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Abstract 

Petroleum derivative consist of a different mixture of chemical compounds. 
Petrol pump workers exposed of fuel fumes and the products of combustion. 
The exposure posses a risk to human health and development of several 
diseases including cancers. A total of 20 petrol station workers and 20 control 
group of individuals in the age group of 20 to 36 years were recruited, a 
questionnaire based survey was conducted and buccal smears were collected 
from oral cavity and analyzed for nuclear abnormalities. A higher frequency of 
micronucleus was observed among petrol pump workers (5.05±0.57) than 
control (0.30±0.12). Significant increase in nuclear buds (3.90±0.32) and also in 
binucleated cells (4.50±0.46) were observed in petrol pump workers in 
comparison to control individuals. A significant increase in the percentage of 
nuclear anomalies were observed in workers exposed to petroleum derivatives 
at petrol station. 
Key words: petroleum derivatives, micronucleus, nuclear buds, binucleated 
cells. 

INTRODUCTION 

Petrol is the derivative of petroleum. Petrol is mainly composed of toluene, benzene and 
other less known hydrocarbons which are mutagenic, genotoxic and carcinogenic in nature. 
Petrol is volatile in nature, for which it is abundantly available in the atmosphere (Sellapa et al., 
2010). All refinery environments are carcinogenic for humans considered by the International 
Agency for Research on Cancer in 1989 (IARC et al., 1989). 

It is revealed by epidemiological studies that there is a rise in the number of diseases in 
workers working in oil refinery and petrochemical industries as well as in people living in the 
neighborhood exposed to oil vapor and petroleum derivatives (Austin et al., 1986; Wong et al., 
1986; Gamble et al., 1987; Sarto et al., 1987; Sellapa et al., 2010). It is considered by Sellapa et 

al., 2010 that petrol is dispensed at any time especially from petrol filling stations at high 
amounts during fueling and refueling. Petrol station attendants are at higher risk as they are 
occupationally exposed to petroleum derivatives specifically through inhalation (Lewne et al., 
2006; Sellapa et al., 2010).  

Benzene is present in petrol and also widely used as solvent in industrial processes 
which can result in occupation exposure. Some of the largest sources of benzene are automobile 
emissions and tobacco smoke (WHO, 2010). Inhalations of benzene at higher levels have chronic 
effects on humans such as in petrol station attendants during vehicle refueling (Celik et al., 
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2003; Rajkokila et al., 2010). Genetic changes in humans and animals have been found to be 
linked with exposure to benzene (Subrahmanyam et al., 1991; Rajkokila et al., 2010). Exposure 
to benzene results in acute and long-term adverse health effects and pathetic diseases including 
cancer and aplastic anaemia. Exposure to benzene can occur occupationally as well as 
domestically (WHO, 2010). It has been found that there is a significant increase in the buccal cell 
micronuclei in human population exposed to toxic chemicals such as benzene (Surralles et al., 
1997; Rajkokila et al., 2010).  

Hydrocarbons are also the derivatives of petrol and are carcinogenic in nature. Exposure 
to petroleum hydrocarbons has various carcinogenic and neurotoxic effects on humans and 
animals (Kirti and Subhash, 2014). Among the most toxic petroleum products, aromatic 
hydrocarbons are considered to be the acute toxic component of petroleum which is associated 
with chronic and carcinogenic effects (Anderson et al., 1974). The long exposure to organic 
solvents, various heavy metals, petroleum and its derivatives may lead to the risk of cancer and 
other fatal diseases (Fu et al., 1995).  

Stich et al., 1983 first proposed the buccal cell micronucleus (MN) assay. MN assay also 
used as a biomarker for investigating genetic damages such as DNA damages, chromosomal 
aberrations (Stich et al., 1984) which are formed from exposure to environmental pollutants, 
medical procedures (radio and/or chemotherapy) in exfoliated epithelial cells (Fench et al., 
2006). For evaluation of the genotoxic effects in exfoliated epithelial cells produced by 
carcinogenic substances or carcinogenic mixture (to which human populations are exposed), 
Micronucleus (MN) assay has been used. In 2010, Rajkokila et al., considered that about 92% of 
cancers have been derived from the external and internal epithelium.  It has been shown that 
Micronucleus (MN) test is an effective method for detection of unstable chromosomal 
aberrations in epithelial cells (Tolbert et al., 1992; Kayal et al., 1993; Pastor et al., 2001; Huvinen 
et al., 2002). Exfoliated epithelial cells can be easily collected from mouth, nose and bladder by 
noninvasive procedures and so are widely used as a tool for biomonitoring genotoxic effects on 
population exposed to genotoxic agents (Araújo et al., 2010).  

