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Objectives: This study aimed to examine the change in the air quality parameters of 31 cities that were af-
fected by the strict measures taken in Turkey during the months of March, April, and May and their relationship
with the activity parameters.

Methods: Thirty-one cities included in this study were assessed in terms of their average particulate matter
(PM, ), sulfur dioxide (SO,), carbon monoxide (CO), nitrogen dioxide (NO,), and ozone (O,) values in the months
of March, April, and May between 2017 and 2020 and their activity data in the same months of 2020, which
had six different subdimensions.

Results: When the compared the 3-month average air parameters of the cities and the 3-month average param-
eters of the previous 3 years, the PM,  and NO, levels decreased from 47.6 ug/m? to 38.1 ug/m* and from 54.8
pg/m?3 to 25.7 pg/m3, respectively (p=0.001 and p=0.001). When the change in the air quality parameter and the
activity change correlation were evaluated, a statistically significant correlation regarding “retail and recreation,”
“workplaces,’ and “residential,” which were the three subdimensions of the SO, change activity was determined
(p=0.034, p=0.002, and p=0.003, respectively). In the linear regression models established, it was determined that
“workplaces” had a statistically significant relationship regarding SO, change (r=0.339, p=0.038).

Conclusion: The decrease in air pollution that is an indirect positive effect of the pandemic on the environ-
ment is temporary, but governments should learn from this lockdown on how to reduce pollution on a long-
term basis.
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INTRODUCTION

At the end of December 2019, a viral pneumonia of unknown origin was identified in the
city of Wuhan, located in the Hubei region of China.!! The International Committee on
Taxonomy of Viruses identified the virus causing viral pneumonia on February 11 and an-
nounced the name of the virus, “severe acute respiratory syndrome coronavirus 2." At the
same time, World Health Organization (WHO) has announced the name of this new disease
as “COVID-19."@ This disease that rapidly spreads was first seen in Thailand after China and
then has spread almost all over the world.®! In a 9-month period, as of September 15, the
total number of confirmed cases in the world (216 countries and regions) was 29.634.637,
and the case fatality rate had reached to 936.282." It has been stated that in Turkey, on
March 11, 2020, the first notified case was a man. Six days after the notification of the first
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case, on March 17, the first case of death due to COVID-19
in Turkey was an 89-year-old male patient. From the day
of the notification of the first case to September 15, there
had been 294.620 cases and 7.186 deaths.>® Within this
period of time, countries have taken various types of mea-
sures to prevent the spread of the pandemic, such as shut-
ting down schools and businesses, imposing travel bans
and curfews, and making social distancing and wearing of
masks obligatory.”! During the restriction period, shutting
down schools and stores, except for those that provide
essential services; suspending the operations in facto-
ries; and having their employees work either remotely or
by turns have bound the population to their homes. The
changes that were observed in Turkey during the restric-
tion period are shown in Table 1.3

Therefore, studies have found a decrease in the vehicle
traffic on the roads and, correspondingly, a decrease in
the air pollutant emission, in the emissions originating
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from industrial activities, that is, the decrease in the lev-
els of ambient anthropogenic pollutants.'*'¢ Although
the restriction periods were implemented for the purpose
of protecting people from the disease, it may have had a
positive effect such as the decrease in air pollution.'>'! The
WHO has identified air pollution as a major problem that
severely threatens human health and has indicated that 9
out of 10 people on Earth live where air pollution concen-
trations are high."® When 51 cities that had sufficient data
in the report issued in Turkey for this year were evaluated,
it was determined that 98% of particulate matter (PM, )
measurements exceeded the annual limit value (20 pg/mq)
determined by the WHO, and when they were evaluated in
accordance with the national limits, it was determined that
70% of the cities have exceeded the limit value (40 ug/md).
19 According to another report that was issued last year,
the atmosphere in Turkey was more polluted in terms of
PM than that in Europe. This pollution, in 2019, was 31.0%

Table 1. Measures taken in Turkey during the pandemic

Date Restrictive measures

Feb 05, 2020 All flights from China were suspended.

Feb 29, 2020 All round-trip flights between Turkey and Italy, Turkey and South Korea, and Turkey and Iraq were suspended as
precaution.

