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Abstract

The world is currently struggling with a new type of coronavirus (2019-nCoV) pandemic
that first appeared in Wuhan, China, and then spread to almost all countries. As in other
countries of the world, public authorities in Turkey are implementing many preventive and
mitigating partial lockdown (PL) actions against the virus’s effects. Some decisions and
policies implemented before and after March 11, 2020, when the first virus case has been
identified, have reduced people and traffic circulation, which has also turned into some
improvements in air quality. At this point, this study aims to investigate how this pandemic
affects the air quality of a metropolis. A case study of the city of Istanbul, the most affected
city with more than half of Turkey’s cases, is performed. In our analysis, we observe, com-
pare, and discuss the impact of the COVID-19 pandemic and PL decisions on Istanbul
city’s air quality. We consider the particulate matter (PM,), sulfur dioxide (SO,), carbon
monoxide (CO), nitrogen dioxide (NO,), nitrogen oxide (NO), nitrogen oxides (NO,), and
ozone (0O3) concentrations. We used data from 19 air monitoring stations (AMSs) and
obtained improvements in the air quality for the pandemic period. In summary, the con-
centration levels in PM,,, NO,, NO, and NOx result in a clear decline in pandemic times
compared to the normal times in Istanbul. On the other hand, a non-homogenous trend for
SO, and CO concentrations is observed for different AMSs. A partial increase in O, con-
centration is obtained in the comparison of before and during the PL period.

Keywords Air quality - 2019-nCoV - COVID-19 - Pandemic - Partial lockdown - Istanbul

1 Introduction

COVID-19, a new type of coronavirus, is an infectious disease that first appeared on
December 30, 2019, in a Chinese city, Wuhan (Anderson et al., 2020). The World Health
Organization (WHO) later confirmed COVID-19 as a pandemic. In the period of nearly
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four months, the infection, which initially expanded with Iran, Italy, Spain, France, the UK,
and the USA, is spread worldwide. As of May 22, 2020, it has caused nearly 5.2 million
cases and 334,862 deaths in the world (WHO, 2020a). Similar to combatting against this
pandemic through the world, Turkey continues its struggle. The mortality rate, the number
of intensive care patients, and the number of intubated patients are better than the most
developed countries in the world. The mortality rate was 2.8% as of May 22 (Turkey Min-
istry of Health, 2020). Turkey is in good condition through the world in terms of the total
number of tests. This is related to Turkey’s early isolation decisions and as well as the case
of being prepared for such an event. These isolation measures not only made the spread
of the epidemic controllable but also caused some changes that could be considered posi-
tive for the environment. Restriction measures have led to the confinement of the popula-
tion, reduction in public transport, and reduction of road traffic in metropolitan cities. As a
result, it has led to a significant decrease in air pollution at urban levels.

The air quality is an important indicator of urban sustainability (Borrego et al. 2006).
Therefore, it is used for comparing and discussing the impact of the COVID-19 pan-
demic on air quality. On the other hand, poor air quality is one of the main factors that
have an impact on people’s health and has consequences over time (Rodriguez-Urrego &
Rodriguez-Urrego, 2020). Telemedicine and virtual care (Anthony, 2020a, 2020b; Bokolo,
2020) can help for sustainable healthcare during and/or after the COVID-19 pandemic.
Although the impacts of COVID-19 on the environment are short term, the efforts can
strengthen environmental sustainability (Rume & Islam, 2020).

Istanbul is the most crowded city of Turkey. It has a nearly 15.5 million populations.
Turkey’s metropolitan city of Istanbul serves a great fight against coronavirus, as in other
metropolises in the world.

Turkey’s government has made decisions and practices in the early period of the dis-
ease. Indeed, about 35 days before the first case occurred in Turkey (March 10, 2020),
flights were halted with China (February 3, 2020). Also, 15 days before the first case, the
land border with its neighbor Iran was closed (February 23, 2020). On February 29, 2020,
about ten days before the first case, flights to Italy, South Korea, and Iraq were stopped.
This was followed by such practices of travel restrictions, curfews for some age groups,
cancelation of education in schools, the transition to distance education, travel ban to all
countries, and weekend curfew in metropolitan cities. Although all these restrictions force
people to behave untraditionally, it yields some rejoicing results (Abdullah et al., 2020;
Collivignarelli et al., 2020; Dantas et al., 2020; Kerimray et al., 2020; Li et al., 2020;
Mahato et al., 2020; Muhammad et al., 2020; Nakada & Urban, 2020; Otmani et al., 2020;
Sharma et al., 2020; Tobias et al., 2020; Wang & Su, 2020; Zhu et al., 2020). It has been
demonstrated by scholars that all these restrictions cause visible improvements in air pollu-
tion for the benefit of the environment. Therefore, the main problem here is to seek answers
to questions such as what the basic parameters that affect air quality are, to what extent
they have changed during the normal period and COVID-19 period, and what the effect of
partial and full lockdown periods on the increase and decrease of these parameters.

