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Abstract   

Asthma has recently become more prevalent among cement workers, primarily 

due to their exposure to air pollutants, especially in factories where protective 

measures are insufficient. Asthma is a chronic chest disease that affects the lungs, by 

causing the airways which carry air to and from the lungs' tighten, creating breathing 

difficulties.  This study aimed to assess the impact of air pollutants from cement 

plants on workers with asthma in the Badoush area. Several blood components were 

assessed, including hemoglobin concentration (Hb), packed cell volume (PCV%), 

platelet count (PLTs), white blood cell count (WBCs), and red blood cell count 

(RBCs). Additionally, kidney and liver functions, oxidative status, and antioxidant 

levels were evaluated. The study was conducted on workers employed at the cement 

production plants with asthma in the Badoush area, during the period from August to 

December 2023. It included 40 asthmatic workers with disease durations ranging 

from 1 to 10 years, along with a control group of 40 with the same ages ranging 

from 35-55 years. Results indicated that there was a rise in oxidative stress state in 

cement workers with asthma, and a decrease in the number of RBCs, WBCs, Hb 

concentration, and PCV% compared to the control group. The results also showed 

elevated levels of urea and creatinine, along with increased activities of the enzymes 

CA, AST, ALT, and ALP in cement workers with asthma. Additionally, an 

enhanced oxidative stress was observed in these workers, characterized by decreased  

antioxidant levels and a rise in oxidant levels in comparison to the control group. 

Overall, there is a clear effect of cement pollutants on cement workers with asthma, 

which leads to an increase the anaemia and affects the functions of the kidneys and 

liver with an increase in oxidative stress among them, which requires sick workers 

to take more precautions than other workers who do not suffer from asthma. 
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  الخلاصة 

ا  لااو تعروااهم لملو ااا  الهااواء، وياصااة     ازداد انتشااار الر ااو ماابير ا ااايلأ مماااو اوداامن ، وسعااود  لااض مداداا 
في المصانع التي لا تتوفر فيها  جراءا  وقائية كافية. الر و مرض صدري ماانملأ يصااير الاارئتيلأ،    ييساابر واايق ا 
في الممرا  الهوائية التي تحمل الهواء ملأ وإلو الرئتيلأ، مما ييسبر صعو ا  في التاان. . فاادف  فاارا الدرادااة  لااو 
تقييم تأ ير ملو ا  الهااواء ماالأ مصااانع اوداامن  ملااو العماااو المصاااايلأ ةااالر و فااي منمقااة ةااادو . تاام تقياايم العد ااد 

(، ومااادد PCV%(، وحجااام ي ياااا الااادم المرصوصاااة   Hbمااالأ ماوناااا  الااادم، ةماااا فاااي  لاااض تركيااان الهيموكلاااو يلأ   
(. ةالإوااافة RBCs(، وماادد ي يااا الاادم الحماار   WBCs(، وماادد ي يااا الاادم البااي    PLTsالصاا.ائا الدموسااة   

 لااو  لااض، تاام تقياايم ولااائل الكلااو والكبااد، والحالااة التأكساادية، ومسااتوسا  م ااادا  اوكسااد . ميجرساا  الدرادااة ملااو 
العماااو المصاااايلأ ةااالر و فااي مصااانع  نتااام اوداامن  فااي منمقااة ةااادو ، ياا و ال.تاار  ماالأ ا  الااو كااانو  الاوو 

مااام   مصاااةا  ةااالر و، تتااراوض مااد  مروااهم ااايلأ داانة الااو مشاار  داانوا ، ةالإوااافة  لااو  40شاامل  الدرادااة  . 2023
ماما . مشار  النتائج  لو ارت.اااف فااي حالااة الإجهاااد  55و 35مام  ، تتراوض مممارفم ايلأ   40مجمومة ديمر  ت م  

التأكساادي لاادا مماااو اوداامن  المصاااايلأ ةااالر و، وانك.اااض فااي ماادد كرسااا  الاادم الحماار، وكرسااا  الاادم البااي ، 
وتركيااان الهيموكلاااو يلأ، ونساااية حجااام كرساااا  الااادم المرصوصاااة مقارناااة  ةالمجموماااة ال ااااةمة. كماااا ملهااار  النتاااائج 

لاادا  ALPو ALTو ASTو CAارت.اما  في مستوسا  اليورسا والكرساااتينيلأ،  لااو جاناار زساااد  فااي نشااا   ننسمااا  
ةالإوااافة  لااو  لااض، لااوحٌ ارت.ااافد فااي الإجهاااد التأكساادي لاادا فاابلاء العماااو،  مماااو اوداامن  المصاااايلأ ةااالر و. 