March 16, 2020
March 19, 2020
March 20, 2020

March 22, 2020

March 27, 2020
March 28, 2020

Apr 01,2020
Apr 03,2020
Apr 04, 2020
Apr 11-12, 2020
Apr 18-19, 2020
Apr 23-26, 2020
May 1-3, 2020
May 8-10, 2020
May 15-19, 2020
May 22-26, 2020
May 31, 2020
June 01, 2020

June 09, 2020

Education in elementary and secondary schools and universities was suspended.
It was announced that all sports contests and leagues were suspended indefinitely.

All kinds of national- and international-scale scientific, cultural, artistic, and similar gatherings and activities to be
conducted outdoors or indoors were suspended.

Citizens aged =65 years and those with chronic illnesses became subjected to curfew. State institutions and
organizations were allowed to work by turns and remotely.

Foreign flights were completely suspended.

Intercity travels were banned except for individuals who obtained permission from the governorates due to their
justifications.

Citizens aged <20 years became subjected to curfew.

All entrances to and exits from 30 cities with metropolitan status and Zonguldak by land, air, or sea were suspended.
Turkish Air Lines and domestic flights were suspended.

Curfew was declared for the weekend (30 metropolitans and Zonguldak).
Curfew was declared for the weekend. (30 metropolitans and Zonguldak).
Curfew was declared. (30 metropolitans and Zonguldak).

Curfew was declared (30 metropolitans and Zonguldak).

Curfew was declared for the weekend (15 cities).

Curfew was declared (15 cities).

Curfew was declared (81 cities).

The travel bans on 15 cities had been lifted.

It had been decided that places such as entertainment centers, cafes, restaurants, recreation areas, which were shut
down, would reopen within the frame of determined rules.

The restriction on citizens aged >65 years had been lifted on the condition that they would go outside on weekdays
between the hours of 10:00 a.m. and 20:00 p.m., and on minors (<18 years of age), restrictions had been lifted on the
condition that they would be accompanied by a parent.
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more than that in Europe. Furthermore, in the same report,
it was stated that the sulfur dioxide (SO,), nitrogen dioxide
(NO,), ozone (0,), and carbon monoxide (CO) values of sev-
eral cities were significantly higher than the limit values of
the WHO.2%

This study aimed to determine the change in ambient air
pollutants during the restriction period in Turkey and ex-
amine its relationship with the mobility trend.

METHOD

Area of the Study: Turkey is a transcontinental Eurasian
country. Asian Turkey includes 97% of the country, and Eu-
ropean Turkey comprises 3% of the country’s territory. The
territory of Turkey is more than 1,600 km (990 mi) long and
800 km (500 mi) wide, with a roughly rectangular shape.
It lies between latitudes 36° and 42° N and longitudes 26°
and 45° E.2'22 |n Turkey, there are 81 cities in total. The cit-
ies with a population that exceeds 750.000 are referred
to as metropolis. According to this, in Turkey, there are
30 (96.8%) metropolises in total.”® The restrictions imple-
mented to control the spread of the COVID-19 pandemic
have intensely involved these 30 cities and Zonguldak
(Zonguldak has an iron and steel factories therefore, air
pollution is more common in this province).t'% Therefore,
these 31 cities were designated as study areas.

Dependent Variable: The PM, , SO,, CO, NO,, and O, val-
ues of these 31 cities between 2017 and 2020 (4 years)
measured in the months of March, April, and May were
considered as dependent variables.

Air Quality Data: The Environmental Impact Assessment
of the Ministry of Environment and Urban Planning and
the Air Quality Bulletin by the Directorate General of Permit
and Inspection are issued regularly on a monthly basis. In
the report, the monthly average values of the air measur-
ing stations located in the cities (multiple) are provided. In
our study, the air quality data was created based on the “Air
Quality Bulletin" reports published.?” By way of estimating
the average values of multiple air measuring stations for
each city, the air quality parameter belonging to that par-
ticular city was estimated. The average PM, , SO,, CO, NO,,
and O, parameters of the cities included in the study, mea-
sured in the months of March, April, and May in 2017-2020,
were included in the scope of the assessment. By means of
taking the average of the parameters for each month with-
in 2017-2019, the monthly values representing the previ-
ous three years were estimated. Moreover, by estimating
the average values of the measurement values of March,
April, and May, the values representing the 3-month aver-
age values were obtained.

