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Abstract
Benzene is a carcinogenic chemical substance which causes the injuries and damages through
producing the free radicals in DNA (deoxyribonucleic acid) and the antioxidants are the agents which
reduce the impacts of DNA damages by inhibiting the free radicals. This study was conducted aiming at
determination of primary damages of DNA and level of plasma oxidative stress markers resulting from
the respiratory exposure to the benzene found in petroleum compounds among the workers at loading
platforms of a petroleum products distribution center. This study was an analytical (case control)
research conducted among the workers in a working shift serving at the loading platforms of petroleum
products. The exposure group included the workers with a history of contact with benzene and the control
group was composed of the persons with no history of exposure to benzene. To investigate the level of
the personnel’s exposure to benzene, NIOSH-1501 method was utilized; to analyze the samples taken
from the air, GC mass (Gas chromatography–mass spectrometry) was applied; and to determine the
average of DNA primary damages, Comet Assay was used. To investigate %TAC (Total Antioxidant
Capacity), the blood serum of the exposure and control groups was applied by using the photometry
device in wavelength of 520 nm. Results indicate The average difference of parameters of Tail Length
(TL), Tail Density (TD), Tail Momentum (TM), percentage of tail in the DNA (%DNA) and %TAC in control
group was 78.59, 8.35, 1.20, 10.05 and 25.58 and in the exposure group was 59.21, 75.74, 57.74, 3.5 and
16.58, respectively. Determining the DNA damage using Comet Assay and examining %TAC by
photometry showed that TL, %DNA and %TAC values decreased among the workers already exposed to
benzene and TD and TM values increased. In comparing the averages between two studied groups, all
study variables had statistically meaningful difference (P < 0.05). More studies are recommended to be
conducted on using the methods which identify the special places of breakage and damage in DNA chain
due to the exposure to benzene and consequently prevent the its complications and consequences.

Introduction
The major way to expose the chemical compounds in industries is the respiratory system (Yose�mehr et
al. 2017). The workers working in petroleum industries are exposed to various chemical compounds
including benzene. Benzene is from the aromatic compounds family considering a highly-used chemical
substance (Mohammadi et al. 2010) Many reputable organizations such as International Agency for
Research on Cancer (IARC) and the United States Environmental Protection Agency (EPA) have introduced
benzene as a carcinogenic substance for human. Many studies have shown that the benzene can
aggregate in the bone marrow and fat (Wong and Raabe 2000; Guo et al. 2004; Gonzalez-Flesca et al.
2007). Benzene is able to disturb the lung function and results in asthma, pulmonary infection,
depression of central nervous system, septicemia (blood poisoning), genetic impacts, chromosome
anomalies, DNA damage and carcinogenesis (Anderson et al. 1995; Bacaksiz et al. 2014; Moolla et al.
2015; Prasad et al. 2013; Villarino and Su 2017). By stimulating and breaking two DNA chains, benzene
and its metabolites lead to the abnormal changes in DNA repair and also chromosome anomalies (Tung
et al. 2012). Oxidizing agents are among the carcinogens. The oxidizing agents are found in various
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forms among which the most well-known and dangerous one is the free radicals. Benzene is a substance
which stimulates the free radicals and by absorbing electron from other molecules, these radicals destroy
other molecules, cells and DNA in the body followed by the genetic mutation and different kinds of
cancers. Antioxidants are substances which prevent the formation of free radicals in the cells; they also
diminish the impacts of free radicals (Collins 2009).

