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ABSTRACT

Since December 2019, most countries have been working to stop the spread of SARS-CoV-2, the virus responsible for
COVID-19. These measures, which include restricting movement, have environmental consequences. This study assessed
the impact of COVID-19 measures on air pollutant concentrations measured in urban areas and traffic stations on both the
European and Asian sides of Istanbul during March 2020. Significant reductions in pollutants: 32-43% (PMo), 19-47%
(PMzs), 29-44% (NOy), 40-58% (CO) and 34-69% (SO,) were calculated. The clearest reductions at the traffic stations
were in NO, which originates primarily from vehicle exhaust. The reduction of NO, at the traffic station on the European
side was found higher comparing the Asian side. The average concentrations of NO», PM» 5, PM o and CO during peak traffic
hours were significantly (p < 0.01) decreased under COVID-19 measures. The results indicate that due to the measures taken
in Istanbul and across Turkey and to control the spread of the virus, anthropogenic activities such as industry, vehicle traffic
and sea transport have decreased, and consequently, air pollution has been significantly reduced. These pollutant levels
demonstrate the anthropogenic contribution to air pollution and can inform clean air actions in Istanbul and in others cities
throughout the world.
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INTRODUCTION

The coronavirus disease (COVID-19) first broke out in
Hubei Province in China in December 2019. Since that date,
the Chinese government has taken measures to stop the spread
of the virus. However, since February 2020. SARS-CoV-2,
the virus responsible for COVID-19 has spread across almost
the entire world, and each country has taken measures to
attempt to stop the virus from spreading. Initially, most
governments managed the crisis by giving advice such as
“stay home”, “maintain social distancing” and “engage only
in essential activities”. As a result, some countries shut down
all daily activities outside the home for a period of time, and
others significantly restricted activities.

COVID-19 is the most urgent threat facing humanity
today, and there were more than 650 000 deaths confirmed
globally as of 28 July 2020 (WHO, 2020). However, air
pollution is another major challenge to human health and
according to the World Health Organization (WHO), every
year at least 4 million deaths are related to urban air pollution.
A recently published study shows that air pollution shortens
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lives worldwide by nearly three years on average; and leads
to 8 million premature deaths annually (Lelieveld et al.,
2020).

Particulate matter and gaseous air pollutants are the major
components of air pollution in urban areas that impact
human health and the environment. Gaseous air pollutants
measured in cities include nitrogen dioxides (NO,), sulfur
dioxide (SO;), carbon monoxide (CO) and ozone (O3).
Human exposure to particles below 10 um (PMo) and below
2.5 um (PMys) can penetrate into the deepest parts of the
respiratory system. Lin et al. (2017) found significant
correlations between hourly peak PM, s and mortality. They
reported that for each 10 pg m™ increase in the hourly peaks
of PM; s, there were associated increases of 0.9% in total
mortality, 1.2% in cardiovascular mortality, 0.7% in respiratory
mortality. Furthermore, Mills er al. (2015) found that a
10 ug m= increase in 24 h NO, was associated with increases
in total mortality (0.7%), cardiovascular (0.9%) and respiratory
mortality (1.1%).

Although there has been research on the relationship
between bacteria and particulate matter (Onat et al., 2017),
there are limited studies on the relationship between viruses
and air pollution. One such study found a significant positive
correlation between the infection rate of respiratory syncytial
virus and PMy 5 (r = 0.45) and; PM; (r = 0.40) (Croft et al.,
2019). They also investigated the rate of respiratory infections,
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as measured by healthcare encounters, associated with
increases in PM; s concentrations. The finding showed that
increases in PM; s were associated with increased rates of
emergency department visits for influenza (average, 3.9%,
range, 2.1-5.6%). Another study has also shown that PM> s,
PM,o, NO,, SO, and CO were significantly correlated with
respiratory tract infections in children under 3 years, and
PM,s was significantly correlated with viral respiratory
diseases in children under 7 months (Zhang et al., 2019).

