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Abstract 

Background: There is increasing concern of ambient air pollution as a global threat to humans. The most 
prominent effect of air pollution is on lung function. The air pollution causes decline in lung function amongst high 
exposure populations. There are some most vulnerable groups who are chronically exposed to ambient air 
pollution like traffic policemen, roadside hawkers, Banjara community in India, E-Rickshaw drivers etc. Methods: 
A cross sectional study was conducted in East Delhi, India. Spirometry was done for roadside hawkers having high 
exposure to ambient Air pollution and   working daily for 6-8 hours for the last more than 3 years. The low exposure 
group was taken from personnel working inside offices. The spirometry parameters of both the groups were 
compared. Student ‘T’ test was applied for statistical analysis with the help of SPSS software. Results: Comparison 
of FVC, FEV1 and FEV1/FVC ratio among two groups revealed lower values for the high exposure group which was 
statistically significant. Among high exposure group the mixed pattern of ventilation defect was observed. Among 
low exposure group normal pattern of lung function was observed. Conclusion: Roadside hawkers are a vulnerable 
group to ambient air pollution resulting in their lower values of lung function parameters with resultant mixed 
ventilator defect and consequently high risk for development of respiratory diseases in the future. 
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Introduction 
Ambient air pollution (AAP) has been identified as a 
national problem since it is the fifth biggest cause of 
mortality in India.(1) and seventh in overall health 
burden. According to WHO,10 out of 20 most 
polluted cities are in India including, Delhi, Patna, 
Gwalior, Raipur etc.(2)PM level often exceeds the 
National Ambient Air Quality Standard (NAAQS) in 
more than 3/4th of Indian cities.(3)Sharma AK, 
Baliyan P, Kumar P et al.(4) conducted  a study to 
look into the extent of air pollution, the magnitude 
of health problems due to air pollution and the risk 

relationship between air pollution and associated 
health effects in Delhi (India).  234 published articles 
in the PubMed 1996 onwards were reviewed. They 
stated that more systemic and well-planned studies 
on ambient air pollution are required to establish the 
extent of pollution and its impact on population of 
Delhi and extent of burden of cardiorespiratory 
diseases caused by air pollution and to fill up the gap 
in knowledge. 
Development and urbanization over the past decade 
has led to rapid increase in the population of Delhi, 
the metropolitan city of India. Consequently, there 
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has been a tremendous increase in the number of 
vehicles, which are causing very high levels of air 
pollution. Vehicular emissions are becoming the 
predominant source of air pollution in Delhi.(5) 
There are certain groups of people who are 
particularly vulnerable to AAP because of their 
sustained exposure. Like traffic cops, road-side 
hawkers are regularly exposed to air pollutants.  
Drivers of public transport vehicles i.e., bus, auto, 
taxi, rickshaw etc., are also vulnerable to the 
consequences of air pollution. Besides, people who 
have to travel regularly for professional 
requirements in metropolitan cities are also exposed 
to air pollutants. Shopkeepers of shops located at 
large crossings and roadsides are as well exposed to 
air pollutants. (http://timesofindia.indiatimes.com/ 
citynagpur/Traffic-cops-falling-prey-to-lung diseases 
/article show /47620826.cms). SA Rizwan et al 
published a paper titled “air pollution in Delhi: Its 
magnitude and effects on health.” In this authors 
analyzed the WHO report, report from the ministry 
of environment and forests, CPCB and other studies 
related to air pollution in Delhi.(6)This paper 
provides the evidence based insight into the status 
of air pollution in Delhi. The Delhi exceeds the 
maximum PM 10 limit by almost 10-times at 
198µg/m3 having a major contribution from 
vehicular pollution (67%), followed by coal-based 
thermal power plants (12%). A case control study 
was conducted by Vimercatil.et al. and it was 
concluded that exposure to air pollution is 
associated with increased morbidity from 
cardiovascular diseases, lung cancer, respiratory and 
allergic diseases.(7) Bajaj et.al. and various Studies 
done in Bogotá (Colombia)Kathmandu Nepal, 
Pondicherry Patiala, have found that chronic 
exposure to air pollution leads to deranged lung 
function.(8,9,10,11,12) It was observed that 
amongst population of Delhi in comparison to rural 
there is higher prevalence of deranged lung function 
(obstructive, restrictive or mixed) , upper respiratory 
symptoms, lower respiratory symptoms and other 
respiratory morbidity. Mary B. Rice et.al. found that 
the nearer the houses to main road the greater is the 
derangement of lung function, indicating adverse 
effects of air pollution on lung function.(13) The 
restrictive spirometric pattern resulted from chronic 
exposure to ambient air pollution  is associated with 
substantial morbidity and mortality burden.(14) 
Newwell K et al did a systematic review and meta-
analysis of studies published and found long term 

