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Introduction: The RISKOFDERM project collecied task-based estimates of potential dermal
exposure from a wide range of industries and services from around Europe. A formal statistical
analysis was carried out to explore the main components of variability in dermal exposure
levels. The central research question was to what extent dermal exposure levels could be
explained by generic grouping variables like ‘exposure scenarios’ and ‘dermal exposure oper-
ation units’ (DEOs) (grouping of scenarios on the basis of similarity in exposure patterns).

Methods: Mixed effect linear models were used to estimate variance components of potentiaf
dermal exposure for DEOs or scenarios and for factories, workers and time. In addition within-
and between-worker variance components were estimated for single groups of workers
performing a specific scenario in a specific Jocation with potential dermal exposure to a specific
agent.

Results: Variability in potential dermal exposure is very large. Differences in geometric mean
potential dermal exposure can range over 3-5 orders of magnitude both for DEOs and
scenarios. The range depends on how dermal exposure is expressed (amount or rate). Both
DEOs and scenarios explain a considerable amount of variability, but large differences in
dermal exposure still existed within DEOs and scenarios. In contrast, between-worker varia-
bility in mean potential dermal exposure is minimal for a given scenario carried out within a
specific location with exposure to a particular agent. Temporal variability, however, is consid-
erable, most likely due to the event-based nature of the dermal exposure process.

Conclusion: The classification of tasks in DEOs and scenarios has proven to be useful since
large differences in average dermal exposure estimates exist between DEOs and between
scenarios. However, large differences also exist between scenarios within a DEO and even
within a scenario. These differences are governed by local conditions determined by the actual
handling of the agent, the agent’s physical and chemical properties, its intrinsic toxicity, control
measures taken and training and attitude of workers. For the time being, actual dermal
exposure measurements and a better understanding of actual determinants of dermal exposure
seem to be a necessity in order to evaluate dermal exposure hazards properly.
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INTRODUCTION len (2001) reported on variability in dermal expos-
ures from a database comprising data from 20
surveys. Their median values of between-worker
(0% = 0.15) and within-worker variability (o2, =
0.47) were quite similar to what was reported earlier
*Author to whom correspondence should be addressed. for respiratory exposure (Kr‘omhout .et al., 1993). .
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h.kromhout @iras.uu.nl an overview of dermal exposure in Europe, yielded

Information on the variability of dermal exposure is
relatively scarce. Recently, Kromhout and Vermeu-
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enough data to explore this matter further for task-
based measurements (Rajan-Sithamparanadarajah ez
al., 2004). In the RISKOFDERM project, exposure
scenarios (made up of a series of activities) were
grouped together into dermal exposure operations
units (DEOs). The allocation of scenarios to DEOs
was achieved on the basis of similarities of task and
professional judgement (Rajan-Sithamparanadarajah
et al., 2004). The large variety of agents, workplaces

and methods used to estimate dermal exposure in this
survey enabled us to study the relative importance of
factors like DEOs, scenarios, factories, workers and
time. Our statistical analyses of the RISKOFDERM
database were aimed at providing insight into
whether the DEO or scenario approach could be used
as a generic method to predict and assess dermal
exposures.

Table 1. Description of data structure estimates of potential dermal exposure of hands

DEO Scenario No. of No. of No. of Repeats
factories workers  measurements
(F) (K) (N)
1. Handling objects 106. Mainlenance/servicing 19 28 34 6 individuals (n = 2)
108. Loading 8 15 28 5individuals 3 n =
2, 1n=4;1n=238)
110. Filling 28 47 60 13 individuals (n =2)
114, Mixing/diluting 4 14 29 8 individuals (7 n =
2:1n=9)
2. Manual dispersion 202. Wiping 3 9 30 7 individuals (2 n =
3;,3n=4;2n=25)
3. Manual dispersion with hand tools 301. Pouring l 3 4 1 individual (n = 2)
302. Spreading material 16 24 30 6 individuals (1 = 2)
304. Rolling 2 10 30 8 individuals 3 n =
2:2n=3;1n=4;2
n=06)
305. Brushing 4 13 24 11 individuals (n = 2)
4, Spray dispersion 402. Spray painting 23 37 77 15 individuals (8 n =
2:2n=4;1n=5,2
n=62n=7)
5. Dip coating 501. Galvanizing 6 16 29 13 individuals (n = 2)
6. Mechanical treatment of solids? 606. Grinding 5 15 29 14 individuals (n = 2)

4In the analyses we kept this data set even though workers wore gloves for an unknown proportion of the time during the

measurcments.

