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Abstract
Background
Fuel filling stations workers and automobile workshops mechanics are consistently exposed to gasoline hydrocarbons during their occupation, this may cause DNA damage. Objective of this study was to evaluate the level of DNA damage in subjects occupationally exposed to these hydrocarbons.

Methods
Comet assay was performed on blood lymphocytes of exposed subjects to assess the probable DNA damage. 100 cells per individual were scored and graded by comet tail length. Exposed group consisted of 98 subjects (age 25.4 ± 7.2 years), of which 68 were CNG/Petrol filling men and 30 were automobile workshop workers, selected randomly from different service stations and automobile workshops of populated and adjacent cities of Peshawar, Mardan and Nowshera of Khyber Pakhtunkhwa province, while control group included 92 subjects (age 26.7 ± 11.8 years) were also from the same areas.

Results
Significantly high level of DNA damage was found in the subjects exposed to gasoline hydrocarbons as compared to control subjects (173.2 ± 50.1 and 61.0 ± 25.0, P = 0.001, respectively). Period of exposure and use of tobacco also showed considerable effects (P < 0.05) on DNA damage, while effect of age and daily working hours on total comet score (TCS) were non-significant (P > 0.05).

Conclusions
The results of our study concluded that petroleum hydrocarbons have the potential to cause DNA damage in the exposed subjects. The study also suggested that protective strategies should be implemented by the concerned authorities to minimize exposure to fuel hydrocarbons.
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Background
Gasoline (Petrol) is a complex man-made compound that does not exist naturally in the environment. Most of its chemicals are present around the human settlement in a number of physical states i.e. liquid, gaseous or in some other form. Gasoline is extracted in the refining process of crude petroleum [1]. Liquid gasoline in petroleum chemicals is one of the known complex mixtures to which human is exposed. It contains more than 150 hydrocarbons with a boiling range of 40 °C to 180 °C. Hydrocarbons of gasoline are alkanes (paraffins), isoparaffins, alkenes (olefins) and naphthenics in a ratio of about 50 % to 70 %, while its aromatic compounds are benzene, toluene, ethylbenzene and xylene, present in a ratio of 30 % to 40 %, all of which are significantly hazardous carcinogenic chemicals. More than 1,000 possible chemical substances are found in gasoline [2].
The significant release of vapours from gasoline resulted in direct human exposure to these vapours at various contact points and most importantly in the large number of retail service stations and adjoining settled areas [3]. The vapour form of gasoline, when present in the atmosphere can dispensed at any time, especially at fuel filling service stations, so the people who are working in fueling and refueling of vehicles are more exposed and are at higher risk to its adverse health effects [4].
A number of epidemiological and experimental studies have shown that fumes of petrol and diesel engines are carcinogenic and mutagenic to both humans and animals [5]. All places where refinery products are manufactured, processed or soled are potentially carcinogenic to humans [6].
Benzene a widely spread environmental pollutant, constitutes about 1–5 % of petrol [7]. It is classified as a known carcinogen to human [6]. Persons working at filling stations, motor mechanic, tanker crew and traffic personnel are more susceptible to benzene exposure due to their occupation [8]. Benzene also affects hematopoiesis in the bone marrow [9]. It lowers the number of peripheral white blood cells and platelet, specifically decreases T-cells, B-cells and granulocytes [10]. Due to metabolism of benzene in human liver, its metabolites repress the production of DNA, RNA and various other cellular proteins [11, 12]. Due to its clastogenic property benzene can produce disorders like micronuclei, chromosomal aberrations and sister chromatid exchange [13]. Thus for the improvement of health and occupational safety, monitoring of occupational exposure to chemicals is important both for the evaluation of risks and for the implementation of strategies [14].
A number of techniques such as sister chromatid exchange, chromosomal aberration and micronucleus assay are normally used for investigating genetic damages. However, these methods are economically costly, time consumable and require proliferating cells. Therefore, the use of single cell gel electrophoresis (SCGE) or comet assay for genotoxicity studies have greatly increased during the past few decades [15–17].
Considering the hazardous effects of gasoline hydrocarbons and lack of awareness among our study group, the aim of present study was to assess the level of DNA damage in retail service stations attendants and automobile workshops mechanics and of corresponding unexposed control subjects.

