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Air Pollution and COVID-19 Lockdown

Abstract

This review will shed the light on the relationship between COVID-19 infection rates and
air pollution. TIt focuses broadly on the impact of lockdown on air quality over major cities
across the globe during the COVID-19 pandemic lockdown. This concept will be covered
via answer many open questions about the new COVID-19 problems. A quick look about
the types of air pollutants and their health effects and supply a comprehensive knowledge
in the air pollutants transport and multiple exposure pathways are explained. This review
will elucidate the severe COVID-19 infections issues associated with different types of air
pollutants. Additionally, it will discuss in details the impacts of short-term lockdown during

COVID-19 and air quality in major cities around the world.
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Introduction

The Corona Virus (COVID-19) has become a global public health
problem. Recent studies found that air quality is a risk factor for
respiratory infection by carrying microorganisms and affecting body’s
immunity. This review aimed to search the relationship between air
quality and the infection caused by the novel corona virus. Sources
of air pollution. Air pollutants were classified according to origin
into (Figure 1): i) natural sources (volcans, wildfires and storms)
pollutants; and ii) anthropogenic sources (vehicles emission, biomass

combustion, fossil fuel combustion, power plants, shipping emissions,
industrial activities, sewage treatments, home and building heating,
and agricultural activities) pollutants.! These sources do not produce
pollutants directly (primary emissions) only, but they also produce
secondary pollutants. People spend most of their time indoors (e.g.,
home, offices, shops and schools), exposure to indoors pollutants
is important. Next to outdoor pollution penetrating indoors, several
indoor sources exist such as cooking, smoking, woodstoves and
fireplaces, and candle burning.'

Figure | Sources of air pollution.'

Air pollutants transport and multimedia exposure

The term environment, in general, covers the physical surroundings
that are common to everybody including air, water, land, plants and
wildlife. Humans are exposed, in general, to a multitude of potentially
hazardous chemicals in air, food, soil and water.? Air pollution can
pose a significant health hazard to humans, and is toxic to plants and
animals where concentrations exceed the tolerance of the organism.

Air is the major initial recipient of air quality, from where they are
then transported through to environmental media (soil, water, and
food). Air pollutants can reach humans by direct inhalation and
ingestion of contaminants in air, food, water, soil and dust.** Post
air pollutants emissions; they disperse directly into living organisms,
air, water, soil and food, with variable dispersion rates and patterns
pathways depending on pollutants budget. It is affected by:®
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I.  Meteorological parameters (e.g. atmospheric stability and
wind direction & speed)

II. The emission height (ground level sources)
III.  Geographical features (local and regional)
IV.  Source nature (e.g. mobile sources or fixed point).

Atmospheric deposition process affects air pollutants lifetime
and may lead to the contamination of other environmental media.®
Risk assessment and management can be considered as a tool for the
protection of surroundings, as well as, for the protection of human
health. Hazard is defined as situation that in particular circumstances
could lead to risk. A risk to human health or to environment does not
exist unless two criteria are met:

A. The agent has the inherent ability to cause an adverse effect.

B. The receptor (individual organism, population, or ecological
system) of concern is in contact with agent for long enough,
and at sufficient intensity, to elicit a response.

Atmospheric models

Multimedia mathematical models have gained growing acceptance
as a powerful tool to understand complex environmental processes and
to assess human exposure risk from pollutants,’” as well as for estimating
exposures in situations where measurements are unavailable.” These
models are closely linked to the behaviour of pollutants and involve
calculations related to the environmental distribution and fate of those
pollutants.® They consequently require information on the sources,
transport, transformation and fate of the contaminants. Air pollutants
transport-and-fate modeling has reached a relatively high degree of
sophistication. In general, atmospheric models address the process of
airborne pollutant transport, diffusion (dispersion) and deposition.>!
Transport refers to the movement of a suspended pollutant through
air currents. Diffusion refers to the motion of individual articles and
molecules that tend to spread and dilute the pollutant (e.g. smoke
diffusion). Deposition is the transfer of articulate matter to the ground
(soil), water bodies, and vegetation. Deposition is caused by gravity
(dry deposition), or by rain (wet deposition). Atmospheric transport
models combine input meteorological conditions describing wind
speed, wind direction, atmospheric stability and mixing layer depth
with the pollutant emission and deposition rates to yield estimates of
atmospheric concentrations at selected receptor. While, atmospheric
concentrations determine human exposure through direct inhalation,
deposition rates determine how much of the pollutant emitted to
the atmosphere reaches the soil, surface water, vegetation, and
groundwater.

