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Konu : Dog¢.Dr.Elif AKPINAR
KULEKCI'nin Gérevlendirilmesi

MIMARLIK VE TASARIM FAKULTESI DEKANLIGINA

llgi : 29.11.2023 tarihli ve E-53120705-000-2300381989 sayili belge.
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KULEKCI'in, Yiiksekogretim Genel Kurulunun 15.06.2023 tarihli, 10 sayil1 oturumunda
alinan 2023.10.183 sayil1 karar1 geregince Dogentlik Basvuru Sartlarinda bulunan ve dogent
olacak adaylardan istenen "Diger uluslararasi/ ulusal bilimsel toplantinin diizenleme
komitesinde resmi olarak gorevlendirilmis liniversite akademisyen temsilcisi bulunmasi
zorunludur." maddesi geregince, Academy Global Conference & Journals tarafindan yapilan
kongrelerin diizenleme kurullarinda yolluksuz ve giindeliksiz olarak goérevlendirilmesi
Rektorliigiimiizce uygun goriilmiistiir.

Bilgilerini ve geregini rica ederim.

Prof.Dr. Omer COMAKLI

Rektor
Bu belge, guvenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: 87c7a395-d4h6-4f7a-abc6-5dee8674e3d1 Dogrulama Adresi: https://www.turkiye.gov.tr/ataturk-universitesi-ebys
Atattrk Universitesi Rektorlugu 25240 Erzurum Bilgi: Mehmet KOG gameriae
Tel: +90 442 2311023 Faks: +90 442 2361014 i
Elektronik AJ: www.atauni.edu.tr E-Posta: personel@atauni.edu.tr i3

Kep Adresi: atauni@hs01.kep.tr
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Kongre Baglant1 Linki :

Join Zoom Meeting
https://us06web.zoom.us/j/81604584722?pwd=y2kFvDBw8AEhxbZ5eSknY VkdXt0yTt.1
Meeting ID: 816 0458 4722
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatdriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin dniine asagidaki gibi ekleyiniz. Bu sayede kongre acilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonrasi 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda agik olmak zorundadr.

Sunum yapan katilimeinin kamerasi agik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimetya sertifika verilmesi ve

¢aligmasinin yaymlanmasi sézkonusu olamaz.

e  Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite simri nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

e Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals
gy
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14 Eyliil / September 14, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Asst. Professor Ishak
. . GOKCEK
Effects of Carvacrol on Ovary in Hyperthyroid Rats Assoc. Professor Mehmet
GUVENC
Prof.Dr. Ismail ULGER
Ars. Gor. Hiseyin Mert
FARKLI TOKSIN BAGLAYICILARIN YUMURTACI YUKSEL
BILDIRCINLARDA YUMURTA BOYUTU UZERINE ETKILERI | Ars. Gor. Mustafa
Z OZDEMIR
—_ <
—_Aa -
] = Prof.Dr. Ismail ULGER
A Iz : ; Ars. Gor. Hiiseyin Mert
prd 8 <Zt YUMURTACI BILDIRCINLARDA RASYONA ILAVE EDILEN YSKSEL y
3 E s FAVRKLI_TQKS'IN. BAGLAYICI KAYNAKLARININ YUMURTA Ars. Gor. Mustafa
< — M AGIRLIGI UZERINE ETKISI OZDEMIR
%) - <
- <
- = Assoc. Prof. Dr. Ufuk
?EI ar EFFECT OF TARANTULA CUBENSIS ALCOHOLIC EXTRACT MSEORCC' A;\? YtjréELu
T “é S AGAINST INDOMETHACIN-INDUCED OXIDATIVE KIDNEY fuk
=" DAMAGE Dog. Dr. Uft
-5 “5 KOMUROGLU
o
[-»
Assoc. Prof. Dr. Ufuk
FORENSIC TOXICOLOGY IN VETERINARY MEDICINE MERCAN YUCEL
Prof. Dr. ALI BILGILI
ETIOLOGY, CLINICAL FINDINGS, AND MANAGEMENT OF Prof. Dr. BASAK
PNEUMONIA IN CATS HANEDAN
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ABOUREJAL Nesrine
1 ASSESSMENT OF ANTIMONY CONCENTRATIONS IN ﬁg’l\g\mgiﬁ Salim
o BOTTLED WATER SOLD IN THE TLEMCEN Region BENDALIOU Rekia
= BEIBACHIR Samar
QD
o
o
o~ Q
> = Prof. Dr. Yesim ELMACI
o) v ) KANSEI ENGINEERING AND ITS APPLICATIONS IN THE Assoc. Prof. Dr. Ceyda
2' < FOOD INDUSTRY DADALI
S5 z Yagmur OZCAN
= =
- Z
< = Assoc. Prof. Dr. Ceyda
T = 3 CLEAN LABEL TRENDS IN THE FOOD INDUSTRY DADALI
a Yagmur OZCAN
) Prof. Dr. Yesim ELMACI
[=]
a
DETERMINATION OF POLYPHENOLIC PROPERTIES OF BEE . .
A BREAD COLLECTED FROM DIFFERENT PROVINCES IN g‘da ]IS{“}E&I%ZEAL GUL
TURKEY BY USING DEEP EUTECTIC SOLVENT N%KiLéiOGLU
EXTRACTION
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HALL / SALON 3
Dr. Ogr. Uyesi Pnar ORCAN

IKLIMLENDIRME ICIN ENERJI TUKETIMININ
DEGERLENDIRILMESI

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Ars.Gor. Hasan Kaan
SERALARDA GELENEKSEL TOPRAKLI URETIMDE KUCUKERDEM

Dr. Umran ATAY
Prof.Dr. Hasan Hiiseyin
OZTURK

SERALARDA HIDROPONIK URETIMIN YARARLARI

Dr. Umran ATAY
Ars.Gor. Hasan Kaan
KUCUKERDEM
Prof.Dr. Hasan Hiiseyin
OZTURK

MORPHOLOGICAL AND CHEMICAL CHARACTERIZATION
OF CORNELIAN CHERRY GENOTYPES GROWN IN THE
MIDDLE KELKIT VALLEY (SUSEHRI)

Ogr. Gor. Dr. Ahmet
SUMBUL

Jasminum officinale L. ve Salix babylonica L.’nin Baz1 Yabanci
Otlar Uzerindeki Allelopatik Etkileri

Dr. Ogr. Uyesi Ibrahim
Selguk KURU

Bazi Tibbi Bitki Oziitlerinin Yabani Yulaf ve Amarant
Tohumlarinin Cimlenme ve Fide Gelisimi Uzerindeki Allelopatik
Etkileri

Dr. Ogr. Uyesi Pmar
ORCAN
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

THE IMPORTANCE OF SOIL MANAGEMENT IN
1 SUSTAINABLE AGRICULTURE AND REVIEW OF
ACADEMIC STUDIES

Dr. Ogr. Uyesi, GONUL
SEVINC

Dr. Nese ADANACIOGLU

O
4
-
2
< 7 ) CONSUMPTION TENDENCY OF SOME EDIBLE MUSHROOM | Dr. Cagla KART
Z = SPECIES Prof. Dr. Hakan
O E ADANACIOGLU
< Q
n &)
i = Dr. Cagla KART
- 2 3 CONSUMER BEHAVIORS TOWARDS CULTIVATED Dr. Nese ADANACIOGLU
% ) MUSHROOMS IN IZMIR PROVINCE Prof. Dr. Hakan
);:D ADANACIOGLU
Q
=
(=] Beyza Nur PINARBASI

4 CHANGES IN FIG PRODUCTION IN TURKIYE AFTER 2010 Ars. Gor. Dr. Muhammed
AND 2024 — 2026 PRODUCTION FORECASTS Ali PALABICAK
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FDG SAMPLES

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EXPLORING CYTOTOXIC AGENTS IN ETHYL ACETATE
AND CHLOROFORM EXTRACTS OF NIGELLA SATIVA Isabella Miiller. Luk
USING SULFORHODAMINE-B ASSAY-GUIDED szhrfeizer uller, Luxas
FRACTIONATION
EVALUATION OF RISK PREDICTORS FOR BREAST CANCER .
PREVALENCE IN IRAQI WOMEN: A RETROSPECTIVE ||\3/|rthz;anr;§g Dr. Asad
STUDY IN BAGHDAD med, .
Dr. Fatima Al-Mansoori,
COMPARATIVE ANALYSIS OF ISO/IEC 17025:2017 AND
. WHO GPPQCL: QUALITY MANAGEMENT STANDARDS IN J. M. Ramirez, L. A. Wong,
5 5 PHARMACEUTICAL LABORATORIES A.S. Patel, D. N. Becker
o
pd e
9 =
z,:' = ENHANCING THE ACCURACY OF TITRIMETRIC ANALYSIS
n < FOR ZINC SULPHATE TABLETS WITH VALIDATED Luca Giordano,
: g SPREADSHEET TOOLS Ahmed Al-Mansour
- =
< ©
T LL
o
5 EVALUATION OF AMINOPOLYETHER CONTENT IN 18F- Aria s, Chen, Mei Lin

Zhang,

SYNTHESIS AND EVALUATION OF BIODEGRADABLE
AMPHIPHILIC POLYMERS FOR TARGETED DRUG
DELIVERY: AN INVESTIGATION OF AMINO ACID-BASED
MICELLES

Ayesha Adebayo, Hidetaka
Tanaka, Li Wei, Andre
Ndungu

ASSESSING THE HEALTH-RELATED QUALITY OF LIFE
AMONG TUBERCULOSIS PATIENTS LOST TO FOLLOW-UP
IN YEMEN

Dr. Hanaa Al-Mansoori, Dr.
Rajiv Kumar, Dr. Farida
Elhassan
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATION OF EDIBLE AQUATIC INVERTEBRATES IN
1 THE RIVER DHANSIRI: A CASE STUDY FROM DIMAPUR, Sofia Moreno
NAGALAND, INDIA Rajesh Sharma
APPLICATION OF HYDROCOLLOID DRESSINGS IN THE
2 TREATMENT OF OPEN WOUNDS IN LARGE FELINES Dr. Annaliza Kostova,
An Investigation into the Brucellosis Incidence Among Veterinary
3 Health Care Workers in a Brucella Vaccination Campaign in West Dr. Elena Schreiber,
Bengal, India Prof. Nils Jensen
©
= 5
5 | &
z(' [} EVALUATING THE EFFECTIVENESS OF ORAL
n 2 4 VACCINATION STRATEGIES FOR WILD CANIDS AND A. M. Georgescu, L. I.
=~ bz STRAY DOGS IN ROMANIA Petrescu, N. R. Dumitrescu
2 |s
< jul
T o
EVALUATION OF FECAL MICROBIAL TRANSPLANTATION Dr. Eliana Silva
5 FOR CANINE ATOPIC DERMATITIS PREVENTION T :
Dr. Hiroshi Nakagawa
ASSESSMENT OF EDIBLE AQUATIC INVERTEBRATES IN
6 THE RIVER DHANSIRI: IMPLICATIONS FOR SUSTAINABLE Chao Zhan
LIVELIHOODS d
NUTRITIONAL EFFICIENCY OF BRACHIARIA RUZIZIENSIS Maria Elena Rodriaues
7 AND CENTROSEMA PASCUORUM HAY MIXTURES IN John K MatthewsgLiu’Wei
YANKASA RAMS: A COMPARATIVE STUDY : i .
S. Ahmed, Elena Georgieva
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

EVALUATION OF FECAL MICROBIAL TRANSPLANTATION
1 AS A PREVENTIVE MEASURE FOR CANINE ATOPIC
DERMATITIS

Dr. Anna Schmidt,
Dr. Mei Ling Zhou

Ana Maria Silva

Claudia Vargas

Rafael Oliveira, Julie
Wright, Thomas Schmidt

EFFECTS OF VARYING LEVELS OF DIETARY CRUDE FIBER
ON THE GROWTH PERFORMANCE OF FINISHING SU-SHAN
PIGS

THE IMPACT OF GREEN TEA EXTRACT ON OXIDANT AND

3 ANTIOXIDANT STATUS IN CALVES Dr. Maria Schmid,

Dr. Ahmed Fadli,

ENHANCING HUMAN-ANIMAL CONNECTIONS:

4 EVALUATING THE BENEFITS OF HUMAN-CHEETAH Dr. Sofia Oliveira,
~ ~ INTERACTIONS ON WELFARE AND PERCEPTIONS Dr. Mark Reynolds
z <
5 |2
< 6 ENHANCING THE EFFECTIVENESS OF TELFAIRIA
n put 5 OCCIDENTALIS LEAF MEAL IN BROILER DIETS USING Dr. Emilie Berger
: % ENZYME AND PROBIOTIC ADDITIVES Dr. Zhou Wei,
- n
< o
I o DEVELOPMENT AND APPLICATION OF ESSENTIAL OIL- . Klein, M. Berger, C.
6 BASED PHYTOBIOTICS FOR POULTRY FEED WITH Hoffmann, T. Meyer, J.
ANTIBACTERIAL PROPERTIES Fischer
HORMONAL VARIATIONS ASSOCIATED WITH Laura R. Oliveira,
7 REPRODUCTION IN INFERTILE VERSUS FERTILE DAIRY Elena Novak,
COows Samuel Kim,
Petra Fischer
DYNAMICS AND ECOLOGICAL IMPACT OF INTERTIDAL Dr. Elena Silva,
8 FIXED STAKE NET (HADRAH) FISHERIES IN KUWAIT: A Prof. Ahmed Al-Mansoori,
COMPREHENSIVE ANALYSIS Dr. Lena Rosenthal
ASSESSMENT OF CORPUS LUTEUM AND PLASMA
9 PROGESTERONE LEVELS IN EARLY PREGNANCY USING Lukas Meyer, Aisha

ULTRASONOGRAPHY Owusu, Pavel Jankovi¢
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EVALUATION OF ESSENTIAL OILS ON CHITOSAN FILMS:
IMPACT ON PHYSICAL AND MICROBIOLOGICAL L. Vasquez
PROPERTIES DURING STORAGE T Schroeder
INFLUENCE OF SUPPLEMENTAL LIGHTING ON THE Dr. Elena Martinez
FLOWERING RESPONSE OF RED PITAYA CULTIVARS Prof. Hans Richter
Dr. Sophie Lefevre
ISOLATION AND CHARACTERIZATION OF DGAT2 GENES Sofia L. Martins
IN EUROPEAN OLIVE CULTIVARS: A COMPARATIVE : .
Jonas F. Schmidt
STUDY .
Helena R. Silva
I
=
L ELECTROCHEMICAL ANALYSIS OF GRAPHITIC Hans Schneider
o 5 NANOTUBE-BASED SUPERCAPACITORS Sofia Weber
% )
(5]
| 2
§) ,9, A NON-DESTRUCTIVE METHOD FOR ESTIMATING FREE Maria Johansson, Erik
- o FATTY ACID CONTENT IN CRUDE PALM OIL Lindgren, Anna Svensson,
:II @) and Lars Eriksson
< S
I 1
0—_ INFLUENCE OF INTERCROPPING COWPEA (VIGNA
8 SINENSIS L.) WITH MAIZE (ZEA MAYS L.) ON YIELD Assoc. Prof. Dr. Jorge S.
! PERFORMANCE AND AGRONOMIC TRAITS Oliveira,
<
Dr. Emil Fischer,
THE IMPACT OF LOW-QUALITY GROUNDWATER ON Dr. Clara Rosenber
COTTON YIELD AND SOIL SALINITY LEVELS ' . 9
Dr. Henrik Larsen,
Dr. Sofia Jensen
Luka Kovacevi¢
THE IMPACT OF ACOUSTIC STIMULATION ON THE Marta Kralova
GROWTH OF BROILER CHICKENS Nina Popescu
Ilvan Kovalenko,
Anna Bianchi
INTEGRATED MANAGEMENT OF PHELIPANCHE RAMOSA Maria Neumann
IN TOMATO CULTIVATION: A FIELD STUDY Lucas Romero
Anna lvanov
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DEVELOPMENT OF MOLECULAR IMPRINTED POLYMERS Bianca Schweiger, Lucile
(MIPS) FOR THE SELECTIVE REMOVAL OF Bahnweg, Barbara Palm,
CARBAMAZEPINE FROM AQUEOUS SOLUTION Ute Steinfeld
PENTACHLOROPHENOL REMOVAL VIA ADSORPTION AND | Assis. Prof. Dr. Rakmi
BIODEGRADATION Abd.-Rahman
Assis. Prof. Dr. Nurina
Anuar
FORMULATION AND EVALUATION OF VAGINAL Sanae Kaewnopparat Nattha
SUPPOSITORIES CONTAINING LACTOBACILLUS Kaewnopparat
S
S
c COMPARISON BETWEEN ANTIBACTERIAL EFFECTS OF Tahereh Naji
o < ETHANOLIC AND ISOPROPYL: HEXAN (7:3) EXTRACTS OF Mahsa Jassemi
Z s ZINGIBER OFFICINALE ROSE
@) =
| S
< zZ
2 o SERICIN FILM: INFLUENCE OF CONCENTRATION ON iTS N. Namviriyachote
.| D PHYSICAL PROPERTIES N. Bang’ P. Aramwit
| Y
< o
T o
8%
3 Mahmood Ahmad
< VALIDATION AND APPLICATION OF A NEW OPTIMIZED Ghulam Murtaza
RP-HPLC-FLUORESCENT DETECTION METHOD FOR Sonia Khiljee
NORFLOXACIN Muhammad Asadullah
Madni
ANTIBACTERIAL CAPACITY OF PLUMERIA ALBA PETALS | Assis. Prof. Dr. M. H.
Syakira
Dr. L. Brenda
PROACTIVE IDENTIFICATION OF FALSE ALERT FOR Hsuan-Chia Yang, Yan-Jhih
DRUG-DRUG INTERACTION Haung, Yu-Chuan Li
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EXPLORING MAMMOGRAPHIC IMAGE MAGNIFICATION
SYSTEM WITH EYE DETECTION AND EEG SCANNER: A Prof. Dr. A Ogura.
PRELIMINARY INVESTIGATION Nakazawa
ANALYZING RESTING-STATE FUNCTIONAL
CONNECTIVITY WITH AN INDEPENDENT COMPONENT Shuaishuai Hu, Lanbo
APPROACH Wang, Han Li, Shouliang
Qi
g ENHANCED SEGMENTATION OF HEART SOUNDS USING Mecheri Zeid Ahfir,
S PHONOCARDIOGRAM CURVE LENGTH VARIATION Maamar Belmecheri, , Kale
o cxrs 1zzet
i [
% 2
I
2(' 5 ENHANCED RESOLUTION OF 3D CT SCANS VIA
) 8 HETEROGENEOUS DIMENSIONAL TRANSFORMERS Dr. Helen Zhang
~
- <
—
£ 5
u ADVANCEMENT OF AN AFFORDABLE IOT-BASED Moitaba Mohammadzaheri
o MINIATURE DEVICE FOR REMOTE HEALTH MONITORING : . '
o Morteza Ghodsi,
EMPLOYING SPEECH EMOTION RECOGNITION AS A Jianyu Zhengyu, C Zhang
LONGITUDINAL BIOMARKER FOR ALZHEIMER’S DISEAS hen, Sihong Zhang,
Xusheng He , Zhang Wei
EVALUATING HIP MUSCULAR IMBALANCE IN Dr. Anthony Banitsas ,
RHEUMATISM PATIENTS: AN ASSESSMENT Assis. Prof. Konstantinos
Bawa
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EXPLORING INTERNET GOVERNANCE THROUGH
1 MULTIPLE STAKEHOLDERS: OPPORTUNITIES,
CHALLENGES, AND ADVANCEMENTS

Prof. Dr. Martin Hans
Knahl

A STUDY ON THE IMPACT OF HARDINESS AND
2 ALIENATION ON BURNOUT AND DATA ENTRY ERRORS IN
RURAL HELLENIC HOSPITAL LABORATORIES

Angela Dellaporta ,
Aphrodite —M. Paleologou

= GUIDELINES AND REQUIREMENTS FOR DEVELOPING
g 3 TEAM AWARENESS SYSTEMS Lecture Carsten Rocker
— 4
— n
z g
9 E AN ADAPTATION OF WIRELESS AND INTERNET
g ol 4 TECHNOLOGIES IN LOGISTICS: AN ANALYTICAL Assoc. Prof. Dr. Apiwat
g < APPROACH Sangnoree
- =
- .
< &
= w GENDER DISPARITIES IN SEXUAL PERCEPTION AND
2 5 BEHAVIOR AMONG MARRIED ILOCANOS" Cadorna Erwin
o

EXAMINING INTERNET USER BEHAVIOR: PATTERNS

ACROSS VARIOUS SITES AND THEIR INFLUENCE ON Javadi Maryam ,

6 MARRIAGE TABOOS - A SURVEY OF UNDERGRADUATE ;(\)/r:ci Zﬁﬂﬁg‘ﬁ:ﬁfgé d
STUDENTS IN MASHHAD, IRAN
UTILIZING PERSUASIVE TECHNOLOGY TO INFLUENCE Ai RahimMahbubur.
7 END-USERS' IT SECURITY AWARENESS AND BEHAVIOR: A | Dr. Cheo Yin Ying ,
PILOT INVESTIGATION Ms. Ren Yeo
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CHALLENGES IN LEGAL REGULATION OF INTELLECTUAL
1 PROPERTY RIGHTS IN INNOVATION ACTIVITIES: AN Zhanna Mirskikh
INSTITUTIONAL APPROACH IN RUSSIA Mingaleva, Irina
EXPLORING LEADERSHIP BEHAVIOR, SAFETY CULTURE, YCheng- Wang ,Yi Yang ,
2 AND PERFORMANCE IN THE HEALTHCARE INDUSTRY: A Sue Chang, Er Fen, Huang
COMPREHENSIVE STUDY Guo
COMPARATIVE ANALYSIS: ASSESSING TRAINED
3 INSPECTORS' PERFORMANCE ACROSS VARIED Assis. Prof. Dr. Sittichai
WORKLOADS VIA FEED FORWARD VS. FEEDBACK Phonsak.
TRAINING APPROACHES
S
- [ ASSESSING OPERATIONAL RISKS IN MALAYSIAN Assoc. Prof. Dr. Farid
% = 4 HIGHWAY PROJECTS Ezanee.
| o Dr. Mohamed Ghazali
< i
wn Y
~ o
j o BEST PRACTICES FOR CRAFTING TENDERS IN
< K% 5 MALAYSIA'S BUILDING CONSERVATION PROJECTS Dr. Lim Lee
I a
<
THE INDEX OF SUSTAINABLE FUNCTIONALITY: A TOOL Assis. Prof. G.T. Tao
6 FOR ASSESSING SUSTAINABILITY PO '
Dr. L. Cirella
EXAMINING KNOWLEDGE SHARING BEHAVIOR IN E- Teresa Ju
7 COMMUNITIES THROUGH THE LENS OF TRANSACTION Chan WL;
COST THEORY g
ADVANCING AN EFFICIENT FRAMEWORK FOR SECURE Mohamed Serhani,
8 MOBILE APPLICATION DESIGN, DEVELOPMENT, AND Rachida Abdelghani,
UTILIZATION Dssouli,
Benharref. Mizouni Rabeb
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Opr.Gor. Abdulkadir Ilgaz
AFET VE ACIL DURUMLARDA PSIKOSOSYAL DESTEK Ars.Gor. Mustafa Emin
Akgin
SOSYAL HIZMET MESLEGINDE SOSYAL INCELEME gﬁ:ﬁi%g\?mm
RAPORUNUN YERI VE ONEMI Ogr. Gor. Abdulkadi llgaz
= ADVANCING SOCIAL WORK EDUCATION: REDEFINING
. S EXCELLENCE WITH CSWE’S EPAS GUIDELINES Prof. Dr. Oguzhan ZENGIN
z | &
- c
© .
< £ SOCIAL WORK LICENSURE IN THE UNITED STATES:
%) N CURRENT PRACTICES AND EMERGING TRENDS Prof. Dr. Oguzhan ZENGIN
~
D
.|
3 ©
< S . . . ) i
T SELANIK’TE OZEL ISLAM MEKTEPLERI: FEYZIYE " -
s MEKTEBI VE YADIGAR TERAKKi MEKTEBI Dr. Mehmet KOSEOGLU
x
XIX. YUZYILIN SON CEYREGINDE PALANKA KAZASININ “ x
EKONOMIK FAALIYETLERI VE DEMOGRAFIK YAPISI Dr. Mehmet KOSEOGLU
MALATYA IN BYZANTINE-EMEVI STRUGGLES Uzm. BUKET TOSUN
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EGE UNIVERSITY’S BROADCASTING EXPERIENCE FROM .
1 THE PERSPECTIVE OF COMMUNICATION HISTORY Lec. Dr. YIGIT ACIK

BIR ILETISIM OLGUSU OLARAK TASARIMIN KULTUR

UZERINE ETKIiSi: GECE MUZECILIGi Dog. Dr. AYLIN GUNGOR

REKLAMLARDA SOYUT IMGELERIN GOSTERIMI: . .
3 TANRININ REKLAMI Dog. Dr. AYLIN GUNGOR

HALL / SALON 2

Dog. Dr., MELiS BOYACI

AN ANALYSIS ON OZDEMIR ALTAN’S OVERLOOKED
4 PERIOD INVOLVING THE BUILDING OF SOCIAL AND Dog. Dr., MELIS BOYACI
INDIVIDUAL MYTHOLOGIES
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Authors

HALL / SALON 3
Assist. Prof. Dr. MURAT BAYRAKTAR

THE RELATIONSHIP BETWEEN DIGITAL LITERACY AND
TECHNOSTRESS

Asst. Prof. Dr. NERIMAN
CELIK

DIFFERENT APPROACHES AND HISTORICAL
2 DEVELOPMENTS IN THE FOREIGN POLICY OF THE
UNITED STATES OF AMERICA

Dr. Yusuf Mehmet AKAY

WHAT IS CINEMA AND WHAT DOES IT MEAN FOR

3 INTERNATIONAL RELATIONS? Dr. Yusuf Mehmet AKAY
CALISAN CEZAYIRLI KADINLARIN GERCEKLIGI VE .

4 KARSILASTIKLARI ZORLUKLAR Ahlam Ahmaid

5 MASS TOURISM AND OVERTOURISM: A COMPLEX Assist. Prof. Dr. MURAT

RELATIONSHIP

BAYRAKTAR
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Prof. Dr. Sebnem

KUSVURAN

L DETERMINATION OF SALT STRESS TOLERANCE LEVELS théng?ﬂﬂﬁ:\lﬁ Kadhim
OF DIFFERENT BEAN GENOTYPES Dr. Metin YAGCIOGLU

Dr. Ogretim iiyesi Ebru

DERELLI TUFEKCI

Prof. Dr. Sebnem
KUSVURAN
Ziileyha Yaren TURKCAN

DEREOTUNDA ORGANIK GUBRE KULLANIMININ TUZ 2
Dr. Ogretim Uyesi Ebru

2 STRESINE TOLERANS VE UCUCU YAG ICERIKLERI m > :
STRES JLERAN DERELLI TUFEKCI
TUFEKCI
3 THE IMPORTANCE OF DNA METHYLATION INTERMS OF |\ ' o

EPIGENETICS

. EVALUATIONS ON ETHNOBOTANICAL STUDIES Erzo;aarér'islzn C’:’igf
CONDUCTED IN ELAZIG PROVINCE SONAY yolog Vey

HALL / SALON 4

Assoc. Prof. Itir ERKAN

EVALUATIONS ON FLORASTIC STUDIES CONDUCTED IN el F ek

5 Uzman Biyolog Veysel
ELAZIG PROVINCE SONAY
NiHAL DEMIR
Asst. Prof. EDA SONMEZ
6 PHARMACOGNOSTIC EVALUATION OF ROYAL JELLY GURER
SAMPLES FROM SiVAS REGION Lecturer SEYDA KAYA
Prof. SEVGI DURNA
DASTAN
Dr. Erdinc GUNER
7 DETECTION OF DIROFILARIA IMMITIS IN DIFFERENT Mehmet KARABOGA
TISSUES: A CASE STUDY Dr. Metin PEKAGIRBAS
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HALL / SALON 5
Prof. Dr., Abdullah GOKTAS

DETERMINATION OF CONCENTRATIONS OF TRACE
ELEMENTS IN VOLCANIC ARARAT MOUNTAIN ROCKS
EXTRACTED IN ULTRAPURE WATER

Assist. Prof. Dr. Servet
ASKIN

ZnS NANOCUBUK VE NANOKURELERININ YAPISAL,
YUZEYSEL ve OPTIK OZELLIKLERININ INCELENMESI

Dr. Ogr. Uyesi, Giilsen
SAHIN

Prof. Dr., Abdullah
GOKTAS

METILEN MAVISI ORGANIK BOYASININ UV ISIK ALTINDA

Dr. Sultan GOKTAS
Dr. Ogr. Uyesi, Giilsen

7ZnO NANOKURE ve NANOCUBUK SAHIN
FOTOKATALIZORLERIYLE YIKIMI Prof. Dr., Abdullah
GOKTAS

A STUDY ON COLLECTIVE MOTION OF NON-
HOMOGENOUS STRUCTURE OF A HERD

Dr. TARIK KUNDURACI

RUZGAR ENERJISINDEN ELEKTRIK URETIMININ
CEVRESEL ETKILERI

Prof.Dr. Hasan Hiiseyin
OZTURK

Ars.Gor. Hasan Kaan
KUCUKERDEM

Dr. Umran ATAY

GUNES ENERJISINDEN ELEKTRIK URETIMININ CEVRESEL
ETKILERI

Prof.Dr. Hasan Hiiseyin
OZTURK

Dr. Umran ATAY
Ars.Gor. Hasan Kaan
KUCUKERDEM
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1 REGTEST ILE BLOKCHAIN VE BLOK SIFRELEME Dr. Emin BORANDAG
SULEYMAN SELVI
© g ’ QNEﬁh\éleg OF END-OF-LIFE TIRE (ELT) RECYCLING ]F;Zs;f;%AHMET
= < Prof. Dr. RAMAZAN
9 o KOSE
-
> E NiLAY DOGAN
:(l 3»; 3 APPLICATION OF MULTI-CRITERIA DECISION-MAKING g‘j&ﬁ?ﬁ%AHMET
I < METHODS IN HEAT PUMP SELECTION prof. Dr. RAMAZAN
a KOSE
e O e, NBUCED
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YANBU, SAUDI ARABIA: BRIDGING TRADITION IN A
1 MODERNIZING CITYSCAPE Hisham Mortada

ANALYZING REPLACEABLE LINKS WITH REDUCED WEB
SECTION FOR LINK-TO-COLUMN CONNECTIONS IN Daniel Y. Abebe, Sijeong
ECCENTRICALLY BRACED FRAMES Jeong, Jaehyouk Choi

IMPLEMENTING RETROFITTING SOLUTIONS FOR

3 KAZAKHSTAN'S EXISTING HOUSING STOCK S. Yessengabulov, A.

Uyzbayeva

SKY FARMING: EMBRACING VERTICAL LANDSCAPE

. MODELS IN URBAN AREAS FOR SUSTAINABLE Ejg:ashhzr‘;:ﬁapﬂgv'i\'aega
DEVELOPMENT THROUGH GREEN BUILDING CONCEPTS '

o] = Prakarti
Z 5
O a
z(' « APPROACHING SUSTAINABLE PUBLIC HOUSING:
%) >‘2 5 PERSPECTIVES ON PROPERTY MANAGEMENT AND Assoc. Prof. Dr. Kung-Jen
: = FINANCIAL FEASIBILITY Tu
[
| -
< 8
T pd
ADAPTIVE DESIGN FOR COLLECTIVE HOUSING USING Unaureanu Daniel - Viorel
6 LARGE PREFABRICATED CONCRETE PANELS 9 ’
M. Muntean
CREATING ENERGY BENCHMARKS FROM MANDATORY
7 ENERGY AND EMISSIONS REPORTING DATA: ONTARIO'S C. Xavier Mendieta, J. J
POST-SECONDARY RESIDENCES McArthur
PRESERVING SOCIAL MEMORY: A CASE STUDY OF UCH
8 DUKKAN NEIGHBORHOOD IN ARDABIL CITY, Yousef Daneshvar
AZERBAIJAN REGION, IRAN Rouyandozagh,

EXPLORING BIOMIMETIC STRUCTURAL FORMS:

9 ACHIEVING VITAL SUSTAINABILITY IN TALL Dr. Osama Al-Sehail
ARCHITECTURE '
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ASSESSING THE QUALITY STANDARDS OF HOSPITAL Dr. Gharehbagh
PHARMACIES IN THERAPEUTIC CENTERS ASSOCIATED v Hamishehkar
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OZET

Son zamanlarda beslenmemizde yapraklar tiiketilen sebzeler igerisinde yer alan dereotu, insan
saglig1 iizerindeki olumlu etkileri ile dikkat ¢ekmektedir. Bu ¢alismada tuzlulugun hakim
oldugu alanlarda, etkin bir dereotu yetistiriciligin yapilabilmesi i¢in farkli organik maddelerin
kullanilabilirliginin ve bu maddelerin tuz stresi kosullarinda etkinliginin belirlenmesi, farkli
organik madde kullaniminin ugucu yag igerigine olan etkilerinin incelenmesi amaglanmaistir.
Materyal olarak Depiuis 1743, ticari dereotu gesidi kullanilmistir. Farkli organik maddelerin
tuz stresi kosullarinda etkinliginin arastirildigi calismada organik madde olarak ahir giibresi,
vermikompost ve humik asite yer verilmistir. Saks1 kiiltiirinde gergeklestirilen denemede 5
farkli uygulama yer almistir. Calismada stres ve kontrol uygulamalar1 3 tekrarlamali olarak
diizenlenmistir. Stres siiresi sonunda bitkilerde yas ve kuru agirliklarin belirlenmesi, govde
boyu belirlenmesi, yaprak alaninin belirlenmesi, verim, yaprak oransal su igeriginin
belirlenmesi, klorofil oranin belirlenmesi, suda ¢6ziinebilir kuru madde miktari, vitamin C
iceriginin belirlenmesi, toplam antioksidan aktivite ve ugucu yag igeriklerinin belirlenmesi i¢in
ol¢lim ve analizler gerceklestirilmistir. Organik giibre kullanimi tuz stresinin olumsuz etkisini
onemli derece sinirlandirmigtir. Buna gore kontrol bitkilerine oranla ortalama olarak azalma
yesil aksam yas ve kuru yaprak agirliginda %33.09 ve %28.43 (%187.50 ve %121.21 iyilesme),
govde boyunda %22.28 (%29.01 iyilesme), yaprak alaninda %18.17 (%26.69 iyilesme),
verimde %24.14 (%86.98) diizeyinde olmustur. Ugucu yag igerigi stres ve stres kosullarinda
organik giibre kullanimi bakimindan farkliliklar gostermistir. Calisma sonucunda dereotunda
tuz stresi bitki biiyiime ve gelismesinde degisen oranlarda azalmaya neden olmustur. Organik
giibre kullanim1 bu azalmay1 giibre tiiriine bagli olarak sinirlandirmakta basarili olmus 6zellikle
ahir giibresi ilk planda yer almistir. Bu giibreyi sirastyla humik asit ve vermikompost izlemistir.

Anahtar Kelimeler : Biyostimulant, Anethum graveolens L., Tuzluluk, Topraksiz tarim
1. GIRIS

Bitkiler, dogal kosullar altinda tohum c¢imlenmesinden itibaren biiyiime, gelisme ve
verimliliklerini olumsuz yonde etkileyen ¢ok sayida biyotik (bocek, nematod, viriis, fungus,
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bakteri vb.) ve abiyotik (kuraklik, tuzluluk, ekstrem sicakliklar, agir metaller, bitki besin
elementi dengesizligi, radyasyon vb.) stres etmenlerine maruz kalabilmekte, bu da bitki
savunma mekanizmalarinin =~ Gorsellenmesine  ve  bitki  metabolizmasinin  yeniden
yapilandirilmasina neden olmaktadir. Ozellikle abiyotik stres faktérleri, kiiresel gida giivenligi,
gida kalitesi ve bitki verimliligi lizerinde sinirlayici etkilere sahiptir (Kumar ve Verma, 2018).
Kuraklik, tuzluluk, ekstrem sicakliklar ve diisiik toprak verimliligi, neredeyse tiim diinyada
tarimsal tretimi sinirlandiran en dnemli abiyotik stres faktorleri olarak kabul edilmektedir.
Bunlar arasinda yer alan kuraklik, tuzluluk ve besin elementi eksiklikleri, 6zellikle tarima dayali
niifusun agirlikli oldugu gelismekte olan iilkelerde ciddi boyutlarda sorun olusturmaktadir.
Giinlimiizde bitki tiirii ve ekolojik kosullara bagl olarak, %50 ile %80 arasinda goriilen verim
kayiplarinin ana nedeni abiyotik stres faktorleridir. Dolayisiyla, tarim sektoriinde bitkisel
iretimin siirdiiriilebilirligini ve kalitesini garanti altina alirken, abiyotik stres faktorlerinin
bitkiler tlizerindeki olumsuz etkilerini azaltacak yeni arayislar i¢ine girilmistir. Bu yeni
biyoteknolojik gelismeler arasinda yer alan biyostimiilantlar; tarimsal, kentsel ve endiistriyel
atik malzemeleri dongiisel ekonomi perspektifinde kullanma kabiliyetleri nedeniyle de son on
yilda artan Gorselde ilgi gormektedir (Bulgari vd., 2019; Andreotti, 2020; Du Jardin vd., 2020;
Nephali vd., 2020).

Tuzluluk bitkilerde biiyiime ve gelismeyi, iiriiniin nitelik ve niceligini olumsuz etkileyen 6nemli
cevresel stres unsurlarindan biridir. Bitkisel iiretimde, iiriin kayiplarinin yaklasik olarak %50'si
abiotik stres faktorleri nedeni ile ortaya ¢ikmaktadir. Giinlimiizde, sulanabilir alanlarin %30'u
olmak iizere toplamda %6 lik bir alan toprak tuzlulugu ile kars1 karsiya durumdadir. Bununla
birlikte tarim arazilerinde yanlis sulama uygulamalarinin sebep oldugu tuzluluk probleminin
gelecek 20 yil igerisinde %50 oraninda artisg gosterecegi on goriilmektedir (Hasanuzzaman vd.,
2013). Tuz stresi, toprakta artan NaCl ve diger ¢oziilebilir tuz miktarina paralel olarak bitkinin
biliylime ve gelisimi {lizerinde olum tuz etkilere neden olmaktadir. Toprak ¢ozeltisinde tuz
konsantrasyonunun artmasi ve su potansiyelinin azalmasi, bitki hiicrelerinin ozmotik
potansiyelini diisiirmektedir. Bunun sonucunda tuz stresinin yogunluk ve siiresine bagl olarak
bitkilerde biiyii me, gelisme, ¢imlenme, hiicre boliinmesi, fotosentez gibi pek ¢ok biyolojik olay
etkilenmekte (Bressan vd., 2008) ve bu durum tarimsal alanlarda bitki verimliligi ile {iriin
kalitesini sinirlandirmaktadir. Bu nedenle tuzluluk tarimsal iiretimi sinirlandiran en 6nemli stres
faktorlerinin basinda yer almaktadir (Fahad vd., 2015). Genel olarak elektriksel iletkenligin
(EC) 4 dS m™ ve iizerin e ¢ikt11; osmotik potansiyelin ise 0.2 MPa ulastig1 durumda pek ¢ok
iriinde verim kayiplar1 ortaya ¢ikmaktadir. Bu durumda 6zellikle Na iyon toksitesine bagl
olarak morfolojik, fizyolojik ve biyokimyasal degisimler meydana gelmektedir (Acosta Matos
vd., 2017).

Ahir giibresi, bir yandan topragin yapisint olumlu yonde etkilerken, diger yandan bitkiler i¢in
gerekli besin elementlerini saglayarak {iriin miktar1 iizerine olumlu etki olusturmaktadir. Bu
etkiler, topragin su tutma kapasitesini arttirmakta, suyun toprak ylizeyinde bagimsizca
akmasina, buharlagmasina ve tarima elverisli topraklarin tasinip gotiiriilmesine engel olmakta,
topragin kolay tava gelmesini saglamakta, toprak 1sisin1 bitki gelismesi i¢in uygun duruma
getirmekte, toprak pH’s1 iizerinde etkili olmakta, toprak havalanmasina olumlu etki
yapmaktadir. Diger yandan ahir giibresinin toprakta parcalanmasi sonucunda olusan
karbondioksit ve organik asitler, bitki besin elementlerini bitkiler i¢in yarayigh hale
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sokmaktadir (Soyergin, 2006; Leskovar ve Othman, 2018; Aina vd., 2019). Walker ve Bernal
(2008), 1.85 dS/m EC degerligine sahip tuzlu toprak ile gerceklestirdikleri ¢alismalarinda
kompost ve ahir giibresinin tuz stresine tolerans ve iyon degisim kapasitesi lizerindeki etkilerini
incelemiglerdir. Calismada materyal olarak B. maritima, B. vulgaris ve L. esculentum
kullanilmigtir. Saksida gergeklestirilen arastirmada, govde kuru agirhiginin ahir giibresi
kullanilan bitkilerde korundugu, yine ayni gurupta K ve P alimi artis gosterirken, Na ve Cl iyon
alimmin smirlandigr tespit edilmistir. Toprak tuzlulugu ve besin elementi eksikligi bitkisel
iiretimi simirlayan en onemli faktdrlerin basinda gelmektedir. Ozellikle azot eksikligi bitki
gelisimini 6onemli diizeyde etkilemektedir. Bu amacla Irshad vd. (2002) tarafindan saksida
gerceklestirmis olduklar1 calismalarinda, azot kaynagi olarak ahir giibresi ve iire kullanilmistir.
Masir bitkisinin yetistirildigi ortamda 4 farkli tuz dozu (0, 4.04, 9.03, 13.14 dS/m) yer almistir.
Calisma sonucunda tuz stresine toleransin saglanmasi bakimindan sirasiyla iire, liret+ahir
giibresi ve ahir giibresi iceren ortamlar en etkin ortamlar olarak belirlenmistir. De Sousa vd.
(2018) dort farkl1 tuz konsantrasyonuna (0,2; 2,0; 4,0 ve 6,0 dSm™?) sahip sulama suyu, ahir/sigir
giibresi (AG) ve biyo giibre uygulamalarinin sorgum bitkisinin bitki biiylimesi {izerine olan
etkilerini incelemislerdir. Arastirma sonucunda; topraktaki sigir giibresinin varliginin, tuzlu su
uygulamasina ragmen bitkilere daha az zarar verdigi tespit edilmistir. Yine Mbarki vd. (2020)
ve Kusvuran vd. (2021) yonca ve sorgumda gerceklestirmis olduklar1 calismalarinda agir
giibresi kullaniminin degisen oranlarda tuz stresine toleransin saglanmasi agisindan etkili
oldugu ifade etmislerdir.

Hiimat; % 30 -50 oraninda hiimik asit i¢erir. pH degeri 5-7 arasindadir. Makro ve mikro besin
elementlerince zengindir. %30-50 oraninda nem igerir. Kurutularak nem igerigi %15-20
seviyelerine kadar diistiriiliir ve 0-3 mm tane boyutuna 6giitiilmiis olarak kullanilabilir. Hiimik
maddeler, farkli ortamlarda ¢6ziiniilebilirliklerine gére gruplara ayrilirlar. Hiimik asitler ve
fulvik asitler alkali - ¢dztiniilebilir humus pargalarini simgeler. Hiimik maddelerin en 6nemli
bilesenlerinden biri olan hiimik asitler topragin yapis1 ve dokusunu fiziksel olarak iyilestirir.
Topragin solunum ve su tutma kabiliyetini artirir, tohumu ¢imlendirme oranimi arttirir ve
topraktaki mikroflora populasyonunun gelismesini ve koloni haline getirmek i¢in alanlar
saglarlar. Ayrica hiimik asitler topraklardan su buharlasmasini azaltir. Toprakta organik madde
miktarini artirir. Makro ve mikro besin elementleri takviyesi yaparak, bitki kok bolgesinden
uzaklagmasini engeller. Topraga uygulanan bitki besin maddelerini (N, P, K, Mg, Ca, Zn, Fe,
Cu, Mn, B vb.) alinabilir sekle doniistiirerek, alinimini en yiiksek diizeye ¢ikartir. Topragin
pH’sin1 diizenleyerek asidik ve bazik topraklari nétr seviyesine getirir. Bir¢ok arastiric
tarafindan humik asitlerin (HA) bitki biiylimesi ve gelisimini tegvik ettigi, uygun
konsantrasyonlarda uygulandiginda gelisimi pozitif yonde etkiledigi bildirilmistir.
Arastirmacilar HA’in bitkilerde hiicre zarimin gegirgenligini artirarak besin elementlerinin
alimina yardimci oldugunu yapilarindaki hormon benzeri maddelerden dolayi bitki gelismesine
olumlu etki yaptigini ortaya koymuslardir (Shaaban vd., 2013; Kusvuran vd., 2021; Kugvuran
ve Ellilatioglu, 2021). Aydin ve ark. (2012) fasulyede farkli tuz kaynaklar1 (sodyum klorid,
sodyum siilfat, kalsiyum klorid, kalsiyum siilfat, potasyum klorid, potasyum siilfat, magnezyum
klorid, magnezyum siilfat) ve dozlar1 (0, 30, 60 ve 12 mM) ile olusturmus olduklar1 tuz
ortaminda fasulyede 3 farkli dozdaki humik asit (0, 0.05 ve 0.1% w/w) uygulamalarinin
etkilerini incelemislerdir. 120 mM tuz uygulamasi kontrol bitkilerinde 6liimlere neden olurken;
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humik asit uygulamalarin bitki 6liimleri engellenebilmistir. Tuz stresi ile birlikte klorofil ve
nitrat iceriginde azalmalar meydana gelmistir. Yine tuz uygulamalar1 bitki biomas degerlerinde
onemli azalmalara yol agmis, ancak humik asit uygulamalari ile bu olumsuz etki azaltilmistir.
Aragtiricilar elde ettikleri bulgular dogrultusunda humik asitin tuz stresinin yol actig1
olumsuzluklar1 6nemli diizeyde engelleyerek bitki gelisimine olumlu etkiler sundugunu ortaya
koymuslardir. Dikilitas ve Dikilitas (2021) ¢ilekte tuz stresi altinda (50 mmol L-1) HA
uygulamasinin vitamin C ve likopen gibi kalite parametrelerini artirdigini; Burhan ve Al-Taey
(2008), Kusvuran ve Ellialtioglu (2021) rokada, Al-Taey ve Burhan (2022) dereotunda
gerceklestirmis olduklar1 ¢alismalarinda humik asit uygulamalarinin tuz stresinin olumsuz
etkilerini azaltma yoniinden etkili oldugunu ifade etmislerdir. Solucan giibresi i¢in, genel olarak
Humbricus rubellis ve Eisenia foetida, Dendrobena veneta tiirlerindeki solucanlar
yetistirilmektedir. Bu solucan tiirlerinin organik giibreler ve bitkisel materyal (aga¢ kabuklari,
yaprak, saman, sebze ve meyve artiklari) ile beslenmeleri ve bu organik materyali viicutlarindan
gecirmeleri ile Urettikleri yiiksek degerlikli giibre, organik bir kompostlagma sonucu ortaya
ciktigindan Biohumus veya Vermikompost olarak adlandirilmaktadir (Bidabadi vd., 2017). Bu
giibrenin yiiksek degerlikli olmasiin nedeni, bitki besin elementlerini ¢oziinmiis ve bitkiler
icin hemen yararlanilabilir formda igermesi yaninda, bitki gelisimi i¢cin dnem tasiyan pek ¢ok
organik bilesigi ve bakteri, fungus gibi yararli mikroorganizmalar1 igermesidir. Solucanlarin
sindirim sisteminden gegen organik atiklardaki mikro besin elementleri dogal bir Gorselde
kilitlenerek disar1 atildigindan ve koloidal formda olduklarindan toprakta kayba ugramadan
bitkiler tarafindan kolay bir Gorselde alinabilmektedir. Bu giibre ayrica amino asit, enzim,
humik asit, fulvik asit gibi bitki gelisimini hizlandiran organik bilesikleri kapsadigindan
bitkilere uygulandiginda fitohormon aktivitesini yilikseltmekte ve hastaliklara karsi direnci
artirmaktadir.  Biohumus simbiotik azot baglamasi yapan Rhizobium bakterilerini ve
asimbiotik azot baglayan bakterileri de icerir. Bu nedenle topraklara uygulandiginda azot
kazancini artirmaktadir. Tiim bu 6zellikleri ile solucan giibresi biyolojik giibre materyali olarak
degerlendirilmekte, iiretilmekte ve pazarlanmaktadir. Cesitli arastiricilar tarafindan yapilan
caligmalarda sera ve tarla kosullarinda yetistirilen bazi bitkilerde vermikompostun {iriin verimi
ve besin elementi alimi iizerine etkileri arastirilmistir. Vermikompost uygulamasi ile besin
elementi icerikleri, bitki gelisim hiz1 ve verimi artirdigin1 belirlemislerdir. Benzer Gorselde
Sallaku vd. (2009) hiyarda, Chinsamy vd. (2013) domateste, Durukan vd. (2020) misirda ve
Demir ve Kiran (2020) marulda gerceklestirmis olduklar1 caligmalarinda vermikompost
uygulamalarinin tuz stresine toleransin saglanmasi agisindan olumlu etkileri oldugu ifade
etmislerdir. Tiirkiye’de dereotu iiretimi taze sebze olarak yapilmakta olup 2021 yili verilerine
gore 10432 ton iiretim gerceklesmistir (TUIK, 2021). Dereotu bitkisi sap, yaprak ve
meyvelerinde ugucu yag bulundurmaktadir. Ugucu yagi carvon, limonen ve 6nemli miktarda o-
phellandren’den olugmaktadir. Dereotu bitkisinin ASTA kimyasal standardina ve USDA besin
kompozisyonuna gére minimum ugucu yag orant %2.5, maksimum su oran1 %10.0, enerji
degeri 305 kcal, protein igerigi 16.0 g/100g, yag icerigi 14.5 g/100g, karbonhidrat igerigi 55.2
g/100g ve 6.6g/100g kiil igermektedir (Elik, 2010). Gergeklestirilen bu c¢alismada, farkli
organik giibre kullaniminin dereotunda tuza toleransin saglanmasi ve ugucu yag bilesikleri
noktasinda etkinligini incelenmistir.
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2. MATERYAL VE METOD

Materyal olarak Depiuis 1743 (Vilmorin Anadolu Tohum A.S) ticari dereotu cesidi
kullanilmigtir. Farkli organik maddelerin tuz stresi kosullarinda etkinliginin arastirildigi
calismada organik madde olarak ahir giibresi, vermikompost ve humik asite yer verilmistir.
Saksi kiiltiirtinde gerceklestirilen denemede 5 farkli uygulama yer almistir.

