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ABSTRACT

Objective: Particulate matter, sulfur dioxide, ozone, and nitrogen oxide compounds are the main air
pollutants. The purpose of this research is to analyze the five-year air quality of Istanbul and examine the
effect of movement restrictions due to the COVID-19 pandemic on pollutants.

Method: The public data of the National Air Quality Observation Network has been utilized. The research
has been conducted based on the five-year daily averages of PM,, NO,, and NO, pollutants for Istanbul
between 2016-2020. The data of stations which measured for 75% and more throughout the year has
been used. The effect of lockdowns enforced due to COVID-19 was revealed by comparing data of
pollutants from April and May of 2020 to the same period in 2019.

Results: There were 12 stations between 2016-2018, and 39 stations in 2019 and 2020 which measured
particulate matter and nitrogen oxide compounds. Only 9 stations reached the standard of measuring
pollution for 75% and more throughout the year. The PM,, NO,, and NOx levels measured by all the 9
stations between 2016-2020 are above the limit values set by the World Health Organization (WHO).
The lockdowns in 2020 have not been helping improvements in air pollution issue. However, there have
been regressions of 33.4%, 59.6%, and 52.6% in the overall average particulate matter, nitrogen oxide,
and nitrogen dioxide concentrations during the lockdowns between 23-26 of April, 1-3 of May, and
23-26 of May, respectively.

Conclusion: The air pollution issue in Istanbul has not improved in a meaningful and significant manner
for the last five years. There is a significant deficiency in measuring traffic pollution. It has been found that
two days long lockdowns and physical movement restrictions due to COVID-19 have significantly
contributed to a significant regression in the overall concentration of air pollutants.
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Amac: Partiklil madde, kukirt dioksit, ozon ve nitrojen oksit bilesikleri temel hava kirleticileridir. Bu
makalede istanbul’un 5 yillik hava kalitesi degerlendirmesi ve pandemi nedeniyle uygulanan fiziki hareket
kisitlamalarinin kirleticiler tizerine olan etkisinin arastirilmasi amaglanmistir.

Yéntem: Arastirmada Ulusal Hava Kalitesi izleme Ag1'min kamuoyuna acik verileri kullanmldi. 2016-2020
yillari arasinda istanbul’da trafik yogunlugunun neden oldugu temel kirleticiler olan partikiil madde ve
nitrojen bilesikleri analiz edildi. Bir yil icinde Sl¢iim yapabildigi giin sayisi ylizdesi %75 ve lizeri degere
ulasan istasyonlarin verileri kullanildi. Arastirmaya temel olan ginlik PM,, NO, ve NO, kirleticilerinin,
2016 yilindan 2020 yilina dek 5 yillik dl¢tim verileri, Istanbul ili sinirlari icerisinde 6l¢im yapabilen tim
istasyonlarda 24 saatlik ortalamalar temel alinarak degerlendirildi. COVID-19 pandemisi nedeniyle 2020
yili Nisan ve Mayis aylarinda gerceklesen fiziki hareketliligi kisitlama uygulamalari giinlerindeki kirletici
dtizeyleri, her bir istasyon 6zelinde, 2019 ve 2020 yillari kiyaslanarak ayrica degerlendirildi.

Bulgular: 2016-2018 yillari arasinda 12, 2019 ve 2020 yillarinda 39 adet istasyonda partikiil madde ve
nitrojen oksit bilesikleri 6lctimi yapildigs; bir yil icinde 6lclim yapabildigi giin sayisi ylizdesi %75 ve tizeri
degere ulasan istasyon sayisinin 9 adet oldugu tespit edildi. Son bes yillik kirletici Sl¢timleri degerlendi-
rildiginde; aragtirmaya dahil edilen 9 istasyonun tamaminda, PM,;, NO, ve NO, kirletici Sl¢timlerinin,
Diinya Saglik Orgiiti'ntin belirledigi sinir degerleri astig1 saptandl COVID-19 kapsamlnda 2020 yilinda
uygulamaya konulan iki gtinliik fiziki hareket kisitlamalarinin kirleticiler tizerinde olumlu bir etkisi izlenme-
di. Ancak 23-26 Nisan, 1-3 Mayis ve 23-26 Mayis tarihlerinde gerceklestirilen kapanma dénemlerinde
partikiil madde, nitrojen oksit ve nitrojen dioksit konsantrasyonlarinda sirasiyla ortalama %33,4, %59,6
ve %52,6 oraninda dustis saptandi.

