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Assessment of occupational
exposure to PAHs in an Estonian
coke oven plant — correlation of
total external exposure to internal
dose measured as 1-hydroxypyrene

concentration

Terhi Kuljukka, Raija Vaaranrinta, Pertti Mutanen,
Toomas Veidebaum, Marja Sorsa, Pentti Kalliokoski
and Kimmo Peltonen

The exposure of cokery workers to polynuclear aromatic
hydrocarbons at an Estonian oil shale processing plant was
assessed by using occupational hygiene and biomonitoring
measurements which were carried out twice, in midwinter and
in the autumn. To assess the external dose of polynuclear
aromatic hydrocarbons, pyrene and benzo[a]pyrene
concentrations were measured from the breathing zone of
workers during a workshift. Skin contamination with pyrene
and benzo[a]pyrene was assessed by skin wipe sampling
before and after the workshift. As a biomarker of overall
© exposure to polynuclear aromatic hydrocarbons, and as an
%‘ntegral of all absorption routes of pyrene, 1-hydroxypyrene
oncentration was measured from post shift urine samples.

3 f the personal air samples, 18% exceeded the Finnish
) ghreshold limit value of benzo[a]pyrene (10 ug m3). Mean
galue (two separate measurements together) for
denzo[a]pyrene was 5.7 ng m and for pyrene, 8.1 pg m=.
Based on skin wipe sample analyses, the skin contamination
was also obvious. The mean value of benzo[a]pyrene in the
samples collected after the shift was 1.2 ng cm?.
Benzo[a]pyrene was not found in control samples. The

mean value of urinary 1-hydroxypyrene concentration was
6.0 umol mol? creatinine for the exposed workers and

0.5 umol mol? creatinine for the controls. This study
undoubtedly shows the usefulness of 1-hydroxypyrene as an
indicator of internal dose of polynuclear aromatic
hydrocarbons. It can be concluded that the cokery workers at
the Kohtla-Jérve plant are exposed to high concentrations of
polynuclear aromatic compounds, and the exposure level is
considerably higher during the winter measurements.
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Introduction

Oil shale processing, in specially designed retorts, for energy
supply and further refining to a variety of raw materials for
petrochemistry is an important field of industry and the export
trade in Estonia. In Estonia about 99% of the electric energy
production is based on oil shale (Jiirgenfeld ez al. 1994). The
first industrial shale oil factory in Kohtla-Jarve started in 1924
while the production of oil coke began in 1964 (Rooks 1994).
Coke production at the Kohtla-Jarve oil shale plant gets its raw
material partly from the retorting process of oil shale and the
rest is imported from Russia. The heaviest bitumenous
fractions from the retorting process are led into the coke ovens.
On average 50 000 tons of raw material is burnt annually (Dr
Veidebaum). Production of oil coke differs from the traditional
cokery process in that the raw material is in a liquid state
compared with the solid coal normally used, and the chemical
composition is also unique. These differences might affect the
chemical reactions which happen during the burning process
and by means of which compounds are released into the
ambient environment.

In the cokery process coal is destructively distilled into
coke. The workers are exposed to a complex mixture of
gaseous, liquid, and, in particular, particulate emissions. The
exposure of coke oven workers to high concentrations of
polycyclic aromatic hydrocarbons (PAHs) has evoked especial
concern, mainly because in epidemiological studies many of
them have been shown to be carcinogenic. There is
considerable evidence that exposure to occupational emissions
causes elevated risk of cancer of the skin and lung among
cokery workers (IARC 1984, 1987).

In recent coke oven studies reported B[a]P concentrations
have varied from 2.7 pg m“to 69 ug m>, and pyrene
concentrations from 35 ug m>to 200 pg m™ (Bjerseth ef al.
1978, Yrjanheikkiet al. 1994). In a Swedish cokery the
concentration of 14 PAH compounds was determined to be
6-570 ng m™ (Reuterwall et al. 1991).

