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Abstract Parallel reductions in atmospheric aerosols
(particulate matter (PM)) and nitrogen dioxide (NO2)
accompanied the drastic measures that were adopted to
limit the spread of COVID-19. The results of this pre-
liminary study conducted in northern Egypt revealed
that ambient PM10, PM2.5, and NO2 levels decreased
by 22.8%, 29.3%, and 25.9%, respectively, after the
lockdown started on March 13, 2020. These reductions
in concentrations significantly (p ˂ 0.01) correlated with
the decrease in transportation and industrial and other
economic activities. Furthermore, PM and NO2 concen-
trations radically reduced during the full lockdown on
Easter, Ramadan, and Eid Al-Fitr. The findings of this
study will help the World Health Organization (WHO)
and other health regulators to combat COVID-19 in the
world. This study is part of an ongoing research related
to the current pandemic.
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Introduction

The increased population and rapid urban and industrial
growth in Egypt have created overcrowded streets filled
with cars and trucks, exacerbating air quality (Mostafa
et al. 2018). Vehicular emissions and various industrial
activities are the principal sources of particulate matter
(PM) and NO2, which are harmful to respiratory sys-
tems. Both PM and NO2 are hazardous to human health,
as they cause lung damage and asthma (Olivieri and
Scoditti 2005).

The World Health Organization (WHO) declared the
ongoing global outbreak of COVID-19 as a public
health emergency of international concern (World
Health Organization 2020a, b), which led to unprece-
dented public health responses in many countries
around the world, including travel restrictions, curfews,
and quarantine. The WHO onMarch 11, 2020, declared
COVID-19, the novel coronavirus, as a pandemic
(Bashir et al. 2020a; Shi and Brasseur 2020; WHO
2020a, b, c) because of its widespread transmission, a
significant number of deaths, and higher infections and
mortality rate compared to previous coronavirus
outbreaks. Shereen et al. (2020) state that it is a single-
stranded RNA as nuclei material with a diameter of ~ 80
nm. Long-term air quality data significantly correlated
with cases of COVID-19 in Italy, giving evidence that
chronic exposure to atmospheric contamination repre-
sents an encouraging context for the spread of the new
virus (Fattorini and Regoli 2020).

The Egyptian government announced that COVID-
19 had reached the country on February 14, 2020. On
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March 19, 2020, the government implemented some
preventive measures by closing all public areas (e.g.,
restaurants, cafes, clubs, and beauty centers) throughout
the country from 7 pm until 6 am, excluding pharmacies
and delivery services. Positive COVID-19 cases are
increasing daily. On March 22, 2020, governments de-
cided to start social distancing by suspending ritual
activities and prayers in all mosques and churches to
prevent the spread of COVID-19.

Bauwens et al. (2020) stated that lockdown and re-
ductions in human activities affect the environment
positively in China andWestern Europe. Similar studies
in India (Gupta et al. 2020) and North America (Bashir
et al. 2020a, b) support these findings. Although several
studies were conducted in North America, Asia, and
Europe, no such study was conducted in the Middle
East. Therefore, this investigation was conducted in
Alexandria City, Egypt, to fulfill the above knowledge
gap. This study investigates the impacts of activity
reductions and lockdowns, because of COVID-19, on
air quality (presented as the concentrations of PM and
NO2) in Alexandria City, Egypt.

Research methodology

Air quality sampling

Sequential sampling of PM10 and PM2.5 was conducted
using a Partisol™ Plus 2025-D dichotomous sequential
air sampler (Thermo Fisher Scientific, USA). The si-
multaneous sampling of fine and coarse PM is critical
for source identification because these particle size frac-
tions often have different origins. The sampler uses the
classical US EPA dichotomous virtual impactor design
to separate incoming PM air streams into its fine (PM2.5)
and coarse (PM10) components which were collected
onto 47-mm Teflon filters for gravimetric analysis
(Gelman Teflon, 0.2-μm pore size; Pall Corporation
Port Washington, NY) at a rate of 10 L/min (24 h
day−1). Samples were collected daily from June to
May 2020. Teflon filters were weighed before and after
sampling using Mettler microbalances (Mettler Tole-
do® XPR10, Scales Galore, NY, USA) up to an accu-
racy of 0.001 mg for gravimetric determination of PM
(Basahi et al. 2017; Ismail et al. 2017; Harrison et al.
2016a, b). All quartz fiber filters were preheated for 6 h
at 550 ± 8 °C and maintained at 20 ± 1 °C and relative
humidity of 50 ± 5% for 24 h before weighing and

sampling. After sampling, all filters were conditioned
for 48 h.

