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New solutions are constantly developed to meet the need for food that is increasing due to
the increase in the world population. A new proposal has been made recently: Some plants
that are consumed as food should be used in landscaping works, thus both carrying out
landscaping works and using plants grown in such areas as food at the same time. Plants
used for this purpose have started to be called “edible landscape”. However, there is a great
risk in this application. The areas where these plants are grown can be areas with high levels
of heavy metal pollution and heavy metals do not decompose in nature or disappear easily
and most of them are very harmful to human health.

In addition to the high level of heavy metal accumulation in plants growing in areas where
heavy metal pollution is high, consumption of these plants as food poses a great risk to
human health. However, the extent of the danger has not been determined yet due to the
insufficient number of studies on this subject.

This study aims to determine the variation of copper (Cu) concentration by plant species and
organs in some plants grown in traffic-intensive areas and used as edible landscape plants.

0z

Anahtar Kelimeler:
Yenilebilir Peyzaj,
Agir Metal,

Cu,

Bakar,

Ankara.

Artan diinya niifusuna bagl olarak artan gida ihtiyacinin karsilanabilmesi amaciyla stirekli
yeni ¢oziim Onerileri gelistirilmeye caligilmaktadir. Son donemde bu onerilere bir yenisi
eklenmis, gida olarak tiiketilen baz1 bitkilerin peyzaj calismalarinda kullanilmasi ve boylece
hem peyzaj caligmalarinin yapilmast hem de bu alanlarda yetisen bitkilerin gida amagl
olarak kullanilmasi giindeme gelmistir. Bu amagla kullanilan bitkiler “yenilebilir peyzaj” ad1
ile anilmaya baglamistir. Ancak, bu uygulamada biiyiik bir risk bulunmaktadir. Bu bitkilerin
yetistirildigi alanlar agir metal kirliliginin yiiksek diizeyde oldugu alanlar olabilir ve agir
metaller dogada bozulmaz, kolay kolay yok olmazlar ve bir ¢cogu insan saglig1 agisindan son
derece zararlidirlar.

Agir metal kirliliginin yiiksek diizeyde oldugu alanlarda yetisen bitkilerde agir metal
birikiminin yiiksek diizeyde olabilmesinin yan1 sira, bu bitkilerin gida olarak tiiketilmesi,
insan saglig1 agisindan biiyiik bir risk olusturmaktadir. Ancak, bu konuda yapilmis galisma
sayist yeterli diizeyde olmadigindan tehlikenin boyutu belirlenebilmis degildir.

Bu caligmada trafigin yogun oldugu alanlarda yetistirilen ve yenilebilir peyzaj bitkisi olarak
kullanilan bazi bitkilerde, bakir (Cu) konsantrasyonunun bitki tiirii ve organi bazinda
degisiminin belirlenmesi amaglanmaktadir.
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1. Introduction

Today, the most important problems in the world are population growth and problems related to population growth
in general. While the world population was only 717 million in 1750, it is estimated that it will exceed 8 billion in 2025
[1]. Population growth and concentration of population in city centers bring along many problems, especially
environmental pollution [2-6]. One of the problems associated with population growth is lack of food. It is estimated
that approximately 830 million people in the world suffer from chronic hunger and this problem will grow even more

[71.

Solutions are sought to the food problem such as increasing production per unit area, determining new areas to
produce food products, and using resources that have not been used for food so far as sources of food. In this context,
one of the solutions proposed recently is producing food in urban areas. It is recommended to grow plants that can be
consumed as food in parks, road refuges, rooftops, i.e. all areas where plants can be grown in cities. This is called
“edible landscape™ [8].

However, this practice has the potential to reflect the effects of environmental pollution caused by the rapid growth
of the world's population and its concentration in city centers. Usually, city centers are areas where there is a high
probability of presence of pollution factors due to the high population and human activities. A lot of pollutants caused
by exhaust gases, car wheels, vehicles and vehicle wear appear in these areas. Among these, especially heavy metals are
of great importance. That is because heavy metals neither decompose in nature nor disappear. They also tend to
bioaccumulate [9-12].

Therefore, plants grown and consumed as food in areas where heavy metal pollution is high can lead to significant
health problems. However, the number of studies on this subject is not sufficient. This study aims to determine the
variation of Cu concentration by plant species and organs in some plants that are grown in city centers and consumed as
food.

2. Material and Method

The study was conducted on samples collected from plants grown in Ankara city center. Samples taken from apple,
cherry, almond and mulberry trees consumed as food in almost all parts of Turkey were used in this study. Following
the maturation of the fruits, branch samples including fruits and leaves were taken from the said samples, the samples
were brought to the laboratory and separated as leaf, fruit, branch, wood and bark.

The collected samples were first kept in the laboratory for two months to become dry and then dried for 48 hours at
40 °C in an oven. 2 gr dried samples were soaked in 50 ml NO3 concentration and kept at room temperature for 1 day.
Then 50 ml ultra pure water was added to the samples which were kept in the heater for 1 hour at 80 °C. The samples
were prepared by filtering them with a 0.45-micron porous filter paper. The samples were sent to Kastamonu University
Central Research Laboratory Application and Research Center after the preliminary preparations and copper (Cu)
concentrations were determined with ICP analysis. The results were evaluated and interpreted through variance analysis
and Duncan test by means of the SPSS 17.0 package program.

3. Findings

Table 1 shows the results of the variance analysis performed to determine the variation of Cu concentration by
species and organs.

Table 1. Mean Values by Species and Organs and Duncan Test Results

Apple Cherry Almond Berry
Leaf 15015 ¢ 12707 ¢ 14594 ¢ 14093 ©
Branch 17927 ¢ 4577¢ 29594 © 6683 °
Bark 13338 ¢ 9470° 74222 8129 °
Wood 43172 25035 © 8067 ° 5177 @
Fruit 7126 ° 10390°¢ 8380¢ 9248 ¢
F Value 26940*** 27663*** 28756 14766***
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The results in the table reveal that the Cu concentration variation by organs in all fruits included in the study was
statistically significant (p<0.001). The mean values indicate that the highest Cu concentration was in the branches and
leaves of the apples while the lowest Cu concentration was observed in the wood and fruit parts.

The lowest concentrations were obtained in the branches and barks of the cherries while the highest concentrations
were obtained in the wood and leaf parts. There is a difference of more than five times between the Cu concentration in
the branches (4577 ppb) and the woods (25035 ppb) of the cherries. The lowest concentrations were observed in the
barks, woods and fruits of the almonds while it stands out that the values are very close. The Cu concentration in the
branches where the highest value was obtained is more than 3 times these values.

The results observed in the mulberries are quite remarkable. The highest value in the mulberries was obtained in the
leaves and the second highest value was obtained in the fruits. The lowest value in the mulberries was obtained in the
woods. Graphic 1 shows the variations in the Cu concentration by species and organs.

30000
25000
20000
15000
10000

5000

Leaf Branch

Apple # Cherry #Almond =Berry

Figure 1. Variations in the Cu concentration by species and organs

4. Result and Discussion

The data obtained from the study revealed highly dreadful results. Heavy metal concentrations determined
especially in leaves have been examined and it has been stated that these values are quite high in areas where traffic is
intense in studies conducted so far. The results of this study show that the concentrations determined in many species of
fruit are quite high.

Cu is a trace element that is essential for human and animal metabolism. Cu is an indispensable part of red blood
cells and many oxidation and reduction processes in animals and humans. However, Cu is quite harmful when taken too
much. The main symptoms of acute Cu poisoning are abdominal pain, nausea, vomiting, and diarrhea [13]. Low-level
copper ions can cause hepatic cirrhosis, Wilson's disease, systematic rheumatism diseases, and kidney diseases while
high-level copper ions can cause leukemia [14]. Therefore, it is very dangerous to consume plants grown in regions
with Cu pollution as food.

Cu is an element that has been the subject of many studies so far. Mossi [15] found the lowest values in areas
without traffic in unwashed Bo leaves (371.3 ppb) while the highest values were in washed leaves (19482 ppb) of Mh.
In traffic-intensive areas, the lowest values were obtained in washed Ej leaves (357.4 ppb) while the highest values
were obtained in washed Bt branches (11917.2 ppb). Tiirkyilmaz et al. [16] state that Cu concentration varies depending
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on traffic density, and the Cu concentration that is 69,615 ppb in non-traffic areas increases to 71,096 ppb in less traffic-
intensive areas and 110,441 ppb in traffic-intensive areas.

Suzuki et al. [17], Demirayak et al. [18], Li et al. [19], and Sawidis et al. [20], determined the variations of Cu
concentration in Rhododendron pulchrum, M. grandiflora, Sophora japonica, and Platanus orientalis respectively.
When the values obtained within the scope of the study were examined, it was determined that there were significant
differences in the same organs on the basis of species. It has been determined in studies conducted so far that the most
significant differences in the variation of heavy metal concentrations usually occur on the basis of species. It has been
determined in a lot of studies that different heavy metals are held more densely by different plants [21-24].

Another result obtained in the study was that Cu concentration in organs varied significantly. There are also
numerous studies on how it is kept more densely in different organs of same plants [15,25]. Studies have even shown
that there are differences among same plants’ organs with varying ages [26-28].

Heavy metal accumulation potentials of plants are closely related to anatomical structures and therefore species of
plants. Studies conducted so far have shown that diffusion of heavy metals in the atmosphere and their entry into plant
structures are a very complex mechanism [29-31]. The heavy metal accumulation potential of plants growing in the
same environment varies depending on factors such as organelle structure, physical and chemical properties of metals,
organelle morphology, plant habitus, time of exposure to heavy metal and amount of particulate matter in addition to
plant species and plant organ [30-32].

Besides these factors, it is also stated that heavy metal concentrations may be at different levels in subspecies,
forms, varieties and origins of the plant [33-36]. Studies show that many phenological, morphological and anatomical
structures change depending on these characteristics. It is inevitable that plant metabolism will also change, and this
will affect heavy metal absorption [15]. It is stated that many factors affecting the plant metabolism such as the stress
level of the plant [37-39], environmental conditions such as climate [40-42], soil [43-44] and genetic structure [45-46]
can affect heavy metal absorption and therefore heavy metal concentration in plants.

