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Abstract 

Benzene is found in the environment as a contaminant from both human activities and 
natural processes posing serious bio-hazards from chronic exposure. To study the health 
hazards from chronic exposure to low levels of benzene, an all-male cohort of 390 individuals 
were recruited. This cohort study included 75 healthy individuals that served as a control 
group and 315 individuals occupationally chronically exposed to low-levels of benzene in 
their daily activity during routine work in some petroleum industries.  

Benzene itself was not detected in the blood or urine of all participants, but the levels of 
its metabolites; phenol and muconic acid were higher in the blood and urine samples of the 
group of benzene-exposed workers. Inspection of the results of the study clearly shows that 
the benzene-exposed workers are under oxidative stress, as judged by higher 
malondialdehyde, the end product of lipid peroxidation, and lower total antioxidant defense in 
the blood of exposed workers. This was confirmed by lowered total and reduced glutathione 
and elevated oxidized form. The effect on cellular membranes was reflected in increased 
breakage of red blood cells (RBCs) membranes causing higher degree of hemolysis.  

The data indicate, that chronic exposure to benzene, even at low variable levels, causes 
biochemical and biophysical alterations that are detrimental to the health and well-being of 
exposed workers.  
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Introduction 

As a component of petroleum products [1, 2], including gasoline, and as an impurity in 
many industrial products, benzene results in continued occupational exposure, especially in 
small, uncontrolled workshops [3]. The reported biochemical and hematological data indicate 
that exposure, even to low variable levels of benzene, may lead to health problems [4].  

 Benzene enters the body mainly through inhalation of contaminated air or through 
contact with the skin [5]. Following absorption, benzene is distributed throughout the body. 
Its residence time in blood varies depending on the duration and magnitude of exposure [6, 7]. 
Pharmacokinetics of benzene in humans appears to follow a two-compartment model with a 
half-life of distribution of about one hour and that of elimination of 24 hours [8]. Elimination 
takes place mainly either through exhalation of unchanged benzene or through metabolism. 
The main metabolites excreted in the urine; phenol and t,t, muconic acid, S-
phenylmercapturic acid may be used as biomarkers to estimate the extent of exposure and 
possible health risk [3, 9]. It has been proposed that workers in benzene-contaminated 
environment are under oxidative stress, which may predispose them to occupational diseases 
[4]. However, full assessment of the degree of oxidative stress status was not reported.  

The present work was undertaken to further assess the degree of oxidative stress and 
evaluate the level of the half cell redox potential in order to get a better idea about the 
probable deleterious effects of low, although variable, levels of benzene on the health of 
exposed workers. 

Subjects and Methods 

Seventy-five healthy individuals (age range 25 to 58 years) forming a control group and 
three hundred and fifteen individuals (age range 23 to 60 years) occupationally chronically 
exposed to low-levels of benzene in their daily work, participated in the present study. This 
cohort was recruited from the city of Alexandria. The conditions of their work environment 
and working times were recorded and the level of benzene in ambient air was measured [10]. 
All participants were of the same socio-economic standard with similar living conditions and 
dietary habits. Exclusion criteria from the study included individuals with endocrine 
problems, like diabetes mellitus or thyroid dysfunction. The ethics committee of the Medical 
Research Institute, of Alexandria University, approved the study protocol and all procedures 
were done according to the Helsinki Declaration of 1975, as revised in 1983. 

After explaining the objectives of the study, each subject signed a written informed 
consent and a 5 ml blood sample was withdrawn over EDTA, by qualified personnel under 
complete aseptic conditions. A spot urine sample was also obtained. All samples were kept in 
sealed containers for further analysis. The degree of hemolysis in the blood samples was 
immediately measured [11]. Benzene and its metabolites; phenol and trans, transmuconic acid 
were assayed in blood and urine by a high performance liquid chromatographic technique [12, 
13]. Urinary creatinine level was determined by autoanalyzer and used to normalize the 
concentrations of both phenol and t,t, muconic acid in urine as adopted by NIOSH. 

 Different parameters of oxidative stress were assessed. The level of malondialdehyde 
(MDA), was estimated by a colorimetric method (Bio diagnostic, Egypt) as a measure of lipid 
peroxidation [14, 15]. The levels of total glutathione, as well as the reduced and oxidized 
forms were determined [16] and the redox potential was calculated using the equation [17]: 
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Redox potential = -240 – (59.1/2) log ([GSH] 2 / [GSSG]) mV. 

