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Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gecen bildiriler i¢in online (video
konferans sistemi iizerinden) sunum imkani saglanmuistir.

Online sunum yapabilmek i¢in https://zoom.us/join sitesi lizerinden giris yaparak “Meeting ID or Personal Link
Name” yerine ID numarasini girerek oturuma katilabilirsiniz.

Zoom uygulamasi {icretsizdir ve hesap olusturmaya gerek yoktur.

Zoom uygulamasi kaydolmadan kullanilabilir.

Uygulama tablet, telefon ve PC’lerde c¢alistyor.

Her oturumdaki sunucular, sunum saatinden 5 dk 6ncesinde oturuma baglanmis olmalar1 gerekmektedir.

Tiim kongre katilimcilar1 canli baglanarak tiim oturumlari dinleyebilir.

Moderatér — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismidan sorumludur.

Dikkat Edilmesi Gerekenler- TEKNIK BiLGILER

.
.
¢

Bilgisayarimizda mikrofon olduguna ve ¢alistigina emin olun.

Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz.

Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait ID numarast
gonderilecektir.

Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir

Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir

IMPORTANT, PLEASE READ CAREFULLY
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To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “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.

The participant must be connected to the session 5 minutes before the presentation time.

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

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

Points to Take into Consideration - 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.

Requests such as change of place and time will not be taken into consideration in the congress program.

Before you login to Zoom please indicate your name_surname and HALL number:
exp. Hall-1, Seda BEYAZ
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OPENING CEREMONY

01.12.2023
ANKARA LOCAL TIME
10:00 — 10:30

Prof. Dr. Mehmet SIMSIiR
Sivas Cumhuriyet University
CONGRESS CHAIR

Dr. Mustafa Latif EMEK
President of IKSAD Institute

Prof. Dr. Alim YILDIZ
Rector of Sivas Cumhuriyet University
CONGRESS HONORARY CHAIR

KEYNOTE SPEECHES

01.12.2023
ANKARA LOCAL TIME
10:30 — 12:00

Prof. Dr. Tayfur Oztiirk
Middle East Technical University, Tiirkiye
“Hydrogen as an integrator of renewable energy into
existing energy system-A materials perspective”

Prof. Dr. Petre Nadirashvili
Georgian Technical University, Georgia
“Road Infrastructure for Tourism Improvement
for the Kazbegi Region in Georgia”

Prof. Dr. Yusuf Kaynak
Marmara University, Tiirkiye
“Eklemeli Imalatta Ardil Islem Uygulamalar1”
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Session-1, Hall-1

01.12.2023

Moderator: Prof. Dr. Ayten Ates
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

Author(s)

Affiliation

INVESTIGATION OF SACCULAR
OTOLITH MASS ASYMMETRY IN
SPICARA FLEXUOSUM COLLECTED
FROM MEDITERRANEAN SEA
(TURKIYE)

Semra SAYGIN
Dijle AKMERMER

Ondokuz Mayis University,
Samsun, Tiirkiye

SPATIAL VARIATIONS IN OTOLITH
MASS ASYMMETRY OF SPICARA

SMARIS (LINNAEUS, 1758) SAMPLED G‘I\*/}S;“Laggfgil( O“d"é‘“z May‘;‘..”i‘."emty'
FROM THE BLACK AND AEGEAN ee ¢ amsun, furkiye
SEAS
EVALUATION OF THE EFFECTS OF L o
DC POWER INCREASE AND LOSSES Abg;lléi‘i‘ gﬁ;m ESklsgshliir;ﬁli‘r“‘%(ﬁgﬂi‘;’grs‘ty'
IN SOLAR POWER PLANTS '
IDENTIFICATION OF KEY GENES IN
COLORECTAL CANCER BASED ON Esen CAKMAK KSU, SHMYO, Kahramanmaras,
INTEGRATED BIOINFORMATICS Tiirkiye
ANALYSIS
SPECTROSCOPIC TRACE ELEMENT . ) Sivas Cumhuriyet University,
ANALYSIS IN BIOLOGICAL SAMPLES Dilara ULGER OZBEK Sivas, Tyiirkiye g
ELEMENTAL CHARECTERISATION OF ] ] Sivas Cumhuriyet University
THE MEDICINAL PLANT Dilara ULGER OZBEK Sivas, Tirkiye ’
ALCHEMILLA MOLLIS :
OPTIMIZING THE PRODUCTION OF {brahim Yasar Harran University, Sanlurfa,
BRUCELLA ABORTUS S-19 BACTERIA |  Bestoon SHEKHANY Turkey.
IN STEEL BIOREACTOR USING Ayse GULLUOGLU Erbil Polytechnic University,
DIFFERENT CULTURE MEDIA Faruk SUZERGOZ Erbil, Iraq
PRODUCTION OF BIOCHAR AND
APPLICATIONS FOR Ayten ATES Sivas Cumhuriyet University,
SUPERCAPACITORS FROM VARIOUS Sivas, Tiirkiye
PLANT SOURCES

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND APPLICATIONS

December 01-02, 2023 / Sivas, Tiirkiye
CONGRESS PROGRAM

Session-1, Hall-2
01.12.2023

Moderator: Assoc. Prof. Dr. Mehmet Hanifi DOGRU
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

Title Author(s) Affiliation
A STUDY ON THE PREPARATION OF Mustafa DURSUNLAR Yozgat Bozok University,
WOODEN SLEEPERS FOR SERVICE Musa YILMAZ Yozgat, Tiirkiye
STEEL INDUSTRY PLANT LOCATION
SELECTION WITH ANALYTIC Yasin KAYMAZ Harran University, Sanliurfa,
HIERARCHY PROCESS (AHP) Gencay SARIISIK Tirkiye
METHOD
INVESTIGATION OF THE DAMAGE . = Gaziantep University,
RESISTANCE OF LAMINATED Me}“‘;ggﬁ%né&?s GRU Gaziantep, Tiirkiye
COMPOSITES UNDER THE Eviio YETER Erciyes University, Kayseri,
EXPLOSION yup Tiirkiye
LOW COST GRAPHITE AND Gllsen TASKIN Gazi University. Ankara
CELLULOSE ACETATE COMPOSITE | Tugba TABANLIGIL CALAM Tiirki yé ’
ANTISTATIC FILMS Tiirkan Sevval COSKUNER y
PREPARATION OF AN . .
ELECTROCHEMICAL SENSOR FOR T“gbagiﬁB::lNT]‘gi(LH\clALAM Gazi University, Ankara,
THE DETERMINATION OF LEAD (II) 0 > BEKTA Tiirkiye
IN TAP WATER z8¢ >
Rahmi CANPOLAT
Fatih OZAYDIN
ESTAS DOMESTIC AND NATIONAL Esin AZGIN . BESTAS
NITRILE GLOVE PRODUCTION Bayram Can ATCIYURT Sivas Cumhuriyet University,
Mehmet SIMSIR Sivas, Tiirkiye
Osman MAVUS
Ebru YABAS

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Session-1, Hall-3

01.12.2023

Moderator: Assoc. Prof. Dr. Meryem GOKSEL SARAC
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

Author(s)

Affiliation

INVESTIGATING PRODUCT QUALITY

Aksaray University, Aksaray,

IN POTATO CRISPING VIA HEAT Oznur OZTUNA TANER Turkey
TRANSFER
EFFECT OF TIMOL ON THE . . . . .
DRVELOMMENTORAVRAN | o MOKIE | St Cumhuryet oeri,
STARTERS ’
NON-THERMAL PRESERVATION
METHODS FOR MEAT AND Fidan KILIC Sivas Cumhuriyet University,
PRODUCTS: PULSED LIGHT Ozlem Pelin CAN Sivas, Tiirkiye
APPLICATIONS
Sivas Cumhuriyet University,
USE POSSIBILITIES OF DIFFERENT Meryem GOKSEL SARAC Sivas, Tyijrkiye y
CEREAL FLOURS IN VEGAN Tusba DEDEBA Afvon Kocatepe Uni it
MEATBALL PRODUCTION ugha > yon Rocarepe UnIversity,
Tirkiye
Afyon Kocatepe University,
EVALUATION OF COLD PRESS OIL Tugba DEDEBAS Turkiye
WASTES Meryem GOKSEL SARAC Sivas Cumhuriyet University,

All participants must join the conference 10 minutes before the session time.

Sivas, Tiirkiye

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND APPLICATIONS

December 01-02, 2023 / Sivas, Tiirkiye

CONGRESS PROGRAM

Session-1, Hall-4
01.12.2023

Moderator: Prof. Dr. Ebru SENADIM TUZEMEN
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

Author(s)

Affiliation

INVESTIGATION OF SHORT-RANGE
ORDER IN Fe-Cr ALLOY BY

Bitlis Eren University, Bitlis,

MOLECULAR DYNAMICS Fatih Ahmet CELIK Tiirkiye
SIMULATION USING THE VORONOI
POLYHEDRON METHOD
INVESTIGATION OF LARGE EXTRA _ Sivas Cumhuriyet University
DIMENSIONS IN THE MUON Salih Cem INAN Sivas, Tiirkiye ’
COLLIDER ’ '
PROBING THE SCALAR
UNPARTICLES THROUGH THE Salih Cem INAN Sivas Cumhuriyet University,

PHOTON-PHOTON INTERACTION AT
CLIC

Sivas, Tiirkiye.

EXAMINATION OF ENERGY BAND
GAPS OF GeOx FILMS PRODUCED AT
DIFFERENT OXYGEN FLOW RATES

Sahide Giilizar KIZIL

Sivas Cumhuriyet University,

AND DIFFERENT ANNEALING - Aﬁfﬁzgﬁ& %“ZIEMEN Sivas, Tiirkiye
TEMPERATURES USING THE ru$
KUBELKA MUNK METHOD
DETERMINING DIODE PARAMETERS l\gf‘ak;’u“rl%?%rgﬁ)gﬁhl Gazi U““T’Efl'(‘ityé Ankara,
OF LASER PATTERNED DIODE WITH . R A
OXIDE LAYER Semran SAGLAM Yiiksek Ihtisas University,
Elif ORHAN Ankara, Tirkiye.
PATHOLOGICAL EXAMINATIONS IN Veteriner Kontrol Merkes
BROILER BRAINS TO WHICH o
Bahadir KILINC Arastirma Enstitiisii Ankara
METHOMYL AND SILYBUM g Soleuk Unversit Kon
MARIANUM ARE ADDED TO THEIR a ¢ elguk University, Ronya,
FEED Tiirkiye

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Session-1, Hall-5
01.12.2023 .
Moderator: Prof. Dr. Yahya Kemal TUR

Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

Title

Author(s) Affiliation

DENSIFICATION AND FRACTURE Tugba SANLI Sivas Bilim ve Teknoloji
STRENGTH PROPERTIES OF Al.03 BASED | Betiil KAFKASLIOGLU YILDIZ University, Sivas, Tiirkiye
Zr02 and Sm203 CONTAINING SANDWICH Elif ISIK Gebze Teknik University, Kocaeli,

CERAMIC COMPOSITES Yahya Kemal TUR Tiirkiye
EVALUATION OF NITRATE HEAVY

METALS POLLUTANTS REMOVAL RATE Maryam Varavipour University of Tehran, Tehran, Iran
FROM ZARJOUB RIVER (IRAN) USING A ’ ’

WETLAND HYBRID SYSTEM
EVALUATION OF PHYTOREMEDIATION
POTENTIAL AND YIELD OF HELIANTHUS
ANNUUS UNDER SEWAGE SLUDGE
APPLICATION
USING BIOCHARS MODIFIED WITH
THIOUREA TO REDUCE THE IMPACT OF
HARMFUL METAL POLLUTION AND Maria Taj
ENHANCE THE GROWTH OF MUSTARD
PLANTS (BRASSICA CAMPESTRIS) IN
SOILS AFFECTED BY CONTAMINATION

Elham Mohammadlan, University of Tehran, Tehran, Iran
Maryam Varavipour

Jinnah University for Women

ASSESSMENT OF INDOOR MICROFLORA Vardhana Janakiraman,
Thenmozhi Mani, N K Udaya

OF CARS

Prakash

Mohammed El Sallah Zagane,

Abdelmadjid Moulgada, A

Sahli, Benkouachi Narimen

Vels Institute of Science
Technology and Advanced Studies,
Tamilnadu, India
Université de Tiaret, Algeria
Université de Sidi Bel Abbes,

FINITE ELEMENT ANALYSIS OF THE
LIMB/SOCKET INTERFACE IN
TRANSFEMORAL AMPUTEES

Algeria
3D-QSAR, ADME-TOX IN SILICO Mohamed El fadili, Mohammed
PREDICTION AND MOLECULAR DOCKING Er-rajy, Hamada Imtara,
STUDIES FOR MODELING THE Mohammed Kara, Sara 1.
ANALGESIC ACTIVITY AGAINST Zarougui, S‘S;%Z};:imeifzerﬁdﬁlr’gifh
NEUROPATHIC PAIN OF NOVEL NR2B- | Najla Altwaijry, Omkulthom M. ) ’

SELECTIVE NMDA RECEPTOR
ANTAGONISTS
ENERGY AND EXERGY ANALYSIS OF
PHOTOVOLTAIC THERMAL SYSTEM Okan KON Balikesir University, Balikesir,
(PV/T) ADDED TO ROOFS OF [smail CANER Turkiye
RESIDENCES

Al kamaly, Aisha Al Sfouk and
Menana Elhallaoui

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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Session-1, Hall-6

01.12.2023

Moderator: Dr. Vesna Karapetkovska - Hristova

Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 14:00 — 16:00

OVERVIEW OF CATTLE FARMING
DYNAMICS AND BEEF PRODUCTION
IN N. MACEDONIA

Author(s)

Daniel Simakoski

Affiliation

University “St. Kliment
Ohridski”, Faculty of
Biotechnical Sciences - Bitola

OVERVIEW OF CATTLE FARMING
DYNAMICS AND BEEF PRODUCTION
IN N. MACEDONIA

Vesna Karapetkovska -
Hristova

University “St. Kliment
Ohridski”, Faculty of
Biotechnical Sciences - Bitola

INFLUENCE OF ROOTSTOCK ON THE
BIOCHEMICAL CHARACTERIZATION
OF APPLES (MALUS DOMESTICA L.)

Abdelmajid Haddioui, Jamal

Hassane Boudad, Atman
Adiba, Anas Hamdani,

Abdelfattah Goubi, Mentag

Rachid, El Fazazi Kaoutar,

Charafi

National Intitute of Agricultural
Research, Morocco
University of Sultan Moulay
Slimane, BP 523, Beni Mellal,
Morocco

STRUCTURAL CHARACTERIZATION
OF EXOPOLYSACCHARIDE FROM
LEUCONOSTOC SPP AND ITS ANTI-
ADHESIVE ACTIVITY ON AISI 316L

Mariem Zanzan, Youssef
Ezzaky, Fatima Hamadj,
Fouad Achemchem

Ibn Zohr University, Agadir,
Morocco.

INTEGRATED APPROACH TO
BAUCHEMIE AS A WAY TO HEALTHY
BUILDINGS

Maryam Rasoolzadeh,
Mohammadjavad
Mahdavinejad

Tarbiat Modares University,
Tehran, Iran

LEAF STRUCTURAL AND
FUNCTIONAL MODIFICATION OF
IPOMOEA CARNEA JACQ. AN
INVASIVE PLANT SPECIES, UNDER
DIVERSE SALINITY GRADIENT

Syeda Sabika Zahra Naqvi,
Syed Mohsan Raza Shah,
Laiba Hameed, Aiza Hanif,
Amjad Hussain, Muhammad
Imran Rafique, Muhammad

Faroogq, Iqra

University of Education,
Lahore, Pakistan

INTEGRATION OF BACILLUS CEREUS
AND COMPOST TYPES TO
MODULATE THE SALINITY EFFECT
ON THE GROWTH OF CUCUMBER
(CUCUMIS SATIVA L.)

Igra, Sammina MAHMOOD

University of Education, Lahore

STUDY THE EFFICIENCY OF THE
NATUREL LAGOONS FOR TREATED
WASTEWATER DURING SEASON
PERIOD IN ARID CLIMATE
(MOROCCO)

Ahmed Osmane, Khadija

Zidan, Rabia Benaddi, Laila

Mandi, Moustapha
Belmouden

Laboratoire de chimie
Organique et Chimie Physique
(Chimie Fondamentale et
appliquée), Morocco
Cadi Ayyad University,

Marrakech, Morocco

All participants must join the conference 10 minutes before the session time.
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Title

UTILIZATION OF LYSOZYME AS A FOOD
ADDITIVE IN THE FOOD INDUSTRY

Author(s)

K.R.Padma
K.R.Don

Affiliation
Sri Padmavati Mahila Visvavidyalayam

(Women’s University), Tirupati, AP.
Bharath Institute of Higher Education

and Research (BIHER) Bharath
University, Chennai, Tamil Nadu, India

ALGAL OIL IMPORTANCE AND APPLICATIONS

Dr. Muhammad Imran

Government College University,
Faisalabad, Pakistan

EASY GO DAB: A MAKEUP BRUSH POWERED
BY ELECTRIC

Laetitia Anwen, Dielaila Ellysa

Keningau Vocational College,
Cosmetology Department, Keningau,
Sabah

DETECTION OF LUMPY SKIN DISEASE VIRUS

IN BOVINE MILK, MEAT AND LIVER SAMPLES

AND DETERMINATION OF THEIR SAFETY
AND QUALITY

Iqra Saddique, Ali Ikram

The University of Lahore, Pakistan

EVALUATION OF THE IN VITRO ANTIFUNGAL
ACTIVITY OF ESSENTIAL OILS OF
ROSMARINUS OFFICINALIS, CITRUS
AURANTIUM ET ORIGANUM MAJORANA ON
THE MYCELIAL GROWTH OF PHYTOPHTORA
PALMIVORA ET ALTERNARIA ALTERNATA
TEMPERATURE EFFECTS ON THE

S.Msairi

El-Hajjaji Chaymae, ].Dehmani,

National Agency for Medicinal and
Aromatic Plants, Taounate, Morocco
Ibn Tofail University, Kenitra, Morocco

CORROSION INHIBITION OF MILD STEEL IN
CRUDE OIL MEDIUM BY METHANOLIC
EXTRACT OF PERSEA AMERICANA
(AVOCADO TREE)
EXAMINATION OF ESSENTIAL OILS

Wilson, Emmanuel Okon

Akwa Ibom State Polytechnic

EXTRACTED FROM PITURANTHOS
AROMATIC PLANTS AND THEIR BIOACTIVE
POTENTIAL

FRIH Bariza
Mekhadmi Nourelhouda
Melik Randa

Echahid Hamma lakhder University,
Algeria.
National Institute of Agronomic
Research of Algeria, Algeria

BIOCHEMICAL VARIABILITY IN APPLES
(MALUS DOMESTICA L.): JOINT IMPACT OF
ROOTSTOCK AND VARIETY IN APPLE

Hassane Boudad, Atman Adiba,
Sara Najjari, Abdelfattah Goubi,
Mentag Rachid, El Fazazi

. .. Morocco
CULTURES Kaoutar, Abdelmajid Haddioui, | ;4 \ohamed Ben Abdellah University,
Jamal Charafi Morocco

National Intitute of Agricultural
Research, Morocco
University of Sultan Moulay Slimane,

USE OF PHOSPHOGYPSUM IN AGRICULTURE
AS AN AMENDMENT FOR DEGRADED SOILS
AND AS FERTILIZER

M Barka Outbakat, Redouane
Choukr-Allah, Moussa Bouray,
Mohamed EL Gharous, Khalil EL
Mejahed

Mohammed VI Polytechnic University,
Benguerir, Morocco

PHOTOSYNTHETIC TRAITS OF RICE
LANDRACES (ORYZA SATIVA L.) UNDER
DROUGHT TOLERANCE

S.JeevaPriya, S.Vincent

Tamil Nadu Agricultural University,
India

REDUCING THE CARBON FOOTPRINT IN
AGRICULTURAL CROPS THROUGH THE USE

Toader George, Ilie Leonard

OF SMART NITROGEN

All participants must join the conference 10 minutes before the session time.

Usamv Bucharest
Aectra Agrochemicals Srl

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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Author(s)

Affiliation

INTEGRATION OF SPECTROSCOPIC DATA

AND MACHINE LEARNING MODELS FOR

RAPID CLASSIFICATION OF DAIRY
PRODUCTS

Yeliz DURGUN
Mahmut DURGUN

Tokat Gaziosmanpasa University,
Tirkiye

NUMERICAL ANALYSIS OF SANDWICH
STRUCTURES CONTAINING DIFFERENT
TYPES OF AUXETIC CORE STRUCTURES

Fevzi Cakmak BOLAT

Kocaeli University, Kocaeli Turkey

PIEZOELECTRIC BASED ENERGY
HARVESTING MODELING AND
SIMULATION IN MATLAB/SIMULINK

Bartu Tiirkcan CETIN
Fevzi Cakmak BOLAT

Kocaeli University, Kocaeli Turkey

DEVELOPMENT OF ELECTRONIC LEGAL

INFORMATION MANAGEMENT SYSTEM

DESIGN WITH MULTIPLE REGISTERED
ELECTRONIC MAIL (REM) MODELS

Ahmet Giirkan YUKSEK
Mesut AGKUS
Ahmet Utku ELIK

Sivas Cumhuriyet University,
Sivas, Tiirkiye
Detaysoft

AN INNOVATIVE APPROACH TO
IMPROVE THE GUIDANCE TRACKING
METHODS OF AUTOMATED GUIDED

VEHICLE (AGV) SYSTEMS WITH EXPERT
SYSTEM APPROACHES

Ahmet Giirkan YUKSEK
Ahmet Utku ELIK
Mesut AGKUS

Sivas Cumhuriyet University,
Sivas, Tiirkiye
Detaysoft

SPECTRE! ANALYSIS OF ATTACKS AND
DEFENSE MECHANISIMS AGAINST TO
SPECTRE

Hatice AKTAS AYDIN
Giilay YALCIN ALKAN

Sivas Bilim ve Teknoloji
University, Sivas, Tiirkiye
Abdullah Giil University, Kayseri,
Tiirkiye

DESIGN OF ZONGULDAK BULENT ECEVIT
UNIVERSITY FARABI CAMPUS
INFORMATION SYSTEM AND SERVICE
ON OPEN SOURCE WEB PLATFORM

Neslihan Zeynep
KARABACAKOGLU
Aycan Murat MARANGOZ

Zonguldak Biilent Ecevit
University, Zonguldak, Turkiye

WATER ABSORPTION MODELLING OF
CERAMIC BODY USING GENETIC
PROGRAMMING

Sencer SARI
Ahmet CIHAN

Thilisi State Academy of Art,
Thilisi, Georgia
Diizce University, Diizce, Tlrkiye

DEVELOPMENT OF A REHABILITATION
PROTOTYPE WITH COMPUTER AIDED
AND SPATIAL ORIENTED VIRTUAL
REALITY IN THE TREATMENT OF
BALANCE LOSS OCCURRING DUE TO
VESTIBULAR SYSTEM PROBLEMS IN
HEARING IMPAIRED PEOPLE

Dr. Fzt. Seher EROL
Umut ALTINKAYNAK

Ankara University, Ankara,
Tiirkiye
Gercek Prosthesis And Orthosis,
Ankara, Tiirkiye

CONTROL SIMULATION OF IRIS VALVE
DESIGNED FOR BAGGING SCALES

All participants must join the conference 10 minutes before the session time.

Mine Seyma BILGIC
Cemil KOZKURT

YEMTAR MAKINA San.Tic.
A.S..Bandirma, Tiirkiye
Bandirma Onyedi Eyliil University,

Bandirma, Turkiye

Every presentation should last not longer than 10-12 minutes.
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Author(s)
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INVESTIGATION OF LEONARDITE
USAGE POTENTIAL IN
STABILIZATION OF WEAK SOILS

Selman Kahraman
[nan Keskin
Amir Hosein Vakili
Amir Hosein Vakili
Ayhan Kocaman
Nurullah Tatar

Karabiik University, Karabtik,
Turkiye
Zand Institute Of Higher
Education, Shiraz, Iran

EXPERIMENTAL EVALUATION OF
THE USABILITY OF RECYCLING
WASTE FLY ASH IN SOIL
IMPROVEMENT

Nurullah Tatar
Selman Kahraman
inan Keskin

Karabiik University, Karabiik,
Tiirkiye

INVESTIGATIONS ON
CONSTRUCTION COST PARAMETER
IN DEMOLITION-STRENGTHENING
DECISIONS DUE TO INSUFFICIENT

EARTHQUAKE PERFORMANCE OF
BUILDINGS

Tarhan Tugsah GULERDI

Ozlem CALISKAN
Kerem PEKER

Bilecik Seyh Edebali University,
Bilecik, Turkey
Erdemli Proje ve Miisavirlik
Ltd. Sti, Istanbul, Tiirkiye

DETERMINATION OF THE ANCHOR
LOCATION USING THE GEOPHYSICAL
METHODS

Hande Tiirkoglu
Gamze Bilgen

Zonguldak Biilent Ecevit
University, Tiirkiye

USE OF GEO-RADAR IN GROUND
INVESTIGATIONS FROM A
GEOTECHNICAL PERSPECTIVE

Murat Karadeniz
Gamze Bilgen

Zonguldak Biilent Ecevit
University, Tiirkiye

A METHODOLOGICAL FRAMEWORK

FOR ANALYZING AND VISUALIZING

URBAN CHANGE: A CASE STUDY OF
MINSK, BELARUS

Fevzi DAS

[gdir University, Tiirkiye

EVALUATING THE EFFECTS OF TWO
EARTHQUAKES IN
KAHRAMANMARAS ON BUILDINGS
AND ROAD NETWORKS IN
IMPACTED CITIES USING
OPENSTREETMAP AND
OPENAERIALMAP

Fevzi DAS

[gdir University, Tiirkiye

EVALUATION OF DEEP SEA MINING
IN TERMS OF ENVIRONMENT AND
DEVELOPING TECHNOLOGY

All participants must join the conference 10 minutes before the session time.

Giizide KALYONCU
ERGULER

Kiitahya Dumlupinar University,
Turkiye

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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Author(s)

Affiliation

THE PHILOSOPHY BEHIND AND
NEED FOR GREEN BUILDINGS

Dr. Priya ]
Ms. Jaya Varsha E

CHRIST (Deemed to be
University), Bangalore,
Karnataka, India

GRANULATED SLAG FROM EL
HADJAR AS AN ADDITIVE IN
CONCRETE

Abderrahim GUETTECHE,
Salah Eddine BENSEBTI,
Mohamed Nacer
GUETTECHE, Abdelhafid
CHABANE

Université Constantine 1,
Algérie

THE LINK BETWEEN LITERATURE
AND ARCHITECTURE

Ms. Jaya Varsha E
Dr. Priya]

CHRIST (Deemed to be
University), Bangalore,
Karnataka, India

THE URBAN TRANSPORTATION IN
ALGERIA: CURRENT SITUATION AND
PROSPECTS FOR SUSTAINABLE
URBAN DEVELOPMENT, CASE OF
ALGIERA

Prof. BAOUNI Tahar
Dr. BABA SLIMANE Nour El
Houda

High School of Architecture and
Urban Planning (EPAU), Algeria

EXTRACTION OF CRYSTALLINE
CELLULOSIC FIBERS FROM SOFT
RUSH USING ALKALI-PERBORATE
PRETREATMENT

Mona Benali, Abdellah
Oulmekki, Jamil Toyir

Université Sidi Mohammed Ben
Abdellah, Marocco

CHARACTERIZING THE THERMAL
QUANTUM CORRELATIONS IN A
TWO-SPIN XXX HEISENBERG MODEL
IN THE CONTEXT OF HEITLER-
LONDON APPROACH

Prof. Youssef Khedif

University Hassan II, P.O. Box
5366, Maarif, Casablanca
20100, Morocco

CONTRIBUTION TO THE
ASSESSMENT OF FLOOD CONTROL
MEASURES IN AN ANTHROPIZED
VALLEY. THE CASE OF THE OURIKA
VALLEY (HIGH ATLAS OF

L’Arfouni, [Tham
Algouti, Ah
Algouti, Ab.
Es-sadiq, R.

MARRAKECH, MOROCCO)

Moujane, S

Cadi Ayyad University, Faculty
of Sciences Semlalia,
Department of Geology, BP
2390, 40 000, Marrakech,
Morocco. Labo2GRNT

All participants must join the conference 10 minutes before the session time.
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Author(s)

Affiliation

MODELLING THE PLASTIC VISCOSITY
OF WATER BASED MUDS USING
ARTIFICIAL NEURAL NETWORK

Engr. Kawu Yakubu

Dr. Okorie E. Agwu

Dr. Anietie N. Okon
Engr. Dr. Hassan Ismail

Nigerian Building and Road
Reasearch, Institute, NBRRI
zonal Office, Gombe, Gombe
State, Nigeria
University of Uyo,Faculty of
Engineering, Chemical and
Petroleum Engineering
Department. Uyo, Akwalbom
State, Nigeria
Eyestone Investment Limited
Lagos, Nigeria

MACHINE LEARNING FOR EARLY
GLAUCOMA DETECTION: A
COMPARATIVE ANALYSIS OF
PREDICTIVE MODELS

Miss. Dipanwita Ghosh

Maulana Abul Kalam Azad
University of Technology, India

EMPOWERING EDUCATION IN
INDUSTRY 4.0: A CLOUD-BASED
APPROACH FOR RURAL AND TRIBAL

Vijay Kumar Pandey, Dr.
Neeraj Rathore, Dr. Narayan

Indira Gandhi National Tribal
University, India

TRANSFORMATION P Bhosale
DEEP LEARNING IN CONSERVATION ) _ .
BIOLOGY Attila Barta University of Debrecen

LINE FOLLOWER ALGORITHMS AND

All participants must join the conference 10 minutes before the session time.

SENSOR STRATEGIES FOR SEAMLESS Adam Pachur Gdynia Maritime Univercity
NAVIGATION
DIGITALIZATION, SUSTAINABILITY 5 University of Ljubljana
AND CIRCULARTY IN MACHINE Alenka Pavko Cuden Ljubljana, Slovenia ’
KNITTING ’
THE EFFICACY OF INTELLIGENT Moses Adeolu AGOI Lagos State University of
TRANSPORTATION SYSTEM: Solomon Abraham Education, Lagos Nigeria.
IMPLICATION ON MODERN DAY UKPANAH Obafemi Awolowo University,
ROAD TRAFFIC MANAGEMENT Oluwanifemi Opeyemi AGOI

Osun Nigeria

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Title

SYNTHESIS AND CHARACTERIZATION OF

POLY-O-TOLIDINE USING
ELECTROCHEMICAL, SPECTROSCOPIC, AND
THERMOGRAVIMETRIC METHODS

Author(s)

Assala Marir, Mounia Guergouri

Affiliation

University of Constantine 1, Algeria

PROPERTIES OF ORYZA SATIVA A-AMYLASE:
PRODUCTION OPTIMIZATION, KINETICS,
STABILITY AND THERMODYNAMIC STUDIES

Austin L. Ugoh, Ozoemena E. Eje,
Chinekwu S. Onoyima, Arinze L.
Ezugwu, Ferdinand C. Chilaka

University of Nigeria, Nsukka, Enugu,
Nigeria

BIMETALLIC Cu/Ag NANOPARTICLES WITH
VARYING AG AS AN ANTIBACTERIAL AGENT

Mureed Shumaila
Ikram Muhammad
Ghaffar Rabia
Irshad Muneeb
Ghaffar Abdul

Government College University,
Pakistan
University of Education, Pakistan
University of Engineering and
Technology, Pakistan

THE AID OF CALORIMETRY FOR THE
THERMOCHEMICAL AND KINETIC STUDY OF
THE 2-HOLE BONDING LEADING TO 12 AND
4-(DIMETHYLAMINO) PYRIDINE COMPLEXES
IN SOLUTION AT 25°C

Kais Antar, Saoussen
Wacharine-Antar, Mohamed
Oussama Zouaghi, Youssef
Arfaoui

University of Tunis El Manar, Tunisia

POTENTIAL ANTICANCER AND
ANTIOXIDANT LAURIC ACID BASED
HYDRAZONES SYNTHESIS AND
COMPUTATIONAL SLANT TOWARDS THE
ELECTRONIC PROPERTIES

Talha Mashhood, Dr.
Muhammad Ibrahim, Dr. Akbar
Ali

Government College University
Faisalabad, Pakistan

COMPARATIVE STUDY ON PHYTOCHEMICAL
SCREENING AND ANTIBACTERIAL ACTIVITY
OF TAPINANTHUS LONGIFOLIA AND
TAPINANTHUS GLOBIFERUS LEAVES
EXTRACTS

Musa Halimatu Fago and Zainab
Ahmad Muhammad

Umaru Musa Yar'adua University

SOL GEL SYNTHESIS, CHARACTERIZATION,
CRYSTAL STRUCTURE, ELECTRONIC
PROPERTIES AND MAGNETIC STUDIES OF
Al2+xBixMn4-3x07 (0.15 <x < 0.50)
NANOCOMPOSITES

K.Palanisamy, B.B.Das,
K.Parthipan

Pondicherry University, Puducherry
SIVET College

INTRODUCTION OF GRAPHENE OXIDE
NANOSHEETS AND SILVER NANOPARTICLES
ON POLYESTER FABRIC FOR THE DIP-
CATALYTIC HYDROGENATION OF 4-
NITROPHENOL

Ali Majdoub, Hicham Zaitan
Imane EI Mrabet
Mohammed Majdoub
Héctor Valdés

Sidi Mohamed Ben Abdellah University,
Morocco
Ibnou Zohr University, Ouarzazate,
Morocco
The University of Mississippi
Universidad Catolica de La Santisima
Concepcion, Concepcion, Chile

EXPLORING THE CORROSION INHIBITION
ABILITY OF NEW QUINAZOLINE COMPOUND
FOR COPPER IN 3.5% NaCl

Mohammed Oubahou, Mohamed
Rbaa, Driss Takky, Youssef
Naimi

Hassan II University of Casablanca,
Morocco
Ibn Tofail University, Morocco

All participants must join the conference 10 minutes before the session time.
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Author(s) Affiliation

EFFECT of 3-AMINOPROPYL TRIETHOXY
SILANE-SURFACE MODIFICATION of . . Erzurum Technical
DIFFERENT TYPES of NANOSTRUCTURES lclal AVINC AKPINAR University, Erzurum, Turkey
on the JOINT PERFORMANCE in ADHESIVE
DEVELOPMENT OF THE ANALYSIS
METHOD FOR QUANTITATION OF
PHARMACEUTICAL POMADE
PREPARATIONS CONTAINING Cilem ISIK Sivas Cumhuriyet University,
DIFLUCORTOLONE VALERATE AND Mehtap ERSAN Sivas, Tiirkiye
ISOCONAZOLE NITRATE MOLECULES BY
HIGH PERFORMANCE LIQUID
CHROMOTOGRAPHY (HPLC)
INVESTIGATION OF THE ADSORPTION OF Aysun ATES Sivas Cumhuriyet
CRYSTAL VIOLET ON HYDROXYAPATITE Mehtap ERSAN University, Sivas, Tiirkiye
INVESTIGATION OF THE EFFICIENCY FOR
THE PRODUCTION OF CATHODIC ZINC Yusuf EMINOGLU Sivas Cumhuriyet
INGOT FROM ZINC-CONTAINING RAW Unsal ACIKEL University, Sivas, Tiirkiye
MATERIALS AND WASTES
THE EFFECT OF SODIUM LAURYL SULFATE ilhan DANACI Sivas University of Science
CONCENTRATION ON THE Tahsin AYDIN .
THERMOELECTRIC PROPERTIES OF Fuat ERDEN and Technology, Sivas,
ANILINE-ACRYLONITRILE COPOLYMERS Salih OZBAY Tarkiye
DYEING OF WOVEN FABRICS MODIFIED Inonii University, Malatya
WITH EXTRACT OBTAINED FROM Mahmut BAYRAM tiirkiye’ ’
ONOSMA HALOPHILA ROOT
SYNTHESIS AND ANTIOXIDANT
PROPERTIES OF COPPER OXIDE Gamze TOPAL CANBAZ Sivas Cumhuriyet
NANOPARTICLES BY GREEN SYNTHESIS Sayiter YILDIZ University, Sivas, Tiirkiye
USING MENTHA PULEGIUM
EXAMINATION OF THE RELATIONSHIP
BETWEEN ISOCITRATE DEHYDROGENASE- . .
1 ENZYME AND SOME ENZYMES PLAYING | st BULUT ATALAY Sivas Cumhuriyet -
A ROLE IN VARIOUS SIGNAL Ibrahim TOPCU University, Sivas, Tiirkiye
TRANSDUCTION PATHWAYS
SYNTHESIS OF OCTA-SUBSTITUTED OXO-
TITANIUM PHTHALOCYANINE AND Ebru YABAS Sivas Cumhuriyet
INVESTIGATION OF COLORIMETRIC Ph- University, Sivas, Tiirkiye
SENSOR ACTIVITIES

All participants must join the conference 10 minutes before the session time.
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Title Author(s) Affiliation
INVESTIGATION OF TWO-STAGE
BIOMASS GASIFICATION FOR Sivas Bilim ve Teknoloji
METHANE-RICH SYNGAS Ebubekir Siddik AYDIN University, Sivas, Tiirkiye
PRODUCTION UNDER THE CO;, ’ ’
ATMOSPHERE
EVALUATION OF CIRCULAR Furkan YILDIZ Sivas Cumhuriyet University,
RECOVERY OF ZERO WASTE Fuat 0ZYONAR Sivas, Tiirkiye
PRACTICES IN SIVAS PROVINCE ’

THE CLIMATE CHANGE IMPACT ON . . . .
SURFACE WATER RESOURCES; THE Mehg’“ l\g‘;;égﬁAYA Sivas C“SIT‘h““TY?tk[.Jn“’erS‘ty'
CASE OF KIZILIRMAK uat tvas, furkiye

OBTAINING ENERGY AND BY- Meltem SARIOGLU CEBECI Sivas Cumhuriyet University,
PRODUCTS (BIOFERTILIZER, Cansel YILDIZ Sivas, Turkiye
BIOCHAR) FROM ORGANIC WASTE ’
TREATMENT OF WASTEWATER
WITH ADVANCED TREATMENT < . Sivas Cumhuriyet University,
METHODS AND AVAILABILITY FOR | Meltem SARIOGLU CEBECI Sivas, Turkiye ’
IRRIGATION: ENVIRONMENTAL ’
HEALTH EFFECTS
FORMATION OF MICROPLASTICS, .
THEIR SPREAD IN NATURE AND THE A&ﬁ;l:gA(l)SZI:IIG\[/{VI Sivas Cumhuriyet University,
ENVIRONMENTAL RISKS THEY Siikrii ASLAN Sivas, Turkiye
CAUSE
THE CONCEPT OF SUSTAINABILITY Mustafa OZTUR Sivas Cumhuriyet University
AND SUSTAINABLE CLASSIFICATION Ali ALHRAISHAWI Sivas, Turkiye ’
SYSTEMS Siikrii ASLAN ’
EFFECTS ij‘ FUNGICIDE AGAINST Ebru DERELLI TUFEKGI . . .
Botrytis cinerea ISOLATES ON Secil AKILLI SIMSEK Cankir Karatekin University,
MYCELIAL GROWTH AND Deniz CAKAR Cankiri, Tiirkiye
EXPRESSION OF Bcgst5 GENE
INVESTIGATION OF EFFECTS OF Meltem SARIOGLU CEBECI Sivas Cumhuriyet University,
PEPTICIDES ON TO GROUNDWATER Menekse TAS DIVRIK Sivas, Turkiye
AND SURFACE WATER ’

All participants must join the conference 10 minutes before the session time.
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POSSIBLE EFFECTS OF . . . o
MICROPLASTIC POLLUTION ON Flrdgl‘l’; ?Zzil (]}).AIEITAN Sivas C“Srin};‘;”TY?:k?néverS‘ty'
WATER ECOSYSTEMS u vas, Turkly
INVESTIGATION OF THE REMOVAL
KINETICS OF REACTIVE ORANGE 16 ; - Sivas Cumhuriyet University,
DYESTUFF WITH SELECTED THREE lknur SENTURK Sivas, Tiirkiye
DIFFERENT NANOPARTICLES
ENVIRONMENTAL MANAGEMENT . . Sivas Cumhuriyet University,
AFTER NATURAL DISASTERS lknur SENTURK Sivas, Tiirkiye
TREND ANALYSIS of PRECIPITATION Mﬁ‘g‘ggg&;"ﬁfm Sivas Cumhuriyet University,
DATA in YOZGAT AND KIRIKKALE KARAGOZOCGLU Sivas, Tiirkiye
SPATIAL-TEMPORAL ANALYSIS OF Zinnur YILMAZ
TEMPERATURE VALUES OF KAYSERI Mustafa Binvamin Sivas Cumhuriyet University,
PROVINCE WITH INNOVATIVE KARAG OzoyGLU Sivas, Tiirkiye
TREND ANALYSIS
Sivas Cumhuriyet University,
A STUDY TO DETERMINE THE Eyiip ATMACA Si Slrvas' E‘fkll-f i
MEDICAL WASTE DISPOSAL COST ibrahim KAYA vas Gevre Sehircilik ve Ikli
Degisikligi 11 Midiirligi, Sivas,
Turkiye
USE OF PLANT-BASED FOOD Nazife YIMAZ Erzincan Binali Yildirim
ADDITIVES IN FOODS University, Erzincan, Tiirkiye

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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02.12.2023

Moderator: Vidya Padmakumar

Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 12:30 — 14:30

Title

PREPARATION OF CAO NANO-
CATALYST FROM NATURAL WASTE
SHELLS

Author(s)

Obiora Ebuka Muojama

Affiliation

University of Benin, Nigeria

ATTAINING SUSTAINABLE
COMPETITIVE ADVANTAGES THROUGH
PROCUREMENT IN PAKISTAN

Masaud Ahmad, Rehman
Akhtar

University of Engineering and
Technology Peshawar (25000),
Pakistan

COMBINATION OF THE EROSION
POTENTIAL MODEL (EPM) AND THE

UNIVERSAL SOIL LOSS EQUATION

(RUSLE) FOR WATER EROSION

MAPPING AND IDENTIFICATION OF
VULNERABLE AREAS IN THE INAOUENE
WATERSHED UPSTREAM OF THE IDRISS
1ST DAM, MOROCCO

Laaraj Marouane
Benaabidate Lahcen
Mesnage Valérie

University of Sidi Mohamed Ben
Abdellah, Morocco
University of Rouen-NORMANDY,
France

SURFACTANT-STABILIZED OIL-IN-
WATER NANOEMULSION: STABILITY
INSIGHTS AND IMPLICATIONS

Parthasarathi.V, Devi.R,
Dr.R.Srinivasan, Sriram.R

Bharath Institute of Higher
Education and Research, Chennai,
India

DEVELOPMENT OF NEW METHODS OF
SUBSTANCE ANALYSIS IN COMPARISON
WITH THE REFERENCE SAMPLE

Alexandrov V.S.

Kazan National Research Technical
University named after A.N.
Tupolev, Russia

BIRD ECOLOGY ALONG THE URBAN-
RURAL GRADIENT IN BENI MELLAL:
EVIDENCE FROM MOROCCO
(NORTHWEST AFRICA)

Ikram Douini, Mohamed
Mounir, El Mostafa Benka,
Mohamed Dakki, Soumaya

Hammada

Sultan Moulay Slimane University of
Beni Mellal, Morocco
University of Mohammed V,
Morocco

A CRITICAL ANALYSIS OF THE
ECOLOGICAL FOOTPRINT INDICATOR:
STRENGTHS, WEAKNESSES, AND
FUTURE DIRECTIONS

Vidya Padmakumar
Murugan Shanthakumar

Bangalore University, Bangalore,
India

EXACT CONTROLLABILITY OF WAVE
EQUATIONS WITH INTERIOR
DEGENERACY AND ONE-SIDED
BOUNDARY CONTROL

Rayan Ikram ADDOUN

University M'hamed Bougara of
Boumerdes, Algeria

USING A VITREOUS PHASE TO LIMIT
THE CORROSION OF ORDINARY STEEL
IN ACIDIC MEDIUM: AN

ELECTROCHEMICAL STUDY
All participants must join the conference 10 minutes before the session time.

Hind. EL BOULIF], Taoufig.

Guedira, Mohamed.
Cherkaoui

Université Ibn Tofail, Morocco

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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Moderator: Dr. Anna Kopiczko
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 12:30 — 14:30

Title

OSTEOSARCOPENIA IN WOMEN:
THE EFFECT OF LIFESTYLE
FACTORS AND EATING HABITS

Author(s)

Anna Kopiczko
Joanna Cieplinska
Joanna Piotrowska

Natalia Bienko

Affiliation

Jézef Pitsudski University of
Physical Education in Warsaw,
Poland
National Institute of Public
Health NIH - National Research
Institute, Poland

EARLY PHYSICAL ACTIVITY AND ITS
EFFECTS ON FUNCTIONAL
CAPACITY AND QUALITY OF LIFE IN
POST-SURGERY CARDIAC PATIENTS

Husham Abdulateef
Salman AL-Jaddah
Dr. ISMAEL CYLAN

Dr. Raed Qadri Khudhair

Kirsehir Ahi Evran University

ANTI-REGENERATIVE POTENTIAL
OF LAURUS NOBILIS AGAINST
ARSENIC-INDUCED ACUTE LIVER

Rameen Ishfaq, Usman
Haider, Wania Nasir,
Najeeb Ullah Khan, Jawad
Aslam, Muhammad Saad
Tariq, Wafa Majeed,

University of Agriculture
Faisalabad, Pakistan

TOXICITY IN WISTAR RATS Shamshad UL Hassan, Bilal
Aslam, Muhammad Naeem
Faisal
THE PROMISE OF

NANOTECHNOLOGY IN CANCER
PREVENTION, DETECTION, AND
TREATMENT

Pankaj Malhotra, Deepika
Yadav, Taneesha Gupta

Sushant University, India

THE PROMISE OF
NANOTECHNOLOGY IN CANCER
PREVENTION, DETECTION, AND

TREATMENT

Pankaj Malhotra, Deepika
Yadav, Taneesha Gupta

Sushant University, India

INVESTIGATING THE OCCURRENCE
OF MICROPLASTICS IN COMPOST
PREPARED FROM MIXED
MUNICIPAL WASTE; A CASE STUDY

Hooshyar Hossini, Tooraj

Massahi, Maryam Sharafi,

Sepideh Naseri, Monireh
Noori

Kermanshah University of
Medical Sciences, Kermanshah,
Iran

COADSORPTION OF
PHARMACEUTICAL POLLUTANTS ON
ADSORBENTS PREPARED FROM
ORGANIC CLAY

SALAA Fahima, Benabbou
Asmae, Medjdoub Aicha,
Khelifa Amine

Université de Mostaganem,
27000, Algérie

THE OBTAINING AND STUDY OF
CARBIDE SIALON NANO COMPOSITE
WITH ALUMINUM OXIDE NANO
POWDER

Z. Kovziridze, N.Nijaradze,
G. Tabatadze, T. Cheishvili,
Ts. Danelia, N.
Darakhvelidze

Technical University of Georgia,
Georgia

Youssef Benfatah, Amine El Bhih,

Youssef Benfatah, Amine
El Bhih, Mostafa Rachik,

Mostafa Rachik, Abdessamad Tridane

Abdessamad Tridane
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Moderator: Assoc. Prof. Dr. Salih 0ZBAY
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 15:00 — 17:00

Author(s) Affiliation

NITROAROMATIC EXPLOSIVE

DETECTION, OPTICAL ABSORPTION, | “ﬁ““if;‘ Z%KS,E?UL lSkender““TT.?lf(‘.l‘k University,
LUMINESCENCE ehmet tall urkiye
EXAMINING THE RELATIONSHIP
BETWEEN FRINGE FREQUENCY AND Ekrem YARTASI Sivas Bilim ve Teknoloji
OBJECT SIZES IN THE GATES Ayse Vildan SERT University, Sivas, Tilirkiye
INTERFEROMETER PROFILOMETRY
FLOW CHARACTERISTICS OVER BIO- . .
INSPIRED CORRUGATED AIRFOIL AT Hag;ﬁ‘;‘;it&%lﬁm Aksaray Ur;‘l;igty' Aksaray,
LOW REYNOLDS NUMBER y
GINI COEFFICIENT TIME SERIES FOR i}
OECD COUNTRIES MODELING AND Dogﬁazﬁsﬁml\] Gazi University, Ankara, Tiirkiye
CLASSIFICATION 3
MEETING THE ENERGY NEEDS OF A
LOCATION IN BALIKESIR MANYAS Eren ADIGUZEL Yalova University, Yalova,
DISTRICT WITH A GRID- Pt YUKSEL T
INDEPENDENT HYBRID SYSTEM: urkiy
ENERGY AND ECONOMIC ANALYSIS
AN EXPERIMENTAL STUDY ON
USING AMMONIUM HYDROXIDE IN A Abdiilvahap CAKMAK Samsun University, Samsun,

DIESEL ENGINE: ANALYSIS OF
ENGINE PARAMETERS

Turkey

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Moderator: Prof. Dr. Evren ALGIN YAPAR
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 15:00 — 17:00

Title

THE RELATIONSHIP BETWEEN
ORGANIZATIONAL CULTURE AND
ORGANIZATIONAL CREATIVITY
ACCORDING TO PRIVATE SCHOOL
TEACHERS: KABIL EXAMPLE

Author(s)

Mustafa Erdem
Jamaluddin Ahmadi

Affiliation

Kirsehir Ahi Evran University,
Tiirkiye

AN EXAMINATION OF THE
KNOWLEDGE AND AWARENESS
LEVELS OF HEALTH WORKERS IN
TURKEY ABOUT AUGMENTATIVE

Beyza ERKAYA GULER
Miimiine Merve PARLAK

Sivas Numune Hastanesi, Dil ve
Konusma Terapisi Birimi, Sivas,
Tiirkiye

o Yo B,
COMMUNICATION SYSTEMS ’ ’
EVALUATION OF DIGITAL PILLS IN Merve Nur OZDEMIR Sivas Cumhuriyet University,
TERMS OF TREATMENT AND ETHICS Evren ALGIN YAPAR Sivas, Tiirkiye.
DOSIMETRIC COMPARISON OF
DIFFERENT TPS DATA IN . Necmettin Erbakan University,
PERIAMPULLAR CANCERS WITH Ahmet SAHIN Konya, Tiirkiye ’
RADIOTHERAPY INDICATION
IMPACT OF NKILA ON THE Burcu BAYYURT
EXPRESSION OF BCL-2 AND BAX Seyda AKIN Sivas Cumhuriyet University,
GENES IN ATHEROSCLEROSIS Nil 0ZBiLUM SAHIN Sivas, Tiirkiye
PATHOGENESIS Izzet YELKOVAN
EXAMINING THE EFFECTS OF Oguzhan AYDOGAN Sivas Cumhuriyet University
CLIMATE DATA ON STREAM FLOW Sayiter YILDIZ Sivas, Turkey ’
AND THE METHODS USED Can Biilent KARAKUS ’
lgﬁé\l AéI‘GI'l]fII\(;[E‘IX;‘T(‘)EF AS;]J]])B SOTISA (l)\llf ]IZI\? Serdar DEMIRKAYA Sivas Cu.mhuri}{et .University,
Sayiter YILDIZ Sivas, Tiirkiye

DRINKING WATER

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Moderator: MD. Shamshuddin
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 15:00 — 17:00

Title

EFFECT OF ELECTROMAGNETIC
TREATMENT ON THE MECHANICAL

Author(s)

Engr.Imran khan
Prof. Dr. Afzal Khan

Affiliation

Univesity of Engineering and
Technology Peshawar,Pakistan

PROPERTIES OF TURBINE BLADES Abdullah
OSCILLATION CRITERIA FOR SECOND-
ORDER DIFFERENTIAL EQUATIONS Maryam Alkandari Kuwait University, Kuwait

NEUTRAL DELAY EMDEN-FOWLER
EQUATIONS

OPTIMIZING LEACHATE TREATMENT
FROM MOHAMMEDIA-BENSLIMANE
LANDFILL

Roukaya Bouyakhsass, Salah

Souabi, Safaa Khattabi Rifi,
Soukaina Bouaouda,
Abdeslam Taleb, Abdelaziz
Madinzi

University Hassan II, Mohammedia,
Morocco.

TOXICITY OPTIMIZATION OF GREEN
ZINC OXIDE QUANTUM DOTS IN
ZEBRAFISH USING BOX-BEHNKEN
DESIGN: A NOVEL APPROACH FOR
SAFER NANOPARTICLE SYNTHESIS

R. Mary Nancy Flora, M.
Chamundeeswari, S. Palani

Arunai Engineering College, India
St. Joseph’s College of Engineering,
India

NUMERICAL SIMULATION AND
COMMUNICATION FOR NONLINEAR
THERMAL AND SOLUTAL SYSTEM OF
UNSTEADY NON-NEWTONIAN WITH
NATURAL CONVECTION

Muhammad Awais, T.
Salahuddin

Mirpur University of Science and
Technology, Pakistan

ENHANCING PRODUCTION EFFICIENCY
THROUGH FACILITATION AND WORK-
STUDY, USING REVISED NIOSH
EQUATION, A CASE STUDY

Eng. Sohail khan

ESSENTIAL SERVICE QUALITY IN
JUNIOR NON-COMMISSIONED OFFICERS
IN NAVY TOWN, LAGOS

Sani Audu Maiyaki, Bala
Ishiyaku, Ibrahim
Idris,Sakinatu Muhammad
Yayajo

MIXED CONVECTION OF POWER LAW
NANOLIQUID TRANSPORT IN CUBIC
CAVITY WITH WAVY BOTTOM WALL:
ENTROPY PERFORMANCE

MD. Shamshuddin

SR University, India.

DESIGN STRUCTURE MATRIX
MODELING FOR SUSTAINABLE

THERMAL MANAGEMENT SYSTEM OF " BO8Y; ’
AN ELECTRIC VEHICLE
SUSTAINABLE MANUFACTURING BY Tanveer Alam University of Engineering &
APPLYING VALUE STREAM MAPPING IN Tufail Habib Technogolgy, Peshawar, Pakistan

A HOME APPLIANCE COMPANY

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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Moderator: SALAA Fahima

Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 15:00 — 17:00

CONVERGENT SEQUENCES IN
CREDIBILITY SPACE

CHARACTERIZATION OF LACUNARY I-

Mousami Das, Binod Chandra
Tripathy, Omer Kisi

Author(s)

Affiliation

Tripura University, India
Bartin University, Turkey

THE RECEIVING AND STUDY OF
CARBIDE SIALON NANO COMPOSITE
WITH ALUMINA OXIDE NANO POWDER

Z. Kovziridze, N.Nijaradze, G.
Tabatadze, T. Cheishvili, Ts.
Danelia, N. Darakhvelidze

Technical University of Georgia

STABILITY ASSESSMENT FOR A
FRACTIONAL MODEL DESCRIBING
COCHINEAL TRANSMISSION

Mostafa RACHIK, Oumaima
EL BAZ, Mohamed Ait Ichou,
Hassan LAARABI

Hassan II University Casablanca,
Morocco

Laboratory RST-EMA ESEF Agadir,

IBN ZOHR of Agadir, Morocco.

COMPARISM OF LAND SURFACE
TEMPERATURE VARIATION IN
DIFFERENT LOCATIONS IN IKOT
EKPENE LOCAL GOVERNMENT AREA,
AKWA IBOM STATE

Enobong Jeremiah Effiong
dr. (Mrs) Imabong Mfon
Essen
mrs. Udeme Udofia Inyang
Mr. Editi Etim Paul

Akwa Ibom State Polytechnic, Ikot
Osurua, Akwa Ibom State, Nigeria

COMBINING MOLECULAR DYNAMICS
SIMULATIONS (MD) WITH INTEGRAL
EQUATION METHODS (IEMS):
STRUCTURE OF A MIXED SYSTEM:
MICROEMULSIONS (MES) COVERED
WITH POLYMERS

Rachid Ahfir, Ayoub Arbia,
Redouane Elhajjam, Lamiae
Talha, Mohammed Filali

Sidi Mohamed Ben Abdellah
University, Morocco

ADSORPTION OF AN ANIONIC
MICROPOLLUTANT IN AQUEOUS
SOLUTION BY ORGANIC CLAYS:
EQUILIBRIUM MODELLING, KINETIC
AND THERMODYNAMIC EXPLORATION

SALAA Fahima, Medjdoub
Aicha, Benabbou Asmae,
Khelifa Amine

Université de Mostaganem, 27000,
Algérie

TRANSFORMATION OF CHITIN INTO
CHITOSAN: CARACTERIZATION AND
STUDY OF ADSORPTION

Aicha MED]DOUB, Zahra
MEKIBES ,Fahima SALAA,
Asmae BENABBOU, Halima
DELALI, Fadila NEMCH]I,
Mostefa BELHAKEM

Université Abdelhamid Ibn Badis -
Mostaganem, Algéria,

DISSOLUTION MECHANISM OF
CELLULOSE IN
BENZYLTRIETHYLAMMONIUM/UREA
DEEP EUTECTIC SOLVENT (DES): DFT-
QUANTUM MODELING, MOLECULAR
DYNAMICS AND EXPERIMENTAL
INVESTIGATION

Omar Azougagh
Hayat E1 HAMMI
Loubna JABIR
Mohammed nor
Soumya ESSAYEH
Soufian EL BARKANY

Mohamed First University Morocco
Abdelmalek Essaadi University,
Morocco

FLOW GENERATED BY SLOW STEADY
ROTATION OF A SPHERE IN A THERMO-
VISCOUS FLUID BOUNDED BY A POROUS
MEDIUM

N.Pothanna, P. Aparna

All participants must join the conference 10 minutes before the session time.

VNR Vignana Jyothi Institute of
Engineering and Technology,
Hyderabad, 500090, Telangana

State, India..

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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Moderator: Dr. Belfarhi Leila
Meeting ID: 862 1528 3413 / Passcode: 010101
Ankara Local Time: 15:00 — 17:00

Author(s) Affiliation

Title

PREDICTIVE MODELING OF POROSITY-

INDUCED MECHANISMS AND
STRUCTURAL DAMAGE IN ADVANCED
HIGH-STRENGTH STEEL: AN IN-DEPTH

ANALYSIS

Amir Slamene, Billel Hamza,
Ilies Mrabet, Mohammed
Yassine Mazari,
Mohamed Mokhtari, Sadek
Gouasmi, Habib Benzaama

National Polytechnic School of Oran
Maurice Audin, Algeria
University of Abou Beckr Belkaid
(UABT), Algeria

ADVANCING FINITE ELEMENT
MODELING OF FUNCTIONALLY GRADED
MATERIALS: INTRODUCING UMM FOR
ENHANCED MECHANICAL BEHAVIOR
ANALYSIS AND DAMAGE PREDICTION

Amir Slamene, Billel Hamza,
Ilies Mrabet, Mohammed
Yassine Mazari,
Mohamed Mokhtari, Sadek
Gouasmi, Habib Benzaama

National Polytechnic School of Oran
Maurice Audin, Algeria
University of Abou Beckr Belkaid
(UABT), Algeria

A STUDY ON THE EFFECT OF TANNIC
ACID AND GALLIC ACID ON 3D-PRINTED
POLYLACTIC ACID SURFACE
PROPERTIES AGAINST OF P.
AERUGINOSA AND S. AUREUS
ADHESION

ERRABITI Badr
Amal EL AABEDY
Sara ER-RAHMANI
Soumya EL ABED
Saad IBNSOUDA KORAICHI

Laboratory of Microbial
Biotechnology and Bioactive
Molecules, Faculty of Science and
Technology, Sidi Mohamed Ben
Abdellah University, Fez, Morocco

IMPROVEMENT OF THE SONO-PHOTO-
FENTON SYSTEM FOR THE
REMEDIATION OF LANDFILL LEACHATE
FROM THE CITY OF FEZ, MOROCCO:
OPTIMIZATION OF PROCESS
PARAMETERS USING RESPONSE
SURFACE METHODOLOGY (RSM)

Hamza Bellouk, Karim Tanji,
Fouad Khalil, Mostafa
Nawdalij, Hicham Zaitan

Sidi Mohamed Ben Abdellah
University, Morocco
Mohammed VI Polytechnic
University, Morocco
Ibnou Zohr University, Morocco

3-D MAGNETOHYDRODYNAMIC
AA7072-AA7075/METHANOL HYBRID
NANOFLUID FLOW ABOVE AN UNEVEN

THICKNESS SURFACE WITH SLIP
EFFECT

G.P. Ashwinkumar, C.
Sulochana, N.Sandeep

Vijayanagara Sri Krishnadevaraya
University, India.
Gulbarga University, India.
Central University of Karnataka,
India

ENERGY EFFECT OF CALOTROPIS
PROCERA PLANTS AGAINST ENERGY OF
MERCURY CHLORIDE (HgCl 2)

Dr. Belfarhi Leila

CRAPC research center in Algiera

WEIBULL-GUMBEL TYPE II
DISTRIBUTION PROPERTIES AND ITS
APPLICATIONS TO BIOMEDICAL DATA

OLAYEMI Michael Sunday,
OLAJIDE Oluwamayowa
Opeyimika, MICHAEL Sunday

Kogi State Polytechnic, Lokoja,
Nigeria.

SETS Michael
ANALYSIS OF MATERNAL MORTERLITY | OXprle Wty Bhcedants | e e ebnalo
CASES IN WUKARI ' 4

Nwaokolo Blessing

(AFIT), Kaduna State, Nigeria

THERMODYNAMIC MODELLING AND
EXPERIMENTAL STUDY OF THE MIXED
SYSTEM Al-Mg-CI-H20 at T=353.15 K

Kawter Chakib; S.
Mohammed Aboufaris El
Alaoui; Mohamed EL

Guendouzi

University of Hassan II - Casablanca,
Morocco

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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PRODUCTS

Iclal AVINC AKPINAR

EFFECT of 3-AMINOPROPYL TRIETHOXY SILANE-SURFACE
MODIFICATION OF DIFFERENT TYPES OF NANOSTRUCTURES ON
THE JOINT PERFORMANCE IN ADHESIVE JOINTS

Abdullah BARLIK, Ozlem ONAY

EVALUATION OF THE EFFECTS OF DC POWER INCREASE AND 17
LOSSES IN SOLAR POWER PLANTS
Abdiilvahap CAKMAK

AN EXPERIMENTAL STUDY ON USING AMMONIUM HYDROXIDE IN 34
A DIESEL ENGINE: ANALYSIS OF ENGINE PARAMETERS

Ahmet Giirkan YUKSEK, Ahmet Utku ELIiK, Mesut AGKUS

AN INNOVATIVE APPROACH TO IMPROVE THE GUIDANCE
TRACKING METHODS OF AUTOMATED GUIDED VEHICLE (AGV)
SYSTEMS WITH EXPERT SYSTEM APPROACHES

Yasin KAYMAZ, Gencay SARIISIK
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HIERARCHY PROCESS (AHP) METHOD

N.K. Udayaprakash, Vardhana Janakiraman, Thenmozhi Mani
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Fidan KILIC, Ozlem Pelin CAN

NON-THERMAL PRESERVATION METHODS FOR MEAT AND
PRODUCTS: PULSED LIGHT APPLICATIONS

109

Maryam Varavipour

EVALUATION OF NITRATE HEAVY METALS POLLUTANTS
REMOVAL RATE FROM ZARJOUB RIVER (IRAN) USING A WETLAND
HYBRID SYSTEM

115

Elham Mohammadian, Maryam Varavipour

EVALUATION OF PHYTOREMEDIATION POTENTIAL AND YIELD OF
HELIANTHUS ANNUUS UNDER SEWAGE SLUDGE APPLICATION

127

Ekrem YARTASI, Ayse Vildan SERT

EXAMINING THE RELATIONSHIP BETWEEN FRINGE FREQUENCY
AND OBJECT SIZES IN THE GATES INTERFEROMETER
PROFILOMETRY

140

Tugba DEDEBAS, Meryem GOKSEL SARAC

USE POSSIBILITIES OF DIFFERENT CEREAL FLOURS IN VEGAN
MEATBALL PRODUCTION

146

Oznur Oztuna Taner

INVESTIGATING PRODUCT QUALITY IN POTATO CRISPING VIA
HEAT TRANSFER

Petre Nadirashvili, Manuchar Shishinashvili, Giorgi Chubinidze
ROAD INFRASTRUCTURE FOR TOURISM IMPROVEMENT FOR THE

KAZBEGI REGION IN GEORGIA

153

162

Alenka Pavko Cuden

DIGITALISATION, SUSTAINABILITY AND CIRCULARITY IN
MACHINE KNITTING

168

Tanveer Alam, Tufail Habib

SUSTAINABLE MANUFACTURING BY APPLYING VALUE STREAM
MAPPING IN A HOME APPLIANCE COMPANY

174

Giizide KALYONCU ERGULER
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OZET

Giiniimiizde tiiketiciler giderek daha bilingli ve segici hale geliyor; yiyeceklerinin kaynaklar1 ve islenme
yontemleri hakkinda daha fazla bilgi edinmek istiyorlar. Bu egilim, dogal ve islenmemis gidalara olan
talebi artirmis, boylece ¢ig siit tiikketimi gibi bazi geleneksel tiiketim sekillerini popiiler hale getirmistir.
Cig siit, ozellikle "dogal tiikketim" ve "yerel satin alma" egilimleri baglaminda tercih edilen bir icecek
olarak on plana c¢ikmaktadir. Bu durum, tiiketiciler arasinda igleme ve uzun siireli muhafaza
yontemlerinin siitiin besinsel degerini diisiirdiigli ve sagliga zararli etkileri olabilecegi algisina
dayanmaktadir. Bu algi, yerel olarak iretilen ve iglenmemis siitiin besin kalitesinin ve lezzetinin,
endiistriyel isleme yontemlerine tabi tutulan siitten iistiin oldugu inanciyla pekistirilmistir.Bu ¢aligma,
Visible Near-Infrared (VIS-NIR) spektroskopisi ve makine 6grenmesi tekniklerini kullanarak ¢ig ve
islenmis siit 6rneklerinin siniflandirilmasini aragtirmaktadir. Siit tiiketiminin artmasiyla birlikte,
ozellikle ¢ig siitiin tiketimi gilivenlik ve besin degeri acisindan dikkatle degerlendirilmelidir.
Arastirmada, ¢ig ve islenmis siit Ornekleri arasindaki kimyasal ve mikrobiyolojik farkliliklar:
belirleyebilmek icin spektral dlctimler yapilmistir. Makine 6grenmesi algoritmalari, 6zellikle Lojistik
Regresyon modeli, siit 6rneklerini biiyiik bir dogrulukla siniflandirmak i¢in kullanilmigtir. Model, test
setinde %100 dogruluk saglayarak, VIS-NIR spektroskopisinin siit igleme durumunu belirlemede
giivenilir bir ara¢ oldugunu kanitlamistir. Bu bulgular, gida giivenligi ve kalite kontrol uygulamalarinda
spektral imza ve makine Ogrenmesi tekniklerinin kullanimimi desteklemekte, ayn1 zamanda siit
iriinlerinin hizli ve etkin bir sekilde siniflandirilmasina olanak tanimaktadir. Arastirma, siit
endiistrisinde kalite ve giivenlik standartlarinin iyilestirilmesine katki saglamakla kalmayip, gida
izlenebilirligi ve tiiketici sagliginin korunmasi yoniinde 6nemli adimlar atmistir. Bu calismanin
sonuglari, siit siniflandirma tekniklerinin gelistirilmesi ve uygulanmasi konusunda yeni yollar sunmakta
ve bu teknolojilerin potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Visible Near-Infrared Spektroskopisi (VIS-NIR),MakineOgrenmesi,Lojistik
Regresyon,Siit Uriinleri Siniflandirmas1,Cig Siit Tiiketimi

ABSTRACT

In today's world, consumers are becoming increasingly aware and selective; they seek more information
about the sources and processing methods of their food. This trend has boosted the demand for natural
and unprocessed foods, thus making traditional consumption forms like raw milk consumption popular.
Raw milk, especially within the context of "natural consumption™ and "local purchasing"” trends, has
emerged as a preferred beverage. This preference is rooted in the perception among consumers that
processing and long-term preservation methods may reduce the nutritional value of milk and potentially
have harmful health effects. This belief is reinforced by the notion that locally produced and unprocessed
milk's nutritional quality and flavor are superior to that of milk subjected to industrial processing
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methods.This study investigates the classification of raw and processed milk samples using Visible
Near-Infrared (VIS-NIR) spectroscopy and machine learning techniques. With the increase in milk
consumption, particularly the consumption of raw milk, its safety and nutritional value must be carefully
evaluated. The research has conducted spectral measurements to identify the chemical and
microbiological differences between raw and processed milk samples. Machine learning algorithms,
particularly the Logistic Regression model, have been used to classify milk samples with high accuracy.
The model has proven the reliability of VIS-NIR spectroscopy in determining the processing status of
milk by achieving 100% accuracy in the test set. These findings support the use of spectral signatures
and machine learning techniques in food safety and quality control applications, and also facilitate the
rapid and effective classification of dairy products. The research contributes to improving quality and
safety standards in the dairy industry and takes significant steps toward food traceability and consumer
health protection. The results of this study offer new avenues for the development and application of
milk classification techniques and highlight the potential of these technologies.

Keywords: Visible Near-Infrared Spectroscopy (VIS-NIR),Machine Learning,Logistic Regression,
Dairy Product Classification, Raw Milk Consumption

GIRIS:

Siit, diinya genelinde tiiketilen temel gida maddelerinden biri olup, beslenme ve saglik agisindan 6nemli
faydalar sunmaktadir(Nagpal vd., 2012)(Pereira, 2014). Ozellikle ¢ig siit, dogallig1 ve islenmemis
olmas1 nedeniyle, tiiketiciler arasinda bir tercih haline gelmis; ancak bu tercih, siitlin mikrobiyolojik
giivenligi ve besin degeri hakkinda yeni sorular1 da beraberinde getirmistir(Alegbeleye vd., 2018). Cig
stitiin potansiyel saglik riskleri, kamu saglig1 profesyonelleri ve tiiketiciler i¢in giderek daha fazla bir
endise kaynagi olustururken, ¢ig ve pismis siitlin ayrimimin yapilabilmesi i¢in giivenilir ve hizli
yontemlere olan ihtiyag¢ artmigtir(Ziyaina vd., 2020).Gida endiistrisinde, 6zellikle siit ve siit {irlinlerinin
giivenliginin  saglanmasi, gida kaynakli hastaliklarin  6nlenmesi icin kritik bir Onem
tasimaktadir(Ahmedsham vd., 2018). Bu baglamda, Visible Near-Infrared (VIS-NIR) spektroskopisi
gibi ileri teknolojik yontemlerin kullanimi, siitiin bilesenleri ve mikrobiyolojik kalitesi arasindaki
farkliliklart tespit etmek i¢in umut verici bir yaklasim olarak 6ne ¢ikmaktadir. Spektroskopik teknikler,
15181n madde tarafindan absorbe edilme ve yansitilma 6zelliklerine dayanarak, siitiin kimyasal yapisini
ve islenmis durumunu hizl bir sekilde analiz etme potansiyeline sahiptir(Loudiyi vd., 2022).Bu ¢alisma,
¢ig ve pismis siit drneklerinin VIS-NIR spektroskopisi kullanilarak smiflandirilmasini ve makine
Ogrenmesi tekniklerinin bu siniflandirmadaki roliinii incelemektedir. Makine 6grenmesi, biiylik veri
setleri lizerinden karmasik desenleri tanima ve tahmin etme konusunda giderek daha fazla kabul gdren
bir alan haline gelmistir(Najafabadi vd., 2015). Bu teknolojinin siit siniflandirmasinda kullanilmasi, hem
hizli hem de yiiksek dogruluk oranlar1 vaat etmektedir.Lojistik Regresyon gibi makine 6grenmesi
algoritmalari, modelin egitimi ve testi sirasinda kullanilarak, ¢ig ve pigmis siit drneklerini basariyla ayirt
edebilmistir. Bu modelin test setindeki Ornekleri %100 dogrulukla smiflandirmasi, VIS-NIR
spektroskopisinin  giivenilirligini ve makine Ogrenmesi tekniklerinin bu alandaki etkinligini
kanitlamaktadir. Ayrica, bu sonuglar, gida giivenligi ve kalite kontrol siireglerinde spektral imzalarin
kullanilmasinin potansiyelini gostermektedir.Bu ¢aligmada siit ve siit iiriinlerinin giivenliginin 6nemini,
spektroskopik yontemler ve makine O0grenmesi tekniklerinin siit siniflandirmasi alaninda nasil bir
devrim yaratabilecegini ve gida endiistrisindeki uygulamalarinin kapsamini anlatmaktadir. Arastirma,
¢cig siit tiiketimine iligkin risklerin yani sira, gida endiistrisindeki mevcut kalite kontrol ve giivenlik
protokollerinin iyilestirilmesine yonelik bilgiler sunmaktadir. Caligmanin bulgulari, siitiin islenme
durumunu anlamak i¢in spektral imzalarin ve makine 6grenmesi algoritmalarinin entegrasyonunun etkili
bir yol oldugunu vurgulamakta, ayn1 zamanda time bu tekniklerin genis spektrumda nasil potansiyel
¢Oziimler sunabilecegini gostermektedir. Bu gercevede, siit endiistrisi i¢in spektral analiz ve makine
Ogrenmesi teknolojilerinin entegrasyonu, gida giivenligi protokollerinin giliglendirilmesine dnemli
katkilarda bulunabilir.Modern gida bilimi ve giivenligi alaninda, tiikketici sagligin1 koruma ve gida
kaynakli hastaliklarin onlenmesi amaciyla hizli ve dogru test yontemleri gelistirmek biiyiikk 6nem
tasimaktadir(Mangal vd., 2016). Cig siit, icerdigi zengin besinler nedeniyle birgok kisi i¢in degerli bir
besin kaynagi olmakla birlikte, islenmemis olmasi nedeniyle bazi saglik risklerini de beraberinde
getirebilir(Baral vd., 2020). Bu nedenle, ¢ig ve pismis siitiin dogru siiflandirilmasi, tiiketicilere giivenli
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iriinler sunulmasmi saglamanin yani sira, gida endiistrisinde kalite ve giivenlik standartlarinin
korunmasi i¢in hayati bir siirectir.Bu ¢alisma kapsaminda gelistirilen ve test edilen siniflandirma modeli,
¢ig ve pismis siit 6rnekleri arasindaki ayrimi %100 dogrulukla gerceklestirebilmis ve bdylece siitiin
islenme durumunu belirlemede etkili bir yontem oldugunu gostermistir. Bu, siitlin islenme durumunu
dogrulamak i¢in kullanilan mevcut yontemlere hizli ve giivenilir bir alternatif sunabilir. Ayrica, makine
O0grenmesi algoritmalarinin uygulanmasi, karmasik veri setleri ilizerindeki analizleri 6énemli 6lciide
hizlandirabilir ve bu sayede gida giivenligi test siireclerinin verimliligini artirabilir.Siit endiistrisindeki
uygulamalarin yani sira, bu calismanin metodolojisi, gida teknolojisi alaninda genis bir yelpazedeki
tiriinler i¢in de model olusturabilir(Chemat vd., 2011). Spektral imza analizi ve makine 6grenmesi
yaklagimlarinin entegrasyonu, gida bilesenlerinin ve mikrobiyolojik kalitenin hizli bir sekilde
degerlendirilmesine imkan tanmiyarak, gida giivenligi protokollerinin giincellenmesine ve
gelistirilmesine katkida bulunabilir(Miiller-Maatsch vd., 2021)(Swanson, 2023). Bu yaklagim, gida
iretimi ve isleme siire¢lerindeki inovasyonun Oniinii agabilir ve siirdiiriilebilir gida sistemlerinin
desteklenmesine yardimci olabilir.Sonug olarak, bu ¢alisma, ¢ig ve islenmis siitiin siniflandirilmasinda
spektral analiz ve makine 6grenmesi yaklasimlarinin basarisin1 gostermekte ve bu tekniklerin gida
giivenligi alanindaki potansiyel uygulamalarini vurgulamaktadir. Gelecek arastirmalar, bu yaklagimlarin
daha genis 6rneklem gruplari ve gesitli gida maddeleri iizerinde test edilmesini ve endiistriyel dlgekte
uygulanabilirliginin degerlendirilmesini icermelidir. Bu, sadece siit endiistrisi i¢in degil, genel olarak
gida giivenligi ve kalite kontrolii pratikleri i¢in de dnemli etkilere sahip olacaktir.