Besides the toxic effects of metals on plants, food safety has attracted a lot of attention worldwide in recent years.
Many studies have been conducted recently on the health risks associated with ingestion of contaminated vegetables. It
is reported that metal content in edible parts of plants can cause serious public health conditions by exceeding the
maximum permitted limits (MPL). This is because some heavy metals can be quite harmful to humans even at low
exposure levels. This is caused by the fact that heavy metals do not have an effective tolerance or excretion mechanism.
Consumption of plants contaminated with heavy metals is specified to be highly or slightly harmful to human health
[8,47]

5. Suggestion

The variations of the Cu element, which is a heavy metal highly important for human health, in five organs of four
plant species were examined in this study. Heavy metals are extremely hazardous to human health. Some of them are
particularly toxic, even at low concentrations. Therefore, it is very important to determine the concentrations of these
elements in organelles which are consumed as food and thus can be taken directly into the human body.

As a result of the study, Cu concentrations determined in the fruits of some species, especially Mulberry, were found
to be quite high. Consumption of food contaminated with heavy metals is extremely dangerous for human health.
Therefore, consumption of plants grown in city centers with high levels of traffic and pollution is extremely risky for
health and authorities and citizens should be informed about the risks of consuming these plants as food.

Four plant species were evaluated within the scope of this study. However, a large number of vegetables and fruits
are grown in city centers and areas where industrial pollution is high, and they can be consumed as food. This situation
can lead to very serious health problems. On the other hand, the number of studies on this subject is not sufficient.
Therefore, it is recommended that studies related to this subject be continued by increasing and diversifying them.
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By determining the change of land use characteristics over the years, changes in urban growth and
land use can be revealed. Monitoring of the change in the land cover allows for better protection of
forest areas as well as efficient agricultural areas and regular urbanization. Corine System is one of
the commonly used methods for the determination of land use. This system established by the
European Union countries, is used by Turkey. In this study, changes in urban growth and land use
in Mersin province between 1990-2018 were determined using the Corine System Based on the
Corine System, simplification was made in the classification. Thus, the change in the land was tried
to be revealed more clearly. The changes in land cover in Mersin province have been tried to be
presented based on 15 classes considering 1990, 2000 and 2018. Within the scope of the study, the
reasons and consequences of the changes occurring in these periods are emphasized. As a result, the
changes occurring in the 28 years in the land cover examined in 3 periods are presented within the
frame of visual and measurement values. It has been observed that residential areas in Mersin are
getting bigger and bigger. Planning for the future in Mersin should be made by considering these
changes in land cover.

0z

Anahtar Kelimeler:
Corine Sistemi
Arazi kullanimi,
Mersin.

Arazi kullanim ozelliklerinin yillar icerindeki degisiminin tespiti ile kentsel bliylime ve arazi
kullaniminda meydana gelen degisimler ortaya konulabilir. Arazi ortiisinde meydana gelen
degisimin izlenebilmesi verimli tarim alanlarinin yaninda orman alanlarmin daha iyi korunabilmesi
ve diizenli bir kentlesmenin saglanmasina olanak saglar. Arazi kullaniminin tespiti konusunda
yaygin olarak kullanilan yontemlerden birisi de Corine Sistemidir. Avrupa Birligi iilkeleri tarafindan
kurulan bu sistem, Tiirkiye tarafindan da kullanilmaktadir. Bu ¢alismada Corine Sistemi kullanilarak
1990-2018 yillar1 arasinda Mersin ilindeki kentsel bilyiime ve arazi kullaniminda gergeklesen
degisiklikler tespit edilmistir. Corine Sistemi baz almmis ancak siniflamada sadelestirmeye
gidilmistir. Boylece arazideki degisim daha net ortaya konulmaya calisilmistir. Mersin ilinde arazi
ortlistinde meydana gelen degisimler 1990, 2000 ve 2018 yillar1 dikkate alinarak 15 sinif temelinde
ortaya konulmaya calistlmistir. Caligma kapsaminda, bu donemlerde meydana gelen degisimlerin
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nedenleri ve sonuglari lizerinde durulmustur. Sonug olarak, 3 donemde incelen arazi Ortiisiinde 28
yillik siire¢ igerisinde meydana gelen degisiklikler gorsel ve dl¢iim degerleri gercevesinde ortaya
konmustur. Mersin’de 6zellikle yerlesim alanlarinin gittikge bliyiidiigi gézlemlenmistir. Mersin’de
gelecege yonelik olarak yapilan planlamalar, arazi Ortiisiindeki bu degisimler g6z Oniinde
bulundurularak yapilmalidir.

1. Introduction

Avreas that survive on the earth without being affected by human activity are called natural environments. The general
feature of these environments is that they are free from human influences in terms of climate, vegetation, and
morphology. While these areas continue their existence with these features, on the other hand, they met the needs of
people such as water, air, and food without any problems until a certain period. However, natural environments have
been exposed to human influences in the last two hundred years, with an increasing population and especially
industrialization and urbanization movements also increasing need for raw materials, food, and residential areas cause
great changes in natural environments. However, in addition to the areas where people change according to their needs,
they also need natural areas for a healthy life and sustainable progress. Firstly, he continued his life by making use of
the resources and lands offered by his environment [1].

Today, more than half of the world's population lives in cities. This rate is increasing every year. However,
urbanization, which we cannot define only with the demographic movement, also covers economic and social changes.

After the industrial revolution, urbanization, which emerged as a byproduct of his, after 1950 in Turkey are
redesigned with migration from rural areas to cities continues today [2,3]. As a result of the population accumulation
caused by excessive migration in the cities, the existing settlement in the cities cannot meet the need for shelter.

Also, as a result of the unplanned development of large cities, which spread over a large area in many developing
countries, on the one hand, there are problems in the proper use of the land, and on the other hand, the opportunities of
remote districts to benefit from public services, especially infrastructure, remain limited. Changes in urbanization and
land cover/land use, improper land use, natural balance deteriorates with the destruction of natural vegetation, so the
ability of the land falls from upper classes to lower classes. Not only affect global climate change, but also damage
forests, negatively affect available water resources and cause vegetation to disappear. When urban growth does not occur
in a planned way, it also causes a waste of energy resources and landscape degradation [4].

When these developments are not considered, increasing urbanization movements, despite the economic and social
development provided, make it inevitable to face environmental and health problems. Also, especially the misuse of the
existing land, it has reached the maximum level with urbanization and increasing population [5]. However, the main
purpose of people is to live healthily and happily in the world. For all these reasons, it is important for people to be
aware of the changes occurring in their environment, to monitor the changes and to direct the change for a healthy
development when necessary. In this way, while maintaining healthy modern settlements, on the other hand, the
protection of agricultural areas, forests, and water resources necessary for life will be ensured. Thus, land use and urban
development plans will be more accurate and predictable. In this context, the area of this study covers the Mersin
province (Figure 1). When Mersin province is examined, it is observed that there have been significant changes in land
use in the last 30 years as a result of population growth, industrialization and urbanization activities. On the one hand,
the population of the city increases with the intense migration movements from rural and other cities to Mersin, the
existing housing stock and urban area are not sufficient for the incoming population, and there is a slum and an unplanned
development.
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Figure 1: Working Area Location Map

Especially in the Black Sea and the Mediterranean region, the altitude level that starts from the coast, which affects
cities negatively, causes the cities to get stuck in the coastline [6]. Urban development and industrial areas create pressure
on fertile agricultural lands and cause these areas to be lost in time. Besides, the opening of natural areas that are not
suitable for agriculture due to economic reasons also leads to deterioration in land use. In recent years, the expansion of
the spring grassland in the area between 700-1250 meters also contributes to the changes on the land. In this study, the
change in the land cover of Mersin province since 1990 is examined based on the Corine System.

2. Materials and Methods

In this study, CORINE (Coordination of Information on the Environment) land use data were used (Table 1).
CORINE project is one of the important land management projects carried out within the scope of the European Union
GMES (Global Monitoring for the Environment and Security) program. This project was started by the European
Commission in 1985. An environmental information system was created until 1990, and the terminology and
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methodology of the CORINE system were developed and the system was accepted at the European Union level. The
main idea in this project is to create a standard database of the entire European land piece with common evaluation
criteria. The purpose of the Corine project is to create land cover/use maps containing satellite images and geographic
information systems, as well as location-related land information. The data obtained with this project is computer-aided
land use data of satellite images according to the determined land use classification. The project also includes Turkey,
where 39 countries (an area of 5.8 million square kilometers) covers [7,8].

CORINE system in our country in 1998 Turkey Statistical Institute, optimal use of land resources has been launched
to be created using satellite images of the required land cover inventory for the work to be done on a geographic basis,
such as the creation of a framework that will allow the field sampling in various studies [2]. There are essentially 3
levels in the CORINE system. There are 5 basic land cover classes at level 1, 15 classes with land cover/use at level 2,
and 44 land use classes at level 3 [9].

In this study, to perceive the changes better between 1990 and 2018, it was decided that the merging of some classes
in the Corine Land Use classification would be more accurate in terms of reality and interpretation as a result of the
observations in the field. The level used in the study is usually the second level. However, a total of 15 classes were
created by combining them with some classes at the third level (Table 2). To combine classes, ArcGIS 10.5 program
and merge tool for polygon classes.

