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Abstract

Chronic occupational exposure to benzene is a major health hazard that directly affects the hematopoietic
system. Therefore, this study aimed to evaluate the effect of benzene exposure duration on physiological
blood parameters among fuel station workers in Mukalla city. A cross-sectional study was conducted from
January to May 2023, involving 46 male workers at fuel stations, and 23 healthy individuals as a control
group. The participant's ages ranged between 20-70 years. Workers were divided into two groups based on
exposure duration: (1-4 years) and (5-8 years). A complete blood count (CBC) analysis was performed using
a Sysmex XP-300 analyzer, and data were statistically analyzed using SPSS version 24.0. The results revealed
a significant decrease (P < 0.05) in red blood cell (RBC) count, hemoglobin concentration (Hb), hematocrit
(HCT), and mean corpuscular hemoglobin concentration (MCHC), while white blood cell (WBC) count and
the percentage of neutrophils (NEUT) and monocytes (MON) were significantly increased (P < 0.05)
compared to the control group. Statistical analysis also revealed a cumulative toxic effect of benzene; workers
with more than 5 years of exposure exhibited a more significant decrease in Hb value, RBC count, HCT
percentage, MCHC and lymphocytes, while more significant increase in WBC count, percentage of NEUT
and MON compared to those with shorter durations. The study concluded that exposure duration is a crucial
factor in predicting the occurrence of anemia and immune disorders, necessitating periodic hematological
monitoring and the use of personal protective equipment to mitigate occupational health risks for fuel station
workers.
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Occupational exposure.

1. Introduction

Occupational pollution by toxic chemicals is one of the
most prominent challenges facing public health and
occupational medicine in the modern era. Benzene—a
volatile aromatic hydrocarbon widely used as a basic
component in motor fuels—represents one of the most
dangerous environmental and occupational pollutants
[1]. Due to its physical properties, benzene evaporates
easily at normal temperatures, making the inhalation of
its vapors and absorption through the skin among the
most common exposure routes for fuel station workers
[2]. Epidemiological studies indicate that chronic

exposure to benzene, even at low levels, leads to severe
disruptions in the cellular components of the blood, as
benzene, through its metabolites, suppresses the bone
marrow and causes genetic mutations that may develop
into cancers [3-5]. In addition to immune system
dysfunction, which explains the sharp decline in specific
immunity among fuel station workers [6].

Several studies have indicated that fuel station workers
suffer from a notable decrease in red blood cell (RBC)
count and hemoglobin (Hb) concentration, alongside
disturbances in white blood cell (WBC) count as an
immuno-inflammatory response to chemical toxicity [7].
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Regionally, recent research in similar Arab environments
confirmed that the lack of personal protective equipment
use doubles exposure risk, leading to early signs of
hematotoxicity among workers [8]. The toxic effects of
benzene are not limited to the physiological aspect but
extend to oxidative stress targeting vital organs like the
liver and kidneys [9], [10].

Exposure duration is a critical variable in determining the
extent of health damage; hematotoxicity severity
increases cumulatively with more years of work in this
field [11]. Recent systematic reviews showed that
changes in blood indices can be used as early biomarkers
to predict health disorders caused by volatile organic
compounds [12]. Classifying workers based on their
years of service also contributes to a precise
understanding of the threshold at which physiological
indicators begin to collapse [13].

Despite the critical importance of this topic, there is a
clear scarcity of local studies addressing the occupational
health of fuel station workers in Yemen in general and
Hadhramout governorate in particular. In light of the lack
of strict occupational safety standards implementation in
local fuel stations, this study came to bridge this research
gap. Accordingly, this study aims to evaluate the effect
of occupational benzene exposure duration on
physiological hematological parameters among fuel
station workers in Mukalla city, to provide a scientific
database that contributes to enhancing preventive
policies and providing a safe work environment.

