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Occupational exposure to vehicular exhaust in Metro Manila, Philippines is a 
major human health risk concern because of the established DNA damaging 
potential of some of its components like Polycyclic Aromatic Hydrocarbons 
(PAHs). Hence, in this study, peripheral blood leucocytes of 50 urban female 
street sweepers and an equal number of housekeepers and housewives were 
analyzed for DNA damage utilizing the alkaline single cell gel electrophoresis 
(SCGE) or comet assay. This study also determined the influence of some 
demographic characteristics like age, length of fuel exhaust exposure, 
smoking and alcohol/coffee/tea drinking on DNA damage. Possible 
association of DNA damage and hematological parameters to include RBC 
count, WBC count, hematocrit, hemoglobin, lymphocytes and segmenters 
was also done. Results showed that exposure to vehicular exhaust has caused 
an increase in tail lengths (8.48±3.41 μm versus 19.35±8.79 μm) and tail 
moments (1.93±1.43 versus 8.02±5.71) of the leucocytes as demonstrated by 
the comet assay. Differences in the demographic characteristics of the study 
population were not significant (p > 0.05) but comet assay results of the 
smokers, alcohol/coffee/tea drinkers with longer length of exposure to fuel 
exhaust recorded higher DNA damage compared to the smokers (p < 0.05), 
alcohol/coffee/tea drinkers of the reference group. Hematological 
parameters were not affected by fuel exhaust exposure (p > 0.05). Results of 
the current study suggests of the possibility that constant exposure to fuel 
exhaust could lead to a transient increase in the levels of damage in the DNA 
of leucocytes and that the comet assay was a particularly sensitive technique 
in detecting such effects. 
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1. Introduction 

*Rapid urbanization in the Philippines has 
resulted to the steady increase in the country’s 
vehicular fleet (www.lto.gov.ph/ PlansAndPrograms. 
html). The United Nations Environment Programme, 
Richman (1994) reported combustion process of 
fossil fuels by the transportation sector as one of the 
key sources of many organic and inorganic 
compounds, oxidants, and acids that contribute 
heavily to the problem of urban air pollution. 
Automobile exhaust is a complex mixture of 
substances in either the gaseous or particle form. 
Notable pollutants in the exhaust include carbon 
monoxide (CO), hydrocarbons (HC), nitrogen oxides 
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(NOx), volatile organic compounds (VOC’s), and 
suspended particulate matter (Abuzo, 2005). Urban 
air pollutants have been associated with adverse 
health effects in humans ranging from chronic 
obstructive pulmonary diseases (COPD) and 
pulmonary tuberculosis among Filipino jeepney 
drivers (Howard and Christina, 2000), decreased 
lung function in Hong Kong bus drivers (Jones et al. 
2006), chronic rhinitis and chronic pharyngitis in 
bus and taxi drivers in Shanghai (Zhou et al., 2001) 
and acute and chronic respiratory diseases in Japan 
and Europe (Kagawa, 2002). Other studies have 
elucidated that exposure to fuel exhaust can also 
lead to cardiovascular diseases (Abbey et al., 1995; 
Pope et al., 1995), hypertension, neurotoxicity, 
infertility and sterility (Krivoshto et al., 2008). A 
couple of human epidemiological studies showed the 
potential carcinogenicity of diesel exhaust and the 
studies of Krivoshto et al. (2008), Garshick et al. 
(2004), Kagawa (2002), Hansen et al. (2004), 
observed that long-term occupational exposures to 
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diesel exhaust is associated to the increase in the 
relative risk of lung cancer, rectal and colon cancer 
(Siemiatycki et al., 1988), skin cancer (Netterstrom, 
1988) and esophageal cancer (Gustavsson et al., 
1993). The last decade has witnessed the increasing 
concern on DNA damage brought about by exposure 
to fuel exhaust in humans. The International Agency 
for Research on Cancer (IARC, 1989) has identified 
carcinogenic components [acetaldehyde; antimony 
compounds; arsenic; benzene; beryllium 
compounds; bis (2-ethylhexyl) phthalate; dioxins 
and dibenzofurans; formaldehyde; inorganic lead; 
mercury compounds; nickel; POM (including PAHs); 
and styrene] in diesel exhaust. Investigations on the 
association between exposure to fuel exhaust of 
petroleum derivate compounds and carcinogenicity 
risk has been conducted in various occupational 
groups using different genetic end-points, such as 
sister chromatid exchange (SCE), comet assay and 
micronucleus test. Increase DNA damage was also 
reflected by longer comet tail length due to the 
exposure to air pollutants in outdoor workers (30 % 
increase in comet tail length) of Mexico City (Tovalin 
et al., 2006), photocopiers working personnel (two-
fold increase) in India (Goud et al., 2001) and in 
workers in a refinery and heavy diesel vehicles 
traffic sites in Jeddah City (20-44 % increase in 
comet formation (ElAssouli et al., 2007). 

