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OBJECTIVE: Studies have investigated the effects of lockdowns on air quality around the world and found that fine particulate matter and
nitrogen dioxide concentrations decreased due to reduced human activity, while ozone concentrations increased. In this study, we aimed
to evaluate the correlation between daily stringency index values of our country and daily PM,,, nitrogen dioxide, and ozone measure-
ments in different districts of Istanbul between March 1, 2020, and February 28, 2022.

MATERIAL AND METHODS: Ministry of Environment and Urbanization and National Air Quality Monitoring Network data on Istanbul
air quality monitoring stations were used. The analysis included 15 stations that can monitor at least 75% of the days in a year. PM,,,
nitrogen dioxide, and ozone were the main pollutants analyzed.

RESULTS: There was negative correlation between daily PM,, measurements and daily stringency index values in 3 stations; there was
positive correlation in 6 stations. Between daily stringency index values and daily nitrogen dioxide measurements, there was a negative
correlation in 3 stations and a positive correlation in 1 station. The daily measurements of 1 station showed a negative correlation with
the daily values of stringency index for both PM,; and nitrogen dioxide. In 1 station, while PM,, measures were negatively correlated with
stringency index, nitrogen dioxide measurements were positively correlated.

CONCLUSION: This study showed that pandemic limitations could not improve Istanbul’s air quality everywhere. For adequate evalua-
tion of impact of the limitations on air quality, it may be more relevant to study the socioeconomic infrastructure of each living area, the
sociospatial inequality, industrial employment, the number of households, the density of employee class, and so on with all influencing
factors that could have contributed to these various changes.
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INTRODUCTION

On December 31, 2019, the Central Hubei Province in China’s Wuhan region verified the finding of a novel corona-
virus."? The novel coronavirus was given the name severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by
the World Health Organization, and it was categorized as a new group within the family coronaviridae.> World Health
Organization issued an official declaration on March 11, 2020, declaring the novel coronavirus [coronavirus disease 2019
(COVID-19)] outbreak a global pandemic.* This day coincided with the declaration by Turkey that it had identified its first
case of COVID-19.

The lockdown measures implemented to prevent the spread of SARS-CoV-2 have significantly impacted human activities
such as automobile use, public transportation, and economic activity.>° In relation to this, the restrictions have improved
air quality due to fewer human activities.”® Since more than 55% of the global population lives in industrialized areas,’
industrial air pollution is also a global threat in addition to transportation, heating, and other human activities.>'%"!
Pollution-related illnesses caused approximately 9 million premature deaths, globally, in 2019, and 6.7 million of these
deaths were related to outdoor and indoor air pollution.'

Air pollution is defined as “the contamination of the indoor or outdoor environment by any chemical, physical, or bio-
logical substance that alters the inherent qualities of the atmosphere. Particulate matter (PM), carbon monoxide, ozone
(O,), nitrogen dioxide (NO,), and sulfur dioxide (SO,) are the pollutants having the most evidence of endangering public
health.”">'* Particulate matter denotes inhalable particles made up of sulfate, nitrates, ammonium, sodium chloride, black
carbon, mineral dust, or water. PM,, and PM, ; are related to well-known health hazards.'” Both long-term and short-term
exposures to PM are connected with cardiovascular and respiratory disease morbidity and mortality. Nitrogen dioxide
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is a key precursor of O,, a pollutant closely associated with
asthma and other respiratory problems. The primary source of
NO, emissions into the atmosphere is the combustion of fuels
for a variety of reasons, including but not limited to heating,
transportation, and electricity generation.'”

