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Exposure to benzene and urinary concentrations
of 8-hydroxydeoxyguanosine, a biological marker
of oxidative damage to DNA

Susanna Lagorio, Christer Tagesson, Francesco Forastiere, Ivano Iavarone, Olav Axelson,
Angelo Carere

Abstract
Objectives-Benzene is an established
animal and human carcinogen. The
mechanism of benzene toxicity, particu-
larly its leukaemogenic effect, is not fully
understood. The modified base 8-hydroxy-
deoxyguanosine (8-OHdG) is a sensitive
marker of the DNA damage due to
hydroxyl radical attack at the C8 of gua-
nine. This damage, if left unrepaired, has
been proposed to contribute to muta-
genicity and cancer promotion. We con-
ducted this biomonitoring study with the
aim of evaluating the association between
excretion of 8-OHdG and level of expo-
sure to benzene and other aromatic com-
pounds among occupationally exposed
people.
Methods-A random sample of 65 filling
station attendants from Rome, Italy was
studied for personal exposure to benzene,
toluene, and xylenes, and excretion of 8-
OHdG. Information about age, length of
employment, smoking habits, and diag-
nostic exposure to x rays was collected by
questionnaire. An average yearly level of
exposure to benzene and methylbenzenes
was calculated for each filling station
attendant on the basis of about seven
repeated personal samples collected
during one year. A spot sample of 20 ml
of urine was collected from each worker.
Concentrations of 8-OHdG were deter-
mined by high performance liquid chro-
matography (HPLC) with coupled
columns.
Results-A mean (SD) concentration of
1-36 (0.49) umol of 8-OHdG/mol of crea-
tinine was measured. A significant cor-
relation was found between urinary
8-OHdG and exposure to benzene (r =
0.34). In a multiple regression analysis
relating the concentration of urinary
8-OHdG with the age, length of employ-
ment, smoking, diagnostic exposure to
x rays and personal exposure to benzene,
an increase of 0*15 pmolmol creatinine
in urinary 8-OHdGlunit increase in the
natural logarithm of the average yearly
benzene concentration was estimated.
Conclusion-This study shows a dose-
response effect between personal expo-
sure to benzene and urinary 8-OHdG
concentration; further studies are needed
to clarify the biological significance of
8-OHdG as a marker of cancer risk.

(Occup Environ Med 1994;51:739-743)

Benzene is an established animal and
human carcinogen.' It is highly clastogenic in
humans and experimental animals, but shows a
weak mutagenic activity in vitro.2 Available
studies suggest that benzene toxicity is medi-
ated by multiple metabolites acting on multi-
ple sites.34 The metabolism of benzene takes
place mainly in the liver, where it is mediated
by cytochrome P-450 monoxygenase, and
gives rise to hydroxylated ring compounds
and opened ring metabolites. Some of these
metabolites, such as p-benzoquinone, the
o-benzoquinone and the trans-trans-mucon-
aldehyde, have alkylating properties.
Moreover, hydroxyl radicals are generated
during the metabolism of benzene to phenol.
The mechanism of benzene toxicity, partic-

ularly its leukaemogenic effects, the effect of
low level exposures, and the spectrum of its
carcinogenicity in humans is far from being
fully understood.4 Prevailing theories about
carcinogenesis suggest that the initiating event
may be covalent binding of reactive interme-
diates to DNA or oxidative damage to DNA.
The intervention of one or more promotional
steps that stimulate proliferation of the geneti-
cally altered cells is required. Deregulation of
pro-oncogenes, mediated by a chromosome
translocation, is one of the steps leading to the
expansion of the neoplastic clone. Within this
framework, different mechanistic inter-
pretations of the carcinogenicity of benzene
have been suggested, such as a synergism
between different metabolites such as quinol
and muconaldehyde, or a synergism between
metabolites of benzene and hydroxyl radicals
that deplete glutathione.3
The modified base 8-hydroxydeoxyguano-

sine (8-OHdG) is a sensitive marker of the
DNA damage due to hydroxyl radical attack
at the C8 of guanine.56 Normal human cells
are able to repair damaged sequences ofDNA
through a process of excision and repair catal-
ysed by exonucleases. This damage however,
if left unrepaired, has been proposed to con-
tribute to mutagenicity and cancer promo-
tion.78 A simplified, non-invasive assay for
measuring the urinary concentration of 8-
OHdG has been developed9 on the basis of
the method previously suggested by
Shigenaga, Gimeno, and Ames.'°"1 Recently,
increased urinary excretion of this biomarker
in populations occupationally exposed to
established carcinogens has shown its poten-
tial value as an early indicator for hazards of
occupational cancer.'2
We conducted this biomonitoring study

