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Abstract
Objectives—To investigate the influence
of personal lifestyle—such as smoking
and alcohol consumption—on urinary
1-hydroxypyrene (1-OHP) concentrations
in coke oven workers exposed to polycyclic
aromatic hydrocarbons (PAHs) and to
evaluate the association of 1-OHP concen-
trations with the genetic polymorphism of
several metabolic enzymes including cyto-
chrome P-450 (CYP) 1A1 and glutathione
S-tranferases (GSTs).
Methods—The study population con-
tained 162 coke oven workers and 58
controls employed at the largest iron and
steel factory in China. Personal data were
collected at the interview. 1-OHP in urine
was measured with high performance liq-
uid chromatography with fluorescence
detection. Genetic polymorphisms were
identified by the polymerase chain reac-
tion (PCR) method.
Results—A positive association between
excretion of urinary 1-OHP and the levels
of exposure to PAHs was confirmed.
Those people who consumed >50 g/day
ethanol had significantly higher 1-OHP
excretion than did other coke oven work-
ers (p<0.01). No significant diVerence in
urinary 1-OHP was found between smok-
ers and non-smokers, in both controls and
exposed subjects. The variant homozy-
gotes at exon 7 of the CYP1A1 gene had
significantly higher urinary 1-OHP con-
centrations than other CYP1A1 genotypes
among the exposed workers (p=0.03).
There was less association between the
concentrations of 1-OHP and the GSTM1,
GSTP1, or GSTT1 polymorphism.
Conclusions—The present study con-
firmed that urinary 1-OHP is a good
biomarker for exposure to PAHs. Alcohol
consumption aVected urinary 1-OHP ex-
cretion. The variant genotypes of the
CYP1A1 gene may result in the enhance-
ment of PAH metabolites. It is helpful to
understand the role of individual suscepti-
bility on metabolism of carcinogens.
These findings suggest that the modulat-
ing eVect of individual lifestyle factors or
genetic nature should be considered in
future studies on occupational exposure to
PAHs and in evaluating the health risk
from harmful chemicals.
(Occup Environ Med 2001;58:716–721)
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Coke oven workers are regularly exposed to
many types of coke oven emissions, which are
comprised mainly of polycyclic aromatic hy-
drocarbons (PAHs). 1-Hydroxypyrene (1-
OHP), a metabolite of pyrene that reflects the
total uptake of PAHs, can be used as a biomar-
ker of internal dose to assess recent exposure to
PAHs.1 2 Increased urinary concentrations of
1-OHP have been shown in several occupa-
tional populations exposed to PAHs, including
coke oven workers.2 3 However, a wide variation
in 1-OHP excretion between people was also
found. Van Rooij et al4 examined the relative
contribution of diVerent sources to daily
pyrene intake in volunteers who were not
occupationally exposed to PAHs. They found
that cigarette smoke and foods containing
PAHs only accounted for a small part of the
variation in urinary 1-OHP, although most
pyrene intake was related to smoking and diet.
Therefore, it is interesting to investigate
whether other lifestyle factors or individual
genetic nature could explain some of the varia-
tion in excretion of 1-OHP.

Of many lifestyle factors contributing to the
source of pyrene intake, cigarette smoke and
dietary habit are thought to be relatively
important, and have been most often studied.
Also, many epidemiological studies reported
that alcohol misuse may increase the risk of
various cancers, particularly when heavy drink-
ing is combined with other risk factors—such
as smoking and exposure to PAH
compounds.5–7 One of the prime mechanisms
through which alcohol induces cancer is related
to the stimulatory eVect of ethanol on micro-
somal cytochrome P-450 (CYP) enzyme activ-
ity which may result in enhanced concentra-
tions of metabolites of procarcinogens.8

