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Abstract
The COVID-19 pandemic has significantly affected economic activities all around the world. Though it took a huge amount of
human breathes as well as increases unemployment, it puts a positive impression on the environment. To stop the speedy extend
of this disease, the maximumGovernment has imposed a strict lockdown on their citizens which creates a constructive impact on
the atmosphere. Air pollutant concentration has been investigated in this study to analyze the impact of lockdown on the
environment. Based on the air pollutant concentration, Air Quality Index (AQI) is deliberated. The Air Quality Index indicates
the most and least polluted cities in the world. A higher value of AQI represents the higher polluted city and a lesser value of Air
Quality Index represents a less polluted city. The impact of lockdown on air quality has been studied in this work and it is
observed that the air pollutant concentration has reduced in every city of the world during the lockdown period. It has been also
detected that the PM2.5 and PM10 are the most affecting air concentrator which controls the air quality of all the selected places
during and after lockdown.

Keywords Air Quality Index (AQI) . Particle pollution . Ground-level ozone (O3) . Carbon monoxide (CO) . Nitrogen dioxide
(NO2) . Sulphur dioxide (SO2)

Introduction

The major resources of the earth make human life feasible
without which no one can sustain. Every living body on this
earth requires air, water, sunlight, and food every day to con-
tinue its growth. It is unimaginable to live without these ne-
cessities of life. So, it is very significant to preserve and use
them in a proper way. Nowadays, technologies are developed
worldwide in a rapid manner for human progression. But the
world has to accept the challenges which remain undefined
and unpredictable. In this twenty-first century, society is fac-
ing a new challenge named coronavirus or COVID-19, which
was discovered in the Wuhan province of China in the year
2019 (WHO 2020). Coronavirus or COVID-19 is a sporadic
type virus that infects human beings, and commonly causes a
respiratory infection to differ from the common cold to novel
severe diseases such as severe acute respiratory syndrome
(SARS). The usual symptoms seen in COVID-19 disease are
sickness, fatigue, or dry cough. The easy and quick spread
nature of COVID-19 threatened the whole world. This virus
has infected a large population all over the globe. As of 10
March 2021, a total number of 118,161,892 people from 221
countries are infected by this disease (Worldometer 2020). As
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precautions, maximum countries have taken various steps to
control the rate of spread of COVID-19, like schools and
colleges are kept closed, traveling by public transport is not
allowed, the non-essential commercial is shut down, and mass
gatherings are not allowed. Social distancing should be main-
tained and people are suggested to stay at home as COVID-19
is a transmissible disease. This pandemic is the worst experi-
ence in human life which affects their lifestyle also. Most of
the countries have applied strict lockdown throughout the
country as a precautionary measure.

The lockdown significantly impacts social and economic
activities but it has temporarily improved the air quality in
most of the polluted cities in the world (Singh and
Chakraborty 2020). Bad air quality results in several health
issues in the living bodies throughout the globe. Every year,
millions of people die due to this air pollution. Mainly five
major air pollutants are regulating the clean air in the environ-
ment. These pollutants are particle pollution (particulate mat-
ter PM2.5 and PM10), nitrogen dioxide (NO2), ground-level
ozone (O3), carbon monoxide (CO), and sulphur dioxide
(SO2) (AirNow 2020). Out of these five pollutants, PM2.5

produces hazardous health issues such as lower respiratory
infection (LRI) and chronic obstructive pulmonary disease
(COPD) due to its microscopic particle size (Murray 2019).
Due to the mandatory lockdown implementation in all major
cities in the world, the PM2.5 level is drastically decreasing
compared to the scenario before lockdown in the same places.
Lockdown restricts the people movement and industry shut-
down which results in a 25–60% reduction in PM2.5 level
(IQAir 2020). Due to NO2 pollution, approx. 4 million chil-
dren are affected by asthma every year out of which 64%
occur in urban centers (Pattanun et al. 2019). NO2 is also
responsible for producing some harmful secondary pollutants
such as ozone (O3) and nitric acid (HNO3) which can damage
human life (Tobías et al. 2020). A significant reduction
(approx. 45% to 50%) of NO2 is noted after the worldwide
lockdown. This mainly occurred due to the reduction of traffic
emissions in urban cities (Yaron 2020). Air pollution gener-
ates many adverse effects in our social, economic, and natural
environment. The major concern of air pollution is for public
health and environmental challenges (Haines et al. 2017).
Recently, a significant reduction in air pollution has been ob-
served globally which is only possible due to the lockdown of
most countries and cities (Muhammad et al. 2020).

