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The current study involved an assessment of the health of workers in three 

cement production plants and a comparison between them, as these factories were: 

Expansion Cement Factory, New Badoush cement factory, and Al-Rafidain cement 

factory in Nineveh Governorate, as blood samples were collected for a period from 

the beginning of August to the end of December (2022), The study include was 

(100) workers and for a control group (40), as the study aimed to know the effect of 

air pollutants on the workers by measuring (15) variables of different blood 

components (White blood cell (WBCs), red blood cell (RBCs), packed cell volume 

(PCV%), hemoglobin (Hb) concentration), platelet count (PLTs)), as well as 

measuring biochemical variables to evaluate kidney and liver functions, oxidants 

antioxidants status. 

It was observed that there was an increase in the number of both WBC and 

PLTs Among the three cement workers, especially the Badoush cement factory 

workers, and there was a reduction in the number of RBC, Hb concentration and 

PCV% in all cement workers relative to the control group, decrease  it was more 

severe on Badoush workers. 

The results indicated a rise in the concentrations of urea and creatinine 

among the three cement workers, especially the Badoush cement factory workers, 

and less so among the Al-Rafidain workers, as well as an increase in the enzymes: 

CA, AST, ALT and ALP when compared with the control team. 

It was observed that there was the  rise on the state of oxidative stress for 

the workers in the three factories and it was the highest among the workers in 

Badoush, Al-Rafidain, and Expansion factories, respectively, as a result of a 

decrease in the levels of antioxidants and an increase in the levels of oxidants when 

compared with the control group. 

In general, the study concluded that there is a clear Impact of cement 

pollutants on the workers' health in the three selected cement factories in Nineveh 

Governorate, and it was more affected by these pollutants on the workers of 

Badoush Cement, Expansion, and Al-Rafidain, respectively. 
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1. Introduction  
 

Human health grows and becomes healthy in 

the degree of safety and hygiene of the environment in 

which it lives the more pollution in the environment in 

which it lives the more vulnerable it becomes. 

Environmental pollution, which is regrettably 

accelerating in our environment today and for         

many reasons jumps foremost in terms of  technological  

 

acceleration, excessive use of natural resources, and 

terrible emission of gases and vapors from factory 

towers, has caused significant pollution in the 

environment (Skalny et al., 2021). 
  

The industry of cement is regarded as a vital, 

economic, and strategic industry all over the world 

because this industry is a pillar of the infrastructure of 

the states and also it meets the demand and needs for 

cement, which is so important in construction due to the 
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constant urban movement and development. However, 

at the same time, it is deemed an industry that causes 

pollution to the environment, particularly the air; inside 

the factory environment or outside in the environment 

that surrounds the factory due to the dust and gases 

emitted because these are released into the atmosphere 

from the quarries through all the production units at the 

factory, as a result handling the rocks and soil, which 

are the primary and raw materials. These are crushed 

and milled to be ready to enter the furnaces and these 

processes result in huge quantities of suspended 

materials. After the clinker from the kiln, comes the 

process of grinding causes which causes the generation 

of fine suspended dust and it followed by the cement 

filling process and loading it. The atmosphere in this 

unit involves high concentrations of fine suspended 

material produced (Al-Ahmady, and Obeed, 2015). 
 

The pollution caused by suspended dust or 

suspended particles is one of the pollution aspects that is 

worthy to be paid attention as a result to the particles, 

particularly, those that can be easily inhaled, cause 

hazards to the environment, the atmosphere, and 

humans that are characterized by a diameter that is less 

than 10 microns can absorb toxic substances more 

compared to their coarse counterparts and get to the 

human body, then stay with stability in the lungs during 

the breathing process and they could cause many 

diseases that affect of the human respiratory system and 

can also cause cardiac diseases (Mahmmoud and  

Muwafaq, 2021; Al-Helaly, 2022). 
 

