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Objective: To assess dermal exposure to bitumen condensate among road pavers and indoor
mastic workers in multiple crews using a semi-quantitative observational method [DeRmal
Exposure Assessment Method (DREAM)].

Methods: Two skilled observers assessed dermal exposure to bitumen condensate among 85
asphalt workers from 12 crews from nine companies active within four European countries us-
ing the DREAM methodology, which produces an estimate of exposure expressed in dimension-
less DREAM units. Both observers independently evaluated each crew member’s job (N = 14
jobs) for road paving and mastic applications. Potential and actual dermal exposures were es-
timated for hands and for the rest of the body separately, taking into account the effect of pro-
tective clothing. To evaluate the reproducibility of the observational method intra-class
correlation coefficients (ICCs) were estimated. The exposures in DREAM units were modelled
using linear mixed models to estimate average relative scores for each job. Correlations between
dermal exposure parameters were evaluated by estimating Pearson correlation coefficients.

Results: A total of 170 observations were completed by two observers independently (n =
118 and n = 52 for 59 road pavers and 26 mastic workers, respectively) in 11 days. The
mean ICCs (for potential and actual exposure in DREAM units) varied between (.74 and
0.80 with values for actual units being slightly higher. Geometric mean potential dermal ex-
posure units of mastic workers were higher than for road pavers (factor 3 for hands and
factor 4 for rest of the body). Differences for actual dermal exposure units were smaller
for hands (factor 2) and larger for actual exposure units of rest of the body (factor 5). Dif-
ferences in dermal exposure at the hands between jobs within a paving crew were much
larger than between jobs within a mastic crew. Within paving crews, a consistent pattern
for all exposure units emerged with ‘screed man’ and ‘raker’ as the two highest exposed
jobs. Within mastic crews, ‘driver dumper truck’ and °‘spreader of mastic’ were scored
as the two jobs with the highest exposure units. Potential and actual exposure units were
highly correlated. Hands were more profoundly exposed than the rest of the body, with
transfer from contaminated surface to the hands as the most important route.

Conclusions: DREAM observations were reproducible and showed a consistent dermal ex-
posure pattern among the observed crews. The study provided a clear picture of dermal expo-
sure among road pavers and indoor mastic workers, with the mastic workers being
considerably more highly exposed. The most important route of exposure appeared to be
transferred from contaminated surfaces to the hands.
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INTRODUCTION

Bitumen is the residual product from distillation of
crude oil and is mainly being used as paving material
in the asphalt industry (road paving) and in roofing ap-
plications (Burstyn ef al., 2000a). Different types of
asphalt-paving materials are produced according to
the characteristics of the road surface. Mastic asphalt,
which contains a higher than average bitumen content,
is often used for paving indoors, in garages, and for in-
dustrial floors or in homes in Germany (Burstyn et al.,
2000b; EAPA and NAPA, 2009). Bitumen contains
small quantities of complex mixtures of polycyclic ar-
omatic hydrocarbons (PAHs) some of which are either
known or suspected carcinogens (IARC, 2010).
Historically, assessment of occupational exposure to
bitumen has primarily focused on exposure to bitumen
via inhalation (Partanen and Boffetta 1994; Boffetta
et al, 2003a,b; Kauppinen et al., 2003; Randem
et al., 2003; Schulte 2007). Detailed information on
dermal exposures in the asphalt industry is lacking his-
torically except for an early study on coal tar and bitu-
men from The Netherlands (Jongeneelen et al., 1988).
In recent years, new important and informative expo-
sure studies in Europe (Sciarra et al., 2003; Burstyn
et al., 2002, ; Vaaninen et al., 2005, 2006; Fustinoni
et al., 2010) and in the USA (McClean er al.,
2004a,b, 2007) have suggested that workers can also
be exposed to bitumen by dermal contact resulting
from machines (e.g. paving, rolling machines) or when
the worker is in contact with contaminated surfaces
(McClean er al., 2004a). Furthermore, recent toxico-
logical work in mice and humans suggests that skin
contact with PAHs might be relevant to humans, espe-
cially in situation where co-exposures to solvents oc-
cur, because they facilitate passage of carcinogens
through skin, resulting in higher levels of genetic dam-
age in the target organs (Moen et al., 1996; Lee and
Talaska 1999; Lee et al., 2000; Booth-Jones, 2002).
Dermal exposure to bitumen condensate has never
been systematically assessed for epidemiological
studies on the carcinogenicity of bitumen. A recent
nested case—control study on lung cancer among as-
phalt workers was the first epidemiological study to
address an association between dermal exposure to
bitumen condensate and lung cancer (Olsson et al.,
2010). Given the lack of available dermal exposure
measurement data, an observational field survey
was conducted to provide semi-quantitative measures

