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Abstract 

The current study investigated the impact of pollutants emitted from fuel filling stations on the health of workers in this field in the city 

of Mosul. Blood samples were collected and blood gas tests were conducted, including oxygen, carbon dioxide, carboxyhemoglobin, lactic 

acid, and bicarbonate concentrations, in addition to measuring blood pH. These samples were divided into general workers and compared 

with healthy individuals not exposed to these pollutants. They were also divided into workers working 18 hours (first group) and workers 

working 8 hours (second group). These samples were also compared with the same healthy individuals not exposed to these pollutants 

(control group). The results of this study showed that the levels and concentrations of these blood gases studied showed significant 

variations compared to their levels and concentrations in the control group. It showed a significant increase in the percentage of 

carboxyhemoglobin (COHb). The results also showed a significant increase in the Molecular weight of a gas CO2 (pCO2). While the 

results showed a significant increase in the concentration of lactic acid in the blood of workers in these stations compared to the control 

group. While it showed a significant decrease in the Molecular weight of a gas O2( pO2)in the blood of fuel station workers compared 

to the control group. 
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INTRODUCTION 

Environmental pollution is a global problem because it affects various types of life and causes numerous negative 

consequences for human health and well-being. It also has negative effects on the environment and the lives of organisms 

in general. All living organisms, large and small, depend on the Earth's components, such as water and air, and their 

pollution exposes these organisms to danger. Environmental pollutants also affect urban areas more than they affect rural 

areas [8, 28, 2].Such issue of the current time as environmental pollution is getting more acute every day, such that the 

system loses its ability to decompose, recycle, or convert them into substances that do not cause any harm [3], pollution is 

not the issue of the single nation but rather global issue and that is what whole world community is grappling with. The 

rising pollution has degraded the environment and also rendered it imbalanced and negative impacts of the same are 

getting manifested in various forms as well. The greatest risk that pollution poses is against human lives. Due to these 

trends even presented by WHO, in approximately half of cities of the world the content of carbon monoxide has been 

reached in such amount which is dangerous in the health aspect, whereas lead has reached the level of danger to health 

in one-third of cities of the world [1].Environment pollution is a wide range problem and is likely to affect the health of 

human populations in an exceptional manner [16].This issue lies in its historical background as its development appears 

the most after the industrial revolution, As a result of the exponential expansion of factories and industrial operations, 

pollution reached unprecedented heights during the Industrial Revolution of the 18th and 19th centuries [26]. 

Gasoline stations are major contributors of pollution to the air especially volatile organic compounds (VOCs) such as 

benzene, toluene, ethyl benzene and xylene, the BTEX in the gasoline present in the air of the gas stations happens because 

of high gasoline evaporation. Consequently, knowing the concentration of these compounds in the gas stations in busy 

and crowded cities is one of the significant concerns of the environmental health, which is twice important due to its 

adverse health impact [4]. 

Benzenes, toluene and xylene (BTX) and its alkyl derivatives they are classified as dangerous compounds and their harmful 

action to human health is well known, they are poisonous to the human health due to their being toxic or mutagenic or 

carcinogenic [10]. The sustained exposure to the pollutants associated with fuel may harm liver or kidney performance, 

which is revealed through the changes in such important biochemical indicators as alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), serum albumin, or creatinine [12] . Fuel station workplaces are featured by long-term 

exposure to a mixture of air pollutants that is a combination of carbon monoxide (CO), carbon dioxide (CO 2), volatile 

organic compounds (VOCs), and particulate matter. These pollutants are residues of evaporation, burning, and car 

exhaust, and they are very dangerous to respiratory, cardiovascular, and metabolic health [18]. 

In this study, the effects of prolonged exposure to fuel station pollutants on blood gases and a few sample biochemical 

markers in Mosul fuel station workers are measured and compared according to work experience and unexposed workers 

to evaluate the deviation in physiological parameters that may be related to exposure at the workplace. 
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MATERIALS AND METHODS 

Blood Sample Collection 

Eighty venous blood samples were collected from individuals working at fuel stations located on both the right and left 

sides of Mosul during the period from October 2024 to December 2024. Their ages ranged from 19 to 46 years in Mosul 

and were divided into: 

1. Exposed 

2. Not Exposed 

These samples were compared with (30) blood samples from healthy, non-smoking individuals of the same age, 

representing the control group. The information collected from these individuals is shown in the questionnaire in 

Appendix (1). Blood samples totaling 5ml were drawn from smokers, with hemolysis samples excluded to avoid false 

positives. The blood was divided into three parts. In the first part, 1 ml of blood was placed in a tube. The tube was washed 

with liquid heparin to test dissolved gases in the blood (pCO2, pO2, etc.). This was done using an ABL800 FLEX 

radiometer, made in the USA, located at Al-Jumhuri General Hospital in Mosul, as shown in Figure (1). 
 

