
Air Quality Index: A Comparative Study of Air
Quality in Jaipur When the Pre-lockdown
and Post-lockdown Phases Are in Effect

Ronak Khandelwal1, Suraksha Grewal1, Ashok K. Kakodia2, and Kumud Tanwar1(B)

1 Department of Chemistry, Kanoria PG Mahila Mahavidyalaya, Jaipur, Rajasthan, India
tanwar.kumud@Gmail.com

2 Department of Chemistry, Govind Guru Tribal University Banswara, Banswara, Rajasthan,
India

Abstract. Excellent air quality is crucial for human health, safety, security, and
the environment. Air quality deteriorates as cities and businesses grow, affecting
the existence of numerous species as well as the service life and aesthetic appeal
of materials. Measuring and evaluating surrounding air quality is the first and
most significant step in minimising air toxicity. A large number of water quality
surveillance does not always inform the scientific community about the state of
the air quality, policymakers, regulating bodies, and, most crucially, the general
population. Environmental authorities utilize air quality indexes (AQI) to commu-
nicate and interpret information widely due to the health dangers connected with
poor air quality. An air quality index is a unique number that represents the air’s
quality in terms of its impact on human health. In its most sophisticated version,
it combines multiple contaminant amounts in some mathematical equations to
obtain at a single figure for air quality.

The current study examines into how theCOVID-19 pandemic spread affected
the quality of the surrounding air during the lockdown and recovery phases.
Changes in the air quality index were detected both during phases of the win-
ter period, which lasted from October to January, using data from Adarsh Nagar-
Central Pollution Control Board (CPCB) station. The findings found that the city’s
quality of air had drastically worsened following the lockdown. When compared
to the previous years’ data during the same era, before to the COVID-19 epidemic,
the quantity of particulate and gaseous pollution increased dramatically following
the lockdown period. It was noted that, in addition to PM 10, that was the primary
pollutants in the air quality index previous to the epidemic, PM 2.5, and PM 10
were all present.This study presents a quick summary of the relatively significant
areas that need more focus from lawmakers in order to launch policies targeted at
creating adequate air pollution reduction measures.

Keywords: Air Quality index (AQI) · CPCB · COVID-19 Lockdown · Change
of air quality · Jaipur city

1 Introduction

Metropolitan areas in developing countries are currently facing significant health con-
cerns as a result of increasing globalisation and urbanisation. Urban clean air is one of
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the biggest issues, which is being addressed by both emerging and developed countries.
According to research, poor air quality prevails not just in Asia’s metropolises, but also
smaller cities with a population ranging between 150,000 to 2 million [1]. Numerous
epidemiological studies conducted over the last Vicennial have established air pollution
outside as a cause of several respiratory ailments such as asthma, early death, and cardio-
vascular problems [2]. According to the World Health Organization, inhaling dirty air
claims the lives of seven million people (UN Environment Programme 2018).This has
been named the biggest cause of death in underdeveloped countries. In such instances,
the populace residing near major highways in megacity suffers the most. 80% of people
in cities live in concentrations that are above the World Health Organization’s limits.
Due to manufacturing and consumption activities, ozone (O3), nitrogen oxides (NOx),
carbon monoxide (CO), coarse (PM10), fine (PM2.5), and ultrafine (PM0.1) particle
mass, black carbon, benzene and polycyclic aromatic hydrocarbons are all present in
huge quantities in urban areas [3]. High levels of air pollution have affected human qual-
ity of life and health.Furthermore, studies show that particulate matter and NO2 levels
are greater in cities with increased traffic activity and urban settings [4]. The composi-
tion of particulate matter in the environment is a complicated mix of various chemicals
species and sources. Particulate matter is emitted directly into the atmosphere by both
anthropogenic and natural processes. PM10 and PM2.5 are the two major particulate
pollutants detected worldwide. Because of its greater retention duration and capacity to
enter deep into the lungs and into the circulation, PM2.5 poses a larger health hazard
than PM10 [5].