of dermal exposure intensity among road pavers and
mastic asphalt workers for this study. A generic ob-
servational DeRmal Exposure Assessment Method
(DREAM) was used (Van-Wendel-de-Joode et al.,
2003) which is based on a conceptual model for der-
mal exposure (Schneider et al., 1999). The method
comprises two parts, a multiple-choice questionnaire
(including information on the probability and inten-
sity of the main exposure routes and information on
clothing layer for the worker performing the task
and percentage of working time a task is performed)
and an evaluation model. In the evaluation model,
the values assigned to each answer in the question-
naire are used in an algorithm, which generates a nu-
merical estimate for the dermal exposure level
encountered by workers performing a certain task
or job and are expressed in dimensionless ‘DREAM
units’ (Van-Wendel-de-Joode et al., 2005a). The
reproducibility of the DREAM method has been
tested in a variety of workplaces and shows (high) re-
producible results for a broad range of tasks with der-
mal exposure to liquids, solids, as well as vapours
(Van-Wendel-de-Joode et al., 2005a). Its accuracy
was tested by comparing the semi-quantitative
DREAM units with (quantitative) measured der-
mal exposure in several occupational settings
(Van-Wendel-de-Joode et al., 2005b). The DREAM
method appeared to enable semi-quantitative der-
mal exposure assessment in groups of workers with
considerable contrast in dermal exposure levels
(Van-Wendel-de-Joode et al., 2005b).

The main objective of the field survey was to
assess dermal exposure to bitumen concentrate
among road pavers and mastic workers in multiple
crews within four European countries using the
semi-quantitative observational method (DREAM).

MATERIALS AND METHODS

Workplace and DREAM exposure assessment
method

Two skilled observers (F.dV. and W.F.) assessed der-
mal exposure to bitumen condensate among 85 male
asphalt workers from 12 crews from nine companies
active within four European countries (Denmark,
France, Germany, and The Netherlands) using the
DREAM methodology. The asphalt companies repre-
sented a subset of asphalt companies in these four
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countries involved in a large cohort study of asphalt
workers (Burstyn er al., 2003; Boffetta et al,
2003a), for which a nested case—control study was
conducted focussing primarily on the associations
between inhalation exposure to bitumen fume and
dermal exposure to bitumen condensate and lung
cancer (Agostini et al., 2010; Olsson et al., 2010).

To assess variability of dermal exposure in
DREAM units between different companies, at least
two work sites (companies) were observed for each
country, except for France (Table 1). The asphalt
companies were engaged in two different types of as-
phalt-applications (road paving and indoor mastic
asphalt flooring). The companies in Denmark,
France, and The Netherlands were active inroad pav-
ing and employed 59 observed asphalt workers from
9 crews, while all 26 observed mastic workers were
from 3 crews from Germany (Table 1).

Both observers independently evaluated each
crew member’s job (N = 14 jobs) for road paving
and indoor mastic applications. Seven distinct jobs
were observed in the road paving crews: supervisor,
transporter asphalt, operator paving machine,
screed man, raker, (small) roller driver, and (large)
roller driver. In addition, seven jobs were observed
within the indoor mastic crews: supervisor, mastic
tapper, driver dumper truck, carrier of buckets mas-
tic, pourer of mastic on floor, spreader of mastic,
and finisher mastic (sander). Details of road paving
and indoor mastic asphalt applications have been
described elsewhere (Burstyn et al., 2003).

During the observations, the two observers com-
pleted a structured DREAM questionnaire for each
distinct job performed within a crew. Jobs were scored
at the workplace at the following nested levels:

company and observer,
application (road paving and indoor mastic as-
phalt flooring),
agent (concentration),
job (% of time job is performed),
route of dermal exposure (emission, deposi-
tion, and transfer),
e protective clothing (e.g. gloves, coverall).

Information collected in the field phase was en-
tered into the DREAM database and subsequently
utilized as input for the DREAM semi-quantitative
evaluation algorithm, which has been described else-
where (Van-Wendel-de-Joode et al., 2003). Briefly,
the assigned scores are incorporated in an algorithm
resulting in a semi-quantitative DREAM output score
that consists of units for clothing contaminant layer
exposure (‘potential dermal exposure’) and of units
for skin contaminant layer exposure (‘actual dermal

Descriptive statistics by asphalt application and reliability of the DREAM exposure assessment method

Table 1.

ICCean
0.71
0.73
0.65
0.77
0.69
0.92

0.

ICCing
0.55
0.57
0.48
0.63
0.53
0.85

GSD Min Max

GM

AM

22.53

K DREAM exposure units

Nworker% Ncrews A’jobs

59

Ncompany
62

N, countries

N, obs

Asphalt applications

103
103

1226 3.64 0.25

10.58 3.77

2 Potential dermal exposure hands

118

Road asphalt paving

0.25
0.06

20.92
0

Actual dermal exposure hands

51.9

4.83 438
0.77 6.62

10.68

Potential dermal exposure body

6.1
62.1

1

2.53
4227 39.47

Actual dermal exposure body
2 Potential dermal exposure hands

32
2.89

58

1.