Health effects of air pollution

Previous epidemiological studies reported that health effects on
human due to exposure to air pollutants. Exposure to air quality in
time series studies is usually estimated from continuous outdoor air
pollution monitoring stations operating in the area of the population
under study. Many of these conditions predispose to COVID-19
hospitalization, ICU admission and death. Consequently, there is a
serious concern about the negative impacts of air pollution on the
COVID-19 pandemic."! There are three main pathways for routes of
exposure by which air pollution can affect human body as shown in
Figure 2: i) inhalation; ii) ingestion; and skin absorption.'”> Who is
especially at increased risk of respiratory infection from air pollution?
Risk groups for respiratory infections due to air pollution exposure are
shown in Figure 3 and specified by Liu et al. (2-17) as:
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a. Children; who at increased risk of pneumonia, asthma, otitis
media, and croup.

b. The elderly; who at increased risk of pneumonia and death.

c. Other people with lung disease and acute exacerbation of
disease.

Routes of Exposure

Figure 2 Main pathways by which air pollution can affect human body."?
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Figure 3 Risk groups for respiratory infections from air pollution.*

Literature overview

Air quality short-term exposure and COVID-19
infection

Earlier studies mentioned the short-term exposure to air quality
(PM,, PM, [ SO,, NO,, and O,) were significant as the risk factors for
respiratory infection, immunity and mortality rates.!1>2

How large is a corona virus compared to the PM,  and
PM

?
25

Corona virus particles are spherical particles between 0.06 -
0.14pum in diameter, averaging about 0.125um, measured by electron
microscope.?’ This means that corona virus particles are smaller than
PM2.5, but larger than some dust and gas particles (Figure 4).

Case studies

In China: Daily confirmed cases, air quality concentration and
meteorological parameters in 120 cities were recorded from January
23, 2020 to February 29, 2020 in China.” Additive model was used
to estimate the associations of air quality (PM,,, PM, ,, CO, SO,, NO,
and O,) with COVID-19 confirmed cases (Figure 5). Zhu et al.* found
that the relationship between air quality and COVID-19 infection was
significantly, NO, and O, seem contradictory in different cities. Study
observed significantly positive associations of PM, ,, PM , CO, NO,
and O, with COVID-19 confirmed cases were observed. A 10-ug/m3
increase (lag0—-14) in PM, ,, PM, , NO,, and O, was associated with a
2.24% (95% CI: 1.02 to 3.46), 1.76% (95% CI: 0.89 to 2.63), 6.94%
(95% CI:2.38 to 11.51), and 4.76% (95% CI: 1.99 to 7.52) increase in

the daily counts of confirmed cases, respectively. However, SO2 was
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negatively associated with the number of daily COVID-19 confirmed
cases. A 10-pug/m’ increase (lag0-14) in SO, was associated with a
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Figure 4 Corona virus compared to the PM,  and PM, .*°
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7.79% decrease (95% CI: —14.57 to —1.01) in COVID-19 confirmed
cases.”
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Figure 5 Relationship between air quality and COVID-19 infection in China.*

