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Abstract

The World Health Organization declared the outbreak of the novel coronavirus (COVID-19) as a pandemic on
March 11, 2020. Due to the global threat, many countries impose immediate lockdown. The impact of lockdown on
the environmental pollutants and climate indicators gained considerable attention in the literature. This study aims to
describe the variations in the environmental pollutants (CO, NO,, SO,, PM, s and PM;,) with and without the
lockdown period in the majorly hit states and provinces of the USA and China, respectively. Data during the first
quarter year of 2019 and 2020 (lockdown period) was used in this study. Moreover, the effect of these pollutants on
the pandemic spread was also studied. The results illustrated that the overall concentrations of CO, NO, and PMj, ;5
were decreased by 19.28%, 36.7% and 1.10%, respectively, while PM;, and SO, were increased by 27.81% and
3.81% respectively in five selected states of the USA during the lockdown period. However, in the case of chosen
provinces of China, overall, the concentrations of all selected pollutants, i.e., CO, NO,, SO,, PM, s and PM,,, were
reduced by 26.53%, 38.98%, 18.36%, 17.78% and 37.85%, respectively. The COVID-19 reported cases and deaths
were significantly correlated with NO,, PM, s and PM;, in both China and the USA. The findings of this study
concluded that the limited anthropogenic activities in the lockdown situation due to this novel pandemic disease result
in a significant improvement of air quality by reducing the concentrations of environmental pollutants. As the trend
goes on, the reduction of most pollutant concentrations is expected as long as partial or complete lockdown goes on.
Keywords Coronavirus - Environmental gradients - USA - China - PM, 5 - PMq

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11869-020-00888-6) contains supplementary
material, which is available to authorized users.

Department of Chemistry, Lahore College for Women University,
Lahore, Pakistan

P4 Taimoor Hassan Farooq
taimoorhassan2055 @ gmail.com

>< Wende Yan

csfuywd@hotmail.com 5 CAS-Key Laboratory of Crust-Mantle Materials and the

Environments, School of Earth and Space Sciences, University of
Science and Technology of China, Hefei 230026, People’s Republic

Department of Environment and Soil Sciences, University of Lleida, of China

Avinguda Alcalde Rovira Roure 191, 25198 Lleida, Spain

College of Life Science and Technology, Central South University of 6

School of Statistics and Applied Mathematics, Anhui University of
Forestry and Technology, Changsha 410004, Hunan Province,

Finance and Economics, Bengbu 233030, People’s Republic of

People’s Republic of China

National Engineering Laboratory for Applied Technology of
Forestry and Ecology in South China, Changsha 410004, Hunan
Province, People’s Republic of China

China

School of Biological Sciences, Faculty of Environmental and Life
Sciences, University of Southampton, Southampton, UK

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11869-020-00888-6&domain=pdf
http://orcid.org/0000-0001-5478-1533
https://doi.org/10.1007/s11869-020-00888-6
mailto:taimoorhassan2055@gmail.com
mailto:csfuywd@hotmail.com

1336

Air Qual Atmos Health (2020) 13:1335-1342

Introduction

COVID-19 infected cases were first reported in the last
December in Wuhan, China (Gautam 2020; Huang et al.
2020; Tomar and Gupta 2020). It was a third outbreak of coro-
navirus after the severe acute respiratory syndrome (SARS) and
the Middle East respiratory syndrome (MERS). A public health
emergency was declared by the World Health Organization
(WHO) on January 30, 2020 keeping in view the international
concern. (Bashir et al. 2020a; WHO 2020). Initially, different
case studies reported that COVID-19 had shallow fatality rate
(2.3%) (Shi et al. 2020; She et al. 2020) as compared to MERS
(34.4%) and SARS (9.2%) (Wu et al. 2020; Ceccarelli et al.
2020). Nevertheless, a research study found that the number of
COVID-19 patients doubled every 6.4 days, identifying that
COVID-19 was a much more dangerous and infectious disease
than expected (Wu et al. 2020).

