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This study offers significant insights into the potential risks associated 

with oil well workers' exposure to cadmium and heart disease. The 

study comprised two groups of men. Ninety workers in the first group 

were exposed to crude oil well sites in Basra, whereas ninety persons 

in the control group were unexposed. The investigation involved 

measuring cadmium concentrations, high-sensitivity C-reactive 

protein, and selenium levels in the blood of both groups. High-

sensitivity C-reactive protein (hs-CRP) was additionally quantified. 

Levels of cadmium and selenium were evaluated. The main finding 

indicated that blood cadmium concentrations were markedly elevated 

in oil well workers compared to controls (P < 0.0001). The study 

identified a strong association (P < 0.001) between elevated levels of 

high-sensitivity C-reactive protein (hs-CRP) in workers and cadmium 

exposure. High-sensitivity C-reactive protein (hs-CRP) serves as a 

crucial biomarker for inflammation, with elevated levels signifying an 

augmented risk of cardiovascular disease. The blood tests of the 

workers indicated a shortage in selenium (P < 0.0001), underscoring 

the antagonistic interaction between cadmium and selenium. The study 

concludes that cadmium exposure may elevate the risk of 

cardiovascular disease by enhancing inflammation and compromising 

the body's antioxidant defenses.  
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1. Introduction  

     Basrah suffers greatly from pollution due to the expansion of the manufacture and production 

of oil, which has broad negative effects on human health and the environment [1,2]. The exposure 

of the work environment to petroleum products that contain heavy minerals and organic 

compounds can significantly weaken the functions of the various physiological systems of workers 

in places near the production of petroleum [3,4]. Elements classified as heavy metals have atomic 

masses of more than 20 and densities greater than 5 g/cm3  [5]. They are toxic in small amounts 

and are harmful because they accumulate over time [6,7]. One divalent cation linked to 

cardiovascular disease is cadmium. Even at low doses, it can disrupt various biological systems 

and has a half-life of 10 to 30 years [8,9]. Through oxidative processes and elevated levels of 

reactive oxygen species in mitochondria, cadmium can damage vascular tissue, cause vascular 

dysfunction, and promote atherosclerosis. It can also participate in Fenton reactions by indirectly 

displacing endogenous Fenton metals (such as Fe2+) [10].  Because cadmium is mostly maintained 

in smooth muscle cells after being carried across endothelial cells, it can also damage endothelial 

cell integrity and result in cell death. This can lead to lipid buildup and a shift toward 

atherosclerotic [11]. Cadmium absorption in the gut is increased in iron, calcium, or zinc shortages 

because of their chemical similarities in valence +2 [12]. Cadmium displaces important 

biominerals, changing their equilibrium and disrupting biological functions [9]. For instance, zinc 

and cadmium compete with one another for binding sites in metal-absorbing proteins and 

antioxidant enzymes, decreasing their capacity to scavenge free radicals [13]. Cadmium can also 

target the thiol (-SH) groups of cysteines found in proteins. The inactivation of sulfhydryl enzyme 

groups leads to many functional deficits in the nucleus, endoplasmic reticulum, and mitochondria 

[14]. Prolonged exposure to Cadmium increases the opportunity to develop different cancers by 

damaging DNA or changing genetic expression through interactions with basic minerals[15,16]. 

Cardiovascular diseases (CVDs) are the leading cause of death globally, and they are considered 

a significant public health concern [17,18]. Exposure to environmental stressors such as air 

pollution, noise, and climate change raises the risk of noncommunicable diseases (NCDs) in 

addition to the conventional risk factors for cardiovascular disease, which include diabetes, high 

blood pressure, smoking, high cholesterol, and hereditary factors [19]. The liver produces C-

reactive protein (CRP) in response to inflammation in the body and raises the level of this protein 

in the blood [20]. High-sensitivity C-reactive protein (hs-CRP) is a more sensitive type of CRP, 

used to detect lower levels of this protein. High levels of hs-CRP are associated with an increased 
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risk of cardiovascular diseases such as heart attack and stroke [21–23] Along with low-density 

lipoprotein cholesterol (LDL), it is an actual risk factor for CVD [24]. The operation of the immune 

system and the control of inflammation depend on the basic minerals necessary to work properly 

for fungal and immunosuppressive systems. Maintaining a balance between supportive and anti-

inflammatory organizations and defense systems is important. The deficit may disrupt the 

continuous regulation of inflammation or temporarily reduce immune efficiency [25].  Selenium 

(Se) is a trace element vital to the body in metabolic processes and protection from oxidative stress. 