Antioxidants have extra electron and negative electric charge; they prevent the destruction of body cells
by giving the electron to the free radicals. Antioxidants play a critical role in preventing the cancer and
revival of body health. Nowadays, the total antioxidant capacity (%TAC) of plasma has been taken into
account as a means to detect and treat the diseases medically. Plasma TAC level changes in the
oxidative stress states. Oxidative stress indicates an imbalance between the production and emergence
of various oxygen free radicals and the biological system’s ability to detoxify or repair their detrimental
impact as a result of which, DNA, cell, tissue and body organs get damaged (Anderson et al. 1995; Collins
2009; Tuo et al. 1996). Exposure to the high values of benzene can increase the DNA oxidative damages
and risk of diseases resulting from the exposure to benzene (Buthbumrung et al. 2008). The oxidative
stresses are an affective factor of human diseases where the antioxidants act as an effective factor to
control and reduce the DNA damages (Collins 2009). Due to its high accuracy, the Comet Assay is an
appropriate method to detect the DNA damage rapidly among the exposed people. This a simple,
standard and highly-sensitive technique to detect the DNA damages in the human eukaryote cells
(Bajpayee et al. 2013; Collins 2009; Collins 2014; Godschalk et al. 2013; Sellappa et al. 2010; Sudha et al.
2011; Kayaaltı et al. 2015; Taban et al. 2004; Unlü et al. 2013; Wada et al. 2014; Wang et al. 2013).
Impacts of benzene and its metabolites (Muconic acid, Hydroquinone, Catechol, Benzoquinone,
Benzenetriol) on DNA damages can be evaluated by Comet Assay technique. In a study by Anderson et
al. conducted using Comet Assay technique, results of the benzene ability to make DNA damages were
shown as the positive response in tail morphology (Anderson et al. 1995). In view of the benzene risks
and its impacts on the health, therefore, this study aims at evaluating the average respiratory exposure to
benzene and determining its impact on the primary damages of DNA and TAC among the workers at the
loading platforms of petroleum products in a distribution center.

Material And Method
Type of study 

This is a case control study in which 32 workers in the loading platforms of a petroleum products
distribution center with history of exposure to the benzene were selected and entered the study when their
written consents were obtained. The control group included 32 persons working at the administrative
section with no history of exposure to benzene. Blood samples were taken from the persons in a working
shift with at least 6-month experience of working at the loading platforms where different products such
as regular gasoline, premium gasoline, Euro gasoline, kerosene, fuel oil and gas oil are loaded by the
fuel tankers around the clock. The workers were working in 12-hour shifts. The participants’ information
including the demographics, working experience and possible effective factors of DNA damage like
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smoking, chemotherapy, and history of background diseases were taken so that both control and
exposure groups are homogenized and the impact of intervening variables on the results is removed
(Villarino and Su 2017). 

Sampling and samples analysis 

NIOSH-1501 method was used to evaluate and determine the employees’ exposure to benzene (Safety
and Sciences 1994). 21 long-term air samples were taken from the workers’ respiratory region by the
personal sampling pump SKC, model 222-4, manufactured by U.S. and also by activated carbon tubes.
Once the sampling was �nished, two ends of sorbent tubes were closed by special caps. The samples,
then, were transferred to the credible and equipped laboratory by Cold Box to be analyzed. The samples
were extracted from the activated carbon by carbon disul�de free of benzene. Gas Chromatography (GS),
model AGILENT7890A, and MASS detector, model AGILENT5975C, manufactured by U.S., were used to
analyze the samples. Results were calculated by CHEM STATION software. 

To determine the average primary damages to DNA among the participants, Comet Assay instruction
were applied for evaluating the cells with nucleus (leukocytes). This technique is highly sensitive in
evaluating the DNA degeneration in various cells (Fairbairn, Olive et al. 1995). To observe the samples,
Nikon �uorescent microscope, model TS 100 with 100X zoom was used and photos were taken by
camera. Using Comet Score software, the factors of DNA damage index, i.e. Tail Length (TL), Tail Density
(TD), Tail Momentum (TM), percentage of tail in the DNA (%DNA) were quanti�ed.  

The total antioxidant capacity was also determined by reduction of 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
based on the technique described by Janaszewska. 

Data analysis method 

The gathered data were statistically analyzed by SPSS v.21. Data were investigated in terms of normal
distribution by One-Sample Kolmogorov-Smirnov Test. To assess the average difference of test
parameters in both exposure and control groups, independent sample T-Test and Mann-Whitney test were
used. The Spearman and Pearson correlation tests were applied to investigate the �ndings related to the
correlation of studied parameters. The level of signi�cance in all tests was taken as 0.05.

