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Introduction: Airpollution signifies the biggest environmental
risk to human health and environment. The largest population
concentration in the world today is China and India is the leading
polluted countries of the world. Air pollution is the foremost
contributor to the global burden of morbidity and mortality.
The prevention and control measures taken by the state and
central governments at all levels and measure of maintenance
of social distancing by people and number of lock downs have
resulted in reduction of air pollution and effective curbing
in the COVID-19 transmission in India. In the present study
an attempt was made to find out the correlation between
air quality and population density with state wise covid-19
confirmed, active, cured and death cases and to identify the
hot spots of covid -19 in India using GIS.

Material and Methods: The study was mainly based on
secondary data. All COVID-19 cases detailed through May
12.2021were extracted from Corona virus updates India.
The Spatio temporal Average Air Quality Index data were
extracted from numbeo.com. Analyses included the following:
1) Spatial Distribution of COVID -19 Confirmed, Active,
Cured/ Discharged and Death cases in India 2) Mapping and
analysing population and death ratio of covid-19 infection in
India. 3) Mapping and analysing the temporal variation of Air
quality Index and covid -19 infection and Comparing disease
vulnerability with air quality conditions at different States and
UT’s in India.

Result: This study finds out the effects of Population and air
pollution on COVID-19 contagions. There is a strong link
between population, air pollution and COVID-19 morbidity
and mortality in some states in India. The available data
also indicate that exposure to air pollution may influence
COVID-19 transmission. Moreover, exposure to air pollution
may increase vulnerability and have harmful effects on the
prognosis of patients affected by COVID-19 infections.
Conclusion: In conclusion, exposure to air pollution and
high population density may increase the vulnerability of
morbidity and mortality from COVID-19. Most of the Indian
States reached alarming levels of air pollution above 400 AQI
(Air Quality Index). The findings of this study may help the
epidemiologists to identify the hot spots of covid -19 contagion
areas and to plan suitable control strategies to prevent such an
outbreak in the future.
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INTRODUCTION

Air pollution represents the biggest environmental risk
to human health and environment. The largest population
concentration in the world today is China and India is the leading

polluted countries of the world. India occupies 2.4 percent of
the world's land surface area and is home to 17.5 percent of the
world's population. In India, around 1.2 million deaths due to
outdoor and indoor air pollution were reported in 2017
Exposure to air pollutants can affect human health in various
ways such as heart and lung diseases?. Air pollution is the
foremost contributor to the global burden of morbidity and
mortality®. Thus, the issues and concerns of air pollution
are also mentioned in the Sustainable Development Goals®*.
Epidemiological evidence on the health effects of air pollution
is growing and evolving quickly. Today, air pollution is the
largest environmental risk factor®.
Although most of the India states have been affected by
COVID-19 infections; States of Uttar Pradesh, Maharashtra,
Bihar, West Bengal, Madhya Pradesh, Tamil Nadu,
Rajasthan, Karnataka and Gujarat more badly affected in
terms of infections than others. The main reasons for such
variations are population density and polluted air. People
living in densely populated areas have a higher possibility
to come into close contact with others and consequently any
infectious disease is expected to spread quickly . Moreover,
exposure to air pollution may increase vulnerability and
have harmful effects on the prognosis of patients affected
by COVID-19 infections. Chronic exposure to air pollutants
such as particulate matter, nitrogen dioxide and sulphur
dioxide is bound to irritate human lungs®.Thus, assessing
the air quality is of extreme importance to develop policy
interventions and pollution control measures to safeguard
the environmental and human wellbeing in a particular area.
The Central Pollution Control Board (CPCB) develops
the national Air Quality Index (AQI) for the cities in
India. According to CPCB the AQI is calculated using 12
parameters (Air Pollutants) namely NO2 (Nitrogen Dioxide),
SO2 (Sulfur Dioxide), CO (Carbon Monoxide), O3 (Ozone),
PM10 (Particulate Matter having diameter 10 micron or
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less), PM2.5 (Particulate Matter having diameter 2.5 micron
or less), NH3 (Ammonia), Pb (Lead), Ni (Nickel), As
(Arsenic), Benzo(a)pyrene and Benzene’.

If AQI increases then large percentage of population is
affected because it adversely affects the human health.
National Air Quality Index measure the air quality in terms
of six categories: Good, Satisfactory, Moderately, Polluted,
Poor, Very Poor and, Severe. AQI value of less than 50 is
considered safe. The states/cities are categorised in the range
of 0-500 to measure its air quality'.

Spatial analysis is a scientific attempt to understand the
centers of social harm in the context of geographical study
patterns'!. Studying the role of places in different urban areas
is an essential and basic task for planning and reforms to
ensure health and reduce various crises. Geography is the
science of place and space that seeks to study the spatial
distribution of phenomena and their spatial relationships on
Earth.'2. Spatial concepts such as placement, organization,
distribution, distribution pattern, shape, ranking, distance,
location, classification, and geographical and network
relations are studied within this definition'?.

