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ABSTRACT. In the present study, the micronucleus test was applied in exfoliated cells of buccal
mucosa to assess the mutagenicity risk associated with occupational exposure for gas station
attendants. For each individual, 2000 exfoliated buccal cells were analyzed for micronucleus
frequency. A highly significant difference was found between exposed and control groups. Likewise,
a significant difference was found between these groups regarding the frequency of binucleated and
broken egg cells. To determine whether smoking, alcohol habit, age, gender, or working time could
exert any additional effect, we determined the frequency of micronuclei and binucleated and broken
egg cells amongst exposed and control individuals. The results allowed us to conclude that the
individuals studied belong to a risk group and should periodically undergo biological monitoring and
appropriate care.
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INTRODUCTION

Millions of workers in a variety of occupational settings have the potential to be exposed to
hazardous substances. These substances, including dust particles, fibers and organic or inorganic
chemicals, are raw materials, intermediates, by-products, or end-products in industrial processes.
They can be present in the occupational environment in the form of gases, vapors, fumes, mist, or
particles. Inhalation is the first route of exposure; however, exposure can also take place through
dermal absorption or ingestion. Most workers are exposed to complex chemical mixtures, and illness
in some of them can be attributed to exposure to these substances (Keshava and Ong, 1999).

Petroleum derivate compounds constitute a complex mix of chemicals, some of them well-known
genotoxic agents (Pitarque et al., 1997). According to the International Agency for Research on
Cancer (IARC), the exposure to gasoline vapors is classified as carcinogenic to humans, especially
on the basis of the well-established carcinogenicity of some components such as benzene (Carere et
al., 1995).
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Gas station workers who pump gasoline are liable to absorb not only the products present in the fuel
fumes, but also the products emitted by engines (Santos-Mello and Cavalcante, 1992). This exposure
can increase the risk (alternatively:sensitivity) to the development of several types of cancer, such as
urinary tract, skin, laryngeal and pancreatic cancers, and leukemias. The influence of fuel
composition on the mutagenicity of gasoline has been addressed in several investigations. These
studies indicate a lower emission of mutagenic substances with alcohol blends, and a positive
correlation between the aromatic content of gasoline and its mutagenicity (Crebelli et al., 1995).
Grandjean and Andersen (1991) found a direct correlation between cancer and occupational
exposure, and reported that lung cancer is the major cause of death among workers chronically
exposed to petroleum derivates.

Considering that occupational exposure to such substances may have hazardous effects, we
investigated the possible mutagenicity risk among pump attendants, by quantitative determination of
cells with micronuclei (MNC) and binucleated (BNC) and broken egg cells (BEC).

MATERIAL AND METHODS

Subjects

The frequency of MNC and BNC and BEC was investigated in 2000 exfoliated cells from the buccal
mucosa of each individual. The study sample was composed of 20 male and 10 female gas station
attendants of Pelotas, RS, Brazil, employed to pump fuel and 30 controls. Exposed and control
individuals were matched according to sex and social-economic status. All subjects were interviewed
to evaluate their habits, according to the protocol published by the International Commission for
Protection against Environmental Mutagens and Carcinogens (Carrano, 1988).

Cytological preparations

The oral mucosa was washed before the buccal cells were collected. The mucosa was then swabbed
with a moistened wooden tongue depressor. For each individual, two slides were prepared by
smearing the cells onto pre-cleaned slides. The slides were then air-dried, fixed with methanol,
stained by the Feulgen reaction, and counterstained with fast-green, as previously described (Stich
and Rosin, 1982). Coded slides were analyzed using a light microscope, at 1000X magnification. A
total of 2000 cells from each individual were examined, and the results were reported as the
frequency of cells with MNC and BNC, and BEC.

Statistical analysis

A total of 2000 cells were inspected per individual (30 exposed workers and 30 controls), that is, a
total of 60,000 in each group or 120,000 cells altogether. The sample number of 2000 cells should
give an untruncated distribution of MNC, BNC and BEC events.

The independent variable (sex) was classified as qualitative (nonparametric). The role of
nonparametric factors was analyzed by the Mann-Whitney test, while the Student #-test was used for
age and time comparisons. The MNC, BNC and BEC distributions of individuals, grouped by each
of two-class factors, were compared with the Mann-Whitney test. Associations between independent
variables and the occurrence of MNC, BNC and BEC were measured by nonparametric Spearman
rank correlation coefficients. The null hypothesis was rejected at 5% level of significance.

RESULTS
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The averages for age and time working in years, and the sex of 30 exposed and 30 control individuals
are reported in Table 1.

“Table 1. Characteristics of gas station attendants and controls.