Tuz konsantrasyonu i¢in yapilan literatiir calismalar1 sonucu 8ds/m EC olarak belirlenmistir
(Ashraf, 1994; Miceli vd., 2003; Hamilton ve Fonseca, 2010) 12 litre hacmindeki saksilar
toprak ile doldurulmustur. Kontrol saksilarina herhangi bir uygulama yapilmamis sadece
bitkilerin diizenli biliylimesini saglayacak sulama ve bakim iglemleri gerceklestirilmistir.
Tuz+vermikompost uygulamasi i¢in 13.6 gr/saksi; ahir giibresi 136 gr/saksi ve humik asit 100
ppm/saks1 olacak Gorselde hazirlanarak saksi topragi ile kanstirilmistir (Kusvuran ve
Ellialtioglu, 2021). Tohumlar hazirlanan bu karigimlara ekilmistir. Tohum ekiminde Vural ve
ark. (2000) tarafindan belirtilen miktarda tohum ekimi gerceklestirilmistir. Tohumlar ekildikten
sonra kontrol gurubu hari¢ olmak iizere diger saksilar 8ds/m EC tuz diizeyine sahip sulama suyu
ile sulanmigtir. Sulamada “drene olan ¢6zelti/uygulanan ¢ozelti” oran1 esas alinmistir (Schroder
and Lieth 2002). Giinliik olarak drenaj seviyeleri belirlenmis ve bu oran deneme siiresince
bitkilerin biiylimesine gore %30 civarinda tutulmustur. Calismada stres ve kontrol uygulamalari
3 tekrarlamali olarak diizenlenmistir. Stres siiresi sonunda bitkiler sokiilerek asagida belirtilen
Ol¢ciim ve analizler gerceklestirilmistir.

Gorsel 2.1. Dereotunda bitki gelisim asamalar:

Gorsel 2.2. Bitkilerde tuz ve farkh organik giibre uygulamalarinin etkisi
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Gorsel 2.3. Bitkilerde hasat islemlerinin gerc¢eklestirilmesi

-Yas ve Kuru Agirhklarin Belirlenmesi: Stres uygulamalari sonucunda hasat edilen
bitkilerden tesadiifi olarak secilen 10’ar bitki hassas terazide tartilarak yas agirliklar
belirlenmis; daha sonra ayni1 6rnekler 65 °C etiivde 48 saat siireyle kurutulduktan sonra kuru
agirliklart alinmistir.- Gévde Boyu Belirlenmesi: Bitkide kok bogazindan biiyiime ucuna kadar
olan bolge cm (= 0.5) cinsinden metre ile Ol¢lilmiistiir.- Yaprak Alammnin Belirlenmesi:
Deneme sonunda hasat edilen bitkilerinde yaprak alan1 CI BIO Science CI 202 model yaprak
alan olger aleti kullamlarak cm?/bitki olarak belirlenmistir.- Verim: Her tekerriirden hasat
edilen dereotular hassas terazide tartilarak verim g/m? olarak belirlenmistir. -Yaprak Oransal
Su I¢eriginin Belirlenmesi: Tuzluluga ve kurakliga tolerans denemelerinde, Yaprak Oransal
Suigerigi (YOSI) (%) Sanchez vd., 2004 ve Tiirkan vd., 2005'e gore yapilmustir. Stres sonunda
bitkilerden alinan yaprak orneklerinin oransal su igeriklerinin belirlenmesi i¢in taze agirliklar
alinacak, daha sonra alinan yaprak 4 saat siire ile saf su igerisinde bekletilerek bu siire sonunda
turgor agirliklar1 saptanmustir. Agirliklart belirlenen yaprak ornekleri 65 °C etiivde 48 saat
kurutulduktan sonra kuru agirlik g olarak alinmistir. Elde edilen taze ve kuru agirliklar
asagidaki formiil yardimiyla oranlanarak yaprak oransal su igerikleri (%) hesaplanmistir.
(TA-KA)/(TuA-KA)x100

TA: Taze Agirlik KA: Kuru Agirlik TuA: Turgor Agirhig

-Klorofil oramin belirlenmesi: Bitkilerde klorofil oran1 Minolta marka klorofilmetre ile
Olclilmiistiir.

-Suda Coziinebilir Kuru Madde Miktari: Dereotunun suda ¢oziinebilir kuru madde (SCKM)
miktar: ol¢timii, yeni hasat edilen taze dereotu yapraklarinda yapilmistir. Dereotu yapraklar
ezilip siiziilmesi ile elde edilen suyunda suda ¢oziinen kuru madde miktari, refraktometre
kullamlarak % (Briks®) olarak belirlenmistir.-Vitamin C Iceriginin Belirlenmesi: Vitamin C
iceriginin belirlenmesinde Ozkan vd. (2007) tarafindan belirlenen ydntem izlenmistir. Buna
gore 1 ml dereotu suyu 9 ml stabilizan ¢ozelti ile karistirilacak ve filtre kagidindan siiziilmiistiir.
Elde edilen siizlintiden 1 ml alinarak {izerine 9 ml boya ¢0zeltisi eklenmistir.
Spektrofotometrede 520 nm dalga boyunda okuma yapilarak elde edilen sonuglar mg/100 gr
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olarak ifade edilmistir. -Toplam Antioksidan Aktivite: Antioksidan miktarinin
belirlenmesinde Ferric Reducing Antioxidant Power (FRAP) metodu uygulanmistir. 150 pL
ornek ekstraktin lizerine 2850 uLL FRAP caligsma soliisyonu ilave edilerek 30 dakika karanlikta
bekletilmistir. Bu siire sonunda spektrofotometrede 593 nm dalga boyunda okuma yapilmistir.
Elde edilen degerler 10-100 umol/l konsantrasyonlarinda hazirlanan trolox (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid) standart egrisi ile hesaplanmis antioksidan aktivitesi
mg/ml taze agirlik olarak ifade edilmistir (Benzie ve Strain, 1996). -Ucucu yag iceriklerinin
belirlenmesi: Analiz Thermo marka Trace 1310 GC I1SQ model single quadrupole mass
spectroscopy (Thermo Fisher Scientific, Austin, TX) bagli olan cihaz ile gergeklestirilmistir.
Daha 6nceden uygun sartlarda iki giin kurutulmus olan bitki 6rnekleri ev tipi ogiitiicii ile
ogiitiildii. Ogiitiilen her bir numuneden yaklasik 50 gram alinarak 25 mL'lik cam headspace
viallerine konuldu. Headspace firininda yaklasik 60 dakika 120°C'de 1sitilmigtir. Isitilan cam
vialden 2 mL ¢ekilerek GC-MS'ye yiiklenmistir.

GC firin sicaklik programi: GC firin1 baslangig sicakligi 40 °C olarak ayarlandi ve bu sicaklikta
2 dakika bekletildikten sonra sicaklik dakikada 5°C artirilarak 100 °C'ye ¢ikarilmigtir. Bu
sicaklikta 5 dakika bekletilmistir. Daha sonra dakikada 5°C artirilarak 200 °C'ye ¢ikarilmistir.
Bu sicaklikta 3 dakika bekletilmistir. En son alarak sicaklik dakikada 5°C artirilarak 300 °C'ye
cikarilmistir.Bu sicaklikta 3 dakika bekletilerek program sonlandirilmistir. Helyum akis hizi
dakikada 1,56 mL olacak Gorselde ayarlanmistir. Analiz igin Thermo TRB-5MS GC kolonu
(60 m x 0,25 mm ID x 0,25 um) kullanilmistir. -Verilerin degerlendirilmesi: Caligsma tesadiif
parselleri deneme desenine gore 3 tekrarlamali olarak yiiriitiilmiistiir. Denemeden elde edilen
veriler JMP (versiyon 8.0) istatistik paket programi kullanilarak varyans analizine tabi
tutulmus, ortalamalar1 arasindaki farkliliklar LSD testine (p<0.05) gore gruplandirilmistir.

Gorsel 2.4. Bitkilerde 6lciim ve analizlerin gerceklestirilmesi

3. SONUCLAR VE DEGERLENDIRME

3.1. Yesil Aksam Yas ve Kuru Agirhiklarinda Meydana Gelen Degisimler
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Dereotunda farkli organik giibre kullaniminin tuza toleransin saglanmasi tizerindeki etkisinin
incelendigi ¢alismada yesil aksam yas ve kuru agirlik ol¢timleri gergeklestirilerek elde edilen
bulgular Gorsel 3.1 ve Gorsel 3.2°de gosterilmistir.

Yesil aksam yas agilik bakimindan en yiiksek degerler K uygulamasindan 2.75 g bitki 2, en
diisiik degerler T uygulamasinda 0.64 g bitki * olarak belirlenmistir. T uygulamas1 sonucu
kontrol bitkilerine oranla %76.73 oraninda azalma meydana gelitken, bu oran T+V
uygulamasinda%>53.45, T+AG uygulamasinda %9.09, T+HA uygulamasinda ise %36.73
oraninda seyretmistir. T uygulamasi ile karsilastirildiginda organik giibre kullanimi ile ortalama
olarak %187.50 oraninda iyilesme saglanmis, bu iyilesme T+AG uygulamasinda %290.63

oraninda ortaya ¢ikmistir.
a
i b
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Gorsel 3.1. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin yesil aksam
yas agirhik degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

Yesil aksam kuru agirlik degerlerinde en yiiksek degerler K uygulamasinda 0.34 g bitki %, en
diisiik degerler ise T uygulamasinda 0.11 g bitki * olarak saptanmustir. Tuz uygulamast ile
birlikte kontrol bitkilerine oranla yesil aksam kuru agilik degerlerinde %67.65 oraninda azalma
meydana gelmistir. Bu oran T+V uygulamasinda %47.06, T+AG uygulamasinda %5.88, T+HA
uygulamasinda ise %32.35 oraninda meydana gelmistir. Organik giibre uygulamasi tuz stresine
oranla ortalama olarak %121.21 oraninda iyilesmenin meydana gelmesine imkan saglamis, bu
anlamda AG uygulamasi 6n plana ¢ikmastir.
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Gorsel 3.2. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin yesil aksam
kuru agirhik degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.2. Govde Boyunda Meydan Gelen Degisimler

Tuz stresi karsinda organik giibre kullaniminin etkisinin incelendigi ¢alismada en yiiksek gdvde
boyu kontrol bitkilerinde 55.33 cm bitki™ olarak tespit edilmistir. Tuz stresi genel olarak gdvde
boyunda azalmaya neden olmus ve T uygulamasinda bu azalma kontrol bitkilerine oranla
%39.76 olarak belirlenmistir. Organik giibre uygulamasi ile birlikte bu azalma ortalama olarak
%22.28 diizeyinde kalmistir. Giibrelerin etkisi incelendiginde tuz stresi kosullarinda govde
boyunda kontrol bitkilerine oranla T+V uygulamasinda %30.72, T+AG uygulamasinda %8.42
ve T+HA uygulamasinda %27.71 diizeyinde azalma meydana gelmistir. Organik giibre
uygulamasi, uygulamanin gergeklestirilmedi T bitkilerine oranla, stres kosullarinda ortalama
olarak %?29.01 diizeyinde iyilegsmenin saglanmasina imkan vermis, 6zellikle AG uygulamasi
(%52 iyilesme) dikkat ¢ekmistir (Gorsel 3.3).
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Gorsel 3.3. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin gévde boyu
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.3. Yaprak Alaninda Meydana Gelen Degisimler

Tuz stresi tiim uygulamalarda degisen oranlarda yaprak alaninda azalmaya neden olmustur. Tuz
stresi uygulanmayan kontrol bitkileri ile karsilastirildiginda, T uygulamasinda yaprak alani
bakimindan azalma %35.41 iken T+V ‘de %26.56, T+AG uygulamasinda %5.83 ve T+HA
uygulamasinda %?22.13 diizeyinde meydana gelmistir. Genel olarak degerlendirildiginde
organik gilibre uygulamalar tuz stresi kosullarinda %26.69 oraninda iyilesme saglanmasinda
etkili olmus, %45.79 iyilesme orani ile AG uygulamasi 6n plana ¢ikmistir (Gorsel 3.4).
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Gorsel 3.4. Dereotunda tuz stresi kosullarinda farklh organik giibre uygulamalarinin yaprak alam
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.4. Verimde Meydan Gelen Degisimler

Organik giibre kullaniminin tuz stresine tolerans iizerindeki etkisinin dereotunda incelendigi bu
calismada verim T uygulamasi ile birlikte %59.42 oraninda azalma gdstermistir. Organik giibre
kullanimi ile birlikte verimde meydana gelen azalma sinirlandirilmis ve ortalama olarak T
uygulamasina oranla %86.98 oraninda iyilesme saglanmistir (Gorsel 3.5).
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Gorsel 3.5. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarimin verim
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/fm EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.5. Yaprak Oransal Su iceriginde Meydana Gelen Degisimler

Tuz stresinin ortaya koydugu etkilerin belirlenmesinde Onemli bir parametre olarak
degerlendirilen yaprak oransal su igerigi (YOSI) belirlenmis ve elde edilen bulgular Gérsel
3.6°da verilmistir. Buna gore en yiiksek YOSI degeri kontrol bitkilerinde %90.66 olarak
belirlenmistir. Stres uygulamas1 YOSI degerinde azalmaya neden olmus ve T uygulamasinda
%54.66 olarak tespit edilmistir (%39.71 azalma). Buna karsin organik giibre uygulamalarinda
YOSI degeri korunmustur. Buna gére T+V uygulamasinda %65, T+AG uygulamasinda %78.66
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ve T+HA uygulamasinda %60.66 olarak tespit edilmistir. Tuz stresi kosullarinda organik giibre
uygulamasi ortalama olarak %24.60 oraninda YOSI kayiplarinim énlenmesinde etkili olmustur.
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Gorsel 3.6. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin YOSI
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuzt+Humik Asit)

3.6. Klorofil oranin belirlenmesi

SPAD degerlerinin de incelendigi bu aragtirmada en yiiksek deger T+AG uygulamasinda 59.47
olarak belirlenirken bunu 56.00 ile kontrol bitkileri izlemistir. En diisitk SPAD degerleri T
uygulamasinda Ol¢ililmiis ve kontrol bitkilerine oranla %34.41 oraninda azalma meydana
geldigi belirlenmistir. Bu azalma T+V uygulamasinda %27.44 ve T+HA uygulamasinda
%23.80 diizeyinde ortaya ¢ikmistir (Gorsel 3.7).
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Gorsel 3.7. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin SPAD
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.7. Suda Coziinebilir Kuru Madde Miktarinda Meydana Gelen Degisimler

Suda ¢6ziinebilir kuru madde miktar1 (SCKM) tuz stresi ile birlikte artis gostermis ve stres
uygulanmayan kontrol bitkilerine oranla %68-168 oraninda artis gostermistir. En yiiksek
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SCKM oran1 T+AG ve T uygulamasinda 12.00 ve 11.57 olarak belirlenmis, en diisiik oran ise
kontrol bitkilerinde 4.47 olarak tespit edilmistir (Gorsel 3.8).
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Gorsel 3.8. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin SCKM
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.8. Vitamin C I¢ceriginde Meydana Gelen Degisimler

Vitamin C igerigi belirlenmis ve ortaya ¢ikan degisimler Gorsel 3.9°da gdsterilmistir. Vitamin
C igerigi tuz stresi ile birlikte artis gdstermistir ancak bu artis istatistiksel olarak Onemli
bulunmamistir. Ancak genel olarak degerlendirildiginde, T uygulamasinda %9.17 artis ortaya
cikarken; bu artis T+V uygulamasinda %16.71, T+AG uygulamasinda %37.05 ve T+HA
uygulamasinda %5.55 diizeyine ulagmistir. Organik giibre uygulamalar1 degerlendirildiginde,
giibre uygulamasi gerceklestirilmeyen T uygulamasma oranla ortalama olarak %9.71
diizeyinde artisin ortaya ¢ikmasina olanak saglamistir.
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Gorsel 3.9. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarimin Vitamin C
degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/'m EC), T+V:
Tuz+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)
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3.9. Toplam Antioksidan Aktivite

Derotunda farkli organik giibre kullaniminin tuza toleransin saglanmasi yoniindeki etkinliginin
incelendigi ¢alismada toplam antioksidan aktivitesi kontrol gurubunda 0.63 umol/g olarak en
diisiik diizeyde belirlenmistir. Tuz stresi ile birlikte toplam antioksidan aktivitesinde artig
meydana gelmistir. Bu artis en yiiksek oranda %265.07 ile AG uygulamasinda belirlenmistir.
Toplam antioksidan kapasitesi organik giibre uygulamasi ile birlikte T uygulamasina oranla
ortalama olarak %47.17 diizeyinde artig gostermistir (Gorsel 3.10).
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Gorsel 3.10. Dereotunda tuz stresi kosullarinda farkh organik giibre uygulamalarinin toplam
antioksidan aktivitesi degerleri iizerindeki etkisi (K: Kontrol, T: Tuz (8ds/m EC),
T+V: Tuzt+Vermikompost, T+AG: Tuz+Ahir Giibresi, T+HA: Tuz+Humik Asit)

3.10. Ugucu yag iceriklerinin belirlenmesi

Derotunda farkli organik giibre kullaniminin tuza tolerans iizerindeki etkilerinin incelendigi
caligmada bitkilerde ucucu yag icerikleri incelenmis ve elde edilen sonuglar Tablo 1°de
verilmistir. Buna goére 2-metilpropanal, a-Metillbiitanal, 1-Penten-3-ol, n-Hekzanal, o-
Phellandren, B-Simen, B-Phellandren, 3,5-Oktadian-2-one ve Tetradekan stres uygulamasinda
artig gostermistir. Hiyasintin, 2,6-dimetilsiklohekzanol, p-Simen-8-o0l, Anetofuran, a-Limonen
diepoksit T+AG ve T+HA uygulamalarinda artis gosterirken T+V uygulamasinda kontrol
bitkilerine oranla azalmistir. Buna karsin, a-Pinen, o-Phellandren epoksit, B-Siklositral
diizeyinde kontrol bitkilerine oranla azalma meydana gelmistir. Aziz vd (2008), stres altinda
bitkide u¢ucu yag bilesenlerinde degisiklikler gozlendigini, ancak bilesenlerdeki degisikliklerin
farkli stresler ve farkli bitki materyalleri i¢in farklilik gosterdigini ucucu yag icindeki
bilesenlerin seviyesi bitki ve stres diizeyine gore degisiklik gostererek, strese maruz kalmayan
kontrol bitkileri ile karsilastirildiginda ¢esitli bilesenlerin yiizdesinde artiglara, azalmalara ve
hicbir degisiklige yol agmadigini, bununla birlikte bir veya daha fazla bilesenin yiizdelerinde
gozlemlenen bir artis veya azalma, diger bilesenlerin yiizdelerini degistirebilecegini
bildirmistir. Tuz stresi gibi ¢evresel faktorler ugucu yag olusumu ve birikimini etkilemektedir.
Ucucu yag birikimindeki artis, stres nedeniyle birincil metabolitlerin azalmasina ve ara
iirlinlerin ikincil metabolit sentezi i¢in kullanilabilir hale gelmesi ile iliskili olabilecegi gibi,
azalma, ugucu yag iiretimindeki azalma, bitki anabolizmasindaki diisiisten kaynaklanabilecegi
ifade edilmektedir (Ageel vd., 2023).
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Tablo 1. Tuz stresi kosullarinda derotunda farkh organik giibre kullammminin ucucu yag icerigi

iizerindeki etkisi

% Alan
No RT Bilesik isimleri
K T T+AG T+HA T+V
1 4.35 p-Hidroksinorefedrin - - - - 1.77
2 4.66 izobutiraldehit - - - 0.36
3 4.85 2-metilpropanal 0.62 0.77 1.09 2.26 -
4 4.94 4-[zobiitoksi-2-biitanon - - - - 0.27
5 5.15 (R)-(-)-Leusinol - - 0.28 - -
6 5.22 n-Biitanal - - - 0.41 -
7 6.28 3-Metilbiitanal - 0.29 - 1.18 0.33
8 6.48 a-Metillbiitanal 1.17 1.42 1.47 3.55 1.35
9 6.92 1-Penten-3-ol - 0.52 1.49 2.65 -
10 6.96 1-etoksipropan-1,2-dien - - - 1.42 -
11 6.99 1-Penten-3-on - 0.43 111 - -
12 7.15 2,3-Pentadion - 0.20 - - -
13 7.23 n-Pentanal - 0.30 - 0.52 -
14 7.34 2-Etilfuran - 0.27 - - -
15 | 10.39 n-Hekzanal - 0.62 1.24 1.14 2.76
16 | 11.16 2,4-Dimetilheptan - - 0.59 - 1.24
17 | 11.49 Furfural 221 - - - -
18 | 11.69 B-metilbutirik asit 1.20 - - - -
19 | 11.99 a- metilbutirik asit 0.47 - - - -
20 | 1261 4-metilakton - - 0.31 - 0.61
21 | 13.84 n-Heptanal - 0.15 - - 0.27
22 | 15.30 a-Pinen - 2.04 1.51 1.48 1.95
23 | 15.35 N-Nitrozodimetilamin (NDMA) 9.46 - - - -
24 | 16.27 Benzaldehit - 0.39 - 0.77 0.24
25 | 16.38 2-Metilnonan - 0.16 - - -
26 | 16.99 1-Okten-3-ol 5.18 - - - -
27 | 1711 B-Pinen - 0.15 - - -
28 | 17.37 2-Furanmetanol 8.80 - - - -
29 | 17.64 B-mirisen - 0.46 - - 0.30
30 | 17.74 2,4-Heptadienal 1.02 - - - -
31 17.84 n-Dekan - 0.20 - - 0.51
32 | 17.93 n-Oktanal - 0.16 - - -
33 | 18.21 a-Phellandren 9.46 50.22 21.62 18.41 32.14
34 | 18.27 3,3,5-Trimetilheptan - - - 1.01
35 | 18.35 Tetrahidroksipiran 3.16 - - - -
36 | 18.45 2,3,3-Trimetiloktan - 0.28 - - -
37 | 1859 Neril propiyonat - 0.38 - - -
38 | 18.64 a-Terpinen - - 0.40 - -
39 | 18.75 Linalil izovalerat - - - - 1.05
40 | 18.78 B-Terpinil asetat 0.80 - - - -
41 | 18.80 3.3-Dimetiloktan - - 0.48 - -
42 | 18.83 4-metildekan - 0.81 - - 0.48
43 | 18.99 B-Simen 3.45 11.09 6.92 6.52 13.48
44 | 19.21 DL-Limonen - - 1.47 1.30
45 | 19.22 1,2-Disiklopropilsiklobiitan - 2.70 - - 2.86
46 | 19.27 B-Phellandren 3.07 8.76 4.52 3.98 -
CONFERENCE BOOK Academy Global Publishing House — New York || 14




! b'«

lj

ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

ICSAS ACADEMY

September 13 - 15, 2024 - [ZMIR
ISBN. : 978-625-6283-67-1

47 | 19.30 (+)-Sabinen - - - - 9.42
48 | 19.37 n-Hekzanoik asit 2.17 - - - -
49 | 1945 (E)-3-Okten-2-on - 0.13 - - 0.42
50 | 19.70 Hiyasintin 3.89 3.51 7.65 8.87 1.36
51 | 20.01 2,3,6,7-tetrametiloktan - - 2.16 - -
52 | 20.27 2,6,10-trimetildodekan - 2.10 1.58 - 5.81
53 | 20.32 3,3,5-trimetilheptan - - 0.72 - -
54 | 20.35 Pirol-o-metil keton 1.68 - - - -
55 | 20.48 6-Etil-2-metiloktan - - 0.95 0.79 -
56 | 21.52 p-Simenen 1.79 - 3.10 - 0.61
57 | 21.60 a-Terpinolen - 0.37 - - -
58 | 21.68 3,5-Oktadian-2-one 0.46 0.39 1.29 3.27 0.53
59 | 21.78 3-Etil-2-hidroksi-2-siklopenten-1-on 0.68 - - - -
60 | 21.89 Undekan 0.82 - 3.04 - 4.18
61 | 22.08 Nonanal - - - 0.78 -
62 | 22.24 4 5-dimetilnonan - 0.17 - - 0.41
63 | 22.46 2,6-dimetilsiklohekzanol 1.37 0.44 1.75 4.61 0.77
64 | 24.25 3-fenil-1,4,2-diokzazol-5-on - - - 0.67 -
65 | 24.31 Benzen, (1,3,3-trimetilnonil) - - 0.28 - -
66 | 24.81 2-asetilfuran 0.84 - - - -
67 | 24.85 3-tert-Butil-1,5-siklooktadien - - - 0.50 -
68 | 24.89 1.3-Dimetil siklohekzen 1.73 0.48 - - 0.27
69 | 25.27 p-Simen-8-ol 1.77 0.24 2.28 1.05 0.32
70 | 25.31 1-Dodekanol - - - - 0.39
71 | 25.38 Anetofuran 451 6.76 7.19 4.71 2.81
72 | 2555 Sinidiol C 0.66 - - - -
73 | 25.61 Dodekan - 2.14 - 2.28 0.52
74 | 25.65 4,7-Dimetilundekan - - 0.39 - -
75 25.69 4,4 8-Trimetil-non-5-enal - 0.30 - - 0.43
76 | 25.72 2,3,6-Trimetilhept-3-en-1-ol - - 0.55 - -
77 | 25.76 5-Metiltiyopentanonitril 0.88 - - - -
78 | 25.81 Nonadekan - 0.39 0.74 0.77 -
79 | 25.87 n-Dekanal 1.02 - - - -
80 | 25.97 o-Phellandren epoksit 7.16 2.14 5.42 5.97 2.10
81 | 26.20 3.5-dimetiloktan - 0.33 0.71 - 0.66
82 | 26.35 Karvakrol - - 0.29 - -
83 | 26.39 4-metildodekan - 0.13 - - 0.44
84 | 26.45 Kuminaldehit - - 1.04 0.94 -
85 | 26.47 o-izopropilanisol 2.08 - - - -
86 | 26.62 B-Siklositral 0.57 0.18 0.38 0.46 -
87 | 27.17 Pentadekan - - - - 0.85
88 | 27.21 (E)-3(10)-Karen-4-ol 2.30 - - 1.14 -
89 | 27.26 cis-Pinokarveol - - 0.96 - -
90 | 27.37 Hekzadekan 0.57 0.99 0.94 - 0.56
91 | 27.42 2-Metildekan - - - 0.67 0.88
92 | 27.50 2,4-dimetilundekan - 0.38 0.74 0.72 0.89
93 | 27.52 2,3,5,8-tetrametildekan - - 1.20 -

94 | 27.54 2,6,11-trimetildodekan - 0.46 2.88 - 0.36
95 27.55 4,6-dimetildodekan - - - - 0.44
96 | 27.60 p-Ment-6-en-2-on 1.62 - - - -
97 | 27.63 1,4-trans-1,7-cis-Akorenon - - - 1.16 -
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98 | 28.02 trans-Kristantenil asetat - - - 0.46 -
99 | 28.69 Heptadekan - 0.33 - - -
100 | 28.83 {zobornil asetat - 0.16 - 0.46 -
101 | 28.88 3,3-dimetilhekzan - - - - 0.44
102 | 28.95 Boril valerat 0.47 - - - -
103 | 29.00 p-Ment-8-en, 3-metilen- - - - 2.30 -
104 | 29.20 Askaridol epoksit 2.28 - - - -
105 | 29.29 2-Izopropil-5-metil-1-heptanol - - - 0.75 -
106 | 29.50 Disparlur - - 0.72 -
107 | 29.62 1-Siklohekzil-2-métil-2-propén-1-on 0.58 - - - -
108 | 29.87 Hekzadodekan - 0.31 1.13 - -
109 | 29.91 Fitan 0.46 - - 1.72 -
110 | 30.15 2,3,4,5-Tetrametil-2-siklopenten-1-on 1.33 - - - -
111 | 30.65 Amil siklopentanon 0.60 - - - -
112 | 30.89 1,1,4,6-Tetrametilindan 0.64 - - - -
113 | 31.18 a-Limonen diepoksit 1.79 0.37 1.18 2.04 0.60
114 | 32.08 Nonadekan - - - 1.52 -
115 | 32.37 Dodekanal 0.53 - - 1.24 -
116 | 32.54 11-(1-Etilpropil) heneikosan - - - 0.62 -
117 | 33.89 2,6,10,14-tetrametil hekzadekan - 0.13 - - -
118 | 34.60 2,3-Dehidro-alpha-ionon 1.26 - - - -
119 | 34.90 Oktadekan - 0.36 - 0.62 -
120 | 34.92 Oktadekane. 3-etil-5-(2-etilbiitil) - - 4.77 - -
121 | 36.12 Tetradekan - 0.29 1.22 3.82 2.25
122 | 36.40 Metil 2-okzooktadekanoat 1.42 - - - -
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Gorsel 3.11. Dereotunda ucucu yag kromatogramlari

Tuz stresi bitkilerde biiyiime ve gelismeyi iki asamada etkilemektedir. Oncelikle toprak su
potansiyelindeki azalmaya bagl olarak bitki gelisimi engellenmekte (ozmotik faz); daha sonra
spesifik iyon etkisine bagli olarak vakuollerde uzun siire hapsedilemeyen tuzlar hiicre
duvarinda yada sitoplazmada hizla birikerek hiicre dliimlerine sebep olmaktadir (iyonik faz)
(Acosta- Matos vd. 2017). Tuz birikimi ile birlikte yasli yapraklarda oliimlerin arttigi;
meristematik bolgelere karbonhidrat ve/veya biiytime hormonlarinin tasiminin azaldig1 boylece
bliylime ve gelismenin engellendigini ifade edilmektedir. Nitekim, Nikpour-Rashidabad vd.
(2023) dereotunda tuz stresi ile birlikte bitki gelisiminin azaldigini, tuz stresinin ikincil bir etki
olarak ozmotik potansiyelde azalmaya yol actigi bu nedenle bitki besin elementlerinin
alimindaki azalma ile birlikte bliylime ve gelismede azalma meydana geldigini ifade etmistir.
Bu calismada yas ve kuru agirlik degerleri, govde boyu, yaprak alani ve verimde tuz stresi ile
birlikte degisen oranlarda azalma meydana gelmistir. Tuz stresi kosullarinda bitki biyomas
degerlerindeki azalmanin, bitki bilinyesine ¢ok fazla miktarda alinan Na+ ve Cl- iyonlarinin
ozmotik dengeyi bozmasi dolayisiyla bitki gelisiminin azalmasi ve verim kaybinin ortaya
¢ikmasi ile iligkili oldugu ifade edilmektedir (Jacoby vd., 2016). Soliman ve Abou-Ellail (2016)
dereotunda gerceklestirmis olduklar1 calismalarinda tuz stresinin biyomasta azalmaya neden
oldugunu belirtmistir. Benzer sonuglar patlican, hiyar, roka, marul, tiirlerinde de belirtilmistir
(Abdel-Farid vd., 2020; Kusvuran ve Ellialtioglu, 2021; Kusvuran ve Yilmaz, 2023). Organik
giibre kullanimi tuz stresinin olumsuz etkisini 6nemli derece sinirlandirmistir. Buna gore
kontrol bitkilerine oranla ortalama olarak azalma yesil aksam yas ve kuru yaprak agirliginda
%33.09 ve %28.43 (%187.50 ve %121.21 iyilesme), govde boyunda %?22.28 (%29.01
iyilesme), yaprak alaninda %18.17 (%26.69 iyilesme), verimde %24.14 (%86.98) diizeyinde
olmustur. Organik maddenin bitki biiyiime ve gelismesindeki en énemli etkilerinden birinin,
icerdikleri oksin, vitaminler, amino asit kaynaklarina sahip olmalarindan kaynaklanabilecegini
bildirilmistir (EI-Magd vd. 2008). Giines vd. (2007) ise organik giibre kullaniminin toprak
reaksiyonunun degismesine ve toprak tuzlulasmasina karsi tamponlama 6zelligini artirarak,
bitkisel iiretimde tuz zararini azalttigim ifade etmislerdir. Kusvuran vd. (2021), sorgumda
gerceklestirmis olduklar calismalarinda, farkli organik giibre tiirlerinin tuza tolerans tizerindeki
etkilerini incelemisler, bitki bliylime parametreleri ile iyon regiilasyonun saglanmasinda ahir
giibresinin daha etkin oldugunu bildirmislerdir.

Yiiksek miktarda tuz konsantrasyonu bulunmasi, toprak ozmotik basincinin artmasina neden
olarak, bitkinin su alim giiciinii diisiirmekte, hatta tamamen durdurmaktadir. Ozellikle Na ve Cl
iyonlart ile ortaya ¢ikan iyon toksisitesi ise su tasiniminda etkili olan hiicrelerde zararlanmalara
yol agmakta bdylece bitki su iligskisinde bozulmalara neden olmaktadir. Hand vd. (2021), yaprak
oransal su igeriginin stres kosullarinda azalma gosterdigini ve degisimin tuz
konsantarasyonundaki artis ile birlikte belirginlestigini, YOSI’de meydan gelen azalmanin
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sodyum ve klor iyon toksisitesi ile iligkili olabilecegini bildirmistir. Dereotunda gergeklestirilen
bu calismada, YOSI degerleri tuz stresi ile birlikte %39.71 oraninda azalma gostermis, ortalama
oalrak bu azalma organik giibrelerde %24.88 diizeyinde kalmistir. YOSI degerindeki azalma
ozellikle AG uygulamasinda %13.24 oraninda kalmistir. Venkataraman vd. (2013) hiicrelerde
osmolit birikiminin, turgor basimncinin korunmasina yardimci olarak hiicre zari, metabolik
mekanizmalarint hiicre dehidrasyonuna karsi korudugunu, Soyergin (2006) ve Shaaban vd.
(2013) ise organik giibre kullaniminin topragin su tutma kapasitesini arttirdigini ifade
etmislerdir.

Tuz stresi, kloroplastin parcalanmasina, pigment protein komplekslerinin kararsizligina,
klorofillerin yok olmasina ve karotenoidlerin miktar ve bilesiminde degisikliklere neden
olmaktadir (Bayram vd. 2021). Klorofil indeksinin belirlendigi bu ¢alisgmada SPAD degerleri
tuz stresi ile birlikte %34.41 oraninda azalma gostermistir. Tuz stresi 6zellikle fotosistem I ve
II’de olusan zararlanma ile birlikte bitki biliylime ve gelismesinde azalmaya, klorofil ve
membran par¢alanmasina, yani kloroz ve nekrozlara neden olmaktadir (Singh et al. 2018).
Ancak organik giibre kullanimi ile birlikte klorofil indeksindeki azalma %15.01 oraninda
kalmig ancak AG uygulamasinda kontrol bitkilerine oranla %6.9 oraninda artis meydana geldigi
tespit edilmistir. Dineshkumar vd. (2018), organik giibre kullanimimnin N, P ve K iyon alimini
kolaylastirdigin1 bdylece klorofil igeriginin korundugunu bildirmistir. Darini (2017) organik
giibre kullaniminin fotosentetik pigmentlerde artisa imkan saglarken; Asghari vd. (2018), HA
uygulamalarinin tuz stresi kosullarinda bitkilerdeki klorofil sentezine yardimci oldugunu,
Kusvuran ve Ellialtioglu rokada organik giibre kullanimai ile birlikte tuz stresi sonucu klorofil
iceriginde meydana gelen azalmanin sinirlandigini ifade etmislerdir.

Dereotunda farkli organik giibre kullaniminin tuza tolerans iizerindeki etkisinin incelendigi
calismada, SCKM, Vitamin C ve toplam antioksidan aktivitesinin tuz stresi ile birlikte artis
gosterdigi belirlenmistir. Tuzdan etkilenen bitkilerde, dogal antioksidanlarin iiretiminin,
bitkilerde oksidatif stresle basa ¢ikmada ilk savunma mekanizmasini olusturdugunu ifade eden
Nikpour-Rashidabad vd. (2023) Vitamin C (askorbik asit) igeriginin tuz stresi ile birlikte artig
gosterdigini bildirmistir. Nitekim gerceklestirilen bu calismada, Vitamin C igerigi stres
kosullarinda kontrol bitkilerine oranla %9 oraninda artig gostermis, organik giibre kullanimu ile
birlikte bu artis ortalama olarak %19.77 olarak tespit edilmistir. Ibrahim vd. (2013), organik
giibre uygulamasinin tibbi ve aromatik bitkilerde Vitamin C igerigini artirdigini bildirmis,
Kusvuran ve Ellialtioglu (2021) rokada gerceklestirmis olduklar1 ¢alismalarinda organik giibre
kullanim1 ile Vitamin C igeriginde artis meydana geldigini ifade etmistir. Bununla birlikte
toplam antioksidan aktivitesinde stres kosullarinda artis meydana gelirken bu artis organik
giibre kullanimu ile birlikte %47 diizeyinde daha yiiksek gergeklesmistir. Fasiilye (Hemida vd.,
2017), rokada (Kugvuran ve Ellialtioglu, 2021) ve rezenede (Beyk-Khormizi vd., 2023) organik
giibre uygulamalar1 sonucunda antioksidan aktivitesinde artis belirlenmis, Aina vd. (2019),
organik giibrenin fenolik, flavonoidler ve bitki antioksidan aktivitesi gibi ikincil metabolit
seviyelerinin de arttiginin belirtmistir. Arastirmacilar ayrica organik materyallerin, bitkilerde
savunma mekanizmalarinin aktivasyonu yoluyla stres gibi kosullara karsi reaksiyon
gosterdiklerini ve bunun da antioksidan ve antioksidanlarin artmasma neden oldugunu
bildirmislerdir. ROS'un detoksifikasyonuna yonelik sinyal yollari, ROS temizleyici
antioksidanlarin sentezi yoluyla aktive edilir. Benzer Gorselde Hosseinzadeh vd. (2018)
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organik maddenin besin emilimi, su tutma kapasitesi ve enzimatik aktivitede artisa yol actigini
belirtmistir.

Ugucu yag igerigi stres ve stres kosullarinda organik giibre kullanimi1 bakimindan farkliliklar
gostermistir. Aziz vd (2008), stres altinda bitkide ugucu yag bilesenlerinde degisiklikler
gozlendigini, ancak bilesenlerdeki degisikliklerin farkli stresler ve farkli bitki materyalleri igin
farklilik gosterdigini ugucu yag icindeki bilesenlerin seviyesi bitki ve stres diizeyine gore
degisiklik gostererek, strese maruz kalmayan kontrol bitkileri ile karsilastirildiginda gesitli
bilesenlerin yiizdesinde artiglara, azalmalara ve higbir degisiklige yol agmadigini, bununla
birlikte bir veya daha fazla bilesenin yiizdelerinde gozlemlenen bir artis veya azalma, diger
bilesenlerin yiizdelerini degistirebilecegini bildirmistir. Tuz stresi gibi ¢evresel faktorler ugucu
yag olusumu ve birikimini etkilemektedir. Ucucu yag birikimindeki artig, stres nedeniyle
birincil metabolitlerin azalmasina ve ara iiriinlerin ikincil metabolit sentezi i¢in kullanilabilir
hale gelmesi ile iliskili olabilecegi gibi, azalma, ugucu yag iiretimindeki azalma, bitki
anabolizmasindaki diisiisten kaynaklanabilecegi ifade edilmektedir (Ageel vd., 2023).

Calisma sonucunda derotunda tuz stresi bitki biiyiime ve gelismesinde degisen oranlarda
azalmaya neden olmustur. Organik giibre kullanimi bu azalmay1 giibre tiirtine bagli olarak
sinirlandirmakta bagarili olmus Ozellikle ahir giibresi ilk planda yer almistir. Bu giibreyi
sirastyla humik asit ve vermikospst izlemistir.
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OZET

Farkli fasulye genotiplerinin tuza tolerans diizeylerini belirlemek amaciyla gergeklestirilen
calismada 20 farkli fasulye genotipi materyal olarak kullanilmistir. Genotiplere ait tohumlar 2:1
oraninda torf: perlit karigimi i¢eren 12 L hacmindeki saksilara ekilmistir. Tohum ekiminden 36
giin sonra stres uygulamalarina baglanmistir. Bu amagla 50 mM NaCl dozundan baslanarak tuz
konsantrasyonu kademeli olarak artirilmis ve final konsantrasyon olarak 150 mM NaCl dozuna
ulasilmigtir. On alt1 giin tuz stresine maruz birakilan bitkiler hasat edilerek 6l¢iim ve analizler
gerceklestirilmistir. Bitkiler morfolojik ve fizyolojik parametreler bakimindan incelenmistir.
Skala degerlendirmesi bakimindan GT-1 ve GT-16 genotipleri “1,33” skala degeri ile kontrol
bitkilerine en yakin gelisme gosteren genotipler olurken; GT-8, GT-14, GT-18 ve GT-19
genotipleri ise “5” skala degeri ile tuz stresinden en fazla etkilenen baska bir ifade ile
zararlanmanin en fazla genotipler olarak belirlenmistir. Tuz stresi (150 mM NacCl) yesil aksam
yas ve kuru agirliklari, gdvde boyu ve ¢ap, yaprak alani, yaprak oransal su icerigi (YOSI) ve
SPAD degeri bakimindan degisen oranlarda azalmaya neden olmustur. Membran zararlanma
indeksi (MZI) tuz stresi ile birlikte ortalama olarak %42, Na ve CI iyon igerigi ise kontrol
bitkilerine oranla ortalama olarak %724 ve %845 oraninda artis gostermistir. Tiim bu sonuglar
dogrultusunda erken gelisim asamasinda gergeklestirilen ¢alismada, GT-6, GT-7, GT-11 ve
GT-16 nolu fasulye genotiplerinin tolerant, GT-8, GT-14, GT-18 ve GT-19 nolu genotiplerin
hassas oldugu belirlenmistir. Gelecekteki c¢alismalarda, verimlilik ve verim parametrelerini
degerlendirmek i¢in tarla ¢alismalarinin yani sira toleransli ve hassas genotiplerle daha ayrintilt
fizyolojik ¢caligmalar yapilmasi onerilmektedir.

Anahtar Kelimeler : Phaseolus vulgaris, MZI, Sodyum kloriir, Tuz stresi, YOSI

DETERMINATION OF SALT STRESS TOLERANCE LEVELS OF DIFFERENT
BEAN GENOTYPES
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ABSTRACT

In this study, which was carried out to determine the salt tolerance levels of different bean
genotypes, 20 different bean genotypes were used as materials. Seeds of the genotypes were
planted in 12 L pots containing peat: perlite mixture in a ratio of 2:1. Stress treatments were
started 36 days after seed planting. In order to do this, the salt concentration was progressively
raised, beginning at a dose of 50 mM NaCl and ending at 150 mM NaCl. Following sixteen
days of salt stress exposure, plants were harvested, and measurements and analyses were
performed. Plants were examined in terms of morphological and physiological parameters. In
terms of scale evaluation, GT-1 and GT-16 genotypes showed the closest development to
control plants with a scale value of "1,33", while GT-8, GT-14, GT-18 and GT-19 genptypes
showed the most development against salt stress with a scale value of "5". In other words, the
genotypes that suffered the most were determined to be affected. Salt stress (150 mM NaCl)
caused a decrease at varying rates in terms of shoot fresh and dry weights, stem length and
diameter, leaf area, leaf relative water content (RWC) and SPAD value. Accordingly, the
genotypes with lower losses compared to control plants are GT-6, GT-7, GT-11 and GT-16, it
was observed that the genotypes with the highest losses were GT-8, GT-14, GT-18, GT-19 and
GT-20. Membrane damage index (MDI) increased by 42%, Na and CI ion contents increased
by 724% and 845% on average compared to control plants. In line with all these results, in the
study carried out at the early development stage, bean genotypes GT-6, GT-7, GT-11 and GT-
16 were found to be tolerant, GT-8, GT-14, GT-18 and GT-19 were determined to be sensitive.
In future studies, it is recommended to conduct more detailed physiological studies with tolerant
and sensitive genotypes, as well as field studies, to evaluate productivity and yield parameters.

Keywords : Phaseolus vulgaris, MDI, RWC, Sodium chloride, Salt stress

1. INTRODUCTION
With the increasing world population, the need for food is also increasing. It is estimated that

the population will reach 10 billion by 2050, and as a result, the food demand is expected to
increase by 50% (Mora et al. 2020). Considering the negative impact of climate change and the
increasing demand for food, current agricultural practices are insufficient (Lowry et al. 2019).
This situation has led to a focus on agricultural productivity and efforts to obtain the highest
yield from existing production areas. Abiotic stress factors such as salinity, drought, and high
temperatures have restrictive effects on global food security, food quality, and plant
productivity. This problem has been exacerbated by excessive fertilizer use, the use of
unsuitable irrigation water, insufficient irrigation, industrial pollution, natural environmental
conditions, and global climate change (Zhao et al. 2021). Losses in crop productivity associated
with salt stress are approximately 50% worldwide (Zhao et al. 2021). Salinity directly affects
agriculture and food security. Therefore, ensuring tolerance to salt stress is of great importance
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for the establishment of global food security and the sustainable implementation of modern
agriculture.

Salinity, one of the most important limiting factors affecting plant growth and development,
and therefore yield, can occur in different forms. Salinity can arise due to neutral soluble salts
in the soil, depending on the calcium, magnesium, chloride, and sulfate content, as well as due
to sodium carbonate salts that produce alkaline hydrolysis, especially sodium salts (Parihar et
al. 2015). Salt stress negatively affects germination, growth and development, flowering, and
fruit set in plants. High sodium concentrations in saline soil limit water uptake and nutrient
absorption in plants. Water deficiency and nutrient imbalance highlight primary stresses,
including osmotic stress and ionic stress. These primary stresses lead to oxidative stress and
can also cause secondary stress. Salt stress leads to various physiological and molecular
changes, limiting photosynthesis and causing problems in plant growth and development (Van
Zelm et al. 2020, Gong 2021). Salt stress, which leads to negative effects on plant growth and
development, occurs parallel to the increasing NaCl and other soluble salt concentrations in the
soil. The increase in salt concentration in the soil solution and the decrease in water potential
reduce the osmotic potential of plant cells. As a result, depending on the intensity and duration
of salt stress, many biological processes in plants such as growth, development, germination,
cell division, and photosynthesis are affected (Bressan 2008), which limits crop productivity
and product quality in agricultural fields. Therefore, salinity is one of the most important stress
factors limiting agricultural production (Fahad et al. 2015). Generally, yield losses occur in
many crops when the electrical conductivity (EC) exceeds 4 dS m™ and the osmotic potential
reaches 0.2 MPa. In this case, especially morphological, physiological, and biochemical
changes occur due to Na ion toxicity (Acosta-Motos et al. 2017). Salt stress affects cell division
and elongation, leading to a decrease in the number of cells, mitotic activity, and cell division
rate in the roots and shoots of plants. Consequently, a decrease in stem and root length and
weight, leaf shrinkage and thinning, a decrease in leaf numbers, thinning of the waxy layer and
cuticle layer on the leaf surface, and a decrease in the differentiation and development of
vascular tissue occur. In addition, the root system is directly exposed to salinity, and leaf growth
IS more sensitive to salt stress than root growth in plants, resulting in an increase in the
root/shoot ratio under salt stress. Although the mechanism of this increase has not been fully
explained, different changes in the cell walls of roots and leaves in response to salinity are
considered to be the cause (Culha and Cakirlar 2016). The most important reason for the
damage caused by salt stress is the negative effects on plant ion balance. lon toxicity occurs as
a result of the disruption of ion balance and leads to nutritional disorders in plants. The salt
present in the plant growth medium increases the amount of Na+ in competition with K+
uptake. As the amount of Na+ increases in the cells, K+ efflux occurs, leading to a deficiency
of K+ in the cytosol (Chokshi et al. 2017). The increased amount of Na+ inside the cells can
replace the Ca2+ in the cell membrane. As a result, the amount of Na+ changes the cellular ion
balance, especially the K+/Na+ ratio, during salt stress (Rahman et al. 2016). In soil or any
plant growth environment, high salinity directly reduces water uptake by lowering the osmotic
potential, leading to water exit from the cell and stomatal closure (Shabala and Cuin, 2008,
Chokshi et al. 2017, Rajput et al. 2017). Both osmotic stress and ion toxicity hinder plant
photosystem, leading to excessive production of reactive oxygen species (ROS) (102, Oae-,
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H202, and OH¢) (Hasaniizzaman et al. 2013). Beans, a herbaceous plant of the Phaseolus genus
in the Fabaceae family, originated from Central America and are one of the most widely
cultivated crops worldwide for both fresh pods and dry beans. With approximately 76 species,
beans constitute 50% of the consumed legumes worldwide. Five different types of beans are
cultivated globally (Celmeli et al. 2018), including two types, P. vulgaris L. and P. coccineous
L., grown in Turkey (Smykal et al. 2015). In addition to being a rich source of vitamins (A, B9,
and C) and minerals (iron and magnesium), beans play an important role in human nutrition as
a primary protein source (Hernandez et al. 2007). Formerly a significant exporter of beans,
Turkey has been striving to become more self-sufficient in recent years (Faostat, 2018). Due to
its geographical structure, Turkey has a wide diversity of bean genotypes. Dry beans can be
cultivated in every region of Turkey. According to the Turkish Statistical Institute (TUIK),
beans rank third in terms of both cultivation area and production quantity among grain legumes,
following chickpeas and lentils. In 2020, the total production quantity of dry beans on
approximately 103 thousand hectares in Turkey was around 280 thousand tons, with a yield of
approximately 2.71 tons/ha (TUIK, 2021). Compared to other species, legumes are among the
most sensitive groups to salinity, and beans are known to be one of the most salt-sensitive
species (Ashraf, 1994). Genetic diversity within a species provides a valuable opportunity for
salinity tolerance studies. Beans (Phaseolus vulgaris, L.) are one of the major crops cultivated
worldwide and are highly sensitive to salinity (Marchner, 1995). Despite not being its primary
homeland, Turkey is one of the important countries in terms of genetic richness in beans and
cowpeas (Dasgan et al. 2006). Observations in areas where beans are cultivated indicate
significant differences in plant vegetative growth and pod and grain yield among different bean
genotypes under saline and water-restricted conditions. This variation within the same species
is associated with differences in genotypes' adaptation mechanisms to salinity and drought
(Costa Franca et al. 2000). In line with this, the aim of this study is to determine the tolerance
levels of different bean genotypes to salt stress.