In the very recent past, some researchers have studied the
impact of COVID-19 on air quality throughout the world. On
23March 2020, the Govt. of India has declared full lockdown
throughout the country to mitigate the speedy feast of the
coronavirus. This announcement creates some positive as well
as some negative impacts on human society. Mahato et al.
(2020) present a study of air quality in the lockdown situation
by choosing Delhi, India, as a case study location. PM2.5 and
PM10 have been chosen by the authors for air quality

assessment. As per the studies, the values of PM2.5 and
PM10 have reduced by 50% compared with the pre-
lockdown conditions. Ramesh P and Chauhan (2020) exhibit
a study to check the air quality all over India in the lockdown
period using satellite and ground observations. The value of
Air Quality Index, PM2.5, and tropospheric NO2 concentration
is decayed due to the lockdown. Manob et al. (2020) examine
the impacts of lockdown on PM2.5 (ambient aerosols) with
considering the Indo-Gangetic Plain Cities. As per their stud-
ies, the value of PM2.5 has reduced to 79 from 179 across the
selected cities after the lockdown. Sahoo et al. (2020a, 2020b)
show the effect of COVID-19 on meteorological parameters
of air. Some major cities of Chandigarh and Punjab have been
chosen by the authors for the related study. After completing
the studies, the authors have concluded that environmental
pollution can be controlled by a temporary lockdown. The
influence of COVID-19 on the environment in several places
of India has also been studied in (Sahoo et al. 2020a, b;
Pratima et al. 2020a, b; Sharma et al. 2020; S J et al. 2020).
In maximum studies, PM2.5, PM10, NOx, and CO have been
taken for calculating the Air Quality Index (AQI). From all the
studies, it is clear that air quality is improved after the imple-
mentation of lockdown (during the COVID pandemic) which
directly improves the health conditions of human beings
(Manob et al. 2021). The COVID-19 pandemic improved
the air quality not only in India but is also observed in several
countries of the world like Malaysia (Abdullah et al. 2020),
Rio de Janeiro of Brazil (Dantas et al. 2020), China
(Filonchyk et al. 2020; Xu et al. 2020), Iran (Broomandi
et al. 2020), Ecuador (Zalakeviciute et al. 2020), Almaty of
Kazakhstan (Kerimray et al. 2020), etc. From all the previous
study, it reveals that the environment has improved through-
out the globe. Dutheil et al. (2020), Bherwani et al. (2020),
and Sahoo et al. (2020b) also present the impacts of lockdown
in the environment in terms of air quality.

As per the author’s knowledge, several researchers have
already studied the effect of lockdown on air quality through-
out the world, but no one has covered up all the points com-
bined which have been discussed in this study. The main
contribution of this study is as follows:

(a) The ten most polluted cities have been chosen for the
study. This selection is totally based on the number of
COVID-19 cases (as of June 2020), the extent of lock-
down process, and the availability of air pollution data.

(b) The air pollutant data (i.e., particle pollution, ground-
level ozone, nitrogen dioxide, carbonmonoxide, and sul-
phur dioxide) before and during lockdown has been tak-
en from several sources for selected 10 cities.

(c) The AQI has been calculated by using the collected data
with lockdown and without lockdown conditions. The
health conditions during that period have also been
studied.
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(d) To check the effectiveness of our study (mathematical
calculations, scenarios), the real-time air quality has also
been collected from several sources.

(e) This study presents the air quality scenario around the
globe for three conditions: before lockdown, during lock-
down, and after lockdown.