26

52

Indoor mastic asphalt flooring

2.21 62.1

31.98 25.11

Actual dermal exposure hands

52

3893 0.35

10.6
103.0
103.0

1.84 222

Potential dermal exposure body  23.69 20.85
2.58

Actual dermal exposure body
2 Potential dermal exposure hands

0.46
0.77
0.79
0.74
0.80

0.30
0.63
0.65
0.58
0.66

0.14
0.25
0.25
0.06

0

3.7

4.9
28.57

243

17.54 3.42

14

12

85

170 4

Total

13.79 3.5

Actual dermal exposure hands

51.9

7.55 4.23

1.24 6.1

14.66

Potential dermal exposure body
Actual dermal exposure body

16.1

3.25

Nobs, total number of observations; Neounuies> total number of countries; Neompany» total number of companies; Nyorkers, total number of workers; Nrews, total number of crews; Njops, total
number of jobs; K, total number of observers; AM, arithmetic mean; GSD, geometric standard deviation; Min, minimum value; Max, maximum value; ICC;,q4, intra-class coefficient

individual; ICC,,c.n, intra-class coefficient mean.

a

1 for Denmark, The Netherlands, and France, respectively.

company — 2, Ncﬂmpany 3, and Ncompany
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exposure’) for nine individual body parts (hands, fore
arms, upper arms, head, torso front, torso back, lower
body part, lower legs, and feet). The principal evaluation
was at job level; so for each job, potential and actual
dermal exposure units were estimated for hands and
the rest of the body sites combined, separately, taking in-
to account the effect of protective clothing and normal
(work) clothing (Van-Wendel-de-Joode ef al., 2003).
The DREAM method provides a categorical classifica-
tion for total actual dermal exposure in seven ordinal
exposure categories [0 = no exposure (unit = 0);
1 = very low exposure (DREAM units > 0 — 10);
2 = low exposure (DREAM units 10 — 30); 3 = mod-
erate exposure (DREAM units 30 — 100); 4 = high ex-
posure (DREAM units 100 — 300); 5 = very high
exposure (units 300 — 1000); 6 = extremely
high exposure (DREAM units > 1000)] (Van-
Wendel-de-Joode et al., 2003).

Statistical analyses

All statistical analyses were carried out in SAS
version 9.2 (SAS 2003). The distribution of the
DREAM dermal exposure units appeared to follow
a log-normal distribution. All analyses were there-
fore performed on log-transformed values.

Descriptive statistics were calculated stratified by
asphalt applications (crews) and job title. To evaluate
the reproducibility of the observational method intra-
class correlation coefficients (ICCs) were estimated
based on the repeated data from the two observers
as a measure of inter-observer agreement (SAS IN-
TRACC procedure). The levels of agreement were
graded as poor (<0.40), good (0.40-0.75), and excel-
lent (>0.75) (Landis and Koch, 1977).

The DREAM units were modelled using
generalized linear mixed effects models (SAS PROC
MIXED procedure) to estimate average relative
scores [geometric mean (GM) levels] for each job
in a paving and mastic crew. These models consid-
ered exposure concentrations as the dependent vari-
able and job as fixed effect, while the variable
‘observer’ was incorporated as a random effect be-
cause we assumed individual observers to estimate
a common mean exposure (with variance) and to
originate from the same distribution. The models
for each asphalt application (road paving and indoor
mastic) had the following general form:

j
Yy =In(X;) = + Zﬁj x job; + @; + &,
j=1

()

where Yj; is the natural logarithm of X;;. X;; is the der-
mal exposure DREAM units for the jth job by the ith
observer, p; represents the true unknown mean
(logged) dermal exposure estimate; f; is the
regression coefficient for job; representing the effect
of the jth job; @; is the random effect for the ith ob-
server, and g;; is the random effect for residual vari-
ance.

GM dermal exposure units for different jobs
were consequently estimated from the models
by taking the exponent of the predicted betas
for a specific job, taking into account the
random observer component (Van-Wendel-de-
Joode er al., 2005a). In addition, the models es-
timated between-observer variance and whether
observers’ intercepts (wi) differed from the
overall intercept (1j). A multiplier (Mo) was es-
timated for each observer by calculating e®
(Van-Wendel-de-Joode er al., 2005a) to assess
the effect of individual observers on the poten-
tial and actual dermal exposure units. The mod-
els were also run with random effects for
observers only (unconditional models) resulting
in estimates of between- and within-observer
variability in DREAM scores. This enabled
estimation of explained variance in the full
models by comparing the resulting variance
components, as follows:

Explained variance =
(Sg(unconditional) + Sg(unconditional)) - (S(z) + Sg)

2 2
(So(unconditional) + Se(unconditional))

x 100,
(2)

where Sg(unconditiona? = between observers variance
in the unconditional model; Sg(uncondmoml) = residual
variance in the unconditional model with only
observer as random effect; Sg = between observers
variance in the (full) model, Sg = residual variance
in the (full) model.

