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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
integral of all absorption routes of pyrene, 1-hydroxypyrene
concentration was measured from post shift urine samples. 
Of the personal air samples, 18% exceeded the Finnish
threshold limit value of benzo[a]pyrene (10 m g m-3). Mean
value (two separate measurements together) for
benzo[a]pyrene was 5.7 m g m-3 and for pyrene, 8.1 m g m-3.
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-2.
Benzo[a]pyrene was not found in control samples. The 
mean value of urinary 1-hydroxypyrene concentration was
6.0 m mol mol-1 creatinine for the exposed workers and 
0.5 m mol mol-1 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-Järve plant are exposed to high concentrations of
polynuclear aromatic compounds, and the exposure level is
considerably higher during the winter measurements.

Keywords: polynuclear aromatic hydrocarbons, cokery work,
industrial hygiene, biomonitoring, 1-hydroxypyrene.

Abbreviations: B[a]P, benzo[a]pyrene; 1-OHP, 1-hydroxypyrene;
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Introduction
Oil sh ale  process ing,  in  sp ec ial ly  designed re torts, for  energy

sup p ly  an d furt her  ref ining  to  a var ie ty  of raw materials for

p e t roc he m istry  is an im p ortant f ield  of  industry  an d the exp ort

tr ade in  E stonia . In  E stonia  about 99%  of  the elec tr ic energy

p roduction  is  based on oil  shale  (Jü rgenfeld et  al. 1994). The

first  indust r ial  shale  oi l factory  in  Koht la-Jä rve started i n  1 924

w hi le  th e p roduct ion of  oil  coke began in 1964  (Rooks 1994) .

Coke produc tion at  the Koht la-Järve oi l shale  plan t  gets i ts  raw

m aterial  partly  from  the  re to rt ing  process  of  oi l  sh ale  and the

rest  is  im p orted  from  Russia .  T he h eaviest  bi tu m enou s

fract ions fro m  th e re tort ing  process are  led into the coke ovens.

On average 50 000 tons of  raw mater ial is burn t  ann ually  (Dr

Veidebaum ) . Product ion of  oil  coke differs fro m  th e tr adit io nal

cok ery  p rocess  in  that the r aw  material  is  in  a  l iquid state

c o m p ared  with  the so li d  coal  norm al ly used,  an d t he chem ical

com posit ion is  a lso  uniqu e.  T h ese differences m ight  affect  the

che m ical  reac tio ns wh ich  hap pe n du ring  t he bu rn in g p ro ces s

and  b y m ean s o f  w hic h com p ou nd s are  re leased i nto  the

am bient  en viro n m e n t .

In  the cokery  process  co al  is des tructively dist i l led into

coke.  T he workers  are  exposed to  a  com plex  m ixture of

gaseou s,  l iquid , an d,  in  part icu lar,  p art iculate  em issio ns.  T he

ex p o s u re of  coke oven workers to  high concentrat ions of

polycyclic  arom a tic  h yd rocarbons (PAHs) has evoked esp ec ial

co n ce rn ,  m ainly because in  epid emio logical  stu dies m any  of

them  h ave b een show n to b e carc inogenic.  T here  i s

con sid erab le  ev idence that  exp osure  to  occu patio nal  em issions

causes  elevated  r isk of  cancer o f  the skin and lu ng am ong

cok ery workers (IARC 1984, 1987) .

In  recent  co ke oven  stu dies rep o rted B[a]P concentrat ion s

have varied from 2.7  m g m-3 to  69 m g  m -3,  an d  p yre n e

concentrat ion s f rom  35  m g m-3 to  200 m g  m-3 (Bj ù rseth  et  al .

1978, Yrjänheikk i et al. 1994).  In  a S wedish  cokery  th e

co ncentration of  14 PAH  com po un d s w as d ete rm ine d to  b e

6±570 m g m-3 (Reuterw al l  et al. 1991).