In the light of the research questions mentioned above, the main purpose of this study
is to observe, compare, and discuss the impact of COVID-19 pandemic on the air qual-
ity of Istanbul city, considering the particulate matter (PM,), sulfur dioxide (SO,), car-
bon monoxide (CO), sulfur dioxide (NO,), sulfur oxide (NO), sulfur oxides (NOx), and
ozone (O3) concentrations. The concentrations of PM,,, SO,, CO, NO,, NO, NO,, and
O; were obtained at 1-h intervals. The change of concentrations was handled by com-
parisons in two different time periods. While the first analysis compares the values of
March 1, 2020-May 22, 2020, and the same dates from the year 2019, the second analysis
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includes the comparison of the values between March 1, 2020—April 9, 2020, and April 10,
2020-May 22, 2020. The dates of this second analysis refer to before and after the partial
lockdown for Istanbul.

The remainder of this paper is organized as follows. Section 2 presents an overview of
the literature in evaluating the effects of COVID-19 on the air quality of cities. Section 3
introduces the material and method. Section 4 presents results and discussion of the case
study of Istanbul. The final section summarizes the conclusions and provides suggestions
for future research.

2 Background: an overview to the literature

With this extraordinary Covid-19 event, many scholars have recently reported papers
regarding the impact of this pandemic on air quality. Table 1 shows the state-of-the-art
review of these studies considering some characteristics such as study outlet (journal
where it published), case study city or country, parameters used to assess air quality, num-
ber of sampling locations (air monitoring stations, AMS), the novelty of the study (ulti-
mate goals), and fundamental outputs. While some scholars design their contributions on
a worldwide basis, most of the study on a single city. For example, Shrestha et al. (2020),
Zambrano-Monserrate et al. (2020), Cadotte (2020), Muhammad et al. (2020), and Venter
et al. (2020) studied multiple countries worldwide. Shrestha et al. (2020) investigated the
effects of Covid-19 on six air pollutants (PM, 5, PM,,, Os, SO,, CO, and NO,) in forty
cities between February—March 2019 and 2020. They determined a reduction in the mean
monthly concentrations of PM, 5 and PM,,, of the year 2020 compared to 2019 in most of
the cities.

In the studies of Wang et al. (2020), Fattorini and Regoli (2020), Xu et al. (2020), Setti
et al. (2020), Sharma et al. (2020), Asna-ashary et al. (2020), Zhu et al. (2020), Abdullah
et al. (2020) and Wang and Su (2020), a single country is handled to investigate changes of
air quality against Covid-19 prevalence.

Dantas et al. (2020) discussed the impact of the quarantine measures on the air quality
of Rio de Janeiro, Brazil, by comparing some air gases concentrations during the partial
lockdown by comparing them with values obtained in the same period of 2019. They also
analyzed the situation of the weeks before and after the virus outbreak. Ching and Kajino
(2020) aim to intend to give an up-to-date glimpse of the pandemic from air quality and
climate perspectives. In another study, Otmani et al. (2020) studied the impact of Covid-19
lockdown on the air quality of Salé City in Morocco. Additional examples of analysis from
individual cities from the world are Bontempi (2020) for Lombardy, Italy; Mahato et al.
(2020) for Delhi, India; Almond et al. (2020) for Hubei, China; Nakada and Urban (2020)
for Sdo Paulo, Brazil; Tobias et al. (2020) for Barcelona, Spain; Kerimray et al. (2020)
for Almaty, Kazakhstan; and Li et al. (2020) for Yangtze River Delta Region, China. In
conclusion of most of the studies, a significant improvement has been yielded on the air
quality with the occurrence of Covid-19 and the partial or fully lockdown decisions of gov-
ernments. In total, 60% of the reviewed studies have used O;, PM;, and PM, 5 as an air
quality indicator to assess the effects of Covid-19. Similarly, 48% of all studies have used
SO, concentration to analyze the pandemic’s effect on air quality. Regarding the number
of AMS where the data are extracted from, there is no consensus between the scholars.
Some of them have gathered data from one single AMS, and others benefitted from differ-
ent numbers of AMSs. As an example, while in Dantas et al. (2020), three AMSs are used
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to obtain data, Freitas et al. (2020), Collivignarelli et al. (2020), and Shrestha et al. (2020)
constructed their models from the data of 21, 18, and 301 sampling AMSs, respectively.
More details can be found in Table 1.

In light of this state-of-the-art review mentioned above, our current study aims to seek
the impacts of Covid-19 and the partial lockdown decisions on the air quality of megacity
Istanbul, Turkey. For this aim, two crucial comparative work has been performed to assess
the relationship, as stated in the first section.