 

Figure (1): Dissolved Gases Tester 

The second part of the blood was 2 ml of venous blood placed in plastic anticoagulant tubes containing ethylene diamine 

tetra acetic acid (EDTA). Blood component tests included packed cell volume (PCV), platelet count, and red blood cell 

count (RBC). Hemoglobin (Hb) concentration was determined, and samples were analyzed using an Auto Hematology 

Analyzer from Rayto, a Chinese company. 

The remaining blood was placed in tightly sealed, dry, anticoagulant-free tubes called Jell tubes. The tubes were placed at 

room temperature for 20 minutes. Then, a centri-fuge was used at 9000 x g for 15 minutes to obtain serum. The serum 

was divided into portions and placed in dry, sterile Eppendorf tubes. The samples were stored in a deep freezer at -20°C 

until the required biochemical tests were performed in this study. 

Statistical analysis 

Statistical analysis of the results was performed. Data were col-lected, reviewed, recorded, and entered into IBM SPSS 

statistical software, version 26. After ensuring that the quantitative data followed a parametric distribution, we presented 

means, standard deviations, and ranges. Duncan's multiple-range test re-vealed significant differences between parameters, 

which were indicated by different letters at a probability level of P ≤ 0.05. 

 

RESULTS AND DISCUSSION 

The Effect of Some Gaseous Pollutants on the Blood of Fuel Station Workers 

Carboxyhemoglobin (COHb) Ratio 

The results of the current study, shown in Figure (2), showed increase in the percentage of carboxyhemoglobin 

(COHb). The highest rate in the blood of fuel station workers was (2.92) compared to the control group. 
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Fig (2) carboxyhemoglobin levels in each group 

 

Molecular weight of a gas CO2 (pCO2) 

The results in Figure (3) showed a significant increase in pCO2 levels at a probability level of (P≤ 0.05). The highest 

level of this gas in the blood of exposed individuals and workers at these stations was (59.78) compared to the control 

group. 
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Concentration of Lactic Acid 

The results in Figure (4) showed a significant increase in the concentration of lactic acid in the blood of workers at these 

stations compared to the control group. 
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Fig (4) Lactic Acid level in each group 
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The results in Figure (5) showed a significant decrease in the percentage of pO2 in the blood of fuel station workers 

compared to the control group. 
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Fig (5) the relationship between groups and PO2 

 

Value of pH 

The results in Table (6) showed that pH values showed a non-significant decrease in the blood of workers working at these 

stations compared to the control group. 
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Fig (6) PH levels 

Concentration of Bicarbonate Ion 

The results in Table (7) indicated a significant decrease in the concentration of bicarbonate ions in the blood of these 

workers compared to the control group. 
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Fig (7) HCO-3 level 

 

Carbonic Anhydrase Activity (CA) 

The results in Figure (8) show a significant increase in the activity of the carbonic anhydrase enzyme in the total 

blood serum of the workers. 
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Fig (8) The relationship between groups and CA Activity 

 

Acetyl cholinesterase (AchE) Activity 

The results in Figure (9) showed a significant increase in the activity of this enzyme in the total blood serum of workers at 

fuel stations in Mosul compared to the control group. 
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DISCUSSION 

Fuel workers are found to have comparatively high levels of carboxyhemoglobin in their body which denotes large amounts 

of exposure to carbon monoxide (CO), even though it was not much of an increase, even the slight increase is enough to 

bring harm, There are several factors that affect the level of COHb such as exposure duration, working time and level of 

occupation and mechanics are of a very high risk and this align with what [6] found by in their study on the effect of 

COHb levels. The results showed the highest rate in the blood of those who worked 18 hours, (2.48), and the lowest rate, 

