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Abstract
The world is facing an unexpected, like never before, situation due to COVID-19. The measures to contain the COVID-19 
pandemic are to incorporate lockdown, social distancing, disconnection, and home isolation. Lockdown was enforced by the 
various governments of the South Asian countries, which include non-working of all the businesses and assembling units, 
with limited access to the outer world pertaining to essential commodities. However, During the COVID-19 pandemic, an 
uncommon positive impact is noteworthy for worldwide abatement in air-contamination levels. Principally, specialists have 
estimated significant improvement in air quality and a remarkable decrease in concentration levels of various harmful gases 
like sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and ozone (O3). In this article, there is an analysis 
made on the impact of Covid-19 lockdown on the air quality of the South Asian region i.e. (that is) the various environmental 
parameters along with others namely aerosol, temperature, and particulate matter (PM2.5, PM10). The work includes the refin-
ing and analysis of crude information of this present (2020) and the past year of different toxic gases and parameters of air 
pollutants. These have been obtained from pollution control boards of respective South Asian nations alongside information 
and satellite pictures from the UN Environment Program and Space Administration for correlation of various parameters. 
It has been observed that there is a sharp dip in the pollutant concentration in South Asia. This examination altogether will 
be valuable data to environmentalists and experts to make the future policies for improving air quality and the environment.
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Introduction

As per the Wuhan Municipal Health Commission, in 
December 2019 China reported several cases of viral pneu-
monia (Huang et al. 2020; Chakraborty and Ghosh 2020). 
Numbers of patients with pneumonia symptoms, and a novel 
viral disease, Corona Virus Disease-2019 (COVID-19), was 
identified. On March 11, WHO declared COVID-19 as a 
pandemic. In South Asia, Nepal was the first country to 
report COVID -19 when a student returned from Wuhan 
to Kathmandu was found positive with COVID-19 on 
January 24, 2020 (Shrestha et al. 2020). In contrast, Mal-
dives reported its first case on March 7 and was the latest 

COVID-19 infected inductee from the South Asian region 
(Health Protection Agency, Maldives 2020). Following a 
second meeting of the Emergency Committee convened 
under the International Health Regulations on 30th Janu-
ary 2020, World Health Organisation (WHO 2020) declared 
COVID-19 as a contagious disease and announced a global 
public health emergency (WHO 2020a). Out of 7.15 mil-
lion world COVID-19 cases reported till June 2020, 526,777 
were from South Asia only (Worldometer COVID-19).

The highly contagious nature of the mentioned disease 
and various factors like mutation of the virus, considerable 
time taken to show symptoms, and sometimes asympto-
matic and high transmissibility is putting great challenge 
for its treatment (Vellingiri et al. 2020; Chakraborty and 
Maity 2020). Considering the mentioned factors and the 
increasing number of patients, the World adopted lock-
down. In early January 2020, the first lockdown was done 
by China in its Wuhan city. To avoid further spreading 
of the COVID-19, it established numerous quarantine 
centers (Wilder–Smith and Freedman 2020). In April, 
almost entire South Asia was under complete lockdown, 
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and people were allowed to leave their house for essential 
commodities only, industries were closed, employees of 
the private sector were asked to work from home. Because 
of these limited human activities, the environment got a 
chance to heal itself (Paital et al. 2020). Pollution level in 
the South Asian regions was the worst (Nandasena et al. 
Nandasena et al. 2012; CBS Nepal 2013; EPA 2020), with 
Bangladesh, Pakistan, and India making it to the top five 
in the list of most polluted countries as mentioned in 2019 
(IQAir 2019).