3 Material and method

Istanbul is the biggest urban settlement area in Turkey. Covid-19 first case was confirmed
in Istanbul, Turkey, on March 11. Turkey’s largest city, Istanbul, is hosting more than half
of Covid-19 cases in the country. Figure 1 demonstrates the trend that has emerged since
the first case.

It has massive cultural, commercial, educational, historical, and strategical location
importance (Celik et al., 2014). Istanbul plays the role of a bridge between Europe and
Asia continents in many ways. Based on the data obtained from Turkish Statistical Insti-
tute (TUIK, 2020), the population of Istanbul was 15.519.267 in 2019 and Istanbul has
the highest population density as well. Air pollution issues are one of the challenges of
Istanbul (Baykara et al., 2019). Air pollution problems had reached significant level since
1980s, and the concentrations of the pollutant have mostly surpassed the air quality stand-
ards (Tayang, 2000). In this study, the data were collected at 19 different AMSs (http:/
www.havaizleme.gov.tr/). In total, 13 AMSs are located in Europe side of Istanbul, namely
Alibeykoy, Avcilar, Aksaray, Bagcilar, Bagaksehir MTHM, Besiktas, Esenler, Esenyurt
MTHM, Kagithane, Mecidiyekoy MTHM, Sultangazi MTHM, Silivri MTHM, Sirinevler
MTHM. Six AMSs are also located in Asia side of Istanbul, namely Kadikdy, Kandilli

. Total confirmed cases, .Achve cases, .Active severe (ICU inc. intubated) cases, . Total deaths, D Total recovered cases

Date

Fig.1 Covid-19 figures of Turkey between March 10 and May 23
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Fig.2 The locations of all AMSs in Istanbul

MTHM, Selimiye, Sultanbeyli MTHM, Umraniye, Uskiidar MTHM. While 9 AMSs oper-
ated by the Ministry of Environment and Urbanisation are used for this study, 10 AMSs
are also operated by Istanbul Metropolitan Municipality. In this study, some AMSs are not
considered because of the unavailable data and all AMSs are illustrated in Fig. 2.

The diameter of less than 10 (PM,), sulfur dioxide (SO,), carbon monoxide (CO),
nitrogen dioxide (NO,), nitrogen oxide (NO), nitrogen oxides (NO,), and ozone (O3) is
analyzed for the city of Istanbul, Turkey. The used parameters in 19 AMSs are presented
in Table 2. In this study, two different periods are analyzed as March 1, 2019, to May 22,
2019 (n=1992 for each parameter and each air monitoring station), and March 1, 2020, to
May 22, 2020 (n= 1992 for each parameter each air monitoring station). The general aver-
ages are calculated for the periods previous year (March 1, 2019, to May 22, 2019) and
current year (March 1, 2020, to May 22, 2020), evaluating the variation in the mean con-
centration (pg/ m®) and their relative change (%) between two years. The general averages
are also calculated for the periods before (1 March to 9 May, n=960 for each parameter
and each station) and during the partial lockdown (10 March to 22 May, n=1032 for each
parameter and each station), evaluating the variation in the mean concentration (pg/ m®)
between both periods and their relative change (%).

The main reasons for selecting the city of Istanbul in this study are: (1) A significant
proportion of the population in Turkey is in Istanbul, and also industrial and manufacturing
facilities have intensively located around this metropolitan city. (2) The number of air mon-
itoring stations is quite high. Compared to other cities in Turkey, access to data is easier
and more systematic. (3) Undoubtedly, Istanbul is at the forefront among the cities most
affected by the COVID-19 pandemic.

4 Results and discussion
4.1 Particulate

The first air pollution parameter we assessed in the air quality of the city of Istanbul, Tur-
key, is particulate concentration. PM, s particulate matter is a mixture containing organic
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components, inorganic ions, and mineral powders. PM, 5 is defined as atmospheric parti-
cles that pose a great danger to human health and have a particle size of fewer than 2.5 pm.
PM,,, on the other hand, is defined as an atmospheric particle that is less than 10 pm
emerged from industrial exhaust emissions and motor vehicle exhausts and waste from fos-
sil fuel combustion. For our case of Istanbul city, we base our results on PM,,. The PM,,
concentrations measured between two time periods in 19 AMSs of Istanbul are compared.
These two periods are composed of the same days of the years 2019 and 2020, respectively.
Therefore, we can easily observe the difference of Covid-19 effect on the air quality of the
city of Istanbul. Since Istanbul is a city that has land on both the Asia and Europe sides and
is located at the intersection of two continents, we have separated the results collected from
the stations as Asia and Europe sides specifically for our analysis. Table 3 demonstrates the
variation in PM,, concentrations for two-year comparison.

