 36.3% wglemiihe (wglem?) Wajeck at
Concentiate Chest {outside clothing) 0x0 NA. N.A. o - 020 al., 1943
Back (outside clothing) 0120 N.A. N.A, 0 - 0120
Shoulders (outside clothing) 0x0 H.A. N.A. [1] - 010
Forearms {outside clothing) 0.031£0.03 NA. N.A. 0.0810.09 - 0.09:0 09
Hands {on glovel 0.1120.07 NA, N.A. 0.3120.20 - 0.31+0.20
Shins (outside clothing) 0.06£0.04 N.A. N.A. 0.1720.11 -- 0.1720.11
Thughs (outsida clothung) 0.0210.02 N.A, N.A. 0.061:0.08 -- 0061006
Exposurs dufing opan mixing from 3 replications. Tha mixer wore normal work clothes snd gloves. Pads attached outside the clothing. Hand exposure
from cotion glove ssmples. Exposure duration not reported, 1 he. asaumaed for gross dermal depasition.
Motinate (Ordsam {mg/day) glidm®) Knatr ot
8E selactive, Trunk linside clothung) 0.2220.22 N.A. 41 0.034:0.034 0.0008 1 0.0008 - al, 1985
91% Uquid) Atmas {inside clothing) 6.0£16.0 N.A. 41 1.61£4.3 0.04+0.10 --
Legs linmde clotiung) 130013100 N.A. 41 230.01 649 6612134 -
Hoad {unclothed) 0.007 £ 0.008 N.A, 41 0.008 £ 0.006 0.0002 1 0.0001 -
Face and neck {unclothed) 0.26+0.30 N.A. 41 0.36£0.41 0.00910.01 -
Hands 0.4510.36 N.A. 41 0.601:0.47 0.0151£0.012 --
Trunk {outside clothing) 0.7310.73 N.A. a4 0.1120.11 0.003+0.003 -
Arms (outsids clothing) 20.0+63.3 N.A. 41 6.33214.2 0.1320.35 -
Lags (Aouuld. clothing) 4333 £10330 NA. 41 768 x 1830 18.7x0.46

Exposure reported only for exposed skin areas and for inside the clothing. Reported insids sxposuse caiculated by authors from cutside pad dats with »
panetzation factor of 0.3. Values shown here for outsida ciothing exposure are back caiculated from inside ciothing data. Results Trom 4 days of tesung
and reported as daly exposure. Exposuce at lags were “extraordinary” on 3 of the days. (Without these high axposures, lsg sxposures would have been

1.4 £ 1.2 mg/day inside the clothing.) Hand expaoswre from rinse. Mixer/loaders mix and load harbicidas, refusl planes. and clesn windshields.

* Depending on the onginal data reported, ranges with tha maan value i parenthesis; mean valus t standaid devistion; or only the mean valua (in parentheses) is presentad.
** Celculated by dividing psicent formulation in1o the reponed sxposuie and extendad for the duistion where appiopriste; data not provided unless duration data is availlabis or assumed

4-26




OCCUPATIONAL DERMAL EXPOSURE ASSESSMENT - A REVIEW

September 30, 1996

TABLE 4-6 DERMAL EXPOSURE DATA AND ESTIMATES FOR LIQUID MIXING OR TRANSFER OPERATION
(Cont'd)
Chemucat Body Section or Ped I..ocinon Roported Exposure Queantity Estimated Estimated Estimated Raleience
Farmulstion Exposure* Duration Handled Gross Dermsl Grass Gross
the) {geklon) Depostion®* Repasition by Deposition by
Quanuty Time
{uglcm?igal) gtemihe)

Cypermaethrin {3 ) gicm?) Chastar at
ibs/gsl, 36%) Hood 2.21-60.3 0.5 4 0.006-1.29 0.0012-0.032 0.0094-0.26 al, 1887/

Front trunk 3.89-674 0.8 4 0.003-0.563 0.0008-0.13 0 0062-1.05

Back trunk 6.07-274 05 4 0.004-0.21 0.001-0.06 0.008-0.43

Foreaims 38.0-330 0.6 4 0.090-0.76 0022019 0.18-1 61

Upper arma 9.18-50 0.6 4 0.0087-0.048 0.0022-0 012 0.18-0.096

Thigha (above knee, under apron) 4.8-188 0.5 4 0.0035-0.136 0.0009-0.034 0 007-0.27

Lowaer legs (under apion) 0.9-42.2 0.5 4 0.008-0.049 0.002-0.012 0 016-0.099

Socka (insids boots} 8.1-76.6 05 4 0.017-0.18 0.004-0.04 0012-Q 32

glovas (undaer rubber gloves) 11.6-274 0.5 ‘4 0.038-0.83 0.010-0.23 0.078-1 82

Exposwe detsrmined from sactions af entiré Tyvak suil. Workers also wore ankie-langth aprons with full face shiskd, coated subber gloves, and celf-length

boots. Reaults are ranges ot 8 trials of open top mixing and pumping fiom Two mixes-losders. Each mixingfloading took no more than 30 minutas.

Exposures on bady sections with lefi and right sides sre combined in this table (s.g.. Jsft and right forsarms). Groass dermal deposiion caicuisied based on

skin aurface aress in EPA 1987s.
Paraquat 121.1% {mg/ha) ug/cm?) Chaesler
concentrarej Forearms (outside clothing) {7.16) N.A. N.A. 28.0 - 280 and Wara,

Thighs {(cutsida clothing) {4.23) NA. N.A. 6.26 - 6.25 1984

Head (exposed) (<D.L) NA. N.A. - - <0.004

V of neck {exposed) {0.035) N.A. N.A. 1.1 - 1.1

Back of neck (exposed| (0.006) NA. N.A. 0.22 -- 022

Trunk (inside clothing) (0.0856) N.A. N.A. 0.013 - 0.03

Legs (inside clothing) {0.056) NA. N.A. 0.008 - 0 009

Futer pads atiached to skin of cuter clothung for dermal sampling. Average total howty expoawrs reparted (or body sections fram { mixer-ioader in 2 trials.

A closed transfer system was used during mixing snd loading. 1 hv. exposuse sssumed, gross deimal deposition calculated using skun surface areas of

EPA, 1987s.

* Dopending on tha onginal dats reportad, ranges with the mean value in farenthosis; moan value x standaid devistion, ar only the mean valug (in parenthases) is presented
** Calculated by dividing percent formulistion into the reparted exposurs and exiended for the duration whare appropriste; data not provided uniess duration dats 1S available or assumed
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TABLE 4-6 DERMAL EXPOSURE DATA AND ESTIMATES FOR LIQUID MIXING OR TRANSFER OPERATION
(Cont'd)
Chemical Body Saction or Ped L Reported Exposuse Quantity Estimated Estimated Estimated Refarance
Formulation Exposure® Dusation” Handled Gross Dermat Gross Gioss
(ha) {galion) Depasition®*® Reposiion by Duposition by
Quanuty Time
gicm?/gal) ug/em?ihi}

Alachlor in 96% o) Ug/cm?) i Cowell &t
concantiate Forshead and face with EC formuiste 0-6.33 0.17 10 0-0.0085 0-0.0009 0-0.061 al., 19487
Chest (outer clathing), neck and v of nack 0-2.37 0.17 10 0-0.0166 0-0.0016 0-0 099

w/EC Chast (inside clothing). with EC [+] 0.17 10 0 0 o

Back (outer clothing), with EC 0-0.9 0.17 10 0-0.0086 0-0.0009 0-0.0561

Forshead and face with MT 0-7.8 0.17 10 0-0.813 0-0.0013 0-0.075

Chast (culss clothing), with MT 0-48.68 0.17 10 0-0.34 0-0.034 0-2.03

Chast (inside clothing), with MT o 0,17 10 1] (1] 0

Maean exposure st back, outer clothung, with | 0-1.47 0.17 10 00014 0-0.0014 0-0.084

MT

Deimal exposuse determined with multiHlaysred gauze pads, with 1 pad on chest undar clothing. Liquid transferred with an snclosed pumping system;

each transter took B-10 minutas. EC = Emulsified Concentrate. MT = Micra-encapsulated. Workeis wore work clothes plus an unspecitied protectiva

clothing. Hand exposure of hand protectioh not discusssd. EC tank lill has 4 replicates, MY tank fil has B mplcnu. Exposure at chest under clothing

reported as "0°. -
DEF 70.6% (g/cm?) Ggicm?®) Kilgors st
Concantrate Chest 0.027-0.131 1-7 bt N.A. 0.014-0.186 -- 0.014-0.186 al., 1984

Back 0.014-0.061 -7 e N.A. 0.004-0.072 - 0 004-0.072

Flannel patch on outside clothing as psd. Average sxposwre trom 3 days of testing on ona mixer-losder with closed system mixing and loading. Data
show largs variations on howrly flux. ' T fu. axposure assumed for gross dermal deposition.
S A

- Dap,ndmg on the onginal data reporied, rangas with the mean valus in parenthasis; mean value + stendard deviation; of only the mean value (in parenthesaes) is presented
** Calculatsd by dividing percent formulstion into the reported exposure and sxtended for the duration where appropriate; data not providad unless duralion data i1s available or assumed
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INDICATIVE 90TH PERCENTILE ESTIMATED GROSS DERMAL DEPOSITION

FOR LIQUID MIXING OPERATION

Indicative 90th Percentile Deposition+
Time Normalized Quantity Normalized
ug/cm?/hr ug/cm?/1lb
Head or Face 0.1 (0.07) 0.4
Shoulders .3.0 0.3
Upper. Arms 0.1 0.01
Chest 8 (1) 0.4
Back 3 (0.2). 0.2
Forearms 10 4
Upper Legs S 10
_Lower Legs 1 2

* Data are for cpen mixing or transfer except those in parentheses. Oats in parinthnn pertained to closed
pumping operation; not avaiisble for all body sections.

Determined from dats in Table 4-& and Figure 4-2 as the value exceeded only by approximately 10X of the dats
points reparted for esch body section; rumber of data points varies between body sections and between

normalizing factors.
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F. Intermittent Contact

Intermittent contact refers to skin exposure due to splashes
or direct contact with contaminated equipment or surfaces. Such
contact may result from wiping hands with contaminated rags,
wearing contaminated gloves, or handling contaminated tools.
There are very few studies that provide actual dermal exposure
data from such contact. One report by EPA (EPA, 1987c) presents
the results of a study. on inhalation exposure and dermal contact
to acrylamide during chemical grouting operatidns in sewer line
and manhole leak repairs. Dermal exposures were estimated using
absorption pads and hand washes. The study indicates that
exposures were caused by contacts with contaminated equipment or
from runoff and splashes. A summary of the data is presented in
Table 4-8.

A similar study by Cummins et al. (1992) also found that
contacts with contaminated work-surfaces, equipment, and tools
were the major source of dermal exposure. Exposure at the hands
constituted the major portion of exposure. Because of pre-
existing contamination in the gloves, acrylamide loadings at the
hands determined from hand rinse often showed only a slight
increase between the post- and pre-shift (shortly after .start of
work) samples. 1In three of the four paired tests conducted, the
pre-and post-shift samples showed total hand contamination
changing from 30, 17, 86 ug to 36, 20, and 90 ug, respectively;
the other pair .tested actually had a lower post-shift leoading.
Surface contamination at three sites at the top of the acrylamide
mixing tank was found to be 6.2, 834, and 1348 ug per 100 cm? of
wiped area.

A study by Maroni et al. (1981) reported dermal exposure to
polychlorinated biphenyls (PCB) in plants where PCB-containing
dielectric fluid was used to f£ill capacitors. Dermal contact
with PCB was believed to occur during the assembling,
handling,and testing of capacitors. The study only reported the
amount of PCB retained on worker’s palms, which ranged from 2 to
28 ug/cm* on 6 subjects. PCB coatamination on workroom surfaces
and tools ranged from 0.20 to 6.17 ug/cm? except for the surface
of a capacitor basket rolling carrier that showed a surface
contamination of 159 ug/cm®. Lees et al. (1987) investigated
worker exposure to PCB during transformer maintenance and repair
operations. In addition to air samples, surface wipe and skin
wipe samples were collected to asses the potential of dermal
exposures. Geometric mean surface contamination was found to be
1.075 ug/cm? at the work area, 0.007 ug/cm? at an area contiguous
to the work area, 0.078 ug/cm? on tools and equipment, 0.006
ug/cm? on a vehicle steering wheel, 0.018 ug/cm® on perscnal
protective equipment, and 0.922 ug/cm? per cigarette butt, and
0.008 ug/cm?® at worker's skin (presumably the hands).
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TABLE 4-8 DERMAL EXPOSURE DATA AND ESTIMATES FOR INTERMITTENT CONTACT*
Chamucel Reported Eatimated Estimated Estumated Reported Eati d € d Estimated Commenis Reference
Formul Exposura Geoss Gross Gross Exposwie Grass Grass Gross
wg/cm’) Dermel Deposition by Deposition by wg/cm® D ¢ Daposition by Deponition by
Depesition Quantity Time Dopoasith Qu Y Time
wplcm?) wg/cm/gal) (wg/cm? i) gicm®) a/cmiigat) al/cm’tu)
Shouider Back

Acrytamida 4.4 48.4 0.74 16.7 0.648 6.89 0.092 2.07 (R}] EPA, 1987c
p% ‘0668 7.34 0.061 2.48 0.26 2.74 0.023 0.9 ‘ (2)

1.206 13.2 0.22 1.42 0.81 8.90 0.18 0.98 (k]

0.78 a.88 0.14 0.93 I 0.07 7.38 0.12 0.79 (L))

- 0.08 0.89 0.10 0.12 0.08 o.e8 o0.08 on 5)
Chost I Foresrme

Acrylamide 33.76 n 6.7 128 4' 0.9¢6 10.8 0.18 .68 (h1]
% 0.10 110 0.0092 0.38 5.48 59.9 0.60 20.0 2)

1.23 138 0.23 1.48 6.3 09.2 89.2 1.44 [kl}

0.99 108 0.8 1.18 0.43 4 4.73 0.61 (4)

0.08 0.08 0.088 0.08 0.22 2.42 2.42 0.30 [13]

Hands Thiphs

Acrytamide 14.8 163 2.60 220 111
9.1% §

0.64 6.93 0.08 0.77 2)

902 29.1 1.68 9.72 3)

6.63 60.8 1.10 6.96 (4)

0 &0 6.69 0.68 0.80 0.60 6.18 0.82 1.12 (61

*Dermal anpaswne in EPA (1987c) determined for workers involved In grouting repake of linas and hol Exposure determined fiom pads made out of Whitman chramatographic paper.

Hand exposwe determinad from the hand rinse 1echniqus. Hand exposuis calculated fiom tolal measwred smount sssuming hand surface ares of 820cm’.
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[4})

[#d]

3}

4

5)

TABLE 4-8 DERMAL EXPOSURE DATA AND ESTIMATES FOR INTERMITTENT CONTACT* (Cont'd)

Mesn exposure of A suparvisor who parformed the grouting operations in 8 manhole. Tyvek covsialis. hard hat, glaves, boots, and respuator were worn. &0 to 65 galions of
compounds handied, hand sinae 88 7.4 hrs, other pads expassd 2.9 Iva.

Mesn axposuie of ity worker wha performed the grouting op lon in the hole. Tyvek ¥e, hard hat, giaves, boots and respuator were worn. 120 gadons ol compounds
handied, hand ninss of 7.7 hee, othes pads expossd 3.0 jvs.

Mean exposure of grouting foramen who mingd the chemical, assembied the equipment, snd operated the squipmant remotaly for mainkne mamntenance operaions. 60 galions of
compounds used, hand rinse at 10.2 fus, other peds exposed 8.3 tus.

Mesn sxposuie of grouting lsbharer who assisted the grouting toreman in {(3). Both the foreman snd lsbarer wore Tyvek coveralis, hatd hats, boots, and glaves. 60 gallons of compounds
used, hand rinss st 10.2 Ivs, other pads expossd 8.3 hrs.