Selenium deficiency can lead to cardiovascular diseases such as myocardial infarction, heart 

failure, coronary heart disease, and atherosclerosis. Proteins require selenium, which is also 

involved in calcium efflux, parathyroid hormone metabolism, and redox regulation  [26–28]. It is 

essential for the glutathione peroxidase system and may reduce cancer risk by decreasing lipid 

peroxidation [29,30].     This study investigates the role of inflammation in the development of 

cardiovascular disease by assessing the predictive ability of inflammatory biomarkers, such as 

raised levels of high-sensitivity C-reactive protein brought on by occupational cadmium exposure. 

Another investigation examined the impact of cadmium levels on low selenium levels at oil well 

locations. 

 2. Materials and Method 

2.1. Study Design 

The study involved two groups of participants. The first group comprised ninety workers 

exposed to working conditions at crude oil well sites in Basrah. Each worker had at least two years 

of experience working near oil wells and worked eight hours a day, five days a week. The second 

group was not exposed to these conditions (control group). 

2.2 Questionnaire   

Participants’ demographic information (age and gender), personal lifestyle (drinking and 

smoking), work history, exposure duration (number of years of work and hours of work per 

day), and health status (genetic disorders, drugs consumed, other blood disorders such as 

diabetes, kidney disease, and hypertension) were requested using a questionnaire. At 9:00 a.m., 

data collection began 

2.3 Sample Collection  

The study protocol was approved by the Research Ethics Committee of Basra Oil Company, 

after which all participants in the study provided written informed consent. Five milliliters of blood 
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were drawn from each participant by venous infusion and transferred into two tubes. Blood 

samples were obtained and stored in a humidified ice box until measured. This was on the same 

day that the samples were measured. Each laboratory task was completed in a designated analytical 

laboratory. Cadmium and selenium were measured in two milliliters of venous blood in a tube 

filled with EDTA (diethylenediamine tetraacetate). 

2.4 Dеtеrmіnаtіоn of Cadmium and Selenium 

Cadmium and selenium levels were determined using inductively coupled plasma optical 

emission spectroscopy (ICP-OES- HORIBA Scientifical, JY2000-2, France). To evaluate the 

levels of cadmium and selenium at wavelengths of 226.502 and 196.025 nm, respectively. The 

amounts of cadmium and selenium were multiplied by a dilution factor, and the standard curve 

was extrapolated. 

2.5 Biomarker analysis of high-sensitivity C-reactive protein (hs-CRP) 

    Wondfo Finecare Plus (models FS-112, FS-113, FS-205) in China was used to test serum hs-

CRP levels according to the manufacturer's instructions. A fluorescence immunoassay was used 

to measure serum hs-CRP levels in the laboratory. High-sensitivity C-reactive protein (hs-CRP) 

testing is a robust and reliable method for predicting the risk of atherosclerosis and cardiovascular 

disease (CVD) and identifying infections and inflammations. 

2.6 Statistical analysis 

     Data analysis was carried out using the available statistical package of IBM SPSS-22 (IBM 

Statistical Packages for Social Sciences, version 22, Chicago, IL, USA). Current study data were 

analyzed using the Chi-square test or Fisher exact probability (F.E.P.) test to compare percentages 

(qualitative data). The T-test was used to compare two numeric variables. Pearson Correlation: to 

examine the degree of relation between variables. The correlation coefficient value (r) is either 

positive (direct correlation) or negative (inverse correlation). The sensitivity and specificity of the 

parameters studied were evaluated using a receiver operating characteristic (ROC) curve.  The 

comparison of significance (p-value) in any test was considered as follows: 

• P-value greater than 0.05 (P>0.05) was non-statistically significant (NS). 

• P-value of less than 0.05 (P<0.05) was statistically significant (S). 

• P-value of less than 0.01 (P<0.01) was highly statistically significant (HS). 
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3. Results and discussion  

3.1 Study demographics  

      Table 1 contains the demographic information of the exposed workers who worked at crude 

oil well sites in Basrah City and the non-exposed workers (control group). The workers' ages 

ranged from 23 to 55 years; the mean value was 41.44 ± 1.07. The second group included 90 

unexposed individuals (students and faculty members). Their ages ranged from 21 to 54 years; the 

mean value was 41.93 ± 1.05. 

Demographics of the study: 1 Table 

Demographics Exposed workers  Nonexposed control  

Age 41.44 ± 1.07 (55–23) 41.93 ± 1.05 (54–21) 

Smoking 42 (46.6 %) 40 (44.4 %) 

Number 90 90 

 

3.2 Chronic Diseases 

     Table 2 shows the chronic diseases in this study's exposed workers and nonexposed control 

groups. The workers showed higher rates of diabetes, hypertension, allergies, and heart disease 

compared to the control group with a significant difference (P<0.001). 
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Table 2:  Chronic diseases in both groups studied 

 

3.3 Comparison between exposed workers in oil sites and an unexposed control sample in 

cadmium concentration and high-sensitivity C-reactive protein (hs-CRP):  

The results in Table 3 showed that the presence of Cadmium (ng/ml) in the blood of workers 

exposed to high concentrations was greater than that in the unexposed control group, with a mean 

value of (85.8 ± 0.83 vs. 43.7 ± 3.07), respectively. These differences were statistically highly 

significant (P ≤ 0.0001), and Selenium (ng/ml) (1462.27 ± 20.00 vs. 1650.57 ± 19.25) and (P ≤ 

0.0001). The results also documented the presence of hs-CRP in workers' blood at higher 

concentrations compared to unexposed control (2.14 ± 0.26 vs. 0.49 ± 0.07), respectively. (P ≤ 

0.001), however, the data revealed a significant difference in the mean hs-CRP value between the 

two groups. 