The effects of two time intervals follow a similar variation on most of the AMSs. The
% variation in declining trend is measured averagely between 29.15% (Besiktas AMS) and
1.19% (Silivii MTHM AMS). The only exception among 19 AMSs is the average value
measured from Sultanbeyli MTHM station on the Asia side. Accordingly, the value of
2019 in the relevant date range has increased slightly in 2020 (1.41%). Also, the box plot
demonstration of variation in PM,, for Aksaray AMS is provided in Fig. 3. It can be seen
from Fig. 3 that the concentration of PM,,, especially for Aksaray AMS, decreased during
the months of April and May compared to the same months of the previous year (2019),
when the national authority took measures to prevent and mitigate Covid-19 outbreaks.

The effects of before and during PL on the air quality presents a clearer picture than the
first analysis above. According to this secondary analysis, the PM,, concentrations from all
AMSs have an improvement. The average PM,, values measured from all AMSs between
April 10, 2020, and May 22, 2020, were obtained lower than the values measured between
March 1, 2020, and April 9, 2020. The % variation ranges between 0.49% (Avcilar AMS)
and 38.27% (Alibeykdy AMS). The reduction is directly related to the PL decision of the
Turkish government. This result is attributable to the travel restrictions in Istanbul and the
other 30 megacities of Turkey implemented by the public authority and the reduction in
traffic flow, Table 4.

The hourly variation in PM;, concentration before and during PL measured at Aksaray
AMS is shown in Fig. 4. When investigated the first time interval of Fig. 4, which corre-
sponds to before PL, it is easily inferred that PM,, values on Fridays are peak values. It is
an expected result that there will be more traffic density, especially on Fridays due to the
completion of working hours and being the last of the week’s working days. These peak
values have considerably decreased in the times of PL against the Covid-19 pandemic.
Additionally, the variability of the values seen in the plot has also been decreased. The out-
liers of the data are relatively less.

4.2 Sulfur dioxide

SO, is a gas like other parameters used in determining air quality. The majority of SO, in
the air is of human origin. Wastes from industrial plants and motor vehicle emissions can
be shown as the main source of this gas. Generally, it is expected to decrease SO, value in
times of Covid-19 outbreak compared to the normal times. In the literature, Tobias et al.
(2020) obtained a difference (19.4% decrease, 1.8% increase) in SO, level between before
and during the lockdown in urban background and traffic, respectively. In Istanbul’s fig-
ures, it seems that there is an irregular variation (Table 5).
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Fig.3 The variation in PM,, for Aksaray AMS for two-year comparison

Table 5 demonstrates that while a higher variation has existed in some AMSs, it is observed
a more reasonable change in some AMSs. For example, half of the AMSs in Europe side of
Istanbul has a negative % variation in SO, level such as Avcilar, Aksaray, Bagcilar, Besiktas,
Esenyurt MTHM, and Silivii MTHM. On the other hand, AMSs in the regions of Alibeykdy,
Bsaksehir, Esenler, Kagithane, Sultangazi MTHM, and Sirinevler MTHM have yielded a too
high % variance in SO, levels. A similar result is also visible for the Asia side. This result
is attributable to the distribution of industrial zones in Istanbul. The central government in
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Table 4 Variation in hourly PM,, concentrations before and during PL

Europe Side

AMSs Alibeykdy  Avcilar Aksaray Bagcilar  Basaksehir MTHM Besiktas Esenler

1.03.2020—-09.04.2020  68.43 32.19 49.30 35.22 46.09 33.03 37.90

10.04.2020-22.05.2020  42.24 32.03 37.60 34.75 38.75 25.40 29.41

Variation —26.19 —-0.16 —11.70 —-0.47 -7.35 —7.62 —-8.49

% variation —38.27% —-049% -2374% —132% —1594% —23.08%  —22.40%

AMSs Esenyurt Kagithane Mecidiyekdy  Sultangazi Silivii MTHM  Sirinevler
MTHM MTHM MTHM MTHM