In 2019 among the top 10 most polluted cities, 6 were 
from India, and 3 were from Pakistan. Ghaziabad from 
India and Gujranwala from Pakistan were in first and third 
place. The Hotan city from China was 2nd and Dhaka from 
Bangladesh in 21st place (IQAir 2020). Every year around 
4.2 million people die due to air pollution (Di et al. 2017). 
In 2019, India suffered the most pollution-linked deaths 
in the South Asian region, around 1.2 million, while 
Pakistan recorded more than one million deaths due to 
air pollution (GAHP 2020). Out of total pollution related 
deaths in South Asia, 40% are due to ambient air pollu-
tion. In 2017 the annual particulate exposure was highest 
in South Asia. National Ambient Air Quality Standards, 
India (National Ambient Air Quality Standards 2017; The 
Energy and Resources Institute, final report May 27, 2019) 
stated that out of 1.24 million deaths due to pollution, 
which was 12.5% of total deaths reported in 2017, 77% 
are due to particulate exposure Particulate Matters (PM1.0, 
PM2.5), Bangladesh reported 12.3 million deaths due to 
air pollution in the same year. Maldives has the lowest 
average of 48 premature deaths per year in the South Asia 
region due to polluted air exposure (WHO 2020). In 2016, 
the total number of deaths reported due to air pollution 
in Afghanistan, Bangladesh, Bhutan, India, Maldives, 
Nepal, Pakistan, and Sri Lanka were 17,143; 82,396; 375; 
10,870,018; 45, 21,908; 1,21,301 and 5,669 respectively 
(WHO 2020; EMRO/WHO 2020). And the main cause 
was the higher particulate matter (PM2.5) level which was 
above the safe limit (40 g/m3). In this highly devastating 
situation, the lockdown turned out to be bliss to the suf-
fering nature. Because of fewer human activities, fewer 
vehicles on the road, shutting off most of the industries, 
nature got the opportunity to heal itself and resulted in 
improved air quality in the South Asian countries. Herein, 
in this paper, an extensive discussion has been done on the 
effects of air pollution on humans, and the improvement of 
environmental parameters during the COVID-19 lockdown 
in South Asian countries is presented (Chakraborty and 
Maity 2020; Gautum 2020).

Materials and methods

Figure 1 explains the general methodology used to process 
and analyze the raw data obtained from various websites 
(aqicn.org; worldometers.info; iqair.com etc.) and other 
sources like World Health Organization (WHO 2020b, 
2020c), United Nations Environment Programme (UNEP 
2020), National Aeronautics and Space Administration 
(NASA 2020). For the determination of the impact of 
COVID-19 (March 2020–June 2020) on various environ-
mental parameters governing South Asian countries’ air 
quality.

The raw data of all 8 countries were collected and pro-
cessed country-wise and analyzed by comparing it with the 
previous year’s air quality data of South Asian countries 
using the Microsoft and Origin software. For comparative 
analysis of air quality, the data from January 2019 to June 
8, 2020, was collected. Herein, the effect of various pollut-
ants like Particulate Matters (PM2.5, PM10), nitrogen dioxide 
(NO2), sulfur dioxide (SO2), carbon monoxide (CO), ozone 
(O3), hydrochlorofluorocarbons (HCF), methane emission, 
and the effect of temperature and humidity were also studied.

Results and discussion

On March 24, 2020, the Indian government ordered a nation-
wide lockdown for India’s 1.3 billion people to avoid com-
munity transmission of contagious COVID-19 (Pai et al. 
2020), and Other South Asian countries also imposed a 

Fig.1   Adapted General methodology for study to determine the 
effects of COVID -19 lockdown on air quality
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complete lockdown in their respective countries. The South 
Asian region entered in complete lockdown in April, which 
resulted in fewer fossil fuels being devoured and, hence, 
fewer air contaminants discharged in India and other South 
Asian nations. From Fig. 2 it can be observed that the PM2.5 
value decreased significantly in a major region of South 
Asia. Figures 3, 4 show the mean of the period from 2017 
to 2019 and in the period of COVID-19 lockdown.

Particulate matter

Particulate Matter (PM), PM2.5 describes fine inhalable par-
ticles, with diameters that are generally 2.5 µm and smaller. 
The observations made showed that the presence of particu-
late matters significantly decreased during COVID19 lock-
down. Figure 2 shows that in a major portion of South Asia, 
the PM2.5 value decreased remarkably (Khanum et al. 2017; 
Luong Ly et al. 2019; Srivastava et al. 2020). According to 
a study comparing to the last year, Delhi observed a nearly 
40% reduction in PM2.5 during the lockdown (Singh et al. 
2020; Mahato et al. 2020). The PM2.5 level approached its 

normal range (40 g/m3), which was much higher in 2017 
(89.9  g/m3) in Delhi. The National Building Research 
Organization (NBRO), Colombo recorded about 75% drop 
in PM2.5, and a 65% drop in PM10 levels were recorded in Sri 
Lanka compared to the air quality of the past 20 years during 
COVID-19 lockdown. It has been seen that the quality of 
air in Colombo was improved by 27% and 28% as compared 
with 2018 and 2019, respectively.

