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ABSTRACT
The coronavirus disease (COVID-19) was first noticed over Wuhan, China during December 2019. The 
spreading characteristics of COVID-19 infection from one person to another are resulting in a growing 
number of infected cases and created massive stresses across the world. The rapid dissemination of 
COVID-19 infection declares it as a pandemic. In India, till the mid of May 2020, there were around 
75,048 confirm with 2440 number of death cases, specifically due to COVID-19. To break the chain 
of COVID-19, the Government of India had decided to implement the lockdown, first implemented on 
23rd March 2020. Some of the significant benefits of lockdown resulted in the reduction in atmospheric 
pollutants of the cities across the world. The study is based on the fine and coarse particulate matters 
(PM) data corresponding to before lockdown and during lockdown periods. The efforts were made over 
Delhi (DEL) and one of the neighbouring cities, i.e. Gurgaon (GW) considering the duration 1st January 
2020 to 15th May 2020 to understand the impact of lockdown on the particulate matter, i.e. PM (PM1.0, 
PM2.5 and PM10). Our investigation shows the decline in PM concentration during the lockdown period. 
The impact of COVID-19 pandemic resulted in the rapid increase in the number of COVID-19 cases in 
DEL, India, and the inhabitants of about 14 million people. The significance of the particulate matter, 
temperature (°C) and relative humidity (%) on the dispersal of COVID-19 virus and its association to 
the total number of cases (TC), active cases (AC), recovered cases (RC) and death cases (DC) with 
special reference to DEL were also discussed. 

INTRODUCTION

In the existing scenario, the whole world is at the risk of 
the widespread global infection, i.e. COVID-19 declared as 
pandemic (WHO 2020) that affected more than 208 countries 
(Singh et al. 2020). According to the recent study conducted 
by Jain et al. (2020), there were approximately 4,369,933 
COVID-19 cases all over the world out of which 98% were 
suffering from mild, 2 % with a severe infection while 15 % 
patient could not survive. The first case of the novel corona-
virus, i.e. COVID-19 was initially reported in Wuhan city, 
China in December 2019 and after a few weeks, it started 
to progressively spread across bordering countries. As per 
the medical reports, COVID-19 has a severe impact on the 
respiratory system causing a range of breathing problems, 
from mild to critical and, more dangerous for the people’s 
previous history of bronchitis, Chronic Obstructive Pulmo-
nary Disease (COPD), heart disease, and diabetes. As per the 
World Health Organization (WHO), the people having age 
above 60 years, and children less than 10 years are severely 
affected by coronavirus (Donnelly et al. 2003). As per the 
medical experts, this type of disease is a bit similar to severe 

acute respiratory syndrome (SARS), mostly spread through 
the droplets, hand contact or some times by indirect contact 
also, but still, the exact reasons of the medium of transmis-
sion or the routes of transmission could not be recognized.

In India, till 13th May 2020, there were around 75,048 
confirmed with 2440 number of death cases (MoHFW 2020). 
By seeing the criticality of this infection and its fast spread, 
the Government of India has decided to implement the 
lockdown in different phases which was first implemented 
on 23rd March 2020. As a preventive measure, various ac-
tivities and operations related to the social gathering, travel, 
industries operations, transport including all three modes, 
commercials, construction, restaurants except the limited 
essential services like groceries, milk, fruits and vegetable, 
medicines, etc. were restricted. However, one of the positive 
impacts which has been observed in many cities and countries 
including China, Brazil, Barcelona, New York, Los Angeles, 
Zaragoza, Rome, Dubai, India, Beijing, Shanghai, etc., was 
the reduction of the pollutants during the period of lockdown 
(Bao & Zhang 2020, Saadat et al. 2020, Singh et al. 2020). 
Xu et al. (2020) reported the deterioration in the levels of 
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pollutants like PM2.5, PM10, SO2, CO, and NO2 during the 
lockdown period over China. With the various air pollution 
monitoring stations, the improvement in air quality was also 
observed in most of the Indian cities during the lockdown 
period (http://www.cpcbenvis.nic.in/). Before the lockdown, 
the pollutant level in most Indian cities was at very high 
(Aggarwal & Jain 2015, Kumar et al. 2013, WHO 2018). 