Sonug: Istanbul’daki hava kirliligi bes yillik dénemde anlamli ve belirgin bir azalma géstermemistir. Son
yillarda 6zellikle trafik kirliligini lcmede yetersizlik mevcuttur. COVID-19 6nlemleri cercevesinde uygu-
lamaya konulan iki ginden uzun stireli ve etkili fiziki hareket kisitlamalari hava kirleticilerinin konsantras-
yonunda belirgin distise yol actig1 tespit edilmistir.

Anahtar kelimeler: Partikiil madde, nitrojen bilesikleri, COVID-19, kapanma
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INTRODUCTION

Air pollution is a significant public health
problem causing deaths and diseases at a global
level. While it predominantly causes health
problems on the respiratory, cardiovascular, and
cerebrovascular systems, in 2013, the International
Agency for Research on Cancer (IARC) has also
classified it as a Group 1 carcinogenic, stated that
there was enough evidence to connect it with
lung cancer and that it increases the risk of
bladder cancer '?. Recent research on the topic
has found that vulnerable populations such as the
children, elderly, pregnant women, and people
from lower socio-economic backgrounds are
more open to the effects of air pollution, and a 10
pg/m’ increase of PM  is found to increase the
mortality by 0.4-0.8% in short-term exposures ©.
Furthermore, outdoor air pollution caused by irregular
urbanization and industrialization leads to the death
of 3,2 million people every year globally “.

Sulfur dioxide (SO,), nitrogen oxides (NO,,
NO ), ozone (03), carbon monoxide (CO), volatile
organic compounds (VOCs), and particulate
matter (PM, and PM, ,) are the main pollutants of
air. Particulate matter, which is one of the main air
pollutants in Turkey, consists of carbon, heavy
metals, inorganic ions, and polycyclic aromatic
hydrocarbons. PM with a diameter of between
2.5-10pm is identified as coarse, while PM with a
diameter of 2.5um and less is identified as fine ©.
It has been proved that the pathogenic effect of
the PM with less diameter is more on a variety of
bodily systems via systemic circulation ©7- There
is strong evidence on the effects of short-term
exposure to PM  on respiratory health, but PM,
is known to be a stronger risk factor for mortality
and especially for long-term exposure compared
to PM, ®. Every pg/m? increase in PM,  increases
the daily mortality rates by 0.2-0.6% ©.

A high concentration of nitrogen oxide
compounds causes irritation in airways and the
development of asthma, as well as increasing the
susceptibility to respiratory tract infections. PM
and nitrogen oxide compounds emerge
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predominantly out of the use of fossil fuels in
industry, transport, and heating. The nitrogen
dioxide emissions emanate as a result of reaction
with sunlight which makes NO,_ an important air
pollutant for countries receiving a lot of sun, such
as Turkey. Nitrogen compounds occur in
combustion processes, which are the main sources
of anthropogenic emissions such as road and
othertransportation processes, energy generation-
distribution, industrial processes 9.

The aim of this research is to examine the
change of air quality in Istanbul based on the
changes in the concentration of PM, ; and nitrogen
compounds by using the public data collected
between the years 2016-2020 by the air quality
stations which are part of the National Air Quality
Observation Network. The effects of the COVID-
19 pandemic and the physical movement
restrictions as part of the response to it since the
first case was spotted in Turkey on March 11,
2020, on the air quality of Istanbul have been
specifically analyzed as part of this research.

MATERIAL and METHODS

The measurements of the air pollutants
examined in the research were retrieved from the
databank for Istanbul which is situated on the
website of the National Air Quality Observation
Network operating under the Ministry of
Environment and Urbanization. The main
pollutants of PM and nitrogen compounds
produced by heavy traffic were chosen among
other pollutants available in the databank. PM
measurements were analyzed instead of PM,
because its measurements were not sufficient for
analysis. SO, measurements were left out of the
research. The analysis was conducted by making
use of 24-hour average values calculated based
on the five-year measurements of the main
pollutants chosen for the research, which are
PM,,, NO,, and NO,, within the borders of
Istanbul between 2016-2020.

