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Filling workers at petrol stations are particularly susceptible to 
the occupational exposure to toxins that cause hematotoxicity and 
blood disorders like leukemia, aplastic anemia, and dysplastic 
bone marrow. Thus, this study aimed to evaluate hematological 
and biochemical alterations among petrol stations worker in 
Baghdad city. A 102 male filling station workers from different 
regions of Baghdad governorate were divided into three groups 
according to exposed duration (exposed groups) and 50 subjects 
(control group), were included. Each samples were analyzed and 
compared for CBC, protein profile, and renal function between the 
groups. The results indicated no significant differences in BMI, 
MCH, MCHC, and WBC for the exposed compared with control 
groups. A highly significant increase was found in HB, RBC, HCT, 
and BASO with a highly significant decrease in PLT, RDW, and 
MPV in exposed group than control. Moreover, the long duration 
of exposure to petrol showed a significant decrement in MCV, 
NEU, and MONO with a significant increment in LYM and EOS. 
Also, there was a significant decrease in total protein and 
globulins levels with a significant increase in albumin, urea, and 
creatinine in exposed than control groups. In conclusion, the 
current results showed that prolonged exposure to petrol 
products for petrol filling workers may increase the chance of 

developing blood and kidney related disorders. 
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Introduction 

Gasoline is a complex mixture of low-

molecular-mass compounds, primarily 

paraffinic, naphthenic, olefinic, and aromatic 

with carbon numbers typically between 3 and 

11. The type of crude oil used to make it and 

the kind of processing of various refinery 

streams from which it is blended both affect 

the precise chemical makeup of gasoline. 

Benzene, toluene, and xylenes make up a 

significant group of the aromatic components 

of gasoline [1]. It is a petroleum-derived 

volatile and flammable liquid mixture 

primarily used for internal machine 

combustion. It is used in vehicles, synthetic 

solvents, pesticides, and cleaners among other 

things. It is made up of various aromatic and 

inorganic-organic compounds. Any of its 

products is particularly carcinogenic to 

humans [2]. Every day, in the outdoors, at 

work and at home, everyone is exposed to a 

small amount of gasoline however people who 

live in cities or the industrial areas are 

generally exposed to higher levels of gasoline 

in the air than those living in the rural areas 

[3]. The International Agency for Research on 

Cancer (IARC) has suggested that human 
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exposure to gasoline vapors may be 

carcinogenic, based on the well-known 

carcinogenicity of some components like 

benzene [4].  

Benzene, toluene, ethylene, and xylene 

which are also known as volatile organic 

compounds (VOCs), are responsible for many 

toxicological effects associated with gasoline 

exposure [5]. 

Fuel stations are a well-known source of air 

pollution, containing complex mixtures of 

various petroleum products and vapors. 

Petrol vapors are made up of a complicated 

mix of hydrocarbons that are aliphatic and 

cyclic compounds (about 95%), with only 2% 

being aromatic. The benzene concentration 

about 1-5 % which is a highly flammable, 

colorless, and volatile liquid found in the air as 

a result of coal combustion, gasoline service 

stations, motor vehicle exhaust, and 

evaporation [6]. Inhaling small amounts of 

petrol vapors can cause irritation to the nose 

and throat, as well as headaches, dizziness, 

nausea, vomiting, confusion, and breathing 

problems. Rashes, redness, and swelling are 

also some side effects of coming into contact 

with gasoline on the skin [7].  

Hematological abnormalities have been 

linked to the occupational exposure to 

dangerous chemicals. Employees who work at 

gas stations, such as attendants, are at risk of 

being exposed to gasoline and developing 

cancers [8]. These substances levels may 

accumulate in the air that have negative 

health, economic, or aesthetic consequences. 

Gasoline vapors, cause damage to constructive 

tissue, genetic mutations, decreased bone 

marrow cell generation, severe anemia, and 

immunodeficiency [9]. Several chemicals have 

been linked to changes in the hematological 

profile. The negative health effects of gasoline 

exposure may be primarily related to 

hematopoietic system impairment, including 

bone marrow depression, pancytopenia, 

aplastic anemia, and an increased risk of 

developing cancer (acute myeloblastic 

leukemia). In addition, microcytosis, as a 

morphological effect occurs on red blood cells 

(RBCs) [10]. 

