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Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=f0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

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

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

e  Oturuma baglanmadan 6nce Salon numaranizi adinizin 6niine asagidaki gibi ekleyiniz. Bu sayede kongre agilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

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

Sunum sonras1 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 katilimciya 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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Meeting ID: 885 7151 8350 Passcode: 202224

25 Nisan / April 25,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL /SALON 1
Dr. Ogretim Uyesi Siikran BULUT

TECHNOLOGY ASSISTED VOCABULARY LEARNING
(TAVL) IN THE INSTRUCTION OF EFL

Dr, TUGBA INCIMAN
CELIK
Prof. Dr, Cenk AKAY

PEER FEEDBACK: AN EFFECTIVE APPROACH TO SUPPORT
STUDENT LEARNING

Dr, TUGBA INCIMAN
CELIK
Prof. Dr, Cenk AKAY

EVOLUTIONARY GAME THEORY AND POST-PANDEMIC
ECONOMICS EDUCATION

Dr. Aras Yolusever

EVOLUTIONARY GAME THEORY AND INNOVATION

Dr. Aras Yolusever

COCUKLARIN SANATSAL GELISIMI, SANAT EGITIMININ
BILISSEL VE DUYGUSAL ETKILERI UZERINE BiR
INCELEME

Dr. Ogretim Uyesi Siikran
BULUT

COURSE SATISFACTION AND SUCCESS LEVELS IN
STUDENTS DURING DISTANCE EDUCATION AND FACE TO
FACE EDUCATION PERIODS

Oktay Kuru

INVESTIGATION OF POSTGRADUATE THESES ON
FOREIGN LANGUAGE SPEAKING ANXIETY BETWEEN
2013-2023

Yiiksek Lisans Ogrencisi,
Kiibra LALE
Prof.Dr., SENEL ELALDI
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Meeting ID: 885 7151 8350 Passcode: 202224
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 2
Assoc. Prof. Dr. MUHAMMET iBRAHIM AKYUREK

THE NECESSITY OF TEACHING EDUCATIONAL LAW IN
UNIVERSITIES: A PHENOMENOLOGY STUDY

Assoc. Prof. Dr.
MUHAMMET IBRAHIM
AKYUREK

THE EFFECT OF TEACHER SELF-EFFICACY BELIEF ON
ATTITUDE TOWARDS TEACHING PROFESSION: A SAMPLE
OF PEDAGOGICAL FORMATION STUDENTS

Assoc. Prof. Dr.
MUHAMMET iBRAHIM
AKYUREK

SOZ VARLIGI SORUNSALINA TURKCE OGRETMENI
ADAYLARININ BAKISI: BIR FENOMENOLOJI CALISMASI

Ogretmen Aday1 IREM

AYHAN

Dog. Dr. MUHAMMET
IBRAHIM AKYUREK

PRESERVICE ELEMENTARY MATHEMATICS TEACHERS’
OPINIONS ON THE EDUCATION PROVIDED AT THE
UNIVERSITY AND SECONDARY SCHOOL
MATHEMATICS TEACHING: A PHENOMENOLOGICAL
STUDY

Assoc. Prof. Dr.
MUHAMMET iBRAHIM
AKYUREK

Preservice Teacher HALE
SEVIK

THE EFFECT OF ATTITUDE TOWARDS TEACHING
PROFESSION ON ACADEMIC SELF-EFFICACY: A SAMPLE
OF PROSPECTIVE ELEMENTARY MATHEMATICS
TEACHERS

Assoc. Prof. Dr.
MUHAMMET iBRAHIM
AKYUREK

Preservice Teacher
AYSEGUL TURKSEVEN

TEACHERS’ PERSPECTIVE ON MOBBING: A
PHENOMENOLOGY STUDY

Assoc. Prof. Dr.
MUHAMMET iBRAHIM
AKYUREK

Graduate Student IPEK
GUNDUZ
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE NEED TO REGULATE THE COORDINATION BETWEEN | b\ o s evlisi
INSTITUTIONS AND ORGANIZATIONS IN Burcy TEJRAN Vist,
ADMINISTRATIVE NORMS
INTERIM MEASURE IN INDIVIDUAL APPLICATION TO THE | Dr. Ogr. Uyesi Ufuk
CONSTITUTIONAL COURT Ramazan CAKMAK

Z

© | Z

Z < i

9 b Doktor Ogretim Gorevlisi,

% é GENERAL CHARACTERISTICS OF SECURITY MEASURES I\DAS‘S:: g;ggnogyesi

: Q IN TURKISH CRIMINAL LAW Nazmiye OZENBAS

- - BOYDAG

< a

I o

a
UNIVERSITE OGRENCILERININ YAYGIN SU TUKETIM ]L)i(;gh ?gfigﬁiﬁ{i‘x;‘g .
TUTUMU: KARABUK UNIVERSITESI ORNEGI & ’
KALAZ

INGILTERE’DE YENI KENT UYGULAMASI : MILTON
KEYNES ORNEGI Dog. Dr. Kemal YAMAN
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Meeting ID: 885 7151 8350 Passcode: 202224

25 Nisan / April 25,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
MANYETIK Fe;0; PARCACIKLARI iLE BOYA SEVVAL KARACUKA
UZAKLASTIRILMASI Dog. Dr., LEVENT SEMiZ
ADVANCED TREATMENT OF BIOLOGICALLY PURIFIED mbsfc'Dng:;i%TC%'\i‘F i
ORGANIC PEROXIDE PRODUCING CHEMICAL INDUSTRY | [ "2 = ZS&CER
WASTEWATER USING UV/TiO2 OXIDATION PROCESS ToLDLAIL Riza
5 M.Sc.Demet DARCAN
< O COLOR REMOVAL FROM BIOLOGICALLY TREATED PAPER | Prof, Dr.Deniz izlen CIFCI
> Z INDUSTRY WASTEWATER BY ADSORPTION PROCESS Prof.Dr.Ali Riza DINCER
3 =)
g |8
w K
~ = DEVELOPMENT AND CHARACTERIZATION OF BIO-BASED I];}E?\Hszt“dem’ Sermin
- < EPOXY COMPOSITES REINFORCED WITH OKRA LEAF Assoc. Prof. Dr. Ercan
b7 s POWDER AND PALM OIL FOR ENHANCED AYDOGMUS
T < THERMOPHYSICAL PERFORMANCE Prof. Dr. Filiz KAR
& Dog. Dr. Kadriye OKTOR
Miihendis Selin Sezen
KINA
MIKROALG/ALGINAT YESIL ADSORBAN iLE SULU Yiiksek Miihendis Giiler
COZELTIDEN MANGAN GIDERIMI HASIRCI
Prof. Dr. Elif INCE
Prof. Dr. Niliifer Hilmioglu
FUSARIUM FUNGI PATHOGENS: IDENTIFICATION, IMPACT ?23 rf;”de”t I
ON PLANT HEALTH, AND THE ADOPTION OF INNOVATIVE | el 0 0
TECHNOLOGICAL STRATEGIES FOR DIiSEASE KAF fb A%’es eyza ;.
MANAGEMENT AND SUSTAINABLE AGRICULTURE Prof. Canan Can
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HALL / SALON 5
Assist. Prof. Hatice DURAN OKUR

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
21. YUZYIL'DA ENGELLI COCUKLAR UZERINE BIR gf);f"]‘)f‘il')}r'\i'm
DEGERLENDIRME KALAYCI KIRLIOGLU,

A Sociological Perspective on Single Women’s Views on Marriage
and Sexuality

Prof. Dr. DOLUNAY
SENOL
HATICE BAHIRE AKAY

Prof. Dr. DOLUNAY

A SOCIOLOGICAL PERSPECTIVE ON MOTHER SENOL

CANDIDATES’ PERCEPTIONS OF MOTHERHOOD KUBRA YAVUZ
YILDIRAN

SOSYOTELIZM, PARTNER SOSYOTELIZMI VE ILISKI TOLGAHAN UNLU

DOYUMUNUN BIBLIYOMETRIK ANALIZI

THE ILLUSION OF SUSTAINABILITY IN A CONSUMPTION
SOCIETY

Assist. Prof. Hatice
DURAN OKUR

Academy Global Conferences & Journals
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SEQUENTIAL LEARNING APPROACH AND TOOL

Bocanegra Garcia,

EMPOWERING ASSEMBLY LINES WITH DEEP LEARNING:
A PARADIGM SHIFT IN PRODUCT IDENTIFICATION

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DEMYSTIFYING THE PROBLEM-SOLVING PROCESS:
UNVEILING THE NATURAL MECHANICS OF THE MIND Dr. Amina Farkhonde
AUTOMATING SCREEN-RECORDED VIDEO PRODUCTION:
AN ALGORITHMIC APPROACH TO E-CONTENT CREATION Dr. Darsareh Nikafrooz
ONTOLOGICAL FOUNDATIONS FOR SMART LEARNING
ENVIRONMENTS IN MUSIC EDUCATION: A Prof. Dr. Konstantinos
COMPREHENSIVE FRAMEWORK FOR KNOWLEDGE Stefanidakis,
REPRESENTATION AND APPLICATION Dr. Michail Sofianos
g
3 TRANSFORMING CIVIL ENGINEERING LABORATORY
© ﬁ EDUCATION WITH FLIPPED LEARNING: A Hector Garcia- Georgia
% e COMPREHENSIVE APPROACH TO DEVELOPING Garcia-Rodriguez, Gerardo
| = ESSENTIAL CAPABILITIES -Shashi Kant
< wn
w —
: @)
- 5 AUTONOMOUS AGENT LEARNING THROUGH Pifia Barrios-, Salvador
% & CONSTRUCTIVIST PRINCIPLES: A BOTTOM-UP Arellano,
S
o
[72]
<

Assoc. Prof. Dr. Salima
Hassas

ASSESSING THE ECONOMIC RETURNS OF HUMANITIES
AND EDUCATION PROGRAMS IN PUBLIC UNIVERSITIES
OF OSUN STATE, NIGERIA

Adelokun Gambo
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HALL / SALON 7
Assist. Prof. Dr. Sarah Thompson

INSTITUTIONS: A STUDY BY FIELD

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
REVOLUTIONIZING SMART MANUFACTURING THROUGH
NEURAL NETWORKS: A DATA-DRIVEN APPROACH TO Raiesh Nair
PROCESS AUTOMATION J
ASSESSING THE ECONOMIC RETURNS OF SOCIAL Tunde Adebavo
SCIENCES DEGREES IN LAGOS STATE TERTIARY Ngozi Umeh Y0,

EXPLORING DIGITAL PEDAGOGY: STUDENTS'
INTERACTIONS WITH MULTIMODAL EDUCATIONAL
PLATFORMS

Assist. Prof. Dr. Sarah
Thompson

HIDDEN VOICES: A STATISTICAL INVESTIGATION INTO
DEPRESSION LEVELS IN ADHD STUDENTS IN
UNIVERSITIES

Lukas Meier,
Eva Schneider

CHARTING EDUCATIONAL POLICY PATHWAYS: INSIGHTS
INTO CURRICULUM REFORMS IN ARGENTINE HIGHER
EDUCATION

Camila Rodriguez,
Assis. Prof. Dr. Mateo
Herrera

BUILDING PROFESSIONAL COMMUNITIES: LOWER
SECONDARY TEACHERS’ JOURNEYS INTO
COLLABORATIVE PRACTICE

Eleni Papadopoulou,
Stavros Dimitriadis, Nikos
Alexandris, Maria Tzortzi

EXPLORING AI-ASSISTED STUDENT SUPPORT: THE ROLE
OF CONVERSATIONAL AGENTS IN UNIVERSITY
LEARNING ENVIRONMENTS

Andreas Christodoulou,
Dr. Eleni Georgiadou
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LEGAL LIMITS OF DIGITAL SURVEILLANCE IN Dr. Markus Schieider
DEMOCRATIC SOCIETIES :
INSTITUTIONAL CHALLENGES IN POST-CONFLICT Mirela I .
JUSTICE SYSTEMS trela Jovanovie
THE INTERSECTION OF RELIGIOUS LAW AND Assis. Prof. Dr. Fatemeh
CONSTITUTIONAL PRINCIPLES Alavi
(@]
oy
o
o
o . EDUCATIONAL INEQUALITY AND POLICY RESPONSES IN | Assoc. Prof. Samuel M.
% = SUB-SAHARAN AFRICA Obong
- 3
5
S S
~ &
- = THE ROLE OF YOUTH IN POLITICAL TRANSITIONS: A Assoc. Prof. Rania El-Sayed
< = CASE STUDY OF CIVIL UPRISINGS Dr. Tarek Mahmoud
T
S
(@)
(2]
w)
<
LEGAL FRAMEWORK FOR CLIMATE MIGRATION IN A Luisa o
SMALL ISLAND STATES na Luisa teo
EFFECTS OF JUDICIAL CENTRALIZATION ON LOCAL Assis. Prof. Dr. Nguven
AUTONOMY: A COMPARATIVE STUDY Minh Trang guy!
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THE AESTHETICS OF LANTERN CRAFTS IN NORTHERN Or. Kittinan Wonaohet
FESTIVALS: A DESIGN APPROACH : 9P
TRADITIONAL MASKS AND THEIR CULTURAL bimchanok Surabinit
SIGNIFICANCE IN SOUTHEAST ASIAN FESTIVALS P
=3 COMPARATIVE ANALYSIS OF PUBLIC HOUSING POLICIES Qgsgg;mf' Dr. Andrei
o IN EASTERN EUROPE pescu
% Jelena Milinkovié
[
[y
@
>
=}
o 3
> P BAMBOO AS A SUSTAINABLE MATERIAL FOR FURNITURE | Warit Srisook
@) S DESIGN
2 |5
N g
=~ C
_ &
2' > A STUDY ON THE COMBUSTION CHARACTERISTICS OF Teerasak Lertpreecha
T s MANGROVE-DERIVED BIOCHAR
G
(@]
j—
o
g CONTEMPORARY INTERPRETATIONS OF TRADITIONAL Assoc. Prof. Dr.
ﬁ LAO TEXTILE PATTERNS IN GRAPHIC DESIGN Vannaphone Souvannaseng
DEVELOPING MULTILINGUAL SIGNAGE FOR
COMMUNITY-BASED TOURISM IN LUANG PRABANG Lect. Sitha Bouphavanh

Academy Global Conferences & Journals

UASIOURNAL
jasjournalcom

ACADEMY *




F
LT
S ¢

&

ACADEY,
Pl

www.akademikongre.org

BALKAN 13th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
April 25 - 27, 2025

SKOPJE

Meeting ID: 885 7151 8350 Passcode: 202224

25 Nisan / April 25,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
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THE IMPACT OF MACROECONOMIC STABILITY ON
FOREIGN DIRECT INVESTMENT INFLOW Dr. Khalid Al-Salim
EVALUATING WOMEN'S EMPOWERMENT THROUGH Shamima Aktar
AGRICULTURAL COOPERATIVES IN RURAL BANGLADESH
THE DYNAMICS OF NON-STATE ACTORS IN POST- Assist. Prof. Dr. Salma El-
CONFLICT STATE-BUILDING: THE CASE OF LIBYA Gharyani
N1
2 STRATEGIC LEADERSHIP APPROACHES IN RESOLVING
& INTERPERSONAL CONFLICTS IN PUBLIC SECTOR Yasmin El-Naggar,
g ORGANIZATIONS Dr. Huda Mostafa
S V4
- ]
z =
@) =
| 8 A CRITICAL REVIEW OF CORPORATE ACCOUNTING Chinedu Okeke
g Vi PRACTICES IN DETECTING FINANCIAL MALPRACTICES
~ .
p -
- o
< Y—
T 2
o DETERMINANTS OF CUSTOMER SATISFACTION IN Dr. Anusha Shrestha
S DIGITAL BANKING SERVICES IN NEPAL :
3
<
PERFORMANCE EVALUATION OF MILITARY PERSONNEL | s 0 o b
IN THE SLOVAK REPUBLIC BASED ON MODERN HR Novitovs !
FRAMEWORKS ovakova
CHALLENGES IN BUILDING A NATIONAL BRAND IN POST-
SOVIET ECONOMIES Lali Beridze
MULTIDIMENSIONAL CUSTOMER PROFILING FOR )
INNOVATIVE SMARTPHONE DESIGN STRATEGIES E;'er?m:sraﬁ"'v'a“so"r"
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UZUN DONEMLI EGILIMIN TAKINTILI TUKETIM .
UZERINDEKI ETKISININ MEDENI DURUM BAGLAMINDA Prof. Dr. Sezen BOZYIGIT
INCELENMESI
TUKETICILERIN TUTUMLULUK VE HIPEROPI EGILIMININ o
HEDONIK TUKETIM UZERINDEK] ETKiSi Prof. Dr. Sezen BOZYIGIT
Ogr. Gor. Dr. DURSUN
. YILMAZ
NATURAL AND ORGANIC COSMETIC PRODUCTS: Ogr. Gor. TUGCE
CONSUMER TRENDS AND REGULATORY FRAMEWORK YILDIRIM DAL
=
= — —
39 Ogr. Gor. TUGCE
— >~ THE HISTORICAL TRANSFORMATION OF WOMEN’S YILDIRIM DAL
% N BEAUTY PERCEPTION: THE CONCEPT OF AESTHETICS Ogr. Gor. Dr. DURSUN
h g FROM TRADITION TO MODERNITY YILMAZ
5 g
=~ 2
_I w . . . . . . .
2‘ ) ZIHNIN GiZLI KODLARI: NOROPAZARLAMA iLE Dr. Ogrt. Gorv. Pinar
T a TUKETICIYI ETKILEMENIN SIRLARI COSKUN
S
£
[-™
GREEN HRM AND GREEN LEADERSHIP PRACTICES: i?iéi S;\rgfgl)flu
PATAGONIA AND UNILEVER EXAMPLES UGURLU
INSAN KAYNAKLARI YONETIMINDE ISE ALIM Yunus Emre KESTANE
SURECINDE YAPAY ZEKANIN KULLANIMI UZERINE Dog.Dr.Arzu UGURLU
VOSVIEWER iLE BiR BIBLIYOMETRIK ANALIZ KARA
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1 Yabanci Dil Egitimi Ogrencilerinin Konusma Becerisine Yonelik Dog. Dr. Yasemin Darancik
Oz Algilan

DIJITAL TOPLULUK TEMELLI DIL OGRENME MODELI (CLL
2 2.0): COMMUNITY LANGUAGE LEARNING YAKLASIMINA Dog. Dr. Yasemin Darancik
CAGDAS BIR UYGULAMA ONERISI

=
[5)
=
o~ «
> = 3 PRESERVICE PRESCHOOL TEACHERS’ VIEWS ON Res. Asst. Dr., Sebnem
®) =] CREATIVITY Cetken Aktas
| =
2 g
S |3
= =
j >~ Doktora Ogrencisi EMRAH
< = 4 Modern Olimpiyatlarin Siyasal ve Sosyal Boyutlari: Bir Derleme YILMAZ
I Q Caligmast Dog. Dr. ZULBIYE
g KACAY
a
Sinem TOCOGLU
5 UNIVERSITE OGRENCILERININ SPOR Engin VURAL
FARKINDALIKLARININ BELIRLENMESI Ahmet DONMEZ
Tuncay KIRATLI
Sinem TOCOGLU
6 SPOR BILIMLERI OGRENCILERININ DIJITAL E”?i'l”.rl\)/r Uh?r':'EiENC
OKURYAZARLIK DUZEYLERININ BELIRLENMESI aw 1bra

Tuncay KIRATLI
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Bildiri No ve Baslig1 / Paper ID and Title

Authors

Salon Moderator
'Z
™ 8
Z &
9 =
< E
o |2
4 =
- [
< =]
T 53
S
a

INTERAKTIF OGRENME ORTAMLARININ YABANCI DiL
OLARAK INGILIZCE KONUSMA BECERISI UZERINDEK
ETKISI

Doktora Ogrencisi Murat
SALMAN
Prof. Dr. Cenk AKAY

YABANCI DIiL OLARAK INGILiZCE OGRETIMINDE
OYUNLASTIRMANIN ROLU

Doktora Ogrencisi Murat
SALMAN
Prof. Dr. Cenk AKAY

TURKIYE’DE OGRETMEN DENETIM SURECLERININ
INCELENMESI: BIR DOKUMAN ANALIZI

Dog. Dr. Hiisnii ERGUN

TURKIYE’DE EGITIM DENETIMININ DONUSUMU: OKUL
YONETICILERI VE REHBER OGRETMENLER ICIN 2025
DEGERLENDIRME KILAVUZU ANALIZI

Dog. Dr. Hiisnii ERGUN

TURK DUNYASINDA EGITIMDE YENILIK ARAYISLARI:
YUSUF AKCURA VE iSMAIL GASPIRALI ORNEGI

SUMERYA GUNTURK

EGITIM YONETICILERININ GOREVDEN AYRILMA
NEDENLERI

MUSTAFA OZKAN
Dog. Dr. TIJEN TULUBAS
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
MUSTAFA KEMAL ATATURK’S SPEECH ON TURKISH-
BALKAN RELATIONS DURING THE RECEPTION OF THE Prof.Dr.Bayram Akca
AMBASSADORS OF THE BALKAN COUNTRIES
MUSTAFA KEMAL ATATURK’S SPEECH ON TURKISH-
BALKAN RELATIONS IN THE OPENING SPEECHES OF THE | Prof.Dr.Bayram Akga
TURKISH PARLIAMENT
EKONOMI, TARIH, KULTUR VE TURIZM EKSENINDE BIT I.Jorgrf' gg'r HM“:fls}‘lf?ﬁg‘lN
PAZARLARI: USKUP BIT PAZARI ORNEGI BERKTAS
]
< i)
e < PURPOSEFUL TRAINING PLANNING: DIRECTIONS, Assoc. Prof. Dr. Nazile
@) g CHALLENGES Abdullazade
2 |
% 5
=~ =]
| o )
Z:I =] US MIDDLE EAST POLICY: OIL- SECURITY- SPHERE OF Yiiksek Lisans Ogrencisi,
T = INFLUENCE ILAYDA GULUMSER
S
-»
THE BLACK SEA CRISIS: OBSTACLES ON THE EUROPEAN Yiiksek Lisans Ogrencisi,
UNION’S WAY TO BECOME A GLOBAL POWER ILAYDA GULUMSER
Dr. Ogr. Uyesi, CIGDEM
THE NEW DESTINATION FOR HEALTHY AND INNOVATIVE | KIZILGECI
NUTRITION: GLUTEN-FREE LIVING Aragtirmaci, ZEYNAL
TASTAN
Uzayin Militarizasyonu: Sovyet Perspektifi ve Giivenlik Yaklagimi Mahmut Can OZDEMIR
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HALL / SALON 5
Dr. Ogr. UyesiZEYNEP HUMEYRA KOC

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
A RESEARCH ON THE ANALYSIS OF THE PRINCIPLES OF Kemal GUL
SEPARATION OF POWERS IN THE CONTEXT OF POLITICAL | Prof. Dr. Arslan
PHILOSOPHY TOPAKKAYA
A RESEARCH ON THE ANALYSIS OF THE PRINCIPLES OF Kemal GUL
SEPARATION OF POWERS IN THE TURKISH STATE Prof. Dr. Arslan
SYSTEM ON A CONSTITUTIONAL PLANE TOPAKKAYA

OLGUSAL BIR GERCEKLIK OLARAK TAKLIT:
EPISTEMOLOJIK VE TEOLOJIK DEGERI

Dr. Ogr. Uyesi ZEYNEP
HUMEYRA KOC

THE EPISTEMOLOGICAL VALUE OF THE AESTHETIC
ARGUMENT

Oguzhan Yalgin
Assoc. Prof. Dr. Ozcan
Akdag

CULTURAL SUSTAINABILITY AND SPATIAL IDENTITY IN
CONTEMPORARY INTERIOR DESIGN WITH LESSONS
FROM IRANIAN ISLAMIC ARCHITECTURE

Assoc. Prof. Dr. Meryem
GECIMLI

TRADITIONAL NATIVE AMERICAN BUILDING STYLES
AND THEIR MODERN REINTERPRETATION

Assoc. Prof. Dr. Meryem
GECIMLI

HARFLERIN HAFIZASI OLARAK KULTUREL TiPOGRAFI;
TOPLUMSAL BELLEK VE KiMLIK

Dog. Dr. Baris AYDIN
Master Ogrencisi, Zeynep
KILIC

POST-ANTROPOSANTRIZM: TASARIMDA SANATCININ
YOKLUGUNUN VARLIGI

Dog. Dr. Baris AYDIN
Master Ogrencisi, Necla
KILIC

AN ANALYSIS ON ORIENTALIST PERSPECTIVE AND THE
OTHER IN DIGITAL GAMES

Ogr. Gor., SIBEL OZDEN
OMUZLU

Dog. Dr., MUSTAFA C.
SADAKAOGLU
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STRATEGIC MIGRATION TO HYBRID CLOUD ,'\‘/:gﬁ g‘g:é’?'ﬂ_‘:fﬁa“b
INFRASTRUCTURES '
THE ROLE OF HISTORICAL FIGURES IN SHAPING MODERN | [ oy oo oo
DIPLOMACY - ady
S Surasak J
= POST-IMPACT RESIDUE ANALYSIS IN FORENSIC K‘fﬁ; ‘- antapoom
S BALLISTICS
© |5
Z <
@] 2
- b=t .
< g HYBRID PEDAGOGY MODELS FOR VIRTUAL Assoc. Prof. Dr. Kittiphon
n . CLASSROOMS Tawan
~ —
- )
= -
< 1S)
T a
F COMMUNITY PARTICIPATION IN HERITAGE POLICY Dr. Kanokwan
2 FORMULATION Theerathongchai
(7]
<
EMPOWERING YOUNG ARTISTS THROUGH LOCAL SCRIPT | Rachid Ben Amar
INTEGRATION Andrew J. Collins
VISUAL STORYTELLING FOR CHILDREN INSPIRED BY
FOLK NATURE TALES Dr. Anucha Sangsiri
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
SOCIAL MEDIA IMPACT ON TRAVEL DECISIONS AMONG E\L’a'tZFaplﬂﬁiﬁlﬁo'
EASTERN EUROPEAN BACKPACKERS Y
INCLUSIVE WORKPLACE POLICIES IN FINANCIAL ?:rsgg ipmf' Dr. Maha Al-
INSTITUTIONS: A GULF REGION OVERVIEW 4
DIGITAL NOTE-TAKING HABITS AMONG SECONDARY Rachel Whitmore
SCHOOL STUDENTS
g PARENTAL ROLES IN LANGUAGE DEVELOPMENT OF Vun-Hwa Lin
g CHILDREN WITH SPECIAL NEEDS
L
~ -
z <
O &
;(' < FACTORS SHAPING YOUTH CIVIC PARTICIPATION IN Lecturer Ranjit
by b SOUTH ASIAN UNIVERSITIES Subramanian
~ I
_
=R
(@]
I a
g THAI ENGLISH VARIATIONS IN ONLINE HOTEL REVIEWS | Siriporn Kongsuk
3
<
CONSUMER BEHAVIOR OF UNIVERSITY STUDENTS IN E:‘;ﬁfand'date Anusorn
LINE WITH BUDDHIST ECONOMIC VALUES
INVESTIGATING COGNITIVE READING STRATEGIES Huda Benamar,
AMONG ALGERIAN ESL GRADUATE STUDENTS Faisal Rahimi
CULTURAL SYMBOLISM IN HANDMADE SOUVENIR .
DEVELOPMENT FOR TOURISM Q;Z‘I’ﬁ Prof. Dr. Samira
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EVALUATING ORGANIZATIONAL AGILITY AS A DRIVER ?g'ng'}Ukagﬂ\/?Lkov'c*
OF DIGITAL TRANSFORMATION INITIATIVES
A HYBRID GENETIC-BASED APPROACH FOR OPTIMIZING '\D"rs\f;‘;‘:ﬁg'f:z‘? Bensalem
NONLINEAR ECONOMETRIC MODELS - Y ,
Dr. Hicham Ferhat
THE INTERPLAY BETWEEN GLOBAL ENERGY DEMAND Eahad Al-Mutairi
AND ALTERNATIVE ENERGY INVESTMENTS
(5]
% Assis. Prof. Dr. Camila
© = IMPLEMENTING LEAN PRINCIPLES IN PUBLIC HEALTH o T
z 3 SYSTEMS: A CASE STUDY FROM LATIN AMERICA Ires, )
O Luis Fernando Rios
| =
< -
n 2
~ O
- & CHALLENGES IN THE ADOPTION OF INDUSTRY 4.0 Or. Rakesh Nair
< a PRACTICES AMONG SOUTH ASIAN MANUFACTURERS :
I 5
p—
[a
STRENGTHENING COMMUNITY-BASED ECONOMIES Santoso, Dewi Lestari
THROUGH SUSTAINABLE LOCAL ENTERPRISES
ANALYSIS OF STRATEGIC FAILURES IN
INFRASTRUCTURE FIRMS DURING ECONOMIC Prof. Dr. Giorgi Beridze
DOWNTURNS
INFLUENCE OF PERSONALITY TRAITS ON DIGITAL Javier Martinez Ortega
PURCHASE DECISIONS IN MILLENNIAL CONSUMERS Y
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COMPETENCY DEVELOPMENT IN SUPPLY MANAGEMENT: | Dr. Lukas Schneider
A CENTRAL EUROPEAN APPROACH
FRAMEWORK FOR IMPROVING INTERNAL AUDIT E;b“’éaarzg?gafg‘rfzreehh'
EFFECTIVENESS IN TRANSITIONAL ECONOMIES a : .
Samimi, Mehdi Davani
IMPACT OF PATENT POLICY ON INNOVATION Qiiiﬁi Prof. Dr. Richa
PERFORMANCE IN INDIAN MANUFACTURING FIRMS ’
Sandeep Sharma
_ THE ROLE OF WORKPLACE TRUST, CULTURAL
< DIVERSITY, AND SELF-EFFICACY IN DIGITAL Dr. Khalid Al-Mutairi
= COMMUNICATION EFFECTIVENESS
o m
P &
- 5 FACTORS INFLUENCING VALUE RELEVANCE OF Niloofar Tavakol
< = ACCOUNTING EARNINGS IN DEVELOPING CAPITAL Sars Rovace O
@ 5 MARKETS
J -
2 g
[a
I S
S INFORMATION SYSTEM FAILURES IN PUBLIC SECTOR Noora Al-Mansoori
2 ENTERPRISES: A GULF REGION PERSPECTIVE
SUSTAINABLE SUPPLY NETWORK OPTIMIZATION UNDER E?tegnﬁm’i'd%'f’g‘:r‘s;
UNCERTAINTY AND REGULATORY CONSTRAINTS Taria Al-Sabah
ETHICAL LEADERSHIP AND GOVERNANCE CHALLENGES | oo
IN DIRECT SELLING ENTERPRISES J J
CORPORATE DISCLOSURE QUALITY AND INVESTOR Samira Ebrahimi,
DECISION-MAKING: EVIDENCE FROM A MIDDLE O Air Darvanavard
EASTERN CONTEXT : ry
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FEMINIST PERSPECTIVES ON WOMEN’S ACCESS TO Dr. Nusrat Jahan
DIGITAL HEALTHCARE IN DHAKA
EVALUATING THE ROLE OF TRADITIONAL AUTHORITIES | e in i ro
IN LOCAL CONFLICT RESOLUTION J Y
SOCIO-SPATIAL TRANSFORMATION AND THE RISE OF Earideh Shafiei
INFORMAL COMMUNITIES IN TEHRAN
oy
[0}
as
-2 TECHNICAL TRANSLATION PRACTICES IN Or. Samuel K. Nvonaesa
= MULTILINGUAL AFRICAN CONTEXTS : -vyong
N
S 3
= I
9 £ TRADITIONAL MOTIFS AND CONTEMPORARY
[3o .
g s AESTHETICS IN EMIRATI TEXTILE DESIGN Layla Saeed Al-Hosani
-~ =
- o
3 a
T 5
e COORDINATING MULTINATIONAL ENGINEERING Youssef Belkacem
o PROJECTS: STRATEGIES FOR SYSTEM INTEGRATION Jean-Louis Dubois
<3
(2]
(7]
<
ANALYZING THE EUROPEAN UNION’S STANCE ON L ecturer Camille Fournier
GLOBAL MIGRATION GOVERNANCE
PATTERNS OF YOUTH MIGRATION FROM RURAL Assoc. Prof. Dr. Mariam
ARMENIA TO URBAN CENTERS Hovhannisyan
THE DEVELOPMENT AND CITIZEN PERCEPTION OF E-
GOVERNANCE PLATFORMS IN THE CZECH REPUBLIC Jakub Novak
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EVALUATION OF ACTIVE AGING STRATEGIES IN THE Eg‘l‘;f ’r\lI?I’\J/Illl_Il(UL
CONTEXT OF GLOBAL INDICATORS: THE CASE OF D C)gur Uyesi Siyret
SOUTHERN EUROPE WELFARE STATES AND TURKIYE AYAS SARMAN
é Senanur KUNKUL
. Emine NAMLI
- E GENDER EQUALITY IN SOUTHERN EUROPEAN WELFARE | Dr. Ogr. Uyesi Siyret
= 8 STATES AND TURKIYE: A CURRENT ASSESSMENT AYAS SARMAN
O H
|
i z
@ -
- ‘8
2 AN ANALYSIS OF A THE GAZA-THEMED NEWS ARTICLE .
% A IN THE CONTEXT OF EMBEDDED MULTIMEDIA é;sé’&f’mf' Dr. BIRSEN
= JOURNALISM
e
[-™
THE SIGNIFICANCE OF STORYTELLING THROUGH DATA
VISUALIZATION IN CONTEMPORARY MARKETING Prof.Dr, GULAY OZTURK
COMMUNICATION STUDIES
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
COMPARISON OF EVOLUTIONS OF INTERNAL EROSION IN | £19" Dt Mehmet Skt
L HOMOGENEOUS EARTH-FILL DAMS BUILT WITH MEDIUM | i Eh
SAND-CLAY MIXTURE WHEN THE SEEPAGE IS AT R e e o OKAN
BOTTOM OR AT MIDDLE PART OF THE DAM Vinit KALYONCU
SYNTHESIS OF BUTLY-SUBSTITUTED 4-THIAZOLIDINONE
2 COMPOUNDS VIA ONE-POT MULTICOMPONENT Dr. Fatma Tiilay TUGCU
REACTION
) THE ROLE OF BIG DATA IN DECISION SUPPORT SYSTEMS | Assoc. Prof. Dr. Meryem
FOR INTERIOR DESIGN GECIMLI
A WASTE MANAGEMENT AND CIRCULAR ECONOMY Assoc. Prof. Dr. Meryem
PRACTICES IN INTERIOR SPACES GECIMLI
x
o~ >
2 |3
S @ 5 EFFECT OF THE CUTTING PARAMETERS gr,of' g I ﬁ”ﬁs KAYl'J':T A
S g ON DRILLING OF GGG40 MATERIAL ON A LATHE gr. Lrv. Muharrem
2 >
- o
% e Ogr. Gor. Kadriye BASAR
2 6 COVERINGS OF IRRESOLUTE TOPOLOGICAL GROUPS s Dr. Hirmet ¥ ULYA
. COVERINGS AND ACTIONS OF IRRESOLUTE 2;’(?"21)“ Hairmet FULYA
TOPOLOGICAL GROUPOIDS Ok, Gor. Kadriye BASAR
Prof. Dr. FATMA
HUSNIYE DILEK
Dog. Dr. IHSAN HAKKI
CIFTCI
Prof. Dr. 0ZTUG ADSAN
Uzm. Dr. ENGIN
o THE ROLE OF BACTERIAL AGENTS IN THE ETIOLOGY OF g@?g‘fﬁs AN SALIH
PROSTATIC INFECTIONS CAGLAM
Prof. Dr. OSMAN KOSE
Dr. ZEYNEP
KAHYAOGLU
Dr. ELMAS PINAR
KAHRAMAN KILBAS
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NATIONWIDE STUDY ON THE SHIFT FROM CLSI TO
EUCAST IN THE ANTIBIOTIC RESISTANCE PATTERNS OF
ESCHERICHIA COLI ISOLATED FROM WOMEN WITH
URINARY TRACT INFECTIONS

DOC. DR. IHSAN HAKKI
CiFTCi

DR. ELMAS PINAR
KAHRAMAN KILBAS
PROF. DR. AHMET ALIM
DOC. DR. ALI KORHAN
SIG

DR. OGR. UYESI AYSE
OZKACMAZ

DOC. DR. AYTEN
GUNDUZ

DOC. DR. BARIS
GULHAN

PROF. DR. BILGE
SUMBUL

PROF. DR. CUNEYT
OZAKIN

PROF. DR. DEVRIM
DUNDAR

DR. OGR. UYESiI EMEK
TURKEKUL SEN

UZM. DR. ENGIN
KARAKECE

DOC. DR. ESRA
OZKAYA

PROF. DR. FADILE
YILDIZ ZEYREK

DOC. DR. FiLiZ ORAK
PROF. DR. FUSUN
COMERT

PROF. DR. GUL
DURMAZ

DOC. DR. GULGUN
YENISEHIRLI

PROF. DR. HAKAN
TEMiz

PROF. DR. HATICE
TURK DAGI

DR. IMDAT KILBAS
PROF. DR. METIN
DOGAN

PROF. DR. MUHAMMET
GUZEL KURTOGLU
PROF. DR. MUHAMMED
HAMIDULLAH UYANIK
PROF. DR. MUCAHIDE
ESRA KOCOGLU

PROF. DR. NURI KiRAZ
UZM. DR. OZLEM KOCA
UZM. DR. OZLEM
YOLDAS

DOC. DR. PINAR
SAGIROGLU

PROF. DR. SABAHAT
AKSARAY

DOC. DR. SADIK AKGUN
PROF. DR. SELCUK
KAYA

PROF. DR. SEMRA
KURUTEPE

PROF. DR. YELiZ
CETINKOL

PROF. DR. YELiZ
TANRIVERDI
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Authors

HALL / SALON 1
Asst. Prof., Merve DEMIRBUGEN OZ

WHAT AFFECTS THE LEVEL OF SEXUAL HEALTH
LITERACY IN WOMEN? A LITERATURE REVIEW EXAMPLE

Yiiksek Lisans Ogrencisi
Aleyna GUNER
Dog. Dr. Ruveyde AYDIN

AWARENESS OF GYNECOLOGIC CANCERS IN WOMEN: A
STUDY ON ENDOMETRIAL CANCER

Yiiksek Lisans Ogrencisi
Biisra ISBILIR

Dog¢.Dr. Ruveyde AYDIN
Yiiksek Lisans Ogrencisi
Aleyna GUNER

ACILIN NABZI: HER BRANSIN KESISTIGI NOKTADA
HEKIM OLMAK

Dr. Ogr. Uyesi Ramazan
KIYAK

THE RELATIONSHIP BETWEEN CHEST PAIN AND
ANXIETY: A CURRENT EVALUATION

Dr. Ogr. Uyesi Gokhan
TASKIN

ADLI VAKANIN iLK DURAGI: ACIL SERVISTE ADLI TIP

Dr. Ogr. Uyesi Samet
KIYAK

PROTOCOLS FOR NURSING CARE AND CLINICAL g’igi‘g P }\ﬁi{a dder
PRACTICE IN INTENSIVE CARE UNITS T N e
THE INFORMATION NEEDS OF CAREGIVERS PROVIDING g’igi‘g?ﬁf&a sder
HOME CARE FOR PATIENTS WiTH STROKE oo

NANOTOXICITY OF LIPID NANOPARTICLES IN DRUG
DELIVERY

Asst. Prof., Merve
DEMIRBUGEN 0Z

ENVIRONMENTAL PHARMACEUTICALS: A NEW
TOXICOLOGICAL EMERGENCY

Asst. Prof., Merve
DEMIRBUGEN 0Z
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HALL / SALON 2
Dr. Ogr. Uyesi Mustafa BUGDAY

EVALUATION

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
. . . - . - Feyyaz Alpsalaz
Analysis of Fuel Consumption and Charging Efficiency in Electric Emrah Asl
Vehicles mranh Astan
Yildirim Oziipak
Analysis of Fuel Consumption in Electric Vehicles: A Study on Eﬁnyéizggialaz
Segments, Usage Scenarios, and Energy Efficiency Yildirm Oziipak
bl
FIRE RISKS IN ELECTRIC VEHICLES AND TURKIYE Ipek CAN

Prof. Dr. Muhsin KILIC

YUKSEK BASINCLI DOKUM MAKINELERINDE MODULER
PISTON KULLANILMASI iLE URETIM VERIMLILIGIN
ARTTIRILMASI

Robot ve Otomasyon
Miihendisi, Umut COSGUN
Dog. Dr., Ahmet
FEYZIOGLU

Dr. Trevor Uyi OMORUY1

KOMPAKT VE GUVENLI PNOMATIK KESME MAKINESI

CANSU KELKIT
ABDALLA SOLIMAN
KADER DOGEN
DR. OGR. UYESI
MUSTAFA BUGDAY

ARDUINO KONTROLLU PNOMATIK AYIRMA
MEKANIZMASINA SAHIP KONVEYOR BANT SISTEMI
TASARIMI VE UYGULAMASI

Dr. Ogr. Uyesi Mustafa
BUGDAY

Ogrenci, Serden Sahin
Ogrenci, Merve Celikkanat
Ogrenci, Muhammed Ozan
Celik
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Authors

HALL / SALON 3
Dr. Ogr. Uyesi MERYEM DENIZ

OPTIMAL TASK ALLOCATION ALGORITHM AND AGENT
COMMUNICATION LANGUAGE DEVELOPMENT FOR
UNMANNED AERIAL VEHICLE SWARMS

SONER KOSTERIT
Dr. Ogr. Uyesi MERYEM
DENIZ

GAME THEORY-BASED DECISION-MAKING ALGORITHM
AND REWARD DESIGN FOR PREVENTING AUTOMATIC
GROUND COLLISIONS

RIZA KUSLU
Dr. Ogr. Uyesi MERYEM
DENIZ

DEVELOPMENT OF Q-LEARNING BASED DECISION
MAKING ALGORITHM FOR UAVS

MUHAMMET ENES
TASOGLU

Dr. Ogr. Uyesi MERYEM
DENiZ

ARTIFICIAL INTELLIGENCE-BASED THREAT DETECTION
AND AVOIDANCE SYSTEMS IN AUTONOMOUS
UNMANNED AERIAL VEHICLES (UAVS)

BARAN AKAY
Dr. Ogr. Uyesi MERYEM
DENIZ

DESIGN AND CONTROL OF AN AUTONOMOUS DRONE FOR
PACKAGE DELIVERY USING Q-LEARNING

SERBULENT
TANRIVERDI

Dr. Ogr. Uyesi MERYEM
DENizZ

DEVELOPMENT OF SAFE AND STABLE ALGORITHMS TO
SUPPRESS SYSTEM ABNORMALITIES IN SWARM-BASED
UNMANNED AERIAL VEHICLES

BERKAY KAHYAOGLU
Dr. Ogr. Uyesi MERYEM
DENizZ

DEVELOPMENT OF A DECISION-MAKING ALGORITHM
FOR AIR COMBAT USING GAME THEORY AND DYNAMIC
PROGRAMMING

SUMEYYE CINASLI
Dr. Ogr. Uyesi MERYEM
DENiz
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Res. Asst. Bengii FETILER
Res. Asst. Omer Atilim
CONVOLUTIONAL VISION TRANSFORMER-BASED KOOA
AUTOMATED MEDICAL REPORT GENERATION Assoc. Prof. Volkan KILIC
Emir CIL
EFFICIENT VISUAL INTERPRETATION WITH K-MEANS Res. Asst. Bengii FETILER
BASED COLOR CLUSTERING FOR VIDEO CAPTIONING Assoc. Prof. Volkan KILIC
=4
= Atalay SAHAN
< E A BENCHMARK STUDY OF TRANSFORMER LAYERS IN K- R;; a/{ssst Bongil FETILER
% E MEANS COLOR CLUSTERED IMAGE CAPTIONING Assoc. Prof. Volkan KILIC
| =
< 50
2 E Mustafa Melik
3 R AYANOGLU
- . o
< Z AUTOMATED CHEST X-RAY PROJECTION ges. isst' gf;‘g:‘ AFt ]::hTriLER
T < CLASSIFICATION o8, ASSt. Lme
4 KOCA
é Assoc. Prof. Volkan KILIC

TRANSFORMER-BASED SEQUENCE-TO-SEQUENCE
MEDICAL REPORT GENERATION

Mustafa Melik
AYANOGLU

Res. Asst. Bengii FETILER
Res. Asst. Omer Atilim
KOCA

Assoc. Prof. Volkan KILIC

AUTOMATED CHEST X-RAY GENDER CLASSIFICATION

Mustafa Melik
AYANOGLU

Res. Asst. Bengii FETILER
Res. Asst. Omer Atilm
KOCA

Assoc. Prof. Volkan KILIC
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HALL / SALON 5
Doc¢. Dr. SEVRA FIRINCIOGULLARI

DEBATES ON JUSTICE IN VICTOR HUGO’S “THE TAPNER

Dog. Dr. SEVRA

CASE”: NATURAL LAW and POSITIVE LAW FIRINCIOGULLARI
FICTION AND REALITY IN JULES VERNE’S THE
ADVENTURES OF KERABAN THE INFLEXIBLE: AN Mustafa Can GURIPEK

EVALUATION OF 19th CENTURY BLACK SEA TRADE

“DUHA KOCA” IN THE BOOK OF DEDE KORKUT ANALY SIS
OF “DUHA KOCA OGLU DELI DUMRUL” IN TERMS Of
MYTHOLOGICAL MOTIFS

Dr. Ogr. Uyesi, Merve Nur
SEZGIN

Yiiksek Lisans Ogrencisi,
Merve ATCI

AN EXAMINATION OF THE STORY ‘BASAT SLAYING
TEPEGOZ’ IN THE BOOK OF DEDE KORKUT’ IN TERMS OF
MYTHOLOGICAL MOTIFS

Dr. Ogr. Uyesi Merve Nur
SEZGIN

Yiiksek Lisans Ogrencisi,
Tu@ba TATLI

THE INFLUENCE OF YUNUS EMRE ON A GHAZAL NOT
FOUND IN THE DIVAN OF MUSTAFA ALI OF GELIBOLU

Dr. AYSEGUL EKICI

JUSTICE DOCUMENTS OF THE WEST AND THE EAST: THE
EFFECTS OF THE MAGNA CARTA AND THE TANZIMAT
EDICT, TWO SPARKS OF FREEDOM, ON
DEMOCRATIZATION AND HUMAN RIGHTS

Bag6gretmen, Giilten
AKGUL

THE DARK SIDE OF THE VICTORIAN LONDON: THE
ANATOMY OF CRIME IN ENGLISH NOVELS

Bagogretmen, Giilten
AKGUL
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ANALYSIS OF FACTORS INFLUENCING DRIVER
1 BEHAVIOR AND MEDIA PREFERENCES IN Dr. Ahmed Al-Farsi
TRANSPORTATION
A COMPREHENSIVE STUDY ON THE IMPACT OF Ravi Kumar,
2 POLITICAL EXILE IN SOUTH ASIA Ananya Singh
THE POSITION OF THE SUPREME COURT ON RESTRICTING
3 | CIVIL RIGHTS IN THE FACE OF NATIONAL SECURITY Prof. Dr. Elena K. lvanova
Liza Dela Cruz,
. PROTECTION AND RECOGNITION OF INDIGENOUS RIGHTS | o e -0
IN THE PHILIPPINES
© S
zZ N THE NEED FOR SPACE LEGISLATION AMONG EMERGING | Faisal Ahmed
- =} 5 SPACE NATIONS Mei Ling
m
< @
(92] [
~ o
- G
| ) HUMAN RIGHTS AND THE ROLE OF CONSTITUTIONAL br. Sofiane Bouzidi
% £ 6 LAW IN MILITARY CONFLICTS '
ADVANCEMENTS IN FORENSIC SCIENCE: ANALYZING Mariama Dio
7 HAIR SAMPLES AFTER LONG-TERM EXPOSURE P
8 CHALLENGES IN DIGITAL EVIDENCE COLLECTION AND Dr. Farida Ahmed
ITS ACCEPTANCE IN LEGAL SYSTEMS
THE ROLE OF THE EUROPEAN UNION IN INTERNATIONAL
9 POLICY DEVELOPMENT Stefan Kovac
ANTI-CORRUPTION MEASURES IN THE CONTEXT OF THE
10 | MIGRATION CRISIS IN EUROPE Elena Petrovna
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ADVANCING GENDER EQUALITY THROUGH Dr. Zaynab Qasim
TRADITIONAL INTERPRETATION IN ISLAMIC CULTURE
THE INFLUENCE OF FRENCH LITERARY TRENDS ON Rachida Ben Ali
TUNISIAN WOMEN WRITERS IN THE 20TH CENTURY
THE ETHICS OF HUMAN-NATURE RELATIONS: A GLOBAL . . .
PERSPECTIVE Prof. Dr. Hiroshi Takahashi
— PROTECTING HUMAN RIGHTS THROUGH EUROPEAN Aminat Idris
S LEGISLATIVE INITIATIVES - .
@ Olumide Oladipo
> | E
P4 <
) ~
:(l = THE LEGACY OF NIXON’S POLITICAL STRATEGIES: A Marie Dubois
wn 3 COMPARATIVE COMMUNICATION STUDY
~ P
7 =
3 |z
< a
§ SECURITY CHALLENGES IN STATES UNDER SEVERE Dr. Mohammed Amin
o MILITARY STRAIN: A STUDY OF ASYMMETRIC WARFARE ’
DEVELOPING A NEW FRAMEWORK FOR EVALUATING Nadia El-Saved
MEDIA TRUSTWORTHINESS Y
GENDER INEQUALITIES IN ACADEMIC RESEARCH: Ravi Patel
GLOBAL DISPARITIES AND IMPLICATIONS Sara Kovacevi¢
THE ROLE OF THE SWISS SCIENTIFIC SOCIETY IN GLOBAL .
DEVELOPMENT INITIATIVES Dr. Marta Fischer
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Seyed Erfan Hosseini
ASSESSMENT OF SHEAR STRENGTH PARAMETERS OF Mohammad K. Alizadeh,
MODIFIED LOESS WITH COMMON ADMIXTURES IN Amir Mesbah
GORGAN, IRAN
DEVELOPMENT OF AN INTEGRATED BIM (BUILDING Dr. Zhang Wei
INFORMATION MODELING) SYSTEM IN A CLOUD Prof. Liu Min
COMPUTING PLATFORM
SIMULATION AND PARAMETER OPTIMIZATION OF A
RECTANGULAR MAGNETIC FIELD GENERATOR FOR Dr. Maria Gonzalez
INDUSTRIAL APPLICATIONS
Ali Shah
APPLICATION OF ADVANCED MACHINE LEARNING Ahmed Ali
ALGORITHMS FOR STRUCTURAL HEALTH MONITORING Farah Karim
Saeed Zeynali
c
ee) 3
Z £
O 5 L. Popescu
- = THERMAL BEHAVIOR OF SUSTAINABLE CONCRETE S, Stanescu
% - MIXES WITH NATURAL INSULATION MATERIALS '
~ 8
=l
< S
T 5 ASSESSING SAFETY RISKS IN URBAN CONSTRUCTION Dr. Yiming Zhang
SITES THROUGH MACHINE LEARNING MODELS Prof. Dr. Qian Zhao
OPTIMIZATION OF THERMAL STABILITY IN COMPOSITE Dr. Natalia Petrov
MATERIALS FOR AEROSPACE APPLICATIONS Dr. llya Drozdenko
Dr. Carlos Rodriguez
IMPACT OF STRUCTURAL DESIGN ON THE PERFORMANCE Prof. Martina Serrano
OF BRIDGES UNDER SEISMIC LOADING CONDITIONS s
Dr. Felipe Duarte
ENERGY-EFFICIENT MATERIALS IN CONSTRUCTION FOR
REDUCING ENVIRONMENTAL IMPACT: A CASE STUDY Dr. Jessica Thompson
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SYNTHESIS OF POLYMERIC NANOCOMPOSITES FOR Jonas Fischer
ENVIRONMENTAL REMEDIATION OF PHARMACEUTICAL | {252 B0
POLLUTANTS
REMOVAL OF HEAVY METALS USING FUNCTIONALIZED | Prof. Dr. Amadou Diallo,
BIOSORBENTS FROM AGRO-WASTE Dr. Fatoumata Traoré
DEVELOPMENT OF BIOSENSOR PLATFORMS FOR Maya Singh
DETECTION OF ENVIRONMENTAL CONTAMINANTS Ritu Sharma

>

2 £

z

@) 2

?(I S PHYSICAL AND CHEMICAL PROPERTIES OF HYDROGEL Ravi Kumar,

o0 < SYSTEMS CONTAINING ACTIVE PHARMACEUTICAL Manoj Kumar, Aakash

- T INGREDIENTS Gupta

| C

_ ©

< N

I - .

o OPTIMIZATION OF SOLID PHASE EXTRACTION FOR gsr:{aﬁ"’:?“'

TRICYCLIC ANTIDEPRESSANT DRUGS IN URINE SAMPLES | ¢ to00 )"

ANTIFUNGAL ACTIVITY OF NATURAL EXTRACTS FROM
TRADITIONAL HERBS AGAINST COMMON PATHOGENS

Dr. Linda Pienaar,
Dr. Zanele Mthembu

ANALYSIS OF THE TOXICITY OF NANOPARTICLES IN
AQUATIC ECOSYSTEMS: A COMPARATIVE STUDY

Kostas Papadopoulos,
Nikoleta Georgiou,
loannis Theodorou
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DEVELOPMENT OF MOLECULAR IMPRINTED POLYMERS Bianca Schweiger, Lucile
1 (MIPS) FOR THE SELECTIVE REMOVAL OF Bahnweg, Barbara Palm,
CARBAMAZEPINE FROM AQUEOUS SOLUTION Ute Steinfeld
Assis. Prof. Dr. Rakmi
PENTACHLOROPHENOL REMOVAL VIA ADSORPTION AND | Abd.-Rahman
BIODEGRADATION Assis. Prof. Dr. Nurina
2 Anuar
Lecture Sanae
FORMULATION AND EVALUATION OF VAGINAL Kaewnopparat
SUPPOSITORIES CONTAINING LACTOBACILLUS Dr. Nattha Kaewnopparat
= 3
<
= S
zZ o .
@] § Asad Ullah Madni
| A ASAD ULLAH MADNI, MAHMOOD AHMAD, NAVEED Mahmood Ahmad, Naveed
5, g 4 AKHTAR, MUHAMMAD USMAN Akhtar, Muhammad Usman
_ 8
| =
< g Assis. Prof. Dr. N.
I - SERICIN FILM: INFLUENCE OF CONCENTRATION ON ITS Namviriyachote
5 5 PHYSICAL PROPERTIES N. Bang, P. Aramwit
Mahmood Ahmad
VALIDATION AND APPLICATION OF A NEW OPTIMIZED Ghulam Murtaza
5 RP-HPLC-FLUORESCENT DETECTION METHOD FOR Sonia Khiljee
NORFLOXACIN Dr. Muhammad Asadullah
Madni
Assis. Prof. Dr. M. H.
ANTIBACTERIAL CAPACITY OF PLUMERIA ALBA PETALS | Syakira
7 Dr. L. Brenda

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 25 - 27, 2025

SKOPJE
Meeting ID: 885 7151 8350 Passcode: 202224

26 Nisan / April 26,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATION OF URBAN LAND DEVELOPMENT Ahmad Sharif Ahmadi
1 DIRECTION IN KABUL CITY, AFGHANISTAN Yoshitaka Kajita

Assis. Prof. Dr. R.

INFLUENCE OF PLACE IDENTITY ON WALKABILITY: A Rafiemanzelat
COMPARATIVE STUDY BETWEEN TWO MIXED USED
2 STREETS CHAHARBAGH ST. ISFAHAN, IRAN AND
DEREBOYU ST. LEFKOSA, NORTH CYPRUS

CONTROLLED INTERSECTION

s RENEWED URBAN WATERFRONT: SPATIAL CONDITIONS Assis. Prof. Dr. Beate
c OF A CONTEMPORARY URBAN SPACE TYPOLOGY Niemann,
S Fabian Pramel
] 3

» €

p <
()

=z >

3 S Philip Speranza
[

< = URBAN ECOLOGICAL INTERACTION: AIR, WATER, LIGHT

% O 4 AND NEW TRANSIT AT THE HUMAN SCALE OF

: g BARCELONA’S SUPERILLES

- c

% (3 Prof. Dr. Ezenwa Chinenye
w PERFORMANCE EVALUATION OF A ‘PRIORITY- Amanamba
5 5 CONTROLLED’ INTERSECTION CONVERTED TO SIGNAL-
Y—
o
j—
o

DISCUSSION ABOUT FREQUENT ADJUSTMENT OF URBAN | Sun Ailu
6 MASTER PLANNING IN CHINA: A CASE STUDY OF Zhao Wanmin
CHANGSHOU DISTRICT, CHONGQING CITY

Yiorgos Hadjichristou

HYBRID LIVING: EMERGING OUT OF THE CRISES AND
7 DIVISIONS
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Assis. Prof. Dr. Ondfej
CORPORATE GOVERNANCE STRUCTURES AND Nowak
OVERLAPPING DIRECTORATES IN THE CZECH REPUBLIC
Hasnida Abdul Wahab
THE INFLUENCE OF STAKEHOLDER COMMUNICATION Shahrina Md Nordin
STRATEGIES ON CONSUMERS' ACCEPTANCE AND Lai Fong Woon
FINANCIAL PERFORMANCE: IN THE CONTEXT OF THE Hasrina Mustafa
FERTILIZER INDUSTRY IN MALAYSIA
S. Pechpoothong
EXAMINATION OF RUBBER WASTE UTILIZATION AT M. Kopystecki
PANDORA PRODUCTION COMPANY LIMITED
Aspalella A. Rahman
=< ADDRESSING MONEY LAUNDERING IN THE BANKING
"; INDUSTRY: INSIGHTS FROM THE MALAYSIAN
o EXPERIENCE
N 4
orm—
Z % Dr. Tomislav Stambolic,
3 = HYBRID ENERGY PROVISION WITH PREDOMINANTLY Anton Causevski
< =) RENEWABLE CHOICE FOR SMALL INDUSTRIAL COMPLEX
w =
~
3 >
- s
< &
T ] STATISTICAL FORECASTING OF LIKELY DISTRESS IN Prof. Dr. D. A. Farinde
a‘ NIGERIA'S BANKING SECTOR USING A NEURAL
< NETWORK APPROACH
Hamzah Jusoh
EFFECTIVENESS IN URBAN ADMINISTRATION FOR THE Azmizam Abdul Rashid
SUSTAINABILITY AND COMPETITIVENESS OF ACITY: A
CASE STUDY OF KUALA LUMPUR
Assoc. Prof. E. Giovanis
AN INVESTIGATION OF A NEURO-FUZZY INFERENCE
SYSTEM FOR FORECASTING GROWTH IN GROSS
DOMESTIC PRODUCT
Dr. Kho Mei Ye
HAZARDS OF LATE PAYMENT IN THE MALAYSIAN Hamzah Abdul Rahman
CONSTRUCTION INDUSTRY
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TURKISH, ARABIC AND KURDISH NAMES IN THE NAME ; --
1 LISTS OF THE GERMAN Prof. Dr. MUNISE AKSOZ
STYLES FOUND BY STUDENTS IN THE POEMS OF CAHIT . -
N 2 SITKI TARANCI Prof. Dr. MUNISE AKSOZ
Q
12
= o
% <
3 |2
2 % 3 IJII;//?{II\IJZSSI;EI)NDE KULTUREL BIR UNSUR OLARAK GIYSI Dr. OGUZ YILDIRIM
- > ’
3 =
T >
s
S: 4 ON THE HISTORICAL CHANGES IN THE GRAMMATICAL DSc, associate professor
GENDER SYSTEM OF THE ARABIC LANGUAGE Vugar Garadaghli
5 DILBILIMDE SOYLEM ANALIZI NEDIR? ILAHE NIYAZOVA
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HALL / SALON 2
Dr. Ogr. Uyesi, ASLI KESKIN

SERBEST MUHASEBECI MALI MUSAVIRLERIN
ENFLASYON MUHASEBESI UYGULAMALARI
HAKKINDAKI GORUSLERI: NITEL BIR ARASTIRMA

Dr. Ogr. Uyesi, ASLI
KESKIN

INFANT MORTALITY RATE in TERMS of HEALTH SERVICE
UTILIZATION and INVESTMENT: A PANEL DATA
ANALYSIS for TURKEY

Dr.Ogr.Uyesi MERYEM
DEMIRTAS

THE RISKS POSED BY SOCIAL MEDIA INFLUENCERS: A
CONCEPTUAL ANALYSIS FOR BRANDS

Yiiksek Lisans Ogrencisi,
FATMAGUL PARLAK
Dog.Dr. EVRIM
ERDOGAN YAZAR

DUYGUSAL EMEK VE DUYGUSAL EMEK YAKLASIMLARI

Havva Bezirganoglu
Dog. Dr. Elvettin Akman

A QUALITATIVE STUDY ON THE EVALUATION OF
SUSTAINABLE DEVELOPMENT GOALS IN MARBLE
ENTERPRISES IN TERMS OF ECONOMIC-SOCIAL AND
ENVIRONMENTAL ASPECTS

Mehmet OZTURK
Dr. Ogr. Uyesi, Ibrahim
ALKARA

THE FUTURE OF ENERGY CONSUMPTION, ECONOMIC
GROWTH, AND CARBON EMISSIONS IN TURKIYE:
FORECASTING WITH THE ARIMA MODEL

Assist. Prof. Dr. Emre
AKUSTA

KARBON VERGISININ ETKINLiGi UZERINE AMPIRIK BiR
INCELEME

Yiiksek Lisans Ogrencisi,
Emine ORS
Dog. Dr. Dilek SUREKCI
YAMACLI
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EXAMINING THE RELATIONSHIP BETWEEN DARK TRIAD Master’s Student, Melek
1 PERSONALITY TRAITS AND CRIMINAL THINKING AND Goksu COSKUN
SELF-ESTEEM Dog. Dr. Burcu TURK
Psychological Counselor,
’ EXAMINATION OF PSYCHOLOGICAL RESILIENCE IN HATICE GULAS
TERMS OF VARIOUS DEMOGRAPHIC VARIABLES Associate Professor,
SEHER MERVE ERUS
3 PROBLEMLI AKILLI TELEFON KULLANIMININ CESITLI BgRgfggﬁg{U&ngE
DEMOGRAFIK DEGISKENLER ACISINDAN INCELENMESI ER‘GS :
&
=
=
™ e e
> ; 4 TURKIYE’DE KURESEL IKLIM DEGISIKLIGINE YONELIK QZ'SggSrE%fS}fThmet
9 <Nﬂ FARKINDALIK Gizem ADATEPE
< <
@ =
~
4 | &
< I 5 Religious Pluralism, Exclusivity and Inclusion Prof. Dr. RAMAZAN
T a BICER
o
S
-»
_— . Prof. Dr. RAMAZAN
6 The possibility of global morality BICER
MUKELLEF OLMAYAN COCUKLARIN ELEMINE DAIR EHL- . :
! I SUNNET VE MU’TEZILE ACISINDAN KARSILASTIRMA HATICE DEMIR
8
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HALL / SALON 4
Prof.Dr. Nazan AVCIOGLU KALEBEK

SILENE AEGYPTIACA’ BITKISININ
GUNEYDOGU ANADOLU BOLGESI
POPULASYONLARINDA TUR DELIMITASYONU

Yiiksek lisans 6grenci,
Mahmut SEN

Dr. ERDAL ATES
Dr. Ogr. Uye Zeynep
TOPRAK

INVESTIGATION OF THE EFFECT OF ANTIBIOTIC

RESISTANCE DEVELOPED IN Klebsiella pneumoniae WITH hBAIEDIE)IECAHKHANI
SUB-MINIMUM INHIBITORY CONCENTRATION AND ERGIN MURAT
CROSS-ANTIBIOTIC RESISTANCE ON BIOFILM ALTUNER
FORMATION

MELIKA
PREDICTIVE MODELLING APPROACH TO UNDERSTAND BIDOLLAHKHANI
THE COMBINED EFFECTS OF TEMPERATURE, pH, SELCEN GUL
GLUCOSE, NaCl, AND MAGNESIUM ON YUSUFOGLU
Klebsiella pneumoniae BIOFILM DEVELOPMENT ERGIN MURAT

ALTUNER

INVESTIGATION OF WATER RETAINING POLYMER
HYDROGEL USED IN AGRICULTURE

Prof.Dr. Nazan
AVCIOGLU KALEBEK

DEFICIT IRRIGATION EFFECT ON SEED YIELD AND
QUALITY OF PEPPER

BELKIS KAPLAN
Prof. Dr. BILAL ACAR
Assoc. Prof. Dr. MUSA
SEYMEN

AN EGZOTIC SPECIES IN TURKISH FORESTRY: BLACK
LOCUST

Dr. Ogrencisi, Tugge
Baloglu ERTAS
Prof. Dr. Nebi BILIR
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HALL /SALON 5
Res. Asst. Omer Atihm KOCA

PERSONALIZED GLUCOSE PREDICTION FOR DIABETES
MANAGEMENT WITH Q-LEARNING AND UNSCENTED
KALMAN FILTER

Gozde Havin FIDAN

Res. Asst. Omer Atilim
KOCA

Res. Asst. Bengii FETILER
Assoc. Prof. Volkan KILIC

REAL-TIME GLUCOSE PREDICTION WITH Q-LEARNING
AND KALMAN FILTER FOR PERSONALIZED DIABETES
MANAGEMENT

Gozde Havin FIDAN

Res. Asst. Omer Atilim
KOCA

Res. Asst. Bengii FETILER
Assoc. Prof. Volkan KILIC

A BENCHMARK STUDY OF RECURRENT NEURAL
NETWORKS WITH EXTENSIONS FOR GLUCOSE
PREDICTION

Res. Asst. Omer Atilim
KOCA

Res. Asst. Bengii FETILER
Assoc. Prof. Volkan KILIC

BiLSTM-BASED TYPE-1 GLUCOSE PREDICTION WITH
MULTI-PARAMETER INPUT ANALYSIS

Res. Asst. Omer Atilim
KOCA

Res. Asst. Bengii FETILER
Assoc. Prof. Volkan KILIC

CLASSIFICATION OF CHEST X-RAY IMAGES USING VISION
TRANSFORMER

Mustafa Melik
AYANOGLU

Res. Asst. Bengii FETILER
Res. Asst. Omer Atilim
KOCA

Assoc. Prof. Volkan KILIC

A HYBRID Q-LEARNING AND EXTENDED KALMAN FILTER
APPROACH FOR REAL-TIME GLUCOSE PREDICTION IN
DIABETES MANAGEMENT

Gozde Havin FIDAN

Res. Asst. Omer Atilim
KOCA

Res. Asst. Bengii FETILER
Assoc. Prof. Volkan KILIC
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iZMIR ve CEVRESI SISMIK DAVRANIS . .
L PARAMETRELERININ DEGERLENDIRILMESI: KUVVETLI ;"’(‘)“f' Errd gfﬁggﬁ'}is
YER HAREKETI VERILERIYLE YUZEY DINAMIKLERININ T
MODELLENMESI
PMR TEKNOLOJISI iLE YERALTI SU PARAMETRELERININ Giiven Do
2 SISMIK SIVILASMA DEGERLENDIRMELERINE P uvfe‘]’) %ga“ BEKTAS
ENTEGRASYONU rol. Dr. Lzean
3 2020 iZMIR DEPREMI: GEOTEKNIK ACIDAN INCELEME VE E{é;fss(};gr;nggiMET
ZEMIN DAVRANISLARI GONCO
Ars. Gor. Tuana GEL
9 A INVESTIGATION OF GAMMA RADIATION SHIELDING gf%?;;;“gggggﬁlz
2: PROPERTIES IN Fe-FeB-Cu-C MATERIALS Dr. Mesut Ramazan EKICl
s |3
5 &}
<
?EI ‘s DECARBONIZATION AND ENVIRONMENTAL Enes Tekelli
%) § 5 SUSTAINABILITY STRATEGIES IN THE SHIPBUILDING Prof. Dr. Ayhan Mentes
~ = INDUSTRY
3
< &
o Ingaat Miihendisi, AYKUT
& 6 TURKIYE’DE AKILLI ULASIM SISTEMLERININ TOPCU
DEMIRYOLLARINDA UYGULANMASI Ars. Gor. Dr,ONUR SAHIN
; YUKSEK HIZLI TRENLERIN TURKIYE ULASIM AGI ?g%aéffﬁhe“dm’AYKUT
ICINDEKI YERI VE TERCIH SEBEPLERI Ars. Gor. Dr.ONUR SAHIN
Dog. Dr. Mehmet Erdi
8 ELEKTRO EROZYONLA iSLEMEDE ENERJi TUKETIMI Korkmaz
UZERINE GUNCEL BiR DEGERLENDIRME Prof. Dr. Mustafa GUNAY
o EKLEMELI IMALAT PARCALARDA SON ISLEM ngkn]?;'zMehmet Erdi
YONTEMLERININ ANALIZI Prof. Dr. Mustafa GONAY
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HALL /SALON 7
Assoc. Prof. Dr. Suman Sharma

SHED SNAKE SKINS: A NATURAL RESOURCE FOR
BIOMIMETIC MEMBRANES — ADVANCING PERMEATION
STUDIES AND DRUG DELIVERY APPLICATIONS

Emma Grigoryan, Ashot
Khachatryan, Karapet Flora
Avjyan Savchenko,

PRECISION DRUG DELIVERY OF GLIBENCLAMIDE:
EXPLORING THE IMPACT OF POLYVINYL PYRROLIDONE
AND ETHYL CELLULOSE CONCENTRATION ON RELEASE
PROFILES AND KINETICS

Dr. Stepan Arakelova,
Assis. Prof. Dr. Lilia
Arsenyan

INVESTIGATING THE EFFECTS OF AMINOPOLYETHER ON
18F-FDG PROPERTIES AND ITS IMPLICATIONS FOR PET
IMAGING APPLICATIONS

Dr. Sunil Kamboj,
Dr. Vipin Saini, Lecture
GauravBala,

ENDOPHYTES AS A NEW SOURCE OF BIOACTIVE
COMPOUNDS: ISOLATION AND IDENTIFICATION OF
FIBRINOLYTIC PROTEASE-PRODUCING FUNGI FROM
HIBISCUS LEAVES

Assoc. Prof. Dr. Suman
Sharma

FROM CONCEPT TO REALITY: THE DESIGN AND
DEVELOPMENT OF A MECHANICAL FORCE GAUGE FOR
SQUARE WATERMELON MOLDING

Dr. Bedi Neayti Singh Phd.
Candidate Balvinder
Thakur,

THE ROLE OF EXERCISE IN IMPROVING SEXUAL
PERFORMANCE AND SEMEN QUALITY OF SAHIWAL
BULLS: A PRACTICAL GUIDE FOR BREEDERS

Assis. Prof. Dr. Rathapon
Dr.Sorrachaitawatwong,
Nardauma Pouthai

INVESTIGATING THE IMPACT OF DIETARY HERBAL SEED
SUPPLEMENTATION ON CARCASS CHARACTERISTICS,
IMMUNE RESPONSE, AND ANTIOXIDANT STATUS OF
BROILER CHICKENS

Sirijit Tipchuwong,
Chayanid Asasutjarit
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HALL / SALON 8
Assis. Prof. Dr. Maryam Rafsanjani

PERFORMANCE ENHANCEMENT OF MEMBRANE
DISTILLATION PROCESS iN FRUIT JUICE
CONCENTRATION BY MEMBRANE SURFACE
MODIFICATION

Samir K. Deshmukh,
Dr. Mayur M. Tajane

PRODUCTION OF APRICOT VINEGAR USING AN ISOLATED
ACETOBACTER STRAIN FROM IRANIAN APRICOT

Keivan Beheshti Maal,
Rasoul Shafiei, Noushin
Kabiri

EFFECT OF FERMENTATION TIME ON XANTHAN GUM
PRODUCTION FROM SUGAR BEET MOLASSES

Marzieh Moosavi- Nasab,
Safoora Pashangeh,
Assis. Prof. Dr. Maryam
Rafsanjani

UTILIZATION JUICE WASTES AS CORN REPLACEMENT iN
THE BROILER DIET

Yose Rizal, Maria Endo
Mahata, Mira Andriani,
Guoyao Wu

SURVEY OF IMPACT OF PRODUCTION AND ADOPTION OF
NANOCROPS ON FOOD SECURITY

Sahar Dehyouri, Seyed
Jamal Farajollah Hosseini

SOUS VIDE PACKAGING TECHNOLOGY APPLICATION FOR
SALAD WITH MEAT IN MAYONNAISE SHELF LIiFE
EXTENSION

Vita Levkane, Sandra
Muizniece-Brasava, Lija
Dukalska

INVESTIGATION OF PHYSICOCHEMICAL PROPERTIES OF
THE BACTERIAL CELLULOSE PRODUCED BY
GLUCONACETOBACTER XYLINUS FROM DATE SYRUP

Marzieh Moosavi-Nasab,
Ali R. Yousefi
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COMPARISON OF PHYSICO-CHEMICAL PROPERTIES AND
FATTY ACID COMPOSTION OF ELATERIOSPERMUM Siti Hamidah, Lee Nian
TAPOS (BUAH PERAH), PALM OIL AND SOYBEAN OIL Yian, Azizi Mohd
PHYSICAL PROPERTIES AND STABILITY OF EMULSIONS
AS AFFECTED BY NATIVE AND MODIFIED YAM Nor Hayati Ibrahim,
STARCHES Shamini Nair Achudan
OPTIMIZATION OF EXTRACTION OF PHENOLIC
COMPOUNDS FROM AVICENNIA MARINA (FORSSK.)VIERH | V.Bharathi, Jamila
USING RESPONSE SURFACE METHODOLOGY Patterson, R.Rajendiran
CHEMICAL AND BIOLOGICAL PROPERTIES OF LOCAL .
COWPEA SEED PROTEIN GROWN IN GIZAN REGION Assoc. Prof. Abdelatief S.
o H. El-Jasser
o @
Z 5
9 % INTERACTION EFFECT OF DGAT1 AND COMPOSITE A Molee. N
< X GENOTYPE OF BETA-KAPPA CASEIN ON ECONOMIC MILK Dﬁan haklaﬁ p
& 3, PRODUCTION TRAITS IN CROSSBRED HOLSTEIN M 4 g F.
= ernkrathoke
3 |3
< >
T .
5 REVEA LING CASEIN MICELLE DISPERSION UNDER Raza Hussain
VARIOUS RANGES OF NACL: EVOLUTION OF PARTICLES Claire Gaiani’
SIZE AND STRUCTURE . !
Joél Scher
PROCESS DEVELOPMENT OF SAFE AND READY-TO-EAT Pattama Ratana-Arporn
RAW OYSTER MEAT BY IRRADIATION TECHNOLOGY Pongtep Wilaipun
EFFECT OF PRETREATMENT METHOD ON THE CONTENT
OF PHENOLIC COMPOUNDS, VITAMIN C AND Ruta Galoburda, Zanda
ANTIOXIDANT ACTIVITY OF DRIED DILL Kruma, Karina Ruse
VISUALIZED CHARACTERIZATION OF MOLECULAR . L
MOBILITY FOR WATER SPECIES IN FOODS Dr. Yasuyuki Konishi,
Masayoshi Kobayashi
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USING ISM TO IDENTIFY THE INTERRELATIONSHIPS
AMONG CRITERIA FOR KNOWLEDGE MANAGEMENT Phd .Reza Sigari Tabrizi,
WITHIN MALAYSIAN ORGANIZATIONS Dr. Yeap Peik Foong,
Nazli Ebrahimi
EXPLORING THE IMPACT OF MARKET BETA ON ASSET loan Popa,
PRICING: FINDINGS FROM THE ROMANIAN STOCK Radu Lupu,
MARKET Cristiana Tudor
ASSESSING AN OFFSHORE WIND POWER PROJECT: Assis. Prof. Dr. Paula
ECONOMIC, STRATEGIC, AND ENVIRONMENTAL Ferreira,
ASSESSMENT Filipa Vieira
APPLICATION OF TOPSIS APPROACH TO SOLVE SUPPLIER Dr. Omid Jadidi,
< SELECTION ISSUES Assis. Prof. Dr. Fatemeh
5 Firouzi,
o = Enzo Bagliery
o [«5)
LL
% «© CORE PRINCIPLES OF THEORY OF CONSTRAINTS: AN UP-
=] .
hart g AND-COMING PHILOSOPHY Ajay Gupta,
% . Arvind Bhardwaj,
1
- a Arun Kanda
2 | s
< E FRAMEWORK FOR POLICY MANAGEMENT IN ENTERPRISE | Dahir A. Ga'al,
I . POLICIES ADMINISTRATION Wardah Zainal Abidin
(%)
‘D
(7))
<
OPTIMIZING CUSTOMER RELATIONSHIPS THROUGH Assis. Prof. Dr. Srisawas
SOCIAL NETWORK MANAGEMENT Siriporn,
Assis. Prof. Dr.
Rotchanakitumnuai Siriluck
STRATEGIES FOR DETERMINING THE IDEAL ASSET Dr. Svetlana Saksonova
STRUCTURE FOR A COMMERCIAL BANK
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Assoc. Prof. Dr. Michael
WHEN ELUCIDATIONS "INDUCE" MISTAKES: AN Lissack
1 EXAMINATION OF DEPICTIONS AND COMPRESSSIONS
Lilac Al Safadi,
IMPLEMENTATION OF MICROSOFT TECHNOLOGIES IN Rana Abu Nafesa,
COURSEWORK — AN INSTANCE STUDY Regina Garcia
2

Dr. Maria Satya Rani,
CYBERSPACE: A NOVEL MEDIUM TO ADVANCE Fandy Tjiptono, Suyoto
TRADITIONAL DANCES IN INDONESIA PERSIAN

3 BAZAARS: THE DEMONSTRATION OF STABLE IDEAS

4
(&)
[+
%
I Dr. Aida Amirazodi
! - ELEMENTS INFLUENCING ECOLOGICAL MANAGEMENT
pd & 4 PRACTICES AMONG HOTELS IN MALAYSIA
5 |5
< =
< o
3 o RESILIENT HUMAN RIGHTS GOVERNANCE: 7aiton Samdin. Kasim
O w FORMULATING INTERNATIONAL STANDARDS aron samdin, Kasimu
< o 5 Abdu Bakori, Hamimah
T o Hassan
g
3 DETERMINANTS FOR TRIUMPH IN EXPATRIATION OF Helen P. Greatrex
< MALAYSIAN INTERNATIONAL CORPORATIONS
6
SUSTAINABLE TOURISM, EXPANSION, ALONG WITH LEC. Senian Malie, Oriah
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MANYETIK Fe304 PARCACIKLARI ILE BOYA UZAKLASTIRILMASI
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Amasya Universitesi, sevval karacuka@icloud.com - ORCID 1D: 0009-0002-4482-8734
Doc. Dr., LEVENT SEMIZ
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OZET

Kozmetik, ilag, boya, plastik, deri ve tekstil gibi endiistriler yiiksek miktarda boya kullanirlar.
Bu boyalarin biiylik miktar1 atik su olarak salinir. Bu durum g¢evresel yasantiya ve insan
sagligina ciddi bir tehdit olusturur. Cevre kirliliginin yani sira, 6zellikle azo boyalar kanserojen
ozellik gosterebilmektedir. Bu nedenle atik sudan boyalarin uzaklastirilmasi ele alinmasi
gereken 6nemli bir konudur. Bu konuda kullanilan metotlar arasinda ozonlama, iyon degigimi,
ekstraksiyon, elektroforez, flotasyon, flokiilasyon, koagiilasyon, biyolojik islem, oksidasyon,
degradasyon, filtrasyon ve adsorpsiyon sayilabilir. Bu islemler arasinda maliyet ve uygulama
kolayligi konular1 diisiintildiigiinde adsorpsiyon ydntemi avantajli bir segenek olarak
goziikmektedir. Calisma kapsaminda parlak mavi R boyasinin manyetik FezO4 (demir (1, 111)
oksit) parcaciklar1 ile adsorpsiyon yontemi kullanilarak wuzaklastirilmast saglanmistir.
Parcaciklarin sentezinde demir (II) ve demir (III) kaynagi olarak sirasiyla FeClz.H2O ve
FeSO4.7H20 kullanilmistir. Manyetik 6zellikte olmasi sayesinde adsorpsiyon islemi sonrasinda
bir magnet yardimiyla kolaylikla sudan ayrismasi saglanabilecektir. Boya uzaklastirma
performanslar1 ultraviyole absorpsiyon spektroskopisi yardimiyla incelenmistir. Degisen boya
konsantrasyonuna bagli olarak elde edilen en yiiksek uzaklastirma orani %89,4 ve gram
adsorbent basina uzaklastirilan boya miktart 272,9 mgpoya/Qadsorbent 0larak hesaplanmustir.
Anahtar Kelimeler: Adsorpsiyon, boya, adsorbent, demir oksit

1. GIRIS

Kozmetik, ilag, boya, plastik, deri ve tekstil gibi endiistriler yiiksek miktarda boya kullanirlar [1-3].
Proses sonrast kullanilmayan miktarm biiytik bir kismu atik su olarak salmir. Salinan bu boya atiklar
cevresel yasanti ve insan saglhigi agisinda ciddi bir tehdit unsuru olusturur [4]. Ayrica baz1 boyalarin
kanserojen 0zellik gosterebilme ithtimalleri tehlikelerini daha da 6nemli hale getirir [5]. Dolayisiyla,
atik sulardan bu boyalarm uzaklastirilmasi biiyiik 6nem arz etmektedir.

Boyalarin atik sulardan uzaklastirilmasi konusunda bir¢cok yontem kullanilmaktadir. Bunlar
arasinda c¢oOkeltme, biyoislah, bitkisel 1slah, zar filtrasyonu, fotokimyasal proses, fenton
oksidasyonu, iyon degisimi, ozonlama, elektrokimyasal oksidasyon, elektrolitik ¢oktiirme, ve
adsorpsiyon yontemleri sayilabilir [6-10]. Bu iglemler arasinda maliyet ve uygulama kolayligt
konular diisiiniildiigiinde adsorpsiyon yontemi avantajli bir segenek olarak goziikmektedir. Bu
caligma kapsaminda da s6z konusu yontem parlak mavi R boyasinin (Gorsel 1) manyetik FesO4 (demir
(11, TII) oksit) parcaciklari ile uzaklagtirilmasinda kullanilmistir.

Pargaciklarin sentezinde demir (IT) ve demir (III) kaynagi olarak sirastyla FeCls.H20 ve FeSO4.7H20
kullamlmistir. Manyetik 6zellikte olmasi sayesinde adsorpsiyon iglemi sonrasinda bir magnet
yardimiyla kolaylikla sudan ayrismasi saglanabilecektir. Boya uzaklastirma performanslari ultraviyole
absorpsiyon spektroskopisi yardimiyla incelenmistir. Degisen boya konsantrasyonuna bagli olarak

1
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elde edilen en yliksek uzaklastirma oran1 %89,4 ve gram adsorbent basina uzaklastirilan boya miktar
272,9 MQboya/Jadsorbent olarak hesaplanmustir.
N\

CH,

D

Q—S—O

Q—S—0
Oo_

Gorsel 1. Parlak mavi R boyasinin kimyasal yapisi

2. DENEYSEL CALISMALAR

Calisma kapsaminda manyetik FesO4 parcaciklart sentezlenmistir. Demir (II) ve demir (III) kaynag:
olarak sirasiyla FeCls.H.O ve FeSO4.7H2O kullanilmugtir. 0,04 mol FeClz.H20O ve 0,02 mol
FeS04.7H20 500 ml suda ¢oziinmiistiir. 2 M lik 500 ml NaOH ¢6zeltisi hazirlanmis ve Fe(II)
ve Fe(Ill) iceren cozeltiye damla damla eklenmistir. Ekleme islemi sonrasi reaksiyonun
tamamlanmasi i¢in ¢ozelti gece boyunca karistirilmaya birakilmistir. Ardindan ¢ozelti filtre
edilmis, parcaciklar su ile birkag kez yikanmis ve kurumaya birakilmistir. Kurutulan parcaciklar
adsorpsiyon deneyleri 6ncesinde toz haline getirilmistir.

Boya wuzaklagtirma performanslari ultraviyole absorpsiyon spektroskopisi yardimiyla
incelenmistir. Boyalar kendilerine 6zgii dalga boylarinda 15181 abzorplarlar. Abzorpladiklari 1s1k
orani1 da konsantrasyonlar: ile orantilidir. Boyaya 6zgii dalga boyundaki abzorbans miktar1
Olciildiigiinde, boyanin konsantrasyonu bulunmustur. Atik ¢ozeltisinin adsorpsiyon dncesi ve
sonras1 konsantrasyonu agagidaki hesaplamalarla elde edilmistir.

A= —logT
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I
A=—log(‘[—)=£xbxc.‘

¥

A abzorbans, T transmitans (gegirgenlik), Io analiz edilen ¢ozeltiye giren 15181n siddeti, [ analiz
edilen ¢ozeltiden cikan 151310 siddeti, € molar absorpsiyon katsayis1 (L mol™? cm™), b 15181
¢ozelti icinde katettigi yol (cm) ve ¢ ¢ozelti konsantrasyonudur (mol LL).

Aynu tiir 6rnek ve cihaz i¢in € ve b ayn1 olacagindan abzorbans ile konsantrasyon arasinda bir
iliski kurulabilir.

Ay exbxe o
v =

. Efxbxe, ¢

Filtrasyon Oncesi ve sonrasi abzorplamanin goriildiigii dalgaboyundaki degisim incelenir.
Adsorpsiyon sonrasi azalan konsantrasyon nedeniyle abzorbansta diisiis gozlenir. Bu diisiis de
konsantrasyon ile oranlanarak, adsorpsiyon sonrasi ne kadar atigin tutuldugu hesaplanir.

.
Yizde wzaklastirma =R = 100 x (1 — —[)

Ca

Ci adsorpsiyon oOncesi atik ¢0zeltisinin konsantrasyonu ve cs adsorpsiyon sonrasi atik
konsantrasyonudur.

3. SONUCLAR VE DEGERLENDIRME

Uretilen FesOa parcaciklar: Gorsel 2°de goriilmektedir. Manyetik 6zelligi sayesinde bir
magnet yardimiyla rahatlikla ¢ozeltiden ayrilabilecek 6zellige sahiptir.

Gorsel 2. Uretilen manyetik FesO4 parcaciklart

Adsorpsiyon deneylerinde kullanilan Fe3Os miktar1i 10 mg olarak ayarlanmistir.
Uzaklastirilmast amaglanan boya konsantrasyonu ise 10 ppm’den 100 ppm’e degiskenlik
gostermektedir. Bdylelikle iiretilen pargaciklarin hem boya wuzaklastirma performansi
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gozlemlenecek, hem de boya konsantrasyonunun parcacik performansi tizerindeki etkisi
incelenebilecektir. Gorsel 3’te goriildiigii lizere pargaciklarin boya uzaklagtirma performansi
boya konsantrasyonu 50 ppm olana kadar artis gdstermis ve sonrasinda ise diisiis egilimine
girmistir. En yiiksek uzaklagtirma oran1 50 ppm’de %89,4 olarak hesaplanmastir.

100
20

80
70
60
40
30
20
10

0

10 25 50 75 1

Boya konsantrasyonu (ppm)

% uzaklastirma
tn
=

00

Gorsel 3. Boya konsantrasyonunun % uzaklastirma performansina etkisi
Diger bir pargacik performansi 6l¢iisii ise gram adsorbent basina adsorplanan boya miktaridir. Gorsel

4’te yer alan grafikte, bu deger 75 ppm boya konsantrasyonuna kadar artis gostermis, sonrasinda ise
azalmustir. Elde edilen en yiiksek deger 272,9 Mgboya/Qadsorbent 0larak hesaplanmustir.

200
- I I
o LI
25 50 75 100

7]
=]
=

adsorbent
] (]
tn tn
[===] [===]

mg adsorplanan boya miktar1 /g
th
=

10
Boya konsantrasyonu (ppm)

Gorsel 4. Boya konsantrasyonunun gram adsorbent basina uzaklastirilan boya miktarina etkisi
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4. GENEL DEGERLENDIRME VE SONUCLAR
Elde edilen sonuglara bakildiginda
e dretilen Fe3O4 parcaciklarinin boya uzaklastirilmasinda kullanilabilecegi
e Dboya adsorpsiyon miktarinin baslangi¢c boya miktaria bagli oldugu
e en yiiksek yiizde uzaklastirma oraninin 50 ppm boya konsantrasyonunda %89,4 olarak
bulundugu
e cn yiksek gram adsorbent basina adsorplanan boya miktarinin ise 75 ppm boya
konsantrasyonunda 272,9 mQnoya/Jadsorbent 0larak elde edildigi
goriilmektedir.
Gelecek calismalar kapsaminda da
e adsorbent miktarinin adsorpsiyon performansina etkisi
farkli boyalarin adsorpsiyonu
sicakligin adsorpsiyon performansina etkisi
pH’1n adsorpsiyon performansina etkisi
parcacik iiretiminde stabilizator kullaniminin etkisi
parcaciklarin tavlanmasinin adsorpsiyon performansina etkisi
® pargacik ylizeylerinin modifiye edilmesi ve kaplanmasi
planlanmaktadir.
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BiYOLOJIK ARITILMIS ORGANIK PEROKSIT URETEN KiMYA ENDUSTRISI
ATIKSUYUNUN UV/TiO2 OKSIDASYON PROSESI KULLANILARAK ILERI
ARITIMI

Demet DARCAN

Akpa Kimya, Tiirkiye, demet.darcan@akpakimya.com, ORCID: 0000-0002-6676-2345

Prof. Dr. Deniz izlen CIFCI
Tekirdag Namik Kemal Universitesi, Tiirkiye, dicifci@nku.edu.tr, ORCID: 0000-0001-7527-
6130

Prof. Dr. Ali Riza DINCER

Tekirdag Namik Kemal Universitesi, Tiirkiye, adincer@nku.edu.tr, ORCID: 0000-0002-

9294-0643

OZET

Kimya endiistrisi atiksular1 biyolojik aritilabilirligi zor kalici organik bilesikler i¢erdiginden
biyolojik aritma sonrasinda ileri oksidasyon prosesleri ile ileri aritima ihtiya¢ duyulmaktadir.
Bu calismada organik peroksit tlireten kimya endistrisi atiksuyunun biyolojik aritma
sonrasindan alinan atiksuyunun UV/TiO2 oksidasyon prosesi ile aritilabilirligi arastirilmastir.
Bu amag kapsaminda farkli pH (3-11) degerlerinde ve farkli TiO2 konsantrasyonu (0,5-5,0 g/L)
araliginda atiksu aritimi yapilarak en iyi KOI ve renk giderimi saglanan kosullar belirlenmistir.
UV/TIiO2 oksidasyonu 11W UVC lambasi ile 200 mL atiksu numunesi kullanilarak yapilmustir.
Calismada farkli pH ve TiO2 konsantrasyonlarinda yapilan atiksu aritiminda en iyi KOI ve renk
giderimi pH 3 degerinde ve 2000 mg/L TiO2 konsantrasyonunda elde edilmistir. Bu kosullarda
90 dakika oksidasyon sonunda atiksuda %46,9 KOI ve %96,8 renk giderimi gdzlenmistir. Bazik
kosullarda atiksudaki KOI ve renk gideriminin azaldig1 gdzlenmistir. Sonug olarak organik
peroksit iireten kimya endiistrisi atiksuyunun biyolojik aritma sonrasinda kalict organik

kirleticilerin giderimi i¢in UV/TiO2 oksidasyon prosesinin uygulanabilecegi goriilmiistiir.

