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Abstract

Workers in the petroleum distribution rades experience relatively high-level exposures to fuel vapours whose conse-
quences have not been fully elucidated. In this study, the possible relationship between occupational exposure to petroleum
fuelsand cytogenetic damages in peripheral lymphocytes was investigated. Twenty-three male. non-smoking veorkers from
the area of Rome were enrolled in t’e study, together with age-paired controls with no occupational exposure to fuels.
Peripheral lymphocyte cultures were set up for the analysis of structural chromosome aberrations (CAs), sister chromatid
2xchanges (SCEs) and micronuclei (MN) in cytokinesis-blocked lymphocytes. Frequencies of CAs, SCES and MN were
cornpared between exposed and control groups. and evaluated in relation to blood lead level (as an indicator of engine
2xhausts exposure) for the whole group under study. and to yearly averaged exposure to benzene (8-h time weighted
averages, as determined by repeated personal sampling) for fillingstation attendants only. Both CAs and SCEs were slightly
increased in station attendants: 1.97 versus 146 aberrations per 100 cells, and 4.73 + 0.15 versus 4.48 + 0.11 SCEs/cell in
exposed and control individuals. respectively. The difference between cumulative CA rates in the exposed and control
populations was of borderline statistical significance( p = 0.066). However, when the exposed population was dichotomized
for benzene exposure. a significant (p = .Q18) correlation of CAs with benzene exposure was found. The analysis of SCE
data highlighted a significant increase of cells with more than 6 exchanges (HFCs). corresponding to the 75° percentile ofthe
overall distribution. in fillingstation artendants (relative risk (RR) = 1.3, 95% Cl = 1.1~ 1.5)in comparison with controls. In
the pooled population, the frequency of HFCs showed a statistically significant upward trend at increasing blood lead levels
(x* for trend = 27.8, p < 0.0001). A complex relationship between SCEs and benzene exposure was observed., with an
increased frequency of HFCs in the medium exposure intensity class (RR = [.5, 95% Cl = 1.2-1.7), and no difference for
¢xposure to higher benzene levels (RR = 1.0, 95% CI = 0.9~1.2), compared to reference subjects. Finally. the analysis of
MN in both phytohemagglutinin- and pokeweed-stimulated cell cultures did not show significant excess of MN in
binucleated lymphocytes of exposed workers with respect to the age-paired controls.
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Kewords: Petrleum els: Benzene: Cytogenetic damages: Biological moniloring . following standard procedures (Degrassi et al., 1984). to Eastmond and Tucker (1989): {{no. mononucle-
,. To three of the four culwres 5 pgyml 3- ~ aedr@xno pinucleated) + (3 X n0- winucieated)
o ] ) - bromodeoxyuridine (BrdU. Sigma) was added. The +{4 X no. tetranucieated)) /1000}.
1. Introduction paired control individuals and in relauon w the nc_i_.u without BraU was fixed at 48 b for the For each dividual. AE frequency Was deter-
yearly average personal exposure 0 benzene and 10 3 scoring of CAs. tn order to score only Ffirst division mined in at least 75 - -differentiated cecond
Petroleum fuels are complex. highly variable mix- biood lead Jevel. as 3 ProXY measure of exposure 10 cells for the incidence of chromosomal aberrations. metaphases: 200 first metaphases were scored for
wres of aliphatic and aromatic hydrocarbon’ which engine exhausts. ; the M. M. My ratio was estimated in 2 parallet CAs analysis; MN frequencics were determined in at
contain sizeable arnounts of known human and ani- . culture with BrdU fixed at 48 h. All probands showed jeast 2000 binucteated tymphocytes in PHA-stimu-
mal carcinogens. Exposuce © gasoline vapours i fess than 10% second mitoses at 48 h. The other two {ated cultures and in a¢ teast 1000 binucleated celis
classified by the {nternational agency for Rescarch 3. Materials and methods E r.:._z:nm with BrdU were fixed at 72 b for the scoring in PKW-stimulated cultures. All dlides were blind
on Cancer (1ARC) s possibly carcinogenic 10 hu- of SCEs. Preparations were made according to Stan- scored.
