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Abstract 

  This study goal is to mark the impact of chlorine gas in some physiological and 

biochemical criteria among the workers in the water purification plants in the Babylon 

city. The study was conducted in the general education Hilla hospital as were 

examined blood samples from the workers in water purification plants and divided 

them for four groups depending on the periods of works in these plants into (1-5);(6-

10); (11-15) and (16-20) years in comparison with the control group. The results of 

this study revealed an elevation significantly ( p<0.05) in the numbers of total white 

blood cells as well as in the concentration of urea and creatinine in the  workers for 

the various periods of work in matching with the group of control. The above criteria 

become more height with the increasing duration of exposure to chlorine. 

Keywords: Chlorine , Water , Blood ,Urea, Creatinine  

 

Introduction 

 Water Pollution problem  is eternal where between 1920s and 1930s millions of 

peoples dies from cholera, typhoid and dysentery which transported via polluted 

drinking water .Sterilization of drinking water using chlorine represent the ideal step 

for water treatment in the Twentieth century. Chlorination of water begins in 1890 to 

eliminate pathogens. Chlorine is used to sterilize water in broadband for the first time 

in 1908 in Chicago. This discovery lead to eliminate different diseases and humanity 

reached to the amazing development in the type of drinking water and the preserving 

the environment, till now 98% of drinking water sterilized by chlorine.(Enger, 1960). 

Although the importance of chlorine in the sterilization of drinking water , Sewage 

and Industrial waste, but the drinking of Chlorinated water and the direct exposure to 

chlorine gas led to harmful effects where several studies indicated that chlorine has 

related directly with cancer of liver, urinary bladder and large intestine , in addition to 

its role in atherosclerosis ,hypertension and sensitivity.  (Shusterman et al.,2008 ; 

Duncan et al.,2011).The current study aimed to highlight on the harmful effect that 

results from direct exposure to chlorine in some physiological and biochemical blood 

criteria among the workers in the water purification plants in the Babylon city . 
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Materials and Methods  

   The subjects in this study included 50 samples selected from workers in the water 

purification plants in the Babylon city with different working period form (1-20 

years), 30 healthy people represent group of control which is compared with study 

group. All subjects in this study were taken consent before participation in this study. 

blood were drawn from all samples to detect the following : 

Determination White blood cells count (WBC) and hematocrit (HCT) 

  The BC-2800 Auto Hematology Blood Analyzer was used to determine the numbers 

of WBCs and percentage of HCT. 

Determination of Urea and creatinine levels 

   Urea and creatinine levels using Reflotron plus device assayed by enzymatic 

methods in serum (Heil,2000;Young,2001).  

Statistical Analysis 

  Statistical analysis was accomplished by SPSS 17 using T-test and ANOVA test to 

mark the significant difference among the study groups. 

 

Results and Discussion Results in table (1) detect the presence of elevation 

significantly ( p<0.05) in WBCs counts, creatinine and urea levels among the workers 

when matched with control group while, hematocrit  (HCT) percentage decreased 

significantly ( p<0.05) among the workers when compared with control group. 

 

Table (1) Chlorine effects in blood and biochemical criteria in the workers and 

control group's 

  

            Criteria Control group 

Mean ±SD 

Workers group 

Mean ±SD 

WBC (mm3) 4750 ± 34.52 9200 ± 52.3* 

HCT (%) 48.5 ± 1.29 39.6 ± 1.83 * 

Creatinine (μmol/L) 67.9 ± 3.92 105 ± 4.62* 

Urea (mg/dl) 3.73 ± 0.33 6.24 ± 0.95* 

*significant at (0.05) level 

  The elevated levels of WBCs may result due to inflammation of respiratory system 

as a result of chlorine inhalation , where the study of  (Uyan et al.,,2009) found that 

the exposure to chlorine lead to acute inflammation in the nose , pharynx , trachea and 

Cornea where it lead to Congestion with fluids, in addition, one of the main 

characteristics of inflammation is increase in the numbers WBCs .Other researches 

indicated the increment in the numbers of WBCs may result from the elevation of 

interleukin -1 (IL-1) which is secreted by phagocytes in the state of inflammation 

where IL-1 stimulate filtration of WBCs to the inflammation zone.( Gao et al.,2007, 

Mills et al.,2009). 

    The result of the current study show a significant decrease (p<0.05) in hematocrit 

(HCT) among the workers in water purification plants when compared with control 

group, this may result from the distortion of erythrocytes (RBCs) when exposure to 
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chlorine gas where the study of (Heffernan et al.,1979) found that the chickens which 

exposed to chlorine led to oxidation of thiol group that lead to deposition of 

hemoglobin and hemolysis of erythrocytes. (Woollard et al.,2009). 

   In other studies, they were found that the incubation of erythrocytes invitro with 

chlorine gas led to empty them from glutathione and increase hydrogen peroxide 

levels in addition to hemoglobin oxidation and all this would lead to change the shape 

of erythrocytes; from these results ,it's clear that the effect of chlorine gas is hemolytic 

and oxidative to erythrocytes, and this would lead to decrease percentage of 

hematocrit and this agreed with results of the current study .( Kapralov  et al.,2009 ; 

Pal et al.,2011) . 