(1.44), in the blood of workers who worked 8 hours, respectively, compared to the control group. The results of this study 

are consistent with another study, which showed the impact of exposure to pollutants emitted from these stations on 

health and its contribution to cardiovascular and pulmonary diseases. It also showed an increase in both 

carboxyhemoglobin and carbon monoxide levels [25]. The reason for the high COHb in the blood of these people is that 

inhaling gases and vapors from the operation of fuel stations increases the concentration of hemoglobin in the blood, as 

this leads to a decrease in the percentage of oxygenated blood and an increase in the percentage of carbon monoxide 

combined with the blood. The inhaled air of those not exposed to the effects of the gases emitted from these stations 

contains 80% oxygen, 19% nitrogen, and less than 1% carbon monoxide and dioxide and water vapor. However, in the 

blood of workers and people who work in contact with such polluted places, the inhaled air from the smoke contains a 

large percentage of carbon monoxide, a toxic gas that combines with blood hemoglobin more quickly than oxygen, leaving 

room for hemoglobin in red blood cells to carry oxygen. This is the reason for the high percentage of COHb [9]. The 

results of the current study are consistent with other studies, which showed an increase in carboxyhemoglobin (COHb) 

levels and its harmful effects on the body due to the combination of hemoglobin with carbon monoxide [14]. 

Regarding pCO2 figure3 shows a significant increase in pCO2 levels at a probability level of (P≤ 0.05). The highest level 

of this gas in the blood of exposed individuals and workers at these stations was (59.78) compared to the control group. 

The highest level was (59.52) in the blood of individuals with 18-hour work hours, and the lowest level was (56.38) in the 

blood of workers with 8-hour work hours, respectively, compared to the control group. This increase in pCO2 levels may 

be due to the emission and inhalation of various gases, as carbon dioxide is one of the main waste products of such 

polluted workplaces [23]. In addition, there are gases and vapors in the blood of workers resulting from the various 

processes at fuel stations, which lead to increased levels of gases, including CO2. The most common atmospheric 

pollutants are CO2, SO2, CO2, and NO2, which are among the largest sources of air pollution [19]. 

The results in Figure (4) showed a significant increase in the concentration of lactic acid in the blood of workers at these 

stations compared to the control group. The highest level in the blood of these workers was (3.66), while the results showed 

the highest level in the blood of those who worked 18 hours, and the lowest level in workers who worked 8 hours, at (2.84) 

compared to the control group. Studies have shown that when oxygen concentrations are very low, it cannot quickly reach 

the mitochondria to oxidize the coenzyme nicotinamide adenine dinucleotide (the reduced form) NADH produced by 

the glycolysis pathway. In this case, the muscle enzyme lactate dehydrogenase (LDH) performs its functional role, which is 

the formation of lactic acid. However, in the absence of oxygen, anaerobic glycolysis, or lactate fermentation, occurs. 

However, in the presence of oxygen, lactic acid is not formed, and the pyruvic acid continues to be oxidized in the citric 
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acid cycle to carbon dioxide and water [11, 20].The results of the current study are consistent with previous studies, 

indicating that increased lactic acid leads to extensive damage to various organs in the body [21,5]. 

The results in Figure (5) showed a significant decrease in the percentage of pO2 in the blood of fuel station workers 

compared to the control group. The highest significant decrease in pO2 in the blood of workers directly exposed to the 

pollutants emitted from these stations was (36.36) compared to the control group. The highest decrease in the number of 

working hours was (36.62) in the blood of those who worked 18 hours, and the lowest rate was (53.62) in the blood of 

workers who worked 8 hours, compared to the control group. The results of this study were consistent with many studies, 

which indicated a decrease in the percentage of oxygen in the blood of those exposed to the effects of any of these 

pollutants compared to people not exposed to any type of pollution [24]. The reason for the decrease in oxygen is attributed 

to the speed of the combination of hemoglobin with carbon monoxide, forming carboxyhemoglobin COHb, and thus it 

will affect the process of transporting oxygen in the blood [25]. 

The results in figure (6) showed that pH values showed a non-significant decrease in the blood of workers working at these 

stations compared to the control group. The highest non-significant decrease in the blood of these workers was (7.29) 

compared to the control group. The average decrease in the blood of workers working for 18 hours was (7.32) compared 

to the control group. The results of this study are consistent with another study that indicated the pH effect of direct 

contact with these pollutants on tissues found on the inner surface of the respiratory system and on other body systems 

via the circulatory system [22]. 