The earlier study demonstrated the noticeable effect of 
meteorological parameters especially surface air tempera-
ture and relative humidity on particulate matters (Wang et 
al. 2020). Wu et al. (2020) are also in close agreement of 
the association between air quality and COVID-19 cases in 
China. Air pollution measured as particulate matter (PM) has 
also been shown to be detrimental to human health (Cohen et 
al. 2005, Donaldson et al. 2001) and lead to increased mor-
tality rates (Dockery et al. 1993, Hales et al. 2010). Various 
pollutants have been included to define the air quality index, 
some of them are CO, ozone, SO2, NO2, NH3, Pb, PM2.5 and 
PM10 (NAAQS). However, the most accountable pollutants 
responsible for poor air quality indexes in India are currently 
PM2.5 and PM10.

Saksena & Dayal (2000), in their study over DEL, con-
sidered PM as one of the hazardous pollutants responsible for 
chronic bronchitis, whereas, Goyal (2003) found it accountable 
for asthma. Therefore, considering the criticality of PM and the 
current lockdown situation, we have analysed the fine (PM1.0 
and PM2.5) and coarse (PM10) PM data for seven different 
places of Delhi (DEL) and Gurugram also known as Gurgaon 
(GW), India. Gurgaon is a city situated in the southwest of 

New Delhi. The 24 hours daily mean concentrations of PM 
(PM1.0, PM2.5 and PM10) were analysed for the different sites 
over DEL, i.e. IIT-Delhi (IIT-DEL), Greater Kailash (GK), 
Lodhi Road (LR), Mahant Gurmukh Singh (MGS), Ramjas 
colony (RJ), Shantipath (SP), US Embassy (USE) and Gurgaon 
(GW) together with the corresponding temperature (T°C) and 
relative humidity (RH %) for the duration from 1st January 
2020 to 15th May 2020. The resulting daily averages corre-
sponding to the above locations were analysed and compared 
for before (1st January 2020 - 22nd March 2020) and during 
lockdown (23rd March 2020-15th May 2020) period. As the 
optimized T (°C) and RH (%) support the droplet stability in 
the local environment which may be favourable for the wide-
spread transmission of the virus (Chen et al. 2020). As per 
the study conducted over different cities of Italy and China, it 
was noticed that the association between the high frequency 
of corona cases/mortality and the high level of atmospheric 
pollutants persistently for over four years (Down to Earth 
). The efforts were also made over DEL to understand the 
linkage between PM, T (°C), and RH (%) and their synergic 
effect on COVID-19 cases corresponding to the total number 
of cases (TC), active cases (AC), recovered cases (RC) and 
death cases (DC) by considering the available data for period 
1st April 2020 to 15th May 2020.

DATA AND ANALYSIS TECHNIQUES

The present study examines the effect of lockdown on the 
air quality of Delhi (DEL) and Gurgaon (GW), India (Fig. 
1). The data related to major pollutants, i.e. PM of size ≤ 2.5 
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µm (PM2.5), ≤ 10 µm (PM10) and ≤1.0 (PM1.0) along with 
meteorological parameters, i.e. T (°C), RH (%) were down-
loaded through the freely available data source, i.e. Purple Air 
Sensors (https://www.purpleair.com). The PurpleAir sensors 
are an “Internet of things” (IoT) air quality sensor or partic-
ulate sensor consisting of a network of elements. PurpleAir 
uses PMS5003 and PMS1003 laser particle counters. These 
sensors count suspended particles in sizes of 0.3, 0.5, 1.0, 
2.5, 5.0 and 10 µm. These particle counts are processed by 
the sensor using a complex algorithm to calculate the PM1.0, 
PM2.5 and mass concentration in µg.m-3.  

