
 
Author(s) agree that this article remains permanently open access under the terms of the 

Creative Commons Attribution License 4.0 International License 

 

 

 

 

Research Paper 

A SPATIO-TEMPORAL ANALYSIS OF AMBIENT AIR QUALITY OF 
GHAZIABAD MUNICIPAL CORPORATION 

Paramjit Singh and Shagufta 

Meerut College, Meerut, Uttar Pradesh,  
India. 

Abstract 
The quality of outdoor air in our surrounding environment is called 
ambient air quality. Many low, middle, and high-income countries 
monitor this air quality on regular basis for assessing the extent of 
pollution and provide air pollution data to the general public in a timely 
manner. In India, Central Pollution Control Board undertakes the National 
Air Monitoring Programme (NAMP) with the objectives to determine the 
present air quality status and trends and also control and regulate 
pollution. This study is an analysis of ambient air quality assessed under 
N.A.M.P., for three air pollutants viz., Sulphur Dioxide (SO2), Oxides of 
Nitrogen as NO2, and Respirable Suspended Particulate Matter (RSPM / 
PM10). This study aims to present the trends of these pollutants to fulfill 
the very purpose of air quality monitoring. Data has also been taken from 
the Ghaziabad Municipal Corporation and other valid sources. The 
analysis shows that the area is suffering from a very poor Air Quality 
Index, and the condition further worsens during the pre-monsoon period 
and post-Diwali phases, which severely affects the health issues of people 
both in industrial and residential areas. The satellite town of Delhi is 
struggling to take the help of the same another satellite town in order to 
save its problem of very poor Air AQI. 
Key words: Ambient air, Pollutants, Air Quality Index, Health, Satellite 
town. 

INTRODUCTION 
Cities are major contributors to climate change. Cities consume 78 percent of the 

world’s energy and produce more than 60 percent of greenhouse gas emissions. 

Ambient (outdoor air pollution) in both cities and rural areas was estimated to cause 

4.2 million premature deaths worldwide in 2016; this mortality is due to exposure to 

fine particulate matter of 2.5 microns or less in diameter (PM2.5), which cause 

cardiovascular and respiratory disease, and cancers.1 In July 2020, Greenpeace (a non-
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governmental organization in Switzerland) found out that of the 28 global cities studied, 

Delhi bore the highest economic cost of air pollution with an estimated loss of 24,000 

lives in the first half of 2020 despite strict Covid-19 lockdown. Long-term exposure to 

outdoor and household (indoor) air pollution contributed to over 1.67 million annual 

deaths from stroke, heart attack, diabetes, lung cancer, chronic lung diseases, and 

neonatal diseases, in India in 2019.2 

Ambient air quality in an urban environment is always a burning topic for researchers. 

Many studies on ambient air quality are done to give a boost in tackling the challenge of 

making sustainable cities. Amrita Thakur has done a similar study in Bengaluru and 

concluded that except for RSPM, levels of the other two pollutants (SO2 and NO2) were 

under control and the transport sector was the main contributor of air pollutants in the 

city.3 Another study was undertaken by Ateeque Ahmad and Nikhat Bano in Firozabad 

city of Uttar Pradesh and found that PM10 and PM2.5 concentrations were very high than 

the NAAQS and vehicles and usage of different types of fuels impacted much on the 

ambient air.4 

Air Quality Index can be defined as a tool used by several agencies to communicate with 

common people about the current status of air quality. In India, Central Pollution 

Control Board undertakes several programs for the continuous monitoring of air 

quality. The air quality presented by CPCB is composed of 8 pollutants ((PM10, PM2.5, 

NO2, SO2, CO, O3, NH3, and Pb) and are presented in such numerical values and one 

associated color that defines the quality of the ambient air as good (0-50), Satisfactory 

(50-100), Moderate (100-200), Poor (200-300), Very Poor (300-400), and, Severe (400-

500) which ultimately indicates the health effects. (Table 1) 

Table 1 

Health Statements for AQI 

AQI Associated Health Impacts 

Good 

(0-50) 

Minimal Impact 

Satisfactory 

(51-100) 

May cause minor breathing discomfort to 

sensitive people 
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Source: Central Pollution Control Board 

The present study focuses on Ghaziabad city, having the fastest growth after being made 

the satellite town for Delhi. The city is facing severe categories of deteriorating air 

quality in many months of the year due to its locality in the National Capital Region. 

Also, the city is identified with the worst air quality index rankings with second-worst in 

2018, first-worst in 2019, and second-worst in 2020 according to the data presented by 

Greenpeace. But this data is represented only on one pollutant (PM2) basis. Thus, this 

study is carried out to analyze more comprehensive trends of ambient air quality in 

Ghaziabad city. 