Diesel exhaust particles have been shown to 
generate reactive oxygen species, which in turn lead 
to oxidative stress and DNA damage. PAH associated 
with diesel exhaust are genotoxic, forming PAH-DNA 
adducts resulting in mutation and DNA strand 
breakage (Li and Nel, 2006).  

In spite of the enormous body of evidences 
regarding the damaging effects of fuel exhaust 
emission investigated in other countries; apparently 
no study has been conducted in the Philippines 
addressing such concern. This study aims to provide 
baseline information on the DNA damage that 
humans incur due to continuous exposure to 
vehicular exhaust emissions while working in 
dangerous workplaces. Moreover, the use of comet 
assay in quantifying DNA damage among urban 
female workers is an initial investigation in the 
country and is hope to stimulate future studies in 
other occupationally exposed groups. The study 
likewise intends to qualify and quantify the DNA 
damage among urban female workers who are 
commonly exposed to fuel exhaust emissions in the 
workplace with the use of the comet assay. 

2. Materials and methods 

2.1. Subjects of the study  

The population studied is composed of one 
hundred subjects wherein fifty (50) were female 
street sweepers specifically the PULIS OYSTER (Out-
of-School Youth Serving Towards Economic 
Recovery) with maximum exposure to fuel exhaust, 
while the other fifty (50) were minimally exposed 
female house helpers and housewives serving as 

reference group. Each subject signified in an inform 
consent and completed a standardized questionnaire 
patterned from that of the International Commission 
for Protection against Environmental Mutagens and 
Carcinogens (Carrano and Natarajan, 1988). 

2.2. Blood sampling 

A licensed medical technologist collected 3-5 ml 
peripheral blood samples by venipuncture into 
heparinised tube during the period January 2010-
March 2010. Collected blood samples were coded, 
cooled and processed within a maximum of 2 hr 
period after collection. Comet assay was performed 
immediately after collection. 

2.3. Comet assay analysis 

The Comet assay was carried out under alkaline 
conditions as described by Comet Assay Trevigen kit. 
Lysis solution was chilled at 4°C for 20 min with the 
LMAgarose also melted for 5 minutes in boiling 
water and placed in a 37°C water bath for at least 20 
minutes to allow cooling. Whole blood cells was 
combined at 1 x 105/ml with molten LMAgarose (at 
37°C) at a ratio of 1: 10 (v/v) and 75 μl immediately 
pipetted onto CometSlide™. The slide was placed flat 
at 4°C in a dark area of the refrigerator for 10 
minutes. The slide was then immersed in prechilled 
lysis solution for 30-60 minute and in freshly 
prepared Alkaline Solution for another 20-60 
minutes before transferring to a horizontal gel 
electrophoresis apparatus, facing the anode. The 
tank was then filled with alkaline solution until a 
level that covers the sample.  Electrophoresis was 
carried out for 30 min at 25 V (300mA). Excess 
electrophoresis solution was removed by tapping the 
slides and were rinsed with dH2O and immersed 
again in 70% ethanol for 5 min, air dried and finally 
stained with SYBR Green I. 