Exposure to petroleum hydrocarbons has 

also been linked to renal dysfunction due to 

oxidative stress, which causes lipid 

peroxidation and lowers the antioxidant 

defense mechanism [11]. The kidneys are 

responsible for maintaining blood volume, 

regulating mineral content in the 

bloodstream, and removing metabolic waste 

from the body. The kidneys filter unwanted 

waste materials from the blood and maintain 

body water and chemical levels [12]. Total 

serum protein, also known as total plasma 

protein or complete protein, is a biochemical 

test used to determine the amount of protein 

in blood plasma or serum. The total serum 

protein is made up of a number of different 

proteins like albumin and globulins with any 

changes in their amounts can reveal diagnostic 

information [13]. The total protein levels or an 

imbalance of albumin to globulins ratio can 

associated with many diseases and these 

medical conditions include chronic 

inflammation, viral hepatitis, or HIV, and bone 

marrow diseases such as multiple myeloma 

[14]. Thus, the present study aimed to assess 

the effect of fuel vapor exposure on some 

hematological and biochemical parameters 

among petrol station workers in Baghdad city. 

Materials and methods 

In this study, 102 male Iraqi filling station 

workers from different regions of the 

Governorate of Baghdad were included. The 

employees were chosen from the filling 

stations in Baghdad's Al-Kilani, Al-

Mustansiriya, Al-Khalisa, Al-Muthanna, 

Palestine, Al-Idrisi, and Bab Al-Moadham and 

the samples took place from October 2021 to 

the end of November 2021. According to the 

length of fuel exposure, the participants were 

split into three groups. A group of fifty (50) 

healthy volunteers in the same age range were 

chosen as the control group. Table 1 lists the 

groups’ specifications. 
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TABLE 1 The details of individuals groups 

Characteristics 
Exposed groups 

Non-exposed 
group 

Group 1 
G1 (n=25) 

Group 2 
G2 (n=50) 

Group 3 
G3 (n=27) 

Control 
C (n=50) 

Age (Years) 25-50 30-55 37-60 24-60 
Duration of exposure 

(Years) 
1-10 11-19 ≥ 20 - 

No. of working hours/day 10 10 10 - 

The following conditions were disqualified: 

alcoholism, drug addiction, diabetes mellitus, 

use of antioxidant, vitamin supplements, 

obesity, rheumatoid arthritis, and liver 

conditions that might affect the study. The 

University of Baghdad, College of Science and 

the management of the country's gas stations 

gave their approvals for this study to be 

carried out. All volunteers provided their 

permission before having their samples used 

for research and this information was 

disclosed to them. 

The BMI (Kg/m2) was calculated based on 

divided the weight (Kg) by height (m2) for all 

subjects [15]. The World Health Organization 

(WHO) defined underweight as having a BMI 

under 18 and obese as having a BMI over 30. 

The venous blood around 5 mL was collected 

from the volunteers included in this study. 

Each blood sample was split into two parts. 

The first part (4 mL) of blood was used on the 

same day to measure the CBC, while the 

second part (1mL) was allowed to clot in room 

temperature and centrifuged at (1500 x g) for 

10 min to collect serum. Then, the serum was 

stored at (-20 °C) until used foranalysis. 

Complete Blood Counts were obtained from 

the whole blood specimens on the same day of 

collection by using an automated Ruby 

Hematology Analyzer. The total proteins and 

albumin content was determined by using a 

commercially available assay kit (spinreact, 

spain), and the serum globulins concentration 

was calculated via the following equation: 

Globulins conc. (g/dl) = TP conc. (g/dl) – 

Albumin conc. (g/dl)    

The serum urea and creatinine content was 

determined by using a commercially available 

assay kit (Linear chemicals, spain). A 

spectrophotometer was used to measure the 

serum levels of urea and creatinine [16]. An 

enzymatic colorimetric method was utilized to 

assess the level of blood urea (BU). The color 

intensity is proportional to the urea 

concentration in the sample. While the 

method for estimating the serum creatinine is 

based on the picrate kinetic reaction. 

The data throughout this work was 

expressed in the form of mean value ± the 

standard deviation (mean±SD). The data were 

compared by using SPSS version 26 and Excel 

2013 by One-Way ANOVA; where the 

difference is considered as highly significant 

when (p<0.001), significant when (p<0.05), 

and non-significant when (p>0.05). 