The polymorphism of metabolising enzymes
has been suggested to interpret individual
diVerences in the rate of activation or inactiva-
tion of carcinogens related to PAHs. The phase
1 enzymes—such as CYP—are known to cata-
lyse the formation of reactive intermediates of
some carcinogens, while phase 2 enzymes—
such as glutathione S-transferases (GSTs)—
briefly participate in the detoxification of these
intermediates through conjugation and excre-
tion. Previous studies have confirmed that the
pyrene is mainly oxidised by CYP enzymes—
for example, CYP1A1 and CYP1B to phenols,
dihydrodiols, and diphenols—which can form
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such water soluble secondary metabolites as
glucuronides, sulfates, or glutathione
conjugates.9–11 Although the GST enzymes do
not directly participate in the metabolism of
1-OHP, they may alter the concentrations of
other pyrene derivatives, and aVect the conver-
sion of pyrene to 1-OHP. The genetic polymor-
phisms of CYP1A1 and GSTs have been asso-
ciated with increased risk of cancer and
increased PAH-DNA adducts, an indicator
reflecting the actual biologically eVective
dose.12–16 Also, there are a growing number of
surveys that investigate the relation of PAH
metabolites such as 1-OHP with the polymor-
phism of CYP1A1 and GSTs.17–19 However, it is
still limited and results are inconsistent.

The objective of this study was to investigate
the influence of smoking and alcohol consump-
tion on the excretion of urinary 1-OHP in coke
oven workers and in unexposed controls. We
also evaluated the association of 1-OHP
concentrations with genetic polymorphism of
several metabolic enzymes including CYP1A1,
GSTM1, GSTP1, and GSTT1.

Subjects and methods
STUDY POPULATION AND SAMPLE COLLECTION

The study was carried out at the largest coke
plant in China, which has 17 coke ovens and
>1300 employees exposed to coke oven
emissions. The coke plant was described in a
recent paper.3 To select the subjects for study, a
simple self administered questionnaire survey
was performed among the coke oven workers
and unexposed workers. For the exposed
group, coke oven workers working at diVerent
areas (bottom, middle, and top) of the oven,
which have been shown to be correlated with
the concentrations of PAH exposure,3 were
randomly selected. The subjects from bottom
(56), middle (55), and top (51) work areas
were defined as low, middle, and high expo-
sures, respectively. The controls were recruited
from workers who were employed in repair and
maintainance of electronic devices in the same
plant. They were known to have no work
related exposure to PAHs. The final study
population consisted of 162 coke oven workers
and 58 controls, all men. All participants in this
study were recruited on a voluntary basis. They
gave their informed consent.

Coke production is continuous (24 h/day),
and each work cycle consisted of 8 days and
three diVerent shifts: two consecutive morning
shifts and two consecutive afternoon shifts in
the first 4 days, 5th day oV duty, two consecu-
tive night shifts, and then rest on the 8th day.
The workers served on one shift for 4–8 hours.

A detailed questionnaire was completed by
participants. Interviews were conducted by two
trained interviewers using a structured ques-
tionnaire. Each was asked to indicate age,
smoking, alcohol consumption, indoor air pol-
lution (from the use of coal for cooking or
heating), and histories of occupations and dis-
eases.

Blood sampling was performed from 162
coke oven workers and 58 controls. Venous
blood samples were drawn into ethylene
diamine tetraacetic acid (EDTA) tubes, and

white blood cells were collected after centrifu-
gation. The DNA of the white blood cells was
extracted with a commercial kit (Wako, Osaka,
Japan) for identifying the genotypes of
CYP1A1 and GSTs (GSTM1, T1, and P1).
Spot urine samples were collected from each
subject at the end of a 4–8 hour working period
to examine urinary excretion of 1-OHP and
cotinine. All samples obtained were frozen and
stored at –70 °C until analyzed.

ANALYTICAL METHODS

1-OHP in urine
Excretion of 1-OHP in urine was measured as
described by Hara et al.20 Briefly, the conju-
gated metabolite in a urine sample was hydro-
lysed with â-glucuronidase, and then the sam-
ple was measured by high performance liquid
chromatography (HPLC) with fluorescence
detection. Concentrations of 1-OHP were
adjusted for creatinine, and expressed as µmol/
mol creatinine.

Cotinine in urine
The concentration of urinary cotinine was
measured by HPLC.21 Cotinine values were
normalised for creatinine concentration.