2.4. Determination of the hematological 
parameters 

Blood smears from each subject prepared by the 
hired medical technologist were analyzed at 
Paranaque Ultrasound Diagnostic Center Inc., 
Bacoor, Cavite, Philippines for the determination and 
measurement of the different haematological 
parameters. Nine blood parameters which include 
white blood cell (WBC), differential count with five 
WBC subtypes (neutrophils, eosinophils, monocytes, 
basophils and lymphocytes), total red blood cells 
(RBC) and the two red cell-related measures 
(haemoglobin & hematocrit) were determined in this 
study.  

2.5. Comet capture and analysis  

Images of 100 randomly captured comets from 
each slide were examined at 200X magnification 
utilizing a fluorescence microscope equipped with a 
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530 nm excitation filter and a 590-nm barrier filter. 
The microscope was connected to a computer where 
the images can be seen. The acquired comet images 
were then saved in a compact disc. Comet Images 
analysis was performed using TriTek CometScore™ 
Freeware version 1.5 (Kumaravel and Jha, 2006). 
The software automatically calculated the DNA 
damage comet parameters shown to be good 
indicators of underlying damage: tail length and tail 
moment (Kumaravel and Jha, 2006). 

 Tail moment is measured in arbitrary units while 
tail length is measured in μm. The tail length was 
calculated from the center of the nucleus/head to the 
leading edge of the tail while tail moment was 
calculated as the tail distance x ratio (i.e., sum of tail 
intensity/sum of cell intensity) (Olive et al., 1990). 

2.6. Statistical analysis 

Demographic data, comet parameters (tail length 
and tailmoment) and the measured values of the 
different hematological parameters (WBC, 
neutrophils, eosinophils, monocytes, basophils, 
lymphocytes, hemoglobin, hematocrit, Red Blood 
Cell Count) between the exposed and reference 
groups were statistically analyzed using the 
Student’s two-tailed t test of IBM SPSS Statistics 
version 20.0. Relationship between length of 
exposure and age to DNA damage were also 
statistically analyzed using the Pearson correlation 
coefficient. The level of statistical significance was 
set at p < 0.05. 

3. Results  

Demographic characteristics of the studied 
population are presented in Table 1. Student t-test of 
the respondent’s ages and drinking habits (coffee 
drinkers, tea drinkers and alcohol drinkers) revealed 
a non-significant result. While, Student t-test and 
Chi-Squared test on marital status, smoking and 
reported recent illness between exposed and 
reference groups was significant.  

Comet Assay yielded comets with varying degree 
of DNA damage measured through the global 
parameters, tail length (TL) and tail moment (TM) as 
presented in Table 2. 

 The mean tail length of the comets formed by the 
exposed group (Fig. 1) is almost doubled 
(19.35±8.79 μm vs. 8.48±3.41 μm), compared to the 
tail length of the reference subjects (Fig. 2). The 
mean tail moments of the exposed group (8.02±5.71 
vs.1.93±1.43) is also four-fold higher compared to 
the reference group?  

The possible effect of confounding factors on DNA 
damage like length of exposure, smoking habit, and 
drinking habit is also summarized in Table 2 and 
Table 3. 

Student t-test of the tail lengths (Table 2) and tail 
moments (Table 3) of the length of exposure to fuel 
exhaust resulted to a statistically significant 
difference (P<0.05) between the groups compared. 

