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Abstract The focal aim of this study was to assess the
frequency of chromosomal aberrations (CA) including
chromatid type aberrations (CTA) and chromosomal type
aberrations (CSA), micronucleus (MN) and XRCC1 399
Arg/Gln polymorphism in the peripheral blood lympho-
cytes of 27 petrol pump workers and same number of
controls to explore the possible cytogenetic risk on occu-
pational exposure to petrol vapors. The exposed subjects
and controls were classified into two groups based on their
age (group I < 40 years; group II > 40 years) apart from
the classification of the exposed subjects based on their
exposure duration (> 8 and < 8 years). CTA and MN
frequency were significantly higher in petrol pump workers
(p < 0.05) with longer work duration. CTA was found to
increase with age in the exposed subjects as well as con-
trols, with exposed subjects showing a statistically higher
degree. This effect was not observed in MN. A signifi-
cantly higher frequency of MN was observed in the
smoking petrol pump workers than in control smokers
(p < 0.05). No association was found between smoking
and CA in both subjects. The study on XRCC1 399 Arg/gln
polymorphism in petrol pump workers demonstrated very
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less difference in allele frequency compared to controls. In
conclusion, these datas indicate that petrol pump workers
under risk group should be monitored for any long-term
adverse effects of the exposure.
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aberrations (CA) - Micronucleus (MN) - XRCC1 399
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Petroleum is a mixture of several hydrocarbons of which,
about 95% of the compounds in petrol vapors are aliphatic
and alicylic compounds and less than 2% are aromatics
(Gupta and Dogra 2002). The volatile nature of petrol
makes it readily available in the atmosphere whenever it is
dispensed, especially at petrol filling stations. According to
the TARC (1989), exposure to gasoline vapors is stated as
carcinogenic to humans (Carere et al.1998). Several epi-
demiological studies on human populations exposed to
petroleum vapors have shown that there is an increased
incidence of diseases (Lagorio et al. 1993; Carletti and
Romano 2002). Petrol vapor is not safe even when inhaled
for a brief period of time during fuelling vehicles (Pranjic
et al. 2002), which puts the gas station attendants at more
risk by virtue of their occupational exposure.

The CA and MN assays have been used as a sensitive
biomarker to evaluate the early effects of genotoxic car-
cinogens in occupational and environmental settings
(Mateuca et al. 2006; Al-Sabti and Metcalfe 1995). Over
the last decade, several common polymorphisms in DNA
repair genes have been discovered, some of which have
been suggested to affect the DNA repair capacity and thus
may determine an individual’s susceptibility to carcinogens
(Patel et al.1997; Goode et al. 2002). It has been suggested
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that changes in the XRCCI1 protein, mainly in amino acid
399, increases the susceptibility for tumor development via
genomic instability (Lei et al. 2002).

Petrol evaporates more readily in tropical countries than
in temperate ones (Kesavachandran et al. 2006). In South
India, petrol pump attendants are engaged in petrol filling
for 8 h a day and do not wear personal protective equip-
ment in the workplace which increases the opportunity for
exposure. So far, no study has investigated the effect of
petrol fumes exposure on cytogenetic effects and XRCC1
399 Arg/gln genomic stability among the petrol pump
workers in South India. The aim of this study was to
investigate the relationship between exposure to petroleum
hydrocarbons and presence of genetic damages such as
MN, CA and DNA damage (PCR-RFLP) in peripheral
blood lymphocytes (PBLC) along with the comparison of
these frequencies in smokers and nonsmokers, in order to
examine the possible effects of smoking in the exposed as
well as control subjects.

Materials and Methods

The study was carried out in 27 petrol pump workers from 10
petrol stations in Coimbatore City, South India. The control
group consisted of 27 healthy subjects without indication of
previous occupational exposure to petroleum derivatives or
other agents suspicious of genotoxicity. The exposed sub-
jects and the controls were divided into two groups based on
the age (group I <40 years and group II > 40 years).
Exposed subjects were further classified into two groups
based on their exposure period (< 8 years and > 8 years).
The characteristics of both the subjects are shown in
Table 1. Informed written consent was obtained from all the
individuals, and the study was conducted in accordance with
the guidelines of the Declaration of Helsinki.

