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Abstract  

     Pollutants resulting from oil refining operations cause harmful effects on public 

health, especially for workers exposed for long periods. Measuring the level of 

specific contaminants in the blood of refinery workers is necessary to understand the 

relationship between exposure to pollutants and health status. This study aims to 

determine the levels and nature of heavy metals in the blood of occupational exposure 

workers in the Al-Dora refinery, Baghdad. A total of 20 blood samples (15 exposed 

workers and 5 non-exposed individuals (control)) were investigated to assess the level 

of heavy metals. An atomic absorption spectrometer (AAS) was used to measure the 

levels of Cr, Cd, Pb, and V in the blood samples. The mean concentrations of heavy 

metals in the blood of the exposed group are significantly higher compared to the 

control groups, with Cr at 65.27 μg/dl, Cd at 163.93 μg/dl, Pb at 37.33 μg/dl, and V 

at 153.33 μg/dl. The results showed a significant difference between the exposed and 

control groups (p<0.001), which indicates a strong correlation between heavy metal 

levels in the blood and exposure status. There was also a correlation between the level 

of heavy metals in the blood of exposure groups, age, smoking, and duration of work. 

In particular, workers aged 15 years and more, smoking workers, and female workers 

had higher levels of heavy metals. Moreover, Cd and V levels exceeded permissible 

limits. Our findings highlight the importance of implementing comprehensive health 

and safety protocols to reduce the risk factors associated with age, smoking, and 

prolonged exposure among workers in oil refineries to improve workers' overall 

health and well-being. 

 

Keywords: Heavy metals, Blood, Occupation exposure, Oil refinery, Al-Dora 

refinery. 

 

ييم المخاطر الصحية الناتجة عن التعرض للمعادن الثقيلة بين موظفي مصفاة الدورة للنفط في بغدادتق  
  

 انعام جمعة عبدالل  *,رأفياء سليم عبدالامي

 قسم علم الارض ، كلية العلوم، جامعة بغداد، بغداد، العراق 
 

  الخلاصة 
الملوثات الناتجة عن عمليات تكرير النفط في آثار صحية ضارة جداً، وخاصة للعمال  ان تتتسب  يمكن       

المعرضين لها بشكل دائم. لذلك، فإن قياس مستوى الملوثات المحددة في دم عمال المصافي يعد أمراً ضرورياً  
ات المعادن الثقيلة في  لفهم العلاقة بين التعرض للملوثات والحالة الصحية. تهدف هذه الدراسة إلى تحديد مستوي

أفراد غير   5عاملًا معرضاً و 15عينة دم )  20. تم تحليل ، بغداد دم العمال المعرضين مهنيآً في مصفاة الدورة
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 ( الذري  الامتصاص  مطياف  استخدام  تم  الثقيلة.  المعادن  مستوى  لقياس  مستويات  AASمعرضين(  لقياس   )
. كانت متوسطات تركيزات  العمال   ( في عينات دم V( والفاناديوم ) Pb( والرصاص ) Cd( والكادميوم ) Crالكروم ) 

الثقيلة في دم المجموعة ال ة التي لا  بشكل ملحوظ مقارنة بالمجموعبكثير و   أعلى  عاملة في المصفىالمعادن 
المصفى  في  الكروم  تعمل  تركيزات  كانت  حيث  الكادميوم    65.27،    163.93ميكروغرام/ديسيلتر، 

ميكروغرام/ديسيلتر. أظهرت    153.33ميكروغرام/ديسيلتر، والفاناديوم    37.33ميكروغرام/ديسيلتر، الرصاص  
يشير إلى وجود علاقة قوية بين مستويات المعادن   (، مماp<0.001النتائج وجود فرق كبير بين المجموعتين ) 

الثقيلة في الدم وحالة التعرض. كما كان هناك ارتباط بين مستوى المعادن الثقيلة في دم المجموعات المعرضة  
، والعمال  اً عام  15والعمر والتدخين ومدة العمل. على وجه الخصوص، كان لدى العمال الذين تزيد أعمارهم عن  

الثقيلة.   المعادن  من  أعلى  مستويات  والعاملات  ذلكالمدخنين،  الى  الكادميوم  بالإضافة  مستويات  تجاوزت   ،
أهمية  نتائجنا  تبرز  الدولي.  المستوى  العراق وعلى  بها في  المسموح  الحدود  تنفيذ  ب   العاجل  الشروع   والفاناديوم 

العمال في مصافي النفط لتحسين الصحة العامة    عند بروتوكولات صحية وسلامة شاملة لتقليل عوامل الخطر  
 .بينهم  رفاهيةالو 