PM,s is one of the most significant air pollutants in
regards to health impacts on chronic diseases, lung diseases
and respiratory problems. It has been acknowledged that
these underlying health problems are strongly associated
with COVID-19 mortality. This issue is currently being
researched and will continue to garner attention in the future.
The first study describing the link between air pollutants and
COVID-19 was published by Setti er al. (2020) in Italy.
They found a correlation between the number of days
exceeding the limits for PM;o and the number of hospital
admissions related to COVID-19.

There are major scientific and public interest questions
being discussed on social media and studied intensively by
academics regarding the relationship between air pollution
and COVID-19, including:

1) Does air pollution increase mortality from COVID-19?

2) Does air pollution decrease during measures limiting
movement to stop the spread of the virus in cities?

3) Does the COVID-19 virus remain in the air for an
extended period of time (hours, days or weeks)?

4) Does the COVID-19 virus adhere to airborne particles?
If so, which particle size will keep it airborne?

5) Is it possible for the COVID-19 virus to be transported
over long distances on particles?

In this study, we have focused on the second question.
Papers have been published from China, Barcelona and
Delhi. Of particular note, Wang et al. (2020), Xu et al.
(2020) and Zhao et al. (2020) investigated the effect of
reduced anthropogenic activities on air pollution during the
COVID-19 outbreak in China. It was reported that the
decrease in PMy s (from 30 to 9 ug m=) was smaller than
expected due to unfavourable meteorological conditions.
Isaifan (2020) examined air quality data during quarantine in
China due to COVID-19 using satellite images from NASA.
This short communication paper showed a 30% reduction in
NO; and a 25% reduction in carbon emissions compared
with one year earlier. Tobias et al. (2020) examined the
changes in air quality during lockdown in Barcelona during
15 days in March 2020. The study shows that the most
significant reductions were seen in black carbon (BC) and
NO,, primarily related to traffic emissions. In San Francisco,
Lunden and Thurlow (2020) evaluated NO,, PM, s, BC, and
CO concentrations related to COVID-19, from March 9 to
March 20 in 2020 and compared these concentrations for the
same time periods in 2017, 2018 and 2019. They found a
notable decrease of approximately 16% for CO, 16% for
PM, s, 20% for NO, and 29% for BC during 2020 compared
with levels from 2017 through 2019. Furthermore, Safarian et
al. (2020) reported that CO, emissions worldwide in March
2020 has been 7% lower comparing to previous time.
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The first COVID-19 case and death announced in Turkey
were on 11 and 17 March 2020, respectively. The government
then advised hand washing, physical distancing, and staying
at home to slow or stop transmission of the virus. However,
since 16 March 2020, the measures taken have been more
restrictive, e.g., school closures, and people older than 65 are
prevented from leaving their homes. Due to these prohibitions
and the spread of virus, anthropogenic activities such as
transportation, industry, and shopping have been significantly
reduced since 16 March 2020. The primary purpose of this
study is to describe the preliminary change in air pollutant
levels before and after the implementation of COVID-19
measures in Istanbul.

METHODS

COVID-19 in Turkey

Fig. 1 shows the number of COVID-19 cases and deaths
in Turkey from 11 to 31 March 2020. Some restrictions
implemented by the government to slow down the spread of
the virus are noted in the Fig. 1. The Health Ministry of the
Turkish Republic has announced the number of cases and
deaths daily for the entire country since 11 March. They have
announced the number of cases and deaths daily for each
city since 3 April 2020. This study includes the data up to
31 March to assess the preliminary effects on air pollution due
to the measures. In March, the number of cases in Istanbul
had not been announced, but according to the data announced
on 28 July, there had been 227019 cases and 5630 deaths in
Istanbul. This outcomes indicates that approximately 58%
of the total cases and 42% of the total deaths were in Istanbul
(TR-HM, 2020).