exposure is associated with increased cardio 
pulmonary mortality.(15) 

Aims & Objectives 

To frame guidelines for preventive measure and 
early intervention to decrease the morbidity and 
mortality among road side hawkers. 

Material & Methods 

The design of the study was cross sectional. The 
sampling approach was the Quota Sampling. Quota 
sampling is a type of Non-Probablistic sampling in 
which the target population is divided into mutually 
exclusive subgroups also called strata, based on their 
peculiar features or traits. The study was undertaken 
on 150non smoker subjects from Luxminagar and 
Pandav Nagar in east Delhi where AQI remain  in the 
range of moderate to severe throughout the year. 
Out of this 75 were Road side hawker having high 
exposure to ambient air pollution and other 75 were 
official personnel considered low exposure group. 
The high exposure was comparable to low exposure 
group in age, height, weight and BMI. Ethical 
clearance was sought from institutional ethical 
committee. It was a field study in which respiratory 
health camps were organized. Three days before 
conducting the health checkup camp, the 
advertisement was done by distributing the 
pamhlettes amongst the target population (Raodside 
hawkers as well as office personnel) both in English 
and Hindi. The subjects who fulfilled   the inclusion 
criteria were enrolled in the study after obtaining 
written informed consent. A structured proforma 
was filled for each subject followed by PFT. 
Inclusion criteria: In the high exposure group: The 
subjects chosen were male, roadside hawkers , non-
smokers who are working daily for  6 to 8 hours and 
for more than three years. 
In the low exposure group: The subjects chosen 
were nonsmoker male, office personnel. 
In both the groups the subjects of 18 to 65 years of 
age were included in the study.  
The exclusion criteria: Any history of: smoking, 
bronchial asthma, cardiovascular diseases, 
neuromuscular disorders, pneumonia, pleurisy and 
tuberculosis. Any history of cardiovascular, thoracic 
or abdominal surgery. In addition, persons who are 
unable to perform PFT and having any other systemic 
disease which have direct or indirect effect on PFT 
parameters were excluded from study. 
Spirometry Measurement: Spirometry is a tool to 
measure the volumes of air that the patient can 
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expel from the lung after maximal inspiration. The 
indices derived from this forced exhalation are 
compared with predicted normal values determined 
on the basis of age, height, sex and ethnicity. 
Spirometry helps in confirming the airway diseases. 
It detects airways obstruction/Restriction and 
provides an index of severity of disease. There are 
many different types of spirometer with varying 
different costs. The portable battery-operated 
spirometer of model MIR (Medical international 
Research) SNA23-053.06539 REF Spirolab III colour 
was used for performing PFT.The spirometry was 
performed as per the ATS/ERS guidelines (2005) and 
taking all infection preventive measure. The person 
was made to sit comfortably on stool or armed chair 
with back straight. For each patient a clean 
disposable mouth piece was used. The information 
of patients required to conduct the spirometry such 
as of height, weight, age, ethnicity and sex were 
entered in the software of spirometer. An adequate 
test requires a minimum of three acceptable FVC 
manoeuvres. The best of three was considered. 
Acceptable repeatability is achieved when the 
difference between the largest and the next largest 
FVC is ≤ 0.150 L and the difference between the 
largest and next largest FEV1 is ≤0.150 L. (16) 
Statistical Analysis:  Age, Height, Weight and BMI 
were the independent variables. FVC, FEV1 and 
FEV1/FVC were the dependent variables. For these 
data mean and SD were calculated and presented as 
mean ± SD for each of the parameters. Two groups 
were compared by applying independent student 'T' 
test using SPSS software. The statistical significance 
was indicated by ‘P’ value < 0.01.  Software SPSS 16.0 
was used for data analysis amongst study group. 