Many current studies have evaluated the effects of lockdown
measures on air quality across the globe and showed that
fine PM and NO, concentrations generally decreased during
lockdowns.'*'® The majority of studies found decreased back-
ground concentrations of pollutants and improved air quality
indices during lockdowns, particularly for NO, because of
its impact on reducing traffic movement.’®'® In a study from
our country, the effect of the lockdown on the air quality in
Turkey from December 2019 to May 2020 was studied. PM, .
had a maximum reduction in most cities, while O, levels
increased in most cities, including istanbul.” The impact of
COVID-19 measures on air pollutant concentrations mea-
sured in urban areas and traffic monitoring stations on both
the European and Asian sides of istanbul in March 2020 was
analyzed in another study from our nation. Reductions of pol-
lutants were estimated to range from 33% to 43% for PM,,
and from 29% to 44% for NO,. Nitrogen dioxide, which is
mostly caused by vehicle emissions, decreased the greatest at
the traffic monitoring sites.?® Also, Aykac et al?' discovered
that there were decreases of 33.4%, 59.6%, and 52.6% in
the average concentrations of PM, NO,, and O,, respectively,
in Istanbul during lockdowns between April 23 and 26, May
1 and 3, and May 23 and 26, in 2020; however, according
to the findings of this study, there were significant variations
in the rate of change of air quality among Istanbul districts.
Aydin et al' found that O, levels were higher in April and

MAIN POINTS

e Many studies have examined the effects of the pandemic
on air quality and demonstrated that particulate matter
(PM) and nitrogen dioxide (NO2) concentrations gener-
ally decrease during the pandemic, but we found in this
study that there was no negative correlation between
Stringency Index values and daily PM10 and NO2 mea-
surements in some districts of istanbul.

e  Pandemic restrictions would not be able to achieve the
same levels of success in reducing air pollution across all
of the districts in a big metropol (like Istanbul).

e  For adequate evaluation of impact of the limitations on
air quality it may be more relevant to study the socio-
economic infrastructure of each living area, socio-spatial
inequality, industrial employment, the number of house-
holds, the density of employee class etc. with all influenc-
ing factors that could have contributed to these various
changes.

e Only 15 of Istanbul’s 39 stations met the criteria neces-
sary to be declared genuine for this study. This is due to
the fact that not all the stations could measure air pollu-
tion in accordance with the qualification definition of the
European Environment Agency (the minimum percentage
of days in a year that each station may monitor should
be 75%).

e Studies monitoring pollutant concentrations with an
increasing number of stations that are representative of
the population everywhere need to be carried out.

May 2020 than 2019 in Istanbul. In this recent study, we tried
to explore the correlations between pandemic restrictions
and the change in air quality in accordance with the different
areas of istanbul in order to gain additional knowledge that
would enable us to comment on these disparities.

There are several difficulties when assessing the impact
of pandemic restrictions on air quality. One of them is the
evaluation framework of restrictions. Gkatzelis et al*? and
Schneider et al?* utilized the stringency index (SI) to examine
the relationships between restrictive measures and air pol-
lution. The Sl is an indicator that identifies the stringency of
government policies, considering the restrictive measures of
the pandemic. They discovered substantial negative associa-
tions between the Sl and variations in pollutant concentration,
particularly that of NO,. In this study, we aimed to evaluate
the correlation between daily SI values of our country and
daily PM,,, NO,, and O, measurements at different stations
in different districts of Istanbul between March 1, 2020, and
February 28, 2022.

MATERIAL AND METHODS

Study Area

istanbul is the most populated metropolitan in Turkey and
serves as the center of the country’s economy as well as
its culture and history. Over 15 million people call the city
home, making up 19% of Turkey’s total population. With a
total land area of 5712 km?, the city is located on both the
European and Asian sides of the Bosporus Strait. istanbul has
the highest population of any city in Europe and is the 15th
largest metropolis in the world.?

The metropolis, which connects Europe and Asia and has a
647-km coastline, is the most commercially and consequen-
tial city in Turkey, with 2 airports, 1796 historical sites, 712
hotels, 57 universities, and 36 libraries. istanbul, the main
city in terms of trade, business, investment, banking, and
tourism in Turkey, is home to 20.3% of the country’s work-
force, 50.6% of exports, and 54.6% of imports.?*

There are 39 districts (962 neighborhoods) in Istanbul, and
they each have their own unique demographic characteris-
tics. Esenyurt, Kiictikgekmece, and Bagcilar are the 3 districts
in istanbul that have the highest populations. The popula-
tion of Esenyurt increased between 2017 and 2018, making
it the district with the biggest population growth. The dis-
tricts of Istanbul are shown in Figure 1, and the districts that
have been dyed red are those that had the air quality station
included in the study.