2. Materials and Methods
2.1 Study Design and Setting

This analytical cross-sectional study was conducted to
evaluate the hematological effects resulting from
occupational benzene exposure. Its field framework was
implemented in fuel stations within Mukalla city,
Hadhramout Governorate, during the period from
January to May 2023.

2.2 Study Population and Sampling

The study sample consisted of 69 male participants, aged
between 20-70 years, divided into two main groups:

*Workers Group: Included 46 fuel station workers,
operating on direct regular shifts. For the purpose of
studying the effect of time duration, they were
subdivided based on occupational exposure duration into
two groups: the first group (1-4 years) and the second
group (5-8 years).

* Control Group: Included 23 healthy individuals not
occupationally exposed to benzene, matched with the
workers in terms of age group and general living
conditions to ensure comparison accuracy.

2.3 Inclusion and Exclusion Criteria

* Inclusion Criteria: Field workers in fuel filling who
voluntarily agreed to participate in the study.

* Exclusion Criteria: To ensure that hematological
changes are primarily caused by benzene exposure, any
participant (whether from the workers or the control
group) suffering from chronic diseases such as kidney or
liver diseases, hereditary blood diseases, a recent history
of blood transfusion or surgeries, taking medications
affecting the bone marrow, or having a history of
smoking, was excluded.

2.4 Ethical Approval

Official permission and approval to conduct the research
were obtained after approving the research plan, by
applying for permission from the Faculty of Science -
Hadhramout University, as well as obtaining informed
consent from the study targets and the station owners
where they work. Total confidentiality of medical and
personal data and its use solely for scientific research
purposes were guaranteed.

2.5 Methods
2.5.1 Data Collection Tool:

Field visits to the study area were conducted to obtain
study-related information through a prepared
questionnaire. The questionnaire included the exposed
worker's name, age, years of work at fuel stations,
presence and type of chronic diseases (if any), and
smoking status.

2.5.2 Blood Sampling and Laboratory Analysis:

About 3 ml of venous blood samples were drawn from
all participants under standard sterile conditions. The
samples were immediately placed in tubes containing
anticoagulant (EDTA) to prevent blood clotting, and kept
refrigerated until transported to the laboratory. A
Complete Blood Count (CBC) analysis was performed
within a few hours of sample collection to ensure cell
viability, using a Sysmex XP-300 Automated
Hematology Analyzer.

2.6 Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS version 24.0). Descriptive
statistics (Mean + SD) were used to describe variables.
To test for significant differences between groups, the
Independent Sample (t)-test was used to compare total
workers and the control group, and One-Way ANOVA
was used to compare different exposure duration
categories (1-4 years, 5-8 years) and the control group.
Results were considered statistically significant at a
probability level of (P<0.05).
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3. Results

3.1 Distribution of Benzene-Exposed Samples
According to Exposure Duration

The study included 46 workers at fuel stations, divided
according to years of exposure into two groups. The
group exposed to benzene for (1-4) years represented the
largest percentage at 65.22%, and the group exposed for
(5-8) years accounted for 34.78%.

100%
50%

0%

Percentages (%)

1-4 years

. 5-8 years
Duration of exposure

Fig. (1): Distribution of exposed to benzene according
to exposure duration

3.2 Hematological Parameters in Worker group and
Control Group

The statistical analysis results in Table (1) indicated
significant differences in the blood profile between the
benzene-exposed group and the control group. These
differences were represented by a significant decrease in
RBC count, Hb concentration, HCT percentage, and
MCHC in the benzene-exposed group compared to the
control group. Concurrently, total WBC count and the
percentage of the differential count for neutrophils and
monocytes increased significantly in the exposed group
compared to the control group. Conversely, MCV, MCH,
platelet count, and the differential percentages of
lymphocytes, eosinophils, and basophils did not show
any statistically significant.