Air Quality Index

The government agencies use an Air Quality Index (AQI) to
give information about air pollution to the public. The higher
value of AQI indicates the higher air pollution level and higher
health alarming condition. The AQI is mainly classified into
six sets based on the values of the index. Each set represents a
different level of health concern. The six sets of AQI are good,
moderate, sensitive group, unhealthy, very unhealthy, and ma-
roon. Table 1 represents the AQI for public health risk. From
Table 1, it is clear that AQI value up to 50 represents good air,
and above 300 represents harmful air (AirNow 2020). So,
some precautions must be taken for every citizen to maintain
their good health when AQI values are increased.

The air quality basically depends on the concentration of
pollutants and atmospheric conditions. AQI equation is used
to convert air pollutant concentration into Air Quality Index.
The mathematical expression of AQI is as follows (Mintz
2016):

AQI ¼ Imax−Imin

Cmax−Cmin
Pc−Cminð Þ þ Imin ð1Þ

Here, AQI is the Air Quality Index for pollutants.
Pc is the concentration of pollutants.
Cmax is the concentration breakpoint that is greater than or

equal to Pc.
Cmin is the concentration breakpoint that is less than or

equal to Pc.
Imax is the index breakpoint corresponding to Cmax.
Imin is the index breakpoint corresponding to Cmin.
The details of the breakpoint and air pollutant limits have

been taken from Mintz (2016). If multiple air pollutants are
available in a single monitoring station, then AQI value for
that location is taken as the largest value of AQI reported in
the specified site irrespective of any particular pollutants.

Selection of pollutant and location

Generally, the Air Quality Index (AQI) is calculated by
assessing the five air pollutant concentrations, i.e., particle
pollution (known as particulate matter including PM2.5 and
PM10), ground-level ozone (O3), nitrogen dioxide (NO2), car-
bon monoxide (CO), and sulphur dioxide (SO2). All the air
pollutant except ground-level ozone (O3) have primary
sources while ground-level ozone (O3) is formed in the pres-
ence of sunlight and mostly it is emitted from the primary
sources of the atmosphere. In this study PM2.5, PM10, O3,
NO2, CO, and SO2 air pollutants are considered to calculate
AQI. Ten major polluted cities in the world based on the
number of COVID-19 cases (as of June 2020), the extent of
lockdown process, and the availability of air pollution data
have been selected for our studies.

The average data has been taken based on a 3-week lock-
down period for each city and compares it to the same period
before lockdown conditions. Based on IQAir 2020 report
(June 2020), the ten most polluted cities are Delhi, Mumbai,
New York, London, Los Angeles, Madrid, Seoul, Rome, Sao
Paulo, and Wuhan. The lockdown period for Delhi, Mumbai,
New York, London, Los Angeles, Madrid, and Sao Paulo is
considered from 23 March to 13 April, whereas for Seoul
from 26 February to 18 March, for Rome from 9 March to
30 March, and for Wuhan from 3 February to 24 February
2020. We have used the World Air Quality Index portal
(available at www.aqicn.org), World Air Map (available at
https://air.plumelabs.com), and Air Pollution in the World
website (available at https://aqicn.org/city/newyork) to
record the air pollution data for the abovementioned cities. It
is to be noted that the data for the above websites are handled
by any private institution or govt. body of the respective
countries, so the collected data may not be fully validated.
For confirmation of this data, some other sources have been
also considered, which is shown in the later section of the
study.

Data collection and analysis

In one word, COVID-19 has destroyed the entire globe in all
social, economical, and educational prospects except environ-
mental. The lockdown due to the COVID-19 is the reason for

Table 1 Air Quality Index for public health risk

0–50 51–100 101–150 151–200 201–300 > 300

Good Moderate Sensitive group Unhealthy Very unhealthy Maroon

No-risk The risk for some
people

The public is likely to be
affected

Serious health effect for
sensitive group

The health effect is increased for
everyone

Everyone is likely to be
affected

35566 Environ Sci Pollut Res  (2021) 28:35564–35583

http://www.aqicn.org
https://air.plumelabs.com
https://aqicn.org/city/newyork


improving the quality of air, soil, and water in the environ-
ment. Maximum governing body imposes the lockdown to
their citizens by stopping the academic institutions, industries,
transportation system, etc. Due to this, the quantity of every air
pollutant particle has decreased as compared to normal time.