Results and discussion 

The city of Baghdad suffers from the large and 

continuous environmental problems in the 

workplace, especially workers at petrol 

stations. The workers at petrol stations were 

chosen for this study because they are at a high 

risk of exposure to benzene and it was crucial 

because the long-term exposure to benzene 

has been linked to known effects like cancer, 

bone marrow depression, and neurological, 

and hematological toxic effects [8]. The petrol 

stations workers are frequently exposed to the 

various dangerous toxins and noxious vapors; 

benzene fumes are among the most dangerous 

toxins. They are linked to an increased risk of 

hematological malignancies, particularly 

acute nonlymphocytic (myeloid) leukemia, 

and can lead to abnormal alterations in the 

functioning of many vital organs [17]. 
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The exposed groups included in this study 

had the mean ages of 42.20±8.99, 44.46±7.15, 

and 50.22±5.91 years old for G1, G2, and G3, 

respectively, compared with 42.44±9.43 for 

the control (C) group. Table 2 presented the 

BMI levels and hematological parameters in 

the exposed and control groups. The mean 

value of BMI, MCH, MCHC, and WBC revealed 

no significant differences for the exposed 

groups compared with that of control group. 

The results showed the presence of a highly 

significant increase of HB in exposed groups of 

G2 and G3 compared with control except G1 

that showed no significant difference, while no 

significant differences is found upon the 

comparison of this parameter between 

exposed groups (G1, G2, and G3). A highly 

significant increase was found in RBC, HCT, 

and BASO in all exposed groups compared 

with the control group and no significant 

differences between exposed groups (G1, G2, 

and G3).  

 
TABLE 2 The comparison of BMI and hematological parameters in all studied groups. 

Dependent 
Variables 

Groups 
C G1 G2 G3 

BMI (Kg/m2) 26.92±2.48 26.48±2.16 26.64±2.15 27.02±1.94 
HB(g/dl) 14.08±1.18 14.77±1.61 15.14±1.58 a** 15.22±1.71 a** 

RBC (10e 3 
/uL) 

4.85±0.42 5.12±0.55 a** 5.34±0.54 a** 5.34±0.64 a** 

HCT (%) 41.67±2.92 44.80±4.93 a** 44.78±4.68 a** 44.11±3.84 a** 
MCV(fL) 86.81±5.87 84.17±5.50 84.97±7.24 83.97±5.57 a* 

MCH (pg) 28.97±1.93 28.70±2.29 28.58±2.78 28.66±3.28 
MCHC(g/dl) 33.86±2.15 34.05±0.98 33.96±1.49 33.63±1.41 

RDW (%) 12.84±1.18 11.15±0.64 a** 11.63±1.42 a** 11.80±1.36 a** 

PLT (10e 3 
/uL) 

254.18±65.95 234.40±43.52 213.56±48.96 a** 212.81±35.92 a** 

MPV (fL) 8.82±1.08 6.48±1.31 a** 6.31±1.22 a** 6.76±1.48 a** 
WBC (10e 3 

/uL) 
7.53±1.82 7.75±1.88 7.92±1.79 8.01±1.64 

NEU% 56.56±6.94 56.44±6.37 54.68±10.06 53.33±6.34 a* 
LYM% 32.84±7.02 33.98±6.51 34.02±8.03 a* 35.60±6.86ab* 

MONO% 6.87±1.64 6.28±1.88 6.54±2.40 5.64±1.38 a* 
EOS% 2.81±1.59 2.75±1.22 3.68±2.33 a* 3.68±2.42 a* 

BASO% 0.89±0.20 1.15±0.28 a** 1.08±0.36 a** 1.07±0.28 a** 
(a)-significant difference between C and (G1,G2, and G3)  
(b)-significant difference between G1 and (G2 and G3)  
(c)- significant difference between G2 and G3 
*p<0.05 ; **p<0.01 

There are no statistically significant 

differences in BMI between workers in petrol 

stations (exposed groups) and healthy people, 

indicated that is all not obese (below 30) 

which is consistent with the previous studies 

[18,19]. 

The measured hematological parameters 

included hemoglobin (Hb), red blood cells 

(RBC), pack cell volume (PCV), mean 

corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), and mean corpuscular 

hemoglobin concentration (MCHC) as well as 

white blood cell (WBC) and its differentials 

[20]. The initial parameters impacted by 

systemic toxicity are hematological 

parameters. Therefore, determining the 

negative impact of foreign substances on 

blood components in vivo can be done by 

evaluating hematological parameters [21]. 

According to the present study, the mean 

values of HB and RBC for exposed groups 

showed a significant increment compared 
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with control. These findings was in agreement 

with the previous studies [17,22]. In contrast, 

these results were not in agreement with 

other study [23]. On the other hand, there 

were no discernible differences between the 

mean serum RBC counts in relation to the 

work length in petrol stations, which was in 

accordance with other study [2]. Our results 

also revealed a high significant increase in 

HCT value in all exposed groups than control 

which was agreed with a previous study [24]. 