والاااري اتسااام ةانك.ااااض مساااتوسا  م اااادا  اوكساااد  وارت.ااااف مساااتوسا  المبكسااادا  مقارناااة  ةالمجموماااة السااايمر . 
و شااالع مااام، فنااار تااأ يرد واواااد لملو ااا  اوداامن  ملااو مماااو اوداامن  المصاااايلأ ةااالر و، ممااا  اابدي  لااو زساااد  
فقاار الاادم وسااب ر ملااو ولااائل الكلااو والكبااد مااع زساااد  الإجهاااد التأكساادي لااد هم، ممااا  تملاار ماالأ العماااو المروااو 

 اتكا  احتياطا ع مكثر ملأ غيرفم ملأ العماو غير المصاايلأ ةالر و. 
 

1. Introduction 
Asthma is a complex disorder shaped by genetic predisposition and environmental 

factors, particularly during early life, within a multifaceted exposure framework [1-3]. The 

respiratory system is impacted by outdoor pollution from sources such as heating, industry, 

traffic, and energy generation, either directly or indirectly through their function as precursors 

of other polluting particles [4,5]. 

The cement industry is among the sectors that contribute significantly air pollution and 

adverse human health effects[6]. Air pollution, diesel exhaust particles (DEP), traffic-related 

air pollutants (TRAPs), ozone (O3), nitrogen dioxide (NO2) and sulfur dioxide (SO2) can 

increase mucosal membrane permeability, facilitate allergen penetration, and enhance 

immune system cell contact[7,8]. The human hemopoietic system is the ideal indication in 

toxicological studies because it is known to be extremely sensitive to environmental impacts 

and destruction of cells with consequent heavy metabolic demands [9,10] . 

Among the studies in this area, the research by Aslam et al., (2023) investigated the 

relationship between asthma, socioeconomic status, demographics, and air pollution[11]. 

Questionnaires were administered to four age groups—15–25, 25–45, 45–60, and over 60, at 

public and private hospitals in Lahore. Concurrently, daily average concentrations of five air 

pollutants: carbon monoxide (CO), NO2, SO2, O3, and particulate matter (PM2.5 and PM10) 

were recorded from ten permanent air monitoring stations across Lahore city. Throughout the 

course of the study, there were positive correlations found between the percentage of asthma 

visits to the outpatient department (OPD) (64%) and the outdoor air quality throughout the 

winter months. When 1, 29, and 370 asthma patients average daily air pollution levels were 

correlated, it was discovered that women were more likely than men to have asthma (53%) 

[11]. As the study of Zhou and his group (2024) showed that Chinese preschoolers' prolonged 

exposure to PM2.5 was linked to an increased risk of asthma; the children in this survey who 

lived in suburban or rural areas were significantly more vulnerable to PM2.5 exposure[12] . 
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Whereas Sepehri et al (2024) studied the effect of air pollution, sulfur dioxide and ozone on 

oxidative stress parameters, liver histopathology, and expression of some cancer-related 

genes in liver tissues of rats[13].  

The aim of this research was to investigate the effects of contaminants emitted by the cement 

labs in Badoush region (Badoush Cement Expansion Plant, Badoush New Cement Plant) on 

workers with asthmatic workers. The study focused on evaluating the impact of these 

pollutants on selected blood components and several biochemical variables in serum, and 

studying the extent of oxidative stress events due to exposure of workers to these 

contaminants and compared to the health group. 

 

2. Experimental: 

2.1. Materials and Methods 

This study was carried out at the Badoush Expansion Factory and Badoush New 

Factory, both part of the State Company for Northern Cement Industry. Located 

approximately 25 km north of Mosul city in Hamidat District, the cement production facility 

was divided into five study sites: the Management Unit, Crusher Unit, Material Mills Unit, 

Furnace Unit, and Cement Packaging Unit. 

Sample collection: During study, blood samples were collected from the beginning of August 

until the end of December 2023, from male workers working in cement production plants, 

including workers with asthma (40) who were exposed to air pollutants resulting from the 

cement industry (Suspended particles, carbon oxides, sulfur oxides, and nitrogen oxides) they 

were diagnosed by recording their health information as well as by specialist doctors in the 

health center affiliated with the cement plants (Workers with a history of chronic diseases not 

related to asthma—such as diabetes or cardiovascular disorders—as well as smokers were 

excluded), and compared with (40) blood samples from healthy people(as a control group not 

working in the factory) who were not reported to have respiratory diseases and were of the 

same age as the workers themselves from the Central Blood Bank and were counted as a 

control group. 