Characteristic Exposed (M = 3{) Mon-exposed (N = 30)
Muean age (years) 2033 £ 6,27 27.30 + 6,08
Age range (years) 20-45 20-38
Smokers 9(30%) 6 (20%)
Non-smokers 21 (70%) 24 (80%)
With drinking habit 22 (73.3%) 26 {86.7%)
Without drinking habit B (26.7%) 4(13.3%)
Mean time warking (vears) 4,60 + 4,57 2.00 x 2.88
Range of time working (years) 1-22 [-10
Females 10 (33.3%) 100 (33.3%)
Males 20 (66.7%) 20 (66.7%)

The absolute frequency of cells with MNC and BNC and BEC among 2000 cells of each individual
of both groups is shown in Figure 1. Thirty percent of the controls had no cells with micronuclei, and
only 32.3% of them showed 1 to 3 cells with micronuclei, resulting in multiple modes (0-2 and 3-5
MNC). The maximum number of MNC was six among non-exposed individuals. On the other hand,
we found a variable distribution of the cells with micronuclei among exposed individuals, ranging
from 2 to 23 MNC, resulting in class mode 9-11 MNC.
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Figure 1. Distribution of number of cells with micronuelei {MNC), binucleated cells (BNC) and broken egg cells (BEC) for
2000 cells per individoal of 30 exposcd workers and 30 controls.

The distribution of the number of BNC obtained was different between the control and exposed
groups. In the control group, 56.7% showed 0-3 BNC, resulting in a class mode of 0-2, while in the
exposed group only 13.3% showed this number of BNC. Among control individuals, 76.7% had 11
BEC, the maximum number found, whereas in the exposed group, only 46.7% showed this same
number. The mode in the control group was the 9-11 class, and in the exposed individuals it was the

18-20 BEC class.
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Table 2 shows the data regarding the mean numbers of MNC, BNC and BEC of both exposed and
non-exposed individuals included in this investigation. Regarding the micronucleus frequency, a
highly significant difference (P < 0.001) was found between exposed and control groups, and a
significant difference (P < 0.05) regarding the frequency of BNC and BEC. All analyses were

performed using the Mann-Whitney test.

Table 2. Cytological observations for gas station attendants and controls,

Cytological observation Exposed (N = 30) Mon-cxposed (N = 30)
MNC
Mean 12.07% 2.53%
Standard deviation + 4,98 + 2.05
Range 2=23 (16
BNC
Mean 5.03%# 3.20%*
Standard deviation + 318 x 2.50
Fange (=15 (=11
BEC
Mean 15.83%# B.73%*
Standard deviation E 3,30 +4.49
Range 5-33 1-19

MHMC = cells with micronuclei; BNC = binucleated cells; BEC = broken egg eells. *Significantly different, P < 0.001;
“*gignificantly different, I* < 0L01 {Mann-Whilney test).

The effect of age (within the following intervals: <30 and >31 years) on the frequency of
micronucleated cells was investigated, among both exposed and controls through Mann-Whitney
test, and no associations were observed between age and petroleum exposure (Tables 3 and 4).
Likewise, we did not detect any relation between nuclear abnormalities and time working (<5 and >5

years), in both exposed and control groups.
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Individuals MNC BMNC BEC
smokers (N =9) 1200 + 543 T.67 + 444 17.11 £ 9.36
Mon-smokers (N = 21) 12,10 4 4.91 519+ 2,20 15.29 + 7.99
P=0.7 P=10.96 P =043
With drinking habit (N = 22) 1295 + 5.11 6.18 + 3.33 1741 + .73
Without drinking habit (N = 8) 9.63 & 385 5254+ 282 11.50 & 5.24
P=0.07 P=07 P=0.15
Ape (years)
=30 (N = 20) 13.00 + 4,91 485 £ 2.11* 15.65 & #.21
=31 (N = 10) 10.20 + 4,80 .10+ 3.93% 1620 £ 3.92
P=0.19 P=0.02 P=0.13
Time working {years)
=5 (N=21) 4.57 + 3.84 357 +39] 200+ 323
=5 (N=9) T.08 & 4,63 331 + 4.03 323+ 286
P=0.37 P=0.32 P=0.13
S
Females (N = 10) 10.6 £+ 337 490+ 2.08 11.00 £ 3.54*
Males (N = 20) 128 +554 6.45 + 3,55 1820 + §.07*
P=0.37 P=0.32 P=10.02

Data are reported as means £ S0, MNC = cells with micronuclel; BNC = binucleated cells; BEC = broken cgg cells.