For estimating the physiological state of an organism (Kashyap et al., 2012), influence of 
environmental factors (Holland et al., 2008) and cells from buccal mucosa are very much 
comfortable (Klimkina, 2013). Thus, MN assay are widely employed to investigate the fatal 
effects of genotoxic agents on several organisms (Klimkina, 2013). Buccal Micronucleus Cytome 
(BMCyt) assay is also used in laboratories to investigate DNA damage and chromosomal 
aberrations in exfoliated epithelial cells (Thomas et al., 2009). The BMCyt assay is a simple 
method widely used for biomonitoring of human populations exposed to several genotoxic 
agents (Majer et al., 2001; Bonassi et al., 2011; León-Mejía et al., 2014). In molecular 
epidemiological studies, the BMCyt assay is significantly used for investigating the impacts of 
environmental genotoxic agents, nutrition, lifestyle factors, genotoxin exposure and genotype 
on DNA damage, chromosomal aberrations and cell death (Thomas et al., 2009).  

According to Santos-Mello et al., 1992; Sellappa et al., 2010, petrol gets absorbed more 
easily in tropical than in temperate countries. For this reason our local petrol pump workers 
have higher chances for exposure to toxic chemicals of petroleum products. The workers 
engaged in filling petrol do not take any protections and hence remain unhygienic. Therefore, 
occupational exposure to such derivatives poses genotoxic risks. These workers have much 
probability to have nuclear abnormalities in their buccal cells (Rajkokila et al., 2010; Sellappa et 

al., 2010).  
In the light of the above discussion, the proposed study was undertaken with the 

objective to observe micronuclei and other nuclear abnormalities in the buccal cell of the 
workers of petrol pumps by buccal micronucleus cytome assay.  
 

METHODS 

Collection of sample: 

Samples of buccal epithelial cells were collected from individuals working in the petrol 
pump and also from control individuals. This study was conducted was in the three districts of 
southern Assam, India.  For the present purpose, the samples are collected from the petrol 
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pump attendants who have been working for atleast 1-8 years regularly at petrol pumps for 
atleast 8 hours per day. Twenty samples are collected from individuals who are not exposed to 
petroleum derivatives, considered as control. A questionnaire was designed that all individuals 
had to complete, including age, sex, height, weight, socioeconomic characteristics and also 
relevant medical history. The study was approved by the Institutional Ethics Committee of 
Assam University, Silchar. 
 

Test chemicals: 

For the proposed study, we used 0.9% Sodium Chloride (NaCl) solution for sample 
collection. Methanol and acetic acid (3:1) were used for fixation and leishman stain used for 
staining purpose.  
Buccal micronucleus cytome (BMCyt) assay: 

Buccal micronucleus cytome assay was performed by following the method of Thomas 
et al., 2009. Buccal epithelial cells were collected from the buccal mucosa using Johnson buds by 
rotating in a circular motion against both left and right cheeks. The cells were then collected in 
microcentrifuge tubes containing 0.9% NaCl solution and centrifuged at 2000 rpm for 10 
minutes. The supernatant was then discarded carefully without disturbing the cell pellet. It was 
followed by another session of centrifugation at 2000 rpm for 10 minutes and decanted the 
supernatant. The cell solution was then again centrifuged at 1000 rpm for 5 minutes and the 
supernatant was discarded. The content of the tubes were then agitated using a disposable 
syringe and smears were prepared. Once the slides dried, they were treated with a mixture of 
methanol and glacial acetic acid (3:1) used as a fixative. The slides were again dried and then 
stained with 10 drops of Leishman stain for 10 minutes. After washing in distilled water and 
subsequent drying, the slides were analysed to study nuclear abnormality of buccal under a 
light compound microscope. 
Criteria for scoring in buccal micronucleus cytome assay: 