Table 2. Description of data structure estimates of potential dermal exposure of body

DEO Scenario No. of No. of No. of Repeats
factories  workers — measurcments
(F) (X) N)
1. Handling objects 106. Maintenance/servicing 19 28 34 6 individuals (n = 2)
108. Loading 4 7 10 3 individuals (n =2)
110. Filling 23 32 39 7 individuals (n = 2)
114. Mixing/diluting 4 14 34 8 individuals (7 n =
2;ln=14)

2. Manual dispersion 202. Wiping 3 9 30 7 individuals (2 n =
3:3n=4,2n=95)

3. Manual dispersion with hand tools 301. Pouring 1 3 1 individual (n = 2)

302. Spreading material 5 6 12 6 individuals (rn = 2)

304. Rolling 2 10 45 9 individuals (2 n =
2:4n=31n=42
n=12)

4. Spray dispersion 402. Spray painting 22 38 87 14 individuals (7 n =
2:1n=3;1n=4;1
n=71n=83n=
9

5. Dip coating 501. Galvanizing 9 43 56 13 individuals (n = 2)

6. Mechanical treatment of solids 602. Machining 33 39 1 individual (n =7)

606. Grinding 15 29 14 individuals (n = 2)

aterial may be protected by copyright law (Title 17, U.S. Code)



Variability of dermal exposure measurcments 189

MATERIALS AND METHODS

Details of the exposure surveys conducted in five
countries can be found elsewhere (Rajan-Sitham-
paranadarajah er al., 2004). The RISKOFDERM
database was created by one of us (M.R.) and consists
of 574 sets of individuals’ dermal exposure samples.
We analysed the following estimates of dermal
exposurc: total contamination of hands and body (mg
formulation) and total contamination rate of hands
and body (mg formulation/min). Dermal exposure
expressed as total contamination (mg) is event-based
and one assumes that area of contamination is
constant. When dermal exposure is expressed as a
rate it is assumed to take place continuously during
the period of measurement.

After exclusion of samples collected under protec-
tive clothing we were left with 404 (70%) measure-
ments of total potential dermal exposure of the hands
and 419 (73%) measurements of total potential
dermal exposure of the body. One series of hand
measurements was collected from workers who wore
leather or cotton gloves for an unknown period of
time during the measurements. We decided not to
exclude these measurements although potential
exposure might have been underestimated.

We used SAS for Windows (version 8.2) to calcu-
late descriptive statistics and variance components.
Mixed effect linear models were estimated with the
Mixed Procedure (Proc Mixed). In the mixed effect
models the nested structure of the data was main-
tained, so we assumed that factories were nested in
either a DEO or scenario, with workers nested in a
factory. Repeated measurements on an individual
worker were on different days or in some cases
within a day. With only a few series of repeats
collected both within a day and over more than 1 day
available we could not justifiably estimate a within-
day component of variance. Therefore, all repeats
(collected either within a day or over several days)
were treated similarly.

The actual model tested looks as follows for a
DEO:

Yo = In(Xyp) = W+ 0+ Bypt Vo + €45

ford=1,...,6 DEOs; f= 1, ..., f, factories in the dth
DEO;i=1, ..., kdf workers in the fth factory in the dth
DEQO;j=1, ..., ny; Measurements from the ith worker
in the fth factory in the dth DEO. In this model, L,
represents the true mean of the logged dermal
exposure averaged over all strata, ¢, is the random
effect of the dth DEO, B is the random effect of the
fth factory in the dth DEO, Y5 1s the random effect of
the ith worker in the fth factory in the dth DEO and
€45, is the random effect of the jth measurement effect
of the ith worker in the fth factory in the dth DEO.
The assumption is that o, B v,; and €, are each
normally distributed and mutually independent, with