The changes occurring in the land cover in Mersin province were explained by taking into consideration the years
1990, 2000 and 2018. The amount of areal changes in this process has been revealed.
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Table 1: CORINE Land Cover Classes

Level 1 Level 2 Level 3
. 1.1.1. Continuous City Structure
L1 City Structure 1.1.2. Discrete City Structure
19 Industrial 1.2.1. Industrial or Commercial Areas
- naustria’, 1.2.2. Road and Railway Related Areas
Commercial and Transport
A : 1.2.3. Ports
1. Artificial Units .
; 1.2.4. Airports
Regions - -
- . 1.3.1. Mine Extraction Areas
1.3. Mining, Discharge . ;
and Construction Sites 1.3.2. Discharge Fields
1.3.3. Construction Sites
14. Artificial Non- 1.4.1. Green City Areas
Agricultural Green Areas 1.4.2. Sports and Entertainment Areas
2.1.1. Irrigable Arable Lands
2.1. Arable Areas 2.1.2. Continuously Irrigated Lands
2.1.3. Rice Fields
. 2.2.1. Vi
2.2. Continuous 299 mgyards
2 Agricultural  Products 2.2, Fruit Gardens
’ gAreas 2.2.3. Olive Gardens
2.3. Grasslands 2.3.1. Grasslands
2.4.1. Annual Products with Continuous Products
2.4. Heterogeneous 2.4.2. Mixed Agricultural Areas
Agricultural Areas 2.4.3. Agricultural Lands with Natural Vegetation
2.4.4. Forest Agriculture Lands
3.1.1. Broad Leaved Forests
3.1. Forests 3.1.2. Coniferous Forests
3.1.3. Mixed Forests
3.2.1. Natural Meadows
3. Forest and 3.2. Maki or 3.2.2. Shrubberies
- rorestan Herbaceous Plants 3.2.3.  Sclerophyll Vegetation
Semi Natural
Areas 3.2.4. Plant Change Areas
3.3.1. Coast, Beach and Sandbox
33 Little or No ggg uncovered Cllffls
Vegetation/ Flora Areas 3.3, Sparse Vegetable Areas
3.3.4. Burnt Out Areas
3.3.5. Glaciers and Permanent Snow
4.1. Internal Wet 41.1. Swamps
Areas 4.1.2. Turfs
4. Wet A 2.1
et Areas 492 Near Coastal 4.2.1. Salt Marsh
Areas 4.2.2. Salts
4.2.3. Flats formed by the tide event
5.1.1. Water Trails
51 Inner Waters 5.1.2. Water Bodies
5. Water 5.2. 1. Coastal Lagoons
Communities 5.2. Sea Waters 5.2.2. Golden Horn (River Mouths)
5.2. 3. Seas and Oceans

12
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Table 2. Land Use Classification Based on Corine System in Mersin

Ranking Land Usage

1 Residential area

2 Transportation Area

3 Industrial and Commercial Area
4 Dry Field

5 Watery Field

6 Vineyards

7 Fruit Gardens

8 Olive Gardens

9 Grassland and Meadows
10 Other Agricultural Areas
11 Sand Dunes

12 Uncovered Cliffs

13 Forest Area

14 Swamps

15 Streams and Lakes

3. Results and Discussion

The changes occurring in the land cover in Mersin province were explained by taking into consideration the years
1990, 2000 and 2018. The amount of areal changes in this process has been revealed. Based on the results, forward-
looking predictions were made.

When the land use status of the study area with a surface area of 15908 km? in 1990 is examined, it is seen that most
of this area consists of forests, grasslands, and meadows, followed by agricultural fields. While the forest area is 6566
km?, grasslands and meadows are 4776 km? and agricultural areas are 3987 km? (Table 3-4). While dry field cultivation
is 339 km? in agricultural areas, the irrigated field is 727 km?, fruit gardens are 138 km?, olive gardens are 4 km? and
other agricultural areas are 2758 km2. Other agricultural areas consist of forest areas, mixed agriculture areas, and areas
where continuous crops and annual crops are planted and planted together. These agricultural areas mostly correspond
to the belt with high slopes and natural forest cover (Figure 2). Settlement, industry, and transportation areas constitute
a very low rate. While the area of the residential areas reaches 135 km?, the areas where the industrial facilities spread
are 21 km? and the transportation areas outside the residential areas are about 2 km?.

Table 3. Land Use Status of Mersin Province Over the Years According to Corine System

Years
Agricultural Area Usage 1990 Km? 2000 Km? 2018 Km?
Dry Agriculture 339,7 338,4 316,6
Irrigated agriculture 727,0 726,4 643,3
Vineyards 20,0 19,9 40,7
Fruit Gardens 138,0 127,1 7474
Olive Gardens 4,1 4,1 21,7
Grassland and Meadows 2758,7 6557,2 3215,0
Total 3987,5 77731 4990,6
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Table 4. Agricultural Area Usage Status in Mersin Province by Year Based on Corine System

Years
Land Usage 1990 Km? 2000 Km? 2018 Km?
Residential 135,8 162,8 2179
Transportation 1,9 38,1 66,1
Industrial 21,1 15,7 36,6
Dry Agriculture 339,7 338,4 316,7
Irrigated agriculture 727,0 726,4 643,3
Vineyards 20,0 19,9 40,7
Fruit Gardens 138,0 127,1 7474
Olive Gardens 4,1 4,1 27,7
Grassland and Meadows 4776,0 2729,1 2327,8
Other Agricultural Areas 2758,7 6557,2 3215,0
Sand Dunes 25,7 25,4 30,4
Uncovered Cliffs 314,7 314,7 678,5
Forest Area 6566,0 4768,0 7479,4
swamps 25,2 25,2 20,0
Streams and Lakes 54,1 55,9 61,0
Total Area 15908,0 15908,0 15908,0
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Figure 2. Land Use Status of Mersin Province (1990)

When the land use status in 2000 is analyzed, it is seen that the agricultural lands rose to the first rank, followed by
forests, grasslands, and meadows. Compared to 1990, while the forest areas were 4768 km? with a decrease of 1798
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km?, grasslands and meadows decreased to 2729 km? with a decrease of 2046 km?2. Agricultural fields expanded by 3785
km? and reached 7773 km?. The largest expansion among the agricultural lands took place in the category of other
agricultural lands. There was also an expansion of 10 km? in the fruit gardens category. There was a large expansion in
favor of agricultural areas adjacent to or mixed with forests, grasslands, and meadows in the belt where the slope is high
and natural forest cover is located. While there is a significant expansion in settlement and transportation areas, there is
a contraction in the industrial area. The area of the residential areas has increased from 135 km? to 162 km?, and the
transportation areas outside the residential area have increased from 2 km? to 38 km?. The areas of industrial facilities
spread from 21 km? to 15 km?. The decrease in the industrial areas is because many industrial areas remain within the
settlements as a result of the expansion of the settlement areas. This situation is mostly seen in the east of Mersin city
center (Figure 3). In areas covered by rivers and lakes, there was an expansion of about 2 km? and the surface area of
these areas exceeded 55 km?,

Konya Nigde

Karaman

. e
o
% »
Antalya v
. Legend
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Figure 3. Mersin Province Land Use Status (2000)

When the land use situation in 2018 is analyzed, it is seen that the forest areas rose to the first rank and this was
followed by agricultural fields, grasslands, and meadows. Compared to 2000, forest areas increased by 2711 km? and
reached from 7468 km? to 7479 km?. Agricultural areas decreased by 2782 km? from 7773 km? to 4990 km?. A 3342
km? contraction has occurred in areas adjacent to forest areas within the agricultural areas and mixed with natural
vegetation or where long-term and annual agricultural plants are intertwined. The contraction in agricultural areas in
this category has exceeded 50% compared to 2000. Fruit gardens increased by 620 km? and reached from 127 km? to
747 km2. Olive gardens increased from 4 km? to 27 km? and the vineyards increased from 19 km?to 40 km?. On the
other hand, there has been a decrease of 83 km? in areas where irrigated farming has been done. Grasslands and meadows
decreased from 2729 km? to 2327 km? with a decrease of 401 km?. On the other hand, there have been significant
expansions in the areas of settlement, transportation, and industry. The residential area has increased from 162 km? to
217 km?, transportation area from 38 km? to 66 km? and industrial areas from 15 km? to 32 km?. Expansions in the field
of industry and transportation mostly originated from highways and industrial facilities built in the east of the study area
(Figure 4).
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Figure 4. Land Use Status of Mersin Province (2018)

According to the calculations made based on the Corine System in 2018, the total agricultural area in the study area
is around 4990 km?, Its ratio to the total area is 31%. In the study area, irrigated farming mostly takes place in the south
of Mersin-Adana highway and the Goksu Delta, whereas dry farming areas are concentrated especially in the northeast
of Tarsus district.

The vineyards, on the other hand, are common in a hilly area of 10-15 km in the north of Tarsus and Mersin
settlements and in the southeast part of Mut district.

Olive gardens are concentrated in the Goksu basin and especially north of Mut district center. Olive gardens are also
common in hilly areas north of Tarsus district.

Fruit gardens, on the other hand, are dense in an area about 10 km wide, starting from the surroundings of the Erdemli
district where the irrigation facilities are sufficient and the Mersin-Tarsus highway. It is also spreading increasingly in
the GOksu basin, around Silifke and Mut district centers.

Other agricultural areas are concentrated especially in Goksu basin, plateau area in the north of Silifke and Erdemli
districts, in hilly areas in the north of Cukurova. The fields included in this classification include areas with annual
products mixed with continuous crops and areas where natural vegetation is mixed with agricultural areas, forest
agricultural areas, and areas where mixed crops are grown.

While the grasslands are common in the plateau area in the north of the province, the bare areas occupy a large area
in the north of Tarsus, Camliyayla and Toroslar districts, where the slope and elevation are very high.

The forests extend from east to west of Mersin and reach an average depth of 50 km. The forests go down to the
sea in the section from Antalya province border to Erdemli district.

Dunes and swamps are located at the mouth of Goksu, Seyhan and Tarsus Stream.
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Industrial areas are mostly concentrated around Mersin-Adana highway in the east of Mersin city. There are also
some industrial facilities to the west of Silifke district.

Although the settlement areas are spread throughout the province, it covers a large area between Mersin and Tarsus.
4. Conclusion and Suggestions

In the study area covering Mersin province and 15908 km?, the changes in the land cover were examined according
to the Corine system in 15 categories and based on 3 separate years.

As a result of this review, an increasing trend was observed in settlements, transportation, industrial areas and
vineyards between 1990 and 2018, while a decrease was observed in dry and irrigated agricultural areas, grasslands and
meadows. In this process, while bare areas doubled, a fluctuating course was observed in forest and fruit areas. Due to
the increasing population in the expansion of the settlement areas and the economic development, the expansion of the
settlements and the effect of the development plans made are in question. Likewise, as a reflection of the population and
economic developments, the construction of new transportation networks, highways, the establishment of new industrial
facilities and the expansion in the Organized Industrial Zones have led to the expansion of transportation and industrial
areas. These enlargements in residential, transportation and industrial areas have caused some other areas of use to
contract. While there is a decrease in dry and irrigated farming fields around the densely populated areas, as well as in
fruit gardens and vineyards, fruit gardens, vineyards, and olive gardens have expanded away from the shore and in places
where the altitude is increased. The places where this expansion has occurred were mostly realized in areas bordering
forests and grasslands. The increase in river and lake areas in this process is due to newly built dams and ponds. Rises
and decreases in other agricultural areas are mostly related to the situation in forest areas. Here, the decrease in one was
reflected in the other as an increase. While the surface area of other agricultural lands increased by more than two times
in 2000 compared to 1990, it can be said that the economic process and population movements were effective in
decreasing to 3215 km? in 2018. In recent years, especially in places where the altitude is over 1000 meters, despite the
increasing agricultural cost, the relative decline in sales prices has made it impossible for people to cultivate in these
low-yield areas. For this reason, people who could not make a living generally stopped cultivating in this area and
migrated to the city center. In this case, a large part of these areas started to look like a forest again.