Identification of genotypes
The Ile-Val polymorphism in exon 7 of the
CYP1A1 gene was analyzed according to the
method of Oyama et al.22 Subjects were divided
into three groups corresponding to homo-
zygous wild (Ile/Ile), heterozygous (Ile/Val),
and homozygous mutant (Val/Val) types. The
GSTM1 and GSTT1 genotyping were carried
out essentially as described by Groppi et al,23

and Nelson et al,24 respectively. The presence or
absence of an amplification product results in
two subgroups corresponding to GSTM1 and
GSTT1 present or GSTM1 and GSTT1
absent. The A-G genotype at exon 5 of the
GSTP1 gene was identified with the method
proposed by Harries et al.25 Subjects were cat-
egorised into three subgroups: homozygous
wild (AA), heterozygous (AG), and homo-
zygous mutant (GG) types. Several samples
could not be genotyped due to failure to isolate
DNA.

STATISTICAL ANALYSES

The 1-OHP and cotinine data were log
transformed before statistical analysis. The
comparison of means was carried out with
Student’s t test or analysis of variance
(ANOVA). Group diVerences in frequency for
nominal variables were tested with the ÷2 test.
Correlation between 1-OHP and other con-
tinuous variables was calculated by Pearson’s
test. Multiple regression analysis was per-
formed to evaluate the relation of 1-OHP con-
centration with exposure concentrations and
some possible modulating factors. In this
analysis, all of the questionnaire and examined
variables were first analyzed against the 1-OHP
concentrations with stepwise up regression
analysis. The variables with an F value >1.0
were included in the final model as independ-
ent variables. Two sided p values are given.
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Results
The basic characteristics of exposed workers
and controls are summarised in table 1. The
distributions of age, years of employment, the
prevalence of smoking, and alcohol consump-
tion were similar between the two groups,
except that number of cigarettes smoked/day
was higher in coke oven workers.

The urinary concentrations of 1-OHP ob-
tained from workers exposed to diVerent PAH
concentrations and controls are shown in figure
1. The geometric means of 1-OHP for all
exposed workers and controls were 9.86 (range
0.8–89.8) and 0.54 (range 0.1–2.8) µmol/mol
creatinine, respectively. The highest concentra-
tion of urinary 1-OHP was detected in the
group with high exposure. The median 1-OHP
concentrations diVered significantly between
the four groups (p<0.0001).

Table 2 shows the results of urinary 1-OHP
relative to cigarette smoke and alcohol con-
sumption in exposed workers, after adjustment
for exposure concentration, and controls.
There were similar 1-OHP concentrations
between smokers and non-smokers in both
exposed subjects and controls. The subjects
were then divided into three subgroups accord-
ing to the concentrations of urinary cotinine:
non-smokers, light smokers, and heavy smok-
ers with <0.05, 0.05∼0.9, and >0.9 nmol
cotinine/mol creatinine, respectively. In the
coke oven workers, 1-OHP concentrations
tended to be highest among the heavy-
smokers, but this was not significant. Alcohol
drinkers had slightly higher 1-OHP excretion
than non-drinkers among the coke oven work-
ers (p=0.16). However, when the subjects were
categorised with a cut oV value of the daily
average amount of ethanol ingested, people
who consumed >50 g/day of ethanol had a sig-
nificantly higher 1-OHP concentration than
the people who consumed <50 g /day ethanol
(p<0.01). This eVect was significant in the
group with low exposure after stratification by
exposure concentrations (p<0.01), as shown in
figure 2. The subjects consuming >50 g/day
ethanol also had higher 1-OHP excretion than
the subjects without such consumption in the
high exposure group, although not significant

Table 1 Summary data of study population

Controls Coke oven workers

Number 58 162
Age (y, mean (SD)) 39 (8) 39 (8)
Employment (y, mean (SD)) 12 (8) 10 (7)
Smokers (%) 41 (71) 108 (67)
Cigarettes/day in smokers (mean (SD)) 13 (9) 17 (10)*
Drinkers (%)‡ 17 (29) 63 (39)
Ethanol consumption in drinkers (g/day, mean (SD)) 34 (50) 42 (38)

‡Drinking >20 days/month.
*p<0.05, compared with controls.