Figure 1 shows the boat traffic in Venice, Northern Italy,
during April 2019 and April 2020. From the figure, it is clear
that the boat traffic is reduced on 13 April 2020 which is due
to the lockdown (Deserted Venetian lagoon 2020). And the
water quality also improved during that period. This is one
example of the improvement of the environment. The

stoppage of the transportation system, as well as industries,
improved the air quality which will also be discussed in the
later part of the study. The effect of the lockdown on air
quality is described in this part of the study. Here, all the
particles involved in the air quality are considered one by one.

(A) Particular pollution (PM10 and PM2.5)

The mix of tiny solid and/or liquid particles deferred in the
air refers to the particular pollution. Most of the particles are

Fig. 1 Boat traffic at Venice,
Northern Italy, during April 2019
and April 2020
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indistinguishable or very small in size. The air becomes
opaque when the particles’ levels are high. PM10 and PM2.5

are the main categories of air particles. PM10 particle diameter
is generally 10 micrometers (μm) or smaller, whereas particle
diameter is 2.5 μm or smaller for PM2.5. PM2.5 is the riskiest
pollutant and it penetrates the greatest threat to the human
respiratory system even in the bloodstream due to its small
size. Figure 2 depicts that the average PM2.5 concentration is
reduced in nine among the ten selected cities in the world.
Rome is the one city whose PM2.5 concentration had increased
in the lockdown period due to the burning of forests.

It can be observed from Fig. 2 that the average concentra-
tions of PM2.5 in New York, Los Angeles, Madrid, and São
Paulo are very low during the lockdown. As a result, these
cities are having clean air. On the other hand, PM2.5 average

concentration is remarkably high in the cities like Delhi,
Mumbai, Seoul, and Wuhan.

Figure 3 epitomizes the average concentration of PM10 for
the abovementioned cities with and without lockdown condi-
tions. Maximum reduction of average PM10 concentration is
observed in Delhi, Mumbai, and Wuhan cities due to the strict
lockdown. Average PM10 concentration approximately 25% in-
creases in Rome during the lockdown. A reliable reduction in
average PM10 concentration is observed in New York, London,
Los Angeles, Madrid, and São Paulo during the lockdown.

(B) Ground-level ozone (O3)

Ozone (O3) is formed and demolished in the existence of
nitrogen oxides (NOx) and volatile organic compound (VOC)
materials. Out of the five major air pollutants, ozone is only
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the secondary air pollutant. Figure 4 demonstrates the average
ozone concentration with and without lockdown conditions in
the selected cities. From Fig. 4, it is observed that ozone con-
centration has increased in maximum cities after the lock-
down. Only in Rome that ozone concentration is decreased
around 10%. Maximum average ozone concentration in-
creases are seen in Delhi (+17%), New York (+21%), and
Los Angeles (+18%) during the lockdown. This may be due

to the more sunlight and availability of NOx and VOCs during
the lockdown condition.

(C) Carbon monoxide (CO)

The majority of the carbon monoxide (CO) is emanated
from mobile sources such as motor vehicles, locomotives,

0

10

20

30

40

50

60

70

80

90

D
el

h
i,
 I
n
d
ia

M
u
m

b
ai

, 
In

d
ia

N
ew

 Y
o
rk

, 
U

S

L
o
n
d
o
n
, 
U

K

L
o
s 
A

n
g
el

es
, 
U

S

M
ad

ri
d
, 
S
p
ai

n

S
eo

u
l,
 S

o
u
th

 K
o
re

a

R
o
m

e,
 I
ta

ly

S
ão

 P
au

lo
, 
B
ra

zi
l

W
u
h
an

, 
C
h
in

a

A
v

e
ra

g
e
 N

O
2
 c

o
n
c
e
n
tr

a
ti

o
n
 (

µ
g
/m

³)

Without Lockdown With Lockdown

Fig. 6 Average NO2

concentration with and without
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Fig. 7 Average SO2

concentration with and without
lockdown

Table 2 AQI value and status of the city without lockdown

City, country AQI due to
PM2.5

AQI due to
PM10

AQI due to
CO

AQI due to
SO2

AQI due to
NO2

AQI due to
O3

Remark

Delhi, India 165 89 117 4 36 16 Unhealthy and responsible pollutant is PM2.5

Mumbai,
India

121 69 103 5 31 12 Unhealthy for sensitive group and responsible
pollutant is PM2.5