mans. mainly on the basis of the established carcino- 2.1 Populations aua.vanna:_.aw (Degrassi et al.. 1984).
genicity of some component chemicals such s ben- ) ) Six cultures. treated at 44 R with 6 ug/mi cy- 53 o
2ene and 1.3-butadiene {tpternational Agency for Twenty-three male. non-smoking station atten- rochalasin B (Sigma Chemical) and harvested at 72 3. Staristical analyses
Research of Cancer. 19892 p). The current massive dants from the area of Rome were enrolled in the h, were established for the analysis of micronuclei
use of pevroleum fuels in automotive engines. which sudy. The absence of vom&c_n confounders 366.& (MN) in binucieated lymphocyles as previously de- The mean values of age. blood lead Jevel, and
accounts for most environmental penzene levels {0 health status Of Jife style. such as recent di scribed (Surmlés et al.. 1992). Culwres for MN frequency of micronuclei and siste? chromatid ex-
(Fishbein. 1988)- eniails wide human exposure. in X-rays, use of pharmaceutical drugs and high 2iC analysis were stimulated with either 2% PHA (three changes in fillingsition anendants and controls were
particular. workers in the petroleum distribution consumption, Was assessed through personal inter Q:Eﬂ& or 100 pg/mi of pokeweed (PKW: Sigma compared ,3 one-way analysis of variance. The
wrades experience celatively hig _level exposures 1@ views. More than haf (14 out & u.“: of the workers: Chemical) (three cultures). i@ view of published 1.330: x° test was used to evaluate the statistical
fuel vapours whose health etfects have aot been fully pad been engaged in fuel diseribution for more :.nw.:ﬁ suggesting that B jymphocytes = stimutated significance of the differeaces in percentages of
etucidated. Previous studies suggested either an in- 30 years. >mn-¥:&. healthy pon-smoking blooX with the mitogen PKW - show an increased fre- chromosomal aberration between exposed and con-
crease of oﬁomn:o.._n damages in ?nosoa_ lympho- donors with no onncvucoav_ exposure 0 fuels of n:m:& of micronuclei in gasoline pump mechanics wrols.
cytes of workers in the voqon:nsau_ industry (Zhou other chemicals served as controls. .waaodw_ expo (Hogstedt et al-. 1991). The interrelationships between 28€ and the results
et al.. 1986 Sobti and Bhardwa), 1993) and in sure lo penzene and alkyibenzenes in station 2 ’ n addition to the above <end-points. the prolifera- for variables undef swdy (indicators of cytogenetic
gasoline station aendants (Hogstedt et al.. 1990 dants was monitored BY repeated sampling for © tion index (PRI} and auclear division index {(NDD damage. auclear division index, and proliferation
Santos-Mello ang Cavalcante. 1992). or no effect at year, with 2 periodicity scheduled as 1© compe were determined to evaluate {he progression of the index) were investigated by simple linear correlation
all (Fredga &t al., 1979 Khatit et ab. 1994). The for seasonal and daily variations 0 ioq.r_o : cell population ander study (hrough the mitotic €Y= analyses. As the frequency of micronuclei was low,
occurrence of 2 mixed and variable patierm of expo- Breathing-zone air samples Were collected dunng & cle. The prolifgration index was calculated on 100 the average squarc oot transformation _mr\.m
cure in different occupational settings. 35 well as the entire workshift by means of na&o:». pumps Wi cells /subject from lymphocyie cultures weated with 4y + 1] was applied 0 individual measurements
tack of quantitative information on 2XpOSUre levels. vials of active carbon worn by the attendants. : BrdU and harvested at 72 h. as follows: {{no. cells in of this end-point. in order to stabilize the variance
prevent any firm conclusion from the above studies Jead level was measured at the dme of blood n.o=L ; Wil + (2 x no. cells w0 M2 + (3 X no. cells in (Whorton, 1985). The arcsine rransformed individual
on the genetic etfect of occupational exposure 1© tion on one Spot sample per subject by awmic- &uu_.\ 100} (Lamberu &t al.. 1983): the nuciear divi- percentages of cells containing chromosomal aberra-
fuels. To overcome ihese limitations. which are com- sorption wuoa..-%:o.oz_o&. “The results of the ¢xpd sion index was catculated on 1000 cells per individ- tions (arcrangend y/ ¥ ~ y2 ) were used in these