The total antioxidant activity in plasma was assessed by a ready-for-use kit (Bio 
diagnostic, Egypt). The assay method depended on the elimination of a defined amount of 
exogenously added hydrogen peroxide by the antioxidants in the sample followed by 
colorimetric determination of the excess hydrogen peroxide present.  
 
 
 [N.B.]: GSH: Glutathione (reduced form). 

: GSSG: Glutathione disulfide (oxidized form). 
            : NIOSH: National Institute for Occupational Safety and Health. 

 : Redox Potential: Reduction Potential (Oxidation/Reduction Potential}. 
All values were analyzed by Statistical Package for Social Science (SPSS) version 10. 

Paired t-test was used to compare two mean parameter values and the level of significance 
was set at P value of 0.05 or less.  

Results: 

The benzene concentration in ambient air ranged from 4.96 to 260.86 ng/L (mean 97.56 
+ 88.12 ng/L) as measured by the electronic nose technique [10]. The relatively higher levels 
were found in printing shops where subjects worked in confined areas. The levels of benzene 
in air varied with the location of the workplace and its proximity to the seashore, where there 
was better aeration.  

The results of the concentration of the main metabolites of benzene are presented in 
Table 1. Benzene itself was not detected either in the urine or in the plasma of all subjects 
tested. Muconic acid was also undetectable in the plasma of control subjects, but present in 
their urine samples at a low average level of 0.07 ± 0.02 mg/g creatinine. However, muconic 
acid was detected in the plasma and urine of exposed workers, with highly variable 
concentrations. On the other hand, phenol, the second assayed benzene metabolite, was 
present in all blood and urine Samples, with higher concentrations in samples from exposed 
workers. The mean phenol level in the blood of exposed workers averaged 73% above mean 
control value and was 80% higher in the urine. 

Workers exposed to low levels of benzene were found to be under oxidative stress 
(Table 2). There were significant elevations of plasma MDA levels, and decrease in plasma 
total antioxidant activity as compared to control values. The average MDA level was 57.4% 
higher in the exposed group where its value was 1.81±1.51 mmol/L as compared to 1.15 ± 
1.04 mmol/ L for controls, while the mean plasma total antioxidant capacity (0.83+0.55 
mmol/L) was 45% lower than the corresponding control values (1.51±0.51 mmol/L). The 
results of glutathione assays confirmed the presence of oxidative stress and lower degree of 
antioxidant defense. Both mean levels of total and reduced glutathione were significantly 
lower in benzene exposed workers, while oxidized glutathione was more than 20% higher 
than mean control value. The calculated redox potential was also indicative of the decreased 
reductive capabilities of the blood, as it changed from -116.03 ± 8.86 mV in controls to -
108.45 ± 3.51 mV in benzene exposed workers. 

A higher degree of hemolysis was observed in the blood samples from benzene-exposed 
individuals. While the degree of hemolysis ranged between zero and 2% (mean 1.4%) in 
control samples, it averaged about 5.2% in the exposed individuals, reaching values as high as 
9 to10% in some cases. 
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Discussion 
Moderate and long-term exposures of humans to benzene may cause numerous untoward 
effects. The most serious health hazards in these cases appear to be of hematologic, 
immunologic, genetic and malignant natures [18-21]. The widespread pollution by benzene 
was  
[N.B.]: ng/L      : Nanogram per Litre. 
           : mmol/L: millimoles/ Litre.  
          : mg/g    : milligram per gram. 
           : mV        : millivolts. 

 evident by the presence of its metabolite; phenol, in the blood and urine of control 
individuals.  

The inability to detect benzene itself in the blood or urine of workers exposed to low 
levels of ambient air may be attributed to many reasons including: (i) the levels were below 
the detection limits of the assay method, (ii) rapid distribution into adipose tissues, especially 
since animal data indicate that benzene distributes rapidly and preferentially to adipose tissues 
[22, 23] and, (iii) slow redistribution from adipose tissues back into the blood with rapid 
oxidation, mainly by liver enzymes. The blood levels of the benzene metabolites; phenol and 
muconic acid, were higher in the group of benzene-exposed workers. This probably is 
indicative of the higher rate of contact with benzene-contaminated environment and 
consequently increased possibility of deleterious consequences of such exposure. The 
presence of benzene metabolites in the blood and urine of control individuals probably 
resulted from incidental exposure, and accordingly reflect the level of air pollution by car 
exhaust and other contaminants in the city. The high variability of the concentrations of 
metabolites in blood and urine may be due to variations in both the level of pollution and 
duration of exposure or genetic polymorphism in the metabolism of benzene. This last 
possibility, which is currently under investigation, may affect the type and level of the 
metabolites and consequently the health hazards caused by chronic exposure to benzene. 

