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Abstract

Benzene exposure in humans has significant negative health consequences and may be linked to an
increased risk of blood biochemical changes. Therefore, the goal of this study was to determine the level
of lead in blood of fuel station workers at various petroleum stations in holly Makkah city and look into
its effects on specific blood biochemical parameters. Blood samples were collected from 63 individuals,
including 44 samples from gasoline station workers (exposed group) and 19 samples from women who
were not subjected to any kind of benzene exposure (nonexposed group). Socio-demographic data were
collected using a structured questionnaire and 10 ml of venous blood was collected for the determination
of lead and biochemical parameters. Data obtained were analyzed using Statistical Package for the
Social Sciences (SPSS). The median (range) of blood lead level among exposed group 40.5 (4.0-90.0)
Sug/dL was significantly higher (P = 0.00) than non-exposed group 3.2 (2.7-15.0) ug/dL). Exposed
workers had decreased level in albumin, glucose, total protein, and hemoglobin when compared with
normal level in human blood (p<0.0001). The results also confirmed that, there was significant relation
between exposure to benzene and increase in blood cholesterol (p<0.01). The correlation between
benzene exposure and the blood lead level was confirmed by comparing with the non-exposed group
(p<0.01).
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The outcomes from the exposure call upon increased concern for policy action to avoid the adverse

effects of benzene on gasoline stations workers’ health.
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Introduction

The city of holy Makkah in the Kingdom of Saudi
Arabia aside from its tremendous population and
physical expansion, attracts a large influx of pilgrims
during the Hajj and Umra seasons, as well as many
other visitors throughout the year. Therefore, the
demand for transportation is increasing as a result of a
sharp rise in the number of cars and petrol consumption
which consequently reflected in a dramatic surge in the
numbers of gasoline filling stations and workers at these
stations throughout the city.

Gasoline stations in Makkah are busy and open for
longer working hours and are full-service stations where
fuel filling is usually performed manually by workers
who are exposed to petrol hazardous substances such
as benzene from gasoline fumes and motor vehicle
emissions during filling time.

Benzene is a natural component of crude oil and also
found in different concentrations in refined products
such as gasoline. It is a colorless liquid and highly
volatile at room temperature [1]. Benzene is considered
as one of the most dangerous gasoline constituents due
to its carcinogenic potentiality [2-4]. The major routes of
exposure pathways of benzene are inhalation, ingestion,
and skin contact. Human exposure occurs primarily
through inhalation particularly in occupational settings
[5].

Makkah city features is a hot desert climate, the
temperature is high all year around and it can reach
up to 45°C (113°F) in the summer; hence benzene
evaporation will be at higher rate in filling stations and
lead to significant concentrations in the air.

In both humans and experimental animals, benzene
exposure has been linked to high blood lead level (BLL),
hematopoietic disorders such as lack of bone marrow
which results in a drop in the rate of circulating blood

corpuscles, anemia, thrombocytopenia, leucopenia,
aplastic anemia, and severe myelogenous leukemia
[6, 7]. Furthermore, the adverse effect of benzene on
workers’ health has been shown in investigation carried
by Choi et al., 2019 [8], who reported that workers
exposed to oil industry chemicals could emerge lungs,
skin, and other organs diseases to varying degrees rely
on the length of exposure.

Biomonitoring the health of workers at gas stations
who are chronically and directly exposed to benzene
is an important preventative measure for occupational
diseases. Therefore, the goal of this study was to look
into the effects. of benzene on BLL and selected blood
biochemical parameters among workers at different
petroleum stations in Makkah city, Kingdom of Saudi
Arabia.

Materials and Methods
Study Population

Characteristics of the study population, obtained
through questionnaire interview. This study enrolled
63 people, including 19 samples from women as non-
exposed group and 44 gasoline station workers as
exposed group. All of the exposed workers had been
working in their current positions for at least one year.
Each participant was interviewed to learn about their
general health, lifestyle, smoking habits, and history of
exposure.

Collection of Blood Samples
Blood samples were collected from 44 male

individuals as exposed group by visiting the petrol
pumps located in Makkah city at different sites as well

Table 1. Distribution of the Blood lead levels in gasoline stations workers and non-exposed groups.