Correlations between dermal exposure parameters
were evaluated by estimating Pearson correlation
coefficients between the mean of the two observers
for each asphalt application for potential and actual
dermal exposure units.

Finally, the DREAM method allowed for insight
into the relative importance of the different routes
of dermal exposure. The potential exposures for
hands and for body (Skin-Pya, Skin-Pgopys
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respectively) were estimated as the sum of the three
major routes of dermal exposures: emission,
deposition, and transfer following:

Skin-Pua = Eua + Dua + Tua, (3)

Skin-Pgopy = Egopy + Dsopy + Tsopy, (4)

where Eya is exposure for hands via emission, Dy is
exposure for hands through deposition, Tj;4 is exposure
for hands through transfer, Egopy is exposure for the
rest of the body through emission, Dgopy is exposure
for the rest of the body through deposition, and Tyopy
is exposure for the rest of the body through transfer.

Actual dermal exposures units for hands and for the
whole body (Skin-Agopy, Skin-Agopy, respectively)
were calculated by multiplying potential exposure
with the clothing protection factor for hands (Oy,)
or other body parts (Ogopy) (Van-Wendel-de-Joode
et al., 2003).

RESULTS

In the summers of 2004, 2005, and 2006, a total of
170 observations were completed by two observers in-
dependently, (n = 118 and n = 52 for 59 road paving
and 26 indoor mastic asphalt workers, respectively) in
11 days.

The mean ICCs (for potential and actual dermal ex-
posure units) based on two observers varied between
0.74 and 0.80 with values for actual exposure being
slightly higher (Table 1). Agreement varied between
the two asphalt applications, ranging from good to ex-
cellent. For road paving workers, highest agreement
was observed for actual dermal exposure of hands
andrest of the body (0.73 and 0.77, respectively), while
agreement for potential body was lowest (0.65). High-
est agreement occurred for asphalt mastic crews, for
actual and potential dermal exposure of hands (0.92
and 0.69, respectively), while lowest agreements were
found for actual and potential exposure of rest of the
body (0.46 and 0.52, respectively). The mean ICCs
(for potential and actual dermal exposure units) for
both observers did not improve over time. As the ob-
servers worked in the four countries successively, this
means that no differences were seen between countries
(results not shown).

Overall, hands were more profoundly exposed
than the rest of the body (Table 1). GM potential
dermal exposure units of mastic workers were higher
than for road pavers (factor 3 for hands and factor 4
for rest of the body). Differences for actual exposure
units were small for hands (factor 2) and somewhat

larger for actual exposure units of rest of the body
(factor 5) (Table 1).

Figure 1 shows that differences in dermal
exposure on the hands between jobs within a paving
crew were much larger than between jobs within an
indoor mastic asphalt crew (factor 14—11 versus fac-
tor 28 for potential and actual dermal exposure, re-
spectively). For potential exposure of the rest of the
body, differences between jobs were also larger for
road pavers than for mastic crews (factor 25 versus
factor 3). A practically identical pattern was appar-
ent for actual exposure of the rest of the body (factor
32 versus factor 4.5 for road pavers and indoor mas-
tic workers, respectively).

Within paving crews, a consistent pattern for all ex-
posure estimates emerged with ‘screed man’ and
‘raker’ as the two highest exposed jobs (Table 2).
The ‘operator paving machine’ and ‘small roller
driver’ (working in close vicinity of the paving ma-
chine) appeared to be exposed at an intermediate level,
while the more distant job of ‘transporter asphalt’ was
scored as lowest exposed (Table 2). Within mastic
crews, ‘driver dumper truck’ and ‘spreader of mastic’
were scored as the two highest exposed jobs for all ex-
posure measures (except for actual exposure at hands),
followed by ‘carrier of buckets mastic’ who was
scored as exposed at an intermediate level, and ‘super-
visor mastic’, ‘finisher mastic’, and ‘pourer of mastic
on floor’ comprised the lowest exposed jobs (Table 2).
A different pattern appeared for actual dermal expo-
sure of the hands, for which the supervisor mastic
was scored as having the highest dermal exposure, fol-
lowed by the finisher mastic, and with ‘tapper of mas-
tic in buckets’ scored as lowest jobs.

In Table 3, model predictions of GMs for actual
and potential dermal exposure units to bitumen
condensate are presented by job stratified by applica-
tion, taking into account the repeated observations
and random differences between observers. Differ-
ences in observers’ dermal exposure units were rela-
tively small but were largest for the road paving
workers, with observers’ multipliers (M,) of 1.10
and 0.91 for potential and 1.05 and 0.95 for actual
dermal exposure units at the hands for, respectively,
Observer 1 and Observer 2 (Table 3). Observers’
multipliers were of the same magnitude for the rest
of the body units for paving workers, ranging from
0.88 to 1.14 and from 0.96 to 1.04 for potential
and actual dermal exposure units, respectively, but
in this case, Observer 1 was lower than Observer 2
(Table 3). For mastic crews, no differences in
observers’ dermal exposure units were evident, ex-
cept for potential dermal exposure units of rest of
the body where M, were 1.03 and 0.97, respectively.
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Fig. 1. (A and B) Range and average potential and actual dermal exposure hands in the paving and mastic asphalt crews by jobs (in

DREAM units). (C and D) Range and average potential and actual dermal exposure at the body in the paving and mastic asphalt

crews by jobs (in DREAM units) (road paving crews: 9 crews, 7 jobs, 59 workers, 118 observations; indoor mastic asphalt crews:
3 crews, 7 jobs, 26 workers, 52 observations).