3.3 Cumulative Effect of Exposure Duration on
Hematological Parameters

The statistical analysis results in Table (2) demonstrated
an exacerbation in hematological disorders directly
proportional to the increase in years of work at fuel
stations. RBC count, Hb concentration, and MCHC
decreased significantly in both benzene-exposed groups
compared to the control group, and this decrease was
more pronounced in the longer-exposed group (5-8
years) than in the shorter-exposed group (1-4 years).
While total WBC count increased significantly in both
exposed groups compared to the control group, this
increase was more pronounced in the longer-exposed
group. The long-exposure group (5-8 years) uniquely
recorded significant changes that did not appear in the
short-exposure group, including a significant decrease in
HCT percentage and lymphocyte differential count, and
a significant increase in neutrophil and monocyte
differential counts compared to the control group. On the
other hand, MCV, MCH, platelet count, and eosinophil
and basophil differential counts remained stable without
registering any significant differences attributed to
varying exposure durations.

Table (2): Effect of duration of benzene exposure on
hematological parameters

Groups (Mean + S.D)

Control Group Workers Group (n= 46)

Table (1): Hematological parameters between two

study groups
Groups (Mean + S.D)
Parameters [~Control Group | Workers Group
(n=23) (n= 46)
RBC (10% pI) 5.39+0.48 4.86 +0.68 0.002
HB (g/dl) 15.32 £+ 0.92 1419+ 1.16 0.001
HCT % 42.2 £4.02 39.84 £ 4.05 0.025
MCV (FL) 76.46 £ 4.83 78.07 £5.75 0.253
MCH (pg) 27.64+ 251 27.49 +2.49 0.820
MCHC (g/dL) 36.13 £1.46 34.83 £1.54 0.001
PLT (10%/ul) 25591 £35.71 263.65 £41.53 0.448
WBC (10%pl) | 495+161 6.98 + 2.05 0.001
NEUT % 45.62 £ 6.73 49.39 £9.15 0.036
LYM % 40.68 £ 7.81 38.91 +£7.88 0.380
MON% 8.34+£1.48 9.68+2.14 0.009
EOS% 3.16+£2.38 4.13 +£2.36 0.113
BAS% 0.64+£0.27 0.83+£0.42 0.063

Parameters (n=23)
RBC (10% pl) 539+048 | 488+0.70** | 4.84 +0.97**
HB (g/dl) 15.32+0.92 |14.31 +0.86***|13.97 + 0.68***
HCT % 42.2+4.02 40.46 £ 3.14 38.7+5.3*
MCV (FL) 76.46 £ 4.83 78.22 £5.63 77.78 £6.15
MCH (pg) 27.64 £2.51 2764+235 | 27.21+2.79
MCHC (g/dL) | 36.13+1.46 |35.13+0.86%* | 34.26 + 2.27**
PLT (10%ul) | 255.91 +35.71 | 262.43 + 37.88 | 265.94 + 48.91
WBC (10%/ pl) 495+161 6.24 £ 1.57** | 8.36 £ 2.17***
NEUT % 45.62 +£6.73 46.69+9.36 | 51.73+7.3*
LYM % 40.68 + 7.81 40.71+£8.17 | 3551 +6.21*
MON% 8.34+£1.48 9.22 +1.36* |10.16 £1.17**
EOS% 3.16+2.38 3.54+2.72 3.38+1.24
BAS% 0.64 £0.27 0.79 £ 0.45 0.76 £ 0.37

* = Significant differences between the control and
exposure groups at a probability level of P<0.05

** = Significant differences between the control and
exposure groups at a probability level of P<0.01

*** = Significant differences between the control and
exposure groups at a probability level of P<0.001
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4. Discussion

Fuel station workers are regularly exposed to various
toxic components of benzene, causing abnormal changes
in the function of many vital organs. As a result of
metabolic processes, these toxins settle in the liver,
thereby increasing peroxidized lipid levels, leading to
extensive damage to the liver, kidneys, heart, and bone
marrow [14]. The risk of this exposure increases in hot
work environments like Mukalla city; studies indicate
that elevated ambient temperatures increase the
volatilization rates of Volatile Organic Compounds
(VOCs), including benzene, doubling the daily inhaled
dose and accelerating its entry into the bloodstream [10].
Although the mean daily temperature in Mukalla city
during the data collection period was obtained from local
meteorological records, specific temperature
measurements at each fuel station were not recorded
directly by the researchers. This study aimed to identify
and evaluate the effect of benzene exposure duration on
physiological blood indices among fuel station workers
in Mukalla city and compare them with a group of
unexposed individuals.