E v aluatio n o f  h um an ex posure  to  PAHs by carry ing ou t  only

en v i ronm ental  m o nitor ing m ay be inad equate  d ue to  the s tro n g

adsorption of  so me PAH  co m p ou nd s o nto  the  su rface of

p a rt iculates  (Dufre sn e et al. 1987,  Lesage et  al. 1 987)  and the

signi f icance  of  sk in absorption (Jongeneelen et al . 1988a,

VanRooij  et  al . 1992,  1993a,  E lovaara et al. 1995). Furt h e rm o re ,

t h e re is a  need  for  a re l iab le  and  com p reh en siv e m e asu re of

in t ernal  dose  for  r isk  assessm ent. In  several  occupational

hyg iene stud ies 1-h ydro x yp y rene h as been sh own  to  be a

sou nd m ar ker fo r  PAH  ex po su re , and to  correlate  well  wi th

tota l  PAH  exp osu re fro m  m ul t ip le  sou rces (Jongeneelen et al.

1990, Z hao et  al.  1990,  Buchet  et  al . 1992).  Desp ite the

n u m e ro u s su p p o rt ing observa tions for  the use of  1-OHP as a

m e as u re  of  intern a l  p yrene and t otal  PAH s man y thin gs also

affect  the inter pre tat ion of  exposure  dat a . An  im po rt an t  so urc e

of  PAH  exp o su re  and the m ain con foun ding factor  in

en v i ronm en tal  o r  o ccupat ional  PAH  ex po su re  m e asu rem en ts  is

sm oking. I t  is a  well  known fact  that  tobacco  smoke contains

n u m e rou s PAH  co m po un d s.  T here  is  a pproxim ate ly 10±50 ng

of benzo[a ]p yrene in  the m ain stream  sm oke per  c igarre t te ,  and

the concentrat ion is  four  t imes m ore  in  the s ide s tream  sm o k e

(IARC 1986) . In many PAH  exp osu re  s tudi es sm ok ing has been
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re p o rted  to  be a clear  confounding fac tor  to  exposure

assessm ents (Jon genee len et al. 1989,  Sherson et  al . 19 90,

G rann ela  et  al . 1993, VanRooij  et al. 1993a) .  However,  there  are

also  re p o rts  w h e re sm oking d id  not  have an effect  on PA H

e x p o su re  biomarkers (Burgaz et  al.  1992,  O mland et  al. 199 4) .

A no th er  so urce  of PAH  exp osu re  w h ich also sho uld  b e

evaluated,  accord ing to  man y au tho rs ,  wh en assess ing

e nv i ron m ental  or  occup ation al  PAH  ex po sure  is the diet .

Carcin ogenic PAH s h av e been  identif ied in  m any food i tem s,

espec ia l ly  in gri l led or  sm oked  meat  and f ish  (IARC 1973,

F azio and  H owa rd  1 983). I t  has been es tim ated that  dietary

PAH  exp o su re  m ay  contr ib ute  a  consid erable  port ion of  the

total  PAH  uptake (S an todon ato  et  al . 1981, F az io and Howard

1983, Lioy et al. 1 988, H at temer-F re i  and  Travis  1991, Buckley

and  Lioy 1992).

In  this  s tud y we assessed the expo su re of  cokery  workers  to

poly cy cl ic  aro m ati c  hy drocarbon s.  To ge t a re l iab le  m easure of

ind iv idu al  e xp o su re ,  per so nal  a i r  sam pling was co ndu cted

over  a  ful l sh if t . T he use  of  sk in  wipe sam pling was to  get a

sem i-quanti ta t ive est imation o f  the possibi l i ty  and

contr ibutio n of  expo sure  t hroug h the skin.  We used  1-

h y d rox y py rene as  a biomarker  of  intern al  dose as i t  has been

sh ow n  to ref lec t ex tern al  PAH ex po sure  in  m an y occu pat ion al

e nv i ron m ents .  C ont ro l of  the main confounding factors w as

co ndu cted by  a  detai led quest i onn aire .

METHODS
Pyrene and b -glucuronidase/arylsulphatase (102.00 Units ml-1) were obtained

from Sigma Chemical Co., St Louis, MO; Benzo[a]pyrene was from Fluka Chemie

AG, Buchs, SW; 1-hydroxypyrene was from Aldrich Chemical Co., Milwaukee, WI.

All other chemicals were of analytical grade. C18 solid phase extraction cartridges

were Mega Bond ElutÒ (6cc/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-Järve

and 10 controls from a nearby Iisaku 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.

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 l min-1 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 cm2). 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 kept in 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

Watersä 717 Autosampler, a 600-MS pump unit and a 470 Scanning fluorescence

detector (Millipore Corp. Milford, MA). System control and data handling was done

with a Milleniumä 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[a]P 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 of Occupational Health.