For road paving applications, job explained 43%
of the variability in potential dermal exposure of
the hands and of the rest of the body. Job explained
32 and 30% of the variability in actual dermal expo-
sure of hands and rest of the body, respectively
(Table 3). For indoor mastic asphalt applications,
job explained less variability (26 and 24%) in poten-
tial and actual dermal exposure of hands than
observed for road paving. The explained variability
in actual dermal exposure at the rest of the body
was only 6%.

Pearson correlation coefficients between the aver-
age DREAM scores of the two observers for all ob-
servations and for road paving and indoor mastic
asphalt applications separately are presented in

Table 4. Potential and actual exposure units (at the
hands and for the rest of the body) were overall
highly correlated (r = 0.65-0.93). Within road
asphalt paving crews, correlations were stronger
(r = 0.78-0.97) than within indoor mastic asphalt
crews (r = 0.20-0.85) (Table 4).

Figure 2A,B describes the pattern and routes of
dermal exposure during road paving and indoor mas-
tic asphalt applications. Comparison of potential
dermal exposure of hands with rest of the body indi-
cated that the hands were more profoundly exposed
than the rest of the body, with transfer from contam-
inated surfaces as most important route (Figure 2A).
Twenty-four per cent of workers wore gloves during
road paving applications (3.4 and 20.3% workers
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Table 2. Descriptive statistics for potential and actual dermal exposure (in DREAM units) to bitumen condensate by job

Asphalt applications Jobs

n

AM GM GSD Min

Max

AM GM GSD Min

Max

Potential dermal exposure hands

Actual dermal exposure hands

Road Supervisor road paving 6 607 581 136 5.13 108 6.07 581 136 513 10.8
asphalt paving Transporter asphalt 10 304 197 282 025 1100 3.04 197 2.82 025 11.00
Operator paving machine 22 24.51 16.20 292 1.58 54.08 22.14 13.01 3.18 1.58 54.08
Screed man 24 3439 2678 2.16 63 103 32.65 21.82 2.89 2.55 103.00
Raker 26 33.36 25.63 228 6.14 6825 29.87 20.09 2.83 243 68.25
Driver roller (small) 14 17.80 1035 3.67 0.63 54.00 17.80 10.35 3.67 0.63 54.00
Driver roller (large) 16 694 377 3.04 063 27.81 658 347 3.01 063 2781
Indoor mastic Supervisor mastic 2 37.13 36.28 136 29.25 45.00 37.13 36.28 1.36 29.25 45.00
asphalt flooring g ichine mastic (sanding) 6 31.94 23.66 2.84 321 54.00 31.52 22.84 296 2.89 54.00
Tapper mastic in buckets 4 41.15 40.53 1.22 3426 51.08 892 7.02 229 343 1532
Driver dumper and tapping 6 54.81 54.81 1.00 54.81 54.81 54.81 54.81 1.00 54.81 54.81
Carrier buckets mastic 14 38.8 37.41 134 2244 4568 29.18 2434 196 6.73 45.68
Pourer mastic on floor 2 26.66 2556 1.51 19.07 34.26 24.00 23.00 1.51 17.16 30.83
Spreader mastic 18 46.79 46.05 1.2 3527 62.1 32.14 2635 195 1058 62.1
Potential dermal exposure body Actual dermal exposure body
Road Supervisor road paving 6 376 321 173 243 950 0.82 0.69 1.85 041 2.09
asphalt paving Transporter asphalt 10 1.17 050 454 006 551 024 006 507 001 162
Operator paving machine 22 12.26 598 3.51 035 5190 3.67 1.10 599 0.06 16.10
Screed man 24 1571 12.64 2.02 458 3294 340 195 329 0.18 10.54
Raker 26 15.57 10.52 273 152 33.11 3.66 192 425 0.02 1090
Driver roller (small) 14 10.38 395 5.10 0.16 5190 192 0.50 850 O 13.76
Driver roller (large) 16 185 138 241 016 457 044 0.19 503 0 1.54
Indoor mastic Supervisor mastic 2 16.15 1390 221 793 2436 3.76 321 227 180 5.73
asphalt flooring g ichine mastic (sanding) 6 15.10 10.83 2.69 222 2882 265 196 27 033 475
Tapper mastic in buckets 4 2229 2206 1.18 18.82 26.81 357 252 305 054 597
Driver dumper and tapping 6 28.61 28.61 1.02 282 29.03 6.63 644 130 4.64 8.62
Carrier buckets mastic 14 2141 1883 1.86 479 27.89 526 375 330 0.14 8.14
Pourer mastic on floor 2 1121 939 238 509 1733 1.82 142 282 068 295
Spreader mastic 18 29.23 2851 1.26 21.31 3893 556 4.61 2.05 060 10.60

n, total number of observations; AM, arithmetic mean; GSD, geometric standard deviation; Min, minimum value; Max,

maximum value.