Statistical analysis results showed significant differences
between the benzene-exposed group and the control
group, manifested by a significant decrease in RBC
count, Hb concentration, and HCT percentage. This
decrease was more pronounced in the longer-exposed
group (5-8 years) compared to the shorter-exposed group
(1-4 years). This finding aligns with the results of [7]
conducted in Ethiopia. The reason is attributed to various
toxic effects arising from benzene and its components,
leading to free radical formation, which in turn alters the
RBC membrane and suppresses bone marrow function,
causing aplastic anemia [1], [15]. However, the current
study's findings disagreed with [16] in lraq, which
recorded a significant increase in these values, attributing
it to the effect of carbon monoxide and hypoxia, which
stimulates erythropoietin hormone to produce more
RBCs [17].

The results also revealed a significant decrease in MCHC
among those exposed to benzene, being more severe in
those with longer exposure (5-8 years). These findings
agree with [18] in Nigeria, [9] in Irag, and [19] in Libya.
This is attributed to benzene's effect on cell elasticity and
permeability, and cell membrane destruction by free
radicals [20]. Conversely, this finding differed from [5]
in Sudan, which recorded a significant increase; this
contradiction might be due to variations in sample size,
nutritional status, and exposure duration. MCV and
MCH values were not affected in our study, agreeing
with [21] in Indonesia, and differing from [22] in China,
which showed a decrease, and [23], which recorded an
increase.

Regarding the immune response, the statistical analysis
recorded a significant increase in total WBC count

among benzene-exposed individuals, peaking in the
longer-exposed group. This agrees with [24] in Palestine,
and [19] in Libya. This increase is attributed to the
immunosuppressive effect of toxic benzene products,
stimulating the body as a defensive reaction to increase
WBC production [25]. This finding contradicted studies
that recorded a decrease [26] or no effect [5]. The rise in
WABCs is a vital indicator of the body entering a state of
systemic chronic inflammation as a direct reaction to
continuous oxidative stress. Recent studies confirm that
prolonged exposure to fuels keeps the bone marrow in a
constant state of alert, which may explain the subsequent
cellular exhaustion in advanced stages [8].

At the differential count level, our study recorded no
significant overall differences in neutrophils compared to
the control group, agreeing with [27] in Iraq, and
disagreeing with [28] in Egypt, which recorded a
decrease due to the failure of macrophage migration in a
way that could affect workers' immune processes,
rendering them weak and more susceptible to various
infections. Lymphocytes also showed no overall change,
agreeing with [29] in Iran, but decreased significantly in
the longer-exposed group (5-8 years) compared to the
control, differing from [30] in Nigeria. This variation
based on working years is a key outcome of our study; it
proves the immune depletion theory. In the first years,
the body successfully maintains lymphocyte levels, but
upon crossing the 5-year barrier of cumulative benzene
toxicity, actual bone marrow suppression begins,
exposing older workers to a higher risk of opportunistic
infections and tumors [11]. The study also showed a
significant increase in monocytes, especially among
those with long exposure, agreeing with [31] in Irag and
differing from [28] in Egypt. This increase is attributed
to the immune system's response to tissue damage caused
by benzene's toxic effects [25]. Eosinophils and
basophils were not significantly affected, agreeing with
[28].

Finally, our study's findings is consistent with [32]
regarding the unaffected platelet count by benzene
exposure, explained by thrombopoietin not being
affected by benzene components, while it disagreed with
results showing a significant increase in platelets [16],
[22].