Geographic information system (GIS) refers to a system
that is designed to capture, store, manipulate and analyse
geographical data. The data collected and stored by
the GIS can be used for varied purposes ranging from
transport, disease-outbreak analysis, draught analysis, land
occupancy, etc. Geographic Information Systems (GIS) and
the accompanying methods and data have been adopted
increasingly in diverse health-related domains and national
settings with the goal of improved response to public health
problems.!*131¢ ~ Complexities in understanding public
health issues require interdisciplinary efforts. The spatial
perspective can be of particular importance because the
spatial patterns of distribution of diseases, both infectious
and non-infectious, help us understand the dynamics of
transmission and spatial determinants of the diseases!'’'®1°.
In the present study an attempt was made to find out the
correlation between air quality and population density with
state wise covid-19 confirmed, active, cured and death cases
and to identify the hot spots of covid -19 in India using GIS.

MATERIAL AND METHODS

The present study was mainly based on secondary data.
Examining the spatial distribution of State and UT wise
Covid-19 the data collected for 419 days (12 March 2020
to 12 May 2021). All COVID-19 cases detailed through
March12, 2021 were extracted from Department of Health
and Family Welfare Corona virus updates India. To identify
the temporal variation, the regular updates of COVID -19
data were converted into 5 months interval. GIS Mapping
used to correlate the Population density and Average AQI
(Air Quality Index) with Covid-19 confirmed, active, death
and recovery cases in all the states and Union Territories of
India and to identify the Covid -19 hot spots. The Spatio
temporal Average Air Quality Index data were extracted
from numbeo.com. the leading polluted cites of every states
AQI points are marked and AQI Polygons are prepared with

the help of GIS

Inclusion criteria
Confirmed cases, Active cases, Cured/ Discharged cases and
Death cases, Average AQI

Exclusion criteria
a. Age wise cases, Sex wise cases

Methods of data collection

All COVID-19 cases detailed through March12, 2021 were
extracted from Department of Health and Family Welfare
Corona virus updates India. The regular updates of COVID
-19 data were converted into month wise data.The Average
AQI data were collected from Numbeo.com.

Study tools

The two important techniques used in the present study
are statistical techniques and cartographic interpretation. It
includes mapping of the study area using the GIS software.
Air Quality Index or AQI is an indicator to understand the
quality of air. It shows the pollution status in the air with a
numeric scale ranges from 0 to 500 as well as with different
colour indicators. Different countries use different point
scales to report air quality. The present study uses the US
EPA standard 500-point scale, wherein rating between 0 and
50 is considered good. Rating between 301 to 500 range
is deemed hazardous. India too follows that the 500 point
scale. Every day monitors record concentrations of the major
pollutants. These raw measurements are converted into a
separate AQI value for each pollutant (ground-level ozone,
particle pollution, carbon monoxide, and sulfur dioxide)
using standard formulae developed by EPA. The highest of
these AQI values are reported as the AQI value for that day.
The State wise Average AQI were correlated with Covid-19
Death cases with the help of GIS Mapping. The spatial
distribution of state wise COVID -19 maps are created by
using AQI values and classified according with figures.
Analyses included the following: 1) Spatial Distribution
of COVID -19 Confirmed, Active, Cured/ Discharged and
Death cases in India 2) Mapping and analysing population
and death ratio of covid-19 infection in India. 3) Mapping
and analysing the temporal variation of Air quality Index
and covid -19 infection and Comparing disease vulnerability
with air quality conditions at different States and UT’s in
India.

RESULTS

A total 0f 2,32,89,081COVID-19 confirmed cases have been
reported in 31 states/union territories as of May 12. 2021
with 36, 95,474 active cases (7.10 %), 19,33,995 cured/
discharged (41.60 %), and 2,53,612 deaths (0.55 %). which
indicates that the recovery rate of COVID-19 is more than
the fatality rate in India (Table-1). The covid -19 graph
(Figure-1) used to depict the number of covid-19 Death and
active cases for various states over 15 Months (419 days).
cases are recorded from Mar 12.2020 - May 12.2021. From
the peak of 97.9 thousand active cases on September 2020,
signs have begun to emerge that the COVID-19 curve has
started to flatten, with a decline in the number of new cases

Section: Community Medicine
Volume 8 | Issue 8 | August 2021 |

International Journal of Contemporary Medical Research

ISSN (Online): 2393-915X; (Print): 2454-7379 I




Nisha, et al.