Mesn axposuie of uliity worker who mixed the chemicel, wied, snd i lled the equi t foe & d line maint P ion. Only strest clathes wers woin. 6-10 gsltons of
compounds used, hand rinse st 8.2 iws, other peds exposed 8.2 hrs.
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Groth (1992) studied dermal exposure to 4,4‘-methylene
dianiline (MDA) in aircraft maintenance operations through wipe
sampling of equipment and work surfaces, air sampling, and
urinalysis. The author found that removable MDA was present at
<0.004 to 1.0 pg/cm?® on all products including those considered
cured. However, the measured surface contamination did not
provide a viable indicator of the magnitude of absorbed dose from
handling MDA-contaminated materials. The author believed a more
aggressive sampling approach will be needed to yield useful data
to adequately estimate potential dermal exposure hazard.

Clapp et al. (1991) assessed various environmental exposure
measurements (air samples, surface wipes, and skin pads) to study
worker exposure (urine samples) to 4,4’ -methylene bis(2-
chlorocaniline) (MBOCA) in a cast polyurethane production
operation. Gauze pads at palms and the back of the latex gloves
worn by workers showed average total MBOCA of 4.7 to 24.6 ug/pair
of pads on mixers and 3.0 to 7.3 ug/pair of pads on molders and
2.3 pg/pair of pads on a trimmer. Surface wipe samples showed
average contamination levels of 0.01 to 19.1 pg/100 cm?® depending
on the surface sampled. The authors concluded that most exposure
occurs through direct contact and that even relatively low
surface contamination can lead to elevated urinary MBOCA levels.

Van Rooij et al. (1993) conducted a quantitative assessment
of both skin contamination and respiratory intake of polycyclic
aromatic hydrocarbons (PAHs) in coke oven workers. Based on skin
pad samples on 12 workers over five consecutive 8-hour work
shifts, average concentrations of pyrene (as a marker compound)
on pads were 6.5 ug/cm® at jaw/neck, 1.9 pg/cm? at shoulders, 1.8
ug/cm? at upper arms, 6.4 ug/cm?® at wrist, 2.1 ug/cm?® at groin,
and 2.0 ug/cm?® at ankle. Based on these data and PAH absorption
rate constants, the authors concluded that 28 to 95% (average
75%) of the total absorbed amount of pyrene enters the body
" through the skin. In another study related to exposures to PAHs,
Jongeneelen et al. (1988) reported on the expocsure of paving
workers who are exposed to coal tar derived road tars.
Contamination of the skin may result from deposition of alrborne
solid and liquid particles and from direct contact with
contaminated surfaces. The end-of-shift hand washing showed a
geometric mean total hand exposure of 70 ug (pyrene) from 35
samples. Skin pad samples showed the wrist to have the highest
exposure with a geometric mean contamination level (pyrene) of
12.4 ug/cm?® from 40 samples. Significant correlations were-found
between the wrist pad or the hand wash data and the end-of-shifc
urinary metabolite (1-hydroxypyrene).

" Dermal exposures at the hands and forearms to calcium

carbonate during filter press and tray drying operations were
reported in a pilot plant study by EPA (1992d) that developed
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data on inhalation exposure, dermal exposure, and chemical
releases for use by PMN reviewers. Dermal exposures were
determined by rinsing both hands and forearms of the operator.
The measured amount of chemicals from the rinse solution were
divided by the total surface area of 2600 cm? to determine unit
area deposition. The test results indicate a range of 0.039 to
0.60 mg/cm? during filter cake removal, 0.0076 to 0.063 mg/cm?
during tray loading, and 0.0048 to 0.067 mg/cm?® during tray
unloading.

A study (Anonymous, 1996) submitted to EPA recently by a
manufacturer for PMN review has included some dermal exposure
data on trichloroketone (TCK). For the study, five process
operators and six maintenance mechanics were chosen. The study
was conducted for a full shift ranging from 6 - 12 hours over one
work day. The workers were required to wear full-body cotton
underwear and cotton gloves underneath their regular work clothes
and nitrile gloves. Workers were also required to change the
nitrile gloves every two hours, as required by EPA. Glove
permeation data for the TCK had previously been submitted and
approved by the Agency. Both cotton and nitxile gloves worn by
workers wete collected ‘and packaged daily. At the end of the
.work day, square sections of both coveralls dnd inner full-body
underwear were cut and prepared as samples to represent exposure
at various body regions. These samples were packaged and sent to
a laboratory. ' ‘

The study reported two types of dermal exposures,
unprotected and protected. The unprotected exposure was
determined by analyzing TCK found on outer clothing, namely
coveralls and nitrile gloves. The protected exposure was
determined by measuring TCK found on inner clothing and cotton
gloves. The concentration of TCK found on a unit area of a
- sample was then multiplied by the surface area corresponding to
the body region to yield the exposure levels for a given region.
This follows the procedure used by EPA’s Office of Pesticide
Programs (OPP) for assessing exposure to various regions of the
body. For the head region, where sampling was not pcssible, 70%
of the area was assumed to be unprotected. . This assumption was
based on the fact that hard hats and safety glasses were worn by
all workers. For the samples with non-detect or below the level
of quantification (LOQ), one-half of the LOQ was assumed to be
present for the corresponding body region. The total worker
exposure is determined by summing the exposures for each pody
region and correcting with the percent field recovery. Field
fortified samples were used to estimate the percent field
recovery. The results of study are summarized in Table 4-9.
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TABLE 4-9 DERMAL EXPOSURE TO WORKERS IN TCK MANUFACTURING PLANT
Hand (mg/day) Other Parts of Total (mg/day) Average
the Body (mg/day)
(mg/day)
Process Protected 0.0032-0.0074 0.0073-0.0253 0.0105-0.0337 0.0152
Operator
Unprotected 0.0027-2.422 0.0044-0.035 0.0071-2.6457 0.5043
Maintenance Protected 0.0024-0.200 0.0076-0.0413 0.0098-0.2417 0.0801
Mechanics
Unprotected 0.0009-505.2 0.0073-0.267 0.0081-505.4 163.5

The study results show that the exposures for protected
workers range from 0.0105 mg/day to 0.0337 mg/day for process
operators and 0.0098 to 0.2417 mg/day for the maintenance
mechanics. The unprotected workers’ levels range from 0.0071
mg/day to 2.457 mg/day for process operators and 0.0081 to 505.4
mg/day for maintenance mechanics’. The results of the study show
that the dermal exposure varies widely with the worker activities
and worker habits. The range of variability for a given activity
can be quite broad between workers. In the case of maintenance
mechanics, the range of variability for unprotected exposures to
the hands is six order of magnitude. In general, maintenance
mechanics in this study were found to be potentially exposed at a
higher level than the process operators. For both maintenance
workers and process operators, the hands were found to be the
major routes of dermal exposures except for the process operators
wearing protective equipment. The protective equipment used in
this study greatly reduced exposures to TCK, especially at higher
levels of exposure.-

Dermal exposure data reported for incidental contacts as
reviewed above are all reported in terms of the chemical of
interest.  Only one report provided the concentration data;
calculations of gross dermal deposition for generic application
are impossible. No attempt is made here to further interpret
these data except to note that dermal exposure varies widely and
hand exposure tends to be the major contribution to total
exposure. One recent study by Popendorf et al. (1995) did report
the exposure only in terms of the formulated product
(antimicrobial pesticide) during pouring or placing of both the
golid and liquid formulations. However, only the combined total
dose from inhalation and dermal exposure (from under the clothing
and on bare skin) were provided in the report. No data were
provided on dermal deposition at various parts of the body. More
details were available on hand exposure data. The investigators
reported that during pouring and pumping of liquid, non-gloved
hands had geometric mean total exposure of 118 mg with a
geometric standard deviation of 6.8, while the geometric mean had
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exposure during pouring of solid was 250 mg with a geometric
standard deviation of 3.1. These hand expocsure data are
equivalent to an estimated gross dermal deposition of 0.98 mg/cm?
for liquid and 0.95 mg/cm? for solid at one standard deviation

away from the geometric mean assuming hand surface area of 820
' 2
cm?.
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V. DERMAL EXPOSURE DATA FROM PHED

A. OVERVIEW

The Pesticide Handlers Exposure Database (PHED), developed
under contract to EPA's Office of Pesticide Programs, is a
generic database containing measured inhalation and dermal
exposure data for workers involved in the handling or application
of pesticides in the field. The database is designed to allow
prediction of pesticide exposure during mixing/loading,
application, and flagging operations, based on any selected
combination of formulation type, mixing/loading procedure,
application equipment/procedure, clothing scenario, or other
parameters that may be relevant to exposure. It contains
exposure data generated by the EPA and pesticide registrants. In
submitting the data, each registrant is required to develop the
information following EPA guidelines and use the standard
Exposure Survey Forms for recordkeeping.

PHED also provides for certain statistical analysis of the
data. For instance, mean exposure, geometric mean exposure, or
quantile distribution from the pad or pads for a body section
under a particular operating parameter (e.g., outdoor open mixing
with an emulsifiable concentrate) with certain data quality
requirements can be easily obtained through proper subsetting of
the data parameters. Total body dermal exposure (i.e., sum of
the products of sampling pad deposition multiplied by the
corresponding body section surface area) under specific operating
parameters with specific clothing scenarios can also be obtained
through the PHED'’s internal statistical analysis routines.

As a database, PHED posgesses certain uniformity in data
definition and QA/QC objectives. .The dermal exposure data within
PHED thus represent a separate yet statistically more valid
database than indiwvidual studies for evaluating exposure
variables in estimating occupational related dermal exposure.

The data quality required in PHED is such that most standard
statistical analyses can be performed and'are available directly
through PHED’s software. Therefore, all data derived from PHED
are presented in this chapter separate from the data from various
publishec reports.

PHED V1.1 (March 1995) currently contains data on measured
exposure and on parameters that may determine or affect the
magnitude of exposures for over 1700 records, each record being
defined as one replicate of data representing a single worker
involved in 1 day or less of a given activity. Each record may
include either respiratory exposure data or dermal exposure data,
or both. PHED is separated into four files: Mixer/Loader,
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Applicator, Flagger, and Mixer/Loader/Applicator. only the
dermal data in Mixer/Loader file were analyzed for inclusion in
this report.

B. DATA ANALYSIS PROCEDURES
1. Exposure Variables

Several imgortant variables must be considered in analyzing
any set of pesticide dermal exposure data. In evaluating the

published studies in the previous chapter, the following factors
were included for consideration:

® Pesticide active ingredient

° Formulation type and concentration

L Mixing and/or other work procedures

e Quantity of pesticide or active ingredient handled
] Duration of test

® Sampling pad location
° Exposure assessment method
e Clothing scenario (protective or other clothing worn).

These factors have also been considered for PHED data input.
In addition, a data quality factor is available for
consideration. PHED grades the reported exposure by its quality
in terms of laboratory and field recovery data. So a user of the
database can choose only the data that meet certain quality
criteria (e.g., only analyzing those data graded as A or B). To
obtain deposition data under specific operating and control
conditions, one needs only to define a subset of data meeting the
selection criteria, the PHED will then generate the desired
normalized exposure data through its own statistical routines.
PHED also will allow data extraction for a specific body section
or for total deposition over the entire body under various
clothing scenarios.

2. Data Normalizatiqn and Correlation

Dermal exposure sampling pad data in PHED are reported in
terms of ug/cm? for non-hand body sections and in terms of ug for
the hands, where available. As with other pesticide studies,
exposures are reported only for the active ingredient.
Furthermore;-exposure-data--in- PHED -can-be.extracted in.a
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normalized format, by quantity of AI handled, sampling time, or
AI handling rate with the data reported-as ug/cm?/lb.AI,
ug/cm?/hr, or ug/cm?/lb.Al/hr, respectively,

Normalized data are essential for comparing exposures
between different tests and may be useful in extrapolating
exposure if a linear relationship exists between the exposure and
the normalizing variable. This aspect was further examined using
PHED's statistical package. For this analysis, correlation
coefficients between the exposure in ug/cm? and either the total
quantity of AI handled in lbs. or the sampling time in hours were
determined. The Spearman’s Rank Correlation and Pearson's
Correlation coefficients were also determined using the PHED
statistical routines. The results reveal that:

© Dermal exposure at various body sections is only
slightly related to either the total quantity of AI
handled or the total test time. Only about one third
of the potentially available data sets were found to
show a significant correlation at the 95% level. (A
data set here means a set of exposure data at a body
section and the corresponding data for an independent
variable. For example, exposure data are available for
9 non-hand body sections under the open mixing and
loading of powders packaged in bags. Testing the
correlation of this exposure data to the tctal lbs.AI
applied would involve 9 sets of analysis and in this
case 5 sets were found to be-significantly correlated.)

-] The number of data sets found to have significant .
correlation are about the same for either the lb.AI or
duration variable. In other words, there is no
advantage of choosing one over the other variable to
predict exposure, : ‘ .

-] Very high correlation coefficients are found only
between the hand exposure and either the total lbs. AI
mixed or the total hours of exposure from one operation
matrix: mixing and loading of wettable powder.

o Exposure at the hands may be significantly related to
the exposure at certain body secticns (e.g., forearms,
thighs, and chest) but no consistent pattern is
observed among all formulation type/mixing method
matrices.

o No consistent patterns are seen from the Spearman’s

Rank Correlation or the Pearson'’s Correlation
coefficients, implying that exposure at a specific body

5-3



QCCUPATICNAL DERMAL EXPOSURE ASSESSMENT - A REVIEW September 30, 1996

section may increase or decrease with increases in an
independent variable (lb. AI or hour).

3. Data Conversion, Data Quality, and Detection Limit

As the exposure data in PHED are reported for the AI only, a
conversion is needed to be able to interpret the exposure in
terms of estimated gross dermal depositicn (i.e., the estimated
total mass of formulated product or mixed solution that is
retained in the sampling pad) as was done in Chapter IV. This
conversion calls for the reported exposure to be divided by the
weight concentration of the formulation. For a solid type
formulation, the quantity (lb.AI) normalized data from PHED can
be used directly to represent gross deposition normalized by the
amount of formulated product. This is because when converting
the 1lb.AI normalized data to 1lb. formulated product normalized
data, both the numerator (exposure) and denominator (quantity of
AI) would be divided by the same constant, the weight
concentration of the formulation. For a liquid formulation, a
convenient normalization parameter is the volume (gallons) as has
been used in Chapter IV. Therefore, in the. data analyses for
liquid type formulations, the PHED normalized -data must be
multiplied by a factor of 8.34, (assuming the formulation weighs
the same as water which would be 8.34 lbs per gallon).

In terms of data quality, only those graded as A, B, or C in
PHED are included. At the lowest grade used, C, laboratory
recovery rate should fall between 70 and 120% with a coefficient
of variation of no less than 33%, field recovery should be 30-
120%, and the storage stability should be 50-120%. As required
under the PHED sampling protocol, dermal sampling pads are
located at the head, neck f£rzoat, neck back, chest, back,
shoulder, upper arms, forez.ms, thigh, skin, calf, and ankle.
Hand exposures are evaluatea with the hand rinse technique. For
the data extracted for this report, the average exposure isg used
if more than one pad is used at a body section. Where available,
exposures outside the clothing and inside the clothing are.
extracted and processed separately. It should be noted that not
every pesticide registrant reported dermal exposure data at all
sections of the body. ‘

In performing the statistical -calculation, PHED uses one
half of the detection limit for those samples that contain non-
detectable quantity of the AI being analyzed. Also, the smallest
value reported in PHED's statistical analysis is 0.0001 pg{cm2
per pound of AI, this value is used in this report, where it
occurs.
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C. GROSS DERMAL DEPOSITION NORMALIZED BY QUANTITY OF CHEMICALS
FOR MIXING AND LOADING OPERATIONS

Of the over 1700 PHED records, 556 records have dermal
exposure data under the Mixer/Loader file. Subsets of this data
file were developed to extract dermal exposure data under various
parameters including formulation type, mixing method, packaging
type, data grade, sampling pad location, and clothing scenario.
Within PHED, liquid formulation is classified into five types and
solid formulation is classified into 4 types. Mixing methods are
classified into 3 types. A matrix of the potential combination
of formulation and mixing method is shown in Table S-1 to show
which combinations contain relevant data in PHED. Packaging type
may have an. effect on dermal exposure as it will dictate the
manual actions needed to open the package and mix the contents
with a diluent. Examining the data for all formulation types, it
appears that only the package type for wettable powder will have
a significant effect. The packaging used in other forms of
formulation tends to be of a single type (either bags or bottles)
or the difference in packaging type will have little effect on
dermal exposure, e.g., potential for dermal exposure should be.
very similar between opening.a can or a bottle and pouring the
contents into a mixing tank. Thus, only the data matrix for
wettable powder is further divided by packaging type into the bag
and soluble packet files.

