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Abstract
About more than two months of lockdown due to the COVID-19 pandemic, from 
the end of March to the end of May in the Siliguri city of West Bengal, India, 
results in a momentous change in the overall air quality. The study aimed to 
identify the propensity of the concentration of pollutants during the period pre, 
during and post lockdown through trend analysis and to evaluate the alteration of 
air quality at different phases of lockdown (including Phase I, II, III and IV). Also, 
to compares the changes in the concentration of various pollutants, including 
Air quality index (AQI) for pre-during and pre-post lockdown periods. Data were 
obtained for the time-span of before, during and after lockdown and the entire 
lockdown period (from 25th March to 31st May) was divided into four phases to 
better comprehend the extent of air quality variation. Each phase of lockdown 
reveals different air quality scenarios, with a tendency to reduce during the first 
phase, increase by the third phase, and again lessens to a minimum at the 
fourth phase.  The result shows a significant reduction in the concentration of 
Particulate matter (PM2.5 and PM10) (upto -66% respectively), Nitrogen dioxide 
(NO2) (upto -46%), Sulphur dioxide (SO2) (upto -20%), Ammonia (NH3) (upto 
-19%) and AQI (upto -68%) during the lockdown period compared to before 
lockdown. On the other hand, overall Air quality was further improved after the 
lockdown as the concentration of the pollutants, including AQI, was further 
reduced to minimal. The changes for PM2.5 (upto -78%), PM10 (upto -76%), 
NO2 (upto -48%), SO2 (upto -40%), NH3 (upto -41%) and AQI (upto -80%) 
after the lockdown compared to the period of pre-lockdown. In contrast, the 
concentration of Ozone (O3) was increased by 21% and 25% for the same 

Current World Environment
www.cwejournal.org

ISSN: 0973-4929, Vol. 15, No. (3) 2020, Pg. 574-587

CONTACT Subham Roy   subhammn2@gmail.com  Department of Geography and Applied Geography, University of North 
Bengal, West Bengal, India.

© 2020 The Author(s). Published by Enviro Research Publishers. 
This is an  Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CWE.15.3.20

 

Article History 

Received: 17 October 
2020
Accepted: 11 December 
2020

Keywords

COVID-19, 
Pandemic, 
Lockdown, 
Air pollution, 
Siliguri, 
India.



575ROY et al., Curr. World Environ., Vol. 15(3) 574-587 (2020)

period. Similarly, the mean AQI of the city shows a poor AQI before lockdown, 
came to a satisfactory during the lockdown, which further changes to good air 
after the lockdown ended. Therefore, it is clear from the study that the lockdown 
has an impact on improving the overall air quality and further lockdown with 
appropriate planning in the future should be seen as an alternative solution to 
reducing excessive pollution.

Introduction
World health organization declared an outbreak 
of pandemic due to SARS-COV-2 virus on 11th 
March 2020 and named the contagious diseases 
as COVID-19 due to thirteen-fold increases in 
the number of cases in China, with 114 countries 
affected and 4291 deaths1. "2019 Novel Coronavirus" 
or COVID-19 is not a new virus that causing the 
pandemic situation, earlier the same group of Corona 
viruses (CoV) known as Severe Acute Respiratory 
Syndrome (SARS) in 2003 and the Middle East 
Respiratory Syndrome coronavirus (MERS-
CoV) in 2012 have already done a same chaotic  
situation2,3. Since the first spread of COVID-19 at 
Wuhan, China, in December 2019, consequences 
in the report of total cases above one million within 
the first four months4. On 30th January 2020, India 
reported its first active case of COVID-19 patient with 
travel history from Wuhan5; since then, the number 
of cases was continued to spike in the country. 
As of 11th March, the advisory was released by 
the Indian government regarding visas restriction 
on travel history from China, Italy, Iran, Republic 
of Korea, France, Spain and Germany6. Due to 
continuing mounting in the number of cases, India 
finally initiates its first lockdown on 24th March 2020 
and the lockdown will be effective from 25th March 
20207. Since then, mass transportation activities, 
industrial and construction work, restaurants and 
malls, schools and colleges, gyms were suspended, 
which caused an enormous impact on the overall 
air quality.

