
INTRODUCTION

The whole world is currently facing remarkable
challenges in terms of the debasement of air quality due
to a substantial rise in anthropogenic emissions associated
with rapid industrialization, motorization, urbanization, and
lack of proper awareness of air health (Fallahi et al.,
2018; Tzanis et al., 2019). The atmosphere is a gaseous
envelope which surrounds the earth from all sides and
the air is the mechanical mixture of several gages mainly,
nitrogen (78.09%), oxygen (20.95%), argon (0.93%), and
carbon di oxide (0.03%). Besides, other traces gases like
neon, krypton, helium, hydrogen, xenon and ozone are
also present. Air is a very important for all types of life in
the biosphere. It may be pointed out that air is never pure
because some gases such as Sulphur dioxide, nitrogen
oxide, particulate matter emissions. Thus, air become
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ABSTRACT
Air pollution causes some of the most serious long-term impacts on human health. Unlike other health problems the
diseases caused by air-pollution is expected to affect everyone exposed to the polluted air. Outdoor and indoor air
pollution is a major environmental risk to human health. The urbanization, passive smoking, exposure to the air
pollutants (e.g., nitrogen oxides NOx, sulfur dioxide SO

2
, particulate matter and metals) and exposure to environmental

allergens (dust, pollen etc.) may cause adverse effects such as respiratory disease, allergy and irritation of the respiratory
tract. Because the control of the air quality is often inadequate, the research on its health effects should be strengthened.
In this paper we are presenting the temporal and comparative study of level of concentration of nitrogen oxide (NO

2
),

sulfur dioxide (SO
2
), Particulate matter and metals of Gorakhpur city during the year 2021-2022 in the pre, post and

during Diwali period.The air quality of Gorakhpur city is monitored by 3 manual monitoring stations which are operated
by Madan Mohan Malaviya University of Technology (MMMUT), Gorakhpur. There are monitoring stations in
residential, commercial, and industrial areas established by Uttar Pradesh pollution control board. The final result has
shown the increase percentage of SO

2
, NO

2
 and PM10 during the Diwali and post Diwali period as compared to pre-

Diwali period.
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polluted by natural and man-made sources both. “Air is
defined as limited to situation in which the outdoor
ambient atmosphere contains materials in the
concentration, which are harmful to man and his
surrounding environment” (WHO).

“Air pollution is unfortunately the common
causes of environmental degradation. Pollution
introduces contaminants into the environment that can
maim or even kill plant and animal species. Industry
and automobiles are the primary and secondary
contributors to air pollution worldwide” (Kay, 1999).

Plaia and Ruggieri reviewed and compared a
number of different air quality indices used worldwide,
through a literature review spanning the period 1999-
2009. They compared indices from USA; Canada, United
Kingdom, France, Germany, Belgium and Italy. They
concluded that differences among the indices are found
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in the number of index classes (and their associated
colors) and related descriptive terms, in the pollutants
considered, in class bounds, in averaging times, and in
update frequency (Plaia A., 2011). The most common
air pollutants are sulfur oxides, nitrogen, particulate matter
(such as dust and smoke). Air pollution is the presence
of harmful substances that may be harmful to human
health in the first place and then the environment in which
they live. Studies and research have shown that air
pollution threatens the lives of humankind and other living
organisms, and that despite all the efforts made over the
past years to reduce environmental degradation, the
environmental situation is now worse than 20 years ago,
despite some Achievements in reducing pollution in
industrialized countries. Exponential growth in
construction and demolition activities, increase in the
number of vehicles, roadside encroachments, and
expansion of industries in Gorakhpur city resulted in poor
regional air quality problems characterized by inhalable
particulate matter (PM10) and fine particles (PM2.5).
Long-term exposure to particulate matter gives rise to
chronic lung and heart disease in humans. Vineet Pratap,
Upal Saha, Akhilesh Kumar, Abhay K. Singh presented
the short term analysis of pollutants in his research paper
Analysis of Air Pollution in the Atmosphere due to
Firecrackers in the Diwali Period Over an Urban Indian
Region during the Diwali festival over Varanasi for a
period of six years from 2011 to 2016. For his research
study he used Aerosol Optical Depth (AOD) to observed
corresponding days of Diwali and it was found to be

considerably much higher and even its value reached 2.0
for some Diwali years, which is basically almost 3-folds
higher than the control days. In his research study he
has found that concentrations of PM10 and PM2.5
crossed beyond the safer limits and crossed 500 mg/m3
(in 2015) and 450 mg/m3 (in 2016) respectively, which is
basically 5–6 times higher than the standard NAAQS
limit. In comparison with the trace gases concentrations
(e.g., SO

2
, NO

2
, O

3
, and CO) on control day, it was

observed higher on the respective Diwali day. According
to them he would suggest that proper assessment and
regular monitoring is needed in order to mitigate the
localized air pollution due to this kind of festival by the
local scale authority to the top-level environmentalists.