with the aim of evaluating the association

National Health
Institute, Rome, Italy
S Lagorio
I Iavarone
A Carere
Department of
Occupational and
Environmental
Medicine, Link6ping
University, Sweden
C Tagesson
O Axelson
Epidemiologic Unit,
Latium Regional
Health Authority,
Rome, Italy
F Forastiere
Correspondence to:
Dr Susanna Lagorio
Istituto Superiore di Sanita,
Laboratorio di Igiene
Ambientale,
Viale Regina Elena 299,
I-00161 Rome, Italy.
Accepted 6 June 1994

739

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.51.11.739 on 1 N

ovem
ber 1994. D

ow
nloaded from

 

http://oem.bmj.com/


Lagorio, Tagesson, Forastiere, Iavarone, Axelson, Carere

between excretion of 8-OHdG and level of
exposure to benzene and other aromatics
among occupationally exposed people.

Methods
STUDY POPULATION
A random sample of current filling station
attendants was selected, among all service
stations located in the north east boroughs
of Rome, to undergo an environmental and
biological monitoring survey. Average yearly
personal exposure to benzene, toluene, and
xylenes was estimated through repeated per-
sonal samples collected during one year
(December 1991-November 1992), and is
described in detail elsewhere.13 Information
about some characteristics of the attendants
(age, length of employment, smoking habits,
diagnostic exposure to x rays during the pre-
vious two years) was collected during the
survey by questionnaire. We have measured
urinary concentrations of 8-OHdG in sub-
samples from 65 employees, and have studied
their relation with exposure to benzene and
methyl benzenes.

EXPOSURE ASSESSMENT
An estimate of the yearly average level of
exposure to benzene, toluene, and xylenes
was available for all the study subjects, along
with information on potential confounding
factors such as smoking and exposure to
x rays. The estimate of the yearly level of
exposure to each aromatic hydrocarbon was
based on about seven repeated personal
samples from each worker collected through-
out one year. Sampling was scheduled to
cover different weekdays, to take into account
daily variation in workload. Vapour samples
were collected at the breathing zone of the
worker during the eight hour work shift by
means of charcoal tubes and personal pumps
(ALPHA-2 air sampler, Du Pont). The flow
rate was 200 ml/min. Personal pumps were
calibrated daily. Chemical determination was
made by gas liquid chromatography.
Measured concentrations of benzene, toluene,
and xylenes were reported as eight hour time
weighted averages (8 h TWAs).

URINE COLLECTION
A spot sample of 2 x 10 ml of urine for each
worker was collected during the second half of
the workshift (at (mean) 330 pm; (range)
12 30 am-5 25 pm). The sampling period
extended from 19 October to 23 November
1992. Samples were stored at -20'C in conical
tubes (Falcon 2070) without any additives,
and then airmailed to Linkoping (Sweden) in a
hermetically closed wooden box containing
dry ice, for the analysis.

SAMPLE PREPARATION
The pH of the urine was adjusted to 6-7
by the addition of HCl or NaOH (1 mol/1).
The urine sample was then centrifuged and
the clear supernatant was used for analysis.
For extraction of 8-OHdG, samples were
processed by a Gilson ASPEC processor

(Gilson Medical Electronics, Middleton, WI,
USA), equipped with a 500 mg column kit
and a Rheodyne injection valve. The
Bondelut CH column was activated with 3 ml
methanol then 3 ml TRIS buffer (50 mmol/l,
pH 7-0). Urine (2-5 ml) was then injected and
the column washed with 5 ml TRIS buffer (50
mmol/l, pH 7-0). The 8-OHdG was then
eluted in a collection tube with 2-5 ml TRIS
buffer containing 20% methanol (v/v). The
eluate was mixed and 100 ,ul injected on line
in the HPLC system.