Results
Reviewing the demographic data showed that the average age and working experience in the exposure
group are 31.81 years and 49.87 months, respectively; the average age and history of exposure to
benzene in control group are 31.4 years and zero. Results obtained from the review of demographic data
also revealed that age is normal (P value = 0.498) and the working experience is abnormal (P value = 
0.043).

Investigating the normality of parameters of TD, TM, TL and %DNA showed that they have skewed
distribution and the parameters of exposure to benzene and %TAC are normally distributed (Table 1).
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Table 1

Results of the biomarkers normality TD, TM,
TL, %DNA, %TAC, benzene

Variables N SD ± Mean P-value*

benzene 21 16.28 ± 8.48 0.148

TL 64 68.90 ± 12.47 0.047

TD 64 42.05 ± 34.24 0.000

TM 64 29.87 ± 3.63 0.000

%DNA 64 6.80 ± 4.64 0.023

%TAC 64 20.95 ± 14.44 0.162

One-Sample Kolmogorov-Smirnov Test*

The results showed that the average differences of TL, TD, TM, %DNA and %TAC parameters in both
groups (with exposure and control) the statistically meaningful (P value < 0.05) (Table 2).
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Table 2
Results of the average differences of DNA damage index factors among the

participants
Variables groups Maximum Minimum SD ± Mean P-value

TL expose 70.47 43.07 4.44 ± 59.21 0.001*

control 92.72 61.02 10.13 ± 78.59

TD expose 84.93 63.60 4.65 ± 75.74 0.001*

control 21.03 3.05 4.20 ± 8.35

TM expose 68.34 41.85 4.28 ± 57.74 0.001*

control 5.12 0.14 1.16 ± 1.20

DNA% expose 6.28 1.82 0.99 ± 3.56 0.001*

control 21.03 3.05 4.59 ± 10.05

TAC% expose 41.45 3.63 10.53 ± 16.58 0.012**

control 69 1.8 16.61 ± 25.58

Mann-Whitney Test*

Independent sample T-Test**

The results also indicated that the interaction-based biomarkers are meaningfully correlated in pairs. The
reverse correlation was observed between the %TAC marker and TM, TL and %DNA markers and also
between the TL biomarker and TD and TM markers. DNA% was reversely correlated with TM and TD
biomarkers (Table 3).
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Table 3
Investigating the correlation between the biomarkers (TD, TM, TL, %DNA, %TAC) in the studied groups
parameters variables Correlation (r) P-value

TM TL − 0.749* 0.001

TD 0.983* 0.001

%DNA − 0.700* 0.001

%TAC − 0.324** 0.009

TD TL − 0.787* 0.001

%DNA -0.704* 0.001

%TAC -0.298** 0.017

TL %DNA 0.422* 0.001

%TAC 0.024** 0.085

%DNA %TAC − 0.353** 0.004

the correlation coe�cient (Spearman), (signi�cance level of 0.05)*the correlation coe�cient
(Pearson), (signi�cance level of 0.05)**

While reviewing, no correlation was seen between the respiratory exposure to benzene and age parameter,
no correlation (p = 0.685, r = 0.094). A signi�cant correlation was observed between the working
experience and biomarkers (TD, TM, TL and %DNA) (P < 0.05). The working experience and TL were
reversely correlated (r = 0.445), as it was the case for working experience and %DNA (r = 0.370) (Table 4).
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Table 4
Investigating the correlation between the parameters of working experience, age and benzene and

biomarkers (TD, TM, TL, %DNA, %TAC)
parameters variables Correlation (r) P-value

Age TL − 0.051* 0.688

TD − 0.011* 0.930

TM 0.070* 0.581

%DNA − 0.063* 0.621

%TAC 0.034** 0.791

benzene 0.094** 0.685

benzene TL − 0.262* 0.252

TD − 0.250* 0.274

TM − 0.283* 0.214

%DNA − 0.009* 0.969

%TAC 0.100**- 0.665

Working experience TL 0.784*- 0.001

TD 0.778* 0.001

TM 0.785* 0.001

%DNA 0.666*- 0.001

%TAC 0.045** 0.001

The correlation coe�cient (Spearman), (signi�cance level of 0.05)*The correlation coe�cient
(Pearson), (signi�cance level of 0.05)**