Study area:
Gorakhpur with latitude 29.443817, and the longitude

is 75.670265, is a city is located at India with the gps
coordinates of 29° 26' 37.7412'’ N and 75° 40' 12.954'’
E. The elevation of Gorakhpur is 216.86. Gorakhpur area
located in central Ganga plain is one of the most densely
populated regions of the world due to high density of
rivers, fertility of soil, and smooth landscape (Singh et
al., 2009; Bhardwaj and Singh, 2011). It is situated 270
kilometers east of the state capital Lucknow. It is the
administrative headquarters of Gorakhpur district, North
Eastern Railway Zone and Gorakhpur division. All major
institutions and universities are established in city areas.
Gorakhpur is a big and fast-growing district has a
population of 44.41 lakhs (4.44 million) and city area
population is about 7 lakhs. The main stream of Rapti
river basin initiates as a small stream in the outer
Himalaya (foothill region) in the area north of Pyuthan
district, Nepal. The river is essentially fed by underground
water and precipitation during monsoon season. The Rapti
river flows through Bahraich, Shrawasti, Balrampur,
Siddhartha Nagar, Sant-Kabirnagar, Basti, Maharajganj,
Gorakhpur, Kushinagar, and Deoria district for about 1158
km (Thakur, 2012) and finally drains in the Ghaghara
river near Barhaj in Deoria district. The Rapti river has
more than 30 tributaries. About twenty joins from left
bank and ten joins from the right bank. The area is
characterized by sub-tropical monsoon climate and
receives moderate to high rainfall (1000- 1600 mm). 80-
85% of the total rainfall is received during monsoon
season (June to September). Groundwater is the main
source for domestic, agricultural, and industrial uses
(Bhardwaj et al., 2010).

AQI Associated Health Impacts by CPCB 
Good (0–50)  Minimal Impact 
Satisfactory (51–100)               May cause minor breathing discomfort 

to sensitive people 
Moderate (101–200) May cause breathing discomfort to the 

people with lung disease such as 
asthma and discomfort to people with 
heart disease, children and older 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 the 
people on prolonged exposure. Effect 
may be more 
pronounced in people with lung and 
heart diseases 

Severe (401-500) May cause respiratory effect even on 
healthy people and serious health 
impact on people with lung/ heart 
diseases. 
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METHODOLOGY
The air quality of Gorakhpur city is monitored by 3

manual monitoring stations which are operated by Madan
Mohan Malaviya University of Technology (MMMUT),
Gorakhpur. There are monitoring stations in residential,
commercial, and industrial areas. This research paper
contains comparative and the temporal study of Air
pollution in the Gorakhpur city in pre and post and during
the Diwali period in the year of 2021. The research study
contains several indicators such as SO

2
, NO

2
, PM10 and

  

 

Fig. 1 : Location map of Gorakhpr district

Fig. 3 : Location map of ambient air quality monitoring
station in Gorakhpur city, Uttar Pradesh

Map source- Uttar Pradesh Pollution control board
http://www.upecp.in/assets/air_pollution_action_plan/
ActionPlan/Draftactionpla%20forGorakhpur.pdf

Table 1 : Details of existing air quality monitoring stations 

Sr. No. Name of the stations 
Latitude Longitude Category of 

station 
Type of 
Station 

Parameters 
monitored 

1. Station code- 728, M.M.M. University 
of Technology, Gorakhpur 

26?43'53.1"  
 

83?25'57.5"  
 

Residential  
 

Manual  
 

PM10, SO2, NO2  
 

2. Station code-729, India Glycol Ltd., 
GIDA Gorakhpur 

26?44'52.8"  
 

83?13'28.1"  
 

Industrial  
 

Manual  
 

PM10, SO2, NO2  
 

3. Station Code- 730, Jal kal Building, 
Golghar, Gorakhpur 

26?45'2.2"  
 

83?22'12.3"  
 

Commercial  
 

Manual  
 

PM10, SO2, NO2  
 

 

 

Fig. 2 : Location map showing Rapti River and its
confluence with the Ghaghara and nineteen stations
from upstream to downstream of the Gorakhpur
city

metal concentration such as Pb, Ni and As (mg/m3).
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Table 2 is showing the concentration level of SO
2

and NO| in Air of Gorakhpur city in pre post and during
the Diwali period.