The COVID-19 was reported to have reached the USA in
early January 2020. In the USA, the first confirmed COVID-19
case of local transmission was found on January 15, 2020, in
Washington state (Bashir et al. 2020b; Ghinai et al. 2020), and
COVID-19 spread quickly throughout the country. California,
Florida, Louisiana, North Carolina and Alabama states were
the some of most infected states with the maximum number
of cases and deaths in the USA. As of July 15, 2020, the total
number of cases and deaths in California, Florida, Louisiana,
North Carolina and Alabama states were 329,162 (7086),
282,435 (7277), 79,827 (3315), 87,528 (1510) and 55,545
(1124), respectively. On the other hand, the current situation
in China may be different as the number of new cases and the
death toll dropped significantly due to lockdown measurements
(Bao and Zhang 2020). China has reported zero new cases for
the first time since January on April 15, 2020.

Human health was significantly affected by air pollution.
Globally, according to the State of Global Air Report 2019, air
pollution approximately killed 5 million people in 2017, and
the USA and China ranked among the top 10 countries with
the maximum mortality rate (Health Effects Institute (HEI),
https://www.healtheffects.org/). In addition to human-to-
human transmission, environmental parameters play an im-
portant role in terms of transmission, distribution viability,
the timing of infections and range of viruses spread (Anser
et al. 2020; Lemaitre et al. 2019; Sahin 2020; Shi et al. 2020;
van Doremalen et al. 2013; Zhu et al. 2020).

The majority of the world population faced lockdown dur-
ing these hard times. By this nationwide COVID-19 lock-
down, transport, as well as industrial activities, significantly
reduced. Besides the possible side effects of this unprecedent-
ed lockdown, environmental pollution drastically decreased in
many countries. In India, as a result of lockdown, the air
pollution in 88 cities across the country dramatically reduced
down only after four days of commencing lockdown (Mahato
et al. 2020; Sharma et al. 2020). European Space Agency
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(ESA) and National Aeronautics and Space Administration
(NASA) pollution monitoring satellites have identified signif-
icant reductions in NO, emissions over Italy during the lock-
down period (ESA 2020; Muhammad et al. 2020; NASA
2020). Similarly, the IESM (Institute of Environmental
Science and Meteorology) reported that the emissions of
PM;q and PM, 5 were reduced due to decreased industrial
activities as a result of lockdown measurements.
Additionally, Finland’s center for research on energy and
clean air studied and accounted that almost 25% of CO, emis-
sions reduced due to factory closures and travel restrictions in
China (Carbon Brief 2020).

Since COVID-19 is an acute respiratory disease and could
remain feasible in aerosols for hours (van Doremalen et al.
2020), the main objectives of this study are to investigate the
effect of reduced human activities and lockdown on environ-
mental indicators and changes in air quality in the USA and
China, and to examine the correlation between COVID-19
spread and the environmental pollutants in those respective
states and provinces. Data about the various air pollutants such
as CO, NO,, SO,, PM, 5 and PM,, was used (Abdul-Wahab
et al. 2020).

Methods

According to our objectives, California, Florida, Louisiana,
North Carolina, and Alabama were selected from the USA.
While Hubei, Beijing, Shanghai, Guangdong, and Zhejiang
were chosen from China, these provinces were considered as
the industrial hubs in China and they were also among the worst
hit by COVID-19 (Kucharski et al. 2020; Leung et al. 2020).

To perform the comparison study between pollutants in the
first quarter of 2019 and 2020, data was collected between
January 1 and April 30 of 2019 and 2020 from an online
platform of the Environmental Protection Agency (EPA)
(https://www.epa.gov/) and the MEE (http://datacenter.mee.
gov.cn/) websites for the USA and China, respectively. In
this study, daily 24-h concentrations of pollutants such as
carbon monoxide (CO), nitrogen dioxide (NO,), sulfur diox-
ide (SO,), PM, s and PM, were measured. For the USA,
concentrations were taken between March 19, 2019 to April
30, 2019, and March 19, 2020 to April 30, 2020 (this was the
lockdown time in the USA). While for China, environmental
indicators concentrations were taken between Jan 23, 2019 to
March 29,2019, and Jan 23, 2020 to March 29, 2020 (this was
the lockdown time in China).

