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VAN ROOIJ JGM, VAN LIESHOUT EMA, BODELIER-BADE MM, JONGENEELEN FI. Effect
of the reduction of skin contamination on the internal dose of creosote workers exposed to polycyclic
aromatic hydrocarbons. Scand J Work Environ Health 1993;19:200—7. Ten creosote-exposed work-
ers of a wood impregnation plant participated in this study, which took place in two consecutive weeks
on a Monday, after a weekend off. On one of the two days each worker wore Tyvek® coveralls under-
neath his normal workclothes. Dermal contamination measurements (pyrene on exposure pads) and
biological monitoring (urinary 1-OH-pyrene) were performed to measure the reduction of both the
skin contamination and the internal dose. The total pyrene skin contamination of workers not wearing
coveralls ranged between 47 and 1510 pg - d! (0.2—7.5 pmol - d'). On the average, the coveralls
reduced the pyrene contamination on the workers’ skin by about 35 (SD 63)%. The excreted amount
of 1-OH-pyrene in urine decreased significantly from 6.6 to 3.2 ug (30.2 to 14.7 nmol). Multiple re-
gression analysis showed that skin contamination by polycylic aromatic hydrocarbons is the main de-
terminant of the internal exposure dose of creosote workers.
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Creosote oil, a blend of coal-tar distillation fractions,
is used as a wood preservative, mainly to impreg-
nate railroad crossties. Creosotes are mixtures of hun-
dreds of different compounds, of which 90 have been
identified (1). Polycyclic aromatic hydrocarbons
(PAH), mostly unsubstituted, generally account for
at least 75% of creosote (2).

Direct contact with creosote (both liquid and va-
por) can cause skin irritation. In combination with
exposure to sunlight, it can result in phototoxic con-
tact eczema.

Mutagenic activities have been shown for the
fractions having the highest boiling point ranges
(>290°C) (3). In addition topical application of cre-
osote to experimental animals has induced deoxyri-
bonucleic acid (DNA) damage in tissues such as skin
and lungs (4). The International Agency for Research
on Cancer has stated that there is sufficient evidence
for the carcinogenicity of creosote in experimental
animals and that there is limited evidence that cre-
osotes derived from coal tar are carcinogenic in hu-
mans (5). A recent study among 922 creosote-ex-
posed wood impregnators in Sweden and Norway
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showed an increased risk for lip cancer and non-
melanoma skin cancer (6).

The body burden of PAH in workers is mainly de-
termined by respiratory intake and dermal absorption,
but the extent of exposure received from both routes
is unknown. In a previous study in the primary alu-
minum industry, we found that dermal PAH con-
tamination showed a higher correlation with inter-
nal dose than the breathing-zone air concentration
(7). For coke-oven workers exposed to PAH, a quan-
titative assessment of both dermal and respiratory
uptake revealed that a mean percentage of 75% of
total pyrene uptake enters the body through the skin
(8). In these studies substantial PAH contamination
was found on the skin, even when covered by work-
clothes.

In order to determine the significance of dermal
exposure among creosote workers, an intervention
study was designed in which dermal exposure was
reduced to a minimum level by highly protective
clothing. Protective-barrier clothing is used exten-
sively in industries in which workers are exposed to
potentially hazardous chemicals, and considerable
effort is made to define the barrier properties of var-
ious materials towards chemicals like antineoplastic
drugs, polychlorinated biphenyls, and organic sol-
vents (9—11). These studies show that the time and
rate of permeation are dependent on both the test
chemical and the clothing material. Clothing made
from Tyvek®,? a spun-bonded olefin sheet structure

2 Tyvek is a registered trademark of DuPont.



of 100% polyethylene, was selected to reduce der-
mal PAH contamination in this investigation. The
permeability of Tyvek® for particles is very low
(<0.1% for particles with a diameter >0.5 pm;
source: Du Pont product information), and the ma-
terial is more comfortable to wear than clothing made
from laminated and coated material (9).

In the present study we investigated the effect of
reducing PAH contamination on skin on the inter-
nal dose of creosote-exposed workers of a wood im-
pregnation plant.

Subjects and methods

This study was conducted in a wood preserving plant
in The Netherlands in October 1991. In this plant
railroad crossties (also known as sleepers) are im-
pregnated with creosote oil and provided with met-
al plates for fitting the rails. About 800 000 1 of creo-
sote oil is used annually to impregnate about 200 000
wooden sleepers (one sleeper is about 0.1 m* and
weighs 90 to 100 kg).