The continuous 24-hour average PM with associated T 
(°C) and RH (%) data was procured for the period 1st Janu-
ary 2020 to 15th May 2020. The procured data cover seven 
different sites over Delhi, i.e. IIT-DEL, GK, LR, MGS, RJ, 
SP and USE, and two locations over GW                  (Fig. 
1). In the case of the analysis over DEL and GW, the 
combined averages of all locations were taken. The data 
corresponding to TC as well as RC was collected from the 
source of New Delhi Television Limited (NDTV), an Indian 
television media company. (https://www.ndtv.com/coronavi-
rus?pfrom=home-mainnavgation). To calculate the 2-tailed 
Bivariate Pearson correlations among PM, T (°C), RH (%), 
TC, AC, RC and DC, the statistical analysis model Statistical 
Package for the Social Sciences (SPSS) was used.

RESULTS AND DISCUSSION

This section examines the variation in the mean concentra-
tion of PM associated to size 1 micron, 2.5 microns and 10 
microns commonly recognized as PM1.0, PM2.5 and PM10, 
over DEL and GW, Influence of Meteorology on PM and its 
association to TC and RC associated to COVID-19.

Distribution of PM

The significant dissimilarity appears for fine (PM1.0, PM2.5) 
and coarse (PM10) over DEL and GW in the box and whiskers 

charts view (Fig. 2).

The boxes here correspond to 50% of the distribution 
of the values (from 25% to 75%), while the square and line 
within the boxes indicate the mean and median values, re-
spectively. The “x” and “–” symbols correspond to 1%/99% 
and min/max values, respectively. The dissimilar dispersal 
can be visible clearly from the distribution pattern of PM 
concentration (PM1.0, PM2.5 and PM10) in the above two sites 
during the period 1st January 2020 to 15th May 2020. It was 
found the median PM concentration of 56.10 µg.m-3 (PM1.0), 
85.72µg.m-3 (PM2.5) and 96.03 µg.m-3 (PM10) over DEL while 
lower median concentration of 29.66 µg.m-3

 (PM1.0), 44.62 
µg.m-3 (PM2.5) and 48.22 µg.m-3 (PM10) was observed over 
GW. The higher mean PM concentration of 69.22 µg.m-3 
(12.88-264.34 µg.m-3), 111.75 µg.m-3 (12.88-64.34 µg.m-3) 
and 127.61µg.m-3 (20.94-559.78 µg.m-3) related to PM1.0, 
PM2.5 and PM10, respectively were observed over DEL. It 
was noticed that the low mean concentration of PM (PM1.0, 
PM2.5 and PM10) over the site GW show better air quality as 
compare to DEL. All of the sizes of PM were exhibited dis-
similar concentration that indicates the diverse sources over 
both the locations, i.e. DEL and GW. The higher mean con-
centration and prominent characteristic of PM2.5 and PM10 
indicated in Box plot (Fig. 2), suggest road traffic (Mahato 
et al. 2020, Kumar et al. 2017) as well as industries, power 
plants and domestic emissions (Sahu et al. 2011a, Guttikunda 
et al. 2013) as the prime responsible factors.

In trend analysis (Figs. 3a & 3b), covering entire duration, 
i.e. 1st January 2020 to 15th May 2020, PM10 exhibit a higher 
mean concentration of 127.61 µg.m-3 (DEL) and 57.53 µg.m-3 

(GW), whereas PM1.0 and PM2.5, illustrate the mean concen-
tration of 69.22 µg.m-3 (DEL), 34.20 µg.m-3 (GW) and 111.75 
µg.m-3 (DEL) and 53.10 µg.m-3 (GW), respectively. The high-
er PM concentration during this period, evidently suggests 
the vehicular emission, industrial emission, and other forms 
of combustion process as the major sources of pollutants. 
After the execution of comprehensive lockdown through 
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restricting various activities and operations related to social 
assembly, travel, industries operations, and transport started 
from 23rd March 2020, PM mass concentration in DEL (Fig. 
3a), and GW (Fig. 3b) were significantly declined. Before 
the lockdown, it was noticed that the PM concentration in 
DEL as 94.72 µg.m-3 (PM1.0), 155.45 µg.m-3 (PM2.5) and 
178.88 µg.m-3 (PM10) that drastically reduced to 30.96 µg.m-

