BARTIN UNIVERSITESI
ULUSLARARASI FEN BILIMLERI DERGISI

Y
n TN
p>to A2,2+20-1

ey /:/._’
Z-"sfn& g

Bartin University International Journal of Natural
and Applied Sciences

VOLUME: 2 ISSUE: 1 YEAR: 2019 e-1ssN: 2667-5048



Bartin Universitesi Uluslararast Fen Bilimleri Dergisi
Bartin University International Journal of Natural and Applied Sciences (JONAS)

Cilt: 2, Sayu: 1, Yil: 2019
Volume: 2, Issue: 1, Year: 2019

Bartin Universitesi Uluslararasi Fen
Bilimleri Dergisi

Bartin University International Journal of Natural And Applied Sciences (JONAS)

Publisher and Editor’s Office
Bartin University
Institute of Science
1% Floor, Agdaci District, Agdaci Campus
74100 Bartin-Turkey
Tel: +90(378) 223 5422, Fax: +90(378) 2235424
E-mail: jonas@bartin.edu.tr

Editor-in-Chief
Hatice Selma CELIKYAY, Prof.

Co-editor and Technical Editor
Pinar BOLLUKCU, Assist. Prof.
Sahin PALTA, Assist. Prof.

Editorial Board

Afer ALIFOV
Baku Engineering University, Azerbaijan.

Ahmet Alper BABALIK
Applied Sciences University of Isparta, Turkey.

Ahmet KARADAG
Yozgat University, Turkey.

Ahmet TUTUS

Kahramanmaras University, Turkey.

Aysel USLU
Ankara University, Turkey.

Azize Toper KAYGIN
Bartin University, Turkey.

Azmihan AZIMOV

Azerbaijan University of Architecture and Construction,

Azerbaijan.

Barbaros YAMAN
Bartin University, Turkey.

Biilent KAYGIN
Bartin University, Turkey.

Cemil ALKAN

Gaziosmanpasa University, Turkey.

Bartin University International Journal of Natural and Applied Sciences, 2019, 2 (1)

Ercan TUNC

Gaziosmanpasa University, Turkey.

Gonzalo Martinez BARRERA
Autonomous University of the State of Mexico, Mexico

Hamit AYBERK
Istanbul University, Turkey.

Harun PARLAR
Technical University of Munich, Germany.

Iclal DINCER
Yildiz Technical University, Turkey.

[lham PIRMAMEDOV
Azerbaijan Technical University, Azerbaijan.

[sa HALILOV
Azerbaijan Technical University, Azerbaijan.

Ismet Dasdemir
Bartin University, Turkey.

Joan Jose del Coz DIAZ
University of Oviedo, Spain.

Lokman OZTURK

Gaziosmanpasa University, Turkey.

Mahfuz ELMASTAS
University of Health Sciences, Turkey.

Publication Date: 31.07.2019



Bartin Universitesi Uluslararast Fen Bilimleri Dergisi Cilt: 2, Say:: 1, Yil: 2019

Bartin University International Journal of Natural and Applied Sciences (JONAS) Volume: 2, Issue: 1, Year: 2019
Mehmet SABAZ Omer KARA

Bartin University, Turkey. Karadeniz Technical University, Turkey.
Mustafa Sabri GOK Sabir ORUCOV

Bartin University, Turkey. Baku Engineering University, Azerbaijan.
Nilgiil KARADENIZ Sebahat ACIKSOZ

Ankara University, Turkey. Bartin University, Turkey.

Oguzhan SARIKAYA Selma CELIKYAY

Applied Sciences University of Isparta, Turkey. Bartin University, Turkey.

Orhan UZUN Selman KARAYILMAZLAR
Bartin University, Turkey. Bartin University, Turkey.

Osman GENCEL Witold BROSTOW

Bartin University, Turkey. University of North Texas, U.S.A.

JONAS is a peer reviewed journal which is published twice in a year (July and December) and only published as
online. Original researches and invited review papers in English and Turkish are accepted to publication in the
JONAS. The manuscripts submitted to the JONAS are double-blind peer reviewed, and the review process is
completed in 30 days. According to the reviewers’ comments, the submitted manuscripts are accepted or rejected.
Manuscripts must be submitted with the understanding that they have not been published elsewhere and are not
currently under consideration by another journal. JONAS is an open access journal, and provides immediate open
access to its content on the principle that making research freely available to the public supports a greater global
exchange of knowledge. Publishing in JONAS is free of charge.

Bartin University International Journal of Natural and Applied Sciences should be abbreviated as JONAS.

JONAS is open access, and the JONAS provides immediate open access to its content on the principle that making
research freely available to the public supports a greater global exchange of knowledge. All articles in this journal
are available free of charge from http://dergipark.gov.tr/jonas.

Both the University of Bartin and Institute of Science do not accept responsibility for the statements made or for the
opinions expressed in the Bartin University International Journal of Natural and Applied Sciences (JONAS). The
university makes no representation or warranty of any kind, concerning the accuracy, completeness, suitability or
utility of any information, apparatus, product or processes discussed in this publication; therefore it assumes no
liability. Except for fair copying, no part of this publication may be produced, stored in a retrieval system in any
form or by any means electronic, mechanical, etc. or otherwise without the prior written permission of the JONAS
and without reference.

Bartin Universitesi ve Fen Bilimleri Enstitiisii, Bartin Universitesi Uluslararasi Fen Bilimleri Dergisi (JONAS)
yayilarinda varilan sonuglar veya fikirlerin sorumlulugunu tasimamaktadir. Universitenin, bu yayinda ileri siiriilen
bilgi, alet, {irlin ya da islevlerin dogrulugu, biitiinliigii, uygunlugu ve kullanilirlig1 konusunda bir yiiklenimi ve iddias1
bulunmamaktadir. Bu sebeple herhangi bir nedenle sorumlu tutulamaz. Bu yayinin herhangi bir kismi, JONAS’1n
yazili izni olmadik¢a kaynak gosterilmeden yayinlanamaz, bilgi saklama sistemine alinamaz veya elektronik,
mekanik vb. sistemlerle ¢ogaltilamaz.

Bartin University International Journal of Natural and Applied Sciences, 2019, 2 (1) Publication Date: 31.07.2019



Contents

Avrticles Pages
Profit Enhancement of Meat Products Marketing : The Case of Fast Food Agribusiness in Nigeri............. 1-8
Felix Odemero ACHOJA , Daniel Chukwujioke OKEKE , Ifeyinwa Alexandra EGBUIWE

Some Physical Properties of The Building Stones from Southeastern Anatolia Region............c.cccceene.......9-15
Ayse BICER

Hydrogen as an Energy Carrier and Hydrogen Production Methods.............cccooeiiiiiiiniiiiiineies v, 16-34

Enerji Taswyicisi Olarak Hidrojen ve Hidrojen Uretim Yontemleri
Zafer Omer OZDEMIR, Halil MUTLUBAS

Changes of Phenolic Compounds in Tomato Associated with the Heavy Metal Stress..........cccovvveveie ceeven 35-43
Dursun KISA, Omer KAYIR, Necdettin SAGLAM, Sezer SAHIN, Lokman OZTURK, Mahfuz
ELMASTAS

Wood Identification of Sarthacilar Mosque iN AKSEKI .........cviiiiiiiiiiiec e e 44-49
Akseki Sarthacilar Kéyii Cami Ahsap Teghisi
Barbaros YAMAN, Ali Akin AKYOL, Kismet AKTAS

Temperature and Relative Humidity Models of the Region Cities in Firat Basin..........c.ccoocooviviiniens onennnns 50-58
Firat Havzasinda Bulunan Bazi Illerin Sicaklk ve Nem Modelleri
Ayse BICER

Energy and Exergy Analysis af a Novel Three-Stage Heat Pump Drying SYStem .........ccccoovvvniiins enenennns 59-72
Recep EKICILER

An Optimized Comet Assay Protocol for Drosophila Melan0ogaster ... e 73-76
Drosophila Melanogaster i¢in Optimize Edilmis Comet Test Protokolii
Fahriye ZEMHERI NAVRUZ

The Factors that Threaten the Migratory Birds ....... .ot e e e 77-89
Gocmen Kuslar: Tehdit Eden Faktorler
Nuri Kaan OZKAZANC, Emir OZAY

Influence of Rural Population on Urban Landscape Planning; Case Study of Bartin City Center and Nearby
Villages..........ccoccoen. L e e 90-97
Melih OZTURK, Ali OZTURK, Muhammet SAVAHIL



Research Article Bartin University International Journal of Natural and Applied Sciences
Arastirma Makalesi JONAS, 2 (1): 1-8 e-ISSN: 2667-5048
31 Temmuz/July, 2019

PROFIT ENHANCEMENT OF MEAT PRODUCTS
MARKETING : THE CASE OF
FAST FOOD AGRIBUSINESS IN NIGERIA

Felix Odemero Achoja®”, Daniel Chukwujioke Okeke ?, Ifeyinwa Alexandra Egbuiwe .
! Department of Agricultural Economics and Extension, Delta State University, Asaba Campus, Nigeria,
2 Nwafor Orizu College of Education, Nsugbe, Nigeria.

Abstract

Meat products marketing agribusiness is a feature of developed economies that has undergone improvement and
extended to developing nations such as Nigeria. It is still evolving all over the world. The meat products in fast
food marketing agribusiness is gaining a lot of attention in business and economy debates in recent times. Most
of the debates were anchored on the profitability. The performance and growth of fast food marketing firm is
highly depended on the profitability. The growth of the fast food marketing firm in a competitive business
environment will depend on the application of profit enhancement strategies. This subject matter is sensitive
enough to warrant an investigation. The study analysed profit enhancement strategies of meat product marketing
agribusiness in Nigeria. All the registered meat product marketing agribusinesses equalling 100 in Delta state,
Nigeria, were used for the study. Collected data with questionnaire were analysed using a combination of
descriptive statistics and inferential statistics, awareness index and strategy utilization index. Managers are 60%
aware of profit enhancement status. Profit enhancement utilization index of 42% was observed. Regression
analysis shows that marketing communication, feedback and communication cost-based pricing and internal
auditing are the major profit enhancement strategies adopted by the managers of fast food marketing
agribusiness in the study area. The result of the study shows that external factors (0.494); social factors (0.478)
and consumers demand (0.310)have a positive and significant relationship with the utilization of profit
enhancement strategies among fast food marketing agribusiness. Based on findings, It is important for the
managers of meat product marketing firm in the industry to scale up their utilization of profit enhancement
strategies.

Keywords: Profit enhancement, Strategies, Meat products, Marketing Agribusiness.

1. Introduction

Meat products marketing agribusiness is a feature of developed economies that has undergone improvement and
extended to developing nations such as Nigeria. It is still evolving with big names in the fast food chains such as
Taco Bells, Mr Bigg’s, Burger King, Wendy’s Jack in the box, Kentucky Fried Chicken (KFC) and McDonald’s
(Wilson, 2016) all over the world.

The origin of fast food marketing agribusiness in Nigeria is traceable to the early 1970s with Mr Bigg’s being
Nigeria’s first chain of fast food restaurants. It is owned by the conglomerate of United African Company (UAC)
Nigeria PLC, under the multinational corporation and has over170 locations in Nigeria, Asaba inclusive.

Fast food marketing agribusiness emerged in Asaba metropolis with few restaurant business operators with the
zeal to provide the kind of meals people desired to consume outside their homes. Agribusiness is the part of
economy devoted to the production, processing and distribution of food, including the financial institutions that
fund these activities (American Heritage Dictionary), increased more in trend and standardized due to increase in
disposable income and this led to the metamorphosis of the concept of restaurant to fast food outlets that offers
confectionaries and continental dishes. Fast food marketing agribusiness focuses on high quality service,
affordable cost and customer friendly services. Much of its growth is due to the fact that eateries are preferred to
local restaurants.

Fast food marketing agribusinesses strives to increase profitability, performance and satisfy customers by
creating an enabled environment and encouraging customers to participate in consuming their products. Where
utility is maximized by customers, and profit is elevated and maximized by firms Mankiw, (2014) Profit is the
reward for entrepreneurs for taking business risk, it could also be the money made in business after paying the
costs involved. A higher profit enhances the growth level of small meat marketing agribusiness (Arun &
Amirkhalkahli, 2010). As a result; the desire to make profit necessitated the practice of various profit
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enhancement strategies. Therefore, Profit enhancement may be known as an increase in profit through cost
minimization and revenue maximization.

The meat products in fast food marketing agribusiness is gaining a lot of attention in business and economy
debates in recent times. Most of the debates were anchored on the profitability. The performance and growth of
fast food marketing firm is highly depended on the profitability. The growth of the fast food marketing firmin a
competitive business environment will depend on the application of profit enhancement strategies. Fast food
marketing agribusiness is still in its development stage. As a result, it is fraught with some growth challenges
such as the awareness of profit enhancement strategies and how well these strategies were applied by fast food
marketing agribusiness managers. Profit enhancement therefore, has occupied the central position of managerial
debates but not related to fast food marketing agribusiness. Most agribusiness entrepreneurs discover market
gaps and apply innovative strategies for development of the business in order to earn maximum profit as a
reward (Nabila & Nadeem, 2015). The fast food marketing agribusiness firm can perform its economic and
social responsibility of sustainable employment.

This study attempted to find out the level of awareness and application of profit enhancement strategies among
fast food marketing agribusiness firms in the study area. Lastly, it examines the factors underpinning the
utilization of these profit enhancement strategies among fast food marketing agribusiness in Asaba, Nigeria.

The seemingly poor performance and unsteady profit profile of fast food marketing outlet in Asaba may be
traced to the manager’s inadequate and unprofessional utilization of profit enhancement strategies.

The study will enable the fast food marketing agribusiness Managers became more profit conscious and improve
on revenue growth, performance and overall firm efficiency.The findings of this study will strengthen the use of
the relevant profit enhancement strategies such as marketing strategies, employee empowerment strategies,
pricing strategies, customer retention strategies and sales practices. The study provided answers to the following
research questions: Are the fast foods marketing agribusiness aware of profit enhancement strategies? What is
the level of utilization of profit enhancement strategies by fast food marketing agribusiness? What are the
specific profit enhancement strategies utilized? What are the factors underpinning the utilization of profit
enhancement strategies by the fast food marketing agribusiness?

The broad objective of this study was to analyse profit enhancement strategies among fast food marketing
agribusiness in Asaba metropolis.

The specific objectives of the study were to:

(i) ascertain the level of awareness of profit enhancement strategies by fast food marketing agribusiness;
(i) evaluate the level of utilization of profit enhancement strategies by fast food marketing agribusiness;
(iii) identify the specific profit enhancement strategies utilized; and

(iv) examine the factors underpinning utilization of profit enhancement strategies by the fast food marketing
agribusiness.

The following null hypothesis was tested.
Ho: The selected factors do not have significant effect on the utilization of profit enhancement strategies in the
fast food marketing agribusiness.

2.0 Materials and Methods

2.1 Study Area, Sample procedure and Data Collection Techniques

Asaba metropolis is the study area. The location was chosen for the study due to the presence of many fast food
marketing agribusinesses and their implications on urban development. Asaba, a great historic town, is
strategically located on a hill at the western edge of the majestic River Niger overlooking Onitsha where the
river floods its bank and deposits both silt and sharp sand, it is about 100 miles North where it flows in the
Atlantic ocean (Azinge, 2002). The city of Asaba became the headquarters of the royal Niger Company in the
19"century and later the capital of the oil richproducing, Delta State of Nigeria. Asaba is often referred to as the
major gateway to the eastern part of Nigeria. Asaba occupies approximately 60°N of the equator and about the
same distance of the prime meridian, with an estimated area of 300 square kilometres. Asaba has grown in
population to over half a million (500,000) and now maintains a cosmopolitan population of predominantly non
indigenous people. It maintains an average tropical temperature of 32°C during the dry season and an average
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fertile rainfall of 7 inches during the rainy seasons with co-ordinates of 6.12°N and 6.38°E. Curled from oral
history, the “Ikelike” people were the first settlers on the land now known as Asaba, the people of “Ugboma”
and“Ezeanyanwu” as the second and third settlers and lastly, “Nnebisi”, the father of Asaba and founder of the
villages present today. Asaba town consists of 5(five) adjoining villages or quarters called Ogbes and these are;
Umuezei,Umuonaje, Ogbomanta, Umuaji and Umuagu quarters. They are to be found in all professions and hold
various positions in government consequently, patronizing the fast food marketing agribusiness.

Purposive sampling technique was adopted to obtain a sample size (i.e. 100 fast food firms) used for this study.
The firms were all the registered fast food marketing agribusiness firms in Delta state, Nigeria (Ministry of
Commerce and Industry, 2016).

The data for this study were obtained from Primary data i.e. the fast food marketing agribusinessfirms in the
study area (Hot bite, Sizzlers, Mac Dons, Flames, Ultimate taste, Otres, Hubs and Grill, Juwis and Tetrazzini).
Primary data were collected by making use of structured questionnaire. The questionnaire was structured
according to the specific objective of the study and will be administered to the respondents to express their
views, opinions and objectives. The Structured questionnaire comprised of 4 sections.

Section A contains information on socio-economic characteristics of the fast food marketing agribusiness
operators.

Section B contains information on awareness level of the fast food marketing agribusiness.

Section C contains information on strategy utilization level of fast food marketing agribusiness to profit
enhancement strategies.

Section D contains information on possible factors underpinning utilization to profit enhancement strategies.

2.2. Data Analysis Techniques

The data collected for this study were analysed through the use of descriptive and inferential statistical tools.
Descriptive statistics such as mean, percentages, and frequencies were used to analyse the data to achieve
specific objectives. On the other hand, the inferential statistical tools utilized in this study include the regression.
The awareness index as stated in objective (1), was used to ascertain the level of awareness ofprofit enhancement
strategies by fast food marketing agribusiness.

Strategy utilizationindex as stated in objective (I1), was used to evaluate the level of utilization of profit
enhancement strategies by fast food marketing agribusiness.

The regression model, was used to evaluate the factors underpinning the use of profit enhancement strategies by
fast food marketing firms.

2.3. Model specification

The Awareness Index formula which was used to ascertain objective I is given as;

Awareness Index =_ No of awared profit enhancement strategies used X 100%
Total number of profit enhancement strategies identified

The Strategy Use Index formula which was used to evaluate objective Il is given as;

Strategies  Utilization Index = No of strategies  used X 100%
Total number of recommended strategies

The regression model, which was employed to realise objective 1V, is stated in the implicit form of econometric
model as:
Y:F(X1+X2+X3+X4+X5)

The explicit form of the model is stated as:
SUI = 35+ B;Ms+ ,Ees + B3Ps + ,Crs + B;Ss+ U,
Where: SUI = level of strategies utilization index

By = Intercept term

B3, - B5 = Co-efficient of parameter estimates




ACHOJA et al. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2019, 2 (1): 1-8

Ef = External factors

Sf = Social factors

Scf = Socio- cultural factors

Mef =Micro- environmental factors
Cd = Consumers demand

U, = Stochastic disturbance term.

3.0 Results and Discussion

3.1. Strategies Awareness Index of Managers of Fast Food Marketing Outlets
Table 1 shows the distribution of strategies awareness level of managers

Table 1: Distribution of Profit Enhancement Strategies Awareness Index of Managers Fast Food
Marketing Outlets

Fast food marketing Identified strategies Strategies Profit enhancement

outlets aware of awareness index(%o)
Macdons 6 3 50%
Flames 6 1 17%
Juwis 6 5 83%
Crunches 6 6 100%
Ultimate Taste 6 6 100%
Hubs &Grills 6 2 33%
Tetrazzini 6 4 67%
Sizzlers 6 2 33%
Others 6 4 67%
Hot bites 6 3 50%

(Source: 2016 field data)

Table 1 shows the result of the study which reveals that majority of the fast food marketing outlets such as
crunches and ultimate taste are fully aware of the identified strategies. Crunches constitutes of 100% and
ultimate taste with 100%. Macdons has a 50% profit enhancement awareness index, Juwis has 83%, Tetrazzini
has 67% index, Otres has 67% awareness index, and Hot bite has a 50% profit enhancement awareness index.
Some fast food outlet however do not fully aware of their profit enhancement awareness index with Flames,
Hubs & Grills, Sizzlers constituting 17%, 33%, and 33% respectively.

3.2. Profit Enhancement Strategies Utilization Index for Meat Product Marketing
Table 2 shows the distribution of strategies utilization index of Meat product Marketers.

Table 2: Distribution of Strategies Utilization Index of Managers of Fast Food Marketing Outlets.

Fast food marketing Identified strategies Strategies Profit enhancement

outlets utilized utilization index (%0)
Macdons 6 3 50%
Flames 6 1 17%
Juwis 6 3 50%
Crunches 6 6 100%
Ultimate Taste 6 1 17%
Hubs &Grills 6 1 17%
Tetrazzini 6 3 50%
Sizzlers 6 1 17%
Others 6 3 50%
Hot bites 6 3 50%

(Source:2016 field data)

The Table 2 that majority of the fast food outlets such as crunches is fully utilizing the identified strategies
crunches constitutes of 100%. Macdons is utilizing 50% of its identified strategies, Juwis is utilizing 50% of its
strategies, Tetrazzini is utilizing 50%, Otres and Hot bite are also utilizing 50% of their identified strategies.
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However, some fast food managers are not properly utilizing their identified strategies with Flames, Ultimate
Taste, Hubs % Grills and Sizzlers constituting 17%, 17%, 17%, and 17% respectively.

Table 3:Descriptive Statistics

Variables N Minimum Maximum Mean Std
index deviation
%

Profit Enhancement 10 17.00 100.00 60 28.54

Strategies Awareness Index

Profit Enhancement 10 17.00 100.00 41.80 26.21
Strategies Utilization Index

Valid N (list-wise)

(Source: 2015 field data)

Table 3 shows the mean scores and standard deviation of profit enhancement strategies awareness index and
profit enhancement utilization strategies index. The result shows that the profit enhancement strategies
awareness index 60% with standard deviation of 28.5 and profit enhancement strategies utilization index 41.80%
with standard deviation of 26.2. Table 3 shows the results of the study which implies a relatively high awareness
index but low utilization index for profit enhancement strategies among managers of fast food marketing outlets
in the study area. These results could be attributed to the fact that awareness of profit enhancement strategies is
easier to acquire through seminars and workshop. Furthermore, implementation of profit enhancement strategies
has cost implications and the resource at the disposal of management may be an inhibiting factor to the low
utilization index (42%})was observed in the study.

3.3. Profit Enhancement Strategies in Meat Products Marketing
Table 4 shows the strategies utilized for profit enhancement.

Table 4:Profit Enhancement Strategies.

Strategies utilized Frequency/Percentage Mean/Mode
Marketing Strategies

Marketing programmes 1(10) Marketing
Marketing communication 5(50) programmes
Marketing place research 4(40)

In store marketing 4(40)

Local marketing 2(20)

Employee Empowerment Strategies

Team work 3(30) Feedback and
Feedback and communication 7(70) communication
Training and development 3(30)

Recruitment processes 1(10)

Motivation 3(30)

Pricing Strategies
Penetrating pricing

- Cost-based Pricing
Competition pricing 3(30)

Product line pricing 3(30)
Cost based pricing 7(70)

Bundle pricing -
Consumer Retention Strategies

Entertainment 6(60) Entertainment
Accessories and animated programmes for kids 3(30)
Relationship 4(40)
Complaints 5(50)

Bonanza 2(20)
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Sales Strategies

Promotion 3(30)

Product placement 4(40) Product Placement
Lower marketing cost 1(10)

Convenience 1(10)

Visual Stimulation 2(20)

Cost Reduction Strategies

Wastage management 5(50) Internal Auditing
Market survey 5(50)

Internal auditing 7(70)

Management information 2(20)

Productivity 3(30)

(Source: 2016 field data)
Figures in parenthesis are the corresponding percentage values

The Table 4 the shows the utilization or adoption of profit enhancement strategies by fast food marketing outlets,
amongst which were;

Marketing strategies: The result shows that amongst the listed marketing strategies, fast food marketing outlets
utilized marketing communication up to 50%. It helps to develop brand awareness and cements relationships
with customers and suppliers. It creates and sustains demand and preference for the product.

Employee empowerment strategies: The result shows that amongst the listed employee empowerment
strategies, fast food marketing outlets practices feedback and communication (70%). Feedback lies at the heart of
effective communication, itis the response of an audience to an activity. Effective communication between
management and employee can benefit the company by reducing employee turnover and feedback gives
employees specific goals to achieve.

Pricing strategies: The result shows that amongst the listed pricing strategies, fast food marketing outlets
practices cost- based pricing (70%). Cost —based pricing is one of the methods of determining the selling price of
a product that can maximize profit.

Consumer retention strategies: the result shows that amongst the listed consumer retention strategies, fast food
marketing outlets practices a form of entertainment (60%) which holds the attention and interest of their
consumers or gives delight and pleasure to them e.g. music and dance.

Sales strategies: The result shows that amongst the listed sales strategies, fast food marketing outlets practices
product placement (40%) more. It is an advertising technique used by companies to promote their products. It is
a way for fast food marketing outlets to reach their target audience in more subtle ways (Paul, 2016).

Cost reduction strategies: the result shows that amongst the listed cost reduction strategies, fast food marketing
outlets practices internal auditing (70%). Internal auditing is used by fast food marketing outlets to provide
independent assurance that the firms risks management, governance and internal control processes are operating
effectively in order to accomplish their goals.

3.4. Factors Underpinning Utilization of Profit Enhancement Strategies in the Fast Food Marketing
Agribusiness.

Table 5 shows the factors underpinning utilization of profit enhancement strategies in the fast food marketing
agribusiness.

Table 5. shows the results of the relationship between dependent variable- levels of utilized profit enhancement
strategies and independent variables- external factors, socio- cultural factors, social factors, micro-
environmental factors, consumers demand.
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Table 5: Factors Underpinning Utilization of Profit Enhancement Strategies by the Fast Food Marketing
Agribusiness.

Parameters Coefficients Standardized Standardized T-stat Sign
error beta coefficients

(constant) -1.841 3.348 -5.50 .587
External factors 6.887 2.137 494 3.222%** .004
Social factors 9.043 1.489 478 6.073*** .000
Socio- cultural factors -3.109 2.478 -.204 -1.256 221
Micro-environmental 757 2.310 .046 .328 746
factors

Consumers demand 5.336 2.250 310 2.372** .026

Dependent Variable: Level of Utilized
R® = 90%

***= significant at 1%

**= significant at 5%

F- stat=41.5

Testing of hypothesis
Ho: The selected factors do not have significant effect on the utilization of profit enhancement strategies in the
fast food marketing agribusiness.

The above null hypothesis which states that the selected factors do not have significant effect on the utilization
of profit enhancement strategies in the fast food marketing agribusiness was conducted noting the statistical
significance of the estimated differential slope coefficient f3; using t- statistics. The result shows that three (3) of
the selected factors significantly influenced the utilization of profit enhancement strategies in fast food
marketing agribusiness in Nigeria. At this point, the results of the statistical significance of the individual
explanatory variables in the model are discussed as follows:

External Factors;

The result in Table 5 shows that external factors such as natural resources, physical location, policies, capital,
economic, health has a positive and a significant relationship with the compliance of fast food marketing
agribusiness to profit enhancement strategies. These external factors impact the ability of business to achieve its
strategic goals. Asmanagers of fast food marketing outlets understand their external environment uses these
external factors such as natural resources, physical location, government policies, capital, and economic health.
Natural resources used in the fast food firm needs to be replenished on a constant basis, they save cost and
energy and sometimes these cost obtain are passed along to the consumers. Physical location of these firms
makes it possible to attract larger business or customers. Government policies have a legal environment which
enacts regulations and policies that have positive effects on the firms. Capital is necessary because it enables the
manager affording his revenue need for the firm to grow. Any change in the economic health can affect the
supply and demand for a company’s product and services.

Social factors;

The result of the study shows that social factors (0.478)*** has a positive and significant relationship with the
factors underpinning compliance of fast food marketing agribusiness to profit enhancement strategies(Table 5).
These Social factors reflect the preferences and trends in a society. These can change over time. Managers need
to be aware of these changes to make foods that meet the needs of the consumers. Some of these social factors
are employee attitude towards work, low prices of goods, rewards granted, and product quality and consumer
demands. Employee attitude towards work creates a strong encouragement towards the managers and customers.
Consumers’ attitude toward customer service is mostly based on beliefs, feelings and behavioural intentions
which significantly affect their services to customers. Low prices of goods saves the fast food managers the
effort, expenses and generates consumer’s loyalty. Rewards granted helps to stimulate consumers to purchase
more. Product quality means to incorporate features that have the capacity to meet consumer need and provide
satisfaction.
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Consumer demand:

The result of the study shows that consumer demand (0.310)** has a positive and significant relationship with
the factors underpinning compliance of fast food marketing agribusiness to profit enhancement strategies. This is
a measure of consumers’ desire for a product or service based on its availability. Factors that can stimulate of
consumer demands are lower prices of goods, access to the location of the fast food firms, more compensations,
food quality and packaging of the product. Consumers require more compensation for purchasing their products,
this compensation may include free dish for their kids. More compensation which could be in the form of
benefits, fixed or non-fixed monetary rewards are given by the employer to the employee. Packaging plays a
primary role in maintaining the benefits and protection of the food product.

4. Conclusion

This study analysed profit enhancement strategies among fast food marketing agribusinesses in Nigeria. The
study has shown that 60% of fast food firms” managers are aware of profit enhancement strategies. About 42%
of the managers were compliant to the recommended profit enhancement strategies, while 58% were not
compliant. The major profit enhancement strategies adopted by the managers of fast food marketing agribusiness
in the study area were marketing communication, feedback and communication, cost-based pricing, and internal
auditing. The utilization of profit enhancement strategies was significantly influenced by external factors, social
factors and consumers demand. If these factors are taken care of, the utilization of profit enhancement strategies
will improve in the fast food industry, in Nigeria. This study has contributed to knowledge by providing
information on profit enhancement strategies that can lead to the improvement and survival of fast food industry
in Nigeria.

Based on the research findings the following recommendations are made:
1. Managers of fast food marketing firm’s especially new entrants in the industry should attend workshop
and training programmes to increase their level of awareness of profit enhancement strategies.
2. The relevant profit enhancement strategies identified in the study such as marketing programmes, cost-
based pricing techniques, entertainment, product promotion (advertisement) and internal auditing
practices should be improved and adhered to by meat product marketers in fast food firms.
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SOME PHYSICAL PROPERTIES OF THE BUILDING
STONES FROM SOUTHEASTERN ANATOLIA REGION
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Abstract

In this study, some of the physical properties of the Karacadag stone from Diyarbakir, Sanliurfa stone from
Sanliurfa, Mardin and Midyat stones from Mardin and Hasankeyf stone from Batman which have been used
extensively as a building material in Southeastern Anatolia Region were investigated. The stones having
different features have been used as building materials in every places all over the region for ages. Heat and
mechanical properties of these stones have not been searched yet. The aim of this work is to find out how
suitable these rocks are as structural materials. For this aim, two specimens from different sources for each
stone chosen from various places in Southeastern Anatolia Region, have been taken. After chemical analysis,
the experiments for determining the heat conductivity and heat capacity, water absorption and mechanical
strength were carried out. The results are compared with the other building materials especially in the aspects
of energy saving, strength and natural comfort conditions.

Key words: Andesite tuff, building stones, building materials, physical materials

1. Introduction

Price increases in the construction materials due to energy costs, along with the demand growth in buying
house, bear the potential to bring forward the use of natural stone as load-bearing and filling material
depending on the geological structure of every region. Stones are mainly used as carriers, while rarely being
used as filling materials. This study examines the physical properties of Karacadag (Diyarbakir) stone,
Sanliurfa stone, Mardin stone, Midyat stone and Hasankeyf (Batman) stone, as five sub regions in Southeast
Anatolia Region. These Stones have been used as carrier construction element and filling materials in
numerous buildings for many years within the regions, thus being recognized as respected construction
material by the public. However, it is not certain whether the reason why this stone is respected, is due to being
factually a solid material, or being easy-to-access.

The examined stones, except for Karacadag stone, are classified as organic sediment stone. Once the stones are
taken out of the quarries, it is quite easy to cut, dress and process the stone due to the moisture in it.
Additionally, its wood-like structure makes it easy to be cut with a saw, as well as for drilling with a driller,
being dressed with hard objects, even being driven a nail. The moisture is disposed of the body in time, which
leads the stones to become harder and gives resistance to the stones. Therefore, the stones were widely
accepted as a construction material in the builds within the region thanks to these properties.

The number of studies on regional stones, carried out within the national borders, is quite limited. Some of
these studies can be summarized as follows.

Devecioglu wrote up a master’s thesis on heat transfer in porous stones (Devecioglu, 2001). Devecioglu et al
carried out studies on certain physical characteristics of Diyarbakir Karacadag stone (Devicioglu, Bicer &
Kavak, 2001). Bicer et al carried out researches on the physical characteristics of Mardin stone (Bicer, Yildiz
& Pehlivan, 1996). Bicer et al also carried out researches on certain characteristics of the building Stones in
Firat Basin (Bicer, Tanyildizi, Pehlivan & Yildirim, 1993). In another study, Bicer et al carried out theoretical
and practical studies on heat transfer in porous Stones (Biger, Devecioglu A.G & Akpinar E.K. 2004).

In this work, Karacadag, Sanliurfa, Midyat, Mardin and Hasankeyf stones were studied to constitute a step to
an analysis which could be extended to the construction elements of all the regions. These stones have whitish
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color in appearance, have been used for a long time as a main supporting construction element and have a great
reputation among the people due to durability and ease of handling.

2. Materyal ve Metot

2.1. Materyal

Karacadag Stone: Classified as igneous extrusive rocks, this stone is basalt-type and black-colored. It has
been used for buildings in the center and districts of the province Diyarbakir, and for construction of
fortifications in the province. It is very challenging for this stone to be processed, having a hardness degree of
6-7 mohs

Sanhurfa Stone: Classified as organic sediment stone, this is a light yellowish and whitish stone. It has been
used for construction of masonries in particular within the region for many years. Having large amounts of
reserves, these stones have a hardness degree of 3-4 mohs, thus being easily processed. After being taken out
of the query, it can be easily formed and processed compared to other stone structures, unless the moisture in it
is lost and it is not exposed to the chemical effects of the external environment. Thanks to this characteristic,
stones can be cut with a saw like wood, as well as being drilled with a driller, dressed with hard-cutters and
even pounded with nails. This appealing characteristic is the reason why this stone type is widely recognized as
construction materials for Keferhuvvar villages and buildings built in these regions.

Midyat Stone: Great deal of Stones are present in the rich seams near Keferhuvvar village of Estel region in
Midyat town of Mardin. The seams are 10 km far from Midyat and 6 km from Estel. Travvelling between
region in Midyat and Estel is very easy. But the road between Estel and the seam is not surfaced. The stones
are being used in the region extensively as building material. Their withdrawing are easy and water
contentshigh.

Mardin Stone: The stone is drawn out Kabala region in Mardin. The seam is 2 km far from city center and
near the road. It can be shaped easily without damage.Taslar beyaz bazan sarimtirak renkte olup sertlik
derecest 3-4 in Mohs scale dir.