YONTEM
Veri Toplama

Calisma, cesitli yerel c¢iftliklerden ve siit isleme tesislerinden toplanan ¢ig ve pismis siit drnekleri
iizerinde gerceklestirilmistir. Toplanan siit 6rnekleri, spektral analiz i¢cin uygun hale getirilmeden 6nce
gerekli 6n islemlerden gegirilmistir.

Spektral Analiz

Her bir 6rnek i¢in, 410nm ile 940nm arasinda degisen dalga boylarinda toplam 18 spektrum 6l¢timii
yapilmistir. Spektral dl¢iimler, her bir 6rnegin 15181 nasil absorbe ettigi ve yansittig1 bilgisini saglamak
icin yiiksek ¢oziintirliklii bir spektrofotometre kullanilarak gergeklestirilmistir.

Veri On isleme ve Normalizasyon

Olgiilen spektral veriler, modelin egitim siirecinde daha iyi performans gdstermesini saglamak igin
normallestirilmistir. Normalizasyon islemi, her bir dalga boyu i¢in yogunluk degerlerinin dlgiim
araligindaki maksimum yogunluk degerine oranlanmasiyla yapilmistir. Bu yontem, farkli 6rnekler
arasinda dogrudan karsilagtirma yapilabilmesi i¢in spektral verilerin 6lgeklendirilmesini saglamaktadir.

Makine Ogrenmesi Modeli ve Siniflandirma

Lojistik Regresyon modeli, siit 6rneklerinin ¢ig ya da pismis siit olarak siniflandirilmasi igin
kullanilmigtir. Model, veri setinin %80'1 ile egitilmis ve kalan %20'si ile test edilmigtir. Modelin
performansi, karmagiklik matrisi ve siiflandirma dogrulugu gibi metriklerle degerlendirilmistir.

Model Degerlendirme

Modelin siniflandirma performansi, test setindeki gercek simif etiketleri ile modelin tahminleri
kargilagtirilarak degerlendirilmistir. Karmagiklik matrisi, modelin her siif i¢in dogru ve yanlig
pozitifleri yani sira dogru ve yanlis negatifleri gorsel olarak sunar.

BULGULAR

Bu grafik, modelin test setindeki performansini gosteren bir Karmagiklik Matrisi (Confusion Matrix)
olarak bilinir. Karmagiklik Matrisi, bir siniflandirma modelinin dogruluk derecesini gorsellestiren bir
tablodur. Bu 6rnekte, ¢ig siit (0) ve pismis siit (1) olmak iizere iki farkli kategoriye ayrilmistir. Matris
iki sinift - Cig Siit ve Pigmis Siit - temsil etmektedir ve modelin her bir sinifi nasil siniflandirdigimi
gostermektedir.X ekseni "Tahmin Edilen Etiket"i temsil eder ve modelin tahminlerini gosterir. Bu
durumda, iki tahmin edilen etiket siitiin iki durumu i¢in “Cig Siit” ve “Pigmis Siit” olarak belirlenmistir.




INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

Y ekseni "Gergek Etiket"i temsil eder ve test setindeki 6rneklerin gergek siniflarini gosterir. Bu eksen
de “Cig Sit” ve “Pismis Siit” olmak iizere iki sinifi icerir.Sekil 1 de bu matriste, her iki yanlis
smiflandirma hiicresinin (sag iist ve sol alt) sifir oldugunu ve dogru simiflandirma hiicrelerinin (sol iist
ve sag alt) yliksek degerler igerdigini gérmekteyiz. Bu, modelin test veri setindeki her bir 6rnegi dogru
bir sekilde siniflandirdigini, yani %100 dogruluk orani elde ettigini gosterir. Grafik mavi tonlaridaki
renk paleti kullanilarak olusturulmus, sayilar ve renk yogunlugu dogru siniflandirma sayisini temsil
etmektedir.Renk ne kadar koyuysa, o hiicredeki say1 o kadar yiiksektir. Bu gorsellestirme, modelin
performansinin hizli ve kolay bir sekilde degerlendirilmesine olanak tanir.

Siniflandirma Karmasiklik Matrisi
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Sekil 1. Cig ve Pigmis Siit Siniflandirma Performans Matrisi

Smiflandirma karmasiklik matrisi, modelin her iki sinifi da miitkemmel bir sekilde siniflandirdigini
gostermektedir. Matriste, her iki sinifa ait dogru pozitif tahminlerin (gergek etiket ile tahmin edilen

etiketin uyustugu durumlar) sayisi, her bir sinif icin beklenen degerlerle tam olarak eslesmektedir. Bu,
modelin test setinde hi¢ hata yapmadigin1 gosterir.

Sekil 2 de Veriler, 6zelliklerin her biri igin ortalama degerin 0 ve standart sapmanin 1 olacak sekilde
normallestirilmistir. Normalizasyon islemi sonucunda, siit drneklerinin 6zellikleri arasinda mevcut
varyansi korurken farkli 6l¢ceklendirmeleri ortadan kaldirarak makine 6grenmesi algoritmalarinin daha
etkin calismasini saglar. Gosterilen normallestirilmis veri setinde, her bir siitiin spektral 6l¢timleri artik
Olgeklendirilmis ve model egitimi i¢in uygun hale getirilmistir.

Qrijinal Spektrum Normalize Edilmig Spektrum
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Sekil 2. Cig ve Islenmis Siit Orneklerinin Orijinal ve Normalize Edilmis Spektral Karsilastirmasi
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Grafikte, secilen bir siit 6rneginin orijinal ve normalize edilmis spektrumlar1 dalga boyu ile yogunluk
arasindaki iligkiyi gostermek tizere ¢izilmistir. Sol taraftaki grafik 6rnegin orijinal spektrumunu, sag
taraftaki grafik ise ayni 6rnegin normalize edilmis spektrumunu gostermektedir. Her iki grafik de
orneklerin spektral ozelliklerini karsilagtirilabilir kilmak i¢in yogunluklari dalga boyu ile birlikte
gosterir. Bu gorsellestirme, normalizasyon isleminin veri dlgeklendirme {izerindeki etkisini agikca
sergilemektedir.Bu grafik, secilen bir siit 6rneginin orijinal ve normalize edilmis spektrumlarini
karsilagtirmaktadir. Her iki grafik de, siit 6rneginin dalga boyuna bagh yogunluk degerlerini
gostermektedir. X-ekseni, dalga boyunu nanometre (nm) cinsinden ifade eder ve genellikle 400nm ile
1100nm arasinda degisen spektral bir araligi temsil eder.Y-ekseni, her bir dalga boyunda 6lgiilen
yogunlugu temsil eder. Yogunluk, siit 6rneginin 15181 ne kadar absorbe ettigini veya yansittigini
gosterir.Grafikteki dalgalanmalar, farkli dalga boylarinda siitiin farkli absorpsiyon ve yansitma
ozelliklerini yansitir.Sag Grafik: Normalize Edilmis Spektrum.Bu grafik, normalizasyon isleminden
sonra siit drneginin spektral verilerini gosterir.Normalizasyon islemi, verilerin dlgeklendirilmesiyle,
model egitimi ve analizi i¢in daha uygun hale gelmesini saglamaktadir.X-ekseni yine dalga boyunu
gosterirken, Y-ekseni normallestirilmis yogunluk degerlerini gosterir. Bu degerler, Orneklerin
yogunluklarinin genel bir maksimum degere oranla 6l¢eklendirilmis halidir, bdylece tiim 6rnekler ayni
Olcege sahip olur.Normalizasyon, farklt 6rnekler arasinda dogrudan karsilastirma yapabilmek icin
yogunluk verilerini standart bir 6lgege doniistiiriir. Bu, farkli 6rneklerin spektral 6zelliklerinin daha iyi
karsilagtirilmasint saglamaktadir.Her iki grafik de siit Orneklerinin spektral 6zelliklerinin nasil
Olgiildiiginii ve normalizasyonun bu Ozelliklerin analizinde nasil 6nemli bir rol oynadigim
gostermektedir. Normalizasyonun, makine Ogrenmesi modellerinin egitimi sirasinda karsilasilan
Olceklendirme sorunlarini ¢ozmede temel bir 6nemi oldugu vurgulanmaktadir.

TARTISMA VE SONUC

Bu ¢aligmada gerceklestirilen analizler, ¢ig ve pismis siit orneklerinin Visible Near-Infrared (VIS-NIR)
spektroskopisi kullanilarak etkin bir sekilde ayrilabilmesini saglamistir. Elde edilen bulgular, spektral
Ozelliklerin siitiin termal islem durumunu tespit etmede giiclii bir gosterge oldugunu ortaya koymustur.
Makine 6grenmesi algoritmalarindan yararlanarak yapilan siiflandirma islemleri, 6zellikle Lojistik
Regresyon modelinin kullanimiyla, yiiksek dogruluk oranlari elde edilmistir. Model, test setindeki siit
orneklerini %100 dogrulukla siniflandirmis, bu da VIS-NIR spektroskopisinin ve makine dgrenmesi
tekniklerinin, siitiin islenme durumunu ve potansiyel saglik risklerini belirlemede giivenilir yontemler
oldugunu gostermistir.Bu ¢aligmanin sonuglari, ¢ig siit tiiketiminin artan popiilaritesi baglaminda, siit
diriinlerinin giivenligini ve kalitesini hizli ve dogru bir sekilde dogrulamak i¢in makine &grenmesi
tekniklerinin 6nemli potansiyelini gozler Oniine sermistir. Elde edilen veri seti, ¢ig ve islenmis siit
ornekleri arasindaki spektral farkliliklart detayli bir sekilde aydmlatmis, bu farkliliklarin makine
o6grenmesi modelleri tarafindan kolayca algilanabildigini ve bu sayede siitiin pismis mi yoksa ¢ig mi
oldugunu dogru bir sekilde belirlenebildigini kanitlamistir.Bu ¢alismanin, gida giivenligi ve kalite
kontrolii uygulamalarinda spektral imzalarin ve makine 6grenmesi yontemlerinin uygulanabilirligi
tizerine Onemli bir 151k tuttugu sOylenebilir. Makine Ogrenmesinin entegrasyonu, geleneksel
mikrobiyolojik test yontemlerine kiyasla hiz avantaji saglamakta ve ayni zamanda laboratuvar dis1
ortamlarda uygulanabilir olmasi, saha kosullarinda hizli tespit ve analiz ihtiyacini kargilamaktadir.Sonug
olarak, VIS-NIR spektroskopisi ve makine 6grenmesi kombinasyonu, siitiin mikrobiyolojik giivenligini
ve besin degerini degerlendirmede etkili bir yontem olarak 6ne ¢ikmaktadir. Bu tekniklerin kullanimi,
siit ve siit iriinleri lizerinde daha genis ve derinlemesine ¢alismalar yapilmasi i¢in bir temel olustururken,
ayn1 zamanda gida enddistrisindeki diger lirlinler i¢in de benzer uygulamalarin kapisini aralamaktadir.
Gelecek c¢alismalar, bu bulgularin daha genis veri setleri ve cesitli islenme kosullart iizerinde
dogrulanmasini igermeli ve bu yontemlerin endiistriyel 6lgekte uygulanabilirligini aragtirmalidir. Bu,
stit tirlinlerinin glivenligini ve kalitesini hizl1 ve etkili bir sekilde saglamanin yani sira, tiiketici sagligini
koruma cabalarinda da 6nemli bir rol oynayacaktir.
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ABSTRACT

In adhesive-bonded joints, the interaction of interfacial bond forces between the adhesive and the bonded
material significantly affects the joint performance. In the presented study, different types of
nanostructure-added silane coating method was used on the bonded surface to increase the interfacial
bond strengths between the adhesive and the bonded material. In the study, double-component structural
adhesive DP460 was used as the adhesive, aluminum alloy was used as the bonded material, and
graphene oxide, organoclay, titanium dioxide and aluminum oxide nanostructures were used as
nanostructures. The nanostructures were functionalized with 3-aminopropyltriethoxysilane (APTES) in
methanol/water, and the aluminum surfaces were coated by dipping into the solution. Additionally, butt
joint samples were produced by adding 1% nanostructures by weight to the adhesive and were subjected
to tensile testing to examine the joint performance. When the results of the study were compared with
the control samples (samples without surface treatment and without nanostructure additives), the joint
performance of the samples coated with nanostructure-added APTES compound increased by
approximately 9% to 35%. Additionally, when both the surface is coated and the adhesive is reinforced
with nanostructure, the increase in the performance of the joint is approximately 31% to 78%. This
improvement in joint performance was explained by scanning electron microscopic (SEM) analysis and
fracture surface morphology.

Keywords: Surface modification, Silane, Adhesive, Nanostructures, Joints/joining, Tensile testing.

INTRODUCTION

Due to the increasing demands for lightweight and high-strength joints, studies on improving the
strength of adhesive joints have become popular in recent years. In the applications of adhesive joints,
crack formations at the interface between the bonded material and the adhesive significantly affect the
mechanical and thermal properties of the joint. In recent years, the use of composite adhesives obtained
by adding nanostructures to the adhesive can significantly improve the mechanical, electrical and
thermal properties of adhesive joints. Since nanostructures improve the interfacial properties between
the bonded material and the adhesive, these materials have been considered promising particles.
Nanostructures are frequently used in chemistry, machinery, textile, construction and other related fields
due to their extraordinary mechanical properties, high surface area and excellent effects, and their
application areas are expanding day by day.

The nanostructures added to the adhesive to increase the performance of the adhesive joint are generally
carbon-based nanostructures. Sihn et al. [1] concluded that the nanocomposite adhesive obtained by
adding CNT to the adhesive increased the thermal conductivity of the adhesive joint. However, when
modifying epoxy adhesive with CNT, the CNT addition rate is an important parameter in terms of bond
strength. Hsiao et al. [2] conducted a study on this subject, and as a result of the study, they stated that
there was a direct proportion between the CNT contribution rate and the joint strength. Additionally, in
a study published by Park et al. [3], the modification of epoxy adhesive used in glass/epoxy composite
joints with carbon black was examined. The results indicate that carbon black reinforcement reduces the
thermal expansion coefficient of the adhesive and adequately increases the load-carrying capacity of the
joint. In addition, by adding nanostructure to the adhesive, the strength performance of the joint increases
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significantly by eliminating the difference in thermal expansion coefficients between the adhesive and
the bonded material and increasing the interfacial bond strengths [4-6].

Silanization of nanostructures is a preferred method to increase interfacial adhesion between
nanostructures and polymer matrix. The most commonly used silane coupling agents are organosilanes.
The general formula of organosilanes is RnSiX(4—n); where X is a hydrolyzable group, i.e. ethoxy or
methoxy group, and R is a non-hydrolyzable organic functional group [7]. Additionally, 3-
aminopropyltriethoxysilane (APTES) is an aminosilane consisting of one aminopropyl and three ethoxy
functional groups attached to the central silicon atom and is frequently used as a silane coupling agent
[8]. Enhancement of interfacial adhesion can be achieved by nanostructure and matrix modification by
chemical/physical treatments or by the use of interfacial additives (silane coupling agents). Adding
nanostructures to the adhesive through silane modification in adhesive joints increases the interfacial
performance of the joint. In a study by Arabpour et al. [9], the modified polymer and prepared
nanocomposites were coated on steels using casting solution, and the corrosion resistance of the coatings
was evaluated by electrochemical impedance spectroscopy (EIS) and pull-off test. According to the EIS
results of the study, it was seen that adding GO to a polyamide functionalized with 3-chloropropyl
trimethoxy silane increased the corrosion resistance. Parhizkar et al. In a study conducted by [10], the
effect of graphene oxide (GO) nano fillers pretreated with sol-gel based silane coatings, combined with
epoxy and applied on the steel substrate, on corrosion protection and adhesion properties was examined.
According to the results of the examination, it was seen that pre-treatment of the steel surface with silane
coatings containing functionalized GO nano fillers caused an increase in adhesion strength and a
decrease in the corrosion rate.

In the presented study, different types of nanostructure-added silane coating method was used on the
bonded surface to increase the interfacial bond strengths between the adhesive and the bonded material.
In the study, double-component structural adhesive DP460 was used as the adhesive, aluminum alloy
was used as the bonded material, and graphene oxide, organoclay, titanium dioxide and aluminum oxide
nanostructures were used as nanostructures. The nanostructures were functionalized with 3-
aminopropyltriethoxysilane (APTES) in methanol/water, and the aluminum surfaces were coated by
dipping into the solution. Additionally, butt joint samples were produced by adding 1% nanostructures
by weight to the adhesive and were subjected to tensile testing to examine the joint performance. The
obtained joint test results were explained by scanning electron microscopic (SEM) analysis and fracture
surface morphology.

MATERIALS AND METHODS

In the presented study, DP460 structural adhesive, which is a combination of epoxy and hardener (ratio
2:1) produced by 3M company, was used. The bonded material is a cylindrical AA2024-T3 aluminum
alloy with a diameter of 12 mm and a length of 40 mm, and as nanostructures, graphene oxide (GO-
purity 99.8%, diameter 5 um, surface area 420 m2/g and oxide coverage 2 wt%), organ clay (OC). ),
titanium dioxide (TiO2 - purity 99.5%, particle size 20-30 nm, surface area 60 m2/g) and aluminum
oxide (AI203 - purity 99.55%, particle size 78 nm, surface area 60 m2/g) were used. AA2024-T3
aluminum alloy was supplied from Seykog¢-Turkey company, GO, TiO2 and AI203 nanostructures were
supplied from Nanografi-Turkey company. In the synthesis of organo clay (OC), a clay sample with a
cation exchange capacity (CEC) of 48.9 meq / 100g clay was used. In the preparation of OC, 50 g of
raw clay was added to 160 mg/L Cetyltrimethyl Ammonium Bromide (CTAB) solution and mixed for
30 minutes at a mixing speed of 60 rpm. It was prepared by mixing for minutes. The OC obtained by
filtering the suspensions was dried at 110°C for 24 hours and stored by grinding [11]. The mechanical
properties of the adhesive and bonded material used in experimental studies are given in Table 1 [12].
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Table 1. Material properties of the bonded material, adhesive and fiber [12].

AA2024-T3 DP 460
E (MPa) 70410 *6'5 1984 *4
0 0.33 0.37
[t (MPa) 476 %17 38.4 %!
Ot (%) 16 4.7

E: Young’s modulus; O: Poisson’s ratio; 0:[: Ultimate tensile strength; 0:0: Ultimate tensile strain

Chemical surface pretreatment (surface etching process) was applied to the cylindrical aluminum parts
used in the butt lap joint. The purpose of the applied chemical surface pretreatment is to remove the
oxide layer on the surface of the parts. For chemical surface pretreatment, the sodium hydroxide pellet
was soaked in 15% NaOH solution by weight for 20 minutes and the parts were cleaned with pure water.
To remove NaOH residue on the aluminum parts, the aluminum parts were kept in a 20% pure nitric
acid (HNO3) solution for approximately 2 minutes and then the HNO3 solution was cleaned with pure
water.

(a) ‘ (b)

Figure 1: Removing the oxide layer from the surface of aluminum parts, a) aluminum parts after
removal of the oxide layer, b) aluminum parts with NaOH solution removed.

In the presented study, the surface of the bonded materials was coated with silane solutions with and
without nanostructure additives. For the nanostructure-free silane process, 3% by weight 3-
aminopropyltriethoxysilane (APTES) silane material was mixed in a 90% methenol by weight 10%
distilled water solution in a magnetic stirrer at room temperature (23°C) for 20 minutes. Aluminum parts
were immersed in this solution, called silane solution, and then dried in an oven at 110 °C for 1 hour.
For the nanostructure-added silane process, 1% nanostructure by weight was added to the silane
coupling solution prepared by the method described above and mixed for 20 minutes in a magnetic
stirrer at room temperature (Figure 2a). Then, 1% by weight polyvinylpyrrolidone (PVP) was added to
the nanostructure-doped silane solution and mixed in an ultrasonic mixer for 10 minutes (Figure 2b).
Aluminum parts were immersed in this solution, called nanostructure-doped silane solution, and then
dried in an oven at 110 °C for 1 hour (Figure 2c).
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Figure 2: Preparation of nanostructure-doped silane solution, a) Adding nanostructure additive to silane
solution, b) Adding PVP to nanostructure-doped silane solution, c) drying of aluminum parts coated
with silane solution.

In addition, adhesives with and without nanostructure additives were used as adhesives in the study. To
prepare nanostructure-added adhesive, 10 grams of epoxy and 1% (0.15 g by weight) of adhesive (15 g)
nanostructure was added to an empty beaker with the help of a precision balance. Then, acetone,
approximately twice the amount of epoxy, was added to the same beaker and mixed in an ultrasonic
mixer at a frequency of 30KHz for 20 minutes. The aim here is to ensure homogeneous distribution of
the nanostructure in the adhesive by increasing the distance between nanoparticles. The beaker
containing epoxy, nanostructure and acetone was kept at 50°C to allow the acetone to evaporate. Then,
5 g of hardener was added to the mixture and mixed by hand for 10 minutes. This method was first
applied in a project carried out within the scope of Tiibitak 1001 [13].

Special molds were used to adjust the adhesive thickness (adhesive thickness 0.18+0.01 mm) in the
production of butt joint samples combined with adhesives with or without nanostructure additives using
aluminum materials whose surface was coated with nanostructure-added silane solution. The samples
prepared in the mold were placed in a hot press and kept at 70°C for 120 minutes to ensure the curing
conditions of the adhesive. After curing was completed, the adhesive was removed from the mold. Thus,
test samples of the butt joint shown in Figure 3 were produced. Additionally, the parameters used in the
experimental study are given in Table 2 and 3 samples were produced from each parameter.

Figure 3: Examples of adhesive-joined butt joint samples.
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Table 2. Parameters used in the experimental study.

Code 0.5% wt. nanostructure added silane 1% wit. nanostructure added
coating adhesive
Al e e
A2 e GO
A3 e oC
A4 s TiO,
A5 e Al03
A-6 GO
A-7 oc e
A-8 Tio,
A-9 ALOs e
A-10 GO GO
A-11 oC oC
A-12 TiO, TiO>
A-13 Al;Os Al;O3

The tensile test of adhesive joints was performed on a computer-controlled Instron-5982 (USA)
universal tensile device at a tensile speed of 1 mm/min. In addition, gauge length was drawn on the
sample to obtain more precise displacement data with a video extensometer during the test. The tensile
test procedure was applied to the butt adhesive joints, and the average damage loads and damage
surfaces of the joints were obtained. Additionally, joint test results with and without nanostructure
additives are explained with scanning electron microscopic (SEM FEI-Quanta 250) analysis and fracture
surface morphology.

FINDINGS and DISCUSSION

In the presented study, the surface of the bonded aluminum material was coated with GO, OC, TiO; and
Al,O3 nanostructure-doped silane solution. The silane solution can react with the hydroxyl group on the
aluminum surface at temperatures of 100°C and above, forming a covalent bond at the interface and
forming a smooth film on the aluminum surface. When the SEM analyzes taken from the coating
surfaces given in Figure 4 were examined, the nanostructures were coated on the aluminum surface as
a thin film by dipping method in the samples coated with GO nanostructure-doped silane solution
(Figure 4a). In addition, it is understood that the GO nanostructure is distributed homogeneously in the
silane solution and is coated almost homogeneously on the aluminum surface.

It is seen that in the surface coating with the OC nanostructure-doped silane solution given in Figure 4
b, the nanostructures are completely distributed on the surface and the nanostructures are homogeneous
in the thin film coating. However, in the coating with TiO, nanostructure-doped silane solution, the
distribution of nanostructures was relatively uneven and partial agglomeration occurred (Figure 4c). In
addition, it is understood from the SEM analysis given in Figure 4d that the nanostructures are not
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distributed homogeneously on the surfaces coated with Al.O3; nanostructure-doped silane solution and
therefore the coating does not form an even film layer on the surface.

“— 200 pm —

Figure 4: SEM images of aluminum surfaces made with nanostructure-doped silane solution, a) GO
nanostructure doped, b) OC nanostructure doped, ¢) TiO, nanostructure doped, d) AlOs nanostructure
doped.

In butt joints joined with adhesive, the aluminum surface was coated with four different nanostructure-
added silane solutions, and the tensile test results of the joints joined with nanostructure-added adhesive
are given in Figure 5. While obtaining these data, three samples for each parameter were tested and
average values were taken. Compared to the basic joint type (A-1) without nanostructure additives and
without surface coating given in Figure 4, the strength performance of joints (A-2 or A-3) combined
with adhesive with 1% GO or OC nanostructure additive by weight increases by approximately 44%.
However, this increase in joint performance is approximately 31% in the joints combined with 1% TiO,
nanostructure added adhesive by weight (A-4) and approximately 6% in the joints combined with 1%
Al203 nanostructure added adhesive (A-4). It can be said that this improvement in GO nanostructure-
added bonding joints is due to the high strength of GO, the size of its specific surface area (increasing

12
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the interfacial interaction of epoxy and GO by increasing mechanical locking) and the formation of
covalent bonds with epoxy due to the oxygen functional groups on its surface. In addition, the
improvement in OC nanostructure-added joints can be associated with the nature and effectiveness of
the interactions between polymer chains and clay plates due to the surface properties of nanoclays. It
can be said that the local positive charge and long hydrophobic chains in the clay plates have a decisive
role in changing the mechanical properties of the adhesive [14-15]. It can be said that the improvement
in TiO2 nanostructure-added adhesive joints is due to the nanostructure forming a good interface with
epoxy due to its large surface area and oxygen functional groups on its surface. However, adding Al,O3
nanostructure to the adhesive has a minimal effect on the joint performance, and the reason for this is
that the nanoparticles do not mix homogeneously in the epoxy and therefore may cause agglomerations.

Not adding nanostructure to the adhesive, but simply coating the surface of the bonded material with
nanostructure-added silane solution improves the joint performance. When the damage loads are
examined according to the control sample (A-1) given in Figure 4, the strength of the GO nanostructure-
added silane solution -coated joint (A-6) is approximately 25% and the strength of the OC nanostructure-
added silane solution-coated joint (A-7) is approximately 18%. increasing. However, when TiO;
nanostructure-doped silane solution (A-8) is used in the surface coating, this increase in joint
performance is approximately 35%. An important point here is that while the strength of the joints (A-
9) coated with Al.O3 nanostructure-doped silane solution increases by approximately 9%, only adding
Al;O3 nanostructure to the adhesive (A-5) increases the joint strength by approximately 6%. This
situation can be explained as follows. The silane solution on the surface of the bonded parts contains
amine groups and can increase the wettability of the epoxy on the aluminum surface. It can also create
strong intermolecular forces with the polymer in the epoxy.
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Figure 5. Average damage loads obtained from the experimental study.

Additionally, when the damage loads of the joints where both the surface of the aluminum was coated
with nanostructure-doped silane solution and 1% nanostructure by weight was added to the adhesive
were examined (Figure 4), the damage loads of the joints were 78% in GO-layered joints (A-10), 65%
in OC-layered joints (A-11), 71% in TiO-layered joints (A-12) and 71% in Al.Os-layered joints (A-13)
joints increase by 31%. Coating the surfaces of aluminum parts with nanostructure-added silane
increases the adhesion's adhesion to the surface, while adding nanostructure to the adhesive improves
the performance of the adhesive. The combination of these two conditions maximizes joint performance.
In addition, the homogeneous distribution of nanostructures in epoxy, the large surface area of
nanostructures and the interaction between functional groups and epoxy are the most important reasons
that affect the joint performance.
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In adhesive joints, fracture damage modes occurring after testing are defined in the ISO 10365 [16]
standard. According to this standard, the rupture occurring at the interface of the adhesive and the
aluminum material is defined as adhesion damage, the rupture occurring at the interface of the adhesive
layer is defined as cohesion damage, and the combination of these two damage modes is defined as
mixed mixed-mode damage. When the damage surfaces given in Figure 6 are examined, a mixed
damage mode (adhesion and cohesion) occurs in the joint without nanostructure additive (A-1), while
cohesion occurs in the bonding joints with GO, CO and TiO2 nanostructure additives (A-2, A-3 and A-
4). damage mode occurs. However, both rough and mixed damage modes occur in Al203 nanostructure-
added adhesive joints (A-5). The formation of a cohesion damage mode in adhesive joints means that
the ability of the adhesive to adhere to the aluminum surface increases, and this can be said to be the
reason for the increase in joint performance. However, it is understood that the mixed damage mode in
the A-5 joint type is consistent with the decrease in the damage load shown in Figure 5.

Additionally, when the fracture surfaces of the joints coated with nanostructure-doped silane solution
(A-6, A-7, A-8, A-9, A-10, A-11, A-12 and A-13) were examined, it was seen that the silane solution
did not separate from the aluminum surface. and the damage appears to occur at the adhesive interface.
This can be understood from the mixed damage mode, where the coating adheres well to the surface and
the adhesive interacts well with the silane solution. This can be said to be the reason for the increase in
the performance of the joint.

Figure 6. Fracture surfaces of butt joints after the tension test.
CONCLUSION

In the presented study, different types of nanostructure-added silane coating methods and nanostructure-
added adhesives were used on the bonded surface to increase the interfacial bond strengths between the
adhesive and the bonded material. The nanostructures were functionalized with 3-
aminopropyltriethoxysilane (APTES) in methanol/water, and the aluminum surfaces were coated by
dipping into the solution. In addition, butt joint samples were produced by adding 1% nanostructures by
weight to the adhesive and were subjected to tensile testing to examine the joint performance, and the
results obtained after application were;

According to SEM analysis taken from aluminum surfaces, it was seen that the GO nanostructure was
distributed homogeneously in the silane solution and the coating formed a thin film on the surface. This
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is also valid for surface coating with OC nanostructure-doped silane solution. However, it has been
observed that the nanostructures are not distributed homogeneously on the surfaces coated with Al,O3
nanostructure-doped silane solution and therefore the coating does not form an even film layer on the
surface.

In adhesive joints with only 1% nanostructure additive by weight without coated aluminum surfaces,
the performance of the joint increases between approximately 6% and 44%, depending on the type of
nanostructure. The performance of joints whose aluminum surfaces are coated with a nanostructure-
added silane solution and bonded with an adhesive without nanostructure additives increases between
approximately 9% and 35%. This situation reveals the effect of the nanostructure-doped silane solution
on the joint performance.

In addition, the fact that the aluminum surfaces are coated with nanostructure-added silane solution and
the adhesive is nanostructure-added maximizes the performance of the joint. In this case, the increase in
the strength of the joint occurs between 31% and 78%.

The data obtained from the experimental study are quite compatible with the SEM images taken from
the adhesive and the results obtained from the damage surfaces of the joints.
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OZET

Glines enerji santrallerinde kayiplarin olugsmasi kagimilmazdir, ancak daha iyi tasarlanmig sistemler ve
gelismis teknolojiler sayesinde bu kayiplar azaltilabilir. Giines enerji santrallerinde DC gii¢ artisi,
panellerdeki giines 1s18ina maruz kalma siiresine, panel verimine ve panel sayisina baglidir. Panel
sayisinin artiritlmasiyla, aga bagli olan DC gii¢ artar. Panel veriminin artirilmasi ve giines 1s1g1na maruz
kalma siiresinin artmasi da DC gii¢ artisin1 etkiler. Glines panellerinin verimliligi, inverterlerde ki
kayiplar, kablo ve trafolardaki kayiplar, ¢evre kosullar1 ve panellerin yiizeyindeki kirlilik, glines enerji
santrallerindeki kayiplarin ana nedenleridir ve gii¢ artis1 bu kayiplarda artisa neden olabilir. DC kurulu
giicleri farkli olan santrallerin gii¢ kayiplarina olan etkileri, yenilenebilir enerji sektoriinde fotovoltaik
(PV) sistemlerin tasarimi, simiilasyonu ve analizinde kullanilan profesyonel bir yazilim olan PVSYT
programi kullanilarak gosterilebilir ve uygun DC/AC oranlari belirlenerek sistemden en yiiksek verim
almmacak kosullar elde edilebilir. Yapilan bu g¢alismada, Eskisehir ili Cifteler ilgesinde bulunan
lokasyonunda PVSYT simiilasyon programi kullanilarak. DC giigleri 1.1, 1.2 ve 1.3 MWp olan ve ¢ikis
gligleri 999 KWe olarak sinirlandirilan (PV modiil) baglantilarinin kiyaslamasi yapilmistir. Belirlenen
DC giigleri i¢in simiilasyon programi kullanilarak optimum gii¢ degerleri, maliyetleri ve fizibilite
kiyaslamalari yapilmis ve elde edilen sonuglar dogrultusunda optimum gii¢ degerleri olan Giines Enerji
Santrali tasarimi yapilmustir. Yapilan ¢alisma sonucunda, nominal DC gii¢ oran1 AC giiciin 1,2 kati
oldugunda en uygun kayip ve maliyetin oldugu belirlenmis ve bu degerin en optimum diizey oldugu
sonucuna ulagilmigtir.

Anatar Kelimeler: Giines Enerjisi Santralleri, Performans Orani, Solar enerji, Fotovoltaik

ABSTRACT

It is inevitable that losses occur in solar power plants, but these losses can be reduced thanks to better
designed systems and advanced technologies. DC power increase in solar power plants depends on the
sunlight exposure time on the panels, panel efficiency and the number of panels. By increasing the
number of panels, the DC power connected to the network increases. Increasing panel efficiency and
increasing sunlight exposure time also affect DC power increase. The efficiency of solar panels, losses
in inverters, losses in cables and transformers, environmental conditions and pollution on the surface of
the panels are the main reasons for losses in solar power plants, and an increase in power may cause an
increase in these losses. The effects of power plants with different DC installed powers on power losses
can be demonstrated using the PVSYT program, which is a professional software used in the design,
simulation and analysis of photovoltaic (PV) systems in the renewable energy sector, and the conditions
that will yield the highest efficiency from the system can be obtained by determining the appropriate
DC/AC ratios. In this study, the PVSYT simulation program was used in the location in Cifteler district
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of Eskisehir province. A comparison was made between (PV module) connections with DC powers of
1.1, 1.2 and 1.3 MWp and output powers limited to 999 KWe. Optimum power values, costs and
feasibility comparisons were made using the simulation program for the determined DC powers, and a
Solar Power Plant design with optimum power values was made in line with the results obtained. As a
result of the study, it was determined that the most appropriate loss and cost was when the nominal DC
power ratio was 1.2 times the AC power and it was concluded that this value was the most optimum
level.

Keywords: Solar Power Plants, Performance Rate, Solar energy, Photovoltaic

1. GIRIS

Giines enerji santrallerinde, giines enerjisinin elektrik enerjisine doniistiiriiliirken ¢esitli kayiplar olusur.
Birincil kayiplar olarak ifade edilen bu kayiplar, sistemde yer alan bilesenlerin verimliliginden, giines
1sinlarinin dagilimindan, hava kosullarindan ve diger faktorlerden etkilenir. Bu kayiplarda en etkin olan
parametre giines panellerinin verimliligidir. Panellerdeki gilines hiicreleri, glines 1smlarini elektrik
enerjisine doniistirmek icin kullanilir. Ancak, 1sinlarin dik agiyla diismemesi, bulutlu havalarda
azalmas1 veya panel yiizeylerindeki kirlilik gibi durumlar, panellerin verimliligini azaltir.

Ikincil kayiplar ise invertorler de olusan kayiplardir. Invertdrler, panellerden gelen dogru akimi
alternatif akima doniistiiriir. Ancak, bu doniisiim sirasinda bazi enerji kayiplart olusur. Ayrica,
invertorlerin verimliligi de sistemden sistem degisebilir.

Ucgiinciil kayiplar ise, giines enerji santrallerinde kullanilan kablolardan ve trafolarda olusan kayiplardir.
Bu kayiplar, kablo direncine ve trafonun verimliligine baglidir. Giines enerji santrallerindeki gii¢ artisi,
bazi kayiplarin olusmasina neden olur. Bu kayiplar sunlari igerebilir:

Sicaklk kayiplari: Gilines enerji santrallerindeki fotovoltaik (PV) paneller, giines 1sinlarini emerek
elektrik iiretir. Bu, panellerin sicakliklarimin artmasma neden olur ve bu da verimliliklerini etkiler.
Panellerin sicaklig1 arttikca, elektrik iiretimi azalir.

Kablo kayiplari: Gii¢ artigtyla birlikte kablo kayiplari da olusur. Kablo uzunlugu arttik¢a, elektrik direnci
artar ve bu da enerji kaybma neden olur. Bu kayiplarin azaltilmasi i¢in, daha kalin kablolarin
kullanilmasi gerekir.

Cevre kosullari: Giines enerji santralleri, giines 1sinlarina maruz kalmalar1 gerektigi i¢in, agik hava
kosullara maruz kalirlar. Cevre kosullar, giines enerjisi {iretim verimliligini etkileyebilir. Ozellikle
bulutlu veya yagish havalarda, az glines 15181 nedeniyle elektrik {iretimi diiser.

Panellerin yiizeyindeki kirlilik: Giines enerji santrallerindeki PV paneller, toz, ¢amur, yapraklar ve kus
pisligi gibi kirliliklere maruz kalabilirler. Bu kirlilikler, panellerin yiizeyinde birikerek, giines 1sinlarinin
panellere ulasmasini engeller ve {iretim verimliligini etkiler.

Invertor kayiplar1: Giines enerjisi santrallerinin elektrik iiretimi, invertdrler araciligiyla gerceklestirilir.
Elektrik enerjisi, DC formunda PV panellerden gelirken, invertorler tarafindan AC formuna
doniigtiiriiliir. Ancak bu doniisiimde de enerji kayiplari meydana gelir.

Bu nedenlerle, gii¢ artis1 ile birlikte, glines enerji santrallerindeki kayiplar artabilir. Ancak, daha gelismis
teknoloji ve daha iyi tasarlanmis santraller sayesinde, kayiplarin azaltilmasi miimkiindiir. Yapilan
calismada DC kurulu giicleri farkli olan santrallerin kayiplara olan etkileri PVSYT programiyla
desteklenerek gosterilecektir.

2. YONTEM VE KULLANILAN PARAMETRELER

PV sistemlerin analizinde kullanilan birgok simiilasyon programi bulunmaktadir ancak yapilan
aragtirmalar sonucunda PVsyst programinin genis se¢im yelpazesi, hizli ulasim imkani, kayiplarin
detayli olarak sisteme aktarilabilmesi, golgeleme kayiplarmin tespit edilebilmesi, ekonomik analiz
yapilabilmesi gibi avantajlar1 nedeniyle tercih edildigi belirtilmektedir. (1) Cenevre Universitesi
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tarafindan gelistirilmis olan PVsyst ile sebekeye bagli ve bagimsiz fotovoltaik (PV) sistemlerin tasarimi,
simiilasyonu ve analizi ile birlikte pompa ve DC iiretim sistemlerinin tasarimi da yapilabilmektedir. Bu
yazilim, gilines 151n1mi1, modiil ve invertor performansi, mevsimsel degisimler, gdlgeleme ve elektrik agi
baglantist gibi birgok parametreyi dikkate alarak sistemin performansini tahmin edebilir. PVsyst ayn
zamanda maliyet analizi ve PV sistemi kurulumu igin gerekli ekipman ve malzemelerin belirlenmesine
de olanak saglayan bir programdir. Bu 6zellikleri ile PVsyst, yenilenebilir enerji sektoriinde siklikla
kullanilan bir programdir. Yapilan ¢aligmada:

. Eskisehir ili Cifteler ilgesinde bulunan lokasyon i¢in PV modiil yerlesimi: arazi tipi sebeke
baglantili sabit a¢ili 25 derece egimli ve 10 derece azimut agisi olarak se¢ilmistir.

. Tasarim lokasyonu i¢in PV modiil se¢imi HT-SAAE 60-156P 265W olarak belirlenmistir.

o Sistem analizinde Invertér (evirici) olarak Huawei 36 KTL-M3 modeli segilmistir.

o 2017 yili Lisanssiz Elektrik Uretim yonetmeligi geregince Invertor (evirici) ¢ikis giicii 999 KWe

olarak sinirlandirilmistir.
3. TASARIM VE ELDE EDIiLEN SONUCLAR

Giines enerji santrallerinde DC giig artis1, panellerin glines 15181na maruz kalma siiresine, panel verimine
ve panel sayisina baglidir. Panel sayisinin artirilmasiyla, aga bagli olan DC gii¢ artar. Panel veriminin
artirilmasi ve giines 1s181na maruz kalma siiresinin artmasi da DC gii¢ artisini etkiler. Ayrica, daha biiyiik
boyutlu iletkenlerin kullanilmasi, gii¢ kayiplarini azaltarak DC gii¢ artisina katkida bulunabilir.

3.1. DC Kurulu Giicii 1102 KWp (1. Tasarim) GES Proje Ozeti ve Olusan Kayiplarin Belirlenmesi

Eskigehir ili Cifteler ilgesinde bulunan 4158 adet 265W’lik panel ile olusturulan proje 0zeti asagida
verilmisgtir.
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Proje ozeti
Cografi konum Konum Proje ayarian
Giftoler Enlem BAN Abedo 020
Turkey Roytam 305°E
Rakm 8 m
Saat diliey UTC+3
Hava durumu verileri
Cteler
Meteorom 8.1 (2003-2013), Sat=% 100 - Sentesk
Sebekeye bagh sistem 38 sahne tammianmads, golgelemesiz
Yi 0o 10 icn simiasyon
Kolektdr dizieminin ydnlendirmesi Yakin gdigelemeler Kullanics intiyaclan
Sabt dizlem Gogdenesz Seursa ylideme (sebeka)
EdimiAzmut 25/10°
Sistem bilgisi
PV alam Invertse
Pand savs: 4158 adet Oge say 278 et
Topiam nom. gic 1102 ¥Wp Topéam nom. gi; 209 WWae
Nom. g oran 1.403
Sonuglanin ozeti
(redien anery 1634301 Weid Ceatiatilic 1484 kKWhAnil  Perd orami PR fekek™
Igindekiler
Proje ve sonuclann doed 2
Gensl parametraler, Kolekisr ataninm Azeiiikden, Sistem kayplan 3
Genal sorucler 4
Kayplar diyagram 5

Sekil 1: 1. Tasarim Proje Ozeti

Sekil 1’de projenin 6zet sayfas1 goriilmektedir. Burada projenin lokasyonu enlem, boylam bilgileri,
projede kullanilacak ekipman bilgileri, sayilart gosterilmektedir. Bu proje lisansiz iiretim yonetmeligine
tabi oldugu icin ¢ikis giicii 999 KWe ile sinirlandirildigi bu kisimda belirtilmistir.

FULL TEXTS BOOK
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Geonel parametrelor
Sebekeye bagh sistem 38 sahne golg:
Koloktdr déizieminin ydntendi
Yanlendinme Dizf ayarian Kullarsian modaelier
Satat dUpam 36 suhne teermisnmadi Traempunwyon Pares
ESmiAzinma K110 D Porez. Meteonom

Croumectar ay
Uiuk Yakin gdigelemaler Kullanici intiyacian
Utub el anmat: Goelgomess Savrnz yobderrw (pnbebe)
Kolektor al Gzollikion
PV moadil lovertor
Urmiict Gennoe Cretes Gurmrc
Modes HTEQ- 15592265 Medel SUN200O-36KTL-M3430V
(Onjral PVayst vertabon) {10final PYsysst varitaban))
enm glch 265 Wp B gict M0 *Woc
PV modil saym 4158 wdwl Irvwmettsr saywni 111° MPPT 26% 278 scet
Naminal (STC) 1102 kWo Toplam gug S99 \Wac
Mo 166 Zinov x 22 Ser Galgma gertens 200-1000 V
Igtotme gartianinda (50°C) Maks gig (=~40"C) 40.0 *Wao
Prep 943 KWa Nom. gug o (DCAC) 110
U mpg v MPPTIet arssnds Qg paylagiim yok
1 mpp 1623 A
Total PV glicd Invertér toplam glci
Nomiral (STC) 1102 kWp Toglam gug 999 aWac
Toplam 4158 modul Irwextor saysi 28 acet
Parel yorey: ores m* 0.3 sulanimiyor
Hocre yorey 6120 m* Nom. gl aenm 1.10
Dizi kayiplan
Alan kirlenmes! Tormal kayip Taktori DC kablolama kaybi
Karpip orme 0% Ipruma gorm modil scaklhigt Globa! slan drenc 83 m0
Uc (sabit) 200 Waw'K Wy arani 1.5 STCue'™s
Uv {rixgar) 0.0 W Kinvs

Seri diyot kayby Modiil kalite kaybs Modill uyumsuziuk kaybi
Gambm cOgigs ory Kayp onens D% Hary'p o 20 WPPdn
Kavyp otam 01 STC o
Moddl ortalama degradasyon 1AM kayip faktdrd
Yéno 0 ASHMRAE Parametre: IAM = 1 - bo (1oos 1)
Kayp tansert) LER U bo penm oo
¥np RME dadilimi 04 %y
Vmp RASS dagilemw 0.4 Wyl

AC kablolama kayb:
Inv. gkigindan enjoksiyon noktasmna
lrwerste gormimi 480 Vac ¥
Kapp oram 1.36 STCde™
Inveride. SUN200O-SEKTL-M3-a80V
Katdlo hesis (28 ) Bakn 28 x 3 x 35 o
Ortatama kablo uzuriugu 150 m

Sekil 2: 1. Tasarim Sistem Genel Parametreleri

Sekil 2°de Panel agilar1 ve azimut degeri (Giiney eksenine olan agisi), Hava kosullarinin hesaplanmasi
igin metronom sisteminden verilerin alindigini, Kullanilan PV Modiil marka ve bilgilerini Invertor
marka model bilgilerini, Dizi (string) kayiplarin1 ve AC kablo kayiplarinin hesaplamasi gosterilmistir.
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APPLICATIONS
Genel sonuglar
Sistem Uretimi
Uretsen enerji 1634001 kWhinl Uretibebity 1484 kWhapipl
Per!. atani PR %3N
Normalize Gretim (kWp bagi) Performans orani PR

\
-
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T T T T
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b Y T Y T T
" - PR Pecomans oo (V1Y) B 100

O 50 We Na Wy Mu Tem Au & Bu Xm M O S W Ne Ve Mm Tem A

Ef By Km M

Bilango ve genel sonuglar

| GlobHor | DMHor | TAmb | Globinc | GlobEM | EAmay | E_Grid PR

] lWhnh‘__‘ Whim* ‘c LU KA KWh kWh ceun
Ocak 64.0 2798 D15 @1 9Nns W30 01888 0867
Subat 788 35.13 178 1065 1016 102842 100078 0853
Mart 1220 5129 6.16 "7 1405 137499 133547 0524
Nisan 156.8 7184 10.38 1634 1604 156418 150080 080
Mayis 1983 73,86 15.56 1988 1906 17 171965 0781
Haziran 2125 8465 18.70 a7 1939 175775 170674 0760
Tommez 2230 65.57 pa¥l] 2178 a2 18439 179058 0.746
AQustos 199.5 6164 2% 2108 a2 179053 173885 0748
Eylol 1583 5490 17.58 1848 1760 162008 157413 073
Ekim 1072 3834 1225 W4 1350 128503 12495 0.802
Kasim 7 K 622 1064 1031 102678 99873 053
Aralik 55.8 217e 142 855 812 83787 81506 0867 |
il 6496 | 60447 154 8705 | 1783 | 1em418 | 1631 | 0793 |
Agikiama
GlabHor  Global yatay ginkers EAmay  Dzinin gluginda efkin enerj
DfMor  Yabay diRe igmiama E Gnu  Sebekeye enjokt edilen ener
T Amd  Cewe sicaihiy MR Performans ocam
Globlne  Kolekdre yansiyan global
GlobES 1AM ve gigelome Kgin dizeltims etiin Global

Sekil 3: 1. Tasarim Genel Sonuglari

Sekil 3’de Program hesaplarina gore olusturulan aylik 1sinim kayip ve performans orani (PR) tablolar
gosterilmektedir. Buradan yaz aylarinda PR oranlan {iretilen enerjinin artmasiyla kayiplarm ¢ogalip PR
oranlarinin disiis yaptigi goriilmiistiir. Bunun nedeni ise yaz aylarinda sicakligin artisindan kaynaklanan
PV modiil kayiplarmin artigidir.
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Kaywplar diyagrami
- 1650 vWhim* Glodal 15inlama
\"“‘J”/T yatay i
o YRI13M Kolektore yansryan global
lf.z-..-m atale gore [AM faksonl
%200 Kinenme Gayle faai
1TEZ WWhim* * 6765 m kal Koleknore isabet eden exkin minkima
STC veem =% 16.26 PV anisaime
1972670 \wWh l Nominal dze enerpsi (STC venmings)
'\, %380 Mod2! degradasyon kayet [y 0104
| %05 fsimm saviyesi nadeniye AV kaytn
l JRTB Sank nEdenfe FV ity
r HhOTS MOd kare Kyte
Nyxaa Mot oz upumsiziahs byt
(02grazasyon dajimas: on % 15l
‘1 %115 Omik katioa=a i
1682430 Kvvh MPPT'de varsaydan aa ener)is|
%208 Catsan pwertor kayed {verm)
M% a0 imvertae kv, asin gl
‘}“‘ %000 vt kaybe, 3om enn
4""' 000 Ivese Kyt a0 gerfm
M%000 mvestér kaybe, gl seun
M%om Imvenke kaybe genkm sinn
MS-004 Gace tikztmy
546781 Kih Imvertie gikiginda kusaniabile enerj|
%an AC OmK Kaygan
1634991 Kwh gebekeye engekis edien enerji
“\\_v’//

Sekil 4: 1. Tasarim Kayip Diyagrami

Bu diyagramda sistemdeki olusan biitiin kayiplarin yiizdesel oranda ifadeleri goziikmektedir. Boylece
santralde olusan kayiplarin hangi oranda oldugu ve iiretim degeri lizerindeki etkisi program tarafindan
gosterilmektedir. Bu kayiplardan olusan enerji iretim degerleri de hesaplanarak Sekil 4’de

gosterilmistir.

3.2. DC Kurulu Giicii 1201 KWp (2. Tasarim) GES Proje Ozeti ve Olusan Kayiplarin Belirlenmesi

Eskisehir ili Cifteler ilgesinde bulunan 4532 adet 265W’lik panel ile olusturulan proje 6zeti asagida

verilmistir.
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Proje dzeti
Cografi konum Konum Proje ayarlan
Cifteler Enlem 3940°N Albeoo 0
Turkey Boyiam 3106 °E
Rakim g5m
Saat difmi UTC+3
Hava durumu verfleri
Clteler
Melaonom 8 1{2003-2013), Sat=% 100 - Sentetik
Sistem ozeti
Sebekeye bagh sistem 3B sahne tanimlanmad, goigelemesiz
Yit no 10 igin simifasyon
Kolektor dizleminin ydnlendirmesi Yakin gdigelemeler Kultanic ihtiyaclan
Sabit cizlem Géigelemesz Sinirsiz ysleme (ebeke)
EgmiAzms %10
Sistem bilgisi
PV slani Invertde
Pared sayst 4532 adet 03e s 218 adet
Toplam nom. gg 1201 kiWp Toptam nom. gl 069 ¥iVac
Nom. gdg cean| 1.202
Sonuglann ozeti
Urehlen ensiji 1781646 Kimiyil Uratiebiir 1483 KWhiVpin!  Perd. orani PR 793 %
Icindekiler
Proje ve sonugiann 628 2
Genel parametreler, Kolekitr alaninin dzeliklen, Sistem kayplan 3
Genel sonugar 4
Kayiplar ciyagrami 5

Sekil 5: 2. Tasarim Sistem Proje Ozeti

Sekil 5’de Projenin 6zet sayfasi goriilmektedir. Burada projenin lokasyonu enlem, boylam bilgileri,
projede kullanilacak ekipman bilgileri, sayilar1 gdsterilmektedir. Bu proje lisansiz iiretim yonetmeligine
tabi oldugu i¢in ¢ikis giicii 999 Kwe ile smirlandirildigr bu kisimda belirtilmigtir. 1. Tasarima gore
degisiklik Toplam nominal gii¢ degerinde ve PR oraninda olmustur.
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Genel p oler
Sebekeye bagl sistem 3B sahno golg:
Kolak & yo -
Yénlandirma Otzi ayarian Kullamtan modeller
Habe dusiem 38 wathne lenrkerresach Transpazivyon Poms
EgimiAzimn 25710 Dfuz Peruz. Meteonorm

Chrcumsctas v
Utuk Yakin gdigelemalor Kullamcs Intiyacian
Utk tarsndanmadi Golgetemese Sz yukdeme (gabeke )
— — Kolektdr alanmimin dzellikien e —
PV moall Invertsr
Ovoba Generic Oretioi Genenc
Mocet HTOO- 1565285 Mo SUN2000-IEKTL-MI-480V
(Orijnal PVisyst veritaban) (Onginat PYayst wentaban |
Birim gucd 265 Wp Bam gocl 360 kWac
BV modil sayie ASIZ wcdet Imverioe sayver 111" MPPT 29% 278 sdwt
Nominal (STC) 1201 ¥'dvp Toplam gig 999 MWac
Y= 200 Diocr x 22 Serl Cabigma gecte 200-1000 ¥
Istetme sarttannida (50°C) Mos gOg (=~40"C) 40 0 KWac
Progp 1082 W Nam. gug orany (DCAC) 120
U mpp szvy MPPTler araninda glg payingem yok
I mpp 1768 A
Total PV gl Invertor toplam glict
Nomna! (STC) 1207 W Topuam gug 200 KWac
Yoplam AXIZ moat! Imvmerte sy B et
Panel yoaeyw RETERLM 0.3 hdlanimayor
Hocre yusep oeat m* Nam, glug ceany 130
Dizi kaywplan
Alan kirfenmes| Termal kayip fakiord DC kablolama kaybi
Kaywp oran 20% Igimima gore modd ook Global alan drenct 54 mQ
U (subity 200 Winw'K Kaywp ceam 15 STCue
U (rizgas) 00 Win'Kimis

Seri diyot kayby Modol kalite knyb Modil uyumsuziuk kaybs
Garlbm cugplsa orv Kayy onam L8% Kayp ocan 20 MPFoe™s
Kayp oram 0 STC oS
Maodil onalama degradasyon IAM kayip faktdrd
Yil no 10 ASHRAE Parumetie 1AM = 1 - bo (1/icos-1)
Kaymp et 0.4 Siys bo param 0os
Degr Y d Y L]
e FEMS dagdimy 0.4 %y
Vimp RS dodlimi 0.4 %iyd

AC kablolama kaybs
Inv. gdigind joksiy -
lewartce gartmi 480 Vac i
Kayp oram 140 STC'do™
Ivonte SUN2000-I6KTL-M3-480V
Kabio testi (38 v ) Bakor 28 x 3 x 35 mm*
Ordama kablo wounkadu 160 m

Sekil 6: 2. Tasarim Genel Parametreleri

Sekil 6°da Panel agilar1 ve azimut degeri (Giiney eksenine olan agis1), Hava kosullarinin hesaplanmasi
i¢in metronom sisteminden verilerin alindigini, Kullanilan PV Modiil marka ve bilgilerini invertdr
marka model bilgilerini, Dizi (string) kayiplarin1 ve AC kablo kayiplarinin hesaplamasi gosterilmistir.
Kiyaslama yapilacagindan bu boéliimde 1. Tasarima gore olusan farklar; panel sayilarinda ki artis ve
buna bagli PV modiil dizi (string) kayiplarinda degisiklik olusmustur.
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Genel sonuglar
Sistem dretimi
Uratlen anar)i 17581646 Kbyl Uretiebilr 1483 KWnaWpiyil
Pert. orani PR 7431 %
Normalize dretim (kWp basi) Performans oram PR
H ; . 2 ' y ' ! ! T
Le Woleade hayts [PV 4D aap o) S " - PR Peroeress son (/Y O™
L3 Sigdery Karyty (rwemd 092 W WAL e
§ ’ ¥ Usetier tzvn eoey rwemts Chey| £38 VAV a8
5 :
!
i
i ;
3 E
’ Gz G0 W W Wy ‘ He Tem Al . ™ ja : M e ‘ Wy W Tem A Byt Tn Km An
Bilango ve genel sonuglar

GlobHor Diffor T_Amb Globinc GlobEff EArnay E_Grid PR

KWhind KA 'C KWhin? KV kWh ¥ cran
Ocak 640 279 0.15 86.1 Nns 102826 100125 0857
Subat 786 313 1.78 1065 1016 112002 108060 0853
Mart 1220 5129 618 ALYA) 1405 140708 145520 084
Nisan 1568 s 10.38 166.4 1804 168307 163537 088
Mayis 1993 7396 15.56 1958 1906 193002 187374 073
Haziran 2125 5495 1070 037 1939 191585 185970 07e0
Temmuz 2230 6557 8.4 2118 20012 200985 185106 0745
Agustos 1095 6164 2328 210.8 am2 195158 188472 0745
Eyll 1683 M9 17.08 1848 1760 176578 171522 07
Ekim 072 BN 1225 i 1350 140170 136172 082
Kasim 127 300 6.22 1064 1031 111613 106846 083%
Aralik 568 F{) 142 855 812 91323 Basd) 087
Yil 16426 o 47 11.54 18705 17823 1833739 1781646 0793
Aciklama
Gt Global yatay inlama EAmay  Dainn gioginda etkin aner|
DiffHor  Yatay diz isniama EGrd  Sebexeye enjekie edlen enar)
T Ax®  Cewe scalhiy PR Perlormans arani
Giobire  Kolekitre yansiyan global
GhbEl 1AM ve ghigeleme iin dizeltimis etkin Global

Sekil 7: 2. Tasarim Genel Sonuglari

Sekil 7°de Program hesaplarina gore olusturulan aylik 1sinim kayip ve performans orani (PR) tablolari
gosterilmektedir. Buradan yaz aylarinda PR oranlari iiretilen enerjinin artmasiyla kayiplarin cogalip PR
oranlariin disiis yaptigi goriilmiistiir. Bunun nedeni ise yaz aylarinda sicakligin artisindan kaynaklanan
PV modiil kayiplarmin artisidir. 1. Tasarima gore olugan PR orami farki nisan ayinda olusan PR
farkindan kaynaklanmaistir.

26



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND

m— — Kayiplar diyagrami —
1650 kWhim? Giobal yatay 1ginlama
+%134 Kolokitee yansiyan global
%277 Giokale gére 1AM fakard
N %-200 Kirtenme kayti 1aki
1782 kWhm* * 7373 m* kel Kolekitre isabet eden etkin ignlama
STC'de verim = % 16.36 PV danligilerme
2150106 kWh Nomina! dize enerfisi {STC veriminde)
% ~3.80 Modil dagracasyan kayti | pl #10)
%056 Igrvm seviyesi nedenile PV kaydi
%-7.23 Swcaklk neceniyie PV kayte
*%0.75 ModU! kalite Kaybi
% -347 Modul dil wyumsuziugu kaybi
(Gegradasycn dadimas: iKin % 1.5 darl
%115 Oerek katiclama kaytn
1833514 K'hh MPP'de varsaylan dizi enerjisi
%204 Caligan inverttr kayty (verm)
N 5% 0.00 Invertor kaybi, asmn qug
N % 0.00 Inverttr kaybi, aken srn
M % 0.00 Inventtr kaybi, age genlim
N % 0.00 Inveeti kaybi, QUG sirun
N % 0,00 Inveetir kaybi, geribm sinin
N % 004 Gece tiketimi
1795658 XWh Inwertde cikiginda kutanlabili enerji
N %078 AC omik kaypian
1781646 kWh Sebekoye enjokte edilen enerji
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Sekil 8: 2. Tasarim Kayip Diyagram

Sekil 8’de sistemdeki olusan biitiin kayiplarin yiizdesel oranda ifadeleri goziikmektedir. Boylece
santralde olusan kayiplarin hangi oranda oldugu ve iiretim degeri lizerindeki etkisi program tarafindan
gosterilmektedir. Bu kayiplardan olusan enerji tiretim degerleri de hesaplanarak tabloda gosterilmektir.
1. Tasarima gore 2. Tasarimda bos MPPT dizelerinin (string) doldurulmasi nedeniyle 1. Tasarimda
olusan ¢alisan invertér kaybi1 %2.08’den %2.04° ¢ dismiistiir. Gii¢ artisindan kaynaklit AC Omik
kayiplari da 2. Tasarimda artig gdstermistir.

3.3. DC Kurulu Giicii 1294 KWp (3. Tasarim) GES Proje Ozeti Ve Olusan Kayiplarin
Belirlenmesi

Eskisehir ili Cifteler ilgesinde bulunan 4884 adet 265W’lik panel ile olusturulan proje Ozeti agigida
verilmistir.
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. Proje bzeti
Cografi konum Konum Proje ayarlan
Cifteior Enlem 40N Abedo 020
Turkey Soytam 36 E
Raum 86 m
— Saat dimi UTC+3
Hava durumu veriler|
Cifteler
Meteoncrm 8.1 {2003-2013), Sat=% 100 - Senteti
Sistem dzeti
Sebekeye bagh sistem 3B sahne tanimlanmads, gdlgelemesiz
Yil no 10 igin simiasyon
Kolektdr dizieminin ydnlendirmesi Yakin gblgelemeler Kullanics Intiyacian
Sabit dudem Golgalemesiz Sinirsz yikeme (sebeka)
EgimiAzimut %5I10°
Sistem bilgisi
PV alan Inveride
Panel say1s 4854 adet Oge says 278 adet
Toplam nom. gl 1234 kWp Toplam nom. g 290 KWac
Nom. g oran) 129%
Sonuclann dzetl
Uretien enen 1616513 kWhiyi Uretiiebie 1481 KWnEWRYl  Perf. oram PR T %
igindekiler
Proje ve sonuclann ozeti 2
Genal parametreier, Kolektdr alanin dzeibikien, Sistem kayiplan 3
Genel sonugkar 4
Kaywgiar diyagram 5

FULL TEXTS BOOK

Sekil 9: 3. Tasarim Proje Ozeti

Sekil 9°de Projenin 6zet sayfas1 goriilmektedir. Burada projenin lokasyonu enlem, boylam bilgileri,
projede kullanilacak ekipman bilgileri, sayilar1 gosterilmektedir. Bu proje lisansiz {iretim yonetmeligine
tabi oldugu i¢in ¢ikig giicii 999 KWe ile simirlandirildigi bu kisimda belirtilmistir. 2. Tasarima gore
degisiklik Toplam nominal gii¢ degerinde ve PR oraninda olmustur.
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Genel parametreier
Sebekoye bagh sistem 38 sahne tansmlanmad), goigelemesiz
Kolektor duzieminin ydnlendirmes!
Yonlendirme Dizl ayartan Kulanulan modeller
Sabt duzlem 38 sshne tammisamad Trampozeayon Pernz
ESmvAZIMu 25110" D Purez, Metecnorm
Croumsolar ayn
Utuk Yakin gbigolemeler Kullanc: ibtiyagian
Ufuk tnnimiammad Golgelemeniz Snwrsz yukleme [3ebekeo)
|
Kolektdr alanmmn Szelliider|
PV modil Invertar
Uresct Ganonc Uretci Ganerc
Model HTB0- 15689205 Model SUN2000-JEKTL-M3-480V
{Orignal PVoyst veritatiani) {Qriinal P\isyst veritabani)
B guch 765 Wp Birm glcu 36.0 WWae
PV modit saymi 4884 odaet Invenor sayis: 111 * MPPT 25% 27 .8 adet
Nominal (STC) 1254 WV Toptam gog 999 \Wac
Modul 222 Divwor x 22 Sexi Caligns gorfimi 200-1000 V
Iglatme sartlannda {50°C) Maks gig (=>40°C) 400 KWaz
Pmpp 1168 ¥Wp Nom. gig orare (DC AC) 130
U mpp 612y MPPTIar arssevda 9O paylagum yok
| mpp 1006 A
Total PV glict Invertdr toplam glicd
Nominal (§TC) 1204 W Toplam g 999 Wao
Toplam 4834 mooll Invertor sayis 28 adet
Panel yuzeyl TE m* 0.3 wutlandmyor
Hucre ylzeyl neam Nom. gl orars 130
Dizi kayipian
Alan kirlenmasi Termal kayip faktor( DC kablolama kaybt
Kayp oram 20% Iginima gore modl sicakiigl Global slan direnci S4mQ
U (sabit) 20.0 Win'% Kayp orsm 1.5 STCde™s
v (rizgan) 0.0 W mi's
Sari diyot kayb: Modul kalite kaybr ModUl uyumsuziuk kaybe
Gerfim dugisd orv Kayp o OB % Kay'p orani 20 MPFde™
Kay'p oean 0.1 STC o
Dizi uyumsuziuk kaybi Modil ortalama degradasyon 1AM kaywp faktdril
Kaywp oram 02% Yl oo 0 ASHRAE Paramedm 1AM = 1-bo (Voo -1) |
Kayip lakateu 0.4 Wiy b0 param 0os
rrp RMS dagtim 0.4 Niyn
Vmp AMS cadlmi 0.4 Wiye
AC kablolama kaybi
Inv. gikigmdan enjeksiyon noktassna
Irvertor geeldien 450 Vac i
Kaywp orani 160 STC'de%
Invertor: SUN2000-36KTL M3-480V
Katko kest) (28 I ) Baky 28 x 3 x 35 mm*
Ovtalama xablo uzuriudu 150 m

Sekil 10: 3. Tasarim Kayip Diyagram

Sekil 10°da Panel agilar1 ve azimut degeri (Giiney eksenine olan agis1), Hava kosullarinin hesaplanmasi
icin metronom sisteminden verilerin alindigini, Kullanilan PV Modiil marka ve bilgilerini Invertor
marka model bilgilerini, Dizi (string) kayiplarin1 ve AC kablo kayiplarinin hesaplamasi gosterilmistir.
Kiyaslama yapilacagindan bu boliimde 2. Tasarima gore olusan farklar; panel sayilarinda ki artis ve
buna bagli PV modiil dizi (string) kayiplarinda degisiklik olusmustur.
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Genel sonuglar
Sistem Gretimi
UOretlen enerji 1816513 KWhiyd Uretlebiir 1481 KWhKWolyd
Peri_ceam PR 7917 %
Normalize dretim (kWp basi)

T T T T T T
Lo Koied®e kayte (PV-30 wyplen) 095 M YASEe
Ls Sedrs Katy draesc 012 ¥ARARDiGIn
VT Usetiies Saydal eceg joverSe giuh) 408 WARMMDIGN

ane 1Y

P TaTmnane ove

"2 S Ma Ne Wy Hm Tem AN Ef B K= An

Bilango ve genel sonuglar

GlobHor DiffHor | T_Amb Globinc GlobEff EAmray E_Grid PR

kWhim® KWnim? 5 ™ KWhim* Kihim?® kWh KWh oran
Ocak 640 7e | as %1 | o5 110640 107718 0.866
Subat TE6 3513 | 1.78 106.5 10186 120610 17321 0.851
Mart 1220 5129 616 147.1 1405 161182 155530 0822
Nisan 1568 7181 10.38 1684 ‘ 1604 181100 175914 0.807
Mayis 1563 7395 1556 1998 1806 207666 20154 0.773
Haziran 2125 54395 1870 203.7 1839 206145 200057 0.758
Temmuz 2230 8557 M 2178 w072 216258 200855 0744
Agustos 1985 5154 AV 21039 maz 209389 206806 0.747
Eyial 158.3 549 17% 18438 176.0 189997 184495 0.772
Elam 107.2 3¥34 1235 1414 1350 150823 145457 0.800
Kasim 727 3001 622 1084 1031 120418 117088 0.835
Araiik 558 2778 142 85.5 812 98263 95555 0.865
Yd 16496 60447 1134 18705 17823 1873092 1918513 0.732
Agiklama
GicbHor  Global yatay sinlama EAnay  Dzmin giosinda etion enedji
DiffHor Yatay dfz igmiama E_Gnd Sebekeye enjekie edien enerji
T Amb  Cewe sicadigl PR Performans orani

Gctinc  Kolekidre yansiyan gicbal
GicbEff 1AM ve goigeleme icin dilzeftimis ekin Global

Sekil 11: 3. Tasarim Genel Sonuglari

Sekil 11°de Program hesaplarina gore olusturulan aylik 1sin1m kayip ve performans oran1 (PR) tablolar
gosterilmektedir. Buradan yaz aylarinda PR oranlari iiretilen enerjinin artmasiyla kayiplarin ¢cogalip PR
oranlarinin diigiis yaptig1 goriilmiistiir. Bunun nedeni ise 2. Tasarimda 0,94 kWh/kWp/giin olan PV dize
(string) kaybinin 3. Tasarimda 0,95 kWh/kWp/giin olarak artmasindan kaynaklanmadir.
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Kaywplar diyagrami
————__ 1660 kWhim" _.—--‘I Global yatay igenlama
r—— \W %134 Kolektore yansiyan global
\\.) %-277 Giabals give 1AM Takitell
) % -200 Kitanma Kaybi fakion
1782 AWhim* * 7948 m' kal Kolektdre isabet edan etkin igindama
STC e vanim = % 1636 PV adodgtinme
2317104 kWh L Nomanal dize onecjisi (§TC veriminde)
4 %380 Modil degradasyon &ayb { yi #10)
SO05 inim seviyes) nadensyie PV kaytx
Vw723 Sicarlik nadenkyn PV kaybs
(+%075 Mol ke byt
\\) w362 Uyumsuziuk kayipleri, modil ve dlzier
{degradasyon daddmasi igin % 1.5 dahd
®18 Omik kablolma kayt
1973173 kWh | NPP'de varsaylan diz enerfisi
Q} %-200 Catgan Frvende kapbi (venm)
N % 0.00 rverior kayth, ogn gug
N % 0.00 St by, skom mren
™ % 0.00 rvecttr kayts, agm geokm
M % 0.00 Iverstr kayty, G sirn
N % 0.00 \remr kg, genkem simin
N % 004 Geoe tketm|
1632741 kWh lnvertér glogmda kuflanilabife enerp
TH"'O?" AC ook Ky iptan
191651 KWn ‘ $ebokeye enjekte edilon eneryi

Sekil 12: 3. Tasarim Kayip Diyagrami

Bu diyagramda sistemdeki olusan biitiin kayiplarin yiizdesel oranda ifadeleri goziikkmektedir. Boylece
santralde olusan kayiplarin hangi oranda oldugu ve {iretim degeri iizerindeki etkisi program tarafindan
gosterilmektedir. Bu kayiplardan olusan enerji iiretim degerleri de hesaplanarak Sekil 12’de
gosterilmektir. 2. Tasarima gore 3. Tasarimda %3,47 olan uyumsuzluk (Modiil ve Dize Kayb1) string
sayisiin artmasindan kaynakli %3,62’ye yiikselmesidir. 2. Tasarima gore 3. Tasarimda bos MPPT
dizelerinin (string) doldurulmasi nedeniyle 2. Tasarimda olusan calisan invertér kaybir %2.04’den
%?2.08’e yiikselmistir. Gii¢ artigindan kaynakli AC Omik kayiplar1 da 3. Tasarimda artis gdstermistir.

Yapilan c¢alismadan elde edilen sonuglar, nominal gii¢ oranlari sistemimiz lisanssiz GES
yonetmeligine gore maksimum 999KWe ¢ikis verebilecek invertor simirlamalarima gore
olusturulmustur. DC kurulu giic, AC 999KWe c¢ikis giicline oraniyla bulunmustur. Olusturulan
tasarimlar DC giicleri degistirerek AC ¢ikis giiclerinin ayni1 kalmast durumunda tiretimde olusan farklari
kiyaslanmaktadir.

PR (Performans oranlari) GES'in kalitesinin belirlenmesinde 6nemli olan parametre Performans
Oranidir. Bu oran, giines 1s1nimin1 basarili bir sekilde elektrik enerjisine doniistiirme yetenegini gosterir.

3 farkli gli¢ degerlerine gore olusturulan kayip ve kiyas degerleri Tablo 1’ de belirtilmistir. Tablo 1° de
ki sistemlerin kiyaslamasindan ¢ikarilacak sonuglar asagida verilmistir.

