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Abstract

The epidemic of Novel COVID-19 was reported in India in January, 2020 and increased day by day due
to the movement of people from one place to another place. The COVID-19 became a pandemic because
of the mass movement of people from one part of the country to the other. The Government of India
announced the nationwide lockdown with effect from the midnight of 24" March because of the COVID-
19 pandemic. The various provisions were made to lock down the industries, transportation, etc. if not
very essential. The shifting of humans in order to contain the spread of the virus is suspected but for
urgent migration, the people are put in quarantine for 14 days. Most of the activities where the people
interaction is required and of not very essential were closed. As a result air quality improved significantly
in the country. Similar findings have been observed in the Delhi-NCR which further corroborated by Air
Quality Index (AQI) data. The mass concentrations of PM1o, PM2s, NO2, SOz and CO show 37-81%, 11-
88%, 25-87%, 29-54% and 68% reduction in PMz1o, PM25, NO2, SO2 and CO concentrations, respectively
in the lockdown phase, as compared to the pre-lockdown phase in Delhi-NCR. All of the major cities of
Delhi-NCR analysed in this paper, had their AQI, largely within good to satisfactory categories in the
lockdown phase as compare to pre-lockdown categories being poor.
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Introduction

The deadly pandemics COVID-19 has been observed to spread from Wuhan City of China in
the month of December, 2019 and slowly spread across the globe (Travaglio et al., 2020;
Raibhandari et al., 2020; Chauhan and Singh, 2020) &5, COVID-19 has been produced by a
novel coronavirus (SARS-CoV-2) supposed to be originated from another mammal (Travaglio
et al., 2020). COVID-19 has turned as one of the deadliest pandemics that started affecting the
almost entire world with 4,993,470 affected cases as on May 22, 2020 (WHO report, 2020) 119
and having a death toll of 327,738. The Covid-19 positive person, while sneezing, droplets are
spread in the air and it influences other nearby people (Wang and Du, 2020; Chauhan and
Singh, 2020) 78 1. Now, social isolation has become the solution to contain this virus (Long,
2020) 1,

Recognizing the facts, various countries have imposed complete lockdown to stop this virus
and migrants if any are put for quarantine for 14 days as the symptoms of the virus normally
appear in 14 days. After screening the situation of COVID-19 in India and taking lessons from
affected countries, the Indian Government also announced voluntary Janata (People's) Curfew
on 22" March, 2020 in the whole country and canceled all flights, trains, bus services and
closed all industrial and commercial activities. After its success, an absolute lockdown was
imposed on 25" March 2020 for 21 days to break the chain of COVID-19 (Long, 2020) .
Further, the lockdown has been extended in phases 2, 3, and 4 till 17t May 2020 to control the
spread of infection through a complete halt on the movement that helped in maintaining the
criteria of “social distancing”. The total lockdown has raised chaos among people but helped
in reducing the pace of spreading the virus among society. However, a very new development
in nature’s cleanliness has been noticed by everyone as well as the instruments showed a
drastic improvement in air quality in the country as well as in Delhi-NCR. This showed that
Nature is flourishing during the coronavirus pandemic followed by the lockdown in the larger
part of the world forcing the closure of the industries and aviation sector, as well as less traffic
on the roads causing lowering of pollution that also gave space for the wildlife to thrive.
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Pollution and greenhouse gas emissions have reduced across
continents as countries try to contain the spread of the new
coronavirus by the lockdown.

Global air pollution is famous for badly impacting human
health around the globe. World Health Organization (WHO)
reported that around seven million died and one in eight of
total global deaths were attributable to air pollution. It has
been very obvious to observe the lowering of air pollution
concentration in the lockdown period. Hence to quantify the
status of air pollution in one of the highly polluted locations
of NCR, we have carried out an analysis of PM1, PM25, NO2,
SO,, CO, and Oz at various districts in Delhi-NCR, where
complete lockdown has been imposed under the lockdown
condition of India. Our analysis shows a significant
improvement in the air quality of Delhi-NCR due to total
lockdown and restrictions imposed on the industries, traffic,
etc. due to the COVID-19.