Hasankeyf Stone: The seam from which the stones were drawn is in the border of Kesmekopru.Hasankeyf
town which is 35 km from Batman city and to the northwest 15 km far from this willage. It is named also as
Kesmekoprii stone. It is composed mainly of sedimentary rocks and assumed rock from by deposition in their
locations due to abrasion and entrainement. Cracks and brokes may present in it’s structure. It may deform
with physical forces. Its hardness is about 3-4 in Mohs scale. The porosities may show slight changes
depending on the seam and is about 5%.

Last four stones are whitish yellow colored limestones. They can be eassly shaped with handtools and this is
the main reason for their preference. The chemical compositions of these stones are given in Table 1.

Table 1. The chemical composition of the samples, (%)

Component SiO, | AlLO; | Fe;0O3 | CaO | MgO | Loss of Undefined
Material ignition
Karacadag stone 4724 | 1530 | 470 | 13.04 | 3.74 13.58 2.40
Sanliurfa stone 1.00 0.15 0.10 | 53.48 | 1.02 43.63 1.52
Midyat stone 0.30 - - 34.10 | 18.65 46.63 0.32
Mardin stone 0.18 - - 30.00 | 22.58 47.09 0.15
Hasankeyf stone 73.99 | 13.40 | 1.50 - 3.75 5.21 2.15

2.2. Testing Metot

The samples of Stones were taken from the seams and a number of rectangular blocks (150x60x20 mm) for
each sample were prepared to be used in the density, thermal conductivity, specific heat capacity and water
absorption measurements. In addition, cubical blocks (71x71x71 mm) were also cut for mechanical strength

and abrasion tests.
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a) b) C)
Fig 2.1. Samples of stones a) Sanliurfa, b) Karacadag ¢) Mardin and Midyat

The thermal conductivities and specific heats of specimens were detected by Isomet 2104 portable heat
transfer analyzer, which makes measurements by using the hot wire method according to Norm (DIN) 51046
(Fig 2). Measurements were made on different parts of the specimens five times and the averages of these
measurements were used in the study. Measuring device detected thermal conductivity coefficientin the rangﬁ

between 0.04 W/mK and 6 W/mK with 5% precision and volumetric heat capacity in the range of 4.0 x 10

6
Jm*K and 4.0 x 10 J/m® K with 15% precision. The temperature was between 22°C and 25°C during
measurement. Thermal diffusivity of specimens whose thermal conductivities, specific heats and densities
were known was determined by calculating with the Eq. (1)

a=-o ()

Fig 2.2. Isomet 2104 portable heat transfer analyzer

Compressive strength and tensile strength were applied on each sample block. Average values of at least three
measurements were taken. Tensile strength values calculated according to the TS 500 standard by Eq. (2), (TS
500 and TS 699, 2000)

f. = 0,35.Vfck )

The aim of water absorption test is to investigate the maximum amount of of observed water ratio in the
samples. This property is important in determining the suitability of the material against freezing hazards. The
critical amount of moisture is 30% of the total dry volume, below which the material does not deform on
freezing (Bicer and Kar, 2017, 2017, and 2016). The experiments were performed according to the BS 812.
Part 2 standard by keeping the specimens in water for 24 hours. Water absorption values calculated by Eq. (3)
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Water absorption percent = % .100 3)

The purpose of drying ratio test is to search the respiration abilities of the samples. After being left in water
contained for 48 hours the samples were taken from the water, wiped with a wet piece of cloth and left to
natural drying at 22°C room temperature. The drying ratio values are calculated by Eq. (4). Drying occurs
through evaporation from the surface of the material; here it is about the movement of water from the depth of
the material through capillary canals, meaning that moisture is expelled from the body through steam
permeability resistance and drying occurs.

. . _wd-Wwk
Drying ratio = Wi .100 4

3. Results and Discussions

The following results were obtained in this study, carried out for examining the physical properties of the
stones which have been used for many years in Karacadag (Diyarbakir), Sanliurfa, Mardin, Midyat, Hasankeyf
that are located in Southeast Anatolia Region.

Thermal conductivity coefficients and thermal diffusivity values of Mardin Stone (0.58 W/mK and 4.05x 10~
m?/s) and Midyat stone (0.60 W/mK and 4.44x10"" m?/s) are lower than all the construction materials stated in
Table 2. Midyat stone seems as a better materials with respect to the thermal diffusion coefficient than
granite, marble and sand stone. The thermal diffusion coefficient of Mardin stone is similar to most of these
materials except granite and sand stone. Wide-use of these stones instead of brick or briquettes in structures as
separators will ensure energy saving and lower building costs. No significant characteristic was detected in
Sanliurfa stone, Karacadag stone and Hasankeyf stones compared to similar construction materials in terms of
power saving.

The water absorption ratio of the samples is found to be lower than 30% which is the critical value. Hence,
none of the stones pose a risk for being frozen under 0°C, indicating that these stones can be used in humid
environments. The time-based weight changes of the samples can be seen in Figure 4, which were obtained
from the water absorption tests. On the other hand, it can be seen based on the results of drying test that the
stones, except for Karacadag stone, bear the breathing-ability, even if just a hint (Fig 5).

Compressive strength (105 N/mm?), tensile strength (9.0 N/mm?) and abrasion loss (1.8%) of Karacadag stone
were found to be higher than similar construction materials in this respect (Table 3). Despite having relatively
lower values compared to high-strength natural building stones, the strength level of the stones that are
examined in this study are equivalent to such construction materials like briquette and brick in this respect.
However, they do not possess the required strength capacity in terms of abrasion strength. Therefore, the
stones, except for Karacadag stone, should not be used as construction materials for parquet stairs, which are
exposed to high-abrasion.

Density is the one of important factor affecting the thermal conductivity coefficients of the samples. Drying
occurs through evaporation from the surface of the material; here it is about the movement of moisture from
the depth of the material through capillary canals. For this reason micro-pores are formed in the structure of the
stones during the drying process of the samples and the heat transfer coefficients values are reduced as the
density values of samples are reduced.
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Table 2. The physical properties of some building materials and natural stones
(bicer 2004, Toksoy 1998].
Thermal Specific heat Thermal

Density

Material (glem’) conductivity capacity diffusivity

g (W/mK) ~ C,(J/kg°C)  a.107(m%s)
Concrete 1906 0.814 879 491
Granite 2643 1.73-3.98 816 13.15
Limestone 2483 1.16 906 5.68
Common brick 837 0.692 837 5.16
Sandstone 2235 1.855 712 11.65
Marble 2603 277 808 3.94
Karacadag stone 2890 1.610 1128 4.99
Sanhurfa stone 2190 1.38 927 7.16
Midyat stone 1460 0.60 1013 4.05
Mardin stone 1350 0.58 968 4.44
Hasankeyf stone 2559 2.1 850 10.03

It poses a massive advantage for all the stones, except for Karacadag stone, to be processed easily compared to
a number of construction materials, as well as being drilled, cut, dressed, and used for electricity and water
service channels, even allowing the use of nails and screws.

Table 3. Mechanical properties of stones

Compressive Tensile Water Volume
Material strength strength absorption abrasion
(N/mm?) (N/mm?) (%) (%)
Karacadag stone 105 9.00 0.31 1.80
Sanliurfa stone 24 3.10 12.50 120
Midyat stone 6.13 1.03 13.70 0.65
Mardin stone 491 0.77 18.64 0.64
Hasankeyf stone 42.47 6.20 1.86 0.24
2000
1600
% 1400 o— Sanliurfa
E' 1200 Hasankeyf
v 1000 Mardin
w300
= 500 Midyat
- —a— Karacadag
400
200
1
0 5 10 13 20 23 30
Time (k)

Fig 3.1. Mass change of samples in water the abrasion tests
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Fig 3.2. Mass change of samples in the drying test

Based on the stones in this study, Table 4 was drawn up for comparing the studies within the literature. There are
two critical parameters in the table: thermal conductivity and compressive strength. It can be seen that these two
parameters in this study are similar compared to those from other studies. The differences arise out of the
location, where the stones are procured from, along with the measuring instrument and measurement errors.

Table 4. Physical properties of similar study

Materials Thermal conductivity =~ Compressive strength Literature
(W/mK) (N/mm?)
1.77 120 (Devicioglu et al 2001)
Karacadag stone 1.63 110 (Bicer et al 1993)
1.61 105 present
14 26 (Bicer et al 1993)
Sanhurfa stone 151 28 (Bicer et al 2004)
1.38 24 present
0.68 4.93 (Bicer et al 1996)
Mardin stone 0.80 4.99 (Bicer et al 2004)
0.58 4,91 present

4. Conclusions
Based on the results of the researches and tests carried out on the stones that are recognized as respected
construction materials and widely used by the locals in the region;

4 It is a reason for preference with regards to these stones to be used instead of brick or briquette as load
bearing elements in structures (i.e. buildings) due to having reserves in large amounts, being suitable to be used
for many years, as well as being easy to procure, ensuring energy saving and lowering the costs.

v Mardin and Midyat stones are used as load bearing for thermal comfort, while Sanliurfa and Hasankeyf
stones are being used as load bearing, and Karacadag stone is used as load bearing, and floor covering in the
local buildings thanks to the thermal and mechanical properties of the stones.

v Water absorption ratios of the samples were under the critical value (30%). Such materials can be used
without freezing risk at places having direct contact with water such as sidings.

v For having a characteristic to be processed easily, Mardin, Midyat and Hasankeyf stones can also be
used for decorative purposes, as well.
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Nomenclature

a : Thermal diffusivity, (m2/s)

r : Density, (g/cm3)

k : Thermal conductivity coefficient, (W/mK)
fck : Compressive strength, (MPa)

fctk : Tensile strength, (MPa)

WKk : Dry weight of sample, (g)

Wd : Wet weight of sample, (g)
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ENERJI TASIYICISI OLARAK HIDROJEN VE HIDROJEN
URETIM YONTEMLERI
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Oz

Son yillarda artan niifus dogrultusunda kullanilan enerji miktarinda da artig goriilmistiir. Ulagim sektoriindeki
yakit ihtiyact agirlikli olarak fosil kaynakli yakitlardan karsilanmaktadir. Diinya genelinde kullanilan fosil
yakitlarin rezerv Omiirleri her gegen yil azalmaktadir. Fosil yakitlarin kullanimindan kaynaklanan sikintilar
distintildiigiinde ulasim sektoriindeki yakit ihtiyaci yenilenebilir enerji kaynaklari ile karsilanarak siirekli hale
gelmelidir. Devamli artan CO, salimi, ¢evre kirliligi ve yiikselen fosil yakit maliyetleri yakin gelecekte alternatif
enerji kaynaklarimi aramay1 kagmilmaz hale getirmektedir. Bu amagla ulasim sektoriinde yenilenebilir enerji
kaynaklarinin kullanimu igin hidrojen gibi bir enerji tasiyicisina ihtiyag duyulmaktadir. Hidrojen dogada en gok
bulunan element oldugu i¢in uygulama alani genistir. Hidrojen elementi dogada serbest halde diatomik yapida
bulunur. Hidrojen, kokusuz, tatsiz, renksiz ve en hafif yanici gazdir. Temiz enerji tasiyicist olarak hidrojen kiitle
bazinda yiiksek enerji igerigine sahiptir. Hidrojenin yanma 1sist yiiksek olup zehirli etkisi bulunmamaktadir.
Kimyasal tepkimelerde yanma sonrasi sadece su buhari olusur. Petrol tiirevlerine gére hidrojenin verimi 1.13 kat
daha fazladir. Hidrojen, motor veya gaz tiirbinlerinde elektrik iiretiminde yakit pili olarak kullanilir. Fosil yakit
tiirevlerinin atmosfere ve yeryliziine verdigi zararlar diisiiniildiigiinde hidrojenin ne kadar 6nemli oldugu
anlasilacaktir. Enerji verimliligi, kaynak cesitliligi ve ¢evresel etkiler acisindan hidrojenin, fosil yakitlara kiyasla
stiinltigli agikca goriilmektedir. Hidrojen, hidrokarbonlu bilesiklerin gazlastirilmasi, buhar reformasyonu,
ayrisma gibi teknikler kullanilarak elde edilebilir. Hidrojen elektroliz yontemiyle de iiretildigi i¢in sonsuz bir
enerji kaynagidir. Kimyasal ve fiziksel 6zellikleri ¢evreye olumsuz bir etki olusturmadigi i¢in temiz yakit
sinifindadir. Bu galigmada hidrojenin 6zellikleri anlatilmig olup, hidrojenin enerji kaynaklari ile iliskisi, hidrojen
tretim yontemleri agiklanmugtir. Ayrica hidrojen depolama ¢esitleri ve Tirkiye’deki hidrojen uygulamalar
hakkinda bilgi verilmistir.

Anahtar kelimeler: Hidrojen, Hidrojen depolama, Hidrojen tiretim yontemleri, Tiirkiye’de hidrojen kullanimi.

HYDROGEN AS AN ENERGY CARRIER AND HYDROGEN
PRODUCTION METHODS

Extended Abstract

In recent years, there has been an increase in the amount of energy used in line with the increasing population.
The fuel demand in the transportation sector is mainly met by fossil fuels. The reserve life of fossil fuels used in
the world decreases every year. Considering the problems arising from the use of fossil fuels, the fuel need in the
transportation sector can be met with renewable energy sources and become continuous. Increasing CO,
emissions, environmental pollution, and rising fossil fuel costs make it inevitable to look for alternative energy
sources in the near future. For this purpose, an energy carrier such as hydrogen is needed for the use of
renewable energy sources in the transportation sector. Hydrogen is the most abundant element in nature and its
application area is wide. The hydrogen element is found free in nature in diatomic structure. Hydrogen is
odorless, tasteless, colorless and lightest flammable gas. Hydrogen, a clean energy carrier, has a high energy
content on a mass basis. Hydrogen has a high combustion temperature, and it has no toxic effect. In chemical
reactions, only water vapor occurs after combustion. According to petroleum derivatives, the yield of hydrogen
is 1.13 times higher. Hydrogen is used as a fuel cell in electricity generation in engine or gas turbines.
Considering the damage caused by fossil fuel derivatives to the atmosphere and the earth, it will be understood
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how important hydrogen. In terms of energy efficiency, resource diversity and environmental impacts, the
superiority of hydrogen over fossil fuels is evident. Hydrogen can be obtained by using techniques such as
gasification of hydrocarbonaceous compounds, steam reforming, decomposition. Hydrogen is an infinite source
of energy because it is produced by electrolysis. Chemical and physical properties do not have a negative impact
on the environment and therefore have a clean fuel class. In this study, the properties of hydrogen are explained
and the relationship between hydrogen and energy sources and hydrogen production methods are explained. In
addition, there is information about the kinds of hydrogen storage and hydrogen applications in Turkey.

Keywords: Hydrogen, Hydrogen Production Methods, Hydrogen Storage, Hydrogen Usage in Turkey.

1. GIRIS

Yirmi birinci yiizyilda enerji, insanlik i¢in vazgegilmez bir yasam kaynagidir. Artan niifus dogrultusunda enerjiye
olan ihtiya¢ da artmaktadir. Fosil kdkenli yakitlarin tiikenebilir olmasi ve kullanimindan kaynaklanan gevresel
etkiler g6z oniine alindiginda, insanoglu yeni enerji kaynaklart arayisi i¢ine girmistir (Hilooglu & Sozen, 2018;
Yu vd., 2019). Kullanilacak olan enerji kaynagimin hem yenilenebilir olmasi hem de ¢evre dostu olmasi
aragtirmalar1 alternatif enerji kaynaklarina yoneltmistir. Yenilenebilir enerji kaynaklarimin kullaniminda bazi
kisitlt noktalar bulunmaktadir. Bu kisitlanmalar1 ortadan kaldirmak i¢in enerji uzmanlar1 yenilenebilir enerji
kaynaklar1 ile birlikte hidrojenin kullanimini 6ngdrmiislerdir. Hidrojen, bir enerji kaynagi degil bir enerji
tagtyicisidir. Hidrojen, biitiin klasik yakitlarin agirligi bagina en yiiksek enerji icerigine sahip olmasti ile birlikte
evrende en ¢ok bulunan elementtir. Hidrojen elementinin dagilimi atmosferde %0.07 ve yer kabugunda %0.14
seklindedir. En hafif element olan hidrojenin 1 litrelik (L) hacmi 0.09 grama (g) tekabiil eder. Hidrojen, yakit
olarak kullanildiginda atmosfere atilan {irlin sadece su veya su buhart oldugundan enerji tasiyicisi olarak
kullanimi uygun goriilmiistiir. Hidrojen sayesinde {iretilen enerji bir yerden bagka bir yere giivenli bir sekilde
tagmabilmektedir. Hidrojeni ideal bir enerji tasiyicist yapan bir diger 6zellik ise yiiksek enerji icerigine sahip
olmasidir (Wendler vd., 2010). Hidrojen, bir enerji tasiyicidir ve hidrojen, yapi olarak elektrik ile benzerlik
gostermesine karsin elektrikten daha verimli bir bigimde enerjiyi tasiyabilmektedir. Hidrojen, ideal yakit
smifindadir. Hidrojen, dogaya karbon dioksit (CO,) salimi1 yapmaz. Tek salimi sudur (H,O) ve karbon bilesimi
icermez. Hidrojen, 1s1 ve elektrik enerjisine kolaylikla doniisebilir. Diger yakitlarla kiyaslandiginda, patlama ve
yanma tehlikesi hidrojen i¢in daha azdir. Hidrojen, oksijen (O,) ve hava ile 450-500 °C iizerinde kendi kendine
tutugur. 450-500 °C sicaklik degerlerinin altinda ise platin (Pt), paladyum (Pd) ve elektrik kivileimi gibi
katalizorlerle reaksiyon baslatilirsa yanma olay1 gerceklesir ve iiriin olarak su olusur. Farkli durumlarda ise azot
oksitlerde (NOy) olusabilir. Bu durum 800 °C’ deki sicakliklarda yanma ile giderilebilir (Ball vd., 2016).
Hidrojen sahip oldugu cesitli dzellikler sayesinde bircok alanda kullamlmaktadir. Ornegin: Hidrojen, kimyasal
reaksiyonlarda reaktan olarak kullanilarak hidrokarbonlar1 pargalar, ortamda bulunan azot ve kiikiirt bilesiklerini
uzaklastirir. Yakit olarak roket ve jet motorlarinda ve elektrik jeneratorlerinin sogutucu sistemlerinde kullanilir.

Enerji tasiyicist olan hidrojen, diger proseslerde iiretilen enerjiyi tasir. Hava ile etkilesime girdikten sonra iiriin
olarak azot (N,), H,O ve O, olusur. Petrol ve tiirevlerinin kullanildig1 yanmali motorlarin olusturdugu azot oksit
emisyonlari, hidrojen motorlarinda ¢ok daha azdir. Tablo 1’de hidrojenin sahip oldugu yakit &zellikleri
gosterilmektedir. Hidrojen, biyolojik ve kimyasal olarak iki farkli bigimde firetilebilir. Kimyasal yontemler
maliyetli oldugu icin ¢ok tercih edilmez. Biyolojik yontemler ise maliyeti diisiik, siirdiiriilebilir ¢cevre dostu
yontemlerdir. Bu c¢alismada hidrojenin iretim yontemlerinden, depolanma oOzelliklerinden ve Tiirkiye’de
hidrojen kullanimindan bahsedilecektir.

Tablo 1. Hidrojen elementinin yakit 6zellikleri (Demirbag, 2009)

Ozellik Birim Deger
Kaynama noktasi K 20.41
Donma noktast K 13.97
Yogunluk (s1v1) kg/m3 70.80
Sabit basingta 6zgiil 1s1 kJ/kg K 14.89
Havadaki patlama simirlart % (Hacim) 4-75
Havada tutugma enerjisi mJ 0.02
Atesleme sicakligi K 585
Havadaki alev sicakligi K 2318
Alev yayiciligi % 17-25
Havada stokiyometrik karigim % 29.53
Stokiyometrik hava / yakit kg/kg 34.3/1
Alev hiz1 cm/s 2.75
HHV ve LHV* MJ/kg 141.90 - 119.90

HHV ve LHV MJ/m3 11.89 - 10.05
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2.Hidrojen Uretim Yontemleri

Enerji; klasik enerji kaynaklar1 ve yenilenebilir enerji kaynaklar1 olarak iki ana sinifta incelenir. Klasik enerji
kaynaklar1 fosil ve niikleer yakitlardir. Biyokiitle, jeotermal, giines ve rilizgdr enerjisi ise yenilenebilir
kaynaklardandir (Acar & Dinger, 2019). Sekil 1’de hidrojen {iiretimi i¢in kullanilan enerji kaynaklari
gosterilmektedir. Caligmanin bu kisminda hidrojen iiretimi i¢in kullanilan iiretim yontemleri agiklanacaktir.

YENILENEBILIR ENERJI

KAYNAKLARI ﬁ

(Giines, Riizgar, Suyun direkt ayristirimasi,
Jeotermal, Biyokiitle) T.ermoll.(imyasal siregler,
Biyolojik prosesler,

Hidrojen
depolanmasi ve
kullanilmasi

Fotolektrokimyasal siirecler.

FOSIL YAKITLAR

(Kémiir, Petrol, Dogalgoz) ;
Enerji Girisi (Kracking, Buhar
Reformasyonu, Kismi

Oksidasyon, Gazlastirma

Sekil 1. Hidrojen iiretim yontemleri (Cimen, 2006)
2.1. Yenilenebilir enerji kaynaklari: kullanilarak hidrojen iiretimi

2.1.1. Biyokiitle enerjisinden hidrojen iiretimi

Biyokiitle enerjisiyle hidrojen iiretimi iki genel kategoriye ayrilir. Bunlar; termokimyasal ve biyolojik
proseslerdir. Bu kisimda termokimyasal proseslerden olan siiperkritik su, geleneksel gazifikasyon ve piroliz
yontemleri ile biyolojik proseslerden olan direkt biyofotoliz, dolayli biyofotoliz, foto fermantasyon, biyolojik
yoldan suyun gaza doniisiimii ve karanlik fermantasyon yontemleri agiklanacaktir.

Termokimyasal yontemler

Piroliz yontemiyle hidrojen iiretimi

Piroliz islemi, oksijensiz ortamda 0.1-0.5 megapascal (MPa)’da 650-800 K sicakliklarinda biyokiitlenin 1sitilarak
kat1 organik kdmiir, sivi yag ve gaz icerikli bilesiklere doniistiiriilmesi islemidir. Piroliz diistik piroliz ve hizli
piroliz olarak iki sekilde siniflandirilir. Genellikle iiriinler organik komiir oldugu i¢in diisiik piroliz fazla tercih
edilmemektedir. Hizl1 piroliz ise yiiksek sicaklikta gergeklesir. Hizli piroliz siireclerinde {iriinler kati, sivi ve gaz
halde bulunabilir. Ornegin: Kati; inert materyallere ek olarak saf karbon materyallerden meydana gelir (Salama
vd., 2018). Sivi; asetik asit (CH;COOH), metanol (CH3;OH) ve aseton (C3HgO) gibi oda sicakliginda sivi halde
bulunan Katran ve yag formda maddeleri igermektedir. Gaz; CO,, karbon monoksit (CO), metan (CH,), H, gibi
gazlari igerir.

Biyokiitle + Is1 = H, + CO + CH,4 + diger iiriinler (8]
CH, + H,0 = CO + 3H, @)

Hidrojen enerjisi iiretimini artirabilmek i¢in suyun gaza doniisiimii gerceklestirilebilir.
CO +H,0 — CO, + H, 3)

Gaz formda bulunan iriinlerin disinda, yag halinde bulunan iriinler hidrojen {iretimi igin igleme alinabilir. Proliz
yagi iki farkli fraksiyona ayrilabilir. Bunlar; suda ¢oziinen ve suda ¢oziinemeyen seklindedir. Sekil 2°de piroliz
ile hidrojen iiretim basamaklar1 gosterilmektedir. Piroliz prosesinin kontrol parametreleri i¢in sicaklik, alikonma
zamani, 1sitnma hizi ve katalizor tipi 6nem arz etmektedir. Son yillarda pirolizle hidrojen iiretiminde plastik,
katran yagi, kolza tohumu, tarimsal {iriin artiklar1 gibi malzemeler kullanilmaktadir (Duman & Yanik, 2017).
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Sekil 2. Piroliz yontemi ile biyokiitlenin hidrojene ¢evrimi (URL-1, 2019)

Biyokiitle gazifikasyonu ile hidrojen iiretimi

Piroliz yonteminin farkli bir formu olan gazifikasyon yontemi temel olarak; H,, CH, CO, ve CO gibi
maddelerin azot i¢inde kismi oksidasyonuna dayanir. Gazifikasyon yonteminin termal verimliligi diigiiktiir.
Bunun nedeni ise biyokiitle kaynaklarinin i¢erisinde bulunan rutubet miktaridir. 800-1000 °C’lik yiiksek sicaklik
sartlarinda dahi gazifikasyon yontemiyle katran iiretilebilir. Bu siirecte biyokiitle kismi oksidasyona ugrar ve
karbonlu madde ve gaz iiretilir. Uretilen karbonlu madde ve gaz son olarak CO, CH,, CO, ve H, seklinde
azaltilabilir.

Biyokiitle + 1s1 + buhar = H, + CO + CO, + CH, + hafif ve agir hidrokarbonlar + karbonlasma (4)

Gazifikasyon yonteminin ana sorunu katran olusumudur. Katran olusumunu minimum seviyeye indirmek igin
kullanilan yontemler; gazlastiricinin tasarimi, uygun g¢alisma ortami, kontrol panelinin ayarlanmasi, katki
maddelerinin ve katalizériin se¢imidir. Gazifikasyon yonteminin bir diger problemi de kiil olusumudur. Olusan
kiil ¢6kme, sinterlesme, kirlenme, y1gin olusturma ve ciiruflama gibi sebeplere yol agar. Siire¢ i¢indeki kilii
azaltmak i¢in damitma islemi kullanilir (Seger vd., 2018). Tablo 2’de 6rnek olarak gazifikasyon prosesiyle
hidrojen iiretimleri gosterilmektedir. Dogru katalizor secimiyle birlikte akigkan yatakli gazlastirici araciliyla
yaklasik %55-60 verimle hidrojen tiretimi saglamak miimkiin hale gelebilir.

Tablo 2. Hidrojen iiretiminde biyokiitle gazifikasyonu kullanilarak yapilan bazi ¢alismalar (Ni vd., 2006)

Hammadde Reaktor Tipi Katalizor Hidrojen Uretimi (v. %)
Talag Geri devirli Kullanilmiyor 810°C’de 10.5
Odun hammaddesi Sabit yatak Kullanilmiyor 550°C’de 7.7
Talas Akiskan yatak Bilinmiyor 800°C’de 57.4
Cam talas1 Akigkan yatak Bilinmiyor 700-800°C’de 26-42
Kiispe Bilinmiyor Bilinmiyor 700-800°C’de 29-38
Pamuk sap1 Bilinmiyor Bilinmiyor 700-800°C’de 27-38
Eucalyptus gobulus Bilinmiyor Bilinmiyor 700-800°C’de 35-37

Siiperkritik su gazifikasyonu

Gazifikasyon siireclerinde kritik nokta, suyun ortaya ¢ikan 6zelliklerinde kimyasal reaksiyonlar i¢in 6nemli bir
paremetredir. Kritik noktanin altinda gaz ve sivi safthalarin her ikisi de farkli 6zellik gostermektedir. Son
asamada ise kritik nokta degerine ulasildiginda sicaklik 374°C’nin altinda olur. Basing ise 22 MPa’in altindadir.
Boylece her iki safhada 6zdes ozellik sergiler. Siiper kritik su gazifikasyonlarim yiiksek nem igerikli biyokiitle
ile tek bagina reaksiyon verebildigi i¢in biyokiitle kaynaklarinin nem degeri diistiriilmemelidir (Gong vd., 2018).

Biyolojik siirecler

Biyolojik yollarla hidrojen iiretimi bes grup ile simiflandirilmaktadir. Bunlar: Direkt biyofotoliz, dolayh
biyofotoliz, biyolojik yontemlerle suyun gaza ¢evrimi, fotofermantasyon ve karanlik fermantasyondur.
Bahsedilen siireglerin tiimil nitrogenaz ve hidrogenaz gibi hidrojen iireten enzimler ile kontrol edilir (Ni vd.,
2006).

Direkt biyofotoliz

Direkt biyofotoliz ile hidrojen iiretimini gerceklestirmek igin gilines enerjisi kimyasal enerjiye ¢evrilir. Siiregte
bulunan iki fotosentetik sistem fotosentez siirecinden sorumludur. Bu sistemler: CO, miktarini azaltmak igin
kullanilan indirgeyici iiretecek fotosistem I (PSI) ve oksijen miktarini agiga ¢ikaran ve suyu bilesenlerine
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ayristiran fotosistem II (PSII)’dir. Yesil bitkilerde karbon azalimmin goriilmesi hidrogenaz eksikliginden
kaynaklanir. Mavi-yesil algler ve yesil algler hidrogenaz igerir. Bu sayede hidrojen iretebilirler. Sekil 3’te
gosterilen siiregte PSII 151k enerjisini absorpladigi anda elektronlar iretilir. Daha sonraki agamada PSI tarafindan
sogurulan giines enerjisi ferredoksine (Fd) transfer edilir. Hidrojen enerjisi agiga ¢ikarmak i¢in Fd, elektronlari
kabul eder. Hidrogenaz oksijene duyarlidir. Hidrojen iiretiminin siirekli hale getirilmesi i¢in oksijen miktarini
9%0.1” in altindaki seviyelerde tutmak gerekmektedir (Bolatkhan vd., 2019).

l T

2H,0
2 » O I

2H*

Sekil 3. Direkt biyofotoliz iglemi (Sentiirk, 2010).

Dolayh biyofotoliz

Dolayli biyofotoliz dort asamada meydana gelir. Sekil 4’te dolayli biyofotoliz asamalar1 gdsterilmektedir.
Fotosentezle biyokiitle iiretimi, biyokiitle zenginlesmesi, aerobik karanlik fermantasyon (2 mol asetat+alg
hiicresi) ve asetatin 2 mol hidrojene doniigiimii agamalaridir (Sengmee vd., 2017). Gergeklesen reaksiyonlar:

12H,0 + 6 CO, — C¢H1,04 + 6 O, (5)
C6H12OG + 12 Hzo - 12H2 + 6 C02 (6)
2e

—_ Hiicre
. Fd Malzemesi

2. SAFHA

Hiicre
B —— Fermantasyon

Ze'le

Malzemesi

. H:
— Hidrogenaz —

Sekil 4. Dolayl biyofotoliz agsamalari (Ni vd., 2006).

Karanlik fermantasyon

Karanlik fermantasyon siireci ile hidrojen tiretimi karbonhidratlarca zenginlestirilmis substrat {izerinde anaerobik
bakterilerin reaksiyonu ile gergeklestirilir. Gergeklesen reaksiyonlar mezofilik (25-40 °C), termofilik (40-65 °C),
agirt termofilik (65-80 °C) ve hiper termofilik (80°C iizeri) sicakliklarda gerceklesir. Bu siiregte bulunan
anaerobik bakteriler ile iiretilen gaz; Hy, CO,, CH4, CO ve bazi hidrojen siilfitlerin karisimidir. Safsizliklardan
arindirilmis hidrojeni elde edebilmek igin ayirma islemi yapilmalidir. Bu siire¢ ayrica asetik, biitirik ve diger
organik asitleri de iiretir. Uretilen asitler organik kimyasal iiretim ydniindeki metabolik akisa yon vererek
hidrojen verimini etkiler. Ayrica asitler sistemi komplekslestirir. Bu durum maliyetlerde artisa yol agar
(Lunprom vd., 2019).
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Foto fermantatif siirecler

Foto fermantatif siiregler, fotosentetik bakteriyel hidrojen iiretimi olarak da bilinmektedir. Bu siiregte Klorofil,
Carotenoids ve Phycobilin’ler gibi 1s181 tutan pigmentler kullanilmaktadir. Toplanan iginlardan 1s1k enerjisi
ayrilir ve ayrilan enerji fotolitik organizmalar i¢inde bulunan algler ile membran reaksiyon merkezlerine transfer
edilir Giines 15181, suyu protonlara, elektronlara ve oksijene donistiiriir. Nitrogenaz katalizorler; hidrojen,
amonyak ve adenin di fosfat (ADP) olusturmak igin azot ve adenin tri fosfat (ATP) ile proton ve elektronlar
tepkimeye sokar. Bu bakteriler ¢ok farkli kosullarda kullanilabilir. Ornegin; kesikli siirecler, agar jel, gdzenekli
cam, aktivite edilmis cam veya poli iiretan kopiik gibi ortamlarda kullanilabilir. Bu siirecin dezavantaji, organik
asitlerin sinirli kullanilabilirligi ve nitorogenaz enziminin yavaslatic1 dzellikte olmasidir. Ayrica siirecin ara sira
yitksek miktarda enerji gerektirmesi ve hidrojeni tekrar oksidasyon etmesi gerekmektedir. Fermantasyon
stirecinde olusan sorunlar1 ¢6zmek igin, yiliksek enerji igerigine sahip nitrogenaz enziminin kullanilmasi, giines
enerjisi donlisiim verimliliginin diisiik seviyede olmasi ve genis yiizeyleri kapsayacak anaerobik foto
biyoreaktorlerin hazirlanmas1 gerekir. Sekil 5’te foto-fermantasyon siireci gosterilmektedir. Belirtilen
nedenlerden dolay1 foto fermantasyon siireleri hidrojen tiretimi igin uygun rekabet ortami olusturmaz (Zhang

vd., 2017).
lGime; Enerjisi H: T

. . e
Bakteriyel Fotosistem Fd Nitrogenaz
—
4 ATP
1 2H" T
Organik Asitler

Sekil 5. Foto-fermantasyon asamalar1 (Barisik, 2015).

Biyolojik yollardan suyun gaza doniisiim siireci
Bazi fotoheterotrofik bakteriler (Rhodospirillum rubrum) H™y1 H,’ye indirgemesi ve CO oksitlenme
reaksiyonlarini birlestirerek ATP iiretir. Karbon kaynagi olarak sadece CO kullanilir. Béylece bakteriler karanlik
sartlarda bile hayatta kalabilirler (Yasin vd., 2015).

CO + H,0 <> CO, + H, AG*= -20.1 kJ/mol ©)

Reaksiyon sonunda agiga CO, ve H; ¢iktig1 igin bu siire¢ hidrojen iiretiminde tercih edilmektedir. Biyolojik yolla
suyun gaza doniisiim prosesleri hidrojen iiretiminde hala laboratuvar olgekli olup birkag caligma analiz
edilmistir. Calismalarin ortak amaci iiretim oranini degerlendirip karbon monoksit bilesiklerini yiiksek oranda
tutacak mikroorganizmalar1 tayin etmektir. Denklem (7)’de CO’in CO,’e oksidasyonu suyun gaza doniisim
reaksiyonu kullanilarak belirlemistir. Bu yontem kullanilarak yapilan hidrojen doniisiim orani diger biyolojik
proseslere nazaran daha yiiksektir.