3, 46.12µg.m-3 and 50.69 µg.m-3 by the percentage decrease 
of 67.31, 70.29 and 71.66, respectively due to the result of 
the lockdown. The significant decline in the concentration 
of PM, clearly confirms the influence of the transport and 
traffic movement in the air quality of DEL. 

Before lockdown, low PM concentration has been ob-
served corresponding to PM1.0 (42.29 µg.m-3), PM2.5 (66.82 
µg.m-3), and PM10 (72.62 µg.m-3), in GW (Fig. 2b) as com-
pared to DEL. The observed PM concentration (PM2.5 and 
PM10) was slightly towards the higher side of the prescribed 
limit given by NAAQS (http://cpcb.nic.in/airquality-Stand-
ard). The tremendous decline of 48.21 %, 51.82 % and 52.45 
% in PM1.0 (21.90 µg.m-3), PM2.5 (32.19 µg.m-3) and (34.52 
µg.m-3) were witnessed the impact of lockdown over GW. 
The analysis related to before and after lockdown noticeably 
exposed a significant decline in the concentration of PM 
pollutants during lockdown (23rd March-15th May 2020) by 

strictly follow-up. Due to holdup of all type of movements, 
industrial emission and transportation on the road, the fine 
(PM1.0 and PM2.5) and coarse (PM10) particulate were sig-
nificantly reduced over both of the locations (DEL and GW) 
and approached within the limit of NAAQS (PM2.5 = 60 
µg.m-3, PM10 = 100 µg.m-3, based on 24-hours average (Jain 
et al. 2020) demonstrating the noticeable improvement in air 
quality. The significant decrease in atmospheric pollution 
attributed to transportation and industrial emissions over 
Beijing, Shanghai, Guangzhou and Wuhan cities were also 
observed during the corona pandemic (Wang et al. 2020). 

Influence of Meteorology on PM

The previous studies demonstrated the effect of meteoro-
logical variables which has a major impact on air quality 
(Espinosa et al. 2004, Karar & Gupta 2006). The complete 
cycle of the formation of secondary pollutants has a great 
association with the pollutant release rate into the air from 
the origin, wind speed, turbulence level, air temperature, and 
precipitation (Bhaskar et al. 2010). Generally, T (°C) has 
substantial involvement in the air quality of the province, 
therefore, correlation analysis by considering the period of 
1st March 2020-15th May 2020 between PM concentrations 
and T (°C) for the site DEL (Fig. 4) and GW (Fig. 5) were 
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studied to understand the role of T (°C). 

There was a significant negative correlation between T 
(°C) and PM1.0 (0.72), PM2.5 (0.73) and PM10  (0.73) in DEL 
while over GW, it was found to be 0.54 (PM1.0), 0.58 (PM2.5) 
and 0.25 (PM10). In the associated Fig. 4 and Fig. 5, the 
red, green and black dots indicate the data corresponding to 
PM1.0, PM2.5 and PM10, respectively. The regression analysis 
reveals a significant negative correlation (r) of T (°C) with 
PM in DEL whereas GW has a low negative correlation of 
0.25 with PM10. The regression slope obtained over DEL was 
-0.09 (PM1.0), -0.05 (PM2.5) and -0.04 (PM10) which has the 
similar pattern as followed over GW with regression slope 
-0.16 (PM1.0), -0.11 (PM2.5) and -0.01 (PM10), respectively. 
The complete period of observation indicates the declining 
characteristics of PM concentrations on the increase of the 
T (°C).