Methods
Study population
The study population was consisted of 190 people, of which 98 were exposed subjects and 92 control group. Among the exposed subjects, 68 were CNG/Petrol filling men while 30 were automobile workshops workers, selected from different retail service stations and automobile workshops located in Peshawar, Nowshera and Mardan cities of Khyber Pakhtunkhwa province. All exposed subjects were males with mean age of 25.4 ± 7.2 years. All the subjects were healthy, with no history of diseases, and were not taking any kind of medications which could cause the DNA damage. Control group was also selected from the same area with mean age of 26.7 ± 11.8 years and no exposure to petroleum fumes or other potentially genotoxic substances. The study was approved from Ethical Committee of the Department of Pharmacy, University of Peshawar (42/Pharm, Dated: 12.05.2014).

Questionnaire
Information were collected from all the subjects on a questionnaire according to their own consent, which included demographic data of the subjects, medical history, addiction of tobacco or alcohol and complete details of their occupation i.e. daily duty hours, years of exposure, use of protective devices etc. Samples were collected from all the subjects at their workplaces on the working days.

Blood sample collection and lymphocyte separation
3 ml of venous blood sample was collected from each subject using sterilized syringes and then transferred to K-EDTA containing tubes. The samples were labeled, transported to the laboratory and processed within 3 to 4 h. Lymphocytes were isolated from the blood by Ficoll-1077 density gradient centrifugation and washed in phosphate buffered saline (PBS). The viability of the cells was tested by Trypan blue and was kept greater than 90 %.

Alkaline comet assay
We used the standard procedure of alkaline comet assay described by Singh et al. [15] with slight modifications. Duplicate slides per sample were prepared. For the preparation of pre-coated slides, the conventional glass slides were dipped into hot normal melting agarose (NMA) (0.7 %), laid in a tray to air dry and then wiped from the underside to remove the extra agarose. Slides were generally prepared one day before use, labeled and then stored at room temperature. 15 μl of cell suspension was mixed with 70 μl of low melting point agarose (LMPA) (0.7 %), spread on top of pre-coated slides and kept at 0 °C for 5 min with cover slip on it. After that the cover slip was removed and a second layer of 85 μl LMPA was added to fill any residual holes and again kept at 0 °C for 5 min to solidify, with cover slip on it.

Lysing of slides
After solidification, the cover slips were removed and slides were gently immersed in freshly prepared cold-lysing solution [(2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris, pH 10) with 1 % Triton X-100 and 10 % DMSO added just before use] for at least 2 h at 4 °C.

Electrophoresis and neutralization
After lysing, the slides were immersed in electrophoresis buffer (300 mM NaOH and 1 mM EDTA, pH 13) and left for 20 min to allow the unwinding of DNA and expression of alkali-labile sites. The slides were then subjected to electrophoresis for 25 min at 300 mA and 25 V. To prevent any kind of unintentional DNA damage, the slides were protected from direct exposure to light. The steps were conducted at 4 °C. After electrophoresis, the slides were neutralized by washing three times with neutralization buffer (400 mM Tris, pH 7.5) for 5 min each.

Staining, scoring and visualization of slides
The slides were stained with 70 μl Acridine orange dye (20 μg/ml) and kept for 5 min. Cover slips were placed on it, and viewed at 200x of fluorescent microscope (Nikon Eclipse 80 i) equipped with 450-490 nm excitation filter. In order to calculate DNA damage, 100 cells per sample were chosen randomly and analyzed visually according to comet appearance. 5 classes, i.e. from class 0 (no DNA damage) to class 4 (maximum DNA damage) give sufficient declaration (Fig. 1). Visual scoring is a reliable, simple and rapid method for scoring the comets [18]. Total comet score (TCS) was then calculated according to the formula, TCS = 0(n) +1(n) +2(n) +3(n) +4(n), where “n” indicates number of cells in each class [18].[image: A12995_2015_69_Fig1_HTML.gif]
Fig. 1DNA damage assessed using the comet assay. Mean comet score and comet classes in control and exposed groups. The cells were assessed visually and received class 0 (undamaged) to 4 (maximally damaged), according to the size and shape of the tail. Score were obtained using the mean score of three independent, blind evaluators