*Significantly different, P < 0,05 (Mann-Whitney test),
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Individuals MENC BNC BEC
Smokers (N = 6) 2254+ 127 333 & 1.51 T17 £ 5,15
Mon-smokcrs (N = 24) 254 + 2.11 3124+ 283 913 + 4.34
P =586 P=154 P=1.26
With drinking habit (N = 26) 258 +2.12 319+ 267 B46 + 4.5]
Without drinking habit (N = 4) 225 %+ 1.71 325+ 236 10.50 + 4.51
P=0.73 P=0.32 P=10.40
Age(years)
=M (N =19) 268 & 2.16 2.79 & 2.27 968 &£ 445
=L (N =11) 22T+ 1.90 301 +£ 305 7.00 + 425
= 0.61 P=10.34 P=10.97
Time working (years)
<5 (N =25) 244 £ 206 308 £ 269 8.72 + 4.42
=5 (N=3) 3.00 £ 2,12 380+ 217 850 + 5.36
P=0.57 P=044 P=0.97
Sox
Females (N = 1) 0.90 & 1.52% 1.90 £ 2.64 .00 £ 3.07
Males (N = 20) 3.35 & 1.79% 3.85 4 2.37 955 4 4,91
P =0.002 P=10.18 P=0.16

Data are reported as means £ S0 MNC = cells with micronuclei; BNC = binucleated cells; BEC = broken egg cells,
“Significantly different, P < 0,01 {Mann-Whitney test),

The frequency of MNC, BNC and BEC was compared between males and females, in both exposed
and control individuals. Interestingly, only in the control group did males show at least three more

cells with micronuclei than females (Table 4). The Spearman correlation coefficients between MNC
and sex were significant at the 0.01 level.

Based on the P values estimated by Spearman rank coefficients, the main factor associated with

increased frequency of MNC in exfoliated cells was sex, within the control group.

DISCUSSION

Exposure to genotoxic agents can result from natural and environmental factors, non-specific
contamination, occupational environment, or industrial accidents (Anderson, 1999). Gas station
attendants are exposed to gases produced by fuel combustion and to the fumes of the fuel itself. The
exposure to motor vehicle emissions represents an important cause of concern because of its possible
long-term effects on human health. A number of experimental studies, as well as epidemiological
evidence, indicate that gasoline and diesel engine exhausts are mutagenic and carcinogenic to
laboratory animals and possibly to humans (Crebelli et al., 1995).

Whereas Fredga et al. (1979) failed to detect an increased frequency of chromosome aberrations
among Swedish pump attendants, Hogstedt et al. (1991) detected a significant increase in the
frequency of micronuclei in pokeweed mitogen-stimulated lymphocytes from gas pump mechanics,
and Santos-Mello and Cavalcante (1992) detected a significant increase in chromosome deletions.
The present study carried out in Brazilian (Pelotas, RS) pump attendants showed a significant
increase in the frequency of MNC, BNC and BEC among these workers. This increased number of
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nuclear abnormalities could be the result of the attendant’s continuous absorption of the bath: the
fumes emitted by the fuel, which contain genotoxic substances such as benzene, and the engine
emission products of the vehicles, which are constantly stopping to refuel at the station. Huisingh
(1980) noted that emissions resulting from the internal combustion of automobile engines consist of
thousands of different compounds. Furthermore, these emission products also have cytotoxic and
genotoxic properties, as demonstrated by Hadnagy and Seemayer (1988).

Confounding factors affect responses in all cell types. There are endogenous confounding factors
such as age, sex, genetic make-up, and exogenous confounding factors, including life style habits.
There are biomarkers of exposure, effect, and susceptibility. In addition, individual susceptibility
could be influenced by the genotype and polymorphisms in genes existing in a population (Anderson,
1999).

Lifestyle factors are estimated to be responsible for about 80% of human neoplasias. Among the
different avoidable risks, the consumption of tobacco and alcohol is directly linked to an elevated
incidence of several forms of cancer (Majer et al., 2001). However, the results of different studies are
controversial. In some reports, such as Sarto et al. (1987) and Burgaz et al. (1995), no genotoxic
effect was found in individuals with an alcohol habit. In contrast, Stich and Rosin (1983)
demonstrated a synergistic effect of alcohol and nicotine in their results.

In the present study, we observed a small and non-significant increase in MNC, BNC and BEC,
among exposed individuals with an alcohol habit. However, in the control group alcohol habit was
not shown to be associated with nuclear alterations.