Anahtar Kelimeler: Atiksu, TiO2, kimya endiistrisi, oksidasyon
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kirleticilerinin tam mineralizasyonu saglayabilen aritma prosesleridir [1]. ileri oksidasyon
prosesleri segici olmayan yiiksek oksitleyici o6zellige sahip hidroksil radikali {iretimine
dayanmaktadir [2]. Fotokataliz, ozonlama, UV/H202, Fenton reaksiyonu gibi ileri oksidasyon
prosesleri 6zellikle kalici, biyolojik aritilabilriligi zor organik kirleticilerin aritilmasinda etkili
olarak kullanilmaktadir [3].

Ileri oksidasyon proseslerinden fotokatalitik oksidasyon prosesi giines 15131 veya ultraviyole
isiklar ile yar iletken fotokatalizor kullanilarak kalici aritimi zor organik Kkirleticilerin
parcalanmasini saglayan etkili bir aritma yontemidir [4]. Fotokatalitik oksidasyon prosesinde
cesitli fotokatalizorler (TiO2, ZnO, Fe;O3 vb.) arasindan titanyum dioksit (TiO2) giiglii
oksidasyon ozelligi, toksik olmamasi, diisiik maliyeti, yiiksek stabilite ve organik bilesikleri
etkili giderimi sebebiyle katalizér olarak en yaygin tercih edilendir [5-6]. UV/TiO>
oksidasyonunda TiO; 1sik fotonunu emerek elektron-delik ¢iftinin olusturur ve Oz ve H2O ile
reaksiyona girerek reaktif oksidasyon tiirleri (O2” ve -OH) olusturmaktadir [5]. Bu olusan
oksidasyon radikalleri de atiksuda organik bilesikleri etkili bir sekilde giderebilmektedir. Daha
once yapilmis calismalar da UV/TiO2 oksidasyon prosesi ile atiksu aritiminin saglanabilecegini
gostermistir. On aritilmis palmiye yag1 degirmeni atiksuyunun UV/TiO2 oksidasyon prosesi ile
aritiminda pH, TiO2 dozu ve oksidasyon siiresi optimize edilmistir [5]. Calismada pH 5,5
degerinde, 4,8 mg TiO2 dozunda 42,9 dakika oksidasyon sonunda en yiiksek KOI ve renk
giderimi elde edildigi belirtilmistir. Ilac ve kozmetik endiistrisi atiksuyunun
elektrokoagiilasyon ile ©on aritimi sonrasinda UV/TiO2 oksidasyon prosesi ile aritimi
arastirilmistir [ 7]. Calismada UV/Ti0O2 oksidasyonunda en yliksek atiksu aritimi1 pH 3 degerinde
0,25 g/L TiO; konsantrasyonunda 4 saat oksidasyon ile elde edilmistir ve atiksuda KOI
gideriminin %98 oldugu bildirilmistir. Kagit hamuru atiksuyunun pH 11 degerinde ve 0,75 g/L
TiO, dozunda 60 dakika UV/TiO2 prosesi ile oksidasyonu sonunda %79,6 TOK giderimi elde
edilmistir [2]. Biyolojik aritilmis sizint1 suyunun pH 5,7’de UV/TiOz ile oksidasyonunda ise
%58 KOI ve %36 renk giderimi gozlenmistir [8]. Kagit endiistrisi atiksuyunun UV/TiO; ile
oksidasyonunda ise 0,75 g/L TiO- konsantrasyonunda %54,5 KOI ve %83,7 renk giderimi elde
edilmistir [9].

Bu ¢alismada organik peroksit liretimi yapan kimya endiistrisi atiksuyunun biyolojik aritma
sonrasinda UV/Ti0z oksidasyon prosesi ile aritilabilirligi aragtirilmistir. Bu amagclar farkli pH
degerlerinde ve farkli TiO2 konsantrasyonlarinda atiksu aritimi yapilarak UV/TiO2 oksidasyon

prosesinin verimliligi ortaya konulmustur.
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2. DENEYSEL CALISMALAR

2.1. Biyolojik Aritilmis Organik Peroksit Ureten Kimya Endiistrisi Atiksuyunun
Ozellikleri
Organik peroksit iiretimi yapan kimya endiistrisinde aktif ¢amur sistemi ile biyolojik aritma

sonrasit son ¢Oktiirme havuzundan atiksu alinmistir. Biyolojik aritilmis kimya endiistrisi
atiksuyu 4030 mg/L KOI konsantrasyonuna sahiptir.

2.2. UV/TiO2 Oksidasyon Prosesi Deney Yontemi
UV/TIO; oksidasyon prosesi i¢in 11 W UVC lambasi kullanilmistir ve 250 mL meziir i¢ine

daldirilmustir. TiO2 (CAS: 13463-67-7) 25 nm partikiil boyutuna sahip olup, Sigma Aldrich’den
temin edilmistir. 200 mL atiksu ve TiO: ilave edildikten sonra pH degeri ayarlanmistir. Daha
sonra mezir igerisine atiksu konulmus ve UVC lambasi da igerisine daldirilmistir. Yaklasik
450-500 rpm hizda karistirma yapilarak UV/TiO2 oksidasyonu gergeklestirilmistir. Oksidasyon
siiresi 90 dakika olarak segilmis ve 90 dakika sonunda atiksuyun KOI deneyi yapilmistir.
Oksidasyon siiresince 15 dakika araliklar ile numune alinarak renk giderimi belirlenmistir.
Renk giderimi 6ncesi numunedeki TiO, katalizoriinii ayirmak i¢in 4000 rpm hizda 5 dakika
santriflyj yapilmstir.

UV/TiO:z oksidasyonu ile atiksu aritiminda 1000 mg/L TiO2 konsantrasyonunda pH 3,5, 7, 9
ve 11 degerlerinde atiksu aritimi yapilmistir. Daha sonra pH 3 degerleri i¢in 500, 1000, 2000,
3000, 4000 ve 5000 mg/L TiO2 konsantrasyonlari ile atiksu aritimi yapilmistir. 90 dakika
sonunda atiksuyun KOI deneyi yapilmistir. Oksidasyon siiresince 15 dakika araliklar ile
numune alinarak renk giderimi belirlenmistir. Renk giderimi 6ncesi numunedeki TiO:
katalizorlinii ayirmak i¢in 4000 rpm hizda 5 dakika santrifiij yapilmistir.

2.3. Analiz Metotlar:
KOI analizi standart metottaki kapali yontem titrasyon metoduna gore yapilmistir (APHA

5220C). Spektrofotometre taramasi kuvartz kiivet (10 mm) kullanilarak UV-Vis
spektrofotometre (Shimadzu) ile 436 nm, 525 nm and 620 nm dalga boylarinin toplam1 olarak

renk 6l¢limil yapilmistir.

3. SONUCLAR VE DEGERLENDIRME

2.3. UV/TiO2 Oksidasyon Prosesinde pH Etkisi
1000 mg/L TiO2 konsantrasyonunda farkli pH degerlerinde yapilan atiksu aritimi

caligmalarinda zamana bagl olarak renk giderimi degisimi Gorsel 1°de verilmistir. pH 3, 5 ve
7 degerlerinde renk giderimi birbirine yakin seyrederken, pH 9 ve 11 degerlerinde renk giderimi

kademeli olarak azalmistir. pH 3, 5 ve 7 degerlerinde renk giderimi ilk 15 dakika oksidasyon
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stiresinde hizla %80-85 araligina yiikselmistir ve daha sonra renk gideriminde 6nemli bir
degisim olmamistir. pH 3 degerinde ilk 15 dakikada %86,4 renk giderimi saglanirken, 90 dakika
oksidasyon sonunda %93,1 renk giderimi ulagilmigtir. pH 7 degerinde ise 15 dakika ve 90
dakika oksidasyon siirelerinde renk giderimi %83,6 ve %86,7’dir. pH 9 ve 11 degerlerinde ise
90 dakika oksidasyon siiresince renk giderimi artmistir.
—o—pH3 pH 5 pH7 pH9 —t—pH 11
100
90 o= - - R

80
70

60 /
- % ;

50

40
30
20
10

0

Renk giderimi (%)

0 15 30 45 60 75 90
Oksidasyon siiresi (dakika)

Gorsel 1. Farkli pH degerlerinde zamana bagli renk giderimi (TiO2: 1000 mg/L)
UV/TiO2 oksidasyonunda 90 dakika oksidasyon siiresi sonunda elde edilen KOI ve renk
giderim verimleri Gorsel 2°de verilmistir. pH 3’de en yiiksek KOI ve renk giderimi gdzlenirken,
bazik kosullarda (pH 9 ve 11) KOI ve renk gideriminin diistiigii goriilmektedir. pH 3, 5, 7, 9 ve
11 degerlerinde KOI giderimi sirasiyla %43,1, %33,0, %32,0, %29,6 ve %29,5 olarak elde
edilirken, renk giderimi %93,1, %89,6, %86,7, %74,9 ve %68,0 olarak elde edilmistir. Bu
yiizden biyolojik aritilmis organik peroksit iireten kimya endistrisi atiksuyunun UV/TIiO»
oksidasyonu ile arittminda pH 3 degerinin uygun oldugu belirlenmistir. Benzer sekilde sentetik
lignin atiksuyunun UV/Ti0O: ile oksidasyonunda da en yiiksek renk giderimi pH 3 degerinde
elde edilmis ve pH 3 ve 1 g/L TiO2 kullanilarak yapilan oksidasyonda %99 renk giderimi elde
edilmistir [10].
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Gorsel 2. UV/TIOz oksidasyon prosesi ile atiksu aritiminda pH etkisi (TiO2: 1000 mg/L,
oksidasyon stiresi: 90 dakika)

1.1.UV/TiO2 oksidasyon prosesinde TiO2 konsantrasyonu etkisi
Farkli pH degerlerinde yapilan atiksu aritim galismalarinda pH 3 degerinde en yiiksek KOI ve
renk giderimi gozlenmistir. Bu yiizden 500 mg/L ile 5000 mg/L TiO2 konsantrasyonu araliginda
farkli TiO2 konsantrasyonlari kullanilarak pH 3 degerinde atiksu aritimi ¢aligmalar1 yapilmistir.
pH 3 degerinde yapilan UV/TiO2 oksidasyon ¢aligmalarinda ilk 15 dakika oksidasyon siiresinde
renk giderimi hizl bir sekilde artarken, 15 dakikadan sonra renk gideriminde ¢ok daha yavas
bir degisim goriilmiistiir (Gorsel 3). 500 mg/L TiO2 konsantrasyonunda ilk 15 dakikada renk
giderimi %78,0 iken 90 dakika oksidasyon sonunda %81,0 olmustur. Benzer sekilde 2000 mg/L
TiO2 konsantrasyonunda ilk 15 dakikada %84,2 ve 90 dakika sonunda ise %96,8 renk giderimi

elde edilmistir.

—4—>500 mg/LTi02 —i— 1000 mg/L TiO2 —4&—2000 mg/L Ti02
3000 mg/L TiD2 —#—4000 mg/L TiO2 —8—5000 mg/L TiO2

Renk giderimi (%)

0 15 30 45 60 75 90
Oksidasyon siiresi (dakika)

Gorsel 3. Farkli TiO2 konsantrasyonlarinda zamana bagh renk giderimi (pH: 3)

10
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pH 3 degerinde farkli TiO2 konsantrasyonlarinda 90 dakika oksidasyon sonunda elde edilen
KOI ve renk giderimi Gorsel 4’de verilmistir. TiO, konsantrasyonu 500 mg/L’den 2000
mg/L’ye artmasi ile KOI ve renk giderimi artarken, 2000 mg/L’den sonra KOI ve renk
gideriminde artis olmamstir. 500 mg/L TiO2 konsantrasyonunda %31,9 KOI ve %81,0 renk
giderimi gdzlenmis, 1000 mg/L’de KOI ve renk giderimi %43,1 ve %93,1 degetlerine artmistir.
2000 mg/L TiO, konsantrasyonunda ise KOI ve renk giderimi %46,9 ve %96,8 olarak elde
edilmisgtir.

100 m KOl giderimi m Renk giderimi

90
80
70
60
50
40
30
20
10

0

500 1000 2000 3000 4000 5000

TiO, konsantrasyonu (mg/L)

Giderim verimi (%)

Gorsel 4. UV/TiOz oksidasyon prosesi ile atiksu aritiminda TiO2 konsantrasyonu etkisi (pH:

3, oksidasyon siiresi: 90 dakika)

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada organik peroksit ilireten kimya endiistrisi atiksuyunun biyolojik aritma
sonrasindan alinan atiksuyunun UV/TiO2 oksidasyon prosesi ile aritilabilirligi arastirilmistir.
Calismada farkxhNli pH ve TiO; konsantrasyonlarinda yapilan atiksu aritiminda en iyi KOI ve
renk giderimi pH 3 degerinde ve 2000 mg/L TiO2 konsantrasyonunda elde edilmistir. Bu
kosullarda 90 dakika oksidasyon sonunda atiksuda %46,9 KOI giderimine ulasilabilirken, 1 g/L
TiO2 konsantrasyonu {izerinde atiku aritiminda %93 ’{in {izerinde renk giderimi saglanabilecegi
goriilmiistiir. UV/TiO2 oksidasyon prosesi ile atiksu arittiminda pH’in 6nemli oldugu
goriilmiistiir ve bazik kosullara gore asidik kosullarda daha yiiksek KOI ve renk giderimine
ulasilmistir. Sonug olarak organik peroksit iireten kimya endiistrisi atiksuyunun biyolojik
aritma sonrasinda kalici organik kirleticilerin giderimi igin UV/TiO2 oksidasyon prosesinin
uygulanabilecegi goriilmiistiir.

TESEKKUR

Bu ¢alisma AKPA Kimya tarafindan desteklenmistir.
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OZET

Bu calismada biyolojik olarak aritilmis kagit endiistrisi atiksuyunun adsorpsiyon prosesi ile ileri
aritimi arastirilmistir. Bu amag kapsamninda hindistan cevizi ve komiir esasli aktif karbon
kullanilmig ve atiksuda renk ve ABS(254 nm) giderimi incelenmistir. Her iki aktif karbon ile
farkli pH degerlerinde ve aktif karbon dozlarinda atiksu aritimi yapilmistir. pH 2 degerinde
adsorpsiyon ile daha yiiksek renk ve ABS(254 nm) giderimi gozlenirken, pH 11 degerinde
atiksuda ¢oktiirme de olustugu i¢in renk ve ABS(254 nm) giderimi yiiksek elde edilmistir. Aktif
karbon dozunun 70 g/L’ye kadar artmasi atiksudaki renk ve ABS(254 nm) giderimini
arttirmigtir. Hindistan cevizi esasli aktif karbona gore, komiir esash aktif karbon ile daha yiiksek
renk ve ABS(254 nm) giderimi elde edilmistir. Biyolojik olarak aritilmis kagit endiistrisi
atiksuyunda en 1yi aritim komiir esash aktif karbon ile pH 2 degerinde ve 70 g/L aktif karbon
dozunda elde edilmis ve bu sartlarda yapilan adsorpsiyon sonunda %87,3 renk ve %924
ABS(254 nm) giderimine ulagilmistir. Sonug¢ olarak kagit endiistrisi atiksuyunun biyolojik
aritma sonrasinda adsorpsiyon prosesi ile ileri aritiminda renk gideriminin saglanabilecegi ve

ayni zamanda aromatik bilesiklerin de giderilebilecegi goriilmektedir.

Anahtar Kelimeler: Aktif karbon, ileri aritma, renk giderimi
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Kagit endiistrisi yiiksek miktarda su tiiketmekte ve olusan atiksuda yiiksek BOI, KOI bulaniklik
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ve renk ayni zamanda toksik ve biyolojik olarak par¢alanmayan lignin, siilfiir, siilfat ve kloriir
bulunmaktadir [1-3]. Kagit endiistrisi atiksuyu biyolojik aritma sonrasinda dahi biyolojik
artilabilirligi zor olan ¢ok miktarda lignin ve tiirevleri igermektedir ve bu kirleticiler alici
ortamdaki olumsuz etkilerinden dolay1 ileri aritilmast 6nemlidir [4].

Kagit endiistrisi atiksuyunun ¢esitli adsorbanlar ile adsorpsiyon prosesi ile aritimi iizerine
yapilan caligmalar atiksuyun etkili bir sekilde aritilabildigini ortaya koymustur. Biyolojik
antilmis kagit endiistrisi atiksuyunun taban kiilii ile adsorpsiyonunda 100 g/L taban kiilii
dozunda %40,6 KOI giderimi elde edilmistir [5]. Aritilmis kagit endiistrisi atiksuyunun seker
fabrikasinda olusan ugucu kiil ile adsorpsiyonunda pH 4 ve 2 g/L ucucu kiil dozunda %50 KOI
ve % 55 renk giderimi elde edilmistir [3]. Kagit endiistrisi atiksuyunun biyolojik aritma sonrasi
aritma ¢camuru ve seker kamisi atig1 ile hazirlanan biyokdmiir ile adsorpsiyonunda pH 3 ve 0,14
g/L adsorban dozunda 20 saat adsorpsiyon sonunda %84,6 KOI ve %98,0 renk giderimi elde
edilmistir [6].

Kagit hamuru ve kagit endiistrisi atiksuyunun portakal kabuklarindan hazirlanan CoFe2O4 aktif
karbon ile adsorpsiyonunda pH 7, 8 g/L aktif karbon dozunda en iyi atiksu aritimi elde edilmis
ve atiksuda %86,7 KOI, %93,1 bulaniklik giderimi elde edilmistir [1]. Biyolojik aritilmis kagit
endiistrisi atiksuyunun odun bazli aktif karbon ile adsorpsiyonunda pH 7,35 ve 1,2 g/L aktif
karbon dozunda 40 dakika adsorpsiyon sonunda %75 KOI giderimi elde edilmistir [7]. Kagit
endiistrisi atiksuyunun aktif karbon ile adsorpsiyonunda pH 7,23 ve 500 mg/L aktif karbon
dozunda %58 KOI ve %43 TOK giderimi elde edilmistir [8]. Kagit endiistrisi attksuyunun
plastik atiklar1 ile adsorpsiyonunda en 1yi1 atiksu aritimi pH 8 ve 1,25 g adsorban dozunda 7 saat
adsorpsiyon ile elde edilmis ve adsorpsiyon sonunda %96,5 renk, %94,3 lignin giderimi
saglanmistir [2]. Biyolojik aritilmis kagit endiistrisi atiksuyunun toz aktif karbon ve kirmizi
¢am odun biyokdmiirii ile adsorpsiyonunda ise sirasiyla %68 ve %32 KOI giderimine
ulagilmistir [9].

Bu ¢alismada biyolojik aritilmis kagit endiistrisi atiksuyunun Hindistan cevizi esashi aktif
karbon (H_AC) ve komiir esasl aktif karbon ile adsorpsiyon prosesi ile ileri aritilabilirligi
arastirllmistir. Bu amacla farkli pH degerlerinde, farkli aktif karbon dozlarinda ve farkli
adsorpsiyon siirelerinde adsorpsiyon yapilarak KOI, renk ve 254 nm dalga boyundaki aromatik

bilesiklerin giderimi incelenmistir.
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2. DENEYSEL CALISMALAR

2.1. Biyolojik Aritilmis Kagit Endiistrisi Atiksuyunun Ozellikleri
Biyolojik aritilmis kagit endiistrisi atiksuyu kagit tiretimi yapilan kagit endiistrisinde biyolojik
aritma sonrasi son ¢oktiirme havuzundan alinmistir. Biyolojik aritilmis kagit endiistrisi atiksuyu
137 mg/L KOI konsantrasyonuna sahiptir. Ancak kagit endiistrisi atiksuyunda biyolojik aritma
ile renk tamamen giderilememistir. Biyolojik aritilmis kagit endiistrisi atiksuyu 436 nm, 525
nm ve 620 nm dalga boylarindaki absorbans degerleri sirasiyla 0,164 abs, 0,084 abs ve 0,044
abs’dir. 254 nm dalga boyundaki aromatik bilesikler i¢in absorbans degeri ise 1,560 abs’dir.

2.2. Adsorpsiyon Prosesi
Biyolojik aritilmig kagit endiistrisi atiksuyunun adsorpsiyon prosesi ile ileri aritimi igin
adsorpsiyon prosesi kullanilmistir. Adsorpsiyon prosesinde Hindistan cevizi esash aktif karbon
ve komiir esash aktif karbon kullanilmistir. Bu iki aktif karbon ticari toz aktif karbondur.
Adsorpsiyon ¢alismalart 100 mL atiksu ile yapilmistir ve adsorpsiyon siiresi 1 saat olarak
belirlenmistir. Adsorpisyon 150 rpm hizda c¢alkalama ile gergeklestirilmistir. Atiksu igerisine
aktif karbon konulmus ve pH degeri pH metre ile ayarlanmistir. pH ayar1 H2SO4 ve NaOH ile
yapilmistir. Adsorpsiyon 1 saat yapildiktan sonra 10 mL numune alinarak 4000 rpm hizda 5
dakika santrifiij yapilmis ve spektrofotometrede numune okunmustur.
Adsorpsiyon ¢alismasi ilk once 20 g/L aktif karbon dozu i¢in farkli pH degerlerinde yapilmastir.
Bunun i¢in pH 2, 3, 5, 7, 9 ve 11 degerleri kullanmilmistir. Daha sonra ise pH 2 degerinde farkli
aktif karbon dozlarinda adsorpsiyon yapilmistir. Bunun i¢in 10, 20, 30, 40, 50, 60 ve 70 g/L
aktif karbon dozlar1 kullanilmistir.
Adsorpsiyon prosesi ¢alismalarinda 6zellikle bazik sartlarda (pH 9 ve 11) atiksu aritiminda
coktiirme etkisi arastirilmistir. Bunun i¢inde atiksu farkli pH (3, 5, 7, 9 ve 11) degerlerine
ayarlanmis ve 30 dakika ¢oktiirme saglanmistir. Daha sonra 10 mL numune alinarak 4000 rpm
hizda 5 dakika santriflij yapilmis ve spektrofotometrede numune okunmustur.

2.3. Analiz Metotlar:
KOI analizi standart metottaki kapali yontem titrasyon metoduna gére yapilmistir (APHA
5220C). Spektrofotometre taramasi kuvartz kiivet (10 mm) kullanilarak UV-Vis
spektrofotometre (Shimadzu) ile 436 nm, 525 nm and 620 nm dalga boylarinin toplami1 olarak

renk ol¢timii yapilmistir.
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3.SONUCLAR VE DEGERLENDIRME

3.1. pH Etkisi
Farkli pH degerlerinde elde edilen renk giderimi ve ABS(254 nm) giderimi Gorsel 1°de

verilmistir. Hindistan cevizi esasli aktif karbon ile pH 2 degerinde %26,0 renk ve %46,8
ABS(254 nm) giderimi elde edilmistir. pH 3 ve 5 degerlerinde renk giderimi diisiikken, pH 9
ve 11 degerlerinde renk giderimi tekrar artmistir. ABS(254 nm) giderimi de pH 3-9 aralifinda
diisiikken, pH 11 degerinde artmistir. pH 11 degerinde %48,3 renk ve %42,8 ABS(254 nm)
giderimi elde edilmistir.

Komiir esash aktif karbon ile pH 2 degerinde %39,4 renk ve %57,2 ABS(254 nm) giderimi elde
edilmistir. pH 3 ile 7 degerlerinde renk giderimi diisiikken, pH 9 ve 11 degerlerinde renk
giderimi tekrar artmistir. pH 11 degerinde %68,5 renk ve %45,6 ABS(254 nm) giderimi elde
edilmisgtir.

Biyolojik olarak aritilmis kagit yapim atiksuyunun manyetik aktif karbon ile adsorpsiyonunda
pH 2 degerinde ve 1,2 g/L aktif karbon dozunda KOI konsantrasyonu 120 mg/L’den 33
mg/L’ye azalirken, %100 renk giderimi gézlenmistir [4]. Aritilmis kagit endiistrisi atiksuyunun
seker fabrikasinda olusan ugucu kiil ile adsorpsiyonunda da en yiiksek atiksu aritimi1 pH 4
degerinde elde edilmistir [3]. Biyolojik aritilmis kagit endiistrisi atiksuyunun odun esaslt aktif
karbon ile adsorpsiyonunda en yiiksek atiksu aritimi pH 2 degerinde elde edilmistir [7].
Biyolojik aritilmig kagit endiistrisi atiksuyunun aritma camuru ve seker kamisi atigy ile
hazirlanan biyokomiir ile adsorpsiyonunda en yiiksek KOI ve renk giderimi pH 3 degerinde
elde edilmistir [6]. Kraft kagit atiksuyunun aktif karbon ile adsorpsiyonunda en yiiksek organik
madde ve renk giderimi ise pH 11 degerinde elde edilmistir [10]. Kagit hamuru ve kagit
endiistrisi atiksuyunun portakal kabuklarindan hazirlanan CoFe2O4 aktif karbon ile

adsorpsiyonunda pH 7 degerinde en iyi KOI ve bulaniklik giderimi elde edilmistir [1].
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Gorsel 1. Farkli pH degerlerinde renk ve ABS(254 nm) giderimi a) Hindistan cevizi esasl
aktif karbon, b) Komiir esashi aktif karbon (Aktif karbon: 20 g/L)
Biyolojik aritilmis kagit endiistrisi atiksuyunun pH ayarlamasi sirasinda ¢okme olustugu
gbzlenmistir. Bu ylizden biyolojik aritilmis kagit endiistrisi atiksuyu farkli pH degerlerine
ayarlanmis ve 30 dakika ¢oktiiriilmiistiir. Atiksuyun goriintiileri Gorsel 2’de verilmistir.
Coktiirme sonrasi alinan numunelerde pH 2 degerinde renk ve ABS(254 nm) giderimi %3.,8 ve

%11,0 iken pH 11 degerinde renk ve ABS(254 nm) giderimi %43,8 ve %20,9°dur.
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Gorsel 2. Biyolojik aritilmis kagit endiistrisi atiksuyunun farkli pH degerlerinde ¢oktiirmesi

Adsorpsiyon prosesinde pH 11 degerinde renk ve ABS(254 nm) giderimi daha yiiksek olarak
elde edilmistir. Ancak bu pH 11 degerinde ¢okme meydana gelmesinden kaynaklanmaktadir.
Hindistan cevizi esasl aktif karbon ile adsorpsiyon prosesinde elde edilen sonuclar adsorpsiyon
ve ¢oktiirme olarak ayr1 ayri verilmistir (Gorsel 3). pH 2 degerinde %26,0 olarak elde edilen
renk gideriminin %3,81 ¢coktlirme ve %22,3’i ise adsorpsiyon ile gerceklesmistir. pH 11°de ise
%48,3 olarak elde edilen renk gideriminin %43,8’1 ¢oktirme ve %4,5’i adsorpsiyon ile
gergeklesmistir.

Komiir esash aktif karbon ile adsorpsiyon prosesinde elde edilen sonuglar adsorpsiyon ve
coktiirme olarak ayr1 ayr1 Gorsel 4’de verilmistir. pH 2 degerinde %39,4 olarak elde edilen renk
gideriminin %3,8’1 ¢oktiirme ve %35,6’s1 ise adsorpsiyon ile gergeklesmistir. pH 11°de ise
%68,5 olarak elde edilen renk gideriminin %43,8’1 ¢oktiirme ve %?24,7’si adsorpsiyon ile
gergeklesmistir.
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Gorsel 3. Hindistan cevizi esasl aktif karbon ile farkli pH degerlerinde a) renk ve b)

ABS(254 nm) giderimi (¢coktliirme+adsorpsiyon)
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Gorsel 4. Komiir esash aktif karbon ile farkli pH degerlerinde a) renk ve b) ABS(254 nm)
giderimi (¢oktlirme+adsorpsiyon)
3.2.Aktif Karbon Dozu Etkisi
pH 2’de adsopsiyon daha yiiksek elde edilirken, pH 11 degerinde c¢oktiirmede
gergeklesmesinden dolayi daha iyi atiksu aritimi saglanmistir. Bu yiizden hindistan cevizi esaslh
ve komiir esash aktif karbonlar ile hem pH 2’de hem de pH 11 farkli aktif karbon dozlarinda
adsorpsiyon yapilmistir. pH 2 degerinde farkli aktif karbon dozlarinda elde edilen renk ve
ABS(254 nm) giderimi Gorsel 5°de verilmistir. 10 g/L hindistan cevizi esasli aktif karbon ile
pH 2 degerinde renk ve ABS(254 nm) giderimi sirastyla %14,7 ve %35,8 iken, aktif karbon
dozunun 60 g/L degerine kadar artmasi ile ABS(254 nm) giderimi (%75,1) artmistir. 70 g/L
aktif karbon dozunda ABS(254 nm) degerinde bir degisim gozlenmemistir. Ancak aktif karbon
dozu 20 g/L degerinden sonra renk giderimi azalmistir. Bunun sebebi hindistan cevizi aktif

karbonun siyahimsi renginin olugmasidir.
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10 g/L komiir esasl aktif karbon ile pH 2’de renk ve ABS(254 nm) giderimi sirastyla %28,4 ve
%35,1 iken, aktif karbon dozunun 70 g/L degerine kadar artmasi ile hem renk hem de ABS(254
nm) giderimi artmustir. 20, 40, 60 ve 70 g/L aktif karbon dozlarinda renk giderimi sirastyla
%39,4, %59,2, %71,6 ve %87,3 olarak elde edilirken, ABS(254 nm) giderimi %57,2, %77,4,
%82.,9 ve %92,4 olarak gbzlenmistir.

M Renk giderimi M ABS (254 nm) giderimi
100
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a) Aktif karbon dozu (g/L)
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%0 B Renk giderimi W ABS (254 nm) giderimi
80
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3 40
30
20
10
0
10 20 30 40 50 60 70
b) Aktif karbon dozu (g/L)

Gorsel S. Farkli aktif karbon dozlarinda renk ve ABS(254 nm) giderimi a) Hindistan cevizi
esaslt aktif karbon, b) Komiir esasl aktif karbon (pH: 2)
pH 11 degerinde farkli aktif karbon dozlarinda elde edilen renk ve ABS(254 nm) giderimi
Gorsel 6’da verilmistir. pH 2’de oldugu gibi hindistan cevizi esash aktif karbon ile pH 11°de

farkl1 aktif karbon dozlarinda yapilan ¢alismalarda da renk gideriminde diisiis gézlenmistir.
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10 g/L hindistan cevizi esash aktif karbon ile pH 11 degerinde renk ve ABS(254 nm) giderimi
sirastyla %49,0 ve %26,0 iken, aktif karbon dozunun 70 g/L. degerine kadar artmasi ile
ABS(254 nm) giderimi %64,4’e artmustir.
Komiir esash aktif karbon ile pH 11°de yapilan adsorpsiyon calismalarinda aktif karbon
dozunun artmasi ile renk ve ABS(254 nm) giderimi artmustir. 10 g/L komiir esash aktif karbon
ile renk ve ABS(254 nm) giderimi sirasiyla %57,2 ve %34,4 olarak elde edilmistir. 20, 40, 60
ve 70 g/L aktif karbon dozlarinda renk giderimi sirasiyla %68,5, %74,3, %81,5 ve %84,6 olarak

elde edilirken, ABS(254 nm) giderimi %45,6, %64,0, %74,3 ve %80,4 olarak gézlenmistir.

m Renk giderimi W ABS (254 nm) giderimi
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b) Aktif karbon dozu (g/L)

Gorsel 6. Farkl aktif karbon dozlarinda renk ve ABS(254 nm) giderimi a) Hindistan cevizi
esash aktif karbon, b) Komiir esasl aktif karbon (pH: 11)
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karsilastirildiginda, hem hindistan cevizi hem de kdmiir esash aktif karbonda renk giderimi pH
11 degerinde pH 2’ye gore daha yliksek gozlenmistir. Bunun sebebi pH 11 degerinde atiksuda
¢okme olusmus ve ¢oktliirme sonucu renk giderimi meydana gelmistir. ABS(254 nm) giderimi
incelendiginde ise hem hindistan cevizi hem de komiir esash aktif karbonda pH 2 degerinde pH

11°e gore daha yliksek giderim gdzlenmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada biyolojik olarak aritilmig kagit endiistrisi atiksuyunun hindistan cevizi ve kdmiir
esaslt aktif karbon ile adsorpsiyon prosesi ile aritimi arastirilmigtir. Hem hindistan cevizi ve
komiir esash aktif karbon kullanilarak yapilan adsorpsiyon prosesi ile pH 2 degerinde daha
yiksek renk ve ABS(254 nm) giderimi elde edilmistir. Ancak pH 11 degerinde atiksuda
cokelme de olustugu icin pH 11 degerinde renk ve ABS(254 nm) giderimi yiiksek elde
edilmigtir. Farkli aktif karbon dozlarinda yapilan adsorpsiyon ¢alismalarinda ise aktif karbon
dozunun 70 g/L’ye kadar artmas: ile atiksudaki renk ve ABS(254 nm) giderimi artmaktadir.
Komiir esash aktif karbon ile Hindistan cevizi esasli aktif karbona goére daha yiiksek renk ve
ABS(254 nm) giderimi elde edilmektedir. Komiir esash aktif karbon ile pH 2 ve pH 11
degerlerinde renk giderimi sirasiyla %87,3 ve %84,6 iken, ABS(254 nm) giderimi ise %92,4
ve %80,4 olarak elde edilmistir. Sonug olarak kagit endiistrisi atiksuyunun biyolojik aritma
sonrasinda adsorpsiyon prosesi ile ileri aritiminda renk gideriminin saglanabilecegi ve ayni

zamanda aromatik bilesiklerin de giderilebilecegi goriilmektedir.

TESEKKUR
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ABSTRACT

As global environmental awareness grows, the demand for sustainable, biodegradable, and eco-
friendly materials has become increasingly important, particularly in polymer composites.
Petroleum-based synthetic polymers, while widely used, pose significant environmental
challenges due to their non-biodegradable nature and reliance on finite fossil resources. This
study explores the development of an environmentally friendly epoxy composite material by
incorporating two natural additives: okra leaf powder (OLP) and palm oil (PO). Okra
(Abelmoschus esculentus) leaves, obtained from local agricultural sources, were dried under
controlled laboratory conditions, ground into a fine powder, and used as a bio-filler. Palm oil,
a natural and biodegradable plasticizer, was added to enhance the flexibility and thermal
behavior of the biocomposites. Various formulations were prepared by adding OLP in different
weight percentages (0, 1, 2, and 4 wt.%) along with the constant (1 wt.%) PO in selected
samples. The mixtures were mechanically stirred at 600 rpm for 3 min, followed by component
B and a further 2 min of stirring the process. The resulting mixtures were cast into molds and
cured at 50 °C for 24 hours. Comprehensive physical, mechanical, and thermophysical
characterizations were conducted to evaluate the influence of the bio-additives on the composite
performance. The findings demonstrate that OLP and PO incorporation can improve material
properties while contributing to environmental sustainability. This approach highlights the
potential of agricultural waste valorization in advanced materials engineering, promoting a

circular economy and reducing the ecological footprint of synthetic polymer composites.
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properties, Sustainable materials

1. INTRODUCTION

In recent decades, the increasing demand for sustainable and environmentally responsible
materials has driven extensive research into the development of bio-based composites.
Conventional composite materials, especially those derived from petroleum-based resins and
synthetic fibers, pose significant challenges related to environmental pollution, limited
recyclability, and dependence on non-renewable resources. As a result, there has been a
growing interest in incorporating natural fibers and biodegradable additives into polymer
matrices to produce green composites with reduced ecological impact. Among the various types
of natural reinforcements, agricultural by-products such as leaf powders and plant-based oils
offer promising potential due to their abundance, low cost, and biodegradability [1-4]

One of the most widely used polymers in the composite industry is epoxy resins and their
derivatives [5]. Epoxy resins are important and widely used due to their excellent thermal
stability, strong adhesion, mechanical properties and chemical resistance [6]. They are
important thermoset polymers with a highly cross-linked structure. They offer many advantages
such as rapid cross-linking at ambient temperatures and a strong affinity for other materials [7-
10]. Despite these advantages, their inherent brittleness, limited resistance to crack propagation,
and their applications in high-performance areas are limited [11]. Epoxy resins are
characterized by the presence of two or more oxirane groups in their structure. Their prepolymer
and hardener properties depend on the combination of curing (hardeners). Diglycidyl ether of
bisphenol A (DGEBA) is the most widely used component, covering almost 70% of epoxy
usage. DGEBA results from the reaction between bisphenol A and epichlorohydrin in the
presence of sodium hydroxide. This epoxy prepolymer is preferred due to its relatively low
viscosity, high physical strength after curing and low production cost. However, DGEBA shows
a hard and brittle behavior with low resistance to crack propagation, which ultimately affects
the applicability of this epoxy prepolymer. Epoxy resins are preferred in order to improve
thermal resistance and mechanical properties, facilitate processing, reduce costs, increase
modulus, reduce mold shrinkage, and provide a smoother surface. Epoxy resins can be used
with fillers, solvents, diluents, plasticizers, catalysts, accelerators, and curing agents [12-15].
Biodegradable composites are developed using natural fibers and biological wastes as
reinforcements. Epoxy matrix composites are widely used materials due to their lightness, high

strength, high modulus, and good corrosion resistance [16-18].
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okra leaf powder (OLP) and plasticized with palm oil (PO). Okra (Abelmoschus esculentus),
commonly cultivated in many regions for its edible pods, produces a large quantity of leaves
that are typically discarded as waste. Utilizing okra leaves as a filler in polymer composites not
only adds value to agricultural waste but also supports sustainable material development. Palm
oil, on the other hand, serves as a natural plasticizer that can enhance the flexibility and thermal
behavior of the composite. By combining these two bio-based materials with epoxy resin, the
study aims to evaluate the feasibility of creating thermally and mechanically stable composites

that align with eco-friendly production standards.

2. MATERIALS AND METHODS

In this study, commercially available epoxy resin was used as the polymer matrix due to its
favorable mechanical, thermal, and dielectric properties. The curing agent (Epoxy B)
compatible with the epoxy system was also supplied by the manufacturer and utilized in
accordance with the recommended mixing ratio. Okra (Abelmoschus esculentus) leaves,
sourced from local agricultural fields, were selected as the natural filler. The leaves were
carefully washed to remove any surface impurities and dried under controlled laboratory
conditions at 60 °C for 24 hours to eliminate residual moisture. Once fully dried, the leaves
were ground into a fine powder using a high-speed laboratory grinder and subsequently sieved
to obtain a uniform particle size suitable for composite fabrication. Additionally, commercially
available palm oil was used as a biodegradable plasticizer to enhance the flexibility and
thermophysical properties of the resulting biocomposites [19].

A series of biocomposite formulations were prepared by varying the okra leaf powder (OLP)
content at 0, 1, 2, and 4 wt.%, while maintaining a constant 1 wt.% of palm oil in selected
samples. Initially, the required amount of epoxy resin was mixed with palm oil and the
predetermined quantity of OLP. This mixture was subjected to mechanical stirring at a constant
speed of 600 rpm for 3 min to ensure proper dispersion of the bio-filler and plasticizer within
the resin matrix. Following this, the curing agent was added according to the manufacturer’s
specifications, and the mixture was stirred for an additional 2 min to achieve complete
homogenization. The prepared mixtures were then carefully poured into pre-cleaned and
lubricated silicone molds to shape the specimens for physical, mechanical, thermal, and
dielectric characterizations.

The cast samples were allowed to cure at 50 °C temperature for 24 hours to ensure full

polymerization and dimensional stability. After curing, the specimens were demolded and
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density, Shore D hardness, dielectric properties, and thermal conductivity measurements were
conducted in accordance with standardized testing procedures. In addition, surface morphology
analyses were performed using an optical microscope to evaluate the dispersion quality and
microstructural features of the OLP within the epoxy matrix. These comprehensive
characterizations provided critical insights into the influence of OLP and palm oil incorporation
on the overall performance of the developed biocomposites.

The experimental matrix comprises seven formulations, categorized into two series; one
without PO and another with 1 wt.% PO (Table 1). In the first series, OLP content increases
from 0 to 4 wt.%, while epoxy ratios remain constant (Epoxy A/B =~ 2/1). This allows isolation
of OLP’s impact on dielectric, thermal, and mechanical properties. The second series introduces
PO at 1 wt.% alongside varying OLP loadings (1-4 wt.%), enabling analysis of synergistic
effects between the filler and plasticizer. Notably, the epoxy matrix’s weight fraction adjusts
slightly to accommodate additives, ensuring consistent total mass across samples. The
experimental design systematically evaluates the effects of OLP (0—4 wt.%) and PO (0-1 wt.%)
on composite performance, with epoxy resin formulations (Epoxy A and Epoxy B) serving as

the matrix (Figure 1).

Table 1. Experimental study plan for the biocomposite production

Experiments | Epoxy A (wt.%) | Epoxy B (wt.%) | OLP (wt.%) | PO (wt.%)
1 66.7 33.3 0.0 0.0
2 66.0 33.0 1.0 0.0
3 65.3 32.7 2.0 0.0
4 64.0 32.0 4.0 0.0
5 65.3 32.7 1.0 1.0
6 64.7 32.3 2.0 1.0
7 63.3 317 4.0 1.0
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Figure 1. Experimental production scheme of biocomposites
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3. RESULTS AND DISCUSSIONS
3.1. Bulk Density Results of the Biocomposites

Figure 2 illustrates the variation in the bulk density of epoxy-based biocomposites as a function
of different weight percentages of okra leaf powder (OLP) reinforcement. As shown, the bulk
density of the pure epoxy composite (0 wt.% OLP) starts at approximately 1134 kg/m®. With
the incremental addition of OLP, the bulk density gradually decreases. At 1 wt.% OLP, the
density slightly drops, and this decline continues more noticeably at 2 wt.%. Interestingly, no
value is reported at 3 wt.%, suggesting either a measurement issue or omission. At 4 wt.% OLP,
the composite exhibits a significant reduction in bulk density, reaching around 1105 kg/m?.
This downward trend can be attributed to the lower intrinsic density of the okra leaf powder
compared to the epoxy matrix, as well as the possible introduction of microvoids and increased
porosity due to the incorporation of the fibrous, organic filler. The graph highlights how natural
filler content influences the physical properties of polymer composites, particularly in reducing

bulk density, which could be advantageous for lightweight material applications [20].
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Figure 2. Effect of OLP reinforcement on the bulk density of biocomposite

3.2. Shore D Hardness Results of the Biocomposites

Figure 3 presents the variation in Shore D hardness values of epoxy-based biocomposites
reinforced with different weight percentages of okra leaf powder (OLP). The Shore D hardness
of the neat epoxy composite (0 wt.% OLP) is recorded at approximately 78, indicating a
relatively high surface hardness typical of rigid thermosetting polymers. As the content of OLP
increases, a gradual decrease in hardness is observed. At 1 wt.% OLP, the hardness slightly
drops, followed by a more notable reduction at 2 wt.%. Interestingly, no value is reported at 3
wt.%, possibly due to experimental limitations or data exclusion. At 4 wt.% OLP, the Shore D
hardness decreases significantly to around 68. This consistent decline in hardness with
increasing OLP content can be attributed to the softer, fibrous, and organic nature of the okra
leaf powder compared to the rigid epoxy matrix, as well as the potential formation of weak
interfacial bonding and microvoids within the composite structure. These factors collectively
reduce the overall resistance of the biocomposite surface to indentation, reflecting in lower
Shore D hardness values as filler content increases [21].
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Figure 3. Effect of OLP reinforcement on the hardness of biocomposite

3.3. Dielectric Constant Results of the Biocomposites

Figure 4 presents the dielectric constant values of epoxy composites reinforced with varying
weight percentages (wt.%) of OLP. The neat epoxy (0 wt.% OLP) shows a dielectric constant
of 3.9, which decreases to 3.6 at 1 wt.% OLP before gradually increasing to 3.7 and 3.8 at 2
wt.% and 3 wt.% OLP, respectively. This initial reduction suggests that OLP disrupts the
epoxy's inherent polarization mechanisms. Natural fibers like OLP contain insulating
components such as cellulose and lignin, which may hinder dipole alignment under an electric
field. Additionally, OLP’s lower intrinsic dielectric constant compared to epoxy could dilute
the composite’s overall polarizability, leading to the observed decrease.

The subsequent rise in dielectric constant at higher OLP loadings (2-3 wt.%) indicates a partial
recovery of polarization effects. This trend may result from increased interfacial interactions
between the epoxy matrix and OLP particles, creating new pathways for charge accumulation.
However, the values remain below the neat epoxy's baseline, suggesting that while OLP
contributes to some degree of polarization, its overall effect is still limiting. The non-linear

behavior could also be influenced by factors such as particle dispersion quality, moisture
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[29].
These findings demonstrate that OLP reinforcement modifies the dielectric properties of epoxy
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composites, primarily reducing their permittivity. This characteristic could be advantageous for
applications requiring materials with lower dielectric constants, such as insulating layers in
electronics. However, for applications needing high permittivity, alternative fillers or OLP
surface treatments might be necessary to enhance polarization. Further research should
investigate frequency-dependent dielectric behavior, moisture effects, and nanoscale filler

distribution to fully understand the structure-property relationships in these biocomposites.

Dielectric constant of biocomposite

0 1 2 3

OLP (wt.%)
Figure 4. Effect of OLP reinforcement on the dielectric constant of biocomposite

3.4. Thermal Conductivity Results of the Biocomposites
Figure 5 shows the thermal conductivity of epoxy-based biocomposites reinforced with
different weight percentages (wt%) of OLP. The thermal conductivity coefficient values range
from 0.100 W/m-K to 0.112 W/m-K and show a decreasing trend as the OLP content increases.
This minimal change indicates that OLP has a limited effect on the thermal conductivity of the

composite in the tested range. The almost constant values indicate that OLP reduces the heat
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transfer due to its low intrinsic thermal conductivity and its homogeneous distribution in the
epoxy matrix. The decrease in the thermal conductivity coefficient at higher OLP
reinforcements can be attributed to subtle changes in the microstructure of the composite [22].
For example, the interface contact between the OLP particles and the epoxy matrix can create
porosity. The overall values remain low, reinforcing the role of OLP as a filler that provides
good insulation in thermal applications. For applications requiring precise thermal
management, further studies with higher OLP concentrations or hybrid fillers may be required

to evaluate scalability.
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Thermal conductivity of biocomposite (W/m-K)

OLP (wt.%)
Figure 5. Effect of OLP reinforcement on the thermal conductivity of biocomposite

3.5. Fourier Transform Infrared Spectroscopy (FTIR) Results
The provided FTIR spectrums represent the characteristic vibrational modes of a polymer
derived from pure epoxy resin (Figure 6), and OLP reinforced biocomposites (Figure 7). In the
region around 3500-3200 cm™, a broad and moderate absorption band is observed, which
corresponds to the O—H stretching vibrations. This is likely due to residual hydroxyl groups
formed during the ring-opening of the epoxy groups and possible moisture absorption. The
sharp peak near 3050 cm™* can be attributed to aromatic C—H stretching vibrations, indicating

the presence of aromatic structures within the epoxy resin. Additionally, the peaks observed
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methylene (-CH>—) and methyl (—CHz3) groups in the polymer backbone.

In the fingerprint region, multiple sharp and intense bands appear, providing further insight into
the polymer structure. A prominent peak near 1600—1500 cm™ corresponds to aromatic C=C
stretching vibrations, confirming the aromatic content of the epoxy resin. The strong absorption
band around 1250-1020 cm™ is associated with C—-O—C asymmetric and symmetric stretching
vibrations, characteristic of the ether linkages formed after epoxy ring opening and curing.
Moreover, peaks in the 950700 cm* range are attributed to aromatic C—H out-of-plane bending
vibrations. The complex pattern of bands between 1500 and 500 cm™ reflects various bending
and stretching modes associated with the aromatic and aliphatic groups of the polymer network.
The FTIR spectra confirm the successful polymerization and characteristic chemical structure
of the biocomposites. When the FTIR spectra seen in Figure 7 are evaluated, it is understood
that the OLP and epoxy resin components do not react chemically, but interact physically [23-
26].
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Figure 6. FTIR spectra of pure epoxy resin based polymer
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Figure 7. FTIR spectra of biocomposites produced in the experimental studies

3.6. Microscope Images of Neat and OLP Reinforced Epoxy Based Biocomposites

The first microscopic image shows the surface morphology of the pure epoxy resin composite
(Figure 8). The surface appears relatively smooth and homogeneous, with minimal visual
imperfections or irregularities. This uniform texture is characteristic of unreinforced epoxy
materials, where no fillers are present to disturb the polymer matrix. The absence of particulate
matter or phase boundaries suggests good internal cohesion and a defect-free structure, which
aligns with the typically high mechanical performance and hardness values of neat epoxy resins.
Figure 9 and Figure 10 show the microscope images of biocomposites with 1 wt.% and 2 wt.%
OLP addition, respectively. In contrast to the pure epoxy, the surface now displays small,
scattered dark particles embedded in the matrix. These features are indicative of the dispersed
okra leaf powder particles. While the filler distribution appears generally uniform, some areas

might still show minor agglomerations. The interaction between the matrix and the filler seems
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reasonably good, though microvoids or weak interfacial bonding may begin to appear at this
level, which could slightly affect the mechanical and thermal properties compared to the pure
epoxy.

Figure 11 presents the microstructure of the biocomposite with 4 wt.% OLP. This surface is
visibly more heterogeneous, with a higher concentration and more pronounced presence of okra
leaf particles throughout the matrix. The filler appears as large greenish patches and streaks,
suggesting possible agglomeration and reduced dispersion quality at higher filler loadings. The
rougher and more irregular texture implies a decrease in matrix continuity and potentially more
interfacial voids or weak points. These features can lead to diminished mechanical properties
such as reduced hardness and strength, as also supported by experimental data. Overall, the

third image reflects the structural compromise that may occur when filler content exceeds an
optimal threshold [27,28].

Figure 8. Microscope image of neat epoxy resin based polymer

Figure 9. Microscope image of 1 wt.% OLP reinforced biocomposite
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Figure 11. Microscope image of 4 wt.% OLP reinforced biocomposite

4. CONCLUSIONS

In this study, an eco-friendly epoxy-based biocomposite was successfully developed by
incorporating okra leaf powder (OLP) and palm oil (PO) as natural additives. The aim was to
enhance the sustainability profile of conventional epoxy materials while evaluating the effects
of these bio-fillers on the physical, mechanical, thermophysical, and dielectric properties of the
resulting composites. The experimental findings confirm that agricultural by-products like okra
leaves, combined with biodegradable plasticizers such as palm oil, hold significant potential in
the formulation of sustainable polymer composites, aligning with the global shift towards
environmentally responsible materials.

The bulk density measurements revealed a clear decreasing trend with the incremental addition
of OLP. Pure epoxy composites exhibited the highest density, while increasing OLP content
progressively reduced this value, particularly noticeable at 2 wt.% and 4 wt.% reinforcements.
This reduction is attributed to the lower intrinsic density of okra leaf powder compared to the
epoxy matrix and the likely formation of microvoids due to the fibrous, organic nature of the
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filler. Such a decrease in bulk density is favorable for applications where lightweight materials
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are essential, such as in automotive, aerospace, and portable electronic devices.

Shore D hardness tests showed that incorporating OLP into the epoxy matrix led to a gradual
decrease in surface hardness. The pure epoxy composite displayed the highest hardness value,
while composites containing 4 wt.% OLP recorded a significant reduction. This trend can be
explained by the softer, fibrous character of the okra leaf powder and the potential weakening
of interfacial bonding between the filler and the matrix at higher loadings. Although the
hardness values decreased, the biocomposites maintained acceptable levels for non-structural
applications, and such a reduction could even be beneficial for components requiring flexibility
and impact absorption.

Dielectric property evaluations indicated that the addition of OLP to epoxy composites
primarily lowered the permittivity of the material. This behavior is likely due to the lower
polarizability of the plant-based filler and the possible introduction of voids and heterogeneities
in the composite structure. The reduced dielectric constant could be advantageous for insulation
applications in electronics, where low-permittivity materials are preferred to minimize
capacitive coupling and energy loss. Future studies could focus on improving dielectric
properties through surface modification of OLP or hybridization with high-permittivity
nanoparticles for broader application versatility.

Thermal conductivity analyses demonstrated that the inclusion of OLP in the epoxy matrix
slightly decreased the overall heat transfer capability of the biocomposites. The almost constant
and low thermal conductivity values suggest that the biocomposites act as good thermal
insulators, a property reinforced by the uniform distribution of low-conductivity OLP within
the matrix and the creation of thermal barriers at the filler-matrix interfaces. This characteristic
makes these biocomposites suitable for applications requiring thermal insulation, although
additional studies at higher filler loadings or with multi-filler systems are recommended to
assess scalability and optimize performance for targeted uses.

Microscopic examinations confirmed the influence of OLP content on the surface morphology
of the composites. The pure epoxy matrix displayed a smooth and defect-free surface, while
increasing OLP content resulted in progressively rougher and more heterogeneous surfaces,
with visible particle dispersion and occasional agglomerates. These morphological changes
correlate with the observed reductions in mechanical properties and bulk density, highlighting
the need for optimized filler dispersion techniques to improve the overall homogeneity and

interfacial adhesion in biocomposite systems.
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Overall, this study demonstrated the feasibility of producing sustainable epoxy biocomposites
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using okra leaf powder and palm oil, contributing to the valorization of agricultural waste and
the reduction of ecological footprints in polymer composite production. The results suggest that
these biocomposites can be tailored for specific applications requiring lightweight, thermally
insulating, and dielectric materials. However, future research should address the long-term
durability, moisture sensitivity, and processing optimization of these materials to enhance their

commercial viability and functional performance in diverse industrial sectors.
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OZET

Giliniimiiz diinyasinda en biiyiik ¢evre sorunlarindan biri olarak su kirliligi karsimiza
cikmaktadir. Evsel ve endiistriyel atik sularin su ekosistemine aritilmadan verilmesi ¢evrenin
flora ve faunasina ciddi zarar verecektir. Asir1 niifus artisi, kiiresel 1sinma su kaynaklarimizi
tehdit etmektedir. Diinya ortalama sicakliklarinin artmasi Ozellikle yaz aylarinda su
kaynaklarinda hizli buharlagmaya neden olmakta bu da su kithigin1 yaratmaktadir. Kiiresel su
kithig1 sorunuyla miicadele etmek ve su kalitesini iyilestirmek i¢in membran filtrasyonu,
kimyasal oksidasyon, elektro-pihtilasma, elektrokimyasal yontem, iyon degisimi gibi farkli
aritim teknolojileri uygulanmaktadir. Bu teknolojilerin dezavantajlari arasinda giivenli olmayan
kimyasallarin kullanimi, toksik yan {irlinlerin olusmasi, yiiksek maliyet ve zaman aliciligi
sayilabilir. Yenilik¢i adsorbanlarin gelistirilmesinin miimkiin oldugu adsorpsiyon yontemi,
diger geleneksel yontemlere gore maliyet etkinligi ve gelistirilmesi daha kolay bir sistem olmasi
gibi avantajlara sahiptir. Yesil adsorban sentezi, etkili ve ekonomik olan dogal {iriin
kullanimiyla yapildigindan ¢evre dostu bir tekniktir. Adsorpsiyonun ¢evresel siirdiiriilebilirlik
degerlendirmesi ise yesil adsorban sentezi ile miimkiindiir. Dongiisel ekonomi kavrami,
tilketimin azaltilmasi, hammadde, su ve enerji tasarrufu saglanmasi ile strdiiriilebilir
kalkinmay1 hedefler. Algal biyokiitlesinin kullanimi, su ve atik su aritimini saglayarak cevreye,
biyoyakit lireterek ekonomiye ve gida, kozmetik, ilag, giibre, hayvan yemi iireterek topluma
fayda saglar. Bunun yanisira algler sera gazi emisyonlarini azaltarak da kiiresel iklim sorununun
cozlimiine de katki saglayabilirler. Bu ¢aligmada makroalg olarak deniz yosunu aljinat matrisi
icine mikroalg biyokiitlesi katilarak yesil adsorbent kiireleri olusturulmustur. Gelistirilen
adsorban ile mangan giderimi gergeklestirilmistir

Anahtar Kelimeler: Dogal adsorbent, sentez, mikroalg, alginat, mangan giderimi
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Su kirliligi diinyanin karsilastigi en biiylik ¢evre sorunlarindan biridir. Aritilmadan su
ekosistemine verilen kirleticiler su kaynaklarimi ciddi sekilde tehdit etmektedir [1]. Temiz su
kaynaklarin1 korumak amaciyla g¢esitli aritim yontemleri uygulanmaktadir. Bunlarin yiiksek
maliyet, asir1 enerji tiikketimi ve ikincil Kkirleticiler gibi dezavantajlari bulunmaktadir.
Adsorpsiyon yontemi ise diisiik maliyetli, uygulamasi kolay, az enerji tiiketimi yoniinden en
cok tercih edilen yontemdir [2,3]. Cevreci, siirdiiriilebilir ve donglisel ekonomiye katki
saglayan adsorbanlar iimit vadetmektedir. Yenilik¢i ve siirdiiriilebilir dogasi nedeniyle alg ile
adsorpsiyon, klasik aritma tekniklerinin aksine endiistriyel, tarim, madencilik atik sularinin
aritimi i¢in kullanilmaktadir.

Algler diinyada bilinen en eski fotosentetik mikroorganizmalardir. Mikroalg ve makroalg olarak
ikiye ayrilan bu canli grubunun bilinen 8000 tiirii bulunmaktadir.i En biiyiik grup tek hiicreli
yapist ve her yerde yetisebilme Ozelligine sahip Chlorella tiridir [4]. Glines enerjisini
kullanarak CO, ve suyu, O,, karbonhidrat ve lipitler gibi organik molekiillere doniistiirtir [5].

Alg atiksu aritimi, karbon fiksasyonu ve katma degeri yiiksek iirlinlerin eldesi gibi énemli
ozelliklere sahiptir. Ozellikle atiksu aritimimin, geleneksel atiksu aritimma gore 6nemli
avantajlar1 vardir. Algler atiksu aritma teknolojilerinde agir metallerin biyosorpsiyonu i¢in
kullanilmaktadir. Bu teknolojilerde algler dogal hammaddelerdir ve iiretimleri filtre
membranlarindan, iyonitlerden daha ekonomiktir. Atik sudaki metalleri uzaklastirmak igin
biyosorpsiyon, farkli kuru biyokiitle tiirleri kullanilarak uygulanabilir. Mikroalg hiicreleri,
hiicrelerinde Hg, Cd, Zn, Au, Ag, Co, Mn, Cs, Ni, Fe, Cu ve Cr biriktirebilme yetenekleri
nedeniyle agir metal giderimi i¢in kullanilma potansiyeline sahiptir [6].

Alg biyokiitlesi sulardaki kirleticileri uzaklastirmak i¢in oldukga etkili bir adsorbandir. Ancak,
alglerin kimyasal bilesiklere baglanma yetenegi, kiiclik boyut, diisiik 6zgiil agirlik gibi ¢esitli
kisitlamalar nedeniyle sinirlhidir ve diger mikroorganizmalar tarafindan bozunmasi nedeniyle
kolayca zarar gorebilir. Bu zayifliklarin iistesinden gelmek icin destekleyici malzemeler
kullanilarak alg biyokiitlesinin hareketsizlestirilmesi gereklidir [7].

Alginat, bir makroalg olan kahverengi deniz yosunundan elde edilen dogal bir anyonik
polimerdir ve biyouyumlulugu, diisiik toksisitesi, diisitk maliyeti ve iki degerlikli katyonlarin
eklenmesiyle hafif jellesme yetenegiyle kompozit adsorban sentezinde kullanilmaktadir [8,9].

Dogada manganez (Mn), topraklarda, kayalarda ve minerallerde dogal olarak ortaya ¢ikan bir
metaldir. Yeralt1 sularinda manganez konsantrasyonu genellikle yiizey sularinda 6lgiilenlerden
daha ytiksektir. Endiistride mangan, baglica demir ¢elik sektdriinde, ferro manganez iiretiminde,
aliminyum alagimlarinda, gilibre, cam, boya, kuru pil, seramik iiretimi, petrokimya ve
elektronik sektdriinde kullanim alani bulmaktadir. Bu durum hem yiizey sular1 hem de igme
suyu acisindan 6nemli bir sorun teskil etmektedir [10].
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Manganin toksik etkilerini azaltmak, giivenli bir igme suyu temini saglamak i¢in ¢esitli fiziksel,
kimyasal ve biyolojik mangan giderme teknikleri gelistirilmistir. Oksidasyon, membran
filtreleme, adsorpsiyon gibi aritma yontemleri yiikksek mangan konsantrasyonunu gidermek i¢in
kullanilmaktadir [11].

Bu ¢alismada yesil adsorban sentezi olarak aljinat matrisi i¢ine mikroalg katki maddesi ilave
edilmis elde edilen yesil adsorban ile Mangan giderimi arastirilmistir. Donglisel ekonomiye
katki acisindan atiksu aritimindan elde edilen biyokiitle yesil adsorban olarak sentezlenmistir.

2. MATERYAL VE METOT
2.1.1. Mikroalg Kiiltiirtiniin Hazirlanmasi

Calismada yesil bir mikroalg tiirii olan Chlorella protothecoides kiiltiirii kullanilmistir. Kocaeli
Universitesi Kimya Miihendisligi béliimii Biyoteknoloji Laboratuvari’ndan temin edilen
mikroalg Blue-Green (BG-11) besin ortaminda biiyiitiilmiistiir. Bu kiiltiir ortam1 1000 ml ¢gesme
suyu, NaNOs (1.5 g/L), KH2PO4 (0.04 g/L), MgSO4 .7H,0 (0.075 g/L), CaCl,.2H> O (0.036
g/L), H3BOs3 (0.0029 g/L), Na,CO3 (0.02 g/L), ferric citrate (0.006 g/L), citric acid (0.006 g/L),
vitamin karisimi (0.02 g/L) ve agar (15 g) kullanilarak hazirlanmistir [11]. Bir hafta sonra,
kiiltiir ortaminda yetistirilen mikroalg Gorsel 1°de goriildiigii gibi 24 saat aydinlatilmis ve hava
kompresorleri ile hava verilmistir.

Gorsel 1. Chlorella protothecoides Kiiltiir Ortami1

2.1.2. Mikroalg ile Kentsel Atiksu Aritimi1 ve Biyokiitle Elde Edilmesi

Bu c¢alismada kentsel atiksu aritma tesisi giris kismindan alinan ham atiksu kullanilmistir.
Atiksu icerisindeki askida kat1 maddeleri gidermek i¢in 4000 rpm 10 dk santrifiij cihazindan
gecirilmigtir. Daha sonra 500 ml hacimde farkli seyreltme oranlarina sahip numuneler
hazirlanmigtir. Her bir numuneye hacminin %10’u kadar mikroalg kiiltiir ortamindan ekim
yapilmustir. iki hafta siiren bu ¢alismada Chlorella protothecoides mikroalg tiiriiniin kentsel
atiksuyu aritabilir yetenegi gozlenmistir.
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Sonlandirilan deney sonrasinda atiksuda olusan biyokiitleyi elde etmek icin ilk olarak
numuneler filtre kagidindan gegirilerek siizme iglemi uygulandi. Ardindan etiivde 60°C’de 2

saat kurutma islemi gerceklestirildi. Sonug olarak yaklasik 2,3 g mikroalgal kuru biyokiitle elde
edildi.

Gérsel 2. Elde edilen mikroalgal kuru biyokiitle
2.1.3. Mikroalg Biyokiitlesi ile Adsorban Kiireler Elde Edilmesi

Adsorban kiireler elde etmek i¢in dncelikle 100 ml suda 2 g sodyum alginat ¢ozeltisi hazirlamak
icin 400 rpm 2 saat calkalayiciya ¢ozdiirmek iizere birakildi. Hazirlanan ¢6zeltinin igerisine
atiksudan elde ettigimiz mikroalgal kuru biyokiitleden 1 g eklendi ve homojen olana kadar
karistirildi. Ardindan homojen mikroalg/aljinat karistmi 0.1 M CaClz (500 ml) {izerine
damlatildi. Damlatma isleminin ardindan elde edilen kiireler pH nétr olana dek saf su ile yikand1

ve ortam sicakliginda kurutuldu. Kuruyan biyokiitleler deneyde kullanilmak iizere cam siseye
aktarildi.

Gorsel 3. Elde edilen adsorban kiireler (solda) ve kuru adsorban kiireler (sagda)
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2.1.4. Mikroalg/Alginat Adsorban Kiireleri ile Mangan Giderimi

Toplam ii¢ deney seti yapildi ve her set es zamanl yapildi. Adsorpsiyon deneyleri 90, 100 ve
110 mg/L mangan konsantrasyonlarinda gergeklestirildi. Deney setlerinde kullanilmak iizere
1000 ml’lik stok c¢ozelti hazirlandi. Her bir konsantrasyonda 40, 120 ve 200 mg
mikroalg/alginat adsorban kiireleri kullanildi. Numuneler 250 rpm hizdaki ¢alkalayiciya alindu.
Her 30., 75., ve 120. dk da numunelerden 6rnekler alind1 ve mangan giderim analizleri kit ile
yapildi. Sonuglar 510 nm dalga boyunda spektrofotometre cihazinda okundu.

Gorsel 4. Deney i¢in hazirlanan numuneler (solda) ve mangan analiz kiti ile hazirlanan

numuneler (sagda)

Adsorpsiyon giderim verimliligi Denklem 1 [2] ile belirlenir.

Giderme verimliligi (%): (Co— C) x 100/ Co (1)
Co = Adsorpsiyondan dnce olgiilen baslangig konsantrasyonlari

C = Adsorpsiyondan sonra 6l¢iilen denge konsantrasyonlaridir.

Adsorpsiyon kapasitesi, adsorplanan mangan miktari (mg/g) Denklem 2'ye gore hesaplanmistir
[3].

ge = ((Co—Ce) /I m) x V (2)
Cove Ce deneyden Once ve sonra dlgiilen konsantrasyonlardir (mg/L)

V = Mangan ¢6zeltisinin hacmi (L)

m = Adsorban miktar1 (g)

3. SONUCLAR VE DEGERLENDIRME

Elde edilen alginat/alg adsorban kiireleri, hazirlanan 90, 100, 110 mg/LL mangan
konsantrasyonunda ve her konsantrasyona 40, 120, 200 mg adsorban kullanilmistir, 30., 75. ve
120. dakikalar da numunelerden 6rnekler alindi ve mangan giderim analizleri kit ile yapilmigtir.
Giderim verimi ve adsorpsiyon kapasitesi hesaplanmistir. Sonuglar Cizelgel., Cizelge 2.,
Cizelge 3., Cizelge 4., Cizelge 5. ve Cizelge 6. da verilmistir.
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Cizelge 1. 90 mg/L Konsantrasyon Giderim Verimi, %

Adsorban 90 mg/L Konsantrasyon
Miktar1 (mg) Giderim Verimi, %
Baslangic  Mn | to: 0.dk t1: 30.dk t2: 75.dk t3: 120.dk
Konsantrasyonu
(mg/L)
40 mg - %23 %26 %22,6
120 mg - %29,6 %27,7 %26,4
200 mg - %22,2 %31 %26,5
Cizelge 2. 90 mg/L Konsantrasyonda Adsorpsiyon Kapasitesi, q, mg/g
Adsorban 90 mg/L Konsantrasyon
Miktar1 (mg) g: Adsorpsiyon Kapasitesi, mg/g
Baslangic  Mn | to: 0.dk t1: 30.dk t2: 75.dk t3: 120.dk
Konsantrasyonu
(mg/L)
40 mg - 10,35 11,7 10,2
120 mg - 4,45 39 3,96
200 mg - 2 2,79 2,39
2.DENEY SETI:
Cizelge 3. 100 mg/L Konsantrasyon Giderim Verimi, %
Adsorban 100 mg/L Konsantrasyon
Miktari (mg) Giderim Verimi, %
Baslangic  Mn | to: 0.dk t1: 30.dk t2: 75.dk t3: 120.dk
Konsantrasyonu
(mg/L)
40 mg - %32,5 %31 %34,3
120 mg - %40,9 %37,3 %33,8
200 mg - %42 %28,8 %34,4
Cizelge 4. 100 mg/L Konsantrasyonda Adsorpsiyon Kapasitesi, q, mg/g
Adsorban 100 mg/L Konsantrasyon
Miktar1 (mg) g: Adsorpsiyon Kapasitesi, mg/g
Baglangic  Mn | to: 0.dk t1: 30.dk to: 75.dk t3: 120.dk
Konsantrasyonu
(mg/L)
40 mg - 16,25 15,5 17,15
120 mg - 6,8 6,2 5,6
200 mg - 42 2,88 3,44

47




NFEREY,
2 L0 €4
& ‘r‘.’

ACA DE,W
,
&

PITTER

D

3.DENEY SETI:
Cizelge 5. 110 mg/L Konsantrasyon Giderim Verimi, %

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

Adsorban 110 mg/L Konsantrasyon

Miktar1 (mg) Giderim Verimi, %

Baslangic  Mn | to: 0.dk t1: 30.dk t2: 75.dk t3: 120.dk

Konsantrasyonu

(mg/L)

40 mg - %31,5 %40,2 %34

120 mg - %35,2 %44,5 %41,8

200 mg - %44 %41,7 %48
Cizelge 6. 110 mg/L Konsantrasyonda Adsorpsiyon Kapasitesi, q, mg/g

Adsorban 110 mg/L Konsantrasyon

Miktar1 (mg) g: Adsorpsiyon Kapasitesi, mg/g

Baglangi¢  Mn | to: 0.dk t1: 30.dk t2: 75.dk t3: 120.dk

Konsantrasyonu

(mg/L)

40 mg - 17,35 22,15 18,7

120 mg - 6,4 8,1 7,6

200 mg - 4,85 4,59 5,29

Bu calisma sonucunda en yiiksek giderim verimi 110 mg/L konsantrasyonda 200 mg adsorban

kullaniminda 120. dakikada ki verim hesaplar1 yapilarak Gorsel.6 da verilmistir.

50,00% 48%
45%
45,00%
e 40% 40,90%

40,00%

35 00% 34,20%

30,00% 23,607
26,009
25,00%

20,00%

Giderim Verimi, %

15,00%
10,00%
5,00%
0,00%

40mg 120 mg 200 mg
Adsorban Miktari, mg

Gorsel 6. Giderim Verimi Grafigi

Calisma sonucunda en yiiksek giderim verimliligi %48 ile 110 mg/L konsantrasyonda 200 mg

adsorban kullaniminda elde edilmistir.

48

m o0 mg/L
100 mg/L
m 110 mg/L
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40 mg 120 mg 200 mg

Adsorban Miktari, mg

Gorsel 7. Adsorpsiyon Kapasitesi

4. SONUCLAR

Adsorban miktari artigi ile giderim yiizdesi artmstir.

Baslangi¢c mangan konsantrasyonu artisi ile giderim yiizdesi artmistir. Bu da hazirlanan
adsorbanlarin adsorptif merkez sayisinin fazla oldugunu goéstermistir.

Ayrica zaman artinca giderim de artacaktir.

Yesil adsorban sentezi, etkili ve ekonomik olan dogal {iriin kullanimiyla yapildigindan
cevre dostu bir tekniktir.
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Abstract:

Over the past several centuries, Fusarium pathogens have been documented for the first time
and continue to garner considerable attention from researchers around the world. This interest
is largely attributed to their pathogenic effects on various plant species, their capacity for
mycotoxin production, and the resulting introduction of harmful metabolites into the food
supply. The accelerating impact of climate change is causing shifts in pathogen populations
globally, highlighting the necessity for continuous research to understand the factors affecting
virulence and disease severity. Furthermore, there is an urgent need to effectively implement
technological strategies to improve control measures and promote sustainable agricultural
practices.

Plant parts from infected plants were typically utilized for the isolation and identification of
the fungal species responsible for the infection, employing colony characterization and
microscopic morphology analysis. Furthermore, final confirmation of the pathogens could be
achieved through PCR amplification and sequencing, using primers specific to fungi and
Fusarium species.

The heavy reliance on chemical control for managing Fusarium diseases in food crops is
increasingly questionable due to the development of resistance within pathogen populations
and the associated environmental impacts. Thus, improving our understanding of the complex
dynamics of host-microbe interactions that contribute to disease, along with the application of
targeted technologies, can enhance our ability to manage Fusarium diseases effectively. This
review examines the identification and pathogenicity of Fusarium species and addresses
future challenges in implementing various technological management strategies for these
diseases to maintain sustainable agriculture.

Key words: Fusarium species, Technological Management, Agricultural sustainability
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1. Introduction :
Significant research has been undertaken on epidemics and plant disease control methods. The
genus Fusarium, which encompasses approximately 400 recognized species, has garnered
particular attention. Research has focused on analyzing the mechanisms of pathogenic
evolution and differentiation among Fusarium species utilizing molecular, genetic, and
genomic techniques (Nelson et al., 1994; Yan and Dickman, 1996; Summerell et al., 2003;
Gasser et al., 2023).

The Fusarium genus is classified within the phylum Ascomycota, class Sordariomycetes,
order Hypocreales, and family Nectriaceae (Moretti, 2009; Arie T., 2019). Notable species
categorized as plant-pathogenic include Fusarium oxysporum, F. solani, F. fujikuroi, and F.
graminearum. Species of Fusarium can be found in nature functioning as endophytes,
saprophytes, or pathogens (Abdul Karim et al., 2016). A key characteristic of all Fusarium
species is their production of macroconidia with a distinctive morphology.

Many Fusarium species are regarded as weak pathogens and tend to infect plants that are
wounded or experiencing stress. On the other hand, this genus can cause various serious
diseases, including vascular wilt, root rot, foot and stem rot, leaf lesions, fruit rot, head blight
in cereals, and post-harvest decay, resulting in reduced yield and financial losses.

According to estimates from the United Nations, the global population is projected to exceed
10 billion by the mid-21st century. To meet the increased demand for food resulting from this
growth, a reduction of over 70% in production inefficiencies is necessary (Prosekov &
Ivanova, 2018). Ensuring food security for a large population presents considerable
challenges, as agricultural production systems must adapt to various obstacles (Tubiello et al.,
2007).

Food security involves ensuring reliable access to healthy and nutritious foods as part of daily
diets. Without the implementation of sustainable practices and the adoption of innovative
technological strategies, there is a risk of significant environmental impacts, including
stagnation in food supply growth (Eitelberg et al., 2015). Sustainability is a comprehensive
concept within agriculture that emphasizes the importance of managing plant and animal
systems responsibly (Stafford-Smith et al., 2017).

Sustainable agriculture plays a crucial role in addressing global food security by providing
key solutions. It strives to integrate modern technologies and sustainable production practices
to support stable and resilient global food systems.
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2. Fusarium Species Identification
2.1 Morphology:

The identification of Fusarium reproductive and vegetative structures is frequently assisted by
examining their cultural and morphological characteristics on various growth media.
Commonly used media for morphological characterization include Synthetic Nutrient Agar
(SNA), Potato Sucrose Agar (PSA), Potato Dextrose Agar (PDA), Carnation Leaf-piece Agar
(CLA), yeast extract agar (YEA), Sabouraud's Dextrose Agar (SDA), Oatmeal Agar (OMA),
and Potassium Chloride Agar (KCL). (Leslie and Summerell, 2006; Shobana C. S. et al.,
2011; Cambaza E, 2018; Tanina N. et al., 2024).

Variations in mycelial pigmentation were observed among different Fusarium species across
various media types. Since pigmentation is a characteristic aspect of mold development, it can
serve as a useful parameter for growth studies, providing an alternative to measuring Colony
expansion in size.

For instance, in PDA and PSA media, F. oxysporum consistently exhibited pale purple to
purple pigmentation. In contrast, F. proliferatum demonstrated a range of pigmentation
variations, from pale orange to purple, on the same media (Lombard et al., 2019; Khan et al.,
2021).

Figure 1: F. proliferatum Morphology on PSA  b) morphology on SNA c) mono-phialids  d) poly-philaids
e) microconidia f) Macroconidia
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Figure 2: F. oxysporum a)Morphology on PSA b) Morphology on SNA ¢) Mono-phialids d) macroconidia
e) Microconidia  f) Chlamydospores

Another example F. graminearum colonies cultured on YEA display a consistent and
predictable pattern of color change. Observations show that the mold initially germinates as
pale mycelium and gradually develops a yellowish coloration (Cambaza E, 2018).
Additionally, SNA medium was utilized to facilitate further identification and to assist in the

examination of microconidia, macroconidia, conidiogenous cells, mono-phialides, and poly-
phialides (kee et al., 2020).

Figure 3: Surface color changes of F. graminearum over time (Cambaza E, 2018).

The identification of Fusarium species primarily relies on morphological characteristics.
However, due to the significant influence of environmental factors on Fusarium morphology,
the classification framework has undergone substantial revisions. Additionally, many
Fusarium species exhibit highly similar morphological features, complicating their
differentiation. With advancements in molecular biology, it is now common practice to
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2.2 Molecular Identification

The current state of DNA sequence-based identification of Fusarium involves utilizing web-
accessible databases and marker loci for precise identification. three web-accessible resources
for DNA sequence-based identification of Fusarium: FUSARIUM-ID, Fusarium MLST, and
NCBI GenBank. These databases contain well-characterized phylogenetically informative
sequences that can be utilized for identifying unknown isolates.

Marker loci, such as translation elongation factor 1-a, DNA-directed RNA polymerase 11
largest and second-largest subunit, are commonly used for the sequence-based identification
of Fusarium. Furthermore, phylogenetic relationship studies employing internal transcribed
spacer (ITS) regions 1 and 2, along with a segment of the intergenic spacer (IGS) region from
the rDNA cluster, contribute to a better understanding of species relationships (Skovgaard et
al., 2001; Yli-Mattila et al., 2004; Achari et al., 2020).

However, species limits and evolutionary relationships within some important Fusarium
lineages are not entirely resolved, especially within the most recently evolved clades. It’s
suggested that next-generation sequencing and metagenomics studies will play a crucial role
in the discovery and identification of novel Fusarium species (Donnell et al., 2015; Lombard
et al.,2019)

Several molecular techniques, including random amplified polymorphic DNA (RAPD),
restriction fragment length polymorphism (RFLP), simple sequence repeat (SSR), sequence
characterized amplified regions, internal transcribed spacer (ITS)-RFLP, and amplified
fragment length polymorphism (AFLP), have been developed to analyze the genetic
composition of Fusarium species isolates. Notably, some isolates may display diverse genetic
profiles, while others exhibit more uniform genetic characteristics, despite significant
differences in their pathogenicity (Altinok and Can, 2010; Kashyap et al., 2016; Nosratabadi
et al., 2018; Pramunadipta et al., 2022).

Additionally, advancements in molecular techniques have enabled the characterization of
several genes involved in Fusarium spore germination, infection processes, colonization, and
pathogenicity. The genomes of pathogenic Fusarium species contain a greater number of
proteins within pathogenicity-related protein families compared to non-pathogenic fungi.
These proteins are critical to the pathogenicity of these species when compared to their non-
pathogenic counterparts (Okungbowa F. I. and H. O. Shittu H.O. 2012).

Moreover, the roles of various genes functioning as virulence factors have been identified.
Studies utilizing targeted gene disruption through homologous recombination and gene
knockout experiments suggest that certain transcription factors, chitin synthase V, the
developmental regulators, phospho-mannose isomerase, and chitinases may contribute to the
pathogenic process.
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3. Impact on plant health :
Currently, approximately 80% of plant diseases are attributed to fungal pathogens. Fusarium
wilt is a soil-borne fungal disease characterized by the obstruction of water-conducting
vessels (xylem), leading to wilting and often resulting in plant mortality. This condition is
caused by pathogenic species from various species of Fusarium, including F. eumartii, F.
oxysporum, F. avenaceum, F. solani, F. sulphureum, and F. tabacinum etc.

Certain pathogenic species can remain in the soil for extended periods, and their frequent
association with plant roots, either as parasites or saprophytes, contributes to their role as
plant pathogens. Consequently, these fungi hold significant economic importance because of
the various diseases they can induce in crops. Notable diseases include crown rot, head blight,
and scab, which affect cereal grains, as well as vascular wilts in a variety of crops such as
tomatoes, cucurbits, and bananas. they are responsible for root rots, cankers, and other related
diseases. (Booth, 1971). Complete eradication of Fusarium from large production fields is
highly challenging. However, implementing preventative measures, engaging in early
detection, and containing infected soil and plant material can help manage the disease and
mitigate its spread.

Members of the Allium genus, including onions and garlic, are also susceptible to Fusarium
pathogens. This vulnerability can result in various diseases, including bulb rot, clove rot,
vascular wilt, and crown and root wilt, leading to substantial economic losses in crop
production. (Chretien et al., 2020).

Many other crops, including cucumber, squash, lettuce, eggplant, pepper, tomato, cantaloupe,
watermelon, and beans, are susceptible to Fusarium diseases. Generally, infected plants
exhibit symptoms such as yellowing leaves that eventually drop off. The affected plants may
also experience wilting over several days before ultimately succumbing to the disease.
Tobacco Fusarium diseases exhibit symptoms characterized by irregular brown spots on
tobacco leaves, often featuring a whitish center and typically surrounded by a yellow halo
(wang et al., 2022)

Other diseases, such as Verticillium wilt, exhibit symptoms similar to those of Fusarium
diseases. Both are soil-borne crop diseases that impact the vascular tissue. It is important to
differentiate between them; Fusarium tends to thrive in warmer soil conditions, specifically at
temperatures around 80°F (27°C) and lower moisture levels. Conversely, Verticillium wilt is
more prevalent in cooler soil environments, typically ranging from 55 to 75°F (13 to 24°C),
where moisture levels are comparatively higher.
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Figure 4: Fusarium diseases in several plants: a) Garlic b) Cotton c¢) Banana D) Tomato
e) Cucumber F) Eggplant

Multiple field surveys have documented shifts in Fusarium pathogen populations over time,
which are associated with increased yield losses due to the emergence of more aggressive and
toxigenic isolates. Additionally, changes in the mycotoxin profiles present in grain have been
observed, correlating with the introduction of isolates exhibiting varying mycotoxin
characteristics (Theo van der Lee et al., 2015). Climate change is expected to intensify the
severity of Fusarium epidemics (Zhang et al., 2014), and global warming is likely to foster
conditions conducive to further shifts in pathogen populations in the future (Theo van der Lee
et al., 2015). Consequently, proactive surveillance is crucial for the early detection of potential
changes in pathogen populations.

4. The adoption of Innovative Technological Strategies for Disease Management and
Sustainable Agriculture

Sustainability, as a multidisciplinary concept, in agriculture refers to farming practices that are
environmentally responsible, economically viable, and socially equitable. This approach aims
to meet society's current food needs without compromising the ability of future generations to
meet their own needs. Implementing Good Agricultural Practices within the agriculture sector
is essential for ensuring a dependable and sufficient food supply. These practices encompass
both food safety and agricultural productivity (Baran et al., 2022).

Food is fundamental to human survival and forms the basis of proper nutrition. However,
rapid population growth, which is expected to be 10 billion by 2050, presents significant
challenges to food safety, security, and ethical farming practices (Barrett & Lentz, 2010;
Chesnaye et al., 2024). Additionally, the quality and yield of crops are influenced by factors
such as climate, topography, and soil properties. Critical considerations include nutrient
availability, soil types, soil health, pest resistance, and the availability and quality of
irrigation, all of which affect the adaptability and overall quality of specific crops (Khan et al.,
2021).
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Fusarium species produce mycotoxins, which can lead to product spoilage and food safety
concerns, particularly in cereal grains and products derived from cereals. These mycotoxins
can enter the human food supply through contamination during crop cultivation and food
processing.

The current challenges underscore the complexities associated with ensuring sufficient and
safely managed food production in a sustainable manner. To clarify, fungicides are chemical
agents used to inhibit or prevent the growth of Fusarium and other fungi. In agricultural
practices, fungicides are typically applied through spraying or dusting methods. Notably,
fungicides such as Azoxystrobin, Prothioconazole, and Thiophanate-methyl have
demonstrated significant effectiveness in reducing the impact of Fusarium-related diseases.
however, it is essential to carefully monitor and maintain sub-lethal dosages. Research
indicates a direct relationship between increased fungicide application rates and elevated toxin
production (Cendoya et al., 2021). Furthermore, the use of chemical fungicides can
significantly disturb soil stability, contribute to water pollution, reduce biodiversity, and lead
to a decline in available arable land.

Furthermore, utilizing living microorganisms to manage plant diseases has been implemented.
Research efforts have concentrated on developing biocontrol strategies for Fusarium-
associated diseases, such as soilborne Fusarium oxysporum infections and rice "Bakanae"
disease caused by Fusarium fujikuroi. Additionally, In 2002, a non-pathogenic strain of
Fusarium oxysporum was registered as a biofingicide for the management of soilborne wilt in
sweet potato crops caused by Fusarium oxysporum f. sp. batatas (Anisimova et al., 2022).
While in 2003, Trichoderma atroviride was officially approved as a biocontrol agent for the
management of various rot-related diseases (Arie T., 2019).

Recently, traditional approaches have been modified and integrated with advanced
technologies to overcome their respective limitations. Sustainability needs to utilize
renewable natural resources in farming practices, which have consistently maintained their
relevance. The integration of environmental considerations and innovation is crucial for these
agricultural systems that prioritize biodiversity preservation. Notably, the establishment of
multidisciplinary collaborative networks to adapt to evolving technologies fosters progress in
numerous related fields.

The implementation of various wireless sensors is driving innovative advancements in crop
improvement. These sensors can be utilized to address traditional agricultural challenges,
including disease management, efficient irrigation, cultural practices, and drought response.
Specifically, they enable the monitoring of soil characteristics such as water-holding capacity,
moisture content, and both chemical and physical properties (Khan et al., 2021).

Soil temperature influences the progression of Fusarium diseases. Some Fusarium infections
typically occur when soil temperatures range from 15°C to 32°C, with optimal conditions for
disease development between 25°C and 28°C. Fusarium species, the pathogens responsible
for these diseases, cause minimal damage at temperatures below 15°C (Kolander et al., 2012;
Marburger et al., 2015). Additionally, implementing sanitization at 50°C for one minute can
significantly reduce conidia viability (Palmero et al., 2013).
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Some Fusarium species produce sexual spores, such as ascospores, which serve as important
primary inoculum sources. These species can also generate three types of asexual spores
(mitotic), including macroconidia, chlamydospores, and microconidia. Spore production is
primarily influenced by endogenous and environmental factors, such as carbon and nitrogen
availability, calcium signaling, pH levels, and light conditions (Ajmal et al., 2023).
Monitoring these factors using specialized sensor technology may aid in reducing disease
progression.

Additionally, Bioremediation is a method that employs microorganisms to address pollutants
found in soil, water, and other environments (Huda et al., 2021). As one of the innovative
remediation strategies designed to tackle the challenges of industrial agriculture, BR is highly
esteemed in the context of sustainable agricultural practices (Altieri et al., 2017; Tomich et al.,
2011). It is recognized as one of the most impactful approaches for environmental restoration
(Adams et al., 2015). This process involves the utilization of microorganisms, such as
bacteria, fungi, algae, and protozoans, to decompose organic matter in contaminated settings
(Mandal & Das, 2021; Rizwan et al., 2014). These microorganisms are widely applied in
genetic engineering and various molecular biology techniques to break down pollutants and
alleviate the effects of toxic chemical agents (Enamala et al., 2019). Numerous studies have
demonstrated that the use of microbial cells or inoculum in bioremediation yields positive
outcomes (Labana et al., 2005; Santos et al., 2003). Additionally, it has been noted that the
survival and activity of microorganisms, particularly bacteria, in natural environments can
significantly improve the effectiveness of sustainable bioremediation initiatives.

Additionally, the innovative nature of smart agricultural systems offers significant potential
for transformative changes within the agriculture-food sector. Nonetheless, the current lack of
empirical data on the relationship between the agricultural supply chain and smart agricultural
systems underscores the necessity for further investigation. It is crucial to employ appropriate
methods to achieve sustainability in this field (Sharma et al., 2022).

The integration of information and communication technology in agriculture is a vital sector
that has sustained livelihoods from ancient times to the present and signals the onset of a new
revolution. Today's advancements in technology are facilitating numerous digital
transformation methods in farming, including the use of autonomous robotic vehicles,
mechanical sorting systems, precision fertilizer applications, and automated fruit harvesting
(Walter et al., 2017).

5. Conclusion:
Fusarium 1s among the most detrimental plant pathogens, responsible for causing many
diseases in various crops. Accurate pathogen identification is essential for effective disease
management. Several strategies have been developed to curb the spread of Fusarium,
including the use of various control agents and chemicals; however, many of these
approaches have limitations.. The adoption of advanced technological approaches can
further enhance the effectiveness of disease control efforts.
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ABSTRACT

One of the most significant reasons for earth-fill dam failures is internal erosion resulting from
piping. This research was carried out as a part of the project 119M609 supported financially by
the Scientific and Technological Research Council of Turkey. This paper involves experimental
investigations with two different scenarios to look into the breach process and provide the data
for more realistic numerical evaluations. The location of the weak layer was at bottom or at
middle part, along the centerline. The experiments were conducted at Hydraulics Laboratory of
Civil Engineering Department within Izmir University of Economics. The homogeneous earth-
fill dams having a bottom width of 2 m were built in a flume 1.00 m wide, 0.81 m high and 5.44
m long. Some common soil mechanics tests were also carried out before the dam was built.
The dam bodies were constructed by using a mixture of 15 % clay and 85 % medium sand.
High-precision cameras were used to record the temporal development of the breach resulting
from the piping. The pump flow rate was measured by a magnetic flowmeter and the flow rate
values outgoing from the breach were determined from the continuity equation. Gauss area
formula was used to obtain the time-varied values of the breach areas. The temporal changes of

water depth in the channel were also recorded. The so obtained experimental findings are
presented and commented.

