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ABSTRACT:

In this study, PM10 values from the air quality monitoring station in Izmir was evaluated. 9 stations could be used in this study, since
PM10 data are suitable to evaluate for the years 2020-2019-2018. The 4-season and annual PM10 distribution map for 3 years was
prepared using ArcGIS. The benefits of these maps to city managers in the smart city application were expressed. In addition, PM10
data of 9 stations were evaluated according to legal limit values. It was determined that Aliaga and Gaziemir stations exceeded the
limit values more than other stations. It has been observed that different sources of air pollution such as industry, traffic and heating
affect different districts. When the number of days exceeding the limit value and the number of days without measurement are
evaluated together, it is seen that the limit values are exceeded by all stations.

1. INTRODUCTION

It is possible to define urbanization as industrialization and
population growth in a region due to the migration of people
from rural areas to urban areas (Uttara et al. 2012).
Industrialization, which is an indicator of the positive
acceleration in the level of urbanization and development, is the
most basic component of a prosperous life in regional and
national terms. As industrialization causes population growth, it
increases the demand for housing. This situation triggers
modern urbanization and the development of quality living
spaces. The increase in the number of vehicles due to the
increasing economic purchasing power, the new roads built, the
transportation sector serving the industry and the public
transportation vehicles reveal the importance of traffic in urban
life. Although all these developments differ from region to
region, sometimes it can be more in some provinces. Therefore,
it can cause various environmental problems, especially air
pollution, in these provinces.

Industry, residences and traffic can be shown as the main
sources of air pollution. Particulate matter (PM) is one of the
most important parameters among air pollutants. The term PM
refers to solid and liquid substances that are suspended in air
(Demirarslan and Kaya 2017). It is stated in the literature that
the sources of PM are 25% traffic, 22% combustion, 20% home
heating, 18% natural and 15% industry (Demirarslan and Akinci
2016; Demirarslan 2016). The particle size of PM is one of the
most important properties that determine its suspension time in
the atmosphere, its transport in the atmosphere, its precipitation
and its health effect (Ayberk 2002; Ergenekon and Ulutas 2014;
Tasdemir 1999; Tasdemir and Caglar 2002).

An adult person breathes approximately 20 m3 of air per day
(USEPA 2002). For this reason, determining the content of the
ambient air we breathe is a very important issue in terms of
health and quality of life. Exposure to PM, especially PM10
(<10 pm), PM2.5 (£2.5 pm), PM1 (<1 pum), is known to have
adverse effects on human health (Heal et al. 2012). Many
epidemiological studies have shown that exposure to PM
increases mortality (Janssen et al. 2013; Kan et al. 2007;
Namdeo and Bell, 2005). Various respiratory diseases such as
lung cancer (Turner et al. 2011; Vineis et al. 2006), asthma
(Dorevitch et al. 2006; Eggleston et al. 1999) and kidney

problems (Spencer-Hwang et al. 2011; Weng et al. 2015) have
been shown to be associated with excessive breathing of air
with high concentrations of PM10 and PM2.5. In addition, the
study by Ergenekon and Ulutas (2014) emphasized that besides
PM concentrations, the chemical composition of PM may pose
a potential health risk, especially for the local area. Therefore,
controlling emissions to protect public health and well-being is
one of the primary goals of the air quality management plan. Air
quality management takes various measures and plans some
actions to achieve this goal within the geographical boundaries
of the city (Sivertsen and Bartonova 2012; Laxen 1993).

The air quality in cities in Turkey is evaluated according to the
data of the Air Quality monitoring station, which was
established in accordance with the Regulation on Air Quality
Assessment and Management and operated by the Ministry of
Environment and Urbanization (MEU). MEU is the agency
responsible for monitoring the pollution levels of pollutants. In
addition, it develops principles and standards for the presence of
pollutants in the air in an amount and time that will not
adversely affect human health and disrupt the ecological
balance.

Air pollution level is monitored hourly by 355 air quality
monitoring stations throughout Turkey. 22 of these stations are
located in 1zmir. However, data from 9 stations could be used in
this study, since PM10 data are suitable to evaluate for the years
2020-2019-2018. The data for 2020-2019-2018 were evaluated
seasonally and annually with the geographic information system
(ArcGIS program) (Abujayyab et al. 2017). In addition, these
data were examined to legal limit values.