Normalized dermal exposure data at various body sections
under each formulation/mixing method matrix can be processed
within PHED’s statistical package to show sample size, arithmetic
mean, standard deviation, median, geometric mean, exposure values
at 10th, 25th, 75th, and 90th percentile distribution, and the
data’s variability including minimim, maximum, range, and 95%
confidence intervals. An excerpt of such data, including
arithmetic mean, standard deviation, geometric mean, and median
values, expressed as gross dermal deposition normalized by the
quantity of chemical handled is presented in Appendix A. The
type of statistical distribution of the data under each matrix as
determined in PHED is also indicated in the Appendix. For this
report, estimated gross dermal deposition at mean value and 90th
percentile distribution are used.

As described under Section B.2, the lb.AI normalized
exposure data in PHED for solid formulation is such that the data
can be used directly to represent gross deposition in terms of ug
of formulated product. For a liquid type formulation the PHED
data is multiplied by -a constant of 8.34 to derive a gross
deposition- in terms of. ug-of. formulated product per gallon of"
liquid product used. The derived or converted data on gross
dermal deposition in terms of formulated product for both outside
and inside the clothing exposure are presented in Tables 5-2

5-5
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through 5-9 under various combinations of formulation/packaging
types and mixing methods.

The quantity normalized gross dermal deposition as presented
here may be used to estimate total exposure if the amount of
chemical handled and operation scenario are known. However,
careful interpretation of the results is needed since deposition
is not necessarily linear to quantity and there is likely to be a
maximum loading under any situation. Such aspects are further
explored in Chapter VI where estimating for daily exposure is
discussed. The data are probably more useful in interpreting the
relative distribution of depositicn at various body sections
under various operating scenarios. It should also be noted that
due to the extremely wide variations of certain data sets (those
with large standard deviations), the mean value can exceed the 90
percentile value. In such cases, the estimated median values are
also provided for comparison.
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TABLE 5-1

Sepceroer 10,

A MATRIX OF FORMULATION TYPE AND MIXING METHOD AS

CLASSIFIED IN PHED

o Mixing Method

F Liquid Code L ) 3
1 / /
2 /
3 /*
4 4

Solid Code 1 Mixzﬂ Methoc:
1B and 1P
2 /
; i

/ where relevant dats sre svailable from PHED,
* Only has two data points for the body section ssesured; excluded from this cnalysis.

Notes: Liquid Codes
1 = tmulsifisble concentrate
2 = Aqueous suspens ion
3 = Microencapeulsted
4 = Solution
S = Undfluted tiquid
Sol id Codes

18 = wettable pouder in bags

17 = Yattable powder in soluble packets
2 = Ory-flowsbile

3 = Dust

4 = grerule

Mixing Method Codes

1 =" Cpan
2 » Clésed, mechanical pusp
3 = Closed, gravity feed

996
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TAELE 5-2

Septemoer 30,

zstimated Gross Dermal Deposxtlon Normalized by Quantity of
Chemical Handled (ug/cm?/gal) from PHED for
Emulsifiable Concentrate (Liquid Code 1) with

Open Mixing (Mixing Code 1)

B

* £xcept In Gata sets with large ver

medisn (the second velus shown) depositions are presentedt.

5-8

ations where both the estimated mesn (the first valus shown) ard the

ey L S .
fody Section umber of Measurementa Estimnted Estimmted 90th
Meen Oeposition® Percentile Depos)tfon
QUTSIDE CLOTHING
head 77 0.0817 0.2152
neck front pa) 0.0717 0.1676
neck beck 13 0.08%9,0. 0300 ¢.0809
shoulder 81 0.03%9 0.1074
ares 15 0.08467 0.178S
chest 80 0.0787 0. 1501
beck 3 0.0267 0.1078
forearms 109 0.8290/0.0342 0.7890
thigh & 7.8539/0.0600 1.3261
shin 14 0.5129/9.0050 g.017
calt 2 0.4443 0. 9491
ankle A3 1.7005/9.0447 0.4143
hards 2 141.00 An.7
INSTDE_PERSINAL CLOTNDIG |
head ] 0.0008 0.0017
neck front 0
reck back 0
shoulder 2 0.0023 " 0.0050
upper ares 13 2.5657/0.0008 0.0033
chest % 0.0409 0.1076
beck a2 0.022% 8.1078
foresrus & 0.9 0.1076
thigh 40 Q.03547 0.1776
shin g
ealf 2 0.0050 0.00%0
snkie 32 0.3244/0.0017 0.0317
hande 48 0,7481 2.149




JCTUPATINAL ZERMAL IXPCSURE ASSESSMENT

A REVIEY

TABLE 5-3

Estimated Gross Dermal Deposition Normalized by Quantity of
Chemical Handled (ug/cm?/gal) from PHED for

Emulsifiable Concentrate (Liquid Code 1) with

Closed Mixing (Mixing Code 2)

Septemour 30, '99¢

xcept 1N

mecian (the second velus shown) depositions are presentad.

ta sets Wit

arge variations where

5-9

IR e e L
Gocty Section Nustar of Nessursments Estimated Estimated 90th
Meor Deposition?® Percentile Deposition
QUTSIDE CLOTHING
hesd 20 0.0117 0.0392
neck front 0
neck beck 0
shouldar 4 0.0023 0.00%8
upper arwa 13 0.0087 0.0092
chest 2 0.0273 0.0542
back 2 0.0150 0.0617
forearms % 0.1733 0. 2043
tigh 1 0.3987 0.8473
shin 8 0.0350 0. 1009
calf )
ankle 5 0.0142 0.0328
handg 0
INSIDE PERSOMAL CLOTHING

hesd 8
neck front 0
neck beck 0
shoulder 0
uppsr srms 19 0.0023 0.0062
chest 14 0.0017 0.0042
back 14 0.0017 0.0042
forearas 19 O.ML 0.0042
thigh 14 0.4262/0.0013 0.0042
shin 8 0.0033 0.0062
calt 0
srkle 11 0.0017 0.0033

18 0.31% 0.0380

e



SCILPATIINAL IERMAL IXPOSURE ASSESSHENT -

A REYIEW

TABLE S5-4
Zstimated Gross Dermal Deposition Normalized by Quantity of
Chemical Handled (ug/cm’/gal) from PHED for

Aqueous Suspension (Liquid Code 2) with

Open Mixing (Mixing Code 1)

Septemder 10, '39¢

_m

Socty Section umber of Nessurwmants Eatimated Fstimmted SOth
Meert Oeposition® Percentile Deposition
QUTSIDE CLOTHING
heed 15 0.16468/0.0100 0.058
neck front 0
neck beck 0
shoul der 16 0.0292 0.0328
Dper arms & 0.0083 - '0.0142
chest 16 0.5990/0.0040 0.2919
back 16 0.0200 0.0442
foreerns 6 0.0934 0.1776
thigh 16 0.497% 1.1087
shin 10 3.1433 5.4337
calf )
ankle é 0.0809 0.1993
hends 16 10,4608 33.42
INSIDE PERSONAL CLOTHING

hesd )
neck front 0
reck_back _ 0
shoulder 0
upper aras )

_chest 'y 0.00%8 0.0100
back P 0.0028 0.0534
foreeres ¢ 6.0073 0.0142
thigh 0
shin 6 ¢.0083 0.0158
calf 9

b akle 4 0.0062 0.0G&7
hande s 1.0821 15833

* Except !N dats sets w arge veriations ¢ both the estimated mean { rst valus ) the

medien (the secord value shown) depogitions are presented.

5-10
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TABLE 5-5
Estimated Gross Dermal Deposition Normalized by .antity of
Chemical Handled (ug/cm?/gal) from PHED for
Solution (Liguid Code 4) with
Open Mixing (Mixing Code 1)

Socdty Section NumDer of Nessurements Estimsted Estimmted 90th |
Meon Oeposition® Percentile Depogition
QUTSIDE CLOTHING
heod 2 0.0267 0.0762
neck front )
neck back Q
shoul der 16 0.0334 0.0624
upper_ercs 16 ! 0.0067 0.0100
chest pa] 0.0734 0.2519
beck pa | 0.0687 0.0384
foreerms pa] 0.0692 , 0, 1381
thigh = 0.2769. 0.209%
shin ]
eslf 7 0.0058 0.0129
snkle 16 4.3643 14.04
hards ) 0.1643 0.300%
INSIDE PERSOMAL CLOTHING
hesd 4 0.0330 0.0634
nack front 0
neck_back 9
shoul dor 13 0.0158 0.0292
uDper dren 14 0.0047- 0.0100
chest 2 0.0'53 0.0267
beck 19 0.0267 0.0150
forearss 14 0.0173 0.03%9
thigh 2 0.0108 0.0292
shin A : 9
calf ? 9.0008 0.0008
ankle 13 0.0158 0.0292
8.1174

Xcept 1N dats ety with large var . the
median (the second valus shown) mmn are presented.

5-11
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TABLE 5-6
Estimated Gross permal Depogition Normalized by Quantity of
Chemical Handlgd (ug/cm?/1lb) from PHEg'for Y
Wettable powder in Bags (Solid Code 1B) with
Open Mixing (Mixing Code 1)

Sody Section ¥umber of NMessursmants Estimated Estimated 9Qth

Meen Oepogition* Percantile Deposition
QUTSIDE CLOTHING
head ] 10 0.039 0.07%
neck front 0
neck back 0
shoulder 13 0.2062 0.4742
Jpper _srms 0
cnest 14 0.132 0.2143
beck 16 0.0664 0.1333
foreerns iq 0.9216 ' 1.7608
thigh 16 0.39%2 < 0.5127
shin 4 0.00v3 0.1734
calt 0
akle [ 0.0453 0.0850
hancls 7 18.991 £3.21

INSIDE PERSONAL CLOTHING

hesd ]
neck fromt 0
neck back ]
shoul der 1 0.1342 0.1602
upper ares g
cheat ' 10 0.1393/0.0088 0.0833
beck 10 0.14%7 9.1723
foreerws 13 0.0%%8 0.126
thigh 9 0.0097 9.013
shin 4 0.0087 0.0065
(3 184 0
srkle & 0.00a3 0.0083

. Except In dats sets wi arge veriatiors
madisn (the second value shown) depositions are presented.

5-12
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TAILE S5-7
Estirited Gross Dermal Deposition Normalized by Quantity of
Chemical Handled (ug/cm?/1lb) from PHED for
Wettable Powder in Packets (Solid Code 1P) with
Open Mixing (Mixing Code 1)

Sody Section Number of Messurements Estimated Estimated 30th
Mesn Depogition® Bercerttile Oepogition
QUTSIDE CLOTHING
head 15 0.0027 0.0098
neck front 3 0.0009 0.0014
neck back ] 0.0004 0.0006
shoul dar ] 0.0013 0.0020
upper ares 0
chest 13 0.0028 0.0098
back 18 0.@ 0.0098
forearss- 18 90,0072 0.009¢
| thigh 15 0.0218 9.0008
shin . 3 ‘ 0.0004 0.0008
calt [} 0.0032 0.0046
srkie 3 0.001¢ 0.0023
hards 1 0.0248 0.0937
INSIDE PERSOMAL CLOTHING
heed [ 0.0009 0.0010
neck front 9
neck back 0
shoulder [y 0.0009 0.0010
uppar ares 8
chest 12 0.0003 0.0010
back 12 0.0005 9.0010
forserms - Py 0.0009 0.0018
thigh 12 0.0013 0.0010
shin 3 0.0001 90001
caif ) Q. 0009 0.0010
ank\e | 3 0.0001 | 0.0001
hands [ 0.0001 0.0001

XCept 1N cata sets with large veriat ret velyue shown) srd the
medisn (the second velus shown) depositions are presented.

5-13



SCIUPATIINAL SEIMAL IXPCSURE ASSESSMENT - A REVIEW

TABLE 5-8
Estimated Gross Dermal Deposition Normalized by Quantity of
Chemical Handled (ug/cm?/lb) from PHED for
Flowable Powder (Solid Code 2) with

Open Mixing (Mixing Code 1)

Sectemoer 30, ‘99

median (the secord valus shown) depositions sre presented.

5-14

A e ————— SRR NNNNN=.—.—

Bocty Section aber of Nessuremants Estimated Estimeted 90th
Mesn Depogition® Percentite OQQoiitim
OUTSIDE CLOTHING

heed 21 0.0118 Q.02681
neckk front 0
neck beck 8 0.0008 0.0013
shoul der 0
upper ares 16 0.0393 0.0933
chest 14 0.0927 0.2004
beck 16 0.035%4 0.119%
forearms 24 omv 0.2127 A

| thigh 16 0.4240 _.aam
shin 16 0.0344 0.976
calf )
ankle L)
hands 9

INSIDE_PERSOML CLOTHING

heeod Q
neck front (]
neck back e
shoul der )
upper sres 16 0.0026 8.0028
chest 24 0.0018 0.0042
beack -] 0.0011% 0.0020
forearms 16 ¢.0029 0.0049
thigh . - 4 0.6 0.0410
shin 16 0.0114 0.0181
calf Q
wkie ) 8. 0003 0.0008
hardis F-] . 3,0094 0.017¢

¢ Except tn cate sets with large variations where estimated mean ( rst valus shown) send the
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TABLE 5-9
Zscimated Gross Dermal Deposition Normalized by Quantity of
Chemical Handled (ug/cm?/lb) from PHED for

Granule (Solid Code 4)
Open Mixing (Mixing Code 1)

with

Seotemcer 30,

Rl

medien (the second value shown) depositions ars presented.

srge veriations

5-15

t

.l! mies msen

m
Socty Section aber of Nessuremants Est{mptod Estimated 9Q0th
Mean Oeposition® Percartiie Deposition
QUTSIDE CLOTHING
head 3 0.0011 0.0021
neck fromt 0
neck back 0
shouldar 1" 0.0029 0.0087
upper arss 3 0.0016 0,003
chest 11 0.0034 2.004
back 11 0.0006 0.0008
foresrus 1 0.009%/0.0021 0.0061
thigh 1 8.0273/8.0030 0.0260
shin 0
calf 0
ankle 3 0.0336 9.0671
handa 9
INSIDE PERSONAL CLOTHING
hesd 8
neck front 0
neck bml:k ("]
shoyldsr 0
upper arme 3 0.000% 0.0003
chest 8 9.0003 9.0008
back ] 0.0004 0.0008
foresrms 3 0.0007 9.0014
th'l'#i g
shin 0
calt 0
srnkle 3 0.0003 0.0007
hards 3 0.0033 0.0068
ARG Ao
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D. 3RCS3 CEIFMAL DEPOSITICN NCRMALIZED BY EXPOSURE OURATICN
FCR MIXING AND LOADING OPERATIONS

PHED.also permits normalization of dermal exposure data by
the duration of exposure or sampling test, with the data reported
as ug.Al/cm?’/hr. To convert the AI baged data to a formulated
product based data, i.e., to derive estimated gross dermal
depositicn data, data from PHED must be divided by a weight
concentration of the AI in formulated product. However, weight
concentration of the AI in formulated product varies from test to
test. To estimate any statistical parameters on gross dermal
deposition, it would have been necessary first:to convert the
measured raw data in each record to a gross dermal deposition
format then to perform the statistical analysis. However, the
PHED statistical package does not allow conversion of the raw
data before statistical calculations.