In Italy: After the appearance of COVID-19 in China last December
2019, Italy was the first European country to be severely affected by
the outbreak. Filippini et al.*® investigated the association between
air pollution and subsequent COVID-19 mortality rates within two
Italian regions (Veneto and Emilia-Romagna). In Table 1, results
estimated nitrogen dioxide from the Sentinel-5P satellites of the
European Space Agency Copernicus Earth Observation Programme
and COVID-19 mortality rates.® Zoran et al’! investigated the
relationship between the high level of corona virus infection and
air pollution in Milan metropolitan area Lombardy region in Italy,
during January—April 2020 period. The daily average inhalable
gaseous pollutants (ozone (O,) and nitrogen dioxide (NO,)) and

weather parameters (air temperature, relative humidity, wind speed,
precipitation rate, atmospheric pressure field and Planetary Boundary
Layer) were analyzed. NO, and O, seem contradictory in different
cities. Results showed a positive correlation with ground level O, and
air temperature. However, NO,, relative humidity and precipitation
rates were inversely correlated with COVID-19 infections. Daily
new cases of COVID-19 were positively related to PM. A positive
significance was observed between ambient PM,  concentration and
excess COVID-19 related mortality.’' Fattorini D & Regoli'® were
represented the relation between air pollution and the confirmed cases
of Covid-19 in Northern Italy during the last decade (2016 - 2019)
(Figure 6).

Table | Cumulative COVID-19 death cases, mortality rate and nitrogen dioxide (NO,) (umol/m?) on March - April 2019 in Veneto and Emilia-Romagna regions

Cumulative cases Mortality rate/per 100,000 NO, (umol/m?)
Population at January 2019
March April March April March April
Veneto 4,905,854 546 908 .13 1851 75 50
Emilia-Romagna 4,459,477 1060 2287 23.77 51.28 66 38
(Source: Filippini et al., 2021)?
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Figure 6 Statistical relation between COVID-19 cases and the air quality parameters.'*
In England: Travaglio et al.*> (2021) studied the relation between In India: Sahoo™ represented the air quality (PM, , PM, ., NO, and

COVID-19 (cases and deaths) and air pollution (ozone, nitrogen
oxides, PM, ., PM, , and sulphur dioxide) in England. In Figure 7,
red lines indicated significant associations (p<0.05), while grey lines
showed a lack of significance (p>0.05). The figure shows that sulphur
dioxide is highly significant with infection rate than other pollutants.

SO,), meteorological parameters (temperature, Relative Humidity,
Rainfall and Wind Speed), and COVID-19 infected cases for Delhi,
Karnataka, Kerala, and Madhya Pradesh (Table 2). Table shows
there is significant relation between air pollutant concentration,
meterological parameters and COVID-19 infected cases for Delhi,
Karnataka, Kerala, and Madhya Pradesh.

Table 2 Daily air pollutant levels, meteorological parameters, and daily infected cases from COVIDI9 in India

. Descriptive . Madhya
Variable Statistics Kerala Karnataka Delhi Pradesh
Mean 80.09 74.36 144.21 7531
PM
* Std. Deviation 61.21 55.68 76.86 50.65
Mean 27.37 30.00 90.68 113.21
PM
° Std. Deviation 7.21 6.48 41.66 19.40
Air Pollutants
Mean 99.09 28.80 48.78 31.62
NO,
Std. Deviation 37.75 22.26 2861 22.85
Mean 7.07 3.03 11.69 18.44
SO,
Std. Deviation 1.65 3.17 8.30 6.26
Mean 1.82 3.15 2.16 2.03
Wind Speed
Std. Deviation 1.30 1.18 1.07 0.96
Mean 28.24 27.47 24.26 29.65
Temp
Meteorological Std. Deviation 0.52 0.85 4.24 2.39
Factors Mean 68.93 40.32 37.56 22.79
Relative Humidity
Std. Deviation 5.89 8.03 11.80 12.63
Mean 1.38 0.40 0.44 0.20
Rainfall
Std. Deviation 231 0.92 1.01 0.65
Mean 5.15 9.44 42.42 48.24
COVID 19 Cases Infected cases
Std. Deviation 8.00 9.62 72.37 65.11
(Source: Sahoo, 2021)*
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Figure 7 Relation between cases and deaths of COVID-19 and the air quality parameters in England.®