Few recent studies proved that improvement in 
overall air quality due to the lockdown. For example, 
Nakada and Urban (2020) analyze the air quality of 
São Paul, Brazil due to partial lockdown by using 
the Copernicus Atmospheric Monitoring Service 
and found that drastic decline in the concentration 
of NO, NO2 and CO up to 77.3%, 54.3% and 64.8%, 
respectively, compared to mean of five years. The 
author also found a 30% overall increase in O3 during 

the lockdown period due to decreased nitrogen 
monoxide8. Also, Otmani et at., (2020) conducted 
their findings regarding changes in air quality (mainly 
PM10, NO2 and SO2) in Salé City, Morocco and found 
that significant reduction of all three pollutants by 
75%, 49% and 96% respectively, compared to 
before lockdown9. On the other hand, Lian et al. 
(2020) initiate their findings in Wuhan city of China, 
where they discover lower air quality by 33.9% than 
before lockdown and 47.5% reduction compared to 
2015-19. The authors also find that the reduction 
of NO2 (53.3%) was more compared to PM2.5 
(36.9%)10. Sharma et al., (2020) conducted their 
in-depth research on restricted emission during the 
22 Indian cities' lockdown period. They found PM2.5 
had shown maximum reduction followed by PM10, 
CO and NO2. Also, they found a correlation between 
northern and eastern regions of India was improved 
than before4. Mahato et al., (2020), in their study 
over Delhi, India, found about 40 to 52% reduction 
in the concentration of PM2.5, PM10, NO2, SO2, CO 
and NH3 compared to pre-lockdown periods11. Kumar 
et al.,(2020) also investigate that due to cut-off in 
anthropogenic emission due to lockdown from five 
major Indian cities, i.e., Chennai, Delhi, Hyderabad, 
Kolkata, and Mumbai resulted in a temporary 
diminution of fine particles12. Further, the lockdown 
had allowed us to adopt some new strategies like 
the need to update particulate standards, need to 
include new pollutants, e.g., Cl2/HCl (Hydrogen 
chloride and Chlorine) for measurement and also 
to define separate standards for North India due to 
different geographical proximity in order to achieve 
better air quality13.

Thus based on the above discussion and literature, 
our study is based on the Siliguri city of West Bengal, 
India. The importance of the lockdown to refurbish 
the air quality is not yet understood clearly. Through 
our quantitative analysis, we further try to fill the 
gap to better understand the actual scenario of 
changes in air quality by segregating the lockdown 
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in different phases and knowing about the situation 
of air quality during post-lockdown period. Hence the 
investigation of this study attempts to understand the 
benefits of lockdown as an alternative approach to 
restrain the air quality of Siliguri. The objective of this 
paper is (i) to find out the tendency of concentration 
of pollutants at the period of before, during and 
after lockdown, (ii) to further assess the nature 
of changes in the air quality at different phases of 
lockdown, (iii) to compare changes in concentration 
of various pollutants for the period of before and 
during the lockdown, and for before and after 
lockdown, (iv) also to reveal the changes in AQI for 
same period. This study is very much feasible for the 
scientific community and the policymakers to better 
understand the nature of changes in the air quality 
at different phases of lockdown and to consider 
lockdown as alternative measures for restoring the 
air quality of Siliguri for forthcoming years.

The study area
Siliguri is one of the swiftly growing metropolises with 
a well-built base of trade commerce, located at the 
state of West Bengal, India (Fig. 1). Siliguri is also 
called the gateway of North-east India and thus, it 
acts as a break of the bulk point due to which it is 
always been an active center of merchandize activity 
for the entire North-east corridor. Siliguri's total area 
is 41.9 sq.km distributed over 47 wards, with more 
than five lakh population. Being an unplanned city, 
the enormous population growth over the last few 
decades makes the city congested, with a massive 
load over traffic and transport systems14. Thus the 
motto behind the selection of the study area was 
its strategic location, which makes Siliguri a hub of 
attraction in terms of employment, tourism activity, 
the nucleus of trade and business. All the factors 
lead to massive air pollution and poor ambient air 
quality of the city.