Venous blood samples (5–6 ml) were collected from each participant in both the workers’ 

group and the control group. The blood was divided into two portions according to the type 

of examination: The first portions 1 ml of blood was placed in plastic tubes containing an 

anticoagulant type ethylene diamine tetra acetic acid(EDTA), and this part of the blood was 

used for the purpose of conducting a complete blood count (CBC). The remaining 4–5 ml of 

blood was placed in Jell tubes with tight, dry covers, free of any anticoagulant. The tubes 

were left for 20 minutes at room temperature, then the blood was separated using a centrifuge 

for 15 minutes at a speed of 3000 xg, in order to obtain blood serum. It was drawn using a 

micropipette, divided into parts and placed in dry, sterile plastic Eppendorf tubes, and the 

serum was stored in a deep freezer at (-20)°C until all the tests required in the current study 

were performed. 

 

Biochemical tests  

The biochemical tests were included (White blood cells count (WBCs), red blood 

cells (RBCs) count, concentration of hemoglobin (Hb), packed cell volume (PCV%), platelet 

count (PLTs) using a Sysmix coulter  (Sysmex Corporation/Japanese), Principles of 

measurement Blood is sampled and diluted, and moves through a tube thin enough that cells 

pass by one at a time. Cell characteristics are analyzed using either laser-based fluorescence 

flow cytometry or electrical impedance measurements. The kidney and liver functions (Urea, 

Creatinine, Albumin, Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), 

Alkaline phosphatase (ALP) using a  FUJI NX500 device (Fujifilm, Japan) were estimated. 

The Carbonic anhydrase (CA) level was evaluated by using Enzyme – Linked 
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Immunosorbent Assay (ELISA) from Bioassy Technology Laboratory (BTLAB)/ China (Ref. 

123456) according to manufacturer's steps. Also, the assessment of antioxidant status was 

determined by measuring the concentration of glutathione (GSH) [14], Malondialdehyde 

(MDA) [15], Peroxynitrate (ONOO-) [16] in the serum of the blood using a 

spectrophotometer. 

 

2.2. Statistical analysis 

The SPSS (Statistical Package for the Social Sciences, version 24) was used to 

perform the statistical analysis. The data were presented as mean ± standard deviation (mean 

±SD). To compare the groups, a Completely Randomised Design (C.R.D.) test was 

performed, and a p-value of ≤ 0.05 was considered as the significance level. 

 
3. Results and discussion 

3.1. The impact of cement pollutants on several blood components: 

Table 1 shows the effect of cement pollutants on the blood components of cement factory 

workers with asthma compared to the control group. 
 

Table 1: Comparison of blood components between cement workers with asthma and the 

control group. 
 

p 

 value 

Group of workers suffering 

from asthma Control group 
Blood components 

SD Mean SD Mean 

0.041* 0.80 8.58 0.12 9.12 WBC (×10
3
/L) 

0.038* 0.15 3.76 0.21 5.11 RBCs(×10
6
 /L) 

0.027* 0.69 13.64 0.12 15.24 Hb (gm/dL) 

0.041* 2.08 41.28 3.23 51.68 PCV % 

0.001* 12.78 316.0 9.14 189.2 PLTs(×103/L) 

* There are significant differences between the two groups at p ≤0.05. 

 

As presented in Table 1, the asthma worker group exhibited a significant decrease (p ≤ 0.05) 

in white blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), and packed cell volume 

(PCV) levels, along with a significant increase in platelet (PLT) levels compared with control 

group. 

The respiratory irritation and worsening of conditions such as asthma in cement workers are 

attributed to pollutants generated during various stages of cement production, including dust, 

carbon oxides, sulfur oxides, and nitrogen oxides. These pollutants provoke the airways and 

make respiratory conditions worse especially asthma, and is associated with an inflammatory 

mechanism. According to the multipollutant model, NO2 is negatively related to white blood 

cell count. This result is in line with earlier studies[17]. Due to human hemoglobin's stronger 

affinity for carbon monoxide than for oxygen, NO2 can lead to loss of hemoglobin and reduce 

the amount of oxygen reaching the tissues[18]. 

The mouth, nose, skin, and digestive tract are among the entry points for air pollutants into 

the bloodstream. The premature breakdown of red blood cell membranes is known as 

hemolysis. The lifespan of RBCs may be shorter due to the alteration of their metabolism. All 

of these adverse effects can cause anemia, jaundice, and other diseases such as asthma. The 

absorption of mineral components on particles can lead to hemolysis[19]. This leads to high 

levels of IL-33 in the plasma of asthmatic patients during hemolysis, and RBCs are one of the 

major sources of IL-33 in plasma[20]. The decrease in Hb and PCV concentrations was due 

to a decrease in RBC concentration as a result of inflammation, as inflammatory processes 

lead to the release of cytokines, which inhibit the formation of RBCs in the bone marrow 