At the millennium’s turn, developing nations such as India are quickly rapidly devel-
oping andmodernising, resulting in dangerous levels of air pollution akin to theEuropean
Industrial Revolution. Car emissions, industrial pollution, coal burning, forest fires, road
dust, and trash burning have been recognized as the key contributors of air pollution in
the country [6]. As a result, India is presently the world’s sixth most polluted coun-
try. Air pollution from transportation and industry is a severe environmental concern in
urban areas, with traffic outflow accounting for 50% of PM in the urban air. Elevated
concentrations of atmospheric PM2.5 and NO2 have been linked to an increased risk
of heart disease and lung cancer among humans [7].According to the Swiss business
IQAir’s World Air Quality Report, India’s air pollution will worsen in 2021. In 2021,
the Rajasthan district of Bhiwadi was named the world’s most polluted city. Jaipur,
Rajasthan’s capital city, is undergoing commercialization, as are a number of India’s
fastest developing towns, including traffic jams, poor road conditions, inadequate regu-
lation of industrial emissions, population increase, and a reduction in air quality. As a
result, local authorities, decision-makers, and stakeholders face increased scrutiny. This
has emphasized the significance of geographical and temporal assessment of gaseous
and particle pollutants for management and policy action to lower Jaipur’s air pollution
levels.

SARS-CoV-2, a new corona virus, triggered a highly infectious illness epidemic
in December 2019. In reaction to the COVID-19 epidemic, countries all around the
have taken extraordinary steps. In India, the Janta Curfew was introduced on March 22,
2020, accompanied by a lockdown, leading in a notable improvement in the nation’s air
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quality, as evidenced by meteorological department figures and data. One of the mitiga-
tion strategies to prevent the disease’s spread in the population has surfaced: lockdown
enforcement. People were unable to leave their houses due to the lockdown. Trans-
portation systems, comprising road, air, and rail, as well as institutions and industrial
sites, were halted, the exception of critical products and services, and were prolonged
until May 3, 2020.The air quality of urban centers has improved noticeably as significant
anthropogenic activities have been reduced [3]. However, once the limits were eased and
business continued as usual, the previously improved air quality began to degrade more
rapidly. This research looks at the air quality in Jaipur both before and after the shut-
down. Themajor purpose of this studywas to determine how air pollutant concentrations
varied during both stages.

2 Research Methodology

2.1 Study Area

Jaipur district is located in the east-central region of Rajasthan, India, and has an area
of 11,061.44 Km2. It extends within northern latitudes 26° 28′ and 27° 51′ and eastern
longitudes 74° 55′ and 76°15′. It is located on the foothills of the Aravali range, flanked
on three sides by hillocks and a broad stretch of plains. The density of population in Jaipur
district is 470 persons per square kilometre, with a decennial rate of growth of 26.98%,
according to the 2011 census (period 2001–2011). Jaipur, popularly known also as Pink
City, is the biggest city in Rajasthan and is situated in the state’s centre. It is home to
interesting forts and exquisite palaces. The Jaipur district has a semi-arid climate.Winter
ismoderate and enjoyable,withmean temperature ranging from10 to 20 °C and humidity
levels varying from 30 to 65%. The coolest months are December and January, while
temperature vary from 7 to 15 °C [9]. March is a nice month for transitioning from
summer to winter.The Jaipur transportation system is mostly dependent on the road. The
overall traffic in proportion to the traffic limit means that these routes have a significant
volume of traffic during peak hours. Transportation complexity, lane shortage discipline,
limited public transit, as well as an exponential increase in personal forms of mobility.
Two-wheelers represent themost frequentmethod of transportation in Jaipur, accounting
for 70percentage points of all registered vehicles, with four-wheelers placing second at
13%, and buses accounting for only 1% of all registered vehicles [10]. The current study
investigates the influence of the COVID-19 pandemic outbreak on Jaipur’s ambient
air quality during the city’s pre and post lockdown periods.Data was collected at the
Adarsh Nagar-Central Pollution Control Board (CPCB) station http://www.cpcb.nic.in/,
and changes in the air quality index were noted during both periods of the winter season,
which lasted from October to January.