Table 1: Demographic profile of the household helpers 
and housewives (N=50) and the urban female street 

sweepers (N=50) evaluated for DNA Damage 
 Reference Exposed p value* 

Characteristics N % N %  
Age 

15-27 
28-40 
41-53 
54-66 

Marital Status 
Single 

Married 
Separated 
Widower 

Smoking Habit 
Smokers 

Non-Smokers 
Recent Health 

Status 
Sick Recently 

Not Sick Recently 
Drinking Habits 
Coffee Drinkers 

Non-Coffee Drinkers 
Tea Drinkers 

Non-Tea Drinkers 
Alcohol Drinkers 

Non-Alcohol 
Drinkers 

 

     
8 16 7 7 0.938 

17 34 18 18  
18 36 18 18  
7 14 7 7  

 
7 14 14 28 0.000* 

40 80 27 54  
2 4 4 8  
1 2 5 10  

 
4 8 18 36 0.003* 

46 92 32 64  
 

16 32 6 12 0.016* 
34 68 44 88  

 
 

42 84 41 82 0.790 
8 16 9 18  

21 42 22 44 0.840 
29 58 28 56  
9 18 9 18 1.000 

41 82 41 82  

 

* Significant difference with p value < 0.05 
 

 
Fig. 1: Representative comet images of leucocytes from 

subjects of the reference group. Slides were stained with 
SYBR Green and analyzed using a fluorescence microscope 

(Magnification 200X) 
 

 
Fig. 2: Representative comet images of leucocytes from 

subjects of the reference group. Slides were stained with 
SYBR Green and analyzed using a fluorescence microscope 

(Magnification 200X). 
 

There was also a significant increase in the mean 
of the tail lengths and tail moments in the smoking 
exposed subjects when compared to the smoking 
reference subjects. Similarly, coffee drinkers, tea 
drinkers and alcohol drinkers of the exposed group 
also recorded a significantly higher tail lengths and 
tail moments, thus higher DNA damage compared to 
reference subjects (Tables 2 and 3). 
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Table 2: Effect of confounding factors on the mean tail 
length of the comets 

      Confounding 
            Factors                                        Tail length (μm) 
                                          Reference        Exposed        p value 

Mean 8.48±3.41 19.35±8.79 0.00* 
Length of Exposure 4.66±3.32 19.36±8.31 0.00* 

Smokers 4.66±3.32 19.36±8.31 0.00* 
Coffee Drinkers 8.85±3.43 18.27±8.72 0.00* 

Tea Drinkers 8.11±2.92 22.02±8.72 0.00* 
Alcohol Drinkers 9.60±5.61 22.24±8.69 0.003* 

* Significant difference with p value < 0.05 

 
Table 3: Effect of confounding factors on the mean tail 

moment of the comets 
      Confounding 
           Factors                                       Tail length (μm) 
                                          Reference        Exposed       p value 

Mean 1.93±1.43 8.02±5.71 0.00* 
Length of Exposure 1.04±1.31 7.83±5.91 0.00* 

Smokers 1.04±1.31 7.83±5.91 0.00* 
Coffee Drinkers 2.11±1.49 7.33±5.57 0.00* 

Tea Drinkers 1.99±1.38 9.18±6.44 0.00* 
Alcohol Drinkers 2.51±2.23 9.53±6.52 0.01* 

* Significant difference with p value < 0.05 

The measured values of the hematological 
parameters namely hemoglobin, hematocrit, red 
blood cell count, white blood cell count, segmenters 
and lymphocytes of the reference and exposed 
groups are summarized in Table 4. The Student t-test 
of the hematological parameters between exposed 
and reference groups did not differ significantly (p < 
0.05). 

4. Discussion 

The results of the present study showed that 
occupational exposure to automobile exhaust can 
instigate and enhance DNA damage among urban 
female streetsweepers. Such DNA damage can be 
also enhanced by confounding factors like length of 
exposure, smoking and drinking of coffee, tea and 
alcohol. This result is in good agreement with earlier 
reports (Zhao et al., 1998; Heuser et al., 2002; Zhu et 
at., 2003; Müller et al., 2004; Knudsen et al. 2005; 
Singh et al., 2010; Prasad et al., 2013). 