wore cotton gloves and latex disposable gloves, re-
spectively), but type and effectiveness were such that
protection was scored as minimal in the DREAM
method (Oya = 0.9, see Figure 2A). The main route
of exposure for the rest of the body appeared to be de-
position exposure. Clothing and protective clothing
eliminated 80% of the dermal exposure (Ogopy =
0.2).

For dermal exposure during mastic activities, the
patterns were basically similar to those for paving.
Transfer was the most important route of exposure
to the hands, but a considerable contribution through
deposition was also noted for mastic operations
(Figure 2B). Emissions were estimated to be higher
for mastic workers than for paving workers mainly
due to being closer to the source (e.g. short hand

tools versus rakes of the paving workers) and there-
fore with a higher probability of direct contact with
source material and a higher emission of the harder
type of bitumen used in mastic asphalt versus paving
applications. Seventy-three per cent of mastic work-
ers used woven gloves (23.0 and 50.0% workers
wore cotton gloves and latex disposable gloves,
respectively) and type and effectiveness were such
that higher protection was assigned (Oya = 0.7)
compared to road pavers. The effectiveness of (pro-
tective) clothing for the rest of the body was similar
to those of the road-paving worker (Ogopy = 0.2).

Overall, despite the fact that dermal protection was
scored more effective for mastic workers compared to
road pavers, actual dermal exposure of the hands and
the rest of the body was higher for mastic workers
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Table 3. Model predictions of GM of potential and actual dermal exposure (in DREAM units) to bitumen condensate by job stratified by road asphalt paving and indoor asphalt mastic

application
Potential Actual Potential Actual
dermal dermal dermal dermal
exposure hands exposure hands exposure body exposure body
Asphalt applications Jobs n B GM (95% CI) B GM (95% CI) B GM (95% CI) B GM (95% CI)
Road Supervisor [§ 1.76 1.76 5.81 1.17 321 —0.38 0.69
asphalt paving road paving 5.81 (2.38-14.16) (1.25-8.26) (0.19-2.47)
(2.22-6.4)
Transporter 10 0.66 0.68 1.97 -0.7 0.50 —2.78 0.06
asphalt 1.97 (0.98-3.95) (0.23-1.06) (0.02-0.17)
(1.03-3.76)
Operator 22 2.78 2.56 13.01 1.79 5.98 0.09 1.10
paving machine 16.19 (8.02-21.12) (3.42-10.48) (0.56-2.17)
(10.13-25.90)
Screed man 24 3.29 3.08 21.82 2.53 12.64 0.67 1.95
26.78 (13.69-34.7) (7.34-21.78) (1.02-3.75)
(17.00-42.19)
Raker 26 3.24 3.00 20.09 2.35 10.52 0.65 1.92
25.63 (31.5-12.81) (6.19-17.87) (1.02-3.60)
(16.49-39.86)
Driver roller 14 2.34 2.34 10.35 1.37 3.95 —0.69 0.50
(small) 10.35 (5.71-18.78) (2.04-7.66) (0.22-1.17)
(5.90-18.16)
Driver roller 16 1.33 1.24 3.48 0.32 1.38 —1.64 0.19
(large) 3.77 (1.99-6.08) (0.73-2.58) (0.09-0.43)
(2.22-6.42)
M, (95% CI) M, (95% CI) M, (95% CI) M, (95% CI)
01 = 1.10 Ol = 1.05 01 =0.88 01 = 0.96
(0.84-1.44) (0.86-1.28) (0.61-1.25) (0.80-1.17)
02 =091 02 =0.95 02 =1.14 02 = 1.04
(0.69-1.19) (0.78-1.16) (0.80-1.63) (0.85-1.24)
Variance Variance Variance Variance
component component component component

(unconditional)
$2 = 0.03 (0.02
$2 = 0.93 (1.66)

(unconditional)
$2 = 0.01 (0.01)
$2 = 1.18 (1.76)

(unconditional)
$2 = 0.05 (0.03)
$2 =121 (2.16)

(unconditional)
$2 = 0.01 (0.00)
§2 =2.48 (3.57)
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Table 3. Continued