2.2 Air Quality Index

The air quality index (AQI) seems to be a metric that compares pollutant concentrations
to ambient air quality in different regions. It condenses complex data regarding air quality
produced by several contaminants together into decimal statistic (index value), name,

http://www.cpcb.nic.in/
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and colour. The greater theAQI number, theworse the air quality and themore significant
the health risk. The AQI is classified into six levels (Table 1). So each category denotes
a different gravity of the public health issue. Each group has a unique colour as well.
Individuals can immediately tell from the hue whether the air quality in their area has
deteriorated to a harmful degree.

Table 1. Various Category of NAQI (National air quality index, CPCB, October 2020)

Category Range

Excellent 0–50

Tolerable 51–100

Reasonably contaminated 101–200

Dreadful 201–300

Alarming 301–400

Serious 401–500

One of the most important methods for consistently analysing and displaying the
status of the air quality is the AQI. In the form of a sub-index, the aggregate impact of
individual pollutant concentrations in ambient air is typically reported as a single value.
[12]. The AQI index or the sub-index value of the individual pollutant is calculated using
the following equation [13]:

Ii = [{(IGC − ISC)/(BGC − BSC)} ∗ (Cpc − BSC)] + ISC;
where, BGC = Breakpoint concentration greater or equal to given concentration;

BSC = Breakpoint concentration smaller or equal to given concentration; IGC =
AQI value corresponding to BGC; ISC = AQI value corresponding to BSC; Cpc =
Concentration of Pollutant (Table 2).

For e.g., Let the Concentration of PM10 pollutant be 85 µg/m3.
So, value of sub-index Ii = {[100–50]/[100–50]*[85–50]} + 50 = 50.
And finally;
AQI = Max (Ii; (where i = 1, 2, 3,….., n; denotes n pollutants).

3 Result and Discussion

3.1 Particulates, Fine (PM2.5)

PM2.5 particles are able to enter the lungs after passing via the respiratory system.
Exposure to small particles can cause eye, nose, throat, and respiratory issues as well as
coughing, sneezing, nasal congestion, and shortness of breath in the short term. Exposure
to fine particles can also compromise lung function and aggravatemedical disorders such
as asthmatic and cardiovascular disease [22]. As a result, it is deemed critical to explore
this clean air parameter, and the findings of both the pre and post closure phases during
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Table 2. Break Point concentration of various pollutants (Units: µg/m3)

AQI Category Array PM10
24- hr

PM2.5
24- hr

Excellent (0–50) 00–50 0–30

Tolerable(51–100) 51–100 31–60

Reasonably polluted (101–200) 101–250 61–90

Dreadful (201–300) 251–350 91–120

Alarming (301–400) 351–430 121–250

Serious (401–500) >430 >250

the cold weather are shown in Fig. 1. The AQI index in Jaipur city has clearly increased
significantly following the lockdown period as shown in the figure. The maximum value
observed in the pre lockdown phase for the months of October, November, December,
and January was 201,144,113,88, while the maximum value in the post lockdown phase
was 289,356,244,226 observed.
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Fig. 1. AQI index Variations of PM2.5 in pre and post lockdown phases
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Table 3. Shows the average PM2.5 concentration for themonths mentioned, both before and after
the lockdown phases.

Year October November December January

2018 83.32 99.53 76.80 97.06

2019 64.30 78.30 76.41 59.35

2020 103.54 169.33 120.16 130.83

2021 89.74 224.93 173.32 131.96

3.2 Coarse Particulate Matter (PM10)

Coarse particulates, which are typically created by processes such as physical grinding,
road dust, and agricultural practices, deposit preferentially in the upper and bigger air-
ways. These particles can easily pass thru and settle in the airways of the thoracic region.
When these particles are inhaled, they induce lung problems and respiratory difficulties
[23]. Figure 2 depicts the air quality index for PM10 throughout the winter season, both
before and after lockdown. Again for months of October, November, December, and
January, the largest value observed in the pre lockdown period was 233,170,159,127,
whereas the maximum value seen in the post lockdown phase was 182,247,220,142.
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Fig. 2. AQI index Variations of PM10 in pre and post lockdown phases
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Table 4. Shows the average PM10 concentration for the months mentioned, both before and after
the lockdown phases.