Rasheed et.al.                                          Iraqi Journal of Science, 2026, Vol. 67, No. 7, pp: 3690-3699             

 

3694 

[21], since the study's findings concurred with those of the two researchers[22,23]. In 

addition, asthma patients may suffer from malnutrition, such as a deficiency of iron, vitamin 

B12 (Cobalamin), and folic acid (vitamin B9), as anemia resulting from iron deficiency 

reduces the blood's ability to carry oxygen, which may lead to symptoms of shortness of 

breath and poor treatment[24]. While the PLT count in the workers with asthma                      

(316 × 10³/L) was significantly higher compared to the controls (p < 0.05), the high PLT 

count and low RBC count were a result of exposure to air pollution compared to the control 

group. This study also indicated that the increased platelet count was a result of the body's 

exposure to oxidative stress [25]. 

 

3.2. The impact of cement pollutants on liver and kidney functions: 
According to the results in Table 2, there were statistically significant increases (p≤0.05) 

in CA, AST, ALP, urea and creatinine in the workers with asthma compared to the control 

group, with a significant decrease in ALT. 

 
Table-2 Comparison of enzyme levels (CA, AST, ALT, ALP), urea and creatinine between cement 

workers with asthma and the control group . 
 

p 

 value 
Group of workers suffering 

from asthma Control group 
Blood components 

SD Mean SD Mean 

0.036 9.47 101.25 2.3 78.99 CA (Pg/L) 

0.040 2.97 28.40 0.99 23.12 AST (U/L) 

0.042 1.95 23.80 1.44 .5628  ALT (U/L) 

0.038 2.014 90.60 2.89 68.35 ALP (U/L) 

0.0001 3.41 31.42 1.57 21.34 Urea (mg/dL) 
0.027 0.091 0.92 0.064 0.687 Creatinine(mg/dL) 

* There are significant differences between the two groups at p ≤0.05. 

 

The results indicate that serum urea and creatinine levels were elevated in dust-exposed 

workers, were higher than in the controls (p < 0.05), likely reflecting reduced kidney function 

as a result of pollutant exposure. This may be attributed to a reduced glomerular filtration 

rate, which impedes the excretion of metabolic waste products [26]. Both diseases (asthma 

and altered kidney function) often lead to the creation of autoantibodies within the body, 

which may target self-tissues or organs[27]. Specifically, distinct immune cell populations - 

including natural killer (NK) cells, T cells, B cells, and monocytes - contribute significantly 

to the pathogenesis of both diseases [28]. Studies have demonstrated that immune complex 

deposition can cause glomeruli to become inflamed and damaged, which can result in 

glomerulonephritis[29].  

It also recorded a significant rise of enzyme: CA at a rate of 101.25pg/L and AST (28.40 

U/L) and ALP (90.60 U/L), besides of a slight decrease in ALT (23.80 U/L). The elevated 

CA level is due to its elevation in the cells lining the pulmonary blood vessels, such as the 

epithelial tissue in the alveoli, due to exposure to various air pollutants. The respiratory 

system is the only system in the body that is in contact with air in the peripheral environment 

[30]. In our study, CA III level was significantly higher in the asthma group compared to the 

control group. The enzyme CA, which is present in red blood cells and the lining of the lungs, 

helps the lungs expel carbon dioxide. As the condition worsens, gas transfer of carbon 

dioxide and oxygen generally gets worse. Decreased ventilation may also be the result of 

increased dead space ventilation or decreased respiratory drive. Hypoxemia and carbon 

dioxide retention could result from this[31]. Severe asthma is characterized by hypercapnic 

respiratory collapse. When patients with severe acute and chronic lung disorders, including 
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asthma, have poor alveolar gas exchange, they may experience hypercapnia, an elevation in 

the arterial carbon dioxide (CO2) tension[32].  

There was also a significant increase in the activities of AST and ALP enzymes in the blood 

of individuals exposed to cement dust. Cement dust contains components such as free silica, 

alumina, and heavy metal oxides. Chronic exposure to these substances can lead to chronic 

toxic effects on the liver. However, rather than causing elevated ALT levels as is common in 

acute cases, prolonged exposure may lead to hepatocellular inhibition or chronic damage 

resulting in decreased activity of liver enzymes, including ALT, Cement workers may suffer 

from nutritional or micronutrient deficiencies, such as vitamin B6 (pyridoxine), which is 

essential for ALT activity. A deficiency of this vitamin can lead to decreased ALT activity in 

the blood[33, 34]. 

 

3.3. The impact of cement pollutants on oxidants and antioxidants: 

Table 3 lists the results of oxidative stress parameters such as: GSH, MDA, ONOO⁻, 
and Albumin in workers with asthma and the control group. Several authors have discovered 

evidence linking asthma to increased oxidative stress in the airways, as demonstrated by the 

presence of increased oxidative biomarkers[35]. 