Fig. 1: Location map of Siliguri and Automatic air monitoring station 
located at Ward no. 32, Tinbatti More
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A very recent study reveals that PM10 and PM2.5 
are the primary threats for the city due to the high 
motorization of vehicles and massive construction 
works13. Besides, NO2 also acts as secondary 
pollutants for the city and it is near the violation 
limit set by National ambient air quality standard 
(NAAQS)15. Thus, we try to reveal the changes in 
air quality through our present study due to the 
implementation of lockdown.

Data and Methodology
In order to assess the changes in air quality status 
of Siliguri city due to lockdown, daily (24 hrs), 
automatic data from 1st January to 30th June 2020 
was collected from air quality monitoring stations 
located at Siliguri, Tinbatti more, Ward no.32  
(Fig. 1) The whole study is based on secondary 
data collected from an online portal of Central 
pollution control board (CPCB) (https://app.cpcbccr.
com/ccr/#/caaqm-dashboard-all/caaqm-landing/
data) and the data of a daily average AQI for six 

months was obtained separately from, CPCB 
bulletin (https://cpcb.nic.in/aqi-bulletin-3/) and West 
Bengal pollution control board (WBPCB) (http://
emis.wbpcb.gov.in/airquality/aqiBulletin.jsp). The air 
quality data provided by CPCB is very standardized 
and authenticate as they follow a set of rules and 
protocols for sampling, assessment and evaluation 
of data11. We select a daily concentration of six 
pollutants for our assessment, PM2.5, PM10, NO2, 
SO2, O3 and NH3; also, the concentration of daily 
AQI obtained for the same period. We split the data 
in terms of before lockdown period (from 1st January 
to 24th March), during lockdown (25th March to 31st 
May) and after lockdown or Unlock 1 (from 1st June 
to 30th June) in order to assess the actual scenario 
of changes in air quality. For better understanding 
the real situation of air quality of the city during the 
lockdown period, we further segregate the data into 
four phases (Table 1.) These four phases of lockdown 
were imposed by the Government of India due to 
worsening the Covid-19 pandemic situation. 

Table 1: Different phases of lockdown due to Covid-19 pandemic in India

Lockdown phases	 Dates	 Source

in India

Lockdown phase 1	 25th March to 14th April, 2020.	 www.nytimes.com/2020/03/24/world/asia/india- 

		  coronavirus-lockdown.html

Lockdown phase 2	 15th April to 3rd May, 2020.	 www.livemint.com/news/india/pm-modi-announces- 

		  extension-of-lockdown-till-3-may-11586839412073.html

Lockdown phase 3	 4th May to 17th May,2020	 https://economictimes.indiatimes.com/news/politics-and-

		  nation/govt-extends-lockdown-by-two-weeks-permits- 

		  considerable-relaxations-in-green-and-orange-

		  zones/articleshow/75491935.cms

Lockdown phase 4	 18th May to 31st May, 2020.	 www.livemint.com/news/india/covid-19-lockdown-

		  4-0-coronavirus-lockdown-extended-till-31-may-says-ndma-

		  11589715203633.html

Unlock 1	 1st June to 30th June, 2020.	 https://indianexpress.com/article/india/lockdown-5-0-

		  guidelines-6434777/ 			 

Data Analysis
To analysis the changes in air quality at different 
stage of lockdown, the average concentration of the 
pollutants, including AQI, was calculated for each 
phases. Further, the mean concentration of each 
pollutant was calculated for the period of before, 
during and after lockdown to compare the variation 
among before and during the lockdown, also for 

before and after lockdown (Table 2). Moreover, Trend 
analysis was carried out by computing the values of 
daily concentration of each pollutant for six months 
(January-June, 2020), which depicts the changing 
nature of air quality of the city due to lockdown. 
Finally, the daily values of AQI were analyzed to 
comprehend the changes in the air quality status of 
Siliguri during the lockdown period.
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Result and Discussion
Changes in Concentration of Various Pollutants 
in Period of Before, During and After Lockdown.
Concentration of Pollutants Before Lockdown 
(1st January to 24th March, 2020)
According to the (Table 2) and (Figs. 2c and d), the 
mean concentration of PM2.5 and PM10 was very 
high and it infringed the limit of National ambient air 
quality standard (NAAQS) (Table 3). The primary 
sources of these two pollutants in the city is mainly 
due to high congestion in road traffic from diesel-