Density and Air Pollution on Covid -19 Morbidity and Mortality in India Using GIS

in the four successive weeks up to October 12.2020, though
the total number of new cases still remains at a high level. In
India Covid-19 active cases is more rapid from April 2021
than the August 2020 to October 2020 active cases. India
has been witnessing a surge in Covid-19 infections with the
country seeing over 3,00,000 confirmed cases of Covid-19
everyday (Figure -1) The active cases have been rising at
two-fold from April 2021. Covid -19 infection took only 17
days to rise from 18,377 to 50,000 during March 2021.
Figure-2 showing the spread of Covid-19, including the
number of COVID-19 Confirmed cases, Active case, the
number of people recovered and the deaths for 419 days (15
months), for India. The Confirmed cases being recorded in a
single day is also much higher during April 2021(Figure.2).
Deaths cases are proportionate to active cases from
March.12.2020 to May.12.2021. The total cumulative
confirmed Covid-19 cases in India reached 2,32,89,081
on May 12.2021 (Table -1). During the month of October
2020, the highest number of cases recorded in a single day
stood a little over 1,00,000. The number of cases in a single
day during April 2021 has reached 2,00,000. The higher the
infection rate which increase the mortality rate also. In India,
the rallies and massive meetings, definitely put a huge number
of people at risk of getting infected and worse, spreading it.
Elections were announced when the coronavirus infections
were occurring daily in large numbers. During February
2021-March 2021, it was in the range of 20,000 per day.
Along with the number of active cases, the fatality rate has
also gone up during the second wave of coronavirus in India.
The death count on 12th April stood at 1,72,085 with 1027
new fatalities, the highest since 18th October 2020.

The relation between population distribution and risk of
Covid-19 vary spatially. Table.1, Figure .3 & 4 depict the
significant increase in confirmed cases of COVID-19 and
affected states from March 12.2020 to May 12.2021. Except
Chandigarh, States with low to medium population never had
high confirmed cases. Highest population distribution and
density sets an upper limit on the rate of spread of COVID-19.
Uneven population distribution can significantly impact the
severity of COVID-19 infections. Diseases like COVID-19
that are transmitted through severe contact can spread very
unevenly, The present study find out states which have
population more than 6,00,00,000 have more than 6,00,000
confirmed covid-19 cases. The states of Uttar Pradesh,
Mabharashtra, Bihar, West Bengal, Madhya Pradesh, Tamil
Nadu, Rajasthan, Karnataka and Gujarat recorded more than
6,00,000 confirmed cases of Covid-19.The second populated
state Maharashtra recorded the uppermost confirmed cases
51,79,929 with 11,23,74,333 total population.

The state-wise data of, total population, population density
and COVID-19 active and death cases are considered in this
study to analyse the disease epidemiology between Indian
states, The parameters under study are tabulated state-
wise in (Tables.1). The findings of this study show that the
number of active cases typically increased in areas with high
density and thereafter areas with medium to low density. As
the case continue to increase, India has recorded 2,32,89,081

new cases with 2,53,612 deaths as of May.12.2021. The
densely populated (300-400 and above 400 per/sq.km) states
which have registered maximum active cases are Karnataka
with 5,87,472 cases, followed by Maharashtra with 5,61,347
cases Kerla with 4,24,309 cases, Uttar Pradesh with 1,95,102
cases and Rajasthan with 2,05,730.

Death Ratio is the number of deaths proportionate to the
number of confirmed cases. India’s average case fatality ratio
(CFR) stands at 1.09 %, which means 1.09% of all Covid
cases in India have resulted in death. This study identifies
Punjab has a Covid death rate of 2.38 % which is highest in
the country and more than double the national figure of 1.09
%. Besides Punjab, the high level (1.40% - 2%) recorded in
the states of Sikkim 1.74%, Uttarakhand 1.56%, Himachal
Pradesh 1.42%, Maharashtra, 1.49 % Delhi 1.48 %, Manipur
1.40 and Jharkhand 1,38%.

The Moderate level (1% - 1.39%) death rate recorded in the
states of Jammu & Kashmir 1.27% Gujarat 1.23%, West
Bengal 1.22%, Tamilnadu 1.12%, Megalaya 1.18%, Tripura
1.09 %, Uttar Pradesh 1.04 %, Ladak 1.01%, Karnataka
0.99%,Madhya Pradesh 0.95%, The Low level (below
0.5%- 0.99%) death rate found in Rajesthan 0.76%, Andhra
Pradesh0.67%, Assam 0.60%, Bihar 0.56% and Telungana
0.55%.The Very Low level (below 0.50%) death rate found
in Odisha 0.40%, Arunachal Pradesh 0.33% Kerla 0.30 %
and Mizoram 0.29%

Spatio- Temporal Variation of Active, Cured and Death
Cases of India

In India, the highest percentage share of Covid -19
active 89.11%, discharged 56.94%, confirmed 61.95 %
and death cases 48.33% found on January.12.2021to
May.12.2021(Table.2). The active cases gradually increases
from 3.79 % to 7.10 % in the last year 2020 and it surges
as 89.11% as on May 12.2021. Similar to active cases
confirmed cases also have a gradual trend 1.31%, 36.75% in
the last year 2020 and upsurge 61.95% in 2021. Contrary to
active and confirmed cases death cases have a sudden surge
from 3.45% to 48.22% in the last year 2020 and 48.33 % as
of May. 2021.