Results obtained from investigating the average difference of biomarkers (TD, TM, TL, %DNA and %TAC)
in the exposure group showed that there is no signi�cant difference between the smoking and non-
smoking people (P > 0.05). It was also found that the average difference of biomarkers (TD, TM, TL,
%DNA and %TAC) in the exposure group is not meaningful among the smoking and non-smoking people
(P > 0.05). But the average difference of TAC% biomarker in the control group among the smoking and
non-smoking people was meaningful (P < 0.05) (Table 5).
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Table 5

Comparing the average difference of biomarkers in both exposure and control
groups among the smoking and non-smoking people

GROUP variables Tobacco use workers Mean P-value

Exposed TL SMOKER 9 4.90 ± 60.15 0.329

NONSMOKER 23 4.30 ± 58.84

TD SMOKER 9 5.11 ± 72.94 0.368

NONSMOKER 23 4.06 ± 76.84

TM SMOKER 9 4.67 ± 58.45 0.430

NONSMOKER 23 4.19 ± 57.46

%DNA SMOKER 9 0.98 ± 4.33 0.522

NONSMOKER 23 0.82 ± 3.25

%TAC SMOKER 9 11.11 ± 19.17 0.698

NONSMOKER 23 10.37 ± 15.56

control TL SMOKER 5 13.36 ± 84.04 0.210

  NONSMOKER 27 9.39 ± 77.58

TD SMOKER 5 5.11 ± 72.94 0.314

  NONSMOKER 27 4.46 ± 8.11

TM SMOKER 5 0.92 ± 1.39 0.990

NONSMOKER 27 1.16 ± 1.21

%DNA SMOKER 5 1.63 ± 8.19 0.104

NONSMOKER 27 4.89 ± 10.40

%TAC SMOKER 5 6.90 ± 28.80 0.030

NONSMOKER 27 17.78 ± 24.98

Using Wilkes Lambda Multivariate test and concerning the results obtained for the parameters of
smoking, age and working experience, one can say that smoking and age, as the risk factors, have no
impact on the parameters of TL, TD, TM, %DNA and %TAC and benzene (P value > 0.05). But, the working
experience in the exposure group affected signi�cantly these parameters.
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By making use of multivariate analysis of variance, the variables of age, working experience and smoking
were evaluated as the dependent variables (risk factors) and parameters of TL, TD, TM, %DNA and %TAC
as the independent variables (response). The effect of risk factors on the response parameters was also
investigated. Results showed that smoking and age had no impact on the biomarkers (P > 0.05), but
working experience affected signi�cantly the biomarkers (P < 0.05). Smoking and age had no impact on
TAC% (P > 0.05), while the working experience in�uenced signi�cantly TAC% (P < 0.05) (Table 6).

Table 6. Impact of risk factors of smoking, age and working experience on the variables of
biomarkers. Tests of Between-Subjects Effects

P-ValueDependent variableRisk factor

0.110TLsmoking

0.300TD

0.200TM

0.320%DNA

0.320%TAC

0.360benzene

0.430TLAge

0.270TD

0.160TM

0.300%DNA

0.111%TAC

0.220benzene

0.001TLworking experience

0.001TD

0.001TM

0.005%DNA

0.001%TAC

0.770benzene

Discussion
A wide range of studies has shown that the exposure to benzene leads to the undesired impacts on
human body (Collins 2014). In a study, Maghsoodi et al. evaluated the workers’ exposure to the volatile
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organic compounds in the petroleum-a�liated chemical industries and found that the concentration of
volatile organic compounds in some samples is higher than the recommended permissible limits of
occupational exposure. Among the identi�ed substances, the people’s exposure to the benzene exceeded
that permissible limits of occupational exposure (Maghsoodi et al. 2013). Results of present study were
consistent with Maghsoodi’s.