When the changes in the land cover over the years taken into consideration, it can be predicted that there will be an
expansion in settlement, transportation, industrial areas, fruit gardens, olive gardens and vineyards. However, it should
be noted that the areas mentioned above should not be against each other. Because settlement, transportation, industrial
areas, and fruit gardens, olive gardens and vineyards are largely adjacent to each other and mostly concentrated in the
southeast of the study area. For this reason, especially settlement, transportation, industrial areas; away from fruit
gardens and olive gardens; grassland or slope rate is high; low agricultural productivity; It would be more appropriate
to direct it to the areas with dry farming areas that are not 1%t and 2" class. In addition, the forest areas around the rural
settlements are under the pressure of a large population and settlements due to the developments in the spring land. The
forests must lose their quality due to the fires that have been cut or intentionally removed, and consequently, these areas
should not be allowed to settle for the sake of rent. In this context, water resources in these areas are also under threat.
The awareness that a modern residential fabric that is compatible with nature and a healthy life away from environmental
problems is indispensable for our future should be expanded in the society. Planning at different scales (regional, urban,
tourism, recreation, etc.) should be done correctly by considering the past process and considering future generations.
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ARTICLE INFO ABSTRACT
RESEARCH ARTICLE Many methods have been used to produce thin film solar cells. Many of these methods are
Received: April:24.2020 technically complex and expensive. In the present study, a thermal evaporation method with
Reviewed: May:5.2020 fewer usage parameters was used to produce thin film solar cells. In addition, the impacts of
Accepted: May:8.2020 annealing on the structure of solar cells were investigated. The surface morphology of solar
?ﬁé’r"r‘]’q‘;ﬁia orated cells and the approximate content of each element were carried out with a QUANTA (FEG-
Thin film Sogr ceIIs’ 250) model scanning elt_actron_ microscopy and Energy Dispersive X-Ra)_/ Spectroscopy
In-doped CdTe, ' (SEM/EDS). The X-ray diffraction (XRD) measurements were performed using a BRUKER
Structural properties. XRD system (D8 Advance) X-ray diffractometer. In the SEM analyzes, it was determined that
Corresponding Author: the reduced in the roughness of the film surfaces was and clumping occurred as a result of
“E-mail: ikirbas@mehmetakif.edu.tr annealing. But if the crystallite size is at submicron level, this negative situation can be

overlooked. An increase in Cd was observed with EDS analysis. XRD diffraction has shown
that the peaks in the (111), (200) and (211) planes increase the intensity of these peaks in the
annealing result. As a result, it was determined that annealing affects positively the structural
characteristics of In-doped CdTe/CdS solar cells.

0z
Anahtar Kelimeler: Ince film giines pilleri iiretiminde birgok yontem kullanilmistir. Bu yontemlerin ¢cogu teknik
Isisal buharlastirma, olarak karmasik ve pahalidir. Bu ¢aligmada ince film giines pillerini {iretmek i¢in daha az

Ince film giines pili,
In katkili CdTe,
Yapisal ozellikler.

kullanim parametresi igeren 1sisal buharlagtirma yontemi kullanilmistir. Ayrica tavlamanin
giines pillerinin yapisi lizerindeki etkileri arastirilmistir. Giines pillerinin yiizey morfolojisi ve
her bir elementin yaklasik igerigi bir QUANTA (FEG-250) model tarama elektron
mikroskobu ve enerji dagilimli X-1s1n1 spektroskobu (SEM/EDS) ile gerceklestirilmistir. X-
st kirinmmi  (XRD) olgiimleri bir BRUKER XRD sistemi (D8 Advance) X-isini
difraktometresi kullanilarak gergeklestirildi. SEM analizlerinde tavlama sonucunda film
ylizeylerindeki piiriizligiin azaldigi topaklanmalarin olustugu tespit edilmistir. Fakat tanecik
boyutunun micron alti seviyesinde olmast bu olumsuz durumun goz ardi edilebilecegini
gostermektedir. EDS analizleri ile Cd oraninda bir artig gozlemlenmistir. XRD sagilmalari ile
(111), (200), (211) diizlemlerinde pikler gozlemlenirken tavlama sonucunda bu piklerin
siddetlerini arttigin1 gostermistir. Sonug olarak tavlama isleminin In-katkili CdTe/CdS giines
pillerinin yapisal 6zellikleri {izerinde olumlu yonde etki ettigi belirlenmistir.
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1. Introduction

In recent years, compounds 11-VI have been intensively studied for practices in the semiconductor devices, electronic,
optoelectronic, and photovoltaic industries [1-4]. Consist of 11-VI compounds; CdTe has a solar energy ideal band gap of
1.45 eV. This range is very suitable for solar cells production [5-9]. CdTe crystal structure is usually cubic or hexagonal
[10-12].

Yilmaz et al. (2017) in studies, as-grown CdTe films have high Cd spaces and due to which limits its use in solar cell
applications result p-type conduction. They reported that it would be possible to fill Cd spaces by adding indium atoms
to the structure, thus resulting in n-type conduction [13].

CdSs films are n-type semiconducting materials with a band gap of 2.42-2.5 eV [14-17]. Along with semiconductors
such as CdTe (1.5 eV), which has a narrower bandwidth than itself, in the heterojunction thin film solar cells is preferred
as window material that collects and transmits the incoming rays [18-20].

There are many studies on CdTe and In-doped CdTe structures. The structural and electrical properties of these
structures are available in the literature [21-25]. A study of In-doped CdTe/CdS solar cell produced by thermal
evaporation has not yet been reported in the literature. For this reason, the primary goal of this work is to determine the
structural properties of the In-doped CdTe/CdS solar cell produced by thermal evaporation and the effect of annealing to
the structural characteristic of this solar cell.

2. Material and Method
2.1. Sintered of Polycrystalline Materials

For CdTe prepared by weighing at stoichiometric ratios, 8 grams of Cd corresponding to 9.08 grams Te was added.
For doping 1% In, 0.17 grams of In added material reached 17.25 grams weight. The materials were placed in chemically
cleaned quartz tubes. The mouths of the tubes were closed. The sintering process was started by placing the tubes in a
horizontal tube furnace. The oven was heated gradually. When the oven temperature reached 1150 °C after 48 hours, it
was left for 24 hours [13]. The tube in the oven was shaken at regular intervals to form a homogenous mixture. After the
crystal formation was achieved, the cooling was also carried out gradually (10-15 “C/h). The obtained polycrystalline
material was pulverized again.

2.2. Deposition of In-doped CdTe Thin Films

The powdered polycrystals were bound to the holder of the thermal evaporation system in tungsten crucibles. The
chemically and ultrasonically cleaned Indium Tin Oxide (ITO) coated substrate was placed in a circle. Once the
compression of the vacuum chamber arrives 5x10° Torr, the flow was gradually started to flow through the pot. When
the current passing through the cruiser reached 50 Ampere, the material started to flush. The current was initiated by
opening the cutter at the value of 71 Ampere. The evaporation rate of the material was about 9-13 A/s. When the thickness
of 0.7 pm (7 kA) was reached after about 10 minutes, the cutter was closed and storage was terminated.

2.3. Annealing of In-doped CdTe Thin Films

In-doped CdTe substrate produced by thermal evaporation was located in a Protherm trademark annealing-furnace
warmed to 400 ‘C [26]. Along the annealing, nitrogen gas was continuously injected through the furnace to prevent
oxidation on the film. The oven temperature was kept at 400 °C and annealing was performed for 1 hour. Then the oven
was turned off. The oven was cooled to room temperature naturally in nitrogen gas, and then the samples were removed.

2.4. Deposition of CdS Thin Films

After the generation of the glass/ITO/In-doped CdTe structure, the annealed and non-annealed specimens were
positioned in the holder in the system to deposition the CdS polycrystalline at window layer. Afterwards the chamber was
shut down by placing 99.999% pure CdS powder in the tungsten crucible. Vacuum chamber internal pressure was brought
to 5x10°° Torr. Then 30 ampere current was started to flow on the pot. As the current value was gradually increased, the
potential of the pot was observed when the amperage reached 70 A passing through the pot. When the current value
reached 100 A, the cutter was opened and the storage process started. Substrate temperature 0 °C and evaporation rate of
material was kept at 10-11 Ass during the process. When the coating thickness from the thickness monitor was read as
0.7 um (7 kA), the cutter was closed and the storage process was terminated.
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2.5. Deposition of Top Contact

After the solar cell structure has been formed, the annealed and non-annealed samples are placed in the holder of the
thermal evaporation system to receive contact. The upper contacts were removed from indium by thermal evaporation in
the Van der Pauw geometry.

2.6. Characterization

The surface morphology of solar cells and the approximate content of each element were carried out witha QUANTA
(FEG-250) model scanning electron microscopy and Energy Dispersive X-Ray Spectroscopy (SEM/EDS). The X-ray
diffraction (XRD) measurements were carried out using a BRUKER XRD system (D8 Advance) X-ray diffractometer.

3. Results and Discussion

The samples were prepared by thermal evaporation at a thickness of about 1.4 um. ITO coated glass is used as the
substrate. For the In-doped CdTe/CdS thin film solar cells, the non-annealed was named Sland the 400 °C annealed at 1
hour was named S1_400.

3.1. Structural Analysis

XRD scattering results of thin film solar cells are shown in Figure 1. In the S1 and S1_400 samples, peaks were observed
at approximately 26=23.9°, 26.6° and 33.0°. The positions of the designated peaks are the same and it is observed that the
severity is increased due to the annealing. Due to annealing, the peak positions have not changed. But their density has
increased. This situation can be interpreted as the reduction of structural defects and the structure of thin films are
polycrystalline rather than amorphous. The diffraction lines produced by the 26=23,9°, 26=26,6° and 26=33,0° peaks
correspond to the (111), (200) and (211) [1], [27].
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Figure 1. The X-ray diffraction patterns of S1 and S1_400

The Inter-planar distance (d) and the lattice constant (a) with the help of the XRD profile can be calculated according
to the following equation known as Bragg law.