Mppt dize enerjisi kurulu DC giiciin 151ma ve invertdriin doniistiirme oranina gore sistemin PV
modiillerden iirettigi enerji miktarin1 gostermektedir. 1. Tasarimda %79,33 2. Tasarimda 79,31 ve 3.
Tasarimda 79,17 olarak bulunmustur.
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AC Omik kayiplart: PV sistemlerinde kullanilan AC kablolardaki omik kayiplardan kaynaklanir.
Iletken akim tasima kapasitesi ve iletken boyunca meydana gelecek gerilim diisiimii, iletkenin
boyutunun belirlenmesindeki etkendir. AC tarafta kablo kesitleri, gerilim diisiimleri ve kablo fiyatlar
dengelenir. %1-3 arasindaki gerilim diisiimleri kabul edilebilir sinirlar dahilindedir. (2) Sistem giicii
arttikca omik kayiplarinda arttig1 gézlemlenmistir.

Toplam Kayiplar: Sistemdeki biitiin hesaplanan kayiplardir. Kullanilan programda girilen sistem
ozellikleri ve kullanila malzeme ¢esidine gore degisiklik gdstermektedir.

Sebekeye verilen Enerji: Sistemimizde tasarlanan GES sahalarinin uzun yillar ortalama isima,
ozelliklerine gore yaklasik sebekeye verebilecek enerji miktarini géstermektedir.

Toplam kayiplarin yol actig1 kayip enerji degeri iiretilen enerjinin yaklagik %2,9- %3’ {ine esittir.

1. Tasarim ve 2. Tasarim gii¢ oranlar kiyaslandiginda yaklasik 151 MWh/yi1l 1,2 ve 1,3 gii¢ oranlar1
kiyaslandiginda da 139 MWh/ y1l enerji tiretiminde artis olacagi gosterilmistir.

Tablo 1: Sistemlerin Kiyaslanmasi

1. Tasarim 2. Tasarim 3. Tasarim
(1102 KWp) | (1201 KWp) | (1294 KWp)
Nominal Gii¢ Oranlar: 1,103 1,201 1,296
PR. (Performans Oranlari) 79,33 79,31 79,17
MPPT Dize Enerjisi (MWh/yil) |1682,48 1833,814 1973,173
Invertor kaybi (Verimi) -2,08 -2,04 -2,01
AC Omik Kayiplari -0,72 -0,78 -0,84
Toplam Kayiplar (%) -2,8 -2,82 -2,85
Sebekeye Verilen Enerji
(Mwh/y1l) 1634,991 1781,646 1916,513
Toplam Kayip -2,904541982 _2,928078866 -2,95641094
Uretimde ki Artis Orani 8,97% 7,57%
Uretilen Fazla Enerji (MWh/Y1l) 151,334 -
Uretilen Fazla Enerji (MWh/Y1l) |- 139,359
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Sekil.13: DC/AC oranlarinin Uretime Etkisi
5. SONUC

Sistem i¢in en uygun nominal giic oran1 AC giiciin 1,2 kat1 en optimum diizeyde iiretim ve sistem
kayiplarinin en ideal aralikta olmasindan kaynaklanmasidir. 2017 yilinda kurulan GES santrallerinin
arazi kisitlamasi olmamasina ragmen panel tedarigi sorunu sebebiyle uygun DC/ AC oraninda
kurulmamig olmasi bu nedenle de sézlesme giiciinde yilin birgok aymnda saglayamadigi goriilmektedir.
Arazi alanmin kisith olmamasi kaydiyla mevcut sartlar i¢inde DC/AC kurulu gii¢ oraninin 1,2
seviyelerinde olmasit GES santralinden optimum verim alinabilmesi acisindan kiyaslamasinda da
yapildig1 gibi ¢ok onemlidir. Asagidaki sekilde de belirtildigi gibi yaz aylarinda ayni AC baglanti
giiciinde ancak DC giigleri farkl iki santralin giinliik tiretim karsilagtirmasi yer almaktadir, Piyasadaki
bir¢ok invertdr 1.4 oranina kadar DC gii¢ artisina izin vermektedir. (3) Fakat sistemlerin kiyaslanmasi
sonucunda bu gii¢ artiginin olusturdugu maliyet ve kayiplarin en az ve en optimum diizeyde ki tiretimi
1,2 olarak belirlenmistir.
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ABSTRACT

This study experimentally investigated the use of ammonium hydroxide as a partial replacement for
conventional diesel fuel in a diesel engine. Ammonium hydroxide was added to the diesel-biodiesel
blend by 5% (AH5) and 10% (AH10) volume, incorporating Span 80 and Tween 80 surfactants to
increase fuel stability. It followed the engine experiments on a stationary diesel engine performed at
different brake power outputs. Increasing the concentration of ammonium hydroxide from 5% to 10%
disrupted the engine run, and hence, AH10 was eliminated from engine tests. However, AH5 offered a
smooth engine operation with comparable engine performance and emissions. The engine thermal
efficiency improved by 2.81%, and smoke opacity decreased by 52.92%, with the cost of increasing
NOx emission by 3.46%, compared to B20 fuel. The findings of this study support that ammonium
hydroxide can be utilized partially as a substitute fuel for fossil diesel. Still, further experimental and
modelling studies should be performed to implement its usage on a large and commercial scale.

Keywords- Ammonium hydroxide, Diesel Engine, Hydrogen, Combustion, Emission

INTRODUCTION

Fossil fuels are still the dominant energy source in powering internal combustion engines. However,
they are not sustainable and cause environmental, economic, and energy security challenges.
Fortunately, using clean, renewable fuels can play a prominent role in addressing these issues. Therefore,
the transition to sustainable, clean, and renewable alternative fuels has gained profound significance.
Alternative fuels, such as hydrogen, ammonia, biogas, biodiesel, methanol, and ethanol, could replace
fossil fuels. Currently, biodiesel, methanol, and ethanol are used in engines commercially. Hydrogen
and ammonia are promising fuel sources due to their carbon-free nature, with great potential to reduce
greenhouse gas emissions. Regarding hydrogen as engine fuel, it offers low ignition energy, wide
flammability range, and high burning velocity, allowing clean and efficient combustion and, in turn,
high engine efficiency [1]. As hydrogen is a carbon-free fuel, it produces near-zero carbon emissions (a
small amount of carbon emissions result from the combustion of engine lubricating oil) [2]. However,
it is not implemented in the current engine applications due to low energy density, high production cost,
and difficulties associated with storage and handling [3]. Ammonia, with one nitrogen and three
hydrogen atoms in its chemical structure, is regarded as a hydrogen carrier and has a higher energy
density than hydrogen [4]. Ammonia seems to be a remarkable fuel for engines. However, it is toxic and
has a high auto-ignition temperature (651°C), low adiabatic flame speed, high enthalpy of vaporization,
and narrow flammability limits with air (¢:0.63-1.4) [5]. Therefore, it is suitable for use in dual fuel
mode in engines. However, unburned ammonia slip into exhaust gas (NHs emissions ) could be
undesirable [6]. Further, its low boiling point (-33.34 °C) makes it challenging to use as a liquid fuel
and increases safety concerns. Additionally, its storage and handling are more manageable and cheaper
than hydrogen, but this issue is more severe than those of LPG and liquid fuels [3].

The one alternative way to use ammonia in engines without structural changes is to exploit ammonium
hydroxide. It can reduce the danger involved in handling ammonia gas. Ammonium hydroxide, or
agueous ammonia, is a solution of ammonia gas in water. It is a typical commercial ammonia form.
Ammonia concentrations in agueous ammonia reach up to approximately 30%. It is a clear, colorless

34



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

liquid with an exceedingly pungent and intense odor under standard atmospheric conditions. Other
properties of ammonium hydroxide are listed in Table 1. Ammonia is a polar substance that easily forms
hydrogen bonds and is thus highly miscible in water. Consequently, ammonia as a liquid fuel can be
used in the existing engines.

Although there are intensive studies on using ammonia in engines [7]-[10], mainly dual fuel concept,
limited studies [11]-[14] are available on using ammonium hydroxide as engine fuel in the current
literature. Sahin et al. [12] investigated the effect of ammonia solution injection into engine intake air
on engine characteristics. The ammonia solution injection rate increased from 2% to 10% by 2%
increment by volume. The engine was run at the speed range of 2000-3000 rpm. Findings showed that
the ammonia solution led to an increase in bsfc but generally improved effective efficiency. CO and HC
emissions presented a rising trend, and NOx emissions increased remarkably. Also, it has been observed
that ammonia solution causes corrosion and deposits on ammonia injection system parts. The authors
emphasized that further studies should be done on using ammonia solutions in diesel engines.
Ammonium hydroxide has very low miscibility in diesel fuel, and direct blending of these fuels is not
feasible. Therefore, an emulsification technique combines the ammonium hydroxide with diesel fuel. In
this direction, a study was performed by Subramani et al. [11]. They prepared a 10% by-volume
ammonia solution-diesel blend with the help of surfactants and tested in a diesel engine. It has been
found that diesel-ammonia solution improves thermal efficiency, fuel economy, and HC, CO, and smoke
emissions while having greater NOx levels than diesel fuel. It is concluded that the diesel-ammonia
solution is an alternative method to using ammonia in diesel engines. Sashikanth et al. [13] investigated
the effect of blending ammonium hydroxide by volume of 3%, 6%, and 9% with biodiesel-diesel blend
(B50) on diesel engine performance and emissions. The literature analysis reveals that there has been
relatively little research on using ammonium hydroxide in diesel engines. Moreover, only one paper
[10] has researched the combination of ammonium hydroxide with diesel-biodiesel fuel, but the
combustion characteristics were not analyzed in that study. Hence, this study examines a diesel engine's
combustion, performance, and emission characteristics fueled with an ammonium
hydroxide/biodiesel/diesel ternary blend.

Materials and Tests

Two ammonium hydroxide-biodiesel-diesel blends (AH5 and AH10) were prepared using Span 80 and
Tween 80 surfactants. It is shown that a hydrophilic-lipophilic balance (HLB) value of about 8 provides
good stability for biodiesel/diesel/water emulsions [15]. Therefore, here, to obtain the hydrophilic-
lipophilic balance (HLB) value of 8 for emulsion fuel, 35% Tween 80 and 65% Span 80 by volume was
used. Tween 80 was added to ammonium hydroxide, and Span 80 was added to the diesel-biodiesel
blend. Then, the mixtures were stirred for 15 minutes. In the next step, Tween 80-ammonium hydroxide
solution was added to the diesel-biodiesel-Span 80 solution at a 5 ml/min flow rate while stirring the
continuous phase solution over a mechanical stirrer. At the end of this process, the emulsion fuel was
homogenized by an ultrasonicator for 30 minutes. Fuel preparation stages are shown schematically in
Figure 1. The obtained fuel samples are shown in Figure 2. Table 2 lists the test fuels’ composition. The
measured fuel properties are presented in Table 3.

Table 1: Properties of ammonium hydroxide.

Chemical Formula NH.OH
Assay [%] 25
Density [kg m™] 900
Molar mass [kg kmol™] 35.04
Melting/Boling point [°C] -58°C/-38
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Figure 2. Fuel samples.

Table 2. Test fuels’ composition by volume.

Diesel B20 Ar‘]r;g:gg:g? Surfactant
DF 100% 0% 0% 0%
B20 80% 20% 0% 0%
AH5 | 75.8% | 18.95% 5% 0.25%
AH10 | 71.6% | 17.9% 10% 0.50%

The engine used in the experiments is a single-cylinder, four-stroke, water-cooled diesel engine with a
cylinder volume of 661.5 cc. It is operated at a fixed speed of 1500 rpm and has distinct torque outputs.
Its rated output power is 3.5 kW. The differential pressure transmitters determined the fuel and engine
intake-air flow rates. Cylinder pressure was traced with a pressure transducer. Engine crankshaft rotation
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speed, TDC position, and crank angle were measured with an encoder. PT 100 and K thermocouples
were used to measure engine coolant and exhaust gas temperatures. Testo 350 XL emission device was
employed to measure gas emissions. Exhaust gas opacity measurement was performed by BOSCH BEA
070 device. The engine test setup schematically is shown in Figure 3.

Table 3. Specification of test fuels

Diesel B20 AH5*
Density [kg.m*] 837.1 845.3 849.1
HHV [Ml.kg™!] 45.6 445 43.4
Sulfur [mg.kg™] 7.1 6.6 -

Water content [%] 0.0040 0.0122

CFPP [°C] -7 -6 -
Flash point [°C] 59.0 63.5 -
Cetane index [-] 53.7 54 -

T10 [°C] 215.1 224.0 -
T50 [°C] 2775 296.5 -
T90 [°C] 342.7 340.9 -

* Not all analysis was performed due to the potential corrosive hazards of ammonium hydroxide on
measuring devices.

Fuel tanks

Control Unit

Figure 3. Experimental setup.
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Four fuels, namely diesel, B20, AH5, and AH10, were tested in the experiments. However, AH10 led
to inconsistent and rough engine running. Therefore, the AH10 test fuel was removed from the
experiments to prevent potential engine damage. Similarly, Pyrce et al. [14] reported the instability of
engine operation with test fuels involving ammonium solution. Experiments were concluded at brake
power output of 0.0 kW, 0.9 kW, 1.7 kW, 2.6 kW, and 3.5 kW. Once the engine was warmed up at each
test point, it was stabilized by monitoring its coolant and exhaust gas temperature, followed by
measuring. Four readings for engine performance parameters and eight for exhaust gas emissions were
recorded at a one-minute interval. Cylinder pressure-crank angle data was recorded for 100 consecutive
cycles, and average pressure data was used to determine combustion characteristics. The calculated
maximum uncertainty at maximum power output for brake power, brake-specific fuel consumption, and
brake thermal efficiency was 0.46%, 0.80%, and 0.93%, respectively.

RESULTS and DISCUSSIONS

The curve of the heat release rate for test fuels at full power output is presented in Figure 4. This figure
demonstrates that the heat release rate is slightly affected by fuel type. It is determined that the
combustion starts at the same crank angle degree even though they have dissimilar fuel properties like
viscosity, density, heating value, etc. This can be attributed to high cylinder pressure, temperature at full
power running conditions, and shortening ignition delay. The heat release rate curve of D and AH5 is
excellently matched, and the peak of the curve for B20 is different from the others. The maximum heat
release rate is determined for B20 fuel as 46.11 J/°CA at 354 °CA, which is higher by 7.60% and 6.54%
than that of DF and AHS5.

Figure 5 illustrates the variation of cylinder pressure for fuels. The figure shows that the recorded
cylinder pressure values for fuels are very close. This is due to the test method. The engine's fuel
injection system allows testing fuels with low calorific values to produce the same brake power output.
This is achieved by increasing the fuel injection rate for fuel with low energy content. The maximum
cylinder pressure is 55.19 bar, 55.31 bar, and 55.30 bar for DF, B20, and AH5.

Figure 6 shows the variation in the pressure rise rate for test fuels. The pressure rise rate corresponds to
the heat release rate. In other words, the combustion rate affects the cylinder pressure; thus, the pressure
rise rate curves follow the same tendency observed in the heat release rate curve. The highest pressure
rise rate of 4.61 bar/°CA was determined for B20 fuel, yet not exceeding the permissible stability limit
of 10 bar/°CA.

Figure 7 shows the fuel consumption rate at various brake power outputs. The density and heating value
of the fuel affects the fuel consumption rate. As a result, AH5 fuel with the highest density and lowest
calorific value has the highest fuel consumption rate among the test fuels. It increased the fuel
consumption rate by 8.12% and 0.55% on average compared to DF and B20.

The brake-specific fuel consumption graph is presented in Figure 8. As the engine power was increased,
brake-specific fuel consumption decreased thanks to increasing fuel conversion efficiency. The excess
water content in the AH5 reduces combustion temperature [14], causing higher fuel consumption to
generate the same brake power as diesel fuel. AH5 increased the brake-specific fuel consumption by
7.03% and 1.04%, respectively, compared to DF and B20.

Figure 9 illustrates the brake thermal efficiency at various brake power outputs for test fuels. The highest
thermal efficiency was recorded for DF at all test conditions. It can happen due to its high calorific value
and low viscosity. Interestingly, AH5 yielded a slightly higher brake thermal efficiency than B20. It can
be attributed to its high oxygen content, simple chemical structure, and low boiling point temperature,
improving fuel-air mixture and promoting enhanced combustion. It was determined that the average
brake thermal efficiency for AH5 is 2.81% higher than B20, yet it is still lower by 1.08% compared to
DF.
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Figure 6. Pressure rise rate at maximum power output.
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Figure 7. Fuel consumption rate at various brake power outputs.
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Figure 8. Brake-specific fuel consumption rate at various brake power outputs.
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Figure 9. Brake thermal efficiency at various brake power outputs.
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Figure 10 shows the variation of NOx emissions with brake power output measured for test fuels. As
the brake power was increased, more fuel was injected into the engine cylinder, elevating the cylinder
temperature and, accordingly, the NOx formation rate rose. At low brake power outputs, AH5 produced
more NOXx emissions than the others due to excess nitrogen atoms in the ammonia solution. Ammonium
hydroxide decomposes in the engine cylinder, producing ammonia and nitroxide radicals, followed by
NOXx generation. However, NOx formation was decreased at high and maximum power output when
using AHS5. It is implied that the fuel NOx mechanism would be dominant at low-brake power output
conditions. On the other hand, the thermal NOx formation pathway becomes influential at high brake-
power conditions due to elevated cylinder temperature. In this case, the increase in NOX rate could slow
due to lower heating value and high vaporization enthalpy of AH5 fuel. Regarding the average NOx
emissions, it was concluded that AH5 produced higher NOx emissions by 3.46% and 10.30% than B20
and DF, respectively. The unsaturation of fatty acid esters of biodiesel and its oxygen content could be
the main factors for the high NOx emission of B20 fuel. This is consistent with the result of Yousefi et
al. [16], which reports an increase in NOx emissions with the rising ammonia injection rate.

The variation of smoke opacity with engine brake power for test fuels is given in Figure 11. B20 led to
the highest smoke opacity over the all-power range due to its high viscosity, low volatility, and high
degree of unsaturation. AH5 offered the lowest smoke opacity. It led to a remarkable reduction in
average smoke opacity by 26.13% and 52.92% compared to DF and B20. Ammonium hydroxide reduces
the carbon content in the fuel, yielding low smoke opacity. Moreover, ammonium hydroxide quickly
decomposes into ammonia gas (NHs) and water (H20) in the engine cylinder. Subsequently, water can
decompose into species such as OH, H, and O, good oxidation for soot particles and CO gas.
Consequently, smoke opacity is reduced.

CO oxidation improves due to enhanced in-cylinder thermodynamic conditions with increasing brake
power output. This trend is seen in Figure 12. The highest CO emission was measured for B20 fuel at
all test conditions, whereas AH5 generally produced lower CO emissions than the others. AH5 reduced
the emissions by 5.50% and 14.59% on average compared to DF and B20. As stated above, the water
dissociation products, i.e., OH and O, are suitable oxidizers. Additionally, the lower carbon content and
low boiling point temperature of AH5 fuels could help to drop CO emissions.

Figure 13 shows the change in CO, emissions for test fuels. CO, formation rate is directly related to fuel
consumption, so CO- emissions steadily increase with rising engine brake power output. On average,
AH5 generated higher CO, emissions by 5.39% and 1.88% than DF and B20. AH5 contributes to CO»
formation due to its high fuel consumption and elevated CO oxidation rate.
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Figure 10. NOx emissions at various brake power outputs.
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Ammonium hydroxide is a corrosive substance that can damage solid materials by a chemical reaction.
So, ammonium hydroxide could damage the engine's life span due to its corrosive effect and formation
of residues on the surfaces of fuel system parts. This study also investigated the possible damage of
ammonium hydroxide on fuel injector parts with a simple test. In this observation, one new fuel injector
was dipped into an AH10 fuel container for one month. The containers were held at room temperature
and pressure in a dark environment during the test. The test result is given in Figure 14. Looking at the
taken image before the test and after a month, it is concluded that there is evident corrosion on the fuel
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injector nozzle cup nut. Still, no apparent damage was detected on the fuel injector nozzle. The reasons
for that can be attributed to the material type of injector nozzle cup nut and fuel injector nozzle. The
former is made of high-speed steel, while the latter is made of stainless steel with high corrosive
resistance. Therefore, the nozzle cup nut was damaged by contact with AH10 fuel. However, it should
be noted that this part is not in direct contact with the fuel on the engine. However, it can be encountered
with the fuel during maintenance or due to fuel leakage. Ammonia is a corrosive substance that reacts
with silver, lead, brass, copper, and zinc alloys [17]. Therefore, the influence of the corrosion effect of
ammonium hydroxide on the other fuel system parts should be determined.

Figure 14. The corrosion effect of ammonium hydroxide on the fuel injector.
CONCLUSION

The usability of ammonium hydroxide as a partial substitute for regular diesel fuel in a diesel engine
was experimentally investigated in this paper. It was blended with a diesel-biodiesel mixture at 5% and
10% volumetric ratios and tested on a diesel engine to research its effect on combustion, performance,
and emissions. The key findings are emphasized below:

) Ammonium hydroxide is not miscible with either diesel or biodiesel. It prevents homogeneous
fuel mixture formation and leads to phase separation. Thus, it needs to be an emulsification process by
applying surfactants.

) Ammonium hydroxide is a very toxic chemical and hazardous by eye contact, skin contact, and
inhalation, making it challenging to handle this substance in experiments. It also creates troubles with
refueling and fuel system maintenance.

) Due to its high density and low calorific value, blending ammonium hydroxide with diesel or
biodiesel fuel increases the mixture density and reduces its heating value.

) The ammonia hydroxide with 10% volume in the fuel blend caused an unstable engine run. It
may be due to the high water content and the low cetane index of the fuel. For that, it was removed from
the engine test. However, no such trouble was experienced with the 5% ammonia hydroxide ratio.
Moreover, it offered better engine performance and emissions than B20 fuel.

) Ammonium hydroxide/diesel/biodiesel ternary blend increased the fuel consumption rate
mainly due to its high density and low calorific value. However, it offered a higher brake thermal
efficiency of 2.81% than B20.

) Ammonium hydroxide/diesel/biodiesel ternary blend provided lower smoke opacity and CO
emissions than DF and B20. However, because of the high nitrogen content of this fuel, the NOx level
rose at lower power outputs due to the fuel NOx formation mechanism. The thermal NOx formation
could be more vigorous at high and full power output as cylinder pressure and temperature increased.
Consequently, the ternary fuel blend yielded less NOx at these test conditions than the base fuels. In
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addition, the ammonium hydroxide/diesel/biodiesel ternary also raised the CO, concentration due to its
high fuel consumption rate and CO oxidation capability.

) The fuel injector was kept in the ternary fuel container for one month to address the corrosion
effect of ammonium hydroxide. At the end of this period, the fuel injector cap nut was damaged by the
corrosive effect of ammonium hydroxide. Because of the corrosive nature of ammonium hydroxide, it
is necessary to use corrosive-resistant types of equipment for fuel analysis, transport, and storage.

) The lower engine performance for the ternary blend can be improved by introducing highly
energetic nanomaterials into the fuel.

) The economic aspect of using ammonium hydroxide was not considered in this study.
Ammonium hydroxide can be a promising fuel soon, but concerns are still related to its safety, engine
performance, and combability with engine technology and fuel distribution systems. All of these indicate
the necessity of conducting more extensive research.
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OZET

Otomatik Yonlendirmeli Araglar (AGV'ler), kendilerine verilen gorevleri yerine getirmek igin
haritalama ve navigasyon teknolojilerini kullanarak hareket etme yetenegine sahip, kilavuzlar tarafindan
yonlendirilen robotik araclardir. Kamera, kizilotesi veya manyetik sensor verilerini kullanarak serit
kilavuz takibini gergeklestirebilir ve komuta kontrol sisteminden gelen tanimli rota planina gore hareket
edebilirler. AGV’ler rota takibini bir kilavuz yardimi ile yapmaktadir. AGV sistemlerinde navigasyon
yerel ve kiiresel olmak iizere ikiye ayrilmaktadir. Yerel navigasyon ise ii¢ kisma ayrilmaktadir bunlar;
dogrudan, goreceli ve mutlak. Dogrudan yerel navigasyon manyetik 6zelligi olmayan siyah/beyaz bant,
manyetik bant ve endiiktif kablo ile, géreceli yerel navigasyon manyetik nokta ve lazer kilavuz ile ve
son olarak mutlak yerel navigasyon sistemleri ise LIDAR gibi dogal kilavuz sistemlerini icermektedir.
AGYV robotlarin hareket planlamasinda ki temel ister, kilavuz takibini farkli ¢evresel etkiler altinda
yiksek dogruluk ile gergeklestirmektir. Bunun igin iki 6nemli asama bulunmaktadir. Birincisi
AGV’lerin takip edecek oldugu kilavuzlarin tespit edilmesi, ikincisi ise hareket sistemini olusturan
motorlarm ara¢ kinematigine gére dogru yonde ve hizda tahrik edilmesidir. Onerilen sistemde kilavuz
olarak kullanilan siyah ¢izginin tespiti kamera kullanilarak saglanmistir. Kameradan gelen genis
perspektifli goriintli kademeli olarak kiigiiltiilerek daha dar perspektifte daha 6z ama problemi temsil
eden goriintii bilgisine doniistiiriilecek sekilde tasarlanmistir. Bu sayede daha az bilgi ve islem yiikii ile
gercek zamana yakin, hizli islem yapilarak istenilen veri ¢ikarilabilmektedir. Bu ¢alismada kamera ile
elde edilen goriintii iizerindeki ¢izgi hatti birbirleri arasinda aracin galigma hiziyla dogru orantida
degisen mesafeye sahip iki adet sensor dizisi kullanilarak aracin sadece ¢izgiyi tespit etmesi degil
cizginin ilerleyen kisimlarinda akis yoniiniinde tespit edilebilmesini saglamistir. Serit kilavuzu tespit
edildikten sonra sensor dizilerinden elde edilebilecek olasi tiim senaryolar igin iiyelik fonksiyonlar
belirlenmis olup Bulanik Mantik Kontrol (Fuzzy Logic Control) kullanilarak AGV robotun hareket
katmanini olusturan sol ve sag motorlar i¢in hiz ve yon ¢iktilari iiretilmektedir. Elde edilen hiz ve yon
bilgileri mikrodenetleyici tarafinda PWM sinyallere doniistiiriilerek AGV robot iizerindeki motorlarin
kontrolii saglanmustir.

Anahtar Kelimeler: Otomatik Yoénlendirmeli Araglar, Cizgi Takibi, Gériintii isleme, Bulanik Mantik.

ABSTRACT

Automated Guided Vehicles (AGVs) are robotic vehicles guided by guides, with the ability to move
using mapping and navigation technologies to fulfil their assigned tasks. They can perform lane
guidance tracking using camera, infrared or magnetic sensor data and move according to the defined
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route plan from the command and control system. AGVs perform route tracking with the help of a guide.
Navigation in AGV systems is divided into two as local and global. Local navigation is divided into
three parts; direct, relative and absolute. Direct local navigation is performed with non-magnetic
black/white tape, magnetic tape and inductive cable, relative local navigation is performed with
magnetic point and laser guidance, and finally absolute local navigation systems include natural
guidance systems such as LIDAR. The main requirement in motion planning of AGV robots is to realise
the guidance tracking with high accuracy under different environmental effects. There are two important
steps for this. The first is the determination of the guides that the AGVs will follow, and the second is
to drive the motors that make up the motion system in the right direction and speed according to the
vehicle kinematics. In the proposed system, the detection of the black line used as a guide is achieved
by using a camera. The wide perspective image from the camera is designed to be gradually reduced
and converted into image information representing the problem in a narrower perspective. In this way,
the desired data can be extracted by performing fast processing close to real time with less information
and processing load. In this study, the line line on the image obtained with the camera is detected by
using two sensor arrays with a distance between each other that varies in direct proportion to the
operating speed of the vehicle, enabling the vehicle to detect not only the line but also the flow direction
in the later parts of the line. After the lane guidance is detected, membership functions are determined
for all possible scenarios that can be obtained from the sensor arrays, and speed and direction outputs
are generated for the left and right motors that form the motion layer of the AGV robot using Fuzzy
Logic Control. The obtained speed and direction information is converted into PWM signals on the
microcontroller side to control the motors on the AGV robot.

Keywords: Automated Guided Vehicles, Line Tracking, Image Processing, Fuzzy Logic.

INTRODUCTION

Robots, known as Automated Guided Vehicles (AGV), are widely used in industry to move objects from
an origin location to a destination or goal location. This generation of mobile robots is widely used in
industrial applications to facilitate logistics and material handling procedures using advanced navigation
in complex environments [1]. Due to the worldwide Coronavirus (Covid-19) pandemic that started in
2019, it has reduced the rate of human work in the manufacturing and production industry [2]. Therefore,
AGYV technology has attracted the attention of the manufacturing industry to ensure that operations are
not disrupted and at the same time, the quality of work is maintained [3, 4]. This technology can be used
for tasks such as transporting materials from the storage area to the production line, from the production
line to the packaging area and vice versa. In addition, the development of this technology is not only
focussed on the manufacturing industry but is also used in other application areas such as hospitals,
restaurant food delivery services and construction [5, 6].

AGYV technology has attracted great interest from researchers working on both electronic circuit design
and embedded software. The AGV hardware part consists of sensors, robot kinematic mechanisms,
battery management systems and actuator layers [7]. The AGV system is divided into three main
components: vehicle capability, guidance tracking and route planning method [8]. Since our study
focuses on the guidance tracking of AGV systems, more guidance tracking systems are analysed in this
study.

Navigation in AGV systems is divided into two as local and global [31]. Local navigation is divided
into three parts; direct, relative and absolute [32]. Direct local navigation includes magnetic tape and
inductive cable, relative local navigation includes magnetic point and laser guidance and finally absolute
local navigation includes natural guidance systems.

Local navigation techniques are a structure in which the AGV decides its position and orientation and
can control its movement using externally equipped infrared, ultrasonic, laser and camera sensors [9],
[10]. Magnetic tape, inductive wire, magnetic dots, laser guided and optical types are the main AGV
local navigation techniques. Local navigation techniques are shown in Figure-1.
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Figure-1 Guiding systems for AGVs s (top view of the system) [1].

In magnetic guidance tracking, AGVs are equipped with magnetic sensors and move along a predefined
track created by a magnetic tape track [12]. A magnetic tape placed on the ground surface creates the
guided route. Su et al [15] proposed a magnetic tracking approach to improve the positioning accuracy
of AGVs. A super strong magnetic spike was tracked by a two-dimensional (2D) sensor array. The
position and orientation were computed using sensor array data and a hybrid computational method such
as Levenberg-Marquardt (LM) and Particle Swarm Optimisation (PSO) optimisation algorithms.

The basic principle of inductive wire for AGV navigation is the creation of a magnetic field as a result
of current flowing through a conductive wire. When current flows through the coil, an electromotive
force corresponding to the strength of the magnetic field is generated at the end terminal. With the coils
placed on the front/rear side of the AGV vehicle, the magnetic field generated on the wire is detected.
Rubanov et al [20] developed a low-cost AGV using a metal line sensor for track orientation and RFID
tags for localisation, and as a result they show that the proposed navigation technology is consistent
between computer simulation and pilot tests. This technique has the advantage of enabling full position
control and navigation through accurate position tracking. However, a guided wire needs to be buried
in the ground and the ground surface needs to be sliced for navigation guidance; the cost of
implementation is incredibly expensive. Furthermore, regular maintenance is required and it is difficult
to change the process and layout.

Magnetic dots are typically cylindrical magnets, also known as magnetic spikes and pins [21]. To
navigate on the ground, the AGV can follow small cylindrical magnetic dots placed on the ground. A
virtual track is created by placing magnetic dots everywhere [22]. Yan et al [23] proposed a method
using dual magnetic spikes to guide an AGV. The input elements consist of an angle sensor and two
high-precision magnetic sensors. A fuzzy controller was used to track the path with these sensors and
as a result, they achieved high accuracy path tracking capability. The installation of path tracking by
AGV using magnetic point is not very easy. A small hole should be made in the ground to place the
magnet. Following the installation, epoxy adhesive is used to seal the hole. The results show that this
navigation method is accurate when operating along the predetermined route of the AGV's position.
However, this method is not suitable for dynamic environment.

Laser Guided Vehicles (LGV) utilise laser technology to perform positioning and guidance operations.
[24]. Today, laser navigation is one of the most widely used navigation systems due to its reliability and
accuracy [25]. Each laser guided device is usually mounted on the top of a mast and interacts with
targets. The navigation device emits a 360-degree pattern of rotating laser arrays. [26]. Various reflector
targets are reached by these arrays, which are bands or cylinders of various types [27]. The laser array
signal is sent back to the AGV laser navigation device through the reflectors. The laser-guided system
must receive at least three of these array feedbacks to calculate the positioning in triangulation form
using highly complex algorithms. Zhou et al [30] highlighted the findings from their research on multi-
sensor fusion used in the state-of-the-art AGV navigation using laser and inertial guidance. When the
AGV moves as AMR, it relies on natural features or free navigation such as SLAM using Light
Detection and Ranging (LiDAR) sensors or camera-based visual navigation systems to find its way [11].

As can be seen, many methods have been proposed and tested in the literature for the tracking of AGV
systems. In the system we proposed in our study, we used a camera to detect the black line that we
determined as a guide and Fuzzy Logic Control (FLC) to follow it.
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METHOD
Fuzzy Logic (FL)

Fuzzy logic (FL) is a type of multivalued logic in which the truth values of variables can be any real
number between 0 and 1. It was introduced by Lotfi A. Zadeh in 1965 [109]. In classical binary logic,
an element either belongs or does not belong to a set (0 or 1) and such sets are called crisp. In fuzzy
logic, on the other hand, it offers a more useful logic approach that fits real-world data by representing
binary concepts, where crisp logic is limited to precise concepts, with softer determinants such as faster,
faster, slower, slightly slower [33].

Figure-2 shows the FL block diagram consisting of a precise input containing a grammatical variable.
In this diagram, there is a fuzzification process involving a set of membership functions (MFs), an
inference process involving MFs based on 'IF' and "'THEN' rules, a defuzzification process leading to a
final output producing a logical plane, and finally a final output producing an optimal value.

|
|
Fuzzy Rule base |
Controller (£ then..} :
|
|
$ i
|}
Crisp input : Inferente | Crisp output
- 4 -+  Fuzzification - R |~= Defurzification s -
system [
Error ¢ |
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. Plant /
Sensor - - Actuator -

environment

Figure-2 Fuzzy Logic Architecture [34]
Goriintii Isleme

An image is represented by its dimensions (height and width), which depend on the number of pixels.
This pixel is a point on the image that receives a certain shade, opacity or colour. Usually an image is
represented in one of the following forms: Grayscale (a pixel is an integer with a value between 0 and
255, where 0 is all black and 255 is all white), RGB (a pixel consists of 3 integers between 0 and 255,
the integers represent the intensity of red, green and blue), RGBA (an extension of RGB with an
additional alpha field representing the opacity of the image).Goriintii isleme, bir goriintiiyli dijital bir
forma doniistiirme ve ondan bazi yararli bilgileri ¢ikarmak i¢in belirli iglemleri gerceklestirme islemidir.
The image processing system usually treats all images as 2D signals while applying certain
predetermined signal processing methods [35].

The development of autonomous systems or object detection based systems based on environment
analysis with camera images is the basis of many academic and theoretical studies [36, 37, 38, 39].
Camera images provide comprehensive visual information about the position, shape, size, colour and
motion of objects or environments. In particular, using this information, an automated system or
artificial intelligence model can successfully analyse the environment. This detailed information can
enable detailed analysis of environments and generate a more comprehensive perceptual feedback.

In the light of all these explanations, it is an accepted fact that the autonomous line following system,
which is the subject of this study, is a suitable method for environment detection using a camera [40].
The camera can flexibly detect and process colour, shape and position information of real objects in the
environment in harmony with the environment. The real-time nature of the images allows the system to
react quickly to instantaneous changes and information.
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The flow given in Figure-3 is a visualisation that briefly summarises the theoretical structure, data flow
and operation processes of the proposed work. The system input information is obtained by taking
camera images with an SCB (Single Board Computer) that performs image processing operations on the
Linux operating system. These data, which are generated as numerical values, are transferred to another
SCB, which is also responsible for the movement of the motors, via 12C communication protocol. Fuzzy
analysis algorithms are also run on this second SCB and the coefficients for the PWM signals required
for the version control of the motors are generated and the operation of the system is controlled.

Imase Image Processing
Acqusiion ® Caplure Image
B ® Define RO
} t—»  ®Filter nage
i ® Convert lmage
® Calculate Line Posgtion
ot Fder Left Coster Rt :;.;.!.1 .‘j -
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Figure-3 General Architecture of the System

The line tracking model of the AGV system consists of two basic steps. In the first step, the line on the
ground is detected by image processing algorithms and its position on the obtained image is calculated.
In the second step, the position information of the obtained line is processed by the expert system and
the motor control commands required for line tracking and the driving of the motors in accordance with
the 4WD motion kinematics of the AGV vehicle are performed.

In the proposed method, it is very important that the black line selected as a guide is detected by the
camera, processed, interpreted and transferred to the expert system in near real time. Real-time image
processing is the process of quickly perceiving and organising digital images in a limited time frame.
The image obtained from the camera placed in the front-centre of the AGV vehicle with a resolution
value of 320x240 pixels is divided into areas of interest as shown in Figure-4. The image information is
divided into 4 equal regions of 60 pixels on the vertical axis. From these regions, the images in the range
of 0-60 and 120-180 vertical pixels are determined as regions of interest (Rol), and the regions outside
of this are determined as areas of interest (Ool). No processing is performed on the image fragments
corresponding to the areas of interest. Input data to the expert system is created by determining the
position of the line on the image information in the regions determined as areas of interest.
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Figure-4 Camera Image Segmentation

The regions within the region of interest are divided into 5 equal regions with a value of 64 pixels on
the horizontal axis. The purpose of using these regions is to determine which side of the black line used
as a guide is relative to the AGV vehicle. In our proposed system, these regions are labelled as given
below;

o 0 - 64 px : LeftEdge

o 64 - 128 px . LeftCenter
. 128 - 192 px : Center

o 192 - 256 px  : RightCenter
o 256 — 320 px : RightEdge

The final segmentation in the camera field of view for the prototype vehicle used in the modelling of
the line detection system is in the pixel ratios given in Figure-4. These ratios can be updated according
to the horizontal speed of the AGV system and the height of the camera above the ground, and the
system can dynamically adapt to different operating conditions. How to use the black line image to
generate the data to be used for training the expert system is explained in Table-1.

Table 1 — Determining Line Input Value

Capture camera image
Ool ( Out of Interest) extract parts from the image information
{ Ool_1->[60 pix-120 pix, 0 pix -320 pix] range
Ool_2-2[180 pix-240 pix, 0-320 pix] range }
Rol ( Region of Interest) take the parts
{Front Sensor -> Rol_1 - [120-180 pix, 0-320 pix] range
Back Sensor -> Rol_2 -2[0-60 pix, 0-320 pix] range } define as
For Each Rol
{ Image processing, filtering
Detect line, center_point =(First pixel + last pixel)/2

send the point value to the expert system }
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After the midpoint of the detected black line in the Roll and Rol2 areas of interest is calculated, the
region in the range that corresponds to the regions divided into 5 equal parts on the horizontal axis is
assigned a value of "1" and the other regions are assigned a value of "0". In this model designed for line
detection of AGV system, 2 sensor array values with 5 elements are produced as a result. These values
are given as input data to the expert system. Against these values, the control commands of the motors
in the AGV system are generated by the expert system. In our proposed system, there are 3 different
motor control stages (-1, 0 and 1). If we explain these steps;

Table 2 — Determining Line Input Value

Tier Direction PWM Duty Cycle
-1 Backward %75
0 Forward %100
1 Forward %75

After the guide detection, which is the first part of the guide tracking system, motor control commands
are generated for the movement of the AGV vehicle with the fuzzy system. This architecture is given in
Figure-5.

Left | Left Right | Right -
Edge | Certer Center Center || Edae PVT M
[ - - -l
XX - .- M
Input_1 Line_Follower Laft
- {mamdani} -
- = - el

InPut_2 Right
Left Left Right | Right PWM
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Figure-5 Fuzzy System Architecture

As a result of our trials in the prototype vehicle developed for the test of the AGV system, data sets were
determined for all regions where the black line could possibly be detected to be used in the training of
the fuzzy logic control (FLC) system that will produce the control level information of the motors on
the vehicle after line detection. And with these training data sets, membership functions for the fuzzy
logic control system were determined.
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Table 3 — State Control Evaluation for Fuzzy Rules
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Membership function parameter values according to the fuzzy rule data sets given in Table 3 are given

in Figure-6.
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MF4="FrRgCt"'gauss2mf’,[10.3 217 13.7 274.7]
MF5="FrRgEd":'gauss2mf',[13.1 288.4 13.6 344]

Figure-6-a — Fuzzy Input for Sensor 1
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Figure 6-b — Fuzzy Input for Sensor 2

The fuzzy rules that will control the motor control stages with the line information received from the
camera were created using the truth table given in Table 3. The parametric values of the membership
function of this structure are defined for Rol1 and Rol2 as given in Figure-7.
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Range=[-1 1] Range=[-1 1]
NumMFs=3 NumMFs=3
MF1="BCK":'constant',[-1] MF1="BCK"'constant',[-1]
_ MF2="CST".'constant’,[0] MF2="CST"'constant’,[0]
MF3="RWD":'constant’,[1] MF3="RWD":'constant’,[1]
Figure-7 Fuzzy System Rules

RESULTS AND DISCUSSION

The goal of the designed system is to equip a mechanical system with the ability to produce very fast
outputs and autonomous movement as a result of the combination of different algorithms with different
hardware structures. Therefore, this system should be able to react quickly and reliably, comply with
time constraints, and work in harmony with all its components to minimize latency and meet timing
requirements. Unlike similar approaches, the system is designed to gradually reduce the wide
perspective image from the camera in the line detection process and convert it into a more concise image
information in a narrower perspective, but more concise image information to represent the problem. In
this way, the desired data can be extracted with faster processing over less information. In this study,
the image information is divided into two parts and planned as two different sensors. However, the
system has the dynamism to work with more partitions. The fact that the line information is taken from
two different regions of the image at a distance has also added the ability to detect not only the presence
of the line but also the flow direction. Similar studies are weaker at this point. The performance of the
system was increased by loading the image capture, image processing processes and driving the motors
by generating PWM values with the fuzzy system on two different hardware structures. The
computational load of the system is designed to provide fast feedbacks by loading the computational
load on two different hardware. The time between the acquisition of a snapshot and the conversion of
the output of this snapshot into the control commands required for the motors was kept below 0.1 s,
ensuring that the planned system is within the acceptance limits.

CONCLUSION AND RECOMMENDATION

As aresult, in the method we have proposed, an innovative guidance tracking system for AGV systems
has been realised at speeds close to real time. By increasing the motor control stages produced by the
fuzzy logic control system, smoother turns can be obtained instead of sharp turns.
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ANALITIK HIYERARSI PROSES (AHP) YONTEMI ILE CELIK ENDUSTRISI TESIS YERI
SECIMi

STEEL INDUSTRY PLANT LOCATION SELECTION WITH ANALYTIC HIERARCHY
PROCESS (AHP) METHOD

Yasin KAYMAZ?!
YHarran Universitesi Endiistri Miihendisligi Boliimii, Sanlwrfa, Tiirkiye
Gencay SARIISIK*

YHarran Universitesi Endiistri Miihendisligi Béliimii, Sanlwrfa, Tiirkiye

OZET

Artan rekabet kosullar1 ve kiiresellesen diinya, isletmelerin basarisi i¢in dogru bir kurulus yerinin
belirlenmesini kritik hale getirmistir. Ozellikle Tiirkiye'deki celik endiistrisi gibi ekonomik potansiyele
sahip sektorlerde, kurulus yeri secimi sektor yatirimlar1 agisindan hayati bir 6neme sahiptir.

Bu calismada, ¢elik endiistrisinde bir fabrikanin kurulus yeri tespiti i¢in bir karar destek modeli
onerilmektedir. Dort aday yer arasindan en uygun yerin belirlenmesi amaciyla matematiksel ve
mantiksal model temelli ¢ok kriterli karar verme yontemi olan AHP kullanilmistir. Caligmada kullanilan
kurulus yeri degerlendirme kriterlerinde arazi, hammadde, ulasim ve isletme maliyeti dikkate alinmistir.
Bu kriterlerin karmasiklig1 ve kurulus yeri alternatiflerinin ¢esitliligi g6z 6niine alinarak AHP yontemi
kullanilarak ¢oziimler iretilmis ve elde edilen sonuglar karsilagtirilmistir. Uygulamanin, diger
endiistrilerdeki kurulus yeri se¢im problemleri igin bir 6ngorii olusturabilecegi diisiiniilmektedir. Bu
onerilen karar destek modeli, isletmelerin etkin bir sekilde kurulus yerlerini segmelerine ve rekabet
avantaji elde etmelerine yardimci olabilir. Ayrica, ¢esitli karar verme yontemlerinin bir araya
getirilmesiyle daha kapsamli ve gilivenilir bir degerlendirme saglanmistir.

Anahtar Kelimeler: Celik endiistrisi, Cok kriterli karar verme yontemi, AHP yontemi, Kurulus yeri
se¢imi

ABSTRACT

Increasing competition conditions and a globalizing world have made it critical to determine the right
location for the success of businesses. Especially in sectors with economic potential, such as the steel
industry in Turkey, the choice of location is vital for investments in the sector.

In this study, a decision support model is proposed for the location of a plant in the steel industry. AHP,
a mathematical and logical model based multi-criteria decision making method, is used to determine the
most suitable location among four candidate locations. Land, raw materials, transportation and operating
cost are considered in the location evaluation criteria used in the study. Considering the complexity of
these criteria and the diversity of establishment location alternatives, solutions were generated using the
AHP method and the results obtained were compared. It is thought that the application can provide an
insight for the location selection problems in other industries. This proposed decision support model can
help businesses to choose their location efficiently and gain competitive advantage. Moreover, a more
comprehensive and reliable evaluation is provided by combining various decision-making methods.

Keywords: Steel industry, Multi-criteria decision making method, AHP method, Location selection

1. Giris

Cok Kriterli Karar Verme (CKKYV) yontemlerinin gesitli planlama asamalarinda etkili ve yogun bir
sekilde kullanmildigina vurgu yapilmaktadir. Bu yontemler, tedarik¢i se¢iminden yatirim projelerinin
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degerlendirilmesine, isgiicii planlamasindan kurulus yeri se¢cimine kadar ¢esitli alanlarda yaygin olarak
kullanilmaktadir [1-4]. Ayrica, saglik, ekonomi-finans, biligim, otomotiv, enerji, savunma, tarim gibi
farkli sektorlerde stratejik karar verme siireglerinde etkin bir rol oynadigi vurgulanmistir [5]. CKKV
yontemlerinin genis bir uygulama yelpazesi bulundugunu ve farkli sektorlerde stratejik kararlarin
alinmasinda 6nemli bir ara¢ oldugunu gostermektedir. CKKV yontemleri, ¢oklu kriterlere dayali karar
verme siireglerinde kullanilarak, planlama ve stratejik karar alma asamalarinda karar vericilere rehberlik
etmektedir. Bu da sirketlerin, projelerin, ve sektorlerin daha etkili ve bilingli kararlar almasina yardimet
olmaktadir.

Kurulus yerinin se¢ilmesinin, bir isletmenin yatiriminin ilk agsamasi oldugu ve iiretim/hizmet siireglerini
stirdiirecegi cografi konumlarin belirlenmesi siirecini igerdigi belirtilmistir. Kurulus yeri kararinin,
alternatifler arasinda tanimlama, analiz etme, degerlendirme ve se¢im siirecini igerdigi ifade edilmistir.
Tesis yerinin sec¢imi, isletmeler i¢in maliyet agisindan maliyeti yliksek ve tekrar kurulumu zor oldugu
icin kritik bir karardir. Ayrica, tesisin uzun vadeli faaliyet gostermesi istenilmektedir [6,7].

Tesis yerinin belirlenmesi karmasik bir siiretir. Bir dizi somut ve soyut faktore baglidir. Genel amaglar
arasinda kurulum maliyetini diisiirme, tesis, depo ve talep noktalar1 arasi mesafeyi en aza indirme,
toplam maliyetleri diisiirme ve miisteri taleplerini en iyi sekilde karsilama yer almaktadir. Ayrica, enerji
maliyetleri, cevre ve sosyal hedeflerin de son yillarda 6nemli kisitlamalar olarak goriildiigii belirtilmistir
[8, 9].

Literatiir taramasinda gesitli sektorlerde yer secimi konusunda kullanilan farkli ¢ok kriterli karar verme
(CKKV) tekniklerini ve bu tekniklerin hangi faktorleri dikkate aldigini incelemektedir. Otel yer se¢imi
stirecinde yerel ekonomik ortam, yerel mevzuat, bina yiiksekligi, ara¢ parklari, kamusal alanlar, trafik
durumu ve ulasim gibi faktorlerin dikkate alinmasi gerektigini belirtilmistir[10]. Farkli sektorlerde
hastane, lokanta, kiitiiphane, aligveris merkezi, lojistik isletme, dagitim merkezi, banka subesi gibi farkli
sektorlerde yer se¢imi ¢aligmalari yapilmistir[11-16]. TOPSIS, PROMETHEE, ELECTRE,
DEMATEL, Gri Teori, VIKOR gibi ¢ok kriterli karar verme teknikleri farkli sektorlerde yer segimi
problemlerine uygulanmugtir [17-20]. Literatiirde ¢ok kriterli yer se¢imi problemlerine yaklasimin genis
bir yelpazesini kapsayan ve ¢esitli sektdrlerde uygulamalara odaklanan bir bakis sunmaktadir.

Tiirkiye’de Istanbul, izmir, Kocaeli, Adana Bursa ve Eskisehir illerinde ¢elik imalatinin yogunlastig
ancak smirli olmadigi bolgelerdir. Celik endiistrisi, genellikle lojistik avantajlar, altyapi, hammadde
erigimi ve isgiicli gibi faktorlere bagl olarak belirli bolgelerde yogunlagmaktadir. Ancak, sektordeki
degisiklikler ve yatinmlarla birlikte, celik imalatinin yogun oldugu bdlgelerde zaman icinde
degisiklikler olabilmektedir. Diyarbakir, Tiirkiye'nin giineydogusunda bulunan bir sehirdir ve ¢elik
imalat sektorii agisindan stratejik bir konuma sahiptir. Diyarbakir ili ¢gevresindeki bolgelerin ihtiyaglarini
karsilayacak bir ¢elik tiretim merkezi haline gelebilme potansiyeline sahip olmasi tesisin kurulus yerinin
belirlenmesi 6zgiin degerini artirmaktadir. Bunun icin insaat, altyapi projeleri ve diger endiistriyel
faaliyetler igin ¢elik talebi, ulasim aglarina yakinligi, ¢elik iiriinlerinin tasinmasi ve dagitilmasi igin
kolaylik saglamasi, devlet tarafindan saglanan tegvikler, celik iretimi i¢in cazip hale getirmesi
gerekmektedir.

Bu ¢alisma, Giineydogu Anadolu Bolgesi'nde ¢elik tiretim yapacak bir gelik fabrikasi kurma amaciyla
AHP yéntemi kullamlarak yer tespiti yapmay1 hedeflemektedir. ilk olarak, Tiirkiye'deki gelikt
endiistrisinin potansiyeli ele alinmistir. Ardindan, kurulus yeri se¢imine iligkin literatiirde yapilmig
caligmalar ve AHP yontemi bu analizdeki kullanilabilirligi incelenmistir. AHP algoritmalarinin
kullanildig1 uygulama detaylar1 acgiklanmistir. Sonug olarak, elde edilen ¢oziimler degerlendirilmis,
sonuglar karsilastirilarak en uygun kurulug yerinin belirlenmesi saglanmistir.

2.Yontem

AHP (Analitik Hiyerarsi Prosesi), baslangicta Myers ve Alpert tarafindan uygulanmig ve 1970'li yillarda
Saaty tarafindan ¢oklu kriter igeren karmasik karar verme siiregleri i¢in matematiksel bir teori olarak
ortaya konmustur. AHP'nin temel hedefi, farkli kriterlerin ve alternatiflerin bulundugu bir hiyerarsik ag
yapist kullanarak uygun ¢ozliimiin analiz edilmesini saglamaktir [21]. AHP metodolojisinin temel
adimlart:
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1. Problem Tanmmi: Ilk adim, karar verme problemi hakkinda net bir anlayis gelistirmek ve
problemi tanimlamaktir. Hangi kararin alinmasi gerektigi, hangi kriterlerin dnemli oldugu ve hangi
alternatiflerin degerlendirildigi gibi temel sorular1 yanitlamak 6nemlidir.

2. Kriterlerin Belirlenmesi: AHP'de, karar verme siirecini etkileyen kriterler belirlenir. Bu
kriterler, kararin temel taglaridir ve genellikle problemi daha kiiciik pargalara bélmek i¢in kullanilirlar.

3. Alternatiflerin Belirlenmesi: Problemle ilgili mevcut alternatifler veya se¢enekler belirlenir. Bu
adim, hangi alternatiflerin degerlendirmeye alinacagin belirlemeyi igerir.

4, Ikili Karsilastirma Matrisinin Olusturulmasi: AHP'nin temelini olusturan adim, kriterlerin ve
alternatiflerin ¢iftler halinde karsilastirilmasini igerir. Bu karsilastirmalar, bir karsilagtirma matrisi
olusturmak i¢in kullanilir. Her bir ¢ift kriter veya alternatif igin, hangisinin digerine gore daha dnemli
oldugu bir 6l¢ek kullanilarak belirtilir.

5. Karsilastirma Matrisinin Normalize Edilmesi: ikili karsilastirma matrisi olusturulduktan sonra,
bu matris normalize edilir. Bu, her satirin toplamma béliinerek her satirin toplami 1 olacak sekilde
yapilir. Bu, karsilastirmalar arasindaki tutarliligi saglamak i¢in dnemlidir.

6. Oncelikli Kriterlerin ve Alternatiflerin Belirlenmesi: Oncelikli kriterler ve alternatifler
hesaplanir. Bu, her kritere ve alternatife agirlik veya oncelik derecesi verilmesini igerir.

7. Tutarlilik Kontrolii: Bu adim, karsilasgtirma matrisinin tutarliligi kontrol etmeyi igerir.
AHP'min bir temel prensibi, matrisin tutarhiligmin saglanmasidir. Eger matris tutarli degilse,
karsilagtirmalar gdzden gegcirilir ve diizeltilir.

8. Sonuglarin Degerlendirilmesi: Son adimda, dncelikli kriterler ve alternatifler kullanilarak en iyi
secenegi belirlemek icin karar verme modeli kullanilir. Bu sonuglar, karar verme siirecinin sonucunu
olusturur.

Kriterlerin agirliklarini belirlemede, sik¢a kullanilan bir yontem olan 1-9 arasindaki numaralandirilmig
olcek, Cizelge 1'de gosterilmistir [21].

Cizelge 1. ikili karsilastirma yénteminde kullanilan 6lgek

Onem Degerleri | Deger Tamimlar

1 Esit Onemde

3 Biraz Daha Onemli(Az Ustiinliik)

5 Oldukg¢a Onemli (Fazla Ustiinliik)

7 Cok Onemli (Cok Ustiinliik)

9 Son Derece Onemli(Kesin Ustiinliik)

2,4,6,8 Ara Degerler(Uzlagsma Degerleri)
3.Bulgular

AHP yontemi, Sekil 1'de belirlenen hiyerarsik yapiya dayanarak gelistirilen ¢6ziimii icermektedir. Elde
edilen matrisler, islem sirasina gore diizenlenmistir.
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Celik Fabrikasi Kurulus Yeri

Secimi

Arazi BuyuklGgi (K1)

Organize (A1)

Hammadde (K2)

Mega (A2)

Ulasim (K3)

Yenisehir (A3)

isletme Maliyeti

(K4)

Kayapinar (A4)

Sekil 1. Uygulamanin gsematik yapisi

Cizelge 2'de, karar kriterleri ve agiklamalar1 bulunmaktadir. Ayrica, Cizelge 3'te, kriterlere ait ikili
karsilastirma matrisleri sunulmus ve her bir kriter i¢in alternatiflerin ikili karsilastirmalari
hesaplanmustir.

Cizelge 2. Karar Kriterleri ve agiklamalar

Kisaltma Tamimlama Ana Kriter
K1 Degerlendirilen alanin biiytikligi Avrazi blytkligi
K2 Fabrikanin kullanacagi hammaddenin Hammadde
faaliyetlerine yakinlig1
K3 Tesisin kurulacag: yerin ana yollara Ulasim
yakinlig1 ve merkeze uzakligi
K4 Malzeme, insan kaynagi ve hizmet Isletme maliyetleri
temininin maliyeti

Cizelge 3. Kriterlerin ikili karsilagtirma matrisi

K1 K2 K3 K4
K1 |0.1519 |0.1476 |0.2143 | 0.2307
K2 |0.7595 | 0.6878 | 0.6429 | 0.6923
K3 | 0.0506 | 0.0764 | 0.0714 | 0.0769
K4 |0.0380 |0.0983 |0.0714 |0.0769

Cizelge 4'te, alternatifler i¢in hesaplanan 6z vektorler matrisi sunulmustur.
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APPLICATIONS
Cizelge 4. Alternatiflerin 6z vektorleri
K1 K2 K3 K4
L Al | 0.6595 | 0.6405 | 0.5876 | 0.6354
A2 | 0.1425 | 0.0422 | 0.1742 | 0.1139
A3 | 0.1115 | 0.1180 | 0.1049 | 0.1385
A4 | 0.0805 | 0.1362 | 0.1331 | 0.1118

Cizelge 5'te hesaplanan kriterlerin 6z vektorleri sunulmustur. Bu 6z vektorler, her bir kriterin 6nem
derecesini temsil eden agirliklar olarak kullanilmistir.

Cizelge 5. Kriterlerin 6z vektorleri

W=

w1 0.2101
W2 0.6956
W3 0.0688
W5 0.0712

Alternatiflerin 6z vektorleri ile kriterlerin 6z vektorleri carpilarak alternatiflerin standart karar matrisi

elde edilmektedir. Cizelge 6°da alternatiflerin standart karar matrisi verilmistir.

Cizelge 6. Alternatiflerin standart karar matrisi

K1 K2 K3 K4
Al | 0.1385 | 0.4455 | 0.0404 | 0.0452
A2 | 0.0299 | 0.0293 | 0.0119 | 0.0081
A3 | 0.0234 | 0.0820 | 0.0073 | 0.0098
A4 | 0.0169 | 0.0947 | 0.0092 | 0.0079

AHP yonteminin final asamasinda, kriterlerin dncelikleriyle her bir kriter temelinde bulunan alternatif
oncelikleri ¢arpilarak, her kurulus yerinin 6ncelik agirliklart belirlenmistir. Bu agirliklar, O ile 1 arasinda
degisen degerlere sahiptir ve en yakin 1'e sahip olan alternatif, en uygun ¢6zliim olarak nitelendirilir.
Caligmada elde edilen sonuca gore, Al'in %66.96'lik dncelik agirligi ile en uygun kurulus yeri oldugu
tespit edilmistir.
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Cizelge 7. AHP yontemi oncelik siralamasi

Alternatifler AHP yontemi Se¢im Sirasi
Puan Yiizde (%)
Al 0.6696 66.96 1
A2 0.0792 7.92 4
A3 0.1225 12.25 3
A4 0.1287 12.87 2
4. Sonuclar

Bu galigma, isletme maliyetlerini azaltmak ve kaynak kullanimini maksimize etmek amaciyla bir fabrika
yeri se¢imi problemine odaklanmaktadir. Calismada, Cok Kriterli Karar Verme (CKKYV) yontemi
kullanilarak bir karar destek modeli gelistirilmistir. ilk olarak, literatiir taramas1 ve uzman goriisleri ile
etkili kurulus yeri kriterleri belirlenmis ve 6nem dereceleri belirlenmistir. Bu 6nem dereceleri, Analitik
Hiyerarsi Siireci (AHP) yontemi i¢in girdi agirliklar olarak kullanilmistir. Calisma, celik endiistrisine
hitap eden yiiksek yatirimli bir fabrika yeri secimi 6rnegi lizerinde uygulanmistir.

Uygulama sonuglara gore, arazi biyiikligii, ulasim hammadde ve isletme maliyeti Kriterlerinin
kurulus yeri tizerinde yiiksek etkiye sahip oldugu belirlenmistir. A1, A2, A3 ve A4 olarak adlandirilan
kurulus yeri alternatifleri tizerinde AHP yontemi kullanilarak yapilan analiz sonucunda en uygun
kurulus yerinin A1 oldugu tespit edilmistir.

Caligmanin sonuglari, sektdre 6zgii kisitlamalar gozetilerek genisletilebilecegi ve daha biiyiik ¢apl
yatirim projelerinde kullanilabilecegi lizerinde vurgu yapmaktadir. Ayrica, kurulug yeri problemlerinin
¢oziimii icin farkli veya benzer sektdrlerde dogrusal programlama veya bulanik mantikla entegre
modellerin gelistirilmesi 6nerilmektedir.
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ASSESSMENT OF INDOOR MICROFLORAOF CARS
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ABSTRACT

Cars serve as a ubiquitous mode of transportation, providing convenience and comfort for countless
individuals worldwide. Notably, air-conditioned cars create sealed environments, minimizing external
air exchange when doors are closed. During journeys in these vehicles, passengers are exposed to a
distinct microenvironment, one that may house various microorganisms with associated health risks.
This Study aims to Investigate and analyze the indoor microflora, within cars used for transportation.
We conducted research on 50 air- conditioned vehicles used for transportation in Chennai, Tamil Nadu,
India. Data was collected using a structured questionnaire distributed to participants, and sampling was
conducted using two distinct methods. Swab sampling was performed on the air-conditioning vents of
the cars, revealing the presence of microorganisms, including bacteria and fungi. Additionally, petri dish
scrubbing was employed to assess the microbial composition within the upholsteries of the cars, with a
particular focus on fungi. These samples were transported to the laboratory for further analysis. Our
findings highlight the diversity of microorganisms in car interiors, with Bacillus subtilis as the dominant
bacterial species and Aspergillus niger reviling among fungi. The interconnected presence of these
microorganisms in various car components, including air vents and seats, suggests potential routes of
exposure for passengers. To mitigate health risks, adherence to recommended limits for indoor microbial
concentrations is essential. Our study aligns with established guidelines for maintaining a healthy indoor
environment, emphasizing the need for measures like improved ventilation and UV radiation treatment
to ensure a safer and healthier commuting experience.

Keywords: Indoor Microflora, Passenger Exposure, Bacteria, Fungi, Aspergillus niger, Bacillus
subtilis, Health Implications.

INTRODUCTION

Cars are the significant transportation vehicle used as a transit system bynumerous people worldwide.
Cars vary according to the design and nature as high comfort system. These cars are found to be air tight
and no transaction with external air was found as the doors were closed. During the journey in cars, the
commuters areexposed to the microenvironment throughout their travel time. This includes thepresence
of microbes within the microclimatic environment and their exposure risk associated with the nature of
microbe present within. These microorganisms may be thecausative agents or triggering factors of
asthma and allergic rhinitis. Among the microbes, fungi are well known for their allergenic, toxigenic
and parasitic ability. Many air-borne mycospores have the ability to cause allergies as well as other
respiratory diseases in humans, particularly in immune suppressive patients. Mostly, these fungal spores
are inhaled by humans during their respiration and these spores affect the respiratory tract as well as
lungs. The exposed subjects are at risk to variety of health effects, including infectious, allergic and
hypersensitivity reactions. Apart from this, the microbial volatile organic compounds present within the
car may inducenausea among the commuters.

Cars are a widely used mode of transportation, providing a convenient means oftravel for countless
individuals worldwide. These vehicles come in various designs andcomfort levels, ranging from air-
conditioned (A/C) cars to non-A/C cars with lower comfort standards. A/C cars, in particular, are known
for their sealed environments, minimizing external air exchange when the doors are closed [1].
Consequently, passengers in A/C cars are exposed to a specific microenvironment throughout their
journeys, which may contain various microorganisms with associated health risks.
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This microenvironment within cars can harbor microorganisms that could be causative agents or triggers
for respiratory conditions such as asthma and allergic rhinitis [1]. Fungi, in particular, are notorious for
their allergenic, toxigenic, and parasitic

Properties [2]. Airborne fungal spores have the potential to induce allergies and respiratory illnesses,
especially in individuals with compromised immune systems[3]. Inhaling these fungal spores during
respiration can impact the respiratory tract and lungs, putting exposed passengers at risk of various health
effects, including infections,allergies, and hypersensitivity reactions [3].

Despite the importance of understanding the presence of fungi within commutingvehicles, there is a
limited body of research on this topic, particularly with regard to cars. Previous studies have explored
fungal contamination in various modes of transportation around the world, such as trolley buses in
Canada [4], transit buses in theUnited States [5], and passenger cars and buses in countries like Korea,
Thailand, and Hong Kong [6]. However, there is a notable absence of such reports from car interiors in
India.

The aim of the study is to investigate the quality and quantity of microbial species present within
different cars that travel across various regions of Tamil Nadu, India. Commuters in Tamil Nadu
commonly spend a minimum of 3 hours and up to 14hours traveling to different cities within the state
[1]. During their journeys, they are potentially exposed to air-borne microorganisms, which could pose
health risks. Therefore, gaining insights into the indoor mycoflora within cars is crucial. This research
sheds light on the potential fungal species commuters might encounter duringextended trips in A/C cars,
thereby enhancing our understanding of their health risks [1].

MATERIALS AND METHODS
Sampling Information

For the investigation of indoor microflora within cars, a total of 50 cars equipped with air-conditioning
systems were randomly selected. These cars encompassed a mix of privately owned. The car seats were
equipped with cushioning materials, such as cottonor foam, and few are covered with sanitized fabrics.
These cars typically covered distances varying from 30 to 100 kilometers per day, maintaining an average
operationalspeed of approximately 60 km/hour. Sampling activities were carried out in Chennai by
conducting an awareness program as follows:

Scope of this awareness program

The program'’s primary objective is to create awareness among our faculty, students and general public
about the importance of understanding Indoor mycoflora and its potential impact on health and well-
being. This program was also conducted to create an awareness about the cleanliness and the importance
of maintenance of the cars.
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Awareness programme on indoor microbes of cars
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DETECTION OF MICROBES IN CARS

NAME OF THE OWNER: 1" [#1'080fnmMny

E-MAIL ID tosun mdy 5359 @ arral témn
PHONE NUMBER S Y PATI P )

NAMEOF THECAR CuLp HRhMpLe
VEAROFTHECAR  : (&)

MODEL L 8o

PERFUMES USED :YES/ NO/

TYPE OF FUELUSED  : PETROL / DIESEL / GAS

DETECTION OF MICROBES IN CARS
NAME OF THE OWNER: Mon jgp

E-MAIL ID : monah5922 @gmal. com
PHONENUMBER  : 935 44557s
NAMEOFTHECAR  : roep

VEAROFTHECAR  :

MODEL : Q08

PERFUMESUSED  :YES/N

ol
TYPE OF FUEL USED - PETROL / DIESEL / GAS

Model of the Questionnaire in collecting Data
Sampling Method

After receiving permission from the Vice Chancellor, Vels Institute of Science, Technology and
Advanced Studies, Pallavaram, Chennai, the program was conducted on 29" and 30" September 2023
in the campus of VISTAS. The volunteers have collected the information’s related to the Cars by
distributing a consent form. On 2™ October, samples have also been collected from the cars of the visitors
in Besant Nagarand Marina Beach, Chennai. A total of 38 cars had been scanned for the presence of
Indoor Mycoflora. The samples were collected using the following methods: Tape lifting method, Swab
sampling and scrubbing the seat surface by petri dishes.

FULL TEXTS BOOK
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Sampling Indoor of Cars
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Surface Sampling

To monitor the fungal species, present on or within the surface of car seats, we used sterile plastic petri
dishes with a diameter of 9 cm. The bottom lids of these dishes wererubbed on the car seats and then
immediately closed with the upper lids. The sampled petri dishes were transported to the laboratory in
sterile polythene bags and processed to isolate microbial species. Twenty milliliters of Sabouraud
Dextrose Agar (SDA) forfungi and Nutrient Agar for Bacteria, were added to the petri dishes, which
were then incubated at 30°C + 2°C for 72-96 hours. The collected swab samples were transportedto the
laboratory in sterile polythene bags and were swabbed in petri dishes formicrobial isolation.

ldentification

After a 72-96-hour incubation period, the microbial colonies were isolated and identifiedbased on their
microscopic and macroscopic characteristics, following established manuals [13-15].

Presentation of Data

The developing colonies were studied for their Colony Forming Units (CFU) based on percent
contribution.

The percent contribution is calculated:

% Contribution = (CFU of an individual fungal species) / (Total No. of CFU of allspecies) x 100
RESULTS:

Indoor Bacteria in Cars:

Swab samples of Air vent:

M Bacillus subtilis M Bacillus spl Staphylococcus aureus

Streptococcus mutans M Escherichia coli M Unidentified colonies

The swab samples of air vent in car has yielded the presence of around 491 colonies belonging to 5
different species of bacteria. The species, Bacillus subtilis, Bacillus spl, Staphylococcus aureus,
Streptococcus mutans, Escherichia coli were identified with anunidentified colonies. Among the
bacterial species, Bacillus subtilis alone contributed more than 60 percent followed by that of
Staphylococcus aureus with 16 % to the total. The other species contributed the remaining to the total.
Fig. 1 represents the total number of colonies of different bacteria isolated from the air condition vents
of the carsstudied.

Fig. 1. Total colonies of bacteria recorded from Air vent of Cars
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Swab samples of Seat surface of cars:

The swab samples of air vent in car has yielded the presence of around 623 colonies belonging to 7
different species of bacteria. The species, Bacillus subtilis, Bacillus sp1,Micrococcus nishinomaeyensis,
Micrococcus luteus, Staphylococcus aureus, Streptococcus mutans, Escherichia coli were identified.
Among the bacterial species,

Bacillus subtilis alone contributed more than 80 percent followed by that of Staphylococcus aureus with
12 % to the total. The other species contributed the remaining. Fig. 2 represents the total number of
colonies of different bacteria isolated from the car seats.

M Bacillus subtilis

M Bacillus spl

Staphylococcus aureus Streptococcus mutans

® Escherichia coli
| |

u,,. . .
Micrococcus n|sh|nomaeyen5|s

Fig. 2. Total colonies of bacteria recorded from the seat surface of Cars
Indoor Molds in Cars

Only few colonies of fungi were recorded from the indoor of cars. This includes Aspergillus fumigatus,
Aspergillus nidulans, Aspergillus niger, Acremonium strictum, Mucor pusillus, Absidia corymbifera
along with Non sporulating colonies. Among thespecies, Aspergillus niger was found dominating
followed by Absidia corymbifera. Significant number of non-sporulating colonies were also recorded.
The number of colonies isolated for different species is presented in Fig.3.

[y

ORr NWBUNO N WO

Fig. 3. Total number of fungal colonies recorded from the indoor of Cars
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DISCUSSION

Microorganisms are highly adaptable life forms that can exploit available resources within the
microenvironment of cars. Airborne microorganisms, such as fungi, have a well-documented association
with diseases in humans, including asthma, allergies, andvarious respiratory ailments [1]. The study in
question sheds light on the presence of microbes within cars and highlights the potential exposure of
passengers to diverse microbial species within this microenvironment [6].

The study reported a total of 7 species of bacteria and 6 species of fungi. The notable species are Bacillus
subtilis as the dominant one among the bacteria which reveals thatthey are spore formers and can resist
the environmental pressures and microenvironment. Among the fungi, the most prevalent was
Aspergillus niger which is a notable species causing Otomycosis, Absidia corymbifera one among the
major causal organism of mucor mycosis. Aspergillus species are commonly associated withallergies
and respiratory ailments when inhaled [1, 17]. This information emphasizes the diversity and prevalence
of potentially harmful microorganisms within cars.

The interconnected presence of shared species across all sample types within cars indicates that
microorganisms likely enter the car through air vents, settle on seats, andsubsequently become airborne
again. External air filtration can lead to some variationsin mycofloral composition, especially in air vents
[1]. This suggests that the car's internal and external environment contributes to microbial contamination
[5, 6].

The concentration of microbes in the studied cars exceeded recommended limits for indoor
environments, posing a potential health risk to commuters [1]. Exposure to elevated levels of fungi
within the car microenvironment may lead to various health problems. This finding aligns with previous
studies, such as Ross et al. (2000) [1], which associated indoor bioaerosols with asthma symptoms and
severity [1].

To mitigate health risks for passengers, it is crucial to implement measures to reduce microbial
proliferation and exposure within cars. Some proposed measures include improving ventilation and
using UV radiation treatment [1]. This aligns with research by Shane (2008) [5], which discussed the
use of ultraviolet germicidal irradiation for transit buses as a potential solution to reduce microbial
contamination [5].

The study's findings are in line with previous research on microbial contamination in various
transportation modes. For instance, Lee and Wan (2005) [6] and Luksamijarulkul et al. (2004) [7]
discussed microbial air quality in passenger cars and buses. These studies highlighted the relevance of
understanding and addressing microbial contamination in public transportation [6, 7].

It is worth noting that the study's findings also align with established guidelines and standards. The
World Health Organization (WHO) has issued guidelines for indoor airquality related to dampness and
mold [3]. These guidelines underscore the importanceof maintaining a healthy indoor environment,
which includes vehicles [3].

The study's findings suggest that the microenvironment within cars can harbor a diverserange of
potentially harmful microorganisms, which can pose health risks to passengers,especially those with
compromised immune systems. Mitigation measures and adherence to established guidelines are
essential to address this issue and ensure a saferand healthier commuting experience [1, 3, 5, 6, 7, 17].

CONCLUSION

This study provides valuable insights into the presence of diverse airborne microorganisms, particularly
fungi, in car interiors. Understanding and addressing thesemicrofloral compositions and their impact on
passenger health is essential for ensuringa safe and healthy commuting environment. Measures to reduce
microbial growth and exposure within cars are warranted to protect passengers from potential health
hazards.