However, another study was not agreed with 

our finding [23]. The possible reason for 

variations with our study because the 

exposure years in the previous study was not 

considered. Generally, the fact that gasoline is 

known to contain the high amounts of carbon 

monoxide, which can enter the blood via the 

respiratory system, may be the cause of an 

increase in RBC parameters in gasoline filling 

employees. The carboxyhemoglobin 

formation, which interferes with the ability of 

blood to carry oxygen and causes tissue 

hypoxia, was facilitated by the strong affinity 

of the molecule for HB up to 200 times greater 

than that for oxygen. The erythropoiesis was 

stimutes by tissue hypoxia which then caused 

to the production of more RBC, then leads to 

rises the levels of HB and HCT [22]. 

Moreover, our results indicated that the 

counts of MCH, MCHC, and WBC had no 

significant differences in exposed groups than 

those of control which were within the normal 

ranges and this findings was in the line with 

the prior studies [17,23]. 

Our results also reported that the mean 

value of MCV in long duration exposed 

workers (G3) showed a significant decrement 

compared with the control which was a 

consistent result had been previously 

reported [22]. The evidence revealed that the 

altered membranes might be the cause of a 

decrease in cellular size. Although its 

mechanisms are unclear, benzoene may affect 

the cell's pliability and permeability. In 

addition, the cell membrane is damaged due to 

the free radicals formation as a result of the 

petrol chemicals metabolism [12]. 

The current study indicate a significant 

decrease in PLT count in exposed groups than 

control which was supported by previous 

finding [17]. On the other hand, this result was 

contrary to the prior study who noted a 

significant increase in PLT count in petrol 

filling workers compared with healthy 

controls [22]. Another study which was 

proved that there are no statistically 

significant differences in PLT between gas 

station workers and healthy people that do not 

agree with our study [25]. However, the 

variations in sample size, socio-demographic 

variables, and exposure duration might be the 

possible reason for the discrepancies between 

the studies. 

Furthermore, according to our results, the 

mean RDW and MPV value of exposed groups 

demonstrated a significant decrement 

compared with control group. A prior study 

confirmed that there are statistically 

significant decreased in RDW and MPV, which 

agree with our study [42]. Whereas, other 

study [22] reported a significant increase in 

RDW in petrol station workers which was 

disagreed with our findings. 

Furthermore, our study showed a 

significant increase in mean values of LYM, 

EOS, and BASO with significant decrease in 

NEU and MONO in exposed groups (especially 

long work duration) than control. A previous 

study found a significant increases in LYM in 

petroleum exposed workers than non-

exposed [27]. Also in another study, there was 

a statistically significant increase in LYM count 

with no significant difference in NEU count of 

petrol filling workers than healthy control 

[22]. Meanwhile, this study confirmed that 

there are no statistically significant 

differences in LYM and EOS between petrol 

station workers and healthy people [28]. The 

study reported no statistically significant 

differences in NEU with a significant decrease 

in LYM and MONO between petrol station 

workers and healthy people [26]. A significant 
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decrease was noted in LYM, NEU, and MONO 

in exposed workers than non-exposed group 

by previous study [29]. However, the variation 

in sample size and environmental conditions 

may be the possible reasons for this 

discrepancy between the study’s findings. 

Thus, this finding suggests that aromatic 

hydrocarbons inhalation may contribute to a 

significant effect on different types of WBC. 

The results for the protein profile were 

listed in Table 3. Based on the results, it is 

obvious that there was a significant decrease 

in serum total protein with a significant 

increase in albumin in exposed groups (G1, G2, 

and G3) compared with control group. 

Furthermore, there was a highly significant 

decrease was found in globulins level with a 

highly significant increase in 

Albumin/Globulin ratio in exposed groups 

(G1, G2, and G3) compared with control group, 

while no significant difference was found in all 

these parameters between exposed groups. 

TABLE 3 The comparison of protein profile in all studied groups  

Dependent 
Variables 

Groups 
C G1 G2 G3 

Total serum protein 
(g/dl) 

7.28±0.50 6.84±0.81 a* 6.90±1.02 a* 6.88±1.30a* 

Albumin (g/dl) 4.25±0.28 4.61±0.79 a* 4.57±0.81a* 4.64±0.92 a* 

Globulin (g/dl) 3.03±0.44 2.22±0.89 a** 2.33±0.89 a** 2.34±0.99 a** 

Albumin/Globulin 
ratio 

1.43±0.25 2.52±1.35 a** 2.41±1.48 a** 2.80±3.25 a** 

(a)-significant difference between C and (G1,G2, and G3)  

(b)-significant difference between G1 and (G2 and G3)  

(c)- significant difference between G2 and G3 

*p<0.05 ; **p<0.01 

Plasma proteins are involved in several 

processes, including carrying food 

metabolites, and hormones throughout the 

body, maintaining adequate water 

distribution between the blood and tissues, 

coagulation, and protecting against infection. 