As stated in the Air Quality Assessment and
Management Regulation, the minimum data
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acquisition required of the stations which conduct
constant measurement was accepted as 90%,
and stations with this measurement quality were
determined V. However, in accordance with the
qualification definition set by the European
Environment Agency (EEA) for the comparison of
five-year data of PM  and nitrogen compounds,
the data of the stations which measured 75% and
more of the year were used ?. The annual
average values of 5 consecutive years between
2016 and 2020 were compared based on the
data retrieved from the stations included in the
study. And the analysis was predicated on the
limit values set by the WHO (13,

Pollutant levels during the lockdowns lasting
two days, which occurred in April and May 2020
due to the COVID-19 pandemic, were separately
evaluated for each station by comparing the years
2019 and 2020. The restrictions enforced by the
public authorities in 11-12, 18-19, and 23-26 of
April, and 1-3, and 23-26 of May in 2020 to limit
physical movement have been identified as
lockdown for our research. The measurements
made on these days were compared with the
same dates of the previous year to investigate the
effect of these lockdowns on air pollution.

This research did not receive ethical approval
because the validated public data of the National
Air Quality Observation Network under the
Ministry of Environment and Urbanization was
utilized without any attempt to include data from
human participants, especially the vulnerable
groups.
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RESULTS

Istanbul is the most crowded city in Turkey
with a population of over 15 million on a 5342
km2 area ¥, There were 12 stations between the
years 2016-2018, and 39 stations in 2019 and
2020 in Istanbul that measured particulate matter
and nitrogen oxide compounds according to the
public data of the National Air Quality Observation
Network. PM, ; measurements in Istanbul reached
75% of the year between 2016-2018, and 84% of
the year between 2019-2020. NO, measurements
were made over 90% of the year between 2016-
2017, however, this performance was not kept
up and only 33% of the stations that reached the
standard measured NO,. For NOx, 23% of the
stations that reached standard measured NO ,
meaning that only 9 out of 39 stations in Istanbul
measured NOx for 90% and more of the year
(Table 1).

Between 2016-2020, there were 7 stations in
Istanbul that measured PM, ;, NO,, and NOx
constantly, and the measurements of which
reached 90% and more of the year; and there
were 9 stations that measured 75% and more of
the year. The data on pollutants according to
years which was provided by the 9 stations
included in the research can be seen in Table 2.

The WHO'’s limit value for PM,, pollutant (20
pg/m?3) has been recorded to exceed in all the 9
stations included in the research in the last five
years. The stations in Esenyurt and Mecidiyekdy
districts measure the highest PM  values (Figure 1).
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Figure 1. Annual averages of PM,  recorded for 5 consecutive years between 2016-2020.
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Figure 2. Annual averages of NO, recorded for 5 consecutive years between 2016-2020.
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Figure 4. Change of PM  levels in Istanbul during lockdowns in 2020 compared to the same dates in 2019.

The WHO'’s annual limit value of 40 pg/m? for stations included in the research. Among all the
NO, has been recorded to exceed in Mecidiyekdy, stations, the station in Umraniye recorded the
Umraniye, Sirinevler, Uskiidar districts (Figure 2). highest pollution in terms of NO,_ (Figure 3).

As for NO , the WHO’s annual limit value of 30 The comparison of pollution data in the dates
pg/m? has been recorded to exceed in all 9 of the in 2020 in which lockdowns were enforced with
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Figure 6. Change of NO_levels in Istanbul during lockdowns in 2020 compared to the same dates in 2019.

the same dates in 2019 revealed that the
lockdowns on 11-12 of April and 18-19 of April
in 2020 did not lead to a regression in the amount
of particulate matter pollution (Figure 4). On the
other hand, lockdowns in 23-26 of April, 1-3 of
May, and 23-26 of May 2020 which lasted three
or four days led to a regression in both the
particulate matter and the nitrogen compounds
pollution (Figure 4, 5, 6). There were regressions
in the concentrations of nitrogen compounds
measured in the stations of Mecidiyekdy and
Uskiidar, where the pollution levels are normally
high due to heavy traffic, during the lockdowns in
11-12 of April and 18-19 of April in 2020 (Figure
5, 6). According to the traffic data on April and