means of 0 and variances of 62, 6% 6%; and o2y,
respectively. The ‘D’, ‘F’, ‘B” and “W” subscripts are
used to indicate that these variance components
represent variation between DEO, between factory,
between workers and within workers, respectively.
The estimates of 67}, 6%, 6% and 62y, are presented
as 482, 82, %, and S, respectively. The 97.5 and
2.5 percentiles of the distributions (on the original
scale) are also presented (Rappaport, 1991). They
represent the fold ranges of variation of dermal
exposure across DEOs, between factories, between
persons and within persons, respectively. They are

estimated as  follows: pRpgs = exE“'gzdSv),
3.92 .

ERogs = exp(‘;)ngs_\?, BRogs = exp® ) and

wRoos = exp®?2d

A similar model was used in which DEO was
replaced by scenario (n = 12).

A one-way random effects ANOVA model was
used to estimate within- and between-worker varia-
bility for groups of workers defined by scenario and
location. Criteria for these groups were similar to
those described by Kromhout and Vermeulen (2001):
at least two workers, with at least one with repeated
measurements, at least four measurements in total
and with at least 75% of observations >LOD.

The classical ANOVA model for this analysis is as
follows:

Yy = In(Xy) =, +B;+e,

fori=1, ..., kworkers andj = 1, ..., n; measurements
from the ith worker. In this model, 1, represents the
true mean of the logged dermal exposure averaged
over all strata, B; is the random effect of the ith
worker and €;; is the random effect of the jth measure-
ment effect of the ith worker. The assumption is that
B; and ¢;; are each normally distributed and mutually
independent, with means of 0 and variances of fo
and 62y, respectively. The ‘B’ and ‘W’ subscripts are
used to indicate that these variance components
represent variation between-workers and within-
workers, respectively. The estimates of 625 and 62y,
are presented as bSZy and ,,$%,, respectively.

This analysis enabled a direct comparison with
variance components estimated from the DERMDAT
database (Kromhout and Vermeulen, 2001).

RESULTS

In Tables 1 and 2 descriptive statistics of the
number of factories, workers and measurements are
given for each of the scenarios of each DEO for
dermal exposure estimates of the hands and body,
respectively. In this table the number of individuals
with repeated measurements is also given.

From Table 3a it can be seen that geometric mean
levels of dermal exposure range over up to 4 orders of
magnitude between DEOs when exposure is
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Table 3. Descriptive statistics for potential dermal exposure of hands and body

DEO Scenario N Exposure (mg) Exposure (mg/min)
AM GM GSD AM GM GSD

(a) For each DEO

Hands
All 404 3563 106 24.7 197 4 333
1. Handling objects 151 3930 90 29.2 138 9 215
2. Manual dispersion 30 20964 7890 13.3 1803 798 10.2
3. Manual dispersion with hand-held 88 486 104 9.9 10 2 9.1
tools
4. Spray dispersion 77 2252 286 10.9 48 9 6.8
5. Dip coating 29 3 2 33 0.01 0.01 38
6. Mechanical treatment 29 30 16 33 0.25 0.12 3.6
Body
All 419 3332 234 24.2 78 9 19.9
1. Handling objects 117 1942 16 31.1 51 2 30.1
2. Manual dispersion 30 3315 853 7.7 296 86 6.9
3. Manual dispersion with hand-held 61 7514 2602 9.0 142 77 4.1
tools
4. Spray dispersion 87 4405 1003 6.6 63 26 4.2
5. Dip coaling 564 374 61 9.2 14 0.7 25.6
6. Mechanical treatment 68 3044 726 7.3 43 9 8.0
(b) For each scenario within a DEO
Hands
All All 404 3562 106 24.7 197 4 333
1. Handling objects
106. 34 1063 71 10.5 73 19 6.2
Mair}tgnance/
servicing
108. Loading 28 3215 217 19.3 335 21 19.4
110. Filling 60 1433 153 10.2 51 12 7.0
114. Mixing/ 29 13146 17 246.3 209 1 130.3
diluting
2. Manual dispersion 202. Wiping 30 20964 7890 13.3 1803 798 10.2
3. Manual dispersion with hand-held 301. Pouring 4 11.1 5 7.2 I 0.8 5.6
tools
302. Spreading 30 46 16 6.7 2 0.5 10.4
material
304. Rolling 30 1241 1036 1.9 25 18 23
305. Brushing 24 170 98 3.0 2 1 29
4. Spray dispersion 402. Spray 77 2252 286 10.9 48 9 6.8
painting
5. Dip coating 501. 29 3 2 33 0.01 0.01 38
Galvanizing
6. Mechanical treatment 606. Grinding 29 30 16 33 0.25 0.12 3.6
Body
All All 419 3332 234 242 78 9 19.9
1. Handling objects 106. 34 1797 42 8.0 87 11 5.4
Maintenance/
servicing
108. Loading 10 18 0.16 16.7 2 0.01 21.4
110. Filling 39 27 18 2.7 10 4 8.1
114. Mixing/ 34 4848 20 170.0 75 | 76.5
diluting
2. Manual dispersion 202. Wiping 30 3315 853 7.7 296 86 6.9
3. Manual dispersion with hand-held
tools