2. MATERIALS AND METHODS
2.1. Material

In the study, a total of 20 different bean genotypes were used as the material.

2.2. Method

The study was conducted at the Faculty of Food and Agriculture Vocational School in Uluyazi
and Ballica campuses, in greenhouses and laboratories. Seeds of bean genotypes were sown in
plastic pots containing a mixture of peat and perlite in a 2:1 ratio, with three plants per pot. The
plants were irrigated with a standard nutrient solution until they reached the stage of having
three true leaves. The "drainage solution/applied solution™ ratio was used as the basis for
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irrigation. Daily drainage levels were determined, and this ratio was maintained at around 30%
based on the growth of the plants throughout the experiment. Stress and control applications
were organized with three replications in the study.

2.3. Stress applications

Stress treatments began 36 days after seed sowing. For this purpose, starting with a dose of 50
mM NacCl, the salt concentration was gradually increased, reaching a final concentration of 150
mM NaCl. Plants exposed to salt stress for sixteen days were then harvested, and measurements
and analyses were conducted.

Figure 2.1. Planting of bean seeds and establishment of the experiment
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Figure 2.2. The responses of different bean genotypes to salt stress

2.4. Measurements and analyses

Scale evaluation (0-5)

A scale was established to assess the degree of morphological damage in plants. For this
purpose, plants were assigned scores ranging from 0 to 5 based on the degree of damage. In the
salt stress experiment with bean plants, scores from 0 to 5 were given according to the
symptoms outlined below (Kusvuran 2010). 0: No impact of salt stress on plants (control
plants), 1: Localized yellowing and curling of leaves, 2: Yellowing of leaves and a 25% necrotic
spot, 3: Presence of necrotic spots between 25-50% on leaves with the initiation of leaf
shedding, 4: Necrosis covering 50-75% of leaves and occurrence of plant deaths, 5: Severe
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necrosis covering 75-100% of leaves and/or complete plant death. Determining shoot fresh and
dry weights, Determination of stem height and diameter, Determining the leaf area,
Determination of relative water content, Determination of membrane damage in leaf cells
(membrane injury index), Determination of chlorophyll ratio, Determination of ion contents
(Na, Cl, K, and Ca), Statistical Analysis

3. RESULTS AND DISCUSSION

The obtained findings on the examination of salt stress tolerance statuses of different bean
genotypes are provided below.

Scale Evaluation

In the study examining the tolerance status of different bean genotypes to salt stress, plants were
evaluated based on a visual scale assessment (Figure 3.1). Ratings ranging from 1 to 5 were
assigned depending on the degree of damage in the assessment, considering 0" as the control.
Accordingly, genotypes GT-1 and GT-16 exhibited the closest development to control plants
with a scale value of "1,33". Following them were genotypes GT-6 and GT-7 with a scale value
of "1,67". Genotypes GT-8, GT-14, GT-18, and GT-19 were identified as the most affected by
salt stress, or in other words, the genotypes with the highest damage, with a scale value of "5".
The scale values for other genotypes ranged between 2 and 4,67.

Scale

T o— — — — — — — T —

GT-1
GT-2
GT-3
GT-4
GT-5
GT-6
GT-7
GT-8

[=1
s
—
(O]

Figure 3.1. Scale values under salt stress in bean genotypes
Shoot Fresh and Dry Weights

Salt stress (150 mM NacCl) has led to a decrease in shoot fresh weights in varying proportions
(Table 3.1). This decrease exhibited variations among genotypes. Under salt stress conditions,
the highest green shoot fresh weight values were observed in genotypes GT-6 (42,67 g/plant)
and GT-16 (41 g/plant), while the lowest values were determined in genotypes GT-8 (7 g/plant)
and GT-20 (6,67 g/plant). To highlight the losses imposed by salt stress on plants, percentage
changes were determined. Accordingly, genotypes with the least percentage change and,
therefore, closest to control plants, were identified as GT-11 (7.85% decrease), GT-16 (15.76%
decrease), and GT-7 (17,51% decrease). However, genotypes with the highest percentage
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changes were listed as GT-19 (80.01% decrease), GT-8 (80,19% decrease), and GT-20 (81.67%
decrease). Shoot dry weights also showed a decrease depending on salt stress, revealing
differences among genotypes (Table 3.1). In general, with the application of 150 mM NacCl,
there was a reduction in green biomass dry weights ranging from 17% to 94%. When
considering the percentage changes, the decrease in genotypes GT-6, GT-11, and GT-7 ranged
from 17% to 30% compared to control plants, while the highest reduction was observed in
genotypes GT-17, GT-14, GT-4, and GT-8, with a decrease of 91-93% compared to control
plants.

Table 3.1. The effect of salt stress on the shoot fresh and dry weights of bean genotypes

Control Salt % Change Control Salt 9% Change
40,00 a-d 32,67 b -18,33 4,53 a-c 2,61ab -42,38
47,67 ab 16,67 e-h -65,03 5,54 ab 0,83 e-g -85,02
44,67 a-c 13,33 f-i -70,16 581a 0,67 e-h -88,47
39,00 a-d 11,00 g-i 71,79 4,68 a-c 0,33h -92,95
33,33 b-d 18,00 e-g -45,99 297 e 1,08 c-e 63,64
52,00 a 4267 a -17,94 3,64 c-e 2,99 a -17,86
26,67 d 22,00 c-e -17,51 3,34 c-e 2,32b -30,54

GT-8 35,33 b-d 7,00i -80,19 4,59 a-c 0,28 h -93,90
41,33 a-d 26,67 b-d -35,47 3,88 c-e 1,55¢ -60,05
36,33 a-d 10,67 g-i -70,63 4,36 b-d 0,55 f-h -87,39
34,00 b-d 31,33b -7,85 3,06 de 2,19b -28,43
39,67 a-d 29,33 be -26,07 3,60 c-e 1,47 cd -59,17
30,00 c-d 20,33 d-f -32,23 3,60 c-e 1,03 d-f TLEE
38,67 a-d 9,67 hi -74,99 541 ab 0,39 gh -92,79
42,67 a-c 9,33 hi -78,13 4,64 a-c 0,51 gh -89,01
48,67 ab 41,00 a -15,76 4,38 a-d 287a -34.47
38,00 a-d 10,00 hi -73,68 4,56 a-c 0,40 gh 91,23
33,00 b-d 8,671 73,73 3,63 c-e 0,43 gh -88,15
46,67 ab 9,33 hi -80,01 4,67 a-c 0,47 gh -89,94
36,33 a-d 6,67 -81,64 327 c-e 0,33h -89,91
15,80 7,82 1,44 0,49

Stem Length and Diameter

Under salt stress conditions, the tallest stem height was determined in genotypes GT-16 (70
cm/plant), GT-6 (60,67 cm/plant), and GT-11 (59 cm/plant) (Table 3.2). The lowest stem height
was observed in bean genotypes GT-18 (27,33 cm/plant), GT-8 (26,67 cm/plant), and GT-10
(23 cm/plant). Salt application led to a decrease in stem height compared to the control plants.
Some genotypes were found to result in less loss compared to other genotypes when compared
with control plants, with GT-11 (16%), GT-16 (25%), GT-7 (28%), and GT-6 (28%) taking the
top positions. Among the genotypes, GT-2, GT-10, GT-18, and GT-8 experienced the highest
losses, ranging from 63% to 66% compared to control plants under stress conditions. In all
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genotypes exposed to salt stress, a varying degree of decrease in stem diameter compared to
control plants was determined (Table 3.3). Genotypes that were less affected by salt stress and
formed values close to control plants experienced losses ranging from 3,24% to 8,77%. Among
the genotypes with the least loss in stem diameter, GT-11 (3,24%), GT-6 (7,99%), and GT-7
(8,77%) ranked at the top. Genotypes most affected by salt stress, with high losses in stem
diameter compared to control plants, included GT-15 (70,85%), GT-14 (71,90%), and GT-18
(72,27%).

Table 3.2. The effect of salt stress on stem length in bean genotypes
Stem Length (cm plant?)

Genotypes Control Salt % Change
GT-1 77,67 c-e 47,33 ¢ -39,06
GT-2 108,67a 39,67 c-f -63,49
GT-3 75,00 de 41,00 c-f -45,33
GT-4 81,33 c-e 37,00 d-g -54,51
GT-5 66,00 ef 42,00 c-e -36,36
GT-6 85,00 b-d 60,67 b -28,62
GT-7 78,00 c-e 56,00 b -28,21
GT-8 79,00 c-e 26,67 hi -66,24
GT-9 57,67 f 40,00 c-f -30,64
GT-10 66,50 f 23,00 -65,41
GT-11 70,67 d-f 59,00 b -16,51
GT-12 64,33 ef 38,33 d-g -40,42
GT-13 81,33 c-e 43,67 cd -46,31
GT-14 79,00 30,00 g-i -62,03
GT-15 76,00 de 34,67 e-h -54,38
GT-16 94,33 a-c 70,00 a -25,79
GT-17 68,00 d-f 33,00 f-h -51,47
GT-18 80,67 c-¢ 27,33 hi -66,12
GT-19 76,67 de 42,33 c-e -44,79
GT-20 101,33 ab 37,67 d-g -62,82

LSD (o.05) 17,15 8.61

Leaf Area

Changes in terms of leaf area are shown in Table 3.4. The highest leaf area values under the
application of 150 mM NaCl occurred in genotypes GT-6 (1273,15 cm?/plant), GT-16 (122,.77
cm?/plant), GT-12 (855,78 cm?/plant), GT-1 (833.90 cm?/plant), and GT-11 (827.27 cm?/plant).
The lowest leaf area values were determined in genotypes GT-8 (199,89 cm?/plant) and GT-20
(187,99 cm?/plant). When compared to the control plants, the least losses in terms of leaf area
were observed in genotypes GT-7 (20,35%), GT-16 (23,91%), and GT-11 (24,02%). Among
the genotypes with the highest changes, GT-19 (81,62%), GT-8 (82,41%), and GT-20 (83,96%)
took the top positions.
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Table 3.3. The effect of salt stress on stem diameter in bean genotypes
Stem Diameter (mm plant™)

Control Salt % Change
6,10 a-d 3,19 ef -47,70
5,57 c-f 210g -62,30

GT-3 6,13 a-d 295f -51,88
6,23a-d 2,02 gh -67,58
6,20 h 3,18 ef -48,71
6,63 a-d 6,10 a -7,99
5,70 c-f 520D -8,77
4,30 e-g 1,93 gh -55,12
5,30 d-f 3,67d -30,75
5,00 gh 2199 -56,20
6,17 a-d 597a -3,24
737 ab 473¢c -35,82
5,83 b-e 3,53 de -39,45
4,27 f-h 1,201 -71,90
710 a-c 2,079 -70,85
740a 533b -27,97
6,27 a-d 2,83 f -54,86
6,13 a-d 1,70 h 72,27
6,23 a-d 1,93 gh -69,02
5,95 a-d 2229 -62,69
156 037

Table 3.4. The impact of salt stress on the leaf area of bean genotypes
Leaf Area (cm? plant™)

Control Salt % Change
1302,95 a-d 833,9b -36,00
1576,64 ab 544,98 de -65,43
1469,55 a-c 425,98 ef -71,01
1267,25 a-d 342,69 fg -72,96
1064,96 b-d 592,58 d -44,36
1731,34a 1273,15a -26,46

GT-7 826,97 d 658,71 cd -20,35
1136,36 b-d 199,89 g -82,41
1350,55 a-d 775,94 be -42,55
1172,06 a-d 330,79 fg -71,78
1088,76 b-d 827,27b -24,02
1291,05 a-d 855,78 b -33,71
945,96 cd 575,88 de -39,12
1255,35 a-d 295,09 fg -76,49
1398,15 a-c 283,19 fg -79,75
1612,34 ab 1226,77 a -2391
1231,55 a-d 306,99 fg -75,07
1053,06 b-d 259,39 g -75,37
1540,94 ab 283,19 fg -81,62
1172,06 a-d 187,99 g -83,96
564,02 161,81

Leaf Relative Water Content (RWC)
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Changes in leaf relative water content (RWC) are shown in Table 3.5. The highest RWC values
were observed in genotypes GT-11 (71,02%), GT-16 (70,59%), and GT-12 (68,49%) in
response to salt stress application. The lowest RWC values were determined in genotypes GT-
18 (21,16%) and GT-14 (20,91%). When compared to the control plants, the least losses in
LRWC were found in genotypes GT-11 (13,83%), GT-16 (14,20%), and GT-12 (18,44%).
Among the genotypes with the most significant changes, GT-18 (73,52%) and GT-14 (74,36%)
took the lead. Changes in other genotypes ranged from 20% to 64%.

Table 3.5. The effect of salt stress on leaf relative water content (RWC) in bean genotypes

RWC (%)

Control Salt % Change
81,52 58,97 ed -27,66
85,71 35,69 f -58,36
81,69 37,39 f -54,23
82,55 30,309 -63,29
79,38 5118¢ -35,53
80,67 64,40 bc -20,17
84,28 61,47 cd -27,06
81,36 28619 -64,84
82,87 50,70 -38,82
81,61 39,08 f -52,11
82,42 71,02a -13,83
83,98 68,49 ab -18,44
87,00 5299 -39,09
81,56 2091h -74,36
82,00 39,22 f -52,17
82,27 7059 a -14,20
81,72 29,079 -64,43
79,92 21,16 h -73,52
83,64 29509 -64,73
83,65 30449 -63,61
ns 438

Membrane Damage Index (MDI)

Changes in terms of membrane damage index (MDI) are illustrated in Figure 3.2. Due to stress
application, MDI values increased in all genotypes, ranging between 13% and 62%. As the
level of damage increased, MDI values also exhibited an increase. Among the genotypes
subjected to salt stress, the ones with the lowest and hence least damage were ranked as GT-11
(13,62%), GT-16 (14,61%), and GT-6 (18,84%). The genotypes with the highest damage
included GT-19 (61,16%), GT-14 (61,44%), and GT-18 (62,61%), ranking at the top. MDI in
other genotypes ranged between 20% and 57%.
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Figure 3.2. The effect of salt stress on membrane damage index (MDI) in bean genotypes

SPAD Value

The changes in leaf SPAD values are shown in Table 3.6. A decrease in SPAD values compared
to control plants occurred under stress conditions. The highest SPAD values under salt stress
were observed in genotypes GT-16 (51,10) and GT-11 (40,50). The lowest SPAD values were
determined in genotypes GT-19 (16,13) and GT-20 (12,73). When compared to control plants,
the least losses in terms of SPAD values were found in genotypes GT-11 (16,62), GT-16
(17,02), GT-5 (18,28), and GT-6 (19,99). Among the genotypes with the most significant
changes, GT-19 (71,52) and GT-20 (76,56) ranked first. The changes in other genotypes ranged

between 24% and 54%.

Table 3.6 The effect of salt stress on SPAD value in bean genotypes

Genotypes
GT-1
GT-2
GT-3
GT-4
GT-5
GT-6
GT-7
GT-8
GT-9

GT-10
GT-11
GT-12
GT-13
GT-14
GT-15
GT-16
GT-17
GT-18
GT-19
GT-20
LSD (o.05)

CONFERENCE BOOK

Control
46,80 b-e
48,27 a-e
47,03 b-e
42,70 c-e
40,87 e
45,37 b-e
42,30 de
55,00 a-d
42,47 de
46,73 b-e
48,57 a-e
41,80 de
43,63 c-e
61,63 a
59,27 ab
61,57 a
48,97 a-e
45,37 b-e
56,63 a-c
54,33 a-e
14,04

SPAD
Salt
34,73 b-d
25,13 d-g
27,40 c-f
20,00 f-h
33,40 b-e
36,30 bc
29,87 c-e
26,43 d-f
31,47 b-e
25,30 d-g
40,50 ab
26,60 c-f
32,73 b-e
28,13 c-f
31,03 b-e
51,10 a
24,90 e-g
25,90 d-g
16,13 gh
12,73 h
0,74

% Change
-25,79
-47,94
41,74
-53,16
-18,28
-19,99
-29,39
-51,95
-25,90
-45,86
-16,62
-36,36
-24,98
-54,36
-47,65
-17,01
-49,15
-42,91
-71,52
-76,57
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lon Contets

The study examined the tolerance levels to salt stress in twenty different bean genotypes by
analyzing the sodium, chlor, potassium and calcium ions contents in green tissues, and the
findings are presented in Table 3.7. Sodium (Na) ion content was determined to be the lowest
in control plants, showing a variation of 0.59-0.73%. The highest Na values under salt stress
were observed in genotypes GT-14 (7,08%), GT-19 (7,10%), and GT-18 (7,14%). The lowest
Na content was determined in genotypes GT-11 (2,56%) and GT-16 (3,00%). When compared
to control plants, genotypes GT-11 (255,56%) and GT-16 (310,96%) ranked first in selectively
incorporating lower levels of toxic ions. In contrast, genotypes GT-8 (951,56%) and GT-19
(959,70%) were identified as the ones incorporating the highest amounts of Na ions. In other
genotypes, the increase in Na ion content compared to control plants ranged from 382% to
933%.
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Table 3.7. The effect of salt stress on sodium (Na) ion content in bean genotypes

Control Salt % Control Salt % Control Salt % Control Salt %
Change Change Change Change
064ce  442f 59063  042a-c 2,84 576,19 3,85 ef 232de  -39,74 2244 1,37 gh -38,84
0,60de  6,08cd 91333  0,38b-d 476d 1152,63 4,29 be 1,88 ¢ -56,18 3,08 a-c 1,24 hi -59,74
GT-3 07lac  526e 640,85 0,49 a 431e 779,59 4,08 c-f 2,05 fg -49,75 2,55 f 1,44 fg -43,53
0,59 e 6,10 cd 933,90 0,37 cd 515a-c 129189  4,22b-e 1,60 hi -62,09 3,10 a-c 1,23 ij -60,32
0,69 a-c 523¢e 657,97 0,47 ab 3,64 gh 674,47 3,90 d-f 2,34 de -40,00 333a 2,22 cd -33,33
065b-e  319g 390,77  043a-c 2,27 jk 427,91 4,44 be 358a -19,37 3,08 a-c 257a -16,56
069a-c  3,33g 382,61 0,39 b-d 2,36 505,13 3,84 ef 324b -15,63 3,04 be 2,46 ab -19,08
064ce 673ab 951,56 0,29 d 523ab 170345 532a 1,57 hi -70,49 3,20 a-c 1,09 jk -65,94
0,73 ab 5,70 d 680,82 051a 372¢g 629,41 4,39 be 2,84c¢ -35,31 2,98 cd 1,98 e -33,56
069ac  664b 862,32  047ab 417e 787,23 497a 2,18 ef -56,14 3,20 a-c 1,26 hi -60,63
072ac  256h 255,56 0,50 a 2,19k 338,00 3,83 f 3,16 b -17,49 2,66 ef 2,36 bc -11,28
0,68 a-d 4,41 f 548,53 0,46 a-C 394 f 756,52 4,37 be 324b -25,86 3,17 ac 2,18d -31,23
0,60 de 5,88 d 880,00 0,38 b-d 354 h 831,58 4,16 c-f 2,52d -39,42 3,28 ab 2,34 be -28,66
069ac  7,08a 926,09  047ab 520ab  1006,38 522a 1,46 hi -72,03 2,93 c-e 1,16 i -60,41
066ae  673ab 919,70 044 a<c 4,74 d 977,27 4,27 b-d 1,58 hi -63,00 3,09 a-c 1,55 f -49,84
0,73a 3,009 310,96 051a 2,16 k 323,53 458 b 363a -20,74 2,59 f 2,33 bc -10,04
066ae  658b 896,97 0,44 ac 512bc  1063,64 4,555 b 1,65 h -63,74 2,76 d-f 1,19 i -56,88
0,72 a-c 714a 891,67 0,50 a 521ab 942,00 5,00 a 1,45 hi -71,00 3,06 a-c 1,16 ij -62,09
0,67 a-d 710 a 959,70 0,45 a-c 529 a 1075,56 4,27 b-d 1,16 j 72,83 3,16 a-c 1,01 k -68,04
065b-e  646bc 89385  043ac 5,03 ¢ 1069,77 517 a 1,431 -72,34 3,18 a-c 1,25 hi -60,69
0,08 0,41 0,10 0,15 0,38 0,23 0,28 0,14
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In a study investigating the tolerance levels of twenty different bean genotypes to salt stress,
the chlor ion contents of green leaf tissues were examined, and the findings are presented in
Table 3.7. The determination of chlor (CI) ion content showed the lowest values in control
plants, ranging from 0,38 to 0,51. Under salt stress conditions, there was an increase in Cl ion
content, and this increase varied among genotypes. The highest Cl values under salt stress were
observed in genotypes GT-14 (5,20%), GT-18 (5,21%), GT-8 (5,23%), and GT-19 (5,29%).
The lowest Cl content, on the other hand, was determined in genotypes GT-16 (2,16%), GT-11
(2,19%), and GT-6 (2,27%). When compared to control plants, genotypes GT-16 (323,55%)
and GT-11 (338,00%) ranked first in terms of being selective in absorbing lower levels of toxic
ions. In contrast, genotypes GT-2 (1152,63%), GT-4 (1291,89%), and GT-8 (1703,45%) were
identified as genotypes absorbing the highest amounts of CI ions. In other genotypes, the
increase in Cl ion content compared to control plants ranged from 427% to 1069%. Potassium
(K) ion content was determined in the highest control plants and ranged from 3,85% to 5,32%
(Table 3.7). Under salt stress conditions, a decrease in K ion content was observed, and this
decrease varied among genotypes. The highest K values under salt stress were observed in
genotypes GT-16 (3,63%) and GT-6 (3,58%). The lowest K content was determined in
genotype GT-19 (1,16%). Among genotypes that preserved their K content compared to control
plants, GT-7 (15,63%), GT-11 (17,49%), and GT-6 (19,37%) ranked highest. In contrast,
genotypes GT-18 (71,00%), GT-14 (72,03%), GT-20 (72,34%), and GT-19 (72,83%) showed
the highest K loss compared to control plants under salt stress conditions. In other genotypes,
the decrease in K ion content compared to control plants occurred in the range of 20-70%.
Calcium (Ca) ion content was determined in the highest control plants, ranging between 2,24%
and 3,33%. Under salt stress conditions, a decrease in Ca ion content was observed, and this
decrease varied among genotypes. The highest Ca values in response to salt stress were
observed in genotypes GT-6 (2,57%) and GT-7 (2,46%). The lowest Ca content was determined
in genotypes GT-8 (1,09%) and GT-19 (1,01%). When compared to control plants, genotypes
GT-16 (10,04%) and GT-11 (11,28%) ranked highest in maintaining Ca content. In contrast,
genotypes GT-8 (65,94%) and GT-19 (68,04%) exhibited the highest Ca loss under salt stress
conditions compared to control plants. In other genotypes, the decrease in Ca ion content ranged
from 16% to 62% compared to control plants.

Salinity negatively impacts morphological and biochemical functions in plants, affecting seed
germination, plant growth, development, and yield adversely (Zhang and Dai 2019). Soil
salinity leads to a decrease in soil water potential and leaf water potential, causing imbalances
in plant water relations and ultimately resulting in osmotic stress (Navada et al. 2020). Salinity
induces osmotic stress due to an increase in sodium and chloride ion contents. Under stress
conditions, there is a reduction in plant growth and development, an increase in reactive oxygen
species (ROS) levels, leading to oxidative stress (Arif et al. 2020, Abdel Latef et al. 2021). In
a study examining the effects of 150 mM NaCl application on beans, salt stress resulted in a
decrease in morphological parameters such as fresh and dry weight, stem length and diameter,
and leaf area. Overall, compared to control plants, there was a 52% reduction in fresh weight,
70% in dry weight, 46% in stem length, 47% in stem diameter, and 56% in leaf area. This
variation revealed differences among genotypes, with lower-scale genotypes showing less
reduction. Salt stress is one of the most significant factors adversely affecting plant growth and
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development, particularly due to osmotic effects, ion toxicity, reduced photosynthetic activity,
and nutrient deficiency under stress conditions (Almodares et al. 2008). In salt stress conditions,
a decrease in soil water potential leads to a slowdown in plant development. In the ionic phase,
toxic ions that cannot be retained in vacuoles for an extended period rapidly accumulate in the
cell wall or cytoplasm, causing damage to the cells (Acosta-Matos et al. 2017). In their study
examining the tolerance levels of 81 bean genotypes to salt stress, Kaya (2011) reported a
decrease in morphological parameters such as fresh and dry weight, stem height, and leaf area
due to salt stress. They highlighted that this change revealed differences among genotypes.
Garrido et al. (2014), investigating the physiological and biochemical changes under salt stress,
expressed a decrease in physiological parameters such as fresh weight, leaf area, and leaf
relative water content under stress conditions. Similar results were emphasized in a study by
Ahmed et al. (2019), where researchers indicated a decrease in morphological and physiological
parameters 21 days after stress application. The presence of high salt concentration increases
soil osmotic pressure, reducing or even completely stopping the plant's water absorption
capability. lon toxicity, especially with Na and CI ions, causes damage to cells involved in
water transport, leading to disturbances in the plant-water relationship. The relative water
content (RWC) in plant tissues and cells supports the continuation of metabolic activities by
facilitating adaptive osmotic changes and adaptation to stress conditions. Sitohy et al. (2020)
indicated a decrease in RWC values under salt stress in their bean study and highlighted the
importance of high RWC presence in plant tissues as a crucial element supporting metabolic
activities under stress conditions.

In the bean study, a 46% decrease in leaf relative water content was observed under salt stress.
This decrease ranged from 13% to 18% for genotypes GT-11, GT-16, and GT-12, while it
averaged 73% for genotypes GT-18 and GT-14. Hand et al. (2021) suggested that the decrease
in leaf relative water content could be associated with Na and Cl ion toxicity. Studies conducted
on various crops such as okra, corn, melon, and beans have reported a decrease in YOSI values
along with salt stress. This decrease was lower in genotypes tolerant to salt stress and higher in
sensitive genotypes (Kusvuran 2010, Kaya 2011). Salt stress leads to the breakdown of
chloroplasts, instability of pigment-protein complexes, disappearance of chlorophylls, and
changes in the quantity and composition of carotenoids (Bayram et al. 2021). Indeed, in beans,
a 40% decrease in average SPAD values occurred in conjunction with salt stress. Inhibition of
chlorophyll biosynthesis, accelerated degradation, and oxidative damage caused by salinity are
considered reasons for the decrease in chlorophyll content. Osuna-Rodriguez et al. (2023), in
their studies on peppers, expressed that chlorophyll content decreased with salt stress,
emphasizing the fundamental role of chlorophyll in regulating the photosynthetic capacity of
plants and effective carbon assimilation for plant growth and development. They reported that
tolerant genotypes had higher chlorophyll content. Studies conducted on eggplant, spinach, and
tomatoes also reported a decrease in chlorophyll content under salt stress (Sanwal et al. 2022,
El-Nakhel et al. 2022, Tao et al. 2023). Free radicals formed as a result of stress are responsible
for irreversible damage to membrane lipids and proteins. Reactive oxygen species easily affect
membrane lipids, leading to the formation of unsaturated aldehydes. The most important
mechanism in the formation of tissue damage due to free radicals resulting from stress is the
peroxidation of lipids in the cell membrane. Free oxygen radicals react with polyunsaturated
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fatty acids, initiating lipid peroxidation. The end product of lipid peroxidation,
malondialdehyde (MDA), is ethene and pentane. The generated MDA affects ion exchange
from cell membranes, leading to cross-linking of compounds in the membrane and causing
negative outcomes such as changes in ion permeability and enzyme activity. Lipid peroxidation
leads to the loss of membrane integrity, increased permeability of the cell to electrolytes, and
membrane damage index (MDI) is used as a significant indicator in determining salt tolerance
in plants (Stefanov et al. 2023). Salt stress has led to an increase in MDI in all bean genotypes
to varying extents. This increase ranged from 13% to 18% in genotypes GT-6, GT-11, and GT-
16, while it reached 61%-62% in genotypes GT-14, GT-18, and GT-19. Giines et al. (2023)
reported an increase in MDI levels in peppers due to salt stress, showing an increase in MDI
values with an increase in salt concentration. The accumulation of salt in the root zone, in
addition to osmotic stress, limits the content of macro-nutrient elements such as potassium and
calcium, negatively affecting ion balance in the cell by increasing sodium and chlorine intake.
lon toxicity impacts photosynthesis and protein synthesis, inactivates enzymes, and causes
damage to chloroplasts and other organelles. When sodium reaches toxic levels, it affects the
uptake and regulation of potassium and calcium ions in the plant, while toxic levels of chlorine
affect the uptake and regulation of NOs anions (Atalan and Gokge 2021). Potassium, absorbed
through active absorption, plays a role in providing osmotic potential and is effective in cellular
water entry. Salinity also brings about drought, a secondary stress factor. During drought stress,
water uptake by roots is restricted, leading to decreased nutrient flow to tissues and organs,
resulting in nutrient deficiencies. A decrease in calcium content in tissues also occurs over the
process. In eggplant, salt stress has led to an increase in Na and Cl ion content in green tissues,
causing variations among genotypes (Kiran et al. 2015). Studies on beans, okra, melon, corn,
and pepper indicate an increase in Na and CI ion content in plant tissues under salt stress
conditions induced by NaCl applications. The reason for growth reduction under stress is the
closure of stomata, limiting photosynthate production due to toxic accumulation of Na and Cl
in leaves. In this study, the application of 150 mM NaCl resulted in an average increase of
724,29% in Na and 845,61% in Cl ion content in all genotypes. This change varied among
genotypes, with genotypes GT-6, GT-7, GT-11, and GT-16 showing an increase in Na and Cl
ion content ranging from 255,56% to 505,13%, while genotypes GT-4, GT-8, and GT-19
showed an increase ranging from 933,90% to 1703,45%. Studies on beans, okra, and wheat
have reported lower Na and Cl ion content in genotypes with lower scale values and higher
increases in Na and ClI content in genotypes with higher scale values (Kaya 2011, Kugvuran
2012, Tao et al. 2021). Potassium is a fundamental component of plant structure and organic
molecules. It plays a role in many physiological and biochemical reactions affecting plant
development, yield, and quality. Potassium controls turgor pressure, the functioning of stomata
during photosynthesis and respiration, and photophosphorylation. Potassium is essential in
physiological processes such as the transport of photosynthetic products, osmoregulation
maintenance, and the activation of enzymes under stress conditions. Potassium deficiency leads
to a significant decrease in photosynthetic CO: fixation and disruptions in the use of photo-
assimilates. Calcium is a vital nutrient element playing a crucial role in cellular and molecular
physiological processes that influence plant growth and responses to abiotic stress (Waraich et
al. 2011, Garcia-Marti et al. 2019). Calcium is involved in controlling stomatal closure. The
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effect of calcium on stomatal closure is an adaptation mechanism observed in tolerant plants
under stress conditions such as high temperature, drought, and salinity (Akhoundnejad et al.
2021). In this study involving different genotypes, salt stress led to a decrease in K and Ca ions.
This decrease occurred by an average of 48,16% in K ion content and 43,53% in Ca ion content.
The change in K and Ca ions varied among genotypes. Genotypes GT-6, GT-7, GT-11, and
GT-16 stood out with a 10-19% decrease in K and Ca ions, emphasizing their ability to preserve
K and Ca ions. However, genotypes GT-8, GT-14, GT18, GT-19, and GT-20 experienced a
decrease in the range of 62-73%. The accumulation of salt in the root zone, in addition to
osmotic stress, limits the uptake of essential elements and minerals such as K, Ca, and NOs3,
while inducing Na and CI intake, adversely affecting cellular ion homeostasis. The
accumulation of harmful ions at toxic levels affects photosynthesis and protein synthesis,
inactivates enzymes, and damages chloroplasts and other organelles. When the Na cation
reaches toxic levels, it also affects the uptake and regulation of K, Ca, and Mg cations in the
plant (Atalan and Gokge 2021).
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ABSTRACT

Epigenetic profile is an important data source for determining individual differences in forensic
science, as it varies depending on the person's living conditions, pathological condition and
advancing age. Environmental factors affect the methylation status of the genome, causing
variations called epigenetic fingerprints. Phenotypic changes can be affected by age, individual
lifestyle, health status, alcohol intake, substance use, etc. Epigenetic modifications can be
examined in three groups: DNA methylation, histone modifications, and RNA-mediated gene
silencing. The important element in epigenetic studies is not whether the target gene is capable
of expression or not, but the amount of DNA methylation that occurs at this point, and the data
obtained represents the methylation profile in the CpG region. Studies have shown that reliable
results can be obtained by using low amounts of template DNA in determining DNA
methylation profiles using DNA samples from different tissue sources. DNA methylation
analyzes performed to determine age, it was determined that DNA methylation rates in some
CpG regions were associated with chronological age. It is very valuable to obtain information
about the phenotypic characteristics of people in cases of unknown perpetrators or mass
disasters. When information is obtained about the physical appearance of the person to be
searched in criminal incidents, the suspect population can be narrowed down and the perpetrator
can be reached in a shorter time. Information obtained regarding epigenetic characteristic
features is important for forensic sciences.

Keywords : DNA methylation, epigenetics, forensic science

CONFERENCE BOOK Academy Global Publishing House — New York || 46



mailto:itir.erkan@yeniyuzyil.edu.tr

' v'¢

@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [ZMIR
ISBN. : 978-625-6283-67-1

ELAZIG ILINDE YAPILAN ETNOBOTANIK CALISMALAR UZERINE
DEGERLENDIRMELER

Prof. Dr. Hasan AKAN

Harran Universitesi - https://orcid.org/0000-0002-3033-4349
Uzman Biyolog Veysel SONAY

Harran Universitesi, https://orcid.org/0000-0001-8523-5113

OZET

Tiirkiye, cografi konumu, jeomorfolojik yapis1 ve degisik iklim tiplerinin etkisi altinda
bulunmasi nedeniyle diinyanin bitki zengini olan iilkelerinden biridir. Bitki-insan iligkisinde rol
alan bitkiler hakkinda deneme yanilma yoluyla elde edilen bilgiler, ister sozlii, ister yazili,
nesilden nesile aktarilarak geleneksellesmis ve halk kiiltiiriiniin bir pargasini olusturmustur.
Grekge halk anlamina gelen “ethnos” ile bitki anlamina gelen“botane” veya “botanikos”
sOzciiklerinden olusan etnobotanik, geleneksel bitki-insan iliskisini inceleyen bilim dali olarak
tanimlanir. Etnobiyolojinin bir dali olan etnobotanik; insanlar ile bitkiler arasindaki iligkiyi
inceleyen bir bilim dalidir.

Elaz1g ilinde yapilan etnobotanik icerikli yaklasik 30 calisma incelendiginde tibbi
bitkilerin 6n plana gectigi goriilmektedir. Bu ¢calismada, Elazig ilinin farkli bolgelerinde yapilan
etnobotanik ¢alismalar degerlendirilmistir.

Anahtar Kelimeler: Elazig, Etnobotanik, Tiirkiye

EVALUATIONS ON ETHNOBOTANICAL STUDIES CONDUCTED IN ELAZIG
PROVINCE

ABSTRACT

Turkey is one of the countries rich in plants in the world due to its geographical location,
geomorphological structure and the effect of different climate types. Information obtained
through trial and error about plants that play a role in plant-human relationships, whether verbal
or written, has become traditional and has become a part of folk culture by being passed down
from generation to generation. Ethnobotany, which consists of the Greek words “ethnos”
meaning people and “botane” or “botanikos” meaning plant, is defined as the branch of science
that studies the traditional plant-human relationship. Ethnobotany, a branch of ethnobiology, is
a branch of science that studies the relationship between people and plants.

When approximately 30 ethnobotanical studies conducted in Elazig province are
examined, it is seen that medicinal plants come to the fore.. In this study, ethnobotanical studies
conducted in different regions of Elazig province were evaluated.

Keywords: Elazig, Ethnobotany, Tiirkiye
GIRIS
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Tirkiye, cografi konumu, jeomorfolojik yapisi1 ve degisik iklim tiplerinin etkisi altinda
bulunmasi nedeniyle diinyanin bitki zengini olan iilkelerinden biridir.

Tirkiye’deki bitki zenginligi, diinyadaki iliman iklime sahip diger iilkelerin bitki
zenginligine gore daha zengin ve ilgingtir (Ekim, 2005). Tiirkiye, 167 familya, 1320 cins ve
9996 tiir ve 11707 takson ile bitki ¢esitliligine ev sahibi olup bunlarin yaklasik 3750 kadar1
endemiktir (Giiner vd., 2012). 1965-1985 yillar1 arasinda Peter Hadland Davis’in editorliiglini
yaptigi “Flora of Turkey and the East Aegean Islands* adli dokuz ciltlik eser, sonradan 1988°de
10. Cilt (Davis vd., 1988) ve Tiirk Botanikgiler tarafindan hazirlanan eserlerle 11 cilde ¢ikmistir
(Giiner vd., 2000). Resimli Tiirkiye Florasi ¢alismasi ise Flora Arastirmalari Dernegi ile Ali
Nihat Gokyigit Vakfi ve Nezahat Gokyigit Botanik Bahgesi ortak is birligi ¢ercevesinde
gerceklestirilmektedir (Gliner vd., 2014; Gliner vd., 2018).

Bitki-insan iligkisinde rol alan bitkiler hakkinda deneme yanilma yoluyla elde edilen
bilgiler, ister sozlii, ister yazili, nesilden nesile aktarilarak geleneksellesmis ve halk kiiltiirtiniin
bir pargasint olusturmustur. Grek¢e halk anlamina gelen “ethnos™” ile bitki anlamina
gelen“botane” veya “botanikos” sozciiklerinden olusan etnobotanik, geleneksel bitki-insan
iligkisini inceleyen bilim dali olarak tanimlanir (Balick ve Cox, 1999; Ertug, 2004).
Etnobiyolojinin bir dali olan etnobotanik; insanlar ile bitkiler arasindaki iliskiyi inceleyen bir
bilim dalidir.

MATERYAL-YONTEM

Alanin Cografi Konumu: Elazig ili, Dogu Anadolu Boélgesinin giineybatisinda, Yukar: Firat
Boliimiinde yer almaktadir. Dogudan Bingdl, kuzeyden Tunceli, bati ve giliney batidan
Malatya, giineyden ise Diyarbakir illerinin arazileri ile cevrilidir. Elazig, dogusundan,
batisindan ve gilineyinden, Gilineydogu Toroslarin bati uzantilar ile ¢evrili olup, Giineydogu
Toroslar, Malatya ili siirlar1 i¢inde doguya dogru uzanarak Elazig’dan gecer. Bu daglarin en
yiiksek noktasini ilin batisindaki Hasan Daglar1 (2118 m) olusturur. Diger 6nemli daglar ise;
Bulutlu Dag1 (2004 m), Karga Dag1 (1925 m) ve Kamislik Dagi (2016 m)’dir. Hazar G6liiniin
kuzeyinde 2140 metre yliksekligindeki Mastar Dag1 yer alir. Glineyinde ise en yiiksek dag
silsileleri Hazar baba (2230 metre) dagini meydana getirir. ilin Giineydogusunda bulunan ve 1l
merkezine 25 km uzaklikta, Elazig-Diyarbakir Karayolu’na paralel olan Hazar Golii, tektonik
bir goldiir.

Iklim: Karasal iklimin yani sira yer yer Akdeniz iklimi 6zelligi de tasimaktadir. Elazig iklimi,
Akdeniz ve karasal iklim arasinda bir gegis 6zelligi de gosterir. Yazlar sicak ve kurak, kislar
soguk ve sert geger. Yillik yagis ortalamasi 433 mm’dir (MGM, 2019).

Yeryiizii sekilleri: il topraklarinin % 25°i orman ve fundalik, % 25°i ekili ve dikili arazi ve %
42’s1 ¢ayir ve meradir. Ekime miisait olmayan arazi % 8’dir. Vadiler ve akarsu etrafi bitki
oOrtlisi bakimindan zengindir.

Calismalarin derlenmesi: Bu calismada cesitli veritabanlarinin ve yazili kaynaklarin
arastirilmasi sonucunda Elazig iline ait bitki taksonlart ile ilgili olarak gliniimiize kadar yapilmis
olan calismalara ulasilmistir. Bu kapsamda CAB (Commonweath Agricultural Bureaux),
Biological Abstract, Index Kewensis, Google Scholar, International Plant Name Index, GBIF
(Global Biodiversity Information Facility) gibi indekslerden ilgili anahtar kelimeler
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kullanilarak taramalar yapilmis ve YOK Tez tarama sistemleri de incelenmistir. Sadikoglu ve
Alpinar (2004) tarafindan hazirlanan Tiirk Etnobotanik ¢aligsmalar1 (1928- 1997) adli yayin ile
basta Demiriz bibliyografyasi (Demiriz, 1993), Ertug (2014), Yerebasan ve ark. (2021) cesitli
kitap, tez ve makalelerin kaynakgalar1 incelenmistir.

BULGULAR

Elazig iline dair etnobotanik ¢alismalara asagida kronolojik olarak verilmistir:

Asil ve Soner (1981): Erzincan ve Elazig yoreleri halk ilaglan tizerinde incelemeler |
Asil ve Soner (1983): Erzincan-Elazig yoresi halk ilaglari {izerinde incelemeler I1

Babag (1986). Elazig yoresinde yetisen Vicieae tribus’una ait taksonlarin ekonomik yonden
degerlendirilmesi.

Se¢men ve ark. (1986): Elazig civarindaki Verbascum (Sigirkuyrugu) liyeleri ve bunlardan
yararlanma imkanlari

Tonbul ve Altan (1989): Elazig yoresinde halkin ¢esitli amagclar i¢in yararlandigi bazi bitkiler
Tiirkoglu (2000): Elaz1g Ilindeki etnobotanik degeri olan taksonlarin arastirilmasi

Civelek ve Tiirkoglu (2000): Elazig yoresinin bilinmeyen tibbi bitkileri

Civelek ve ark. (2000): Elazi1g ilindeki etnobotanik degeri olan bitkiler {izerine bir arastirma
Civelek ve Tiirkoglu (2001): Elazig ilinin etnobotanik degeri olan baz1 bitkileri

Senocak (2002): Elaz1ig Mutfag1 ve Yoresel Yemekleri

Yerlikaya (2002): Elazig ve ¢evresinde hayvan hastaliklarinda halk hekimligi iizerine
arastirmalar

Kirbag ve Zengin (2006): Elaz1g yoresindeki bazi tibbi bitkilerin antimikrobiyal aktiviteleri
Cakilcioglu ve ark. (2007): Harput (Elazi1g) ve ¢evresinin etnobotanik 6zellikleri
Cakilcioglu ve Tiirkoglu (2007a): Plants used for cholesterol treatment by the folk in Elaz1g.

Cakilcioglu veTiirkoglu (2007b): Plants used for hemorrhoid treatment in Elazig central district
Cakilcioglu veTiirkoglu (2007¢): Plants used to lower blood sugar in Elazig central district
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Cakilcioglu ve Tiirkoglu (2008). Plants used for pass kidney stones by the folk in Elaz1g

Dogan (2008): Elazig ve Cevresinde Yetisen Teucrium Polium L. (Lamiaceae)
Popiilasyonlarindaki ve Kimyasal Varyasyonlarin Arastirilmasi

Cakilcioglu ve Tiirkoglu (2009): Citli Ovasi (Elazig) ve ¢evresinin etnobotanik 6zellikleri

Karlidag (2009). Volksmedizinisch Verwendete Arzneimittel der Provinzen Elazig und Tunceli
(Ostanatolien, Tiirkei).

Cakilcioglu ve ark. (2010): An ethnobotanical survey of medicinal plants of Yazikonak and
Yurtbasi districts of Elazig province

Cakilcioglu ve Turkoglu (2010): An ethnobotanical survey of medicinal plants in Sivrice
Cakilcioglu ve ark. (2011): Ethnopharmacological survey of medicinal plants in Maden

Dogan ve Bagc1 (2011): Elaz1g’in bazi yerlesim alanlarinda halkin geleneksel ekolojik bilgisine
dayanarak kullandig: bitkiler ve etnobotanik 6zellikleri

Hayta ve ark. (2014): Traditional uses of medicinal plants in Elazig

Olgun (2019). Aricak (Elaz1g) ilgesinin etnobotanik 6zellikleri

Yerebasan ve ark. (2021): A review of the traditional plant use culture in Elaz1g (Turkey).
Bolgedeki etnobotanik ¢alismalarin degerlendirilmesi Tablo 1’de verilmistir:

Tablo 1. Elaz1g’daki etnobotanik ¢alismalarin derlenmesi

Arastirmacilar Calisma alanlar: Calismanin icerigi Bulgular
Asil ve Soner (1981) Erzincan-Elazig Halk ilaglart 10 bitki
yoresi
Asil ve Soner (1983) Erzincan-Elazig Halk ilaglart 6 bitki
yoresi
Babag (1986) Elazig yoresi Ekonomik yonden -
degerlendirilmesi
Se¢cmen ve ark. (1986) Elazig yoresi Sigirkuyrugu iiyeleri -
yararlanma imkanlari
Tonbul ve Altan (1989) Elazig yoresi cesitli amaglar igin -
yararlanilan bitkiler
Tonbul ve Altan, 1991 Elaz1g yoresi Genel Etnobotanik 17 faydal bitki
Tiirkoglu (2000) Elazig yoresi Genel Etnobotanik 253 bitki
Civelek ve Tirkoglu (2000) | Elaz1g yoresi T1bbi bitkiler 65 bitki
Civelek ve ark. (2000) Elazig yoresi Genel Etnobotanik 36 bitki
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Civelek ve Turkoglu (2001) | Elaz1g yoresi Genel Etnobotanik
Senocak (2002) Elazig yoresi Elazig Mutfag1 ve Yoresel
Yemekleri
Yerlikaya (2002) Elazi1g yoresi Etnoveterineri -
Kirbag ve Zengin (2006) Elazig yoresi Tibbi bitkiler
Cakilcioglu ve ark. (2007) Harput (Elazi1g) Genel Etnobotanik 98 bitki
Cakilcioglu ve Tiirkoglu Elazig yoresi Tibbi bitkiler (kolesterol) 34 bitki
(2007a)
Cakilcioglu ve Tiirkoglu Elaz1g yoresi Tibbi bitkiler (Hemaroid) 18 bitki
(2007b)
Cakilcioglu ve Tiirkoglu Elaz1g yoresi T1bbi bitkiler (Kan
(2007c) sekerini diisiirme)
Cakilcioglu ve Tirkoglu Elaz1g yoresi Tibbi bitkiler (Bobrek 26 bitki
(2008) taglarini diisiirme)
Dogan (2008) Elaz1g yoresi Tibbi Bitki (Teucrium
polium)
Karlidag (2009) Elazig-Tunceli Elazig-Tunceli halk ilaglari
Cakilcioglu ve Tiirkoglu, Citli Ovasi (Elaz1g) | Genel Etnobotanik 19 tibbi, 17 gida, diger
(2009) kullanim 1 bitki
Cakilcioglu ve Tiirkoglu, Sivrice (Elaz1g) Tibbi bitki 81 bitki
(2010)
Cakilcioglu ve ark. (2010) Yurtbasi-Yazikonak | Tibbi bitki 41 bitki
(Elaz1g)
Cakilcioglu ve ark. (2011) Maden (Elazig) T1bbi bitki 88 bitki
Dogan ve Bagc1 (2011) Elaz1g yoresi Geleneksel ekolojik bilgisi | 51 tibbi, 22 gida, 27
hayvan yemi, 2 boya, 7
farkli kullanim
Hayta ve ark. (2014) Elaz1g yoresi T1bbi bitkiler 74 bitki
Polat ve ark. (2015) Elaz1g yoresi Gida bitkileri 62 bitki
Ozen ve Dogan (2017) Elaz1g yoresi Etnoveteriner 59
Olgun (2019) Aricak (Elaz1g) Genel Etnobotanik
Yerebasan ve ark. (2021 Elazig Genel Etnobotanik -
derleme

Sonuc¢ ve Genel Degerlendirme:

Elaz1g ili ve bazi ilgelerinde yapilan ¢aligmalarda 187 tibbi bitki kayit edilmistir. Bu
calismalarda Isirgan, Nane, Ebegiimeci, Kusburnu, Kekik, Kantaron ve Papatyanin sikca
kullanildig1 goriilmiistiir. Yapilan Etbotanik ve folklorik aragtirmalarda bobrek hastaliklarina
kars1 26, hemoroit hastaligina karsi 18, kolesterol igin 36 ve diyabet hastalig1 igin 39 bitkinin
kullanim1 kayit altina alimmistir (Cakilcioglu ve Tiirkoglu, 2007a; Cakilcioglu ve Tiirkoglu,
2007b; Cakilcioglu ve Tiirkoglu, 2007c; Cakilcioglu ve Tiirkoglu, 2008).