The results revealed that there was a significant decrease in the levels of GSH and ONOO-, 

while a significant increase in MDA level in workers with asthma as compared to the control 

group at p≤0.05. Moreover, there were no significant differences in the asthma workers than 

the controls regarding the Albumin level, as presented in Table 3. 

 
Table 3 : Comparison of GSH, MDA, ONOO- and albumin levels between cement workers with 

asthma and the control group. 

p 

value 

Group of workers suffering 

from asthma Control group 
Blood components 

SD Mean SD Mean 

0.002* 3.46 5.50 0.78 12.12 GSH(μmol/L) 
0.013* 0.810 6.70 0.12 3.17 MDA(μmol/L) 

0.0014* 13.01 105.5 2.12 53.27 ONOO-(μmol/L) 

0.084 0.22 3.90 0.32 4.45 Albumin(gm/dL) 

* There are significant differences between the two groups at  p ≤0.05. 

 

Endogenous reactive oxygen species are produced upon exposure to a variety of air 

pollutants and can lead to oxidative damage in the lungs. Detoxification is a key line 

of defence against hazardous environmental exposures. In the lungs, Glutathione S-

Transferases have an important protective antioxidant function that subsequently 

regains inflammatory responses[36]. Antioxidant enzymes are present in the lungs 

to handle the continuous exposure to various oxidants. These enzymes include 

superoxide dismutase and glutathione peroxidase; reduced activity or dysfunction of 

typical antioxidant enzyme defences can be recognized in asthmatic airways. It was 

observed that workers with asthma had lower levels of glutathione compared to the 

control group. This may be due to a defect in the key enzymes involved in 

glutathione synthesis[37]. Low glutathione levels may impair the ability to remove 

toxins and reactive oxygen species [38]. 

While it recorded a noteworthy increase in the level of MDA, at a rate (6.70 μmol/L), 

ONOO- at a rate (105.5 μmol/L). The reason is thought to be that the imbalance between 

oxidants and antioxidants in the development of the disease is associated with airway 

obstruction, while MDA is an index of lipid peroxidation used to assess lipid peroxidation 

due to increased oxidative stress [39, 40]. Elevated fraction of exhaled nitric oxide (FeNO) 

levels serve as a biomarker for both airway hyperresponsiveness and eosinophilic 
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inflammation, demonstrating a significant association with disease severity [41]. As noted, 

low serum albumin level, even if it is not significantly, at a rate (3.90 gm/dL), may be a 

clinical sign of malnourishment, leading to respiratory muscle weakness and decreased lung 

function and increased oxidative stress in cement workers with asthma [42,43]. 

 
Conclusion 

The study concluded that exposure to cement pollutants has a significant impact on 

cement workers with asthma, contributing to alterations in blood parameters indicative of 

anemia and impairing kidney, heart, and liver functions. Additionally, these workers 

exhibited elevated oxidative stress levels. These findings underscore the need for asthmatic 

workers to adopt enhanced protective measures compared to non-asthmatic colleagues. 

 

Ethical Clearance 

Ethical approval was obtained by the ethical committee at the College of Science/ 

University of Mosul. 

 

Interest Discrepancies 

This work is free from any conflicts of interest. 

 

Acknowledgements 

We are grateful to all the staff in the College of Science/University of Mosul for their 

tremendous help. 

 

References 

[1]  I. Agache, C. Canelo-Aybar, I. Annesi-Maesano, et al. “The impact of indoor pollution on 

asthma-related outcomes: A systematic review for the EAACI guidelines on environmental 

science for allergic diseases and asthma”. Allergy, vol.79, no.7, pp.1761-1788, 2024. 

doi:10.1111/all.16051  

[2]   Y. Zhang, X. Du, Y. Yang, Y. Ren, L. Zhou, J. Hua and H. Wang, “A multi-omics and 

mediation-based genetic screening approach identifies STX4 as a key link between epigenetic 

regulation, immune cells, and childhood asthma”, Clinical Epigenetics, vol. 17, no. 1, p. 101, 

2025, doi: 10.1186/s13148-025-01908-x 

[3]  O. A. Al-Kado and L. A. Al-Helaly “Study of the midkine level and its correlation with toxic and 

essential metals in patients with atherosclerosis” Egyptian Journal of Chemistry, vol. 66, no. 5, 

pp.161-167. doi: 10.21608/ejchem.2022.148718.6427 

[4]  A. Papi, C. Brightling, S. E. Pedersen, and H. K.Reddel. “Pathogenesis of asthma”. Lancet, vol. 