In USA: The Center for Disease Control and the Environmental
Pollution Agency (EPA) studied the relation between PM, , PM, ,, CO,
Pb, SO,, NO, and VOC with COVID-19 cases in California, USA.
Results observed that PM, , PM, ,, Pb, VOC, SO,, NO, and CO have
a positive significant for total cases and total mortality. By increase
1pg/m3 in long-term PM, . exposure was associated with increase 8%
in the COVID-19 rate.**
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In Austria: relation between air quality (PM,; and NO,) and
COVID-19 hazard rate per 100,000 people during 2019 in Austria
were studied (Figure 8). Results observed that NO2 and PM10 were
positive significantly with risk of a COVID-19 cases (hazard ratio
(HR) = 1.16 and 1.44, respectively).*

Noz{l-'g-'“ﬂ ml

Figure 8 Relation between air pollution levels of PM, and NO, and COVID-19 hazard rate per 100,000 people during 2019 in Austria.*

How has the Covid-19 lockdown affected air quality?

Many governments imposed partial lockdown at the beginning
of March 2020, which turned into the complete lockdown as the
virus spread exponentially across the countries. During March—April
2020, labeled the ‘lockdown’ period, the most human activities were
frozen such as many business sectors were shut down, transportation,
factories, and social and economic activities. Therefore, it can
reasonably expect a reduction in levels of primary pollutants during
lockdown when compared with the times of business as usual. Many
international and national studies have regarded the two-way impacts
between these both crises.?>*¢“ Table 3 and Figure 9 show the two-
way impacts between these both crises. Some studies regarding the
two-way impacts between these both crises are summarized in Table
3.

Many open questions will be discussed in this review as

Questionl: What are the reasons for the reduction in the
concentration of pollutant level?

Question2: What are the reasons for the different reduction levels
between cities?

Question3: How much reduction of air pollution in quantitative
terms due to lockdown?

Question4: What additional factors may affect the pollution level?

The concentration level of air pollutants (Figure 10), including
PM,, PM, ;, NO, SO, and O,, has been studied by several researchers
to study a comparison of air quality before and after the lockdown.
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Figure 9 lllustration of the two-way impacts between COVID-19 and air pollution.

Table 3 Studies regarding the relation between COVID-19 and air pollution concentrations

* sulfur niccompounds ', |
e }
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Volatile 0

Study area Key findings Source
Positive significant correlations were found between air quality levels (PM,, PM, ,

China NO, and O,) and COVID-19 confirmed cases. Increase 10 pyg/m® in (PM, ,PM, ,

(120 cities) NO, and O,) would be cause increase in daily confirmed cases by 1.76%,2.24%, Zhu et al.*®
6.94%, and 4.76%, respectively. Conversely, increase in SO, by 10 ug/m? was linked
to a 7.79% decrease in COVID-19 confirmed cases.
Population density and intra-provincial movement showed a direct correlation with

Iran the infection outbreak, while regions with comparatively low wind speed, humidity ) 3

o ) ) ) . Ahmadi et al.

and solar radiation exposure showed higher rates of infection due to suitable
conditions for virus survival.

India (Delhi) Air quality significantly improved during lockdown, with reductions of 39% (PM, ), Mahato et al

Spain (Barcelona)

Italy
(Milan)

USA
(New York)

60% (PM, ), 53% (NO,) and 30% (CO) compared to 2019.

The authors found a reduction in NO, (-51%) after two weeks of lockdown, mostly
related to traffic emissions. PM,  also decreased from -28 to -31%, whereas levels of
O, increased from +33 to +57%.

A significant reduction of PMZ_S, PMIO, SOZ, CO and NOX was observed due to
reduced vehicular traffic. O, increased due to reduction in NO and benzene
concentration.