5. Study Limitations

Despite the importance of the findings of this study, some
limitations must be considered. The study was limited to
measuring phenotypic hematological parameters (CBC)
without the ability to measure actual benzene vapor
concentration in the work environment (Air monitoring)
or measure urinary benzene metabolites (like muconic
acid), due to limited technical and resource capabilities.
Furthermore, while the sample size was statistically
sufficient to demonstrate differences, it warrants
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larger-scale future studies that include other
governorates in Yemen.

6. Conclusions

This study concluded that occupational exposure to
benzene has a significant toxic effect on the
hematopoietic system. The results conclusively
demonstrated a cumulative effect over time; exceeding
5-year work duration represents a critical turning point
where hematological disorders exacerbate. This is clearly
manifested in bone marrow activity suppression
(represented by a significant and sharp decrease in RBCs
and Hb), and the stimulation of a chronic inflammatory
response state (represented by an increase in WBCs and
the differential count of neutrophils and monocytes).
Therefore, changes in hematological parameters serve as
an early biomarker of benzene toxicity before it
progresses to serious hematological diseases.

7. Recommendations

The study recommends obligating fuel station owners, in
coordination with the Ministry of Health office, to
conduct comprehensive periodic blood tests (CBC) for
workers at least every six months for early detection of
any physiological disturbances. It also recommends the
strict enforcement of occupational safety standards by
compelling workers to wear carbon-filtered masks and
protective gloves to reduce vapor inhalation and dermal
absorption. Furthermore, implementing a flexible shift
system to reduce continuous exposure hours to vapors
within a single day, especially during midday hours when
temperatures rise in Mukalla city and the benzene
evaporation rate increases.

References

[1] World Health Organization (WHO), "Exposure to
benzene: A major public health concern," Geneva,
Switzerland, 2012.

[2] J. A. Smith, "Occupational exposure to
hydrocarbons”. Academic Press, 2021, doi:
10.1016/B978-0-12-819.

[3] K. Johnson and S. Lee, "Bone marrow suppression
and benzene metabolites,” Blood Rev., vol. 48, p.
100854, 2022, doi: 10.1016/j.blre.2021.100854.

[4] S.Chaiklieng, U. Tongsantia, P. Suggaravetsiri, and
H. Autrup, "Altered haematological parameters in
gasoline station workers due to benzene exposure,"
Safety, vol. 10, no. 2, p. 38, 2024, doi:
10.3390/safety10020038.

[5] A. M. E. Elkhalifa, O. A. O. Ishag, O. A. Musa, and
M. A. Alfakey, "Impact of benzene exposure on
hematological parameters of fuel station workers in
central Sudan,"” Sci. J. Clin. Med., vol. 14, no. 2, pp.
20-26, 2025, doi: 10.11648/j.sjcm.20251402.12.

[6] L. Ferrari, "S12-03 Occupational Exposure to
Benzene and Epigenetic Biomarkers of Effect:
From Early Discoveries to Emerging Insights,"
Toxicol. Lett., vol. 411, p. S27, 2025, doi:
10.1016/j.toxlet.2025.07.081.

[7] G. Teklu et al., "Effect of Gasoline Exposure on
Hematological Parameters of Gas Station Workers
in Mekelle City, Tigray Region, Northern Ethiopia,"
J. Blood Med., vol. 12, pp. 839-847, 2021, doi:
10.2147/JBM.S286743.

[8] A. K. Mohammed and R. A. Hussein, "Assessment
of hematological parameters and oxidative stress
among fuel station workers in Basrah, Irag," Arch.
Environ. Occup. Health, vol. 79, no. 1, pp. 45-53,
2024, doi: 10.1080/19338244.2023.2278104.

[9] A. H. Abdulameer and S. Z. Al-gadi, "Study of
some hematological and biochemical parameters
among petrol stations workers in Baghdad city,” J.
Med. Pharm. Chem. Res., vol. 5, no. 1, pp. 103-111,
2023, doi: 10.22034/ecc.2023.357811.1524.