May 2020, the hourly traffic was observed to be
less busy on the days of lockdown (Figure 7, 8)
(15)

During the lockdowns on 23-26 of April, 1-3
of May, and 23-26 of May which lasted three or
four days, all the stations observed an average
regression of 33.4%, 59.6%, and 52.6% in
particulate matter, nitrogen oxide and dioxide
concentrations, respectively. While it was
observed that there was an average of 25.1%,
51.5%, and 44.4% regression in particulate matter,
nitrogen oxide and dioxide concentrations,
respectively, during the lockdown lasting three
days on 1-3 of May; the average regression in the
concentrations of the pollutants were recorded as

117



70

Days of May
60 — — )
—

—17

—1l - 15
50
16 17

—]

—7 —D4

40 27
30

20

10

00:00

01:00

02:00 03:00 04:00 05:00 0600 07:00 08:00 09:00 10:00

Hourly Traffic Index

11:00

12:00

izmir Gogus Hastanesi Dergisi 2021;35(3):113-24

13:00 1400 1500 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Figure 7. Hourly Traffic Index according to the Istanbul Metropolitan Municipality data during the April 2020 Lockdowns

(lockdown days are shaded blue).
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Figure 8. Hourly Traffic Index according to the Istanbul Metropolitan Municipality data during the May 2020 Lockdowns

(lockdown days are shaded blue).

37.5%, 63.6%, and 56.6% during the two
lockdowns lasting four days (Figure 4, 5, 6).

DISCUSSION

This research revealed that the air pollution
problem of Istanbul has not improved significantly
between the years 2016-2020, that, on the
contrary, it became a permanent problem in
certain districts, and that air quality monitoring is
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not adequate due to the inability of stations to
measure the pollution created by heavy traffic in
Istanbul. Furthermore, it has been revealed that
lockdowns longer than two days enforced due to
COVID-19 have been influential on the regression
of air pollution levels recorded in Istanbul in
2020.

The first step to improve the air quality is to
constantly monitor the air pollutants. The condition
underlying this is the establishment of a sufficient
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Table 1. The number of stations that can reach the measurement quality criteria of the Air Quality
Assessment and Management Regulation and the European Environment Agency by years.

PMyo

NO, NO,

Year Number of stations 2% 90

2%175

2% 90 2%75 2% 90 2%75

2016 12

9

12 12 12 12

2017 12

9

12 12 12 12

2018 12

9

10 12 12

2019 39 33

35

30 31 28 31

2020 39 22

33

13 26 12

Table 2. Annual measurement percentages of the stations by years and pollutants (measurement days / 365 days).

PMyo NO, NO,

2016 | 2017 | 2018 | 2019 | 2020 | 2016 | 2017 | 2018 | 2019 | 2020 | 2016 | 2017 | 2018 | 2019 | 2020
Basaksehir
iy 95 | 94 | 98 | 95 | 94 | 96 | 94 | 97 | 96 | 92 | 96 | 94 | 97 | 96 | 89
Esenyurt
ikt 99 | 95 | 8 | 91 | 95 | 98 | 97 | 89 | 92 | 94 | 98 | 96 | 88 | 92 | 93
Kandilli 97 | 95 | 95 | 93 | 95 | 95 | 99 | 98 | 95 | 97 | 96 | 99 | 97 | 95 | 95
MTHM
Mecidiyekoy
yisiy 96 | 97 | 92 | 95 | 90 | 98 | 98 | 95 | 95 | 94 | 98 | 98 | 94 | 95 | 94
Silivri 93 | 96 | 97 | 98 | 98 | 96 | 98 | 99 | 98 | 98 | 96 | 98 | 97 | 97 | 97
MTHM
Sile
Ny 99 | 99 | 97 | 99 | 97 | 99 | 98 | 97 | 98 | 96 | 99 | 99 | 89 | 97 | 85
Sirinevler
iy 99 | 97 | 99 | 95 | 97 | 99 | 100 | 97 | 97 | 97 | 99 | 100 | 97 | 97 | 97
Umraniye
il 96 | 92 | 92 | 97 | 97 | 98 | 96 | 75 | 99 | 96 | 96 | 96 | 75 | 99 | 96
Uskiidar 94 | 95 | 94 | 98 | 95 | 97 | 96 | 98 | 96 | 97 | 97 | 96 | 98 | 88 | 90
MTHM