The measures taken against the spread of the virus
primarily reduced activities in cities. As a result of these
measures, there was a clear decrease in the density of traffic.
The hourly mean traffic density from 1 to 31 March 2020 in
Istanbul was prepared by the Istanbul Metropolitan
Municipality (IMM) and is presented in Fig. 2. The other
major change due to the COVID-19 response measures has
been a decrease in the level of human activity outside the home.
The mean population growth of Istanbul is approximately 1.4%
annually, and the population was 15 520 000 in 2019 (IMM,
2020b). According to IMM statistics, 25% of the population
in Istanbul stayed at home before implementation of the
virus measures, but this proportion has increased to 84%
after the COVID-19 measures (IMM, 2020b). Another effect
of the virus measures has been on industry. Many factories
have stopped or reduced their activities due to the spread of
the virus. However, statistical information on this situation
is not currently available.

Air Pollution Measurements in Istanbul

Istanbul is a city divided into two sides by the Bosphorus
Channel: European and Asian. The population of the European
side is twice as high as the Asian side, and accordingly, a
higher traffic density is much more evident (Unal et al.,
2020). The Asian side of Istanbul has a newer infrastructure
than the European side, while the latter has more historical
sites and buildings. Nevertheless, construction has been
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Fig. 1. COVID-19 cases and deaths in Turkey from 11 March to 31 March 2020.
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Fig. 2. Hourly traffic density in Istanbul (%) from 1 March to 31 March 2020 (IMM, 2020a).

increasing dramatically on the European side of Istanbul
(Shoman et al., 2019), which already has a higher building
density (Unal er al., 2020). Due to these fundamental
differences, this study aims to evaluate the effects of
COVID-19 measures on air pollution on the European and
Asian sides, separately.

There are 38 air quality monitoring stations in Istanbul;
26 are operated by the IMM and 12 are operated by the
Ministry of Environment and Urban Planning (MoEUP) in
Istanbul according to European and United States standards
(IMM, 2020b). Of these, 21 and 14 of these stations are
located on the European and Asian sides of Istanbul,
respectively. For this study, the data, recorded as hourly
means at all stations between 1 and 31 March 2020, were
examined and at least one urban station and one traffic
station was selected from both areas of Istanbul to evaluate
the effect of COVID-19 measures on air pollution. The
primary criterion for data selection was that at least 90% of

the hourly data coverage and meteorological parameters
were measured simultaneously.

Fig. 3 shows the location of the stations in Istanbul and
Table 1 describes the stations and the parameters used in this
study. The air quality parameters NOy, SO,, CO, PMo and
PM, s were monitored continuously at these stations, but all
pollutants are not necessarily measured at all stations. The
traffic stations were generally located near major arterial
roads. The distances from roads were 45 m for Uskudar, 10 m
for Selimiye, 6 m for Besiktas, 4 m for Catladikap1, and 3 m
for Mecidiyekoy. Eight stations were managed by the IMM
and one (Mecidiyekdy) was managed by the MoEUP. The
Bagcilar and Kadikdy districts represented urban areas in the
heavily populated parts of Istanbul.

All air pollutants and meteorological data used in this
study were acquired from the database of the Istanbul air
quality measurement system (www.havakalitesi.ibb.gov.tr).
Data validation is conducted routinely by the Air Quality
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Fig. 3. The location of air quality measurement stations.

Table 1. Descriptions of urban and traffic air quality monitoring stations in Istanbul. All station were managed by IMM,

except Mecidiyekody, which was managed by MoEUP.

Sides Station Name Station Type Measured Parameters Latitude Longitude Altitude

Europe  Bagcilar Urban PM,o, PM; 5, CO, NO,, SO, 41.0327 28.8429 39
Besiktas Traffic CO, SO, 41.0520 29.0094 85
Fatih-Catladikap1 ~ Traffic PM; s, NO; 41.0023 28.9751 11
Mecidiyekoy Traffic PMio 41.0357 28.5940 95

Asia Kadikdy Urban PM o, PM, 5, CO, SO, 40.9908 29.0333 6
Sancaktepe Urban NO; 41.0032 29.2259 114
Uskiidar Traffic PMio, PM3 5, SO, 41.0142 29.0246 70
Selimiye Traffic NO, 41.1279 29.0484 15

Monitoring Center of MoEUP and by IMM. Moreover,
before the analyses in this study, all data were checked for
robustness; to detect anomalous records; for irregular, zero,
negative values; and for outliers by a manual inspection of
the data for quality control. Many researchers have used
these data and described the processing of measurements in
Istanbul (Capraz et al., 2016; Yurtseven et al., 2018; Guclu
etal.,2019; Onay et al., 2019, Flores et al., 2017); a detailed
measurement description can be found in Sahin et al. (2020).