 

1. Introduction 

     The refinery industries emit various pollutants, such as gases and heavy metals. When a 

heavy metal is known to have the potential to be harmful, or when it is relatively dense, they 

are considered toxic. Heavy metals are harmful when their concentrations exceed the 

permissible limits, internalizing human cells and causing severe tissue damage [1]. Certain 

heavy metals, such as zinc (Zn), lead (Pb), cadmium (Cd), mercury (Hg), copper (Cu), and 

nickel (Ni), were reported to induce effects on human health even at low concentrations [2], 

[3]. Heavy metals, including Cu, Cd, Ni, and Pb, are found in high concentrations in crude oil 

[4], [5]. Thus, heavy metals contamination has been dealt with as a major global concern [6], 

[7]. Various contaminants from the oil industry are released into the air, soil, and water, 

substantially impacting the ecosystem and causing severe health issues, especially for 

continuously exposed individuals in highly contaminated workplaces [8], [9]. 

 

     Heavy metals are currently of much environmental concern [10]. Some recent studies have 

looked at the potential impacts of heavy metal emissions from oil, such as vanadium, and 

reported adverse effects on workers in all facilities that use and process crude oil [11]. 

Generally, anthropogenic and natural processes are the major causes of heavy metal 

contamination [12]–[14]. The most common exposure method at work is inhalation, where 5% 

to 35% of inhaled heavy metals are absorbed into the blood, which is also affected by the type, 

size, and location of heavy metals [15]. Humans may be exposed to heavy metals through their 

skin from products containing heavy metals besides polluted food ingestion [16]–[19]. Wind 

direction is a significant factor in the distribution of pollutants in the air, moving the particles 

of different heavy metals and contaminants towards remote regions [20], [21]. 

 

     In addition to heavy metal exposure, workers in the oil and gas industries may also face 

high radiation exposure due to naturally occurring radioactive materials (NORM) associated 

with petroleum production processes. These combined hazards underline the critical need for 

enhanced regulatory standards and technological innovations to mitigate health risks and 

environmental impacts [22]. Cr is readily released into the environment during petroleum 

exploration due to leakages [23], [24], causing skin allergies and lung cancers [25]. Since Cd 

is present in phosphate fertilizers, it often enters the environment through the ground and is 

found in the crust of the earth [26]. Several studies have revealed that cadmium, even at 

deficient concentrations, may cause serious kidney diseases [27]. Pb poisoning is also a 

causative of severe disorders, and it destructively impacts the human body [28]–[30]. Long 

exposure to Pb has also been reported to cause anaemia [31]. V is likewise known to be present 
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in crude oil and coal in different quantities [24]. V can be highly toxic to humans because it 

can affect important cellular functions, including cell cycle and cell survival mechanisms [32]. 

 

     The existence of oil refineries in major urban areas can have a substantial impact on people's 

health, potentially causing respiratory problems and skin disorders. This study aims to compare 

employees' blood at the Al-Dora oil refinery, a crucial industrial facility in the Middle 

Euphrates region, with healthy individuals to assess the presence of heavy metals in their 

bodies. 

 

2. The study area 

     Al-Dora Refinery is the main refinery in Iraq, located in Al-Dora city at latitude 33° 16′ 31″ 

N and longitude 44° 25′ 39″ E, on the western side of the Tigris River, about 4 km south of the 

center of Baghdad. Al-Dora Refinery is categorized by its important location on the banks of 

the Tigris Canal, covering an area of about (2,500,000 m2) (Figure 1). 

 
Figure 1: Location map of the study area (Al-Dora Oil Refinery). 

 

3. Material and Method 

     Blood samples were collected from 20 individuals, including 15 adult employees and five 

non-exposed individuals aged 20-60. Each sample was selected based on various factors, 

including age, gender, duration of exposure, smoking habits, years of employment, and medical 

history. Each volunteer collected a 5 ml blood sample using the venipuncture technique in 

contamination-controlled conditions.  