301. Pouring
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Table 3. Continued

DEO Scenario N Exposure (mg) Exposure (mg/min)
AM GM GSD AM GM GSD

302. Spreading 12 193 110 3.5 18 12 2.7
material
304. Rolling 45 10129 8794 1.7 187 158 1.8

4. Spray dispersion 402. Spray 87 4405 1003 6.6 63 26 4.2
painting

5. Dip coating S501. 564 374 61 9.2 14 0.7 25.6
Galvanizing

6. Mechanical treatment 602. Machining 39 4842 1318 9.3 70 21 7.9
606. Grinding 29 3044 326 35 6 3 39

“Due to missing sampling duration information only 55 observations could be used when estimates were based on mg/min.

Table 4. Variance components for potential dermal exposure for grouping by DEO and by scenario

Variance Hands Body
component g Ry 5 5 Ry 95 N o8 Rogs s Ry s
(mg) (mg) (mg/min) (mg/min) (mg) (mg) (mg/min) (mg/min)
Model 1
DEO 6 4.7(41.6%) 4863 13.4(69.2%) 1704 085 6 2.4 (30.0%) 445 29(30.2%) 773
Factory 72 4.2(37.4%) 3107 3.3(16.9%) 1200 59 3.5(43.8%) 1583 4.6 (47.9%) 4305
Subject 179 0.9 (8.3%) 44 12(6.1%) 71 188 0.9 (11.8%) 45 0.9 (8.9%) 37
Error 1.4 (12.7%) 108 1.5(7.8%) 125 1.2 (14.4%) 69 1.2 (13.0%) 78
Total 404 11.3(100%) 516513 194 (100%) 31000518 419* 8.1 (100%) 68274 9.5(100%) 179207
Model 1T
Scenario 12 3.7(39.6%) 1816 8.2 (63.0%) 74651 12 59(58.1%) 13355 4.3(45.2%) 3289
Factory 72 3.8(41.3%) 2135 3.0(23.2%) 906 59 2.4(23.3%) 409 3.3(34.7%) 1210
Subject 179 0.6 (6.8%) 22 05(4.1%) 17 188 0.7 (6.5%) 24 0.7 (7.2%) 25
Error 1.1 (12.4%) 67 1.3(9.8%) 83 1.2(12.1%) 77 1.2(12.9%) 76
Total 404 9.3 (100%) 152086 13.1 (100%) 1384467 4192 10.1 (100%) 258 689 9.5 (100%) 171334

2Due to missing sampling duration information only 48 observations could be used when estimates were based on mg/min.

expressed in milligrams. When the same exposure is
expressed as a rate (mg/min) the order of magnitude
difference increases to 3-5. Differences in geometric
mean levels between scenarios were of the same
order of magnitude as for DEOs when considering
exposure of the hands, but the differences were larger
for scenarios when considering the differences in
exposure of the body (Table 3b).