mon o many piomonitoring St ies. the analysis of sure monitonng have been reponied (0 detail els® ual in culturSs weated with cytochalasin B acc ording analyses Cailcy-Jones €t ? 900,
biomarkers in e exposed vocc_uao:m should be where {Lagorio &t .. 1993 Carere et al..

coupled 10 2 figorous exposure assessment. able 10

describe the exposure profile of each individual in 2.2 n.zcm«:«:n analyses N.w.n_ o . .

both n:&.:bn.io and QEESE?n erms. In ihis study- < n.ﬁ:. characteristics of the studied subjecis: filling-station auendants {exposed) and age-masched references (controls)

the nfcmgn_._n monionng of a group of gasoline From each blood sample. 10 cultures Hzoqo se anable Exposed Comrols

station atiendants from \he area of Rome was Cou- using 0.3 ml whole plood cultures in 5 mi oM] "R ..|ll||\|.|!ll||\|\\ oY) ry—

pled to 2 detniled 1-year monitoring of the personal 1640 medium With Hepes an gluamine (Gibes Agelyn) 3 0652

exposuse © benzene and alky! derivatives. The fre- wcvv_ozﬁaﬁa with 20% of heat-inactived fetak.co wn_..,_“i exposure " 3 \5(©07 0.1-13.1 ~

quency of early markers of genetic cifect in the serum and antibioucs- ) " X9 _.Sa._rm.m fevet * N,u 10.7 (0.3) 56-199 24 340 18-150 0.036

exposed vov:...&o:. ie. chromosome aberrations Four cultures. sumviated with 2% E&S:uluw, 7ih of employment (yrs} b ] 12.4(23) 342 - ”

(CAs). sistet chromatid exchanges (SCEs) and mi- wE..:.‘._s‘ :.:v.: in__ncan,v and weaied with 107, . p = statistical significance of the difference exposed versus controls, esiimased by one-way analysis of ariance

cronuclet (MN) in va_.._csaa_ tymphocytes. was ana- colchicine G_m_:u.nrn_.:.nuc 3 .7 before harves , Benzene exposure 15 average yeuly personal ApOsure 10 benzene based on 6.5 measurements / subject (mg/ . 8-h TWAS).
were established for the analysts of SCEs and Blood lead level is measurcd on a spat <ample of venous blood per subjeet { g /A 8/

lyzed in comparison © the results obtained in 28E”
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Relative risks (RRs) of selected outcomes (preva-
lence of cells with chromosomal aberrations or with
high frequency of SCEs) among “exposed’ versus
‘references’ WEr® estimated as the ratios of the
prevaience odds. controliing  for potential  con-
founders by Jogistic regression analysis. Due 10 the
relatively low frequency of the outcomes {CAs and
nigh-frequency cells), the scored metaphases Were
1aken as units of observation. Furthermore. the avail-
able quantitative exposure indexes (blood lead and
average yearly gxposure to henzene) were catego-
rized into low. medium and high levels of exposure.
in particular. plood lead concentrations Were catego-
rized around the 33° (7.5 pg/d) and the 66° per-
centiles (10 pg/ o)) of the overall distribution, and
the lowest exposure class was taken as reference. AS
to benzene exposure. controls were taken as refer-
ence and filingstation attendants wece categorized
around the 50° percentile of the distribution (< 0.2
and 20.2 mg/m*).

All analyses were carried out with the spPSS/PC
statistical package (SPSS/PC. 1990).

3. Results

The characteristics of the exposed and controt
populations ar¢ summarized in Table 1. where mean
age and blood lead levels of both study groups are
shown, together with the length of employment and
ime weighted average (TWA) benzenc exposure of

Table 2

Corretation coetficiems bevweed cach cytogenetic end-potnt {individual means
NDUI-PHA

et

Variable * SCE PRI

Age 35 0300 B

SCE 15 100 33 04 48 028 ° 45
PRI 13 100 3 0.18 13
MN-PHA 7 100 a7
NDI-PHA kv
MN-PKW

NDI-PKW

) CAsl — gaps)

For this anyl
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1 the transformed values of MN {average squarc rout) and of CAs {aresine) were used (see section Methods).

station attendants. In order o minimize the influence
of confounding factors related 10 personal life sty
only non-smokers Were enrotled in the study. [0
addition. quantitative information on alcohol con?
surpption was recorded in order 10 exclude heavy
drinkers, in view of the well-known effect of alcohol
abuse on several cytogenetic end-points (Obe and
Anderson, 1987). Among the subjects swdied, 2
preliminary inspection of the outcome of cytogenetic
analyses in relation to individual daily alcohol intake
(0 10 50 g) did not reveal any significant comrelation
between the parametes {data not shown).

