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ABSTRACT 
Long term exposure of poor air quality is may be the cause of severe health effects. In present time air quality is a major 
concern in India because of rapid urbanization, development and industrialization. This paper reports on the results of a 
questionnaire survey on health effects and awareness of local residents on ambient air quality of Gwalior city. The survey 
aimed at investigating the current situation of health effects of air pollution and awareness of local residents about air 
pollution. The study focused on the sources of air pollution and exposure time of local residents that include hawkers, 
venders, shopkeepers, office workers, students etc. because these are comparatively more exposed to outdoor 
environment. Survey also focuses the level of awareness about pollution, pollutants and health effects of air pollution. 
The questionnaire was designed with the aim of capturing information about the constant changing air quality. The 
questionnaire survey conducted in an outdoor urban Mediterranean area of Gwalior city Madhya Pradesh India. 
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INTRODUCTION 
Long term exposure of poor air quality is may be the cause of severe health effects. In present time air 
quality is a major concern in India because of rapid urbanization, development and industrialization. 
Growing urban population is a major cause for air quality degradation in India. This rapid increase in 
urban population has resulted in unplanned urban development. Between 1951 and 1991, the urban 
population has tripled, from 62.4 million to 217.6 million, and its proportion has increased from 17.3% to 
25.7% [1]. Human exposure to air pollution is believed to cause severe health effects, especially in urban 
areas [2]. A number of recent studies have reported associations between concentrations of air pollution 
and respiratory diseases and suggested that living near busy roads leads to adverse respiratory health 
effects [3, 4]. Long-term exposure of air pollution suggested an increased risk of chronic respiratory 
illness [5-7]. Many factors influence human health and exposure is crucial for proper determination of 
possible links between air pollution and health [8]. 
Normally air pollution affects every person equally but children and senior citizens are more at risk from 
the negative effects of air pollutants. Air pollution affects the whole population in general but factors like 
lower breathing zone, more time spent outdoors, immature immunity and developing organs makes a 
child more susceptible to the ill effects of air pollutants [9]. Several studies have also suggested effects 
from traffic-related air pollution on the development of lung function in children and adolescents [10]. 
Epidemiological studies of air pollution and children’s lung function [11] reveals that: 1. living in areas of 
high air pollution is associated with lower lung function, 2. chronic exposure to elevated level of air 
pollution is associated with lower rates of lung function growth, 3. improvement in air quality leads to 
improvement in lung function level and/or growth rate, and 4. children who spend a significant amount of 
time outdoors in polluted environments or those with poor nutrition may be more strongly affected by air 
pollution. Weak immune system response is the main cause of health effects in senior citizens, the cardio-
respiratory system is the most affected, effects among the elderly are still poorly known, with the 
exception of findings for short-term effects [12-18]. 
Gaseous and particulate pollutants have different type of behavior in respiratory system. In the 
respiratory system nitrogen oxides and sulfur oxides is converted to nitrates, nitric acid and sulfates 
respectively, which acts as irritants. For longer exposures the lung structure, the lung metabolism, and 
the resistance against infections are impaired. Particulate matter reduces the cleaning ability of the 
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respiratory system and the resistance against infections especially in combination with sulfuric acid. They 
further act as carrier for a series of pollutants (dioxins, PAH, heavy metals etc.) some of which are 
carcinogenic. Numerous studies have documented the association of PM2.5 air pollution exposure with 
the morbidity and mortality from respiratory and cardiovascular disease [19-22]. There are strong 
evidences that specific diseases including asthma, chronic obstructive pulmonary disease, pulmonary 
fibrosis, cancer, neurodegenerative diseases and even obesity could attribute to PM2.5 exposure [23-28]. 
PM exposure can lead to oxidative stress, increased bronchial responsiveness, increased airway 
resistance, and increased number of airway inflammatory cells, each of which may impair lung function 
[29-31]. 
Gwalior is a major city of the Indian state of Madhya Pradesh and one of the Counter-magnet cities. The 
total population of Gwalior district is 2032036 (2011 census) and urban population is 1273792 (2011 
census) and child population is 254009 (2011 census) that has literacy rate of 68.18 %. A recent report of 
the World Health Organization has revealed Gwalior is the most polluted city in India in terms of 
particulate matter [29]. Previous studies of gaseous pollutants report the maximum concentrations of SOx 
and NOx were 22.0 µg/m3 and 25.6 µg/m3  respectively [32,33]. The principle objective of the study to 
examine the public awareness, understanding of air quality, pollution and to collect information about 
health effects associated with air pollution. In the present study a questionnaire survey of 400 peoples of 
Gwalior urban area was conducted. This study includes people of all age groups, Childs to senior citizens. 
The survey aimed at investigating the current situation of health effects of air pollution and awareness of 
local residents about air pollution. The study focused on the sources of air pollution and exposure time of 
local residents that include hawkers, venders, shopkeepers, office workers, students etc. because these 
are comparatively more exposed to outdoor environment. Survey also focuses the level of awareness 
about pollution, pollutants and health effects of air pollution. The portion of awareness in questionnaire, 
awareness about particulate pollutants and gaseous pollutants has separately mentioned. On the basis of 
WHO report the level of particulate matter is very high in Gwalior city so the questionnaire also include 
questions on particulate matter in both awareness and health effects sections. The questionnaire was 
designed with the aim of capturing information about the constant changing air quality. The 
questionnaire survey conducted in an outdoor urban Mediterranean area of Gwalior city Madhya Pradesh 
India. 
 