Instead of creating a new database for statistical analysis,
a simpler approach was used to utilize the statistical data
already available from PHED. With this approach, certain single
values from weight concentration distribution data were selected
to convert statistical parameters available from PHED into gress
dermal deposition data. As used in presenting the quantity
normalized data, the mean exposure and the 50th percentile
.exposure will also be used here. To derive these estimates for
time normalized data, two concentration levels were selected:
the mean concentration of AI under each formulation type/mixing
method matrix for converting the mean exposure, and the 10th
percentile concentration to convert the 90th percentile exposure
to estimated gross dermal deposition. Statistical distribution
of the weight concentrations for various matrices of formulation
type and mixing method as derived from PHED are shown in Table S-
10. The time normalized gross dermal deposition estimates as
calculated for variocus matrices are shown in Tables 5-11 through
5-18.

The time normalized data may be used to estimate total
dermal deposition expected at the end of a certain periecd of
expésure. Obviously, there is a limit on how far this
extrapolation can be used because of questions on linear
relationship and maximum loading. Further discussion of this is
presented in Chapter VI. It should also be noted, as in the case
of gquantity normalized data, that in gome data sets, the mean
value is greater than the 30th percentile estimate because of the
wide range of data variation. In such cases, the median
estimates are also indicated.

5-16
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TABLE 5-10

Septemoer 30, 994

Discribution of Weight Concentration of AI in Formulation

Formulation/Mixing

Number of Field

L

10th Percentile

Mesn

—
90th Percentile

Mgtrix Tests Concentration Concentration Concentration
Emutsifiadble 134 1.3 (bs/gat 6.25 lbe/gal 80 (bs/gal
comcentrate with open

mixing

Emulsifiable 21 2 (be/gal 3.24 ibe/gal 4 Lbs/gal
concentration with

closed mixing

Aqueous suspenrsion with 17 6,17 tbe/gat 4,16 (be/gal 4.17 lbe/gal
open mixing

Solution with open 7 2 lbe/gal 3.09 lbs/gal 8 tba/gat
mixing

wottable powder in begs 35 50% 68.06% 80%
with opan mixing

Wettoble powder in 12 0% 65% 50%
peckets with open

mixing

Flousble powder with 26 50% 63.46% 85%
open Aixing

Gruule with open 14 10% 10.71% 13.5%
aixi
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A REVIEW

| TABLE §-11
Zstimated Gross Dermal Deposition Normalized by Time

(ug/cm?*/hr) from PHED for

Septemoer 30, ‘994

Emulsifiable Liquid (Liquid Code 1) with

Open Mixing (Mixing Code 1)

* Except In dats sets with
medisn (the second value shown) depositions are presented.

srge veriations

5-18

Body Section Numbsr of Messuremmts Estimmted Estimated 90th
{ Mean Deposition® Percentile Depogition
QUT. 'DE CLOTHING
head 77 0.1291 1.148
neck front 23 0.2893 2.611
neck back 13 0.0273 0.1443
shoulder 81 0.1338 0.9648
upper arms 13 3.8340 36.99
chest 80 2.4902 1.296
back 93 0.6099 0.8853
forserms 109 1.9062 10.28
thigh &b 71.239/0.1807 59.29
shin 14 7.969/0.0983 1.778
calf 2 1.736 17.07
ankle 43 7.840 13.38
hands 24 520.60 5,264
INSIDE PERSOMAL CLOTHING
head (] 0.0053 0.0364
neck front 0 ﬂ
neck beck 0
shoulder 28 0.0178 0.1469 I
DO arns 193 60.844/0.0408 0.8748 |
chest . 96 1.1154/0.0269 0.3882
back 82 0.0341 0.3182
forearms 64 0.2661 0.9405
thigh &0 0.196Il 1,676
shin 0
calf P 0.0230 0.\
ankle 32 99.54/0.0077 0.9546
hards 43 7.3681 11,82
rst velue shown) snd the
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TABLE S-12
zstimated Gross Dermal Deposition Normalized by Time
(ug/cm?/hr) from pHED for
Emulsifiable Concentrate (Liquid Code 1) with
Closed Mixing (Mixing Code 2)

8ody Section Nusber of Messurements Estimsced Estimated 90th
Mesn Deposition® Percentile Deposition
OQUTSIDE CLOTHING

head 20 0.8474 3.839
neck front 0
neck back 0
shoulder 4 0.3804 1.380

ueper arme 13 0.8728 0.843%
chost 20 1.9568 2.9807
back 20 1.43%6/0.0134 0.3411
forearms 14 1.3604 5.087
thigh 14 6.4519/0.8118 $.400
shin 3 0.0620 0.3032
calt 9
ankie 3 1.4431 aah
harxis 0

IMSIDE PERSOMAL CLOTHING

heod Q
nock front Q
neck beck Q [
shoulder 0
upper arms 19 0.07%7 0.2014
chest 14 0.0049 0.0100 —i
beck 14 0.0048 0.0100 I
forearms 19 0.0623 0.2319
thigh 1% 27.054/9.00%9 0.07%0 I
shin 8 0.00%9 0.0106
calf Q
ankie 11 0.1511 0.319%
hands 15 0.1197 0.491$

* Sxcept 1n cata sets with large variations whers both the estimatsd mmen (the first valus OMN) the

med{en (the second vaiue shown) depositions ere Md.

5-19
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e TABLE 5-13
Estimated Grossg Dermal Deposition Normalized by Time
(ug/cm?*/hr) from PHED for

Seotemoe~ 30, ‘996

Aqueous Suspension (Liquid Code 2) with
Open Mixing (Mixing Code 1)

Sody Section Nusber of Messurssents Estimated _Estimated 90th
Mean Depogitian® Percentfle Oepogition
QUTSIDE CLOTHING
head 15 2.7376 3.215
neck front 0
neck back 0
shoul der 16 1.4373/0.40%8 1.628
upper arms -] g.1111 0.2118
chest 16 29.166/0. 7899 15.90
beck 16 1.1407 2.500
forearms () 1.1038 2.187
thigh 16 19.523 28.40
shin 10 318.58/42.53 272.06
csif 0
ankle [ 1.1945 2.921
hards 16 180.5% bbb .27
INSIDE PERSONAL CLOTHING
hesd Q
neck front 0
neck beck 0
shoulder 0
upper arms 0
chest ) 0.0634 . 0.12%
beck é 0.0327 . 0.048
forearms 8 0.0922 0.1842
thigh 9
shin [ 0.1188 9.2178
calf 9
srkle 6 0.0527 0.0918
hardis 6 13.349 3.1
T e 1ot T th oroe vy oL ot here Doth The Sat aated Bean (the 71631 valie shown) and the

median (the second valua shown) depositions are presented.

5-20
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TABLE S-14

Septemper X0, 994

Zstimated Gross Dermal Deposition Normalized by Time

(pug/cm?/hr) from PHED for
Solution (Liquid Code 4) with
Open Mixing (Mixing Code 1)
A

. Except 1n dats sets urtﬂ tlf‘ﬂ. variations :«0 ;c: tgc nn.t= asen (tgo ”ru value monn) and the

-median (the second value shown) depositions are presented.

5-21

srmm e
8ody Section Number of Messursments Estimated Mesn Estimated 90tk
Deposition® Percentile Deposition
QUTSIDE CLOTHING

head 23 0.06467 3.25%
neck front 0

neck back 0

shoulder 16 0.0699 2.09%

r arms 16 0.0224 1,162

chest 3 0.6729 9.127
baci 23 0.0454 1.496
forearms 3 0.7528 13.2%
thigh 3 5.2377 7.443
shin ¢

calt 7 0.16M 6.599
onktie 14 1.6623 83.28
hanca 6 3.3577 115.2

INSIDE PERSONAL CLOTHING

head 4 0.0605 1,643
" neck front 0

neck beck [

shouldeor 13 0.0173 0.8913
upper arms 16 0.011% 0.4691
chest 20 0.0381 0.7819
beck 19' 0.0321 0.7714
forearms 14 0.0221 1,340
thigh 20 0.0145 0.7819
shin 0

catt 7 0.0162 0.6483
ank(e 13 0.0175 0.8913
hands 14 0.3%2 5.340




SCIPAT IMAL ZEIMAL Z(POSLRE ASSESSMENT

- A REVIEW

| TABLE 5-15
Zstimated Gross Dermal Deposition Normalized by Time
(ug/cm’/hr) from.PHED for

Seotemour 30,

Wettable Powder in Bags (Liquid Code 1B) with
Open Mixing (Mixing Code 1)

9%

Except 1n data sets with

median (the second value shown) depositions sre presented.

§-22

fody Section Number of Messurements Estimated Estimmted 90th
Mean Deposition® Percentile Cepogition
QUTSIDE CLATHING
head 10 0.7217 2.110
neck fromt 0
neck back 0
shoylder 13 8.413% 27.16
upper arms 0
chest 16 8.9659% 28.56
back 16 7.0829 25.60.
forearms 18 15.438 59.04
thigh 8. 7805 2.73
shin 3 3. 7344 8.129
calf 0
ankle 4 0.0342 0.134
hands 7 197.48 419.51
INSIDE PERSONAL CLOTHING
head 0
neck front )
neck back 0
shoulder 13 0.3009 0.472¢
uper arms 9
chest 10 9.09% J.28%
beck 10 0.0093 0.2282
forearms 13 1.0804 2.0144
thigh 9 0.4334 2.34
shin 4 0.1783 0.3896
calf 0
wkle ‘ 0.010 0.0152
Rands
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TABLE 5-16
Zstimated Gross Dermal Deposition Normalized by Time
(ug/cm?/hr) from PHED for
Wettable Powder in Packets (Solid Code 1P) with
Open Mixing (Mixing Code 1)

(e ————CE—

Sody Section Nuber of Messurements Estimated Estimated 90th
Mean Deposition® Percentitle Deposition
QUTSIDE CLOTHING
head 15 0.099%6 .4865
neck front 3 0.0340 ' 0.0638
neck back ] 0.0142 0.029%
shoulder ] 0.0102 0.0150
upoar arme g ;
chest 13 0.1044 0.4845
back 15 0.0983 0.4368
foreeras 18 0.2386 0.5338
thigh 1% 0.77046 2.928
shin 3 0.0182 0,028
calf [ 0.0300 0.0703
ankle 3 0.0407 0.0938
hands 3 0.0954 2.188
INSIDE PERSOMAL CLOTHING

head ) 0.0080 0.011
neck front 0
mck beck 0
shouldor 6 0.0080 g.011
upper ares 0
chest 12 8.00353 0.011
back 12 0.0093 0.011
forearsa [ 0.0080 0.011
thigh 12 0.0ﬁ! 0.011
shin 3 0.0020 0.012
calt 6 0,0080 0.011
ankle 3 0.0007 0.001
hands [} 0.0006 0.4%S
Except N data sets with large veriations wnere the estimnted msen ( 1rst valus shown) and the

median (the second valus shown) depositions are presented.
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TABLE 5-17
Estimated Gross Dermal Deposition Normalized by Time
(ug/cm?/hr) from PHED for
Flowable Powder (Solid Code 2) with
Open Mixing (Mixing Code 1)

Socy Section Nusber of Messursments Estimsted Estimated 90th
Mesn Deposition® Percentile Deposition

QUTSIDE CLOTHING

hesd 21 0.0819 0.18

reck fronmt Q

‘neck beck 8 0.1045 0.2296

shoulder 0

upper Arws 16 0.0651 0.1976

chest 16 0.1379 0.3476

beck 16 0.0627 0.2678

forearas 26 . 0.5626 1,3912 .

thigh 16 1.1012 4.098

shin 16 0,055% 0.1584

calt 0 |

snkle 0

harcis ')

INSIDE PERSONAL CLOTHING

heed ¢

neck fronmt 1]

neck back 0

shoulder 0

F- K | 16 0.0038 . 0.00768
chest 6 0.0200 0.0518
beck 26 0.0053 0.0134
foresrms 16 0.0046 0.0086
thigh 26 0.0572 0.1098
shin 16 0.0214 0.0396
calf 0

.nk'lo 8 0.040% . 0.1256
hands S 0.0979 0.4069
Except in data sets with targe variations wners esCizaced mean (the first value o) the

median (the secord value shown) depositions are pressnted.
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_ TABLE 5-18
Estimated Gross Dermal Deposition Normalized by Time
(ug/cm?/hr) from PHED for

Granule (Solid Code 4) with
Open Mixing (Mixing Code 1)

Seotemper 10, ‘994

-Except 1n data sets with large variations wnere | O
median (the second value shown) depositions are presented.

5-25

8ody Section Number of Hessurements Estimetext Estimated 70th
Mesn Depogition® Percentile Deposition
QUTSIDE CLOTHING
head 3 2.5872 4. 121
neck front g
neck back 0
shoul der 1" 3.62%6 12.16
upper arms 3 $.1382 7.0
chest 1 11.327 14,28
back 11 0.8357 2.029
faresrss 11 17.239 58.48
thigh 1t 300.80/7.11 39.27
shin g
calf )
ankle 3 59.20 91.99
handg 0
INSIDE PERSOMAL CLOTHING
heed g
neck front 0
neck beck 0
shoul der 0
uwpwoer arve 3 0.2186 0.276
chest ‘8 0.9399. 1.576
back 8 0.7638 1.56
forearms 3 1.6317 2.981
thigh 0
shin 0
calf 0
ankle 3 0.4127 0.56
hands 3 2.56642 5.475 [
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VI. EVALUATION OF AVAILABLE INFORMATION ON POTENTIAL EXPOSURE

Normalized gross deposition rates derived from both the
published reports and PHED have been provided in Chapters IV and
V. In this chapter, the data from these two sources are
summarized and compared to establish an equivalency between the
two. The normalized PHED data, believed to be of better quality
overall, are then extended by each normalizing factor to
determine a daily retention rate equivalent to the "Q" values in
the CEB method. These predicted daily retention rates are then
evaluated against the "Q" values to establish rules for
application of these predicted rates. Lastly, data uncertainties
encountered in developing these values are described.

A. SUMMARY OF EXPOSURE ESTIMATES

In this section, appropriate data from Chapters IV and V are
extended by their corresponding normalizing factors, i.e., the
total quantity of chemical handled (lbs or gallons) or the
exposure time (hours), to obtain an estimate of daily total
deposition or retention equivalent to the variable "Q" in the CEB
method. The CEB input parameters can then be evaluated against
these field based data. Since the CEB method is currently
believed to provide conservative estimates that are useful in
evaluating whether workers can be adequately protected in most
cases, only the 90th percentile estimate of gross deposition from
PHED and the Indicative 90th Percentile deposition from published
reports are used for comparison.

For comparison, the Indicative 90th Percentile estimate and
the PHED 90th percentile estimates of normalized gross dermal
deposition are extracted from Chapters IV and V and listed side
by side by each operation matrix in Table 6-1 for time normalized
data and in Table 6-2 for quantity normalized data. As can be
seen, where available, data obtained from published reports and
from PHED for each applicable body section are generally within
an crder of magnitude of each other. However, there is no
pattern to indicate which data source is more likely to generate
a more conservative estimate. It would appear that either set of
data can be used to estimate daily dermal retention. However,
for data quality consistency, only the PHED data will be used in
this document for further analysis.

