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Abstract 

In all the countries industrial development is taking place to meet the society 

demands and to generate employment in the country. Big industries provide 

various type of facilities to their employees and one of it is schooling for 

children. Industry establishes the school in the industrial campuses without 

considering the pollution in the industrial area. All children studying in these 

schools are exposed to air pollution caused by the industry. Cement industries 

can be categories as one of the most polluting industry. Major pollutant 

released by the cement industry is respirable suspended particulate matter 

(RSPM). This RSPM is deposited in the respiratory tract of exposed 

population. In this study effort is made to find the relationship between 

reduction in forced vital capacity (FVC) of lungs of children with air quality 

index (AQI) and exposure duration. It was found that reduction in FVC is 

directly related to AQI and exposure duration. Results indicate that as AQI 

increases reduction in FVC is increasing. It was also revealed from the study 

that reduction in FVC is increasing as exposure duration is increasing. FVC of 

total 431 school children studying in the schools situated in the cement 

industries were measured, which were exposed to 3 years to 12 years. FVC of 
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38 school children those were not exposed to such environment were also 

measured for comparison purpose and is designated as control population. It 

was found that FVC of exposed children was reduced upto 19.68 % during 

their study period. Statistical analysis for 95 % confidence level was done and 

found that 93.3 % contribution in reduction of FVC is due to AQI and 

exposure duration. 

Keywords:  Forced Vital Capacity, Air Quality Index, Respirable Suspended 

Particulate Matter     

 

1. INTRODUCTION: 

Industrialization is the need of today for every country to meet the national 

requirements. India is one of the developing countries with huge population and 

limited resources. Therefore government is taking all the steps to increase the GDP of 

country including establishment of industrial estates in every part of the country. 

Cement manufacturing is one of the key industrial field in India. Many cement 

industries have been setup in different part of the country. These industries have also 

developed residential colonies and other facilities like schools, hospitals and 

commercial centers either in the industry premises or in the nearby area without 

considering the chronic health effects of air pollution from cement industry.   

There are only a few studies that have established reference standards for pulmonary 

function of Indian school going children residing near cement plants. Air pollutants 

such as sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon mono oxide(CO) and 

suspended particulate matter (SPM) are causing adverse effects on mankind during 

manufacturing period1. It is revealed in a study that about 19.7% residents near 

cement industry are suffering from asthma2. Linn et al., analysed effects of air 

pollution on blood pressure in a population based sample as well as in a panel of 

asthmatic subjects found an increase in systolic blood pressure with elevated 

concentrations of particulates7.It is also concluded in a study that some diseases which 

are mostly related to cement pollution such as asthma, bronchitis and emphysema 

patients were much more in number in the neighborhood area of cement industry12. 
The emphysema prevalence seems to be affected by the level of exposure to air 

pollution derived from the cement plant as well as sex and age of exposed population6. 

A study findings show that most buildings that fall between less than 1km and 1km to 

5km to the factory have high health risk8. NOx and volatile organic compounds react 

in the atmosphere in the presence of sunlight to form ground-level ozone, which 

causes smog in the areas. This ground level ozone when breathed, it causes 

respiratory disease and other health problems11.  

The acute health effect of suspended particulate matter (SPM), even at short term low 

levels exposure; include increased daily mortality and hospital admission rates for 

exacerbation of respiratory disease10. Long term exposure to PM2.5 increases the risk 

of the non-accidental mortality. Living close to busy traffic appears to be associated 

with elevated risk3. The available human clinical results do not establish a 
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mechanistic pathway leading to adverse health impacts for short term NO2 exposure at 

present day ambient environment4. In all the analytical studies total mortality was 

directly associated with long term exposure to particulate matter9.A study indicates 

that 89%-93% of the workers in cement factories complained of wheezing problems 

while 89%-91% were found to be suffering from skin allergies and irregular heart 

beating was found in about 91% to 92% of cement industry workers13. The prevalence 

of childhood pulmonary diseases especially bronchial asthma is increasing world wide 

and this necessitates the need for establishing regression equations for predicting 

damage in pulmonary functions in school children studying in schools near cement 

plants in different parts of India. In India most of the big cement industry have 

schools within the industry premises. Therefore a research study on school children 

was planned to assess the reduction in vital capacity of lungs in relation with the air 

quality index and exposure duration. 

  

2. METHODS & OBSERVATIONS: 

Forced Vital Capacity (FVC) of children were measured under relevant protocols and 

consent was obtained from parents and from children. The procedure to be performed 

was explained in the local language to each child. Prior to measurement, history of 

each child was recorded through a well developed questionnaire, which includes age, 

height, weight, exposure duration, previous disease history etc. A control population 

was selected from the same age group and same socio economic background but not 

exposed to pollution for comparison purpose. Pulmonary function tests were carried 

out in 431 school going children between 8-18 years of age. The tests were carried out 

in the sitting position and a nose clip was applied. All pulmonary function tests were 

carried out on a digital ultrasonic flow measurement spirometer (“Easyone” 

manufactured by Anandic Medical Systems Inc, Switzerland). A minimum of three 

acceptable forced vital capacity (FVC) manoeuvers
 

were obtained and largest of three 

acceptable FVC volumes were recorded, even if the two values did not come from the 

same curve. For the study purpose four industries were identified based on the varying 

ambient AQI in their schools. The children were categories in four categories based 

on the exposure duration. These categories were exposure duration 3 yrs, 6 yrs, 9 yrs 

and 12 yrs. For each category and each AQI minimum 25 samples were taken. 