Elaz1g’da etnobotanik ile alakali 2 yiiksek lisans tezi, 11 genel etnobotanik, 19
calismanin tibbi bitkilerle alakali, 1 ¢alismanin yenen bitkilerle alakali oldugu, 5 ¢alismanin da
boya ve yakacak bitkilerle alakali oldugu goriilmiistiir (Polat ve ark., 2012).

Ik caligmalarin 1980°1i yillarda basladig1 ve daha sonra ivme kazandig1, arastiricilar
arasinda en ¢ok Cakilcioglu ve ekibinin oldugu goriilmektedir. Polat ve ark. (2012) tarafindan
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yapilan caligmada ise Dogu Anadolu Bolgesinde yapilan tiim verilere yer verilmis ve 2010’11
yillara kadar calismalar degerlendirilmistir. Bu c¢alismada ise 2010’1 yillardan sonraki
arastirmalar da listeye eklenmistir. Yerebasan ve ark. (2021) tarafindan yapilan derleme
calismada ise 21 calismaya yer verilmistir. Yaptigimiz giincel derleme ¢alisma ile Elazig ve
cevresinde yaklagik 30 civarinda etnobotanik arastirmanin oldugu tespit edilmistir.
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OZET

Tiirkiye degisik iklim tipleri, farkli cografi ve jeolojik 6zellikleri nedeniyle zengin bir bitki
cesitliligine sahiptir. Bu calismada, Tiirkiye’nin en genis cografi alanmi kapsayan ve
biyocesitlilik agisindan da en zengin bolgelerinden olan Dogu Anadolu bdlgesinin igerisinde yer
alan Elaz1g ilinde yapilan floristik igerikli arastirmalar degerlendirilecektir.  Elazig ili, Dogu
Anadolu Bolgesinin gilineybatisinda, Yukar1 Firat Bolimiinde yer almaktadir. Dogu Anadolu
Bélgesinin giineybatisinda yer alan Elazig Ilinde bélgenin diger boliimlerinden oldukga farkli ve
karakteristik bir iklimi dikkati ¢ekmektedir. ilin gerek cografi konumu, gerekse morfolojik
ozellikleri bu elverigli durumun ortaya ¢ikmasinda en biiyiik etken olmustur. Elaz1g iklimi,
Akdeniz ve karasal iklim arasinda bir gegis dzelligi de gosterir. 11 topraklarinin % 25°i orman ve
fundalik, % 25’1 ekili ve dikili ardzi ve % 42’si ¢ayir ve meradir. Vadiler ve akarsu etrafi bitki
ortlisti bakimindan zengindir.

Bu ¢alismada, Elazig ilinin farkli bolgelerinde yapilan yaklagik 15 farkli alanin floristik
caligmalar1 degerlendirilecektir.
Anahtar Kelimeler: Elazig, Flora, Tiirkiye

EVALUATIONS ON FLORISTIC STUDIES CONDUCTED IN ELAZIG PROVINCE
ABSTRACT

Turkey has a rich plant diversity due to its different climate types, different geographical
and geological features. In this study, floristic studies conducted in Elazig province, which is
located in the Eastern Anatolia Region, which covers the widest geographical area of Turkey and
is one of the richest regions in terms of biodiversity, will be evaluated. Elaz1g province is located
in the Upper Euphrates Section in the southwest of the Eastern Anatolia Region. Elaz1g province,
located in the southwest of the Eastern Anatolia Region, has a very different and characteristic
climate than the other parts of the region. Both the geographical location and morphological
features of the province have been the biggest factors in the emergence of this favorable situation.
Elazig climate also shows a transitional feature between Mediterranean and continental climates.
25% of the province's lands are forest and scrubland, 25% are cultivated and planted land, and
42% are meadows and pastures. Valleys and streams are rich in terms of vegetation.

In this study, floristic studies of approximately 15 different areas conducted in different
regions of Elazig province will be evaluated.

Keywords: Elazig, Flora, Tiirkiye
GIRIS
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Flora; bir yorenin, bir bolgenin veya bir {lilkenin tiim bitkilerine verilen addir (Yaltirik ve
Efe, 1996). Flora ¢alismalari; herhangi bir alan igerisinde bulunan biitiin bitkilerin familya, cins
ve tiirlerine gore siniflandirilarak liste halinde sunulan ¢alismalardir (Giinal, 2020).

Tiirkiye’deki bitki zenginligi, diinyadaki iliman iklime sahip diger {ilkelerin bitki
zenginligine gore daha zengin ve ilgingtir (Ekim, 2005). Tiirkiye, 167 familya, 1320 cins ve 9996
tiir ve 11707 takson ile bitki ¢esitliligine ev sahibi olup bunlarin yaklasik 3750 kadar1 endemiktir
(Gtiner vd., 2012). 1965-1985 yillar arasinda Peter Hadland Davis’in editorliiglinii yaptig1 “Flora
of Turkey and the East Aegean Islands* adl1 dokuz ciltlik eser, sonradan 1988‘de 10. Cilt (Davis
vd., 1988) ve Tiirk Botanikgiler tarafindan hazirlanan eserlerle 11 cilde ¢ikmistir (Giiner vd.,
2000). Resimli Tiirkiye Florasi ¢aligmasi ise Flora Arastirmalart Dernegi ile Ali Nihat Gokyigit
Vakfi ve Nezahat Gokyigit Botanik Bahgesi ortak is birligi ¢ercevesinde gergeklestirilmektedir
(Giiner vd., 2014; Giiner vd., 2018).

Ulkemizin Dogu Anadolu Bélgesi’nde yer alan Elazig ili floristik acidan zengindir. Son
yillarda bu zengin flora ile ilgili ¢aligmalar artmis olup hiz kazanmistir. Bu ¢caligmalardan bazilari
sunlardir; Hasan Dag1 (Elazig) Florast (Evren, 1981); Hazar Daglar1 Floras1 (Altan, 1981);
Mastar, Kup, Yaylim Daglarinin (Elaz1g) Florasi1 (Evren, 1985); Keban Baraj Goliindeki
Adalarin Flora ve Faunasi (Ayvaz ve ark,1993); Baskil ve Cevresi (Elaz1g) Florasi Uzerine Bir
On Arastirma (Aziret, 1996); Baskil (Elaz1g) Flora ve Vejetasyonu (Behget, 1999-a; Behget,
1999-b); Cakmakbeli (Keban-Elaz1g) Florasi (Duru, 2001); Harput (Elaz1g) Floras1 (Cakilcioglu,
2002); Buzluk Magaralari-Siisnaz Baglar1 (Harput) Florasi (Erkan, 2002); Elaz1g Baskil Merkez
ilge-Altinkiirek Koyii (Keban) Arasindaki Yiiksek Sahanin Florasi (Kiirsat, 2003); Karga,
Kamiglik ve Kucak¢1 Daglari le Bu Daglar Arasinda Yerlesmis Gozeli-Kavak Yiiksek Dagici
Ovalari (Elaz1g) Floras: (Tiirkoglu, 2004).

MATERYAL-YONTEM

Alanin Cografi Konumu: Elazi§ ili, Dogu Anadolu Boélgesinin giineybatisinda, Yukar: Firat
Boliimiinde yer almaktadir. Dogudan Bing6l, kuzeyden Tunceli, bat1 ve giiney batidan Malatya,
giineyden ise Diyarbakir illerinin arazileri ile g¢evrilidir. Elaz1g, dogusundan, batisindan ve
giineyinden, Giineydogu Toroslarin bat1 uzantilari ile ¢evrili olup, Giineydogu Toroslar, Malatya
ili sinirlar1 igcinde doguya dogru uzanarak Elazig’dan gecer. Bu daglarin en yiiksek noktasini ilin
batisindaki Hasan Daglari (2118 m) olusturur. Diger 6nemli daglar ise; Bulutlu Dagi (2004 m),
Karga Dagi (1925 m) ve Kamislik Dagi (2016 m)’dir. Hazar Goliinlin kuzeyinde 2140 metre
yiiksekligindeki Mastar Dag1 yer alir. Glineyinde ise en yiiksek dag silsileleri Hazar baba (2230
metre) dagin1 meydana getirir. {lin Giineydogusunda bulunan ve il merkezine 25 km uzaklikta,
Elaz1g-Diyarbakir Karayolu’na paralel olan Hazar G6li, tektonik bir goldiir.

Iklim: Karasal iklimin yan1 sira yer yer Akdeniz iklimi 6zelligi de tasimaktadir. Elazig iklimi,
Akdeniz ve karasal iklim arasinda bir gecis 6zelligi de gosterir. Yazlar sicak ve kurak, kislar
soguk ve sert gecer. Yillik yagis ortalamasi 433 mm’dir (MGM, 2019).

Yeryiizii sekilleri: il topraklarinin % 25’i orman ve fundalik, % 25’i ekili ve dikili arazi ve %
42’si cayir ve meradir. Ekime miisait olmayan arazi % 8’dir. Vadiler ve akarsu etrafi bitki ortiisii
bakimindan zengindir.
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Calismalarin derlenmesi: Bu c¢alismada ¢esitli veritabanlarimin ve yazili kaynaklarin
arastirtlmasi sonucunda Elazig iline ait bitki taksonlar ile ilgili olarak giiniimiize kadar yapilmis
olan c¢alismalara ulagilmistir. Bu kapsamda CAB (Commonweath Agricultural Bureaux),
Biological Abstract, Index Kewensis, Google Scholar, International Plant Name Index, GBIF
(Global Biodiversity Information Facility) gibi indekslerden ilgili anahtar kelimeler kullanilarak
taramalar yapilmis ve YOK Tez tarama sistemleri de incelenmistir.

BULGULAR
TUBIVES’e gore Elazig ilinde 554 takson bulunmaktadir bunlarin 1281 Tiirkiye i¢in endemiktir.
Elazig ilinin florastik yapisi hakkinda yapilan calismalar bakildiginda 14 tanesinin Elazig
florasiyla ilgili oldugu ortaya ¢ikmaktadir. Bu 14 ¢aligmanin genel degerlendirilmesi asagida
verilmistir.

1) Baskil ve Cevresinin (Elazig) Floras: (Aziret, 1996)
Bu arastirmada, 73 familya ya ait 290 cins, 561 tiir. 14 alt tiir ve 9 varyete saptanmistir. Boylece
alanda toplam 584 takson toplanmistir. Alanda toplam 60 (% 10.6) Endemik tiir toplanmustir.

2) Cakmakbeli (Keban - (Elazig) Florasi1 (Duru, 2001)
Bu ¢alismada, 60 familyaya ait 239 cins ve 425 takson tespit edilmistir. Bunlardan 43 (%10,1)
takson Tiirkiye i¢cin endemiktir.

3) Buzluk Magaralari-Siisnaz Baglar1 Florasi (Erkan, 2002)
Arastirma sahasindan 58 familyaya ait 283 cins ve 498 takson tespit edilmistir. Bunlardan 59
(%11.8) takson Tiirkiye i¢in endemiktir.

4) Harput (Elazig) Floras1 (Cakilcioglu, 2002)
Arastirma sahasindan 63 familyaya ait 303 cins ve 591 takson tespit edilmistir. Bunlardan 69
(%11.7) takson Tiirkiye i¢in endemiktir.

5) Baskil Merkez flce-Altinkiirek Koyii (Keban) Arasindaki Yiiksek Sahanin Florasi

(Kursat, 2003)

Arastirma sahasindan 71 familyaya ait 341 cins ve 801 takson tespit edilmistir. Bunlardan 104
(%13) takson Tiirkiye i¢in endemiktir.

6) Karga, Kamishk ve Kusak¢i Daglari ile Bu Daglar Arasinda Yerlesmis Gozeli-

Kavak Yiiksek Dagici Ovalari (Elaz1g) Florasi (Tiirkoglu, 2004)

Bu calismaya gore; 82 familya, 391 cins ve 900 tiir ve tiir alt1 seviyede takson saptanmuistir.
Arastirma alanindan saptanan 900 taksonun 3'i Pteridophyta, 897'si Spermatophyta
boliimlerindendir.

7) Citli Ovasi (Elaz1g) Floras: (Cakilcioglu ve ark, 2008)
Bu arastirmada 57 familya, 276 cins ve 357 tiir ve tiir alt1 seviyede takson saptanmustir.

8) Tekevler-Maden (Elaz1g) Aras1 Sahanmin Florasi (Cakilcioglu, 2008)
Bu arastirmada 67 familya, 304 cins ve 577 tiir ve tiir alt1 seviyede takson saptanmistir. Arastirma
alanindan saptanan 577 taksonun 1’i Pteridophyta, 576’si Spermatophyta boliimlerindendir.
Spermatophyta’ya ait taksonlarin 2’si Coniferophyta, geriye kalan 574’ Magnoliophyta alt
boliimiindedir.

9) Elazig Cip Baraj Golii—Arindik Koyii Aras1 Sahanin Florasi1 (Dogan, 2009)
Bu ¢alismada, 72 familya ait 246 cins ve 378 takson (tiir, alttiir ve varyete) tespit edilmistir. 2
takson Pteridophyta, 376 takson ise Spermatophyta boliimlerine aittir. Spermatophyta’ya ait
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taksonlarin 3’ Coniferophyta, geriye kalan 373°1i Magnoliophyta alt boliimii i¢inde temsil
edilmektedir.
10) Kamishk Dagi (Elazig) Floras: (Tiirkoglu ve ark., 2009)
Bu arastirmada, tiir ve alt tiir diizeyinde 69 aile, 271 cins ve 507 takson belirlenmistir.
11) Salkaya Deresi Ile Dambiiyiik Ovas1 Arasinda Kalan Sahanin (Elazig Kuzeybatisi
Floras1 (Hayta, 2012)
Alandan toplanan bitki 6rneklerinin teshisinden sonra 84 familya ve bu familyalara ait 374 cins
ve bu cinslere ait tiir, alttiir ve varyete seviyesinde toplam 798 takson saptanmistir. Bu
taksonlardan 3 tanesi Pteridophyta, 795 tanesi Spermatophyta boliimlerine aittir. Toplam 85
takson Tiirkiye i¢in endemiktir. Endemizm orani %10.6 tiir.
12) Hankendi-Baskil-Komiirhan (Elazig) Arasinda Kalan Alanin Floras: (Giiltiirk,
2016)
Arastirma alanindan 74 familyaya ait 338 cins ve bu cinslere ait 469 tiir, 133 alttiir ve 80 varyete
olmak {izere toplamda 660 takson tespit edilmistir. Belirlenen bu 660 taksonun 2*si Pteridophyta
658“1 Magnoliophyta bdliimiine dahildir.

13) Agin Florasi (Celik, 2017)
Toplanan bitki 6rneklerinin teshis edilmesi neticesinde alanda; 74 familya ve 365 cins'e ait 518

tir, 152 alttiir ve 83 varyete olmak iizere toplam 749 takson tespit edildi. Bu taksonlar
Spermatophyta divizyolarina aittir. Spermatophyta {yelerinin 746'st Angiospermae, 3'U
Gymnospermae alt divizyonlarina dahildir. Calisma alaninda toplam 85 (%211.34) endemik
takson belirlenmistir. Bu endemik taksonlarin 3'i lokal endemiktir.
14) Sarican Beldesi (Karakocan/Elazig) Florasi Uzerine On Cahisma (Sonay ve Akan,
2023)

Arastirma alanindan 53 familya, 232 cins ve 479 takson tespit edilmistir. Bolgede tespit edilen
tirlerden 3’ Pteridophyta, 1’1 Gymnospermae, 475’1 ise Angiospermae taksonlarindan
olusmaktadir. Calisma sonucunda 57 endemik (%11.9) takson belirlenmistir.

Sonu¢ ve Degerlendirme: Elazig il genelinde yapilan flora ¢aligmalarina bakildiginda
ilk siray1 Iran-Turan, ikinci siray1 Akdeniz, {iciincii sirayr Avrupa Sibirya elementlerinin yer
aldig1 goriilmektedir. Baz1 ¢alismalardaki farkliliklar ise o ¢alismalarin yapildig1 bolgelerdeki
iklimsel, jeolojik ve cografik farkliliklardan kaynaklanmaktadir.
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ABSTRACT

Apitherapy products are natural, therapeutic products used in the preservation of human health
and in the creation of a strong and dynamic health state. The use of various bee products to
strengthen the immune system is still quite common today. This study aims to determine certain
content parameters such as acidity level, moisture, and ash content of a royal jelly sample
collected from Sivas, and to compare its antioxidant and antimicrobial activities. Sivas is a city
with high potential for beekeeping. Royal jelly is one of the most commonly used products in
complementary medicine. It is known that royal jelly samples collected from different regions
vary in terms of content and certain biological activities. In this study, Rel Assay Diagnostic
kits were used for antioxidant activity determination, and the Microdilution Broth method was
employed for antimicrobial activity testing using Staphylococcus aureus, Escherichia coli,
Bacillus cereus, and Candida albicans strains. Acidity determination was carried out using the
TS 1125 ISO 750 protocol, and ash determination was performed using the sequential heating,
cooling in a desiccator, and weighing processes according to the TS 6666/TS 2131 1SO 928
protocol. The royal jelly sample, dissolved in water, exhibited moderate antimicrobial activity
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against the some tested microorganisms (MIC values: 0.1 <MIC <0.625 mg/mL). Additionally,
the royal jelly sample was found to have high antioxidant capacity. The total protein content of
the royal jelly sample was determined to be 14.23%, and the total ash content was found to be
0.96%. Scientific studies on bee products, including royal jelly, are very limited in Turkiye.
Due to the scarcity of studies in these areas, the results of this study contribute to the universal

knowledge and serve as a guide for future health, cosmetic, and pharmacognosy research.
Keywords: Apitherapy, Royal Jelly, Biological Activity, Pharmacognosy.

OZET

Apiterapi {irlinleri insan saghiginin korunmasinda, giiclii ve dinamik bir saglik durumunun
olusturulmasinda kullanilan, terapotik nitelikli dogal {irtinlerdir. Cesitli ar1 iriinlerinin
bagisiklik sistemini giiclendirmek amaciyla kullanimlari gliniimiizde de olduk¢a yaygindir. Bu
calismada Sivas ilinden toplanan ar1 siitii numunesinin asitlik miktari, rutubet ve kiil miktari
gibi bazi igerik parametrelerinin belirlenmesi, antioksidan ve antimikrobiyal aktivitelerinin
karsilagtirilmasi amaglanmistir. Sivas ili aricilik bakimindan yiiksek potansiyele sahip bir
sehirdir. Ar siitii tamamlayict tipta en ¢ok basvurulan {iriinlerden birisidir. Farkli bolgelerden
toplanan ar1 siitlerinin igerik yoniinden ve bazi biyolojik aktiviteleri bakimindan farklilik
gosterdikleri bilinmektedir. Calisma kapsaminda antioksidan aktivite tayini i¢in, Rel Assay
Diagnostik kitleri kullanilmigtir. Antimikrobiyal aktivite i¢in Staphylococcus aureus,
Escherichia coli, Bacillus cereus, Candida albicans mikroorganizma suslar1 kullanilarak,
Mikrodiliisyon Broth yontemi kullanilmustir. Asitlik Tayini TS 1125 ISO 750 protokolii ile kiil
tayini ise ardigik 1sitma, desikatdrde sogutma ve tartim islemlerinin yapilmasiyla birlikte TS
6666/ TS 2131 ISO 928 protokolii ile gergeklestirilmistir. Calismada su icerisinde
¢ozlindiiriilerek kullanilan ar1 siitii numunesinin, inceledigimiz bazi mikroorganizmalar
iizerinde orta diizeyde antimikrobiyal aktivite gosterdigi goriilmiistiir (MIK degerleri: 0.1<
MIK < 0.625 mg/mL). Ayn1 zamanda ar1 siitii numunesinin antioksidan kapasitesinin de yiiksek
oldugu tespit edilmistir. Ar siitli numunesinin toplam protein miktar1 % 14,23 olarak ve toplam
kiil miktar1 %0,96 olarak bulunmugtur. Tiirkiye’ de ari siitii de dahil olmak {izere genel olarak
ar1 Uriinleri ile yapilmis bilimsel ¢aligmalar ¢ok sinirlidir. Bu alanlarda yapilan ¢alismalarin
kisitli olmasindan dolay1, bu ¢alismanin sonuglart evrensel bilgi birikimine katki saglamakta ve

ileride yapilacak saglik, kozmetik ve farmakognozik ¢aligmalara yol gosterecek niteliktedir.

Anahtar Kelimeler: Apiterapi, Ar siitii, Biyolojik aktivite, Farmakognozi.
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1. INTRODUCTION

Apitherapy is the use of bee products such as honey, pollen, royal jelly, propolis, bee venom
for support and treatment in order to protect health, prevent and cure diseases (Onbasli et al.,
2019; Atayoglu, 2019). In Tirkiye, the ‘Regulation on Traditional and Complementary
Medicine Practices’ was published by the Ministry of Health in October 2014. Thanks to this
regulation, the purposes of use of the methods, the types of diseases to which they can or cannot
be applied, the trainings to be made, which health institutions and by whom they can be applied
are clearly stated (Unal & Dagdeviren, 2019; Ekici & Golgeli, 2021; Fratellone et al., 2016;
Kekegoglu et al., 2021). Royal jelly used in apitherapy applications is secreted from the
hypopharyngeal and mandibular glands of worker bees and plays an important role in the larval
period and throughout the life of the queen bee (Tamura et al., 2009). Royal jelly is a bee
product secreted from the pharyngeal glands of 5-15 day old worker bees for the nutrition of
the queen bee. It is a gel with a runny consistency and creamy-white colour (Parlakpinar &
Polat, 2021). Royal jelly is the food consumed by the queen bee throughout her life. Although
queen bees and worker bees have similar genetic structure at the time of fertilised egg hatching,
they are fed with royal jelly at different rates and durations during the larval period, which
causes both physiological and morphological structures to differ. Royal jelly contains 60-70%
moisture and a significant portion of the dry matter consists of proteins and peptides. Besides,
royal jelly consists of lipids, carbohydrates, vitamins, minerals and various small components.
(Yilmaz, 2023). According to 1SO 12824 royal jelly standard, the water content of pure royal
jelly should be in the range of 62.00-68.50% and according to TS 6666 royal jelly standard, it
should be in the range of 60.00-70.00%. The water content of royal jelly may vary depending
on the production season, production method and storage conditions. (Mutlu et al., 2023). Royal
jelly is a natural compound with many biological activities such as antitumour, antibacterial,
antiallergic, anticarcinogenic and immunomodulatory effects, as well as growth enhancer and
immune enhancer. Scientific studies on bee products are very limited in Turkey. Due to the
limited number of studies in these areas, all kinds of studies to be carried out at the basic level

and the results obtained from them will contribute to the accumulation of scientific knowledge.

2. EXPERIMENTAL STUDIES

2.1. Moisture Determination
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The weighing container in which the royal jelly sample is placed is kept in a vacuum oven at
70°C at a pressure of 25 mm £+ 5 mm Hg until it reaches constant weight. After drying, it is
taken to the desiccator, cooled and weighed. TS 6666 standard protocol was applied for

moisture determination.
2.2. Protein Determination

The homogenously mixed royal jelly sample is weighed 1 g on nitrogen-free ash paper and
transferred to the distillation tube together with the paper. The catalyst tablet (CuSOa4, CuO) is
placed on it and 25 ml of sulfuric acid is added and the tube is placed in the wet combustion
section. The heater is first kept at 170-180 °C for half an hour and then the temperature is
increased to the highest temperature. In the distillation section of the protein device, the relevant
programme is selected and automatic titration is performed and the reading is made. TS EN

ISO 5983-1 standard protocol was applied for protein determination.
2.3. Acidity Determination

Weight 1 g of royal jelly sample, add 50 mL of distilled water. pH: 7.0, 0.1 N NaOH is added
rapidly. Then 0.1 N NaOH solution is added slowly until pH: 8.1 is added slowly and the
analysis is finalised. Calculation is made. TS 1125 ISO 750 protocol was applied for acidity

determination.
2.4. Ash Determination

Determination of ash in royal jelly and royal jelly products is carried out according to TS 2131
after careful evaporation of 1 g sample before superheating. The sample is burnt in an electric
muffle furnace set at 550°C. The ash is then moistened with water and dried first in a water bath
and then in an electric heater with a metal surface. Then it is burnt again in an electric muffle
furnace set at 550°C, cooled in a desiccator and weighed to a precision of 0.0001 g. TS 6666/
TS 2131 1SO 928 protocol was applied for ash determination.

2.5. Antimicrobial Activity Determination

Various microorganisms including Staphylococcus aureus, Escherichia coli, Bacillus cereus,
and Candida albicans were used in this study. The antimicrobial activities of royal jelly on
different strains of microorganisms were calculated using the Microdilution Broth method

(Eloff, 1998). Mueller Hinton Broth medium for bacteria and Saboraud Dextrose Broth medium

CONFERENCE BOOK Academy Global Publishing House — New York || 63




! »'1

@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [ZMIR
ISBN. : 978-625-6283-67-1

for Candida albicans were used. 90 ul medium was added to the wells in the first row of 96
microtiter plates and 50 ul medium was added to the other wells. Then, the plates with bacteria
were incubated at 37 °C and the plates with Candida albicans were incubated at 35 °C for 16-
24 hours. At the end of the incubation period, the first wells without colour change in the wells

were considered as the MIC value.

2.6. Total Antioxidant Activity Status (TAS) Assay
The antioxidant value of royal jelly was determined using commercially available Rel Assay

diagnostic kits with an accuracy of 99.9% (Erel, 2004; 2005). Trolox and hydrogen peroxide
standard were used as reference for TAS analysis. In TAS analysis method, the change in
absorbance at 660 nm depends on the total amount of antioxidants. The antioxidants in the
sample reduce the dark blue-green coloured ABTS radical to the colourless reduced ABTS

form. The change in absorbance at 660 nm is related to the total antioxidant level of the sample.

3. RESULTS AND ASSESSMENT

In this study, various content properties and biological activity properties of royal jelly collected
from Sivas province, which is widely known within the scope of traditional and complementary
medicine practices, were evaluated. Antioxidant capacities of royal jelly were determined using
Rel Assay diagnostic kits. The TAS value of royal jelly sample from Sivas province was found
to be 16.0 = 2.0 mmol/L. When the antimicrobial activity of royal jelly sample from Sivas
province was examined, MIC values ranging from 0.3 mg/mL to 1.2 mg/mL were obtained on
different microorganisms. When MIC values < 0.1 mg/mL, the substance is classified as
significantly antimicrobial effective; when MIC values 0.1<MIC < 0.625 mg/mL, it is classified
as moderately effective, and when MIC values > 0.625 mg/mL, it is classified as low level
effective. (Kuete, 2010; Awouafack et al., 2013). As a result of the present findings; royal jelly
sample showed moderate antimicrobial activity on some of the microorganisms examined. In
general, royal jelly was found to be weakly effective on B. cereus microorganism (MIC: 1.2
mg/mL) and moderately antimicrobial effective on E. coli and S. aureus bacteria (MIC: 0.3
mg/mL). In addition, it was determined that the royal jelly sample from Sivas province had a

weak antimicrobial effect on Candida albicans strain (MIC: 0.6 mg/mL).

Some content values of royal jelly sample from Sivas province are given in Table 1. According
to this, in terms of moisture content, it is seen that the royal jelly sample has a moisture content
in the ranges specified in the standards (60-70%) with a value of 67,17%. In addition, the
14,23% value obtained as protein content shows that the royal jelly sample has the amount of
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protein content specified in the standards and has a protein content above the general protein

average values.

Table 1. Some content measurements of royal jelly sample

Analysis Result Unit value
Total acidity 43,07 mL/100g
Total ash 0,96 %

Protein 14,23 %
Moisture / Humidity 67,17 %

4. GENERAL ASSESSMENT

Scientific studies on bee products in general, including royal jelly, are very limited in Turkey.
Due to the limited number of studies in these fields, the results of this study contribute to the
universal knowledge and will guide future health, cosmetic and pharmacognostic studies. To
date, studies have shown that consumption of royal jelly, which is an important functional hive
product, can support growth, development, immune system and antioxidant system and can be
protective against various microbial organisms. Considering that royal jelly, which has many
biological benefits, can be safely consumed especially by non-allergic individuals and may
rarely cause allergic reactions, both production and consumption should be supported, it should
be valued as a nutrient with the potential to make a serious contribution to human health and
the national economy, its activities that have not yet been studied by scientific studies should
be revealed and it should take its rightful place in world markets. With this content, it is possible
that our study will contribute to the universal knowledge accumulation at a basic level and it is
thought that it will be a preliminary study and will guide other studies to be carried out in the

future.
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ABSTRACT

Dirofilaria immitis is a nematode parasite that exhibits a worldwide distribution, transmitted by
mosquitoes and affecting various mammals, including domestic dogs and cats, as well as
humans. The increasing global warming and the growing movement of wildlife around the
world make Dirofilariasis an important contemporary issue that requires monitoring. In this
study, the presentation of a case of Dirofilariasis incidentally detected in the heart during
necropsy in a 5-year-old female French Bulldog brought to the laboratory for the purpose of
determining the cause of death is aimed. Histopathological and molecular examinations
conducted for this purpose revealed that the Dirofilariasis subtype was Dirofilaria immitis. The
increase in the dog population, lack of ectoparasitic treatment for them, suitable habitat for
mosquito vectors, posing a threat to public health, and the absence of previous histopathological
studies on this topic in Izmir led to the reporting of this case presentation.

Keywords: Dirofilaria immitis, Dog, Histopathology, PCR, Turkey

1. INTRODUCTION

Dirofilaria immitis is a nematode parasite that exhibits a worldwide distribution,
transmitted by mosquitoes, affecting primarily domestic dogs and cats, as well as other
mammals belonging to the Canidae and Felidae families, including humans. (LEE and
ATKINS, 2010). The life cycle of Dirofilaria species consists of vertebrate mammals as both

the vector and the final host. Various studies have previously reported the presence of D.
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immitis in different hosts such as humans, dogs, cats, foxes, wolves, dingoes, tigers, horses,
chimpanzees, orangutans, and marine mammals (SAHIN et al., 2004; FIRAT et al., 2005;
GENCHI et al., 2007; PUPIC-BAKRAC et al., 2021). It has been documented that species
within the Diptera order, specifically belonging to the Culicidae family (Culex, Aedes,
Ochlerotatus, Anopheles, Coquillettidia, Armigeres, Mansonia, and Psorophora genera), act
as vectors, being responsible for the occurrence of dirofilariasis in hosts (YOUNES et al.,
2021).

Adults of D. immitis are typically found in the right ventricle of the heart, pulmonary
arteries, and the caudal vena cava, also present in the eyes, brain, and peritoneal cavity.
Microfilariae, described as the larval form of the parasite, are observed in the peripheral blood
of the final host (SAHIN et al., 2004; FIRAT et al., 2005; GENCHI et al., 2007). Adults are
white, thin and tall, and adult males are 120-200 mm in length, 0.7-0.9 mm in width, and the
rear ends are spirally curved. Adult females are described as having 250-310 mm in length and
1-1,3 mm in width. (GENCHI et al., 2007; SARALLI, 2009).

The disease is endemic in the Southeast Asian regions and Europe; however, it is also
reported with an increasing frequency in Africa over the years. (GENCHI and KRAMER,
2020). Turkey is geographically located in Eurasia and serves as a natural bridge for the
transmission of many zoonotic infections between the continents of Asia, Europe, and Africa
(KARAKUS et al., 2017). In recent years, the alarming increase in dirofilariosis cases has been
associated with the travel of people to non-endemic areas and the transportation of disease
reservoirs to these regions. It is believed that the actual number of infected individuals and
animals is much higher than the reported cases worldwide (SIMON and LOPEZ-BELMONTE,
2004; AZARI-HAMIDIAN et al., 2006). The opportunities for movement continue to expand,
allowing pathogens, vectors, and animal reservoirs to move more extensively and rapidly than
ever before (TATEM, 2006).

Additionally, Turkey's geographical and climatic conditions, characterized by variable
climate and vegetation, provide suitable habitats for various vector arthropods such as blood-
feeding insects and ticks throughout all seasons of the year (INCI et al., 2016; DUZLU et al.,
2016). The emergence of new vector species and factors such as the uncontrolled movement of
infected dogs contribute to the continuous expansion of the geographical distribution of the
disease (MIRCEAN et al., 2017). The potential for the disease to spread over such a wide

geography emphasizes the need for diagnosis and the implementation of control measures.
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In the diagnosis of heartworm infections, staining with histological methods is
employed for the identification of microfilariae, along with the use of serological and molecular
methods. Additionally, the necropsy method takes precedence in the diagnosis of adult parasites
(MAR et al., 2002; MCCALL et al., 2008).

Doganay et al. (1951) first reported D. immitis microfilariae in a dog in Ankara, Turkey.
Subsequently, reports on the presence of D. immitis have been made using pathological,
serological, and molecular methods from various regions (FIRAT et al., 2005; SARALLI, 2009).
Serological and molecular prevalence studies conducted on shelter dogs in Edirne, Istanbul,
Tekirdag, and Kirklareli found a prevalence of the disease ranging from 2.7% to 6.7%. In a
different study examining the distribution of infection by provinces, while no positive animals
were found in Istanbul, the prevalence was determined to be 14.7% in Edirne, 11% in Kirklareli,
and 1% in Tekirdag. Additionally, researchers detected microfilariae (0.8%) through
microscopic examination of blood smears from three dogs (CETINKAYA et al., 2016). Another
study on dogs in Sivas found a D. immitis prevalence of 2.9% using PCR and ELISA, and 1.3%
using the modified Knott method (ATAS et al., 2018). In Ankara, the prevalence was 14.8%,
while it was 12.3% in Sakarya, 10.5% in Mersin, and 18.3% in Kocaeli (SIMSEK et al., 2008).
Voyvoda et al. (2004), in their study on the prevalence of canine dirofilariasis in the Aegean
region, determined the presence of the pathogen to be 13.9% using the Modified Knott test.

The number of pet dogs kept at home and stray dogs roaming the streets has been
increasing in our country in recent years. The lack of ectoparasitic treatment for these dogs
poses a danger to both public and animal health. The region's habitat, suitable for the life of
vector mosquitoes, along with the absence of previous histopathological studies on this topic in
the working area of Izmir, also raises concerns about the pathogen. Therefore, it has been

deemed appropriate to report this research as a case presentation.
2. MATERIAL AND METHODS

The material for the study consists of a five-year-old female French Bulldog brought to
the Pathology Laboratory of the Izmir Bornova Veterinary Control Institute for necropsy

purposes to determine the cause of death.

The systemic necropsy of the dog was performed, and tissue samples were collected
from the heart, lungs, liver, spleen, and kidneys. After fixation in 10% neutral buffered

formalin, the tissues underwent trimming and tissue processing, followed by embedding in
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paraffin. Sections of 5 um thickness were obtained from paraffin-embedded tissues, prepared,
stained with Hematoxylin-Eosin and examined under a light microscope (Olympus, BX51,
X20). Following the incision of the auricular and ventricular chambers of the heart, adult

parasites identified from the right ventricle of the heart were preserved in 96% ethyl alcohol.

In order to perform species diagnosis of adult parasites, DNA extraction was carried
out from the adult parasite using a commercial kit (Thermo Scientific, USA) following the
protocol specified in the kit. The isolated DNA was subjected to PCR analysis for the diagnosis
of Dirofilaria immitis, targeting the 302 bp internal transcribed spacer 2 (ITS2) region of
ribosomal DNA specific to this species, as described by Rishniw et al. (2006) (Genbank no;
AF217800). The ITS2 region was amplified using forward primer D.imm-Fla (5’-CAT CAG
GTG ATG ATG TGA TGA T-3’) and reverse primer D.imm-R1 (5’-TTG ATT GGA TTT
TAA CGT ATC ATT T-3”). For the PCR process, a reaction mixture was prepared with 5 pl
10x PCR Buffer, 0.5 ul ANTP mix (10 mM each), 1 ul of each forward and reverse primer, 0.5
ul DNA polymerase, 1 pl template DNA, and sterile deionized water to make up the total
volume to 50 pl. The thermal cycler conditions were set as follows: an initial denaturation at
94 °C for 5 minutes, followed by 30 seconds denaturation at 94 °C, 30 seconds annealing at 56
°C, 1 minute extension at 72 °C, and a final extension at 72 °C for 10 minutes. A 10 ul aliquot
of the PCR-amplified sample was loaded onto a 1.5% agarose gel containing 10 ul Safe View
in 1X TAE buffer and subjected to electrophoresis at 100 volts for 1 hour. The resulting
amplicons were visualized under ultraviolet light using the UVP Bioimaging Systems imaging

system.
3. RESULTS

After the necropsy, in external examination wounds were observed varying sizes on
different areas of the skin. Examination of the abdominal cavity organs showed that the liver
and one kidney were damaged, with blood clots observed on these parts. In the examination of
thoracic cavity organs, all lobes of the lungs were dark red, and in the heart, three (3) parasites

of varying sizes were identified in the lumen of the right ventricle (Image 1).
Image 1

Due to the location of the parasites, it was considered that they could be D. immitis and

molecular PCR testing was conducted for species identification. Following PCR, successful
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amplification of the 302 bp region of the ITS2 gene of D. immitis was achieved using specific

primers. Species identification confirmed that the causative agent was D. immitis (Image 2).
Image 2

When histological sections prepared from the lungs, kidneys, spleen, liver, and heart
were examined microscopically, microfilarial forms were detected in the vascular lumens
(Image 3. A, C, D, E, F). In addition, occasional neutrophil, eosinophil, and macrophage cell
infiltrations were observed in the liver parenchyma, with microfilariae found in the sinusoids
(Image 3. B). In the lungs, areas of multifocal collateral edema surrounding the alveoli were
observed, indicating an emphysema condition. The Kkidneys showed proliferative
glomerulonephritis with multifocal interstitial nephritis in the cortex and medulla. Additionally,
hemorrhagic areas were present in the liver and kidney parenchyma, further confirming these

findings.
Image 3
4. DISCUSSION

Dirofilariasis is a zoonotic disease caused by Dirofilaria immitis, a filarial nematode
known worldwide as heartworm disease (FIRAT et al., 2005; CERIBASI and SIMSEK, 2012;
TUNA et al., 2022). Turkey is considered an endemic country for this disease due to its
favorable climate conditions and intermediate host availability (TUNA et al., 2022). Various
prevalence studies in dogs have been conducted in different regions of Turkey using molecular
and serological methods, with prevalence rates ranging from 1.5% to 46% (YILDIRIM, 2004;
VOYVODA et al.,, 2004; BALIKCI and SEVGILI, 2005; ONCEL and VURAL, 2005;
CIVELEK and YILDIRIM, 2006; GOZ et al., 2007; KOZAN et al., 2007; YILDIRIM et al.,
2007; SIMSEK et al., 2008; YAMAN et al., 2009; ADANIR et al., 2013; SARALI et al., 2020).
In this case, lesions of dirofilariasis were investigated both macroscopically and

histopathologically and confirmed molecularly.

The frequency of dirofilariasis in dogs is reported to increase with age, generally being
reported in animals aged five (5) years and older with multiple infections (MILLI and
HIZIROGLU, 2000; CIVELEK et al., 2006; GOZ et al., 2007). However, some studies suggest
that there is no significant age-related difference in terms of risk (KOZAN et al., 2007). The
dog used in this study was recorded as being five (5) years old. The higher occurrence of the
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disease in older dogs has been explained by longer exposure to vectors in elderly dogs
(CIVELEK et al., 2006; YILDIZ et al., 2008).

When investigating the influence of gender on dirofilariasis infection in dogs, it has
been mentioned that males, being more preferred for hunting, sports, and protection purposes
by owners, and having a higher tendency to roam compared to females, are at a higher risk of
exposure to vectors (CIVELEK et al., 2006). However, there are reports in the literature
suggesting that gender differences do not significantly affect the prevalence of dirofilariasis
(YILDIRIM, 2004; GOZ et al., 2007).

The dog used in this study was female, and some studies reported that gender differences
did not have a significant impact on the prevalence of dirofilariasis (YILDIRIM, 2004; GOZ et
al., 2007). Although studies suggest that larger dog breeds may be more affected by
dirofilariasis compared to smaller ones, the material used in this study was of the French
Bulldog breed, which is a small dog breed (YILDIRIM et al., 2007; YILDIZ et al., 2008).

Lesions in the lungs in dirofilariasis can vary, including dilation, hypertrophy,
thrombosis, myointimal proliferation in large vessels, infarction, hemorrhage, hemosiderosis,
chronic inflammation, fibrosis, and thickening of the fibrous pleura (MILLI and HIZIROGLU,
2000; GRANDI et al., 2007). Additionally, it is known that dead parasites can cause widespread
granulomatous inflammation in the lungs (MILLI and HIZIROGLU, 2000; CERIBASI and
SIMSEK, 2012). In this study, there were no granulomatous lesions in the lung parenchyma,
but there was marked congestion, edema around the alveoli containing widespread
microfilariae, and an emphysema appearance in the surrounding alveoli. Myocardial
degeneration, as reported in previous studies, was present in this case, but hypertrophy or
significant dilation was not observed. Chronic passive congestion was recorded in the liver, as
reported in previous studies (MILLI and HIZIROGLU, 2000; FIRAT et al., 2005). Lesions in
the kidneys in dirofilariasis have been reported to vary from membranous to
membranoproliferative glomerulonephritis, intersitial nephritis, and cortical-medullary scar
tissue formation (MILLI and HIZIROGLU, 2000; FIRAT et al.,, 2005; CERIBASI and
SIMSEK, 2012). Although kidney lesions in this case were generally similar to those reported
in the literature, scar tissue formation was not observed. Additionally, the hemorrhagic areas

seen in the liver and kidneys were considered to be related to trauma in these organs.
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In conclusion, this study revealed the histopathological presence of dirofilariasis during
necropsy in a dog in Izmir, confirmed molecularly through PCR. Given the zoonotic nature of
this well-known parasite worldwide and sporadically reported in the Aegean region, it should

be emphasized that it poses a potential risk to both animal and human health.
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Image 2. D. immitis ITS2 gene-specific primers were used to amplify the samples, and the gel

electrophoresis image of the amplification products is shown (M: Marker, 1-3: Detected mature

parasite sample DNAS).
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Image 3: A. Spleen: Microfilariae in the lumens of trabecular blood vessels (H&E x20) B. Liver:
Microfilariae in the sinusoids in the periportal area (H&E x20) C. Kidney: Constriction in the Bowman's

space, microfilariae in glomerular capillaries with proliferative glomerulonephritis (H&E x20) D. Heart:
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Microfilariae between muscle fibers (H&E x20) E. Lung parenchyma: Microfilariae in capillaries (H&E
x20) F. Lung: Microfilariae in the lumen of peribronchiolar blood vessels (H&E x20)
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VOLKANIK NiTELIKLi AGRI DAGI KAYACLARINDAKI ESER
ELEMENTLERIN ULTRA SAF SUDA EKSTRAKTE DERISIMLERININ
BELIRLENMESI

Determination of Concentrations of Trace Elements in Volcanic Ararat Mountain Rocks
Extracted in Ultrapure Water
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OZET

Tiirkiye’nin dogusunda yer alan Volkanik Agri dagi andezit ve bazik nitelikli kayaglardan
meydana gelmistir. Bu kayaglardaki mineral bilesiminde bulunan birgok eser element bdlgede
bulunan yer alti ve yeriistii sularina dogrudan veya dolayli etki etmektedir. Bu eser
elementlerden olan, mangan (Mn), selenyum (Se), rubidyum (Rb), stronsiyum (Sr), ve molibten
(Mo), volkanik kaya¢ minerallerinde tespit edilmekle birlikte ultra saf su ekstrakt ¢ozeltisindeki
konsantrasyonunda artis orani literatiirde ¢alisilmamistir. Bu arastirma da insan
metabolizmasinda oldukc¢a 6nemli fonksiyonlar yerine getiren bu eser elementlerin volkanik
kaya¢ numunelerinin ultra saf su da sadece ekstrakte gecen miktarinin belirlenmesi degil ayni
zamanda ¢oziinmedeki artigin tespiti oldukg¢a dnemlidir.

Bizim c¢alismamizda alti farkli bolgeden homojenlikte volkanik kaya¢ numuneleri plastik
kutularda numaralandirilarak laboratuvara tagindi. Kayag numuneleri ¢eneli kiricilarda 300
mesh elek alt1 tane biiytikliigiine 6giittildii. Etiivde 105°C sicakliktaki etlivde 24 saat kurutulup
sabit tartima getirildi. Numuneler 250 mL vakumlu steril cam kavanozlarda stoklandi. Daha
sonra 250 mL beherlere 0.050, 0.500 ve 4.000 g. numuneler alinarak 25°C 100 mL ultra saf
suda ¢oziinme derisimleri ICP-MS ile o6l¢iildd.

Aragtirma yapilan volkanik kaya¢ orneklerinde Mn, Se, Rb, Sr ve Mo 'min konsantrasyonu
sirastyla 357-181 mg kgt, 0.2- < 0.1 mg kg?, 5.5-2.1 mg kg, 94.5-21.8 mg kg* ve 3.54-1.24
mg kg araliklarinda tespit edildi. Eksrakte gecen bu eser elementlerin ICP-MS &lgiimii
sonucunda Mn, Se, Rb, Sr ve Mo 'nin konsantrasyonu sirastyla 20.395- 0.033 pg Lt 0.381 ug
L10.00 ug L?,3.473-0.321 pg LY, 103.036- 1.538 ug L1, ve 4.608- 0.091 ug L tespit edildi.
Ekstrakte gegme % artisi ise sirasiyla: 0.84- 0.003, 8.80- 0,085, 6.31-0.89, 11- 0.56 ve 13-0.25
olarak tespit edilmistir. Sadece ultra saf suda en yiiksek ¢Oziinme artisinin Sr ve Mo
elementlerinde kanitlanmadi aynm1 zamanda Olgiilen eser elementlerin konsantrasyolari ile
volkanik kayaclarin kiitleleri arasinda parabolik bir etkinin oldugu kanitlandi.

Anahtar Kelimeler: Eser element, Ultra saf su extraksiyonu, Volkanik kayag, ekstraksiyon
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The volcanic Mount Ararat in located eastern Turkey was composed of andesite and basaltic
characterization. These rocks directly or indirectly are affected the groundwater and surface
water in the region that have been many trace elements in the mineral composition. Although
these trace elements, manganese (Mn), selenium (Se), rubidium (Rb), strontium (Sr), and
molybtene (Mo), are detected in volcanic rock minerals, the variation in their concentration in
ultrapure water extract solution has not been researched in the literature. In this paper, these
was researched determination not only the amount of these trace elements, which perform very
important functions in human metabolism, passed into the extract from volcanic rock samples
in ultrapure water, but also to determine the variation in dissolution.

In our study, volcanic rock samples from six different areas were homogeneously gathered and
then numbered in plastic boxes and transported to the laboratory. Rock samples were ground in
jawbreaker to a grain size of 300 mesh. The material was dried in the oven at 105°C for 24
hours and provided to constant mass. Samples were stocked in 250 mL vacuum sterile bottle.
These trace elements were measured by ICP-MS, after samples were weighed 0.050, 0.500 and
4.000 g into 250 mL beakers and their dissolution concentrations in 100 mL of ultrapure water
at 25 °C.

They were determined concentrations of Mn, Se, Rb, Sr, and Mo in the which examined
volcanic rock samples the ranges of 357-181 mg kg-1, 0.2-<0.1 mg kg-1, 5.5-2.1 mg kg-1, 94.5-
21.8 mg kg-1 and 3.54-1.24 mg kg-1, respectively. The extract was determined percentage
increase theirs as: 0.84- 0.003, 8.80- 0.085, 6.31- 0.89, 11- 0.56 and 13-0.25, % respectively.
Not only was the highest dissolution increasing theirs in ultrapure water demonstrated the
elements Sr and Mo, but also was proven the measured parabolic effect trace element
concentrations between and the masses of the volcanic rocks.