Independent Variable: The daily activity data of 31 cities
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during the months of March, April, and May were consid-
ered as independent variables.

Human Mobility Trends: In this study, Google’s “Commu-
nity Mobility Reports” were used. The mobility report of
Google consists of the data of the users who allow Google
to use their location. The mobility report offers the daily
relative mobility change (based of the reference day) per-
centages resulting from the COVID-19 pandemic based
on the cities in Turkey. The reference day was the median
value belonging to the 5-week period between January 3
and February 6, 2020 and represented the normal value
for that day of the week. The mobility change offers the
relative change percentages of six different parameters in
the assessment. Six parameters such as retail and recre-
ation points, markets and pharmacies, parks, public trans-
port stations, workplaces and homes were used for mobil-
ity change.™

Statistical Analysis: For the statistical analyses of the
research data, Statistical Package for the Social Sciences
(SPSS), and for Windows, version 25.0 (SPSS Inc. Chicago,
USA) computer packaged software was used. Descrip-
tive data included the mean, standard deviation, median,
and 25 percentile-75 percentile (25p-75p). The normality
distribution compatibility was evaluated using analytical
(Kolmogorov-Smirnov test) and visual (histogram and
probability graphics) methods. In dependent variables
that did not comply with the normal distribution, the
double-metric assessment was conducted using the Wil-
coxon test, and those that complied with the normal dis-
tribution were evaluated in the dependent groups using
the Paired t-test. In addition, Pearson correlation test was
used for normally distributed continuous variables and
Spearman correlation test was used for abnormally dis-
tributed variables. Correlation coefficients (r) were evalu-
ated as follows: 0.0-0.19, “very weak”; 0.20-0.39, “weak”;
0.40-0.59, “moderate”; 0.60-0.79, “strong”; and 0.80-1.00,
“very strong.” With variables that appeared statistically
significant according to the correlation analysis, the linear
regression model was established. The logarithm of the
variables that did not comply with the normal distribu-
tion was taken. The linear regression model was estab-
lished using the bacward-LR method. Significant level
was considered p<0.05.

RESULTS

The status regarding the change of five air quality param-
eters of 31 cities in Turkey between 2020 and the previous
3years (2019, 2018, and 2017) was evaluated.

When PM, = measurements were evaluated based on
March, April, and May monthly average values, it was deter-
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mined that the values in 2020 had significantly decreased
compared with the average values in the previous 3 years
(p=0.002, p=0.001, and p=0.006). The CO measurement
value had significantly decreased in March 2020 compared
with the average values in the same month of the previ-
ous 3 years (p=0.035). The NO, measurement values had
significantly decreased in March, April, and May of 2020
compared with the average values in the same months of
the previous 3 years (p=0.007, p=0.001, and p=0.001). The
change of air quality parameters according to months of
pre-COVID-19 and COVID-19 periods is summarized in Ta-
ble 2.

When the cities are evaluated according to the 3-month
average of the air parameter changes, in 2020 all values of
the five air quality parameters were lower than the average
values of the previous 3 years. Out of these parameters, it
was determined that the 3-month average values of PM,
and NO, in 2020 had significantly decreased compared
with the 3-month average values in the previous three
years (p=0.001). The change of air quality parameters in the
pre-COVID-19 and COVID-19 periods based on 3-month is
summarized in Table 3.