                        

Statistical analysis
Statistical analysis was performed, using SPSS V.20.0. Mean and standard deviation values of the data were determined. Student’s t–test (two-tailed) was used to calculate mean differences, where P value was kept at 0.05 for statistical significance. The comet assay data, which was non-normally distributed, were analyzed using non-parametric Mann-Whitney U-test (two-tail). Correlation was calculated for the duration of occupational exposure and TCS using online software [19].


Results
The effect of occupational exposure due to petroleum hydrocarbons on the DNA in fuel filling station/automobile workers and control subjects was assessed by the comet assay. The main characteristics including age, tobacco consumption, duration and nature of occupation of the studied population are given in Table 1. The age of exposed and control groups had no significant difference (i.e. P > 0.05). The exposed and control subjects were healthy having no such disease which could cause DNA damage.Table 1Distribution of the main characteristics of persons working in CNG/petrol pumps and automobile workshops and control group


	Main characteristics
	Exposed group
	Control group

	N
	98
	92

	Mean Age (Years)
	25.4 ± 7.2
	26.7 ± 11.8

	Mean Duration of Job (Years)
	4.4 ± 4.8
	 
	Nature of Job
	 	 
	Fuel filling station workers
	68 (69.4 %)
	 
	Automobile Workshop workers
	30 (30.6 %)
	 
	Smoking
	 	 
	No
	71 (72.4 %)
	70

	Yes
	27 (27.6 %)
	22


N, Number of subjects



                     
The mean total comet score (TCS) in 100 lymphocytes of study group is shown in Table 2. The cells with DNA damaged had the appearance of a comet, while undamaged cells had an intact nucleus without a tail (Fig. 1). DNA damage observed in persons working in CNG/ Petrol pumps, and automobile workshops (TCS = 173.2 ± 50.1) were significantly higher than that observed in the control group (TCS = 61.0 ± 25.0, P ≤ 0.001) (Table 2). Comet class 3 (11.3 ± 9.9 cells) and class 4 (18.7 ± 9.4 cells) were observed more frequently in exposed group than in the control group (5.3 ± 4.1 and 3.7 ± 2.3 cells, respectively). The opposite results were observed with undamaged cells; comet class 0 was observed more frequently in the control group (67.7 ± 13.0) as compared to the persons working in CNG/ Petrol Pumps, and automobile workshops (21.6 ± 13.4 cells) (Table 2). Figure 1 shows the graphical representation of the mean TCS and Comet classes in both persons working in CNG/Petrol pumps, and automobile workshops and control groups.Table 2Mean frequency of each comet class per 100 cells (± standard deviation) and overall mean comet score (± standard deviation) of persons working in CNG/petrol pumps, automobile workshops (exposed group) and control group


	Comet class
	0
	1
	2
	3
	4
	TCS

	Exposed group
	21.6 ± 13.4
	32.5 ± 14.2
	15.8 ± 11.9
	11.3 ± 9.9
	18.7 ± 9.4
	173.2 ± 50.1*

	Control group
	67.7 ± 13.0
	16.2 ± 8.0
	7.1 ± 4.4
	5.3 ± 4.1
	3.7 ± 2.3
	61.0 ± 25.0


*Difference significant relative to control group at P ≤ 0.001 (student’s t-test); TCS, total comet score



                     
A positive correlation (r = 0.96, P ≤ 0.02) was observed between the duration of occupational exposure and TCS. Among the study group, the lowest TCS value (160.7 ± 42.0) was observed in the subject working for less than a year, while the exposed individuals who worked for 1 to 5 years had the TCS of 173.5 ± 52.4. The highest TCS value (183.7 ± 45.9) was observed in those working for more than 6 to 10 years (Table 3). The results indicate that the TCS increased with increasing exposure duration of job.Table 3Comet score distributed according to duration of occupational exposure