Figure 1 Urinary 1-OHP excretion in the controls and
coke oven workers exposed to diVerent PAH concentrations.
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Table 2 1-OHP concentrations (µmol/mol creatinine) by smoking and alcohol consumption in controls and coke oven
workers

Controls Coke oven workers*

n GM (25, 75 percentile) p Value n GM (25, 75 percentile) p Value

All 58 0.54 (0.30, 0.80) 162 9.86 (5.00, 18.40)
Smoking:

Never 17 0.50 (0.40, 0.60) 0.58 53 10.74 (5.28, 20.43) 0.35
Ever 41 0.56 (0.30, 1.00) 109 9.51 (4.85, 17.38)

Urinary cotinine (nmol/mol creatinine):
<0.05 21 0.60 (0.40, 0.85) 0.48 52 8.99 (4.55, 18.15) 0.32
0.05–0.90 19 0.58 (0.40, 0.95) 53 9.55 (4.65, 16.70)
>0.90 18 0.45 (0.30, 0.70) 57 11.17 (7.33, 21.48)

Alcohol consumption:
Non-drinkers 41 0.51 (0.30, 0.73) 0.37 99 9.25 (4.90, 16.80) 0.16
Drinkers† 17 0.63 (0.40, 1.02) 63 11.04 (5.15, 23.10)

Mean consumption of ethanol (g/day):
<50 50 0.52 (0.30, 0.80) 0.35 122 9.02 (4.90, 16.80) <0.01
>50 8 0.69 (0.40, 1.55) 40 13.12 (8.70, 27.80)

GM=geometric mean.
*GM data were adjusted for levels of exposure.
†Drinking >20 days/month.

Figure 2 Comparison of urinary 1-OHP concentrations
and the amount of ethanol consumed by diVerent exposure
groups.
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(p=0.11). Most drinkers were also tobacco
smokers. The same analysis was also carried
out with simultaneous adjustment for smoking
habit or urinary cotinine concentrations, and
the results were similar (data not shown). The
influence of excess alcohol consumption on
1-OHP concentrations was not found in the
controls. No significant relation between the
urinary 1-OHP and indoor air pollution (coal
use for cooking or heating) was found (data not
shown).

The eVect of genetic polymorphism on
1-OHP excretion is presented in table 3. For
the CYP1A1 gene, there were significant
diVerences in urinary 1-OHP concentrations
among three genotypes in the exposed workers
(p=0.03). The workers carrying the Val/Val
genotype had significantly higher concentra-
tions of 1-OHP than did the Ile/Ile (p<0.01)
and Ile/Val (p=0.01) carriers. There were
slightly higher 1-OHP concentrations in con-
trols with GSTM1 present compared with
those without GSTM1 (p=0.14). By contrast,
the other polymorphisms of metabolic enzymes
examined were not found to be significantly
associated with the urinary excretion of
1-OHP.

To investigate the simultaneous eVects of
exposure to PAHs and possible confounding
factors, multiple regression analysis on the uri-
nary 1-OHP was applied in the exposed work-
ers (table 4). Based on the stepwise up
regression analysis, six independent variables
were entered into the final model. The results

showed that exposure to PAHs was a good pre-
dictor for the concentrations of urinary 1-OHP.
Diration of employment, excess alcohol intake,
and CYP1A1 polymorphism also helped to
explain the diVerences in urinary 1-OHP.
There was a small eVect of the GSTT1
genotype on the concentrations of 1-OHP.
Urinary cotinine was not a significant predictor
of 1-OHP.

Discussion
We found a significantly positive association
between urinary excretion of 1-OHP and the
concentrations of exposed PAHs, and con-
firmed additionally that the measurement of
1-OHP in urine is an available biomarker for
evaluating the exposure to PAHs. To estimate
individual risks from PAHs, we simultaneously
examined whether personal lifestyle—such as
smoking and alcohol consumption—and meta-
bolic susceptibility genes including CYP1A1
and GSTs may aVect the urinary concentra-
tions of 1-OHP. Although pyrene itself does
not show carcinogenic or mutagenic potencies,
it is presumed that the conclusions obtained
from the present study can be extended to
other related carcinogenic PAH compounds
such as benzo(a)pyrene (BaP).