Blood lead level (ng/L) Exposed group Non - exposed group
<5 (The reference blood lead level for adults) 1(2.27%) 18 (94.7%)
5- 1 (2.27%) 0(0.0%)
10- 3 (4.54%) 1(5.3%)
20 - 2 (4.54%) 0(0.0%)
30- 7 (15.90%) 0 (0.0%)
40- 10 (22.73%) 0 (0.0%)
> 50 21 (47.73%) 0(0.0%)
Total 44 19
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as 19 female individuals as non-exposed group who
were not subjected to any kind of benzene exposure.
Approximately 10 ml of blood was collected from
each individual with sterilized or disposable syringes,
equipped with stainless steel tips, which were used
once only. 5 mL sterile syringes were used for each
venipuncture, and the blood was placed in a dry and
clean plain container. After coagulation, the tube was
centrifuged at 4000 rpm for 15 min. The serum was
transferred into plain container equipped with tight-
fitting caps by disposable tips, then stored at -20°C.
5 mL sterile syringes were used, and the blood was
placed in an ethylenediaminetetraacetic acid (EDTA)
container for hemoglobin estimation using an automated
complete blood count (CBC).

The kits for determination of lead, glucose, total
protein, cholesterol, albumin, and creatinine were
obtained from Medical Scope Company, Saudi Arabia.
The measurements were made using a flameless atomic
absorption spectrometer (AAS).

Data Analysis

Statistical Package for the Social Sciences (SPSS)
version 23 was used to entering and analyzing the
data obtained from questionnaire. One sample t-test
was used to detect the effect of benzene exposure
on glucose, total protein, cholesterol, albumin, and
creatinine by comparing with the normal level. The
analysis of variance (ANOVA) test was used to explore
the lead toxicity in benzene exposed group and non-
exposed group. Individual test was used to detect the
correlation between BLLs and years of working in
gasoline stations.

Results and Discussion

A total of 63 individuals, including 44 samples
from gasoline station workers as exposed group and
19 samples from women who were not subjected to
any kind of benzene exposure as non-exposed group

were recruited to investigate the effects of benzene on
BLL and selected blood biochemical parameters among
workers at different petroleum stations in Holy Makkah
city. the results obtained for the distribution, median
and range values of lead levels in blood of non-exposed
subjects and gas stations employees are shown in Tables
1 and 2. The findings showed that fuel station workers
have significantly higher BLL compared to the non-
exposed group. According to the Centers for Disease
Control and Prevention in US (CDC) elevated BLL for
adult are defined as BLL >5 pg/dL [9]. The obtained
result showed that 94.7% of exposed workers compared
to only 2.27%% of non-exposed group have clevated
BLL. This result gives a clue to the distinct relationship
between exposure to gasoline and the blood level
of lead intoxication. The median (range) blood lead
value of the exposed fuel stations workers was 40.5
(4.0-90.0) pg/dl. While the median (range) blood
lead value in non-exposed healthy women was 3.2
(2.7-15.0) pg/dl. The difference between the two groups
was extremely significant (p = 0.00). These findings are
in consistent with that previously reported by Eltayeb et
al., 2014 [6].

On the other hand, correlation between benzene
inhalation exposure and the BLL was studied. Positive
correlation was revealed by comparing the findings in
the exposed group to the non-exposed group and was
considered significant (p<0.01) as shown in Table 3. This
finding supports the hypothesis that exposure to gasoline
and benzene increased BLL in fuel station workers.

Adverse biochemical effects of benzene exposure
and high BLL are well known today [10, 11]. Therefore,
here in this study we analyzed different biochemical
parameters in blood of exposed workers and their
values were compared to normal human references to
find out are there any changes in workers’ biochemical
profile.

The results obtained showed that exposed workers
had decreased levels of albumin, glucose, total protein,
and hemoglobin when compared with normal level in
human blood (p<0.0001) and increased the level of
cholesterol as shown in Table 4.

Table 2. Blood lead levels in pg/dl among fuel stations workers and non-exposed group

Group Number Median (range) Std Deviation P- Value
Exposed group 44 40.5(4.0-90.0) 20.7
Non - exposed 19 3.2(2.7-15.0) 2.7 0.00
Table 3. The Relationship between benzene exposure and blood lead level
Group Number Mean Std Deviation F P- Value
Exposed 44 4.4591 1.7813 6.142 0.016
Non-exposed 19 3.4105 0.6854
Total 63
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Table 4. The effect of benzene exposure to biochemical parameters in the blood.