This enormous variability in levels of dermal
exposures is also reflected in the estimates of the
variance components presented in Table 4. Task-
based dermal exposure can vary by up to a factor of
500000 for potential dermal exposure of the hands
(mg) or even to 30 000 000 when expressed as a rate
(mg/min). For exposure of the body the variability is
less at, respectively, 70000 and 180 000 for mass and
rate. The estimates are somewhat different when
dermal exposure is modelled with scenario instead of
DEO, but are of the same order of magnitude when
considering exposure of the hands and somewhat
larger when considering exposure of the body. Both
DEOs and scenarios explain a considerable amount

of variability in dermal exposure estimates. The
relative contribution of DEOs was 42 and 69%,
respectively, for amount and rate of dermal exposure
of the hands, while for the body this was considerably
lower at 30% for both dermal exposure estimates.
When classified by scenario the relative contributions
were 40 and 63%, respectively, for amount and rate
of exposure of the hands and 58 and 45%, respect-
ively, for the body. Factories contributed between 17
and 48% of the total variability and day-to-day vari-
ability in task-based dermal exposure estimates
accounted for between 8 and 14%. Remarkably, the
variability in mean individual levels was least impor-
tant in most instances (between 4 and 12%) (Table 4).

This was confirmed when between- and within-
individual variability in potential dermal exposure
was estimated for groups of workers performing a
specific scenario within a specific location (factory)
(Table 5 and Fig. 1). Between-worker variability was
minimal, with individual mean dermal exposure
estimates lying on average within a 4-fold range.
Within-individual ~ variability — outweighed the
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Table 5. Median and interquartile range results of one-way random effects ANOVA for groups defined by scenario and factory for

dermal exposure of body and hands

Measure No. of groups hSz_\ (IQ range) wRoos (1Q range) «57, (1Q range) «Rogs (1Q range)
Hands (mg) 30 0.108 (0.359) 3.6(9.5) 0.522 (0.793) 17.0 (43.5)
Hands (mg/min) 30 0.000 (0.425) 1.0(11.9) 0.578 (0.973) 19.9 (60.2)
Body (mg) 22 0.000 (0.093) 1.0 (2.3) 0.835(1.712) 36.5(235.7)
Body (mg/min) 22 0.001 (0.356) 1.1 (94) 0.796 (1.557) 33.1(177.4)

»S2,. between-worker variability; 1R, g5, fold range of individual workers’ mean dermal exposure cstimates; ,S%,, within-worker
variability: Ry s, fold range of worker's individual dermal exposure estimates.

between-individual component, with estimates lying
on average within a 40-fold range.

DISCUSSION AND CONCLUSIONS

This industry-wide survey of workers performing
tasks defined by scenarios within DEOs has shown
the enormous range in potential dermal exposure of
hands and body one could encounter in industry and
services for a variety of chemical compounds. Classi-
fications of tasks by DEO or by scenario both
explained considerable amounts of encountered vari-
ability in dermal exposure, even though the schemes
were only based on similarities in route of exposure
patterns (Schneider et al., 1999). However, the
analyses of variance also showed that within DEOs,
and even within scenarios, large differences in
dermal exposure estimates (up to a factor of between
400 and 4500 depending on the dermal exposure esti-
mate used) exist. This will not be a surprise, when
one takes into account that different agents (and
formulations) with different inherent risks were
monitored while being worked with under very
different conditions. Comparing ‘mixing/diluting’ a
highly toxic chemical such as cyclophosphamide
with ‘mixing/diluting’ a disinfectant containing potas-
sium will show large differences in amounts and rates
of potential dermal exposures caused by control
measures in place (semi-closed systems in the case of
cyclophosphamide versus an open system in the case
of the disinfectant), the volume of substance handled
and workers behaviour and training. In addition,
some variability will have been caused by differences
in monitoring techniques applied.