	Duration
	N
	TCS

	<1 year
	20
	160.7 ± 42.0

	1 to 5 years
	52
	173.5 ± 52.4

	6 to 10 years
	26
	183.7 ± 45.9



                                 r = 0.96, P ≤ 0.02



                     
No significant effect of age and per day exposure hours on TCS was observed. The effect of smoking on TCS value was evaluated.
Smoking habits had significant effect on TCS value among the exposed and the control subjects (Table 4). A significant increase (P ≤ 0.001) in TCS values was observed in smokers when compared with non-smokers in both control and exposed groups (Table 4).Table 4Effect of tobacco use on TCS (mean ± SD)


	Subject
	N
	TCS

	
                            Control
                          
	 	 
	Smokers
	22
	71.6 ± 23.2

	Nonsmokers
	70
	53.0 ± 25.0

	
                            Exposed
                          
	 	 
	Smokers
	27*
	177.0 ± 51.3

	Nonsmokers
	71*
	143.0 ± 46.5


*Difference significant relative to control group at P ≤ 0.001 (Mann–Whitney U-test, two-tail)



                        Table 5TCS (mean ± SD) according to nature of job in CNG/petrol pumps and automobile workshops


	Nature of Job
	N
	TCS

	Automobile workshop workers
	30
	204.0 ± 59.3

	CNG/Petrol filling men
	68
	169.7 ± 48.1



                                 P ≤ 0.001; SD, standard deviation



                     
The automobile workshop mechanics had significantly higher TCS (204.0 ± 59.3, P = 0.001) than CNG/Petrol pumps filler men (169.7 ± 48.1) (Table 5).

Discussion
According to petroleum industry the highest occupational exposure to gasoline vapours typically occurs amongst marine loading operators, truck drivers, service station attendants and bulk terminal operators [20]. Retail service stations attendants are workers who experience chronic exposure to petroleum products mainly through inhalation due to their occupational exposure [21]. As these workers are exposed to gases such as CO2, CO, NO2, Hydrocarbons, Nitro aromatics, Benzopyrene, Benzene, 1, 3 Butadiene etc, all these gases are chemical mutagens [22]. Similarly in engine repair workshops engine exhaust and used engine oils are also major sources of polycyclic aromatic hydrocarbons (PAH) [23].
The Current research work showed a significant DNA damage in the exposed subjects as compared to control group. This study correlates with the study done in Thailand, which showed greater DNA damage in fifty workers of gasoline stations than that in control group [24]. Santos-Mello et al. [25] have demonstrated hematopoietic malignancy and chromosomal deletions in lymphocytes of workers exposed to petrol. In a study from North India, genotoxicity in retail service stations attendants showed significantly higher level of DNA damage in exposed subjects as compared to control subjects [26]. Another study from India showed higher level of genotoxicity in filling station attendants exposed to petroleum hydrocarbons as compared to control group [27].
We observed an increase in TCS with an increase in exposure duration. Similarly Schnatter et al. [28] found a close relationship between duration of occupation and genotoxicity. Keretetse et al. [29] in their pilot study on petrol attendants showed that subjects exposed for 5-10 years or >10 years have the highest ratio of DNA damage. Subjects exposed for 1-3 years also had increased DNA damage as compared to those exposed for less than a year. A research work done by Shastri and Pant [30] claimed that occupational exposure to the chemicals such as heavy metals, contained in brake fluids, degreasers, detergents, lubricants, metal cleaners, paints, fuel, solvents, found in the garage environment, can cause DNA damage and the genotoxic effects increases with increase in duration of exposure. On the other hand the study conducted by Rekhadevi et al. [27] showed no significant association with the duration of exposure.
Smoking is one of the first exposure parameters to which researchers give their attention, as this is an agent that has been supposed to produce harmful effects [31]. Tobacco consumption affected the results for DNA damage used in this study, a significant increase in TCS values was observed in smokers when compared with non-smokers in both control and exposed groups (Table 4). Similarly, from Italy a research on 200 individuals showed that the extent of DNA migration increased up to 10 % in lymphocytes of smokers, but they detected no effect or no relationship to the amount of cigarettes being smoked per day [32]. Many other occupational studies from France [33], Poland [34] and Turkey [35, 36] have also reported damaging effects of smoking. A study from China revealed that in a cigarette factory both employees and smokers had more DNA damage as compared to control non-smokers that were not occupationally exposed to any kind of tobacco dust [37].
Several earlier epidemiological studies have reported that gasoline stations attendants and garage mechanics have an increased risk of haematological malignancy. In Washington State, Milham [38] analyzed death certificates (from 1950-79) of four occupational groups with petrol or fuel exposures, and have found higher risks for numerous haematopoietic cancers. Car mechanics were found to have significantly higher level of lymphatic leukemia, and other lymphomas, and non-significantly higher level of Hodgkin’s disease, unspecified leukemia and acute leukemia. The workshop mechanics continuously wash their hands with petrol during car or engine repair; therefore these workers inhale petrol gases which contain genotoxic substances, like benzene and the products derived from engine ignition. Hadnagy and Seemayer [39] showed that, when these products enter the blood circulation cause genotoxic and cytotoxic properties. Karahalil et al. [40] used sister chromatid exchange test and micronucleus assay on peripheral blood lymphocytes of oil and petrol engine repair garages workers. The exposed group showed a significant high (P < 0.05) value of Micronuclei as compared to control group i.e. 1.87 ± 0.04 and 1.56 ± 0.06, respectively. These investigations are in line with our results, in which the automobile workshop mechanics showed higher level of DNA damage as compared to fuel filling station attendants.