   The results also, showed a significant increasing in creatinine and urea levels among 

the workers in water purification plants and this may be due to disorders of the kidney 

that result from chlorine effects and this was referred in the study ( Lacey and 

Randle,1990), where the kidney represent important organ in the body which is act on  

the excretion of wastes from the body and the elevated levels of creatinine and urea 

indicate the presence of disorders in the kidney like chronic kidney failure . The study 

of (Kum et al.,2010; Mohsen et al.,2018) found the poisonous effects of chlorine on 

liver and kidneys, the study found that the exposure of mice to different 

concentrations of chlorine lead to proteinosis and enlargement in the renal tubules ,in 

addition to lesion in the kidney and these conditions are associated with acute kidney 

diseases that increasing the intensity of renal inflammation ,glomerulisederosis, 

hyperplasia and mineralization all these factors may lead to elevation of creatinine 

and urea and this agreed with the results of current study.  

   The results of exposure time to chlorine that shown in figure (1) indicated the 

presence of significance elevation in the numbers of WBCs among the workers in 

water purification plants in different duration of works when compared with control 

group . 

 
Figure (1): Correlation of the duration of works in the water purification plants 

with the total number of WBCs. 
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The researcher Aslan et al., (2006) that exposure to chlorine for a long time and 

inhalation will lead to interaction with water in the tissues, which result in to the 

genesis of hydrochloric acid in addition to the formation of free oxygen and one of the 

damage of hydrochloric acid is that it causes acute inflammation in the epithelial 

tissues of respiratory tract and eyes and one manifestation Inflammation is high 

numbers of WBCs.  

In an experiment included the exposure of rats to different concentrations of chlorine 

for 90 days and 120 days respectively showed that the rats that killed in day 120 have 

hyperplasia in the goblet cells of the nasal cavity as well as metaplasia in the 

epithelial tissue , in addition to an inflammatory response represented by increasing in 

the numbers of white blood cells especially neutrophil (Chen et al.,2012). 

In figure, (2) the results show the presence of a significance decrease in the levels of 

in the hematocrit  (HCT)  among the workers in water purification plants in different 

duration of works when compared with control group  

 
Figure (2): The Correlation of the duration of works in the water purification 

plants with HCT levels. 

   Exposure to chlorine for a long time lead to the reduction in glutathione levels and 

formation of free radicals which are act on the oxidation of hemoglobin and this may 

reflected on the decrease of HCT levels and this similar to our results (Moor,1999). 

The study of (Rother et al.,2005) find that the exposure to chlorine for long time lead 

to hemolysis of blood. In the other study included exposure of rats to chlorine gas for 

the duration ( 2 and 6 months respectively ) showed that the rats stay exposed to 

chlorine for 6 months have acute anemia associated with changes in the figure of red 

blood cells ( White and Martin,2010)  

The results showed significant elevation in creatinine and urea levels among the 

workers in water purification plants in different duration of works when compared 

with control group, as shown in figure (3) and figure (4)  .  
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Figure (3): The Correlation of the duration of works in the water purification 

plants with creatinine levels. 

 
Figure (4): Correlation of the duration of works in the water purification plants 

with urea levels. 

This may be caused by the greater damage in the renal tubules in addition to 

hyperplasia in the tissues of these tubules as a result of exposure to chlorine and this 

agreed with the study of (Perigo  and Prado,2005).In the other study performed on 

mice find that the long time exposure of mice to chlorine lead to elevation the levels 

of N-acetyl-glycosaminidase enzyme, which is associated with renal tubules 

damaging and thus lead to elevation the creatinine levels ,in addition to elevation of 

urinary proteins as a result of kidneys damaged and this lead to elevation in the levels 

of urea in the blood and this agreed with our results (Patrick-Iwuanyanwa et al.,2011).  

 

Conclusions and recommendations 

Exposure to chlorine effect in some blood parameters of workers in water purification 

stations, by decrease the hematocrit levels and a significant increase in the total 

number of white blood cells, in addition to association of chlorine with the occurrence 

of diseases in the kidney due to the higher levels of both urea and creatinine levels. 

Chlorine is one of the polluting gases and has a great impact on health and must be 

treated with great caution to prevent its health effects and therefore should educate the 
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workers in this area and to inform them on the seriousness of this gas and to identify 

ways to prevent its effects and to find alternative ways to sterilize water be safe for 

workers and citizens  

 

References 

Enger,M.(1960).Treatment of water with chlorine dioxide to improve the taste .Gas 

Wasser Fach.14:330-336. 

Shusterman ,D.; Murphy,M.A and Balmes, J.(2008).Influence of age, gender and 

allergy status on vassal reactivity to inhaled chlorine. Inhale toxicol.15(12):1179-

1189. 