T. Kuljukka et al.88

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.
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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[a]P 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)%.

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 resu lts  of  a ir  concentrat ion m easu re m e nt s  an d sk in

wipe sam plin g see Table 2  w here  the r ange of  m easure d

param eters  is  p re sen ted  to gether  w ith  t he m ean and  m ed ian

valu es ; the com binat ion of  the resu lts fro m  tw o se parate

m e as u rem ents  is  a lso p resented.  In  the cokery  the  py re n e

concentr at ion of  the f i l te r  sam ples was 0.03±69.6  m g m-3 (m e a n

15.7  m g m -3)  in  the f irst  sam pl ing,  and 0.01±15.2  m g m-3 (m e a n

1.5  m g m -3)  during the second sampling.  B[a ]P concentrat ion

ranged from 0.04  to  39.6 m g m-3 (m ean 10.4 m g  m-3)  in  th e winter

sam p ling and from 0.02 to  13.1  m g  m -3 (mean 1.6  m g m -3)  in  the

autum n. In  th e co ntro l  f i l ter  samples pyren e c on cent rat ion  w as

0.001±0.004 m g m-3 (mean  0.002  m g m-3) and B[a ]P 0±0.005 m g m-3

(m ean 0.001 m g m-3) . Benzo[a ]p yrene w as  no t  fou nd f ro m  th e

XA D-2  sam ples and only m inim al am ou nts of  pyre n e w e re

detected  in  the XAD -2 adsorbent  material ,  less than 5%  of the

total  py rene load in  mo st  of  th e samp les  ( in  71 %  of samples

(n = 21)  during  the winter  samp lin g and in  5 4%  (n =24)  of  the

second sam pling) . T he stat ist ical ly  s ignif ican t  differen c e i n

airborn e concen trat ion s between  samp ling perio ds (p -va lue for

p y rene=0.009 and  for B[a ]P=0.008) sh owed that b ased  on

occu pational  hy gien ic  m easu rem ents  b y p erson al  sam plin g t he

over al l  PAH  e xp osu re lev el  was mark edly high er  dur ing the

firs t  sam pling period th an  the PAH  levels  m easured  in  the air

dur ing th e secon d per iod.  Co rrelat ion betw een py re n e  a n d

B[a ]P concentrat ions was very  good (Figure  1) .  The m easure d

p y rene co ntam ination o n wr ist  sk in was 0.1±6.3  ngcm -2 ( m e an

2.0 ng cm-2) and for  B[a ]P 0±7.4  ng  cm -2 (m ean 2.0 ng cm-2)  in

the f irs t  sam pling p er iod.  In  th e second sampling  pyre n e

contam ination ranged from 0.2  to  9 .0 ng cm -2 (mean  1.3 ng  cm -2),
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Sampling 1 Sampling 2 Both samplings

Kohtla-Järve

Pyrene in filter

samples (m g m-3)

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

B[a]P in filter

samples (m g m-3)

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-2)

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

B[a]P in skin wipe

samples (ng cm-2)

Range: 0± 7.4 0± 5.5 0± 7.4

Mean: 2.0 0.7 1.3

Median: 1.1 0.2 0.3

Iisaku

Pyrene in filter

samples (m g m-3)

Range: 0.001± 0.004

Mean: 0.002

Median: 0.002

B[a]P in filter

samples (m g m-3)

Range: 0± 0.005

Mean: 0.001

Median: 0

Pyrene in skin wipe

samples (ng cm-2)

Range: 0± 0.46

Mean: 0.12

Median: 0

B[a]P in skin wipe

samples (ng cm-2)

Range: 0

Mean: 0

Median: 0

Table 2. Summary of personal hygienic PAH exposure measurements at the

Kohtla-Järve cokery and in Iisaku village.

Pyrene l g/m3

B
[a

]P
 l

g/
m

3

Figure 1. Correlation between pyrene and benzo[a]pyrene 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.
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and B[a]P  cont aminat ion  from  0 to 5 .5  ng  cm -2 (mean 0.7  ng  cm -2),

respectiv ely.  A  clear  sk in co ntam inatio n w as dem onstrated

and in  m ost  cases (60 % , n =48) the postsh if t  value was higher

al t hou gh  h and wash ing  co uld  n ot  be con tro l led in  al l  cases

before  sam pling.