Results  

Anthropometric Parameters (Table 1): The 
comparison of age, height, body weight and BMI 
between the two groups is given in table below. It 
was found that there is no significant difference 
between two groups.  
The anthropometric parameters of high and low 
exposure groups compared using independent 
student t test. age, height, weight, and BMI of high 
risk group (as mean±SD) were 43.27±13.0, 
166.26±7.72, 69.65±12.01, 25.27±4.53 respectively 
when these parameters were compared with the 
age, height, weight, and BMI (as mean±SD) of high 
risk group i.e. 35.59±13.53, 167.59±7.76, 
71.64±12.25, 25.63±5.00 respectively. It was found 

that there was no statistically significant difference 
between two groups for age, height, weight and BMI. 
Spirometry Parameters: Before the interpretation of 
spirometry results three factors have to be 
confirmed: (1). the flow-volume loops are free of 
artefacts and abnormalities.(2).the volume –time 
curve reaches a plateaue, and the expiration lasts at 
least 6 seconds.(3). results of best two efforts are 
within 0.2 liters of each other. The three parameters 
considered for analysis were FVC in liters, FEV1 in 
liters and FEV1/FVC ratio. Based on FVC, FEV1 and 
FVC/FEV1 ratio, ATS/ERS task force (standardization 
of lung function testing) describe obstructive, 
restrictive and mixed pattern of deranged lung 
function.(16,17,18) 
Glossary of terms related to pulmonary function 
test: FEV1: forced expiratory volume in one second: 
total volume of air a patient is able to exhale in the 
first second during maximal effort. Its is measured in 
liter. 
FVC, forced vital capacity: total volume of air a 
patient is able to exhale for the total duration of the 
test during maximal effort. It is measured in liter. 
FEV1/FVC ratio: the percentage of the FVC expired in 
one second 
As per the recommendation by ATS documents 
published in 2017,FEV1,FVC and FEV1/FVC are the 
three parameters most important in routine clinical 
practice. However many other parameters can be 
calculated but most do not add clinical utility. (17) 
The FVC, FEV1 and FEV1/FVC ratio were compared 
between two groups (Table 2). The data were 
presented as mean±SD 
 The absolute values of FVC(L) and FEV1(L) presented 
as Mean± SD were 2.68±0.06 and 2.06 ±0.68 among 
high exposure group and 3.65±0.64 and 2.90±0.74 
among low exposure group. The FVC and FEV1 were 
significantly lower amongst high exposure group 
than low exposure group (P-value <0.001). 
The FEV1/FVC ratio presented as Mean±SD were 
78.28±13.41and 82.98±12.11amongst High 
exposure (N=75) and Low exposure (N=75) 
respectively. The difference of FEV1/FVC ratio 
between high exposure group &low exposure group 
was not statistically significant (P-value >0.001). 
When the spirometric parameters of high exposure 
group were analyzed within the group (Table 3), it 
was found that the observed value of both FVC and 
FEV1 were less than 70 % of predicted values. The 
observed value of FEV1/FVC ratio was 78.28% i.e. 
less than 80%. Therefore, within the group there was 
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a mixed respiratory derangement with decrease in 
all three parameters. However, post bronchodilator 
spirometry was not performed to see any 
improvement in lung volumes. 
When the spirometric parameters of low exposure 
group were analyzed within the group (Table 4), it 
was found that the observed value of both FVC and 
FEV1 were more than 70 % of predicted values. The 
observed value of FEV1/FVC ratio was 82.98 % i.e. 
more than 80%. Therefore, within the low exposure 
group the lung function was found to be within 
normal limit. 
The present study demonstrates the adverse effect 
of ambient air pollution on lung function of the 
roadside hawkers leading to decrease in lung 
function among high exposure group in comparison 
to low exposure group. 