The data of confirmed COVID-19 cases and deaths of the
USA were retrieved from the official website of the Centers
for Disease Control (CDC) (https://www.cdc.gov/). While for
China, data on COVID-19, including the number of
confirmed cases and deaths, were extracted from the China
National Health Commission website (CNHC, http://www.
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nhc.gov.cn/). To find the association between COVID-19 and
environmental pollutants, COVID-19 data between January
18, 2020 to March 25, 2020, for China and March 1, 2020
to April 30, 2020, for the USA was used. As the data was not
normally distributed, therefore, Spearman and Kendall rank
correlation tests were used to determine the correlation be-
tween variables.

Results and discussion

Changes in air quality and environmental pollutants

Data in Table 1 shows the reduction percentage of daily
concentration of environmental pollutants in the first

Table 1  Percentage of reduction of the environmental pollutants
(average concentration) in the first quarter of 2019 and 2020 among the
significantly hit states of the USA and China (VA= not available)

Pollutant Reduction % Reduction %
California Hubei
CO (ppm) NA 11.02
NO, (ppb) 4422 4921
SO, (ppb) 88.7 9.33
PM, 5 (ug/m®) 27.67 16.20
PM,, (ug/m®) 19.86 31.0
Florida Beijing
CO (ppm) 470 11.02
NO, (ppb) 35.41 25.64
SO, (ppb) 73.33 42.64
PM, 5 (ug/m®) 33.72 6.48
PM; (ug/m®) 32.29 79.07
Louisiana Shanghai
CO (ppm) 3333 18.21
NO, (ppb) 61.16 43.78
SO, (ppb) 82.26 31.19
PM, 5 (ug/m?) 10.83 26.60
PM,, (ug/m’) - 61.64 29.14
North Carolina Guangdong
CO (ppm) 12.59 25.69
NO, (ppb) 29.24 32.38
SO, (ppb) -39.89 -10.32
PM, 5 (ug/m”) 2921 19.82
PM;, (ug/m®) 35.17 26.41
Alabama Zhejiang
CO (ppm) NA 66.83
NO, (ppb) NA 43.89
SO, (ppb) 88.70 18.96
PM, 5 (ug/m®) 30.71 19.78
PM,, (ug/m®) NA 23.62

quarter of 2019 and 2020 in the five states/provinces of
the USA and China.

Figure 1 shows the concentrations with and without lock-
down in the studied states of the USA. In California, the con-
centrations of all five pollutants significantly decreased during
the lockdown period than the previous year. The maximum
reduction (23.1%) in the concentration was observed in NO,.
Moreover, 19.6% and 17.7% reductions were detected in
PM,( and PM, s, respectively. In Florida, a higher reduction
was observed in NO, concentration (21.1%), and almost sim-
ilar reductions were reported in both CO and SO, concentra-
tions. Moreover, in the PM, 5 and PM;, concentration,
32.29% and 33.72% reduction was observed. In Louisiana,
the concentrations of CO, NO,, SO, and PM, 5 were de-
creased with 36.3%. 59.8%, 8.28% and 22.2%, respectively.
While PM,, had a 24.5% increase as compared with the pre-
vious year. The increase in the concentration of PM;, might
be due to anthropogenic sources (Klimont et al. 2017). In
North Carolina, significant reductions were seen in all envi-
ronmental pollutants except for SO,. The maximum reduction
was observed in PM, 5 (30.8%) than other pollutants. On the
other hand, PM, 5 significantly increased up to 23.8% in
Alabama state.

