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Methanol has been proposed in different countries as an alternative automotive fuel
to be used as an additive to, or replacement for, gasoline or ethanol. Utilization of
methanol is increasing exposure to low levels of methanol vapors in the environment
and more specifically in occupational settings such as gas stations. Pump operators
are exposed to relatively high levels of fuel vapors, the consequences of which have
not been fully examined. In this study, the micronucleus assay in squamous oral cells
was performed on pump operators of 28 gas stations in three different periods in the
city of São Paulo, Brazil. The frequency of micronuclei (MN) was evaluated before and
1 year after a mixed fuel called MEG, which contains 33% methanol, 60% ethanol
and 7% gasoline, was introduced. The third evaluation, 3 years later, represents a
period where the number of cars using alcohol fuel had decreased drastically and the
pump operator exposure to MEG became very low. The frequency of MN observed in
76 employees in 1992 (mean = 3.62 ± 0.39) was significantly increased (P < 0.001)
as compared with 76 operators exposed in 1989 (mean = 1.41 ± 0.26) and 129
exposed in 1995 (mean = 1.20 ± 0.15). These differences were also significant when
compared with control groups not exposed professionally to motor fuel. These
findings could indicate a mutagenic hazard of the MEG occurring in those with
occupational exposure.
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Introduction

Oil crises all over the world have prompted users to look
for alternative sources of energy, mainly for automobiles.
Methanol has the potential to become a major auto-
motive fuel, because it is less reactive and releases ozone
slowly [1]. Increased exposure to methanol vapor and the

consequences of chronic exposure have not been fully
investigated [2].

The impact of atmospheric pollutants caused by
exhausts from automobiles on human health has been
investigated in vitro and in vivo, including genotoxic
effects. Mutagenic and  carcinogenic effects of diesel,
petroleum vapors [3–5] and fuel agents like benzene and
formaldehyde have been reported in humans and/or
different biological models [6–14].

Micronuclei (MN) are chromosomal material that
originated from acentric fragments of DNA or complete
chromosomes that failed in attaching to the mitotic
spindle [15]. Therefore, the occurrence of MN constitutes
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a relatively simple and direct assay for screening risks of
genetic damage in individuals occupationally exposed to
mutagenic agents.

Among the individuals occupationally exposed to
mutagenic agents, petrochemical workers [16] and gas
station operators are considered particularly because they
have to manipulate the fuel and consequently inhale fuel
vapors during daily work. Significant increases in struc-
tural chromosome aberrations [17–19] and lymphocyte
or oral MN have been reported [3,20] in employees
who manipulated petroleum fuel derivatives. However,
negative results have also been reported [21–25].

In Brazil, the ethyl alcohol alone (hydrated ethanol)
extracted from sugar cane has been used as an alternative
fuel since the 1970s. However, in November 1991, due
to economic reasons, a fuel called MEG, a mixture of
33% methanol, 60% ethanol and 7% gasoline, began to
be used in the city of São Paulo instead of hydrated
ethanol alone. In Brazil, there are usually no self-service
fuel supply pumps and that change would have increased
the occupational risks mainly for pump operators who
became exposed not only to gasoline with ethanol, but
also to the mixture including methanol.

Nearly all the available information about methanol
toxicity in humans is concerned with the consequences of
acute exposures [26]. Methanol has no mutagenic effects
in yeast, bacteria [27], hamsters [28] or mice treated by
inhalation [29]. Fisher rats exposed to M85, a mixture
containing 85% methanol and 15% gasoline, revealed
hematological alterations [30] probably associated with
methanol metabolism that results in formaldehyde [31].

The aim of this investigation was to evaluate the
frequency of MN in oral squamous cells of gas station
attendants working in the city of São Paulo, Brazil, during
three different periods: before, during and after the intro-
duction of methanol as an automobile fuel additive.

Materials and methods

Subjects

This investigation was carried out among pump oper-
ators of 28 gas stations located in the West Side of the city
of São Paulo, Brazil, in three different periods.

The first period corresponds to the evaluation in 1989
when the gas stations had only separate ethanol and
gasoline pumps. In this period of the study, 76 subjects
with ages ranging from 21 to 59 years (mean ± SE:
33.2 ± 1.0) were investigated. Their duration of
employment varied from 8 months to 31 years (mean ±
SE: 10.1 ± 0.8 years). The control group consisted of
25 healthy university employees (mean ± SE: 33.6 ±
1.8 years) not actively involved in research occupations.

The second period represents a new survey in the same
gas stations ~2 years after the MEG mixture had been

introduced to replace ethanol fuel. The age range of the 76
subjects varied between 20 and 57 years (mean ± SE:
37.0 ± 1.1) and employment duration varied from 2 to
30 years (mean ± SE: 11.9 ± 0.8 years). Of this group,
only 39 gas station operators had also been examined in
1989. The age of the controls, consisting of another group
of 39 healthy university employees, ranged from 22 to
51 years (mean ± SE: 35.6 ± 1.3).