[10]A. S. Al-Harbi and M. A. Al-Zahrani,
"Hematological and biochemical alterations in gas
station attendants chronically exposed to benzene in
Saudi Arabia,” Environ. Sci. Pollut. Res., vol. 30,
no. 12, pp. 34567-34575, 2023, doi:
10.1007/s11356-022-24658-9.

[11]J. N. Egwurugwu and A. Nwafor, "Prolonged
occupational exposure to petroleum fumes and its
impact on hematological indices: A cross-sectional
study," Toxicol. Ind. Health, vol. 40, no. 2, pp. 112-
120, 2024, doi: 10.1177/07482337231215487.

[12] M. Othman and S. Hassan, "Occupational exposure
to volatile organic compounds and its association
with hemogram abnormalities in developing
countries: A systematic review," Int. J. Hyg.
Environ. Health, vol. 260, p. 114421, 2026, doi:
10.1016/j.ijheh.2025.114421.

[13] L. F. Silva and M. C. Pereira, "Benzene-induced
hematotoxicity and the predictive value of
cumulative exposure duration in fuel retail
workers," J. Occup. Med. Toxicol., vol. 20, no. 1, p.
15, 2025, doi: 10.1186/512995-024-00412-x.

[14] M. M. Sirdah, N. A. Al Laham, and R. A. El
Madhoun, "Possible health effects of liquefied
petroleum gas on workers at filling and distribution
stations of Gaza governorates,"” East. Mediterr.
Health J., vol. 19, no. 3, pp. 289-294, 2013, doi:
10.26719/2013.19.3.28989.

EJUA-BA | March 2026

71



EJUA Electronic Journal of University of Aden for Basic and Applied Sciences

Vol. 7, No. 1, March 2026

Yaseen, et al. Pages 67-73

https://ejua.net

[15] C. O. J. Okonkwo, A. D. Ehileboh, E. Nwobodo,
and C. C. Dike, "The effects of acute gasoline
vapour inhalation on some haematological indices
of albino Wistar rats," J. Acute Dis., vol. 5, no. 2,
Pp. 123-125, 2016, doi:
10.1016/j.joad.2015.11.005.

[16] S. Getu, E. Shiferaw, and M. Melku, "Assessment
of hematological parameters of petrol filling
workers at petrol stations in Gondar town,
Northwest Ethiopia: A comparative cross-sectional
study," Environ. Health Prev. Med., vol. 44, no. 1,
p. 55, 2020, doi: 10.1186/s12199-020-00886-1.

[17] M. Shen et al., "Polymorphisms in genes involved
in DNA double-strand break repair pathway and
susceptibility to benzene-induced hematotoxicity,"
Carcinogenesis, vol. 27, no. 10, pp. 2083-2089,
2006, doi: 10.1093/carcin/bgl061.

[18] A. O. Ajugwo, T. C. Adias, K. Aghatise, J. K.
Fadairo, and C. U. Nyenke, "Reduced
haematological indices in auto-mechanics and fuel
attendants in Elele Nigeria," Am. J. Med. Biol. Res.,
vol. 2, no. 1, pp. 1-4, 2014, doi: 10.12691/ajmbr-2-
1-1.

[19] G. M. Salem, F. F. Aljidaemi, S. A. Hwisa, H. M.
A. Hasan, A. A. Zaid, and |. O. Amer,
"Occupational Exposure to Benzene and Changes in
Hematological Parameters in East Tripoli, Libya,"”
Nanotechnol. Perceptions, vol. S5, pp. 358-364,
2024.

[20] M. N. Mahmood and H. W. Omer, "Study of
hematological parameters in petrol stations workers
in Samarra city - Irag," Int. J. Health Sci., vol. 6, no.
S1, pp. 1345-1349, 2022, doi:
10.53730/ijhs.v6nS1.4907.

