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Table 3 Urinary levels of 1-hydroxypyrene (log-transformed data) and their associations with selected c ovariates: results of multip Ic regression analysis”

Covariate MR 95% CI F test P value

Intercept 0.062” 0.035-0. 108 95. I 7 flAX) 1

B(a)P(ng/m3)’ I .42 0.247

<0.61 1.000

0.61-3.50 1.096 0.679-1.768

>3.50 1.425 0.902-2.252

Smoking habits 7.04 (1.001

Nonsmokers I .000

�l5 cig/day 1.840 1.240-2.730

>15 cig/day 2.053 1.260-3.345

Environmental tobacco smoke 2.42 0.094

Unexposed 1.000

�4 h/day 1 .473 0.949-2.287

>4h/day 1.691 1.049-2.726

Seasonality” 4.60 0.012

June through November 1.000

April through May I .485 0.904-2.440

January through March 1.795 1.223-2.634

“ MR. median ratio; 95% CI, 95% confidence interval for MR; overall F test = 3.35 (P < 0.001 ); R 0.32; F test, significance test; P. significance level of the F test.

MRs are adjusted for age and CYP1AI, GSTMI, and GS1TI metabolic polymorphisms.

“ Estimated baseline median value.

‘. 33.3rd and 66.6th percentiles of B(a)P air concentrations.
d June through July and October through November urine samples (see Table 2) were considered as reference strata.

given explanatory covariate (X1):the expected median value in

the reference level of that covariate adjusted for the confound-
ing effect of other covariates included in the regression model.

The exponentiation of the intercept term /3� is the expected
median value taken by the response variable when all of the

covariates included in the model are set to the reference level
(39). The statistical significance of the explanatory covariates
was tested according to the F distribution. Plots of residual,
leverage, and influence measures were used as diagnostic quan-

tities to evaluate goodness of fit of models to data (40). The
statistical analyses were performed with the SPSS for Windows
95 statistical package (41) and the Generalized Linear Model
(GLIM) statistical software (42).

Results

Age and sex distribution of the study subjects; their smoking

habits, including the number of ciganeues smoked per day; the
frequency distributions for CYP1A1, GSTM1, and GSTT1

genetic polymorphisms; and measures of central location and

dispersion of B(a)P measurements carried out among study
subjects are reported in Table 1 . Females were more nepre-
sented in referents (35%) than in police officers (10%), reflect-

ing the low number of women working as traffic police officers.
Mean ages were 35.7 years and 35.8 years in referents and
police officers, respectively. The proportion of current smokers
was higher among police officers (38%) than among referents

(27%). Among current smokers, the mean number of cigarettes

smoked per day was similar in exposed and reference individ-
uals (14 cigarettes/day). The major CYP1A1 MspI value and

the functional GSTM1 and GSTF1 genotype frequencies were
76.6%, 48.9%, and 75.5%, respectively, in the entire popula-

tion. The minor CYP1A1 homozygous (n = 2) and heterozy-
gous (n = 44) allelic variants were combined in the statistical
analysis (Tables 1-3).

Police officers experienced higher exposure to B(a)P than
did reference subjects: the police officer:referent ratio of the
geometric means for B(a)P measurements was 73.2. The police
officen:nefenent ratios determined for exposure to other hydno-
carbons [i.e., B(b)F and B(k)F] were I 8.4 and 53, respectively.

All three measures of PAH exposure were highly correlated.

The geometric mean level of B(a)P in traffic police officers

(3.67 ng/m3) was significantly higher than in referent subjects

(0.05 ng/m3; (P < 0.0001). The smoker:nonsmoker ratios of the

B(a)P geometric means were 1 .6 and 1 .2 in referents and police

officers, respectively, indicating a very low effect of smoking
habits on the measured B(a)P levels (Fig. I ). Despite the fact

that no major seasonal differences were observed, B(a)P levels

among traffic police officers showed a tendency toward lower

values during the months of April through May (GSD, 3.42

ng/m3), and June through July (GSD, 3.25 ng/m3) than in

October through November (GSD, 4.05 ng/rn3) and January

through March (GSD, 3.94 ng/m3).