Exposure to fine particulate matter (PM2.5) air 

pollution originating from the combustion of fossil fuels 

is closely linked to the induction of both systemic 

inflammation and oxidative stress among the numerous 

air pollutants(Maciejczyk et al., 2021). The postulated 

mechanism is that fossil fuel particulate matter, 

particularly coal combustion PM2.5, is high in both 

metals and sulfur which can produce oxidative stress, 

and sulfur, which causes acidity, increasing the 

bioavailability of reactive metals and causing systemic 

damage (Rosenbauer et al., 2016; Al-Helaly and 

Mahmood, 2019). The oxidative capacity of PM2.5 can 

be assessed by its ability to form hydroxyl radicals 

(●OH) in the presence of hydrogen peroxide which in 

turn plays an active role in inducing oxidative stress 

(Ullah et al., 2021). 
 

The human hemopoietic system knows to be 

highly sensitive to environmental effects due to quick 

synthesis and destruction of cells with consequent heavy 

metabolic demands, which makes it the best indicator in 

toxicological research (Scharf et al., 2020). 
    

The study of (Al-Shamery and Jankeer, 2021) 

is among the studies in this domain, which is the effect 

of exposure to cement dust on the hematological 

variables in the workers of the new Badoush cement 

factory in Mosul City, Iraq. However, Al-Hayali and his 

group (2012) study on the cement pollutants' effect on 

creatine and urea in the workers' blood serum as they 

work in the Hammam Al-Alil cement factory, which 

increases the concentration of urea and a decrease in the 

creatine concentration. Whereas Nwafor et al. (2019) 

study the effects of cement dust exposure on 

haematological indices, and heavy metal cases in the 

blood serum of rats, Results showed a significant 

increase in concentrations of calcium, silicon, 

manganese, iron, lead, and cadmium compared with 

unexposed animals. Significant reductions were 

observed in hematocrit values, and red and white blood 

cell counts after cement dust exposure. 
  

Study the impact of some contaminants emitted 

by the cement labs in the Badoush region (Badoush 

Cement Expansion Plant, Badoush New Cement Plant, 

and Al-Rafidain Cement Factory) on workers' health, 

their impact on certain blood components and many 

biochemical variables in serum, and study the extent of 

oxidative stress events due to exposure of workers in 

these contaminants and compare compared to the health 

group. 

 

2. Materials and Methods 
 

 The present study was conducted at the 

Northern State Company of Cement: 

1-Study sites: The present study was performed at the 

Northern State Company for Cement Industry in 

Badoush Expansion Factory, Badoush New Factory, Al-

Rafidain Factory (Old Badush) that is located about 25 

km north of Mosul city in Hamidat District. The study 

sites in these cement production plants are divided into 

five locations: Management Unit, Crusher Unit, 

Material Mills Unit, Furnace Unit, and Cement 

Packaging Unit. 
 

2- Collection of Samples: Throughout this study, blood 

samples were taken from the employees for the period 

from the beginning of August until the end of December 

2022. The employees are male workers who work in 

cement production plants (100) and the healthy group 

(40) (as the control group). 
 

3-Blood tests: which included (White blood cells count 

(WBCs), red blood cells (RBCs) count, the 

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 which is thin enough that cells pass by 

one at a time. Characteristics of the cell are measured 

using lasers (Fluorescence flow cytometer) or electrical 

impedance, in addition to estimating the concentrations 

of some biochemical variables  including evaluating 

kidney and liver functions (Urea, Creatinine, Albumin , 

Alanine aminotransferase (ALT), Aspartate 

aminotransferase (AST), Alkaline phosphatase (ALP) 
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using a  FUJI NX500 device, It is made by from the 

Japanese company Fujifilm and respiratory functions 

enzyme activity (Carbonic anhydrase ) using an ELISA 

device  depends on the use of antibodies, the color 

change in identifying the presence of the enzyme in the 

sample, and assessment of antioxidant status  by 

measuring the concentration of glutathione (GSH), 

Malondialdehyde (MDA), Peroxynitrite (ONOO-) 

nitrate in the serum of the blood using a  

Spectrophotometer were determined using manual 

methods (Table 1). 