Monitored scenarios within a specific situation
with exposure to a specific agent showed hardly any
between-worker variability, indicating that definition
and description of tasks making up a scenario was
successful. The resulting average potential exposure
estimates for a specific scenario varied minimally
between workers carrying out the same tasks with the
same formulation in the same location (52, = 0.00~
0.11). On the other hand, the temporal (within-
worker) component was much larger (,$?, = 0.52-
0.80) and actually rather close to the results presented
by Kromhout and Vermeulen (2001) for ‘full-shift’
dermal exposure measurements in their DERMDAT

Material may be prtected by copyright law (Title 17, U.S. Code)

database (,S2, = 0.33-0.79). This analysis once again
shows that potential dermal exposure has a large
temporal component, even when measurement time
is restricted to the duration of specific tasks. Event-
based processes that might or might not happen
during a particular measurement apparently govern
dermal exposure. Of course, the way dermal
exposure is often assessed (e.g. only a relatively
small part of the potentially exposed surface is
measured) also plays a role. This can be seen from the
fact that the temporal (within-worker) component
was larger for dermal exposure estimates of the body
than for dermal exposure estimates of the hands. In
almost all cases, total skin area of both hands was
actually monitored either by a surrogate skin method,
like gloves, or by removal techniques, like hand
washing. Body estimates, in contrast, werc most
often based on pads measurements where non-
uniformity of dermal exposure will increase the
(temporal) variability when extrapolation to the total
body area takes place.

Given the relatively small sample sizes for the
scenarios monitored within a specific situation with
exposure to a specific agent the estimated variance
components should be treated with caution, even
though the results seem to corroborate the results for
the within-worker component of variance presented
by Kromhout and Vermeulen (2001), where the
median number of workers was similar and number
of samples per group somewhat higher (8 versus 6).
Restricting the analyses in the RISKOFDERM data-
base to the groups with larger sample sizes with at
least three workers with at least two repeats showed
similar total variability, but somewhat larger median
temporal variability and consequently lower between-
worker variability. This is most likely again due to
the event-based nature of dermal exposure. More
samples will increase the likelihood of (high) expo-
sure and consequently increase the temporal varia-
bility.

In conclusion, the RISKOFDERM project has
convincingly shown that a wide variety of potential
dermal exposure levels exist in industry and services.
The classification of tasks in generic DEOs and
scenarios has proven to be useful since large differ-
ences in average dermal exposure estimates are
present between DEOs and between scenarios.
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Fig. 1. (a) Cumulative distributions of gRy o5 (diamonds) and R, g5 (squares) for potential dermal exposure of the hands (mg) for
all 30 groups of workers based on scenario and location. (b) Cumulative distributions of gR; o5 (diamonds) and wR, g5 (squares) for
potential dermal exposure of the hands (mg/min) for all 30 groups of workers based on scenario and location. (¢) Cumulative
distributions of R g5 (diamonds) and R, o5 (squares) for potential dermal exposurc of the body (mg) for all 22 groups of workers
based on scenario and location. (d) Cumulative distributions of gRy, s (diamonds) and Ry o5 (squares) for potential dermal
exposure of the hands (mg/min) for all 22 groups of workers hased on scenario and location
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However, the DEO/scenario classification should
only be seen as a first cut of the cake. Large differ-
ences do exist between scenarios within a DEO
and even within a scenario. These differences are
governed by local conditions determined by the
actual handling of the agent, its intrinsic toxicity,
control measures taken and training and attitude of
workers. All these factors are not covered in the clas-
sification scheme, but will determine the potential
exposure and, via actual exposure, the health risks
involved. Further analyses and modelling of the
RISKOFDERM database are underway and will
hopefully unravel actual objective determinants of
dermal exposure and yield predictive models like the
recent model for spray painting (Brouwer et al.,
2001).

In our opinion, it will not be possible to estimate
exposure for a local exposure situation solely on the
generic exposure scenario involved. Additional
measurements of dermal exposure and concomitant
collection of detailed descriptive information will be
a necessity to evaluate potential dermal exposure. In
addition, from a public health perspective and for
epidemiological purposes, estimates of actual dermal
exposure and eventually uptake will be a requirement
to safeguard the working population from the nega-
tive health effects of dermal exposure to chemicals
(Vermeulen er al., 2002).