The measurement of total protein 

concentration provides general information 

about the general nutritional status and 

reverses disease states of the patients in 

several organ systems [30]. Hence, the change 

in serum total protein concentration is 

commonly used in clinical practice as a non-

specific indicator to identify disease, or 

monitor disease severity. Albumin is an 

extracellular antioxidant with albumin making 

up to 49% of the total antioxidant status in 

plasma while globulins make up 38% of blood 

proteins, transport ions, hormones, and lipids 

that help in immune function and fibrinogen 

comprises 7% of blood proteins [31]. An 

imbalance in albumin to globulins ratio may 

indicate persistent inflammation, liver 

problems, or, in rare cases, immunodeficiency 

[32]. 

In the current study, the mean level of total 

serum protein in exposed groups was 

significantly decreased when compared with 

healthy control. The results of the present 

study agreed with the previous studies [2,33].  

One of the primary endogenous carriers for 

the molecules’ biodistribution through blood 

plasma is human serum albumin [34]. In 

addition, the results of this study found that 

the mean value of serum albumin level for the 

exposed groups was increased significantly 

than the control group. Furthermore, in [35], 

the higher albumin levels were detected 

significantly in petrol station workers 

compared with control group. While [2] found 

no significant differences between fuel station 

workers than control regarding the serum 

albumin level. Moreover, the results of the 

present study revealed that there was a 
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significant decrease in globulins level in 

exposed groups than in the control group, 

which is in agreement with the previous study 

[36], while it was also demonstrated in the 

same study that there is a significant decrease 

in Albumin/Globulins ratio, which does not 

agree with our study. 

Table 4 indicated the findings for the renal 

function parameters (urea and creatinine).  

 

TABLE 4 The comparison of renal function parameters in all studied groups. 

Dependent 
Variables 

Groups 
C G1 G2 G3 

Urea (mg/dl) 28.82±6.80 39.46±8.55 a** 40.01±6.69 a** 42.33±7.37 ab** 
Creatinine 

(mg/dl) 
0.83±0.09 0.98±0.21 a** 0.98±0.16 a** 1.24±0.25abc** 

(a)-significant difference between C and (G1,G2, and G3)  
(b)-significant difference between G1 and (G2 and G3)  
(c)- significant difference between G2 and G3 
*p<0.05 ; **p<0.01 

Actually, the workers at petrol stations are 

frequently exposed to various harmful toxins, 

among the most dangerous toxins are the 

vapors of gasoline, kerosene, and diesel linked 

to an increased risk of renal cancer and can 

cause abnormal changes in the way of function 

formany vital organs. Blood urea (BU) 

produced by the liver and dispersed 

throughout intracellular and extracellular 

fluid, is a significant nitrogenous end product 

of protein and amino acid catabolism [37]. 

Muscles produce creatinine (inner anhydride 

of creatine) through irreversible, non-

enzymatic dehydration, and phosphate 

cleavage from creatine phosphate, which is 

used as an energy source for muscle 

contraction. The creatinine retention in the 

blood is a key marker of renal dysfunction 

[38]. The present study showed a high 

significant elevated in both serum urea and 

creatinine levels in exposed groups compared 

with control. Similarly, the levels of serum 

urea and creatinine were reported to be 

significantly increased in gasoline filling 

workers more than control group in previous 

studies [12,39]. The reason for the increase in 

urea levels may be caused by the reduction in 

glomerular filtration rate brought on by 

exposure to petroleum products, and it may 

also be caused by structural damage to the 

nephrons structural integrity. In addition, the 

elevation in creatinine level may be caused by 

the creatinine retention as a result of 

petroleum products ingestion, inhalation, or 

skin absorption by workers and the renal 

function impairment brought on by exposure 

to nephrotoxic substances like petroleum 

products [39]. 

Conclusion 

Based on the results, due to significant 

alterations in hematological parameters and 

the increased in urea and creatinine when 

comparing the petrol exposed groups with 

control group, the long-term exposure to 

petroleum products may be the main cause of 

the blood disorders or renal dysfunction in 

filling station employees, and further it has a 

number of toxicological effects on bodily 

tissues and biochemical alterations that make 

it a major health risk for all people. 

Thus, it is advised that the workplace be 

improved and developed with a frequent 

medical attention to slow down the 

advancement of blood disorders or renal 

insufficiency among the petrol stations 

workers. 
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