1.03.2020 - 09.04.2020 61.94 74.19 66.06 65.76 34.62 51.31

10.04.2020—-22.05.2020  47.22 50.61 46.17 46.40 30.54 39.93

Variation —14.72 —23.58 —19.89 —19.36 —4.08 —-11.38

% variation -23.77% -31.78% -30.11% —29.44% —11.80% -22.17%

Asia side

AMSs Kadikoy Kandilli MTHM Selimiye Sultanbeyli Umraniye  Uskiidar MTHM

MTHM

1.03.2020—09.04.2020  41.70 37.53 40.15 42.71 37.82 40.05

10.04.2020-22.05.2020  33.35 31.26 25.54 30.87 27.19 27.33

Variation —8.36 -6.27 —14.61 -11.85 —10.63 -12.72

% variation -20.04% —16.71% -36.40% —-27.73% -28.10%  —31.75%

Turkey and Istanbul has taken any decision on restrictions stopping production of the private
sector and industry that are sought to be avoided as far as a possible negative influence. Our
partial results for the city of Istanbul are compatible with the study of Zhu et al. (2020). In Zhu
et al. (2020), a negative correlation is obtained between SO, level and the number of hourly
confirmed Covid-19 cases. Also, in the study of Kerimray et al. (2020) for the city of Almaty,
Kazakhstan, an 7% increase in SO, concentration has been detected. As in our study, this may
be statistically insignificant. However, this result shows that the people used to stay in their
houses due to the restrictions and the air temperature was not yet at the desired level for Istan-
bul due to the burning of the coal used in the houses. As an example of the hourly variation in
SO, concentration for the Aksaray AMS is given in Fig. 5. A noticeable decrease between the
two time periods of the years 2019 and 2020 can be observed.

The findings obtained in the SO, concentration as a result of comparing the Covid-19
outbreak fight dates with the same dates in the previous year are similar to the secondary
analysis. As a result, a negative relationship has emerged between the PL dates and the
dates when there are few preventive measures for the city of Istanbul. An increase in SO,
levels at different percentages can be easily read from almost all AMSs (Table 6).

4.3 Carbon monoxide

CO concentration is one of the most crucial air quality parameters. CO is a harmful gas
in the atmosphere. It affects the environment and human health heavily. For the city of
Istanbul, Turkey, CO concentration levels have not been obtained as homogenous. As
in the trend of SO, concentration of the Istanbul city, the average values measured at
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Fig.4 The variation in PM, for Aksaray AMS before and during PL

the AMSs mostly have a positive % variation (Table 7). That means Covid-19 affects
air quality negatively in terms of CO concentration, excluding the regions of Aksaray
and Begsiktas (Fig. 6). These two regions have an improvement in air quality in times of
Covid-19 outbreak with a 22.64% and 38.23% decrease. Considering the fact that the
main causes of higher CO concentration in the air are due to traffic and household heat-
ing, this can only be explained by the fact that people turn to household heating since
they frequently prefer not to go outside, excluding a compulsory situation. The CO con-
centration results obtained for Istanbul contradict the results obtained in many studies
in the literature (Xu et al. 2020; Collivignarelli et al. 2020; Nakada et al. 2020; Tobias
et al. 2020; Kerimray et al. 2020; Li et al. 2020).

When the situation about CO concentration before and during PL in the Aksaray
region in Istanbul is handled, the result is vice versa. The PL decision has significantly
decreased the CO concentration, as given in Table 8 and Fig. 7. This result is com-
pletely consistent with the literature. We can infer that the late dates of the PL period
(the month of May in 2020) can yield a more consistent result. It is expected to observe
a negative effect of Covid-19 on the air quality from the viewpoint of CO concentration
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Fig.5 The variation in SO, for Aksaray AMS for two-year comparison

in the remaining regions except Aksaray and Besiktas with people being more familiar
with Covid-19 measures and taking care to comply and warm weathers.

4.4 Nitrogen dioxide

Nitrogen dioxide is an air pollutant that is traditionally produced as a result of road
traffic and other fossil fuel combustion processes (Collivignarelli et al. 2020). In this
paper, we analyzed the concentration of NO, in AMS in Istanbul. In 2007-2017,
the average and standard deviation concentration of NO, in Istanbul was in fact
around 56.57 + 10.24 pgm?® (The Ministry of Environment and Urbanisation, 2018).
The average concentration, variation, and percentage variation for two periods
(1.03.2019-22.05.2019 and 1.03.2020-22.05.2020) are also presented in Table 9. The
biggest decrease in NO, concentrations is realized in Sultanbeyli MTHM AMS with
83.35%. Hourly NO, concentrations for 4 out of 19 AMSs as Kagithane, Kadikoy,
Selimiye, and Umraniye are increased.

For example, the variation of NO, for Aksaray AMS for a two-year compari-
son is illustrated in Fig. 8. The data are presented as box plots for two year. For
NO,, concentrations (average values) in Aksaray AMS are lower 4.67% for the
1.03.2020-22.05.2020 period by comparing the 1.03.2019-22.05.2019 period.