2.1.2  Giines enerjisinden hidrojen iiretimi
Hidrojen iiretiminde giines enerjisi kullanimi dort temel grupta siniflandirilabilir. Bunlar;
1. Fotovoltik (PV),
2. Fotoelektrokimyasal
3.Fotobiyolojiksel
4. Giines termal enerji.

Giines enerjisinden elde edilen enerji diigsiik sicaklik ve yiiksek sicaklik altinda kullanilir. Diigiik sicaklik
uygulamalarinda fotovoltaik, fotoelektrokimyasal ve fotobiyolojik hidrojen tiretim sistemleri yer alirken; yiiksek
sicaklik uygulamalarinda termoliz, giines termokimyasal c¢evrimler, gilines reformasyon, giines enerjili
gazlagtirma, giinesli kraklama yer alir. Sekil 6’da giines enerjisi kullanilarak elde edilen hidrojenin tiretim
basamaklari gosterilmektedir (Touili vd., 2018).
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Sekil 6. Giines enerjisi-hidrojen iiretim prosesleri (Oztiirk vd., 2011).
Diisiik sicaklik uygulamalariyla hidrojen iiretimi

Elektroliz yontemi
Elektroliz, suya dogru akim uygulanarak suyun, hidrojen ve oksijene ayrilmasi iglemidir. Sekil 7’de fotovoltaik
iiretim prosesi gosterilmistir.

A
] =
E <« | ELEKTROLIZ |¢ | ELEKTRIK

Sekil 7. Fotovoltaik sistemle hidrojen tiretim agamalar1 (Joshi vd., 2010).

Elektroliz sistemi i¢in gerekli olan elektrik enerjisi, dogrudan giines enerjisini elektrik enerjisine doniistiiren
fotovoltaik gozelerden saglanmaktadir. Elektroliz sistemi igin gerekli elektrik enerjisi ayrica yogunlagtirilmisg
giines enerjisi ile buhar elde edip, buhar tiirbinleriyle {iretilen enerjinin yine elektroliz sistemlerde
kullanilmasiyla olanaklidir. Onemli nokta diisiik maliyet ve yiiksek ¢evrim verimi saglamasidir. Fotovoltaik
sistemlerin ¢alisma prensibi su sekildedir: Elektroliz hiicresi i¢inde genel olarak bir diizlem metal veya karbon
ierikli plakalar yer alir. Iki elektrot ve elektrolit s1vis1 bulunur. Dogru akim kaynagi elektrota baglanarak iletken
stvi yardimiyla pozitif elektrottan (anot) negatif elektrota (katot) akim aktarilir. islem sonunda elektrolit icindeki
su, hidrojen (katottan gelen) ve oksijene (anottan gelen) ayrisir. Asagida elektrokimyasal reaksiyonlar
gosterilmektedir (Amikam vd., 2018).

4H,0 + 4e" —> 2H, + 40H" (Katot) (8)
40H—> 2H,0 + O, + 4¢” (Anot) 9)
H,0 + elektrik — H, + 150, + 151 (Toplam reaksiyon) (10)

Giines enerjisi ile hidrojen iiretiminde fotovoltaik elektrolizdr sistemler iki basamakli halde iiretim yaparlar. 1k
basamakta silisyumdan ya da esdeger maddelerden yapilan giines pilinden dogru akim elde edilir. Elde edilen
akim bir elektroliz hiicresinin elektrotlarindan aktarilarak hidrojen ve oksijenin ayristirilmasi saglanir. Kullanilan
glines gozeleri giines enerjisini direkt olarak elektrik enerjisine doniistiiren yari iletken yapilardir. Elektroliz
yontemiyle hidrojen iiretiminin verimi elektrik diisiiniildiigiinde %80 civarindadir. Uretilen elektrigin 1s1 verimi
hafif su reaktorlerinde %34 civarinda, gelistirilmis sistemlerde %50 dolaylarinda degisim gosterir ve ortalama
%30-40 arasindadir. Elektroliz sistemleri diisiik verimlerine karsin c¢evre dostu sistemler olmasi 6nem arz
etmektedir.
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Fotoelektrokimyasal ve fotokatalitik hidrojen iiretimi

Suyun hidrojen ve oksijen gazlarinda 1s1 enerjisi yardimiyla ayrisma reaksiyonu biiyiik bir Gibbs serbest enerji
degisimi ile gbzlemlenir. Fotokatalitik hidrojen iiretimi yenilenebilir hidrojen iiretimi ve ¢evre dostu enerji
dretimleri icin biiyiikk Onem tasir. Fototokatalitik iiretim yesil bitkilerin ve klorofil tasiyan canlilarin
gerceklestirdigi fotosenteze c¢ok benzerdir. Bu baglamda suyun ayrismasiyla hidrojen fiiretimi de yapay
fotosentez olarak tanimlanabilir. Yapay fotosentez isleminde hidrojen iiretimi icin pozitif Gibbs serbest enerjisi
tek bagina reaksiyon gosteremedigi i¢in katalizore veya fotokatalizore ihtiyag vardir (Carrasco vd., 2019). Sekil
8’de fotosentez ve yapay fotosentezin grafiksel gdsterimi mevcuttur.

Fotosentez {.‘} Yapay Fotosentez :‘}
?(' (Suyun Ayrismasi) 4('
- 8,0\ Seker + O ! H, + 0,
g CO, + H,0 m l_;imyasal Enerji g rK—imyasal Enerji
H,O .,8°$§% G%=237kJ/mol

Sekil 8. Klorofil tasiyan bitkiler tarafindan fotosentez ve bir fotokatalizor varliginda suyun fotokatalitik
ayrigmasi reaksiyonu (yapay fotosentez) (Kudo & Miseki, 2009)

Fotoelektrokimyasal ve fotokatalitik hidrojen tiretiminde yari iletken katalizor kullanildiginda {i¢ ana basamakta
islem gergeklesir. Sekil 9°da fotokatalitik yontemle suyun ayrigmast gosterilmistir.

Foton
Hz 1
3 | N
/ ﬂ
H.0
2 e+ I:|+
s
X‘; H.O
N E 0, 3

~——

2,

Sekil 9. Fotokatalitik yontemle suyun H, ve O, ayrismasi (Aslan, 2014).

Sekil.9’da gosterilen fotokatalitik yontemle suyun ayrigmasi isleminin 1. asamasinda yari iletken fotokatalizor
iizerine iletilen fotonlarin absorplama islemi gercekleserek, elektron bosluk ¢ifti birbirinden ayrilir. 2.
asamasinda ise ayrilan yiiklerin reaksiyonun gergeklesecegi alana transferi saglanir. 3. asamada da yiizeyin aktif
kisimlarinda uyarilmis elektronun suyu indirgeyerek H, iiretimi ve sudaki bosluk yiikseltilerek O, tiretimi
gerceklesir. Fotokatalitik reaksiyonun tamamlanmasi i¢in gonderilen fotonun enerjisi, yari iletken fotokatalizor
band araligindan yiiksek olmasi gerekir. Yiiksek enerjiye sahip fotonun, fotokatalizor iizerine iletilmesiyle yiikler
birbirinden ayrilir. Orbital boslugu, ayrilan elektronun go¢ii esnasinda olusur. Bu yontemin zorlugu ise, ortamda
olusan oksijen gazinin sulu ¢ozeltilerde ¢6ziinerek hidrojen {iretiminde aksaklik olusturmasidir.
Fotoelektrokimyasal sistemler suyun tam ayrismasinda siklikla kullanilan yontemlerdir. Bu yontemde oksijen ve
hidrojen gazlar1 fiziksel olarak birbirinden ayrilan anot ve katotta olusum gosterir. Yontemin bu kisitlamalari
elektron verici ¢ozeltiler kullanilarak fotokatalitik hidrojen iiretimi gergeklestirilerek giderilir. Elektron alici
cozeltilerde ise fotokatalitik oksijen {iretimi gerceklesir (Lee vd., 2019).

Fotobiyolojiksel yontemle hidrojen iiretimi

Hidrojen iiretiminde biyolojiksel metotlar iki grupta simiflandirilir. Bunlar; 15182 bagli prosesler ve isiktan
bagimsiz proseslerdir. Isiga bagimli prosesler direkt veya indirekt fotofermantasyonu icermektedir. Isiga
bagimsiz prosesler ise karanlik fermantasyonu icerir. Fotobiyolojiksel metotlarla hidrojen tiretiminde yesil algler
ve bakterilerin dogal fotosentetik aktivite Ozelligi kullanilir. Fotosentez reaksiyon denklem (11-13)’te
gosterilmektedir (Poudyal vd., 2015).

H,O +Istk — 4 0, (11)
H,0 + CO, + Isik—> Bitki Dokusu (12)
CH3;COOH+2H,0+ Isik —> 4H, + 2CO, (13)

Katalitik sistemlerde hidrojen tiretimi %24 civarinda verim saglarken, gelisim asamasinda olan biyolojiksel
proseslerin kullaniminda bazi sorunlar bulunmaktadir. Biyolojiksel sistemlerde hidrojen iiretimi siyano
bakterilere ve yesil alglerin varligina baghdir. Yesil algler aneorobik sartlar altinda kulugka evresinden sonra
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hidrojen tretir. Siyano bakteriler ise nitrogenaz enzimi varliginda hidrojen iiretmeye baslarlar. Fotobiyolojiksel
yontemlerde verimlilik %10’a ulagmaktadir. Yontemin en biiyiik zorlugu, algleri giines sabitinin {izerinde
tutabilmek icin boyutlarmin kiigiiltilememesidir. Teknik engel ise hidrojen iiretiminin yaninda oksijen
iiretiminin de gerceklesmesidir. Oksijenin varlig1 hidrojen degistirme enzim sistemlerinde hasara sebep olur.

Yiiksek sicaklik uygulamalariyla hidrojen iiretimi

Giines termoliz yontemi

Termoliz islemi, suyun yiiksek sicakliklarda termal olarak parcalanip hidrojen iiretme islemi olarak bilinir. Bu
metotta sicaklik 1500°C sicaklia veya daha yiiksek sicakliga ¢ikartilarak buhar molekiillerinin oksijen ve
hidrojeni pargalamas1 saglanir. Sicaklik ne kadar yiikselirse parcalanma o kadar fazla olur. Ayni islem buhar
basinct disiiriilerek de yapilabilir. Endiistriyel alan i¢in hidrojen iiretiminde sicaklik 2900-3000°C’ye kadar
¢ikartilabilir. Bu sicakligi temin etmenin en kolay yolu giines kule sistemlerinin kullanilmasidir. Bu sistemlerin
tepe noktasma alict monte edilir (Yogunlastirma yaparak 1s1 iiretimi saglanir). Uretimde kimyasal madde
kullanima gerek olmadig: i¢in gevresel kirlilik olmadig1 gibi yiiksek verim elde edilir. Prosesin dezavantajlari
arasinda; yliksek sicakligin ticari olarak maliyeti arttirmasi ve hidrojenin yiiksek sicakliklarda diger kimyasal
gazlardan ayrilmasinin zor oldugu yer alir (Chen vd., 2019). Termoliz yonteminin kimyasal reaksiyonu denklem
(14)’te gosterilmektedir.

H,O +1s1—> aH,0 + sz +cO, (14)

Denklemde gosterilen a,b ve ¢ harfleri mol kesirlerini ifade eder. Reaksiyonda dikkat edilmesi gereken husus,
oksijen ve hidrojenin yiiksek sicaklik formunda birbirinden ayrilip gaz faza gegmesidir. Burada gazlar
birbirlerinden izole edilmelidir. Termoliz prosesinde yiiksek sicakliklara gereksinim duyuldugu icin bazi
materyal sorunlar1 ortaya ¢ikmaktadir. Bu durumda absorpsiyon verimi disiip, giines 1s1gmin 6nemli miktarimi
geri yansitma problemleri ortaya ¢ikar.

Giines termokimyasal ¢cevrimler

Termokimyasal cevrim yonteminde H, ve O, ayrisim problemleri bulunmadigi icin diisiik sicakliklarda
(Maksimum 1000°C) uygulama alani bulup, termoliz yontemlerine nazaran daha fazla uygulama alaninda
kullanilir. Termokimyasal gevrimlerde hidrojen {iretimi igin su ve birka¢ reaktan kimyasal tepkimlere sokulur.
Kimyasal degisim sonucu H, ve O, gazi elde edilir. Tepkimede kullanilan reaktanlar tekrardan kullanilir. Suyun
bozunmasi termokimyasal agidan ii¢ asamada gergeklesir. Bunlar; hidrojen iiretimi, oksijen {iretimi ve kullanilan
malzemelerin geri kazanimidir (Fu vd., 2019). Termokimyasal ¢evrimlerin temel basamaklar1 sunlardir:

1. Elektrik ve 1s1 iiretimi,
2. Termokimyasal olarak suyun bozunmasi,
3. Elde edilen O, ve H,’nin saflastiriimasidir.

Asagida magnezyum-iyot (Mg-1) termokimyasal ¢evrimi 6rnek olarak gosterilmektedir. Mg-1 i¢in maksimum
sicaklik 600°C’dir.

6/5MgO + 6/5 1,—> 1/5Mg(103),+Mgl, (120°C) (15)
1/5Mg(103),—> 1/5MgO+1/51,+1/20, (600°C) (16)
Mgl,+6H,0—> Mgl,.6H,0 (120°C) (17)
Mgl,.6H,0—> MgO+5H,0+2HI (450°C) (18)
2HI—> 1,+H, (500°C) (19)

Giines karbonsuzlastirma yontemi

Giines enerjisinin kullanildig1 termokimyasal proseslerde fosil yakitlardan da hidrojen iiretimi saglanabilir.
Giines termokimyasal prosesler ii¢ alt kisma ayrilir. Bunlar; kraklama, reformasyon ve gazlagtirmadir. Kraklama
prosesi hidrokarbonlu bilesiklerin termal ayrigmasi ile tamimlanabilir. Kraklama prosesi denklem (20)’de
gosterilmektedir.

CXHy% XC(gr)+y/2H2 (20)

Sekil 10°da giines kraklama, gilines reformasyon ve giines gazlastirma yontemiyle hidrojen {iretiminin asamalari
sematize edilmistir.
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Sekil 10. Giines karbonsuzlastirma yontemlerinin sematik gosterimi (Oztiirk vd., 2011).

Giines termal esash elektrolizér yontemi

Giines radyasyonlarinin yogunlastirilarak yiiksek sicakliga cikarilmasiyla 6zel bir akigkana (Molden tuz
karisimlar1 veya faz degistiren malzemeler) 1s1 olarak verilip, bu akigkandan elektrik ve buhar elde edilebilir.
Yaklagik olarak 500°C’deki termal enerjiyi 6zel akiskanlar depolayabilir (Menad vd., 2018). Sekil 11°de giines
termal esasli elektrolizér yonteminin asamalar1 gosterilmektedir.

_ﬁb Yogunlastirilms Giines Enerjisi

Buhar
Jeneratori

Elektrolizir i

Elektrik Enerjisi

Sekil 11. Giines termal elektroliz ile hidrojen iiretim asamalar1 (Oztiirk vd., 2011).
2.2 Fosil Yakitlardan Hidrojen Uretimi

2.2.1. Dogalgazin buhar reformasyonu

Hidrokarbonlardan hidrojen iiretmek i¢in reformasyon yontemi kullanilmaktir. Reformasyon, reaksiyona giren
gazlarin atomlariin reaksiyon sonunda tekrardan diizenlenmesi anlamina gelmektedir. Reformasyon yontemi
temel olarak {i¢ asamada gergeklesir (Anzelmo vd., 2018). Bunlar:

1.Gaz iiretim sentezi
CH4 + HzO(g) — CO + 3H2 (21)

2.Su-gaz degisim yontemi
CO +H,0 — CO, + H, (22)

3.Gaz aritim asamasi
CO + 3H2 - CH4 + Hz (23)

Buhar reformasyonu, ekzotermik, heterojen katalitik bir reaksiyondur. Ayrica amonyak ve hidrojen iiretiminin
ana basamag@idir. Su-gaz degisim reaksiyonlar1 atmosferdeki zehirli gazlar temizlemede kullamilir. Kinetik ve
termodinamik sartlar dogrultusunda su-gaz degisim reaksiyonunun diisiik (200-250°C) ve yiiksek (320-450°C)
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sicaklikta uygulama alanlari mevcuttur. Diisiik sicakliktaki reaksiyonlarda genellikle bakir esasli katalizorler
kullaniliyorken, yiiksek sicakliktaki degisim reaksiyonlarinda demir esasl katalizorler kullanilir.

Dogalgazin buhar reformasyonu ile olugan sicak gazlarin sogutulmasi sonucu olusan 1s1, proseste bulunan suyun
buharlastiriimasinda kullanilmaktadir. CO ile su buharmin tepkimeye girmesi sonucu ek olarak CO, ve H,
olusmaktadir. Onemli olan nokta; iiretilen hidrojenin yarisinin sudan yarismin da hidrokarbondan meydana
geldigidir. Sekil 12’de reformasyon agsamalar1 gosterilmektedir.

CH,
H,
|, CO;
Siilfiir
—3] Giderme |up| Dobincls SuGaz | | €O, €0,
slemi Déntigiim Degistirme Aynima

‘ Metanlaghrma

Sekil 12. Dogalgazin buhar reformasyonu (Spath&Mann, 2001; Kincay vd., 2008).

2.2.2.  Kismi oksidasyon

Kismi oksidasyon prosesinde kapali bir yanma odasinin igerisinde hidrokarbonun su buhari ile reaksiyonu
gergeklestirilir. Sinirli miktarda O, eklenerek sicaklik 1300-1500°C araliginda tutularak katalitik olmayan kismi
bir yanma gergeklestirilir. Reaksiyon sonunda H,, CO ile az miktarda CH,;, CO, ve sentez gazi elde edilir
(Roseno vd., 2019). Sekil 13°te bahsedilen yontem gosterilmektedir.

R
Dogal T
o
gaz ) 5 Su+ Gaz Degisim | | 3 Egr"l’l::l' e
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Sekil 13. Kismi oksidasyon reaksionunu isleyisi (Kincay vd., 2008).

Ayrica kismi miktarda CO, ve CH, iiretilir. Kismi oksidasyon prosesinde kiikiirt giderme islemine gerek yoktur.
Genis bir ¢caligma aralig1 oldugundan %95-99 saflikta O, kullanilir. Tepkime asamalari:

CH, + 20,—C0, + 2H,0 (24)
CH, + CO,—2CO + 2H, (25)
CH, + H,0—CO + 3H,0 (26)
Toplam CH, + % 0,—CO + 2H, (27)

Ikinci ve {iglincii tepkimeler endotermik reaksiyondur. Bu tepkimeler i¢in gerekli olan 1s1 birinci tepkimeden
karsilanir. Toplam tepkime ekzotermik olup ayni kosullarda 1sinin geri kazanimi saglanabilir.

2.2.3. Sicaklik 6zdenetimli doniisiim (SD)

Hidrojen {iiretimi i¢in son yillarda endotermik ve ekzotermik reaksiyonlar birlestirilerek yeni ydntemler
gelistirilmeye calistlmistir. Bu siirecin ¢alisma prensibine goére hidrokarbonlar, su-oksijen karisiminda
parcalanmaktadir. Sonug olarak CO, CO, ve H, elde edilir. Reaksiyon, denklem (28)’de gosterilmektedir.

CH4 + 02 + HQO - 2H2 + COZ + CO (28)

Reaksiyona gore stokiyometrik olarak oksijen-Su-yakit katsayilari birbirine bagimli degistirilerek iiretimin
verimliligi arttirilir. Sekil 14’te SD akis semasi gosterilmektedir.
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Sekil 14. SD akis semast (Ers6z vd., 2003).

Olusturulan proses ile kismi oksidasyon soguk ortamda baslar. Isinma islemi tamamlandiktan sonra buharla
dontisiim yontemi devreye girer. Agir Ozellikteki hidrokarbonlar ile SD etkilesmeye devam eder. Oksitleyici
olarak oksijen kullanilir. Fakat bu prosesin otomotiv sistemleri igin elverigli olmadigi belirlenmistir. Su ve
hidrokarbon buharlastirilarak bir karisim odasina alimir. Ote yandan isitilan hava ikinci bir karisim kabina
(su+hidrokarbon) aktarilmistir. Aktarim islemi tamamlandiktan sonra ti¢iincii bir karisim seklinde (SD) sisteme
giris yapilmistir. Bu doniisiim kullanilarak ortamda bulunan CO’i CO;’ye doniistiirmek planlanmistir. Ayrica es
zamanl bir sekilde H; gazi iiretilmistir. Elde edilen hidrojen ile zenginlestirilen gaz, yakit pili sistemlerine uygun
olmadig igin sogutularak kurutulmustur. SD ¢ikish iriinlerin doniisiim reaksiyonlarmin sicaklik kosullart 700-
900°C olarak olgtlmiistiir (Sadati vd., 2015). SD proseslerinde serbest C ve diisiik seviyede CO olusumunu
saglayabilmek i¢in etan (C,Hg), CH,4, propan (CsHs) ve biitan (C4Hyp) gibi dogalgaz karigimlarinin olusturdugu
etkiler g6z Oniine alinarak SD yontemi ile en dogru H, liretiminin incelemesi yapilmaktadir (Gnanapragasam vd.,
2010).

2.2.4. Termal yollar ile dogalgazin parcalanmasi

2000°C’de ve oksijensiz ortamda hidrokarbon bilegikler 1sitilarak pargalanirlar. Yan {iriin olarak siyah karbon
iiretilir. Bu yontem ekonomik agidan oldukga yarar saglar. Yontemin en dnemli avantaji ise hidrojen iiretimi
strasinda CO; salimi olmamasidir. Sekil 15°te dogalgazin parcalanmasi sematize edilmistir.

Dagitica

Depolama
Reformasyon

Kompresir
Dogalgaz
= |
L

Sekil 15. Dogalgazin termal yollarla pargalanmasi (URL-2, 2019).

2.2.5. Ototermal reformasyon
Bu yontemin temeli, buhar reformasyonunun kismi oksitlenmeyle birlikte kullanilmasina dayanir. Yanma-
reformasyon tepkimeleri denklem (29) ve denklem (30)’da gosterilmektedir.

CH4+ % O, — CO + 2H, (Ekzotermik) (29)
CH,4 + H,O — CO + 3H,; (Endotermik) (30)
T: 850°C ve tizeri sicakliklar

2.2.6. Komiiriin gazlastirilmasi

Komiirlin gazlastirilmas: iki agsamali bir prosestir. Birinci asama piroliz, ikinci asama komiir gazlastirmadir.
Piroliz basamaginda, 300-500°C sicakliklar arasinda diisiik molekiil agirligina sahip bilesiklerin olusumu ele
alinir. Bu bilesenler temelde yogunlasamayan gazlar veya katrandir. Normal sartlar altinda piroliz kalintist ya da
komiir, gercek komiiriin %55’ inden %70’e kadar olanini tanimlar. Yanma ve gazlagma proeslerinin bilinen
sicakliklarda pirolize gore komiir gazlastirma reaksiyonlar1 olduk¢a yavastir. Komiiriin gazlagtirilmasi
asamasinda asagidaki denklem kullanilabilir. Reaksiyon basladiginda gazlasma siireci ilerler ve boylelikle kdmiir
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agirlik kaybetmeye baglar. Burada yanma hizi, gazlagma siirecini belirlemede kullanilir (Gnhanapragasam vd.,
2010). Gazlagma hizim belirlemede diisiiniilen 2 ana yol vadir. Bunlar asagidaki denklemlerde gosterilmistir.

1. Ana Yol

1 dw 1 dx

(r: Normalize edilen gazlagsma hizi, t: Zaman, W: t zaman sonraki komiiriin sahip oldugu agirlik, X: Doniisen
komiir)

2. Ana Yol

r=22W_& (32)

Wo Tdr a
(r: Gazlagma hizi, Wp: Kdmiiriin giristeki kiitlesi olarak disiiniilebilir.)

Literatiir taramasinda, arastirmacilar genellikle birinci denklemi kullanmaktadirlar. Komiirlin gazlastirma
isleminde kargilagilan ii¢ tasima basamagi Sekil 16°da gosterilmektedir.

co M HO

Gaz Sinir Filmi

Gozenek

Sekil 16. Komiirlerin gazlastirma asamasindaki tasima mekanizmalar1 (Canel, 1986).

1. Basamak: Gazlastiricinin kdmiir yiizeyinde olusturdugu hidrodinamik tabak ig¢indeki difiizyon islemi,
2. Basamak: Komiir gézenegi i¢indeki diflizyon iglemi,
3. Basamak: Gozenek yiizeylerindeki kimyasal tepkime (Denklem (33) gosterilmektedir.)

C+ H20—>CO + H2 (33)

Komiiriin gazlastirma islemlerinin kimyasal ve fiziksel Ozellikleri incelendiginde, kullanilan gazlastirma
yontemleri {i¢ grupta toplanmaktadir. Bunlar:

1. Sabit yatakta gazlastirma:_Bu islem ters akim ilkesine gore yapilan ototermik bir islem olup, iistten verilen
komiiriin asagiya ilerlemesiyle reaksiyon baslar. Sirasiyla kurutma, 1sil bozunma ve gazlagsma asamalarina tabi
tutulur. Reaktoriin alt kismina ulasan karbon icerikli bilesikler ve kok, reaktor kismina su buhari ile verilen
oksijenle yakilarak gerekli 1s1 saglanir. Bu metotla 1s1 ile sismeyen ya da ¢ok az sisen linyit, turba ve antrasit
koklar1 10-50 milimetre (mm) biiyiikliige getirilerek gazlastirilir. Sekil 17°de gazlastirma diizenegi gosterilmistir.

K Smiir

uhar
Gaz clagt Karigtiric

(Gazlastirma bolgesi
lzgara Su geketi

Kl
Buhar + O3

Buharh 1sihict

Sekil 2 Sabit yatakta gazlastirma yontemi (Demirtas&Danigsmaz, 2016; Canel, 1986)

2. Akiskan yatakta gazlastirma: Akiskan yatakta gazlastirmada komiir ya da kok tanecikleri tamamen karigtigi
icin homojen bir sicaklik (800-900°C dolayinda) dagilimi gazlastirma odasinda olusur. Kati pargaciklar
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gazlagma odasinda ortalama 30 dakika, gazlar 1 dakika kadar bekletilir. Sisme yapan kiigiik tanecikli komiirler
bu yontemle gazlastirilir. Sekil 18’de akigkan yatakta gazlagtirma yontemi gosterilmistir.

Sekil 18.3 Akigkan yatakta gazlastirma yontemi (Canel, 1986).

3. Hareketli yatakta gazlastirma:_Bu sistemde ¢ok ince 6giitiilmiis (0-1 mm) komiir, oksijen ve su buhari ile
karigmis halde reaktore piiskiirtiiliir ve reaksiyon baglar. Sistemde katinin hizi, gaza gére daha hizli azalir. Kati
tanecikler ile gaz arasinda biiyiik bagil hiz farki olusur. Yiiksek sicakliklar altinda kati ile gaz arasinda olusan
siir bu farktan dolay1 bozulur. Boylelikle katinin gaza doniisiim hizi artmis olur. Bu yontem 1300°C sicaklik
lizerinde gerceklestigi igin her cins komiir ve kokun gazlagtirilmasinda kullanmilir. Sekil 19°da hareketli yatakta
gazlagtirma yontemi gosterilmektedir.

Gaz gilast

Komiir tozu + Oz
—

Komir tozu + O2
-

Buhar
—

Sekil 49. Hareketli yatakta gazlastirma yontemi (Canel, 1986).

2.2.7. Kvaerner yontemi

Kvaerner yontemiyle hidrojen enerjisi iiretebilmek icin fosil kdkenli bir yakita elektrik enerjisi aktarilir. Ayrica
bu yontem ile aktif komiirde elde edilir. Bu sistemde hidrokarbonlar, saf karbon ve hidrojene yiiksek
sicakliklarda ayrigabilir. Bu yontem ilk olarak 1999 yilinda Norveg¢’te bulunan firmalar tarafindan kullanilmigtir.
Olusan reaksiyon, denklem (34)’te gosterilmektedir.

C.Hm + Enerji > nC + m/2 H, (34)
T: 1600°C

Reaksiyon sonunda CO, olusmamasi diger iiretim yontemlerine gore avantaj saglamaktadir. Elde edilen mevcut
enerjinin yaklagik %40°1 aktif karbon, %10 su buhart ve %48’i hidrojendir (Lee, 2015).

3. Hidrojenin Depolanmasi

Artan niifus beraberinde enerjiye olan ihtiyac1 da arttirmistir. Giiniimiiz diinyasinda enerji kiiresel bir giic
unsurudur. Enerjinin {iretilmesi kadar iiretilen enerjinin depolanmasi da 6nem arz etmektedir. Bu caligmada
hidrojenin iiretim metotlar1 agiklanmaya calisilmig olup, bu kisimda hidrojenin depolanma gesitlerinden
bahsedilecektir. Hidrojenin depolanma c¢esitleri boyutlara ve uygulama sekillerine bagli olarak farklilik
gostermektedir (Tarkowski, 2019). Hidrojen diisiik yogunlukta oldugu igin depolanmasinda da zorluklar ortaya
¢ikmaktadir. Hidrojenin belli basli depolama c¢esitleri sunlardir:

3.1 Sikistirilmis gaz:_En yaygin hidrojen depolama yontemidir. Hidrojen gaz halde basingli tanklarda depo
edilir. Gliniimiiz sartlarinda hidrojen 50 L’lik silindir tanklarda 200-250 bar’lik basing altinda depo edilmektedir.
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Hidrojen ¢ok hafif bir gaz oldugu i¢in hacimsel enerji yogunlugu da oldukga diisiiktiir. Depolarda olusan yiiksek
basing sebebiyle tanklarin agirliga fazladir. Bu durum hidrojenin verimini diisirmektedir (Zhao vd., 2019).

3.2 Sv1 hidrojen:_Hidrojenin sivilastirilarak depo edilmesi uzun ve zor bir siirectir. Bu islemler icin gereken
enerji hidrojenin sahip oldugu enerjinin 1/3’l kadardir. Sivilastirilmig hidrojen genel olarak uzay caligmalar1 gibi
yiiksek depolama yogunlugu gerekli alanlarda kullanilmaktadir. Yeni gelisen teknolojilerle hidrojen yakitiyla
calisan otomobillerde 6zel olarak tasarlanmis hidrojen tanklari bulunmaktadir. Sivilagtirarak depo etmenin
nedeni ise hidrojenin petrole gore daha fazla hacim kaplamasidir. Sivilastirma icin sofutma sistemlerine ve
yiiksek basinca gereksinim duyulmaktadir. Sivi depolama yontemi gaz sikistirmaya goére daha diisiik basing
gerektirdigi i¢in giivenilir bir metottur (Shi vd., 2019).

3.3 Karbon nanotiipler:_Bu yontem ile hidrojen basing altinda siiper aktif grafit yilizey iizerinde depolanir.
Uygulama igin duruma gore soguk ortam veya oda sicakligi ortami gerekmektedir. Sistem agirligi %4 hidrojen
depolayabilmektedir. Verimi iki katina c¢ikarabilmek icin calismalar siirmektedir. Bu teknik sikistirilmig gaz
teknigine benzerlik gésterse de basinglandirilmig tanklar grafit ile doldurulmaktadir (Panigrahi vd., 2018).

3.4 Hidrokarbonlar:_Etanol, biitanol ve metanol gibi hidrokarbonlu yakitlar basing ve birim hacimde saf sivi
hidrojenden daha fazla hidrojen tasimaktadirlar. Hidrojeni hidrokarbonlardan ayirmak i¢in yiiksek sicakliklarda
su buhart kullanilir. Hidrokarbonlu bilesikler arasindan metanol kolay bir sekilde ayrisir ve diigilk miktarda
emisyon olusturur. Yontemin avantaji; pahali depolama ve dolum tesislerine ihtiya¢ duyulmamasidir.
Dezavantaji ise; araglarda hidrojen doniisiim sistemlerine gerek olmasidir.

3.5 Metal hidritler:_Metal hidritler hidrojeni kolaylikla emebilen bir metal olarak bilinir. Metal hidrit olusum
stiresince hidrojen molekiilleri ayrisip, elde edilen hidrojen atomlart uygun metal kafesler igerisinde tutulur.
Metallerin, hidrojeni emmesi ve salmasi belli parametreler gercevesinde gergeklesir. Bu parametreler arasinda;
hidrojenin basinci, metal sicakligi ve hidrojenin akis hizi yer alir. Hidrit sistemler ile depolanan hidrojen
elektrikli otomobillerde, sogutucu sistemlerde, 1s1 pompa sistemlerinde ve beyaz esyalarda kullanilmasi gevresel
kirliligi azaltip, kiiresel 1stnmanin ilerlemesine engel olabilecektir (Manickam vd., 2019).

4. Tiirkiye’de Hidrojen Enerjisinin Kullanimi (UNIDO-ICHET’in Kurulmasi)

21 Ekim 2003’te Enerji ve Tabi Kaynaklar Bakanlig1 ve Birlesmis Milletler Sinai Kalkinma Teskilati (UNIDO)
arasinda Viyana’da alinan karara gére UNIDO-ICHET teskilati kurulmustur. ICHET kurulusu, 2004 yilinda
Prof. Dr. T. Nejat Veziroglu bagkanliginda faaliyete baglamigtir. UNIDO-ICHET kurulusunun gergeklestirdigi
faaliyetler sunlardir:

1. Veri Bankasi’nin kurulmasi (Diinya’da yapilan hidrojen enerjisi Ar-Ge faaliyetleri ve
endiistriyel gelismeleri kapsar).

2. Hidrojen enerjisi hakkinda ¢aligmalar yapmak, konferanslar diizenlemek, kisa ve uzun dénemli
egitim programlarini gergeklestirmek.

3. Hidrojen kullanim1 hakkinda politikalar1 belirlemek

4 Pilot tesisler kurarak faaliyete gegmesini saglamak

5. Hidrojen kullanimini sanayide yayginlastirmak

6. Hidrojenin iiretim, dagitim ve depolanmasini kontrol altina almak

7 Hidrojenin endiistriyel alanda kullanimi saglamak i¢in denemeler yapmaktir (Dinger&Aslan,
2

4.1. UNIDO-ICHET in Pilot Projeleri
Hidrojen enerjisinin yaygin hale getirebilmek icin diinyanin ¢esitli bolgelerinde pilot tesisler kurulmustur. Sekil
20°de UNIDO-ICHET in diinyadaki pilot tesisleri gosterilmektedir.
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Sekil 20. UNIDO-ICHET in pilot projeleri (Kurtulus vd., 2004).