When the mobility data by months were evaluated, it was
determined that the mobility data, excluding residence mo-
bility data, decreased compared with the baseline. When
the 3-month period is evaluated, the highest decrease was
found in the “transit stations” data in March, and pursuant
to the baseline, it was 67.8%. The minimum decrease, on
the other hand, was found in the “grocery and pharmacy”
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Table 3. Change of air quality parameters in the pre-

COVID-19 and COVID-19 periods based on 3-month

Measurements Change (%) p
PM,, (ug/m?)
COvID-19 38.1£11.0 -19.8 0.001"
Pre-COVID-19 47.6+13.8
SO, (ug/m?)
COovID-19 7.6 (5.2-128.0) -1.6 0.358f
Pre-COVID-19 9.2(7.2-13.2)
CO (ng/m?)
COvID-19 588.8 (436.4-1102.7) -20.2 0.102*
Pre-COVID-19 852.1 (560.1-1043.8)
NO, (ug/m?)
CovID-19 21.8(16.9-33.2) -53.1 0.001*
Pre-COVID-19 38.8 (29.6-50.0)
0O, (ug/m?)
COVID-19 44.3 (36.7-58.3) -43 0.975"
Pre-COVID-19  47.0(33.1-53.4)

Pre-COVID-19 period includes the 2017, 2018 and. 2019. COVID-19 period
includes the 2020.

CO: Carbon monoxide; NO,: Nitrogen dioxide; O,: Ozone; PM, : Particulate
matter; SO,: Sulfur dioxide.

Data are presented as mean+SD and median (25p-75p).
*Paired t-test, 'Wilcoxon Test.

data in March, and it was 5.8%. The maximum increase
was in the “residential” data in April, and it was 21.2%. The
relationship between air quality parameters and mobility

Table 2. Change of air quality parameters according to months of pre-COVID-19 and COVID-19 periods

March

April May

COVID-19 Pre-COVID-19 p

COVID-19 Pre-COVID-19 p

COVID-19 Pre-COVID-19 p

SO, (ug/m3) 9.8 1.1 0.136% 6.5 8.8 0.2221 6.1 6.7 0.608"
(6.0-16.3) (8.2-16.3) (4.8-13.5) (6.8-14.3) (4.6-11.3) (5.0-9.3)

CO (ng/m?) 712.2 1012.0 0.035t 577.8 862.3 0.0621 463.5 655.7 0.523f

(504.9-1215.3) (663.5-1215.1) (330.6-1043.5) (570.3-1110.3) (351.3-765.0) (495.1-870.5)

NO, (ug/m?) 30.8 42.2 0.007t 24.8 441 0.001* 21.0 33.9 0.001*
(21.0-42.5) (31.6-57.0) (16.3-33.2) (29.7-52.4) (15.5-26.6) (26.2-43.6)

0, (ug/m?) 39.0 44.7 0.650t 55.0 48.0 0.156" 55.0 47.9 0.683"
(31.8-51.3) (29.7-48.3) (38.1-65.3) (30.5-54.6) (36.6-62.4) (36.3-56.7)

PM,, (ug/m?) 454+12.4 53.7%£15.5 0.002* 35.1+11.0 45.9+15.4 0.001" 34.0+£11.7 43.1£13.2  0.006

Change of PM, ; (%) -15.5 -23.7 -21.2

Pre-COVID-19 period includes the 2017, 2018 and. 2019. COVID-19 period includes the 2020.
CO: Carbon monoxide; NO,: Nitrogen dioxide; O,: Ozone; PM, : Particulate matter; SO,: Sulfur dioxide.

Data are presented as median (25p-75p) and mean=£SD.
"Paired t test; *Wilcoxon test.
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change in 3 months are summarized in Table 4.

The linear regression models of SO, change with mobility
variables are summarized Table 5. Model 2 explains 33.9%
of the change in SO.. To formulate Model 2, the following
was used:

SO, change (%) = 372.027+(-85.625)*(Ln(residential change
(%)))+(3.99)*(workplaces change (%)).

DISCUSSION

The rapid spread of the COVID-19 pandemic from China
to other countries obliged countries to take protective
measures. Countries, by taking measures such as impos-
ing travel bans and closing the borders, have ensured that
people stay in their homes and aimed to reduce the spread
of the virus and, thus, the burden of the health effects. In
Turkey, there had been an unprecedented restriction pe-
riod as well. After the appearance of the first case toward
the middle of March, to control the outbreak, the govern-
ment had restricted the domestic and foreign travels, work-
ing in shifts by taking turns had started, and the industrial
activities were suspended. Turkey, according to domestic
and foreign reports issued, can be described as a country
that shows effort to better its air quality, but the air pol-
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lution parameters remain above the limit values (WHO
limit values).%22% These changes that had occurred with
regard to human mobility have caused a relative decrease
in the anthropogenic influence in air pollution. Our study
had focused on determining how air pollutant values have
changed as a result of the restriction period. This unexpect-
ed effect of the pandemic has, in a way, enabled us to test
the influence of the travel bans on air pollution.