The variation of hourly NO, concentrations before PL and during PL is also pre-
sented in Table 10. As presented in Table 10, there is a decreasing in hourly NO, con-
centrations for all AMSs in Asia side. On the other hand, while NO, concentrations
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Table 7 Variation in hourly CO concentrations for two-year comparison

Europe Side

AMSs Alibeykdy Avcilar Aksaray
1.03.2019-22.05.2019 920.61 158.21 503.45
1.03.2020—-22.05.2020 1299.42 332.52 389.44
Variation 378.81 174.31 —114.01
% variation 41.15% 110.17% —22.64%
AMSs Bagcilar Basaksehir MTHM Besiktas
1.03.2019-22.05.2019 466.16 478.99 478.75
1.03.2020-22.05.2020 481.58 3061.31 295.74
Variation 15.42 2582.33 —183.00
% variation 3.31% 539.12% —38.23%
AMSs Kagithane Mecidiyekoy MTHM Sirinevler MTHM
1.03.2019-22.05.2019 578.97 686.62 770.83
1.03.2020-22.05.2020 1776.06 1677.13 3768.06
Variation 1197.09 990.52 2997.23
% variation 206.76% 144.26% 388.83%
Asia Side
AMSs Kandilli MTHM Selimiye Uskiidar MTHM
1.03.2019-22.05.2019 44421 499.94 690.68
1.03.2020—-22.05.2020 1671.24 1263.09 3855.40
Variation 1227.03 763.14 3164.72
% variation 276.23% 152.65% 458.20%

are decreased in 11 out of 13 AMSs in Europe side, only 2 out of 13 AMSs as Bagcilar
and Mecidiyekdoy MTHM is increased in Table 11.

4.5 Nitrogen oxide

In the same manner, the variation of hourly NO concentrations is also analyzed for a two-
year period. There is a reduction of NO concentrations except some AMSs as Kagithane,
Kadikéy, and Umraniye. While Kagithane AMS is located in Europe side, the Kadikdy
and Umraniye AMSs are located on the Asia side. These AMSs are specifically located
in industrial and transport-dominated areas. There is a significant reduction in Besiktas,
Bagcilar and Mediciyekdy AMS in Europe side and Kandilli MTHM AMS in Asia side.

For example, the variation of NO for Aksaray AMS for a two-year comparison is illus-
trated in Fig. 9. For NO, concentrations (average values) in Aksaray AMS are lower 34.82%
for the 1.03.2020-22.05.2020 period by comparing the 1.03.2019-22.05.2019 period.

In addition to the two-year comparison, an analysis is performed before PL and dur-
ing PL. There is a significant reduction in hourly NO concentrations except Besiktag and
Bagcilar AMS in Europe side and Kadikdy AMS in Asia side. While the biggest decreas-
ing is realized on hourly NO concentrations in Aksaray AMS of Europe side, Selimiye
AMS also has significant decreasing on hourly NO concentrations for Asia side.

The box plot for the presenting of Aksaray AMS is given in Fig. 10. The 69.04%
reduction is realized during PL. The PL decision has significantly decreased the NO
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Fig.6 The variation in CO concentration of Aksaray AMS for two-year comparison

.03.2020-22.05.2020

concentration, as provided in Table 12 and Fig. 10. This result is entirely consistent with
the literature. We can infer that the late dates of the PL period (the month of May in 2020)
can yield a more consistent result.

4.6 Nitrogen oxides
The main source of the NO, is high motor vehicle traffic such as in metropolitan like

Istanbul. In this section, we analyzed the variation of hourly NO, concentrations for a two-
year comparison. The data of hourly NOx concentrations are obtained from 19 AMSs.

@ Springer



1636 E. Celik, M. Gul

Table 8 Variation in hourly CO concentrations for all AMSs before and during PL

Europe Side

AMSs Alibeykdy  Avcilar Aksaray Bagcilar Basaksehir MTHM
1.03.2020 —09.04.2020 1421.98 332.77 437.86 414.60 1664.22
10.04.2020-22.05.2020  1138.99 294.02 338.10 547.11 4389.60
Variation —282.98 —-38.75 -99.76 132.51 2725.38
% —19.90% —11.65% —22.78% 31.96% 163.76%
AMSs Besiktas Esenler Kagithane ~ Mecidiyekoy MTHM  Sirinevler MTHM
1.03.2020—-09.04.2020 332.31 787.01 2238.43 3273.67 2372.79
10.04.2020—22.05.2020  260.24 685.39 812.02 554.74 5204.50
Variation —72.07 —101.62 —1426.41 —2718.93 2831.71
% -21.69% —-1291% —63.72% —83.05% 119.34%
Asia Side
AMSs Kadikdy Kandilli MTHM Selimiye Uskiidar MTHM
1.03.2020—-09.04.2020 83.17 1218.01 1392.40 2184.72
10.04.2020-22.05.2020  118.02 2102.15 1090.10 5447.08
Variation 34.85 884.14 —302.30 3262.36
% 41.90% 72.59% -21.71% 149.33%

On Europe side, 11 out of 13 AMSs have a significant decreasing in hourly NOy con-
centrations. Only an increasing in hourly NOy concentrations is realized on Esenler and
Kagithane AMSs. The variation of the Kagithane AMS is increased eight times. On the
other hand, there is only a 5.16% increasing in Esenler AMS. In the Asia side, an increas-
ing in hourly NOy concentrations is realized on Kadikdy, Selimiye, and Umraniye AMSs.
The variation of the Kadikoy AMS is increased more than four times.