Potential Actual Potential Actual
dermal dermal dermal dermal
exposure hands exposure hands exposure body exposure body
Asphalt applications Jobs n B GM (95% CI) § GM (95% CI) B GM (95% CI) B GM (95% CI)
Indoor Supervisor 2 3.59 36.28 3.59 36.28 2.63 13.90 1.17 321
mastic ) mastic (20.23-65.05) (13.49-97.56) (6.58-29.36) (0.87-11.89)
asphalt flooring Finishing mastic 6 3.6 23.66 3.13 22.84 2.38 10.83 0.67 1.96
(sanding) (16.89-33.15) (12.90-40.44) (6.97-16.83) (0.92-4.17)
Tapper mastic 4 3.70 40.52 1.95 7.02 3.11 22.06 0.92 2.52
in buckets (26.82-61.24) (3.49-14.13) (12.93-37.34) (1.00-6.37)
Driver dumper 6 4.00 54.81 4.00 54.81 3.36 28.61 1.86 6.44
and tapping (39.12-76.78) (30.96-97.03) (18.41-44.46) (3.02-13.73)
Carrier buckets 14 3.62 37.41 3.19 24.34 2.93 18.83 1.32 3.75
mastic (30.00-46.65) (16.75-35.37) (13.94-25.42) (2.29-6.16)
Pourer 2 3.24 25.56 3.13 23.00 2.24 9.39 0.35 1.42
mastic on floor (14.25-45.83) (8.55-61.86) (4.45-19.84) (0.38-5.26)
Spreader mastic 18 3.83 46.05 3.27 26.35 3.35 28.51 1.53 4.61
(37.91-55.95) (18.94-36.63) (21.77-37.34) (2.98-7.14)
M, (95% CI) M, (95% CI) M, (95% CI) M, (95% CI)
Ol =1 Ol =1 01 =1.03 ol =1
(eov=)? (evem)? (0.90-1.19) (coemo)?
02=1 02=1 02 = 0.97 02=1
(eov=o)? (oo )? (0.84-1.11) (eoe=)?
Variance Variance Variance Variance
component component component component
(Unconditional) (Unconditional) (Unconditional) (Unconditional)
$2 = 0.00 (0.00) $2 = 0.00 (0.00) $2 = 0.01 (0.002) $2 = 0.00 (0.00)
$2 = 0.16 (0.21) $2 = 0.48 (0.63) $2 =0.27 (0.37) $2 = 0.84 (0.89)

n, number of observations by task; B, regression coefficient estimate; GM, standard deviation; M, predicted multipliers for each observer (random effect) in DREAM units; (95% CI), 95%
confidence interval; O1, observer F.dV.; O2, observer W.F.
*Confidence intervals were not estimable; S2: between observers variance; Sg: residual variance; in parentheses variance units in the unconditional model with only observer as random

> Yo
effect.
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Table 4. Pearson correlation coefficients between potential and actual dermal exposure to bitumen condensate (mean of two
observers) for road paving, indoor mastic asphalt applications, and overall

Asphalt applications Pwya Pwgopy Awpha Awgopy

Road ) Pwya 1 0.92%%* 0.97%%* 0.84%%*

asphalt paving PWaony 1 0.90% 0.88%
Awpa 1 0.78%*%*
Awgopy 1

Indoor masti_c Pwha Pwgobpy AWga AWgopy

asphalt flooring Pwiia 1 0.85%% 0.65% 0.64*
Pwgopy 1 0.31 0.82%*
Awga 1 0.20
Awgopy 1

Total Pwha Pwgobpy AWga AWgopy
Pwha 1 0.93%%* 0.87%%* 0.82%%*
Pwgopy 1 0.74%* 0.88*%*
Awpa 1 0.65%%*
Awgopy 1

Pwya, potential hands time weighed for the mean of the two observers; Pwgopy, potential body time weighed for the mean of the
two observers; Awy,, actual hands time weighed for the mean of the two observers; Awgopy, actual body time weighed for the

mean of the two observers; *<<0.001; **<0.0001.

because of the large differences between potential ex-
posure between mastic and paving workers (42.3
versus 22.5 and 23.7 versus 10.7 for potential expo-
sure of the hands and rest of the body, respectively).

DISCUSSION AND CONCLUSION

This study semi-quantitatively assessed dermal ex-
posure to bitumen condensate among asphalt workers
(road paving and indoor mastic crews) in four Euro-
pean countries between 2004 and 2006 and studied
the reproducibility of the DREAM method. This is to
our knowledge the first study assessing dermal expo-
sure to bitumen condensate by means of an observa-
tional method (DREAM).

The mean ICCs (for potential and actual dermal
exposure units) for two observers was excellent,
ranging from 0.74 to 0.80 with values for actual ex-
posure being slightly higher (0.79 and 0.80 for actual
exposure at hands and for rest of the body, respec-
tively). The reliability was similar to what was re-
ported in a study by Van-Wendel-de-Joode et al.
(20052) on dermal exposure to liquids, solids, and
vapours, which reported ICCs ranging 0.68-0.83
for actual and 0.79-0.87 for potential dermal expo-
sure units.