391, pp. 783-800, 2018. https://doi.org/10.1016/S0140-6736(17)33311-1  

[5]  P. E. Pfeffer, I. S. Mudway, and J. Grigg “Air pollution and asthma: mechanisms of harm and 

considerations for clinical interventions”.  Journal Chest, vol.159, no.4, 1346-1355, 2021. doi: 

10.1016/j.chest.2020.10.053.  
[6]  M. M. Hason, A. O. Al-Sulttani, I. S. Abbood, & A. N. Hanoon “Emissions investigating of 

carbon dioxide generated by the Iraqi cement industry” In IOP Conference Series: Materials 

Science and Engineering, vol. 928, no. 2, pp 022041. IOP Publishing, 2020. 

[7]  N. Li, S. Georas, N. Alexis, P. Fritz, T. Xia, M. A. Williams and A. Nel, “A work group report on 

ultrafine particles (American Academy of Allergy, Asthma & Immunology): Why ambient 

ultrafine and engineered nanoparticles should receive special attention for possible adverse health 

outcomes in human subjects”. Journal of Allergy and Clinical Immunology, vol. 138, no. 2, 

pp.386-396, 2016, doi: 10.1016/j.jaci.2016.02.023. 
[8]  C. E. de Lira-Quezada, S. N. González-Díaz, A. G. Cotera-de Lira, C. Macouzet-Sánchez, N. 

Acuña-Ortega, R. I. Guzman-Avilán, and A. Macías-Weinmann, “The association of air pollution 

https://doi.org/10.1016/S0140-6736(17)33311-1


Rasheed et.al.                                          Iraqi Journal of Science, 2026, Vol. 67, No. 7, pp: 3690-3699             

 

3697 

in respiratory allergy: Its impact in an Industrial city”. World Allergy Organization Journal, vol. 

17, no.2, pp.100867, 2024. doi: 10.1016/j.waojou.2023.100867.  

[9]  P. Scharf, M. F. Broering, G. H. Oliveira da Rocha, & S. H. P. Farsky, “Cellular and molecular 

mechanisms of environmental pollutants on hematopoiesis”. International Journal of Molecular 

Sciences, vol. 21, no.19, pp.6996, 2020. doi:10.3390/ijms21196996 

[10] R. Aslam, F. Sharif, M. Baqar, A. S. Nizami, and U. Ashraf, “Role of ambient air pollution in 

asthma spread among various population groups of Lahore City: a case study”. Environmental 

Science and Pollution Research, vol. 30, no.4, pp.8682-8697, 2023. doi:10.1007/s11356-022-

19086-1. 

[11] L. A. Al-Helaly and T. Y. Ahmed, “Antioxidants and Some Biochemical Parameters in Workers 

Exposed to Petroleum Station Pollutants in Mosul City, Iraq”, International Research Journal of 

Environmental Sciences, vol. 3, no. 1, pp. 31–37, 2014. 
[12] X. Zhou, V. Sampath, & K. C. Nadeau, “Effect of air pollution on asthma”. Annals of Allergy, 

Asthma & Immunology. Vol.132, no.4, pp.426-432,2024. doi:10.1016/j.anai.2024.01.017 

[13] B.Sepehri, R. Darbani, M. Mesgari-Abbasi, S. Kheirouri, D. Shanehbandi, M. Khordadmehr, and 

M. Alizadeh, “The effects of short-time air pollution, SO2, and ozone on biochemical, histo-

pathological, oxidative stress, and carcinogenesis related genes expressions in the liver of the 

rats”. Human and Experimental Toxicology, vol.43, 09603271241263569., 2024. 

doi:10.1177/09603271241263569. 

[14] J. Sedlak, and R. H. Lindsay, “Estimation of total, protein-bound, and nonprotein sulfhydryl 

groups in tissue with Ellman's reagent”. Analytical Biochemistry, vol.25, no.1, pp.192-205, 1968. 

https://doi.org/10.1016/0003-2697(68)90092-4 

 [15] D. R. Janero,  “Malondialdehyde and thiobarbituric acid-reactivity as diagnostic indices  of lipid 

peroxidation and peroxidative tissue injury”. Free Radical Biology and Medicine, vol.9, no.6, 

515-540, 1990. DOI: 10.1016/0891-5849(90)90131-2 

[16] B.E. Vanuffelen, J. Van der Zee, B.M. deKoster, J. VanStereninck and J.G. Elferink, 

“Intracellular but not extracellular conversion of nitroxyl anion into nitric oxide leads to 

stimulation of human neutrophil migration”. Biochemical  Journal, vol.330, pp.19-722, 1998. 

doi: 10.1042/bj3300719. 
[17] M. Steenhof, N. A. Janssen, M.Strak, G. Hoek and I. Gosens “Air pollution exposure affects 

circulating white blood cell counts in healthy subjects: the role of particle composition, oxidative 

potential and gaseous pollutants–the RAPTES project”. Inhalation Toxicology, vol.26, no.3, 

pp.141-165, 2014. doi: 10.3109/08958378.2013.861884. 