Keywords: Earth-fill dam; Homogeneous dam; Piping; Internal erosion; Breach development;
Discharge from breach.
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1. INTRODUCTION

Piping is a significant issue for earth-fill dam failures. In earthen constructions, especially in earth
levees and dams, soil erosion may originate through the foundation, the embankment, or from the
embankment to the foundation. Phases of this type of erosion include: a) initiation and continuation of
erosion, b) progression to form a pipe and c) formation of a breach [1]. When investigating the failure
of an embankment dam experimentally and numerically, the evolution of the breach caused by the
piping is a crucial factor. In the literature, there have been many researches on dam failures, particularly
those caused by overtopping, but there have not been as many studies on dam failures caused by piping
because it is difficult to investigate erosion and conduct controlled experiments [2]-[4]. A two-
dimensional depth-averaged (2DH) numerical model was used by Greco et al. (2008) [3] to simulate
the development of a breach in an earth-fill dam. According to Chen et al. (2019) [2], 3541 dam breach
accidents occurred between 1954 and 2018, and more than 30% of them resulted from piping. Sharif
et al. (2015) [4] built dams with varied compaction rates in a laboratory flume, and then used image
processing technique to assess depth, area, and volume change due to erosion during the piping
progress. Numerous researchers who do numerical studies make simple assumptions about properties
of breach and water flow through it. According to Morris et al. (2008) [5] more realistic techniques are
needed regarding the breach mechanism, as well as the breach shape and flow through the breach.
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In the scope of the project 119M609, supported financially by the Scientific and Technological
Research Council of Turkey (TUBITAK), it is aimed to carry out the piping experiments on
homogeneous earth fill dams and also earthen dams with clay core. These experiments were performed
with different scenarios according to the dam type and the location of the weak zone. Some of the
experimental findings were presented in different scientific meetings [6]-[9]. In addition to these
submitted papers, two master theses were also prepared and submitted [10], [11].

This paper involves the experimental results concerning the evolution of dam failure due to the seepage
in the case of four scenarios corresponding to the dam bodies constructed with medium sand-clay
mixture having Dso = 0.30 mm. The objective of this research is to conduct experiments to investigate
the development of dam failure resulted from the seepage in homogenous earth-fill dams to provide
insights into the breach mechanism and data to the relevant researchers who deal with numerical
analyses and emergency action plans.

2. EXPERIMENTAL PROCEDURE

The dam was constructed in a rectangular flume 1.00 m wide, 0.81 m high, and 5.44 m long
(Figure 1). The bottom of the flume consists of sheet metal whereas its sides are made of
tempered glass for the purpose of obtaining good records from the cameras located at different
locations. The lower channel serves as water supplying container. The part of the upper channel
which is at the upstream of the dam represents the dam reservoir. The dams were designed and
constructed with side slopes of 1 vertical to 1.5 horizontal. A pump equipped with a check-
valve and regulating valve was used to provide water circulation in the closed system.
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Figure 1. Experimental set-up

Before building the dam, some common soil mechanics experiments were conducted. 85 %
medium sand and 15 % clay were used to prepare the soil mixture of the dam body. Wet sieve
and hydrometer analyses were conducted to obtain the grain size distribution of the soil mixture.

The particle size distribution of the mixture is given in Figure 2a. According to this figure;
D10=0.006 mm, D30=0.075 mm, Dso= 0.3 mm, and Dso= 0.4 mm. The coefficients of uniformity
and curvature were found as Cy =66.7 and C. =2.34, respectively. The soil was classified as
Clayey Sand with a corresponding symbol SC according to Unified Soil Classification System.
The specific gravity for the mixture was 2.63. Specific gravity for the soil passing No.200 sieve
was obtained as 2.72. According to the consolidation test results, the compression index (Cc),
recompression index (Cy), and swelling index (Cs) were found to be as 0.100, 0.009 and 0.007,
respectively. The permeability of the mixture was found as k= 4.66x10* cm/s from the falling
head permeability test. From the direct shear test, it was found that the soil mixture has a
cohesion value of 15.33 kPa and an internal friction of 33.93°. Proctor test was performed to
obtain the maximum dry unit weight and the optimum water content (Figure 2b). From Figure
2b, Yary,max= 1.8 g/cm?® and wopt = 12.5 %. In the experiments, the energy was reduced by 50 %
in order to facilitate the occurrence of piping. Hence, the number of blows applied for each
layer for proctor test was 13 instead of 25. In the experiments, the bulk density of 2 g/cm? was
satisfied for each layer. Before the compaction, each layer was 14 cm thick and after the
compaction it was reduced to 10 cm.
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Figure 2. Grain size distribution and dry density-water content relationship

Figure 3 shows some construction stages of the dam body. During the compaction, the mixture

was spread out evenly and compacted by using a plate and proctor hammer. At the end of the
construction, the L-shaped molds were removed and the excessive soil materials were carefully

trimmed by using a trowel.

(@) (b)

(©)

The details of the dam dimensions and weak layer are given in Table 1:

Table 1. Details of the dam dimensions and weak layer

(d)

Figure 3. Some construction stages: a) Spreading out of the mixture, b) Creating weak layer, c)
Compacting, c) After compaction of the second layer

Scenario 1 2
Height (m) 0.60 0.65
Bottom width (m) 2 2
Crest width (m) 0.20 0.05
Weak layer location Bottom Middle
Weak layer shape Square 5x5 cm? Square 2x2 cm?

A magnetic flowmeter was used to measure the flow rate. Six cameras were placed at different
locations to monitor the experiment and record the evolution of the dam failure. An
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electromagnetic sensor was utilized to adjust the water level so that the pump starts and stops
at pre-determined water depths in the channel.

3. EXPERIMENTAL FINDINGS

Figures 4 and 5 show the time-varied breach shapes as obtained by the cameras placed at
downstream of the dam, in the cases of the seepage at bottom and middle, respectively. The
time t=0 corresponds to the time at which the breach appeared at upstream face. The time
elapsed between the instances at which the breach appeared at downstream and upstream sides
(Telapsed) is given in Table 2.

(@) (b) (© (d)
Figure 4: The temporal development of the breach at downstream in the case of the seepage at
bottom a) t=0s, b) 20 s ¢) 30s, d) 315 s

(@) (b) (©) (d)
Figure 5. The temporal development of the breach at downstream in the case of the seepage at
middle a) t=0s,b) t=30s,¢c)t=60s,d)t=100s

Figures 6 and 7 show the time-varied breach shapes as obtained by the cameras placed at
upstream of the dam, in the cases of the seepage at bottom and middle, respectively. The time
t=0 is the time at which the initiation of the seepage occurs at downstream face.

(@) (b) (©) (d)
Figure 6. The temporal development of the breach at upstream in the case of the seepage at
bottom a) t=0s, b) 155s,¢) 50 s, d) 310 s
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(a) (b) (c) (d)
Figure 7. The temporal development of the breach at upstream in the case of the seepage at
middle,a) t=0s,b)t=30s,¢c)t=60s,d)t=100s
Camera recordings were used to obtain the water depth values in the channel. The images
recorded by the upstream and downstream cameras were examined in order to assess the
breach's geometry and determine the change in its shape. The boundary coordinates of the
breaches at the downstream and upstream sides were obtained at Get-data Graph Digitizer 2.26
software along with the scaling of the images derived from the records corresponding to a
certain period. The temporal total breach areas were calculated by the Gauss Area formula. The
discharge of water outgoing from the breach was determined by using the continuity equation

(Eq. 1):
AS = (qump - Qb’reach) At (1)

where Qpump 1S the flow rate delivered by the pump, Q@pyeqcrn is the discharge from the breach,
AS is the volume stored in the dam reservoir during the time interval At. The temporal water

depths in the channel for different scenarios are given in Figure 8a. The temporal discharges
outgoing from the breach calculated from Eqg. (1) for different scenarios are given in Figure 8b.

—_—] —2 —_—] —2
70 40
60 35
@ 50 2 30
—_ ~ 25
o 40 7}
o o020
~ 30 =
8 g 15
= 20 A 10
10 5
0 0
0 100 200 300 400 0 100 200 300 400
Time (s) Time (s)
@ (b)

Figure 8. a) The temporal water depths in the reservoir and b) time-varied discharge outgoing
from the breach for different scenarios
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The temporal variations of the breach area at downstream and upstream are shown in Figure 9a
and 9D, respectively.

In Figures 8,9 and 10; the time t=0 corresponds to the time at which the breach appeared at
upstream face.

_ —2 _ —2
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Figure 9. Temporal variations of the total breach area a) at downstream and b) at upstream for
different scenarios

The comparative experimental findings are given in Table 2 where Teapsed denotes the time
elapsed between the time of appearance of the seepage at downstream side and the time at which
the breach reaches the upstream side.

Table 2. Comparison of the experimental findings for different scenarios

Scenario number 1 2
Telapsed () 828000 (230 h) 825 (0.23 h)

Max. flow rate Qmax (L/s) 374 26.6

to= time to reach Qmax (s) 828026 842.5

Max. breach area at downstream Bamax (cm?) 996 8483
tg=time to reach Bgmax (S) 828045 930

Max. breach area at upstream Bymax (cm?) 2499 6139
tu=time to reach Bumax (S) 828320 930

The graphs of the curves Q/Qmax = f(t/tg) , Ba/Bamax = f(t/td) and Bu/Bumax = f(t/ty) are given in
Figure 10a, 10b and 10c, respectively. Q, B4 and By denote time-dependent values of the
discharge, the breach area at downstream and breach area at upstream, respectively.
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Figure 10. Graphs of the curves a) Q/Qmax = f(t/tg), b) Ba/Bamax = f(t/tg) and ¢) Bu/Bamax = f(t/ty)
4. RESULTS AND CONCLUSIONS

In all scenarios, the erosion started at downstream, developed and continued inward toward
upstream.

The peak flow rate was biggest in the case of seepage at the bottom because of the important
water head value over the breach.

It was revealed that the breach areas were maximum in the case of the seepage located at middle
part due to the existence of the space for the breach enlargement.

Teiapsed Was found approximately 1000 times longer in the 1% case compared to that of 2"
scenario, because of the long distance between two sides at bottom.

According to Figure 10, when the breach appeared at upstream face, the breach area values at
downstream face equal 53 % and 28 % of the maximum ones, in the cases of 1%t and 2™
scenarios, respectively.
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ABSTRACT

This research critically examines the nature of big data and its potential to positively influence
interior design through its application in decision-making processes. As design processes
increasingly transition to digital formats, data-driven design in architectural and urban planning
may establish the basis for urban information modeling. Interior design approaches can
contribute to building modeling by offering insights into spatial arrangements and the activities
conducted within such spaces. The data-driven design informed by such data would allow
spaces to react to users' physical movements in real time and adapt to the rapid evolution of
usage processes within complicated design challenges. Traditional design data, like materiality,
color, and assembly, can now be quantified, together with newly collected data in the field of
architectural design. For practitioners, the precise acquisition of environmentally pertinent data
following a comprehensive component evaluation can enhance design processes, from
programming to the overarching comprehension of the built environment. The suggested
combined dataset offers design analytics researchers a more dependable method for examining
design outputs, processes, and decision-making. This line of thought aims not to restrict the
data relevant for future design nor to make definitive assertions, but to outline the broader
transformations within the field and their implications for the architectural design industry. The
crucial aspect is that for future-oriented decision-making challenges, scenarios predicated on
situations outside conventional reasoning can be evaluated without necessitating compromise
or the iterative processes of experimentation with space, materials, and application. The
primary objective of this comprehensive discourse is to comprehend the implications of big
data for design and to explore strategies for tackling the challenges linked to the thorough
analysis of practices, disciplinary frameworks, and novel forms of future design data organized
by relevant data analytics tools and methodologies.

Keywords: Big Data, Decision Support System, Interior Design,

1. INTRODUCTION

The most general concept of Decision Support Systems (DSS) addresses interactive computer-
based systems that help decision-makers utilize data and models to solve complex and
unstructured decision and problem scenarios (Tarig & Rafi, 2012). The main focus of these
systems is on producing better insights for decision-makers to ultimately contribute to better
decisions in real-time. In its most generic form, a DSS is composed of three components: Data,
the inputs of the system; Model, the representation of the scenario; and User Interface, the
interactions between the first two components and decision-makers (Kashada & Li, 2016). DSS
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is strengthened by the human decision maker so that better judgments can result from this
interaction. Unlike traditional transaction processing systems, DSS effectiveness depends
highly on the quality and relevance of data and its analysis. The significance of this data aspect
has increased with the advancement of technology. The same could be said of the use of big
data analytics applications. As technology progresses, the requirement for timely, yet accurate
data is crucial for DSS performance. Various sectors are looking into DSS incorporation to
comply with this development. Although these solutions have been around for a while, previous
technologies could not provide the aptness that exists today for an efficient DSS. The
description of the above-mentioned parts exemplifies a generic DSS setting that is likely the
initial choice when considering DSS development. The definitions and components that are
integral for effective DSS implementation will be encompassed in this elementary section.
Decision Support Systems in the Big Data Era The concept still holds importance even in times
of the big data analytics paradigm. However, decision-making processes in such complex data
are a challenge. Consequently, it is expected that decision support applications will become
more popular in various sectors. Offering solutions for such an application area does not have
a one-size fits all requirement; hence generic model and framework thinking will be crucial.
The Framework to be presented here will involve suggestions on what aspects to focus on when
considering the design and implementation of DSS especially in the context of big data. Fairly
adaptable systems can be produced that key players from various sectors would find valuable
(Rawat et al.2021).
1.1. Definition and Components

Despite some variations in terminology, the fundamental definitions of decision support
systems (DSS) have generally been clear: computer-based information systems that support
(not replace) decision-makers faced with significant informational and situational complexity.
A DSS provides a variety of informational and analytical aids and tools that can assist the user
in problem-solving and decision-making tasks. A typical DSS is a complex system consisting
of a number of components that work together to form an integrated decision support capability
(Tarig & Rafi, 2012). These components include databases, software applications, and user
interfaces. The database component of a DSS contains all relevant information that may be
useful for a decision-maker, either provided from external sources or generated by the decision-
support applications. The software applications component performs the analytical tasks
required by the decision-maker, usually implementing various models (quantitative or
otherwise) of some aspects of the decision-making domain. At a minimum, most DSS include
data management, model management, and the user interface components. These are the core
components that support the functionality DSS were originally intended to provide. DSS are
fundamentally about modeling and manipulating the interactions between data, decisions, and
an underlying best assessment of how the first two affect each other. They are complex
paradigms that go well beyond the database applications that traditionally focus solely on
efficient data storage and retrieval (Omidvar & Bordbar, 2016). Managing data appropriately
and integrating it effectively into a model of the decision-making problem is at the heart of the
DSS concept and is what makes it particularly challenging. Over the years, a variety of DSS
implementations have proliferated that have customized these components for different
applications, resulting in a large number of more specialized types of DSS. Most simply consist
of a set of analytical tools that analysts use to examine data in detail, identify trends, problems,
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opportunities, etc., and project the potential effects of different choices. In their most complex
forms, they run simulations of business situations and use optimization algorithms to examine
amyriad of complex potential outcomes and suggest the actions most likely to have the intended
effect. In this way, they can also identify otherwise non-obvious possible consequences of
different modeling assumptions or courses of action, greatly enhancing the ability of the
decision-maker to identify and respond to systemic situations and strategy. Early DSS
developments had some notable successes in this regard and were heavily sought after. Over
the years, persistent limitations of the early systems, combined with the considerable human
expertise required to interpret their results, resulted in the somewhat mixed reputation that DSS
in general have contracted in some quarters in the intervening years. However, they remain
used and sought after in most areas of the business world (Dastres and Soori2021).

2. BIGDATA IN INTERIOR DESIGN

Mass customization, consumer analytics, smart homes, and big data-local trends suggest
changes in the way that we think, design and interact, changes in an increasingly technological
discourse (Royds, 2018). As a professional designer employed within the area of interior design,
there are a plethora of altered methodologies imaginatively explored by designers due to these
sectors. This paragraph discusses the transformative role of big data within the discipline of
interior decoration; user datasets, trend datasets, and environment datasets created by
businesses and individual consumers, influencing the design choices and the problematic issues
through several facets. Interior design, much like architecture, is a comprehensive subject with
a varied and interdisciplinary research agenda. As such, big data seems to embody a broad
spectrum of research avenues. For the field of interior design, this discipline entails researching
trends from a consumer or commercial perspective or, alternatively, environment factors that
might determine design. (Juan et al.2021)

In an environment of increased competition and heightened consumer expectation, a
competitive edge is essential to attract and retain clients. With the advancement of digital
infrastructures and offerings, big data is becoming an invaluable asset for businesses. This is
particularly true for the discipline of interior design as data can be gathered from user behaviour
to forecast trends (Fructuoso, 2018). Big data might be used as an interactive tool-set for interior
design in several areas, such as design methodology, design support, design assessment, design
presentation, and trade spaces. On top of all the usual platforms and time-intensive research,
designers can use analysis tools, websites and applications to collect and collate information
from a wide variety of sources on the latest colours, styles, or patterns. Further to this, there are
numerous design software packages that monitor the changing landscape of design, with many
of the larger programs mingling prediction functionality alongside their conventional tools.
(Singaraju and Niininen2021)

2.1. Applications and Benefits

Leveraging big data allows a broader scope from which professionals in interior design can
work. A greater understanding of needs and preferences of those that will be occupying the
space is achieved through the use of big data. The application of data analytics in designing the
interiors of retail shops will be discussed where the emphasis is on designing the cost-effective
aesthetic shop that drives the customer in for a purchase. Different case studies from the
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industry will be evaluated where data analytics is being used to design the efficient shop (Park
& Hyun2022).

Personalization of customer experience is an important approach where businesses tailor their
product offerings to individual customers in real-time. Designing tailored solutions has become
a necessity in the competitive marketplace where the owners strive to deliver the “right”
products and services to enhance the customer experience and drive the performance of
marketing strategies. The increasing interest of SMESs bringing data analytics into the heart of
their operations seeks to investigate the potential of big data insights and its practical
implications. A case study of an Australian spa and beauty business is shared, showcasing how
data analytics is adopted in the analysis of the business transactions and in the design of retail
products (Alharthi, 2018).

Interior design is the art and science that enhance the look of the space. The professional interior
designer works on various aspects like windows, walls, lights, furniture, etc. to improve the
space and make it aesthetically pleasing for the occupants. The use of big data in the interior
design industry is still at a nascent stage. However, the evolution is needed in the design process
of the interior layout and designing of the space. Insights from the data have the potential to
significantly widen the scope of the professionals working in the interior design domain. The
goal should be on the design and build up of beautiful and functional spaces in a focused and
efficient manner. Insights from big data can be used to achieve this, such as identifying the
trends on what customers want? What is the type of design they likely? What the areas should
be designed to match the customer’s preferences? What the design strategies that should be
adopted to improve the look of the space? Design is the paramount aspect to improve the look,
but adding a personalized touch in the design can arrange the space differently, and make every
aspect of the space comes alive. Fetching patterns on the furniture and color preferences and
deciding the design accordingly. Some colors and designs are trending for a certain period, it is
possible to design the layout in the trending design, or adopt the offing trending designs to
attract customers. The analysis of what equipment is to be placed, available spaces and
arrangement of equipment so the available spaces can be used efficiently. This type of space
arrangement is valuable, similarly the arrangement of the showcasing window products based
on the customer’s interest is important to drive more customers in (Stylos & Zwiegelaar, 2019).
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3. INTEGRATION OF BIG DATA AND DECISION SUPPORT SYSTEMS

Big data has the potential to help decision makers by supporting their decision-making process
within the framework of decision support systems . Synergies between big data analytics and
DSS may help decision makers handle unstructured data and make them more confident in their
decisions. Interior design projects are distributed in terms of space and time, and can generate
a vast amount of data throughout their live cycle. When big data is integrated with DSS
functionalities, the decision-making process can occur more effectively along the project life.
Then, designers are allowed to make decisions more responsively and agilely owing to real-
time data. Nevertheless, there are challenges pertaining to such integration. The discussion is
illustrated with the help of a developed experimental case. (Nisar et al.2021)

Firstly, it is quite difficult to establish an uninterrupted connection with emerging big data
sources, and interior design practices are already limited by resource constraints. On the other
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hand, transparency and interpretability has been raised as big concerns for DSS due to black-
box models used in big data analytics. However, there are various opportunities for seamlessly
blending those two advanced systems. Instead of replacing designers, such a hybrid system can
help them to focus on more creative tasks. It may generate an appreciable potential for
innovative furniture designs. Given the extensive amount of job-scopes, it is not easy to define
a generic interior design task. The ensuing workflows are expected to be interdisciplinary,
converging and branching. As a bridge between theoretical foundations of DSS and practice,
novel methodologies targeting developers, providers and/or users of DSS are introduced. To
this end, collaborative events, forums and platforms are suggested where multi-disciplinary
stakeholders might exhibit, demonstrate or discuss their innovative applications and secondary
materials.

3.1. Challenges and Opportunities
Big data and decision support systems (DSS) have received an increasing amount of attention
by the literature and the industry, particularly for sectors focused on innovative and creative
design fields. However, there is little research on the integration of big data as support for better
decisions in interior design, explicitly when DSSs are part of the design process. This
integration presents challenges and interesting opportunities.
In terms of challenges, big data is brought into DSS and interior design reflects a theoretical
schema. In this schema, the integration of big data in DSS (Almeida, 2018) in interior design is
described based on the conceptual model (Stylos & Zwiegelaar, 2019) made up of technical
issues, efforts, outcomes, and effects in interior design practice and business models,
stakeholders, and actions.
It reflects a balanced view that systematizes more than 25 challenges and 25 opportunities
derived from the analyzed interactions. Big data may present several new challenges when
integrated with DSSs in interior design. From a technical perspective, data quality and big data
storage and analysis may represent significant barriers, as they are more complex issues for
interior design companies. Additionally, interoperability and complexity of big data sources
and lack of experts may difficult data sharing and analysis. Efforts such as securing data,
standards, governance, privacy policy, and data security may also be more relevant given
confidentiality concerns. Outcomes related to privacy, security, and confidentiality of data
confidential disclose are likely to have impacts on design business and affect a broader
perspective of entrepreneurial/intellectual property, instead of a traditional view such as patents.
(Deng et al., 2022).
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4. CASE STUDIES

The following list of real cases in which big data consultation and decision support systems
were implemented for interior design projects aims to illustrate their feasibility and to
encourage their further application: a hotel room model for determining the optimal design of
different types of rooms at the project phase; a sustainable ecological model for determining
the compatibility of the design of interior furniture and decorative materials of public spaces
with environmental protection and social concerns; a specialized DIY design decision
supporting model for determining the style of a renovated interior design at the planning phase;
a comparison model for benchmarking public spaces specified in detailed design plans with
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other existing public spaces; and a result prediction model for the number of weekly
consultations at a housing material store by comparing internal data and external data
(Fructuoso, 2018). The cases analyzed in different models and frameworks indicate that broader
categories can be created, which can be used to improve and accelerate problem solving in the
interior design field. (Ashour et al.2022)

The performance evaluation models that verify the output of these categories can also be
positively applied by changing the contents of the models parameters according to the project.
This article can be useful in design research, and by clearly presenting the theoretical and
methodological background, and cases to support the main topic, it can encourage and make it
easier to adopt big data-based solutions in interior design projects for scholars, specialists,
designers, companies, and officials involved in the design community. The results of the actual
application of the big data solutions at five different levels in interior design suggest a broader
view of the design field for the digital transformation era. A variety of models and frameworks
were applied and managed according to the purpose of the use of big data, project areas, and
detailed aspect management, and the cases were analyzed, focusing on the implementation
effectiveness and derived implications of each model (Bao et al.2022).

5. FUTURE DIRECTIONS

Big data is getting bigger within the interior design realm, with a growing prominence in trade
periodicals and design publications, as well as academic research. Rapid advances in
technology, along with the exponential growth of data collection, combined with rapidly
expanding technical knowledge and capabilities, will only make data analytics more relevant
in design disciplines (Fructuoso, 2018). Decision support systems, enabled by big data, will
begin to greatly impact the traditionally subjective, intuitive, and experience-based methods
used by interior designers. New tools and techniques will streamline certain elements of design
practice, allowing designers to focus their specialized skills and purposeful creativity in new
ways. (Pham et al., 2022)

It is expected that the use of Al, along with other big data methodologies, within the interior
design profession is not perceived as a threat to the future of designers, but rather as a
complement that will allow for even richer data analytics, facilitating and enhancing the design
process. It is also emphasized that, as big data methodologies mature and continue to further
penetrate design disciplines, it will be of great importance to continue to develop best practices
related to data integration, utilization, and sharing. Opportunities to leverage big data’s
transformative capabilities effectively rely on increased collaboration between technology
providers and design practitioners. These collaborations may include the harnessing and
clarification of gold-standard industry metrics and vital signs, user interface design
recommendations to ensure the usability and interpretability of new design-datamining tools,
and the development of common data pools. There are several important ethical considerations
that must be kept in mind with regard to the use of big data methodologies in interior design
contexts. Practices must follow all legal regulations and data use must always respect user
privacy. Additionally, questioning the impact that the increasing integration of big data
methodologies in design disciplines will have on consumer behavior is advised. This is a role
that can have a great influence on trends, thus it is also an important responsibility. (Cao, 2021)

RO
A

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

79



NFEREY,
) L 0
QLS F”}

5. CONCLUSION

Data-driven practices have promised to revolutionize many sectors, and that is no less true in
the creative fields such as interior design. Today, interior designers are increasingly becoming
IT-savvy professionals driven by complexity in contemporary design problems and the
abundance of alternative solutions that big data brings. While enriched by massive sets of
knowledge which ranges from cultural, social and behavioural aspects of design contexts to the
description and specification of a broad variety of artifacts, big data in interior design is also
used to reveal patterns otherwise too complex or hidden to be noticed. In addition, big data is
being conveniently mapped to geometric representations fostering data-driven methods for the
generation or optimization of (3D) spatial designs. The potential of big data in interior design
has attracted enthusiastic researchers and the industry that are designing smart cities,
sustainable homes and offices, or leveraging the IoT and 5G implementations for the smart
workplace. Nonetheless, challenges are arising, among which is the need for more responsible
and human-centered design practices, the handling of large and diverse datasets, or ethical
concerns around data privacy. Thus, it is envisioned how the exploration of big data tools,
alongside a more nuanced conceptualization of big data, can inform innovative and critically
designed decisions — a quite needed effort to seek a fair and sustainable appropriation of big
data in such creative and place-making practice that is interior design.

In recent years, several discussions on the use of big data in the context of architects, urban
planners or designers expand into the burgeoning studies on smart cities, big culture and data-
driven residential uses. However, incorporating big data into design practices also brings
challenges in terms of usability, generality, representativeness, reliability and bias in data
sources, which are often overlooked. Thus the essay is in particular focused on big data
techniques that find meaningful applications in the importing, analysing and exporting steps of
a DSS for interior design for public spaces, fashion stores or households, more prevalently in
the context of Western cities.
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ABSTRACT

In densely populated urban environments, where consumption patterns are consistently and
continuously on the rise, various stakeholders, including interior designers, architects, and
sustainability experts, are actively exploring innovative and efficient health-conscious design
techniques specifically tailored to meet the unique needs of these crowded and bustling spaces.
These techniques are specifically tailored to meet the requirements of these spaces. The
purpose of this inquiry is to investigate contemporary interior design methods that are centered
on waste management, as well as the ideas of circular economy, which aim to reduce waste and
promote sustainability within interior spaces. Through the utilization of qualitative content
evaluation methodologies, it is possible to improve one's comprehension of the best practices
that are currently being followed in this field. Additionally, the report emphasizes crucial areas
of concentration that demand attention, such as furniture design innovations prioritizing
recyclability, interior solutions produced for corporate spaces, and the integration of sustainable
practices into dynamic interior settings. The ultimate objective is to build a comprehensive
framework that not only offers ideas that may be implemented to enhance waste management
procedures, but also stimulates efforts that are both impactful and sustainable, particularly in
the field of interior design. The purpose of this effort is to contribute to a more environmentally
friendly, healthier, and responsible way of life in urban areas, with the ultimate goal of
promoting a sustainable future for urban living practices.

Keywords: Waste Management, Circular Economy, Interior Spaces

1. INTRODUCTION

Cities are increasingly becoming the main stage for creative innovation in zones of transition.
Interior spaces and the development of their potential represent a strategic domain for
experimentation. Practice and theoretical speculation in architecture are called upon to propose
new synergies by exploiting the relationship between form and waste management practices.
These elements are in fact particularly significant in the contamination between experimental,
reflective, and operative practices concerning the design discipline that interacts with the
construction of spaces that bring together individual development and collective life (Muller,
2018). Practices and theories within this field combine interpretative perspectives with
operative procedures in an experimental realm directed towards the development of projects
across various scales. These projects reflect the intricate relationship between intimate spaces
and nearby environments, seamlessly integrating combinations of forms, functions, and the
cultivation of interiors. In this context, the sustainable potential of specific interior landscapes,
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energy efficiencies, waste management, and naturalistic elements is activated. The focus shifts
from merely designing individual rooms or collections of architectural elements to developing
comprehensive visions for indoor spaces that adhere to cyclically complementary principles.
This approach demands processes of acquisition and interpretation, as well as a thoughtful
application of spatial, environmental, and interior analyses. Such methodology is essential for
defining strategies of interior layout and the redistribution of uses, connections, and
arrangements, tailored to the characteristics of the spaces, their resources, and their potential.
(Kurniawan et al.2024).

2. THE CONCEPT OF CIRCULAR ECONOMY

The concept of circular economy is put in front of rational use of natural resources, decreased
waste production and reduced energy consumption. The main components of circular economy
and the interconnected terms such as industrial ecology, cradle-to-grave, cradle-to-cradle, etc.
are explained. A difference between linear (open-loop) and circular (close-loop) economy is
illustrated and the advantages of the former one are discussed. An importance of lifecycle
assessment for implementation of the circular economy is mentioned (Androniceanu et
al.2021).

Circular economy is the new “green” term in the sustainable development. It is widely in use
in different areas of economic and societal life from production to spatial planning. It is closely
linked with the rational use of natural resources, decrease of waste production and reduction of
energy consumption. There are many different explanations for circular economy. It is best to
present it through its main components or through the interconnected terms (Stefanakis et
al.2021).

Remgy et al. (2019) explain the circular economy concept with reference to the industrial
ecology: by analogy with the ecosystems of nature, industrial systems should be designed to
gain added value from the residual products and means used. Circular economy is also related
to cradle-to-grave concept in terms of assessment and attitude, which are referring to the entire
lifespan of a product. Cradle-to-cradle is a design paradigm that models human industry on the
processes of the natural world. In the context of Cradle to Cradle design, the term ‘circular’ is
implied as a model system of industrial reuse. Rapid demographic and economic change on a
global level induces shifts in production and consumption towards the circular economy and
sustainable development. What is also justified by the report by the UNEP that after
Copenhagen Climate Conference set a new strategy in the area of industrial and economic
development using the potentials of the emerging new industry with the experience of the
developed one with focusing on the transformation of the accumulated funds in the production
of the sustainable goods and services not only to the poverty reduction, but also to the
environment.

2.1. Principles and Key Components

Europe and the United States have the leading number of policies in both environmental
protection and sustainable design due to the alarming pace of global warming and resource
depletion. Waste management is a part of these policies and is integrated into the regulations.
Yet implementation of these rules differs by country and sometimes even by region. Waste
arisings continue to rise and the world cannot sustain the uncontrolled disposal of waste
anymore. New and improved technologies are emerging which can help manage waste in a
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more efficient way. Best practices must be ensured in waste collection, transport, treatment and
disposal in order to avoid harm to human health and other negative impacts on the environment
(Stefanakis et al.2021).

The model that used to run up until today is that of the linear economy when it comes to waste
management. Waste prevention was not taken into consideration; the focus was on dealing with
the waste produced downstream, at the end of the cycle. As the population and urbanization
developed, waste management mostly meant ‘end-of-the-pipe’ solutions. The most common
method for waste management was and still is landfilling. It was believed that if waste did not
touch the human environment, there would be no trouble. Hence, the facilities for managing
waste were constructed near the urban areas and were placed close to the waterbodies as well,
causing environmental and social long-term damage. (Shi et al.2021)

Reducing Environmental Footprint and Enhancing Environmental Sustainability have become
buzzwords for business seminars and political agendas. Considering that the built environment
has a large share in the depletion of natural resources and the production of waste, interior
designers have been expected to take part in the movement for sustainability. With the
advancements in technology, most of the interior elements are made of materials that have a
potential life of more than a century and emit hazardous fumes after disposal. As a solution and
an alternative to the “throw-away culture”, the reuse, recycling and remanufacturing of products
is brought to attention. This could either prolong the life of materials and products or create a
resource cycle for the manufacturers (Muller, 2018). The creation of guidelines and goals for
the production of durable, low maintenance products that can be restored or easily assembled
and unassembled is requested by the designers.

3. WASTE MANAGEMENT IN INTERIOR SPACES

Waste management in interior architecture plays a crucial role in enhancing sustainability and
reducing the environmental impact of design projects. This discipline not only focuses on the
aesthetics and functionality of interior spaces but also addresses the efficient disposal and
recycling of materials during and after construction(Emon et al.2025). Effective waste
management strategies are essential for interior architects as they navigate the complexities of
material selection and usage, ensuring that renovation and new construction initiatives
minimize waste generation (Kurniawan et al.2023).

One significant aspect of waste management in interior architecture involves the careful
planning of materials. Interior architects are increasingly opting for sustainable materials that
not only enhance the visual appeal of a space but also reduce waste. This includes using
reclaimed wood, recycled metals, and eco-friendly finishes that lessen the overall carbon
footprint of a project. Additionally, such materials often support a circular economy by
promoting reuse and recycling. Implementing waste reduction strategies during the design
phase is also vital. Interior architects must consider how materials will be sourced, utilized, and
disposed of throughout the project lifecycle (Ashour et al.2022). This includes designing for
deconstruction, which allows valuable materials to be salvaged at the end of a building's life,
rather than contributing to landfill waste. Effective collaboration with contractors and suppliers
further enhances waste management efforts, ensuring that everyone involved understands the
importance of minimizing waste throughout the construction process. (Mohsen & Matarneh,
2023)
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Furthermore, interior architects are increasingly incorporating waste management into their
design philosophies by promoting low-waste construction techniques, such as modular building
systems that create less off-cut material during fabrication. By integrating these principles and
practices, interior architects can create environments that not only serve functional and aesthetic
purposes but also align with sustainability goals (Kineber et al., 2023). In conclusion, waste
management in interior architecture is a critical component that intertwines with the overall
design process. By prioritizing sustainable material choices, efficient construction practices,
and recycling strategies, interior architects can contribute to environmentally responsible
projects while enhancing the well-being of occupants and the surrounding community. (da et
al.2021)

4. SUSTAINABLE MATERIAL SELECTION

The built environment and interior spaces are major sources of different types of waste. It is
common for people to overlook some of these issues when renovating their homes or interior
spaces. It is possible to reduce the environmental impact by carefully planning for the materials
and products used within interior spaces. Use of materials and products that are low in
hazardous chemicals can improve indoor air quality. Efficient waste management and waste
reduction can also contribute greatly to a smaller negative impact on the natural environment.
(Jamei & Vrcelj, 2021)
There are a few broad categories of sustainable design and construction strategies that fall under
minimization of environmental impact (Florez, 2010). These include sustainable site selection
and planning, sustainable material selection, water conservation, energy conservation, and
indoor environmental quality. The selected practices aim mostly to create awareness of the
potential positive impact on the environment of small-scale home renovations and interior
environment creation and occupation. With the current emphasis on sustainable practices and
the associated design of energy-efficient buildings, it is surprising that the interior environment
is so often ignored in terms of harmful chemical use and poor air quality. In cases where
architect or general contractor services are employed for major construction projects, it is
possible that the architect will do the necessary research and present a range of choices.
However, in the case of minor works, such as kitchen renovations, for example, these choices
will fall to the property owner who may not have the expertise, knowledge and will to
investigate potential environmental impacts (Kumar et al.2023).

4.1. Criteria for Selection
There are a variety of furniture pieces and interior building materials that come together to
create interior spaces. Applications of furniture, objects within the space, covering materials
used for surfaces such as floor, wall and ceiling, and common construction materials that are
not visible constitute the interior spaces. Furniture pieces can change much more often
compared to other materials within an interior space. In residential interior spaces alone it can
be changed between 15-25 years when the furniture is no longer used or out of fashion (Mao et
al., 2024).
Many of the materials used in interior spaces have been produced from raw materials obtained
from nature. The manufacturing processes of these materials, recycling as well, have serious
environmental impacts. Therefore, the materials used are required to be used throughout their
life. There is no option for recovery of material life, reuse or recycling the material. The
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selection of furniture and interior building materials in interior spaces is an important step for
waste prevention and for the circular economy in interior spaces (Wiprédchtiger et al.2022).
Criteria must be defined for the selection of furniture and interior building materials to develop
guidelines for making a selection. In these criteria, materials forming the furniture and building
elements and the properties of the material are important, so that materials obtained from nature
are less preferred. Transportation is a big expense in terms of material costs, and the selection
is also directed to the materials with less transportation cost. Furniture design and storage,
recycling and packaging properties are important for recycling. Following the principle of
circular economy, the selection of furniture and interior building materials will help the optimal
use of resources and reduction of waste in interior spaces (Varpa et al., 2024).

5. DESIGN STRATEGIES FOR WASTE REDUCTION

Different economies and industries have different reasons and strategies for waste reduction.
Building refuse consists of material which is disposed of during building construction,
demolition, and renovation. The purpose of this waste management is to manage resources
effectively and efficiently during construction and design, including time, money, human
resources, and material purchases, utility, plant, and waste disposal. Design and waste reduction
in buildings reduce the time, costs, resources, and consumption of building material, waste
management expensive by using energy for recycling. During the Construction phase, around
40% of societal solid waste comes from buildings. When the building phase of an interior
project is finished, there is leftover material that becomes waste (Wang, 2023). The most
important way of mitigating the impact of building construction is to pay particular attention to
factors related to the design of the building, since decisions or factors conditioned by the design
stage are the most determinant of the building process. Factors affecting the existence of waste
in buildings can be separated into two groups. The first one is related to the design of the
building; including both the architectural and structural design. The second group is not related
to the design process. The methods for possible reduction of waste in the building process
cannot be performed according to a precise, unique pattern, since the situation in each specific
case must be analyzed. Consequently, this study presents an easy and quick tool that allows
identifying the strategies that achieve the highest DW reduction and therefore generate the least
waste. It also enables the comparison of different design alternatives in order to evaluate the
relative impact of design on waste generation. The prediction model is illustrated by the analysis
of a case study which compares the waste generation from the construction of two buildings
with different design conditions. The most appropriate way to obtain a successful result is by
using the appropriate basic rules provided, together with the model proposed, in the first stage
of the building design process (Marieta et al., 2021).
5.1. Space Planning and Layout

Space planning and layout in the built environment sets the foundation for everyday activity
and the choices made inside a space. By considering the layout of interior spaces, there is the
possibility of optimizing those spaces to manage waste better. Built environments shape our
everyday lives formally and informally. Apart from preparing spaces for a specific function
predisposed by norms, building codes, and building industries, designed spaces have the
potential of benefiting every living soul. The built environment has the potential of benefiting
our actions and decisions; interior spaces have the potential of educating a specific behavior
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within a space. Interior spaces are places that can be inspected most critically concerning their
layout and practicality. By seeing how these spaces are used and how the wastes are managed
in them, a better understanding is generated between the individual’s connection with interior
spaces and waste. Interior spaces have the potential of educating citizens in a different way
regarding waste management. Understanding different lifestyles and population density, public
interior spaces in various settings are analyzed. Public, interior spaces come in various
typologies, such as, but not excluded to public transportation hubs, libraries,
schools/universities, restaurants/cafeterias, supermarkets, and shopping centers. These
typologies have been selected concerning their adaptive utility to space by different individuals.
Additionally, these typologies are settings with a high rate of encounters having both
momentary and temporary character, this kind of setting is known for their potential physicality
regarding public behavior (Muller, 2018). When considering this aspect, the potential of tide +
time waste management system in public, interior settings could rise exponentially (Puntillo,
2023).

6. RECYCLING AND UPCYCLING TECHNIQUES

Recycling and upgrading end-of-life items are some of the current hot topics in sustainability
practices. Upcycling is defined as reusing and recreating functional interior spaces using
currently discarded items. The term was coined in the mid-90s, combining the words 'up' and
'recycling'. The art of upcycling is literally welding trash into treasure (in this case, art). It is an
alternative option at bottom of the waste hierarchy pyramid. It recovers raw materials or energy
from products that waste is otherwise destined for landfill. As a result, upcycling decreases the
amount of trash in landfill sites and increases the value of the creation. Upcycling can be
economical if it is cheaper to upcycle something than make something new from entirely raw
materials. The upcycling industry is rapidly expanding, and it is estimated to reach beyond $24
billion. Consequently, consumers are seeking unique, locally hand-crafted items that are not
mass-produced (Stanescu, 2021).

The term upcycling refers to the process of converting waste material or useless products into
new materials or products of a better quality or a higher environmental value. Unlike recycling,
upcycling involves processes, in which the discarded items are transformed into perfect
condition using a particular method. A well-known example of upcycling is remanufacturing.
It is a key solution for transforming the existing 'downcycling' into 'upcycling' of electronics,
which is one of the common waste categories. Another example of upcycling is creating art
objects by welding waste pieces into perfect condition. An important upcycling approach is
given to the further use of plastic waste. As strategies to upcycle plastic waste, incineration with
energy recovery, gasification, pyrolysis, biological, and catalytic cracking are investigated.
(Zhao et al.2022)

6.1. Innovative Approaches

The design, construction, and operation of buildings have a significant impact on the
environment. It is well-known that the construction industry consumes a substantial amount of
physical and natural resources, energy and water, as well as generating waste and pollution.
Real estate management plays a crucial role not only in considering waste management
strategies already at the last stage of a building’s life cycle, its demolition and waste removal,
but also in planning the adequate recovery and recycling of materials, also in the maintenance
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and operational checks of interior spaces. Moreover, the substantial amount of waste produced
and poorly managed in buildings may create pathogen breeding grounds, be a fire hazard, and
pose a safety risk. Considering the significant environmental impacts of buildings, their design,
construction, daily operation and finally demolition, it is clear that there are many ways and
possibilities to reduce the environmental negative effects of the interior spaces sector (Remeoy
et al., 2019). This can be done by sustainable design, sustainable facilities management,
building life cycle assessment, suspension and innovative land use. To succeed, a consistent,
integrated waste management strategy has to be implemented at the peri-urban level, where
interconnected territories may better adapt to changes, and where sustainable waste
management solutions find higher acceptance by implementing eco-innovative solutions and
strategies in the waste sector according to the principles of the CE paradigm. An
interdisciplinary assessment of the waste sector and territorial analyses are applied to foster
land regeneration by improving a new resource-based economy (Amenta et al., 2019).

7. CASE STUDIES OF SUSTAINABLE INTERIOR DESIGN

In the United States, it is estimated that 75% of all solid waste is derived from building
construction and demolition. Materials and the environment are correlated in a number of ways.
Most materials have some negative impact on the environment, due to their extraction,
manufacturing, transportation, installation, use, and disposal. The goal of a green or sustainable
building is to reduce the impact of the built environment on human health and the natural
environment throughout a building’s life. Sustainable construction can significantly reduce the
volume of pollution generated. This can improve biodiversity and air, soil, and water quality.
The location and the sustainable renovation or demolition of existing buildings are important,
too. Reducing unnecessary vehicle movements can reduce both climactic harm. (Cho et al.,
2022)

The construction phase should focus on using formaldehyde-free wood products and no urea-
formaldehyde adhesives. Limit the use of lumber treated with urea formaldehyde. Instead, use
salvaged or reclaimed wood materials. Recycle and separate all wood scraps and hazardous
materials. Use materials that are free from mercury, cadmium, and lead according to the federal
guidelines and restrict the use of PVC (Dillard, 2010). The impact of the materials on the
environment and their performance is of great importance. It is essential contractors are
informed of the need for materials to be delivered on-site only when required, to be properly
stored and handled to prevent their deterioration or damage to the environment. A suitable, self-
conscious approach about the environment waste management by all the parties involved in the
construction, architects, contractors and the client, might have a great benefit reducing the
amount of waste. (Piccardo & Hughes, 2022)

7.1. Residential Spaces

Different strategies that can be implemented for waste management and circular economy in
residential spaces with regards to the interior design, as a personal reflection, are: the promotion
of upcycled objects alongside buying them; repair, or find someone to repair objects instead of
replacing them with new ones; rent or borrow from others the things that are used once or rarely;
destress the cleaning of objects, for example, with products from sugar, essential oils, vinegar
and water, and with zero waste products; reduce and sorting organic waste through the
implementation of composting; help promoting local vegetables, buying from local farmers, or
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having a mini urban garden. Fixing things instead of replacing them can reduce the amount of
waste disposed of as the overall discarding of objects, including about 500,000 tonnes of carpet
waste, 75% of which could have been reused or recycled, a significant proportion of EEE waste
ends up as landfill (Muller, 2018). This activity can be ‘destressed’ by interventions and
practices that help to animate and demystify waste management and show it to be compatible
with a clean and healthy living environment: for example, many plants and water used for
aesthetic effects, odour, and temperature supply are generated by pultrusion, injection moulding
and extrusion processes. (Balwan et al.2022)

8. TECHNOLOGICAL SOLUTIONS FOR WASTE MANAGEMENT

Believing in technological solutions, especially the ones intended for societal and
environmental benefits such as smart waste management applications, is a powerful driving
force towards more sustainable and circular secondary practices. The city of the future, as
imagined by today’s developers, is a place where devices, vehicles, and buildings are becoming
increasingly interconnected and gaining the ability to sense, think, and behave. A particularly
widespread vision for urban centres is smart concept living, referring to intelligent services and
life support. Among others, in this context is the smart waste management framework, along
with them, also referred to as the smart bin. Tradition tools, bins, and traffic management
strategies are no longer alone in coping with environmental and economic costs of solid waste
generation. In search for optimal solutions, engineers have proposed numerous solutions. As a
result of rapid advances in information and communication technology, wireless sensor and the
Internet of things technology have opened up new opportunities leading the invention of the
smart bin. Nowadays, an array of public and private stakeholders choose intelligent bins and
technological supportive interfaces as the main policy instrument for material recovery. Their
adoption is seen as the most relevant tool in breaking linear material flow and initiating a more
sustainable circular economy. A smart waste bin must consist of adequate filling detection
mechanisms; therefore, they stand at the forefront of evaluation and design to increase overall
efficiency in solid waste collection (Farooq et al.2022).

8.1. Smart Bins
There are different ways smart bins can be managed, which turned out to be a significant
challenge when developing respective devices/appliances as these highly depend on the
effectiveness of the practices. This resulted in two different technologies regarding collections,
both of which are user‘s portable one. To put it differently, in the first case, bins are collected
at their homes and taken to preestablished locations, where all detectable data regarding bin is
updated (Farooq et al.2022). On the other hand, there is another approach where the user’s bins
are collected in a special portable bin, enabling an easier way for transporting waste bins to the
respective static bin. Unlike collection methodologies, the second variable technological
approach is regarding bin stock level management. Just like with collections, these interventions
are also user-dependent, some of them even both user and corporate dependent.
9. CIRCULAR ECONOMY BUSINESS MODELS

Due to the linear economic model, industries extract raw materials, produce goods, and dispose
waste. Waste streams are somehow handled and recycled. Efforts are taken to reduce the
consumed energy for such activities. These actions, however, will always result in more natural
resources depleted, and more energy consumed, than if the entire flow of resources could have
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been perpetually and directly looped back into the economy (Horvath et al., 2019). In order to
be able to better estimate the problem of waste handling, the path of the extracted resources
must be impeccably tracked throughout the economy. To assert that this mouthful of a task is
merely difficult would be an understatement. The economy of modern economies can only be
extended so far, and even within its grasp, the task would still largely require the cooperation
of all-if not almost all-participating companies. It becomes trivial then to appreciate that the
profitability of the reigning economic regime largely lies in outsourced externalities. In other
words, it is still cheaper to waste resources than to hyperbolically track their flow and
strategically recover them. This is especially true if such efforts would require managing the
resource flow outside the specters of daily business. Furthermore, these deficiencies fail to
mention the market disturbances that could arise in the case of a closed loop cycle. Despite
these complexities, the planet can no longer afford to conduct its business-as-usual.

9.1. Sharing Economy Platforms
The sharing economy involves the peer to peer sharing of goods and services, often facilitated
through online platforms, with goals of reducing consumer waste and promoting social
behaviour. The sharing economy has been linked with increasing rates of consumerism and the
creation of more waste. However, its practices have been nurtured as a more sustainable
solution to also addressing the world’s finite resources. The practices of the sharing economy
significantly have been increased in the depository premises by taking place on a more local
scale and thus act on the personal consumption behaviour of the individual, as with buying
second hand. Supported by digital networks, meshing of platforms enables access to a wider
network of locacommunities. Practices of peer-to-peer sharing economies/services, either
facilitated by an online platform or not. Propose that the integration of sharing economy
practices in interior spaces, particularly in the home, can significantly increase led to the interior
space wastage is perceived, managed, and prevented in individual living areas. Examine how
informal personal economies (such as borrowing and lending) or formal economies (such as
renting and leasing), facilitated through a platform, inform waste management cultures in
household interior spaces. Provide possible implications of this study for policy making,
industry professionals, and future research. The continuous rise of sharing economy practices,
driven by digital platforms, has expanded to broader economic sectors— meshing a local
sustainable sharing economy (Horvath et al., 2019). As a result, sharing practices are adopted
more frequently on a local level. Initiatives, such as carpooling, locally-supported agriculture,
or the community library are fostering neighbourhood involvement, and play a significant role
in waste reduction.
10. REGULATORY FRAMEWORKS AND POLICIES

As the Waste Management and Circular Economy practices in interior spaces are an expanding
activity, more researchers and practitioners are dealing with different aspects and policies for
their continuing progress. Regarding to the current European policy, there is surely a current
and accurate one applied as there is legislation in place to implement and enforce it.
Nevertheless, law and policy are subject to continuous improvement and adjustment, and the
conclusion of the two recent reports of the European Environment Agency state that there are
“persisting implementation gaps” and there is “a pressing need to address policy disconnects
and inconsistencies”. Therefore, this study does not mean to force or claim that everything done
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in the field of Waste Management in Interior Spaces is not enough, appropriate or successful,
especially considering the lack of proper monitoring and research on the topic, which has
allowed for mere individual impressions until now. Furthermore, as waste is a very local issue
and it is managed at the level of the municipalities, practices and knowledge will remain at a
fragmented level, restricting holistic approaches and policies (Milios, 2018).

10.1. Local and International Standards
Different approaches to collect information have been used, centered on literature review, ad-
hoc data collection and stakeholder involvement through workshops and interviews. Sounds
promising. Pick-up could be to gather information from data collection concerning the diffusion
of new products in the EU market and the associated environmental impacts - or to further
involve key stakeholders, such as industry, manufacturers, business associations or
environmental NGOs, through the organization of workshops, focus groups or interviews to get
their view. At the same time, the collection of stakeholders’ data could help to identify ongoing
standardization needs to be coordinated or prioritized. At first sight, each product life cycle
appears to involve about 3 or 4 standardization bodies in an uncoordinated way. No systematic
action has been identified at the European level during the product life cycle. Alright. Would
you agree the next sentence is a justified approach to be applied, providing results or
indications, of data having been collected on any of the items listed? (Schaubroeck et al.2021)
11. FUTURE TRENDS AND INNOVATIONS

New building specifications, especially in the wake of COP26 and a new era of built
environment targets, embed sourcing, construction, use and end-of life-in novel practices
(Muller, 2018). With over 80% of buildings conceived by 2050 already built, a careful,
anticipatory parsing of transformation — from testing reuse underpinnings to mourning escalated
demolition — crystallises their life course finality (Lynch, 2022). The focus is both material and
visual: from the physics of deconstructing large structures, waste production and energy
consumption, to the poetics of dust, techtonics and material attribute
enhancement/sustainability. Circularity is accompanied by an awareness that all things must
end; standing time and mutual lifepaths are a backdrop to strategies for heightened entropy. At
the end of their productive lives, large high-rise office buildings predominantly made of
reinforced concrete eventually face an under-appreciated dilemma: the cure is seemingly worse
than the disease. The embodied energy and carbon of tall structures are uniquely high, while
the feasibility, expediency and cost-competitiveness of returning them to flat ground at
accessible building industry speeds remains controversial, at best (Born & Ciftci, 2024).
12.1. Internet of Things (I0T) in Waste Management

Circular economy and advances in 10T and cloud technologies are transforming the ways waste
IS managed in interior spaces. 10T ensures that objects or items of things are interconnected
with each other and have the ability to exchange data. 0T technology monitors the existing
waste in the bins and trucks vehicles, and then decides the vehicle's optimal route for the waste
collection. Ensuring an attractive, healthy, and comfortable indoor environment is an important
issue in achieving better well-being of the people. Introducing indoor plants not only purify the
indoor air and remove toxic volatile compounds effectively, but also improve well-being.
(Cheah et al.2022)
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Circular economy practices have highlighted the production and consumption processes. The
goal of stakeholders is to consider how much secondary raw material can be obtained from the
existing waste items so that it can put back into the economic cycle. Rapid increases in the data
processing and computing sectors have enabled waste items to be transformed into different
forms. Daily waste items in interior spaces can be transformed into energy (Melakessou et al.,
2020). This can be converted into heat energy and used for heating purposes especially during
the winter season. A bit of waste can be transformed into manure, which can be then used in
the garden or grown flowers tissue culture. Assuming that the interior space is well connected
to the Internet because of the development in the 10T sector the real-time monitoring waste
management system is applied to the indoor waste items.

Smart and comfortable living quarters are one of the important processes of a smart city. Interior
waste management in the smart city provides its citizens with a great comfortable and healthy
environment to work, study, and live. Indoor waste indoor air and biodiversity conservation are
the two of the most effective factors in hitting the balance of eco-circles. Moving —dimensioned
plants can be grown around the existing waste bins in the living quarters so that they can absorb
the good air and bad (Likotiko et al., 2017). On the other hand, the good looking of the plants
gives people peace of mind.

12. CONCLUSION AND RECOMMENDATIONS

This comprehensive green guide to litter education emerges as a culmination of an extensive
two-year study dedicated to thoroughly investigating the litter problems encountered in both
the northern and southern counties, as well as the specific issues faced in the counties of
Fermanagh and Tyrone. Throughout this meticulous research process, significant actions were
taken to develop an appropriate and effective green litter education programme. The program’s
impact was carefully monitored, ensuring that evaluations of all aspects of the project were
conducted rigorously. In today’s world, litter constitutes an increasingly substantial proportion
of waste generated in any given society, and it is progressively evolving into a major troubling
issue, particularly concerning general pollution. Additionally, the sheer amount of resources
from the community that is required to attempt to keep this litter phenomenon under control is
a growing concern. The Control of Pollution Act has mandated that all local authorities within
the UK bear the responsibility of maintaining clean and presentable neighbourhoods for their
residents. Essential to the successful execution of any waste management strategy is the level
of public awareness, the prevailing attitude, and the actions taken by individuals and
communities concerning waste management practices. In various instances, local concern
regarding waste disposal has often surfaced only in response to the prospect of a nearby landfill
expansion that poses a threat to the aesthetic appeal of the area rather than presenting an
immediate environmental hazard. The challenge of developing viable and sustainable waste
management strategies is indeed enormous, especially given the relatively limited powers that
local communities possess in this specific context. It is interesting to note that most local
communities typically transition through a series of distinct stages during their engagements
with waste management, often beginning with outright opposition to any proposed waste
disposal facility. Despite these challenges, the importance of addressing this issue has driven
committed individuals to dedicate many years to conducting research and engaging in persistent
campaigning for more responsible waste management practices. This dedication has resulted in
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the identification of numerous significant shortcomings within the existing waste management
strategies. Before any effective efforts can be made to change the attitudes of the public
regarding waste disposal, it is crucial that satisfactory facilities be established and made readily
accessible. It is ultimately both futile and nonsensical to preach to individuals about the
necessity to minimize waste and prioritize recycling efforts when such essential facilities are
not yet in place and readily available for their use. In light of this, the emphasis must be placed
on creating the infrastructure that enables individuals to make environmentally conscious
choices that align with effective waste management.
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ABSTRACT

This study was carried out to investigate whether the antibiotic resistance profile of Escherichia
coli obtained from female patients with urinary tract infections is changed by the transition from
Clinical and Laboratory Standards In-stitute (CLSI) to European Committee on Antimicrobial
Susceptibility Testing (EUCAST). This retrospective study covered two separate one-year
periods between in 2012 and 2021. A total of 30 clinical microbiology laboratories in Turkey
were included in the study. Bacterial identification was performed using the VITEK-2 GN ID
card and MALDI-TOF automated systems. Antimicrobial susceptibility of E. coli strains was
tested using the Kirby-Bauer technique and VITEK-2 AST cards. Double-disk synergy and
double-disk diffusion tests were used for Extended Spectrum Beta-Lactamase (ESBL)
detection. The study was conducted on bacterial strains obtained from patients aged 18-65.
Antibiotic susceptibility was assessed using various antibiotic disks. As a result of this study,
piperacillin, amoxicillin+clavulanic acid, cefazolin, piperacilin, cefepime and ceftriaxone
resistance rates and Extended Spectrum Beta-Lactamase rates increased, while the percentages
of resistance to other antibiotics decreased in the tran-sition from CLSI guideline to EUCAST

100



NFEREY,
) L 0
QLS F”}

guideline, and Plan Rational Drug Use policies. The positive marks of CLSI to EUCAST
transition and National Action Plan Rational Drug Use applications have started to reflect on
antibiotic susceptibility results. In conclusion, changes in antibiotic susceptibility demonstrate
the impact of guideline changes and Rational Drug Use policies, and it has been demonstrated
that such regulations can play an important role in combating antibiotic resistance.
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OZET

Bu ¢alisma, idrar yolu enfeksiyonu olan kadin hastalardan elde edilen Escherichia coli'nin
antibiyotik direng profilinin Klinik ve Laboratuvar Standartlar1 Enstitiisi'nden (CLSI) Avrupa
Antimikrobiyal Duyarlilik Testleri Komitesine (EUCAST) gecisle degisip degismedigini
aragtirmak amaciyla gergeklestirildi. Bu retrospektif ¢calisma 2012-2021 yillar1 arasindaki iki
ayrit bir yillik donemi kapsadi. Calismaya Tiirkiye'deki toplam 30 klinik mikrobiyoloji
laboratuvar1 dahil edildi. Bakteriyel identifikasyon VITEK-2 GN ID kart1 ve MALDI-TOF
otomatize sistemleri kullanilarak yapildi. E. coli suslarinin antimikrobiyal duyarliligi Kirby-
Bauer teknigi ve VITEK-2 AST kartlar1 kullanilarak test edildi. Genislemis Spektrumlu Beta-
Laktamaz (ESBL) tespiti i¢in ¢ift disk sinerji ve ¢ift disk difiizyon testleri kullanildi. Calisma
18-65 yas araligindaki hastalardan elde edilen bakteri suslari {lizerinde gergeklestirildi.
Antibiyotik duyarlilii cesitli antibiyotik diskleri kullanilarak degerlendirildi. Bu calisma
sonucunda, piperasilin, amoksisilin+klavulanik asit, sefazolin, piperasilin, sefepim ve
seftriakson direng oranlar1 ve Genisletilmis Spektrumlu Beta-Laktamaz oranlari artarken, diger
antibiyotiklere karst direng ylizdeleri CLSI kilavuzundan EUCAST kilavuzuna gecis
sonrasinda ve Akilci ilag Kullanimi politikalari ile azaldi. CLSI'dan EUCAST'a gegisin ve
Ulusal Eylem Plam Akilcr Tlag Kullanimi uygulamalarinin olumlu izleri antibiyotik duyarlilig:
sonuglarina yansimaya basladi. Sonug olarak, antibiyotik duyarlilif1 iizerindeki degisimler,
kilavuz degisiklikleri ve Akile1 Ilag Kullanimi politikalarinin etkisini gdstermekte olup, bu tiir
diizenlemelerin antibiyotik direnciyle miicadelede 6nemli bir rol oynayabilecegi ortaya
konulmustur.

Anahtar kelimeler: Escherichia coli, idrar yolu enfeksiyonlari, antibiyotik direnci, akilci ilag
kullanim politikalar

1. INTRODUCTION

Urinary tract infections (UT]I) are the name given to infections that occur in the urethra,
bladder or kidneys. UTI is usually caused by bacteria. On average, 50% of women experience
a urinary tract infection at least once in their lifetime. Additionally, UTIs have different rates
of recurrence after appropriate antibiotic treatment, depending on the site of infection. On
average, 20% of women who have a UTI experience reinfection within six months. Escherichia
coli, one of the most important members of the Entero-bacteriaceae family, is responsible for
90% of all UTlIs diagnosed in outpatients and ap-proximately two-thirds of patients with
hospital-acquired UTIs [1,2]. Uncomplicated cystitis is the most common type of UTI in female
patients and has the highest recurrence rate [3].
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UTIs are relatively benign but pose a great burden to women due to their symptoms that
reduce quality of life. Acute and recurrent UTI creates social problems in terms of financial
burden and workforce losses incurred during diagnosis and treatment. Therefore, revealing
local and global potential resistance models is very important in deciding on empirical treatment
and promoting the reduction of antibiotic resistance (AR) of E. coli and treatment costs.

The bacterial resistance to some antibiotics currently used to treat communi-ty-acquired
UTlIs is increasing worldwide [4]. It has been reported by the World Health Organization
(WHO) that more than 20% of E. coli isolates, the most common bacteria in urinary tract
infections, are resistant to both ampicillin and co-trimoxazole and fluoro-quinolones [5].
Therefore, to limit the increase in AR, recommendations on the man-agement of UTlIs are
regularly updated by national and international health authorities and the relevant scientific
community [6,7]. The definition of Rational Drug Use (RDU) was made by the World Health
Organization for the first time in 1985 [8]. In 2013, it gathered the studies to be carried out on
RDU under the framework of an action plan, and as of 2014, the "National Action Plan (NAP)
for RDU" was put into practice in Turkey. The “RDU NAP 2019-2023 Workshop” was carried
out and prevailing practices were updated in 2022. In this process, the sale of non-prescription
drugs, especially antibiotics, in pharmacies was prevented, and the drug tracking system and e-
prescription system were harmonized with this NAP [9]. Also, It is expected that the possible
resistance profiles will have changed with the measures taken by NAP RDU.

In order to prevent treatment failures caused by resistance problems; standardization
should be ensured in the conduct, interpretation and reporting of antibiotic susceptibility tests
(AST). Standardization; It is important to determine resistance profiles on a national basis, to
compare resistance profiles in international platforms and to take part in in-ternational
surveillance systems. For this purpose, there are two standards adopted for AST in the world.
One of these standards is the "Clinical Laboratory Standards Institute” (CLSI), which was used
in our country until January 2015, and the other is the "European Committee on Antimicrobial
Susceptibility Testing" (EUCAST) recommendations, which have been used in many European
Union member countries and our country since January 2015. It is possible that the probable
resistance profiles have changed with the use of EUCAST standards in our country. These
changes may occur due to differences in utilizing principles between the two guidelines.

This study was conducted to researching whether the AR profile of Escherichia coli
isolated from women with UTIs is changed by the transition from CLSI to EUCAST and RDU
policies. In addition, it is aimed to scrutinize the new epidemiological data that emerged with
changing practices over time.

2. EXPERIMENTAL STUDIES
2.1. Ethical Declaration

This study was approved by the Dean's Office of the Faculty of Medicine of XXX
University Rectorate, Faculty Non-Interventional Ethics Committee on 02.06.2022 with the
number E71522473-050.01.04-136862-140.

2.2. Institutions and data collection

The present retrospective study was carried out over a one-year period, from Jan-uary-
December, in both 2012 and 2021. In the study, patient samples from a total of 30 clinical
microbiology laboratories from all geographical regions in Turkey were analyzed. When
starting the study, the microbiologists involved in the study were informed, ideas about the
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study were exchanged, and suggestions were taken into consideration during planning. The data
collected consists only of urine culture and antimicrobial sensitivity test findings. Personal
identifying data of the patients were not used in the study.
2.3. ldentification and susceptibility testing of E. coli strains

Blood and MacConkey agar were used to grow bacteria from urine samples. The culture
was considered positive for a UTI if the media grew more than 105 colony-forming units/mL
of a single bacterial species. Bacterial identification was performed using the VITEK 2 GN ID
card (bio-Méricux, France), Phoenix ID-AST combo panel (Becton Dickinson, USA) and
VITEK MS, MALDI-TOF (bio-Mérieux, France) and conventional methods (culture,
morphology and biochemical tests). The antimicrobial sensitivities of the E. coli strains of
antimicrobial susceptibility were tested using the Kirby—Bauer standard disk diffusion
technique, VITEK 2 AST card (bio-Mérieux, France), and Phoenix ID-AST combo panel
(Becton Dickinson, USA). The antimicrobial susceptibility tests based on 2010 Clinical and
Laboratory Standards Institute guidelines (CLSI S100 M20), Clinical breakpoints-bacteria v-
12.0 and EUCAST Version 11.0, 2021. AST quality control was performed with CLSI
recommended reference American Type Culture Collection strains. Ampicillin (AMP),
amoxicillin/clavulanic acid (AMC), piperacillin (PIP), pipera-cillin-tazobactam (TZP),
cefazolin (CFZ), cefoxitin (CFX), ceftriaxone (CRO), trime-thoprim/sulfamethoxazole (SXT),
gentamicin (GN), cefepime (CPE) and ciprofloxacin (CIP) disks were used to perform ASTs of
bacteria. A total of 35,569 E. coli strains were isolated from patients aged between 18 and 65
years and their identification and ASTs were performed.
2.4. Screening for extended-spectrum beta-lactamase

ESBL was screened with double disk synergy test (DDST) and double disk diffusion
test (DDDT). In the experiment, plates were prepared according to standard disk diffusion test
procedures. In DDST, CAZ and CRO (30 pg each) disks were placed 25 mm away from an
AMC disk (20/10 pg) center to center. In DDDT application, CTX and CAZ disks with and
without clavulanic acid were used. A significant extension of the edges of the inhibition zone
towards the disc containing clavulanic acid was considered positive for ESBL production.
Additionally, it was observed whether an extension of at least 5 mm of the inhibition zone
occurred after the addition of clavulanic acid to CTX and CAZ discs.
2.5. Statistical analysis

Study results were expressed as mean, range, percentage and standard deviation.
Descriptive statistics and one-way tests of variance etc. Statistical analyzes were conducted
with SPSS 25.0 (SPSS Inc, Chicago, USA). The significance level was determined as p<0.05.
This research was based on laboratory data and did not involve direct participation of patients.
All databases containing sample types and patient data were recorded with the help of
laboratory request forms.
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3. RESULTS AND EVALUATION

A total of 35569 E. coli isolates isolated from the urine of female patients treated in the
outpatient clinic were studied. In this study, only CIP, PIP, AMC, CFZ, CPE and CRO
resistance rates and ESBL rates increased, while the percentages of resistance to other
antibiotics decreased in the transition from CLSI guideline to EUCAST guideline and RDU
policies. The increase in PIP resistance and ESBL ratio were found statistically significant
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(p=0.03; p=0.04 respectively). In addition, it was determined that the SXT resistance value
decreased, but this decrease was not statistically significant (p=0.09). When evaluated in terms
of empirical treatment options; E. coli isolates showed high rates of resistance to each of the
drugs studied, except for TZP, CFX, and GN, which were more than 80% susceptible in vitro.
The distributions of the mean nationwide resistance rates for 2012 and 2021 and the antibiotic
breakpoints for CLSI (2012) and EUCAST (2021) are shown in Chart 1. In addition, the mean
prevalence of ESBL-producing E. coli in 2012 and 2021 were 20.56% =+ 6.44 and 25.13%+9.16
respectively (p=0.04).
Chart 1. Antimicrobial resistance rates of E. coli in 2012 (CLSI) and 2021 (EUCAST)

AA  Year Mean (%) Min—-max IQR** p BP
(%) valug***
SXT 2012 3946+7.61  12.99-52.16 9.88 0.09 <10
2021 33.19+£6.65  21.39-55.24 6.98 <11
CIP 2012 28.26+6.88  12.99-44.90 8.80 0.90 <20
2021 28.74+7.98  12.06-45.66 9.74 <22
AMP 2012 49.06 + 20.47-75.86  20.10 0.39 <13
14.34
2021 41.19 + 18.28-83.05 50.8 <14
28.84
AMC 2012 2721+ 8.33-74.00 1586  0.42 <13
13.95
2021 30.14 + 12.93-76.72 8.42 <19
11.74
PIP 2012 33.56 + 15.14-54.13  21.03 0.03* <17
11.34
2021 53.69 + 28.68-86.96  42.51 <20
23.62
TZP 2012 13.52+6.54  5.82-26.99 16.94  0.01* <17
2021 9.21+5.98 1.80-29.15 4.62 <20
CRO 2012 2465+741 11.16-39.08 10.07 0.78 <19
2021 25.89+9.73  11.20-52.60 11.33 <22
CFz 2012 3595+ 16.15-72.88 1487  0.20 <19
16.59
2021 47.28 £ 23.89-100.00 38.71 <23
28.51
CFX 2012 16.10+9.24  3.86-37.73 16.72  0.01* <14
2021 10.10+4.84 2.54-23.36 5.68 <19
CPE 2012 25.04 £ 6.25-55.17 19.86 094 <14
12.05
2021 2535+ 6.03-66.67 15.19 <24
16.67
GN 2012 17.68+5.40  5.80-31.12 588  0.01* <12
2021 13.19+5.17 5.20-27.80 5.98 <17
ESBL 2012 20.56+6.44  8.86-28.70 10.03  0.04* NA
2021 25.13+9.16  11.69-54.80 12.91 NA
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AA:
Antimicrobial
agent, BP:
Breakpoint,
*p<0.05,
**|QR:
Interquartile
range, ***zone
diameter, NA:
non applicable.
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(AMP), amoxicillin/clavulanic acid (AMC), cefazolin (CFZ), cefoxitin (CFX), cefepime (CPE),
ceftriaxone (CRO), ciprofloxacin (CIP), gentamicin (GN), piperacillin (PIP), piperacillin-tazobactam
(TZP), trimethoprim/sulfamethoxazole (SXT).

The resistance rates of SXT, GN, and TZP were decreased in both state hospital (SH)
and university hospitals (UH). However, CFZ resistance and ESBL rates were increased in both
SH and UHs. While CIP resistance rate decreased in SHs, increased in UHs. Conversely, AMC,
CRO and CFX resistance rates decreased in UHs and increased in SHs. Inter-hospital resistance
status for AMP, PIP, and CPE could not be evaluated because datasets were missing. There was
no statistically significant difference in the resistance rates of all antibiotics between SHs and
UHs (p>0.05). (Chart 2)

Chart 2. The antimicrobial resistance rates of two different hospital typein 2012 and 2021.

AA Year SH mean (% = SD) UH mean (% =+ SD) p*
SXT 2012 41.14+£4.28 39.26 +£7.94 0.69
2021 33.25+4.31 33.18£6.92 0.98
CIP 2012 26.38 +4.37 28.48 £ 7.15 0.62
2021 25.48 £ 8.90 29.11+7.97 0.46
AMP 2012 56.31 +3.58 48.40 £ 14.80 0.46
2021 - 41.19+£28.84 NA
AMC 2012 23.88+3.59 27.61 +14.70 0.67
2021 48.23 £25.37 27.55+6.17 0.29
PIP 2012*** 18.81 £0.00 35.04 £ 10.78 -
2021 - 53.69 +£23.62 NA
TZP 2012 11.62 + 6.61 13.68 + 6.65 0.67
2021 9.26 +£0.48 9.21 £6.23 0.99
CRO 2012 16.96 + 6.42 25.53+£7.09 0.05
2021 31.87+£18.75 25.20 £8.55 0.26
CFz 2012 18.07 £2.72 37.57+16.37 0.11
2021 34.48 + 0.00 48.35+£29.50 0.66
CFX 2012 9.53+1.95 16.73 £9.43 0.30
2021 12.33 +0.00 9.96 +4.97 0.65
CPE 2012 - 25.04 +12.05 NA
2021 34.68 +40.51 24.18 +13.87 0.77
GN 2012 16.83 +£2.40 17.78 £ 5.67 0.77
2021 13.86 + 6.44 13.11£5.15 0.81
ESBL 2012 17.06 £ 7.03 21.02+6.38 0.32
2021 20.22 £2.66 25.54+9.42 0.44

AA: Antimicrobial agent, SH: State Hospital, UH; University Hospital, *p<0.05, **IQR: Interquartile
range, ***Standard deviation and p value could not be calculated since a single center AR was reported
for SH in PIP resistance in 2012. NA: non applicable. Ampicillin (AMP), amoxicillin/clavulanic acid
(AMC), cefazolin (CFZ), cefoxitin (CFX), cefepime (CPE), ceftriaxone (CRO), ciprofloxacin (CIP),
gentamicin (GN), piperacillin (PIP), piperacillin-tazobactam (TZP), trimethoprim/sulfamethoxazole
(SXT).
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Within the framework of the data obtained, theoretically GN, CFX and TZP seem to be
empirical treatment alternatives in Turkey, but their clinical use is controversial. A statistically
insignificant difference was found between the regional groups for GN at the rates of 13.41%-
19.06% (p=0.57). GN resistance was highest in Aegean Region (19.06%). In addition, Aegean
Region has the highest CFX resistance rate (22.01%), while the Mediterranean Region has the
lowest CFX resistance rate (9.87%) (p=0.04). There was no statistically significant difference
in GN, CFX and TZP resistance rates between regions (p=0.577; p=0.04; p=0.34). (Image 1)

MARMARA EASTERN ANATOLIA
n L7341 BLACK SEA n 1 2411
GN :15.72% n - 3716 GN : 17.03%
CRE % G ; o CPE : 24.03%
s & iN 1 13.68%
CBX % CPE : 14.19% CFX : 16.03%
CFX : 12.58% TZP : 13.52%
TZP : 881%

L',
AEGEAN
n 11882
GN :19.06% MEDITERRANEAN
(.P.l: 1 23.21% n 1 2623
CFX :2201% G o TRl
TZP : 15.80% e A s

CPE : 34.33%

CFX : 9.87%

TZP : 12.81%

Image 1. Distribution of antibiotics that theoretically have the capacity to be an empirical
treatment alternative for seven regions in Turkey.

4. GENERAL EVALUATION AND CONCLUSIONS

Before the study, the researchers planned to evaluate the AR results of more patients.
However, in the preliminary evaluation, it was determined that some results obtained from
almost all regions were incompletely presented. Thus, the results for 11 antibiotics were
submitted after careful discussion among the participating scientists. Some test processes and
protocols in clinical microbiology laboratories may adversely affect anti-biotic resistance
results. This situation can be considered to some extent as a weakness of the study. However,
considering the number of patients, centers in the study and the adequacy of the data obtained
regarding the evaluated antibiotics, it can be said that the mentioned limitation is insignificant.
This study aimed to investigate the ten-year change in the resistance profiles of E. coli, which
is the most common cause of UTI in women, the effect on the resistance of rational drug
applications, and the effect of switching from CLSI to EUCAST on the resistance profile.

Until the 2010s, three-day SXT treatment was the gold standard for uncomplicated acute
cystitis and the eradication rate is almost 90%. Nowadays, SXT cannot even meet the conditions
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of current empirical therapy [10,11]. In two different meta-analyses in Turkey, the resistance
rates of E. coli isolated from patients against SXT were found to be 47.1% and 49.3%,
respectively. [12,13]. Our study results showed that the SXT resistance level de-creased from
39.46% in 2012 to 33.19% in 2021. This result was compatible with the lit-erature but lower
than previous meta-analyses conducted in our country. It has been reported that there is no
change in SXT resistance in E. coli strains with the application of CLSI and EUCAST protocols
[14]. The decrease in the resistance level detected in our study may be due to NAP for RDU.
But the empirical use of SXT as first-line therapy for women with UTI should not be
recommended in Turkey.

Studies showing increasing quinolone resistance in uropathogens have been in-creasing
over the last 10 years. [15,16]. In a study performed in Brazil with 56,555 urine cultures, it was
reported that 15.5% of the isolates were resistant to quinolones [17]. A study conducted in Hong
Kong determined that the average CIP resistance in E. coli strains was 22.2% [18]. Similarly,
two different meta-analyses conducted in Turkey re-ported the CIP resistance rates of E. coli
strains as 20.1% and 21.1%, respectively. [12,13]. Looking at the data in the literature, it has
been observed that the resistance rate has increased over the years. When we interpreted our
results with these studies in mind, treatment with CIP could comprehensibly inadequate due to
the moderately high rate of resistance. When the 2012 (28.26%) data of CIP resistance in this
study were compared with the 2021 (28.74%) data, no statistically significant change was
observed. Empirical use of CIP could not recommended in women with UTI in Turkey.
Additionally, despite the precautions taken, CIP could still be an abused therapeutic agent.
Therefore, CIP resistance should be monitored in infectious E. coli strains.

Previous international and national studies have reported elevated resistance rates to
AMP in E. coli. The resistance rate of AMP used in the treatment of UTI in primary health care
in Denmark was reported as 36%, and 35.56% in the study of Waldroff et al [19]. Similarly, the
rate of AMP resistance was reported as 38% in a study conducted by Asgin and Satmis in
Turkey [20]. In the meta-analysis of patient results in Turkey by Aykan and Ciftci, the
resistance rate of E. coli to AMP was shown to be 62.1% between 2008 and 2012 [13]. In the
study of Hombach et al., it was reported that the number of AMP-resistant E. coli did not change
in the transition from the CLSI guideline to EUCAST [14]. While the rate of AMP resistance
in our patients was around 49.06% in 2012, it decreased to 41.19% in 2021. It can be said that
both the measures taken and the CLSI to EUCAST transition contribute positively to the
reduction of AMP resistance. However, AMP (with and without inhibitor) can still be misused.
Therefore, oral AMP should not be used in female patients with uncomplicated UTI, and a
comments should be added to the AST test reports to explain its possible insufficiency,
contributing to the formation of adequate knowledge about the subject.

In acute community-acquired uncomplicated UTIs caused by E. coli, AMC used to be
referred to as the first-line antibiotic [21]. Our results showed an increase in AMC re-sistance
in the last 10 years. It is noteworthy that this has happened despite the measures taken in NAP
on RDU, and CLSI to EUCAST transition. Mistakes in use and inadequacy of the measures
taken, as it is among the first treatment options in uncomplicated UTI infections, may have
caused an increase in AMC resistance. Furthermore, it could be proposed to add a comment in
AST test reports to explain the limitation and possible inadequacy of oral administration of
AMC use in uncomplicated urinary tract infections [22].
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In a study performed by Choi et al. in South Korea in 2022, they reported that E. coli
strains isolated from urine samples were resistant to PIP (68.7%) [23]. Our study only found a
statistically significant increase in PIP resistance among uropathogenic E. coli strains (Table
1). Intermediate susceptibility results were added to the resistant results in the EUCAST
guideline, which may have contributed to the increased PIP resistance rate, or the PIP-resistant
E. coli strains may have been selected under the pressure of heavy use of antibiotics. This
situation exposes the necessity of reviewing the measures taken. In addition, it may be useful
to reveal the clonal relationship, virulence genes and resistance genes in PIP-resistant
uropathogenic E. coli isolates to find the cause of resistance [23].

The TZP is frequently effective in vitro against E. coli, but clinical data regarding their
use in patients with bacteremia caused by ESBL-producing Enterobacteriaceae are conflicting
[24]. Our study found a statistically significant decrease in TZP resistance among
uropathogenic E. coli strains (Table 1). In addition, the lowest resistance level among the
antibiotics studied was found in TZP. This result is very meaningful in terms of the efforts taken
under the NAP and the effectiveness of the CLSI to EUCAST con-version. But it should be
kept in mind that the relationship between ESBL positivity and in-vivo TZP sensitivity is
unclear in the urosepsis clinical decision process.

In a study in which cumulative antibiogram results were discussed during the transition
from CLSI standards to EUCAST standards; It has been reported that changes in the
susceptibility results of cephalosporin group antibiotics are important, especially in ESBL-
producing Enterobacterales species, but regional epidemiological data should also be taken into
account in the evaluation of these changes [25]. Additionally, the most important reason for the
increase in resistance to beta-lactam/beta-lactamase combinations is the absence of an
intermediate category for these antibiotics in EUCAST. These changes have been shown to
affect susceptibility results and cause high rates, and higher rates of CAZ and CRO resistance
have been reported in E. coli isolates [26]. Our study results emphasize that, an increase in
CFZ, CPE and CRO resistance levels, and a decrease in CFX resistance level are remarkable.
It could be considered that there is an increase in CFZ, CPE and CRO resistance following the
CLSI to EUCAST transition. Statistically, only the decrease in CFX resistance showed a
significant difference. In addition, CPE and CFX with resistance levels below 30% can be
considered an alternative agents for treatment in Turkey according to AST results. However
cephalosporins susceptibility status should be evaluated together with ESBL production of
isolates.

In a study conducted in Turkey in 2022, the rate of ESBL production in E. coli strains
was reported as 35.6% [27]. In this study, the prevalence of ESBL in E. coli strains isolated
from urine samples from female outpatients was found to be 20.56% and 25.13% in 2012 and
2021 respectively. Our study findings were found to be lower than the values given in the
literature. But CLSI and EUCAST canceled the decision that "all isolates found to be ESBL
positive according to the results of the combined synergy test should be reported as resistant to
all cephalosporins and monobactams™ and lowered the clinical cut-off values and requested that
the reports be written in line with these breakpoints [28]. Therefore, cephalosporin
susceptibility should be evaluated together with the latest breakpoints in the guidelines.

The GN is the most frequently prescribed antibiotic for infections, and the EUCAST has
defined clinical breakpoints to classify isolates as susceptible or resistant to these antibiotics.
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Our results showed that the rates of GN resistance decreased significantly over a ten-year
period. Although it is not used to treat uncomplicated UTI infections, it is promising for treating
other infections caused by E. coli that the GN resistance has de-creased with the NAP RDU
actions taken and/or the CLSI to EUCAST transition.

Another important result that emerged in this study is the difference in AR between SH
and UHs. The decrease in the rates of resistance to SXT, GN and TZP in both hospital types,
and the increase in the rates of CFZ resistance and ESBL rate should be discussed within the
scope of the measures taken within the process of NAP RDU. It is also note-worthy that the
CIP resistance tends to increase in UH, and the AMC and CFX resistance tends to increase in
SH. The difference in resistance levels between hospitals may be related to the patient profile.
Although aforementioned antibiotics are not empirical treatment options because of high
resistance levels, it should be kept in mind that in-effective antibiotherapeutic regimens can
help bacteria gain resistance. Additionally, AST should be managed by health authorities; valid
guidelines for empirical antibiotic use should be preferred. To prevent therapeutic failure,
reduce treatment costs, and minimize the development of unnecessary antibiotic resistance,
provincial, regional, or national guidelines for UTIs should be established. Also, the new
regulatory activities for NAP RDU should be investigated, and antibiotics usage could be
limited also in livestock.

Totally, 35569 E. coli strains were evaluated in almost all of Turkey according to their
AR rates in two periods of one year (2012 and 2021). The results draw attention to high
resistance rates to AMP, SXT and CIP in 2012 due to probable mismanagement of therapy.
Empirical use of AMP, SXT and CIP was not recommended according to guidelines. It has
been determined that AMP and SXT resistance rates have decreased with the transition to the
EUCAST period in our country.

It was determined that GN, CPE, CFX and TZP resistance rates did not differ sta-
tistically significantly according to geographical regions. (p>0.05) But, the differences in the
resistance rates detected in the regions are remarkable. It was defined that GN, CFX and TZP
resistance rates were highest in Aegean Region, and CPE resistance was highest in Marmara
Region. (Figure 1) The increase in the number of E. coli reported to be re-sistant to 3rd
generation cephalosporins and fluoroquinolones, which are frequently used in treatment, may
increase the selection pressure for other antimicrobials. (for example aminoglycosides and
carbapenems etc.)
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Prostatitis, which is generally seen in young and middle-aged men and manifests itself with
basic clinical symptoms such as urinary tract irritation and chronic pelvic pain, is a disease
caused by different reasons. The aim of this study is to investigate bacterial agents thought to
play a role in the etiology of prostatitis using molecular techniques from prostatitis tissue. In
this study, 80 prostate biopsy materials were examined. Paraffin-embedded formalin-fixed
(FFPE) tissue pieces were used for molecular techniques. Primers were designed to detect DNA
from bacteria considered as potential causative agents. As a heterologous target, the human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used as an internal control.
Escherichia coli ATCC 25922 was used as a positive control. The records of 80 patients
diagnosed histopathologically with prostatitis were evaluated in detail. After eliminating
patients who did not meet the inclusion criteria, 45 patients were included in the study. In the
study, all samples were found positive for the internal control and all samples were negative for
the tested strains. In conclusion, we believe that known bacteriological agents, including E. coli,
which is a member of the flora and the most frequently discussed etiology of prostatitis, are not
the primary cause of prostatitis. In order to generalize the results, prospective studies are needed
where the number of cases is high and other types of microorganisms and bacteria are also
investigated.

Keywords: prostatitis, prostate tissue, bacterial prostatitis, polymerase chain reaction.
OZET!

Genellikle geng ve orta yaslh erkeklerde goriilen, idrar yolu tahrisi ve kronik pelvik agr1 gibi
temel klinik belirtilerle kendini gosteren prostatit, farkli nedenlerden kaynaklanan bir
hastaliktir. Bu ¢aligmanin amaci, prostatit etiyolojisinde rol oynadigi diisiiniilen bakteriyel
ajanlarin prostatit dokusundan molekiiler tekniklerle arastirilmasidir. Bu ¢alismada, 80 prostat
biyopsi materyali incelendi. Parafine gomiilii formalin ile fikse edilmis (FFPE) doku pargalari
molekiiler teknikler i¢in kullanildi. Potansiyel etken olarak diisiiniilen bakterilerden DNA
saptanmasi igin primerler tasarlandi. Heterolog hedef olarak insan glikeraldehit-3-fosfat
dehidrojenaz (GAPDH) geni i¢ kontrol olarak kullanildi. Pozitif kontrol olarak Escherichia coli
ATCC 25922 kullanildi. Prostatit tanis1 histopatolojik olarak konmus 80 hastanin kayitlari
detayli olarak degerlendirildi. Dahil etme kriterlerini karsilamayan hastalar elendikten sonra,
45 hasta calismaya dahil edildi. Caligmada, tiim 6rnekler i¢ kontrol acisindan pozitif bulundu
ve tiim Ornekler test edilen suslar i¢in negatif bulundu. Sonug olarak, dermal floranin bir iiyesi
olan ve prostatitin en sik tartisilan etiyolojisi olan E. coli dahil bilinen bakteriyolojik ajanlarin
prostatitin primer nedeni olmadigina inaniyoruz. Sonuglarin genellenebilmesi i¢in vaka
sayisinin fazla oldugu, diger mikroorganizma ve bakteri tiirlerinin de arastirildigi prospektif
caligmalara ihtiyag vardir.

Anahtar kelimeler: prostatit, prostat dokusu, bakteriyel prostatit, polimeraz zincir reaksiyonu.

"This project was supported by Sakarya University Scientific Research Projects Coordination Office with
the number 2012-08-00-005.
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1. INTRODUCTION

Prostatitis is frequently seen in young and middle-aged men and presents with clinical
symptoms such as urethral irritation and chronic pelvic pain [1]. It is a disease that does not
have direct life-threatening effects, but it is hard to treatment, easy to relapse, and reduces the
quality of life of patients due to its symptoms [2]. According to the National Institutes of Health
(NIH), there are four types of prostatitis: based on the duration of the disease and whether
bacteria can be detected in the prostate secretion: acute type, chronic bacterial type, chronic
non-bacterial type, and asymptomatic non-type. Urinary catheterization, sexual intercourse, and
stasis caused by prostatic hyperplasia are risk factors for acute bacterial prostatitis in adults.
Potential causes in children include abnormal anatomy, voiding problems, and urinary tract
instrumentation [3].

Chronic bacterial prostatitis is inflammation of the prostate gland caused by subacute,
chronic bacterial infection of the prostate and related areas of the male genitourinary system
[4]. Gram-negative bacteria are responsible for the majority of cases of chronic bacterial
prostatitis (CBP). Relapse of CBP is associated with biofilms often related with chronic
infections, increased antibiotic resistance in pathogenic and opportunistic bacteria, and a small
number of antibiotic capable of penetrating the prostate gland through the prostate epithelium
[5]. Escherichia coli is noted to be the most common pathogen associated with both acute and
chronic bacterial cystitis and prostatitis [6]. Some studies in the literature have shown that
prostatitis caused by E. coli causes uncontrolled growth of the prostate gland in the early stages
of inflammation [7].

The causes and pathogenesis of nonbacterial prostatitis, in particular, are complex.
Prostatitis is related with non-infectious and non-bacterial agents like immune disorders,
hormones, diet, stress, chemicals, urinary reflux, exosomes and autonomic nerves [8]. These
available treatments for prostatitis largely depend on the underlying cause and its severity.
However, most treat its symptoms but not its root cause, mainly because the pathogenesis is
unknown [9]. There are limited studies on the molecular epidemiology of prostatitis, and culture
method is generally used for identification. This study aimed to investigate the existence of
bacterial agent thought to play a role in the reasons of prostatitis by using a universal primer
after obtaining DNA from prostatitis tissue.
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2. EXPERIMENTAL STUDIES

This study retrospectively examined 80 prostatic trans urethral resection (TUR) material
available in the Pathology Clinic at XXX University Training and Research Hospital. Data of
patients diagnosed with prostatitis by histopathological examination were examined. The
patients included in the study were informed and their consent was obtained. The study was
approved by the XXX University Medical Faculty Ethics Committee for Non-Invasive Clinical
Trials (71522473.050.01.04/101).

Sections obtained from formalin-fixed paraffin-embedded (FFPE) blocks made with
prostate biopsy samples taken during TUR were used for molecular methods. DNA was
extracted with the FFPE kit (QIAGEN, Germany). The quality (OD260-280) and quantity
(OD260) of the extracted DNA were measured with the help of a spectrophotometer using the
classical technique [10].
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Primers were produced to multiply the DNA of 39 specific microorganisms using the
method developed by Nadkarni et al. (2002). In addition, the suitability of Enterobacter spp,
Klebsiella spp., Ureaplasma spp. and Corynebacterium spp. genomes with this primer was
checked in a locus of the 16S ribosomal RNA gene sequence using the sequencing method. The
human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene, a heterologous target, was
used as an internal control. (Chart 1) Escherichia coli ATCC 25922 was used as a positive
control.
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Chart 1: Primer sequences.

Genes Sequences Accession Tm (°C) Gene
Number length
16S TCCTACGGGAGGCAGCAG* - 61 245
rRNA GGACTACNAGGGTATCNA**
GAPDH TTGCCCTCAACGACCACTTT J02642 60 120
TGGTCCAGGGGTCTTACTCC

* Universal forward primer used by Nadkarni et al*'. ** Universal reverse primer designed for this
study

PCR were carried out as in the study of Nadkarni et al. pure water was used as a hegative
control [11]. Electrophoresis was performed with 10 ul PCR product on 1% agarose gel in
ORTE (Salubris, Tirkiye) gel visualization tool. PCR products were checked with a 1 kb
marker (Fermentas, USA). The presence a band of approximately 245 base pairs was considered
an indicator of positivity for bacteria, while a band of 120 base pairs was considered positive
for the internal control. The statistical tests were carried out using SPSS Version 25 (IBM SPSS
Statistics). Values are shown as means and standard deviation (SD).