Keywords: Trace element, Ultrapure water extraction, Volcanic rock, Extraction increase

1. GIRIS

Andezit ve bazik nitelikli kayaclardan meydana gelen Volkanik Agri dagi Tiirkiye’nin
dogusunda yer almaktadir. Volkanik nitelikli bu kayaglar birgok ister major ister minor isterse
eser element olsun hem toksik ya da organizmalar i¢in hayati mineralleri bilesiminde
bulundurmaktadir ( Aksoy ve ark. 2012, Lambert ve ark. 1974, Yilmaz ve ark.1998, Ercan et
al., 1993, Notsu et al., 1995). Bu elementlerden 6zellikle eser elementlerin volkanik kayaglarin
bulunduklar1 ortamda ister meteor sular1 isterse yertistii veya yeralti-akifer sularinin etkisiyle
¢oziinerek dogrudan ya da dolayli canli organizmaya tasinmaktadir. Organizmadaki eser
elementlerden mangan (Mn), selenyum ( Se), rubidyum (Rb), stronsiyum (Sr), ve molibden
(Mo) ozellikle canli organizmalarda kemik yapisinda, bazi enzimlerin islevlerini
gerceklestirmesinde, viicut sivi dengesi ve sinir sisteminde, viicutta eklem bolgelerindeki
semptomlarin olusmasinda ayrica bazi hastaliklarin tedavisinde epidomolojik gérev almaktadir
(Kan ve ark. 2006, Frape, ve ark. 1984, S. Zhang ve ark. 2022, Bengii ve Yunus. 2014, Hiidai
2003, Mut ve Giilimser. 2005 ).
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Manganin, +2, +3, +4, +6, +7 oksidasyon kademeleri gosteren eri halindeki bilesiklerine
ilaveten, bir tane de +1 oksidasyon kademe- i gésteren KsMn(CN)s formiiliinde bilesigi olmasi
sebebiyle, manganez kimyasal yoniiyle krom kimyasindan daha da karigiktir. Bu elementlerden
mangan’nin dogadaki en ¢ok bulunan minerali proliizit (MnO3) olup diger mangan mineralleri
Braunit Mn203," Hausmannit MnzO4, Manganit Mn,03.H,O ve Rodokrozit MnCO3’tir. Mangan
filizleri krom filizleri gibi dogada demir oksit bilesikleri ile birlikte bulunur. Yiiksek oksidasyon
potansiyeline malik olan mangan, kuvvetli asit ¢ozeltilerinde hidrojen ile hemen yer degistirir
(Ibrahim 1981).

Mn(k)+HCl(suda)—MnClz(suda)+ Hz(g)

Su ile reaksiyona girme egilimi fazla olan Manganik iyonu, Mn®*, sulu ¢ézeltilerinde dayaniksiz
bir iyondur:

2MnCls(suda) +2H2.0 — MnClz(suda)+MnOz2 (k)+ 4HCl(suda)

Asagida yar1 reaksiyon denkleminin standart oksidasyon potansiyelinde goriildigii gibi,
mangan dioksit olduk¢a kuvvetli bir oksitleyicidir:

Mn?*+2H,0 — MnO> (kat1) + 4H"+ 2e

Selenyum ise VI A grubu elementlerinden olup, yeryiiziinde %10 oraninda daha ¢ok da
volkanik kayaclarda bulunur. Degerlik elektron sayis1 6 olan selenyum bilesiklerinde daha ¢ok
-2, +2. +4 ve +6 iyonu halinde bulunur. Bu element ametal grubunda olmasina karsin kismen
metalik niteliktedir. Baslica kompleks bilesikleri:

(SeS03)? selenyum tiyosiilfat,

Suda az ¢oziinen bilesikleri SrSeOs, BaSe03.H20, CaSe03.H20, PbSeO3, Ag2SeO3, BaSeOs,
SrSeQ4, PbSe0as, Ag2Se0q

Selenatlar derisik HCl ile reaksiyonanda:
H2SeO4 + HCl — H2SeOs3 +Cl2 + H2O  reaksiyonu vererek ¢oziiniirler.

Selenyumun dogada bulunan mineralleri ise Kullerudite NiSe, clausthalite PbSe, ve
Ferroselite (Fe2+,-Se Mg)2Si20g , siiliir mineral bilesiminde bulunmaktadir.

Alkali metallerden olan rubidyum bilesikleri suda kolaylikla ¢oziiniirken ylikseltgenme
basamaginda +1’ dir. Bu elementin kimyasal aktivitesinin yiiksek olmasindan dolayr Rb*!
iyonu Rb metaline indirgenemez (Turgut 1985). Ancak yiiksek sicakliklarda rubidyum
kloriir’tin (RbCl) kalsiyum metali ile indirgenerek rubidyuma indirgenmesi miimkiindiir.

Ca(k) + 2RbCl(k)—CaCl: (k) + 2Rb(g)

Rubidyumun dogada bulunan en oOnemli minerali biyotit olup K-Rb(Mg,Fe)3(Al,Fe)
Si3010(OH,F), Lepidolite  (K(Li,Al,Rb)2(Al,Si)s010(F,OH)2), ve  pollucite, (Cs-
Rb,Na)2Al,Si4012.2H,0 ayrica kristal yapida (RbAI(SO4)2.12H,0 ve KAI(SO4)2.12H20
seklindedir (Jandova ve ark. 2012).
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Stronsiyum dogada siilfati ve karbonati halinde bulunur. Stronsiyum’un siilfat mineraline
(SrS0a), Selestin, karbonat filizine (SrC) ise Stronsiyanit ad1 verilir. Yiikseltgenme basamagi
+2 dir. Metalik stronsiyum her bakimdan kalsiyum metaline ¢ok benzer. Stronsiyum metali
dogada daha ¢ok anclylite Sr-CaCe(CO3)2(OH)+(H20) bilesiminde bulunmakla beraber : biotite
silikat ve microclin bilesimlerinde de eser olarak bulunmaktadir (David ve Alisa 1997).

Molibden ise krom meali grubundan olup ylikseltgenme basamagi +6 olmasina karsin
bilesiklerinde farkli oksidasyon basamaklarinda bulunabilirler. Dogada Molibdenit MoSy,
Vulfenit PbMoOQ4, Ovellit CaMoO4 ve Ferrimolibdit Fe203.3M003.8H20 seklinde mineralleri
bulunmaktadir.

Molibden 1sitildiginda oksijen, siilfiir, halojenler, fosfor, bor, karbon ve silisyum ile re-
aksiyona girerek bilesikler meydana getirir.

Icilebilir sulardaki eser element WHO ve TSE-266 na gére maksimum veya kabul edilebilir
derisimler tablo 1.” de verilmektedir.

Tablol. igilebilir sulardaki eser element WHO ve TSE-266 na gére maksimum veya kabul
edilebilir derisimler (TSE-266. 2005, WHO. 2011)

Element name WHO | TSE Tavsiye edilen | TSE 1izin verilen Maksi
Konsantrasyon derisim

Mangan (Mn) pg. L? 100 100 1500

Selenyum (Se) pg. L 10 10 20

Rubidyum(Rb) pg.L* - - -

Stronsiyum (Sr) ug. L-1 - - -

Moliptenyum (Mo) pg. L | 70 - -

Bizim caligmamizda, ultra saf suda kayaclarda Agri1 dagi volkanik kayaglardan alti farkli
bolgeden alinan, numunelerin ¢éziinmesinde kiitle degisiminin ekstrakte eser elementlerin
miktarlarindaki artig etkisi ICP-MS ile belirlendi.

2. DENEYSEL CALISMALAR
2.1.Calisma alani

Calisma bolgesinin Doguda 1-Aralik 2-islamkdy 3- Tasburnu 4-Melekli, 5- Erhaci ve 6-
Suveren volkanik kayaglarindan meydana gelmektedir.
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Sekil 1. Numune toplama alanlar1 (Aksoy ve ark.2012) (1- Arlik, 2-islamk&y, 3-Tasburnu,4-
Melekli, 5-Erhac1 ve 6- Suveren)

2.1.1. Kullanilan kimyasallar ve araglar

Kullanilan ultra saf suyun kimyasal 6zellikleri tablo 2 de verilmektedir.

Tablo 2. Ultra saf su parametreleri (Darboureta ve Kanob, 2019)

pH 6.48

Asitlik

Elektriksel iletkenlik ~ C 0.055 2
uS /cm

Elektriksel direng p 18.18 MQ

Cozlinmiis oksijen TOC 10 uMol.L

Coklu manyetik karistirici, analitik terazi, ¢ceneli kirici, desikator, vakumlu stok siseleri, ICP-
MS cihazi araglar1 kullanildi.

2.1.2. Volkanik Kaya¢ Numunelerinin Hazirlanmasi

Volkanik kaya¢ numuneleri homojenligi saglayacak sekilde platik kaplarda numaralandirilarak
laboratuvara getirildi. Ceneli kiricilarda 6giitiildiikten sonra 300 mesh elek alti boyutunda
gruplandirilarak etiivde 105 °C de 24 saat bekletildikten sonra desikatorde sabit tartima
getirilerek steril siselerde stoklandi.

Bu numunelerden Aralik ve Suveren bolgesi numulerinden 0.005 g, 0.010g, 0.025 g, 0.500 g
1.000 g 2.00 g, 4.000g ve 8.000 g’lik numuneler alindi. Ayrica alt1 bolge volkanik kayac
numunelerinden 0.050g, 0.500g ve 4.000g tartilarak 100 mL ultra saf suda 25°C de 1000 rpm’
manyetik karistiricida ¢oziindiiriildii. Karigimlar 5000 rpm’de 15 dakika santrifiijlendi.
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2.1.3. ICP-MS’te Analiz Uygulamasi.

Kantitatif analizlar i¢in Agilent 7700 model (Agilent Corporation, USA), inductively coupled
plasma-mass spectrometry (ICP-MS) ile multi element yontemi ile tespit edildi. Agilent 7700
modelinin analiz siirecinde kalibrasyon i¢cinMix 3, Mix 4 ve Mix 7 (Merck) standartlari ve 5 pg
Lt 10 ug LY, 50 pg L, 100 pg L ve 500 ug L ile ¢oziindiiriilerek kalibre edildi.

Ekstrakt ¢ozeltileri 15 mL falkon tiiplerine alinip ICP-MS ile analiz edildi. Bu islemler tiger
tartim ile kontrolii sekilde tekrarlandi.

3-SONUCLAR VE DEGERLENDIRME

ICP-MS ile ekstrakta mangan, selenyum, rubidyum, stronsiyum ve molibden eser element
kantitatif 6l¢tim sonuglar sekil 2.deki grafiklere gegirildi.
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Sekil.2.Volkanik kayaclarin numunelerinin ekstraktaki data grafikleri

Sekil.2. grafiklerdeki kiitle optimizasyon sonuglara gore 4. bolgedeki volkanik kayag
numunesindeki Mn en yiiksek kiitle 0.500 gramlik ekstrakta 20.39 pg L* seklinde tespit
edilirken en az kantitatif miktar ise 2 bolgede 4 gramlik ekstrakta Olgiildi. Ekstraktaki
mangandaki degisim numune volkanik kayaclardaki tespit edilen ham miktarlar ile parabolik
uyum gostermektedir.

Sekil.2. grafiklerdeki kiitle optimizasyon sonuglara gore 4. bolgedeki volkanik kayag
numunesindeki Se en yiiksek kiitle 4.000 gramlik ekstrakta 0.38 pg L™ seklinde tespit edilirken
en az kantitatif miktar ise 2 bolgede 0.050 gramlik ekstraktlarda olmadig1 gosterildi. Bu ise
selenyumun volkanik kaya¢ numunelerinde ham miktarmin <0.1 altida olmasi ve ¢dziinme
oranin da az olmasiyla agiklanabilir. Genel ekstraktaki selenyumun 6. bolgedeki ham volkanik
kayactaki selenyum miktari ile miktarinin arttig1 gézlenmistir.

Ekstraktaki rubidyumun ise en yiiksek miktar1 6. bolgede 4.000g lik volkanik numunesinde
volkanik kaya¢ numunesinde 3.47 pg L tespit edilirken en az ise 0.500g volkanik kayag
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numunesinde 3. bolgede 0.32 pg L tespit edildi. Mn ve Se oldugu gibi Rb ekstraktaki kiitleleri
ile volkanik kaya¢c numunelerdeki kantitatif kiitleler arasinda benzerlik belirlenmistir.

Ekstraktaki Sr 6l¢iilen miktarlari sekil 2 de grafikte de goriildiigii gibi maksimum 4. B6lgedeki
4.000g volkanik kayag¢ 6rneginde Ol¢iildii. En az kiitle ise aralik bolgesindeki 0.050g numunede
1.54 ng L tespit edildi. Numunelerdeki Sr miktarlari ile exkstraktaki dl¢iilen kiitleler arasinda
benzerlik goriilmektedir.

Sekil 2°de ICP- MS ile dlgiilen Mo kiitle grafigine gore ekstraktaki maksimum kiitle Suveren
volkanik kaya¢ 4.000 g’lik numunesinde 4.60 pg L? tespit edildi. Minimum Kkiitle ise
6.bolgedeki 0.050 gramlik numunede 0.09 pg L él¢iildii. Molibdenin sadece 0.050 gramlik
ekstraktaki numunesindeki ham volkanik kayactaki kiitlenin farkli oldugu tespit edildi.

4. GENEL DEGERLENDIRME VE SONUCLAR

¢ Caligma alanlarinin tamaminda Mn elementi ham 4.000 g’lik numunelerdeki
volkanik kayag bilesimindeki maksimum miktarda ekstrakte oldugu tespit edildi.
Volkanik kayag bilesiminde eser element ¢oziinmesinde 6zellikle Erhaci ve
Suveren 0.050 g kiitle numunelerinde bulunan Mn, Se Ve Mo minimum derisim
artig1 tespit edildi.

¢ Ultra saf suda volkanik kayacglarin ¢oziinmesi kiitle optimizasyon ¢alismasinda ham

verilere gore eser element numune kiitle degisiminde maksimum yiizde artis
siralamasi olan Mo, Sr, Se, Rb, ve Mn pg kg-1 seklinde siralanmaktadir.

¢ Volkanik kayaclarin bilesimindeki en az ekstrakte olan Mn elementi ¢6ziinen
minerallerin oldukc¢a az oldugu tespit edildi.

e Se elementinin 6. bélgede maksimum olasina karsin ultra saf su da ¢oziinmede
diger elementlerin ortak iyon etkisi nedeniyle artis veya azalmaya sebep oldugu
goriilmektedir.Bununla birlikte eser elementlerin yer yiiziindeki dagilimi ile
volkanik kayaclardaki ham datalar karsilagtirildiginda Mn ve Se elementinin
disindaki siralama ile parobolik bir iliski oldugu tespit edildi.

¢ Volkanik kayaglarin kiitle artisinda 4 gramlik 6rnek ¢oziinmelerindeki ekstraklarda
artis en yiiksek yiizde oranlarda da tespit edildi.

Arastirma sonucu olarak selenyum ve ve Molibden ultra saf suda ki ekstraktinde
oranlarinda kismi parabolik etki, yeralt1 sularina akifer etkisindeki sonuglarla ile benzerlik
gostermektedir (Kumar ve ark. 2017)

Knowledgement: This study was carried out within the scope of the project " The Effect
Of Mount Ararat Volcanic Rocks On Underground And Local Waters" At lgdir
University, Scientific Research Project Unit (2016-FBE-B04).
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OZET
Nano kiire ve nano ¢ubuk ZnO ince filmleri sol-jel daldirma yontemiyle cam alt taslar istiinde

500 °C’de hava ortaminda hazirlandi. Kullanilan farkli baglangi¢ kimyasallari nano kiire ve
nano ¢ubuklarin elde edilmesinde biiyiik rol oynadi. Elde edilen ZnO nanoyapilarin yapisal,
yiizeysel ve fotokatalitik ozellikleri X-1s1n1 kirinimi (XRD), taramali elektron mikroskobu
(SEM), enerji dagilimli spektroskopinin (EDS) ve UV-Vis spektrometresi ile incelendi. Alinan
XRD desenlerine gore kristallenme orani kiiresel ve ¢ubuksu yapilarda farklilik gdsterdi. Her
iki tip ZnO nanoyapilari i¢in de hekzagonal ZnO kristal yapisinda kristallendigi gozlemlendi.
SEM analizleri ZnO ince filmlerinin kiiremsi ve ¢ubuksu nanopargaciklardan olustugunu teyit
etti. Ayn1 zamanda filmlerin yogun ve nano parcaciklarin film yiizeyinde rastgele dagildigi
gozlemlendi. EDS analizleri ZnO filmlerinde Zn ve O atomlariin varligini ortaya ¢ikardi. UV-
Vis spektrofotometre analizleri kullanilarak metilen mavisinin yok edilmesiyle ilgili hesaplanan
fotokatalitik verim ¢cubuksu ZnO ince filmlerinde kiiresel olanlara gore daha yiiksektir. Bu nano
cubuklarin daha yiiksek aktif yiizey alana sahip olmasina baglanildi. Alinan sonuglar ZnO
filmlerinin UV-1518ma hassas uygulamalarda kullanilabilme potansiyeline sahip oldugunu

ortaya koydu.

Anahtar Kelimeler : ZnO, ZnO nano cubuklar, ZnO nano kiireler, Sol-jel, Ince film,

Fotokataliz

1. GIRIS

Son zamanlarda artan c¢evre kirliliginden dolay1 birtakim onlemler alinmaya baslanmistir.
Ozellikle artan niifusla beraber artan atik sularin temizlenmesi igin fiziksel, kimyasal ve
biyolojik teknikler gelistirilmistir. Bu teknikler arasinda olan gelismis oksidasyon yontemi

kimyasal bir siire¢ olup, son yillarda bayagi arastirilmaktadir. Bu yontemde dogru
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fotokatalizoriin se¢imi 6nemli rol oynamaktadir. Cinko oksit (ZnO) 6nemli foto katalizorlerden
birisidir. Gilines pilleri, fotokatalizor, 151k yayan diyotlar ve sensorler gibi optoelektronik ve
fotokatalitik uygulamalarda sik¢a kullanilan dnemli bir yar1 iletken malzemedir (ZnO) [1-4].
ZnO'nun yapisal, yiizeysel ve optik 6zelliklerini belirli uygulamalara uyarlamak i¢in degisik
yollar mevcuttur. Bu yollar katkilama, tiretim teknigi kosullari, kullanilan kimyasallarin tiirii ve
konsantrasyonu gibi sayilabilir [5, 6].

Son yillarda ZnO bazl ince filmlerin hazirlanmas: igin biiyiik ¢aba sarf edilmektedir. Ornegin
baslangi¢ kimyasallarinin onun yapisal, morfolojik ve optiksel 6zelliklerine etkisini incelemek
icin sprey piskiirtme teknigiyle ZnO fretilmistir [7]. Tumbul (2019) mono etanol amin
miktarinin ZnO ince filminin yapisal ve optik 6zellikleri izerindeki etkisini incelemistir. Elde
edilen ZnO ince filmlerinin kristallenmesi ve yiizey morfolojisi kismen kullanilan etanol amin
miktarma gore degismistir [8]. Benzer etkiler Sivakumar ve ark. [2012] tarafindan da
gozlemledi; calismaya gore ZnO'nun pH'1 4’ten 10’a ¢ikarilinca ZnO'nun kristal kalitesi ve tane
boyutu artti. Yine ayni ¢caligmada XRD calismalar1 gozlemlenen olguyu dogruladi. Bagka bir
calismada ise ZnO ince filmlerinde kaplama sayisinin etkisi yapisal, ylizeysel ve optik
ozelliklere etkisi incelenmistir. Ozellikle kullanilan baslangic kimyasalindan (¢inko klorit)

otiirii olusan nano ¢ubuklar sol-jel yontemiyle iiretildi [9].

Yukarida s6z edildigi gibi ZnO ince filmleri degisik ¢oziiciiler ve baslangi¢ kimyasallari
kullanildiginda filmlerin yiizeysel, yapisal, optik, elektriksel ve manyetik 6zellikleri farklilik
arz etmektedir. Bu yiizden son yillarda degisik yiizey morfolojisine sahip ZnO ince filmleri
farkli ince film biiyiitme yontemleri ve kosullari ile elde edilmistir [1-9]. Kullanilan film {iretim
teknikleri igerisinden ¢ozelti tabanli sol-jel daldirarak film iiretim teknigi, gayet yiiksek kalitede
ve homojenlikte ince filmlerin iiretilmesine olanak saglayabilen, ekonomik ve kullanigli bir ince
film diretme teknigidir [2]. Boylece, sunulan ¢alismada ZnO ince filmleri, sol-jel daldirarak film
kaplama tekniginden faydalanilarak yapisal, yiizeysel, bilesimsel ve optik ve foto katalitik
karakteristiklere baslangi¢ kimyasallarinin etkisini incelemek amaciyla cam altliklar tizerinde

ZnO ince filmleri biyiitildd.

2. DENEYSEL CALISMALAR

2.1. Kullanilan malzemeler ve film tretimi
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Farkli kimyasal tuzlar (Cinko nitrat [Zn(NO3)2:4H20] (Merck 98.5 %), Cinko kloriir [ZnClz]
(Merck) kullanilarak iiretilen ZnO ince film nano yapilari sol-jel kaplama teknigiyle cam alt
taslar {istiinde biyiitiildii. Bu amagla iki farkli film 6rnegi hazirlamak i¢in Zn nitrat, kloriir ve
etilen glikol mono etil eter [CH3OCH2CH>OH] (Aldrich 99.8 %) ve metanol baslangi¢
kimyasallar1 herhangi bir 6n islem yapilmadan belirtilen saflikta kullanildi. Cinko nitrat ve
kloriir kimyasal tuzlari sirastyla metanol ve etilen glikol mono metil eter (2-Metoksietanol)
¢oziiciilerde sirasiyla ayr1 ayri beherlerde hazirlandi. Cozeltiler magnetik karistirict yardimiyla
karistirllarak kimyasal tuzlar ¢6ziindii. Elde edilen seffaf ¢ozeltilerin pH ayar1 etanolamin
Kullanilarak ile ayarlandi. Son karisim ¢ozeltiler 24  saat manyetik karistirict ile oda
kosullarinda karistirildi. Nihai kaplanmaya hazir ¢ozeltiler, nceden temizlenmis cam altliklar
uizerine sol-jel daldirma yontemiyle 400 °C’de hava ortaminda kaplandi. Kaplanan film
numunelerin Kristalize olmasi i¢in hava ortaminda 500 °C’de 1 saat tavlandi. Hazirlanan her iki

grup film SEM sonucuna gore ZnO-nanogubuk ve ZnO-nanokiire olarak adlandirildi.

Metilen mavisi (MM) ¢ozeltisinin hazirlig i¢in 1,25 mg/L mgr MM boyasi, oda kosullarinda
manyetik karistirict ile saf suda ¢ozindiiriildii. Sonra istenilen bi¢cimde ¢6ziinene kadar
cozelti karistirildi. Karigimin pH'1, NaOH araciligiyla diizenlendi. Literatiirde daha 6nce yapilan

incelemelere gore MM, pH=11 degerinde en iyi fotokatalitik aktiviteyi gostermektedir [10].

2.2. Karakterizasyon

Yukarida detaylar1 verilen sol-jel kaplama metoduyla iiretilen ZnO ince filmlerin kristal yapilari
ve olas1 0oksit veya yabanci fazlarinin denetimi i¢in X-1s1n1 kiriimi-XRD (Rigaku Ultima 111
(40 kV, 40 mA and 1.54 A")) difraktometresi kullanildi. ZnO ince filmlerinin yiizey sekilleri
taramali elektron mikroskobu-SEM (Zeiss Evo 50, 200 kV) ile analiz edildi. Ayrica SEM’e
bagh energy dagmim x-ism1 (EDS) ile elementsel analizler de gergeklestirildi. ZnO ince
filmlerinin optik ve fotokatalitik davraniglar1 UV-Vis spektrofotometresi (Perkin Elmer 45) ile

300-900 nm dalga boylar1 araliginda incelendi.

MM ¢ozeltisinin farkli 30 dakikalik UV-lamba radyasyon maruz birakilma siiresinden dnce ve
sonraki sogrulmasi, 664 nm'de MM ayirt edici absorpsiyon pikine bagli olarak UV-Vis
spektroskopisi (PerkinElmer Lambda 25) kullanilarak yonlendirildi ve incelendi. ZnO
fotokatalizorleri kullanilarak MB'nin bozunun fotokatalitik aktivitesi n = [(1-(C/C0))]x100
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formiilii ile hesaplandi. Burada Co ve C, MB'nin ana sogrulma tepesi ve sirasiyla MB'nin

fotokataliz islemi 6ncesi ve sonrasi yogunlugunu temsil eder.

3. SONUCLAR VE DEGERLENDIRME

Zn0-nanogubuk ve ZnO-nanokiire ince filmlerinin XRD sonuglar1 Gorsel-1(a-b)’de verilmistir.
XRD sonuglari, her iki tip ZnO-nanogubuk ve ZnO-nanokiire ince filmlerin (002) yonelimli
hekzagonal ZnO kristal yapisinda kristallestigini gosterdi. Ayni zamanda filmlerin polikristal
dogaya sahip oldugunu da gosterdi [8, 9]. Yine XRD analiz sonuglarina gére ZnO-nano
cubuklar (002) yoniinde ZnS-nano kiirelerine gére daha yiiksek pik siddetine ve kristallenme
oranina sahiptir. Ayrica XRD analizlerinde herhangi bir yabanci faz veya bulunmamistir. Tauc
esitligine gore hesaplanan ortalama kristal boyutu yaklasik olarak ZnO-nano kiireleri ve nano

cubuklari igin sirastyla 25 ve 48 nm’dir.
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Gorsel-1. ZnO nanogubuk ve nano kiirelerin XRD desenleri
Goriintii-2 a-b’de ¢inko kloriir ve ¢inko nitrat Onciisii ile sentezlenen numunelerin SEM
goriintiileri verilmistir. Sekilden goriildiigii gibi ¢inko kloriir ile hazirlanan film ZnO-nano
¢ubuklara sahip iken, ¢inko nitrat ile hazirlanan film ZnO-nano kiirelerine sahiptir. Her iki film
numunenin biraz piiriizlii olmasiyla beraber yogun yiizeylere sahiptirler. ZnO nano kiirelerinin

biiyiikliigii nano ¢ubuklardan daha kigiiktiir. Bu gergek XRD analizlerindeki ZnO nano
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kiirelerinin daha siddetli ve dar XRD piklerine yani daha biiyiik kristal boyutuna sahip oldugunu

yansitmaktadir.

Gorsel-2. ZnO nitrat ve Kloriir tuzlarini kullamilarak hazirlanan ZnO nanokiire (a) ve nano
cubuklarin SEM yiizey goriintiileri

EDX analizleri filmlerde Zn ve O atomlarinin varligiyla birlikte Si atomun da oldugunu gosterdi
(Gorsel-3). Si atomu bilindigi gibi kullanilan cam alt tastan kaynaklanmaktadir. Filmlerde

gozlemlenen Zn ve O oranlar sirastyla 75. 65% ve 24.35 % civarinda olup literatiir ile uyum

icerisindedir [5].
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Gorsel-3. ZnO nitrat tuzunu kullanilarak hazirlanan ZnO nano kiirelerin EDX analizleri

Cinko kloriir ve ¢inko nitrat onciisii ile sentezlenen ince film numunelerin optik sogrulma
tayflar1 Gorsel-4’te verilmistir. Gorsel-4’e gore ZnO-nano ¢ubuklarinin optiksel sogurmasi
ZnO-nano kiirelerinden daha yiiksektir. Bu olgu ZnO nano c¢ubuklarin daha biiyiik aktif
yiizeylere sahip oldugunu yansitmaktadir. Optiksel sogrulma her iki kullanilan kimyasal 6ncii
icin de diisiik dalga boylarinda artmaktayken yiiksek dalga boylarinda optiksel sogrulma hizla
azalmaktadir. Optiksel sogrulmanin diisiik olmasi kristal kusurlarinin azaldigini ve filmlerin

kristallenme oraninin arttigini gosterir. Bu sonu¢ ZnO nano ¢ubuklarin goriiniir bolgeye hassas
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uygulamalara daha uygun oldugunu gostermektedir. Ayrica gorsel-4 gdzlemlenen keskin optik
sogrulma kenarlar1 ZnO-nano cubuklarinin daha yiiksek kristallesmeye sahip oldugunu
gostermektedir. Optik sogrulma kenarlarmin denk geldigi dalga boylarina gére ZnO nano

kiireleri nano ¢ubuklardan daha yiiksek yasak optik bant araliina sahiptir.
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Gorsel-4. ZnO nitrat ve Kkloriir tuzlarim kullanilarak hazirlanan ZnO nanokiire ve nano
cubuklarin sogrulma spektrumlari

Fotokatalitik c¢alismalar i¢cin MM ¢ozeltisine daldirilan ZnO-nanokiire ve ZnO-nanogubuk
fotokatalizor ince filmlerin miktar1 ~0,4 mg/ml olarak belirlendi. MM ¢ozeltisinin pH" ve
konsantrasyonu sodyum hidroksit ve saf su ile 10gr/L ile 11'e ayarlandi. UV led-lamba (64W)
MB ¢ozelti kabina olan mesafesi 3 cm olarak ayarlandi. Ayrica soliisyondaki tiim film kaplh
camlarin ebatlar1 1X6 cm olarak ayarlandi. MM Cozeltisi sicakligi oda sicakliginda sabit
tutuldu. UV lamba radyasyonundan 6nce, ZnO-nanokiire ve ZnO-nanogubuk fotokatalizor
iceren MM ¢ozeltisi, sogurma-emilim dengesini saglamak amaciyla manyetik karistirict ile
titizlikle karistirilarak karanlik ortamda 30 dakika tutuldu. ZnO-nanokiire ve ZnO-nanogubuk
foto katalizorlerinin verimliligi, [(C-Co/Co)] x 100 formiilii kullanilarak hesaplandi; burada Co
ve C, sirastyla MM’nin UV 151k radyasyonuna maruz kalmadan dnce ve sonraki karakteristik
664 nm dalga boyundaki optik sogurma degeridir [10].

Gorsel 4a-b'de 30 dakika araliklarla UV 1s181na foto katalizorlerle beraber maruz kalan MM
¢ozeltisinin sogrulma grafikleri verilmistir. Sekilde anlasilacagi tizere MM spektrumunun
yogunlugu zamanla monoton azalmaktadir. Bu, ZnO-nanokiire ve ZnO-nanogubuk foto
katalizorlerinin UV 1sik tarafindan uyarilmas: ve elektron-delik ¢iftlerinin olugmasindan
kaynaklanmaktadir. Uyarilan elektronlarin bir miktar1 yeniden birlesimle valans bandina

donerken kalan miktar1 da yiizeydeki O, ve OH" ile reaksiyona girerek reaktif -O2” ve -OH

CONFERENCE BOOK Academy Global Publishing House — New York || 96




@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [IZMIR
ISBN. : 978-625-6283-67-1

olusumuna neden olur. MM organik molekiilleri bu reaktiflerle reaksiyona girerek CO; ve
H20’ya dondsiir [10].

Yukarida soz edilen fotokatalizor verimlilik formiiliinii kullanilarak hesaplanan ZnO-nanokiire
ve ZnO-nanogubuk foto katalizérlerinin verimleri 150 dakika igin yaklasik olarak % 42 ve %
80 olarak bulundu. Bu sonug literatiirle uyumlu olup, ancak bu c¢alismada kullanilan
fotokatalizor miktari, MM konsantrasyonu diger ¢alismalara gore farkli oldugu i¢in az da olsa
bir miktar farklilik olmaktadir. Ayrica, kullanilan UV-led lambanin giicii ve yogunlugu
diisiiktiir. Diger calismalara nazaran fotokatalizér madde miktarinin az olmasi ve diisiik
yogunluklu 1s1k kullanilmasina ragmen MM bozunma oranimin yine de beklenen seviyede

belirgin olmasi 6nemli bir sonugtur. [11-12].
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Gorsel-4. Metilen mavisinin 151k altinda (a) ZnO nanokiire ve (b) nano ¢ubuk
foto katalizorlerin varh@inda zamana bagh sogdurma spektrumlari.

4. GENEL DEGERLENDIRME VE SONUCLAR
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Farkli baslangi¢ kimyasal tuzlar (¢inko nitrat ve ¢inko kloriir) kullanilarak iiretilen ZnO ince
film nano yapilar1 sol-jel kaplama teknigiyle teknigi ile cam altliklar tizerine 500 °C’de hava
ortaminda sentezlendi. Filmlerin XRD analizleri yiiksek (002) diizlemi yonelimli hekzagonal
ZnO yapisinda polikristal olarak kristallestigi gézlemlendi. ZnO-nano g¢ubuklari ve nano
kiirelere gore daha yiiksek kristal boyutuna ve kristallesme miktarina sahiptir. XRD analizleri
filmlerde herhangi bir ikincil faz olmadigini ortaya koydu.

Hazirlanan ZnO-nanogubuk ve nanokiire ince filmlerin yilizey morfolojileri SEM ile arastirildi.
Goriintiilenen yiizeylerin hemen hemen yogun ve homojen oldugu gézlemlendi. Bununla
beraber ZnO-nano kiireleri nano gubuklara nazaran daha homojen yiizey yapisina sahiptir. SEM
analizleri ZnO nanoyapilarinda herhangi bir ikincil faz veya yabanci element olmadigini ve
filmlerde Zn ve O atomlarmin oldugunu ortaya koydu. Ayni zamanda silisyumun varligi
gbzlemlendi ve varliginin cam altliktan kaynaklandigi anlasildi.

Optiksel 6lgtimler optik sogrulmanin ZnO-nano ¢ubuklarda nano kiirelerden daha yiiksek
oldugunu gosterdi. Optik dl¢timler ve hesaplamalar ayrica sentezlenen ZnO-nano kiirelerinin,
ZnS-nano ¢ubuklardan daha yiiksek yasak bant araligina haiz oldugunu gosterdi.

Fotokatalitik olgtimler, Uv 1sik altinda MM’nin optiksel sogrulmasinin ZnO-nanogubuk
nanokiire fotokatalizorleri varliginda zamanla azaldig1 gozlemlendi. Bu azalis MM nin zamanla
¢ozelti igerisinde yok edilmesine baglanildi. Ilaveten, foto katalitik 6l¢iim sonuglart ZnO-
nanogubuk foto katalizoriiniin MM’ye karsin, ZnO-nanokiire foto katalizoriine kiyasla, daha
yiiksek fotokatalitik verimlilige sahip oldugunu gésterdi. ZnO-nano ¢ubuklarinda gézlemlenen
yiiksek verim ZnO-nanogubuklarin daha fazla aktif yilizey alanmna baglanildi. Elde edilen
bulgular, literatiir ile uyum igerisinde olup, fotokatalitik ve optoelektronik uygulamalar igin

ZnO-nano ¢ubuklar1 daha fazla gelecek vadetmektedir.
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OZET
Bu calismada sol-jel daldirma teknigi kullanilarak nano kiire ve nano ¢ubuk ZnS ince filmleri

argon vakum ortaminda iiretildi. Uretilen filmlerin yapisal, yiizeysel ve optik dzellikleri
yilizey morfolojisine bagli olarak X-isimn1 kirinimi (XRD), taramali elektron mikroskobu
(SEM), enerji dagilimli spektroskopinin (EDS) ve UV-Vis spektrometresi ile aragtirildi. XRD
ile yapilan yapisal analizler her iki tip ZnS nano yapinin hexagonal yapi ile baskin ZnS kiibik
yapina sahip oldugunu ve kristallenme oranin ZnS nano kiirelerde daha yiiksek oldugunu
gosterdi. Her iki tip ZnO nanoyapilari i¢in de hekzagonal ZnO kristal yapisinda kristallendigi
gozlemlendi. SEM analizleri ZnS filmlerin yogun ve nano pargaciklarin film yiizeyinde rastgele
dagildigin1 gosterdi. Her iki tip nanoyapida da Zn ve S atomlarinin varligi EDS analizleriyle
teyit edildi. UV-Vis spektrofotometre sonuglar1 kiiresel ZnS nanoyapilarinin g¢ubuksu
olanlardan daha yiiksek optiksel gecirgenlige sahip oldugunu ortaya ¢ikardi. Ayrica hesaplanan
optiksel yasak bant araliginin ZnS ince filmlerinin yiizey morfolojisine gore degistigi tespit
edildi. Bu gozlemler ZnS filmlerinin UV 1s1gma hassas uygulamalarda kullanilabilme

potansiyelini ortaya koymaktadir.

Anahtar Kelimeler : ZnS nano cubuklari/kiireleri, ZnS, Yiizey morfolojisi, Sol-jel, Optik

ozellikler
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1. GIRIS

Periyodik tablonun I11-V grubuna ait ZnS yari iletkeni kararli ve ¢evre dostu bir bilesiktir. Bu
bilesik ince bir film formunda biiyiik ilgi gormektedir. Bu biiyilik ilginin nedenleri soyle
siralanabilir; (i) ZnS, oda sicakliginda genis bir optik yasak bant araligina (3,60 eV), (ii) yiiksek
eksiton baglanma enerjisine (40 meV), (iii) 400-700 nm goriiniir bolge spektrumunda yiiksek
optik gecirgenlige ve polarizasyon katsayisina sahip olmasi, (iv) oda kosullarinda kararli
olmasi, (V) gevreye dostu olmasi ve (Vi) bir¢ok farkli endiistriyel uygulamada kullanilabilir
(optik, optoelektronik, elektronik, fotovoltaik ve fotokataliz vb.) olmasi [1-2]. Nanoyapilarin
temel ozellikleri (yapisal, yiizeysel, manyetik, optik, mekanik, elektronik v.b.) c¢esitli
yontemlerle degistirilebilir. Ornegin, kullamlan baslangi¢ kimyasallarmin molar orami, tiirii
veya kullanilan ¢ozeltilerin vizkozitesi, pH’1 ve konsantrasyonu elde edilecek nanoyapinin s6z
edilen Ozellikleri rahatlikla modifiye edilebilir. Bu nedenle malzeme f{iretilirken temel
ozellikleri dikkate alinarak caligmaya baslanmalidir [3].

ZnS ince filmleri farkli ¢oziiciiler ve baslangi¢ kimyasallar1 kullanildiginda yiizeysel, yapisal,
optik, elektriksel ve manyetik Ozellikleri gelistirilebilir. Son zamanlarda farkli yilizey
morfolojisine sahip ZnS ince film nanoyapilar gesitli klasik ince film biiyiitme yontemleri ile
hazirlanmistir [4-6]. Kullanilan yontemler arasinda ¢ozelti yontemine dayanan sol-jel daldirma
film {retim yontemi, son derece yiiksek kalitede ve saflikta ince film nanoyapilarin
biiyiitilmesine imkan veren, ekonomik ve kullanisl bir islem olan film tiretme teknigidir [1].
Dolaysiyla, hazirlanan ¢alismada ZnS nanoyapili ince filmleri, sol-jel daldirarak kaplama
teknigi kullanilarak yapisal, yiizeysel, bilesimsel ve optik Kkarakteristiklerin incelenmesi

amaciyla cam alt taslar {istiinde ZnS ince filmleri tiretildi.

2. DENEYSEL CALISMALAR

2.1. Kullanilan malzemeler ve film tiretimi

Degisik kimyasal ¢oziiciiler (2-Methoxyethanol; etanol+metanol+glasiyel asetik asit (GAA)
karigimi) kullanilarak hazirlanan ZnS ince film nano yapililart sol-jel daldirma teknigiyle cam
altliklar iizerinde biiyiitiildii. Boylece iki farkli film grubu hazirlamak i¢in Zn asetat ve tiyoiire
baslangi¢ kimyasallar1 yukarida belirtilen iki farkli ¢oziicii grubunda ¢oziindiirildi.
Coziiciilerdeki Zn:S molar oran1 1:3 olacak sekilde ayarlandi. Cozeltiler magnetik karistirici
yardimiyla karigtirilarak hazirlandi. Hazirlanan ¢ozeltilerin pH ayari belirli 6l¢iide etanolamin

kullanilarak pH=9.8 degerine ayarlandi. Elde edilen nihai ¢ozeltiler oda sicakliginda 24 saat
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manyetik karistirici ile karistirildi. Son durumda kaplanmaya hazir ¢ozeltiler, dnceden
temizlenmis cam alt taslar istiine sol-jel daldirma yontemiyle 300 °C’de hava ortaminda
kaplandi. Camin her iki tarafina kaplanan film numunelerin kristalize olmasi i¢in Ar vakum
ortaminda 600 °C’de 45 dakika firinlandi. Hazirlanan her iki grup film ZnS-nanogubuk ve ZnS-

nanokiire olarak adlandirildi.

2.2. Karakterizasyon

Kimyasal ¢6zelti metoduna dayali sol-jel daldirma yontemiyle hazirlanan ZnS ince filmlerin
kristal yapilar1 ve olasi ikincil oksit ve yabanci fazlarinin kontrolu X-isini kirinimi-XRD
(Rigaku Ultima 111 (40 kV, 40 mA and 1.54 A")) difraktometresi ile analiz edildi. ZnS nano-
yapili ince film numunelerinin yilizey morfolojileri taramali elektron mikroskobu-SEM (Zeiss
Evo 50, 200 kV) ile ve energy daginim x-1s1n1 (EDX) analizorii ile elementsel analizler yapildi.
ZnS nano yapili ince filmlerinin optik Kkarakteristikleri UV-Vis spektrofotometresi (Perkin

Elmer 45) ile 300-900 nm dalga boylar1 araliginda incelendi.

3. SONUCLAR VE DEGERLENDIRME

Hazirlanan ZnS-nanogubuk ve ZnS-nanokiire ince filmlerinin XRD analizleri Gorsel-1’de
goriilmektedir. XRD sonuglari, her iki tip ZnS-nanogubuk ve ZnS-nanokiire ince film
numunelerinin (002) yonelimli baskin kiibik fazla beraber hekzagonal ZnS kristal yapisinda
kristallendigi ve polikristal yapida oldugunu sergilemektedir [7]. Nano yapili ZnS-nanokiire
film numunesi (002) yoniinde ZnS-nano gubuklara gére daha yiiksek miktarda yonelime
sahiptir. XRD sonuglarinda herhangi bir yabanci faz veya safsizliga rastlanmamustir.
Kristallenme yoneliminin ve biiyiikliigiiniin 2-Metoksi etanol ile hazirlanan ZnS-nanokiire
filmin, diger ¢6ziicii karisimiyla hazirlanan ZnS-nanokiire filmden daha yiiksek oldugu XRD

Ol¢timlerinden anlasilmistir.
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Gorsel-1. ZnS nanocubuk ve nano Kkiirelerin XRD desenleri

Nano-yapili ince film ZnS nanogubuk ve nano kiirelerin, SEM yiizey morfolojileri kullanilan
¢oziicii ¢esidine gore degisimi Goriintii-2a-b’ de verilmistir. Nano yapili ZnS ince filmlerinin
nanocubuk ve nano kiire bigiminde yiizey taneciklerine sahip oldugu goriilmektedir. Nanokiire
lerin daha homojen ylizeye sahip oldugu goriilmektedir. Her iki film ylizeyindeki beyaz
adaciklar S elementinin zengin oldugu yerlerdir. ZnS nano kiirelerinin biiyiikliigii nano
cubuklardan daha biiyiiktiir. Bu durum XRD analizlerindeki ZnS nano kiirelerinin daha siddetli
XRD piklerine yani daha ytiksek kristallenmeye sahip oldugunu gdsterir.

nano¢ubuk ve nano kiirelerin SEM yiizey goriintiileri

EDX analizleri filmlerde Zn, S atomlarmin varhgni ortaya koymustur (Gorsel-3).
Spektrumdaki Si atomu kullanilan cam altliktan dolayidir. Filmlerde teyit edilen Zn ve S
oranlar literatiir ile uyum igerisindedir [8].
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Gorsel-3. 2-Metoksietanol ve Etanol, Metanol, GAA karisimi kullanilarak hazirlanan ZnS
nanoc¢ubuk ve nano Kiirelerin EDX analizleri

2-Metoksietanol ve diger ¢oziicii ile elde edilen nanoyapili ZnS-nanogubuk ve nano kiirelerinin
dalga boyuna gore optik gecirgenlikleri Gorsel-4a ve b’de verilmistir. Gorsel-4a’ya gore
filmlerin optiksel gegirgenligi ZnS-nano kiirelerinde ZnS-nano ¢ubuklarina gore daha yiiksektir
bu da ZnS-nano gubuklarinin daha yiiksek optiksel sogurganliga sahip oldugunu yansitmaktadir
(Gorsel-4b). Optiksel gecirgenlik her iki kullanilan ¢6ziicii tiirii i¢in de diisiik dalga boylarinda
azalmaktayken diger taraftan optiksel sogrulma hizla artmaktadir. Optiksel gecirgenligin
azalmasi kristal kusurlarinin arttiginin ve filmlerin kristallenme oraninin azaldigini gosterir. Bu
sonu¢ XRD oOl¢iimleriyle uyum igerisindendir. Yine Gorsel-4b’ye goére goriiniir bolgede
sogrulma ZnS-nano ¢ubuklarda daha yiiksektir. Bu sonug¢ bize bu nano ¢ubuklarin goriiniir
bolgeye hassas uygulamalara daha uygun oldugunu yansitmaktadir.Gorsel-4c’de Tauc esitligi
kullanilarak hesaplanan ZnS nanoyapilarinin optik yasak bant araligi (Eq) belirleme egrileri
sunulmustur. Buna gére ZnS nano kiireleri, ZnS nano g¢ubuklarindan daha yiiksek Eg’ye

sahiptir.
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Gorsel-4. 2-Metoksietanol ve Etanol, Metanol, GAA karisimi kullanilarak hazirlanan ZnS
nano¢ubuk ve nano kiirelerin optiksel gecirgenlik (a), sogrulma (b) ve (ahv)?nin foton
enerjisine bagh degisim egrisi (c).
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4. GENEL DEGERLENDIRME VE SONUCLAR

2-Metoksi etanol ve etanol+metanol+glasiyel asetik asit (GAA) karisim1 baslangi¢ ¢oziictileri
kullanilarak hazirlanan nano yapili ZnS-nanogubuk ve nanokiire ince filmleri sol-jel daldirma
teknigi ile cam alt taglar {istiine 600 °C’de argon vakum ortaminda iiretildi. Filmlerin XRD
analizleri (002) diizlemi yonelimli baskin kiibik ZnS yapisinda kristallendigi ve dogal
polikristal yapida oldugu goézlemlendi. ZnS-nano ¢ubuklart ve nano kiirelere gore daha az
kristal boyutuna ve kristallenme oranina sahiptir. XRD sonuglarina gore herhangi bir yabanci
faz tespit edilmedi.

Uretilen nano yapili ZnS-nanogubuk ve nanokiire ince filmlerin yiizey morfolojileri SEM ile
tanimlandi. Bu ylizeylerin yogun ve homojen olmasiyla birlikte az da olsa piiriizlii oldugu
anlasilmaktadir. Bununla beraber ZnS-nano kiireleri nano ¢ubuklara gore daha diizgiin ve
homojen yiizey morfolojisine sahiptir. Yiizeysel analizler ZnS nanoyapilarinda herhangi bir
yabanci faz olmadigini ve filmlerde Si ile Zn ve S elementlerinin varhigini teyit etti. Aym
zamanda silisyumun varlig1 cam altliga atfedildi.

Optiksel analizler optiksel gegirgenligin ZnS-nano kiirelerde nano ¢ubuklardan daha yiiksek
oldugunu fakat optiksel gecirgenligin daha diisiik oldugunu yansitti. Optiksel 6l¢iim analizleri
ayrica hazirlanan ZnS-nano kiirelerin, ZnS-nano ¢ubuklardan daha yiiksek yasak bant araligina
sahip oldugunu ortaya koydu. Alinan sonuglar literatiir ile uyum igerisinde olup, ayn1 zamanda
birbiriyle de uyum i¢eresinde oldugu XRD, SEM ve UV-vis spektroskopi dlgtimleriyle ile teyit
edildi.
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ABSTRACT(OZET)

Investigation of the non-equilibrium physical systems is still a hot topic[1]. The animal
swarms can be considered self-organized systems, whose individuals (particles) interact
through some basic rules. Social insects for example, such as ants and bees, are used to
investigate these systems in terms of Cellular Automata [2-4]. There is a lot of research on
swarm behaviors that occurred in some animal societies, and these have been extensively
studied by alternative models sourced from the Vicsek Model [5-7].

Because of the inner structures of animal societies or equivalent ensembles, the
interaction process between individuals could be changed for various reasons in society. One
of these reasons should be “grouping”. It is thought that two or more groups in society could
have a different response to the outer effects. Thus, it is proposed a model based on the Vicsek
Model, which considers two distinct subsystems whose noises are different, and describes a
reduced noise 7, that represents the noise of the whole system.