B. ESTIMATE FOR DAILY POTENTIAL GROSS DERMAL RETENTION
- Before a daily exposure can be estimated frcm the normalized
data, a fixed value of the normalizing factor must be developed

first. In other words, a daily operating time and a daily
handling quantity will need to be defined. In terms of daily

6-1
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TABLE 6-1
90TH PERCENTILE ESTIMATE OF POTENTIAL GROSS DERMAL DEPOSITION
NORMALIZED BY TIME (ug/cm?/hr) FROM TWO DATA SOURCES

6-2

e — —
Open Mixing of Closed Mixing of Open Mixing of Open Mixing of
Emulsifiable Emulsifiable Aqueous Suspension Solution
Concentrate Concentrate
Literature PHED Literature PHED Literature PHED Literature PHED
Head 0.1 1.20 0.07 3.60 - 3.20 - 3.30,
Neck Front -- 2.60 - -- - .- - -
Neck Back -~ 9.14 -- - .- - .- .-
Shoutder 3.0 0.97 -- 1.40 - 1.80 -- 2.10
Upper Arms 0.1 37.0 -- 0.34 - 0.21 -~ 1.10
Chest 8.0 3.30 1.0 3.00 .- 16.0 - $.10
Back 3.0 0.89 0.2 0.3 - 2.60 - 1.50
Forearms 10 10.0 -- 5.0 .- 2.20 -- 13.00
Thigh 5.0 59 - 5.0 - 28.0 .- .7.40
shin - 1.0 1.50 - 0.30 -- 27.0 .- .-
Calf .- 17 .- - - - .- 6.60
Ankle -~ 13 .- 5.20 -~ 2.90 . 88.00
Hands 200 . 5,200 - - .- 440 - 120
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TABLE 6-1 (Cont’d)
SUMMARY OF S90TH PERCENTILE ESTIMATE OF POTENTIAL GROSS DERMAL
DEPCSITION NORMALIZED BY TIME (ug/cm*/hr) FROM TWO DATA SOQURCES

Mixing of Wettable Mixing of Wettable Mixing of Flawable Mixing of Granules -1
Powder (in bags) to | Powder (in packets) Powder to Liquid
Liquid to Liquid

Literature PHED Literature PHED Literature PHED Literature PHED
Head 120 2.10 .- 0.49 -- 0.18 - 4.0
Neck Front .- - - - 0.06 -- -- --
Neck Back .. - -- 0.03 -- 0.23 -- --
Shoulder 30 27 -- 0.015 .- -- b 12.0
Upper Armg 0.5 -- .- - - 0.20 .- 7.80
Chest 40 29 .o 0.49 .- 0.38 .= 14
Back 15 26 - 0.49 .- 0.27 - 2.0
Forearms 200 59 -- 0.54 .- 1.40 - 59
Thigh 15 3 . 2.9 == 4.10 .- 39
Shin 0.1 8.0 .o 0.026 -- 0.16 -- --
Calf - - .- 0.07 .- .- .- --
Ankle -- 0.16 -- 0.0% | .- -- .- 92
Hards




OCCUPAT [ONAL DERMAL EXPOSURE ASSESSMENT

- A REVIEW

TABLE 6-2

Septamber 30, 1994

SUMMARY OF 90TH PERCENTILE ESTIMATES OF POTENTIAL GROSS DERMAL

DEPOSITION NORMALIZED BY QUANTITY OF

CHEMICAL HANDLED (ug/cm?/gal or ug/cm?/lb) FROM TWO DATA SOURCES

ALl wnits are in pg/es’/gal.

Open Mixing of Closed Mixing of Open Mixing of Open Mixing of

Emulsifiable Emulsifiable Aqueous Suspension Solution

Concentrate Concentrate

Literature PHED Literature PHED Literature 'PHED Literature PHED

Head 0.4 0.22 - 0.039 .- 0.058 -- 0.07%
Neck Front -« 0.15 .~ .- .- - --
Neck Back - 0.081 = - .- .
Shoulder 0.3 0.11 -~ 0.0058 -~ 0.033 - 0.063
Upper Arme 0.01 0.18 -- 0.0092 - 0.014 - 0.010
Chest 0.4 0.15 -~ 0.054 - 0.29 -- 0.25
Back 0.2 0.11 - 0.042 -- 0.44 - 0,038
Forearms 4.0 0.79 -- 0.20 -- 0.18 - 0.14
Thigh 10 1.3 -~ 0.83 .- 1.10 - 0.21 .
Shin 2.0 -0,022 -~ 0.10 i 5.60 -- .-
calf - 0.9% =~ -- . -~ - 0.013
Ankle - 0.41 - 0.03 - 0.20 -~ 14
Words 100 470 -- - -~ 33 .- 0.30




JCCUPATICNAL DERMAL EXPOSURE ASSESSMENT - A REVIEW September 30, 1996

TABLE 6-2 (Cont‘d)
SUMMARY OF 90TH PERCENTILE ESTIMATES OF POTENTIAL GROSS DERMAL
DEPOSITION NORMALIZED BY QUANTITY OF
CHEMICAL HANDLED (ug/cm?/gal or ug/cm?/lb) FROM TWO DATA SOURCES

Mixing of Wettable Mixing of Wettable Mixing of Flowablie Mixing of Granules
Powder (in bags) to | Powder (in packets) Powder to Liquid
Liquid to Liquid
Literature PHED Literature PHED Literature PHED Literature PHED
Head 0.4 0.07S -- 0.0098 .. 0.026 -- 0.0021
Neck Front -- .. -- 0.0014 - .- .- --
Neck Back . .o -- .. 0.0006 - 0.0013 - ..
Shouldér -- 0.47 -- 0.002 .. -- - 0.0047
Upper Arms 0.6 -- -- -~ -- 0.093 .- 0.003
Chest ' 1.0 .21 0.0098 -- 0.20 - 0.006
8ack 0.15 0.13 -- 0.0098 .- 0.12 -- 0.0008
Forearms 2.0 1.80 .- 0.0098 o 0.21 .- 0.0061
Thigh 3.0 0.51 .- 0.081 . 1.90 -- 6.026
Shin 0.1 0.18 -- 0.000S e 0.08 .- .-
Calf -- -- - 0.0066 -- == -- --
Ankie - 0.088 - 0,0023 - .- - 0.0471
iL_Hands 1.5 s3 -- 0.0%6 -- -- .- .-

ALl units are in Ug/ca/lb.



OCCUPAT[ONAL OERMAL EXPQSURE ASSESSMENT - A REVIEW September 30, 1996

exposure time, there is no particularly appropriate duration
based on a review of the literature for extension of the time
normalized data. For pesticide mixing and loading operations,
most of the studies cited in this document used a sampling time
of no more than 60 minutes. Some investigators then extrapolated
the measured exposure to a selected duration for an estimate of
daily exposure. For example, Maddy et al. (1980) used a 2-hour
time to calculate daily exposure. Others believed extrapolation
of short duration measurement to a daily exposure was
inappropriate and measured the exposure for the entire work day
(Knarr et al., 1985). Most of the mixing and loading operations
reported in PHED show an average sampling time of 0.30 to 2.8
hours among various formulation type and mixing method matrices.
For this document, a 4-hour duration is chosen for extending the
time normalized data. This is based on the observation that
workers typically take a meal break, perhaps with some washing
activities, in the middle of an 8-hour work shift.

As for the quantity of chemical handled per day, there is
even less data available. In most published reports, the
quantity of AI or formulated products handled is often not
reported. In PHED, the data on total quantity of AI mixed is
available thus permitting calculations of a total quantity of the
formulated product used in each test. Table 6-3 presents a
selected quantile distribution of the data on total quantity of
pesticide product used in each matrix of formulation type and
mixing method. A.wide variation is seen between different .
matrices. There is no information on how such data relate to
industrial operations. As a preliminary estimate of daily
exposure, the 90th percentile quantity of the formulated product
reported in PHED is used in this document to extend the quantity
normalized data, assuming that larger quantities are more often
handled in industrial operations.

Data from PHED, as shown in Tables 6-1 and 6-2, are grouped
by pesticide formulation type and mixing method. Such grouping
may not always be analogous to industrial operations. An
industrial mixing operation often is designed to mix or provide
contact between mutually insoluble liquids, between ligquids and
solids, -or between solids. Contrary .to pesticide mixing and
loading operation, for example, not many industrial mixing
operations involve dilution of an emulsifiable concentrate. Of
the four liquid formulation types, only the mixing of agqueous
suspension and solution may be considered as closer to some
equivalent industrial operations. For the mixing of solids,
mixing wettable powder in bags into slurries and dry mixing of
granule may find some equivalent operations in industries.
Therefore, only the data for these four operations are -extended
to estimate daily exposure. The extended data, defined as Daily
Potential Gross Dermal Retention, are presented in Table 6-4,

6-6
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TABLE 6-3

DISTRIBUTION OF THE QUANTITY OF
FORMULATED PESTICIDE HANDLED IN PHED

Septemper 30, 1996

e — —— —  — ]

Formulation Type and Mixing Mean and Quantile Distribution

Method N

Mean S0th Percentile 90th Percentile

Emulsifiable concentrate 5.01 gallons 1.42 gallons 9.82 gallons 136
with open mixing )
Emulsifiable concentrate 52.10 gnllomr 10.0 gallons 175 gallons 22
with closed mixing
Aqueous suspension with 31.9 gallons 27.5 gallons 42.5 gallons 17
apen mixing
Solution with open mixirg 2.84 gallons 1.25 gallons 4.0 gallons 27
wettable powder (in bags) 74.5 lbs ‘50 ibs 159 bs 15
with open mixing
Wettable powder (in 8.79 lbs 7.75 lbs 18 ibs 12
packets) with open mixing
Ory flowsble powder with 29.90 lbe 11.8 (be 76.8 ibs 26
open mixing
Granule with open mixing 3871 Lbs 4020 Llbs 9110 lbe 14
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TABLE 6-4
ESTIMATED DAILY POTENTIAL GROSS DERMAL RETENTION
(outside clothing) IN pg/cm?

N
Body Section: Aqueous Suspension/Open Solution/Open Mixing Wettable Powder (bags)/Open Granute/Open Hixing
Hixing Mixing

8y Ry N By By [ ] By By N 8y By N

Time Quantity Time Quantity Time Quantity Time Quantity
Head/Face 128 2.47 15 13.20 0.30 23 8.40 11.9 10 16.0 19.1 3
Shoulder 6.4 1.40 - 16 8.40 0.25 16 108 4.7 13 48.0 61 11
Upper Arms 0.5 0.60 6 4.40 0.04 % | -- -- 0 31.2 21.3 3
Chest 64 12.3 16 36.4 1.0 23 116 3.34 16 56 54.7 1
Back 10.40 1.7 16 6.0 0.15 23 ‘Ib‘ 20.7 16 8.0 7.29 11
forearms 8.80 7.63 6 52.0 0.56 23 236 266' 18 236 55.7 1
Thigh 112 46.8 16 29.6 0.81 23 92 81.1 16 156 23.7 "
Shin 1080 238 10 -- -~ 0 32 28.6 & == -- 0
Calf -- -- -0 26.4 0.052 7 -- - 0 -- -- 0
Arkle 11.6 8.50 6 352 56.0 16 0.56 13.5 4 368 611 3
Hands 1,760 1,493 16 480 1.2 ) 1iuo 8,427 7 -- -- 0

Note: 1. :::;:'::nllud gross dermal deposition data are extended by a duration of 4 hours to derive time narmalized daily potential
2. GQuantity normalized gross dermal deposition data are extended by 42.5 gallons for aqueous suspension; 40.0 gallons for solution; 159

tbs for wettable powder; and 9110 (bs for grenule to derive quantity normslized potential retention.

3. N = Number of measurements.
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with the time and quantity based data listed side by side for
comparison. As discussed earlier, a 4-hour duration is used for
extension of time normalized data and the 90th percentile
quantity under each applicable matrix of formulation type and
mixing method is used for extending the quantity normalized data.
The number of measurements for each body section under each
scenario is also indicated in the table to show the relative
strength of each estimated retention rate.

As expected, the data presented in Table 6-4 shows that the
hands generally have the highest estimated gross dermal retention
among all body sections. The next highest retention is generally
found at the forearms, chest, or thigh. These are all body
sections more likely to come into direct contact with the
chemical during mixing and locading operations. Within each
formulation type/mixing method matrix, one or two body sections
may be found to have an extraordinary high retention as compared
to other body regions. For example, a retention of 56 ug/cm?/lb.
is found at the ankle as compared to no greater than 1.2
ug/cm?/1lb. for other parts of the body for open mixing of
solutions. Further examination of the data often reveals the
presence of one or two unusually high exposures among all tests
reported for that body section which would have biased the data
toward the high end.

Comparing between the time and quantity extended data, the
time based data always has a higher value for each body section
than the quantity based data, with a few exceptions. It would
appear that the time based data would provide a more conservative
estimate of gross dermal retention.

C. COMPARISON WITH CEB METHOD PARAMETERS

In reference to the input parameters used in the CEB method,
only the retention at the hands can be directly compared to the
available PHED data. The CEB method uses 1 to 3 mg/cm® for hand
exposure during various liquid mixing and solid handling
operations. The PHED data generates an estimate of 0.5 mg/cm?
(open mixing of solution) to 1.8 mg/cm’ (open mixing of agquecus
suspension).

A comparison of the CEB method "Q* values with the
equivalent PHED based data is provided in Table 6-5. Due to a
lack of data, not all work activities covered by the CEB method
can be addressed here. In Table 6-5, the activities implied for
any specific formulation type/mixing method were interpreted
liberally -so that -there would-be more equivalent data for
comparison. Specifically:
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TABLE 6-5
EQUIVALENT "Q" VALUE FOR HAND EXPOQOSURE
FROM CEB METHOD AND MONITORING DATA
———_ = R

Typical Work Activities Grouped CEB Value Monitoring
by CEB (mg/cm?) Data* (mg/cm?)
Handling wet surfaces 5-14 --
(immersion)

Filling, dumping containers of 1-3 1.7°
powder, flakes, granules

Spray painting -3 --

| Maintenance/manual cleaning of -3 --
equipment

Unloading filter cake 1-3 1 0.039-0.6°"
Changing filter 1-3 --

Filling drums with liquid 1-3 0.5-1.8°
Connecting transfer line 1-3 .-
Weighing powder/scooping/mixing 1-3 1.7*
Sampling 1-3 --

Ladling llquld/bench scale ‘ 1-3 0.5-1.8"°
liquid transfer

-

PHED data expressed as 90th percentilé estimated exposure
with 4-hrs of exposure using time normalized data, except

otherwise noted

Considered to be represented by open mixing of wettable’

powder

Considered ta be represented by open mixing of aqueous

suspension or solution

Data from EPA 19924.

6-10"
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° Data for open mixing of wettable powder are considered
to approximate "filling, dumping containers of powder,
flakes, granule," and "weighing powder/scooping/mixing"

o Data for open mixing of aqueous suspension and solution
are considered to approximate "filling drum with
liquid, " and "ladling liguid/bench scale liquid
transfer."

As can be seen from this comparison, the CEB "Q" values for
hand exposure are very close to the PHED data expressed as 90th
percentile estimates of potential grosgs dermal retention. It
goes to reason then, that the PHED data on other parts of the
body may be used with the CEB method to develop exposure
estimates. The estimates as shown in Table 6-4 are for potential
exposure outside the clothing or on unclothed areas of the skin
only. Estimate for exposure underneath the clothing, gloves,
shoes, or any protective clothing cannot be adequately predicted
based on the data available at this time.

D. DATA UNCERTAINTIES

Each source of data used in this document has its own
strength, weakness, and uncertainties. Many assumptions and
inferences were made to analyze the data for this document.
Various degrees of uncertainty are involved in each step of the
data development. Thig explains in part some of the larger
variations between different data sets or sources. The following
is a discussion of such uncertainties.