1-H ydrox y py ren e w as m e asu red fro m post  shif t  ur ine

sam ples o f  49 exp osed w orkers , and  the 10 contro ls  collec ted a

samp le du ring  the sam e d ay as air  m onito ring  was co nducted .

Most  of  the s tudied su bjec ts were smokers (75% ). In  our study,

th e con tro ls ex cre ted levels of  1-hydro x yp y rene  sho w ing  a

m ean of  0 .5  m m o l m o l-1 c reatinine (6.3 nm ol l-1) .  T he exposed

worker s show ed clear ly  elevated levels  of  1-hydro x yp y ren e  i n

their  urine,  the mean value bein g 6.0 m m o l  m o l-1 c re at in in e

(66.8  nm ol)-1, range  0.2±69.5  m m o l  m m o l-1 c re at i nin e

(1.2±409.8  nmol l-1) .  T he range,  m ean and m edian  v alues of  

1-O HP concentrat ions are  given in  Table 3.  Correl at io n

betw een airborn e  p yre ne an d 1-hy dro x yp y ren e (ex pre ss e d

w ith c reat in ine ad just men t)  w as st ron g,  sh owin g an r-value of

0.56  (Figure  2) . The corre sp on d ing  r-value was 0.52  wh en  the

1-O HP concentrat ion was not  corrected for  creat i nine .

Correlat ion between B[a]P and 1-hydro x yp y ren e w a s ev en

st rong er,  show ing an r-va lue  of 0.63 (F igure  3). Figu res 4 A  a nd

4B show  the com parison of  a ir born e p y ren e c on cent ra t io n

T. Kuljukka et al.90

1-OHP (m mol mol± 1 creatinine) 1-OHP (nmol l± 1)

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.

Pyrene l g/m3

1-
O

H
P

 l
m

ol
/m

ol
 c

re
a

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.

B[a]P l g/m3

1-
O

H
P

 l
m

ol
/m

ol
 c

re
a

Figure 3. Correlation between the B[a]P 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.

Figures 4A. and 4B. 1-Hydroxypyrene concentration in urine (m mol/mol

creatinine), pyrene concentration in breathing zone air (m g m-3), the numerical

value multiplied by 10, and pyrene contamination on skin (ng cm-2) 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.
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m e a su rem ents ,  skin  w ip es a nd  u rin ary  1-OHP  concen tr at ion in

the eight  cokery  w orker s wh o p art ic ipated  in  both sam p lings.

Higher 1-OHP concen trations seem  to  co-exis t with high ai r

concentat io ns of  p yrene, and also the effec t of  heavy sk in

contamination is  general ly  demo nst rated as a  h ig h 1-O HP

concen trat ion.  Despite  this  ob viou s ten dency,  the separate

contr ibution of  these  differen t  c om p on ents  cou ld  n ot  be

stat is tical ly  verif ied  in  this sm al l  num ber  of  cases.

In  our study  all  the assess ed contr ibutors of  pyrene dose :

occupational  ex posure  through inhalat ion,  absorption thro ug h

the sk in  and smoking had a sta tisi tically signif icant  effec t on the

m e as ured  1-OHP concent rations, the corresp ond ing  p -va lues

w e re 0.007;  0.012;  0.022 (cre atinine  ad justed 1-OHP with log-

n o rmalizat ion)  and 0.01 4; 0 .005 ; 0.012, resp ect ively  with  log-

n o rm alized 1-OHP  expres sed in  nm ol l-1. The effect of  smokin g

was seen when this parameter  was expressed as 6 . The effect of

packyear  could  not  be  sta tisti ca lly  seen  in  th is study.

Discussion
In  th is stu dy pyren e a nd ben zo[a ]pyre n e w e re  selected  to  be

m e a su red as m arkers  of  overal l PAH ex po sure  because of  th e

k n o w n c arc inogenicity  of  benzo[a ]pyren e,  an d  p yrene as  being

a n im p o rtant  com ponent of  a l l  PAH  m ixtu res,  and  be cause th e

m a in  u rin ary  metabolite  of  pyren e wa s d eterm in ed as a  m arker

of internal  dose. In  this  s tudy w e foun d that  the cok ery  w ork ers

w e re  exposed to  high concentrat ions o f  pyre n e  an d

ben zo[a ]p yrene.  T he resu lts of  bio logical  monitoring are  in

agreem e nt with occu patio nal  hy giene m easurem ents  fro m  th e

w ork place atm osp here .  In  our study the co rre l at io n betw een

airborn e  p y rene and  be nzo [a]pyrene (r=0.97, p <0.00001) was

ex tremely good, and is in  agre em en t w ith  resu lts in  oth er

stu di es  w he re fair ly  constant ra tios of  pyrene to  other  PAH s in

sp ec if ic  wo rk environ men ts , su ch as co ke p lants ,  hav e been

re p o rted  (Jongeneelen et  al.  1990,  Buchet  et  al . 1992) .