As we all know, China was the first country that reported
COVID-19 patients in the Wuhan seafood market (Nishiura
et al. 2020). As of January 19, 2020, the Chinese authorities
declared a public health emergency, and then Wuhan
underwent a complete lockdown. Environmental pollutants
were significantly affected by lockdown measurements.
Overall, an apparent reduction can be seen in the first quarter
0f 2020 as compared with 2019. Figure 2 represents the com-
parisons of the average concentrations of environmental pol-
lutants in the first quarter of 2019 and 2020 among the differ-
ent provinces of China.

In China, in all five provinces, the environmental pollutants
significantly decreased during the lockdown period as com-
pared to a similar period of 2020. In Hubei, the reduction
concentrations were 11.02%, 49.21%, 9.33%, 16.20% and
31% for CO, NO,, SO,, PM, 5 and PM; respectively (Fig.
2). Beijing is the capital of China, with 21.54 million popula-
tions and air pollution significantly affected the community in
this city. During this pandemic period, air pollution signifi-
cantly decreased as compared with the previous year. The
concentrations of PM, 5 in Beijing, Shanghai, Guangdong
and Zhejiang decreased by 6.48%, 26.6%, 19.82% and
19.78%, respectively, while PM;, decreased by 79.07%,
29.14%, 26.41% and 23.62%, respectively. In Shanghai, the
reductions in the concentrations of CO, NO, and SO, were
18.21%, 43.73% and 31.19%, respectively. Similar conclu-
sions can be derived from Guangdong and Zhejiang
provinces.

Globally, air pollution dramatically decreased due to un-
precedented lockdown (Bao and Zhang 2020). According to
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our results, significant concentrations of pollutants were re-
duced in the first quarter year of 2020 as compared with 2019
(Figs. 1 and 2). Our results were similar to recent research
studies (Bao and Zhang 2020; Sharma et al. 2020). In Italy,
NO, concentrations were decreased during the lockdown pe-
riod (Reuters 2020). According to Sharma et al. (2020), con-
centrations of PM,,, PM, 5 and NO, were reduced in north
India, clearly showing the positive effect of lockdown on air
quality measurements. During the COVID-19 pandemic, al-
most every country closed its industrial as well as commercial
activities to stop the spread of the COVID-19. This might be
the main reason for the reduction of environmental pollutants.
Wang et al. (2020) found that the concentration of environ-
mental pollutants, especially PM, s, significantly decreased
due to the suspension of industry and transportation in China.

Correlation coefficient analysis was used to reveal the in-
teraction between pollutants (first quarter of 2020) of states
and provinces of the USA and China, respectively (Fig. 3). In
the USA, all five environmental pollutants showed strong as-
sociations with states except SO, (Fig. 3a). However, in
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China, CO, SO,, PM, 5 and PM10 had shown a positive cor-
relation with each other, but a negative correlation was ob-
served in NO, (Fig. 3b).

Association between COVID-19 and environmental
pollutants

In the USA, the number of confirmed COVID-19 cases and
deaths increases rapidly than China. As of June 15, 2020, a
total of 3,296,599 confirmed cases with 134,884 deaths had
been reported by the Centers for Disease Control (CDC)
(https://www.cdc.gov/) in the USA. It might be possible that
environmental pollutants play an important role in the
transmission of COVID-19 disease. Table 2 shows the empir-
ical results of the association between COVID-19 (cases and
deaths) and environmental pollutants across all the study
states and provinces of the USA and China, respectively.