Meteorological parameters and air quality showed strong correlation with the
COVID-19 pandemic.

Tobias et al.*!

Collivignarelli et al.*®

Bashir etal.’®

Figure 10 Examples of key air pollutants, including PM

PM

50, NO, and O,.

10 25

Sulfur Dioxide
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Question|:What are the reasons for the pollutant
level reduction?

First reason: Drastically reduce in the anthropogenic activities was
performed such as industrial activities, transportation, traveling which
are the primary sources of such pollutants.?*4%4!

Second reason: Meteorological parameters such as temperature,
wind speed, rainfall, solar radiation are factors that highly affect the
pollutant concentrations.”’

Question2: What are the reasons for the different
reduction levels between cities?

Despite the overall average decline in air pollution during the
lockdown, there was substantial variation between countries, in
terms of both the direction and magnitude of change. The decline
in NO2 was relatively ubiquitous over space, however, O, and PM
,; anomalies were more variable.”>*®* Variation is likely caused by
country-specific differences in the major pollution emission sources

European cities, including
London, Madrid, and Rome

Major sources of pollution
(D Residential buildings

(@ Small
scale industrial

(3) Commercial activities
which might have continued
in the lockdown period.

Pollutants in these cities have
not shown much reduction in
lockdown phase.
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across different sectors, meteorological factors such as temperature,
humidity, and precipitation, and finally the regulations of lockdown.
Indeed, the air pollutant concentrations during lockdown vary
according to the distribution of emission sources, meteorological
conditions, and population densities around sites (Figure 11).

Question3: How much reduction of air pollution in
quantitative terms due to lockdown?

According to ‘stay-at-home order’, our sky converted from gray to
clear blue indicating to the reduction of atmospheric pollution levels.
0The quantitative terms of air quality reduction and the reduction
direction of air pollutant levels due to the lockdown will be discussed
in this section. Several researchers compared the concentration level
of air pollutants (NO,, O,, and PM , ;) before and after the lockdown.
After several studies of the atmospheric emissions data in 2020 after
COVID-19, these studies presented different scenarios for air quality
due to the lockdown: Significant decreasing scenario (positive effect),
significant increasing (negative effect); and/or irregular trends.

Highly polluted cities like, Delhi,
Mumbai and Wuhan

Primary emission
sources of pollution
in these cities is
anthropogenic
activities, which
drastically reduced
in lockdown phase.

The impact of lockdown on
pollution reduction is

highly observable

Figure || Lockdown comparative response of European cities and highly polluted cities for pollution reduction levels.

Nitrogen dioxide levels during lockdown

A large limitation in the circulation of vehicles as road traffic
is the principal outdoor source of NO, and CO, which reduced
significantly over major cities across the globe as shown in Figure
12 & Figure 13. In addition, Figure 13 reveals comparison between
NO, concentrations pre-lockdown and during the lockdown 2020
over the world, East Asia, Europe and North America. It’s obvious
from the Figure that NO, concentration was significantly decreased
in all continents under investigation.*” Traffic reduction is likely the
main explanation for the fall in NO, pollution levels during lockdown.
Many studies were carried out to interpret the reasons for the different
reduction levels between cities.** Figure 14 represents the relation
between the traffic and NO2 reduction levels.

Ozone levels during lockdown

Ozone is known as a secondary pollutant produced from solar
radiation and its precursors (NO2, CO, and VOCs). O3 reaches its
annual maximum level in the spring season (March, April, and May).
Figure 15 shows the ozone formation pathway.