Two or three times a day a charge of 400 wooden
sleepers is impregnated in a cylinder under a pres-
sure of 12.2 -10° Pa, during 2.5 h. After the sleepers
have been impregnated, the oil is pumped out of the
cylinder, and the air in the cylinder is sucked almost
to a vacuum to remove superfluous creosote oil.
Three men are occupied around the cylinders in op-
erations such as controlling the process, transport-
ing the wooden sleepers on trucks into and out of the
cylinders, and opening and closing the covers of the
cylinder. After the impregnation process, the trucks
are driven from the cylinder to the open air, where
the newly impregnated wood is left to let the excess
creosote evaporate overnight. Next the sleepers are
provided with metal plates in an assembly hall. The
assembly is done manually by 10 men. The workers
of the plant can be exposed to PAH-containing cre-
osote volatiles, either emitted from vacuum-pump
exhaust, from the exhaust of the creosote dehydra-
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tion installation, or from the newly impregnated
wood during evaporation. Skin contamination is pos-
sible through deposition from the air or through di-
rect skin contact with contaminated surfaces or work-
clothes.

Study design
Three workers who worked near the impregnation
cylinders and seven workers from the assembly hall
volunteered for this study. Personal data are given
in table 1. Exposure measurements were performed
in two consecutive weeks on a Monday, after a week-
end off. On one Monday the workers wore Tyvek®
coveralls, gloves, and socks (of the same material)
(figure 1) underneath their normal workclothes. On
the other Monday they did not wear extra protective
clothing underneath their workclothes. On the two
Mondays we measured the PAH contamination on
skin and the PAH concentration in the breathing zone
of the 10 workers. In the same two weeks, urine sam-
ples were collected from Sunday morning (from 0800
on) up to and including Tuesday morning (to 0600)
for the assessment of the internal exposure to PAH.
All of the workers had a normal workweek followed
by a weekend off before each day of measurement.
Pyrene was used as the marker compound for PAH
contamination on the skin and in breathing-zone air.
1-OH-pyrene was used as the biological indicator for
internal PAH exposure. This metabolite of pyrene is
increasingly being used and is more and more ac-
cepted as a biological indicator of the internal dose
of PAH (12—16). Interviews were conducted by a
trained interviewer using a questionnaire about per-
sonal characteristics, including age, weight, height,
smoking habits, and alcohol consumption.

Skin contamination measurements

For the assessment of the PAH contamination on the
natural skin, we pasted six exposure pads on differ-
ent spots on the skin of the workers (ie, on the jaw,

Table 1. Personal data and characteristics of the creosote workers.

. . Body Estimated
Personal Function/ Age Alcohol Smoking® Height iaht surface area
code work location (years) use? g (cm) weig of skin®
(kg) (m?)
1 Assembly hall 21 0 1 177 71 1.87
2 Assembly hall 19 1 1 180 67 1.85
3 Assembly hall 59 1 0 175 80 1.96
4 Assembly hall 54 0 0 172 78 1.91
5 Assembly hall 24 1 1 181 78 1.98
6 Assembly hall 33 1 1 183 82 2.04
7 Assembly hall 45 1 1 183 73 1.94
8 Cylinder 30 1 0 176 91 2.07
9 Cylinder 39 1 0 172 85 1.98
10 Cylinder M 1 0 172 85! 1.98

a Alcohol use: 1=yes, 0=no.
b Smoking of tobacco: 1 =yes, 0=no.

¢ Surface area of the skin was calculated with the following formula: surface area of skin =71.84 - body weight%425 - height0-725

an.
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Figure 1. Skin sites where exposure pads were pasted for
the monitoring of dermal polycyclic aromatic hydrocarbon
contamination (a), the coveralls as applied in this study to
reduce the skin contamination (b), and the percentage of the
total body area that each pad was assumed to represent (c).

the shoulder, the upper arm, the wrist, the groin, and
the ankle) during workhours (figure 1). The expo-
sure pads were round monitoring devices (diameter
60 mm) with a small monitoring area (diameter 18
mm). Flexible polypropylene filter material (Gel-
mann Sciences, Ann Arbor, Michigan, United States)
was used as the adsorbing material in the exposure
pad. The design of the exposure pad has been ex-
plained elsewhere (17).