Air Pollution Data

In this cross-sectional study, publicly available data from the
Ministry of Environment and Urbanization and the National
Air Quality Monitoring Network?® on air quality monitoring
stations in the province of istanbul were utilized. In accor-
dance with the qualification definition of the European
Environment Agency, the study included only those Istanbul
stations whose percentage of the number of days they can
monitor in a year was at least 75%. During the study period,
15 stations with this feature were included in the study. Each
was assigned a number for this study. Two stations numbered
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Figure 1. The districts of istanbul (areas that have been dyed red are those that had air quality station included in the study).

11 and 15 were located in the same district (Bahgelievler).
Table 1, shown in the “Results” section, displays the dis-
tricts where the stations were located. Among the pollutants
available from the database, PM,,, NO,, and O, compounds
were studied as the main pollutants. The daily data for these
2 compounds for the period between March 1, 2020, and
February 28, 2022, were included in the correlation analysis.

Restriction Data

To analyze the correlation between the sociopolitical efforts
taken to prevent pandemic transmission and the changes in
air quality in Istanbul, the Sl was utilized to reflect the change
in preventative measures. It is crucial to note that this index
just gauges the rigor of government regulations. It neither
quantifies nor suggests the sufficiency or effectiveness of a
nation’s response. A higher score does not imply that a coun-
try’s response is superior to the response of those with lower
scores. The Oxford COVID-19 Government Response Tracker
(OxCGRT) project computes the Sl as “a weighted average of
nine response criteria: school closures, workplace closures,
cancellation of public events, restrictions on public gather-
ings, closures of public transportation, stay-at-home require-
ments, public information campaigns, internal movement
restrictions, and international travel controls.”?7:28

The index is calculated on any given day as the mean score
of 9 measures, each of which has a value between 0 and 100.
A higher grade indicates stricter regulations. This implies that
the value of the Sl system increases when more measures
are added. Stringency index is shared publicly on the web-
site.?”28 Stringency index values for Turkey between March 1,
2020, and February 28, 2022, were included in the correla-
tion analysis as daily data.

Other Data

Population, surface area (km?), and population density data of
each district were reported besides SI and air pollution data.
Also, the neighborhoods where the stations were located

were categorized as trafficked areas, industrial areas, urban
residential areas, and urban background areas. The stations
in urban background areas monitor background concentra-
tions of air polluting chemicals in a region for particularly
long-term changes in atmospheric composition.? All these
data were obtained from istanbul Metropolitan Municipality,
Governorship of istanbul, and Turkish Statistical Institute
websites.°

Statistical Analysis

Using IBM Statistical Package for the Social Sciences 28.0's
(IBM Corp.; Armonk, NY, USA) Spearman correlation analy-
sis, the correlation between daily SI data and daily pollut-
ant (PM,,, NO,, and O,) measurements in different areas
of Istanbul was analyzed. Any score from 0 to —1 indicates
a negative correlation, which means that as one variable
increases, the other decreases proportionally, and any score
from 0 to +1 indicates a positive correlation, which means
that they both increase at the same time, while the Pwas <.05.

Ethical Consideration

There was no need to get approval from an ethics committee
for this study because it used publicly available data from the
National Weather Monitoring Network run by the Ministry of
Environment and Urbanization, and no special precautions
were taken to protect individuals or communities that might
be vulnerable.

RESULTS

There are 39 stations in istanbul that measure the pollutants
in the air. However, only 15 of those stations may be consid-
ered valid for this study because the percentage of days they
can monitor in a year is at least 75%. Therefore, these find-
ings are representative of 38.4% of the stations in istanbul.
Comparing the population of istanbul to that of the districts in
which the stations involved in this research were located, we
find that the relevant population accounts for 42.4% of the
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Table 1. The Characteristics and Demographical Properties of the Districts and Neighborhoods Where the Valid Stations
for the Study Were Located

Number

Assigned Name of the Population of the The area of the

to the District Area of Neighborhood  Neighborhood

Stations ~ Where the the Population Name of Where the Where the

for the Station Is  District of the Neighborhood  Characteristics of the Station Is Station Is

Study Placed (km?) District of the Station Neighborhood" Located Located (km?)