Pilot tesis ¢aligmalari arasinda Tiirkiye’de hidrojenle ¢alisan otobiis ve Bozcaada’da yer alan riizgardan hidrojen
{iretimi projeleri yer almaktadir. Tasarlanan projeye gdre Istanbul ilinde faaliyet gdsterecek hidrojenli otobiisler
icin gerekli olan yakit gece kullanilmayan elektrikten temin edilecektir. Bozcaada projesinde ise elde edilecek
enerji ada halki tarafinda yakit olarak kullanilacaktir. Diger pilot tesis ¢caligmalarina bakildiginda:

Cin: Hidrojeni kii¢iik bir hidroelektrik santralden elde edilecektir.

Arjantin: Hidrojeni riizgar tiirbinlerinden elde edilecektir. Bahsedilen iki proje bolgesel kalkinmayi
saglayacaktir.

Giiney Kore ve Hindistan: Hidrojen yakiti kullanilan tasitlar {izerinde ¢alismalar yapilacaktir. Gliney Kore’de
Chonnam bolgesinde hidrojenli otobiisler faaliyet gosterecektir. Hindistan’da ise li¢ tekerlekli araglardan olusan
bir filo kurularak Delhi bolgesinde faaliyet gosterecektir.

Libya: Hidrojeni giines panellerinden iiretilecektir. Bolgesel kalkinma saglanacaktir.

Portekiz: Hidrojen yenilenebilir enerji kaynaklari ile iiretilecektir. Uretilen hidrojen Azores bdlgesinin Terceria
Adasi’nda kullanilacaktir. Diinya genelinde yapilan calismalar her gecen giin artacaktir. Misir, Rusya,
Kolombiya ve Italya gibi iilkelerde hidrojen kullanimi yaygin hale gelecektir.

4.2. Demonstrasyon Projeleri
Tiirkiye’nin lider lilke konumuna gegebilmesi icin UNIDO-ICHET in organize ettigi hidrojen demonstrasyon
projeleri olusturarak sanayi kuruluslari ile is birligi yapmaktadir. Ornegin;

1. TEMSA, Tiirk Hava Yollar1 (THY), Tiirkiye Petrolleri Anonim Ortaklig1 (TPAO) ile Atatiirk
Hava Alani’nda hidrojenli otobiis projeleri,

2. BOSCH, Demirer Holding, Cukurova Holding sirketlerinde riizgardan elde edilen hidrojenin
fabrikalar igerisinde kullanimi (margarin iiretimi ve forklift yakit1 olarak),

3. Ankara’da bir hastanede ambulanslarda yakit olarak hidrojen kullanimi gibi ¢aligmalar
yapilmustir (Onal& Yarbay, 2010).

5. Sonuc ve Oneriler

Fosil kaynakli yakitlarin kullanimindan kaynaklanan CO, salimi sebebiyle arastirmalar yenilebilir enerji
kaynaklar iizerinde yogunlasmistir. Yenilebilir enerji kaynaklar1 arasinda giines enerjisi, rlizgar enerjisi ve
biyokiitle enerjisi yer almaktadir.

Yenilebilir enerji kaynaklarimin depolanmasinda ve tasinmasinda hidrojenin kullanimi 6nemli bir yer tut-
maktadir. Hidrojen, birincil enerji kaynaklar1 arasinda yer almamaktadir. Bagka enerji kaynaklariyla beraber
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kullanilan sentetik halde bulunan enerji tasiyicisidir. Artan niifus dogrultusunda kullanilan fosil yakitlarin neden
oldugu kiiresel 1sinma ve tiikenen hidrokarbon kaynaklar1 sentetik yakit olan hidrojeni cazip duruma getirmistir.
Hidrojenin uygulama sahasinda; fiiretim-imalat, tasima, dagitim, depolama ve kullamim teknolojileri
gelistirilmeye baglanmis ve diinya standartlari olusturulmustur. Hidrojen, yakin bir gelecekte enerji pazarinin her
sathasinda kullanilabilecektir. Enerji tastyicisi olarak hidrojen, ulagimda, elektrik gii¢ {iretim islemlerinde, ucak
yakitlarinda ve katalitik yanma islemlerinde kismi olarak kullanilmaktadir.

Mevcut bilgiler dogrultusunda, hidrojen ekonomik gelisimini tamamladiginda tamamen yenilenebilir enerji
kaynaklarindan iretilecektir. Yenilenebilir enerji kaynaklarinin kurulum maliyeti yiiksek oldugundan hidrojen
kullanimi suan igin yaygin degildir. Daha ¢ok fosil yakitlarin tasinmasinda ve depolanmasinda hidrojen
kullanilmaktadir. Hidrojen ekonomilerini olusturulmasinda yeni teknolojilere ihtiya¢ duyulmaktadir.

Tiirkiye hidrojen kullanimina gegis siirecinde yol haritalarini belirleyerek uygun politikalar olusturmalidir. Ar-
Ge faaliyetleri kapsaminda yapilan ¢aligmalara maddi destek saglanmalidir. Gelecegin yakiti olarak tanimlanan
hidrojen teknolojilerinin hayata ge¢irilmesi igin sanayi ve tiniversite is birligi kurulmalidir.
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Abstract

Heavy metals have restricted the plant regular life cycles affecting the plant primer and seconder metabolites by
biochemical and physiological pathways. Phenolic compounds considered as products of metabolic alterations
have been synthesized in various numbers and typical characteristic of plants. In this study, we aimed to
investigate the variations of phenolic compounds with HPLC in leaves of tomato exposed to heavy metals. The
applications of Cu, Cd and Pb significantly reduced the total phenolic content, levels of caffeic, chlorogenic and
vanillic acids in all treated groups except for 50 and 20 ppm of Pb for total phenolics and vanillic acid,
respectively. The level of benzoic acid is generally decreased by the application of heavy metals except for Cu at
50 ppm doses. Rutin is the most abundant phenolic compound in term of quantity among to analyzed phenolics
and its content decreased depending on the heavy metal doses except for 10 ppm doses of Cd. The responses of
tomato under heavy metals stress resulted in lower amount of phenolic compounds. In the present study, it was
showed that total phenolic content has positive correlations with caffeic acid in all treatment of heavy metals.
Keywords: Heavy metal, phenolic compound, tomato

1. Introduction

There are a broad stress factors affected the plant life cycles and plants exposed to these environmental
conditions. Plant growth, development and yield have flourished when stress situations are close to optimum.
The main factors that are limited plant development are abiotic stresses including salinity, drought and metal
ions. These abiotic factors have changed the plant phenolic compounds (Krdl et al., 2014). Heavy metals
accumulate in agricultural areas with various ways such as fertilizations, irrigation water, herbicides, and
pesticides. The excess of heavy metals affects the major mechanisms such as nutrient distribution,
photosynthesis, water usage, defense system, and seconder metabolites. Cadmium and lead are unnecessary and
non-useful elements, but copper is crucial micro nutrients for plant life cycles (Rascio & Navari-1zzo, 2011).
Plant growth medium comprises various elements and compounds, and the high levels of these metals change
the phenolic acids of plants. The plant responses have varied depending on the kind of elements and the presence
of heavy metal mixtures (Elguera et al., 2013). Heavy metals change the responses of plant by molecular,
biochemical and physiological pathways. The adaptability of plants to unfavorable conditions changes depending
on the respond of plant defense systems. The primary responses of plants under the stress conditions are the
formation of reactive oxygen species, and heavy metals trigger the oxidative stress, and plant defense systems
have accompanied to overcome the free radicals. The basic antioxidant system employed by plants is enzymatic
defense mechanisms such as ascorbate peroxidase, catalase, glutathione reductase, glutathione S-transferase,
guaiacol peroxidase, and superoxide dismutase. Also, plants have synthesized various seconder metabolites
including phenolic acids, flavonoids, coumarins and lignins (Gratdo et al., 2005; Sannchez-Rodriguez et al.,
2011).

Seconder metabolites have various functions and involved in response of higher plants to different
environmental factors such as pathogen attack, extreme temperature, nutrient imbalance, drought, salinity, heavy
metal. A typical characteristic of plants is to synthesize a wide variety of the seconder metabolites composed of
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various numbers of compounds such as phenylpropanoids, flavonoids, tannins and lignins. Phenolic compounds
are considered as products of metabolic alterations and one of the main groups of secondary metabolites
(Mustafa & Verpoorte, 2007; Krdl et al., 2014). Environmental factors can define the synthesis, profile, chemical
composition and level of phenolic compounds through increasing or decreasing in plants. Also, phenolic
contents of plant depended on plant age, genotype, tissues, season, and exposure time to stress (Sartor et al.,
2013; Waskiewicz et al., 2013). These phenolic performs a great number of biological functions such as being a
structural component of cell walls and regulation of auxin transport. Phenolic compounds have one or more
aromatic ring directly bonded hydroxyl group. Plant phenolics have been formed from phenylpropanoids or
acetate/malonate pathways. Plants have the ability to synthesize various phenolic compounds that are
unnecessary in the initial processes of life cycle but they have vital importance because of their interaction with
the environmental situations. Abiotic stresses such as heavy metals and excessive nutrients affect accumulation
of phenolic metabolites in plant tissues. The content of phenolic compounds is involved to various enzymes such
as chalcone synthase, phenylalanine ammonia-lyase and phosphoenolpyruvate (PEP)-carboxylase which are
responsible for the synthesis of phenolics (Bhattacharya et al., 2010; Cheynier, 2012; Bautista et al., 2016).

Phenolic compounds have different chemical structures characterized by hydroxylated aromatic rings. Benzoic
acid (BA) is aromatic carboxylic acid that serves as a precursor for a range of essential phenolic compounds and
natural product having a crucial role in plants. It provides carbon skeletons for a great number of specialized
metabolites and biosynthesis begins from the shikimate pathway (Widhalm & Dudareva, 2015). Caffeic acid
(CA) is cinnamic acid derivatives ubiquitously distributed in several plant varieties. This phenolic compound is
substrate of polyphenol oxidases and may undergo oxidation in plants under the environmental conditions. CA
has been accumulated in plant cell wall constitutes of the stress conditions in plants (Giilgin, 2006; Batish et al.,
2008). Chlorogenic acid (CGA) is phenolic generated by esterification of cinnamic acid such as caffeic and
ferulic acid, and produced through the phenylpropanoid pathways. CGA are present in all nearly all plants and
have been related with responses against to environmental stressors (Farah et al., 2008; Ncube et al., 2014).
Vanillic acid (VA) is the oxidized form of vanillin and one of the phenolic acids identified in many plants. It
may be used as a natural antioxidant, and decrease peroxidation of lipids and significantly restored enzymatic
antioxidants (Gitzinger et al., 2012; Calixto-Campos et al., 2015). Rutin is one of the bioactive flavonoids with
physiological properties in plants. Rutin content in various herbs has been differed depending on environmental
factors and growth stages of plants (Zhao et al., 2015).

Phenolic profiles of cereals have been intensively investigated in cereal grains, medicinal and aromatic plants
due to their antioxidant activity and potential benefits, in recent years. Also, antioxidant enzymes of several
plants subjected to biotic and abiotic stresses have been studied by plant physiologist (Gill & Tuteja, 2010;
Farooq et al., 2013; Grace et al., 2014; Bajoub et al., 2015). Moreover, total and individual phenolics of plants
which they have not exposed any special stresses have been working by chemists (Bajpai et al., 2005; Djeridane
et al., 2006; Manguro & Lemmen, 2007; Dudonne et al., 2009; Zhang et al., 2011). In recent years, although the
relationships between the abiotic stress and phenolic compounds have been newly investigated, there are no
enough studies carried out individual phenolic compounds in plants exposed to environmental stress (Kovacik et
al., 2009c; Kisa et al., 2016). In the present study, it is evaluated the effect of cadmium, copper and lead applied
in different doses on total and individual phenolic compounds of tomato. Also, we want to indicate the
interaction between total phenolic levels and individual phenolics in terms of studied parameters.

2. Materials and methods

2.1. Plant growth conditions

Tomato (Lycopersicon esculentum) seedlings were cultivated in pots having a 12 kg equal mixture of garden soil
and peat in the greenhouse conditions with a randomized plot design. The experiment was carried with three
replications with 16:8 photoperiods, at 25+2°C, and B, Ca, Fe, Mg and Zn were treated in 20 in ppm for plant
development. When plants reached the sufficient size about three weeks later, they were exposed to 10, 20 and
50 ppm of Cd, Cu and Pb from CdCl,, CuSO, and Pb(NOs), as heavy metal sources, respectively. The
treatments were performed triplicate with an interval of two days, one time a day in the mornings. The tomato
leaves were harvested two weeks after the heavy metal exposures, and samples were kept at -80°C for chemical
analysis.

2.2. Plant phenolic compounds extraction
The tomato leaves (2g) were freshly crushed in liquid nitrogen with mortar and pestle, phenolic compounds were
extracted from fine powder with chloroform-methanol (1:4), and sonicated with ultrasonic bath for 20 min at
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room temperature. The suspension was centrifuged at 5000xg for 10 min, the supernatant was used for analysis
of total and individual phenolic compounds.

2.3. Total phenolic content determination

The total phenolic contents of tomato leaves were determined by using phenol reagent method described
previously (Singleton et al., 1965). The extract (100 puL) was diluted with distilled water (4.5 mL) and one
milliliter of Folin-Ciocalteu was added to the mixture. After the incubation for 3 min at room temperature, the
mixture was added to 300 pL of 2 % Na,COs, and it was kept at 25°C for two hours. The absorbance was read at
760 nm with UV-Vis spectrophotometer (Varian, Carry-50). The results were given as milligrams of gallic acid
equivalents using a standart curve prepared from GA.

2.4. HPLC analysis of major phenolic compounds

The identification of major individual phenolic compounds in leaves extracts was achieved by using high
performance liquid chromatography equipment (HPLC). The extracted methanol-chloroform samples were
filtered through a syringe filter (0.22 pm) and the filtrate was injected into HPLC system for analysis.
Identification of phenolic compounds in samples was characterized by matching peak retention and UV spectra
of chromatogram with those of known standard phenolic compounds. HPLC (Shimadzu) equipped with LC
20AT pump and DAD-M20A detector. Phenolic compounds separation was done by a reversed phase C18-EPS
column (150 x 4.6 mm). The mobile phase comprised of solvent A (deionized water) and B (acetonitrile: water,
5:90) and the following gradient program was briefly performed: at 0-8 min, the A:B proportion was 10:90; at
8-29 min, 15:8; at 29-40 min, 30:70; at 40-50 min, 55:45; at 60 min, 0:0 washing and equilibration of column.
The mobile phase was delivered at a rate of 1 mL min™, column oven temperature was set a 40°C, and the
absorbance read at 280 nm. Identification of phenolic compounds in samples was characterized by matching
peak retention and UV spectra of chromatogram with those of known standard phenolic compounds. The
original phenolics were purchased from Merck and Sigma-Aldrich, and the results were given as mg kg™ in fresh
weight.

2.5. Statistical analysis

The work results were performed by one-way analysis of variance (ANOVA), followed by Duncan’s multiple
tests using the SPPSS (SPSS 20.0 software). Significant differences in relation to the control groups were
accepted if p< 0.05 and data were expressed mean = SD.

3. Results

3.1. Total phenolic contents of tomato leaves

The treatment of heavy metals to the plant growth medium affected the total phenolic contents in leaves of
tomato under the different concentration of Cd, Cu and Pb. The addition of Cd and Cu in plant cultivated soils
significantly decreased the phenolic contents in all treated groups. The exposures of Pb reduced the phenolic
contents in 10 and 20 ppm doses, but there are no significant changes at the high doses (50 ppm) compared to
control plants. The decreases of total phenolic contents have showed similar reduction in leaves of tomato
exposed to Cd and Cu and all results are shown in Fig. 1.
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Fig 1. The effect of heavy metals on total phenolic compounds of tomato leaves. Different letter on bar were
considered as a significantly different at p <0.05. Data expressed as milligrams of gallic acids equivalents per
gram fresh weight.
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3.2. The effect of heavy metals on the content of major individual phenolic compounds

The effect of heavy metal on the content of benzoic acid, caffeic acid, chlorogenic acid, rutin and vanillic acid
was investigated in tomato leaves under the heavy metals. The responses of the major phenolic contents of the
leaves are usually decreased by the treatment of Cu, Cd and Pb. The contents of caffeic acid and chlorogenic
acid significantly reduced in all application of heavy metals, but a wide difference has been occurred the applied
doses of heavy metals with regard to their contents. The level of vanillic acid is significantly reduced by the all
applications of Cu and Cd. However, the treatment of Pb significantly decreased level of vanillic acid at 10 and
50 ppm doses, but it remained unchanged at 20 ppm compared to controls. The content of rutin has been changed
the applied doses and heavy metal types. The application of Cu (10, 20 ppm), Pb (20 ppm) and Cd (20, 50 ppm)
significantly decreased the content of rutin and other doses of heavy metals slightly reduced the rutin level
except 10 ppm doses of Cd. The low doses of Cd (10 ppm) slightly increased the content of rutin. Also, rutin is
the most abundant phenolic compound in terms of quantity among to investigated phenolics in tomato leaves.
The quantity of benzoic acid in leaves of tomato growth in heavy metal containing soil is usually decreased by
the application of heavy metal except for Cu at 50 ppm doses. The variations of individual phenolic compounds
of tomato discussed above are shown in Fig. 2 and 3.
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Fig 2. The level of caffeic acid, vanillic acid and chlorogenic acid of tomato leaves exposed 0, 10, 20, 50 ppm
applications of Cu, Pb and Cd. Different letter on bar were considered as a significantly different at p <0.05.
Data expressed as mg kg™ FW.
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Fig. 3. The level of benzoic acid and rutin of the leaves of tomato exposed 0, 10, 20, 50 ppm applications of Cu,
Pb and Cd. Different letter on bar were considered as a significantly different at p <0.05. Data expressed as mg

kgt FW.

3.3. The correlation analysis for phenolic compounds of tomato
The relations between the phenolic compounds of tomato planted in Cd, Cu and Pb-containing medium was
analyzed with pearson’s correlation. It is indicated that total phenolics have positive correlations with caffeic
acid, vanillic acid and rutin under the Cu treatment; caffeic acid, rutin and benzoic acid under the Pb application,
and caffeic acid, chlorogenic acid, vanillic acid, and benzoic acid under the Cd exposures. Also, there are some
positive correlation among the individual phenolic compounds under the different concentration of heavy metals
and their doses, and the correlations of all results are given in Table 1.
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T. Phenolics Caffeic Vanillic Rutin Chlorogenic Benzoic

acid acid acid acid
T. Phenolics 1 o
Caffeicacid  0,851** 1 Cu application
Vanillic acid 0,587* 0,899** 1
Rutin 0,643* 0,926** 0,990** 1
Chlorogemic o314 0750 0037** 0923 1
acid
Benzoic acid -0,279 0,200  0,595* 0,538 0,785** 1
T. Phenolics Caffeic Vanillic Rutin Chlorogenic Benzoic
acid acid acid acid
T. Phenolics 1
Caffeicacid  0,886** 1 Pb application
Vanillic acid 0,140 0,571 1
Rutin 0,609* 0,854** 0,820** 1
Chlorsgenic 220 0.628* 0903** 0,673* 1
acid
Benzoic acid 0,848** 0,970** 0,619* 0,912** 0,598* 1
T. Phenolics Caffeic Vanillic Rutin Chlorogenic Benzoic
acid acid acid acid
T. Phenolics 1 o
Caffeic acid 0.876** 1 Cd application
Vanillic acid 0,849** 0,503 1
Rutin 0,269 698* -0,264 1
Chlorogenic 3gsx 0346  0982%* -0416 1
acid
Benzoic acid 0,779** 0,477  0,849** -0217 0,047** 1

Table 1. The correlations among the phenolic compounds of tomato leaves exposed to 0, 10, 20, 50 ppm
applications of Cu, Pb and Cd. Correlation coefficient is significant at the 0.01 (**) and 0.05 (*) level (2-tailed).

4. Discussion

Plants have ability to synthesize very different phenolic compounds and the responses of the plants to various
environmental conditions are very complex. The content of phenolics show adherence to plant species, variety,
tissue, soil characteristic, climate, duration of stress, and biotic and abiotic factors. Plant phenolic compounds are
regarded as secondary metabolites known to have several functions and plant responses have varied depending
on the kind of element and potential presences of heavy metals in the plant growth medium (Weidner et al.,
2009). Environmental stress including drought, salinity and heavy metals have been considered to main causes of
secondary stress such as oxidative and osmotic stress and the generated stress have negatively affected normal
growth, development and metabolism of plants. Abiotic stress can cause a decline or an increase in phenolic
compounds in plants (Krol et al., 2014).

In the current study, addition of Cu, Cd, and Pb to the plant cultivated medium has generally decreased the total
phenolic compounds compared to control leaves of tomato plants. It was previously reported that total phenolics
in leaves of Erica andevalensis generally didn’t show a significant change by the treatment of CdSO, (Marquez-
Garcia et al., 2012). Total phenolic content of sprouts were significantly decreased at 10 and 50 mM NacCl
applications compared to controls in radish (Yuan et al., 2010). Different studies have carried in order to
evaluate total phenolic content showed that cold stress significantly decreased the total phenolic in the leaves of
grape (Amarowicz et al. 2010; Krdl et al. 2015). It was previously observed that total phenolic tended to
decrease with increasing concentration of Cd in leaves of Lepidium sativum (Elguera et al., 2013). Phenolic
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content of Greek olive cultivars (Olea europea L.) depended on cultivated months and cultivars, and total
phenolic of gaidourelia, kalamon and megaritiki didn’t show significant changes by the treatment of water deficit
stress during May, but there was a slightly increase in June at the leaves of gaidourelia, kalamon, koroneiki and
megaritiki (Petridis et al., 2012)). However, many authors demonstrated that content of total phenolic increased
in various plants under the abiotic stress (Kovacik et al., 2009c; Lim et al., 2012; Sytar et al., 2014; Manquian-
Cerda et al., 2016). These results indicate that the total phenolic compounds of tomato decreased compared to
control and these decreases have changed to treatment doses. The decrease in the total phenolic content can be
related to the decreases of individual phenolic compounds in the leaves of tomato exposed to heavy metals.
Seconder metabolites of plants changes depending on the cultivated soils and environmental conditions,
responses of plant to stress factors are different and the synthesis of phenolics is a carefully controlled process in
plants (Sannchez-Rodriguez et al., 2011). In the present study, we analyzed the major phenolic compounds of
tomato leaves, and it can be observed that individual phenolic compounds were globally higher in leaves of
control groups than in tomato leaves planted under heavy metals. The content of caffeic acid and chlorogenic
acid significantly decreased in the leaves of tomato under the each heavy metal treatments compared to control
plants. The treatment of Cd and Cu in the plant growth medium resulted in lower amount of the vanillic acid,
while the level of rutin changed depending on types and doses of heavy metals in tomato leaves. Also, benzoic
acid has been usually reduced by the addition of heavy metals on the tomato growth medium except for 50 ppm
of Cu. Similar results have been obtained with different researcher as followed studies. The content of caffeic
acid was lower under the cold stress than in the control groups of Vitis vinifera (Krél et al., 2015). It was
declared that the contents of benzoic acid, caffeic acid, and chlorogenic acid decreased while the accumulation
of vanillic acid increased, and the amount of total phenolic remained unchanged in leaves of Matricaria
chamomilla under the salt stress (Kovacik et al., 2009b). Application of CdCl, decreased the free phenolics in
leaves of Lepidium sativus such as benzoic acid, caffeic acid and chlorogenic acid (Elguera et al., 2013). It was
previously reported that biotic (nematode) and abiotic (water stress) decreased the content of rutin, while they
increased the level of chlorogenic acid in the tomato (Atkinson et al., 2011). The content of vanillic acid didn’t
show significant changes by the treatment of copper salts, but the level of chlorogenic acid showed slightly
increase in chamomile leaves (Kovacik et al., 2008). Also, application of NiCl, raised the content of caffeic acid
and chlorogenic acid and changed the content of vanillic acid depending on treated doses in chamomile leaves
(Kovacik et al., 2009a). Also, It was revealed that the level of chlorogenic acid and rutin have been raised, but
contents of caffeic acid and ferulic acid reduced in leaves of corn growth medium containing heavy metals (Kisa
etal., 2016).

In the present study, it was demonstrated that treatment of heavy metals globally decreased total phenolic content
and major individual phenolics of the tomato leaves with some exceptions. The contents of phenolic compounds
are vigorously dependent on cultivating conditions and the appearance of stressors in fields. Secondary
metabolism in plants has been widely intensified in response to cold, temperature and osmotic stress (Akula &
Ravishankar, 2016). The decreases in the phenolics should be results of the decline in the activity of crucial
enzymes involved in the biosynthesis of phenolic compounds under the heavy metal stress. Polyphenols are
generated in various plants through the phenylpropanoid pathways and the involved reactions have comprised
several enzymes such as chalcone synthase, cinnamate 4-hydroxylase, phenylalanine ammonia-lyase, p-
coumarate 3-hydroxylase, and etc. (André et al., 2009). In this study, it is indicated some phenolic compounds of
tomato exposed to heavy metals, but supplementary investigations can be carried to obtain new perspectives
which further phenolic compounds and related studies such as expressions and activities of involved enzymes.
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Oz

Bu calisma, ahsap ve moloz tas kullanilarak inga edilen tarihi Akseki - Sarithacilar Koyii Camisi’ne ait bazi
ahsaplarin anatomik teshis ve tanimini yapmak amaciyla gerceklestirilmistir. Ahsap Orneklerinin cins / tiir
teshisinin yapilmasina olanak saglayan caligilan anahtar nitelikteki anatomik 6zelliklerden traheid hiicrelerinin
radyal ¢eperlerindeki kenarli gegitlerde goriilen disli torus, incelenen biitiin ahsap Orneklerinin
Gymnospermae’lerden Pinaceae familyas: sedir (Cedrus) cinsine ait oldugunu kamitlamistir. En son sistematik
dizine gore (http://www.theplantlist.org) sedir cinsinin diinya lizerinde {i¢ tiirii bulunmaktadir. Bunlar Toros
Sediri (Cedrus libani A.Rich), Atlas Sediri (C. atlantica (Endl.) Manetti ex Carriére ve Himalaya Sediri’dir
(C. deodara (Roxb. ex D.Don) G.Don). Kibris sediri (C. brevifolia (Hook.f.) Elwes & A.Henry) C. libani var.
brevifolia Hook.f. olarak adlandiriimaktadir. Akseki-Ibradi Havzasinin Toros Daglari iizerinde yer almasi ve
ahsap ihtiyacinin ulagim imkanlarinin zor ve sinirli oldugu tarihsel déonemlerde en yakin dogal kaynaktan temin
edilmesi nedeniyle, anatomileri incelenen ahsap 6rneklerinin tamaminin Cedrus libani (Toros Sediri) tiiriine ait
oldugu soylenebilir.

Anahtar Kelimeler: Toros Sediri, Odun Anatomisi, Odun Teshisi, Sarthacilar Cami

WOOD IDENTIFICATION OF
SARIHACILAR MOSQUE IN AKSEKI

Extended Abstract

Wood, especially in the Black Sea and Mediterranean Region where the forests are abundant, the mudbrick
made with soil and soil is used in Central Anatolia, and the stone is widely used in the Aegean and
Mediterranean coasts and east and southeast Anatolia regions. The architectural tradition in a region, the
geographic conditions, and the economics of the material chosen are among the important factors affecting the
material preference in the structures related to the local architecture. Along with the residences in Anatolian
villages, buildings such as mosques, masjid, coffee houses, village rooms, mills, warehouses, and barns are
also considered within the scope of local architecture. Sarihacilar is a village near Akseki that has mountainous
and forested geography. As in the traditional buildings in the other Akseki villages on the Taurus Mountains, in
the Sarthacilar Village Mosque dated to the 19th century, wood and rubble stone were used as building
materials. It is stated that the wood-based dry masonry wall system produced by the characteristic construction
technique of Akseki-ibrad1 Basin, which is referred to as buttoned wall in the literature, reflects the thousands
of years of Anatolia's tradition and is related to the Bronze Age culture. The rectangular main part of the
mosque was built with a semi-masonry system and the later part of it was built with the buttoned wall
technique. This study was carried out in order to make anatomical diagnosis and definition of some woods
belonging to Sarihacilar Village Mosque. The anatomical features of the woods such as especially scalloped
tori and traumatic resin canals have shown that all the wood samples belong to the genus Cedar (Cedrus).
There are three different species of cedar worldwide. These are the Taurus cedar (Cedrus libani A.Rich), Atlas
Cedar (C. atlantica (Endl.) Manetti ex Carriére, and Himalayan cedar (C. deodara (Roxb. Ex D.Don) G.Don).
Due to the fact that Akseki and Ibradi Basin are located on the Taurus Mountains and the need for wood is
provided from the closest natural source in historical periods where the transportation opportunities are
difficult and limited, it can be said that all the wood samples examined belong to Cedrus libani (Taurus Cedar).

Keywords: Taurus Cedar, Wood Anatomy, Wood Diagnosis, Mosque Sarihacilar
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1. Girig

Anadolu koylerindeki konutlarla birlikte cami, mescit, kahve, koy odasi, degirmen, ambar, samanlik ve ahir
gibi yapilar da yoresel mimarlik kapsaminda degerlendirilmektedir (S6zen, 2012). Bir yoredeki mimari
gelenek, cografi kosullar ile secilen malzemenin ekonomikligi, yoresel mimariye iliskin yapilarda malzeme
tercihini etkileyen 6nemli faktorler arasindadir (Tay, 2017a). Ahsap, kerpi¢ ve tas bu tiir yapilarda tarihsel
stire¢ igerisinde en ¢ok kullanilan yapt malzemesi olarak karsimiza ¢ikmaktadir. Ahsap, 6zellikle ormanlarin
bol oldugu Karadeniz ve Akdeniz Bolgeleri’nde, toprak ve toprakla yapilan kerpi¢ Orta Anadolu’da, tas ise
Ege ve Akdeniz kiyilari ile Dogu ve Giineydogu Anadolu Bolgeleri’nde kullanilmaktadir (S6zen, 2012).

Sarthacilar, daglik ve ormanlik bir cografyaya sahip olan Akseki ilgesine bagli bir koydiir. Toros Daglart
tizerinde kurulu olan diger Akseki koylerindeki geleneksel yapilarda oldugu gibi, Sarihacilar Koyii Camisi’nde
de yap1 malzemesi olarak ahsap ve moloz tas kullanilmistir (Tay, 2017b). Literatiire “diigmeli duvar” olarak
gecen ve Akseki-ibradi Havzasi’min karakteristik yapi teknigiyle iiretilen ahsap hatilli kuru yigma duvar
sisteminin Anadolu’nun binlerce yillik yap1 gelenegini yansittigi ve Bronz Cag yapr kiiltiirii ile iliskili oldugu
ifade edilmektedir (Kavas, 2015; Tay, 2017b). Ahsap ve moloz tas ile insa edilen Sarihacilar K6yii Camisi iki
farkli boliimden olusmaktadir (Sekil 1). Caminin dikdortgen planli ana kismi yari-kagir sistemle yapilirken
sonradan eklenilen kuzeydeki boliimii ise “diigmeli duvar” teknigi ile insa edilmistir (Tay, 2017b). Caminin
yapim tarihi bilinmemektedir. Ancak Tay (2017b) gerek minarenin onarim tarihi (1907-1908) gerekse yoredeki
sivil mimarlik 6rneklerinin benzerliklerine dayanarak caminin 19. yiizyila tarihlendirilebilecegini belirtmistir.

Bu ¢alisma, ahsap ve moloz tas kullanilarak insa edilen Akseki-ibradi Havzasi’nin 19. yiizy1l yéresel mimari
orneklerinden olan Sarthacilar Koyii Camisi’nin muhtelif kisimlarindan alinan ahsaplarin anatomik tanimim
yapmak amaciyla gergeklestirilmistir.

e : i 32 i :

Sekil 1. Tki farkli kisimdan olusan Sarihacilar Koyii Cami. Sonradan eklenen boliimdeki “diigmeli duvar”
yu g

(Foto: D2 Mimarlik Restorasyon Proje Ins. Tic. Ltd. Sti).

2. Materyal ve Metot

Bu calismada teshisi yapilan eski ahsap malzeme (Tablo 1), Gazi Universitesi Teknokent - Ankara Ileri
Teknoloji Yatirimlart Anonim Sirketi’ne saglanan proje danigmanligi hizmeti kapsaminda Antalya Akseki
Sarthacilar Koyii Camisinden almmis ve Bartin Universitesi Orman Fakiiltesi Odun Anatomisi ve Yillik Halka
Analizleri Laboratuvari’nda incelenmistir. Tablo 1’de kodlar1 verilen ahsap orneklerinden (Sekil 2) kizakli
mikrotom (GSL-1) yardimiyla yaklasik 20-25 pm kalinliginda enine (transversal), boyuna teget ve radyal
yonde anatomik kesitler alimmustir. Ince odun kesitleri lam {izerinde gliserin ortaminda lamel ile kapatilarak
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gegici goriile olarak hazirlanmis ve Olympus CX-21 1s1tk mikroskobunda incelenerek teshis edilmistir.
Anatomik kesitlere ait mikrofotograflar Carl-Zeiss marka fotomikroskop (Axiostar plus) yardimiyla
¢ekilmistir.

Tablo 1. Akseki Sarihacilar Cami ahgap ornekleri.

Ornek Kodu Aciklamalar
AAC-A2 Kuzeybati 1,5 m seviyesinden kaplama alt1 6zgiin ahsap dikme
AAC-A4 Mabhfel alti
AAC-A6 Tavan ¢itast
AAC-A7 Bati cepheden diigme hatil
AAC-A8 Bati cepheden hatil

Sekil 2. Soldan saga AAC-A2, AAC-A4, AAC-AG, AAC-AT ve AAC-AS8 kodlu ahsaplar.

Ahsaplardan kesit alma ve kesit hazirlama ile makale yaziminda kullanilan terminoloji icin IJAWA Committe
(2004) ile Gaertner & Schweingruber (2013)’den yararlanilmistir. incelenen ahsap malzemenin belirlenen
anatomik 6zelliklerine gére teshisinde Bartin Universitesi Orman Fakiiltesi Odun Anatomisi ve Yillik Halka
Analizleri Laboratuvari’nda bulunan ksilaryum orneklerinden ve odun anatomisi ile ilgili ¢esitli makale
(Esteban vd., 2004, Yaman, 2007) ve atlaslardan (Akkemik & Yaman, 2012; Fahn vd., 1986; Hoadley, 1990;
Merev, 2003; Schoch vd., 2004) yararlanilmustir.

3. Bulgular ve Tartigma

Sekonder ksilemin incelenmesi sonucunda ahsap 6rneklerinin hangi cins ve tiirlere ait oldugu belirlenmis ve
tanim sonuglar1 Tablo 2°de gosterilmistir.

Tablo 2. Ahsap 6rneklerinin ksilolojik teshis sonuglari.