     The blood samples were placed in sterile gel tubes and centrifuged for 20 minutes at 4500 

rpm to extract the serum. Following a reported protocol, The serum was stored at a freezing 

temperature of -5°C [33]. Before analysis, all serum samples were diluted 1:10 with distilled 

water. The content of elements (Ca, Cr, V, and Pb) were measured using AAS at the Ibn Sina 

Laboratory or at the Qualitative Analysis Laboratory, Ministry of Industry and Minerals. 
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4. Results and Discussion 

     Blood samples from employees at the Al-Dora Oil Refinery were collected to measure the 

concentration of heavy metals and assess the severity of their exposure to refinery-related 

pollutants. The results showed that the exposure groups had significantly higher concentrations 

of Cr, Cd, Pb, and V than the non-exposed group (Figures 2 and 3; and Table 1). The results 

indicate that the exposed group had markedly higher concentrations of Cr, Cd, Pb, and V than 

the non-exposed group (Figures 2, 3, and Table 1), highlighting the need for immediate 

attention and action. Although Cr and Pb concentrations in the blood of exposed employees 

came within the permissible limits reported by World Health Organization [24], as well as 

studies by Lukman (2015) [34] and Sedik et al. (2021) [35], the concentrations of Cd and V 

exceeded these limits. Heavy metals generate highly reactive substances like free radicals, 

leading to the oxidation of protein sulfhydryl groups, protein depletion, DNA damage, lipid 

peroxidation, and various other effects [36]. In particular, heavy metal-mediated radicals lead 

to various mutagenic DNA modifications, showing the connection between oxidative damage 

and cancer; for example, Ca, Ni, and As inhibit DNA repair. Oxidative damage to DNA 

includes (i) base modifications (by Cr and Ni); (ii) crosslinking (by Ni, Cu, and Fe with 

oxidants); (iii) strand breaks (by Ni, Cd, Ce, and oxidants); and (iv) depurination (by Cu, Cr, 

and Ni) [37]. Therefore, severe health risks could have been created by heavy metal exposure 

at the refinery. 

 

 
Figure 2: Heavy metal concentration in the human blood of the exposed group. 

 

 
Figure 3: Heavy metal concentrations in the human blood of the control group. 
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Table 1: Metals concentration (μg/dl) in exposures and controls blood. 

Element Study groups Mean ± SD 
WHO, 2001 

[24] 

Sedik et al, 

2021 [35] 

Lukman, 

2015 [34] 

Cr 
Exposure 65.27 ± 6.07 200   

Control group 13.20 ± 1.48    

Cd 
Exposure 163.93 ±26.98 70  11.63 

Control group 8.20 ± 0.84   2.03 

Pb 
Exposure 37.33 ± 5.63 40  45.43 

Control group 11.80 ± 1.92   12.08 

V 

Exposure 153.33 ±29.86 0.5*10-6 
0.0009 

 
 

Control group 10.80 ± 0.84  
0.0004 

 
 

 
Figure 4: The mean differences in heavy metals between the two study groups. 

 

     The results correlate with age, showing a slightly higher difference in heavy metal 

concentrations among different age groups (Table 2). The mean differences in heavy metals 

according to the age of exposed employees, including < 30 years, 30-40 years, and ≥ 40 years, 

showed that the ≥ 40 age group had higher levels of heavy metals than other groups.  

The results, when examined by the worker's gender, demonstrated a range of differences in 

heavy metal levels (Table 3). These variations can be best understood in the context of the 

long-term cumulative and synergistic effects of exposure to chemicals and gases, a factor that 

can explain the observed variability [38]. The results indicate that women exposed have slightly 

higher levels of heavy metal pollution and are more likely to experience adverse health effects. 

Previous findings from long-term studies showed that middle-aged women exposed to 

significant heavy metal pollution have a higher incidence of conditions like diabetes [39]. 

Given that many industrial sources have contributed to elevated metal levels over time, there 

is a clear need for rigorous regulatory standards and technological advancements to reduce 

emissions. 

     Workers with a work duration exposure of ≥15 years had greater heavy metals concentration 

than those with less exposure (Table 4). For refinery workers, prolonged exposure due to 

continuous work shifts results in higher intake levels of heavy metals. Our study calculated the 
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intake based on factors such as the concentration of metals in the air, inhalation rates, and 

exposure duration. The findings indicate that longer exposure leads to higher intake and, 

consequently, greater health risks. For example, workers with 30 years of work were found to 

have statistically significant increased health concerns, such as hypertension, cardiovascular 

illnesses, and hepatic insufficiency [40].  

     The distribution of study participants according to smoking habits showed that smokers 

represented 8 participants (40.0%) while non-smokers represented 12 participants (60.0%) of 

the total study sample. The mean differences in heavy metal levels according to smoking habits 

revealed significant differences, with smokers having higher values than non-smokers. Blood 

lead levels, in particular, were greater in the group of smokers, correlating with the average 

number of cigarettes smoked each day [40]. Table 5 demonstrates that smokers in both the 

exposure and control groups had partially higher heavy metal concentrations than non-smokers. 