Almost all of the reported dermal exposure data available
from published literature were developed as part of pesticide
studies. PHED is of course all related to pesticide exposure.
Even though similar approaches ‘and techniques were followed, the
purpose of the studies, the data reporting format, and the
assumptions and study conditions often varied widely. The major
assumptions and varying conditions which cause uncertainty in
evaluating results from different data sources or investigators
include the following: ‘

® Dermal exposure is usually determined through
extrapolation of deposition on absorbent pads. The
aggsumption of uniform deposition within a specific area
of the body may not be true.

®  Dermal exposure reported is usually normalized by the
quantity of chemicals or by exposure timé. ~In the case-
of PHED, the data can also be normalized by quantity
handling rate. However, as discussed in Chapter V,

exposure isg not preferentially correlated to any of

6-11



OCCUPATIONAL DERMAL EXPOSURE ASSESSMENT - A REVIEW September 30, 1996

these factors. Extrapolation of the normalized data by
any factor is necessary for estimating exposure in
industrial operations but will introduce additional
uncertainty.

° Varying field conditions, such as wind speed and
relative humidity, will affect the amount of splash or
spray droplets that may impinge and retain on an
operator’s skin or clothing.

® Retention rate on absorbent pads may be higher than the
actual retention rate on smooth skin surface. :
Conceivably some droplets, when impinged on the skin
may quickly drip off the surface of the skin but would
be absorbed on the pad. The use of retention rates on
pads could thus result 'in an overestimate of exposure.
On the other hand, deposition or absorption at certain
parts of the body may-be overlooked. In most dermal
exposure studies, it is assumed that no absorption
through the hair will take place, but materials
deposited on or applied to the hair may also come in
contact with the skin. Some investigators have taken
this into account. For example, Rodricks and Turnbull
(1983) assumed a maximum of 2% of material applied to
‘the hair will be in contact with the skin and available
for absorption in their study of risk agsessment from
skin penetration data. :

° Several types of surrogate skins have been used as
samplers for dermal exposure, and results may not
always be comparable. Even if only absorbent pads were
used for sampling, variations in material,
construction, location, handling, etc., can cause
differences in analysis results.

° Duration of test varies among the studies. The results
from a shorter duration test will have a higher
variability than a longer duration test. One reason is
that the effect of time-weighted averaging will tend to
minimize the impact of peak exposure more pronouncedly
in a longer duration exposure -than in shorter exposure.
Additional error may be introduced by extending the
measured short term exposure to daily exposure.

© Other than the data from PHED, data in published
reports might have been developed with a methodology
not meeting quality assurance requirements of today’s
standards.: ‘For instance, analytical precision, -spiked
sample recovery rates, and sampling design can vary
among investigators.. Any statistical analysis on the

6-12
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combined data with varying quality is almost
meaningless.

Several factors and assumptions were considered when
applying the data from published pesticide studies and PHED data
to industrial operations. The impacts of these factors and
assumptions include:

Pesticide studies only report the exposure to the
active ingredient of the pesticide, which is usually
only a minor component of the mixture. For generic
applications, the desirable data is the amount of
mixture, not the active ingredient, that contacts the
skin. - Therefore, it is assumed that the mixed solution
or the formulated product that contacts the skin has
the same concentration of active ingredient as in the
mixed solution or the formulated product itself. This
is a critical assumption in calculating the estimated
amount of mixture reaching the skin (gross dermal
deposition). However, different ingredients could vary
a great deal in physical properties, leading to
differences in deposition rate, evaporation, etc. 1In
some instances, the assumption may overestimate the
deposition.

Data on concentrations of active ingredients in liquid
formulations are usually reported on a weight/volume
(lbs/gal) basis. A weight/weight ratio is needed if
the gross dermal deposition is to be calculated. Since
data. on the density of active ingredients is not
included in published reports or PHED, thé& density is
assumed to be the same as water. Up tod 20% error is
introduced if the specific gravity of an‘active
ingredient is 1.4 and its concentration in a liquid
formulation is 8 1lbs/gal. Most of the.pesticides have
a specific gravity of 1.0 to 1.4 and the concentration
is usually much less than 8 lbs/gal:. The error
introduced by the assumption is believed to be small in
comparison to the other possible errors.

In mixing a concentrated formulation into a spray mix,
a worker will be exposed to the concentrate powder or
liquid droplets and the final mix droplets. When
converting exposure data from active ingredients.to
gross dermal deposition, the deposition calculated in
this document is assumed to be all from the ’
concentrate. The actual total deposition will likely
be higher than the calculated value since a greater
quantity of the diluted mix is needed to produce the
same amount of AI than from the concentrated mix.

6-13
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Typical workplace conditions and work practices in-.
pesticide operathFS are different than typical
industrial operations. For example, a pesticide mixing
operation tends to be of intermittent short duration
operation. Industrial mixing may be continuous.
Pesticide mixing and loading may take place outdoors,
and the exposure reported may be affected by weather
conditions. Pesticide mixing involves more dilution
than a typical industrial mixing would. Another major
difference is in the amount of chemical handled. As
shown in Table 6-3, the amount of pesticide handled is
relatively small, except for open mixing of granule, as
compared to a typical industrial operation. Industrial
mixing and loading often involve £illing of S55-gallon
drums, tank cars, and tank trucks.

The daily dermal retention shown in Table 6-4 is based
on the time or quantity normalized data extended to a
4-hr duration or to a quantity found in PHED tests.

The time normalized data provides a more conservative
estimate and is recommended for use with the CEB
method. If the quantity factor can be better
estimated, the quantlty normalized data may turn out to
be more appropriate. ‘

The current "Q" values for hand exposure in the CEB method
were developed primarily based on the data developed from a
series of experiments involving three kinds of oil applied to and
removed from the hands (Versar, 1984; EPA 1989b; EPA 1992c).
Though limited in scope and formulation type, this is the only
experimental data that were specifically designed to determine
generic dermal retention rate. The statistical design and test
protocol were such that the data also contain uncertainties
especially when applying it to industrial operations:

Retention varies with individuals and techniques of
application on and removal from the hands. The
specific procedures tested may not be representative of
industrial scenarios.

Data were reported on a per event basis; factors such
as duration or contact frequency were not documented
and are important factors that can affect dermal
retention.

Data were developed only for three kinds of oils; they
may not apply to other kinds of liquids or solids.
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VII. BARRIER EFFECT OF PROTECTIVE CLOTHING

The wearing of protective clothing, work uniforms, or even
street clothes presents a barrier in the transmission of chemical
agent from the environment to the skin. Not all the chemical
deposited on the exterior of clothing will reach the skin. 1If
enough data existed, it might be possible to estimate a "Pass-
through" factor, defined as the percent of chemical reaching the
skin from outside the clothing, to assess the relative barrier
effect of protective clothing. The lower the factor, the better
the clothing in preventing the penetration and permeation of the
chemical. 1In this chapter, available’ information and data on the
barrier effect of various types of clothing are evaluated to
determine whether there are sufficient data to allow modification
of the current estimating method.

The amount of chemical reaching the skin through clothing
and or protective equipment should be examined from two aspects:
the protection afforded by the clothing or protective equipment
per se and the nature of operation and work practices involved.
Many factors can affect the protection provided by clothing or
personal protective equipment, including permeation, degradation,
and penetration. Consideration of the potential for permeation
and degradation of the protective clothing requires information
on the characteristics of the clothing, fabric construction and
finish, garment design and construction, and the characteristics
of the chemical (or formulation) - which is in contact with the
clothing:

) Fabric construction and finishes: Different fabric
characteristics such as fiber length, yarn size, and
fabric construction will affect chemical transmission
(Leonas et al., 1989). For example, fabric porosity
will determine how much direct penetration of chemical
agents can take place. An open weave fabric will have
a higher penetration and permeation factors than a non-
woven. fabric. Disposable clothing with chemical
registant coating will have a greater barrier effect
than uncoated clothing (Leonas and DeJonge, 1986).

° Garment design: The shape, size, fit, and style of the
garment will determine how much skin area is covered
and how much chemical can enter the covered area
through openings. The need for comfort and manual
dexterity will dictate the types of clothing and
equipment used.

] 'Chéfaétéfiétits‘df”the“chemical:-~The*type~o£_ehemical
formulation will determine the mechanisms by which the
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chemical is actually transmitted through the 7 :ic. A
dry powdery agent is likely to pass through t: ‘abric
by direct penetration, therefore the tightness _¢ the
weave will be the primary factor. A liquid formulation
can transmit through the fabric by permeation, i.e.,
diffusion through wetting of fabric. A strong
absorbent such as cotton fabric will permit a faster
permeation or penetration than a less absorbing fabric
such as certain synthetic fiber. Even for the same
chemical, different formulations can result in
different transmission rates (Leonas, 1991; Staiff et
al., 1982).

Penetration of the chemical through imperfections in the
protective clothing can be a significant contributor to dermal

exposure.

The extent of penetration will be influenced by the

operation or work activity and work practices in using the
protective clothing:

Operation or wcrk activity: Body movement during the
course of work will affect the movement of chemical
agent through the fabric. For instance, movement of
the forearms will create a "pumping action" between the
sleeve and the arm, promoting the migration of chemical
agent beyond the opening of the sleeve. Repeated
motion increases direct contact between the skin and
the clothing thus enhancing the transfer of permeated
chemical from the fabric to the skin.

Work practices in using protective clothing: - How the
protective clothing is used also has an effect on
chemical pass through. If openings at sleeves, collar,
and pant legs are taped tight to the body, very little
entry through "pumping action" should occur. How often
protective clothing is changed also will affect how
much chemical will permeate through. Rips and tears
can occur during use, and any openings from rip.and
tears will become an entry point. Even if the
protective clothing is intact, heavier contaminant
loading expected near the end of a workshift may cause
a high rate of chemical penetration. All such factors
are in turn somewhat dictated by cost, comfort during
use, worker training and compliance, and other similar
factors.

Because of the factors as described above, dermal exposure
occurring while Wearing work or-protective-clothing-is-best .
determined under actual field conditions for each type of
clothing for each chemical. While there is a considerable amount
of fabric and glove permeation data on different substances from
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laboratory studies, there are a limited number of field scudles
on the barrier effect of clothing and gloves.

As described in Chapter II, the most commonly used approach
to evaluate dermal exposure is by the use of absorption pads. If
the pads are placed outside and inside the clothing, a comparison
of outside and inside deposition will indicate a pass- through-
factor. A different approach that uses pads made out of the test
fabric as the outer layer with absorption gauze underneath would
also allow evaluation of pass-through factor for the fabric. The
U.S. EPA’s Office of Pesticide Programs suggested using data from
the outside patches in conjunction with standard "penetration
factors" generated from laboratory studies (EPA, 1987a) to
estimate exposure inside the clothing. These approaches
generally measure the amount of chemicals underneath the ¢
through penetration and permeation. Direct deposition through
openings on the clothing or through "pumping action” may not have
been included.

Another approach that had peen used to account for the
effect of direct deposition used fluorescent tracers in
conjunction with video imaging technique (Fenske, 1988). This
method provides a visual display of deposition under the clothing
and allows an estimate of relative pass-through factors of test
"clothing covering all pathways of transmission. However, the
results provide only qualitative estimates of exposure.

Laboratory glove permeation testing is commonly used to
evaluate the permeatlon characteristics of a given
contaminant/glove matrix. Other factors such as elevated
temperature, stressing, and pressure applied to the glove during
use have been found to significantly reduce the protection
prov1ded during actual use when compared with laboratory glove
permeation data (Gunderson et al., 1989; Zellers et al., 1983).
For those substances that are of high concern due to potential
dermal exposure, CEB currently only considers permeation and
degradation when. evaluating the effectiveness of gloves in
providing adequate protection (it is assumed that the glove
manufacturer’s quality copntrol ‘is acceptable to eliminate
imperfections in ‘the glove material that may lead to
penetration).

The barrier effects of protective clothing has also been
examined by testing the absorption of chemicals through the skin
ingtead of just the ‘chemicals penetrating through the clothlng
Keeble et al. (1993) used an in vitro skin model to examine the
capability of fabric and skin alone and in combination in
reducing the dermal absorption of several organophosphorus
insecticides. "The’ investigators” ‘found -that-the-knit-gloves.o
100% cotton were effective in preventing the absorption of
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paraoxon and malathion and that the all-cotton, 7-cut knit gloves
were effective in preventing absorption of azinphos-methyl.
Studies of this type address dermal absorption which is beyond
the scope of this study and are not further assessed in this
document.

Because of the various approaches used in evaluating the
pass-through factor of protective clothing, only a compilation of
available data is presented here in Table 7-1. A comprehensive
literature review was not conducted, but based oon this
preliminary evaluation, there are insufficient data to predict a
pass-through factor for a specific type of protective clothing
under a specific operation for industrial exposure scenarios.
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TABLE 7-1 PRELIMINARY DATA ON .PASS-~-THROUGH FACTORS OF VARIOUS TYPES OF CLOTHING
. Pass Through Factor
Chemical Physiceal $tate Operation Study Approach Retference
formulation Coveralls Tyvek Workpants &
' Suit Workshirt
Terbufos 15% Granular Loading and 10 - 20X Comparison af Devine et. al.,
spreading deposits on inside 1986
’ and outside pads
Several Wettable powder Mixing and 0 - 23% Comparison of EPA, 1988
compounds 18- and emulsified application deposits on inside
™% concentrate and outside pads.
Tyvek suits
include hood and
boots. Gloves
also used
Fosetyl-Al BOX Wettable powder Nixing 15.9 X Shirt Comparison of Fenske et. al._,
in water ) 3.5X Pants deposits on inside | 1987
and outside pads
Spraying 13.37% shirt
2.1X Pents
Carbaryl 80X Wettable powder Spraying 3.4X chest Comparison of Leavitt et.
4.8X Back deposits on side al., 1982
6.9X Leg and outside pads
Nitrofen 25% Wettable powder Mixing 4.1 Depasit on pads Maddy et. al,
with test fabric 1980
and absorbent
gouze at outside
of clothing*
Ritrofen 75X Emulsified Kixing 3.12X Deposit on pads Maddy et. al,
concentrate with test fabric 1980

and absorbent
gauze at outside
of clothing®
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TABLE 7-1 PRELIMINARY DATA ON PASS-THROUGH FACTORS OF VARIQUS TYPES OF CLOTHING (Cont’d)
Pass Through Factor
Cheaical Physical State Operation Study Approach Reference
formulation Coveral ls Tyvek Workpants &
Suit Workshirt
Nitrofen 25% Wettable powder Spraying 4.08x Deposit on pads Maddy et. al,
| with test fabric 1980
and absorbent
gauze at outside
of clothing*
Nitrofen 75%° Emulsifioed Spraying 2.24% Deposit on pads Maddy et. at,
cancentrate with test fabric 1980
and absorbent
gauze at outside
of clothing®
Lindane 18.75% Dry powder Hanual seed 25.3X Chest Comparison of Fenske, et. al,
troatment 28.6X Back deposits on inside 1990
(mixing) 30.6X Forearms and outside pads
25.0X Upper Arss
8.44X Upper Legs
11.8X Lower Legs
Ethion 6% Emulsion Rixing 4X Comparison of Davies et al.,
Spraying 0.7X deposits on inside 1982
and outside pads
Dicofil Emutsified Hixing and k13 % Comparison of Nigg et at._,
concentrate Spraying deposits on inside 1986
and outside s
Molinate 10X Granule Hixing into 3% Comparison of Knarr et at.,
spraying solution depasits on inside 1985
ond outside pads
Molinate 91% Liquid Nixing into 30% Comparison of Knarr et al.,
spraying solution deposits on inside 1985
. and outside pads

* Pass-threugh factor calculated from reported dep: .-

~atration as:

pass through factor =

100x

inner tayer deposit

X

exterior layertinner layer deposits
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VIII. CONCLUSIONS AND RECOMMENDATIONS

A, CONCLUSIONS

This document presents a review of available dermal exposure
data from pesticide mixing and loading and other similar
operations and evaluates the current method used by CEB in
estimating dermal exposure during industrial operations. The
important conclusions based on this evaluation are the following:

® The CEB method currently only assesses hand exposure.
The field monitoring studies routinely included
evaluation of exposure to other parts of the body, even
though hand exposure often constitutes the majority of
the total body exposure.

o The value of hand surface area used by CEB is not
current. Many other EPA publications cite cther
values. The values as presented in Table 3-2 are .more
appropriate.