Evaluation of human exposure to PAHs by carrying out only
environmental monitoring may be inadequate due to the strong
adsorption of some PAH compounds onto the surface of
particulates (Dufresne ef al. 1987, Lesage et al. 1987) and the
significance of skin absorption (Jongeneelen ez al. 1988a,
VanRooij et al. 1992, 1993a, Elovaara et al. 1995). Furthermore,
there is a need for a reliable and comprehensive measure of
internal dose for risk assessment. In several occupational
hygiene studies 1-hydroxypyrene has been shown to be a
sound marker for PAH exposure, and to correlate well with
total PAH exposure from multiple sources (Jongeneelen et al.
1990, Zhao et al. 1990, Buchet et al. 1992). Despite the
numerous supporting observations for the use of 1-OHP as a
measure of internal pyrene and total PAHs many things also
affect the interpretation of exposure data. An important source
of PAH exposure and the main confounding factor in
environmental or occupational PAH exposure measurements is
smoking. It is a well known fact that tobacco smoke contains
numerous PAH compounds. There is approximately 10-50 ng
of benzo[a]pyrene in the main stream smoke per cigarrette, and
the concentration is four times more in the side stream smoke
(IARC 1986). In many PAH exposure g ' M T & ¥
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reported to be a clear confounding factor to exposure
assessments (Jongeneelen ef al. 1989, Sherson et al. 1990,
Grannela ef al. 1993, VanRooij ef al. 1993a). However, there are
also reports where smoking did not have an effect on PAH
exposure biomarkers (Burgaz ez al. 1992, Omland et al. 1994).
Another source of PAH exposure which also should be
evaluated, according to many authors, when assessing
environmental or occupational PAH exposure is the diet.
Carcinogenic PAHs have been identified in many food items,
especially in grilled or smoked meat and fish (IARC 1973,
Fazio and Howard 1983). It has been estimated that dietary
PAH exposure may contribute a considerable portion of the
total PAH uptake (Santodonato et al. 1981, Fazio and Howard
1983, Lioy et al. 1988, Hattemer-Frei and Travis 1991, Buckley
and Lioy 1992).

In this study we assessed the exposure of cokery workers to
polycyclic aromatic hydrocarbons. To get a reliable measure of
individual exposure, personal air sampling was conducted
over a full shift. The use of skin wipe sampling was to get a
semi-quantitative estimation of the possibility and
contribution of exposure through the skin. We used 1-
hydroxypyrene as a biomarker of internal dose as it has been
shown to reflect external PAH exposure in many occupational
environments. Control of the main confounding factors was
conducted by a detailed questionnaire.

ETHODS

rene and B-glucuronidase/arylsulphatase (102.00 Units ml*) were obtained

om Sigma Chemical Co., St Louis, MO; Benzolalpyrene was from Fluka Chemie

UAG, Buchs, SW; 1-hydroxypyrene was from Aldrich Chemical Co., Milwaukee, WI.
All other chemicals were of analytical grade. C,; solid phase extraction cartridges
were Mega Bond Elut® (6¢cc/1GRM) from Varian, Harbor City, CA; PTFE filters
were obtained from Gelman Sciences, Ann Arbor, MA; XAD-2 adsorption tubes and
Smear Tabs were from SKC Inc. Eighty Four, PA.

A total of 49 cokery workers from an Estonian oil shale plant at Kohtla-Jarve
and 10 controls from a nearby lisaku village took part in this study. All the persons
participated voluntarily and were well informed about the purpose of the study
beforehand. Sampling was conducted at the beginning of March 1994 and in
September 1994. During the first 3-day sampling period a group of 22 coke oven
workers and the controls were monitored. During the second sampling the size of
the study group was 27 cokery workers. Eight persons took part in both of the
samplings. Table 1 shows the distribution according to sex and smoking habits.

Male Female
Smokers  Non-smokers Smokers Non-smokers  Total

First sampling

Cokery

workers 11 2 1 8 22

Control

persons 2 3 1 4 10
Second sampling

Cokery

workers 15 5 1 6 27

Table 1. Participants of the PAH exposure study.

I Kuljukka et al.