The assessment of the exposure 10 aromatic hy-
drocarbons carried out on these workers demon-
strated @ strict cormrelation of benzené levels with
other aromatic components of gasoline (toluene.
xylenes. ethylbenzene). as well as with indirect in-
dexes of workload. such as the amount of fuel sold
(Lagorio et al.. 1993). Consequently. benzene €Xpo-
sure was regarded as representative of the whole
exposure 0 petroleum fuels for these workers.

Blood lead level was getermined for all the sub-
jects studied to provide some information on the j

personal exposure (0 vehicle exhausts. The combus-
tion of Jeaded fuels plays a major rote as an emission \
source of this heavy metal into the environment, M
especially where unleaded gasoline has 0o \
widespread use. In this respect. unleaded fuet ac- i
counted for approximately 10% of the gasoline de- !
tivered by the anendants enrolled in this study _
(Lagorio et al.. 1993). The comparison of average

) and the age of the subjects
NDI-PKW

029 - ~0.43 26 0.16 43
-027 ° 9 0s9 - 9 g7 00 -0.05
1.00 29 ~040 ° 29 045 ° 47 0.11
19 1.00 29 ~.18 29 0.04
29 1.00 29 028
35 1.00

* CAst — gaps), hiegquency of chromosomal and chromatid aberrations. excluding gaps. for \he other abbreviations used sec footnotes of

Tables 5 and 7.
Sop<ansttops 00t

é
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Table 3

hromosomal aberrations (CAs) in fi

Gaps
Chromatid-type aberrations
Chromatid breaks 53 135 13 095
Chromatid exchanges M 0.05 1 002
Chromosome-type aberrations 0.234
{sochromatid preaks and double minutes 21 0.49 16 0.35
Dicemtrics 013

Total { - gaps)

* Exposed = 23 subjects. 4253 metaphases.
> Controls = 24 subjects. 4500 mataphases. X
Cp= aatistical significance of the difference exposed versus controls, estimated by X~ et

subjects) is shown in Tabie 2. The cormelation coeffi-
cients highlight 3 significant positive relationship
between age of the subjects studied and both SCEs
and MN rates in peripheral lymphocytes. No correla-
tion was found berween ates of CAs and age. The
individual frequencies of micronuclei in Band T

lymphocytes were stricty intercorrelated. and dis-

biood tead concentrations in exposed versus control
subjects showed significantly higher levels in service
station employees (p=0036. Tabte 1), in agree-
ment with theif expected greater exposure (0 vehicle
¢xhausts.

A correlation matrix for the biotogical end-points
(SCEs. MN. CAs. PRI. NDis and age of the study

Table 4
Distribution of cells with chromosomal aberrations (8aps excluded) in the studied subjects in relation with biood Jead level and average

vearly exposure 10 benzene

RR *

Biood tead * (ug/dD)

o

<15 2913 55 2978 1.00 - 1.00 -

7.5-99 2672 59 2731 Ry 0.81-1.70 119 031-1.76
> 100 2822 33 855 0.62 0.40-0.96 0.63 0.40-0.99
Toal ) R417 147 8564

Benzene cAposuce

None 443 66 4509 1.00 - 1.00 -

Low 2019 36 20455 1.20 0.80-1.81 1.21 0.80-1.82
High 1807 43 1350 1.60 1.09-2.36 1.67 1.12-2.48
Towt 8269 145 8414

x* rend =

* RR = crude prevalence odd TiO.
> 95k Cl = 95% confidence limits of the 0dd ratio estimate.

< RR = prevalence odd o adjusied for 3ge and proliferation index score by logistic regression analysis.

* The cur-off poitts corvespond 10 the 33° and 66° percentile of the overald distribution in the studied population.