T h e exp o sure level  at  the  Kohtla-Järve co ke plant  is  c learly

higher ( the overal l  m ean value for  B[a ]P concentrat ion 

5.7  m g m-3)  than  in  m od ern  co ker ies.  In  a  F inn ish cokery  stu dy

Yrjänheikk i  et al. re p o rted (199 4)  B[a ]P  concentr at io ns in

personal  samples  at  the level  of  2 .0  m g m-3.  In  another  re ce n t

stud y top sid e co kery  workers  w ere  expo sed to  p yre n e

concent rations of 9 .44 (GM) m g m-3 and to  B[a ]P  concentr at io ns

of 5.85 (GM) m g m -3 (Buchet  et al. 1 992).  Mean con centr at ions

of the pyren e an d benz o[a ]p yren e  w ere  markedly  higher (for

p y rene 15.7 m g m -3 versus 1.5  m g m-3 and for B[a ]P 10.4  m g  m-3

versu s 1.6 m g  m-3)  du ring  the w inter  sam pling co mp ared  w i th

the co ncentrat io n levels  in  the autu mn . T his  observation  is  in

agreem en t w ith  th e g eneral  p hen om eno n that  a ir

concentrat ions of  PAHs are  gener al ly  higher in  the

e nv i ronm ent during th e cold season.  H ig her  1-O HP

con centrat io ns have also  been  sh ow n in  win ter  t ime with  go od

c orrelat ions between  1-OH P and airborn e  PAH  co ncen trat ion s

(Z hao  et  al.  1 990, 1 992).  The sam e tendency was also

dem on st r ated in  our  s tudy (al tho ugh the d iffe re nc e w a s n ot

statist ical ly  signif icant in  the t- test)  w hich su ppo rts  o ur

int erp re tat ion;  and at  least  part ly  excludes the poss ibil i ty  of

gross bias in  sampling or  that  i t  is  al l  chance. T he less  clear

eff ec t  on 1-OHP  concen trat ions cou ld  part ly  be explained  by

the f act  that  num erou s oth er  sources  of  pyrene, as  well  as a ir,

w e re having an  effect on th is b iom arker.

1 -OHP  is  considered  to  be a su i tab le biomarker  of

o ccu pa tion al/ en vi ron m e ntal  PAH  ex po sure  for  several

reasons:  f irs t ly  m any stu dies hav e show n a re ason ab le

co rrelation to  markers of  externa l  ex po su re (Z hao et  al . 1990 ,

Gr imm er et al . 1993, Levin et al . 199 5, Q uinl an et  al . 1995) ;

an d  se co n d ly,  the re lat ive sim plic i ty  and r ap idity  of  the assay

and the no n-in vasiv eness  o f  specim en co llect ion m ake the

assay  amenable to  ro utin e sampling.  I n  a  recent  s tu dy by

Clonfero  et  al. (1995)  the  power  of  1-OHP over  urinary

m utag en ici ty  as a sensi t ive m arker of  occu pation al  expo sure  to

PAHs was dem onstrated.  Also , a  re cent  int erna ti o n al

w ork sh o p co nclud ed  that  u r in ary  1-hyd ro x yp y rene is a useful

tool  for  est imation of  occupational PAH  e xp osu re .  H owever,

s in ce t here  is no  direct correlat i on betw een  ur inary  1-

h y d ro x yp y rene a nd healt h  eff ec ts,  i t cannot yet  be used as an

indica tor of  r isk  (Levin  1995).

In  our study most of  the subjec ts w ere  sm okers (75% ). A s

show ed  by  Van Rooij et  al. (1994a) smoking and dietary  in take

of  PAH have an eff ec t  on the base l ine excret ion of  1-OHP in

urine.  In  our study the m ean value of  1-OHP excre t io n in  th e

co n t rols (0 .5 m m o l m o l-1 c rea tin ine)  falls in the range of  contro l

values for  1-OHP excre t ion,  rev iew ed  rece nt ly  by  Levin  (1995) .