Differences in the consumption of broiled/grilled meats

and fresh fruit/vegetables were observed between police offic-

ens and referents. Specifically, 43% and 29% had broiled/grilled

meats more than twice a month, and 39% and 59% ate fresh

fruit and vegetables more than twice a day in the former and

latter groups, respectively (data not shown).

The concentrations of I -OH-P detected in urine collected

at the end of a typical morning work shift from referents and

police officers are shown in Fig. 2 and in Table 2 according to

selected covariates. Univaniate statistical analyses performed on

log-transformed data showed that urinary 1-OH-P excretion in

traffic police workers (0. 140 �mol/mol creatinine; SD. 0.152)
was increased nonsignificantly compared to referent subjects

(0.097 �moVmol creatinine; SD, 0.094).

Significantly increased levels of urinary 1-OH-P were

observed in cigarette-smoking subjects compared to nonsmok-

ers both in police officers and referents (P < 0.05). As it is

shown in Table 2, 2-fold and 4-fold higher 1-OH-P urinary

excretions were reported for police officers and referents who

smoked � 15 and > 15 cigarettes/day compared to nonsmokers.

Investigation of the nature of the relationship between 1 -OH-P

excretion and the number of cigarettes smoked per day (Fig. 3)

showed that the number of cigarettes smoked is a good predic-

ton of 1-OH-P urinary levels in police officers and referents.

The proportion of variation of I-OH-P explained by cigarettes

on December 5, 2021. © 1998 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 



V

�‘ 13,0

I 11,:

7.0

5.0

3,0

1.0

0

0

I _

I �-4:--���

‘5

� .4

� ‘3

,05
.04

.03

.02�I No. smokers

Referents Police Officers

Fig. 1. Box and whisker plot of B(a)P air levels (nglm’) detected among traffic

police officers and referent subjects. Boxes encompass the 25th-75th percentiles;

middle lines. medians; whiskers. lOth-9Oth percentiles; 0. values beyond 90th

percentiles.
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Fig. 2. Box and whisker plot of urinary I-OH-P concentrations (jxmol/mol

creatinine) detected among traffic police officers and referent subjects. Boxes

encompass the 25th-75th percentiles; middle lines. medians; whiskers. l0th-9Oth

percentiles; 0, values beyond 90th percentiles.
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smoked per day was much higher in referents (R2 0.3 1 ; P

0.0001) than in police officers (R2 = 0.06; P = 0.01).
Urinary I-OH-P levels were slightly increased in referent

subjects exposed to ETS (0. 143 �g/mol creatinine) compared

to ETS nonexposed referents (Table 2). ETS showed no effect
in police officers (Table 2). 1-OH-P levels in nonsmoking and
ETS nonexposed police officers were similar to those detected
in urine of nonsmoking referents exposed to ETS for more than
4 h a day.

Urinary excretion of 1-OH-P was higher in female than in
male subjects (Table 2). The observed difference was statisti-

cally significant (P < 0.05) when female police officers (0.293
�mo1/mol creatinine; SD, 0.0307) were compared to male
officers (0. 124 �mol/mol creatinine; SD, 0. 1 16) and to female

referents (0. 106 �mol/mol creatinine; SD, 0. 1 10). Among older
subjects (i.e., �35 years), police officers showed a higher

excretion of I-OH-P (0.188 j�mol/mo1 creatinine; SD, 0.183)
compared to referent subjects (0.092 j.�mo1Imol creatinine; SD,
0. 102). This difference reflects the higher proportion of current

cigarette smokers among police officers (48%) than among
referents (34%) ages 35 or above.