1 Bagcilar 22.27 777 561 Kirazli Trafficked area 41 823 0.941

2 Basaksehir 104.49 481900  Basaksehir Urban residential area 71 609 8.129

and industrial area

3 Besiktag 17.83 170 894 Yildiz Urban background area 6552 1.119

4 Esenler 18.42 476 568  Yavuz Selim Trafficked area 5482 0.241

5 Esenyurt 43.13 983 557 Mehtercesme  Urban residential area 37 848 0.609

6 Sisli 10.72 261595 Merkez Trafficked area 13738 1.131

7 Silivri 869.37 175 431 Alibey Urban residential area 18 175 0.642

8 Sultanbeyli 29.10 361 702 Battalgazi Urban residential area 36 341 3.131

9 Sultangazi 35.71 570 868 Ugur Mumcu  Trafficked area, urban 41937 1.433

residential area

10 Sile 781.72 37 290 Mesrutiyet Urban background area 1909 3.243

11 Bahgelievler  16.59 596 374  Zafer Trafficked area 86 758 1.085

12 Tuzla 124.51 269 798 Evliya Celebi Urban residential area 13 487 3.250

13 Umraniye 45.38 711 395 Yukari Dudullu  Trafficked area 21 532 1.786

14 Uskiidar 35.33 515 363 Selami Ali Urban background area 13 286 0.447

15 Bahcelievler  16.59 596 374 Cobancesme Trafficked area 34117 1.269
Total = Total = 6 Total = 444 594  Total = 28.456
2171.16 986 670

*Characteristics of the districts and neighborhoods were grouped as trafficked area, urban residential area, industrial area, and urban background

area.

city’s total population. The neighborhood population where
the station was located accounted for 7% of the total popula-
tion of the districts included in the study. The total area of the
neighborhoods where the valid stations for the study were
located accounted for 1.3% of the total area of the districts
included in the study (Table 1).

Figure 2 depicts the trend of the SI for Turkey from January
2020 to March 2022, as a component of the OxCGRT

COVID-19 Stringency Index

Figure 2. The trend of the stringency index (SI) for Turkey from
January 2020 to March 2022, as a component of the Oxford COVID-
19 Government Response Tracker (OxCGRT) project.

project. Stringency index values for Turkey between March 1,
2020, and February 28, 2022, were included in the correla-
tion analysis as daily data.

Table 2 displays averages of daily PM,,, NO,, and O, mea-
surements for 15 stations in Istanbul for the study period
(March 1, 2020-February 28, 2022) and also during the first
and second years of the pandemic separately; it also displays
the data for PM,;,, NO,, and O, levels between March 1,
2018, and 29 February 2020, as a historical reference.

The result of the correlation analysis between daily SI val-
ues and daily PM,, and NO, measurements of these 15
stations in Istanbul between March 1, 2020, and February
28, 2022, is shown in Table 3. While there was a negative
correlation between daily PM,, measurements and daily SI
values in 3 of 15 stations (station numbers: 3, 5, and 9),
there was a positive correlation between daily PM,, mea-
surements and SI measurements in 6 stations (station num-
bers: 1, 7, 10, 12, 14, and 15). Evaluating the correlation
between daily SI values and daily NO, measurements of
stations, again for 3 stations but 2 different stations this time
(station numbers: 2, 5, and 13), there was a negative cor-
relation. But in 1 station (station number: 9), there was a
positive correlation. The daily measurements of only 1 sta-
tion (station number: 5) showed a negative correlation with
the daily values of SI for both PM,, and NO,. In 1 station
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Table 3. The Result of the Correlation Analysis Between Daily PM,, and NO, Measurements and Daily Stringency Index
Values of the Selected Stations in Istanbul Between March 1, 2020, and February 28, 2022

Name of Districts Where the Stations
Were Located

Number of Stations
Bagcilar
Basaksehir
Besiktas
Esenler
Esenyurt
Mecidiyekoy
Silivri

Sultanbeyli

© O N O U b~ W N =

Sultangazi
Sile
11 Sirinevler

12 Tuzla

=
o

13 Umraniye
14 Uskiidar
15 Yenibosna

PM, particulate matter; NO,, nitrogen dioxide.
*Spearman correlation analysis P < .05.