Immediately after the exposure, the pads were re-
moved, packed in aluminum foil, and stored at —20°C
until the analysis. A circular piece of the polypro-
pylene adsorbing material with a diameter of 15 mm
(1.77 cm?) was punched out for the analysis. The ex-
posure pads were ultrasonically extracted with 10 ml
of dichloromethane for 10 min. Under a gentle flow
of nitrogen (at 40°C) the solvent was evaporated to
dryness, and the residue was dissolved in 2 ml of
methanol. After centrifugation of the sample, the su-
pernatant was analyzed for pyrene with reversed-
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phase high-performance liquid chromatography
(HPLC). Aliquots (20 pl) of the samples were inject-
ed fully automatically from the vials onto a Vydac
TP RP 18 column (150 X 4.6 mm; 10 um particles;
column temperature 40°C; supplier Separations
Group, Hespesia, California, United States). The
composition of the solvent was programmed at a
linear gradient from a water:methanol ratio of 42:58
to 6:94 for 50 min, the solvent flow was 1.0 ml -
min~'. The apparatus was equipped with a fluores-
cence spectrophotometer (Jasco 820-FP Spectroscop-
ic Co, Japan). The recovery of pyrene from exposure
pads spiked with creosote oil was 92%.

Using the pyrene contamination on the six expo-
sure pads, an assessment was made of the total dai-
ly pyrene contamination on the skin of the workers,
as proposed in a previous study (8). In this assess-
ment it was assumed that each of the six pads rep-
resented a skin region with a certain surface area.
(See figure 1.) The surface areas of the different skin
regions were calculated with the anatomical dimen-
sions of the 50 percentile man, as described by
Popendorf & Leffingwell (18). The total body area
of the workers (table 1) was calculated with a for-
mula based on height and weight, as proposed by
DuBois & DuBois (19).

Personal air sampling

During workhours, personal samples of airborne par-
ticulates in the breathing zone of the worker were
collected on a polytetrafiuoroethylene (PTFE) filter
(diameter 25 mm, pore size 0.5 pm). A sorbent sam-
ple tube, containing XAD-2 resin as the sorbent
(ORBO-43, supplier Supelco Inc, Bellefonte, Penn-
sylvania, United States), was placed directly behind
the particle sampler to trap gaseous PAH. The sam-
pler was equipped with a cone over the face. With
a suction flow of 2 1- min™', a suction velocity of
1.25 m - s7! was reached in the entrance of the sam-
pler, in accordance with recommendations of the
Staubforschungs Institute in Germany (20).

After the sampling, the filters and the XAD-2 resin
from the sorbent sample tubes were stored in the dark
at —20°C. The samples were analyzed within three
weeks. For the PTFE filters and the XAD-2 resin
from the sorbent sample tubes, the same method of
sample preparation and analysis was used as for the
exposure pads. (See the section Skin Contamination
Measurements.) The recovery of pyrene on the PTFE
filters and the XAD-2 resin was 88%.

1-OH-pyrene in urine

All of the urine voided from Sunday morning (from
0800 on) to Tuesday morning (at 0600) was sampled.
The volunteers registered the volume and the hour
of voidance. The urine samples were stored at —20°C
until the analysis. Metabolites of pyrene in urine
were deconjugated by enzymatic hydrolysis, and a
solid phase sample clean-up was applied. HPLC anal-



ysis allowed the determination of the sum of free and
conjugated 1-OH-pyrene in nanomoles per liter. A
full description of the method has been presented
elsewhere (21). The reproducibility of the analysis
of urinary 1-OH-pyrene in this study was determined
by a repeated analysis of 44 randomly selected urine
samples. The coefficient of variation of the analysis
was 8.0%.

Statistical analysis

The exposure variables are presented with the me-
dian because this measure of central location is more
representative of a skewed distribution of data than
the arithmetic mean. Data below the detection limit
were processed as having the numeric value of half
the detection limit. The Shapiro-Wilk test was used
to test the normality of the input data. Depending on
the normality of the data, either the paired t-test or
the Wilcoxon signed rank test was applied to deter-
mine the significance of the differences of the means.
Correlation was quantified with Spearman’s rank
correlation analysis (ry). Multiple regression analy-
sis was carried out to study the relationship between
the dermal and respiratory exposure and the inter-
nal dose. The residuals were checked for the normal
distribution assumption. None of the analyses
showed major deviation from this assumption.