REFERENCES

1. Ross M, Curtis L, Scheff P, Hryhorczuk D, Ramakrishnan V, Wadden R, Persky V.Association
of asthma symptoms and severity with indoor bioaerosols. Allergy.2000;55(8):705-11.

72



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

2. Khan AAH, Karuppayil SM.Fungal pollution of indoor environments and
itsmanagement. Saudi Journal of Biological Sciences. 2012;19:405-26.

3. WorldHealthOrganization. Guidelines for Indoor Air Quality, Dampness and Mould,WHO,
EuropeanSeries, Copenhagen, Denmark; 2009

4. van Netten C,Brands R,Dill B.Investigation and remediation of dieselconvertedtrolley buses
associated with extensive fungal growth and healthcomplaints.Am IndHyg Assoc J.1997;58(10):726-
31.

5. Huston L.Ultraviolet germicidal irradiation for transit buses. Final Report, TransitiDEA
Program, Transportation Research Board, National Research Council, Florida;2008.

6. Lee JH, Wan KJ.Exposure to airborne fungi and bacteria while commuting inpassenger cars
and public buses. Atmos Environ.2005;39:7342-50.

1. Luksamijarulkul P, Sundhiyodhin V, Luksamijarulkul S, Kaewboonchoo O. Microbial
airquality in mass transport buses and work-related illness amongbus drivers of Bangkok Mass
Transit Authority.] Med Assoc Thai.2004;87:697-703.

8. Mui KW, Shek KW.Influence of in-tunnel environment to in-bus air quality andthermal
condition in Hong Kong. Sci Total Environ.2005;347(1-3):163-74.

9. Wang YF. Seasonal difference of airborne bacteria and fungi in commuter buses.Environ Eng
Sci. 2011;28(6):461-7.

10. Shane SM. Use of the Reuter centrifugal sampler to monitor the microbial levelinhatcheries.J.
Appl. Poult. Res.1993;2(3):249-52.

11. Udaya Prakash NK. Indoor mold spectrum in the buildings of Singapore. Poll
Res.2005;24:539-5S44.

12. AmericanSociety for Testing and MaterialsD7789-12 Standard Practice forCollection of
Fungal Material from Surfaces by SwabASTM International, WestConshohocken, PA,
2012;D0I:10.1520/D7789- 12www.astm.org.

13. Udaya Prakash NK. Indoor Moulds-Isolation and Identification, Color Wings
(M) Pvt.Ltd., Chennai; 2004.

14. EllisMB.Dematiaceous Hyphomycetes. Common-wealth Mycological
Institute, Kew,Surrey, England; 1971.

15. Onions AHS, Allsopp D, Eggins, HOW. Smith's Introduction to Industrial
Mycology,Cambridge University Press, 1992.

16. Udaya Prakash NK, Vittal BPR.Aerometric study on thermophilous fungiin a
farmhouse, Chennai. Czech Mycology 2003;55(3-4):241-53.

17. Raper KB,  Fennell ID. The  GenusAspergillus.Robert E. Kreiger
PublishingCompany. Huntington, New York; 1973.

18. WorldHealthOrganization. Indoor air quality: biological contaminants.WHO
regionalpublications. European Ser.1990.

19. Rao CY, Burge HA, Chang JCS. Review of quantitative standards and guidelines forfungi in
indoor air. Journal of Air and Waste Management Association. 1996;46:899-908.

20. Jensen PA, Schafer MP. Sampling and characterization of bioaerosols. Manual ofanalytical
methods. USA:NIOSH;1998.

21. Brazilian Health Surveillance Agency (Anvisa). Resolucao n. 176 de 24 outubro

73


http://www.astm.org/
http://www.astm.org/

INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

de2000. Brasilia. Brasil.
2000;Available:http://www.anvisa.gov.br.Acess 26Jan. 2001.

22. Udaya Prakash NK, Bhuvaneswari S, Vittal BPR. Aerial spectrum of Fungal Bio-pollutants of
Chennai, India. Intl J of Appl Biol. 2011;2(2):61-67.

23. Naohide S, Fernandez-Bremauntz AA, Salvador BJ, Yukio Y. The commuter’sexposure to
volatile chemicals and carcinogenicrisk in Mexico City. Atmos Environ.2005;39(19):3481-9.

24, Dai-Hua T, Wu YH, Chan CC. Comparisons of commuter’s exposure to particulatematters
while using different transportation modes, Sci of the Tot Environ.2008;405:71-7.

25. Adar SD, Davey M, Sullivan JR,Compher M, Szpiro A, Sally Liu LJ. Predicting AirBorne
Particle Levels Aboard Washington State School Buses, Atmos Environ.2008;42(33):7590-99.

26. Chan LY, Lau WL, Lee SC, Chan CY. Commuter’s exposure to particulate matter inpublic
transportation modes in Hong Kong, Atmos Environ. 2002;36(21):3363-73.

27. Santilli J. Health effects of a mold contaminated automobiles. J. of Allergy Clinimmunol.
2004;113(2):S59.

74


http://www.anvisa.gov.br.acess/

INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

YEMLERINE METHOMYL VE SiLYBUM MARIANUM iLAVE EDiLMiS BROILERDE
BEYIN DOKUSU UZERINE HiSTOPATOLOJIK INCELEMELER*

PATHOLOGICAL EXAMINATIONS IN BROILER BRAINS TO WHICH METHOMYL AND
SILYBUM MARIANUM ARE ADDED TO THEIR FEED*

Bahadw KILINC*
'Dr., Veteriner Kontrol Merkez Arastirma Enstitiisii, Patoloji Laboratuvari, Ankara, Tiirkiye.
'ORCID ID: https://orcid.org/0000-0003-3426-2116
Ertan ORUC?
2 Prof. Dr., Selcuk Universitesi, Veteriner Fakiiltesi, Patoloji Anabilimdali, Konya, Tiirkiye.
20RCID ID: https://orcid.org/0000-0003-4234-8219

*1. Yazarin “Yemlerine Methomyl ve Silypum Marianum Ilave Edilmis Broilerlerde Patolojik ve
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OZET

Pestisitler, tarimda bitkileri biiyiime sirasinda bitki zararlilarindan, yabani otlardan, bakteriyel veya
mantar hastaliklarindan, gidalar1 depolama sirasinda farelerden, boceklerden veya cesitli biyolojik
Kirleticilerden korumak i¢in uygulanmaktadir. Pestisitlerin gerekli oldugu ancak kullanilmadig:
durumlarda triinlerde %60’lara ulasan kalite ve verim kayiplar1 oldugu bilinmektedir. Pestisitler bitki
koruma yaninda uygunsuz kullanildiklarinda insan ve hayvanlar i¢in olumsuz etkilere neden olurlar.

Methomyl bitkisel tiretim alanlar1 olan tarlalar basta olmak iizere bir¢ok bitkide belirlenen kosullarda
ticari kullanim igin ruhsatli bir bilesendir. 1968'den beri pestisit olarak kullanilmaktadir.

Silybum marianum, Asteraceae ailesine ait otsu bir bitki olup tohumlarinda ¢ok fazla miktarda bulunan
silymarin sebebiyle giiglii bir antioksidan etkiye sahiptir.

Calisma methomyl’in beyin dokusunda yol agtigi histopatolojik bulgular ve Silymarin’in
Onleyici/iyilestirici etkilerinin arastirilmasi amaciyla planlanmistir. Bu amagla; Kontrol (KONT),
Methomyl (MET), Silymarin (SMT) ve Methomyl+Silymarin (MET+SMT) deney gruplar
olusturulmus ve 7, 14, 21 ve 28. giinlerde her bir gruptan rastgele se¢ilen hayvanlarda beyin dokusunda
histopatolojik inceleme yapilmistir. Histopatolojik degerlendirme kriterleri olarak; hiperemi, kanama,
gliozis, dejenerasyon, nekroz, perivaskiiler genisleme, perindral 6dem ile perivaskiiler hiicre
infiltrasyonu bulgular1 semikantatif olarak degerlendirilmistir.

Beyin dokusundaki histopatolojik degisikliklerin skorlar1 toplamlarina bakildiginda MET grubunda 7.
giinde hafif siddette, 14. giinde orta siddette, 21. giinde siddetli ve 28. giinde en siddetli diizeyde hasarli
oldugu (P <0,01) istatistiksel olarak bulunmustur. KONT, SMT ve MET+SMT gruplarinda giinler
arasinda istatistiki olarak degisiklik (P>0,05) bulunmamustir.

Anahtar Kelimeler: Beyin, Histopatoloji, Methomyl, Silybum marianum.

*Produced from the author's doctoral thesis titled "Pathological And Biochemical Examinations In
Broiler Feeds Supplemented With Methomyl And Silybum Marianum".
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ABSTRACT

Pesticides are applied in agriculture to protect plants from plant pests, weeds, bacterial or fungal diseases
during growth, and to protect food from mice, insects, or various biological contaminants during storage.
It is known that when pesticides are required but not used, quality and yield losses in products reach
60%. Pesticides, when used inappropriately in addition to plant protection, cause negative effects for
humans and animals.

Methomyl is a licensed component for commercial use under specified conditions in many plants,
especially in fields with plant production areas. It has been used as a pesticide since 1968.

Silybum marianum is a herbaceous plant belonging to the Asteraceae family and has a strong antioxidant
effect due to the large amount of silymarin found in its seeds.

The study was planned to investigate the histopathological findings caused by methomyl in brain tissue
and the preventive/curative effects of Silymarin. For this purpose, Control (CONT), Methomyl (MET),
Silymarin (SMT) and Methomyl+Silymarin (MET+SMT) experimental groups were created and
histopathological examination was performed on the brain tissue of randomly selected animals from
each group on days 7, 14, 21 and 28. As histopathological evaluation criteria; Hyperemia, bleeding,
gliosis, degeneration, necrosis, perivascular expansion, perineural edema and perivascular cell
infiltration findings were evaluated semiquantitatively.

Considering the sum of the scores of histopathological changes in the brain tissue, it was statistically
found that in the MET group, the damage was mild on the 7th day, moderately damaged on the 14th
day, severe on the 21st day, and most severe on the 28th day (P <0.01). There was no statistical change
(P>0.05) between days in the CONT, SMT and MET+SMT groups.

Keywords: Brain, Histopathology, Methomyl, Silybum marianum.

GIRIS

Pestisitlerin gerekli oldugu ancak kullanilmadigi durumlarda iriinlerde 6nemli diizeyde verim
kayiplarina yol agtigr ve bu sebeple verim azalmasina neden olan zararli organizmalar1 baskilamak
amactyla bitki korumada kullanilmalarinin zorunlu oldugu belirtilmektedir (Turabi 2007, Tiryaki ve ark
2010). Uretimdeki olumlu etkilerinin yan1 sira pestisitler hayvan ve insan sagligi igin énemli sorunlara
neden olurlar (Audrey ve ark 2012). Ciftlik hayvanlari farkl sekillerde maruz kalabilirlerse de en genel
bilinen bulagma yolu kontamine yemlerin tiiketilmesidir (Nag ve Raikwar 2011). Karbamatli bir pestisit
olan Methomyl (MET), memelilerde asetilkolinesteraz aktivitesini 6nemli 6l¢iide inhibe eder (Lin ve
ark 2020). Methomyl’e maruz kalan ratlarda histopatolojik olarak, hipokampus, serebral Kkorteks,
beyincik ve bazi motor ¢ekirdeklerde noronal dejenerasyon, nekroz ve noronofajiye rastlanmustir
(Kaminski ve ark 2007, Radad ve ark 2009). Asteraceae ailesine ait 1-2 yillik otsu bir bitki olan Silybum
marianum L. Gaertn (devedikeni, Meryemana dikeni) giiclii bir antioksidan etki gosterir. Anavatani
Akdeniz bolgesi olup, Avrupa ve Kuzey Amerika boyunca, Tirkiye’de ise en fazla Ege ve Marmara
bolgelerinde yayihis gostermektedir (Eren ve Sevgi 2020). Iceriginde kimyasal bilesenleri olarak
silymarin; izosilibin, silibin, silidianin silikristin ve dehidrosilibin izomerlerinden meydana gelmektedir
(Ding ve ark 2001). Bu ¢alismada yemlerine Methomy! ve Silybum marianum tohumu tozu (SMT) ilave
broilerlerin beyin dokularinda zamana bagli gézlemlenen histopatolojik degisikliklerin belirlenmesi
amaglanmustir.

GEREC ve YONTEM
Etik Kurul Onayi

Caligmanin yapilmast Veteriner Kontrol Merkez Arastirma Enstitiisit Midiirliigii Yerel Etik Kurulu
tarafindan onaylanmistir (05.05.2021 tarih ve 2021/07 nolu kurul karar1).

MET ve SMT temini ve Yemlerin Hazirlanmasi

Calismada ticari olarak temin edilen MET (®Coupon 90 SP) 20 ppm, SMT ise 10 gr/kg dozlarinda
kullanilmistir. Avrupa Farmakopesine (Pharmacopoeia EU, 2002) gore HPLC cihazi ile yapilan
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analizlerde % 1,8 oraninda Silymarin igerigi belirlenmistir. Her grup i¢in ayri ayr1 olmak lizere MET
ve SMT igeren broiler yemleri 6zel bir fabrikada mikser homojenizasyonuyla hazirlanmis ve sizdirmaz
Ozellikli kraft torbalarda muhafaza edilmistir.

Deneme Gruplariin Olusturulmast

Calismada kullanilacak olan toplam 128 adet 7 giinliik broiler civciv (Ross 308) 6zel bir damizlik
isletmesinden temin edilmistir. Adaptasyon amactyla 7 giin siiren kontrollii bakim ve beslenme sonrasi
32’ser boilerden olusan deneme gruplari agsagida verilmistir.

1. Kontrol Grubu (KONT, 28 giin boyunca her giin standart broiler besleme yemi ve adlibitum igme
suyu).

2. Methomyl Grubu (MET, 28 giin boyunca her giin 20 ppm Methomyl i¢eren standart broiler yemi
adlibitum igme suyu).

3. SMT Grubu (SMT, 28 giin boyunca her giin 10 g/kg Silypbum marianum Tohumu Tozu igeren
standart broiler yemi ve adlibitum igme suyu)

4. MET+SMT Grubu: (MET+SMT,28 giin boyunca her giin 20 ppm Methomyl + 10 gr/kg Silybum
marianum tohumu tozu igeren standart broiler yemi ve adlibitum igme suyu). Tiim broiler gruplar1 i¢in
bir saat karanlik ve 23 saat aydinlik olacak sekilde aydinlatma programi uygulanmastur.

Doku 6rneklerin Hazirlanmasi ve Histopatolojik Degerlendirilmesi

Deneme siiresince her bir gruba ait broilerlerden 7 giin arayla (7, 14, 21 ve 28’inci giinler) 8’er broiler
rastgele secilerek dekapitasyon yontemiyle 6tenazi uygulamis ve usuliine uygun olarak yapilan nekropsi
sonrasinda beyin dokusu ornekleri %10’luk tamponlu formalin soliisyonuna alinmistir. Rutin
histopatoloji takip prosediiriine uygun olarak yapilan fikzasyon, dehidrasyon ve seffaflagtirrma islemleri
sonrasi hazirlanan parafin bloklardan elde edilen mikrotom Kesitleri hematoksilen-eozin boyama
yontemiyle boyanmis (Luna 1968) ve 1sik mikroskobunda incelenmistir. Histopatolojik olarak beyinde
hiperemi, kanama, gliozis, dejenerasyon, nekroz, perivaskiiler genisleme, perindral odem ile
perivaskiiler hiicre infiltrasyonu degerlendirilmistir. Histopatolojik bulgulari degerlendirmek amaciyla
Meyerholz ve ark (2019) tarafindan bildirilen yontemden modifiye skorlama yapilmistir (0:
histopatolojik bulguya rastlanmadi, 1: histopatolojik bulgu 1-3 mikroskobik alanda goriildd, 2:
histopatolojik bulgu 4-6 mikroskobik alanda gériildii, 3: histopatolojik bulgu 7-9 mikroskobik alanda
goriildii). Histopatolojik skorlarin karsilastirilmasi toplam skorlar tizerinden yapildi.

Istatistiksel Hesaplamalar

Elde edilen verilerin istatistiksel analizinde IBM SPSS (25.0) bilgisayar yazilimi kullanildi. Verilerin
dagilimlar1 Brown-Forsythe ve Bartlett’s test kullanilarak test edilmistir. Olgiilebilir veriler icin One-
Way ANOVA Post Hoc Tukey testi uygulanarak harflendirilmistir. Histopatolojik skor verileri Mann-
Whitney U testi ile analiz edilmistir. Test sonuglar1 p<0.05’e gére anlamli kabul edilmistir. Sonuglar
Mean+SE olarak verilmistir. Calismada KONT grubunda 6’nc1 giinde bir, MET grubunda 10, 16 ve
25’inci giinlerde birer tane olmak tizere ti¢, SMT grubunda 4’ncii giinde bir ve MET+SMT grubunda
5’nci giinde bir olmak Tlizere toplam 6 adet civciv olii bulunmus oldugundan istatistiksel
degerlendirmeye alinmamustir.

BULGULAR

Calismada KONT, MET, SMT ve MET+SMT gruplarinda goriilen histopatolojik bulgularin haftalara
gore skorlandirilmasi tablo 1°de, istatistiksel karsilastirilmasi ise tablo 2’de, bulgulara ait histopatolojik
resimler sekil 1’de sunulmustur.
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Sekil 1. a) MET Grubu. Beyin. Perivaskiiler boslukta 6dem (ok), b) MET grubu. Beyin. Néronlarda
atrofi ve nekroz (oklar), ¢) MET Grubu. Beyin. Noronlarda nekroz ve atrofi (oklar), d) MET-SMT
Grubu. Beyin. Perivaskiiler boslukta 6dem (ok). H-E.
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Tablo 1. Gruplara gore deney hayvanlarinin beyinlerinde goriilen histopatolojik bulgularin haftalara gore skorlandiriimast.

1. hafta

2. hafta

3. hafta
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Tablo 2. Beyinde goriilen histopatolojik bulgularin istatistiksel karsilastirilmasi

GRUPLAR
GUNLER KONT SMT MET MET-SMT P DEGERI
7 0,00+£0,00 0,25+0,25 1,0040,56° 0,75+0,41  P>0,05
14 0,50+0,328 0,250,258 3,62+1,05**  0,87+0,51®  P<0,01
21 0,00+0,008 0,50+0,32%  4,62+0,96®*  2,50+1,06"®  P<0,001
28 0,28+0,28" 0,2840,28%  7,60+0,67** 2,85+1,35%  P<0,001
P DEGERI P>0,05 P>0,05 a,b,c:P<0,01 P>0,05

a,b,c:stitundaki farkliliklari, A,B,C: Satirdaki farkliliklar: ifade etmektedir.

Beyin dokusundaki histopatolojik degisikliklerin skorlar1 toplamlarina bakildiginda KONT, SMT ve
MET+SMT gruplarinda giinler arasinda istatistiki olarak degisiklik (P>0,05) bulunmamistir. MET
grubunda yirmisekizinci giinde en siddetli oldugu, yirmibirinci giinde siddetli, ondordiincii giinde orta
siddette ve yedinci giinde hafif siddette hasarli oldugu (P<0,01) istatistiksel olarak bulunmustur.

TARTISMA

Methomyl [IUPAC: S- Metil N-( Metilkarbamoiloksi) tiyoasetimidat], dogrudan temas ve yutma
yoluyla bitki zararlilarin1 kontrol etmek i¢in yaygin olarak kullanilan bir mono metil karbamat grubu
pestisit olup gida maddelerinde kirletici olarak bulunan kalintilardan birisidir (Makrides ve ark 2005).
Pestisitler serbest radikallerin agiga ¢ikmasina neden olarak ya da serbest radikalleri siipiiren antioksidan
sistemlerde degisiklikler yaparak oksidatif stresi indiikleyebilir (Banerjee ve ark 2001). Antioksidan
aktiviteye sahip olan Silymarin dogal bir ajandir. Methomyl’e maruz kalan ratlarda, hipokampusta,
serebral korteks, beyincik ve bazi motor c¢ekirdeklerde noronal dejenerasyon, nekroz ve néronofaji
seklinde degisiklikler bildirilmistir (Kaminski ve ark 2007, Radad ve ark 2009). Calismamizda
Kaminski ve ark (2007) ile Radad ve ark (2009)’nin bildirdigine benzer sekilde gruplara gore siddeti
degisen gliozis, dejenerasyon ve ndron nekrozlart belirlenmistir. Karbamatli bilesikler,
asetilkolinesteraz enziminin geri doniisiimlii karbamilasyonuna neden olarak, beyinde (merkezi sinir
sistemi etkisi), parasempatik noro-efektér kavsaklarda (muskarinik etki) ve otonomik ganglionlarda
(nikotinik etki) néromediatér olan asetilkolinin birikmesine yol acarlar (Shalaby ve ark 2010).
Yemlerine thiram eklenen broilerlerde konjesyon ve submeningeal fokal gliozis, serebellumda apoptotik
cisimler ve nekroz, Purkinje hiicrelerinde noronal dejenerasyon, meninkslerde konjesyon ve
subependimal gliozis tespit edilmistir (Subapriya ve ark 2007). Yapilan ¢aligmamizda da, Methomyl
ilave edilen MET grubu ve MET+SMT grubunda meninkslerde hiperemi, kanama, perivaskiiler boslukta
genisleme, yangisal hiicre infiltrasyonu ve perinéral 6dem belirlenmistic. MET grubu broilerlerin
beyinlerinde yapilan histopatolojik incelemeler sonucu yapilan skorlamada MET grubunda en siddetli
bulgular 4’iincii haftada (P<0,001) goriilmiistir. MET+SMT grubundaki broilerlere ait beyinlerde MET
grubuna gore daha hafif siddette toplam skor elde edilmistir (P<0,05). KONT ve SMT gruplarinda
beyinde istatistiksel olarak anlamli bulgu elde edilmemistir (P>0,05). Silymarinin beyinde doku onarimi
ve dokunun korumasini saglayan mikroglialarin aktivasyonunu inhibe eden lipopolisakkaridin (LPS)
sebep oldugu norotoksisiteye karsi dopaminerjik néronlarin korumasinda bir rolii oldugu bidirilmistir.
Silymarin, yangisal sitokinler olan TNF-a ve NO’nun iiretimini baskilayarak dopaminerjik néronlardaki
hasar1 azaltmaktadir (Kfen ve Walterova 2005).

Methomyl gibi karbamat bilesik tiirevleri serbest radikallerin olusmasina neden olarak antioksidanlarin
tilketilmesine veya serbest oksijen radikalleri etkisizlestiren enzim sistemlerinde degisiklikleri uyararak
toksisiteye sebep olmaktadir (Birben ve ark 2012). Silymarin lipid peroksidasyonuna karsi etkisi
yaninda glutatyonun tiikketimini de engelleyerek hiicre oOliimlerini azaltici bir etki gdsterdigi
disiiniilmektedir (Miguez ve ark 1994). Lipit peroksidasyonu (LPO), ¢oklu doymamis yag asitleri ve
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ROS arasinda lipit peroksitler ve hidrokarbon polimerleri veren bir zincirleme reaksiyondur (Mansour
ve ark 2017).

Sonug olarak MET grubunda, 6zellikle 4’{incii haftada beyin dokusunda 6nemli diizeyde hasar olustugu,
SMT ve MET+SMT gruplarinda ise MET grubuna oranla KONT grubuna daha uyumlu oldugu
gozlenmistir.

KAYNAKLAR

Audrey S, Beatriz PS, Jean-Louis M, 2012. Biosensors for pesticide detection: new trends. American
Journal of Analytical Chemistry, 3, 210-32.

Banerjee BD, Seth V, Ahmed RS, 2001. Pesticide-induced oxidative stress: perspective and trends.
Reviews on environmental health, 16(1), 1-40.

Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O, 2012. Oxidative stress and antioxidant
defense. World allergy organization journal, 5(1), 9-19.

Ding TM, Tian SJ, Zhang ZX, Gu DZ, Chen Y, Shi YH, Sun ZP, 2001. Determination of active
component in silymarin by RP-LC and LC/MS. Journal of pharmaceutical and biomedical analysis,
26(1), 155-61.

Kaminski RM, Blaszczak P, Dekundy A, Parada-Turska J, Calderazzo L, Cavalheiro EA, Turski WA,
2007. Lithium— Methomyl induced seizures in rats: A new model of status epilepticus? Toxicology and
applied pharmacology, 219(2), 122-27.

Kien V, Walterova D, 2005. Silybin and silymarin- new effects and applications. Biomedical Papers,
149, 1. 29-41.

Lin Z, Zhang W, Pang S, Huang Y, Mishra S, Bhatt P, Chen S, 2020. Current approaches to and future
perspectives on Methomyl degradation in contaminated soil/water environments. Molecules, 25(3), 738.

Luna LG (1968): Manual of histologic staining Methods of the armed forces institute of pathology, 3rd
edn. McGraw- Hill, New York.

Makrides C, Koukouvas M, Achillews G, Tsikkos S, Vounou E, Symeonides M, Christodoulides P,
loannides M, 2005. Methomyl-induced severe acute pancreatitis: possible etiological association. JOP,
6(2), 166-71.

Mansour SA, Abbassy MA, Shaldam HA, 2017. Zinc ameliorate oxidative stress and hormonal
disturbance induced by Methomyl, abamectin, and their mixture in male rats. Toxics, 5(4), 37.

Meyerholz DK, Tintle NL, Beck AP, 2019. Common pitfalls in analysis of tissue scores. Veterinary
pathology, 56(1), 39-42.

Miguez MP, Anundi |, Sainz-Pardo LA, 1994. Hepatoprotective mechanism of silymarin: no evidence
for involvement of cytochrome P450 2E1. Chem Biol Interact 91: 51-63.

Pharmacopoeia EU, 2002. Published by the Directorate for the Quality of Medicines of the Council of
Europe (EDQM).

Radad K, Mostafa A, Youssef M, 2009. Neuropathologic effects of methomyl on sprage-dawely rats.
Assiut Veterinary Medical Journal, 55(123), 1-11.

Shalaby MA, El Zorba HY, Ziada RM, 2010. Reproductive toxicity of Methomyl insecticide in male
rats and protective effect of folic acid. Food and chemical toxicology, 48(11), 3221-3226.

Subapriya S, Vairamuthu S, Manohar BM, Balachandran C, 2007. Growth performance studies in
thiram toxicosis in broiler chicken. Int J Poult Sci, 6, 248-50.

Tiryaki O, Canhilal R, Horuz S, 2010. Tarim ilaglar1 kullanimi ve riskleri. Erciyes Universitesi Fen
Bilimleri Enstitiisti Dergisi 26(2), 154-69

Turabi MS, 2007. Bitki Koruma Uriinlerinin Ruhsatlandirilmasi. Tarim Ilaglari Kongre ve Sergisi,
TMMOB Ziraat Miih. Odas1 ve Kimya Miih. Odasi, Bildiriler Kitabi.

81



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

Botrytis cinerea IZZOLATLARINA KARSI FUNGISITIN MiSELYAL BUYUME UZERINE
ETKIiLERI VE Bcgst5 GENININ IFADESI

EFFECTS OF FUNGICIDE AGAINST Botrytis cinerea ISOLATES ON MYCELIAL
GROWTH AND EXPRESSION OF Bcgst5 GENE

Deniz CAKAR*

YOgr. Gor. Dr., Cankirt Karatekin Universitesi, Merkezi Arastirma Laboratuvar: Uygulama ve
Arastirma Merkezi, Cankiri, Tiirkiye.

'ORCID ID: https://orcid.org/0000-0002-6269-404X
Ebru DERELLI TUFEKCI?

2 Dr. Ogr. Uyesi, Universite, Cankirt Karatgkin Universitesi, Gida ve Tarim Meslek Yiiksekokulu,
Bitkisel ve Hayvansal Uretim Béliimii, Cankuri, Tiirkiye.

0RCID ID: https://orcid.org/0000-0003-1097-8574
Secil AKILLI SIMSEK®
3 Prof. Dr., Canlart Karatekin Universitesi, Fen Fakiiltesi, Biyoloji Boliimii, Cankir1, Tiirkiye.
S0ORCID ID: https://orcid.org/0000-0002-5055-1391

OZET

Gri kiif hastaligi etmeni olan Botrytis cinerea Pers. Fr. (teleomorf: Botryotinia fuckeliana (de Bary)
Whetzel) birgok tarimsal iiriinde zararlara yol agmaktadir. Bu iriinlerden biri olan ¢ilekte, ¢icek veya
meyvede kursuni kiif hastaligina sebep olmakta, hem hasat 6ncesinde hem de hasat sonrasinda ¢ilekteki
baslica iiriin kayiplar1 bu hastaliktan kaynaklanmaktadir. Bu patojenin kontroliinde fungisitler yaygin
olarak kullanilmaktadir. Ancak gilinlimiizde bu gibi patojenlerin etkili ve hizli kontroliine yarayan
fungisitlere kargt dayaniklilik olusumu 6nemli bir sorun tegkil etmektedir. Bu ¢aligmada ¢ilekten izole
edilen iki farkli B. cinerea izolatinin, etken maddesi % 25.2 Boscalid + % 12.8 Pyraclotrobin olan
fungisit uygulamasi sonucu fungusun miselyal gelisimi iizerine etkileri ve Bcgst5 geninin ifade
seviyesinin belirlenmesi hedeflenmistir. Bu kapsamda oncelikle, ¢alismada kullanilan B. cinerea
izolatlar, Cankir1 ilindeki pazarlardan satin alinan ve ¢iiriime belirtileri gosteren cileklerden elde
edilmistir. Izolasyonlar sirasinda, alt1 farkli saticidan elde edilen ¢iiriimiis ¢ilek meyvelerinden izole
edilen fungal etmen B. cinerea olarak tanimlanmistir. Cilekten izole edilen iki farkli B. cinerea
izolatinin, etken maddesi % 25.2 Boscalid + % 12.8 Pyraclotrobin olan fungisite karsi duyarliligini
belirlemek amaciyla, fungusitlerin 20 ppm ve 40 ppm konsantrasyonlar1 hazirlanarak besi ortamlarina
eklenmis ve kontrol petrilerinde ise steril su kullanilmigtir. Etken maddelerin, fungusun miselyal
gelisimi iizerine etkilerini belirlemek amaciyla, miselyal biiylimeyi engelleme yiizdeleri (%)
hesaplanmustir. Ayrica fungisit uygulamasi sonrasinda, B. cinerea izolatlarinda oksidatif strese
toleransta 6nemli bir rol oynayan Glutatyon S-transferaz (GST) kodlayan Bcgst5 geninin ifade seviyeleri
kontrol ve uygulama orneklerinde qRT-PZR ile karsilasgtirilmistir. Sonug olarak; cileklerin hasat
doneminde biiyiik kayiplara neden olan, B. cinerea’a karsi, % 25.2 Boscalid + % 12.8 Pyraclotrobin
etken maddesi igeren fungisitinin in vitro etkinligi belirlenmis olup, bu etkinligin gen ifade seviyelerinde
ortaya ¢ikardig farkliliklar tespit edilmistir. Elde edilen sonuglar bitkisel iiretimde verimliligin artmasi
ve olumsuz sartlara dayanikli tiriinlerin secilmesi bakimindan 6nemli fayda saglayacaktir.

Anahtar Kelimeler: Fungisit, Bcgst5 geni, Gen ifadesi, Fungal hastaliklar

ABSTRACT

Botrytis cinerea Pers. Fr. (teleomorph: Botryotinia fuckeliana (de Bary) Whetzel) is the causal agent of
grey mould disease, causing damage to various agricultural products. In crops such as strawberries, it
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leads to grey mould disease in flowers or fruits, resulting in significant product losses both pre and post-
harvest. Fungicides are commonly used for the control of this pathogen. However, the development of
resistance to fungicides effective for the rapid control of such pathogens is currently a significant
problem. In this study, it was aimed to determine the effects of two different B. cinerea isolates isolated
from strawberry on the mycelial development of the fungus as a result of fungicide treatment with 25.2%
Boscalid + 12.8% Pyraclostrobin and to determine the expression level of Bcgst5 gene. The B. cinerea
isolates used in the study were obtained from strawberries showing signs of decay that were purchased
from markets in Cankir1 province. During the isolations, the fungal agent isolated from decayed
strawberry fruits obtained from six different vendors was identified as B. cinerea. Two isolates of B.
cinerea obtained from strawberries were tested for their sensitivity to a fungicide containing 25.2 %
Boscalid and 12.8 % Pyraclostrobin. To determine sensitivity, concentrations of the fungicides at 20
ppm and 40 ppm were prepared and added to culture media, while sterile water was used in control petri
dishes. Percentages of inhibition of mycelial growth were calculated to assess the effects of the active
ingredients on fungal mycelial development. In addition, after fungicide application, the expression
levels of Bcgsts gene encoding Glutathione S transferase (GST), which plays an important role in
tolerance to oxidative stress in B. cinerea isolates, were compared by gRT-PCR in control and treatment
samples. The in vitro effectiveness of the fungicide containing the active ingredients 25.2 % Boscalid
and 12.8 % Pyraclostrobin against B. cinerea, which causes significant losses during the strawberry
harvest season, has been determined. Additionally, differences in gene expression levels resulting from
this effectiveness have been identified. The results obtained will provide important benefits in terms of
increasing productivity in plant production and selecting products resistant to adverse conditions.

Keywords: Fungicide, Bcgst5 gene, Gene expression, Fungal disease

Introduction

Botrytis cinerea Pers. Fr. (teleomorph: Botryotinia fuckeliana (de Bary) Whetzel) causes significant
losses in over 200 agricultural crops and serves as the causal agent of grey mould disease. In crops like
strawberries, it induces grey mould disease in flowers or fruits, leading to substantial losses in both pre
and post-harvest stages. Controlling B. cinerea poses a challenge because of its diverse methods of
attack, varied hosts acting as sources of inoculum, and its capacity to endure as mycelia and conidia or
for extended periods as sclerotia in crop debris (Williamson et al., 2007). The most commonly employed
management practice for B. cinerea is pesticide applications. Fungicides are commonly used for the
control of this pathogen (Petrasch et al., 2019). Leroux (2004) reported chemicals utilized for controlling
B. cinerea. Fungicides are classified into five categories. However, the development of resistance to
fungicides effective for the rapid control of such pathogens is currently a significant problem. The
resistance of B. cinerea to fungicides poses a significant challenge in horticulture, and resistance profiles
can undergo considerable shifts (Cosseboom et al., 2019).

Superoxide anion (O2) and hydrogen peroxide (H.0-) are two examples of Reactive Oxygen Species
(ROS) that are regularly produced throughout normal growth. But they are also essential for the plant's
reaction to identifying a pathogen (Heller and Tudzynski, 2011). In addition to acting as toxins that can
either immediately stop or hinder the growth of pathogens, the oxidative burst is also a part of a signaling
cascade. This cascade triggers hypersensitive reactions, modifies the cell wall, encourages the
production of antimicrobial substances, and alters the expression of genes in general (Torres et al.,
2006).

ROS are common metabolic byproducts that are essential for homeostasis and cell communication.
However, too many ROS can cause oxidative damage to DNA, lipids, and proteins, which can result in
cellular dysfunction or even death (Traynor et al., 2019). Fungi can generate both enzymatic and
nonenzymatic defense mechanisms in response to ROS stress. The generation of ROS is inhibited by
the main defensive antioxidants, superoxide dismutase (SOD), catalase, and glutathione peroxidase.
Free radicals are scavenged by antioxidants that serve as a second line of defence, such as glutathione.
One important nonenzymatic substance that shields cells from oxidative damage is glutathione (GSH).
Glutathione S-transferases (GSTs) catalyze the binding of glutathione to electrophilic substrates, which
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contributes to detoxification, tolerance to oxidative stress, and protection against DNA damage
(Ighodaro and Akinloye, 2018).

In this study, it was aimed to determine the effects of two different B. cinerea isolates isolated from
strawberry on the mycelial development of the fungus as a result of fungicide treatment with 25.2 %
Boscalid + 12.8 % Pyraclostrobin and the gene expression levels of the GST encoding gene Bcgst5
(Bcin14g03160) in control and treatment samples as a result of fungicide application against Botrytis
cinerea isolates were determined by gRT-PCR.

Materials and Methods
Isolation and morphological identification of Botrytis cinerea

This study was carried out with the samples collected from strawberries showing signs of decay that
were purchased from markets in Cankir1 province. Initially, Strawberries showing sings of grey mould
were selected. The samples were inspected under a stereo-microscope (Fig. 1 a, b). Subsequently, aerial
mycelium of B. cinerea was collected using sterile needle and plated on Potato Dextrose Agar (PDA).
All the isolation plates were kept at 20+2 °C. Botrytis cinerea isolates were identified through the
utilization of identification keys based on colony color, conidia shape, air-mycelia, and sclerotia
formation (Barnett and Hunter, 1998).

Figure 1. Symptoms of infection by Botrytis cinerea and grey mould of strawberry fruit (a, b)
In vitro test of Botrytis cinerea using fungicide

Using Bellis fungicide (25.2 % Boscalid and 12.8 % Pyraclostrobin), B. cinerea is tested in vitro. Using
the poisoned food approach, their effectiveness was seen on the mycelial development of two B. cinerea
(Groover and Moore, 1962; Pundir et al., 2010). Using an in vitro poisoned medium approach, the
fungicide was tested at two different dosages during the experiment to determine how the pathogen was
growing myecelially. Two stock solutions with varying fungicide concentrations were made. Twenty
ppm and forty ppm were the final values examined, with five replicates for each. Initially, tubes were
filled with 1000 pl of each stock solution pipetted and mixed with 20 ml of PDA at 60 °C. The liquid
media was then vortexed with the fungicide for four seconds, and the 21 ml of fungicide-infused media
that was produced was then transferred into Petri plates. Mycelial plugs from a 5-day-old pure culture
of B. cinerea were flipped over and inserted into the middle of PDA that had been treated with fungicide
after the media had solidified. Fungal development was seen on PDA that had not received therapy as a
control. On the third and sixth days of the petri-dishes' dark incubation at 20 °C, observations of the
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fungus's mycelial growth were made (Cheradil et al., 2022). Using the following formula, the percentage
inhibition of mycelial growth was calculated:

Mycelial growth inhibition (%) =dc-dtx 100(%)
dc

Where; dc = average diameter of fungal colony in non-poisoned PDA (control), and dt= average
diameter of fungal colony in poisoned PDA (Shakeel et al., 2021).

Determination of The Expression Levels of Bcgst5 Gene Encoding Glutathione-S-Transferase
(GST)

Total RNA isolation

For total RNA isolation, B. cinerea isolates were cultivated on PDA at 20 °C for 6 days including treated
and control petrishes. Approximately 50 mg of mycelium was scraped from the agar surface and treated
with liquid nitrogen (Fig. 2 a, b). RNA extraction was performed using RNA Extracol (Eurx Ltd,
Gdansk, Poland) according to the manufacturer's guidelines.

Figure 2. Total RNA isolation from Botrytis cinerea using liquid nitrogen (a, b)

Complementary DNA (cDNA) synthesis

The first strands cDNA synthesis kit (Eurx Ltd, Gdansk, Poland) was employed to synthesize cDNA
from 1 pg total RNA. Reverse transcription was carried out in 20 pl of reaction mixture containing 1 pg
total RNA, 4 pl 5x cDNA Buffer, 1 pl mix RT (reverse transcriptase), 1 pl oligo (dT), 1 pl random
hexamers, 12 pl nuclease-free water. The thermal cycling conditions of the reaction for cONA were 10
min at 20 °C, 40 min at 50 °C, 5 min at 85 °C, and finally, 10 min at 4 °C.

Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (QRT-PCR)

The actin was utilized as a housekeeping gene in the gRT-PCR study (Bcgst5F:
TCTAAGGCGGCTCTGAACAT, Begst5R: ACAATCCCAGCAGCACTAGT, B-actinF:
GCCCTCTTCCAGCCCTCATTCT, B-actinR: TGGGGCAAGGGCGGTGATTT), and the primers
were constructed using the Primer3 v4.1.0 tool. gRT-PCR reactions carried out in accordance with
manufacturer's instructions using SYBRTM Green PCR Master Mix in the CFX ConnectTM Real-Time
PCR Detection System. 12.5 pL of 2 X real-time PCR Mix (SYBR Green 1), 0.5 pL of primer, and
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appropriately diluted cDNA as a template were added to each 25 pL. qRT-PCR experiment. The qRT-
PCR settings were as follows: 20 seconds at 95 °C, 40 cycles of 30 seconds at 95 °C, 20 seconds at 54
°C, and 10 seconds at 72 °C. For each sample, three technical and biological duplicates were run in each
gRT-PCR experiment. The data was analyzed using the 27T technique, and statistics were computed
using one-way ANOVA (Livak and Schmittgen, 2001).

Results

In the examined samples, 15 B. cinerea isolates were obtained. Two randomly selected isolates (Bc_01
and Bc_02) from the obtained samples were used in the fungicide studies. Mycelial growth of B. cinerea
was measured at 3th and 6th day. The average of diameter of control 6.8 cm and 8.5 ¢cm at 3th and 6th
day respectively for Bc_01 isolate. The average of diameter of control 5.4 cm and 8.5 cm at 3th and 6th
day respectively for Bc_02 isolate (Fig. 3). Bellis fungucide exhibited inhibition at 20 ppm and 40 ppm
concentrations. Percentages of inhibition of mycelial growth were calculated to assess the effects of
fungicide on fungal mycelial development (Table 1).

Figure 3. Mycelial growth on sixth on PDA treated with fungicide; mycelial growth of control petri
(a), mycelial growth at 20 ppm (b), mycelial growth at 40 ppm (c)

Tablel. Percentages of inhibition of mycelial growth on third and sixth day

Isolate Code 3th day 6th day
20 ppm 40 ppm 20 ppm 40 ppm
Bc_01 66 % 70 % 43 % 48 %
Bc_02 64 % 73 % 44 % 53 %

In B. cinerea exposed to fungucide, gene encoding GST were significantly up-regulated Bcgst5 gene in

treatment samples relaitve to control (Fig. 4, 5).
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Figure 4. Effect of fungicide application against Botrytis cinerea (Bc_01) on Bcgst5 gene expression
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Figure 5. Effect of fungicide application against Botrytis cinerea (Bc_02) on Bcgst5 gene expression
Discussion and Conclusion

Reducing the use of chemical fungicides is one of the most important goals of plant pathology. As it is
known, oxidative stress biomarkers have become a widely used tool in ecotoxicology to evaluate the
toxic effects of environmental pollutants (Cao et al., 2019). In response to ROS stress, fungi can initiate
protective mechanisms that are both enzymatic and nonenzymatic. Many fungucides have been
identified in recent years; these chemical agents generate ROS generation, which damages fungal cells
(Balbino et al., 2021). Here, we discovered that ROS buildup in B. cinerea was generated by % 25.2
Boscalid + % 12.8 Pyraclotrobin. Glutathione is a crucial nonenzymatic substance that shields cells from
oxidative stress. It was observed that there was a substantial upregulation of the Bcgst5 gene in treated
samples compared to control when B. cinerea was exposed to fungucide. These findings were consistent
with the findings that Aspergillus flavus treated to perillaldehyde had severe ROS damage and that
glutathione metabolism was markedly elevated (Pan et al., 2020).

Risk assessments of pesticides, pharmaceuticals, food preservatives and cosmetics on organisms are an
important part of the environmental risk assessments of these substances. In this study, it was determined
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that there was a significant change in the expression of the Bcgst5 gene, which encodes the GST enzyme
that plays a role in oxidative stress tolerance, as a result of the use of fungicides against B. cinerea.
These data may provide support for future risk assessment studies and the future use of this fungicide in
reasonable amounts. However, more detailed biochemical and molecular tests are necessary to
understand the direct and indirect effects of the fungicide on other organisms and ecosystem functions.
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OZET

Dogal afetler meydana gelme yiizdelerine gore sel (%43), firtina (%28), deprem (%8), ug sicakliklar
(%6), heyelan (%5), kuraklik (%5), orman yanginlari (%4) ve volkanik aktivite (%2) seklinde
siralanmaktadir. Afetler sonrasi pek ¢ok sorunla basa ¢ikmak gerekirken ortaya ¢ikacak sorunlardan
birisi de ¢evre ve halk saghg ile ilgili sorunlardir. flgilenilmedigi takdirde icme ve kullanma suyu
sikintisi, her tiirlii atik problemi, salgin hastaliklar, temiz gidaya ulagimda sorunlar, vektor kontrolii ve
konut sanitasyonunda ciddi sikintilar ortaya ¢ikabilir. Cevre sagligi hizmetlerinde aksamalar yasanabilir.
Deprem ve sel gibi biiyiik afetlerden sonra olusan bina yikintilart da planli bir sekilde bertaraf
edilmelidir. Bu tarz afetlerde yapt ve yalitimda kullanilan malzemeler asbest i¢cermesi dolayisiyla
tizerinde durulmasi gereken esas problemdir. Endiistri bélgelerinde yasanan endiistriyel kazalar sonucu
olusan afetler de, Ornegin Cernobil’deki niikleer santral kazasi, hala kotii bir tecriibe olarak
hafizalarimizdadir. Giiniimiizde dahi hala etkileri devam etmektedir. Bu amacla bélgenin, var olan
riskleri gbz Oniinde bulundurularak, bir “Cevre Sagligi Acil Eylem Plani1” hazirlanmalidir. Bu bildiri
kapsaminda konu hakkinda yapilabilecekler ve afetler sonras1 yasanan ¢evresel sorunlar hakkinda bilgi
paylasimi yapilacaktir.

Anahtar Kelimeler: Dogal afet, ¢evre, halk sagligi, asbest.

ABSTRACT

Natural disasters are listed according to the percentage of occurrence as floods (43%), storms (28%),
earthquakes (8%), extreme temperatures (6%), landslides (5%), drought (5%), forest fires (4%) and
volcanic activity (2%). While many problems need to be dealt with after disasters, one of the problems
that will arise is problems related to the environment and public health. If not taken care of, drinking
and potable water shortages, all kinds of waste problems, epidemics, problems in access to clean food,
and serious problems in vector control and housing sanitation may arise. There may be disruptions in
environmental health services. Building debris after major disasters such as earthquakes and floods must
also be disposed of in a planned manner. The materials used in construction and insulation in such
disasters contain asbestos and are therefore the main problem to be addressed. Disasters caused by
industrial accidents in industrial zones, such as the nuclear power plant accident in Chernobyl, are still
in our memories as a bad experiences. Even today, their effects are continuing. For this purpose, an
"Environmental Health Emergency Action Plan™ should be prepared, taking into account the existing
risks of the region. Within the scope of this paper, information will be shared about what can be done
on the subject and environmental problems experienced after disasters.

Keywords: Natural disaster, environment, public health, asbestos.

GIRIS

Tirk Dil Kurumu Soézligiinde afet; “cesitli doga olaylarinin sebep oldugu yikim, kiran” olarak
tanimlanmaktadir. Afet kavrami; Birlesmis Milletlerin kabul ettigi en genel tanimla “fiziksel, ekonomik
ve sosyal kayiplar olusturan, giinliik yasami ve insan aktivitelerini durdurarak veya kesintiye ugratarak

toplumlar etkileyen ve yerel imkanlar ile bas edilemeyen dogal (deprem, sel, heyelan, taskin, kuraklik,
¢1g, kasirga, orman yangini, hortum, yanardag patlamalari), teknolojik (endiistriyel kazalar, niikleer
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kazalar, biiyiik tasimacilik kazalari, baraj patlamalari vb.) veya insan kaynakli (savas-¢atisma, yanginlar,
hava, su, ¢evre kirlenmeleri ve ulasim kazalar1 gibi) tiim olaylar” seklinde tanimlanmaktadir (Eren &
Ardali, 2023; Giiler, 2018). Fakat bu tanimda gegen her olay afet olarak kabul edilemez. Bir olayin afet
olabilmesi i¢in ¢ok yonlii bir kaybin olmasi (ekonomik, fiziksel, psikolojik ya da sosyal) ve hayatin
normal akisinda aksakliklara neden olmasi gerekir (Giirsel, 2018). Dogal afetler, insanlar ve gevreleri
arasindaki iliskide bir bozulmaya yol agan veya etkilenen bir toplulugun basa ¢ikmak icin olaganiistii
caba gostermesini gerektirecek olgekte ciddi ve ani bir olay (veya kuraklikta oldugu gibi yavas bir olay)
olusturan jeolojik veya meteorolojik olaylardir (Young vd., 2004). Tablo 1°de afet siniflandirmasi
yapilmistir. Sekil 1’de ise dogal afetlerin afet tiirlerine gére meydana gelme oranlari verilmistir.

Tablo 1. Tiirlerine gore afetler (Altay vd., 2016).

Jeolojik Aletler | o' ]| P el Kazalar
Afetler Nikleer Kazalar

1. Deprem "1 TropkalHotum | 1. CevreKirligi | 1. Saigm Hastalk | 1. Kimyasal Felaketier 1 Denz/Kara'Tren
2. Tsunami 2. Kasirga 2 Orman Tahribi | 2. Hasere Istias 2. Endostryel Felaketier Kazaian
3. VokanicPatlama 3. Sel 3. Collesme 3. Besin Zehirlenmesi | 3. Petrol Szintisy'Yangans 2 Orman Yanginian
4 Heyelan 4 Kurakik 4 Haserelstias: 4 Kitle imha Silahian 4 Nokleer Kazalar 3. Bina Cokmelen
5. Baraj Kazasi 5. Dolu Firtinass 4 Elekink Kazalan
6. Maden Yangimi 6. Sajanak Yafs 5. Mayin Patlamas:

7. Heyelan

8. Sicak/Soduk Hava

Dalgasi

9.0

10. Denz

Agindirmas|

w2

Deprem Ehstrom Kirsal Volkan Kk

sabhih yangin aktivitesl  hurvketi

(Wur

Sekil 1. Diinya genelinde 2000-2019 yillar1 arasinda meydana gelen dogal afetlerin afet tiirlerine gore
dagilimlar1 (%) (URL-1).

DOGAL AFETLER SONRASI YASANAN CEVRESEL RiSKLER
-ATIK YONETIMi

Gegmiste yasanmig olan tecriibeler dogal afetler sonrasinda ortaya ¢ikan enkaz ve artiklarm vektor
kaynakli hastaliklarin ortaya ¢ikmasinda, su, hava ve toprak kalitesinin bozulmasinda etken oldugunu
ortaya koymustur. Bunun haricinde dogal afetlerden sonra meydana gelebilecek baslica acil c¢evre
saglig1 sorunlarmin su kalitesi, icme suyu temini, atik su ve kanalizasyon aritma, gida giivenligi,
sinekler, bocekler, molozlar, tehlikeli atik ve i¢ ve dis hava kalitesi ile ilgili sorunlardan meydana geldigi
bilinmektedir (Eren & Ardali, 2023; URL-2).
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Tehlikeli atik kapsamina girecek sehir aydinlatma sistemlerini, 6rnegin, poliklorlu bifenil i¢ceren hasarli
yiiksek gerilim transformatorlerini, bertaraf ederken de 6zel dikkat gosterilmelidir (Tez, 2022). Afet
sonrasi ortaya ¢ikan organik atiklar egitimli ekipler rehberliginde gomiilmeli ya da yakilmalidir. Bu
islemin yasam alanlarindan uzak yerlerde yapilmasi gerekir. Bu sebeptendir ki afet sonrast dogru bir
atik yonetimi saglik ve gevre ile ilgili riskleri azaltmak i¢in olduk¢a 6nemlidir. Atik yonetimi ve atiklarin
kaldirilmasi i¢in gecen her saat ¢evre ve halk saglig1 {izerinde potansiyel bir risk olusturmaktadir. Sekil
2’de verildigi gibi bir afet yonetim stratejisinin uygulanmasi bu riskleri ortadan kaldirmaya yonelik
onemli bir adimdir. Afet yonetiminin tek elden koordine edilmesi i¢in iilkemizde gorevli olan kurum
T.C. Igisleri Bakanligi’na bagh Afet ve Acil Durum Yo6netimi Baskanligi (AFAD)’dir. AFAD’1n temel
gorevlerinden birisi de afet yonetim planlamasindaki tiim asamalara iligkin faaliyetleri planlayip, dogru
bir sekilde uygulanmasina yardimci olmaktir. Bu amagla afet ve beraberinde kriz yonetimi eylem
planlarinin olusturulmasi ve bu planlarin 6nceden tatbik edilmesi kurumlarin dncelikli hedefi olmalidir.

Afet Yonetim

*Risk Tanimlama
sErken Uyan
sTahliye ve Acil

*Yapsal Planlama
*Arazi Kullanmim
Planlamasi ve Yonetimi

oKurtarma ] Durum Planlamast
slyilestirme |
*Yeniden Afet Tiplerinin | 2
Yapilanma Belilenmesi |
Etkileri \ Planlama ve
verhhoer) Afete Hazirhk
Tahmin I

Planlamasi

Afete
Midahale

Kurtarma

*Risk Siddetini
Tammlama
sTehlike Takip Analizi
sGivenlik A¢igr Analizi
*Etkilerin Tespiti

slyilestirme
sYeniden Yapidanma
*Kurtarma Hizmetleri

*  Botonlegik Risk Tedbirferinin
Uygulanmast ve Gecerfilifi
Analizi

Huzl: CED ve uygulamalan

Sekil 2. Afet yonetim planlamasi (Karaman, 2016).

-TEHLIiKELI MADDE SALINIMI

Tehlikeli madde, yaralanma, 6liim veya ciddi hastaliklarin artmasina neden olan veya katkida bulunan
ya da kimyasal, fiziksel veya bulasici 6zellikleri nedeniyle insanlar veya ¢evre i¢in onemli bir tehdit
olusturan bir maddedir. Belirli bir maddeyle iligkili tehlike, bu maddenin toksisitesinin yani sira salinan
konsantrasyon ve miktarina da baghdir. Dogal afetler, dogrudan ve dolayli olarak tehlikeli madde
salinimlarinin gii¢lii ve belirgin mekanizmalar1 olabilir (Sekil 3).

Tehlikeli maddelerin dogrudan salinimlari genellikle bir olaym dogasiyla tutarlidir ve bu tiir salinimlari
onlemek i¢in ¢ok az sayida hafifletici onlem alinabilir. Buna karsilik dolayli salinimlar, teknolojik
kosullarin dogal bir olayla birleserek tehlikeli bir maddenin g¢evreye bosaliminin sonuglanmasiyla
meydana gelir. Dolayli salimimlar ayrica kasith veya kasitsiz salinimlar olarak kategorize edilebilir.
Kasitli desarjlar, diger daha ciddi saglik tehditlerini engellemek amaciyla yapilir. Kasitsiz salimlar planlt
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degildir ve yapici bir amaci da yoktur. Afete bagli tehlikeli madde salinimlar1 nadir goriilen olaylar
olmamakla birlikte, insan sagligin1 olumsuz yonde etkileme potansiyeline sahip somut tehditlerdir.
Yasanan deneyimler sel, deprem ve volkanik patlamalarin muhtemelen gercek ve potansiyel tehlikeli
madde sonuglari agisindan en biiyiik riski olusturdugunu géstermektedir (Young vd., 2004).

Tehlikeli Mrdde Salinimi

v

Direk salinim indirek salimm

} | '

* Kuraklik nedeniyle havaya karisan I\

magnezyum, kloriir, fosfor ve amonyak

* Orman yangnlart ile salinan dioksin X 1

Tt Kasith salinim istemsiz salinim
* Sellerin ardindan sikilan bécek * Depremde kopan kanallardan
ilaglart sizan petrol diriinleri
* Selden sonra suyun klorla * Sular altinda kalan depolardan
St veya liretim tesislerinden sel

Sekil 3. Dogal afetlerle iliskili tehlikeli madde salimlarinin smniflandirilmasi| Sularna kansan tarimsal kimyasallar
* Deprem siiresince ¢oken

Afet kaynakli tehlikeli madde salinimlarina iligkin ge¢mis arastirmalar (akademik dergiler veya ulusal
ve yerel haber raporlar tarafindan belgelenmis olaylar):

(1) farkli dogal afetler sirasinda meydana gelmesi muhtemel salinim tiirlerini ve

(2) tehlikeli maddelere dogrudan maruz kalma veya yanici gazlar veya sivilar tutustugunda ortaya ¢ikan
yangin ve patlamalar yoluyla insan sagliginin nasil etkilenebilecegini gostermektedir.

Petrol salinimlari, tarimsal kimyasal kirlilik, asbest tozu ve aerosol haline gelmis radyoniikleidler, dogal
bir afetle iligkili hasar tiirleri diisiiniildiiglinde hemen akla gelen tehlikeler olmayabilir. Ancak bu
tehditler, hizla hareket eden sel sulari, hasarli yollar veya ¢oken binalarin yarattigi tehditler kadar
gercektir. Asir1 doga olaylar (6rmegin volkanik patlamalar, depremler, toprak kaymalari, kasirgalar,
hortumlar, kar firtinalari) sirasinda agiga ¢ikan tehlikeli maddeler, bireylerin tehlikeli maddelere veya
yanict maddelerin tutugmasiyla ortaya ¢ikan yanginlar veya patlamalar gibi ikincil tehlikelere maruz
kalma olasiligin1 artirarak insan sagligini tehdit eder (Young vd., 2004). Deprem ve sel gibi afetler yikici
ve siiriikleyici etkiye sahip olduklarindan bina ve yap1 yikintilara neden olurlar. Ozellikle de eski
binalarda izolasyon, ¢ati, kaplama, tesisat gibi yapilarda kullanilan malzemeler yikim alanlarinda
havada radon, asbest, civa, siilfiir, klor gibi solunmasi sakincali gazlarin yayilmasia neden olurlar.
Havaya salinan bu gazlar kisa vadede olmasa da uzun vadede geri doniisii olmayan ¢evre ve halk sagligi
sorunlarina yol agabilmektedir (Tez, 2022). Afet kosullarinda yasanan endise, telas ve bir an evvel afetin
yarattig1 etkilerden kurtulma istegi nedeniyle tehlikeli madde salinimlariin yarattigi tehdidin
biiyilikliigli muhtemelen hafife alinmaktadir.

Afetle iligkili tehlikeli madde salinimlar1 ve saglik arasindaki iligkileri aragtiran ¢alismalar nadir ve
karmasiktir. Birgok tehlikeli madde salimimu fark edilmediginden, iliskili saglik etkilerini tespit etmek
zor olabilir. Tehlikeli madde maruziyetleriyle iliskili semptomlar genellikle hafif veya spesifik degildir
ve gecikme etkisi gosterebilir. Bu sebeple saglik iizerindeki etkilerin uzun vadede ortaya ¢ikmasi
bunlarin tespit edilmesi ve dogrulanmasini zorlastirmakta hatta bazen imkansiz olmaktadir.

Tarihsel raporlardan anlasilan, afetle iliskili tehlikeli madde salinimlarinin genis cografi alanlar1 ve ¢ok
sayida insan1 etkileyebilecegidir. Bir firtina sirasinda Fransa kiyilarinda kaybolan kimyasal konteynerler
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Belgika, Hollanda ve Almanya'da bulunmustur. Endonezya'daki orman yanginlarindan kaynaklanan
duman kirliligi Tayland’daki Malay yarimadasinin bati yakasindaki Kuala Lumpur'a (Malezya) kadar
yayilmis ve Singapur'da sagliksiz seviyelere yiikselmistir. Olaylardan daha sonraki donemde bu bolgede
iist solunum yolu hastaliklar1 ve astim gibi tehlikeye baglh rahatsizliklar i¢in ayakta tedavi goren
hastalarin sayist %30 artmustir (Swinbanks, 1997).

Afetler, insanlarin hayatta kalmasinin temelini olusturan dogal ¢evreye biiyiik zararlar vermektedir,
ancak afetle ilgili maliyetlerin hesaplanmasi s6z konusu oldugunda, zarar géren ¢evrenin hizmet kaybini
biiytik Olciide hesaba katmamaktayiz. Ancak Tablo 2’de de goriildiigii tizere afetler sonrasi pek ¢ok
hizmette aksama yasanmaktadir. Bunlarin hesaba katilmamasinin baglica nedeni, dogal ¢evreden
kolayca elde edilebilen hizmetler i¢in geleneksel piyasa fiyat etiketinin bulunmamasidir (Sangha vd.,
2020). Oysaki afetler sonrasi pek ¢ok hizmette aksama yasanmaktadir. Afet sonrasi afetzedelerin karsi
karsiya kaldig1 cevre sagligi sorunlart ve tiim cevresel hizmetlerin bozulup aksamasi (atik toplama,
temiz igme suyu temini, atiksu aritimi vb.) etkilenme diizeyini ve yasanacak saglik risklerini
artirmaktadir. Bu agidan bakildiginda dogal afet yonetiminde politika planlayicilart 6zellikle de bu
konuda bilgilendirmek yararli olacaktir.

Tablo 2. Dogal afetler sonrasinda ortaya ¢ikacak sorunlar (Eren ve Ardali, 2023; URL-3).

Tehlikelerin neden oldugu etkilerin biiyiikligi

- - -

Su temini ve Deprem Volkanik | Heyelan Kasirga Sel Kuraklik
kanalizasyon pikskilrme
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etkiler

e | @ | O | @ | @ | @ | O
s | @O | @ © | @ O

Ging noktalanndaks,
ging zganalanndaks,

e O | @ | © | © | @ | O
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Kullanilan semballer: . Siddetli etki ‘ ) Orta siddetli etha ’—i Minimum etki

-AFETLERIN BiRBIRiNi TETIKLEMESI

Dogal ve teknolojik afetler birbirini tetikleyici bir etki gosterebilir. Sekil 4’de aralarindaki etkilesim
verilmistir. Bu durumu bir 6rnekle agiklayalim. Kiy1 ¢evreleri dogal afetlerden kaynaklanan hasara karst
daha savunmasizdir. Su ile ilgili yasanan bir dogal afette deniz seviyeleri yiikselmekte, baz1 bolgelerde
arazi ¢okmesi artmakta, bazilarinda ise azalmaktadir. Ust okyanus 1s1 igeriginin artacagi tahmin
edilmekte, atmosferik su icerigi artmakta, bu da daha fazla saganak yagisa, siddetlenen sellere ve genel
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insani sefalete yol agmaktadir. Insanlar kiytya yaklastikca kiy1 niifuslari artmakta ve bu da daha biiyiik
hasar riskini artirmaktadir. Ayrica zararli alg patlamasi sikligi, hipoksik veya "6lii bolgeler" daha yaygin
hale gelmektedir (Knap & Rusyn, 2016).

Japonya'da 11 Mart 2011°de meydana gelen Tohoku depremi ve ardindan yasanan tsunami bunun bir
Ornegi olup, hasara ve yanginlara neden olarak basamakli bir felakete doniismiistiir. Deprem ayni
zamanda binlerce insan1 bogan, miilkleri ve isyerlerini tahrip eden biiyiik bir tsunami yaratmigtir. Bu
durum Fukugima niikleer santralinin kapanmasina, 1,2 milyon litre suyun okyanusa dokiilmesine ve
havaya yayilan kirliligin insanlari, bitkileri, hayvanlar1 ve baliklari etkilemesine neden olmustur. Deniz
triinlerinin yenmesi yoluyla insanlara daha fazla bulagsmasimi Onlemek i¢in bdlge yerel balikgilik
faaliyetine kapatilmustir. Niikleer santral kazasi ile yar1 dmrii 8 giin olan Iyot-131 ve yar1 dmrii 30 yil
olan Sezyum-137 olmak iizere iki radyoaktif izotop salinmistir. Bu iki radyoaktif izotoptan Sezyum-137
icin en yiiksek riski Fukusima niikleer santralinde ¢alisan iscilerin tasidigi agiktir (Knap & Rusyn, 2016).
Gelecek 30-40 yi1l boyunca niikleer atiklarin, yakit gubuklarinin ve hala santral iginde tutulan bir milyon
tonu askin radyoaktif suyun giivenli bir sekilde temizlenmesi igin ise on binlerce is¢iye ihtiyag vardir.

Ayrica gog¢ eden Orkinoslardaki radyoizotoplar {izerinde galigmalar yapilmis ancak bu riskin minimum
diizeyde oldugu belirlenmistir. Bu kademelenmenin ikincil sorunu ise otomobil, bilgisayar ve
miihendislik sektorlerindeki teknoloji i¢in ¢ok cesitli bilesenler iireten ve kiiresel ¢apta dagilmis olan
bir¢ok sirketin, sirketlerini hizla Tayland'daki yedek tesislere tasimasi olmustur. Ne yazik ki bu yedek
tesisler Chao Phraya nehri vadisinde ya da tagkin ovasindaydi ve 2011 yilinda yasanan sel felaketinden
zarar gordiiler. Bu kiiresellesmis tedarik zinciri, ikincil acil durum tesislerinin sular altinda kalmasi
nedeniyle kiiresel sirketlerin yani sira sigortacilari ve reasiirorleri i¢in de biiyiik bir kayip haline geldi
(Knap & Rusyn, 2016).

o) etikledigi 7, o,

%,

Sekil 4. Afetlerin smiflandirilmasi ve aralarindaki iliski (URL-4).

-CEVRE SAGLIGI HIZMETLERINDEKi AKSAMALAR

Diinya genelinde afet sayilarinin artmasi ve ¢evre saghiginin bozulmasinda iklim degisikligi, artan diinya
niifusu, sanayilesme ve bozulan ekolojik dengenin etkisi goz ardi edilemez. Iklim degisikliginin yol agtig1
dogal felaketlerin sayisi son 50 yilda bes kat artarak 2 milyondan fazla insanin hayatin1 kaybetmesine neden
olmustur. Birlesmis Milletlere bagh 'Diinya Meteoroloji Orgiitii'ne (DMO) gore, sel ve sicak hava dalgalari
gibi olaylar kiiresel ¢apta 3 trilyon Euro kayba neden olmustur. Rapora gore son 50 yilda en fazla insanin
6ltimiine neden olan dogal afet kurakliktir. Diinyada 650 000 kisi kuraklik nedeniyle hayatin1 kaybetmistir.
Firtinalar 577 000, seller 59 000 ve agir1 sicaklar 56 000 kisinin 6liimiine yol agmigtir (URL-5). 12 EKkim 2020
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yilinda Birlesmis Milletler tarafindan yayimlanan raporda, i¢inde bulundugumuz yiizyilin basindan beri
iklim degisikligine bagli 6681 dogal afet olaymin kaydedildigi ve bu olaylarin bir dnceki 20 yillik
doneme kiyasla %50 arttig1 belirtilmistir. Raporda ayrica sel, kuraklik ve firtina gibi dogal afetlerin iklim
degisiklikleriyle birlikte arttigi, Son donemde artan dogal afetlerin, asir 1sinma sonucu ortaya ¢iktigi, deprem
ve tsunami gibi iklim degisikligi ile ilgili olmayan jeofizik olaylarda da artis gdzlemlendigi raporlanmustir.

Afetler temiz su temini, atik yonetimi ve bertarafi, gida iiretimi, vektor kontrolii, konut sanitasyonu gibi
cevre sagligi hizmetlerini dogrudan etkiler. Afet bolgesinde; elektrik kesintileri, kirik borular, tikali
yollar, su, atik ve gida isleme hizmetleri hayat normale doniinceye kadar kesintiye ugrayabilir (Dereli
ve Yildirim, 2023). Yasanacak afet tiiriine gore ¢evre saglig1 hizmetlerindeki etkilenmenin diizeyi Tablo
3’de verilmistir. Hizmetteki aksakliklar ve gegici onarimlar igin acil durum planlari, gerektiginde
alternatif su kaynaklarinin temini ve tiim sanitasyon islemleri i¢in diizenlemelerin afet hazirliklar
kapsaminda planlanmis olmas1 gerekmektedir. Afet dncesinde hazirlanacak acil durum eylem planlar
sayesinde ortaya ¢ikacak olumsuzluklarin indirgenmesi ya da en az zararla atlatilmas1 miimkiin olacaktir
(Dereli ve Yildirim, 2023). Bu onlemler tam olarak alinmadigi takdirde yasanacak g¢evre sagligi
sorunlari ile birlikte hastaliklar da ortaya ¢ikacaktir (Sekil 5).

Tablo 3. Afetlerde ¢evre sagligi  hizmetlerinin  etkilenme diizeyleri (Tez, 2022)

Hizmetler Cevre Saghgr Uzerinde
En Cok Bilinen Eskilern Deprem Firtina  Sel  Tsunami  Volkanlk Patlama
Temiz su sadlama ve stk suyu Binalann zarar gormesi 1 | 1 3 1
zararsiz hale getirme
Su, elekanik, kanalizasyon ve gaz sistamdeninin bozulmasi 1 ? P J 1
Enet)l kesentis! ! 1 2 2 1
Koataminasyon (beyolojik, kimyasal) 2 1 1 1 1
Ulagimen kesintiye ugramas | 1 | 2 |
Personel eksiligi ! 2 2 3 1
Hizmet sistemierinin yiklenmesi (goce bagh) 1 1 1 3 1
Donanim ve stok yetersizigi ! | ! 2 \
Kati atik toplanmas) Binalann yikimas 1 2 2 3 ]
Ulagiman kesintiye ugramasi 1 1 1 P 1
Doaanmn eksikligi 1 1 1 2 1
Personel efakdigi 1 1 1 3 1
Su. toprak ve hava kirkligl 1 1 1 2 1
Gada uretim| Guda Ueetim aragianmen zarar gormesi ' 1 2 3 1
Ulagimen kesintiye ugramasi ! 1 ! ! 1
Enerji kesntisi 1 1 1 3 1
Araciann sel altinda Kalmas 3 1 ! ! 3
Kontaminasyooy/yardem stokiannda dozulma 2 1 1 2 1
Vektor kontrobii Vekior Gresne alantaninn cogalmas 1 ! 1 1 3
Insan/veialr temasiannda arms ! 1 ! 2 ]
Vektor kaynakl hastabk kontrofunan bozulmas: 1 1 ) 1 1
Konut sanitasyonu Yapilann zarar gormesi veya yikimas 1 1 ' ! 1
Su ve guda kontaminasyonu 2 2 ] 2 ]
Enerjl minma, su saglama, atk yok stme hizmetierinin bozulmas: 1 1 L 2 1
Agt kalabahk ! 1 ' 1

*Eckilenme Duzeyler|; 1 Sidaetll, 2 Orta Dizey, 3 Az ya da etlusiz (Wisner, 2002)
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Suw/Gida Hijyeni ve Nifus Yoguniugu Kot Barnnnma
altyapi — (Kalabahk) —— Kogullarn
Gastroenteritier Dogrudan Vektorler
Dizanteri Kizamik Tifus Pnémoni
Kolera Menenjit Sitma
Tifo Bogmaca
Hepatit Difteri
Polio Tuberklloz
Gida Zehirlenmeleri
Uyuz
Dermatitier
Konjonktivit
Trahom

Sekil 5. Afet sonrasi yasanan ¢evre sagligi sorunlari nedeniyle olusabilecek hastaliklar (Tez, 2022).

-ENDUSTRIYEL KAZA RiSKLERIi

Endiistriyel tesislerin zaman zaman endiistriyel afetler olarak adlandirdigimiz ¢ok dnemli gevre ve insan
saglig1 sorunlart yarattiklari yasanan tecriibelerden bilinmektedir. Cernobil niikleer santral kazasi
(Ukrayna, 1986), Bhopal’deki (Hindistan, 1984) pestisit fabrikasindan metil izosiyanat gazi sizintisi
sonrasinda olen, yaralanan ve sakat kalan binlerce insanin varligi, endiistriyel kazalar sonucu olusan
afetlerin biiyiikliigiinii gosteren olaylardir.

Deprem, sel, firtina vb. afetlerden etkilenen endiistriyel tesisler, ikincil risk kaynaklar1 haline gelerek
yasanacak felaketin boyutunu artirmaktadir. Olast bir afet durumunda uygulanacak afet yonetim plani
hazirlanirken endiistriyel tesislerden kaynaklanacak olasi riskler mutlaka bu plana dahil edilmeli ve acil
durum miidahale ekibi igerisinde bu plam1 uygulayabilecek egitimli ve deneyimli personelin olmasi
saglanmali ve yapilacak tatbikatlarla yasanabilecek her kosula ekip hazir hale getirilmelidir. Marmara
Bolgesi Depremi sonrasinda (1999) izmit’te Tiipras tesislerindeki yangin ve Yalova’da AKSA
tesislerinde hammadde tanklarmin ikisinden etrafa yayilan akrilonitrilin olusturdugu g¢evresel yikim,
tilkemizden bu tiirden risklere verilebilecek 6nemli orneklerdir. Tablo 4’de ise diinyada yasanan en
onemli endiistriyel afetlere 6rnekler verilmistir.
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Tablo 4. 1959-2004 yillar1 arasinda meydana gelen kaza ve felaketler (Ozkilig, 2007).