run city autos and construction works of roads and 
multistorey buildings15. However, except PM10 and 
PM2.5, the mean concentration of other pollutants, 
namely SO2, O3 and NH3 is within the permissible 
limit (Figs. 2b, e and f). Besides, the diurnal tendency 
of NO2 shows near to the violation limit of NAAQS 
before the lockdown period (Fig. 2a), yet its mean 
average before lockdown is under acceptable limit. 
So it is clear that PM10 and PM2.5 followed by NO2 
are the primary threat for the Siliguri city before the 
lockdown period. 

(a)

(b)
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(c)

(d)

(e)
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(f)

Fig. 2 Trend of daily average concentration of various pollutants during the time span of before 
lockdown (1st January to 24th March, 2020), during lockdown (includes four phases from 25th 

March to 31st May, 2020) and after lockdown (Unlock 1 begins from 1st June to 30th June, 2020) in 
Siliguri city, India.

Concentration of Pollutants During the Overall 
Period of Lockdown (25th March to 31st May)
Since the lockdown commences due to the 
pandemic situation from the period of 25th March 
to 31st May, the Siliguri city witnessed a drastic 
change in the attenuation of the pollutants  
(Table 2). The mean concentration of PM10 and 
PM2.5 followed by NO2, which are a major threat for 
the city, show momentous declining trends during 
the overall lockdown period (Figs. 2d, c and a). The 
primary sources of SO2 emission are mainly from 
power plants and large industries, mainly due to the 
burning of fossil fuel16. Due to the lack of large power 
plants and industries in the city, the concentration 
of SO2 always remains low for the Siliguri. However, 
during the lockdown period, the mean concentration 
of SO2 is further reduced (Fig. 2b). Similarly, in the 
case of NH3, the primary source of emission is from 
agricultural activity and animal husbandry17. Thus for 
Siliguri, the concentration of NH3 is much below the 
permissible limit (Fig. 2f). Moreover, further reduction 
of NH3 in Siliguri is mainly due to the restriction of 
diesel and petrol run vehicles during the lockdown 
period, as diesel and petrol engines are the major 
contributors of urban NH3

18, 19. On the other hand, 
the concentration of O3 was slightly increased 

during the lockdown period (Fig. 2e) mainly due to 
the significant decline in concentration NOX which 
consequence in lower O3 titration by NO11, 20.

Tendency of Pollutants During Lockdown Phase 
1 (25th March to 14th April) 
With the beginning of the first phase of lockdown 
for 21 days, the concentration of PM2.5 and PM10 
started to fall drastically (Figs. 2c and d). Similarly, 
NO2 was also showing a tendency to further dwindle 
in its concentration (Fig. 2b). On the other hand, 
the Mean concentration of SO2 and NH3, showing 
a negligible amount of increase compared to the 
pre-lockdown phase (Table 2). During the first 
phase of the lockdown, the concentration of O3 was 
started to increase as the reason stated above. 
However, during the month from April to August, the 
tendency of concentration of O3 in India is usually 
high due to insolation11,21. Generally, the effect of 
lockdown results in the massive impact over the 
mean concentration of all pollutants. As the mean 
average of PM10, PM2.5 and NO2 significantly reduced 
at the first phase of lockdown (Fig. 3a and Table 2) 
compared to pre-lockdown conditions. In contrast, 
the average concentration of SO2, NH3 and O3 was 
increased than before (Fig. 3a and Table 2).
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Fig. 3 Mean concentration of Particulate matter (PM2.5 and PM10), Nitrogen dioxide (NO2), Sulphur 
dioxide (SO2), Ammonia (NH3), Ozone (O3) in μg/m3 and Air quality Index (AQI) in different phases 

of lockdown in Siliguri city.