Objectives 

1. To present the Spatio-temporal analysis of pollutants of PM10, SO2, and NO2 to 

know trends in the ambient air quality of the city. 

2. To suggest and discuss some immediate measures to be taken for the sustainable 

future of the city. 

 

Moderate 

(101-200) 

May cause breathing discomfort to people 

with lung diseases such as asthma and 

discomfort to people with heart disease, 

children, and other adults. 

Poor 

(201-300) 

May cause breathing discomfort to people on 

prolonged exposure and discomfort to people 

with heart disease with short exposure 

Very Poor 

(301-400) 

May cause respiratory illness to people on 

prolonged exposure. Effect may be more 

pronounced in people with lung and heart 

diseases. 

Severe 

(401-500) 

May cause respiratory effects even on healthy 

people and serious health impacts on people 

with lung heart diseases. The health impacts 

may be experienced even during high physical 

activity. 
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Study Area 

The city of Ghaziabad is situated in the mid of Ganga – Yamuna doab at 28° 40' north 

latitude and 77° 25' east longitude with an area of 210 Sq Km. It is part of the National 

Capital Region and situated at a distance of 19 km from Delhi and 468 Km from 

Lucknow. Ghaziabad city is the administrative headquarters of the Ghaziabad district 

and is administered by the Ghaziabad Municipal Corporation.  

Fig. 1: Location Map of Ghaziabad 

Ghaziabad has a 30,86,991 population which is increasing rapidly of which 164158 are 

male and 1444813 are females.5 Ghaziabad experiences monsoon-influenced humid 

subtropical and semi-arid with high variation between summer and winter 

temperatures and precipitation. Ghaziabad city has expanded more than any city in the 

recent twenty years being the satellite town for Delhi. The landlocked location of the 

city of Ghaziabad, Crop burning in neighbouring states (Punjab, Haryana, and 

Rajasthan), vehicular emissions, industrial pollution, and large-scale construction 

activities are the most crucial reasons for the alarming levels of air quality in the city.  

METHODS AND MATERIALS 

This study completely relies on secondary data analysis. The data has been taken from 

the National Ambient Air Quality Program (NAMP) executed by CPCB with various 
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monitoring agencies. In the study area, the program has been monitored at four 

locations, Sahibabad Industrial Area, Bulandshahr Road (industrial), Khora Colony 

(residential), and Lohia Nagar (residential). These stations cover two residential and 

two industrial areas of the city and show a nearly all-around coverage of the city’s 

ambient air. Uttar Pradesh Pollution Control Board presents the monthly averages of 

pollutants Sulphur dioxide (SO2), Nitrogen dioxide (NO2), and particulate matter with 

aerodynamic diameters less than 10mm (PM10 or RSPM) on its website under the NAMP 

program. According to UPPCB, the monitoring of meteorological parameters such as 

wind speed and direction, relative humidity, and temperature are also integrated with 

the monitoring of air quality. The monitoring of pollutants is carried out for 24 hours (4-

hourly sampling for gaseous pollutants and 8-hourly sampling for particulate matter) 

with a frequency of twice a week, to have 104 observations in a year. The present study 

shows the trend analysis for six consecutive years from 2016 to 2021. 

RESULTS AND DISCUSSION 

Sulphur Dioxide (SO2) 

The concentrations of SO2 in industrial areas of Sahibabad and Bulandshahr road 

present the same trend in some manner. (Fig 2a and 2b) These show monthly variations 

and remain high in the starting months of February, March, April, and May, and the end 

months of September, October, and November. The lowest concentrations are observed 

in the mid-months of June, July, and September. The highest monthly averages go up to 

33 µg/m3 and the lowest, down to 6 µg/m3. The difference between the highest and 

lowest concentration is 27 µg/m3. But an exception to this trend was observed in the 

months of 2020, when all the months except November recorded the lowest 

concentrations, below 10 µg/m3. One reason, behind the low concentrations in 2020 

was the restrictions on the sources of pollution imposed by the governments due to 

massive lockdowns. In industrial areas, the highest average annual concentration of SO2 

(24.15 µg/m3) was observed at Sahibabad in the year 2017 and the lowest (9.513 

µg/m3), was observed at Bulandshahr road in the year 2020. The total difference 

between the annual average highest and lowest concentrations is 14.64 µg/m3. 
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Fig. 2a: Status of SO2 at Sahibabad 

Source: Uttar Pradesh Pollution Control Board 

Fig. 2b: Status of SO2 at Bulandshahr Road 

Source: Uttar Pradesh Pollution Control Board 

In the residential areas of Khora colony and Lohia Nagar, the months of the highest and 

lowest concentrations follow the same trend and the highest concentrations remain 

under 20 µg/m3 as compared to industrial areas which go up to 33 µg/m3. (Fig 2c and 

2d). The lowest monthly average concentrations of SO2 were observed in 2021, unlike 
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the industrial areas where the lowest concentrations were observed in 2020. In the 

residential areas, the lowest average concentration of SO2 (7.75 µg/m3) was recorded at 

the Khora colony in 2021 and the highest (14.66 µg/m3), at Lohia Nagar in 2018. The 

difference between the monthly average concentrations is 6.91 µg/m3. 