Mean of Normal Mean SD Mean Difference SD error mean P-Value
Alb‘sz‘; gdi 3.6045 0.64338 0.89545 0.0969 0.0001
Glucose g/dl 110.7 45.177 29.29 6.8108 0.0001

(140)
Cholesterol mg/dl 219.022 47.39 19.022 7.1444 0.011

(200)
Creatzrlllr(;z)mg/dl 1.097 0.3944 0.0477 0.0594 0.427
Total-Protein g/dl 5747 1.3592 0.2049 1.4022 0.0001

(7.15)
Hemogl‘zi’;ns()HB) g/dl 12.6364 22056 28636 0.3325 0.0001

Generally, the relation was significant between
exposure to benzene aerosol inhalation and effects on
levels of these biomedical parameters. Previous studies
carried by Teklu et al., 2021 [12] have declared that
the harmful effects of gasoline are mainly caused by
benzene metabolites. Following gasoline inhalation,
benzene, which is the primary components of gasoline,
enters the lungs, then travels through the bloodstream
to the liver, where three major phenolic metabolites of
benzene are produced and accumulated in relatively
high levels, and then to bone marrow, where actual
toxic elements are produced [13-15]. Moreover, our
results showed that exposed workers had increased level
of blood cholesterol and significant relationship between
benzene exposure and increased blood -cholesterol
levels. (p<0.01) (Table 4). This complies with the result
previously reported by Abplanalp et al., 2017 [16] who
found that total cholesterol was increased in benzene-
exposed mice compared with mice breathing filtered
air. Moreover, Khan et al., 2013 [17] reported significant
increase in total cholesterol of participants compared to
subjects who were not exposed to organic solvents. All
these investigations declared that exposure to different
chemicals including benzene at working place has an
adverse effect on the cholesterol level. Since cholesterol
is one of the important predictors of cardiovascular
diseases, these workers are at risk of developing
cardiovascular diseases [12].

For blood creatinine level, our result showed
that exposed workers had no evident effect on blood
creatinine level (p>0.05), according to the investigation
of the methodology used in this study (Table 4).
However, other studies found significant increase in
the creatinine levels of the gasoline station workers
compared with the non-exposed subjects [18, 19].
This disparity could be attributed to the chemical
concentrations, duration of exposure, and experimental
subjects used.

The effects of benzene on other blood parameters
such as hemoglobin which is the carrier of oxygen
to the body tissues, blood glucose the main nutrient

of human cells, total protein and albumin which is
the main protein serum responsible for many vital
processes in the human body indicated the decrease in
hemoglobin level in the exposed subjects (p>0.0001)
as compared to normal value. In line with this finding
Teklu et al. 2021, Robert et al., 2010, Nair et al., 2015
and Neghab et al., 2014 [12, 20-22], reported drop
in hemoglobin levels among gas station employees
who were exposed to gasoline versus those who
were not. They attributed this drop in the measured
hemoglobin level to the shortened life cycle of red
blood cells (RBCs) and a reduction in heme production
by the final product of metabolism of benzene free
radicals and other gasoline aliphatic hydrocarbon
elements.

Furthermore, our results showed a decrease in blood
glucose level (29.29 mean difference from the normal
level (p>0.0001). This could be a very critical issue
when workers with conditions of metabolic disorders
such as diabetes mellitus are associated. This finding
is in agreement with previous results which declared
that the exposure to benzene affected blood glucose and
caused reduction in liver and muscle glycogen stores
[23].

For the total serum protein, the data showed that it
was negatively affected. A mean drop of approximately
20% from the normal was noticed, as well as a same
mean reduction in serum albumin value (p>0.0001).
These finding are in agreement with the previous
finding reported by Mohamed et al., 2016 [24] and
Saeed et al., 2015 [25], where significantly decreased
albumin levels in benzene exposed people compared to
the non-exposed ones was shown.

Conclusion

This investigation showed that lead blood level
and some biochemical parameters of gasoline station’s
workers could negatively be affected by the influence
of the chronic exposure to benzene, leading to adverse
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effects on their general health condition, especially
when combined with their expected low-socio-economic
status and low health consciousness. Such findings call
for alert to more vigilance and prompt action, both in
regard to health authorities and policy and regulation of
labor, in pursuit of protection of this vulnerable group.
Moreover, these workers should have regular medical
checkups, which should include an evaluation of their
blood profile as well as blood benzene and lead levels
measurements. Furthermore, administrative controls
and proper policies by relevant authorities such as
using protective equipment’s like coverall and facemask
to reduce exposure, educating and training gasoline
station’s workers on the exposure health hazards
associated with gasoline components, the typical routes
of exposure, improving work practices, and exposure
avoidance techniques (e.g., standing upwind of the
vehicle tank openings) are recommended.
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