582ROY et al., Curr. World Environ., Vol. 15(3) 574-587 (2020)

Tendency of Pollutants During Lockdown Phase 
2 (15th April to 3rd May)
The second phase of lockdown in India, as well 
as in Siliguri continues for 19 days, which begins 
from 15th April to 3rd May, which results in a further 
reduction in the concentration of pollutants (Figs. 2a, 
b, c, d and e). One interesting fact for the second 
phase revealed that the mean concentration of all 
the pollutants reduced (Fig. 3b and Table 2), unlike 
the first phase. Also, the mean average of the 
second phase was much lower compared to the 
pre-lockdown period and all the pollutants are under 
the permissible limit set by NAAQS.

Tendency of Pollutants During Lockdown Phase 
3 (4th May to 17th May)
The restriction further escalates due to worsening 
conditions of the pandemic in the country and the 
lockdown enters in the third phase, continues for 14 
days. Interestingly, during the third phase, the mean 
concentration of PM10, PM2.5, NO2 and O3 was slightly 
increased compared to the second phase (Figs. 
2d, c, a, e and Table 2) but still under the tolerable 
limit. However, augmentation of pollutants in the 
city during the third phase might be due to some 
relaxation over lockdown. During the third phase, 
reducing restrictions over transportation activities 
like intra-city public bus movement, cabs and four-
wheeler vehicles with limited passenger, starting 
of construction works with some limitations22 might 
be the reason for a minor increase in the pollutants 
in Siliguri. In contrast, the mean concentration of 
NH3 and SO2 shows negligible changes (Table 2). 
However, compared to the pre-lockdown phase, 
the average concentration of pollutants during 
the third phase shows a considerable reduction  
(Fig. 3c and Table 2).

Tendency of Pollutants During Lockdown Phase 
4 (18th May to 31th May)
The last countrywide lockdown commences 
for 14 days show declining trends in the mean 
concentration of all pollutants in Siliguri (Figs. 2a, b, 
c, d and e). Compared to all the lockdown phases 
for the city, the fourth phase shows the lowest 
concentration means of all the pollutants (Fig. 3d 
and Table 2). Thus it is clear from the discussion that 
the restriction due to the lockdown over industries, 
transportations activities, malls and restaurants, 
construction works and many other activities for 

about two and half months resulted in a drastic 
enhancement in the overall air quality Siliguri City. 
Especially the concentration of PM10, PM2.5 and 
NO2, which are the city's primary threat, has been 
considerably improved.

Concentration of Pollutants After the Lockdown: 
Unlock 1 (1st June to 30st June)
The unlocking procedure started from 1st June and 
continues to the end of the month with specific 
constraints and limitations over the movement of 
people and goods23. With the beginning of citywide 
unlocking, the tendency of PM10, PM2.5 and NO2 
shows a minimal increase within its first week (Figs. 
2d, c and a). It reveals that disengaging the lockdown 
results in unrestricted of many activities and the city 
progressively returns to its regularity within the first 
week of June24.  However, surprisingly the mean 
concentration of the pollutants during post-lockdown 
shows further decrease compared to the before and 
after the lockdown period (Table 2).  Hence, one fact 
is undeniable that despite citywide unlocking, the 
situation of air quality of Siliguri was now at more 
stable and improved condition, as all the means of 
pollutants are within permissible limit compared to 
pre-lockdown.

Comparison Among Changes and Variations in 
Concentration of Pollutants
Comparison of Changes in Air Pollutants 
Between Before and During Lockdown Phases.
The comparison among the changes in concentration 
of pollutants reveals (Table 2) that PM10 (from 163 
to 55 μg/m3) and PM2.5 (from 100 to 34 μg/m3) 
shows a remarkable decrease, which corresponds 
to the variation of -66% for both. In the case of NO2 
concentration, it shows a significant decrease of  
22 μg/m3 (from 48 to 26 μg/m3), similar to a change 
of about -46%. For SO2 and NH3 also shows the 
variation of -20% and 18%, respectively. Thus it 
is clear that restriction due to lockdown in the city 
results in a dramatic decrease in all the pollutants, 
especially PM10 and PM2.5. In contrast, O3 shows an 
increase in variation of 5μg/m3, which results in an 
increase in concentration by almost 21%.