Fig. 2c: Status of SO2 at Khora Colony 

Source: Uttar Pradesh Pollution Control Board 

Fig. 2d: Status of SO2 at Lohia Nagar 

Source: Uttar Pradesh Pollution Control Board 



Journal of Global Biosciences           Vol. 11(10), 2022 pp. 9485-9499 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9492 

Overall, the concentrations of SO2 were recorded as less than NAAQS in all the months 

which is only 50 µg/m3 at both industrial and residential stations. Spatial variations 

show that higher concentrations of SO2 were recorded in industrial areas and the lowest 

is recorded in residential areas. The causes of monthly variations are attributed to 

seasonal changes accompanied by wind speed and direction, relative humidity, and 

temperature. Studies reveal that the SO2 is negatively correlated with temperature 

during summer and monsoon, but positive during pre-monsoon and post-monsoon 

periods, and the possible impact due of rain and humidity on the concentration of SO2 

during Summer is found to be low when compared with other seasons.6 

Particulate Matter (PM10) 

The concentrations of PM10 were found always high in all the months than the national 

ambient air quality standards (60 µg/m3) in the industrial areas of Sahibabad and 

Bulandshahr road (Fig 3a and 3b). The highest concentrations recorded months are 

January, February, March, April, September October, November, and December when 

the concentrations go up to 454 µg/m3 and the lowest recorded months are July, August, 

and September with the lowest concentrations of 75 µg/m3. In Industrial areas highest 

(284.59 µg/m3) average annual concentration of PM10 was recorded at Sahibabad in 

2017 and the lowest (186.66 µg/m3), was recorded at Bulandshahr road.   

Fig. 3a: Status of PM10 at Sahibabad 

Source: Uttar Pradesh Pollution Control Board 
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Fig. 3b: Status of PM10 at Bulandshahr Road 

Source: Uttar Pradesh Pollution Control Board 

In residential areas also the concentrations of PM10 were recorded high in all the 

months than in the NAAQS (Fig 3c and 3d). In the residential areas of Khora colony and 

Lohia Nagar, the highest concentrations in months went up to 449.5 µg/m3, and the 

lowest concentrations, to 19.13 µg/m3. In residential areas, the highest (226.74 µg/m3) 

annual concentration was recorded at Lohia Nagar in 2016 and the lowest (183.59 

µg/m3), was recorded at Khora Colony in 2017.  

Fig. 3c: Status of PM10 at Khora Colony 

Source: Uttar Pradesh Pollution Control Board 
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Fig. 3d: Status of PM10 at Lohia Nagar 

Source: Uttar Pradesh Pollution Control Board 

The highest and lowest concentrations of PM10 are attributed to seasonal variations. The 

correlation of PM10 with meteorological parameters such as wind speed and 

temperature is found to be positive while for parameters like precipitation and relative 

humidity it is negative.7 The main sources of PM10 are industrial activity, construction 

works and dust re-suspension are the other sources. Notably, only within 4 days of the 

lockdown (from March 24th to March 27th) concentrations of the pollutants have 

reduced below the permissible limit due to fewer vehicle, industrial and construction 

emissions. 

Nitrogen Dioxide (NO2) 

In industrial areas, the concentrations of NO2 remain high in the starting months of 

January, February, March, and April, and in the ending months of September October, 

November, and December. These reach up to 72.12 µg/m3 which is higher than NAAQS 

(40 µg/m3). The lower concentrations, observed in the months of June, July, and August 

reached 14 µg/m3 which is lower than NAAQS (Fig 4a and 4b). In Industrial areas 

highest (46.874 µg/m3) average annual concentration of NO2 was found at Sahibabad in 

2018 and the lowest (27.35 µg/m3), was recorded at Bulandshahr road in 2016. In these 

areas, the lowest concentrations were observed in 2016, after that, an increasing trend 

in the concentrations of NO2 was observed till 2019. In 2020, a considerable decline in 

the concentrations is recorded, and also this year observed the lowest concentrations of 
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the six years. This was specifically due to the restrictions on anthropogenic emission 

sources during the lockdown. (Kumari, Toshniwal, 2020)  