 

  2.2: Statistical analysis 
 

 The he Statistical analysis was conducted by 

means of using the Statistical Package for  Social 

Sciences (SPSS), Version 24. Data were demonstrated 

as arithmetic mean and standard error (mean ± SE). The 

complete Randomized Design (C. R. D.) test was 

performed make a comparison between the groups and 

the value p-value of ≤ 0. 05 as it is depended as the 

significance level. 

 

Table 1: Methods used to determine biochemical parameters. 

 

No. Parameters measured Method used 

1 Urea Depending on the enzymatic method 

(Friedman and Brandon, 2001) 

2 Creatinine (Jaffe method, 1886) 

3 Albumin Bromocresol green method (Doumas et al., 1971) 

4 Alanine aminotransferase 

(ALT) 

BIOMERIEUX Company/France kit 

(Reitman and Frankel, (1957). 

5 Aspartate aminotransferase 

(AST) 

BIOMERIEUX Company/France kit 

(Reitman and Frankel, 1957). 

6 Alkaline phosphatase (ALP) BIOMERIEUX Company/France kit 

(Kind and King, 1954) 

7 Glutathione (GSH) Modified procedure utilizing DNTB reagent (Sedlak and Lindsay, 1968) 

8 Malondialdehyde(MDA) Thiobarbituric acid method (Janero, 1990) 

9 Peroxynitrate (ONOO-) Vanuffelen Method used (Vanuffelen et al., 1998) 

10 Carbonic anhydrase (CA) Use of enzyme-related industrial adsorption technology (Enzyme – Linked 

Immuno sorbent ASSAY) (ELISA) 

 

3. Results and Discussion 
 

 

1. The effect of cement pollutants on the 

workers of the three cement factories on 

different blood components (Number of 

WBCs, RBCs, PLTs, and concentration of 

Hb, and PCV  % ): 

 
 
 

Table (2) shows the effect of cement 

pollutants in the workers of the three cement factories 

on the components of the workers' blood at selected 

sites: Management Unit, Crusher Unit, Material Mills 

Unit, Furnace Unit, and Cement Packaging Unit 

(Badoush expansion, Badoush new and Al-Rafidain) 

in comparison to the control group. 
 

 

 

Table (2): Comparison of blood component levels between the control group with workers in the three cement factories. 

 
Workers' Group 

(Al-Rafidain) 

Workers' Group 

(new Badoush ) 

Workers' Group 

(Badoush 

Expansion) 

Control group Blood components 

SE Mean SE Mean SE Mean SE Mean 

2.58 35.04 a 1.75 33.32 a 1.93 35.28  a 1.16 33.5 a Age (year) 

1.44 26.97 a 1.059 26.37 a 1.059 26.47 a 1.05 25.8 a BMI(kg/m2) 

0.33 8.67 b 0.19 9.13 c 0.403 8.65 b 0.79 8.01  a WBC (×310/L) 

0.21 2.89 b 0.202 2.21 a 0.18 3.59  c 0.33 4.56  d RBCs(×610 /L) 

0.64 13.02 b 0.27 12.22 a 0.47 13.32 c 0.50 14.86  d Hb (gm/100ml) 

1.58 46.4 c 1.50 42.35 a 1.36 45.5 b 3.17 49.40  d PCV % 

11.02 216.8 b 16.99 252.8 d 13.60 218.8 c 9.49 194.5 a PLTs(× 310/L) 
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-Variation of letters (a, b, c, d) horizontally indicates that there is a significant difference at a lower probability 

level or equal to 0.05. 

