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Abstract

Background and purpose In late 2019, a novel infectious disease (COVID-19) was identified in Wuhan China, which turned into
a global pandemic. Countries all over the world have implemented some sort of lockdown to slow down its infection and mitigate
it. This study investigated the impact of the COVID-19 pandemic on air quality during 1st January to 30th April 2020 compared
to the same period in 2016-2019 in ten Iranian cities and four major cities in the world.

Methods In this study, the required data were collected from reliable sites. Then, using SPSS and Excel software, the data were
analyzed in two intervals before and after the corona pandemic outbreak. The results are provided within tables and charts.
Results The current study showed the COVID-19 lockdown positively affected Iran’s air quality. During the COVID-19 pan-
demic, the four-month mean air quality index (AQI) values in Tehran, Wuhan, Paris, and Rome were 76, 125, 55, and 60,
respectively, which are 8 %, 22 %, 21 %, and 2 % lower than those during the corresponding period (83, 160, 70, and 61) from
2016 to 2019.

Conclusions Although the outbreak of coronavirus has imposed devastating impacts on economy and health, it can have positive

effects on air quality, according to the results.
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Introduction

Millions of people have been affected by coronavirus disease
2019 resultant from severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) worldwide since its arrival in
December 2019 in Wuhan, China [9]. Coronavirus quickly
spreading all over China and to other countries was officially
termed as coronavirus disease 2019 (COVID-19) by the
World Health Organization (WHO) [13]. Within five months,
the disease had affected more than 210 countries, becoming a
global pandemic and bringing devastating consequences [23].
The disease may have symptoms including shortness of
breath, and cough in addition to fever [8]. As of July 22,
2021, there were 192,853,619 confirmed cases and
4,142,788 deaths (https://www.worldometers.info/
coronavirus/). Lockdown measures were run all over the
world for reducing the spread of SARS-CoV-2, with various
timing and severity based on the start of the epidemiological
crisis and the infections evolution. A unique opportunity is
presented by shifts in human mobility patterns caused by the
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enforced confinement/ lockdown related to the COVID-19
pandemic to recognize the impacts of human existence on
urban and background air quality. It also advances our com-
prehension on air pollution [18].

Iran has been one of the most affected countries, which
raises the question as to what the impact has been on air
quality as many cities such as Tehran are usually extremely
polluted. By initiating the worldwide COVID-19 pandemic,
reduction has been observed in air pollution in some parts of
the world compared to the conditions before and within the
COVID-19 crisis [14]. There has been a moderate to signifi-
cant lowering of air pollution in most parts of the world in-
cluding China, Italy, and California [2]. In addition to partic-
ulate pollutants, greenhouse gas emissions have also fallen
across continents [11]. Regarding greenhouse gas emissions,
72 and 11 % of the transport sector’s greenhouse gas emis-
sions are accounted for by driving and aviation, respectively
[16]. A reduction in NO, pollution was first apparent near
Wuhan, but spread across the rest of the country, and eventu-
ally worldwide. In central China, NO, emissions were re-
duced by as much as 30 % [17]. CO, emissions, another
common tracer of air pollution [10], decreased by 25 % in
China and by 6 % worldwide [6].

The Air Quality Index (AQI) is used by government agen-
cies to communicate to the public how polluted the air cur-
rently is and provides warnings about short-term or long-term
effects of air pollution on public health. The establishment of
ambient air quality standards can provide a basis for and guar-
antee the management of ambient air quality in order to pro-
tect human health, maintain ecological environmental safety,
and promote harmonious, sustainable development that pro-
tects people, society, and nature [25]. The aim of this study
was to investigate the effect of COVID-19 lockdowns on the
ambient air quality in Iran’s largest cities, and contextualized
by comparing their results to Wuhan, Rome, Madrid, and
Paris.

Materials and methods
Study area
In order to achieve the purpose of this study, ten populated

cities were selected in Iran in addition to four major cities
outside Iran (Fig. 1; Table 1).