Discussion  

The effect of air pollution has been studied in India 
and abroad on various groups of subjects and it has 
been observed that ambient air pollution has 
adverse effects on lung function of adults and poor 
development of lung function in children (19,20,21). 
The group of road side hawker which I have chosen 
has never been studied and is one of the most 
vulnerable to ambient air pollution due to chronic 
exposure to ambient air pollution owing to their 
nature of work. It has been hypothesized that 
inhaled particles provoke the generation of reactive 
oxygen species. This, as well as direct damage by 
highly oxidative gases such as ozone and NO2, 
induces oxidative stress and inflammatory 
responses. (22,23,24). Epigenetics has been 
proposed as one of the links between exposure to air 
pollution and respiratory health effects. (25,26) In 
studies of human histological lung tissue, 
correlations have been observed between exposure 
to high PM levels and small airway remodeling by 
greater amounts of fibrous tissue and smooth 
muscle cells.(27) 
Int Panis et al. (28) studied the association between 
daily changes in air pollution and lung function in 
healthy adults.  Forced Vital Capacity (FVC), Forced 
Expiratory Volume in the first second (FEV1), 
FEV1/FVC and Peak Expiratory flow (PEF) from a 
cohort of 2449 employees were associated with daily 
measurements of PM10, NO2 and ozone at a nearby 
monitoring station in the North of Belgium. The 
author concluded a negative associations between 
daily variations in ambient air pollution and FVC, 

FEV1 and PEF in healthy adults. The present study 
was undertaken in areas having air quality in the 
range of moderate to high category however the 
daily variation in level of pollutant were not 
measured. The subjects having chronic exposure in 
areas having moderate to high air pollution with 
more than three years of duration were studied 
however I didn’t further classify the duration of 
exposure. In this study also the significant decline in 
parameters of FVC and FEV1 were found amongst 
high exposure group in comparison to low exposure 
group, but the PEF is not analyzed. Priftis KN et al 
recruited 478 and 342 children aged 8-10 years living 
within a short radius around the urban and rural area 
monitoring stations, respectively and the results 
suggested that long-term exposure to urban 
environment is associated with sub-clinical airway 
narrowing and slower rate of FVC growth.(29) This 
study was undertaken in urban areas only on adult 
population with similar finding of decline in lung 
function but no follow up for further decline in lung 
function done. According to the World Health 
Organization, COPD is currently the sixth leading 
cause of death in the world, and further increases in 
the prevalence and mortality of the diseases 
predicted for the coming decades. The non-smoking 
causes like long term exposure to ambient air 
pollution has become leading cause of COPD. (30) 
The present study also indicates risk of development 
of COPD amongst nonsmoker road side hawker 
group because of clearly decline in lung function 
amongst high exposure group to ambient air 
pollution in comparison to low exposure group. 
There was decline in all three parameters i.e. FVC, 
FEV1, as well as FEV1/FVC ratio indicating mixed 
ventilatory defects. 
To analyze the association of outdoor air pollution 
with chronic respiratory morbidity a cross-sectional 
study was conducted in one industrial town (study) 
and one non-industrial (reference) in Punjab state, 
northern India. Ambient air quality samples were 
collected and analyzed each week for 2 yr. Subjects 
were 3,603 individuals >15 yr old who were 
interviewed and whose lung functions were 
measured spirometrically. Their lung function was 
categorized in terms of obstructive or restrictive 
defects. Levels of total suspended particulates, 
nitrogen oxides, sulfur oxides, carbon monoxide, and 
ozone were significantly higher in the study town 
than in the reference town. Logistic regression 
analysis showed that residence in the study town 
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was independently associated with  spirometric 
ventilatory defect (OR = 2.4; 95% CI = 2.0, 2.9; p < 
0.001) after controlling for other demographic 
effects.(30) In the present study high exposure as 
well as low exposure group is in urban area only but 
the level of exposure to ambient air pollution is 
different amongst two groups owing to their nature 
of work however in comparison the sample size was 
smaller in present study. Similar to the above study 
the high exposure group was found to have 
spirometric ventilatory defects. There was decrease 
in both FVC and FEV1, as well as FEV1/FVC ratio 
indicating mixed ventilatory defect.  
The present study was done to include the group of 
roadside hawkers because this group has been 
overlooked as a vulnerable group to ambient air 
pollution. The findings of this study reinforce the 
findings of earlier lung function studies done on 
other groups who are chronically exposed to 
ambient air pollution. Roadside hawkers is highly 
vulnerable group to the ambient air pollution owing 
to their nature of work and some preventive and 
corrective measures need to be taken to protect 
their health. The preventive measures which can be 
reinforced are: wearing of mask, regular health 
checkup and respiratory function assessment and 
timely medical intervention to decrease respiratory 
mortality and morbidity amongst them. 