Keywords (Anahtar Kelimeler): Statistical Thermodynamics, Vicsek Model, Swarm
intelligence, Self-organization.
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OZET

Enerji sektord, kiiresel olarak mevcut sera gazi (GHG) emisyonlarinin yaklagik dortte liglinden
sorumludur ve iklim degisikliginin en kotii etkilerini 6nlemek igin anahtar sektordiir. Enerji
sektorliniin diisiik karbonlu teknolojilerin gelistirilmesine dayali doniisiimii, iklim notiirliigline
ulagmak icin hayati 6nem tasimaktadir. Yagsam Dongiisii Degerlendirmesi (LCA), enerji
teknolojilerinin ¢evresel etkilerini degerlendirmeye yonelik 6nemli bir yontemdir ve politika
yapicilar i¢in yararli bir ara¢ oldugu kanitlanmistir. Bu ¢alismada, giines enerjisinden elektrik
tiretim teknolojilerinin sera gazi (GHG) emisyonlar1 (gCO2-./kWh) incelenerek c¢evresel
etkileri degerlendirilmistir. Fotovoltaik (PV) sistemler ile giinesten 1 kWh elektrik iiretimiyle
iligkili GHG emisyonlar1 25,5-44,0 gCOz.s araligindadir. Monokristal ve polikristal PV tesisler
icin GHG emisyonlar1 ortalama olarak sirasiyla, 35,5 ve 36,4 gCO2-/kWh diizeylerindedir.
Yogunlastirmali gilines enerjisi (CSP) tesislerinden kaynaklanan GHG emisyonlar1 11-241
gCO2../kWh araligindadir. Oluk ve kule tasarimlarindaki CSP tesisleri igin ortalama deger 28
gCO3-./’kWh diizeyindedir. Ozellikle parabolik oluk, kule ve parabolik ¢anak tasarimlarindaki
CSP tesisleri i¢in ortalama degerler sirasiyla, 26, 38 ve 15 gCO2../kWh diizeylerindedir. Giines
enerjisi santralleri (GES) tiim yasam dongiileri boyunca, geleneksel dogal gaz ve komiirle
calisan teknolojilerle karsilastirildiginda, 6nemli 6l¢iide daha diisiik ve daha az degisken
emisyon liretirler.

Anahtar Kelimeler: Giines enerjisi, elektrik tiretim teknolojileri, sera gazi emisyonlari.

1. GIRIS

Diinya genelinde 2022 yili sonunda giines enerjisi, 1046,6 GW kurulu kapasiteyle (%31)
hidroelektrikten sonra ikinci en biiyiik yenilenebilir elektrik kaynagi olmustur (Guidi ve Ark.,
2023). Gegtigimiz on yilda fotovoltaik (PV) teknolojisi olgunlagsmis ve yenilenebilir elektrik
iiretiminin en hizli biiyliyen kaynagi olarak ortaya ¢ikmistir. PV, fotoelektrik etkiden yararlanan
yari iletkenler araciligiyla 1simmimin elektrige doniistiiriilmesini kapsar. PV hiicre ve modiil
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teknolojilerinin baslica tiirleri arasinda kristal silikon (mono ve poli), ince film (Bakir indiyum
Galyum Selenit (CIGS), Kadmiyum Telliirit (CdTe), amorf silikon (a-Si), perovskit) ve ¢ok
eklemli (15181 ¢esitli dalga boylarint sogurmak i¢in farkli yar1 iletken malzemelerin ¢oklu p-n
baglantilarin1 kullanan) modiiller yer alir. PV sistemler zemine veya bina catilarina
yerlestirilebilir. Uretilen elektrigin nasil yonetildigine bagli olarak, PV sistemler sebekeye bagl
veya bagimsiz olarak siniflandirilabilir. Bu sistemler; konut, ticari veya kamu hizmeti 6lgeginde
tasarimlanabilir. Bir PV sisteminin temel bilesenleri arasinda; PV modiiller, destek sistemi,
izleme sistemi ve invertor bulunur.

PV sektorii, 2022 yil1 baharinda en yiiksek 1 terawatt (TW) kiimiilatif kurulu PV kapasite ve
200 ile 230 gigawatt (GWp) arasinda degisen yillik hiicre ve modiil tiretimine ulagsmigtir.
Oniimiizdeki 5 ile 7 yil i¢inde yillik iiretimde 1 TW’lik zirvesine ulasilmasi beklenmekte ve
ontimiizdeki on yilin baginda 2 TW’lik bir zirveye ¢ikmasi ongoriilmektedir (Guidi ve Ark.,
2023). Builerleme, 2016 Paris Anlagsmasi’nda belirtildigi gibi, kiiresel sicaklik artisini yilizyilin
ortasina kadar 1,5 °C ile sinirlama hedefiyle uyumlu olarak diinya genelinde sera gazi (GHG)
emisyonlarin1 azaltmay1 amaclamaktadir. Uluslararasi Enerji Ajanst (IEA, 2023), 2050 yilina
kadar net sifir emisyona ulagmak igin, 2050 yilinda kiiresel elektrik iiretiminin yaklagik
%90’ 1n1n yenilenebilir kaynaklardan iiretilmesi gerektigini bildirmistir. 2030 ile 2050 arasinda
giines PV ve riizgarin birlikte yaklasik %70’ini olusturmasi ve yillik 630 GWp kapasite ilavesi
yapilmasi gerekmektedir (IEA, 2023).

Yillik PV hiicre liretiminin 6ntimiizdeki 5 ile 7 yil i¢inde bes katina ¢ikmasi ve bunu izleyen on
yilin baginda on kat artmasi, PV endiistrisi i¢in 6nemli zorluklar yaratmaktadir. Hammadde
¢ikarilmasindan giines sistemi bilesenlerinin geri doniisiimiine veya yeniden kullanimina kadar
uzanan tiim PV deger zincirinde, PV sektoriiniin ¢evresel etkisini etkin bir sekilde azaltmasi ve
stirdiiriilebilirlik ve dongiisellige gecis yapmasi gerekmektedir. Uluslararasi Fotovoltaik
Teknoloji Yol Haritas’nin (ITRPV) 14. baskismna (VDMA, 2023) gore, kristal silikon
teknolojisi kiiresel PV modiil tiretiminin %95’ini olusturmaktadir. Bunlarin %95’ inden fazlasi
monokristal (mono c¢-Si) modillerden, geri kalanlar ise polikristal (c-Si) modiillerden
olugmaktadir. 2015 yilina kadar tiretilen PV’lerde en biiyiik pazar paymi olusturan polikristal
silikon modiillerin iiretimi bir dereceye kadar ucuzdur. Ancak monokristal silikon modiillerden
daha az verimlidirler. Ince film modiiller, kristal silikon modiillerden daha hafif ve esnektir.
Ancak, kristal modiillere gore 6nemli 6l¢iide daha diisiik verimlilik gosterirler. Ayrica ince film
teknolojileri, kadmiyum, indiyum, telliir gibi kritik hammaddelere ve bunlarin gerektirdigi her
seye ihtiya¢ duyar.

Diinyada 2022 yilinin sonunda giines 1sinimin1 yogunlastirarak elektrik tiretimi, kiiresel
yenilenebilir iiretim kapasitesinin %0,2’sinden daha az olan 6,5 GW giice karsilik gelmistir
(IRENA, 2023). Giiniimiizde, yogunlastirilmis giines enerjisi (CSP) teknolojileri ticari 6lgekte
gelismis olmakla birlikte, enerji sisteminin karbondan arindirilmasinda sadece kii¢iik bir rol
oynamistir. Kiiresel CSP pazarindaki biiylime 1limli olmaya devam etmektedir. Mevcut
egilimler, IEA yol haritalarinda 6ngdriilen seviyelere ulasamayabilecektir. Bununla birlikte,
pazarin gelisimi, teknolojinin sagladig1 esnekligi potansiyel olarak ddiillendirebilecek etkili
piyasalarin tasarimina bagli olmasina ragmen, énemli bir potansiyel mevcuttur. Bir teknoloji
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olarak, son 10 yilda CSP, maliyet azaltma ve giivenilir bir segenek olarak ileriye dogru biiyiik
ilerlemeler kaydetmistir. Bu konuda, ispanyol filosunun ve bazi yeni uluslararasi projelerin iyi
performanslar1 katki saglamistir. Ancak, daha rekabetci olabilmek icin tasarim ve iiretimde
daha fazla standardizasyon, dagitim oranlarini tekrar rayma oturtmak igin gereken yatirim
seviyelerini ¢ekmenin anahtari olabilir. Ar-Ge’nin bu konuda 6nemli bir rolii vardir. PV
sektoriiniin gosterdigi gibi, seri liretim siirecleri biiyiik yeniliklere ve maliyet azaltmaya uyum
saglayabilir. Dijitallesmenin tiim asamalarda tam olarak benimsenmesi gerekmektedir.

2. FOTOVOLTAIK ELEKTRIK URETIMINDE SERA GAZI EMISYONLARI

Birlesmis Milletler Avrupa Ekonomik Komisyonu’na (UNECE) gore, giines enerjisi
teknolojileri, teknolojiye ve kurulum tiiriine bagl olarak 8,0 ile 83 gCO2./kWh arasinda
degisen GHG emisyonlar iiretmektedir. Ince film PV sistemleri, silikon bazli olanlara gore
gozle goriilir derecede daha diisik GHG emisyonlar1 gosterir (UNECE, 2022). Cesitli PV
teknolojilere iliskin GHG emisyonlar1 Cizelge 1’de verigmistir.

Cizelge 1. Fotovoltaik Elektrik Uretiminde Sera Gaz Emisyonlar1 (Guidi ve Ark., 2023)

il Teknoloji Tiirii Seré (C;gzzlgl'(“v‘\fﬁ;’““ Kaynak
Poli Si 23-82
(zemine monte) 37 (ortalama)
Poli Si 23-83
(¢atrya monte) 37 (ortalama)
CdTe 8-28
(zemine monte) 12 (ortalama)
2022 CdTe 10-35 UNECE (2022)
(¢atrya monte) 15 (ortalama)
CIG 7,4-27
(zemine monte) 11 (ortalama)
CIG 9,2-34
(catiya monte 14 (ortalama)
Mono-Si 42,9 (ortalama)
Poli -Si 44,0 (ortalama)
2022 CIGS 35.4 (ortalama) IEA PVPS TCP (2021)
CdTe 25,5 (ortalama)
Biiiitn teknolojiler 11-226
43 (ortalama)
a-Si 37 (ortalama)
2021 CdTe 25 (ortalama) NREL (2021)
CIGS 41 (ortalama)
Mono-Si 64 (ortalama)
Poli Si 56 (ortalama)
2015 Belirtilmemis 29,2 (ortalama) Asdrubali ve Ark. (2015)
2021 Belirtilmemis 16-40 Li ve Ark. (2021)
2019 Belirtilmemis 48 (ortalama) Paulillo (2019)
Mono-Si (Cek)
2020 Poli Si (Cek) 11 (ortalama) Seresova ve Ark. (2020)
CdTe (Cek)
Mono-Si (USA) ve 25,2-88,5 .
2022 Multi-Si (USA) 45,6 (ortalama) Alive Ark. (2022)
Mono-Si 5,6-87,3
Poli -Si 6,04-81
a-Si 8,1-57
2018 N S o Ludin ve Ark. (2018)
DSSC 9,8-25
Perovskite 56,65-497,2
QDSSC 2,89-5
CdTe (zemine monteli) (USA) 20 (ortalama)
2014 CIGS (zemine monteli) (USA) 22 (ortalama) Bergesen ve Ark. (2014)
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2014 Poli Si 51,68-58,81 Stylos ve Koroneos (2014)
60,1 (biiyiik 6lgekli)
Poli -Si (Cin) 81 (dagmik)
2016 Mono-Si 65,2 (biiyiik dlockli) Hou ve Ark. (2016)
87,3 (daginik)
Mono-Si (Kore) 31,5 (ortalama) .
2014 Poli -Si (Kore) 41,8 (ortalama) Kim ve Ark. (2014)
2015 Poli-Si (Cin) 50,9 (ortalama) Fu ve Ark. (2015)
2018 Si ve tandem modiiller 25-29 Lunardi ve Ark. (2018)
Mono-Si 35 (ortalama)
Poli Si 29 (ortalama)
a-Si 19 (ortalama)
2014 CdTe 18 (ortalama) Collier ve Ark. (2014)
CIGS 36 (ortalama)
ZnsP, 30 (ortalama)
CZTS 38 (ortalama)
Mono-Si 23 (ortalama)
Poli -Si 20 (ortalama)
a-Si 12 (ortalama) .
2016 CdTe 12 (ortalama) Celik ve Ark. (2016)
CIS 17 (ortalama)
Perovskite 99-147
Mono-Si 29-45
Poli -Si 23-44
2015 o) o Zhang ve Ark. (2015)
DSSC 19-120
Perovskite 60,1-5480

Polikristal silikon modiiller durumunda, kiiresel emisyonlarin %90’ 1ndan fazlas1 isletme 6ncesi
asamalarda gerceklesir. IEA’nmn Fotovoltaik Gii¢c Sistemleri (PVPS) Teknoloji Isbirligi
Programi1 (TCP), Gorev 12 (PV Siirdiiriilebilirligi) kapsaminda, LCA degerlendirmesi iizerine
kapsamli bir calisma yapilmistir. Gérev 12, Amerika Birlesik Devletleri Enerji Bakanligi
(DOE) ve New South Wales Universitesi’nin (UNSW) destegiyle Ulusal Yenilenebilir Enerji
Laboratuvart (NREL) ve UNSW tarafindan ortaklasa yiiriitiilmektedir. 2020 yilinda Gorev 12,
LCA’nn ytriitiilmesinde genellikle en biiyiik engel olan yasam dongiisii envanterlerini (LCI)
saglayan "Fotovoltaik Sistemlerin Yasam Dongiisii Envanterleri ve Yasam Dongiisii
Degerlendirmeleri" raporunu yaymlamistir (Frischknecht ve Ark., 2020). 2022 yilinda Goérev
12, glines enerjisi i¢in gilincellenmis Kiiresel Isinma Potansiyeli (GWP) degerlerini
yayinlamistir (Frischknecht, 2021). Cizelge 1’de belirtildigi gibi, PV sistemler ile giinesten 1
kWh elektrik tiretimiyle iliskili karbon emisyonlar1 25,5-44,0 gCO2./kWh araligindadir.
Calismada ayrica, Isvicre’de tek kristal teknolojisi kullanilarak cati iistii konut PV sistemi
tarafindan iiretilen 1 kWh PV elektrigin iiretimiyle iliskili GHG emisyonlariin 1996 yilindan
itibaren 121 gCOy-/kWh diizeyine yiikselmesi dikkate degerdir. Iyilesmeler sadece verimdeki
artistan degil, ayn1 zamanda PV iiretimindeki teknolojik ilerlemelerden de kaynaklanmaktadir.

NREL (2021), elektrik tiretim teknolojilerinin LCA ¢alismalarini incelemistir. Tim PV
teknolojileri icin GHG emisyonlar1 11-226 gCOz../kWh araligindadir ve ortalama 43 gCOo.
¢/ kWh degerindedir. Spesifik olarak, ince film teknolojileri i¢in medyan degerler soyledir: 37
(a-Si), 25 (CdTe) ve 41 (CIGS) gCO2../kWh. Kristal silikon i¢in medyan degerler séyledir: 64
(mono-Si) ve 56 (multi-Si) gCO2..s/kWh.

Asdrubali ve Ark. (2015) PV uygulamalarina iligkin 33 durum caligmasini incelemislerdir.
GWP degerleri 9,4 ile 167 gCO2-.y/kWh arasinda belirlenmistir Uyumlastirma isleminden sonra
GWP medyan degeri 29,2 gCO2..¢/kWh olarak belirlenmistir. Li ve Ark., (2021) fotovoltaik
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elektrik i¢in referans GWP degerlerini 16-40 gCO2..¢/kWh araliginda bildirmislerdir. Paulillo
ve Ark. (2019) Fotovoltaikler i¢in ortalama GWP degerini fotovoltaik elektrik icin referans
GWP degerlerini 48 gCO2-.s/kWh olarak bildirmislerdir.

Seresova ve Ark., (2020) Cek Cumbhuriyeti'ndeki birgok enerji kaynaginimn cevresel
performansini, tim yasam dongiilerini temel alarak degerlendirmislerdir. PV ile ilgili olarak,
farklt PV teknolojileri (mono-Si, poli-Si, CdTe) kullanan, farkli konumdaki tesislerle (¢atiya
monte, yere monte) ilgili bes durum calismasini incelemislerdir. GWP ortalama degerini 11
gCO2../kWh bildirmislerdir. Bu degerin %60’tan fazlasi insaat asamasindan, 6zellikle de insaat
malzemeleri liretiminden kaynaklanmaktadir.

Alive Ark., (2022) ABD’deki 120 dagitilmis PV sistemden elektrik iiretiminin ¢evresel etkisini
LCA ile degerlendirmislerdir. Cogunlukla zemine yerlestirilmis mono-Si ve poli-Si olmak
tizere iki tiir PV modiil kullanilmistir. GWP degerleri 25,2—-88,5 gCO2..¢/kWh araligindadir ve
ortalama 45,6 gCO2../kWh diizeyindedir. GHG emisyonlarindaki farklilik, temel olarak
kullanilan modiil tipine ve kapasite faktorlerine baglidir. Poli-Si modiilleri, mono-Si modiillere
gore daha diisik GWP degerlerine sahiptir. Ayrica, kapasite faktorii arttikca GWP degerleri
azalmaktadir. Emisyonlarin yaklasik %80°1 isletme oncesi agamasindan kaynaklanmaktadir.
Ludin ve Ark. (2018) cesitli glines PV teknolojileri ile ilgili LCA ¢alismalarini incelemislerdir.
GHG emisyon orant mono-Si igin 29-671 gCO2../kWh ve poli-Si i¢in 12,1-569 gCO2..s/kWh
araligindadir. Sadece 2013 yilindan itibaren yapilan ¢aligsmalar dikkate alindiginda, mono-Si
icin degerler 5,6 ile 87,3 gCO2./kWh arasinda, poli-Si i¢in ise 6,04 ile 81 gCO2.y/kKWh
arasinda degismektedir. Emisyonlarin ¢ogu iiretim asamasindan kaynaklanmaktadir. Ince film
teknolojileri i¢in GHG emisyonlarina iliskin su degerler bulunmustur: 8,1-57 gCO2.s/kWh (a-
Si), 8,9-66 gCO2../kWh (CdTe), 33-95 gCO2../kWh (CIS). Boya duyarli PV hiicreler (DSSC)
icin GHG emisyonlar1 9,8-25 gCO2-/kWh araligindadir. Perovskit icin GHG degerleri 56,65
ile 497,2 gCO2.s/kWh arasindadir. Kuantum nokta duyarli PV hiicreler (QDSSC) igin ise GHG
emisyonlar1 2,89-5 gCOz..y/kWh araligindadir. Tiim veriler Cizelge 1’de verilmistir. Ancak
analiz edilen PV hiicreler heniiz ticari olarak mevcut olmadigindan, DSSC, QDSSC ve
perovskit ile ilgili emisyonlar Cizelge 2’de dikkate alinmamustir.

Cizelge 2. Fotovoltaik Teknoloji i¢in Elektrik (1 kWh) Uretiminde Karbondioksit
Esdegeri (gCO2-es) Emisyonlar (Guidi ve Ark., 2023)

Minimum Ortalama Maksimum
PV Tesis Degerlerin Agirhikh | Degerlerin Agirhikh | Degerlerin Agirhkh

Ortalamasi Ortalamasi Ortalamasi
Mono-Si 31,1 35,5 74,3
Multi-Si 30,8 36,4 71,2
Mono ve Poli-Si 25,1 45,6 61,5
a-Si 12,5 24,7 53,9
CdTe 9,9 17,4 40,4
CIGS 8,3 26,3 30,5
CIS 33,0 17,0 95,0
Belirtilmemis 16,0 39,6 40,0
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Bergesen ve Ark. (2014) ABD’de iki ince film teknolojisi (CIGS ve CdTe) iizerinde bir LCA
gerceklestirmiglerdir. GHG emisyonlari, yere monteli CdTe i¢in 20 gCO2-/kWh ve yere
monteli CIGS igin 22 gCO2../kWh diizeylerindedir. Stylos ve Koroneos (2014) poli-Si
modiller {izerinde bir LCA gergeklestirmislerdir. Dort senaryoyu dikkate almislardir: Temel
durum (mevcut en son teknolojiyi temsil eder), gelistirilmis durum (gelecek iki yil iginde
mevcut olacak teknoloji), ileri durum (teknoloji 6niimiizdeki 5 yil iginde mevcut olacak) ve
ticari olarak temin edilebilen bir modiiliin bir uygulamasi. Giiniimiizde ticari olarak temin
edilebilen modiiller i¢in GHG emisyon degerlerinin 51,68 ile 58,81 gCO2..¢/kWh arasinda
oldugunu ve gelecek yillarda mevcut olan modiiller i¢in daha diistiik degerler (12,28-19,49
gCO2-./kWh) bildirmislerdir. Uretim siireglerindeki iyilestirmeler nedeniyle GHG emisyonlari
zamanla azalacaktir.

Hou ve Ark. (2016) Cin’de kristal silikon modiillerle donatilmis biiyiik 6lgekli ve sebekeye
bagli daginik PV sistemlerde LCA gergeklestirmislerdir. GHG emisyonlarinin 60,1-87,3 gCOo.
«/kWh arasinda degistigini, poli-Si ve mono-Si arasinda ¢ok kii¢iik farklarin poli-Si lehine
oldugunu ve daginik ve biiylik 6lgekli PV arasinda biiylik 6lgegin lehine daha biiyiik farklar
oldugunu bildirmislerdir. Daha ayrintil1 olarak, biiyiik 6lgekli poli-Si i¢in ortalama deger 60,13
9CO2./kWh ve dagmik poli-Si i¢in ortalama deger 81 gCO2.s/kWh diizeyindedir. Biiyiik
6lgekli mono-Si igin bu deger, 65,2 gCO2..s/kWh ve daginik mono-Si i¢in 87,3 gCO2-s/kWh
diizeyindedir. Emisyonlarin %35°ten fazlasi tiretim agamasindan kaynaklanmaktadir. Kim ve
Ark. (2014) LCA calismas: ile Kore’deki kristal silikon sistemlerin ¢evresel performanslarini
degerlendirmislerdir. Mono-Si i¢in GWP 31,5 gCO2./kWh iken, poli-Si igin 41,8 gCO2../KWh
degerlerini belirlemiglerdir. CO2 emisyonlarinin ¢ogunlugu PV modiiliiniin {iretim siire¢lerine
atfedilmistir.

Fu ve Ark. (2015), 2015 yilindan 6nce Cin’deki en yaygin PV teknolojisi olan poli-Si modiiller
icin LCA ¢alismas1 yapmislardir. PV teknolojisi i¢in 50,9 gCO2..s/kWh degerine esit bir GWP
ortalama degeri hesaplamiglardir. En kritik asamanin modiil {iretimi oldugu vurgulanmis olup,
toplam emisyonlarin yaklasik %50’s1 bu asamadan kaynaklanmaktadir. Lunardi ve Ark. (2018)
Si ve tandem modiillerin ¢evresel performanslarini degerlendirmislerdir. Bu modiillerin GWP
degerleri 25 ile 29 gCO2..y/kWh arasindadir. Birincil etki, glines enerjisi smifi silikonun
tiretiminden kaynaklanmaktadir.

Collier ve Ark. (2014) yeni ince film (ZnsP2 ve CZTS (bakir ¢inko kalay siilfiir) teknolojilerin
cevresel etkisini degerlendirmek icin LCA calismasi yapmislardir. Cevresel etkiler, ticari ince
film teknolojiler (a-Si, CdTe ve CIGS) ve kristalin silikon teknolojileriyle karsilagtirilmistir.
Cizelge 1°de verilen GWP degerlerini 18 ile 38 gCO2-s/kWh arasinda belirlemislerdir. Baglica
etkiler liretim sirasindaki elektrik tiiketiminden kaynaklanmis ve elektrik {iretimi her teknoloji
icin %50’den fazla katkida bulunmustur. Yeni ince film teknolojileri (ZnsP2 ve CZTYS) ile
iligkili degerler, analiz edilen yapi heniiz ticari olarak mevcut olmadigindan Cizelge 2’de
dikkate alinmamuistir.

Celik ve Ark. (2016) perovskit PV hiicrelerin gevresel etkisini degerlendirmek ve bunu silikon
bazli hiicrelerin ¢evresel etkisiyle karsilastirmak icin LCA c¢alismas1 yapmislardir. Perovskit
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hiicreler icin GWP degerlerini 99-147 gCO2..y/kWh araliginda belirlemislerdir. Bu degerler
mono-Si ve poli-Si i¢in sirasiyla 23 ve 20 gCO2-.s/kWh degerine esit olan GWP degerlerinden
daha yiiksektir. Perovskit hiicrelerin daha yiiksek degerleri, temel olarak ortalama Omiir
degerlerinin daha diisiik olmasindan (Si hiicreleri i¢in varsayilan 30 yila karsilik 5 y1l) ve daha
diisiik verimliliklerinden kaynaklanmaktadir. Ayrica, a-Si (12 gCO2..s/kWh), CdTe (12 gCO»-
e/ KWh) ve CIS (17 gCO2..¢/kWh) hiicreleri igin GWP degerleri de bildirilmektedir.

Zhang ve Ark. (2015), laboratuar 6l¢ekli verilere dayanarak titanyum dioksit nanotiip perovskit
PV hiicrelerin ¢evresel etkisini degerlendirmek i¢cin LCA ¢aligmasi yapmislar ve sonuglart ticari
PV hiicreler ile karsilastirmislardir. Sonugclar, perovskit PV hiicrelerin GHG emisyonlarinin,
ticari olanlarla karsilastirildiginda, cok genis bir aralikta degistigini gostermistir. Bu degisim
60,1 ile 5480 gCO2../kWh arasindadir. Perovskit hiicrelerin ¢evresel performanslari, doniisiim
verimliliklerindeki iyilesme ve dmiirlerindeki artis sonucunda azalabilir. Ticari PV hiicreler i¢in
GHG emisyonlar1 s6yledir: mono-Si: 29-45 gCOz..s/kWh, (poli-Si: 23-44 gCO2-,/kWh, (a-Si):
18-50 gCO2../kWh, CdTe: 14-35 gCO2../kWh ve (DSSC): 19-120 gCO2../kWh. Hammadde
cikarma (igletme Oncesi agama), genel CO2 emisyonlarinin %69’undan fazlasina katkida
bulunan, en 6nemli ¢evresel etkiye sahip agamadir.

Modiil iretimi icin gereken daha diisiik termal biitce (herhangi bir kristalizasyon islemi
olmadan ve hiicreden modiile adim1 atlayarak dogrudan modiil iiretimi olmadan) ve daha az
malzeme kullanimi nedeniyle, diisikk emisyon ortalama degerleri (CdTe, CIS, a-Si ve CIGS
siralamasinda) ticari ince film teknolojisiyle iliskilidir. CdTe modiiller, hizmetten c¢ikarma
asamasinda Cd’un nasil islenecegine iliskin mevzuat nedeniyle kisitlamalarla kars1 karstyadir.
CIS ve CIGS arasindaki temel farklar galyum (Ga) kullanimindan kaynaklanmaktadir. Yiiksek
emisyon degerleri, diisiik verimliligi ve kullanim 6mrii nedeniyle a-Si ile iligkilendirilir. Yonga
bazli teknolojide (mono-Si ve poli-Si), tiretim siireci (saflastirma, kiilge biiylitme, miihiirleme,
hiicre vb.) nedeniyle emisyon degerleri daha yliksektir. Bununla birlikte, son on yilda verimdeki
artisa ve ayn1 zamanda iiretimdeki teknolojik gelismelere (daha az malzeme kullanimi: plaka
kalinliginin azaltilmasi ve daha diisiik metal icerigi) bagli olarak emisyon degerinde yaklasik
%35 oraninda bir azalma gézlemlenmistir.

3. GUNES ISINIMINI YOGUNLASTIRARAK ELEKTRIK URETIMIi

CSP tesisleri, bir tiirbini hareket ettirmek i¢in yiiksek sicaklikta buhar veya gaz kullanarak,
geleneksel enerji santrallerine benzer bir sekilde elektrik iiretirler. Ancak, CSP tesislerinde
sicak s1vi, fosil yakitlarin yakilmasindan ziyade giines 1siniminin yogunlagmasi yoluyla tiretilir.
CSP tesislerinin dikkate deger bir 6zelligi, glines 1siniminin yoklugunda bile elektrik iiretimine
olanak taniyan bir termal depolama sisteminin potansiyel entegrasyonudur. CSP teknolojisi,
2000 kWh/m?/y1l degerini asan Dogrudan Normal Istnim (DNI) degerlerine bagh olarak kamu
hizmetleri ve sebeke operatorleri i¢in giivenilir ve esnek elektrik iiretimi saglar (Guidi ve Ark.,
2023).
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CSP tesisleri i¢in baslica iki temel ticari teknoloji vardir:
1) Dogrusal yogunlastirmali teknolojiler
e Parabolik oluklar
e Dogrusal Fresnel mercek sistemleri
2) Nokta yogunlastirmali teknolojiler
e Merkezi alicilar (veya kuleler)
e Parabolik ¢anaklar

Bu teknolojiler; optik tasarim, alici sekli, transfer akigkaninin yapist ve 1siy1 elektrige
doniistiirmeden once depolama yetenegi acgisindan farklilik gdsterir. Giiniimiizde kullanimda
olan iki baskin tasarim parabolik oluklu enerji santralleri ve merkezi alic1 kule sistemleridir.

CSP, giines enerjisi destekli enerji iiretimi i¢in veya PV sistemler de dahil olmak iizere, hibrit
tasarimlarda diger enerji liretim teknolojileriyle sinerjik olarak entegre edilebilir. Son yillarda
yayinlanan CSP tesislerinin ¢evresel performanslari hakkindaki bilimsel literatiiriin kapsamli
bir incelemesi Guillen-Lambea ve Carvalho (2021) tarafindan gergeklestirilmistir. 96
calismadan sadece yedisi, yiiksek kalitede ¢alismalar elde etmek i¢in aragtirmacilar tarafindan
benimsenen tarama kriterlerini gegebilmistir. Cogu erimis tuz bazli termal enerji depolamali
(TES) CSP parabolik oluga atifta bulunan yedi ¢alismanin GHG emisyonu degerleri 26—60
gCO2-ykWh araligindadir. Isletme dncesi asamalarin toplam GHG emisyonlarina katkis1 %52
ile %80 arasinda degismektedir. Farkliliklar, farkli enerji karisimlarindan (tesisler Ispanya,
ABD, Birlesik Arap Emirlikleri ve Giiney Afrika’da bulunmaktadir), tesislerin boyutlarindan,
DNI degerlerinden ve CSP tesislerinin omriinden kaynaklanmaktadir. Maden tuzu ile
karsilastirildiginda sentetik erimis tuz i¢in daha yiiksek degerler bulunmustur.

Gasa ve Ark. (2021) erimis tuz depolamali kule tipi bir CSP tesisi i¢in LCA ¢aligmasi
yapmislardir. Bunu depolamasiz bir referans CSP tesisiyle karsilastirmiglardir. Depolamali
CSP tesisinin, depolamasiz CSP tesisine gore daha az ¢evresel etki gosterdigi belirlenmistir (9,8
gCO2-./kWh’ye kars1 31 gCO2-.¢/kWh). Ayrica, en yiiksek etkiye sahip bilesenin giines alani
oldugunu, bunu 1s1 transfer akigskani ve termal enerji depolamanin izledigini belirlemislerdir.
Ko ve Ark. (2018) 1s1 transfer akiskani ve depolama ortami olarak erimis tuz kullanarak kule
tipi bir CSP tesisi i¢in LCA ¢aligmas1 yapmislardir. Caligmalar 12 saatlik 1s1 depolamaya sahip
bir kule tesisinde gerceklestirilmistir. GHG emisyonlar1 24,3 gCO2..¢/kWh olarak belirlenmis
olup, bu emisyonlarin yarisinin ingaat asamasindan kaynaklandigi bildirilmistir.

Gasa ve Ark. (2022) farkli depolama kapasitelerine sahip, erimis tuz kullanilan termal enerji
depolama sistemlerine sahip dort adet kule tipi CSP tesisinin gevresel etkilerini incelemislerdir.
Depolama kapasitesi arttik¢a cevresel etki azalir. GHG emisyonlar1 depolama kapasitesi 3, 6, 9
ve 17,5 saat olan CSP tesisleri igin sirasiyla, 14,21 gCO2../kWh, 12,26 gCO2-s/kWh, 10,99
gCO2-.s/kWh ve 9,95 gCO2../ kWh olarak belirlenmistir. Cevresel etkilerin neredeyse tamami,
%66,7’den (3 saatlik depolama kapasitesi) %80’e (9 saat) ve %93,3’e (17,5 saat) kadar degisen
degerlerle, isletme Oncesi asamalarda meydana gelmektedir. Li ve Ark. (2019) Cin’deki kule
tasariminda 15 saatlik depolama kapasitesine sahip 10 MW giiciindeki bir CSP tesisinin
cevresel performanslarint degerlendirmek icin LCA ¢alismasi yapmislardir. Bu tesisin tiim
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yasam dongisii boyunca GHG emisyonlart 35 gCO2../kWh belirlenmistir. GHG
emisyonlarinin baslica kaynagi, tesis bilesenlerinin iiretiminden kaynaklanmaktadir. Whitaker
ve Ark. (2013) ABD’de bulunan kule tipi bir CSP tesisi icin LCA ¢aligmasi yapmislardir. Bu
tesis, alt1 saat boyunca ¢alisan bir depolama sistemine sahip, 1s1 transfer akiskani ve depolama
ortami olarak ¢ikarilmis nitrat tuzlarini kullanan, kuru sogutmali, 106 MWpet giiciinde bir
tesistir. Tesisin GHG emisyonlar1 37 gCO2./kWh olarak belirlenmis olup, bu emisyonlarin

50’den biraz daha azi1 isletme 0ncesi asamadan kaynaklanmistir.

Asdrubali ve Ark. (2015) yogunlastirilmis giines enerjisi (CSP) ile ilgili 15 durum g¢alismasini
incelemiglerdir. Bu CSP tesislerinin dokuzu parabolik oluk, altis1i ise merkezi kule
tasarimindadir. GHG emisyonlar1 14,2 ile 203 gCO2-.’kWh arasinda belirlenmistir. CSP i¢in
GHG emisyonlarinin medyan degeri 30,9 gCO2../kWh diizeyindedir. UNECE (2022), LCA
yontemi araciligiyla farkli elektrik iiretim teknolojilerinin potansiyel ¢evresel etkilerini
karsilastirmistir. CSP ile ilgili olarak oluk ve kule tasarimlar1 aragtirllmistir. Avrupa’daki ¢anak
tipi CSP enerji santrali icin GHG emisyonlar1 42 gCOz..s/kWh olarak belirlenmis olup, bu
emisyonlarin %30’u ingaat asamasindan kaynaklanmaktadir. Kule tasarimi i¢in GHG
emisyonlar1 neredeyse yarist kadar olup, 22 gCO2./kWh degerindedir. Bu sonucun nedeni
olarak, yiik faktoriinlin parabolik ¢anaktan daha yiiksek olmasi nedeniyle daha yiiksek verime
sahip olmasi bildirilmistir.

NREL, elektrik tiretim teknolojileri i¢in yapilmis olan LCA caligsmalarini incelemistir (NREL,
2021). CSP tesislerinden kaynaklanan GHG emisyonlar1 11-241 gCOz../kWh araligindadir ve
oluk ve kule tasarmlari igin ortalama deger 28 gCO2-.s/kWh diizeyindedir. Ozellikle parabolik
oluk, kule ve parabolik ¢anak tasarimlar1 i¢cin medyan degerler sirasiyla, 26, 38 ve 15 gCOo.
e/ kWh diizeylerindedir. GHG emisyon degerleri Cizelge 3’de verilmesine ragmen, bu
teknolojiyi kullanan ticari tesisler giiniimiizde ¢alisir durumda olmadigindan, parabolik ¢anak
tipt CSP tesisi ile ilgili deger Cizelge 4’e dahil edilmemistir.

Cizelge 3. CSP Santralleri i¢in Sera Gazi Emisyonlar (Guidi ve Ark., 2023)

Yil Santral Tipi gCOz-es/kWh Kaynak
. . Guillen-Lambea ve

2021 | Parabolik oluk tip-Depolamali 26-60 Carvalho (2021)
Kule tipi-Depolamali 9,8 (ortalama)

2021 Kule tipi-Depolamasiz 31 (ortalama) Gasa ve Ark. (2021)

2018 | Kule tipi-12 saat depolamali 24,3 (ortalama) Ko ve Ark. (2018)
Kule tipi-3 saat depolamali 14,21 (ortalama)
Kule tipi-6 saat depolamali 12,26 (ortalama)

2022 Kule tipi-9 saat depolamali 10,99 (ortalama) Gasa ve Ark. (2022)
Kule tipi-17,5 saat depolamali 9,95 (ortalama)

2019 | Kule tipi-15 saat depolamali (Cin) 35 (ortalama) Li ve Ark. (2019)

2013 | Kaule tipi-Depolamali (ABD) 37 (ortalama) Whitaker ve Ark. (2013)

2015 | Parabolik oluk tip ve kule tip tesisler 30,9 (ortalama) | Asdrubali ve Ark. (2015)
Parabolik oluk tip-Depolamali 42 (ortalama)

2022 Kule tipi-Depolamali 22 (ortalama) UNECE (2022)
Parabolik oluk tip-Depolamali 26 (ortalama)

2021 | Kule tipi-Depolamali 38 (ortalama) NREL (2021)
Parabolik ¢anak tip 15 (ortalama)
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Cizelge 4. CSP Santralleri icin 1 kWh Elektrikle ile lgili Agirhiklandirilmis CO2
Esdegeri Emisyonlar (Guidi ve Ark., 2023)

Minimum Ortalama Maksimum
Tesis Tipi Degerlerin Agirhklhi | Degerlerin Agirhikh | Degerlerin Agirhkh
Ortalamasi Ortalamasi Ortalamasi
Parabolik oluk tip- 26,0% 33,2 60,0
Depolamali
Kule tipi-
P 20,5
Depolamali
K L
ule tipi 31
Depolamasiz

* Tek deger bazinda hesaplanmustir.

CSP teknolojilerinden kaynaklanan GHG emisyonlar1 birbirlerine ¢ok benzerdir. Glinesten
elektrige daha diislik verimi nedeniyle, GHG emisyonlar1 parabolik oluk tesisleri i¢in biraz daha
yiiksektir (Cizelge 4). Bir CSP tesisinin depolama kapasitesi genigledikge, iiretim ve bertaraf
asamalar1 sirasinda ortaya ¢ikan cevresel etkilerde de buna karsilik gelen bir artis soz
konusudur. Bununla birlikte, artan depolama kapasitesinin sebekeden elektrik ¢ekme
zorunlulugunu azaltmasi nedeniyle, isletme agsamasinda ortaya c¢ikan etkiler azalmaktadir.
Bildirilen 60 gCO2..¢/kWh degeri, tesis omrii disik (20 yil) olarak dikkate alinmasindan
kaynaklanmaktadir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Ortalama GHG degerleri, PV teknoloji i¢in 17-45,6 gCO2..s/kWh ve CSP i¢in 20,5-33,2 gCO»-
e/ KWh araliginda degismektedir. Bununla birlikte, yenilenebilir enerji kaynaklari igin
belirlenen tiim emisyon degerleri, fosil teknolojilerin gosterdigi degerlerden en az bir kat, bazi
durumlarda ise iki kat daha diisiiktiir. PV sistemler ile ilgili olarak, dniimiizdeki 5 ile 7 yil i¢inde
yillik PV hiicre iiretiminin bes kat ve oniimiizdeki on yilin baginda 10 kat artacak olmasi, PV
endiistrisi i¢in ciddi sonuglar doguracaktir. PV sektoriiniin tiim deger zinciri boyunca gevresel
ayak izini azaltmasi ve gergek anlamda siirdiiriilebilir ve dongiisel hale gelmesi gerekmektedir.
Hem yenilenebilir hem de fosil enerji teknolojileri birlikte kullanilarak, iilkelerin cografi ve
jeolojik ozelliklerine bagl olarak en uygun enerji karisimi secilip, 2050 yilina kadar sifir
emisyon hedefine katkida bulunabilecek kargim belirlenebilir.
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OZET

Bu bildiride, riizgar enerjisinden elektrik iiretim teknolojilerinin sera gazi (GHG) emisyonlari
(9CO2../kWh) incelenerek cevresel etkileri degerlendirilmistir. Karadaki riizgar enerjisi, riizgar
pazarinda (%93) hakim bir konuma sahipken, deniz riizgar enerjisi sadece 63,2 GW (%7)
kiiresel bir kapasiteye sahiptir. Riizgar enerjisi santrallerinden kaynaklanan GHG emisyonlari,
fosil yakith santrallerden ¢ok daha diisliktiir ve diger yenilenebilir enerji kaynaklariyla
karsilastirilabilir diizeylerdedir. GHG emisyonlarinin ortalama degerleri karadaki tesisler i¢in
12 gCO2..¢kWh ve acik denizdeki tesisler i¢in 19 gCO2..s/kWh olarak bildirilmektedir. Biiyiik
tirbinlerle donatilmis biiylik riizgar santralleri ve Ozellikle daha yiiksek kapasite faktorii
degerlerine sahip olanlar daha diisiik CO2 emisyonu iiretmektedir. Emisyonlarin dnemli bir
boliimii isletme Oncesi asamalarda tiretilmektedir.

Anahtar Kelimeler: Riizgar enerjisi, elektrik tiretim teknolojileri, sera gazi emisyonlari.

1. GIRIS

Paris Anlagsmasi, 12 Aralik 2015 tarihinde Birlesmis Milletler Iklim Degisikligi Cerceve
Sozlesmesi (UNFCCC) Konferansinda (COP21) 196 tarafca kabul edilerek 4 Kasim 2016
tarithinde yiriirliige girmistir. Kiiresel ortalama sicaklik sanayi Oncesi seviyelerin 2 °C
tizerindedir; hedef yakin zamanda 1,5 °C gilincellenmistir. Bu anlagma, tiim {ilkelerin iklim
hedeflerini belirleyen Ulusal Olarak Belirlenen Katkilari (NDC) sunmalarini gerektirmektedir.
Eylil 2023 itibariyla 94 iilke ve Avrupa Birligi (AB) yasal olarak net sifir emisyon hedefini
taahhiit etmis ve bazi iilkeler, kiiresel iklim nétrliigiine katkida bulunmak icin yasal olarak
baglayici olmasa da uzun vadeli stratejiler agiklamistir. Bu taahhiitlerin ¢cogu heniiz kisa vadeli
politika ve Onlemlerin benimsenmesiyle takip edilmemis olsa da, bu agik¢a ¢ok biiyiik bir
ilerlemedir. Gelismis ekonomiler arasinda Avrupa Birligi (AB), Amerika Birlesik Devletleri
(ABD) ve Japonya 2050 yilina kadar karbon ndtr olma yoniinde bir taahhiit beyan ederken,
gelismekte olan pazarlarda Cin Halk Cumhuriyeti yer almaktadir.

Elektrik sektoriiniin, kiiresel 1stnmanin 1,5 °C’den fazla olmayacak sekilde sinirlandirilmasinda
ana katkiyr saglamasi beklenmektedir. Mayis 2021°de Uluslararasi Enerji Ajanst (IEA),
"2050’ye Kadar Net Sifir: Kiiresel Enerji Sektorii i¢in Bir Yol Haritas1" bagliklt doniim noktasi
niteligindeki raporunu yayinlamistir. Bu raporda, elektrik sektoriiniin 2020°de en fazla emisyon
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salan sektdor olmaktan ¢ikip, kiiresel enerji sektoriine gecis yapmasinin Ongorildigi
vurgulanmustir. 2040 yilina kadar sifir emisyona ulasan ilk sektor olmak hedeflenmistir. Eyliil
2023’te IEA tarafindan net sifir yol haritasina iliskin bir giincelleme yaymlanmistir. Yol agik
kalsa da, kiiresel enerji kaynakli karbondioksit (CO2) emisyonlarinin 2022’de artmasi ve esas
olarak Rusya’nin Ukrayna’y1 isgalinin tetikledigi kiiresel enerji krizi nedeniyle, 37 gigaton CO>
esdegeri ile yeni bir rekora ulagmasi nedeniyle daraltilmistir. Gelismis ekonomilerde 2019 yili
degerine gore %4 oraninda emisyon azaltimi goriiliirken, gelismekte olan piyasalarda ve
gelismekte olan ekonomilerde 2019 yilina gore %4,5 oraninda bir artis gdzlenmistir.

2022 yilinda, kiiresel elektrigin %60,94’1 fosil yakitlardan iiretilmistir. Bu oran esas olarak
komiir (%35,72) ve dogal gazdan (%22,12) kaynaklanmigtir. Diisiik karbonlu kaynaklar ise
%39,06 oranini olusturmustur (niikleer %9,15 ve yenilenebilir enerji %29,91) (Guidi ve Ark.,
2023). Her ne kadar geleneksel yakitlara olan talep 2019 seviyelerine kiyasla azalmasa da, son
iki yilda baz1 6nemli temiz enerji teknolojilerinin (fotovoltaik, riizgar, 1s1 pompalar1 ve piller)
gelistirilmesi ve devreye alinmasinda da dikkate deger ilerlemeler goriilmiistiir. Bununla
birlikte, her iilkenin hedefini gili¢lendirmesini ve temiz enerji teknolojilerinin etkili bir sekilde
uygulanmasina yonelik politika paketleri olusturmasini gerektiren IEA net sifir yol haritasina
uyum saglamak i¢in daha yapilacak ¢ok sey vardir.

Bu alandaki en kapsamli arastirmalar, Birlesmis Milletler Avrupa Ekonomik Komisyonu
(UNECE) ve Ulusal Yenilenebilir Enerji Laboratuar: (NREL) tarafindan gerceklestirilmistir.
Bu calismalarda, fosil yakitlari, yenilenebilir kaynaklar1 ve niikleer kaynaklar1 kapsayan ¢esitli
elektrik tiretim teknolojileriyle iligkili ¢evresel etkileri sistematik olarak karsilastirmak igin
Yasam Dongiisii Degerlendirmesinden (LCA) vyararlanilmistir.  UNECE, yenilenebilir
teknolojilerinin fosil teknolojilerle karsilastirildiginda siirekli olarak dnemli 6l¢iide daha diistik
emisyon degerleri gosterdiginin altin1 ¢gizmektedir. Bu durum 6ncelikle altyapi, kapasite faktorii
ve sistem Omrii gibi faktorlere baglanmaktadir. Sonu¢ olarak, hammadde kaynagi, iiretim
sirasinda kullanilan enerji karisimi ve imalat ve kurulumun ¢esitli agsamalarindaki nakliye sekli
gibi degiskenlerden etkilenen yasam dongiisii etkilerinde dikkate deger dalgalanmalar vardir.
Riizgar ve giines teknolojileri geleneksel santrallere gore daha diisiik emisyon degerleri
sergilerken, niikleer ve hidroelektrik de fosil yakitlara gore yasam dongiisii boyunca tercih
edilebilir. Bununla birlikte, hidroelektrikle baglantili diisiik emisyon degerlerinin,
rezervuarlardaki organik maddenin ¢okelmesiyle kismen dengelenebilecegini ve biyojen GHG
salinmasina yol agabilecegini dikkate almak 6nemlidir (UNECE, 2021)

Kara riizgar1, 2022 yili sonu itibariyla, 835,6 GW kurulu gii¢le hidroelektrik ve PV’den sonra
liciincli biiyiik yenilenebilir elektrik kaynagi olmustur. Karadaki riizgar enerjisi, riizgar
pazarinda (%93) hakim bir konuma sahipken, deniz riizgar enerjisi sadece 63,2 GW (%7)
kiiresel bir kapasiteye sahiptir (IRENA, 2023). UNECE tarafindan bildirildigine gore, 2020
yilinda Avrupa’da ortalama GHG emisyon degerleri karadaki ve acik denizlerdeki tesisler igin
sirastyla, 12,4 ve 14,2 gCO2../kWh diizeylerindedir. Bu degerler, riizgar teknolojisinin
giincellenmis yasam dongiisii envanterleri tizerinde bir LCA gergeklestirilerek belirlenmistir
(UNECE, 2022).