Nitrogen dioxide (NO2)

The most lethal oxide of nitrogen is nitrogen dioxide (NO2). 
NO2 is a representative molecule for the higher molecular 
nitrogen oxides. Burning of fuel is a primary cause of envi-
ronmental NO2. Emissions of cars, trucks and buses, power 
plants, and off-road equipment release NO2. The harmful 
impacts of breathing air with a high NO2 concentration 
are irritation in aviation routes in the human respiratory 
framework. Such exposures over a fraction of a period can 
initiate respiratory illnesses, especially asthma, prompting 
respiratory indications (such as coughing, wheezing, or 

Fig. 2   Graphical demonstration of particulate matters (PM2.5) (µg/m3) 
level in South Asian countries in 2019–2020. Data showing the PM2.5 
level in environment before and after COVID-19 Lockdown imposed 

show significant improvement in term of particulate matters. (Data  
source: World Air Quality Index)
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troubled breathing) (Mannucci et al. 2017). From Fig. 3, it 
is clear that the concentration of NO2 considerably decreased 
(~ 30–60%) over the maximum region of South Asia. Lahore 
from Pakistan recorded a significant decrement of 45% in 
NO2 level standing with Dhaka, Bangladesh with the same 
percentage of 45% decrease in NO2 level during the COVID-
19 lockdown. Delhi, India, recorded a remarkably lesser NO2 
concentration of about 55%. The eastern part of India, which 
is primarily associated with electricity generation by thermal 
power plants, remained much unaffected from COVID-19 
lockdown with the highest NO2 levels in South Asia.

Sulfur dioxide

Sulfur dioxide (SO2) is a colorless gas with rotten and 
intense odor. Its highly reactive nature is a matter of 
concern as it reacts with other pollutants to form more 
harmful compounds. The harmful pollutants formed by 
sulfur dioxide are sulfuric acid, sulfurous acid, and sul-
fate particles. A significant portion of sulfur dioxide in 
the environmental air comes from human-made sources. 
Industries during the processing of the material that con-
tains sulfur release SO2 in the air, for example, the gen-
eration of electricity from coal, oil, or gas that contains 
sulfur. SO2 is also emitted from burning of fossil fuels, 
which contain sulfur. The harmful effects of breathing 
air with SO2 are respiratory tract irritation which include 
the nose and throat which when worsen may further 
cause coughing, wheezing, shortness of breath, or tight-
ness around the chest (Brown et. al. 2003). SO2 is highly 

Fig. 3   Showing the fall in NO2 level in India and South Asia dur-
ing COVID-19 lockdown; the images also showing a comparative 
study of NO2 concentration between 2019 and 2020. The NO2 level 
in India recorded a fall of around 45 percent during COVID-19 lock-
down. (Image credit: European Space Agency) 

Fig. 4   Showing the fall in SO2 level in India and South Asia during 
COVID-19 lockdown; the images also showing a comparative study 
of SO2 concentrations between 2019 and 2020. In Pakistan the level 

of SO2 was reduced to 18.86 μg/m3,  India also recorded lower val-
ues of SO2 (6.0 μg/m3) during COVID-19 lockdown. (Image credit: 
European Space Agency) 
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potent, and most people would feel the worst symptoms in 
10 or 15 min after breathing it in. A person with asthma 
or a similar type of disorder is more prone to SO2 related 
problems. Figure 4 indicates a comparative reduction in 
SO2 level in 2020. This reduction is considered a result 
of shut down of large scale and small-scale businesses 
during the COVID-19 lockdown situation in India. Elec-
tricity generation for India was down about 10% and 25% 
in March and April 2020, respectively. When contrasted 
with March and April 2019 similar kind of situation was 
observed in most of the South Asian region. In Islama-
bad, Pakistan, the level of sulfur dioxide was reduced 
to 18.86 µg/m3 from the pre lockdown level of 120 µg/
m3. A similar kind of trend was observed in Delhi, India 
where the value of SO2 was found 6.0 µg/m3 in COVID-
19 lockdown as compared to 9.90 µg/m3 before lockdown.