Distribution of smoking was not similar in the exposed and control groups
because of the strong sex-linkage of the smoking habit, and there were mostly
male workers in the plant. The questionnaire (presented in native language)
concerned personal characteristics including age, weight, height, smoking habits,
alcohol consumption and work history. Furthermore, a medically trained person
interviewed the participants of the study in connection with the blood sampling and
checked the prefilled questionnaires. During the sampling, working activities, and
thus possible exposure situations, were not followed by any industrial hygienist,
but instead the gross evaluation of possible exposure level was based only on job
titles mentioned in the questionnaire. There were 37 operators altogether, six
locksmiths, three drivers, two loaders, and one welder in the total group of
exposed workers studied. The information on the job title of two persons is
missing. Eight of the control persons were white collar workers, one was a
lumberman and one was a driver.

Full shift personal air samples were collected from the breathing zone of each
worker, and the sampling was performed according to National Institute for
Occupational Safety and Health (NIOSH) method 5506. Particulate matter was
collected on a non-pre-equilibrated 37-mm-diameter polytetrafluoroethylene (PTFE)
membrane filter which was followed by a glass sorbent tube containing 100/50
mg XAD-2 resin. The XAD-2 sorbent tube was wrapped with aluminium foil to
prevent photodegradation of the PAHs collected. Air was drawn through the
sampling media at the average rate of 1.5 | min by charged constant flow
personal air sampling pumps (Du Pont, Model P2500, and SKC, Model 224-42).
The flow rates of the sampling pumps were calibrated beforehand and the
calibrations were checked after sampling. Skin contamination was assessed from
the inner surface of the wrist of every worker before and after the shift. The wrist
skin was wiped by the sampler over an area twice the size of a Watman Smear tab
(approx. 10 c?). Air samples and Smear tabs were wrapped in aluminium foil,
transported in dry ice and kept at-70 °C until analysis. The concentration of
urinary 1-OHP was measured from post shift spot samples.

Analysis of PTFE filters, XAD-2 adsorbent material and Smear tabs was
performed according to a modification of NIOSH method 5506. The analytes were
extracted in 5 ml of toluene: XAD-2 material in the desorption solvent was keptin a
refrigerator overnight and after centrifugation a 4 ml aliquot was taken for further
preparation. Filters and Smear tabs were extracted by sonication for 30 min. Air
and skin samples were further handled in the same manner. After evaporation in
nitrogen flow samples were redissolved in methanol, and analysed by HPLC using
an Inertsil ODS-2 analytical column (3KI41013). HPLC equipment was a Millipore
Waters™ 717 Autosampler, a 600-MS pump unit and a 470 Scanning fluorescence
detector (Millipore Corp. Miford, MA). System control and data handling was done
with a Millenium™ 2010 Chromatography Manager. Separation of analytes was by a
linear gradient of acetonitrile/water (from 10%,/90% in 25 min to 100%,/0%).
Fluorometric detection was at excitation wavelength 264 nm and at emission
wavelength 381 nm for pyrene; and for B[a]P the wavelengths were 296 nm and
407 nm, respectively. Stability of detector response was controlled by repeating
the injections of standard solution daily. Calibration curves were prepared by adding
pyrene and B[alP onto the filter and XAD-2, respectively. Urinary 1-OHP was
analysed by high performance liquid chromatography after being submitted to
enzymatic hydrolysis and solid phase clean-up (Jongeneelen et al.1987). The HPLC
equipment was the same as for the air monitoring samples. Chromatographic
conditions were as follows: a linear gradient of methanol/water (from 60%,/40% in
25 min to 100%/0%). Fluorometric detection was at excitation wavelength 242 nm
and at emission wavelength 388 nm. Stability of detector response was controlled
by repeating the injections of standard solution daily. Calibration curves were made
with blank urine samples spiked with known amounts of commercial 1-OHP.
Creatinine concentration in each urine sample was determined from the urine
collected during the workshift by a standard automated photometric method in the

biomonitoring laboratory of the Finnish Institute (E”"r"ﬁ“i‘_i‘":l', '-'ﬁ"'“' ‘
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Variation coefficiency of pyrene analysis from the filters was 5+3(SD)% and
recovery was 67+9(SD)%, n=3. For B[a]P analysis the variation coefficiency was
2+3(SD)% and recovery 75+5(SD)%. In the XAD-2 analysis the variation coefficiency
for pyrene was 14+5(SD)% and for B[a]P 9+10(SD)%. The recoveries were
132+35(SD)% for pyrene and 110+21(SD)% for B[a]P. Variation coefficiences in
Smear tab analyses were 4+3(SD)% for pyrene and 1+1(SD)% for B[alP and
recoveries were 76+45(SD)% and 97+20(SD)%, respectively. Variation coefficiency
in urine analyses was 7+4(SD)% and recovery of 1-OHP was 137+10(SD)%.