Results illustrate that there was a significant 

difference (p ≤0.05) in terms of the numbers of WBCs, 

RBCs, PLTs, the concentration of Hb, and PCV%.  It 

was noted that there is a significant decrease in three 

groups of workers and the highest WBCs at 9.13 

(×103/L) and PLTs at 252.8 (×103/L) in the new cement 

Badoush plant and no significant difference between the 

cement Al-Rafidain plant and cement Badoush 

expansion plant was recorded in the number of WBCs at 

8.6 (×103/L) compared to the control group in the 

number of WBCs by 8.01 (×103/L) and PLTs at 194.5 

(×103/L). 
 

The cause is thought to be an increased activity 

of phagocytic cells as a result of the occurrence of 

pulmonary infections after inhaling dust. This activity 

stimulates the bone marrow to release 

polymorphonuclear (PMN) is immature in large 

quantities that raise the numbers of WBCs (Losacco et 

al., 2018).  
 

The cause of platelet increase (PLT) in the 

current study is a lack of oxygen due to the reaction 

from cement dust irritating cells in the lung (Ewaid et 

al., 2020). This result is consistent with the Poursafa 

researcher and others (2011), it was found an increase in 

the number of platelets after exposure to air pollutants 

in children and adolescents in the city of Isfahan. 
 

While a significant decrease in number of 

RBCs, Hb concentration and PCV  was observed in 

workers' groups and was the lowest concentration in the 

workers of the new cement plant Badoush compared 

with control group (Number of RBCs at a rate of 4.56 

(×106/L), Hb concentration at 14.86 (g/100 ml) and 

PCV at 49.40% , The reason for this may be attributed 

to the decrease in the number of red blood cells to the 

body's responses to irritation resulting from cement 

pollutants (Adeyanju  and Okeke, 2019), as well as the 

decrease in the concentration of PCV% and Hb exposed 

to cement dust due to the negative correlation between 

the components of the blood and the exposure to 

pollutants, as the exposure is with chronic condition and 

the workers are  exposed to substances that are toxic 

resulting from the silica cement components and these 

involve calcium oxide, aluminum oxide, and hexavalent 

chromium and they can result in various infections and 

thus lead to a decrease in hemoglobin production (Al-

Shamery and Jankeer, 2021). 

 

2. Effect of cement pollutants on the workers of the 

three cement factories on the levels of (CA, AST, 

ALT, ALP) enzymes, urea, and creatinine: 
 

Table (3) shows the impact of cement 

contaminants on the workers of the three cement 

factories on the levels of (CA, AST, ALT, ALP) 

enzymes, urea, and creatinine at selected sites: 

Management Unit, Crusher Unit, Material Mills Unit, 

Furnace Unit and Cement Packaging Unit (Badoush 

expansion, new Badoush, and Al-Rafidain) compared 

with the control group. 

 

 
Table 3: Comparison of levels of (CA, AST, ALT, ALP) enzymes, urea and creatinine between control group with workers in 

the three cement factories. 

 

Workers' Group 

(Al-Rafidain) 

Workers' Group 

(new Badoush ) 

Workers' Group 

(Badoush 

Expansion) 

Control group Blood components 

SE Mean SE Mean SE Mean SE Mean 

1.92 28.07 b 1.08 30.11 d 1.41 29.16 c 1.48 19.97 a Urea (mg/100ml) 

0.03 0.81 b 0.024 0.97 d 0.031 0.902 c 0.08 0.713 a Creatinine(mg/100ml) 

3.51 95.65 b 3.76 108.3 d 5.53 100.9 c 3.2 75.21 a CA (Pg/L) 

1.87 26.40 b 1.47 29.62 d 2.42 27.87 c 1.10 21.32 a AST (U/L) 

1.20 22.70 b 1.52 26.97 d 1.21 23.60 c 1.75 22.22 a ALT (U/L) 

6.38 90.54 c 4.17 81.76 b 7.7 102.3 d 3.03 73.66 a ALP (U/L) 
 

- Variation of letters (a, b, c, d) horizontally indicates that there is a significant difference at a lower probability 

level or equal to 0.05. 