Comparison of Changes in Air Pollutants 
Between Before and After Lockdown Phases
Interestingly Table 2, reveals that compared to pre 
and during the lockdown, the post lockdown phase 
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shows significantly more improvement for all the 
pollutants except O3. The concentration of PM2.5 
and PM10 was drastically improved by -78% (from 
100 to 22 μg/m3) and -76% (from 163 to 39 μg/m3), 
respectively. For NO2, SO2 and NH3 the variation 
in concentration was -48%, -40% and -41%, 

respectively. However, O3 shows a further increase 
in its concentration from 21% to 25% during the post 
lockdown period. Thus, it reveals that due to the 
citywide blockade, the overall concentration of all the 
pollutants was more stable after the lockdown phase, 
as all the pollutants are below NAAQS limit (Table 3).

Table 2 Average concentration of various pollutants Particulate matter (PM2.5 and PM10), Nitrogen dioxide (NO2), 

Sulphur dioxide (SO2), Ammonia (NH3), Ozone (O3) and Air quality Index (AQI) during the period of before, during 

(includes four phases) and after lockdown in Siliguri city. Also consist of variation and changes (%) of air pollutants 

estimated among pre-during lockdown periods and pre-post lockdown of 2020.

Pollu-	 Pre-	 During Lockdown			   Lockdown	 Post	 Variations and Change in %

tants	 lockdown 					     average	 lockdown	 Pre-During	 Pre-Post

	  (Average	 Phase       Phase      Phase     Phase	 (25th March		  lockdown	 lockdown

	 from 1st	 1 (25th	 2 (15th     3 (4th      4 (18th	 to 31st May)	 Unlock 1	

	 January	 March to    May         May         May		  (1st June	 Net	 %	 Net	 %

	 to March	 14th April)	 April        to 17th    to 31st		  to 30th

	 24, 2020		  to 3rd      May)        May)		  June)		

			   May)

			 

PM2.5	 100	 67	 24	 25	 20	 34	 22	 -66	 -66.0	 -78	 -78.0

PM10	 163	 105	 38	 42	 36	 55	 39	 -108	 -66.25	 -124	 -76.07

NO2	 48	 34	 23	 24	 23	 26	 25	 -22	 -45.83	 -23	 -47.91

SO2	 5	 6	 4	 4	 3	 4	 3	 -1	 -20.0	 -2	 -40.0

NH3	 32	 35	 26	 21	 20	 26	 19	 -6	 -18.75	 -13	 -40.63

O3	 24	 35	 24	 36	 21	 29	 18	 +5	 20.83	 +6	 25.0

											         

AQI	 208	 137	 44	 47	 39	 68	 42	 -141	 -67.78	 -166	 -79.80

The concentration of all the pollutants is in μg/m3 except AQI.

Table 3: National ambient air quality standard (NAAQS) by CPCB showing 
concentration of pollutants

Pollutants	 Time average	 Concentration in Ambient Air

		  Industrial, Residential	 Ecological sensitive
		  and other area	 area (notified by GoI)

PM2.5(μg/m3)	 24 hrs	 60	 60
PM10 (μg/m3)	 24 hrs	 100	 100
NO2 (μg/m3)	 24 hrs	 80	 80
SO2 (μg/m3)	 24 hrs	 80	 80
NH3 (μg/m3)	 24 hrs	 400	 400
O3 (μg/m3)	 8 hrs	 100	 100

Source:  CPCB,2009 (https://app.cpcbccr.com/ccr_docs/Air_quality_standards.pdf)
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(a) (b)

(c)

Fig. 4 Status of Air quality index (AQI) on daily average basis during the period of before, during 
and after lockdown in Siliguri city. Also includes monthly and weekly average of AQI.