Yil Yer Olay Hasar
1959 Minamata, Japonya | Su yollarina civa 400 oli, 2,000 yarah
desarj edilmesi
1973 Fort Wayne, A.B.D. | Demiryolu kazasi ile | 4500 tahliye
vinil kloriir
dokiilmesi.
1974 Flixborough, Patlamada 23 olii, 104 yaral,
Ingiltere. siklohekzan agi13a 3,000 tahliye
¢cikmasi
1976 Seveso, Italya Dioksin sizintisi 193 yarah, 730
tahliye
1978 Los Alfaquez, Ulasim kazasinda 216 ola, 200 yaral
Ispanya propilen dokiilmesi.
Xilatopec, Meksika | Karayolu kazasinda | 100 6lii, 150 yarali
gaz tankeri
patlamasi.
Manfredonia, Italya | Fabrikadan amonyak | 10,000 tahliye
s1zintis1
1979 Threemile Adasi, Niikleer reaktor 200000 tahliye
A.B.D. kazasi
Novosbirsk, Rusya Kimya fabrikasinda | 300 6lii
patlama
Mississagua, Kanada | Demiryolu kazasi ile | 200000 tahliye
klor ve biitanin
cevreye yayilmasi.
1980 Summerville, A.B.D | Demiryolu kazasi ile | 300 yarali, pek ¢cok
fosfortrikloriir tahliye
dokiilmesi
Tacoa, Veneziiella Petrol yangini ve 145 oli, 1,000
patlamasi tahliye
1982 Taft, A.B.D. Patlamada 17,000 tahliye
kimyasallardan
akrolein aciga
¢itkmasi
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1984 Sao Poulo, Brezilya | Petrol boru hattinda | 508 6lii
patlama
St. J.Ixhuatepec, Gaz tanki patlamast | 452 6li, 4,248 yaral,
Meksika 300,000 tahliye
Bhopal, Hindistan Pestisit fabrikasindan | 72,500 6lii, binlerce
sizint1 siyan gazi yarali, 200,000
tahliye
1986 Cernobil, Rusya Niikleer reaktor 725 o6li, 300 yaral,
kazas1 90,000 tahliye,
Avrupa tlkelerine
yayllma
Basel, isvicre Pestisit fabrikasinda | Ren nehrinde kirlilik
yangin
1987 Kotka, Finlandiya Limanda Deniz tabam kirliligi
monoklorobenzen
dokiilmesi
1991 Korfez Savasi, Petrol dokiilmesi Deniz kirliligi
Basra Korfezi
s Alaska Petrol dokilmesi Deniz kirliligi
2000 Enschede, Havai fisek 21 kisi hayatini
Hollanda fabrikasinda kaybetti. 800 kisi
patlamada yaralandi vel km2
caph alanda 5300
kisi patlamadan ve
sonuclarindan
etkilendi.
2000 Baia Mare, Yiiksek Nehir kirliligi
Romanya konsantrasyonda
siyaniir igeren atik
havuzunun asir1
yagislarla yikilmasi
sonucu aritilmamis
siyaniir attk Tuna
Nehri’ne karisti.
2001 Toulouse Giibre tesisi Genis alanda
patlamasi sonucu etkilenme
standart dis1
amonyum nitrat
yayilimi
4, SONUC

Dogal afetlerle iligkili tehlikeli madde salinimlar1 6nemli bir cevre ve insan sagligi tehlikesi
olusturmaktadir. Ge¢miste meydana gelen olaylar, bu olaylarin nedenleri ve potansiyel azaltma ve
onleme stratejileri hakkinda bazi bilgiler saglamaktadir, ancak bu stratejileri gelistirmek icin ek
aragtirmalara ihtiya¢ vardir. Kapsamli, sistematik c¢alismalarla birlestirilmis bolgesel veya yerel
degerlendirmeler, acil durum miidahale yoneticilerine dnleme ve hafifletme planlarini dayandiracaklar
en etkili verileri saglayacaktir. Toplumlara dogru ve uygun bilgilerin saglanmasi yoluyla, gelecekteki
etkileri engellemek ve etkili miidahaleler saglamak i¢in afetlere hazir bulunusluluk seviyeleri ve hasar
onleme kapasiteleri artirilabilir.
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Bunun haricinde afetlerde olusacak cevre sagligi sorunlari (atiklar, hijyen, ¢evresel kosullar, sizintilar
vb) bir biitiin olarak ele alinip bolgelerin var olan riskleri de g6z oniine alinarak Cevre ve Halk saglig
icin acil eylem planlar1 hazirlanmalidir. Karar vericiler, uygulayicilar, sivil toplum kuruluslar1 ve
akademisyenler dahil olmak iizere konu ile alakali tiim gruplarin bu plana dahil olmalar1 saglanmalidir.
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OZET

Mutasyona ugrayan saglikli hiicreler, siirekli boliinme ve ¢ogalma gibi yeni 6zellikler kazanarak kanser
hiicrelerine doniisiir. Kanser hiicreleri hayatta kalabilmek icin birden fazla sinyal iletim yolaginin
aktivasyonunu yeniden diizenler. Karsinogeneze sebep olan genetik faktorlerden bir tanesi bazi
metabolik enzimlerde gergeklesen mutasyonlardir. izositrat dehidrogenaz (IDH) bu enzimlerden bir
tanesidir. IDH enzimi Trikarboksilik asit (TCA) dongiisiinde izositratin a-Ketoglutarata (a-KG)
doniisiimii reaksiyonunu katalizler. IDH 'm 3 izoformu (IDH-1, IDH-2, IDH-3) bulunmaktadir. IDH-1
sitoplazmada oksidatif dekarboksilasyon reaksiyonunu katalizlemektedir. Cesitli kanser tiirlerinde
(glioblastoma, ganglioma, kolon kanseri gibi) IDH-1 geninin agin ifade edildigi ve bu genin
susturulmasi sonucunda hiicrelerin kansere has 6zelliklerin yavasladigi goriilmiistiir. Ancak IDH-1 geni
susturulduktan sonra sinyal iletim yolaklarinda rol alan enzimlerin gen ifadelerinin nasil degistigi
bilinmemektedir.

Sinyal iletim yolaklari, hiicrenin biiylimesi ve ¢ogalmasi i¢in ihtiya¢ duyulan hiicre metabolizmasini,
motilitesini, hiicre oliimleri ve sagkalimi gibi siirecleri diizenler. Fosfotidil-3-Kinaz (PI3K) yolagi
hiicresel metabolizmay1 ve proliferasyonunu diizenler. Transforme edici bilytime faktori beta (TGF-B)
yolagi, hiicrelerin biiylimesi, ¢cogalmasi, farklilagsmasinda rol oynayan bir sinyal iletim yolagidir.
Mitojen Aktif Protein Kinaz (MAPK) yolaginin aktive olmasi hiicre biiylimesi, proliferasyonu ve hiicre
farklilasmas1 gibi hiicresel olaylarin diizenlenmesinde rol oynayan genlerin transkripsiyonuna neden
olur. Wnt sinyal yolagi embriyonik gelisim, beyin gelisimi gibi ¢esitli siire¢lerde rol oynar. Janus
Kinaz/Sinyal Transdiiserleri ve Transkripsiyon Aktivatorleri (JAK/STAT) yolagi ise hiicrenin
boliinmesinden 6liimiine kadar gergeklesen birgok siirecte yer alir. Sinyal iletim yolaklar1 karsinogenez
stirecinde yeniden diizenlenir. Bu yolaklarin aktivasyonunun diizenlenmesi tiimdr olusumunun yani sira
anti-kanser tedavi direncinde de 6nemlidir.

Calismamizin amaci IDH-1 enzimi ile PI3K, TGF-B, MAPK, Wnt ve JAK/STAT yolaklarinda bulunan
enzimlerin iligkilerinin kolon kanserinde incelenmesidir. Bu amaca ulagsmak icin cBioportal for Cancer
Genomics araci kullanilmis ve yliksek, orta ve diisiik korelasyon gosteren enzimler belirlenmistir.
Sonuglar incelendiginde IDH-1 ile yiiksek korelasyona sahip enzimlerin MAPK yolaginda oldugu
bulunmustur. Bu ¢alisma hedef yolag1 belirlememizi saglamistir. ileride IDH-1 geni susturularak elde
edilen kolon kanseri hiicre modellerimizde MAPK yolaginda bulunan enzimlerin gen ifade seviyelerinin
belirlenmesi planlanmaktadir.

Anahtar Kelimeler: izositrat Dehidrogenaz-1, kanser, sinyal yolagi, enzim.
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GIRIS

Saglikli hiicreler, cesitli cevresel ve genetik faktorler nedeniyle mutasyona ugrayarak siirsiz boliinme,
apoptozdan kagma gibi yeni 6zellikler kazanarak kanser hiicrelerine doniigiir. Kanser hiicreleri hayatta
kalabilmek i¢in birden fazla hiicresel sinyal iletim yolaginin aktivasyonunu diizenler. Karsinogeneze
sebep olan ¢esitli genetik ve gevresel faktorler vardir (Hanahan ve Weinberg, 2011). Genetik
faktorlerden bir tanesi bazi metabolik enzimlerde gerceklesen mutasyonlardir. Bu enzimlerden bir
tanesi, Trikarboksilik asit (TCA) dongiisiinde bulunan izositrat dehidrogenaz (IDH) enzimidir (Atalay
ve Kayali, 2022).

Kanser, giinlimiizde en sik rastlanan hastaliklardan birisi olmasinin yani sira diinyada ve iilkemizde
6liim nedenleri arasinda ikinci sirada gelmektedir. 2020 yilinda yaklasik olarak 19 milyon yeni kanser
vakas1 ve 10 milyon 6liim rapor edilmistir (Ferlay ve ark, 2021). Kolon kanseri, diinya genelinde
kanserden oliimlerin en yaygin iigiincii nedenidir (Xi ve Xu, 2021). Kolon kanseri, kolonun i¢
yiizeyindeki hiicrelerin kontrolsiiz bir bigimde biiylimesi sonucunda polip adi verilen kiigiik hiicre
kiimelerinin olugsmasiyla meydana gelmektedir. Kolon kanserinde en sik p53, HNPCC, neu, K-ras, nyc,
APC ve DCC genlerinde mutasyon gdzlenir (Schmitt ve Greten, 2021; Fearon, 1994). Bunlara ek olarak
IDH gibi bazi metabolik enzimler de onkogen gibi davranarak karsinogenez siirecinde rol alir (Dang ve
ark, 2009).

TCA dongiisii, oksidatif fosforilasyonun merkezinde bulunarak enerji tiretiminde rol alir. Hiicrelerin
biyoenerjetik, biyosentetik ve redoks dengesi gereksinimlerini kargilayan TCA dongiisii hayati role
sahiptir (Martinez-Reyes ve Chandel, 2020). IDH, izositratin a-Ketoglutarata (a-KG) doniisiimii
reaksiyonunu katalizleyerek TCA dongiisiinde bulunan 8 reaksiyondan birisini gerceklestirir. Bu enzim
ayrica NAD(P)H iiretiminde, glukoz, yag asidi ve glutamin metabolizmasinda rol almaktadir. IDH 'in
3 izoformu (IDH-1, IDH-2, IDH-3) bulunmaktadir. IDH-1 sitoplazmada, IDH-2 ve IDH-3 ise
mitokondride oksidatif dekarboksilasyon reaksiyonunu katalizlemektedir (Haselbeck ve McAlister-
Henn,1993). Cesitli kanser tiirlerinde (glioblastoma, ganglioma, kolon gibi) IDH-1 geninin asir1 ifade
edildigi ve bu genin susturulmasi sonucunda kanser hiicrelerinin proliferasyonun yavaslamasi, timor
hacminin kiiglilmesi, invazyon ve migrasyon gibi kansere has oOzelliklerin yavagladigi goriilmiistiir
(Atalay ve ark, 2023; Biedermann ve ark, 2019; Li ve Trent, 2019). Elde edilen sonuglar, IDH-1'in
kanser calismalarinda potansiyel bir terapotik hedef olabilecegini gostermektedir. Diger yandan IDH-1
geni susturulduktan sonra sinyal iletim yolaklarinda rol alan enzimlerin gen ifadelerinde nasil
degisiklikler oldugu bilinmemektedir.

Sinyal iletim yolaklari, hiicrenin bilytimesi ve ¢ogalmasi igin ihtiya¢ duyulan hiicre metabolizmasini,
motilitesini, hiicre dliimleri ve sagkalimi gibi siiregleri diizenler. Kanser hiicreleri siirekli ¢ogalmak ve
hayatta kalmak i¢in birden fazla yolag1 yeniden diizenler (Liem ve ark., 2002). Karsinogenez siirecinde
aktif kullanilan yolaklardan bazilar1 sunlardir:

Whnt sinyal yolagi: Embriyonik gelisim, beyin gelisimi gibi ¢esitli siire¢lerde rol oynar (Duchartre ve
ark., 2016; Burotto ve ark., 2014). Bu yolak kok hiicre biyolojisinde, doku ve organ yenilenmesinde ve
homeostasinin diizenlenmesinde kritik bir 6neme sahiptir. Wnt ligandinin Frizzled (Fz) reseptoriine ve
diisiik yogunluklu lipoprotein (LRP5/6) ko-reseptoriine baglanmasiyla hiicre i¢i sinyalizasyon baslar.
Bu baglanma glikojen sentaz kinaz (GSK-3) ve B-katenin yikim kompleksini ayirir ve B-katenin
stabilizasyonunu saglar. Boylece B-katenin GSK-3 tarafindan fosforillenmez ve ¢ekirdege geger. Burada
TCF transkripsiyon faktorleri ile birlesir ve hiicresel yaniti olusturur (Bovolenta ve ark, 2008; van
Amerongen ve Nusse, 2009).

Mitojen aktif protein kinaz (MAPK) yolagi: Embriyogenezis, diferansiasyon, gen ifadesi ve hiicre
biiylimesinin diizenlenmesinde rol oynadig1 i¢in bu sinyalin bozulmasi veya yeniden diizenlenmesi
kontrolsiiz hiicre ¢ogalmasina neden olmaktadir. MAPK yolag1 reseptor aracili uyarinin hiicre igine
iletiminden sorumlu bir kinaz kaskadi olarak ¢alisir (Platanias, 2003). Sinyalin iletimi G-proteinin
aktiflestirilmesi ile baslar. Sinyal iletim kaskadi aktiflestikten sonra sirastyla MAPKKK (MAP kinaz
kinaz kinaz), MAPKK (MAP kinaz kinaz) ve MAPK (MAP kinaz) enzimleri aktive olur. MAPKKK
enzimleri aktive olduktan sonra MAPKK enzimlerini fosforilleyerek o enzimleri aktiflestirir. Aktiflesen
MAPKK enzimleri ise MAPK’lara aktive olmalari i¢in fosfat ekler. Son adimda MAPK sitoplazmik
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substratlarini ve/veya transkripsiyon faktorlerini fosforilleyerek aktive eder ve bdylece hiicresel yanit
olusur (Kolch, 2000).

Fosfotidil-3-Kinaz (P13K) yolagi: Hiicre metabolizmasini, motilitesini, hiicre 6liimleri ve sagkalimi gibi
stirecleri diizenler (Yang ve ark, 2019). Bu yolagin anormal derecede aktivasyon gergeklestirmesi kanser
hiicrelerinin diren¢ kazanmasina ve kanserin ilerlemesine sebep olur (Pazarbasi ve ark, 2011). PI3K
enzimi, hiicre yiizeyindeki sinyal alicilarindan gelen uyarilar1 algilar ve fosfatidilinozitol 4,5-bifosfat
(PIP2) enzimini fosfatlayarak aktif hale getirir. Boylece PIP2 enzimini PIP3'e doniisiir. PIP3 aktif formu
serin-treonin kinaz olan Akt'nin plekstrin homoloji (PH9) bolgesine baglanir. Aktif Akt PH bolgesi ile
diger protein kinaz ile de baglanti1 kurmus olur. Ayrica 3-fosfoinositide bagimli protein kinaz 1 (PDK1)
enzimi de Akt’yi fosforilleyerek onun aktivasyonunu saglar (Hemmings ve Restuccia, 2012). Akt
baglayici proteinler (AKTIP) ise Akt proteininin farkli alanlariyla etkilesime girerek aktivasyonunu dis
sinyallerle saglar (Du ve Tsichlis, 2005). PPIP5SK enzimi, PI3K sinyal iletiminde gorev alarak
fosfoinositid fosfatlara (PIP) fosfat gruplarini ekler (Shears ve ark, 2017).

TGFp yolagi: Hiicrenin biiylimesi, ¢ogalmasi, hiicresel farklilasmay1 uyarma, doku gelisimi ve
onarimminda rol oynarlar (Tuncer ve ark., 2022). TGF Tipl reseptorler, fosforile olan ve kendi kendini
aktive eden bir serin/threonin kinazdir. Bu kinazlari uyarilmasinin ardindan, hiicre membraninin i¢
yiiziinde SARA proteinleri tarafindan sunulan SMAD2 ve SMAD?3 proteinleri fosforile olur. Fosforile
SMAD’lar serbest hale gecer ve SMAD4 ile heterodimerize olur. Birlikte, birgok geni aktive veya
inaktive ettikleri nukleusa transport edilirler (Schmierer ve ark, 2007; Pazarbas1 ve ark., 2011).

JAK-STAT yolagt: Hiicre boliinmesi ve oliimii gibi siireclerde etkilidir. Bu yolak hiicre disindaki
sinyalleri hiicre ¢ekirdegine ileterek transkripsiyon yoluyla genlerin aktivitelerini saglar. Biiyiime
faktorleri Janus Kinaz (JAK) enzimlerinin aktivasyonuna yol acarak substrat proteinlerini fosforile
ederler. Fosforile edilmis JAK proteinleri sinyal iletimi i¢in gerekli olan mekanizmanin ilk basamagini
olusturur ve hiicre i¢indeki STAT proteinlerini aktive ederek onlarin fosforile olmasini ve birlesmelerini
saglarlar. Birlesmis STAT proteinleri ¢ekirdege giderek hiicresel yaniti olustururlar (Imada ve ark,
2000). Memeli hiicrelerinde yedi STAT proteini tanimlanmistir. Bunlar; STAT1, STAT2, STAT3,
STAT4, STAT5a, STATS5b ve STAT6 olarak adlandiriimaktadir (Bowman ve ark, 2000). STAT
proteinlerinden farkli olarak GSKIP ve ANAPCI13 gibi proteinler de bu yolakta rol alan proteinlerden
bazilaridir.

Literatiire bakildiginda IDH-1 enziminin PI3K, TGF-, MAPK, Wnt ve JAK/STAT yolaklarinda
bulunan enzimlerin mRNA ifadelerini nasil etkiledigi bilinmemektedir. Caligmamizda, kolon
kanserinde IDH-1 geni ile PI3K, TGF-B, MAPK, Wnt ve JAK/STAT yolaklarinda bulunan enzimlerin
mRNA seviyeleri arasindaki iligki biyoinformatik ¢aligmalar ile incelenmistir.

YONTEM

IDH-1 enzimi PI3K, TGF-B, MAPK, Wnt ve JAK/STAT yolaklarinda bulunan enzimlerin arasindaki
korelasyon, cBioPortal for Cancer Genomics biyoinformatik aracinin 'Co-expression' ozelligi
kullanilarak analiz edilmistir (Cerami ve ark. 2012). Analiz sonucunda elde edilen korelasyon sekilleri
her bir yolak i¢in birlestirilmis ve Sekil 1, sekil2, Sekil 3, Sekil 4 ve Sekil 5 elde edilmistir. Pearson (p)
degerleri 1-0,7 araliginda olursa giiclii pozitif, 0,7-0,3 araliinda olursa orta pozitif ve 0,3-0,0 araliginda
oOlursa zayif pozitif korelasyon olarak yorumlanmistir. P degeri 0,0- -1.0 araliginda olursa negatif diigiik
korelasyon olarak yorumlanmustir.

BULGULAR ve TARTISMA

cBioPortal programi ile yapilan analiz sonuglarma gore IDH-1 enzimi ile MAPK yolaginda bulunan
MAPK6 (p=0.37), MAP4K3 (p=0.35), MAP3K2 (p=0.31), MAP7 (p=0.31), MAP2K1 (p=0.31),
MAPA4K5 (p=0.31) enzimleri pozitif orta korelasyon gostermektedir (Sekil 1). Bu yolakta bulunan
MAPKY9 (p=0.29), MAPKS8 (p= 0.29), MAP2K4 (p=0.28), MAPK1 (p=0.28), MAPK14 (p=0.24) ve
MAP3K21 (p=0.21) enzimlerinin IDH-1 enzimi ile pozitif diisiik korelasyona sahip oldugu bulunmustur
(Sekil 1).
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Sekil 1: IDH-1 enzimi ile MAPK6 (A), MAP4K3 (B), MAP3K2 (C), MAP7 (D), MAP2K1 (E),
MAP4K5 (F), MAPK9 (G), MAPKS8 (H), MAP2K4 (1), MAPK1 (J), MAPK14 (K) ve MAP3K21
(L)enzimlerinin Pearson (p) degerleri cBioPortal programui ile belirlenmistir.

PI3K yolaginda rol alan ve IDH-1 enzimi ile pozitif orta korelasyon gosteren enzimler sirasiyla PDK1
(p=0.45), PPIP5K2 (p=0.39) olarak bulunmustur (Sekil 2). PI3K yolaginda IDH-1 enzimi ile pozitif
diisiik korelasyon gosteren enzimler ise LAMTORS (p=0.27), PLCHI1 (p=0.27), AKTIP (p=0.21) ve
PPIP5K1 (p=0.08) olarak bulunmustur (Sekil 2).
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Sekil 2: IDH-1 enzimi ile PDK1 (A), PPIP5K2 (B), LAMTORS (C), PLCH1 (D), AKTIP (E), PPIP5K1
(F) enzimlerinin pearson (p) degerleri cBioPortal programi ile belirlenmistir.

TGFp yolaginda ise sadece SMADS enzimi (p= 0.34) IDH-1 ile pozitif orta korelasyon gosterirken,
SMAD?2 (p=0.17), TGFBR1 (p=0.15) ve SMAD4 (p=0.04) enzimleri IDH-1 enzimi ile pozitif diisiik
korelasyon gostermistir (Sekil 3). TGFB yolaginda bulunan TGFBI (p=-0.02) ve SMAD3 (p=-0.19)
enzimleri ise IDH-1 enzimi ile negatif diisiik korelasyon gostermistir (Sekil 3).
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Sekil 3: IDH-1 enzimi ile SMADS5 (A), SMAD2 (B), TGFBR1 (C), SMAD4 (D), TGFBI (E), SMAD3
(F) enzimlerinin pearson (p) degerleri cBioPortal programi ile belirlenmistir.

Wnt yolaginda bulunan GSKIP (p=0.38) ve GSK3B (p= 0.30) enzimleri IDH-1 ile pozitif orta
korelasyon gosterirken, APC (p=0.13), BCAT2 (p=0.02) ve AXIN2 (p=0.08) enzimleri IDH-1 enzimi
ile pozitif diisiik korelasyon gostermistir (Sekil 4).
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Sekil 4: IDH-1 enzimi ile GSKIP (A), GSK3B (B), APC (C), BCAT2 (D), AXIN2 (E) enzimlerinin
pearson (p) degerleri cBioPortal programi ile belirlenmistir.

JAK/STAT yolaginda IDH-1 ile pozitif orta seviyede korelasyon gdsteren enzim bulunmayip, JAK2
(p=0.18), JAK1(p=0.12), STAT1 (p=0.06) enzimleri pozitif diisiik, STAT2 (p=-0.23) enzimi ise IDH-1
enzimi ile negatif diisiik korelasyon gosterdigi bulunmustur (Sekil 5).
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Sekil 5: IDH-1 enzimi ile JAK2 (A), JAK1 (B), STAT1 (C), STAT2 (D) enzimlerinin pearson (p)
degerleri cBioPortal programu ile belirlenmistir.

Sonug olarak IDH-1 enzimi ile en fazla sayida pozitif orta korelasyon gosteren enzimlerin MAPK
yolaginda bulundugu goriilmiistiir. Diger yandan IDH-1 enzimi ile pozitif orta korelasyona sahip
enzimler arasinda en yiiksek p degerine sahip enzimin (PDK1) PI3K yolaginda rol aldigi bulunmustur.
Negatif diisiik korelasyon gosteren enzimlerin ise TGFB yolaginda oldugu saptanmustir.

SONUC ve ONERILER

Bu calisma IDH-1 enzimi ile en fazla sayida pozitif orta korelasyon gosteren enzimlerin MAPK
yolaginda oldugunu bulmamizi ve hedef yolagi belirlememizi saglamistir. ileride IDH-1 geni
susturularak elde edilen kolon kanseri hiicre modellerimizde MAPK yolaginda bulunan enzimlerin gen
ifade seviyelerinin in vitro belirlenmesi planlanmaktadir. Boylece kolon kanserinin tedavisi i¢in yeni
terapotik yontemlerin gelistirilmesi amaglanmaktadir.
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OZET

Termal olmayan tekniklerin mikroorganizmalarin inaktivasyonu iizerine etkileri mevcuttur. Ayrica
enerji tiiketimi agisindan biiyiikk avantajlar1 vardir. Et protein bakimindan zengin ancak kolay
bozulabilen gidalar arasinda yer almaktadir. Vurgulu elektrik alan, atimli 151k ve ultrases teknolojisi gibi
termal olmayan teknolojiler tek basina kullanilabildigi gibi diger teknolojilerle birlikte
kullanilabilmektedir. Atimli 151k (PUV); 151k genis bir spektrumda elektromanyetik dalga iceren ve
yiiksek UV 151k igerigine sahip olan bir dekontaminasyon teknigidir. PUV 151k lambasi olarak inert gaz
lambalar1 (6zellikle ksenon) kullanilmaktadir. PUV 151k mekanizmasi, bir kapasitor igerisinde kisa
siirelerde depolanan elektrigin, istenilen materyalin iizerine atimlar halinde birakilmasini igerir. Bu
serbest birakma durumu (atim) saniyenin birka¢ yiiz milyonda biri siirede gerceklesir. PUV 151k kisa
islem siirelerinde kullanildiginda 1s1l olmayan bir muhafaza yontemidir ve bir cok mikroorganizma tiirii
iizerinde etkilidir. Pastorizasyon gibi 1sil islemlerin gida maddelerinde enzimatik olmayan
esmerlesmeye, karbonhidrat ve vitamin parcalanmasina, renk, koku ve tat gibi duyusal parametrelerde
degisikliklere yol agmasi sebebiyle PUV 151k uygulamasi 1sil islemlere alternatif bir yontem olarak
diistiniilmektedir.

Anahtar kelimeler: Et, Et Uriinleri, Atimli Isik Uygulamalari

ABSTRACT

Non-thermal techniques are effective on the preservation of food quality (color, taste, taste and
nutritional value) and the inactivation of enzymes that degrade quality and microorganisms that cause
spoilage. In addition, it has great advantages in terms of energy consumption. Meat is among the foods
rich in protein but perishable. Non-thermal technologies include technologies such as hover electric
field, hover light, and ultrasound technology. These technologies can be used alone or in combination
with other technologies. Pulsed light (PUV); It is a decontamination technique that contains a wide
spectrum of electromagnetic waves and has a high UV light content. Inert gas lamps (especially xenon)
are used as PUV light lamps. The PUV light mechanism involves the release of electricity stored in a
capacitor for short periods of time on the desired material in pulses. This release (pulse) takes place in
a few hundred millionths of a second. When PUV light is used in short processing times, it is a non-
thermal preservation method and is effective on many types of microorganisms. PUV light application
is considered as an alternative method to heat treatments, as heat treatments such as pasteurization lead
to non-enzymatic browning of foodstuffs, carbohydrate and vitamin breakdown, and changes in sensory
parameters such as color, smell and taste.

Keywords: Meat, Meat Products, Pulsed Light Applications
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GIRIS

Gida giivenligi ve muhafazasini saglamak igin ¢esitli teknolojiler gelistirilmistir. Geleneksel
yontemlerden biri olan 1s1l islem, mikrobiyal inaktivasyon ve gida giivenliginin saglanmasinda siklikla
kullanilan yontemdir. Termal olmayan yontemler arasinda yer alan atimli 151k, vurgulu elektrik alani,
manyetik alan, 1smlama ultraviyole 151tk ve ohmik 1sitma gibi alternatif muhafaza teknikleri
gelistirilmistir. Bu muhafaza teknikleri arasinda, gida giivenligini saglayan, kaliteden 6diin vermeyen,
yiiksek verimli, su tasarrufu saglayan ve diisiik maliyetli olan teknolojiler daha tercih edilir hale
gelmistir (Rao ve Reviews, 2018). Bu nedenle, gida islemede termal olmayan muhafaza teknikleri son
yillarda yogun bir sekilde arastirilip gelistirilmektedir (Zhang vd., 2019). Termal olmayan muhafaza
teknikleri tek basina veya diger tekniklerle birlikte kombine kullanilabilir.

Termal olmayan teknikler, 1s1l islem uygulamalarina goére gesitli avantajlar sunmaktadir. Bunlardan
bazilari; enerjinin verimli kullanilmasi, daha diisiik islem sicakliklari, gida kalitesinin rengi, lezzeti ve
besin degeri gibi Ozelliklerinin korunmasi ve kaliteyi etkileyen enzimlerle bozulma etmeni olan
mikroorganizmalarin inaktivasyonudur (Syed vd., 2017). Gida isleme sirasinda 6zellikle patojen
mikroorganizmalarin inaktivasyonunda termal olmayan tekniklerden biri olan ultraviyole (UV) 1sikla
isleme yontemi son zamanlarda daha fazla tercih edilmektedir (Zhang vd., 2011). Atimli 15181n gida
bilesenleri iizerindeki etkisi aragtirilan ¢alismalar ¢cogunlukla olumlu sonuglar vermistir. Arastirmacilar,
atml1 151k uygulanan gidalarin besin degeri ve kalite dzelliklerinin daha iyi korundugunu gdstermistir
(Aguilo vd., 2014; Chung vd.,2008; EImnasser vd., 2008).

Bu derlemede; termal olmayan muhafaza tekniklerinden; atimli 151k (PUV) tekniginin bazi patojen ve
bozulma etmeni olan mikroorganizmalar {izerine etkisi, ¢esitli et ve et liriinlerinde olusturduklar etkileri
hakkinda bilgi verilmesi amaglanmustir.

ATIMLI ISIK

Yeni muhafaza tekniklerinden olan ‘Atimhi 1s1k teknolojisi’ 1930“lu yillarda kesfedilmistir. Bu
konudaki ilk patent 1980°li yillarda teknolojinin gelismesiyle alinmistir (Vargas vd., 2021). ABD'de
"Gida ve ilag Dairesi" (Food Drug Administration) 1996 yilinda atimli 151k teknolojisini gidalarda ticari
olarak kullanilabilecek bir yontem olarak kabul edilmistir (Oms-Oliu vd., 2010; Palmieri ve Cacace,
2005). FDA tarafindan onaylanan atimli 151k uygulamasi, radyasyon kullanilan etkili bir sterilizasyon
yontemi olup, iirlin igerigine veya yiizeylerine zarar vermeden antimikrobiyal etki sagladigi ve
mikroorganizmalarin inaktive edildigi bir muhafaza yontemidir (Rajkovic vd., 2010; Zhou vd., 2010).
Atimhi UV (PUV) 151k, yiizeylerde dekontaminasyon saglayan bir yontemdir ve yliksek diizeyde UV-C
15181 igerir , mikrobiyal inaktivasyon olusturmasi i¢in 100-1100 nm dalga boyu araliginda kisa siireli,
yogun atimlar kullanilir (Oms-Oliu vd., 2010).

Atiml1 151k teknolojisi; gidalarin sterilizasyonu amaciyla genis spektrumlu beyaz 1s18in yiiksek giicte
cok kisa zamanl atimlar seklinde uygulanmasidir. Bu yontem, kizilotesi bolgeye yakin olan ultraviyole
bolgede genis spektrumlu dalga boylarinin (200 nm ila 1 mm) kullanilmasini igerir (Agu vd., 2003;
Sefiorans vd., 2003; Takeshita vd., 2003). Sterilize edilecek yiizey, 170 ila 2600 nm araliginda bir dalga
boyu dagilimi kullanilarak ytizeyde yaklasik 0,01 ila 50 J/cm2 enerji yogunluguna sahip en az bir atiml
1513a maruz birakilir. Saniyede 1 ila 20 flag uygulanmakta ve atim siiresi 1 ps ile 0,1 s arasinda
degismektedir (Acu vd., 2003; Karadag vd., 2008; Yangilar ve Kabil, 2013).

Son yillarda elde edilen bulgular; atimli 151k teknolojisinin yiizeylerden ve sivilardan vejetatif hiicrelerin
ve ayn1 zamanda sporlarin dekontaminasyonu i¢in yiiksek potansiyele sahip oldugunu gostermektedir.
(Heinrich vd., 2016; Nicorescu vd., 2014).

ATIMLI ISIK TEKNiGiNIN MiKROORGANiIiZMALARDA UYGULANMASI

Yeni muhafaza tekniklerinden biri olan atimli 151k teknigi, cesitli gida tirlinlerinde farkli patojenik ve
bozulma etmeni olan mikroorganizmalari, kalite dzellikleri iizerine en az etkisi olacak sekilde inaktive
etmek i¢in kullanilabilen ve gelismekte olan bir tekniktir. Kisa zamanli ve yiiksek giicte 151k atimlarinin,
fototermal, fotokimyasal ve fotofiziksel —mekanizmalarin  birlikte kullanilmast  yoluyla
mikroorganizmalar1 inaktive hale getirecek kadar etkili oldugu gosterilmistir. UV, bakterilerdeki
niikleik asit ve proteinler gibi biyomolekiillerde bulunan karbon-karbon baglarina etki edip, bu baglarin
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radyasyonu absorbe etmelerine dayanmaktadir ve bu da DNA'da yapisal degisikliklere neden olmaktadir
(John ve Ramaswamy, 2018).

Literatiirde; igeceklerdeki mikrobiyal inaktivasyonun saglanabildigi ve mikroorganizma sporlarinda 6
log’dan fazla azalma tespit edilmis olan atiml 151k uygulamasi ile ilgili ¢ok sayida ¢alisma mevcuttur
(Elmnasser vd., 2007).

Yapilan bir calismada, Staphlococcus aureus’un atimli 151k uygulanarak inaktive edilebildigini
belirlenmistir. Aragtirmacilar 5 saniye boyunca 5.6 J/cm2 atimli 151k uygulamasi ile muamele edilmis
agarlarda S. aureus’un 7 ila 8 log cfu mL-1 diizeyinde bir azalma goriildiigiinii bildirmislerdir
(Krishnamurthy vd., 2004).

Wekhof ve ark. tarafindan yapilan bir ¢aligmada ise; atimli 15181n kiif iizerindeki etkisini aragtirilmis ve
Aspergillus niger sporlarini bes flas, 1 J/cm2 atimli 151k uygulamasi yapilarak 4.8 log diizeyinde inaktive
ettigini bildirilmistir (Wekhof vd., 2001).

Go'mez-Lo'pez ve arkadaglari (2005b), her bir atim yedi J olacak sekilde elli atimla muamele
edildiginde, mikroorganizmalar agar yiizeyinde Bacillus circulans ve Bacillus cereus'ta sirasiyla 3.7 ve
> 5.9 log azalma oldugu belirtmislerdir (Goémez vd., 2005).

ATIMLI ISIK TEKNiGININ ET VE URUNLERINDE KULLANIMI

Et ve et iriinleri zengin besin &geleri igermesi ve yiiksek sindirilebilirlik 6zelliginden dolay1
mikroorganizmalarin gelismesi ve ¢ogalmasi i¢in uygun bir ortam saglar. Et {irlinleri; protein, mineral,
omega-3 yag asitleri, B12 vitamini, yiiksek nem igerigi ve diger gelisme faktorleri bakimindan
zengindir, bunun yani sira yiiksek pH degerleri ve belirli miktarda fermente edilebilir karbonhidrat
icermesinden dolay1 uygun olmayan depolama kosullarinda hizlica bozulabilmektedir (Zhou vd., 2010).
Isil olmayan bir teknoloji olan atimli 151k uygulamasi, bozulmaya neden olan ve patojen olan
mikroorganizmalara kars1 et ve et tiriinlerinin dekontaminasyonunda kullanilabilir (Heinrich vd., 2016).

Vega-Mercado ve digerleri, atimli 15181n et {riinlerinde yliksek yogunluklu olarak uygulanmasinin
sadece mikroorganizma ve enzimlerin yikimlanmasina degil ayn1 zamanda yag ekstraksiyonunu da
neden oldugu 6ne siirmiigtiir. Ayrica bu teknolojinin et iiriinlerindeki yaglar disinda enzimlerin ve diger
onemli metabolitlerin ekstraksiyonu i¢in de kullanilabilecegi belirtilmistir (Vega vd., 1997).

Bir ¢aligmada, ¢ig tavuk ve ambalajlanmasini, aym1 zamanda ¢ig tavuk ile ilgili yiizeylerin
dekontaminasyonu etkinligi arastirilmistir. Yiiksek yogunluklu atimli 151k tekniginin (3 Hz, maksimum
505 J/darbe ve 360 pus darbe siiresi) ambalaj malzemelerine ve temas yiizeylerine asilanan C. jejuni, E.
coli ve S. Enteritidis'in atimli 151k uygulamasindan (5 saniyelik yiiksek yogunluklu) sonra sirast ile 3.56,
4.69 ve 4.60 logl0 cfu/cm?2 'lik azalma tespit edildigi rapor edilmistir. Asilanmis tavuk derisindeki
disiisler C. jejuni, E. coli ve S. Enteritidis i¢in sirastyla 1.22, 1.69 ve 1.27 log10 cfu/g olurken, derisiz
olan gogiis etindeki azalmalar ise 0.96, 1.13 ve 1.35 logl0 cfu/g diizeyinde oldugu belirtilmistir. Bu
caligma, yiliksek yogunluklu atimli 151k tekniginin ambalajlanmis ¢ig tavuk i¢cin de dekontaminasyon
yontemi olarak kullanilabilecegini gostermistir (Haughton vd., 2011).

Rajkovic ve digerleri tarafindan yiiriitiilen bir ¢aligmada vakumlu ve modifiye atmosferde paketlenerek
dilimlenen fermente salam numuneleri, paketlenmeden 6nce atimli 151k ile islemle muamele edilmis ve
dokuz hafta siiresince sogutulmus kosullarinda muhafaza edilmistir. kontrol numuneleri ve atiml 151k
uygulanmig fermente salam dilimleri, ilk giin ve 3, 6 ve 9 haftalik soguk muhafazadan sonra lipid
oksidasyonda meydana gelen degisiklikleri i¢in incelenmistir. Vakum altinda saklanan kurutulmus
fermente salam numunelerinin atimli 151k uygulamasindan sonra, soguk depolamanin ilk giiniinde,
malondialdehit (MDA) konsantrasyonunda kayda deger bir farklilik gézlenmemistir. Vakumda ve
modifiye atmosferde saklanan salamdaki malondialdehit konsantrasyonu, her ii¢ salam grubunda
(kontrol, 3 J/cm2 islenmis ve 15 J/cm2 islenmis) soguk depolama sirasinda siirekli olarak bir artis tespit
edilmis ancak depolamanin ilk giiniinden sonra elde edilen degerlerle karsilagtirildiginda yalnizca
dokuz haftalik depolama sonrasinda verilerin analizine gore anlamli farkliliklar belirlenmistir. Tiiketime
hazir kuru fermente salam numunelerinde en yiiksek malondialdehit konsantrasyonu dokuz hafta
boyunca depolamadan sonra bulunmustur (Rajkovic vd., 2017).
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Bir galismada, 2.4 J/cm2 ve 24.2 J/cm2 yogunlugunda atiml 151k uygulanmis tavuk 6rneklerinde S.
Typhimurium’un 2 log KOB/g azaldigini belirtilmistir (Keklik vd., 2010).

Nicorescu ve arkadaglarinin yaptigi bir calismada, ¢ig ve pismis domuz rostosu ile ¢ig somon
orneklerine uygulanan atimli 151k tekniginin, Pseudomonas fluorescens inaktivasyonunda sadece 1 log
cfu/ azalma ile sonu¢landigini bulmuslardir. Dogal olarak olusan aerobik mikrobiyotanin inhibe
edilmesinde ise yeterli seviyede etkisinin bulundugu rapor edilmistir. Cig ve pismis domuz rostosu
aerobik florasina 10 J/cm2 ve 30 J/cm2 yogunlugunda atimli 151k uygulanmis ve bunun 1 ila 3.4 log
KOB/g arasinda azalmaya yol acarak domuz eti 6rneklerinde mikrobiyal giivenligin sagladigini ve raf
Omriini uzattigin tespit etmislerdir. Bununla birlikte, 30 J/cm?2 enerji yogunlugu uygulamasinin, ¢ig
somon Orneklerinde aerobik florada yaklasik olarak 0.8 log KOB/g kadar sinirli bir azalmayla
sonuclandigini bildirmislerdir. Ozetle arastirmacilar, atimli 151k tekniginin aerobik flora ve ayni
zamanda P. fluorescens inaktivasyonu i¢in potansiyele sahip oldugu ama yiiksek {iriin kalitesi elde
etmek ve tatmin edici bir dekontaminasyon igin orta siddette olan bir atimli 15181 uygulanmasi
gerektigini sonucuna varmislardir (Nicorescu vd., 2014).

Ganan ve arkadaslar1 2013 yilinda yaptig1 bir ¢alismada; atimli 151k teknigini kullanarak fileto ve sosis
gibi kiirlenmis et tirtinlerinin yiizeyinde Listeria monocytogenes ve Salmonella’nin en fazla 1.5-1.8 log
KOB/g azaldigimm1 bildirmislerdir. Arastirmacilar, atimli 151k uygulamasinin kurutulmus ve islenmis et
tirtinlerinin giivenligini arttirabilecek termal olmayan bir teknoloji oldugunu vurgulamislardir (Ganan
vd., 2013).

Atimli Uv 151k uygulamasiin salam yiizeyindeki mikrobiyal inaktivasyon etkinligi ve salamin kalitesi
tizerine etkisi arastirilmistir. Dilimlenmis salamlara kuvars camdan ii¢ farkli mesafede (5-8-13cm
olacak sekilde) ve ii¢ farkli siirede (15-30-60s olacak sekilde) Atimli UV 151k uygulamasi yapilmustir.
Calismanin sonuglari, attimli UV 151k tekniginin salam yiizeyinde Listeria monocytogenes’in etkisiz
hale getirilmesinde termal ve kimyasal yontemlere bir alternatif olarak etkin bir teknik olarak
gosterilmistir. Kuvars lambaya uzaklik azaldike¢a, 1sinlama siiresi ve toplam enerji dozu arttik¢a Listeria
monocytogenes’in inaktivasyonunun arttig1 tespit edilmistir. En yiiksek inaktivasyon 5cm 60 saniye
boyunca atimhi UV 11k islemi uygulamasi sonrasi elde edildigi rapor edilmistir (Hastaoglu vd., 2020).

SONUC VE ONERILER

Gidalarin muhafazasi ve islenmesi amactyla 1s1l isleme alternatif olarak gelistirilen yeni teknolojilerden
termal olmayan muhafaza teknikleri ile daha yiiksek kalitede, daha saglikli, lezzetli ve besin degeri
yiiksek ve daha iyi korunmus gida iiriinleri elde edilebilmektedir. Uzun yillardir yapilan ¢aligmalar
neticesinde son yillarda atimli 151k, vurgulu elektrik alan, ultrases ve ozmotik kurutma gibi gida
sanayinde uygulama alan1 bulmaya baslamistir. Tiiketiciler; besinsel ve duyusal 6zelliklerinde minimum
degisiklikler meydana gelmis, yiliksek kaliteli iglenmis iiriinler talep etmektedirler. Bu nedenle; et ve et
iiriinlerine uygulanan 1s1l olmayan yontemler arasinda atimli 151k teknolojisinin; ambalajlanmis son
iirline uygulanabilir olmasi, toksik kalinti birakmamasi ve 1sinlamaya karsi mikroorganizmanin direng
gelistirememesi nedeniyle tiiketicilerin beklentilerini karsilayacagi diigiiniillmektedir. Yapilan literatiir
taramas1 sonucu atimli 1g1k tekniginin daha ¢ok mikrobiyal dekontaminasyon iizerinde duruldugu
gorililmiistiir ve atimli 151k uygulamasiin et ve et iirlinlerinde mikrobiyal inaktivasyon sagladigi,
triinlerin duyusal kalitesinde ¢ok fazla degisiklik olusturmadigi ve {irlinlerin raf dmiirlerini arttirdig
icin termal yoOntemlere kiyasla alternatif bir potansiyele sahip oldugu ve daha fazla caligma
yapilabilecegi diistintilmektedir.
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ABSTRACT

With the influx of agricultural, industrial, and hospital pollutants into surface and groundwater, human
health and other living organisms are facing a serious threat. Phosphate and hazardous heavy metals are
poured into it. Artificial wetlands are one of the low-cost, environmentally friendly wastewater treatment
methods that have received a lot of attention recently. In this study, the use of artificial wetlands in
sequential or hybrid ways using three different plant species of straw, lemna, and vetiver for nitrate
removal was tested. In this study, two treatments with differences in plant arrangement with two
replications and one control treatment without plants were considered. The sampling time was 7 days,
and the research was conducted in two seasons, autumn and summer. The results of 13 irrigation periods
and nitrate changes showed that the average percentage of nitrate reduction by two plant treatments was
73% and 68%, respectively, and for the control treatment, it was 35%. Also, the amount of nitrate
reduction in the effluent was directly related to temperature changes and the growth status of plants. The
results show that the use of hybrid wetlands can have a good removal efficiency for pollutants compared
to their individual use, but the difference in plant arrangement in wetlands, although statistically
significant at a probability level of 1%, had little effect on the nitrate removal process.

Keywords: Pollution, Wastewater, Hybrid wetland, Removal efficiency, Plant species

1. Introduction

Over the past decades, with the ever-increasing human activities and population around the world, the
production of wastewater containing various hazardous substances such as heavy metals and organic
compounds has increased (Schweitzer and Noblet 2018). Since 1950, more than 140,000 types of new
chemicals and pesticides have been synthesized, of which more than 5,000 products have been widely
distributed in large quantities in the environment, endangering the global community (Landrigan, Fuller
et al. 2018). Heavy metals are a major concern because they are highly toxic and non-degradable and
potentially accumulate in the environment (Vardhan, Kumar et al. 2019). Nitrogenous compounds are
also introduced into water sources through various ways such as the discharge and disposal of sewage,
urban waste and animal excrement and excessive use of nitrogenous chemical fertilizers in the
agricultural sector (Hammer 1986). Industrial wastewater treatment systems, despite their advantages,
have a high initial and additional cost and require expert staff for operation, so using the capacities of
natural systems such as natural and artificial wetlands is one of the least expensive ways. purification
and removal of pollutants, especially nitrate pollutants from water sources (Landrigan, Fuller et al.
2018). In recent years, artificial wetlands have become increasingly common as a treatment system to
remove pollutants in urban wastewater that are highly harmful to aquatic ecosystems (Walaszek,
Lenormand et al. 2017). The process of nitrification and denitrification is the mechanism The main
nitrogen cycle in most artificial wetlands is that during these processes, ammonia is converted into
nitrate oxide by nitrifier microorganisms in the aerobic zone, and nitrate is converted into nitrogen gas
in anaerobic and anoxic zones by denitrifier bacteria (Landrigan, Fuller et al. 2018). The use of natural
wastewater treatment methods, including artificial wetlands, is one of the methods of water and
wastewater recycling, especially in tropical regions, and it is one of them with various goals of treating
point and non-point wastewater and also with the aim of development. Appropriate ecological
perspectives are used (Moazed et al, 2008).
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Traditional artificial wetlands are one of the purification processes in natural wetlands, which are
designed and built in an engineered way to use natural processes involved with wetland soils and plants
and microbial communities attached to them to help purify wastewater. Also, all the processes performed
in this type of wetlands are controlled (Vymazal 2011). Artificial wetlands with vertical flow are
composed of a flat and level surface on top of which there is a bed and vegetation, and the wastewater
is fed from above and gradually penetrates downwards through the bed until it is discharged by means
of Collect the drainage network located on the floor. Artificial wetlands with vertical flow can be fed
permanently or intermittently. The outflow of sewage through the drainage network located in the floor
creates a free space in the floor that can be filled with air. The quick feeding of the bed from the sewage
causes air to be trapped and the proper transfer of oxygen, and as a result, increases the ability of
nitrification. The release of oxygen from the air due to the intermittent feeding of the system plays a
more effective role in oxygenating the filter bed compared to the transfer of oxygen through vegetation
(Landrigan, Fuller et al. 2018). In a study, the removal of nitrate and phosphate from urban wastewater
was evaluated using aquatic plants of reeds and reeds, the results of the experiments showed that in the
canals containing reeds and reeds, the removal rate of nutrients was higher than the control (Salehzade
et al. et al., 2017). In another study, it was found that the combined application of three types of blue
lentil plants such as l.minor, Landolt Punctate and Spirodela polyrhiza is more effective in filtering
nitrate and phosphate from wastewater than a single application of Lemna (Zhao, Moates et al. 2014).
Also, in a study, it was found that the removal percentage of vetiver plant in artificial wetlands for
nitrate, BODS5, and COD is 44, 65, and 84%, respectively, while the removal for reed plant was equal
to 7.75, 50, and 72%, and the reason for this removal for the vetiver plant, the depth of the roots of the
vetiver plant was greater than that of the reed plant (Barakati et al, 2011).

In this research, an artificial wetland system with vertical flow and a combination of different plants that
are physiologically different from each other has been used sequentially or sequentially to create a
system that is much stronger than individual systems and the effect of each from plants in the process
of nitrate removal from wastewater. The wastewater used was from the Zarjoub River of Rasht city,
which is one of the most polluted rivers in the country due to the direct flow of industrial, urban and
hospital wastewater, and due to the threats caused by these pollutions to human health and other
organisms in this region, and the research aimed It was necessary to improve these conditions with a
low-cost and relatively new method.

2. Material and Methods
2.1. The location of the project

This research was conducted in the Faculty of Agriculture of Guilan University, located at km 5 of
Rasht-Qazvin highway.

2.2. Preparation of hybrid artificial wetland bed

The system used in this study was a hybrid sequential wetland system with vertical flow. In order to
choose the type and dimensions of suitable reservoirs for the construction of artificial wetlands,
according to the studies conducted and also taking into account the physiological characteristics of plants
(volume and type of roots) and the sufficient strength of these reservoirs against cold and frost and
possible shocks of the reservoirs. Plastic cylinders with a height of 50 cm and a volume of 60 liters were
selected and prepared.

In order to connect the tanks to each other in order to transfer water, according to the choice of vertical
flow, it was necessary to choose the inlet at the top and the outlet at the bottom of each tank. For this
purpose, holes with a diameter of 0.5 cm were created at the top and bottom of the tanks, which were
well sealed using pneumatic parts and nuts and washers. Also, a metal strainer and aquarium adhesive
were used in the outlet of each tank, considering the problem of clogging the outlets with soil particles.
To transfer water from each tank to another, transparent plastic pipes with acceptable flexibility and a
diameter of one centimeter were used. After installing the parts, water was poured into each of the tanks
for the sealing test, and their sealing was checked to fix any leaks. The soil required for the reservoirs
was selected and prepared from the soil next to the drain of the Faculty of Agriculture, which was a
loam-clay texture, according to the purpose of the project. After transferring the soil to the design site,
first the soil was spread on the ground and pounded to get out of the lumpy state. Before filling the tanks,
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the bottom of each tank was filled with sand passed through a 16 sieve to a height of 5 cm to facilitate
the flow of water to the outlet and prevent it from clogging, and then soil was pounded on top of this
layer of sand to a height of 30 cm. was spilled.

To create a hydraulic gradient and move water between the tanks, platforms were used that provided the
required height difference, cement blocks and some thick timbers were used to build the platforms
(Figure 1). The difference in the height of the tanks was chosen in such a way that the outlet of each
tank is opposite the inlet of the next tank to facilitate the flow of water.

Fig.1. Planting plants inside wetlands and placing wetlands on platforms

2.3. Cultivation of plants in the hybrid artificial wetland bed

In this research, two plants emerging from the water, one with a spreading root system (vetiver) and the
other with a tuberous root system (reed) and a floating plant (lamena) were used in wetlands. After
preparing the plants, five reed plants were planted in each tank separately for each vetiver plant. The
Lemna plant, which was a floating plant, was spread on the water so that it covers one third of the surface
of the tank and has the potential to grow. In this design, two treatments were used, with differences in
the arrangement of plants and with two repetitions. In the first treatment, the plants in the artificial
wetland system were placed in the order of reed plant in the first wetland, Lemna plant in the second
wetland, and vetiver plant in the third wetland, and in the second treatment, vetiver plant in the first
wetland, Lemna plant in the second wetland, and reed plant in the third wetland. were planted Each of
these treatments was done in the same way with two repetitions. Also, a control treatment without plants
was used to investigate the effect of plants on the removal of pollutants, and with the addition of this
number of wetlands, the total number of wetlands was 15 (Figure 2).
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Fig.2. Schematic of implemented wetlands system (Ti: treatment, P;: wetlands with reed plants, Lr:
wetlands with Lemna plants, V.. wetlands with vetiver plants, Oi-r output, treatment number 1, 2 and
3, r repetition number 1, 2 and 3)

2.4. Irrigation and sampling of artificial wetlands

The wastewater required for this research was collected manually from the Zarjoub river and from one
of its most polluted places (the Labab Bridge in Rasht) and transferred to the test site. In this research,
6 sampling periods were conducted in autumn and 7 sampling periods in spring and summer to
investigate the effect of temperature and plant growth on nitrate removal. The first irrigation with
wastewater was done in the fall on 06/08/2018 in the autumn season, and the first irrigation was done in
the spring on 03/22/2019. Sampling was done every 7 days (hydraulic retention time 7 days) and the
wetlands of the first row were re-irrigated each time. Sampling was done using 250 ml sampling bottles
at the outlet of the tanks. After preparing the samples, the name of the treatment and the date of sampling
were written on each one, and the samples were quickly transferred to the water quality laboratory of
the Faculty of Agriculture of Guilan University. Because the samples had suspended solids, they were
first measured with a filter paper and then using the brucine sulfanilic acid method using a LANGE
model DR 3900 spectrophotometer.

2.5. Statistical analyses

To calculate the reduction percentage and draw graphs using Excel 2010 software, the average of the
measured values was taken for two repetitions and all calculations were done based on the measured
average. Formula (1) was used to calculate the reduction percentage of the desired parameters. In this
formula, Cin: input concentration, Cout: output concentration and RE: removal efficiency (reduction
percentage). The measured data were statistically analyzed using SAS 9.1 software.

_ Cin — Cout

)
E= 100
C X

mn

3. Results and discussion
3.1. Nitrate changes in the first treatment

In the first treatment of artificial wetlands, the arrangement of wetland plants was reed, vetiver, and
lemna. Figure (3) shows the initial nitrate values and its reduced values by each of the artificial wetlands
during 13 sampling periods in the first treatment. According to the shape of the amount of nitrate in the
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input effluent, it was fluctuating between 4.5 and 15 mg/liter, which is due to the multi-stage preparation
of the effluent from the river and the amount of nitrate is not the same during these stages, and for this
reason, in each Irrigation A sample is taken from the inlet to measure the parameters. According to
Figure (3), in the periods when the initial amount of nitrate is high, its outputs are at a higher level than
other periods, and in periods such as periods 5 and 11, where the amount of nitrate input is at a lower
level than other periods, the output values They are also at a lower level. Figure (3) shows the average
concentration of nitrate output from reed, lemna and vetiver wetlands for all 13 periods. As mentioned
earlier, the sampling periods were carried out in two periods: autumn and early summer. So that 6
courses were completed in the fall season and 7 courses in the summer season. According to this figure,
in the summer season compared to the first stage that was done in the autumn season, there was a greater
distance between the input values and the output values from the wetlands with reed plants, which can
be due to the higher concentration of nitrate at the beginning of this cycle and the much easier access of
the plant to nitrate. in the first wetland compared to the following wetlands. Figure (4) shows the overall
reduction percentage of nitrate removal by successive artificial wetlands including all three reed, lemna
and vetiver plants during 13 irrigation periods. According to this figure, the percentage of nitrate
removal decreased significantly in the first stage and increased in the second stage, i.e. the sixth period
onwards, which shows the high effect of temperature and the growth of wetland plants in removing
nitrate.

Figure (5) shows the temperature changes during the research period in two stages of sampling.
According to the obtained results and the comparison of the percentage of nitrate removal in each period,
it can be stated that the increase in temperature changes is effective on the percentage of nitrate removal,
because with the increase in temperature, and as a result, the growth and development of plants, the
absorption of nitrate from the wastewater intensifies.

The effect of temperature on nitrogen removal in a hybrid artificial wetland system (horizontal and
vertical) in a study conducted in northern Italy using reed plants showed similar results (Mietto, Politeo
et al. 2015). Nitrate absorption processes in the wetland include Plant absorption, microbial absorption,
and absorption by porous substrate are the ones that remove nitrate from wastewater. Also, one of the
other effective factors in nitrate removal are chemical reactions, among which denitrification is very
important. In artificial wetlands, two conditions, aerobic and anaerobic, occur. When aerobic conditions
prevail, nitrification occurs and ammonium turns into nitrite and then into nitrate. In anaerobic
conditions, the photoreaction occurs as a result of the denitrification process, nitrate turns into
ammonium (Senzia, Mashauri et al. 2003). Microbial activities related to nitrification and denitrification
can be significantly reduced in water temperatures below 15 or above 30 degrees Celsius (Kuschk,
Wiessner et al. 2003). According to figure (9), it can be stated that the nitrate removal efficiency in the
first treatment was almost equal for all three plants, but the role of lemna and vetiver plants was slightly
higher. According to the obtained results, the percentage of nitrate removal in reed, vetiver and lemna
wetlands compared to the concentration of nitrate entering each wetland was 34, 41 and 38, respectively,
and the total percentage obtained from the three stages is 73%, which is according to the volume of
plants inside each Wetland removal percentage is acceptable. In research, the quality of urban
wastewater was investigated using vetiver plant in the artificial wetland system, and the removal
efficiency of nitrate for two residence times of 3 and 6 days was estimated to be 20.8 and 60.8,
respectively. (Arabnasrabadi, 2017). Nitrate normally has a higher removal efficiency in a horizontal
flow lagoon than in a vertical flow lagoon due to the existence of anaerobic conditions. Denitrification
is the dominant process of nitrate removal in anaerobic conditions. Nitrate absorption processes in the
lagoon can be He pointed out absorption by plants, microbial absorption and absorption by substrate
materials, in vertical flow aerobic conditions are more dominant and effluent ammonium is converted
into nitrate (Avila, Garfi et al. 2013).
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3.2. Nitrate changes in the second treatment

In the second treatment, the arrangement of the plants in the wetlands was the opposite of the first
treatment, and the plants were planted in the order of Vetiver, Lemna, and Reed. Figure (7) output graphs
have a trend similar to the graphs in Figure (3) and with increasing temperature in the second stage, a
greater distance between the graphs can be seen, which indicates the increase in nitrate removal
efficiency. According to figure (8), it is clear that in the first stage of the research, the process of nitrate
removal was downward due to the cooling of the air and the decrease in plant growth and development,
but in the second stage, with the increase in temperature and plant growth, this process has completely
increased. According to figure (9), it can be clearly stated that the effect of wetlands with Lemna plant
in nitrate absorption is greater and reed and vetiver plants have almost equal effect. In one study, the
efficiency of nitrate removal by Lemna was reported as 55.9% (Farid, Irshad et al. 2014). Also, in
another study, the efficiency of nitrate removal by Lemna plant was reported as 92%, which is a
significant efficiency (Mishra, Mohanty et al. 2013). Therefore, it seems that Lemna plant has a good
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ability to absorb nitrate in low concentrations and it can be used for the secondary removal of nitrate
from wastewater.

Concentration (mg /1)
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3.3. Nitrate changes in the control treatment

Figures (10) and (11) show the changes of nitrate in the control treatment. According to this figure, there
is no specific trend in the amount of nitrate removal with increasing and decreasing temperature and the
graph has many fluctuations. However, the total nitrate reduction percentage by the three wetlands
without plants was 35% on average.
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By comparing the total reduction percentage in three treatments for the nitrate parameter, it can be seen
that the total reduction percentage was 73% in the first treatment, 68% in the second treatment, and 35%
in the third treatment. According to table (1), the difference between the treatments was significant at
the level of 1%, and by comparing the averages, it was found that the first treatment performed better
than the other treatments. In general, the effect of the arrangement of plants in the hybrid wetland system
does not make a big difference in the total removal of nitrate, and it is possible to use the combination
of other wetland plants with this system instead.
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Table 1. Analysis of variance of measured value

Source of Variations Degree of Freedom Nitrate
Treatment 2 10.84**
Repetition 2 12.58**
Error 13

**: significant at the 1 percent level
4. Conclusion

The results of three treatments showed that the combined use of wetlands can effectively remove nitrate
in the wastewater. Lemna plant showed a more effective role than vetiver and reed in both treatments
with a difference of 3-13%. Also, by comparing the percentage of total nitrate reduction in two
treatments, it was found that the effect of plant arrangement and changing their order had a negligible
effect of 5% on nitrate removal, but this difference is statistically significant at the level of 1%. By
comparing wetlands with plants and controls, it was found that the difference between treatments with
plants and controls was statistically significant at the 1% level. However, it can be concluded that the
efficiencies obtained from the first and second treatments are not completely related to the effect of the
plants and the denitrification process has also played an effective role in reducing the nitrate
concentration in the output. Also, by examining the trend of the percentage of nitrate reduction during
13 periods, it was found that the nitrate removal process in wetlands has a direct relationship with
temperature changes and the growth and development of plants, and with the cooling of the air and the
decrease in the growth and development of plants, the percentage of nitrate reduction is a downward
trend and with the warming of the air It has an upward trend, so it is recommended to conduct future
research in the field of wetlands in spring and summer.
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ABSTRACT

Currently, Disposal of sewage sludge produced in municipal wastewater treatment plants is one of the
environmental issues due to its toxic elements such as heavy metals. Phytoremediation is a technology
based on the use of plants to remove pollutants from the soil at a low cost that is environmental friendly.
Many ornamental plants have the ability to extract toxic metals from the soil and are able to store large
amounts of metals in their organs with no health problems for humans since they do not enter the human
food chain. This study aimed to investigate the effect of sewage sludge application on the performance
of Helianthus annuus and to investigate the phytoremediation ability of heavy metals (Pb, Ni and Cd)
in soil by this plant. This study was carried out in Aburaihan Campus Research Greenhouse of Tehran
University with three levels of Sewage sludge related to southern Tehran wastewater treatment plant,
including 0, 10 and 20 percent by weight of soil in three replications in a completely randomized block
design on Helianthus annuus. The results showed that application of sewage sludge significantly
increased in the concentration of heavy metals (Pb, Ni and Cd) and wet and dry root and shoot yield,
diameter and height of shoot, diameter of flowers. Application of sewage sludge at 20 percent by weight
of soil, in terms of growth index such as wet weight (root 12.03 g and shoot 48.56 g), dry weight (root
1.97 g and shoot 8.69 g), Stem diameter (0.78 cm), stem height (19.4 cm) and flower diameter (7.44 cm)
as well as Concentration of heavy metals Pb (root 9.09 mg kg™ and shoot 4.35 mg kg™), Ni (root 3.65
mg kg and shoot 2.04 mg kg™) and Cd (root 0.598 mg kg™ and shoot 0.364 mg kg™) was more suitable
for growth index and accumulation of heavy metals in plant. Due to the bioConcentration factor greater
than one and the translocation factor less than one, Helianthus annuus is a suitable plant for heavy metal
uptake and transport that by preventing heavy metal entry into the shoot parts by plant stabilization
mechanism.

Keywords: Helianthus annuus, BioConcentration factor, Heavy metals, Phytoremediation,
Translocation factor.

1. Introduction

Considering the growing trend of the world's population on the one hand and the gradual increase in the
amount of environmental pollution and the subsequent destruction of an important part of agricultural
lands, the basic and serious challenges of the world in the next decade on the important issue of food
security from quantitative aspects and its quality will be (Amoei et al., 2012). The main source of heavy
metals in the soil is the consumption of urban and industrial wastewater, chemical fertilizers, sludge
from sewage treatment plants and metal mining mines (Hashemimajd, 2010). Organic fertilizers, such
as sewage sludge, due to being rich in nutrients needed by plants and organic materials, increase plant
performance in most cases. Researches have shown that the application of appropriate amounts of
sewage sludge in the soil improves the physical conditions of the soil and provides significant amounts
of plant nutrients and increases the quantity and quality of the product. While it’s excessive consumption
is harmful and reduces the yield and quality of agricultural products (Fresques et al., 1990).
Nevertheless, wastewater contains significant amounts of heavy metals, which can be a serious
environmental threat to the chemical quality of soil and agricultural products, as well as health (Balkhair
et al., 2016). Contamination of soil with heavy metals causes them to enter the food chain through
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absorption by plants. The most important effect of heavy metals in the human body is their non-
metabolism, and for this reason, after entering the body, they are not excreted from the body and
accumulate in the body tissues, which causes many diseases in the human body. The body suffers from
neurological disorders, types of cancers, infertility, memory loss, osteoporosis, and similar cases (Sadat
Taghavirad et al., 2014). A long-term field experiment with corn-wheat rotation to determine the
accumulation of heavy metals with different amounts of sewage sludge showed that with an increase of
1 ton/ha.yr of applied sludge, the content of mercury, zinc, copper, lead and cadmium in the soil
increased (Yang et al., 2018). Hatamian et al., (2020), investigated the accumulation of lead and
cadmium in the soil and crops of wheat (using treated wastewater) and barley (combination of untreated
wastewater and well water) and observed that the concentration of lead and cadmium in wastewater
treatment Untreated is more than treated wastewater. The accumulation of heavy metals including
copper, iron, zinc, cadmium and manganese in different organs of corn, barley, okra and parsley under
irrigation with treated wastewater showed that the accumulation of various metals in the roots was more
than other organs (Farmani Fard et al., 2016).

There are several important methods such as soil washing and chemical methods to remove heavy
metals from contaminated soil, which are not economically viable and also have adverse effects on
biological activities. One of the methods of removing toxic pollutants from sewage sludge is the
phytoremediation method, which has less environmental effects. Phytoremediation is a type of
technology based on the use of plants to remove pollutants from the soil at a low cost, which is
compatible with the environment and is considered one of the methods of in-situ remediation and
restores the place, protects biological activity, Physical structure and chemical properties of soil
(Clemente et al., 2006). Many ornamental plants have the ability to extract toxic metals from the soil
and are able to store high amounts of metals in their organs and at the same time continue to survive
without causing toxic symptoms. On the other hand, these plants do not enter the human food chain and
therefore have no health problems for humans (Liu et al., 2008). In a research, sewage sludge and biochar
sludge were used for tomato production and it was observed that the highest plant dry weight, fruit
number and yield were related to sewage sludge treatment (Hossain et al., 2015). Investigating the effect
of irrigation with contaminated water on the accumulation of copper, iron, zinc, cadmium and
manganese in two separate experiments on wheat and parsley revealed that in wheat and parsley that
were irrigated with contaminated water, the accumulation of heavy metals was more than the control
and its accumulation in the roots was more (Mirzaei Takhtagahi et al., 2016). Singh and Agrawal (2010)
studied the effect of sewage sludge on rice and found that sewage sludge increased the concentration of
cadmium in the roots, stems, leaves and grains of rice. The study of the effects of heavy metals in the
pollution of urban environments was carried out with the help of simulating the soil and contaminating
it with the help of heavy metals, and the role of the clover plant in the phytoremediation of polluted soils
showed the values of the root bioaccumulation factor in the clover plant for heavy metals zinc, Lead,
copper and cadmium were equal to 4.242, 1.544, 1.071 and 0.604 (Ali et al., 2012). The results of
phytoremediation of the ornamental plant Ahar® in copper-contaminated soils showed that at low levels
of the heavy metal copper in polluted areas, this plant can perform phytoremediation of copper metal
(Afroosheh and Karami, 2015). Research results on the phytoremediation potential of sour tea in
cleaning chromium pollution in greenhouse conditions showed that the most storage of chromium is in
the root of sour tea, which indicates that the transfer of this element from the root to the shoot is limited
(Fatimenik, 2017).

The ornamental sunflower with the scientific name Helianthus annuus belongs to the Compositae
family. Research results show that the sunflower family is one of the most important plants for
phytoremediation of soils contaminated with heavy metals (Prasad, 2007). According to the conducted
researches, investigating the application of sewage sludge in agricultural lands and its effect on the
growth and performance of cultivated plants, as well as investigating the amount of heavy metals in
sewage sludge and cultivated plants, is considered a necessary case. For this purpose, this research was
conducted with the aim of determining the effect of sewage sludge on the yield of ornamental sunflower

1 Zinnia elegans
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plant, the concentration of heavy metals in the soil and the plant, and also determining the plant’s ability
to purify heavy metals (lead, nickel and cadmium) present in the soil by this plant.

2. Materials and methods

This research was carried out in the research greenhouse of Aburaihan campus of Tehran University in
2017-2018. This research was done in pots in the form of a completely randomized block design with
three application levels of 0, 10 and 20% by weight of sewage sludge soil with three replications. The
used soil was taken from the depth of 0-30 cm of the research farm of the Faculty of Agriculture and
transferred to the research site. The sewage sludge used from the sewage treatment plant in south of
Tehran was anaerobically digested. Table (1) shows some physical and chemical characteristics of soil
and sewage sludge used. A comparison of the amounts of heavy metals (lead, nickel and cadmium) in
the tested sludge with the standards of the American Environmental Protection Agency (USEPA, 1993)
shows that the concentration of these elements in this sewage sludge is within the permissible range and
has a low pollution potential.

Table 1. Some physical and chemical properties of soil and sewage sludge used

Property Unit Soil Sewage sludge Standard allowable limit (USEPA 1993)
Soil Texture - Sandy Loam - -
pH - 7.7 6.45 -
EC dS/m 0.80 16.2 -

CEC cmol+/kg 20.1 - -

oM % 0.45 40.47 -
N total % 0.172 3.69 -
K mg/kg 99.86 328 -
Pb mg/kg 4.6 61.35 300
Ni mag/kg 2.3 65.7 420
Cd mg/kg 0.409 1.1 39

The number of vases according to the number of treatments and repetitions was equal to 9 vases. At the
end of July, ornamental sunflower seeds were planted in glass pots. In this way, six seeds were planted
in the pots. After the 15th day of planting the seeds, the seedlings were thinned and in each pot three
plants that were more resistant than the rest were kept so that there was enough space for the plant to
grow and a week later each of the seedlings they were transferred to a bigger pot. In this study, plastic
pots with a height of 30 cm and a diameter of 20 cm with an approximate capacity of 3 kg of soil were
used. In order to prepare the treatments, the air-dried soil samples were passed through a 6 mm sieve
and the sewage sludge was passed through a 1 mm sieve after being pounded, and then it was mixed
with soil at zero, 10 and 20% by weight. Before filling the pots with soil treatments, some coarse sand
was poured in the bottom of each pot as drainage and the pots were filled with the prepared treatments.
During the growth of the plants in the greenhouse, weeding was done by hand and no other fertilizer
was used except the added sludge. The pots were irrigated with city water and approximately once every
four to five days up to the soil's agricultural capacity, which was done by weighing the pots (Figure 1).
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Fig. 1. volume and date of irrigation

Harvesting of ornamental sunflowers was done 60 days after planting and after flowering. For the
harvesting operation, the aerial part was first separated from the collar. Observing and measuring the
root system in a vegetable is very time-consuming and difficult. Especially, any action for such studies
requires disturbing the natural condition of the roots and causes the results of the studies to be
inconsistent with reality. Although many methods have been proposed to study the roots, no method can
be found to be complete enough to answer all relevant questions. There are five main methods for
sampling, which are: soil drilling method, monolith method, using sampling drills, soil profile method
and the method of using intact samples, which is used in this research. In this way, the soil of each pot
along with the roots in it was removed from the pot and placed inside the sieve and inside the water
container and the sieve was gently shaken until the soil particles were completely separated. The
parameters of stem diameter and height and flower diameter were measured for all treatments. After
harvesting, the plant samples were first washed with normal water and then with distilled water. The
roots and aerial parts of each plant were weighed separately and placed in an oven at 75 °C for 48 hours.
To determine the wet and dry yield of the plant, the wet and dry weight of the shoots and roots were
measured. Dried plant samples were powdered by an electric mill and placed in plastic containers that
were previously washed with dilute acid to be used in the next steps.

In order to measure the concentration of heavy metals in the plant, extracting from the plant was done
by dry ashing method and extracting from soil with DTPA. The concentration of heavy metals lead,
nickel and cadmium in the extracts of soil, root and shoot of the plant was measured by Perkin Elmer
1100B atomic absorption device. Transfer factor (TF) or the rate of transfer of heavy metals from roots
to aerial organs was calculated from the ratio of metal concentration in aerial organs to metal
concentration in roots, and root bioconcentration factor (BCF) or rate of transfer of heavy metals from
soil to plant was calculated from the ratio of metal concentration. In the roots, the total metal
concentration in the soil was obtained.

At the end of the experiment, the studied parameters were statistically analyzed using SAS software.
After the significance of the parameters was determined, the averages were compared using Duncan's
test at the 5% probability level.

3. Results and Discussion
3.1 The amount of heavy metals in the soil

Table (2) shows the results of analysis of variance and table (3) shows the comparison of the average
effects of sewage sludge application on the amount of heavy metals in the soil at the end of cultivation.
The treatments include sewage sludge added to 0% by weight of soil (S0), 10% by weight of soil (510)
and 20% by weight of soil (S20).
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Table 2. Analysis of variance of the effects of wastewater sludge application on the concentration of
heavy metals in the soil

average of squares (SM)

Sources of changes Degrees of freedom Pb Ni Cd
mg/kg mg/kg mg/kg
Repeat 2 0.05™ 0.0067 ™ 0.00019 ™
Treatment 2 3.58 ** 0.484** 0.0086 **
Error 4 0.022 0.0147 0.00013
Coefficient of variation 8.43 15.54 9.99

ns: no significant difference, *: significant difference at 5% level, **: significant difference at 1% level

Table 3. Results of comparing the mean effects of wastewater sludge application on heavy metal
concentrations in soil

Pb Ni Cd
Treatment
mag/kg mg/kg mag/kg
SO 0.66 ° 0.38° 0.055°
S10 1.76° 0.78° 0.14°
S20 2.84% 1.18°% 0.16°
Permissible range in the soil
350 60 0.6

(SEPA, 1995)°

In each column, the averages with at least one common letter are not significantly different at the 5%
probability level with Duncan's test.

3.1.1. Lead

Table (2) shows the results of variance analysis of the effects of sewage sludge application on soil lead
content at the end of cultivation and after harvesting flowers. According to this table, the use of sewage
sludge caused a significant increase in the amount of lead in the soil at the level of 1%. The lowest
amount of soil lead was in the control treatment and the highest was in the S20 treatment, so that the
soil lead decreased from 0.66 mg kg-1 in the control treatment to 1.76 and 2.84 mg kg-1 in the S10
treatment. And S20 increased. The amount of lead in the soil was also lower than the standard limit of
SEPA, 1995). Lead has the highest amount among the investigated metals. The mobility of lead in soil
is lower than other elements, and this element is more stabilized on the soil surface due to the high
amount of organic matter and clay minerals (Singh and Agrawal, 2010). Yang et al., (2018), conducted
a long-term field experiment with corn-wheat rotation to investigate the accumulation of heavy metals
in a calcareous soil with different amounts of sewage sludge amendment. With the increase of 1 ton of

2State Environmental Protection Administration China
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applied sludge per hectare per year in the soil, the content of mercury, zinc, copper, lead and cadmium
increased, which is consistent with the results of the present study.