 

 Table 2: The mean differences (μg/dl) according to the age of workers exposed to heavy 

metals (N=15). 
Study markers Age groups Number Mean ± SD 

Cr 

< 30 years 4 64.00 ± 7.39 

30-40 years 8 64.63 ± 4.87 

≥ 40 years 3 68.67 ± 8.39 

Cd 

< 30 years 4 164.25 ± 6.55 

30-40 years 8 157.00 ± 34.46 

≥ 40 years 3 182.00 ± 13.86 

Pb 

< 30 years 4 37.25 ± 5.56 

30-40 years 8 36.75 ± 5.80 

≥ 40 years 3 39.00 ± 7.21 

V 

< 30 years 4 141.75 ± 15.20 

30-40 years 8 156.75 ± 37.46 

≥ 40 years 3 159.67 ± 24.67 

 

Table 3: The mean differences (μg/dl) of study markers according to the gender of workers 

exposed to heavy metals (N=15). 
Study markers Gender Mean ± SD 

Cr 
Male 64.58 ± 6.36 

Female 68.00 ± 4.58 

Cd 
Male 165.92 ± 22.59 

Female 156.00 ± 46.57 

Pb 
Male 37.08 ± 5.28 

Female 38.33 ± 8.15 

V 
Male 146.58 ± 28.10 

Female 180.33 ± 23.03 

 

Table 4: The mean differences (μg/dl) according to the duration of work (years) among 

workers exposed to heavy metals (N=15). 
Study markers Duration of work Mean ± SD 

Cr 

< 10 years 62.33 ± 8.08 

10-15 years 65.14 ± 5.70 

≥ 15 years 67.20 ± 6.02 

Cd 

< 10 years 162.33 ± 6.51 

10-15 years 167.57 ± 32.02 

≥ 15 years 159.80 ± 30.68 

Pb 

< 10 years 36.67 ± 6.66 

10-15 years 37.14 ± 6.41 

≥ 15 years 38.00 ± 5.10 

V 
< 10 years 139.00 ± 17.35 

10-15 years 156.71 ± 38.27 
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≥ 15 years 157.20 ± 24.08 

 

Table 5: The mean differences (μg/dl) according to smoking habit among workers exposed to 

heavy metals (N=15). 

Study markers Smoking habit Mean ± SD 

Cr 
Smoker 68.60 ± 6.19 

Non-smoker 63.60 ± 5.56 

Cd 
Smoker 165.20 ± 32.34 

Non-smoker 163.30 ± 25.80 

Pb 
Smoker 39.60 ± 5.73 

Non-smoker 36.20 ± 5.51 

V 
Smoker 157.20 ± 17.77 

Non-smoker 151.40 ± 35.13 

 

     Our study shows that employees at the Al-Dora Oil Refinery are subject to significant heavy 

metal exposure, similar to findings from areas near industrial complexes. Just as the 

atmospheric concentrations of lead and cadmium were greater near industrial sites, our 

biological monitoring results indicated that refinery workers had higher concentrations of 

heavy metals, such as Cr, Cd, Pb, and V, compared to non-exposed individuals. According to 

a previous study, People who live close to industrial complexes may be more exposed to 

harmful levels of lead, cadmium, and mercury in their blood and urine. They also noted that 

blood lead levels increased with age, males, and smoking, while urinary cadmium levels were 

higher in females and smokers [41]. Similarly, our study demonstrates that employees at the 

refinery, who are regularly exposed to industrial emissions, exhibit significantly higher levels 

of these metals in their blood. Refinery workers who smoke and those of older age have higher 

levels of heavy metals. Remarkably, female workers at the refinery exhibited higher cadmium 

levels, which could be attributed to biological factors like increased cadmium absorption due 

to iron deficiency, a common condition in women.  

 

5. Conclusion  

     The study revealed that the concentration of heavy metals in the blood of refinery workers 

exceeded the international permissible limits. Exposed workers had significantly higher heavy 

metals levels than the control group. Among the age groups, workers aged 40 and above 

exhibited higher levels of heavy metals than younger workers. There were significant 

differences in metal concentrations based on work duration, with longer exposure associated 

with higher levels of heavy metals. Smokers had significantly higher heavy metal levels 

compared to non-smokers, and there were notable differences in metal concentrations between 

male and female workers, with females showing higher levels in some cases. Our results 

highlight the urgent need for enhanced regulatory standards and technological innovations to 

reduce heavy metal exposure at the Al-Dora Oil Refinery. Such approaches can dramatically 

reduce the health concerns of female refinery workers regarding heavy metal pollution and 

improve public health. 
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