CHEMICAL DETERMINATION
Concentrations of 8-OHdG were determined
by high performance liquid chromatography
(HPLC) with coupled columns. The HPLC
system has been described in detail else-
where.9 Briefly, the column in dimension I
was a 150 x 4-1 mm PRP-1 (Hamilton,
Bonaduz, Switzerland), particle size 5 4um,
operated at 40 0°C; the column in dimension
II was a 250 x 4-6 mm Apex ODS II (Jones
Chromatography, Hengoed, Mid-Glamorgan,
Wales), particle size 5 jm, operated at
24'0°C. In dimension I, a PRP-1 precolumn
(25 x 2-3 mm) from Hamilton was used.
Detection in dimension I was achieved by a
TL-5A glassy carbon cell (Bioanalytical
Systems, West Lafayette, IN, USA) operated
at + 600 mV v a Ag/AgCl/3 M NaCl
reference electrode. A Zata LC-4B (Zata-
Elektronik, Esl6v, Sweden) was used to oper-
ate the glassy carbon cell. Detection in
dimension II was achieved by a Waters 460
electrochemical detector (Millipore, Milford,
MA, USA) equipped with a glassy carbon cell
operated at + 600 mV v the Ag/AgCl/3 M
KCl reference electrode. The mobile phase in
dimension I was phosphoric acid (20 mmol/l),
EDTA (0-2 mmol/l), and heptansulphonic
acid sodium salt (5 mmol/l), adjusted to pH
4*0 by the addition of sodium hydroxide (5
mol/l). In dimension II the mobile phase was
a mixture of phosphate (50 mmol/l), EDTA
(0-2 mmol/l, pH 7 0), and methanol 19:1
(v/v). Two further solutions were prepared by
adding methanol (up to 50% v/v) to the above
described mobile phases, and were used to
wash both columns before every working ses-
sion to avoid the appearance of "ghost" peaks.
The flow was 0-75 ml/min in dimension I and
1 ml/min in dimension II. At the beginning of
every working session, a 1000 nmol/l standard
was injected at least twice to check the reten-
tion time of 8-OHdG. This was 9-9 min in
dimension I and 33 min in dimension II.

STATISTICAL ANALYSIS
One way analysis of variance was used to test
the significance of differences in mean con-
centrations of 8-OHdG by different poten-
tially predictive variables (age, length of
employment, smoking habits, and exposure
to x rays). A correlation analysis was then
performed, to evaluate the direction and
the degree of the association (given a linear
relation) between 8-OHdG and any other
available index of exposure (benzene, toluene,
and xylene concentrations, and length of
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Table I Arithmetic mean concentrations of urinary 8-hydroxydeoxyguanosine measured
among 65 filling station attendants by relevant characteristics of the subjects

Urinary 8-OHdG (SD)
Variable No (%) (pmollmol creatinine) P value

Age (y):
<39 21 (32-3) 1-44 (0-56)
40-54 22 (33-8) 1-13 (0-30)

>55 22 (33-8) 1-52 (0-52) 0-020
Length of employment (y):
< 10 23 (35-4) 1-27 (0-49)
>10 42 (64 6) 1-41 (0-49) 0-284
Smoking habits:
Non-smokers 22 (33-8) 1-32 (0-50)
Ex-smokers 10 (15-4) 1-29 (0-62)
Smokers 33 (50 8) 1-41 (0-46) 0 740
Smoking intensity (cigarettes/day):
<10 11 (66-2) 1-41 (0-35)
>10 22 (33-8) 1-41 (0-51) 0-969
Exposure to x rays (previous 2y):
No 42 (64-6) 1-42 (0-54)
Yes 23 (35-4) 1-26 (0-39) 0-218
Overall 65 (100-0) 1-36 (0 49)

P value is by analysis of variance between groups.

Table 2 Estimated yearly average exposure to benzene and methylbenzenes (mg/mi3)
based on individual means ofseven repeated samples/person

Chemical No Arithmetic mean (SD) Min Max Geometnic mean

Benzene 65 0-45 (0-94) 0-06 5-85 0-22
Toluene 65 0-68 (1-67) 0-08 10-52 0-30
Xylenes 65 0-36 (1-09) 0-05 8-52 0-16

employment) or confounding factor (age,
smoking, and x rays). Finally, a multiple lin-
ear regression analysis was used to study the
effect of several variables on the measured
concentration of 8-OHdG. The enter method
was used. All analyses were carried out with
the SPSS/PC statistical package.'4

Results
A mean (SD) concentration of 1-36 (0A49)
pmol of 8-OHdG/mol of creatinine was mea-

sured in the sample of 65 filling station atten-
dants. The excretion was not affected by
relevant characteristics of the subject, except
the age (table 1). A significantly lower con-

centration of 8-OHdG was detected among
people aged 40-54 in comparison with
younger and older subjects.