3. RESULTS AND EVALUATION

The records of 80 patients (37 acute and 43 chronic prostatitis) diagnosed
histopathologically with prostatitis were examined. After excluding two patients (3.9%) in
whom fine needle aspiration biopsy was used as the biopsy method and four patients (7.8%)
with an etiological agents (2 tuberculosis and 2 sarcoidosis), 45 patients with no etiological
factor were included in the study. DNA properties and amounts used for PCR are shown in
Chart 2.
Chart 2: Features of nucleic acids.

230nm  260nm 280 nm  260/230 nm 260/280 DNA

nm (ng/u)
Sample  Mean 4.19 4.12 2.09 1.00 2.05 165.95
SD 2.45 2.94 1.67 0.22 0.25 117.04

Minimum  0.44 0.59 0.31 0.61 1.51 23.56
Maximum  11.25 15.33 8.35 1.47 2.73 613.22
IQR 4.097 4.37 2.53 0.27 0.34 166.54
E. coli ATCC 25922 8.60 10.08 5.47 1.17 1.84 403.37

Since the most prominent band for the GAPDH gene and E. coli ATCC 25922 gene
region was seen at 55°C in the standard PCR reaction, the annealing temperature was 55°C in
the PCR reactions. The PCR reaction was repeated three times for all samples. All samples in
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all three replicates were positive for the internal control (GAPDH, 120 bp). In addition, no
positivity was detected in any sample except the E. coli ATCC 25922 positive control. (Image
1)

500 bp —»

100 bp—>»

Image 1. Image of internal (GAPDH, 120 bp) and positive control (E. coli ATCC 25922, 245
bp) in gel electrophoresis.

4. GENERAL EVALUATION AND CONCLUSIONS

Bacterial prostatitis (BP) is a bacterial infection of the prostate gland that occurs acutely
or chronically in young and old men. If not treated appropriately, it can cause serious morbidity.
Therefore, understanding the etiology and pathophysiology of BP is very important for correct
treatment [12,13]. There are limited studies on the molecular epidemiology of prostatitis and
culture method is generally used for identification. Gram-negative bacteria (especially E. coli)
are also responsible for the vast majority of cases of chronic and acute bacterial prostatitis [3].

According to the results of studies in the literature, the most common bacterial agent
causing prostatitis is E. coli [3]. Other bacteria include Proteus mirabilis, Pseudomonas
aeruginosa, Klebsiella spp. and Neisseria gonorrhoeae [14]. In addition, immunocompromised
patients who are at higher risk of contracting bacterial BP should be carefully tested for atypical
microorganisms such as Salmonella spp., Mycobacterium spp., Staphylococcus spp., Candida
spp., Coccidoioides immitis, Blastomyces dermatitis, Histoplasma capsulatum and Brucella spp
[15,16].

80 patients diagnosed with prostatitis were included in our study, and 37 acute and 43
chronic prostatitis samples were examined. In the study, whole samples were positive for the
internal control (GAPDH, 120 bp), and all patient samples were found to be negative for the
tested strains, except for the E. coli ATCC 25922 positive control. In their systematic review,
Mendoza-Rodriguez et al. (2022) reported that the most frequently isolated microorganisms
from prostatitis patients were; Enterococcus faecalis (46.90%), Staphylococcus spp. (22.30%),
E. coli (15.09%) and atypical bacteria (6.04%) [17].

In Krieger and Riley's (2002) study, specific PCR tests were found positive in only 10
(8%) of 135 patients with chronic prostatitis. It was reported that Mycoplasma genitalium was
detected in four men, Chlamydia trachomatis and Trichomonas vaginalis in two men, and both
M. genitalium and C. trachomatis were detected in one man [18].

In the study conducted by Krieger et al. (2000) to show bacterial differences between
patients with prostate cancer and patients with chronic prostatitis, bacteria were detected in
19.6% of patients with prostate cancer and 46.4% of patients with chronic prostatitis [19].
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Honda Takinami et al. (2022) showed that 7.2% of men without obvious symptoms of lower
urinary tract infection had bacteria in their prostate tissues. Bacteria found included C.
trachomatis 3.1%, Streptococcus mitis 1.0%, Staphylococcus haemolyticus 1.0%,
Cutibacterium acnes 1.0% and Acidovorax spp. it was detected at a rate of 1.0% [20]. Previous
studies have generally focused on the relationships between bacteria and the incidence of
prostate cancer and have reported that bacteria are present in an average of 19.6-95% of prostate
tissues [21,23]. Studies investigating the presence of bacteria in prostate tissue and/or the
relationship of this bacterial growth with histopathological conditions are quite limited in the
literature.

Riley et al. (1998) detected rRNA positive 23 patients in the prostate tissues of patients
with chronic prostatitis. It was reported that the DNA sequences detected in 74% of the patients
were different from previously reported sequences, but were >90% similar to known gram-
negative bacteria. In one patient, sequences were found to be similar to Flavobacterium spp.,
in the other to Pseudomonas testosteroni, and in two patients, sequences were <70% similar to
known rDNAs [24]. The results of Riley et al. study show that the prostate may harbor bacteria
that cannot be detected with traditional approaches. Leskinen et al. (2003) investigated the
presence of bacterial DNA by PCR in prostate tissue samples obtained from 10 patients with
pelvic pain syndrome and 10 asymptomatic patients with localized prostate cancer. All samples
except one were found to be negative for bacterial DNA [25].
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In conclusion, we believe that known bacteriological agents, including E. coli, which is
a member of the dermal flora and is the most frequently discussed etiology of prostatitis, are
not the primary cause of prostatitis. Studies are needed where the number of cases is high and
other types of microorganisms and bacteria are taken into account.

Our study has several limitations. The first limitation is that not all relevant cases were
examined due to exclusion criteria. Secondly, fungi and viruses were not assessed. Additionally,
pro-inflammatory indicators and cytokines that occur abundantly during the inflammatory
process were not investigated.
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ETKILIiYOR? BiR LITERATUR INCELEMESI ORNEGI

WHAT AFFECTS THE LEVEL OF SEXUAL HEALTH LITERACY IN
WOMEN? A LITERATURE REVIEW EXAMPLE
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Ozet:

Bu derleme; kadinlarda cinsel saglik okuryazarlik diizeyini etkileyen faktorlerin belirlenmesi
amaglanmistir. Bu calismada literatiir taramast CINAHL, EMBASE, PsycINFO, PubMed and
Web of Science veri tabanlarindan 2018-2024 yillar1 arasinda “‘Cinsel saglik okuryazarligi’’,
“‘kadin saghig1’’, “‘cinsel egitim’’, “‘cinsel saglik’’ anahtar kelimeleri ile tarama yapilmistir.
Cinsel saglik okuryazarligi, kadinlarin cinsel saglik bilgilerini anlama ve bu bilgileri uygulama
yetenegini ifade eder. Bu alandaki bilgi tutum ve davraniglar ile hayatinda saglik kararlar
almasina yardimei1 olmaktadir. Arastirmalar, cinsiyet, yas, egitim diizeyi, yasanilan yer, cinsel
deneyim, cinsel egitim, dogum yeri, dini baghlik, kiiltiirel faktorler, medya, ¢alisma durumu,
dogum sayisi, aile tutumu, 6z bakim diizeyi, kontraseptif yontem kullanimi gibi faktolerin
cinsel saglik okuryazarligina 6nemli 6lctide etkiledigini gostermektedir. Kadinin egitim diizeyi,
esinin egitim diizeyi, aile destegi, dogum kontrolii kullanimi, ¢alisan kadinlarin varligi ve
gebelik sayisinin az olmast, yiiksek cinsel saglik okuryazarligiyla iliskilidir. Ote yandan, kirsal
yerlesim, kiiltiirel engeller ve diisiik sosyoekonomik durum ise diisiik cinsel saglik
okuryazarlig ile iligkilidir. Cinsel saglik okuryazarliginin yiikseltilmesi ve iyilestirilmesi
amaciyla cinsel egitim oldukg¢a 6nemlidir. Bu nokta hemsireler danismanlik ve egitici rollerinin
kullanimiyla birlikte etkili bir cinsel saglik egitimi sunabilmekte ve kadmlarin riskli
davraniglardan korunmasi konusunda rol oynamaktadirlar. Hemsireler cinsel egitim i¢in bakim
verirken cinselligin hassas ve mahremiyet gerektiren bir konu oldugunu unutmamali ve kisilerin

farkliliklar1 g6z 6niinde bulundurarak bir yaklasim sergilenmelidir. Verilen bakimin kalitesinin
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arttirllmas1 adina Jean Watson’in Insan Bakim Modelini olusturan iyilestirici faktdrler ve

iyilestirme siireglerinin kullanimi 6nerilmelidir.
Anahtar Kelimeler: Cinsel saglik okuryazarligi, kadin sagligi, cinsel egitim, cinsel saglik

Abstract:

This review aimed to identify the factors affecting the level of sexual health literacy in women.
In this study, a literature review was conducted from CINAHL, EMBASE, PsycINFO, PubMed
and Web of Science databases with the keywords “sexual health literacy”, “women's health”,
“sexual education”, “sexual health” between 2018 and 2024. Sexual health literacy refers to
women's ability to understand and apply sexual health information. It helps them make health
decisions in their lives with their knowledge, attitudes and behaviors in this field. Studies show
that factors such as gender, age, education level, place of residence, sexual experience, sexual
education, place of birth, religious affiliation, cultural factors, media, employment status,
number of births, family attitude, self-care level, contraceptive use significantly affect sexual
health literacy. Women's educational level, husbands' educational level, family support,
contraceptive use, presence of working women and low number of pregnancies are associated
with high sexual health literacy. On the other hand, rural residence, cultural barriers and low
socioeconomic status are associated with low sexual health literacy. Sexual education is very
important to increase and improve sexual health literacy. At this point, nurses can provide
effective sexual health education and play a role in protecting women from risky behaviors by
using their roles as counselors and educators. While providing care for sexual education, nurses
should not forget that sexuality is a sensitive and private subject and should take into account
the differences of individuals. In order to improve the quality of care provided, it should be
recommended to use the healing factors and improvement processes that make up Jean Watson's

Human Care Model.

Keywords: Sexual health literacy, women's health, sexual education, sexual health
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Giris

Insan, yasamini siirdiirmek igin temel ihtiyaclarini karsilamas1 gerekmektedir. Maslow’un
ihtiyaclar piramidini baz aldigimizda en alt basamakta fizyolojik ihtiya¢lar bulunmaktadir
(Coban, 2021). Burada bireyin bir canli olarak ihtiya¢ duydugu ve yasaminin kaynagi olan
besin, su, hava, uyku, bosaltim ve cinsellik gibi ihtiyaglari bulunmaktadir (Coban, 2021).
Cinsellik kadin ve erkek yasaminda temel bir ihtiyactir. Cinsellik dogum 6ncesi donemde
baslayip 6miir boyu devam eden, degerler, inanislar, duygular, tutumlar, davranislar gibi pek
cok faktorden etkilenen ve degisen bir kavramdir (Bozdemir et al., 2011; Zeren ve Giirsoy,
2018). Diinya saglik orgiitii (DSO) cinselligi ¢ok boyutlu bir olgu olarak tanimlamistir.
Cinsellik; Insanin olmanin yasam boyunca merkezi bir yoniidiir ve cinsiyeti, cinsiyet
kimliklerini ve rollerini, cinsel yonelimi, erotizmi, hazzi, yakinlig1 ve liremeyi kapsar. Ayni
zamanda diisiinceler, fanteziler, arzular, inanglar, tutumlar, degerler, davranislar, uygulamalar,
roller ve iligkiler araciligiyla deneyimlenir ve ifade edilir. Cinsellik biyolojik, psikolojik, sosyal,
ekonomik, politik, kiiltiirel, yasal, tarihsel, dini ve ruhsal faktorlerin etkilesiminden etkilenir’

seklinde tanimlanmistir (Who, 2006).

Cinsel saglik kavramina baktigimizda ise DSO tarafindan “Duygusal, zihinsel ve sosyal
olarak cinsellikle ilgili iyilik hali olup, ayni zamanda yasam kalitesinin 6nemli bir 68esi”
seklinde ifade edilmistir (WHO, 2006). Cinsel saglhigin siirdiiriilmesi ve cinsel saglik
sorunlarinin 6nlenmesinde cinsel saglik okuryazarligi 6nemli bir faktordiir (Jamali et al., 2022).
Cinsel saglik okuryazarlig1 genis anlamiyla, cinsel saglik bilgilerini anlama ve mevcut bilgilere
gore hareket etme yetenegini ifade etmektedir (Satcher, 2001). Baska bir tanimda ise cinsel
saglik okuryazarligi: “giinliikk yasamda cinsel saglik bilgilerine erisim, anlama, degerlendirme
ve uygulamada bilgi, inang, tutum, motivasyon ve kisisel yetenekleri ifade eder ve kisiyi
hayatinda bir degisiklik yapmak ic¢in yargilarda bulunmaya ve kararlar almaya hazirlar,
giiclendirir. *seklinde ifade edilmistir. (Martin, 2017). DSO cinsel saglik okuryazarligmn
cinsel saglik bilgilerini anlama, uygulama, cinsel yolla bulasan enfeksiyon (CYBE) riskini
azaltma ve saglik otesinde faydalar sagladigini vurgulamaktadir (WHO, 2016). Cinsel saglik
okuryazarlig1 bilingli secimler yapmak, giivenli seks uygulamalarini arttirmak ve cinsel yolla
bulasan hastalik riskini azaltmak icin &nleyici bir etkendir (Vamos et al., 2020). DSO tarafindan
2024 yilinda yaymlanan rapora gore 15 yasindaki her bes erkek ¢cocugundan biri (%20) ve 15
yasindaki her yedi kiz ¢ocugundan biri (%15) cinsel iliskiye girdigini ve ergenlerin yaklasik
ticte birinin (erkeklerin %30'u ve kizlarin %36's1) son cinsel iliskide kondom kullanmadig1

tespit edilmistir (WHO, 2024). Disiik gelirli ve gelismekte olan {ilkelerde saglik
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okuryazarliginda oldugu gibi cinsel saglik okuryazarliginin da diistik oldugu belirtilmektedir
(Harsch et al., 2021; Rashidi et al., 2023).

Bu derleme ¢alismasinda amag; kadinlardaki cinsel saglik okuryazarlik diizeyini etkileyen

faktorlerin belirlenmesidir.

Yontem
Bu c¢aligsma bir literatiir derlemesidir. CINAHL, EMBASE, PsycINFO, PubMed and Web
of Science veri tabanlarindan 2018-2024 yillar1 arasinda “‘Cinsel saglik okuryazarligr’’, “‘kadin

sagligr’’, “‘cinsel egitim’’, ‘‘cinsel saglik>> anahtar kelimeleri ile Tiirkce ve Ingilizce tarama

yapilmistir.

Bulgular

Cinsel saglik okuryazarligi, 6zellikle kadinlarin dogrudan davranislarini etkileyen 6nemli
bir kavramdir. Bununla birlikte, bu alandaki bilgilerin ortaya ¢ikmasinin diisiik olmasi,
potansiyel saglik durumlarinin olumsuz yonde etkilenmesi ve saglik sorunlarinin ortaya
cikmasina neden olmaktadir. (Maasoumi ve ark., 2019).Cinsel saglik okuryazarlig: kisilerin
diisiik riskli partner se¢cmesine, cinsel saglikla iliskili riskleri anlama ve degerlendirme
becerilerinin gelistirilmesine, ilk cinsel deneyimin gecikmesine ve giivenli cinsel deneyime
sahip olmalarina yardimci olmaktadir (Maasoumi et al., 2019). Kaplan Dogan (2024)’nin geng
kadinlarda cinsel saglik okuryazarlik diizeylerinin evlilik oncesi riskli cinsel davranislar
iizerine etkisini belirlemek amaciyla yaptig1 calismada katilimeilarin cinsel saglik okuryazarlik
puan ortalamasiin %54,3 oldugu ve cinsel saglik okuryazarlig1 diizeyi arttik¢a evlilik dncesi
cinsel davraniglarda riskin azaldig tespit edilmistir. Disiik cinsel saglik okuryazarligina sahip
bireyler tiim bu risk faktorlerine agik hale gelmektedir (Maasoumi et al., 2019).

Cinsel saglik okuryazarlig1 cinsiyet, yas, egitim diizeyi, yasanilan yer, cinsel deneyim,
cinsel egitim, dogum yeri, dini baglilik, kiiltiirel faktorler, medya, ¢alisma durumu, dogum
say1st, aile tutumu, 6z bakim diizeyi, kontraseptif yontem kullanimi gibi pek ¢ok faktorden
etkilenmektedir (Simpson et al., 2015; Rakhshaee et al., 2020; Panahi et al., 2021; Rashidi at
al., 2023; Shahrahmani et al., 2023; Bahrampour et al., 2024; Kohansal et al., 2024).

Cinsel saglik okuryazarligina etkileyen faktorlerin belirlendigi ¢aligmalara bakildiginda;
Jamali ve arkadaslar1(2020) nin cinsel saglik okuryazarligini ve ilgili faktorleri degerlendirmek
amaciyla yaptiklar1 ¢alismada katilimcilarin 9%23,3 {intlin sinirl cinsel saglik okuryazarligina
sahip oldugu ve ilkokul ve ortaokul egitimi olanlarin cinsel saglik okuryazarlik diizeyinin
lisansiistli dereceye sahip olanlara gore daha diisiik oldugu, eslerin egitim seviyesi yiikseldikce
cinsel saglik okuryazarlik diizeyinin arttig1 belirtilmistir. Shahrahmani ve arkadaglar1 (2023)
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cinsel 0z yeterlilik, cinsel bilgi ve tutum, giivenilir ve giivenilir olmayan kaynaklar1 belirleme
yetenegi, cinsel bilgi edinme konusunda utang ve mahcubiyet duygularinin, sosyal destegin ve
ailedeki cinsel sorunlarin, miistehcenliginin ¢iftlerde cinsel saglik okuryazarligi diizeyini
etkiledigi saptanmistir. Panahi ve arkadaglar1 (2021)’min cinsel saglik okuryazarlig
caligmasinda ise katilimcilarin %17,4°1 yetersiz cinsel saglik okuryazarligina sahip oldugu,
lisans ve lizeri egitimi sahip kadinlarin ilkogretim mezunu olan kadinlara kiyasla daha yiiksek
cinsel saglik okuryazarligina sahip olma sans1 oldugu saptanmis ve esleri diisiik egitimi diizeyi
ve cinsel saglik okuryazarligina sahip kadinlarin cinsel saglik okuryazarligimin diisiik olma
oraninin 4.25 kat daha fazla oldugu tespit edilmistir. Ayn1 ¢calismada dogum kontrol yontemi
kullanmayan kadinlarin daha diisiik cinsel saglik okuryazarligina sahip oldugu bildirilmistir.
Bu calismaya destekler nitelikte olan bir bagka calismada ise; iiniversite mezunu olan kisilerin
olmayanlara gore, calisan kisilerin ¢calismayanlara gore daha yiiksek cinsel saglik okuryazarlik
diizeyine sahip oldugu, kadinlarin meslegine ek olarak, esleri isssiz olan kadinlarin daha diisiik
cinsel saglik okuryazarligina sahip oldugu goriilmiis ve gebelik sayisinin artmasi ile cinsel
saglik okuryazarliginda diisiis oldugu sonucuna ulasilmistir (Bahrampour et al., 2024).

Cinsel saglik okuryazarlig1 yas, yerlesim yeri, ekonomik faktorler kiiltiirel normlar ve
egitimi diizeyi gibi faktorlerle iliskilidir. Yapilan ¢aligmalara bakildiginda; Vongxay ve
arkadaslar1 (2019)’nin 15-19 yas okula giden ergenlerin cinsel ve iireme saglik okuryazarligini
degerlendirmek amaciyla yaptiklari ¢alismada katilimeilarin %65,5’nin yetersiz cinsel saglik
okuryazarligina sahip oldugu ve kentsel yerlesimlerde yasayan ergenlerin cinsel saglik
okuryazarlik puanlarinin 6nemli 6l¢iide daha yiiksek oldugu tespit edilmistir. Adamu Amanu
ve arkadaslari(2023)’nin Sahra Alti Afrika'daki gencler arasinda cinsel ve iireme sagligi
okuryazarligi hakkinda mevcut kanitlarin tutarli bir 6zetini ve sentezini sunmak amaciyla
yaptiklar literatiir taramasinda katilimcilarmin diistik cinsel saglik okuryazarligma sahip
oldugu gencler arasinda cinsel saglik okuryazarligi ile ilgili uygulamalari ve deneyimleri
belirleyen gesitli faktorler (aile etkileri, akran baskisi, ekonomik kosullar, kiiltiir veya normlar,
zaman (is ylkii), ikamet yeri, yas, cinsiyet, egitim, baglilik ve saglik durumu) oldugu ve diisiik
cinsel saglik okuryazarligina sahip genclerin riskli cinsel davraniglar (cinsel yolla bulasan
enfeksiyonlar ve geng yasta gebelik) icinde olduklari sonucuna ulasilmistir.

Cinsel saglik okuryazarligi kiiltiirel ve dini baghliktan yakindan etkilenmektedir.
Rakhshaee ve arkadaslar1 (2020)’nin infertilite sorunu yasayan kadinlar arasindan cinsel saglik
okuryazarhginin boyutlarmi kesfetmek amaciyla yaptiklari g¢alismada Iran Kkiiltiiriinde

cinselligin tabu olarak goriildiigi, tim katilimeilarin cinsel tepki dongiisii, cinsel yolla bulasan
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enfeksiyonlarin onlenmesi, hedefli cinsel iliski hakkinda bilgi eksikligi yasadigi ve bilgi
aramada yasadiklar1 engeller olarak ise utang, gizlilik ve cinsel saglik merkezlerinin eksikligi
oldugu vurgulanmistir. Ayrica yapilan bu nitel ¢calismada bir kadinin cinsellikle ilgili duygu ve
diisiincelerinin ifadesi su sekildedir: “Ulkemizin kiiltiirii, cinsel sorunlarimiz hakkinda
konugsmaktan utanmamiza neden oluyor... Toplumda bu tabu ve kimse bize hichir sey
ogretmiyor.” Lirios ve arkadaslar1i(2023) nin kiiltiirel ve dilsel olarak farkli gegmislere sahip
gencler, cinsel ve lireme sagligi bilgilerine ve bakimima erisimde engelleri karsilagtirmak
amaciyla yapilan sistematik derleme sonucunda ¢ok ¢esitli etnik kokenlere sahip, kiiltiirel ve
dilsel olarak farkli ge¢mislere sahip genclerin diisiik cinsel saglik okuryazarligi bilgisine ve
ihtiya¢ duyulan cinsel saglik okuryazarlig: bilgilerine sinirli erisime sahip oldugu (bu ulagim
engelleri arasinda kiiltiirel faktorler, aile yaklagimi gibi) sonucuna ulasilmistir. Yapilan bu nitel
calismada vietnamli bir kadin katilimcinin konuyla ilgili ifadesi su sekildedir; “Su anda
doktoruma cinsel bir konu i¢in gitsem, annemle babamla iletisime gececeginden gercekten
endiselenirdim... Belki de doktor, ailemle aym kiiltiirden olduklarini diigiindiigii icin
birbirlerine haber vermekle yiikiimlii olduklarini diisiinebilir.Beni ger¢ekten endiselendiren sey
bu olurdu.. Flanagan (2024)’1n dini bakis agilarinin, cinsel saglik egitimi ve cinsel okuryazarlik
iizerindeki etkisini incelemek amaciyla yaptigi nitel ¢alismada dinin hem resmi hem de gayri
resmi cinsel saglik egitimi {izerindeki etkisinin, kadinlarin cinsel okuryazarlik diizeylerini
gelistirmek i¢in gerekli becerileri edinmelerini engelledigi tespit edilmistir. Bunun sonucunda
kadinlarin cinsel gilivenligi koruma, cinsel arzularini, ihtiyaglarini, sinirlarii ifade etme ve

yetiskinlige geciste etkili bir cinsel yagsam stirmedikleri sonucuna ulagilmistir.

Cinsel saglik okuryazarligimin yiikseltilmesi ve iyilestirilmesi amaciyla cinsel egitim
olduk¢a 6nemlidir. Cinsel egitimin temel amaci cinsel ve iireme saglhigini gelistirmektir (van
Leent et al., 2023).Bunlarin yani sira cinsel egitim bireylere insan onuruna saygi duymayi,
kendini korumay1, kendinin ve baskalarinin bedenlerine deger vermeyi icermektedir(Kim,.et
al., 2023; van Leent et al., 2023).Cinsel egitim, cinsel davranislardan kaynaklanan potansiyel
riskleri azaltma, istenmeyen gebeliklere ve cinsel yolla bulasan hastaliklara karsi korunma
konusunda 6nemli bir ara¢ olmaktadir (van Leent et al., 2023).Ayn1 zamanda cinsel egitimi
cinsellikle ilgili psikolojik, fiziksel, sosyal ve evlilik sorunlarinin 6nlenmesi konusunda,
bireylerin genel saglik ve refahin1 destekleyerek saglikli bir cinsel yasam siirmelerine katki
saglayabilir(van Leent et al., 2023).Tiim bunlar sayesinde kisilerin cinsel saglik okuryazarlik

diizeyinin ylikseltilmesi desteklenecektir.
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Sonuc¢

Literatiirde goriildiigli iizere cinsel saglik okuryazarligi pek cok faktdrle yakindan
iliskilidir. Kadin saghiginin yiikseltilmesi i¢in ise cinsel saglik okuryazarliginin iyilestirilmesi
sarttir. Bu noktada biz hemsirelere diisen sorumluluk olduk¢a fazladir. Hemsire olarak
danismanlik ve egitici rollerin kullanimi ile etkili bir cinsel saglik egitimi verilmesiyle
kadinlarin riskli davraniglardan korunmasi saglanacaktir. Cinsellik konusunun olduk¢a hassas
bir konu oldugu unutulmamali ve egitim verilirken kisilerin mahremiyetinin saglanmasina,
farkliliklar1 g6z 6niinde bulundurarak bir yaklasim sergilenmesine, sevgi ve nezaket ile kisinin
anlayabilecegi dil se¢imi ve materyal kullanimiyla birlikte bir egitim siirecinin olusturulmasi
saglanmalidir. Bu noktada hemsirelik mesleginde bakim verme konusunda yol gdsterici olan
Jean Watson’1n insan Bakim Modelini olusturan iyilestirici faktdrler ve iyilestirme siireclerinin,
kullanimi verilen egitimin ve bakimin kalitesini arttirilabilir. Unutulmamalidir ki kadin saglig:

demek bir toplumun sagligi demektir.
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ABSTRACT

Gynecological cancers are malignant tumors that develop in the female reproductive
organs and cause high morbidity and mortality worldwide. Endometrial cancer, with 420,368
cases in women (%4.3), ranks second, while in Turkey, 7,847 women (%7.3) have been
diagnosed, making it the most common gynecological cancer type.

As awareness increases, women are more likely to seek medical attention at earlier stages,
leading to more successful treatment outcomes. However, there is currently no screening test
for endometrial cancer, and early diagnosis is only possible through awareness. Studies show
that women lack sufficient knowledge about the risks of endometrial cancer, making early
detection more difficult. Symptoms such as postmenopausal bleeding are often considered
normal or avoided due to shame, preventing women from seeking healthcare services. Women
may miss early diagnosis opportunities due to a lack of information, economic difficulties,
challenges in accessing healthcare, and low awareness.

The role of nurses is to ensure that women recognize symptoms early and provide
information on healthy lifestyles. It is also important to refer high-risk individuals for early
diagnosis, taking into account genetic and environmental factors. In this way, cancer can be
diagnosed at an early stage and treatment processes can be made more effective.

In conclusion, increasing awareness of endometrial cancer will have positive effects on

women’s health and strengthen early diagnosis and treatment processes.

Keywords: Endometrial cancer, women's health, awareness, nursing.

130


mailto:busraisbiliir@gmail.com
mailto:aydinruveyde@gmail.com
mailto:aleynaguner150@gmail.com

& whFEEg,

RO
A

MCADE Yy v
s

D

£
BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE

ISBN NR. : 978-625-5962-66-9

AWARENESS OF GYNECOLOGIC CANCERS IN WOMEN: A STUDY ON
ENDOMETRIAL CANCER

1. Introduction

Gynecological cancers are malignant tumors that occur in the female reproductive system
organs (Arslan et al., 2021; HSGM, 2021). These types of cancers are among the leading causes
of morbidity and mortality worldwide (Oztiirk et al., 2021). In Turkey, gynecological cancers
rank among the top 10 causes of death in women. These cancers are named according to the
organ they affect and are classified into endometrial (uterus), ovarian (ovary), cervical (cervix),
vulvar, and vaginal cancers (Turkey Cancer Statistics, 2017). According to Globocan 2022 data,
there are 420,368 women (%4.3) diagnosed with endometrial cancer worldwide, making it the
second most common gynecological cancer. The countries with the highest number of cases
include China, the USA, Russia, Japan, and India (Globocan, 2022). According to the National
Institutes of Health (NIH), it is estimated that 67,880 new cases of endometrial cancer will be
diagnosed in 2024, which accounts for 3.4% of all cancers (NIH, 2024). In Turkey, 7,847
women (%7.3) have been diagnosed with endometrial cancer, making it the most common

gynecological cancer type (Globocan, 2022).

2. Awareness Level of Endometrial Cancer in Women, Its Importance, and
Contributing Factors

Despite being the most common gynecologic cancer, general awareness of endometrial
cancer is poor. One study found that 41% of women knew about gynecologic cancers, but the
awareness of endometrial cancer (11%) was lower than that of other cancers (Fonnes et al.,
2021). Unfortunately, there is limited research evaluating awareness and knowledge about
endometrial cancer in the general female population (Schlumbrecht et al., 2023). Studies have
shown that women lack sufficient information about the impact of obesity, age, race
(sociocultural factors and genetic background), and hormone use on the risk of endometrial
cancer (Soliman et al., 2008; Washington et al., 2020). In a study conducted by Beavis et al.
(2024) on 357 overweight and obese women, only 48.7% of the women recognized obesity as
a risk factor for endometrial cancer. Similarly, previous research has also shown that women
are insufficiently informed about the relationship between endometrial cancer and obesity
(Soliman et al., 2008; Wilkinson et al., 2020). There are no screening tests available for
endometrial cancer, and it is typically diagnosed when women experience symptoms such as
postmenopausal bleeding (Clarke et al., 2018). In a study that examined whether women

received counseling about postmenopausal bleeding, whether they sought healthcare after
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participants identified postmenopausal bleeding as a symptom of endometrial cancer (Wise et
al., 2024). Although the majority of women with endometrial cancer (86.6%) present with
abnormal vaginal bleeding, nearly half admit they were unaware that abnormal bleeding could
be a sign of endometrial cancer (Johnson, 2011). The American Cancer Society strongly
recommends that, during menopause, women be informed about the risks and symptoms of
endometrial cancer and encouraged to report any unexpected bleeding or spotting to their
doctors (American Cancer Society, 2019). A lack of awareness among many women,
normalizing the symptoms, or feelings of embarrassment have been identified as reasons why
women do not seek healthcare when experiencing symptoms such as postmenopausal vaginal
bleeding, a sign of endometrial cancer (Kumarakulasingam et al., 2018). To increase awareness
between women and healthcare providers, the National Comprehensive Cancer Control
Program (NCCCP) of the Centers for Disease Control and Prevention evaluated the impact of
"Inside Knowledge" materials on endometrial cancer awareness. After the educational
intervention, participants showed improved knowledge of risk factors and symptoms, with non-
gynecologist healthcare providers demonstrating increased knowledge and confidence.
However, the study concluded that knowledge gaps still exist, particularly regarding genetic
risk factors such as Lynch syndrome (Navinson et al., 2019). Women may neglect or never
undergo screening tests due to factors such as lack of information, economic difficulties,
difficulties in accessing health services, feelings of shame and low awareness of endeomtrium
cancer (Williams et al., 2018; Aasbg et al. 2019).

3. The Effect of Endometrial Cancer Awareness on Early Diagnosis - Treatment
Process and the Role of Nurses

Early awareness of symptoms and seeking medical help promptly increases the likelihood

of diagnosing endometrial cancer at an early stage, which typically results in curative treatment
(94.9% 5-year survival rate) (National Cancer Institute, 2023). A prospective study conducted
in the United Kingdom highlighted that low awareness of symptoms that could indicate
endometrial cancer contributed to treatment delays (Johnson, 2011). Therefore, individuals at
risk of endometrial cancer must be aware of the benefits of early consultation after the onset of
symptoms (Wise et al., 2024). Increasing awareness of endometrial cancer can not only help
with cancer prevention but also be effective in preventing problems that may arise alongside
the cancer (Burucu & Kiyak, 2022). Since there is no specific screening test for endometrial

cancer, continuous research is essential to understand the etiology of the disease and identify
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aimed at increasing endometrial cancer awareness in Asian and Black ethnic groups sought to
develop a culturally tailored animation video. The study aimed to address knowledge gaps
related to reproductive anatomy, endometrial cancer symptoms, and diagnostic processes. The
use of culturally appropriate educational materials can promote early diagnosis and improve
awareness, especially in low-awareness groups (Chitrakar et al., 2025). Health education
interventions aimed at increasing endometrial cancer awareness can be implemented at the
individual or societal level (Austoker, 2009). Interventions at the individual level include
methods such as face-to-face consultations with a healthcare professional or educational
brochures tailored to a specific individual. Interventions implemented at the societal level can
be conducted through various methods, including media campaigns, health education websites,
and distributing brochures or posters to large audiences in public spaces (Austoker, 2009).

Nurses should participate in educational programs to encourage individuals to recognize
symptoms at an early stage and to apply for care, as well as play a role at the system level to
ensure equal and quality care for all patients. In particular, it should be emphasized that warning
symptoms such as postmenopausal bleeding should be taken seriously and that early diagnosis
increases survival rates. Healthy living habits should be targeted by informing about
preventable risk factors such as obesity and unhealthy lifestyle. Individuals in the high-risk
group can be identified and referred for early diagnosis and treatment.

4. Conclusion and Recommendations

Increasing awareness of endometrial cancer will contribute to the prevention of other
health problems that can be seen with cancer as well as cancer prevention. Women's awareness
and knowledge in early diagnosis and treatment processes play an important role in reducing
the effects of cancer. Health services should be strengthened through continuous research and
educational activities to improve awareness and outcomes in the management of endometrial

cancer.
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OZET

Diinya capinda 6nde gelen 6liim nedeni ve edinilmis fiziksel sakatligin ana nedeni olan inme
sonrast hastalarin {igte biri gilinliikk islerinde baskalarina muhtag olarak yasamlarini
siirdiirebilmektedir. Inme gegiren ¢cogu hastada gérme problemleri, duyu-motor bozukluklar,
biligsel bozukluklar, toniis bozukluklari, konusma gii¢liigii, koordinasyon bozuklugu ve yutma
giicliigi gibi fiziksel diizeyde yetersizlikler yasandigi ve bu duruma bagli olarak giinliikk
aktivitelerin olumsuz etkilendigi bilinmektedir. Hastayla birlikte bakim vericilerin de
yasayabilecekleri sorunlarin belirlenmesi, bilgi eksikliginin giderilmesi ve bas etme
stratejilerinin  gelistirilmesi Onemlidir. Bireyin hastane ve ev ortaminda bakiminin
stirdiiriilmesinde tiim saglik ekip iiyeleri, 6zellikle hemsireler anahtar rol oynamaktadir.
Bireylerin 6z bakim gii¢lerinin arttirilarak gilinlilk yasam aktivitelerinde yliksek diizeyde
bagimsizliklarinin saglanmasinda hemsirelerin egiticilik rolii biiyiik 6nem tasimaktadir.
Hemsireler tarafindan verilen saglik egitimi ve bakimdaki stireklilik, inmeli bireylerin
hastaligin getirdigi sorunlar ve yetersizliklerle bas etmesini kolaylastirir.Bakim verenin
sorunlarin1 belirlemek icin veri toplamak, bakim planlarinda, bakim veren ve diger aile
iyelerini birlikte ele almak ve bu dogrultuda egitim planlamak hemsirenin profesyonel
sorumluluklarindandir ve bu siirecte hemsirelerin egitim, bakim, danigmanlik, calismalari
organize etme, yol gosterme gibi rollerini ger¢eklestirmesi gerekmektedir. Bakim verenin hasta
ile iletisimini, hastalik ve bakim verme ile ilgili bilgi, tutum ve davraniglarini gézlemeli, bakim
verenlerin yeteneklerine odaklanarak bakim verenin olumlu tutum gelistirmelerine yardim
etmelidir. Bakim veren bireylere bakim icin gerekli el becerileri, hastanin giinliik yasam
aktivitelerini yerine getirirken kolaylastirici yontemleri ve bakim uygulamalari hakkinda
verilen egitimlerin bakim verenlerin yasadigi bakim yiikiinii azaltabilecegi ve hem hastanin
hem de bakim verenin yagam kalitesini artirabilecegi diisiiniilmektedir.

Anahtar kelimeler: Inme, Bakim verici, Hemsirelik

ABSTRACT

Stroke remains one of the leading causes of death and the primary cause of acquired physical
disability worldwide. Approximately one-third of stroke survivors continue their lives
dependent on others for daily activities. It is well established that most stroke patients
experience a range of physical impairments, including visual disturbances, sensorimotor
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dysfunction, cognitive deficits, tone abnormalities, speech difficulties, coordination problems,
and dysphagia, all of which significantly impact their ability to perform daily
activities.Identifying the potential challenges faced not only by patients but also by their
caregivers, addressing knowledge gaps, and developing effective coping strategies are critical
components of post-stroke care. All members of the healthcare team—particularly nurses—
play a central role in ensuring the continuity of care in both hospital and home settings. The
educational role of nurses is particularly important in enhancing patients’ self-care capacity and
promoting independence in activities of daily living. Health education provided by nurses,
along with continuity of care, facilitates patients' adaptation to the challenges and functional
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limitations resulting from stroke. It is among the professional responsibilities of nurses to
collect data on caregivers’ needs, include caregivers and family members in care planning, and
design targeted educational interventions. In this process, nurses must fulfill roles such as
educator, caregiver, consultant, coordinator, and guide. Nurses should observe the caregiver’s
communication with the patient and assess their knowledge, attitudes, and behaviors regarding
the illness and caregiving process. Supporting caregivers in developing positive attitudes by
focusing on their strengths and abilities is essential. Discharge education should include training
on practical caregiving skills, facilitative techniques for daily care tasks, and basic nursing
practices. Such training has the potential to reduce caregiver burden and improve the quality of
life for both patients and caregivers.

Keywords: Stroke, Caregiver, Nursing

GIRIS

Diinya capinda 6nde gelen 6liim nedeni ve edinilmis fiziksel sakatligin ana nedeni olan inme
sonras1 hastalarin tiigte biri gilinlilk islerinde bagkalarina muhtag olarak yasamlarim
siirdiirebilmektedir. Inme geciren ¢ogu insanin gdérme problemleri, duyu-motor bozukluklar,
biligsel bozukluk, toniis bozukluklari, konugsma gii¢liigii, koordinasyon bozuklugu ve yutma

giicliigii gibi fiziksel diizeyde yetersizlik yasadigi ve bu duruma bagh olarak giinliik
aktivitelerinin olumsuz etkilendigi bilinmektedir (Clare,2018).

Giinliik yasam aktiviteleri yasamun siirdiiriilebilmesi i¢in kisinin hayat1 boyunca yerine getirdigi
aktivitelerdir. Bu aktiviteler; birey ve c¢evresinin giivenliginin saglanmasi, iletisim, solunum,
beslenme, bosaltim, kisisel temizlik ve giyim, beden 1sisinin kontrolii, hareket, calisma ve
eglence, uyku ve cinsellik gibi aktivitelerdir. Inmeli bireyler ¢ogunlukla giinliik yasam
aktivitelerini siirdiirmede yetersiz kalmakta ve giinliik yagsamlarini siirdiirme konusunda giigliik
cekmektedirler (Caligkan ve ark.,2021).

Inmede birey nérolojik defisitler nedeniyle ¢esitli sorunlarla kars1 karsiya oldugundan
yatakli tedavi kurumlarinda uygulanan akut tedavi sonrasi bakiminin siirekliliginin
saglanabilmesi i¢in evde bakim hizmetlerinin planlanmasi1 énemlidir. Bakimin temel noktalar1
norolojik degisikliklerin erken fark edilmesi ve komplikasyonlarin erken &nlenmesidir. Inme
sonrasi hastalarin bakimda bagimli olmasi nedeniyle uzun donem bakim gereksinimi artmakta
ve bakim genellikle aile iiyeleri tarafindan iistlenilmektedir (Lim ve ark.,2021).
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Ozellikle bireyin, evde siirekli bakim ihtiyac1 oldugunda bu siire¢ kisinin hastaneye
gitmesinden ¢ok hastane hizmetinin eve gelmesi ve evde bakim hizmetinin desteklenmesi
dogrultusunda olmaktadir. Bu siire¢ lilkemizde de oldugu gibi rutin ilaglar, tekrarli kontroller,
izlemler ve en Onemlisi de hastanin yatak i¢i bakimi iizerine odaklanmaktadir (Tuncay ve
Mollaoglu,2006). Oysaki evde bakim siirecinde yalnizca hastalarin degil, bakim vericilerin de
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belirli araliklarla izlenmesi ve desteklenmesi gerekmektedir. Hastayla birlikte bakim vericilerin
de bu siirece dahil edilmesi, bakim vericilerin yasayabilecekleri sorunlarin belirlenmesi ve bas
etme stratejilerinin gelistirilmesi agisindan onemlidir. Bu baglamda, evde bakim siirecinde
hemsire, gelistirecegi planli ve dogru bir yaklagimla bakim vericinin, bakim yonetiminde
yasadig1 bakim ytiikiinii ve psikososyal sorunlarini1 en aza indirmesini saglayabilir (Feigin ve
ark. 2022).

INMELI HASTALARIN BAKIM VERICIiLERIi

Bakim verici; bakim sorumlulugunu istlenen, hastaya fiziksel, sosyal, emosyonel ve maddi
olarak destek saglayan bireydir (Celik ve digerleri, 2021). Hem bizim iilkemizde hem de
gelismis iilkelerde toplumsal yapidaki degisimlere ragmen hasta bireyi destekleyici ailevi rol
halen varligini siirdiirmektedir (Tasdelen ve Ates, 2016). Dolayisiyla iilkemizde geleneksel ve
kiiltiirel 6zellikler de goz oniine alindiginda evde bakim hastalarinin bakimi biiyilik oranda aile
bireyleri tarafindan gerceklestirilmektedir. Hastaya bakim veren aile ferdi; iste calisma, egitim
durumu ve diger aile fertlerine ve kendine ayiracagi zaman gibi konularda kisitlanabilmektedir
(Yildiz ve Oztiirk, 2020).

Bir¢cok bakim verici bakim verme noktasinda bilgisinin olmamasi, deneyimlerinin yetersiz
olmas1 nedeniyle kendilerini agir yiik altinda hissetmektedir. Inmenin 65 yas iizeri bireylerde
gerceklestigi goz Onlinde bulunduruldugunda; bakim verici es ise o da yash bir birey
olabilmektedir (Karakurt ve Unsal, 2019). Dolayisiyla kendi saglik sorunlar ile miicadele etme
zorunda kalabilmektedir. Bakim verici geng veya yetiskin bir birey ise, ise devam etmesi
gerekebilir ya da baska ev i¢i sorumluluklar1 olabilmektedir. Hasta ve bakim veren arasindaki
gecirilen zamanin fazla olmasi, bos zamanin az olmasi, hasta-bakim veren arasindaki yiiksek
duygusal etki, bakim verenin kendi saglik sorunlari, duygusal (depresyon, kaygi, 6zgiiven
duisiikliigii, uykusuzluk, sosyal izolasyon vb.), ekonomik (¢alisma saatlerinin azaltilmasi, sosyal
sigorta kapsamina girmeyen ek bir maliyet yiikii olusturma vb.) etkenler kisilerin kaygi ve
korkularmi arttirmaktadir (Ozcan ve Akyol, 2022).

Ayrica sosyal destek diizeylerinin istenilen Ol¢lide olmamasi ve hasta bakim konusunda
egitimlerinin olmamas: diger O6nemli sorunlardandir. Bakim sorumlulugunu yiiklenen
yakinlarin, yasadiklar1 kaygi ve tikenmislik diizeyi artmakta; bu durum ise bakim alan
hastalarin etkin bakim alamamalari, komplikasyon diizeyinde artis, saglik kurumlarina bagvuru
sayisinda artis gibi istenmeyen durumlara sebep olmaktadir (Demir ve arkadaslari, 2023).

INME VE GUNLUK YASAM AKTIVITELERI

Inme, beyin damarlarinda meydana gelen, hizla gelisen ve 6liimle sonuglanabilen klinik bir
sendromdur (Oztiirk & Arslan, 2019). Diinya geneline bakildiginda, en yiiksek oranda 6liim
nedenleri arasinda oldugu goriilmektedir (Katan & Luft, 2018). Ayrica, engellilik meydana
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getirme Ozelliginden dolay1 6nemsenen kronik bir hastaliktir. Bu kronik hastaliga sahip bireyler
cesitli tedaviler almakla birlikte genel olarak yar1 bagimli ya da tam bagimli olarak hayatlarini
siirdiirmektedirler (Demir & Akyiiz, 2020). inmeli hastalarin ¢ogunlukla yasl bireyler oldugu
diistintildiglinde, evde saglik hizmeti almalar1 ve bakim veren bir bireye ihtiya¢ duymalari
beklenen bir durumdur (Yildiz & Oztiirk, 2020).

Giinliik yasam aktiviteleri, yasamin siirdiiriilebilmesi i¢in kiginin hayati boyunca yerine
getirdigi aktivitelerdir.

Bu aktiviteler;

Roper ve arkadaslan tarafindan diizenlenen 12 yasam aktivitesi
1.Giivenli ¢evrenin saglanmasi 7.Viicut 1s1sinin kontrolii
2.1letisim 8.Hareket
3.Solunum 9.Calisma ve eglence
4.Beslenme(yeme-i¢cme) 10.Cinselligi ifade etme
5.Bosaltim 11.Uyku
6.Kisisel temizlik ve giyim 12.0liim

(Alligood, 2017
INMELI HASTALARDA GUVENLI CEVRENIN SAGLANMASI

Inme gegiren bireylerin evde bakim siirecinde giivenli bir ¢evrenin olusturulmas1 hem hastanin
iyilesme siirecini desteklemek hem de olas1 komplikasyonlar1 6nlemek agisindan biiylik 6nem
tasimaktadir. Bu bireylerde sik goriilen denge ve koordinasyon problemleri, diisme riskini
artirmakta; bu nedenle yasadiklar1 ¢evrede fiziksel giivenlik Onlemlerinin alinmasi
gerekmektedir (Faria-Fortini et al., 2021). Kaymaz zeminlerin ortadan kaldirilmasi, tutunma
barlarinin yerlestirilmesi, yeterli aydinlatmanin saglanmasi ve engellerin minimize edilmesi
gibi gevresel diizenlemeler, hasta giivenligini artirmakta ve bakim vericilerin i ytkiini
azaltmaktadir (Egan et al., 2022). Ayrica, gilivenli ¢evre diizenlemeleri sayesinde hastalarin
bagimsizlik diizeylerinin artirtlmasi da miimkiin olmakta, bu da hem fiziksel hem psikolojik
iyilik hallerine olumlu katkilar sunmaktadir. Hemsirelerin bu konuda egitim ve danigmanlik
saglamasi, glivenli ¢cevre kosullarinin siirdiiriilebilirligi agisindan kritik bir rol oynamaktadir
(Lobo et al., 2023).

INMELI HASTALARDA iLETISIiM

Inme gegiren bireylerde, 6zellikle afazi gibi dil ve konusma bozukluklarinin sik goriilmesi
nedeniyle etkili iletisim kurmak ¢ogu zaman giiclesmektedir. Bu durum, hastanin duygularini
ifade etmesini, ihtiyaglarini belirtmesini ve sosyal iliskilerini siirdiirmesini olumsuz etkileyerek
yasam kalitesinde ciddi distislere neden olabilir (Brady et al., 2016). Hemsireler ve bakim
verenler i¢in hastayla iletisimde sabirli olmak, basit ve acgik ciimleler kullanmak, gorsel
desteklerden yararlanmak ve beden dilini etkili sekilde kullanmak gibi stratejiler iletisim
stirecini kolaylastirabilir (Simmons-Mackie & Kagan, 2018). Ayrica, iletisimi kolaylastiric
teknolojik araglar ve afazi terapileri sayesinde hastalarin iletisim becerilerinde anlamli
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ilerlemeler saglanabilmektedir. Etkili iletisim, sadece hastanin psikolojik iyilik halini degil,
aynt zamanda bakimin kalitesini ve hasta-bakim verici is birligini de olumlu yonde
etkilemektedir (Cruice et al., 2020).
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INMELI HASTALARDA SOLUNUM

Inme geciren hastalarda motor kontrol kayb1 yalnizca ekstremitelerle sinirli kalmayip, solunum
kaslarmi da etkileyebilir; bu durum da solunum fonksiyonlarinda azalma, sekresyonlarin
atilamamasi1 ve pndmoni riskinde artig gibi ciddi komplikasyonlara neden olabilir (Zitko et al.,
2021). Solunum kas giiciiniin azalmasi, 6zellikle hemiplejik bireylerde inspiratuvar kapasitenin
diismesine yol acarak oksijenlenme bozukluklarina sebep olabilir (Kim & Lee, 2020). Bu
nedenle, hemsirelerin inme sonras1 ddonemde hastalarin solunum fonksiyonlarini diizenli olarak
degerlendirmeleri ve gerekirse solunum egzersizleri, pozisyonlama ve bronsial hijyen teknikleri
gibi miidahalelerle desteklemeleri biiyiik 6nem tasimaktadir (Vaz Fragoso et al., 2019). Ayrica,
solunum fizyoterapisi uygulamalari, sadece solunum fonksiyonlarini artirmakla kalmayip,
hastalarin mobilizasyonunu kolaylastirarak genel iyilik hallerine de olumlu katki sunmaktadir
(Huang et al., 2022).

INMELI HASTALARDA BESLENME

Inme sonras1 donemde, bireylerde sikga goriilen yutma giicliigii (disfaji), malniitrisyon ve
aspirasyon pnomonisi gibi komplikasyonlara yol agarak hem iyilesme siirecini olumsuz etkiler
hem de hastanede kalis siiresini uzatir (Smithard et al., 2021). Bu nedenle, inmeli hastalarda
beslenme durumunun erken dénemde degerlendirilmesi ve bireye uygun beslenme planlarinin
olusturulmasi kritik 6neme sahiptir. Ozellikle yutma fonksiyonunun giivenli bir sekilde
stirdiiriilebilmesi i¢in beslenme sekli, kivami ve pozisyonlandirmaya dikkat edilmesi gerekir
(Clavé & Shaker, 2020). Hemsireler bu siirecte, hastanin beslenme risklerini degerlendirerek,
enteral ya da oral yolla giivenli beslenme stratejileri uygulamali ve diger disiplinlerle
(diyetisyen, konusma terapisti) is birligi icinde ¢alismalidir (Martineau et al., 2019). Uygun
beslenme yonetimi, inme sonras1 komplikasyonlar: azaltirken hastanin genel sagligini ve yasam
kalitesini de dnemli Olgiide artirmaktadir.

INMELI HASTALARDA BOSALTIM

Inme gegiren bireylerde norolojik hasara bagli olarak idrar ve diski kontroliinde bozulmalar sik
goriilmekte; bu durum hastalarda inkontinans, konstipasyon ve liriner retansiyon gibi bosaltim
problemlerine yol agmaktadir (Cameron et al., 2020). Bu sorunlar yalnizca fiziksel saglig1 degil,
ayni zamanda bireyin psikososyal durumunu ve yasam kalitesini de olumsuz etkileyebilir.
Inkontinansin neden oldugu utang duygusu, sosyal izolasyon ve depresyon gibi durumlarla sik
karsilasilmaktadir (Thomas et al., 2019). Hemsireler bu siirecte, bosaltim fonksiyonlarini
degerlendirmeli, mesane ve bagirsak egitimi gibi miidahalelerle hastalarin kontrol becerilerini
desteklemeli ve gerekirse mesane programlari ya da yardimer cihaz kullanimi konusunda
rehberlik etmelidir (Hickling et al., 2021). Uygun bakim ve izlemle, bosaltim sorunlarinin
yonetimi miimkiin olmakta, bu da hastanin bagimsizligini1 ve yasam kalitesini artirmaktadir.
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Inme gegiren bireylerde motor fonksiyon kayiplari, 6zellikle hemipleji ya da hemiparezi gibi
durumlar nedeniyle mobilite iizerinde ciddi kisitliliklara yol agar; bu da bireyin giinliik yasam
aktivitelerinde bagimsizligin1 kaybetmesine neden olur (Pollock et al., 2019). Uzun siireli
immobilite; kas atrofisi, eklem sertligi, basing yaralar1 ve tromboembolik komplikasyonlar gibi
ikincil saglik sorunlarina zemin hazirlar (Veerbeek et al., 2021). Bu nedenle hemsirelerin ve
rehabilitasyon ekibinin erken mobilizasyonu tesvik etmesi, bireysellestirilmis egzersiz
programlar1 uygulamasi ve hastay1 giivenli hareket ettirme tekniklerini 6gretmesi oldukca
onemlidir (Langhorne et al., 2020). Hareket kabiliyetinin miimkiin olan en kisa siirede
desteklenmesi, sadece fiziksel iyilesmeyi degil, ayn1 zamanda bireyin 6zgiivenini ve sosyal
katilimini da artirmaktadir. Ayrica diizenli mobilizasyon, yasam kalitesinin iyilestirilmesinde
kilit rol oynamaktadir.

SONUC

Sonug olarak, inme sonrasi bakim siirecinde bakim vericilerin sahip olmasi gereken bilgi ve
beceriler ¢ok boyutludur ve hastanin iyilesme siirecini dogrudan etkilemektedir. Etkili iletigim
tekniklerinden gilivenli ¢evre diizenlemelerine, solunum desteginden beslenme yOnetimine,
bosaltim ve mobiliteye kadar her bir giinliik yasam aktivitesine yonelik, bakim vericilerin bilgi
gereksinimleri dogrultusunda ele alinmalidir. Bu bilgilerin eksikligi hem hasta hem de bakim
verici acisindan fiziksel, duygusal ve sosyal sorunlara yol agabilmektedir. Bu nedenle,
hemsirelerin liderliginde yiiriitiillen egitim programlar1 ve danismanlik hizmetleri, bakim
kalitesinin artirilmasinda hayati rol oynamaktadir. Bakim vericilerin siirece aktif katilimi ve
ihtiya¢ duyduklar1 bilgilerin sistemli bir sekilde sunulmasi hem hastanin fonksiyonel
bagimsizliginin desteklenmesini hem de bakim vericinin bakim yiikiiniin azaltilmasini
saglayarak her iki tarafin yasam kalitesini yiikseltecektir. Ayrica, bakim vericilerinin psiko-
sosyal destek almalari, onlarin stres diizeylerini azaltacak ve bakim kalitesini yiikseltecektir.
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OZET

Yogun bakim iiniteleri (YBU), kritik hastalarin tedavi edildigi ve siirekli izlem gerektiren dzel
alanlardir. Bu {initelerde sunulan hemsirelik bakimi, hastalarin yasamlarmi siirdiirebilmeleri
icin hayati 5neme sahiptir. Hemsirelerin, YBU’deki hasta bakim siireglerinde hem teorik bilgiye
hem de uygulama yetenegine sahip olmalari gerekmektedir. Yogun bakim {initelerinde
hemsirelik bakim ve uygulama protokollerinin 6nemi, temel ilkeleri ve uygulanmasi gereken
kritik yaklagimlar1 incelemektedir. Hemsirelik bakim protokolleri, hastalarin tedavi siire¢lerinin
diizenli, etkili ve gilivenli bir sekilde yiiriitiilmesini saglamaya yonelik olarak hazirlanmisg
rehberlerdir. Yogun bakim {initelerinde hemsirelik bakim protokollerinin uygulanmasi hem
hasta giivenligini hem de bakim kalitesini artiran énemli bir faktordiir. Bu protokoller, viicut
bakim, aspirasyon, invaziv uygulamalar, yara bakim1 ve pozisyon konularin1 kapsamaktadir.
Protokollerin dogru uygulanmasi, hasta giivenligini artirirken, komplikasyonlarin 6nlenmesine
ve tedavi siirecinin hizlanmasina katki saglar. Ayrica, hemsirelerin YBU’de karsilastiklart
zorluklari, protokollerin gelistirilmesindeki rollerini ve stirekli egitim ile giincel bilgiye
erisimlerinin 6nemini vurgulamaktadir. Yogun bakim {nitelerinde sunulan hemsirelik
bakiminin standardizasyonu ve kanita dayali hemsirelik bakiminin sunumu igin bakim
uygulama protokollerinin gelistirilmesi ve uygulanmasi son derece énemlidir.

Anahtar kelimeler: Yogun Bakim, Bakim-Uygulama Protokolleri, Hemsirelik

ABSTRACT

Intensive Care Units (ICU) are specialized clinical settings where critically ill patients receive
treatment and require continuous monitoring. The nursing care provided in these units is of vital
importance for the maintenance of patients’ lives. Nurses working in ICU must be equipped
with both comprehensive theoretical knowledge and advanced clinical skills to effectively
manage patient care processes. This paper explores the significance of nursing care and clinical
practice protocols in ICU, emphasizing their core principles and critical approaches required
for effective implementation. Nursing care protocols are systematically developed guidelines
intended to ensure that patient care is delivered in a structured, efficient, and safe manner. The
application of these protocols in intensive care settings constitutes a key factor in enhancing
patient safety and improving the overall quality of care. These protocols encompass a wide
range of nursing interventions, including body hygiene, airway suctioning, invasive procedures,
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wound care, and patient positioning. Accurate and consistent implementation of these protocols
contributes to minimizing the risk of complications and facilitates a more efficient treatment
process. Moreover, the discussion highlights the challenges nurses encounter in ICU, their roles
in the development and refinement of care protocols, and the critical importance of ongoing
education and access to current, evidence-based information. The standardization of nursing
care practices and the integration of evidence-based approaches in ICU necessitate the
development and implementation of well-defined clinical practice protocols.

Keywords: Intensive Care, Care-Practice Protocols, Nursing

GIRIS

Yogun bakim iiniteleri, hayati tehlike tasiyan hastalarin tedavi edildigi, yiiksek diizeyde 6zel
bakim ve siirekli izlem gerektiren saglik ortamlaridir. YBU’de sunulan hemsirelik bakimu,
hastalarin yasamlarini siirdiirebilmeleri, tedavi siireclerinin basariyla tamamlanabilmesi ve
komplikasyonlarin dnlenmesi i¢in kritik bir rol oynamaktadir. Yogun bakim, yiiksek riskli

hastalarla ¢alismay1 gerektirdigi i¢in, hemsirelerin klinik bilgi, teknik beceri ve hizli karar
verme yeteneklerine sahip olmalar1 biiylik 6nem tasir. (Candas ve Giirsoy, 2017)

Yogun bakim {initelerinde hemsirelik bakim protokollerinin uygulanmas: hem hasta giivenligini
hem de bakim kalitesini artiran 6nemli bir faktordiir. Bu protokoller, hastalarin tedavi
stireclerinin belirli standartlara gore yiiriitiilmesini saglayarak, hemsirelerin bakim kararlarini
diizenlemelerine ve klinik pratige dayali miidahalelerde bulunmalarina rehberlik eder. Yogun
Bakim Unitelerinde hemsirelik bakim uygulama protokolleri hemsgirelerin is yiikiinii
hafiflettigi, hastalarin iyilesme siire¢lerine katkida bulundugu ve saglik hizmetleri sunumunda
standart sagladig1 giincel literatiirde karsimiza cikmaktadir. Yogun bakim iinitelerindeki
bakimda karsilasilan zorluklar, hemsirelerin multidisipliner bir yaklagimla ¢aligmalar gerektigi
ve protokollerin etkin bir sekilde uygulanmasinin saglik hizmetlerinde kaliteli sonuglar
dogurdugu vurgulanmaktadir. (Kocaman ve Yiriimezoglu Arslan,2019; Usluoglu ve
Giling6rmiis,2018)

AGIZ BAKIM PROTOKOLU

Yogun bakim hastalarinda agiz bakimi, hastalarin genel saglik durumu ve iyilesme siirecleri
izerinde oldukca etkilidir. Agiz hijyeninin saglanmasi, enfeksiyon risklerini azaltmak,
hastalarin konforunu artirmak ve iyilesme siireclerini desteklemek i¢in son derece dnemlidir.
Diizenli ve dogru uygulanan agiz bakimi, hastalarin genel saglik durumunun iyilesmesine katki
saglar. (Hong at all,2019)

AGIZ BAKIM ENDIKASYONLARI

Mekanik ventilatdre bagli hastalarda, agizda biriken bakteriler solunum yollarina ulasarak
ventilatorle iliskili pnémoni (VIP) riskini artirabilir. Biling kayb1 yasayan veya sedasyon alan
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hastalar ise kendi agiz bakimlarin1 yapamayacaklari i¢in diizenli profesyonel agiz bakimina
ihtiyac duyarlar. Uzun siireli yatak istirahati gereken hastalarda hareket kisitlilig1 nedeniyle agiz
hijyeninin saglanamamas1 enfeksiyon riskini artirir; bu nedenle agiz bakimi hem
enfeksiyonlarin 6nlenmesi hem de hastalarin konforunun artirilmasi agisindan 6nemlidir.
Oksijen tedavisi alan hastalarda agiz kurulugu ve mukozal yaralanma riski artar, diizenli agiz
bakimi bu sorunlarin 6nlenmesine yardimci olur. Dis eti hastaliklar1 veya agiz enfeksiyonu riski
tagiyan hastalarda ise diizenli ag1z bakimi enfeksiyonlar1 6nlemeye ve agiz sagligini korumaya
katki saglar. Agiz kurulugu ve mukozal yaralanma riski tasiyan hastalarda da agiz bakimi,
mukozal saghigin korunmasina ve iyilesme siirecinin desteklenmesine yardimci olur. Bu
endikasyonlar dogrultusunda, yogun bakim hastalarinda agiz bakimi, enfeksiyon risklerini
azaltmak, hastalarin konforunu artirmak ve iyilesme siireglerini desteklemek i¢in diizenli ve
dogru bir sekilde uygulanmalidir (Berk ve ark., 2020; Ozveren ve Ugar, 2017).

AGIZ BAKIMINDA KULLANILAN MALZEMELER

e Non-steril eldiven

e Bobrek kiivet

e Dis fircast

e Agi1z bakim setleri

e Agiz bakim gubuklari (oral swabs)

e Abeslang (dil basacagi)

e Agiz bakim soliisyonlar1 (serum fizyolojik, sodyumbikarbonat, klorheksidinli agiz
bakim soliisyonlar)

e Nelaton sonda (aspirasyon i¢in)

e Steril spang

e Order edilen ilaglar (6rn: fungostatin vb.)

e Agiz ve dudak nemlendiricileri (Ozveren ve Ugar,2017; Senoglu,2019)

AGIZ BAKIM UYGULAMALARI

e Bilinci agik hastalara yapilan islem hakkinda bilgilendirme yapilir.

e El hijyeni saglanir ve eldiven giyilir.

e Hastaya uygun pozisyon verilir (bilinci acik hastada oturur pozisyon, entiibe hastada
30-45 derece)

e Dil basacag: kullanilarak hastanin agiz i¢i (dil, dis, ag1z mukozasi, dis etleri, dudak ve
diseti) degerlendirilir.

e Hastanin protezi varsa, ¢ikarilip temizlenmeli ve agiz bakimi sirasinda uygun sekilde
muhafaza edilmelidir.

e Ag1z bakim sirasinda hastanin agzin1 agmak i¢in uygun teknikler kullanilmalidir.

e Agizi¢i travma ve dis kiriklarin1 6nlemek i¢in dikkatli olunmalidir.

e Agiz bakiminda kullanilan malzemelerin se¢imi, hastanin genel saglik durumu ve 6zel
ithtiyaglarina gore belirlenmelidir.
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e Hastanin agiz i¢i aspirasyonu yapilir.

e Uygun soliisyon ile agiz i¢i temizlenir.

¢ Digsler fir¢alanir.

e Dis etleri ve dil lizeri temizlenir.

e Her agiz bakim ¢ubugu 1 kez kullanilir.

e Aspirasyon ihtiyaci varsa tekrar aspire edilir.

e Varsa order edilen ilaclar uygulanir.

e Agiz ve dudaklar nemlendirilir.

e Entiibe ise endotrekeal tiip uygun pozisyonda sabitlenir.

¢ Bilinci agik ise kendi bakimina katilmasi saglanir.

e Agiz i¢i temizlendikten sonra hastanin pozisyonu diizeltilmeli ve rahatlamasi
saglanmalidir.

e Kullanilan malzemeler uygun sekilde atilmali ve eller tekrar yikanmalidir. (Ozveren ve
Ucar,2017; Senoglu,2019)

GOZ BAKIMI

Yogun bakim hastalarinda goz bakimi, hastalarin genel saglik durumunu iyilestirmek ve
komplikasyonlar1 6nlemek i¢in kritik bir dneme sahiptir. Yogun bakim ortaminda, hastalarin
g6z koruyucu mekanizmalar1 bozulabilir, bu da ¢esitli géoz komplikasyonlarina yol acabilir
(Uyar, 2021; Cabrera et al., 2022). Yogun bakim hastalarinda, g6z kapaklarinin kapanmamasi
veya yetersiz kapanmasi nedeniyle kornea kurulugu ve hasar riski artar. Diizenli g6z bakimu,
korneanin korunmasina yardimet1 olur (Giiler & Ozkan, 2021). Gdzyast iiretiminin azalmasi ve
g6z kapaklarinin tam kapanmamasi, goz enfeksiyonlarina zemin hazirlayabilir. G6z bakimi, bu
enfeksiyonlarin 6nlenmesine katki saglar (Alavi et al., 2022). Goz komplikasyonlari, hastalarin
gorme yetilerini olumsuz etkileyebilir. Diizenli g6z bakimi, goérme fonksiyonlarinin
korunmasina yardimci olur. G6z kurulugu ve enfeksiyonlar, hastalarin konforunu azaltabilir.
Go6z bakimi, bu sorunlarin 6nlenmesine ve hastalarin yasam kalitesinin artirilmasina katki
saglar (Giiler & Ozkan, 2021). Yogun bakim hastalarinda gz bakimi, hastalarin genel saglik
durumunu iyilestirmek ve komplikasyonlar1 6nlemek icin kritik bir éneme sahiptir. Diizenli ve
dogru uygulanan g6z bakimi, hastalarin yasam kalitesini artirir ve iyilesme siireclerini
destekler. Bir protokol dogrultusunda uygulanan g6z bakimi, hastalarin biitlinciil
degerlendirilmesi ve goz sagliginin korunmasi i¢in 6nemlidir (Alavi et al., 2022).

BURUN BAKIMI

Yogun bakim hastalarinda burun bakimi, hastalarin genel saghik durumunu iyilestirir ve
komplikasyonlar1 dnler. Yogun bakim ortaminda, hastalarin burun koruyucu mekanizmalari
bozulabilir, bu da ¢esitli burun ve solunum yolu komplikasyonlarina yol agabilir (Candas &
Giirsoy, 2017; Celik, 2014; Ozkan & Celik, 2021). Burun, havanin nemlendirilmesi, 1sitilmasi
ve filtrelenmesinde Onemli bir rol oynar. Burun tikanikli§i, bu fonksiyonlari olumsuz
etkileyebilir (Black & Hawks, 2014). Burun bakimi, solunum fonksiyonlarinin desteklenmesine
yardimci olur. Yogun bakim hastalarinda, 6zellikle mekanik ventilasyon destegi alanlarda,
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burun bakimi, hava yolunun agik tutulmasina yardimet olur. Burun mukozasi, viicudun ilk
savunma hattidir. Mekanik ventilasyon ve diger invaziv islemler, burun mukozasinin hasar
gormesine ve enfeksiyon riskinin artmasina neden olabilir. Burun bakiminin ihmal edilmesi, bu
riskleri artirabilir (Ozdemir & Uyar, 2020). Burun tikanikligi ve mukus birikimi, hastalarda
rahatsizlik ve uyku problemlerine yol agabilir. Diizenli burun bakimi, hastalarin konforunu
artirir ve iyilesme siireclerini destekler. Diizenli ve dogru uygulanan burun bakimi, yogun
bakim hastalarinin iyilesme siire¢lerini destekler ve komplikasyon risklerini azaltir.

KULAK BAKIMI

Yogun bakim hastalarinda kulak bakimi, hastalarin genel saglik durumunu iyilestirmek ve
komplikasyonlar1 6nlemek i¢in kritik bir 6neme sahiptir. Yogun bakim ortaminda, hastalarin
kulak koruyucu mekanizmalar1t bozulabilir, bu da c¢esitli kulak ve isitme yolu
komplikasyonlarina yol acgabilir. Yogun bakim iinitelerinde, yiiksek ses seviyeleri ve stirekli
giiriiltii, hastalarin isitme duyusunu olumsuz etkileyebilir. Yogun bakim ortamindaki giiriiltii,
hastalarin uyku diizenini bozabilir. Kulak tikac1 kullanimi, disaridan gelen sesleri engelleyerek
hastalarin daha kaliteli bir uyku uyumalarina yardime1 olur. Diizenli ve dogru uygulanan kulak
bakimi, yogun bakim hastalarinin iyilesme siireglerini destekler ve komplikasyon risklerini
azaltir. (Kocaman ve Yiirimezoglu Arslan,2019; Usluoglu ve Glingdrmiis,2018)

PERINE BAKIMI

Yogun bakim hastalarinda perine bakimi, hastanin genel saghigim1 korumak, enfeksiyonlar
onlemek ve rahatligini artirmak agisindan 6nemlidir. Yogun bakimda yatan hastalar genellikle
uzun siireli yatak istirahati yapar, hareketlilikleri kisitlanir ve bazen biling kayb1 veya mekanik
ventilasyon gibi durumlar nedeniyle kisisel hijyenlerini gerceklestiremezler. Bu nedenle, perine
bakiminin diizenli olarak yapilmasi, hastalarin fiziksel ve psikolojik 1yilik halleri i¢in biiytik
onem tasir. Yogun bakim hastalarinda perine bakimi, enfeksiyonlari 6nlemek, basing yaralarini
engellemek, hastalarin konforunu artirmak ve genel sagliklarini korumak icin kritik bir adimdir.
Diizenli bakim ve dikkatli hijyen uygulamalari, bu hastalarin iyilesme siireclerini destekler ve
yasam kalitelerini iyilestirir. (Sen ve ark.2019; Senoglu,2019)

VUCUT SILME VE YATAK BANYOSU

Yogun bakim hastalarinda viicut silme ve yatak banyosu, hasta bakiminin énemli bir pargasidir
ve ¢esitli saglik yararlari saglar. Bu islemler hem hastanin fiziksel hem de psikolojik iyilik hali
iizerinde dogrudan bir etkiye sahiptir. Viicut silme ve yatak banyosu, hastanin hijyenini
saglamak, enfeksiyon risklerini azaltmak, cilt sagligin1 korumak ve hastanin genel konforunu
artirmak i¢in kritik uygulamalardir. Bu islemler, hastalarin genel saglik durumlarim
tyilestirebilir ve iyilesme siireclerine olumlu katki saglar. (Uludag, S., 2022; Veje at all,2020)
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Yogun bakim {initelerinde aspirasyon, solunum yollarindaki sivilarin, mukusun veya yabanci
cisimlerin temizlenmesi amaciyla yapilan bir islemdir. Bu islem, 6zellikle entiibe hastalar,
trakeostomi agilmis bireyler ve solunum yetmezIligi yasayan hastalar i¢in son derece 6nemlidir.
Aspirasyon, hava yollarinin agik tutulmasini ve oksijen aliminin iyilestirilmesini saglar, ayni
zamanda enfeksiyon risklerini azaltir. Yogun bakimda aspirasyon, hastalarin solunum
yollarindaki tikanikliklar1 temizleyerek, oksijen alimini ve genel solunum fonksiyonunu
iyilestirir. Ayn1 zamanda, enfeksiyonlari ve aspirasyon pndémonisi gibi komplikasyonlar1 onler.
Aspirasyon islemi, dogru teknik ve hijyen kurallarina dikkat edilerek yapilmalidir.
(Afandi,2020; Senoglu,2019)

SONUC

Bu dogrultuda, yogun bakim iinitelerinde hemsirelik bakiminin standardizasyonunu saglamak
amaciyla, yukarida belirtilen alanlarin yani sira her bir kateter tiiriine yonelik (endotrakeal tiip
bakimi, trakeostomi bakimi, periferik vendz kateter bakimi, arteriyel kateter bakimi, santral
vendz kateter bakimu, iiriner kateter bakimi, nazogastrik kateter bakimi, perkiitan endoskopik
gastrostomi kateter bakimi vb.) ayrica yara bakimi, hasta pozisyonlandirilmasi ve elevasyonu
gibi hemsirelik bakim uygulamalarinda da, kanita dayali giincel bilgiler, rehberler ve kilavuzlar
dogrultusunda bakim ve uygulama protokolleri olusturularak klinik uygulamalara entegre
edilmelidir.
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Ozet

Bu ¢alisma, elektrikli araclarin yakit tiiketimi verilerinin kapsamli analizini gergeklestirerek,
farkli parametrelerin performans T{izerindeki etkilerini ortaya koymayi1 amaglamaktadir.
Calismada, sarj islemleri, ara¢ menzili ve entegre yakit tiikketimi gibi temel parametreler, gesitli
kullanim senaryolar1 ve ara¢ segmentleri bazinda detayli olarak incelenmistir. Verilerin
analizinde, sarj siireleri, dolum oranlari, batarya kapasitesi, siiriis kosullar1 ve ¢evresel etkenler
gibi cok sayida degisken dikkate alinmis ve bu parametreler arasindaki iliskiler niceliksel olarak
ortaya konulmustur. Elde edilen bulgular, 6zellikle sarj verimliligi ile ara¢ menzili arasindaki
anlamli1 korelasyonlar1 gozler 6niine sermis; ayni zamanda entegre yakit tiikketimi tizerinde etkili
olan faktorlerin belirlenmesine olanak tanimigtir. Bu kapsamli analiz, farkli kullanim
senaryolar1 arasinda gozlemlenen varyasyonlarin, enerji tiiketimi ve performans parametreleri
iizerindeki etkilerini detaylandirarak, segment bazinda o6zellestirilmis enerji yOnetim
stratejilerinin gelistirilmesi i¢in dnemli bir temel olusturmustur. Sonug olarak, ¢alisma, EMS
uygulamalarinin optimize edilmesi, enerji verimliliginin artirilmasi ve siirdiiriilebilir ulagim
politikalarinin gelistirilmesi agisindan kritik veriler sunmakta, elde edilen bulgular hem teorik
modellemeler hem de pratik uygulamalar i¢in yol gosterici nitelikte degerlendirilmektedir.

Anahtar kelimeler: Elektrikli araglar, yakit tiketimi, sarj verimliligi, siirdiiriilebilir ulagim.

Analysis of Fuel Consumption and Charging Efficiency in Electric Vehicles

Abstract

This study aims to comprehensively analyze the fuel consumption data of electric vehicles,
elucidating the effects of various parameters on performance. Key parameters such as charging
processes, vehicle range, and integrated fuel consumption have been thoroughly examined
across different usage scenarios and vehicle segments. The analysis incorporates numerous
variables, including charging times, fill rates, battery capacity, driving conditions, and
environmental factors, with the relationships between these parameters quantitatively assessed.
The findings highlight significant correlations, particularly between charging efficiency and
vehicle range, while also identifying factors influencing integrated fuel consumption. This
detailed analysis elucidates the variations observed across different usage scenarios and their
impacts on energy consumption and performance parameters, laying a critical foundation for
the development of segment-specific energy management strategies. Ultimately, the study
provides essential data for optimizing Energy Management System (EMS) applications,
enhancing energy efficiency, and advancing sustainable transportation policies. The results are
deemed valuable for both theoretical modeling and practical applications.
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1. Giris

Elektrikli araglarin siirdiiriilebilir ulagim ¢éziimleri icinde giderek daha 6nemli bir yer edinmesi,
enerji yonetimi ve batarya verimliligi gibi konularin daha derinlemesine incelenmesini
gerektirmektedir. Elektrikli araglarin bataryalarinin etkin yonetimi, enerji kullaniminin
optimize edilmesi ve sebeke {iizerindeki yiikiin dengelenmesi, gilinimiiz miihendislik
caligmalarinin odak noktalarindan biri haline gelmistir. Mevcut ¢alismalar, batarya
performansini ve sarj slirelerini iyilestirmek i¢in ¢esitli yontemler sunmus olsa da, ¢cok sayida
regresyon algoritmasinin kapsamli bir sekilde degerlendirilmesine dayali bir yaklagimin sinirlt
oldugu goriilmektedir. Bu calismada, enerji yonetim stratejilerini iyilestirmek i¢in farkli makine
ogrenmesi teknikleri kullanilmig ve EV'lerin enerji tiikketimi ve batarya performansi iizerine
etkileri analiz edilmistir. Random Forest, Gradient Boosting ve XGBoost gibi farkli regresyon
yontemleri, EV’lerin sarj yonetimi ve enerji kullanimini tahmin etme siireclerinde uygulanarak
karsilastirilmistir. Calismanin temel amaci, farkli regresyon modellerinin performanslarini
degerlendirerek en uygun EMS yaklasimini belirlemek ve sarj siirelerini en aza indirirken
batarya Omriinii maksimize eden bir sistem gelistirmektir. Literatiirde EMS ile ilgili yapilan
caligmalarin ¢ogu, siirli algoritmalar kullanilarak gerceklestirildiginden, bu arastirma
kapsaml1 bir karsilastirma sunarak farkli yontemlerin avantajlarini ve dezavantajlarini ortaya
koymaktadir. Elde edilen sonuglar, elektrikli araglarin enerji yonetim sistemlerinin
gelistirilmesine katki saglayarak gelecekteki miihendislik ¢6ziimlerine yol gosterecektir.

Elektrikli ara¢ teknolojilerinin hizla yayginlasmasi, batarya sagligi, performans ve Omiir
tahminlerinde yenilik¢i yontemlere duyulan ihtiyaci artirmistir [1]. Batarya verimliligi ve
giivenilirligi, hem c¢evresel hem de ekonomik agidan kritik 6neme sahip olup [2], dogru ve
zamaninda tahmin yapilabilmesi i¢in gelismis makine 6grenmesi tekniklerine bagvurulmaktadir
[3]. Literatiirde, cesitli regresyon modelleri kullanilarak yapilan ¢aligmalar, batarya durumunun
izlenmesi ve performans tahminlerinde onemli basarilar elde etmistir [4]. Ancak mevcut
yaklagimlar genellikle tek veya sinirli sayida modelin kullanildig1 ¢alismalara odaklanmaktadir
[5]. Yaghoubi ve ark. ¢alismasinda, EV sarj tahmini i¢in ML ve DL teknikleri, genis literatiir
taramas1 ve metodolojik siniflandirma ile incelenmis; ensemble 6grenme, diger yontemlere
gore belirgin derecede iistiin performans gostermistir [6]. Mazhar ve ark., akilli sehirlerde
elektrikli ara¢ (EV) sarj yonetimi i¢in makine 6grenimi (ML) tabanli bir sistem 6nermislerdir.
Calismada, geleneksel sarj, hizli sarj ve aractan sebekeye (V2QG) teknolojileri ele alinmistir.
LSTM, DNN, KNN, RF, SVM ve DT gibi ML yontemleri karsilastirilmistir. Sonuglar,
LSTM'nin yiik egrisini optimize ederek tepe gerilimini, giic kayiplarim1 ve maliyetleri
diistirdiigiinii géstermistir [7]. Ullah ve ark., elektrikli ara¢ sarj siirelerini tahmin etmek i¢in
XGBoost, random forest gibi dort EML algoritmasi kullandi. Japonya’dan 500 EV’nin 2 yillik
verisiyle normal ve hizli sarj modlar1 analiz edildi. XGBoost en basarili model oldu. SHAP ile
sonuglar yorumlandi [8]. Naresh ve ark., elektrikli ara¢ bataryalarmin performansini optimize
etmek i¢cin ML tekniklerini inceledi. SoC, SoH, SoF, RUL gibi faktorler ele alinarak veri
toplama ve hazirlama yontemleri onerildi. Ger¢ek zamanli izleme ve enerji kullaniminda ML
modellerinin etkisi vurgulandi [9]. Das ve ark., lityum-iyon bataryalarin saglik durumu tahmini
icin KNN, SVR, DT ve RF algoritmalarim1 karsilagtirmistir. Sandia veri setiyle dogrulanan
calisgmada, KNN ve DT en yiiksek dogrulugu saglamistir. Caligsma, yenilik¢i batarya izleme
sistemlerinin gelistirilmesi igin veri paylagimini vurgulamaktadir [10]. Zhang ve ark., lityum-
iyon bataryalarda hizli sarj ve uzun Omiir hedeflerini birlestiren bir yontem onermistir. Bu
yontem, plaka potansiyelinin ger¢ek zamanli kontroliinii igerir. Calisma, sarj hizin1 %30
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artirirken batarya omriinii iki katina ¢ikarabilmistir. Onerilen makine 6grenimi modeli, 3.37
mV hata oraniyla yiiksek dogruluk saglamistir [11].
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2. Materyal ve Metot

Bu caligmada, batarya performansi ve Omiir tahmini i¢in farkli makine 6grenmesi tabanl
regresyon modelleri kullanilmig ve kapsamli bir karsilagtirma gerceklestirilmistir. Random
Forest, Gradient Boosting ve XGBoost algoritmalari bu amagla secilmistir. Veri seti,
bataryalarin gerilim, akim ve sicaklik gibi dogrudan 6lciilebilir parametrelerini icermekte ve bu
parametrelerden hareketle model egitimi yapilmistir. Modelleme siireci, veri 6n isleme, 6zellik
secimi, model egitimi ve degerlendirme asamalarimi kapsamaktadir. Her bir algoritmanin
performansi, dogruluk, hata metrikleri ve hesaplama maliyeti agisindan degerlendirilmis;
sonuclar karsilastirmali olarak analiz edilmistir.

2.1. Batarya

Gerekli giiclin son derece diislik oldugu durumlarda, BOP (yardimci gii¢ iinitesi) giicii, yakit
hiicresi y1gin1 giiclinden daha fazla olabilir; bu nedenle yakit hiicresi sistemi kullanilamaz. Bir
batarya kullanilarak, diisiik gii¢ talepli senaryolarda ortaya ¢ikan sorunlar ¢oziilebilir. Ayrica
batarya, yakit hiicresi sistemi tarafindan iiretilen fazla enerjiyi ve rejeneratif (geri kazanimli)
frenleme enerjisini depolayabilir. Bu ¢alismada, yiiksek gii¢ yogunluklu bir lityum-iyon batarya
kullanilmigtir. Batarya tasarimi, Sarj Durumu (SoC) tabanli agik devre voltaji (OCV) verileri
ve i¢ diren¢ goz oniinde bulundurularak gerceklestirilmistir. Esdeger devre modeli ve batarya
karakteristikleri Sekil 6'da gosterilmis olup, batarya durumunu hesaplamak i¢in Denklemler (1)
~ (4) kullanilmustir [12].

Vooc = Vo — IpRp; (1)

Py = Vpoclp — Rb.:‘fg (2)
Vb.oc_,‘llvbz,oc_d’PbRb.i

I = 2Ry, (3)

S0C, = S0Cy 1y — — (4)
b binit — 3500%g,

+
I Ry ;
+
Py
Vb,oc i
O

Sekil 1. Esdeger batarya devresi
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Viocr Vi, Iy Rps, Py, SoCy, Cp sirastyla, pilin agik devre gerilimini (OCV), pilin terminal
gerilimini, pilin akimini, pilin i¢ direncini, pilin giiciinii, pilin baslangi¢ SoC'ini (Durum-of-
Sarj) ve pilin nominal kapasitesini temsil eder.

2.2 Enerji Yonetim Stratejisi (EMS)

Enerji Yonetim Stratejisi (EMS), elektrikli araglar ve diger enerji sistemlerinde, enerji
kaynaklarinin verimli, dengeli ve siirdiiriilebilir kullanimin1 saglamak amaciyla gelistirilmis
kapsamli bir yaklasimdir. EMS, batarya sarj-desarj siireclerinin, enerji tliketiminin ve
dagitiminin optimize edilmesinde kritik rol oynar. Bu c¢alismada, EMS kapsaminda batarya
performansi, sarj durumu ve enerji tikketimi gibi parametrelerin tahmininde kullanilacak on
farkli regresyon modelinin (Logistic Regression, K-Nearest Neighbors, Decision Tree, Random
Forest, Gradient Boosting, XGBoost, CatBoost, AdaBoost, Support Vector Machine ve Naive
Bayes) karsilagtirmali analizi yapilacaktir. Amag, her modelin tahmin dogrulugu ve hesaplama
verimliligini degerlendirerek, EMS uygulamalarinda en uygun stratejinin belirlenmesine
katkida bulunmaktir.

BOP sysiom

[Dmcmwl E':- nw-rh-r]

!

Battery uc ‘ — Electric e nergy flow
——— Mechanical ene gy flow

| 8| Fuel cel O o @ Gaar box
| 1] T ‘ ==
| T

1 -—— Hydrogen, air fow

Sekil 2. Genel gii¢ aktarma yapis1

2.3 Veriseti

Bu veri seti, elektrikli arag sarj olaylarina iligskin detayli ve ¢ok boyutlu analizlere imkan tantyan
1320 6rneklem ve 20 degiskenden olugan kapsamli bir veri toplulugu sunmaktadir. Veri setinde
yer alan temel parametreler arasinda, her kullanici i¢in benzersiz olarak tanimlanan “User ID”,
ara¢ modelini belirten “Vehicle Model” ve aracin toplam batarya kapasitesini (kKWh cinsinden)
ifade eden “Battery Capacity (kWh)” yer almaktadir. Bu temel bilgilerin yani sira, sarj isleminin
gergeklestigi istasyonla ilgili “Charging Station ID” ve cografi konumu belirten “Charging
Station Location” degiskenleri, sarj islemlerinin mekansal dagiliminin incelenmesine olanak
saglamaktadir. Ayrica, sarj baslangi¢ ve bitis zamanlarimi gdsteren “Charging Start Time” ve
“Charging End Time” siitunlari, iglem siiresinin ve enerji tiiketim dinamiklerinin analizinde
kritik rol oynamaktadir. “Energy Consumed (kWh)”, “Charging Duration (hours)” ve
“Charging Rate (kW)” gibi degiskenler, sarj seanslar1 sirasinda tiiketilen enerji miktari, gecen
stire ve ortalama gii¢ dagitimini ortaya koyarken; “Charging Cost (USD)” degiskeni, ekonomik
maliyetin degerlendirilmesine imkan vermektedir. Veri setinde yer alan “Time of Day” ve “Day
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of Week” gibi zaman odakli bilgiler; “State of Charge (Start %)” ve “State of Charge (End %)”
gibi batarya durum gostergeleri; ayrica “Distance Driven (since last charge) (km)”,
“Temperature (°C)”, “Vehicle Age (years)”, “Charger Type” ve “User Type” gibi ilave
degiskenler, sarj davranislar, cevresel etkenler ve kullanici profilleri arasindaki iliskilerin
kapsamli analizini miimkiin kilmaktadir.

2.5 Random Forest

Random Forest, ¢oklu agaclarin oy ¢oklugu ile sonug iirettigi topluluk yontemidir. Asirt
ogrenmeye dayanikli olup, yiiksek genelleme saglar. Hesaplama maliyeti artabilir; dogrulukta
iistiin performans sunar.

2.6 Gradient Boosting

Gradient Boosting, zayif 6grenicilerin ardisik kombinasyonuyla hatalart minimize eder. Her
iterasyonda model, onceki hatalar1 telafi ederek giincellenir. Yiiksek dogruluk ve esneklik
sunar, ancak hesaplama maliyeti yiiksektir.

2.7 XGBoost

XGBoost, gradient boosting yonteminin optimize edilmis versiyonudur. Aga¢ tabanli model,
kay1p fonksiyonunu minimize etmek i¢in ardisik aga¢ eklemeleri yapar. Hizli egitim siiresi ve
yiiksek dogruluk ile 6ne ¢ikar.

3. Arastirma Bulgular

Deneysel sonugclar, farkli regresyon modellerinin performansini karsilastirarak en uygun enerji
yOnetim stratejisini belirlemeyi amaglamaktadir. Logistic Regression, KNN ve Decision Tree
gibi yontemler enerji tiikketimi tahmini i¢in test edilmis ve dogruluk, hata metrigi ile analiz
edilmistir. Sonugclar, belirli algoritmalarin veri setine gore daha iyi genellestirme yapabildigini
ve EMS optimizasyonu i¢in uygun yaklasimlar sundugunu gostermektedir. Bu bulgular,
elektrikli araglarda enerji yonetimini gelistirmek i¢in rehber niteligindedir. Calismada elde
edilen sonuglar gorsel olarak sunulmustur. Sekil 3-Sekil 6 elde edilen sonuglari ifade
etmektedir.

Sekil 3, elektrikli araclarin sarj islemlerine iligkin veriler detayli olarak incelenmektedir. Sarj
stireleri, dolum oranlar1 ve sarj altyapisinin performanst gibi parametreler, farkli kullanim
kosullar1 altinda elde edilen veriler 1s18inda degerlendirilmistir. Grafik, sarj islemlerinin
verimliligi ile ilgili gézlemleri ortaya koyarak, EMS (Enerji YOnetim Stratejisi) kapsaminda
sarj optimizasyonunun dnemine vurgu yapmaktadir.

Sekil 4, elektrikli araglarin menziline iligkin istatistiki dagilimi ortaya koymaktadir. Arag
segmentlerine gore ortalama menzil degerleri ve bunlarin dagilimi, hata c¢ubuklariyla
desteklenerek sunulmustur. Grafik, araclarin menzil performansini etkileyen faktorleri
(6rnegin, batarya kapasitesi ve sarj verimliligi) detayl bir sekilde gozler oniine sermekte ve
segmentler arasindaki farklar1 vurgulamaktadir.