2. MATERIALS AND METHOD
2.1 Study area

Izmir is the third largest city in Turkey in terms of population
(4,394,694 people) and its surface area is 11,973 km2 (TUIK
2021; IG 2021). izmir is surrounded by Madra Mountains in the
north, Kusadasi Bay in the south, Cesme Peninsula in the west,
and Aydin and Manisa provinces in the east. In Izmir, summers
are hot and dry; winters are mild and rainy. The fact that the
mountains are perpendicular to the sea and the plains extend to
the threshold of Inner Western Anatolia allows the marine

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-545-2021 | © Author(s) 2021. CC BY 4.0 License. 545



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVI-4/W5-2021
The 6th International Conference on Smart City Applications, 27-29 October 2021, Karabuk University, Virtual Safranbolu, Turkey

influences to spread to the inner parts. July-August is the hottest
and January-February is the coldest. There is little to no

snowfall (IPDEU 2021). Study area is shown in Figure 1.
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Figure 1. Study area and air quality monitoring stations

2.2 Data Collection and Method

Izmir was chosen as the study area because it is the third largest
city in Turkey and there are large industrial facilities in different
districts. In addition, this province was chosen as the study area,
as there are many air quality monitoring stations (more than
some other provinces) that allow us to use the ArcGIS program

(Abujayyab and Karag 2019). Data obtained from 9 MEU air
quality monitoring stations (Table 1) in Izmir were used in the
evaluation (MEU, 2021). Air quality monitoring stations are
shown in Figure 1. The air quality monitoring stations from
which the data used in the study were taken, the coordinates of
these stations and the status of access to the data are given in
Table 2.

Aliaga Alsancak | Bayrakli | Bornova | Cigli Gaziemir | Guzelyali | Karsiyaka | Sirinyer
Latitude 26.9646 27.1444 | 27.1666 | 27.2213 | 27.0677 | 27.134 27.0827 27.1097 | 27.1483
Longitude | 38.7948 | 38.4322 38.4622 | 38.4691 | 38.498 | 38.3143 | 38.3958 38.4541 | 38.3825
20_18 + - + + + + + + +
Spring
20_19 - + + + + + + + +
Spring
20.20 + + + + + + + + +
Spring
2018 - - + + + + + + +
Summer
2019 + + + + + + + + +
Summer
2020 + + + + + + + + +
Summer
2018
Autumn - - + + + + + + +
2019 + + + + + + + + +
Autumn
2020 + + + + + + + + +
Autumn
2018
Winter + - + + + + + + +
2019
Winter + + + + + + + + +
2020
Winter + + + + + + + + +

Table 1. Air monitoring stations and coordinates
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(+) Measurement records available; (-) No measurement records

In this study, Izmir air quality was evaluated seasonally and
annually for the years 2020-2019-2018 in terms of PM10, and a
distribution map was created using the ArcGIS program. A
point layer was created using the coordinates of the measuring
stations in ArcGIS software. Seasonal and annual average
concentration values are added to this point layer as feature
data. Seasonal and annual PM10 distribution maps were
produced for the province of Izmir by using the "Inverse
Distance Weighted Interpolation Method (IDW)" in ArcGIS
GIS software. In smart city applications, it is aimed to monitor
the pollution density spatially by using these maps as layers.
Finally, annual PM10 concentrations were compared with
Turkey, EU and WHO legal limit values (RAQAM 2008; EU
2008; WHO 2005).

3. RESULTS AND DISCUSSIONS

PM10 data from the Air Quality Monitoring Stations in the
study area for the years 2018-2020 were entered into the GIS
database and seasonal and annual PM10 distribution maps were
produced using the Inverse Distance Weighted method in the
ArcGIS program.

The map (Figure 2 (a.a-c)) created for the spring season is
prepared according to the PM10 averages in March, April and
May. When the spring map of 2020 is examined, it is seen that
the highest value (54.44 ng/m3) was determined in Aliaga and
the lowest value (19.94 ug/m3) was determined in Karsiyaka
stations. The map shows that for the spring of 2019, the highest
value (36.98 pg/m3) was for Bayrakli and the lowest value
(18.35 pg/m3) was for Karsiyaka stations. In 2018 spring
season, it can be seen with the help of the map that Aliaga
station had the highest value (71.74 pg/m3) and Karsiyaka
station the lowest value (30.45 pg/m3) .

June, July and August data were used in the map (Figure 2(b.a-
¢)) created for the summer season. Aliaga station data had the
highest value for 2019 and 2020 (62.39 and 48.94 pg/m3),
while Kargika station data had the lowest value for 2018 and
2019 (pg/m3). In 2018, the highest value was determined at the
Bornova station (43.11 pg/m3), while in 2020 the lowest value
was determined at the Giizelyali station (22.03 pg/m3).