MATERIAL AND METHODS 
Survey and site description 
Gwalior is a major city of the Indian state of Madhya Pradesh and a historical city of central India. 
Gwalior's metropolitan area includes sub cities, Lashkar, Morar, Thatipur, and the City centre. Gwalior is 
located at 26.22°N 78.18°E in northern Madhya Pradesh. According to 2011 Census, the district has a 
population of 2030543. In this questionnaire survey, a current picture of the health status of the residents 
of Gwalior and their awareness about air pollution were studied. The survey comprised a total of 400 
citizens spread across the selected 4 sites within the city of Gwalior (M.P.) India. The survey was 
conducted in August-September 2016, through face-to-face interviews at each site using a standardized 
questionnaire. Apart from English, the questionnaire was orally translated into Hindi language for the 
convenience of the general public. 
The present study assesses public perception of air pollution and health effects of air pollution on local 
human population in four areas of the Gwalior city. The questionnaire was designed to elicit respondent’s 
general perception, awareness, opinion, and behavior on air quality issues. The questionnaire also 
required respondents to provide details on gender, age, occupation, contact number and E-mail ID. 
Respondents were free to choose to participate in the present survey or choose not to fill out the 
questionnaires. 
No. of respondents 
100 respondents were selected randomly for direct personal interview on each site and finally 400 
respondents were interviewed personally at all study sites. Questionnaire contained three sections, the 
first section included sociodemographic questions (age, gender etc.) and second section included 
awareness related questions about pollution, pollutant and air quality, The third section included 
questions about health effects realized by the local people. The full questionnaire contained 24 questions. 
All response scales used in questionnaire were dichotomous (Yes/No). If answer was in yes then tick (√) 
the response and if the answer was in no then leave empty. 
Sites 
Site-1: Gole Ka Mandir, Site-2: Maharaj Bada, Site-3: Padav, Site-4: Govindpuri 
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RESULTS AND DISCUSSION 
Health effects on different sites 

HEALTH PROBLEMS 

Irritation of eyes, nose & throat

Breathing problems 

Asthmatic attack 

Coughing 
Sneezing 
Running nose 
Skin irritation 
Headache 
Nausea 
Dizziness 
Blurred vision 
High stress levels 
Tiredness/ Fatigue 
Sleeplessness 
Difficulty in concentrating
 Allergies 
Suffocation 
Lung infections 
Stomach problems 

Table 1- Status of Health Effects of Respondents of Gwalior City
 
Table 1 reports the results of the study and shows respondents’ perception regarding health effects of air 
pollution of study sites and average of health effects of all sites. The results show signif
between the sites. Irritation of eyes and nose affects 30.76% respondents on site 3 that was maximum of 
all sites, breathing problems occurred in 13.98% of respondents of site 4, coughing affects 24.35% 
respondents of site 3 and allergies 
health problems due to air pollution  in the study. Rest of health effects were affected less number of 
respondents. Skin irritation, sneezing, headache were also observed in  5.59%, 6.29%,
persons on site- 4 respectively and asthmatic attack was found in 6.46% respondents on site
Age Group 

Fig. 1 Age groups of respondents of different sites
 
Overall (60.25%) respondents were between 21
30 year, 26% respondents of 31-40 year age groups. Remaining 39.75% respondents was from below 20 
and above 50 years. Below 20 years age groups cover only 4.75% respondents in the survey. In this study 
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SITE-1 SITE-2 SITE-3 SITE-4 

Irritation of eyes, nose & throat 25.61% 25.11 % 30.76 % 23.07 % 

12.80% 8.83 % 11.53 % 13.98 % 

6.40 % 1 % 4.48 % 4.19 % 

17.24 % 18.60 % 24.35 % 18.18 % 
5.41 % 3.72 % 3.84 % 6.29 % 
2.46 % 1.86 % 0.0 % 0.69 % 
4.92 % 2.79 % 2.56 % 5.59 % 
3.44 % 3.72 % 2.56 % 4.19 % 
0.49 % 0.46 % 0.0 % 0.69 % 
0.98 % 1.39 % 0.64 % 2.09 % 
0.98 % 1.39 % 0.64 % 0.69 % 
1.97 % 3.25 % 0.0 % 1.39 % 
0.98 % 3.25 % 0.64 % 2.09 % 
2.95 % 3.25 % 0.64 % 2.09 % 

concentrating 2.46 % 0.93 % 0.0 % 1.39 % 
9.35 % 16.74 % 14.10 % 12.58 % 
0.49 % 1.39 % 3.20 % 0.69 % 
0.37 % 1.39 % 0.06 % 0.12 % 
0.70 % 0.93 % 0.0 % 0.0 % 

