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Abstract 

Air pollution has become one of the health hazards of today’s world. It is now well known fact the 

exercises in the form of sports, aerobics or workouts, if performed regularly have a positive impact on 

various system of the body. But during exercising one should avoid areas with high pollutant 

concentrations. The study was carried out to observe whether environmental air pollution has any effect 

on hematological parameters of female athletes of two different polluted zones of west Bengal. Two 

different zones (Cooch Behar -A B N Seal College, Howrah -Betore) with their respective climate 

condition of West Bengal, India were selected for the present study. The air quality of these different 

zones was collected from WBPCB for comparative study of air pollution from January 2017 to February 

2017. The total number of 20 female athletes aged 18-25 years undergoing regular training program for a 

minimum period of 3 years and having participation in national /state/district level sports competitions 

and residents of that particular area for the past 5 years or more were enrolled as subjects of this study. 

They were subdivided into two groups according to their residence of particular zone. Selected physical 

profile, hematological profile and air pollutants were measured. There was no significant difference 

between female athletes of Cooch Behar and Howrah zones in respect of height, weight and BSA and 

BMI. Hb concentration, RBC count, PCV%, MCH and MCHC were significantly higher (p<0.01) in 

Cooch Behar female athletes than Howrah female athletes. WBC (p<0.01) and platelet count (p<0.05) 

were significantly higher in Howrah female athletes than Cooch Behar female athletes. No significant 

differences were obtained in MCV although values were higher in Cooch Behar athletes. Values of PM10 

of Howrah zone was much more than the national ambient air quality standards. In the case of SO2 

concentration in air, all these zones are below the standard level. Though the NO2 of Howrah and Cooch 

Behar zones are below the standard level, the Howrah zone is very near to cross the standard level. 

 

Keywords: Air pollution, hematology, female athletes 
 

1. Introduction  

Women are unstoppable in sports, the emancipation of women in sports is as objective a 

process as the liberation of women from social duties restricted to three K’s in the days of Old-

Kinder, Kuche, Kirche (Children, Kitchen, Curch). The active participation of women of the 

East in sporting life after hiding their face under paranja for centuries is the most vivid 

manifestation of this (Grayevskaya, 1983) [13]. 

Environmental considerations, at present, are gaining increasing significance due to rapid 

industrialization and urbanization throughout the world. Different pollutants released due to 

various industrial as well as other man-made activities including fast expanding vehicular 

traffic are causing deep concern to all kind of living organisms on the earth, adversely 

affecting their health.  

Numerous studies have reported short term effects of air pollution on increasing the risk of 

cardiorespiratory mortality and morbidity (Dockery et al., 1993; Oliveira et al., 2006) [9, 20]. 

The extent to which an individual is affected by air pollution generally depends on the total 

exposure to the damaging pollutants, which is usually determined by the duration of exposure 

and the concentration of the chemicals (Kargarfard et al., 2011) [14]. Concern has been 

increased about problems associated with exercising in polluted air. 
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Air pollution may affect athlete’s health and performance 
(Pierson, 1989; Rundell, 2012; Shephard, 1984) [21, 25, 27]. 
Diffusion of pollutant gases increases with exercise as 
pulmonary diffusion capacity has been shown to increase with 
exercise (Fisher & Carny, 1982) [11].  
The relationship of air pollution with haematological factors 
remains controversial (Poursafa et al., 2011) [23]. Few studies 
were undertaken to determine impact of air pollution on blood 
(Nikolic, 2008; Pope et al., 1999) [18, 22]. Some studies 
reported the association of short-term (Riediker, 2007) and 
long-term (Chen et al., 2008) [5] exposure to air pollution with 
WBC count, while some other studies (Forbes et al., 2009; 
Steinvil et al., 2008) [12, 28] did not confirm such association. 
According to Nikolic (2008) [18], most air pollutants reach the 
blood quickly without previous bio-transformation and have 
been shown to produce harmful effects on the blood, bone 
marrow, spleen, and lymph nodes. Kristal-Boneh et al. (1993) 
[15] suggested that red blood cell changes may occur in the 
winter month, when air pollution is higher. Sports have 
become an integral part of human life and living in today’s 
world. It is an incontestable fact that daily physical activity is 
beneficial to health and longevity.  
However, studies on the effects of air pollution on 
hematological parameters in adults, particularly female 
athletes are scanty. So the researcher was interested to 
measure hematological parameters of female athletes of two 
different polluted zones of West Bengal and to identify 
difference between them if any. 
 