¢ Occupational exposureTnone. references: 10w, fillingstation anendants with <02 mg/m' (8-n TWA. average yearly exposure). high.
fillingstation arendants with > 0.2 mg/m’.
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Table 5 the prevalence rate ratios (Table 4) demonstrated 2 conwol populations indicated a possible excess of
Sisier chromaud exchanges (SCEs) and proliferation index (PRI) in peripheral lymphocytes of fillingstati d. P - significant overall upward wend in percentages of cells with high aumber of exchanges in the exposed
8! hed (controis) , cells with CAs at increasing levels of benzene expo- population (Fig. 1). which was further investigated.

Exposed Controls P’ : sure { x* for uend =56. p = 0.02). Furthermore. To this aim. the frequency of cells with 26 ex-

Ne. Mean (SE} Range No. Mean (SE) Range E fillingstation atiendants exposed {0 average yearly changes (corresponding to the 75° percentile of the
SCEs n 1.7310.15) 3.24-6.29 3 148(0.11) 3.45-5.47 0.181 b benzene levels above 0.2 mg/m’ showed 2 statisti- overall distribution) was evaluated in both study
PRI 2 181 (0.03) 1.47-2.02 2 1.88(0.09) 1.59-2.2% 0.106 cally significant increase of CAs in comparison with groups. This cut-off was preferred to the frequently

controls (RR = 1.7. 95% CI = 1.1-2.5). No positive . used 95° percentile to define high-frequency cells
correlation was found between CAs and blood lead (HFC). in order to handle a larger number of cases

SCE = frequencies of sister chromatid exchanges per cell. calculated on 87 scored cells per subject on average.

PRI = proliferation index. A . o
fp=c al significance of the difference exposed versus controls. estimated by one-way analysis of variance. A tevels (Table 4. and to increase the statistical vcin_..Om .50 analyses.
The analysis of SCEs demonstrated a significant The results obtained demonstrate a significant excess
correlation with the age (Table 2} and a slight excess of HFCs among exposed individuals (Table 6).
played an inverse relationship with nucfear division structural aberrations with respect to benzene expo- | of exchanges in the exposed individuals (Table 3). Within the whole studied population, a strict correla-
indexes. NDI and PRI of PHA-stimulated cultures. sure. the exposed population was dichotomized The difference of the average individual SCE rates in tion (p < 0.0001) was observed between the fre-
both of which measure the progression of cells in the around the 50° percentile and the unexposed subjects exposed and control populations (+.73 & 0.15 versus quency of HFCs and tead levels. even when taking
cell cycle in the same cell population. were also were taken as referents. Even though measurements 148 +0.11 SCEs/cell) did not auain statistical sig- into account the effect of age and PRI on SCE rates
significantly correlated. of benzene exposure for the control population were nificance ( p = 0.181). However. the comparison of by logistic regression analysis (Table 6). No clear
The analysis of structural chromosome aberrations not available. the average benzene exposure of refer- the distribution of SCEs per cell in the exposed and association was found between HFCs and benzene
in PHA-stimulated lymphocytes demonstrated a slight ents may be tentatively estimated from the local
excess of damage in the exposed population with environmental benzene levels. A five-year monitor-
respect to unexposed” controls. in both vovc_s:o.:m. ing 8mo=:< carried out in Rome indicated onou Nw.h“as o cells with high SCE frequency (> 7 5* percentile of the overal distribution) in the studied subjects in rel with exp
chromatid breaks were the most common aberration mg/m’ as the average yearly benzene concentration anis. blood lead level, and average yearly exposure to benzene
found. in agreement with published results for ben- (Fuselli. 1992). Other significant sources of benzene : - RR * 95% C1 » RR © 95% Cl )
zene and petroleum exposed workers (Yardley-Jones exposure, such as smoking of professional exposures- : Exposure SCE /cell
et al.. 1990. Sobti and Bhardwaj, 1993. Tompa et al.. 10 fuels. were ruled out at the enrolment phase of the:: <6 zb Toul
1994) (Table 3). The difference between total aberra- study. Therefore. on the basis of the above figures, 3 Controls 1518 571 2095 1.00 - 1.00 -
tion rates in exposed and control subjects. although the benzene exposure axperienced by the ‘unex- Exposed 1227 573 1302 1.2 (1.07-1.42) 1.30 (1.12-150
statistically not significant ( p = 0.066). suggested a posed’ referents should be well below the lowest Total 1745 ns: 3897
possible excess of clastogenic damages in fuel ex- concentrations measured among servicestation em- 3
posed workers. In order 1o analyze the incidence of ployees (0.1 mg/ m*. see Table 1). The analysis of ! Biood lead * (ug/dl)
! <15 ~ 1052 356 1408 1.00 - 1.00 -~
¥ 15-99 833 341 1180 1.3 (1.03-1.46) 1.08 (0.90-1.30)
) ! > 100 89 120 1209 1.57 (1.33~1.86) 1.40 (1.17-1.87)
: Total 2674 1123 3797
i (S wend= 2179 p < 0.0004
|
» M Benzene exposure
H : None 1518 517 2098 1.00 - 1.00 -
* | 512 100 842 146 0.23-1.73 1.56 (1.30-1.36)
High 518 142 360 1.03 (0.86-1.23) 1.03 (0.85-1.24)
Total 2678 19 3797
¢° wend = 1.58 p = 0.2087
E ' RR = crude prevaience odd ratio.
* 956 C1 = 95% confidence limits of the odd ratio estimate.
3 * RR = prevalence odd ratio adjusted for age and proliferation index score by logistic regression analysis.
Fig. 1. Distribution of SCEs in penipheral ly phocytes of g I i d (exposed) and control subj Histog ined 4 * The cutoff points correspond 10 the 33* and 66° percentile of the ovesall distnbution ia the siudied populstion. )
from the povled data of all exposed and control individuals. As ubscissa. the aumber of SCEs/cell. As ordinate. the number of cells * Occupational exp :_none, ref : low. fillings! dats with <02 mg/m’ (8-h TWA. average yearly exposurc): high.