A
" 2sind (1)

Here, X-ray wavelength used 4, lattice spacing d, Bragg’s angle 6. The plane-spacing equation can be calculated with
the following equation.
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1 (R2+K2+1%)
az = a? )

Miller indices of the planes are expressed as (h k I).

Scherrer formula is used to calculate the crystallite sizes of thin films with XRD data.

kA
- LCos 6 (3)

Here; expressed in terms of crystal size D, wavelength of the X-ray source used A, the half-maximum width of the
diffraction peak in radians 8, Bragg diffraction angle of the XRD peak 6§ and a constant related to the film whose crystallite
size is calculated k [28].

Using equations (1) and (2), the distance between planes (d) and lattice constant (a) in thin film solar cells were
calculated. The crystallite size was calculated using equation (3). These values calculated for S1 and S1_400 samples are
delivered in Table 1. With the effect of annealing, it was determined that the crystallite size increased, that is, the films
passed from the amorphous structure to the polycrystalline structure. The crystallite size comparisons given in Table 1
and obtained from the SEM images in Figure 2 together with the XRD scattering crystallite size calculations show
compatibility. Calculations of inter-planar distance (d), lattice constant (a) [29] are similar to the ones they have done.

Table 1. Calculations for S1 and S1_400 samples

S1 S1_400
hkl 20 d a D 20 d a D
(deg) A A (m) | (deg) (&) (A) (nm)
(111) | 23,95 3,711 6,427 31,41 | 23,93 3,715 6,435 49,89
(200) | 26,68 3,337 6,674 34,11 | 26,65 3,340 6,681 42,63
(211) | 33,05 2,707 6,631 29,84 | 33,09 2,703 6,623 36,06

Figure 2. The crystallite size obtained in SEM images

3.2. Compositional and surface topographical analysis

Thin film solar cells are produced using ITO coated glass as substrate, In-doped CdTe as the lower film material and
CdS (powder) materials as the upper film material. These solar cells were production by thermal evaporation. In Figure
3, energy dispersive X-ray spectroscopy (EDS) plots are given in Figure 4 and Figure 5 for SEM images of annealed and
non-annealed solar cells with the aim of determining the surface morphology of the materials. When Figure 3 is examined,
it is seen that the surface roughness of the annealed film decreases and clumping occurs. The crystallite size of films is
generally known to depend on film thickness, surface temperature and annealing temperature. The resulting crystallite
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size is lower microns in size. Chander and Dhaka (2016) have achieved similar results in their work [18]. In Figure 4 and
Figure 5, while the increase in the annealing result Cd was observed in the lower films deposited by the thermal
evaporation method, a decrease in the ratio of in and Te was detected.

ET 40 000 x U_HITEM 4 1L 1 PM )00 kY £ igh vacuu

Figure 3. The SEM images of (a) S1 and (b) S1_400
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Figure 4. The typical energy dispersive spectrum (EDS) of S1 (a) In-Doped CdTe layer (b) CdS layer
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Figure 5. The typical energy dispersive spectrum (EDS) of S1_400 (a) In-Doped CdTe layer (b) CdS layer
4. Conclusion

The effect of annealing on the structural properties of In-doped CdTe/CdS thin film solar cells produced using the
thermal evaporation method is investigated. 260=23.9°, 26=26.6° and 26=33.0° peaks were observed after XRD scattering
and the diffraction lines produced by these peaks corresponded to the (111), (200) and (211) structures respectively. As a
result of annealing, these peak positions have not changed but their intensity has increased. This situation is interpreted
as a decrease in structural defects. The crystallite size (D), the Inter-planar distance (d) and the lattice constant (a)
calculations are similar to those in the literature. As a result of SEM analysis, annealing resulted in lumps in the film
structure. From the calculated calculations and SEM images, it is seen that the crystallite size is below micron level. EDS
analysis showed an increase in annealing result Cd, a decrease in In and Te ratio. As a result, it has been determined that
annealing to the structural properties of In-doped CdTe/CdS solar cells produced by thermal evaporation effects
positively.
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Today, remote sensing techniques are one of the most frequently used working methods in
planning and design studies. Especially thanks to the data produced by photogrammetry with
the help of UAV, it is frequently used in commercial and academic periods. Especially
thanks to the advantages such as speed, cost, and accuracy provided by UAV, high-
resolution data of smaller areas can be obtained. Thanks to these data, orthophoto images
and Digital Elevation Model (DEM) data of the land can be produced. The Orthophoto and
Digital Elevation Model (DEM) contributes to the creation of many digital bases as it
transfers the land to the spatial environment. In this study, aerial photographs of Nevsehir
Haci Bektas Veli University Damat Ibrahim Pasha Campus were taken with UAV. These
photographs produced orthophoto and Digital Elevation Model (DEM) images with a spatial
resolution of 2.31 cm using 3D Survey software. The mesh model created after processing
the products obtained from the UAV of the campus area was published on the internet
address (https://chs-uzam.nevsehir.edu.tr/tr/projeler).
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Anahtar Kelimeler:
Nevsehir,

Kampiis,

iHA,

CBS

Gilinimiizde planlama ve tasarim ¢alismalarinda uzaktan algilama teknikleri siklikla
basvurulan calisma yontemlerinin basinda gelmektedir. Ozellikle THA yardimiyla
fotogrametri ile iiretilen veriler sayesinde ticari ve akademik son donemlerde sik sik
kullamlmaktadir. Ozellikle IHA nin sagladigi hiz, maliyet ve dogruluk gibi avantajlari
sayesinde daha kiigiik alanlara ait yiiksek ¢oziiniirliiklii veri elde edilebilmektedir. Bu veriler
sayesinde araziye ait Ortofoto goriintiileri ve Sayisal Yiikseklik Modeli (DEM) verileri
tiretilebilmektedir. Ortofoto ve Sayisal Yiikseklik modeli (DEM) araziyi uzamsal ortama
aktardigr icin birgok sayisal altliklarin olusturulmasina katki saglamaktadir. Bu calismada,
Nevsehir Hac1 Bektas Veli Universitesi Damat Ibrahim Pasa Yerleskesi hava fotograflari
IHA ile gekilmistir. Bu fotograflar 3DSurvey yazilimi kullanilarak 2,31 cm mekansal
¢oziiniirliikte Ortofoto ve Sayisal Yiikseklik Modeli (DEM) goriintiileri iretilmistir. Kampiis
alanma ait THA’dan elde edilen iiriinler islendikten sonra olusturulan mesh model model
https://cbs-uzam.nevsehir.edu.tr/tr/projeler internet adresinde yayilanmustir.

1. Introduction

Nowadays, the use of different data produced from images obtained by unmanned aerial vehicles in which the
cameras are integrated into the map, planning, and design studies has increased a lot. UAVs have been widely used in
different working groups due to the many advantages they provide such as speed, cost, and accuracy. The studies
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carried out with the help of UAV approach the sensitivity in terrestrial photogrammetry and have the opportunity to be
applied in many different areas to complete the studies in a short time [1]. It is used extensively for mapping and 3D
land modeling for commercial purposes and scientific studies after military applications [2]. The use of such tools is
geography, landscape, cartography, etc. brings many advantages in its fields.

In this study, an Orthophoto and Digital Elevation Model (DEM) application for Nevsehir Haci Bektas Veli
University Damat Ibrahim Pasha Campus was discussed in detail. The data obtained from the land in this way will
constitute a basis for the projects to be used later. The purpose of this modeling is the project work to be carried out for
the Damat Ibrahim Pasha Campus Information System to collect, transfer, store, analyze and present the information of
the university in the desired manner.

Today, one of the main problems of public institutions is that information cannot be easily accessed at any time.
Since the existing information does not have a regular structure, it cannot be archived systematically. Besides,
generating new information from the information available in the archive and having healthy information is the most
demanded by today's institutions. Such requests are important for university institutions as well as many public
institutions [3].

Nevsehir Haci Bektas Veli University Damat Ibrahim Pasha Campus is one of the most important reasons for the
establishment of the Campus Information System is the absence of digital map bases showing the physical condition of
the campus. Digital maps of the campus are provided with the created orthophoto and 3D modeling. Also, landscape
arrangements and designs can be made quickly and easily thanks to these bases.

1.1. Unmanned Aerial Vehicles

Unmanned Aerial Vehicles are defined as a motor aircraft that does not have many vehicles and pilots on it [2]. The
control mechanism of UAVSs consists of remote, semi-automatic, automatic, or a combination of several of them. When
the UAVs are compared with other aircraft, the most important difference is the absence of a pilot physically in UAVs.
[4]. UAVs are one of the most important technologies in many aviation applications, especially civilian and military
purposes and applications, due to their low performance. UAVs have a short wingspan (fixed or rotary wing) and a light
structure, as well as a sensitive structure during flight [5]. It is very easy to operate and produce. Many of them are a
vehicle that can be used by one or two people and can be transported by hand and can be launched from the land by
hand. UAVs are designed to fly from a low height to observe objects in the field. However, flying from a very low
height increases the probability of a UAV crash. Therefore, strong and accurate autopilot systems are needed to increase
the performance at low heights. [6].

UAVs can be integrated with various imaging devices with sensors such as thermal, infra-red, hyperspectral, radar,
chemical, and biological and provide day and night images. Along with the real-time data transfer feature, UAVSs can
transfer important information such as fire, flood, and weather conditions to the ground station. [7]. With the real-time
GPS integrated on UAVS, it can work with the ground control station to observe and be guided by the images it collects,
so systems that operate in this way are also called fully automatic navigation systems. The image obtained can be
processed in the laboratory or at the ground control station immediately. UAVs can record all their actions and forward
them to ground control points for image processing. [8]. UAVs for photogrammetric purposes can take photographs in
three-dimensional spatial positions planned previously independently, but experienced pilots are needed for takeoff and
landing by the flight plan [9]. A multi-rotary UAV, which is frequently used in photogrammetry studies, can be seen in
Figure 1.

Figure 1: AtmacaX8 UAV with rotary-wing sold by Geomatics Group (URL-1)
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Although UAVs have many advantages, they also have disadvantages. These; Since they can carry limited loads, it
is possible to list them as being insufficient in applications involving large areas, having low airtime, limited
opportunities to apply in windy weather, and problems in landing, take-off, and flight stages.

2. Material and Method
The material and methodology used during the study are described below.
2.1. Data Production with UAV

Commercial software developed today has its algorithms to perform internal and external orientation processes,
which are the main stages of photogrammetric map production. UAV images are directed by geometrically corrected
with a high success rate [10]. The workflow for evaluating images using computer vision-based software is shown in
Figure 2.