T he exposed  w orkers sh owed clearly  elevated levels  of  1-OH P

in their  urine.  T he 1-OH P concentrat ion was ab out 12 t imes

higher  (mean  6.0  m m o l m o l-1 c rea tinine,  range 0.2±69.5  m m o l

m o l-1 c reat inine)  than  fo r  the local  contro l  po pulat ion .  T hi s

d ifference  is in  the sam e range as re p o rt ed in  o ther  pre v io u s

studies ( Jongeneelen et al. 1990 , Kang  et  al. 1995) . In a re c e n t

study of  é v reb ù  et  al.  (1995) the m ean  urinary 1-

h y d ro x yp y ren e concen trat ion  in  sam ples fro m coke oven

wo rker s was re p o rted to  vary from 1.11 to 5 .33 m m o l  m ol-1

c reatin ine and the averag e value for  the contro ls was 0.14 m m o l

m o l-1 c reatinine. In  this  stu dy the extern al  ex p osu re  w as

assessed acc ord ing to job  cat egory  on ly.

T he use  of  creat i nin e correct ion in  order  to  re d u ce  t he

var iat ion s du e to  di lu t ion  is  co m mo nly  used in  conn ection

w ith  e x pression of  ur inary  m etabo li te  concentrat ions.  T here

has been cr i t ic ism  to ward  the use  of  creat inine ad justm ent.  I t

has b een sho wn  th at  co nsiderable  intr a-  and inter ind ivid ual

variat ion exists  in  the excret ion  of  creat inine,  th e excre t i o n

rat e  being non -co nstant  and un predictab le  (Aless io  et al. 1 985,

Boeniger  et al. 1993).  In  this  study the correlat ion  b etw een

airborn e  p yrene co ncentrat ion and 1-OH P d id not  differ

considerab ly w hile  the biom arker  w as  exp resse d as  n m ol l-1

(r=0.52, p =0.0005) or  ad just ed  for  creat i nin e,  m n m o l /m o l

c reat inine (r=0.56,  p =0.0002) . T he eff ect  o f  adjustm ent sh ould

be tested  an d com p ared wi th no n-adju st ed valu es in

individual  s i tutat io ns.  In  the case  of  mark ed  discre p a n c y, af ter

cri t ical  considerat ion of  the und er ly ing  reason s,  th e best

poss ible way of  expressing the resu lts  sh ould be cho se n.

S everal  studies have shown that  1-OHP excre tion is

influenced  by sm oking  on ly at  ve ry  low occupational  exposure

levels (Jong ene elen et al. 1988b , Granel la and  Clonfero 1993 ,

VanRooij  et al. 1994b,  ) ; whi le in  high exposu re  situat ions, as in

coke  oven  work, only a minimal  effect of smoking on 1-OHP

excre tion has been observed  (Buchet  et al. 1992 ). Also
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Jongeneelen et al. (1988a)  conc luded  that  high occupational

ex po su re  masks the increase of 1-O HP excre tion due  to  sm oking

re lated pyrene in take . In  th is study  group,  smok ing was sho wn

to  have  a statisti cally  signi ficant impact on  1-OHP level.

In  our stud y diet  was not  co ntro l led as  a  sou rce of  to tal  PA H

e x p o su re.  Presu m ab ly,  in  this  cohort  the eff ec t of die tary  PA H

load is sm aller  than that  of  smoking.  No dou bt the re c en t

sta tem ent b y Buckley et  al.  (1995) ho lds tru e:  in  low  or

m o derat e  e xp osu re  si tuat io ns,  env ironm en tal  o r  occu patio nal ,

epidem iolo gical  or  exposure /biomarker s tudies  that  fa il  to

co nsider  dieta ry  PAH ex po sure  are  l ikely  to  resu lt  in  ser iou s

m isc lassi f icat ion o f  exposure .