° The current input parameters for hand exposure using
the CEB method are found to be very similar to the
estimated gross dermal retention at the hands based on
the 90th percentile estimate from the PHED time
normalized data. The PHED estimated dermal retention
at other parts of the body could be used with the CEB
method.

® Available data in the literature indicate a maximum
dermal retention of 10 mg/cm® for solids and 4 to 10
mg/cm? for liquid. (Kissel et al., 1996a; Rutledge,
1988; Versar, 1984.) These maximum loading estimates
dppear reasonable when: compared to a calculated
equivalent deposition of 0.95 mg/cm? for solids and
0.98 mg/cm® for liquid based on the study by Popendorf
et al. (1995). The maximum loading estimates are -also
reasonable when compared to the 1.2 mg/cm® deposition
for powder and 0.8 mg/cm® for liquid mixing based on
the Indicative 90th percentile estimates of the
available data in published reports.

o Where comparable data are available, the 90th
percentile estimate from the PHED and the Indicative
90th Percentile deposition from published reports for
various body sections are generally within an order cf
magnitude of each other. However; there—is-—no
consistent pattern as to which source of data will
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generate a more nservative estimate for any body
section.

° In terms of evaluating the dose absorbed through the
skin, the deposxtlon approach whereby only a fraction
of the deposit is considered absorbed, is acceptable
for solid or particulate media. The dermal absorptlon
approach whereby a skin permeation coefficient is used
to estimate absorbed dose directly, is theoretically
more appropriate for evaluating exposure to chemicals
in a liquid media. The methodology for estimating
dermal absorption for non-agqueous media for industrial
applications must be developed before this will be a
viable methodology. The absorption approach for liquid
chemical still needs additional research and further
evaluation.

° Significant correlation of dermal exposure with either
the total quantity of"Al handled or the total sampling
(exposure) duration was found only at a few body
sections based on PHED data. There is no clear
indication as to which factor is more appropriate for
predicting dermal exposure at any body section.
Similar arguments are found in published reports.

[ The influence of physical properties such as particle
gsize, moisture content on solids deposition and
retention on the skin has been studied for soil
particulates, but has not been evaluated for industrial-
applications. There is limited data wi. hich to
estimate the potential for dermal expos to solids in
industrial operations. However, a revi: sf the -
-available data indicates that the curre: . <efault
values used by the EPA for estimating d«.osition on the
skin appear to be reasonable. Two recent studies on
soil adherence rates on the skin found that physical
properties of the soil such as grain size and moisture
content may affect the retention rate on the skin.
Similar factors may also have an effect on the
retention rate of solids in industrial cperaticns on
the skin.

® The impact of clothing on providing a barrler to dermal
exposure needs further evaluation.

o There is very limited dermal exposure monitoring data

' available fér industrial activities:--This-lack-of -data
makes estimation of the potential for dermal exposure
during industrial operations very difficult. The
.avallable .data with which to assess dermal exposure 1is
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limited, but appears to result in reasonable estimates,
based on the analysis conducted for this report.

o Standardization of sampling methodologies has largely
been conducted in the pesticides areas, but sampling
techniques for the industrial environment have not been
standardized. Lack of standardization presents
difficulties in properly interpreting and comparing
data collected using different methodologies. Many
sampling and collection methodologies have not been
validated in industrial environments, and quality
control procedures have not been standardized.

L Reporting of dermal exposure monitoring data is not
standardized. The lack of standardization in data
reporting makes interpretation of data, and comparison
between gtudies difficult.

° There is very limited information available on activity
patterns in industry. Unit area exposure at each body
section from the studies evaluated usually varies over
a range of several orders of magnitude. Based on a
review of the data available, variability in dermal
exposure may be influenced by a number of factors
including the task performed by the worker, worker
habits, and the physical properties of the contaminant.
For example, unusually high exposure at the lower leg
was found in one study because most of the
mixing/loading operations studies consisted of pouring
liquid from one container to another below the waist
level, and liquid splashing may have cause relatively
high ‘exposure at lower part of the legs (Knaak, et al.
1989). Knarr et al. (1985) found unusually high
exposure at legs due to frequent contact with the spray
nozzle. Conversely, Chester et al. (1987) found that
most of exposure was . concentrated in arms, trunk, and
hands. Lavy et al. (1980) reported high exposure at
the thighs, and observed that workers frequently rubbed
their hands against their pants at-the thigh area.

L Interpretation of results is critical. Retention of
chemicals on the skin surface is not necessarily linear
with exposure duration or quantity of chemical handled.
There is an upper limit to the amount of chemical which
can be retained on the skin. Due to extremely wide
variations of certain data sets, the mean value can
exceed the 90 percentile estimate.

e Hands generally have the highest estimated gross dermal
retention among all body sections during pesticide
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mixing and loading operations. The next highest
retention is generally found at forearms, chest, thigh.
Tpese are all body sections more likely to come into
dlrectlcontact with chemical during mixing and loading
operations. Within each formulation type/mixing method
matrix, one or two body sections may be found to have
an extraordinary high retention as compared to other
body regions. Further examination of the data often
reveals the presence of one or two unusually high
exposures among the data for that body section which
would have biased the data towards the upper end of the
distribution.

B. RECOMMENDATIONS FOR IMPROVING THE CEB METHOD

The CEB dermal exposure estimating method represents only a
preliminary estimate of the quantity of chemicals that may be
retained on the hands from a few, specific operations. Based on
the field monitoring data analyzed in this report, the following
approaches can be adopted to improve the application .of the
current CEB method:

® The.current "Q" values in the CEB method for hand
exposure tends to generate exposure estimates that fall
in the upper range of the distribution of the
applicable field data. - Use of the CEB method thus
provides a conservative estimate of exposure. Any
refinement in the estimates will need more field data
for validation. Based on a review of the available
data and information collected and. eval-:ated, the
current methodology and input paramete. used by EPA in
estimating the potential for dermal ex .:ure during
industrial operations appear to be reascaable.
However, characterization of CEB estimates as bounding
estimates should be reevaluated for some opérations.
The deposition of material on the skin may vary by
several orders of magnitude, depending on factors such
‘ag the task performed by the worker, individual worker
habits, and other physical characteristics of the
contaminant. The data with which to estimate the
potential for dermal exposure in individual operations
is limited, and additional data and information is
needed to improve dermal exposure estimates.

o The estimate of dermal exposure on outside clothing or .
on bare skin at various body sections can be ‘calculated
Using the PHED time normalized-data---The-recommended.
values are shown in Table 8-1. These rates are
recommended for use with the CEB method to estimate
daily dermal potential dose rate. If the daily
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exposure duration is much different than 4 hours or if
a better estimate of the quantity of chemical handled
ig available, the time or quantity normalized gross

deposition ratesg presented in Chapter VII may be used.

The EPA (1987a) values (shown in Table 3-2) for skin
surface area should be used.

The deposition approach is appropriate to estimate
dermal absorption for solids but does not adequately
address the continuous process of deposition and
absorption for liquid media. The skin permeation
approach is more appropriate for estimating dermal
absorption for liquid media but further development is
needed before this will be a viable approcach for
industrial scenarios. Appropriate initial and boundary
parameters may be developed from PHED data for use with
mathematical equations to estimate dermal absorption of
a liquid media in industrial operations.

TABLE §-1
RECOMMENDED DERMAL RETENTION RATES AS

INPUT PARAMETERS FOR THE CEB DERMAL EXPOSURE ESTIMATING METHOD

Derwal Retention (xg/cw’)
Body Section
Mixing of Aqueous nixing of Solution | Mixing of Wettable Ory Mixing of
Suspens ion Powder with Liquid Granule
Head/Face 15 15 10 20
Shoulder 10 10 110 50.
Upper Arms 1- 5 -- 30
Chest 60 40 120 &0
Back 10 10 100 10
forearms 10 50 240 240
Thigh 110 30 90 160
Shin or Calf .- <30 30 -~
Ankle 10 .- 1 -~
M Ry —_— - —

Source: Table 6-4, time normalized data with rounding to the nearest 1, 5, or 10 and with obviously unusual
number excluded. (1100 u/cq’ at shin for mixing of aquecus suspension, 350 xg/cw® at ankle for
mixing of solution; and 370 ag/cw’ at snkle for dry mixing of granule.) .
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C. RECOMMENDATIONS FOR FUTURE RESEARCH

The prediction of occupational dermal exposure is very
difficult because of the complex physical and physiological
processes involved and a lack of pertinent field data. The
available field data gathered in this document represent a
comprehensive review and analysis of readily available papers on
dermal exposure for mixing, loading, and associated operations
involving pesticides and a preliminary analysis of one of the
data files in PHED. The data should present a‘fairly accurate
description of current knowledge and information on dermal
exposure from mixing and loading operations. However, much
research remains to be done. The following discussion provides a
few recommendations.

Further Analysis of PHED

By far, the PHED represents the most structured source of
data, in fact, it is the only statistically valid data base
available. The PHED is a =source of information which can be
extracted to further refine the estimating parameters needed in
predicting dermal deposition rate. Based on the data analyzed so
far, additional analysis on PHED data should include:

° Analysis of correlation between exposure and handling
rate (lb. AI/hr or gal. AI/hr). Current PHED structure
does not allow this analysis directly. The data will
need to be exported to a different data base file for
manipulation. If a better correlation is found with
this variable, a better estimate of exposure can be .
made.

L Comparison of exposure values measured outside of and
inside of protective clothing to evaluate .the barrier
effect of the clothing. Some of the records in PHED
contain both the inside and outside exposure values for
a body section on the same person. A comparison can be
made from such exposure values to evaluate the barrier
effect of various types of clothing. Inspection of raw
data input will be necessary to determine the type of
clothing used. Even if the outside and inside samples
are not from the same worker, it is possible to examine
all inside and outside data related to a specific type
of clothing under similar work conditions to evaluate
the barrier effect of the clothing.

° With pass-through factors developed from applicable
PHED data to estimate the barrier effect of clothing,
it will be possible to estimate actual dermal exposure.
on bare skin underneath the clothing from the outside
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cloth;ng potential dermal retention data as recommended
in this document.

® Analysis of other data files in PHED. Dermal exposure
data relating to spraying operations are contained in
Applicators files and also in the
Mixer/Loader/Applicator files of the PHED. An analysis
on these additional files may yield results for
reference in developing a method to estimate dermal
exposure from industrial spray operations.

Field Studies

Ideally, field studies of actual dermal exposure monitoring
should be performed to validate a predictive model. At least,
laboratory simulation of industrial operations should be
conducted to evaluate the various parameters involved in any
modeling effort. The current CEB, EAB, and ORD particulate
estimating methods all are based on a simple concept of extending
skin deposition on a unit area to the entire section of the body.
Only a limited estimate of the deposition rate from hand
immersion tests and a few specific liquid handling operations has
been developed. The data developed in this document corroborate
the CEB estimates for hand exposure and add a few more parameters
 for estimating deposition at other parts of the body. There is a
need for standardizing methodolcogies and interpretation of data.
Once the methodologies/interpretations are standardized, the
process of chemical deposition to be evaluated should include, in
addition to immersion:

[ Settling of.droplets, mist, or dust on skin

© Impingement of droplet, mist or dust particle on skin

© Chemical transfei through direct contact.

® Permeation or penetration through clothing, gloves, and
barrier cream .

] Retention of volatile compounds on the skin

® Retention of chemical on the skin and the total area of

skin contact from specific unit operations such as
electroplating, metal cleaning, spray painting,
pulverizing, spray drying, or liquid filtratiomn.

Skin retention of chemicals through these processes needs to
be investigated and appropriate parameters developed.
Furthermore, there are many o6ther factors that may greatly
influence the outcome of a dermal exposure assessment method.
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Some of ;he factors may cause overestimates and some may
underestimate the true exposure. The impacts of such factors
should be evaluated:

1. Work and Protective Clothing

The use of any clothing will present a barrier in the
transmission of chemical from a source to the skin. As discussed
in Chapter VII, many factors such as fabric type, garment design,
use pattern, and work activity will determine how effective the
barrier will be. The preliminary "pass-through" factors as
summarized in Chapter VII are still too limited to be of use for
industrial scenarios at this time. Since the manner in which
clothing is used (incluzing donning and doffing gloves) impacts
the protection provided, field studies under normal use
conditions are recommended. Without considering the barrier
effect, the outside clothing deposition data alone can not
accurately predict the actual skin exposure.

2. Maximum Retention

There is a limit to the total amount of chemical that can be
deposited and retained on the skin. The thin film approach used
in the EAB method (EPA, 1987b), the Versar (1984) study, the
Kissel et al (1996a) study of soil adherence, and the limiting
retention of repellent studied by Rutledge (1988) represent
attempts in establishing an upper bound for the estimate of
dermal deposition rate. If the limiting factor in dermal
retention is overlooked, an overestimate may result.

3. Effects of Washing

Handwashing or showering has been used as standard
decontamination procedures for skin. However, there have been a
few studies documenting the efficiency of such a hygienic
practice. Fenske and Lu (1994) studied the removal efficiency of
a standard handwash technique for estimating pesticide residue
levels on the hands and found that a substantial amount of
pesticide applied to the hands was not recovered from the
handwash. If handwashing or bodywashing is used routinely during
breaks, a- certain portion of the deposited chemical will be
removed. Without considering the effect of washing, dermal
exposure may be overegtimated. However, more specific data are
needed to be able to assess the effects of washing on dermal
exposure in the actual work environment.

4. Chemical Loss Through Evaporation

Volatile compounds will evaporate from the skin surface.
The amount of a volatile compound measured on the skin represents
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only the net amount at the end of the sampling period.

Obviously, the volatility of the compound, the duration of
contact, the original quantity deposited, and the ambient
temperature will all have an impact on how much is retained on
the skin at any time. A correction factor to adjust the estimate
downward needs to be considered.

5. Chemical "Loss" Through Dermal Absorption

For chemicals with a property of rapid absorption through
the skin, the amount remaining on the skin will be in constant
flux reflecting the balance between the amount deposited and the.
amount absorbed (assuming little loss from evaporation). If a
dermal deposition rate for such chemicals is to be developed
through measurement with a pad or wipe sampling technique, the
amount measured may not represent -the true exposure. Potential
"loss" through absorption should be considered to assess exposure
hazard through dermal absorption. The skin permeation
cocefficient method of estimating dermal absorption will be a
better approach to addressing such problems.

6. Skin-Hydration

Sweating may cause the migration of deposited chemicals from
one site to the other or cause the deposited chemicals to fall
off the body. It may also cause an increased absorption through
the skin. On the other hand, it may increase the adhesion of
powdery chemicals. No quantltative estimate of these effects can
be made at this time. 1In general, skin hydration will tend to
cause an underestimate of the deposition factor.

7. Transfer Rate from Surface to Skin

Some industrial activities may be more appropriately
represented by a method which predicts the amount of contaminant
transferred from a surface to the skin. Such activities as
monltorlng a process from an isolated contrcl room, occasionally
enterlng a process area to v1sua11y check equipment and process
monitors, taking samples using enclosed sampling apparatus, or
opening or closing.valves on a piece of equipment are common
activities where the primary exposure may result from contact
with contaminated surfaces. However, data on the transfer of
contaminants from surfaces such as these to the skin is currently
not available for industrial operations. This data is important
in improving estimates of dermal exposure due to transfer of
contaminants from surface to skin in the industrial environment.
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8. Activity Patterns

There is very little information available with which to
characterize the activity patterns in the industrial environment.
Therefore, assumptions regarding the specific worker activities
or tasks performed, the duration of exposure, the quantity of
material handled, the potential surface area of contact (e.g., 1-
hand, 2-hands, palm surface, etc.) are required to be made when
estimating the potential for dermal exposure. This information
is critical to improving our understanding of the environmental
and worker-related factors which contribute to dermal exposure.