AQI Data

To describe the air pollution level in each Iranian city, we
obtained AQI data for four first months (1st January to 30th
April) 2016-2020 from the Iran National Air Quality
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Monitoring System (http://agms.doe.ir). Related information
for cities outside Iran was collected from the World Air
Quality Index project (https://waqi.info). According to the
United States Environmental Protection Agency (US EPA),
the AQI is based on the level of six atmospheric pollutants:
sulfur dioxide (SO,), nitrogen dioxide (NO,), suspended
particulates (PM, 5, PM;,), carbon monoxide (CO), and
ozone (O3). Based on the concentrations of each pollutant,
an Individual Air Quality Index (IAQI) score is assigned
(Eq. 1), and the final AQI is the highest of these six scores
(Eq. 2). A higher AQI signifies more atmospheric pollutants in
air and a higher level of air pollutions [19, 20].

Thigh — Liow
IAQI, = """ (Cp, — Ciony) + Liony 1
Q ’ Chigh = Clow ( r ! ) : ( )
AQ] = max(Il,Iz, ,In) (2)

IAQIp: the air quality sub index for air pollutant p.

Cp: the concentration of pollutant p.

Clow: the concentration breakpoint that is < Cp.

Chign: the concentration breakpoint that is > Cp.

Iow: the index breakpoint corresponding to Cg.

Lhigh: the index breakpoint corresponding to Chigp.

AQI values vary from “0” to “500” and its magnitude is
proportional to pollutant concentrations in ambient air; there-
fore, higher AQI values indicate more serious health implica-
tions. If the AQI is greater than “100,* then the air quality is
becoming unhealthy for certain groups (Jassim & Coskuner,
2017).

Results and discussion

In the present study, data over a 5-year period were analyzed.
Table 2 presents the minimum, maximum, and average of
AQI from Jan-Apr 20162019 and Jan-Apr 2020 in ten
Iranian megacities. Statistically significant differences be-
tween the two periods are denoted by p values below 0.05.
In Tabriz, the minimum, maximum, and mean of AQI from
Jan-Apr 20162019 were 41, 191, and 93 respectively. These
values for the same period in 2020 were 21, 145, and 64
respectively. The AQI average during Covid-19 was 31 %
lower in comparison to 2016-2019, and this change was sta-
tistically significant (P < 0.0001). In Ahvaz, one of the most
polluted cities in Iran, the AQI maximum in Jan-Apr 2016—
2019 was 216, which is classified as “very unhealthy”, but this
value decreased to 165 in 2020. Consequently, the AQI max-
imum changed from “very unhealthy” to “unhealthy”.
Furthermore, the mean AQIs in Jan-Apr 2016-2019 and
2020 were 111 and 95, respectively; therefore, there was a
change from “unhealthy for sensitive groups” to “moderate”.
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Fig. 1 Location of four cities (11; Wuhan, 12; Madrid, 13; Rome, 14; Paris) and Iranian megacities

In Tehran, the capital of Iran, the minimum and average AQI
in Jan-Apr 2020 exhibited a 37 and 8 % decrease in compar-
ison to the same period in 2016-2019. In Kermanshah, mean
of AQI in Jan-Apr 2016-2019 was in the “moderate” category,
but during Covid-19 pandemic changed to being “good”.
Figure 2 compares AQI averages between Jan-Apr 2016—
2019 and Jan-Apr 2020 for the same ten Iranian cities. For
example, the average AQI in Ahvaz in Jan-Apr 2020 was 95,
which was 14.4 % lower than that during the period from
2016-2019 (AQI = 111). The AQI in Shiraz was 69 in
Jan-Apr 2020 and 15 % lower than that during the period