Statistical Analyses

The data sets were split into two parts: the first represents
data before COVID-19 measures from 1 to 15 March, and
the second represents data after COVID-19 measures from
16 to 31 March 2020. Hourly air pollution data was extracted
from the database of the Istanbul air quality measurement
system and daily averages calculated for further graphical
and statistical analysis. All statistical analyses were made
using Excel, SPSS and R programs. Polar plots and diurnal
variation plots were created using the open air package of R
version 3.1.2 (R Core Team, 2015). Detailed descriptions of

the statistical techniques used in this study can be found in
Sahin et al. (2020).

RESULTS AND DISCUSSIONS

Table 2 shows the descriptive statistics for the parameters
at the urban and traffic sites in Istanbul based on daily values
from 1-15 March 2020 (before COVID-19 measures) and
16-31 March 2020 (after COVID-19 measures). Fig. 4
shows the daily average concentration of air pollutants and
meteorological parameters in Istanbul from 1 March 2020 to
31 March 2020. Between 1 and 15 March 2020, the highest
daily mean concentrations were 69.9 + 21.3 ug m= PMp at a
traffic station on the European side, 37.0 + 15.4 ug m™> PM,
at an urban station on the Asian side, 100.7 £ 21.4 ug m=
NO:; at a traffic station on the Asian side, 1080 + 489 ug m™
CO at an urban station on the Asian side, 7.1 = 1.6 ug m=
SO, at an urban station on the Asian side.

The comparison of the average concentration of all
pollutants between 1-15 March 2020, before COVID-19 and
16-31 March 2020, after COVID-19 clearly shows that there
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Table 2. Values of all measured parameters at urban and traffic sites in Istanbul based on daily values from 1-15 March
2020 (before Covid-19 measures) and 16-31 March 2020 (after Covid-19 measures).

Parameters  Side of 1-15 March 2020 16-31 March 2020
Istanbul ~ Type Mean = ss Median  Maximum  Mean * ss Median ~ Maximum
PM Europe Urban 61.9+31.0 53.7 122.0 424 +31.5 354 126.2
(ug m™) Traffic 69.9+21.3 67.6 113.5 439+214  36.1 81.4
Asia Urban 59.8+343 55.9 122.0 382+302 348 102.6
Traffic 439 +16.8 39.2 72.1 248+114 263 42.0
PM; 5 Europe Urban 329+154 29.0 67.4 21.2+12.1 21.0 41.9
(ug m) Traffic 26.2+8.2 26.3 42.0 21.2+9.2 21.5 36.1
Asia Urban 37.0+£ 154 354 63.0 233+124 224 42.0
Traffic 234 +8.6 24.0 394 13.6 £6.6 134 26.0
NO; Europe Urban 66.4 +19.5 67.2 104.9 39.7+£194 328 91.0
(ug m) Traffic 71.9 £18.0 73.4 105.6 40.6 = 14.5 38.7 72.7
Asia Urban 43.0+17.0 46.1 66.1 239+10.8 215 49.2
Traffic 100.7 £21.4 106.0 135.9 713+19.6  67.9 117.2
CO Europe Urban 717 £432 604 1722 303 +£225 214 904
(ug m™) Traffic 462 + 136 472 717 278 +78 284 403
Asia Urban 1080 + 489 1084 2024 578 +£256 449 1142
SO, Europe Urban 49+24 5.0 10.1 25+1.1 2.0 4.7
(g m™) Traffic 58+34 6.2 13.1 3018 2.5 7.2
Asia Urban 7.1£1.6 7.0 10.0 47+1.3 4.3 6.8
Traffic 3927 4.0 9.9 1.2+£09 1.0 33
WS (ms™) Europe Avrg. 1.8+1.3 1.7 5.3 23+£1.2 24 5.6
Asia Avrg. 14+£1.1 1.2 5.0 20+£1.2 2.0 5.0
RH (%) Europe Avrg. 65+ 14 57 89 71£12 74 88
Asia Avrg. 71+ 14 72 93 76 £11 79 91
P (mbar) Europe Avrg. 10125 1012 1024 1016 £ 6 1015 1030
Asia Avrg. 1014 5 1015 1026 1020 +5 1019 1032
Max.T (°C) Asia Avrg. 16.8 +3.7 16.0 - 114+25 11.0 -