The exfoliated buccal epithelial cells were scored as per Thomas et al., 2007. BMCyt 
assay were determined based on criteria outlined by Tolbert et al., 1992. In each slide, 1000 
clearly defined cells with distinct staining were selected manually in a random fashion from 
different fields of the slide in appropriate way. We scored normal cells, micronucleated cells, 
nuclear buds and binucleated cells in our study by using a light-microscope (Leica DMLS) at 
1000 magnification.  
The different types of cells we observed under the microscope includes- 
Normal cells: Normal cells have a uniformly stained nucleus, which is oval or round in shape. 
No other DNA containing structures apart from the nucleus are observed in these cells.  
Cells with micronucleus: Cells with micronucleus are characterized by the presence of both a 
main nucleus and one or more smaller nuclear structures called micronucleus (MN). MN is 
round or oval in shape and their diameter should range between 1/3 and 1/16 of the main 
nucleus. Micronucleus have the same staining intensity and texture as the main nucleus. The 
micronucleus must be located within the cytoplasm of the cells. The presence of MN is indicative 
of chromosome loss or fragmentation occurring during earlier nuclear division.  
Binucleated cells: Binucleated cells are containing two main nuclei instead of one. The nuclei 
are usually very close and may touch each other and usually have the same morphology as that 
observed in normal cells. They are probably indicative of failed cytokinesis. 
Cells with nuclear buds: Cells with nuclear buds contain nuclei with an apparent sharp 
constriction at one end of the nucleus suggestive of a budding process, i.e., elimination of 
nuclear material by budding. The nuclear bud and the nucleus are usually in very close 
proximity and appear to be attached to each other. The nuclear bud has the same morphology 
and staining properties as the nucleus.  
 

Statistical analysis: 

All the data were expressed as the mean ± standard error. Student’s t test was used to 
determine the significance of the cellular parameters using Graph pad Prism software. The level 
of significance was taken as P < 0.001. 
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RESULTS 

Analysis of exfoliated buccal cells of Control and petrol pump attendants by Buccal 

micronucleus cytome assay     

                       
Buccal micronucleus cytome assay (Thomas et al., 2007) was used for biomarker 

evaluation to assess the extent of cytological damage in petrol pump attendants and compared 
with control individuals. 40 participants in the age group of 20-36, only male individuals were 
included in the study. Individuals were divided into two group’s viz., petroleum derivative 
exposed and control groups. Group I participants are control and Group II individuals are 
working at the petrol pump exposed to various chemicals as presented in Table 1. 

 Demographic characteristics of the participant population such as name, address, age, 
family income, religion, occupation, number of family members, body weight, education and 
details about the chewing habit was recorded as per the questionnaire including various 
parameters and Body mass index, information about oral health and other information’s were 
recorded.  

 

 

The Cytome Assay parameters studied are as follows: 

Micronucleus (MN) 

Table 2 describes the MN frequency of the two groups. The percentage of MN cells for 
Group II was 5.05 when compared to Group I 0.30 and found to be statistically significant when 
compared with control (P<0.001). 
Binucleated Cells (BN) 

The cells with BN frequency for each study group is presented in Table 2. Group II (4.50 
± 0.46) show statistically significant (P<0.001) higher incidence of BN when compared to 
control Group I (0.05 ± 0.05).  
Nuclear Bud (NBUD) 

Table 2 represents the incidence of cells with NBUD among two groups. A statistically 
significant increase in incidence of cells with NBUD was observed when compared between 
Group I and Group II (P<0.001), indicating genotoxic effects of petroleum derivatives in the 
exposed individuals. 
 

Table 1: Characteristics of the study groups 

Study 
group 

Description Total 
Subjects 

Age 
(Mean±SE) 

BMI     
(Mean±SE) 

Group I      Control 20   30.35±0.60 22.03±0.25 
Group II    Exposed 20 31.50±0.77 21.89±0.30 
 

Table 2: Incidence of micronucleated cells, nuclear buds and binucleated cells in buccal    

               epithelial cells of two groups.≠ 

Study group 
Total  

Samples (n) 

% 

Micronucleated  

cells (Mean±SE) 

% Binucleated  

cells (Mean±SE) 

% Nuclear buds 

(Mean±SE) 

Group I 20 0.30 ± 0.12 0.05±0.05 0.08±0.04 
Group II 20 5.05 ± 0.57* 4.50±0.46* 3.90±0.32* 
≠Each value indicates Mean ± SE. Statistical analysis: Students t-test.  
Values are significantly different from control: *P < 0.001. 
 