Bu bildiride, riizgar enerjisinden elektrik {iretim teknolojilerinin sera gazi (GHG) emisyonlari
(9CO02-/kWh) incelenerek cevresel etkileri degerlendirilmistir. Son yillarda enerji teknolojileri
(geleneksel ve diisiik karbon) iizerine gerceklestirilen baglica LCA ¢alismalar1 karsilastirmali
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olarak incelenmis ve bu calismalarin temel noktalar1 vurgulanarak ve politika yapicilara
ve/veya paydaslara yararli 6neriler sunulmasi amaglanmastir.
2. RUZGARDAN ELEKTRIiK URETIMINDE SERA GAZI EMiSYONLARI
Wang ve Ark. (2019) Cin’deki ii¢ teknolojinin (hidroelektrik, niikleer ve riizgar) gevresel
etkilerini LCA ile degerlendirmis ve karsilastirmislardir. Riizgar enerjisiyle ilgili olarak,
calisma, referans durum ¢alismas1 olarak I¢ Mogolistan’da (karadaki bir tesis) bulunan bir
riizgar enerjisi projesi se¢ilmistir. Santralin giicii 49,5 MW’tir. Bu tesis, yasam dongiisii
boyunca GHG emisyonu olarak 28,6 + 3,2 gCOz-./kWh iiretmistir. Bu emisyonlarin yaklasik
%65°1 liretim asamasindan kaynaklanmaktadir.
Alsaleh ve Sattler (2019) ABD’deki biiyiik karasal riizgar enerjisi santralleri i¢in LCA ¢aligmast
gerceklestirmislerdir. GHG emisyonu ortalama 18 gCOz..s/kWh olarak belirlenmistir. Bu
emisyonlarin %80’den fazlasinin hammadde edinimi ve iiretim asamalarina atfedilebilecegi
bildirilmistir. Xu ve Ark. (2022), Cin’deki karasal riizgar enerjisi santrallerinden kaynaklanan
GHG emisyonlarint degerlendirmek i¢in basitlestirilmis LCA modelleri kullanmislardir. GHG
emisyonlar1 13,59-34,50 gCO2..¢/kWh araliginda olup, ortalama 19,88 gCO2../kWh olarak
belirlenmistir. Cografi konum, GHG emisyon degerlerini etkileyen baskin bir faktor olarak 6ne
¢cikmaktadir.
Teffera ve Ark. (2021) Etiyopya’daki riizgar enerjisi sistemleriyle iligkili ¢evresel etkileri
degerlendirmislerdir. Bu ¢alismada segilen islevsel birim, ulusal sebeke sistemine bagl her ii¢
riizgar santralinden ortalama 1 kWh elektrik iiretimidir. Ug riizgar enerjisi sisteminin ortalama
GHG emisyon yogunlugu 33,6 gCO.../kWh olarak belirlenmistir. Operasyon Oncesi agamalar
toplam CO2 emisyonlarinin yaklasik %88’ini olusturmaktadir.
Bonou ve Ark. (2016) Avrupa’daki ikisi karada (2,3 ve 3,2 MW tiirbin) ve ikisi denizde (4 ve
6 GW tiirbin) olan dort riizgar enerjisi santralinin ¢evresel etkisini degerlendirmislerdir. GHG
emisyonlar1 karadaki enerji santralleri i¢in 7 gCO2-./kWh diizeyinden, agik denizdeki enerji
santralleri i¢in ise 11 gCO2..y/kWh diizeyine azalmistir. Etkilerin ¢ogunlugu malzemelerin
cikarilmas: ve iretiminden kaynaklanmakta olup, bu asama karadaki ve denizdeki enerji
santrallerinden kaynaklanan CO; emisyonlarina sirasiyla, %79 ve %70 oranlarindan fazla
katkida bulunmaktadir.
Kadiyala ve Ark. (2017) riizgar enerjisi santralleri konusundan yapilmis olan 29 adet LCA
caligmasini incelemislerdir. Karadaki riizgar santralleri i¢in ortalama yasam dongiisi GHG
emisyonlar1 asagidaki gibi belirlenmistir:
Yatay eksenli kara tiirbini — kiigiik kapasite: 38,67 gCO2-.s/kKWh
Yatay eksenli kara tiirbini — ara kapasite: 11,75 gCOz..s/kWh
Yatay eksenli kara tiirbini — biiyiik kapasite: 15,98 gCO2..o/kWh

e Dikey eksenli kiy1 tiirbini — kii¢iik kapasite: 46,4 gCO2-.s/kWh
Acik deniz riizgar santralleri (yatay eksenli agik deniz tiirbini — kiiglik kapasite) i¢in ortalama
yasam dongiisiit GHG emisyonlar1 12,9 gCO2-.y/kWh diizeyindedir. Yatay eksenli kara tiirbini-
ara kapasitesi en diisiik GHG emisyon degerine sahiptir.
Asdrubali ve Ark. (2015) riizgar enerjisi ile ilgili 20 adet durum caligsmasini incelemislerdir.
Riizgar enerjisi santrallerinin tiimii, minimum 0,25 MW ve maksimum 6 MW gii¢c degeriyle
benzer biiylikliiktedirler. GHG emisyonu degerleri 6,2 ile 46 gCO2../kWh arasinda belirlenmis
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olup, neredeyse tamami karadaki tesislere iliskindir. Uyumlastirma isleminden sonra GHG
emisyonu medyan degeri 9,4 gCO2-s/kWh olarak hesaplanmstir. Insaat asamasi, genel GHG
degerine en biiylik katkiy1 saglayan asama olmustur.

Li ve Ark. (2021) kiyidaki 40 MW giiciindeki bir riizgar santralinde LCA ¢alismasi
gerceklestirmiglerdir. GHG emisyon yogunlugunu 16,4-28,2 gCO2../kWh araliginda
belirlemisglerdir. Li ve Ark., (2020) riizgar ve komiir santrallerinden kaynaklanan emisyonlari
karsilastirmak icin LCA calismas1 yapmislardir. Riizgar enerjisiyle ilgili olarak, incelenmekte
olan 6rnek ¢alisma, (49,5 MW kurulu gii¢ i¢in) 33 adet 1,5 MW giiciinde riizgar tiirbininden
olusan bir riizgar santralidir. Riizgar tiirbinlerinden kaynaklanan GHG emisyonlar1 31,36 gCO»-
e/kWh olarak belirlenmis olup, bu emisyonlarin %91°1 isletme Oncesi asamalardan
kaynaklanmustir.

Khoie ve Ark. (2021) Teksas’ta (ABD) bulunan 1,3 MW giiciindeki bir riizgar tiirbininin karbon
yogunlugunu incelemislerdir. Bu tiirbinin karbon emisyon yogunlugu 14,45 gCO2..s/kWh
olarak belirlenmistir. Tasima agamasi, iiretim asamasindan (%41) ve hammaddelerden (%38)
sonra toplam COz emisyonuna (%16) ti¢iincii derece katkida bulunan asamadir.

Vélez-Henao ve Ark. (2021), cevresel performansini degerlendirmek icin karadaki 19,5 MW
giiclindeki bir riizgar enerjisi santrali i¢cin LCA ¢alismas1 yapmuslardir. Riizgar enerjisi
santralinde, dikkate alinan yiiksek riizgar hizina ve riizgar santralinin yiiksek kapasite faktoriine
(%42) bagl olarak, diger benzer ¢alismalardan bile daha diisiik bir GHG emisyonu (12,93
9CO2./kWh) belirlenmistir.

Xie ve Ark. (2020) LCA kullanarak ii¢ rlizgar enerjisi santralinin tiim yasam dongiisii boyunca
cevresel etkilerini degerlendirmislerdir. Toplam 455,8 GWh elektrik iiretilmistir. Ortalama
GHG emisyonu 3,9 gCO2../kWh olup, bunun %60’1 isletme Oncesi asamalardan
kaynaklanmigtir. Nugent ve Sovacool (2014) giines PV ve riizgar enerjisi ile ilgili 41 adet LCA
caligmasin1 degerlendirmislerdir. Riizgar enerjisiyle ilgili olarak, cogu karadaki santrallerle
ilgili olan 22 galigma dikkate alinmistir. GHG emisyonu olarak, 0,4 gCO2./kWh gibi son
derece diisiik bir deger ve 364,8 gCO2../kWh gibi yiiksek bir deger bulmuslardir. Calismada
ortalama 34,11 gCO2../kWh degeri bildirilmis olup, bunun %95’ operasyon Oncesi
asamalardan kaynaklanmistir. Bu durum ayn1 zamanda bu caligmada hizmetten c¢ikarma
asamasinda CO; emisyonlar1 i¢in negatif bir degerin varsayilmasi nedeniyle de ortaya
cikmaktadir. Burada geri doniistim gelecekteki GHG {iretimini azaltmak i¢in bir strateji olarak
degerlendirilmektedir.

NREL (2021), yiizlerce LCA elektrik iiretim teknolojisini degerlendirmistir. Riizgar enerjisi
santrallerinden kaynaklanan GHG emisyonlart, fosil yakitli santrallerden ¢cok daha diisiiktiir ve
diger yenilenebilir enerji kaynaklariyla karsilastirilabilir diizeylerdedir. GHG emisyonlariin
ortalama degerleri karadaki tesisler i¢in 12 gCO»-./kWh ve agik denizdeki tesisler igin 19 gCO»-
¢s/kWh olarak belirlenmistir.

Basosi ve Ark. (2020) jeotermal, PV ve riizgar santrallerinden olusan, ii¢ adet Italyan
yenilenebilir enerji santralinin ¢evresel performanslarini karsilastirmak i¢cin LCA caligmasi
yapmuslardir. Ug enerji santrali karsilastirilabilir giice (yaklasik 20 MW) sahiptir. Kara riizgar
santrali, her biri 2 MW Kkapasiteli dokuz riizgar tiirbininden olusmakta olup, 2016-2018
doneminde 2337 saat/yil tam yiikte calisabilmektedir. Riizgar enerjisi santralinin GHG
emisyonu 13,4 gCO»..s/kWh olarak tahmin edilmistir.
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Paulillo ve Ark. (2019), LCA ile jeotermal enerjinin ¢evresel etkisini arastirmiglardir. Ancak
ayni zamanda bunu diger yenilenebilir enerji kaynaklarmin c¢evresel etkisiyle de
karsilastirmiglardir. Karadaki riizgar enerjisi santralleri i¢in makalede dikkate alinan ortalama
GHG emisyonu 11 gCO2..¢/kWh degerindedir.

SereSova ve Ark. (2020) Cek Cumhuriyeti’ndeki farkli enerji kaynaklarmin yasam dongiisii
performanslarimi, tim yasam dongiilerini temel alarak degerlendirmislerdir. Incelenen
yenilenebilir kaynaklar riizgar, giines (PV) ve hidroelektriktir. Riizgar enerjisiyle ilgili olarak
biri eski, biri yeni olmak iizere iki durum calismasini dikkate almislardir. Iklim degisikligi
kategorisi lizerindeki cevresel etkileri ortalama 19 gCO2../kWh degerine esit olup, bunun
%380’ninden fazlasi ingaat asamasina atfedilebilir.

Akber ve Ark. (2017) gelecekteki enerji karisimini optimize etmek igin Pakistan’daki tiim
elektrik iiretim kaynaklarmin siirdiiriilebilirligini degerlendirmislerdir. Riizgar enerjisi i¢in
bulunan GHG emisyonu 11,38 gCO2..s/kWh degerindedir. Brussa ve Ark. (2023) yaklasik 3
GW kurulu giice sahip, toplam 190 adet riizgar tiirbininden (toplam 15 MW) olusan ve iilkenin
bat1 kiyisinin yaklasik 60 km aciklarina yerlestirilecek olan ylizer bir agik deniz riizgar ¢iftligi
icin yaklasik 3 GW giiciindeki bir projenin LCA ¢aligmasini gergeklestirmislerdir. LCA
calismasinda, bu proje icin GHG emisyonu 31,3 gCO2-s/kWh olarak belirlenmistir. Bu degerin
%75 inden fazlasi isletme Oncesi agamalardan kaynaklanmaktadir.

Garcia-Teruel ve Ark. (2022), Iskogya kiyis1 aciklarina yerlestirilen iki (biri mevcut ve biri
yapim asamasinda) yiizer agik deniz riizgar ¢iftliginin ¢evresel etkisini degerlendirmek i¢in
LCA ¢alismas1 yapmislardir. Segilen isletme ve bakim stratejisine bagli olarak GHG emisyonu
degerleri 25,6-45,2 gCO2../kWh araliginda belirlenmistir. Riizgar enerjisi santralleri i¢in LCA
sonuclarina bagli olarak literatiirde bulunan GHG emisyonu degerleri Cizelge 1’de
verilmektedir.

Cizelge 1. Riizgar Santralleri I¢in Sera Gaz1 (GHG) Emisyonlar1 (Guidi ve Ark., 2023)

. GHG Emisyonu (gCO2-
Yil Santral Tipi es/kWh) Kaynak
Kara (Avrupa) 12,4 (ortalama)
2022 Deniz (Avrupa) 14,2 (ortalama) UNECE (2022)
2019 Kara (Cin) 25,4-31,8 Wang ve Ark. (2019)
2019 Kara (ABD) 18 (ortalama) Alsaleh ve Sattler (2019)
. 19,88 (ortalama)
2022 Kara (Cin) 13.59-34,50 Xu ve Ark. (2022)
2013 Kara (Etiyopya) 33,6 (ortalama) Teffera ve Ark. (2021)
Kara (Avrupa) 7 (ortalama)
2019 Deniz (Avrupa) 11 (ortalama) Bonou ve Ark (2016)
Kara 11,75-46,4 .
2017 Deniz 12,9 (ortalama) Kadiyala ve Ark. (2017)
2015 Kara ve Deniz 94 éogﬂzma) Asdrubali ve Ark (2015)
2021 Kara 16,4-28,2 Li ve Ark. (2021)
2020 Kara 31,36 (ortalama) Li ve Ark. (2020)
2021 Kara 14,45 (ortalama) Khoie ve Ark. (2021)
2021 Kara 12,93 (ortalama) Vélez-Henao ve Ark. (2021)
2020 Kara 3,9 (ortalama) Xie ve Ark. (2020)
2014 Kara 34,11 (ortalama) Nugent ve Sovacool (2014)
Kara 12 (ortalama)
2021 Deniz 19 (ortalama) NREL (2021)
2020 Kara (italya) 13,4 (ortalama) Basosi ve Ark. (2020)
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2019 Kara 11 (ortalama) Paulillo ve Ark. (2019)
2020 Kara (Cek Cum.) 19 (ortalama) Seresova ve Ark. (2020)
2017 Kara (Pakistan) 11,38 (ortalama) Akber ve Ark. (2017)
2023 Deniz (italya) 31,3 (ortalama) Brussa ve Ark. (2023)
2022 Deniz (Iskocya) 25,6-45,2 Garcia-Teruel ve Ark. (2022)

Ekipman 6l¢eginde riizgar tiirbinleri, daha biiyiik boyutlari, 6zellikle de ytlikseklikleri ve ¢aplari
nedeniyle giderek daha verimli hale gelmislerdir. Riizgar tiirbini teknolojisinin gelismesinde
baslica asagidaki etmenler etkilidir:

e Viikseklik: Daha yiiksek riizgar kesme faktorlerinde ve gobek yiiksekliklerinde
daha fazla riizgar enerjisinin yakalanmasina olanak sagladigi i¢in ¢ok 6nemlidir.

e (ap: Kanatlarin taradig1 alanla ve tiirbinin kullandig1 kinetik enerjiyle iliskilidir.

o Teknolojik ogrenme: Toplam kurulu kapasiteyle orantili olarak zamanla kazanilan
deneyimi kapsar. Bu durum, tasarim ve tiretim verimlili§inin artmasina ve ayrica
kanatlar i¢in giderek daha az ve verimli malzemelerin kullanilmas1 gibi teknolojik
gelismelere yol acar.

Riizgar enerjisi teknolojilerinden kaynaklanan GHG emisyonlar1 birbirlerine ¢ok benzerdir.
Bununla birlikte, platformun cevre iizerindeki etkisi nedeniyle, agik deniz santralleri i¢in GHG
emisyonlari biraz daha yiiksektir (Cizelge 2).
Cizelge 2. Riizgar Santralleri icin 1 kWh Elektrikle fle Tlgili Agirhiklandirilmis CO2
Esdegeri Emisyonlar (Guidi ve Ark., 2023)

Minimum Ortalama Maksimum
Tesis Tipi Degerlerin Agirhikh | Degerlerin Agirhiklhi | Degerlerin Agirhkh
Ortalamasi Ortalamasi Ortalamasi
Kara 16,6 16,4 34,9
Acik deniz 25,6** 18,1 45,2**
Kara ve agik deniz | 6,2 * 9,4* 46*

+ Tek deger bazinda hesaplanmistir (Garcia-Teruel ve Ark., 2022). * Tek deger bazinda
hesaplanmistir (Asdrubali ve Ark. 2015).

4. GENEL DEGERLENDIRME VE SONUCLAR

Riizgar enerjisi teknolojilerinden kaynaklanan GHG emisyonlar1 birbirlerine ¢ok benzerdir.
Bununla birlikte, platformun ¢evre iizerindeki etkisi nedeniyle, agik deniz santralleri icin GHG
emisyonlar1 biraz daha yiiksektir. Biiylik tiirbinlerle donatilmis biiyiik riizgar santralleri ve
Ozellikle daha yiiksek kapasite faktorii degerlerine sahip olanlar daha diisik CO2 emisyonu
iretmektedir. Emisyonlarin 6nemli bir boliimii isletme Oncesi asamalarda iiretilmektedir.
Riizgar enerjisi sistemlerinin {irettigi kWh basina c¢evresel etkinin azalmasina; Olcek
kapasitesinin ve riizgar tiirbini boyutunun artmasi olmak {iizere baslica iki faktor katkida
bulunur. Bu iki faktdriin ikisi birlikte, kapasitedeki her iki kat artig i¢in riizgar enerjisinin yasam
dongiisii iizerindeki cevresel etkilerini %14 oraninda azalttigi tahmin edilmektedir. iklim
notrliigline geg¢is asamasinda, kiiresel enerji karisiminin, degisken yenilenebilir enerji
teknolojilerini, hava ve iklim kosullarindan bagimsiz olarak siirekli enerji iiretimini garanti
edebilecek diger ¢evre dostu teknolojilerle mutlaka birlestirmesi gerekmektedir.
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OZET

Zincir halinde verilerin saklandig1 ve dagitik bir veri yapist mimarisine sahip olan BlockChain
teknolojisinin ilk basarili uygulamasi, 2009 yilinda BTC (Bitcoin) ile ortaya cikmustir.
BlokChain; giiglii blok sifreleri ile sifrelenen verinin noktadan noktaya dagitik olarak iletimini
saglayan seffaf bir veri tabani teknolojisidir. Giiniimiizde bu teknolojinin yaygin olarak
kullanima girdigi pek ¢ok farkli alan bulunmaktadir. Saglik verilerinin saklanmasinda, lojistik
ve tedarik zinciri yonetiminde, finans alaninda ve verilerin giivenli bir sekilde paylasimi
gerektiren diger pek ¢ok farkli sektdrde basarili kullanim 6rnekleri bulunmakta ve blokchain
teknolojisi bu alanlarda tercih edilmektedir. Teknolojinin temelini olusturan bloklar i¢erisinde
hash bilgisi, zaman damgasi, data root ve nonce gibi bilgiler yer alir. Verilerin sifrelenmesinde,
private key denilen gizli anahtar kullanilir. Bu anahtar ayn1 zamanda handshake mekanizmasi
iceren akilli kontratlarda da kullanilmaktadir. Gizli anahtar oncelikle Elliptic Curve (ECDSA)
denilen bir sifrelemeden sonra ise 256 bitlik bir blok sifreleme olan SHA256 ile RIPEMD160
sifrelemesinden gegirilir ardindan, Base58 Encode islemi ile BTC adresi olusturulur. Bu islem
trap fonksiyonu denilen bir yapiya sahip oldugu i¢in tek yonlii ¢alisan bir algoritmadir.
Gergeklestirilen galismada, Blok Chain ve Blok sifreleme ile ilgili 2 alt is gergeklestirilmistir.
[lk olarak Private Key’in acik anahtar denilen Public Key Hash’e déniisiimii gelistirilen bir web
uygulamasi iizerinden adim adim gosterilmektedir. Calismanin ikinci kisminda ise ReqTest
teknolojisi ile bir Bitcoin test ag1 olusturulmustur. Bu test ag1 sayesinde farkli wallet denilen
BTC ciizdanlari ousturulup, tutarlarin hesaplar arasinda iletimi saglanabilmekte, ayrica wallet
tracker ile clizdan tutarlar1 sorgulanabilmektedir. Gelistirilen sistemde ayn1 zamanda regresyon
testti yapilmistir. Olusturulan agin stabilitesi ve kullanilabilirligi de c¢alisma igerisinde

incelenmistir.

Anahtar Kelimeler : Block Chain, Reg Test, Blok Sifreleme.
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SUMMARY

The increasing human population and the corresponding rise in production volumes have led to
a greater demand for raw materials, while the resulting waste poses environmental risks. It has
become crucial to explore how energy resources, both globally and in our country, can be used
more efficiently and how renewable and recyclable energy sources can be promoted to replace
some energy sources that contribute to environmental problems. The demand for tire production
has increased in response to the growing vehicle production required to meet the transportation
needs of the rising human population. Consequently, the increasing quantity of end-of-life tires,
their environmental impact, and the shortage of raw materials have led to a search for recycling
solutions. This study investigates the structure and raw materials of certain tires and explores
how ELTs can be reintroduced into the economy to address the significant attention and cost
required for their safe transportation and storage. The potential products obtained from recycled
end-of-life tires and their applications as raw materials are examined, along with the potential
contributions to our country and the world based on current data. The study also explores the
various methods of recycling end-of-life tires and the stages involved in these recycling
processes. The advantages and disadvantages of recycling methods such as cryogenic
fragmentation, ozone fragmentation, mechanical fragmentation, and pyrolysis are examined. In
this context, the study investigates which recycling method should be selected for a recycling
facility in Kutahya, the estimated costs, and the necessary permits that need to be obtained.

Keywords: Cryogenic Fragmentation, End-of-Life Tire, Mechanical Fragmentation, Ozone

Fragmentation, Pyrolysis
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1. INTRODUCTION

Energy is a critical factor for the economic development and social welfare of societies. Due to
industrialization and population growth, energy demand is continuously increasing, making the
sustainable use of energy resources essential. Energy resources are classified into two main groups:
renewable and non-renewable. Given the limited reserves and environmental impacts of fossil fuels,
the use of renewable energy sources is gaining increasing importance. This study aims to investigate
the potential for enhancing energy efficiency through the recycling of end-of-life tires in the context of
energy resource classification and the current energy situation. Tire recycling is an important process
that contributes to both energy efficiency and environmental sustainability. The environmental damage
caused by fossil fuels in energy production has heightened interest in renewable energy sources. Since
the early 21st century, the share of sources such as solar and wind energy in energy production has
increased, while the share of fossil fuels has decreased. In addition, recycling technologies have been
developed to ensure sustainability. For example, the recovery of end-of-life tires through mechanical
shredding and pyrolysis methods is a widely used process. Mechanical shredding converts tires into
reusable materials, while pyrolysis allows the extraction of gases and liquid products from tires [1].
Tires are composed of various rubber compounds and materials, designed to withstand a range of
challenging conditions while ensuring safety and performance. The tire bead, typically composed of
wire strands, ensures that the tire remains securely attached to the wheel. Positioned above the bead
bundle, bead fillers are rubber compounds that can be inserted between the body plies wrapped around
the bead. These fillers influence the tire’s ride comfort and handling capabilities. Generally consisting
of two layers with steel cords arranged in opposite directions, belts provide stability to the tire’s tread
area. This structural component contributes to improved wear resistance, traction, and handling
performance. Tires usually contain one or two body plies, which consist of cords made from polyester,
rayon, or nylon, embedded within a rubber layer. These body plies form the primary structure of the
tire, providing the necessary strength to maintain internal air pressure. The innerliner, a specialized
rubber compound, functions to retain air pressure within the tire. This rubber layer covers the body
plies on the sides of the tire and provides resistance against abrasion, scuffing, and weather-related
damage. The tread consists of a rubber compound and a patterned design that enhances grip and
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abrasion resistance, contributing to overall traction and durability. Figure 1 below shows the cutaway
of the tire [2].

Tread 2nd Belt

Sidewall 1st Belt

2nd
Body Ply

IR REA / ‘lst
_____ - Body Ply

Innerliner

Bead Filler

Bead

Figure 1. Tire cutaway

Tire materials and functions also vary. Natural rubber is known for its resistance to tears and fatigue,
making it a valuable component in tire manufacturing. Butadiene rubber and styrene-butadiene rubber
are the two primary synthetic polymers used in tires, often combined with natural rubber. The physical
and chemical properties of these synthetic rubbers influence the performance of individual tire
components, affecting factors such as rolling resistance, durability, and traction. Halogenated
polyisobutylene rubber (XIIR), commonly referred to as halobutyl rubber, is another key synthetic
material. It enhances the innerliner’s impermeability, helping the tire retain air pressure. Steel is utilized
in the tire’s belts, beads, and, in some cases, plies, particularly in truck tires. The belts situated beneath
the tread provide additional stiffness to the tire casing, improving handling and extending tread life.
Bead wires secure the tire to the wheel. Various textile cords reinforce the tire structure, providing
dimensional stability and contributing to the vehicle’s load-bearing capacity. The primary textile
materials used in passenger tire plies are polyester, rayon, nylon, and aramid. These materials help the
tire maintain its shape under varying road conditions, enhancing durability and performance. Fillers
like carbon black and silica strengthen the rubber, enhancing tear resistance, tensile strength, and wear
performance. Silica is particularly beneficial for improving rolling resistance. Antioxidants prevent
rubber degradation caused by exposure to heat and oxygen. Antiozonants protect the tire surface from
damage caused by ozone exposure. Sulfur and zinc oxide play essential roles in vulcanization, a
process that converts rubber into a durable material. These curing agents accelerate vulcanization and
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influence the number of crosslinks formed in the rubber matrix, determining the overall strength and
durability of the tire. Figure 2 below shows tire compositions for different tire types.

ANTIOXIDANTS, ANTIOZONANTS, ANTIOXIDANTS, ANTIOZONANTS,
CURING SYSTEMS NATURAL RUBBER CURING SYSTEMS
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4% S1T2E§/L 21% 11%

Figure 2. Tire composition

To achieve environmental sustainability goals, it is essential to increase the use of recycling
technologies and renewable energy. Studies show that tire recycling is an important alternative for
sustainability and that this process reduces environmental impacts while improving energy efficiency.
In this study, we aim to evaluate the efficiency and contribution of this process to sustainability in
Kiitahya Province by examining the role of tire recycling in sustainability.

2. MATERIAL AND METHODS

This study compares methods used in the recycling processes of end-of-life tires, such as
mechanical shredding and pyrolysis. The study is evaluated for a recycling facility that could
be established in Kiitahya, and different types of tires are examined in detail. Tires from
automobiles and trucks are classified before recycling processes, and the equipment used in
mechanical shredding, such as shredding machines, wire and fabric separators, and screening
systems, as well as pyrolysis processes involving temperature-controlled pyrolysis reactors and
analytical devices (GC, MS, TGA), are evaluated [3]. The products obtained from these
methods are also assessed. The recycling methods are as follows:

2.1. Mechanical Shredding

Mechanical shredding is a recycling method where tires are physically broken down into
smaller pieces. This process converts tires into reusable materials using mechanical devices.
The stages are as follows:

e Wire and fabric separation: The metal wires and fabric cords inside the tires are
removed with specialized machines before the tires are mechanically shredded.
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e Shredding: The tires are physically shredded in crushing machines. Initially, large
pieces are obtained, which are then ground into smaller sizes (typically 10 cm or
smaller).

e Screening: The shredded tires are passed through screens and classified by size. The
shredding process may be repeated until the desired size is achieved.

e Fine grinding: In the final stage, the tires are reduced to fine granules, usually between
2-5 mm in size, and packaged. This method is environmentally friendly, without the
release of harmful gases or chemicals, and is low-cost. The granulated rubber, steel
wire, and fabric obtained can be used in various industrial sectors. A disadvantage is
that no gas or liquid products are obtained from the tires, and the method requires
extensive mechanical processing.

2.2. Cryogenic Shredding

In cryogenic shredding, end-of-life tires are frozen at very low temperatures using liquid
nitrogen or other cryogenic cooling systems and then shredded. The tires become brittle and
easier to grind at low temperatures. The stages are as follows:

e Cooling: The tires are cooled with liquid nitrogen to approximately -80°C to -120°C.
As a result of the cooling process, the tires become brittle, similar to glass.
e Shredding: The cooled tires are fed into high-speed grinding machines and broken into
small pieces.
e Wire and fabric separation: The metal and fabric components within the shredded tires
are separated using magnetic separators and screens.
The cooling process allows the tires to be broken into very small pieces, and at low
temperatures, components like metal and fabric are more easily separated. While the process is
relatively environmentally friendly and uses no chemicals, it requires significant energy for
cooling, and cryogenic equipment can be costly.

2.3. Ozone Shredding

Ozone shredding involves processing tires with ozone gas. Ozone breaks the intermolecular
bonds on the tire surface, making the material more brittle and easier to shred. The stages are
as follows:

e Ozone treatment: The tires are exposed to ozone gas in a specialized reactor. Ozone
oxidizes the molecules on the tire surface, weakening molecular bonds and creating
cracks.

o Shredding: Tires with surfaces made brittle by ozone treatment are mechanically
shredded.

e Wire and fabric separation: The metal and fabric components in the shredded tires are
mechanically separated.

Ozone treatment reduces energy consumption, and the process produces high-purity rubber
granules. However, ozone can have harmful effects on human health and the environment, so
it must be used with caution. The process is technologically advanced and costly, and altering
the chemical properties of the tire surface may negatively affect reuse performance.

CONFERENCE BOOK Academy Global Publishing House — New York || 133




' v.c

@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [IZMIR
ISBN. : 978-625-6283-67-1

2.4. Pyrolysis

Pyrolysis is the thermal decomposition of tires in an oxygen-free environment at high
temperatures. During this process, the tires are broken down into gas, liquid (pyrolytic oil), and
solid (carbon black) products. The stages are as follows:

e Heating: The tires are heated in an oxygen-free environment at temperatures typically
ranging from 400°C to 700°C.
e Chemical decomposition: During the heating process, the organic materials in the tires
chemically decompose, producing gas, liquid, and solid products.
e Product separation: The gas products obtained can be used for energy production,
pyrolytic oil can be used as fuel, and carbon black can be used as a filler material [4].
Energy can be generated from tires, and the recycling process significantly reduces waste [5].
The products obtained can be used in industrial applications. However, this method is costly
and requires high temperatures and advanced technology. The potential release of harmful gases
during the process necessitates careful management, and the energy consumption of pyrolysis
is also high. Each of these methods serves different recycling objectives and can be used under
specific conditions.

3. RESULTS AND DISCUSSION

In In this study, tire recycling processes that can be carried out through methods such as
mechanical shredding and pyrolysis were evaluated from the perspectives of energy efficiency,
cost-effectiveness, and environmental sustainability. While automobile tires contain a lower
proportion of rubber granules, truck and bus tires tend to have higher amounts of rubber and
metal. The materials obtained can create economic value when used in applications such as
barrier construction and certain industrial sectors. In terms of energy consumption, mechanical
shredding uses less energy than pyrolysis. Although it does not directly produce energy, the
industrial use of the materials obtained can contribute to energy savings. Mechanically
shredding is advantageous in terms of lower investment and operating costs. Furthermore, from
an environmental perspective, chemical emissions are minimal, and the process does not cause
water or air pollution. In pyrolysis, different product yields can be obtained depending on the
temperature [6]. At 500°C, liquid product yield is highest, while at 600°C, the carbon black
produced is of industrial quality [7]. Pyrolysis allows for direct energy production, and pyrolytic
oil can be used as fuel. Compared to mechanical shredding, pyrolysis is more efficient in terms
of energy output. However, it comes with higher setup and operational costs, and the
environmental impacts of the gases released during the process must be carefully managed. The
risk of harmful gas emissions at high temperatures should be reduced using advanced
environmentally friendly technologies. The data regarding end-of-life tires (ELTS) generated in
the province of Kiitahya in 2020, as well as the total amounts of ELTs (tons/year) over the
years, are presented in Table 1 below [8].
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Table 1. Data on End-of-Life Tires in 2020

End of Life Tires (ELTS) - (tons/year)

Number of Amount of ELTs | Number of | Amount of | Number Amount of
Temporary Storage | in Temporary ELT Recycled of ELT Disposed ELTs
Avreas for End-of- Storage Areas Recycling ELTs Disposal P (tons)
Life Tires (ELTs) (tons) Facilities (tons) Facilities
0 0 0 217357 0 1300
Total Amount of ELTs by Year - (tons/year) (Waste Management Application, 2023)
Year 2015 2016 2017 2018 2019 2021
Recycling | 54 159 378 102283 | 150630 217357
Facility
WTE | 59 161 60 800 17600 1300
Facility

Table 2 below shows the number of waste processing facilities in the province of Kiitahya as

of 2022 [8].

Table 2. Number of Waste Processing Facilities as of 2022
Number of Municipal Solid Waste Landfill Sites 1
Number of Licensed Packaging Waste Collection, Sorting, and Recovery Facilities 21
Number of Hazardous Waste Recovery Facilities 2
Number of Waste Oil Recovery Facilities None
Number of Vegetable Waste Oil Recovery Facilities None
Number of Waste Battery and Accumulator Recovery Facilities None
Number of End-of-Life Tire Recovery Facilities None
Number of End-of-Life Vehicle Temporary Storage Areas 2
Number of End-of-Life Vehicle Processing Facilities None
Number of Medical Waste Sterilization Facilities 1
Number of Non-Hazardous Waste Recovery Facilities 19
Number of Waste Electrical and Electronic Equipment Processing Facilities 1
Number of Mine Waste Disposal Facilities None
Number of Waste Oil Refinery Facilities None
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For Kiitahya Province, an average of 100,000 to 120,000 new tires are sold annually in both the
city center and surrounding districts. A similar number of end-of-life tires are generated. It is
estimated that between 570,000 and 670,000 kg of rubber, 315,000 to 360,000 kg of carbon
black, 270,000 to 300,000 kg of steel, and 55,000 to 70,000 kg of fiber can be recovered
annually in Kiitahya Province. Pyrolysis plants have been increasingly preferred and invested
in within Turkey in recent years [9]. The method yields higher quality products more suitable
for use as raw materials, but it is not suitable for Kiitahya Province. This is because the
amortization period for the initial investment cost would take many years. Moreover, accessing
and transporting end-of-life tires from other provinces would be costly and risky. Therefore,
mechanical shredding would be a more practical option for Kiitahya Province.
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SUMMARY

Heat pump systems are among the most important climate control systems that continue to be
popular today and are expected to remain so in the future. Although research on heat pumps
dates back to the 1800s, these systems today typically operate as 1-to-4 systems, meaning that
for every 1 unit of energy consumed, 4 units of benefit are gained. As technology advances and
our energy needs increase daily, these systems, supported by renewable energy sources,
demonstrate potential to address the anticipated global crisis of solid fuel shortages. Heat pumps
have been tried and tested in various applications, ranging from heating and cooling residential
buildings, providing domestic hot water, drying fruits, heating greenhouses, to process heating,
with ongoing research on these systems. The aim of this study on heat pump systems is to
examine the types of heat pumps used for heating and hot water in residential buildings, to
identify which systems are more preferred in the market, and to analyze which brands are more
in demand. The results were evaluated as a "Multi-Criteria Decision-Making" problem, and the
decision-making processes of investors, end-users, designers, implementers, and contracting
firms were examined. The brands were evaluated based on the countries where they are
manufactured, and the impact of heat pumps from Japan, China, Europe, and South Korea on
decision-makers was analyzed using the "MCDM" method, considering different criteria such
as Financial/Economic, Marketing, Technical, and Network advantages. The Analytic
Hierarchy Process (AHP) was used to determine the criteria, while comparisons were made
using the VIKOR (Vise Kriterijumska Optimizacija | Kompromisno Resenje) and EDAS
(Evaluation Based on Distance from Average Solution) methods.

Keywords: AHP, EDAS, Heat Pump, Multi-Criteria Decision Making Methods, VIKOR
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1. INTRODUCTION

Heat pump systems are essential for environmentally friendly and economical climate control
solutions. Their use in industrial and residential areas has increased due to the focus on energy
efficiency and sustainability (Kovacevic et al., 2017). This study groups heat pump manufacturers by
country and examines preference trends through expert opinions. By applying Multi-Criteria Decision
Making (MCDM) methods, we seek to understand how brands are evaluated and identify key criteria
for stakeholders. Focusing on residential heating and hot water systems, we compare products from
Japan, China, Europe, and South Korea based on financial, marketing, technical, and network
advantages. The Analytic Hierarchy Process (AHP) was used to weight these criteria, and comparisons
were made using VIKOR and EDAS methods to determine brand preferences in the Turkish market.
Originating from early 19th-century cooling systems, heat pumps have evolved into energy-efficient
and environmentally friendly technologies. They extract heat from low-temperature sources for
residential and industrial use, with air-to-water variants offering high efficiency. The emphasis on
energy efficiency and sustainable energy has led to wider adoption of heat pumps, especially with CO:
emission reduction policies and incentives in Europe positively impacting their adoption. Energy
production from fossil fuels generates CO2 emissions. Therefore, if energy savings can be achieved
through heat pumps, it is also expected that emissions savings will be realized, depending on the sales
volume. In 2023, 7.28 Mt of CO2 emissions were prevented. With the entire installed stock of heat
pumps, 59.13 Mt of CO2 emissions were saved. This corresponds to approximately 7.3% of the total
absolute greenhouse gas emission reduction target (806 Mt) set by the European Union for 2022.
Figure 1 below illustrates the rates of CO2 emissions reduction achieved through heat pump systems
in Europe in 2022 (EHPA, 2023).
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Figure 1. CO2 Emission Reduction Rates Achieved by Heat Pump Systems in Europe in 2022

A heat pump is a device that transfers heat from one environment to another. The heat, typically drawn
from the external environment, is used for heating or cooling buildings. Heat pumps are highly
advantageous in terms of energy efficiency and offer a more environmentally friendly alternative
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compared to traditional heating and cooling systems. Inside the heat pump, there is a refrigerant that
evaporates at a low temperature. This refrigerant absorbs heat from the outside, causing it to evaporate
and turn into a low-pressure vapor. The evaporated refrigerant is compressed by a compressor. During
the compression process, the pressure and temperature of the refrigerant increase. As the high-pressure
and high-temperature vapor passes through the condenser, it loses heat and returns to its liquid form.
At this stage, the refrigerant releases heat to its surroundings, which is used to heat the interior space.
The refrigerant, now in liquid form, passes through an expansion valve, where its pressure and
temperature decrease, making it ready for evaporation again. This cycle repeats continuously. Figure
2 below illustrates this cycle (2040Energy.com, 2024).

HEAT PUMP OPERATION _ coouss

OUTSIDE AIR

AN
WARM AIR_

C§

E s

Figure 2. Heat Pump Cycle

Recent developments in heat pump technology have significantly improved their performance and
reliability. These improvements include better thermal exchange surfaces, compressors, and control
systems, leading to higher coefficients of performance (COP) and improved seasonal performances.

CONFERENCE BOOK Academy Global Publishing House — New York || 139




@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [IZMIR
ISBN. : 978-625-6283-67-1

Figure 3 below presents a generalized classification of the recent advancements in heat pump
technologies (Chua et al., 2010).
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Figure 3. Generalized Classification of Recent Advancements in Heat Pump Technologies

Selecting a heat pump involves multiple factors, making MCDM methods valuable for complex
decision-making. These methods rank alternatives by weighting criteria, helping determine the most
suitable option (Wang et al., 2019). We employ AHP, EDAS, and VIKOR methods. AHP, developed
by Thomas L. Saaty in the 1970s, helps determine the relative importance of criteria through a
hierarchical structure. EDAS evaluates alternatives based on their distance from an average solution
(Zhang et al., 2019), assessing conflicting criteria like energy efficiency and cost. VIKOR aims to find
the best compromise under conflicting criteria (Chatterjee & Chakraborty, 2016), crucial in selecting
appropriate heat pump systems. Japan, China, South Korea, and European countries lead in heat pump
production and usage. Heat pump sales in Europe have surged due to natural gas supply challenges
and commitments like the Paris Climate Agreement. In Turkey, usage is limited but interest is growing
within environmentally conscious energy policies, though more incentives are needed for widespread
adoption. Turkish companies often collaborate with foreign brands to supply the market. Literature
indicates that heat pumps from Japan, China, South Korea, and Europe are evaluated under different
criteria. Japan and South Korea offer innovative technological solutions; China stands out with its cost
advantage; European countries increase market share with environmentally friendly and energy-
efficient products. This study uses EDAS and VIKOR methods to compare the technical, financial,
and marketing advantages of products from each country, identifying which are more in demand.

2. MATERIAL AND METHODS

This study uses multi-criteria decision-making (MCDM) methods to compare heat pump
manufacturers, analyzing preference trends in the Turkish market. The goal is to understand
criteria influencing decision-makers and examine how manufacturing countries affect
decisions. We examine the decision processes of experts preferring heat pump systems in
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Turkey. Factors such as cost, energy efficiency, technical features, marketing strategies, and
after-sales services were identified and weighted based on literature review and expert opinions.
Heat pumps from Japan, China, South Korea, and Europe were evaluated according to criteria
like cost, energy efficiency, technical superiority, after-sales services, and market strategies.
Expert opinions were gathered from professionals in Turkey’s heat pump sector, including
energy sector representatives, engineers, technical consultants, and decision-makers. Data
collection involved interviews, surveys, and email correspondence. The survey was structured
according to MCDM methods. Experts evaluated manufacturers and models based on criteria
such as energy efficiency (COP and SCOP values), cost, service life, technical service network,
warranty period, after-sales services, brand awareness, and environmental sustainability. The
study employs the Analytic Hierarchy Process (AHP), EDAS, and VIKOR methods, selected
for their effectiveness in solving MCDM problems. AHP is used in complex decision-making
by examining problems within a hierarchical structure (Tsai et al., 2012). It was utilized to
weight criteria based on expert opinions, involving establishing the decision hierarchy, pairwise
comparison of criteria, and determining weights integrated into the EDAS and VIKOR
methods. EDAS evaluates alternatives based on their distance from an average solution
(Ghorabaee et al., 2016). It involved determining and weighting criteria, calculating the average
solution, computing positive and negative distances, and calculating EDAS scores to rank
alternatives. VIKOR finds the best compromise solution among conflicting criteria (Pramanik
et al., 2018). It included normalization of criteria, calculating S and R values by comparing
alternatives with ideal and negative ideal solutions, and calculating VIKOR scores to rank
alternatives. The collected data were analyzed using IBM SPSS Statistics, a comprehensive
software package for statistical analysis and data management (Caplova & Svabova, 2020).
Techniques like descriptive statistics and reliability analyses were employed. Results from the
AHP, EDAS, and VIKOR methods underwent confirmatory analysis, and findings were
compared. The analysis evaluated expert ratings, relationships between criteria, and established
rankings, identifying dominant factors in decision-making. Reliability and validity were
assessed using Cronbach’s Alpha coefficient to measure data consistency and the internal
validity of the survey. The results confirmed the validity and reliability of the methods and the
consistency of the criteria and expert opinions used in the study.

3. RESULTS AND DISCUSSION

This study analyzed preference trends for heat pump systems in the Turkish market using
MCDM methods, revealing how factors like energy efficiency, cost, technical superiority, after-
sales services, and environmental sustainability influence decisions. Energy efficiency and cost
are the most important factors in selecting heat pumps in Turkey. This aligns with previous
studies highlighting their significant impact on consumer preferences, especially in developing
countries. While Japanese heat pumps are superior in energy efficiency, their high-cost limits
accessibility in Turkey. As indicated in previous studies, advanced technological products may
not gain wide market share in developing markets due to high cost, suggesting that Japanese
manufacturers need to offer more affordable solutions in cost-sensitive markets like Turkey.
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Chinese heat pumps hold a significant market share in Turkey due to their cost advantage. This
finding aligns with literature showing that low-cost products may take precedence over energy
efficiency or durability in cost-sensitive markets. However, their inability to compete in energy
efficiency and long-term durability limits them to small and medium-sized projects. Previous
research has noted shortcomings of Chinese heat pumps in technical features and longevity,
indicating the need for improvements while maintaining cost advantages. South Korean and
European heat pumps exhibit balanced performance in energy efficiency and cost. European
products perform well in environmental sustainability, reflecting the European Union’s policies
on reducing carbon emissions. The preference for such products is driven by growing
environmental awareness in Turkey. South Korean products balance cost and technical features,
making them preferred in price/performance-oriented markets like Turkey. Previous studies
have shown that South Korea has succeeded in developing markets by offering products that
balance technology and price. Energy efficiency policies and cost sensitivity are key factors in
heat pump selection in Turkey. High energy prices and dependence on energy imports increase
demand for energy-efficient systems, but cost remains a significant obstacle. High initial
investment costs lead to the preference for more affordable Chinese products. Limited
incentives for environmentally friendly technologies in Turkey prevent European products from
fully utilizing their sustainability advantage. Incentives and subsidies in European Union
countries have facilitated the widespread adoption of such products. Increasing similar
incentives in Turkey could enable energy-efficient and environmentally friendly heat pumps to
be preferred by a broader audience. The AHP, EDAS, and VIKOR methods provided effective
tools for evaluating heat pump systems under different criteria. These methods allowed for
ranking alternatives and considering various criteria in the decision-making process, resulting
in more holistic outcomes. The literature indicates that AHP is a reliable method in prioritizing
and comparing criteria in complex decision processes (Saaty, 2006). EDAS and VIKOR
enabled the comparison of alternatives with ideal solutions and facilitated the identification of
suitable options. The VIKOR method provided the best compromise solution among conflicting
criteria (Opricovic & Miloradov, 2016). The study has limitations, including a limited number
of expert interviews, which may affect generalizability. Future research could involve more
experts and different regions to better analyze dynamics in the Turkish market. The MCDM
methods were applied within specific criteria, which may change over time. Future studies
could examine the effects of changes in energy policies and incentives on heat pump selection
in more detail. This study contributes to the literature by analyzing the reasons for the
preference of heat pump systems in the Turkish market using MCDM methods. The comparison
of manufacturers from Japan, China, South Korea, and Europe, and the analysis of how their
performance influences preference trends, increases the originality of this study. By revealing
how criteria such as energy efficiency and cost play a role in heat pump selection in Turkey, it
serves as a guide for manufacturers, investors, and decision-makers. Expanding on these
findings in future research could help better understand energy efficiency and cost dynamics in
developing markets like Turkey.
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ABSTRACT

The vortex-induced vibration (VIV) of two circular cylinders placed in tandem arrangement is
investigated numerically in this study. The investigation adopts a setup where the gap between
the centers of the cylinders is 4D, i.e. the 3D gap exists between the cylinder edges. The
upstream cylinder is allowed to oscillate in cross flow direction while the downstream cylinder
is left stationary on purpose. The wake characteristics around the two circular cylinders and the
dynamic behavior of the upstream cylinder are examined by using computational fluid
dynamics (CFD) simulations. The simulations consider a single cylinder oscillating
transversely to the streaming flow first and then the same cylinder in tandem arrangement,
respectively. Key parameters such as vortex shedding patterns, oscillation amplitudes, and
frequency responses are examined. The influence of the existence of the second cylinder is
explored in terms of the VIV characteristics. The results provide insights into the interaction
between the flow-induced forces and the structural response, which are critical for the design
and analysis of engineering structures subjected to similar flow conditions. Emphasizing the
importance of the design and operational strategies and the vicinity of a stationary circular
cylinder, the study contributes to ensuring the structural safety of engineering structures and
enhancing the performance of VIV systems in fluid environments such as deep bottom cables
and some marine equipment.

Keywords: Vortex-induced vibrations, tandem circular cylinders, CFD.

1. INTRODUCTION

Subject of vortex-induced vibration arises as a significant concern in various engineering
applications, particularly in the fields of marine and offshore engineering (Fredsoe & Sumer,
1997; Rahman, 2015). In this phenomenon, the oscillations are induced by the periodic
shedding of vortices in the wake of bluff bodies such as circular cylinders exposed to fluid flow.
Understanding the dynamics of VIV is crucial for the design and maintenance of structures like
risers, pipelines, and bridge cables, where such phenomena can lead to fatigue damage and
potential structural failures (Rahman, 2015). The study of VIV becomes even more complex
when multiple bodies are involved, especially in tandem arrangements. In such a configuration,
the wake of the upstream cylinder influences the flow around the downstream cylinder, leading
to intricate flow-structure interactions (Bearman, 2011). Previous researches have shown that
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the gap between the cylinders, and their relative positions significantly affect the VIV
characteristics (Assi et al., 2010). However, number of the studies on the impact of these factors
remains very limited.

This study aims to numerically investigate the VIV of two circular cylinders arranged in
tandem, with the gap between their centers set at 4D (where D is the diameter of the cylinders),
denoting to a 3D edge-to-edge gap. The upstream cylinder is allowed to oscillate transversely
to the flow, while the downstream cylinder remains stationary. The proximity of a second
cylinder to the first circular cylinder adds another layer of complexity to the flow dynamics and
the resulting vibrations. Using three-dimensional computational fluid dynamics (CFD)
simulations, this research examines the flow patterns, oscillation amplitudes, and frequency
responses of the upstream cylinder. The study also explores the VIV behavior the same circular
cylinder separately. The findings contribute to a deeper understanding of VIV in tandem
cylinder arrangements and provide valuable insights for the design and analysis of engineering
structures in similar flow conditions.

2. PHYSICAL MODEL AND NUMERICAL METHOD

This study involves the numerical VIV simulations of single and two circular cylinders in
tandem. A three-dimensional model captures the complex flow-structure interactions more
accurately. The computational domain consists of two regions: one overset region for the
upstream circular cylinders and one stationary region for the downstream circular cylinder and
the recirculation channel in tandem arrangements. The domain does not contain a stationary
cylinder in the single oscillating cylinder configuration. The domain is discretized into total of
711,506 cells, with 502,628 cells for the recirculation channel, 208,878 cells for the upstream
cylinder overset region. The Direct Fluid-Body Interaction (DFBI) module in STAR-CCM+
models the VIV phenomena by coupling the motion of the cylinders with the surrounding fluid
flow (Duranay, 2024). The upstream cylinder oscillates in the cross-flow direction in both cases,
while the downstream cylinder remains stationary. The VIV cylinder is elastically mounted
with a spring stiffness of 766 N/m.
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Figure 1. The section views from the symmetry plane of the cylinders and the computational
domain when the lower edges of the cylinders are 4D away from the bottom in still water

The geometric configuration features cylinders with diameters of 0.08 m and lengths of 1.423
m. The gap between the cylinder centers is 4D (where D is the diameter), resulting in an edge-
to-edge gap of 3D. The boundary wall is positioned 0.36 m away from the centers of the
cylinders to replicate proximity to a solid boundary. Additionally, a free surface is placed 0.32
m above the cylinder centers to simulate the influence of the water surface on flow dynamics
and vortex-induced vibration (VIV) behavior. VIV test specifications of the geometrically
identical cylinders are given in Table 1.