Conclusions
Pakistan is a developing country and there are no provisions for the safe use of petroleum at work places in Pakistan. As a result the workers’ health is negatively affected. The study results concluded that gasoline and its various chemicals impose genotoxic effects and cause increase DNA damage in exposed workers during their occupational exposure, as compared to control. This DNA damage may be attributed to the extensive exposure to petrol without any protective strategy.

Acknowledgments
We are thankful to the University of Peshawar for providing funds and research facilities to complete this research work.

References
1.
Harper C, Liccione JJ. Toxicological profile for automotive gasoline. U.S. Department of Health and Human Services, Agency for Toxic Substances and Disease Registry. Washington, DC: GPO; 1995.

2.
Page NP, Mehlman MA. Health effects of gasoline refueling vapours and measured exposures at service stations. Toxicol Lnd Health. 1989;5:369–890.

3.
Mehlman MA. Dangerous properties of petroleum refining products: Carcinogenicity of motor fuels (Gasoline). Teratogenesis Carcinog Mutagenesis. 1990;10:399–408.CrossRef

4.
Lewne M, Nise G, Lind ML, Gustavsson P. Exosure to particles and nitrogen dioxide among taxi, bus lorry drivers. Int Arch Occup Environ Health. 2006;79:6–220.CrossRef

5.
Crebelli R, Conti L, Crochi B, Carera A. The effect of fuel composition on the mutagenicity of diesel engine exhaust. Mutat Res. 1995;346:167–72.PubMedCrossRef

6.
IARC (International Agency for Research on Cancer). Monographs on the evaluation of the carcinogenic risks to humans. Occupational exposures in petroleum refining; crude oil and major petroleum fuels. Lyon. 1989;45:41–57.