Sampling 1 Sampling 2 Both samplings
Kohtla-Jarve
Pyrene in filter
samples (ng m3)
Range: 0.03-69.6 0.01-15.2 0.01-69.6
Mean: 15.7 1.5 8.1
Median: 4.8 0.1 0.2
BlalP in filter
samples (ng m3)
Range: 0.04-39.6 0.02-13.1 0.02-39.6
Mean: 10.4 1.6 5.7
Median: 3.7 0.2 0.4
Pyrene in skin wipe
samples (ng cm?)
Range: 0.15-6.3 0.21-9.0 0.15-9.0
Mean: 2.0 1.3 1.6
Median: 1.1 0.7 0.8
BlalP in skin wipe
samples (ng cm?)
Range: 0-7.4 0-5.5 0-7.4
Mean: 2.0 0.7 1.3
Median: 1.1 0.2 0.3
lisaku
Pyrene in filter
samples (ng m3)
Range: 0.001-0.004
Mean: 0.002
Median: 0.002
BlalP in fitter
samples (ng m3)
Range: 0-0.005
Mean: 0.001
Median: 0
Pyrene in skin wipe
samples (ng cm?)
Range: 0-0.46
Mean: 0.12
Median: 0
BalP in skin wipe
samples (ng cm?)
Range: 0
Mean: 0
Median: 0

Table 2. Summary of personal hygienic PAH exposure measurements at the
Kohtla-Jarve cokery and in lisaku village.
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For statistical analyses of the study results Student’s t test, Pearson
correlation, and variance analyses were used. Results were examined also with
log-normalization of 1-OHP values. The use of non-linear statistical tests did not
change the results essentially.

Results

For the results of air concentration measurements and skin
wipe sampling see Table 2 where the range of measured
parameters is presented together with the mean and median
values; the combination of the results from two separate
measurements is also presented. In the cokery the pyrene
concentration of the filter samples was 0.03-69.6 ug m™ (mean
15.7 ug m*) in the first sampling, and 0.01-15.2 ug m™ (mean
1.5 ug m™) during the second sampling. B[«]P concentration
ranged from 0.04 to 39.6 ug m™ (mean 10.4 pg m™) in the winter
sampling and from 0.02 to 13.1 pg m> (mean 1.6 pg m™) in the
autumn. In the control filter samples pyrene concentration was
0.001-0.004 ug m” (mean 0.002 ug m) and B[a]P 0-0.005 pg m™
(mean 0.001 ug m™). Benzo[a]pyrene was not found from the
XAD-2 samples and only minimal amounts of pyrene were
detected in the XAD-2 adsorbent material, less than 5% of the
total pyrene load in most of the samples (in 71% of samples
(n=21) during the winter sampling and in 54% (n=24) of the
second sampling). The statistically significant difference in
airborne concentrations between sampling periods (p-value for
pyrene=0.009 and for B[a]P=0.008) showed that based on
occupational hygienic measurements by personal sampling the
overall PAH exposure level was markedly higher during the
first sampling period than the PAH levels measured in the air
during the second period. Correlation between pyrene and
B[a]P concentrations was very good (Figure 1). The measured
pyrene contamination on wrist skin was 0.1-6.3 ngcm™ (mean
2.0 ng cm™) and for B[¢]P 0-7.4 ng cm?(mean 2.0 ng cm™) in
the first sampling period. In the second sampling pyrene
contamination ranged from 0.2 to 9.0 ng cm™ (mean 1.3 ng cm™),
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Figure 1. Correlation between pyrene and benzolalpyrene measured in personal
air samples of cokery workers. A linear regression with 95 % confidence limits is
shown. n=45; r=0.97; p<0.00001. BIGHTS O
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1-OHP (umol mol™! creatinine) 1-OHP (nmol I})
Sampling 1
Exposed
Range: 0.2-69.5 1.2-409.8
Mean: 8.7 72.9
Median: 3.4 32.7
Sampling 2
Exposed
Range: 0.28-21.6 2.2-354.8
Mean: 3.7 61.6
Median: 1.5 19.9
Controls
Range: 0.13-1.68 1.65-19.0
Mean: 0.5 6.3
Median: 0.3 4.3