Table 1 Populations and geographic coordinates of the studied
megacities

No. City Population Longitude latitude

1 Tehran 8,693,706 518,239 E 358419 N
2 Mashhad 3,001,184 598,369 E 368,169 N
3 Isfahan 1,961,260 518,399 E 328,399 N
4 Karaj 1,592,492 508,569 E 358,509 N
5 Shiraz 1,565,572 528,349 E 298,369 N
6 Tabriz 1,558,693 468,169 E 388,069 N
7 Qom 1,201,158 508,529 E 348,389 N
8 Ahvaz 1,184,788 488,409 E 318,199 N
9 Kermanshah 946,651 478,049 E 348,199 N
10 Arak 520,944 498,429 E 348,059 N
11 Wuhan 9,785,388 1148179E 308,359 N
12 Madrid 3,255,944 38,429 W 408,259 N
13 Rome 2,318,895 128,299 E 418,549 N
14 Paris 2,138,551 28219 E 488,519 N

from 2016-2019 (AQI = 81). The AQI in Tabriz for
Jan-Apr 2020 was 64, which was 31 % lower than that during
the period from 2016-2019 (AQI = 93). In Qom and
Mashhad, the average AQIs showeda2 % anda 6 % decrease
during Covid-19 pandemic in comparison to Jan-Apr 2016—
2019 (p = 0.582 and p = 0.013). In Jan-Apr 2020, the AQI
average in Arak decreased from 84 to 69 (p = 0.000) in the
same period in 2016-2019. As shown in Fig. 2a, the highest
and lowest changes in AQI were seen in Kermanshah (48 %)
and Isfahan (-13 %), respectively. Figure 2b presents the
four-month average distribution of AQI classes in ten cities
in Iran. As expected, Ahvaz had the highest AQI before and
after coronavirus pandemic.

The four-month average distribution of AQI classes in cap-
ital of Iran and cities outside Iran are illustrated in Fig. 3. In
Tehran, the proportions of AQI classes I, II, I1I, IV, V, and VI
were 0 %, 77 %, 23 %, 0 %, 0 %, and 0 %, respectively,
during Jan-Apr 2016-2019. These same classes in Jan-Apr
2020 accounted for 13 %, 72 %, 14 %, 1 %, 0 %, and 0 %
of the total data points, respectively. Compared with the aver-
age AQI in Jan-Apr 20162019, the AQI Class I in Jan-Apr
2020 increased to 13 %:; Class Il decreased to 72 %; and Class
III decreased to 14 %. In Jan-Apr 2016-2019, in Wuhan, the
most polluted city in this study, there was no AQI classes I and
11, but class II increased to 20 % during COVID-19. On the
other hand, “very unhealthy” and “unhealthy” categories
showed a 4 % and a 33 % decrease, respectively, in
Jan-Apr 2020. In Rome, the capital of Italy, class I increased
from 15 % in 20162019 to 36 % in 2020. Furthermore, the
“moderate” category showed a 34 % decrease during
COVID-19 in comparison to Jan-Apr 2016-2019. In Paris,
the “good” category in Jan-Apr 2016-2019 was 8 %, but
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Table 2 Descriptive statistics of

AQI from 2016 to 2019 and City Jan-Apr 2016-2019 Jan-Apr 2020 P-Value

during COVID-19 in Iranian

megacities Min Max Mean +SD Min Max Mean +SD
Tabriz 41 191 93 45 21 145 64 24 P<0.0001
Isfahan 40 153 75 24 50 153 85 23 P=0.000
Karaj 36 121 77 16 13 146 68 25 P=0.001
Tehran 51 131 83 17 32 150 76 23 P=0.001
Mashhad 50 123 81 13 22 142 76 27 P=0.013
Ahvaz 66 216 111 35 43 165 95 30 P=0.000
Shiraz 41 122 81 18 29 180 69 22 P=0.000
Qom 33 183 70 26 13 220 69 35 P=0.582
Kermanshah 37 169 85 39 9 272 44 30 P=0.000
Arak 49 183 84 26 25 147 69 26 P=0.000