The mean PM10 values of September, October, and November
were entered into the ArcGIS program to generate the autumn
distribution map Figure 2(c.a-c)). The highest values for 2018,
2019 and 2020 were seen at Bayrakli (49.77 pg/m3), Bornova
(57.97 pg/m3) and Aliaga (55.20 pg/m3) stations, respectively.
The lowest values were seen at the Karsika station for 2018
(22.44 pg/m3) and 2019 (33.89 pg/m3), and at the Giizelyal:
station for 2020 (24.30 pg/m3).

December, January and February data were used to generate the
PM10 distribution map Figure 2(d.a-c) for the winter season.
While the highest value was determined at Bayrakli station in
2018 (66.53 pg/m3) and 2019 (52.21 pg/m3) , it was
determined at Aliaga station in 2020 (49.72 pg/m3). The lowest

values were observed at Karsiyaka (42.01 pg/m3), Aliaga
(28.09 pg/m3) and Sirinyer (25.39 pg/m3) stations for 2018,
2019 and 2020, respectively.

Finally, the PM10 distribution map prepared according to the
annual averages of 2018, 2019 and 2020 values were shown in
Figure 2 (e.a-c). The highest values for 2018 (51.84 ug/m3) and
2019 (44.62 pg/m3) were determined at Bayrakl station, while
for 2020 (52.14 pg/m3) it were determined at Aliaga station.
The lowest annual average values for 2018 (28.72 ug/m3), 2019
(26.49 pg/m3) and 2020 (32.34 pg/m3) were determined at
Karstyaka station.

2020 (ug/md) | 2019 (ug/m®) | 2018 (ug/md)
Spring 34.75 30.18 46.68
Summer 33.32 34.13 32.26
Autumn 43.02 40.27 38.43
Winter 41.13 38.96 50.02

Table 2. PM10 seasonal average values

A total of 9 station data were used in this study. However, some
stations' data were found to be missing. For the spring season, 1
station data could not be reached in 2019 and 2018. According
to these data, the highest average values were determined in
2018, and the lowest average values were determined in 2019.
Data for 2 stations could not be reached in 2018 for the summer
and autumn seasons. It has been observed that the average
values of the summer season are very close to each other. While
2019 was the highest value, the lowest value was determined in
2018. The highest value in the autumn season was determined
in 2020 and the lowest value in 2018. For the winter season, 1
station data could not be reached in 2018. According to these
data, the highest was determined in 2018 and the lowest in 2019
(Table 2)

The RAQAM and EU annual limit values for 2020 and 2019 are
40 pg/m3. The WHO annual limit value is 20 pg/m3. The
RAQAM and EU daily limit value is 50 pg/m3, and the
maximum number of days allowed to be exceeded is 35.

The minimum, maximum and average values of PM10 values
for 2020 are given in Table 3. Only Aliaga and Gaziemir
stations exceeded the RAQAM and EU annual limit values for
2020. Also, all stations exceeded the WHO limit value. Among
all stations, only Sirinyer station is below the unmeasured day
limit. The days without measurements were determined as the
maximum Aliaga station (30 days) and the least Giizelyal
station (9 days). More measurements were made than in
previous years in Aliaga station.