Table 3. Urinary 1-hydroxypyrene (1-OHP) concentrations in cokery workers

and controls.
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Figure 2. Correlation between the pyrene concentration in personal air samples
and urinary 1-hydroxypyrene. A linear regression with 95% confidence limits is

shown. n=41; r=0.56; p=0.0002.

and B[a]P contamination from 0 to 5.5 ng cm? (mean 0.7 ng cm™),
respectively. A clear skin contamination was demonstrated
and in most cases (60%, n=48) the postshift value was higher
although handwashing could not be controlled in all cases
before sampling.

1-Hydroxypyrene was measured from post shift urine
samples of 49 exposed workers, and the 10 controls collected a
sample during the same day as air monitoring was conducted.
Most of the studied subjects were smokers (75%). In our study,
the controls excreted levels of 1-hydroxypyrene showing a
mean of 0.5 umol mol™ creatinine (6.3 nmol 1""). The exposed
workers showed clearly elevated levels of 1-hydroxypyrene in
their urine, the mean value being 6.0 umol mol” creatinine
(66.8 nmol)’', range 0.2-69.5 umol mmol' creatinine
(1.2-409.8 nmol I'"). The range, mean and median values of
1-OHP concentrations are given in Table 3. Correlation
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Figure 3. Correlation between the BlalP concentration in cokery filter samples
and urinary 1-hydroxypyrene. A linear regression with 95 % confidence limits is
shown. n=41; r=0.63; p=0.00001.
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Figures 4A. and 4B. 1-Hydroxypyrene concentration in urine (umol/mol
creatinine), pyrene concentration in breathing zone air (ug m®), the numerical
value multiplied by 10, and pyrene contamination on skin (ng cm?) in eight cokery
workers in two separate samplings. Figure 4A is from the winter sampling and
figure 4B from the autumn sampling. Person No 5 in Figure 4A missed the air
measurement result.

between airborne pyrene and 1-hydroxypyrene (expressed
with creatinine adjustment) was strong, showing an r-value of
0.56 (Figure 2). The corresponding r-value was 0.52 when the
1-OHP concentration was not corrected for creatinine.
Correlation between B[a]P and 1-hydroxypyrene was even
stronger, showing an r-value of 0.63 (Figure 3). Figures 4A and

A Annteatin~a

4B show the comparison of airborne BiGHTE Ty
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measurements, skin wipes and urinary 1-OHP concentration in
the eight cokery workers who participated in both samplings.
Higher 1-OHP concentrations seem to co-exist with high air
concentations of pyrene, and also the effect of heavy skin
contamination is generally demonstrated as a high 1-OHP
concentration. Despite this obvious tendency, the separate
contribution of these different components could not be
statistically verified in this small number of cases.

In our study all the assessed contributors of pyrene dose:
occupational exposure through inhalation, absorption through
the skin and smoking had a statisitically significant effect on the
measured 1-OHP concentrations, the corresponding p-values
were 0.007; 0.012; 0.022 (creatinine adjusted 1-OHP with log-
normalization) and 0.014; 0.005; 0.012, respectively with log-
normalized 1-OHP expressed in nmol I"'. The effect of smoking
was seen when this parameter was expressed as . The effect of
packyear could not be statistically seen in this study.

= Discussion

In this study pyrene and benzo[a]pyrene were selected to be
measured as markers of overall PAH exposure because of the
known carcinogenicity of benzo[a]pyrene, and pyrene as being
an important component of all PAH mixtures, and because the
main urinary metabolite of pyrene was determined as a marker
lcéf internal dose. In this study we found that the cokery workers

com by Changhua Christian Hospital on 11/18/12

ivere exposed to high concentrations of pyrene and
3 enzo[a]pyrene. The results of biological monitoring are in
) ggreement with occupational hygiene measurements from the
Gvorkplace atmosphere. In our study the correlation between
Eirborne pyrene and benzo[a]pyrene (r=0.97, p<0.00001) was
extremely good, and is in agreement with results in other
studies where fairly constant ratios of pyrene to other PAHs in
specific work environments, such as coke plants, have been
reported (Jongeneelen et al. 1990, Buchet e al. 1992).