The third period includes a surveyed sample in the
same gas station, when gasoline added with 20% ethanol
was predominantly used as fuel in São Paulo (1995) and
the distribution of MEG fuel was very low. The exposed
group in this period included 129 gas station operators
with ages ranging from 19 to 70 years (mean ± SE: 37.6 ±
1.0) and employment duration varying from 2 months to
30 years (mean ± SE: 12.4 ± 0.8 years). The control
group consisted of 70 civil construction workers, with
ages between 18 and 61 years (mean ± SE: 38.6 ± 1.3).

The occurrence of possible confounding issues related
to health conditions or lifestyle, including recent diag-
nostic X-rays, use of medicaments or drugs, tobacco and
alcohol intake, were investigated by personal interviews of
controls and exposed workers.

The micronucleus assay

The usual method and classification of MN in exfoliated
oral cells [32] was used with small modifications. First,
the subjects were asked to rinse their mouths with water;
then, after gently scraping the right and left cheeks with a
cytobrush, the material was submersed in 5 ml of saline
solution (0.9% NaCl) and transported immediately to
the laboratory (<1 h). After centrifugation (10 min,
1200 r.p.m.), the pellet was fixed in methanol–acetic acid
(3:1), twice for 5 min. The cell suspension was dropped
on cool glass slides and stained with Feulgen plus
fast-green (1%). A cell was considered to contain MN if
it contained not more than three cytoplasmic Feulgen
staining bodies with a size less than one-third of the main
nucleus. The micronucleus analyses were performed in
2000 cells for each individual in a blind fashion.

Statistical methods

MN formation is a rare event exhibiting a Poisson
distribution, so the frequencies of oral micronucleated
cells were analyzed by non-parametric tests (Kruskal–
Wallis, Mann–Whitney, Dunn). Age followed a Gaussian
distribution and was analyzed by Student’s t-test. The
critical level for rejection of the null hypothesis was
considered to be a P value of 5%.

Results

Figure 1 shows the distribution of the number of cells
with MN and the total number of MN per 2000 cells

108 Occup. Med. Vol. 51, 2001



counted among individual pump operators and controls
in the three surveys. Both cells with MN and the
total number of MN per individual exhibited a highly

positively skewed binomial distribution. Since MN for-
mation represents a low-frequency event, its distribution
appeared to fit quite well to a  Poisson distribution.

Figure 1. Distribution of the number of cells with MN (A) and the number of MN (B) per 2000 cells per individual among pump operators and
controls in the three surveys (1989, 1992, 1995).
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Statistical analysis was performed using non-parametric
tests of significance.

Because only some of the pump operators were exam-
ined in all three periods (1989, 1992, 1995), comparison
of their age distribution with that of controls was per-
formed only for the 1995 survey, which includes a larger
and prospectively better controlled sample. The age range
was very similar between the two groups in the third
survey and the small mean difference was not significant,
even estimated by Welch’s approximated t-test (t = 0.59;
P = 0.56), which assumes unequal variances [33].

Table 1 presents the number of individuals, mean age,
working time, cells with MN and number of MN per
individual among gas station operators and controls in
different surveys. Because the total number of MN per
individual includes cells with one, two or three MN, it
proved to be a more powerful variable in the statistical
analysis.

The number of MN per individual in the first survey
was 1.12 in the controls and 1.41 in the exposed subjects,
which was not a significant difference (P = 0.95). How-
ever, after the introduction of the MEG mixture, the
frequency of MN increased significantly, as indicated by
the later results. During the 1992 period, the number
of MN rose markedly from 1.35 to 3.62 and during the
1995 period from 1.08 to 1.20, both differences being
highly significant (P = 0.0001), as evaluated by the
Mann–Whitney test (Table 1).

Non-parametric analysis of variance concerning the
frequencies of cells with MN and the number of MN per
individual in the three different periods was performed
using the Kruskal–Wallis test and multiple comparison of
the three surveys by means of Dunn’s test (Table 2).
Results indicated that the temporal heterogeneity was
highly significant for both mean frequencies of cells
with MN and number of MN per individual. However,
mean differences between the 1989 and 1995 periods, as
compared by Dunn’s multiple comparison test, were not
significant.