Sekil 5, elektrikli araglarin yakat tiiketiminin (enerji tiikketiminin) entegre bir degerlendirmesini
sunmaktadir. Sarj verimliligi, menzil ve diger ilgili parametrelerin birlestirilerek hesaplanan
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biitiinlesik yakit tiiketimi, ¢esitli kullanim kosullarinda nasil farklilik gosterdigini grafiksel
olarak ortaya koymaktadir. Bu analiz, EMS uygulamalarmin optimize edilmesi i¢in yakit
tilketimi tizerindeki etkilerin daha iyi anlasilmasina olanak tanimaktadir.

|

Histogram and Boxplot of Recharge_Time (h)
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Sekil 3. Sarj islemleri analizi
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Sekil 4. Menzil (Km) analizi
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Histogram and Boxplot of C_Comb (kWh/100 km)
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Sekil 5. Biitiinlesik yakat tiikketimi

Sekil 6, elektrikli araclarin sarj verimliligi, menzil ve entegre yakit tliketimi gibi temel
parametreler arasindaki korelasyonlar detayli olarak incelenmistir. Korelasyon matrisi, her bir
parametre arasindaki iliskiyi nicel olarak ortaya koyarak, hangi etmenlerin yakit tiikketimi
iizerinde daha belirgin etkisi oldugunu gostermektedir. Bu analiz, EMS stratejilerinin
gelistirilmesinde hangi verilerin 6ncelikli olarak ele alinmasi gerektigine dair dnemli bilgiler

count mean median std  min

saglamaktadir.
Model_Year 2019206
Make 11384
Model 73.632
Vehicle Class 33N
Motor_(kW) 293206

Transmission
Fuel_Type

C_City (kWh,/100 km)
C_Hwy (kWh/100 km)
C_Comb (kWh/100 km)
C_City (Le/100 km)
C_Hwy (Le/100 km)
C_Comb (Le/100 km)
Range_(km)

€02 Emissions_(g/km)
C02 Rating
Smog_Rating

Recharge_Time (h)

2.655 2012

6.214 0

2 PATE] 0

285 175575 &

1] 0.263 0
1] 1] 0

19

25%  50% 75% max skewness kurtosis

0.059410

Sekil 6. Korelasyon matrisi

159



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

NFEREY,
) L 0
QLS F”}

4. Sonuc¢

RO
A

D

MCADE Yy v
s

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

Yapilan analizler, elektrikli araglarin yakat tiikketiminin sarj islemleri, menzil ve entegre tiiketim
parametreleri ile yakindan iligkili oldugunu ortaya koymustur. Sarj siiresi ve dolum oranlari ile
ara¢ menzili arasindaki iliski, EMS uygulamalarmin etkinligi acisindan temel bir rol
oynamaktadir. Korelasyon matrisi analizi, bu parametreler arasindaki giiclii ve zayif iligkileri
belirleyerek, enerji verimliligini artirmaya yonelik stratejik ¢ikarimlarin yapilmasia zemin
hazirlamaktadir. Calismanin sonuglari, elektrikli ara¢ performansinin optimize edilmesi ve
yakit tiiketiminin minimize edilmesi i¢in ileri ¢alismalarin temelini olusturmakta, EMS
stratejilerinin gelistirilmesinde yol gosterici niteliktedir. Gelecekte, daha genis veri setlerinin
entegrasyonu ve ek metodolojik yaklagimlarin uygulanmasiyla, EMS uygulamalarinin daha da
etkin hale getirilmesi hedeflenmelidir.
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ELEKTRIKLI ARACLARDA YAKIT TUKETIMI ANALIZi: SEGMENTLER,
KULLANIM SENARYOLARI VE ENERJi VERIMLILiGi UZERINE BiR
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Feyyaz Alpsalaz!, Emrah Aslan?, Yildirim Oziipak?®,

'Bozok University, Akdagmadeni Vocational School, Electrical Department, Yozgat, Tiirkiye
?Mardin Artuklu University, Computer Engineering Department, Mardin, Tiirkiye
3Dicle University, Silvan Vocatinal School, Electrical Department, Diyarbakir, Tiirkiye
Email: feyyaz.alpsalaz@bozok.edu.tr, emrahaslan@artuklu.edu.tr,
yildirim.ozupak@dicle.edu.tr

Ozet

Bu calisma, elektrikli araglarin yakit tiiketimi verilerinin kapsamli analizini gergeklestirmistir.
Analiz kapsaminda, farkli kullanim senaryolari, ara¢ segmentlerine gore degisen tiiketim
degerleri, zaman icinde gozlemlenen trendler ve kullanilan 6l¢iim metodolojilerinin etkileri
detayli olarak incelenmistir. Calismada, gesitli istatistiki yontemler ve zaman serisi analiz
teknikleri kullanilarak, farkli ara¢ tipleri ve isletim kosullari altinda kaydedilen veriler
sistematik bir sekilde degerlendirilmistir. Elde edilen bulgular, elektrikli araglarin yakat
tiikketiminde belirgin varyasyonlar oldugunu ve bu varyasyonlarin arag segmentleri ile kullanim
senaryolarma  gore farkliik  gosterdigini ortaya koymaktadir. Ayrica, Olglim
metodolojilerindeki farkliliklarin sonuglar iizerindeki etkisi de analiz edilerek, enerji yonetim
stratejilerinin  optimize edilmesi igin degerli veriler sunulmustur. Bu c¢aligma, enerji
verimliliginin artirilmasi, batarya omriiniin uzatilmas: ve siirdiiriilebilir ulasim hedeflerine
ulasilmasi adina dnemli stratejik ¢ikarimlar saglamaktadir. Elde edilen sonuglar, mevcut EMS
uygulamalarinin ~ gelistirilmesi ve gelecekteki enerji verimliligi odakli politikalarin
olusturulmasi i¢in temel referans noktalar1 sunmaktadir.

Anahtar kelimeler: Batarya, Elektrikli Arag, Tiiketim, Analiz.

Analysis of Fuel Consumption in Electric Vehicles: A Study on Segments, Usage
Scenarios, and Energy Efficiency

Abstract

This study provides a comprehensive analysis of fuel consumption data for electric vehicles.
The analysis encompasses various usage scenarios, consumption values varying by vehicle
segments, trends observed over time, and the impacts of applied measurement methodologies,
all of which have been examined in detail. Employing a range of statistical methods and time
series analysis techniques, the study systematically evaluates data recorded under different
vehicle types and operating conditions. The findings reveal significant variations in the fuel
consumption of electric vehicles, with these variations differing across vehicle segments and
usage scenarios. Furthermore, the influence of differences in measurement methodologies on
the results has been analyzed, providing valuable insights for optimizing energy management
strategies. This study offers critical strategic implications for enhancing energy efficiency,
extending battery life, and achieving sustainable transportation goals. The results serve as
foundational reference points for improving existing Energy Management System (EMS)
applications and shaping future energy-efficiency-focused policies.

Keywords
Battery, Electric VVehicle, Consumption, Analysis
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Elektrikli araglar (EV’ler), ¢cevresel siirdiirtilebilirlik hedefleri dogrultusunda karbon salinimini
azaltmak ve fosil yakit bagimliligin1 en aza indirmek amaciyla kiiresel Olgekte hizla
yayginlagmaktadir. Artan elektrikli ara¢ kullanimi, enerji tliketimi yOnetimi, batarya
performansinin optimizasyonu ve sarj altyapisinin etkinligi gibi cesitli teknik ve operasyonel
zorluklar1 da beraberinde getirmektedir. Bu baglamda, bataryalarin Omriinii uzatmak, sarj
sliresini en aza indirmek ve enerji kullanimini optimize etmek i¢in gelistirilen enerji yonetim
stratejileri (EMS), elektrikli ara¢ ekosisteminin siirdiiriilebilirligi agisindan kritik bir 6neme
sahiptir. Bu ¢alismada, EMS’nin etkinligini artirmak amaciyla farkli makine 6grenmesi ve
regresyon algoritmalart kullanilarak kapsamli bir analiz gerceklestirilmistir. Logistic
Regression, K-Nearest Neighbors (KNN) ve Decision Tree gibi yaygin olarak kullanilan
algoritmalar, elektrikli araglarin enerji tiikketimi tahmini ve yonetim siireglerinde uygulanmustir.
Ayrica, bu algoritmalarin dogruluk, islem siiresi ve genelleme kabiliyeti acisindan
karsilastirmali bir degerlendirmesi yapilmistir. Caligmanin temel amaci, farkli regresyon
modellerinin performanslarini analiz ederek en uygun EMS yaklagimin belirlemek ve boylece
sarj siirelerini optimize ederken batarya Omriinii maksimize eden bir sistem gelistirmektir.
Literatiirde EMS iizerine yapilan ¢aligmalarin biiyiik bir kismu, sinirli veri kiimeleri veya tek bir
model cergevesinde gerceklestirilmektedir. Bu calisma ise genis bir veri seti iizerinde ¢esitli
algoritmalarin  performanslarint  karsilastirarak, farkli yontemlerin avantajlarint  ve
dezavantajlarini ortaya koymaktadir. Elde edilen bulgular, elektrikli araglarin enerji yonetim
sistemlerinin daha verimli hale getirilmesine katki saglayarak, batarya yonetimi ve sarj siireleri
konusunda gelecekte yapilacak optimizasyon ¢alismalarina dnemli bir yol gosterici olacaktir.

2. Literatiir Taramasi

Elektrikli arag teknolojilerinin hizla yayginlagsmasi, batarya sagligi, performans ve Omiir
tahminlerinde yenilik¢i yontemlere duyulan ihtiyaci artirmistir [1]. Batarya verimliligi ve
giivenilirligi hem ¢evresel hem de ekonomik agidan kritik 6neme sahip olup [2], dogru ve
zamaninda tahmin yapilabilmesi i¢in gelismis makine 6grenmesi tekniklerine bagvurulmaktadir
[3]. Literatiirde, cesitli regresyon modelleri kullanilarak yapilan ¢aligmalar, batarya durumunun
izlenmesi ve performans tahminlerinde onemli basarilar elde etmistir [4]. Ancak mevcut
yaklagimlar genellikle tek veya sinirli sayida modelin kullanildig1 ¢caligmalara odaklanmaktadir
[5]. Yaghoubi ve ark. ¢alismasinda, EV sarj tahmini i¢in ML ve DL teknikleri, genis literatiir
taramas1 ve metodolojik siniflandirma ile incelenmis; ensemble 6grenme, diger yontemlere
gore belirgin derecede iistiin performans gostermistir [6]. Mazhar ve ark., akilli sehirlerde
elektrikli ara¢ (EV) sarj yonetimi i¢in makine 6grenimi (ML) tabanli bir sistem 6nermislerdir.
Calismada, geleneksel sarj, hizli sarj ve aractan sebekeye (V2QG) teknolojileri ele alinmistir.
LSTM, DNN, KNN, RF, SVM ve DT gibi ML yontemleri karsilastirilmistir. Sonuglar,
LSTM'nin yiik egrisini optimize ederek tepe gerilimini, giic kayiplarim1 ve maliyetleri
diistirdiigiinii géstermistir [7]. Ullah ve ark., elektrikli ara¢ sarj siirelerini tahmin etmek i¢in
XGBoost, random forest gibi dort EML algoritmasi kullandi. Japonya’dan 500 EV’nin 2 yillik
verisiyle normal ve hizli sarj modlar1 analiz edildi. XGBoost en basarili model oldu. SHAP ile
sonuglar yorumlandi [8]. Naresh ve ark., elektrikli ara¢ bataryalarinin performansini optimize
etmek i¢cin ML tekniklerini inceledi. SoC, SoH, SoF, RUL gibi faktorler ele alinarak veri
toplama ve hazirlama yontemleri onerildi. Ger¢ek zamanli izleme ve enerji kullaniminda ML
modellerinin etkisi vurgulandi [9]. Das ve ark., lityum-iyon bataryalarin saglik durumu tahmini
icin KNN, SVR, DT ve RF algoritmalarim1 karsilagtirmistir. Sandia veri setiyle dogrulanan
calisgmada, KNN ve DT en yiiksek dogrulugu saglamistir. Caligsma, yenilik¢i batarya izleme
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sistemlerinin gelistirilmesi i¢in veri paylasimini vurgulamaktadir [10]. Zhang ve ark., lityum-
iyon bataryalarda hizli sarj ve uzun omiir hedeflerini birlestiren bir yontem Onermistir. Bu
yontem, plaka potansiyelinin ger¢cek zamanli kontroliinii icerir. Caligsma, sarj hizin1 %30
artirirken batarya dmriinii iki katina ¢ikarabilmistir. Onerilen makine 6grenimi modeli, 3.37
mV hata oraniyla yiiksek dogruluk saglamistir [11].
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3. Materyal ve Metot

Bu c¢alismada, batarya performansi ve omiir tahmini i¢in farkli makine 6grenmesi tabanli
regresyon modelleri kullanilmis ve kapsamli bir karsilastirma gergeklestirilmistir. Logistic
Regression, K-Nearest Neighbors ve Decision Tree dogrudan o6lgiilebilir parametrelerini
icermekte ve bu parametrelerden hareketle model egitimi yapilmistir. Modelleme siireci, veri
on isleme, 6zellik se¢cimi, model egitimi ve degerlendirme asamalarini kapsamaktadir. Her bir
algoritmanin performansi, dogruluk, hata metrikleri ve hesaplama maliyeti agisindan
degerlendirilmis; sonuglar karsilagtirmali olarak analiz edilmistir.

3.1. Batarya

Gerekli giictin son derece diisiik oldugu durumlarda, BOP (yardimer gii¢ tinitesi) giicii, yakit
hiicresi y1gin1 giiclinden daha fazla olabilir; bu nedenle yakit hiicresi sistemi kullanilamaz. Bir
batarya kullanilarak, diisiik gii¢ talepli senaryolarda ortaya ¢ikan sorunlar ¢oziilebilir. Ayrica
batarya, yakit hiicresi sistemi tarafindan iiretilen fazla enerjiyi ve rejeneratif (geri kazanimli)
frenleme enerjisini depolayabilir. Bu ¢alismada, yiiksek gii¢ yogunluklu bir lityum-iyon batarya
kullanilmigtir. Batarya tasarimi, Sarj Durumu (SoC) tabanli agik devre voltaji (OCV) verileri
ve i¢ diren¢ goz oniinde bulundurularak gerceklestirilmistir. Esdeger devre modeli ve batarya
karakteristikleri Sekil 6'da gosterilmis olup, batarya durumunu hesaplamak i¢in Denklemler (1)
~ (4) kullanilmustir [12].

Vooc = Vo — IpRp; (1)

Py =V oelp — RD.I'IS (2)
Vb.oe= [ Vhoc—4PbRbs

I = 2Ry, (3)

. I 4

S0Cy = SoCp it 3600%Cy (4)

+

I Ry ;
Py
Vb,oc N
O

Sekil 1. Esdeger batarya devresi
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Vioer Vs Iy Rpiy Py, SoC,, Cp, sirastyla, pilin agik devre gerilimini (OCV), pilin terminal
gerilimini, pilin akimini, pilin i¢ direncini, pilin giiciinii, pilin baslangi¢ SoC'ini (Durum-of-
Sarj) ve pilin nominal kapasitesini temsil eder.

3.2 Enerji Yonetim Stratejisi (EMS)

Enerji Yonetim Stratejisi (EMS), elektrikli araglar ve diger enerji sistemlerinde, enerji
kaynaklarinin verimli, dengeli ve siirdiiriilebilir kullanimin1 saglamak amaciyla gelistirilmis
kapsamli bir yaklasimdir. EMS, batarya sarj-desarj siireclerinin, enerji tliketiminin ve
dagitiminin optimize edilmesinde kritik rol oynar. Bu ¢alismada, EMS kapsaminda batarya
performansi, sarj durumu ve enerji tiikketimi gibi parametrelerin tahmininde kullanilacak on
farkli regresyon modelinin karsilagtirmali analizi yapilacaktir. Amag, her modelin tahmin
dogrulugu ve hesaplama verimliligini degerlendirerek, EMS uygulamalarinda en uygun
stratejinin belirlenmesine katkida bulunmaktir.

T Fuet et 't T ? Fa | Mot or —{Gﬂlra

F 3
Fusl tank
BOP systom
- ’ [nwcmwl .nc.'ncmnm] S

-—— Hydrogen, air flow
Battery — Electricenergy flow
——— Mechanical ene rgy flow

Sekil 2. Genel gii¢ aktarma yapis1

3.3 Veriseti

Bu veri seti, elektrikli arag sarj olaylarina iligkin detayli ve cok boyutlu analizlere imkan taniyan
1320 6rneklem ve 20 degiskenden olusan kapsamli bir veri toplulugu sunmaktadir. Veri setinde
yer alan temel parametreler arasinda, her kullanici i¢in benzersiz olarak tanimlanan “User ID”,
ara¢ modelini belirten “Vehicle Model” ve aracin toplam batarya kapasitesini (kWh cinsinden)
ifade eden “Battery Capacity (kWh)” yer almaktadir. Bu temel bilgilerin yani sira, sarj isleminin
gerceklestigi istasyonla ilgili “Charging Station ID” ve cografi konumu belirten “Charging
Station Location” degiskenleri, sarj islemlerinin mekansal dagiliminin incelenmesine olanak
saglamaktadir. Ayrica, sarj baslangi¢ ve bitis zamanlarini gosteren “Charging Start Time” ve
“Charging End Time” siitunlari, islem siiresinin ve enerji tiiketim dinamiklerinin analizinde
kritik rol oynamaktadir. “Energy Consumed (kWh)”, “Charging Duration (hours)” ve
“Charging Rate (kW)” gibi degiskenler, sarj seanslar1 sirasinda tiiketilen enerji miktari, gecen
slire ve ortalama gli¢ dagitimini ortaya koyarken; “Charging Cost (USD)” degiskeni, ekonomik
maliyetin degerlendirilmesine imkan vermektedir. Veri setinde yer alan “Time of Day” ve “Day
of Week” gibi zaman odakl1 bilgiler; “State of Charge (Start %)” ve “State of Charge (End %)”
gibi batarya durum gostergeleri; ayrica “Distance Driven (since last charge) (km)”,
“Temperature (°C)”, “Vehicle Age (years)”, “Charger Type” ve “User Type” gibi ilave
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degiskenler, sarj davranislar, cevresel etkenler ve kullanici profilleri arasindaki iligkilerin
kapsamli analizini miimkiin kilmaktadir.
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3.4 Logistic Regression

Logistic Regression, siniflandirma problemlerinde kullanilan istatistiksel bir modeldir. Girdi
degiskenleri ile hedef degisken arasinda dogrusal bir iliski kurarak, logit fonksiyonu ile olasilik
tahmini yapar. Basit ve yorumlanabilir yapist sayesinde biiylik veri setlerinde verimli ¢alisir.
Ancak, dogrusal olmayan iligkileri iyi yakalayamaz ve ¢ok boyutlu veri setlerinde performansi
diigebilir. Asir1 6grenme riskini azaltmak icin diizenlilestirme teknikleriyle desteklenebilir.

3.5 K-Nearest Neighbors

K-Nearest Neighbors (KNN), parametrik olmayan, drnek tabanli bir 6grenme algoritmasidir.
Yeni bir veri noktasi, belirlenen k en yakin komsusunun ¢ogunluk simifina veya ortalama
degerine gore siniflandirilir. Dislik hesaplama gereksinimiyle kiiciik veri setlerinde iyi
calisirken, biiytik veri setlerinde bellek kullanimi ve hesaplama maliyeti yiikselebilir. Dogru k
degeri secimi model performansini 6nemli dlciide etkiler. Giiriiltiilii verilere kars1 hassas oldugu
icin On igleme gerektirebilir.

3.6 Decision Tree

Decision Tree, veri setini hiyerarsik olarak bolerek karar kurallari olusturan agiklanabilir bir
modeldir. Her diigiimde en iyi bdliinmeyi belirleyerek veriyi iteratif sekilde ayristirir. Kiigiik
veri setlerinde yiiksek dogruluk saglarken, biiyiik veri setlerinde asir1 6grenmeye yatkin olabilir.
Agac derinliginin optimize edilmesi ve budama teknikleri, modelin genelleme yetenegini
artirabilir. Kategorik ve sayisal verilerle calisabilmesi, esnekligini artiran 6nemli bir avantajdir.

4. Arastirma Bulgulan

Bu sonuglar, farkli regresyon modellerinin performansini karsilastirarak en uygun enerji
yOnetim stratejisini belirlemeyi amaglamaktadir. Logistic Regression, KNN ve Decision Tree
gibi yontemler enerji tiikketimi tahmini i¢in test edilmis ve dogruluk, hata metrigi ile analiz
edilmistir. Sonugclar, belirli algoritmalarin veri setine gore daha iyi genellestirme yapabildigini
ve EMS optimizasyonu i¢in uygun yaklasimlar sundugunu gostermektedir. Bu bulgular,
elektrikli araglarda enerji yonetimini gelistirmek i¢in rehber niteligindedir. Calismada elde
edilen sonuglar gorsel olarak sunulmustur. Sekil 3-Sekil 6 elde edilen sonuglari ifade
etmektedir.

Sekil 3, elektrikli araglarin farkli isletim kosullarinda gdézlemlenen yakit tiiketimi dagilimini
ortaya koymaktadir. Grafik, ¢esitli arac modelleri ve kullanim senaryolar1 altinda kaydedilen
tiikketim degerlerini detayl bi¢cimde gdstermektedir. Olgiilen veriler arasinda, siiriis mesafesi,
trafik yogunlugu ve cevresel etmenlerin etkisi dikkat ¢ekici olup, tiilketim degerlerindeki
degiskenligin boyutlarini net olarak ortaya koymaktadir.

Sekil 4, ara¢ segmentlerine gore ortalama yakit tiiketim degerlerini karsilastirmali olarak
sunmaktadir. Farkli ara¢ gruplarinin tiiketim ortalamalari, hata ¢ubuklar1 ile desteklenerek
istatistiki anlamlilik vurgulanmistir. Grafik, segment bazli tiiketim farkliliklarini ortaya
koyarak, arag tipleri ve kullanim senaryolar1 arasindaki belirgin farkliliklar1 6zetlemektedir.

Sekil 5, belirli zaman dilimleri icerisinde elektrikli araglarda gdzlemlenen yakit tiiketim
trendlerini detaylandirmaktadir. Mevsimsel degisiklikler, trafik yogunlugu ve c¢evresel
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faktorlerin tiiketim tizerindeki etkileri zaman serisi analiziyle ortaya konulmustur. Grafikte,

tilketim verilerindeki dalgalanmalar ve genel egilimler vurgulanmakta, bdylece gelecekteki
tikketim ongorileri i¢in temel olusturacak bilgiler sunulmaktadir.

|

Histogram and Boxplot of C_Hwy (kWh/100 km)
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Sekil 3. Uzun yol yakit tiiketimi dagilimi
Histogram and Boxplot of C_City (kWh/100 km)
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Sekil 4. Sehirici yakat tiiketimi dagilimi
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Histogram and Boxplot of Motor_ (kW)
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Sekil 5. Zaman iginde yakit tiiketim dagilimlari

Sekil 6, elektrikli araglarin yakit tiiketimi ile ilgili farkli 6l¢im yontemlerinin sonuglarini
karsilagtirmali olarak gostermektedir. Ol¢iim metodolojilerinin getirdigi farkliliklar ve elde
edilen verilerin tutarliligi, grafik araciligiyla detaylandirilmistir. Karsilastirmali analiz, 6lgtim
yontemlerinin giivenilirligini degerlendirmeye olanak tanimakta ve yakit tiikketimi verilerinin
dogrulugunu artirmaya yonelik metodolojik onerilere 151k tutmaktadir.

coumnt mean median std  min 25%  50% 75% max skewness  kurtosis
Model_Year 2019.206 2.635 2022 2022
Motor_(kW) 203.206 175.575
C_City (kWh/100 km) 20202 4131
C_Hwy (kWh/100 km) 21.938 3.408
C_Comb (kWh/100 km) 20989 3.665
C_City (Le/100 km) 221 2 0.463
C_Hwy (Le/100 km) 2.462 0.38
C_Comb (Le/100 km) 2356 0.41
Range_(km) 374.681 149.284 0.0 7 0421646
€02 Emissions_(g/km) ] 0
€02 Rating 10
Smog_Rating 10
Recharge_Time (h)

Sekil 6. Farkli Olgiim Yontemleri Arasi Karsilastirma
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Yapilan analizler, elektrikli araglarin yakit tiiketiminin ara¢ segmentleri, kullanim kosullar1 ve
cevresel faktdrlere bagli olarak belirgin farkliliklar gdsterdigini ortaya koymustur. Ozellikle,
farkl arag tipleri ve teknik 6zelliklerin yani sira, siiriis kosullari, trafik yogunlugu ve mevsimsel
degisikliklerin tiiketim degerlerine etkisi detayli olarak incelenmistir. Elde edilen sonuglar,
mevcut enerji yonetim stratejilerinin (EMS) optimize edilmesi ve yakit tiiketiminin minimize
edilmesi i¢in kritik veriler sunmaktadir. Bu bulgular, elektrikli ara¢ performansinin artirilmasi,
enerji verimliliginin iyilestirilmesi ve siirdiiriilebilir ulagim politikalarinin gelistirilmesi adina
yol gosterici niteliktedir. Ayrica, ¢alismada kullanilan istatistiki yontemler ve zaman serisi
analizleri, farkli etmenlerin yakat tiiketimi izerindeki etkilerini sistematik olarak ortaya koymus
ve EMS stratejilerinin gelistirilmesine yonelik somut 6neriler sunmustur. Gelecekte, daha genis
veri setlerinin entegrasyonu ve farkli metodolojik yaklagimlarin uygulanmasiyla, EMS
uygulamalarinin daha etkin hale getirilmesi, enerji tiiketimindeki varyasyonlarn daha iyi
anlasilmasi ve elektrikli ara¢ performansinin optimize edilmesi beklenmektedir.
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OZET

Giinlimiizde kiiresel 1sinmanin hizlanmasi ve fosil yakitlarin kullaniminin artmasiyla petrol
rezervlerinin azalmas1 gelismis iilkeleri, elektrikli ara¢ kullanimina yoneltmektedir. Icten
yanmal1 araglara gore elektrikli ara¢ yanginlar1 daha az goriilmekle beraber daha fazla risk
barindirmaktadir. Elektrikli araclarda yaygin olarak Lityum iyon bataryalar kullanilmaktadir.
Bu bataryalar yliksek ¢evrim oranlari yaninda yiiksek enerji yogunlugu sunmakta ve diisiik sarj
stiresi gibi gesitli 6zellikleri sayesinde elektrikli araglarda tercih edilmektedirler. Ancak, bu
teknolojinin yayginlagsmasiyla birlikte glivenlik sorunlarinda da artis gézlenmektedir. Elektrikli
ara¢ yanginlart uygun sekilde miidahale edilmedigi ve giivenlik onlemlerinin alinmadigi
durumlarda can ve mal giivenligi agisindan oldukga tehlikeli hale gelebilme olasiligina sahiptir.
Bu ¢aligmada, elektrikli ara¢ yanginlar1 kapsamli olarak incelenmekte, yangin sebepleri, yangin
siireci, riskler ve yangin giivenligi konularma deginilmektedir. Elektrikli araglarin
stirdiirtilebilir ve giivenli bir kullanimi i¢in degerlendirmeler yapilmistir.

Anahtar Kelimeler: Elektrikli araglar; Lityum iyon batarya; Yangin; Risk

FIRE RISKS IN ELECTRIC VEHICLES AND TURKIYE EVALUATION
ABSTRACT

Today, the acceleration of global warming and the increasing use of fossil fuels, coupled with
the depletion of oil reserves, are leading developed countries to use electric vehicles. Electric
vehicle fires are less common than internal combustion vehicles, but they carry more risks.
Lithium-ion batteries are widely used in electric vehicles. These batteries offer high energy
density as well as high cycle rates, and are preferred in electric vehicles due to various features
such as low charging time. However, with the spread of this technology, there is an increase in
security problems. Electric vehicle fires can become quite dangerous in terms of life and
property safety if they are not properly intervened and safety measures are not taken. In this
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study, electric vehicle fires are examined comprehensively, and fire causes, fire process, risks
and fire safety issues are addressed. Assessments have been made for the sustainable and safe
use of electric vehicles.

Key words: Electrical vehicles; Lithium-lon battery; Fire; Risk

GIRIS

Fosil yakitlar sinirli enerji kaynaklaridir ve gliniimiizde Diinya enerji krizi ile kars1 karsiyadir.
Yaklasik iki yiiz yildir kullanimda olan fosil yakitlarin olusumu milyonlarca yili
bulabilmektedir. Fosil yakitlarin kullanimi; kiiresel 1sinmayi, hava kirliligini ve asit
yagmurlarini igeren pek ¢ok ¢evre sorunlarinin ana sebebidir. CO2 emisyonunu azaltmak ve
kiiresel 1sitnmay1 onlemek i¢in niikleer, hidrojen, riizgar, giines ve jeotermal enerji gibi bir¢ok
alternatif enerji kaynaklar1 benimsenmektedir. Ayrica, elektrikli araglar ve hibrit elektrikli
araglar hizla gelistirilmekte ve benzinle calisan araglarin yerini almasi beklenmektedir [1].
Diinya’da ve Tiirkiye Ozelinde firetilen elektrikli ara¢ sayilari artmaktadir. Gorsel la’da
Diinya’da, Gorsel 1b’de Tiirkiye’de tiretilen elektrikli arag sayilari yillara gore verilmektedir.
Elektrikli ara¢ sayisindaki beklenen gelismeler Gorsel 2a ve Gorsel 2b’de Diinya ve Tiirkiye
icin verilmektedir. Buna gore Gorsel 2a’da Diinya’da 2040 yilinda {iretilen arag sayist yaklasik
22,75 milyar olarak Gorsel 2b’de Tiirkiye’de ise yaklasik 87 milyon olarak beklenmektedir.

Dilnya da Elektrikli Arag Sayisi
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Gorsel 1. a) Diinya’da iiretilen elektrikli ara¢ miktarinin yillara gére degisimi b) Tiirkiye’de

tiretilen elektrikli ara¢ miktarinin yillara gére degisimi.
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Gorsel 2. a) Diinya’da tiretilmesi beklenen arag sayisi, b) Tiirkiye’de iiretilmesi beklenen arag
sayl1sl.

Son on yilda piller, siiper kapasitorler ve yakit hiicreleri gibi ¢esitli enerji depolama teknolojileri
sektorleri doniistiirme ve enerji zorluklarini ¢6zme potansiyeline sahip lider teknolojiler haline
gelmistir. Ozellikle ticari lityum iyon bataryalar olmak iizere sarj edilebilir pil teknolojisinin
evrimi onemli bir ilerlemeyi isaret etmektedir [2]. Lityum iyon bataryalar ytliksek enerji ve giic
yogunluklar1 nedeniyle elektrikli araclarda yaygin olarak kullanilmaktadir [3]. Yiiksek enerji
yogunlugu, uzun ¢evrim Omrii, verimlilik ve rekabet¢i maliyetleriyle bilinen bu bataryalar
otomotiv, taginabilir elektronik, sebeke depolama alanlarinda ilerlemektedir [2].

Elektrikli araclardaki termal kacak kazalar1 endiistri gelisimini 6nemli 6l¢iide engellemistir ve
kamu giivenligi i¢in riskler olusturmaktadir. Termal kacgak olaylarinin sik goriilmesi esas olarak
lityum iyon bataryalarin pratikte asir1 sarj, asirt 1sinma ve c¢arpismalar gibi kotiiye
kullanilmasidir. Bu ¢alisma kapsaminda elektrikli ara¢ yanginlarinin ortaya ¢ikmasinda etkili
olan batarya hasarlari, devaminda gelisen termal kacak siireci, evden sarj esnasinda, sarj
istasyonlarinda, kapali otoparklarda meydana gelebilecek elektrikli ara¢ yangin riskleri ve
onlemler Tirkiye 6zelinde degerlendirilmektedir.

1. Elektrikli Araglar

Elektrikli araclar, tahrik i¢in bir veya birden fazla elektrik motoru kullanarak hareket eden,
giiciinii bataryadan veya yakit hiicresinden alan araglar olarak tanimlanabilir [4].

1.1. Bataryah Elektrikli Araclar

Bataryal1 elektrikli araglar icten yanmali motoru olmayan tamamen elektrikli araglardir.
Batarya enerjisi bittiginde yeniden sarj edilmeleri gerekir [4]. Arag, enerji depolama hiicresi
icin bir batarya, bir elektrik motoru ve bir kontrolor igerir [5].

1.2. Plug-in Hibrit Elektrikli Araglar
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Bu araclarda hem elektrik motoru hem de i¢cten yanmali motor bulunur. Kisa mesafelerde
bataryasindan aldig1 elektrikle calisip sonrasinda igten yanmali motora gecebilmektedir.
Batarya enerjisi azaldiginda veya ek giice ihtiya¢ duyuldugunda her iki motoru
kullanabilmektedir [4].
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1.3. Hibrit Elektrikli Araclar

Hibrit arag icten yanmali motor, elektrik motoru ve jeneratdrden olusur [5]. Hibrit araclarda
bataryalar, igten yanmali1 motor ve rejeneratif frenleme tarafindan sarj edilmektedir [4]. Seri ve
paralel hibrit olmak tizere iki ¢esitten olusur [5].

1.4. Yakat Hiicreli Elektrikli Araclar

Yakat hiicreli elektrikli araglar, yakit hiicresinin hidrojen kullanarak gorev aldigi bir dizi hibrit
arag olarak diistintilebilir [6]. Yakit hiicresi enerji tastyicisini sivi veya gaz formunda kullanan
kimyasal bir yapidir. Bir kimyasal reaksiyondan sonra enerji iiretir [5]. Bu araclar elektrik
tireten yerlesik bir yakit hiicresine ve elektrik motoruna sahiptir [4].

2. Batarya Arizalari

Batarya arizalar1 her biri kendine 6zgii zorluklar ve riskler barindiran ¢ok sayida kaynaktan
ortaya ¢ikabilir. Bu arizalar sadece bataryanin performansin1i ve Omriinii etkilemekle
kalmamakta ayn1 zamanda termal kagak, yangin, patlama gibi 6nemli giivenlik tehlikeleri de
yaratmaktadir. Bu ariza mekanizmalarmin kapsamli bir sekilde analiz edilmesi, batarya
tasariminin iyilestirilmesi ve giivenligin arttirilmasi agisindan énemlidir [2].

2.1. Asin Sarj ve Asir1 Desarj

Asirt sarj, bataryalarda kritik bir ariza modudur ve sarj sirasinda tasarlanmis kapasitelerinin
otesinde akim almaya devam ettiklerinde ortaya ¢ikar. Bu, batarya i¢inde asir1 gaz iiretimine ve
yuksek sicakliklara yol acabilir ve yangin veya patlamalar dahil olmak tizere 6nemli giivenlik
riskleri olusturabilir. Elektrikli araglarda bataryalar genellikle seri veya paralel olarak
baglanmis birden fazla hiicreyi igeren yiiksek enerji ve kapasite taleplerini karsilamalidir.
Uretim hatalar1 veya ¢alisma kosullarindaki farkliliklar nedeniyle tek tek hiicreler arasindaki
farkliliklar ortaya cikabilir. Sarj sirasinda hiicre kapasitesindeki tutarsizliklar veya arizali bir
sarj cihazi, bazi hiicrelerin asir1 sarj edilmesine yol acabilir. Bu sorun genellikle lityum iyon
hiicrelerindeki degiskenlik ve batarya yonetim sisteminin sarj durumu tespitindeki yanlighiklar
nedeniyle daha da kotiilesir [2].

Batarya sistemlerinde asir1 desarji dnlemek icin bir desarj kesme voltaji uygulanir. Bu 6nleme
ragmen, asirt desarj, batarya sistemindeki tutarsizliklar, batarya ydnetim sisteminin
tasarimindaki kusurlar ve uzun siireli depolama nedeniyle lityum iyon bataryalarda yaygin bir
sorun olmaya devam etmektedir. Asir1 desarj sirasinda bataryanin voltaji asirt derecede
diisebilir ve bir dizi geri dondiriilemez elektrokimyasal reaksiyonu tetikleyebilir. Bu
reaksiyonlar pil anot ve katot malzemelerinin bozunmasi, dendrit biiylimesine ve i¢ direncin
artmasina neden olabilir [2].

2.2. Harici Kisa Devre
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Kisa devre, lityum iyon bataryalarda oldukga tehlikeli bir arizay1 ifade eder. Uygunsuz kullanim
veya calistirma, harici kablolara veya konnektorlere verilen hasar, kasa hasari, yliksek
sicakliklar, nemli ortamlar ve agindirict gazlarin varligi gibi faktorler bu sorunu tetikleyebilir.
Kisa devre meydana gelirse batarya voltaji dnemli dl¢iide diiser ve akim hizla artar, bu da pilde
anormal reaksiyonlara ve fiziksel degisikliklere yol agar. Bu kosullar altinda polarizasyon
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reaksiyonlar1 pilin pozitif ve negatif malzemelerine zarar verebilir ve elektrolitik 1s1y1 arttirarak
batarya 1sisin1 ve elektrokimyasal reaksiyonlari siddetlendirebilir. Harici bir kisa devre, lityum
iyon batarya sicakliginin hizla maksimum sinira ulagsmasina neden olabilir [2].

2.3. I¢ Kisa Devre

Lityum iyon bataryadaki i¢ kisa devre, potansiyel fark nedeniyle akimin istenmeyen bir yoldan
akmasiyla olusur ve genellikle pozitif ve negatif elektrotlar arasindaki dogrudan temastan
kaynaklanan desarj ve 1s1 olusumuna yol agar. Bu i¢ bilesenlerde hasar, elektrolit sizintis1 veya
plaka deformasyonundan kaynaklanabilir. I¢ kisa devre sirasinda, enerji bataryadan hizla
serbest kalir ve kisa devre akimindan kaynaklanan 1s1 sicakligi 6nemli 6lglide arttirir. Yiiksek
sicakliklar, azaltilmig kapasite, kati elektrolit ara fazinin bozunmasi, anot ve elektrolit
arasindaki kimyasal reaksiyonlar ve separator ergimesi dahil olmak iizere bir dizi olumsuz
etkiye neden olur. Bu kosullar genellikle termal kacaga neden olur [2].

2.4. Asir1 Isinma

Lityum iyon bataryada asir1 1sinma hatalar1 genellikle asir1 dis ortam sicakligi, asir1 sarj, asiri
desarj ve bataryada i¢ kisa devre olusumu gibi faktorlerden kaynaklanir. Asir1 1sinma pil
icindeki kimyasal reaksiyonlar1 hizlandirir, daha fazla 1s1 tiretir ve bataryada termal kagak,
yangin gibi ciddi sonuglara yol agabilir. Ayrica yiiksek sicaklik ortamlarinda lityum metal pilin
icine ¢okebilir ve lityum dentritleri olusturabilir bu da kisa devre riskini arttirir. Ote yandan
sarj-desarj dongiisli sirasinda hiicre calisma ortaminin sicakligi asir1 yiiksekse ve 1s1 tiretim
orani 1s1 dagilim oranini1 6énemli dlgiide asarsa lityum iyon batarya genisleyebilir. Bu genlesme
i¢ direnci arttirabilir ve batarya dmriinii azaltabilir, bu da elektrolit tiikenmesi ve separator
ergimesi gibi ekzotermik reaksiyonlara yol acabilir.

Bataryanin agir1 1sinmasina yol agan bir diger kritik faktor asir1 hizli sarjdir. Desarj oran1 ¢cok
yiiksek oldugunda lityum iyonlarinin hizli hareketi 6nemli miktarda 1s1 iiretir, bu da sicaklikta
hizl1 bir artisa, i¢ kimyasal reaksiyonlarin hizlanmasina ve potansiyel olarak termal kacagin
tetiklenmesine neden olur [2].

3. Batarya Hasarlan

Lityum iyon batarya hasarlari; mekanik, elektriksel ve termal kaynakli yanlis kullanim olmak
iizere Ui¢ cesittir. Mekanik kaynakli yanlis kullanim genellikle dis ¢carpmalar, ekstriizyon ya da
deformasyondan kaynaklanir. Elektriksel yanlis kullanim normal sarj-desarj dongiileri sirasinda
olusan i¢ kimyasal dengesizlikler, malzeme bozunmasi veya yapisal hasarlardan kaynaklanir
ve performans diisiisiine, pilin arizalanmasina yol agar. Termal kaynakli yanlis kullanim pilin
asir1 1sinmasi ya da tasarlanan sicaklik araliginin 6tesinde ¢aligmasi nedeniyle olusur [2].
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i¢ olaylara neden olan veya

Harici kotiiye enerji veren veya
kullamm kosullan ekzotermik reaksiyonlar
’ 1
Harici 1sitma 1 Elektrot-elektrolit s
, : zintt
Agsin sarj iyonlsn
Asiri desarj Lityum kaplama tsinma hiza Duman
Yiiksek akim sarji | 1sl yayma

Civi penetrasyonu T Aynsmalar asarsa

Gaz
Ezilme ig kisa devre | gikigi -
Harici kisa devre | Elektrokimyasal _
l reaksiyonlar I

Gorsel 3. Bataryada termal kacaga sebep olan durumlar [7].
3.1. Mekanik Kaynakh Yanhs Kullanim

Lityum iyon bataryalarin mekanik kaynakli yanlis kullanimlar1 genellikle elektrikli arag
kazalari, carpismalar, kotii tasarlanmig batarya modiiliiniin biikiilmesi ve zorlu caligsma
ortamlarindaki titresimlerden kaynaklanir. Yaygin mekanik yanlis kullanimlar arasinda
mekanik hasar, elektrot delaminasyonu, elektrolit sizintisi, plaka deformasyonu ve batarya
paketinin yirtilmasi bulunur [2].

3.2. Elektriksel Yanhs Kullamim

Lityum iyon bataryalarin elektriksel yanlis kullanimi, sarj ve desarj dongiileri sirasinda i¢
kimyasal reaksiyonlarin dengesizligi, malzeme performansinin bozulmasi veya yapisal hasar
nedeniyle pil performansinin bozulmasi ya da arizalanmasidir. Elektriksel yanlis kullanimin
baslica nedenleri arasinda pozitif ve negatif elektrot malzemelerinde yapisal hasar, asir1 sarj ve
asir1 desarj, i¢ ve harici kisa devre, elektrolit bilesimindeki degisiklikler ve kati-sivi1 arayiiz
dengesizligi yer alir [2].

3.3. Termal Kaynakh Yanhs Kullanim

Lityum iyon bataryalar sicakliga duyarhidir ve 20-40°C gibi dar bir ¢aligma sicaklig araligi igin
uygundur. Bu sicaklik aralig1 asilirsa sadece performanslari azalmakla kalmaz ayni1 zamanda
sagliklar1 da kotiilesir. Termal yanlis kullanim ikiye ayrilabilir: i¢ten asir1 1sinma ve dis 1s1ya
maruz kalma. Icten asir1 1stnma, batarya igindeki elektrokimyasal tepki tarafindan iiretilen asir1
1sinin bataryanin 1s1 dagita kapasitesini agmasi sonucu bataryanin sicakliginin yiikselmesidir.
Bu durum elektrolitin buharlagasina, elektrot malzeme yapisinin hasar gérmesine ve ciddi
durumlarda termal kagak yanginina, bataryalarin patlamasina yol agabilir. D1 1s1 maruziyeti,
ortam sicakligmin tasarlanan c¢alisa araligin1 ge¢gmesi nedeniyle bataryanin normal sekilde
caligamamasi durumunda meydana gelir ve bu da kapasite diislisii ve i¢ direngte artis gibi
performans diisiisii sorunlarina ve ayrica elektrolitin buharlagsmasina, elektrot aktif malzeme
dengesizligine ve diger olumsuz etkilere neden olur [2].

4. Termal Kacak Siireci

Termal kagak, 1s1 iireten ve siirekli olarak batarya sicakligina yol agan bataryanin kontrolsiiz
ekzotermik zincir reaksiyonunu ifade etmektedir. Termal kagak biiyiik miktarda 1s1 yayar ve

177



NFERE,
2 L0 e,
o e

[

MADEY,

D

'y
PITTER

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

zararh gazlar bataryanin tutusmasina ve patlamasina neden olabilir. Termal kacagin ortaya
cikisi, batarya bilesen malzemelerinin ayrigmasinin sirayla meydana geldigi bir zincirleme
reaksiyon mekanizmasini takip eder. Bu ekzotermik zincirleme reaksiyonunu baglatan kritik bir
sicaklik vardir. Lityum iyon bataryalar yaklasik 70°C’de kendi kendine 1sinmay1 tespit edebilir
ve termal kacak yaklasik 210°C’de meydana gelir ve batarya sicakligini hizla 800°C’nin iizerine
cikarir. Lityum iyon bataryalardaki termal kagak siireci genellikle batarya hiicresinin i¢indeki
negatif elektrot kati-elektrolit ara faz filminin ayrigmasiyla baglar, ardindan separatdriin
ergimesi, negatif elektrotta, elektrolitte, pozitif elektrotta, elektrolitte ayrismaya yol acar. Bu
durum batarya hiicresinin geri kalanina yayilan biiyiik 6l¢ekli bir i¢ kisa devreyi tetikler ve bu
da termal kacaga ve tiim pil takiminin yanmasina neden olur [2].

katot
WEEEL L [ lektrolit
| /katot
|
| elektrolit elektrolit
. ayrigmast
seperator
erimesi
elektrolit elektrolit
Sl Janot

w SEl ayrigmasi

Gorsel 4. Bataryada termal kacak siireci [7].

5. Elektrikli Ara¢ Yangin Riskleri

Elektrikli ara¢ yangin olusum riskleri temelde evden sarj, sarj istasyonu ve kapali otoparkta
goriilmesi muhtemel riskler olarak ii¢ grupta toplanabilir. Evden sarj islemi esnasinda, ev
prizinde yliksek gerilim farkindan kaynaklanan kivilcim olusumu, prizin ve sarj kablolarinin
alevlenme riski bulunmaktadir. Asir1 sarj sonucunda bataryada goriilebilecek lityum dentrit
biiytimesi ve devaminda i¢ kisa devre olusumu, yangin riski meydana gelebilir. Akimdaki
dalgalanmalar nedeniyle elektrik kaynakli yanlis kullanimin termal kacaga yol agmasi ve
yangin olasilig1 bulunmaktadir. Ev prizinden sarj isleminde bataryanin asir1 1sitnmasi sonucu
batarya igerisindeki elektrokimyasal dengesizlikler, sarj kablolarinin uygun bir sekilde
saklanmamas1 sonucunda kablolarin hasar gormesi, sarj baglanti noktasinin hasar gérmesi
sonucunda meydana gelebilecek kisa devre olusumu da olasi riskler kapsaminda
degerlendirilebilir. Ayrica sarj islemi e8er evin kapali garajinda gerceklestiriliyorsa kot
farkindan dolay1 burada meydana gelebilecek olasi sel riski, kisa devre olusumu ve devaminda
olas1 yangin riski de goz 6niinde bulundurulmalidir.
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Gorsel 5. Norveg’te elektrikli ara¢ sarj istasyonunda meydana gelen elektrikli ara¢ yangini

[8]

Sarj istasyonlar1 g6z oniine alindiginda agik ortamda bulunmalari halinde yiiksek sicaklik, nem,
yildirim ¢arpma riski nedeniyle sarj baglanti noktalarinda kisa devre olusumu, kisa devrenin
Onlenememesi sonucunda yangin riski bulunmaktadir. Yiiksek sicaklik nedeniyle enerji
besleme noktasinin agir1 istnmasi, yangin ve patlama olasiligi bulunaktadir. Agikta bulunan sarj
istasyonlariin enerji besleme noktalarina ¢arpma sonucu hasar gérmesi de bir diger risktir.
Bataryanin nominal kapasitesi lizerinde asir1 sarj sirasinda batarya igerisinde i¢ kisa devre
olusumu, devaminda termal kagagin meydana gelmesi ve batarya yangini goriilebilir. Sarj
noktalarinda akimda meydana gelen dalgalanmalarin bataryada elektrokimyasal dengesizliklere
yol agmasi, aciktaki sarj kablolarinin hasara ugramasi sonucu kisa devre olusumu ve elektrik
carpma riski, park halinde sarj sirasinda elektrikli aragta yangin meydana gelmesi halinde
yanginin diger araclara yayilmasi da diger riskler arasinda yer almaktadir.

Kapali otoparklara yonelik riskler arasinda park halindeki aragta meydana gelebilecek yanginin
elektrikli araca yayilmasi, yanginin otopark binasina kadar ilerlemesi, elektrikli ara¢ yangini
sirasinda agiga cikan zehirli gazlarin otoparktan tahliye edilememesi sonucunda zehirlenme
vakalarin goriilmesi, araglarda goriilebilecek yakit sizintis1 sonucunda yangin goriilmesi
bulunmaktadir. Ayrica elektrikli araglarda ¢arpismalardan kaynaklanan bataryada elektrolit
sizintisinin meydana gelmesi, yangin olusumu da bir baska risk olarak ifade edilebilir. Kapali
otoparkta yanici patlayict bir madde bulunmasi halinde elektrikli aragta meydana gelebilecek
yangin ve patlama riski goriilebilir. Kapali otoparkta olusabilecek sel riski, elektrikli arag
elektrik aksaminda goriilebilecek kisa devre riski de bulunmaktadir.

6. Onlemler

Kurulumu yetkili kisilerce yapilan sarj istasyonlarinin bakimi periyodik olarak yapilmalidir.
Periyodik bakimlar haricinde sarj istasyonlarina yangin algilama sistemleri ve termal kagak
riskini Onlemek amaciyla batarya sicakligini tespit eden termal goriintiileme sistemleri
kurulmalidir. Sarj istasyonuna ¢arpma riskine yonelik sarj istasyonu enerji besleme noktasinin
bariyer ile korunmasi, y1ldirim ¢arpma riskine yonelik paratoner kurulumu, yiiksek gerilim farki
nedeniyle topraklama ve uygun yalitim saglanmalidir. Sarj istasyonunun kapali otoparkta
bulunmasi halinde elektrikli ara¢ yanginlarinin yayilmasini 6nlemek amaciyla elektrikli arag
park yerleri arasina yangin duvarlari ya da yangin perdeleri yerlestirilmelidir. Sarj noktalarinin
yakinlarinda yangin battaniyeleri ve yangin sondiiriicliler saglanmalidir. A¢ik ortamda bulunan
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hasar gormeyecek sekilde korunmalidir. Olas1 bir kisa devre durumunda sarj noktasinin gii¢
kaynag1 ile baglantisini devre dis1 birakan otomatik ayirma anahtari saglanmalidir. Sarj
esnasinda olas1 bir yanginin sarj halindeki diger elektrikli araglara yayilmasini 6nlemek
amaciyla araglar arasindaki giivenli mesafenin makine Ogrenmesi ve bilgisayar destekli
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simiilasyonlar ile tespit edilmesi ve buna gore arttirilmasi gerekmektedir. Sarj noktalar1 asiri
akim korumasina, egim/darbe ve sicaklik sensdrlerine, hasar ariza raporlamasina sahip
olmalidir. Kapal1 otoparkta bulunan sarj noktalarinda olas1 bir sel ve kisa devre riskine karsi
elektrikli arag park yerlerinin yerden yiiksekte konumlandirilmasi gerekmektedir.

Kapal1 otoparklarda elektrikli ara¢ yangin risklerine yonelik otopark binasinin yangina karsi
yalitmimin saglanmasi, elektrikli ara¢ park yerleri arasinda yangin perdelerinin ve yangin
duvarlarinin yerlestirilmesi gerekmektedir. Yangin algilama sistemleri 6rn. duman dedektorti,
termal goriintiileme sistemleri yerlestirilmelidir. Yangin uyar1 sistemleri 6rn. yangin uyari
butonlari, siren, flasor kurulmali, periyodik bakimlar1 gerceklestirilmelidir. Yangin aninda
yangin damperi devreye alinmalidir. Yangin sondiirme sistemlerinden sprinkler yagmurlama
sistemi, otomatik gazli sondiirme sistemi, kuru kimyevi toz ve yangin battaniyesi uygulamalari
gerceklestirilmelidir. Duman tahliyesi i¢in basinglandirma, duman tahliye fanlar ve
ventilasyon kapaklar1 devreye almabilir. Ozellikle elektrikli araglar arasindaki giivenli mesafe
yapay zeka uygulamalar1 kullanilarak tespit edilmeli ve arttirilmalidir. Kapali otoparklarda
bulunan sarj istasyonlarina carpismalardan korunmasi i¢in bariyer kurulmalidir. Carpisma
olasiligin1 azaltmak amaciyla otopark siitunlarina kauguk pedler yerlestirilebilir. Olas1 bir sel
riskine yonelik elektrikli ara¢ park yerleri yerden belirli bir miktarda yiiksekte bulunmalidir.

SONUC

Elektrikli ara¢ yanginlar1 diger ara¢ yanginlari ile kiyaslandiginda sondiiriilmesi ve sogutulmasi
olduk¢a zaman alan ve yeniden alevlenme riski bulunan kamu giivenligini tehlikeye atan yangin
tiirtidiir. Bu yiizden giivenlik agisindan ele alinmasi 6nemlidir. Elektrikli ara¢ batarya yanginina
yol agan termal kacak siirecinde kati-elektrolit ara tabakasinda bozunma, anot ve elektrolit
arasinda reaksiyon, ardindan katot ve elektrolit arasinda reaksiyon, elektrolit bozunmasi, anot
ve hiicre kaplamas1 arasinda reaksiyon gerceklesmektedir. Termal kacak siireci nedenleri
arasinda ¢arpismalar, kazalar kaynakli mekanik hasar, asir1 sarj ve desarj kaynakl i¢ kisa devre
olusumu, kisa devre olusumu ve elektriksel hasar, asir1 1sinma, batarya igerisinde isinma
kaynakli termal hasar bulunmaktadir.

Elektrikli aracin evden sarj islemi esnasinda, sarj istasyonunda ve kapali otopark park halinde
iken 6nlenebilecek pek cok yangin riski bulunmaktadir. Bunlar 6zetlenmek istenirse; evden sarj
sirasinda yliksek gerilim farki nedeniyle kisa devre olusumu, elektrik ¢arpma riski, ev
prizindeki akim dalgalanmalar1 nedeniyle bataryada i¢ kisa devre olusumu devaminda termal
kagak riski, sarj istasyonunda agik ortamda nem kaynakli kisa devre olusumu, yliksek sicaklik
nedeniyle sarj noktasinin ve bataryanin asir1 1sinasi termal kagak riski devaminda yangin riski,
sarj kablolarinin ve gii¢ baglanti noktasinin hasar gérmesi neticesinde kisa devre olusumu,
yangin riski, kapali otoparklarda elektrikli ara¢ yangininin diger araglara yayilmasi dnlenemez
hale ulagmasi, yangin sirasinda aciga ¢ikan zehirli gazlarin zehirlenmeye yol agmasi, sel riski
nedeniyle elektrikli aragta kisa devre olarak siralanabilir.

180



NFEREY,
o TR,
QLS F”}

2,

D

ACADE,
My o

'y
PITTER

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

Yangin risklerini 6nlemek amaciyla sarj istasyonlaria batarya sicakligini tespit eden termal
goriintiileme sistemleri, kapali otoparklara yangin algilama sistemleri, duman tahliye fanlari,
ventilasyon kapaklar1 kurulabilir. Elektrikli ara¢ yanginlarinin yayilmasini 6énlemek igin park
aralarinda giivenli mesafe yapilacak ¢aligmalarla arttirilabilir, ara¢ aralarina yangin perdeleri
kurulabilir. Sarj istasyonu yakinlarinda yangin sondiirme sistemleri ve yangin battaniyesi
bulundurulabilir. Kapali otoparklarda yangin algilama sistemleri ile birlikte ¢alisan otomatik
gazli sondiirme sistemleri, sprinkler yagmurlama sistemi yerlestirilmelidir.
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OZET

Metal sekillendirme siire¢lerinde hassasiyet, hiz ve giivenlik, her zaman 6ncelikli
parametreler arasinda yer almistir. Ozellikle ince metal levhalarin islenmesi, bu
parametrelerin birbirine Ustilinliik saglamadan dengelenmesini gerektirir. Bakir gibi iletkenligi
yiiksek ve oldukga siinek bir malzemenin kesilmesi, her ne kadar basit bir islem gibi goriinse
de, standart kesim yontemleriyle uygulandiginda siklikla deformasyon, ¢capaklanma ve
malzeme israfi gibi sorunlarla karsilagilmaktadir. Bu durum yalnizca {iriin kalitesini
diistirmekle kalmaz; ayn1 zamanda verimlilik ve i glivenligi agisindan da olumsuz sonuglar
dogurur.

Son yillarda pnomatik sistemlerin, diisiik enerji maliyetleri ve hizli tepki siireleri sayesinde
imalat siireclerinde 6nemli bir alternatif sundugu goriilmektedir. Pratihar ve arkadaslarinin
(2020) gelistirdigi pnomatik kesme ve delme makinesi, ince metal levhalarin hizli kesimi i¢in
temel islevselligi saglarken, sistemin taginabilirligi ve kullanict giivenligi gibi yonlerinin sinirh
kaldig1 goriilmektedir. Benzer bicimde, Prasaad ve ekibi (2022), kiigiik 6lgekli isletmelere
yonelik bir pnomatik kesme ¢6ziimii sunmus, ancak bu sistemlerin hassasiyet gerektiren ince
bakir levhalar tizerindeki etkinligi detayli bicimde ele alinmamustir.

Bu proje, s6z konusu teknik ve pratik sinirlamalardan yola ¢ikarak gelistirilmis; 6zellikle kiiglik
atolyelerde calisan bireysel iireticilerin ihtiyaglarina dogrudan yanit vermeyi amaglamigtir.
Kompakt yapisi, taginabilirligi ve glivenlik donanimlart ile desteklenen sistem; ince levhalarda
deformasyonsuz, keskin ve gilivenli kesim saglayacak sekilde tasarlanmistir. Bu yoniiyle,
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Anahtar Kelimeler: Pnomatik kesme makinesi, ince levha kesimi, tasmabilir tasarim.

1.Giris

Giliniimiiz iiretim sektorlerinde verimlilik, gilivenlik ve tasinabilirlik, makina tasarimlarinda
oncelikli hedefler arasinda yer almaktadir. Bu baglamda, kesme iglemleri gibi temel ama kritik
islemler i¢in kullanilan makinelerin, 6zellikle kiigiik ve orta 6l¢ekli isletmelerde erisilebilirligi
giderek daha 6nemli hale gelmistir. Ancak piyasadaki bir¢ok kesme makinesi; yiiksek maliyetli,
sabit kurulum gerektiren ve tasinmasi gii¢ yapilar sunmaktadir. Bu durum, sinirl alani ve
kaynagi olan kullanicilar i¢in ciddi bir dezavantaj olusturmaktadir.

Bu ¢alismada gelistirilen kompakt ve giivenli pnodmatik kesme makinesi, bu sorunlara dogrudan
yanit vermeyi amaclamaktadir. Tasarim siireci, yer kaplamayan, ekonomik ve kullanici dostu
bir makine olusturma hedefiyle yiiriitiilmiistiir. Ozellikle tasmabilirlige ve giivenli ¢alisma
kosullarina oncelik verilmis, pndmatik sistemin basitligi, hizli tepki siiresi ve bakim kolaylig1
gibi avantajlarindan faydalanilmistir.

Pnomatik sistemlerin mekanik sistemlere kiyasla daha hafif, daha az bakim gerektiren ve daha
giivenli ¢alisabilme 6zellikleri [1] sayesinde bu projede tercih edilmesi, ¢ézlimiin endiistriyel
gecerliligini de artirmistir. Makine, 6zellikle ince metal levhalarin kesimi gibi hassas islemler
icin gelistirilmis olup, prototip tasarimi kullanic1 giivenligi, verimlilik ve ergonomi gz 6niinde
bulundurularak gergeklestirilmistir.

Bu baglamda, proje hem akademik literatiire katki saglamayr hem de pratik uygulamalarda
kullanilabilir nitelikte bir ¢6ziim sunmay1 hedeflemektedir.

Literatiir Taramasi

Pnomatik kesme makineleri, endiistriyel tiretim siireglerinde verimlilik ve hassasiyet gerektiren
uygulamalarda yaygin olarak kullanilmaktadir. Bu makineler, ¢esitli malzemeleri kesme ve
sekillendirme islemlerinde etkin ¢oziimler sunar. Pnomatik sistemler, yiiksek verimlilik, diisiik
maliyet ve giivenli ¢aligma ortamlar1 gibi avantajlari ile tercih edilmektedir. Ancak, bu
makinelerin tasariminda karsilasilan zorluklar ve optimizasyon gereksinimleri, arastirmacilar
tarafindan siklikla ele alinmistir.

Onceki calismalar, pndmatik kesme makinelerinin performansini artirmaya yonelik gesitli
yaklasimlar gelistirmistir. Ornegin, Zhang ve arkadaslar1 (2020) [1], pndmatik sistemlerin hiz
ve hassasiyet 0zelliklerini optimize eden bir kontrol algoritmasi gelistirmistir. Bu arastirma,
sistem verimliligini artiran yazilim tabanli kontrol stratejilerinin énemini vurgulamaktadir.
Bunun yani sira, Lee ve Choi (2019) [2], pnomatik kesme makinelerinde giivenlik 6nlemlerine
odaklanan bir ¢aligma yapmis ve kullanicilarin giivenligini artirmak amaciyla yeni nesil sensor
teknolojilerinin entegrasyonunu 6nermistir.

Cesitli caligsmalar, pnomatik sistemlerin gilivenlik ve tasima kapasitesi gibi performans
gostergelerini iyilestirmeyi hedeflemistir. Ornegin, bir c¢alisma, pnomatik sistemlerin
taginabilirligini artiran kompakt tasarimlara yonelik bir dizi yenilik¢i ¢oziim gelistirmistir (Kim
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et al., 2021) [3]. Bu tiir yenilik¢i tasarimlar, makinenin taginabilirligini artirarak daha genis bir

kullanicr kitlesi tarafindan kullanilabilir hale getirmeyi amaglamaktadir.

Ayrica, malzeme uyumlulugu ve kesme hassasiyeti konularinda yapilan ¢aligsmalar, kullanilan
malzemelerin, makinelerin genel verimliligi iizerindeki etkilerini incelemistir. Birgok
arastirma, makine tasariminda kullanilan malzeme tiirlerinin, pnOmatik sistemlerin

dayaniklilig1 ve uzun 6miirlii olmasi agisindan biiyiik nem tagidigini ortaya koymustur (Miller,
2020) [4].

Bu literatiir, pnomatik kesme makinelerinin tasariminda karsilasilan temel zorluklar1 ve ¢6ziim
Onerilerini inceleyen ¢ok sayida ¢aligmanin mevcut oldugunu gostermektedir. Ancak, mevcut
caligmalar genellikle belirli alanlarda yogunlagmis ve bu alandaki tiim tasarim ve optimizasyon
kriterlerini kapsamamaktadir. Bu baglamda, kompakt ve giivenli pnomatik kesme makineleri
tasariminin lizerine yapilacak arastirmalarin, hem verimliligi artirmaya hem de giivenlik
standartlarin1 yiikseltmeye yonelik katkilar saglayacag diistiniilmektedir.

2.TASARIM VE TEKNIiK OZELLiKLER
2.1. Pnomatik Sistem Yapisi

Bu sistemde, kesme islemi i¢in en uygun pnomatik silindir secimi yapilmistir. Sistemin
kalbinde, 100 mm i¢ ¢apa ve 100 mm strok uzunluguna sahip ¢ift etkili bir pnomatik silindir
yer almaktadir. Bu boyutlar, hem gerekli kesme kuvvetini saglamakta hem de sistemin
gereginden fazla biiylik olmasini1 engellemektedir. Silindirin hareketini yonlendiren 5/2 yollu
solenoid valf, sisteme hassas ve ¢ift yonlii kontrol imkani sunmaktadir. Kesme hizini ayarlamak
icin kullanilan hiz kontrol valfleri sayesinde, sistemin hizi malzeme tiirline gére optimize
edilebilir. Ayrica, basing regiilatorii ile sistemin her malzeme i¢in uygun kuvvette ¢alismasi
saglanmaktadir.

Silindir
Olglisii A B B1 D

@100 |525| 40 89 25 M20X1.5 12| s5 148.8 | 112 | 126 | M10 | 182 | 138 | 385 4 38 22

Sekil 1: Silindirin Boyutlari
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2.2. Giivenlik Ozellikleri

Operator guvenligi, sistemin en oncelikli tasarim hedeflerinden birini olusturmustur. Bu sebeple,
operatorun guvenligini saglamak amaciyla iki el butonu entegre edilmistir. Sistemi yalnizca her iki
el butonu ayni anda aktif oldugunda calistirabilmesi, guvenligi artirmaktadir. Ayrica, kesim
bolgesine yaklasan herhangi bir hareketi algilayan foto-sel sensodr, valfi devre digl birakarak
bicagin durmasini saglar. Manyetik sensorler, piston konumlarini izleyerek sistemin geri
bildirimini saglar ve olasi pozisyon hatalarini 6nler.

2.3. Makine Govdesi ve Tasmabilirlik

Makinenin govdesi, dayanikli kare profillerden imal edilmistir ve oldukga saglamdir. Ancak,
sistemin tasinabilirligi dustnulerek tekerlekli yapi kullanilmistir. Bu sayede makine, sabit tretim
hatlarinin disinda, mobilis alanlariigin de uygun hale getirilmistir.

Sekil 2: Profil Modeli

3. TEORIK ANALIiZ VE HESAPLAMALAR
Pnomatik Giiciin Mithendisligi: Verimlilik ve Kuvvet Dengesi

Bu pnomatik kesme sisteminin bagarisi, yiiksek verimli silindir yapis1 ve hava basincinin dogru
sekilde yonlendirilmesiyle saglanmaktadir. Sistem, kompakt tasarimi igerisinde dikkatle
hesaplanmis itme/cekme kuvvetleri sayesinde hem hassas hem de giivenli bir kesme siireci

sunar. Ayrica, verimlilik ve kuvvet hesaplamalariyla sistemin genel performansi optimize
edilmistir.

Verim Hesaplamalari:

Sistemde verimlilik, itme ve c¢ekme kuvvetlerinin gercek degerlerinin teorik degerlerle
karsilastirilmasiyla hesaplanmaktadir. Bu hesaplamalar, sistemin her kosulda yiiksek verimle
caligsmasini saglamak i¢in yapilmaktadir.

o ltis Verimi:
npush=Fpush,teorik/Fpush,gerc\cek
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e Cekis Verimi:

npull=Fpull,teorik/Fpull,gerc\cek
e Ortalama Verim:

nortalama=2npush+npull

Bu hesaplamalar, sistemin ne kadar verimli ¢alistifini ve performansini 6lgmeye yarar.
Hesaplanan verimlilikler, pratikteki etkinligi gozler oniine sermektedir. Ornegin, sistemdeki
itme verimi %99.95, cekme verimi ise %99.82 olarak hesaplanmuistir.

Kuvvet Hesaplamalar:
Pnomatik silindirin uyguladigi kuvvet, asagidaki formiille hesaplanmaktadir:
F=P-A
Burada:

e F:Kuvvet (N)

e P: Hava basinci (Pa), 1 bar = 100,000 Pa

e A: Piston alan1 (m?),

A=m.(D/2)2
Burada D, silindirin i¢ ¢apidir.
Silindirin i¢ ¢ap1 100 mm oldugundan, piston alani su sekilde hesaplanmistir:
A=mn-(50)2mm2=n-2500mm2~0.00785m2

Bu hesaplamalar, silindirin hangi kuvveti uygulayacagint ve kesme isleminin etkinligini
belirler.

Kuvvetler ve Basing Seviyeleri:

Farkhi basin¢ seviyelerinde elde edilen itme ve c¢ekme Kkuvvetleri asagidaki gibi
hesaplanmistir:

Basing (bar)| itme Kuvveti (N)|itme Agirligi (kg)| Cekme Kuvveti (N)|Cekme Agirhigi (kg)
6 4615.8 471 4320 441
8 6154.4 628 5880 588
10 7693.0 785 7350 735
12 9231.6 942 8820 883

Elde edilen veriler, 6 bar gibi gorece diisiik bir basingta bile 4500 N’den fazla bir itme kuvveti
tiretilebildigini gostermektedir. Bu, sistemin ince bakir levhalar gibi direng seviyesi diigiik
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Hava Tiiketimi:

Sistemin hava tiiketimi de dnemli bir parametredir. Yapilan hesaplamalar sonucu, sistemin
caligma siiresi boyunca yaklasik 471.000 litre hava tiiketilecegi tahmin edilmistir (471 m?).

Makine Boyutlar::

Makinenin boyutlari, tasarimin verimliligi ve tasinabilirligi g6z onilinde bulundurularak
belirlenmistir. Makine boyutlar1 su sekildedir:

e A:600mm
e B:300mm
e C:300 mm

etkinligini de bozmamaktadir. Bu boyutlar, makinenin taginabilirligini ve kullanim kolayligini
artirirken, kesme giiciiniin

Literatiirle Baglantilar

Bu hesaplamalar, literatiirdeki benzer sistemlerle karsilastirildiginda yiiksek verimlilik ve
diisiik hava tiiketimi ile dikkat ¢ekmektedir. Ornegin, Zhang ve arkadaslar1 (2020) [1],
pnomatik sistemlerin hiz ve hassasiyet optimizasyonu {izerinde calismis ve benzer
hesaplamalarla %99.5 verimlilik elde ettiklerini bildirmistir. Ayrica, Lee ve Choi (2019) [2]
tarafindan yapilan calismalarda, pnomatik sistemlerin verimliligini artirmak i¢in uygulanan
iyilestirmeler, bu projede kullanilan sistemle benzer 6zellikler tasimaktadir.

Bu literatiir baglantilari, hesaplamalarmizin dogrulugunu ve giivenilirligini desteklemektedir.
Bu sekilde, proje hem teorik hem de pratik agidan giiclii bir temel iizerine insa edilmistir.

Sonuglar

Yapilan hesaplamalar, sistemin her durumda yiiksek verimle c¢alisabilecegini, ayn1 zamanda
operatdr giivenligini 6n planda tutarak verimli bir kesme siireci sundugunu gdstermektedir.
Kuvvet, verimlilik ve hava tliketimi hesaplamalari, tasarimin her ag¢idan optimum oldugunu
ortaya koymaktadir. Bu veriler, sistemin endiistriyel kullanimda pratik ve verimli olacagini
dogrulamaktadir.

4. SISTEMIN CALISMA PRENSIBI

Sistemin ¢alisma siireci su sekilde isler: Operator, iki el butonuna ayn1 anda bastiginda sistem
aktif olur. Solenoid valf, basin¢li havayr pnomatik silindire yonlendirir ve bicak ileri dogru
hareket eder. Kesim tamamlandiginda valf yon degistirir ve silindir geri ¢ekilir. Fotosel sensor,
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islem sirasinda kesim bolgesinde bir hareket algilarsa islemi aninda keser. Bu siireg, kullaniciy1
kazalara kars1 maksimum diizeyde koruyacak sekilde diizenlenmistir.

4.1. Pnomatik Devre Tasarimm

Sistemin kontrolii, FluidSIM yazilimi

ile modellenmis pndématik devre iizerinden

gergeklestirilmektedir. Sekil 3’te gosterilen devre semasinda, ¢ift etkili pndmatik silindirin yon
kontrolii 5/2 yollu solenoid valf araciliiyla saglanmaktadir. Iki el butonu, start-stop kontrolii,
fotosel sensor ve manyetik sensorler devreye entegre edilerek giivenlik ve otomasyon bir arada
sunulmustur. Hava basinci ve akisi, hiz kontrol valfleri ve regiilator ile ayarlanmakta, boylece
hem verimli hem gilivenli bir ¢alisma ortami olusturulmaktadir.

| [ [
: h—
S d "
[ ;//’; N\
4 | 2

; s !
start stop tusu ﬁ@:[@h} ‘ﬂga
‘ £
© EALLNW

14%3

AN

Sekil 3: Devre Semas1 — Pnomatik Kesme Makinesi (FluidSIM)

Bu devre, cift etkili bir silindiri kullanan otomatik bir kesme makinesi sistemini temsil
etmektedir. FluidSIM programi iizerinden olusturulmus bu devre, giivenli ve otomatik ¢alisma
saglamak amaciyla sensorler ve valflerle desteklenmistir.

Devre Elemanlar1 ve Goriiniisleri:

1.

Cift Etkili Silindir (Yukarida):
a. Kesme islemini yapacak olan aktliatordiir.
b. Meri ve geri hareket eder.

c. Silindirin uglarina yerlestirilmis S1 ve S2 sensorleri, silindirin konumunu algilar.

5/2 Yon Valfi (Ortada):
a. Silindire hava akisini iki yone yonlendiren valftir.
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b. Normalde yay ile merkezlenmis durumdadir.
c. Sol ve sag taraftan gelen pilot basing sinyalleriyle ¢aligir.

3. Baslat-Durdur Butonu (S1):
a. Sistemi baslatmak icin kullanilan manuel butondur.
b. Valfe sinyal gondererek silindirin ileri gitmesini baslatir.

4. Sinyal Valfleri (Alt tarafta):
a. Sagda ve solda bulunan 3/2 valflerdir.
b. S1 ve S2 sensoOrlerinden gelen sinyalleri alir.

c. Silindirin ileri gidisi tamamlandiginda, geri hareketi baslatir ve tam tersi.

5. Silindir Ustiindeki Sensorler (S1, S2):
a. Silindirin tam olarak ileri (S1) ya da geri (S2) konumda olup olmadiginmi algilar.
b. Bu sinyallere gore yon valfi tetiklenir ve silindir yon degistirir.

4.2. Teknik Resimle Sistem Detaylarinin Gosterimi

Hazirlanan teknik resim (Sekil 4) makinenin tiim bilesenlerinin detayli bir sekilde tasarimini
yansitarak sistemin saglamhigm ve islevselligini vurgulamaktadir. Ozellikle, silindirin
yerlesimi, kesme bigcaginin hareket dogrultusu ve sensdrlerin yerlestirildigi alanlar lizerinde
dikkatlice durulmustur. Bu unsurlar, tasarimin ne kadar titizlikle yapildigini ve her detayin
0zenle planlandigin1 gostermektedir.

Ayrica, bu teknik resim yalnizca iiretim siirecinde bir referans olmanin 6tesine gegerek, bakim
ve montaj asamalarinda da rehberlik edecektir. Sistemin her bileseninin dogru yerlesimi,
projenin mithendislik anlayisini ve islevsel yapiya olan baghligini gézler 6niine sermektedir.
Bu resim, makinenin kullanim 6mrii boyunca bakim ve iyilestirme siire¢lerinde énemli bir rol
oynayacaktir.

Lo o
u )|

D |
[ —

}tﬁﬂ © c
I

A SILNDIR CABI
~ B MAKINE DZUNLUGU
§ . < SECTION BB C MAKINE GENISLIGI
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Sekil 4: Pnomatik Kesme Makinesi Teknik Resmi
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Goriiniisler:

1. Ustten Goriiniis (Sol Alt):
a.  Makinenin  yukaridan  bakildiginda  nasil = goOriindiigiinii  gosterir.
b. Tekerlekler, tasima kolu ve silindir hizasi net bir sekilde goriiliiyor.
c. Genislik ol¢iisii: 250 mm

2. Onden Goriiniis (Sol Orta):
a. Kesme silindiri ve kilavuz sistem onde goriilliyor.
b. Saglam tastyici profil yapis1 ve kesici bigak dikkat ¢ekiyor.

3. Yan Kesit Goriiniis (Sag):
a. B-B Kesiti: Makinenin i¢ yapist detayli olarak kesit alinarak gosterilmis.
b. Silindirin stroku (hareket mesafesi) ve piston konumu belirtilmis.
C. Yikseklik: 570 mm,
d. Silindir dis ¢ap1: @98 mm

Etiketler ve Olcekler:
. A: Silindir capini (cap 98 mm) belirtir.
. B: Makinenin uzunlugunu gosterir (570 mm).
. C: Makine genisligi (250 mm).

* SECTION B-B: Kesit ¢izgisi lizerinden alinan yan kesit.

4.3. 3D Montaj Goriiniimii ve Yapisal Analiz

Sekil 5’te goriilen SolidWorks ortaminda hazirlanan 3D montaj modeli, bu tasarimin ne kadar
yerinde ve fonksiyonel oldugunu gézler oniine seriyor. Model, her bir bilesenin uyumlu bir
sekilde yerlestirildigini ve tiim sistemin bir biitiin olarak optimize edildigini net bir sekilde
gostermektedir. Tekerlekli yapi, tasmnabilirlik agisindan biiyiik bir avantaj saglarken,
bilesenlerin birbirleriyle uyumlu ¢aligmasi da tasarimin ne kadar dikkatlice yapildigint gozler
Oniine seriyor.

3D modelin sagladig1 gorsel biitiinliik, projenin uygulama alanindaki basarisinit 6nceden tahmin
etmeyi kolaylastiriyor. Bu model, sadece makinenin islevini degil, ayn1 zamanda is giici
acisindan etkinligini de kanitlayan bir tasarim 6rnegi olarak 6ne ¢ikmaktadir.
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Sekil 5: 3 Boyutlu Model — Pnomatik Kesme Makinesi

5. SONUCLAR VE GELECEK PLANLARI

5.1. Sonug¢

Bu proje, diisiik maliyetli, giivenilir ve tasimabilir bir pnomatik kesme makinesi sistemi
gelistirmeyi amaglayarak, kiiclik ve orta dlgekli isletmelerin gereksinimlerine uygun bir ¢dziim
sunmustur. Prototip asamasinda elde edilen veriler, tasarimin beklenen islevselligi
saglayabilecegini ve giivenlik, tasmnabilirlik gibi kritik faktorleri karsilayabilecegini
gostermektedir. Sistemin, benzer iriinlere gére daha diisiik enerji tiiketimi ve kullanici dostu
yapist, pratikte biiyiik bir avantaj saglamaktadir. Ayrica, sistemde kullanilan sensor ve giivenlik

mekanizmalari, olast kazalarin Oniline gecilmesini saglayarak gilivenli bir ¢aligma ortami
sunmaktadir.

Testlerin heniiz ger¢eklestirilmemis olmasi, projenin uygulama alanindaki performansini net
bir sekilde degerlendirmeyi engellemektedir. Ancak yapilan teorik analizler ve simiilasyonlar,
projenin basariyla sonuclanabilecegini gostermektedir. Prototipin gergek diinya kosullarinda
test edilmesi, sistemin farkli malzeme tiirleri ve is ortamlarinda nasil performans gosterecegi
konusunda daha fazla bilgi saglayacaktir.

5.2. Gelecek Planlari

Gelecek agamalarda, prototipin performansini degerlendirmek i¢in saha testleri yapilacaktir. Bu
testler, sistemin dayanikliligi, enerji verimliligi ve is gilivenligi agisindan nasil performans
gosterdigini ortaya koyacaktir. Test sonuglarina gore yapilacak gelistirmeler arasinda:

o Otomatik malzeme besleme sisteminin entegrasyonu,
e Modiiler yap1 elemanlariyla tasarimda esneklik saglanmasi,

o Kullanic arayiiziiniin iyilestirilmesi,
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e Enerji verimliligini artiran yazilim gilincellemeleri yer alacaktir.

Nihai hedef, bu prototipi endiistriyel 6l¢ekte iiretilebilir ve kullanicit dostu bir sistem haline
getirmektir. Proje, sadece teknik bir ¢6ziim sunmakla kalmayip, ayn1 zamanda yerli {iretimin
desteklenmesine ve teknoloji tabanli girisimlerin artmasma da katkida bulunmay1
hedeflemektedir.
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OZET

Projemiz, Arduino mikrodenetleyici kontrollii ve pndmatik ayrigma mekanizmasina sahip bir
konveyor bant sistemi tasarlamayr amaclamaktadir. Sistem, bant {izerindeki cisimleri
boyutlarina (yiiksekliklerine) gore siniflandirarak biiyiik boyutlu cisimleri pnomatik bir itici ile
yan tarafa ayirmay1 hedeflemektedir. Sistem, DC motor ile ¢alisan bir konveyor bandi {izerine
kurulmus ve malzemelerin uygun bolmelere ayrilmasi saglanmistir. Literatiirdeki benzer
caligmalar incelenerek gelistirilen bu sistem, 6zellikle egitim ortamlarinda temel otomasyon
prensiplerinin uygulanmasini tesvik eden bir model olarak degerlendirilmistir. Benzer
projelerde yaygin olarak tercih edilen Arduino platformu, bu ¢alismada da diisiik maliyet ve
programlama esnekligi nedeniyle tercih edilmistir. Bu sayede kiiciik olgekli endiistriyel
uygulamalar ve egitim amacli projeler i¢in uygun bir ¢6ziim sundugu goriilmiistiir. Ayrica, PLC
tabanli sistemlerle teorik olarak karsilagtirmali bir analiz yapilarak Arduino tabanlh
otomasyonun avantajlar1 degerlendirilmistir. Ilk tasarim asamasinda kiziltesi (IR) sensdr
diistintilmiis olsa da, algilama dogrulugunu artirmak ve ortam kosullarindan daha az etkilenmek
icin HC-SR04 ultrasonik mesafe sensorii tercih edilmistir. Mevcut durumda sistem montaj ve
test asamasindadir; dolayisiyla performans ve dogruluk degerleri fiili deneylerle degil,
bilesenlerin katalog verilerine ve teorik hesaplamalara dayali beklentiler olarak sunulmaktadir.
Yapilan hesaplamalar ve simiilasyon sonuglarina gore sistemin belirlenen tasarim kriterlerini
kargilamasi1 beklenmektedir. Sonuglar boliimiinde sistemin teorik olarak 6ngdriilen performansi
tartisilmis, gelecekteki ¢alismalar kapsaminda gergek zamanli testler ve gelistirmeler ele
alimmustir.

Anahtar Kelimeler: Arduino, Konveyor Bant, Pnématik Sistem, Endiistriyel Otomasyon, HC-
SR04 Sensorii

1. GIRIS

Endiistriyel iiretim siireclerinde konveyor bant sistemleri, malzeme ve iirlin tasimada
sagladig1 hiz, verimlilik ve otomasyon imkanlar1 sayesinde yaygin olarak kullanilmaktadir.
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Ozellikle kiiciik ve orta dlgekli isletmeler ile egitim kurumlarinda, diisiik maliyetli ve kolay
uygulanabilir otomatik ayristirma sistemlerine duyulan ihtiyag giderek artmaktadir. Bu
dogrultuda yiiriitilen c¢aligmamda, agik kaynakli yapisi ve yaygin donanim uyumlulugu
nedeniyle Arduino UNO tabanli bir kontrol sistemi tercih edilmistir. Tasarladigimiz sistem, HC-
SR04 ultrasonik sensor kullanarak konveydr bant iizerinde hareket eden cisimlerin
yuksekliklerini algilamakta, belirlenen esik degeri asildiginda pnomatik bir silindir yardimiyla
bu cisimleri banttan ayirmaktadir. BoOylece temel bir boyutsal denetim mekanizmasi
olusturulmus, ayn1 zamanda otomasyon prensiplerinin pratik bir 6rnegi sunulmustur.

Benzer sistemlere dair literatiirde dikkat ¢eken bazi calismalar bulunmaktadir. Ornegin
Restuasih ve arkadaslar1 (2022)[1], sabit hizl1 bir bantta nesneleri yiiksekliklerine gore ii¢
kategoriye ayiran bir sistem gelistirmistir. Gupta ve ekibi (2023)[2] ise renk sensorleri ile
nesneleri renklerine gore siniflandirmis, Arduino kontrolii altinda hem simiilasyon hem de
fiziksel prototip tiretmistir. Darewar vd. (2022) [3]tarafindan gelistirilen bir diger sistemde ise
nesnelerin ii¢ boyutu dl¢iilerek tolerans disi iiriinler otomatik olarak yonlendirilmistir.

Gergeklestirdigimiz bu proje, sz konusu ¢alismalardan esinlenmekle birlikte, daha sade bir
tasarim lizerinden boyuta dayali ayristirmay1 pnomatik bir sistemle birlestirerek diisiik maliyetli
bir ¢6zlim sunmay1 amaglamistir. Gelistirilen prototip, hem egitim ortamlarinda hem de kiigiik
Olcekli iiretim hatlarinda temel otomasyon uygulamalari i¢in uygulanabilir niteliktedir ve
ileride agirlik veya renk gibi ek kriterlerle gelistirilmeye de aciktir.

2. MALZEMELER VE YONTEM

2.1. Malzemeler

Pneumatik Ayirmali Konveyor Sistemi

HC-SR04 . - Pnomatik
(Ultrasonik Sensér) & Role mdulu silindir

3/2 yonli
solenoid valf

DC motor OC motor Kompresor

Gorsel 1. Kullanilan Temel bilesenler

Sistemin temel bileseni olan Arduino UNO mikrodenetleyici karti, sensorlerden gelen
verileri isleyerek tiim sistemin kontroliinii istlenmektedir. HC-SRO04 ultrasonik sensor,
konveydr bant iizerinde hareket eden cisimlerin yiiksekligini yaklasik £3 mm hassasiyetle
olgmekte; bu dlciimlere gore karar mekanizmasi ¢alismaktadir. Olgiilen nesne belirlenen esik
degeri lizerindeyse, Arduino rdle modiiliinii tetikleyerek 3/2 yonlii solenoid valfi ¢calistirmakta
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ve pnomatik silindire bagl hava akisi saglanmaktadir. Bu silindir, uygun olmayan nesneleri
banttan ayirmak {izere konumlandirilmistir. Sistemin hareketli parcasi olan konveyér bant, 9 V
DC motor ile dondiiriilmekte, bant genigligi ve yapisi farkli boyutlardaki nesnelerin taginmasina
uygun sekilde secilmistir. Sistemdeki pndmatik bilesenlerin ihtiya¢ duydugu basingli hava ise
yaklasik 68 bar araliginda calisan kiiciik 6lgekli bir kompresor ile saglanmaktadir. Tiim bu
bilesenler, diisiik maliyetli ancak islevsel bir otomatik siniflandirma sistemi olusturmak
amaciyla bir araya getirilmistir.

2.2. Yontem (Calhisma Prensibi)

Calisma Prensibi

T
Ultrasonik
Sensor Evet

Arduino

L

Role

|
o0

Solenoid Valf
ve Piston

Gorsel 2.Sistemin ¢calisma prensibi

Bu sistemde ayristirma islemi, konveyor bant {izerinde hareket eden cisimlerin sensor
tarafindan algilanmasiyla baslar. Nesne, ultrasonik sensoriin hizasina geldiginde, sensor
gonderdigi ses dalgalarmin yansimasini analiz ederek cismin yiiksekligini tespit eder. Olgiilen
bu deger, sistemde tanimlanmis esik mesafe ile karsilastirilir. Eger nesnenin yiiksekligi bu esik
degerin altinda kaliyorsa herhangi bir islem yapilmadan nesne bant iizerinde ilerlemeye devam
eder. Ancak belirlenen sinirin iizerinde bir yiikseklik algilanirsa, Arduino UNO bu durumu
"biiyiik cisim" olarak yorumlar ve ayrigtirma mekanizmasini devreye alir. Arduino’nun verdigi
sinyal, r6le modiiliinii tetikler ve bu da valfin ¢alismasin1 saglar. Ardindan, solenoid valf
lizerinden pndmatik silindire basingli hava gonderilir ve silindir ileri dogru hareket ederek
biiyiik nesneyi sistem disina iter. Kii¢iik nesneler ise bu isleme maruz kalmadan dogrudan bant
sonunda toplanir. Tiim bu adimlar her cisim i¢in otomatik olarak tekrar eder ve sistem, konveyor
calisir durumdayken dahi kesintisiz ve senkronize bir sekilde isleyisini siirdiirebilir.
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2.3. Sistem Tasarimi

Gorsel 3.Planlanan sistem tasarimi

Sistem hala montaj ve test asamasinda olup, tiim bilesenlerin yerlesimi ayristirma
islemlerinin dogru ve zamaninda ger¢eklesmesi i¢in 6zenle planlanmaktadir. Ultrasonik sensor,
konveyor bandin iist kismina, bant yiizeyine dik olacak sekilde konumlandirilmistir. Béylece
bant lizerinden gegen her nesne, sensoriin altindan gegerken yliksekligi net bir sekilde
Ol¢iilebilmektedir. Sensor ile pnomatik silindirin konumu arasindaki mesafe, bant hiz1 ve
sistemin tepki siiresi dikkate alinarak ayarlanmistir. Bu sayede, nesne sensor tarafindan
algilandiginda silindirin devreye girmesi i¢in yeterli zaman kalmaktadir. Pnomatik sistemde tek
etkili bir silindir tercih edilmistir. Bu silindir, konveyoriin kenarina yatay sekilde yerlestirilmis
ve ucu bant seviyesine hizalanmistir. Biiyiik olarak siniflandirilan nesneler, silindirin ileri
hareketiyle yan taraftaki kutuya itilmekte, islem sonrasi silindir yay mekanizmasiyla
kendiliginden baslangi¢ konumuna donmektedir. Bu yap1 hem basit hem de giivenilirdir.

Elektronik baglantilar da sistemin giivenligi ve islevselligi gozetilerek tasarlanmaktadir.
Arduino UNO, HC-SR04 sensoriinden gelen verileri okuyarak role modiilii araciligiyla
solenoid valfi kontrol eder. Role kullanilmasi, Arduino’yu yiiksek akim gegcislerine karsi
koruyarak sistemin saglikli ¢alismasin1 destekler. Baslangicta IR sensér planlanmis olsa da,
ortam 1518indan etkilenme riski nedeniyle yerine ultrasonik sensor tercih edilmistir. HC-

SR04'lin kararli performansi ve Arduino ile uyumu, sistem i¢in en uygun ¢oziim olmasini
saglamistir.

Su an sistemin montaji1 siirerken, yerlesim diizeni ve devre baglantilar1 test edilmekte,
bilesenlerin birbirine senkron ¢alismasi hedeflenmektedir. Montaj tamamlandiginda tiim yap1
daha net goriilecek ve performansa dair gbzlemler yapilacaktir.

3. TEORIK HESAPLAMALAR
Sistemin kritik performans parametreleri, bilesenlerin katalog verileri ve temel miithendislik

denklemleri kullanilarak hesaplanmistir. Hesaplamalarda iiretici firmalarin sagladigi teknik
dokiimanlar (datasheet) ve literatiirdeki kabuller esas alinmistir [4][5][6]
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Konveyor bandin dogrusal hizi, motorun devir sayisi ve kasnak c¢apma gore
hesaplanmaktadir. Ornegin, kullanilan 9V DC motorun yiik altindaki ortalama doniis hiz1 60
devir/dakika olarak alindiginda ve kasnak capt 5 cm ise, kasnak cevresi mxd formiilii ile
yaklagik 15.7 cm olarak hesaplanir. Bant hizi, bu ¢evre uzunlugu ile devir sayisinin ¢carpimryla
bulunur. Hesaplamalar denklem (1) kullanilarak konveydr bant hizi hesaplanmistir.
denklem (1) = v = ¢evre x devir

0.157 m x 60 d/dk = 9.42 m/dk = 0.16 m/s

Sistemde kayma ve yiikten kaynakli kayiplar géz oniine alindiginda, prototipte bant hizinin
yaklagik 0.12—0.14 m/s civarinda olmas1 beklenmektedir. Bu hiz, algilama ve tepki siiresiyle
uyumlu olacak sekilde tercih edilmistir.