3.1.2. Nickel

The variance analysis table (Table 2) shows that with the increase in the level of sewage sludge, the
amount of absorbable nickel in the soil increased significantly at the 1% probability level. According to
the comparison of the average data in table (3), with the increase of sewage sludge in all treatments
receiving sludge, the amount of nickel in the soil has increased significantly (at the level of 5%) and the
lowest amount of soil nickel in the control treatment with The value of mg kg-1 was 0.38 and the highest
value was in S20 treatment with the value of 1.18 mg kg-1. The amount of nickel in the soil was less
than the standard limit declared by SEPA, 1995). Yang et al., (2018), conducted a long-term field
experiment with corn-wheat rotation to investigate the accumulation of heavy metals in a calcareous soil
with different amounts of sewage sludge amendment. With the increase of 1 ton of applied sludge per
hectare per year in the soil, the content of mercury, zinc, copper, lead and cadmium increased.

3-1-3- Cadmium

The results of the variance analysis table (Table 2) showed that the application of sewage sludge caused
a significant increase in soil absorbable cadmium at the level of 1%. Comparing the averages using
Duncan's method in table (3), it shows that the consumption of sewage sludge increased soil cadmium
from 0.055 mg kg-1 in the control treatment to 0.16 mg kg-1 in the S20 treatment, but No significant
difference was observed between S10 and S20 treatments. The amount of cadmium measured in the soil
was also lower than the standard limit of SEPA, 1995). Wang Ru and Su (2004), found that the
concentration of available cadmium in soils that received sewage sludge increased significantly, which
is consistent with the results of the present study.

3-2- Plant growth and performance factors

Table (4) shows the results of analysis of variance and table (5) shows the comparison of the average
effects of sewage sludge application on wet and dry weight (root and shoot), stem diameter and height,
and flower diameter after harvesting the flowers.

Table 4. Analysis of variance of the effects of wastewater sludge application on plant growth and
yield

average of squares (SM)

Wet

. Dry
Sources of Degrees  Root  Root  weight weight of . Stem .
of wet dry of . Stem diameter ,; ., . Flower diameter
changes . . . aerial Height
freedom weight weight aerial
parts
parts
g g g g Cm cm cm
Repeat 2 2.78™ 0.001™ 35.26 ™ 1.32"™ 0.0055™ 0.52"™ 0.122"™

Treatment 2 22.08 ** 1.478** 218.90* 17.10* 0.063 **  7.24 ** 0.69 **

Error 4 0.954 0.038 16.14 1.63 0.001 0.096 0.026

Coefficient of variation 10.18 14.77 9.78 19.58 4.87 1.72 2.31

ns: no significant difference, *: significant difference at 5% level, **: significant difference at 1% level
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Table 5 Results of comparing the mean effects of wastewater sludge application on plant growth and
yield
Rooj[ wet Roo_t dry Wet yvelght of Dry yvelght of Stem diameter Stgm Elower diameter
T weight weight aerial parts  aerial parts Height
reatment
g g g g Cm cm cm
SO 6.67° 0.57° 31.77" 3.96° 0.50° 16.33°¢ 6.5°
S10  10.08* 1.42° 42.87° 6.89%  0.71° 18.3° 7.15°
S20 12.03* 1.97°% 48.56 * 8.69° 0.78% 19.4% 7.44°%

In each column, the averages with at least one common letter are not significantly different at the 5%
probability level with Duncan's test.

3.2.1. Wet and dry weight of roots

The results of table (4) show that with the increase in the level of sewage sludge, the fresh and dry
weight of the root increased significantly at the probability level of 1%. Comparison of averages using
Duncan's method (Table 5) also shows that root wet weight increased with increasing sewage sludge in
all treatments receiving sludge, but no significant difference was observed between treatments S10 and
S20. The dry weight of the roots also increased significantly (at the level of 5%) with the increase of
sewage sludge in both treatments compared to the control treatment. The highest amount of root dry
weight was related to S20 treatment with g value of 1.97 and the lowest value was in the control
treatment with g value of 0.57. Therefore, the addition of sewage sludge to the soil has caused an increase
in organic carbon and, subsequently, an improvement in the physical properties of the soil, which has a
direct effect on the growth and development of the roots. Morera et al., (2002), grew sunflower plants
in soils treated with sludge and observed that the addition of sewage sludge significantly increased the
average dry weight of sunflower compared to the control soil, which is in agreement with the results of
the present study. Correspond.

3.2.2. Wet and dry weight of aerial parts

The use of sewage sludge caused a significant increase in fresh and dry weight of aerial parts at the level
of 5% (Table 4). Comparing the averages using Duncan's method in table (5), it shows that the
consumption of sewage sludge increases the fresh weight of the shoot from 31.77 g in the control
treatment to 48.56 g in the S20 treatment and the dry weight of the shoot increases from 3.96 g in the
control treatment was 8.69 g in the S20 treatment, but no significant difference was observed between
the S10 and S20 treatments. This increase in yield is due to the high consumption of nutrients such as
nitrogen, potassium and phosphorus and low consumption nutrients of iron, manganese and zinc in
sewage sludge. Urbaniak et al., (2017), reported that the consumption of sewage sludge in willow plants
increased the willow biomass, which is consistent with the findings of this study.

3.2.3. The height and diameter of the stem

The application of sewage sludge increased the height and diameter of the stem at the 1% probability
level (Table 4). The lowest stem height and diameter was in the control treatment and the highest in the
S20 treatment, so that the stem height was from 16.33 cm in the control treatment to 19.40 cm in the
S20 treatment and the stem diameter was from 0.50 cm in the treatment. The control reached 0.78 cm
in S20 treatment. But no significant difference in stem diameter was observed between S10 and S20
treatments (Table 5). The increase in the height and diameter of the stem is due to the increase in the
high-use and low-use food elements that can be absorbed by the plant. These results are consistent with
the research of Abbasi et al., (2013) who, in a greenhouse study, grew rice plants in a calcareous soil
and reported that the height of the stem increased with the consumption of sewage sludge.

3.2.4. Flower diameter
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The results of analysis of variance in table (4) show that the use of sewage sludge caused a significant
increase in the diameter of mud at the level of 1%. The comparison of the averages in table (5) also
shows that the flower diameter has increased significantly (at the level of 5%) with the increase of
sewage sludge in both treatments compared to the control treatment, but there is a significant difference
between the treatments. S10 and S20 were not observed. The maximum and minimum flower diameter
of the S20 treatment is equal to 7.44 cm and the control treatment is equal to 6.5 cm. This increase is
due to the high amount of nutrients such as nitrogen, potassium and phosphorus in sewage sludge.

3-3- Amount of heavy metals in the plant

Table (6) shows the results of analysis of variance and table (7) shows the comparison of the average
effects of sewage sludge application on the amount of heavy metals in plants (roots and shoots) at the
end of cultivation and after harvesting flowers.

Table 6. Analysis of variance of the effects of sewage sludge on plant heavy metal concentrations

average of squares (SM)

Sources of Degrees
of Pb (mg/kg) Ni (mg/kg) Cd (mg/kg)
changes
freedom
Aerial parts  Root Aerial parts  Root Aerial parts Root
Repeat 2 0.115™ 0.286 ™ 0.064 " 0.22"™ 0.0005™  0.0005 "™
Treatment 2 10.06 **  40.14 ** 2.01** 536 ** 0.064 **  0.158 **
Error 4 0.024 0.151 0.0048 0.043 0.0009 0.001
Coefficient of variation 6.27 6.91 5.78 8.72 12.75 7.60

FULL TEXTS BOOK

ns: no significant difference, *: significant difference at 5% level, **: significant difference at 1% level
3.3.1. Lead

The variance analysis table (Table 6) shows that with the increase in the level of sewage sludge, the
amount of lead in the shoot and root significantly increased at the 1% probability level. According to
the comparison of the average data in table (7), with the application of sewage sludge, the amount of
lead (aerial organ and root) increased significantly compared to the control treatment, and the lowest
amount of lead was in the control treatment and the highest in the S20 treatment. The accumulation of
lead metal for all treatments was more in the roots than in the shoots, so that the highest amount of lead
metal in the roots and shoots of the S20 treatment was equal to 9.09 mg kg-1 and 4.35 mg kg-1,
respectively. The amount of lead measured in the plant (aerial organ and root) was within the permissible
standard range (SEPA, 2005). Nisi et al., 2014, investigated the phytoremediation of heavy metals by
the sunflower plant, and the results showed that the sunflower plant used to remove heavy metals had
the highest absorption of lead and cadmium through the roots of the plant, which is consistent with the
results of the present study.
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Table 7. Results of comparing the mean effects of wastewater sludge application on plant heavy metal
concentrations

Pb (mg/kg) Ni (mg/kg) Cd (mg/kg)
Treatment
Aerial parts Root  Aerial parts Root  Aerial parts  Root
SO 0.69° 1.80°¢ 0.41° 0.99° 0.073°¢ 0.161°
S10 2.44° 5.98 " 1.15° 251° 0.253° 0.493°
S20 435° 9.09° 2.04° 3.65° 0.364° 0.598

Permissible range in the plant

9.0 10 0.2
(SEPA, 2005)°

In each column, the averages with at least one common letter are not significantly different at the 5%
probability level with Duncan's test.

3.3.2. Nickel

Table (6) shows the results of variance analysis of the effects of sewage sludge application on plant
nickel content at the end of cultivation and after harvesting flowers. According to this table, the use of
sewage sludge caused a significant increase in the amount of nickel in shoots and roots at the level of
1%. The lowest amount of nickel (aerial organ and root) was in the control treatment and the highest
was in the S20 treatment, so that the nickel in the aerial organ increased from 0.41 mg kg-1 in the control
treatment to 2.04 mg kg-1 in the treatment S20 and root nickel (mg/kg) reached from 0.99 mg kg-1 in
the control treatment to 3.65 mg kg-1 in the S20 treatment. Ni metal accumulation was higher in plant
roots than in shoots for all treatments (Table 7). The amount of nickel in the shoots and roots was lower
than the permitted standard limit (SEPA, 2005). Guoging et al., (2019), conducted a two-year
experiment to determine the effect of sewage sludge application on the distribution of heavy elements
in poplar and concluded that sewage sludge affected the accumulation of nickel and lead in the aerial
parts of poplar, which was consistent with the results. The present research is consistent.

3.3.3. Cadmium

The variance analysis table (Table 6) indicates that the application of sewage sludge caused a significant
increase in cadmium in shoots and roots at the level of 1%. Comparison of the averages by Duncan's
method in table (7) shows that the consumption of sewage sludge increases the cadmium of aerial organs
from 0.073 mg kg-1 in the control treatment to 0.364 mg kg-1 in the S20 treatment and increases The
root cadmium increased from 0.161 mg kg-1 in the control treatment to 0.1598 mg kg-1 in the S20
treatment, and the accumulation of cadmium metal was more in the plant roots than in the aerial parts
for all treatments. By comparing the amount of cadmium in roots and shoots after applying the
treatments with the standard limit (SEPA, 2005), it can be seen that the amount of cadmium has reached
the level of plant toxicity. Nisi et al., 2014, investigated the phytoremediation of heavy metals by the
sunflower plant, and the results showed that the sunflower plant had the most absorption of lead and
cadmium through the plant roots, which is consistent with the results of the present study.

3.4. Transfer factor and bioConcentration of heavy metals

Plants are divided into three categories in terms of absorption and transport of heavy metals. The first
group are plants that store heavy metals in their tissues and the effects of metal toxicity in these plants
are yellowing, shriveling and premature aging of the leaves, which are called indicator plants and have
TF and BCF equal to one (Olowoyo et al., 2010). The second category are plants that effectively prevent
the entry of metal into their aerial parts by using the plant stabilization mechanism, and are known as
avoidant plants, and in them, TF is smaller than one and BCF is larger than one. (Mcfaralane et al.,

3State Environmental Protection Administration China

135



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

2007). The third group are plants that have the ability to absorb and accumulate metal in low to high
pollution by using the absorption plant mechanism, and they are called accumulating plants and have
TF and BCF greater than one (Memon et al. , 2001).

The transfer factor and root bioaccumulation for heavy metals (lead, nickel and cadmium) in different
sewage sludge treatments for ornamental sunflower plants are presented in Table (8).

Table 8. Translocation factor and bioConcentration factor for heavy metals in different treatments

Treatment Pb Ni Cd
TF BCF TF BCF TF BCF
SO 0.39 2.72 0.42 291 0.45 2.99
S10 0.41 3.41 0.47 3.21 0.51 3.66
S20 0.48 3.21 0.57 3.10 0.61 3.83

As can be seen, with the increase of sewage sludge, the amount of transfer factor from roots to shoots
in all metals has increased compared to the control treatment, and the S20 treatment has a larger TF than
the S10 treatment for all three metals. The amount of root bioaccumulation factor of metals increased
with the addition of sewage sludge compared to the control treatment, but the increase between the S10
and S20 treatments did not have a regular trend, so that the S10 treatment had more BCF than the S20
treatment for lead and nickel metals. Cadmium metal, the bioaccumulation factor of S20 treatment is
more.

According to table (8), the bioaccumulation factor from the soil to the roots of the three investigated
heavy metals is greater than one, which indicates that the amount of heavy metals in the plant roots is
more than in the soil and indicates These metals are absorbed from the soil. The trend of increasing the
bioaccumulation factor from the soil to the roots of the mentioned metals was opposite: cadmium > lead
> nickel. The high level of this factor in cadmium metal is due to the fact that cadmium is one of the
elements that joins the soluble part of organic matter (fulvic acid) and moves easily in the soil and is
absorbed by the plant.

The transfer factor from the root to the shoot in the studied heavy metals is less than one, which indicates
that the amount of heavy metals in the root is more than the shoot and these metals stop in the root area.
The trend of increasing transfer factor from root to shoot among the examined metals was opposite:
cadmium > nickel > lead. The low level of the transfer factor in lead metal is due to the less movement
of lead in the plant and its greater accumulation in the root.

Ndeda et al., (2014) by examining the bioaccumulation factor and transfer factor of heavy metals,
reported that cadmium has the highest bioaccumulation factor among heavy metals, and among other
metals, it is in the order of copper > lead > nickel. Also, lead had the lowest amount of transfer factor
among other heavy metals. The result of this review is consistent with the results of this research.

Therefore, according to the bioaccumulation factor above one and the transfer factor less than one, it
can be said that the ornamental sunflower plant is an avoidant plant in terms of absorption and transfer
of heavy metals, lead, nickel and cadmium.

4, Conclusion

This research was conducted in order to investigate the effect of sewage sludge on the performance of
the ornamental sunflower plant, the concentration of heavy metals in the soil and the plant, and also to
investigate the plant's ability to purify the heavy metals (lead, nickel and cadmium) present in the soil
by this plant. The most important results of this research are:

1- The application of sewage sludge caused a significant increase in the concentration of heavy metals
(lead, nickel and cadmium) that can be absorbed by the soil compared to the control treatment. The
increasing trend of the amount of heavy metals in the soil is lead > nickel > cadmium. The use of
sludge in high amounts and in the long term can lead to the gradual accumulation of heavy metals in
the soil and cause environmental problems.
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2- Considering that the use of sewage sludge at the rate of 20% by weight of the soil in the measured
traits (including fresh and dry weight of roots and shoots, diameter and height of the stem, diameter and
number of flowers) was the best result, the use of sludge to The amount of 20% by weight of soil in
greenhouse conditions is suggested to produce more yield of ornamental sunflower plant in similar soils
and use in green spaces.

3- By calculating the bioaccumulation factor from the soil to the roots of heavy metals, it was seen that
the amount of heavy metals in the roots is more than in the soil, indicating the absorption of these
metals from the soil. The trend of increasing the bioaccumulation factor from the soil to the roots of
metals was opposite: cadmium > lead > nickel.

4- Determining the transfer factor from roots to aerial organs in heavy metals showed that these metals
were mostly concentrated in roots and a small part of them were transferred to aerial organs. The trend
of increasing transfer factor from root to shoot among the studied metals was opposite: cadmium >
nickel > lead.

5- According to the bioaccumulation factor above one and the transfer factor smaller than one for all
three investigated metals, it can be concluded that the ornamental sunflower plant is an avoidant plant
against the absorption and transfer of lead, nickel and cadmium heavy metals.

References

Abbasi, M., Najafi, N., Asgharzadeh, N. and Avestan S. (2013). Effect of soil water conditions, sewage
sludge, poultry manure and chemical fertilizers on growth characteristics and water use efficiency of
rice plant in a calcareous soil. J. Water Soil Know. 23(1), 189-208 [In Persian].

Afroosheh, M., and Karami Zare, F. (2016). Phytoremediation of Zinnia elegans ornamental plants
under heavy metal stress conditions. Second National Conference on Sustainable Management of Soil
Resources and Environment (Soil Quality, Health and Safety), Kerman, Department of Soil Science and
Engineering, Shahid Bahonar University, Kerman. [In Persian].

Ali, H., Naseer, M., Sajad, M. A. (2012). Phytoremediation of heavy metals by Trifolium alexandrinum.
Int. J. Environ. Sci. 2 (3):1459-1469.

Amoei, A., Mahvi, A., Nedafi, K., Fahimi, H., Mesdaghi nia, A. R., and Naseri, S. (2012). Investigation
of optimal operating conditions in phytoremediation of lead and cadmium contaminated soils by native
plants of Iran. Scientific Journal of Kurdistan University of Medical Sciences, 17 (4), pp. 102-93 [In
Persian].

Balkhair, K. S., and Ashraf, M. A. (2016). Field accumulation risks of heavy metals in soil and vegetable
crop irrigated with sewage water in western region of Saudi Arabia. Saudi J Biol Sci. 23(1): 32-44.

Clemente, R., Concepcion, A., and Pilar Bernal, M. (2006). A remediation strategy based on active
phytoremediation followed by natural attenuation in a soil contaminated by pyrite waste. Environmental
Pollution 143. 3: 397-406.

Farmani Fard, M., Qamarnia, H., Pirsaheb, M. and Fattahi, N. (2016). Study of heavy metal
accumulation in different crops under the influence of irrigation with treated Kermanshah municipal
wastewater, Journal of Water and Irrigation Management, 6 (2), pp. 365-347 [In Persian].

Fatimenik, F. (2017). Investigation of Chromium Phytoremediation Potential by Hibiscus sabdariffa L.
in Greenhouse Conditions, First National Conference on the Role of Medicinal Plants in Resistance
Economics, Payame Noor University, Fereidounshahr.

Fresques, P. R., Francis, R. E., and Dannis, G. L. (1990). Sewage sludge effect on soil and plant quality
in a degraded semi-arid grassland. J. Environ. Qual. 19: 324-329.

Guoging, X., Xiugin, C., Liping, B., Hongtao, Q., and Haibo, L. (2019). Absorption, accumulation and
distribution of metals and nutrient elements in poplars planted in land amended with composted sewage
sludge: A field trial. Ecotoxicology and environmental safety, 182, p.109360.

Hashemimajd, K. (2010). Production of compost and verrmicompost from organic waste. Ayizh
Publication, 192 p.

137



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

Hatamian, L., Rafati, M. and Farsad, F. (2020). The effect of wastewater irrigation on the accumulation
of lead and cadmium in soil and wheat and barley grains. Journal of Water and Irrigation Management,
9 (2), pp. 332-321 [In Persian].

Hossain, M. K., Strezov, V., and Nelson, P. F. (2015). Comparative assessment of the effect of
wastewater sludge biochar on growth, yield and metal bioaccumulation of cherry tomato. Pedosphere,
25(5): 680-685.

Liu, J. N., Zhou, Q. X., Sun, T., and Wang M. L. (2008). Growth response of three ornamental plants to
Cd and Cd-Pb stress and their metal accumulation characteristics. Journal of Hazardous materials. 151;
261-267.

Memon, A., Aktoprakligil, D., Ozdemir, A. and Vertii, A. (2001). Heavy metal accumulation and
detoxification mechanisms in plants. Turkish Journal of Botany. 25: 111-121.

Mirzaei Takhtagahi, H., Qamarnia, H., Pirsaheb, M. and Fattahi, N. (2016). The effect of irrigation with
polluted water on the accumulation of heavy metals in wheat and parsley, Journal of Water and Irrigation
Management, 6 (2), pp. 330-315 [In Persian].

Morera, M. T., Echeveria, J., and Garrido, J. (2002). Bioavailability of heavy metals in soil amended
with sewage sludge. Can. J. Soil Sci. 82: 433-438.

Mcfaralane, G. R., Koller, C. E. and Blomberg, S. P. (2007). Accumulation and partitioning of heavy
metals in mangroves: A synthesis of field-based studies. Chemosphere. 69: 1454-1464.

Ndeda, L. A. and Manohar, S. (2014). Bio Concentration Factor and Translocation Ability of Heavy
Metals within Different Habitats of Hydrophytes in Nairobi Dam, Kenya. Journal of Environmental
Science, Toxicology and Food Technology. 8(5): 42-45.

Nisi, A., Vosoughi, M., Mohammadi, B., Mohammadi, M., Naeem Abadi, A., and Hashemzadeh, B.
(2014). Phytoremediation of heavy metals by sunflower. A Review Study, 2 (2), pp. 55-65.

Olowoyo, J. O., Heerden, E., Fischer, J. L. and Baker, C. (2010). Trace metals in soil and leaves of
Jacaranda mimosifolia in Tshwane area, South Africa. Atmospheric Environment. 44: 1826-1830.

Prasad. M. N. V. (2007). Sunflower (Helinathus annuus L.): A potential crop for environmental industry.
Helia.vol. 30, br. 46, str. 167-174.

Sadat Taghavirad, S., Davar, H., and Mohammadi, M. J. (2014). The a study on concentration of BETX
vapors during winter in the department of ports and shipping located in one of the southern cities of
Iran. Int J Cur Life Sci.; 4(9): 5416-5420.

SEPA. (1995). “Environmental Quality Standards for Soils.” State Environmental Protection
Administration, China. GB 15618.

SEPA. (2005). “The limits of pollutants in food.” China: State Environmental Protection
Administration. GB 2762- 2005.

Singh, R. P., and Agrawal, M. (2010). Variations in heavy metal accumulation, growth and yield of rice
plants grown at different sewage sludge amendment rates. Ecotoxicology and Environmental Safety, 73:
632-641.

Sipos, P., Nemeth, T., and Mohai, I. (2005). “Distribution and possible immobilization of lead in a forest
soil (Luvisol) profi le.”Environ. Geochem. Health 27:1-10.

U.S. Environmental Protection Agency. (1993). Clean water act. Section 503, Vol. 58, No. 32, USEPA,
Washington ,DC.

Urbaniak, M., Wyrwicka, A., Totoczko, W., Serwecinska, L. and Zielinski, M. (2017). The effect of
sewage sludge application on soil properties and willow (Salix sp.) cultivation. Science of the Total
Environment, 586, pp.66-75.

Wang Ru, S. J., and Su, D. (2004). Characteristics of Cd uptake and accumulation in two Cd accumulator
oilseed rape species. J. Environ. Sci. 16: 594-598.

138



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

Yang, G. H., Zhu, G. Y., Li, H. L., Han, X. M. and Li, J. M. (2018). Accumulation and bioavailability
of heavy metals in a soil-wheat/maize system with long-term sewage sludge amendments. Journal of
Integrative Agriculture, 17(8), pp.1861-187.

FULL TEXTS BOOK

139



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

EXAMINING THE RELATIONSHIP BETWEEN FRINGE FREQUENCY AND OBJECT
SIZES IN THE GATES INTERFEROMETER PROFILOMETRY

Res. Ass. Ayse Vildan SERT
Sivas University of Science and Technology, Faculty of Engineering and Natural Sciences,
Department of Engineering Fundamental Sciences, Sivas.
Asst. Prof. Ekrem YARTASI
Sivas University of Science and Technology, Faculty of Engineering and Natural Sciences,

Department of Engineering Fundamental Sciences, Sivas.

ABSTRACT

In today’s world, 3D profilometry systems used in many applications from microelectronic to medicine
have a great importance especially when there is a need for surface profiling. In fringe projection
profilometry, an interference pattern of light is generated by interfering two different beams having a
slight path difference. Then the pattern is projected onto the sample object and a 3D surface profile of
the object is obtained by using a image-processing algorithm. In this study, it is aimed to examine the
relationship between fringe frequency and the size of the objects under examination by using the Gates
Interferometer System. In the Gates Interferometer System, a light beam that comes from a laser source
is firstly split into two different beams by getting passed through a beam splitter. Then the generated
light pattern is reflected onto the object’s surface. Because of the 3D structure of the surface, the fringe
pattern is deformed. Then the captured picture of the object having the pattern on it is image-processed
by applying Continuous Wavelet Transform and an unwrapping algorithm respectively. After this
procedure, 3D surface profile of the object is obtained. It is found that to examine objects in relatively
smaller sizes, it is needed to increase fringe frequency by enlarging the tilting angle of the beam splitter.
This procedure causes an increase in path difference between the two beams. For objects in larger sizes
however, it is seen that there is a necessity to decrease the fringe frequency by reducing the tilting angle
of the beam splitter not to cause a 2z or multiples of 27t phase ambiguities.

Keywords: 3D Profilometry, Fringe Projection, Continuous Wavelet Transform.

INTRODUCTION

Optical profilometry techniques are commonly used for measuring and detecting surface topography
since they are non-contact (Kdsoglu, Yiiksel, & Naci Inci, 2016), fast (Inang, Kosoglu, Yiiksel, & Naci
Inci, 2018), and easy to configure, use, and apply for a wide range of applications of different types. The
basic principle behind these techniques is to make use of interference pattern of light which comes from
the wave nature of it (Kart, Késoglu, Yiiksel, & inci, 2014). In fringe projection profilometry which is
one type of the optical profilometry techniques, the interference pattern of light is projected onto the
object under examination and then the data of interest which is usually surface topography, depth profile
(Novack, D'Annunzio, Cubuk, Inci, & Molter, 2012) or thickness measurement is obtained from the
pattern which is deformed because of the topography of the object by image-processing.

In the area of image processing, there are two mainly used methods namely Fourier and Wavelet
Transforms. In the Fourier transform, spatial data acquired from the deformed pattern is Fourier
transformed in its frequency domain. After the data of interest is then filtered out and gained from the
frequency domain and inverse Fourier transformed into its spatial domain and then unwrapping process
is applied, 3D surface profile is obtained (Bulut & Naci Inci, 2005).

In Wavelet Transform, wavelets with different central frequencies are superposed with the intensity
signals of the pixels of the picture having light pattern on it row by row. This process is done by dilating
the mother wavelet for different frequencies by scaling parameters and scanning the picture by
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translating these wavelets through the rows by translating parameters. A map of these superpositions is
then created based on the factors of scaling and translation parameters. Then a modulus array is obtained
to gain the information of which scaling parameter is ideal for which translation parameter. This data is
acquired by detecting the maximum intensity regions of the superposition maps. Then by using the
modulus array, phase map is obtained. After an unwrapping and a reference subtraction processes are
applied, the surface profile is obtained (Inang, 2017).

In this study, the relationship between fringe frequency and object sizes is examined by using Gates
Interferometer System. In the Gates Interferometer System, the interference of light is generated by a
beam splitter (Cetin, n.d.). In the system the light beam is split into two different beams by passing
through a beam splitter and then the two beams make an interference pattern because of the path
difference between them. By changing the tilting angle of the beam splitter, different fringe frequencies
are adjusted which an increase in the angle results in an increase in the fringe frequency because of
increasing path difference (Rubén Sanchez, Martinez-Garcia, Rayas, & Ledn-Rodriguez, 2022).

MATERIALS AND METHODS

In the study, to generate fringe pattern, a light beam coming from a He-Ne laser is firstly aligned by
using two adjacent mirrors as reflectors and oriented to an optical lens which has 25 cm of focal length.
After passing through the lens, the diverged beam is collimated by a second lens with 3.5 cm of focal
length which is located 28.5 cm apart from the first lens. Then the dilated beam is split into two different
beams by passing through a beam splitter and the fringe pattern which is generated because of the
interference of the two beams having a slight path difference between them is diverged by using a third
optical lens and reflected onto objects’ surface. Pictures of objects having deformed fringe patterns on
them because of the 3D topography of the objects and reference pictures having nondeformed patterns
on them are captured by a CMOS camera. Then 3D surface profiles of the objects are gathered by
applying 1D Wavelet Transform and an unwrapping algorithm in MATLAB. A symbolic representation
of the setup is seen in Fig. 1.

15 different fringe frequencies is projected onto three different sized half ellipsoidal objects. The fringe
frequencies are adjusted by changing tilting angle of beam splitter manually. The three objects’
dimensions as width, length, and height are 6, 3, and 1.2 cm; 4, 2, and 0.8 cm; and 2, 1, and 0.4 cm
respectively as shown in Fig. 2. The captured images of three different frequencies are shown in Fig. 3.

After applying 1D wavelet transform to the pictures, obtained wrapped phase maps are undergone an
unwrapping process. Then the surface profiles of the objects are acquired by making a reference
subtraction process which is a nonlinear carrier removal technique to eliminate carrier frequency (Inang,
2017).

RESULTS AND DISCUSSION

15 different fringe frequencies are measured as 0.945 cm™, 1.077 cm™, 1.203 cm™, 1.277 cm?, 1.361
cm?, 1.427 ecm?, 1.528 cm™, 1.622 cm™, 1.745 cm™, 1.972 cm™®, 2.133 cm™®, 2.329 cm™, 2.800 cm™,
3.289 cm™, and 4.500 cm™. Phase maps and surface profiles of three different frequencies which are
0.945 cm™, 1.622 cm™, and 4.500 cm™ are obtained as seen in Fig. 4.

As it is seen in Fig.4, increasing fringe frequencies allowed for more precise surface topographies
therefore smoother object and base surfaces having less fluctuations and detailed 3D profiles are
obtained for higher fringe frequencies. To obtain optimum results, scaling parameters of s ranging from
130 to 170; 50 to 110; and 1 to 27 are used for 0.945 cm™, 1.622 cm™, and 4.500 cm™ of fringe
frequencies respectively which means for processing pictures having lower fringe frequencies, more
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Figure 1. The symbolic representation of the setup.

Figure 2. Dimensions of the objects.

dilated wavelets are needed. Therefore the inverse proportionality between fringe frequency and scaling
parameter is shown experimentally in the study.

When it comes to the relationship between object sizes and fringe frequencies, it can be clearly seen that
while the smallest object can barely seen in the profile of picture having 0.945 cm™ of fringe frequency
which is the smallest frequency among all the samples as in Fig. 4b; the detailed profile of the same
object is obtained successfully in the profile of 4.500 cm™ fringe frequency namely the highest frequency
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(b)

Figure 3. The captured pictures of three different frequencies: (a) 0.945 cm™, (b) 1.622 cm™, and (c)
4,500 cm™,

in the study as in Fig. 4f. For the largest object, it is demonstrated that increasing fringe frequency
provides more accurate profiles however above some limit, phase ambiguities that can be defined
basically as mismatching phases of fringe patterns on the object and base start to occur which causes
errors in the regions where the border of the object meets the base making these regions higher than the
actual height in the surface profile as can be seen in Fig 4e and f. For optimum results, it is showed that
there is an inverse proportional relationship between fringe frequency and object sizes.

Also there are seen some noises at the border of the picture having 4.500 cm™* which is the result of the
fact that when the frequency is increased, the aberrations because of the third lens making the pattern
nonlinear start to approach the center from the edges and including this nonlinearity in the picture on
the borders. This nonlinearity causes phase ambiguities on the picture borders while the overall picture
is not affected because of the process of reference subtraction.

CONCLUSION AND RECOMMENDATIONS

In this study, the relationship between fringe frequency and object sizes is examined in the Gates
Interferometer System. By altering the tilting angle of the beam splitter, different fringe frequencies are
adjusted. For test objects, three different sized half ellipsoidal objects are used. It is seen that there is an
inverse proportionality between fringe frequency and object sizes for optimum surface profile results.
The optimum scaling parameters are also examined for different fringe frequencies.

For a future study, if it is seen a linear relationship, it can be determined a proportionality constant for
easily selecting the fringe frequencies for different sized objects. Also the scaling parameter can be
automized by an algorithm for different frequencies.
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Figure 4. Phase maps and surface profiles of three different frequencies: (a) and (b) 0.945 cm™, (c)
and (d) 1.622 cm™, and (e) and (f) 4.500 cm™.
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OZET

Kofte, genellikle dana, tavuk eti ve baliktan yapilan popiiler yiyeceklerden birisidir. Fakat beslenme ve
saglik gibi ¢esitli nedenlerden dolay1 son yillarda tiiketiciler tarafindan hayvansal gidalar ve bu gidalari
iceren besinlerin yiiksek oranda yag ve kolesterol igerdeginden icin etin yerini bitkisel bazli iiriinlerle
degistiren vejetaryen tiiketim modeliyle saglikli bir yagam tarzi uygulamaktadir. Vejetaryen beslenme
hayvansal {irlinler titkketmeyen ancak bitkisel {iriinler tiikketen kisi i¢eren beslenme seklidir. Bu beslenme
seklinde hayvansal proteinlerin yerine soya fasiilyesi, bezelye ve tofu yiiksek protein igerigine sahip
bitki bazli tirlinler kullanilmaktadir. Ancak soya fasulyesinden elde edilen mevcut ticari bitki proteinleri
islevsel olarak iyi olmasina ve dnemli bir ticari ilerleme kaydetmesine ragmen, soya unundan tiretilen
iiriinlerde viskoelastik bir ag olusturamadigindan dolay1 tek basina et analoglari liretmek icin gerekli
olan yapiskanlik ve yumusak bir ¢ignenebilirlik saglayamamaktadir. Bu nedenle bu c¢alismada soya
ununa ve farkli tohum unlar ilave edilerek hazirlanan vegan kofterlerin tekstiirel ve duyusal 6zellikleri
degerlendirilmistir. Duyusal degerlendirme kapsaminda tiiketicilere koftelerin sertligi, tadi, rengi ve
genel begenirlik kiriterleri sorulmustur. Vegan koftelerin duyusal degerlendirilmesinde ¢ok kriterli karar
verme tekniklerinden SAW (Simple Additive Weighting) teknigi kullanilmistir. Bu ¢aligma sonucunda
farkli tohum unlarmin vegan kofte iiretiminde kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Vejeteryan beslenme, Koéfte, Tahil unlari, Tekstiirel 6zellikler

ABSTRACT

Meatballs are one of the popular foods usually made from beef, chicken and fish. However, for various
reasons such as nutrition and health, in recent years, consumers have been implementing a healthy
lifestyle with a vegetarian consumption model, replacing meat with plant-based products because animal
foods and foods containing these foods contain high levels of fat and cholesterol. Vegetarian nutrition
is a diet that includes people who do not consume animal products but consume plant products. In this
form of nutrition, plant-based products with high protein content such as soybeans, peas and tofu are
used instead of animal proteins. However, although existing commercial plant proteins derived from
soybeans are functionally good and have made significant commercial progress, they alone cannot
provide the stickiness and soft chewiness required to produce meat analogs because they cannot form a
viscoelastic network in products produced from soy flour. Therefore, in this study, the textural and
sensory properties of vegan meatballs prepared by adding soy flour and different seed flours were
evaluated. Within the scope of sensory evaluation, consumers were asked about the hardness, taste, color
and general liking criteria of the meatballs. SAW (Simple Additive Weighting) technique, one of the
multi-criteria decision-making techniques, was used in the sensory evaluation of vegan meatballs. This
study showed that different seed flours can be used in vegan meatball production.

Keywords: Vegetarian nutrition, Meatballs, Cereal flours, Textural properties
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GIRIS

Diinya genelinde birgok alanda oldugu iizere beslenme aliskanliklar1 ve davraniglarinda degismeler s6z
konusu olmaktadir. Degisen diinya diizeni ve olusan yeni trendler beslenme davranislar1 ve giinliik diyet
iceriklerinin degismesine neden olmaktadir. Ote yandan yasanan saglik sorunlari ve son dénemelerde
artan alerjik reaksiyonlarda bireylerin 6zel beslenme gereksinimleri olusmasini saglamaktadir. Bu
kapsamda vegan, vejeteryan, peerketeryan gibi beslenme davranislar ortaya ¢ikmistir. Vegan beslenen
bireyler hayvansal herhangi bir iilirn grubunu tercih etmemektedir. Bu anlamda yumurta, bal ve siit
tiirevi iirlinleri tiiketmeyen bireylerde protein agisindan sorunlar olusmakta ve akabinde hastaliklar
ortaya c¢ikmaktadir. Bu durum sonucunda vegan beslenen bireyler i¢in bitkisel protein kaynaklar
aragtirilmakta ve yiiksek protein igeren bitkisel iiriin tiiketimi onerilmektedir (Kyriakopoulou, Dekkers,
& van der Goot, 2019).

Soya iilkemizde tiiketimi yayginlasan yiiksek protein igerigi ve degerli yaglarca zengin olmasi nedeniyle
oldukga faydali bir iiriindiir. Soya unu ise genellikle yag ya da protein bilesenleri soyadan ekstrakte
edildikten sonra un haline getiirlen bir iiriindiir fakat bu haliyle bile bitkisel iiriinler igerisinde oldukca
faydali bir kaynaktir. Bu nedenlerle son donemlerde 6zellikle et ikamesi olarak soya ve tiirevleri
kullanilmaktadir (Liu ve Limpert, 2004).

Kisnis (Coriandrum sativum L.) diinyanin en eski tarihlerinden itibaren baharat olarak kullanilan bitki
cesidiridir. Bitkinin yapraklar1 odunsu boliimleri ve tohumlar tiiketilebilmektedir. Ozellikle tohumlari
yiiksek oranda ugucu yag ve protein igermektedir. Genis kullanim alani bulan kisinisin antienflamatuvar,
analjezik ve antibakteriyel etkileri bilinmekte ve tibbi amaglarla da kullanilabilmektedir (Ulutas Deniz
ve ark., 2018).

Hardal tohumu diger tohumlar gibi fenolik ve antioksidan bakimindan zengin, saglik agisindan olumlu
etkileri olan, yliksek oranda protein ve yag iceren bir {iriindiir. Baharat olarak tiiketimi yaygin olan
hardalin tibbi amagli kullanimida s6z konusu olmaktadir (Yildiz Turp ve ark., 2016). Hardal
tohumlarinda yag oraninin %38-44 araliginda oldugu bilinmektedir (Sindhu ve ark., 2012).

Bu ¢aligmanin amaci vegan bireyler icin alternatif iirlinler gelistirmektir. Bu kapsamda soya unu bazli,
kisnis ve hardal tohum unlariyla zenginlestirilmis vegan kofteler tiretilmis ve iirlinler duyusal-tekstiirel
acidan incelenmistir.

MATERYALVE YONTEM
Materyal

Caligmada kullanilan soya unu (Dogal Ltd. Sti), kisnis ve hardal tohum unlar1 Tazemiz (Tiirkiye)
firmasindan temin edilmistir.

Yontem
Vegan Kofte Uretimi

Vegan kofte tiretiminde 85 gr soya unu, 60 ml zeytinyagi, 32 gr kignis ya da hardal tohumu, 15 gr baharat
karigimi (karabiber, kirmizi biber, kimyon), 100 ml su karistirilip, yogrulmustur. Elde edilen kofteler
firinda ve tavada pisirilmistir. Firin pisirmede kofteler 200 °C’de 30 dk firinda tutularak pisirilirken
tavada kizartmada ise sicak tavada zeytinyaginda 10 dk. arkali 6nli pisirme seklinde hazirlanmistir.
Sekil 1’de pismis vegan kofte 6rnekleri goriilmektedir.
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Sekil 1. Vegan kofte 6rnekleri (1.Kizartma pisirme hardal unlu, 2.Kizartma pisirme kisnis unlu, 3.Firin
pisirme hardal unlu, 4.Firin pisirme kisnig unlu)

Tekstiir Analizleri

Iki farkl1 tohum unu ile iiretilen vegan koftelerin tekstiir profil analizi, tekstiir analiz cihaz1 (T.A.HD
Plus Stable Micro Systems, Ingiltere) (P/36R silindirik prob) kullanilarak gerceklestirilmistir. Analizde
test konfigiirasyonu; 6n test hizi 1 mm/s, test hizi 5 mm/s, gerilme oran1 % 75 ve gerilme kuvveti 5 g
olarak ayarlanmistir. Vegan koftelerin sertlik ve kirilabilirlik degerleri analiz sonucunda belirlenmistir.

Duyusal Analizler

Vegan koftelerin duyusal analizleri, goriiniis, renk, tat, koku, tekstiir ve genel begeni basliklar1 altinda
30 egitimli paneliste yaptirilmistir. 1-9 puan skalasi ile yapilan degerlendirmelerde 1 en az begenilen-9
en ¢ok begenilen siralamasi uygulanmustir. Analiz 6ncesi panel hakkinda bilgilendirilen panelistler arka
arkaya 4 vegan kofte 6rnegini incelemis ve degerlendirmelerini yapmislardir.

SAW Uygulamasi

SAW uygulamasi 6 kriter ve 4 alternatif tizerinden duyusalda yapilan degerlendirmeler ile en begenilen
iirlinlin belirlenmesi i¢in gerceklestirilmigtir.

SAW uygulamasi agagidaki islem basamaklari ile gergeklestirilmektedir.

1.Asama; Karar matrisinin olusturulmasi (mxn). Bu ¢alismada duyusal analiz parametreleri i¢inden
secilen 6 kriter ve 4 alternatif bulunmaktadir.

2.Karar matrisinin normalize edilmesi;
i

Xij
— i=1,..m; J=1,..,n
) maxxij
=Y mini xij _
—  i=1,..m; j=1,..,n
xiJ

3.Alternatiflerin tercih degerinin hesaplanmast;

m
5i=z wijrij
=1

4.Agirliklandirilmis normalize edilmis alternatiflerin toplami en ¢ok tercih edilen iiriinii belirlenmesini
saglamistir.
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SONUC
Tekstiir Analizleri

Vegan kofte 6rneklerinin tekstiir analiz sonuglar1 Tablo 1’de verilmigtir. Kignis ilaveli kdfte 6rneklerinin
daha sert oldugu goriiliirken firin pisirme uygulamasinin kofte yiizeyinde kabuk olusturmasi nedeniyle
daha sert kofteler olusumunu sagladigi belirlenmistir. Sertlik degeri adina tiim 6rnekler birbirinden farkli
bulunurken en sert tiriin KF kodu ile kisnis ile firinda pisirme teknigiyle tiretilmis kofteler olmustur. En
yumusak vegan kofte ise hardal tohum unu ike kizartilarak iiretilen kofte olmustur.

Tablo 1. Vegan koftelerin tesktiir analiz sonuglari

Ornekler Sertlik (N) Kirilabilirlik (nm)
KK 532.3+2.9° 12.5+5.0°

HK 476.2+2.6° 11.6£3.9°

KF 4208.2+1.5° 9.7+4.1°

HF 2606.442.8" 13.9+3.9%

Orneklerin kirilabilirlik degerleri incelendiginde ise sadece KF kodu ile kisnis ve firin pisirme
uygulamasiyla iiretilen koftenin farkli oldugu diger orneklerin kirilabilirlik degerlerinin ayni oldugu
gorilmiistiir.

Duyusal Analizler

Vegan koftelerin duyusal degerlendirmelerinde tat ve goriiniis kriterlerinin sonuglar1 Sekil 2’de
verilmistir. Tat kriterinin degerlendirmesinde en yiiksek puani KF 6rnegi alirken en az begenilen HK

ornegi olmustur. Benzer sekilde goriiniis degerlendirmesinde en ¢ok tercih edilen HK en az tercih edilen
ise KF 6rnegi olmustur.
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Tat Gorlints

K KK KF KK

Sekil 2. Vegan koftelerin tat ve goriiniis duyusal degerlendirmeleri

Sekil 3’de vegan koftelerin tekstiir ve renk duyusal degerlendirmeleri goriilmektedir. Tekstiir ve renk
degerlendirmesinde en tercih edilen KK 6rnegi olurken en az begenilen KF 6rnegi olmustur.

Renk

HK
685

6,8
6,75
6,7
6,65
6,6

KF KK KF 6,55 KK

HF HF
Sekil 3. Vegan koftelerin tekstiir ve renk duyusal degerlendirmeleri

Sekil 4’de koku ve genel begeni bashklarinda vegan koftelerin degerlendirmeleri yer almaktadir. Koku
kriterinde en begenilen iiriin KK en az begenilen {iriin ise HK 6rnegi olmustur. Ote yandan genel begeni
basliginda ise kisnisle tiretilen KK 6rnegi en ¢ok tercih edilen iiriin olmustur.

Koku Genel Begeni

HX . MK
74 8
72
7
6,8 7
6,57

e ~ R . &
62 :
KF e 3 % KK K KK

HF HF

Sekil 4. Vegan koftelerin koku ve genel begeni degerlendirmeleri
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SAW Uygulamasi
SAW uygulamasinda ilk agama normalize karra matrisi olusturulmustur (Tablo 2).

Tablo 2. Normalize karar matrisinin olusturulmasi

Tat Tekstiir Koku Goriiniis Renk
HK 0.234 0.260 0.241 0.269 0.248
KK 0.251 0.267 0.265 0.250 0.255
HF 0.240 0.240 0.235 0.244 0.248
KF 0.275 0.233 0.259 0.238 0.248

Ikinci agamada ise agirliklandirilmis karra matriis olusturulmus ve toplamda en yiiksek degeri alan iiriin
en ¢ok tercih edilen iiriin olarak degerlendirilmistir (Tablo 3).

Tablo 3. Agirliklandirilmis normalize karar matrisi

Tat Tekstiir Koku Gorlinlis Renk Toplam Sira
HK 0.081 0.070 0.046 0.031 0.019 0.166 2
KK 0.087 0.072 0.051 0.029 0.020 0.171 1
HF 0.083 0.065 0.045 0.028 0.019 0.157 4
KF 0.095 0.063 0.050 0.027 0.019 0.159 3

Tablo 4’de goriildiigii iizere SAW uygulamasi sonucunda en ¢ok tercih edilen iiriin olarak KK 6rnegi
belirlenmistir, 2. sirada HK, 3.sirada KF ve en az tercih edilen iiriin olarak 4.sirada HK 6rnegi yer
almistir.

Tartisma-Oneri

Yapilan ¢aligma neticesinde vegan iiriin gruplarinda yenilik¢i yaklagimlara ¢ok ihtiya¢ oldugu tespit
edilmistir. Ozellikle bu tarz beslenmeler tercih edilen bireylerin hem duyusal agidan begenebilecekleri
hemde besinsel agidan destekleyici iiriin ¢esitliligine ihtiyaglari bulunmaktadir. Yiiksek protein ve yag
icerigi ve sahip olduklar fenolik ve antioksidan maddeler ile tohum unlar1 olduk¢a degerli iiriinlerdir.
Vegan kofte iiretiminde kullanilan kisnis ve hardal tohumlar1 iriin yapisinda olumlu etkiler
olusturmustur. Ozellikle kisnis ilavesi ve kizartma tenigiyle iiretilen kofteler oldukca begenilmistir. Bu
asamadan sonra vegan kofte lirlin formiilasyonunda aromatik bilesenler eklenebilir, pisirme teknikleri
farkinin olusturdugu yag asidi kompozisyon degisimi gibi etkiler c¢aligilabilir ve mevcut {iriin
formiilasyonu giincellenebilir. Ayrica tohum unlari farkli ¢aligmalarda iiriin formilasyonlarinda
cdegerlendirilebilir.
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ABSTRACT

The heat transfer (HT) quality of potato crisp (PCR) is the subject of this study. Finding and adjusting
certain process variables and conditions can increase efficiency and decrease waste. This study
emphasizes the mass balance and the convection of the heat transfer. In this study, the mass exponential
slope equation was found to be y = 0.2683 e%1052* and R? = 0.9864 as well as the efficiency
exponential slope equation as y = 0.1304 e%%873% and R? = 0.9868 (p<0.05). The true density
exponential slope equation was determined as y = 1199.7 ¢%%61* and R? = 0.9688 as well as the
porosity exponential slope equation as y = 0.2968 ¢%0389% and R? = 0.9849 (p<0.05). The range of

possible values for the convective HT coefficient is 2659.1 to 239.3 [mV'Z/K] over a time interval of 500
[s]. These results have also opened new avenues for product development and innovation. These new
innovative approaches can optimize the PCR process by employing HT as a guide, resulting in enhanced
efficiency and reduced waste. In the future, some studies can be conducted by exploring new options

for improving product quality, reducing waste, and innovating in the food industry.

Keywords: potato crisp (PCR); heat transfer (HT); food industry; product quality.

Introduction

Crisping is an essential activity in the food industry, and HT is critical for determining the quality of
the end product. The many approaches available for assessing product quality via HT and their
implications for the food industry are explained in this presentation. The food processing industry is
constantly seeking methods to improve the quality and consistency of its products. Product quality in
PCR can be difficult to maintain and can vary greatly depending on the precise conditions and
procedures employed. It can acquire insights into process quality, consistency, and efficiency by
studying the product quality using HT. Product quality is vital to customer satisfaction and the
establishment of a solid reputation for quality and excellence. Improving product quality can minimize
waste and optimize production operations. In an increasingly congested market, high-quality items can
provide a competitive advantage. HT (conduction) between the potatoes and the hot surface of the frying
oil transfer’s heat. Hot oil currents swirl around potatoes, delivering heat to the entire surface
(convection), resulting in a consistently crispy finish. The tremendous heat of the oil radiates into the
surface of potatoes, creating a variety of physical and chemical changes that affect the quality of the
finished product.

A lot of energy, water, and packaging materials are used up by the food and drink sector. There is a
lot of waste from these inputs. As a result of globalization, energy prices are steadily rising. The food
industry is always on the lookout for new ways to cut costs without sacrificing quality, profitability,
or output. They can help slow the rate of energy resource depletion and cut pollution and greenhouse
gas emissions by making their energy use more efficient [1]. Governments and international
organizations are putting more and more pressure on businesses to reduce wasteful use of resources

[2].
Continuous frying systems use it extensively, which uses a lot of energy. Furthermore, there are
numerous interrelated variables. Moreover, intricate mechanisms of heat and mass transfer are

involved. Improving product quality and reducing energy consumption are both possible outcomes
of better control over these processes. A typical technique in the food industry is frying. Another
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major component of the total production cost of fried food products is energy costs, as this process
consumes a substantial amount of energy. The food is either left floating in the hot oil or cooked all
the way through when frying. Another name for this is deep-frying. As a result, the oil is heated
quickly, which causes the food to undergo a process of rapid dehydration. [1]. Direct heating systems
for both process and space heating and fuel-fired boilers account for about 68% of the total energy
consumed during food production. Electric motors account for 16% of total electrical energy
consumption, electric heating for 8%, cooling for 6%, and air compressors for 2% [2]. Methods such
as process integration, heat recovery, and enhanced equipment and unit operations can all contribute
to greater energy efficiency. A lot of effort has gone into developing and researching these areas in
the past few years. The term "process integration and optimization™ describes a set of methods that
can be applied methodically to help find and replace process steps in big processing plants that waste
energy and resources. Energy quality and energy losses can be studied in complex systems using
exergy analysis, which is based on the Second Law of Thermodynamics. This makes it easier to figure
out where energy savings are possible [3].

Among the world's most popular vegetables, the potato (Solanum tuberosum) ranks high in
consumption. This edible nightshade tuber is starchy and full of flavor (Solanaceae). Although it
originates in South America, the potato is a perennial plant that is found nearly all over the globe.
Vitamin C, vitamin B1, and minerals abound in potatoes, which are also very digestible [4].
Convection moves heat from the frying area to the potato's surface, and conduction moves heat from
the surface to the interior as the potato is fried. First bubbles to form when potatoes are submerged
in frying medium are the result of the expansion of the tiny amount of air within the potato tissue.
Wet bulb temperature is reached when the surface of the potato starts to evaporate water. Evaporation
centers out and forms a crust on top as frying time goes on. The oil's temperature is equal to the
surface temperature of the potatoes after some time. In many cases, such as pool boiling and flow
boiling, researchers have looked at how the bubble state affects the h value. Natural convection, core
boiling, partial film boiling, and film boiling are the stages that the pool boiling theory outlines as the
temperature differential between the heat source and the liquid saturation temperature increases. In
order for the bubbles to grow to a sufficient size, pockets of vapour form in certain places as
nucleation takes place. Their separation and subsequent upward flow is caused by the buoyancy force.
This method is comparable to frying, with the exception that steam is produced by the potato itself,
not by the heating medium. Evaporation conditions are always changing due to changes in food
temperature and water content; thus, a steady state is impossible to achieve. The formation of bubbles
is influenced by a multitude of factors that change when the water content drops, including surface
roughness, wetting angle, number of nucleation sites, and internal pressure [5].

More than 80% of the energy is transferred into the frying process of potato chips, so optimizing the
design and controls to minimize heat input to the potato slices and reduce thermal losses is the main
goal in terms of energy savings. Frying is a complicated process that can be optimized by keeping
frying times short, maintaining high product quality, and keeping costs reasonable [3].

In order to gain a better understanding of how potato crisps soak up oil while frying, Southern et al.
[6] set out to differentiate between oil absorbed during and after frying. In contrast to crisps cut into
ridges, whose moisture-oil relationship is more closely tied to the trend of their temperature-time
curve during frying, flat-cut crisps have a moisture-oil relationship that is essentially linear within
the range of 0-0.4 oil content on a dry basis [6]. Wu et al. [7] studied the impact of controls on the
moisture and oil content, two critical product qualities, by simulating the dynamic behavior of a
complex continuous frying system. A conjugate 2-D transient model of the fryer was utilized to
establish correlations for oil and moisture content [7]. The model was based on the main fryer control
variables, which included feed oil temperature, potato mass throughput, fryer paddle speed, and crisp
take-out speed. The model took into consideration the impacts of a variable oil convection HT
coefficient [8], and experiments were carried out at oil temperatures of 170, 180, and 190 °C to verify
the model's predictions.

The combustor, heat exchanger (HE), and fryer are the three main parts of a PCR fryer, and their
performance was evaluated using this method [9]. Through the use of exhaust heat recovery and
optimization of other operational and management factors, like exhaust gas recirculation, the frying
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oil is heated from the exhaust gases via the HE, which can be enhanced [10]. The frying oil is heated
by combustion gases that are produced when a gas burner in the combustor burns natural gas with
fresh air and off-gas (fryer vapors). These gases then go through a heat exchanger and are recirculated
through the fryer [11]. Using mass and HT, Baumann and Escher [12] investigated how slice
thickness affected PCR yield and composition. The quality of potato crisps is affected by both the
guantity of moisture and the heat transfer rate, according to the results in the literature [13-15]. As a
result, HT is crucial for determining the quality of food goods in the food industry. By better
understanding and utilizing HT, new HT technology can improve efficiency, customer satisfaction,
and innovation in the potato chip manufacturing process.

Potential for Optimizing Potato Crisping Process

The desired taste, texture, and color of potatoes can be achieved by optimizing the potatoes.
Furthermore, the system's predictive algorithms help ensure that the potatoes are crisp and flavorful.
Therefore, although HT affects the taste, texture, and color of potatoes, it is critical to the success of
the potato-crisping process. In general, this study analyzes the stages of the PCR process from the
selection of raw potatoes to crisps using HT estimation calculations.
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Drying ,

PCR
l Frying

Heat transfer

cleaning

fried potato ¢ VoveLle
potato

1 £

pesling
potato

cutting

m— " potato

Figure 1. PCR process from selection of raw potatoes to crisps

From the broad scope of raw potato selection to the specificity of chip selection, the PCR procedure
is depicted in Figure 1. These processes are as follows: raw potato; separation potato; cleaning potato
with water; peeling potato with water; cutting potato with water; fried potato; and PCR product based
on mass, drying, and frying via heat transfer, as shown in Figure 1.

Methods for Estimating Mass and Heat Transfer with Parameters

The methods of the PCR process can be estimated from mass and heat transfer with parameters. The
mass and HT can be computed from equivalents according to the thermodynamic law equations. The
water boiling temperature of PCR, whose boiling point starts to deviate from 100 °C, can be
calculated using Eq. (1) to Eq. (3) as follows [16].

m;w [g] =M, pdp [g] — My, pda [g] (1)

My wr [g] = Mg pr [g] — My pda [g] (2)
rwf 9]

L ©)
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where m; ,,, is the mass of the initial water [g], m; ,,45, is the initial PCR mass before drying [g], m, paq
is the PCR mass after drying in an oven [g], m,.,, is the mass of the water remained after partial
frying [g], ms s is the PCR mass when frying stopped [g], and 7, is the mass of the water
remaining after partial frying [%].

The moisture content of the PCR can be obtained by estimating the mass loss after drying according
to the 5 scenario estimations. Therefore, the bulk density (BD) can be used to determine the mass of

de-oiled and bulk volume data by estimating the scenario study. BD can be computed using Eq. (4)
[17]:

k e [k
g]_m[g] (4)

m31 " ¥pp[m3]

Pepl

where pgp is the BD of the estimation data [%], m,is the mass of the de-oiled [kg], and Vg is the
BD volume of the scenario data [m3].
The true volume of pre-mass PCR data can be selected from scenario mass according to the estimation

data, as the true density (pg) and porosity (¢pcr) of the PCR can be estimated from Eq. (5) to Eq. (6)
as follows [17]:

kg mg [kg]
Rl = Voime) (®)
dpcr[-1=1- l;i: (6)

where Yy is the BD volume of the true [m3].

The difference of the diameter (ADpcr) and thickness (ALpc-g) degree can be computed for the PCR
process from Eq. (7) to Eq. (8) as follows [17]:

Dipcrlm]-Dfpcrlm]
ADpcr[%)] = ”CRDiPCR[;;CR @)

where D; pcr is the PCR initial diameter [m], and Dy pcg is the PCR diameter [m] at fried time.

ALpcp[%] = Lipcrlm]—Lg pcrlm] ®)

Lipcr[m]

where L; pcr is the PCR initial thickness [m], and D¢ pcg is the PCR thickness [m] at fried time.

The coefficient of the convective heat transfer (hpcz) can be obtained for the PCR production between
the surface and the oil from Eq. (9) as follows [17]:

kW kg Ahw,vap [lk(_é]
hecr [m - [T] ApcrIM21X(Tou~TpcR,0il) [K] ©)
where DR, which is the rate of the drying for the PCR [k’Tg], is equivalent to ‘::DR, Ahy, yap, Which is
DR

the heat of the water vaporization for the process of the fried [:—;], can be 2.473 [MJ/kg] (at 1 atm

pressure), Apcr, Which is the surface area of the PCR, is equivalent to m(Rpcr)?, Rpcg is the PCR
radius at a time [m], T, is the variations of the oil temperature [K], and Tpcg o;; is the PCR oil
interface [K].

In this study, the results of PCR heat transfer were calculated in terms of mass balance and other
parameters, and important points in the PCR process were identified. This study highlights the points
where heat transfer plays a role in the PCR process.

Results and Discussions

The results of PCR heat transfer were ascertained using mass balances and other parameters, and the
key steps in the PCR process were identified. Thus, this study emphasizes the importance of heat
transfer in the PCR process. The mass of the PCR was chosen as 0.006 [kg], the diameter was 0.05
[m], and the thickness was 0.001 [m] in this study, and convection heat transfer modeling was used.
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For the thermal process application, a 500 [s] process was provided, and assumptions were made
based on the literature, with a potato water content of nearly 80%, dry matter content of approximately
30%, and chip moisture content of approximately 1.5 % [16-17].

Energy efficiency in food processing has been the subject of a great deal of research. While large
corporations have been sluggish to implement energy efficiency measures, small and medium-sized
businesses can reduce expenses by 20% [18]. It is possible to enhance the efficiency and decrease the
energy waste of current applications.
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Figure 2. Mass and efficiency of the water remained after partial frying
Figure 2 shows the correlation between the mass and efficiency of water remaining after partial
frying. When the mass exponential slope can be defined the equation as y = 0.2683 ¢%1952% and

R? = 0.9864, the efficiency exponential slope can be defined the equation as y = 0.1304 00873
and R? = 0.9868 (p<0.05).
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Figure 3. True density and porosity of the PCR

Figure 3 illustrates the true density and porosity of the PCR. When the true density exponential slope
can be described the equation as y = 1199.7 ¢%961* and R? = 0.9688, the porosity exponential slope
can be defined the equation as y = 0.2968 ¢%938%% and R? = 0.9849 (p<0.05).
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Figure 4. The coefficient of the convective heat transfer (hpcg) for the PCR production

Figure 4 depicts the convective HT coefficient (hpcgr) for PCR production by scenario curation time
[s]. The PCR product simulation study was used to estimate the convective heat transfer coefficient
in the chip-frying process. Thus, this study demonstrates that accurate and appropriate analyses can
be performed using this type of data when put into practice.
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In Figure 4, the convective HT coefficient can be changed from 2659.1 to 239.3 [mM:K] during time as

500 [s], respectively. According to the literature, the maximum convective heat transfer coefficient
of PCR during vacuum frying dropped significantly from 2650 to 250 [ MZ/ ] Maximum values of the

m=K

HT coefficient varied at different time intervals between 443 and 750 [%] contingent on the oil
temperature and potato geometry [5]. Based on the frying temperature, Yagua and Morea [17] found

that the convective heat transfer coefficient reaches its maximum between 2200 and 2650 [mMZ/K].

As a result, this study encourages the application of constructed, modelled, and simulated data for
PCR. This study also established that the prediction of the HT coefficient by convection is the focus
of this study.

Conclusions

The heating conditions and texture characteristics were explored in depth to determine the effect of
HT on PCR quality. The findings showed that the coefficient of convective HT is essential for PCR
production, whereas it provides nutrients and flavor while aiding the HT. Porosity allows fat to enter
the food, resulting in PCR. A variable oil-convection HT coefficient was taken into account by the
model in the experiments conducted at various oil temperatures. Various convective HT coefficient
expressions can be utilized to evaluate the HT coefficient, as demonstrated by the results. The fryer's
paddle speed, crisp takeout velocity, oil temperature, and potato mass throughput were all taken into
account. In addition to using fossil-based gas, which has a significant impact on climate change, the
research found that immersion frying can raise the calorie and fat content of food. Finding the
convective HT coefficient, improving PCR's energy efficiency, and decreasing energy waste are all
areas that could use more investigation in the future. This study contributes to a better understanding
and clarifies the intricate PCR procedures.
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Nomenclature

Abbreviations

BD bulk density

CFD computational fluid dynamics
CHT conjugate heat transfer

DR drying (rate of the moisture)
HE heat exchanger

HT heat transfer

IR infrared radiation

PCR potato crisping

PEF pulsed electric fields

Symbols and Units

Vsp BD volume of the scenario data [m?3]
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Vg BD volume of the true [m3]

ADpcr difference of the diameter degree

ALpcr difference of the thickness degree

D¢ pcr PCR diameter at fried time [m]

Df pcr PCR thickness at fried time difference of the

D; pcr PCR initial diameter [m]

hpcr coefficient of the convective heat transfer [%]
Lipcr PCR initial thickness [m]

me mass of the de-oiled [kg]

m; pap initial PCR mass before drying [g]

m;y, mass of the initial water [g]

m, paa PCR mass after drying in an oven [g]

My r mass of the water remained after partial frying [g]
Mgy PCR mass when frying stopped [g]

Nrwf mass of the water remaining after partial frying [%]
PBD BD of the estimation data [%]

DR true density [%]

Prcr porosity [%]
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ABSTRACT

Road infrastructure for tourism improvement is primarily meant to better respond to a safe and
comfortable environment for residents and tourists. Regarding roads it means new approach to achieve
value for money objectives and to reduce the administrative effort for road agencies. also, for ensuring
more stable funding for road maintenance and to create incentives for technical innovation and higher
efficiency.

Agencies need to predict the remaining service period of a roads in order to forecast, budget, and plan
for future repairs. The remaining service life concept provided a simple way to do that, often based on
the design of the pavement. In the absence of other information, the design period of the road pavement
might be treated as equivalent to the remaining life. For pavement management purposes, however, the
as-designed road pavement is less significant than the performance and properties of the as-constructed
pavement. It is important that all policy, standards and guidelines for performing asset management
activities are up to date and has adopted and ratified by the government. Legal standards for asset
management activities are important to estimate residual service life or life cycle cost of an asset.
Without legal standards it will b mpossible to compare quality with price.

Keywords: Road network; Maintenance; Rehabilitation; Road pavement.

INTRODUCTION

Today Stepantsminda is the administrative centre of Kazbegi historical-cultural region of Georgia -
“Khevi”. Also, in the historic retrospect other villages in turn were performing the functions of “Khevi”
ceter - “Khevi” Community Council (Council) has been arranged first in the village Satargmno, later in
the villages Garbansa and Sioni. Stepantsminda history comes from the ancient period, as evidenced by
the rich archaeological material discovered in 1877 that is known as "Kazbegi treasure". Treasures are
dated back to First Millennium BC. About two hundred works of Achaemenid art, including a silver
bowl, bronze dishes, fibulas, deer sculpture, the human image, scepter tops were among the treasure.
Items are dated VI-V century BC. Treasure is considered to be one of the largest in the Caucasus region.
According to one of the versions, the toponim Stepantsminda comes from the name of Georgian
Orthodox monk Stephe, who built a monastery in the vicinity of the Georgian Military Highway. Khevi
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region and Stepantsminda are mentioned in the Georgian chronicles rarely, so data on the region dated
back to XVIII century are of the great importance. Officially the village "Kazbegi" was named in the
Soviet period, in 1925. In 1966, the village Kazbegi received a status of township. According to the
Presidential Decree No. 14 of 2006, township of Kazbegi has changed its name and was called
"Stepantsminda”, however, the municipality remained name Kazbegi.

RUSSIAN FEDERATION

STEPANTSMIiNDA

K’QBKHAZEN

~

LECHKHUMI-
MO SVANETI

MTSKHETA-

Black sea IMERET]

KAKHETI
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JAVAKHETI KVEMO KARTLI.

TURKEY

ARMENIA

Figure. 1 - Map of Georgia, with Kazbeqi area

Kazbegi had the special importance from ancient times because of the roads connecting with the north
neighbours. The development of the village Stepantsminda was connected with this roads. In the late
middle ages this roads came under the control the local nobility. The settlements included in one daba
cannot be viewed as one whole in terms of socioeconomic conditions. Stepantsminda and Gergeti
generally differ considerably from other settlements of Kazbegi. While the population of Kazbegi is
greatly dependent upon small-scale agriculture, only sufficient for sustenance, the population of
Stepantsminda and Gergeti is benefitting considerably from the quickly growing tourism sector.

MAIN PART

The main choices for tourism improvement regarding road infrastructure should be oriented to provide
a clear vision that can be integrated into the road component. Roads and streets should be designed and
operated to enable safe, attractive and comfortable access and travel for all users, including pedestrians,
bicyclists, motorists and public transport users of all ages and abilities.

As a result of the available information at the inception stage a number of preliminary notes have been
made in order to highlight issues that may adversely impact the preparation of detail design. These issues
are summarized below for further actions to mitigate the potential impacts they could have in future:

e Poor workmanship of renewed roads;

e Lack of the road maintenance;

« Damages of renewed roads pavement

Based on the above, the following conceptual notes should be taking into account:

Stepantsminda Roads

Roads of Stepantsminda can be divided into two types: Perpendicular to the military road and parallel
to the military road. As an exception can be considered the new access road to hotel.
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Rehabilitation of two perpendicular Roads (Stepantsminda street and Thilisi Street) can be planned with
stones bricks pavement. Parallel roads and the new access road to hotel can be planned to be rehabilitated
with asphalt pavement.

The main plan for Stepantsminda roads is given bellow:

TELE S

R

Figure. 2 — Road Types in Stepantsminda

The existing roads/streets of Stepantsminda can be divided into the two main categories (Types) and
three subcategories:

" Type 1: No action is needed (Turguoise colour)

" Type 2: Full renewal

o Type 2.1: Main Roads

o Type 2.2: Secondary Roads

o Type 2.4: New access Road to Hotels (Purple colour)
" Type 4: Future renewal or New Roads (Grey colour)

The list of the roads/streets for each of the categories (Types) are following:

Type 1 Type 2.1 Type 2.2 Type 2.4

Giorgi Saakadze St. Stepantsminda St.  Ilia II St. New access Road to
Hotels

V.Pitskhelaui St. Tblisi St. Tabidze St.

Baratashvili St. K.Marjanishvili St.

Vaja-Pshavela St. 0O.Gudushauri St.

[.Chavchavadze St. V. Gorgasali St.

Kostava St. Aprili 9 St.

Tamar Mepe St. Old Town roads

Ilia IT St (Until

V.Pitskhehelaun St west)

D.Agmashenebeli St.

Alibegashvili St.

Tergdaleulebi St.

Kazbegi St.

Table 1 - Overview of Stepantsminda roads
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The pavement design for each of the categories can be following:

Type 1 - This classification refers to the streets where no action is not needed - either because they are
in fair condition or there is a plan or renewing them within a few years.

Type 2.1 - 25 cm sand/gravel subbase with a 20 cm base made of aggregate on top of it. These layers
serve as a bed for the pavement surface, made of basalt stone bricks. In order to avoid any problem with
slope, the pavement is enclosed with concrete frame.

Type 2.2 and Type 2.4 - 25 cm subbase sand gravel layer, a Base aggregate layer of 15 cm and a final
pavement layer made by Asphalt concrete hot mix of 4+6 cm as a road surface. The same pavement
design is considered for parking places

Gergeti Roads

Conversely to the roads of Stepantsminda, the roads of Gergeti are arranged chaotically.

The main plan for Gergeti roads is given bellow:

LEGEND:
STREET Tvpes:

TYPE 1 - No Acson jetter In 0 few morthe)

TYPE 2 - FUll recwal [ a0t conerets of peverment surtace)
TYPE 2.1, Man foass

0

TYPE 22, Secondary Roads

TYPE 231, Gargeie Rrest

TYPE 24. Acooss Road 1o Hokdls

TYPE 3 - Rosd rekrtsmbemant {fgsalt beywr on dop)

TYPE 4 - Futas renewal o new macs

Figure. 3 — Road Types in Gergeti

The existing roads/streets of Gergeti can be divided into the three main categories (Types) and one
subcategory:

" Type 1: No action is needed (Turguoise colour)

u Type 2: Full renewal

. Type 2.3: Gergeti’s street (Dark Blue colour)
" Type 3: Surface renewal
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APPLICATIONS
Type 1 Type 2.3 Type 3
Z.Gamsakhurdia St. Erekle IT St. Gergeti St.
Betlemi St. Ketskhoveli St.

Badri Sujashvili St.
Paliashvili St.

D. Guramishvili St.
Ioseb Mokheve St.
Ketevan Tsamebuli St.
Khevisberi St.

Table 2 - Overview of Gergeti roads

The pavement design (According the typical Cross Section) for each of the categories can be following:

Type 1 - This classification refers to the streets where no action is not needed - either because they are
in fair condition or there is a plan or renewing them within a few years. Some examples of this type of
roads are listed below

Type 2.3 - 28 cm of concrete. This layer will lay on top of a 30 cm base surface of crashed material with
CBR>80% and a 30 cm subbase sand-gravel material with a CBR>80%.

Type 3 - Main Street with reinforced concrete pavement (deteriorated) planned to be overlaid by asphalt.
For the renewal a surface layer of asphalt will be placed on top of the existing concrete pavement, acting
this last as a base layer.

Preliminary budget assessment

The cost estimate for rehabilitation and expansion of roads (streets) are given bellow:

Road Type Cost Estimate [EUR]
Stepantsminda St Type 2.1 906,000
Thblisi St Type 2.1 796,000
Ilia 11 St (After V.Pitskhehelaun St east) Type 2.2 373,000
Tabidze St Type 2.2 840,000
K.Marjanishvili St. Type 2.2 140,000
0O.Gudushauri St. Type 2.2 113,000
V. Gorgasali St. Type 2.2 151,000
Aprili 9 St Type 2.2 178,000
Kura St Type 2.2 83,000
Unnamed Road | Type 2.2 65,000
Unnamed Road |1 Type 2.2 49,000
Gergeti St Type 3 222,000
Erekie Il St Type 2.3 19,000
Metshaveli St Type 2.3 86,000
Paliashvili St Type 2.3 144,000
Badri Sujashuili St Type 2.3 67,000
loseb Mokhevis St Type 2.3 54,000
Ketevan Tsamebuli St Type 2.3 69,000
Khevisben St Type 2.3 144,000
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APPLICATIONS
Road Type Cost Estimate [EUR]
D. Guranishivili St Type 2.3 332,000
New access road to hotels Type 2.4 836,000
| New Parking Lots 380,000
Sub-total 1 6,046,000
General items (18%) 1,088,000
Sub-total 2 7,135,000
Contingencies (10%) 713,000
Total (incl. Contingencies) excl. VAT and other duties 7,848,000

Table 3 - Cost estimate of Stepantsminda and Gergeti roads
CONCIUSION

Pavement loading for design purposes is expressed in terms of cumulative Equivalent Standard Axles
(ESA). The total number of ESAs which the pavement is required to withstand during its design life.
Preferability, certain calculations (including bearing capacity of existing subgrade) should be
considered. Also, It is recommended Create a Stepantsminda and Gergeti roads inventory (condition
rating) on the basis of a comprehensive physical survey to determine the overall condition of the roads
(streets) network and identify areas that require renewal or rehabilitation.