Table 3 shows comparisons of mean ages, duration of
work and numbers of MN for the 39 subjects investigated
in two periods (1989 and 1992), and between two sets of

17 subjects examined in the three different periods (1989,
1992 and 1995). Although both mean age and duration of
work increased in subsequent periods, there was not a
linear increase in the frequency of MN. For  the  39
subjects investigated in two subsequent periods (1989
and 1992), the average number of MN per individual
increased from 1.08 to 3.20, a highly significant difference
as estimated by Mann–Whitney test (Table 3). However,
for the 17 subjects examined in all three subsequent times
(1989, 1992 and 1995), the average number of MN per
subject increased significantly from 1.18 to 3.47 after
methanol introduction (1992), but then decreased to 2.06
in 1995. The ANOVA of the three frequencies through the
Kruskal–Wallis test revealed that the heterogeneity did
not reach statistical significance (Table 3), probably
because of the small sample size.

Stepwise regression analysis was performed by
considering anamnestic data (independent variables)
such as previous diseases, number of miscarriages related
to operators’ partners, use of medicaments and X-rays in
the 6 months before examination, tea and coffee drinking,
alcohol intake, smoking and use of psychotropic drugs as
semi-quantitative parameters. The results of  stepwise
multiple regression analysis of the number of cells with
MN and the number of MN per 2000 cells per individual

Table 1. Number of individuals, mean age, working time, cells with MN and number of MN per 2000 cells per individual among gas station
operators and controls, at three different periods (1989, 1992, 1995)

Period Group n Mean age Working time
Total no. of

cells
Total no. of

cells with MN
Total no. of

MN
No. of MN

per individual
Significance

(Mann–Whitney)

1989 Exposed 76 33.2 ± 1.0 10.1 ± 0.8 152 000 105 107 1.41
Controls 25 33.6 ± 1.8 – 50 000 28 28 1.12 P = 0.95

1992 Exposed 76 37.0 ± 1.1 11.9 ± 0.8 152 000 235 275 3.62
Controls 39 35.6 ± 1.3 – 78 000 47 53 1.35 P = 0.0001

1995 Exposed 129 37.6 ± 1.0 12.4 ± 0.8 258 000 129 155 1.20
Controls 70 38.6 ± 1.3 – 140 000 64 76 1.08 P < 0.0001

Table 2. Comparisons between the frequency of cells with MN and
the number of MN per 2000 cells per individual observed in oral
cells of gas station operators in 1989, 1992 and 1995, through
Dunn’s multiple comparison test

Period n
Cells with MN
(mean ± SE)

No. of MN
(mean ± SE)

1989 (A) 76 1.38 ± 0.26 1.41 ± 0.26
1992 (B) 76 3.09 ± 0.29 3.62 ± 0.39
1995 (C) 129 0.98 ± 0.11 1.20 ± 0.15

Significance H (χ2) = 4631.4 H (χ2) = 4589.1
(Kruskal–Wallis) P < 0.0001 P < 0.0001

Dunn’s multiple comparison test
A × B P < 0.001 P < 0.001
A × C P > 0.05 P > 0.05
B × C P < 0.001 P < 0.001
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upon statistically significant independent variables esti-
mated from operator data are presented in Table 4.

The number of cells with MN per individual showed
a low but statistically significant regression upon the
frequency of miscarriages that occurred among the
operators’ partners. Square root transformation, a
tentative approach for normalizing dependent variables,
produced the same statistical results. Also, the number
of cells with MN showed a positive regression with the
frequency of miscarriages among operators’ wives, and
the number of MN per individual exhibited a positive
regression with age and tea-drinking confirmed by square
root transformation. ANOVA of multiple regression was
highly significant (P = 0.006).

Discussion

Oxygenated fuels such as ethanol and methanol, with a
higher oxygen content than conventional gasoline and
diesel fuel, have been used in some countries not only for
economic reasons but also to improve air quality. This
alternative fuel releases lower rates of carbon monoxide
and hydrocarbons, and should contribute to decreased
ozone levels [1].

The frequency of oral MN among pump operators
increased after the introduction of methanol (MEG
mixture) into hydrated ethanol fuel (Tables 1 and 2). The
results reported for the third period of investigation were

similar to those observed before the introduction of
methanol-based fuel (Dunn’s test in Table 2). As
expected, mean age and duration of work, i.e. exposure to
the fuel, increased accordingly during the three periods;
this finding may explain the small mean difference
between 1989 and 1995 samples (Table 3). These changes
also need to be interpreted with reference to the decrease
in the number of cars fueled by alcohol in the city of São
Paulo. From 1980 to 1990, the national fleet of cars
produced by the Brazilian industry included 90% alcohol
fuel motor, but in 1995 there were only ~1.5 million cars
(~30%) moved by alcohol and for this reason MEG fuel
distribution was drastically reduced.

Age proved to be significantly related to dependent
variables, as estimated through regression analysis of data
from gas  station operators (Table  4). This  finding is
expected since mutagenicity could increase with age [34].