In this study, the PM,  values measured in April, May, and
June of the previous 3 years (2016-2019) were compared
with those in the same months of 2020 (lockdown period:
April, May, and June), and a statistically significant differ-
ence was found. PM are mixtures that consist of physical
and chemical components that change depending on the
region and are classified among the primary air pollut-
ants. They are released into the atmosphere through in-
dustrial activities, transportation (road traffic), road dust,
sea spray, and windblown soil.? They contain carbon, or-
ganic components, metals, metal oxides, and ions in their
composition. Similar to our study, when the PM levels of
Turkey (for five metropolises such as, Istanbul, Izmir, An-
kara, Bursa, and Adana) between 2018 and 2019 (March,
April, May, and June) were compared with those in same

Table 4. Relationship between air quality parameters and mobility change in 3 months

Mobility change (%) Change (%)
PM,, SO, co NO, o,

Retail and recreation

r -0.257 0.395 -0.120 -0.053 -0.376

p 0.179" 0.034" 0.646" 0.8361 0.185"
Grocery and pharmacy

r -0.300 0.137 -0.382 0.018 -0.284

p 0.114" 0.479" 0.130* 0.945* 0.326"
Parks

r 0.092 0.303 -0.243 -0.106 0.191

p 0.636" 0.110f 0.348f 0.675" 0.513f
Transit station

r 0.369 0.137 0.108 0.032 0.305

p 0.049" 0477t 0.680" 0.900" 0.288"
Workplaces

r -0.149 0.555 -0.123 -0.001 -0.305

p 0.440° 0.002f 0.639° 0.997f 0.288f
Residential

r -0.114 -0.525 0.230 -0.088 -0.266

p 0.555" 0.003f 0.3741 0.7291 0.358f

CO: Carbon monoxide; NO,: Nitrogen dioxide; O,: Ozone; PM, : Particulate matter; SO,: Sulfur dioxide.

“Spearman's correlation test; fPearson correlation test.
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Table 5. The linear regression models of SO, change with mobility variables

B Standarterror Standardized coefficients t p 95% ClI Adjusted R?
Lower Upper
MODEL 1
Constant 317.503  203.735 1.558 0.132  -102.097 737.104 0.317
Parks 0.436 1.060 0.094 0.411 0.684 -1.747 2.619
Workplaces 4.072 1.869 0.441 2.179 0.039 0.223 7.922
Ln (Residential) -60.315 92.427 -0.176 -0.653 0.520 -250.672 130.042
MODEL 2
Constant 372.027 152.197 2.444 0.022 59.182 684.872 0.339
Workplaces 3.990 1.829 0.432 2.182 0.038 0.232 7.749
Ln (Residential) -85.625 67.843 -0.250 -1.262 0.218 -225.078 53.828
MODEL 3
Constant 191.432 52.425 0.591 3.652 0.001 83.866 298.998 0.325
Workplaces 5.448 1.433 3.802 0.001 2.508 8.388

Linear regression analysis.

months of 2020, which was the restriction period, it was
determined that the PM level that decreased in March,
with the removal of restrictive measures, had started to
increase in June.'"! In a study conducted in Milan, it was
indicated that the PM,  values of the restriction period, in
zones divided based on the population density, had de-
creased at the rate of 32.7% and 40.5% compared with
those during the normal period, and this decrease maybe
linked to the decrease in traffic emissions. In the same
study, when the partial lockdown period was compared
with the total lockdown period, it was found that the PM,
values were 13.1%-18.9% less, and this decrease maybe
caused by the restrictions on the industrial activities.?”
According to the State of Global Air Report 2019, China
is the leading country where the air pollution levels and
death rates linked to this (1.2 million) are observed the
most.?® In a study that investigated the change in the air
quality in Northern China during the restriction period
and its relation to mobility, it was determined that with
government prohibitions, human mobility decreased at
the rate of 69.85%, and consequently, there had been a
7.80% improvement in the air quality index, and the PM, |
level decreased at the rate of 13.66%.2