(station number: 9), while the daily measurements of PM,,
were correlated negatively with the daily values of SI, the
daily measurements of NO, were correlated positively with
the daily values of SI.

Evaluating the correlation between daily SI values and daily
O, measurements of stations, for 3 stations (station numbers:
1,5, and 13) there was a negative correlation, while for 4 sta-
tions (station numbers: 3, 7, 9, and 10) there was a positive
correlation.

DISCUSSION

It is evident that the COVID-19-related lockdown has led to
a significant drop in pollution levels, hence improving air
quality across the majority of the world. Although many stud-
ies have examined the effects of the pandemic on air quality
and demonstrated that PM and NO, concentrations generally
decrease during the pandemic, we found in this study that
there was no negative correlation between Sl values and daily
PM,, and NO, measurements in some districts of Istanbul. In
addition, despite the pandemic restrictions, there was a posi-
tive correlation in some districts, indicating the increase of
these pollutants. There may be several potential explanations
for the results despite the lack of a proper approach to analyz-
ing the causes in this study.

When a policy is enacted, the compliance of citizens is cru-
cial, and there can be significant variation in its implementa-
tion. As the reason for our results differed according to the
districts of Istanbul, implementation of pandemic restrictions
may vary within Istanbul districts. El-Sayed et al*' interpreted
in their study that the stay-home orders were stricter in Miami

PM,, NO, (OR
Correlation r Correlation r Correlation r
0.09" —0.02 -0.16"
0.06 -0.09" 0.007
—0.08" 0.003 0.27°

—0.009 —0.03 —
-0.09" -0.5" -0.31"
0.04 —0.02 —
0.13" 0.01 0.08"
0.02 -0.43 0.008
-0.10" 0.35 0.29°
0.11" 0.008 0.17"
0.03 0.03 —
0.12" 0.002 —0.01
-0.2 -0.49° -0.18"
0.15" 0.03 —
0.15" —0.06 —

as opposed to Orlando, hence the stronger reductions in lev-
els of pollutants observed in Miami. In addition, the timing
of restrictions, the method in which restrictions are applied,
meteorological circumstances, and especially the physical
characteristics of the districts, all may influence the effec-
tiveness of air quality improvement. Lu et al*? observed that
the short-term emission control effect of lockdown ranged
between 53.0% and 98.3% for all cities included in their
study; however, the effect is much greater in southern cities
than in northern cities (P < .01), while small and medium
cities have a similar influence on NO, and SO, as megaci-
ties but a greater effect on PM,, and PM,,. In a study from
Myanmar, the researchers showed that during the COVID-19
pandemic, while restricting measures were in effect, the city’s
PM-related air quality improved from “unhealthy” to “good.”
However, the percent changes in PM concentrations varied
among the 3 study sites, with the highest percent reduction in
a semicommercial crowded area (84.8% for PM, ; and 88.6%
for PM,,) and the lowest percent reduction in a residential
quiet area (15.6% for PM, ; and 12.0% for PM, ). The percent
reductions also varied among the different times during the
COVID-19 pandemic that measurements were made.* In our
study, the varying directions (positive or negative) of correla-
tion between SI and daily measurements of PM,, and NO,
in various districts were interpreted particularly as a result
of district/neighborhood characteristics and variations in the
enforcement of restrictions.