 
Results showed that there is a significant 

difference (p≤0.05) in the concentrations of variables 

and high levels of urea and creatinine were observed 

among cement workers in the three Factories in 

comparison to the control group, especially the workers 

of the new Cement Badoush plant, where the 
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concentration of urea was recorded at a rate (30.11 

mg/100 ml) and the concentration of creatinine at a rate 

(0.97 mg/100 ml ( and less Al-Rafidain  workers had a 

urea concentration record at a rate (28.07 mg/100 ml). 

High concentration of urea in the serum of workers 

exposed to dust may be attributed to kidney effect and 

kidney inefficiency due to exposure to different 

contaminants and creatine concentration record at a rate 

(0.81 mg/100 ml) compared to the control group, the 

main reason for this is the low glomerular filtration rate 

of nitrogen, which impedes the flow of urine, i.e. 

dissolution outside the human body, resulting in the 

accumulation of metabolic waste (Kuraeiad and 

Kotepui, 2021).  
 

It also recorded a significant rise of enzymes: 

CA at a rate of 108.3 pg/L and AST (29.62 U/L) and 

ALT (26.97 U/L) in the new cement Badoush plant and 

fewer Al-Rafidain workers had a CA concentration 

record at a rate (95.65 pg/L) and AST enzyme at (26.40 

U/L) and ALT at (22.70 U/L), While the ALP enzyme 

at the cement Badoush expansion plant registered at a 

rate (102.3 U/L) and said the new cement Badoush 

workers had a rate (81.76 U/L). The cause of high CA 

levels is a result of its rise in cells lining pulmonary 

blood vessels such as epithelial tissue in identity 

vesicles, due to exposure to various air contaminants. 

The respiratory system is the only one in the body that 

is in contact with the air in the peripheral environment. 

Exposure to these contaminated substances will also 

lead to oxidative stress resulting from the increased 

production of oxidant compounds, which have an effect 

on the outer membrane of the tissue by raising the level 

of lipid peroxide as a result of the breakdown of 

cellular membranes in the lung resulting in a change in 

their susceptibility to selective permeability that frees 

large amounts of the CA enzyme out of the cell and 

then into the serum as well as a lack of oxygen (Lakey 

et al., 2016). 
  

On the other hand, the high level of ALP may be 

caused by the blockage of bile ducts resulting from 

exposure to cement dust, which may lead to bone 

deformation and bone cancer can occur as a result of 

exposure to various contaminants, all of which lead to a 

high increase in the effectiveness of this enzyme 

(Sanjel  and Shim, 2020), There has also been a 

significant increase in the activity of the AST in the 

blood of persons exposed to the dust of the cement, 

which is likely to cause muscle dysmorphia or heart 

disorder due to increased blood content in the body, for 

example, high hemoglobin and PCV as a result of the 

large body's need for hemoglobin to transport oxygen 

and compensation for as a result of the presence of 

dust, all of which causes heart stress due to inhalation 

of contaminated air containing cement dust (Reda, et 

al., 2021). 
 

The ALT is an indicator of the efficiency of the 

liver's work, as its increase means that the hepatic cells 

are destroyed decompose, or die in the event of the 

death of these cells. ALT is released into the 

bloodstream and its ratio rises. This increase can be 

clearly seen in the liver, leading to the release of the 

enzyme into the serum refers to this researcher (Abdu 

and Al-Bogami, 2019). 
 

2. Effect of cement pollutants on the workers of the 

three cement factories on the levels of GSH, 

MDA, ONOO- and Alb: 
 

Table (4) shows the effect of cement 

contaminants on the three cement factories workers at 

GSH, MDA, ONOO- and Alb levels at selected sites 

Badoush expansion, new Badoush, and Al-Rafidain 

compared with the control group. 

 
Table 4: Comparison of GSH, MDA, ONOO- and Alb levels between control group with workers in the three cement factories. 