The CYP1AI MspI, GSTM1, and GSTT1 metabolic poly-

morphisms were not found to be significantly associated with
the urinary excretion of 1-OH-P when investigated within the
whole study population and the two study groups (Table 2).
However, when the subjects were stratified with respect to their
smoking habits (Fig. 4), subjects (in this case, police officers)

Fig. 3. Relationship between urinary concentrations of I-OH-P (jzmollmol crc-

atinine) and number of cigarettes smoked per day in traffic police officers and
referent subjects. Lines, linear regression coefficients. R2 0.06 (F,9, 6.07;

P = 0.01) and R2 = 0.31 (F,4� 18.16; P = 0.0001) for traffic police officers

and referents respectively.

carrying the CYP1A1 MspI polymorphism exhibited higher
levels of excretion of the metabolite if they smoked � 15
cigarettes/day. No such effect was seen either with nonsmokers
or with people exposed to high doses of cigarette smoke (i.e.,

more than 15 cigarettes/day). A similar but less pronounced
effect was seen in the total population, but there were not

enough data to examine this phenomenon in the referent group

::lNonsmokers alone. The null GSTM1 and GSTf1 genotypes showed no

#{149}�Smoken influence on hydroxypyrene levels at any smoking dose (data
not shown).

A seasonality pattern was observed in police officers but
not in referent subjects (Table 2). Significantly increased

1-OH-P mean levels (P < 0.05) were detected in police offic-

ers’ urine samples collected in January through March (0.238
j.tmoVmol creatinine) and April through May (0.152 �.tmoYmol
creatinine) compared to samples collected in June through July

and October through November: 0. 1 10 and 0.099 �tmol/mol
creatinine, respectively. No differences were observed accord-
ing to consumption of broiled/grilled meat and fresh fruit and
vegetables (data not shown).

Multiple regression analysis (Table 3) confirmed that
smoking habits and seasonality (both used as ordinal covari-

ates) were the strongest predictors of 1-OH-P excretion. Envi-

nonmental exposure to airborne B(a)P and ETS, as well as the
host factors included in the regression model (i.e. , sex, and the
CYP1A1, GSTM1, and GSTT1 genotypes), failed to contribute
significantly to the prediction of 1-OH-P in urine. Although
B(a)P and ETS were not identified as statistically significant
predictors of 1-OH-P by multiple regression analysis, exami-
nations of the estimated MRs reported in Table 3 suggest the
possibility of positively graded relationships between exposure
to ambient air B(a)P and ETS and urinary excretion of 1-OH-P.

Discussion
The findings of the present study indicate that individual cx-

posune to selected PAHs experienced by traffic police officers
during a typical work shift in the city of Genoa, Italy, is clearly
higher than that experienced by referent subjects working in-

doors. The geometric mean of B(a)P air measurements (con-
sidered an index compound of atmospheric PAH levels) de-

tected in traffic police officers (3.67 ng/m3) was 70 times higher
than that detected in referent subjects (0.05 ng/m3). Similar
patterns were observed for B(b)F and B(k)F. The measured
outdoor air levels are in line with those detected in Western
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Fig. 4. Urinary I-OH-P median concentrations and their 25th and 75th percen-

tile values (whiskers) detected in traffic police officers according to current

cigarette smoking habits and CYP1A1 metabolic polymorphism. CYPIA/- and

CYPIA I +, major and minor (homozygous and heterozygous genotypes corn-

bined) genotypes. respectively; numbers in parentheses. number of subjects.
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Fig. 6. MR point estimates (#{149})and their 95% CIs (whiskers) by smoking habits

(cigarettes/day), exposure to ETS (shown in h/day; left), and B(a)P exposure

levels (33rd and 66th percentile values) estimated by multiple regression analysis
on log-transformed 1-OH-P.
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Fig. 5. Urinary excretion of 1-OH-P (mean values; whiskers, 90% CIs) detected

in referent subjects and police officers according to their current smoking habits,

number of cigarettes smoked per day (cigarettes/day). and level of exposure to

EnS (hours/dos’); results are from univariate analysis.