1.1 Purpose of the study  
The purpose of this study is stated below- 
i. To observe whether environmental air pollution has any 

effect on hematological parameters of female athletes of 
two different polluted zones of west Bengal. 

 

2. Materials and Methods 

2.1 Selection of Place 
Two different zones (Cooch Behar -A B N Seal College, 
Howrah-Betore) with their respective climate condition of 
West Bengal, India were selected for the present study. The 
air quality of these different zones was collected from 
WBPCB for comparative study of air pollution from January 
2017 to February 2017. The environmental condition of these 
zones was more or less same. According to Air Quality Index 
(AQI) Howrah was marked polluted zone (poor category), 
and Cooch Behar was Non-polluted zone (satisfactory 
category) (Air Quality Index, 2020). 

 

2.2 Selection of Subject 
The total number of 20 female athletes aged 18-25 years 
undergoing regular training program for a minimum period of 
3 years and having participation in national /state/district level 
sports competitions and residents of that particular area for 
the past 5 years or more were enrolled as subjects of this 
study. They were subdivided into two groups according to 
their residence of particular zone. The numbers of subjects in 
two different zones taken for the study have been presented in 
the table no-1. 

 
Table 1: Represent numbers of subjects from Cooch Behar and Howrah zones 

 

Name of zones 
Number of subjects in two different zones 

Available Population Selected Athletes (n) 

Cooch Behar 23 10 

Howrah 22 10 

Total 45 20 

 

2.3 Criteria Measured 

Physical profile, hematological profile and air pollutants were 

the criteria for the present study. Under physical profile there 

were four parameters i.e. height, weight, Body Surface Area 

(BSA) and Body Mass Index (BMI).  

Hematological profile was another criterion related to this 

present study under which eight parameters assessed viz. 

Hemoglobin concentration, Red Blood Cell (RBC) count, 

White Blood Cell (WBC) count, platelets count, PCV, MCV, 

MCH and MCHC. Air pollutants were included with 

Particulate matter (PM10), Sulfur dioxide (SO2) and Nitrogen 

dioxide (NO2). 

Air pollutants were included with Particulate matter (PM10), 

Sulfur dioxide (SO2) and Nitrogen dioxide (NO2). 

 

2.4 Data collection 

The data collected included Physical parameters, 

hematological parameters and air pollutants.  

 

2.4.1 Physical parameters 

Standing height in cm was measured with shoes removed, feet 

together.  

Weight in kg was measured with shoes and Jackets removed. 

BSA was calculated by (DuBois and DuBois, 1916) [10] 

BMI was calculated by Meltzer’s equation (Meltzer’s et al., 

1988) [17] 

 

2.4.2 Hematological parameters 
Venous blood samples were collected into plain evacuated 
tubes by expert pathologist from a forearm vain with a 
minimal stasis after approximately 10 min of rest in a sitting 
position between 7 and 8 am, at least 24 hours from last 
workout of all the participants. 
Automatic hematological analyzer used for measuring 
hematological parameters. 
 
2.4.3 Air pollutants 
Particulate Matter (PM10) by (Gravimetric Method) (CPCB, 
2013) [6] Sulphur dioxide (SO2) by (Improved West and 
Gaeke Method) (CPCB, 2013) [6] Nitrogen dioxide (NO2) 
(Modified Jacob and Hochheiser Method) (CPCB, 2013) [6]. 
 
2.5 Statistical analysis 
The calculated data were analysed using appropriate statistical 
procedure. Mean was calculated as the measure of central 
tendency and the standard deviation was calculated as the 
measure of the variability. Statistical significant of difference, 
between mean value was analysed by ‘t’- test -Two Sample 
Assuming Equal Variance by using MS Excel 2016.  
 