presenting a given number of SCEs. ; fillingstation atendants with >0.2 EW\:..A
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Table 7 R :
Micronucici (MN) and nuclear division index (NDI) in phytohemaggiutinin- and pokeweed-stimulated peripheral iymphocyte cultures o
fillingstati dants texposed) and age- hed references (controls) K
Exposed Controls rt -
2
No. Mean {SE) Range No. Mean (SE) Range )
MN-PHA ° 3 5.40(Q.70) 1.5-153 24 5.50 (0.60) 1.5-13.0 0916 .
NDI-PHA * 3 ‘1.92(0.08) 1.3-16 24 1.93 (0.05) 1.6-25 0.928 T
MN-PXW 12 9.60 (1.50} 2.7-18.0 17 1.7 (0950 30-173 0.264
NDI-PKW ¢ 12 1 83 (0.07) 1.4-2.2 17 1.70 (0.04) 1.5-2.0 0127

* p = suatistical significance of the difference exposed versus controls. estimated by one-way analysis of ‘anance.

5 \N-PHA = micronuclei per 1000 binucleated cells, from phytohemagglutinin (PHA)-stimulated cultures: average sample size 2128

scored cells/ subject,

< NDI-PHA = nuclear division index of PHA stimulated cultures.

i

4 MN.PKW = micronuclei per 1000 binuclcated cells, from pokeweed (PKW)-stimulated cultures; average ample size 1370 scored

cells /subject.
© NDI-PKW = nuclear division index of PKW-stimulused cultures

exposure. Among station atendants. the incidence of
HFCs was increased in the group with lower benzene
exposures and decreased in workers with the highest
exposure levels (Table 6).

Finally. the analysis of micronuclei in cytokine-
sis-blocked lymphocyte cultures did not show signif-
icant increases of micronuclei in the exposed indi-
viduals (Table 7). However. in both studied groups a
higher frequency of micronuclei was recorded in
pokeweed-stimufated cells with respect o phyto-
gglutinin-simulated cultuces. This result is in
agreement with previous studies (Hogstedt et al.
1988b: Hogstedt et al.. 199%: Slavutsky and Knuu-
tila, 1989) which reponted higher rates of micronuy-
cleated cells in cultures stimulated with pokeweed.
In agreement with literature data (see e.g. Hando et
al.. 1994). micronuclei were significantly related to
the age (and to the NDD) in both populations. NDIs
were similar in exposed and controls, but signifi-
cantly greater { p < 0.02, ¢ test) in PHA-sumulated
cultures with respect to PKW-stimulated ones. indi-
cating a faster proliferation of T lymphocytes in
vitro.