Status of Health Effects of Respondents of Gwalior City

Table 1 reports the results of the study and shows respondents’ perception regarding health effects of air 
pollution of study sites and average of health effects of all sites. The results show signif
between the sites. Irritation of eyes and nose affects 30.76% respondents on site 3 that was maximum of 
all sites, breathing problems occurred in 13.98% of respondents of site 4, coughing affects 24.35% 
respondents of site 3 and allergies occurred in 16.74% respondents of site 2 which were the four major 
health problems due to air pollution  in the study. Rest of health effects were affected less number of 
respondents. Skin irritation, sneezing, headache were also observed in  5.59%, 6.29%,

4 respectively and asthmatic attack was found in 6.46% respondents on site

Fig. 1 Age groups of respondents of different sites 

Overall (60.25%) respondents were between 21-40 age groups which include 34.25% re
40 year age groups. Remaining 39.75% respondents was from below 20 

and above 50 years. Below 20 years age groups cover only 4.75% respondents in the survey. In this study 
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AVERAGE 

 26.137 

 11.785 

4.017 

 19.592 
4.815 
1.252 
3.965 
3.477 
0.41 
1.275 
0.925 
1.652 
1.74 
2.232 
1.195 

 13.192 
1.442 
0.485 
0.407 

Status of Health Effects of Respondents of Gwalior City 

Table 1 reports the results of the study and shows respondents’ perception regarding health effects of air 
pollution of study sites and average of health effects of all sites. The results show significant variations 
between the sites. Irritation of eyes and nose affects 30.76% respondents on site 3 that was maximum of 
all sites, breathing problems occurred in 13.98% of respondents of site 4, coughing affects 24.35% 

occurred in 16.74% respondents of site 2 which were the four major 
health problems due to air pollution  in the study. Rest of health effects were affected less number of 
respondents. Skin irritation, sneezing, headache were also observed in  5.59%, 6.29%, and 4.19 %  

4 respectively and asthmatic attack was found in 6.46% respondents on site-1.  
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mostly young respondents were covered which was affected by air pollution.
 

Fig. 2 Effect of air pollutants on respondents

It was observed in the study of 400 respondents, an enormous number of respondents 45.75% were 
reported particulate matter as most effective ai
gaseous pollutants affects the health of human being and 27% respondents marked gaseous and 
particulate matter pollutants as harmful for human health and rest of 5.25% marked other air pollutants 
of study area were harmful. Mostly respondents believed that particulate matter is the main problem in 
air quality of Gwalior city and responsible for respiratory health effects in residents of study area. In the 
study area or around the study area any industrial
pollutants in this area is transportation so according to respondents the concentration of gaseous 
pollutants is not so high so that gaseous pollutants less affects the health of human being.
 

Fig. 3 Air 
 
In this study the air quality was divided in three categories like fresh, medium and poor. Fresh stands for 
good air quality for inhalation, medium for moderately polluted air quality and poor for much 
quality. According to 51% respondents the air quality of Gwalior city was poor and 43.5 % respondents 
report the air quality was medium but only 5.5 % respondents believe the air quality of Gwalior city was 
fresh. 
Exposure time of Respondents 
If the exposure time is more than the human being is more vulnerable to health effects of air pollution. In 
this study 49.5% and 23.75% respondents were reported own exposure time above 10 and 06
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respondents were covered which was affected by air pollution. 

Fig. 2 Effect of air pollutants on respondents 
 

It was observed in the study of 400 respondents, an enormous number of respondents 45.75% were 
reported particulate matter as most effective air pollutant in Gwalior urban area. Only 22% reported 
gaseous pollutants affects the health of human being and 27% respondents marked gaseous and 
particulate matter pollutants as harmful for human health and rest of 5.25% marked other air pollutants 

y area were harmful. Mostly respondents believed that particulate matter is the main problem in 
air quality of Gwalior city and responsible for respiratory health effects in residents of study area. In the 
study area or around the study area any industrial area is not present so the main source of gaseous 
pollutants in this area is transportation so according to respondents the concentration of gaseous 
pollutants is not so high so that gaseous pollutants less affects the health of human being.