 

 

 

 

 

Demographic 

Picture 
Status 

Exposed  

Workers 

n=90 

Non-exposed 

Control 

n =90 

 

Chronic Diseases 

  

None  22 85 

Chi-square =31.7 

P-value= 0.001 

DM  26 2 

Hypertension  17 3 

Heart disease  13 None 

Allergy  12 None 

http://creativecommons.org/licenses/by-nc/4.0/


500-488) (2024)3Bas J Sci 42(                                                                                           N.J Kadam et al. 

494 
 

                     This article is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0 license) 

).nc/4.0/-http://creativecommons.org/licenses/by( 

Table 3: Comparative the mean values of Cd(ng/ml), Se(ng/ml), and hs-CRP (mg/ml) 

between Exposed workers n=90 and Nonexposed control (n=90)  
 

 

P is significant statistics at level < 0.05. 

Data are reported as mean ± standard deviation 

 

 

3.4 Correlation Assessment between hs-CRP and (Cd & Se): 

     The following metrics showed a substantial association with one another, according to our 

evaluation of the interdependence of the laboratory values: Table 4 illustrates the significant 

inverse link between hs-CRP and Se (r = - 0.193**, P = 0.01) and the positive correlation 

between hs-CRP and Cd hazardous ions (r = 0.04, P = 0.56). 

Table 4: Correlation Assessment between hs-CRP and (Cd& Se) 
 

 

 
tailed).-Correlation is significant at the 0.01 level (2** 

tailed).-Correlation is significant at the 0.05 level (2* 

 

 

3.4. Correlation Assessment between Se and Cd: 

    The most important relationship to focus on is between Se and Cd. Data analysis revealed a strong 

inverse relationship between Se and Cd (r = - 0.417**, P = 0.00), as shown in Table 5. 

Group Cd(ng/ml) Se(ng/ml) hs-CRP (mg/L) 

Exposed workers 85.8 ± 0.83 1462.2± 20.00 2.14± 0.26 

Nonexposed control 43.7± 3.07 1650.5± 19.25 0.49± 0.07 

P-value ≤ 0.0001 ≤ 0.0001 ≤0.001 

 Cd(ng/ml) Se(ng/ml) 

 

hs-CRP (mg/L) 

     Pearson Correlation **0.33 **0.193- 

P-value 0.000 0.01 

http://creativecommons.org/licenses/by-nc/4.0/


500-488) (2024)3Bas J Sci 42(                                                                                           N.J Kadam et al. 

495 
 

                     This article is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0 license) 

).nc/4.0/-http://creativecommons.org/licenses/by( 

Table 5: Correlation Assessment between Se and Cd 

 

 
4. Discussion 

The current research included a clinical study to determine the levels of cadmium emitted from 

crude oil wells in the blood of oil workers. It also aimed to investigate the relationship between 

high levels of high-sensitivity C-reactive protein (hs-CRP) and low levels of selenium and their 

potential effects on cardiovascular diseases. The clinical results showed that the blood levels of 

cadmium in oil workers were higher than those in the control group. Moreover, the results revealed 

lower levels of selenium and increased levels of high-sensitivity C-reactive protein, indicating the 

presence of oxidative stress and endogenous oxidative imbalances. Oxidative stress is a cellular 

response resulting from an imbalance in the redox system, which activates pathways important for 

cell survival. The imbalance stimulates pathways that determine cell survival. It increases the risk 

of cancer, neurological conditions, diabetes, infertility, developmental disorders, kidney failure, 

and cardiovascular diseases [31].  Heavy metal toxicity works through many similar mechanisms, 

such as ROS production, impaired antioxidant defense, enzyme inactivation, and multiple organ 

toxicity. Heavy metals are known to inhibit the enzyme glutathione peroxidase. However, some 

metals have a specific mechanism that enables them to bind to a particular protein. Heavy metals 

mostly affect thyroid and steroid hormones in humans, which can disrupt the endocrine system. 

Cadmium is known to cause thyroid toxicity. Cadmium exposure induces inflammation of the 

central nervous system, leading to neurotoxicity due to its effect on proinflammatory cytokines. 