Five variables of TL, TD, TM, %DNA and %TAC among the workers with history of exposure at loading
platforms and the control group were investigated and compared. Results showed that the averages of
TL, DNA% and TAC% among the workers exposed to the benzene were lower than the control group and a
signi�cant difference was observed in statistical terms (P < 0.05). In view of these results and conformity
of both groups in terms of demographic indices, the exposure to benzene is likely the cause of such
difference. The results also revealed that the average difference of TD and TM in the exposure group is
larger than his control group where such signi�cant difference is likely due to the exposure to benzene (P 
< 0.05). In general, concerning the results of this study, the possibly high level of exposure to benzene is
an important factor in the average difference of �ve parameters of TL, TD, TM, %DNA and %TAC in both
exposure and control groups. In a similar study by Seow (Seow et al. 2012), results of acute exposure to
benzene among 158 workers of petrochemical industry in Bulgaria were compared to the results of 50
administrative personnel with no history of exposure to benzene. By examining the benzene metabolites
in the workers’ urine at the end of working shift, the amount of exposure to benzene was estimated as
0.46 ppm in average. This study showed that there is a mild connection between the DNA damages and
exposure to such amount of benzene [28]. Results of our study were not consistent with Seow’s; the
reason for this difference is likely the low level of exposure to benzene in Seow’s study.

In another study by Tung et al., impact of benzene in breakage of two DNA chains was investigated.
Results showed that by stimulating and breaking two DNA chains, the benzene metabolites lead to the
abnormal changes in DNA repair and chromosome anomalies (Tung et al. 2012). Our results are
consistent with the study of Tung in terms of possible DNA damages among the people exposed to
benzene.

In their study, Buthbumrung et al. (2008) investigated the level of oxidative stress among the children
living in urban areas with excessive exposure to benzene compared to the children living in rural area.
Results showed that exposure to more values of benzene in urban children has increased the DNA
oxidative damages (Buthbumrung et al. 2008). Our study is consistent this in terms of making DNA
oxidative damages.

In a study by Feng Xiong et al., exposure to low levels of benzene was investigated of which the results
showed that such levels can reduce the total antioxidant capacity and increase the DNA damages.
Findings also revealed that the exposure to benzene makes changes in TL and TM biomarkers (Xiong et
al. 2016). Our results are consistent with this study’s.

In another study by Fenga et al., results showed there is a signi�cant relationship between the chronic
exposure to low levels of benzene in workers and DNA oxidative damages (Fenga et al. 2017). Its results
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are consistent with our study.

Limitations
The impossibility of conducting the experiment and its evaluation for all employees working on the
loading platforms of petroleum products, applying other methods for comparing the total antioxidant
capacity and impossible assessment and determination of benzene absorbed through the biological
monitoring of worker due to lack of equipment, laboratory facilities, �nancial resources and insu�cient
time are among the limitations of this study. Therefore, it is suggested to pay close attention to the
aforementioned limitations in the future studies to obtain more complete results. 

Conclusion
Results of this study showed that the respiratory exposure of the workers at the petroleum products
loading platforms to the benzene was higher than the permissible limit of occupational exposure. It was
also found that compared to the control group, the respiratory exposure to benzene has likely reduced TL,
%TAC and %DNA and increased TD and TM among the workers at the petroleum products loading
platforms. Regarding the results and related studies, it is suggested to evaluate the connection between
the special places of breakage in DNA chain and associated disorders and consequences. Meanwhile, in
view of the �ndings and detrimental impacts of benzene on the primary damages of DNA and total
antioxidant capacity, it is suggested to conduct studies on the solutions and executive ways to control the
release of benzene gases and vapors from the loading nozzles so that the workers’ respiratory exposure
is decreased. In order to evaluate more closely the in�uence of benzene on the studied factors among the
people with exposure like DNA damages, it is suggested to use the evaluation complementary techniques
such as biological monitoring so that the benzene absorption and its impact on the human health are
estimated.
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