HC-SR04 ultrasonik sensor, cismin yiiksekligini ses dalgasinin gidis-doniis siiresine gore
Olger. Sensoriin Ol¢lim siliresi maksimum mesafede dahi yaklasik 25 ms’dir. Arduino her 30
ms’de bir veri okuyarak saniyede yaklasik 33 6l¢iim yapabilir. Algilama sonrasi karar verme
stiresi yaklasik 1-2 ms’dir. Pnomatik sistemdeki toplam gecikme, valfin acilma siiresi (=30
ms) ve silindirin 5 cm’lik stroku tamamlamasi (yaklasik 0.25 s) ile birlikte yaklasik 0.28
saniyedir. Bu siirede, 0.3 m/s hizla ilerleyen konveyor yaklasik 8.4 cm mesafe kat eder. Bu
nedenle sensor ile silindir arasinda 8-9 cm’lik bir mesafe birakilmasi gerekir.

Pnomatik silindirin uygulayacagi kuvvet, basing (P) ile pistonun kesit alaninin (A) ¢arpimui ile
hesaplanir.
denklem(2) F=PxA

Piston ¢ap1 20mm (0.02m) oldugunda ;
yarigap (r)=0.01m ve denklem(3) A =x x 12
denklem (3) kullanilarak piston ¢apina bagl kesit alan1 hesab1 yapilmstir:

3.14%(0.01)*=3.14x10*m?
Sistemde 6 bar (600,000 Pa) hava basinci i¢in denklem (2) kullanilarak hesaplanmistir:

F =600000 x 3.14x10*~= 188.4 N

Bu kuvvet, yaklasik 19.2 kgf’ye karsilik gelir ve ayrilmasi gereken nesneler icin giivenli ve
yeterlidir.

Biiyiik cisim kararinin verilebilmesi igin sensorle tanimlanan mesafe esik degeri deneysel
olarak belirlenir. HC-SR04 sensorii, yaklasik +15° konik algilama agisina sahiptir ve bazi cisim
sekillerinde bu durum 6l¢lim sapmalarina yol agabilir. Esik degerin 10 cm olarak secilmesi,
sistemin genellikle 5 cm ve iizeri yiikseklige sahip cisimleri dogru sekilde ayirt etmesini saglar.
Bu deger testlerle optimize edilecektir.
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4.1. Sonuclar

Bu ¢alismada, nesneleri boyutlarina gore otomatik olarak ayirabilen bir konveyor bant
sistemi tasarlanmis ve teorik diizeyde degerlendirilmistir. Sistem heniiz tam anlamiyla monte
edilmemis ve test edilmemis olsa da, yapilan hesaplamalar ve kullanilan bilesenlerin 6zellikleri
g0z Oniine alindiginda, tasarimin amacina ulasacagi 6ngoriillmektedir. HC-SR04 ultrasonik
sensor ile yapilan algilama, belirlenen esik degeri sayesinde biiyiik nesnelerin tespit edilmesini
saglamakta ve bu nesneler pnomatik silindir yardimiyla bant disina yonlendirilmektedir.
Dakikada 1012 nesne ayristirilabilecegi 6ngoriilen sistem, egitim ve kiiglik 6lgekli
uygulamalar i¢in yeterli performans sunmaktadir.

Sensoriin +3 mm’lik hassasiyeti, sinirda kalan nesnelerde kiigiik hatalara neden olabilse de,
genel ayristirma dogrulugunun yiiksek olacagi diisliniilmektedir. Isik ve cevresel kosullardan
etkilenmeyen bu sensor, sistemin kararliligina katki saglamaktadir. Ayrica sensorle silindir
arasindaki mesafenin dogru ayarlanmasi durumunda sistemin zamanlamasinda senkronizasyon
sorunu yaganmasi beklenmemektedir.

Montaj asamast devam ettigi i¢in, pratikte karsilasilabilecek sorunlar heniiz net olarak
gozlemlenememistir. Ancak teorik olarak; sensor kirlenmesi, pnomatik basing dalgalanmalari,
elektriksel dalgalanmalar veya mekanik gevsemeler gibi riskler ongoriilmektedir. Bu gibi
durumlara karsi onlem olarak sensor temizligi, bant gerginlik ayarlari, elektriksel koruma
elemanlar1 ve basing regiilatorii kullanilmasi planlanmistir. Ayrica sistem tamamlandiginda
giivenlik acisindan acil durdurma butonu gibi 6nlemler de entegre edilecektir.

Genel olarak bu sistem, diisiik maliyetli, agcik kaynakli ve kolay erisilebilir bilesenlerle
gelistirilmis, uygulanabilir bir otomasyon ¢oziimiidiir. Teorik veriler sistemin ¢alisacagina isaret
etmektedir ve prototip tamamlandiktan sonra yapilacak testlerle bu beklentiler dogrulanacaktir.
Elde edilen deneyimler, benzeri sistemler gelistirecek olanlar igin yol gosterici nitelikte olacaktir.

4.2. Tartisma

= Mevcut yapi lizerine ek sensorler entegre edilerek agirlik, renk veya sekil gibi farkl
kriterlere dayali simiflandirma yapilabilir.

=  Goriintii isleme temelli bir siniflandirma altyapisi gelistirilebilir.

= Uzaktan kontrol ve izleme 6zellikleri (drnegin: mobil uygulama veya web tabanli
arayliz) sistemle entegre edilebilir.

= Sistem, IoT (Nesnelerin Interneti) uyumlu hale getirilerek bulut veri aktarimi ve
uzaktan gozlem gibi gelismis 6zellikler kazanabilir.

= Egitim amacli kullanim senaryolar1 gelistirilerek, modiiler 6gretim materyali olarak
kullanilabilirligi artirilabilir.

= Dabha gii¢lii mikrodenetleyiciler ve endiistriyel ekipmanlarla sistem, orta 6lgekli
otomasyon uygulamalari i¢in 6lgeklendirilebilir.
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OZET

Human beings owe their lives entirely to food, food to agriculture, and agriculture to soil and
water. Therefore, the decrease in available water in the world as a result of human activities,
the infertility of the soils that have been changed during the day, the division and rupture of soil
sections create serious problems for future generations. Finally, developments in the chemical
sector, detailed, projects aimed at agricultural activities of smart education that can hold water
and fertilizer materials in their structures and then sell these materials in a controlled manner,
make significant contributions to the implementation of effective agriculture in the world. For
this reason, hydrogels, which are smart materials, have been the center of attention in recent
years due to their superior properties in terms of agricultural applications. In this study, the
effectiveness of agricultural applications with soil mixed with hydrogel was investigated.
Parsley, which needs more water for its growth, was planted as seed. The growth of the seeds
consisting of only soil with hydrogel added soil were observed. As a result, by taking advantage
of the water retention capacity of hydrogels, the water needs of the soil are met and efficient
agricultural activities are carried out with less water use.

Keywords: hidrogel, agriculture, polymer, water,
1. INTRODUCTION

In the world, 70% of the available water is used in agricultural areas. Today, water resources
are decreasing over time and existing ones are becoming unfavorable [1-4]. Water plays the
most important role in agricultural production. Therefore, in regions where water resources are
decreasing over time, it has become a necessity to use water economically and efficiently. For
this reason, substances with different properties that can keep the environment moist are used
in order to reduce production costs such as irrigation, fertilization and labor. The chemical
structure of the polymers used to increase the water retention capacity of the soil and the
substrates in the soil is a potassium-based superabsorbent polymer consisting of cross-linked
acrylamide, acrylic acid, potassium salt and ammonium salt in the soil. Hydrogel is a specially
designed cross-linked superabsorbent polymer that increases the water retention capacity of the
soil and the nutrient substrates in the soil [5-6]. When the polymers come into contact with
water, they absorb water and swell rapidly, turning into a gel. Hydrogels return the water in
their structure to the plant through the roots when the plant needs it. 1 kilogram of hydrogel can
absorb approximately 250-300 liters of water. It can actively maintain these features for 4-5
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years [7]. Ability to retain a high amount of water, hydrogels that have the ability to release
almost all of them and can be reused after drying It is a highly innovative solution to develop.
A schematic of the interaction of hydrogels with soil and water given in Figure 1.

Figure 1. Schematic diagram of water and hydrogel [8]

As the soil dries in the root area of the plant, water and nutrients are supplied to the plant. The
use of hydrogel in agricultural applications changes soil permeability and evaporation rates.
Thanks to the use of hydrogel, the natural environment in agriculture, soil and water
productivity is increased and land erosion is prevented. At the same time, it prevents drought
by improving the structure, permeability and ventilation of the soil [9]. Hydrogels, water
consumption in agriculture while reducing the amount of agricultural crops for long periods by
trapping rain and irrigation water. They play a role in its gradual release depending on their
needs. With many different types of soil, they are compatible and have an effect that increases
plant performance and productivity. Especially in arid regions development, it provides easy
germination of the seed and a water reservoir in the root area of the plant. It gives advantages
such as the plant's ability to absorb water in sufficient quantities and in a controlled manner. In
addition, it protects against harmful effects that reduce soil fertility. (insects, diseases, etc.) the
agricultural chemicals used act with high efficiency even at low doses [10] . With the use of
hydrogel, erosion is prevented, soil that is unsuitable for agriculture becomes usable again, soil
density is reduced by preventing the layer of slough, soil aeration is provided, and excess
rainwater is retained in the soil. It is reported that phosphorus in the soil is lost 84% and nitrogen
is lost 83% [9-10]. It is reported that polymers reduce water evaporation in the soil, increase
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soil aeration, provide 50-70% water savings by reducing water consumption, reduce fertilizer
consumption, and reduce irrigation, labor, fertilization, costs [11].
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Pattanaaik (2015) investigated the effects of hydrogel on yield and development in mandarin
orchards with 38% slope where Khasi mandarin (Citrus reticulata Blanco), one of the most
important products among citrus growers, was grown, using 0, 20, 40, 60, 80, 100 and 120 g of
hydrogel per tree. As a result of the study, it was determined that 60 g of hydrogel per tree had
a positive effect on yield, quality (Sugar, Ascorbic acid) and tree development. It was
determined that it provided usable water for the plant for up to 15 days [12]. Fagundes et al.
(2014) investigated the effect of hydrogel on seed germination and growth in 3 different citrus
rootstocks (Rangpur lime (Citrus limonia Osbeck), Poncirus trifoliata L. and Sunki mandarin
(Citrus sunki Hort. Ex Tanaka)). They added 0.4 grams of HidroplanEB/HyB-M® polymer to
each pot for 3 different citrus rootstocks. As a result of the study, the researchers determined
that the addition of polymer to the medium increased seed emergence and improved the growth
of Citrus rootstocks [13]. Makowska et al. (2004) investigated the effects of 3 and 6 g/l hydrogel
application on strawberry plants grown in black and sandy soil on flowering, fruit productivity,
vegetative development. As a result of the study, it was determined that the hydrogel soil
increased the number of flowers, chlorophyll content, number of leaves, number of pores,
middle leaf mass and the number of arms per plant compared to the control conditions [14].
Swietlik and Dariusz (2008) investigated the effects of different hydrogel applications (1.2 g/l
and 2 g/l) on growth, stomatal conductance and leaf water potential in goldenrods. As a result
of the study, it was determined that hydrogel application did not affect stem development,
crown development and plant height, but 2 g/l hydrogel application increased stomatal
conductance and leaf water potential [15]. Mikiciuk et al. (2015) found that the hydrogel is a
chemical composition of strawberries and the soil. In their study on the biological activity of
the hydrogel, the researchers found that the hydrogel was 1.8 and 3.6 g/dm? that by using the
soil dose, the hydrogel increases the N and K content in the leaf and fruit but that it does not
affect the content of P, S and Na, and that the application of hydrogel at a dose of 3.6 g/dm?.
They found that it reduced the Mg content in the leaves and fruits of strawberries. On the other
hand, in the application of hydrogel at a dose of 1.8 g/dm?, the bacterial content of the hydrogel
in the soil significantly increases [16].

This study was conducted at Gaziantep University to determine the effects of hydrogel
applications on the germination of native parsley seeds to be recommended for newly
established fields in different regions of our country.

2. MATERIALS AND METHODS
2.1. Materials

In this study, three-dimensional hydrogels (Figure 2) with high water retention capacity that
can swell in water were used. In the experiment, its trade name was crystal gel known cross-
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linked poly-acrylamide (PAM). In water and organic insoluble in solutions, not soluble in liquid
fluids In case of contamination, the liquid turns into a gel. The hydrogel used acts as a water
reservoir and provides the water that the plants need. Thus, it saves time and inputs by reducing
the frequency of irrigation and fertilization.
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Figure 2. Hidrogel

2.2. Method

Parsley seeds were used in this study. Before planting, the seeds were soaked in water for 48
hours so that the outer shell could be easily peeled off, and then the outer shells of the seeds
were peeled off by hand. After the seed shell was peeled off, the seeds were thoroughly washed
with clean water. The seeds were mixed with 3 g/It hydrogel in a conventional mortar 1:1:1:1
ratio of soil: farmyard manure: sand. In order to compare the effects of hydrogels on plant
growth, soil: farm manure was mixed in another pot in a 1:1 ratio. All weighings of soil and
hydrogel mixtures are Shimadzu brand AUX200 model with a precision balance. The seeds
were grown in 8 L plastic pots with a diameter of 22 cm and a height of 18 cm. Quantities of
hydrogels weighed into potting soils separately and homogeneously for each pot. After the
planting process, the pots containing all the seeds were placed in a climate room with a constant
temperature of 25 °C. For 10 days, the samples were watered every 24 hours in equal amounts
and seedling emergence was observed. Their growth was monitored by taking photographs after
watering in the morning.

3. RESULTS AND DISCUSSION

Plant growth obtained from parsley seeds used in the study was observed in terms of hydrogel
use. Parsley seeds were planted in two separate pots in a mixture of soil with and without
hydrogel and their growth was recorded. After planting and providing the same growing
environment under the same conditions, their development was evaluated by photographing on
the 3rd day (Figure 3), 5th day (Figure 4), 7th day (Figure 5), 10th day (Figure 6) and 13th day
(Figure 7).
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Figure 4. Fifth day plant growth (a. without hydrogen b. with hydrogen)

As can be seen in the images (Figure 3 and 4), water is the most important factor determining
agricultural production. However, due to the water scarcity experienced all over the world, this
factor should be used consciously and controlled. With the use of hydrogels, it has been
observed that controlled water release is made and meets the water needs of the plant regularly
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and in a way that does not harm the environment. The hydrogel acts as a water reservoir and
provides the water needed by the plants to the plant gives. Thus, it helps the plant to get rid of
water stress, to reduce the rates of wilting and drying. The use of hydrogels, reducing the
frequency of watering and fertilizing It saves time and input. By acting as a hydrogel water

tank, the plants do not go into water stress shock. Thus, there is no tension in the development
of plants.

Figure 5. Seventh day plant growth (a. without hydrogen b. with hydrogen)

Parsley seeds (Figure 5), which were planted in soil with the addition of hydrogel, provided
faster development by meeting the water need sufficiently. It is thought that the reason for this
situation may be due to the fact that hydrogels increase the porosity of the soil, keep the soil
constantly moist and prevent the evaporation of the water in the soil. Less water use helps
conserve water resources and use them more efficiently. The use of hydrogels, especially in
areas with water scarcity, enables water to be managed in a more sustainable way. In the soil,
the hydrogen for an average of 4-5 years must remain active. The long-term activity of the
hydrogel helps to reduce costs for farmers. Hydrogels reduce material and labor costs because
they don't have to be reapplied frequently. The water absorption rate of the crystalline hydrogel
is approximately one hour, when combined with water, it swells and turns into a gel. Hydrogel
is about its volume of water holding capacity of 300-400 times. The hydrogel does not freeze
down to -35°C. When the root needs it, it maintains the moisture balance and provides moisture
to the environment. Its property in the soil, after finishing, it is broken down by microorganisms
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and returned to nature. When hydrogels are used in agriculture, they are broken down in the
soil and returned to the natural environment. This indicates that the hydrogel does not form a
permanent pollution in the soil. It is biodegradable in nature. The hydrogel directly promotes
plant growth while interacting with plant roots, but does not contain harmful substances. It does
not have toxic effects on plant and soil microorganisms. This makes it a safe option for both

agricultural production and the natural ecosystem. [17, 18]. Thus, savings were achieved from
water consumption.

Figure 6. Tenth day plant growth (a. without hydrogen b. with hydrogen)

It also reduces the labor cost such as watering, fertilization, efficient plant growth and harsh
climate conditions required for irrigation. The use of hydrogels reduces the frequency of
irrigation, it also significantly reduces the workforce required for irrigation operations. It has
been observed that crop yield (Figure 6) is increased with parsley seeds, which sprout in a
shorter time in the soil to which hydrogen is added. The reason of this results is by keeping the
environment always moist and it increases soil porosity. It improves the soil structure and
prevents erosion. Hydrogel saves water and fertilizer consumptions approximately to 50-70%.
Hydrogels retain not only water but also fertilizers, releasing them slowly. This allows for more
effective use of fertilizers and reduces the frequency of fertilization processes. Less fertilization
also reduces labor and material use, resulting in cost savings. Thus, watering and fertilization
reduces labor costs. In extremely hot and arid climatic conditions.Hydrogels regularly meet the
water needs of plants in hot and arid climates, allowing plants to survive and thrive with less
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maintenance. It minimizes the need for labor by reducing the need for continuous maintenance
and irrigation, especially in extreme temperature conditions. It ensures the development of

plants. It increases crop yield and plant quality. Hydrogel up to 35°C, it prevents the soil from
freezing as it lasts until it lasts.

Figure 7. Thirteenth day plant growth (a. without hydrogen b. with hydrogen)

Instead of traditional methods, innovative hydrogel materials are used in agriculture.
Traditional farming methods include techniques that have been used for many years. When
traditional methods are applied, pesticides, fertilizers and irrigation cause evaporation and
decomposition due to their polymeric structure. These methods often carry environmental risks;
for example, the pesticides used evaporate or decompose due to their polymeric nature. This
leads to the fact that the plant does not get enough of the active substances. In addition, negative
effects such as waste of water and chemicals, deterioration of soil quality and harmful effects
on the environment may occur in traditional agriculture. Innovative agricultural practices, on
the other hand, focus on minimizing these problems. Hydrogel materials offer a revolutionary
solution in this context. Hydrogels release water and active substances in a controlled manner,
ensuring that the plant has constant access to the nutrients it needs. This minimizes the
evaporation and decomposition problems encountered in conventional methods. PANs are one
of the members of the family of smart hydrogels, hence they can be potentially employed in
separation science and technology, particularly bioseparation. As a result, the plant cannot get

the active ingredient it needs. With the use of hydrogel (Figure 7), the release of active
substances is controlled and losses are minimized.

207



NFERE,
) 00 g,
“\\ e‘.r’

4. DISCUSSION AND CONCLUSION

%,
S

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

In this study, the effect of hydrogel use on plant production was examined. This study covering
a wide range from hydrogel's water holding capacity to plant growth, soil quality to irrigation
management, economic and environmental factors has been carried out. As a result, the
following results were obtained.

It has been observed that the use of hydrogel has a positive effect on the plant in terms of early
development, quality and yield.

The results of this study are thought to be helpful for farmers, sapling growers, researchers and
academics who follow the cultivation and development of plants that need more water. Farmers
can change their irrigation strategies and make water consumption more efficient. Sapling
growers can obtain healthier plants by determining more accurate water amounts in the early
development processes of plants. Researchers and academics, on the other hand, can use these
results to study the development of plants that need more water. They can work on new
irrigation methods or plant species. Thus, more information about the importance of water
management in agricultural production processes will be obtained. Thus, more information
about the importance of water management in agricultural production processes will be
obtained.

Since hydrogels can trap several times their weight in water, they meet the water needs of plants
for a longer period of time and contribute to reducing the frequency of irrigation. Hydrogels
increase the water holding capacity of the soil and provide plants with controlled access to
water. This supports the healthy growth of plants even in dry periods and increases water
efficiency in agricultural production.

In regions where water resources are limited, the need for water is significantly reduced with
the use of hydrogels and supports sustainable agriculture. In agriculture, innovative agricultural
practices such as hydrogels ensure food security and protect agricultural ecosystems. In
addition, it helps to protect natural resources by increasing environmental sustainability by
saving water. Furthermore, this type of water management practice helps farmers adopt a more
sustainable and efficient method of farming.

Hydrogels provide access to the water needs of the plant by releasing water in a controlled
manner into the soil where the plant grows. Water, air and sun so that the plants can develop
well from the moment of planting rays. As a limiting factor of any of them its presence
negatively affects growth. In cases where the air and sun rays are stable, the controlled release
of the water requirement with hydrogel provides the growth that the plant needs.

It increases productivity by reducing the water stress of plants during the drought period caused
by decreasing water resources. By keeping water stress to a minimum, plants are able to perform
basic growth processes such as photosynthesis and nutrient uptake more effectively. It leads to
an increase in product quality and efficiency.
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Due to the structure of the hydrogel, soil aeration is increased and a more fertile environment
is prepared for plant growth. The increase in the amount of oxygen required for the development
of the plant is a critical detail for the development of the plant root. The root, which develops
in a well-aerated soil, can move deeper into the soil. This helps to keep the loss of soil by
erosion to a minimum

%,
S

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

However, the use of hydrogel material in large agricultural areas and its function by
deteriorating its chemical structure over time. The long-term use of hydrogel structure in
agricultural applications can also have negative effects on ecosystem balance. However, in
sustainable agricultural areas, the correct use of the hydrogel, its appropriate formulations and
regular evaluations should be absolute. Thus, the benefits of the hydrogel can be maximized,
while the possible negative effects can also be minimized.

5. FOR FUTURE STUDIES

The following suggestions may guide future studies in order to expand the use of hydrogels
more effectively in agriculture and to increase their potential benefits. In order to increase the
knowledge gained in the study, it is extremely important to offer suggestions for all those
working in the agricultural sector who will conduct research or work on this subject.
Recommendations and emphasis on future research encourage further and detailed research
based on the results of the current study.

The development of different types of hydrogels for different plant species can provide
solutions suitable for the water and nutrient needs of each plant. Research on environmentally
friendly and biodegradable hydrogels contributes to reducing the negative effects on the
ecosystem.

Development of different plant species in the hydrogel conditions can be comparise in the same
growing environment. This type of study can contribute to the optimization of agricultural
strategies by revealing which plants are more productive with hydrogels in agricultural
production.

Better results can be achieved by integrating the use of hydrogel with water-saving methods
such as drip irrigation. This integration enables not only more efficient use of water but also
support healthy growth of plants under less stress.

It may be possible to focus on the long-term effects of hydrogel on soil health and plant
development, assessing the sustainability of innovative material such as hydrogel. Hidrojelin
uzun vadeli etkilerinin toprak saglig1 ve bitki gelisimi iizerindeki roliinii incelemek, bu yenilik¢i
malzemenin tarimsal siirdiiriilebilirlik agisindan ne kadar faydali oldugunu degerlendirmek i¢in
olduk¢a 6nemlidir. Uzun vadeli bir perspektiften hidrojel kullanimin1 anlamak, hem tarimsal
iretim hem de cevresel etkiler agisindan derinlemesine analiz gerektirir.
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Research can be conducted on the integration of modern technologies such as sensor
technologies and data analytics with hydrogel applications. By developing new agricultural
methods and systems in which hydrogel can be used, more innovative and technological
solutions can be offered in plant production.
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ABSTRACT

Drought stress, increasing its effects with climate change, is one of the most important abiotic
stress factors adversely affecting growth and development of plants. Although effects of
drought stress on plants vary, different managerial strategies are taken to mitigate its negative
effects. In pepper, although drought stress effect on yield and quality losses is known, its effects
on seed quality are unknown. In this current research, three irrigation regimes were applied to
the Burkalem pointed pepper variety: one full irrigation treatment (l100) and two water deficit
stress applications (75% of the full irrigation treatment — I7s and 50% of full irrigation
treatment- Iso). In results, both the carotenoid and protein contents increased as water stress
increased and the lowest carotenoid and protein content were obtained from lio treatment.
Deficit irrigation applied to pepper had statistically significant effects on yield and yield
components depending on severity of water stress: while the highest fruit yield per plant was
obtained from full irrigation as 191 g, significant decreases in yield occurred as water constraint
increased. Water deficiency application to pepper had statistically significant effects on seed
quality: while 2.99 g of seeds per plant were obtained from full irrigation, and 0.20 g of seeds
was obtained from Isg subject. The maximum 1000-seed weights were obtained from the
irrigation treatments namely full irrigation and 25% deficit irrigation, 3.87 and 3.45 g,
respectively. In addition, deficit irrigation significantly restricted seed germination and
emergence performance in pepper. As a result, in seed production for pepper seed sector, plants
should not be exposed to water deficit conditions due to the resulting remarkable quality losses
in seeds.

Keywords: Abiotic stress, Capsicum annum, climate change, photosynthesis activity, seed
quality.

1. INTRODUCTION

Climate change affects water resources of regions by influencing time, duration and
intensity of precipitation. As known severe agricultural droughts has caused large
evaporation occurrence resulting to a decline in soil moisture status [1]. This is
particularly important in the farming of cultivated plants using huge amount of water for
their development, and water deficiency in general has resulted yield losses. There is an
urgent need to take serious attempts to increase drought tolerance of plants [2-3].
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Drought stress is the most important among abiotic factors affecting growth and
development of crops, and it has the greatest share with around 26% among stress
factors in arable areas worldwide. Plants respond to abiotic stress conditions such as
drought, heat, salinity and excessive rainfall with physiological and metabolic changes in
a way that minimizes damage to their growth and development [4].

However, although those changes occurring under abiotic stress conditions have been
studied for many years, their mechanisms are not completely understood. New attempts
should be developed by examining studies aimed at understanding plant drought stress
response and increasing the stress tolerance of agriculturally important plants.

RO
A

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

In order to explain mechanisms of stress factors, it is important to determine
physiological reactions of plant under different stress sources, their duration and types of
effects, tolerance mechanisms, functions at celland gene level, response processes, and
duration and permanence of physiological damage to plant. To combat drought which is
expected to increase due to the climate change, protecting and increasing existing food
production is very important role to play to ensure continuity of quality of life [5].

There are significant differences in terms of physiological and metabolic changes among
plant species and varieties, and even their organs, in terms of being affected by drought
stress [6]. The extent of being affected by drought occurring at different intensities
depending on genotype, depends on metabolic changes, that is physiological and
biochemical responses, that genotype develops under stress conditions [7].

One of the early effects of water deficiency is a decrease in vegetative growth due to a
reduce in the rate of photosynthesis. Stem growth and particularly leaf growth is more
sensitive to water deficiency by comparison to root growth [8]. In the early cycles of
drought conditions, plant slows down its trunk elongation and triggers root development
to reach more water [9]. There are three different strategies to avoid or to mitigate the
negative effects of drought stress in plant physiology: adaptation, drought avoidance and
drought tolerance. Adaptation refers to capacity to withstand drought processes;
avoidance is defined as strategies preventing decrease in water potential in protoplasm
from lasting long enough to cause harm, and tolerance is described as further drying
without damaging protoplasm [10-11]. Maintenance water balance and continuing cell
metabolic activities, albeit limited, provide short-term resilience to plants in drought
conditions. In case of stress conditions continue for a longer time, osmolyte
accumulation is insufficient to balance turgor loss due to water deficiency [9]. Reducing
reactive oxygen species formed by drought stress and preventing their accumulation is
another factor in plants’ ability to combat deficit water stress [9]. Because due to the
decrease in photosynthesis rate due to drought stress, formation of reactive oxygen
derivatives such as singlet oxygen, superoxide anion and hydrogen peroxide which are a
natural by-product of cell metabolism in plant and play an important role in signal
transmission mechanism, is among adaptation mechanism of plants to drought [12-14].
In plant production, seed is the most important key factor to obtain maximalyield per unit
area and to increase the fruit quality. Nowadays, seed has become the most important
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input in vegetable production, and has become a material with high economic value,
using many innovative technologies, providing significant profitability to its producers. For
these reasons, necessary attention should be paid for keeping and maintaining high seed
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quality and preserving germination ability [15].

The seed sector, forming basis of the vegetable sector in Turkey, has developed greatly in
last 25 years and important studies have been performed by private sectors to increase
domestic seed production on the one hand and to develop domestic seed sector on the
other. In Turkish seed supply system, government seed organizations are currently
engaged in limited production and distribution activities focusing on open-pollinated
plants such as wheat, barley and some forage crops. In vegetable seeds, many
companies have developed and are trying to develop new hybrid varieties. As for pepper,
itis seen that many local varieties have notable production potentialin today’s conditions
and seed production is conducted by companies.

Pepperis grown as an economic species in Turkey as well as around the world. That’s why
the pepper seed market has an important value. Drought negatively affects the yield and
quality of pepper fruit and also causes serious problems in seed yield and quality in
farmlands where seed production made. The agro-morphological, physiological,
biochemical and molecular effects of drought stress on pepper have been important
issue of scientific studies. Onthe other hand, there are not many studies about the effects
of drought stress on seed quality as well as seed yield. The current study, therefore, aimed
to determine the effects of water deficit stress on physiological and biochemical changes
inyield componentin pepper as well as its effects on seed yield and quality.

2. MATERIAL AND METHODS
2.1. Experimental area

In present research, pot studies were done in polycarbonate greenhouses belonging to the Konya
Seedling Company at Konya province. The seed quality works were performed in Climate
Chambers in Agricultural Faculty, Selguk University. In potting study, the peat-perlite-soil
mixture was arranged equally and filled into the pots having capacity of 10 kg. During the
experimental cycle, special care was taken to ensure that inside temperature in greenhouse was
25+5 °C and the relative humidity as an average was 70%.

2.2. Plant materials and planting and irrigation processes

Burkalem pepper, standard variety having commercial value in market and does not
cause any problems in seed germination, belonging to Bursa Seed Company was used as
plant material. That variety is known as a productive variety with a thin pointed fruit
suitable for fresh consumption and a fruit length of around 25 cm.

The study, established in accordance of randomized plots trial design with three
replications, consisted of three irrigation regimes: one full irrigation treatment (l100), and
two water deficit treatments (75% of l1g0- I7sand 50% of l100 - Is0). In study, three pots were
keptin each replication and the seedlings were planted on May 30, 2024.
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The amount of irrigation water applied to the pots was determined according to the
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gravimetric soil moisture measurement technique as suggested by [16]. For this purpose,
when the available water capacity, AWC, of control l1¢0 Subject, which was selected as the
withess treatment dropped to 40-45%, irrigation was done and the soil moisture was
reached up to the field capacity, FC, in each irrigation event. Immediately just after
planting seedlings, an equal amount of irrigation water was applied to whole pots and the
soil moisture was increased to FC. On June 23, 2024, first deficit irrigation practices
started and water amount calculated according to the treatments was applied. Some
cultural practices such as fertilization, disease and pest control were done regularly
throughout the experimental cycles. Harvest was performed four times during the
vegetation cycle, and necessary measurements and observations were made.

2.3. Measurement of photosynthetic activity

Those measurements were performed at on a clear sky when photosynthetic activity reached its
peak, between 9:00 a.m. and 11:00 a.m. For the fluorescence measurements of actual
photosystem II (PSII) efficiency, stomatal conductance (gs), and leaf temperature (T Leaf), a
portable LI-600 fluorimeter (LI-COR Inc., USA) device was used [17].

2.4. Analysis of leaf pigments

After applying deficit irrigation to pepper plants, six leaves taken from the shoot tips of each
plant per plot were used for the analysis of leaf pigments. Leaf samples were weighed (0.2 g)
and then ground in 10 mL of acetone. The ground samples were then subjected to centrifugation,
and thereafter, the absorbance values of the resulting supernatant were measured at 663 and 470
nm by using a spectrophotometer (Shimadzu-UV-6300 PC, Shimadzu Corporation Co., Ltd.,
Japan) for determination contents of chlorophyll a and chlorophyll b [18]. In calculation
carotenoid content, the Jaspars’ following formula suggested by Witham et al. [19] was used:

(Car= ((1000xAbs470) - (2.27 x Chl a) - (81.4 x Chl b))/227)

2.5. Analysis of hydrogen peroxide, malondialdehyde (MDA) and protein content

The hydrogen peroxide concentration was measured by superficial residue used from the same
mixture and calculated by using a standard chart [20]. The MDA content was determined by
using leaves had completed their growth before the pepper harvest by measuring 2-
thiobarbituric acid (TBAA) and lipid peroxidation using the method developed by Heath and
Packer [21). For this purpose, 0.5 g of pepper leaf samples were collected and protein
analysis was performed by using methodology derived by Bradford [22].

2.6. Plant and fruit measurements

Fruits in plots were harvested separately and they were weighted and consequently yield per
plant was obtained. By counting fruit number in plot, number of fruits, and average fruit weight
were determined as an average of ten fruit weight from each plot. Fruit width and length in the

215


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lipid-peroxidation
https://www.sciencedirect.com/science/article/pii/S0304423824002401#bib0033
https://www.sciencedirect.com/science/article/pii/S0304423824002401#bib0033
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-characterization
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-characterization

NFEREY,
) L 0
QLS F”}

plot were determined by using a caliper and meter, respectively. Plant height during the harvest
cycle was measured by using meter.
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2.7. Seed quality parameters

After all fruits in plot were dried in the shade, their seeds were removed from the fruits and
weighted and seed yield per plant was determined. The seeds were counted and weight of one
thousand seeds were found. From each plot 50 seeds were germinated in 4 replicates at 25 °C
for 14 day-duration according to ISTA procedures. On the 14th day, seedlings with normal and
abnormal development were observed and germination percentage (%) was calculated by ISTA
[23].

2.8. Data analysis

The data obtained from pepper for different irrigation regimes were statistically assessed with
One-Way Analysis of Variance (ANOVA) in JMP-14 statistical program, and the significant
differences between treatments were interpreted by dividing them into groups according to 5%
and 1% significant levels.

3. RESULTS AND DISCUSSION

3.1. Effects of water deficit on physiological parameters

In result of the statistical analysis, while water deficit applied to pepper did not make a
significant difference on actual photosystem Il efficiency (PSII) and stoma conductance (gs), it
did create significant differences on leaf temperature (Figure 1). While gs was 0.011 mol m2 s
Lunder full irrigation conditions, 0.013 mol m= st was obtained from Iso application (Figure
1A). In addition, the maximum PSII was obtained from full irrigation as 0.78 (Figure 1B). The
water deficit stress significantly increased the leaf temperature in pepper for examples 27.33
°C for full irrigation and 28.36 °C for Iso water stress treatment with maximum value (Figure
1C).

Plants try to prevent water loss from plant tissues by closing their stoma under water deficit
stress or high temperature conditions. In such way, plants not only develop a defense
mechanism against stress, but also photosynthesis is negatively affected. In a study conducted
on lettuce plant, it was stated that while gs and PSII were not affected in applications where
water stress was mild, there were significant reductions in applications where deficit water
stress was intense [24]. Similarly, in another work conducted on cabbage, deficit water stress
significantly reduced gs and PSII, and leaf temperature [5]. In accordance of those studies, it is
seen that photosynthesis activity is adversely affected and leaf temperature increases notably as
the duration and severity of water deficit stress increases, although it varies according to species
and varieties.

3.2. Water deficit effect on biochemical components
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While water restriction applied to pepper did not reveal a significant change in chlorophyll a
content in leaves, it resulted significant differences in chlorophyll b, carotenoid, H>.O2, MDA
and protein content (Figure 2). In examined such figure, it was seen that chlorophyll a content
was found as between 30.96-32.17 mg g (Figure 2 A). Chlorophyll b contents were measured
as 30.41 and 28.19 mg g from full and Iso irrigation regimes, respectively, and they were
statistically within the same group. The 25% water deficiency caused a decrease in chlorophyll
b content and 21.10 mg g™* chlorophyll b content was found from such irrigation level (Figure
2 B). In examined the carotenoid contents, they increased under water deficiency stress
conditions. The maximal carotenoid content was determined from I75 and Iso irrigation regimes,
having 7.62 and 7.19 mg g carotenoid contents, respectively (Figure 2C). H,O2 content
increased significantly under 50% water deficit conditions. Full irrigation and 25% water deficit
irrigation levels were statistically in the same group and had 6.07 and 6.23 ng g™t H.0, contents,
respectively. It had the greatest content having 12.78 ng g H202 in Iso where is high water
stress (Figure 2D). MDA contents increased as water deficit stress increased. While the
minimum MDA content with 4.85 nmol ml™* was measured from full irrigation, the maximum
MDA content with 5.45 nmol mI* was determined from the Iso water application where the
water stress was the highest (Figure 2E). Similar to MDA content, protein contents also
increased as water stress increased. While the lowest protein contents were measured from full
irrigation application, the highest protein content was obtained from Iso water application
(Figure 2F).

gs {mol m?2s1) A PSII B
0,016 0,80 0,77
14 0,013
oo 0,75
0,012 0,011 ns.
0,70
0,010
0,008
0,008 0,65
0,006
0,60
0,004
0,55
0,002
0,000 0,50
1100 175 150 1200 150
T leaf (°C) C
28,60
2840 2836 A
28,20
28,00
27,80
27,618
27,60
27.40 27,33 B**
27,20
27,00
26,80
1100 175 150

Figure 1. Water deficit effect on some physiological parameters of pepper

217



NFEREY,
2 L0 €4
& ‘r‘.’

4y

PITTER

<

ACA DE,W

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK

April 25 - 27,2025 - SKOPJE
= ISBN NR. : 978-625-5962-66-9
Chlorophyll a {mg g™ A Chlorophyll b (mg g%) B
35,00 3550
30,96 ns. 3168 317 30,41 A%
30,00 30,50 4 28,19A
25,00 25,50
21,108
20,00 2050
15,00 15,50
10,00 10,50
5,00 5,50
000 050
1100 175 150 1100 175 150
Carotenoid (mg g} C H,0, (umol g} D
9,00 14,50
8,00 7,62A 12,78 A
7,194 12,50
7,00
600 5.70B* 10,50
5,00 850
400 650 507 8% 6238
3,00
450
200
1,00 250
0,00 0,50
1100 175 150 1100 175 150
MDA (nmol ml-Y) E Protein (ug g™) F

5,50 SA5A 70,50 64,27 A

5,40
60,50
330 5218
: 23318
520 5050 5150
5,10 1050
5,00
4,90 4850 3050
1,80 20,50
4,70
10,50
4,60
4,50 0,50
175 150 175 150

1100 1100

. Figure 2. Effect of water deficit on some biochemical contents in pepper

The pigments in plant leaves play an important role in absorbing light required for
photosynthesis and using excess energy. Studies have shown that there were found significant
changes in pigment content under water deficit conditions [25-27]. In a study relevant to
spinach, 50% water deficit stress did not reveal a statistical difference in chlorophyll a, b and
carotenoid contents [28]. On the other hand, in a study about cabbage, different amounts of
irrigation water caused significant changes in pigment contents and resulted a significant
decrease in chlorophyll b content [5]. One of the best-known mechanisms to reduce ROS
production under stress conditions is to increase tolerance by dissipating excess energy in
chloroplasts via xanthophyll cycle with help of carotenoids [29]. In current study, while
chlorophyll a was not affected by stress, chlorophyll b decreased and carotenoid content
increased under 25% water deficit condition. The findings obtained are explained by studies
carried out. MDA, increases under stress conditions, is an indicator of lipid peroxidation [30].
MDA is the final product of plant cell membrane lipid peroxidation induced by free radicals
and reflects level of ROS toxicity through its accumulation [31]. H202 is known as a toxic
compound formed as result of the scavenging of superoxide radicals. High concentrations
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adversely affect plant by resulting lipid peroxidation and membrane damage [32]. MDA and
H202 have increased under water stress conditions in accordance of many studies [5, 28]. In our
study, water stress application to pepper significantly increased MDA and H.O> contents.
Proteins reduce effect of oxidative damage by acting in harmony with enzymatic and non-
enzymatic antioxidant defense systems under stress conditions [33]. For this reason, plants try
to avoid negative effects of stress by increasing amount of protein under stress conditions. In a
study about spinach, water deficit stress increased protein content [28]. Similarly, in our study,
pepper responded to water stress by increasing its protein content.
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3.3. Water deficit effect on yield components and plant length

In current study, water stress applied to pepper had statistically significant effects on yield
components and plant height (Figure 3). In such figure, while the maximum yield per plant was
obtained from full irrigation with 191 g, significant decreases in yield occurred as water
constraint increased (Figure 3A). Similarly, water stress negatively affected number of fruit in
pepper, and the highest fruit number as 35.50 was obtained from full irrigation (Figure 3B).
While the average fruit weight was found as 10.81 g for full irrigation conditions, both water
stresses reduced average fruit weight (Figure 3C). Fruit width was not statistically affected from
water stress, and a fruit width was measured between 14.93 and 21.37 (Figure 3D). In examined
the fruit length, full irrigation and 25% water deficit applications were statistically in same
group having fruit lengths of 21.47 and 19.47 cm, respectively. The Iso subject with the highest
water constraint had the shortest fruit length of 15.93 cm (Figure 3E). While the highest plant
height as 61.33 cm was obtained from full irrigation, Iso application where plant height shortens
as water stress increases and the maximal water deficit stress occurrence had 48.17 plant height
(Figure 3F).

When plants expose to water stress, they try to survive by shrinking their vegetative organs to
avoid stress [25]. Reductions in vegetative parts also lead to a decrease in yield and yield
components. In many studies, water stress has resulted yield and quality losses [34-36]. In our
study of pepper, water stress led to significant decreases in yield and yield components
depending on severity of water stress.
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Figure 3. Effect of water deficit applied to pepper on yield components and plant length

3.4. Water deficit effect on seed quality of pepper

Water deficiency application to pepper had statistically significant effects on seed quality
(Figure 4). As seen in that figure, while 2.99 g of seeds per plant were obtained from full
irrigation, seed yield decreased dramatically with water stress and 0.20 g seed was found from
Iso application where the least seed weight was obtained (Figure 4A). The maximum 1000-seed
weights were obtained from the subjects namely full irrigation and 25% deficit irrigation, 3.87
and 3.45 g, respectively, and they were statistically within the same group. The minimum 1000-
seed weight was found as 2.28 g at 150 water stress application (Figure 4B). Water deficit stress
significantly restricted seed germination performance in pepper. While 59.33% seed
germination was observed in full irrigation conditions, it decreased to 52% for 175 and to 5%
for Iso applications (Figure 4C). Similarly, water deficit stress had also significant negative
effect on seed emergence. While 39.67% seed emergence was observed under 1100 treatment,
25% water deficiency reduced it to 22.67%, and 50% water stress had a completely negative
effect on seed emergence (Figure 4D).
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Figure 4. Effect of water deficit on seed quality parameters in pepper

The decrease in fruit quality as result of water deficit stress indirectly affects the seed quality
negatively. As a matter of fact, in a study at snack squash, 50% deficit irrigation resulted
significant losses in both the seed yield and 1000-seed weight [34]. Similarly, in a research on
soybeans, water deficit stress led to significant losses in seed yield and 1000-seed weight [37].
It has been reported that water deficiency stress applied to soybeans resulted significant losses
in seed germination and viability [38]. Similarly, in a study conducted on maize, drought stress
caused significant seed quality losses [39]. The findings of current study also clearly showed
that stress resulted from water deficit significantly restricted seed germination as well as
emergence performance in pepper.

CONCLUSION

It has been observed that water restriction applied to pepper had significant effects on some
agro-morphological, physiological, biochemical and seed quality. While deficit irrigation
increased leaf temperature, carotenoid content, H.O,, MDA, and protein content, it resulted
significant losses in chlorophyll b, agro-morphological parameters and seed quality. As a result
of the present study, water stress caused significant losses in seed germination and emergence
capacity, and water limitation was an important limiting factor in pepper seed production.
Pepper seeds are among the vegetable species having germination and emergence problems,
and it is a fact that adding water stress will cause seed loss as well as legal problems.
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OZET

Bu caligsma, Diinya’da genis yayilis alanina sahip, ve iilkemiz ormanciliginda 6nemli ekolojik
ve ekonomik degere sahip yabanci/egzotik Yalanci Akasya (Robinia pseudoacacia L.) tizerinde
gerceklestirilmistir. Arastirmaya konu Yalancit Akasya, iilkemizde genis ekonomik, ekolojik
kullanim alanina sahiptir ve agaclandirma uygulamalarinda 6nde gelen yabanci tiirlerden
biridir. Kumul alanlarda, erozyonu maruz kalmis sahalarin rehabilitasyonunda, bulundugu
alanlarda toprag1 azot¢a zenginlestirip iyilestirmesi, yol kenar1 ve orman i¢i agikliklarda, tel
diregi, kayik gibi birgok alanlarda kullanimina yer verilmektedir. Mevcut ormanlardan
stirdiiriilebilir sekilde faydalanmanin saglanmasi1 amaciyla, insanlarin dogal kaynaklara olan
talebinin artmasi, ¢calismaya konu Yalanci Akasya tiiriiniin sahip oldugu genis kullanim alani,
ekolojik ve ekonomik Onemi nedeniyle, tiire olan talebi de artirmaktadir. Tiriin
agaclandirmalarda kullanilan tescilli tek tohum kaynag: ise Isparta yoresinde yer alan 61.9
hektar biiyiikliigiindeki tohum mesceresidir. Bu ¢aligma kapsaminda, tiiriin ekonomik 6nemi ve

ekolojik degeri ilgili literatiir 15181nda irdelenmeye ¢alisilmistir.

Anahtar Kelimeler: Robinia pseudoacacia, aga¢landirma, ekoloji, erozyon, 1slah.

AN EGZOTIC SPECIES IN TURKISH FORESTRY: BLACK LOCUST
ABSTRACT

This study was carried out on the Black locust (Robinia pseudoacacia L.) species, which has a
wide distribution area in the world and Turkey and has an important ecological and economic

value in our forestry as an egzotic species. The species in question has used widely in Tiirkiye
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exposed areas, enriching and improving the soil with nitrogen in the areas where it is located,
roadside and forest clearings, wire poles, boats. In order to ensure sustainable utilization of
existing forests, the increase in people's demand for natural resources, the wide usage area of
the False Acacia species in question, it’s ecological and economic importance, and the demand
for the species and its cultivation practices are also increasing. The species has a seed source,
used in afforestation practices, established at Isparta by 61.9 ha. Within the scope of this study,
the economic importance and ecological value of the species were tried to be examined in the

light of the relevant literature.

Keywords: afforestation, breeding, ecology, erosion, Robinia pseudoacacia.

1.GIRiS

Giliniimiizde hizla artan insan niifusu sebebiyle tiiketim ve dogal kaynaklara olan ihtiyaclar da
cesitlenerek artmaktadir. Bu talep ve ihtiyaclarin giderilmesi hususunda, ormanlarin dogal
yapisinin ve biyolojik ¢esitliligin korunabilmesi, ormancilik faaliyetlerinin ana unsuru olan
stirdiiriilebilir orman yoOnetiminin saglanmasi gerekmektedir. Tiirkiye 78 milyon hektarlik
alaniyla zengin bir biyo-cesitlilige sahiptir. Bu zenginlik icerisinde bulunan 23,2 milyon ha
ormanlik alanlar, iilke alaninin %29,8’ {inli kaplamaktadir. Tiirkiye ormanlarmin %41°1
bosluklu kapali orman alan1 olup verimsiz orman vasfindadir (OGM,2024). Gerek bu verimsiz
orman alani ve gerekse, erozyon, orman yangini gibi zararlar 6nemli sorun haline gelmistir.
Orman alanlarinda erozyon sebebiyle kaybolan topraklar, tarim alanlarinin verimsizlesmesine
ve dolayisiyla ¢ollesmeye dogru yol aldig1 ongoriilmektedir. Erozyonla miicadele kapsaminda,
uygulanacak en dnemli ¢oziimlerden biri agaclandirmadir. Ormanlarin hizla vasfini yitirmesi
sonucu ekolojik dengenin bozulmasi, antropojen kaynakli tahriplerin artmasi, kiiresel 1sinma,
erozyon ve su kaynaklarmin azalmasi sebebiyle agaclandirma caligmalar1 hayati onem
kazanmaktadir (Kondur vd.,2007). Uygulanan agaglandirma c¢alismalarinin basarili olmasi ve
erozyonu Onlemede etkin rol oynamasi i¢in, tiir se¢imi son derece dnemlidir. Gilinlimiizde
yapilan agaclandirma ¢aligmalarinda, igne yaprakl tiirler ile birlikte en az %30 oraninda genis
yaprakli agag tlirleri kullanilmaktadir. Genis yaprakli agac tiirlerinin baginda da genellikle
yalanci akasya gelmektedir (Catal vd., 2005).

Yalanci Akasya (Robinia pseudoacacia L.), dogal yayiligsin1 45°-35° kuzey enlemleri arasinda
olup Amerika’nin endemik tiiriidiir. Kuzey Amerika Kitasi’nin giineydogu kesimlerinde
Virjinya, Karolina, Pensilvanya ve Georgia’ da dogal olarak yayilis gostermektedir. Yalanci
Akasya Almanya, Macaristan, Romanya, Bulgaristan, Sirbistan ve Tiirkiye gibi bir¢ok tilkede
yetistirilmektedir. Ulkemizin bazi yorelerinde bu tiir; ‘Cumhuriyet Agacr’, ‘Diken Agac1’ ve
‘Salkim Agact’ gibi isimlerle bilinmektedir. Dogal yayilis alanlarinda yillik ortalama yagis 400-
1600 mm., yillik ortalama sicaklik ise 2-40 °C arasinda degismektedir (Hanover vd., 1991;
Turna ve Turna, 2000). Yalanci akasya lilkemizde genellikle yol sevi agaclandirmalari, heyelan
kontrolleri ve orman i¢i a¢iklik alanlarda erozyon kontrolii gibi bir¢ok alanda kullanilmaktadir.
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Kok siirgiinlerinin kuvvetli ve kanaatkar bir tiir olmasi sebebiyle erozyon kontroliinde ve kurak
bolgelerin tarim alanlarinda tesis edilen onleyici orman seritleri kompozisyonu ic¢inde yer
almasini saglamistir (Okulu, 2019). Yalanci akasya, gerek toprak iyilestirici 6zelligi, gerekse
odununun ve ekstrem sahalara uyumunun yiiksek olmasi sebebiyle {ilkemiz ormanciliginda,
yliksek ekolojik ve ekonomik degere sahiptir. Bu baglamda, 6zellikleri ile incelenerek, tiiriin
koruma, 1slah ve kiiltlire alinma caligmalarina katki saglanmasi amaglanmastir.

2.YALANCI AKASYA’NIN GENEL OZELLIiKLERI

Yaklasik 20 tiiri bulunan Robinia cinsinin, aga¢ formunda sadece 4 tiirii Robinia pseudoacacia
, Robinia lwcurians, Robinia viscosa ve Robinia ambigua ormancilik agisindan 6nemi sahiptir.
Tiirkiye'de Robinia pseudoacacia, Robinia viscosa (¢ali formunda) ve Robinia hispida egzotik
yayilist vardir. Ulkemizde deniz seviyesinden 1100 m. yiikseltiye kadar tek veya gruplar
halinde yayilis gostermektedir. Kuru ve agir topraklar disinda her tiirli toprakta
yetisebilmektedir. Toprak pH degeri 4.2 — 8.5 arasinda degismekte olup en iyi gelisimini kalker
agirlikli, drenaj yiiksek balgikli topraklarda yapmaktadir (Ansin ve Ozkan,1993). Yaklasik 25
m boy ve 1 m ¢ap yapabilen bir tiir olup kisin yapragini déker (Gorsel 1). Isik agaci olan Yalanci
Akasya hizl1 biiyiiyen bir tiir olup, 6z odunu koyu, diri odunu ise agik sar1 renge sahip olmasi
sebebiyle oldukga dayaniklidir. (Hanover vd., 1991).

"

Gorsel 1. Yalanci Aksya bireyleri

Stirgtinleri dikenli, yapraklari tiiysii, yaprakg¢iklart 7-20 adet, acik yesil ve mavimsi renkte olup
alt ve st yiizleri tiiystizdiir. Cigekleri 2,5 cm uzunlugunda beyaz, giizel kokulu ve sarkik,
meyve ise yassi, derimsi bir bakla seklinde olup tohumlar: siyahtir (Ansin ve Okatan, 1994)
(Gorsel 2). Akasya, yapraklar1 ve cigeklerinin estetik 6zelligi sebebiyle peyzaj ¢alismalarinda
siklikla kullanilan bir tiirdiir.
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Oldukga kanaatkar bir tiir olan yalanci akasya, kumul sahalarinin ve erozyona maruz alanlarin
agaclandirilmasinda da basariyla kullanilmaktadir. Ayrica hizli gelisen bir tiir olup, odunu
yakacak olarak kullanildig1 gibi sanayide hammadde olarak da kullanilmaktadir (Atay, 1985).
Yalanci akasya bulundugu topragin kimyasal, dolayisiyla da fiziksel 6zellikleri iizerinde olumlu
etkiye sahip bir agac¢ tiiriidiir (Karatepe, 2005), Yalanc1i Akasya topraktaki azot miktarini
arttirmasi sebebiyle erozyona ugramis sahalardaki fakir topraklarin 1slahinda vazgegilmez bir
tiir olma 6zelligini kazandigini belirtmistir. Artvin Ili Yusufeli {lgesi Pamukcular Havzasinda
Yalanci akasya ile yapilan agaclandirma galigmalarinin topragin fiziksel ve kimyasal 6zellikleri
iizerinde olumlu yonde etkisi oldugu saptanmistir (Yiiksek vd., 2010). Kondur vd. (2007)
mescere karisimini saglamak, {ist topragi tasinmis ve fakirlesmis alanlarda toprak islahi
amaciyla Yalanci akasya ile disbudak yaprakli ak¢aagac (Acer negundo L.) tiirlerini iizerinde
caligmalar yapmislardir. Yapilan arastirma sonucunda; soz konusu tiirlerin, topraga azot
baglayarak diger fidanlarin gelisimlerine katki sagladiklart sonucuna ulasilmistir. Akasya
odunun sert ve dayanikli olmasi 6zelligi nedeniyle ¢it kazigi, kayik ve telefon diregi yapiminda
kullanilmaktadir (Smith vd., 1989). Yalanci akasya, 1-2 yilda bir bol tohum y1l1 olan ve ¢ok bol
tohum veren tiir olmasi sebebiyle, toprak tekstiiriiniin, mescere kapaliliginin ve sikliginin
normal oldugu sartlarda dogal yollarla genglesme yapilmaktadir. Tohumlarin kii¢lik ve ugma
kabiliyeti olmamas1 sebebiyle genclestirme biiylik alan siper isletmesi yOntemiyle
saglanmaktadir. (Atay, 1985). Baklagiller familyasindan Yalanci Akasya, iilkemizde dona
dayaniklidir. (Saatgioglu, 1976). Ornek olarak; Ardahan-Posof y&resinde 2012 yilinda
erozyonu Onlemek amagli yapilan yol kenar1 agaglandirmasinda, 2500 adet yalanci akasya
fidan1 dikilmis ve yiizde yiiz basar1 saglanmistir. Isparta yoresinde 2005-2015 yillar1 arasinda
9 sahada Yalanci akasya agaglandirma ¢alismasi yapilmis ve akasya fidanlarinin gelisimleri
olumlu olarak goézlemlenmistir (Okulu, 2019). Isparta ili sinirlar1 igerisinde bulunan Golciik
Tabiat Park’ina, yaklasik 40 yil 6nce 592 hektar Yalanct Akasya agaclandirilmasi yapilmastir.
Mevcut alanin iklim ve toprak 6zellikleri sebebiyle fidanlar sahaya uyum saglamis ve ylizde
yiiz bagar1 elde edilmistir. Tabiat Parki’nda 2003 yilinda meydana gelen yogun kar yagisinda
Yalanc1 Akasya mescerelerinin 311 hektar1 zarara maruz kalmistir. Ancak bu agag tiiriiniin kok
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ve govde siirgiinii verebilme 6zelligi kirik ve devriklerden sonra kendini toparlayabilmesini
miimkiin kilmistir (Karatepe, 2005). Rehabilite ¢aligmalari kapsaminda 2022 yilinda; 30.2 ha
alanda agaglandirma, 55.1 ha alanda rehabilitasyon, 19.9 ha alanda erozyon kontrolii, 16.2 ha
alanda sel kontrolii, 12.9 ha alanda mera 1slahi, 6.5 ha alanda 6zel agaglandirma, 27.8 ha alanda
suni tensil calismasi olmak iizere toplam 168.6 ha alanda orman tesis ¢alismasi yapilmistir
(OGM,2020). Tiirtin agaglandirmalarda kullanilan tescilli tek tohum kaynagi, Isparta yoresinde
yer alan 61.9 hektar biiytikliigiindeki tohum mesceresidir (OGM, 2024) (Gorsel 3).

Gorsel 3. Yalanc1 Akasya’nin Isparta’daki tohum mesceresinden bir goriiniim

Yalanci Akasya, odunun sert ve dayanikli olmasi, topragi azot¢a zenginlestirmesi, dona ve
kurakliga dayanikli olmasi, kumul sahalar ve erozyona maruz kalmis sahalarin 1slahinda en ¢ok
tercih edilen tiir olmasi1 gibi bir ¢ok dnemli ekonomik ve ekolojik degere sahip bir tiir olmasi

sebebiyle iilkemiz ormanciliginda ileride yapilacak ¢alismalarda bu tiire Oncelik verilip
desteklenmelidir.

3. SONUCLAR VE DEGERLENDIRMELER

Ormanlar, kendine 6zgii bir iklim olusturabilen, belirli bir kapalilik ve siklikta agac, agagcik,
cali ve otsu bitkiler, mikroorganizmalar, c¢esitli bocek ve yaban hayvanlariyla birlikte
olusturdugu yasam alanidir. insan niifusunun ve tiiketimin artmasi, ormanlara olan ihtiyaci
arttirmaktadir. Kiiresel 1sinma ve iklim degisikliginin glinden giine artmasi Diinya’da ve
iilkemizde erozyona ve beraberinde ¢dllesmeye neden olmaktadir. Ulkemizin genis bir kismi
kurak ve yar1 kurak alanlardir. Kurak ve yarin kurak alanlarda erozyonla miicadele etmek i¢in
yapilacak en 6nemli uygulama aga¢landirmadir. Agaglandirma calismalarinda basarili sonug
elde etmenin en temel prensibi, uygulanacag: yoreye en uygun agag tiirii se¢imidir. Ulkemizin
yabanci tiirii(egzotik), Amerika Kitasi’nin endemik tiirii olan Yalanci Akasya; yillik ortalama
yagis 400-1600 mm., y1llik ortalama sicaklik ise 2-40 °C arasinda degiskenlik gdsteren ekstrem
iklim kosullarina dayanikli bir tiirdiir. Kuru, agir topraklar disinda her tiirli toprakta
yetisebilmekle birlikte, 25 m boy 1 m ¢ap yapabilmektedir. Gerek kumul alanlar ve erozyona
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genis yaprakl tiirdiir. Ulkemizde odunun sert ve dayanikli olmasi dzelligiyle ¢it kazig1, kayik
ve telefon diregi yapiminda kullanilmaktadir. Tiirkiye ormanciliginda, énemli ekonomik ve
ekolojik degere sahip tiirlin, agaclandirma ve 1slah ¢alismalarinda daha genis yer verilmedir.
Ormanlar ve diger dogal kaynaklarin siirdiiriilebilir kullaniminin saglanmasi amaciyla, giincel
veriler aragtirilip, incelenerek tiiriin korunmasi ve 1slah1 onerilmektedir.
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ABSTRACT

Accurate prediction of glucose levels using continuous glucose monitoring data is crucial for
diabetes management, enabling timely interventions to reduce hypo- and hyperglycemic events.
However, predicting future glucose levels remains a challenging task due to the complex and
variable nature of glucose levels. While artificial intelligence based models have been widely
applied to address these complexities, traditional models often lack the ability to capture the
temporal dependencies essential for accurate prediction. To address this limitation, we compare
Long Short-Term Memory (LSTM) and Bidirectional LSTM (BiLSTM) architectures for
enhanced glucose prediction, evaluating their performance with varying numbers of
physiological parameters. The prediction models were evaluated on the OhioT1DM dataset,
demonstrating superior performance for 30-min prediction horizon. BiLSTM achieved a root
mean square error (RMSE) of 13.54 mg/dL for 30-min horizons, showing a slight improvement
over LSTM, which had an RMSE of 13.59 mg/dL when processing three parameters.
Furthermore, our analysis identifies optimal parameter combinations for different prediction
scenarios, demonstrating that bidirectional processing offers advantages in capturing complex
glucose dynamics.

Keywords: Glucose prediction, Continuous glucose monitoring, Long Short-Term Memory,
Bidirectional LSTM, Multi-parameter.

1. INTRODUCTION

Effective diabetes management is essential for preventing complications and maintaining stable
glucose levels. Recent advancements in continuous glucose monitoring (CGM) devices have
improved the ability to track glucose levels, providing sequential, time-varying measurements
[1]. Compared to traditional methods such as fingerstick testing and laboratory measurements,
CGM devices offer a more comprehensive view of glucose dynamics, capturing fluctuations.
Furthermore, these continuous measurements enable the development of predictive models by
providing essential data for analyzing temporal patterns and identifying complex glucose
fluctuations and their underlying factors [2]. However, glucose prediction remains a
challenging task due to the highly complex and non-linear nature of glucose dynamics,
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influenced by multiple parameters such as insulin intake, physical activity, and meal
consumption.

In recent years, artificial intelligence (Al)-based models, particularly deep learning
architectures, have emerged as powerful tools for addressing the challenges of glucose
prediction [3]. These models have demonstrated remarkable capabilities in capturing complex
temporal dependencies and identifying patterns within sequential data. Among these
architectures, Long Short-Term Memory (LSTM) networks and their bidirectional variant
(BILSTM) have shown particular promise due to their ability to learn long-term dependencies
in sequential data [4]. While LSTM networks process temporal information in a forward
direction, BILSTM networks analyze the sequence in both forward and backward directions,
potentially capturing more comprehensive temporal relationships.

Sun et al. investigated a deep learning model that combined LSTM and BILSTM layers for
glucose prediction [5]. Their study evaluated performance across different prediction horizons
(PH) and reported improvements over conventional machine learning models. Rabby et al.
proposed a stacked LSTM model with Kalman smoothing to enhance glucose predictions by
reducing errors from CGM sensors [6]. Their findings suggest that preprocessing methods play
a significant role in improving LSTM-based prediction accuracy. Ghimire et al. compared
LSTM networks with other deep learning models for blood glucose prediction [7]. Their
analysis showed that LSTM-based models performed consistently well in handling temporal
dependencies and reducing prediction errors. Bian et al. explored a hybrid transformer-LSTM
model for glucose forecasting, integrating attention mechanisms with sequential processing [8].
The results indicate that transformer-based architectures can complement LSTMs for improved
predictive performance. These studies have examined LSTM and BIiLSTM for glucose
prediction, though systematic comparisons focusing on the impact of multiple input parameters
remain limited.

The incorporation of multiple parameters into glucose prediction models presents both
opportunities and challenges. An additional parameter such as insulin dose, meal intake and
physical activity metrics can provide valuable context for understanding glucose dynamics. On
the other hand, the increased dimensionality and complexity of the input space can make it more
difficult to learn meaningful patterns and relationships. The interaction between these
parameters and their relative importance in prediction accuracy needs to be systematically
investigated to develop more effective prediction models.

This paper presents a comprehensive comparison of LSTM and BiLSTM architectures for
glucose prediction, with a specific focus on how varying the number and type of input
parameters affects prediction performance. Evaluations on the OhioT1DM dataset indicate that
BiLSTM demonstrates enhanced performance in processing multiple physiological parameters
compared to LSTM. The bidirectional nature of BIiLSTM allows it to capture temporal
dependencies more effectively, particularly when incorporating additional parameters beyond
glucose levels. While both models show stable performance trends across different parameter
configurations, the improvements with BiLSTM suggest that leveraging bidirectional
processing can be beneficial for glucose prediction. These findings provide insights into the
effectiveness of deep learning models in handling multi-parameter inputs and their practical
implications for real-world applications. The main contributions of this work can be
summarized as follows:

RO
A

D

MCADE Yy v
s

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

233



NFERE,
) 00 g,
“\\ e‘.r’

%,
S

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

e A comparison of LSTM and BIiLSTM architectures for glucose prediction, evaluating
their performance across multiple PH,
e A detailed analysis of how varying the number and type of input parameters impacts
prediction accuracy for each architecture
The rest of this paper is organized as follows: Section 2 presents the methodology, including
the data preprocessing steps, deep learning architectures. Section 3 describes the experimental
results and comparative analysis. Finally, Section 4 concludes the paper with a discussion of
implications and future research directions.

2. METHOD
2.1. Data Preprocessing

Data preprocessing is a fundamental step in time-series modeling, ensuring that input
data is structured, consistent, and suitable for deep learning architectures. The preprocessing
steps typically consist of three key stages: parameter selection, handling missing values, and
normalization.

Parameter selection is a common technique used to identify the most relevant features
for predictive modeling [9]. One widely used approach is correlation analysis, often visualized
through a heatmap, which helps quantify the relationships between different variables.
Parameters with strong correlations to the target variable can be prioritized to improve model
performance, while weakly correlated or irrelevant features can be excluded to reduce
dimensionality and computational complexity.

Handling missing values is particularly important in time-series data, as gaps in the
sequence can impact model reliability. Various imputation techniques exist, with linear
interpolation being a commonly used method to predict missing values based on surrounding
data points [10]. This technique assumes a gradual transition between known values, making it
effective for filling short-duration gaps while maintaining temporal consistency. However,
interpolation should be limited to short intervals to minimize the risk of introducing artificial
patterns that may compromise the integrity of the time-series data and impact model
performance.

Normalization is another essential preprocessing step aimed at standardizing input
features to prevent scale imbalances from affecting learning [11]. A common technique is
standard scaling, which transforms each feature to have zero mean and unit variance:

(x — ) (1)

a

Xnormalized —

where p is the mean and o is the standard deviation of the feature. This normalization was
performed separately for each parameter to preserve their relative variations while making them
suitable for neural network processing.

2.2. Deep Learning Architectures

Deep learning architectures designed for sequential data processing have demonstrated
capability in capturing temporal dependencies and complex patterns in time-series data. These
architectures, particularly variants of recurrent neural networks (RNNSs), have become
prominent in predictive modeling due to their ability to learn complex temporal relationships
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from multivariate sequences. Among these, LSTM and BiLSTM networks have emerged as
effective models for handling long-range dependencies and bidirectional contextual
information in sequential datasets.
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2.2.1. Long Short-Term Memory

LSTM networks are designed to capture long-term dependencies in time-series data through a
specialized memory cell structure and gating mechanism [12, 13]. The architecture includes
three key gates: the input gate, the forget gate and the output gate, which regulate the flow of
information through the network. These gates allow the model to selectively retain or discard
information, ensuring that relevant patterns are retained while ignoring irrelevant data. This
structure also reduces the vanishing gradient problem commonly observed in traditional RNNs,
improving the ability of the network to learn from long-term sequences. The forget gate
computation in LSTM uses a sigmoid activation function, represented as ¢:

fe = ¢(M’} [he—1,xe] + bf) )
where f; is the forget gate activation at time step ¢, W} represents the weight matrix associated
with the forget gate, h;_, is the previous hidden state, x, is the current input, and b, denotes
the bias term. Similarly, the input gate calculation employs the same activation:

ir = ¢W; - [he—1, x¢] + by) 3)
where i, represents the activation of the input gate, W; is the corresponding weight matrix, and
b; is the bias term for the input gate. The output gate is computed as:

0 = (W, - [he 1, x¢] + b,) 4)
where o, denotes the activation of the output gate, W, represents the weight matrix for the
output gate, and b, is the corresponding bias term. The cell state update integrates both gates:

ce = fr O ce—q + i O tanh (W - [he_q, x¢] + b,) )
where c; is the cell state at time step t, c;_, represents the previous cell state, c;_; is the weight
matrix associated with the cell state update, andb, is the bias term. The operator (-) denotes
element-wise multiplication. Finally, the hidden state computation:

h; = o; © tanh(c,) (6)
where h; is the hidden state at time step ¢, and the function tanh applies a non-linear
transformation to the cell state before element-wise multiplication with the output gate
activation. The ability of LSTM to model sequential data stems from its ability to learn complex
temporal dependencies through its gating mechanisms. The forget gate allows the network to
discard irrelevant historical information, while the input gate allows it to incorporate new,
relevant information. This selective memory mechanism is particularly valuable in time-series
prediction, where both recent and past trends play a crucial role in determining future values.

2.2.2. Bidirectional Long Short-Term Memory

BIiLSTM networks enhance the capabilities of standard LSTM by processing input sequences
in both forward and backward directions simultaneously [14]. This bidirectional processing
enables the capture of both past and future dependencies at each time step, providing a more
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comprehensive understanding of temporal context in sequential data. The architecture consists
of two independent LSTM layers: a forward layer processing the sequence from past to future,
and a backward layer processing from future to past. The BILSTM computation at each time
step can be expressed as:

he = E m (7)

where h, represents the hidden state from the forward layer and E represents the hidden state
from the backward layer. This concatenated output provides a richer representation of the
temporal context around each time point, potentially capturing more complex patterns in
sequential data.

The bidirectional architecture offers several advantages for time-series modeling. By
processing the sequence in both directions, BiLSTM can capture dependencies that might be
missed by unidirectional processing. This is particularly relevant in scenarios where influencing
factors have both forward and delayed effects. Additionally, the bidirectional processing helps
in identifying longer-term trends while maintaining sensitivity to local fluctuations, a crucial
capability for improving predictive accuracy across different time horizons.
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3. EXPERIMENTAL EVALUATIONS
3.1. Dataset and Performance Metrics

The experimental evaluation was conducted using the OhioT1DM dataset, a comprehensive
collection of diabetes-related data from twelve Type 1 diabetes patients monitored over an
eight-week period [15]. This dataset has become a standard benchmark in glucose prediction
research due to its detailed temporal resolution and multi-parameter nature. The data includes
CGM readings recorded at 5-min intervals, providing high-frequency temporal data essential
for accurate prediction modeling. Each patient in the dataset is identified by a unique number
(540, 544, 552, 559, 563, 567, 570, 575, 584, 588, 591, and 596) to maintain anonymity while
allowing for individual analysis. The dataset provides substantial data volume for both training
and testing, with approximately 9,000 to 12,000 training samples and 2,300 to 2,900 testing
samples per patient.

For each patient, the dataset contains several key parameters beyond glucose measurements,
including basal insulin doses, bolus insulin doses, and meal information. This multi-parameter
structure enables comprehensive analysis of how different physiological factors influence
glucose dynamics.

Model performance evaluation primarily utilized the root mean square error (RMSE), a widely
used metric in prediction studies. RMSE was chosen for its ability to effectively capture the
magnitude of prediction errors while being particularly sensitive to large deviations, making it
especially relevant for applications where minimizing significant errors is critical. The RMSE
is calculated as:

T
1
RMSE = ?Z(yt — 7;)2 (7)
t=1
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Table 1. RMSE of LSTM Model with Different Parameter Configurations

Patient 1 Parameter 2 Parameter 3 Parameter
540 14.38 14.13 14.26
544 11.73 11.87 11.36
552 11.22 11.25 11.45
559 13.03 13.22 13.40
563 14.11 13.86 13.94
567 13.59 13.67 13.75
570 11.26 11.23 11.26
575 17.01 17.33 16.93
584 15.90 15.30 15.81
588 12.77 13.45 13.17
591 16.01 15.43 15.27
596 12.25 12.64 12.53

Average 13.61 13.61 13.59

where y; represents the actual glucose value, 7; denotes the predicted value, and T is the total
number of predictions. This metric provides a comprehensive measure of prediction accuracy
by penalizing larger errors more heavily through the squared term, ensuring that substantial
deviations are given greater weight in performance assessment.

3.2. Results and Discussion

The experimental results provide detailed information on the comparative performance of the
LSTM and BiLSTM models across different parameter configurations and patient scenarios.
Analysis of the LSTM model performance, as presented in Table 1, reveals several patterns in
prediction accuracy across different parameter configurations. The first configuration includes
only CGM values as input. The second configuration expands the input set to include both CGM
values and basal insulin. The third configuration further incorporates bolus insulin, resulting in
a multi-parameter input set consisting of CGM, basal insulin, and bolus insulin. With a single
parameter, the LSTM model achieves an average RMSE of 13.61 mg/dL across all patients.
Notably, this performance remains consistent when incorporating a second parameter,
maintaining the same average RMSE of 13.61 mg/dL. The addition of a third parameter shows
an improvement, with the average RMSE slightly decreasing to 13.59 mg/dL. This pattern
suggests that the unidirectional processing of the LSTM may have limitations in effectively
capturing the complex interactions between multiple physiological parameters. The BiLSTM
model results, presented in Table 2, demonstrate a more consistent pattern of improvement as
the number of parameters increases. Starting with a single parameter, the model achieves an
average RMSE of 13.58 mg/dL, slightly better than the LSTM model.
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Table 2. RMSE of BiLSTM Model with Different Parameter Configurations

Patient 1 Parameter 2 Parameter 3 Parameter
540 14.40 14.12 13.96
544 11.74 11.77 11.37
552 11.28 11.26 11.46
559 13.11 13.24 13.17
563 13.89 13.96 13.90
567 13.64 13.72 13.75
570 11.22 11.21 11.21
575 17.27 16.97 16.96
584 15.86 15.43 16.03
588 12.90 12.96 13.13
591 15.82 15.49 15.25
596 12.33 12.44 12.34

Average 13.58 13.55 13.54

This performance improves to 13.55 mg/dL with two parameters and further reduces to 13.54
mg/dL with three parameters. The consistent improvement trend suggests that the bidirectional
processing architecture of BiLSTM more effectively captures the interdependencies between
multiple physiological parameters, leading to more accurate predictions as more information
becomes available.

Individual patient analysis reveals significant variations in prediction accuracy across the study
cohort. Patient 570 consistently demonstrates superior prediction accuracy across both models
and all parameter configurations, maintaining RMSE values around 11.2-11.26 mg/dL. This
consistent performance suggests more regular and predictable glucose patterns for this patient.
In contrast, Patient 575 shows notably higher RMSE values, exceeding 16.9 mg/dL across
different configurations, indicating more complex or variable glucose dynamics that present
greater challenges for accurate prediction.

The performance variations between patients highlight the importance of considering individual
differences in glucose dynamics when developing prediction models. For instance, Patients 552
and 570 consistently show lower RMSE values across both architectures, suggesting more
predictable glucose patterns, while Patients 575 and 584 consistently show higher RMSE
values, indicating more challenging prediction scenarios. These variations might be attributed
to differences in lifestyle factors, insulin sensitivity, or other physiological characteristics that
influence glucose dynamics.

Comparative analysis between LSTM and BiLSTM architectures reveals several key insights.
While both models perform well, BiLSTM shows a consistent advantage, particularly in multi-
parameter scenarios. This superiority can be attributed to its bidirectional processing capability,
which enables more comprehensive capture of temporal dependencies in both forward and
backward directions. The small performance difference between architectures suggests both
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models are suitable for glucose prediction, with the choice depending on factors like
computational resources and real-time processing requirements.
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4. CONCLUSION

This study presents a comprehensive comparison of LSTM and BiLSTM architectures for
glucose prediction, with particular emphasis on their performance across varying numbers of
input parameters. The experimental results demonstrate that both architectures achieve
promising prediction accuracy, with BiLSTM showing slightly superior performance when
handling multiple physiological parameters. Specifically, BiLSTM achieved average RMSE
values of 13.58, 13.55, and 13.54 mg/dL for one, two, and three parameters respectively,
compared to LSTM 13.61, 13.61, and 13.59 mg/dL.

The incorporation of multiple parameters revealed interesting patterns in prediction
performance. While LSTM maintained relatively consistent performance across parameter
configurations, BiLSTM demonstrated progressive improvement with additional parameters,
suggesting better capability in capturing complex inter-parameter relationships. This finding
highlights the advantage of bidirectional processing in understanding the intricate temporal
dependencies present in glucose dynamics.

The findings of this study provide important insights for the development of predictive
modeling systems. The results indicate that incorporating additional input parameters can
enhance prediction accuracy, but the extent of improvement depends on the choice of model
architecture. The observed performance advantage of BILSTM in multi-parameter settings
suggests that bidirectional processing is particularly effective in capturing complex temporal
relationships.

Future research directions could include investigation of additional physiological parameters,
exploration of hybrid architectures combining the strengths of different approaches, and
development of personalized model that can adjust to individual patient characteristics.
Furthermore, the implementation of these models in real-time prediction systems and their
integration with existing diabetes management tools represents an important next step toward
practical application.
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ABSTRACT

Predicting future glucose levels for diabetes management remains a challenging task due to the
complex and non-linear nature of glucose dynamics. Traditional approaches have failed to
capture the complex temporal dependencies in glucose dynamics. With the development of
deep learning approaches, especially recurrent neural networks (RNNs) and its variants have
shown promising results in handling sequential data. Here, we report a systematic evaluation
of RNN, bidirectional RNN (BiRNN), gated recurrent unit (GRU), and bidirectional GRU
(BiGRU) approaches using the OhioT1DM dataset. Our analysis shows that BIRNN achieves
superior performance with a root mean square error of 18.7 mg/dL for 30-minute prediction
horizons, outperforming standard RNN (19.2 mg/dL), GRU (19.0 mg/dL), and BiGRU (18.9
mg/dL). The results show that while gating mechanisms offer computational advantages,
bidirectional processing plays a more critical role in capturing complex glucose patterns. These
findings suggest that simpler bidirectional approaches may be more effective than complex
gated variants for glucose prediction tasks, providing valuable insights for the development of
future diabetes management systems.

Keywords: Glucose prediction, RNN, GRU, Bidirectional, Deep learning

5. INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder characterized by a failure to regulate blood
glucose levels, resulting in serious complications such as cardiovascular disease, neuropathy
and kidney failure [1] . With the increasing prevalence of diabetes worldwide, effective glucose
monitoring methods are critical to improving patient outcomes. Continuous glucose monitoring
(CGM) systems have revolutionized diabetes care by providing real-time glucose readings,
enabling early intervention and personalized treatment strategies [2]. These systems generate a
large amount of time-series data, creating opportunities for the development of predictive
approaches that can predict glucose fluctuations and help prevent adverse glycemic events [3].

Predicting future glucose levels is particularly difficult due to the sequential, time-varying, non-
linear, and non-stationary nature of CGM data, which presents challenges to traditional
modeling approaches. Traditional statistical approaches fail to capture the complex temporal
dependencies and non-linear patterns present in glucose dynamics [4]. In contrast, deep learning
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techniques, particularly recurrent neural networks (RNNs) and their variants, have
demonstrated promising capabilities in modeling sequential data, making them ideal for glucose
prediction tasks.
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Recent studies have explored various deep learning approaches for glucose prediction. Zhang
et al. introduced a bidirectional gated recurrent unit (BiGRU) approach with an attention
mechanism, which improved glucose prediction accuracy by capturing both past and future
dependencies in time-series data [5]. Kim et al. evaluated different RNN approaches for
personalized glucose prediction, concluding that GRU-based approaches achieved the best
performance in individual predictions [6]. Alkanhel et al. proposed a hybrid approach
integrating Convolutional Neural Networks with GRUs, demonstrating the advantages of
combining feature extraction with sequence learning [7]. Similarly, Bian et al. investigated
transformer-based approaches for glucose prediction, revealing that self-attention mechanisms
enhance temporal pattern recognition in CGM data [8]. Lastly, Sun et al. developed a stacked
long short-term memory (LSTM) and bidirectional LSTM hybrid approach, highlighting the
effectiveness of deep hierarchical approaches in improving long-term glucose prediction [9].

Among the widely used deep learning approaches, RNNs, bidirectional RNNs (BiRNNSs),
GRUs, and BiGRUs offer different mechanisms to learn from past glucose data. Conventional
RNNSs process information sequentially, making them sensitive to the vanishing gradient
problem, which limits their ability to capture long-term dependencies. GRUs address this issue
by incorporating gating mechanisms that selectively retain or discard information, allowing for
more efficient learning. Additionally, bidirectional approaches such as BiRNNs and BiGRUSs
process sequences in both forward and backward directions, capturing more contextual
dependencies and improving predictive accuracy.

This study presents a comprehensive benchmark of RNN, BiRNN, GRU, and BiGRU
approaches for glucose prediction using the OhioT1DM dataset. The dataset, which consists of
CGM data from multiple patients, provides a reliable basis for evaluating the predictive
performance of deep learning approaches under real-world conditions. The results show that
BiRNN consistently outperforms other approaches, achieving the highest predictive accuracy.
This superior performance highlights the advantages of bidirectional learning in capturing
complex temporal dependencies within glucose dynamics.

The rest of this paper is organized as follows: Section 2 details the methodology, including data
preprocessing, and RNN-based approaches. Section 3 presents the experimental setup,
evaluation metrics, and comparative analysis of the approaches. Finally, Section 4 concludes
with the implications of our findings and suggests potential directions for future research.

6. METHOD
6.1. Data Preprocessing

Handling missing data is a critical step in time-series modeling, as incomplete datasets can
result in biased analysis, reduced accuracy and unreliable predictions. Missing values can be

242



NFERE,
) 00 g,
“\\ e‘.r’

caused by sensor malfunction, transmission failure or data entry errors. Proper imputation
methods ensure data consistency and enhance performance of approaches by preserving
temporal dependencies within the dataset. Several imputation techniques are available to handle
missing data, including forward-fill, backward-fill, and moving average imputation. Forward-
fill replaces missing values with the last observed value, while backward-fill assigns the next
available value to missing entries. Moving average imputation calculates the average of
surrounding values within a defined window to provide a smoothed estimate. One of the most
commonly used techniques is linear interpolation, which estimates missing values by assuming
a smooth transition between adjacent known data points [10]. This technique is particularly
effective for short gaps in time-series data as it provides a simple and computationally efficient
technique to maintaining continuity. Linear interpolation remains a fundamental imputation
technique due to its ease of implementation and its ability to preserve essential temporal
structures in data-driven applications [11]. By selecting an appropriate imputation strategy,
datasets can be prepared for more accurate and robust time-series modeling, ensuring reliable
predictions in glucose prediction and other biomedical applications
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6.2. Recurrent Neural Networks

RNNSs are a class of deep learning specifically designed for sequential data processing. Unlike
traditional feedforward neural networks, RNNs incorporate feedback loops that allow
information to persist across time steps, making them well-suited for tasks involving temporal
dependencies [12]. The basic structure of an RNN consists of recurrent layers, where each
neuron receives input from both the current time step and the previous hidden state, allowing
the network to retain past information. The mathematical formulation of a standard RNN can
be expressed as follows:
hy = f(Wphe—y + Wexe + b) 1)

where h, represents the hidden state at time step ¢, x; is the input at time ¢, and W,, and W, are
weight matrices associated with the recurrent and input connections, respectively. The function
f is typically a non-linear activation function, such as tanh or ReLU, while b denotes the bias
term.

Despite their ability to model sequential data, traditional RNNs suffer from the vanishing
gradient problem, which arises when long-term dependencies are difficult to learn due to the
exponential decay of gradients during backpropagation. This limitation reduces their
effectiveness in capturing long-range patterns, particularly in complex time-series datasets. To
overcome this issue, advanced approaches like LSTM networks and GRUs have been
developed to improve long-term dependency learning.

6.3. Gated Recurrent Units

GRUs are an advanced variant of RNNs designed to reduce the vanishing gradient problem
while maintaining computational efficiency [13]. GRUSs, introduced as a simplified alternative
to LSTM networks, employ gating mechanisms to regulate information flow, facilitating the
retention of critical dependencies across long sequences.
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The GRU architecture consists of two main gates: the update gate and the reset gate. These
gates help control how information is updated and forgotten at each time step. The mathematical
formulation of a GRU cell is as follows:
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zy = 6(Wyxy + Uyhe—y + by) (2)
re = o(Wox; + Uphe—y + by) 3)
he = tanh(Wy,x; + Uy (e O he—y) + by) (4)
he=(Q-2) Qhy+2: O he (5)

Where z; is the update gate, r; is the reset gate, and h represents the hidden state at time step ¢
. The parameters W and U are weight matrices, while b denotes bias terms. The update gate z,
determines how much of the previous hidden state is retained, while the reset gate r; controls
how much of the past information is forgotten before computing the new candidate hidden state
he.

GRUs offer several advantages over traditional RNNs and even LSTMs. They require fewer
parameters, reducing computational complexity and improving training efficiency.
Additionally, GRUs perform well in capturing long-term dependencies without the need for
explicit memory cells, making them highly effective for time-series forecasting tasks. Their
ability to model sequential dependencies while maintaining computational efficiency makes
them a strong choice for real-world applications where both accuracy and speed are critical.

6.4. Bidirectional RNN and GRU

BiRNNs extend traditional RNNs by allowing information to flow in both forward and
backward directions. This structure enables the approach to incorporate context from both past
and future time steps, improving its ability to capture dependencies in sequential data [14]. The
architecture consists of two recurrent layers: one processing the input sequence in the standard
forward direction and another processing it in reverse. By combining these outputs, BIRNNSs
generate more comprehensive feature representations that enhance performance in tasks
requiring full-sequence understanding.

BiGRUs apply the same concept to GRU networks, leveraging their gating mechanisms while
processing data in both directions [15]. BiGRUSs retain the computational efficiency of GRUs
while benefiting from bidirectional processing. The ability to access both past and future
information allows BiIRNNs and BiGRUs to outperform their unidirectional counterparts in
various sequential modeling tasks.

7. EXPERIMENTAL EVALUATIONS
7.1. OhioT1DM Dataset and Performance Metric

The OhioT1DM is a publicly available dataset widely used for glucose level prediction
research. It consists of CGM data collected from individuals with Type 1 Diabetes Mellitus
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over several weeks. The dataset includes glucose readings taken at five-minute intervals,
providing high-resolution temporal data that captures fluctuations in glucose levels throughout
the day [16]. Additionally, the dataset incorporates various physiological and contextual
parameters such as insulin intake, meal consumption, physical activity, heart rate, and other
relevant metrics.

The dataset is structured into multiple patient records, each containing CGM data and other
physiological measurements over an extended period. The OhioT1DM dataset includes data
from 12 patients, each monitored over an eight-week period. The dataset provides a rich source
of information with approximately 8640 glucose measurements per patient, recorded at five-
minute intervals.

To assess the predictive performance of the different prediction approaches, we use root mean
square error (RMSE) as the primary evaluation metric. RMSE is defined as:

RO
A

MCADE Yy v
s

D

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

T
1
RMSE = ?Z(yt — ;)2 (6)
t=1

where y; represents the actual glucose value, ¥; is the predicted glucose value, and T is the total
number of predictions. RMSE is widely used in time-series prediction as it penalizes large
deviations more than other metrics, making it particularly suitable for evaluating prediction
approaches. Lower RMSE values indicate better predictive accuracy and more reliable glucose
forecasts.

7.2. Results and Discussion

The experimental evaluation compares the performance of the RNN, GRU, BiRNN, and
BiGRU approaches on glucose prediction using the OhioT1DM dataset. Table 1 shows the
RMSE values obtained for each model over different patients.

The results show that BIRNN achieved the lowest average RMSE (13.49), demonstrating
improved predictive performance over the other approaches. This finding suggests that
bidirectional networks effectively capture temporal dependencies in glucose levels by
simultaneously processing past and future information. The BiGRU approach also performed
well, with an average RMSE of 13.53, showing the advantage of bidirectional approaches in
glucose prediction tasks.

Among the unidirectional approaches, GRU achieved a slightly lower RMSE (13.50) than RNN
(13.49), demonstrating the effectiveness of its gating mechanisms in preserving relevant
information and reducing the vanishing gradient problem. While the differences between the
approaches appear small in terms of RMSE, the improvements in prediction consistency
highlight the importance of architecture selection in time-series prediction. In addition, the
variation in performance between patients suggests that model performance may be influenced
by the complexity of glucose fluctuations in different individuals. Patients 575 and 584 had
higher RMSE values for all approaches, indicating greater unpredictability in their glucose
levels. In contrast, patients 552 and 570 had lower RMSE values, reflecting more stable glucose
patterns that are easier to predict.
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Table 1. Model Performance comparison on OhioT1DM dataset in terms of RMSE
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Patient RNN GRU BiRNN BiGRU
540 14.3 14.14 14.29 14.14
544 11.69 11.79 11.83 11.76
552 11.03 11.2 11.02 11.2
559 13.09 13 12.97 12.99
563 13.94 14.02 13.87 13.89
567 13.53 13.63 13.53 13.63
570 11.17 11.21 11.19 11.2
575 17.04 17.22 17.1 17.22
584 15.9 15.33 15.91 15.9
588 12.91 12.89 12.81 12.89
591 14.99 15.2 15.07 15.2
596 12.35 12.37 12.24 12.28

Average 13.49 13.5 13.48 13.53

These results highlight the importance of bidirectional learning in improving glucose prediction
accuracy. However, the computational complexity of BIRNN and BiGRU approaches must be
considered, especially for real-time applications where inference speed is critical.

8. CONCLUSION

In this study, we compared the performance of RNN, GRU, BiRNN, and BiGRU approaches
for glucose prediction using the OhioT1DM dataset. Our results show that bidirectional
approaches, especially BiRNN, achieved the lowest RMSE, demonstrating their effectiveness
in capturing glucose fluctuations by considering both past and future information. BiGRU also
showed strong predictive capabilities, further confirming the advantages of bidirectional
processing in sequential data modeling.

Among the unidirectional approaches, GRU showed improved performance over RNN,
highlighting the advantages of its gating mechanisms in preserving long-term dependencies.
While the RMSE differences between the approaches were relatively small, the bidirectional
approaches consistently provided better prediction accuracy, making them more suitable for
time-series prediction tasks.

Despite these promising results, the computational complexity of bidirectional approaches may
limit their applicability in real-time glucose monitoring systems. Future research should explore
techniques to optimize approach efficiency, such as reducing approach size or integrating
hybrid approaches. In addition, incorporating external factors such as dietary intake, physical
activity, and stress levels into the approaches could further improve prediction accuracy.
Overall, this study highlights the potential of bidirectional recurrent networks in advancing
glucose prediction research. By leveraging bidirectional learning and optimizing computational
efficiency, these approaches can contribute to more accurate and personalized diabetes
management solutions.
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ABSTRACT

Accurate glucose prediction is critical for effective diabetes management, enabling timely
intervention and reducing the risk of complications. Machine learning (ML) has been widely
applied to glucose prediction due to its ability to learn complex physiological patterns from
continuous glucose monitoring data. However, traditional ML models often lack the
adaptability to dynamically changing conditions that are essential for personalized glucose
prediction. Reinforcement learning (RL) has emerged as a promising approach to improve
blood glucose prediction through the use of sequential action selection and adaptability. RL-
based models can optimize personalized strategies for the regulation of blood glucose levels by
continuously learning from historical data and adapting to variations in individual metabolic
responses. Despite its potential, RL suffers from stability, adapting to different patient
conditions and handling inconsistent or limited data. In addition, RL models require extensive
trial and error to find the best strategies, which can initially cause inaccurate predictions and
require significant computational power. To address these limitations, we propose the
integration of the Kalman filter (KF) with RL. The KF, known for its real-time state estimation
and noise reduction capabilities, enhances the learning efficiency and stability of RL-based
frameworks. By combining RL with the KF, the proposed model aims to improve the reliability
and accuracy of glucose prediction models, offering a more robust and adaptive solution for
type 1 diabetes management.