DISCUSSION 

In the present study, individuals working in petrol stations may have been exposed 
either by nasal or oral inhalation of the volatile organic compounds flow out during the vehicle 
refueling. Increase in the micronucleus, cells with nuclear buds and binucleated cells frequency 
in exfoliated buccal cells of petrol station workers as observed in the present study may be due 
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to the presence of benzene in automobile exhaust and other hazardous chemicals. Increase in 
exposure to toxic chemicals such as formaldehyde and benzene induces a significant increase in 
the buccal cell micronuclei (Titenko-Holland et al., 1996; Surralles et al., 1997). 
 

Exfoliated cells hold strong potential as a tool for biomonitoring human populations 
exposed to genotoxic agents because they can be easily collected from the mouth, nose, and 
bladder by noninvasive procedures. In addition, more than 90% of cancers arise in epithelial 
tissues; in many cases, these tissues are the actual targets of carcinogens, as indicated by the 
sites of cancers related to the exposures (Fenech et al., 1999). Chromosome aberrations in 
human lymphocytes has been established as a sensitive method for the detection of genotoxicity 
caused by environmental mutagens in populations exposed to genotoxicants, through direct 
contact with ingested or inhaled compounds (Salama et al., 1999). 
 

Chronic exposure to the volatile fraction of petrol means exposure to benzene, toluene 
and xylene. Toluene and xylene have not been proven to be genotoxic or carcinogenic for 
humans or laboratory animals (WHO, 1986, 1997). Exposure to benzene induces hemato-lym-
phoid toxicity, including pancytopenia, aplastic anemia, myelodysplastic and myeloid leukemia 
(Infante and White, 1983). The ultimate metabolite of benzene, 1,2,4-benzenetriol, causes DNA 
damage resulting in sister-chromatid exchanges, micronuclei and chromosomal aberrations in 
cultured human lymphocytes (Andersson and Hellman, 2007). Many studies have shown that 
benzene exposure induces DNA damage through classical cytological tests (Barreto et al., 2009). 
Higher levels of oral or inhalation exposure to petroleum and its derivatives may cause death in 
humans and animals, however, drowsiness, dizziness and headache are the main effects of 
exposures (Rajkokila et al., 2010). Rajkokila et al., in 2010, considered that long term exposures 
to benzene may affect normal blood production, cause severe anemia, internal bleeding of 
immune system and human reproductive effects such as spontaneous abortion. Benzene is 
carcinogenic to humans and is also well-established cause of cancer considered by (IARC, 1987; 
WHO, 2010).   
 

Individuals exposed to benzene experiences acute myeloid leukaemia (WHO, 2010). The 
production of both red and white blood cells from bone marrow in humans, resulting in aplastic 
anaemia can be reduced by chronic exposure to benzene (IPCS et al., 1993; WHO, 2010).

 

Benzene also reduces proliferation of both B-cell and T-cell (WHO, 2010). It is reported by IARC 
that in some in vitro studies associated with occupational exposure to benzene, chromosomal 
aberrations and mutations were observed in human as well as in animal cells (IARC, 1987; IPCS 
et al., 1993; WHO, 2010). According to Pattanayek et al., in 2003, long term exposure to 
petroleum hydrocarbons leads to a range of fatal health problems such as neurotoxicity 
(Coppock et al., 1995; Khan et al., 1995), fetal toxicity (Coppock et al., 1995), gastrointestinal 
tract damage (Coppock et al., 1996), damages to respiratory system, kidney and liver (Edwards 
et al., 1985; Meadows et al., 1979; Stober et al., 1962). Hence, occupational exposure to toxic 
chemicals such as benzene, hydrocarbons poses genotoxic risk. 
 

A higher frequency of buccal cells with micronuclei, binucleate, and cells with nuclear 
buds was observed in the study subjects, probably due to the genotoxic effect of the petroleum 
derivatives to which they are exposed. It is necessary to educate the working population about 
the genotoxic effects of petrol exposure and to ensure safe and healthy working atmosphere for 
the petrol station workers to alleviate the health hazards that they may encounter. Private and 
public stake holders need to advocate stringent policies to safe guard the health of the neglected 
population of petrol station workers. 
 

Therefore, from the findings presented in this study, benzene and its metabolites can be 
responsible for the increased frequency of micronucleus and other nuclear abnormalities in the 
occupationally exposed group. Further studies are required to determine the extent of genetic 
damage in petrol pump workers and the exact mechanism behind the genetic damage. 
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