The Spatio- Temporal variation of covid -19 state wise
Active case

The Spatio- Temporal variation of covid -19 state wise active
case for the first five months (March 12.2020 -June.12.2020)
high above the national level 3.79 % (Table.2 and Figure
5.1) found in the states of Andaman and Nicobar Islands
35.18% followed by Delhi 24.90 %, Tripura 10.89 %, Tamil
Nadu 10.89 %, Maharashtra 8.55 %, Andhra Pradesh 6.42
% Manipur 5.88 % Jammu Kashmir 5.33, Ladak 5.51 %,
Mizoram 5.51 %, Gujarat 4.21% and West Bengal 4.18 %
rest of the states recorded below 4.00 % of active cases.
In the second five months (August 12.2020 to December
12.2020) the highest percentage of active cases above the
national level 7.10 % found in the states of Manipur 54.31%,
followed by Ladakh 49.38 %, Himachal Pradesh 20.81%,
Meghalaya 17.26 % Nagaland 17.07 %, West Bengal
14.05%, Kerla 13.48%, Karnataka 13.48% Sikkim 12.81%,
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S.N | Region Total Area Density Total Total Total Total Total
Population Confirmed | Active Cured/ Death Death
2011 Census Cases Cases | Discharged Ratio
D/C*100
1 Andaman and 3,80,581 8,249 46 6426 199 6149 78 1.21
Nicobar Islands
2 Andhra Pradesh 4,95,77,103 162,968 303 1322934 | 195102 1118933 8899 0.67
3 Arunachal Pradesh 13,83,727 83,743 17 20575 1924 18583 68 0.33
4 Assam 3,12,05,576 78,438 398 304429 40611 261980 1838 0.60
5 Bihar 10,40,99,452 94,163 1,102 612570 102100 507041 3429 0.56
6 Chandigarh 10,55,450 114 9,252 873060 121836 740283 10941 1.25
7 Dadra N.H. Daman 5,85,764 603 970 9021 1103 7914 4 0.04
and Diu
8 Delhi 1,67,87,941 1,484 11,297 | 1348699 83809 1244880 20010 1.48
9 Goa 14,58,545 3,702 394 124774 32836 90134 1804 1.45
10 Gujarat 6,04,39,692 196,024 308 703594 131832 563133 8629 1.23
11 Haryana 2,53,51,462 44,212 573 640252 108997 525345 5910 0.92
12 Himachal Pradesh 68,64,602 55,673 123 140759 36232 102525 2002 1.42
13 Jammu and Kashmir 1,22,67,032 42,241 297 224898 50701 171350 2847 1.27
14 Jharkhand 3,29,88,134 79,714 414 296895 54533 238277 4085 1.38
15 Karnataka 6,10,95,297 191,791 319 2013193 | 587472 1405869 19852 0.99
16 Kerala 3,34,06,061 38,863 859 1967405 | 424309 1537138 5958 0.30
17 Ladakh 2,74,000 96,701 2.8 15564 1452 13955 157 1.01
18 Lakshadweep 64,473 32 2,013 3982 992 2980 10 0.25
19 Madhya Pradesh 7,26,26,809 308,245 236 691232 111366 573271 6595 0.95
20 Maharashtra 11,23,74,333 307,713 365 5179929 | 561347 4541391 77191 1.49
21 Manipur 25,70,390 22,327 122 36370 4981 30880 509 1.40
22 Meghalaya 29,66,889 22,429 132 20579 3297 17040 242 1.18
23 Mizoram 10,97,206 21,081 52 8035 2010 6002 23 0.29
24 Nagaland 19,78,502 16,579 119 16552 3081 13315 156 0.94
25 Odisha 4,19,74,219 155,707 269 554666 87318 465133 2215 0.40
26 Puducherry 12,47,953 479 2,598 75024 14829 59177 1018 1.36
27 Punjab 2,77,43,338 50,362 551 459268 76856 371494 10918 2.38
28 Rajasthan 6,85,48,437 342,239 201 789274 205730 577550 5994 0.76
29 Sikkim 6,10,577 7,096 86 10165 2739 7249 177 1.74
30 Tamil Nadu 7,21,47,030 130,051 555 1438509 | 162181 1260150 16178 1.12
31 Telangana 3,50,03,674 112,077 312 506988 60136 444049 2803 0.55
32 Tripura 36,73,917 10,486 350 38574 3333 34819 422 1.09
33 Uttar Pradesh 19,98,12,341 240,928 828 1545212 | 216057 1313112 16043 1.04
34 Uttarakhand 1,00,86,292 53,483 189 256934 76500 176420 4014 1.56
35 West Bengal 9,12,76,115 88,752 1,029 1032740 | 127673 892474 12593 1.22
36 Chhattisgarh 2,55,45,198 135,191 189 23289081 | 3695474 | 19339995 | 253612 | (CFR)
India total 1,21,05,69,573 | 3,287,240km? | 382/km?|  (50%) (7.10%) | (41.60%) | (0.55%) 1.09
Source: Census of India 2011 Source: https/www.ndtv.com/coronavirus/india-covid-19-
tracer. As on 12May 2021
Table-1: Total Population, Population density and Covid -19 Death Ratio in India 12 March 2020 — 12 May 2021