 quality of different study area of Gwalior city 

In this study the air quality was divided in three categories like fresh, medium and poor. Fresh stands for 
good air quality for inhalation, medium for moderately polluted air quality and poor for much 
quality. According to 51% respondents the air quality of Gwalior city was poor and 43.5 % respondents 
report the air quality was medium but only 5.5 % respondents believe the air quality of Gwalior city was 
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r pollutant in Gwalior urban area. Only 22% reported 

gaseous pollutants affects the health of human being and 27% respondents marked gaseous and 
particulate matter pollutants as harmful for human health and rest of 5.25% marked other air pollutants 

y area were harmful. Mostly respondents believed that particulate matter is the main problem in 
air quality of Gwalior city and responsible for respiratory health effects in residents of study area. In the 

area is not present so the main source of gaseous 
pollutants in this area is transportation so according to respondents the concentration of gaseous 
pollutants is not so high so that gaseous pollutants less affects the health of human being. 
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respectively.  If we merge 6-10 hours and above 10 
respondents 73.25%   in the study area. 
 

Fig. 4 Exposure time of respondents of different sites
 
The people of the study area were very much aware about health effects of air pollution. In 
96.25% respondents was aware about health effects of air pollution but the level of awareness is very low 
because they know the health effect of air pollution but they don’t know the effects of air pollutants on 
human health. Respondents of stud
they don’t know the names of all gaseous pollutants. Peoples aware about particulate pollutants but they 
don’t know about the size of particulate pollutants and its effect on human heal
 

Fig.5 Awareness about health effects of air pollution
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10 hours and above 10 hours exposure group it covers a large no of 
respondents 73.25%   in the study area.  

Exposure time of respondents of different sites 

The people of the study area were very much aware about health effects of air pollution. In 
96.25% respondents was aware about health effects of air pollution but the level of awareness is very low 
because they know the health effect of air pollution but they don’t know the effects of air pollutants on 
human health. Respondents of study area believe that the gaseous pollutants were present in the air but 
they don’t know the names of all gaseous pollutants. Peoples aware about particulate pollutants but they 
don’t know about the size of particulate pollutants and its effect on human health. 

Fig.5 Awareness about health effects of air pollution 
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hours exposure group it covers a large no of 
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Fig. 6 Health status of respondents of site-1 

 

 
Fig. 7 Health Status of Respondents of Site-2 
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Fig.8 Health Status of Respondents of Site-3 

 

 
Fig. 9 Health Status of Respondents of Site-4 
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Fig. 10 Average Health Status of All Sites 

In the average of all sites irritation of eyes, nose & throat, problem in breathing, coughing and allergies 
are marked as the major health effects of air pollution in Gwalior city. Irritation of eyes, nose & throat 
occur in 26.14% respondents, coughing occur in 19.59% respondents, breathing problems and allergies 
occur in 11.79% and 13.19% respondents respectively. Other problems affect health of human being in 
lesser extent such as asthmatic attack occurs in 4.02% respondents, sneezing occurs in 4.82% 
respondents, skin irritation occurs in 3.97% respondents, headache occurs in 3.48% respondents, 
sleeplessness occurs in 2.23% respondents, stomach problem occurs in 0.41% respondents, lung 
infection occurs in 0.49% respondents, suffocation occurs in 1.44% respondents, difficulty in 
concentrating occurs in 1.20% respondents, tiredness/fatigue occurs in 1.74% respondents, high stress 
occurs in 1.65% respondents, blurred vision occurs in 0.93% respondents, dizziness occurs in 1.28% 
respondents, nausea occurs in 0.41% respondents, nose running occurs in 1.25% respondents. 
 
CONCLUSION 
Irritation of eyes, nose and throat, breathing problems, allergies, coughing were the most affecting health 
problems that occur due to air pollution in the respondents of Gwalior city. Skin irritation, asthmatic 
attack, sneezing, headache, sleeplessness also make a large fraction in health effects. Survey shows 
respondents were not aware about gaseous air pollutants and transportation was main source of gaseous 
pollutants of study area. In case of particulate air pollutants respondents were not aware about the sizes 
of particulate matter but they mark particulate matter as major air pollutant in study area. Survey reports 
the awareness was 94% which possesses peoples knows that air pollution affects the health of human 
being. Only 5.5% respondent’s mark the air quality is good and remaining respondents mark the air 
quality were medium and poor which shows the air of Gwalior city was moderately polluted. If we 
correlate the responses of respondents about air pollutants and major health effects, we found that the 
major health effects in this questionnaire survey were directly related to effects of particulate matter. 
Irritation of eyes, nose and throat, breathing problems, allergies, coughing were the major health effects 
in respondents and it’s the health effects of higher concentrations of particulate matter in air so that air 
pollution in Gwalior city is due to particulate matter and its responsible for the health effects in local 
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human population. Gaseous pollutants concentration in Gwalior urban area was found in permissible 
limit in previous studies. 
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