APPENDIX

Tables Al and A2 show the characteristics of hand
and body exposure respectively.
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Table Al. Characteristics of hand exposure for 30 groups (based on scenario and factory)

Scenario Factory K N Exposure (mg) Exposure (mg/min) Product (agent)
WS WRoss w5 wRoss WS wRoos w7 bRoss

106. Maintenance/ 51 3 4 029 8.2 0.00 1.0 0.12 3.9 0.00 1.0 Washing waler

servicing (cyclophosphamide)

106. Maintenance/ 72 3 4 000 1.1 0.74 293 037 10.7 0.50 16.1 Paint (aluminium)

servicing

108. Loading 14 4 6 447 3986.5 0.00 1.0 429 33545 0.00 1.0 Butyldiglycol

(liquids) (2-(2-butoxyethoxy)
ethanol)

110. Filling 2 2 4 031 8.8 0.79 323 021 59 053 17.2  Butyldiglycol
(2-(2-butoxyethoxy)
ethanol)

t10. Filling 3 2 4 047 146 1.69 1627 033 9.5 1.58 137.4  Paint cleaner
(2-(2-butoxyethoxy)
ethanol)

110. Filling 5 3 4 151 1239 0.16 49 141 105.8 0.00 1.0 Paint
(2-(2-butoxyethoxy)
ethanol)

110. Filling 72 3 4 000 1.0 226 3643 0.03 20 274 658.1 Paint (aluminium)

114. Mixing/ 47 5 9 453 42148 4.31 34190 458 43983 3.33  1272.8 Disinfectant

diluting (potassium)

114. Mixing/ 49 4 7 025 72 0.28 8.0 0.72 27.7 0.00 1.0 Disinfectant

diluting (potassium)

202. Wiping 47 3 6 1145 5751475 0.00 1.0 11.30 528703.5 0.00 1.0 Disinfectant
(potassium)

202. Wiping 48 3 12 019 5.6 0.14 44 0.19 55 0.12 3.8 Disinfectant
(potassium)

202. Wiping 49 3 12 066 242 0.03 20 0.64 229 0.00 1.0 Disinfectant
(potassium)

301. Pouring 51 3 4 361 1725.1 0.32 9.3 297 859.7 0.00 1.0 Urine
(cyclophosphamide)

302. Spreading 18 2 4 012 3.8 0.00 1.0 0.12 3.8 0.00 1.0 Paint (2-(2-

material butoxyethoxy)
ethanol)

304. Rolling 53 4 15 0.19 5.6 0.00 1.0 037 11.0 0.00 1.0 Resin (styrene)

304. Rolling 54 6 15 055 184 0.00 1.0 042 12.8 0.00 1.0 Resin (styrene)

305. Brushing 9 7 14 102 523 049 157 114 66.2 0.42 12.9 Paint
(2-(2-butoxyethoxy)
ethanol)

305. Brushing 11 3 5 054 18.1 0.12 39 052 16.8 (.00 1.0 Paint
(2-(2-butoxyethoxy)
ethanol)

402. Spray painting 44 2 8 074 29.3 0.15 45 070 26.7 0.15 4.6 Dry powder paint
(titanium)

402. Spray painting 50 4 24 099 49.1 0.00 1.0 1.06 56.3 0.00 1.0 Paint (copper)

402. Spray painting 72 3 4 077 312 0.67 250 L.17 69.8 0.48 15.1 Paint (aluminium)

501. Galvanizing 27 2 4 003 2.0 0.00 1.0 0.03 1.9 0.00 1.0 Galvanizing liquids
(nickel)

501. Galvanizing 36 2 4 097 472 0.00 1.0 0.97 47.7 0.00 1.0  Galvanizing liquids
(nickel)

501. Galvanizing 37 2 4 050 16.0 0.00 1.0 047 14.6 0.00 1.0 Galvanizing liquids
(nickel)

501. Galvanizing 38 5 10 1.14 65.4 0.00 1.0 1.57 1349 0.00 1.0 Galvanizing liquids
(nickel)

501. Galvanizing 40 2 4 002 1.6 0.10 34 001 1.6 0.09 3.3 Galvanizing liquids
(nickel)

606. Grinding 32 5 9 034 10.0 0.36 10.5 095 454 045 14.0  Stecl (chromium)

606. Grinding 35 4 8 0.15 4.5 0.12 3.8 014 43 0.17 5.0 Steel (chromium)

606. Grinding 39 2 4 075 29.5 0.00 1.0 0.70 26.3 0.00 1.0 Steel (chromium}

606. Grinding 41 3 6 042 12.8 0.00 1.0 0.33 9.6 0.00 1.0 Steel (chromium)

K, number of workers; N, total number of measurements; ,,S?,, within-worker variability; Ry gs, fold range of worker’s individual
dermal exposure estimates; .S2., between- worker variability; , fold range in individual workers’ mean dermal exposure

IS 0.95
estimates.