The results in figure (7) indicated a significant decrease in the concentration of bicarbonate ions in the blood of these 

workers compared to the control group. The highest significant decrease rate was 23.92. The highest decrease rate was in 

the blood of those who worked 18 hours at these stations, and the lowest rate was in the blood of workers who worked 8 

hours at these stations, at 23.90, respectively, compared to the control group. The results of this study are consistent with 

other studies, which indicated a decrease in the concentration of bicarbonate ions in the blood of workers working in 

such areas with various pollutants, including the study by [13, 7]. 

The results in Figure (8) show a significant increase in the activity of the carbonic anhydrase enzyme in the total blood 

serum of the workers, reaching (9.41) compared to the control group. Regarding the duration of working hours, the 

highest activity of the carbonic anhydrase enzyme was (5.79) in the serum of the first group (18) working hours, and the 

lowest activity of this enzyme in the serum of the second group, reaching (3.11) in the serum of the second group compared 

to the control group. This enzyme is found in the lining of the pulmonary blood vessels, as well as in the epithelial tissues 

of the alveoli. The respiratory system is the only system in the body that comes into contact with the air in the environment. 

The function of this system is gas exchange during respiration. Humans breathe atmospheric air, which is usually laden 

with environmental pollutants in various forms, whether vapors, gases, dust, or smoke. The most common way to be 

exposed to these air pollutants is through the lungs, because lung tissue does not provide a protective barrier against 

exposure to pollutants. The delicate lung tissue allows many pollutants and oxygen to pass into the blood. These pollutants, 

which pass through the surface of lung tissue, cause damage and interfere with its vital role in oxygen supply, in addition 

to causing general damage [28]. Excessive inhalation and exposure to these polluting gases leads to oxidative stress, which 

of course leads to increased production of free oxygen radicals, which affect the outer membranes of tissues, thus causing 

damage to lung cells and changing their ability to selectively permeate, and releasing large amounts of the CA enzyme 

outside the cell and then into the blood serum [17]. 

The results in Figure (9) showed a significant increase in the activity of this enzyme in the total blood serum of workers at 

fuel stations in Mosul compared to the control group. The highest activity in the total blood serum of workers was (35.50). 

Regarding the number of working hours, the first group (18) working hours showed an increase in the activity of this 

enzyme (34.22), compared to the second group (8 working hours), which showed a lower activity increase (34), compared 

to the control group. The mechanism of action of these gaseous pollutants emitted from fuel stations in terms of their 

impact on the nervous system is through inhibiting the activity of the enzyme acetylcholine esterase, which always breaks 

down acetylcholine and converts it into acetic acid and choline. Acetylcholine is a chemical transmitter for a number of 

nerve fibers and is secreted at the nerve endings, where these pollutants combine with the enzyme to form a phosphorylated 

enzyme that cannot break down acetylcho-line [20]. The study suggests that the increase in acetylcholinesterase (AchE) 

activity is a result of oxidative stress caused by exposure to air pollutants emitted from fuel stations. This stress affects 

neural cells and is believed to stimulate the gene expression of AchE as a protective mechanism to prevent overstimulation 

by acetylcholine. Research indicates that elevated AchE activity is primarily due to exposure to volatile organic compounds 

(VOCs) such as benzene and toluene, which impact the nervous system and elicit neurotoxic responses. These responses 

may trigger an adaptive increase in AchE activity as a compensatory mechanism [15]. 

 

CONCLUSION 

The study results indicate that chronic exposure to pollutants emitted from fuel stations affects the physiological balance 

of blood gases in workers. A significant increase observed in the concentrations of both carbon dioxide (PCO2) and lactic 
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acid in the blood, indicating disturbances in cellular ventilation. The results also showed a significant decrease in oxygen 

concentration (pO₂), reflecting impaired gas exchange efficiency and oxygen deficiency. Carboxyhemoglobin (COHb) 

levels showed a non-significant increase, but this elevation increased with longer working hours, indicating a gradual 

accumulation of carbon monoxide (CO) in the blood. Similarly, pH values and bicarbonate ion concentration (HCO3-) 

showed a non-significant decrease in the blood of workers at these stations compared to the control group. Accordingly, 

these results emphasize the need to take preventive measures for workers in such environments, especially those working 

for long hours. 
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