[18] S. C.Hung, H. Y.Cheng, C. C. Yang, C. I. Lin, C. K. Ho and W. H.Lee “The association of white 

blood cells and air pollutants—A population-based study”. International Journal of 

Environmental Research and Public Health, vol.18, no.5, pp.2370, 2021. 

doi: 10.3390/ijerph18052370 
[19] A. Mesdaghinia, Z. Pourpak, K. Naddafi, R. N. Nodehi, Z. Alizadeh, S. Rezaei “An in vitro 

method to evaluate hemolysis of human red blood cells (RBCs) treated by airborne particulate 

matter (PM10) ”. Methods X, vol.6, pp.156-161, 2019. doi: 10.1016/j.mex.2019.01.001. 
[20] J. Wei, J. Zhao, V. Schrott, Y. Zhang, M. Gladwin, G. Bullock, & Y. Zhao, “Red blood cells 

store and release interleukin-33”. Journal of Investigative Medicine, vol.63, no.6, pp.806-810, 

2015. https://doi.org/10.1097/JIM.0000000000000213 

[21] R. M. AL-Shuraifi, & Z. I. Y. Dallalbashi, “The Effect of environmental pollution on blood 

components of individuals in different environmental areas (Rural and Urban)”, 2024, 

http://dx.doi.org/10.21931/BJ/2024.01.02.6. 

[22] H. A. Al-Shamery, & M. H. Jankeer “Study the effect of cement dust exposure on the 

hematological variables in the workers of new Badoosh cement factory in Mosul city, Iraq”. 

Journal of Physics: Conference Series. vol. 1999, pp. 012030, 2021, DOI 10.1088/1742-

6596/1999/1/012030 

[23] I. M. Mahmmoud, & M. H. Janker, “The effect of environmental pollutants emitted from the Al-

Samoud refinery on the health of its workers. Egyptian Journal of Chemistry, vol.65, no.131, pp. 

953-961, 2022, doi: 10.21608/ejchem.2022.132295.5834 

https://doi.org/10.3390/ijerph18052370


Rasheed et.al.                                          Iraqi Journal of Science, 2026, Vol. 67, No. 7, pp: 3690-3699             

 

3698 

[24] P. Venkatesan, “2023 GINA report for asthma”. Lancet Respir Med. Vol.11, no.7, pp.589., 2023. 

doi:10.1016/S2213-2600(23)00230-8 

[25] P.Vukicevic, A. Klisic, V. Neskovic, L. Babic, A. Mikic, N. Bogavac-Stanojevic, “New markers 

of platelet activation and reactivity and oxidative stress parameters in patients undergoing 

coronary artery bypass grafting”. Oxidative Medicine and Cellular Longevity, vol.2021, no.1, 

pp.8915253, 2021. doi: 10.1155/2021/8915253. 

[26] L. A. Al-Helaly, A. H. Rasheed, & F. A. Qasim, “Evaluation of the healthy of workers in the 

three cement factories of expansion Badoush, New Badoush and Al-Rafidain in Nineveh 

Governorate”. Scientific Journal for Faculty of Science-Sirte University, vol.3, no.1, pp.47–53, 

2023. https://doi.org/10.37375/sjfssu.v3i1.1169 

[27] D. Place, T. Kanneganti, “The innate immune system and cell death in autoinflammatory and 

autoimmune disease”. Current Opinion in Immunology. vol. 67, pp.95–105, 2020, doi: 

10.1016/j.coi.2020.10.013 

[28] A. Saez, B. Herrero-Fernandez, R. Gomez-Bris, H. Sánchez-Martinez, J. Gonzalez-Granado, 

“Pathophysiology of inflammatory bowel disease: Innate immune system”. International Journal 

of Molecular Sciences,  vol.24, pp.1526, 2023, doi: 10.3390/ijms24021526 
[29] Z. Peng, X. Dong, Y. Long, Z. Li, Y. Wang, W. Zhu, & B. Ding. “Causality between allergic 

diseases and kidney diseases: a two-sample Mendelian randomization study”. Frontiers in 

Medicine, vol.11, pp.1347152, 2024.https://doi.org/10.3389/fmed.2024.1347152 

[30] V. Jiřík, O. Machaczka, P. Riedlová, D. Kramná, G. Siemiatkowski, L. Ośródka, “The effect of 

air pollution on selected immune system parameters, 8-isoprostane, and alpha-1-antitrypsin of 

people living in environmentally distinct regions”. Environmental Sciences Europe, vol.36, no.1, 

pp.125, 2024. https://doi.org/10.1186/s12302-024-00948-z 

[31] A.F. Elbehairy, C.E. Ciavaglia, K.A. Webb, “Canadian respiratory research network. pulmonary 

gas exchange abnormalities in mild chronic obstructive pulmonary disease. implications for 

dyspnea and exercise intolerance”. American Journal of Respiratory and Critical Care Medicine 

,vol.191, no.12, pp.1384-94, 2015. doi: 10.1164/rccm.201501-0157OC.  