We used skin  w ipe sam p ling  in  order  to  assess sem i-

quanti ta t ively  the possible im pact  of  sk in as a  route  for  PA H

e x p o su re.  Resu lts fro m  the skin  wipe samp le analy ses clearly

s u p p o rted the visual  observations of  heavy  contam ination  on

skin and clothin g.  T his o bservati on i s an  im po rta n t  o n e w h en

co nside rin g pro tect ive h ygienic  m easures, a lso because  in

o th er  s tu di es the skin h as b een  sh own to be one of  the m ain

routes of  ex posu re to  PAH s in  a coke plant  and in  coal  tar

c re osote  im p regnat ion (VanRooij et al. 1993a,  1993b) . Data on

the skin contam ination of  workers exp osed to  PAHs are  st i l l

v ery  l imited .  Coveralls m ay  red uce skin  co ntam ination ,  b ut

they also  may  increase th e derm al absorption r ate  of

co ntam in ants  d ue to  t he elevated  tem p erature  of  the skin ,

h u m id i ty,  an d p hysical  s tress (VanRooi j  et al. 1993c) . In  a

recent  s tud y i t  was d emo nstrated  that  sim p le hy gienic  sk in

p ro tect iv e m easu res result  in  a s ign if ican t  reduction  (37% ) of

th e int erna l  PAH  e xp osu re (VanRooij  et  al . 1994b) .

The power of  biom arkers in  r isk-based  assessm ent of

e x p o su re  is based on thei r  biologica l  re l evance as  p rov id in g

in disput able  evide nce o f  expo su re,  being an in tegral  over t im e

a n d  ro ute  of  ex posu re (Buckley  et  al. 1995). However,

biom ark er m easu rem en t  p rovides no inform atio n abo ut the

s o u rce of  exposure or  route  of  absorption.  T herefore  in  th is

stud y ext erna l  PAH  e xp osu re also w as  assessed  by tradit ion al

o ccup ation al  hyg ien e m easure m en ts  c om b in ed  w i th  a

bio mo nitor ing tech nique in  order  to  get  a compre h e n siv e

p i c tu re  of  the to tal  exposure .  W hen  in terpre t ing  th e resu lts  of

air  sam pl ing an d assessi ng th e exp osu re  to  co m po un ds v ia  t he

lu ngs i t  shou ld be k ept  in  m in d that  the i nter indiv idu al

variat ion in  respir at ion an d the use  of  p ro te ct iv e eq uipm en t

have an eff ec t  on the actual  amoun t o f  intern al  do se  deriv ing

fro m  th e a tm o sph ere (Ny et al . 1993) . Also  the actual

bio availab il i ty  depen ds on  the nature  of  the inspired  p a rt ic les .

Assessment of  PAH ex po sure  th rough the sk in is clearly  a

new  challenge for  occupational  hygienists,  an d standard i z e d

m e th o d s a re st i ll  lacking.  However, recent  observat ions of  PA H

ab so rp tion  th roug h the sk in,  possible  exp osu re fro m

contam in ated  clothin g,  and the s ignif ican t  expo sure-re d u c in g

effec t of  pro tect ive clothing and  other  h ygienic  m easure s

p rov ide  su pp o rt  for  practical m easures tow ards better  working

condit ions (VanRooij et al. 1992 , 1993a, 1994,  Boogaard  a n d

van S it tert  1995,  Q uinlan et  al . 1995) .

In  con clusion,  in  this  s tud y w e foun d that  t he s tud ied

cok ery  w orkers  were  exposed to  high con centrat ions of  p yre n e

an d ben zo[a ]pyrene.  Resu lts of  biolog ica l m oni tor ing are  i n

agreem en t w ith  o ccup atio nal  hy gien e m e asu rem en ts fro m  th e

w orkp la ce atm o sph ere .  Sk in con tam ina tion  an d h ence  th e

im p o rtance  of  possible  PAH ex po sure  th roug h th e sk in is

obvious . E ncouraged by recen t  s tu dy  result s,  occu pationa l

hy gie nic  m easures shou ld also b e directed  to  red u ce  sk in

contam ination. T here  was a  clear  differe nce of  1-hydroxy pyre n e

concentrat ions in  contro ls com pared w ith  exp osed worker s and

a st rong corre lation betw een occupational e x p o su re  to  pyre n e

an d  u r in ary  1 -hy drox y py rene level ,  which just if ies the use  of

1-h yd rox y py rene as  a m arker of  occupational  PAH  ex po su re .

In  th is  s tu dy,  the contr ibution of  sm oking-re l ated  p yren e l oa d

was demo nst r ated in  sta t ist ical  analyses as causing a  clear

d ifferen ce  in  the base l ine level of  1-hydro xy p yren e ex cre t i o n

in sm okers v er su s n on-sm oker s.
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