Results

Skin contamination

Figure 2 shows the pyrene contamination on the ex-
posure pads pasted at six skin sites on the day with
and without coveralls. The extra protective clothing
only reduced the PAH contamination on the pads of
the shoulder, upper arm, and groin. At the other skin
sites (jaw-neck, ankle, and wrist) no significant re-
duction was found. The figure also illustrates the dis-
persal of the pyrene contamination on the skin of the
workers. Without extra protective clothing, the high-

pyrene on exposure pad (ng - cm?
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est pyrene contamination was found on the wrist (me-
dian 82 ng - cm™ or 405 pmol - cm™) followed by the
jaw-neck (median 10 ng - cm™ or 49 pmol - cm™).
The shoulder, upper arm, groin, and ankle showed
substantial contamination (average of about 4 ng -
cm? or 18 pmol - cm™?) despite the fact that these
skin sites were covered with workclothes.

The results of the estimation of the total skin con-
tamination on the two days of measurement are pre-
sented in table 2. The total pyrene skin contamina-
tion ranged from 47 to about 1500 ug-d! (0.2 to
about 7.5 pmol - d') on the day the workers did not
wear coveralls. On the average, wearing the cover-
alls resulted in a reduction of the skin contamination
by 35 (SD 63)%. Three of the 10 workers showed a
higher skin contamination despite their wearing of
coveralls. Pyrene did not penetrate the Tyvek® ma-
terial of the coveralls because no contamination was
detected on exposure pads pasted on the inside of the
coveralls (sleeve and head cover), with the monitor-
ing area towards the material of the coveralls (data
not shown).

Breathing-zone concentrations

The total pyrene concentration in the breathing zone
of the workers was calculated as the sum of the gas-
eous pyrene concentration and the particulate pyrene
concentration. The total pyrene concentration ranged
from 0.3 to 3.0 ug - m> (1.5 to 14.8 nmol - m3). On
the average, 47% of the pyrene was in the gas phase.
On the day the workers wore coveralls, the mean
pyrene concentration in the air was 1.2 pug-m
(5.9 nmol - m); on the day without the coveralls, it
was 0.9 ug - m= (4.5 nmol - m=) (table 2). The high-
est pyrene concentrations in the breathing-zone air
were measured for workers close to the impregna-
tion cylinders (workers 8 and 10).

Internal dose

Figure 3 illustrates the effect of wearing coveralls on
the urinary 1-OH-pyrene excretion rate of worker 1.

Figure 2. Effect of the coveralls on the

] ] without coveralls
] B with coveralls
10 7
T *
1 .
jaw-neck shoulder upper arm wrist groin
skin site

pyrene contamination on the exposure
pads pasted on six skin sites (median,
N =10) (* P<0.05) (1 ng = 4.94 pmol)

ankle

203



Scand J Work Environ Health 1993, vol 19, no 3

Table 2. The effect of the coveralls on the pyrene skin contamination and internal dose (urinary 1-OH-pyrene) of 10 creosote
workers. (1 pg pyrene=4.94 nmol, 1 pg 1-OH-pyrene = 4.58 nmol)

Skin contamination
(ng pyrene on skin)

Internal dose?
(ug 1-OH-pyrene in urine)

Air concentration
(g pyrene - m—9)

Worker
Without With | Without With < Without With .
coveralls coveralls Difference® coveralls coveralls Difference® coveralls coveralls Difference®
1 387 90 297 9.8 20 77 1.1 0.7 0.4
2 377 379 -2 23 46 —-24 0.7 13 -06
3 139 48 91 2.9 1.6 1.3 0.9 0.6 0.3
4 47 77 -30 0.7 1.3 -0.6 0.3 0.8 -04
5 236 144 93 5.7 49 0.7 0.5 1.7 -1.2
6 528 122 406 12.7 53 73 1.2 0.6 0.5
7 1368 137 1231 10.1 15 8.5 0.9 04 0.5
8 1511 433 1077 12.2 30 9.2 1.0 2.5 -1.5
9 316 39 277 7.6 29 46 0.9 0.4 0.5
10 120 216 -96 26 47 -21 13 3.0 -1.8
Mean 503 158 334 6.6 3.2 3.4¢ 0.87 1.21 -0.33
Median 346 122 185¢ 6.6 29 3.0 0.91 0.65 -0.07

a The amount of 1-OH-pyrene excreted during a period of 22 h (exposure took place during the first 8 h of this period).
b Difference between the day without coveralls and the day with coveralls.

¢ The reduction was statistically significant (P=<0.05).