Worldwide, ambient air pollution contributes to 7.6% of all
deaths based on the data of 2016 (WHO, 2016) [, This
positive impact on the environment gave a solution though
difficult to implement in normal conditions at the cost of
economic breakdown.

Study Area and Methodology
National Capital Region (NCR) consists of the area of Delhi
and nearby cities of the adjoining states. As per the
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notification, the NCR consists of the whole of National
Capital Territory-Delhi, 13 districts of Haryana, 8 districts of
Uttar Pradesh (8), and 2 districts of Rajasthan making 55,083
sg. km in total area (Fig. 1). NCR region is one of the highly
dense inhabited regions and the strong seasonal variability of
aerosol optical properties across the NCR is observed. This is
under the influence of various pollutants emitted through the
various sources and further being governed by the large
seasonal variability of the meteorological conditions. The
primary contributors to air pollution in the Delhi region are
both natural and anthropogenic like industrial units, vehicular
emission, road dust, tire pads, construction activities, etc.
(CPCB, 2016) [,

The emission data of various pollutants were collected from
continuous ambient air quality monitoring (CAAQM)
network, Central Pollution Control Board (CPCB). The data
of 51 monitoring stations were analyzed for Delhi and its
neighbouring major NCR towns i.e. Noida, Greater Noida,
Ghaziabad, Baghpat, Hapur, Bulandshahr, Meerut,
Muzaffarnagar, Faridabad, Gurugram, Sonipat, Rohtak,
Bhiwani, Panipat, Palwal, Karnal, Mahendergarh, Jind and
Alwar for the period from 11 March 2020 to 7 April 2020
which have been studied in two phases: Pre-lockdown phase
(11-23 March 2020) and Lockdown phase (24 March- 7 April
2020). AQI values have also been calculated to observe the
air quality in the NCR region.
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Fig 1: National Capital Region (NCR), showing various districts
3. Results and Discussion
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The nationwide lockdown has come in effect since the
midnight of 24" March because of COVID-19 pandemic.
Under the lockdown, the major sectors responsible for air
pollution like transport, industries, power plants, construction
activities, biomass and refused burning, road dust re-
suspension and residential ctivities were put on halt. In
addition, the other activities like diesel generators (DG),
restaurant, landfill fires, etc. were not operational and
nationwide transportation facilities were postponed with
exceptions for essential services. The academic institutions,
industries, and hospitality services were also adjourned.
Under these circumstances, the improvement in air quality
was noticed in the urban and rural areas across the country.
The NCR-region, which is the hub of pollution and being
counted as number one for most of the time has resulted in a
noticeable improvement in air quality. This result has been
substantiated while analyzing the data of air pollution and air
quality before and after the imposition of lockdown.

3.1.1 Emission of PM1o and PMzs

In the NCR-region, the mass concentrations of PMo vary
from 67.56 to 230.09 pgm with a mean value of 130.01 pgm
3 (Fig. 2a) and PMy5 varies from 31.90 to 102.7 pgm™ with a
mean value of 59.91 ugm (Fig. 2b) during the pre-lockdown
phase. However, the mass concentrations of PMjo vary from
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30.53 to 139.45 ugm™ with a mean value of 67.63 pgm™ and
PMy5 varies from 15.23 to 66.23 ugm with a mean value of
31.60 ugm™ in the NCR region during the lockdown phase.
The largest concentration of PMso and PM; s were observed in
the districts of Uttar Pradesh and followed by Delhi, Haryana,
and Rajasthan which were the part of Delhi NCR during the
pre-lockdown phase. During the lockdown phase, a 50-55%
reduction in PMj, and PM,s concentrations have been
observed due to the reduction of transportation activities, the
nonfunctioning of essential commercial units, and prevailing
weather conditions. The reduction in PMig and PM;s
concentrations were also observed due to a reduction in
combustion and industrial sources which are the common
sources of both fractions of particulate matter. The daily mean
concentration of PMysand PMyo were also correlated with the
national ambient air quality standards (NAAQS) of India
(http://cpcb.nic.in/National_Ambient_Air_Quality Standards.
php). These exercises helped in understanding that the
concentrations were much greater than the threshold limit of
PM25 (60.0 ugm) and PMyo (100.0 pgm) on a daily basis in
the study area which is very vulnerable to the health problem.
During the pre-lockdown phase, the mass concentration of
both PMy, and PM,s were higher than the threshold limit
while it became much lower during the lockdown phase.
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Fig 2: (a) average daily mass concentration of PMioand (b) average daily mass concentration of PMzs in the NCR from March 11 to April 07,
2020.