Numbers of samples in each category are given in table-1. The various pollutants such 

as RSPM, SPM, SO2, NO2 & CO were measured and air quality index was calculated 

and are given in table-2.  

The entire data from the schools, school going children were pooled to cover a wide 

range of variability. Regression analysis was done to establish relationship between 

reduction in FVC, air quality index (AQI), and exposure duration. As FVC depends 

on, age, height & weight hence to overcome these factors percentage reduction in 

FVC was calculated by equation-1 and was assigned as IFVC and are given in  

table-1. Predicted values of IFVC were calculated by ERS-93 equation14 .  
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 Table 1: Reduction in FVC, AQI & exposure duration 

 

S.N NO. OBS AQI EXP DUR IFVC 

1 30 72.50 3 0.0511 

2 25 72.50 6 0.0599 

3 26 72.50 9 0.0833 

4 27 72.50 12 0.1356 

5 26 92.50 3 0.0658 

6 29 92.50 6 0.0695 

7 25 92.50 9 0.1199 

8 28 92.50 12 0.1632 

9 29 125.00 3 0.0991 

10 25 125.00 6 0.1443 

11 25 125.00 9 0.1550 

12 27 125.00 12 0.1769 

13 28 141.00 3 0.1125 

14 29 141.00 6 0.1758 

15 26 141.00 9 0.1824 

16 26 141.00 12 0.1968 

  17 38 Control Population     xxxxx 0.0432 

 

IFVC = ( FVCP-FVC ) / FVCP ------  (1) 

Where  

     FVCP = Predicted Forced Vital Capacity 

     FVC = Measured Forced Vital Capacity 

 

Table 2: Air Quality Index ( AQI) 

S.N  Sampling Industry  AQI 

1 Industry-1 72.5 

2 Industry-2 92.5 

3 Industry-3 125 

4 Industry-4 141 

 

 

3.  ANALYSIS 

(a) Graphical Analysis:  It indicates that relationship between reduction in vital 

capacity (IFVC) increases if exposure duration is increasing or if air quality index 

(AQI) is increasing. It is clear from graph-1 & graph-2 that for increase in IFVC best 

fit curve is linear.   
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Graph-1: Relation between Reduction in FVC (IFVC, at Y-axis) and AQI (X-axis) 

for different Exposure Duration 
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Graph-2: Relation between Reduction in FVC (IFVC, at Y-axis) and Exposure 

duration (X-axis) for different AQI 
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(b) Regression Analysis for reduction in forced vital capacity (IFVC): Statistical 

analysis is done to verify the significance if dependent parameters (AQI & Exposure 

Duration) on independent parameter (Reduction in FVC).  

 

Table 3: Statistical Constants & Model Summary 

 

Model R R Square Adjusted R 

Square 

Std. Error of the Estimate 

 .966(a) .933 .922 .0135387 

    a Predictors: (Constant), EXPDUR , AQI 

 

ANOVA(b) 

Model Sum of Squares df Mean Square F 

Regression .033 2 .017 90.172 

  

  
Residual .002 13 .000 

Total .035 15   

a Predictors: (Constant), EXPDUR , AQI 

b Dependent Variable: IFVC 

 

Coefficients(a) 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta B Std. Error 

Constant -.078 .016   -4.885 .000 

AQI .001 .000 .698 9.712 .000 

EXPDUR .009 .001 .667 9.275 .000 

a Dependent Variable: IFVC 

 

F - Test:  

Ho: β1 = β2 = 0 against H1: not all βk = 0: (k= 1, 2) 

ANOVA table gives the value of calculated ‘F’ i.e. F=90.172 and 

Fk, n-k-l, α = 3.59 (critical value from standard tables). 

Here, Fcalculated > Fk, n-k-l, α 

Hence, reject H0 at α (= 0.05) level of significance, therefore significance of 

individual β’s be tested by‘t - test’. 

t- Test 

H0: βj = 0 against H1: βj ≠ 0: (j = 1, 2) 

The calculated values for ‘t - statistics’ for β1 and β2 are given in ANOVA table. 

t (for β1) = 9.712 

t (for β2) =  9.275 

The value of tn-k-1, α / 2 = 2.11 
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Here t > tn – k – 1; α /2; therefore reject H0. 

Hence, β1≠ 0 and β2 ≠ 0 

As the estimated b0, b1 and b2 are     

b0 = (-) 0.078, b1 = 0.001 and b2 = 0.009.        

Thus, estimated multiple regression equation for IFVC can be expressed as: 

YF =0.001X1+0.009X2 - 0.078  

Where YF = IFVC; X1 = Exposure duration; X2 = Air Quality Index 

 From statistical analysis it can be said that if exposure duration is increasing and AQI 

remains constant, the reduction in FVC is increasing and at the same time if exposure 

duration is constant and AQI is increasing, the reduction in FVC is again increasing. It 

means reduction in FVC depends on air quality index and exposure duration. The 

value of R2 is 0.922 which means that about 92.2 % of variation in dependent variable 

(i.e IFVC) is due to independent variables (i.e AQI and exposure duration). 

 
 
4. CONCLUSIONS 

Rapid industrialization is deteriorating air quality of nearby areas and consequently 

the residents are facing severe respiratory problems. Industries are establishing 

schools within the industry premises for children of their employees as social 

responsibility without considering the ill effects of air pollutants released by the 

industry. In this study about 5 % to 20% reduction in vital capacity of lungs were 

recorded. It means a child passing from school is having an intermediate degree but 

also have reduced vital capacity of lungs. Hence now time has come to decide the 

locations of educational institute for better future life.    
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