The exposure level at the Kohtla-Jarve coke plant is clearly
higher (the overall mean value for B[a]P concentration
5.7 ug m™) than in modern cokeries. In a Finnish cokery study
Yrjanheikkiet al. reported (1994) B[a]P concentrations in
personal samples at the level of 2.0 pg m™. In another recent

Biomarkers Downloaded from informahealthcare.

study topside cokery workers were exposed to pyrene
concentrations of 9.44 (GM) ugm™ and to B[«]P concentrations
of 5.85 (GM) ug m™ (Buchet et al. 1992). Mean concentrations
of the pyrene and benzo[a]pyrene were markedly higher (for
pyrene 15.7 pg m™ versus 1.5 pg m™ and for B[«]P 10.4 ug m™
versus 1.6 ug m™) during the winter sampling compared with
the concentration levels in the autumn. This observation is in
agreement with the general phenomenon that air
concentrations of PAHs are generally higher in the
environment during the cold season. Higher 1-OHP
concentrations have also been shown in winter time with good
correlations between 1-OHP and airborne PAH concentrations
(Zhao et al. 1990, 1992). The same tendency was also
demonstrated in our study (although the difference was not
statistically significant in the 7-test) which supports our
interpretation; and at least partly excludes the possibility of
gross bias in sampling or that it is all chance. The less clear
effect on 1-OHP concentrations could partly be explained by
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the fact that numerous other sources of pyrene, as well as air,
were having an effect on this biomarker.

1-OHP is considered to be a suitable biomarker of
occupational/environmental PAH exposure for several
reasons: firstly many studies have shown a reasonable
correlation to markers of external exposure (Zhao et al. 1990,
Grimmer et al. 1993, Levin et al. 1995, Quinlan et al. 1995);
and secondly, the relative simplicity and rapidity of the assay
and the non-invasiveness of specimen collection make the
assay amenable to routine sampling. In a recent study by
Clonfero et al. (1995) the power of 1-OHP over urinary
mutagenicity as a sensitive marker of occupational exposure to
PAHs was demonstrated. Also, a recent international
workshop concluded that urinary 1-hydroxypyrene is a useful
tool for estimation of occupational PAH exposure. However,
since there is no direct correlation between urinary 1-
hydroxypyrene and health effects, it cannot yet be used as an
indicator of risk (Levin 1995).

In our study most of the subjects were smokers (75%). As
showed by Van Rooijer al. (1994a) smoking and dietary intake
of PAH have an effect on the baseline excretion of 1-OHP in
urine. In our study the mean value of 1-OHP excretion in the
controls (0.5 umol mol’ creatinine) falls in the range of control
values for 1-OHP excretion, reviewed recently by Levin (1995).
The exposed workers showed clearly elevated levels of 1-OHP
in their urine. The 1-OHP concentration was about 12 times
higher (mean 6.0 umol mol' creatinine, range 0.2-69.5 umol
mol! creatinine) than for the local control population. This
difference is in the same range as reported in other previous
studies (Jongeneelen ez al. 1990, Kang ef al. 1995). In a recent
study of Ovrebe et al. (1995) the mean urinary 1-
hydroxypyrene concentration in samples from coke oven
workers was reported to vary from 1.11 to 5.33 umol mol"
creatinine and the average value for the controls was 0.14 pmol
mol! creatinine. In this study the external exposure was
assessed according to job category only.

The use of creatinine correction in order to reduce the
variations due to dilution is commonly used in connection
with expression of urinary metabolite concentrations. There
has been criticism toward the use of creatinine adjustment. It
has been shown that considerable intra- and interindividual
variation exists in the excretion of creatinine, the excretion
rate being non-constant and unpredictable (Alessio et al. 1985,
Boeniger et al. 1993). In this study the correlation between
airborne pyrene concentration and 1-OHP did not differ
considerably while the biomarker was expressed as nmoll’
(r=0.52, p=0.0005) or adjusted for creatinine, unmol/mol
creatinine (r=0.56, p=0.0002). The effect of adjustment should
be tested and compared with non-adjusted values in
individual situtations. In the case of marked discrepancy, after
critical consideration of the underlying reasons, the best
possible way of expressing the results should be chosen.