Tobacco smoking is the most important and well-documented cause of cancer currently known, and
epidemiological studies have linked it to cancers of the lung, mouth, pharynx, esophagus, kidney,
bladder, pancreas, and cervix (Burgaz et al., 1995). Studies based on the genotoxic effects of tobacco
alone fall into three categories according to the form of consumption (chewing, snuffing, and
smoking). The micronucleus frequency in the oral mucosa cells of cigarette smokers was generally
lower than that detected in cells of tobacco chewers (Stich and Rosin, 1983). Stich et al. (1992),
however, detected a pronounced increase in micronucleus in oral cells of reverse smokers, who hold
the lit end of the cigarette in their mouth. Our results suggest that smoking and alcohol habits are not
related to the levels of MNC, BNC and BEC, in both the control and exposed group.

On the other hand, our previous studies performed in a variety of workers who were exposed to
different toxic agents have shown contradictory results regarding the influence of alcohol and
cigarettes on the extent of nuclear alterations. In previous studies of dentists exposed to mercury
from amalgam and shoe workers exposed to complex mixtures of solvents originating from glues and
their diluents, those with an alcohol habit showed significantly lower levels of MNC (P < 0.001) than
non-drinkers. The same result was observed among smokers and non-smokers (Roth et al., 2002;
Bassan and Martino-Roth, 2003). However, these two factors, alcohol consumption and cigarette
smoking, were not shown to be associated with nuclear alterations, in a study of storage battery
renovators, car painters and mechanics (Martino-Roth, 2002). In contrast, opposite results were
obtained in technicians working in genetics, biotechnology and chemistry laboratories. Individuals
with alcohol and smoking habits showed a significantly higher frequency of MNC than abstinent
individuals (Martino-Roth et al., 2000). Overall, these conflicting results indicate that alcohol and
gasoline fumes may or may not have a synergistic effect or not, according to the type of genotoxic
agent to which the workers are exposed.

Several reports have described an association between chronological aging and aneuploidy. The
chromosomes most frequently lost are the X chromosome in females and Y chromosome in males.
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The prevalence of sex chromosomes in somatic aneuploidy and the relation between malsegregation
of X chromosomes and age are well documented. However, the molecular mechanism(s) underlying
the instability of sex chromosomes is not yet fully elucidated. Zijno et al. (1996) demonstrated that
both chromosome loss and non-disjunction contribute to the malsegregation of sex chromosomes in
cultured peripheral lymphocytes of donors, and most importantly, these events increase significantly
according to the subject’s age. Autosomes may be lost at the same frequency as the sex
chromosomes, but their loss should lead to death, as they contain genes required for cell survival.
Since lagging chromosomes and fragments can be incorporated into a micronucleus, the increase in
aneuploidy with increasing age should be correlated with an increase in micronucleus formation
(Burkvic et al., 2001).

In our study, the age of the individual did not show any association with the frequency of MNC and
BEC among gas station attendants and controls. However, with regard to BNC, an increased number
of nuclear alterations was observed in older exposed workers.

An analysis of MNC and BEC frequency for different times working showed a small, non-significant
difference for exposed individuals with the longest work history (>5 years). Other studies have also
reported the lack of correlation between exposure time to petroleum emissions and nuclear
alterations (Anderson, 1999).

Particularly evident is the increment observed in women with respect to men. In prior studies, it was
observed that females had a significantly higher frequency of nuclear alterations (MNC, BNC, and
BEC) than males (Martino-Roth et al., 2000; Carbonari et al., in press). Some reports in this area
have shown results similar to our previous data, such as Burkvic et al., 2001, who demonstrated that
the sex chromosome is lost 22% more often in females than in males, confirming that female’s cells
are more sensitive to the action of genotoxic agents. On the other hand, in this study it was observed
a slight increase in MNC and BNC, and a significant increase in BEC (P < 0.05), among exposed
males in comparison to females. In addition, control males also showed a significant increase in
MNC. According to Maluf and Erdtmann, 2000, these differences are specific, in other words, each
drug exerts a different and specific effect in the cells.

CONCLUSIONS

The micronucleus assay in human exfoliated cells is one of the most sensitive methods used for
measuring DNA damage rates in human populations, because it is relatively easier to score
micronucleus compared to other methods, such as chromosome aberrations. This assay can be used
to identify not only groups that are at risk for developing cancer, but also specific individuals who
are susceptible to cancer development.

Our results make it clear that gas station attendants showed an increased frequency of cells with
micronuclei, due to the genotoxic effect of the petroleum derivates to which they are exposed.

Extensive studies and standardized tests to evaluate biological damage at different levels are
recommended to public agencies concerned with environmental quality and public health. Mutagenic
investigation is one of the necessary evaluations to be done, to ensure environmental quality and
occupational health, as is the worker’s education about decreasing genetic damage and risk for
serious diseases.
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