NO2 was monitored using a NO2/NO/NOx Monitor
(model 405 nm, EQNA-0217-243, 2B Technologies,
USA), providing extreme selectivity for NO2 (absor-
bance at 405 nm) over the range 0–500 ppb. Concen-
trations were recorded on the data logger. Both the
Partisol air sampler and NO2 monitor were placed on
the roof of a residential building in the city center near a
busy traffic road in Alexandria City (31° 12′ N 29° 55′
E), ~ 15 m above the ground, north of Egypt (Fig. 1).
Wind speed and wind directions were collected from the
meteorology authority in Egypt (www.ema.gove.eg).

Statistical analyses

The association between COVID-19 and climate indi-
cators (temperature, wind speed, relative humidity, and
air quality) in Alexandria City, Egypt, was investigated
using Kendall and Spearman rank correlation tests
(SPSS statistical package).

Results and discussion

This study reproduced the evolution of ambient NO2,
PM10, and PM2.5 concentrations in Alexandria City,
located in northern Egypt, from the beginning of Janu-
ary to the end of May 2020. Figures 2 and 3 show PM
and NO2 concentrations, respectively, before and during
the coronavirus outbreak, as well as before and during
the lockdown. The vertical red line in both figures
shows the timing of lockdown and reduction in human
activities (March 19, 2020) implemented by the Egyp-
tian government.

The average PM10 concentration was 197 during
January, February, and the first 2 weeks in March 2020.
This PM10 concentration started to decline after
implementing lockdown, and the average concentra-
tions were ~ 152 μg m−3 during April and May. There-
fore, the lockdown reduced PM10 concentrations by
22.8%. Moreover, the government implemented drastic
measures and a full lockdown during Easter (April 20)
and Eid festival (May 23–25, 2020, after the holy month
of Ramadan), where PM10 concentrations on these oc-
casions dropped to 121 μg m−3 (38.6% reduction) and
106 μg m−3 (46.2% reductions), respectively (Fig. 2).

Similarly, PM2.5 concentrations were 82 and 58 μg
m−3 before and during the lockdown, respectively
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(lower line in Fig. 2). Moreover, the lowest concentra-
tions were recorded during the full lockdown on April
20 (44 μg m−3) and May 23–25 (40 μg m−3) (Fig. 3).
The partial lockdown on March 16, 2020, reduced
PM2.5 concentrations by 29.3%, whereas the full lock-
down during festivals in April and May reduced the

concentration by 46.3% and almost 1-fold, respectively.
Shi and Brasseur (2020) found that lockdown reduced
PM2.5 concentrations by 35% in northern China.

Fattorini and Regoli (2020) studied the role of chron-
ic air pollution levels in the COVID-19 outbreak risk in
Italy. They found that a strong influence of daily

Fig. 1 Map of Alexandria City, Egypt. The location of air quality sampling site is shown by a red star
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Fig. 2 The mean concentrations
of ambient PM10 and PM2.5 (μg
m−3) in Alexandria City, Egypt,
from January 1, 2020, to May 30,
2020. The red vertical line
indicates the day (March 13,
2020) during which the lockdown
of Egypt was imposed
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averaged ground levels of PM concentrations was pos-
itively associated with average surface air temperature
and inversely related to air relative humidity on
COVID-19 cases in Milan (Zoran et al. 2020).

NO2 concentrations were 62.5 and 46.3 μg m−3

before and after the lockdown of March 16, 2020,
respectively. The lockdown reduced PM2.5 concentra-
tions by 25.9%. Moreover, the NO2 levels recorded
during the full lockdown in Easter, and Ramadan and
Eid were 35.9 and 30 μg m−3, respectively (Fig. 2). The
concentrations during the full lockdown were 42.6%
and almost 1-fold lower, respectively, than before lock-
down (Fig. 2). Bauwens et al. (2020) stated that ambient
NO2 concentrations were reduced by 40%, 20%, and
38% in Wuhan City (China), Western Europe, and the
USA, respectively, because of effective lockdown after
the outbreak. However, NO2 concentrations in Iran did
not decrease because of a delay in lockdown implemen-
tation (Bauwens et al. 2020).

Nevertheless, Hassan et al. (2013) found that reduc-
tions in NO2 concentrations increased the ambient O3

ozone levels in Jeddah. Recently, Shi and Brasseur
(2020) stated that the reduction in ambient NO2 was
associated with an increase in tropospheric O3 in China.
Although air quality has significantly improved in Egypt,
ambient O3 ozone can still be a problem (Zhang et al.
2019). Thus, the relationship between tropospheric O3

and its associated precursors (e.g., NO2) warrants further

studies. Significant decreases in NO2 levels were ob-
served over widespread areas in China, Europe, South
Korea, and the USA in January–April 2020, according to
high-resolution spaceborne data.