The p values represent the significance level of the difference between the mean AQIs between the two time periods

increased to 49 % in the same time in 2020. In Madrid, the
capital of Spain, the proportions of classes I, II, III, IV, V, and

VI in Jan-Apr 2016-2019 were 62 %, 38 %, 0 %, 0 %, 0 %,
and 0 %, respectively. Compared with the average AQI in
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Fig. 2 Bar chart comparison of AQI averages in Iranian cities before and after the COVID-19 pandemic (a). Stacked column chart contrasting Iran’s

ambient air quality during the study period (b)
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Fig. 3 Four-month average distribution of AQI before and after COVID-19 pandemic outbreak in Tehran and other global cities

Jan-Apr 20162019, AQI Class I in Jan-Apr 2020 decreased to
41 %, and AQI Class II increased to 56 %.

Figure 4 compares AQI averages between Jan-Apr 2016—
2019 and Jan-Apr 2020 for Tehran and four major cities out-
side Iran. Tehran’s AQI in Jan-Apr 2020 was 76, which was 8
% lower than that during the period from 2016 to 2019 (AQI
= 83). The AQI in Wuhan in Jan-Apr 2020 was 125, which
was 22 % lower than that during the period from 2016 to 2019
(AQI = 160). Because the coronavirus was first detected in
China, and resulted in a strict lockdown of Wuhan followed
by mobility restrictions throughout the country, more studies
focus on air pollution in China than other countries. Xu et al.
[26], Wang and Su [24], Shi and Brasseur [21], Cole et al. [4],
Fan et al. [7], and Almond et al. [1] all found that lockdowns
and strict restrictions on economic activities in the city of
Wuhan and other regions of China significantly reduced the
level of major air pollutants. Shi and Brasseur [21] calculated
that surface PM, s and NO, levels decreased by 35 and 60 %,
respectively, in northern China during the COVID-19 pan-
demic. Such a large short-term drop in air pollution is unprec-
edented in China, with only the strict regulations put in place
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Fig. 4 Comparison of AQI averages in Tehran and cities outside Iran. *:
p < 0.0001, **: p = 0.008, ***:p = 0.77

during the 2008 Beijing Olympics producing comparable re-
ductions [3]. However, most of these studies also found that
O; increased by as much as a factor of 2 due to reductions in
nitrogen oxides. Studies of the effect of COVID-19 in China
[7, 21], Milan, Italy [5], and Delhi, India [15] have also re-
ported increases in NO, and other pollutants with concomitant
reductions in O3 [7, 21]. Ground-level O3 can be diminished
by nitrogen oxides, so it is not uncommon to measure de-
creases in O3 when levels of NO, rise [12, 21]. However, in
some European cities where the sources of pollution are more
varied such as from residential and commercial buildings,
industrial activities, and road traffic, the changes are less ap-
parent as such emissions could have continued despite lock-
down [22].

Conclusions

During the COVID-19 outbreak, there was a dramatic de-
crease in human activities, resulting in significant reductions
in pollutant levels in the atmosphere. In this study, we used
AQI data to investigate the impact of the COVID-19 outbreak
on air quality. We compared AQI mean values in
January-April 2016-2019 with those from January-April
2020. The current study showed that the COVID-19 pandemic
positively affected ambient air quality in Tehran, Mashhad,
Ahvaz, Tabriz, Shiraz, Arak, Qom, Kermanshah, and Karaj,
but Isfahan showed a reverse trend. Compared to Madrid,
Paris, and Rome, Wuhan experienced the greatest reductions
in AQI (22 %) in January-April 2020. The results demonstrate
that it is possible to have significant air quality improvement
by effective traffic control programs along with promoting
green commuting and the technologies to expand remote
working. Although the COVID-19 control measures restricted
travel freedom and economic development and forced people
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to conduct many activities remotely, a benefit has been im-
provement in ambient air quality.
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