Ozone has shown a conflict of irregular trends during the lockdown
period with the reduction in NO, emission. The concentration was
increased in several cities (Business area) like, Delhi, Madrid,
London, Moscow, Rome, Wuhan and Sao Paulo, while it was reduced
in other cities like, Bengaluru and Mumbai.O, dependent on the local
availability of its precursors (NOx and (VOCs). Thus, there are two
limited regimes for the ozone formation; the NOx regime and VOCs
limited regime. When there was NOx-limited regime (Road site):
a reduction in the emission of its main precursor NOx was carried
out, leading to a decrease in the O3 levels in atmosphere. However,
with VOCs-limited regime (Business area), a decrease in NOx was
performed, resulting in either lowering O, titration or/and more -OH
radical, which was able to react with the VOCs, leading to an increase
in the O, formation.* Additionally, meteorological conditions play an
important role in measuring O, concentration levels. Generally, ozone
increases with increase temperature and decrease in high relative
humidity. Its production is limited during cold or rainy seasons.*
Figure 16 shows the conflict behaviors of ozone during the lockdown
period with the reduction in NO, emission.* Here, does this pattern be
observed for ozone due to the annual natural processes rather than the
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effect of COVID-19 lockdown? Several investigators tried to answer  the ozone levels during the lockdown and its level pre-lockdown in
this question via comparing the ozone levels during the lockdown and ~ 2019.
its level in the same months in preceding years. Figure 17 compares

Paris, Franes54%

02 and CO
vadia, spain reduced significantly
47% and 50%.

-55% -50% -45% -40% -35% -30% -25% -20% -15% -10% -5% 0%

Change in nitrogen dioxide emissions

Figure 12 Quantitative estimation of NO, reduction during COVID-19 lockdown over major cities across the globe.
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Figure 13 Comparison between the average concentrations of NO, before and during the lockdown 2020 in Asia, Europe and North America, and the
climatological levels for five years (2015—19) at the same time in Ground-based station.®
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Figure 14 Schematic illustration showed the overall change of NO, levels with traffic variation during the lockdown.*
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Figure 15 Schematic illustration of the O, formation by the solar radiation.

50

< | Pre-lockdown (1-22 Mar)

45 ' = During lockdown (22 Mar-30 Apr) Bangkok
40 -
35

and O, concentrations (ppb)

NO,
o

At road site At business area At road site At business anca

NO site site
- Oi

Figure 16 The conflict behaviors of ozone pre- and during the lockdown period with reduction of NO, emission.*
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Figure 17 Comparison of ozone levels during the lockdown and its level in pre-lockdown 2019 in Bangkok (Source:.*
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PM2.5 levels during lockdown

Lockdown revealed a significant decrease in PM, , concentrations
in different cities around the world during Feb-May 2020 compared
to the non-lockdown period in 2019. Unexpectedly, an increase in the
PM,  concentration was observed (Figure 18). It is very likely that
the environmental response, measured as a reduction or increase in
the PM concentrations, varies according to not only the dominant
source of emission in each country; PM,  is more strongly linked to
residential energy use, power generation, and agriculture, but also the
specific meteorological conditions. Actually, the frozen of activity
strongly affect the air quality during the lockdown. Daily trends of
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the air quality parameters and the mobility levels since the start of
lockdown were measured on 20 March 2020; they were summarized
and represented in Figure 19.'"® Figure 19: Representation of daily
trends of the air quality parameters and the mobility levels measured
in lockdown (20 Mar 2020).'8

Question 4: weather air pollution would be as serious
crisis as COVID-19 in the long term?

Indeed, Air pollution is a silent killer. Hence, we need to fight
for better air quality. Figure 20 depicts the increase in the number
of deaths each year due to poor air quality, hence these render all to
cooperate to reduce the air pollutants and augment the air quality.

Significant decrease

Insignificantdecrease
Increase

Figure 18 Map illustrates the overall irregular change of PM, ; during the lockdown.®
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Figure 19 Representation of daily trends of the air quality parameters and the mobility levels measured in lockdown (20 Mar 2020).
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AIR POLLUTION: THE BIG KILLER

Each year 6.5 Million people die prematurely because of poor air quality
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Figure 20 The image represents the number of deaths each year caused by the poor air quality.”*
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