Taking images with UAV Orientation Parameters
______________________ J_____________________I
1. initial processing > 2. Pomtclou_d > 3. Digital surface model j— 4. orthophoto production
compression production 9
Detail extraction from dense point cloud

images

image matching filtering point clouds

Air Triangulation Bundle
Balancing

Figure 2: Evaluation of Computer Vision-Based Images [10].

Nevsehir Haci Bektas Veli University Damat ibrahim Pasha Campus has been flying with a DJI Phantom brand
unmanned aerial vehicle. After the flight process, 474 aerial photographs were transferred into the 3D Survey 2.10
software and processing started. (Figure 3).
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Figure 3: Uploading images to 3D Survey 2.10 software

After the pictures are loaded, the coordinate correction is completed by matching the photographs. After this
process, point cloud and digital surface model (DSM) and the mesh model were created with the tools in the program,
respectively. Point cloud data consists of 27635264 points in total. With the 3D Survey software, the orthophoto of the
work area was produced at 2.31 cm spatial resolution. (Figure 4).

Figure 4: Point cloud and surface model

With the 3D Survey software, the orthophoto of the work area was produced at 2.31 cm spatial resolution. (Figure 5).
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Project Images Data Pointcloud Mesh Orthophoto Options Help

Figure 5. Orthophoto produced
3. Results

The study area is Nevsehir Haci Bektasi Veli University Campus is shown in Figure 6.

=T ==

Figure 6. Study Area
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After the products obtained from the UAV of the campus area were processed, the mesh model created was recorded
to be published on the internet. The created model has been published on the website https://chs-
uzam.nevsehir.edu.tr/tr/projeler.

3. Conclusions and Suggestions

Today, there are still lands that are difficult to navigate. UAV systems can be used easily in making maps of these
areas. In addition to this advantage, UAVs can be used by geologists in studies for three-dimensional data production
due to the rapid data production technique. UAV systems can be easily used in works to gain profit from components
such as fast data production and time cost.
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This study is aimed at ascertaining the per capita generation and characterization of waste in
Makurdi metropolis. The study population consists of all the residents in the households of
the selected study areas. Sample sizes of 60 households were selected purposively from
three (3) residential areas in Makurdi metropolis which includes Wadata (low income areas),
High Level (medium income areas), and Judges Quarters (high income areas). Field
observations, secondary data and key informant interviews were also used. Simple random
sampling and analysis of solid waste from specific sources (Households) was used for waste
characterization whereas house-to-house weight analysis method was used to quantify the
waste. The solid waste generation rate in the areas which the survey was conducted revealed
that a total sample waste load of 1185.95 Kg was weighed for the three areas. From the
analysis of the primary data gathered on the samples of solid waste generated, the order of
waste generated is as follows; organic waste (81.30 %) > ash/sand (5.86 %) > Paper (2.78
%) > Metal/Tin (2.03 %) > Bag/Shoes (1.84 %) > Leather (1.74 %) > textiles (1.47 %) >
Plastic (1.24 %) > glass/ceramics (0.41 %). The average per capita generation rate was also
estimated to be 0.45 kg/ capita/ day with an average household size of 6 persons.

0z

Anahtar Kelimeler:
Kati atik,

Kisi bas1 atik tiretimi,
Karakterizasyon,
Makurdi.

Bu calisgmada Makurdi metropoliinde kisi basina atik tiretimi ve karakterizasyonu
amacglanmstir. Calisma popiilasyonu, segilen galisma alanlarindaki hanelerde yasayan tiim
sakinlerden olusmaktadir. Makurdi metropoliindeki Wadata (diisiik gelirli alanlar), High
Level (orta gelirli alanlar) ve Judges Quarters ‘1 (yiiksek gelirli alanlar) iceren ii¢ (3)
yerlesim alanindan 60 hane 6rneklem biiyiikliigii se¢ilmistir. Saha gozlemleri, ikincil veriler
ve Kkilit bilgi verici goriigmeler de kullanilmigtir. Atiklarin karakterizasyonu igin basit
rastgele ornekleme ve belirli kaynaklardan (hane halki) gelen kati atik analizi kullanilirken,
atiklar1 Olgmek i¢in evden eve agirlik analizi yontemi kullamlmustir.  Anketin
gergeklestirildigi alanlardaki kati atik iiretim orani, ii¢ alan igin toplam 1185,95 Kg 6rnek
atik yiikiiniin tartildigim ortaya koymustur. Uretilen kat1 atik Srnekleri iizerinde toplanan
birincil verilerin analizine gore, {iretilen atiklarin sirast su sekildedir; organik atik (% 81.30)
> kiil / kum (% 5.86) > Kagit (% 2.78) > Metal / Kalay (% 2.03) > Canta / Ayakkab1 (%
1.84) > Deri (% 1.74) > tekstil (% 1.47) > Plastik (% 1.24) > cam / seramik (% 0.41). Kisi
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basina ortalama {iretim oraninin da, ortalama 6 kisi hanehalki biiytlikliigii ile 0.45 kg / kisi /
giin oldugu tahmin edilmektedir.

1. Introduction

It is obvious that many cities in Nigeria have developed over time without proper planning, thus, resulting to the
presence of open/indiscriminate dumping of solid waste especially on undeveloped areas [1]. The problem of solid
waste generation and management is a global phenomenon that is not just peculiar to Nigeria alone but cuts across the
entire universe [2]. This problem is such that it has forced the adoption of frameworks that can effectively handle waste
especially in developed countries of the world. According to Giusti [3] the practices of solid waste management may
not be uniform across countries (i.e. both developed and developing). However, some very advanced frameworks that
enhance solid waste management practices include the waste hierarchy, which is the 3Rs of waste management;
Reduce, Reuse and Recycle have been adopted. In this practice, waste characterization is dependent on their desirability
in terms of waste minimization.

Municipal solid waste management is considered a complex concept because it often affects the lifestyle of the
people together with factors such as rapid development and under-estimated contributors and stakeholders [4].
According to Kum et al. [5], most urban settlements are not without waste generation and they are generated from
residential, commercial, industrial, and institutional areas. A high proportion of these wastes are solid in nature.
Municipal solid waste (MSW) consists of degradable items such as paper, textiles, food waste, straw and yard waste,
partially degradable items such as wood, disposable napkins and sludge, sanitary residues and non-degradable items
such as leather, plastics, rubbers, metals, glass, ash from fuel burning like coal, briquettes or woods, dust and electronic
waste [6]. These wastes are produced from the economic activities and consumption patterns in a particular locality.
The amount and characterization of these wastes vary from place to place and mostly influenced by the population
density and level of income. For instance, industrialized countries are expected to generate higher amount of waste,
while low-income countries with lesser commercial activities are expected to produce lower waste [5].

UNU-WIDER in 2010 [7], opinionated that organic fractions of municipal solid waste (OFMSW) generated in
developing countries is about three times what is generated in developed countries. For us in this part of the world (i.e.
Nigeria), OFMSW constitute up to 50 percent of solid waste generated. On a general note, the component of municipal
solid waste is considered to be dependent on factors such as source and age of the waste characterized. In Nigeria today,
the most seen solid waste sample can be obtained directly from source namely: households, offices, market stores and
stalls. This study is aimed at obtaining the quantity of waste generation per head in Makurdi metropolis.

2. Material and Method
2.1. Area of Study

Makurdi is the capital of Benue State which is located along River Benue with coordinates 70.43’50”N and
80.32’10”E having an estimated population of over 600,000 as at 2006 [8] and still growing. It has an Average annual
temperature of about 31°C and relative humidity of 66% annually. The town is divided by River Benue into North and
South banks, which are connected by two bridges (Old and New brigde). The southern part of the town is made up of
several wards which includes the Old GRA, Ankpa Ward, Wadata Ward, High Level, Wurukum (Low Level), New
GRA, etc.

2.2. Population of the study

The study population consisted of all the residents in the households of the selected study areas. Sample sizes of 60
households were selected purposively from the three (3) residential areas of Makurdi metropolis which includes Wadata
(low income areas), High Level (medium income areas), and Judges Quarters (high income areas).

2.3. Data collection technique

Data collection was initiated by informing selected households of the aim of carrying out such a study and to receive
feedback on their willingness to participate in the study. Copies of the prepared questionnaires were administered to
them in order to meet the objectives of the study. It was explained to the various residents in the selected households in
the three (3) study areas selected for the research that on a daily basis, their garbage would be collected for a period of 7
days. On that basis, trash bags were provided for each household in the study areas in order t allow for collection of all
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their solid waste products generated within the period of the study. And the samples were collected at the end of the
week and given a label according to the perception of the income levels of the households, i.e. High, Middle and Low.

2.4. Data Analysis

The weekly waste collected from the various households across the study areas were moved to the laboratory, after
which analysis was carried on the weights of each trash bags as well as the characterization of the wastes. In other
words, the wastes were sorted into specified categories, which were then bagged, weighed, and recorded. The data
gathered for each household was analyzed, using the weighted average technique. And a composition table was drawn,
showing the percentage generation rate, as well as the rate in Kilogram generated per household. Charts were also
presented to show the analysis on the composition of solid waste generated within the study period as well as the
population of the generators. The data was analyzed by Microsoft excel software. The raw data was inputted into the
software and related charts were generated.

3. Result and Discussion
3.1. Combined Composition of Waste Generated for the selected Zones

It is usual for municipal solid waste to be characterized by materials such as, paper and paperboard, yard trimmings,
food scraps, plastics, furniture, and clothing [9]. Thus, the municipal solid waste (MSW) collected in the study was
analyzed. The municipal solid waste generated was because of items used and thrown away by the generators. A total
sample waste load by weight of 1185.95 Kg was weighed. The details regarding the overall composition of household
solid waste sampled over the study period for the three selected communities is presented in Table 1.

Table 1. Overall composition of waste generated

WASTE WASTE GENERATED WASTE GENERATED

COMPOSITION (KG) (%)
Paper 32.96 2.78
Plastic 14.71 1.24
Leather 20.59 1.74
Ashes/Sand 69.48 5.86
Textile 17.4 1.47
Glass 4.82 0.41
Bag/Shoes 21.76 1.84
Food/Kitchen Waste 964.16 81.30
Poultry Waste 16 1.35
Metal/Tin 24.04 2.03

TOTAL 1185.9 kg 100%

From the analysis of the primary data gathered on the samples of solid waste generated, the order of waste generated
is as follows; organic waste (81.30 %) > ash/sand (5.86 %) > Paper (2.78 %) > Metal/Tin (2.03 %) > Bag/Shoes (1.84
%) > Leather (1.74 %) > textiles (1.47 %) > Plastic (1.24 %) > glass/ceramics (0.41 %). The chart showing the
percentage composition generated for the three communities is presented in Figure 1.