New York,
USA

52 35 40 3 32 15 Moderate and responsible pollutant is PM2.5

London, UK 82 23 76 2 27 14 Moderate responsible pollutant is PM2.5

Los Angeles
USA

53 37 40 2 22 17 Moderate and responsible pollutant is PM2.5

Madrid, Spain 55 30 32 2 21 16 Moderate and responsible pollutant is PM2.5

Seoul, South
Korea

142 54 76 3 25 14 Unhealthy for sensitive group and responsible
pollutant is PM2.5

Rome, Italy 52 32 58 3 23 9 Moderate and responsible pollutant is CO

São Paulo,
Brazil

57 24 49 4 23 16 Moderate and responsible pollutant is PM2.5

Wuhan, China 155 62 93 4 43 21 Unhealthy and responsible pollutant is PM2.5
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airplanes, and other engines and equipment. Figure 5 portrays
the average CO concentration of ten selected cities with and
without lockdown conditions. From Fig. 5, it is detected that
the concentration of average CO is decreased in all the cities
after the lockdown due to COVID-19. The major reduction of
CO after the lockdown is seen in Delhi (−50%), Mumbai
(−36%), London (−37%), Seoul (−37%), Rome (−33%), and
São Paulo (−40%) as compared to without lockdown
condition.

(D) Nitrogen dioxide (NO2)

Like previous cases, the average concentration level of air
pollutants has also decreased after the lockdown. Figure 6
epitomizes the average NO2 concentration of the ten selected

cities with and without lockdown conditions. From Fig. 6, it is
observed that there is a momentous drop of average NO2

concentration during the lockdown in Delhi (−65%), New
York (−52%), Los Angeles (−60%), Madrid (−66%), São
Paulo (−50%), and Wuhan (−59%) as compared to without
lockdown conditions.

(E) Sulphur dioxide (SO2)

Sulphur dioxide is one of the largest air pollutants which
are responsible for air pollution. Figure 7 signifies the average
SO2 concentration of ten selected cities with and without lock-
down conditions. From Fig. 7, it can be noted that the major
reduction of average SO2 concentration during lockdown oc-
curred in Mumbai (−33%), New York (−33%), Los Angeles

Table 3 AQI value and status of the city with lockdown

City, country AQI due to
PM2.5

AQI due to
PM10

AQI due to
CO

AQI due to
SO2

AQI due to
NO2

AQI due to
O3

Remark

Delhi, India 95 60 58 3 12 19 Moderate and responsible pollutant is PM2.5

Mumbai, India 86 48 67 3 20 13 Moderate and responsible pollutant is PM2.5

New York,
USA

18 22 30 2 15 18 Good and responsible pollutant is CO

London, UK 60 19 49 2 16 16 Moderate and responsible pollutant is PM2.5

Los Angeles
USA

23 25 30 1 9 21 Good and ideal for air, the responsible
pollutant is CO

Madrid, Spain 27 24 19 1 7 17 Good and ideal for air, the responsible
pollutant is PM2.5

Seoul, South
Korea

76 47 49 2 22 13 Moderate and responsible pollutant is PM2.5

Rome, Italy 61 41 40 3 14 8 Moderate and responsible pollutant is PM2.5

São Paulo,
Brazil

42 20 30 3 11 15 Good and ideal for air, the responsible
pollutant is PM2.5

Wuhan, China 99 47 67 2 17 23 Moderate and responsible pollutant is PM2.5

Fig. 8 Air Quality Index with and
without lockdown
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Fig. 9 Status of air quality in four metro cities of India with and without
lockdown. (a) Status of air quality in Delhi with and without lockdown
(b) Status of air quality in Kolkata with and without lockdown (c) Status

of air quality in Mumbai with and without lockdown (d) Status of air
quality in Bengaluru with and without lockdown
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Fig. 9 continued.
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Fig. 9 continued.
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Fig. 9 continued.
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(−33%), Madrid (−50%), Seoul (50%), and Wuhan (−42%)
compared to the without lockdown conditions.