Duncan, M.A; Drociuk, D.; Belflower-Thomas ,A.; Van Sickle ,D.; Gibson, 

J.J.;,Youngblood ,C. and  Daley, W.R.( 2011). Follow-up assessment of health 

consequences after a chlorine release from a train derailment–Graniteville, SC, 

2005. J Med Toxicol. ;7(1):85–91. 

Heil,D.(2000). Reference range for adults and children.Eur,J,Clin.Chem,Clin 

Biochem.31:335-346. 

Young,P.(2001).Clinical guide to laboratory tests.25:336-337. 

Uyan, Z.S.; Carraro, S.; Piacentini, G. and  Baraldi, E.( 2009). Swimming pool, 

respiratory health, and childhood asthma: should we change our beliefs? Pediatr 

Pulmonol ;44:31–37.  

Gao X, Xu X, Belmadani S, Park Y, Tang Z, Feldman AM, Chilian WM, Zhang C. 

TNF-alpha contributes to endothelial dysfunction by upregulating arginase in 

ischemia/reperfusion injury. Arterioscler Thromb Vasc Biol 2007;27:1269–1275. 

Mills NL, Donaldson K, Hadoke PW, Boon NA, MacNee W, Cassee FR, Sandstrom 

T, Blomberg A, Newby DE. Adverse cardiovascular effects of air pollution. Nat Clin 

Pract Cardiovasc Med 2009;6:36–44.  

Heffernan WP, Guion C, Bull RJ.(1979). Oxidative damage to the erythrocyte 

induced by sodium chlorite, in vitro. J Environ Pathol Toxicol. 2(6):1501-10. 

Woollard, K. J., Sturgeon, S., Chin-Dusting, J. P., Salem, H. H., and Jackson, S. P. 

(2009) Erythrocyte hemolysis and hemoglobin oxidation promote ferric chloride-

induced vascular injury. J. Biol. Chem. 284, 13110-13118  

 

Pal, C., Kundu, M. K., Bandyopadhyay, U., and Adhikari, S. (2011) Synthesis of 

novel hemeinteracting acridone derivatives to prevent free heme-mediated protein 

oxidation and 

degradation. Bioorg. Med. Chem. Lett. 21, 3563-3567 

Kapralov, A., Vlasova, II, Feng, W., Maeda, A., Walson, K., Tyurin, V. A., Huang, 

Z., Aneja, R. K., Carcillo, J., Bayir, H., and Kagan, V. E. (2009) Peroxidase activity 

of hemoglobinhaptoglobin complexes: covalent aggregation and oxidative stress in 

plasma and macrophages. J. Biol. Chem. 284, 30395-30407. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Heffernan%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=528854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guion%20C%5BAuthor%5D&cauthor=true&cauthor_uid=528854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bull%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=528854
https://www.ncbi.nlm.nih.gov/pubmed/528854


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 3358–3364 

Received 15 April 2021; Accepted 05 May 2021 

 
 

3364 
http://annalsofrscb.ro 

Aslan S, Kandis H, Akgun M, Cakir Z, Inandi T, Gorguner M. The Effect of 

Nebulised NaHCO3 Treatment on RADS due to Chlorine Gas Inhalation. Inhal 

Toxicol. 2006;18:895–900. 

 Chen TM, Malli H, Maslove DM, Wang H, Kuschner WG. Toxic Inhalational 

Exposures. J Intensive Care Med. 2012, Mar 22. 

White CW, Martin JG. Chlorine gas inhalation: human clinical evidence of toxicity 

and experience in animal models. Proc Am Thorac Soc. 2010, 7(4), 257-263. 

Rother, R. P., Bell, L., Hillmen, P., and Gladwin, M. T. (2005) The clinical sequelae 

of intravascular hemolysis and extracellular plasma hemoglobin: a novel mechanism 

of human disease. JAMA 293, 1653-1662. 

 

Kum S., Sandikci M., Eren U., Metin N. Effects of formaldehyde and xylene 

inhalation on fatty liver and kidney in adult and developing rats. J Anim Vet 

Adv. 2010;9:396–401. 

Perigo J.F., Prado C. Evolution of occupational exposure to environmental levels of 

aromatic hydrocarbons in service stations. Ann Occup Hyg. 2005;49:233–240. 

Patrick-Iwuanyanwa K.C., Onyemaenu C.C., Wegwa M.O., Ayalogu E.O. 

Hepatotoxicity and nephrotoxic effects of kerosene and petrol contaminated diets in 

Wistar albino rats. Res J Environ Toxicol. 2011;5:49–57. 

Lacey,J.H. and Randle,P.J.(1990).Inhibition of lactate gluconeogenesis in rat kidney 

by chlorine.170:551-560. 

Mohsen ,I.H; Al-Saadi, A.H.; Nassir, I.M; Zaidan, H.K.; Al-Terehi, M.N. and Al-

Jboori, M.J.(2018). Role of MIR-196a2 Gene Polymorphism in Some Hormonal and 

Physiological Parameters Levels in Type 2 Diabetic Patients. J PURE APPL 

MICROBIOL, 12(3), 1537-1542. 

Moore,G.S.(1999).Kinetics of CLO2 on blood glutathione and hemolysis 

.J.Pathol.Toxicol.3:431-444. 