In this study, it was determined that the NO, measure-
ment values were significantly low in the months of
March, April, and May of 2020 compared with those in
the same months of the previous 3 years. Similar to our
study, in a study conducted in Wuhan, China, where the
pandemic has started, it was found that the PM  level
had decreased to 40.2% compared with that during the

period before restrictions and among the air pollutants,
the NO, level had the most significant decrease (53.3%).>
In the study conducted in Singapore, it was determined
that during the period of strict restrictions, the PM,  and
NO, levels had decreased at the rate of 23% and 54%, re-
spectively; however, no relation between the PM_ levels
and the human mobility trend was found.'"¥ In the study
conducted in Sale, Morocco, on the other hand, it was
determined that throughout the restriction period, the
PM10 level had decreased at the rate of 96% (from 114.6
to 28.3 ug/m?) and the NO, level had decreased at the rate
of 75% (from 5.6 to 0.2 pg/m?3). Although the decrease in
the NO, levels was due to the decrease in industrial and
traffic activities in particular, the decrease in the PM,  level
was due to the land and sea/port traffic.3"

When the community mobility data was evaluated in
this study, the largest decrease had occurred regard-
ing the transit stations in March, and in April, residen-
tial change had increased 21.2%, more than those in the
other months. Moreover, a positive and weak correlation
was noted between the change in PM,  and the change in
transit stations. Similarly, in a study conducted in Ontario,
Canada, while the time spent at home had increased at
the rate of 28% during the state of emergency (SOE), ac-
cording to Google’s Community Mobility Reports, retail
and recreation, grocery and pharmacy, parks, transit sta-
tions, and workplaces had decreased at indicated rates.
Correspondingly, it was determined that the NO, and NO,
levels during the SOE period had decreased by 2 ppb.32
In the study conducted via the Sentinel-5P satellite data
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in Mumbai and Delhi in India, which is one of the coun-
tries that constantly struggles with its air quality, it was
determined that during the lockdown period, there had
been a 40%-50% decrease in the NO, levels in both cit-
ies compared with those during the same period of the
previous year.B

In this study, a significant decrease in the SO, levels was not
found. However, the linear regression conducted between
the change in workplaces and the change in SO, was deter-
mined to be statistically significant. The reason behind this
shared change maybe the closing of businesses and the re-
duction of production in factories and power plants. Simi-
larly, in a report issued in our country, it was determined
that as a result of the partial shutdown of thermal power
plants in the cities of Kahramanmaras, Sivas, Zonguldak,
Kutahya, and Karabuk due to incompliance with the En-
vironmental Law and the COVID-19 pandemic, the data
obtained from the satellite images showed a sharp drop in
the SO, levels." Similarly, in a study conducted in Wuhan,
it was determined that there had been a 3.9% decrease in
the SO, level.”% In the study conducted in Singapore, it was
found that there had been a sharp decrease of 52% in the
SO, level and a positive correlation was noted with the resi-
dential places, which is among the human mobility data,
while a negative correlation was noted with other mobility
data (car park, driving, transit stations, workplaces).

The study used data from individuals that allowed loca-
tion data to be shared on Google. This data may not fully
reflect the movement data of the community. This is a limi-
tation of the study. Another limitation of the study is that
the weather conditions (temperature, humidity, wind, etc.),
which are closely related to daily air pollutant levels, were
not examined in the study.

CONCLUSION

In this study, it shows that that PM,  and NO, values de-
creased significantly during the restriction period due to
the COVID-19 pandemic regarding air quality in 31 me-
tropolises of Turkey covered by the study. Additionally, the
decrease in the PM, | levels was significantly linked to the
downward tendency in the human mobility data. Air pollu-
tion is a complex problem that is related to several factors.
The decrease in air pollution that is an indirect positive ef-
fect of the pandemic on the environment is temporary, but
governments should learn from this lockdown on how to
reduce pollution on a long-term basis.
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