Madhya Pradesh 9.27 % and Uttar Pradesh 7.42%. The last
five months (January 12 2021 to May 12 2021) 25 out of
35 states recorded the active cases above the national level
89.11 %.

The Spatio- Temporal variation of covid -19 state wise
Cured case

The Spatio- Temporal variation of covid -19 state wise
cured case (Table.2 and Figure 5.2) for the first five months
(March 12.2020 -June.12.2020) reveals the worst recovery
rate found mostly in the North Indian states compared to
South India. The cured/ Discharged cases found below the
national level 0.80 %. in the states of Arunachal Pradesh 0.02

% followed by Jharkhand 0.26 %, Karnataka 0.03 %, Sikkim
0.03%, Dadra and Nagar Haveli and Daman and Diu 0.03%,
Ladakh 0. 39 %, Telangana 0.45 %, Uttar Pradesh 0.56%
Uttarakhand 0.48 % West Bengal 0.45%, Kerala 0.06 %,
Puducherry 0.10 Nagaland 0.17% , Haryana 0.43%, Odisha
0.51 % and Punjab 0.61, In the second five months (August
12.2020 -December.12.2020) most of the worst recovered
states have arising trend in cured cases Andaman and Nicobar
Islands 74.26%,Tripura 91.92 %, Arunachal Pradesh 86.96
%,Nagaland 81.95 %,Assam 79.59 %, Manipur 76, Andhra
Pradesh 75.77%, Meghalaya 69.89%,0disha 67.92%, Sikkim
66.33%, Mizoram63.63 % Jammu and Kashmir 62.3%,
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Density and Air Pollution on Covid -19 Morbidity and Mortality in India Using GIS