PM Over Different Locations of DEL and GW

As long-range transport and dust also have a significant 

contribution to the accumulation or dispersion of pollutants 
at urban sites (Arif et al. 2018). Further, the concentration 
of PM1.0, PM2.5 and PM10 for seven different locations of 
DEL and GW were analysed and impressed in the box and 
whisker plot to distinguish the possible impact of lockdown 
(Fig. 6a-c).

Before lockdown and during the lockdown period of the 
study have been distinguished by the letter B and A, respec-
tively. Before lockdown, the mean concentration of PM1.0 and 
PM2.5 over IIT-DEL, GK, LR, MGS, RJ, SP and USE were 
89.29±45.51 µg.m-3, 57.07±32.70 µg.m-3, 90.01±40.72 µg.m-

3, 70.35±28.33 µg.m-3, 133.18±68.15 µg.m-3, 97.53±49.39 
µg.m-3, 121.31±54.03 µg.m-3 and 146.67±78.63 µg.m-3, 85.04 
± 51.02 µg.m-3, 162.04±91.42 µg.m-3, 124.75±57.26 µg.m-

3, 218.38±144.20 µg.m-3, 163±88.94 µg.m-3, 191.09±94.03 
µg.m-3, respectively (Fig. 5a and Fig. 5b). However, the 
mean concentration of PM1.0 in the above said locations was 
166±89.47 µg.m-3, 103.33±60.19 µg.m-3, 187.32±116.52 
µg.m-3, 134.78±63.75 µg.m-3, 283.46±161.89 µg.m-3, 
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200.83±112.21 µg.m-3, 205±105.07 µg.m-3, respectively as 
depicted in Fig. 6c.

The GW region was observed the lower PM concentra-
tion, i.e. 43.31±20.25 µg.m-3 (PM1.0), 66.55±29.94 µg.m-3 
(PM2.5), and 72.63±33.10 µg.m-3 (PM10) as compared to DEL 
during the span of before lockdown. The average PM2.5 and 
PM10 concentrations over the different study sites of DEL 
and GW regions were at higher side than the given limit of 
NAAQS (PM2.5 = 40 µg.m-3) and PM10=60 µg.m-3) (Jain et 
al. 2020). Before the lockdown situation, the highest PM1.0 
values were found over the RJ showing mean of 133.18 
µg.m-3 and is followed by USE, SP, LR, IIT, MGS and GW, 
respectively. The high interquartile range (RJ, USE, SP and 
LR) suggests that PM1.0 hold quite different concentration 
demonstrating the large spread (56.95-203.85 µg.m-3). The 
large upper whisker over the location IIT-DEL, SP and USE 
show that the PM1.0 concentration varies amongst the most 

positive quartile group. The upper parts of the scale, i.e. 
positive quartile group corresponding to almost all locations 
except RJ shows the pronounced variability in the concen-
tration of PM1.0, but in the case of the least positive quartile 
group, the concentration spread is relatively less. However, 
the box plots associated with the before lockdown period, 
show large concentration distributions of PM1.0 whereas 
the box plot accompanying during lockdown shows the 
slight dispersion that illustrates the extreme decline in the 
concentration of PM1.0.

As per the previous studies, PM2.5 comprises numerous 
unsafe constituents, which may enter into the lungs through 
the respiratory tract and hazardous to the human health, main-
ly to children and the elderly people (Daoru et al. 2018). The 
previously conducted study, expose the particulate matter as 
one of the prime reasons behind the destructive consequence 
on the human respiratory system by emphasizing to take 
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recurrent medical prescription (Anderson et al. 2012). The 
dissemination and variability of PM2.5 concentration have 
been summarized in box plots as depicted in Fig. 6(b). The 
highest mean concentration of fine particulate matter PM2.5 
(218.37µg.m-3) was observed over RJ during before lock-
down period and 63.41 µg.m-3 during the lockdown period. 
The extremely upper and lower whiskers (before lockdown) 
demonstrate the case of least quartile that corresponds to 
less pronounced behaviour of PM2.5 concentration due to the 
less number of data (4 days) over RJ region. The localities 
LR, SP and USE unveil the large upper whisker and show 
the noticeable inconsistency in the concentration of PM2.5.