3.2. Composition of Waste Generated for the selected Zones

Raw data was collected from different socioeconomic class which includes low, middle and high income earners
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within the selected residential areas in the municipality. The composition of waste generated at the different zones is
presented in Table 2.

1% 2%

m Textile

m Paper

M Plastic/Rubber

= Ashes/Sand

M Leather

B Glass

= Metal/Tin

1 Bag/Shoes

" Food/Kitchen waste

Poultry Waste

Figure 1. Composition of Municipal Solid Waste

Table 2. Composition of waste generated by the different zones

Waste Low Middle High
Composition Income Income Income
Earners Earners Earners
Paper 5.96 18 9
Plastic 2.1 6.41 6.2
Leather 5.99 6.1 8.5
Ashes/Sand 24.68 22.2 22.6
Textile 3.6 2.4 11.4
Glass 0 4.82 0
Bag/Shoes 0 6.4 15.36
Food/Kitchen 402.55 260.6 301
Waste
Poultry Waste 0 0 16
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Metal/Tin 1.6 10.2 12.24

TOTAL 446.48 Kg 337.13 Kg 402.3 Kg

Wadata Community (low income): Wadata was classified under low income residential area in the municipality with
sampled total household size of 112 and total waste generation of 446.48 Kg from a sample size of 20 households. The
per capita waste generation rate for the low income earning residential area was 0.569 Kg / person / day and an average
household size of 5 persons.

High Level (middle-income): High level was classified under middle income earners residential area. It had sampled
total household size of 102 and total waste generation of 337.13 Kg from sampled size of 20 households. The per capita
waste generation rate was 0.430 Kg / person / day and an average household size of 5 persons.

Judges Quarters (high income): Judges Quarter was classified as a high-income earners residential area. It had a total
household size of 115 and total waste generation of 402.3 Kg from a sample size of 20 households. The waste
generation rate of this residential area was 0.5178 Kg / person / day with an average household size of 6 persons. The
average per capita waste being generated in the study area is estimated to be 0.45 kg/capita/ day. Authors such as
Samuel et al. [10] hinted that the per capita waste generation for different cities in Nigeria such as Lagos (0.63 kg/
capita/ day), Kano (0.56 kg/ capita/ day), Ibadan (0.51 kg/ capita/ day), Kaduna (0.58 kg/ capita/ day), Port Harcourt
(0.60 kg/capita/day), Onisha (0.53 kg/capita/day), Nsukka (0.44 kg/capita/day) and Abuja (0.66 kg/capita/day) have
been obtained. Solomon [11] quoted 0.49 kg/capita/day for average Nigerian communities with household and
commercial centers. Therefore, the per capita generation rate as revealed in the study is 0.45kg/capita/ day and is in line
with previous studies. Figure 2 shows the population densities of the selected zones as well as their generation rates.

500
450 446,48 m Total Household size

402,3
400 - m Waste Genaration Rate in Kg

350 4 337,13

250 -
200 -
150
100 ~

50 -

Low Income Earners Middle Income Earners High Income Eamers

Figure 2. Population Density for selected Zones and their waste generated

The population densities for the three zones and their solid wastes generated is present in Figure 2. This study
reveals that population density of a particular municipal area can greatly influence waste generation rate as this is seen
by the estimated fractions of household waste generated from the three different locations. The middle income earners
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residential area (High Level) and the High income Earners residential area (Judges Quarter) was estimated to have
generated the lowest amount of solid waste, while the low income earners residential area (Wadata), generated the
highest amount of solid waste. This trend is undoubtedly influenced by income and the socio economic activity and
population density.

3.3. Percentage composition of waste collected from the selected zones

The Table below (i.e. Table 4.3) shows the percentage of solid waste generation rates for each of the selected zones.
The constituents of these solid wastes are mostly organic solid waste and hazardous waste in different quantities. And
the highest percentage of solid waste constituents is Food/Kitchen waste. High Income Earners consumes more of
packed products of which give rise to a higher percentage of non-Biodegradables (inorganic materials) like metals,
glass/ceramics, and plastics as higher percentage of inorganic materials were influenced by their income rate.

Table 3. Composition of waste generation of the zones in percentage

WASTE LOW MIDDLE HIGH
COMPOSITION INCOME INCOME INCOME
EARNERS EARNERS EARNERS
Paper 1.34 5.34 2.24
Plastic 0.47 1.90 1.54
Leather 1.34 1.81 2.11
Ashes/Sand 5.53 6.59 5.62
Textile 0.81 0.71 2.83
Glass 0 1.43 0
Bag/Shoes 0 19 3.82
Food/Kitchen Waste 90.16 77.29 74.82
Poultry Waste 0 0 3.97
Metal/Tin 0.36 3.03 3.04
TOTAL 100% 100% 100%

3.5. Storage of Solid Waste in the Home

The study also revealed from the questionnaire distributed to the various households that there were variations in the
temporary storage of solid waste at home, based on their socioeconomic status. Out of the 20 sampled households of the
low-income earners 8 used polythene bags, 9 used broken buckets, and 3 used 120 liters plastic bin. Their solid wastes
generated are usually dumped at a nearby heap of indiscriminate dumps. Most of the residents lived in rented
apartments.

Ten (10) members of the middle-income class used small bins for waste storage as Ten (7) of them used rubber
bucket without cover and three (3) members used polythene bags for waste storage. The wastes generated, are
sometimes collected by mechanized trucks, and are dumped at designated points.

15 households of the high-income earners sampled used purposely manufactured large volume plastic bins of 240
liters in storing their solid waste and 5 households, 120 liters plastic bins. The compactor truck usually collects the
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waste directly and empties them into their own trucks. Although the wastes generated are sometimes dumped at the
refuse heap/dumps nearby. Most of the residents in this zone live in apartments owned by them.

4. Conclusion

This study has been able to evaluate the per capita waste generated in some selected zones within Makurdi
metropolis. The findings from the study states thus: A total sample waste load of 1185.95 Kg was weighed for the three
communities. From the computation of the primary data gathered on the sample solid waste, the ratio of the broad
composition/characteristics of solid wastes generated shows that the dominant solid waste of the selected zones which
the study was carried out is organic waste which accounts for 81.30%, followed by ash/sand with 5.86%, Paper with
2.78%, Metal/Tin with 2.03%, Bag/Shoes with 1.84%, Leather with 1.74%, textiles with 1.47%, Plastic with 1.24%,
glass/ceramics with 0.41%. The average per capita generation rate was also estimated to be 0.45kg/capita/day for an
average household size of 6 persons. Also, it was discovered that income generation level of households influences the
guantum and type of waste generated.
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The city of Kirikkale, which gained importance with the industrial facilities established in
the Republican period, began to receive immigration from the surrounding regions and
beyond in the 1920s and 1930s. The everexpanding industrial facilities that were on the
outskirts of the city at the time became part of the urban area as the city grew bigger. The
city, trapped in a valley topographically, was developed in the east-west direction as it has a
defective structure in the north and south. The density and severity of air pollution occurring
in the low-lying city is high compared to its surroundings. The change in air pollution in the
city of Kirikkale between 2018 and 2019 was investigated based on the number of
dwellings, population size and density, fuel type, industrial facility presence and traffic. This
study is important because it is the most up to date of its kind. While the amount of SO and
PM10 was high in 2018, CO values increased in 2019 as well. The number of lost data is
high in 2018 and 2019. The reasons for this include failure of the measuring devices due to
the lack regular maintenance; power cuts...etc. In order to fully measure the air pollution
and air quality of the city, measurement stations should be installed at different points,
supported by mobile measurement tools, fossil fuel consumption without standard features
should be reduced and people should be kept informed about air pollution values in certain
parts of the city.

0z

Anahtar Kelimeler:
Kirikkale Sehri,
Hava Kalitesi,
Kiikiirt dioksit,
Partikiil Madde,
Karbon monoksit.

Cumbhuriyet déneminde kurulan sanayi tesisleri ile énemi artan Kirikkale sehri 1920 ve
1930’Iu yillarda yakin ve uzak g¢evreden go¢ almaya baslamistir. Artan go¢ ile niifus
miktarinda da artis meydana gelmis ve sehir plansiz gelisme ile karsi karsiya kalmustir.
Kuruldugu doénemde sehir disinda kalan sanayi tesisleri zamanla sehir icinde kalmig ve
ayrica bu tesislere de yenileri eklenmistir. Topografik olarak vadi iginde sikisip kalan sehir
kuzeyi ve giineyi sorunlu bir yapida oldugu i¢in dogu-bati yoniinde gelisme gostermistir.
Cevresine gore algakta kalan sehirde olusan hava kirliliginin yogunlugu ve siddeti fazladir.
Ayrica sehrin gelisme yoniinii etkileyen onemli meteorolojik faktdrlerden olan riizgarin
dogu-bat1 yoniinde esmesi ve ¢evrede bulunan yiiksek alanlari asamamasi kirli havanin sehir
iizerinde kalmasinda etkili olmaktadir. Bu ¢aligmada, 2018-2019 yillar1 arasinda Kirikkale
sehrinde hava kirliligi agisindan olugan degisimler incelenmistir. Giincel olmasi nedeniyle
bu calisma 6nem arz etmektedir. 2018’de SOz ve PM10 miktar1 fazla iken 2019’de da CO
degerleri artig gostermistir. 2018 ve 2019’da kayip veri sayist fazladir. Bunun nedenleri
arasinda Olglim cihazlarinin ariza vermesi, bakimlarinin zamaninda yapilmamasi, enerji
kesintisi vb. durumlarin yer aldig1 goriilmektedir. Sehrin hava kirliliginin ve hava kalitesinin
tam anlamiyla Olgiilebilmesi igin farkli noktalara da 6l¢iim istasyonlari kurulmali, mobil
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6l¢lim araglari ile desteklenmeli, standart 6zelligi olmayan fosil yakit tiiketimi azaltilmali ve
anlik olarak insanlar sehrin belirli alanlarinda hava kirliligi degerleri konusunda
bilgilendirilmelidir.