3. Results & Discussion 
3.1 Results 
The data for different parameter and their statistical analysis 
have been presented in following section. 
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Table 2: Personal information of female athletes of two different polluted zones (Mean± S.D) 

 

Zone/Parameters Cooch Behar Howrah 

Age(years) 19.1±1.10 19.5±1.08 

Training age(Years) 5.8±1.03 5.7±1.16 

 
Table 3: Comparison on physical profile of female athletes of two different polluted zones (Mean± S.D) 

 

Zone/Parameters Cooch Behar Howrah ‘t’ Significant 

Height(cm) 158.15±2.33 156.04±4.71 1.27 NS 

Weight(kg) 49.89±5.62 47.31±4.09 1.17 NS 

BSA(m2) 1.49±0.08 1.44±0.06 1.46 NS 

BMI(kg/m2) 19.97±2.14 19.55±1.88 0.47 NS 

*Significant at 0.05 level, ** Significant at 0.01 level, NS =Not Significant, Table value at 0.05 level-2.10, df-18. 
 

Mean and S.D of all the physical parameters of female 

athletes of two zones are shown in Table no 3. Comparing the 

mean values, it is observed that there were differences in 

mean values of female athletes of two zones in respect of 

height, weight, BSA and BMI. To observe the significant 

difference between the two groups ‘t’ value was calculated.  

No significant differences were obtained in height, weight, 

BSA and BMI although values were higher in Cooch Behar 

athletes. 

 
 

Table 4: Comparison on hematological profile of female athletes of two different polluted zones (Mean± S.D) 
 

Zone/Parameters Cooch Behar Howrah ‘t’ Sig. 

Hb Concentration (gm/dl) 13.61±0.57 11.49±0.71 7.34** 0.01 level 

RBC count (millions/cu.mm) 4.33±0.27 3.96±0.24 3.22** 0.01 level 

WBC count (no. of cells/cu.mm) 8450±533.85 9415±673.32 3.55** 0.01 level 

Platelet count (lacs/cu.mm) 2.09±0.10 2.39±0.42 2.22* 0.05 level 

PCV (%) 39.8±2.30 36.3±2.00 3.62** 0.01 level 

MCV (fl) 91.91±2.12 91.55±1.20 0.46 NS 

MCH (pgm) 31.43±0.93 29.02±1.06 5.42** 0.01 level 

MCHC (g/dl) 34.18±0.81 31.33±1.31 5.83** 0.01 level 

*Significant at 0.05 level, ** Significant at 0.01 level, NS =Not Significant, Table value at 0.05 level-2.10, df-18. 

 

Mean and S.D of all the hematological parameters of female 

athletes of two zones are shown in Table no 4. Comparing the 

mean values, it is observed that there were differences in 

mean values of female athletes of two zones in respect of Hb 

concentration, RBC count, WBC count, platelets count, PCV, 

MCV, MCH and MCHC. 

To observe the significant difference between the two 

groups ‘t’ value was calculated.  

Hb concentration, RBC count, PCV%, MCH and MCHC 

were significantly higher (p<0.01) in Cooch Behar female 

athletes than Howrah female athletes.  

WBC (p<0.01) and platelet count (p<0.05) were significantly 

higher in Howrah female athletes than Cooch Behar female 

athletes. No significant differences were obtained in MCV 

although values were higher in Cooch Behar athletes. 

 

Table 5: Mean ± SD of PM10, SO2 and NO2 of two differently polluted zones 
 

Parameters/Zone Particulate Matter 

(PM10) µg/m3 

Sulphur Dioxide (SO2) 

µg/m3 

Nitrogen Dioxide (NO2) 

µg/m3 

AQI exclude 

PM 2.5 

AQI include PM 

2.5 

Cooch Behar 80.43±10.14 2.00±0 20.01±1.25 80.24±10.30 NA 

Howrah 199.21±40.89 12.26±2.45 77.43±12.42 165.71±28.94 279.24±62.56 

NA=Not Available 

 

It is seen from Table no 5 that the means of particulate matter 

(PM10), sulphur dioxide (SO2), and that of nitrogen dioxide 

(NO2) were not equal of two zones. 