Material may be protected by copyright law (Title 17, U.S. Code)
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Table A2. Characteristics of body exposure for 22 groups (based on scenario and factory)

Scenario Factory K N Exposure (mg) Exposure (mg/min) Product (agent)
W WRogs WS wRoos 5% WRoos w8 wRuos

106. Maintenance/ 51 3 4 391 23339 0.00 1.0 3.40 1373.7 0.00 1.0 Washing water

servicing (cyclophosphamide)

106. Maintenance/ 72 3 4 093 44.0 0.00 1.0 0.21 6.0 0.43 13.1 Paint (aluminium)

servicing

108. Loading 14 4 6 093 437 115 66.5 0.84 36.5 1.56 133.6  Butyldiglycol (2-(2-

(tiquids) butoxyethoxy)
ethanol)

110. Filling 72 3 4 002 1.8 0.02 1.8 0.00 1.1 0.29 8.4 Paint (aluminium)

114. Mixing/ 47 5 9 345 14534 0.00 1.0 3.00 891.0 0.00 1.0 Disinfectant

diluting (potassium)

114. Mixing/ 49 4 7 196 2428 0.00 1.0 1.59 140.1 0.00 1.0 Disinfectant

diluting (potassium)

202. Wiping 47 3 6 2.68 612.2 0.00 1.0 257 536.0 0.00 1.0 Disinfectant
(potassium)

202. Wiping 48 3 12 455  4267.1 0.09 3.3 478 5284.7 0.00 1.0 Disinfectant
(potassium)

202. Wiping 49 3 12 260 554.4 0.63 22.2 2.69 6229 0.36 10.4 Disinfectant
(potassium)

301. Pouring 51 34025 7.1 0.00 1.0 0.27 7.7 0.00 1.0 Urine
(cyclophosphamide)

302. Spreading 18 2 4 0.06 2.6 357 16537 0.06 2.6 357 16537 Paint (2-(2-

material butoxycthoxy)
ethanol)

304. Rolling 54 6 15 0.63 22,6 0.00 1.0 0.56 18.7 0.08 3.0 Resin (styrene)

402. Spray painting 72 3 4 0.03 2.0 0.05 2.5 0.12 39 0.04 2.2 Paint (aluminium)

501. Galvanizing 36 2 4 0.67 247 0.00 1.0 0.67 24.8 0.00 1.0 Galvanizing liquids
(nickel)

501. Galvanizing 37 2 4 1.58 1374 091 425 1.53 127.1 0.87 38.6  Galvanizing liquids
(nickel)

501. Galvanizing 38 5 10 0.68 25.1 0.00 1.0 097 47.2 0.00 1.0  Galvanizing liquids
(nickel)

501. Galvanising 40 2 4 0.14 44 0.00 1.0 0.14 4.3 0.00 1.0 Galvanizing liquids
(nickel)

606. Grinding 32 5 9 0.74 2903 035 10.0 0.75 29.8 0.63 22.4  Steel (chromium)

606. Grinding 35 4 8 0.28 7.9 0.00 1.3 0.26 74 0.05 2.5 Steel (chromium)

606. Grinding 39 2 4 113 64.1 0.00 1.0 121 74.1 0.00 1.0 Steel (chromium)

606. Grinding 41 3 6 0.16 4.8 0.00 1.0 0.17 5.0 0.00 1.1 Steel (chromium)

K, number of workers; N, total number of measurements; ,,5%,, within-worker variability; Ry os. fold range of worker’s individual
dermal exposure estimates; 57, between- worker variability; Ry o5, fold range in individual workers’ mean dermal exposure
estimates.

aterial may be protected by copyright law (Title 17, U.S. Code)