The variation of NO, for Aksaray AMS for two-year comparison is illustrated in
Fig. 11. For NO,, concentrations (average values) in Aksaray AMS are lower 22.02% for
the 1.03.2020-22.05.2020 period by comparing the 1.03.2019-22.05.2019 period.

According to this secondary analysis, the NO, concentrations from all AMSs have an
improvement except Bagcilar and Besiktag AMS in Europe side. The average NO, values
measured from all AMSs between April 10, 2020, and May 22, 2020, were obtained lower
than the values measured between March 1, 2020, and April 9, 2020. The % variation
ranges between 16.61% (Uskiidar MTHM AMS) and 48.70% (Esenyurt MTHM AMS).
The reduction is directly related to the PL decision of the Turkish government. This result
is attributable to the travel restrictions in Istanbul and the other 30 megacities of Turkey
implemented by the public authority and the reduction in traffic flow, Table 13.

The hourly variation in NO, concentration before and during PL. measured at Aksaray
AMS is shown in Fig. 12. The 41.95% reduction is realized during PL. The PL decision
has significantly decreased the NO, concentration, as given in Table 14 and Fig. 12.

4.7 Ozone

O; is another air pollutant that causes the decrease of NOx in a VOCs-limited environ-
ment, a decrease of nitrogen oxide (NO), or a usual increase of insolation and temperatures
(Tobias et al. 2020). In 2010-2017, the average and standard deviation concentration of
0, in Istanbul was, in fact around 37.56 + 11.65 pgm® (The Ministry of Environment and
Urbanisation, 2018). In this analysis, we have obtained data for 14 AMSs. The data for 5
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Fig. 7 The variation in CO concentration for Aksaray AMS before and after PL

AMSs are not available. The variation of hourly O; concentrations for a two-year com-
parison of 15 AMSs is presented in Table 15. There is a significant decreasing for 4 AMSs
in Asia side. On the other hand, there is a significant increasing for Alibeykdy AMS with
56.25%.

Figure 10 presents the variation of O; for Aksaray AMS for a two-year comparison.
The concentrations (average values) of NO in Aksaray AMS are lower 13.74% for the
1.03.2020-22.05.2020 period by comparing the 1.03.2019-22.05.2019 period, Fig. 13.
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According to this secondary analysis, the O; concentrations from 7 out of 9 AMSs have
an improvement except for Bagcilar and Kagithane AMS in Europe side. In Asia side,
while there is a significant increasing in the O; concentrations on Selimiye (41.13%) and

Sultanbeyli (22.41%) AMSs, a significant decreasing is also realized in Umraniye AMS

Fig.8 The variation in NO, of Aksaray AMS for two-year comparison
(28.79%).
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Fig.9 The variation in NO of Aksaray AMS for two-year comparison

The hourly variation in O; concentration before and during PL. measured at Aksaray AMS
is shown in Fig. 14. The 56.22% increasing is realized during PL. The PL decision has signifi-

cantly increased the O; concentration, as given in Table 16 and Fig. 14.
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Fig. 10 The variation in NO of Aksaray AMS before and during PL
5 Conclusion

In this paper, the impact of the COVID-19 pandemic on the air quality of Istanbul city is
compared and discussed considering the particulate matter (PM,), sulfur dioxide (SO,),
carbon monoxide (CO), sulfur dioxide (NO,), sulfur oxide (NO), sulfur oxides (NOx), and
ozone (O3) concentrations. The concentrations of PM,,, SO,, CO, NO,, NO, NO,, and O,
were obtained at 1-h intervals. The data are obtained from 19 AMSs of different districts of
Istanbul. The change of concentrations was handled by comparisons in two different time
periods. The first analysis compares the values of March 1, 2020-May 22, 2020, and the
same dates from the year 2019. In this first analysis, 1992 concentrations for each param-
eter, and each AMS are obtained. The second analysis includes the comparison of the val-
ues between March 1, 2020-April 9, 2020, and April 10, 2020-May 22, 2020. The dates
of this second analysis refer to before and after the partial lockdown for Istanbul. While
960 concentrations for each parameter and each AMS for before lockdown are obtained,
1032 concentrations for each parameter and each AMS for during lockdown are obtained.
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Fig. 11 The variation in NO, of Aksaray AMS for two-year comparison