[32] M. Shigemura, T.Homma, and J. I. Sznajder, “Hypercapnia: an aggravating factor in 

asthma. Journal of Clinical Medicine, vol.9, no.10, pp.3207, 2020. doi: 10.3390/jcm9103207   
[33] K. A. Powers, & A. S. Dhamoon, “Physiology, pulmonary ventilation and perfusion”. 2023, 

PMID: 30969729. https://www.ncbi.nlm.nih.gov/books/NBK539907/ 

[34] N. Kato, A. Kimoto, P. Zhang, C. Bumrungkit, S. Karunaratne, N. Yanaka, & T. Kumrungsee,. 

“Relationship of Low Vitamin B6 Status with Sarcopenia, Frailty, and Mortality: A Narrative 

Review”. Nutrients, vol.16, no.1, pp.177, 2024. https://doi.org/10.3390/nu16010177 
[35] J. Milos, Z. Maria, and B. Eva, “Oxidative stress and bronchial asthma in children—causes or 

consequences? ” Frontiers in Pediatrics, vol.5, pp.162, 2017. doi:10.3389/fped.2017.00162 
[36] S. Piacentini, R. Polimanti, I. Simonelli, S. Donno, P. Pasqualetti, D. Manfellotto, “Glutathione 

S-transferase polymorphisms, asthma susceptibility and confounding variables: A meta-

analysis”. Molecular Biology Reports, vo.40 no.4, pp.3299–3313, 2013. doi:10.1007/s11033-

012-2405-2 

[37] X. Dai, S. C. Dharmage, & C. J. Lodge. “Interactions between glutathione S-transferase genes 

and household air pollution on asthma and lung function”. Frontiers in Molecular 

Biosciences, vol.9, pp. 955193, 2022. https://doi.org/10.3389/fmolb.2022.955193 

[38] L. A. Al-Helaly, “Some Antioxidant Enzymes in Workers Exposed to Pollutants” . Rafidain 

Journal of Sciences, vol. 22, no.2, pp.29-38, 2011. 

[39] M. A. Mohamed, A. E. D. A. Zeitoun, F. M. Attia, & N. B. AbdAllah, “Correlation between 

degree of asthma severity and malondialdehyde in asthmatic children in Ismailia”. Suez Canal 

University Medical Journal, vol.26, no.2, pp.17-24, 2023. doi: 10.1002/jcla.24345 
[40] O. A. Al-Kado, & L.A. Al-Helaly, “Study of the midkine level and its correlation with toxic and 

essential metals in patients with atherosclerosis”, Egyptian Journal of Chemistry, vol. 66, no. 5, 

pp. 161-167, 2022. doi: 10.21608/ejchem.2022.148718.6427. 

https://doi.org/10.1155/2021/8915253
https://doi.org/10.3390/jcm9103207
https://doi.org/10.3389/fmolb.2022.955193
https://doi.org/10.1002/jcla.24345


Rasheed et.al.                                          Iraqi Journal of Science, 2026, Vol. 67, No. 7, pp: 3690-3699             

 

3699 

[41] J. S. Afriyie-Mensah, P. Domoyeri, C. Antwi-Boasiako, R. Aryee, G. B. Dankwah, M. Ntiamoah, 

“Relationship between fraction of exhaled nitric oxide and peripheral eosinophilia in 

asthma”. Annals of Medicine, vol.56, no.1, pp. 2382377, 2024. 

https://doi.org/10.1080/07853890.2024.2382377 

[42] S. Hu, Q.Guo, S. Wang, W. Zhang, J. Ye, L. Su, et al. “Supplementation of serum albumin is 

associated with improved pulmonary function: NHANES 2013-2014”. Front Physiol. vol.13, 

pp.948370, 2022. doi:  10.3389/fphys.2022.948370. 
[43] R. Zhuang, J. Liao, M. Giri, J. Wen, & S. Guo, “Relationship between dietary protein, serum 

albumin, and mortality in asthmatic populations: a cohort study”. Frontiers in 

Immunology, vol.15, pp.1396740., 2024. doi: 10.3389/fimmu.2024.1396740.  

   