3.1.2 Emission of NO2 and SO2
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The transportation and industrial sectors are the major sources
of NOx and SOy in the NCR. The mass concentrations of NO,
varied from 23.71 to 75.36 pgm with a mean value of 37.13
pugm™ (Fig. 3a) and SO, varied from 11.38 to 41.61 pugm
with a mean value of 19.66 ugm (Fig. 3b) in the NCR during
the pre-lockdown phase. However, the mass concentrations of
NO; varied from 12.74 to 35.76 ugm™ with a mean value of
20.38 pugm™ and SO, varied from 9.03 to 27.7 ugm™ with a
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mean value of 16.10 pgm™ in the NCR during the lockdown
phase. During the lockdown phase, a 56% reduction in NO;
and 30-35% reduction in SO, was observed in the NCR due to
the reduction of transportation and industrial activities. The
daily mean concentrations of both NO, and SO, were
observed within the threshold limit of NAAQS during the pre-
lockdown and lockdown phase but during the lockdown
phases the values are much lower (Fig. 3).
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Fig 3: (a) Average daily mass concentration of NOzand (b) Average daily mass concentration of SOz in the NCR during March to April, 2020.

3.1.3 Emission of CO and Os

The mass concentrations of CO varied from 0.56 to 1.95 pg
m with a mean value of 1.01 mg m= (Fig. 4a) and O3 varies
from 19.77 to 65.20 ug m® with a mean value of 38.95 ugm
(Fig. 4b) in the NCR during the pre-lockdown phase.
However, the mass concentrations of CO varied from 0.37 to
1.94 pug m™® with a mean value of 0.80 ug m and O3 varied

from 17.66 to 51.04 ug m with a mean value of 36.14 pg m

in the NCR during the lockdown phase. During the lockdown
phase, 5-8% of reduction in CO and SO, was observed in the
NCR due to the non-operation of industries. The daily mean
concentrations of both CO and Oz were observed within the
threshold limit of NAAQS during the pre-lockdown and
lockdown phase (Fig. 4).
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Fig 4: (a) average daily mass concentration of CO and (b) average daily mass concentration of Oz in the NCR from March 11 to April 07, 2020.

3.2 Air Pollution Hotspots in Delhi-NCR

The data analysis of the 32 hotspots of Delhi-NCR reveals
that Sirifort area recorded 78%, 69%, 77%, 44%, 76% and
40% reduction in PMyg, PM35, NO,, SO,, CO, and Oz levels
respectively during the lockdown phase, as compared to the
pre-lockdown phase. Anand Vihar which is an interstate bus
stand and a major traffic hub, saw 82%, 69%, 55%, 65%, and
41% reduction in PMjo, PMzs, NO; SO, and CO
concentrations. Similarly, 73%, 63%, 23%, 51%, and 41%
reduction were observed in PMig, PM2s, NO2 SO, and CO
levels respectively at Wazipur area. The plots given below
depict average PMi, PM,s, NO, SO, CO, and Os;
concentrations in the 32 hotspots in the pre-lockdown phase
and during the lockdown phase (Fig. 5).