Time 12.03.2020 to 12.07.2020 12.08.2020 to 12.12 2020 12.1 .2020 to 12.05 2021

S ] S = S =

s | B | ol B s | B | o 2] =B |
Region < § |3 s | < § | 3 s | § | 3 z

E | S |2¢| £ E | S |2e| £ E | S |2¢| £

& e | 2% | = & e | 2% | = & 2 | 3% | =

= | £ | %8| 5| §E| £ |:%8| 5| 5| % |2%8| %

Q < QO o =} o < QO o =) o < QO o =}
Andaman and Nico- | 50 21.47 | 28.53 | 0.00 50 0.81 48.55 | 0.64 50 1.55 47.84 | 0.61
bar Islands
Andhra Pradesh 50 23.01 | 2642 | 0.57 50 0.30 49.30 | 0.40 50 7.37 4229 | 0.34
Arunachal Pradesh 50 46.72 | 3.28 0.00 50 0.85 48.99 | 0.17 50 4.68 45.16 | 0.17
Assam 50 28.34 | 21.57 | 0.09 50 0.81 4895 | 0.23 50 6.67 43.03 | 0.30
Bihar 50 2241 | 2729 | 0.30 50 1.15 48.58 | 0.27 50 8.33 41.39 | 0.28
Chandigarh 50 6.17 43.07 | 0.75 50 2.26 46.93 | 0.81 50 6.98 42,40 | 0.63
Dadra and Nagar 50 46.67 | 3.33 0.00 50 0.27 49.70 | 0.03 50 6.11 43.86 | 0.02
Haveli and Daman
and Diu
Delhi 50 30.08 | 18.35 | 1.56 50 1.55 47.63 | 0.82 50 3.11 46.15 | 0.74
Goa 50 41.97 | 8.03 0.00 50 1.21 48.08 | 0.71 50 13.16 | 36.12 | 0.72
Gujarat 50 12.59 | 34.27 | 3.14 50 3.02 46.06 | 0.92 50 9.37 40.02 | 0.61
Haryana 50 30.53 1893 | 0.54 50 2.13 47.33 | 0.54 50 8.51 41.03 | 0.46
Himachal Pradesh 50 19.57 | 29.79 | 0.64 50 7.99 41.19 | 0.82 50 12.87 | 36.42 | 0.71
Jammu and Kashmir | 50 29.54 | 19.90 | 0.57 50 2.10 47.12 | 0.78 50 11.27 | 38.10 | 0.63
Jharkhand 50 30.05 | 19.70 | 0.25 50 0.76 48.79 | 0.45 50 9.18 40.13 | 0.69
Karnataka 50 2349 | 2471 | 1.80 50 21.1 27.99 | 0.90 50 14.59 | 3492 | 049
Kerala 50 28.03 | 21.57 | 0.40 50 4.52 4529 | 0.19 50 10.78 | 39.07 | 0.15
Ladakh 50 29.63 | 20.00 | 0.37 50 437 4495 | 0.67 50 4.66 44.83 | 0.50
Lakshadweep 0 0 0 0 0 0 0 0 50 1246 | 37.42 | 0.13
Madhya Pradesh 50 13.51 | 34.38 | 2.10 50 2.96 46.27 | 0.76 50 8.06 41.47 | 0.48
Mabharashtra 50 24.57 | 23.59 | 1.84 50 1.99 46.73 | 1.28 50 5.42 43.84 | 0.75
Manipur 50 40.03 | 9.97 0.00 50 5.58 43.82 | 0.60 50 6.85 42.45 | 0.70
Meghalaya 50 28.41 | 2045 | 1.14 50 2.35 47.16 | 0.49 50 8.01 41.40 | 0.59
Mizoram 50 49.51 | 0.49 0.00 50 2.45 47.47 | 0.09 50 12.51 | 37.35 | 0.14
Nagaland 50 41.41 8.59 0.00 50 2.72 46.99 | 0.29 50 9.31 40.22 | 0.47
Odisha 50 15.11 | 34.76 | 0.13 50 0.46 49.26 | 0.28 50 7.87 41.93 | 0.20
Puducherry 50 28.03 | 21.34 | 0.64 50 0.49 48.68 | 0.83 50 9.88 39.44 | 0.68
Punjab 50 9.85 39.12 | 1.02 50 2.29 46.13 | 1.58 50 8.37 40.44 | 1.19
Rajasthan 50 11.82 | 37.06 | 1.12 50 3.07 46.50 | 0.44 50 13.03 | 36.59 | 0.38
Sikkim 50 42.86 | 7.14 0.00 50 3.43 4545 | 1.12 50 13.47 | 35.66 | 0.87
Tamil Nadu 50 22.81 | 2674 | 045 50 0.65 48.61 | 0.75 50 5.64 43.80 | 0.56
Telangana 50 25.02 | 23.07 | 1.91 50 1.38 48.35 | 0.27 50 5.93 4379 | 0.28
Tripura 50 34.72 1522 | 0.05 50 0.54 48.89 | 0.57 50 4.32 45.13 | 0.55
Uttar Pradesh 50 1841 | 30.16 | 1.43 50 1.82 47.47 | 0.71 50 6.99 42.49 | 0.52
Uttarakhand 50 23.92 | 25.62 | 0.46 50 3.65 4552 | 0.83 50 14.89 | 34.33 | 0.78
West Bengal 50 27.32 | 2041 | 2.26 50 2.25 46.88 | 0.87 50 6.18 43.21 | 0.61
India 50 23.01 | 25.56 | 1.43 50 2.27 46.99 | 0.74 50 7.93 41.52 | 0.54

Table-3: COVID -19 Confirmed, Active, Discharged / Cured and Death cases in India 12.03.2020 to 12.05.2021.
Source: https/www.ndtv.com/coronavirus/india-covid-19-tracer. As on 12.May 2021

Puducherry 61.43%, Telangana 59.9 %, Tamil Nadu 59.8%,
Ladak 58.32 %, West Bengal 53.81%, Goa 52.45, Bihar
45.58%,Jharkhand 45.27 Delhi 45.16%, Rajasthan 44.96
%, Haryana 44.68%, Dadra and Nagar Haveli and Daman
and Diu 42.12%. This may be a reason of number of lock
downs followed by the States and Central Governments to
break the chain of Corono transmission cycle The lockdown
not only helps to break down the covid -19 infection, it also

reduces the pollution level in the environment and helps the
infected covid -19 patients to recuperate from their infection.
The last five months (January 12.2021 to May 12.2021) of
cured cases also have increased in the states of Lakshadweep
100 followed by Chandigarh 97.65%, Karnataka 92.49%,
Madhya Pradesh 64.3%, Gujarat63.15%, Maharashtra
61.47%, Kerla 61.19 %, Himachal Pradesh 61.15%, Punjab
60.49 %, Uttar Pradesh 59.32%, Uttarakhand 58.09 %, and
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Figure-1: Covid-19 Active Cases and Deaths during 12 March 2020 - 12 May 2021
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Figure-3: Total Population and Confirmed cases of Covid-19 March.12.2020 to 12 May.12. 2021

Dadra and Nagar Haveli and Daman and Diu 57.86 %. Rest
of the states recorded below 56.94% of recovered cases. The
election rallies and meetings may be the reason for the low
recovery rate in the rest of the states.