Table 2 : Concentration level of SO2 and NO2 in Air of 
Gorakhpur city 2021-2022 

 Pre Diwali Diwali Post Diwali 

SO2 2.57 g/m3 3.88 g/m3 3.31 g/m3 

NO2 5.21 g/m3 6.72 g/m3 5.85 g/m3 
National Ambient Air Quality standard (24-hour average) : SO2 
– 80 μg/m3 NO2 – 80 μg/m3 
 

Table 3 is showing concentration level of PM10 in
Air of Gorakhpur city in pre, post and during the Diwali
period.

Table 3 : Concentration level of PM10 in Air of Gorakhpur 
city 2021-2022 

 Pre Diwali Post Diwali Pre Diwali 

PM10 101.87 g/m3 132.86 g/m3 121.21 g/m3 
National Ambient Air Quality standard (24-hour average) : PM10 
– 100 μg/m3 

Table 4 is showing the concentration level of metal
in air of Gorakhpur city in pre, post and during the Diwali
period.

Table 4 : Concentration level of metal in air of Gorakhpur 
city 2021-2022 

Metal 
concentration 

Pre Diwali Diwali Post Diwali 

Pb 1.86 g/m3 2.768 g/m3 1.598 g/m3 

Ni 0.21 ng/m3 0.092 ng/m3 0.092 ng/m3 

As 0.01 ng/m3 0.02 ng/m3 0.015 ng/m3 
Standard Critical Ambient Air Quality Concentration Values 
CAAQCV (24-hour average) Pb– 1.0 μg/m3 Ni- 20 ng/m3, As- 
6ng/m3 
 

RESULTS AND DISCUSSION
The Data is showing that the value of SO

2
 have

increased 50.97% during the Diwali and 28.79% during
the post Diwali and the value of NO

2
 have increased

28.98% during the Diwali and 12.28% during post Diwali
period. The value of PM10 have increased 30.42% during
Diwali and 18.98% during the post Diwali period and the
value of metals such as Pb have increased 48.81% during
Diwali and decreased 14.08% over the post Diwali period,
the value of Ni decreased 56.19% during Diwali and post
Diwali period and the value of As have increased 100%
during Diwali and 50% during post Diwali period as
compared to Pre Diwali Period (Table 5, 6 and 7).

Table 5 : Change inpercentage of SO2, NO from Pre Diwali 
period (2021-2022) 

Indicator During Diwali Post Diwali 

SO2 +50.97% +28.79% 

NO2 +28.98% +12.28% 
 

Table 6 : Change in Percentage of PM10 from Pre Diwali-
Period (2021-2022) 

Indicator During Diwali Post Diwali 

PM10 +30.42% +18.98% 
 

Table 7 : Change in percentage of Pb, Ni and As from Pre 
Diwali period (2021-2022) 

Indicator During Diwali Post Diwali 

Pb +48.81% +14.08% 

Ni -56.19% -56.19% 

As +100% +50% 
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Fig. 4 : Change percentage of SO
2
, NO

2
 from Pre Diwali

period (2021-2022)

Fig. 5 : Change percentage of PM10 from Pre Diwali period
(2021-2022)

Fig. 6 : Change in percentage of Pb, Ni and As from Pre
Diwali period (2021-2022)
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Conclusion :
This brief review on air quality indices shows the

wide interest or concern for poor air quality problem.
But at the same time, it shows lack of a common strategy
which allow to compare the state of the air for cities that
follow different directives. It was observed that the
guidelines are sometimes consistently different from
place to place, not only in indicating the pollutants to be
monitored, but also in setting the threshold values. It is
also true that WHO recommended (WHO, 2006) that
during formulating policy targets, governments should
consider their own local circumstances carefully, that is
the specificities of places must be taken into account.
The complexity of air pollution and its science has created
problems to both the public and policy makers. There
are many pollutants to consider with some being
secondary products of atmospheric transformations. The
science is often so sophisticated that it becomes hard for
politicians and the public to interpret. Thus, it is desirable
that air pollution information will continue to be
represented in simple forms such as indices.
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