7.
Gupta S, Dogra TD. Air pollution and human health hazards. Indian. J Occup Environ Med. 2002;6:89–93.

8.
Carrieri M, Bonfiglio E, Scapellato ML, Macca I, Tranfo G, Faranda P, et al. Comparison of exposure assessment methods in occupational exposure to benzene in gasoline filling-station attendants. Toxicol Lett. 2005;162:146–52.PubMedCrossRef

9.
Wallace LA. Major sources of benzene exposure. Environ Health Perspect. 1989;82:165–9.PubMedCentralPubMedCrossRef

10.
Lan Q, Zhang L, Hakim F, Shen M, Memon S, Li G, et al. Lymphocytes toxicity and T cell receptor excision circles in workers exposed to benzene. Chem Biol Interact. 2005;153–154:111–5.PubMedCrossRef

11.
Fishbein L. Benzene: uses, occurrence and exposure. World Health Organ Int Agency Res Cancer. 1988;85:67–96.

12.
Irons RD, Stillman WS, Colagiovanni DB, Henry VA. Synergistic action of the benzene metabolite hydroquinone on myelopoietic stimulating activity of granulocyte/macrophage colony-stimulating factor in vitro. Proc Natl Acad Sci USA. 1992;89:3691–95.PubMedCentralPubMedCrossRef

13.
Snyder R, Witz G, Goldstein BD. The toxicology of benzene. Environ Health Perspect. 1993;100:293–306.PubMedCentralPubMedCrossRef

14.
Moller P. The alkaline comet assay: towards validation in biomonitoring of DNA damaging exposures. Basic Clin Pharmacol Toxicol. 2006;98:336–45.PubMedCrossRef

15.
Singh NP, McCoy MT, Tice RR, Schneider LL. A simple technique for quantitation of low levels of DNA damage in individual cells. Exp Cell Res. 1988;175:184–91.PubMedCrossRef

16.
Tice RR, Andrews PW, Hirai O, Singh NP. The single cell gel (SCG) assay: an electrophoretic technique for the detection of DNA damage in individual cells. In: Witmer CM, Snyder RR, Hollow DJ, Kalf GF, Kocsis JJ, Sipes JG, editors. Biological Reactive Intermediates. IV. Molecular and Cellular Effects and their impact on Human Health. New York: Plenum Press; 1991. p. 157–64.CrossRef

17.
Olive PL. DNA damage and repair in individual cells: applications of the comet assay in radiobiology. Int J Radiat Biol. 1999;75:395–405.PubMedCrossRef

18.
Collins AR. The comet assay for DNA damage and repair: principles, applications, and limitations. Mol Biotechnol. 2004;26:249–61.PubMedCrossRef

19.
Wessa P. Free statistical software. Office for Research Developmental Education. 2011. Version 1.1.23-r7. http://​www.​wessa.​net/​rankcorr.​wasp [Accessed 22 March 2014].

20.
Verma DK, Julian JA, Beebee G, Cheng WK, Holborn K, Shaw L. Hydrocarbon exposures at petroleum bulk terminals and agencies. Am Ind Assoc J. 1992;10:645–56.CrossRef

21.
Celik A, Akbas E. Evaluation of sister chromatid exchange and chromosomal aberration frequencies in peripheral blood lymphocytes of gasoline station attendants. Ecotoxicol Environ Saf. 2005;60:106–12.CrossRef

22.
Bukvic N, Bavaro P, Elia G, Cassano F, Fanelli M, Guanti G. Sister chromatid exchange (SCE) and micronucleus (MN) frequencies in lymphocytes of gasoline station attendants. Mutat Res. 1998;415:25–33.PubMedCrossRef

23.
International Agency for Research on Cancer. Polynuclear aromatic compounds, part 1, chemical, environmental and experimental data. IARC Monogr Eval Carcinog Risk Chem Hum. 1983; 32:1–453.

24.
Navasumrit P, Chanvaivit S, Intarasunanont P, Arayasiri M, Lauhareungpanya N, Parnlob V, et al. Enviromental and occupational exposure to benzene in Thailand. Chem Biol Interact. 2005;153:75–83.PubMedCrossRef

25.
Santos-Mello R, Cavalcante B. Cytogenetic studies on gas station attendants. Mutat Res. 1992;280:285–90.PubMedCrossRef

26.
Pandey AK, Bajpayee M, Parmar D, Kumar R, Rastogi SK, Mathur N, et al. Multipronged evaluation of genotoxicity in Indian petrol pump workers. Environ Mol Mutagen. 2008;49:695–707.PubMedCrossRef