Table 2 shows the estimated yearly average
exposure to benzene, toluene, and xylenes
among the study subjects, along with their
variability. Because of the skewed distribution
of the exposure variables, the natural loga-
rithms (ln) of their values were used in all
subsequent analyses.

Table 3 Correlation coefficients between urinary concentration of 8-hydroxydeoxyguanosine,
characteristics of the subjects
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Figure 1 Urinary excretion of8-OHdG in relation to the
average yearly benzene exposure.

No significant correlation was found
between 8-OHdG and age, length of employ-
ment, smoking intensity (among smokers), or

diagnostic exposure to x rays during the pre-

vious two years (table 3).
A significant relation was found between

urinary 8-OHdG and exposure to benzene,
but not between urinary 8-OHdG and the
level of exposure to toluene and xylenes,
although the concentrations of the three aro-

matic hydrocarbons were highly correlated
(table 3, figure 1).

In a multiple regression analysis relating the
concentration of urinary 8-OHdG with the
age, length of employment, smoking intensity,
diagnostic exposure to x rays, and exposure to
benzene, an increase of 0 15 pumol/mol creati-
nine in urinary 8-OHdG/unit increase in the
ln of the yearly average benzene concentration
was estimated. Furthermore, an increase of
0-31 pumol/mol creatinine in urinary 8-OHdG
among subjects employed for >10 years com-

pared with those employed for shorter peri-
ods, was estimated; the association, however,
was of borderline significance. The overall
explained variance was 27% (table 4).

Discussion
DNA in mammalian cells is subject to contin-
uous oxidative damage due to the generation
of oxygen radicals during normal cellular res-

piration. Thus, the urinary excretion of
8-OHdG in healthy people is around 200
pmol/kg body weight/24 hours, equivalent to

exposure to benzene, toluene, and xylene, and some

Length Smoking Exposure to Urinary 8-OHdG
Variable Aget employment intensity, x rays5 Benzene¶ Toluene¶ Xylenes¶ (pumollmol creatinine)

Aget 1-000 0-778*** -0-246 -0-014 0-194 0-225 0-209 0-059
Lengthemploymentt 1-000 -0-325** 0-143 0-182 0-100 0-110 0-105
Smoking intensity* 1-000 -0-242 -0-194 -0-104 -0-184 0-044
Exposure to x rays§ 1-000 0-053 0-019 0-081 -0-155
Benzene¶ 1-000 0-687*** 0-670*** 0 340**
TolueneT 1-000 0.944*** 0-097
Xylenes¶ 1-000 0-033
Urinary 8-OHdG (umol/mol creatinine) 1-000

**p < 0-01; ***p < 0-001.
tAge and length of employment are continuous variables.
*Smoking intensity = cigarettes/day (0 for non-smokers and ex-smokers).
§x Rays: 0 = no, 1 = yes during the previous 2 y.
¶Benzene, Toluene, and Xylenes = ln of the yearly average concentrations (mg/mi).
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Table 4 Estimated B coefficients from the multiple regression analysis relating the
concentration of urinary 8-hydroxydeoxyguanosine (Pmollmol creatinine) with exposure to
benzene and other relevant characteristics of the subjects

Variable Be SE (B)t P valued

Age§ (y):
40-54 -0-417 0-164 0-014
>55 -0-216 0-198 0 281
Length of employment > 10yl 0-312 0-175 0-081
Smoking intensityll (cigarettes/day):
< 10 0-025 0-019 0-879
>10 0-167 0-144 0-249
Exposure to x rays** -0-132 0-122 0-285
Benzene exposures 0-151 0-060 0-014
(Constant)# 1 591 0-176
IR2= 0-265

*B = slope of the regression line.
tSE B = standard error of the B coefficient.
tP value is by Student's t test.
SAge values for < 40 y are reference.
¶Length of employment values for > 10y are reference.
lISmoking intensity values for non-current smokers are reference.
**Exposure to x rays 0 = no, 1 = yes previous 2y.
tBenzene exposure = in of the yearly average benzene concentration (mg/M3).
#Constant = the B coefficient of the constant represents the estimated intercept value.
IR2 = coefficient of determination.