The results from this study indicate that potential der-
mal exposures (GMs) for mastic workers were signifi-
cantly higher than for paving workers (factor 3 for
hands and factor 4 for rest of the body). Differences
for actual exposure were smaller for hands (factor 2)
and are most likely related to the fact that the majority

of mastic workers (73.0%) protected their hands better
(compared to only the 24.5% use of gloves in pavers
workers).

Several studies explicitly addressed dermal expo-
sure during paving applications (McClean et al.,
2004a; Fustinoni et al., 2010), although using a differ-
ent methodology compared to our study. Nevertheless,
the DREAM observations from this study appeared to
corroborate the measured exposures by McClean et al.
(2004a) on bitumen condensate exposure in the asphalt
industry suggesting that screed men and rakers had the
highest dermal exposure of the hands, while the ‘paver
operators’ and ‘roller drivers” were exposed to levels
that were a Factor 4-5 lower. To date, no dermal expo-
sure studies during mastic asphalt applications have
been conducted and therefore, we cannot compare
the mastic results to any other study.

DREAM was able to detect differences in dermal
exposures between jobs for potential as well as
actual dermal exposure. Underlying factors like the
use of protective clothing are reflected in the expo-
sure in DREAM units. The results from this study
indicate that the actual job carried out within a crew,
and whether or not protective clothing was used,
were significant determinants of exposure for paving
and mastic crews. This is consistent with an expo-
sure measurement study conducted in the USA,
which demonstrated that asphalt applications, and
jobs are significant predictors of bitumen condensate
exposures (McClean et al., 2004a).
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A
Surface Air Surface Air
contaminant contaminant
layer layer
Tua=149 Dya=75 Taooy =31 Dgooy=75
Eya=0.08
y
Clothing contaminant layer Clothin ;
; Iy g contaminant layer
(gloves) (Skin-Py,,) = 22.5 (clathing) (SKin-Paggy) = 10.7
0,,=09 Ogopy=02
A 4 \ 4
Skin contaminant layer (hands) Skin contaminant layer (rest of body): (Skin-
(Skin-A,,) =209 Agopy) = 2.5
B
Surface Air Surface Air
contaminant contaminant
layer layer
Tua=212 Dya=198  Tgop =35 Daooy=197
Eya=12
Egooy=05
! l
Clothing contaminant layer Clothin ;
h - g contaminant layer
(gloves) (Skin-Py,,) = 42.3 (clothing) (Skin-Pgoqy) = 23.7
Oua=07 Ogooy =02
4 v
Skin contaminant layer (hands) Skin contaminant layer (rest of body):. (Skin-
(Skin-Ay,) = 32.0 Agopy) = 4.9

Fig. 2. (A) Exposure patterns for dermal exposure to bitumen condensate for hands and for rest of the body exposure for a road-
paving worker. (B) Exposure patterns for dermal exposure to bitumen condensate for hands and for rest of the body exposure for an
indoor mastic asphalt worker.
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The empirical models developed for road pavers
performed better in explaining total variability (43%
of explained variance) than the models for the mastic
workers (6-26%). This may be explained in part by
the fact that the differences between jobs within a pav-
ing crew were much larger than within a mastic crew.

In this study, clear insight was gained in the relative
importance of the different routes of exposure suggest-
ing that transfer from contaminated surfaces was the
most important route. This provides guidance for con-
trolling dermal exposure in this industry. For all jobs,
the hands were more profoundly exposed than the rest
of the body. These findings are in agreement with other
dermal exposure measurement studies among pavers
and roofers (Jongeneelen et al., 1988; Riala er al.,
1998; Sciarra et al., 2003).

Potential and actual total dermal exposures for
paving and mastic crews were estimated to be in
the low DREAM category (Van-Wendel-de-Joode
et al., 2003). The hot-mix applications observed here
are most likely the main reasons for this. Similar to
the study by Van-Wendel-de-Joode er al. (2005a),
actual dermal exposure of the body was considerably
lower than potential dermal exposure, showing
a clear effect of protective and regular clothing that
on average lowered dermal exposure by 80%. For
the hands, this was not the case because only a few
workers wore gloves and used them adequately.
Use of gloves was more common among mastic
workers than paving workers, which at a group level
led to higher protection (30 versus 10% protection).

By observing work practices of asphalt work-
ers in the field, valuable information was gath-
ered about specific asphalt applications and the
resulting dermal exposure to bitumen condensate.
This study not only indicates that skilled observ-
ers can perform the survey in a reliable way, it
also showed that dermal exposure varies among
jobs within a crew, but also between individuals
due to differences in use of (protective) clothing.
The DREAM method enabled the analysis of in-
tensity and variability within and between differ-
ent asphalt applications. The study provided
valuable data that together with results from
six dermal exposure measurement surveys (Jon-
geneelen er al., 1988; McClean er al., 2004a,b,
Cirla et al.,, 2005; Vaianianen et al., 2005, 2006;
McClean er al., 2007) formed the basis for the
dermal exposure assessment and assignment in
the NCC study on lung cancer among European
Asphalt workers (Agostini et al., 2010; Olsson
et al., 2010).
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