Several studies have shown that 1-OHP excretion is
influenced by smoking only at very low occupational exposure
levels (Jongeneelen ef al. 1988b, Granella and Clonfero 1993,
VanRooij et al. 1994b, ); while in high exposure situations, as in
coke oven work, only a minimal effect of smoking on 1-OHP

excretion has been observed (Buchet h"T’ :‘!“‘I‘_;‘TAB‘M : i
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Jongeneelen et al. (1988a) concluded that high occupational

exposure masks the increase of 1-OHP excretion due to smoking

related pyrene intake. In this study group, smoking was shown
to have a statistically significant impact on 1-OHP level.

In our study diet was not controlled as a source of total PAH
exposure. Presumably, in this cohort the effect of dietary PAH
load is smaller than that of smoking. No doubt the recent
statement by Buckley et al. (1995) holds true: in low or
moderate exposure situations, environmental or occupational,
epidemiological or exposure/biomarker studies that fail to
consider dietary PAH exposure are likely to result in serious
misclassification of exposure.

We used skin wipe sampling in order to assess semi-
quantitatively the possible impact of skin as a route for PAH
exposure. Results from the skin wipe sample analyses clearly
supported the visual observations of heavy contamination on
skin and clothing. This observation is an important one when
considering protective hygienic measures, also because in
other studies the skin has been shown to be one of the main
routes of exposure to PAHs in a coke plant and in coal tar
creosote impregnation (VanRooij et al. 1993a, 1993b). Data on
the skin contamination of workers exposed to PAHs are still
very limited. Coveralls may reduce skin contamination, but
they also may increase the dermal absorption rate of
contaminants due to the elevated temperature of the skin,

Shumidity, and physical stress (VanRooijer al. 1993c). In a
%ecent study it was demonstrated that simple hygienic skin
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;protective measures result in a significant reduction (37%) of

) %he internal PAH exposure (VanRooij et al. 1994Db).

@ The power of biomarkers in risk-based assessment of

Eexposure is based on their biological relevance as providing
indisputable evidence of exposure, being an integral over time
and route of exposure (Buckley e al. 1995). However,
biomarker measurement provides no information about the
source of exposure or route of absorption. Therefore in this
study external PAH exposure also was assessed by traditional
occupational hygiene measurements combined with a
biomonitoring technique in order to get a comprehensive
picture of the total exposure. When interpreting the results of
air sampling and assessing the exposure to compounds via the
lungs it should be kept in mind that the interindividual

Biomarkers Downloaded from informahealthcare.

variation in respiration and the use of protective equipment
have an effect on the actual amount of internal dose deriving
from the atmosphere (Ny ez al. 1993). Also the actual
bioavailability depends on the nature of the inspired particles.
Assessment of PAH exposure through the skin is clearly a
new challenge for occupational hygienists, and standardized

methods are still lacking. However, recent observations of PAH

absorption through the skin, possible exposure from
contaminated clothing, and the significant exposure-reducing
effect of protective clothing and other hygienic measures
provide support for practical measures towards better working
conditions (VanRooijet al. 1992, 1993a, 1994, Boogaard and
van Sittert 1995, Quinlan et al. 1995).

In conclusion, in this study we found that the studied

I Kuljukka et al.

cokery workers were exposed to high concentrations of pyrene
and benzo[a]pyrene. Results of biological monitoring are in
agreement with occupational hygiene measurements from the
workplace atmosphere. Skin contamination and hence the
importance of possible PAH exposure through the skin is
obvious. Encouraged by recent study results, occupational
hygienic measures should also be directed to reduce skin
contamination. There was a clear difference of 1-hydroxypyrene
concentrations in controls compared with exposed workers and
a strong correlation between occupational exposure to pyrene
and urinary 1-hydroxypyrene level, which justifies the use of
I-hydroxypyrene as a marker of occupational PAH exposure.
In this study, the contribution of smoking-related pyrene load
was demonstrated in statistical analyses as causing a clear
difference in the baseline level of 1-hydroxypyrene excretion
in smokers versus non-smokers.
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