When describing the changes in PM concentrations during
the COVID-19 pandemic, some studies have additionally
accounted for seasonal variations. In the study described by
Hashim et al,® the researchers compared the average PM con-
centrations in Baghdad, Iraqg, throughout 5 time periods: the
first period prior to the implementation of a lockdown and



the remaining 4 periods during a partial or complete lock-
down. The concentrations of PM, ; and PM,, were found to be
the lowest during the initial partial and total lockdowns com-
pared to the other 4 periods. They hypothesized the following
possible explanations for this result: the citizens” compliance
with the lockdown measures during the first lockdown period
contributed to the large decline of PM concentrations during
that period, and the dry, hot climate during the summer led to
the relative increase of PM concentrations in the subsequent
lockdown periods. Chen et al** noted that other meteorologi-
cal factors, such as the ambient temperature, relative humidity,
wind speeds, precipitation, radiation, and ambient pressure,
could also exert an influence on the ambient PM concentra-
tions. We lacked data regarding meteorological parameters
and seasonal variations, which was one of the limitations of
our study. In actuality, the entire 2-year pandemic period was
included in the evaluation of the correlation analysis for the
study, as we hypothesized that this may reduce the shadowing
effects of short-term factors such as seasonal and meteorologi-
cal differences and the restriction and liberalization periods
and permit evaluation over a longer period.

Lange et al®** conducted a study in Pittsburgh, which,
because of its industrial heritage and current sources of
PM, provides a unique setting for assessing changes in air
pollution during COVID-19 lockdowns. This study evalu-
ated the premise that air pollution in Pittsburgh reduced
during the lockdown—specifically, that NO, decreased
greatly due to the decrease in traffic, whereas PM, ; did not
fall or decreased very little due to the assumed continua-
tion of industrial activity. Their study indicates that indus-
trial sources contribute more PM to the atmosphere. In our
study, there was a negative correlation between daily PM,,
measurements and daily Sl values in 3 of 15 stations (sta-
tion numbers: 1, 5, and 9) located in 3 neighborhoods that
were grouped as urban residential or urban background
areas. Only 1 station’s daily measurements (in the district
of Esenyurt) demonstrated a negative correlation with the
daily values of SI for both PM,, and NO,. The Esenyurt
district has a land area of 43.13 km? and a population of
983 557 people, and the station is located in the district’s
second most populous section. The pandemic limitations
appear to have been useful in this area for improving air
quality. On the other side, there was a positive correlation
between daily PM,, measurements and SI measurements at
6 stations (station numbers: 1, 7, 10, 12, 14 and 15) located
in the urban residential or urban background neighbor-
hoods. Despite the restrictions, the increase in PM,, was a
significant issue that required discussion with other affect-
ing factors, such as the continuing industrial activity and
others. The range of dates that we analyzed in our study
(March 1, 2020-February 28, 2022) is extensive, and during
this entire time period, the restrictions in Istanbul did not
always include all aspects of society. In the study of Aykag
and Elbek,* it has been shown that especially at the begin-
ning of the pandemic, the lockdown did not cover blue-
collar workers. Continual population mobility and density
during the pandemic in industrially populated districts such
as Bagcilar, Bahgelievler, Esenler, Esenyurt, Sultangazi, and
Tuzla have the potential to generate air pollution.?” It may
be possible to fully evaluate the impact of the Sl reported for
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Turkey on the air quality in different living areas by assess-
ing the socioeconomic infrastructure of each living area, the
sociospatial inequality, industrial employment, the number
of households, the employee class, and so on.

In some periods of pandemic, blue-collar workers were
ordered to keep working. Their travel to the industrial zone
from their residences made it harder to manage the pandemic
and this contributed to the air pollution in these places.
Consequently, examining districtional disparities and reveal-
ing the Sl for each district could provide a more comprehen-
sive view of the changes in air quality due to the pandemic
restrictions.