As compared to the DEL region, the GW region (Fig. 
6b) elucidate the low mean PM2.5 concentration monitoring 
data, i.e. 73.51 µg.m-3 (13.98 µg.m-3-188.04 µg.m-3) associ-
ated to prior lockdown (GW-B) that drastically reduced to 
31.97 µg.m-3 (12µg.m-3-60.83 µg.m-3) due to the impact of 
lockdown (GW-A). The lockdown impact was responsible 
for the sudden fall in PM2.5 concentrations due to nationwide 
restriction on transport movement and industrial units that 
were associated with the emission of primary pollutants into 
the vicinity. Before the lockdown period, the corresponding 
locations of DEL and GW were high PM2.5 concentration 
which supports the finding of ambient PM2.5 concentrations 
greater than 60 µg.m-3 over New Delhi (Singh et al. 2011, 
Tiwari et al. 2014). This might be due to the location of the 
site that is close to traffic and residential pollution sources 
(Gulia et al. 2018, Kumar et al. 2017). As per the above 
findings, a very diverse pattern of PM  concentration has 
been observed in the studied region. Fig. 6(c) exposes the 
mean concentration of PM10 by showing the highest value 
over RJ (283.46 µg.m-3) trailed by USE (205.82 µg.m-3) and 

SP (200.83 µg.m-3) associated to before lockdown period 
that further started to deteriorate to 69.36 µg.m-3 (RJ), 58.64 
µg.m-3 (USE) and 53.59 µg.m-3 (SP) due to the lockdown 
effect. The location GW shows the mean concentration of 
72.63 µg.m-3 (before lockdown) and 34.28 µg.m-3 (during 
lockdown) and both are very close to the prescribed limit of 
60 µg.m-3 given by NAAQS.

COVID-19 and Associated Factor

DEL has been regarded as one of the epicentres for corona-
virus in India and to understand the rapid increase in COV-
ID-19 cases, it is important to understand the phenomenon 
and responsible factors for its spreading. The available data 
corresponding to COVID-19 along with T (°C), RH (%), 
and PM, the analysis over DEL has been conducted. The 
results of 2-tailed Bivariate Pearson correlation (Table 1), 
were applied among Total Cases (TC), Active Case (AC), 
Recovered Case (RC), PM1.0, PM2.5, PM10, T (°C), and RH 
(%) over DEL for the period 1 April 2020 to 15 May 2020.

Based on forty-five days data for period 1st April 2020 
to 15th April 2020, it was observed the average TC, AC, 
RC, DC as 3003±2393, 2137±1514, 821±877, 44±28 re-
spectively. During this period the mean concentration of 
PM1.0, PM2.5, and PM10  were 31.42 µg.m-3, 46.36 µg.m-3 
and 50.78 µg.m-3, respectively. However, the average T (°C) 
and RH (%) were 34.72°C and 27.86 % respectively. The 
Pearson correlation results (Table 1) over DEL revealed the 
considerable correlation of T (°C) with TC (0.57, p = 0), AC 
(0.59, p = 0), RC (0.51, p = 0) and DC (0.58, p = 0) related 
to COVID-19 and clearly indicates the increase in total and 
active COVID-19 cases due to elevation of T (°C). Due to 
the unavailability of the data related to the other features 

Table 1: Two-tailed Bivariate Pearson correlation among Total Cases (TC), Active Case (AC), Recovered Case (RC), PM1.0, PM2.5, PM10, Temp, and RH 
over DEL. (** shows here that Correlation is significant at the 0.01 level (2-tailed) and * showing that Correlation is significant at the 0.05 level (2-tailed).