MTHM: Marmara Clean Air Center

amount of stations that conduct adequate and
accurate measurements. The number of air quality
observation stations in Istanbul, although
increasing in number recently, is insufficient
compared to stations situated around the world.
While, London with 9 million population over a
1.572 km? area has 120 stations; Tokyo with 9
million population over a 2.194 km? area has 82
stations; New York with 8 million population over
a 784 km? area has 50 stations that monitor air
quality; Istanbul, which is the most crowded city

of Turkey has only 39 permanent stations (416
17.18  As we have revealed in our study, beyond
the numerical insufficiency of stations, the number
of stations that sufficiently measure nitrogen
compounds throughout the whole year between
2016-2020 has been decreasing instead of
increasing. Indeed, these quantitative and
qualitative insufficiencies hinder the monitoring
of air quality in a nuanced manner.

Research data reveals that the proportional
increase of particulate matter pollution in Turkey
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over the years, in comparison to European
countries, has been against improvements in
Turkey’s air pollution problem. Even when only
PM, is considered, particulate matter pollution in
Turkey in 2003 was 5.6% more compared to
Europe, and this rate has reached 31% in 2019
because the particulate matter pollution in
European countries has regressed by 14.2%,
while there has been an increase by 8.4% in
Turkey during the same period (%19,

Several research and reports point out
particulate matter pollution in Turkey as an
important public health problem ?°, Pala et al. "
found in their study that the measurements were
not adequately conducted by air quality stations
throughout the year (47.6%), that PM,. was
measured by only 18.6% of the stations which
collected sufficient data, and that, in 2018, long-
term exposure to PM, , in lead to the premature
death of 44,617 people. Capraz et al. ?? revealed
in their Istanbul-based study conducted between
2013-2015 that an increasing number of hospital
visits due to respiratory problems have been
connected to short-term exposure to PM, , PM, ,
and NO,. The results were most strongly related
to PM,, pollutant, and women and the elderly
were found to be more susceptible to the risk of
breathing polluted air ??.

The number of studies about pollution by
nitrogen compounds in Turkey is very limited. In
a study conducted in Canakkale, which evaluated
NO, along with industrial pollutants, the data
collection area was divided into 3 regions, and
data on PM, SO, , NO, , and ozone pollutants and
Pulmonary Function Test (PFT) scores were analyzed;
and the PFT values were found to be worse in
industrialized areas with more pollution 3

Our research is the first to evaluate both NO,
and NO, pollutants together in the city of Istanbul
and to reveal the limit value excesses measured
by the stations included in the research. Nitrogen
oxide and nitrogen dioxide pollution have been
found to reach very high levels in certain districts
of the city with heavy traffic and dense population.
One of the results of our study is especially
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important: the positive influence of lockdowns
lasting longer than two days (23-26 of April, 1-3
of May, and 23-26 of May) on nitrogen compounds
pollution has been significant and consistently
observed in all the stations included in the
research. Since nitrogen compounds pollution is
predominantly traffic-related, it is necessary to
expand public transportation and to promote
renewable energy use in private vehicles for the
health of people living in Istanbul.