Fig. 4a: Status of NO2 at Sahibabad 

Source: Uttar Pradesh Pollution Control Board 

Fig. 4b: Status of NO2 at Bulandshahr Road 

Source: Uttar Pradesh Pollution Control Board 

Monthly averages of NO2 concentrations were observed lower than NAAQS (40 µg/m3) 

in the residential areas of Khora Colony and Lohia Nagar. The monthly higher and lower 

concentrations follow the same trend as in the industrial areas. The highest monthly 

average of NO2 (60.67 µg/m3) was observed in November 2020 at Khora Colony and the 
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lowest monthly average concentration (10 µg/m3) in September 2021 at both the 

residential areas. (Fig 4c and 4d). In the residential areas, the lowest concentrations 

were observed in the year 2021 rather than 2020. In residential areas, the highest 

(30.74 µg/m3) annual concentration was recorded at Khora Colony in 2020 and the 

lowest (24.214 µg/m3), was recorded at Lohia Nagar in 2018.  

Fig. 4c: Status of NO2 at Khora Colony 

Source: Uttar Pradesh Pollution Control Board 

Fig. 4d: Status of NO2 at Lohia Nagar 

Source: Uttar Pradesh Pollution Control Board 
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NO2 is one of the major pollutants which is highly dependent on local sources because of 

its short residence time in the atmosphere. The monthly variations are attributed to the 

impact caused by wind speed and direction, relative humidity, and temperature. In 

winter, this is attributed both to the heavier use of combustion power plants for home 

heating, as well as the fact that NO2 stays in the air longer in the winter. It may also be 

associated with increased low emissions from local home furnaces, as well as more 

frequent in these periods, inversion of temperature resulting in smog events.8 The 

reduced levels of nitrogen dioxide and carbon monoxide in the summer months can be 

attributed to the contribution of these compounds to photochemical reactions occurring 

under the influence of solar radiation which results in the formation of ozone.8 

Air Quality Index 

The air quality index of the four areas also shows variations over space and time. It can 

be observed in Sahibabad industrial area that air quality was poor before the lockdown. 

(Fig. 4a) But during the lockdown, it improved by 8 percent to satisfactory and further 

deteriorated by 5 percent to moderate after the lockdown. At Bulandshahr road also the 

same trend was observed. The AQI was poor before the lockdown, satisfactory during 

the lockdown, and moderate after the lockdown. (Fig 4b) 

                                           Fig.5a: AQI                           Fig.5b: AQI 

Source: Central Pollution Control Board 

At the residential colony of Khora, the air quality stagnated at a moderate level, only it 

was changing in percentage. It deteriorated by 3 percent during the lockdown in 

comparison to pre-lockdown and further deteriorated by 1 percent post-lockdown. This 

trend was really opposed to the industrial areas. At Lohia Nagar, air quality was 
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moderate during the pre-lockdown period. It was worsened by 2 percent to moderate 

and again deteriorated by 3 percent during post lockdown phase.  

Fig.5c: AQI                                      Fig.5d: AQI 

Source: Central Pollution Control Board 

SUGGESTIONS 

The very first approach to mitigate any type of pollution is to aware people of the issue 

so that the root cause of pollution can be addressed. The programs should be prepared 

in accordance with awaking, educating, and learning the conservative practices for 

environmental management. There should be free public transport and the removal of 

50 percent of vehicles off the road. People should avoid vehicles passing within walking 

distance, instead, the use of bicycles should be encouraged. Traffic management rules 

should be followed strictly. Multiple sources of pollution should be maintained in a 

manner that concentrations of pollutants would not exceed the limit of NAAQ standards. 

In this way, during the pre-monsoon period and at the Diwali festival, the operation of 

industries should be limited. 

CONCLUSION 

Air Quality Index is the numerical presentation of the quality of ambient air, that is 

presented to notify about health concerns. It is presented in such a manner with the 

colors that the common people can also read and know about their ambient air, whether 

it is healthy or unhealthy. So, keeping the very purpose of AQI in mind, the present 

study has been taken for common people of the study area to make them aware of the 

condition of their ambient air. The complete presentation has been done by description 

and diagrammatic presentation. As we have analyzed that the quality of air in Ghaziabad 

is deteriorating day by day. Although some decrease in air quality was noticed in 2020, 

it was only the impact of the lockdown. It is quite visible through diagrams that again 
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the air quality is worsening. In this scenario, some immediate measures should be 

adopted by the city for its future.  
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