Statistical significance at the *P < 0.05; **P < 0.01;
#*EP < 0.001
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Table 2 The correlation coefficient between COVID-19, confirmed
cases and deaths across all the study states and provinces of the USA
and China, respectively

USA China

Pollutants Cases Mortality Cases Mortality
Spearman correlation coefficient

cO -0.024 —0.044 0.186 —-0.053
NO, —0.067* —0.1397%* —0.516%* — 0.3977%k:%
SO, 0.018 0.115 -0.161 —0.088
PM, 5 —0.392% —0.263%* —0.081 % —0.166*
PM;o 0.086* 0.356%%* — 0.529%k* — 0.5077%%*
Kendall correlation coefficient

cO -0.015 -0.024 0.153 -0.034
NO, —0.042 —=0.095 — (0.353 %k — 0.2735%k%
SO, 0.013 0.077 -0.112 —0.533
PM, 5 —0.279%* —0.184* —0.0497%* —0.112%
PM,o 0.053* 0.233 %% —0.362%#* —0.360%**

mortality rates in both Spearman and Kendall correlations. In
China, statistical analysis showed that NO,, PM, 5 and PM,
had a significantly positive correlation with COVID-19 cases
and deaths in both Spearman and Kendall correlations
(Table 2).

After continuous scientific research, clear shreds of evi-
dence are showed that human health was significantly affected
by air pollution, particularly in urban areas. Bashir et al.
(2020a) studied and analyzed that CO, PM, 5, PM;, and
SO, were positively associated with COVID-19 cases and
deaths in the California state. Xiao et al. (2020) also found a
strong correlation between environmental pollutants and
COVID-19. He also proposed that only 1 pg m ° increase in
the concentration of PM, 5 can increase up to 15% in the
fatality rate. A study from Thailand showed that CO, PM,,
NO,, O3 and SO, significantly increased the risk of respirato-
ry diseases (Phosri et al. 2019). Yao et al. (2020) also analyzed
the spatial correlation of PM, 5 and PM;, and the COVID-19
casualty rate by using multiple regression methods in China
and found that PM, 5 and PM,, with higher concentration had
a positive association with COVID-19 deaths. Zhao et al.
(2019) studied and showed that highly pathogenic avian in-
fluenza (HPAI) virus was carried by fine particulate matter
(PM, 5) in Iowa state, from infected places both within a
state and neighboring states. On March 16, 2020, Setti et al.
(2020a) published a study and found that an airborne route
was a possible additional factor for interpreting the anomalous
COVID-19 outbreaks notified in Northern Italy, known to be
one of the European areas characterized by highest PM con-
centration. Another research study showed that a higher con-
centration of PM;o (> 50 ng m °) results in a spread acceler-
ation of COVID-19, suggesting a “boost effect” for the viral
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infection (Setti et al. 2020b). Additionally, the other re-
searchers showed that pollution caused by PM;, affects the
prognosis of COVID-19 patients (Bashir et al. 2020a). On the
other hand, Bernardini et al. (2020) studied the association
between environmental pollutants (CO, NO,, O3, and PM)
and COVID-19 in Italy and found a significant positive cor-
relation between them. Likewise, other researchers such as
Adach et al. (2020), Ha (2020), and Zhu et al. (2020) also
observed similar findings. This evidence supports our study
and suggests that COVID-19 might spread through environ-
mental pollutants.

This study may have some limitations. Firstly, we studied
the association between COVID-19 infection and environ-
mental pollutants, but our findings were not globally represen-
tative as we only included five states and five provinces of the
USA and China, respectively. Secondly, in this study, we
could not examine the impact of all elements of lockdown
measurements (smart lockdown or complete lockdown) due
to the lack of data availability. Thirdly, this study did also not
include age or gender-specific COVID-19 confirmed cases
and deaths; therefore, we could not perform subgroup analy-
ses. Future studies should address these limitations.

Conclusions

The study includes the comparison release of environmental
pollutants (CO, NO,, SO,, PM, 5 and PM,) in the first quar-
ter of 2019 and 2020 with a lockdown period of five states of
the USA and five provinces of China. The results suggest that
restricted human activities during the lockdown period have
significantly reduced the concentrations of environmental pol-
lutants in both countries. Among selected pollutants, NO,,
PM, 5 and PM;, were observed significantly correlated with
COVID-19 disease. The study helps to understand the impli-
cation of restricted anthropogenic activities in the reduction of
environmental pollutants and to speculate the execution of
some meticulous measures to improve the air quality.
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