Table 1 The general characteristics of petrol pump workers and
control subjects

Characteristics Number of subjects Percentage (%)
n=>54
Groupl (<40 years) 11 40.74
Groupll (>40 years) 16 59.25
Gender
Male 23 85.18
Female 4 14.81
Smoking
Yes 8 29.62
No 19 70.37
Work duration
>8 years 10 37.03
<8 years 17 62.96
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Cultures of leucocytes obtained from peripheral blood
were set-up as described in the protocol of Moorhead et al.
(1960). The chromosomal preparations obtained were
stained with Giemsa. From each slide 100 well spread
metaphases were scored and analyzed for chromosomal
abnormalities as per ISCN norms under the oil-immersion
microscope.

Four and one-half ml of whole heparinized blood was
incubated in 5 mL RPMI 1,640 with glutamine medium,
1 mL of fetal bovine serum and 0.1 mL of phytohemag-
glutinin. After 44 h of PHA stimulation, Cytochalasin-B
was added to obtain a final concentration of 3 pg/mL. After
72 h of culture the cells were harvested. MN frequency was
determined on coded slides in at least 1,000 lymphocytes.

Whole genomic DNA was collected as per the kit pro-
tocol (Bangalore Genei-Frozen blood DNA extraction kit)
for PCR analyses (Duell et al. 2000). Cleavage with spe-
cific endonucleases for each polymorphism was done as
follows; Mspl for Arg399GIn (Lei et al. 2002).

Statistical analysis was performed with the SPSS 13.0
Windows software. Mean and Standard deviation were
calculated using ¢ test. The null hypothesis was rejected at
5% level of significance. Allele frequency was calculated
using Hardy-Weinberg equilibrium between the exposed
subjects and controls. Odds ratio (OR) and 95% confidence
intervals were calculated.

Results and Discussion

Petrol station attendants are occupationally exposed to a
wide range of petrol derivatives via absorption through the
intact skin or by vapor inhalation. Many studies have
reported an increase in the number of CA and MN cells in
humans occupationally exposed to petroleum derivatives
(Celik and Akbas 2005; Benites et al. 2006). Different
genetic end-points, such as sister chromatid exchange
(SCE), DNA strand breaks and MN (Bukvic et al. 1998)
showed an increased level of cytogenetic damage in the
PBLC of workers occupationally exposed to petroleum
derivates. In our study, on the basis of exposure time, a
significant increase (16.13 £ 4.56; p < 0.05) in CTA fre-
quency was measured only within the group having longer
duration of exposure compared to workers with shorter
work duration. There are studies reporting increased CA in
individuals occupationally exposed to petrol and diesel
exhausts fumes (Chitra et al. 2001; Burgaz et al. 2002).
Some investigators indicated that numerical or structural
CA was increased in workers who had a long-term expo-
sure to benzene (Yardley-Jones et al. 1990). Karahalil et al.
(1998) evaluated the presence of MN in PBLC of the
workers in petrol engine repair garages. Increased MN
frequency was noticed on workers exposed to low
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Table 2 Mean frequency of

. Group WwW.D CA/100 cells MN/1,000 cells

chromosomal aberration and
micronucleus among petrol CTAs CSAs
pump workers and control
subjects Petrol pump workers