Income Tax Office (ITO) traffic junction is a major hub for
the pollution due to vehicular emission since long in the
Delhi, saw 71%, 74%, 72%, 43% and 68% reduction in PMyg,
PM2s, NO2, SO,, and CO concentrations respectively during
the lockdown phase, as compared to the pre-lockdown phase.

Similarly, 71% and 88% reduction was observed in PM3o and
PM_s levels respectively at Vivek Vihar and Narela. The
71%, 72%, 68%, 21%, and 45% reduction was observed in
PMio, PM25, NO2, SO,, and CO levels respectively at Noida
and Ghaziabad which are major hotspots in the NCR. Further,
Gurugram and Faridabad have recorded 62%, 63%, 20%,
15%, and 53% reduction in PMip, PM,s, NO,, SO, and CO
levels respectively. It is to be noted that these areas are a
major transport and industrial hub in the NCR, thus sharp
decline in pollution levels affirm that traffic and industrial
operation restrictions were instrumental in improving air
quality. The research on air pollution concentration during
lockdown due to COVID 19 has also been performed for
PM2.5 data in Beijing, Shanghai, Guangzhou, and Wuhan
cities which showed a drastic reduction in atmospheric
pollution (Wang et al., 2020) [ &, These profound reduction
of emissions were related to the reduction of traffic activities
and closure of the industries.

~179~


http://www.chemijournal.com/

http://www.chemijournal.com

International Journal of Chemical Studies

] M H el = °W
5 ¢ e _.”um...:.ﬁ m § s B - _...._3_.“”
£ W = .m rm—— L
= = N (©M(Ed 8 B s —l [EUIEN
S E e— cdied " g 2 — 01UE ——— 1ediueg
- E 5 e 1eCIUOS m 3 £ — EdIUOS B g e od1UOS
M. 2 = [N EmeceeE & ] el PECEPLES = .W.. S B Prgepued
& .. —— \UEI3NIND v ——r WEIINING v 5 3 wl WwesSning
L ———E  JedeusejEIRN Wp —— ICGEUIEREIO m.mm_ m E -t JEdeuieyEzngy
m ————— R 1N123 A W —T N3N W ,.m .w —— 1722
E] —————l  YEYSPUEING < —T Y EYSPUR|NG < 2 = el YEYSPUEING
.“. ——N  ndEH m.. LT m.. - = —— NdEH
B E—— Peoeizeys-uol |3 ——  PECEIZED-1UOT 3 M PECIEIZEYS-IUOT
m —  PEOEIZEYD w e PECEIZEYD w —  PTOEIZEYD
I ——  PPICN 1212215 I~ 1l ©PION J21EIG I~ —— PPION JE21G
M~ ——  ©P'ON — ]l il CPION
————— N ©{PUNIA = THpuniy —l CHPUNIA
—— e B TUEMEY —N  CUEMEG — CuEMEg .
— Y7 O — JEUIAHIAIA — U/ AN 2
B ncIzEA — A NONZEA e SNCLIIZEAN I3
e YA RIUOS el TY!A EILOS e 1CYIA RIUOS
N ''Y0Y —  'U!4OY el UIYOY
—N  1TEEN NIYIN —  {CHCN NILAN B eden nuyan
——  T-95€Ud B[YNO e (-75CUd EIYNO p—— Eac U (o]
—————  ©17/CN BN ©|2JeN el ©17EN
N UNIPEIS NP el UNIPEIS NP B \UNIPEIS NP
B 01035-RYIEM e £ 10139S-2IEM(] B 101735-BYJEM(
e B HOUSY — - PY!A HOYSY —l  EYIA HOYSY
S '°YlA pueuy —— - PY!A PUELY e JEYIA PUBUY
F— Hoyus ——  HOJLIS l Hopuns
e W] ——— (110 - N1J
.rﬂ.l — Ol =) —— Ol ™ ——t O
—TE  100NY D] — el MOdAY D] — — VO [O)]
288888 ° 2 8 8§ &8 8 ° 55528538883 °
(sw/3vi) uonenuadue) adesany (w3} uonenuasuo) adelany {;w/3r) uonenualuoy adesany