were significant reductions. The daily mean concentrations
of pollutants measured at all stations decreased during the
last two weeks of March compared to the first two weeks of
March: from 43.6-69.9 to 24.8-46.2 ug m™ in PM,, from
23.1-37.0 to 12.2-23.3 ug m~ in PMy 5, from 41.3-100.7 to
24.3-71.9 pg m = in NO,, from 462-1080 to 278-578 ug m>
in CO, from 3.9-7.1 to 1.2-4.7 uyg m> in SO, (Table 2).
These results are likely related to the reduction in human,
traffic, and industrial activities due to the measures taken
against the spread of COVID-19.

Fig. 4 shows the temporal pattern of daily average
pollutant concentrations. Generally, the decreasing trend of
pollutant concentrations can be seen clearly in the graphs.
Before 16 March, the level of PMiy, PM>s and NO, were
typically above the EU daily limits of 50 ug m=, 25 ug m™
and 50 ug m=, respectively. The EU daily limit for NO, was
exceeded for 14 days from 1 to 15 March at the urban
stations on the European side of Istanbul and at both traffic
stations. However, after 16 March, the mean concentration of
NO; only exceeded the limit on three days at the urban and
traffic stations on the European side of Istanbul. In contrast,
despite the significant reduction in concentration, the NO,
limits were exceeded on 14 days after the COVID-19
measures were implemented. Because at this station the
mean NO, levels are typically two times higher than the
limit, the decrease was not sufficient to bring the post-
COVID-19 measures level below the limit. The Catladikap1

and Selimiye traffic stations are located near the Eurasia
Tunnel, which is a road under the Bosphorus Strait in the
city of Istanbul. The Selimiye station is located 120 m south
of the tunnel stack on the Asian side of Istanbul. The
Catladikapi station is located 100 m north of the tunnel stack
on the European side of Istanbul. Because these stations are
very close to the tunnel portals and stacks, the NO;
concentrations are very high and reflect the traffic pollutants
on the two sides of Istanbul. Gokce ef al. (2020) investigated
changes in the air pollutant concentrations at these stations 1
year before and 2 years after the tunnel began operation.
They reported that the average NO, concentrations increased
by approximately 9-24%.

Fig. 5 shows the reduction in air pollutants from 1-15
March (before COVID-19 measures) to 16—31 March (after
COVID-19 measures) at the urban and traffic stations on the
European and Asian sides of Istanbul. A comparison of the
average values before and after COVID-19 measures, clearly
shows that there were significant reductions in pollutants:
32-43% (PMio), 19-47% (PMas), 29-44% (NO»), 40-58%
(CO) and 34-69% (SO,). The NO; decreases were greater at
the traffic station on the European side than those on the
Asian side. NO, measurements were from the traffic stations
near major roads on the European and Asian sides (Catladikapi
and Selimiye, respectively). Traffic density and population
density are both higher on the European side, thus the
COVID-19 measures likely led to the more dramatic impact
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on that side of the channel. In contrast, the decrease in PM,
PM, s and SO; at the traffic stations on the Asian side were
greater than those on the European side. The datasets for
these pollutants on the Asian side were taken from the
Uskiidar traffic station, which is impacted by both traffic and
other urban sources. It is also very close to the Bosphorus
Channel, where ship emissions (especially SO,) contribute
to the air pollution, and was likely impacted by restrictions
on international transportation activities. Furthermore, at the
urban stations, the average CO and SO, concentrations
decreased by approximately 58% and 50%, respectively, on
the European side and by 46% and 34% on the Asian side.
The high reduction of CO and SO, on the European side may
be related to the decrease in the need for domestic heating,
depending on the population density and temperature increase.
However, there were not substantial differences in reductions
between the European and Asian sides at the urban stations
for PMyo (36-32%), PM,5 (36-37%) and NO; (40-41%).
All results indicate that due to the measures taken across
Turkey and in Istanbul to control the spread of the virus,
indicators of anthropogenic activities such as traffic density
have decreased and as a result, the air pollution has also been
reduced.