Theoretical Studies

In this document, dermal depcsition rates are developed for
estimating absorption with the fractional absorption approach for
both the solid and liquid chemicals. Even though the fractional
approach is only appropriate for solids, the lack of adequate
skin permeation coefficients for liquid media dictates that the
fractional absorption approach be used for liquids..

At the present time, only the theoretical equations for
estimating dermal absorption of chemicals -in an aqueous solution
under "infinite" exposure conditions have been developed by ORD.
The permeation coefficients needed for these equations are
available for many chemicals either through experimental data or
through theoretical estimates.

However, data on .permeation coefficients in non-aqueous
media, the type of data needed for occupational exposure
assessment, are not yet available. This is an obvious area for
future research. Furthermore, the ORD equations developed for
dermal absorption of contaminants in polluted water will need to
be modified or used with different initial and boundary exposure
conditions to predict dermal absorption in occupational settlngs.
A wealth of data on surface retention rate for pesticide
exposures are available as shown in this.document. Studies
should lnvestlgate how such data can be used in conjunction with
the ORD equations to better estimate dermal absorption from
occupational expqsure.
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APPENDIX A

STATISTICAL DESCRIPTORS OF ESTIMATED GROSS DERMAL
DEPOSITION NORMALIZED BY QUANTITY OF CHEMICAL HANDLED



TAZLZ A-L
Z3TIMATED SRI535 ZERMAL TEPOSITICN RATES NCRMALIZED 3Y SUANTITY o7 IFIMIzaL
HANDLED, ug/cml?/gal, FR0OM PHED FOR EIMULSIFIABLE
CONCENTRATE (LIQUID ZTODE 1) WITH QPEN MIXING (MIXING CCDE 1)

3"&”‘: Sams: o, Vymbar 2‘ V“iSHEEﬂEOCS EE]'CH Maan Standa'd LCeviat on geomerrlis Maan Mﬂd'iﬂ
head 77 0.0817 0.1551 0.0092 0.0033
neck front 23 0.0717 0.0809 0.0367 0.045¢0
neck back 13 0.0859 0.2102 0.0183 0.030¢
shoulder a1 0.0359 0.0726 0.0075 0.0058
upper arms 15 0.0867 0.2235 0.0058 0.0433
cnast 80 0.0767 0.1593 0.0092 0.0056
pack 93 0.0267 0.0567 0.0050 0.0033
forearms 109 0.8298 4.0432 0.029% 0.0342
thigh 64 7.8529 47.9925 -0.. 0428 0.3400
shin 14 0.5129 1.8%07 a.067%: 0.0050
calf 22 0.4445 0.8574 0.0¢5G 0.0184
ankle 413 1.7005 7.0623 0.027§ 0.0467
hands 24 141.0904 254.3880 36.687¢ 64.6512

INSIDE PERSONAL CLOTHING

head 6 0.0008 0.0017 0.0008 6.0408
neck front Q
neck back qQ
shoulder 28 0.0025 0.0042 g.go17 9.0008.
upper arms 15 2.5837 10.0022 0.0017 G.0go8
chest 96 0.0409 0.1209 0.0058 0. 0033
back a2 0.0225 0.0475 0:0033 0.0037
forearms 64 0.0459 0.0809 0.0058 0.0050
thigh 40 0.0567 0.0909 Q.0G%2 0.0133
shin 0 .
calf 22 0.0050 0.0158 0.0008 0.90LT
ankle 32 0.3244 1.7481 0.0025 ¢.0017
hands 45 - 0.7481 1.5210 0.083% 0.1896

Note: Values in shaded area represent the central tendency parameter that best characterizes
the distribution of the data: arith. mean for normal distribution, geometric mean for log
normal discribution, and median fcor other distributions.



TABLZ A-2

ISTIMATED 3R3SS DERMAL DEPQSITION PATES NORMALIZED 8Y JUANTITY OF CHEMICAL
HANDLED, ug/=m®/gal, FROM PHED FOR EMULSIFIABLE

CCNCENTRATE (LIQUID CODE 1) WITH CLOSED MIXING (MIXING CODE 2

JUTSITE ZLITHING

Jody §aczizs Nember of Measursments Arith, Mean Standard Reviacion Geomerric. Meg Yad:
nead 20 0.0117 0.0192 0.0033 2.20133
reck front 0
neck back 0
shoulder 4 0.0029 0.0042 0.0008 0.3008
upper arms 13 0.0067 0.0125 0..0033 0.0013
chesc 20 0.027S 0.0475 £.0483 0.0058
back 20 0.0150 0.0459 0.0017 0.0025
forearms 14 0.1738 0.5079 0.0563 0.07S1
thigh 14 0.3987 0.7097 0-0667 0.0801
shin 8 0.0350 0.0542 I.Ulo8 0 0042
calf 0
ankle 5 0.0142 0.0209 0.0088 0.0025
hands 0

INSIDE PERSONAL CLOTHING

Body Sectiog Mwunu;ai;uhsau:smnn;: Arith, Msan Stagdard Deviaricn Ceometric Meaz Mediag

head 0
neck front 0
neck back o]
shoulder 0
upper arms 19 ¢,.00%4 0.0017 ¢.0008 0.0025
chest 14 0.0017 0.0017 ‘#0588 0.0025
back 14 0.0017 0.0017 0. 0008 0.0025
forearms 19 0.0017 0.0017 0.0008 Q. 0UZS
thigh 14 0.4262 1.5846 0.0025 G.0Mm3
shin 2} 0.0033 0.0008 ty. 8033 0.0033
calf 0
ankle 11 0.0017 0.0017 ¢.0608 0.0008
hands 15 0.0156 0.0Ll85 &, 0085 0.0106

Note: Values in shaded area represent the central tendency parameter that best characterizes
rhe distribution of the data: arith. mean for normal distribution, geometric mean for log
normal discribution, and median for other distributions.



TABLE A-)
Z5TIMATED 35R0S3S DSAMAL 2EPOSITION ZATES NORMALIZED BY ZUANTITY OF IHEMTZaL
HANDLED, ug/cm?/gal, FROM PHED FOR AQUZOUS
SUSPEMSICN {LIQUID CODE 2) WITH OPEN MIXING (MIXING COCE 1)

JUT3ISE ZLITHING

Bady Sem=:-n Mugker af Meas iremerts Arsrh., Mean Stapdard Deviacion Geometric Masan Madsan
Aead 15 0.1668 0.5730 8.0158 2.0139
neck front
neck back 0
shoulder 16 0.0292 0.0684 8.0108 9.708)
upper arms 6 0.0083 0.0050 0.0087 9.2967
chest 16 0.5980 2.1050 0.0375 3. 3420
back 16 0.0200 0.0284 0.0917 5.3087
forearms § 0.093¢ 0.1159 0.0412 3.0684
thigh 16 0.4971 0.6637 0.1785 0.2285
shin 10 S.1433 12.0780 %.3353 0.7589
calf 0
ankle 6 0.0809 0.1218 0,030% 0.0142
hands 16 10.6851 16.1038 2.1101 3.4366

INSIDE' PERSONAL CLOTHING

head o]
neck front 0
neck back 0
shoulder o]
upper arms Q
chest 8 0.0050 0.0087 5.0933 0.0025
back 6 0.0025 0.0025 UL YUY 0.0017
forearms & 0.0075 0.0067 0.005Q Q.0050
thigh o]
shin 6 0.0083 0.0067: §.0067 0.0067
calf s}
ankle & 0.0042 0.0033 0. 0833 0.0025§
hands 6 1.0821 0.8406 0.768% 0.97717

Note: Values in shaded area represent the central tendency paramecer that best characterizes
the discribution of the data: arith. mean for normal distributien, geometric mean for leg
ncrmal discribution, and median for other distributions.
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TABLI A-4
SSTIMATED GROSS SZAMAL DEPCSITICN RATES NCOAMALIZED 8Y QUANTITY SF cuSMI=AL
HANCLED, ug/cmi/gal, FROM PHED FOR SOLUTION
(LIQUID CCCE 4) WITH OPEN MIXING (MIXING CODE 1)

GUTSIZE ZLITHING

Q5 Sam~= N -F =) aClCh MngSCﬁada:d Qesczac;gar‘ fal fod =) Madsam

nead 23 ’ 0.0267 0.0292 0.0135 7.02%3
reck front
neck back

stoulder 16 0.0334 0.0584 0.¢158 n.0100
upper arms 16 0.0067 0.0042 0.0042 0.0190
chest 23 0.0734 0.1368 o.6206 0.0102
nack 23 0.0467 0.1334 0.0¢75 9.0120
forearms 23 0.0692 0.1068 0.025¢9 0.0142
thigh 23 0.2769 0.9049 £.9267 0.0200
shin o]
calt 7 0.0058 0.0133 3. 0882 0.0008
ankle 16 4.3643 11.5709 ¢.BFFE 0.0575
hands 6 0.1665 0.1215 0.1363 0.1082

INSIDE PERSONAL CLOTHING

Bedy Section Number of Measurements Arith, MeapStapdard Deviatiopn GeomeCric Mean  Median

head 4 0.0350 0.0125 2.0338 0.0292
neck front 0
neck back 0
shoulder 13 0.0158 0.0092 ¢.0142 0.0100
upper arms 16 0.0067 0.0050 0.0033F 0.0100
chest 20 0.0133 0.0158 U.ousm 0.0100
back 19 0.0267 0.0801 a.0058 0.0100
forearms 14 0.0175 0.0150 0.0117 ¢.0108
thigh 20 0.0108 g.0100 §.045% 0.0100
shin Q
calf 7 0.0008 0.0008 T T ¢.0008
ankle 13 0.0158 0.0092 0.2143 0.0100
hands 14 0.0558 0.0654 0:.0220 0.0064

Note: Values in shaded area represent the central tendency parameter that best characterizes
' ' s

the distribution of the data: arith. mean for normal distzibution, geometric mean for log

normal d.stribution, and median for other distributions.



TA3LZ A-3
I3TIMATIOD JR3SS CEZRMAL JEPASITICIN RATES NORMALIZZD BY QUANTITY OF THEMICAL
JANDLED, ug/zm?/lb, FRCM PHYED FTR WETTA3LE
PCWDER {30LID CODE i) WITH OPEN MIXING (MIXING CCDE )

JUTSIIE ILITHING

Jcdv Santoam Number 2F Moisyurements 5:1"!1 Mean SCiﬂdiCd Davigtion Zeqmetrr¢ Mean ﬂgd-ia
nead 25 0.0172 0.0284 0.0033 0.0063
mezk fromt 3 0.0009 0.2008 0. 0006 0.0008
neck back 4.0004 0.0001 8.0802 0.0093
sheulder 19 0.1415 0.1983 0.030& 0.3734
upper arms 0
zhest 31 0.0696 0.0807 0.0118 0 9157
back 31 0.0356 0.0537 8.0657 0.2130
forearms 33 0.5060 1.4344 Q.0348. 2.1651L
thigh 31 0.2166 0.6961 0.0228 9.0627
shin 7 0.0512 0.0881 0.0055 0.0104
calf 6 0.0032 0.0058 0.053¢& 0.0010
ankle 7 0.026F 0.0445 9.0038 0.0125
hands 12 11.0889 25.903¢ .9,3933 1.2306

INSIDE PERSONAL CLQOTHING

head 6 0.0009 0.0002 a.006% 0.0010
neck front s}
neck back 0
shoulder 17 0.1014 0.3398 v.005% 0.0020
upper arms 0
chest 22 0.0637 0.2561 0.00%% 0.0010
back 22 0.0656 0.2604 8.081% 0.9010
forearms 19 0.0412 0.0894 . 0004 0.0071
thigh 21 0.0049 0.0065 ¢.001%: 0.0010
shin 7 0.0021 0.0034 0.0p0% 0.0012
calf 6 0.0009 0.06002 0.000%" 0.0010
ankle 7 0.0048 0.0044 0. 0007, 0.0083
hands 14 0.0279 0.0374 6.0024 0.0127"

Note: Values in shadad area represent the central tendency parameter that best characterizes
che discribution of the daca: arith. mean for normal distribution. gecmetric mean for log
normal disctribution, and median for other distributions.
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IUTSICE ILITHING
Qad, Sammca= D
head

neck front
neck back
shculder
upper arms
chest
back
forearms
thigh
shin
calf
ankle
hands

-

a

POWDER

16
16
24
16
16

INSIDE PERSONAL CLOTHING

head
neck front
neck back
shoulder
upper arms
chest
back
forearms
thigh
shin
calf
ankle
hands

Note:

o O o

24
24
16
24
16

25,

O O O o O o

O O O O O O

0.

TA3LZ
I3TIMATEID RCS3 CEAMAL CEPOSITION RATES NCRMALIZED BY CUANTITY OF CHIMICAL
AANDLZD, vy/cm!/lb, FROM PHED FOR FLCWABLE

1SOLID COCE 2) WITH OPEN MIXING

.0393
.0927
.0354
.0939
.6240.
.0366

.0026
.0018
.0011
.0029
.0251
L0114

0003

¢.08%4

A-3

o - O O O O

O 0 O O o o

o

L0374
.0952
.0540
.1009
.0084
-0425

.0032
.0016
.0008
.0022
.0729
.0281

.0004

0.0067

{(MIXING CODE 1}

0. 0805

6.0235

0.0388
0.'¢10%

00376

¢.1278
¢.0185%

. 0070
¢. 0911
¢.0008

T.0023
‘6.002%

0.083%

§.0002
0.0047

-]

O O O O o o

[=)

the distribution of the data} arith. mean for normal distribution, geometric mean fgr log
normal distribution, and median for other discributions.

.0246

.0Q20
.0015
.0015
.0020
.0020
.0020

.0001
.0096

Values in shaded area represent the central tendency parameter that best characterizes
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MATED 5RCS3 2IZAMAL DEPCSITICN FATES NCOMALIZED B8Y QUANTITY OF ChEMITAL
HANDLED, ug/emi/la. FROM PHED FOR GRANULE
'SOLID CODE 4) WITH OPEN MIXING 'MIXING CCDE 1)

LTIz ILITHEING
Sadee Samecoam 3 iz AR Arita. M stapdard De . G Ll Ma (a2
~ead 3 0.0011 0.0015 ‘ 8.0004 0.99¢C)
nack front
~eck back
shecuider Ly 0.0025 0.Q045 ¢.Q000€ 3d.00493
upper arms 3 0.0016 0.0021 08.00G3 0.2008
chest i1 0.0036 0.0056 g.0013 2.0007
back L1 0.0006 0.0008 0.00632 9.2004
Forearms 11 0.0095 0.0241 G;OUQQ 0.0021
chigh 11 0.0273 0.0654 0.004% 0.0030
shin Q
calf 0
ankle 3 0.0136 0.0518 g.eess 0.006%
hands 0

INSIDE PERSONAL CLOTHING

head 0
neck front Q
neck back Q
shoulder 0
upper arms 3 0.0001 ,0.0002 0.5001 0.0001
chest 8 0.0005 0.0002 -5 QUUEF 0.0005
back 8 0.0004 0.0002 q.aeny 0.0004
forearms 3 0.0007 0.0010 'P.900Z 0.0002
thigh Q
shin 0
calf 0
ankle 3 0.0003 0.0005 8003 0.0001
rands 3 0.0033 0.0056 8.4602 0.0000

Mote: Values in shaded area represent the central tendency parameter that best characterizes
the distribucion of the data: arith. mean for normal distribution, geometric mean for log
normal-discribution,. and median_ for other distributions.