2-tailed bivariate Pearson correlation

 TC AC RC DC PM 1.0 PM 2.5 PM 10 Temp RH

TC Pearson Correlation 1.00 0.99** 0.98** 0.93** 0.34* 0.21 0.16 0.56** 0.28

p-value  0.00 0.00 0.00 0.02 0.16 0.29 0.00 0.06

AC Pearson Correlation 0.99** 1.00 0.95** 0.92** 0.33* 0.20 0.15 0.58** 0.25

p-value 0.00  0.00 0.00 0.03 0.19 0.34 0.00 0.10

RC Pearson Correlation 0.98** 0.95** 1.00 0.92** 0.36* 0.23 0.18 0.52** 0.33*

p-value 0.00 0.00  0.00 0.01 0.12 0.24 0.00 0.03

DC Pearson Correlation 0.93** 0.92** 0.92** 1.00 0.32* 0.20 0.14 0.58** 0.26

p-value 0.00 0.00 0.00  0.03 0.20 0.37 0.00 0.08

RH Pearson Correlation 0.28 0.25 0.33* 0.26 0.09 0.06 0.03 -0.07 1.00

p-value 0.06 0.10 0.03 0.08 0.55 0.70 0.85 0.65  
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that contribute to affecting the rate of spread of COVID-19 
infection within a DEL region, the analysis does not point 
out towards temperature as a single one factor responsible 
for the transmission of COVID-19. As the increase in the T 
(°C) over DEL during April and May is also associated to the 
seasonal weather phenomenon, so it is difficult to declare the 
accurate association of T (°C) with the TC. The important 
finding related to the worthy positive correlation (0.51, p = 
0) of T (°C) and RC has been observed but the probability 
of a significant increase in RC with temperature alone is not 
reasonable to come at some conclusion. 

There is a relationship between RH (%) and the COV-
ID-19 virus persistence (Oliveiros et al. 2020 . Most viruses 
survive best at low RH (<40%) and extremely high RH 
(>90%). But, the relationship between the survival of the 
COVID-19 virus and relative humidity needs to be expli-
cated (Paul et al. 2020). Here, the RH (%) shows the least 
correlation with TC (0.28, p = 0.06), AC (0.25, p = 0.10), 
and DC (0.26, p = 0.08) and moderate correlation with RC 
(0.33, p = 0.03). Such a good correlation of RH (%) with 
RC suggests the slight positive influence of RH on RC. The 
lower humidity supports the aerosol particles to reduce its 
size to stay suspended in the air for a longer time. As in the 
existing months (April to May 2020), the mean RH (%) is 
lower (27.86 %) and the infection spread may be due to the 
suspended aerosol particles. In the case of COVID-19 virus 
dissemination, these suspended aerosols particles may play 
a major role in the transmission of the virus from one to 
another but up to some inadequate distance. To avoid this 
infection, the Government of India, declared the guidelines to 
maintain the social distancing as a well minimum of 1-meter 
distance with another person which was helpful to avoid the 
possibility of infection and a large increase in the number of 
TC (0.28, p = 0.06).

The increase of RH (%) with the presence of droplets 
in the atmosphere supports the heavy aerosol particles to 
settle down on the ground surface. So, in this case, when 

the infected person, coughs or sneezes in an open area, the 
aerosol droplets due to its heaviness starts to settle down on 
the surface and further contribute to transmitting the COV-
ID-19 virus through the surface contact.

Some earlier studies found the significant role of T (°C) 
and RH (%) responsible for the spread of many respiratory 
infectious diseases like influenza (Barreca et al. 2012, Lowen 
et al. 2007). Chen et al. (2020), reported that the cities with 
the prevalent transmission of COVID-19 virus were with high 
RH of 60-90% and low T (°C). To diagnose the influence 
of the concentration of particulate pollutants on the total 
number of COVID-19 cases, the spatio-temporal analysis 
(Fig. 7) was done. 