Year October November December January

2018 137.38 140.60 128.00 116.25

2019 100.12 111.86 107.64 86.00

2020 119.00 123.16 117.06 104.09

2021 89.87 146.96 116.83 101.03

3.3 Major Pollutant

Because themajor pollutant determines theAQI, it is critical to understand themajor pol-
lutant before and after the pandemic. as illustrated in Fig. 3. Prior to the pandemic, PM10
was the major pollutant, while PM2.5 was the minor pollutant; however, this situation
changed dramatically after the pandemic, resulting in an increase in the concentration
of PM2.5 pollutant.

PM2.5

PM10

Before COVID-19 

PM2.5

PM10

A�er COVID-19 

Fig. 3. Major pollutant during both the phases

4 How to Control Air Pollution?

Air pollution can only be controlled if the general public and the government work
together as a team to improve air quality. We attempted to illustrate the problem in
simple terms so that both parties understand the gravity of the situation and can work
together to improve air quality. During the lockdown period, the environment had time
to heal itself; now, as we return to our normal routine, we should keep the environment in
ourminds as well. It is our responsibility to ensure that the air quality does not deteriorate
further over time.

4.1 Control Measures to be Taken by the Government

• The government organization should develop strong policies and ensure their
implementation.
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• Organizations can use this paper to identify the most affected areas and plan
accordingly.

• Vehicle emissions are themostmajor cause of air pollution.Administrators should plan
to reduce them by promoting public transportation, carpooling, and other alternatives.

• Cleaner and alternate fuels should be introduced like CNG, LPG, etc.
• In the industrial sector, strict rules and regulations should be put on practice.

4.2 Control Measures to be Taken by the General Public

• RRR- Reduce, reuse and recycle, one of the most important rules that everyone must
follow.

• Avoid the burning of garbage, leaves and other items.
• Start using public transport and carpooling
• Avoid the burning of fireworks and spread awareness about their negative conse-
quences

• Practice energy conservation; For ex: Switch off lights when they are not in use

5 Conclusions

Jaipur, Rajasthan’s state city, faced significant air pollution following the COVID epi-
demic. As a result, this study focuses on the airborne pollutants PM10 and PM2.5.
According to the findings, the city’s quality of air has considerably deteriorated follow-
ing the lockdown. The particulate matter concentration increased dramatically following
the lockdown period when compared with previous years’ statistics during the same
timeframe prior towards the COVID-19 epidemic. In contrast to PM 10, that was the
dominant pollutant in the index of air quality previous to the pandemic, it was revealed
that PM 2.5, which is more destructive than PM 10, emerged as a serious worry after
the epidemic.According to the data, the greatest concentration of PM10 was 387 g/m3,
whereas the maximum concentration of PM2.5 was 306 g/m3. Tables 3 and 4 revealed
that, independent of the COVID 19 lockout, the average content of both PM2.5 and
PM10 was greatest in November every year.

Before going into the information and data, it is necessary to understand the pri-
mary cause of pollution. The use of fossil fuels in automobiles, emissions from different
businesses, local dirt, and natural events are the primary sources of increased particulate
matter (PM) concentrations. Furthermore, inversion events restrict the distribution of
particulates and pollution in major cities with just a growing population and more enter-
prises. As a result, the city’s PM concentration increases. We picked the winter months
for our investigation since this phenomena is more widespread during that season. The
worldwide shutdown gave us a once-in-a-lifetime chance to identify the reference levels
of pollution in numerous big centres throughout the world. COVID- Because to the 19
lockdowns, there was reduced energy consumption and decreased oil demand, which
had a substantial impact on industrial and transportation activity. The study’s conclusion
will assist governmental authorities and decision makers in calibrating an acceptable
response plan to reduce Jaipur’s ever-increasing pollution levels. This study will also
aid administrators in allocating funding and deciding priorities.
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