http://www.chemijournal.com/

http://www.chemijournal.com

International Journal of Chemical Studies

24 Hourly Average 502

(d)

m Before Lockdown
m After Lockdown

i.Jilhiln“lllllhhh.hhi

=] o =] (=1 =] =]
M~ (=] u = ] i~

(w8} uonyesuacuo) adelsany

10
0

LAY

|emped

ey

yediiey
yediog
PEQEPLIE]
w2 anc
Jedewejjerngy
FLIETIR|
AELspUE g
andey
PEqeIZEYO-1u0]
Pegeizeys
BP0 J31E3I0
ERION
BN
BUEMER

JRULA HBAA,
anilnzepy
JELIN BINOS
oy

aedep nayay
T-35EUd BIUHO
LEN TN
wnpErs Nr
& 10)IFG-RHIRIAG
JRYIA HOUSY
JELIA PUELY
Hojuns

nwa

Ol

8 Hourly Average CO

(e)

m Before Lockdown
m After Lockdown

I.lllh.hlhli“timl"hl“nll

k-4 L] ~ — (=]

(W /3w) uoijesyuasuc) afesany

ABAA
|eMieg

|eusey

jedivey
ediuog
peqgepue,
weldning
Jedeusegjerniy
EIER ]
yeyspue|ng
ndey
peqeizeyg-1uo]
pegRIZEyD
epIoN JI)eaIn)
EPION

eypuniy
BuEMEY

ARYIA N2AIA
andaizepp
JRYIA BIUOS
uryoy

Jedep niyap
£-9584d BIYx0
yaedjelen
ejlalen
WINIPEIS NP

eEIEM

JBUIA JOUSY
JBYIA puewy
yojus

nLa

oLl

vodary o

8 Hourly Average Ozone

(f)

=]
&

m Before Lockdown
W After Lockdown

nhHIJ

o o0 o o o o o
0 M~ W o M A o

o
0

{gw/8r) uonenuauo) adesany

JEM|Y
|emied

|euaey

jediueg
jediugg
paepuey
wesdning
Jefewaeyyezniy
P EETT]
Jyeyspueng
andey
pegeizeyn-1uoT
REQRIZEYD
ERION J21EDI0
epIap

ejpunip
euemeq

ABYIA MDA
Jndnze sy
JBYIA BIUOS
unyoy

Jeden nuyan
Z-95eld BIUYNO
Bl2iEpN
winipeys Nr

e

JBLIA OUSY
ABYIA pUBLYy
Hojug

nia

all

Hoding 19

Fig 5: (a) Average daily mass concentration of PM1o, (b) PM2s, (c) NO2, (d) SOz, (¢) CO, and (f) Oz in the NCR during pre-lockdown and

lockdown phase.
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3.3 Air Quality Index

The significant enhancement in the air quality of Delhi NCR
is observed in the lockdown phase because the source of
major pollutants of particulate matters and NO, has been
suspended under the lockdown. The Air Quality Index (AQI)
in Delhi-NCR was mostly reported as ‘Poor’ in the pre-
lockdown period (Table-1). In the lockdown stage, the limited
movement of vehicles, nonoperational industries, and
commercial units as well as increased mixing height has
changed the status of AQI to the ‘satisfactory’ category. On
March 26, 2020, high surface winds (25 kmph) further
maintained AQI even though mixing height dropped to 1100

http://www.chemijournal.com

m. The next day, though wind speed and mixing height were
reduced to half value, the AQI value improved further and
Gurugram recorded the ‘Good’ AQI category. Scattered rains
in Delhi NCR on 27" March and during March 28- 29, 2020
along with increased wind speed and mixing height further
helped in improving the AQI, with Delhi, Ghaziabad and
Noida recording ‘Good’ AQI on March 28, 2020. Favourable
conditions ensued, leading to AQI remaining in 'Good' and
'Satisfactory’ AQI categories. However, after 4™ April due to a
change in temperature and onset of dry conditions, high winds
led to the lifting of local dust resulting in slight deterioration
of air quality to the 'moderate’ category.