[21] 1. S. Hardi, T. Martiana, and M. Adriani,
"Hematology profile, nutritional status and health
complaints of Pertamina fuel station operators in
Makassar, Indonesia," Res. J. Pharm. Technol., vol.
15, no. 3, pp. 966-970, 2022, doi: 10.52711/0974-
360X.2022.001611.

[22] S. Rahimimoghadam, E. Yahyaei, Z. Fazli, and G.
Shirali, "The effect of occupational exposure to
petrol and gasoline components on blood
hematological parameters among gas station
attendants: A systematic review and meta-analysis,"
Int. J. Environ. Health Res., pp. 1-23, 2026, doi:
10.1080/09603123.2026.2636153.

[23] W. Zhang et al., "lron-dependent ferroptosis
participated in benzene-induced anemia of
inflammation through IRP1-DHODH-ALOX12
axis," Free Radic. Biol. Med., vol. 193, pp. 122-133,
2022, doi: 10.1016/j.freeradbiomed.2022.10.273.

[24] 1. 1. Abdel Aziz and S. Z. Al Agha, "Hematological
and Biochemical Studies for Gasoline Toxicity
among Gasoline Workers In Gaza Strip," Al-Agsa
Univ. J. (Nat. Sci. Ser.), vol. 10, no. SE, pp. 41-58,
2006.

[25] S. O. Ita and U. A. Udofia, "Comparative study of
some haematological parameters in rats following
ingestion of crude oil (Nigerian Bonny Light),
petrol, kerosene and diesel," Asian J. Biol. Sci., vol.
4, no. 6, pp. 498-505, 2011, doi:
10.3923/ajbs.2011.498.505.

[26] M. Alses and S. Alzeer, "Evaluation of some
biological parameters of gasoline station attendants
in Damascus, Syria," Heliyon, vol. 7, no. 5, p.
€07056, 2021, doi: 10.1016/j.heliyon.2021.e07056.

[27] M. Hasan, "Influence of Benzene Exposure on
Hematological Variables in the Workers of the Fuel
Filling Station," in Proc. 1st Int. Multi-Disciplinary
Conf. Theme: Sustainable Development and Smart
Planning (IMDC-SDSP), Cyperspace, 2020, pp. 28-
30, doi: 10.15244/pjoes/152977.

[28] A. Moneim and A. Hady, "The Potential
Biochemical and Clinical Hazards in some
Petroleum Station Workers," Zagazig J. Forensic
Med., vol. 21, no. 1, pp. 92-109, 2023.

[29] Z. Zamanian, Z. Sedaghat, and Y. Mehrifar,
"Harmful outcome of occupational exposure to
petrol: Assessment of liver function and blood
parameters among gas station workers," Int. J. Prev.
Med., wvol. 9, p. 100, 2018, doi:
10.4103/ijpvm.1IJPVM_296_16.

[30] T. N. Ezejiofor, "Haematological indicators of
exposure to petroleum products in petroleum
refining and distribution industry workers in
Nigeria," J. Clin. Toxicol., vol. 6, no. 1, p. 276,
2016, doi: 10.4172/2161-0495.1000276.

[31] S. F. Shnaa and M. G. Magtooph, "Impact of
Benzene Exposure on The Hematological
Parameters of Workers Fuel Stations in Thi-Qar
Province," Univ. Thi-Qar J. Sci., vol. 8, no. 1, pp.
82-89, 2023.

[32] z. M. Salih, T. M. Al-Shwany, and A. K.
Mohammed, "The Effect of Lead on Dust and Non-
Smoking Workers in some Gas Stations in Kirkuk
Govenorate," Zeta Repos., vol. 4, no. 6, pp. 629-
637, 2023.