The positive regression of the number of cells with
MN upon miscarriages observed among operators’ wives
was an unexpected result and suggested that methanol
could affect the germinal cells of operators. Square root
transformation of the dependent variables confirmed the
significant results (Table 4). In fact, an increased risk
of spontaneous abortion for women working in petro-
chemical complexes has been associated with exposure to
benzene and gasoline [35].

Similarly, it is difficult to envisage how the constituents
of tea, e.g. caffeine, could increase the number of oral

Table 3. Comparisons between mean age, working time, cells with MN and number of MN per 2000 cells per individual among samples of
39 gas station operators investigated in two periods (1989, 1992) and among 17 subjects investigated in three different periods (1989,
1992, 1995)

Period Mean age Duration of work Cells with MN Total no. of MN
No. of MN per

individual Significance

1989 34.5 ± 1.4 10.9 ± 1.2 42 42 1.08a Mann–Whitney:
1992 36.3 ± 1.5 12.9 ± 1.2 123 125 3.20a P = 0.0001

1989 35.5 ± 2.1 11.5 ± 1.3 20 20 1.18b Kruskal–Wallis:
1992 37.5 ± 2.1 13.5 ± 1.3 56 59 3.47b P = 0.06
1995 40.6 ± 2.1 16.6 ± 1.3 31 35 2.06b

a78 000 cells analyzed.
b34 000 cells analyzed.

Table 4. Multiple regression analysis of number of cells with MN (CMN) and total number of MN (TMN) per 2000 cells per individual upon
statistically significant independent variables, estimated from the 1995 operator sample

Y (mean ± SD) X b Sb t P r2

CMN (0.97 ± 1.24) Miscarriages 0.442 0.217 4.133 0.044 0.032
TMN (1.20 ± 1.68) Age 0.032 0.013 6.425 0.012 0.049

Tea 32.044 12.960 6.114 0.015 0.046
a = 0.187 ± 1.625; F = 5.316; P = 0.006

Y = dependent variable; X = independent variable; b + Sb = coefficient of regression ± SE; t = t-test significance; r2 = coefficient of determination; P = probability;
a = y intercept; F = variance ratio significance.
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MN. Nevertheless, the results deserve further investi-
gation. Other variables and intervening factors, such as
smoking and alcohol consumption, had no influence on
the frequency of MN as analyzed by regression analysis.

The gas station operators in this study were exposed to
methanol vapors and cutaneous contact when handling
the fuel. Although some personal protection, such as the
use of gloves, masks and rubber boots, was considered
mandatory at the beginning of their employment, these
rules were not followed after a few months by the gas
station employees. Prolonged methanol skin contact, after
working with methanol-soaked clothes, can produce
systemic effects [36]. The subjects were also exposed to
benzene when handling gasoline. It was not possible to
disentangle the effects of gasoline, ethanol and MEG
exposure, but gasoline was always present in the occu-
pational area. Gasoline is a complex mixture of differ-
ent hydrocarbons, some additives, and probably 3–5%
benzene. The carcinogenic action of benzene in gasoline
has consistently been demonstrated [37] and its muta-
genic effect is even detected at low levels [13], but other
components in the fuel may additively or synergistically
contribute to the observed effects to some extent.

It should also be considered that in the MEG mixture
the ethanol increases cellular membrane permeability,
while methanol itself is rapidly absorbed. The mixture
may, therefore, contribute in different ways to the
increased MN frequencies. In fact, occupational exposure
to gasoline in gas stations was reported to increase the
frequency and the size of lymphocyte MN [20]. Also, the
particulates from gasoline-powered engines have a direct
effect on markers of chromosome damage, such as sister
chromatid exchange, aneuploidy, polyploidy and in vitro
cell transformations [8] probably related to benzene [20].
Solvents have free passage across cellular membranes and
can interfere with cell proliferation and function [38], as
well as with normal cell absorption of metabolic sub-
stances [39]. There is also evidence that dermal absorp-
tion of methanol is enhanced by gasoline–methanol
mixtures [36].

In conclusion, the present results indicate a muta-
genic risk caused by occupational exposure to MEG in
gas station operators during the period when the fuel
was predominantly used. The effect could be related to
methanol and possibly also synergistically associated with
other components of gasoline. While MN formation
results from chromosome aberrations, its increased
incidence may indicate prospective biological conse-
quences such as cancer [40], fetal wastage and genetic
abnormalities, so occupational exposure of gas station
operators must be considered to be important. However,
the precise impact of the genotoxic harm from occu-
pational exposure to motor fuel including MEG mixture
or oxygenated fuel remains to be clarified by means of

direct methods,  such as analysis of long-term DNA
adducts produced by those fuels during DNA repair [41].
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