Ornekler Familya Cins ve/veya Tiir

AAC-A2 Pinaceae Cedrus libani A.Rich
AAC-A4 Pinaceae Cedrus libani A.Rich
AAC-A6 Pinaceae Cedrus libani A.Rich
AAC-A7 Pinaceae Cedrus libani A.Rich
AAC-A8 Pinaceae Cedrus libani A.Rich

Ahsap orneklerinin cins / tiir teshisinin yapilmasina olanak saglayan ve iizerinde ¢alisilan anahtar nitelikteki
anatomik Ozellikler incelenen biitiin Orneklerde aymi karakteristik anatomik 6zelliklerin bulundugunu
gdstermistir. Biitiin 6rneklerde yillik halka sinirlar1 belirgindir. [lkbahar odunu traheidleri ince ceperli - genis
liimenli iken yaz odunu traheidleri kalin ¢eperli - dar limenlidir. Yaz odunu traheidleri ayn1 zamanda radyal
yonde yassilagmistir (Sekil 3a). Odunda dogal regine kanali yoktur. Ancak, bazi yillik halkalarda traumatik
regine kanallarma rastlanmistir (Sekil 3b). flkbahar odunu traheid-6zisim karsilasma yeri gegitleri taxodioid
tiptedir. Ozisinlar1 tek siralidir, ancak traumatik regine kanallarimin bulundugu yillik halkalarda nadiren ¢ok
sirall 6ziginlar1 da bulunmaktadir. Ozigmlarinda enine traheid vardir (Heterojen Ozisini) (Sekil 3c). Her bir
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ornegin kenarli gegitlerinde goriilen disli torus 6zelligi biitiin bu ahsap Srneklerinin Gymnospermae’lerden
Pinaceae familyas1 sedir (Cedrus) cinsine ait oldugunu kanitlamaktadir. Traheid hiicrelerinin radyal
ceperlerinde kenarli gecitler cogunlukla tek sirali, nadiren iki siralidir. Kenarli gecitlerde torus kenarlari diglidir
(Sekil 3d), bu oOzellik s6z konusu orneklerin teshisinde en Onemli anahtar karakteristik Ozellik olarak
kullanilmistir (Fahn vd., 1986; Esteban vd., 2004; Akkemik & Yaman 2012). Tiirkiye’de Toros Sediri adi
verilen tek bir sedir tiirii (Cedrus libani) dogal olarak yetismektedir. Bu tiir en genis yayilisini Giiney
Anadolu’da Toros Daglari iizerinde yapmaktadir (Yaltirik & Akkemik, 2011). Toros sediri Tiirkiye’de batida
Ko6ycegiz civarindan baglayarak doguda Goksu, Kahramanmaras dolaylarina uzanir, buradan kavis ¢izerek
Amanoslar iizerinden giineye yonelir. Akseki ve Ibradi Havzasi’nin Toros Daglari iizerinde yer almasi ve
ahsap ihtiyacinin ulagim imkanlarmin zor ve sinirlt oldugu tarihsel donemlerde en yakin dogal kaynaktan temin
edilmesi nedeniyle, incelenen ahsap 6rneklerinin tamaminin Cedrus libani (Toros Sediri) tiirtine ait oldugu
sOylenebilir. Toros Sediri’nin ¢ok dayanikli, saglam ve degerli bir oduna sahip olmast yani sira, Antalya
Akseki Sarihacilar Koyii’niin dogal yayilis alammin yakininda olmasi caminin yapiminda Toros Sediri’nin
tercih edilmesinin temel nedenidir.

Sekil 3. a. enine kesit: yillik halka, ilkbahar odunu ve yaz odunu traheidleri, 6zisinlari, b. enine kesit: ilkbahar
odunu baslangicinda traumatik recine kanallari. c. radyal kesit: enine traheid g¢eperinde kenarli
gegitler, 6zigim parangim hiicreleri d. radyal kesit: kenarli gecitlerde disli torus.

Toros Sediri giiniimiizde Tiirkiye, Kibris, Suriye ve Liibnan’da dogal olarak yayilis yapmakla birlikte, Tiirkiye
hari¢ diger bolgelerdeki yayilist son derece daralmistir. Mantar ve boceklere karst dayanikli, fiziksel olarak
saglam, hos kokulu ve degerli bir oduna sahip olmasi nedeniyle Toros Sediri kerestesinin yapt malzemesi
olarak kullanimi Antik donemlere kadar uzanir (Liphshitz, 2013). Antik donemlerde Ortadogu’nun daglik
bolgelerinde bugiinkiinden ¢ok daha genis sedir ormanlarinin oldugu bilinmektedir. Ancak sedir kerestesinin
gemi, tapinak ve saraylarin yapiminda yogun olarak kullanilmasi nedeniyle Toros Daglar1 digindaki bolgelerde
sedir varligi iyice azalmigtir. Eski Misir 4. Hanedani’nin ilk Firavunu Sneferu doneminin yazili kayitlarinda
gemi ve saray kapilarinin yapimu igin ithal edilen 40 gemi dolusu sedir kerestesinden bahsedilir (Liphshitz &
Biger, 1991). Misir Giza’daki Biiyiik Pramit’in altinda kesfedilen firavun Keops’un gemisinin (M.0O. 2600)
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sedir kerestesinden yapilmis olmasi, sedir odununun kullanimina iliskin en eski arkeolojik kanitlardan biridir
(Liphshitz & Biger, 1991; Liphshitz, 2013). Diger taraftan Israil’de Tel Lachis’de bulunan karbonize sedir
odunlar1 da Bronz Cagi’nda sedir kullanimina iligkin kanitlar1 olugturmaktadir (Liphshitz & Biger, 1991).

Anadolu’da da sedir odunu Antik donemlerden giliniimiize bircok alanda kullanilmistir. Friglerin baskenti
Gordion’da Tiimiilis MM igerisinde M.O. 740’a tarihlenen mezar odasmin taban dosemesinde kullanilan
kalaslar ve kral tabutunun ana govdesi sedirdendir (Simpson & Spirydowicz, 1999). Sedir Gordion’a
muhtemelen krallar arasinda gerceklesen diplomatik takas yoluyla uzaklardan getirilmistir (URL-2). Toros
sediri Anadolu’da Uluburun ve Gelidonya’da bulunan batik Bronz Cagi gemilerinde (Liphschitz, 2012),
Yenikap: kadirgalariin kaplama kisimlarinda (Akkemik, 2015), Tatarli’daki boyali ahsap mezar odasinda
(Summerer, 2007), 1. Diinya Savasinda demiryolu travers iiretiminde (Yesilkaya, 1992) ve bu galigmada
gosterildigi tizere daha yakin yiizyillarda cami yapiminda da kullanilmigtir.

4. Sonug ve Oneriler

Ahsap, paleolitik donemlerden giiniimiize, insanoglunun en ¢ok yararlandigr malzemelerden birisidir. Heniiz
bakir, demir, tung ve kumun teknolojik amaglarla kullanilmadigi donemlerde basta yakacak olmak {izere av ve
savag ara¢ gerecleri yapiminda kullanilan ahsap, ilerleyen siireclerde ulagim teknolojileri, tarimsal ara¢ geregler
ve sanatsal yapilar olmak iizere pek ¢ok alanin temel hammadde kaynagi olmustur. Endiistri devriminden sonra
da ahsabin bir¢ok baska malzeme ile birlikte insan ihtiyaglarini karsilamaya doniik islevi devam etmistir.
Uygarlik tarihinin olusum siirecinde ahsabin kolay bulundugu veya ithal edilebildigi diinyanin farkli cografi
bolgelerinde kendine 6zgii bir “ahsap kiiltiiri” olusmustur. Anadolu tarih boyunca orman ve odunsu tiir
zenginligi ile insanligin ahsap kiiltiirii birikimine 6nemli katkilarda bulunan bir cografya olmustur. Konutlarla
birlikte cami, mescit, kahve, kdy odasi, degirmen, ambar, samanlik ve ahir gibi yoresel mimarlik kapsaminda
degerlendirilen tarihi yapilarda kullanilan ahsabin anatomik 6zelliklerine gore cins / tiir teshisi, yenileme ve
yeniden tasarimlama galigmalarinda orijinal malzemeye sadik kalinmasi baglaminda biiyiik Snem arz
etmektedir. Bu calisma ile gosterildigi tizere, Akseki Sarihacilar Kéyii Camisi’nin muhtelif kisimlarinda da
kullanilmis olan Toros Sediri tarih boyunca Dogu Akdeniz’in en 6nemli yapim malzemelerinden birisini
olusturmaktadir.

Tesekkiir

Sarthacilar Koyli Camisi’nin malzeme agisindan belgelenmesi ve arastirilmasina yonelik c¢aligmalar; T.C.
Kiiltiir ve Turizm Bakanligi’nin ilgili bélge koruma kurullart sorumlulugunda, “Antalya, Akseki Sarthacilar
Koyii Cami R6léve Restitiisyon Restorasyon ve Cevre Diizenleme Projeleri Isi” kapsaminda miiellif firma D2
Mimarlik Restorasyon Proje Insaat Tic. Ltd. Sti.’nin Gazi Universitesi Teknopark, Ankara Ileri Teknoloji
Yatirnmlar1 A.S. (AITY)'ne yaptig1 resmi basgvuru ile baglatilmis ve “Antalya, Akseki Sarihacilar Kéyii Cami
Yapisal ve Dekoratif Malzeme Analizi” adi1 altinda gergeklestirilmistir.
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FIRAT HAVZASINDA BULUNAN BAZI iLLERIN
SICAKLIK VE NEM MODELLERI

Ayse Biger
! Firat Universitesi, Miihendislik Fakiiltesi, Kimya Miihendisligi Boliimi, 23000, Elazig, Tiirkiye.

Oz

illerde niifus yogunlasmasi, yesil alanlar, sanayilesme ve sonradan olusturulan gol veya géletler iklim
yapilarinin degisimine neden olmustur. Bu c¢alisma, gelecek yillar igin, illerin iklim yapilarini tahmin etmek
iizere yapilmistir. Bu amagla, Firat Havzasinda bulunan Elazig, Diyarbakir, Sanliurfa ve Mardin illerine ait
sicaklik ve nem parametreleri meteorolojik 6l¢iim sonuglari, 23 yillik rasat siireci esas alinarak (1996-2018)
incelenmistir. illerin yillik ortalama sicakliklar1 (SO), kis aylari (Ocak, Subat, Aralik) en diisiik sicaklik
ortalamalar1 (EDSO) ve yaz aylar1 (Haziran Temmuz, Agustos) en yiiksek sicaklik ortalamalar1 (EYSO) ile
bagil nem modelleri (RN) arastirilmistir. Bolge illerinin sicaklik ortalamalari yiikselen bir degisim gosterirken
bagil nem degerleri ise kiigiilen bir degisim gostermistir. illerin, EDSO ve EYSO modeli polinom tipi, SO
modeli Diyarbakir ili i¢in polinom, Elazig, Sanlurfa ve Mardin illeri i¢in dstel bir denklem modeli
belirlenmistir. Dort ilin de nem modelleri dogrusal denklem tipindedir. Sonucta, gelecek yillarda s6z konusu
illerin sicaklik ve nem tahmin modelleri kullanarak; i) hava sartlarinin ¢evre iizerindeki etkilerini belirlemek
miimkiin olacak, ii) enerji ile ilgili ¢aligmalarda yararlanabilecek, iii) gilincellenecek yeni dig sicaklik
parametreleri esas alinarak hazirlanacak bina 1sitma ve sogutma tesisatlarinin hem kurulum maliyetleri hem de
enerji giderleri azalacaktir.

Anahtar Kelimeler: Firat havzasi, sicaklik, bagil nem, meteorolojik veri, modelleme.

TEMPERATURE AND RELATIVE HUMIDITY MODELS OF THE
REGION CITIES IN FIRAT BASIN

Extended Abstract

Population growth, green areas, industrialization, along with the lakes and ponds in the provinces have led to
changes in the climate structures. This study was carried out for predicting the climate structures of provinces
for the coming years. With this purpose in mind, The meteorological measurement results for temperature and
humidity parameters of Elazig, Diyarbakir, Sanliurfa and Mardin provinces located in Euphrates River Valles
were examined based on the 23 years of observation process (1996-2018). Annual average temperatures of the
provinces (SO), along with the lowest temperature averages (EDSO) for winter season (January, February,
December) and highest temperature averages (EYSO) of summer season (June, July, August) and the relative
humidity models (RH) were analyzed, as well. While the temperature averages of the provinces located in the
region showed an increasing change, the relative humidity values underwent a decreasing change. Polynomial
type was identified for EDSO and EYSO model of the provinces, while designating the same for SO of
Diyarbakir province, and exponential equation type for Elazig, Sanliurfa and Mardin provinces. Humidity
models of four provinces are identified as linear equation type. In conclusion, using the temperature and
humidity prediction models for the provinces in question concerning the coming years, i) it will be possible to
identify the impacts of weather conditions on the environment; ii) it will be viable to make use of the studies
concerning energy; iii) and it will be possible to minimize the installation costs and power expenses concerning
the building heating & cooling fixtures to be settled based on the outdoor temperature parameters that are
projected to be kept up-to-date.

Key words: Firat basin, temperature, relative humidity, meteorological data, modelling.
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1. Girig

Bir yorenin ge¢mis ve giiniimiizdeki enerji potansiyelini belirlemek, gelistirmek ve sorunlarinin ¢éziimii
yollarini iiretmede meteorolojik verilerin biiyiik 6nemi vardir (Bakirci vd., 2006); Cobanyildizi & Yiiksel
2013). Enerjiye olan gereksinim iklim ve hava sartlari ile dogrudan iliskilidir. Iklim verileri, binalarin
tasarlanmasinda, tarimsal {iretimin planlanmasinda, konutlar ve endiistri alanlarinin soguk havalarda 1sitilmast,
sicak havalarda sogutulmasi icin ihtiya¢ duyulan enerji ve tesisatlarinin tasariminda ¢ok biiyiik dneme sahiptir
(MGM., 2017; Dénmez, 1984).

Tiirkiye’de il ve ilgelerin dis sicakliklar1 1950°1i yillarda hazirlanmis olup gliniimiiz sartlarina uymamaktadir.
Sehirlerdeki niifus yogunlagmasi, yesil alanlar, sanayilesme ve sonradan olusturulan gél ve goletler sehirlerin
iklim yapilarma etki ederek dig sicaklik parametresinin degisimine neden olmaktadir. Dogu Anadolu’nun
onemli nehirlerinden biri olan Firat nehri {izerinde, gerek enerji iiretimi ve gerekse sulama amaciyla sinirdan
¢ikis noktasina kadar toplam bes biiyiik baraj insaat1 yapilmistir. Firat Nehri, 3290 metre rakimda Murat Nehri
ve Karasu Nehri iizerinde dogup Erzincan, Tunceli, Elaz1ig, Malatya, Diyarbakir, Adiyaman, Gaziantep ve
Sanliurfa sehirlerini gecerek Basra Korfezi'ne dokiiliir. Uzunlugu 2800 km olup, nehir iizerinde bes adet
HES’den toplam 6396 MW elektrik enerjisi iiretilmektedir. Bu gii¢, Tiirkiye'deki HES'lerden iiretilen elektrigin
% 30.8 ini, toplam elektrik tiiketiminin % 8.3’nii karsilar. Bu barajlarin enerji {iretimini saglamakla birlikte
boélgenin iklim yapisinin da degisimine neden olmustur. Konu ile ilgili 6zellikle yurt iginde bir¢ok caligmalar
yapilmis olup bu c¢aligmalart iki gruba ayirmak miimkiindiir. Birinci grup ¢aligmalar agirlikli olarak iklim
yapilari ile ilgili caligmalardir. Bu ¢alismalara bazi 6rnekler agagida verilmistir;

Bakirer vd. (2006), meteoroloji verileri kullanarak Erzurum ili igin enerji ¢alismalar1 yapmistir. Cobanyilmaz
& Yiiksel (2013), kentlerin iklim degisikliginden gorebilecegi zararlari inceleyerek Ankara Ornegini
vermislerdir. Meteoroloji Genel Mudiirligii (2017), Klimatoloji Sube Mudiirliigi tarafindan Tiirkiye’nin iklim
yapilar1 siiflandirilmasi yapilmistir. Donmez (1984), sehirlerin umumi klimatoloji ve iklimleri kapsaminda
caligmalar yapmustir. Geymen & Dirican (2016), iklim degisikligine bagli deniz seviyesi degisimlerini analiz
etmislerdir. Apple et al., (2006) ile Sen (2007), meteorolojik degerler kullanarak hava tahmin modelleri
gelistirmistir. Al-Garni et al., (1999), Suudi Arabistan iilkesinin dogu bolgelerinin iklim yapilarini incelemis ve
boélgenin riizgar giiciiniin modellemesini yapmustir. Akpinar vd. (2005), Dogu Anadolu Bdlgesi bazi illerinin
hava sartlar1 ve riizgar giiciinii arastirmstir.

ikinci grup calismalar, sonradan olusturulan gol veya goletlerin bolge iklim yapisina olan etkileri ile ilgilidir.
Bolgedeki baraj golleri Sekil 1°de goriilmektedir. Bu ¢alismalarin bazilar1 6zetle asagida verilmistir;

Sengiin (2007), Keban Baraj Goli’niin 1975 yili 6ncesi ve sonrast 30 yillik bir siirede Elazig ikliminde yapmis
oldugu degisimi incelemis ve sonuglarini degerlendirmistir. Ozkan (1996), Keban baraj géliiniin Elazig iklim
sartlarina etkisini arastirmustir. Baraj yapimindan oOnceki ve sonraki donemlerde iklim degiskenlerini
incelemistir. Baraj yapimindan sonra, kis aylarindaki sicakliklarda 6nemli artislar, yaz aylarindaki sicakliklarda
ise bir miktar azalma tespit edilmistir. Yesilata vd., (2004), GAP Bolgesi’nde sicaklik ve nem
parametrelerindeki baraj goli kaynakli degisimi arastirmiglardir. Bu c¢aligmalarin disinda, Emiroglu vd.,
(1996); Tonbul (1986); ve Kadioglu (1994), Keban Baraj Goli’niin Elazig ili, Bicer & Yildiz (1994), Atatiirk
Baraji Golii’niin Sanlwurfa ili iklim yapisina etkisini aragtirmistir. Bacanli & Tugrul (2016), Gokpinar Baraj
Goli’niin bolge illeri iklim yapisina olan etkisini incelemistir.

2 Aatirk B v R T

Sekil 1. Yukari Firat havzasinda bulunan bazi baraj gE’)rlleri
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Bu ¢aligmanin amaci, meteorolojik degerler kullanarak Yukari Firat Havzasinda bulunan bazi illerin sicaklik
ve nem gibi hava parametrelerini incelemek ve regresyon denklemlerini belirleyerek ileriki yillarda yapilacak
caligmalara bir on fikir vermektir.

2. Sicaklik, Bagil Nem ve Yéntem

2.1. Sicakhk

Her ile ait dis sicaklik parametresi (T), aylik en diisiik ve en yiiksek ortalama sicaklik degerleri, 23 yillik
(1996-2018) rasat siireci i¢in Devlet Meteoroloji Isleri Genel Miidiirliigii, meteorolojik 6lgiim sonuglarmdan
alinmigtir (MGM, 2018).

Her ilin ki mevsimi aylarina ait (Ocak, Subat, Aralik) aylik en diisiik sicaklik ortalamalarinin ortalamasi
(Tamin) Denklem (1) ve rasat siireci igin en diigiik sicaklik ortalamalarinin ortalamasi (EDSO) ise Denklem (2)
ile hesaplanmugtir (Giilferi 1996).

Tdminz(Tmin Ocak + Tmin Subal+ Tmin Arallk)-(:]-/s) (1)
Tepso=(1/n). Z Toimin (2)

Benzer sekilde yaz mevsimi i¢in (Haziran Temmuz, Agustos), her ilin en yiiksek sicaklik degerleri
ortalamalarmin ortalamasi (Tgmas), Denklem (3) ve rasat siireci i¢in en yiiksek sicaklik degerleri
ortalamalarinin ortalamasi (Tgyso Denklem (4) ile hesap edilmistir (Giilferi 1996).

Tdmaksz(TmaksHaziran + Tmaks Temmuz + Tmaks Ag“ustos)-(]-/ 3) (3)
Tevso=(1/N). 2 Taimat= 4)

Her ilin meteorolojik degerleri kullanilarak, 23 yillik rasat siireci i¢in yilin 12 ayimn en diisiik sicaklik
ortalamalariin ortalamasi (SO) Denklem (5) ile hesaplanmistir.

Tso:(lln). Z sz'r.i'h:: (5)

2.2. Bagil nem
Her ile ait bagil nem parametresinin aylik ortalama degerleri 1996-2018 rasat siireci i¢cin Devlet Meteoroloji

Isleri Genel Miidiirliigii, yillik meteorolojik &lgiim sonuglarindan alinarak 23 yillik ortalama degerleri
hesaplanmigtir (MGM, 2018).

3. Bulgular ve Tartigma

1996-2018 yillart arasinda ortalama sicaklik degisimi Sekil 2, 3, 4 ve 5’de gosterilmistir. 23 yil igin ortalama
sicaklik, Ocak, Subat ve Aralik aylar sicaklik ortalamalarinin ortalamasi1 (EDSO) ile Haziran, Temmuz ve
Agustos aylar1 sicaklik ortalamalarinin ortalamas: (EYSO) ve 12 aylik sicaklik ortalamalarinin ortalama
degerleri (SO) hesaplanarak illere goére Tablo 1 de gdsterilmistir.

Illerin EDSO, EYSO ve SO sicaklik ortalamalarinin ortalamasi degisimi, aylik ve 23 yillik rasat siiresi icin her
il ayr1 ayr1 incelenmistir.

Tablo 1. illere gore sicakli ortalamalarinin ortalamasi degerleri (°C)

iller 23 yillik ortalama sicakhik degerleri
EDSO EYSO SO
Elazig 1.73 26.08 13.55
Diyarbakir 3.31 29.52 15.98
Sanliurfa 7.32 31.35 19.10
Mardin 4.90 29.16 16.82

Incelenen illerden Elazig igin, rasat siiresince sicaklik ortalamalarinin ortalamasi degerlerinin yillara gore
degisimi Sekil 2’de gosterilmistir. Bu seklin incelenmesi halinde EDSO’nin en kiigiik degerinin 2004 yilinda
(0.3 °C), en yiiksek degerinin 2010 yilinda (4.5 °C), EYSO’nin ise en kiigiik degerinin 2004 yilinda (4.5 °C ) ve
en yiiksek degerinin 2010 yilinda (27.5 °C) gergeklestigi goriiliir. Ayni sekilde SO igin en kiigiik deger 2000




BICER Bartin University International Journal of Natural and Applied Sciences
JONAS, 2019, 2 (1): 50-58

yilinda (12.55 °C ) ve en yiiksek degeri 2011 yilinda (15.51 °C) gergeklesmistir. Bu ii¢ parametrenin yillara
gore regresyon denklemleri, ¢ok kiigiik de olsa yiikselen bir grafik gostermektedir. 1975 yilinda gol sahasi
olusan Keban Baraji ve 1988 yilinda Karakaya Baraj Golii, Elazig iline kis sartlarinda 4-5 °C bir 1ssnma yaz
sartlarda ise 2-3 °C’lik serinleme getirmistir (Akpinar vd., 2005). Gerek kiiresel 1ssnma ve gerekse Giines’teki
patlamalar Diinya genelinde bir 1sinmaya neden olmustur. Bu nedenle, rasat siiresince, Elazig ilinin sicaklik
ortalamalarinin ortalamasi 23 yillik siiregte, az da olsa yiikselme gostermektedir.
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Sekil 2. Elazig ilinin ortalama sicaklik degerlerinin lineer regresyonu

Sekil 3’lin incelenmesi halinde ortalama sicakliklarin Diyarbakir ili icin EDSO’nin en kiigiik degeri 2012
yilinda (-0.03 °C), en yiiksek degeri 2010 yilinda (6.2 °C), EYSO’nin ise en kiiciik degeri 2009 yilinda (4.7 °C)
ve en yiiksek degeri 2006 yilinda (30.67 °C) gerceklestigi goriiliir. Ayni sekilde SO icin en kiigiik degerinin
2000 yilinda (12.55 °C ) ve en yiiksek degeri 2011 yilinda (15.51 °C) gerceklesmistir. Bicer ve Yildiz (1994),
yaptiklar1 ¢aligmada, Karakaya Baraj Golii'niin etkisi ile Diyarbakir kis mevsiminde 2 °C’lik 1sinmaya ve yaz
sartlarinda 1-2 °C’lik serinleme gerceklesmistir (Kadioglu, 1994). S6z konusu sicaklik ortalamalarinin
ortalamas1 grafiklerinde rasat siiresince, azda olsa bir yiikselme gostermektedir. Bu yiikselmenin bir nedeni
kiiresel 1sinma oldugu sdylenebilir.
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Sekil 3. Diyarbakir ilinin ortalama sicaklik degerlerinin lineer regresyonu

Sanliurfa ili igin yapilan arastirmada, 1992 yilinda olusan Atatiirk Baraji Golii kis sartlarinda 1 °C derecelik
1sinma ve yaz sartlarda ise 3-4 °C’lik serinleme getirmistir (Biger &Yildiz 1994). Sekil 4°de rasat siireci
icinde incelenen sicaklik ortalamalarinin ortalamasinda bir yiikselme goriilmektedir. Sanlurfa ili igin
EDSO’nin en kiigiik degerinin 2008 yilinda (5.73 °C), en yiiksek degerinin 2010 yilinda (7.67 °C), EYSO, en
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kiiciik degerinin 1997 yilinda (29.63 °C ) ve en yiiksek degerinin 2010 yilinda (32.43 °C) gerceklesmistir. SO
icin en kiiciik degerinin 1997 yilinda (17.74 °C ) ve en yiiksek degerinin 2010 yilinda (20.69 °C)
gerceklesmistir

Sanhurfa
v=100393x + 30 BEZ
= U UDIOR T OU, 00
35 R*={,1457
— |
L
=] Bl
= 0 D134 12 58
- y = 0,0434x + 18,58
- R==10,2501
g 2
- a0
[
5 s y=0,0205x+ 707458 o EDSO (KI3)
R*=10,0185 . .

é 10 . s 3 EYSO(YAZ)

 J auolllcsobssaguasafans Msagaaaag  FIETITE] I e . [ ]
[ . BRE » oL L W &+ .
E 5 * s 9 o » SD
mh

e R - R O = B T R P Y R e T = S T R o RR o T SR Y - T Y -

[= U = (U = (A = =1 [ Y e T T == | [ T e | [ R =) e o e = e

[ O = L = e e = T T = e T e T e TR o Y e I e SN e S e Y i I e O e e SR e S e

[ B B B T B o B = B I = S o ST =t TR o RO B L B o N I o T B = BN o B =

Yillar
Sekil 4. Sanliurfa ilinin ortalama sicaklik degerlerinin lineer regresyonu

Mardin ili i¢in Sekil 5’in incelenmesinde, EDSO’nin en kiiciik degerinin 2008 yilinda (3.37 °C), en yiiksek
degerinin 2010 yilinda (7.6 °C), EYSO’nin en kiiciik degeri 1998 yilinda (27.87 °C ) ve en yiiksek degeri 1998
yilinda (30.7 °C) gerceklestigi goriiliir. SO icin en kiigiik degerin 1997 yilinda (15.83 °C ) ve en yiiksek
degerinin 2010 yilinda (18.65 °C) gerceklesmistir. Sicakliklarin yillara gére regresyon denklemlerinde
ortalama sicakliklarin rasat siirecinde azda olsa bir yiikselme mevcuttur.
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Sekil 5. Mardin ilinin ortalama sicaklik degerlerinin lineer regresyonu

Incelenen illerin EDSO, EYSO ve SO sicaklari degisim modelleri, bilgisayarda Excel programinda lineer
regresyon bagntilar1 ile birlikte belirlenmis ve Tablo 2’de topluca gosterilmistir. Bu tablonun incelenmesi
halinde, dort ilin sicaklik degisimleri dogrusal, iistel, polinom ve logaritmik model olarak inceledigi ve
modeller arasinda en biiyilk R” degerine sahip olan denklemi o ilin ilgili parametresinin modeli olarak
belirlenmistir. Tabloda topluca gdsterilen modeller ve modele ait R*ler gériilmektedir. Bu tabloda her ilin
sicaklik ortalamalarinin ortalamasit degisimlerine uygun model koyu renkle yazilmistir. Bu modellerin
incelenmesi halinde, incelenen dort ilin de EDSO ve EYSO degisim modellerinin polinom tipi bir modele
uygun oldugu belirlenmistir.. fllerin SO modelleri ise Elazig, Sanlurfa ve Mardin igin {istel bir model tipi
uyarken Diyarbakir iline ise polinom tipi model uymaktadir
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Tablo 2. {llere ait sicaklik degerleri ortalamalarinin ortalamast lineer regresyon bagintilari

Elaz1g
Model SO EDSO EYSO

Dogrusal T =0,0635*Y + 12,785 Tepso = 0,0195*Y + 1,4982 Tevso = 0,0867*Y + 25,045
R?=0,2953 R?=0,0155 R?=0,3763

Ustel Too =12,74%e20 %47 Teoso =1,2155+ 008" Tevso =25,051+e00%%™Y
R?=0,3019 R?=0,0165 R?=0,3729

Polinom Ts0=0,0007*Y?+0,0457*Y+12,86 Tepso=0.0018*Y? +0,0245*Y+1,68 Teyso=0.0021*Y?+0,0359*Y+25.26
R?=0,0203 R?=0,0203 R?=0,3841

Logaritmik Tgx=0,4527*Ln(Y)+12,532 Tepso=0,0393*Ln(Y)+1,645 Tevso=0,6412*Ln(Y)+24,646
R?=0,2249 R?=0,0009 R?=0,306

Diyarbakir

Dogrusal T =0,0033*Y + 35,577 Tepso = 0,0029*Y + 3,2823 Tevso = 0,0472%Y + 28,961
R?=0,1446 R?=0,00002 R?=0,207

Ustel Teo =15,57+e%0 %Y - Tevso =28,051+20016™Y
R?=0,1472 R?=0,2058

Polinom T50=0,0011*Y?+0,007*Y+15,69 Tepso=0,00104*Y2-0,248*Y+4,33  Teys0=0,0003*Y?+0,0547*Y+28,93
R?=0,1502 R?=0,0803 R?=0,2086

Logaritmik Tso=0,2417*Ln(Y)+15,438 Tepso=0,189*Ln(Y)+3,7404 Tevso=0,3874*Ln(Y)+28,655
R?=0,1112 R?=0,0011 R?=0,2073

Sanhurfa

Dogrusal Ty =0,0434*Y +18,58 Tepso = 0,0205*Y + 7,0749 Tevso = 0,0393*Y + 30,882
R?=0,2502 R?=0,0195 R?=0,1457

Ustel Tso =18,58%e20 %Y Tepso =7,018%e7 %02 Tevso =30,86%002%"Y
R?=0,2535 R?=0,0203 R?=0,1456

Polinom Ts0=0,0009*Y?+0,0206*Y+18,67 Tepso=0,0067*Y2-0,1415*Y+7,75 Teyso=-0,0009*Y?+0,060*Y+34,79
R?=0,0195 R?=0,093 R?=0,1483

Logaritmik Tso=0,33*Ln(Y)+18,361 Tepso=0,0152*Ln(Y)+7,2867 Tevs0=0,323*L.n(Y)+30,627
R?=0,2146 R?=0,0002 R?=0,1465

Mardin

Dogrusal  Tso=0,0412*Y + 16,326 Tepso = 0,0594*Y + 4,1928 Tevso = 0,0443*Y + 28,635
R?=0,172 R?=0,1167 R?=0,1288

Ustel Too =16,32%e20 922" Teoso =4,104%12%7"Y Tevso =28,623%¢2 002"
R?=01757 R?=0,1176 R?=0,1302

Polinom Ts0=0,0021*Y%-0,0098*Y+16,034  Tepso=0,0009*Y2 +0,0376*Y+4,28 Teyso=0,0045*Y?+0,0631*Y+29,08
R?=0,1167 R?=0,1396 R?=0,3841

Logaritmik Ts,=0,300*Ln(Y)+16,146 Tepso=0,4712*Ln(Y)+3,85 Tevso=0,291*Ln(Y)+28,313
R?=0,136 R?=0,1089 R?=0,0826

(Tabloda; T sicaklik, Y=Y1l)

Bagil nem, hava igerisinde bulunan nemin o sicakliktaki maksimum neme oranidir. Bir yerde yagis olabilmesi
icin bagil nemin %100 ‘i asmas1 gerekir. Sicaklik arttikga bagil nem azalir. Sebebi 1sinan havanin hacminin
genislemesiyle alabilecegi nemin artmasidir. Bagil nem azaldik¢a buharlasma artarken, bagil nem arttikga
buharlagma azalir. Tablo 3’iin incelenmesi halinde, 1996-2018 yillar1 arasinda en kiigiik ve en biiyiik ortalama
bagil nem degerleri Elazig icin % 46.17 - %57.36, Diyarbakir i¢in % 44.51 - %62.71, Sanliurfa i¢in % 42.20 -
%60.84 ve Mardin ili i¢cin % 39.45 — %50.20 olarak goriilmektedir. Yillara gore ortalama bagil nem orani
degisimi Sekil 6’de grafik halinde gosterilmistir. 23 yillik rasat slirecinde bagil nem ortalamalarinin ortalama
ortalamasi, Elazig i¢cin % 53.46, Diyarbakir i¢in % 52.50, Sanlurfa i¢in % 50.84 ve Mardin ili igin %53.2
olarak hesaplanmustir. Sekil 6°da goriilen ortalama bagil nem denklem ve egrilerinde, uygun modelin dogrusal
tip oldugu ve denklem basindaki (-) isareti ile denklemin azalan bir meyil gosterdigi anlasilmaktadir.
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Tablo 3. {llere gore ortalama bagil nem degerleri
Yillar Elazig  Diyarbakir Sanhurfa Mardin

1996 59.28 62.71 60.84 50.09
1997 59.98 60.15 53.7 48.52
1998 60.42 52.39 56.52 41.48
1999 58.23 48.93 55.39 40.39
2000 55.85 47.85 54.27 44.08
2001 56.61 54.25 55.53 50.20
2002 57.36 50.71 57.41 45.44
2003 56.02 52.65 56.94 47.07
2004 52.08 50.24 53.71 41.19
2005 51.47 48.69 54.64 48.17
2006 49.22 54,71 54.18 49.24
2007 49.44 57.22 54.47 45.20
2008 46.17 44.51 52.12 46.62
2009 51.66 54.94 49.69 40.60
2010 51.47 49.68 43.34 39.45
2011 53.61 52.41 45.32 42.45
2012 55.48 53.17 45.62 43.27
2013 52.14 52.19 42.77 40.87
2014 52.32 54.42 45.50 41.64
2015 53.97 54.37 47.76 4457
2016 49.03 50.14 43.85 43.62
2017 47.66 50.62 42.20 40.92
2018 50.17 50.48 4.3.46 41.32
60 § . L Y .. .
— [ ] Q e | “ ...
5 50 & . o - : i - P
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Sekil 6. illerin ortalama bagil nem degerlerinin lineer regresyonu
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Tablo 2’de illere uygunlugu belirlenen sicaklik ve Tablo 3’de belirlenen nem modelleri topluca Tablo 4 de
gosterilmistir.