1-OH-pyrene excretion rate (nmol - h™)

6
Sunday I
5 -
O
& Q
3 —
5
2 - e,
0O G\
with coveralls
1 -
0 T T T T =T
-24 -16 -8 0 8 16 24 - 32 40 48

time (h)

Figure 3. Effect of the coveralls on the urinary 1-OH-pyrene excretion of a creosote-exposed worker (worker 1). The shaded

area indicates the hours of exposure (8-h workshift)

The rate of 1-OH-pyrene excretion was calculated as
follows:

1-OH-pyrene excretionrate=C -V /( ~1 ),

where, C, = the 1-OH-pyrene concentration in urine
sample n (nmol - I'), V = volume of urine sample
n (1), t, =time of voidance of urine sample n (h),
t_, =time of voidance of the urine sample before
sample n (h).

The amount of 1-OH-pyrene excreted in the urine
as a result of the 8-h exposure period was calculat-
ed by determining the area under the curve (AUC)
from t = 8 h until t = 30 h of the “excretion rate ver-
sus time plots,” corrected for the background ex-
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cretion in the same period. The individual back-
ground excretion in that period was calculated with
the excretion rate before the exposure period. The
urine on Monday morning may have contained a
small amount of 1-OH-pyrene due to pyrene expo-
sure on the previous Friday. For coke-oven workers
Jongeneelen and his co-workers estimated that the
half-time of 1-OH-pyrene varies between 6 and 35 h
(22).

On the day the workers did not wear coveralls, the
amount of urinary 1-OH-pyrene excreted as a result
of an 8-h exposure was significantly higher (6.6 ug
or 30.2 nmol of 1-OH-pyrene) than on the day with
the coveralls (3.2 ug or 14.7 nmol of 1-OH-pyrene)
(table 2).
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Table 3. Results of the multiple regression analysis — the effect of differences in the pyrene skin contamination and breathing-
zone air concentration on the internal dose (urinary 1-OH-pyrene) of the creosote workers. Model: A urinary 1-OH-pyrene =

A pyrene skin contamination + Apyrene air concentration.2

Parameter Standardized

estimate SE estimate P-value
A pyrene skin contamination (ug - d—") 0.008 0.002 0.79 0.003
A pyrene air concentration (ug - m—3) 15 0.9 0.29 0.14
Intercept 1.3 10 § 0.24

a A =the difference between the two days of measurements (day without coveralls — day with coveralls) N=10, R*=0.79.

Relation between external exposure and internal
dose

The wearing of coveralls resulted in a significant re-
duction in both the pyrene skin contamination and
the internal dose. The differences between the pyrene
skin contamination correlated well with the differ-
ences in the urinary 1-OH-pyrene excretion (rg=
0.93, P=0.0001, N = 10). The differences in the con-
centrations in the breathing-zone air were not re-
flected in the differences in the urinary 1-OH-pyrene
excretion (rg = 0.39, P=0.26, N = 10). Multiple re-
gression analysis with the difference in urinary
1-OH-pyrene excretion as the dependent variable and
the difference in pyrene skin contamination and the
difference in the pyrene concentration in the breath-
ing-zone air as the independent variables revealed a
standardized parameter estimate of 0.79 for skin con-
tamination and 0.29 for the concentration in breath-
ing-zone air (table 3). This finding indicates that the
internal dose was more determined by skin contam-
ination than by the concentration in the breathing-
zone air.

Discussion

Data on the skin contamination of workers exposed
to PAH are very limited. In previous studies dermal
PAH contamination has been measured with expo-
sure pads on road paving workers (17) and workers
in the primary aluminum industry (7) and coke in-
dustry (8). The daily pyrene skin contamination of
the creosote workers was relatively high (median
350 pg or 1.7 umol of pyrene) in comparison with
that of the coke-oven workers (70 pug or 0.3 umol),
primary aluminum workers (395 pg or 2.0 pmol),
and road-paving workers (117 pg or 0.6 umol). This
difference does not necessarily mean that the total
PAH contamination was also higher because the
composition of the contaminant varied between the
several work environments. The creosote o0il used in
the wood impregnation plant contained about 3.4%
pyrene and less than 0.0004% benzo[a]pyrene. Coal
tar, which is the main PAH contaminant in the coke
industry, primary aluminum industry and tar road
paving, contains about 2—10% pyrene and 0.4—
0.6% benzo[a]pyrene (5). The pyrene concentration
in the breathing-zone air of the creosote workers
ranged between 0.3 and 3.0 ug - m= (1.5 and 14.8

nmol - m~?) (table 2). This range is comparable with
concentrations in the breathing-zone air of workers
in impregnation plants in Finland (23).