Improved AQI of Siliguri City due to Lockdown
Status of Air Quality Before and During Lockdown 
Periods.
The pattern of changes in the AQI of Siliguri was 
analyzed before (1st January to 24th March) and 

during (25th March to 31st May) lockdown periods 
(Fig. 4c). It reveals that before the lockdown period, 
the average AQI of the city was 208, which is an 
unsatisfactory condition (Fig. 4c and Table 2). The 
monthly mean of AQI before the lockdown (Fig. 4a) 
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also depicts that the air quality status of Siliguri 
city ranges between poor to moderate polluted. On 
the other hand, weekly averages reveal that the 
air quality of January ranges between the poor to 
moderately pollute. Even during some daily average 
of January month, the air quality spikes to deplorable 
conditions (Figs. 4b and c). During February, the 
mean AQI was more than January (Fig. 4a), while 
weekly and daily AQI averages reveal fluctuation of 
air quality between poor to very poor conditions in 
February (Figs. 4b and c). In March, the air quality 
of Siliguri ranges between moderate polluted to 
satisfactory limit (Fig. 4b and c) and its monthly 
mean depicts moderately pollute condition (Fig. 4a). 

As the lockdown begins from the end of March, the 
improvement of the air quality was visible (Fig. 4c). 
The mean AQI was at a satisfactory limit during 
lockdown (Table 2 and Fig. 4c). Simultaneously, the 
weekly averages of April to May (during lockdown 
periods) show that the air quality improved and 
ranges between satisfactory to good limit (Figs. 4b 
and c). Within the first four weeks of the beginning 
of the lockdown, the AQI drastically changed from 
moderately polluting to the satisfactory limit, further, 
in the fifth week of lockdown (end of April), AQI 
became suitable for Siliguri (Figs. 4b and c). While 
the monthly mean AQI of April is satisfactory and for 
May, it further enhanced to good AQI (Fig. 4a). Table 
2 depicts that the city's air quality was changed from 
208 to 68 AQI, which is almost -68% improvements 
in the overall AQI of the city.

Status of Air Quality After Lockdown Periods
Table 2 and Fig. 4c reveals that unlocking does not 
impact its Air quality of the city because, despite the 
unlocking, it shows a stable condition of AQI with a 
mean average of 42, which is considered a good 
air quality status. The variation of changes in AQI 
from before to after lockdown shows a remarkable 
decrease of 166 AQI (from 208 to 42 AQI), which 
corresponds to the variation of about -80%  
(Table 2). It is important to mention that Siliguri's air 
quality has a regular tendency to become stable and 
within a safe limit from June to September due to 
the monsoonal effects over north India15. Hence, due 
to the amalgamation of two factors, i.e., the impact 
of lockdown and monsoonal effects, the air quality 
of Siliguri became more stable after the lockdown 
period (Figs. 4a, b and c).

Conclusion
The present study reveals that the implementation of 
lockdown due to COVID-19 pandemic consequence 
in drastic changes in the Siliguri city's overall 
air quality from 1st January to 30th June 2020. A 
significant reduction in 66% concentration was 
noticed for PM2.5 and PM10, respectively, in the 
period before and during the lockdown. Also, the 
concentration of NO2, SO2 and NH3 was declined 
between 19% and 46% for the same period. The 
situation was more stable after the lockdown ended, 
as all the pollutants show very minimal concentration 
in the city. The study shows that PM2.5 shows a 
maximum reduction of about 78% during the post-
lockdown, followed by PM10, about 76% compared 
to pre-lockdown. Besides, NO2, SO2 and NH3, also 
tend to decline drastically between 40% and 48% 
for the same period. In terms of AQI of the city, the 
value was poor before the lockdown, which reduced 
to the average during the lockdown period, and 
it was further improved to good air quality during 
post-lockdown.

The lockdown has brought a critical economic setback 
across the world, but a short-term environmental 
renovation is undeniable at the same time. Hence 
the beneficial effect of lockdown in curbing excessive 
pollution must be recognized by the policymakers 
and stakeholders in the future and short-term 
lockdown must be embraced as an alternative 
approach. However, before implementing such short-
term lockdown, rational, cost-effective preparation is 
a must either it would be an economic disadvantage.

Limitation of Study
•	 Factors like meteorological conditions, local 

topography, and air movements that influence 
pollutants concentration are not considered 
in the study.

•	 Some data regarding AQI at the initial phase 
of lockdown was not available due total lockup 
in the city.
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