The variation in the mean concentration between both periods and their relative change are
calculated and compared. While the reduction of PM;, of concentration is 19 AMSs ranged
between 1.19% and 29.19% for two-year period, the reduction of PM,, concentration of 19
AMS:s is ranged between 1.32% and 38.27% before PL and during PL. The reduction of
CO concentration of 8 AMSs is ranged between 11.65% and 83.05% before PL and during
PL. In 17 AMSs, the concentration of NO,, NO, and NO, is significantly reduced before
PL and during PL. The variation of O; depends on the AMSs. While the maximum reduc-
tion O of concentration is 78.71%, the maximum increasing O; concentration is 61.67%.
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Fig. 12 The variation in NOy of Aksaray AMS before and after PL

This study comprehensively discussed the impact of the COVID-19 on the environment
of Istanbul, the metropolitan city of Turkey. The main implications from the study are as
follows:

The COVID-19 pandemic improved the air quality of Istanbul in the short term and
made a significant contribution to reducing carbon emissions. Also, considering the time
period, energy consumption dropped during the COVID-19 outbreak. It has significantly
reduced the emissions of gases such as CO. However, observed data show that this benefi-
cial effect only partially occurred during PL. Therefore, with the removal of PL decisions
in the future, people and goods will begin to flow mostly, making it possible for energy use
and gas emissions to reach the level before the epidemic.

For Istanbul, COVID-19 significantly reduced NO2, NO, and NOx concentrations in
the atmosphere. The reduced traffic flow in PL times has significantly improved air quality
throughout the province. This phenomenon may indicate a close relationship between the
economy and environmental pollution. The decrease in economic activity and traffic bans
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Table 15 Variation in hourly O; concentrations for two-year comparison

Europe Side
AMSs Alibeykoy Aksaray Bagcilar Bagaksehir MTHM Besiktas
1.03.2019-22.05.2019 19.50 32.49 40.42 63.81 25.64
1.03.2020-22.05.2020 30.47 28.02 4435 74.23 25.63
Variation 10.97 —4.46 3.93 10.42 —0.01
% variation 56.25% —13.74% 9.71% 16.33% —0.04%
AMSs Esenyurt MTHM Kagithane  Sultangazi MTHM Silivri MTHM
1.03.2019-22.05.2019 14.22 4291 51.92 74.32
1.03.2020-22.05.2020 14.27 8.86 33.03 72.19
Variation 0.04 —34.05 —18.90 —-2.13
% variation 0.31% -79.36% —36.39% -2.87%

Asia Side
AMSs Kadikoy Selimiye Sultanbeyli MTHM Umraniye
1.03.2019-22.05.2019 23.53 38.20 66.47 41.00
1.03.2020-22.05.2020 17.40 20.98 65.02 14.60
Variation -6.14 -17.22 —1.46 —26.40
% variation —26.08% —45.07% -2.19% —-64.39%

directly affected changes in energy consumption of Istanbul metropolis and effectively
reduced environmental pollution.

This study contributed to research on the impact of some strict measures taken by deci-
sion-makers in the event of a global disaster such as the COVID-19 pandemic on air qual-
ity and environmental pollution. This type of research has been conducted in metropolitan
cities in many countries in the world. However, such research has not yet been conducted
for Turkey. In this context, a reference study with the Istanbul case has been added to the
studies on the evaluation of the impact of COVID-19 on the environment. This study has
also taken its place in the literature as a study contributing to global studies under the dis-
aster situation-economy-environment perspective.

For future studies, by adding meteorological data to such a study, a holistic evaluation
can be made with the effect of climatic variables. Moreover, it should be noted that factors
of jam and industrial activities should be taken into consideration for further studies.
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Table 16 Variation in hourly O; concentrations before and during PL

Europe Side

AMSs Alibeykoy Aksaray Bagcilar Basaksehir Besiktag
MTHM

1.03.2020-09.04.2020  28.69 22.38 44.75 66.38 23.41

10.04.2020-22.05.2020  32.86 34.96 44.00 81.70 27.76

Variation 4.17 12.58 -0.75 15.32 435

% variation 14.52% 56.22% —1.68% 23.08% 18.57%

AMSs Esenyurt MTHM Kagithane Sultangazi MTHM  Silivii MTHM

1.03.2020—09.04.2020  10.93 11.48 29.41 66.94

10.04.2020-22.05.2020  17.67 245 36.50 77.48

Variation 6.74 -9.04 7.09 10.54

% variation 61.67% -78.71% 24.10% 15.75%

Asia Side

AMSs Selimiye Sultanbeyli MTHM ~ Umraniye

1.03.2020—09.04.2020  17.32 58.32 17.26

10.04.2020-22.05.2020  24.44 71.39 12.29

Variation 7.12 13.07 —4.97

% variation 41.13% 22.41% —28.79%
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