It can be observed from the average air pollutant concen-
tration data which has already been discussed in the previous
part of the study that all the air pollutant concentrations de-
crease except the ozone pollutant during the lockdown as
compared with the without lockdown condition. From the

air pollutant concentration, we have designed the Air
Quality Index (AQI) for all the pollutants responsible for air
pollution using Eq. (1). Tables 2 and 3 show the calculated
AQI value with individual air pollutants for all the selected
places considering the without and with lockdown conditions
respectively. From Table 2, it is observed that PM2.5 is respon-
sible for major air pollution in all the cities except Rome. In

Fig. 10 Nitrogen dioxide
concentrations over Europe with
and without lockdown

Fig. 11 Nitrogen dioxide
concentrations over France with
and without lockdown
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Rome, CO is mainly accountable for air pollution. From
Table 2, it is perceived that the air quality of Delhi and
Wuhan are unhealthy and the general public may practice
some serious health issues in these cities. Mumbai and
Seoul’s air quality is also unhealthy, but it is for some sensi-
tive public and the other general public may not be affected in
these cities. The air quality of the remaining six cities is mod-
erate and it can be acceptable for all public.

From Table 3, it is detected that PM2.5 is responsible for
major air pollution in almost all the cities except New York
and Los Angeles. CO is mainly responsible for air pollution in
NewYork and Los Angeles. From the table, it is also observed
that the air quality of the six selected cities (i.e., Delhi,
Mumbai, London, Seoul, Rome, and Wuhan) is moderate
and the remaining four cities (i.e., New York, Los Angeles,

Madrid, and São Paulo) is good and all pollutions in these
cities are little and the environment is risk-free.

Figure 8 epitomizes the states of AQI for the
abovementioned cities with and without lockdown conditions.
From Fig. 8, it is observed that the Air Quality Index is im-
proved in almost all the cities except Rome and London. It is
observed that the AQI of Delhi and Wuhan is shifted from
“unhealthy” environment to “moderate” environment; the air
quality of Mumbai and Seoul is also shifted from “unhealthy
environment for sensitive publics” to “moderate” environment.
Though London and Rome’s air quality status is not changed,
but AQI is slightly improved in these two cities during the
lockdown period. In the remaining four cities (i.e., New
York, Los Angeles, Madrid, and São Paulo), the AQI is shifted
from a “moderate” environment to a “good” environment.

Fig. 12 Nitrogen dioxide concentrations over Italy with and without lockdown

Fig. 13 Nitrogen dioxide concentrations over the northeast United States with and without lockdown
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Global air quality scenario during lockdown

Among all the air pollutants, PM2.5 and PM10 take a leading
role in any place’s air quality. Due to the lockdown imple-
mentation by the maximum government, the air quality of all
the places has improved significantly. This is possible due to

the closure of industries, transportation systems, etc., in the
lockdown period. Figure 9 presents the comparative studies of
AQI in some metro cities of India (Delhi, Kolkata, Mumbai,
and Bengaluru) before lockdown, during lockdown, and after
lockdown (National Air Quality Index 2020). There are 3
different times that have been considered to check the impact

(a)

(b)
Fig. 14 Nitrogen dioxide concentrations over China with and without lockdown. (a) Mean tropospheric NO2 density in 2020 (b) NO2 tropospheric
column (c) Comparison in mean tropospheric NO2 density in 2019 and 2020
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of lockdown on air quality. From Fig. 9, it is clear that during
the lockdown period, the air quality is improved for all the
cases and this trade is followed up by maximum places in the
world.

Nitrogen dioxide is one of the air pollutants that has shown
its impact on European countries. Paris, Madrid, Milan, and
Rome are the mostly affected areas in Europe due to nitrogen
dioxide concentration, but during the lockdown period, the
percentage of the pollutant has drastically decreased (air
pollution remains low as Europeans stay at home 2020). As
per Fig. 10, in March–April 2019, the effect of the pollutant
was very high, but in March–April 2020, the effect of the
same pollutant has been decreased in the same parts due to
the lockdown.