Tablo 4. illere ait sicaklik ve nem degerlerinin lineer regresyon bagintilari

iller iklim Parametresi Lineer regresyon modelleri
SO Teo =12,74%e"0%47Y
Elazig EDSO Tepso=0,0018*Y? +0,0245*Y+1,68
EYSO Tevso=0,0003*Y?+0,0547*Y+28,93
RN RN = - 0,4299*Y + 58,622
SO Ts0=0,0011*Y?+0,007*Y+15,69
Diyarbakir EDSO Tepso=0,00104*Y? -0,248*Y+4,33
EYSO Tevso=0,3874*Ln(Y)+28,655
RN RN = - 0,1591*Y + 54,406
SO Tso =18,58*e20 %Y
Sanhurfa EDSO Tepso=0,0067*Y? -0,1415*Y+7,75
EYSO Tevso=-0,0009%Y?+0,060*Y+34,79
SO RN = - 0,7586*Y + 59,939
SO Tso =16,32%e200227Y
Mardin EDSO Tepso=0,0009%Y? +0,0376*Y+4,28
EYSO Tevso=0,0045*Y?+0,0631*Y+29,08
RN RN= - 0,2422*Y + 47,098

Tabloda, T sicaklik, Y=Y1l ve RN bagil nemdir

4. Sonuglar
Bu ¢alismada Yukar: Firat havzasinda bulunan Elaz1g, Diyarbakir, Sanlurfa ve Mardin illerinin 23 yillik
rasat silireci i¢in meteorolojik veriler kullanarak, illerin sicaklik ortalamasi ve bagil nem parametrelerine ait
degisim modelleri belirlenmistir.

v Incelenen illerin, EDSO, EYSO, SO ve RN degisimlerinin ortalamasin1 veren modellerden; dort ilim
EDSO ve EYSO modeli polinom tipi, SO i¢in ise Diyarbakir iline polinom, Elazig, Sanliurfa ve Mardin illeri
igin stel bir denklem modeli belirlenmistir

v Incelenen illerin nem modelleri dogrusal denklem modeli tipindedir.

v Incelenen bélge illerinin sicaklik ortalamalar yiikselen bir degisim gosterirken bagil nem ise kiigiilen
bir degisim gostermektedir

v .Bu modeller ile s6z konusu illerin gelecek yillardaki sicaklik ortalamalar1 ve bagil nem parametrelerini
tahmin etmek ve bu tahmini hava sartlarinin ¢evre {izerindeki etkileri belirleyebilmek miimkiin olacaktir

v Isitma tesisatlarinin tasarimida 6nemli bir parametre olan dis sicaklik parametresi ¢cok eski yillara gore
hesaplanmistir. Bolgede olusturulan baraj golleri ve kiiresel 1sinma nedenleri ile dis sicaklik parametrelerinin
gilincellenmesi gerekir. Bu calisma, iilke genelinde disg sicaklik parametresinin yaz ve kig sezonlari igin
giincellenmesine yardimei olabilecektir.

v Giincellenecek yeni dis sicaklik parametresi ile hazirlanacak 1sitma tesisatlar1 tasarimlari ile hem yap1
maliyetleri hem de enerji giderleri azalacaktir.

Tesekkiir: Calismada kullamlan meteorolojik 6l¢iim verilerinin temininden dolayr “Devlet Meteoroloji Isleri
Genel Miidiirligi” ne ilgi ve yardimlarindan dolayi tesekkiir ederim.
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ENERGY AND EXERGY ANALYSIS OF A NOVEL
THREE-STAGE HEAT PUMP DRYING SYSTEM

Recep Ekiciler'”
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Abstract

A three-stage heat pump dryer is analyzed and assessed in terms of energy and exergy performances using
different refrigerants such as R134-a, R12, and R22. Many parametric optimization studies are applied for the
corresponding system in order to specify the best performing system and environmental parameters. R12
shows the highest energy and exergy efficiencies while requirement of compressor work is low when R12 is
used as a refrigerant. The system is not much influenced from the environmental conditions. In addition, the
overall system energy and exergy efficiencies are 44.23% and 55.7% for R134-a, respectively.

Keywords: Three-stage heat pump dryer, exergy efficiency, destruction, energy, specific humidity rate.

1. Introduction

The principal purpose of a drying system is to get a dried product of intended quality. Drying is a process in
which removal of moisture takes place by energy input. Namely, heat pump drying system is to give the
product more heat when compared with environmental conditions. It also energy intensive process. It has a lot
of applications such as timber, textile, agriculture, and food. So, there are a lot of studies to improve the
efficiency and product quality.

Hodget (1976) firstly investigated heat pump dryer. The efficiency of heat pump dryer was studied. He found
that energy consumption is less than comparing the conventional steam heated dryer. In addition, he mentioned
the principal of the dehumidifying of heat pump and how its usage could permit improvements in drying
efficiency. Cunney & William (1984) studied an engine driven heat pump dryer. They obtained that engine
driven heat pump has better performance in term of energy consumption. Meyer & Greyvenstein (1992)
performed life cycle cost analysis of a heat pump dryer for drying grain. They argued energy requirement for
drying. They also compared different device of energy cost. They conclude that heat pump dryer is more
economical than conventional electrical heating device. Soylemez (2006) presented a study about economic
analysis of heat pump dryer. He obtained optimum size of components and optimum temperature at optimum
minimum life cycle energy cost. Ameen & Bari (2004) investigated whether clothes can be dry or not using
waste heat of condenser. They compared that drying rate of the system with trading dryer and drying which
occurs at environmental conditions. They found that waste heat of condenser could be utilized for drying.
Colak & Hepbash (2005) investigated the exergy analysis of heat pump drying system. They performed exergy
efficiency and exergy destruction for drying of apple. Erbay & icier (2009) made an optimization to dry olive
leaves using heat pump dryer. The purposes of this study are given following order: obtain the effect of some
system parameters and optimum working conditions for this system. Gan et al. (2017) investigated an
experimental study to understand the effect of temperature and relative humidity on drying of Malaysian bird’s
nest. They obtained that temperature significantly influences the drying as relative humidity is greater. In
addition, energy efficiency of the drying system is high in compared with the other drying system. Erbay &
Hepbasli (2013) conducted a study about exergy analysis of heat pump dryer. Their purpose is given following:
to interpret the exergy performance and to obtain optimum temperature for the system. Furthermore, they
determined the exergy destruction rate for each part of the system. Erbay & Hepbash (2014) firstly made an
evaluation of exergoeconomic analysis of heat pump drying system. They concluded that heat recovery is one
of most effective unit in terms of decreasing total cost of the system. They noticed that when inlet temperature
of dryer is decreased, there is an increase cost efficiency of the heat pump dryer. Sevik et al. (2013)
investigated to dry mushroom a solar-driven single-stage heat pump drying system. The dryer temperature was
changed between 45 °C and 55 °C and air mass flow rate was 310 kg/s. They noticed that coefficient of
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performance of the system is ranged 2.1 and 3.1 due to parametric study. Also, they obtained that the product
was dried 0.07 g water/g dry product using at least energy. Erbay and Hepbash (2017) performed
exergoeconomic analysis of ground-source heat pump dryer at different environmental temperatures for the
first time. They concluded that condenser is one of most important unit in terms of increasing the total
efficiency. Heat exchanger is significantly affected by changing the environmental temperature. Ceylan et al.
(2007) conducted an experimental investigation to obtain energy and exergy analysis of timber drying system.
They reached that recirculation air ratio depends on the ambient temperature and relative humidity ratio. In
addition, they noticed that energy requirement is decreased by decreasing the moisture content in timbers.

There are some modifications on heat pump dryer to enhance the efficiency of heat pump drying system. One
of them is two-stage heat pump drying system. It has two different air streams that have different humidity and
temperature. This system can ensure multiple purpose like two or more products can be dried (Chua & Chou,
2005). In the literature, there are many studies about two-stage heat pump dryer. Li et al. (2003) performed an
experimental study to understand the performance of a system with two evaporators and R-290 as the
refrigerant. They found that mass flow rate of R-290 and system’s suction pressure increase by the condensing
pressure. Brundrett (2013), Rose et al. (1992), Jung and Radermacher (1991), and Simmons et al. (1996)
testimonied the two-stage heat pump dryer superior regarding performance when compared the single-stage
heat pump dryer. Namsanguan et al. (2004) experimentally performed two-stage heat pump drying system to
decrease the time for drying. The effect of tempering between SSD (superheated steam drying) and HPD (heat
pump drying) was investigated. They also compared the steam heated dryer and heat pump dryer. The results
showed that SSD/HPD shrimp give lower shrinkage in comparison to the single stage SSD. Zhu et al. (2015)
conducted an experimental study to find the effect of the two-stage heat pump drying system. The system was
used for drying tobacco. They compared with single-stage and two-stage drying system with respect to drying
rate of tobacco. They concluded that two-stage drying system has rate of drying 50% higher than single-stage
heat pump drying.

Three-stage heat pump dryer can be used both for drying, heating, and freezing at the same time. However, it is
possibly costly to establish it when compared with single or two-stage heat pump dryers. Especially in marine
food industry, three-stage heat pump dryer is utilized because of its versality such as heating, freezing, and
drying. Energy and exergy analysis of three-stage heat pump dryer is analyzed for the first time in this study,
and the effects of various refrigerants, air humidity and mass flow rate, and ambient conditions on energy and
exergy efficiencies are investigated in detail. In addition, exergy efficiencies and exergy destructions are
determined for the system components.

2. System Description

A schematic view of the three-stage heat pump dryer is presented in Figure 1. This system has two independent
cycles: (1) Air cycle and (2) Refrigerant cycle. Heat pump contains three evaporators, compressors, and
expansion valves, a condenser, a sub-cooler, two pressure regulators, two mixers. Three different refrigerants
are used for this system such as R134-a, R22, and R12. The refrigerant enters the compressors as saturated
vapor and leaves as superheated vapor. The refrigerant entirely condenses at the condenser and entirely
evaporates at the evaporators.
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Figure 1. Schematic view of the three-stage heat pump drying system

3. Thermodynamic Analysis
In the system analysis, the effects of the mass flow rate of refrigerant and air, ambient temperature and

pressure, compressors pressure ratio, and types of refrigerants on energy and exergy efficiencies are obtained.
Also, exergy destruction rate and exergy efficiency is determined for parts of system. For the analysis, the flow
is assumed to be steady-state and air is treated as an ideal gas. In addition pressure drops due to frictions and
other losses through components and piping are neglected and compressor is taken to be isentropic. Mentioned
assumption is made for simplicity of the general assessment of the studied system. Mass, energy, entropy and
exergy balances are utilized to determine the energy and exergy efficiencies. The balance equations are given
below:

%nﬁ:ozmnﬁ Q)
Z(rﬁh+d+v\))=z(rﬁh+d+v\}) ©)
%nﬁs+ S yun + cib :z ms + Q'T"O“‘ 3)
Y mex = 3 mex + Ex, + Ex° (4)

in out

where h is enthalpy, m is mass flow rate, ex is exergy of flow at its state, Ex, is exergy destruction rate, and

Ex? is thermal exergy rate. Refrigerant and air exergy are calculated as follows, respectively [Rosen et al.
(2008), Gaggioli (1980)1:

()

ex, =(h-h;)-T (s-s;)
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ex, =(C, ,+oC_ )T, [(T /Ty)~1~In(T /T, )] +(1+1.6078w )R T, In(P/P,)

(6)

+R, T, {(1+1.6078w )+ In[(1+1.6078w,)/(1+1.6078w )] +1.6078w In(w /w, )}

where ¢ ., C,,, R,, and « are specific heat of air, specific heat of water vapor, air gas constant and
specific humidity ratio, respectively. Thermal exergy is obtained as follows:

S P @)
N u)

General COP, energy and exergy efficiencies are obtained respectively, as follows:

COP,, = & (8)
Wcompressor

E

n=—=" ©)
Ein
E-Xuseml

y=— (10)
Ex

Table 1 shows how to determine the exergy destruction rate and exergy efficiency of components as following:
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Table 1. Calculation of exergy efficiency and exergy destruction rate of components

COMPONENT EXERGY EFFICIENCY EXERGY DESTRUCTION RATE
Compressor-1 (Exp —Exy)/Weomps Tomp1(sp —s1)
Compressor-2 (Exq —Ex3)/ Weompa Tompa(sq —53)
Compressor-3 (Exg —Ex7 )/ Weomp3 Tomr3(sg —s7)

Mixer-1 Exg / (Exq + Exy) To[(Mpg +Mpp)s5 —Mppsy —Mpgsy ]
X . . . . . . [(Myq+Mpo)Sy5 +Mpgsyp+Measg |
Mixer-2 (Exqp + Exqg + Exg )/ (Exq4 + Exg + Exqq) To | . . . . |
[~(mpg+mpp)S5 —Mp3Syq —Mrgsiy |
Pressure Exy3 / Ex Tomra(s13 —512)
Regulator-1 13 / Ex12 0Mr4(s13 =512
Pressure Ex; / Ex Tomy3(s7 —sg )
Regulator-2 7hEe 07r3t®r =6
Pressure Exqq / EX Tom,(S19 — S1g)
Regulator-3 19 18 0Ma(s19 —s18
Expansion Valve-1 Exq7 / Exgge Tomp1(s17 = S5 )
Expansion Valve-2 Exgg / Exqgr ToMra(s1g - 515+ )
Expansion Valve-3 Exqp / Exqg Tomra(s11 - 510)
Evaporator-1 (Exqg + Exqgq )/ (Exq3 + Expg) To[Mra(sig —s13)—-Mga(s1g —Sp5)]
Evaporator-2 (Exq + Exqg )/ (Exqg + Exq7) To[My1(s1 —517 )= Ma(s2g —S19 )]
Evaporator-3 (Exg + Exgq )/ (Exgq + Exqg ) To[Mra(s3 —s16 ) Ma(s21 —Sp0)]
Sub-cooler (Ex1g + Exp3)/ (Exg + Expp ) To[Mr3(s1g —Sg )~ Ma(s23 —522)]
Blower Expq | Expg ToMa(Spq — S23)
Dryer Exps / Expg Toma(sys — 524 )
Condenser (Expp + Exg )/ (Exg + Expq) To [Mra(sg — s )= Ma(s2 - 521)]

4. Results and Discussion

Three-stage heat pump dryer is thermodynamically analyzed by using Engineering Equation Solver (EES) in
this parametric study. The effect of air and refrigerant, environment temperature and pressure on efficiencies
and power consumption of system compressor are investigated in detail. Exergy efficiencies of the components
are given for refrigerant 134-a and air in Figure 2. It is revealed that mixerl (89.9%) has the highest exergy
efficiency while mixer 2 (30.52%) has the lowest one. In addition, the some components’ exergy efficiencies
are in the following order: Dryer 61%, evaporator-1 69.59%, evaporator-2 77.21%, evaporator-3 80.36%,
condenser 61.66%, sub-cooler 60.69%, and blower 73.51%.
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Figure 2. Exergy efficiencies of parts of system for air and R134-a

Exergy destruction rates for system components are illustrated by utilizing R134-a, R12, and R22 in Figure
3(a)-(c). Mass flow rate of air is 0.4 kg/s. According to the system analysis, it is noticed that dryer and blower
do not influence from types of refrigerants. Because, air flows in them. In addition, exergy destruction rate for
the overall system decreases when R12 is used. R22 has the highest waste of exergy. Exergy destruction rates
are obtained in the following ascending order for R134-a: Mixer-1 0.06 kW, condenser 0.1028 kW, blower
0.6107 kW, mixer-2 0.6848 kW, sub-cooler 1.1120 kW, evaporator-2 1.2710 kW, evaporator-3 3.8230 kW,

evaporator-1 4.1850 kW, and dryer 6.4110 kW.
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Figure 3. Exergy destruction rates of parts of system using (a) R134-a, (b) R12, (c) R22
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Figure 4 represents the effects of the mass flow rate of air on drying unit (dryer, blower, evaporator-1,
evaporator-2, evaporator-3, condenser, and sub-cooler) of exergy destruction rate. Mass flow rate of air is
chosen such as 0.4 kg/s, 0.6 kg/s, and 0.8 kg/s. It is revealed that exergy destruction rate of all parts of the
drying unit increases by increasing mass flow rate of air. When the mass flow rate of air is increased from 0.4
kg/s to 0.6 kg/s, the increment percentage of exergy destruction rate of the dryer, blower, evaporator-1,
evaporator-2, evaporator-3, condenser, and sub-cooler are 49%, 50%, 41.6%, 44.8%, 43.5%,40.17%, and
7.64%, respectively. When the mass flow rate of air is reached 0.8 kg/s, the increment percentage of exergy
destruction rate of the drying unit (with the same upper order) are 33.3%, 33.2%, 29.3%, 31%, 30.3%, 28.66%,
and 7.1%, respectively. Briefly, it can be concluded that percentage of exergy destruction rate decreases by
increasing mass flow rate of air. Furthermore, dryer and blower significantly influence variation of air mass
flow rate in comparison to sub-cooler.

Energy Destruction Rate [kW]

Dryer
Blower -

Evaporator-1

Evaporator-2 -55=E

Evaporator-3
Condenser
Subcooler ==

Figure 4. Exergy destruction rates of parts of system using R134-a for different mass flow rate of air

Figure 5 represents the distribution of energy and exergy efficiencies by using R134-a, R12, and R22 for
different pressure ratios. It is obtained that energy and exergy efficiencies decrease by increasing pressure ratio
for all refrigerants. R12 has the highest efficiencies. The total exergy efficiency increases after pressure ratio of
11 when using R22. The effects of mass flow rate of air on overall energy and exergy efficiencies are exhibited
for R134-a, R12, and R22 in Figure 6. Mass flow rate of air is changed between 0.2-0.8 kg/s. The efficiencies
show an upward trend for each refrigerant. It is obtained that R12 has the best performance for the three-stage
heat pump dryer at the highest mass flow rate of air. Energy efficiency of R134-a and R22 is close each other
after mass flow rate of air of 0.5 kg/s.

Energy and exergy efficiencies for various ambient pressure and temperature are almost insignificant. Namely,
the heat pump drying system shows similar performance parameters at any season of a year. Figures 7(a)-(c)
represent distribution of energy efficiency with various mass flow rate of refrigerants such as R12, R22, and
R134-a, respectively. It is noticed that energy efficiency increases with decreasing mass flow rate of R12 and
R134-a. Otherwise, energy efficiency increases with increasing mass flow rate of R22. In other words, energy
efficiency starts with the value of 41.8% and 39.6% and results with the value of 44.7% and 41.9% for R12
and R134-a, respectively. When the slopes of the Figures 7(a)-(c) is measured, mass flow rate of 1., has the
lowest effect on energy efficiency for all refrigerants. Variation of mass flow rate of R12, R22, and R134-a
effects are investigated on exergy efficiency in Figure 8(a)-(c), respectively. It can be seen from the figures that
mass flow rate of refrigerants significantly influences the exergy efficiency. Exergy efficiency increases by
decreasing the mass flow rate of refrigerants. Also, m,, shows a lower impact when compared to the mass
flow rate of m,,, m,5, and m,, on exergy efficiency. Exergy and energy efficiency has the same trend for R12
and R134-a while Exergy and energy efficiency has opposite trend for R22.
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Figure 8. Distribution of overall system exergy efficiency with mass flow rate of different refrigerants
(a) R12, (b) R22, and (c) R134-a

Figure 9 represents power consumption of compressor-1, compressor-2, and compressor-3 for R134-a, R12,
and R22. It can be concluded that types of refrigerants substantially affect the power consumption of system
compressors. It is obtained that power consumptions of compressor-1 are given the following order for R22,
R134-a, and R12: 4.024 kW, 3.074 kW, and 2.668 kW. Power consumptions of compressor-2 are determined as
6.437 kW, 4.84 kW, and 4.218 kW for R22, R134-a, and R12. Also, Power consumptions of compressor-3 are
calculated as 7.95 kW, 6.297 kW, and 5.407 kW for R22, R134-a, and R12. Power consumption is the lowest
value when using R12 for all compressors.
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Figure 9. Power consumption distribution of system compressors for different refrigerants

Figure 10, Figure 11, and Figure 12 show power consumption of compressor-1, compressor-2, and
compressor-3 with refrigerant mass flow rate for R134-a, R12, and R22. Mass flow rate of refrigerant m,, ,

m,,, m.,and m., are changed between 0.02-0.1 kg/s, 0.05-0.11 kg/s, 0.05-0.15 kg/s, and 0.1-0.2 kg/s,

respectively. It is observed from the figures that power consumption increases with following order:
compressor-1, compressor-2, and compressor-3. Power requirement for compressors linearly increases by
increasing mass flow rate of refrigerants. Furthermore, power requirement is significantly influenced by the
types of refrigerants. It is revealed that power consumption of compressor is decreased by using R12. R22 has
the highest power requirement for triggering the system. On the other hand, R12 has the steepest slope while
R22 is exactly the opposite.
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Figure 10. Power consumption distribution of the compressor-1 for different refrigerants
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4. Conclusion

A three-stage heat pump drying system is proposed and is investigated in terms of energy and exergy
performances. The effects of system are analyzed with respect to ambient temperature and pressure, power
consumption of system compressor, and air and refrigerant mass flow rates. Types of refrigerants substantially
affect the energy and exergy efficiencies. R12 shows the best performance while R22 represents the lowest
performances. The effects of ambient conditions are almost negligible for the studied system. Furthermore,
both mass flow rate of air and refrigerants have a key role on energy and exergy efficiencies. In addition, the
pressure ratio of compressors is another key factor affecting the efficiency of system. Power requirement of
compressors are lowest when using R12 in comparison to R22 and R134-a. The overall system energy and
exergy efficiency is 44.23% and 55.7%, respectively. Exergy destruction rate is the highest at dryer.

Nomenclature
: specific heat (kJ/kgK)

CIJ
cop

ex

: exergy

: coefficient of performance (-)




EKICILER

Ex@

Ex,

%)

S
T
Q
w

: thermal exergy rate (kW)

: exergy destruction rate (kW)
: specific enthalpy (kJ/kg)

: mass flow rate (kg/s)

: pressure (kPa)

: gas constant (kJ/kgK)

: specific entropy (kJ/kgK)

: entropy (kJ/K)

: temperature

: thermal energy rate (kW)

: power (kW)

Greek Symbol

) : specific humidity rate (kg water/kg air)
P : exergy efficiency (-)
n : energy efficiency (-)
Subscripts
en : energy
ex : exergy
a s air
r : refrigerant
0 : ambient
b > bulk
gen :generation
in s inlet
out :outlet
L > low
H > high
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Abstract

Genotoxins can cause various disorders in chromosome and DNA structure such as gene mutations,
chromosome abnormalities and DNA chain breaks. This situation has been associated with the concept of
genetic toxicity. Genotoxicity tests have been developed to predict the possible effects of genotoxins on all
living things in nature. The single cell gel electrophoresis assay (SCGE, also known as comet assay) is used as
the fastest, easy and sensitive. The Comet method is based on distinctive migration characteristics of DNA
molecules having different electrical charges and molecular weights at alkaline pH. According to this method,
nucleolus’ and cells can be visualized by staining with a fluorescent dye by first placing between the agarose
layers and then running at alkaline electrophoresis buffer and lysis solution and lastly applying neutralization
procedure. The displayed DNA fractures are measured and evaluated according to tail length. DNA images are
graded according to the degree of damage. DNAs that are not damaged are evaluated as arbitrary units (AU) by
scoring 0 and damage DNAs are scored from 1 to 4 according to the degree of damage. Comet assay is a useful
method in evaluating the potential toxic effect. Drosophila melanogaster is the most important non-
mammalian organism used in the fields of medicine and biology. Drosophila melanogaster has been used for
many years as an in vivo model organism for potential toxicity and genotoxicity studies. It is important to
determine the damage of genotoxins on DNA. It was preferred because it was easy to obtain and grow in the
laboratory, the larvae were cheap and the life cycle was short-lived. Comet analysis using Drosophila
melanogaster tissues to determine the damage of various genotoxins on DNA is an effective and easy method.
This study aims to explain the alkaline Comet assay aimed to determine the effect of general various
genotoxins on Drosophila melanogaster tissues.

Keywords: Drosophila Melanogaster, genotoxicity, comet assay.

1. Introduction

Contrary to biological incidents causing DNA damage (e.g. mutations and chromosome abnormalities, etc.), a
range of techniques are used so as to identify DNA damage caused by substances which have genotoxic activity
(Tice et al.,2000).

Researchers analyze DNA damage caused by various agents in their toxicology studies. These DNA damages
include such damages as DNA adducts, DNA breaks, chromosomal abnormalities and gene mutations.
Genotoxicity studies increase in importance day by day as genotoxicity causes various diseases such as cancer
and aging. Genotoxicity tests are developed especially to measure carcinogenic potential of mutagenic and
genotoxic substances (Sezginer & Dane, 2016). "Comet Assay" takes an important place among genotoxicity
tests. With the use of plants, a wide range of terrestrial or aquatic species especially in environmental risk
assessments, comet assay has been among the most widely conducted experiments (Langie et al., 2015).

In addition, D. melanogaster has become one of the most widely used model organisms in experimental studies
on human health (Gaivao & Sierra, 2014; Langie et al., 2015). Various larvae (from brain, midgut, hemolymph
and virtual disk) and pubescent forms of this model organism have been widely used in comet assay (Gaivdo &
Sierra, 2014). Comet assay was first tested on D.melanogaster in 2002. Since 2002, fly studies have been
attracting more attention thanks to the assay. Many researchers point out that in D.melanogaster, the use of
comet assay for toxicology studies is an important potential. Comet practice may clarify impact mechanisms of
toxins which may considerably affect the limited research conducted on vertebrates. It is also considered that the
use of comet assay for DNA stability assessment of flies will rapidly become more widespread in the future with
a high degree of probability (Augustyniak et al.,2015).
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This study aims to introduce D. melanogaster model organism and comet assay and to clarify a comet assay
protocol which is optimized for D. melanogaster.

2. Drosophila Melanogaster

D.melanogaster (phylum of Arthropoda, class of insecta, order of diptera, genus of D. melanogaster) is an
invertebrate model organism which most resembles human beings. When compared to other model systems, this
non-mammal model system has various advantages such as short life cycle, being easily cultured, ease of care,
rapid sexual maturation, multiple molecular mechanisms and ease of experimental manipulation. Furthermore,
they are the reason behind frequent use of D.melanogaster in toxicology studies. When D.melanogaster genome
sequencing is analyzed, it is revealed that 70% of human genes have orthologs of D.melanogaster genes. In
addition, most of the genes which regulate reproduction are those genes which are also protected in vertebrates.
D.melanogaster is an excellent in vivo genetic model system for toxicity studies thanks to its 65-70% of
functional homology with human beings as well as the proven genetics and developmental biology (Tiwari et al.,
2011). Nucleotide sequencing of almost whole 120-megabase euchromatic portion of D. melanogaster genome
has been completed to a large extent. Also, analyses reveal that 13,600 genes have been coded (Adams et al.,
2000).

D. melanogaster is a key model in improving research on molecular mechanisms of ageing. Signal reduction
through insulin and IGF-I (Insulin-like growth factor-1) in healthy aging has a critical role in ensuring
evolutionary protection. It is possible to easily conduct research on how D. melanogaster may change the
process of aging by taking into consideration the genetic findings (with the movements in intestines and
muscles) thanks to its vulnerability throughout its life cycle and as it is possible to conduct external intervention
(Piper & Partridge, 2018).

In a study conducted with D.melanogaster, it is observed that vitamin C leads to a substantial increase in
survival, development and copulating success of flies in their life cycles. Consequently, it gives rise to thought
that vitamin C may suppress the induction of oxidative stress (Ong et al., 2014).

3. Comet Assay

Comet assay is known as single cell gel electrophoresis experiment. It is a method used in single cell eukaryotes
so as to identify DNA damage in qualitative and quantitative terms. It has become one of the most popular and
most common methods for -especially in vivo- genotoxicity studies over the past decade. The assay has become
popular thanks to its simplicity and the availability of various tissue cells, and as it requires few cells (Carmona
et al.,, 2011). Comet assay is a method used to identify DNA strand break in individual cells and this technique
has both alkaline and neutral versions ( Fairbairn et al., 1995). In this study, it is observed that alkaline version of
Comet assay is a suitable method for D.melanogaster.

3.1 Comet Assay Protocol Conducted with Drosophila Melanogaster

e 0.5% Agarose which has a low melting point (LMA: Low Melting Agarose) is melted for comet
analysis and kept in a heater at 40°C so as to ensure that it is not frozen.

e 1% Agarose which has a normal melting point (NMA: Normal Melting Agarose) is prepared and
covered by slides.

o After fly specimens are completely minced in HBSS Solution (20mM EDTA
(Ethylenediaminetetraacetic acid)/10% DMSO (Dimethyl sulfoxide)), 50 ul is taken from the mixture
and 100 pl is taken from 0.5%-LMA and they are mixed, which is added to slide covered by NMA and
kept until frozen. It is kept at 4°C for 5 minutes.

e Preparations (2.5 M NaCl (Sodium Chloride), 100 mM EDTA, 10 mM Tris base are arranged at pH.10
and 1% Triton X-100 and 10% DMSO are freshly added) are kept in lysis solution for 1 hour at 4°C.

e Preparations (10N NaOH (Sodium Hydrochloride), 200mM EDTA, pH>13.0) are kept in
electrophoresis buffer at 4°C for 15 minutes.

e Alkaline electrophoresis 24 V and 300 mA are performed for 40 minutes.

e Preparations are neutralized in 0.4 M Tris buffer (pH 7.5) for 5 minutes.

e Afterwards, preparations are stained with ethidium bromide (10 ul/ml) and fluorescence microscope
(Zeiss, Germany) is used to analyze them (Dhawan et al., 2009).

e 100 comets on each slide are visually classified in a way to be in one of five classes which are
predefined in accordance with tail density and each scored comet is given a value of 0, 1, 2, 3, or 4.
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Among 100 cells, those who are damaged are scored from undamaged (0) to maximally damaged (4)
(Olive & Banath, 2006).

I 3 O
o

Figure 2. Image of comet assay in gel. (Bartin University, Molecular Biology and Genetic Lab.)

4. Discussion and General Conclusions

When studies conducted and test protocols used are analyzed, the test protocol suitable for D.melanogaster
species is compiled in this study thanks to trials carried out. The use of D.melanogaster model organism in
comet assay increases in importance day by day. To illustrate, in a study conducted with D.melanogaster, it is
found that there is a significant positive correlation between chlorpyrifos and production of ROS (recative
oxygen species), apoptosis and DNA damage. (i) It is thought that ROS may cause apoptosis and DNA damage
in D. melanogaster larvae which are exposed to genotoxins such as chlorpyrifos, and (ii) it is expressed that D.
melanogaster can be used as an alternative for in vivo animal model for xenobiotic risk assessment (Gupta et al.,
2010). In another study, it is observed that medaka (Oryzias latipes) fish are exposed to genotoxins such as 4-NP
for 15 days and it is revealed through comet assay that it causes the highest DNA damage at the highest dose
(100 pg/l) (Sayed et al., 2018). According to the studies conducted, it can be assumed that distributed image
(Figure 2) of DNA, the damage of which is detected through comet assay, also represents apoptotic cells
(Collins, 2004). It is important to learn the impact of substances -to which creatures are exposed due to
environmental pollution increasing with the advancement of technology- on DNA damage so as to diagnose in
advance diseases such as cancer, aging, etc.

Finally, the results obtained by the alkaline in vivo comet assay in D.melanogaster tissue clearly demonstrate
that this is a suitable in vivo assay for the detection of DNA damage caused by chemical and physical mutagens
(Carmona et al.,2011). Briefly, in this review, the comet assay steps optimized for D.melanogaster tissues are
described in detail for researchers working with comet analysis on D.melanogaster.
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GOCMEN KUSLARI TEHDIT EDEN FAKTORLER

Nuri Kaan OZKAZANCY" Emir OZAY?
! Bartin Universitesi, Orman Fakiiltesi, Orman Miihendisligi Bolimii, 74100, Bartin, Tirkiye.
2 Bartin Universitesi, Fen Bilimleri Enstitiisti, Orman Miihendisligi Anabilim Dal1,74100, Bartin, Tiirkiye.

Oz

Biyolojik ¢esitliligin dnemli pargasi olan kuglar hem yerel yasam alanlarinda hem de go¢ esnasinda birgok
farkli etmen tarafindan tehdit edilmektedir. Bu etmenler sebebi ile bazi kus tiirlerinin popiilasyonlar1 azalirken
bazi tiirlerde kiiresel dlcekli azalmalar goriilmektedir. Bu ¢alisma ile kiiresel dlcekli olarak kuslar: tehdit eden
etmenler derlenmis ve elde edilen sonuglar dogrultusunda alinabilecek dnlemler hakkinda oneriler yapilmistir.
Arasgtirmalar sonucunda kuslar1 tehdit eden faktorler dogal diismanlar, iklim sartlari, dogal afetler ve insanlar
olarak siralanmistir. Bu faktdrlerden en tehlikelisinin insan oldugu ve kuslari korumak i¢in insan kaynakli
faktorlerin azaltilmasinin en etkili yol oldugu vurgulanmuistir.

Anahtar Kelimeler: Kus, gé¢men, tehdit, insan, faktor.
THE FACTORS THAT THREATEN THE MIGRATORY BIRDS

Abstract

Birds differ from other animals with their many differences morphological and biological features. Many bird
species have adapted to living in water, on land and in the air with these features. Feathers covering the bodies
are not found in any other animal group. There are between 8500 and 10000 bird species in the world. In
Turkey, there are 487 species of birds. Another important reason that is been much of the bird species in
Turkey, Turkey have two major bird migration that passing through Anatolia's.

But Birds, which are an important part of biodiversity, are threatened by many different factors both in local
habitats and during migration. Due to these factors, some bird species' populations decrease while some species
decrease globally. In this study, the factors that threaten birds on a global scale are compiled and
recommendations are made about the measures that can be taken in line with the results obtained. Factors that
threaten birds can be listed as follows.
1. Natural Enemies
2. Climate Conditions
3. Natural disasters
a) Hurricanes, storms and other strong winds
b) Snowstorm, extreme cold
c) Earthquakes and landslides
d) Volcano eruptions
e) Floods and tsunamis
f)  Natural forest fires
g) Drought and heat waves
4.  Human Influence
a) Destruction of Living Areas
e Environmental pollution
e Industrialization
e Urbanization
o Destruction of forests:
b) Large Scale Commercial Investments
e Dams and Hydroelectric power stations
e  Thermal power plants
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e High voltage lines

e  Wind Turbines

e Airports and highways:
c) Agricultural applications

e Barbed wires

e Drying of wetlands

e Pesticides
d) Hunting

As a result of the researches, the factors that threaten the birds are listed as natural enemies, climate conditions,
natural disasters and human. It is emphasized that the most dangerous of these factors is human and the
reduction of human factors is the most effective way to protect birds. Nevertheless, some measures to be taken
to protect birds against natural factors can be listed as follows.
1. Control of populations against any epidemic diseases in domestic bird populations and application of
disinfection where possible,
2. Reducing the populations of overgrowing predators, provided that the natural balance is not disturbed,
3. In case of climatic events (drought, snow, cold), which exceed the seasonal norms and reach a level
that threatens the birds, the provision of supplementary nutrients, water and artificial shelter (bird's
nest, birdhouse) to the habitats,
4. Improving the habitats as soon as possible after taking into account the magnitude of the damage after
natural disasters and providing the necessary needs for birds in the area (water, food, etc.).
5. To create donation campaigns and public opinion to support rescue organizations in the affected areas
in natural disasters to support rescue projects, to support volunteers,
6. Support renewal conservation efforts such as habitat restoration after natural disaster or captive bird
breeding programs
Keywords: Bird, migrant, threat, human, factor.