 
Workers' Group 

(Al-Rafidain) 

Workers' Group 

(new Badoush ) 

Workers' Group 

(Badoush Expansion) 

Control group Blood components 

SE Mean SE Mean SE Mean SE Mean 

0.90 5.78 c 0.44 2.30 a 0.97 4.55 b 0.62 11.08 d GSH(μmol/L) 

0.73 5.68 c 1.08 6.93 d 0.72 5.14 b 0.35 3.98 a MDA(μmol/L) 

2.16 68.68 c 2.51 72.29 d 2.92 59.04 b 3.89 56.37 a ONOO-(μmol/L) 

0.25 4.06 b 0.17 4.39 d 0.14 4.22 c 0.21 3.81 a Alb(gm/100ml) 
 

* Variation of letters (a, b, c, d) horizontally indicates that there is a significant difference at a lower probability level or equal 

to 0.05. 

 
The results indications of a significant decrease 

in GSH level at a probability (p≤0.05) in the workers 

compared with the control group where the highest 

concentration was recorded in the group of workers of 

the cement factory Badoush expansion (4.55 μmol/L), 

Next was the Al-Rafidain cement plant workers group 

(5.78 μmol/L) and new Badush cement plant workers 

group (2.30 μmol/L), while the highest concentration of 

control group was recorded at (11.08 μmol/L). 
 

The reason for the low level of GSH is that it is a 

protective antioxidant that is involved in the deoxidation 
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because it can interact directly with radical (●OH) or 

with hydrogen peroxide (H2O2) automatically through 

thiol group (-SH) containing it in its composition, as 

well as its use as a substrate in glutathione peroxidase. 

Therefore it has an important role in protecting cellular 

components from oxidation compounds (Hazra et al., 

2013), While it recorded a significant increase in the 

level of MDA, ONOO- and Alb in workers' blood 

where it recorded the highest concentrations in the new 

cement Badoush plant was the concentration of MDA at 

a rate (6.93 μmol/L), ONOO- at a rate (72.29 μmol/L) 

and Alb at a rate (4.39 g/100ml), Followed by cement 

workers Al-Rafidain and cement workers Badoush 

expansion respectively compared with the control group 

where MDA concentration (3.98 μmol/L), ONOO- 

concentration (56.37 μmol/L) and Alb concentration 

(3.81 μmol/L). 
 

The increase of MDA may be reacted with 

deoxyadenosine and deoxyguanosine in DNA forming 

DNA adducts, primarily M1 G, which is mutagenic and 

may occur in workers in the future. 
 

Recently, ROS have been recognized as 

important signaling molecules that control diverse 

signaling pathways involved in a variety of cellular 

responses such as programmed cell death, pathogen 

defense, and hormone signaling (Hwa Yun et al., 2020). 

In addition, oxidative stress causes dramatic inhibition 

of the tricarboxylic acid cycle, glycolysis pathway, and 

pentose phosphate pathway (Al-Helaly and Ahmad, 

2011). 
  

Albumin is a major antioxidant component of 

plasma. In addition, albumin, one of the most important 

proteins in human plasma, is able to bind to Cu2+ tightly 

and with iron weakly. Copper bond to albumin is still 

effective in generating radicals species (Hydroxyl 

radicals) in the presence of hydrogen peroxide by 

Fenton reactions. Therefore, increasing it to protect 

humans from oxidants compounds formation (López-

Tinoco et al., 2011). 
                                                                        

High ONOO- is caused by cellular destruction 

occurring under strong oxidation conditions when 

different contaminants are present and by increasing the 

formation of ONOO- participates in the destruction of 

DNA and the ineffectiveness of certain metabolic 

enzymes or ion pumps, damaging the cellular membrane 

(Ascenzi et al., 2020). 

 

3. Conclusions 
 

In general, the study concluded that there was a 

clear impact of cement contaminants on the health status 

of the workers of the three selected cement factories in 

Nineveh governorate, and that they were further 

affected by those contaminants on the Badoush cement 

workers and its expansion, followed by Al-Rafidain, 

respectively.  
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