5-15 nmol/l of urine." 15 Urinary excretion of
8-OHdG results from the balance between
generation of hydroxyl free radicals, anti-
oxidant enzymatic activities, excision and
repair of damaged sequences of DNA, and
renal excretion of the modified DNA bases.
Constitutional factors, such as sex and body
mass index, and environmental exposures
such as smoking, radiotherapy, or chemo-
therapy, have been found to influence the
urinary excretion of 8-OHdG.9"1 16 Further-
more, among subjects occupationally exposed
to established carcinogens, the excretion of 8-
OHdG was significantly increased in compari-
son with controls (1 -92 Imol/mol creatinine
among azo dye workers, 1 32 among rubber
workers, and 1 40 among asbestos workers,
compared with 1 07 in the control popula-
tion).
We found a mean (SD) concentration of

1-36 (049) Imol of 8-OHdG/mol of creati-
nine, in line with previously reported figures
for other occupational groups. 12 Moreover,
we reported a significant association between
the urinary excretion of this biomarker and
the yearly average level of exposure to ben-
zene, as measured by personal samplers.
Noteworthy, personal exposures to toluene
and xylenes, although highly correlated with
the benzene level, did not clearly influence the
urinary concentration of 8-OHdG. This find-
ing seems to reflect the different carcinogenic
potentials of the three aromatic hydrocarbons,
and is consistent with available mechanistic
hypotheses about the carcinogenicity of ben-
zene.3 4
We found that people aged 40-54 showed

significantly lower concentrations of 8-OHdG
compared with younger workers. This con-
trasts with previous findings on occupation-
ally exposed groups,'2 where a slightly positive
correlation with age was found. On the basis
of findings from studies on rodents,'0 an age
dependent depletion of 8-OHdG urinary
excretion might be expected. Further experi-
mental and human studies are warranted to
clarify this issue.

Smoking did not influence the concentra-
tion of 8-OHdG in this study, although heavy
smokers showed a non-significant increase in

the urinary concentration of the biomarker
after other predictive variables were con-
trolled within the multivariate analysis. This is
in disagreement with a previous study on
healthy people,'5 but in accordance with find-
ings from a survey on occupationally exposed
workers. 12

Filling station attendants are exposed to
benzene, and possibly other components of
gasoline that are able to induce oxidative
damage to DNA, as shown in this study.
Gasoline vapours and exhausts have been
classified by the International Agency for
Research on Cancer (IARC) as possibly car-
cinogenic to humans.'7 18 The epidemiological
evidence, however, is still scarce. A number of
epidemiological studies on workers in the
petroleum retail trades (filling station atten-
dants and oil distribution workers), or on their
relevant exposures (gasoline vapours and
engine exhausts) have recently been pub-
lished, reporting excess risks at different can-
cer sites.'9-25

In conclusion, this study has shown a dose-
response effect between personal exposure to
benzene and urinary concentration of 8-
OHdG. Further studies are needed to clarify
the biological significance of the 8-OHdG
marker in terms of risk to cancer.

We are indebted to Dr Sergio Fuselli for the personal exposure
assessment, and to Mr Sergio Silvestri, Ms Sonia Lanternari,
and Ms Anna Rita Proietto for their technical support. The
study has been partially funded by the Italian Ministry of
Labor (Contract 404/1990), the European Community
(Contract EV5V-CT92-0221), and the Swedish Work
Environment Fund (92-0272).
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Vancouver style
All manuscripts submitted to Occup Environ
Med should conform to the uniform
requirements for manuscripts submitted to
biomedical journals (known as the
Vancouver style.)

Occup Environ Med, together with many
other international biomedical journals, has
agreed to accept articles prepared in accor-
dance with the Vancouver style. The style
(described in full in the BMJ, 24 February
1979, p 532) is intended to standardise
requirements for authors.

References should be numbered consec-
utively in the order in which they are first
mentioned in the text by Arabic numerals
above the line on each occasion the refer-
ence is cited (Manson' confirmed other
reports2-5 . . .). In future references to
papers submitted to Occup Environ Med

should include: the names of all authors if
there are seven or less or, if there are more,
the first six followed by et al; the title of
journal articles or book chapters; the titles
of journals abbreviated according to the
style of Index Medicus; and the first and final
page numbers of the article or chapter.
Titles not in Index Medicus should be given
in full.
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