1. Girig

Aves sinifina dahil olan kuglarin 6n iiyeleri diger hayvanlardan farkli olarak kanat formuna doniistiikleri i¢in
ucabilme yetenegine sahiptirler. Sahip olduklar1 bu u¢gma o6zellikleri onlara diger hayvanlarin yasayamadigi
alanlara ulasma ve oralarda yasama kolaylig1 saglamaktadir. Renk, goriiniis, sekil ve giindiiz aktif olmalar1
sebebi ile oldukga iyi taninan kuslar ayn1 zamanda diinyanin bir ¢ok yerinde ekolojik gosterge tiir olarak da
gosterilmektedir (Sekercioglu vd.. 2007). Ayrica tiylerin yapisi, sekli, tizerindeki desenleri ve renkleri
kuslarin taninmasinda ve teshis edilmesindeki en 6nemli kriterler arasinda yer almaktadir (Gill, 2007). Farkli
kaynaklar degerlendirildiginde diinya {izerinde 8500 ile 10000 arasinda kus tiiriiniin oldugu, alttiirler ile birlikte
bu saymin 29.000’e ulasacagi sanilmaktadir (Kiziroglu, 1989; Turan 1990, Canak¢ioglu & Mol, 1996; Tabur &
Ayvaz, 2010).

Kemiklesmis bir iskelet sistemine sahip olan kuglarda biiyiik kemiklerin i¢leri viicudun agirligini azaltmak igin
bostur. Sicakkanli ve akciger solunu yapan kuslarda bosaltim metamorfoz tipinde, yar1 kati, iirik asit kristalleri
halindedir. Kuslarin ¢ogunda syrinx ad1 verilen bir ses orgami bulunur (Canakgioglu & Mol, 1996; Gill 2007).
Farkli biyiikliik, sekil ve renklerde olan kuslarin bazilarinda eseysel dimorfizm (cinsiyete bagli goriiniis
farklilig) goriilmektedir. Kuslarda ciftlesme sonrasi yumurtlama ve kulugka dénemi gézlenir. Bu giin diinyada
bilinen en biiylik kus tirii Struthio camelus (Afrika Deve Kusu), kanat agiklig1 en biiyiik olan tiir Diomedea
exulans (albatros) ve en ufak kus tiirii ise Mellisuga minima (ciicekolibri)’dir (Canak¢ioglu ve Mol 1996).

Biyolojik ¢esitliligin dnemli bir parcasi olmasi yaninda; zararli boceklerle miicadele, dogal tohum tagima gibi
baz1 ekolojik gorevleri de olan kuslar ayni zamanda besin zincirinin de 6nemli pargasini olusturmaktadir
(Tabur & Ayvaz, 2010). Sekercioglu (2006) kuslarin faydalarini et, giyim esyasi ve guano (kug giibresi) gibi
tedarik hizmetleri; les ve atiklarin temizlenmesi, omurgasiz ve omurgali zararlilarin popiilasyonlarinin
kontrolii, tozlasma ve bitki tohumu dagitimi gibi ekolojik diizenleme hizmetleri; kuslarin sanat ve dinlerde
goze carpan rolleri ve kus goézlemciligine harcanan milyarlarca dolar gibi kiiltlirel hizmetler; nutrientlarin
(besin maddelerinin) doniisiimii ve toprak olusumuna katkisi seklinde siralamistir. Ayrica kuslarin yedigi
bircok meyve tohumu sindirim sisteminden zarar gérmeden gecerek digkilar ile tekrardan topraga donmekte ve
bu tohumlar ¢imlenerek yeni bitkilerin yetigsmesine sebep olmaktadir (Tabur & Yavuz, 2010).
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Diinyadaki bu duruma paralel olarak Tiirkiye sahip oldugu cografi yapisi ve farkli ekosistem 6zellikleri sebebi
487 kus tiiriiyle neredeyse tiim Avrupa'daki kus tiirlerinden daha fazla tiire sahiptir (Ozkazang, 2016). Bu
tirlerden 96 tanesi diizenli gézlenen tiir olmayip tilkemiz topraklarina bir sekilde siiriiklenen bireylere aittir ve
“rastlantisal konuk™ olarak adlandirilmaktadirlar (Eken vd., 2006). Tiirkiye’de kus tiirlerinin fazla olmasinin
onemli sebeplerinden bir digeri ise Bat1 Palearktik Bolgede yer alan dort 6nemli kus gé¢ yolundan iki tanesinin
Anadolu {izerinden gegmesidir. Bu go¢ yollarinin varligi Tiirkiye’de kus tiirlerinin sayisini ve kus gbzlemin
onemini artirmaktadir (Dizdaroglu, 2015) (Sekil 1).

-,

Sekil 1. Diinya’daki bityiik kus go¢ yollar: (Tan, 2019).

Bat1 Palearktik Bolgede yer alan bu dort énemli kus go¢ yolu gogmen kuslarin kuzey-giiney yonli gogleri
esnasinda kullandiklari, Ispanya, italya, kismen Yunanistan ve Tiirkiye {izerinden gecen ana go¢ yollaridir
(Schiiz, 1972).

Kuslarin tireme bolgelerine gitmek i¢in yaptiklart ilkbahar gocii, Mart ay1 ortalarindan Haziran ayma kadar
siirmektedir. Ureme donemi, genel olarak ilkbaharda baslayip yaz mevsiminin bitiminde sona ermektedir.
Sonbahar gocii ise genellikle Agustos ayindan itibaren baslayip Kasim ayina kadar devam etmektedir
(Anonim, 2005).

Tirkiye’deki, kus gogleri ise ilkbaharda giineyden kuzeye, sonbaharda ise kuzeyden giineye dogru olmaktadir
(Goktiirk vd., 2008). Bu gogler sirasinda kullanilan iki 6nemli go¢ yolundan ilki Avrupa ve bati Sibirya’dan
gelen kuslarin kullandig Istanbul bogazindan baslayarak bati ve orta Anadolu’yu takibe Hatay iizerinden
Afrika’ya yonelmektedir. Diger ana go¢ yolu ise orta Asya ve Dogu Sibirya’dan gelen kuslarin kullandig:
Artvin vadisinden baglayarak dogu ve giiney dogu Anadolu’yu takiben Suriye iizerinden Afrika’ya
ulagmaktadir (URL-1, 2018) (Sekil 2).

Her yi1l bu go¢ yollarini kullanan 200 binden fazla yirtict kus, Dogu Karadeniz bolgesinden Tiirkiye’ye girer ve
Coruh Nehri iizerinden gegerek, Dogu Anadolu’daki sulak alanlara yayilir (Anonim, 2006). Tiirkiye’den gecen
bu gdg, Bat1 Palearktik bolgesinin en biiyiik yirtict kus gocii olarak kayitlara gegmektedir. Ayrica ‘Bogazigi
g0¢ yolu’ olarak bilinen rotada, Trakya’dan baslayip Bogazigi iizerinden gegerek kuzeybatidan giineye dogru
inmektedir. Bu rotayla 250 binden fazla leylek, 200 ile 700°1i gruplar halinde diinyanin goriilmeye deger en
biiyiik kus hareketlerinden biri olarak Anadolu lizerinden gegmektedir (Sekil 3.) (Cirik, 2005; Anonim, 2000).
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| 3 ;
Sekil 2. Tiirkiye iizerinden gegen iki an kus g0¢ yolu (URL 2 2018)

Sekil 3 Leylek gocleri Eskisehir 2016.

Kuslarin gogleri yasadiklar1 bolgedeki gevresel (ekolojik) ve iklimsel (klimatolojik) faktorlerin dogal ya da
yapay sebeplerden farklilagmasi sonucunda hayatta kalma ve yeni yasam alanlari bulma i¢giidisii ile
gergeklesmektedir. Kuslar go¢ esnasinda her yil ayni yolu takip etmektedirler ancak bu yolu nasil bulduklar
konusunda hala kesin bir kanit yoktur. Bu konuda farkli teoriler olsa da su an i¢in ispatlanmis bir teori
bulunmamaktadir. Kus goc¢ler kimi zaman ¢ok biiyiik gruplar halinde siiriiler olusturularak oldugu gibi kimi
zaman daha kiigiik guruplar ya da tek tek bireysel gogler seklinde de olabilir. Kus gocleri zaman ve sebepleri
dikkate alindiginda 4 sekilde siniflanmustir:

e Mevsimlik Gocler: Ayni bolgenin kuslari igin yilin belli mevsimlerinde besin ihtiyaglart ya da lireme
donemleri dogrultusunda yapilan iilke ya da bolge i¢indeki goglerdir.

o  Periyodik Gogler: Bu gogler genellikle kislama, yazlama ya da tireme donemlerini geg¢irmek igin her
yil yapilan uzun mesafeli iilkeler ve kitalar arasi goglerdir. Temel anlamda bu gdgleri yapan kuslar
gocmen kus statiisiinde degerlendirilmektedir.

e  Giinliik Gogler: Kuslarin giin igindeki aktiviteleri sirasinda yuvadan ¢ikarak beslenme, avlanma, su ve
diger ihtiyaglari kargilamak amaci ile yapilan yasam alani i¢indeki giinliik kisa géglerdir.

e Zorunlu Gogler: Normal periyotlar disinda ekolojik ve klimatolojik sartlarda meydana gelen ani ve
olumsuz degigmeler sonucunda kuslarin hayatta kalabilmek igin zorunlu olarak yaptiklari goglerdir.
Kimi zaman bir orman yangini, sel, ya da yasam ortamlarinin bozulmasi zorunlu gogleri tetikleyen en
Onemi sebepler arasinda yer almaktadir.
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2. Gogmen Kuslar Tehdit Eden Faktorler
Stiphesiz ki bu uzun gd¢ maratonunda gécmen kuslarin yagami tehdit eden bircok faktér mevcuttur. Genel
anlamda bakildiginda kuslarin tehdit eden etmenleri 4 ana baslik halinde ele alabiliriz. Bunlar;

Dogal diigmanlar
Iklim sartlart
Dogal afetler
Insanlar

PobPE

Yukarda sayilan bu tehditlerden ilk ii¢ii kuslarin dogal yasami i¢inde her zaman var olmus ve gelecekte de var
olacak etmenlerdir. Ciinkii bu {i¢ etmen kuslara kars1 bir tehdit olmanin yaninda doganin vazgecilmez unsurlari
arasinda yer almaktadir.

2.1. Dogal Diigmanlar

Kuslarin dogal diigsmanlari, dogada stirekli olarak var olan ve onlar1 zarara ugratan hastaliklar, asalak bocekler
(kene vs.) ve dogal yirtic1 tiirlerinden olugmaktadir. Tiim bu dogal diigmanlar dogada kuslar ile belirli bir denge
icinde yer almaktadir. Bu denge disaridan (insan tarafindan) her hangi bir miidahale olmadifi siirece
korunmaktadir.

Kuslarin 6nemli bir dogal diisman gurubu olan bazi akar tiirleri ve bitler, kus tiyleri ve cilt iizerinde
bulunurken, digerleri direk olarak onlarin kanlarini emerler. Cok sayida kan emici akar, gen¢ kuslarda
kansizliga ve oliime neden olabilirken, tiiylii akarlarin yogun olarak maruz kaldigi bir yuva, ebeveynlerin
yumurtalari terk etmesine veya geng yasta birakmasina neden olabilir. Bu tily akarlarinin ¢ogu kuslarda kellik,
tiiysiiz bashlik yapmaktadir. Ozellikle bas ve boyun bdlgesine ulasamayan kuslarda bu parazitler daha
zararlidir. Bazi kene tiirleri, kuslarin goz ¢evresindeki cilde yapisirlar ve bu da kusun yiyecek bulmasini
zorlastirir (URL-3, 2019).

Ozellikle siiriiler ya da biiyiik guruplar halinde gd¢ eden kuslarda her hangi bir bulasici hastahigin siiriiye
bulagmasi ¢ok biiyiik popiilasyon kayiplarina sebep olabilmektedir. Go¢men kuglarda goriilen en 6nemli kus
hastaliklarini1 agagidaki gibi siralamak miimkiindiir (URL-4, 2019; URL-5, 2019):

e Trichomonas gallinae (kus kanseri): Bu hastalik en ¢ok giivercin tiirleri ile giivercinlerle beslenen
yirticilart etkilemektedir. Agiz, yemek borusu ve midede siddetli lezyonlarla goriiliir.

e  Avian ¢igek viriisii: ki farkli sekli olan bu virus hastaligin, daha yaygin bigimde goz cevresi, gaga
tabani, bacaklar ve ayaklar gibi viicudun tiiysiiz bélgelerinde sigile benzer biiylimeler meydana
getirir. ikinci formda ise, agiz, bogaz, trakea ve akcigerlerin mukozalarinda plaklar gelisir ve solunum
ve beslenme bozulmasina neden olur.

e Salmonella, hasta kuslar zayiflar ve ¢okmiis bir goriinlim sergiler. Go6z kapaklarint sismis
yapidadir. Coklukla bireyler uyusuktur. Hastalik gida ve suyun kirletilmesiyle bulasir.

e Mikoplazmal konjonktivit hastaligi: Bu hastaliga yakalanan kuslar kirmizi, sismis, akintili veya
kabuklu gozlere sahip gibi goriinmektedir. Bazi hasta kuslar iyilesirken, bir¢ogu av bulmadiklari igin
acliga maruz kalirlar veya avlanmadiklari i¢in 6lmektedir.

e Aspergilus: Bu kuslarin solunum sistemini etkileyen bir mantar hastaligidir. Solunum zayiflamakta,
susuzlugu arttirmakta, yiirime zorlasmakta, gézlerde akint1 esliginde beyaz bir opaklik olugmaktadir.

2.2. iklim Sartlan

iklim ve iklime dayali sartlar doganin bir siirecidir. Ancak bazen normal iklim sartlar1 ekstrem durumlar
yaratabilmektedir. Bu durumda bir¢ok yaban hayvani gibi kuslarda zor duruma diismekte, basta besin ve su
eksikligi olmak iizere birgok yasam kaynagmni yitirmektedir. iklim sartlarindan asir1 kar, yagmur, dolu
yagislari, asirt sicaklik ve buna bagli olarak meydana gelen kuraklik kuslari tehdit eden iklim faktorleri
arasinda yer alir. Ozellikle kar kisin birgok kus tiiriiniin 6lmesine ya da gd¢ etmesine sebep olan en énemli
iklim faktorlerinden bir tanesidir.

Yine kar gibi kuraklikta gdgmen kuslarin karsilastigi onemli iklim faktdrlerinden bir tanesidir. Ozellikle uzun
gb6¢ yollarinda su kaynaklarinin kurumus olmasi bir¢ok kusun yasamlarmi yitirmesine sebep olmaktadir.
Ornegin her yil milyonlarca kusun kullandigi énemli bir gbg yolu olan Pacific Flyway’de goriilen kuraklik
sebebi ile sulak alanlar ve gollerde yeterli su olmadigi i¢in bu alan hem {ireyen hem de go¢ eden kuslar icin
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biiyliik bir tehlike olusturmaktadir. Yasam alanlarindaki sularin azalmasi daha fazla kusun daha kiigiik
habitatlara sikigmasina sebep olmaktadir. Bu durum ayni zamanda salgin hastaliklarin artmasina da sebep
olmustur (URL-6, 2019).

2.3 Dogal Afetler

Bircok dogal afet kuslar1 olumsuz etkilemektedir. Ancak dogal afetlerden kaynaklanan bu etkiler direkt olarak
kuslar1 6ldiirmekten ziyade, kuglarin yasam alanlarinin bozulmasi ile meydana gelmektedir. Kuslar1 etkileyen
dogal afetleri agagidaki basliklar altinda siralamak miimkiindiir.

Kasirgalar, firtialar ve diger sert riizgarlar
Kar firtinasi, normal 6tesi siddetli soguk
Depremler ve heyelanlar

Volkan patlamalar1

Sel ve tsunamiler

e Dogal orman yanginlari

e  Kuraklik ve 1s1 dalgalari

Dogal afetin tiiriine bagli olarak meydana gelen bir veya daha fazla yikict etki, o bolgedeki kuslar
etkileyebilir. Dogal afetlerin kuslar1 etkileme sekillerini agsagidaki gibi siralamak miimkiindiir (URL-7, 2019).

e Yuvalanma: Kuslarin yuvalama alanlar1 dogal afetlerle sonucu yanabilir, su basabilir veya topraga
gomiilebilir. Bu durum iireme mevsiminde meydana gelirse, yavrular, yumurtalar ve palazalar
o6lebilir. Ancak dogal afet ireme mevsimi disinda meydana gelirse, bu yuvalama habitati gelecek yilin
tireme dongiisii i¢in uygun olmayabilir, bu da gelecekteki niifus sayilarini biiyiik 6l¢iide etkileyebilir.

e Beslenme: Tahil, tohum, bocek, nektar ve kiigiik hayvanlar gibi besin kaynaklarinin dogal afetler
tarafindan tahrip edilmesi sonucu yeterli besin kaynagi olmayan kuslarin diger bireyler ve canlilar ile
rekabet etmeleri gerekecektir.

e Habitat Bozulmalari: Dogal afetler, kuslarin habitatlarina zarar verebilir veya tamamen tahrip
edebilir. Bir kusun yuva alani olsun ya da olmasin, uygun habitatinda meydana gelen bu kayiplar, gocer
ya da yerli tiim kuslar i¢in y1l boyunca kritik olan barmaklar1 ve tiinek alanlarini kaldirarak kuslari
etkileyebilir.

e Dogrudan Oliimler: Baz1 dogal afetler dogrudan saglikli kuslarm 6liimiine neden olabilir. Ornegin ani
riizgarlar kuslarin engellere ¢arpmasina ve travma sonucu 6lmelerine neden olabilir. Yine asir1 sicak
dalgalar dehidrasyona, ani ve hizli orman yanginlari ugcamayan kuslarin, yavrularin ve yuvalarin
yanmasina, asirt soguklar ya da don afetleri ise yeterli korumaya sahip olmayan kuslarin donarak
6lmesine neden olabilir.

e Gociin Bozulmasi: Dogal afetler goce sirasinda olur ise gogmen kuslari biiyiik Olciide tahrip
edebilir. Ornegin yiizlerce veya binlerce mil ugan bir kus siiriisii bir firtina ile karsilastiginda ¢ok daha
yiiksek go¢ oliimleri yaratabilir. Ayrica bazi dogal afetler sebebi ile gogmen kuslar bilinmeyen bir rota
boyunca go¢ etmek zorunda kalabilir ve bunun sonucunda diisiik gida tedariki, uygun habitat eksikligi
veya beklenmedik avcilar gibi ek tehlikelere maruz kalabilir.

e Dogal Olmayan Afetler Olusturma: Kimi zaman dogal afetler dogal olmayan afetlere sebep
olabilir. Ornegin bir kasirga agik denizdeki bir petrol platformuna zarar verebilir ve basta su kuslart
olmak {izere ve dogal yasami etkileyebilecek bir petrol sizintisina neden olabilir.

2.4 insan Etkisi

Giinlimiizde insan sadece kuslara degil kiiresel dlgekli olarak tiim dogaya zararli etkisi olan en &nemli
etmendir. Insan faaliyetleri sonucunda kuslarin yasam alanlarimin pargalanmasi, bozulmast ve yok olmasinin
yaninda, avcilik, kuslarin uluslararasi ticareti ve g¢evre kirliligi kuslarin en dnemli insan kaynakli tehditleri
arasinda yer almaktadir. Insanlarin dogaya, yaban hayatina ve dolayist ile gégmen kuslara olan olumsuz
etkileri farkli sekillerde nitelendirilse de genel olarak yasam alanlarinin tahribati ve yasam miicadelesinin
engellenmesi seklinde 6zetlemek miimkiindiir.

2.4.1 Yagsam Alanlarinin Tahribati

Her canli gibi kuglarda kendilerine uygun olan yasam alanlarinda yasama ve iireme egilimindedir ancak insan
etkisi ile bu yasam alanlarinin tahrip edilmesi geri doniisii olmayan zararlara ve popiilasyon kayiplarina sebep
olmaktadir. Giiniimiizde kuglar iizerindeki en biiyiik tehdit yasam alanlarin kaybolmasi diger bir degisle habitat
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kayb1 olarak kabul edilmektedir. Insan etkisi ile meydana gelen ormansizlasma, sulak alanlarin tahliyesi, yerli
olmayan agaglarin ekilmesi, kentsel gelismeler, habitat kayiplar1 ve yogun tarimsal faaliyetler kuslar tehdit
etmektedir. Bir¢ok tiirlin popiilasyonlar1 onlarin yasam alanlarinin kaybinin bir sonucu olarak ciddi bir diisiis
gostermektedir ve bu kayiplar kus popiilasyonlarin genellikle kiigiik ve kirilgan oldugu bdlgelerde daha ciddi
olarak goriilmektedir (URL-8, 2008). Yasam alanlarinin tahrip olma sebeplerini dort baslik altinda siniflaya
biliriz. Bunlar:

Cevre kirliligi: Cevre kirliligi farkli kaynaklardan meydana gelir ve her kirletici madde kuslar {izerinde
farkli etkilere sahiptir. En yaygin ¢evre kirliliklerinden olan hava kirliligi cogunlukla, benzin, dogal gaz,
komiir ve petrol yanmasindan kaynaklanan karbon monoksiten kaynaklanmaktadir. Bu kirletici madde,
kuglarin sinir sistemlerini dogrudan etkiledigi i¢in anormal nefes almasina yol agar (URL-9, 2018).
Kuslar, diinya genelinde tatli su ekosistemlerinin, sulak alanlarin ve nehir kenarindaki alanlarin 6nemli
bilesenleridir. Tiim kus tiirlerinin % 11-23"i yillin en az bir siiresini i¢ sularda kullanmaktadir (Onnerod
& Tyler, 1993). Ancak sulak alanlardaki as1 kirlenme hem habitat kayiplarina hem de kuslarin
popiilasyonlarinin diismesine sebep olmaktadir. Sulak alanlardaki petrol sizintilari, kuglar 6zellikle su
kuslar1 i¢in biiyiik bir tehdit olusturuyor. Biiyiikk capta petrol sizintilart genellikle binlerce kusu
oldiirmektedir.

Sanayilesme: Sanayilesme, tarimsal bir yagam biciminden teknolojik yeniliklerin baskin oldugu bir
harekete gegme ile karakterizedir. Kuskusuz ki sanayilesme, insanlarin ilerlemesini ve belirli
etkinliklerden faydalanmasini saglayan sayisiz faydaya sahiptir. Ancak bu faydalara ragmen,
sanayilesme kiiresel 1sinmayi1, cevresel kirliligi ve bozulmayr da beraberinde getirmistir. Insanlar
disinda hayvanlar da sanayilesmenin bu zararli etkilerine maruz kalmiglardir. Bu baglamda gdgmen
kuslarda sanayilesme tehdidi altinda kalmakta 6zellikle go¢ yollart iizerinde sanayii isletmelerinden
etkilenmektedir.

Kentlesme: Kuslarin kentlesmeden etkilendigini bilinmektedir, ancak bu etkilerin biiyiikligii ve tiirler
arasinda farklilik gostermektedir. Kentlesmenin kuslar tizerindeki etkileriyle ilgili yapilan arastirmalarin
cogu, kentlesmenin dogrudan etkilerini, yerel yasam alanlarinda meydana gelen degisikligi
belirmektedir. Bazi tiirler kentsel ortamlarda yuvalama ve beslenme firsatlarindan yararlanabilmektedir
ancak bircok tiiriin popiilasyonlar1 yerlesim yogunlugu arttik¢a dilsmekte veya yok olmaktadir (Miller
vd., 2003). Miller vd.. (2003) kus topluluklarinin ve nehir kiyisindaki bolgelerdeki yerel habitat
kosullarinin ¢evre diizenlemedeki gelismelerden etkilendigini belirmistir. Nitekim kentsel bolgelerdeki
peyzaj alanlari ve birgok kus tiiriinii barindirmaktadir. Ancak yogun kentlesme kuslar tizerinde 6nemli
bir tehdit olmaktadir. Bir bolgedeki kentlesmeden hemen sonra yok olan kus tiirlerin tespit edilmesi
nispeten kolaydir. Bununla birlikte, birgok tiir kentlesmeye daha yavas yanit vermekte ve sonug olarak
popiilasyonalar1 zamanla azalmaktadir. Bu tiirleri tanimlamak daha zor olabilir ve uzun siireli
popiilasyon galigmalar1 ve dinamikleri gerektirir. Kentsel olmayan kuslarin ¢evre yasam alanlarindaki
habitatlardaki kuslara kiyasla daha diisiik yasam potansiyeli bulunmaktadir. Kentlesme ayni zamanda
yabanil karakterde olan bir¢ok kusun insana bagimli olmasina, evcillesmesine ve ik farklilagmasina
sebep olabilmektedir (Isaksson, 2018).

Ormanlarin yok edilmesi: Ormanlar gerek biiyiikliikleri gerekse de iginde barmdirdiklart farkli
ekosistem ve habitat 6zellikleri sebebi ile en 6nemli yaban hayati alanlaridir. Ancak ormanlar basta
yanginlar olmak iizere dnemli derecede insan kaynakli tahribata ugratilmaktadir. Bu noktada orman
yangilar iizerinde durmakta fayda vardir. Kuslarin yangina verdikleri tepki ¢ok ¢esitlidir. Baz1 kus
tirleri yangindan kacarken, bazilar1 yangini ¢ok fazla dnemsemez. Bocekeil ve diger bazi kuslar ise
yangin sonrast boceklerin yogun olarak bulundugu dumanli alanlari tercih etmektedirler. Orman
yanginlarinda kuglar etkileyen en onemli faktor yangmn tipidir (Lyon vd., 1978). Yuva yapma
zamaninda toprak iizerinde ve alcak boylu vejetasyon iizerinde yuvalari olan yavru kuglar ortii
yangininda bile zarar goriirler (Lyon vd., 2000). Orman yanginlari gogmen kuglart da dolayli olarak
etkileyebilmektedir. Go¢men kuslar tarafindan go¢ esnasinda dinlenme ve beslenme alani olarak
kullanilan orman, yangindan zarar gordiigii takdirde bu durumdan gé¢men kuslarin olumsuz olarak
etkilenmeleri kaginilmaz olmaktadir. Yanginlarin kuglar {izerine olan etkisi kus tiirlerine bagl olarak
degismektedir. Bu etki kimi zaman kuslarin aleyhine olurken kimi zamanda kuslar i¢in olumlu
olmaktadir. Ozellikle yuvalarini toprak, agag ve calilarda yapan kuslar igin yeni yuva yapma ortamlari
olduk¢a uzun zaman almaktadir. Ayrica yuva yapma zamaninda ¢ikan orman yanginlari, kuslarin
yumurta ve yavrularinin yok olmasina sebep olmaktadir (Ozkazang & Ertugrul, 2011). Bunun yaninda
ormanlar1 tahrip eden 6nemli islemde agaglarin kesilmesidir. Ormanlarda kus tiirlerinin yaklasik {igte
ikisi bulundugundan, aga¢ kesimi kusglar i¢in ¢ok biiyiik bir soru olusturmaktadir. Bu tiirlerin ¢ogu
ormanlarin diginda yasayamazlar ve kalan orman parcalar arasinda u¢gamazlar.
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2.4.2 Biiyiik Olgekli Ticari Yatirimlar
Kuslarin gog yollari iizerinde yapilan biiytlik 6lgekli ticari yatirimlar habitat parcalanmalarina sebep olmanin
yaninda farkli sekillerde kuslar1 direkt ya da dolayli olarak etkilemektedir.

Barajlar ve HES’ler: Barajlar nehir havzalart yaninda farkli yasam alanlarini da pargalayarak
ekosistem kayiplarina, bozulmasia ve bun bagl olarak biyolojik cesitliligin azalmasina neden olur
(Hagenmaier vd., 2016). Son derece 6nemli kus alanlar1 olan sulak alanlar barajlara karsi son derece
hassastirlar (Junk vd., 2012; Sun vd., 2012). Habitat bozulmasi yaninda barajlar sulak alanlardaki su
miktarint azaltir, bu da sulak alanlara bagli kuslar ve bir dizi su biyotasi i¢in sikismalara ve asir1
kullanilmalara neden olur (Sun vd., 2012). Diinyada son yillarda yapilan biiyiik baraj projeleri dogal
yagsam habitatlarinda biiylik rahatsizliklara neden olmaktadir. Barajlarin etkileri ingaat asamasinda
baslamakta, doldurma ve stabilizasyon asamalarinda devam edebilmektedir. Baraji ¢evreleyen
habitatlarda iireyen kuslar, dogrudan yeni su bolgelerini kullanmalari veya yerel iklim veya yeralti suyu
diizenlerindeki degisiklikler nedeniyle dolayli olarak etkilenebilir (Reitan & Thingstad, 1999).

Termik santraller: Aytag (2018) termik santrallerin dogaya olan zarar1; yanma sonucu meydana gelen
atiklardan kaynaklanan genis yayilim en basta hava kirliligine sebep olur; basta CO2 olmak iizere sera
gazlarinin salinimindan kaynaklanan sera etkisi ve iklim degisikligi; yliksek sicaklikta ve kimyasallar
icererek suyun dogaya geri verilmesi; 6zellikle komiiriin depolanmasi sirasinda i¢ten yanmasi ile hava,
toprak ve yer alt1 suyu kirliligi; yanma sonucu olusan basta kiil ve radyoaktif maddeler olmak {izere
atiklarin olusturdugu kirlilik; sogutma suyu, proses atik sulari, tehlikeli kimyasallar ve {initelerin bakimi
sirasinda olusan atik yaglar gibi endiistriyel nitelikli sivi atiklar; evsel nitelikli siv1 atiklar; giiriiltiidiir
seklinde Ozetlemektedir. Yapilan g¢alismalarda niikleer santrallerde GWh bagma 0.6, fosil yakith
elektrik santralleri ise GWh bagina yaklasik 9.4 kus 6liimiiniin oldugu diigiiniilmektedir. Bu durumda
niikleer santrallerin yilda yaklasik 460.000 ve fosil yakith elektrik santrallerinin 24 milyon kusu
oldiirdiigi anlamina gelir (Sovacool, 2012).

Yiiksek gerilim hatlari: Kuslar yiiksek gerilim hatlarin1 ve direklerini tiinemek, yuvalanmak veya
koloniler olusturmak i¢in kullanirlar. Elektrik iletim ve dagitim hatlarinin, biyolojik cesitlilik ve
Ozellikle de kuslar iizerindeki olumsuz etkileri diinya ¢apinda hizla artmaktadir. Yiiksek gerilim
hatlarinda ¢arpigmalar ve elektrik carpmalari nedeni ile her yil ¢ok sayida kusun oldirdiigi
bilinmektedir. Ornegin her y11 ABD elektrik hatlarinda 12 ila 64 milyon kusun &ldiiriildiigii tahmin
edilmektedir (Loss vd., 2014). Bevanger ve Broseth (2014) mevsimin, yiiksek gerilim ya da elektrik
hatt1 kesitinin ve alandaki kuslarin bollugunun, kus tiiriiniin morfolojisi, yasi ve cinsiyetinin yiiksek
gerilim hattindan kaynaklanan kus dliimlerini etkiledigini bildirmektedir. Ayn1 ¢alismada kuslarin kis
aylarindaki 6liim oranlarinin ilkbahar ve yaz aylarina gore daha fazla oldugu da belirtilmektedir.

Riizgar tiirbinler: Bir cok avantajlari sebebi ile riizgar tiirbinleri son yillarda hizla biiyiiyen ve
kullanilan enerji kaynaklar1 olmustur. Ancak yiiksek hizla donen tiirbin kanatlari, kuslarin 6liimlerine
sebep olabilmektedir. Kuslarin, diinyada riizgar tiirbinlerinin en biiyiik magdur gruplarindan biri oldugu
bilinmektedir. Ote yandan Sovacool (2012), riizgar enerjisinin fosil yakitlardan yirmi kat daha az kus
6ldirdigiini belirtmektedir. Riizgar tiirbinlerinin kus 6liimleri tizerine etkisi dikkate alindiginda insan
kaynakli her 250 kus Olimiinden yalnizca bir tanesinin riizgar tiirbinlerinden kaynaklandig
hesaplanmigtir (Saidur vd., 2011). Riizgar tirbinlerinden kaynaklanan kus 6liimlerinin ¢ok biiyiik
boyutlarda olmadigi bilinmektedir (Aydin, 2013; Senel, 2012). Yapilan ¢aligmalar sonucunda riizgar
tirbinlerinin retilen elektrik GWh basina yaklagik 0.27 kus oOlimiinden sorumlu oldugunu
bildirilmektedir. Ornegin 2009 yilinda Amerika Birlesik Devletleri'nde riizgar tiirbinlerinden
kaynaklanan kus oliimlerinin yaklasik 46.000 oldugu belirtilmistir (Sovacool, 2012). Ozelikle kus
sigmaklar1 ve kuslarin toplu olarak yasadiklari yerlere ve 6nemli kus gb¢ yollar1 iizerine riizgar
santrallerinin kurulmasi bu santrallerden kaynaklanan kus oliimlerini arttirmaktadir (Dereli, 2001).
Bunun yaninda riizgar tlirbinlerine bagli kus 6liimlerini etkileyen en 6nemli faktorlerden biriside kus
tiirlerinin biiyiiklikleridir. Biiyiik kuslar coklukla daha fazla 6liim oranina sahip olmaktadir. Yine 6lim
oranin en ¢ok oldugu kus gurubu ise yirtict kuslardir. Bunun en 6nemli sebeplerinden birisi genetiktir;
clinkii akbabalar gibi bazi tiirlerin gérme alanlarinda kor noktalar1 vardir, bu da ucarken dogrudan
oniinde bulunan riizgar tiirbinlerini géremedikleri anlamina gelir. California'da, bir ¢calismada yaklagik
4.000 riizgar tiirbininin bir y1l iginde 1127 yirtic1 kusu dldiirdii belirtilmektedir (URL-10, 2015). Bu say1
Ispanya’da, 252 riizgar tiirbininde 124 olarak saptanmustir.
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* Hava alanlan ve kara yollari: Hava alanlar1 ve karayollar1 kuslarin yasam alanlarii bozmak ve
parcalamanin yaninda meydana getirdikleri farkl tiirdeki kirlilikler sebebi ile de kuslar etkilemektedir.
Bunlarin basinda da giiriiltii gelmektedir. Ozellikle hava alanlarinda algak irtifadan ucan ucalar yiiksek
miktarlarda giiriiltiiye sebep olur. Wolfenden (2017) hava alanlarinda, ugaklarin giiriiltiisiiniin kuslar
iizerindeki fizyolojik stresi arastirilmis ve ¢alisma sonucunda, ugak giiriiltiisiiniin kus tiirler {izerindeki
isitme kaybina sebep oldugunu bildirmistir. Bunun yaninda hava alanlar etrafinda ve civarindaki biiyiik
kus stiriileri ile ucaklarin ¢arpismasi kuslara oldugu kadar insan hayatina da biiyiik tehlike
yaratmaktadir. Birgok havaalani, geleneksel yillik kus go¢ yollar1 boyunca yer almaktadir. Kuslar yillik
goclerinde bir havaalaninda veya iizerinde biiyiik siirliler halinde ortaya ¢ikabilir. Gog tarihleri, tiirlere
ve bolgelere gore degisir. Belirli bir tiiriin siirii biiyiikliigii, yilin zamanina, hava kosullarina ve diger
birgok faktdre bagli olarak yildan yila genis 6lgiide degisebilir. Hava alanlar1 yaninda yasayan kiyi
kuslari, su kuslari, martilar ve diger kuslar genellikle havaalanlarini beslenme, tiineme, yuva yapma ve
giinliik ucus alanlari olarak kullanirlar. 1999-2008 yillar1 arasinda, kus ¢arpmasi nedeniyle toplam 71
kaza meydana gelmistir. Bunlardan sadece 6'sinda 6liimciil yaralanmalar olmustur. Kuglar ve ucaklarin
carpigmasi ile meydana gelen en fazla kaza sayisi ugaklarin kalkis asamasinda (% 48), bunu takiben
alana yaklasma (% 30) ve yolda (ugus siras1) (% 15) meydana gelmistir. Kus-ugak ¢arpigma kazalarinin
toplam % 84'i kalkig, yaklasma ve inig agamalarinda meydana gelmektedir (URL-11, 2018).