The first confirmed case of COVID-19 in Turkey
was announced by the Ministry of Health on the
11th of March, 2020, on the same day as the
WHO'’s declaration of the pandemic. The countries
around the world worked to limit the spread of
the disease without a clear and effective treatment
by restricting physical movement on a large scale
through “lockdowns”, limiting the contact
between people, and by vaccination developed
recently @427, In this context, global and local
travels were canceled all over the world, education
was suspended in many countries, businesses
and industrial activities were suspended, albeit
temporarily. The suspension of industrial activities,
on the other hand, led to a decrease in air
pollutant emissions alongside reducing the speed
of the epidemic. Air quality data retrieved from
satellite and ground air quality stations showed
significant reductions in the concentrations of air
pollutants, particularly nitrogen compounds 839,
In addition to nitrogen compounds, regressions
in the particulate matter were also observed
during the lockdown periods ©!3?. The Air Quality
2020 Report published by the European Union
has shown that there is a regression in PM 4
concentrations due to movement restrictions,
although it is not as obvious as nitrogen dioxide
pollutant "?. In our research, a regression was
observed for all pollutants within the scope of the
research during the suspension of almost all the
industrial activities, the reduction of traffic
mobility, and the restriction of physical mobility
for more than two days.

Restriction of physical mobility is the most
important non-pharmacological approach to
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control the COVID-19 pandemic where a vaccine
and a reliable medical treatment do not exist ©¢2.
Our research shows that restrictions on physical
mobility, named “lockdown” in our research, also
have a positive effect on air pollutants. Similarly,
studies revealed that restrictions of movement in
the United States, China, France, Spain, and Italy
have resulted in regressions of up to 60% in
nitrogen dioxide concentration ¢+39. In fact, after
a partial lockdown, a 77.3% regression in nitrogen
oxide and 54.3% regression in nitrogen dioxide
concentrations were observed in Brazil when
compared to the five-year average values “°. A
study that included 44 cities in China found
that, after travel restrictions and reduced social
mobility, there was a regression of 6.76%,
5.93%, 13.66%, 24.67%, and 4.58% in SO,,
PM,,, PM , NO,, and CO concentrations,
respectively “"Y. Similarly, another study
conducted in China revealed that the air quality
index (AQI) has been better by 12.2% in cities
where “lockdown” provisions were enforced
@2 A study that included 6 cities of India where
physical movement restrictions were enforced
showed a regression trend in tropospheric NO,
concentrations “¥. Furthermore, it is striking
thatregressionsin nitrogen oxide concentrations
in relation to restrictions on physical movement
were observed in regions with heavy traffic “%.
In addition, a study conducted in the USA
showed that there was an increase in PM,
concentration due to the increased use of
biomass during the “lockdown” periods “>. A
study investigating the effects of physical
movement restrictions put into practice due to
COVID-19 on air quality in Turkey found that
PM,; and SO, were lower compared to previous
five-year measurements “®. A recent study on
the same topic conducted in Istanbul revealed
that significant regressions in PM,, SO,, CO,
NO,, NO, NO,, and O, concentrations were
observed during the partial lockdowns “”. By
concentrating on particulate matter and nitrogen
compounds, our study has reached the
important conclusion that lockdowns longer

than two days have a stronger positive influence
on the improvement of air pollution in
Istanbul.

In our study, the PM, jconcentration increased
in all stations during the lockdowns on 11-12 of
April and 18-19 of April 2020, compared to the
same days of the previous year. In our opinion,
this unexpected discordance may be secondary
to the increased use of fossil fuels in households
due to lockdowns, as Mendez-Espinosa et al.
43 have also identified. As a matter of fact, the
same increase is not observed by the stations
outside the district of Silivri during lockdowns
in May 2020, when we expect the use of fossil
fuels to decrease due to seasonal effects.

The most important limitation of our research
is the insufficient number of stations that
conduct adequate and consistent measurements
throughout the five-year study period. This
limitation, which is independent of the structural
design of our research, hinders the detailed
monitoring of air quality over the years for
Istanbul in general. Nevertheless, our research,
which was carried out with available data, is
important in terms of showing the recent
situation of air pollutants, the process of
development over the years, and the effect of
the lockdowns enforced due to the COVID-19
pandemic in a very crowded metropolis like
Istanbul.

Main Points

+ There are insufficiencies in qualitative and
quantitative monitoring of air pollution in
Istanbul.

Air pollution problem of Istanbul has not
improved in a significant manner in the last
five years.

It has been found that lockdowns longer than
two days enforced due to the COVID-19
pandemic have led to average regressions of
33,4%, 59,6%, and 52,6% in particulate matter,
nitrogen oxide, and nitrogen dioxide
concentrations, respectively.
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