According to National Ambient Air Quality Standards 

(NAAQS) 16th Nov 2019, standard value for particulate 

matter (PM10) in industrial, residential, rural and other areas 

for 24 hours is 100 µg/m3 and for sulphur dioxide (SO2) and 

nitrogen dioxide (NO2) is 80 µg/m3 and 80 µg/m3 

respectively 

Values of PM10 of Howrah zone was much more than the 

national ambient air quality standards. In the case of SO2 

concentration in air, all these zones are below the standard 

level. Though the NO2 of Howrah and Cooch Behar zones are 

below the standard level, the Howrah zone is very near to 

cross the standard level.  

 

3.2 Discussion 

While comparing to other foreign countries it appears that the 

athletes of the present study are shorter in height and low in 

weight than the athletes of the many others country. However, 

the BMI score with in the normal range with that of foreign 

female athletes (Nurdi et al., 1996) [19]. 

Therefore, it appears that the physical profile of the female 

athletes of the present study are within the normal range of 

with in Indian standard athletes as reported by Indian 

researchers. On the other hand, foreign athlete’s standard in 

respect of physical profile to some extend higher to subject of 

the present study. Anyhow, we may consider the subjects of 

the present study are nearer to Indian standard. 

Bandyopadhyay (2008) [3] have found Hb concentration of 

11.72 gm/dl among swimmer. Rahman et al. (2014) [24] 

conducted a study on Bangladesh athletes and their findings 

9.73 gm/dl was relatively lower than the Indian standard also 

from the present study.  

Plasma and total blood volume increase as much or more than 

total haemoglobin contain as a result of training. This plasma 
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and blood volume expansion associate with albumin synthesis 

and necessity to transport heat and resist dehydration during 

exercise. A known acute effects of exercise on blood is to 

cause a release of fluid from the vascular compartment which 

decreases volume of plasma and blood. This fluid loss from 

the plasma deceases plasma volume and causes the 

haematocrit and plasma metabolic concentration to increase 

which is termed hemo concentration (Brooks et al., 2000) [4]. 

Poursafa et al. (2011) [23] found a significant negative 

relationship between PM10 and Hb and RBC respectively. Das 

and Chatterjee (2015a) [8] found a relatively higher percentage 

of Hb among the boys of non-polluted zone that of polluted 

zone. Therefore, findings of the present study in respect of Hb 

concentration and differences between the zones are in close 

proximity to other researchers and the differences between the 

polluted and non-polluted zones are not uncommon. It means 

more the pollution less is the Hb concentration in a particular 

zone.  

Bandyopadhyay (2008) [3] found RBC count for swimmer 

4.11 millions/cu.mm. In a study on Nigerian females Akor-

Dewu et al. (2012) [2] shown that RBC count varies between 

4.23 millions/cu.mm and 4.33 millions/cu.mm in two 

differently polluted zones. 

Kargarfard et al. (2011) [14] found a significant decrease in 

RBC count after exercising in polluted air. Das and Chatterjee 

(2015b) [7] found significant reduction in RBC count of school 

going boys in high polluted zone. 

Other two blood cells that are WBC and platelets differences 

between the two zones existed and so far the mean value is 

concerned just the reverse results observed from that of RBC.  

A number of researchers have shown that pollution have a 

positive effect on WBC and platelets count, i.e. more the 

pollution in the ambient air, WBC and platelets count are 

higher in that zone for athletes. Short-term elevation of 

ambient PM is associated with increased levels of 

inflammatory markers such as WBC count (Liao et al., 2005) 
[16]. Poursafa et al. (2011) [23] found significant positive 

relationship between PM10 and platelet count.  

Three hematological parameters i.e. as PCV, MCH and 

MCHC similar trend of data that of other hematological 

parameters are observed.  

MCHC indicates the amount of haemoglobin in per unit 

volume and MCHC correlate with the haemoglobin contains 

with the volume of cell. Das and Chatterjee (2015a) [8] found 

lower MCHC volume in pollutant zone than boys of the non-

polluted zone. The findings of the present study were in close 

proximity with the findings of the Akor-Dewu et al. (2012) [2] 

and Yasui et al. (2015) [29] for PCV, MCH and MCHC. 