Temel olarak karayollar1 da hava alanlari gibi kuslar {izerine etki yapsa da bu etki ¢ok daha az
diizeydedir. Kara yollarmin kuslar iizerindeki iyi bilinen dogrudan etkileri arasinda habitat kayb1 ve
pargalanmasi, ara¢ kaynakli oliimler (¢arpisma), kirlilik ve zehirlenme sayilabilir. Bununla birlikte,
karayollarinin dolayli etkileri kus popiilasyonlart {izerinde daha biiyiikk bir etki yaratmaktadir. Bu
etkileri, giiriiltii, yapay 151k, hareket engelleri ve yol kenarint igerir. Ayrica, dolayli ve dogrudan etkiler,
popiilasyon yogunlugunda ve tiir zenginliginde diisiislere neden olur. Yol aglariin ve buna bagli olarak
trafik hacimlerinin diinyadaki bir¢cok iilkede artacagi tahmin edilmektedir. Habitat kaybinin ve
parcalanmanin artmasi ve iklim degisikliginden kaynaklanan tiir dagilimindaki degisimler, karayolunun
kuslar tizerindeki genel etkilerini arttirmast muhtemeldir (Kociolek vd., 2011).

2.4.3 Tarimsal uygulamalar

Farkli tarim arazisi tipleri kus tiiriiniin bollugu {izerinde 6nemli etkiye sahiptir. Ornegin orman igi tarim
arazileri sahip olduklari dogal peyzajinin agiklik derecesinin etkisi ile diger tarim alanlarindan farklilik
gosterir. Tarim alanindaki binalarin alani, kus toplulugunun kompozisyonunu, toplam kus yogunlugunu ve
binalara yuva yapan ¢ok sayida kus tiiriinii etkilemektedir. Yapilan iiretim tiirii de (hayvancilik veya ekili
tarim) kus kompozisyonunu etkileyen faktorler arasindadir. (Ahnstrom vd., 2008). Bu karsin tarim
alanlarindaki iirine zararli bocekleri yok eder ve dogal bir miicadele saglar. Buna karsgin bazi kus tiirlerinin
tarimsal iiriinlere zarar verdigi de bilinmektedir. Yine yapilan galigmalarda organik tarim yapilan alanlarda kus
tirlerinin popiilasyonlarinin geleneksel yontemler uygulanan tarim alanlarina gére daha fazla oldugu
goriilmistir (Kirk vd., 2011). Her ne kadar kuslar ile tarim uygulamalari arasinda karsilikli bir yararlanma olsa
da yapilan baz1 yanlis tarimsal uygulamalar kuslart dnemli dl¢lide etkilemektedir. Hububat, musir, aygicegi
tarlalarinda topraga yuva yapan kuslarin kargilastigi en biiyiik tehlikelerden biri ise hasat zaman1 yuvalarinin
makineler tarafindan yok edilmesidir. Ayrica hasat sonrast aniz yakilmasi da kuslarin tarim alanlarinda
karsilarina ¢ikan en biiyiik tehlikelerden birisidir.

+ Dikenli teller: Yapilan ¢alismalar tarim arazileri etrafina g¢evrilmis dikenli tel ¢itlerine kuslarin
carparak ya da dolanarak zarar gordiiklerini gostyermektedir. Genel olarak, su kuslari, gece kuslar1 ve
yirtict kuslarin dikenli tellerden daha ¢ok etkilendigi gordiigii goriilmektedir. Tim dikenli tel
kullanimlar1 dikkate alindiginda kus Oliimlerinin % 95 oraninda standart yiikseklikteki tarim alam
etrafindaki dikenli tellerde meydana geldi belirlenmistir (Ree, 1999).

*  Sulak alanlarin kurutulmasi: Sulak alanlar basta su kuslari olmak {izere birgok kus tiirii i¢in farkl
amaglarda kullanilan ¢ok Onemli yasam alanlaridir. Ancak bu alanlarim basta tarim amaci ile
kurutulmasi kusglar iizerinde biiyiik etkilere sebep olmaktadir. Sulak alanlarin kurutulmasi sonucu, bu
sulak alanlara gb¢, kiglama veya {iireme evrelerini gecirmek i¢in gelen su kuslari, ihtiyag
duyduklarindan daha az yasam alani bulmaktadir. Bu durumda bazi kuslar ucacak ve durmadan
goglerini yapmaya devam edeceklerdir. Alanda kalanlar ise, suyun bulundugu smrli bolgelerde
toplanmaya zorunlu kalacak ve yogun popiilasyon sebebi ile salgin hastalik riski meydana
gelecektir. Sonugta kurutulan ya da kigiiltiilen sulak alanlarda toplu Oliimler goriilecektir. Yine,
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kurutulan sulak alanlarda karsilasin en Onemli zararli etkilerden biri de bu alanlardaki gida
kaynaklarinin toplam popiilasyon i¢in yetersiz kalmasidir (URL-12, 2019).

+  Tarmmsal Ilaclar: Tarimsal ilaclar kuslar1 tehdit eden en énemli etmenlerin basinda yer almaktadir. Bu
kimyasallar birim alandan en fazla verimi almak icin iiriinlerde kayiplara sebep olan hastalik ve
zararlilarin kontroliinde kullanilmaktadir. 2004 yilinda, yaklasik 50 ¢esit farkli tarim ilacinin farkli kus
tiirlerini 6ldiirdiigi bildirilmistir. Her y1l Amerika’da sadece karbonlu ilag kullanimi sonucunda hektar
bagina 3-16 otiicti kusun 61diigli bilinmektedir. Buna karsin organik klorlu ve organik fosfathi tarim
ilaclarmin hem yetiskin hem de embriyonik yasam agamalarinda kuslarda tireme etkisine neden oldugu
goriilmiistir (Fry, 1995). Mineau & Whiteside (2013) tarim ilaglarmin  ABD'deki kus
popiilasyonlarindaki diisiislerin en belirleyicisi faktorii oldugunu séylemektedir. Coklukla merkezi sinir
sistemini etkileyen organik klorlu ilaglar sahin, ve kartal gibi predator kuslarda populasyon diismesine
neden olurlar. Her ne kadar yasaklanmis olsa da DDT'min dogan ve sahin yumurtalarinin kabugunun
incelmesine neden olmaktadir. Klorpirifos, aldikarb ve karbaril igeren tarim ilaglari kuslari ciddi sekilde
etkiler. Bu pestisitlerin 6liimciil etkileri, endokrin bozulmasi, beslenme davranisindaki degisiklikler ve
kuslarin iiremesini etkileyen bagisiklik sistemi yetersizligi ile kendini gosterir. Pestisitler, yerel kuslarin
tilkenmesine, davranig degisikliklerine, giivenli habitat kaybina ve bazi kuslarda niifusun azalmasina
neden olmaktadir (Mitra vd., 2011).

2.4.4 Avcilik

Dogal yasami dogrudan etkileyen insan faaliyetlerinden biridir olan avcilik giderek artan bir etkinliktir.
Yapilan bir¢ok ¢aligmada avcilik faaliyetlerinin kus davranigini ve dagilimini biiyiik 6l¢iide etkileyebilecegi
belirtilmistir. Avcilik sadece avlanan tiirleri degil avlanmayan kuslar1 da olumsuz yonde etkilemektedir. Casas
vd., (2008) giinliik kus faaliyetlerinin avlanma yapilan giinlerinde avlanma giiniinden hemen onceki ve
sonrakilerden daha yiiksek oldugunu, avlanma giinlerinde kus yasam alanlarinda rahatsizhigin arttigini ve
bunun sonucunda kusglarin olumsuz etkilendigini belirtmektedirler.

Avlanma yapilan bolgelerde kus popiilasyonlart diger alanlara gore oldukga diisiiklik gostermektedir.
Avlanma, sadece kuslarin degil tiim biyolojik c¢esitlilik kaybimnin ana itici gliciidiir. Lopez vd. (2017) kus
yogunlugunun, avcilik yapilmayan alanlara goére avlanma yapilan alanlarda % 58 (% 25 ila 76) oraninda
azaldigini belirtmektedir. Yine ayn1 ¢alismada kus popiilasyonlariin, avcilarin avlaga erisim noktalarindan
(yollar ve yerlesim yerleri) itibaren 7 ila 40 kilometreye kadar etki altinda oldugu bildirmektedir.

Avlanmanin 6zellikle gogmen kuslari nasil etkilediginin bilinmesi, avlanan popiilasyonlarin siirdiiriilebilir bir
yonetimi i¢in sarttir. Avlanma, gé¢men kus davramiglarii ve hareketlerini yaninda beslenme, iireme
faaliyetlerini de etkileyebilir (Christos vd., 2019).

3. Tartigsma ve Sonug

Dogal diismanlar, iklim sartlari, dogal afetler ve insanlar tarafindan siirekli bir tehdit altinda olan kuslarin ve
dolayis1 ile gégmen kuslarin bu etkilere karsi korunmasi ya da onlemlerin alinmasi sadece insan kaynakl
etkiler iizerinde miimkiindiir. Diger faktdrler doganin bir parcasi olmakla birlikte bunlara her hangi bir
miidahale yapilmas: s6z konusu degildir. Ancak kuslar {izerine olumsuz etkilere sahip olabilecek bu dogal
kaynakli etmenlerin kuslara verdigi zararlar alinacak 6nlemler ya da uygulamalar ile en aza indirilebilir. Bu
amagla ya dogal etmen olugsmadan Once Onlemeler alinmali ya da etmen olustuktan sonra iyilestirilme
caligmalarina gidilmelidir. Her ne kadar dogal felaketler kus popiilasyonlarina zarar verebilir olsa da ancak
kuslarin sahip olduklar1 dogal adaptasyon onlarin ¢ok biiyiik Ol¢iide zarar gérmelerini engeller. Yine de
kuslarin dogal etmenlere karsi korunmasina yonelik olarak alinacak bazi 6nlemleri su sekilde siralayabilir.

1. Yerli kus popiilasyonlarda meydana gelecek herhangi bir salgin hastaliga karsi popiilasyonlarin kontrol
edilerek miimkiin olan durumlarda ilaglama yapilmasi,

2. Dogal dengenin bozulmamasi kayd ile asir1 gogalan yirticilarin popiilasyonlarinin azaltilmas,

3. Mevsim normallerinin {stiine ¢ikan ve kuslart tehdit edecek seviyeye ulagsan iklim olaylarinda
(kuraklik, kar, soguk) yasam alanlarina takviye besin maddeleri, su ve yapay barinma mekanlar1 (kus
yuvast, kus evi) birakilmasi,

4. Dogal afetler sonrasinda zararin biyiikliigii dikkate alinarak en kisa siirede yasam alanlarmin
iyilestirilmesi ve bu sirada kuslar igin gerekli ihtiyaglarin alanda saglanmasi (su, besin vs.)
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5. Dogal afetlerde etkilenen bdlgelerdeki koruma kuruluslarina, kurtarma projelerini desteklemek igin
bagis kampanyalar1 ve kamuoyu olusturmak, goniilliileri desteklemek,

6. Dogal afet sonrasi habitat restorasyonu veya esir kus yetistirme programlar1 gibi yenileme koruma
cabalarini desteklenmesi

Stiphesiz ki insan temelli faaliyetlerin kuslara verdigi zarar dogal afetlerden ¢ok daha fazladir. Kuglarda
meydana gelen insan kaynakli 6liimler incelendiginde her yil tahminen

* 980 milyon kus, binalara carparak,

* 174 milyon kus elektrik hatlarinda

* 340 milyona kus karayollarinda

* 6.8 milyon kus iletisim kulelerinde

* 1 milyon kus petrol ve gaz ¢ukurlarinda

*  330.000 kus ise riizgar tiirbinlerinde 6lmektedir (URL-13, 2015 )

Her canli gibi kuslarda kendilerine ait yasam alanlarinda en saglikli sekilde yasamlarini siirdiiriirler. Ancak
yasam alanlarinin yok olmasi kuslara etki eden insan faktorlerinin baginda yer alir. Bu baglamda dogal yagam
alanlarinin tahrip olmamasi i¢in ¢evre kirliligi, sanayilesme, kentlesme ve bunlara bagli olarak orman
alanlarinin yok olmasi etkin bir sekilde izlenmesi tehlike sinirlarini agmadan ilgili kurum ve kuruluslar ile
gerekli onlemler alinmalidir. Farkli sebeplerden dolayr kuslarin yasam alanlarimi tehdit eden bu etmenlerin
ortadan kaldirilmasi yerli kus tiirleri yaninda go¢ sirasinda bu yasam alanlarii kullanan gé¢men kuslarinda
yasamina katki saglayacaktir. Ozellikle kentlesme ve sanayii sadece kus popiilasyonlar: iizerine degil insan
dahil tiim canlilar i¢in biiyiik bir tehlikedir. Bu iki etmene bagli olarak azalan yesil alanlar yasam kalitesini
giderek diisiirmekte, hatta bazi bolgelerde sanayi ve kentlesme kaynakli hava kirliligi insan hayatini tehdit
edecek boyutlara ulasmaktadir.

Yine etkin bir ¢evre etkilesim degerlendirmesi (CED) yapilmadan insa edilen biiyiik 6l¢ekli yatirnmlar kus
yasam alanlarin1 yok etmekle birlikte direk olarak kuglarin 6liimlerine de sebep olmaktadir. Go¢ yollari {izerine
kurulan hava alanlari, barajlar, termik santraller ya da riizgar tiirbinleri gogmen kuslar1 tehdit eden en 6nemli
etmenlerdendir. Ozellikle gogmen kuslarin yollar1 iizerindeki hava alanlar1 sadece gd¢men kuslar1 degil, olast
bir carpismada insan hayatin1 da biiylik 6l¢iide tehdit etmektedir. Bu sebepten yapilacak olan biiyilik 6lgekli
yatirnmlarin kuglar agisindan c¢evresel etkileri ¢ok iyi bir sekilde aragtirtlmali ve kuslara zararli olmayacak ya
da zararin en az seviyede olacak yatirimlara yapilmalidir. Biiyiik dlgekli yatirnmlar i¢inde son 30-40 yil
boyunca artis gosteren riizgar tlirbinleri bazi ¢evreler ve ¢evre bilimcileri tarafinda 6zellikle kuslar tizerindeki
olumsuz etkileri nedeniyle elestirseler de, diisiik emisyonlu, diisiik kirlilige sahip bir enerji kaynagi olmasi
sebebi ile basta fosil yakitlilar olmak {izere diger elektrik kaynaklarindan ¢ok daha fazla ¢evre dostudur.

Bunun yaninda yanlis tarimsal uygulamalar ve 6zellikle kimyasal ilag kullanimlar1 mutlaka dikkate alinmali ve
siki bir denetim mekanizmasi ile denetlenmelidir. Cilinkii bir bocek ya da hastalik i¢in uygulanacak olan
pestisid besin piramidinin en ist noktasindaki ayristiricilara kadar kalinti birakabilmektedir. Yine tarlalarin
hasat ve 6zellikle de aniz kaldirma islerinin kuslarin ireme donemleri disinda yapilmasi son derece etkili bir
koruma 6nlemi olacaktir.

Kuslarin en 6nemli tehditlerinden biri olan avcilik ise kuslarin direk olarak 6ldiiriilmesine yonelik bir eylem
oldugu igin titizlikle kontrol altina alinmas1 birgok kus popiilasyonunun gelecek nesillere aktarilmasi agisindan
onemlidir. Av kuslarina yonelik olarak verilecek olan giinliik avlanma kotalarinin yerel 6lgek yaninda kiiresel
Olcekli popiilasyonlart da dikkate alinarak karar verilmelidir. Av denetimleri artirilmali popiilasyon diizeyi
kritik olan tiirler i¢in sinirlamalar ve yasaklamalar getirilmelidir.

Diinyada kuglarin korunmasina ydnelik olarak imzalanan Bern, Bonn, Ramsar ve Paris Sozlesmesi gibi
sozlesmelerin getirdigi tiim hiikiimlerin devletler tarafindan eksiksiz olarak uygulanmasi ve bu tip s6zlesmelere
tiim ilkelerin taraf olacagi yenilerinin eklenmesi ve uygulanmasi kuslarin ve dolayisi ile gd¢men kuslarin
korunmasi agisinda biiylik 6nem tagiyacaktir.
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Abstract

Sustainable urban landscape planning must regard the effect of the nearby rural population as well as the urban
society for the decision making on the spatial organization and arrangement of the cities. The cities like Bartin
where is immediately surrounded by the villages, are under the pressure of the sudden incoming rural
population. In fact, the core nearby population within the 10 km distance is approximately 26% of the total
local population of Bartin central city whereas the global nearby population within the mean 20.5 km distance
slightly exceeds that total local population. However, the core city center is not suitable for adequately
servicing public open space for such population flow; is able to offer relatively qualified public open space for
the average 1,500 persons. On the other hand, the public open space of the global city center is to a certain
degree available for 26,250 persons. Nevertheless, the spatial composition of the public open space within the
core city center is dominated by the squares, tea gardens and pedestrian trails while the public open space of
the global city center varies in characteristics including the cemetery yards, parks, orchards and, especially
long riverside trails. Consequently, in order to acquire more public open spaces to meet the necessities of the
prospective additional rural population, the remaining parts of the riverside landscape within the global city
center should be introduced to serve as recreational fields. Ultimately, urban landscape planning projects
should also be extended towards the urban periphery for sake of incorporating some of the isolated forest
patches into the urban forestry.

Keywords: urban landscape, spatial planning, urban periphery, rural population, Bartin city center and
vicinity.

1. Introduction

Urban landscape basically involves the natural and cultural components of a city together with their ecological
integration fields (Steiner, 1999) within the certain visual boundaries. These natural and cultural components
particularly form the urban land uses and therefore comprises the ecological networks among those land uses;
ultimately constituting the urban landscape mosaic (Forman, 1995). Hence, urban landscape planning is
actually the decision making primarily on the urban land uses considering not only their natural and cultural
settings but also their ecological networks and social interactions among those land uses and surrounding
environment (Turner & Gardner, 2015). Indeed, these integrated social interactions and their associated
impacts are definitive on the urban landscape planning objectives. Therefore, sustainable urban landscape
planning and design that consider the socio-economic structure of the urban and surrounding rural society, will
be able to achieve coherent spatial organization and able to maintain harmonious urban design criteria in
particular (Marsh, 2010). Nevertheless, particularly for the rapidly urbanizing and densely populated cities,
proposed landscape and land use plans should be re-handled and revised (Sakieh et al., 2015). In addition,
alternative landscape plans should be produced if required in order to adapt the prospective spatial
reorganization and reconfiguration of the urban features.

Public open space is conceptually defined as the areal extent of a land serving the present society particularly
to supply recreation (Randolph, 2004) and not covered by any of the shielding objects. Public open spaces
constitute significant portion of the urban landscapes, which accommodate not only the local societies of the
cities but also the external visitors such as the rural population around the urban vicinity. Indeed, urban
greenery is included into the urban open spaces and most likely associated and referred with the urban open
spaces. Because of their recreation potential, they play significant role for the public life within the cities in
particular (Konijnendijk, 2008). Thus, the sustainability of these public open spaces must be ensured under the
circumstances of sustainable urban landscape planning objectives and projects. Around this context,
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development and enhancement of these public open spaces is one of the major tasks and goals of urban
landscape planning.

Central city of Bartin Province has many connected villages, most of which are located within the urban
vicinity. This situation leads to the constant interaction between those nearby villages and the city center,
increasing the tendency of the rural population to frequently arrive the city center for economic, educational
and healthcare reasons in principle. The rural population usually uses the public open spaces during their
facilities within the city center. However, both the core and global city centers hardly offer available open
space opportunities for that rural population, since the existing public open spaces already narrowly suffice to
the urban local population partially thanks to the more public open space in the global city center. Therefore,
the purpose of this study is to analyze and evaluate the effect of the rural population from the nearby villages
on the urban landscape of Bartin central city. This study also suggests sustainable landscape planning
proposals in order to avoid the centralization particularly around the core city center and to spread the local and
rural populations primarily towards the global city center and then towards the urban periphery.

2. Material and Method

2.1. Site Characteristics of Bartin Province

Bartin Province is located between the 32°07' and 32°56’castern longitudes, between 41°20" and 41°50’
northern latitudes at the northwestern Black Sea Region and covers 2,220 km? area (PDEU, 2018). Although
the average altitude of the city center is 25 m asl., the topography of the province varies from coastal zones at
the sea level up to the mountainous hillsides at the 1200 m asl. (Oztiirk & Gokyer, 2015). More than half of
the provincial area is covered by the forests (Gokyer et al., 2015) whereas more than a quarter of this
provincial area is dominated by the agricultural areas (PDEU, 2018). The remaining part of the provincial
area is either urbanized and urbanizing or locally built and constructed. The region where the Bartin Province
exists, is included into the humid mesothermal climate regime (Atalay, 2011; Oztiirk et al., 2017), with
average annual total precipitation of 1033 mm and annual temperature of 12.6°C (TSMS, 2013; Oztiirk et al.,
2017).
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Figure 1. Location of Bartin Province within Turkey and some of the closest nearby villages to city center.
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The central city of Bartin Province is at least 10 km away from the Black Sea. There are 80,965 inhabitants
which correspond almost 41% of the total population of Bartin Province (198,999), and which are settled
within the central city and connected two towns (TSI, 2019a). The inhabitant number of 137 villages
connected to the central city, is 74,051 which correspond to about 37% of the Bartin Province total (TSI,
2019b). Bartin Province has three districts; Amasra, Ulus and Kurucasile. Amasra and Kurucasile are the
coastal districts whereas Ulus is the internal district. Amasra with the central population of 6,085 (only 3% of
Bartin Province total), is at least 16 km away from the Bartin city center and, has 30 connected villages (TSI,
2019b). The inhabitant number of these villages is 8,691, corresponding to only about 4% of the Bartin
Province total (TSI, 2019b). Ulus is the second closest district with 37 km distance to the Bartin city center
and, has 8,262 inhabitants (only 4% of Bartin Province total) within the city center and connected two towns
(TSI, 2019b). There are 68 villages connected to the Ulus District where 14,071 inhabitants live, which
correspond to about 7% of the Bartin Province total (TSI, 2019b). On the other hand, Kurucasile is the
furthest district with 64 km distance to the Bartin city center and has only 1,877 inhabitants corresponding to
only almost 1% of the Bartin Province total (TSI, 2019b). There are 28 villages connected to the Kurucasile
District, where 4.997 inhabitants live, which correspond to only almost 3% of the Bartin Province total (TSI,
2019b).

2.2. Methodology

In order to determine the spatial effects of rural population who daily visits the Bartin city center, some of its’
spatial and population characteristics should have been addressed to present the actual urban conditions and
services. The determination of these spatial and population characteristics will also assist the exploration of
alternative possible places that could accommodate the daily rural visitors compensating the existing spatial
and social deficiencies, which then will support the prospective sustainable urban landscape planning. Hence,
the spatial data indicating the connections within Bartin city center and between the nearby villages are based




OZTURK et al. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2019, 2 (1): 90-97

on the explicit Google Earth maps whereas the estimation of the population data are based on the literature
survey.

The methodology of this study involves the calculation of these spatial and population characteristics of the
Bartin city center and the surrounding vicinity including the connected villages. These basic spatial
characteristics are the areal and peripheral extent of the core and global city centers, and the approximate areal
and peripheral extent of the actual public open spaces that are recently supplied to the local and rural
populations. Besides, the areal and peripheral extent of the alternative open spaces that are recently serviced to
the local population whereas, that would potentially be serviced to the rural population, are also included
within these mentioned basic spatial characteristics. These spatial characteristics of the core and global city
centers were calculated based on the maps.

On the other hand, both the spatial and population characteristics of the connected villages, which primarily
and frequently transfer rural population to the Bartin city center for their definite proper purposes, were to
some extent revealed based on the calculation of their locational distances and populations. At a definite
trivium on the Hamam Street, the center point of the Bartin city was marked. The locational distances; road
distances, between the nearby villages and this Bartin city center point were determined based on the GIS
(Geographical Information Systems) analysis and calculations using the ArcMap 10.5 (ESRI, 2016) and
physical settlement maps. Dependent upon their locational distances, they were also classified as core and
global nearby villages, and their associated populations were also referred. The villages that are at up to 10 km
distance from the Bartin city center point were accepted as core nearby villages whereas the villages within and
more than 10 km distance were accepted as global nearby villages.

Figure 2. Location of core (red line) and global (yellow line) centers of Bartin city (modified from Google
Earth image of April 23th of 2018) together with certain field photographs (original).

3. Results and Discussion

The basic spatial characteristics of the core and global centers of Bartin city (Figure 2), indicating the areal and
peripheral sizes of their recent and alternative public open spaces, are stated in the Table 1. According to the
Table 1, the areal extent of the global city center is approximately 9 times of the core city center whereas its’
peripheral extent is almost 3 times (Figure 2). Although the core city center covers 34 hectares, it could only
offer 3 hectares of public open space (Table 1), already one-fifth of which is shared by Cumhuriyet Square and
surrounding open places (Bollukcu & Cengiz Gokee, 2019). The remaining area of the already-limited public
open space within the core city center, consists solely of few narrow squares and parks, tea gardens, pedestrian
trails with pavements, and even barely the spaces around municipal parking lots, bus stops and sitting benches.
However, out of those restricted spatial opportunities within the core city center, alternative public open spaces
can be introduced particularly by the municipality, through pedestrianization and by uncovering some of the
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public semi-open spaces. Yet these spatial opportunities scarcely attain 1 km area and 1.5 km peripheral extent
(Table 1). In fact, streetscape designs especially for the riverside landscapes such as proposed by Cengiz
(2012) in a study within the global center of Bartin city center, can also in some way be applied for the core
city center in order to allow the pedestrian mobility along the riversides.

Table 1. Basic spatial characteristics of Bartin city center and vicinity.

Space Areal Extent (ha)  Peripheral Extent (km)
Core city center 34 3.0

Global city center 301 8.5

Public Open Space

Core city center ~3.0 ~3.5

Global city center ~50 ~30
Alternative P. Open Space

Core city center ~1 ~15

Global city center ~20 ~10

The situation is to some degree different for the global center of Bartin city, which could provide more public
open space relative to its’ overall areal space (Table 1). Moreover, the characteristics of the public open spaces
tend to vary expanding from the core to the global city center. This variability depends principally on the fact
that the proportion of the natural environment to the built environment, increases from the core to the global
city center (Figure 2). Hence, gradually differentiating from the core city center, the public open space of the
global city center is primarily composed of the cemetery yards, larger and greener parks together with orchards
along the riversides, again riverside pedestrian trails with tea gardens, and roadside pedestrian pavements
(Figure 2). Such flourishing green spaces among the concrete spaces indicates a sort of ecological conversion
within the global city center (Figure 2). In this respect, ingredients of urban ecology differ from the
components of the relatively natural and rural area ecology (Forman, 2016). Consequently, the alternative
public open spaces that can potentially be supplied by the global city center are also larger than the core city
center (Table 1). The introduction of these alternative public open spaces principally involve the activation of
other riverside and roadside landscapes by planning and application of recreational facilities along these
spaces. The natural and rural areas surrounding the cities are permanently under the threat of urbanization and
urban expansion (Antrop, 2004), unless contrary landscape and urban planning strategies are implemented in
order to promote sustainable urbanization (Wu, 2014). On the other hand, considering the expansion and
sprawl potential of the Bartin city towards the surrounding natural areas, urban forests that would provide
recreation opportunities for the public should be sought among the woodlands at the actual urban periphery.
Indeed, Oztiirk and Bolat (2012) suggested the recreation potential of six forest patches within the urban
periphery outside the actual global center of the Bartin city, and they discussed their suitability for the urban
forestry.

The population characteristics of the core and global nearby villages together with their mean distances to the
center point of Bartin city, are presented in Table 2. Almost 5% of the total rural population of the villages
connected to the Bartin city, lives within the immediate nearby (<5km) of the city center (Table 2). This
immediate nearby rural population also corresponds to almost 5% of the total local population (71,703) of the
central city (TSI, 2019b). Nevertheless, the rural population within the core nearby villages (<10km) is slightly
more than one-fourth of the each total local and total rural populations (Table 2). For most of the societies,
economy is the primary motive urging the rural population to the city centers (Kroll et al., 2012; Wu et al.,
2014), which is accordingly followed by education and healthcare. The rural population of the nearby villages,
visits the city center for similar particular purposes involving principally the commerce and trade, business and
labor, education and training, medical treatment and healthcare, governmental and municipal issues, simply
visiting and meeting, transportation and recreation. Amongst the commercial and trading factors, major bazaar
within the core city center plays significant and crucial role on gathering and concentrating not only the rural
population but also the local population during the bazaar days in particular (Koday & Celikoglu, 2011).
Especially during these bazaar days, exceedance of the carrying capacity of the public open spaces within the
core city center, necessitates the urban landscape planning in order to reorganize actual public open spaces and
even to explore alternative ones.
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Table 2. Population patterns of core and global nearby villages connected to central city of Bartin Province.
Core Nearby Villages Global Nearby Villages

<5km <10km <15km <20km >20km
Number of Villages 5 25 54 76 61
Mean Distance (km) 4.1 7.0 10 12.1 30.8
Rural Population 3,487 16,027 34,989 47,058 26,993

The huge rural population of the global nearby villages (Table 2), always puts spatial and social pressure
primarily on the core city center and secondarily on the global city center. In other words, there is a potential
for the rural population of global nearby villages which in fact exceeds the population of the central city, to
flow suddenly towards the city center. Therefore, this sudden agglomeration particularly around the core city
center, which is under these circumstances far away from accommodating adequate public open space even for
the local population, will not be scattered leading to the high population densities at certain concentration
points. Merely 4 hectares of public open space could provide relatively qualified service only to 1000-2000
persons, which is complying with the variable open space planning standards given in the study by Veal
(2013). However, the recent advances in the road conditions and means of transportation, supply the associated
accessibility to the Bartin city center even from the furthest village at 43.2 km distance. Thereby the possibility
of sudden population flow towards the city, can to some extent be solved within the global city center, which
will serve public open space around 17,500-35,000 persons (see Table 1). On the other hand, the potential
traffic problem as a result of such possible population flow should not be ignored, since that pressure will lead
to parking lot problem as indicated for Safranbolu, Turkey (Donmez et al., 2016). Consequently, sustainable
landscape planning objectives should particularly be concentrated on the global city center, regarding the
efficient land use planning for the actual and alternative public open spaces there.

4. Conclusions and Recommendations

Mostly the accumulation of the governmental, educational, healthcare institutions and the places of active
business around the core and global centers of Bartin city have led to the aggregation of the local and rural
populations within the core city center of Bartin. Therefore, the urban landscape and urban land use planning
strategies should principally involve profound changes and decisions during the making of the city master and
development plans. Moreover, sustainability of the recent public open spaces, discovery and development of
the alternative ones are crucial for the urban landscape planning objectives. On the other hand, livable
environment and social wellbeing within the city and the vicinity, can be supported through the introduction of
the new public open spaces around the urban periphery and even at the countryside to serve for both the local
and rural populations. However, this can be ensured by constructing the urbanization strategies and policies
based on the landscape and regional scale plans.

Furthermore, sustainable landscape planning considering social basis of the region, intends to prevent cultural
conflicts and unharmonious confrontations between the urban and rural populations in order to sustain public
security within the city center. Otherwise, dependent upon these conflicts and confrontations, specific and
customary crimes would be committed (Oztiirk, 2019). Therefore, appropriate landscape planning and design
projects that propose special arrangements and features, should be established within the context of the cultural
conciliation between the urban and rural societies. In other respects, some precedent behaviors and properties
of the urban society, which have not been adopted by the rural communities, cause incompatibilities for the
usage of the open spaces within the city center (i.e. usage of the open spaces around the villagers’ bus stops for
chatting and eating place by the urban dwellers). Besides, there are application differences between the urban
and rural societies for such practices like locational recognition and waste disposal within the city, which
should not be ignored during the design and placement of the equipment like city guide boards, waste and
garbage bins. There are also access differences between the urban and rural societies for such fields like car
parking and riversides, where should be designed and rearranged multifunctional for sake of compatibility with
the authentic, natural and historical environment. Beyond all these incompatibilities for the urban public open
space usages, the cultural means and varieties and the economic returns contributed to the city by the rural
population, should seriously be taken into consideration (Oztiirk, 2019).

General observations indicate that the population movement between the Bartin city center and the nearby
villages tends to stay within its’ regular and controllable routines (Oztiirk, 2018a). On the other hand, converter
factors that are applicable for all the rural conversions, pose sudden population migration risks between the city
and the nearby villages such as the establishment of the university, the construction of new settlements and the
associated introduction of new recreational areas within either of the urban or rural landscapes (Oztiirk,
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2018b). Hence, solution-oriented multiple landscape and land use planning strategies must be developed
against multiple models of sprawl scenarios, in order to absorb the possible negative impacts of these
converters along the urban and rural gradients. This strategy development will also to some degree assist to
moderate the prospective urban sprawl, unregulated rentier areas and uncontrolled social relationships (Oztiirk,
2018a).
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