Conclusion  

The study clearly proved that long term exposure to 
ambient air pollution is associated with decline in 
lung function in the high exposure group in 
comparison to the low exposure group. In high 
exposure group, the study found the decrease in 
FVC, FEV1, as well as FEV1/FVC ratio. 

Recommendation 

Preventive measures such as wearing good quality 
filtering mask and giving them some protective semi 
closed or closed shop to minimize the direct effects 
of ambient air pollution. 

Limitation of the study 

The subjects having daily exposure to ambient air 
pollution were included in the study, however 
further classification of duration is not done. The 
daily variation in the parameters of air pollution not 
measured. Only three parameters of spirometry i.e. 
FEV1, FVC and FEV1/FVC% were analysed and other 
parameters not analysed. 
 

Relevance of the study 

The study clearly proved that long term exposure to 
ambient air pollution is associated with decline in 
lung function in the high exposure group in 
comparison to the low exposure group.  
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Tables 

TABLE 1 THE ANTHROPOMETRIC PARAMETERS OF HIGH AND LOW EXPOSURE GROUPS 
Parameters High Exposure group(N=75), mean±SD Low exposure group (N=75), mean±SD P-Value 

Age (years) 43.27±13.0 35.59±13.53 0.092 

Height(cm) 166.26±7.72 167.59±7.76 0.295 

Weight (Kg) 69.65±12.01 71.64±12.25 0.38 

BMI (kg/m2) SD 25.27±4.53 25.63±5.00 0.63 

TABLE 2 SPIROMETRY PARAMETERS BETWEEN HIGH EXPOSURE AND LOW EXPOSURE GROUP 
Parameters High exposure (N=75) Mean± SD Low exposure (N=75) Mean± SD p-value 

FVC(L) 2.68±0.66 3.65±0.64 0.0001 

FEV1(L/sec) 2.06±0.68 2.90±0.74 0.0001 

FEV1/FVC ratio 78.28±13.41 82.98±12.11 0.026 

TABLE 3 SPIROMETRY PARAMETERS OF HIGH EXPOSURE GROUP WITHIN THE GROUP 
Parameters FVC (mean) FEV1(mean) FEV1/FVC (%) mean 

Observed 2.6807 2.0601 78.28 

Predicted 3.9137 3.1991 80.06 

%age of predicted 68.50 64.40 ------- 

TABLE 4 SPIROMETRY PARAMETERS OF LOW EXPOSURE GROUP WITHIN THE GROUP 
Parameters FVC (mean) FEV1(mean) FEV1/FVC (%) mean 

Observed 3.6581 2.9047 82.98 

Predicted 3.9521 3.2627 80.59 

%age of predicted 92.56 89.03 ------ 
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