European cities (43), despite differences in sampling strategy
and analysis between data generated by environmental moni-

toring studies and the present study. Our study failed to detect
the typical seasonal variations of PAH concentrations in air
reported in the scientific literature indicating 2- to 5-fold higher

levels of PAHs in winter than in summer (43). This could be
explained by at least three factors: (a) personal sampling, as

carried out in our study, is likely to have picked up mostly
PAHs generated during incomplete combustion of fossil fuels
in motor vehicles (i.e. , exhaust emissions) that show little on no
seasonal variation; (b) the predominant use of methane gas as

domestic heating fuel, with negligible production of PAHs,

does not affect significantly the baseline concentrations of
PAHs in urban air; and (c) the mild climate of the Ligurian

Coast, where Genoa is located, allows a lower daily fuel con-
sumption for domestic heating compared to other European
regions.

Although the mean concentration of urinary 1-OH-P was
higher in police officers (0.140 �moVmo1 creatinine) than in

referent subjects (0.097 p�molImo1 creatinine), the difference

was not statistically significant. Conversely, significantly in-
creased mean concentrations of 1-OH-P were detected in the

urine of cigarette-smoking subjects compared to nonsmokers,

both police officers and referents. Moreover, the number of
cigarettes smoked per day was found to be a good predictor of

1-OH-P excretion in urine, confirming the dose-dependent re-
lationship reported by other investigations (26, 27). These find-

ings indicate inhalation of mainstream tobacco smoke as one of

the major determinants of I -OH-P excretion in urine under the
condition of environmental exposure described in our study.

Estimates of the amount of pyrene delivered to the lung
from one cigarette range between 50 and 270 ng, depending on
the different tar content of cigarette brands (15).

The amount of pyrene inspired through normal breathing
varies according to pyrene ambient air concentration and the

time an individual spends in polluted microenvironments. Be-
cause similar concentrations of particulate pyrene and B(a)P

have been detected in Genoa, Italy (43), and United Kingdom
outdoor urban and suburban air (44), B(a)P air levels can be
used as a surrogate of exposure to airborne particulate pynene.

Assuming that 90% of airborne PAH is associated with respi-
rable particles and that 80% of the inhaled particulate PAHs is
deposited in the lung, a police officer breathing an average 0.8

m3/h of urban air polluted with 3.6 ng/m3 pyrene (i.e., the
median B(a)P level detected in our study) will inhale 10.4 ng
pyrene during a typical 5-h workshift (i.e., 90% X 80% X

0.8 x 3.6 x 5). This figure is roughly equivalent to one-fifth of
the estimated exposure to pyrene experience by the lung

through mainstream smoke from one low-tar cigarette (i.e.,
50 ng).

Exposure to ETS was associated with higher 1-OH-P
excretion in urine, suggesting that pynene intake through in-

haled cigarette smoke-polluted air contributes to the excretion
of 1-OH-P. This seems to be a logical and biologically plausible

argument, because airborne concentrations of particulate py-
rene in rooms polluted with ETS range between 4. 1 and 9.4
ng/m3 (45). Therefore, for the same unit of time and given the

airborne PAH concentrations detected in our study, breathing
ETS-polluted air will roughly be the same as working in a

traffic environment. This reasoning was confirmed by statistical
modeling of our data (Table 3) showing similar increased
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urinary 1-OH-P excretion in subjects exposed to ETS for �4
h/day (MR. I .473; 95% CI, 0.949-2.287) and in police officers

exposed to B(a)P levels >3.50 ng/m3 (i.e., the 66.6th percentile
value; MR. 1.425; 95% CI, 0.902-2.252), after adjustment for
the effect of the other covaniates included in the model.