Li et al®*® showed that the COVID-19 containment and clo-
sure policies did not significantly reduce NO, tropospheric
NO, vertical column density (TVCD) in the mild or moder-
ate clusters, but they did so in the poor cluster. They utilized
the SI for monitoring pandemic restrictions like in our study
and demonstrated that specifically, a rise of 1 SD (23.58)
in the Sl is associated with a drop of 3.2% NO, TVCD in
the poor cluster (coefficient = —0.033, P < .05). In other
words, these estimations imply that the most strict con-
tainment and closure policies (index score of 100) would
reduce NO, TVCD by a maximum of 13.1%.% In the study
of El-Sayed et al,*' they found that differences observed in
NO, between cities were likely due to the population dif-
ferences among cities, leading to differences in mobile
emissions. Dobson and Semple** showed that during the
2020 lockdown period, due to the effect of decreasing car
journeys in Scotland, NO, values were considerably lower
than those in the preceding 3 years. In Chen et al* study,
they investigated the changes in private vehicle restriction
policies and their impact on air pollution before and after
the outbreak of COVID-19 using daily data from August 1,
2019, to February 7, 2020. They discovered that private car
restrictions are a viable strategy for improving air quality.
However, its impact is contingent on the city’s economic
development features. Various categories of the restriction
(restrictions for private cars on traffic, distant working, dis-
tant education and total lockdown periods, etc.) may have
different effects. Likewise, Gkatzelis et al?* stated in a world-
wide analysis that NO, level decreases were due to the
stringency of lockdown measures. In our analysis, 3 stations
(station numbers: 2, 5, and 13) exhibited a negative correla-
tion between Sl daily values and NO, levels. In particular,
station number 13 was located in a densely trafficked area,
and it appeared that the pandemic period improved NO, air
quality in this region.

Although some criteria pollutants,*' such as PM and NOx,
decreased during closure periods, O, levels increased. In this
respect, O, may be viewed as an exceptional pollutant in
terms of COVID-19 measures and the relationship between
air pollution and COVID-19. In our study, O, levels were
measured at 10 of 15 stations, and in 4 of those stations, daily
O, levels were positively correlated with Sl values, whereas
in 3 stations, the correlation coefficient was negative. Ozone
has a complex structure and is a secondary pollutant. The
levels of its precursors NOx and volatile organic compounds
(VOCs) are crucial for O, formation. Due to the dependence
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of O, levels on these precursors and photochemical reaction,
levels of NOx and VCs and sunlight are O, level drivers."

As an important matter, recent studies on COVID-19 in dif-
ferent countries have examined that improving air quality has
been a component of reducing the risk of COVID-19 infec-
tion,* and geographical patterns of COVID-19 transmission
and mortality among countries are linked with local levels
of pollutants.*# In their research, Baniasad et al*® aimed
to shed light on the COVID-19 pandemic and determine
the relationship between the COVID-19 transmission rate,
environmental factors (air pollution, weather, and mobility),
and sociopolitical variables [government stringency index
(GSD]. In Russia, the United Arab Emirates, India, and the
Philippines, it was observed that a higher SI was associated
with a reduced incidence of COVID-19 cases. In spite of
this, an increasing number of COVID-19 cases with greater
GSI have been observed in a few nations. This increasing
trend seen in Iran, Turkey, and Saudi Arabia suggests that the
government has been slow to implement countermeasures
against the COVID-19 pandemic.

There were some limitations to this study. First of all, only 15
among 39 stations in Istanbul were considered valid for this
study because the percentage of days they can monitor in a
year is at least 75%. Therefore, these findings are representa-
tive of 38.4% of the stations in Istanbul. Also, the total area
of the neighborhoods where the valid stations for the study
were |located accounted for 1.3% of the total area of the dis-
tricts included in the study. It has to have a greater number of
valid stations monitoring the air quality in istanbul in order
to ensure that it is more representative. On the other hand, Sl
simply demonstrates the existence of restrictions but not their
effectiveness. Adaptation of the population to the measures
and seasonal and activity density variations during the study
period may therefore influence the results. However, it should
also be considered that these elements may not be similar
among districts. The use of country-based values of the Sl and
the lack of data on the district-level specifics of the measures
and their implementation may be significant limitations of
our study. To analyze the effects of pandemic measures on air
pollution levels in more detail, it would be advantageous to
have access to pandemic data as well as environmental and
sociopolitical variables.

In conclusion, the recent study looking at the correla-
tion between Sl and change in air quality in the districts of
Istanbul determined that pandemic restrictions could not
achieve the same improvements in air pollution in every
district of istanbul. We need to perform studies monitoring
pollutant concentrations with an increasing representative
number of stations while investigating all the influencing
mechanisms and/or factors (e.g., meteorological conditions,
changes in the behavior of population displacement, pol-
lutant transportation, and implementation of government
policies) that could have contributed to these changes in
pollutant levels.
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