The Spatio- Temporal variation of covid -19 state wise
Death cases

The Spatio- Temporal variation of covid -19 state wise Death
cases for the first five months (March 12.2020 June.12.2020)
reveals the percentage of total death cases seems to be
higher than the national level 3.45 % (Table.2 and Figure
5.4) found in the states of Gujarat 16.05, Madhya Pradesh
6.54%, Telangana 5.89%, Delhi 5.42%, Maharashtra

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379 |

4.65%, Rajasthan 4.42 % and West Bengal 3.51%. In the
second five months (August 12.2020 -December.12.2020)
the percentage of death cases seems to be higher than the
national value 48.22 % found in number of Indian states than
the previous 5 months. The death cases found to be high in
the States of Tripura 88.63 %, Arunachal Pradesh 80.88%,
Odisha 80.77%, Ladakh 77.71%, Tamil Nadu 71.21 %, West
Bengal 67.69 %, Sikkim 66.67 %, Manipur 62.87 %, Jammu
and Kashmir 60.91 %, Puducherry 60.61%, Maharashtra
57.61%, Assam 54.08 %, Meghalaya 50.83%, Dadra and
Nagar Haveli and Daman and Diu 50 %. The last five months
(January 12.2021 to May 12.2021) divulges upsurge trend
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Cured, Confirmedand Death Cases of India 12.March.2020 to 12
May 202
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of death cases in number of states. The percentage share
of death cases found to be high in the states of Chandigarh
97.27%, Karnataka 82.88%, Jharkhand 75.64 %, Mizoram
69.57 %, Uttarakhand 66.59%, Bihar 61.74 %, Goa 61.03
%, Himachal Pradesh 60.39 %, Rajasthan 58.06 % Kerala
57 %, Nagaland 56.41%, Haryana 54.33%, Punjab 53.87%,
Gujarat 51.93%, Delhi 50.35%, Dadra and Nagar Haveli and
Daman and Diu 50 %, Uttar Pradesh 49.98% , Meghalaya
48.76 % and Madhya Pradesh 48.72

The degradation of air quality is a major environmental
problem in recent years. In order to carry out exposure
assessments and evaluate the consequences of deteriorated
air quality on humans and environment, it is necessary to
study the spatial distribution of pollution. Application of GIS
in air quality assessments has increased in recent years due
to its unique visualization and analytical abilities. The Spatio
temporal Average Air Quality Index data were extracted
from Numbeo. com?

The present study utilizes GIS spatial and analytical abilities
to visualize and assess the ambient air quality in India
for March 12. 2020 — July 12. 2020, August 12.2020 —
December 12.2020 and January 12.2021 - May 12.2021 in
terms of NAAQS and AQI published by the US EPA and
prepare maps accordingly that are easier to understand. It
also aims to find out the correlation between air quality and
possible effects Covid -19 infection and the trend between
spatial distribution of polluted areas and the characteristics
of potentially affected population.

The present study identifies Covid-19 death cases found to
be higher in potential areas where air quality is deteriorated
according to the US EPA air quality standards. Most of the
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Figure - 6.1, 6.2 and 6.3: Contour Map of AQI Average Concentration and related COVID -19 Active and Death

North Indian states recorded AQI index more than 200 - 400.
(Figure- 6a) This Poor to hazardous level of air pollution
causes an increased risk to infection and higher morbidity
rate. The percentage of death cases for first five months
(March 12.2020 to July 12.2020) of covid -19 infection for
India was 1.43 % (Table-3). The percentage of covid -19
death cases was more than the national level in the worst
affected states of Gujarat 3.14 %, Madhya Pradesh 2.10
%, West Bengal 2.26 %, Telangana 1.91%, Maharashtra
1.84 %, Uttar Pradesh 1.43%, Karnataka 1.80 % and Delhi
1.56 %. The rise of Covid-19 active and death cases in
these states is correlated to their air pollution levels, higher
air pollution levels in these states over a prolonged period
have compromised the population’s immunity, making
them more vulnerable to the Covid -19 infection. This
shows a strong relation between air pollution and the surge
of Covid-19 infection. In addition Delhi, West Bengal are
densely populated areas (Table.1). High population leads air
pollution and disease infection.

Many countries have been locked down to maintain physical
distancing among citizens to slow down the viral spread. The
lockdowns have not only helped to reduce viral transmission
but also the air pollution. In the Second five months (August
12. 2020 to December. 12. 2020) of covid -19 infection,
India mitigated air pollution and improve the Air Quality
Index which helps the states to reduce the active and death
cases in the second five months (Figure- 6b). The Percentage
of active and death cases are reduced than the first five
months of covid-19 infections. Most of the states in Gangetic
plains recorded hazardous level of above 400 AQI. Contrary,
Southern states Kerla, Karnataka and Tamil Nadu recorded
good level of below 50 AQI and have recorded below 0.80
percentage of death cases (Table-3) and moderate and very
low level of death ratio (Table.1).The AQI was satisfactory
50- 100 in the state of Gujarat, Some parts of Rajasthan,