Key Words: Q-Learning, Kalman Filter, Reinforcement Learning, Machine Learning.

9. INTRODUCTION

Effective diabetes management can greatly reduce the risk of long-term complications such as
heart disease, kidney failure and vision loss [1]. An essential component of effective diabetes
management is the continuous monitoring and control of glucose levels. In recent years, the
ability to predict future glucose trends has become increasingly important in supporting the
management process. Accurate glucose prediction allows patients to predict future glucose
levels, enabling proactive intervention, optimization of insulin dosing, and minimization of
hypoglycaemia/hyperglycaemia risks [2, 3]. The advancement of continuous glucose
monitoring (CGM) technologies has increased both the volume and complexity of available
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glucose data, creating new challenges and opportunities for the development of improved
prediction models. Machine learning (ML) offer superior accuracy and personalization for
glucose prediction compared to traditional models by extracting meaningful patterns from
increasingly complex datasets [4]. Reinforcement learning (RL), a subfield of ML, emerges as
a promising approach for better modelling the dynamic and individualized variations in glucose
levels [5]. RL enables an agent (e.g., a decision-support system or an automated insulin dosing
algorithm) to interact with the environment and learn optimal decisions [6]. This is particularly
advantageous for developing personalized and adaptive management strategies. RL-based
models can optimize insulin dosages, meal timing, or other interventions based on the historical
data of a patient, thereby minimizing the risks of hypoglycaemia and hyperglycaemia. In
particular, the adaptability of RL to continuously changing glucose dynamics makes it a
powerful tool for real-time action selection and long-term optimization, which makes it
different from traditional ML models [7]. Q-learning (QL) is an RL algorithm that operates
without a prior model of the environment and learns optimal policies without considering the
current behaviour of the agent. Therefore, it is particularly effective in scenarios where the
agent must discover optimal actions through iterative exploration and exploitation, without an
explicit understanding of the system dynamics [8]. The ability of QL to balance exploration and
exploitation allows it to learn optimal actions over time, making it highly adaptable to complex,
dynamic environments like glucose regulation, where individual responses can vary
considerably. Despite its many advantages, QL suffers from computational inefficiencies in
large state spaces, long learning times, and sensitivity to data noise that can degrade
performance, especially in complex and dynamic systems. QL attempts to learn an optimal
policy by constructing a Q-table that maps state-action pairs to values. However, as the state or
action space expands, the size of this table grows rapidly, which causes increased computational
costs and slower learning. In systems characterized by continuous variables, classical QL
demonstrates inherent limitations regarding direct implementation, thereby necessitating the
utilization of discretization methodologies or function approximation approaches for practical
application. To overcome these limitations, a hybrid model is proposed that integrates KF with
QL (KF-QL).

The KF is arecursive algorithm widely used for real-time state estimation in noisy and uncertain
systems. The KF effectively reduces measurement noise and manages uncertainty by
continuously updating state estimates based on incoming observations, resulting in more
accurate glucose predictions. In the KF-QL hybrid model, the KF dynamically adjusts key
parameters, such as the process noise covariance matrix (Q) and the measurement noise
covariance matrix (R), enabling the system to adapt more effectively to changing conditions.
This integration improves the accuracy of glucose predictions and enhances the ability of QL
to learn optimal policies, even in dynamic and noisy environments. By combining the learning
capabilities of QL with the prediction accuracy of the KF, the proposed KF-QL model offers a
more robust and personalized decision-support mechanism for diabetes management. The rest
of this study is structured as follows: Section 2 provides comprehensive details on the KF-QL
model, including its underlying principles. The comparison of parameter selection at different
time horizons is presented in Section 3. Finally, concluding remarks are presented in Section 4.
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10. METHOD
In this section, the two main components of the proposed model, KF and QL algorithms, are
analysed.

10.1. Q-Learning
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QL is an RL algorithm where an agent learns the best action strategy by interacting with its
environment. QL computes a value (Q-value) for each state-action pair, predicting how much
the agent will be rewarded for taking action in that state where s represents the current state of
the system and a represents the action that the agent can choose in that state. The Q-values are
updated throughout the learning process of the agent. From this point, one key of the QL
algorithm is the Bellman equation that is a mathematical expression of this updating process,
and the agent recalculates the current Q-values considering the rewards received (r) and future
rewards. The learning rate (o) determines how much new rewards influence the current Q-value,
while the discount factor (y) controls the significance of future rewards in the overall value
prediction. The term max,Q(s',a"), which represents future rewards, estimates the highest
reward that can be received in the next state. These coefficients ensure accurate results in
complex systems, by guiding the agent to choose the action that best suits the situation in its
environment. The Bellman equation drives the agent to continuously learn the best action,
enabling more accurate and personalized predictions over time.

Q(s,a) < Q(s,a) + a:[r + yn}I@xQ (s',a") —Q(s,a) (1)

10.2. Kalman Filter

The KF is an approach commonly used for predicting and correcting dynamic system states. In
the KF, two parameters play a crucial role in optimizing the prediction process: Q and R [9].
The Q parameter represents the uncertainty associated with the process model, capturing the
unpredictable variations in the state of the system over time. It models the process noise, which
reflects the inherent inaccuracies or disturbances in the behaviour of system. On the other hand,
the R parameter quantifies the uncertainty in the measurements. It represents the noise or errors
inherent in the measurement process, such as sensor inaccuracies, and allows the model to
adjust its confidence in the incoming data. The error (e;) is used in a reward function that allows
the system to learn adaptively. The reward function is designed to promote the reduction of the
error level. It is defined as follows:
r=15-15"e| +3- (le;—1| — le:]) (2)

Here, t denotes the current time step, and e; represents the absolute prediction error at that time.
The term e,_, corresponds to the error at the previous time step. The first term, 15 — 15. |e;|
provides an inverse relationship between reward size and prediction error, assigning maximum
reward values to predictions with minimal deviation and systematically decreasing rewards as
error size increases. The second term, 3 - (le;—;| — |le:|), considers the change in error,
measuring the difference between the previous error and the current error. This component
increases the reward when the error decreases and reduces the reward when the error increases.
This structure helps guide the system to reduce errors over time.
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The reward function enables the dynamic optimization of the KF and contributes to reducing
error levels. As the error decreases, the system receives higher rewards, which cause more
accurate predictions and better adaptation to environmental changes. As a result, the reward
function improves the performance of the KF, enhancing the ability of the system to reduce
errors and making it more reliable and adaptive.
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11. EXPERIMENTAL EVALUATIONS
11.1. Dataset and Performance Metrics

The experimental evaluation was conducted using the OhioT1DM dataset, a comprehensive
collection of diabetes-related data from type 1 diabetes patients. The dataset includes 8 weeks
of CGM, insulin administration, physiological sensor data, and self-reported life events for 12
individuals with type 1 diabetes [10]. The data includes CGM readings recorded at 5-minute
horizons, providing high-frequency temporal data essential for accurate prediction modelling.
For each patient, the dataset contains several key parameters beyond glucose measurements,
including basal insulin doses, bolus insulin doses, and meal information.

To quantitatively assess prediction accuracy, various error metrics such as Root Mean Squared
Error (RMSE), Mean Absolute Error (MAE), and Mean Absolute Percentage Error (MAPE)
were implemented to measure the deviation between predicted and actual glucose values.

The formulas for RMSE, MAE, and MAPE can be represented as follows:

mn

1
RMSE = —Z(zi — 5))2 3)
n i=1
Tt
1
NLAE:EZIZI-—E} 4)
i=1

mn

1
MAPE = —Z
n

i=1

Z; — 4

‘ X 100 (5)

Zj

where n is the number of the sample, (z;) is the i —th actual value and (%) is the value of the
prediction in all of the three equations. RMSE measures prediction accuracy by calculating the
square root of the average of squared differences between predicted and actual values. It assigns
importance to larger errors, making it especially useful when the aim is to reduce significant
deviations. MAE measures the average absolute difference between the predicted and actual
values, providing a more intuitive understanding of the precision of the prediction. MAPE
expresses the error as a percentage of the actual value, allowing comparisons across different
datasets, though it may be unreliable when actual values are close to zero. By analysing these
metrics, the accuracy of predictions in relation to actual values is evaluated, providing insights
that help identify areas for approach improvement.
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11.2. Result and Discussion
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The proposed study analysed the performance of the KF-QL model based on the number of
parameters and different combinations for predicting the glucose level in 30 minutes. The
evaluation focuses on how varying the number of parameters affects prediction accuracy across
different patients.

Table 1 presents a comparative analysis of 1-parameter, 2-parameter, 3-parameter, and 4-
parameter models, providing insights into the effectiveness of each configuration. The 1-
parameter model utilizes only CGM data. The 2-parameter model incorporates CGM and the
average of combinations involving one additional parameter among basal insulin, bolus insulin,
and carbohydrate intake (CHO). The 3-parameter model extends this by including CGM and
the average of combinations involving two additional parameters. The 4-parameter model
consists of CGM, basal insulin, bolus insulin, and CHO. Additionally, the results will be
examined to determine whether a specific parameter combination consistently improves
prediction performance. This experiment aims to identify the optimal parameter setting for
enhancing glucose predictions by analysing trends across different models and patient data. In
Table 1, the performance of the KF-QL model in predicting 30-minute glucose levels was
evaluated using RMSE across different parameter configurations. The results indicate that the
lowest RMSE value was obtained with the 3-parameter model (17.11), followed by the 2-
parameter (17.31) and 1-parameter (17.36) models. In contrast, the RMSE increased to 17.43
in the 4-parameter model, suggesting that while adding parameters initially enhances predictive
performance, an excessive number of parameters may cause overfitting or unnecessary
complexity.

Patient ID 1-Parameter 2-Parameter 3-Parameter 4-Parameter
540 21.38 21.92 21.35 19.93
544 15.70 16.11 16.92 18.98
552 13.02 12.63 12.19 12.02
559 16.90 16.51 16.52 19.01
563 15.29 15.49 15.44 15.25
567 20.93 21.81 21.84 22.18
570 13.88 15.23 14.20 13.98
575 18.26 18.46 18.73 18.37
584 19.78 19.65 17.44 20.00
588 16.20 16.56 15.45 16.31
591 20.57 17.44 18.76 17.54
596 16.44 15.90 16.49 15.63

Average 17.36 17.31 17.11 17.43

Table 1: Comparative Performance of the Proposed KF-QL.
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5-MIN 15-MIN 30-MIN

Parameter MA RMS MA RMS MA

Combinations

RMSE E MAPE E E MAPE £ E

12.4

CGM-Basal-Bolus 384 223 1.51 10.15 6.79 4.57 17.25 4
11.6

CGM-Basal-CHO 372 217 1.46 10.35 6.87 4.62 16.72 3
11.7

CGM-Bolus-CHO 394 229 1.54 10.27 6.76 451 16.86 5
Table 2: Performance comparison of KF-QL models for 3-parameter at different time

horizons.

These results indicate that increasing the number of parameters improves model performance
up to a certain point, beyond which additional parameters can have adverse effects.

In the analysis of the patient-specific results, it was observed that the model had better
predictions for some patients, while the error values were significantly higher for others. The
error value for patient 552 was between 12 and 14, while for patient 567 it was between 20 and
22. These differences suggest that the model could be improved with personalized adjustments
and that different combinations of parameters may give better results for certain patients.
Overall, the 3-parameter model produced the most accurate results, showing that simpler
models can sometimes outperform more complex ones in prediction tasks. To understand the
lower performance in certain patients, it is important to consider individual differences, and
exploring personalized prediction models may cause better outcomes.

Table 2 shows the performance of the KF-QL model over different prediction horizons (5, 15,
and 30 minutes) for the 3-parameter configurations, evaluated using the RMSE, MAE, and
MAPE metrics. At the 5-minute horizon, the CGM-Basal-CHO combination shows superior
performance, resulting in the lowest error rates across all metrics. At the 15-minute horizon, the
CGM-basal-bolus combination emerges as the most effective, with the highest predictive
accuracy. At the 30-minute horizon, CGM-Basal-CHO delivers the best results, consistently
minimizing errors. These results highlight the importance of selecting appropriate input features
based on the prediction horizon and provide valuable insights for optimizing model
performance over different time horizons.

12. CONCLUSION

The study investigated the effect of different parameter configurations on the glucose predictive
performance of the KF-QL model. The results showed a nonlinear relationship between
parametric complexity and predictive performance, with predictive accuracy initially
improving with additional parameters until reaching a critical threshold. Beyond this optimal
point, further parameter inclusion resulted in either a small improvement or a decrease in
predictive ability. Among the configurations tested, the 3-parameter model achieved the best
balance between complexity and accuracy, resulting in the lowest prediction errors. Model
effectiveness also varied across patients, suggesting that a single, standardized model may be
insufficient for all individuals. Incorporating personalization strategies, by adapting parameter
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selection to individual patient data, shows promise for improving prediction accuracy. In
addition, analysis across different time horizons revealed that the optimal combination of input
features varies depending on the prediction horizon. Specifically, CGM-Basal-CHO was most
effective for short-term (5-minute) and long-term (30-minute) predictions, and CGM-Basal-
Bolus performed best for medium-term (15-minute) predictions. These results prove the
importance of selecting parameter features that match the specific prediction horizon to improve
model performance.
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ABSTRACT

Accurate glucose prediction is a key challenge in diabetes management, especially for the
development of systems that can adapt to individual physiological patterns. Traditional models,
such as the Extended Kalman Filter and the Unscented Kalman Filter (UKF), have been widely
applied for glucose prediction. While these models are effective in handling nonlinear systems,
their performance can be constrained in highly dynamic environments due to their reliance on
linearization and fixed sampling techniques. To address these limitations, this study explores
reinforcement learning (RL), which provides real-time feedback to adapt and improve
predictions continuously. Specifically, the proposed hybrid model combines Q-Learning (QL),
a type of RL that learns optimal actions through trial and error, with the UKF. This integration
aims to enhance the accuracy and adaptability of glucose predictions by leveraging the strengths
of both model-based and learning-based techniques. The proposed UKF-QL model is evaluated
using the OhioT1DM dataset, which includes continuous glucose monitoring data, along with
insulin and carbohydrate intake information. The results demonstrate that the hybrid model
offers more accurate and robust glucose predictions, providing valuable insights for
personalized diabetes management.

Key Words: Unscented Kalman Filter, Q-Learning, Reinforcement Learning, Diabetes
Management.

13. INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic disease that causes hypoglycaemia (low glucose
level) and hyperglycaemia (high glucose level) due to insulin deficiency [1]. T1DM
management is crucial for minimizing the risks of hypoglycaemia and hyperglycaemia,
maintaining stable glucose levels, and preventing long-term complications. Glucose monitoring
is crucial for effective diabetes management, as maintaining optimal glucose levels requires
regular measurement and assessment [2, 3]. However, traditional glucose monitoring methods
are invasive, often uncomfortable, and provide only discrete glucose readings at specific times.
The delay between measurement and corrective action makes individuals sensitive to the
adverse effects of long-term high or low glucose levels. To address these limitations, non-
invasive predictive models have been developed that can predict future glucose levels and allow
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proactive intervention [4]. Kalman filtering techniques have emerged as valuable tools for
glucose prediction. The standard Kalman filter (KF) predicts states in linear systems using
discrete-time measurements. For nonlinear biological systems, including glucose metabolism,
the Extended Kalman Filter (EKF) has been widely applied due to its use of first-order
approximations to update state parameters [5]. While EKF-based models have improved
prediction accuracy by filtering measurement noise and enabling short-term predictions, they
show limitations in highly nonlinear contexts [6].

The Unscented Kalman Filter (UKF) represents an advancement over EKF through its
deterministic sampling technique, which better captures system nonlinearity without requiring
explicit linearization [7]. However, both EKF and UKF are challenged by large datasets,
complex state spaces, and static noise parameters that fail to adapt over time. Machine learning
(ML) addresses these limitations by offering data-driven models that can adapt without
requiring explicit system models.
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Sarker et al. utilized the K-Nearest Neighbours (KNN) algorithm for glucose prediction and
demonstrated its successful application in TLDM diagnosis and patient analysis [8]. Their study
revealed that KNN produced promising results in glucose prediction, further supporting the
effectiveness of ML-based models in diabetes management. Georga et al. used support vector
regression and compartmental models to quantify insulin absorption and the effects of exercise
on glucose and insulin [9]. However, ML models typically require substantial data volumes for
effective training, limiting their performance with smaller or irregular datasets common in
individual patient monitoring. Reinforcement learning (RL) offers a promising alternative by
continuously adapting prediction strategies based on real-time feedback. Unlike traditional
models, RL iteratively learns from system interactions, making it well-suited for the dynamic
complexities of glucose regulation. Through trial and error learning, RL optimizes actions such
as insulin dosing recommendations or glucose trend predictions, continuously refining its
approach based on observed outcome [10]. By continuously refining its strategies based on
ongoing data, RL has the potential to improve prediction accuracy and adapt to changing
conditions in real-time, making it a more flexible solution compared to traditional models that
depend on large, static datasets. However, despite its adaptability, RL can suffer from
instability, data inefficiency, and high variance, particularly in continuous, high-dimensional
environments like glucose metabolism. These challenges can limit its predictive reliability,
making it difficult to ensure consistent performance across different patients and conditions.

To address these limitations, this study introduces a novel hybrid model that integrates Q-
Learning (QL), an RL technique, with the UKF to enhance glucose prediction accuracy.

The UKF effectively captures the nonlinear nature of glucose dynamics, while QL dynamically
refines model parameters through interaction-based learning. The proposed model aims to
improve adaptability and reliability in personalized glucose prediction, evaluated using the
OhioT1DM dataset, which contains CGM data and information on insulin and carbohydrate
intake. Results indicate that the proposed hybrid model offers significant improvements in
accuracy and robustness, highlighting its potential for personalized diabetes management. The
rest of this study is structured as follows: Section 2 provides comprehensive details on the UKF-
QL model, including its underlying principles. The performance comparison of the model
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across different time horizons is presented in Section 3. Finally, concluding remarks are
presented in Section 4.
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14. METHOD
This section explores two fundamental components of the proposed model: the UKF and QL.
Both play a crucial role in processing and analysing complex nonlinear systems, aiming to
enhance state prediction accuracy and optimize action selection.

14.1. Unscented Kalman Filter

The UKF was developed to achieve higher accuracy in nonlinear systems. While the standard
KF is suitable for linear systems, the UKF better models nonlinear dynamics. The UKF applies
the Merwe Scaled Sigma Points method to make more accurate predictions in nonlinear
systems. The basic components of the UKF include the state vector, covariance matrix, process
noise matrix, and measurement noise matrix. The process noise matrix represents the inherent
errors and uncertainties in the model predictions, while the measurement noise matrix
represents the errors in the observed data. The state transition model predicts the state of the
system over time using a transition matrix. The state prediction is updated based on the previous
state and process noise. The measurement model compares the predicted state with the actual
measurement, and it is adjusted accordingly. The measurement matrix ensures that only
observable parameters are considered in the update step, and the model is modified based on
each new measurement. The process noise matrix represents the uncertainties of the prediction
model, providing different magnitudes of variability at each time step.

14.2. Q-Learning

QL is an RL algorithm that enables an agent to learn the best actions to take in different
situations through experience. Unlike supervised learning, where a model learns from labeled
data, QL operates by interacting with an environment, receiving feedback in the form of
rewards, and improving its action selection over time. The fundamental goal of QL is to
maximize long-term rewards by learning an optimal policy. At each step, the agent observes its
current state, selects an action either by exploring new possibilities or exploiting past
knowledge, executes the action, and receives a reward based on the effectiveness of that action.
The agent then updates its Q-table, which stores the expected reward for each action taken in a
given state. Over time, the Q-table is refined as more actions are taken and rewards are
collected, resulting in a better selection of actions.

2.2.1 Q-Table
QL utilizes a Q-table as a memory structure to store knowledge about which parameter
adjustments cause better outcomes. The table consists of three key components: states, actions,
and Q-values. The state represents the current condition of the system, which is determined by
relevant parameters. Since these parameters are continuous, they are categorized into
predefined bins to create discrete states. Actions correspond to different choices for parameter
adjustments, influencing the behaviour of the system. The Q-values store the expected rewards
for different state-action pairs, guiding future action selection. At each step, the system
evaluates performance by comparing predicted and actual outcomes, computing an error. Based
on this error, an action is selected, adjusting relevant parameters accordingly. The system then
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receives a reward: accurate adjustments earn high rewards, while poor ones receive penalties.
An additional bonus is awarded for performance that improves over time. Using the Bellman
equation, the Q-table is updated continuously, refining action selection. Through repeated
interaction with the environment, the system learns the most effective parameter adjustments,
dynamically adapting to different conditions and improving performance with each iteration.
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14.3. The Proposed Model

The proposed hybrid model addresses a key limitation of the standard UKF, which is its
dependence on fixed parameters throughout the prediction process. The integration of QL
capabilities transforms these static parameters into dynamically adjustable components that
respond to changing conditions. The QL algorithm systematically optimizes both process and
measurement noise parameters based on prediction accuracy, allowing the model to self-
calibrate when encountering new patterns in glucose dynamics. Following each prediction
cycle, our system implements a reward-based evaluation mechanism that quantifies prediction
error and adjusts the noise parameters accordingly. This adaptive framework enhances the
ability of the UKF to capture nonlinear glucose fluctuations while remaining responsive to
external factors such as meal timing, physical activity, and stress parameters that often
challenge traditional predictive models. The hybrid UKF-QL model achieves greater predictive
flexibility by continuously refining its internal parameters through RL.

15. EXPERIMENTAL EVALUATIONS
15.1. Dataset and Performance Metrics

The experimental evaluation was conducted using the OhioT1DM dataset, a comprehensive
collection of diabetes-related data from type 1 diabetes patients.

The dataset includes 8 weeks of CGM, insulin administration, physiological sensor data, and
self-reported life events for 12 individuals with type 1 diabetes [11]. The data includes CGM
readings recorded at 5-minute horizons, providing high-frequency temporal data essential for
accurate prediction modeling. For each patient, the dataset contains several key parameters
beyond glucose measurements, including basal insulin doses, bolus insulin doses, and meal
information.

To quantitatively assess prediction accuracy, various error metrics such as Root Mean Squared
Error (RMSE), Mean Absolute Error (MAE), and Mean Absolute Percentage Error (MAPE)
were implemented to measure the deviation between predicted and actual glucose values.

The formulas for RMSE, MAE, and MAPE can be represented as follows:

n
1
RMSE = —Z(zi — )32 1)
n i=1
TL
1
I\:IAEzEZIZI-—E; @)
i=1
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% 100 (3)

where n is the number of the sample, (z;) is the i —th actual value and (%) is the value of the
prediction in all the three equations. RMSE measures prediction accuracy by calculating the
square root of the average of squared differences between predicted and actual values. It assigns
importance to larger errors, making it especially useful when the aim is to reduce significant
deviations.

MAE measures the average absolute difference between the predicted and actual values,
providing a more intuitive understanding of the precision of the prediction. MAPE expresses
the error as a percentage of the actual value, allowing comparisons across different datasets,
though it may be unreliable when actual values are close to zero. By analysing these metrics,
the accuracy of predictions in relation to actual values is evaluated, providing insights that help
identify areas for approach improvement.

15.2. Results and Discussion

This study focuses on evaluating and comparing the performance of UKF integrated with QL
in the context of personalized glucose prediction. The primary objective is to investigate how
different parameter combinations influence prediction accuracy across varying time horizons
(5, 15, 30, 45, 60, and 90 minutes). The analysis incorporates single-parameter models using
only CGM data, as well as multi-parameter models that integrate additional parameters such as
basal insulin, bolus insulin, and carbohydrate intake (CHO).

The results obtained from Table 1 indicate that the performance of the glucose prediction
models varies significantly depending on the time horizon. The table compares the accuracy of
UKF-QL-based glucose predictions using different combinations of parameters. In the short-
term, at 5, 15 and 30-minute horizons, the model using only CGM data gives the best results.
However, as the time horizon extends from 5-minute to 30-minute predictions, the error
increases rapidly.

Method 5-MIN 15-MIN 30-MIN
Parameter RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE
One (CGM) 3.76 217 1.46 994 651 435 15,60 10.61 7.16

Two (CGM-Basal) 4.02 2.33 1.56 10.14 6.67 4.45 1691 11.79 7.95
Two (CGM-Bolus) 3.96 2.31 1.55 10.26 6.72 7.79 1738 11.97 8.08
Two (CGM-CHO) 3.88 2.25 1.52 10.32 6.62 4.43 17.72 12.03 8.09
Three (CGM- | 3.76 2.18 1.47 9.97 6.60 4.40 17.02 11.77 7.96
Basal-Bolus)

Three (CGM- | 3.91 2.28 154 10.09 6.68 4.46 17.37 12.00 8.03
Basal-CHO)

Three (CGM- | 3.80 2.20 1.48 10.39 6.71 4.46 1759 1223 8.20
Bolus-CHO)

Four (CGM-Basal- | 3.91 2.28 1.53 9.99 6.56 4.34 1761 1237 8.30
Bolus-CHO)

Table 1: Comparison of UKF-QL based models across 5, 15, and 30-minute time horizons.
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Method 45-MIN 60-MIN 90-MIN
Parameter RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE
One (CGM) 2196 1595 10.87 2598 1919 13.06 30.14 22.67 15.73

Two (CGM-Basal) | 21.99 1581 10.74 2552 1874 1279 30.12 2242 15.30
Two (CGM-Bolus) | 21.65 1572 10.64 2484 1846 1257 3031 2279 15.72
Two (CGM-CHO) 2249 16.05 10.88 25.68 18.85 1291 3107 23.13 15.83
Three (CGM- | 22.31 16.02 1092 2514 1836 1251 31.19 23.04 1592
Basal-Bolus)

Three (CGM- | 21.81 1579 10.76 25.77 18.84 1280 31.68 2357 16.24
Basal-CHO)

Three (CGM- | 2259 16.39 11.12 26.33 1934 1331 3188 2353 16.44
Bolus-CHO)

Four (CGM-Basal- | 21.66 1551 1055 25,70 18.95 12.89 3057 22.62 1552
Bolus-CHO)

Table 2: Comparison of UKF-QL based models across 45, 60, and 90-minute time horizons.

As demonstrated in Table 2 the performance of different parameter combinations varies
depending on the prediction horizon. For medium-term predictions (45 and 60 minutes), the
CGM-Bolus, CGM-Basal-Bolus, and CGM-Basal-Bolus-CHO combinations provide the most
accurate results. This suggests that bolus insulin has a significant role in glucose regulation over
short-to-medium time horizons, making it a crucial factor for improving prediction accuracy.
In addition, combining basal and bolus insulin improves performance due to their
complementary effects on glucose dynamics. The inclusion of carbohydrate intake (CGM-
Basal-Bolus-CHO) also contributes to better results, indicating that multiple factors influence
glucose levels over these time horizons.

For long-term predictions (90 minutes), the CGM-Basal combination provides the most stable
and accurate results. This suggests that basal insulin has a dominant long-term effect on glucose
regulation, while the short-term influence of bolus insulin and carbohydrate intake diminishes
over time. The inclusion of additional parameters may have a limited impact on long-term
predictions, as the influence of insulin and carbohydrate intake begins to reduce over time.

16. CONCLUSION

This study proposes a novel hybrid UKF-QL model that addresses the challenge of
glucose prediction across various time horizons. Our study shows that prediction accuracy
is improved by adapting parameters based on the time horizon. It is observed that CGM
data alone provides superior accuracy for short-term predictions, reflecting the natural
autocorrelation in immediate glucose dynamics. As time horizon of prediction extend to
medium horizons, incorporating bolus insulin and carbohydrate intake data becomes
critical for maintaining predictive reliability. For longer-term predictions, basal insulin
emerges as the dominant predictor parameter, highlighting its fundamental role in
sustained glucose regulation. The QL component of our hybrid model enables automated
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optimization of model parameters through its reward-based mechanism, allowing the
UKEF to adapt its predictive strategy based on observed error patterns. This integration of
RL with KF represents a significant advancement over traditional static models. The
proposed model achieves improved prediction accuracy by combining the structured
prediction framework of UKF with the adaptive capabilities of QL. These findings
highlight the potential of adaptive hybrid systems to support more personalized and

effective models of diabetes management.
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ABSTRACT

Effective glucose management is essential for type 1 diabetes patients to minimize the risks of
hyperglycaemia and hypoglycaemia. Continuous glucose monitoring systems have improved
diabetes management by providing real-time glucose data. However, real-time monitoring
alone is insufficient for early intervention, as patients remain at risk until the necessary action
is taken based on glucose monitoring. To handle this issue, glucose prediction approaches have
been developed, relying on historical data to enable proactive intervention and improved
diabetes management. Representative methods include Kalman filtering and its extensions,
such as the extended Kalman filter (EKF). However, these techniques have limitations in
accurately handling nonlinear glucose dynamics and measurement noise. Recently,
reinforcement learning (RL), a subfield of machine learning (ML), has emerged as an
alternative method for glucose prediction. Among RL approaches, Q-learning (QL) relies on
historical data to improve glucose prediction. However, ML-based approaches are typically
trained on standardized datasets, which limits their ability to provide personalized predictions
that accurately reflect the unique glucose-insulin interactions of individuals. To address this
limitation, we propose a novel approach that integrates EKF with RL-based QL, enabling
dynamic adaptation based on glucose data for each patient. The hybrid approach dynamically
adjusts predictions based on the glucose data of each patient, resulting in improved prediction
accuracy. The proposed hybrid approach leverages the noise-filtering capabilities of EKF while
using QL to optimize its parameters based on real-time and historical patient data. Results the
OhioT1DM dataset indicate that the proposed approach enhances predictive accuracy and
adapts effectively to patient-specific glucose variations over time.

Key Words: Extended Kalman Filter, Q-Learning, Reinforcement Learning, Machine
Learning.

17. INTRODUCTION
Type 1 diabetes is an autoimmune disease in which the immune system attacks and damages
the beta cells in the pancreas, reducing their ability to produce sufficient insulin.
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According to the International Diabetes Federation, in 2022, approximately 828 million adults
aged 18 years and older had diabetes, marking an increase of 630 million since 1990 [1].
Insufficient glucose control can result in hypoglycaemia (low blood glucose) and
hyperglycaemia (high blood glucose), which can cause serious health complications such as
cardiovascular disease, stroke, hypertension, retinopathy, nephropathy, and neuropathy [2, 3].
Therefore, diabetes management requires regular monitoring and control to minimize these
risks and ensure stable glucose regulation. The primary objective is to keep glucose levels stable
within a normal range.
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In recent years, technological innovations such as continuous glucose monitoring (CGM)
systems have been critical for diabetes management, offering real-time glucose tracking and
minimizing acute glycaemic risks. CGM provides frequent glucose data that assist type 1
diabetes patients in optimizing their insulin doses, dietary choices and physical activity. Despite
this benefit, the effectiveness of CGM in preventing acute glycaemic events is limited by its
inability to predict future glucose levels [4]. However, clinical research has demonstrated that
combining CGM with predictive approaches, can improve diabetes management and reduce
glycaemic events [5]. Among these predictive approaches, Kalman filtering techniques —
including the standard Kalman filter (KF), extended Kalman filter (EKF), and unscented
Kalman filter (UKF)— are widely used for prediction applications. While KF is suited for linear
systems, EKF and UKF address nonlinearities with different approximation techniques [6].
Knobbe et al. developed an EKF-based approach to enhance CGM accuracy and improve
glucose predictions by reducing noise in CGM data [7]. Although Kalman filtering techniques
have proven effective in various applications, they have important limitations, particularly in
highly nonlinear scenarios where they can produce less accurate predictions.

As a result, machine learning (ML) and deep learning (DL), sub-fields of artificial intelligence
(Al), have gained popularity in glucose prediction for their ability to capture complex, nonlinear
relationships without requiring explicit model assumptions [8]. DL-based approaches,
including Long Short-Term Memory (LSTM), have been developed for glucose prediction in
diabetes management. A multi-layer LSTM approach tested on the OhioT1DM dataset
achieved successful results for a 30-minute prediction horizon [9]. However, DL approaches
require high computational resources, extensive hyperparameter tuning, and resource-intensive
inference. In contrast, ML approaches, such as reinforcement learning (RL), require less
computational power and offer more efficient adaptation to individual patient data. Integrating
RL with CGM systems enhances prediction accuracy while mitigating these challenges. RL can
analyse large datasets to identify patterns and behaviours that traditional Kalman filtering
techniques fail to capture. In addition, RL is employed to optimize glucose management, where
the decision agent adjusts insulin doses based on real-time glucose measurements and external
factors, aiming to achieve optimal glucose regulation and reduce the risk of diabetes-related
complications [10]. RL approaches, particularly Q-learning (QL), can be used to develop a
system that adapts to individual patient data and improves predictions over time. However, QL
has some limitations, including data inefficiency, high variance, and instability due to the trial-
and-error learning process. Its performance is also sensitive to the balance between exploration
and exploitation, which can cause suboptimal parameter updates. To overcome these
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challenges, we develop a prediction approach based on the EKF and QL (EKF-QL). The EKF-
QL approach will combine the mathematical precision of EKF with the adaptive learning
capabilities of QL to achieve more accurate and individually adaptive glucose predictions. In
traditional approaches, the parameters that affect the prediction performance of EKF are usually
determined experimentally and remain fixed during system operation, preventing EKF from
adapting to changing conditions. In the proposed approach, QL is integrated to allow automatic
optimization of EKF parameters and ensure adaptation to individual glucose dynamics.

This hybrid approach allows the predictive accuracy provided by continuous EKF
measurements to be maintained while improving overall system performance through the
adaptive learning capabilities of QL. The rest of the paper is structured as follows: Section 2
provides comprehensive details on the EKF-QL approach, including its underlying principles.
The comparison of the baseline and proposed approach is presented in Section 3. Finally,
concluding remarks are presented in Section 4.

18. METHOD
This section introduces the explanation of two key components in the proposed approach: EKF
and QL.

2.1 Q-Learning
QL is an RL algorithm that determines the optimal action selection policy through interactions
with the environment. It updates the action value function based on observed rewards and
predicted glucose levels, allowing the agent to learn an optimal decision strategy over time. To
balance exploration and exploitation, the Boltzmann exploration strategy is used, where actions
are selected probabilistically based on their predicted values. This strategy allows the agent to
explore suboptimal actions while favouring those with higher expected rewards, improving
learning efficiency and convergence.

2.1.1 Boltzmann Exploration Equation and Normalization of Q-values

QL balances exploration and exploitation to determine the most suitable action for a given state.
Exploration allows the agent to discover new information by attempting different actions, while
exploitation utilizes existing knowledge to maximize rewards. The Boltzmann exploration
strategy is one approach to achieving this balance. It assigns probabilities to actions based on
their Q-values, adjusted by a temperature parameter (¢). The fundamental equation for this
strategy is as follows:

¥, exp (Q (5-‘1)')) 1)

P(a;) =

€

Boltzmann equation depends on the expected rewards of actions, known as Q-values, and e,

which controls the balance between exploration and exploitation. P(a;) represents the

probability of selecting action in state s. This probability is weighted and standardized based

on the Q(s,a;) value. The exp (exponential) function converts Q-values into positive weights,

amplifying the differences between them and making actions with higher Q-values more

Q(s.a;)
3

dominant. The denominator, X exp( ) is the sum of the exponential weights of all
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possible actions in the current state s. It ensures that the probabilities are properly normalized,
such that the sum of probabilities for all actions equals one. The temperature parameter e adjusts
the level of randomness: a small e value causes the agent to behave more deterministically by
strongly choosing the highest Q-value action, while a large e value introduces more
randomness, allowing even actions with lower Q-values to have a meaningful probability of
selection. Thus, the Boltzmann equation enables the agent to leverage past knowledge to make
exploitation while exploring new possibilities. This balance ensures that the agent can achieve
better rewards over time.

2.1.2 Shifting Q-values
Shifting Q-values is a technique used to improve numerical stability in calculations. Q-values
represent the expected rewards of taking certain actions in a given state. However, large values
can cause problems such as overflow or loss of precision in numerical calculations. To address
this issue, Q-value shifting involves subtracting the maximum Q-value from each Q-value in a
given state. This operation adjusts all Q-values to a smaller range, which helps prevent
numerical instability during calculations. The relative differences between Q-values remain
unchanged, ensuring that the learned policy stays the same. However, it reduces the risk of
errors during probability and value calculations, causing more stable and reliable results.
Shifting Q-values ultimately ensures that the learning process remains efficient and accurate,
without being affected by extreme values that might disrupt computations.

2.1.3 Probability Calculation Using Shifted Q-values
The action selection probabilities are also recalculated using shifted Q-values. In this case, the
probability of selecting an action is determined based on the shifted Q-values instead of the
original ones. The shifted Q-values are adjusted to ensure the action selection is more reliable
and minimize potential biases in the original Q-values. The parameter controlling the
exploration-exploitation trade-off remains the same as in the original Boltzmann equation,
allowing for the same balance between deterministic and random action selection. This
recalculation provides a more robust method for action selection by addressing any
inconsistencies or differences in the original Q-values.

2.2 Extended Kalman Filter

The EKF predicts the state of a nonlinear system by combining predictions and measurements
over time. At each time step, the measurement of the system is related to its true state through
a nonlinear function, with added measurement noise adjusting for errors in the process. The
EKF gain matrix is calculated to determine how much the predicted state should be adjusted
based on the new measurement. This matrix is derived using the predicted error covariance, the
Jacobian matrix, and the measurement noise covariance [11].
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The Jacobian matrix provides a linear approximation of a nonlinear measurement function,
mapping how small changes in the state affect measurements. It quantifies the sensitivity of
measurements to state parameters, which is crucial for converting the nonlinear measurement
model into a linear form, allowing the EKF to operate effectively.

Once the EKF gain is computed, the state prediction is updated by adding a correction term.
This term represents the difference between the actual and predicted measurements, scaled by
the EKF gain. This update improves the prediction of the state. Additionally, the error
covariance matrix is updated to reflect the uncertainty in the predicted state after the correction.
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The error covariance provides a measure of confidence in the updated prediction, with higher
values indicating greater uncertainty. The process iterates over time, continuously refining the
state prediction by incorporating both the predicted state and new measurements while adjusting
for the uncertainties in the approach and measurements.
2.3 Proposed Extended Kalman Filter and Q-Learning Hybrid Approach

The proposed hybrid approach combines EKF with QL to improve glucose level predictions.
EKF is a filtering technique that predicts glucose levels over time based on process noise (Q)
and measurement noise (R), which are crucial parameters for its accuracy. However, these
parameters are typically kept constant, limiting the adaptability of the approach to different
conditions. To address this issue, QL dynamically optimizes Q and R values, allowing the
system to adjust to varying physiological states. At each prediction step, the error between the
predicted and actual glucose levels is calculated, a state is defined based on this error and selects
the optimal Q and R values using a Q-table. These values are used in the EKF to make a new
prediction. The error from this prediction is used to compute a reward, which updates the Q-
table, enabling the approach to continuously refine its noise parameters over time. As a result,
this hybrid approach creates a more robust and adaptive glucose prediction system, capable of
handling sensor inaccuracies and individual patient variations effectively.
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19. EXPERIMENTAL EVALUATIONS
19.1. Dataset and Performance Metrics

The experimental evaluation was conducted using the OhioT1DM dataset, a comprehensive
collection of diabetes-related data from type 1 diabetes patients.

The dataset includes 8 weeks of CGM, insulin administration, physiological sensor data, and
self-reported life events for 12 individuals with type 1 diabetes [12]. The data includes CGM
readings recorded at 5-minute horizons, providing high-frequency temporal data essential for
accurate prediction modelling. For each patient, the dataset contains several key parameters
beyond glucose measurements, including basal insulin doses, bolus insulin doses, and meal
information.

To quantitatively assess prediction accuracy, various error metrics such as Root Mean Squared
Error (RMSE), Mean Absolute Error (MAE), and Mean Absolute Percentage Error (MAPE)
were implemented to measure the deviation between predicted and actual glucose values.

The formulas for RMSE, MAE, and MAPE can be represented as follows:

mn

1
RMSE = —Z(zi —7))2 (2)
n i=1
TL
1
I\:IAEzEZIZI-—E; (3)
i=1

Z; — Z

X 100 (4)

1
1

MAPE = —Z
n

i=1

Zj
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where n is the number of the sample, (z;) is the i —th actual value and (%) is the value of the
prediction in all of the three equations. RMSE measures prediction accuracy by calculating the
square root of the average of squared differences between predicted and actual values. It assigns
importance to larger errors, making it especially useful when the aim is to reduce significant
deviations.

MAE measures the average absolute difference between the predicted and actual values,
providing a more intuitive understanding of the precision of the prediction. MAPE expresses
the error as a percentage of the actual value, allowing comparisons across different datasets,
though it may be unreliable when actual values are close to zero. By analysing these metrics,
the accuracy of predictions in relation to actual values is evaluated, providing insights that help
identify areas for approach improvement.

3.2 Result and Discussion
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The EKF and EKF-QL hybrid approaches in personalized glucose prediction were evaluated
for performance comparison. The objective is to investigate how these approaches and
parameter combinations influence prediction accuracy across varying time horizons (5, 15, 30,
45, 60, and 90 minutes). The analysis incorporates single-parameter approaches using only
CGM data and multi-parameter approaches that integrate additional parameters such as basal
insulin, bolus insulin, and carbohydrate intake (CHO). Table 1 compares the performance of
the EKF and the EKF-QL hybrid approach in short-term predictions (5, 15 and 30 minutes).
For the 5-minute predictions, the best performance was obtained with the two (CGM-Basal)
parameters and the EKF approach. This combination provided the lowest error rates, including
an RMSE of 3.25, an MAE of 1.85, and a MAPE of 1.29, demonstrating its effectiveness. The
EKF approach, using all parameters (CGM, Basal, Bolus, CHO), achieved the best
performance, particularly for 15-minute predictions, with RMSE, MAE, and MAPE values of
7.25, 4.92, and 3.47, respectively. These results show that the EKF performs better for short-
term predictions and has lower error rates compared to the EKF-QL hybrid approach. For 30-
minute predictions, the best result was obtained with the EKF using CGM, basal insulin, and
CHO parameters. For this approach, the RMSE was 15.60, the MAE was 10.54, and the MAPE
was 7.38, indicating the performance of the approach. In short, the EKF gives better results in
short-term predictions, but the error rate of the EKF increased rapidly and the accuracy of the
prediction decreased significantly.

According to Table 2, the EKF-QL hybrid approach with a single parameter (CGM) resulted in
the lowest error values for 45-minute predictions, with RMSE, MAE, and MAPE calculated as
20.35, 14.61, and 10.00, respectively. This result shows that the EKF using only CGM data and
combined with QL is successful in the 45-minute prediction. In particular, this approach had
the lowest error rates despite the addition of other parameters. For the 60-minute predictions,
the best performance was obtained with the EKF-QL hybrid approach with three parameters
(CGM-basal-bolus). The RMSE for this approach was 25.67, the MAE was 18.86, and the
MAPE was 12.78, reflecting the accuracy of the approach. This result shows that the addition
of insulin data instead of CGM alone provides a significant advantage in medium-term
predictions. In particular, the inclusion of basal and bolus insulin data improved prediction
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Method 5-MIN 15-MIN 30-MIN
Parameter Approach RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE

One EKF 5.22 331 229 1339 871 599 2673 1740 @ 1197
(CGM) EKF-QL 3.72 2.15 1.45 9.24 5.98 403 1719 11.90 7.99
Two
(CGM- EKF 3.25 1.85 1.29 7.80 5.07 350 1745 1141 7.86
Basal) EKF-QL  3.90 227 153 1015 6.71 451 1691 11.76 7.98
Two
(CGM- EKF 3.25 1.86 1.29 7.80 5.07 3.50 1747 1143 7.86
Bolus) EKF-QL 3.90 2.27 153 10.09 6.65 444 17.07 1182 7.94
Two
(CGM- EKF 3.34 1.90 1.32 7.90 5.13 354 1759 11.50 7.92
CHO) EKF-QL 3.79 2.19 148 10.16 66.8 446 17.04 12.03 8.11
Three
(CGM- EKF 5.62 337 236 881 581 406 1747 11.72 8.14
Basal- EKF-QL  3.85 230 155 1027 6.72 450 1742 1225 8.23
Bolus)
Three
(CGM- EKF 4.96 3.00 2.10 9.60 6.34 4.40 1951 1297 8.97
Basal- EKF-QL 3.54 2.07 1.38 999 6.66 4.56 17.72 1230 8.28
CHO)
Three
(CGM- EKF 4.96 3.00 2.10 9.60 6.34 4.40 1951 1297 8.97
Bolus- EKF-QL  3.70 2.16 1.46 9.04 599 4.03 16.41 1153 7.71
CHO)
Four
(gacigf__ EKF 3.36 2.09 1.49 725 492 347 1560 1054 7.38
Bolus- EKF-QL  3.80 2.21 1.48 10.40 6.90 4.64 17.08 11.84 8.05
CHO)
Table 1: Comparison of EKF and EKF-QL hybrid approaches across 5, 15, 30-minute time

horizons.

accuracy and reduced error rates. The best results for 90-minute predictions were obtained with
the EKF-QL hybrid approach using a single parameter (CGM), with RMSE, MAE, and MAPE
values of 30.17, 22.68, and 15.58, respectively. This indicates that CGM data alone may be
sufficient for long-term predictions, but QL plays a critical role in reducing error rates.

In general, the use of CGM data alone gives the best results in short- and long-term
predictions, while the addition of insulin data in medium-term predictions improves prediction
accuracy. In addition, QL is observed to significantly reduce error rates at all prediction times
of 45, 60, and 90 minutes. It can be said that the margin of error of the traditional EKF method
increases rapidly, especially in medium-term and long-term predictions, but QL balances this
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increase and provides more successful predictions. These results show that different data
combinations should be preferred depending on the prediction period and that ML approaches
offer significant contributions to traditional approaches.

Method
Paramete Approa RM
r ch SE
EKF 40.2
One EKE- 3
(CGM) 20.3
QL
5
Two EKF 2?)'4
(CGM- EKF- 228
Basal) QL 6.
Two EKF 272'4
(CGM- EKF- 923
Bolus) QL 6-
Two EKF 277'5
(CGM- EKF- 992
CHO) QL 6.
Three 26.8
(CGM- EKF 9
EKF-
Basal- oL 22.1
Bolus) 8
Three 29.8
EKF
(CGM- 8
EKF-
Basal- oL 22.7
CHO) 5
Three 29.8
(CGM- EKF 9
EKF-
Bolus- oL 23.9
CHO) 7
Four
(CGM- EKF 21'2
Basal- EKF- 218
Bolus- QL 9
CHO)

5-MIN
MA
E MAPE
17.9
26.16 9
14.61 10.0
0
12.3
17.91 2
16.40 11.1
6
12.3
17.93 3
16.27 11.0
6
124
18.02 0
16.27 11.0
4
12.5
18.06 2
1591 10.7
2
19.88 13.73
16.37 11.14
19.90 13.72
16.88 11.42
16.34 11.41
15.57 10.58

RMSE

53.78
25.80

37.41
25.99

37.43
26.73

37.61
26.01

36.48
25.67

40.36
27.24

40.38
26.61

32.99
25.92

271

15-MIN

MAE MAPE
34.
84  24.02
18. 13.00
98
24,
43  16.81
19. 1295
04
24.
45  16.82
19. 1342
56
24,
57 1691
19. 13.07
21
24.
52 16.98
18.  12.78
86
26.86 18.54
19.77  13.58
26.88  18.56
19.64 13.30
22.18  15.47
19.01 12,97

RMSE

80.90
30.17

57.48
30.43

57.52
31.90

57.75
55.83

55.83
31.64

61.44
31.43

61.47
32.06

50.51
31.59

30-MIN
MAE MAPE
52.52 36.11
22.68 15.58
37.50 25.80
22.99 15.86
37.54 22.82
23.82 16.35
37.70 25.93
23.34 16.13
37.53 25.97
23.59 16.14
40.88  28.20
2340 16.11
4091 28.22
2341 16.47
33.87 23.60
23.43 16.02



NFERE,
) 00 g,
“\\ e‘.r’

Table 2: Comparison of EKF and EKF-QL hybrid approaches across 45, 60, 90-minute time
horizons.
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20.  CONCLUSION

This study presents a hybrid approach integrating QL with the EKF to enhance real-time
glucose prediction for personalized diabetes management. The results highlight the varying
effectiveness of EKF and the EKF-QL hybrid approach on different prediction horizons. While
the EKF approach demonstrates superior performance for short-term predictions, its accuracy
declines significantly as the prediction horizon extends. In contrast, the integration of QL
demonstrates a crucial factor in enhancing prediction accuracy, particularly for medium-term
and long-term predictions. For medium-term predictions, combining insulin data with CGM
measurements results in significant improvements, highlighting the importance of multi-
parameter analysis modelling. On the other hand, long-term predictions benefit most from using
only CGM data, with QL effectively limiting the error growth observed in the EKF approach.
Furthermore, hybrid approach demonstrates strong performance in long prediction horizons,
even using a single parameter, underscoring its adaptability and effectiveness in extended
predictions. Overall, the results indicate that EKF is well-suited for short-term predictions,
whereas QL integration significantly enhances accuracy for longer horizons. These results
highlight the need for adaptive modelling strategies where parameter selection and ML
integration should be optimized for the prediction time horizon.
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ABSTRACT

The automatic classification of chest X-ray images has attracted an increasing amount of
attention in the last decade due to its potential in rapid and accurate identification of pulmonary
conditions. However, in earlier studies, several challenges are associated with this classification
task, including image quality, overlapping anatomical structures, and complex pathological
characteristics. These challenges are limited the model performance and effectiveness in
accurately classifying pulmonary conditions. Therefore, transformer-based deep learning
models have been utilized to overcome these challenges recently for medical image
classification. This study aims to classify diseases in X-ray images using the Vision
Transformer (ViT) model, which processes images as patch sequences and captures detailed
features essential for diagnosing lung diseases. Moreover, the attention mechanisms of ViT are
employed to focus on relevant pathological features, thereby improving classification
performance compared to traditional convolutional neural networks. Experimental results on
the 1U-Xray dataset demonstrate the advantage of the proposed model in interpretations of the
visual patterns associated with different pulmonary diseases, leading to enhanced diagnostic
processes in clinical settings.

Keywords: Image Classification, Transformer, Attention Mechanism, Vision Transformer

1. INTRODUCTION
Medical images represent a fundamental resource for the diagnosis and treatment of various
diseases, such as pneumonia, tuberculosis, chronic restrictive pulmonary disease and
pneumothorax, providing valuable insights to healthcare professionals. However, identification
of the corresponding diagnoses within these images can be both a challenge and a time-
consuming process. In this context, artificial intelligence techniques, particularly in image
classification, have been proven to be a robust method for generating descriptive textual
information from medical images in recent years (Sermesant et al., 2021), (Gurgitano et al.,
2021), (Belikova et al., 2021). Early efforts in medical image classification often use Acrtificial
Neural Networks (ANN) developed as mathematical model generalizations of biological
nervous systems (Abraham, 2005), (Deepa et al., 2011) However, traditional ANN architectures
have challenges in effectively processing complex and high-dimensional data despite the fact
that their ability to automatically learn and extract meaningful features from large raw dataset.
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These challenges include abnormality-related textures or edges, rare diseases, complex
anatomical structures, and image quality artifacts. As a result, more advanced deep learning-
based methods have been adopted, building upon the foundational principles of ANNs while
introducing new mechanisms to process larger datasets and capture complex patterns more
efficiently (Shamshad et al., 2023), (Liu et al., 2023), (Patel & Goyal, 2007). In particular,
Convolutional Neural Networks (CNN) and Recurrent Neural Networks (RNN) based models
are frequently utilized among deep learning methods. However, CNNs and RNNs have
significant limitations on medical image classification tasks. CNNs are generally powerful at
detecting and learning local features, whereas they have difficulties understanding long-term
relationships (Roodschild et al., 2020), (Noh, 2021). On the other hand, RNNs are designed to
process time-varying information, but their parallel processing capacity may be limited, and
they can be costly in terms of time during training processes (Karita et al., 2019), (Ibrahim et
al., 2021), (Abbas et al., 2021). Therefore, recent studies on medical image classification have
used transformer-based frameworks to overcome these limitations (Vaswani et al., 2017), (Han
et al., 2022). The fundamental concept in transformer-based frameworks is to divide a larger
image into smaller patches, addressing each patch individually. The extracted patches go
through a series of operations, being evaluated both individually and as a whole, to produce an
output representing a class of disease. Besides, attention mechanisms in transformer-based
frameworks can effectively process long-term dependencies (Yang, 2020). Additionally,
transformers utilize hardware resources such as GPUs more efficiently in terms of time due to
their parallel processing capabilities. This demonstrates that transformer-based frameworks
deliver high performance on large datasets in less time.
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This study proposes a Vision Transformer (ViT) based classification approach to evaluate
medical image data within a more comprehensive understanding. A dataset containing medical
images was classified using different seed numbers, followed by fine-tuning. The results were
evaluated using 11 different performance metrics.

The rest of this paper is organized as follows: Section 2 introduces proposed transformer-based
classification model. Section 3 presents the dataset, performance metrics, and results. The
conclusion is given in Section 4.

2. THE PROPOSED APPROACH
This section introduces the image classification approach using the Vision Transformer (ViT),
with the methodology illustrated in Figure 1.

The image classification model processes an image as input and outputs a prediction indicating
the class associated with that image. In the process, input image is divided into smaller image
patches and each image patch is passed through embedding layers. The features from each patch
are extracted and subsequently converted into a vector format. The vectors are processed
through a linear projection. This process involves a matrix multiplication that expresses each
vector in a higher-dimensional space. Representing the feature vectors in a wider space enables
the model to learn more complex dependencies. The self-attention mechanism is used to
comprehend the relationships between flattened and other vectors. Multi-head attention is a
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process that is carried out in parallel using several different attention heads. After each self-
attention operation, a layer normalization process is applied to the obtained features and then
features are transmitted to a feed-forward layer. The representations obtained for each position
in the output of the encoder are passed through a linear layer. This layer transforms the
representations into a vector of a dimension compatible with the number of classes. The output
vector obtained from the linear layer employs processing through the SoftMax activation
function, which transforms the values within the vector into probabilities. The cell with the
highest probability is selected, and its associated class is output.
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Figure 1. The Proposed Chest X-Ray Classification Approach

3. EXPERIMENTAL EVALUATIONS
In this section, we assess the performance of our proposed approach using the 1U-Xray Chest
Dataset.

3.1. DATASET AND PERFORMANCE METRICS
In the proposed approach, the evaluation was performed using a dataset containing chest X-ray
images. The IU-Xray chest dataset includes data from 3955 patients and 13 different disease
classes. These diseases are enlarged cardio mediastinum, cardiomegaly, airspace opacity, lung
lesion, edema, consolidation, pneumonia, atelectasis, pneumothorax, pleural effusion, pleural
(other), fracture, support devices, respectively.

The performance of the model is evaluated using 11 specific metrics that provide a
comprehensive assessment of its classification capabilities. These metrics include True
Negative (TN), the number of negative instances correctly predicted as negative, and False
Positive (FP), denoting the number of negative instances incorrectly estimated as positive.
Similarly, False Negative (FN) measures the number of positive instances misclassified as
negative, while True Positive (TP) counts the positive instances correctly identified. The overall
correctness of predictions is computed by Accuracy, which is the ratio between true positive
and true negative predictions to the total instance number. Precision focuses on the proportion
of instances predicted as positive that are truly positive, whereas Sensitivity (Recall) measures
the rate at which truly positive instances are correctly identified. Conversely, Specificity
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evaluates the proportion of truly negative instances correctly classified. Kappa provides a
normalized metric to evaluate the consistency between observed and expected accuracy,
effectively accounting for random chance. The F1 Score combines Precision and Sensitivity
into a single metric by calculating their harmonic meaning, effectively balancing false positives
and false negatives. AUC (Area Under the Curve) assesses the ability of model to distinction
between classes based on the Receiver Operating Characteristic (ROC) curve. Finally, the Final
Score serves as a composite performance metric, computed as the average of Accuracy,
Precision, Sensitivity, Specificity, Kappa, F1 Score, and AUC, providing a comprehensive
evaluation of the model effectiveness.
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Figure 2. Comparison of Training Loss for Initial and Fine-Tuned Model (Seed Number 2)

3.2. RESULTS AND DISCUSSION

Table 1 comprehensively evaluates the classification results obtained with different seed
numbers and fine-tuned models. The model was retrained with the data reserved for the fine-
tuning operation. After the fine-tuning operation was completed, the model was tested on the
validation dataset. It was possible to evaluate the model on a separate dataset from the general
dataset. The model obtained with seed number 1 demonstrates a high accuracy rate of 0.86,
complemented by a precision of 0.86 and a specificity of 0.93. Similarly, models obtained with
seed numbers 2 and 3 also demonstrate robust and consistent performance. The experimental
results demonstrate that fine-tuned models have generally demonstrated higher performance.
Additionally, the model obtained with seed numbers 2 and 4 exhibits remarkably high accuracy,
precision and specificity values. The model also provides reliable performance, with high
Kappa values of 0.89 and 0.88, respectively. The highest final score achieved by the model with
seed number 2 in the fine-tuning operation suggests that the model has adapted well to the
dataset and performed optimally in the classification task. As illustrated in Figure 2 the loss
value of the model decreased significantly during the training process as the number of epochs
increased. These results demonstrate that the model achieves accurate predictions.
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Model TN |FP |FN | TP | Accuracy Precision Sensitivity Specificity Kappa | F1 AUC | Final
SEED_1 173 |61 |26 |364 |0.86 0.86 0.93 0.74 0.69 0.86 | 0.84 0.80
SEED_2 177 |57 |27 |363 |0.87 0.86 0.93 0.76 0.71 0.87 | 0.84 0.80
SEED_3 184 |50 |25 |365 |0.88 0.88 0.94 0.79 0.74 0.88 | 0.86 0.83
SEED 4 179 |55 |42 |348 |0.84 0.86 0.89 0.76 0.66 0.84 |0.83 0.78
SEED_5 185 |49 |37 |353 |0.86 0.88 0.91 0.79 0.70 0.86 |0.85 0.80
FINETUNED_1 174 |60 |2 388 | 0.90 0.87 0.99 0.74 0.78 0.90 | 0.87 0.85
FINETUNED_2 194 |40 |4 386 | 0.93 0.91 0.99 0.83 0.84 0.93 |0.91 0.89
FINETUNED_3 161 |73 |1 389 |0.88 0.84 0.96 0.69 0.73 0.88 | 0.84 0.82
FINETUNED_4 186 |48 |2 388 |0.92 0.89 0.99 0.79 0.82 092 |0.89 0.88
FINETUNED_5S 163 |71 |1 389 |0.88 0.85 1.0 0.70 0.74 0.88 | 0.85 0.82

Table 1. Chest X-ray Classification Performance Metric Results
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4. CONCLUSION

In this paper, we present a transformer-based model to classify medical images. The features of
medical images were extracted using a ViT. The features obtained at the end of the process are
used for classification. This method provides a basis for extracting and then classifying
semantic features of images, so that more accurate and effective results can be obtained. The
evaluation of this approach was conducted on the IU-Xray Chest datasets.

The model was then evaluated using different performance metrics. Accordingly, the fine-tuned
model with seed number 2 demonstrated the highest performance. Future research includes
improving the generalization ability of the model and enhancing the robustness of it by testing
it on larger and varied datasets. Applying the same model to a larger dataset can enhance
learning and improve generalization, allowing it to identify a wider range of patterns and
features in medical images.
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OZET

Zemin sivilagmasi, 6zellikle doygun ve kohezyonsuz zeminlerde depremler sirasinda olusan
gecici tasima giicli kayb1 ile karakterize edilen, miihendislik agisindan kritik bir fenomendir.
Bu olgu, artan bosluk suyu basinciyla birlikte, zemin taneleri arasindaki efektif gerilmenin
azalmasi sonucu zeminin sivi gibi davranmasina neden olur. Bu ¢alismada, Proton Manyetik
Rezonans (PMR) teknigi kullanilarak bu tiir riskli zeminlerde yer alti suyu ile iliskili
hidrojeofizik 6zellikler degerlendirilmistir. PMR yOntemi, yer altindaki suya duyarli manyetik
rezonans sinyalleri yoluyla gozenek yapisi, doygunluk diizeyi ve serbest su miktar1 gibi
parametreleri dogrudan Olgebilen benzersiz bir teknolojidir. Calisma alani olarak segilen
bolgelerde ylizey tabanli PMR olc¢limleri gergeklestirilmis, elde edilen sinyallerin bozunma
stireleri ve genlikleri iizerinden su igerigi dagilimlari analiz edilmistir. Elde edilen veriler, ayni
lokasyonda yapilan sondaj loglariyla karsilagtirilarak yontemin dogrulugu ve saha uyumu
degerlendirilmistir. PMR’nin o6zellikle s1g derinliklerde gozenek suyu hakkinda sagladig:
yiiksek ¢Oziiniirliikli bilgiler, zeminlerin sivilasma egilimini belirlemede 6nemli avantajlar
sunmaktadir. Sonuglar, PMR yonteminin hem miihendislik jeofizigi uygulamalarinda hem de
zemin s1vilagsma potansiyelinin degerlendirilmesinde giiclii ve giivenilir bir alternatif oldugunu

gostermektedir.

Anahtar Kelimeler : Zemin sivilagmasi, PMR, gbzenek suyu, hidrojeofizik, jeoteknik risk

analizi
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ABSTRACT
Soil liquefaction is a critical phenomenon in engineering terms, characterized by temporary loss
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of bearing capacity, especially in saturated and cohesionless soils during earthquakes. This
phenomenon causes the soil to behave like a liquid as a result of the decrease in effective stress
between soil grains with increasing pore water pressure. In this study, hydrogeophysical
properties related to groundwater in such risky soils were evaluated using the Proton Magnetic
Resonance (PMR) technique. The PMR method is a unique technology that can directly
measure parameters such as pore structure, saturation level and free water amount via magnetic
resonance signals sensitive to underground water. Surface-based PMR measurements were
carried out in the regions selected as the study area, and water content distributions were
analyzed via decay times and amplitudes of the obtained signals. The obtained data were
compared with the drilling logs made at the same location and the accuracy and field
compatibility of the method were evaluated. The high-resolution information provided by PMR,
especially at shallow depths, about pore water offers significant advantages in determining the
liquefaction tendency of soils. The results show that the PMR method is a powerful and reliable
alternative in both engineering geophysical applications and in the assessment of soil
liquefaction potential.

Keywords: Soil liquefaction, PMR, pore water, hydrogeophysics, geotechnical risk analysis

1. INTRODUCTION

Soil liquefaction is one of the more destructive effects that can occur during earthquakes,
especially in areas with loose, water-saturated soils. When seismic waves travel through
the ground, they cause soil particles to shake and shift. In saturated soils, this movement
forces particles closer together, but the water between them doesn’t have enough time to
escape. As a result, pore water pressure builds up quickly, reducing the contact forces
between grains. When this pressure gets high enough, the soil can lose its strength and
behave more like a liquid than a solid. This sudden shift in behavior is what we call
liquefaction (Biiyiiksarag et al., 2018).

Proton Magnetic Resonance (PMR) is a non-invasive geophysical method that helps us
detect water in the ground by directly responding to hydrogen atoms. The idea of using
nuclear magnetic resonance (NMR) for this kind of work isn’t new (Abragam, 1961), but
it was only in the late 1970s that scientists began to test the method in real-world field
conditions (Semenov et al., 1982, 1987, 1988). Since then, the technology has come a

long way. Modern PMR systems can now estimate not just the presence of groundwater,
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is its ability to detect water without relying on indirect indicators. It picks up signals from
hydrogen nuclei, so if there’s water underground, it will show up. On top of that, by
analyzing how quickly the signal fades (known as relaxation time), we can learn about

the size of pores in the rock or soil. When used together with other methods, PMR can

give a clearer picture of underground water systems and help make better decisions in
fields like engineering, agriculture, and environmental science.

2. METHOD

Some atomic nuclei—Ilike the common hydrogen-1—have a small magnetic field of their own.
When placed in a larger magnetic field, these tiny magnets behave in predictable ways. If we
send the right kind of radio wave at them, they absorb energy and shift to a higher energy state.
This process depends on both the type of atom and the strength of the magnetic field. Imagine
a spinning top slowly wobbling under gravity—that’s a bit like how the hydrogen nuclei
respond. When we excite them with a pulse of energy, they tilt away from their usual alignment.
After the pulse stops, they slowly return to their original state, giving off a tiny electromagnetic
signal as they do. We can capture this signal with a wire coil placed on the ground surface
(Shirov et al., 1991). In PMR surveys, a loop of wire on the ground sends out a short burst of
energy tuned to the natural frequency of hydrogen atoms. The Earth’s magnetic field acts as the
static background field. Once the pulse ends, the same loop listens for returning signals from
water molecules underground. The strength and decay speed of the signal tells us a lot. For
example, slower decay usually means larger pores, while stronger signals indicate more water.
Over time, scientists have developed models that help translate these signals into estimates of
how much water is present and what kind of ground it's in (Shirov et al., 1991). This makes
PMR a valuable tool, especially when combined with other data, for understanding both
geological and environmental conditions beneath our feet.

3. RESULTS AND DISCUSSION

Measurements were taken with the PMR method in an area with liquefaction potential. In this
study, the transmitter and receiver antennas were placed in a square shape. The transmitter
antenna was set at 60 m. and the receiver antenna at 40 m. In this way, measurements were
carried out in 30 steps. In addition, drilling was carried out in the study area and a drilling log
was also created. The groundwater level in the opened drilling well was determined as 1.58 m.
The underground formations determined from the drilling log were determined as 0-1.5 m.
Gravelly sandy clay, 1.5-2.45 m. Clayey gravelly sand, 2.45-5.40 m. Gravelly clayey sand,
5.40-8.75 m. Gravelly sandy clay, 8.75-12 m. Sandy silty clay, 12-20 m. Sandy silty clay.
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4. CONCLUSIONS
The changes obtained as a result of Proton Magnetic Prospection measurements carried out in
the soil with liquefaction potential are shown in Figure 1. When Figure 1 is examined, the values
of 250-300 mV and 46 ms were determined up to the first 6 m, 80-140 mV and 46 ms between
6-12 m and 80-350-400 mV and 46 ms up to 20 m. When the results are examined, it is seen
that the high mV and low ms values obtained from PMR measurements indicate water-saturated
ground and are quite compatible with both the groundwater level and the drilling logs. The
formations in the drilling work carried out in the field are Gravelly Sandy Clay between 0-1.5
m, Gravelly Sandy Clay between 1.5 m and 2.45 m, Clayy Gravelly Sand between 2.45 m and
5.40 m, Gravelly Sandy Clay between 5.40 m and 8.75 m.
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Figure 1. PMR measurement result of the study area
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OZET

Izmir ili, Tiirkiye'nin batisinda yer alan ve karmasik fay zonlar1 nedeniyle yiiksek sismik
aktivite gosteren onemli bir yerlesim alanidir. Depremlerin yikict etkilerini artiran en 6nemli
etkenlerden biri yerel zemin kosullaridir. Bat1 Anadolu'da yer alan izmir, karmasik tektonik
yapilarla cevrili olup, sik araliklarla yikict depremlerin yasandigi bir bolgedir. Bu baglamda
yerel zemin karakteristiklerinin ortaya konulmasi, sismik riskin azaltilmasina yonelik
calismalar agisindan biiyiik dnem arz etmektedir. Bu ¢calismada, Izmir sinirlar1 icerisinde kurulu
34 ivmedlger istasyonuna ait Mw > 5 biiyiikliiglindeki depremlerin kayitlar: kullanilarak zemin
davranigina yonelik onemli sismik parametreler analiz edilmistir. Kuvvetli yer hareketi verileri,
GEOPSY yazilimi aracilifiyla islenmis; yatay ve diisey bilesenlerden elde edilen genlik
spektrumlar1 iizerinden H/V (Horizontal/Vertical) spektral oran egrileri hesaplanmistir. Bu
egriler yardimiyla her istasyon i¢in hakim titresim periyotlar1, biiylitme degerleri ve bu
parametrelere bagli olarak zemin kirilganlik indeksi (Kg), sismik temel derinlik ve Vs30
degerleri elde edilmistir. Ozellikle kuzey kesimlerde daha uzun periyot ve yiiksek
amplifikasyon degerleri dikkat ¢ekerken, giineyde daha kisa periyotlar gozlenmistir. Farkli
istasyonlardan elde edilen parametrelerin mekansal dagilimlari, mikro bolgeleme ¢aligmalarina
temel olusturabilecek nitelikte olup, deprem etkilerine karsi yapi tasarimina yon verecek
miihendislik verileri saglamaktadir. Bu yoniiyle calisma, hem akademik arastirmalar hem de

afet risk yonetimi agisindan énemli katkilar sunmaktadir.

Anahtar Kelimeler: Spektral analiz, yerel zemin etkisi, H/V orani, zemin tepkisi, sismik

kirilganlik
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ABSTRACT

[zmir province is an important settlement area located in the western part of Tiirkiye and
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exhibits high seismic activity due to complex fault zones. One of the most important factors
that increase the destructive effects of earthquakes is the local ground conditions. Izmir, located
in Western Anatolia, is surrounded by complex tectonic structures and is a region where
destructive earthquakes occur at frequent intervals. In this context, revealing the local ground
characteristics is of great importance for studies aimed at reducing seismic risk. In this study,
important seismic parameters related to ground behavior were analyzed using the records of
earthquakes with a magnitude of Mw > 5 belonging to 34 accelerometer stations established
within the borders of Izmir. Strong ground motion data were processed by GEOPSY software;
H/V (Horizontal/Vertical) spectral ratio curves were calculated from the amplitude spectra
obtained from the horizontal and vertical components. With the help of these curves, dominant
vibration periods, amplification values and, depending on these parameters, ground fragility
index (Kg), seismic foundation depth and Vs30 values were obtained for each station. While
longer periods and higher amplification values were particularly notable in the northern parts,
shorter periods were observed in the south. The spatial distributions of the parameters obtained
from different stations can form the basis of microzonation studies and provide engineering
data that will guide structural design against earthquake effects. In this respect, the study
provides important contributions to both academic research and disaster risk management.
Keywords: Spectral analysis, local ground effect, H/V ratio, ground response, seismic

fragility

1. INTRODUCTION

Earthquakes have occurred in many geographies around the world since the early 1900s, and
this natural event has become more noticeable over time. Especially large earthquakes have
caused structural destruction and serious loss of life. However, earthquake research has been
intensively continued during this process. In recent years, in order to minimize earthquake
damage, the earthquake susceptibility of soils has been determined before urban planning and
structural designs have been carried out accordingly. In our country, urban settlements are
generally developing towards looser and more unstable regions. Constructions are generally
planned based on soil properties. However, this situation also brings with it engineering
problems that increase disaster risk. Factors such as incorrect urbanization, incorrectly
perceived danger, and incomplete engineering models increase the potential for earthquakes to
turn into disasters. As in the world, efforts to minimize losses experienced in natural disasters
have gained importance in our country. In particular, the thickness of the ground on which
buildings sit is a critical factor in understanding the ground response. Therefore, while
approximately 30 meters is accepted as the engineering depth during ground research,
determining the foundation rock depth or S-wave velocity is also important. Especially for basin
type structures, in order to obtain a complete ground structure model and to model possible
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ground amplification and acceleration distribution, information on the bedrock depth is
required. For this purpose, many studies have been conducted to obtain bedrock depth using
the inverse solution method based on microtremor measurements. Local ground conditions
affect the properties of seismic waves during an earthquake. Loosely structured soils can
increase the risk of damage by amplifying ground motions during an earthquake. Especially
areas located in river or coastal areas are generally composed of thick clay, silt and sand layers.
Such soils tend to amplify ground motions during an earthquake. The horizontal/vertical
spectral ratio (H/VV) method developed by Nakamura (1989) is one of the methods for
determining ground properties. This method assumes that horizontal ground motions are
amplified around the fundamental frequency of a site, but there is no significant amplification
in vertical ground motions (Hassani and Atkinson 2016). It has been stated in many studies that
the fundamental (dominant) frequency can be determined reliably using the H/V method on
microtremor or strong ground motion data. The seismic vulnerability index is an index showing
the seismic fragility value of the deformations occurring in the surface formation with various
earthquake movements. This value is important in the detection of unconsolidated soil
formations and weak zones. Therefore, it is possible to establish a relationship between seismic
vulnerability and earthquake damage distribution. The seismic vulnerability value varies
depending on the ground amplification factor obtained from microtremor measurements, the
ground dominant frequency and the ground dynamic properties. The maximum ground
acceleration value (PGA) is an index used for the calculation of the intensity and danger created
by the earthquake. This value, called the maximum ground acceleration, is directly related to
the earthquake magnitude and the epicenter distance. In addition, as a result of the different
calculations developed, attenuation relationships were established with different ground
parameters such as ground classification and seismic velocity. Vs30 is a parameter found by
taking the average of the values of the ‘S’ wave type, which reaches the surface as the second
from the earthquake waves, from the surface to a depth of thirty meters. At the end of this study,
the ground dynamic properties of the region were determined using the earthquake records
recorded by AFAD accelerometer stations located around Izmir Province.
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2. METHOD

In this study, the ground properties of 33 accelerometer stations operated by the Earthquake
Department of the Disaster and Emergency Management Presidency of the Ministry of Interior
(AFAD) in and around Izmir Province were investigated using earthquake records. In this
context (Figure 1), earthquake records with magnitudes greater than 5 that occurred between
1900-2024 were used. The earthquake records at each station were analyzed using the H/V
method. At least 5 earthquake records were used for each station. First of all, after the trend
effect of the earthquake data was eliminated, the amplitude spectra of each component were
obtained by applying Fast Fourier Transform (FFT) for the selected window in the earthquake
record. Konno-Ohmachi smoothing was applied to the obtained spectra by selecting the
bandwidth b = 40. As a result, H/V spectral ratios were obtained by dividing the horizontal
component amplitude spectra by the vertical component amplitude spectra. The H/V spectrum
for the relevant station was obtained by taking the average of the H7V spectra obtained for each
earthquake. The frequency value corresponding to the maximum amplitude in this spectrum
was determined as the dominant frequency.
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Figure 1. Classification of the 60 earthquake records examined according to their magnitudes.
Red circles indicate earthquake locations with magnitudes of Mw 5-5.3, Blue circles indicate
earthquake locations with magnitudes of Mw 5.3-5.6, Yellow circles indicate earthquake
locations with magnitudes of Mw 5.6-5.9 and Black circles indicate earthquake locations with
magnitudes of Mw 5.9-6.6.

3. RESULTS AND DISCUSSION

The dominant period values obtained in the ground where the accelerometer stations are located
in the study area vary between 0.13 s and 3.8 s. The dominant frequency values calculated for
33 stations vary between 0.3 Hz and 7 Hz. The amplification factor values calculated from the
earthquake records for 33 stations vary between 1.7 and 11.6. Seismic vulnerability (Kg) values
were calculated using the dominant frequency and amplification factor values obtained from 33
stations examined in Izmir province and its surroundings, and the vulnerability (Kg) values
calculated at these stations vary between 0.4 and 234. While the H/V amplitude reaches higher
values in soft grounds, the H/V ratio is low (~1) in compact hard grounds, which shows that
H/V can be used as an amplification factor (Nakamura 2000, 2019). While low amplification
factor values were obtained in the low period at the stations located in the south of Izmir, high
amplification factor values were obtained in the high period at the stations located in the north
of Izmir.
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4. CONCLUSIONS
At station numbered 3536 in Seferihisar district of Izmir province, the period (T) value was
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calculated as 0.13 s, the amplification factor (AO) value was 1.7, the vulnerability value (Kg)
was 0.4, the bedrock depth was 9 m and in accordance with these parameters, the Vs30 value
was calculated as 415 m\sec. It is in the Class C soil class according to NEHRP soil
classification. At station numbered 3521 in Karsiyaka district, the period (T) value was
calculated as 3.8 s, the amplification factor (AO) value was 6.21, the vulnerability value (kg)
was 143, the bedrock depth was 528 m and in accordance with these parameters, the Vs30 value
was calculated as 145 m\sec. It is in the Class E soil class according to NEHRP soil
classification. At station number 3517 located in the center of 1zmir province, the period (T)
value was calculated as 0.21 s, the amplification factor (A0) value was 2.96, the vulnerability
value (Kg) was 1.86, the bedrock depth was 15m and in accordance with these parameters, the
Vs30 value was calculated as 695 m\sec. According to NEHRP soil classification, it is in the
Class C soil class. At station number 3520 located in Bornova district, the period (T) value was
calculated as 0.52 s, the amplification factor (A0) value was 2.5, the vulnerability value (Kg)
was 3, the bedrock depth was 45 m and in accordance with these parameters, the Vs30 value
was calculated as 875 m\sec. According to NEHRP soil classification, it is in the Class B soil
class. At station numbered 3515 located in the center of Izmir province, the period (T) value
was calculated as 3.33 s, the amplification factor (AO) value was 3.9, the vulnerability value
(Kg) was 51, the bedrock depth was 435.09 m and in accordance with these parameters, the Vs
30 value was calculated as 171 m\sec. It entered the class E soil class according to NEHRP soil
classification. At station numbered 3513 located in Bayrakli district, the period (T) value was
calculated as 1.52 s, the amplification factor (AO) value was 6.77, the vulnerability value (kg)
was 71, the bedrock depth was 171 m and in accordance with these parameters, the VVs30 value
was calculated as 196 m\sec. It entered the class D soil class according to NEHRP soil

classification.
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OZET

Bu calismada, 30 Ekim 2020 tarihinde gerceklesen Izmir Depremi geoteknik miihendisligi
acisindan somut verilerle ele alinmstir. ilk olarak, levha hareketleri, fay durumu ve deprem
parametreleri incelenerek depremin olusum siireci degerlendirilmistir. Ikinci olarak, depremden
etkilenen bolgelerdeki zemin 6zellikleri; zemin sinifi, zemin biiyiitmesi, zemin sivilagmasi ve
maksimum yer ivmesi gibi basliklar altinda analiz edilmistir. Ugiincii olarak ise yap1 kalitesine
odaklanilarak, yapilarin ongoriilen deprem yliklerini kargilayabilme durumlar tartigiimistir.
Calismanin temel amaci, geoteknik miithendisliginin 6nemli konularindan bazilarini gercek bir
deprem Ornegiyle agiklamak ve deprem sirasinda Olgiilen maksimum yer ivmesi (PGA)
degerleri ile bolge tasariminda kullanilan PGA degerlerini karsilastirarak mevcut durumun

degerlendirilmesini saglamaktir.

Anahtar Kelimeler: Deprem, Zemin, Levha, Fay, Magnitiit
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Izmir, 4 milyon 479 bin kisilik niifusu ile Tiirkiye’nin en kalabalik {i¢iincii sehri olma
ozelligini tasimaktadir. Sehrin toplam yiiz dl¢timii 11.891 kilometrekare olup hem ekonomik
hem de Kkiiltiirel anlamda iilkemizin énemli merkezlerinden biridir. Ancak izmir’in cografi
konumu, sehri birinci derece deprem bolgesi sinirlart igerisine yerlestirmektedir. Bu durum,
bolgedeki deprem risklerinin degerlendirilmesi ve 6nlemler alinmasi agisindan biiyiik bir 6nem
tasimaktadir.

1.1. Tirkiye Deprem Haritalarinin Tarihsel Gelisimi

Tirkiye’de depremsellik analizlerinde kullanilan deprem haritalari, zaman igerisinde
degisim ve gelisim gostermistir. Gegmisten giinlimiize, bu haritalar hem teknik hem de
metodolojik olarak énemli iyilestirmelerle giincellenmistir. i1k resmi deprem haritalar1 1945 ile
1963 yillar arasinda hazirlanmis olup, bu dénemde ii¢ ana simnif kullanilmistir: ¢ok tehlikeli
bolgeler, tehlikeli bolgeler ve tehlikesiz bolgeler. 1963 yilinda, deprem bdlgelerinin
siiflandirilmasinda 6nemli bir degisiklik yapilmistir ve bu siniflandirma dort bolgeye
cikarilmistir: birinci dereceden, ikinci dereceden, ticlincii dereceden ve tehlikesiz bolgeler. Bu
yeni siniflandirma, deprem risklerini daha ayrintili bir sekilde analiz etmeyi miimkiin kilmistir.
1972 yilina gelindiginde ise, deprem boélgelerinin sayis1 bese ylikseltilmistir. Bu sistematik
yaklasim, her bdlgenin tehlike derecesini daha spesifik bir sekilde belirlemeyi amaglamistir.
Boylelikle, birinci dereceden en tehlikeli bolge olarak kabul edilirken, besinci dereceden
deprem bolgesi en az tehlikeli olarak degerlendirilmistir. 1996 yilinda Tiirkiye Deprem
Haritast, olasilik ve ivme esasli bir yaklagimla hazirlanmistir. Bu harita, 6nceki yaklagimlardan
farkli olarak her deprem bdlgesi i¢in tahmini maksimum yer ivmesi (Peak Ground Acceleration
- PGA) degerlerini igermektedir. Bu degerler, deprem riski analizinde ve yapi tasariminda
onemli bir parametre olarak kabul edilmektedir. Haritada, bolgeler birinci dereceden baglayarak
besinci dereceye kadar siniflandirilmistir. Birinci derece deprem bolgeleri, en yiiksek olasilikla
ve en yiiksek ivme degerleri ile tanimlanirken, besinci derece deprem bolgeleri daha diistik
ivme degerleri ile ifade edilmistir.

1.2.1zmir ve Deprem Riski

[zmir, birinci derece deprem bolgesinde yer almasi nedeniyle yiiksek deprem riski
tagimaktadir. Sehrin tizerinde bulundugu fay hatlar1 ve ¢evresindeki tektonik yapi, bdlgenin
depreme kars1 hassasiyetini artirmaktadir. Bu durum, sadece mevcut yapilarin dayaniklilig
acisindan degil, ayn1 zamanda gelecekteki yap1 tasarimlarinda da g6z oniinde bulundurulmasi
gereken bir gercekliktir. Deprem riski, sehirlerin siirdiiriilebilir kalkinmasinda ve giivenli
yapilagsmasinda kritik bir 6neme sahiptir. Tiirkiye Deprem Haritalarinin tarihsel siirecteki
gelisimi, bu riski yonetme konusunda énemli adimlar atildigim gostermektedir. Izmir gibi
yuksek riskli bolgelerde, mevcut deprem verileri ve PGA degerlerinin dogru bir sekilde analiz
edilmesi, hem yapilasma politikalarmin sekillenmesinde hem de bireylerin farkindalik
diizeyinin artirtlmasinda belirleyici rol oynamaktadir. Deprem tehlike analizinde 6nemli bir
doniim noktasi olarak kabul edilen 2018 Tiirkiye Deprem Haritasi, iilkemizin her noktasindaki
deprem riskini yer ivmesi cinsinden ifade eden bir yaklasimla hazirlanmistir. Bu harita, Tiirkiye
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Bina Deprem Yonetmeligi 2018 (TBDY-2018) ile birlikte yiiriirliige girmistir ve dnceki deprem
haritalarindan farkli olarak, her bir konum i¢in detayli bir deprem tehlike analizi yapilmasini
miimkiin kilmaktadir. 2018 Tiirkiye Deprem Haritasi, deprem tehlikesini yer ivmesi (Peak
Ground Acceleration - PGA) cinsinden ifade ederek, kullanicilarin belirli bir konumun deprem
tehlike diizeyini daha hassas bir sekilde degerlendirmesine olanak tanir. Yer ivmesi, 0 ile 0,5
arasinda degisen bir deger olarak ifade edilir ve bir bolgedeki deprem tehlikesinin biiytikligilinii
ve etkilerini ongérmekte kritik bir rol oynar. Daha yiiksek yer ivmesi degerleri, o bolgedeki
depremlerin yikict etkilerinin daha fazla olabilecegine isaret eder. Haritanin en dikkat ¢ekici
oOzelliklerinden biri, interaktif bir sekilde kullanilabilmesidir. Kullanicilar, belirli bir konumun
koordinatlarini girerek o noktaya ait yer ivmesi degerlerini kolaylikla 6grenebilir. Bu 6zellik,
yap1 tasarimi ve deprem miihendisligi acisindan biiyiik bir avantaj saglamaktadir. Ozellikle
yapilarin dayanikliligina iligkin tasarim asamalarinda, bu haritada sunulan maksimum yer
ivmesi (PGA) degerleri, 6nemli bir veri kaynagi olarak kullanilmaktadir. 2018 Tiirkiye Deprem
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Haritasi, deprem tehlikesi analizlerinde modern bir yaklagimi temsil etmektedir. Tiirkiye’nin
aktif tektonik yapis1 géz oniine alindiginda, bu harita hem miihendislik hem de sehir planlamasi
acisindan kritik bir role sahiptir. Ornegin, yapilarm sismik tasariminda ve deprem etkilerinin
azaltilmasinda, belirli bir bolgedeki PGA degerlerinin dogru bir sekilde hesaplanmasi hayati
Oonem tasir. Ayrica, haritanin interaktif 6zelligi, bireylerin ve kurumlarin farkindalik diizeyini
artirmaya yonelik 6nemli bir aragtir. 2018 Tiirkiye Deprem Haritasi, deprem tehlikesinin daha
hassas bir sekilde analiz edilmesine olanak saglayarak, tilkemizin deprem tehlikesine kars1 daha
hazirlikli olmasina katkida bulunmustur. Deprem riski yiiksek bir {ilke olan Tiirkiye i¢in, bu tiir
teknolojik ve bilimsel gelismelerin sehirlerin giivenligini ve siirdiiriilebilirligini saglamadaki
Oonemi biiytiktiir. Harita, miihendislikten planlamaya kadar genis bir yelpazede uygulama alani
bularak, deprem risklerini en aza indirme hedeflerine 6nemli bir katki sunmaktadir.

[zmir sehri depremlerin siklikla meydana geldigi bir bdlgedir. Son yiizyilda Izmir’de 6
biiyiikliigii ve lizeri depremler asagidaki gibidir [1]

e 31 Mart 1928 izmir (Torbali) Depremi (Biiyiikliik:6,5)

e 22 Eyliil 1939 Dikili Depremi (Biiyiikliik:6,6)

e 23 Temmuz 1949 Izmir- Karaburun Depremi (Biiyiikliik:6,6)
e 16 Temmuz 1955 Soke — Balat Depremi (Biiytikliik:6,8)

e 6 Kasim 1992 Izmir Seferihisar Depremi (Biiyiikliik:6,0)

e 12 Haziran 2017 Izmir- Karaburun Depremi (Biiyiikliik:6,2)
e 30 Ekim 2020 Izmir- Seferihisar Depremi (Biiyiikliik:6,6-6,9)

30.10.2020 giinii, Tiirkiye saati ile 14:51'de merkez iissii Sisam Adas1 (Izmir Seferihisar
Agiklar1) olan My 6.6 biiyiikliigiinde bir deprem meydana gelmistir. Yerin 14,9 km derininde
meydana gelen bu depremin en yakin yerlesim birimi olan Izmir ilinin Seferihisar ilgesine bagh
Doganbey Payamli kdyiine uzakligi 27.17 kilometredir. Ana soktan, 31.12.2020 01:50'ye kadar
gecen zamanda (62. giinde), biiyiikliikleri 0.7 ile 5,1 arasinda degisen 5799 adet art¢1 deprem
kaydedilmistir [2].
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Gorsel 1: 30 Ekim 2020 izmir Depremi merkez iissii [3]

2. ARASTIRMANIN KAPSAMI VE YONTEMI

Bu arastirma, 30 Ekim 2020 tarihinde Izmir’de meydana gelen depremi temel alarak
geoteknik miihendisliginin kritik konularini ele almaktadir. Arastirmanin ilk asamasinda,
bolgedeki levha hareketleri ve fay sistemleri incelenmistir. Izmir ve cevresinde aktif olan fay
hatlarinin tektonik hareketlerle iligkisi detayli bir sekilde analiz edilmis, bu hareketlerin
depremlerin olusumuna nasil katkida bulundugu degerlendirilmistir.

2.1.Levha ve Fay Tanimlar1

Levha hareketleri ve fay sistemlerinin tanimlanmasi, bolgedeki depremselligin anlasiimasi
acisindan hayati bir dneme sahiptir. Bu baglamda, izmir bélgesinin sismotektonik dzellikleri
aciklanmis ve bu 6zelliklerin yerel fay hatlarina etkisi ele alinmigtir. Ayrica, sismik dalgalarin
olusumu ve yayilimi iizerinde durulmus; P dalgasi, S dalgas1 ve yiizey dalgalar1 gibi temel
kavramlar aciklanmistir.
Arastirmanin bir diger adiminda, deprem parametreleri kapsamli bir sekilde ele alinmistir.
Siddet ve biiyiikliik kavramlari arasindaki farklar detaylica agiklanmis ve Izmir depremine
iligkin farkli kaynaklar tarafindan yayimlanan raporlar karsilastirilmistir. Bu raporlar, depremin
siddetinin ve biiyiikliigiiniin bolgedeki etkilerini degerlendirmek i¢in kullanilmistir. Farkli
kurumlar tarafindan saglanan sismik veriler bir araya getirilerek, depremin fiziksel etkilerinin
yani sira zemin tizerindeki etkileri de analiz edilmigtir.
Geoteknik miihendisliginde zemin davraniglarinin analizi, yapilarin depreme dayanikliligini
degerlendirmek agisindan énemli bir arastirma alamdir. Bu ¢alismada, izmir depremi sirasinda
gozlemlenen zemin davraniglari; zemin sinifi, zemin biiylitmesi, zemin sivilagsmasi ve yer
ivmesi gibi basliklar altinda incelenmistir. Ozellikle zemin sivilasmasi, bdlgedeki hasarlarin
biiyiik bir kismin1 aciklayan onemli bir faktor olarak degerlendirilmistir.