The stimulatory eVect of ethanol on micro-
somal mono-oxygenases through induction of
the CYP2E1 form has been confirmed by ani-
mal experiments.8 26 This eVect is usually used
to explain why ethanol can mediate the conver-
sion of procarcinogens into their reactive
species. A study described by Lieber et al27

showed that treatment of rodents with ethanol
produced an enhancement of the ability to
metabolise the components contained in ciga-
rette smoke—such as PAHs. Although the role
of CYP2E1 enzymes in metabolism of pyrene
still remains unclear, they seem to be associ-
ated with the secondary oxidation of pyrene to
cause indirectly the increase of 1-OHP concen-
trations.9 The present study showed that
alcohol drinking was a significant predictor of
urinary 1-OHP in exposed workers, especially
in heavy drinkers who consumed >50 g/day
ethanol. In the present population, habitual

Table 3 Urinary 1-OHP concentrations (µmol/mol creatinine) by polymorphism of metabolic enzymes in the controls and
exposed workers

Controls Coke oven workers†

n GM (25, 75 percentile) p Value n GM (25, 75 percentile) p Value

CYP1A1:
Ile/Ile 29 0.55 (0.30, 1.03) 0.86‡ 76 9.91 (5.83, 20.23) 0.03‡
Ile/Val 14 0.63 (0.50, 0.80) 56 10.38 (5.08, 18.23)
Val/Val 4 0.63 (0.35, 1.45) 7 24.77 (10.63, 25.78)**

GSTM1:
Present 18 0.71 (0.50, 1.20) 0.14 58 10.52 (5.00, 17.50) 0.91
Null 30 0.52 (0.30, 0.80) 82 10.67 (5.65, 22.30)

GSTT1:
Present 18 0.54 (0.30, 1.00) 0.54 61 10.07 (5.53, 20.35) 0.31
Null 30 0.62 (0.40, 0.90) 78 11.46 (6.45, 19.60)

GSTP1:
AA 31 0.54 (0.30, 0.95) 0.57‡ 92 10.28 (5.53, 20.68) 0.62‡
AG 15 0.69 (0.50, 0.98) 41 11.32 (6.10, 19.20)
GG 2 0.58 (0.50, 0.70) 6 8.47 (4.10, 13.10)

**p<0.01 v Ile/Ile type; p=0.01 vIle/Val type.
†Data were adjusted for levels of exposure.
‡ANOVA.
GM=geometric mean.

Table 4 Multiple regression analysis for the eVect of several selected variables on urinary
1-OHP excretion in coke oven workers (n=127, R=0.66, p<0.0001)

Variables

Standard
regression
coeYcient SEM t Value p Value

Intercept 0.72 0.25 2.87 <0.01
PAH exposure concentration 0.61 0.03 8.54 <0.0001
Employment time 0.19 <0.01 2.60 0.01
Urinary cotinine 0.07 0.03 0.96 0.34
Alcohol consumption* 0.16 0.06 2.24 0.03
CYP1A1 polymorphism† 0.17 0.12 2.34 0.02
GSTT1 polymorphism‡ 0.13 0.06 1.85 0.07

*Ethanol >50 g/day v <50 g/day.
†Val/Val v Ile/Ile and Ile/Val.
‡GSTT1 present v GSTT1 null.
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alcohol consumption mainly comprised drink-
ing beer and spirits, and ingestion of ethanol
from spirits accounted for a larger proportion
of the total ethanol consumed by heavy drink-
ers. We considered that there may be no
significant diVerences in fluid intake by drink-
ing beer between heavy drinkers and the
others, and thus the influence of urinary
volume on urinary 1-OHP excretion can be
excluded. Similarly, we recently reported an
influence of ethanol ingestion on urinary
1-OHP in this plant but in diVerent subjects.28

Moreover, it is of interest that in the same plant
we also found that increased concentrations of
DNA adducts in white blood cells was related
to drinking alcohol.12 Jongeneelen et al29 did not
find an eVect of alcohol consumption on the
toxicokinetics of pyrene in coke workers. Two
other studies also did not show any relation
between alcohol intake and urinary 1-OHP.18 30

However, it is important to note the diVerences
in analyses of drinking among these studies.
Previous studies did not consider consumed
dose of alcohol, or used lower amounts of etha-
nol consumed as the cut oV value. In the
present population studied, the prevalence of
heavy drinkers (>50 g ethanol/day) was
relatively higher (about 22%). This may have
allowed the influence of alcohol consumption
on 1-OHP excretion to be readily seen. In a
cohort study of a middle aged Japanese popu-
lation, Tsugane et al31 indicated that moderate
alcohol consumption was associated with the
lowest risk of mortality from all cancers,
whereas the highest risk was found among
heavy drinkers. These findings suggested that
dose of alcohol is more important and should
be taken into consideration when examining
the eVect of alcohol consumption on metabo-
lism of carcinogens.