Group I (<40 years) 5.85 +3.19 0.55 + 0.69 0.36 + 0.67 0.55 + 0.82%*

Groupll (>40 years) 16.13 £ 4.56* 2.94 + 1.24%* 0.94 + 0.93 0.81 + 0.98

Cont

Group I (<40 years) NA 0.45 £ 0.52 0.09 £ 0.30 0

GrouplI (>40 years) NA 1.19 + 0.83 0.38 + 0.62 0.31 + 0.60
WD work duration, CTAs Petrol pump workers
chromatid type aberration, CSAs g\ o 11 + 43 2.6 + 1.84% 112 + 113 1.62 + 0.91%
chromosomal type aberrations,
MN micronucleus, Cont Non smokers 1222 £ 7.3 1.81 + 1.37 0.5 + 0.69 0.31 £ 0.58
controls, Groupl (<40 years), Cont
Group II (>40 years) Smokers NA 15 4 0.53 0.5 + 0.53 037 £ 058
* Values significant at p < 0.05 Non smokers NA 1.5 + 0.76 0.15 £ 05 0.10 + 045

level by ¢ test

concentration of benzene (Bukvic et al. 1998). In the
present study higher degree of MN frequency were
observed in long-term exposed group (Table 2).

An age-related increase in the aneuploid cells of human
lymphocytes has been reported in a number of studies
(Nowinski et al. 1990). Moreover, the results of the present
study also indicate a role for age in chromosome alterations
observed in peripheral blood lymphocytes as noted in the
controls (Balachandar et al. 2008). Our study reveals that
increase in age increases CTA in both the exposed subjects
and controls with a significantly higher in group II exposed
subjects (2.94 + 1.24; p < 0.05) as compared to group II
controls. Age had no effect on CSA in both subjects. In the
present study, a significant increase in MN and CA were
observed in the older age group (Roma Torres et al.
2006).0ur study shows a higher degree of MN frequency in
group I petrol pump workers compared to group I controls
and it is statistically significant(0.55 £ 0.82; p < 0.05).
Burgaz et al. (1995) found a significant increase in MN
cells in smokers, compared to non smokers. Our findings
indicate that cigarette smoking heightens MN, and has no
effect on CA. In our result, the effect of smoking was not
shown as a statistical difference in CSA and CTA fre-
quency between exposed and controls subjects, but MN
frequency among exposed individuals with smoking habit
was significantly higher than control smokers. A significant
difference (p = 0.000; p < 0.05) in CTA frequency were
noticed between exposed and control non smokers whereas
in the previously published studies, it was observed that
cigarette smoking had no effect on CA and MN frequencies
(Celik and Akbas 2005). Bukvic et al. (1998) did not find
any association between MN frequencies and smoking
habits of workers from a gasoline station in Italy. Surralles
et al. (1997) reported that MN frequencies in lymphocytes
of workers from a petrochemical industry in Estonia had no
influence of smoking.

Table 3 XRCCI genotypes and allele frequencies in the petrol pump
workers and controls

XRCCI 399 Total number  Arg/Gln 399GIn
of Samples frequency
Petrol pump 27 58 (53.70%) 0.320
workers

p = 1.000

OR =1

95%

CI = 0.564 — 1.773
Controls 27 50 (46.29%) 0.381

CI confidence interval, OR odd ratio, XRCC I X-ray cross comple-
mentation gene 1, Gin glycine, Arg arginine, p probability

Investigation of Liu et al. (2006) shows that
XRCC1399Arg/Gln polymorphism does not alter the
affinity of XRCC1 for polynucleotide kinase/phosphatase-
poly ADP-ribose polymerase among benzene exposed
workers. Our study highlights that there is no interaction
between petrol exposures and XRCC1 399 Arg/Gln poly-
morphism. Shen et al. (1998) reported a statistically non
significant additive interaction between the XRCCI
399GlIn allele and PAH-DNA adducts as shown in Table 3.

In conclusion, the present study provides some evidence
that petrol exposure may be associated with genotoxic
effects on the lymphocytes. This study demonstrates that it
is possible to detect human health risks at an early stage
using sensitive techniques. It is concluded that petrol pump
workers at risk group should be carefully monitored and
should take adequate protective measures to prevent long-
term effects.
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