In the previous section, it has already been observed that
the AQI has improved in the lockdown period by considering
all the air pollutants. For checking the effectiveness of the
calculated AQI (shown in the Data collection and analysis

section), real-time data has also been taken which is shown
in this part of the study. The nitrogen dioxide concentration
before and during lockdown has been shown in Figs. 11, 12,
and 13 for France, Italy, and the northeast United States re-
spectively (ESA and the COVID-19 pandemic 2020;
Coronavirus lockdown leading to drop in pollution across
Europe 2020; What impact will COVID-19 have on the envi-
ronment? 2020). After the detailed study, it can be concluded
that the NO2 concentration has decreased in all the cities
around the globe, which is directly concerned with the better-
ment of the environment.

The coronavirus is discovered in the Wuhan province of
China in the year 2019. After that, it has shown its enormous
effect on the human body throughout the world. China is the
first country in the globe that had declared a lockdown to
prevent the spread of the coronavirus. After the strict lock-
down implementation around China, the number of active
COVID patients has decreased at a very high rate as well as

(c) 
Fig. 14 continued.
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the environment is also improved (Airborne Nitrogen Dioxide
Plummets Over China 2020; Air pollution returning to pre-
COVID levels 2020). The nitrogen dioxide concentration over
China before and during lockdown is shown in Fig. 14.

Figure 14 c has shown the effect of lockdown in the air
quality based on NO2 concentration at Wuhan province of
China. It can be concluded from the figure that the air quality

is significantly improved in Wuhan which is in a similar di-
rection as other cities in the world. The nitrogen dioxide con-
centrations over densely populated and industrialized areas of
Europe (e.g., Ruhr region, Scheldt estuary, Po valley, South
England, Milan, Madrid, Paris, Berlin, Budapest) are shown
in Fig. 15. In the graph, “black” lines are presenting NO2

concentration during 2019, whereas “red” lines are showing

Fig. 15 Nitrogen dioxide concentrations over major European cities with and without lockdown

35579Environ Sci Pollut Res  (2021) 28:35564–35583



NO2 concentration during 2020 (Air pollution in a post-
COVID-19 world 2020). It is the most important observation
that after lockdown, the NO2 concentration has drastically
reduced in all the displayed places. Maximum figures portray
the reduction of NO2 during the lockdown period, but all other
air pollutants have also been reduced. If the air quality is
improved then the health conditions of humans have also im-
proved. The disease suffered by the human body can be also
improved.

India is the second-most populous country in the world. As
of 2020, the population density of India is very high with a
value of 464 per km2. Due to the high rising nature of the
corona virus, India is one of the most affected countries in
the world due to a very high per capita population. The
Government of India has imposed the lockdown on 23
March 2020 to prevent the spread of the corona virus.

Like other countries, the air pollutant concentration has
decreased in India also with a high rate due to the lockdown.
Figures 16 and 17 show the sulphur dioxide concentrations

and airborne particle levels in India before and during lock-
down conditions (ESA and the COVID-19 pandemic 2020;
Airborne Particle Levels Plummet in Northern India 2020).
From the figure, it can be concluded that the environment is
pollution-free in the lockdown period in every region of India.

Conclusion

The COVID-19 pandemic forces to implement lockdown in al-
most all the countries around the globe. After the lockdown, the
Air Quality Index noticeably reduces and the quality of air is
improved in the whole world because of the more restricted
activities of people; suspended transport services such as road,
air, and rail; and shut down of maximum industries and educa-
tional institutions. In this paper, several scenarios have been tak-
en for checking the impacts of lockdown on the air quality
throughout the world. Finally, we would like to convey that the
Air Quality Index and the corresponding health risk issues have

Fig. 16 Maps of sulphur dioxide concentrations over India in 2019 and 2020
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improved for the same cities during the lockdown condition
compared to the without lockdown condition. To verify the
AQImodel, two parallel methods have been applied in this work.
The raw data has been taken for calculating the AQI index, as
well as some graphical data, which have been taken for compar-
ison purposes. This study gives a very important lesson to us—if
we need good health and better living, thenwe need to reduce the

use of transport (if not required) and to focus on the alternative
solution strongly to reduce the air pollution.
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