The data on hematological parameters as obtained from 

female trained athletes of this study from the two different 

zones are in all probably associated with the observation, 

mentioned above. The influence of air pollution on the 

hematological profile has also been established for the 

analysis. Howrah being the polluted zone is distinctly 

different from the Cooch Behar zone and the reason is most 

probably pollution in the ambient air in this particular zone. 

 

4. Conclusions 

On the basis of the discussion the following conclusions has 

been made. 

 

5. On Physical Profile 

1. There was no significant difference between athletes of 

Cooch Behar and Howrah zone in respect of physical 

profile. 

6. On Hematology Parameters 

1. Hb concentration, RBC count, PCV, MCH and MCHC of 

the Cooch Behar athletes were significantly higher than 

Howrah athletes. 

2. WBC count and platelets count of the Cooch Behar 

athletes were significantly lower than Howrah athletes. 

3. There was no significant difference between athletes of 

Cooch Behar and Howrah zone in respect of MCV. 

 

7. References 

1. Air Quality Index 2020, Retrieved from 

https://en.wikipedia.org/wiki/Air_quality_index 

2. Akor-Dewu MB, Ayp JO, Collins AR, Mabrouk MM, 

Adelaiye AB, Ciroma FL. Study of haematological and 

cardiorespiratory parameters in women exposed to 

biomass or mixed fuels. American International Journal 

of Contemporary Research 2012;2(8):257-263. 

3. Bandyopadhyay A. Body composition, hematological 

profiles and cardiorespiratory fitness in female swimmers 

of West Bengal, India. International Journal of Applied 

Sports Sciences 2008;20(1):10-21. 

4. Brooks AG, Fahey DT, White PT, Baldwin MK. Exercise 

Physiology (3rd ed). California: Mayfield Publishing 

company 2000. 

5. Chen JC, Schwartz J. Metabolic syndrome and 

inflammatory responses to long-term particulate air 

pollutants. Environmental Health Perspective 

2008;116(5):612-617.doi: 10.1289/ehp.10565. 

6. CPCB. Guidelines for the Measurement of Ambient Air 

Pollutants 2013. Retrieved from 

http://mahenvis.nic.in/Pdf/Report/report_epm_NAAQMS

%20.pdf 

7. Das P, Chatterjee P. Aerobic capacity and hematological 

response to exercise: A study on school-going regularly 

exercising boys in two different air pollution zones. 

Journal of Exercise Science & Fitness 2015b, 13,doi: 

10.1016/j.jesf.2015.08.001  

8. Das P, Chatterjee P. Assessment of hematological 

profiles of adult male athletes from two different air 

pollutant zones of West Bengal, India. Environmental 

Science and Pollution Research International 

2015a;22(1):343-349. doi:org/10.1007/s11356-014-3314-

9 

9. Dockery DW, Pope CA, Xu X, Spengler JD, Ware JH, 

Fay ME et al. An association between air pollution and 

mortality in six U.S. cities. The New England Journal of 

Medicine 1993;329(24):1753-9. 

10. DuBois D, DuBois EF. Clinical Colorimetry. A formula 

to estimate the approximate surface area if weight and 

height is known. Archives of Internal Medicine 

1916;17:863-871. 

11. Fisher JT, Cerny FJ. Characteristics of adjustment of lung 

diffusion capacity to work. Journal of Applied 

Physiology 1982;52:1124-1127.  

12. Forbes LJ, Patel MD, Rudnicka AR, Cook DG, Bush T, 

Stedman JR et al. Chronic exposure to outdoor air 

pollution and markers of systemic inflammation. 

Epidemiology 2009;20:245-253. 

13. Grayevskaya N. Bringing Science into the picture. 

Prachesta 1983, 60-61. 