72

2026 ke | EJUA-BA



The Effect of Occupational Benzene Exposure Duration on Hematological Parameters among Fuel Station Workers in

Pages 67-73 Mukalla City, Yemen

i, Al

Craal) Sal) Aipda b 368 gl Cilaaa Jles (5A1 4 gadl) juilaall o o 3l gall (a ail) Baa il
2uilallae pmlla A g I dualy daa) dilae 1l g dana jae Flpady allu (s Jllae

Ol € ga s« ga puan dzala seﬁﬂ\%ﬂsgﬁw\?#eﬂgl

Oadll 6 a pma Anala ¢ pad) ela¥) g Al o glal) A A2 Y Lin o 955 asle anid 2
abd_yasn@yah00.com :¢A 9 AN &l ¢y alla (aa e sSiaall Gaald) ®
2026 cuota 31 G4 8572026 e 24 18 JB /2026 el 24 1 alin

wadlal)

il s 1A Hall s2a e (Sl oS Sleal) o e JS0 i U Una 1518 0 50ll o 3ull gl G 3ol 348
) waﬂ\@m@mlﬁu_);\ Sl diaa (A5 g8 6l lasa Jlee 53l daa ol gl pall G jdisa e op 3l a yaill 32a
Adailis Ao gaaaS Llu Uadldi 23 5 Sl Aae ajs}.\\m,.n_ﬂ.ku‘_gumbd\ DSA e Sle 46 il «(p2023 sle
(u\}mg 5))(u\)m4 1) ol Gl sae e ;bdu.\.\cjm‘_;\d\.u.“e.us Gle (70 ZO)UMUJSJM\_)LA;\&_\;J\}
ekl 24.0 Jlaay) SPSS el Bilaa) Lyl dlé.j ,Sysmex xp-300 Jilad e alasiuly JalSIl aall alaed Jilas Lg);\
((HCT) cu S silasgll dssig «(HD) (sl saigll 3 55 ((RBCS) ) yaall adll LA 332 8 (P < 0.05) U sinae Ll il
Zsill 5 (WBCs) sl all L3a 220 (e JS (P < 0.05) Gsine Canii)) cpn (3 ((MCHC) 228U (sl sait 38 55 Jana
3 e yall ales aS) 55 530 e Slaa ) Jalaill CadS LS 5 plasall Ao sanay 43l 31 i) B 5 g Alalaiall eliapdl aall AT 4, il
Lo gia 5 S silasgdl A g ol yaall ) LB ae 8 1A gy ST gine Waldil ol i 5 agiedd Bae <) slad udll Jlaall kil
33 55 5 Aalatial) LA Ao g elmpll wal) LA 230 (318 sumy ST sina Lol ) 5 o glialll LA i 5 4 S0 G sl sangl) 3 58
e lial) il jlaa¥) g adll i gany sl 8 Gl Slele e (o yail 500 o I Al all cuals Wiy J8Y) 4sdlly 4 5l 5 1)

A5l cllanse b cplalall Aigal) Apaall jlalaall (e aall dpad il Aleall Qi aladind 5 45 50 a0 Cilia sad ¢ ja) Can g Las

S Rige 6358 50 ilane $ el ubaall 6 el Fpandl ¢ igeall (yim il €0y il sApalibal) cilalSl)

How to cite this article:

A. S. Yaseen, O. M. Bomonther, A. A. Babsili, and K. S. Abdulmanea, “THE EFFECT OF OCCUPATIONAL BENZENE
EXPOSURE DURATION ON HEMATOLOGICAL PARAMETERS AMONG FUEL STATION WORKERS IN
MUKALLA CITY, YEMEN”, Electron. J. Univ. Aden Basic Appl. Sci., vol. 7, no. 1, pp. 67-73, Mar. 2026.
DOI: https://doi.org/10.47372/ejua-ba.2026.1.500

Copyright © 2026 by the Author(s). Licensee EJUA, Aden, Yemen. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC 4.0)
license.

EJUA-BA | March 2026 73


https://doi.org/10.47372/ejua-ba.2026.1.500