Figure 4 shows the wind speed and direction. Lock-
down significantly affected both meteorological param-
eters, and consequently, the air quality index significant-
ly improved from that during January and February
from the same year (EMA 2020). One could argue that
changes in wind speed and wind direction during April
and March 2020 could be because of seasonal effects.
However, Fig. 5 shows that both parameters for the
same site during the same period (April–May) in the
previous year (2019) indicate poor air quality, assuring
our assumption that lockdown was significant in im-
proving air quality. Zoran et al. (2020) stated that
COVID-19 could be attached to airborne aerosols in
the infectious agent transmission from a reservoir to a
susceptible host in agglomerated urban areas, exacerbat-
ing the situation.Moreover, Bauwens et al. (2020) stated
that the decrease in NO2 and PM is evident from the
comparison of NO2 levels before and during the lock-
down and when contrasting the 2019 and 2020 levels
during the same period. The decreases are mainly attrib-
uted to the containment measures against the spread of
COVID-19, which caused sharp decreases in traffic and
industrial activities, correlating well with the results of
the recent investigation.

Alexandria (Egypt)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

1
 J
a
n

8
 J
a
n

1
5-

Ja
n

2
2-

Ja
n

2
9-

Ja
n

0
5-

F
e
b

1
2-

F
e
b

1
9-

F
e
b

2
6-

F
e
b

0
4-

M
a
r

1
1-

M
a
r

1
8-

M
a
r

2
5-

M
a
r

0
1-

A
p
r

8
 A

p
ri
l

1
5
 A

p
ri
l

2
2
 A

p
ro

l

2
9
 A

p
ri
l

0
6-

M
a
y

1
3-

M
a
y

2
0-

M
a
y

2
7-

M
a
y

Fig. 3 The mean concentrations of ambient NO2 (μg m−3) in Alexandria City, Egypt, from January 1, 2020, to May 30, 2020. The red
vertical line indicates the day (March 13, 2020) during which the lockdown of Egypt was imposed
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The variability in ambient PM10, PM2.5, and
NO2 concentrations with meteorological parameters
makes the comparison straightforward in this
study. However, an in-depth investigation of the
effects of different meteorological parameters dur-
ing different times a year is urgently needed for a
more detailed analysis, which is beyond the scope

of this study. Moreover, air pollution should be
part of an integrated approach for sustainable de-
velopment, human health protection, and preven-
tion of epidemic spreads but in a long-term and
chronic perspective because adopting mitigation
actions during a viral outbreak could be of limited
use (Zara 2020; Zoran et al. 2020).

AQI poor to moderate
During Jan – March 2020

AQI Good
During April & May 2020

Fig 4 Wind roses in northern Egypt before and during lockdown

Fig 5 Wind rose in northern
Egypt during April–May 2019
(poor air quality)
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A significant correlation exists between air quality
and COVID-19 (Table 1). As the number of cars de-
creased during the lockdown, PM concentrations de-
creased significantly (p ˃ 0.05), and the correlation
coefficients were 0.57 and 0.62 for PM10 and PM2.5,
respectively (Table 1).

The effects of variability of wind direction and speed
(e.g., wind gusts) should also be considered. However,
our limited dataset did not allow us to investigate these
additional variables. Our results contradicted those of
Csavina et al. (2014), who found a weak correlation
between PM10 and wind speed and relative humidity.
However, they found a stronger correlation between
PM10 and relative humidity when data were parsed out
for high wind speeds but did not observe temperature
dependence. Moreover, the dependence of PM10 on
wind speed and relative humidity is complex and non-
linear (Csavina et al. 2014).

Conclusions

The decrease in PM and NO2 concentrations is mainly
attributed to the containment measures against the
spread of COVID-19, which caused a sharp decrease
in traffic and industrial activities. Emission regulations
should be more stringent to improve air quality perma-
nently. However, lockdown and social distancing are
not the best solutions to improve air quality and fight
COVID-19, although they helped in lowering concen-
trations of air pollutants significantly, and consequently
improved air quality. Moreover, they are temporary
solutions; therefore, new innovative and permanent so-
lutions should be suggested, which warrants further
investigation. Further studies are needed to evaluate

the effects of temporary lockdowns on global air quality
and climate and the gradual return to pre-lockdown
periods. Lockdowns and social distancing are the best
solution to fight COVID-19 but should not be the best
technique to improve air quality. Therefore, other solu-
tions should be searched for enhancing air quality.
Moreover, model studies are urgently needed to separate
the effects of enforced health measures from other con-
tributing factors.
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