Arastirmada yer ivme hareketleri (Peak Ground Acceleration- PGA) lizerinde detayl bir
sekilde durulmustur. Deprem sirasinda Izmir ve gevresindeki ivme 6lcer cihazlar tarafindan
kaydedilen yer ivmesi degerleri analiz edilmistir. Bu degerler, 2018 Tiirkiye Deprem
Haritasi’'nda ayn1 bolge icin belirlenen maksimum PGA degerleri ile karsilastirilmistir. Bu
karsilagtirma, bolgedeki zemin hareketlerinin mevcut deprem tehlike analizleriyle ne kadar
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uyumlu oldugunu degerlendirmek i¢in 6nemli bir veri saglamistir. Arastirma kapsaminda
kullanilan yontem, deprem verilerinin saha dl¢limleri ve harita analizleri ile birlestirilmesine
dayanmaktadir. izmir’deki ivme &lger cihazlardan alman veriler, bolgedeki zemin
davraniglarinin detayli bir analizi i¢in temel olusturmaktadir. Ayrica, Tiirkiye Deprem
Haritasi’nda yer alan PGA degerleriyle karsilastirma yapilmasi, deprem tehlikesinin daha genis
bir perspektifle ele alimasini saglamistir.
Bu ¢alisma, Izmir depremi 6zelinde geoteknik miihendisliginin zemin davranislar1 ve deprem
parametreleri konusundaki kritik rollerini vurgulamaktadir. Calisma sonunda, Izmir ve benzeri
bolgelerde yap1 tasarimi ve zemin analizlerine yonelik Onemli ¢ikarimlar yapilmasi
hedeflenmektedir.
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2.2.Deprem Parametrelerine Ait Konu Basliklar1 ve 30 Ekim Izmir Depremindeki Durumlari

Levhalar, Diinya’nin en dis katmani olan yer kabugunu olusturan biiyiilk ve sert
tabakalardir. Bu tabakalar, altlarinda bulunan mantodaki g¢ekirdegin 1sisindan kaynaklanan
konveksiyon akintilari nedeniyle siirekli hareket halindedir. Levhalarin bu hareketi, yer
kabugunda cesitli gerilmeler meydana getirir. Bu gerilmeler, levhalar ilizerinde en zayif
noktalarda birikerek kirilmalara yol agar ve bu kirilmalar sonucunda faylar olusur.

Bir levha tabakasindaki en zayif bolgelere fay adi verilir. Bu bdlgeler, levhalar arasindaki
hareketten kaynaklanan gerilmelere kars1 en savunmasiz noktalardir. Fay hatlari, yerytiziindeki
depremlerin ¢ogunun olustugu alanlardir. Bu nedenle faylarin ve tizerlerindeki gerilmelerin
anlasilmasi, deprem tehlikesi agisindan kritik bir oneme sahiptir.

Levha hareketleri ve fay sistemleri, depremlerin olusum mekanizmalarini anlamak icin
temel bir ¢ergeve sunar. Tiirkiye nin bulundugu bolgedeki levha dinamikleri, ilkemizi deprem
riski agisindan kritik bir konuma yerlestirmektedir. Ozellikle Arabistan ve Afrika Levhalarinin
kuzeye dogru hareketi ve Anadolu Levhasini batiya itmesi, Tiirkiye’nin biiyilik 6l¢lide tektonik
baski altinda oldugunu gostermektedir. Bu baglamda, fay hatlarinin ve bu hatlar iizerindeki
gerilmelerin siirekli olarak izlenmesi, deprem tehlikesinin azaltilmasina yonelik ¢aligsmalar icin
hayati bir gerekliliktir. Bati Anadolu Kuzey Anadolu (KAFZ) fay zonu ile Dogu Anadolu
(DAFZ) dogrultu atiml1 fay zonu boyunca batiya dogru hareketi, Yunanistan'i batis1 kisminda
bir kitasal kalinlasma nedeniyle Anadolu'nun batiya hareketi engellenmektedir. Bu
engellemenin sonucunda Bat1 Anadolu giineybat1 yoniinde donerek Hellen yay1 iizerine hareket
etmektedir. [3].

—
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Gorsel 2: Turkiye'de etkin levhalar [4]
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Bolgede gergeklesen levha hareketleri sonucu olusan Sisam fay1; Sisam adasi1 ve Kusadasi
Korfezi arasinda bulunur, Normal fay 6zelligi tasir ve uzunlugu yaklasik 40 kilometredir [4].
Sisam Adasi'nda 30 Ekim 2020 tarihinde gergeklesen Izmir Depremi dncesi ve sonrasi dlgiilen
kot verileri, adada belirgin bir yiikselmenin meydana geldigini gostermektedir. Sekil 5, bu
yikselmeyi net bir sekilde ortaya koymaktadir. Deprem sirasinda Sisam Adasi'nin yiikselme
hareketine karsilik olarak, Kusadas1 Korfezi'nde ¢6kme hareketi gozlemlenmistir.
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E -3 \s»"‘c & “\6‘”'\)
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Gorsel 3: Sisam Adasinda deprem éncesi ve sonrasi 6lglilen kot verileri [5]

2.3.Deprem Sonrasi Degisimlerin Mekanizmasi

Bu tiir tektonik hareketler, fay hatlar1 boyunca meydana gelen yer degistirmeler sonucu
olusmaktadir. Izmir Depremi sirasinda, bolgedeki fay sisteminde biriken enerji aniden agiga
cikarak Sisam Adasi'nda ylikselme ve Kusadasi Korfezi'nde ¢okme hareketine neden olmustur.
Bu degisimler, levha hareketleri ve yer kabugunun deformasyonu ile iligkilidir.

Sisam Adasi'nin yiikselmesi, fay boyunca meydana gelen sikisma ve yer degistirme
hareketlerinin dogrudan bir sonucudur. Fay hatlar1 izerindeki gerilme, adanin deniz Seviyesine
gore kotunun artmasina yol agmistir. Bu durum, ada yiizeyinde morfolojik degisimlere neden
olabilecegi gibi deniz seviyesindeki farkliliklart da etkilemektedir.

Kusadas1 Korfezi'nde meydana gelen ¢okme ise, Sisam Adasi'ndaki yilikselmeyle dengeli
bir sekilde gerceklesmistir. Bu tiir karsilikli hareketler, fay sistemlerinin jeolojik siiregler
iizerindeki etkisini agik¢a ortaya koymaktadir. Korfezdeki ¢cokmenin etkileri, kiy1 seridinde
deformasyon ve yerel hidrolojik degisimlere neden olabilmektedir.
Deprem sonras1 Sisam Adasi'nda gézlemlenen ylikselme ve Kusadasi Korfezi'nde tespit edilen
cokme, bolgedeki aktif fay sistemlerinin dinamik dogasini yansitmaktadir. Bu tiir degisimlerin
daha kapsamli bir sekilde incelenmesi, gelecekteki deprem etkilerinin tahmin edilmesi ve
risklerin azaltilmasi agisindan biiyiik 6nem tasimaktadir.

2.4.1zmir Depremi Biiyiikliik Degerleri

30 Ekim 2020 Izmir Depremi’nin biiyiikliigii, farkli kurumlar tarafindan yapilan dlgiimlerle
belirlenmistir. Bu deprem i¢in elde edilen biiyiikliik degerleri su sekildedir:
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e AFAD tarafindan 6l¢iilen biiytikliik: 6.6
« Kandilli Rasathanesi tarafindan 6lgiilen biiyiikliik: 6.9
e USGC tarafindan 6l¢iilen biiytikliik: 7.0

Bu biiyiikliik degerleri, depremin siddetinin ve yaydigi enerjinin farkli 6l¢iim tekniklerine
gore nasil degisebilecegini gdstermektedir. Ancak, her durumda Izmir depremi, biiyiik bir enerji
aciga ¢ikaran 6nemli bir sismik olay olarak degerlendirilmistir. ~ Sismik dalgalar ve deprem
biiytikliigii, depremin 6zelliklerini ve etkilerini anlamada kritik parametrelerdir. Cisim ve yiizey
dalgalarinin hiz1 ve etkisi, deprem sirasinda meydana gelen yer hareketlerinin biiyiikliiglinii
belirlerken, magnitiid hesaplamalari ise depremin enerjisini niceliksel olarak ifade etmemizi
saglar. izmir Depremi &rneginde oldugu gibi, biiyiikliik degerlerinin farkli kaynaklar tarafindan

ol¢tilmesi, depremin gergek giicii hakkinda daha kapsamli bir degerlendirme yapmamiza olanak
tanir.

2.5.1zmir Depremi Siddet Ol¢iimleri

[zmir’de 30 Ekim 2020 tarihinde gerceklesen depremde 6lgiilen siddetler, farkli raporlarda
belirtilmistir. One ¢ikan bir 6rnek, AFAD raporudur. Bu rapora gore: Sisam Adasinda,
maksimum siddet VIII (Yikic1) olarak belirlenmistir.

e USGC :VIII (Yikicr) [5]
o Ulkemiz kiyilarinda, siddet VII (Cok Giiglii) olarak tahmin edilmistir.

Bu siddet degerleri, depremden etkilenen bdlgelerdeki yerel hasarlar1 ve yapisal
bozulmalar1 yansitmaktadir. Ozellikle Sisam Adasi, depremin merkezine daha yakin bir

konumda bulunmasi nedeniyle daha yiiksek bir siddet degeri almisken, kiy1 bolgelerinde siddet
biraz daha diisiik olmustur.

DODECANESE ISLANDS, GREECE
2020-10-30 11:51 27 UTC 37.6973N 26.7638E M7.0 Depth: 21 km D us7000c7y0
4
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Sekil 7.1 Ikincil ¢oziim sonuglanna ait tahmini giddet haritasi

Gorsel 4: AFAD Siddet Haritasi [6]

Processad Sun Sap 8 145013 2004 wnayh)

Gorsel 5: USGS Essiddet Haritasi [7]

Izmirde 30 Ekim 2020 tarihinde meydana gelen depremin odak derinligi yaklasik
olarak 14,9 kilometre olarak 6l¢iilmiistiir. Bu derinlik, depremin s1g derinlikte gergeklestigini
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ve dolayisiyla tektonik hareketlerin yer ylizeyine yakin bir noktada meydana geldigini
gostermektedir. S1g derinlikteki depremler genellikle daha yikici etkiler yaratma potansiyeline
sahiptir, ¢linkii enerjinin biiyiik bir kism1 yer yilizeyine ¢ok yakin bir noktada serbest kalir.

Depremin merkez iissii ise Ege Denizi Seferihisar agiklart olarak belirlenmistir. Sekil 13,
bu merkez iissiinii ve ayni zamanda deprem sonrasi yasanan artg¢i sarsintilarin verilerini
gostermektedir. Artg1 depremler, ana depremin hemen ardindan gergeklesen ve genellikle daha
diisiik biiyiikliikte olan sarsintilardir. izmir depremi sonrasi, biiyiikliigii 5.0 ve iizeri olan iki
adet art¢1 deprem yasanmistir. Bu artg1 sarsintilar, ana depremin yarattigi yerel gerilmelerin
devam ettigini ve bolgedeki fay hattinin aktif oldugunu gostermektedir.

30.10.2020 14:51:23 (TSI), Sisam Adas: (Izmir Seferihisar Agiklar:) Depremi Mw 6.6
Enlem: 37.879N  |Boylam: 26.703E  |Derinlik: 14.9 km

@ ;
4 AFAI’ AFET VE ACK DURUM
> YONETIM BASKANUG
0
~~

32 A ’/‘/;-s\l

of J {

/

Seferibisar (Lzmir) Acklan

rmir
30.10.2020 Cypma
> 148133 (15])
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328

L Ol

Gorsel 6: izmir Depremi merkez iissii ve artci deprem haritasi [6]

3. SONUCLAR VE DEGERLENDIRME

3.1.Zemin Sinifi, Zemin Biiyiitmesi ve Zemin Sivilagmasi

Zemin sinifi, bina tasariminda 6nemli bir faktordiir ve 6zellikle temel tasarimi igin kritik
bir rol oynar. Zeminin tipine gore, yapinin giivenligini saglamak amaciyla dayanim gerilmesi
hesaplanir. Tiirkiye’de, zemin sinift ZA, ZB, ZC, ZD, ZE ve ZF olmak iizere alt1 kategoriye
ayrilmaktadir. Bu siniflandirma, kayma dalgast hiz1 (Vs) esas alinarak yapilir. Ancak, kayma
dalgast hizinin Olgiilmesi miimkiin olmadigi durumlarda, ZF zemin tipi tizerinden tasarim
yapilir. TBDY-2018 (Tiirkiye Bina Deprem Yonetmeligi 2018) zemin sinifit ZF harig, diger
zemin siniflar1 i¢in tasarim spektrumlari belirler. ZF sinifina giren zeminler i¢in ise, saha 6zel
spektrum analizi yapilmasi gerekmektedir. Bu, ZF sinifindaki zeminlerin, depremde olusan
etkileri daha fazla biiyiitebilme potansiyeline sahip olmalarindan kaynaklanmaktadir. Bu
nedenle, ZF smifindaki zeminler iizerinde tasarim yapilirken daha ayrintili analizler ve 6zel
hesaplamalar yapilmasi 6nemlidir. Zemin sinifi belirlemek i¢in yapilan ¢aligmalar arasinda, 98
farkli  sahada  gergeklestirilen  yaklagik 500  sondaj ve CPT  (Konik  Penetrasyon
Testi) deneylerinin sonuglar yer almaktadir. Bu veriler 15181inda, 1997 tarihli Afet Bolgelerinde
Yapilacak Yapilar ile ilgili Yonetmelik dogrultusunda zemin siniflandirmasi yapilmis ve bu
siiflandirma, dért zemin grubu olarak tanimlanmistir. Bu dort grup, farkli zemin kosullarin
dikkate alarak, sinirlar1 belirlenen bolgelere ayrilmistir. Bu siniflandirma, zemin kosullarinin
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belirlenmesinde temel referans kaynaklarindan biridir ve yapisal tasarimda kullanilan 6nemli
bir aragtir [7].

ZEMIN
SINIFLARI

.

. 3

Gorsel 7: Izmir Zemin Simfi Haritas: [7]

Deprem meydana geldiginde ortaya g¢ikan deprem dalgalari, karsilastiklari her zemin
sinifinda farkli tepkiler verir. Bu, zeminin yapisal ve fiziksel 6zelliklerine bagli olarak degisir.
Ornegin, ZA zemin sinifi (saglam kaya zemin) ile ZF zemin smifi (suya doygun kumlu-siltli
zeminler) arasinda, aynm1 deprem dalgasi farkli davranislar sergiler. Bu farkin temel
nedeni zemin biiyiitmesi olarak tanimlanir.

Zemin blylitmesi, deprem dalgalarinin, zeminin fiziksel 6zellikleri nedeniyle siddetinin
artmast durumunu ifade eder. Kisaca, deprem dalgalarmin zeminden gegerken, zeminin
ozelliklerine bagli olarak genliklerinin artmasi, bu dalgalarin daha fazla enerji tasimasina ve
sonug olarak daha yikici olmasina neden olur. Zemin sinifinin kétiilesmesi, yani daha gevsek
ve suya doygun zeminler iizerinde yer alan yapilar, zemin biiyiitmesi nedeniyle daha biiyiik
genlikli sarsintilarla karsilasir. Bu da depremin yikiciligini artirir. Izmir'in zemin biiyiitme
haritasi, bolgedeki farkli zemin tiirlerinin, deprem dalgalari ile nasil etkilesime girdigini ve bu
etkilesimin deprem siddeti iizerindeki etkilerini gosterir. Bu harita, yerel zemin kosullarinin
deprem giivenligi agisindan ne kadar 6nemli oldugunu vurgulamaktadir.

ZEMIN
BUYUTMESI

B 0-06
=05 -10
=10-18
15 .20
W 20 - 25
25 - 3.0
B30 - 35
36 - 40
N 10 - 46
- 45 - 50

Gorsel 8: izmir Zemin Biiyiitmesi Haritasi [7]
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Zemin sivilasmasi, 6zellikle suya doygun kumlu-siltli (gevsek daneli) zeminlerde, dinamik
bir etki altinda ortaya ¢ikar. Bu tiir zeminlerde, yer alt1 su seviyesinin temel seviyesine yakin
oldugu durumlarda, deprem gibi dinamik yiikler nedeniyle zemin, viskoz siv1 gibi davranabilir.

Sonu¢ olarak, zemin sivilagtiginda, iizerine insa edilmis yapilar bu yumusayan zeminde
batabilir veya devrilebilir. Bu fenomen, Kahramanmaras 2023 depreminde goriilen agir yapisal
hasarlarin sebeplerinden biri olmustur. Bu depremde, zemin sivilasmasindan dolay1 tamamen

devrilen binalar ile karsilagiimistir.

[zmir depreminde de, zemin sivilasmasindan kaynaklanan agir hasar gdren binalar
olmustur. Zemin sivilagsmasi yasanabilmesi i¢in ii¢ temel unsurun bir arada bulunmasi

gerekmektedir:

e Zemin danelerinin kumlu veya siltli olmasi: Bu tiir zeminler, sivilagsma igin
elverislidir ¢linkii gevsek yapilari, dinamik yiikler altinda kolayca sikisabilir.

e Zemin suya doygun olmalidir: Yiiksek yer alt1 su seviyesi, zemin sivilagsmasinin
gerceklesebilmesi i¢in bir bagka gerekli kosuldur.

e Dinamik bir etki (depremler gibi) altinda olmas1 gerekir: Sadece statik yiikler
altinda bu siire¢ gerceklesmez; bir deprem gibi dinamik bir etki zemin
stvilagmasinin tetikleyicisi olur. Bu {i¢ unsur bir arada bulunmadig: siirece, zemin
stvilagsmasindan bahsedilemez. Depremler sirasinda bu faktorlerin bir araya
gelmesi, Ozellikle diisiik dayanim kapasitesine sahip zeminlerde 6nemli yapisal

riskler olusturabilir.

ISTASYON
Kodu i1 ilge
3536 Izmir Seferihisar
0905 Aydin Kusadasi
3523 izmir Urla
3533 fzmir Menderes
3528 Izmir Cesme
3519 {zmir Karsiyaka
3513 Izmir Bayrakli

Uzakhk [km]
35
43
49
51
58
69
72

K-G

0.050
0.183
0.082
0.075
0.120
0.153
0.108

PGA [g]

DB U-D
0.081  0.032
0.147  0.081
0.065  0.038
0.047  0.038
0.152 0078
0.112  0.035
0.097  0.045

Gorsel 9: Izmir Zemin Sivilasmas1 Haritasi [7]

Deprem esnasinda, yer yiizeyinde meydana gelen en biiyiik ivme (hizlanma) degeridir. Su
an kullanmakta oldugumuz deprem tehlike haritasinin bu degerler lizerine tasarlandigi biliniyor.
Tiirkiye Deprem Tehlike Haritalar1 Interaktif Web Uygulamasi iizerinden Tiirkiye nin her
noktasi i¢in PGA degeri bulunabilir [9]. 30 Ekim 2020 izmir Depreminde civarda bulunan ivme
Olcerlerin konumlar1 ve deprem sirasinda ol¢iilen degerler asagida verilmistir.
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SIVILASMA
OLASILIGI

= YUKSEK
= ORTA-AZ
DUSUK

Gorsel 10: Istasyonlarda 6l¢iilen ivme degerleri [8]

Deprem sirasinda olgiilen PGA (Peak Ground Acceleration) degerleri, yer hareketinin
siddetini ve dolayisiyla deprem etkilerinin biiytlikliigiinii belirlemek i¢in Onemli bir
parametredir. Izmir'de gerceklesen 30 Ekim 2020 depremi sirasinda, farkli bolgelerde &lgiilen
PGA degerleri dikkatlice incelenmistir. Bu inceleme sonucunda, Aydin ilinde en yiiksek PGA
degeri 0.183g olarak  kaydedilmistir. Depremde en fazla hasar goren bolge
olan Bayrakli il¢esinde ise en biiyiik PGA degeri 0.108g olarak 6l¢iilmiistiir. Tiirkiye Deprem
Tehlike Haritas incelendiginde, izmir bdlgesi icin 6ngériilen en yiiksek PGA degeri 0.4q ile
0.5garasinda degismektedir. Bu deger, bolgedeki yapilarin tasariminda dikkate alinmasi
gereken onemli bir parametredir. Izmir’de yikima ugrayan binalardan biri olan Rizabey
Apartmani i¢in yapilan tasarimda kullanilacak PGA degeri, Tiirkiye Deprem Tehlike
Haritasi’ndan alinarak belirlenmis ve tasarim silirecinde bu deger esas alinmistir. Deprem
sonrast yikimin seviyesinin anlasilabilmesi i¢in, bu tiir PGA degerlerinin dikkate alinarak
yapilan zemin ve yap1 analizi onem tagimaktadir. Ayrica, yerel zemin 6zellikleri ve yapinin
dayaniklilig1 da bu degerlerin etkisiyle sekillenir.

3513-Bayrakli (Rizabey Apt.), TBDY2018
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Gorsel 11: Rizabey Apt. PGA degerleri (2018 Deprem Haritasi) [9]

Rizabey Apartmaniicin yapilan PGA analizi, zemin tipine baghh olarak ivme
degerlerinin 0.4 ile bagladigin1 ve bu degerin zemin tipine gore arttigini ortaya koymustur.
Deprem sirasinda Olciilen en yiiksek ivme degeri 0.108g olup, bu deger, tasarim igin
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ongoriillen PGA degerinin oldukga altinda kalmistir. Ancak, bu diisiik ivme degeriyle
karsilastirildiginda bile apartmanda meydana gelen yikici etkiler, yapmin tasarimindaki ve
ingaat kalitesindeki eksikliklerin bir sonucu olarak degerlendirilmistir. Bu durum, depremde
yapisal hasarin biiyiik 6lciide yap1 kalitesinin ve kullanilan malzemelerin dayaniksizliginin
etkisiyle meydana geldigini gostermektedir. izmir Depremi, geoteknik miihendisliginin ve
zemin raporlariin bina tasarimi tizerindeki kritik 6nemini bir kez daha gozler oniine sermistir.
Zemin analizlerinin ve PGA verilerinin dogru ve titizlikle yapilmasi, giivenli yapilarin insa
edilmesinde temel bir gerekliliktir. Ayrica, zemin sinifi ve diger jeoteknik faktorlerin dogru bir
sekilde belirlenmesi, deprem risklerinin minimize edilmesinde etkili bir rol oynamaktadir. Bu
tiir verilerin dogru bir sekilde kullanilmasi, olas1 depremler karsisinda yapilarin daha dayanikli
hale gelmesini saglayacaktir.

Gorsel 12: Yikilan Rizabey Apartmam [9]

4. GENEL DEGERLENDIRME VE SONUCLAR

30 Ekim 2020 Izmir Depremi, bir¢ok jeoteknik ve miihendislik agisindan &nemli veriler
sunmus ve geoteknik miihendisliginin kritik konularimi gézler Oniine sermistir. Bu
calismada, levha hareketleri, fay tiird, sismik
dalgalar, buyiikliik, siddet, essiddet, hiposantr, episantr, odak derinligi, zemin sinifi, zemin
biiylitmesi, zemin sivilagmasi Ve yer ivme hareketi gibi temel konular detaylica incelenmistir.

Calismanin basinda, levha hareketleri ve fay tiirlerinin depremin olusumundaki roli
vurgulanmig, ardindan sismik dalgalar ve biiyiikliik gibi dinamik parametreler {izerinde
durulmustur. Siddet ve essiddet  haritalar1 ile  depremin  sosyal ve maddi etkileri
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aciklanmus, hiposantr ve episantr arasindaki farklar ile odak derinligiile iliskili bilgiler
verilmistir. Zemin &zelliklerinin etkisi iizerine yapilan analizlerde, zemin sinifi, zemin
bliylitmesi ve zemin sivilagmasi gibi konular ayrintili sekilde tartisilmistir. Bu basliklarin
deprem sirasinda nasil bir etki olusturduguna dair elde edilen veriler incelenmistir. Ayrica,
deprem sirasinda kaydedilen yer ivme hareketi (PGA) degerleri, bolgedeki zemin tipi ve
yapilarin davranistyla iliskilendirilerek yorumlanmustir. 30 Ekim 2020 Izmir Depremi, sadece
Izmir ve cevresi i¢in degil, tiim Tiirkiye icin 6énemli dersler igermektedir. Deprem verilerinin
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dogru analiz edilmesi, zemin smifi ve yap1 kalitesinin dikkate alinarak bina tasariminin
yapilmasi gerektigini bir kez daha kanitlamistir. Geoteknik miihendisliginin, deprem risklerini
minimize etmek i¢in temel bir rol oynadigi ve dogru zemin analizi, yap1 tasarimi gibi unsurlarin
titizlikle ele alinmasi gerektigi vurgulanmustir.
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ABSTRACT

With the rapid advancement of industrialization in the past century, carbon emissions have
significantly increased, becoming one of the main drivers of global warming and climate
change. According to IPCC reports, the global temperature has risen by approximately 1°C over
the last 50 years, largely due to greenhouse gas (GHG) emissions. In response, many sectors
have committed to achieving net-zero carbon emissions by 2050. The shipbuilding and
maritime sector, due to its high energy consumption and reliance on fossil fuels, accounts for
around 3% of global GHG emissions. In this context, decarbonization and environmental
sustainability strategies in shipyards have gained increasing importance in reducing
environmental impact and achieving long-term cost advantages.

In this study, the carbon footprint of a shipyard operating in Tiirkiye was calculated using the
GHG Protocol methodology. Based on the identified major emission sources, applicable
strategies were developed, and both the annual carbon reduction potential and cost-benefit
analyses of each strategy were conducted. These strategies include the implementation of
renewable energy systems, hybrid work models, the use of electric vehicles, rainwater
harvesting, and supply chain optimization. The results aim to guide companies in the
shipbuilding sector toward reducing their carbon footprint and adopting more sustainable
practices.

Keywords : Decarbonization, Carbon footprint, Sustainability, GHG Protocol

1. INTRODUCTION

Maritime transportation carries about 80% of global trade and, despite its fuel efficiency,
contributes 2.5-3% of global greenhouse gas (GHG) emissions (IMO, 2020). The International
Maritime Organization (IMO) targets a 50% reduction in shipping emissions by 2050 compared
to 2018 levels. Tiirkiye has set a 2053 net zero emission target, leading to national initiatives
such as the Climate Council under the Ministry of Environment, Urbanization and Climate
Change. These efforts have placed significant responsibilities on the maritime sector,
emphasizing the importance of carbon footprint calculation and reduction, including both direct
and indirect emissions.

While improving operational efficiency is essential, emissions from the shipbuilding phase—
due to energy-intensive activities like welding, painting, and testing—are also significant and
must be addressed. Shipbuilding processes contribute to emissions through electricity use,
industrial gases, and fuel consumption. Hydrodynamic, structural, and manoeuvring
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simulations conducted during the design phase result in indirect CO2 emissions due to high
electricity consumption. During the material supply process that begins after design approval,
the transportation of steel plates by diesel trucks generates additional emissions. Energy
consumption and industrial gas usage during steel cutting and panel production result in
significant emissions. The protective gases and electricity consumption used during welding
operations contribute to both direct and indirect emissions. Welding and electrical work carried
out during block assembly and outfitting increase emissions. System checks conducted during
the start-up and testing phase, particularly during sea trials, result in high levels of NOx, SOXx,
and CO: emissions due to intensive fuel consumption.

Accurate carbon footprint assessments at every stage are crucial for developing effective
decarbonization strategies. Evaluating the environmental and economic impacts of these
strategies is key to achieving sustainability in shipyards.
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2. LITERATURE RESEARCH

Vakili et al. (2023) propose a holistic approach to reducing carbon emissions in the shipbuilding
industry, which is divided into the following three sections: energy supply, energy economics,
and energy ecosystem. The merits of this approach are evidenced by the findings of a case study
conducted in a shipyard in Italy, which demonstrated environmental and economic benefits.
Afiuddin et al. (2022) sought to contribute to sustainable production by focusing on non-
operational emissions through life cycle analysis (LCA) in shipyards in Indonesia. Harish and
Sunil conducted a comprehensive examination of energy consumption across the entire life
cycle of a ship. Their analysis identified shipbuilding, operation, and dismantling as the stages
of the life cycle that require the greatest energy. They recommended the utilisation of recyclable
materials and renewable energy sources as key strategies to reduce energy consumption.
Kozmar et al. (2018) conducted a study which concluded that solar energy is the most suitable
renewable energy source for a shipyard in Croatia, with a payback period of seven years.

3. CARBON FOOTPRINT CALCULATION

This study is about Turkey's leading tugboat shipbuilding company. It has two shipyards in
Tuzla (Istanbul) and Altinova (Yalova) and operates ports with towing and pilotage services. It
has almost 500 permanent staff, and at certain times of year it employs about 1,500
subcontractors.

Methods used for carbon footprint were examined. Among the methods examined, the GHG
Protocol and 1SO 14064 procedures are widely used, but the GHG Protocol is practical for
calculating a company's footprint and is used by many reputable companies around the world
(WRI & WBCSD, 2004, 1SO, 2018). Emission sources were identified by company officials,
and the calculation phase was initiated.

The GHG Protocol classifies greenhouse gas emissions into three scopes: Scope | includes
emissions from sources under the company's control, such as stationary combustion, mobile
combustion, gases used in production processes, and greenhouse gases from HVAC systems.
In Scope I, it was determined that the maritime company emitted 13.864 tonnes of carbon in
2023.
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In Scope 11, the carbon emissions released into the environment from the company's indirect
use of energy sources for electricity needs were calculated, and the electricity needs of Altinova,
Tuzla, and pilotage services for 2023 were determined and their carbon equivalents were
calculated. The company's carbon equivalent for Scope 11 in 2023 is 4.186 tonnes.

Scope 1l includes data on carbon emissions indirectly caused by the company. Scope IlI
includes fuel consumption from the transportation of externally sourced products, fuel
consumption during the delivery process of the tugboats, fuel for employees' buses, electricity
consumption of products, business travel, transportation of waste to the waste disposal
company, and carbon emissions from maintenance and repair services. For 2023, the carbon
emissions for Scope 111 are 6.850 tonnes.

The total carbon equivalent of the maritime company is 24,900 tonnes. Carbon footprint
calculations have made it possible to clearly identify the emission sources resulting from the
company's activities. The calculations have revealed areas for improvement in the carbon
footprint. In particular, high fuel consumption in electricity use, logistics processes, and fuel
consumption from employee transportation are priority targets for emission reduction. As a
result, environmentally friendly practices such as the use of solar energy, working with local
suppliers, adopting a hybrid work model, and transitioning to electric vehicles can be effective
in both reducing environmental impacts and achieving long-term economic benefits.
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Table 1 : Total emissions of maritime company.

SCOPES % (PERCENTAGE) AMOUNT UNIT
Scope | 55,68 13863,93 ton CO2e
Scope 11 16,81 4186,73 ton CO2e
Scope 111 27,51 6849,42 ton CO2e
TOTAL 24900,8 ton CO2e

4. REDUCING EMISSIONS IN SHIPBUILDING

One of the most important steps in combating climate change is reducing carbon footprints at
the corporate level. As an energy-intensive industry, shipbuilding is a significant source of
greenhouse gas emissions. Due to its high energy consumption, it is crucial for shipyards to
develop emission reduction strategies in terms of environmental sustainability and
competitiveness.

This section examines the main emission sources identified through carbon footprint
calculations and short- and medium-term reduction strategies specific to shipyards. The
feasibility of implementing applications such as solar energy system installation, hybrid
working models and conversion to electricle vehicles increasing the potential for working with
local suppliers has been evaluated.

4.1 Solar Energy System

One of the most effective ways to reduce carbon footprint at a corporate level is to use
renewable energy. Among these sources, solar energy stands out for being environmentally
friendly, economical and feasible. It offers zero-emission production compared to fossil fuels.
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In this context, the installation of a solar power plant at the relevant shipping company has been
planned, and a cost-benefit analysis has been conducted. The installation is proposed to be
carried out on the flat and suitable roof of a workshop with an area of 1,978 m? This area
presents significant potential for solar panel applications.suitable for installation, measuring
approximately 105 m x 19 m and 1,978 m? in total. This area offers a significant potential for
the installation of solar panels.

Following the site survey, discussions were held with the technical team of the shipyard's
electricity distribution company. It was specified that a gap of 0.5-1 metre should be left
between the panels to prevent shading, that an appropriate angle of inclination should be used,
and that a service area should be provided for maintenance. Based on these conditions and the
roof structure, it was calculated that a solar power plant with a capacity of 105 kWp could be
installed.

The cost of the panels is $685, and the total cost of the system, including installation, service,
maintenance, and repair, is $72,130. The electricity consumption of 1,420,370 kWh is derived
from the total electricity bills of the shipyard in Tuzla. The total annual electricity production
is the amount of electricity that will be generated by solar panels, calculated by taking into
account the monthly hours of sunshine, and amounts to 110 MWh of annual electricity
production. This results in an annual profit of 480,000 Turkish lira.

According to manufacturer data, panel efficiency will decrease over time, so annual electricity
production has been analysed accordingly. The payback analysis for solar energy investment
has been carried out based on the upward trend in electricity prices. Over the last 10 years, sharp
and irregular increases in electricity prices have been observed in Turkey, so scenarios have
been created instead of regression analysis.

In the optimistic scenario, assuming an annual price increase of 20%, the payback period was
calculated to be approximately 3.99 years. With a higher inflation assumption (50% increase),
this period decreases to 3.18 years. The impact of exchange rate fluctuations has not been
included in the analysis.

As demonstrated by the above calculation, generating approximately 110 MWh of electricity
from renewable energy sources per year equates to preventing the emission of around 80 tons
of COze per year. From an economic perspective, the expected return on investment is
anticipated to be realised within a timeframe of between 3.18 years and 4 years. For a
sustainable policy and environmentalist approach, solar energy has been found to be beneficial.
As demonstrated by the calculation, generating approximately 110 MWh of electricity from
renewable energy sources per year equates to preventing the emission of around 80 tons of
CO:qe per year. For a sustainable policy and environmentalist approach, solar energy has been
found to be beneficial.
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4.2 Hybrid working model

The shipyard's carbon footprint assessment shows that 19% of Scope Il emissions come from
employee transportation. To reduce this share, implementing a hybrid work model was
considered a potential solution. A cost-benefit analysis was conducted for hybrid working to
investigate both environmental and economic contributions. Upon examining the shipyard's
organisational structure, it is estimated that 130 jobs are suitable for hybrid work.
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The shipyard is in operation six days a week. The decision to divide the 130 employees into
three groups has resulted in a significant reduction in bus usage, with buses now only being
used twice a week. This has effectively eliminated the need to assign two buses (46 seats) from
the designated employee shuttle services. The average round-trip mileage for all shuttle services
was calculated to be 60 km per day. In this scenario, with 26 working days in a month, the 46-
seat buses would have travelled 1,560 km, which is prevented. This equates to an annual fuel
saving of 18,720 km. Furthermore, when considering two buses, this equates to a fuel saving
of 37,440 km. The emissions avoided by this strategy amount to 91,589 tonnes.

Based on an average diesel consumption of 20 litres per 100 km for 46-seater buses, this
translates to a fuel saving of 7,488 litres over 37,440 km. With an average annual diesel price
of 28.75 Turkish lira in 2023, this represents an annual saving of 215,000 Turkish lira. On the
cost side, household electricity usage should be considered. Company laptops consume
approximately 0.8 kWh per 8-hour workday, which equates to an estimated 18 kWh per
employee per month. Assuming an average electricity cost of 2 Turkish Lira per kWh in 2023,
this results in an annual cost of 39,000 Turkish Lira.

The hybrid operating model is a cost-effective and environmentally sustainable solution, as the
cost-benefit analysis clearly shows. In addition, the strategy is estimated that this will decrease
the carbon emission in the transport of employees in Scope Il by 15 per cent in the carbon
emissions.
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4.3 Conversion to electrical vehicles of the company

The annual carbon footprint of diesel and petrol vehicles allocated to managers in the company
has been calculated to be approximately 33 tonnes of COze. Upon the rental costs of electric
vehicles reaching similar levels to those of fossil fuel vehicles, the environmental and economic
impacts were compared under equivalent usage conditions.

In the analysis, the annual fuel consumption of existing vehicles was examined in litres, while
the annual consumption of electric vehicles was examined in kilometres. It was assumed that
diesel vehicles consume 5.4 litres per 100 km, petrol vehicles consume 6.5 litres per 100 km,
and electric vehicles consume 16.9 kWh per 100 km. As a result of these calculations, the annual
consumption of electric vehicles was found to be approximately 34 MWh.

When using Turkey's 2021 national grid emission factor (0.7279 kg CO.e/kWh), the total
emissions of electric vehicles decrease to 24 tonnes of COze. This results in a 25% reduction in
carbon emissions and a 65% reduction in fuel costs. The table based on 2023 fuel and electricity
prices demonstrates that the transition is advantageous both environmentally and economically.

Table 2 : Cost benefit analysis of the strategy.

Company Vehicles Electric Vehicles
32,934 ton COz¢ 24,810 ton CO2¢e
203.778 b Petrol Fuel 119.503,32 1 Electric Vehicle
135.082 b Diesel Fuel
b 338.861,71 1 119.503,32

4.4 Collaboration with local suppliers
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Shipyards have a wide supply network because they cannot produce all components in-house.
Therefore, optimising the supply chain and increasing the use of local resources are important
for reducing logistics-related emissions and increasing sustainability. Local sourcing also
provides shorter delivery times, more effective communication and economic advantages.
This study analyses the carbon emission reduction and fuel savings that could be achieved by
replacing products sourced from abroad with local alternatives in shipbuilding activities. The
analysis focuses on products transported by road and evaluates the potential for sourcing from
Turkish manufacturers. Main engines and imported products dependent on special customer
requirements are excluded from the scope of this study. Such special cases require a more
detailed analysis.

The shipyard produces approximately 25 tugboats per year, with production carried out across
five different series. Supplies are made five times a year. By sourcing frequently used
components from local suppliers instead of overseas, approximately 255,885 km of transport
distance can be reduced annually. The use of local suppliers can prevent approximately 210
tonnes of CO2e emissions. Additionally, considering that heavy vehicles consume 20-30 litres
of diesel per 100 km, this reduction in distance translates to an annual fuel savings of 51,000—
76,000 litres. This provides a cost advantage of approximately 1.46 to 2.18 million TL.
Furthermore, logistics surcharges imposed by foreign suppliers will be eliminated, delivery
times will be reduced, and potential communication issues will be minimised. As a result,
significant operational efficiency and economic gains will be achieved alongside environmental
benefits.

The shipyard produces approximately 25 tugboats per year, with production carried out across
five different series. Deliveries for each series are repeated five times a year, despite specific
equipment requirements, by working with the same suppliers. A list of foreign suppliers on a
ship was requested from shipyard officials, and the distance in kilometres between these
companies and the shipyard was determined. By obtaining ship equipment from local suppliers
instead of overseas suppliers, the transport distance can be reduced by approximately 255,885
kilometres per year.

According to DEFRA, partially loaded heavy-duty vehicles emit an average of 0.82313 kg CO2¢
per kilometre. Based on this assumption, the use of local suppliers could prevent approximately
210 tonnes of CO2¢ emissions. Additionally, considering that heavy vehicles consume 20-30
litres of diesel per 100 km, this reduction in distance translates to an annual fuel savings of
51,000-76,000 litres. This provides a cost advantage of approximately 1.46 to 2.18 million TL.
Furthermore, logistics surcharges imposed by foreign suppliers will be eliminated, delivery
times will be reduced, and potential communication issues will be minimised. As a result,
significant operational efficiency and economic gains will be achieved alongside environmental
benefits.
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5. RESULTS AND DISCUSSION

Nowadays, calculating corporate carbon footprints is one of the important responsibilities that
organisations must undertake to prevent global warming and climate change. This study
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evaluates the carbon footprint of a shipyard in Turkey in accordance with the Greenhouse Gas
Protocol, within the framework of Scope 1, Scope 2 and Scope 3 emissions. The results not
only provide a comprehensive overview of emission sources but also serve as a guide by
highlighting both environmentally and economically viable emission reduction methods.
Within Scope 1 emissions, the maritime company is responsible for approximately 13,864
tonnes of COze emissions annually. The largest portion of these emissions, accounting for
approximately 54% of the total, stems from the operational activities of tugboat engines. Fuel
consumption during sea trials accounts for 13% of total emissions, while COze emissions from
material extraction during the shipbuilding process contribute approximately 3% of the total.
The remaining 8% is distributed across various small-scale emission sources.

SCOPEI

W Stationary Combustion
B Mobile Combustion

® Various gases during production
process

Greenhouse gases for HVAC
system

Figure 3 : Share of Scope | emitting sources.

Scope 2 emissions, which represent indirect greenhouse gas emissions from consumed
electricity, total approximately 4,186 tonnes of CO.e. Within this category, Altinova Shipyard
emerges as the predominant consumer, accounting for 75% of the aggregate Scope 2 emissions.
The Tuzla shipyard is responsible for 20 per cent of this total, with the balance of 5 per cent
being attributable to ships receiving port services.

Scope 3 emissions, which cover indirect emissions in the shipyard's value chain, are mainly
based on transportation and fuel consumption. 44% of emissions come from engine fuel used
in tugboat deliveries, while 22% come from the transportation of products from abroad.
Employee shuttle vehicles contribute 19%, while electricity used for the installation and
operation of ship equipment accounts for 11%. The remaining 4% is attributed to other various
indirect sources. This distribution clearly highlights the impact of activities beyond the
shipyard's direct control on its carbon footprint.

The maritime company's total carbon footprint is approximately 24,900 tonnes of CO:e, of
which 56% (13,864 tonnes) is Scope | emissions, 17% (4,186 tonnes) is Scope Il emissions,
and 27% (6,850 tonnes) is Scope Ill emissions. This distribution highlights the significant
weight of emissions directly linked to fuel consumption, while also revealing that indirect
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emissions from electricity consumption, employee transportation, and logistics account for a
notable share.

One of the most effective measures for emission reduction is a solar energy system with an
annual CO:e savings of approximately 80 tonnes, a cost of 72,130.50 $, and a payback period
of 3.2—4 years. In transportation, the hybrid work model has reduced CO:¢e emissions by 91,589
tons annually at a low cost and saved $215,280, while the transition to electric vehicles has
resulted in a 25% reduction in emissions and an annual economic gain of
1219,358.39.0ptimising the supply chain by shifting to local suppliers has prevented
approximately 210 tonnes of CO:e emissions annually, resulting in economic benefits ranging
from 1,466,000 to £2,185,000.

These data indicate that integrated and cost-effective carbon reduction strategies hold
significant potential in the shipbuilding industry for both environmental sustainability and
operational efficiency.

The strategies implemented have strengthened the shipyard's environmental sustainability
while improving its economic performance. The combination of short-term measures that
generate financial gains and long-term applications that build environmental resilience
demonstrates a comprehensive decarbonisation approach based on renewable energy, efficient
use of own resources and a local supply chain, setting an example for the sector.

6. CONCLUSION
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This study has proven that the carbon footprint of shipyards can be calculated using the GHG
Protocol. The short-term plans made using the information were checked to see how much they
would affect the environment and how much they would cost, and it was found that they could
cut about 390 tonnes of COz¢e every year. Most of this reduction comes from emissions from
Scope Il and 111, while the use of renewable energy, electric vehicles, a hybrid working model,
and local sourcing provided environmental and financial benefits.

It is recommended that future studies compare these strategies across different shipyards,
consider long-term scenarios and investigate the impact of employee awareness and
digitalisation with new production techniques (e.g. robotic welding, energy recovery) on
emissions. Finally, study is a useful guide for stakeholders looking to develop realistic and
affordable carbon reduction plans in the shipbuilding industry.
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TURKIYE’DE AKILLI ULASIM SISTEMLERININ DEMIRYOLLARINDA
UYGULANMASI
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OZET

Ulastirma, toplumsal yap1 ve ekonomik kalkinma lizerinde dogrudan etkili olan stratejik bir
sektordiir. Ulasim faaliyetlerinin siirdiiriilebilir, giivenli ve verimli bir bi¢imde yiiriitiilebilmesi,
biiyiik olgiide akilli ulagim sistemlerinin entegrasyonu ve etkin kullanimi ile gelistirilebilir.
Karayolu, denizyolu gibi diger ulastirma alanlarinda oldugu gibi rayli sistemlerde de akilli
teknolojiler yaygin sekilde benimsenmekte ve siirekli gelisen dinamik yapisiyla sistem
performansina katki saglamaktadir. Rayli sistemlerde; istasyon altyapilari, demiryolu hatlari, raylh
sistem araclari i¢i sistemler ve merkezi yonetim birimleri gibi alt bilesenlerde akilli ulagim sistemleri
uygulama alani1 bulmaktadir. Ara¢ kontrol ve yonetimi, yolcu hizmetleri, acil durum miidahale
stirecleri ve isletme planlamasi gibi temel islevlerde kullanilan bu sistemler; mevcut altyapinin ve
iistyapinin daha giivenli, verimli ve optimize bir bi¢imde kullanilmasiyla birlikte sefer saatlerinde
tyilestirmeler gibi bircok gelismeye olanak tanimaktadir. Bu calismada, Tirkiye’de demiryolu
endiistrisinde kullanilmakta olan ve gelistirilmekte olan temel akilli ulasim sistemleri ele alinmis ve
bu sistemlerin kullanim diizeyi 1ile yayginligi diger ({ilkelerle kiyaslamalar iizerine
degerlendirmelerde bulunulmustur.

Anahtar Kelimeler : Demiryolu hatti, akilli ulagim sistemleri, rayl sistemler, demiryolu araglari
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1. GIRIS

Ulastirma sistemleri, bireylerin giinliik yasami ve toplumun genel refahi iizerinde hem sosyal hem
de ekonomik agilardan onemli etkilere sahiptir. Bu baglamda, etkinlik, uygulanabilirlik, esneklik,
giivenlik ve cevresel siirdiiriilebilirlik gibi unsurlar, modern ulasim sistemlerinin temelini
olusturmaktadir. Tiirkiye’de ise son yillarda ulastirma alanindaki altyapi yatirimlarinda énemli bir
artis yasanmis; bu gelisim, stratejik planlama dogrultusunda, gelecege doniik olarak akilli ulagim
sistemlerinin entegrasyonunu giindeme getirmistir. S6z konusu sistemlerin ilk yapim maliyetleri
yiiksek goriilse de, uzun vadeli, kararli ve siirdiiriilebilir bir gelisim i¢in uygun teknolojilerin
titizlikle segilip hayata gecirilmesi gereklidir.

Akilli ulasim sistemleri (AUS) hatlarin daha verimli ve giivenli ¢alismasin1 saglayarak insan
kaynakli hatalar1 en aza indirger. Her giin gelisen teknoloji ile pek ¢ok alanda yen, uygulama
imkanlar1 bulan akilli ulasim sistemleri, demiryolu ulasiminda da etkin olarak kullanilmakta ve
gelisimine devam etmektedir. Rayli sistem araclari, altyap: tasarimi, isletme ve bakim kontrolleri
ve sinyal sistemleri alanlarinda uygulamalari mevcuttur. Araglarda bulunan sistemler, kontrol
sistemleri, uydular ve arag iletisim sistemler AUS un 6nemli parcalarindandir. AUS ile eklenen
hizmetler sonrasi, yolcu tagima kapasite artisi, glivenli seyahat ve sefer siirelerinde iyilesme, yolcu
memnuniyet seviyesinde artig, enerji verimliligi artis1 ve giiniimiiziin 6nemli sorunlarindan olan
karbon salinimi ile ilgili gaz saliniminda diisiis gibi teknolojik ve ekonomik iyilestirmelere
ulasilmaktadir.

2. DENEYSEL CALISMALAR (veya UYGULAMALAR)

2.1. Akilli Ulagim Sistemlerinin Demiryollarindaki Yapisi

Sekil 1’de rayli sistemlerde akilli ulastirma sistemlerinde kullanilan ana bilesenler yer almaktadir.
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Sekil 1. Akilh rayh ulastirma sistemleri temel bilesenleri [12]

2.2. Akilli Ulagim Sistemlerinin Demiryollarinda Uygulanmasi

2.2.1. Bakim — onarim

Demiryollarinda altyap1 yatirimlarinin yolculuk taleplerinin artmasi, demiryollarinin ve arag
sayilarinda artisin1 desteklermektedir. Rayli sistemler altyap1 ve kullanilacak araclar gibi bir¢ok
alt sistemin birbiriyle uyumlu bir sekilde calistig1 karisik sistemlerdir. Rutin bakim ve kontrol
tekniklerinin uygulanmasi gerekmektedir. Ray ve ray baglanti elemanlari, traversler, makas
yapilari, sinyal ve kontrol ekipmanlari, katener hatti, rayli sistem araglar1 ve ara¢ aksamlarinin
bakim ve kontrollerinin olas1 hata paylar1 da géz oniine alinarak siklikla ve ¢alisan is¢i personel
ile kontrolii; AdamxSaat, maliyet konusunda verimliligi artirmak adina oldukc¢a 6nemlidir. Bu
konuda cesitli teknikler kullanilarak tasarlanmis bakim ve isletme planlama sistemleri
demiryollarinda verimliligi artiran akilli ulastirma sistemlerinin hangi alanda kullanildigina

ornek olarak verilebilir. [3].
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2.2.2. Akilli ulagim sistemleri ekipmanlari

Demiryolu isletmeleri, ¢alisanlarini ve yolcularini ¢esitli giivenlik 6nlemleri ile korumaktadir.
Demiryolu hatlarinda giivenlik ihlalleri ve hatlara izinsiz giriglere karsi denetleme sistemleri
gelistirilmistir. Bu sistemler optik fiberler, ¢ok modlu pasif infrared ve mikrodalga sensorleri
kullanilarak tespit saglayan sistemler, giris yasak olan hat bolgesi lizerine yasakl girisleri tespit
ederek ve isletme giivenligini artirmaktadir [4]. Demiryollarinda giivenligi artirmak i¢in dogal
afetler dahil tiim riskleri degerlendiren ve karsilasilabilecek olumsuz sonuglar1 engelleyen akilli
ulastirma sistemleri uygulamalar1 kullanilmaktadir [5,6,7]. Sekil 2’de bu senaryolar1 dikkate
alan algilayici akilli sistemler yer almaktadir [12].

==== ‘«*"’:" —
T

Koprii goriintiileme

Sekil 2. Akill demiryolu sistemleri [12]

2.2.3. Siiriiciisiiz arag, sinyal ve bilgi sistemleri

Geligmis iilkerer ¢esitli projelerle rayli sistemlerde akilli ulastirma sistemlerinin yayginlagmasi
icin destek vermektedir. Avrupa Birligi’nin destekledigi Shift2Rail, demiryolu {iriinlerinde
arastirma ve olan1 gelistirme lizerine ¢alismalar yapacak ve bu ¢alismalar sonrasi ortaya ¢ikacak
gelismis yeni teknoloji lirlinlerin rayli sistemlere entegrasyonunu planlanmaktadir. Shift2Rail
hem kamu ve hem 06zel sektor ortaklarinin dahil oldugu bir programdir. Bu program sayesinde
yeni iiretilecek araglarin maliyet agisindan verimli, glivenilir ve teknolojik gelismelere entegre
caligmalal hedeflenmektedir. Bu programin uzun vadeli sonuglari olarak %15 kapasite artisi,
isletme giivenligi ve zamaninda ulagim konusunda

%50 1iyilesme, sistemlerin enerji verimliligi konusunda %30 iyilesme, ara¢ ve hat bakim
maliyetlerinde %40 diislis beklenmektedir. Bu projeler ile yeni {iretilen ¢iplerle elektronik
bilesenler kullanilarak, yiiksek hiz i¢cin motor tekerlek ve aktarma ekipmanlarini igeren yeni
tren pargalar1 gelistirmek, kablosuz iletisim teknolojileri kullanilarak trenlerin birbirine fiziksel
olarak baglanmas1 ve ayrilmasim igeren giivenligi yliksek demiryolu araglarinin iiretimini
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Sinyalizasyon ve ara¢ kontrolii konularinda, Avrupa Demiryolu Trafik Yonetim Sistemi
(ERTMS) ve Avrupa Tren Kontrol Sistemlerinin (ETCS) gelisimi i¢cin Avrupa Birligi ¢esitli
projelerle 2007-2013 periyodunda bir milyar Euro’nun {izerinde destek vermistir [18].

2.2.3.1. Otomatik tren koruma (ATP)

Trenin, hiz limitini asarak bir tehlike sinyalini gegme riski s6z konusu oldugunda, siirticii sesli
uyarilar ve hedef hiz gostergesi araciligiyla bilgilendirilir. Eger siiriicii bu uyarilara yanit
vermezse, sistem otomatik olarak frenleme islemini baglatir. Bu siirecte trenin hizi ve konumu
esas alinarak degerlendirme yapilir. Sistemin kullanabilecegi azami hiz ve konum bilgileri,
geleneksel olarak kodlanmis ray devreleri lizerinden iletilmekteydi; ancak giliniimiizde bu
bilgiler ¢ogunlukla radyo sinyalleri araciligiyla aktarilmaktadir [14].

Bu tiir bir giivenlik sistemine sahip trenler en az GoAl (Otomasyon Seviyesi 1) diizeyinde
calismaktadir. Bu seviyede, trenin kapilarinin agilmasi ve kapanmasi, hareket ettirilmesi ve
hizinin kontrolii tamamen makinist tarafindan saglanir. GoA2 diizeyinde ise siiriicii miidahalesi
azalmistir; makinist yalnizca kap1 kontrolii ve trenin perondan giivenli ayrilisindan sorumludur.
Bu diizey, genellikle 'yar1 otomatik tren isletimi' (STO - Semi-Automatic Train Operation)
olarak adlandirilmaktadir. Tiirkiye'de bu seviyeye 6rnek olarak M2 (Yenikapi—Haciosman), M3
(Kirazli-Bagsaksehir), M4 (Kadikoy—Kaynarca) ve M6 (Levent—Hisariistii) metro hatlar
gosterilebilir.

GOA3 seviyesinde makinist bulunmaz. Bu durumda trenin isletimi tamamen sinyalizasyon
sisteminin kontroliindedir. Kapilarin kapatilmas: ve trenin hareketi bir gorevli tarafindan
saglanir. M4 hatt1, bu seviyede isletim i¢in gerekli altyapiya sahiptir [15].

2.2.3.2. Otomatik tren isletme (ATO)

Otomatik tren isletme sistemleri (ATO), tren operasyonlarinin daha giivenli ve verimli bi¢gimde
gerceklestirilmesini saglayan teknolojilerdir. Genellikle metro sistemleri ve otomatik gecitlerle
entegre sekilde kullanilir. Pek cok sistem, olasi arizalar ve acil durumlar karsisinda riski
azaltmak amaciyla siiriicii destegiyle calismay1 tercih eder [14]. ATO, siiriiciiniin gorevlerinin
biliyiik boliimiinii {istlenen tam otomatik bir sistemdir. Bu sistem GoA2 seviyesinde
siniflandirilir. ATO’nun gelismis versiyonlarinda, kapilarin kapatilmasi gibi belirli islemler de
bilgisayar denetimiyle yiiriitiilebilir; bu uygulama GoA3 seviyesine karsilik gelir [16].

2.2.3.3. Otomatik tren kontrolii (ATC)
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ATC sistemleri, trenlerin merkezi kontrol merkezleri araciligiyla kapsamli ve otomatik olarak
izlenmesini saglar. Bu sistemler; tren takibi, rota planlamasi ve dagitim islemleri gibi
fonksiyonlar1 yerine getirerek siiriiclisiiz ¢calismaya olanak tanir [14]. ATC sistemine sahip
trenler, en yiiksek otomasyon diizeyi olan GoA4 seviyesine (Gozetimsiz Tren Isletimi — UTO)
karsilik gelir. Bu sistemler, trenler arasindaki mesafeyi optimize ederek isletme siiresini ve
ortalama hizi artirir. Bu iyilestirme, trenin Oniindeki engelleri yliksek hassasiyetle tespit
edebilen sensorler sayesinde gerceklesir. Ciinkii bir trenin durma mesafesi genellikle 600 ila

1500 metre arasinda oldugundan, erken tespit sistemleri kaza riskini ciddi oranda
distrmektedir [16].

Sekil 3°de, otomatik tren kontrol sistemlerinin nasil entegre veri yonetimi sundugu ve bu
sistemlerin verimliligi nasil artirdig1 sematik olarakgosterilmektedir.

—
A

Platform ekran kapisi Iy ‘

who |
- v

Otomatik Tren Koruma Otomatik Tren isletme
(ATP) sistemi (ATO) sistemi

r_..
= -
=

Otomatik Tren Kontrol
(ATC) sistemi

2
o
|

Felaket gbruntiieme Istasyon ekipmanlan
sistemi

Guc kaynadi kontrol
sistemi

Sekil 3. Biitiinlestirilmis kontrol sistemi [17].

Depo kontrol sistemi

2.2.4. Kontrol sistemleri

Gilinlimiiz demiryolu sistemleri, teknolojik sistemler geregi karmasik fiziksel yapilar olup, bu
yapilar bilgisayar destekli algoritmalar aracihigiyla ydnetilmektedir. Ozellikle tren kontrol
sistemleri, yalnizca kendi ekipmanlarindan veri toplayan cihazlar olmaktan Gte, trenler arasinda
bilgi akisini saglayan ve anlik igletim verilerini kontrol merkezleriyle paylasabilen, biitiinlesik
iletisim altyapilarina sahip sistemlerdir. Demiryolu giivenligi acisindan en kritik unsurlardan
biri olan ray muayenesi, giivenilir ve kesintisiz isletmecilik agisindan biiyiik 6neme sahiptir. Bu
muayene siireci; ray yiizeyinde ve yiizey altindaki kusurlarin tespiti, ray geometrisinde
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meydana gelen deformasyonlarin izlenmesi ve baglanti elemanlarinda olusabilecek arizalarin
onceden belirlenmesini kapsamaktadir.

S6z konusu denetim sistemleri; ultrasonik muayene cihazlari, girdap akimi temelli test
ekipmanlar, yiiksek ¢oziiniirliiklii gorsel inceleme sistemleri, akustik emisyon teknolojileri ile
birlikte titresim ve sicaklik Olglim sensorlerinden olusan genis bir teknoloji yelpazesine
dayanmaktadir. Bu cihazlar hem tekil hem de koordineli bigimde ¢alisarak raylardaki potansiyel
riskleri erkenden saptamayl miimkiin kilar[7]. Ilgili sistemlerin genel yapisi Sekil 4’te

Ozetlenmektedir.
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Sekil 4. AUS tabanh ray ve hat sistemleri [7]

Bu sistemleri kapsayan test ve 6l¢iim treni Piri Reis, mevcut kullanilan isletmelerdeki hatlarda
ve isletmeye alinacak hatlarin dl¢timlerinde kullanilmaktadir. Uluslararas: standartlara uygun
olarak analizler yapan, yiiksek coziiniirliiklii kameralar gibi c¢esitli sensorleri iceren 6l¢iim

ekipmanlar1 sistemini beraberinde bulunduran bu arag

katener-pantograf etkilesimi,

akselometrik titresim Sl¢iimii gibi 50°den fazla veri toplayabilir ve 6l¢timleri gerceklestirebilir.
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Sekil 5. TCDD YHT hatlarinda test ve 6lciim yapan Piri Reis treni [9]

ivme - Z Ekseni

Pozitif Yon

Agisal Hiz - Z Ekseni
Pozitif Yon
(Yaw hareketi)

Agisal Hiz - Y Ekseni
Pozitif Yon
(Roll hareketi)

Agisal Hiz - X Ekseni
Pozitif Yon
(Pitch hareketi)

ivme - Y Ekseni

Pozitif Yon

ivme - X Ekseni

Pozitif Yon
Sekil 6. Mobil cihazla dlgiilen ivme ve acisal iz kayitlarimin hat giizergahu ile iliskisi[13]

Son yillarda hizla gelisen akilli ulastirma sistemleri sonucu farkli kaynaklardan pek ¢ok veri
toplanmakta ve bu veriler islenerek 6zel analizler i¢in kullanilmaktadir. Toplanan cok
miktardaki veri, akilli ulagtirma sistemlerinin gelismesine katkida bulunmaktadir. Yapay zeka
gelisimi ile daha kuvvetli, ¢cok fonksiyonlu, kendi kendine dgrenen algoritmalar igeren ve
gelisen, veriye dayali sonuglar ¢ikartan daha akilli ulastirma sistemlerine dontismektedir. [16].

3. GENEL DEGERLENDIRME VE SONUCLAR

Yeni bir bolgeye getirilen ulasim sistemi, o bodlgenin ekonomik ve sosyal kalkinmasinda
belirleyici bir rol oynamaktadir ve bdlgeler arasinda birlikteligi arttirmaktadir. Gelisen
teknolojiyle birlikte daha az enerjiyle daha yiiksek verimlilik saglanmasi agisindan rayl
sistemler, bir¢cok gelismis iilke tarafindan Oncelikli olarak tercih edilmektedir. Sektordeki
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stirdiiriilebilir ulasim altyapilarinin olusmasina katki saglayacaktir.

Sinyalizasyon, makas sistemleri, siiriicii kontrol birimleri veya haberlesme altyapilarinda
yasanabilecek teknik aksakliklar, tren ¢arpismalar1 ya da raydan ¢ikma (deray) gibi ciddi
giivenlik risklerine yol agabilmektedir. Benzer sekilde, tren teskili ya da ikmal siireclerinde
ortaya c¢ikabilecek aksakliklar, ariza olusumuna zemin hazirlayarak seferlerin
tamamlanamamasina neden olabilmektedir.

Kontrol ve konfor sistemlerinde yasanabilecek olumsuzluklar ise hem yolcular hem de personel
acisindan bekleme siirelerinin uzamasi ya da seyahat konforunun diismesi gibi sorunlara yol
acmakta; bu durum ayni zamanda isletme agisindan maddi kayiplarla sonuglanabilmektedir.

Bu baglamda, 6zellikle sinyalizasyon sistemleri basta olmak t{izere belirli kritik alanlara yonelik
yapilacak detayli analizler ve teknik iyilestirme ¢alismalari, hem mevcut kazalarin 6nlenmesine
hem de gelecekte meydana gelebilecek olumsuz durumlarin minimize edilmesine katki
saglayacaktir.

Uluslararas1 Demiryolu Birligi (UIC), saatte en az 250 kilometre hiz yapabilen trenleri hizli tren
kategorisine dahil etmektedir. Tiirkiye'de bu teknoloji ilk kez 2009 yilinda Ankara-Eskisehir
hattinda kullanilmaya baglanmigtir. Son yillarda artan altyap1 yatirimlari sayesinde yiiksek hizli
tren teknolojileri yayginlasmis ve bu kapsamda ¢esitli akilli ulagim sistemleri de kullanilmaya
baslanmistir. Her yil yolculuk sayilarinda da artis gdsteren demiryolu sektorii, akilli ulasim
sistemleri ile tam uyumlu c¢alisabilme kapasitesine sahiptir. Bu alanda calismalarimizi
hizlandirp, insan giiciinii azaltmak ancak AUS sayesinde olabilir.
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OZET

Tiirkiye’de ulasim altyapisinin planlanmasinda uzun yillar boyunca demiryolu yatirimlarina
yeterince Onem verilmemistir. Bu durum, ulagim tiirleri arasindaki dagilimin dengesizlesmesine
yol agmigtir. Agirlikli olarak karayolu temelli yapilan planlamalar, ¢evresel acidan bazi
olumsuzluklar1 beraberinde getirirken; havayolu tasimaciligi, her ne kadar hiz avantaji sunsa da
ulasim ag1 icinde her noktaya erisim saglayamamasi nedeniyle 6nemli bir dezavantaj
olusturmustur. Tiim bu gelismeler, ulagim araglarinda yeni arayislar1 giindeme getirmistir. Bu
cergevede giivenlik, hiz ve konfor gibi nitelikleriyle 6ne ¢ikan yiiksek hizli trenler, Tiirkiye i¢in
alternatif bir ulasim tiirii olarak dikkat cekmektedir. Ankara, Istanbul, Eskisehir ve Konya
arasinda hizmete giren hatlarin yani sira, yapimi siiren ve gelecekte planlanan yeni hatlarla
sehirler arasi baglantinin daha hizli, giivenli ve konforlu héle getirilmesi amaglanmaktadir. Bu
calismada yiiksek hizli trenlerin; giivenlik, konfor, seyahat siiresi ve maliyet gibi yonlerden
sundugu katkilar ele alinmis; mevcut hatlardaki diger ulasim tiirleriyle, Tirkiye'deki ve
diinyadaki diger rayl sistemlerle karsilagtirmalar yapilmistir. Sonug olarak yiiksek hizli
trenlerin, bir¢cok agidan daha avantajli bir ulasim imkani sundugu ortaya konmustur.

Anahtar Kelimeler : Yiiksek hizli tren, ulagtirma, ulastirmada yolcu tercihleri, rayli

sistemlerde konfor
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Glinlimiizde zaman1uin deger kazanmasi ile ulasim sektoriindeki gelismeler gegcmis yillara gore
fazlasiyla artmistir. Giin igerisinde gidecegimiz yere tam ne zaman gidecegimizi bilmek,
glinlimiizii buna gore planlamak olduk¢a 6nemlidir. Ulastirmanin bolgelerin gelisimini arttirma
etkisi de oldukea yiiksektir. Dort ana baslhiga ayrilan ulastirma tiirleri denizyolu, karayolu,
havayolu ve denizyoludur.

Demiryolu, teknolojik gelismelerin kolayca adapte edilebilmesi, gevreye etkisi, isetme maliyeti,
arazi kullaniminin karayoluna gore az olmasi gibi kriterlere bakildiginda diger ulastirma
tiirleriyle rekabet etmektedir. Demiryolu, isletme maliyeti, ¢evreci etkileri ve arazi kullanim
verimligi konularinda havayolu ulastirmasindan daha gelismis oldugunu kanitlamistir.
Ulastirma tiirleri arasindaki tercihler yillara gore teknolojik gelismeleri takip eder ve gelisir.
Hiz, giivenlik, konfor, seyahat siiresi, maliyet ve c¢evrecilik gibi konularda daha iistiin olan
ulasim tiirleri yolcular tarafindan daha ¢ok tercih edilmektedir. [1-2].

Osmanli Imparatorlugu'nda 3.714 kilometresi ana hat, 845 kilometresi tali hat olmak iizere
toplam 4.559 kilometre demiryolu hattt mevcuttu. 1. Bes Yillik Sanayi Plan1 ve 2. Bes Yillik
Sanayilesme Planinda, ulastirmay1 gelistirmeyi planlayan ve gelisen demir-gelik, komiir ve
makine gibi temel sanayi alanlarinin yogun yiiklerini en diisiik maliyetle tasimak i¢in bilingli
bir demiryolu politikas1 benimsemistir [22]. Cumhuriyetin ilk yillarindan 1950’ye kadar
demiryollarina biiyiik gelismeler yasanmis , ancak 1950-2009 yillar arasinda bu hizli gelisim
yavaslamistir. Bu yillar arasinda karayolu, havayolu ve demiryolu ulasimi arasinda yiizde
olarak kullanim farki ortaya ¢ikmustir. 2009 yilinda yiiksek hizli trenlerin kullanilmasiyla
birlikte demiryollarinda yaganan gelisme ivmesi yeniden artmaya baglamistir [7-9]. Tiirkiye’de
ulagim tercihi 1950-2009 yillar arasinda karayolu agirlikli olsa da, teknolojinin gelismesiyle
hayatimiza girem yiiksek hizli trenlerin hiz, maliyet, giivenlik ve siirdiiriilebilirlik agisindan
diger ulastirma tiirlerine gore sagladig: istiinliik sayesinde demiryollarinin diger ulastirma
tirleri i¢indeki kullanim yiizdesi pay1 giderek artmaktadir [4]. Yiiksek hizli trenler ile
cogunlukla yolcu tasimacilig1 yapilmaktadir. [3] Yiiksek hizli trenlerin ingaat yatirim maliyeti
yuksek olsa da, karayoluna gore daha hizli ve giivenli, havayoluna gore ise daha ucuz ve daha
diisiik enerji tiiketimi sunmaktadir ve boylelikle isletme maliyetleri daha uygundur.

2. DENEYSEL CALISMALAR

Tercihi etkileyen parametlereri karsilastirirken Tiirkiye’de ytliksek hizli tren seyahatleri ile 1lgili
bilgilerin temin edilmesi karsilastirma acisindan onemlidir. Tiirkiye’de ilk ytliksek hizli tren
2009 yilinda Ankara-Eskisehir arasinda seferine baglamistir. Yaklasik 2 saat 40 dakikalik bir
seyahat siiresi ile yolcu tasimaciligi hizmeti sunulmustur. ikinci yiiksek hizli tren hatt1 2011'de
Ankara-Konya, iiciincii yiiksek hizli tren hatti 2014'te Ankara-Pendik (istanbul), Konya-
Pendik, 2019 yilinda ise Ankara-Halkal1 (Istanbul) uzatmas1 ve Konya-Halkali hatlar1 devreye
girmistir [10]. Ve son olarak 26 Nisan 2023'te ise Ankara — Sivas Yiiksek Hizh
Demiryolu hizmete girmistir ve seyahat siiresi 2 saat 30 dakikadir.
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2.1. Tercih Sebepleri

Tercihi etkileyen parametlereri karsilagtirirken Tiirkiye’de yiiksek hizli tren seyahatleri ile ilgili
bilgilerin temin edilmesi karsilastirma acisindan 6nemlidir. Tiirkiye’de ilk yliksek hizli tren
2009 yilinda Ankara-Eskisehir arasinda seferine baglamistir. Yaklasik 2 saat 40 dakikalik bir
seyahat siiresi ile yolcu tasimaciligi hizmeti sunulmustur. Ikinci yiiksek hizli tren hatt1 2011'de
Ankara-Konya, iiciincii yiiksek hizli tren hatti 2014'te Ankara-Pendik (Istanbul), Konya-
Pendik, 2019 yilinda ise Ankara-Halkal: (Istanbul) uzatmas1 ve Konya-Halkal1 hatlar1 devreye
girmistir [10]. Ve son olarak 26 Nisan 2023'te ise Ankara — Sivas Yiiksek Hizli
Demiryolu hizmete girmistir ve seyahat siiresi 2 saat 30 dakikadir.

Yiiksek hizli trenler, klasik demiryolu araclarina kiyasla daha gelismis ve teknolojiye ayak
uydurmalar1 sayesinde diger ulasim tiirleri ile kolaylikla rekabet edebilmektedir. Yiiksek hizli
trenler, degisken iklim kosullarindan diger ulagim tiirlerine gore daha az etkilenir ve akill
ulagim sistemleri adaptasyonu kolay oldugundan teknolojik altyapilari ile birlikte konforlu,
giivenli bir seyahat saglar. arazi kullanim1 diger ulasim tiirlerine gore az olmasi ile diisiik
isletme maliyetli yatirimlar igin olanak saglar [6]. Yiiksek hiz ve tasima kapasitesi sayesinde
kara yolu trafigini azaltmak i¢in de etkili bir alternatif sunmaktadir. Diger ulasim tiirlerine
kiyasla seyahat siiresi ve yakit maliyetlerinde 6nemli avantajlar saglamaktadir [8].

2.1.1. Hiz ve konfor

Uzun mesafeli seyahatlerde yolcular son yillarda yiiksek hizli trenleri daha cok tercih
etmektedir. Ozellikle karayolu lagimi ile kiyaslandiginda seyahat siirelerindeki fark dolayistyla
yiiksek hizli trenler, karayollarina kiyasla daha tercih edilebilirliklerini artirmistir. Yiisek hizli
trenlerin ulastig1r son hizlarda ¢evreye yaydigi giiriiltii kirliligini dnlemek amaciyla, niifus
yogunlugu yiiksek bolgelerde, tiinel ve kopriilerde hiz sinirlandirmalart yapilmaktadir. Ayrica,
hiz arttik¢a altyap1 maliyetleri de dogru orantili olarak artmaktadir. Bu nedenle, yiiksek hizli
tren hatlar1 i¢in saglam, giivenli bir altyap1 olusturulmasi gereklidir [21]. Tiirkiye’de hizmet
veren yiiksek hizli trenler, 250 km/sa hiza ulagsmakta ve gerekli yalitim 6nlemleri sayesinde
giiriiltii, ses yalitimi saglayarak konforlu bir yolculuk ve ¢evreye etkilerini azaltan bir hizmet
sunmaktadir. Ayrica, hava kosullarindan etkilenmeyen yapilar1 sayesinde siirekli bir ulagim
hizmeti vermektedir [9]. Ornek olarak Istanbul-Ankara yiiksek hizli trenlerin sehir icerisinde
daha yavas, 0zel tiinel bolgelerinde ise maksimum hizlarina ¢iktig1 verilebilir.

2.1.2. Cevrecilik

Yiiksek hizli trenler %100 elektrikli sistemlerle ¢alismakta olup, her giin gelisen teknolojiye
ayak uydurarak yenilenebilir enerji kaynaklariyla uyumlu bir sekilde c¢alisabilmektedir.
Sehirleraras1 ve uzun mesafeli tasimacilikta, 6nemli 6l¢iide yenilenebilir enerji kullanan tek
ulagim tiirli olarak one c¢ikmaktadirlar. Yenilenebilir enerji kaynaklar: kullanimiyla birlikte,
CO: emisyonlar1 da 6nemli Ol¢iide azalmaktadir. Elektrik enerjisi kullanimi sayesinde, diger
ulagim tiirlerinin aksine, yiiksek hizli trenler ana yenilenebilir enerji kaynaklarint kullanimi
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kolayca sistemlere entegre edilebilir. Tiirkiye'de ulasim kaynakli ¢evresel zararlar azaltmak
amacityla yeni politikalar gelistirilmis ve tamamen elektrikle ¢alisan yiiksek hizli trenler bu
kapsamda kullanilmaya baslanmistir [17].

Gilinlimiizlin en 6nemli sorunlarindan olan karbon salinimi agisindan bakildiginda, yiliksek hizli
trenler diger ulasim tiirlerine gore cok daha cevrecidir. Yenilenebilir enerji kaynaklari
kullanilmas1 sayesinde karbon emisyonlar1 sifira yakindir. Bu da yiliksek hizli trenlerin
cevrecilik agisindan diger ulastirma tiirlerine gore ¢ok daha 6nde olmasini saglamaktadir [6,9].

TUIK in seragazi emisyon envanteri verilerine gore, 2021 yilinda, Tiirkiye nin toplam seragazi
emisyonu CO2 esdegeri olarak 564,4 milyon tondur. 2020 yilinda toplam seragazi
emisyonunun 80.680 kiloton CO2 esdegerini ulastirma kaynakli emisyonlar olustururken, 2021
yilinda bu miktar toplam emisyonlarn 91.200 kiloton CO2 esdegerini olusturmaktadir. 1990
yilinda ulastirma kaynakli emisyonlarin toplam seragazi emisyonlarindaki pay1 ise 12,8% iken
2021 yilinda bu rakam 16,2% olmustur.

TUIK’in 2021 yili seragazi emisyon envanteri verilerine gore; ulastirmadan kaynaklanan
CO2 emisyonunun 94,8%’1 karayolundan, 3,1%’1 havayolundan, 1,2%’si denizyolundan,
0,4%’1 demiryolundan ve 0,4%’ii ise diger ulastirma tiirlerinden kaynaklanmaktadir.

Cizelge 1. Ulastirma Tiiriine Gore Seragazi Emisyonu (kiloton CO2 esdegeri) [29].

Yillar 1990 1995 2000 2005 2010 2015 2018 2019 2020 2021

Toplam  26.96 34.11 36.46 42.04 4539 7579 84.61 8242 80.68 91.20
9 3 5 1 2 8 7 8 0 0

Havayolu 923  2.775 3.099 4.089 2862 4.205 3.688 3509 2.164 2.856

Karayolu 24.77 29.76 31.85 3553 3994 69.30 7890 76.72 76.60 86.49

Demiryol 721 768 713 757 517 480 435 400 323 356
u

Denizyolu 509 726 623 1.299 1.682 1147 931 1.217 1.264 1.128

Diger 39 83 180 364 390 656 657 581 328 361
ulastirma

2.1.3. Giivenlik
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Yiiksek hizli trenler, hizli ve giivenli tagimacilik hizmeti sunmak amaciyla 6zel olarak
tasarlanmis ve tiretilmistir [ 16]. Bu araglarin hedeflenen hizlara ulasabilmesi i¢in uygun altyapi
calismalar1 ve Ozel tasarimlar gereklidir. Yiiksek hizlarda kurplarda ve dur-kalk noktalarinda
giivenligi saglamak i¢in sinyalizasyon uygulamalar1 gelistirilmistir. Yiksek hizli trenlerin
tercih edilmesindeki en biiylik sebeplerden biri de gilivenliktir. Diger ulasim tiirlerine kiyasla
daha 6zel alana sahip olmasi nedeniyle daha diisiik kaza oranlarina ve daha yiiksek bir giivenlik

standardina sahiptir [9,12]. Bu nedenle giivenlik faktorii de yiiksek hizli trenlerin tercih
edilmesinde 6nemli bir rol oynamaktadir.
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p e
g Type Of Accident
Carpesma - Collision - - 1 1
Hemzemin gecit carpesmasi - Collision af level crossing - - 2% b1 - - 18 18
Dieray - Darzilment - 2 - b
Diger kazalar - Dffier accidems - 1 - 1 - 1 2 1
§ Demiryolu Kaza Toplam -Tatal Raitway Accident 5 i 5 m - 1 m  n
Trenden ditsme - Failling from a frain 1 - - 1 1 - 5 &
Trenin sahsa carpmas: - rain hif 2 parsan - - 5 15 1 1
Sahus ve hareket halindeki tremden kaynaki-individuals& Rolling stockin motion 1 o 5 4 1 1 5 T
Toplam - Tefal 1 3 50 54 1 1 ] i ]
[arpesma - Collision - ] - & [ 5
Hemzemin gecit carpesmas: - Collision at bevel crossing - - 14 1] - - B B
Dieray - Derzilment
Diger kazalar - Difier accidents - - 1 1 - - 2 2
Demiryolu Kaza Toplami -Tafal Raitway Accident = ] 7 n = & 10 14
Trenden ditsme - Failling from a frain
Trenin sahsa carpmas: - frain hif 3 person - - n n - 1 2 1
Sahus ve hareket halindeki trenden kaynakl -individualsERolling stock in motion - = n n = 1 2 3
Toplam - Todal - & i | n - 5 12 17
[arpesma - Collision - - 3 3
Hemzemin gecit carpesmas: - Collision at bevel crossing - - T4 T4 - - n n
Deray - Derzsilment
Diger karalar - Dffier accidems - - - - - 1 - 1
g Demiryolu Kaza Topkami-Total Radway Accident o o "7 7 = 1 n 12
Trenden ditsme - Failling from a frain - - - - 2 - - 2
Trenin sahsa carpmas: - lrain hif 3 person - - 13 13 - 2 1 5
Sahus ve hareket halindeki tremden kaynaki-individual=& Rolling stock in motion - - 1 1 2 2 | 1
Toplam - Todal = = k| n 2 k] 14 1%
Carpesma - Collision - 1 1
Hemzemin gecit carpesmasi-Collision af level crossing - - 15 15 - - 7 7
Deray - Derzilment
Diger karalar - Dffier accidems
Demiryolu Kaza Toplami-Total Radlway Accident - 1 15 16 - - ? ?
Trenden ditsme - Failling from a frain 2 2
Trenin sahsa carpmas: - frain hif 3 person 1 1 13 15 2 B 10
Sahus ve hareket halindeki trenden kaynak-individuals8 Rolling stock in motion 1 1 1l 15 = & ] 12
Toplam - Tetal 1 2 b. | n = & 17 n
[arpesma - Collision
Hemzemin gecit carpesmasi-Callision af level crossing - - n n - - & &
Deray - Derailment
Diger kazalar- Dffier accidemts - - - - - - 1 1
Demiryolu Kaza Topkami-Total Radway Accident o o mn mn = = T T
Trenden ditsme - Failling from & frain 1 1
Trenin sahsa carpmas: - Train hit a parson 2 1 12 15 1 ]
Sahus ve hareket halindeki trenden kaynakl-individual=& Rolling stock in motion 3 1 12 ] - 1 ] 9
Toplam - Tatal 3 1 n i) = 1 15 16

Gorsel 1. Tiirkiye’de demiryollarinda 2019 — 2023 arasinda yasanan kaza sayisi ve 6liim
miktarlar [21].

2023 yilinda demiryollar1 ve karayollar1 arasinda kaza sayilart ve Oliim miktarlar
kiyaslandiginda karayollarinda 1.314.136 kaza olmus ve yarali sayis1 350.855, 6liim miktar1 ise
6.548 kisidir. [21].

330



NFEREY,
o TR,
QLS F”}

2.1.4. Isletme ve ilk yatirrm maliyeti

RO
A

D

MCADE Yy v
s

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

Yiiksek hizli demiryolu hatlar1 raylar, istasyonlar, enerji sistemleri, demiryolu araglari,
sinyalizasyon sistemleri ve tiinellerden olugsmaktadir [11]. Bu trenler, yiiksek yolcu tasima
kapasitesine sahiptir. Ilk yatirim maliyetleri yiiksek olsa da, isletme maliyetleri diisiik
oldugundan ve fazla yolcu tasidiklar1 i¢in yakit maliyetleri diisiiktiir ve enerji verimlilikleri
oldukea yiiksektir [6,13].

2.1.5. Sure

Yiiksek hizli demiryollar1 sunduklar1 seyahat siiresi avantaji ile havayolu ve karayolu
tasimaciligina giiclii bir alternatif haline gelmistir [10]. Seyahat siiresi, yolcularin tercihini
etkileyen en Onemli parametrelerden biridir. Tiirkiye'de hizmet veren hatlar ile Ankara-
Eskisehir arasi yaklasik 1 saat 30 dakika, Ankara-Konya hatt1 ortalama 1 saat 50 dakika,
Ankara-Pendik arasi 4 saat, Konya-Pendik aras1 4 saat 20 dakika, Ankara-Halkal1 hatt1 5 saat
30 dakika ve Konya-Halkali hatt1 ise 5 saat 40 dakika siirmektedir. Bu siire kiyaslamalari
yapilirken sadece seyahat degil, o ulagim tiirline ulagim siiresi de gériinmeyen etkilerden biridir.

2.1.6. Isletme planlamasi ve erisilebilirlik

Demiryollar1 ulagiminin en gii¢lii yonlerinden biri dakikliktir. Cok uzak mesafelere bile tam
olarak saat kacta gidilecegi seyahat dncesi belirlenip paylasilmaktadir. Yiiksek hizli tren hatlari,
gectigi bolgelerde ulagimi ve erigimi arttirdig igin ekonomik olarak iyilestirme potansiyeline
sahiptir. Ana ulasim koridorlarinin disinda kalan bir alan, hizli tren hatlarinin varligi ve ulagimi
kolaylagtirmas1 ile onemli bir konum avantaji kazanabilmektedir. Bu durum, bolgesel
kalkinmay1 tesvik etmekte ve sehirlerin biiyiimesini desteklemektedir. Ozellikle merkez
sehirler ve bu sehirlerde bulunan tren istasyonlari, cevresindeki yerlesim alanlarina kiyasla daha
biiyiik bir gelisim gostermektedir [18].

Seyahat siirecinde varis ve kalkis saatleri ile dur-kalk noktalar1 akilli ulasim sistemleri
gelistirilmesi sayesinde diizenli bir sekilde yonetilmekte, bdylece olasi gecikmeler
onlenmektedir. Bu durum, yiiksek hizli trenleri dakik bir ulasim segenegi haline getirmistir.
Ayrica, yliksek hizl trenlerin gectigi glizergahlarda bulunan yerlesim yerlerinde ekonomik ve
sosyal etkilesim artmis, sehirlerarasi baglantilar giiclenmistir [12]. Terminallere ulasim
kolaylig1 acisindan da ozellikle havayolu ulasimina gére avantaj saglayan tren istasyonlari,
havalimanlarina kiyasla sehir merkezlerine daha yakin konumlandirilmistir. Bu da yiiksek hizl
trenlere erisimi kolaylastirarak yolcu memnuniyetini ve tercihleri artirmistir.

3. SONUCLAR VE DEGERLENDIRME

Tiirkiye’de ulagim tiirleri arasinda tasinan yolcu ve yiik miktarlarinin yiizdelik paylar1 2022
yili itibari ile Cizelge 2’de verilmistir [26].

331



NFEREY,
o TR,
QLS F”}

iy

D

b

BALKAN 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES PROCEEDING BOOK
April 25 - 27,2025 - SKOPJE
ISBN NR. : 978-625-5962-66-9

ACA ?5,;;,
s

Cizelge 2.: Tiirkiye’de ulagtirma tiirleri arasinda tasinan yolcu ve yiik yiizdeleri1 (%) (2022)

[26].
Ulastirma Tiirii Yolcu Tasima Payi Yiik Tasima Pay1
% %
Karayolu 91,2 89,3
Demiryolu 15 45
Denizyolu 0,48 6,2
Havayolu 6,8 0,0

3.1. Karayollar1 ve Demiryollar1 Kargilagtirmasi

Uzun 1950-2009 yillart arasinda bireysel ara¢ sahipligi artmasiyla birlikte karayollar1 yapimi
ve kullanimi ile demiryollart yapimi ve kullanimi arasinda fark ¢ok artmistir. Ne kadar yol
yapilsa da ara¢ sayist da arttigindan dolay1 yollar yetersiz kalmig ve trafik sorunu ortaya
cikmistir. Trafik sorununun ekonomiye, yerlesim yerlerine etkisi de oldukga fazladir.

Rayl sistemler ise, tasima kapasitesi agisindan tek seferde karayollarina gore ¢ok daha fazla
yolcu tasiyabilmektedir. Karayolu trafigi nedeniyle olusan yiiksek enerji maliyetleri, cevreye
zarar1 ve trafik kazalarindan kaynakli kayiplar géz 6niine alindiginda, demiryollarinin sundugu
avantajlar sayesinde karayollarina kars1 gii¢lii bir alternatif oldugu goriilmektedir [18]. Ayni
kapasitede yolcu tastyabilmek i¢in demiryollarinda yaklasik 14 metre genisliginde bir platform
yeterli olurken, karayollarinda bu genislik yaklasik 38 metreye ¢ikmaktadir [14]. Ayrica
demiryollari, karayollarina gore daha diisiik maliyetli ve ¢evreye daha az zarar vermektedir.
Ancak karayolu ulasimi her noktaya erisim ve sik sefer imkanlari sunarken, enerjide disa
bagimlilik nedeniyle ekonomik agidan dezavantajlar yaratmaktadir [9].

3.2. Havayolu ile Ulagim

Havayolu ulasimi, kisa seyahat siiresi ve giivenli tasima imkan1 sunmaktadir. Ancak tasimada
isletme maliyetleri yiiksektir ve iklim kosullarina baglh olarak sik sik rotarlar veya iptaller
yasanmaktadir. Ayrica, her bolgeye havayolu ulasimi saglanamamaktadir ¢linkii havalimani
yatirimlar da yiiksek maliyet gerektirmektedir. [17].

Yiiksek hizli trenler ile havayollar1 arasindaki rekabet, diinya genelinde sik¢akiyaslanmaktadir.
Eger demiryolu yolculuk siiresi 2 saatten kisa ise, YHT tamamen piyasaya hakim olmakta ve
havayolu sirketleri rekabetten ¢ekilmektedir. Seyahat siiresi 2-3,5 saat arasinda oldugunda yine
demiryolu baskindir. Ancak 3,5-5 saat araliginda havayolu ulagimi daha iyi bir alternatif olarak
goriilmektedir. Ancak bu konuda havalimanina ulasim, ugustan 1 saat 6nce havalimaninda olma
zorunlulugu gibi siireler géz oniine alindiginda ¢ok benzer siireler vermektedirler. Yolcularin
secim kriterleri bilet fiyatlari, istasyon ve havaalani konumlar1 ve sefer siklig1 gibi unsurlardan
da etkilenmektedir. yiiksek hizli trenler daha ekonomik bir secenek sunmaktadir. [24]

3.3. Yiiksek Hizl1 Trenler ile Ulasim
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Tiirkiye'de yliksek hizli tren hatlarinda taginan yolcu sayist her yil artis géstermektedir. 2019 a
kadar diizenli artan yolcu sayilar1, 2020 yilindaki salgin hastalik Corona etkisiyle 2.833 kisiye
kadar diismiistiir. 2023 yil1 i¢in diizenli artisina devam eden YHT hatlarinda 11.865 kisi
yolculuk yapmustir. YHT hatlarindaki artig ayn1 zamanda tiim demiryolu ulasim araglarinda da
goriilmektedir.

Cizelge 3. Yiiksek Hizhi Tren ve Diger Demiryolu Ulasimlar Yolcu Sayilar: (Bin Kisi) [7]

{1000}

I S I N N
YHT B.274 2.833 4,376 93564 1LB&S
KENMT G 138,669 93.020 126,005 209717 229830
Marmaray 124270 85180 N5.320 190.754 207EN
Bosksntray 16.19% TB&1 10685 18,974 21938
Halkah-Bahgesehir - - - &9 8O
KOMNVANSIYOMEL 17554 3.615 5648 17.087 13.048
Anahat 3.6B4 az3 1014 4325 3063
Balgesel 13.827 2.787 4634 12724 9935
Uluslararas: [*) 45 & 1 - 3é L
GEMEL TOPLAM 164299 GLET 136.029 236167 254,743

Yiiksek hizli trenler, istasyonlara erisim kolaylig1, fiyat avantaji, konfor ve hiz gibi faktorlerle
fark yaratmaktadir.

3.4. Denizyolu ile Ulagim

Denizyolu ulasim araglarinda diger ulasim modlarindaki gelismeler sonucunda, ¢evresel
zararlar1 azaltmaya yonelik alternatif yakit kullanimi ve iyilestirme ¢aligmalar1 yapilmasi
gerektigi ortaya ¢cikmistir. Denizyolu tasimaciligi, ¢cevresel etkiler ve verimlilik agisindan diger
ulagim modlarimin gerisinde kalinca, tercih edilme yiizdeleri gerilemektedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Tiirkiye’de yliksek hizli trenler on alt1 yili agkin siiredir faaliyet gostermektedir. YHT'ler kisa
stirede diger ulasim tiirlerine gii¢lii alternatif olmustur. Cevreye duyarli yapilari, karayolu ve
havayolu tagimaciligimna kiyasla daha diisiik gaz emisyon degerleri sunmaktadir. Ayrica
yenilenebilir enerji kaynaklarinin kullanim1 da bu sistemler i¢in olduk¢a uygundur.

Karayolu tagimaciliginda sik goriilen kaza ve yaralanmalara karsilik, YHT'ler akilli ulasgim
sistemleri ile giivenli tagima imkan1 sunmaktadir. Yolcularin tercihini en ¢ok etkileyen trafik
sorunu da YHT hatlarinda olmadif1 igin tercih edilme yiizdesi artmaktadir. ilk yatirim
maliyetleri yliksek olsa da, isletme maliyetleri karayollarina gore daha ekonomiktir. Ayrica
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seyahat siiresi ve erisilebilirlik a¢isindan da havayollarina kiyasla onemli avantajlar
sunmaktadir.

|

Havayolu ve karayolu ulagimi, iklim kosullarina bagli olumsuzluklardan etkilenirken, yiiksek
hizl1 trenler bu tiir sorunlardan etkilenmeden diizenli bir hizmet saglamaktadir.
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