Table 1. Specifications of the cylinders.

Variables Unit Range or Value
Diameter of Cylinder D m 0.08

Length of Cylinder L m 1.423
Stiffness of Spring k N/m 766
Reduced Flow Velocities U - 3-17
Natural Frequency in Water faw 1/s 1.008

Mass ratios m* - 1.675
Reynolds Number Range Re - (2x10*<Re<1.04x10°)
Damping Ratios ¢ - 0.035

Fluid Density P kg/m?® 997.561
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This simulation setup replicates realistic VIV conditions as observed in the recirculation
channel of the Istanbul Technical University Flow Induced Motions Laboratory (ITU FIMLab),
capturing essential fluid dynamics and structural responses (Kinaci et al., 2022). This
comprehensive numerical approach provides detailed insights into flow patterns, oscillation
amplitudes, and frequency responses of the upstream cylinder. These insights contribute to a
better understanding of VIV in tandem cylinder arrangements near these solid boundaries.

When the vortex shedding period (T) in the lock-in region is considered as T~1, the sufficiently
small-time step size can be calculated from Mandelli et al. (2016) as T/200 = At = 0.005.
Following their suggestions, the Reynolds-Averaged Navier-Stokes (RANS) method is
employed to calculate hydrodynamic forces and for the visualization of the wake structures.

3. RESULTS

The VIV of circular cylinders, introduced in Section 2, have been tested in the synchronization
ranges for both single oscillating cylinder and the cylinders in tandem arrangement conditions.
Figure 2 and Figure 3 show the VIV performances of the single cylinder and the cylinders in
tandem arrangement in the conditions given in Table 1.
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Figure 2. VIV performance of the single VIV cylinder in the synchronization range

The oscillation amplitudes of the oscillating single cylinder exceed A*>0.6D, which defines the
upper branch of synchronization, as described by Govardhan & Williamson (2006). The
synchronization range initiates around U*~4, captures the upper branch in the interval of U*~4-
10, reaches the lock-in region at U*~10, eventually turns into the transitions from the upper
branch to the lower branch around U*~12.
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Figure 3. VIV performance of the cylinder in tandem arrangement in the synchronization
range

The left graph in Figure 3 shows the variation of A* as a function of U*. The data reveal a clear
trend where A* increases with U* up to the lock-in value, approximately 1.1, around U* =9 —
10. Beyond this point, A* decreases almost symmetrically, with the exception of a local peak in
the oscillation amplitude at the intermediate values of the reduced velocities. The VIV behavior
of the cylinder in tandem arrangement points out that the produced oscillation amplitudes
follow a similar trend with the single cylinder configuration in synchronization range until the
lock-in. From this point, VIV behavior of the cylinder differs from Figure 2, which results in
higher oscillation amplitudes and a wider synchronization range for corresponding U* values.
In Figure 4, a comparison between the cases is revealed made for a better understanding.
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Figure 4. VIV performance comparison of single and tandem arrangement cylinders in the
same conditions
The frequencies follow almost identical trend in the conditions of single and tandem
arrangements. The curves initiate to deviate around U*~12 where the single cylinder is in lower
branch while the cylinder is still in the upper branch for the tandem arrangement which last
until approximately U*~15.
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Figure 5. Wake structures around the single VIV cylinder at lock-in (U* =9 — 10)
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VIV motion of the single oscillating cylinder is given in downward z=0 position in Figure 5.
Here the wake structures behind the cylinder arise as two pairs of per oscillation (one pair in
downward and one pair in upward motion) that denotes the VIV motion reveals in the upper
branch of the synchronization range (Duranay et al., 2023). The vortices are accompanied by
free surface waves and the boundary layer of rigid bottom.

-5.00 -3.00 -1.00 Vorticity[il1 oo 3.00 5.00
[ [ D e

Figure 6. Wake structures around the tandem VIV cylinders at lock-in (U* =9 — 10)

VIV motion of the circular cylinders in tandem arrangement in lock-in region is given in the
same position (z=0 and downward) Figure 6. Here the interaction between the wake structures
and the downstream stationary cylinder can be easily distinguished from Figure 5. The vicinity
of the downstream cylinder disturbs the arising vortex pairs that surprisingly increase the
oscillation amplitudes and the lift produced by the upstream VIV cylinder which can be seen in
Figure 7 below.
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Figure 7. Comparison of oscillation amplitude (cm) vs lift of single VIV cylinder (left) and

the tandem VIV cylinder (right) configurations
The oscillation amplitude and the lift of each case (single cylinder on left and tandem cylinder
on right) have been given in time series above (see Figure 7). Here, the greatness of the both
values of tandem cylinder (compared to the single cylinder) can be obviously seen, in spite of
the 4D distance between the centers of the cylinders. These preliminary results are unexpected
findings even for the complicated physical insight of VIV. The difference of phase angles
between the lift and the oscillations are negligible. Moreover, the frequencies are almost
identical for both cases.

4. CONCLUSION

This study provides a numerical investigation of vortex-induced vibrations of two circular
cylinders in tandem, with an emphasis on understanding the dynamic response of the upstream
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cylinder when subjected to cross-flow oscillations. The key findings can be summarized as
follows:

Single Cylinder VIV Characteristics: The oscillation amplitudes of the single cylinder
configuration exhibit a typical upper branch behavior, reaching its maximum amplitude
in the synchronization region. As expected, the cylinder transitions from the upper
branch to the lower branch beyond certain reduced velocities, with its lock-in behavior
occurring at approximately U*~10. The findings align with previous studies on single-
cylinder VIV behavior.
Effect of Tandem Arrangement on VIV: The presence of a stationary downstream
cylinder significantly alters the VIV characteristics of the upstream cylinder. The
tandem arrangement induces higher oscillation amplitudes and extends the
synchronization range when compared to the single-cylinder configuration. Particularly,
the lock-in region is achieved earlier and lasts longer for the tandem arrangement,
suggesting a more pronounced VIV behavior.
Wake Structures and VIV Behavior Comparison: The vortex shedding patterns,
frequency of the oscillations show similarities in both the single and tandem
configurations until the lock-in region. The oscillation amplitudes of the upstream
cylinder in the tandem arrangement remains in the upper branch where the single-
cylinder configuration has transitioned into the lower branch, indicating the downstream
cylinder’s role in stabilizing the wake and extending the synchronization range.
The study highlights the critical impact of proximity and relative positioning of cylinders on
the VIV behavior, which is particularly relevant for the design of marine structures such as
risers and pipelines. These results provide valuable insights for optimizing structural safety and
performance in fluid environments, emphasizing the need for considering tandem effects in
engineering applications. Future work could explore the effects of varying gap distances and
different flow regimes to further elucidate the complex interactions in such configurations.
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DEVELOPMENT OF MOLECULAR IMPRINTED POLYMERS (MIPS) FOR THE
SELECTIVE REMOVAL OF CARBAMAZEPINE FROM AQUEOUS SOLUTION

Bianca Schweiger, Lucile Bahnweg, Barbara Palm, Ute Steinfeld

KIST Europe Forschungsgesellschaft mbH, Campus E 7.1, D-66123 Saarbruecken, Germany

Abstract:

The occurrence and removal of trace organic contaminants in the aquatic environment has
become a focus of environmental concern. For the selective removal of carbamazepine from
loaded waters molecularly imprinted polymers (MIPs) were synthesized with carbamazepine
as template. Parameters varied were the type of monomer, crosslinker, and porogen, the ratio
of starting materials, and the synthesis temperature. Best results were obtained with a template
to crosslinker ratio of 1:20, toluene as porogen, and methacrylic acid (MAA) as monomer. MIPs
were then capable to recover carbamazepine by 93% from a 10-5 M landfill leachate solution
containing also caffeine and salicylic acid. By comparison, carbamazepine recoveries of 75%
were achieved using a nonimprinted polymer (NIP) synthesized under the same conditions, but
without template. In landfill leachate containing solutions carbamazepine was adsorbed by 93-
96% compared with an uptake of 73% by activated carbon. The best solvent for desorption was
acetonitrile, with which the amount of solvent necessary and dilution with water was tested.
Selected MIPs were tested for their reusability and showed good results for at least five cycles.
Adsorption isotherms were prepared with carbamazepine solutions in the concentration range
of 0.01 M to 5*10-6 M. The heterogeneity index showed a more homogenous binding site
distribution.

Keywords: Carbamazepine, landfill leachate, removal, reuse
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PENTACHLOROPHENOL REMOVAL VIA ADSORPTION AND
BIODEGRADATION

Rakmi Abd.-Rahman, Nurina Anuar

National University of Malaysia

Abstract:

Removal of PCP by a system combining biodegradation by biofilm and adsorption was
investigated here. Three studies were conducted employing batch tests, sequencing batch
reactor (SBR) and continuous biofilm activated carbon column reactor (BACCOR). The
combination of biofilm-GAC batch process removed about 30% more PCP than GAC
adsorption alone. For the SBR processes, both the suspended and attached biomass could
remove more than 90% of the PCP after acclimatisation. BACCOR was able to remove more
than 98% of PCP-Na at concentrations ranging from 10 to 100 mg/L, at empty bed contact time
(EBCT) ranging from 0.75 to 4 hours. Pure and mixed cultures from BACCOR were tested for
use of PCP as sole carbon and energy source under aerobic conditions. The isolates were able
to degrade up to 42% of PCP under aerobic conditions in pure cultures. However, mixed
cultures were found able to degrade more than 99% PCP indicating interdependence of species.

Keywords: Adsorption, biodegradation, identification, isolated bacteria, pentachlorophenol.
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FORMULATION AND EVALUATION OF VAGINAL SUPPOSITORIES
CONTAINING LACTOBACILLUS

Sanae Kaewnopparat, Nattha Kaewnopparat

Prince of Songkla University, Songkla, 90110 Thailand

Abstract:

The objective of this study was to develop vaginal suppository containing lactobacillus. Four
kinds of vaginal suppositories containing Lactobacillus paracasei HL32 were formulated: 1) a
conventional suppository with Witepsol H-15 as a base, 2) a conventional suppository with
mixed polyethylene glycols (PEGS) as a base, 3) a hollow-type suppository with Witepsol H-
15 as a base and 4) a hollow-type suppository with mixed PEGs as a base. The release studies
demonstrated that the hollow-type suppository with mixed PEGs as the base gave the highest
release of L. paracasei HL32 and was microbiological stable after storage at 2- 8°C over the
period of 3 months.

Keywords: Lactobacillus paracasei HL32, vaginal suppository, release study, hollow-type,
viability.
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Comparison between Antibacterial Effects of Ethanolic and Isopropyl: Hexan (7:3)
Extracts of Zingiber officinale Rose

Tahereh Naji, Mahsa Jassemi

Islamic Azad University, Tehran, Iran

Abstract:

In this investigation, the antibacterial effects of ethanolic and 7:3 isopropyl —hexane mixture
extracts of Zingiber officinale were evaluated against three Gram positive bacteria, B. cereus,
S.epidermidis, S. aureus and three Gram negative bacteria, E. coli, K.pneumonia and
P.areuginosa. Utilizing paper disk diffusion and well methods in-vitro, MIC and MBC were
determined by macrodilution. The results showed that ethanolic rhizome extract of ginger had
significantly active than Isopropyl —hexan extract. Further work needs to be done in these
extracts including fractionation to isolate active constituents and subsequent pharmacological
evaluation.

Keywords: Antibacterial, Medicinal plant extract, Zingiberofficinale.
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SERICIN FILM: INFLUENCE OF CONCENTRATION ON ITS PHYSICAL
PROPERTIES

N. Namviriyachote, N. Bang, P. Aramwit

N. Namviriyachote: Faculty of Pharmaceutical Sciences, Chulalongkorn University, Thailand
N. Bang: Department of Pharmacology, Graduated School, Chulalongkorn University,
Thailand
P. Aramwit, Pharm.D., Ph.D.: Department of Pharmacy Practice, Faculty of Pharmaceutical
Sciences, Chulalongkorn University, Thailand

Abstract:

Silk sericin (SS) is a glue-like protein from silkworm cocoon. With its outstanding
moisturization and activation collagen synthesis properties, silk protein is applied for wound
healing. Since wound dressing in film preparation can facilitate patients- convenience and
reduce risk of wound contraction, SS and polyvinyl alcohol (PVA) films were prepared with
various concentrations of SS. Their physical properties such as surface density, light
transmission, protein dissolution and tensile modulus were investigated. The results presented
that 3% SS with 2% PVA is the best ingredient for SS film forming.

Keywords: Sericin, silk protein, film, wound healing.
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VALIDATION AND APPLICATION OF ANEW OPTIMIZED RP-HPLC-
FLUORESCENT DETECTION METHOD FOR NORFLOXACIN

Mahmood Ahmad, Ghulam Murtaza, Sonia Khiljee, Muhammad Asadullah Madni

Abstract:

A new reverse phase-high performance liquid chromatography (RP-HPLC) method with
fluorescent detector (FLD) was developed and optimized for Norfloxacin determination in
human plasma. Mobile phase specifications, extraction method and excitation and emission
wavelengths were varied for optimization. HPLC system contained a reverse phase C18 (5 pm,
4.6 mmx*150 mm) column with FLD operated at excitation 330 nm and emission 440 nm. The
optimized mobile phase consisted of 14% acetonitrile in buffer solution. The aqueous phase
was prepared by mixing 2g of citric acid, 2g sodium acetate and 1 ml of triethylamine in 1 L of
Milli-Q water was run at a flow rate of 1.2 mL/min. The standard curve was linear for the range
tested (0.156-20 pg/mL) and the coefficient of determination was 0.9978. Aceclofenac sodium
was used as internal standard. A detection limit of 0.078 pg/mL was achieved. Run time was
set at 10 minutes because retention time of norfloxacin was 0.99 min. which shows the
rapidness of this method of analysis. The present assay showed good accuracy, precision and
sensitivity for Norfloxacin determination in human plasma with a new internal standard and
can be applied pharmacokinetic evaluation of Norfloxacin tablets after oral administration in
human.

Keywords: Norfloxacin, Aceclofenac sodium, Methodoptimization, RP-HPLC method,
Fluorescent detection, Calibrationcurve.
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ANTIBACTERIAL CAPACITY OF PLUMERIA ALBA PETALS

M. H. Syakira*, L. Brenda **
*University Technology Mara, Kuala Pilah branch, Negeri Sembilan, Malaysia

**Management and Science university, Shah Alam, Selangor, Malaysia

Abstract:

Antibacterial activity of Plumeria alba (Frangipani) petals methanolic extracts were evaluated
against Escherichia coli, Proteus vulgaris,Staphylococcus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus saprophyticus, Enterococcus faecalis and Serratia
marcescens by using disk diffusion method. Concentration extracts (80 %) showed the highest
inhibition zone towards Escherichia coli (14.3 mm). Frangipani extract also showed high
antibacterial activity against Staphylococcus saprophyticus, Proteus vulgaris and Serratia
marcescens, but not more than the zones of the positive control used. Comparison between two
broad specrum antibiotics to frangipani extracts showed that the 80 % concentration extracts
produce the same zone of inhibition as Streptomycin. Frangipani extracts showed no bacterial
activity towards Klebsiella pneumoniae, Pseudomonas aeruginosa and Enterococcus faecalis.
There are differences in the sensitivity of different bacteria to frangipani extracts, suggesting
that frangipani-s potency varies between these bacteria. The present results indicate that
frangipani showed significant antibacterial activity especially to Escherichia coli.

Keywords: Frangipani, Plumeria alba, anti microbial, Escherichia coli
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PROACTIVE IDENTIFICATION OF FALSE ALERT FOR DRUG-DRUG
INTERACTION

Hsuan-Chia Yang, Yan-Jhih Haung, Yu-Chuan Li

Hsuan-Chia Yang is with the institute of Biomedical Informatics, National Yang-Ming
University, No. 155, Sec. 2, Linong St., Beitou District, Taipei City 112, Taiwan

Yan-Jhih Haung. is with the institute of Biomedical Informatics, National Yang-Ming
University, Address: No. 155, Sec. 2, Linong St., Beitou District, Taipei City 112, Taiwan
Yu-Chuan Li is with the institute of Medical Informatcis, Taipei Medical College, 250 Wu-

Hsing Street, Taipei City 110, Taiwan..

Abstract:

Researchers of drug-drug interaction alert systems have often suggested that there were high
overridden rate for alerts and also too false alerts. However, research about decreasing false
alerts is scant. Therefore, the aim of this article attempts to proactive identification of false alert
for drug-drug interaction and provide solution to decrease false alerts. This research involved
retrospective analysis prescribing database and calculated false alert rate by using MYSQL and
JAVA. Results of this study showed 17% of false alerts and the false alert rate in the hospitals
(37%) was more than in the clinics. To conclude, this study described the importance that drug-
drug interaction alert system should not only detect drug name but also detect frequency or
route, as well as in providing solution to decrease false alerts.

Keywords: drug-drug interaction, proactive identification, false alert
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EXPLORING MAMMOGRAPHIC IMAGE MAGNIFICATION SYSTEM WITH EYE
DETECTION AND EEG SCANNER: A PRELIMINARY INVESTIGATION

A Ogura. Nakazawa,

Takasaki University of Health and Welfare- Japan

Abstract:

Mammography requires the detection of very small calcifications, and physicians search for
microcalcifications by magnifying the images as they read them. The mouse is necessary to
zoom in on the images, but this can be tiring and distracting when many images are read in a
single day. Therefore, an image magnification system combining an eye-detector and a simple
electroencephalograph (EEG) scanner was devised, and its operability was evaluated. Two
experiments were conducted in this study: the measurement of eye-detection error using an eye-
detector and the measurement of the time required for image magnification using a simple EEG
scanner. Eye-detector validation showed that the mean distance of eye-detection error ranged
from 0.64 cm to 2.17 cm, with an overall mean of 1.24 + 0.81 cm for the observers. The results
showed that the eye detection error was small enough for the magnified area of the
mammographic image. The average time required for point magnification in the verification of
the simple EEG scanner ranged from 5.85 to 16.73 seconds, and individual differences were
observed. The reason for this may be that the size of the simple EEG scanner used was not
adjustable, so it did not fit well for some subjects. The use of a simple EEG scanner with size
adjustment would solve this problem. Therefore, the image magnification system using the eye-
detector and the simple EEG scanner is useful.

Keywords: EEG scanner, eye-detector, mammography, observers.
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ANALYZING RESTING-STATE FUNCTIONAL CONNECTIVITY WITH AN
INDEPENDENT COMPONENT APPROACH

Shuaishuai Hu, Lanbo Wang, Han Li, Shouliang Qi

Gifu College of Nursing- Japan

Abstract:

Refractory epilepsy is a complicated type of epilepsy that can be difficult to diagnose. Recent
technological advancements have made resting-state functional magnetic resonance (rsfMRI) a
vital technique for studying brain activity. However, there is still much to learn about rsfMRI.
Investigating rsfMRI connectivity may aid in the detection of abnormal activities. In this paper,
we propose studying the functional connectivity of rsfMRI candidates to diagnose epilepsy. 45
rsfMRI candidates, comprising 26 with refractory epilepsy and 19 healthy controls, were
enrolled in this study. A data-driven approach known as Independent Component Analysis
(ICA) was used to achieve our goal. First, rsfMRI data from both patients and healthy controls
were analyzed using group ICA. The components that were obtained were then spatially sorted
to find and select meaningful ones. A two-sample t-test was also used to identify abnormal
networks in patients and healthy controls. Finally, based on the fractional amplitude of low-
frequency fluctuations (FALFF), a chi-square statistic test was used to distinguish the network
properties of the patient and healthy control groups. The two-sample t-test analysis yielded
abnormal in the default mode network, including the left superior temporal lobe and the left
supramarginal. The right precuneus was found to be abnormal in the dorsal attention network.
In addition, the frontal cortex showed an abnormal cluster in the medial temporal gyrus. In
contrast, the temporal cortex showed an abnormal cluster in the right middle temporal gyrus
and the right fronto-operculum gyrus. Finally, the chi-square statistic test was significant,
producing a p-value of 0.001 for the analysis. This study offers evidence that investigating
rsfMRI connectivity provides an excellent diagnosis option for refractory epilepsy.

Keywords: Independent ~ Component  Analysis, Resting  State  Network, refractory
epilepsy, rsfMRI.
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ENHANCED SEGMENTATION OF HEART SOUNDS USING
PHONOCARDIOGRAM CURVE LENGTH VARIATION

Mecheri Zeid Ahfir , Maamar Belmecheri, , Kale l1zzet

Caribbean School of Medical Sciences, Jamaica (CSMSJ) -Jamaica

Abstract:

Automatic cardiac auscultation is still a subject of research in order to establish an objective diagnosis.
Recorded heart sounds as Phonocardiogram (PCG) signals can be used for automatic segmentation into
components that have clinical meanings. These are the first sound, S1, the second sound, S2, and the
systolic and diastolic components, respectively. In this paper, an automatic method is proposed for the
robust segmentation of heart sounds. This method is based on calculating an intermediate sawtooth-
shaped signal from the length variation of the recorded PCG signal in the time domain and, using its
positive derivative function that is a binary signal in training a Recurrent Neural Network (RNN).
Results obtained in the context of a large database of recorded PCGs with their simultaneously recorded
Electrocardiograms (ECGs) from different patients in clinical settings, including normal and abnormal
subjects, show on average a segmentation testing performance average of 76% sensitivity and 94%
specificity.

Keywords: Heart sounds, PCG segmentation, event detection, Recurrent Neural Networks, PCG curve
length.
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ENHANCED RESOLUTION OF 3D CT SCANS VIA HETEROGENEOUS
DIMENSIONAL TRANSFORMERS

Helen Zhang

North China University of Science and Technology- China

Abstract:

Accurate segmentation of the airways from CT scans is crucial for early diagnosis of lung
cancer. However, the existing airway segmentation algorithms often rely on thin-slice CT scans,
which can be inconvenient and costly. This paper presents a set of machine learning-based 3D
super-resolution algorithms along heterogenous dimensions to improve the resolution of thicker
CT scans to reduce the reliance on thin-slice scans. To evaluate the efficacy of the super-
resolution algorithms, quantitative assessments using PSNR (Peak Signal to Noise Ratio) and
SSIM (Structural SIMilarity index) were performed. The impact of super-resolution on airway
segmentation accuracy is also studied. The proposed approach has the potential to make airway

segmentation more accessible and affordable, thereby facilitating early diagnosis and treatment
of lung cancer.

Keywords: 3D super-resolution, airway segmentation, thin-slice CT scans, machine learning.
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ADVANCEMENT OF AN AFFORDABLE I0T-BASED MINIATURE DEVICE FOR
REMOTE HEALTH MONITORING

Mojtaba Mohammadzaheri , Morteza Ghodsi,

Mohajer Technical University of Isfahan, Isfahan — Iran

Abstract:

The modern busy world is running behind new embedded technologies based on computers and
software meanwhile some people are unable to monitor their health condition and regular
medical check-ups. Some of them postpone medical check-ups due to a lack of time and
convenience while others skip these regular evaluations and medical examinations due to huge
medical bills and hospital expenses. In this research, we present a device in the telemonitoring
system capable of monitoring, checking, and evaluating the health status of the human body
remotely through the internet for the needs of all kinds of people. The remote health monitoring
device is a microcontroller-based embedded unit. The various types of sensors in this device
are connected to the human body, and with the help of an Arduino UNO board, the required
analogue data are collected from the sensors. The microcontroller on the Arduino board
processes the analogue data collected in this way into digital data and transfers that information
to the cloud and stores it there; the processed digital data are then instantly displayed through
the LCD attached to the machine. By accessing the cloud storage with a username and
password, the concerned person’s health care teams/doctors, and other health staff can collect
these data for the assessment and follow-up of that patient. Besides that, the family
members/guardians can use and evaluate these data for awareness of the patient's current health
status. Moreover, the system is connected to a GPS module. In emergencies, the concerned
team can be positioning the patient or the person with this device. The setup continuously
evaluates and transfers the data to the cloud and also the user can prefix a normal value range
for the evaluation. For example, the blood pressure normal value is universally prefixed
between 80/120 mmHg. Similarly, the Remote Health Monitoring System (RHMS) is also
allowed to fix the range of values referred to as normal coefficients. This loT-based miniature
system 11x10x10 cm3 with a low weight of 500 gr only consumes 10 mW. This smart
monitoring system is manufactured for 100 GBP (British Pound Sterling), and can facilitate the
communication between patients and health systems, but also it can be employed for numerous
other uses including communication sectors in the aerospace and transportation systems.

Keywords: Embedded Technology, Telemonitoring system, Microcontroller, Arduino
UNO, Cloud storage, GPS, RHMS, Remote Health Monitoring System, Alert system.
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EMPLOYING SPEECH EMOTION RECOGNITION AS A LONGITUDINAL
BIOMARKER FOR ALZHEIMER’S DISEAS

Jianyu Zhengyu , C Zhang hen, Sihong Zhang, Xusheng He , Zhang Wei

Daiichi University of Pharmacy- Japan

Abstract:

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that affects millions of
people worldwide and is characterized by cognitive decline and behavioral changes. People
living with Alzheimer’s disease often find it hard to complete routine tasks. However, there are
limited objective assessments that aim to quantify the difficulty of certain tasks for AD patients
compared to non-AD people. In this study, we propose to use speech emotion recognition
(SER), especially the frustration level as a potential biomarker for quantifying the difficulty
patients experience when describing a picture. We build an SER model using data from the
IEMOCAP dataset and apply the model to the DementiaBank data to detect the AD/non-AD
group difference and perform longitudinal analysis to track the AD disease progression. Our
results show that the frustration level detected from the SER model can possibly be used as a
cost-effective tool for objective tracking of AD progression in addition to the Mini-Mental State
Examination (MMSE) score.

Keywords: Alzheimer’s disease, Speech Emotion Recognition, longitudinal
biomarker, machine learning.
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EVALUATING HIP MUSCULAR IMBALANCE IN RHEUMATISM PATIENTS: AN
ASSESSMENT

Anthony Banitsas , Konstantinos Bawa

North China Institute of Science and Technology- China

Abstract:

Rheumatism is a muscular disorder that affects the muscles of the upper and lower limbs. This
condition could potentially progress to impair the movement of patients. This study aims to
investigate the hip muscular imbalance in patients with chronic rheumatism. A clinical trial
involving a total of 15 participants, made up of 10 patients and five control subjects, took place
in KATH Hospital between August and September. Participants recruited for the study were of
age 54 £ 8 years, weight 65 + 8 kg, and height 176 = 8 cm. Muscle signals were recorded from
the rectus femoris, and vastus lateralis on the right and left hip of participants. The parameters
used in determining the hip muscular imbalances were the maximum voluntary contraction
(MVC%), the mean difference, and hip muscle fatigue levels. The mean signals were compared
using a t-test, and the metrics for muscle fatigue assessment were based on the root mean square
(RMS), mean absolute value (MAV) and mean frequency (MEF), which were computed
between the hip muscles of participants. The results indicated that there were significant
imbalances in the muscle coactivity between the right and left hip muscles of patients. The
patients’ MV C values were observed to be above 10% when compared with control subjects.
Furthermore, the mean difference was seen to be higher with p > 0.002 among patients, which
indicated clear differences in the hip muscle contraction activities. The findings indicate
significant hip muscular imbalances for patients with rheumatism compared with control
subjects. Information about the imbalances among patients will be useful for clinicians in
designing therapeutic muscle-strengthening exercises.

Keywords: Muscular, imbalances, rheumatism, hip.
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Yanbu, Saudi Arabia: Bridging Tradition in a Modernizing Cityscape

Hisham Mortada

American University of the Middle East- Kuwait

Abstract:

Transition in the urban configuration of Arab cities has never been as radical and visible as it
has been since the turn of the last century. The emergence of new cities near historical
settlements of Arabia has spawned a series of developments in and around the old city precincts.
New developments are based on advanced technology and conform to globally prevalent
standards of city planning, superseding the vernacular arrangements based on traditional norms
that guided so-called ‘city planning’. Evidence to this fact are the extant Arab buildings present
at the urban core of modern cities, which inform us about intricate spatial organization.
Organization that subscribed to multiple norms such as, satisfying gender segregation and
socialization, economic sustainability, and ensuring security and environmental coherence etc.,
within settlement compounds. Several participating factors achieved harmony in such an
inclusive city—an organization that was challenged and apparently replaced by the new
planning order in the face of growing needs of globalized, economy-centric and high-tech
models of development. Communities found it difficult to acclimatize with the new western
planning models that were implemented at a very large scale throughout the Kingdom, which
later experienced spatial re-structuring to suit users’ needs. A closer look the ancient city of
Yanbu, now flanked with such new developments, allows us to differentiate and track the
beginnings of this unprecedented transition in settlement formations. This paper aims to
elaborate the Arabian context offered to both the ‘traditional’ and ‘modern’ planning
approaches, in order to understand challenges and solutions offered by both at different times.
In the process it will also establish the inconsistencies and conflicts that arose with the shift in
planning paradigm, from traditional-'cultural norms’, to modern-'physical planning’, in the
Arabian context. Thus, by distinguishing the two divergent planning philosophies, their impact
of the Arabian morphology, relevance to lifestyle and suitability to the biophysical
environment, it concludes with a perspective on sustainability particularly for in case of Yanbu.
Keywords: Yanbu, traditional architecture, Hijaz, coral building, Saudi Arabia.
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Analyzing Replaceable Links with Reduced Web Section for Link-to-Column
Connections in Eccentrically Braced Frames

Daniel Y. Abebe, Sijeong Jeong, Jaechyouk Choi

Ala-Too International University- Kyrgyzstan

Abstract:

The use of eccentrically braced frame (EBF) is increasing day by day as EBF possesses high
elastic stiffness, stable inelastic response under cyclic lateral loading, and excellent ductility
and energy dissipation capacity. The ductility and energy dissipation capacity of EBF depends
on the active link beams. Recently, there are two types EBFs; these are conventional EBFs and
EBFs with replaceable links. The conventional EBF has a disadvantage during maintenance in
post-earthquake. The concept of removable active link beam in EBF is developed to overcome
the limitation of the conventional EBF in post-earthquake. In this study, a replaceable link with
reduced web section is introduced and design equations are suggested. In addition, nonlinear
finite element analysis was conducted in order to evaluate the proposed links.

Keywords: EBFs, replaceable link, earthquake disaster, reduced section.
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"IMPLEMENTING RETROFITTING SOLUTIONS FOR KAZAKHSTAN'S
EXISTING HOUSING STOCK

S. Yessengabulov, A. Uyzbayeva

Bishkek State Economic and Commercial Institute — Kyrgyzstan

Abstract:

Residential buildings fund of Kazakhstan was built in the Soviet time about 35-60 years ago
without considering energy efficiency measures. Currently, most of these buildings are in a
rundown condition and fail to meet the minimum of hygienic, sanitary and comfortable living
requirements. The paper aims to examine the reports of recent building energy survey activities
in the country and provide a possible solution for retrofitting existing housing stock built before
1989 which could be applicable for building envelope in cold climate. Methodology also
includes two-dimensional modeling of possible practical solutions and further
recommendations.

Keywords: Energy audit, energy efficient buildings in Kazakhstan, retrofit, two-dimensional
conduction heat transfer analysis
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SKY FARMING: EMBRACING VERTICAL LANDSCAPE MODELS IN URBAN
AREAS FOR SUSTAINABLE DEVELOPMENT THROUGH GREEN BUILDING
CONCEPTS

Nadiah Yola Putri, Nesia Putri Sharfina, Traviata Prakarti

National Institute of Pharmaceutical Education and Research, - India

Abstract:

This paper is a literature review presented descriptively to review the concept of green building
to face the challenge of sustainable development and food in urban areas. In this paper,
researchers initiated the concept of green building with sky farming method. Sky farming use
vertical landscape system in order to realizing food self-sufficient green city. Sky farming
relying on plantings and irrigation system efficiency in the building which is adopted the
principles of green building. Planting system is done by applying hydroponic plants
with Nutrient Film Technique (NFT) using energy source of solar cell and grey water from the
processing of waste treatment plant. The application of sky farming in urban areas can be a
recommendation for the design of environmental-friendly construction. In order to keep the
land and distance efficiency, this system is a futuristic idea that would be the connector of
human civilization in the future.

Keywords: Green building, urban area, sky farming, vertical landscape.
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APPROACHING SUSTAINABLE PUBLIC HOUSING: PERSPECTIVES ON
PROPERTY MANAGEMENT AND FINANCIAL FEASIBILITY

Kung-Jden Tu

Nagoya University of Commerce & Business- Japan

Abstract:

Many public housing properties developed by local governments in Taiwan in the 1980s have
deteriorated severely as these rental apartment buildings aged. The lack of building
maintainability considerations during project design phase as well as insufficient maintenance
funds have made it difficult and costly for local governments to maintain and keep public
housing properties in good shape. In order to assist the local governments in achieving and
delivering sustainable public housing, this paper intends to present a developed design
evaluation method to be used to evaluate the presented design schemes from property
management and financial feasibility perspectives during project design phase of public
housing projects. The design evaluation results, i.e. the property management and financial
implications of presented design schemes that could occur later during the building operation
and maintenance phase, will be reported to the client (the government) and design schemes
revised consequently. It is proposed that the design evaluation be performed from two main
perspectives: (1) Operation and property management perspective: Three criteria such as spatial
appropriateness, people and vehicle circulation and control, property management working
spaces are used to evaluate the ‘operation and PM effectiveness’ of a design scheme. (2)
Financial feasibility perspective: Four types of financial analyses are performed to assess the
long term financial feasibility of a presented design scheme, such as operational and rental
income analysis, management fund analysis, regular operational and property management
service expense analysis, capital expense analysis. The ongoing Chung-Li Public Housing
Project developed by the Taoyuan City Government will be used as a case to demonstrate how
the presented design evaluation method is implemented. The results of property management
assessment as well as the annual operational and capital expenses of a proposed design scheme
are presented.

Keywords: Design  evaluation method, management fund, operational and capital
expenses, rental apartment buildings.
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ADAPTIVE DESIGN FOR COLLECTIVE HOUSING USING LARGE
PREFABRICATED CONCRETE PANELS

Ungureanu Daniel , Viorel M. Muntean

Mongolian National University of Medical Sciences- Mongolia

Abstract:

More than half of the urban population in Romania lives today in residential buildings made
out of large prefabricated reinforced concrete panels. Since their initial design was made in the
1960’s, these housing units are now being technically and morally outdated, consuming large
amounts of energy for heating, cooling, ventilation and lighting, while failing to meet the needs
of the contemporary life-style. Due to their widespread use, the design of a system that improves
their energy efficiency would have a real impact, not only on the energy consumption of the
residential sector, but also on the quality of life that it offers. Furthermore, with the transition
of today’s existing power grid to a “smart grid”, buildings could become an active element for
future electricity networks by contributing in micro-generation and energy storage. One of the
most addressed issues today is to find locally adapted strategies that can be applied considering
the 20-20-20 EU policy criteria and to offer sustainable and innovative solutions for the cost-
optimal energy performance of buildings adapted on the existing local market. This paper
presents a possible adaptive design scenario towards sustainable retrofitting of these housing
units. The apartments are transformed in order to meet the current living requirements and
additional extensions are placed on top of the building, replacing the unused roof space, acting
not only as housing units, but as active solar energy collection systems. An adaptive building
envelope is ensured in order to achieve overall air-tightness and an elevator system is introduced
to facilitate access to the upper levels.

Keywords: Adaptive building, energy efficiency, retrofitting, residential buildings, smart grid.
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CREATING ENERGY BENCHMARKS FROM MANDATORY ENERGY AND
EMISSIONS REPORTING DATA: ONTARIO'S POST-SECONDARY RESIDENCES

A. Xavier Mendieta, J. J McArthur
University College of Applied Sciences- Palestine
Agriculture and Forestry University - Nepal

Abstract:

Governments are playing an increasingly active role in reducing carbon emissions, and a key
strategy has been the introduction of mandatory energy disclosure policies. These policies have
resulted in a significant amount of publicly available data, providing researchers with a unique
opportunity to develop location-specific energy and carbon emission benchmarks from this data
set, which can then be used to develop building archetypes and used to inform urban energy
models. This study presents the development of such a benchmark using the public reporting
data. The data from Ontario’s Ministry of Energy for Post-Secondary Educational Institutions
are being used to develop a series of building archetype dynamic building loads and energy
benchmarks to fill a gap in the currently available building database. This paper presents the
development of a benchmark for college and university residences within ASHRAE climate
zone 6 areas in Ontario using the mandatory disclosure energy and greenhouse gas emissions
data. The methodology presented includes data cleaning, statistical analysis, and benchmark
development, and lessons learned from this investigation are presented and discussed to inform
the development of future energy benchmarks from this larger data set. The key findings from
this initial benchmarking study are: (1) the importance of careful data screening and outlier
identification to develop a valid dataset; (2) the key features used to develop a model of the
data are building age, size, and occupancy schedules and these can be used to estimate energy
consumption; and (3) policy changes affecting the primary energy generation significantly
affected greenhouse gas emissions, and consideration of these factors was critical to evaluate
the validity of the reported data.

Keywords: Building archetypes, data analysis, energy benchmarks, GHG emissions.
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PRESERVING SOCIAL MEMORY: A CASE STUDY OF UCH DUKKAN
NEIGHBORHOOD IN ARDABIL CITY, AZERBAIJAN REGION, IRAN

Yousef Daneshvar Rouyandozagh

British University in Egypt- Egypt

Abstract:

Conservation of historical urban patterns in the traditional neighborhoods is a part of creating
integrated urban environments that are socially more sustainable. Urbanization reflects on life
conditions and social, physical, economical characteristics of the society. In this regard,
historical zones and traditional regions are affected by dramatic interventions on these
characteristics. This article focuses on the Uch Dukkan neighborhood located in Ardabil City
in Azarbaijani region of Iran, which has been up to such interventions that leaded its
transformation from the past to the present. After introducing a brief inventory of the main
elements of the historical zone and the neighborhood; this study explores the changes and
transformations in different periods; and their impacts on the quality of the environment and its
social sustainability. The survey conducted in the neighborhood as part of this research study
revealed that the Uch Dukkan neighborhood and the unique architectural heritage that it
possesses have become more inactive physically and functionally in a decade. This condition
requires an exploration and comparison of the present and the expected transformations of the
meaning of social space from the most private unit to the urban scale. From this token, it is
argued that an architectural point of view that is based on space order; use and meaning of space
as a social and cultural image, should not be ignored. Based on the interplay between social
sustainability, collective memory, and the urban environment, study aims to make the invisible
portion of ignorance clear, that ends up with a weakness in defining the collective meaning of
the neighborhood as a historic urban district. It reveals that the spatial possessions of the
neighborhood are valuable not only for their historical and physical characteristics, but also for
their social memory that is to be remembered and constructed further.

Keywords: Urban integrity, social sustainability, collective memory, social decay.
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ASSESSING THE QUALITY STANDARDS OF HOSPITAL PHARMACIES IN
THERAPEUTIC CENTERS ASSOCIATED WITH KERMANSHAH UNIVERSITY
OF MEDICAL SCIENCES, IRAN

Gharehbagh V.Hamishehkar , H.Aghababa

Alex Ekwueme Federal University Ndufu Alike Ikwo- Nigeria

Abstract:

Nowadays pharmaceutical care departments located in hospitals are amongst the important
pillars of the healthcare system. The aim of this study was to evaluate quality of hospital
drugstores affiliated with Kermanshah University of Medical Sciences. In this cross-sectional
study a validated questionnaire was used. The questionnaire was filled in by the one of the
researchers in all seventeen hospital drugstores located in the teaching and nonteaching
hospitals affiliated with Kermanshah University of Medical Sciences. The results shows that in
observed hospitals,24% of pharmacy environments, 25% of pharmacy store and storage
conditions, 49% of storage procedure, 25% of ordering drugs and supplies, 73% of receiving
supplies (proper procedure are fallowed for receiving supplies), 35% of receiving supplies
(prompt action taken if deterioration of drugs received is suspected), 23.35% of drugs delivery
to patients and finally 0% of stock cards are used for proper inventory control have full
compliance with standards.

Keywords: Hospital pharmacy standards, Kermanshah, pharmacy management

CONFERENCE BOOK Academy Global Publishing House — New York || 178



https://publications.waset.org/search?q=Hamishehkar%20H.
https://publications.waset.org/search?q=Aghababa%20Gharehbagh%20V.
https://publications.waset.org/search?q=Hospital%20pharmacy%20standards
https://publications.waset.org/search?q=Kermanshah
https://publications.waset.org/search?q=pharmacy%20management

! ».1

@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [ZMIR
ISBN. : 978-625-6283-67-1

OPTIMIZING VISIBLE LIGHT COMMUNICATION SYSTEMS THROUGH
NATURAL LIGHT INTEGRATION

Mahmoud H. Aly, Ivan Andonovic, Moustafa Beshr

University of Al Quaraouiyine, Fes- Morocco

Abstract:

Visible Light Communication (VLC) offers advantages of low energy consumption, licence
free and RF interference free operation. One application area for VLC is in the provision of
health centred services circumventing issues of interference with any biomedical device within
the environment. VLC performamce is affected by natural light restricting systems avilability
and relibility. The paper presents an analysis of the performance of VLC systems under
different meteorological conditions. The evaluation considered the impact of natural light as a
function of different reflection surfaces in different room sizes.

Keywords: Visible light communication, impulse reponse , performance analysis , natural
light.
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INTEGRATING WIRELESS BODY AREA NETWORKS WITH WEB SERVICES:
REVOLUTIONIZING UBIQUITOUS HEALTHCARE PROVISIONING THROUGH
ARCHITECTURE

Ogunduyile O. Oluwgbenga

University Carlo Cattaneo- Italy

Abstract:

Recent advancements in sensor technologies and Wireless Body Area Networks (WBANS)
have led to the development of cost-effective healthcare devices which can be used to monitor
and analyse a person-s physiological parameters from remote locations. These advancements
provides a unique opportunity to overcome current healthcare challenges of low quality service
provisioning, lack of easy accessibility to service varieties, high costs of services and increasing
population of the elderly experienced globally. This paper reports on a prototype
implementation of an architecture that seamlessly integrates Wireless Body Area Network
(WBAN) with Web services (WS) to proactively collect physiological data of remote patients
to recommend diagnostic services. Technologies based upon WBAN and WS can provide
ubiquitous accessibility to a variety of services by allowing distributed healthcare resources to
be massively reused to provide cost-effective services without individuals physically moving
to the locations of those resources. In addition, these technologies can reduce costs of healthcare
services by allowing individuals to access services to support their healthcare. The prototype
uses WBAN body sensors implemented on arduino fio platforms to be worn by the patient and
an android smart phone as a personal server. The physiological data are collected and uploaded
through GPRS/internet to the Medical Health Server (MHS) to be analysed. The prototype
monitors the activities, location and physiological parameters such as SpO2 and Heart Rate of
the elderly and patients in rehabilitation. Medical practitioners would have real time access to
the uploaded information through a web application.

Keywords: Android Smart phone, Arduino Fio, Web application server, Wireless Body Area
Networks.

CONFERENCE BOOK Academy Global Publishing House — New York || 180



https://publications.waset.org/search?q=Ogunduyile%20O.%20Oluwgbenga
https://publications.waset.org/search?q=Android%20Smart%20phone
https://publications.waset.org/search?q=Arduino%20Fio
https://publications.waset.org/search?q=Web%20application%0Aserver
https://publications.waset.org/search?q=Wireless%20Body%20Area%20Networks.
https://publications.waset.org/search?q=Wireless%20Body%20Area%20Networks.

! »'1

@ ICSAS 3rd INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
ICSAS ACADEMY September 13 - 15, 2024 - [ZMIR
ISBN. : 978-625-6283-67-1

DYNAMIC BRAIN WAVE ACQUISITION AND PSYCHOACOUSTIC ANALYSIS IN
REAL TIME

Dipali SShweta , ingh Mahajan , Bansal Rashima
Lithuanian Sports University- Lithuania

Abstract:

Psychoacoustics has become a potential area of research due to the growing interest of both
laypersons and medical and mental health professionals. Non invasive brain computer interface
like Electroencephalography (EEG) is widely being used in this field. An attempt has been
made in this paper to examine the response of EEG signals to acoustic stimuli further analyzing
the brain electrical activity. The real time EEG is acquired for 6 participants using a cost
effective and portable EMOTIV EEG neuro headset. EEG data analysis is further done using
EMOTIV test bench, EDF browser and EEGLAB (MATLAB Tool) application software
platforms. Spectral analysis of acquired neural signals (AF3 channel) using these software
platforms are clearly indicative of increased brain activity in various bands. The inferences
drawn from such an analysis have significant correlation with subject’s subjective reporting of
the experiences. The results suggest that the methodology adopted can further be used to assist
patients with sleeping and depressive disorders.

Keywords: OM’ chant, Spectral analysis, EDF Browser, EEGLAB, EMOTIV, Real time
Acquisition.
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ENHANCING COMBAT EFFECTIVENESS IN NEW GENERATION FIGHTER
PLANES THROUGH HUMAN FACTORS CONSIDERATIONS

Binoy Bhargavan

University of Macedonia- Greece

Abstract:

Role of fighter planes in modern network centric military warfare scenarios has changed
significantly in the recent past. New generation fighter planes have multirole capability of
engaging both air and ground targets with high precision. Multirole aircraft undertakes missions
such as Air to Air combat, Air defense, Air to Surface role (including Air interdiction, Close
air support, Maritime attack, Suppression and Destruction of enemy air defense),
Reconnaissance, Electronic warfare missions, etc. Designers have primarily focused on
development of technologies to enhance the combat performance of the fighter planes and very
little attention is given to human factor aspects of technologies. Unique physical and
psychological challenges are imposed on the pilots to meet operational requirements during
these missions. Newly evolved technologies have enhanced aircraft performance in terms of its
speed, firepower, stealth, electronic warfare, situational awareness, and vulnerability reduction
capabilities. This paper highlights the impact of emerging technologies on human factors for
various military operations and missions. Technologies such as ‘cooperative knowledge-based
systems’ to aid pilot’s decision making in military conflict scenarios as well as simulation
technologies to enhance human performance is also studied as a part of research work. Current
and emerging pilot protection technologies and systems which form part of the integrated life
support systems in new generation fighter planes is discussed. System safety analysis
application to quantify the human reliability in military operations is also studied.

Keywords: Combat effectiveness, emerging technologies, human factors, systems safety
analysis.
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CONSTRUCTING AN INTEGRATED RELATIONAL DATABASE UTILIZING
SWISS NUTRITION NATIONAL SURVEY AND HEALTH DATASETS FOR DATA
MINING OBJECTIVES

Helena Einsele , Jenzer Farshideh

Fiji Institute of Technology- Fiji

Abstract:

Obijective: The objective of the study was to integrate two big databases from Swiss nutrition
national survey (menuCH) and Swiss health national survey 2012 for data mining purposes.
Each database has a demographic base data. An integrated Swiss database is built to later
discover critical food consumption patterns linked with lifestyle diseases known to be strongly
tied with food consumption. Design: Swiss nutrition national survey (menuCH) with approx.
2000 respondents from two different surveys, one by Phone and the other by questionnaire
along with Swiss health national survey 2012 with 21500 respondents were pre-processed,
cleaned and finally integrated to a unique relational database. Results: The result of this study
is an integrated relational database from the Swiss nutritional and health databases.

Keywords: Health informatics, data mining, nutritional and health databases, nutritional and
chronical databases.
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CAN EEG TESTING AID IN BRAIN TUMOR IDENTIFICATION?

M. Sharanreddy, P. K. Kulkarni
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Abstract:

Brain tumor is inherently serious and life-threatening disease. Brain tumor builds the
intracranial pressure in the brain, by shifting the brain or pushing against the skull, and also
damaging nerves and healthy brain tissues. This intracranial pressure affects and interferes with
normal brain functionality, which results in generation of abnormal electrical activities from
brain. With recent development in the medical engineering and instruments, EEG instruments
are able to record the brain electric activities with high accuracy, which establishes EEG as a
primary tool for diagnosing the brain abnormalities. Research scholars and general physicians,
often face difficulty in understanding EEG patterns. This paper presents the EEG patterns
associated with brain tumor by combing medicine theory and neurologist experience. Paper
also explains the pros-cons of the EEG based brain tumor identification.

Keywords: Brain tumor, Electroencephalogram (EEG).
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EXAMINING THE HAZARDS OF INADEQUATE MEDICAL WASTE
MANAGEMENT PRACTICES ON HUMAN HEALTH AND THE ENVIRONMENT:
A REVIEW OF LITERATURE

Babanyara Ibrahim, Garba Bogoro., M. Y.Abubakar,

University of Novo Mesto, Novo Mesto- Slovenia

Abstract:

Medical care is vital for our life, health and well-being. But the waste generated from medical
activities can be hazardous, toxic and even lethal because of their high potential for diseases
transmission. The hazardous and toxic parts of waste from healthcare establishments
comprising infectious, medical and radioactive material as well as sharps constitute a grave
risks to mankind and the environment, if these are not properly treated / disposed or are allowed
to be mixed with other municipal waste. In Nigeria, practical information on this aspect is
inadequate and research on the public health implications of poor management of medical
wastes is few and limited in scope. Findings drawn from Literature particularly in the third
world countries highlights financial problems, lack of awareness of risks involved in MWM,
lack of appropriate legislation and lack of specialized MWM staff. The paper recommends how
MWM practices can be improved in medical facilities.

Keywords: Environmental pollution, infectious, management, medical waste, public health.
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