Maintenance works are to be carried out in intervals of years, that are of large-scale, and that are aimed
at preserving the structural integrity of the road. This mainly involves activities aimed at rejuvenating
the road surface and carrying out repairs over long stretches of road. Maintenance of road is of a great
importance in this area due to heavy winter conditions.
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ABSTRACT

The development of the textile and clothing industry, including the knitting sector, is oriented towards
digitalisation, sustainability and the circular economy, as the recent International Textile Machinery
Exhibition Itma 2023 in Milan clearly demonstrated. However, digitalisation must not be limited to the
machine level, but must extend to the company and the entire supply chain. Previous Itma exhibitions
have dealt with the challenges of digitalisation and sustainability mostly conceptually, but the latest one
has approached them more concretely by offering tangible solutions that make these two areas an
important part of the textile development strategy and take them to a new level. The circular economy
is crucial to securing a sustainable future for industry and society. Achieving a fully circular economy
in textiles, clothing and knitting requires new technical solutions and it has become clear that the move
towards sustainability and a circular economy also requires the production of equipment that supports
these goals. In addition, the focus on sustainability has expanded from responsible material use, waste
reduction and energy consumption to social responsibility, shifting attention from machines back to
humans. Instead of machine-to-machine communication, the focus is now on machine-to-human or
human-to-machine communication. To return to that starting point, but at a higher level, machine
learning and artificial intelligence support process optimisation, production analysis and monitoring.
The paper offers an analysis of the current status, concepts and directions of development in the field of
contemporary knitting.

Keywords: knitting, digitalisation, circularity, sustainability, internet of things, Al.

1 INTRODUCTION

The development of the textile and clothing industry, including the knitting sector, is oriented towards
digitalisation, sustainability and the circular economy, as the International Textile Machinery Exhibition
Itma 2023 in Milan clearly demonstrated.

Itma is the most important and resonant international exhibition of textile equipment, with a global focus
yet directed towards Europe. In March 2022, the European Commission presented its "EU Strategy for
Sustainable and Circular Textiles." The strategy aims to reduce the environmental footprint of the textile
and clothing industry while recognizing the strategic importance of the textile ecosystem and the need
for investment in innovation, digitisation, knowledge, and skills. It emphasizes the global dimension of
the textile and clothing industry and the need to maintain equal conditions for all stakeholders, regardless
of their production areas. This aligns with broader global trends promoting sustainable practices and
global collaboration. In Europe, a multitude of legislative proposals related to sustainability, as well as
global trade, internal market, standards, labels, etc., are under consideration. The textile industry is
rapidly transitioning from an unregulated to a highly legislated and monitored sector, similar to
industries like automotive and chemical, where legal frameworks are in place to promote sustainability,
environmental protection, and adherence to specific standards. Euratex, the owner of Itma, is actively
involved in this process. The new framework, where quality prevails over quantity and rewards
innovative products, transparency, and sustainability, benefits European textile companies. The real
goals and manageability, quality, compliance, and coherence of this new legal framework are crucial

[1].
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The slogan for Itma 2023 was well chosen: "Transforming the world of textiles: efficient — digital —
circular.” It takes into account global challenges in environmental protection, energy efficiency, resource
management, and technological changes due to digitisation and artificial intelligence [2,3].
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Figure 1. A new strategy for European textile and clothing sector
(https://www.technofashionworld.com/a-new-strategy-for-european-textile-and-clothing-sector-will-
be-adopted-before-the-end-of-2021/)

2 GENERAL DEVELOPMENT IN KNITTING

The development of knitting has, since the last Itma exhibition in Barcelona in 2019, followed the
broader trends in the textile and clothing industry, transcending the previous focus on increasing speeds
and pattern possibilities. In knitting as well, the primary emphasis has been on digitalisation and
sustainability. Many solutions were presented to simplify the process of developing a new product from
creative idea to the final knitted product. These solutions included software designed for designers and
technologists who are not specialists in knitting.
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The characteristic feature of knitting CAD/CAM/CIM systems is the "in-house™ concept. Each
manufacturer of knitting machinery develops its own software for designing and engineering knits and
knitted fabrics. Generic software is rare, and even when available, it is mostly intended for more or less
credible simulations rather than preparing control programs for operating knitting machines. Knitting
machine manufacturers have brought their software closer to users by incorporating generic graphic
programs. This trend was already noted at the previous Itma, with the integration of 3D simulations into
design programs becoming a standard. Knitted structure can be chosen from a database library, assigned
to a specific area of the knitted product, and the final product displayed in high resolution. The design
process is simplified, and comprehensive and in-depth knowledge of knitting is not required for
programming and simulating the knitted product.

Quality 3D simulation eliminates the need for physical prototypes, as simulations can detect errors in
programming or design, allowing for digital corrections. Innovations in software solutions are
inseparably linked with machine and process solutions. Simplification and user-friendliness, transferred
from design software, have extended to the overall machine operation.

Knitting has been evolving in various directions recently. Advanced control systems enable precise
control over process and structural parameters, leading to higher-quality products and greater
traceability of production. The field of producing technical textiles is expanding, and improved yarns
are used for knitting functionalised products. The use of smart and conductive fibers and the design of
knits with electronic functions, such as sensors, heating elements, or wearable technology, are also
significant. There is a noticeable trend towards using sustainable and environmentally friendly raw
materials, such as organic cotton, wool, bamboo viscose, and recycled polyester. This aligns with the
increasing demand for environmentally friendly production processes and products.

Modern knitting machines are designed for high-speed knitting, increasing production efficiency.
Automatisation in various phases of the knitting process reduces manual operations and improves
overall production efficiency. Knitting machines are also geared towards 3D and seamless knitting,
reflecting greater flexibility in the production of knitted products and reducing waste. Manufacturers of
knits and knitwear are rapidly adopting processes aligned with the circular economy [5].

In terms of knitting technology, innovations can be presented in four main categories:

. Advanced materials with a focus on sustainability and innovative, multifunctional, clothing and
non-clothing technical knits and fabrics, applicable in sports, architecture, defense, protection, medicine,
etc.

. The synergy of innovative materials and processes aligned with sustainability goals and
circularity.

. Robotics and artificial intelligence (Al) promoting automatisation and quality control in knitting
processes.

. Digital future with an emphasis on 3D digitalisation, enabling the transformation of the supply
chain and creating virtual clothing to accelerate prototyping and reduce waste [5,6].

3 DIGITALISATION

Itma is, in of itself, a reflection of avant-garde and innovation. Since 2015, the key word has been
"sustainability,” and this year's edition was additionally focused on digitalisation. While the
digitalisation in the textile industry is not a new topic, having been the theme of many previous
exhibitions, the complexity of textile processes and the integration of new technologies into existing
systems have proven more challenging than anticipated. Furthermore, the dynamics of development in
the digital sector are exceptionally rapid, with innovations quickly becoming outdated.

Despite good technical solutions, deficiencies in user relations and the transition to a circular economy
are evident in the field of digitalisation. Digitalisation should not be limited to machine-level but should
extend to the company level and the entire supply chain. Previous editions of Itma mostly approached
the challenges of digitalisation and sustainability conceptually, but the latest one addressed them more
concretely with tangible solutions. Therefore, these two areas remain an essential part of the
development strategy for textiles and clothing, reaching a new level [2-4].
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At the company level, it is essential to implement comprehensive digitalisation strategies encompassing
various areas such as data analysis, artificial intelligence, and the Internet of Things. This can enhance
efficiency, optimise resource allocation, and enable better decision-making processes. In supply chains,
the integration of digital technologies can increase transparency, traceability, and responsiveness.
Blockchain technology, for example, can be used to create secure and transparent supply chain networks,
ensuring the authenticity of products and materials [2-4].

Many companies showcased their own digital platforms at the exhibition, including Karl Mayer, a
manufacturer of flat warp knitting machines, and Stoll, a provider of flat bed knitting machines. The
range of powerful digital tools and systems for capturing, analysing, and meaningfully utilising
extensive amounts of data was exceptionally broad. Individual textile equipment manufacturers use
digital twins as an effective tool for quickly presenting products, flexible production, and efficiency
optimisation based on sophisticated data. Improved sensor technology increases process reliability,
extends equipment lifespan, and enables energy savings [5-7].

key for networking !(M.ON

the machines with the cloud DIGITAL DRIVEN INNOVATION

Figure 2. Karl Mayer digital solutions KM.ON (https://www.karlmayer.com/en/products/kmon-
digital-solutions/)

3 SUSTAINABILITY AND CIRCULARITY

The circular economy is crucial for ensuring the sustainable future of both industry and society. At the
same time, it offers an opportunity to reshape one's own supply chains towards long-term sustainability
and stability. To achieve a complete circular economy in the field of textiles and clothing, new technical
solutions are needed, especially in the areas of reuse and recycling. With the growing demand for
sustainable textile products, it has become clear that the development towards sustainability and a
circular economy also involves the manufacturing of equipment that supports these goals. The
significance of knitting, due to the machine capabilities of fully fashioned and seamless knitting, is very
significant in this field [2-4].

Almost every major textile machinery manufacturer showcased their solutions in recycling at Itma 2023.
In this regard, incentives for networking and collaboration among companies are crucial because
addressing the challenge of recycling can only be achieved through collective efforts, aiming to close
the textile loop in an ecological, economical, and meaningful way. Additionally, the sustainability
domain has expanded from responsible material use, waste reduction, and energy consumption to social
responsibility, shifting the focus from machines back to people [2-4]. Instead of machine-to-machine
communication, the forefront is now machine-to-human or human-to-machine communication. It's a
return to the beginning but at a higher level. Machine learning and artificial intelligence support process
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optimisation, production analysis, and monitoring. Artificial intelligence can predict machine
breakdowns by constantly analyzing data and anticipating issues using sensors and other sources. It
monitors key processes in real-time and automatically implements appropriate control measures.

Figure 3. Shima Seki Wholegarment idea development
(https:/iwww.shimaseiki.com/wholegarment/business/#what)

SETE A

-

Figure 4. Example of a seamless garment produced on aStoll knit&wear knitting machine
(https://www.stoll.com/en/)

4 CONCLUSIONS

The state of modern knitting indicates ongoing shifts and innovations. Technologies and concepts are
further aligning towards sustainability and Industry 4.0. Digitalisation has become crucial, as
underscored at the recent Itma exhibition in Milan. The complexity of knitting processes, where new
technologies are integrated into existing systems, demands comprehensive approaches to digitialisation
at all levels, from machines to entire supply chains. Digital technologies enable precision, flexibility,
and optimisation of production processes. Improved sensor technology and the use of artificial
intelligence also aid in quality control, process optimisation, extending the lifespan of machines, and
energy conservation.

FULL TEXTS BOOK
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The approach to innovation has evolved and is in harmony with sustainability. Knitting machine
producers are no longer just offering entirely new machine models but updates and adaptations of their
most successful knitting machine models, particularly solutions that allow for the upgrade of existing
models. This could be perceived as a lack of innovative solutions, but it could in fact be a sustainable
concept to extend the lifespan of existing machines and prevent the existence of graveyards of old
knitting machines.

The future of modern knitting is trending towards the complete integration of digital technologies at all
levels, from product design to production and distribution. Continuous tracking and adoption of new
technologies will be crucial for companies' success in this rapidly changing environment. Sustainability
will remain a key focus, with companies seeking innovative ways to reuse materials, recycle, and reduce
environmental impact. Collaboration between companies and startups bringing fresh ideas will play a
significant role in shaping the future of knitting. Success in modern knitting will be based on a
combination of digitalisation, sustainability, and innovation. Understanding and embracing these
concepts will be crucial for maintaining competitiveness and sustainable development in knitting.

Even more importantly, the focus has shifted from machines back to humans. Machine-to-machine
communication (M2M) facilitated by the development of information and communication technologies
has shifted towards communication between machines and humans. Perhaps, alongside the promotion
of social responsibility and fairness, this leads to the humanisation of Industry 4.0.
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ABSTRACT

Addressing the urgent challenges of resource depletion and climate change require the adoption of
sustainable practices in production and consumption. The adoption of lean practices in manufacturing
can lead to a more efficient, cost-effective, and sustainable operation, ultimately benefiting both the
company and its customers. Lean practices focus on identifying and eliminating various forms of waste,
such as overproduction, defects, waiting time, excess inventory, unnecessary motion, and transportation.
This leads to streamlined processes and reduced resource consumption. This study explores the
application of lean tools to reduce waste in manufacturing processes, employing techniques such as
value stream mapping, capacity planning, and kaizen in a home appliance company specializing in
refrigerator production. The examination of nine stations reveals significant reductions in lead time
(25%), over processing (2.2%), and transportation (22.9%) within the production process. The
utilization of lean tools offers valuable insights, promoting effective resource utilization and cultivating
a lean culture in the industry. The results indicate the potential for reduced waste in support of
sustainable manufacturing and consumption practices for the circular economy. This study contributes
to increased efficiency, reduced waste, and improved overall performance in the home appliance
industry.

Keywords: Lean tools, Sustainable manufacturing, Value Stream Mapping, Waste reduction,
Performance improvement

1. INTRODUCTION

In today's economic world, organisations seeking long-term survival and conservation of the
environment must integrate sustainable practices into production operations. This study focuses at how
Value Stream Mapping (VSM) can be used as a strategic tool for establishing sustainable manufacturing
processes in a home appliance company. Companies that use VSM can uncover inefficiencies, reduce
waste, and improve overall operational sustainability (Singh, Garg, & Sharma, 2011). This case study
examines Pakistani local industry's manufacturing of refrigerators. A refrigerator's production process
consists of 11 stations (Figure 1), including the T-1 Sub-Assembly, U-Bending Machine, Cabinet &
Door Thermoforming, Cabinet Pre-Assembly, Door Pre-Assembly, Cabinet-After Foaming, General
Assembly Line, and Packing Station. It has been demonstrated that value stream mapping works
significantly for lowering production costs and delivery times (Pan, Feng, & Jiang, 2010). There are
seven types of production waste, such as over-production, delays, over-processing, transportation,
inventory, motion and defects (Indrawati, Azzam, & Ramdani, 2019).
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Figure 1: Process Flow of Refrigerator Manufacturing in a local Industry
Value Stream Mapping and Sustainable Manufacturing

Value Stream Mapping is a Lean-based visual tool used to analyse and optimise manufacturing
processes (King & King, 2015). In the context of sustainable manufacturing, VSM extends its
application to identify and reduce environmental problems, aligned with global efforts towards
ecological responsibility (Faulkner & Badurdeen, 2014). This methodology enables an extensive
comprehension of the entire manufacturing process, from raw material acquisition to product delivery,
and reveals potential for improvement in energy efficiency, waste reduction, and resource utilization
(Devi, Arunachalam, & Gunasekaran, 2018).

Addressing Environmental Challenges

Home appliance manufacturing inherently poses environmental challenges, including resource-intensive
production processes and the generation of electronic waste. VSM enables companies to pinpoint
specific areas of concern within their value streams, such as excessive energy consumption,
overproduction, and inefficient material flows (Hartini, Ciptomulyono, Anityasari, Sriyanto, &
Pudjotomo, 2018). By identifying and addressing these issues, companies can significantly reduce their
carbon footprint and contribute to a more sustainable future (Hischier, Reale, Castellani, & Sala, 2020).

Refrigerator demand grows at an exponential rate every year. In order to reduce production waste and
losses, factories must implement a sustainable manufacturing strategy. Transportation, overprocessing,
equipment breakdowns, longer lead times, inefficient layouts, and unbalanced processes all contribute
to the losses. The aim of this study is to address waste in refrigerator production by visualising every
critical process involved in refrigerator manufacturing using lean techniques such as value stream
mapping (VSM).
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METHODOLOGY

VSM:

The first step in this study is the Current State e
Map in Value Stream Mapping (VSM) involves
creating a visual representation of the entire
process of refrigerator manufacturing as it
exists currently. After creating the Current State
Map, the next step is to identify wastes using
Lean principles. This step aims to pinpoint
areas of inefficiency and waste in the current
processes. Once wastes are identified, an
improvement plan is developed. This plan
outlines specific actions and initiatives to
address and eliminate the identified wastes.
After implementing the improvement plan, a
thorough analysis is conducted to assess the
impact of the changes. At the end Future State
Map is created. This map represents the desired,
optimized state of the value stream for
refrigerator manufacturing. It incorporates the
improvements identified in the improvement

plan, aiming for a more efficient, streamlined,
. . Future State Map
and value-driven manufacturing process as

shown in Figure 2.

Identify Wastes

Improvement Plan Revision

Figure 2: Methodology

VSM: Current State Map

The current state map for refrigerator manufacturing using Value Stream Mapping (VSM) involves
visually representing the entire process from raw materials to the delivery of finished products (Manos,
2006). The current lead time of refrigerator manufacturing is 241 minutes. Figure 3 is a current state
map of the VSM of refrigerator manufacturing:
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Figure 3: VSM: Current State Map of Refrigerator Manufacturing

DATA ANALYSIS
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According to the current Map, Transportation time of T-1 Sub-Assembly station and Booster Line with
other stations is high Similarly, overprocessing time at various stations is also involved, as shown in

Figure 4.

Station-wise Current Process Analysis
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Figure 4: Station-wise Current Process Analysis
Reduction of Transportation Time:

Transportation time can be reduced through layout redesign. Changing the existing layout is a
challenging and risky task for an industry. But there are potential opportunities to relocate T-1 Sub-
Assembly and Booster Line to reduce their transportation time without relocating heavy machinery.
Systematic Layout Planning (SLP) is a technique used to redesign the existing layout.Through this
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technique, a potential site is identified to locate the T-1 sub-assembly and booster line to reduce
transportation time.
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Figure 5: Existing Layout of Local Refrigerator Manufacturing
Systematic Layout Planning (SLP) Method

Systematic Layout Planning (SLP) is a way for creating effective and efficient layouts for facilities
such as manufacturing plants, offices, and service centres. SLP is a systematic and step-by-step approach
developed by Richard Muther in 1956 that tries to optimise the layout of physical spaces to improve
workflow, communication, and overall operational efficiency (Elahi, 2021; Muther & L., 2015).

The first step in SLP method to identify Activity Relationship Chart (Figure 6). In this study the
interaction between each station is the flow of materials per hour.

Activity Relationship Chart
Station From/To| 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Sub Assembly 1 - 300 300 100 | 700
Booster Line Station 2 - 100
U-Bending Station 3 - 100
Cabinet Thermoforming 4 - 100
Cabinet Pre Assembly 5 - | 100
Cabinet Foaming 6 - 100
Door Thermoforming 7 - | 100
Door Pre Assembly 8 - | 100
Door Foaming 9 - 100
Cabinet After Foaming 10 - | 100
General Assembly Line 11 - 100
Packing Station 12 -

Figure 6: Activity Relationship Chart

The second step is to determine the Closeness Rating. Relationship scores have been calculated and
assigned based on the efficient flow of materials and the importance of adjacency between operations.
Figure 7 shows that the flow of material and interaction between the Sub-Assembly Station and the
General Assembly Line (1 to 11 in Figure 7) is the highest among all stations with a rating of A
(Absolutely Necessary), so it is suggested that the T-1 Sub-Assembly Station be located adjacent to the
General Assembly Line to reduce transportation time. Material flow (1 to 5) between Sub-Assembly
and Cabinet Pre Assembly is rated E (Especially Necessary). Similarly, material flow between Sub-
Assembly and Door Pre Assembly (1 to 8) is rated E (Especially Necessary), and ineractions between
the other stations are rated | (Important).
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Total
From/To | Flow Rating
1to5 3 E
1to 8 3 E A: Absolutely Necessary
1t010 1 I E: Especially Important
1to1l 7 A I: Important
2t05 1 I
3to5 1 |
4105 1 I
5to6 1 I
61to 10 1 I
7t08 1 |
8to9 1 |
9to 11 1 I
10to11 |1 I
11to12 |1 |

Figure 7: Closeness Rating

The local industry for refrigerator manufacturing that is used in this study has an abandoned old door
foaming machine that is idle and out-dated. It is suggested to dismantle and replace it with a T-1 sub-
assembly station. Due to the improved layout (Figure 8), the transportation time of the T-1 sub-assembly
is reduced from 85.6% to 32.8%.
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Reduction of Overprocessing:

When a product undergoes more effort or processing than is necessary, it is referred to as over-
processing. This adds value that the customer does not need or is unwilling to pay for. This waste is an
example of unnecessary effort that uses resources and doesn't contribute to the final product's
functionality or quality. Over-processing is shown in Figure 4 at various stations. Over-Processing can
be reduced through Kaizens or can be reduced by eliminating that activity completely until it does not
affect the process.

Figure 10: Kaizen: Cabinet :Assembly Line

The above figures (Figure 9, Figure 10) show the small improvements made through Kaizens that reduce
the over-processing time. Through Kaizen, overall over-processing time is reduced from 7.2% to 5.0%.
VSM: Future State Map

Based on the implementation of the improvement plan as discussed in the methodology, an optimal
future state map is created (Rother & Shook, 2003) (Figure 11). The lead time of refrigerator
manufacturing from raw material to finished good is reduced from 241 minutes to 180 minutes.
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Figure 11: VSM: Future State Map of Refrigerator Manufacturing

RESULTS AND DISCUSSION

The results indicate substantial improvements in the efficiency of the refrigerator manufacturing
process. Transportation time, which previously accounted for 29.6% of the total process time, has been
significantly reduced to 6.7% after the implementation of redesign the layout (Figure 12) , reflecting a
streamlined and more effective transportation among the stations. Over-processing time has also seen a
notable decrease from 7.2% to 5.0%, indicating successful efforts to eliminate unnecessary processing
steps and optimize resource utilization (Figure 13). Furthermore, the lead time has undergone a
significant reduction from 241 minutes to 179.7 minutes (25%), indicating a more agile and responsive
workflow (Figure 14). These improvements collectively suggest a successful initiative in eliminating
waste, enhancing process flow, and ultimately achieving a leaner, more efficient and sustainable model.

Transportation Time Over-Processing Time
35,0% 2o 6o 8,0% 72%
30,0% C7 7,0%
6,0%
25,0% 0 5,0%
5,0%
20,0%
4,0%
15,0%
3,0%
10,0% 6.7% 2.0%
5’0% . 1YO%
0,0% 0,0%
Transportation Time Transportation Time Over-Processing Over-Processing
(Before) (After) (Before) (After)
Figure 12: Transportation Time Figure 13: Over-Processing Time
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Lead Time (Minutes)

300,0

250,0 241,0

200,0 179,7
150,0
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Figure 14: Lead Time
CONCLUSION

The Value Stream Mapping is a dynamic and holistic approach that empowers organizations to
systematically improve their processes, eliminate waste, and create value for both the organization and
its customers. It serves as a foundational tool in the pursuit of operational excellence and continuous
improvement. The application of Value Stream Mapping in a home appliance company not only
enhances operational efficiency but also plays a pivotal role in achieving sustainable manufacturing
practices. The integration of Lean principles with sustainability objectives creates a pathway for the
company to thrive in a competitive, environmentally conscious market while contributing to long-term
ecological and economic sustainability.
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OZET

Derin deniz madenciligi sahip olduklar1 biiylik mineral rezervuari nedeniyle ((hidrotermal siilfiirler,
polimetalik nodiiller ve manganez kabuklar), gaz-hidratlar ve biyolojik-biyoteknoloji ile nadir toprak
elementleri (NTE)), yiiksek teknoloji, savunma uygulamalarinda kullanilan metalik yataklar ile yesil
teknolojiler, iletisim sistemleri ve eko-endiistri i¢in metaller ve minerallerde artan gereksinimi
karsilamasi s6z konusudur.

Bu ¢alismada bu gereksinimle gelinen derin deniz madencilik uygulamalarinin mekanik siireci ve
cevresel etmenler incelenmistir. Derin deniz madenciligi insan faaliyetleri nedeniyle tortu bulutlarinin
olugmasinin énemli bir ¢cevresel risk kaynagi olarak bilinmektedir. Derin deniz bentik faunasi igin tehdit
olusturmaktadir. Siingerler, derin deniz ekosistemlerinin onemli bilesenleridir ve ozellikle yiiksek
askida tortu konsantrasyonlarina karsi hassastirlar. Derin deniz ekosistemlerinde yasam; diisiik sicaklik,
yok denecek kadar az giines radyasyonu ve son derece yiiksek basing altindadir. Bu durum asir1 zayif
ortam karakterizasyonu saglar ve teknolojik kisitlamalar olusturur.

Derin deniz cevherlerini tasimanin en umut verici yolu yiizeye dikey hidrolik (VHT) tasimadir. VHTnin
dinamik performanslari iizerine ¢ok sayida ¢alisma hesaplamali akiskanlar dinamigi ve ayrik elemanlar
metodu (CFD-DEM) ile yapilmaktadir. Karmasik okyanus akintilar1 ve kirilgan ekolojik nedenlerle
derin deniz ortamu ileri teknoloji ekipmanlarin gelistirilmesini zorunlu kilmstir.

Yakin gelecegin enerji kaynaklar alisilagelmedik hidrokarbon kaynaklar olarak nitelendirilmektedir.
Daha fazla su derinligine sahip alanlarda gelisen sondaj teknolojisi sayesinde erisim saglanabilir olmasi
ozellikle etrafi denizlerle kaph ilkeler i¢in sondaj gemisi iiretim teknolojilerinin gelisimini 6n plana
cikarmaktadir. Bu tiir liretim teknolojileri ekosistemini olusturan {ilkeler her cografyada dogal kaynak
arayan llkelerdir.

Anahtar Kelimeler: Cevresel etmenler, derin deniz madenciligi, maden makinalari

ABSTRACT

Deep sea mining, due to the large mineral reservoirs they have ((hydrothermal sulphides, polymetallic
nodules and manganese shells), gas-hydrates and biological-biotechnology and rare earth elements
(REE)), high technology, green technologies with metallic deposits used in defense applications,
communication It is possible to meet the increasing need for metals and minerals for industrial systems
and eco-industry.

In this study, the mechanical process and environmental factors of deep sea mining applications that
meet this requirement are examined. Deep-sea mining is known to be a significant source of
environmental risk due to the formation of sediment clouds due to human activities. It poses a threat to
deep-sea benthic fauna. Sponges are important components of deep-sea ecosystems and are particularly
sensitive to high suspended sediment concentrations. Life in deep sea ecosystems; It is under low
temperature, almost no solar radiation and extremely high pressure. This provides extremely poor
environmental characterization and creates technological limitations.
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The most promising way to transport deep-sea ores is surface vertical hydraulic (VHT) transportation.
Many studies on the dynamic performances of VHT are carried out using computational fluid dynamics
and discrete element method (CFD-DEM). Due to complex ocean currents and fragile ecological
conditions, the deep-sea environment has necessitated the development of high-tech equipment.

The energy sources of the near future are described as unconventional hydrocarbon resources. The
availability of access thanks to the developing drilling technology in areas with greater water depth
brings to the fore the development of drilling ship production technologies, especially for countries
surrounded by seas. Countries that form this type of production technologies ecosystem are countries
that seek natural resources in every geography.

Keywords: Environmental factors, deep sea mining, mining machinery

GIRIS

Derin deniz mineral kaynaklar1 insanhigin kesfedilmemis bir hazinesidir. Derin deniz madenciligi,
giintimiiz kosullarinda zorlayici durumlar ve problemlerin yenilik¢i teknolojik disiplinlerin bir arada
caligmasiyla sonug alinabilecek ve son derce stratejik dneme sahiptir. Derin deniz kaynaklar1 karasal
kaynaklar i¢in potansiyel bir alternatiftir (Hoagland ve digerleri, 2010). Polimetalik nodiiller, 6zellikle
dogu ekvator Pasifik Okyanusunda 4000—6000 m su derinliklerinde bol miktarda bulunur. Gelecekteki
derin deniz madenciliginin muhtemel hedefi bu alan (Glover ve Smith, 2003) olarak goriilse de gelisen
teknolojik imkanlar bir¢gok sahada madencilik yapilabilecek kaynak varligini ortaya koymaktadir.
[statistiklere gore, toplam tiim biiyiik okyanuslardaki polimetalik nodiillerin miktar1 yaklasik 500 milyar

ton ve potansiyel siilfiir kaynagi ise 1,4 milyar ton olarak belirlenirken ekonomik degeri yaklasik 385,3
milyar ABD dolar1 degerindedir (Teague vd., 2018).

Bu maden sektoriiniin stratejik Onemi son zamanlarda gelistirilen elektrikli otomobillerin
bataryalarindaki hammadde igerigi ile teknolojik bir¢ok cihazda kullanilan nadir toprak elementleri ve
yenilenebilir enerji kaynak materyallerine olan ihtiyactir. Devlet hibe programlarinda elektrik
bataryalari i¢in destek alinabilir ve fabrikalar kurulabilir. Ama hammadde de disa yiiksek bagimlilik s6z
konusudur. Cin nadir toprak elementlerinde diinya kara rezervinin %85’¢ varmasi nedeniyle tekel
konumuna ge¢mektedir. Gelismis diger iilkeler i¢in yakin gelecekte bu durum stratejik bir sorun
dogurabilir.

ARASTIRMA VE BULGULAR
Derin Deniz Madenciligi

Son gelismelerle birlikte, derin deniz madenciligi metodlarin1 denizalti siiriikleme kovali madencilik
sistemi, siirekli hat kovali madencilik sistemi (Masuda vd. 1971), mekik teknesi madencilik sistemi
(Rajesh vd. 2011) ve pompali boru hatti kaldirma madenciligi sistemi (Sharma, 2017) olmak iizere dort
ana sistemde toplayabiliriz. 1960’11 yillarin ilk ¢eyreginde denizalti siiriikleme kovali madencilik sistemi
Amerika Birlesik Devletleri'ndeki OMI operasyonu tarafindan tasarlanmistir. Kontroliiniin zor olusu
verim disiikliigiine neden olmaktadir. Ardindan, Japonya’da siirekli hat kovasi (CLB) madencilik
sistemi gelistirildi. CLB sistemi kolay, diisiik maliyetli olmasina ragmen kovalarm isleyisi liretim
sirasinda zaman zaman i¢ i¢e girerek tretimi diigiirmektedir. 1970°1i yillarda hareket kabiliyetini
artirmak i¢in, mekik gemi madenciligi sistemi gelistirildi, ancak yiiksek enerji ve yakit maliyeti
nedeniyle ¢cok gecmeden pompali boru hatti madencilik sistemine gecilmistir. Boru hatti cevher
kaldirma madenciligi sistemi giiniimiizde pratik uygulamadaki yeri (Wu vd. 2020) ve sundugu
potansiyel nedeniyle evrensel bir yontem olarak kabul edilmektedir. Ayrica bu metotlara ek olarak yakin
gelecegin enerjisi olarak kabul edilen gaz hidrat yataklarinin derin deniz ortaminda bulunmasi nedeniyle
deniz dibi sondaj faaliyetleri ile test ve isletim siirecleri glinlimiizde derin deniz madencilik faaliyetleri
arasinda yer almaktadir.

[k uygulamalar1 1978 yilinda derin deniz tabanindan ilk siirekli pilot dlgekli iiretim (Bath, 1989) Pasifik
Okyanusu'nun tabanindan gelen manganez nodiillerinin (OMI pilotu madencilik testi) INCO, DOMCO,
AMR gibi dort biiyiik uluslararasi konsorsiyumun birlesimi ve SEDCO manganez nodiilleri toplamak
i¢in gerceklestirmistir (Chung, 2005). Toplayici ekipman malzemeleri ve nodiilleri siipiiriir ve oldukga
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yumusak deniz zemininde ilerler. Kaldirma sistemi daha sonra toplanmis nodiil ve malzemeleri destek
kabina bir pompa ve boru yardimiyla destek gemisine iletir. Destek gemisi malzemeyi siniflandirir ve
ise yaramayacak malzemeyi denize doker, mevcut cevher ise depolanir veya giiniimiizde gelistirilmis
destek gemilerinde islenebilir. Sekil 1’de agiklanan tiim derin deniz {iretim metotlarina yer verilmistir.
Sha vd.,2023 ve Shen vd., 2022 gibi bir¢cok arastirmaci derin deniz madenciligi ¢alisma kosullarini
gosterir sekiller hazirlamustir.

Destek
Gemisi

Sekil 1. Derin deniz madenciligi uygulama sistemleri
Teknolojik Gelismeler

Zayif olan zemin kosullar1 derin deniz madenciligin en 6nemli problemlerinden biridir. Bunun i¢in derin
deniz maden makineleri yumusak deniz tabaninda ¢alisacak sekilde tasarlanmalidir. Gliniimiizde hareket
sirasinda deniz tabanini sikistirmak igin 6zel palet kayislara ihtiyag duyuldugu bilinmektedir. Paletli
Maden Araci (Crawler Mining Vehicle -CMV) birinci nesil ticari derin deniz madencilik araci olarak
kabul edilir (Liu vd. 2014; Wang, 2015). Dogrusal olmayan reolojik dzelliklere dayali deniz tabani, Dai
vd. (2015) matematiksel bir model olusturulmustur. Adomian ayristirma yontemiyle (Qi vd. 2019) ¢ekis
kuvveti, hiz ve zaman iliskisi elde edilmistir.

CMV'nin dinamik 6zellikleri yol-sediment siiriisii, stabilite ve ¢aligabilirlik agisindan ¢ekis performansi
derin deniz madencilik ¢alismalar1 agisindan oldukg¢a dnemlidir. CMV ile ¢alisma ortami (su kolonu
akimlari, yiizey dalgas1 akimlari, i¢ dalgalar vb.) ve yiikseltici titresimi arasinda ¢ok modlu etkilesim
icinde bulunur. Derin deniz sedimentleri yiiksek basingli tuz igeren ¢okelme ortamlart nedeniyle;
fizikokimyasal 6zellikleri, orijin ve mikro yap1 agidan si1g denizel ve karasal topraklardan farklilik
gosterir. Bu durum kararsiz stabil olmayan yol-sediment ¢alisma alani saglar ve darbe korozyonunu
CMV'nin hidrodinamik &zelliklerini etkiler. Kurulum sirasinda derin deniz madenciligi sistemlerinde
yogun harekete veya 180° biikiilmelere neden olabilir (Sun vd., 2022). Makinelerinin tirnaklarina
yapigan derin deniz topragi madencilik verimliligini azaltabilir. Kendi kendini temizleyebilmesi i¢in
nano-silika malzemeler kullanilarak derin deniz sedimanlarinin yapisma 6zelliklerine ayrik teorisine
dayali olarak biyonik oluklu tirnak yapilar eklenmektedir (Ma vd., 2023). Derin deniz madenciliginde
dinamik hareket kontrolii, yol kontrolii, navigasyon ile kendi kendine konumlandirma ve derin deniz
operasyonuna uyum saglamayi amacglayan konumlandirma kontroliindeki iyilesmeler son on yilda
gergeklesmistir.

Derin deniz madenciligi pompalari, kaba pargaciklar iceren bulamaci tasir. Okyanus dalgalarinin neden
oldugu kaldirma hareketi, yiikseltici duvarinda uzunlamasina stres dalgalarina neden olur. Boylece
maden yumrulari boru tikanmalarina neden olur. Bu bulamag yiiksek konsantrasyonu nedeniyle camurlu
malzemenin en ¢ok problem olusturdugu yer emis pervaneleridir. Cark emisinde bu problemi asabilmek
boylece tasima kosullarini iyilestirmek i¢in ti¢ ayr1 uzunlukta (50, 100, 150 mm) eksenel olarak monte
edilmis ayiric1 plakalar kullanilmaktadir. Gerek parcacik tasima Ozelliklerinin gerekse hidrolik
performansinin iyilestirme ve karsilastirmasi derin deniz madenciligi pompasi CFD-DEM sayisal
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simiilasyonu ile incelenmektedir. Deng vd., 2023’ te yapmis oldugu calismada partikiill dagilima,
konsantrasyon dalgalanmalari, akis alani, yiik kaybi1 ve giris hizi vb. parametreleri incelendiginde 100
mm ayirici plakalarin tek basia yeterli olabilecegi belirlenmistir.

Sedimanlarin mekanik parametrelerinin yani sira iz kosullar1 da ¢ekis performansini oldukca etkiler.
Cekis, palet tasarim 6zelliklerine bagli olarak (malzeme, palet disi yiiksekligi, egim acisi, palet disinin
sekli vb.) farkliliklar gosterir (Leng vd. 2021). Cevher tasimaciligi derin deniz madenciliginde mevcut
kosullar geregi kilit konulardan biri olarak kabul edilir. Cesitli cevher tagima yontemleri arasinda, dikey
hidrolik tasima (VHT) en umut verici olanidir ve yakin gelecekte ticari iiretimde kullanilabilir (Wang
vd. 2022). Deniz suyuyla dolu borular avantaja gevrilerek, cevherler yukari dogru akisla kaldirilir.
Verimliligi ve giivenligi artirmak i¢in toplanan karistm 20~50 mm cevher boyutuna hazirlanarak,
hidrolik tagima sistemine dahil edilir. Boru hattinda yer alan pargaciklarin basing diisiisli ve dinamikleri
gibi miithendislik problemlerini bertaraf etmek i¢in, deniz suyu ve cevherlerden olusan i¢ karisim akisi
ile parcacik 6zellikleri dikkate alinarak ¢oziim saglanmistir.

Olas1 Cevresel Etki

Canl tilirtiniin %97’sinin bulundugu 6ngoériilen derin denizlerde manganez (polimetalik) nodiiller gibi
mineral kaynaklar agisindan timit vaat eden alanlar, kobalt agisindan zengin kabuklar ve hidrotermal
menfezler kesfedildi. Derin okyanus yataklarindaki maden kaynaklarinin isletilmesinde artan ekonomik
ilgi, hidrotermal menfezler gibi hassas-zengin habitatlarin yakininda son derece yiiksek riskler ve endise
uyandirir. Diinyanin bir¢ok yerinde derin deniz, ¢ok sayida antropojenik kirlilik barindirir ve bunlara
yakinda kontrolsiiz madencilik uygulamalari da eklenebilir. Derin deniz alanlarin madencilik ¢aligmalari
sirasinda etkilerin 6lgegi ve dogasi su anda sinirli ¢aligma nedeniyle bilinmemektedir (Santos vd. 2018).

Derin deniz ortami diyatomlar gibi hafif, radyolaryanlar, siinger kemik igneleri ve digerleri gibi
gbzenekli ve kirillgan mikrobiyal kalintilari barindirir. Bu kalintilar, yiiksek basinghi ve yiiksek tuz
biriktirme ortami nedeniyle derin deniz sedimentlerin mikro yapilarinin temel igerigini olustururlar.
Derin deniz madenciliginin olasi ilk akla gelen deniz sediment yiizeyin bozulmasi ve sediman tabakasi
ve mobilize sedimanin genis alanlara dagilmasidir. Derin deniz ekosistemindeki tortul sistemler, deniz
tabanina ulagan partikiil organik maddelerle beslenir (Schulz ve Zabel, 2006). Toplayici arag, yiikseltici
boru, iiretim destek gemisi ve donils borusu, nodiil kaldirma gibi islemleri kapsayan derin deniz
madenciligi toplayici ve susuzlastirma dumanlarini igerir. Askida kalan tortu, hayvanlarin tat, koku ve
goriigiinii engelleyebilir, beslenme ve solunum organlarini tikayabilir ve berrak sulara aligkin deniz
tabanindaki yagami bogabilir. Siingerler, derin deniz ekosistemlerinin énemli bilesenleridir ve 6zellikle
yiiksek askida tortu konsantrasyonlarina karsi hassastir (Mobilia vd. 2021). Belirtilen tiim bu nedenlerin
risk etkilerinin belirlenmesi, tortu bulutlarindaki pargacik boyutu dagilimimin belirlenmesi modelleme
caligmalart agisindan oldukg¢a dnemlidir.

Derin deniz tabaninin uzun siire cansiz oldugu diisiiniilse de, giiniimiizde yiiksek basinca ve mutlak
karanliga uyum saglamig benzersiz organizmalarla dolu oldugunu bilinmektedir. Deniz tabanindaki bir
faaliyetin riskinin belirlenmesi igin, bentik habitatlar ve topluluklar1 hakkinda bilgi ve ayrintili galigma
gerekir. Derin deniz yataginin ancak %10' undan daha az1 (https://www.pewtrusts.org) buradaki yasami1
ve ekosistemleri, okyanus tabaninin yapisinin ve igeriginin temel Ozelliklerini anlayacak sekilde
haritalanmigtir. Birgok hidrotermal menfez tiirii belirli bir bolgeye 6zgiidiir. Bu nedenle habitat kaybi,
habitatin devamlilig1 i¢in ciddi bir risk olusturabilir. Derin deniz madenciligi uygulama deney
caligmalarindan 1989'da Peru agiklarinda yapilmistir. Bilim adamlart 2015'te o bolgeye geri
dondiiklerinde, baz tiirlerin hala tam olarak iyilesmedigini raporlamislardir (Lledé vd., 2019). Bentik
topluluklarin biyokiitlesi ve ¢esitliligi gli¢lii varyasyonlar, tortu bilesimindeki hidrodinamik farkliliklar
ve bolluktaki potansiyel ile dogrudan ilgilidir (Costello ve Chaudhary, 2017). Kobalt¢a zengin
ferromangan kabuklarinin, yiliksek bir bentik organizma ¢esitliligine sahiptir (Schlacher ve digerleri,
2013; Morgan vd. 2015).

Uluslararas1 Deniz Yatagi Otoritesi (ISA) veri toplama (ISA 2020) ve yap1 i¢in tavsiyeler ile CED
raporlarinin icerigi (ISA 2017) ve gelismekte olan yonetmelikler (ISA 2018) yaymlanmistir. Bir {ilkenin
sinirlar1 dahilinde deniz yatagi madenciligi i¢in Miinhasir Ekonomik Boélge (MEB) veya diger ulusal
yargi bolgeleri, ulusal diizenlemelere uyulmalidir. Derin deniz madenciligine karsi oldugunu beyan eden
Yeni Zelanda gibi Fransa, BM Iklim Degisikligi Konferansi"nda (COP27) derin deniz madenciliginin
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yasaklanmasi c¢agrisi yapmustir. Fritz vd. (2023)’te yaptiklari ¢alismada derin deniz madenciliginin
dogrudan iklim degisikligine etkisinin veri azlig1 nedeniyle belirleyici olamayacag: yoniindedir. Bu tiir
bilgiler genellikle derin deniz faaliyet alani i¢in eksiktir (Kaikkonen vd. 2018).

TARTISMA VE SONUC

Derin deniz mineral kaynaklar1 dort kategoride; manganez nodiilleri, hidrotermal menfezler, kobaltca
zengin kabuklar ve gaz hidratlar olarak siniflandirilabilir. Derin deniz madenciligi gliniimiiz ekipman
ve araglar; gemi, rijit boru, tampon, hortum ve hortumun baglandig1 hareketli deniz araci seklinde yer
alir. Geminin okyanus ve i¢ dalgalar sebebiyle hareketi ve su derinligi arttik¢a karsilasilan manevra
problemleri ampirik, sayisal ve uygulamanin (saha denemelerinin) 6nemini oldukg¢a hissedilir
kilmaktadir. Simdiye kadar Cin, Amerika Birlesik Devletleri, Almanya, Fransa, Japonya, Giliney Kore
derin deniz madenciligi iizerinde teorik ve deneysel ¢ok sayida arastirma ytiriitmiistiir.

Derin deniz madenciligini uygulamadan 6nce cevresel olasi etkilerin dnlenmesi veya bu etkileri
hafifletmek i¢in derin deniz alanindaki biyolojik topluluklarinin zaman, mekan ve dagilim bilgileri ile
derin deniz uygulamalarina kars1 ne kadar dayanikli olabilecegi ve iyilesme siire¢ bilgilerinin yani1 sira
derin deniz madencilik ¢calismalarinda tanimli kosullarin, hangi 6zelliklerin, hangi kosulun, hangi tiirler
icin dikkate alinmasi gerektigi ve derin deniz ekosistemi i¢in koruyucu yasal gerekgeler ve de gelistirilen
hangi yenilik¢i teknolojiler ve de araglar ile saglanacagi planlanmalidir. Derin deniz madenciliginin
tehlike degerlendirmesinin yapilabilmesi i¢in deniz organizmalar1 ve risk degerlendirme senaryolarini
destekleyen modelleme araglariin gelistirilmesi gerekmektedir.

Diinyanin ilk ticari derin deniz madenciligi (DSM) lisansi, yerin 1600 m altindaki bir yataktan bakir ve
altin ¢ikarmak i¢in 2011 yilinda Papua Yeni Gine'de Nautilus Minerals'e verilen Solwara 1 projesi, ilk
derin deniz madenciligi lisansiydi. Projeye Mas Kagin Tapani Dernegi (MAKATA), projenin nesli
tilkenmekte olan deniz kaplumbagas1 popiilasyonlar1 iizerindeki potansiyel etkilerinden duydugu endise,
balik¢iliga olast etkisinin arastirilmadigi yoniindeki c¢evresel etkiler ile tolai sanatina etkisi gibi
nedenlerin yan1 sira politik ve ekonomik sebepler nedeniyle gerceklesmemistir.

Derin deniz olanaklarindan (madencilik, tibbi1 farmakolojik ¢alismalar vb.) siirdiiriilebilir
yararlanmaliyiz. ISA’nin 31 ruhsat izni verdigi bilenen sahalar1 da i¢ine alacak sekilde doganin
korunumu, tibb1 farmakolojik ¢aligmalar vb. icin olasi tahribatin kalici olmamasi ve refah diizeyini
arttiran hammadde kazanimini saglayacak yeni dengeler olusturulmalidir. Cin derin denizde gaz hidrat
icin acil durum eylem plan depolari modellemelerine gecerek, derin deniz maden sahasinda goriilen
canli tiirlerini korumay1 hedeflemektedir. Ulkemizde aym hassasiyeti derin deniz desarji yapan
madenlerin kontrollii i¢in desarj yayilim haritalarinin olusturulmasi ile gosterebilir.

Madencilik makineleri tarafindan deniz tabanindan kaldirilarak olusan tortu bulutlarinin, gergek
madencilik alaninin gok 6tesine uzanabilen biiyiik ¢cevresel etki alani olusturabilmektedir. Artan ¢evre
hassasiyetini karsilayabilmek icin CMV’leri mevcut saha problemlerinin yani sira ¢evresel hassasiyeti
miimkiin oldugunca saglanabilir iiretilmesi gerekmektedir.
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KARADENIZ VE EGE DENIZLERI’NDEN ORNEKLENEN Spicara smaris (Linnaeus, 1758)
TURUNUN OTOLIT KUTLE ASIMETRISINDEKI ALANSAL VARYASYONLAR

SPATIAL VARIATIONS IN OTOLITH MASS ASYMMETRY OF SPICARA SMARIS
(LINNAEUS, 1758) SAMPLED FROM THE BLACK AND AEGEAN SEAS

Lisans Ogrencisi Giilsimay IBITURK"
Yisans Og'rencisi, Ondokuz Mayts Universitesi, Fen Fakiiltesi, Biyoloji Béliimii, Samsun, Tiirkiye.
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2 Dogent, Ondokuz Mayis Universitesi, Fen Fakiiltesi, Biyoloji Bolimii, Samsun, Tiirkiye.

OZET

Bu calismada, Karadeniz ve Ege Denizleri’'nden 6rneklenen ekonomik degeri yiiksek bir balik olan
izmarit, Spicara smaris tiiriiniin otolit kiitle asimetrisinin belirlenmesi ve lokasyonlar arasindaki alansal
varyasyonlarinin karsilastirilmas1 amaglanmstir. Ornekler Karadeniz ve Ege Denizleri’nde ticari aveilik
gergeklestiren balikgilarda temin edilmistir. Karadeniz’den 49 birey, Ege Denizinden ise 56 birey
orneklenmistir. Orneklerin total boylar1 6lgiilmiis (0,1 cm) ve sagittal otolitleri sag-sol ayrimlar
yapilarak c¢iftler halinde ¢ikarilmistir. Her bir sagittal otolit hassas terazi yardimi ile +0,0001g
hassasiyetle tartilmistir. Elde edilen 6rneklerin ortalama boy ve agirlik degerleri (ort+se) Karadeniz ve
Ege Denizi i¢in sirast ile 12,50+0,17 cm, 19,11£0.903 g ve 15,47+0,13 cm, 34,82+0,86 g olarak
hesaplanmigtir. Otolit kiitle asimetrisi (X) ve mutlak kiitle asimetrisi ( | X | ) de lokalitelere gore ayri
ayr1 belirlenmistir. Gergeklestirilen analizler sonucunda ortalama otolit kiitle asimetrisi (X+se) degerleri
Karadeniz ve Ege Denizi i¢in sirastyla 0,00058+0,0013 ve -0,00211+0,0009, mutlak kiitle asimetrisi
( | X | +se) ise 0,00701=0,0008 ve 0,00553+0,0007 olarak hesaplanmistir. Bu ¢aligmanin sonuglarina
gore, otolit kiitle asimetrisinin lokaliteler arasinda anlamli farklilik gosterirken (Mann-Whitney U Testi,
P<0,05), mutlak otolit kiitle asimetrisinin fark gdstermedigi saptanmistir (Mann-Whitney U Testi,
P>0,05). Ayrica, X degerinin Karadeniz i¢in balik boyu ile iligkili oldugu (P<0,05), ve Ege Deniz igin
ise balik boyu ile iliskili olmadig1 (P>0,05) belirlenmistir. | X | degerinin ise Karadeniz ve Ege Denizler
icin balik boyu ile iliskili olmadig1 saptanmistir (P>0,05). Bu ¢alisma, Karadeniz ve Ege Denizleri’nden
orneklenen izmarit baliginin otolit kiitle asimetrisi ve mutlak otolit kiitle asimetrisinin incelendigi ve
balik boyu ile iliskilerinin degerlendirildigi ilk ¢aligmadir.

Anahtar Kelimeler: Spicara smaris, Karadeniz, Ege Denizi, otolit kiitle asimetrisi, mutlak kiitle
asimetrisi.

ABSTRACT

In this study, it was aimed to determine the otolith mass asymmetry and compare the spatial variations
between locations of the picarel, Spicara smaris, a commercially important fish species, sampled from
the Black and Aegean Seas. Samples were obtained from commercial fishermen in the Black and Aegean
Seas. A total of 49 individuals were sampled from the Black Sea and 56 individuals from the Aegean
Sea. The total lengths of the samples were measured (£0.1 cm) and, left and right sagittal otolith pairs
were removed, separetely. Each sagittal otolith pairs were weighed by a precision balance with an
accuracy of £0.0001g. The mean length and weight (meantse) of the samples are calculated as
12.504+0.17 cm, 19.11£0.903 g and 15.47+0.13 cm, 34.82+0.86 g for the Black Sea and the Aegean Sea,
respectively. Otolith mass asymmetry (X) and absolute mass asymmetry ( | X | ) were also determined
separately according to localities. As a result of the analyses, the mean otolith mass asymmetry (X+se)
is calculated as 0.00058+0.0013 and -0.00211+0.0009 and the absolute mass asymmetry ( | X | +se) is
0.00701 and 0.00553+0.0007 for the Black Sea and the Aegean Sea, respectively. According to the
results of this study, when there were no significant differences between localities for absolute otolith
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mass asymmetry (P>0.05), there were significant differences for otolith mass asymmetry (P<0.05). In
addition, it was determined that X is related to fish length for Black Sea (P<0.05) but not for Aegean
Sea (P>0.05). Also, it was determined that the | X | value was not related to fish length for the Black
Sea and Aegean Seas (P>0.05). This is the first study to examine the otolith mass asymmetry and
absolute otolith mass asymmetry and to evaluate their relationship with fish length of picharel sampled
from the Black and Aegean Seas.

Keywords: Spicara smaris, Black Sea, Aegean Sea, otolith mass asymmetry, absolute mass asymmetry

GIiRiS

Genellikle "kulak kemikleri" olarak bilinen balik otolitleri, omurgalilarin i¢ kulaginda bulunan, ses
reseptorleri ve denge organlari olarak gorev yapan kalsifiye yapilardir (Schulz-Mirbach ve Ladich,
2016; Tuset vd., 2021). Otolit kiitle asimetrisi ise akustik fonksiyonlarin saptanmasinda oldukga biiyiik
bir role sahip olduklari i¢cin 6nemli bir ¢aligma alani olarak degerlendirilmektedirler (Lychakov vd.,
2006; Jawad vd., 2011; Jawad vd., 2017; Yedier vd., 2018; Bouriga vd., 2021; Ozpicak ve Saygin,
2023). Otolitler, tiim kemikli baliklarin i¢ kulaginda bulunan biyoinorganik minerallerdir ve ortamdaki
su basincindaki degisiklikleri tespit ederek, ses ve yercekimini algilayarak kemikli baliklarda oldukga
onemli fizyolojik bir role sahiptirler (Popper vd., 1982; Thomas ve Swearer, 2019). Baliklarin ig
kulaklarinda yer alan otolitler; yas tayini, bliytime, ireme, stok ayrimi, morfometrik, sekil analizleri gibi
bircok farkli ¢alismada kullanilmaktadir (Polat vd., 2005; Merigot vd., 2007; Saygin vd., 2017; Ozpigak,
2020; Akbay vd., 2022; Ozpigak ve Saygin, 2023; Rangely vd., 2023). Ozellikle kemikli baliklarda
otolitler kolaylikla ¢ikarilabilir ve Olgiilebilir olduklarindan, otolit kiitle asimetrisinin fizyolojik
oneminin belirlenmesi igin harika bir model olarak degerlendirilmektedirler (Lychakov et al., 2006).

Baliklarda otolitlerin iki tarafli simetrik olmast gerekir ancak bazi durumlarda otolit kiitle asimetrisi
olarak bilinen sol ve sag otolit kitleleri arasinda agirlik farkliligi goriiliir (Yedier vd., 2018). Baliklarda
farkli sebeplerden 6tiirii karsilasilan otolit kiitle asimetrisi analiz etmek i¢in matematiksel modeller
kullanilmaktadir (Lychakov ve Rebane, 2005). Otolit kiitle asimetrisi ile ilgili ¢esitli caligsmalara gore X
degerleri -0,2 ile +0,2 arasinda degismektedir (Jawad, 2013; Bouriga vd., 2021). Otolit kiitle asimetrisi
caligmalar1 hem baligin yasadigi ortam hem de baligin bulundugu ortama adaptasyonu agisindan
oldukca 6nemli bir ¢alisma alani olarak degerlendirilmektedir. Literatiir incelendiginde otolit kiitle
asimetrisi ile ilgili olarak gergeklestirilen ¢aligmalarin sinirli sayida oldugu goriilmiistiir.

Sparidae familyas1 Akdeniz, Ege Denizi, Adriyatik, Marmara Denizi ve Karadeniz’de yayin olarak
bulunan bir familyadir (Tortonese, 1986; Golani vd., 2006; Vasil'ieva, 2007; Froese ve Pauly, 2017).
Tiirkiye denizlerinde 3 farkli Spicara tiirli yasamaktadir. Bu tiirler Spicara maena (Linnaeus, 1758),
Spicara flexuosa Rafinesque, 1810 ve Spicara smaris (Linnacus, 1758) olarak isimlendirilmistir.
Karadeniz'deki Spicara cinsinin tiim tiirleri, bitytimeleri ve gelismeleri esas olarak bolgesel hidrolojik
ve iklimsel faktorlerden ve biyotop kosullarindan etkilenen Akdeniz gé¢menleridir (Salekhova, 1979).
Bu tiirler igerisinde Spicara smaris (Linnaeus, 1758) tiirii Akdeniz ve Karadeniz arasinda oldukga
yaygin ve basarili bir lireme stratejisine sahip olan bir balik tiiriidiir (Melnikova ve Kuzminova, 2022).
Bu ¢alismada, Karadeniz ve Ege Denizleri’nden 6rneklenen izmarit, S. smaris baliginin otolit kiitle
asimetrisinin belirlenmesi ve lokasyonlar arasindaki alansal varyasyonlarinin karsilagtirilmasi
amaclanmigtir. Literatiir incelendiginde tiiriin otolit kiitle asimetrisinin belirlendigi ve lokasyonlar
arasindaki alansal varyasyonlarin tespit edildigi herhangi bir ¢alismaya rastlanilmamustir.

MATERYAL VE YONTEM
Ornekleme Calismalar

S.smaris ornekleri Ege Denizi (N=56) ve Karadeniz’de (N=49) ticari aveihik gergeklestiren balik¢ilardan
temin edilmistir. Balik 6rnekleri, soguk zincir kullanilarak OMU Ihtiyoloji Arastirma Laboratuvari’na
getirilmig ve tizerindeki yabanci maddelerin uzaklagtirilmasi amaci ile yikanmigtir.
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Laboratuvar Calismalart

Laboratuvara getirilen 6rneklerin total boylari dl¢iilmiis (0.1 cm), sag ve sol ayrimlari yapilarak sagittal
otolitleri ciftler halinde ¢ikarilmistir. Daha sonra sag ve sol otolit agirliklar1 hassas terazi yardimiyla
tartilmistir (= 0.0001g). Otolit kiitle asimetrisi (X) asagidaki formiil kullanilarak hesaplanmaistir;

X= (MR-ML) / M

MR sag otolitin, My sol otolitin kiitlesini ifade etmektedir. M degeri ise sag ve sol otolitlerin kiitlelerinin
ortalamasidir. Otolit kiitle asimetrisi degeri, sag ve sol otolit kiitlelerinin birbirine esit olmas1 durumunda
(Mg=ML,) 0 (s1fir) olmaktadir.

Balik boyu ile otolit kiitle asimetrisi arasindaki dogrusal iligkiler X=b.TL+a denklemi ile belirlenmistir.
Denklemdeki b degeri otolitin biiyiime hizi ile karakterize edilen katsayi, a ise iliski sabitidir (Lychakov
vd., 2008).

Veri Analizleri

Oncelikle sag ve sol otolit giftleri arasinda agirlik bakimindan farklilik olup olmadig test edilmistir.
Lokaliteler arasinda otolit kiitle asimetrisi ve mutlak kiitle asimetrisinin fark gosterip gostermedigi
Mann-Whitney U testi ile karsilastinlmistir. Analizlerde MINITAB 15.0, SPSS 21.0 ve Excel
istatistiksel analiz paket programlari kullanilmistir.

BULGULAR

Karadeniz ve Ege Denizleri’nden érneklenen baliklarin minimum ve maksimum total boy degerleri
sirast ile 9.5 cm ile 14.5 cm arasinda ve 13.7 cm ile 17.6 cm arasinda degismektedir. Orneklere ait
tanimlayici istatistik degerleri Tablo 1 ve Tablo 2’de sunulmustur.

Tablo 1. Karadeniz 6rneklerinin tanimlayici istatistik degerleri

Standart Standart

Degiskenler Ortalama Hata Sapma Minimum Maksimum
Total Boy 12.249 0.171 1.195 9.5 14.5
Catal Boy 11.212 0.167 1.170 8.5 135

Standart Boy 10.120 0.143 1.004 8.0 12.3

Agirlik 19.112 0.903 6.319 7.380 34.430
Sag Otolit 0.012404 0.000276 0.001930 0.0081 0.0164
Sol Otolit 0.012359 0.000291 0.002034 0.0081 0.0165
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Tablo 2. Ege Denizi 6rneklerinin tanimlayici istatistik degerleri

Standart Standart

Degiskenler Ortalama Hata Sapma Minimum Maksimum
Total Boy 15.468 0.131 0.978 13.7 17.6
Catal Boy 14.295 0.127 0.952 12.8 17.3

Standart Boy 12.788 0.101 0.758 115 144

Agirlik 34.824 0.862 6.454 22.720 48.960
Sag Otolit 0.013530 0.000270 0.002017 0.0101 0.0177
Sol Otolit 0.013534 0.000265 0.001987 0.0101 0.0181

Bu ¢aligmadan elde edilen veriler sonucunda ortalama otolit kiitle asimetrisi (X+se) degerleri Karadeniz
ve Ege Denizi i¢in sirasiyla 0.00058+0,0013 ve -0.00211+0.0009, mutlak kiitle asimetrisi ( | X | +se) ise
0.00701+0,0008 ve 0.00553+0.0007 olarak belirlenmistir (Tablo 3).

Tablo 3.

Cizelge 2. Lokalitelere gore otolit kiitle/mutlak kiitle asimetrisinin tanimlayici istatistikleri

Lokalite Degisken Min Maks Ort+ Sh Ss

X -0.02424 0.02020 0.00058 + 0.00132 0.00922
Karadeniz

IX] 0.000000 0.024239 0.00701 + 0.0008 0.005934

X -0.022126 0.014750 -0.00211 0.0009 0.007404
Ege IX] 0.000000 0.022126 0.00553 + 0.0007 0.005309

X: Otolit kiitle asimetrisi, IXI: Mutlak otolit kiitle asimetrisi, Min: Minimum, Maks:
Maksimum, Ort: Ortalama, Sh: Standart hata, Ss: Standart sapma

Tiirtin otolit kiitle asimetrisinin lokaliteler arasinda farklilik gostermedigi saptanmigtir (Mann-Whitney
U test, P>0.05). Mutlak otolit kiitle asimetrisinin ise lokaliteler arasinda istatistiki olarak farklilik
gosterdigi tespit edilmistir (Mann-Whitney U test, P <0.05).

Otolit kiitle asimetrisi-balik boyu arasindaki iligki denklemleri Karadeniz ve Ege Denizi i¢in sirasiyla
X=-0.0074TL+0.0953R? = 0.1845 ve X=0.0003TL-0.007 R?>=0.0018 olarak bulunmustur. Otolit mutlak
kiitle asimetrisi-balik boyu arasindaki iliskiler ise Karadeniz icin |X|=-0.0019TL+0.0388 (R*=0.0251),
Ege Denizi icin ise IXI=0.001TL-0.0102 (R?>=0.0368, olarak hesaplanmustir (Sekil 1-4). Lokasyonlara
gore otolit kiitle asimetrisi ve mutlak otolit kiitle asimetrisi arasindaki iligkiler kiyaslandiginda; X
degerinin Karadeniz i¢in balik boyu ile iliskili oldugu (P<0.05), Ege Denizi i¢in ise balik boyu ile iliskili
olmadig1 (P>0.05), | X | degerinin ise Karadeniz ve Ege Denizler i¢in balik boyu ile iligkili olmadig1
saptanmigtir (P>0.05).
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Sekil 4. Ege Denizi izmarit bireyleri otolit mutlak kiitle asimetrisi-balik boyu arasindaki iligki

TARTISMA VE SONUC

Baliklarin otolitleri tiirden tiire gore degisiklik gosteren farkli morfolojik 6zelliklere sahip olmakla
birlikte, gb¢, beslenme, iireme, stres gibi farkli biyolojik ve ekolojik faktorlerden etkilenmektedirler.
Otolit morfolojileri 6zellikle son yillarda farkli ¢aligmalarin bas rolii olmustur. Otolit kiitle asimetrisi
(x) degeri, tatlisu ve deniz baliklarinda genel olarak -0,2 ve +0,2 arasindadir (Lychakov ve Rebane,
2005; Lychakov vd., 2006; Jawad ve Sadighzadeh, 2013). Bu c¢alismada Karadeniz ve Ege
Denizlerinden o&rneklenen S. smaris tiiriniin otolit kiitle asimetrisi degerleri (X) siras1 ile
0.00058+0,0013 ve -0.00211+0.0009, mutlak kiitle asimetrisi (|X|ise) ise 0.00701+0,0008 ve

FULL TEXTS BOOK

196



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

0.00553+0.0007 olarak hesaplanmistir. Elde edilmis olan sonuglarin genel olarak balik tiirleri i¢in
beklenen sonuglara benzer sekilde -0,2 ile +0,2 degerleri arasinda degistigi tespit edilmistir. Literatiir
incelendiginde Tirkiye’de S.smaris tiiriiniin otolit kiitle asimetrisi ve otolit mutlak kiitle asimetrisinin
incelenmis oldugu herhangi bir ¢alismanin mevcut olmadig goriilmiistiir. Farkli balik tiirlerinin otolit
kiitle asimetrisi ve mutlak otolit kiitle asimetrisinin incelendigi ¢aligmalar ise mevcuttur (Lychakov vd.
2006; Lychakov vd. 2006; Yedier vd. 2018; Kontas vd., 2019; Bouriga vd., 2021, Jawad ve Adams,
2022; Ozpicak ve Saygin, 2023). Otolit kiitle asimetrisindeki farkliliklar; ekolojik kosullardan, tiirlerin
fizyolojik durumundan ve habitat 6zelliklerinden etkilenebilir (Grenkjer, 2016). Ayrica hem genetik
hem de cevresel kosullarin sagittanin morfolojik degiskenligi {izerinde etkisi vardir (Lombarte vd.,
2010; Annabi vd., 2013). Otolit kiitle asimetrisindeki degisiklikler, balik yasami iizerinde, 6zellikle de

duyma ve denge yeteneklerinde zararli bir etkiye sahip olabilmektedir.

Literatiir incelendiginde hem deniz hem de tatlisu baliklarinda otolit kiitle asimetrisi ile mutlak otolit
kiitle asimetrisinin balik boyu ile iliskilendirildigi farkli caligmalarin oldugu goriilmiistiir.
Gergeklestirilmis olan bu c¢alismada; otolit kiitle asimetrisi-balik boyu arasindaki dogrusal iliski
denklemleri Karadeniz ve Ege Denizi i¢in sirasiyla X=-0.0074TL+0.0953R? = 0.1845 ve X=0.0003TL-
0.007 R*=0.0018, otolit mutlak kiitle asimetrisi-balik boyu arasindaki iliskiler ise Karadeniz i¢in IXI|=-
0.0019TL+0.0388 (R*=0.0251), Ege Denizi icin ise [XI=0.001TL-0.0102 (R?=0.0368, olarak
hesaplanmugtir. Sagittal otolit kiitle asimetrisindeki farkliliklar total boy ile birlikte artmasina ragmen,
bu durum pelajik baliklara gore dip baliklarinda daha fazla goriilen bir olgudur (Lychakov ve ark., 2006).
Ancak mevcut ¢alismanin sonuglarina gére; Karadeniz i¢im otolit kiitle asimetrisi-toplam boy arasinda
ilisik mevcutken, Ege Denizi bireylerinde herhangi bir ilski mevcut degildir. Ayrica her iki lokasyonda
da mutlak otolit kiitle asimetrisi-toplam boy (p>0.05) arasinda anlamli bir iliski bulunmadig1 hipotezi
desteklememektedir (Jawad, 2013; Mille vd., 2015; Yedier vd., 2018; Bouriga vd., 2021).

Diinya ¢apinda yapilan ¢ok sayida arastirmada otolit kiitle ve sekil asimetrileri incelenmistir. Tiirkiye'de
otolit kiitle asimetrisi calismalari ise siirl sayidadir (Yedier vd., 2018; Kontas vd., 2019; Ozpicak ve
Saygin, 2023). Ancak ii¢ tarafi denizlerle ¢evrili olan Tiirkiye'de balik¢ilik ¢aligmalarinda baliklarin
yasamlariin incelenmesi ve onlardan maksimum verimin alinmasi olduk¢a Onemli bir rol
oynamaktadir. Evsel, endiistriyel ve tarimsal atiklara maruz kalma, su ortaminin giderek bozulmasina
neden olmakta ve kirliligin ekosisteme verdigi zarar daha da kétiilesmektedir (Turgut ve Ozgiil, 2009).
Suda yasayan hayvanlarda stres, ¢evrelerindeki kirlilikten kaynaklanir. Baliklarda bu stres gelisimsel
dengesizlige neden olabilmektedir. Bununla birlikte, otolit kiitle asimetrisi iizerine yapilan daha onceki
aragtirmalara gore, ¢evresel stres ile kirlilige bagli asimetri arasinda bir baglant1 vardir (Jawad vd.,
2012). Dolayist ile otolit kiitle asimetrisi ¢evresel stresin bir sonucu olarak karsimiza ¢ikabilmektedir.

Bu caligma, Tiirkiye kiyilarindan 6rneklenmis olan izmarit baliginin otolit kiitle asimetrisinin-mutlak

kiitle asimetrisi ve balik boyu arasindaki iligkilerin incelenmis oldugu ilk ¢aligmadir.
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OZET

Biyobozunur polimer bazli elektrolitler malzeme bilimi alaninda ilgi gormektedir. Hafif olmasi, diisiik
sicaklikta sentez prosesi, diisiik maliyetli olmasi, asindirici olmamasi ve toksik olmamasi gibi
avantajlara sahiptirler. Biyobozunurluk ve dogal bolluk 6zellikleriyle 6ne ¢ikan seliiloz asetat (CA),
endiistride ve biyotipta yaygin olarak kullanilmaktadir. Milkemmel termal stabilite, metanole diisiik izin
verilebilirlik ve zenginlestirilmis fonksiyonel gruplar vb. gibi ek avantajlar, CA'y1 ambalaj malzemesi
icin ideal bir alternatif olarak kabul etmektedir. Ancak CA'nin antistatik 6zelligi zayiftir; birincisi statik
elektrik birikmesine ve ardindan ciddi sorunlara (6rnegin toz ¢ekme, i¢ ice gecme ve elektrik carpmasi)
neden olur. Polimerlerin antistatik 6zelliklerini gelistirmek igin en kolay strateji, karbon, metal ve metal
oksit malzemeler gibi elektriksel iletken dolgu maddelerinin eklenmesidir. Grafit (Grp), iistiin elektron
hareketliligi sayesinde polimerlerin antistatik 6zelligini gelistirmek i¢in milkemmel bir aday olarak
kabul edilir. Bu arada, grafenin ultra yiiksek mekanik o6zellikleri, kompozitin gelismis mekanik
Ozelliklerini kendiliginden gelistirebilir. Bu caligmada CA polimerine grafit eklenerek elektriksel
iletkenliginin artmasi ve gerek ambalajlamada gerekse diger uygulamalarda kullanilabilir ¢evre dostu
malzeme gelistirilmesi hedeflenmistir. Grafenin dagilmasina yardimer olmak tizere 1,3,4-Thiadiazole-
2,5-dithiol (BT-I) kullanilmustir. CA'ya grafit ile iyi bir uyumluluk saglayacagindan, CA kompozitinin
antistatik Ozelliklerinin gelistirmesi makul bir sekilde beklenmektedir. Sonug¢ olarak calismada,
hazirlanan CA+BT-I-Grp kompozit filmlerinin su tutma kapasitesi, sisme orani, proton iletkenligi ve
elektriksel iletkenligi incelenmistir. En yiiksek su tutma kapasitesine sahip membran CA+BT-1-50Grp
olarak belirlenmistir. Membranlarin impedans 6l¢iimlerinde en diisiik yiik transfer direnci degeri yine
CA+BT-I-50Grp de elde edilmistir. En iyi proton iletkenligi CA+BT-I-50 Grp membranlarinda
bulunmustur. Gelistirilmis bu ¢evre dostu bu membranlarin basit iiretimi, proton iletkenligi ve antistatik
ozellikleri g6z oOniline alinirsa, CA+BT-I-Grp kompozit filmi paketlemede, yakit hiicrelerinde
kullanilabilecek yeni bir malzeme olarak umut vaat etmektedir.

Anahtar Kelimeler: Seliiloz Asetat, grafit, antistatik film.

ABSTRACT

Biodegradable polymer-based electrolytes are attracting interest in the field of materials science. They
have advantages such as being lightweight, having a low-temperature synthesis process, low cost, non-
corrosive and non-toxic. Cellulose acetate (CA), distinguished by its biodegradability and natural
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abundance properties, is widely used in industry and biomedicine. Excellent thermal stability, low
permissibility to methanol and enriched functional groups, etc. Additional advantages such as make CA
an ideal alternative for packaging material. However, the antistatic property of CA is poor; the former
causes a build-up of static electricity and subsequent serious problems (e.g., dust attraction, ingress, and
electrocution). The most straightforward strategy to improve electrically conductive fillers such as
carbon, metal, and metal oxide materials. Graphite (Grp) is considered an excellent candidate to improve
the antistatic properties of polymers due to its superior electron mobility. Meanwhile, the ultra-high
mechanical properties of graphene can spontaneously enhance the advanced mechanical properties of
the composite. In this study, we aimed to increase electrical conductivity by adding graphite to the CA
polymer and develop an environmentally friendly material for packaging and other applications. 1,3,4-
Thiadiazole-2,5-dithiol (BT-1) was used to aid in the dispersion of graphene. It is expected that the
antistatic properties of the CA composite will be enhanced, as it will give CA good compatibility with
graphite. As a result of the study, the water retention capacity, swelling ratio, proton conductivity, and
electrical conductivity of the prepared CA+BT-1-Grp composite films were examined. The membrane
with the highest water retention capacity was determined as CA+BT-1-50Grp. In the impedance
measurements of the membranes, We again obtained the lowest load transfer resistance value in
CA+BT-1-50Grp.CA+BT-1-50 Grp membranes. Considering the simple production, proton
conductivity, and antistatic properties, CA+BT-1-Grp composite film is promising as a new material for
packaging and fuel cells.

Keywords: Cellulose acetate, graphite, antistatic film.

GIRIS

Tim polimerik iletken kompozitlerin, yani iletken ve yalitkan bilesenlerin makromolekiiler yapida
oldugu kompozitlerin hazirlanmas1 son yillarda biiyilik ilgi gérmektedir. Diisiik maliyeti, hafifligi,
tasarim esnekligi, korozyona karsi direnci ve seri iiretim kolaylig1 nedeniyle polimer bazli iletken
kompozitler, enerji depolama, antistatik paketleme, elektro-optik cihazlar gibi gesitli ileri teknolojik
uygulamalarda kullanilmaktadir (Baughman, vd., 2002; Blanchet, vd., 2003). Yapilan ¢aligmalarda,
istenen uygulamalara gbre inorganik/organik bilesenlere sahip hibrit nano-kompozit polimer
malzemelerin hazirlanmasi1 6nemli gelismelerdendir (Ballav, vd., 2004; Maity, ve Biswas, 2006). Bu
baglamda polimerlerin iletkenlik 6zelliklerini gelistirmek igin en kolay strateji, karbon, metal ve metal
oksit gibi iletken dolgu maddelerinin polimer yapisina eklenmesidir.