In Table 4, the minimum, maximum and average values of
PM10 values for 2019 are given. In 2019, RAQAM and EU
annual limit values were exceeded at Bayrakli, Bornova and
Giizelyali stations. The average values of all stations were
above the WHO limit value. Except for Aliaga, Karsiyaka and
Sirinyer stations, all stations exceeded the unmeasured day
limit. There is no data for 331 days at Aliaga station. Although
the daily limit value is not exceeded, the inability to measure for
days indicates that precautions should be taken for the operation
of this station.
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Figure 2. (a.a-c) Spring season average PM 10 distributions in the study area (2018-2019-2020)
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Figure 2. (b.a-c) Summer season average PM 10 distributions in the study area (2018-2019-2020)
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Figure 2. (c.a-c) Autumn season average PM 10 distributions in the study area (2018-2019-2020)
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Figure 2. (d.a-c) Winter season average PM 10 distributions in the study area (2018-2019-2020)
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Figure 2. (e.a-c) PM10 distribution map according to the averages of 2018, 2019 and 2020
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sators | M BOT) [ VGO o gy | N ol | e o i
Aliaga 15.11%.2%20 18%(?57..22520 52.21 153 30
Alsancak 07.31?27020 03%1722.%20 37.83 » 20
Bayrakli | 57 000 | 1507 2020 37.43 80 17
Bomova | 50 092000 | 20082020 37.18 67 28
Cighi 20419020 | 18419020 34.61 5 13
Gaziemir | o705 o0 | 1805207 46.57 121 17
Gizelyah 11.5%020 15%311.'5320 31.43 48 °
Karsiyaka o7.gil.1§ozo 28%1111..50120 32.34 49 14
Sirinyer | o7 015090 | 03422000 3361 24 1
Table 3. PM10 statistical values for 2020
Stations Min. (ug/m3) | Max. (ug/m?3) Mean. Number of daily limit Number of days without
Date Date (ng/m?3) exceeded (50 pug/m?) measurement
Minga | 5075000 | 1808 2010 33.99 3 331
Alsancak 31.]%:.%21019 182.?..2?)19 31.06 36 18
Bayrakl 31.?2?22019 26%312..5519 44.62 % 15
Bornova 14.32%3019 25%333(?19 4126 %3 20
8| 1000 | o1zt | 26 40 22
Gaziemir 10.]6?_'.2%19 19%2'3%19 36.13 51 38
Glizelyall 10.11%34(1)19 26%(?12..21819 4065 70 !
Karstyaka 22.5293019 18%1.?819 26.49 3 19
sirinyer 30.523019 05.%72'%19 3164 % 15
Table 4. PM10 statistical values for 2019
Stations Min. (u_g/m3) Max. (u_g/m3) Mean. | Number of daily limit | Number of daily limit | Number of days without
Tarih Tarih (ug/m3)| exceeded (60 pg/m®) | exceeded (50 pg/md) measurement
Aliaga 25.%)%%18 30.%21..22%)18 4161 3 4 349
Alsancak - - - - - -
Bayrakll | o Zi?gow 30?35'23318 51.84 98 135 11
Bornova 30.&?25018 23?033%..22(())18 4859 8 123 19
Cigli 06.17;.;3018 27%033?.22(%18 37.30 al 65 43
Gaziemir 16.32(.)25018 05%3;.25518 45.20 64 103 19
Giizelyall 278;3018 27?53??.'22318 36.07 34 52 19
rsvaka | o0 onis | orossors | 287 2 36 33
sirinyer 29.%)%.72%18 20?(?27..;318 4206 % 81 24

Table 5. PM10 statistical values for 2018
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The RAQAM and EU limit values for 2018 are 44 and 40
pg/m3, respectively. The WHO limit value is 20 pg/m3.
RAQAM and EU daily limit values are 60 and 50 pg/m3,
respectively, and the maximum number of days allowed to be
exceeded is 35.

The minimum, maximum and average values of PM10 values
for 2018 are shown in Table 5. Bayrakli, Bornova and Gaziemir
stations exceeded the RAQAM annual limit value for 2018.
Although only Cigli, Glizelyali and Karsikaya did not exceed
the EU limit values, all stations exceeded the WHO limit values.
Aliaga, Giizelyal1 and Kargiyaka stations have exceeded the
daily limit of RAQAM. Only Aliaga station did not exceed the
EU daily limit exceeded. However, the station that does not
have the most data is Aliaga, as in 2019.

4. CONCLUSION

In this study, an evaluation was made according to the data of
the air quality monitoring station in Izmir. In addition to
statistical evaluations, evaluations were made on maps showing
spatial PM10 distribution. Thus, the potential impact area of
pollution was also seen. In smart city applications, these maps
can be used as layers to monitor pollution intensity spatially.
Local administrators can also instantly monitor situations that
may pose a threat to sensitive people such as children, the
elderly and the sick, thanks to the maps they create using hourly
data. Scenarios can be produced to take precautions in possible
adverse situations. In addition, possible sources can be
interpreted more clearly with the help of these maps. It is
observed that Aliaga and Gaziemir stations frequently exceed
the legal annual and daily limits. In addition, as stated in the
report of the Izmir Provincial Directorate of Environment and
Urbanization, in this study, it was determined that the district
with the highest air pollution was Aliaga, which stands out with
heavy industry investments. It was observed that the annual
average PM10 values were below the limit values, but the
number of days that could not be measured was too high in this
station for 2018-2019. Again, the contribution of industrial
establishments located in the city center, especially in Bornova
district, to air pollution can be seen from the results obtained. It
can be said that the biggest contribution to air pollution caused
by heating and traffic is the central districts.
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