The association between cigarette smoke
and 1-OHP concentrations is controversial.
Zhao et al32 reported a greater smoking related
increase in urinary 1-OHP among coke work-
ers. Also, the dose-response relation between
the number of cigarettes smoked and urinary
1-OHP concentrations has been shown.4 How-
ever, smoking was not found to be an
important source of exposure to pyrene in sev-
eral studies.33 34 From our results, smoking is
not an important factor to explain the diVer-
ences between 1-OHP excretion among the
coke oven workers and unexposed controls.
This finding may be partially due to the
relatively higher exposure to PAHs, which may
hide the eVect of smoking on 1-OHP concen-
trations, because the mean concentrations of
urinary 1-OHP measured from the present
coke oven workers and controls were about
fivefold higher than those previously re-
ported.29

It is well known that the CYP1A1 gene codes
for the aryl hydrocarbon hydroxylase, which
catalyses the oxygenation of PAH components.
Jacob et al9 have examined the role of the CYP
system in oxidation of pyrene using corre-
sponding agents inducing diVerent types of
CYP enzymes in rat liver microsomes, and
showed that 1-OHP was the predominating
metabolite as treated with CYP1A family

inducers—for example, benzo-a-pyrene or 5,
6-benzoflavone. On the other hand, Crofts et
al35 recently showed that the variant genotypes
at exon 7 of the CYP1A1 gene showed a three-
fold increase in CYP1A1 enzymatic activity.
This functional significance is thus supposed to
cause an increase in concentrations of pyrene
metabolites such as 1-OHP in the variant
genotypes of CYP1A1. In the present study, a
modulating eVect of the CYP1A1 polymor-
phism on the concentrations of urinary 1-OHP
was found in coke oven workers, as expected.
The mean urinary 1-OHP concentration in the
homozygous mutant type of CYP1A1 (Val/Val
type) was twofold higher than in the other types
(Ile/Ile and Ile/Val). In the other instances, a
study of coke oven workers from Taiwan
reported that the subjects with the homozygous
variant genotype for CYP1A1 Msp I had a
twofold increase in 1-OHP concentrations
after the shift than the combined wild and
heterozygous types.18 Similarly, the results
found in aluminum smelter workers showed a
slight rise in concentrations of 1-OHP in
people with the CYP1A1 Val allele.19 The role
of GST enzymes in biotransformation of
1-OHP is incompletely understood. GSTM1
and GSTP1 (the most abundant GST in
human lung) are active towards many epoxides
through glutathione conjugation, whereas
GSTT1 briefly conjugates smaller com-
pounds.36 Epidemiological surveys showed that
the eVect of GST genetic polymorphism on
1-OHP excretion was uncertain.17 30 37 The
present study indicated a slight increase in uri-
nary 1-OHP in unexposed controls with the
GSTM1 gene (table 3) and in exposed subjects
with the GSTT1 gene (table 4). No systematic
influence of the GSTP1 genotypes was found.
Hong et al30 recently indicated that GSTM1
deficiency was associated with relatively higher
urinary 1-OHP concentrations, but conflicting
reports were also published.17 37 However, a
usual comment in these studies is that the GST
polymorphism may not or only marginally
influence 1-OHP excretion. This is compatible
with our results.

In summary, the present study confirmed
that urinary 1-OHP is a good biomarker for
exposure to PAHs. We also found an eVect of
CYP1A1 polymorphism on urinary 1-OHP. It
is helpful to understand the role of individual
susceptibility on metabolism of carcinogens.
Excess alcohol consumption may result in the
enhancement of PAH metabolites, but further
study on the mechanism is needed. Our
findings suggest that these modulating factors
should be taken into consideration in future
studies on occupational exposure to PAHs and
in evaluating the health risk from harmful
chemicals.
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