14. Kargarfard M, Poursafa P, Rezanejad S, Mousavinasab F. 

Effects of exercise in polluted air on the aerobic power, 

serum lactate level and cell blood count of active 

individuals. International Journal of Preventive Medicine, 

2011;2(3):145-150. 

www.journalofsports.com


 

~ 292 ~ 

International Journal of Physiology, Nutrition and Physical Education www.journalofsports.com 
15. Kristal-Boneh E, Froom P, Shapiro Y, Green MS. 

Seasonal changes in red blood cell parameters. British 

Journal of Haematology 1993;85(3):603-607. doi: 

10.1111/j.1365-2141.1993.tb03354.x. 

16. Liao D, Heiss G, Chinchilli VM. Association of criteria 

pollutants with plasma hemostatic/inflammatory markers: 

a population-based study. Journal of Exposure Analysis 

and Environmental Epidemiology 2005;15(4):319-328. 

doi: 10.1038/sj.jea.7500408. 

17. Meltzer A, Muller W, Annergers J, Grines B, Albright D. 

Weight history and hypertension. Clinical Epidermiology 

1988;41:867-874. 

18. Nikolic M, Nikic D, Stankovie A. Effects of air pollution 

on red blood cells in children. Polish Journal of 

Environmental Studies 2008;17(2):267-271. 

19. Nudri WW, Ismail MN, Zawiak H. Anthropometric 

measurements and body composition of selected national 

athletes. Malaysian Journal of Nutrition 1996;2:138-47. 

20. Oliveira RS, Barros Neto TL, Braga AL, Raso V, Pereira 

LA, Morette SR. Impact of acute exposure to air 

pollution on the cardiorespiratory performance of 

military firemen. Brazilian Journal of Medical and 

Biological Research 2006;39(12):1643-

1649.doi:10.1590/S0100-879X2006005000046 

21. Pierson WE. Impact of air pollutants on athletic 

performance. Allergy proceedings : the official journal of 

regional and state allergy societies 1989;10(3):209-214. 

doi:10.2500/108854189778960144 

22. Pope CA, Dockery DW, Kanner RE, Villegas GM, 

Schwartz J. Oxygen saturation, pulse rate and particulate 

air pollution :a daily series panel study. American Journal 

of Respiratory and Critical Care Medicine 1999;159:365-

372. 

23. Poursafa P, Kelishadi R, Amini A, Amini A, Amin MD, 

Lahijanzadeh M et al. Association of air pollution and 

hematologic parameters in children and adolescents. 

Jornal de Pediatria 2011;87(4):350-

356.doi:10.2223/JPED.2115  

356.doi:10.2223/JPED.2115  

24. Rahman SMN, Alam T, Alam T, Habib N, Umar BU, 

Banna Q et al. Effect of physical exercise on some 

hematological parameters in female athletes in 

Bangladesh. JNMA; Journal of the Nepal Medical 

Association 2014;52(195):892-896. 

doi:10.31729/jnma.2710. 

25. Rundell KW. Effect of air pollution on athlete health and 

performance. British Journal of Sports Medicine 

2012;46(6):407-412. doi:10.1136/bjsports-2011-090823 

26. Riediker M. Chances and Risks of Nanomaterials for 

Health and Environment. In: Schmid A., Goel S., Wang 

W., Beiu V., Carrara S. (eds) Nano-Net. NanoNet 2009. 

Lecture Notes of the Institute for Computer Sciences, 

Social Informatics and Telecommunications Engineering, 

Springer, Berlin, Heidelberg 2009, 20. 

https://doi.org/10.1007/978-3-642-04850-0_19 

27. Shephard RJ. Athletic performance and urban air 

pollution. Canadian Medical Association 

Journal 1984;131(2):105-109. 

28. Steinvil A, Shirom A, Melamed S, Toker S, Justo D, Saar 

N et al. Relation of educational level to inflammation-

sensitive biomarker level. The American Journal of 

Cardiology 2008;102(8):1034-1039. 

doi:10.1016/j.amjcard.2008.05.055 

29. Yasui Y, Kubota M, Nagai A, Matsumoto N. Anemia in 

female collegiate athletes: association with hematological 

variables, physical activity and nutrition. British Journal 

of Medicine & Medical Research 2015;7(10):801-808.  

 

www.journalofsports.com