According to the above-mentioned data on PAH intake

through cigarette smoking and inhalation of ETS-polluted air
and the individual exposure to airborne PAHs measured in our
study populations, we have constructed two semiquantitative
indices of exposure to polycyclic compounds that were used to

graphically depict the relationship between exposure to PAHs
and the urinary excretion of 1-OH-P (Figs. 5 and 6). Both
univariate and multivariate analyses showed that 1-OH-P cx-

cretion increases with the increase of the exposure index, that

the increase in nonsmokers is due to the time spent in ETS-
polluted spaces and the exposure to ambient air PAHs experi-

enced by subjects, and that in cigarette smokers such an in-
crease is due to the number of cigarettes smoked per day and
the measured individual exposure to B(a)P.

The higher urinary excretion of 1-OH-P that was observed

in female than in male subjects may reflect sex-related differ-
ences in the metabolism of PAHs mediated by endogenous

mechanisms. Similar effects have been reported by studies of
nontumorous and cancer tissues from females and males

(46, 47).
Dietary intake of PAHs is considered to be an important

route of exposure to PAHs and cooking practices and food
processing may contribute to the amount of PAHs ingested by

humans (48, 49). Our study failed to detect any association

between I-OH-P in urine and consumption of broiled/grilled
meat and fresh fruit and vegetables. However, the study by Van
Rooij et (ii. (26), which was specifically aimed at investigating

the sources of variability in baseline 1-OH-P urinary excretion,
indicated dietary pyrene intake to explain only 2% of the

variation in 1-OH-P urinary concentrations observed in 76
human volunteers, despite the fact that 53% of the total pyrene
daily intake was estimated to be from food. This finding may

reflect a daily dietary intake that does not vary within popula-
tions recruited in a limited geographical area.

The seasonal variation of 1-OH-P urinary levels observed
in traffic police officers, with higher excretion in winter and
spring samples than summer and fall samples, is apparently in

contrast with the measured lack of seasonal variation of air-
borne PAH concentrations. Possible explanations for this dis-

crepancy might include seasonal differences in the metabolic
pathways leading to formation and excretion of 1-OH-P or a
higher respiratory intake of pyrene due to the reported increased

concentration of PAHs as particulate matter under low-temper-
ature conditions (50).

The three genetic polymorphisms that were investigated in
the study failed to show a significant association with the
excretion of I -OH-P. and their exclusion from the multiple
regression model did not modify the effect estimated for the
other covariates. Failure to detect a significant role of CYP1A1

and GSTM1 genetic polymorphisms may be explained by the
lack of inducibility of CYP1A1 activity in the human liver by

cigarette smoking (5 1 , 52), which may reflect the relatively low

dose of inducers delivered through smoking to the hepatocytes
compared to that delivered to pulmonary cells with high
CYPIA I gene expression.

The effect of the CYP1A1 MspI on metabolite levels at
low smoking doses has been observed previously in other
studies of this gene (29, 53), as well as with NAT2 (54). One

explanation of this effect is that at low doses of exposure,
altered activity of the gene product resulting from the polymor-

phism leads to an observable change in metabolism, whereas

for very high exposures, a saturating effect masks any small

further increase in metabolism resulting from the presence of
the polymorphism. Our findings suggest a type of gene-envi-
ronment interaction that is more observable at low doses of

exposure. The importance of this low-dose effect for polymor-
phisms in metabolic genes has been discussed (55) and may be
a significant factor to be taken into account when applying this
biomarker to larger populations of people exposed to low
environmental levels of hydrocarbons.

In conclusion, the present study suggests that (given suf-
ficient statistical power) urinary excretion of 1-OH-P may be

useful as a biomarker of exposure to airborne PAH concentra-
tions (experienced by traffic police officers) that are several

orders of magnitude lower than those reported for coke-oven
and aluminum workers (20, 2 1). The levels of exposure inves-

tigated are more typical of the low-level environmental expo-
sure experienced by most people living in Western European

and North American cities than the occupationally high-expo-
sure group often used for the assessment of biomarkers of
exposure.
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