Ozone (O3)

Breathing air containing ozone includes the risk of asthma 
and may cause problems to the people who are active in out-
door activities (Paffett et al. 2015). Ozone is not the main 
streamline pollutant on the list but does affect the Air Quality 
Index. The formation and destruction of ozone takes place 

in nitrogen oxides (NOx) and volatile organic compounds. 
From Fig. 5, it can be observed that before the lockdown and 
after the lockdown levels of Ozone in Delhi, there is a sharp 
increment in the concentration of ozone during COVID 19 
lockdown (~ 17%) (NASA 2020), the daytime average was 
in the range of 15–40 μg/m3. After the lockdown, it was 
considerably higher, at 25–70 μg/m3.

Carbon monoxide (CO)

Air with a high amount of CO restricts the oxygen to flow 
through the blood and further to main organs like the heart. 
At exceptionally elevated levels conceivable inside or in 
other encased conditions, CO can cause dizziness, confu-
sion, unconsciousness, and death (Rose et al. 2017). Evi-
dence-based on ground level stations after COVID-19 lock-
down, shows reductions in concentrations of four major air 
pollutants PM2.5, PM10, NO2, and CO, in most of the world 
cities due to simultaneous lockdown. Daily CO concentra-
tion has significantly declined in South Asian cities.

Fig. 5   Showing the changing trends of different parameters of ambi-
ent air through out the year 2019–2020 (till June 1, 2020). dur-
ing COVID-19 lockdown the significant reduction in NO2, CO and 

SO2 levels was recorded, whereas, there was an increased level of 
O3  observed in Delhi, India. (Raw Data  source: World Air Quality 
Index)
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Effects on temperature and humidity

The nationwide COVID-19 lockdown in India and other 
South Asia countries was imposed to restrict the spread of 
Covid-19. The shutdown of factories and lesser vehicles on 
the road can be considered the significant reasons for the 
drop in air pollution levels. The major effect that can be visu-
alized is the reduction in temperature and humidity (com-
pared to 2019) in Delhi (Beig et al. 2020), India,  (Figs. 6, 7, 
respectively). Since Delhi is one of the most polluted cities 
in South Asia, so it is taken as a representative case. From 
Fig. 7, it is observed that there is a considerable reduction 
in temperature and humidity in Delhi after the lockdown in 
April 2020.

Conclusion

In this paper, the effect of COVID-19 lockdown on ambient 
air environment across the South Asian region, especially in 
India, was studied. The datasets for components of air, i.e., 
gases (NO2, SO2, CO, and O3) and particulate content (PM10 
and PM2.5) were collected from the World Air Quality Index, 
WHO, Aura-OMI and various pollution control boards. For bet-
ter understanding and interpretation, it was then pre-processed. 
By a thorough study of the comparative charts, it was estab-
lished that, in comparison to the past three years, the average 
concentration of PM10 and PM2.5 has decreased. In Islamabad 
(Pakistan), SO2 was reduced remarkedly from 120 µg/m3 to 
18.86 µg/during the lockdown. A similar trend was found for 
Delhi, India, where the value of SO2 was found to be reduced 

Fig. 6   Showing the changing trends in temperature of Delhi, India comparing to the 2019 trends and during COVID-19 lockdown. There was no 
significant change in temperature (0.5–1.0 °C) during COVID lockdown in Delhi, India. (Raw Data  source: World Air Quality Index)

Fig. 7   Showing the changing trends in humidity in South Asian countries compared to the 2019 trends and during COVID-19 lockdown. There 
was an average reduction in humidity during COVID lockdown in Delhi, India. (Raw Data  source: World Air Quality Index)
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to 6.0 µg/m3 from 9.90 µg/m3 during the lockdown. On the 
other hand, O3 didn’t record critical changes throughout the 
year. COVID-19 has been troublesome and unprecedented for 
countries worldwide, but still, the lockdown has proven to be 
a boon for the environment in terms of air quality. It appears 
to open door for formulating air pollution control policies and 
alleviating environmental change strategies in the future.
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