Fig. 6 shows the temporal variation in air pollutants at
urban and traffic stations on the European and Asian sides

of Istanbul on an hourly and daily basis. A comparison of
diurnal variation before and after COVID-19 measures clearly
shows that all air pollutant concentrations were higher
before COVID-19 measures than after. Student's t-tests were
conducted using SPSS to see the difference between peak
hours before and after COVID-19 measures, for all pollutants
measured in each stations. Particularly at peak traffic hours,
the average concentrations of NO,, PM, 5, PM o and CO were
significantly (p < 0.01) decreased after COVID-19 measures,
according to the t-test. The hourly average concentrations of
NO, reached their highest levels at the traffic stations in the
morning from 6:00-7:00 and in the evening from 17:00—
20:00 (approximately 100 ug m= and 120 ug m=, respectively,
on the European side). There are similar peaks from 16-31
March but the mean concentration are two times lower than
the period 1-15 March.

All daily graphs showed a similar trend. Before the
COVID-19 measures, the highest pollutant levels occurred
from Monday to Wednesday. However, after the COVID-
19 measures, all pollutant concentrations reached their peak
values on Friday and Saturday. On these days, the increases
for PMj and PM, 5 clearly exceed those before COVID-19
measures. There may be three reasons for this result. First,
there is an increase in traffic in the evening on Friday and
Saturday (Fig. 2). Because schools were closed after 16
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Fig. 6. The hourly and weekly variation in air pollutants on the European and Asian sides of Istanbul and the average wind

speed before and after COVID-19 measures.

March 2020, people preferred to leave the city on 21-22
March (e.g. to a village house). As a result, all pollution level
may have increased at that time in response to the increasing
traffic (Fig. 4). Second, the peak value of PM;o was seen on

27 March (on Saturday) due to the Saharan dust event in
Istanbul (Fig. 4, PM plot). Third, there was a small decrease
in wind speed on Friday and Saturday and an increase on
Wednesday, Thursday and Sunday after 16 March (Fig. 6).
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As indicated by Fig. 6, wind played a crucial role in
decreasing pollutant levels during the COVID-19 measures.
Polar plots are helpful to investigate local sources of
atmospheric pollutants. Fig. 7 shows the polar plots of NO,
and PM, s at the urban and traffic stations on the European
and Asian sides of Istanbul before and after COVID-19
measures. It is clearly seen that there were considerable
concentration differences between before and after COVID-19
measures at the traffic stations for NO, on the European side
and for PM> 5 on the Asian side. In addition, PM, 5 and NO,
at the urban stations showed no strong association with a
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particular wind direction or speed despite the magnitude
changing between 1-15 and 16-31 March 2020. At the
urban stations, the highest contributions were from all wind
sectors at low wind speeds (below 1 m s™"), except for PM, s
on the Asian side. Thus, the air pollutants measured at the
urban stations primarily came from local sources which are
very close to the stations. However, the urban station on the
Asian side is located 100 m east of the Kadikdy city sea
transport port (Fig. 3), so the pollutant concentrations in this
station may have been influenced by ship emissions during
times of high wind speed. Similarly, the PM, 5 concentrations
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Fig. 7. Polar Plots of NO, and PM> 5 at urban and traffic stations on the European and Asian sides of Istanbul before and

after COVID-19 measures.
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measured at the traffic station in the European side were also
likely affected by ship emissions in addition to traffic (Fig. 3).
This result is also supported by the diurnal graphs of SO,
showing the peak values in the middle of days in Fig. 6.