 
Table 4: Comparison of the effect of hematological parameters on DNA damage 

Hematological Parameter Reference Exposed X2 p value 
Hemoglobin (20-150 mg/L 143.5±11.9 144.8±12.7 -0.55 0.58 

Hematocrit 0.44±0.03 0.44±0.04 -0.36 0.72 
Red Blood Cell Count 4.90±0.39 4.91±0.42 -0.07 0.94 

White Blood Cell Count 8.67±1.51 8.60±1.83 0.21 0.84 
Segmenters 0.59±0.12 0.57±0.14 0.56 0.58 

Lymphocytes 0.41±0.12 0.42±0.14 0.44 0.66 
Values for hematological parameters are means ± SD; * Significant Difference with P Value < 0.05 

 

Fuel emissions have carcinogenic properties 
since they contain dangerous substances that are 
able to react with and change the genetic material, of 
the affected organisms. Substances that have 
mutagenic and carcinogenic effects are called 
genotoxicants.  

Urban air pollutants contributed by vehicles 
contain DNA damaging components like PAH’s and 
particulate matter (Faiz et al., 1996). To recall, the 
street sweepers who participated in this study are 
the ones working along Taft Avenue, Manila, where 
TSP and PM2.5 exceeds National Ambient Air Quality 
Guideline Value (NAAQGV) and WHO long term 
guideline value of 10μg/m3 respectively based on 
the 2005-2011air quality monitoring 
(http://cleanairasia.org/portal/system/files/attach/
Philippines_Air_Quality_Profile_-_2010Edition). In 
the 2011 roadside monitoring in NCR, Taft Ave. 
catalogued the highest TSP level of 221 μg/Ncm, 
doubly exceeding the long term guideline value of 90 
μg/Ncm.  

The DNA damage measured by the comet assay 
may reflect not only the actual levels of DNA damage 
due to current exposure indicative of recent 
pollution status but even past exposures to the DNA 
damaging substances (Kopjar et al., 2006; Deventer, 
1996; Bonassi et al., 1995). The comet assay 
measures strand breaks resulting from the complex 
interaction of two main processes: actual and recent 
DNA damage (direct scission or alkali labile site and 
adduct) and repair activation or inhibition (Klobučar 
et al., 2003), thus the measured damage level is the 
result of equilibrium between damage infliction and 

repair. This study also affirms the higher sensitivity 
of the comet assay in quantitating even low levels of 
DNA damage (one break per 1010 Da of DNA) (Gedik 
et al., 1992) from directly formed strand breaks 
(SSB) and even strand breaks due to alkaline 
treatment (Møller et al., 2000) together with alkali 
labile sites (ALS) and DNA-DNA/DNA-protein cross-
linking (Tice et al., 2000; Hartmann et al., 2003) in 
individual eukaryotic cells (Singh et al., 1988). 

The DNA damage detected by the comet assay did 
not affect the mean values of WBC, 
segmenters/neutrophils, lymphocytes, hemoglobin, 
hematocrit, and Red Blood Cell Count. The 
insignificant effect of fuel exhaust exposure to the 
chosen hematological factors may indicate that the 
dose and duration of exposure to the genotoxicant is 
not that high to cause an effect on DNA damage. 
Length/duration of exposure was pointed out by 
Ajugwo et al. (2014) as the most probable factor that 
causes the reduction in RBC (Red blood cell count), 
WBC (White blood cell count), PCV (Packed cell 
volume), Hb (Haemoglobin concentration), MCV 
(Mean cell volume), MCH (Mean cell haemoglobin) 
and MCHC (Mean cell haemoglobin concentration) in 
fuel attendants and auto mechanics exposed to 
gasoline fumes. 

5. Conclusion 

Occupational exposure to fuel exhaust did cause a 
significant increase on the DNA damage level 
measured on lymphocytes with the comet assay. This 
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study demonstrated the sensitivity of the comet test 
as a biomarker in analyzing DNA damage and repair. 
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