In a previous study among coke-oven workers
about 20% of the daily pyrene skin contamination
entered the body during an 8-h workshift, and the
uptake of pyrene through inhalation was approxi-
mately 50% of the total amount of inhaled pyrene
(8). Applying the results of these assessments in the
present study revealed that 9.4 to 302 (median 69)
Hg [46 to 1490 (median 340) nmol] of pyrene en-
tered the body through the skin during an 8-h work-
shift, and the estimated daily respiratory uptake of
pyrene varied between 1.5 and 15 (median 4.5, as-
suming a respiration volume of 10 m? in 8 h) pg [7.4
and 74 (median 22) nmol] of pyrene. The results of
these calculations show that the dermal pyrene up-
take was on the average 15-fold higher than the es-
timated respiratory uptake. The assumptions made in
the calculations of pyrene uptake are open to discus-
sion and modification. For example, the respiratory
PAH uptake for creosote workers might have been
underestimated because these workers inhale more
pyrene in the gas form (+ 50%) than coke-oven
workers do (+ 25%) (8). It is also unclear whether
this relatively high concentration of gaseous pyrene
in air affects the dermal pyrene uptake. However, it
is not expected that the orders of magnitude of the
calculated dermal and respiratory PAH uptake would
be altered extremely.

The relevance of the skin as a route of PAH up-
take was confirmed when both the dermal and the
respiratory exposure was related to the internal dose.
For the creosote workers who participated in this
study it was shown that skin contamination was the
main determinant of the internal dose and that a re-
duction of the concentration in breathing-zone air had
a minor effect on the internal dose (table 3).

The present study shows that the extra protective
clothing did not reduce the dermal PAH contamina-
tion very effectively (an average of about 35%).
Three out of ten workers showed a higher skin con-
tamination despite the fact that they wore coveralls
(table 2). This result might have been caused by
either penetration of the contaminant through the Ty-
vek® material, variation in exposure between the 2 d
of measurement, or uncovered skin areas. Penetra-
tion of PAH through the material was not detected.
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That the variation in exposure might have affected
the reduction of skin contamination is shown in ta-
ble 2. The breathing-zone air concentrations of the
workers whose skin contamination was not reduced
were indeed higher on the day they wore coveralls.
In previous studies among other PAH-exposed work-
ers it was also found that the interday variation of
skin contamination is rather high (publication in
preparation). However, the most important explana-
tion for the low efficacy of the coveralls seems to
be the uncovered skin areas, such as the face, wrists,
and ankles (figure 1). The coveralls did not result in
a significant reduction in contamination of the pads
pasted on these skin areas (figure 2). In addition, low
but measurable skin contamination was also found
on pads pasted on skin regions which were definite-
ly covered by the coveralls, such as the shoulder,
upper arm, and groin. The contamination on these
exposure pads showed a significant correlation with
the pyrene concentration in the breathing-zone air of
the workers (rg was 0.58, 0.85 and 0.61, respective-
ly, P<0.05). Apparently air is sucked between the
skin and the coveralls, the result being deposition of
PAH on skin. The contamination of the pads pasted
under the normal workclothes showed no significant
correlation with pyrene in the breathing zone of the
workers. This finding indicates that contact with con-
taminated workclothes is the main source of contam-
ination.

Wearing the Tyvek® coveralls underneath normal
workclothes was not very comfortable for the work-
ers, but necessary to avoid skin contamination from
contaminated workclothes. Coveralls may reduce
skin contamination, but they also may increase the
dermal absorption rate of contaminants due to the
elevated temperature of the skin, humidity, and phys-
ical stress.

The calculated dermal and respiratory uptake, the
high correlation between dermal exposure and uri-
nary 1-OH-pyrene excretion, and the low correlation
between the air concentration and urinary 1-OH-
pyrene excretion lead us to conclude that, for the
group of wood-preserving workers who participat-
ed in this study, the skin is the main route of PAH
uptake. Measures to reduce the internal dose of PAH-
exposed workers should primarily be focused on re-
ducing dermal PAH contamination. The coveralls, as
applied in this study, were not very effective in re-
ducing dermal PAH contamination, probably due to
uncovered skin areas such as the face, wrists, and
ankles. Further research should clarify whether fre-
quent cleaning of workclothes, combined with im-
proved personal hygiene, leads to a satisfactory re-
duction in the internal dose of PAH-exposed work-
ers.
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