The results of the present study clearly indicate that the benzene-exposed workers are 
under oxidative stress as shown by elevated blood levels of MDA with elevated and depressed 
total antioxidant activity. 

Malondialdehyde is the principal product derived from lipid peroxidation, but it can also 
be generated by enzymatic processes from metabolism of various prostaglandins [24]. 
However, MDA should not be considered only as a simple marker for lipid peroxidation, but 
a clear alarm of high risk of mutation. In its physiological state, at neutral pH, MDA is of low 
chemical reactivity [25], but it is able to interact with nucleic acid bases to form several 
different adducts [26]. The main product of this reaction is able to induce sequence-dependent 
frame shift mutations and base-pair substitutions in different cell types [25]. MDA is also able 
to generate DNA-protein (e.g., histones) cross links under physiological conditions [26]. 

Oxidative stress was also confirmed by the results of the glutathione blood levels, which 
clearly showed a decrease in total and reduced glutathione with increased oxidized form. The 
main protective roles of glutathione against oxidative stress are: [i] glutathione is a cofactor 
for other detoxifying enzymes like glutathione peroxidase (GPx), and glutathione transferase 
[ii] GSH participates in amino acid transport through the plasma membrane; [iii] GSH 
scavenges hydroxyl radicals and singlet oxygen directly, detoxifying hydrogen peroxide and 
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lipid peroxides by the catalytic action of glutathione peroxidase; [iv] Glutathione is able to 
reduce oxidized vitamin C and vitamin E back to their unoxidized state. Moreover, GSH in 
the nucleus is involved in mechanisms that are necessary for DNA repair and expression [27].  

The reductive capability in the blood was also affected as indicated by the change in the 
redox potential toward a more oxidative environment. Such condition causes cellular damage 
that is implicated in many chronic diseases such as diabetes mellitus and cancer among many 
others [28-31], and may predispose exposed workers to occupational diseases. 

The effect of exposure to benzene on cellular membranes was represented by the 
integrity of the membrane of the RBC. Either benzene itself, as an organic solvent, or more 
probably the increased oxidative stress in the blood of exposed workers affecting the integrity 
of the lipoid membrane. This was reflected in weaker membrane and increased tendency 
toward hemolysis. This should be considered in the overall changes in the biophysical 
characteristics of the blood of benzene-exposed individuals, which indicate alterations in such 
properties as increased RBCs aggregation leading to higher blood viscosity [4]. This is 
particularly important in microcirculation as it affects hemodynamics [32]. 

The accumulated data indicate that chronic exposure to benzene, even at low variable 
levels, cause biochemical and biophysical alterations that are detrimental to the health and 
well-being of exposed workers. It is probable that the oxidative stress and the changes in 
hemodynamic properties may hinder the cognitive functions and ability to acquire skills in 
children and young adolescents working in environments polluted with benzene. This would 
affect the quality of their lives and the development of their careers. 
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Table (1):  Benzene and its metabolites, Phenol and trans, trans muconic acid, in 
control and benzene-exposed subjects 

Groups 

Benzene Phenol t,t,muconic acid 
Blood Urine Blood Urine Blood Urine 

mg/l  mg/l mg/g 
creatinine mg/l mg/g 

creatinine 

Control 
Mean ND ND 1.11 1.75 ND 0.07 

SD ----- ----- + 
0.57 + 1.02 ----- + 0.02 

Benzene 
exposed 
workers 

Mean ND ND 1.92* 3.15* 0.97 1.16* 

SD ------ ------ + 
0.72 + 1.31 + 

0.38 + 0.35 

Data presented as mean + standard deviation (SD)     
*significantly different from control, p<0.05,   ND, not detected                          

Table (2):  Results of oxidative stress and antioxidant defense in control and benzene-
exposed subjects 

Groups MDA Total 
antioxidant 

Total 
glutathione 

Reduced 
glutathione 

Oxidized 
glutathione 

Redox 
potential 
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mmol/ml mmol/L mmol/L mmol/L mmol/L mV 
Control 1.15 

+ 1.04 
1.51 

+ 0.55 
4.08 

+ 0.31 
3.61 

+ 0.34 
0.23 

+ 0.12 
-116.0 
+ 8.86 

Benzene 
exposed 
workers 

1.81 
+ 1.11* 

0.83 
+ 0.55* 

3.78 
+ 0.46* 

3.19 
+ 0.38* 

0.29 
+0.07* 

-108.4 
+3.51* 

Data presented as mean + standard deviation,    MDA= malondialdehyde *significantly different from control, p<0.05 
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