It was found that there was 154 number of confirmed 
cases of COVID-19 on dated 1 April 2020 which corresponds 
to the particulate mass concentration of 21.96 µg.m-3 (PM1.0), 
34.69 µg.m-3 (PM2.5) and 39.04 µg.m-3 (PM10). After 43 days 
(15th May 2020), the cases of COVID-19 in DEL reached up 
to a maximum number of 8470 with the increase of 98.02 %, 
and in the similar pattern the PM concentration also rapidly 
increased by 48 % (PM1.0), 40.47 % (PM2.5) and 38.02 % 
(PM10). The increase in the number of COVID-19 cases with 
the increase of particulate matter mass concentration over 
DEL suggests the influence of fine and coarse particulate 
matter on TC. The influence of variable sizes of PM on 
TC, AC, RC and DC were demonstrated using the Pearson 
correlation (r) and Sig. 2-tailed, i.e. p-values.

The PM of different sizes, i.e. PM1.0, PM2.5 and PM10 
demonstrated the correlation (r) with TC, AC, RC and DC 
(Table 1). The PM1.0 has the moderate correlation with TC 
(0.34, p = 0.02), AC (0.33, p = 0.02), RC (0.36, p = 0.01) 
and DC (0.32, p = 0.02) whereas PM2.5 and PM10 had least 
correlation value (r) with TC, AC, RC and DC as 0.21 (p = 
0.15), 0.19 (p = 0.19), 0.23 (p = 0.12), 0.19 ( p = 0.19) and 
0.16 (p = 0.29), 0.14 (p = 0.23), 0.18 (p = 0.23) and 0.13 (p 
= 0.36), respectively. Our studies indicate that PM1.0 is rela-
tively more associated with the various stages of COVID-19 
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patients, i.e. TC, AC, RC and DC as compared to PM2.5 and 
PM10. These findings suggest that, while direct COVID-19 
infection is vital track of transmission, the role of PM1.0 in 
virus transmission may play a significant character. The RH 
(%) was associated with the PM by signifying the correlation 
(r) as follows, i.e. 0.09 (PM1.0), 0.05 (PM2.5) and 0.03 (PM10). 
Also the Sig. (2-tailed), i.e. p values of 0.54, 0.69 and 0.84 
related to PM1.0, PM2.5 and PM10 respectively, demonstrate 
the extremely less influence of RH (%) on PM over DEL 
during the study period. 

CONCLUSION

The paper validates the effect of lockdown over Delhi and 
Gurgaon on the particulate matter in air. This is the first study 
that attempts to demonstrate the effects of meteorological 
factors in COVID-19 in DEL. It has been observed that prom-
inent effect of lockdown demonstrates the decline of 67.31%, 
70.29 % and 71.66 % over Delhi and 48.21 %, 51.82 %, and 
52.45 % over Gurgaon in PM1.0, PM2.5, and PM10, respec-
tively. In this study, the particulate matter, temperature and 
relative humidity justify special attention. Relative humidity 
(RH %) was found as a substantial parameter that showed a 
significant correlation with COVID 19 recovered cases. For 
the study period selected, the COVID-19 recovered cases in 
Delhi were observed to be favoured by lower mean relative 
humidity (27.86°C) that was validated through the moderate 
correlation of 0.33 (p = 0.03) with the recovered cases. Such 
correlation suggests the influence of relative humidity on 
COVID-19 recovered cases. Based on the dual character of 
RH (%) on the dispersion of COVID-19 virus, the increase in 
the number of COVID-19 cases in July and August through 
surface transmission can be predicted.

However, it is essential to declare that the present study 
presents a preliminary investigation and as per our observa-
tion, an extensive study with long term data might enhance 
the understanding between meteorological conditions and 
the COVID-19 transmissibility. 
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COVID-19 Coronavirus SP Shantipath

DEL Delhi GK Greater Kailash

GW Gurgaon LR Lodhi Road

PM Particulate matter WHO World Health Organi-
zation

T Temperature TC Total cases

RH Relative Humidity RC Recovered cases

IIT-DEL IIT-Delhi AC Active cases

USE US Embassy DC Death cases
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Singh
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