™

4. Discussion

A preliminary survey of the mortality of fillingsta-
tion attendants from the Latium region hightighted
possible increased risks of different neoplasms, con-
centrated among workers employed in small stations

characterized by high sales of fuel per employee
(Lagorio et al.. 1994). In this study. we have under-
taken a detailed cytogenetic investigation on a sub-
group of the above cohort. with the aim of investigat-
ing the possible relationship between personal expo~
sure to aromatic hydrocarbons and some early indi-
cators of genetic effects. ;
Published data on occupationally exposed individ-
vals settle to about 1-10 ppm as the lowest benze:
concentration able to produce cytogenetic damages
in peripherai lymphocytes detectable with standard.
protocol and techniques (Dean. 1985, Tompa et al..-
1994). According to this finding. the results reported:
in this paper indicate that the low occupational expo—
sure to benzene (1.58 mg,/m’. or 0.5 ppm. on aver-
age) experienced by the service-station attendants:
enrolled in the study does not result in an ov
excess of chromosomal damages in comparison with:
age-paired unexposed indtviduals. However, a more-
detailed analysis of the data highlighted a significant.
correlation of CA frequencies with intensity of b
zene exposure. suggesting that also low-ievel expo—
sure o petroleum fuels may result in an increase of
genetic damages in peripheral lymphocytes of ex-Z
posed people. it is conceivable that the greater ana
lytical power of the newly developed molecular cy-:
togenetic techniques may help clarify this point, .
In agreement with other investigations (Sarto et]
al.. 1985). SCE frequencies (average value per indi
vidual) were significantly related with age. pointing
to the requirement for controlling this confounding{

A. Curere et ai. / Mutation k«.ﬂsﬂb 33211995} 17-26 25

factor in biomonitoring studies. The resuits obtained
also show a slight increase of SCE rates in fillingsta-
tion antendants. The simple comparison of the aver-
age values in exposed and control populations does
ot reveal significant differences. This approach.
however. may be inadequate in population studies,
because it does not take into account the possible
existence of cellular subpopulations with greater sen-
sitivity 1o genotoxic agents. To account for this
possibility. several statistical approaches have been
developed which consider the distribution of SCEs in
the whole cell populations investigated (exposed and
controls) (Carrano and Moore. 1982). We have found
an excess prevalence of cells with high number of
SCEs (above the 75° percentile) in service-station
employees. The frequency of HECs in the exposed
individuals showed a complex relationship with ben-
zene exposure. with lower values at the highest dose.
Interestingly. some published data also report a de-
crease in the frequency of SCEs with high exposure
© benzene (Sarto et al.. 1984 Watanabe et al.
1980). possibly related to 2 persistent adverse effect
on DNA replication (Dean. 1985 Watanabe et al..
1980). Furthermore. SCE frequencies showed a sig-
nificant upward tend with increasing blood lead
concentrations. Literature data on the genetic effects
of occupational or environmental exposure to lead
mainly reported structural chromosomal aberrations
rather shan SCEs in peripheral lymphocytes of sub-
jects with blood lead levels above 20 ng/dl (Winder
and Bonin. 1993). Therefore. a direct effect of this
metal on the SCE rates is most unlikely. However.
blood lead can be regarded aiso as an individual
marker of exposure fo vehicle exhausts. In this
framework. our findings may point to the possibility
of genotoxig effects resulting from exposure to air
pollutants. detectable even among residentially ex-
posed individuals. This result adds 1o previous inves-
tigations which demonstrate an increased frequency
of genetic damages in relation to the environmental
eXpOosure L0 genotoxic poltutants (Motykiewicz et al..
1992 Perera et al.. 1992).

In conclusion. the findings of this study are com-
patible with a detectable genotoxic effect from expo-
sure to gasoline vapours and vehicle exhausts. Tak-
ing into account the prognostic significance of some
cyogenetic  end-points for cancer development
({Hagmar ct al.. 1994: Hogstedt et al.. 1988a: Bonas<i

et al.. 1995). it can be envisaged that the cytogenetic
surveillance of populations living in polluted areas or
professionally exposed to pewoleum fuels may pro-
vide relevant information for the evaluation of long-
term risks.
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