Table 1: Air Quality Index in the NCR during pre-lockdown and lockdown phase

Sr. . Air Quality Index . Air Quality Index
No. Locations Before Lockdown | Lockdown sr-No.  Locations Before Lockdown Lockdown
1 IGI Airport 173 91 17 Mundka 213 244
2 Income Tax Office 304 52 18 Noida 213 53
3 Delhi Technical University 244 88 19 | Greater Noida 233 70
4 Sirifort 266 69 20 Ghaziabad 256 72
5 Anand Vihar 280 59 21 | Loni-Ghaziabad 303 98
6 Ashok Vihar 220 65 22 Hapur 198 111
7 Dwarka-Sector 8 245 96 23 Bulandshahr 264 95
8 Jawaharlal Nehru Stadium 186 63 24 Meerut 260 89
9 Narela 362 65 25 | Muzaffarnagar 234 83
10 Okhla Phase-2 198 68 26 Gurugram 189 80
11 Nehru Nagar 235 70 27 Faridabad 274 80
12 Rohini 241 106 28 Sonipat 148 100
13 Sonia Vihar 205 74 29 Panipat 195 102
14 Wazirpur 243 74 30 Palwal 168 95
15 Vivek Vihar 297 80 31 Karnal 193 63
16 Bawana 241 108 32 Alwar 126 55
Legends
Good Minimal Impact Poor Breathing discomfort to people on
(0-50) (201-300) prolonged exposure
Satisfactory Minor breathing discomfort to Very Poor Respiratory illness to the people on
(51-100) sensitive people (301-400) prolonged exposure
Moderate Bre_,\athing discomfprt to the people Severe Respiratory effects even on healthy
(101-200) with lung, heart disease, children (>401) people
and older adults
4. Conclusion We are largely dependent on Mother Nature and become

During the lockdown period, there has been a general
improvement in air quality in the Delhi-NCR as a result of the
restrictions imposed during the lockdown, which is
corroborated by both Air Quality Index data.

The mass concentrations of PMjo, PM,s, NO2, SO, and CO
showed 37-81%, 11-88%, 25-87%, 29-54% and 68% of
reduction in PMy, PM,s, NO, SO, and CO concentrations,
respectively during the lockdown phase, as compared to the
pre-lockdown phase in Delhi-NCR.

The Sirifort, Anand Vihar, Wazipur, ITO, Vivek Vihar,
Narela, Okhla, Dwarka, Noida, Ghaziabad, Faridabad, and
Gurugram were the major hotspots in the Delhi-NCR. Hence
not only these areas but the other parts of the NCR region also
found to have their AQI largely within good to satisfactory
levels in the lockdown phase which largely lied to the poor air
quality in the pre-lockdown periods.

This highlighted the impact of anthropogenic activities on the
air quality index which affects human health very badly.

The Covid-19 lockdown situation in almost the entire world
has shown the importance of nature in our day to day life. The
noticeable enhancement in nature has empowered the believe
that by reducing the anthropogenic activities that retard the
well being of nature, the Earth can be saved.

ignorant while care of Earth is needed. The preservation of
natural resources and sustainable development remains
largely in our thought or on the paper discussion but not
implemented properly.

During the period of lockdown under COVID 19, it has
opened our eyes that our actions are responsible and
impacting the Earth’s sustainability.

The availability of pure air for breathing, the enhanced
greenery, clean sky, better visibility of stars, the movement of
various wildlife into the cities are few examples of
rejuvenation of nature due to the coronavirus lockdown in
India.
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