To better understand the effect of COVID-19 measures on
the decrease in air pollutant concentrations, the daily mean
concentration from 16 to 31 March 2017-2019 was compared
with the mean values measured from 16-31 March 2020
(Fig. 8). It can be seen that the mean concentrations in 2017—
2019 were generally higher than at the same time in 2020.
The mean NO, concentrations in 2019 were 1.6-2.4 times
higher than those in 2020 (24-35 ug m™), except at the
traffic station in Asia (Selimiye). As mentioned previously,
this station is very close to the Eurasia Tunnel stack and
Gokce et al. (2020) reported that the pollution level at this
station has increased by approximately 24% since the tunnel
began operating in 2016.

Considerable reductions were found for PM; (36-44%),
for PM,5 (10-36%), for NO» (18-59%), for CO (4-60%),
and for SO, (28-55%) in this study compared with the
average concentrations in 2017-2019 periods. The average
percent reduction in NO, observed in this study is higher
than that in San Francisco (20%) (Lunden and Thurlow,
2020) and similar in China (46%) (Zhao et al., 2020), but
lower than that in Barcelona (51%) (Tobias et al., 2020), in

W 2017

1883

Delhi (51%) (Jain and Sharma, 2020) and in China
comparing the data in March 2017-2019 and 2020 (56%)
(Xu et al., 2020).

Fig. 8 shows that there were continuous reductions in
PM, s and PM,o from 2017 to 2020. Changes in particulate
matter levels can be less directly apparent in the data
recorded during COVID-19 measures and will require longer
time trend analyses with assessing the impact of meteorology
by de-weathering the air quality data. This reflects the wider
range of PM sources and the importance of regional, as well
as local, emissions. In cities with a high PM, 5 concentration,
more decreases are observed due to the decrease in
anthropogenic sources during COVID-19 measures period
such as in Delhi (Jain and Sharma, 2020) and Malaysia
(Mohd Nadzir et al., 2020) 41% and ~20 to 60% PM:s
reduction have been reported, respectively.

CONCLUSIONS

In conclusion, the temporary reduction in air pollutants
observed at present in Istanbul provides us with an
understanding of background urban air pollution levels and
what might be possible for future air conditions in Istanbul.
The results of this study clearly indicate that at the traffic
station on the European side, the greatest reductions have
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been in NO», which comes primarily from vehicle exhaust;
both between the first two weeks and the last two weeks of
March 2020 (44%) and between 2017-2019 and 2020 (65—
47%). At the urban station on the European side of Istanbul,
the greatest reductions were in CO (58%) and SO, (50%).
The significant decrease in PM;o and PM, s from 19 to 47%
at the traffic sites and from 32 to 37% at the urban sites
before and after COVID-19 measures in March 2020. The
greatest reductions in NO, and PM,;s at the traffic sites
indicate that the air pollution at that location could be
reduced by lowered traffic levels or increasing the proportion
of cleaner vehicles such as electrified or hybrid vehicles.
This is an important finding for practitioners, policymakers
and politicians and should inform initiatives to protect
public health These results also allow us to discuss what air
quality standards might be feasible, particularly for secondary
pollutants. Turkey does not yet have PM, s standards. Based
on the results of this study, if the city reduced activities such
as traffic density by less than 20%, the EU and WHO
standards would not be exceeded.

Pandemics, such as COVID-19; will continue to be a
problem in the future. It is inevitable that this short-term
reduction in air pollution will be reversed when the crisis
ends and conditions return to the old-normal. To protect the
community in the future, government policy makers and
scientists must prioritize reductions in air pollution based on
scientific evidence. This study covered a short time frame
due to the aiming to show preliminary effects of COVID-19
measures in air pollution. Turkey has continued COVID-19
measures to slow or stop transmission, including prohibiting
intercity transportation, restricting movements of those above
65 years old and below 20 years old, prohibiting large-scale
private and public gatherings, closing all schools, restricting
private and public transportation, instituting a weekend or
holiday lockdown, etc. All these measures will affect air
pollution. Long-term studies should be conducted, possibly
examining the cases and deaths for each area in Istanbul
compared with pollutants, vehicle numbers on traffic and
meteorological data.
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