1. Introduction

With the industrial revolution, the replacement of the people forces with the machines ensured the formation of
industrial societies. People who migrated to cities had to make continuous production in order to raise the standards of
development and living, thereby causing the environmental and human health problems, which are among the biggest
problems of our age [1]. The most important of the environmental problems are those related to water, soil, and air. Air,
which is the subject of our study, is an important factor that directly affects human health. In the best climatic
conditions, people feel more dynamic and healthier in parameters such as humidity, temperature, wind, and
precipitation [2]. Because a healthy person breathes approximately 16 kg of air per day [3], air pollution becomes
critical for the human’s wellbeing and can cause serious problems. Not only do these problems affect human, plant, and
animal health, they can also cause deformation of soil and human structures. Air pollution is estimated to cause the
death of 1 in 8 people globally for reasons ranging from heart disease, stroke, respiratory disease, and cancer. The
World Health Organization (WHO) reported that in 2016, 91% of the world's population lived in areas where
satisfactory air quality levels were not achieved [4]. According to a report released by the Chamber of Environmental
Engineers Chamber of Turkey in 2018, 60 million people are exposed to polluted air.

There are two important reasons for air pollution in Turkey: urbanization and industrialization. Significant
concentrations of air pollution grew during the breakthrough in urbanization and industrialization [5]. In cities with
rapid urbanization, industrialization and high number of vehicles, air pollution levels are important. In Kocaeli,
Zonguldak, Karabiik, Kirikkale, Gaziantep, Kayseri and Tekirdag; and especially in Istanbul, Izmir and Ankara, the
level of air pollution is above or very close to the limit values. The intensity of air pollution varies according to
topographic and meteorological characteristics. The air pollution intensity and severity differ in areas topographically in
the pit or high, and in areas with meteorologically stable or unstable weather conditions.

Kirikkale is situated in the Central Anatolia Region; it is surrounded by high areas where the valley floor of the
Central Kizilirmak section expands. In 1989, the winner of Kirikkale province status, are known for their industry
during the Republican period established in the context of industrial facilities in Turkey. Air pollution conditions were
examined in Kirikkale, which is a dense field in terms of industry, where factories affiliated with MKEK in 1920s and
TUPRAS refinery were established in 1960s. The aim of our study is to evaluate and compare the amount of air
pollution experienced in Kirikkale in 2018-2019, the amount of pollutants originating from point (residential), areal
(factory) and linear (traffic or vehicle) and to propose solutions to the problems that arise as a result of these
comparisons.

2. Materials and Methods

Some selected air pollutants data of 2018-2019 of Kirikkale city were used. Sulfur dioxide (SO2), particulate
matter 10 (PM10) and carbon monoxide (CO) values, which are major air pollution contributors in the area, were
examined and explained in tables and graphics. It has also been compared with the limit values under Turkey Air
Quality Assessment and Management Regulations. These limit values are 125 pg / m? for 24 hours in SO3, 50 pg /
m? for 24 hours in PM10, and 10,000 ug / m® for 8 hours in maximum. The data of the study were obtained from
the reports of the Ministry of Environment and Urbanization Air Quality Monitoring stations. The data provided
were calculated as monthly, yearly, and seasonal averages, a 24-hour average for SO, and PM10 values, and a
maximum of 8 hours for CO.

3. Results

Kirikkale city is located in the Central Kizilirmak section of the Central Anatolia Region that is home to Turkey's
longest river, especially in the north and south of the Red River tributary of the creek valley Corakéz Kirikkale. It’s
located in the area where the expansion is converted with high space (Figure 1). The fact that the valley is in the pit area
where it expands and its north and south are surrounded by high areas causes the intensity and severity of air pollution
and adds complications towards dissipating the existing pollution.

In terms of climate characteristics, Kirikkale city is in the temperate climate zone. The terrestrial climate
characteristics seen in the Central Anatolia Region are also observed in the city. For this reason, winters are cold and
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rainy, and summers are hot and dry [6]. Winters are very cold in the city, as the average height of the city of Kirikkale is
approximately 700 m and the continental climate prevails. Therefore, the need to warm up in winters is high. The
average annual temperature in Kirikkale was 12.6 © C, the highest temperature was measured at 31 ° C in July and the
lowest at 2.9 ° C in January [7]. Temperature values fall below 0 ° C in the city in December, January, and February.

Another meteorological factor that plays a role in the severity of air pollution is the frequency of wind blow and the
dominant wind direction. The direction depending on the maximum number of winds blows throughout the year in the
city of Kirikkale is NW-E-SW and W, respectively [8]. Since the city is located at the base of the valley in the east-west
direction morphologically, the wind is channeled in the east-west direction.
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Figure 1. Study Area Location

The existence of TUPRAS and iron and steel factories affiliated to MKEK, which was established in the first years
of the Republic, which are actively producing in the city of Kirikkale, constitutes an important source of air pollution in
the city of Kirikkale. MKEK facilities, which remained outside the city during the first years but became part of the city
as the city developed and expanded, and TUPRAS which is located near the city cause significant air pollution. Gas
complaints originating from TUPRAS have been the subject at local, regional, and national levels in some periods [9].

Transportation is also a very important factor. In addition to the increase in the number of vehicles, the
transportation networks developed and became more complex [10]. Complex transportation networks and vehicle
equipment have become more environmentally harmful. Carbon monoxide gas, especially from exhausts of motor
vehicles, is a very toxic pollutant. The number of motor vehicles, which has an important effect on the increase of
carbon monoxide level in Kirikkale city, was 69,696 in 2018 and 68,142 in 2019. The number of cars within the number
of motor vehicles was 42,634 in 2018 and 40,906 in 2019. The number of cars per thousand was 149 in 2018 and 145 in
2019 [11].
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The high amount and density of the population is also a major factor in the formation of air pollution. The large
population increases the amount of housing available and the domestic warming increases with the increasing amount
of housing. The population density in Kirikkale was 63.21 in 2018 and 62.42 in 2019. The total population was 286,602
in 2018 and 283,017 in 2019.

With all these factors taken into consideration, it is observed that the limit value of the Pm10 in particular, exceeded
the amount almost every month. Especially in 2019, PM10 limit value had exceeded or reached the limit level every
month. Particulate substances that settle in the lungs and bronchi cause harmful consequences such as COPD, asthma,
and lung cancer. In the amount of SO, it is seen that the limit value has been exceeded in some months (Figure 2). It is
seen that SO, amount exceeded the limit value in May, June, and July in 2018. In 2019, it is seen that limit values are
not exceeded in SO,. When 2018 and 2019 are compared, it is seen that there are missing measurements in both Pm10
and SO; values in 2018 and even no measurements were made in some months. Pm10 and SO, averages in 2018 were
considerably lower than those in 2019 (Figure 2).

When analyzed seasonally, it is observed that both pollutants increased in winter in 2018. In addition to the summer
and spring seasons, there was an increase in the two pollutants in the winter and autumn seasons in 2019. This increase
was more than what was recorded in 2018.
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Figure 2. Monthly PM10 and SO, Amounts and Limit Values of Kirikkale City (2018-2019)
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Figure 3. Monthly PM10 and SO, Amounts and Limit Values of Kirikkale City (2018-2019)
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Figure 4. Monthly PM10 and SO, Amounts and Limit Values of Kirikkale City (2018-2019)

Source: Environment and Urban Ministry, 2018-2019
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The amount of CO has also exceeded the limit value in some periods in the city of Kirikkale. CO gas, which is
generally sourced from traffic, arises as a result of incomplete fuel burning in vehicles, as well as not burning fuels used
for heating purposes in houses (Figure 3).
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Figure 5. Monthly CO Amount of Kirikkale City (2018-2019)

47



Vural 6(1):41-50, 2020

SEPTEMBER OCTOBER
b CO) 2019 el CO 2018 b CO 2019 el CO 2018
1200 2500
1000 2000
800
1500
600
1000
400
200 500
-
0 0
13 5 7 911131517192123252729 1 3 57 91113151719212325272931
NOVEMBER DECEMBER
et CO) 2019 e CO 2018 t—C ) 2019 s CO 2018
5000 2500
4000 2000
3000 1500
2000 1000
.
1000 500
o 0
13 5 7 911131517192123252729 13 5 7 911131517192123252729

Figure 6. Monthly CO Amount of Kirikkale City (2018-2019)
Source: Environment and Urban Ministry, 2018-2019

In Kirikkale city, CO measurements were not performed until June 2018. After June, measurements were made with
the deficiencies until December. However, measurements were made every day in 2019. The limit value in CO
pollutants was calculated based on a maximum of 8 hours average. In this sense, the limit value is based on 10,000 pg /
m?.

According to the random 8-hour measurement results from the Kirikkale city measurement station, the limit value
was not exceeded. However, even if the limit value has not been exceeded, CO pollutant values are still high. In the
months of January, February, March, April, October, November and December, the amount of CO was particularly high
(Figure 3). The main reason for this is that the measuring station is on the roadside. In addition, the air quality
measurement station is between the buildings. This reduces the reliability of the measurements (Figure 7).

Figure 7. Kirikkale Air Quality Measurement Station
Source: https://www.haber71.net/hava-kalitesi-anlik-olarak-olculebilecek/
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4.Conclusions and Suggestions

The air pollution is close to or above the desired levels in the city of Kirtkkale. Only few studies in this regards were
conducted in Turkey, and our study of Kirikkale is not sufficient. Moreover, there was only one measuring station in
Kirikkale city, some measurements could not be made at some hours of the day, some days or even some months. This
is a critical situation that prevents the determination of the air quality of Kirikkale city. The need to increase the
measurements in the cities where the industrial facilities are dense, and in this context, the need to increase the number
of stations, especially in the city of Kirikkale, cannot be stressed enough. Because air pollution data that occurs due to
production in industrial cities may show sudden changes in hour and day scale.

Kirikkale has a natural gas infrastructure. Natural gas is used in the context of heating and production in residences
and industrial facilities, but the use of poor-quality coal in residences is also an important condition that increases air
pollution. The use of coal that does not comply with the standard ingredients should be prevented.

It is of great importance to place illuminated screens that show the current air quality value is in the areas where the
crowd of population is dense. As a matter of fact, provincial-based air quality data are shared by the relevant ministry
online and can be accessed from phones and computers, but these channels suffer from lack of following. The local
administrations and the Ministry of Environment and Urbanization have a great responsibility to raise awareness and
take measures to tackle these problems until the pollution levels are at low levels again.
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