27.
Rekhadevi PV, Rahman MF, Mahboob M, Grover P. Genotoxicity in filling station attendants exposed to petroleum hydrocarbons. Ann Occup Hyg. 2010;54:944–54.PubMedCrossRef

28.
Schnattear AR, Katz AM, Nicolich MJ, Theriault G. A retrospective mortality study among Canadian petroleum marketing and distribution workers. Environ Health Perspect. 1993;6:85–99.CrossRef

29.
Keretetse GS, Laubscher PJ, Du Plessis JL, Pretorius PJ, Vander Westhuizen FH, Van Deventer E, et al. DNA Damage and Repair detected by the Comet Assay in lynphocytes of African petrol attendants: A pilot study. Ann Occup Hyg. 2008;52:653–62.PubMedCrossRef

30.
Shastri NM, Pant H. Genotoxic Profile of Motor Garage Workers. Am J Infect Dis. 2011;7:55–60.CrossRef

31.
Moller P, Knudsen LE, Loft S, Wallin H. The comet assay as a rapid test in biomonitoring occupational exposure to DNA-damaging agents and effect of confounding factors. Cancer Epidemiol Biomarkers Prev. 2000;9:1005–15.PubMed

32.
Betti C, Davini T, Giannessi L, Loprieno N, Barale R. Comparative studies by comet test and SCE analysis in human lymphocytes from 200 healthy subjects. Mutat Res. 1995;343:201–7.PubMedCrossRef

33.
Lebailly P, Vigreux C, Lechevrel C, Ledemeney D, Godard T, Sichel F, et al. DNA damage in mononuclear leukocytes of farmers measured using the alkaline comet assay: discussion of critical parameters and evaluation of seasonal variations in relation to pesticide exposure. Cancer Epidemiol Biomark Prev. 1998;7:917–27.

34.
Palus J, Dziubaltowska E, Rydzynski K. DNA damage detected by the comet assay in white blood cells of workers in a wooden furniture plant. Mutat Res. 1999;444:61–74.PubMedCrossRef

35.
Sardas S, Aygun N, U nal Y, U nal N, Berk N, Karakaya AE. Use of alkaline Comet assay (single cell gel electrophoresis technique) to detect DNA damage in lymphocytes of operating room personnel occupationally exposed to anaesthetic gases. Mutat Res. 1998;418:93–100.PubMedCrossRef

36.
Sardas S, Aygun N, Karakaya AE. Genotoxicity studies on professional hair colorists exposed to oxidation hair dyes. Mutat Res. 1997;394:153–61.PubMedCrossRef

37.
Zhu CQ, Lam TH, Jiang CQ, Wei BX, Lou X, Liu WW, et al. Lymphocyte DNA damage in cigarette factory workers measured by the Comet assay. Mutat Res. 1999;444:1–6.PubMedCrossRef

38.
Milham SJr. Occupational mortality in Washington State 1950-1979. Washington, DC: DHHS publication no. (NIOSH) 83–116,1983.

39.
Hadnagy W, Seemayer HN. Cytotoxic and genotoxic effects of extract of particulate emission from a gasoline-powered engine. Environ Mol Mutagen. 1988;12:385–396.PubMedCrossRef

40.
Karahalil B, Burgaz S, Fisek G, Karakaya AE. Biological monitoring of young workers exposed to polycyclic aromatic hydrocarbons in engine repair workshops. Mutat Res. 1998;412:261–9.PubMedCrossRef



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AK and AG prepared samples for analysis and performed lymphocyte isolation and the comet assay. MK designed and prepared the initial draft of the study. A and HA collected the samples and interviewed the subjects. FZ and SBR arranged, statistically analyzed and interpreted the results of lab work. NA was involved in extensive writing/editing of the paper and correcting draft versions of the manuscript. All the authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/A12995_2015_69_Fig1_HTML.gif
mexposed
sroup

aContl
sroup

Clors0 Chsst Clssz Clased Clhses  TCS
Comet Class

RS |






OEBPS/contact.gif