Madhya Pradesh, Odisha, Jharkhand and West Bengal. The
States of Punjab, Maharashtra and Sikkim recorded above
1% of death cases due to Very Poor and poor AQI (Tablel,3
& Figure 6a & 6 b). Kerla successfully managed to contain
the spread of the pandemic. Kerala reports a lower death rate
at 0.30 per cent compared to the all-India average of 1.09
percent (Table-1)

Covid lockdowns in India has witnessed a dip in air pollution
and disease infection. Most of the south Indian states such
as Kerla, Telangana, Andhra Pradesh, Pondicherry recorded
cured cases than death cases with good AQI (below 50)
Compare to other states the Percentage of deaths and cured
cases high in the state of Maharastra 0.75% , 43.84% and
Karnataka 0.49% , 34.92 with poor air quality ranges from
50- 200 AQI (Table-3, Figure-6 a & 6b) The North Indian
states such as Jammu & Kashmir, Himachal Pradesh, Punjab,
Haryana, Delhi, Uttarakhand, Uttar Pradesh, recorded higher
death cases than cured cases(Table 2) with hazardous AQI
above 400 (Figure 6.1,6.2 and 6.3) Henceforth population
distribution and density bears a direct relationship to the
spread of COVID-19 and subsequent deaths, The study also
find out increase AQI resulted in more COVID-19 infection
and deaths.

DISCUSSION

The percentage of covid -19 death cases was more than the
national level in the worst affected states of Gujarat 3.14 %,
Madhya Pradesh 2.10 %, West Bengal 2.26 %, Telangana
1.91%, Maharashtra 1.84 %, Uttar Pradesh 1.43%,
Karnataka 1.80 % and Delhi 1.56 %. The rise of Covid-19
active and death cases in these states is correlated to their
air pollution levels, higher air pollution levels in these states
over a prolonged period have compromised the population’s
immunity, making them more vulnerable to the Covid -19
infection. This shows a strong relation between air pollution
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and the surge of Covid-19 infection. Similarly, there are
many observational studies that have found that polluted air
may help in the transmission of the virus.?!?>2

Covid lockdowns in India has witnessed a dip in air pollution
and disease infection. Most of the south Indian states such
as Kerla, Telangana, Andhra Pradesh, Pondicheri recorded
cured cases than death cases with good AQI. Compare to
other states the Percentage of deaths and cured cases high
in the state of Maharastra 0.75%, 43.84% and Karnataka
0.49%, 34.92 with poor air quality ranges from 50- 200 AQI.
Similarly He.G et al estimated that the lockdown mitigated
a quarter of PM2.5 emissions and improved the Air Quality
Index, helping prevent monthly premature deaths of 24 000
to 36 000 people in China.**

The study also found increase AQI resulted in more
COVID-19 infection and deaths. The states in Gangetic
plains such as Jammu & Kashmir, Himachal Pradesh,
Punjab, Haryana, Delhi, Uttarkhand, Uttar Pradesh,
Bihar,West Bengal recorded higher death cases than cured
cases and with hazardious AQI above 400. Similarly positive
correlation between increased death rates due to COVID-19
and air pollution has also been observed in Italy. Northern
Italy is one of the most polluted areas in Europe, where a
higher level of mortality related to the COVID-19 virus was
discovered. A study concluded that the high air pollution
loading could be a co-factor causing the high fatality rate
due to the COVID-19 infection®-**

Population distribution and density bears a direct relationship
to the spread of COVID-19 and subsequent deaths,The
study also find out Punjab, Haryana, Uttar Pradesh, Bihar,
and West Bengal, has the highest confirmed cases Similarly
Purohit et al.,”” found that the Indo-Gangetic plain, covering
parts of states such as Punjab, Haryana, Uttar Pradesh, Bihar,
and West Bengal, has the highest population exposure to
significant PM2.5 concentrations. This is mainly due to the
high density of polluting sources and reduced ventilation by
the obstructing presence of the Himalayas. Citizens living in
parts of Bihar, West Bengal, Chhattisgarh, and Odisha are
also exposed to high levels of PM2.5. This study suggests
the governments in these regions must design state-specific
policies to comply with NAAQS and embrace a low-
carbon growth model to ensure better air quality for its
citizens.

CONCLUSION

In conclusion, exposure to air pollution and population
density may increase the vulnerability of morbidity and
mortality from COVID-19. The finding of this study specifies
that exposure to air pollution may influence COVID-19
transmission. Most of the Indian cities reached alarming
levels of above 400 AQI (Air Quality Index) when the safe
limit for humans is less than 100 AQL. More maintenance
and conservation are required to the critically polluted and
highly populated states of Indo Gangetic Plains. The findings
of this study may help the epidemiologists to identify the hot
spots of covid -19 contagion areas and to prevent such an
outbreak in the future
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