Cadmium also has a toxic impact on the liver and blood, damaging the kidneys and respiratory 

system [14]. Heavy metals can interfere with cellular processes such as growth, proliferation, 

differentiation, damage healing, and apoptosis. High-sensitivity C-reactive protein (CRP) is 

associated with the formation of atherosclerotic plaques. Together with low-density lipoprotein 

(LDL) cholesterol, it is a major risk factor for cardiovascular disease [23,24,32]. 

 Cd(ng/ml) 

 

)ng/mlSe( 

Pearson Correlation **0.417- 

P-value 0.000 
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    Lifestyle factors, including diet, smoking, lack of physical activity, and sleep deprivation, 

significantly influence the development of atherosclerosis [33]. Environmental factors such as high 

temperatures also affect the concentration of pollutants in oil work sites in southern Iraq [1]. To 

prevent occupational hazards in the oil industry, it is essential to implement safety protocols and 

training programs for workers. Strategies like hazard assessment, emergency plans, personal 

protective equipment provision, ongoing training, routine equipment maintenance, accident 

investigations, adequate ventilation, and routine medical examinations should be implemented. 

These measures aim to reduce exposure to harmful substances and improve worker health and 

safety. Comprehensive accident investigations are also necessary to identify causes and take 

corrective measures. This shared responsibility between workers and company management 

ensures a safer working environment. 

5. Conclusions 

    The study suggests that cadmium exposure may increase cardiovascular disease risk by 

promoting inflammation and disrupting the body’s antioxidant defenses. This highlights the 

importance of environmental factors in cardiovascular health. 

The main findings were: 

- Occupational exposure to cadmium (Cd) and cardiovascular disease risk. 

- Elevated levels of high-sensitivity C-reactive protein: The study found a direct relationship 

between increased levels of high-sensitivity C-reactive protein (a marker of inflammation) and 

cadmium exposure. This suggests that cadmium exposure may contribute to the development 

of cardiovascular disease by promoting inflammation. 

- Inflammation and cardiovascular disease: Chronic inflammation is a well-established risk 

factor for cardiovascular disease, including atherosclerosis, heart attack, and stroke. 

- Antagonism between cadmium and selenium. 

Antioxidant defense: Selenium (Se) is crucial in the body’s antioxidant defense system. The study 

highlights the antagonistic interaction between cadmium and selenium, suggesting that cadmium 

may interfere with the body’s ability to protect itself from oxidative stress. 

- Oxidative stress and cardiovascular disease: Studies have linked the development of 

cardiovascular disease to oxidative stress, an imbalance between free radicals and antioxidants.  

The study calls for more research to understand the complex mechanisms by which exposure to 

petroleum emissions (and other environmental pollutants) can lead to inflammation, oxidative 

stress, and cardiovascular disease. 
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أمراض  ويخفض مستويات السيلينيوم مما يسبب  ، لتهابالايؤدي التعرض المهني للكادميوم إلى زيادة 

 والأوعية الدموية  القلب

 نغم جواد كاظم1، ناظم عبد النبي عواد 2، سعد شاهين حمادي3

 قسم الكيمياء ، ، كلية العلومالبصرةجامعة  (1,2)

 تربية البصرةوزارة التربية العراقية، مديرية   (1)  

 كلية الطب، الطب الباطني،  جامعة البصرة (3)

  المستخلص 

، وشارك فيها مجموعتان من النفط الخامابار  التأثيرات الصحية للتعرض للمعادن الثقيلة للكادميوم في مواقع    تناولت الدراسة 

وهدف هذا البحث إلى فهم المخاطر   .هيئة تدريسطالباً جامعياً وأعضاء    90عاملاً في آبار النفط في البصرة و  90الذكور:  

المحتملة الدم، وهو مؤشر حيوي   .الصحية  الحساسية في  التفاعلي عالي  البروتين  العلاقة بين مستويات  الدراسة في  وتبحث 

كما بحثت في الدور الذي يلعبه الكادميوم في تقليل   .مرتبط بالالتهاب ومخاطر القلب والأوعية الدموية، والتعرض للكادميوم

والبروتين التفاعلي عالي   (P ≤ 0.0001) وأظهرت النتائج أن دم العمال يحتوي على مستويات أعلى من الكادميوم .السيلينيوم

كما كشفت عينات دم الموظف عن انخفاض كبير في   .من تلك الموجودة في المجموعة الضابطة ( P ≤ 0.001) الحساسية

النتائج أن زيادة مستويات البروتين التفاعلي سي عالي الحساسية بسبب التعرض للكادميوم   تكشف   .(P ≤ 0.0001) السيلينيوم

تزيد من خطر الإصابة بأمراض القلب والأوعية الدموية وتسلط الضوء على التفاعل المضاد بين الكادميوم والسيلينيوم، حيث  

 .أن السيلينيوم ضروري كمضاد للأكسدة
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