Karbon kompozitler, kimyasal sensorler (Araujo, vd., 2019), siiper kapasitorler (Li ve Wei, 2013) ve
yakit hiicreleri (Antunes, vd., 2011) dahil olmak iizere ¢ok sayida uygulamada yaygin olarak
kullanilmaktadir. Grafit (Grp), iyi elektriksel iletkenlik ve diisiik maliyetin birlesiminden dolay1 en
popiiler karbon kaynagidir (Pradela-Filho, vd., 2017; Dungchai, vd., 2009)

Seliiloz, tiirevleriyle birlikte 6nemli endiistriyel ve akademik ilgi toplayan énemli bir dogal polimer
smifidir. Seliiloz asetat (CA), 6zel olarak, su aritma (Lalia, vd., 2013; Porada, vd., 2013), gaz ayirma
(Das, 2018), ila¢ salim1 ve sensdr imalatlar1 (Barsan, vd., 2009) dahil ¢esitli uygulamalar i¢in matris
olarak yaygin sekilde kullanilan bir polimerdir. Genis uygulanabilirlik esas olarak diisiik maliyet, diisiik
toksisite ve film olusturma kabiliyetinden kaynaklanmaktadir. Rungsawang ve ark. (2016)
elektrokimyasal sistemlerin imalatinda CA kullandiklarint ve CA’1, kagit bazli elektroanalitik cihazlar
tiretmek i¢in kullandiklarini ifade etmislerdir. Barsan ve ark. (2009), grafit ve CA bazli karbon kompozit
elektrotlarin iiretimini gergeklestirmisler ve C vitamini Orneklerinde askorbat tespiti {izerine
calismiglardir. Wang ve ark. (1987), klorpromazin ve trimipramini belirlemek i¢in CA ile modifiye
edilmis bir camsi karbon elektrot (GCE) iiretmislerdir. Ayrica miikemmel termal stabilite, metanol ve
zenginlestirilmis fonksiyonel gruplara diisiik izin verilebilirlik vb. gibi ek avantajlara sahip CA, ambalaj
malzemesi i¢in de ideal bir alternatif polimerdir ( Araujo, vd.,2020; Claro, vd., 2016; Muhmed, vd.,
2020; Rajeswari, vd., 2020). Ancak CA'nin antistatik 6zelligi zayif oldugu icin gelistirilmis antistatik
Ozelliklerine sahip CA bazl bir polimerik film malzemesinin gelistirilmesi olduk¢a arzu edilmektedir.

Bu calismada CA polimerine grafit eklenerek elektriksel iletkenliginin artmasi ve gerek ambalajlamada
gerekse diger uygulamalarda kullanilabilir ¢gevre dostu malzeme gelistirilmesi hedeflenmistir. Grafenin
dagilmasina yardimci olmak iizere 1,3,4-Thiadiazole-2,5-dithiol (BT-I) kullanilmigtir. CA'ya grafit ile
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iyl bir uyumluluk saglayacagindan, CA kompozitinin antistatik 6zelliklerinin gelistirmesi makul bir
sekilde beklenmektedir.

YONTEM
Kimyasallar

Membranlarin hazirlanmasinda temel polimer olarak Aldrich marka CA (50 000 g/mol; % 39,7 asetil
igerikli) kullanildi. 1,3,4-thiadiazole-2-5-dithiol (BT-I) Bostonchem (Boston USA)’den temin
edilmistir. Aseton Sigma Aldrich’ten alinmstir.

Membranlarin Hazirlanmasi

Caligmada kullanilan membranlar (CA+BT-I-Grp) dokiim yontemi ile CA’ n aseton iginde % 5 (m/v)’
lik ¢6zeltileri ile hazirlandi. % 5 (m/v) CA ¢ozeltisinin igerisine polimer kati kiitlesinin %5°i oraninda
1,3,4-thiadiazole-2-5-dithiol (BT-I) ilave edilerek homojen bir ¢ozelti elde edildi. Homojen karisima
kiitlece % 25-50-75 oranlarinda grafit ilave edilerek 30dk karistirma ardindan 15 dk ultrasonik banyoda
homojen dagitilmasi ile CA+BT-I-Grp ¢6zeltisi hazirlandi. Hazirlanan ¢ozeltiden belirli hacimlerde
petri kaplarma dokiim yapildi ve tam kuruluga ulagincaya kadar 45°C sicakliktaki etiivde kurutuldu
(Sekil 1). Hazirlanan membranlarin goriintiisti Sekil 2°de verilmistir.

12
7N\

Grafit{ Grp)
4
y-
[$ £ $
£

[ | |

e’ : J

CA Basltisi i

(Aseton igerisinde) CABT:] chumiol CA-BT-Grp

= - Kurutma Membran d8kima
- “

. JE 4‘ -

CA-BT-1-Grp Membran

Sekill. Membran hazirlama prosesi

Sekil 2. Hazirlanan membranlarin goriintiileri
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Su Tutma Kapasitesi (%0)

[letken membranlarm iyon iletimi su yardim ile gergeklesmektedir. Membran su tutma kapasitesinin
yiiksek olmasi, 6rnegin proton iletkenligi agisindan 6nemli rol oynamaktadir. Membran, belirli dl¢iilerde
kesilerek, yaklasik 80 °C sicaklikta belirli bir siire etiivde bekletilmekte ve analize hazir hale
getirilmektedir. Membran numunesinin kiitlesi hassas terazi yardimui ile oOlgiilerek kaydedilmistir.
Numune deiyonize su igerisinde 25 °C 24 saat boyunca bekletilerek islak tartimi alindi. Elde edilen kuru
ve yas membran kiitleleri, Esitlik 1°de verilen denklemde yerine yazilarak su tutma oranimin yiizde
cinsinden degeri hesaplanmaktadir (Park vd., 2022).

m,. —m
Sututmaorani (%) = —=— x100 (1)

kuru
Sisme Analizi (%)

Sigsme yiizdesi analizi, kuru membran ile nemlenmis membranin kalinlik ve yiizey alanmi Olg¢iileri
arasindaki farkliliklarin tespiti igin yapilmaktadir. Kalinlikta gerceklesen artis, membranlarin iletkenlik
degerini olumsuz etkilemektedir. Bu nedenle, membranlar iizerinde sisme yiizdesinin olabildigince
diisilk olmasi hedeflenmektedir. Sisme deneyinin gergeklestirilecegi membranlar belirli Olciide
kesilmekte ve yaklasik 80°C sicaklikta etiivde belirli bir siire bekletilerek tamamen kurutulmustur.
Kurutulmus membranin kalinligi (Tkur) farkli bolgelerden dlgiilerek belirlenmistir. Bir sonraki asamada
membran, yaklasik 25°C sicakliga sahip deiyonize su igerisinde 24 saat bekletilmistir. Membran
tizerinde bulunan su uzaklastirilarak, hizli bir sekilde nemli kalinlik (Tyas) 6l¢timii yapilmistir. Analiz ile
elde edilen Ol¢iim degerleri Esitlik 2’de yerine yazilarak kalinlik sisme yiizde degerleri elde
edilmektedir.

. T, a _Tkuru
Kalinlik sisme orani (%) = 2=—= x100
kuru (2)

Membran Iletkenligi

[letken membran karakteristigi igin yiiksek éneme sahip olan iletkenlik parametresinin belirlenmesi,
empedans analizi ile gergeklestirilmistir. Membran empedans degerinin minimum ve iletkenlik
degerinin de maksimum olmas1 hedeflenmektedir. Membran iizerine, belirli genlik ve frekans araliginda
alternatif akim sinyalleri gonderilmekte ve sinyallerden gelen cevaplar kaydedilerek membranin
Ozdireng degeri belirlenmektedir. Bu belirleme siirecinde 4 problu hiicre sistemi istasyonu (Hollanda,
Ivium marka, Compactstat modeli) kullanilmistir. Membranlar i¢in yiiksek Oneme sahip olan
iletkenligin hesaplanmasi amaci ile kullanilan denklem, Esitlik 3’de verilmistir (Sacca vd., 2016,).

L

RTW 3)

Esitlikte bulunan L proplar arasi mesafeyi (cm), 6 proton iletkenligini (S/cm), R i¢ direng degerini
(ohm), W numune genisligini (W) ve T ise numune kalinligini (cm) ifade etmektedir.

SONUCLAR
Membranlarin Su Tutma Kapasitesi ve Sisme Orani

Membran performansin1 6nemli 6l¢iide etkileyen parametrelerden su tutma kapasitesi, sisme ozellikleri
ve ylizey alanindaki degisim oda sicakliginda belirlendi. Iki sicaklikta gergeklestirilen su tutma
kapasitesi ve sisme deneylerinin sonuglart Sekil 3 ve Sekil 4’de verilmektedir.
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Sekil 3. Membranlarin su tutma kapasitesi
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Sekil 4. Membranlarin sigsme degerleri

Sekil 3 incelendiginde, CA+BT-1-50Grp membranlarinin su tutma kapasitesi daha yiiksektir. Membran
su tutma kapasitesinin yiiksek olmast, iletkenligi artirici bir 6zelliktir. CA+BT-1-75Grp membranlarinda
ise su tutma kapasitesinde ki azalma Grp taneciklerinin iistiin doldurma kapasitesi nedenine atfedilebilir
(Sharma, vd., 2021). Buna karsin Sekil 4* de goriildiigi gibi sisme degerlerinde en diisiik sisme CA+BT-
I1-50Grp membranlarinda elde edilmistir. Sismenin artmasi ile membran kalinlig1 artar ve buna bagh
olarak difiizyon direnci artar, iletkenligin azalmasi s6z konusu olur. Bu nedenle membranlarda daha iyi
bir iletkenlik i¢in maksimum su tutma kapasitesi minimum sisme degeri istenmektedir (Chen, vd.,
2021). Burada su tutma kapasitesi yiiksek, sisme degeri diisiik olan CA+BT-I-50Grp membranlarinin
iletkenliginin diger membranlara gore daha yiiksek olmasi beklenmektedir.

Membran iletkenlikleri

CA+BT-I (mavi ¢izgi), CA+BT-1-25Grp (kirmiz1 ¢izgi), CA+BT-1-50Grp (yesil ¢izgi) ve CA+BT-I-
75Grp (siyah ¢izgi) membranlarinin EIS teknigi ile 0,1 Hz-100kHz frekans araliginda ve 0,01 V
amplitude degerinde Nyquist grafikleri elde edilmistir. Bu grafikler Sekil 5’de verilmistir. Elde edilen
Nyquist grafikleri arayiiz programi ile fitlenerek, Onerilen uygun devre modeli Sekil 5’in iginde
goriilmektedir. Nyquist grafiklerde yliksek frekans bolgesinde ki yarim daire bigimli kisim, yiik transfer
direncine karsilik gelmektedir. En biiyiik direncin CA+BT-I membraninda oldugu ve %25 ve %50 grafit
katkili membranlarda kademeli olarak azaldigi, %75 grafit katkili membranda ise tekrar direncin arttig1
goriilmektedir. Sonug olarak grafit kompozit tiretmek igin en iyi kosul %50 grafittir. CA+BT-1-50Grp
icin gdzlemlenen daha diisiik diren¢ degerinin elde edilmis olmasi, %50 grafitin polimerik matris i¢inde
daha iyi dagilmasina atfedilebilir. Bu da daha biiyiik aktif yiizey alanlarina yol agar. Ancak CA+BT-I-
75Grp i¢in aktif elektrokimyasal alanda bir azalma gozlenmektedir ki bu, bu bilesimin kullanilmasiyla
grafitin polimerik matris i¢erisinde daha az dagilmasindan dolay1 beklenen bir durumdur.
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Sekil 5. CA-BT-I-Grp membranlarinin EIS teknigi ile 0,1 Hz-100kHz frekans araliginda ve 0,01 V
amplitude degerinde elde edilen Nyquist grafikleri

Sekil 6, diizenli yapilar elde edildikten sonra CA+BT-I, CA-BT-1-25Grp, CA-BT-1-50Grp ve CA-BT-
I-75Grp kompozit filmlerin oda sicakligindaki Esitlik 3’ten hesaplanan iletkenlik degerlerini
gostermektedir. Sekilden de goriildiigii gibi yapiya Grp’nin girmesi ile membranlarin iletkenlik degerleri
degismis ve iletkenligin biiyiik 6l¢lide kompozitlerdeki Grp'nin miktarina bagl oldugu gortilmiistiir. En
yiiksek iletkenlik CA+BT-I-50Grp’de elde edilmistir. Bu membranlarda iletkenligi yiiksek olan Grp’nin
polimer matriksi igerisinde iyi dagilmasi ve giiclii arayiizey etkilesimi ile CA+BT-I kompozitlerinin
elektriksel 6zelliklerinin 6nemli 6lgtlide iyilestirilmesinden sorumlu olabilir.

10 /\

iletkenlik x10 2°(S/cm)
O N & @ ®

0 20 40 60 80
Grafit miktari (m/m)

Sekil 6. CA+BT-I-Grp membranlarinin iletkenlikleri
SONUCLAR

Bu caligma, dogadaki polimer malzemelerin iletken materyaller eldesi i¢in basit bir yaklasim saglar. Bu
calisma CA+BT-I membranlarinin yapisina Grp ilave edilmesi ile membranlarin iletkenlik
Ozelliklerindeki degisim i¢in 6n bir ¢alisma 6zelligi tasimaktadir. Sonug olarak ¢alismada, hazirlanan
CA+BT-I-Grp kompozit filmlerinin su tutma kapasitesi, sisme orani, proton iletkenligi ve elektriksel
iletkenligi incelenmistir. En yiiksek su tutma kapasitesine sahip membran CA+BT-I-50Grp olarak
belirlenmistir. Membranlarin impedans 6l¢iimlerinde en diigiik yiik transfer direnci degeri yine CA+BT-
I1-50Grp de elde edilmistir. En iyi proton iletkenligi CA+BT-1-50 Grp membranlarinda bulunmustur.
Gelistirilmis bu ¢evre dostu bu membranlarin basit iiretimi, proton iletkenligi ve antistatik 6zellikleri
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g0z Oniine alinirsa, CA+BT-1-Grp kompozit filmi paketlemede, yakit hiicrelerinde kullanilabilecek yeni
bir malzeme olarak umut vaat etmektedir.
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OZET

Agir metaller arasinda kursun, akiilerde, benzinde ve boyalarda kullanilmasi nedeniyle ¢evrede en sik
karsilagilan toksik kirletici maddedir. Cevresel, gida ve biyolojik numuneler gibi cesitli ortamlarda
kursun(Il) iyonu (Pb(Il)) bulunabilir. Bu nedenle agir metal iyonlar1 insan viicuduna besinlerle, igme
suyuyla, solunum sistemiyle ve deri tarafindan emilme yoluyla girebilmektedir. Insan viicuduna giren
kursun, hipertansiyon, akciger kanseri, bobrek hasari, ndrolojik hastaliklar gibi kritik saglik etkilerine
neden olabilir. Bu nedenle kursunun tayini 6nemlidir. Bu nedenle bu ¢alismada Pb(II) tayini igin bir
elektrokimyasal sensor hazirlanmas1 amaglanmigtir. Pb(II) tayini i¢in ucuz, iletken ve kolay bulunabilme
Ozelliklerine sahip olan grafit kalem ucu (PGE) 1H-1,2,4-triazole-3-thiol (124T3T) ile déniigimlii
voltametri (CV) teknigi kullanilarak kaplanmis ve elektrokimyasal bir sensor (124T3T/PGE)
hazirlanmigtir. Hazirlanan 124T3T/PGE sensoriiniin ylizeyi CV ve elektrokimyasal impedans
spektroskopisi (EIS) teknikleri kullanilarak karakterize edilmistir. Hazirlanan sensér kullanilarak Pb(ll)
iyonunun tayini i¢in destek elektrolit ortamimin tiirii ve pH degeri gibi optimum deney sartlari
belirlenmistir. Ardindan belirlenen optimum deney sartlarinda sensoriin analitik performansi
incelenmistir ve gergek numune olarak musluk suyunda Pb(Il) tayini diferansiyel puls voltametrisi
(DPV) yontemi kullanilarak yapilmistir. Yapilan gergek numune analiz ¢alismasi 102,83 ve 103,25 geri
kazanim ve %3,73 ile %4,69 bagil standart sapma degerleri ile gerceklestirilmistir. Bu sonuglar
hazirlanan modifiye elektrot yiizeyinin Pb(Il) tayini i¢in iyi bir analitik performans sergiledigini
gostermektedir.

Anahtar Kelimeler: Kursun, zehirli, voltametrik tayin, elektrokimyasal sensor.

ABSTRACT

Among heavy metals, lead is the most common toxic contaminant in the environment due to its use in
batteries, gasoline, and paints. Lead(ll) ion (Pb(Il)) can be found in a variety of media, such as
environmental, food, and biological samples. Therefore, heavy metal ions can enter the human body
through food, drinking water, the respiratory system, and absorption by the skin. Lead entering the
human body can cause critical health effects such as hypertension, lung cancer, kidney damage, and
neurological diseases. Therefore, the determination of lead is important. Therefore, this study aimed to
prepare an electrochemical sensor for the determination of lead (11). Graphite pencil tip (PGE), which is
cheap, conductive, and easily available for the determination of Pb(Il), was coated with 1H-1,2,4-
triazole-3-thiol (124T3T) using the cyclic voltammetry (CV) technique and an electrochemical sensor
was used. (124T3T/PGE) was prepared. The surface of the prepared 124T3T/PGE sensor was
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characterized using CV and electrochemical impedance spectroscopy (EIS) techniques. Optimum
experimental conditions, such as the type and pH value of the supporting electrolyte medium, were
determined for the determination of Pb(ll) ion using the prepared sensor. Then, the analytical
performance of the sensor was examined under the determined optimum experimental conditions and
the determination of Pb(Il) in tap water as a real sample was made using the differential pulse
voltammetry technique. The real sample analysis study was carried out with recovery values of 102.83
and 103.25 and relative standard deviation values of 3.73% and 4.69%. These results show that the
prepared modified electrode surface exhibits good analytical performance for the determination of
Pb(Il).

Keywords: Lead, toxic, voltammetric determination, electrochemical sensor

GIRIS

Agir metaller arasinda kursun, akiilerde, benzinde ve boyalarda kullanilmasi nedeniyle ¢evrede en sik
karsilagilan toksik kirletici maddedir. Cevresel, gida ve biyolojik numuneler gibi ¢esitli ortamlarda
kursun(11) iyonu (Pb(I1)) bulunabilir [1]. Bu nedenle agir metal iyonlari insan viicuduna besinlerle, igme
suyuyla, solunum sistemiyle ve deri tarafindan emilme yoluyla girebilmektedir. Insan sistemimizdeki
biiyiilk miktardaki agir metal iyonlar1 bile hipertansiyon, akciger kanseri, bobrek hasari, norolojik
hastaliklar vb. gibi kritik saglik etkilerine neden olabilir. Pb(I) iyonu nispeten uzun bir biyolojik yar1
omre sahiptir ve c¢ok tehlikeli etkilere sahiptir. Pb(II) hem sinir sisteminde hem de hemoglobin
biyosentezinde olumsuz etkilere neden olur [2]. Diinya Saglik Orgiitii (WHO) ydnergelerine gore igme
suyunda bulunan Pb(II) iyonu i¢in izin verilebilecek en yiiksek derisim 0,001 pg/L olarak belirlenmistir.
Bu nedenle ¢esitli numune 6rneklerinde Pb(II) iyon derigiminin tayininin dogru yapilmasi biiyiik 6nem
tagimaktadir ve Pb(Il) iyonunun dogru tayini i¢in yontem gelistirme calismalar1 ¢evre, gida ve tip
sektoriinde her zaman 6nemli bir konu olmustur.

Pb(ll) iyonu tayini hem elektrokimyasal [1] hem de spektroskopik [3-5] tekniklerle yapilabilmektedir.
Ancak spektroskopik yontemlerin kullaniminda pahali ekipmanlara ve genellikle 6n hazirlik
yapilmasma ihtiyag¢ duyulmasi nedeniyle elektrokimyasal teknikler tercih edilebilir. Ayrica
elektrokimyasal teknikler tasinabilir ve diisiik gii¢ ihtiyaci olan cihazlarla uygulanabilir olmasi
nedeniyle tercih edilmektedir [6, 7]. Buna ilave olarak, elektrokimyasal yontemlerle tayinde kullanilmak
tizere, elektrot ylizeylerinin gesitli organik molekiillerle modifiye edilmesiyle eskisinden daha iyi bir
analitik performans sergileyen yeni bir elektrot yiizeyi elde edilebilir. Modifikasyon iglemi ile ¢alisma
elektrodu olarak siklikla tercih edilen camsi karbon elektrot, altin ve platin gibi kat1 elektrot ylizeyleri,
daha diisiik tayin sinir1, daha genis bir ¢caligma araligi, daha iyi bir segicilik ve daha iyi tekrarlanabilirlik
ve kararlilik gibi stlin analitik performans oOzellikleri kazanabilir. Zafer ve digerleri yaptiklar
calismada, camsi karbon elektrot ylizeyini 1H-1,2,4-triazole-3-thiol molekiili ile dontisiimlii
voltametrisi teknigini kullanarak kaplamislardir. Elde ettikleri yeni modifiye yilizeyinde Pb(Il) tayini
i¢in ¢aligma araligini 0,03-8,59 mM olarak, tayin sinirini ise 6,64 nM olarak elde etmislerdir [1]. Ancak
caligmalarda 6zellikle cams1 karbon, altin ve pilatin gibi kat1 elektrot kullanimi oldukca maliyetlidir. Bu
nedenle grafit yapili kalem uglarinin ¢alisma elektrodu olarak kullanimi, iletken yiizeyleri ve diigiikk
maliyetleri gibi 6zellikleri nedeniyle bu ylizeylere iyi bir alternatiftir.

Bu ¢aligmada, Pb (II) tayini i¢in ucuz, iletken ve kolay bulunabilme 6zelliklerine sahip olan grafit kalem
ucu (PGE) 1H-1,2,4-triazole-3-thiol (124T3T) ile doniistimlii voltametri (CV) teknigi kullanilarak
kaplanmig ve elektrokimyasal bir sensoér (124T3T/PGE) hazirlanmistir. Hazirlanan 124T3T/PGE
sensorlinlin yiizeyi CV ve elektrokimyasal impedans spektroskopisi (EIS) teknikleri kullanilarak
karakterize edilmistir. Hazirlanan sensor kullanilarak Pb(II) iyonunun tayini ig¢in destek elektrolit
ortaminin tiirii ve pH degeri gibi optimum deney sartlart belirlenmistir. Ardindan sensoriin analitik
performansi incelenmistir ve ger¢cek numune olarak musluk suyunda Pb(ll) tayini yapilmustir.
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YONTEM
Kimyasallar

PbNOs; Carlo Erba’dan ve 124T3T Sigma Aldrich'ten elde edilmistir. Bu ¢alismada 124T3T ¢ozeltisi,
0,1 M KCI ¢ozeltisi icerisinde derisimi 1x10 M olarak hazirlandi. Kullamlan tiim kimyasallar analitik
safliktatir. Stok Britton-Robinson tamponu (BR), ve 2,5 g H3BOs, 2,3 mL buzlu asetik asit ve 2,7 mL
konsantre H3PO4'tin ultra saf su i¢erisinde ¢oziiniip hacminin 1 litreye tamamlanmasiyla hazirlandi. BR
tamponunun pH degerleri HCl ve NaOH c¢ozeltileri kullanilarak ayarlanmistir. Tiim deneyler oda
sicakliginda gerceklestirildi.

Cihazlar ve Kullanilan Aparatlar

Tiim elektrokimyasal deneylerde bir elektrokimyasal is istasyonu (Hollanda, Ivium marka, Compactstat
modeli) ve ¢aligma, referans ve karsi elektrotlari igeren ii¢ elektrotlu bir hiicre sistemi (BASi, C3 hiicre
standi, ABD) kullanildi. Calisma elektrodu olarak 3,0 mm ¢apli GC elektrodu (ABD, BASi, MF-2012)
kullanildi. Kars1 elektrot olarak Pt tel (ABD, BASi, MW-1032) kullanildi. Susuz ortam ¢aligmalarinda
Ag/Ag® (ACN'de 0,01 M) elektrot (BASi, MW-2021, ABD) ve sulu ortam ¢alismalarinda
Ag/AgCI/NaCl(sat.) referans elektrot (ABD, BASi, MF-2052) kullanildi. GC elektrot yiizeyini
temizlemek i¢in ultrasonik banyo (Almanya, Isolab marka) kullanildi. Tim sulu ¢ozeltilerin
hazirlanmasinda ultra saf su (Cin, Heal Force marka, Smart P modeli) kullanildi. Destekleyici elektrolit
¢ozeltisinin pH degerini 6lgmek ve ayarlamak icin dijital bir pH metre (Tayvan, PL-700PC modal,
Ezodo marka) kullanildu.

Kursun (11) Tayini I¢cin Elektrokimyasal Sensériin Hazirlanmasi

Modifikasyon islemine baglamadan 6nce elektrot yiizeyleri bir kagit yardimiyla parlatilmistir. Sadece
alt ylizeyleri agikta kalacak sekilde yan yiizeyleri teflon bantla kaplanmig ve bir bakir tel ile elektrik
iletkenligi saglanmstir. Hazirlanan PGE elektrotlar 0,1 M KCl igeren 1x10% M 124T3T ¢ozeltisinde
CV teknigiile 0,1 V s™! tarama hiztyla -1,2 ile +1,6 V potansiyelleri arasinda 25 gevrim sayisi ile tarama
yapilarak kaplanmistir. Kaplama i¢in uygun olan kaplama sayis1 yapilan deneyler ile belirlenmistir.

SONUCLAR

Kursun (I1) Tayini icin Elektrokimyasal Sensériin Hazirlanmasi Sirasinda Elde Edilen
Doniisiimlii Voltamogram

Kaplama islemi igin hazirlanan PGE elektrotlar 0,1 M KCl igeren 1x102 M 124T3T ¢ozeltisinde CV
teknigi ile 0,1 V s tarama hiziyla -1,2 ile +1,6 V potansiyelleri arasinda 25 ¢evrim sayist ile tarama
yapilarak kaplanmistir. Bu isleme ait voltamogram Sekil 1°de gosterilmistir. Sekil 1°de ilk (1.) ile son
(25.) dongii arasindaki farklilik agikca goriilmektedir. Dongii sayisinin artmasi ile +0,75 V da akimi
kademeli olarak artan yiikseltgenme piki ve yaklasik -0,75 V’da akimi1 kademeli olarak artan indirgenme
piki goriilmektedir. Dongii sayisinin artmasiyla pik akimlarinda meydana gelen degisiklikler
kaplamanin basarili bir sekilde gergeklestigini gostermektedir [8].
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Sekil 1. 124T3T/PGE elektrodunun hazirlanma voltamogramlari
124T3T/PGE Elektrodunun Déniisiimlii Voltametri Teknigi ile Karakterizasyonu

Sensdr olarak hazirlanan modifiye elektrotlarin pratik karakterizasyonlarinin elektrokimyasal teknikler
ile yapilabilmesi miimkiindiir. Bu amagla ilk olarak, sulu ortamda hazirlanan 0,1 M KCl ¢ozeltisinde
herbirinin derisimi 1x10° M olan ferrisiyaniir ve ferrosiyaniir ¢ozeltisi hazirlanmistir. Sekil 2°de
ferrisiyaniir/ferrosiyaniir redoks ciftinin yalm PGE elektrot ylizeyinde iyi tanimlanmis indirgenme-
yiikseltgenme pikleri goriilmemistir. Ancak PGE elektrot yiizeyinin 124T3T molekiili ile
kaplanmasindan sonra ferrisiyaniit/ferrosiyaniir redoks ¢iftinin redoks pikleri goriilmiistiir. Bu durum,
yiizeyin 124T3T molekiilii ile kaplanmasindan sonra yiizeyde ferrisiyantir/ferrosiyaniir ¢iftinin redoks
stirecini ve elektron transferini kolaylastirdigini1 géstermektedir.

Kaplama siireci i¢in uygun olan dongii sayisin1 belirlemek amaciyla 5, 10, 15, 20, 25 ve 30 dongii
sayilartyla hazirlanan124T3T/PGE sensorii ile ferrisiyaniir/ferrosiyaniir redoks ¢iftinin CV’leri
alinmistir. 25 dongii sayisina (kirmizi ¢izgi) kadar ferrisiyaniir/ferrosiyaniire ait redoks pik akimlar
giderek artmis, ancak 30 dongii sayisi (yesil ¢izgi) ile kaplama ile pik akimlarinda az miktarda azalma
goriilmiistiir. Pik akimlariin en yiiksek oldugu dongii sayisinin 25 olmasindan dolayi, kaplamada
kullanilacak optimum dongii sayisinin 25 oldugu sonucuna ulagiimistir.

, Current / mA

- Bare PGE
q .l T

— S CV

05 0.0 0.5 1.0
Potential / V
Sekil 2. Yalin PGE ve 5, 10, 15, 20, 25 ve 30 dongii sayilar ile hazirlanan 124T3T/PGE modifiye
elektrotlar ile 0,1 M KCI ¢ozeltisinde herbirinin derisimi 1x10° M olan ferrisiyaniir ve ferrosiyaniir
¢Ozeltileri ortaminda alinan CV’ler.
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Ardindan, susuz ortamda ferrosen redoks probu kullanilmistir. Ferrosen yiiksiiz bir molekiildiir. Coziicii
olarak asetonitril ile hazirlanan 0,1 M tetrabiitilamonyum tetrafloro borat ¢ézeltisi ile 1310 M ferrosen
cozeltisi hazirlanmistir. Sekil 3’de yalin PGE yiizeyinde (mor ¢izgi) ferrosen redoks probunun iyi
tanimlanmig indirgenme-yiikseltgenme pikleri goriilmektedir. 5 dongii sayisi ile kaplama ile pik akim
degerleri bliyiik 6l¢iide diismiistiir. Dongii sayis1 25’e gelinceye kadar kademeli olarak artmig, 30 dongii
sayisinda tekrar diigmiistiir. Bu nedenle yapilan ferrosen testi ile de kaplama ic¢in en uygun dongii
sayisinin 25 oldugu sonucuna ulagilmstir.

Ferrisiyantir/ferrosiyaniir redoks ¢ifti ve Ferrosen redoks probu kullanilarak CV teknigi ile yapilan bu

caligmayla, modifikasyon islemi ile PGE elektrot yiizeyinin 6zelliklerinin degistigi ve dolayisiyla
ylizeyin basariyla modifiye edildigi sonucu ¢ikarilabilir [9].

Current / mA

— Bare PGE
_— 5 CV

—_—30 CV
05 00 0's 10
Potential /' V

Sekil 3. Yalin PGE ve 5, 10, 15, 20, 25 ve 30 dongii sayilar1 ile hazirlanan 124T3T/PGE modifiye
elektrotlar ile asetonitril ortaminda 0,1 M TBATFB ¢ozeltisinde 1x10° M olan ferrosene ait CV’ler.

124T3T/PGE Sensoriiniin Elektrokimyasal Impedans Spektroskopisi (EIS) Teknigi Ile
Karakterizasyonu

Elektrot yiizeyinde kaplanmis polielektrolit, yiizey aktif maddeler, iletken polimerler, nanomalzemeler
veya yarl iletken malzemeler, elektrotun ¢ift katmanli kapasitansini ve arayiizey elektron transfer
direncini degistirir. Elektrokimyasal impedans spektroskopisi (EIS) teknigi ile kaplama isleminden
sonra elektrotlarin arayiiz 6zelliklerinde meydana gelen degisimler hakkinda faydali bilgiler elde edilen
giiclii bir tekniktir. Sulu ortamda hazirlanan 0,1 M KCl ¢bzeltisinde 1107 M ferrisiyaniir/ferrosiyaniir
¢ozeltisi hazirlanmistir. Modifikasyon isleminden 6nce ve sonra elektrot ylizeylerinin direng 6zellikleri
EIS yontemi ile incelenmistir. Yalin PGE ve 124T3T/PGE yiizeyleri i¢in elde edilen Nyquist grafikleri
ve buna karsilik gelen devre elemanlar1 sirastyla Sekil 4 ve Sekil 5’°de verilmistir. Fitleme ile elde edilen
devre elemanlarindan Rect ile gosterilmis olan direng, yiik transfer direncini temsil etmektedir [10]. Yalin
PGE ve 124T3T/PGE elektrot yiizeyleri i¢in bu grafikler incelendiginde, PGE elektrot yiizeyinin
124T3T filmi ile kaplanmasindan sonra, ferrisiyaniir/ferrosiyantir redoks ¢iftinin redoks siireglerindeki
elektron transferine karsi direncin belirgin sekilde azaldigi goriillmektedir. Bu durum,
ferrisiyaniir/ferrosiyaniir redoks ¢iftinin CV teknigi ile gosterdigi -elektrokimyasal davranisi
desteklemektedir. Sonug olarak, EIS teknigi ile yapilan ¢alisma ile modifikasyon isleminden sonra PGE
elektrot yiizeyinin direng Ozelliklerinin degistigi goriilmektedir. Ayrica tiim devre elemanlarinin
degerleri Tablo 1°de verilmistir.
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Sekil 4. Yalin PGE elektrodunun EIS teknigi ile ferrisiyaniir/ferrosiyaniir ortaminda karakterizasyonu
ve devre elemanlari
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Sekil 5. 124T3T/PGE elektrodunun EIS teknigi ile ferrisiyaniir/ferrosiyaniir ortaminda karakterizasyonu
ve devre elemanlar1

Tablo 1. Yalin PGE ve 124T3T/PGE elektrotlar i¢in EIS 6l¢timlerinin fitlenmesi sonucunda elde edilen
devre elemanlar1 degerleri

Elektrot Rs | Rf(Q) | Rct cENeh [QdisVQl) | N W (s¥2 Q1)
(€) (€)

Yalin PGE 128 | - 1646 | - 2.59x10° 0.591 | 3.89x10™*

124T3T/PGE | 2.82 | 92.24 | 1517 | 1.9x10° 4.95x10° 0.805 | 5.93x10*

Kursun (11) iyonunun Hazirlanan 124T3T/PGE Sensérii Ile Tayini i¢in Uygun Destek Elektrolit
Ortaminin Belirlenmesi

Hazirlanan 124T3T/PGE sensorii yiizeyinde Pb(ll) tayini i¢in uygun destek elektrolit ortamini
belirlemek amaciyla fosfat tamponu (PBS), Britton-Rabinson (BR) tamponu, asetat tamponu (ABS) ve
H,SO,4 ¢ozeltisi ortamlarinda 8x10° M Pb(ll) nin yiikseltgenme pik akimlari diferansiyel puls
voltametrisi (DPV) kullanilarak incelenmistir. Elde edilen voltamogramlar Sekil 6’da verilmistir.
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Sekilde goriilebilecegi gibi, Pb(Il) nin yiikseltgenme piki i¢in en yiiksek akim degeri pH 1.0 BR
ortaminda (siyah ¢izgi) elde edilmistir. Bu nedenle 124T3T/PGE sensorti ile Pb(I1) nin tayini igin uygun
destek elektrolit ¢ozeltisinin BR tamponu oldugu anlagilmistir.

*

Current /A T

Fosfat tamponu pH=7.0

Asetat tamponu pH=3,5

H>50y cozeltisi pH=2,0

[, e

! T ! j I T ! j
1.0 08 06 0.4 0.2
E Nolt

Sekil 6. pH=7,0 PBS, pH=1,0 BR, pH=2,0 H,SO4, pH=3,5 ABS, 8x10° M Pb(ll) nin diferansiyel puls
voltamogramlari

Hazirlanan 124T3T/PGE sensorii yiizeyinde Pb(Il) tayini i¢in uygun olan destek elektrolit ¢ozeltisinin
BR tamponu olduguna karar verilmesinin ardindan farkli pH degerlerine sahip BR tamponu (pH 1,0,
2,0, 3.0, 4,0, 5,0 ve 6,0) ortamlarinda 8x10° M Pb(I1) nin diferansiyel puls voltamogramlart alinmustir.
Bu voltamogramlar Sekil 7°de goriilmektedir. Pb(I1) ye ait yiikseltgenme piki i¢in en yiiksek akim degeri
pH=1,0 BR tamponu ortaminda elde edilmistir. Bu nedenle, 124T3T/PGE sensorii yiizeyinde Pb(Il)
tayini icin uygun olan destek elektrolit ortaminin pH=1,0 BR tamponu ortami olduguna karar verilmistir.

20] pH=1.,0

uA 26] pH=3,0

pH=4,0

Current

pH=2,0

: | :
10 08 06 04 02
Potential v

Sekil 7. pH 1,0, 2,0, 3,0, 4,0 ve 5,0 BR tamponu ortamlarinda 8x 10 M Pb(l1) nin 124T3T/PGE elektrot
ylizeylerinde elde edilen diferansiyel puls voltamogramlari

Yalin PGE Ve 124T3T/PGE Elektrot Yiizeylerinde Pb(Il)nin Katodik Pik Akimlarimin
Karsilastirilmasi

8x10° M Ph(II) nin indirgenme piki yalin PGE ve 124T3T/PGE elektrot yiizeylerinde optimum deney
sartlarinda DPV teknigi ile elde edilmistir. Alinan voltamogramlar Sekil 8’de goriilmektedir. Yalin PGE
yiizeyinde elde edilen pik akim degeri 0,85 pA iken 124T3T/PGE modifiye elektrot yiizeyinde 5,97 nA
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olmustur. PGE yiizeyinin 124T3T molekiili ile kaplanmasindan sonra yiizeyinde indirgenen Pb(Il) nin
anodik akiminin yaklasik olarak 7 kat arttigin1 gostermektedir. Bu durum, Pb(ll) tayini agisindan
124T3T/PGE yiizeyinin PGE yiizeyinden daha avantajli oldugunu gostermektedir.

124T3T/PGE

i I i I
0.8 0.6 0.4

Potential v

Sekil 9. Yalin PGE ve 124T3T/PGE elektrot yiizeylerinde 810 M Ph(ll) nin alinan diferansiyel puls
voltamogramlari

Pb(Il) Tyonunun Hazirlanan 2ANA-GC Sensérii ile Tayini, Calisma Arahg ve LOD Degerinin
Tespiti

pH=1,0 BR tamponu ortamina Pb(ll) ilaveleri yapilarak diferansiyel puls voltametrisi (DPV) teknigi ile
voltamogramlar elde edilmistir. (Sekil 10). Ayrica her bir ilave ile elde edilen hiicredeki Pb(Il)
derisimine kars1 anodik pik akim degerleri grafige gecirilerek Sekil 10°daki kalibrasyon grafigi elde
edilmistir. 1,97x10° — 3,14 x10° M derisim araliginda, Pb(ll) derisimi ve yiikseltgenme pik akimi
arasinda dogrusal iliski elde edilmis olup bu dogrusal iliski I (uA) = 0,067 [Pb(II)] — 0,0806 (R? =
0,9985) denklemine sahiptir.

[lave olarak, hazirlanan 124T3T/PGE sensériiniin hassasiyetini belirlemek amaciyla, Pb(Il) tayini i¢in
tayin sinir1 (LOQ) ve gozlenebilme siir1 (LOD) degerleri hesaplanmistir. Bu hesaplama igin, Pb(II)’nin
cok kiiciik derisimlerinden baglanarak yiikseltgenme piki goriiliinceye dek Pb(ll) ilaveleri yapilmustir.
Pb(11)'nin anodik pikinin elde edildigi derisim degeri igin bes 6l¢iim yapilmistir. Bu 6lgiimlerle okunan
bes akim degeri igin derisim degerleri belirlenip standart sapma (Sb) degeri hesaplanmis. Cizilen
kalibrasyon grafiginin (Sekil 10) egim degerinden (k) yararlanarak, LOQ ve LOD degerleri Es. 3 ve Es.
2 yardimiyla hesaplanmustir [11, 12].

3S

CLOD = Tb (2)
10S

CLOQ = Tb 3)

Es. 2 ve Es. 3 kullanilarak, 124T3T/PGE sensort ile Pb(11) tayini i¢in LOQ degeri ise 2,03 uM ve LOD
degeri 0,61 pM olarak hesaplanmustir.
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Sekil 10. pH 1,0 BR tamponu ortaminda Pb(l1) ilaveleri ile elde edilmis DPV ve kalibrasyon grafigi

124T3T/PGE Modifiye Elektrodu Ile Musluk Suyunda Pb(Il) Tayini

Hazirlanansensoriin analitik performansini aragtirmak amaciyla gergek numunede (musluk suyu) Pb(l1)
tayini yapmakistenmistir. Musluk suyunda Pb(Il) tespit edilemedigi i¢in musluk suyu 6rneginin
icerisindeki Pb(Il) derisimi 20 ve 100 pM olacak sekilde Pb(ll) ilaveleri yapilmigtir. Bu numunede
Pb(I1) analizi standart ekleme yontemi ve DPV teknigi ile yapilmistir. Gergek numune analizi sonucunda
bulunan sonuglar Tablo 2’de gosterilmistir. Ger¢ek numune analiz sonuglar1, 124T3T/PGE sensoriiniin
Pb(1l) tayini igin iyi bir analitik performans sergilemis oldugunu gostermektedir.

Tablo 2. Musluk suyu numunesinde Pb(ll) tayini

Numune [Pb(11)] Eklenen (uM) | [Pb(1)] Bulunan (uM) | %Geri kazanim | %BSS

Musluk suyu 20 20,65+0,77 103,25 4,69

Musluk suyu 100 102,83+1,52 102,83 3,73
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MEVCUT ANKRAJ KONUMUNUN JEOFIiZiK YONTEMLE BELIiRLENMESI

DETERMINATION OF THE ANCHOR LOCATION USING THE GEOPHYSICAL
METHODS

Yiiksek Lisans Ogrencisi, Handegiil TURKOGLU
Zonguldak Biilent Ecevit Universitesi, Miihendislik Fakiiltesi,
Insaat Miihendisligi Béliimii, Tiirkiye
Do¢. Dr. Gamze BILGEN
Zonguldak Biilent Ecevit Universitesi, Alapli MYO,
Insaat Béliimii, Tiirkiye

OZET

Yerlesim birimlerindeki yapilarin giderek artmasi, mevcut binalar arasinda derin kazilar yapma
gereksinimi dogmustur. Dolayisi ile, derin kazilarin gergeklestirilmesinde, sadece zemin 6zellikleri, kazi
boyutlar1 gibi etmenlerin degil, ayn1 zamanda civarda bulunan mevcut yapilarin da dikkate alinmasini
konusu zorunlu hale gelmistir. Kazi civarinda bulunan yapilarin giivenligi i¢in, dayanma yapilar inga
edilmektedir. Dayanma yapilari, zemin ve arazi kosullarma gore farkli sekilde tasarlanabilmektedir.
Geoteknik miihendisleri tarafindan projelendirilen derin kazilar ve dayanma yapilar1 konusunda
yonetmelikler bulunmaktadir. Yonetmelikler mevcut kosullara gore sik sik giincellenmekte ve her gegcen
giin, daha kapsamli yonetmelikler hizmete sunulmaktadir.

Ancak, daha Onceden yapilmis olan yapilarda gergeklestirilmek istenen bazi calismalarda, son
yonetmeliklere birebir uygun davranilmasinin miimkiin olmadigi, sorumlu geoteknik miihendisi
tarafindan uygun ¢oziimlerin tiretilmesi gerektigi durumlar ile karsilagilabilmektedir. Bu tip durumlarda,
geoteknik mithendisleri, tecriibe ve bilgilerinin yaninda, jeoloji ve jeofizik gibi yer bilimi ile ilgili farkli
disiplinler ile ortak ¢aligmalar yaparak ¢oziim bulabilmektedir.

Sunulan bu bildiride, disiplinler arasi ortak ¢alisma esasina dayanan bir vaka analizine yer verilmektedir.
Calisma konusu, mevcut bir ankrajli perde duvarin performans analizidir. Ilgili analizde, yonetmelikte
belirtilen ¢ekme testleri, arazi kosullar1 ve imkanlar1 dahilinde gerceklestirilememistir. Ote yandan,
geoteknik miihendisi ila jeofizik miihendislerinin ortak caligmalar1 sonucu, ankrajlarin yerleri tespit
edilmis ve gerekli ankraj kontrolleri gergeklestirilmistir. Sunulan ¢aligmada, ankraj konumlarinin
jeofizik yontemler ile nasil tespit edildigi ve hesaplamalara nasil yansitildigi ile ilgili bir saha
caligmasinin detaylar1 paylagilmaktadir.

Anahtar Kelimeler: Ankrajli Betonarme Perde Duvar, Sismik Ol¢iim, Geoteknik

ABSTRACT

The increasing number of buildings in residential areas has created a need for deep excavations between
existing buildings. Therefore, when carrying out deep excavations, it has become necessary to take into
account not only factors such as ground properties and excavation dimensions, but also the existing
structures in the vicinity. For the safety of the structures around the excavation, retaining structures are
being built. Retaining structures could be designed differently depending on ground and terrain
conditions. There are regulations regarding deep excavations and retaining structures designed by
geotechnical engineers. Regulations are frequently updated according to current conditions and more
comprehensive regulations are put into service each day.

However, in some works that are intended to be carried out on previously constructed structures,
situations may be encountered where it is not possible to comply with the latest regulations exactly and
appropriate solutions must be produced by the responsible geotechnical engineer. In such cases,
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geotechnical engineers, in addition to their experience and knowledge, could find solutions by working
together with different disciplines related to earth science such as geology and geophysics.

This paper presents a case analysis based on interdisciplinary collaboration. The subject of the study is
the performance analysis of an existing anchored reinforced concrete shear wall. In the relevant analysis,
the tensile tests specified in the regulation could not be carried out within the field conditions and
possibilities. On the other hand, as a result of the joint work of geotechnical engineers and geophysical
engineers, the locations of the anchors were determined and the necessary anchor checks were carried
out. In the presented study, the details of a field study on how anchor locations are determined by
geophysical methods and how they are reflected in the calculations are shared.

Keywords: Anchored Reinforced Concrete Shear Wall, Seismic Measurement, Geotechnical

GIRIiS

Giliniimiizde yogun yerlesim birimlerinden dolayr mevcut binalar arasinda derin kazilar yapma
gereksinimi dogmustur (Afsar vd., 2021, Bilgen vd. 2022). Dolayisi ile, derin kazilar, sadece zemin
ozellikleri, kazi boyutlar1 gibi etmenlerin degil, ayn1 zamanda civarda bulunan mevcut yapilarin da
dikkate alinmasini gerektiren, kapsamli bir geoteknik konusudur T.C. Cevre ve Sehircilik Bakanligi
Yapt Isleri Genel Miidiirliigii 84122464 — 755.01 — E.150340 sayili ve 31.08.2018 tarihli “Kazi
Giivenligi ve Aliacak Onlemler Hakkinda Yonetmelik” (KGAOHY) baslikli resmi yazi ile derin kazi
yapimi esnasinda alinacak onlemleri yasal olarak diizenlemistir. Yonetmelik, temel insaati sirasinda
giivenli bir ¢aligma ortami sunabilmek ve/veya ¢evre yapilart kazi esnasinda olusabilecek olan olumsuz
etkilerden koruyabilmek amaciyla yapilacak “kazi destek sistemleri” hakkindaki detaylara yer
vermektedir. Ayrica, ayni Miidiirliik tarafindan hazirlatilan Temmuz 2023 tarihli “Kazi Destek Yapilart
Yonetmeligi- KDYY -Tasarim El Kitab1” ve Bakanlik tarafindan 18 Aralik 2022 tarihli ve 32047 sayili
resmi gazete ile ilan edilen ve 18 Aralik 2023 tarihinden itibaren uygulanacak olan “Kazi Destek
Yapilar1 Hakkinda Yonetmelik” (KDYHY) kazi destek yapilari ile ilgili detayl bilgileri sunmaktadir.

Kaz1 destek sistemleri, zemin tiirlerine bagl olarak farkli sekillerde tasarlanabilir. Yaygimn olarak
kullanilan sistemlerden biri ankrajli betonarme perde duvardir (ABPD). Bu duvarlar gegici veya kalici
olarak imal edilebilirler. Tipik bir ABPD c¢alisma 6rnegi Sekil 1’de verilmistir. Sekil 1’de goriildugi
iizere, 6 katli bir binanin yanindan bir yol gegmektedir ve yolun arka tarafi ABPD ile desteklenmistir.

18 Aralik 2023 tarihinden itibaren uygulanacak olan Kaz1 destek yapilar1 hakkindaki yonetmeligin
2.15.6 nolu maddesinde kalic1 ankrajli kaz1 destek sistemlerinde, halatlardaki dngerilmenin muhafaza
edilip edilmediginin periyodik Ol¢iimler ile kontrol edilmesi gerektigi belirtilmektedir. Yonetmelik
kontroller 6l¢iimlerinin bir kriko yardimi ile gergeklestirilmesini onermektedir. Kriko, ankrajin agikta
kalan halat kisimlar ile ankraj kafasi olarak adlandirilan baghik kismina yerlestirilir ve ¢ekme islemi
uygulanarak gerekli dl¢iimler gerceklestirilir (KDYHY, 2022).

219



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

6 NORMAL KATLI
KATLI MEVCOUT BINA (TEMSILD

Passel S

#3530 an
BETONARME FRRDE
Hilm

MEVCUT YOLY

RIL] mm:‘;’;—}. I

L KADIME ANSRAS 20 TW Y L g

9158 e g

1 WABEME ANKRA) KOTUY

0

Fe'l
R it
3. KADEME AWKRA) K0TYY |
s
g o
473 2 g
3. KADEME AWKRA) XD Ty W = TAn IR L
84T 4 -1,??--‘;&
MHAl KAZERISUN | T -
B was o
TRIG ALTEOTS

Sekil 1.1. Tipik bir Ankrajli Betonarme Perde Duvar ( ABPD) Kesiti

Sunulan bu c¢alismada, mevcut bir ankrajli betonarme duvarm ankraj kontrolleri ile ilgili bir arazi
uygulamasma yer verilmistir. Arazi caligmasinin amaci ABPD da bir performans analizinin
gergeklestirilmesidir. Yiiklenici firma, ABPD iizerinde kalan arazide, tasarim projesinde yer almayan
bir yap1 insasiin yapilmasini istemektedir ve duvarin bu yapiy1 giivenle tastyip tasiyamayacaginin
belirlenmesi amact ilgili performans analizini talep etmektedir. Bu sebeple, ankrajlarin tasarim 6nerilme
degerlerini muhafaza edip etmediginin belirlenmesi gerekmektedir. Ancak, ankraj kafasindaki paslanma
ve ankraj onilindeki mevcut yapt konumunun ¢ok yakin olmasi gibi sebeplerden dolay1 yonetmelikte
belirtilen aletsel dl¢iimler yapilamamustir. Bu sebeple jeofizik yontemlere bagvurulmus ve hesaplamalar
jeofizik olgiimler sonucu elde edilen veriler 15181nda gergeklestirilmistir.

YONTEM

Caligma Zonguldak ili sinirlarinda yer alan ve Sekil 2°de konumu belirtilmis olan bir ABPD iizerinde
gergeklestirilmistir. Calisma alanindaki zemin sondaj ¢aligmalari ile incelenmistir. Sondaj verileri
1s18inda  zemin iyilestirme ¢aligmalari kolayca gergeklestirilmigtir. Zemin iyilestirme konusu,
geoteknikte son yillarda ¢ok sayida ¢aligma yapilan bir alandir (Bilgen, 2020a, Bilgen 2020b, Altuntas
vd., 2022, Bilgen vd. 2023). Ankraj kontrolleri i¢in de yonetmeligin belirttigi sekilde ¢ekme testleri
uygulanmak istenmistir. Ancak, Sekil 2’de goriildiigii {izere, duvar 6niindeki bina duvara oldukga
yakindadir. Oldukga yiiksek olan duvardaki ankrajlarin kriko ile gekilebilmesi i¢in yiikseltici bir araca
ihtiya¢ duyulmaktadir. Ancak mevcut bosluk, bir aracin girmesi ve halat ¢ekim isleminin yapilabilmesi
icin yeterli degildir.

Ote yandan, zemin igerisinde bulunan karstik bosluklarin zaman igerisinde su ya da havanmn etkisi ile
birlikte aginarak biiyiiyebildikleri bilinmektedir. Bu kesimlere denk gelen ankraj kok bolgelerinde yeteri
kadar enjeksiyon islemleri yapilamadigi durumlarda, zaman igerisinde ankrajlarin tagima giicii ile ilgili
sorunlar olabilmektedir (Dalgi¢-Kusku, 2019). Sismik 6l¢iimler, karstik bosluklarin derinlikleri, uzanim
ve yonleri hakkinda bize detayli bilgi verebildigi i¢in, ankraj kok bolgeleri sismik 6l¢iim verileri 15181nda
yorumlanabilir. Bu sebeple, ¢alisma kapsamindaki ankrajlarin jeofizik olgtimler kapsaminda sismik
Olctimler ile gergeklestirilmesine karar verilmistir.
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Jeofizik yontemler; zemin tabakalarinin ve kalinliklarinin tespitine yonelik arazi ¢aligmalarinin yani sira
zeminin dinamik 6zelliklerinin belirlenmesinde kullanilmaktadir. Deprem hareketi altinda miihendislik
yapilarinin bazi dinamik analizleri, elastik dalga hizlar1 (Vp, Vs) ve dinamik elastik parametreler
aracilig1 ile gerceklestirilir (Kocaman, 2008). Sismik Vp ve Vs dalga hizlari, i¢inde yayildiklar1 jeolojik
birimlerin (zemin, kaya) fiziksel 6zelliklerine, ayrisma ve kirik-gatlak derecelerine, derinlik ve gozenek
yapisina dogrudan bagl olup, kazi ¢aligmalarinda sokiilebilirligin tahmin edilmesinde yaygin olarak
kullanilmaktadir (Karsli vd., 2021). Sismik yontemlerin diger yontemlere gore avantaji ise yiiksek
dogruluk, yiiksek ¢oziim giicii ve sahip oldugu biiyiik niifuz derinligidir (Oztiirk, 1993).

Sismik 6l¢iimde, herhangi bir kaynak (balyoz, agirlik, gun vs.) ile olusturulan sismik dalgacigin uygun
geometride dizilmis algilayicilar (jeofon) ile yer i¢inde seyahatinin takip edilmesi temel ilkedir. Sismik
dalgacigin farkl ortamlarda ilerlerken farkli hizlara sahip olmasi, ortamlarin ayrilmasini saglayan bir
parametre olarak kullamlmaktadir. ilgili hiz analizleri gesitli sekilde (Ilk varislardan kirilma analizi,
ylizey dalgasi analizi, yansima analizleri vs. seklinde) yapilabilmektedir. Sekil 3°de sismik dl¢liimlerde
kullanilan dalga yayilim diyagrami goriilmektedir.

KAYIT ALMA

YAY 'ﬁ I

ILETME &3

JEOLOUK TABAKA 2 ® _eoron curusy

Sekil 3. Dalga yaymim diyagrami (Telford ve ark.,1991)

ABPD’1n arkasinda ankraj kdklerinin bulundugu kisimlar i¢in sismik dl¢ti alinmig ve iki boyutlu hiz
kesiti ¢ikarilmistir. Sekil 2°de ¢calisma kapsaminda yapilmis olan sismik 6l¢iim profilinin istinat duvarina
gore konumu goriilmektedir. S6z konusu mevcut duvar igin ankrajlara yonelik, yerinde elle-gézle ve
cekigle kontroller yapilmis ve duvarda su cikiglar1 ve c¢evreye etkisi de (¢iirlime, yosunlagma, bitki
olusmasi vs.) dahil olacak sekilde ve ankrajlarin 6zelliklerini yitirme durumlari, goz 6niine alinarak bir
plan ¢ikarilmistir. Planlanan profilin duvarmn en st kismindan yaklagik 8-10 m uzaklikta ve 4,25 m
derinlikten baglayan ve derine dogru 2 m devam ederek 28 m derinlige kadar devam ankraj koklerinin
tamamini kapsamasi saglanmisgtir.
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BULGULAR

Hiz kesitleri hesaplamalari ile Sekil 4’te goriilen “Iki Boyutlu Yeralt1 Modeli” olusturulmustur. Elde
edilen sonuglara gore, en lstte kayma dalgast hizlar1 ortalama Vs= 176 m/sn olan dolgu (1. sismik
ortam), altinda hizlar1 ortalama Vs= 300 m/sn olan tamamen ayrismis, ¢ok zayif kaya (2. sismik ortam),
altinda hizlar1 Vs = 609 m/sn olan orta ayrigmis, orta saglam kaya (3. sismik ortam), altinda hizlar1 Vs=
1055 m/sn olan orta-az ayrismis, orta saglam-saglam kaya (4. sismik ortam), altinda hizlar1 Vs= 1591
m/sn olan az ayrismis, saglam-c¢ok saglam kaya (5. sismik ortam), en altta hizlar1 Vs> 2000 m/sn-ye
ulasan ayrismamus, ¢ok saglam kaya (6. sismik ortam) olarak ayrilmus litolojik ortam olarak
tamimlanmustir. Ote yandan, duvardan yaklasik 15° lik bir egimle yapilan ve duvar disindan yaklasik 8
m derinlikten sonra imal edilen ankrajlarin kdklerinin, ylizeyden yapilan sismik 6l¢ii profilinin altinda
yaklasik 4,25 m derinlikten baslayip 2 m aralikli olarak devam ettigi ve sonuncu ankrajin 28 m derinlikte
bulundugu belirlenmistir. Bagka bir deyis ile, ¢ikarilan hiz kesitinin iistten 4,5 metresi ve alttan 28
metreden sonrasi ankrajsiz bolgedir. Bu sebeple yapilan hesaplamalarda iistte bulunan 1. sismik ortam
ve en altta bulunan 6. sismik ortam ihmal edilmistir. Sekil 5’te ¢alisma alan1 {izerinde gergeklestirilen
sismik Ol¢lim verileri goriilmektedir.
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Sekil 5. ABPD iizerinde gerceklestirilen sismik 6lgiim verileri
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TARTISMA VE SONUC

Sunulan ¢alisma kapsaminda, ABPD yapisinin performans analizleri igin, ankrajlarin tasarim projesinde
belirtildigi gibi aktif olup olmadig1 tespit edilmeye calisilmistir. Bu amagla, ¢ekme testleri
gerceklestirilemediginden, sismik 6l¢lim verileri {izerinden yorumlama yapilmak sureti ile veri elde
edilmistir. Yapilan sismik 6l¢iim sonuglarina gére ABPD’de 12 sira halinde tasarlanmis ve insa edilmis
ankrajdan bazilarinin tam kapasitede ¢alismadigini anlasilmistir. En zayif kesitte 4 ankrajin aktif
olmadig1 ve 8 adet ankrajin ¢alistig1 belirlenmistir.
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OZET

Iklim sistemi, farkl1 parametrelerin birbirleri ile etkilesimlerinden meydana gelen zamansal ve mekansal
olarak farkliliklarin gerceklestigi dinamik bir sistemdir. Bu sistemin pek ¢ok parametresi bulunmakta
olup sicaklik ve yagis, iklim verilerinin ana elemanlarii olusturmaktadir. Iklim verileri su kaynaklarinin
yoOnetimi ve planlanmasinda biiyiik 6neme sahip olan hidro-meteorolojik verilerdir. Bu veriler iizerinde
uzun zamanli kademeli degisimler meydana gelmektedir. Bu degisimlerin kaginilmaz olarak en fazla
etkiledigi alanlardan birisi de akarsularin akimindaki degisikliklerdir. Iklim verilerinin akarsu akimina
etkileri belirlemek i¢in farkli yontemler kullanilmaktadir. Hidrolojik modellemeler, yagis-debi analizi,
iklim degisikligi senaryolari, jeomorfolojik analizler ve istatistiksel analizler bunlardan bazilardir.
Ayrica akarsu akimlarindaki degisiklikleri izlemek ve ileride olusabilecek durumlari analiz edebilmek
icin parametrik ydntemler, yapay sinir aglar1 (YSA), Nonlineer modelleme gibi yontemler
kullanilmaktadir. Son yillarda yapay zeka teknolojisindeki gelismeler ve CBS tabanli uygulamalarin
artmasi ile modelleme teknikleri de gelismektedir. Akarsu akimini etkileyen parametre sayisi ¢ok fazla
oldugundan yapilacak modelleme calismalarinda sicaklik, yagis vb. iklim verilerinin kullanilmasi
modelleme tekniginin performansina direkt etki eden parametrelerdir. Bu ¢alismada; Iklim verilerinin
de girdi olarak kullanildigi, yaygin olarak tercih edilen akarsu akimi modelleme tekniklerine iligkin
bilgiler derlenmis, fakli bolgelerinde yapilan modelleme galismalar1 ortaya konulmus ve bu 6rnekler
dogrultusunda akarsu akiminda iklim verilerinin etkisi hususunda genel bir degerlendirme yapilmistir.

Anahtar Kelimeler: iklim verileri, Akarsu akimi1, Yapay zeka, CBS, Modelleme,

ABSTRACT

The climate system is a dynamic system where temporal and spatial differences occur due to the
interaction of different parameters. This system has many parameters, and temperature and precipitation
constitute the main elements of climate data. Climate data are hydro-meteorological data that are of
great importance in the management and planning of water resources. Long-term gradual changes occur
on these data. One of the areas that these changes inevitably affect most is the changes in the flow of
rivers. Different methods are used to determine the effects of climate data on stream flow. Hydrological
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modeling, rainfall-flow analysis, climate change scenarios, geomorphological analyzes and statistical
analyzes are some of these. In addition, methods such as parametric methods, artificial neural networks
(ANN), and nonlinear modeling are used to monitor changes in stream flows and analyze future
situations. In recent years, modeling techniques have also been developing with the developments in
artificial intelligence technology and the increase in GIS-based applications. Since the number of
parameters affecting stream flow is very high, temperature, precipitation, etc. will be used in modeling
studies. The use of climate data are parameters that directly affect the performance of the modeling
technique. In this study; Information on commonly preferred stream flow modeling techniques, in which
climate data is used as input, has been compiled, modeling studies carried out in different regions have
been presented, and a general evaluation has been made about the effect of climate data on stream flow
in line with these examples.

Keywords: Climate data, Stream flow, Artificial intelligence, GIS, Modeling,

1. GIRIS

Iklimde meydana gelen degisikliklerin sebeplerini ve iklim degisiminin sonucunda olusacak etkileri
incelemek adma diizenlenen Hiikiimetleraras1 iklim Degisikligi Paneli’nde ortaya konulan dérdiincii
degerlendirme raporu sonuglarina goére, yiirkiire {izerinde birgok farkli alanin hidro-moeteorolojik
degerlerinde, Ozellikle sicaklik ve yagis parametrelerinde istatistiki anlamda farkliliklar olacagi
beklenmektedir. Bu iklim parametrelerinde meydana gelecek degisimlerin en ¢ok etkileyecegi hidrolojik
slirecin baginda akarsu akimlari olmasi beklenmektedir [1].

Zamansal olarak uzun bir donemi kapsayan gozlemlere bakilarak kiiresel dl¢ekte yiizey sicakliginda ve
deniz seviyesindeki artislar, buzullar ve kar ortiilii kapli alanlardaki daralmalar iklim degisikliginin en
onemli gézlemlenebilmis ispatlarindandir [1]. Niifusta meydana gelen artis ve sanayinin gelismesi ile
sera gazi salinminda yukart yonlil artislar gozlemlenmis ve bu durum kiiresel 1snmanin siddetini
artirmistir. Biitlin bu etiler iklimlerin genel karakteristik 6zelliginin hizli ve etkili bir bicimde degisimine
neden olmustur[2]. Bu nedenlerle, iklimde meydana gelen degisimlerin su kaynaklar1 iizerindeki
etkilerini inceleyerek hidrolojik siirecleri takip etmek son yillarda bir cok arastirmaya konu olmaktadir
[3].Yagis ve sicaklik gibi iklimi olusturan parametrelerde meydana gelen degisimlerden en fazla
etkilenecek olan hidrolojik siirecin basinda akarsu akimlarinin gelmesi beklenmektedir. Son yillarda
yapilan calisma sonuglar1 ve analizler sicaklik ve yagislarda meydan gelen degisimlerin akarsu
akimlarima etkisinin dnemli boyutlarda oldugunu ortaya koymaktadir [4].

Iklim birgok farkli parametrenin bir araya gelmesi ile olusmaktadir. iklimi olusturan parametrelerin
baslica elemanlar1 yagis ve sicakliktir. Olgiilen ve analiz edilerek kullanima hazir hale getirilen yagis ve
sicaklik verileri bir bolgenin ikliminde olusan degisimleri anlamak, iklimin karakteristik 6zelligini
belirlemek veya iklim karakterinin degisimlerini ortaya koymak adma 6nemli bilgiler sunmaktadir.
Ornek olarak diinya genelinde sicakliklarda anlamli artis yasanmasi, hidrolik ¢evrimlerde degisiklige
neden olarak, kar oOrtiilii alanlarin azalarak degismesi, buzullarin erimesi ve deniz seviyelerinde
yiikselme yasanmasi, sicak hava dalgalarinin siddetlenmesi, yerel ve bolgesel olarak taskinlara ve
siddeti artan kurakliklara neden olmasi beklenmektedir [5-6].

Iklim degisimleri ve iklimde degiskenlik ile ilgili arastirmalarin biiyiik boliimii sicakligm, yagisin ve
akimin iizerinde trend analizlerinin yapilmasi ve yorumlanmasi ile dogrudan ilgilidir [7]. Iklimle ilgili
bu parametreler iizerinde trend analizlerini yapmak su kaynaklarina etki eden iklim degisikliginin olasi
etkilerini gérmek adina olduk¢a 6nemlidir [8].

Su kaynaklarinin kontrollii kullanilabilmesi i¢in, kaynaklarin tasarlanmasi ve isletilmesi agisindan
akarsu akimlarinin bilinmesi, 6l¢iilmesi, degisimlerin izlenmesi ¢ikarilacak sonuglar i¢in biiylik 6neme
sahiptir. Ileride olusabilecek akimlarin nasil gerceklesecegini degerlendirmek igin akim tahmini yapan
modeller ortaya koymak, su kaynaklarinin kontrol edilmesi, hidroelekrik enerji iiretimi, dogal
kaynaklarin ve ¢evrenin siirdiiriilebilir sekilde korunabilmesi, tagkin ve sel gibi afet durumlarina karsi
tedbir ve Oonlem alinabilmesi konularinda modelleme ortaya koyan kullaniciya, bolge halkina ve su
kaynaklarinini yonetenlere, karar alma ve kararlarin uygulanmasi noktasinda ¢ok faydali yardimci bir
ara¢ olmaktadir.
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Gilintimiizde teknolojik gelismelerin etkisi ile simiilasyon ve istatistiksel simiilasyon kullanilarak
modelleme yapilmasi ile ilgili ¢aligmalarin sayisida artimaktadir. CBS tabanli uygulamalar, uzaktan
algilama yontemleri ve veri yonetimi sistemlerinin tercih edilmesi ile akarsu akimi modellemeleri daha
etkin olmakta ve modeller gelistirilip iyilestirilerek daha performansli hale gelmektedir [9].

Modelleme galismalarinda kullanilan yontemlerden Coklu Dogrusal Regresyon, Mann-Kendall Trend
metodu, Sen-1ta Trend Testi, Theil-sen Egimi gibi yontemler istatistiksel yontemler olup ¢alismalarda
oldukga sik kullanilmaktadirlar. Son yillarda teknolojinin gelisimi cbs tabanli proglama sistemlerinin
gelistirilmesi vb etkilerle, Yapay Sinir Ag1 (YSA), Genetik Ifadeli Programlama (GEP), (ANFIS)
bulanik mantik sistemi gibi yapay zeka ile ilgili yontemlerinde yagis-akis modellemesi gibi hidrolojik
olaylar i¢in kullanim1 yayginlagmustir.

Bu ¢aligmanin amaci; gliniimiizde su kaynaklarinin planlanmasi ve yonetiminde en 6nemli unsurlardan
olan akarsu akimlarina iklim verilerinin olasi etkilerini ve bu etkileri belirlemek adina yapilan
modelleme ¢aligmalarinin 6nemini ortaya koymaktir. Bu amagla modellemede sik kullanilan yontemler
ile son yillarda gelisen modellemeler ile ilgili bilgiler derlenmis, Diinyada ve Tiirkiye’de farkli
bolgelerde yapilmis olan akarsu akim modelleme ¢alismalarindan 6rnekler sunulmus ve bu sunululan
ornekler 15181nda iklim verilerinin akarsu akimina etkileri konusunda degerlendirmeler yapilmistir.

2. AKARSU AKIMLARINDA HiDROLOJIK MODELLEME TEKNIKLERI

Hidrolojik bir modeli hidrolojik verilerin igerisinde yer alan; yagis, akis, buharlagsma, terleme, sizma vb.
etkilerin fiziksel veya kavramsal olarak sistemi kurulmus bir simiilasyon bicimidir seklinde
tanimlayabiliriz. Modelleme yapim uygulamalarinda; hidrolojik ¢evrim siirecinde bulunan agamalarin
bir biitiin olarak goriilebilmesi, iklimde meydana gelen degisimin getirdigi sonuglarn ve su
kaynaklarinin uygun bir bi¢imde yorumlanmasi hedeflenir. Hidrolojik dongiide yer alan; yagis, akis,
sizma, buharlagma ve terleme gibi olaylar1 agiklayan bir ¢ok model zamanla gelistirilip daha islevsel
hale getirilmistir. Hidrolojik dongii siirecinde meydana gelen bir ¢ok degiskenli faktorleri birbirinden
ayr1 degerlendirmek yerine, bir biitiin olarak, siireclerinde biribirleriyle iliskilerinin de goz Oniinde
bulunduruldugu hidrolojik modellerin kullanim1 daha gergekei sonuglar vermektedir.

Hidrolojik parametrelerden yagis ve akis iligkisinin incelenmesinde model ¢esitliligi oldukga fazladir.
Bu modeller yapilarmna gore Parametrik Modeller, Klasik Kara Kutu Modeller ve Yapay Zeka
Yontemleri bagliklari altinda ii¢ siifta degerlendirilmektedir. Yapay zeka modelleri ile yapisal olarak
Klasik Kara Kutu model gibi degerlendirilselerde farkli bir baslik altinda incelemek modelleri
anlamakta ve karvramak adina daha saglikli olacaktir. Genel olarak benzer bir yolla, veriler ile ¢iktilar
arasinda bir bag kurarak calisirlar ancak bu verileri kullanma metodlarinda farkliliklar bulunmaktadir.
Yapay zeka yontemlerinde ¢ok daha karmasik ve daha fazla veri islenerek istenilen hedeflere
ulasilmaktadir. Herhangi bir parametrenin belirli bir donem igerisinde artis veya azalig yoniinde olup
olmadigin1 anlamak i¢in metod olarak bazi istatistiksel testlere tabi tutmak gerekir. Trend testleri bu
egilimleri tespit edebilmek adina yaptigimiz testlerdir [10].

Bazi parametrelerin egilimlerini tespit edebilmek igin klasik degiskenlerden birini degistirmemiz sonug
almak adina yetersiz olabilir. Bu gibi durumlarda trendi belirlemek i¢in Mann- Kendall gibi testler
yaygin olarak tercih edilir [11].Bunlar istatistiksel parametrik olmayan yontemlerdir. Yaygin olarak
uygulanan parametrik olmayan testler; Sen-ita trend testi, Theil sen egimi yontemi, Dogrusal regresyon
analizi, Mann-Kendall, Spearman Rho, lineer egilim gibi testlerdir. Mann-Kendall tesi en ¢ok tercih
edilen parametrik olmayan istatistiksel yontemlerdendir [12].

Parametrik modellerin calisma prensibinde yagis-akis iligkisindeki yiizey akisilari, sizma ve yeralti akisi
vb. durumlara ayirarak bu durumlarin birbirleri ile olan baglari detayli bir bigimde agiklanir. Bir
havzanin parametre degerleri, havzadaki hidrograflarin belirli ve yeterli bi tekrarda model denemesi ile
tiiretilir. Bir havzanin modelleme ¢aligmasinda girdi olarak kullanilan eleman sayisi ne kadar ¢ok olursa
ortaya ¢ikacak modelde ayni oranda detayli sonug vermektedir. Parametrik modeller, kendi igerisinde,
basit parametrik modeller ve parametrik siirekli benzesim modelleri olmak {izere iki gruba
ayrilmaktadir. Parametrik modellere, HEC-1, SWMM, TR-20 PRMS ve SWRRB vb modeller 6rnek
gosterilebilir [13].
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Yapay Zeka yontemleri Yapay Sinir Aglar1 (YSA) ve Bulanik Mantik (BM) metotlarinin birlesiminden
olusmaktadir. Yapay sinir aglart sistemi, bir insanin viicudundaki sinir aginin elektriksel modelini
meydana getirmektedir. Yapay sinir aglar, ¢caligma prensibi olarak insanda beynin ¢aligma siteminin
benzeri olarak bilgisayar ve matematiksel modellemesi olup, 6grenerek karar verme ilkesi {izerine
temellendirilmistir. Bulanik Mantik metodunda ise, bir insanin sahip oldugu bazi 6zelliklerin makinelere
islenmesi ve bu 6zellikler sayesinde makinenin dah fonksiyonel ¢alistirilmas: durumu ortaya ¢ikar. Bu
iki sistemin (YSA ve BM) i¢ ige gegip birlesmesinden olusan sistemlere en iyi rnek ANFIS modeli
gosterilebilir [14].

Bu smifilandirmalarin  yani sira fiziksel ve matematiksel yoOntemler olarakta modeller
smiflandirilabilirler. Fiziksel sistem olarak tanimlanan modellerden en sik kullanilan modellere 6rnek
olarak SWAT modelleme, WEAP Programi, HSPF ve FAO modelleri gosterilebilir.

2.1 istatistiksel Modelleme Yontemleri
2.1.1 Sen-I1TA trend testi

Sen [15], gelistirmis oldugu yontemde n tane veri 6rneginde trendin egim tahmini yapabilmek igin
parametrik olmayan bir metot gelistirmistir [16]. Buna gore, belirli bir zamandaki serilerin trendlerinin
bliytikliik 6l¢iisii ragresyon analizleri veya Sen’in gelistirdigi trend e§imi moetodu tercih edilerek ortaya
cikarilmalidir [17]. Bahsedilen iki metot da lineer 6zelliktedir. Regresyon analizinde, sicaklik-yagis
iliskisi bagimli degiskeni temsil ederken, zaman kavrami ise bagimsiz degisken olarak kullanilir [18].

2.1.2 Mann-kendall trend metodu

Mann-Kendall siklikla tercih edilen parametrik olmayan trend analiz testlerinden biridir. Mann-Kendall
testinin diger testlere gore kolaylik sagladig1 ve avantajli oldugu durumlardan biri istatistiksel dagilimin
trendin analiz sonucuna bir etkisinin bulunmamasidir. Bu diurum sistemde degiskenlerin
biiytikligiinden harig asil dnemli olan durum erilerin bityiikliik siralamasidir [19].

2.1.3 Dogrusal regresyon analiz metodu

Regresyon analizleri birgok farkli konuda parametrelerin birbirleri ile nasil bir iligki igerisinde oldugunu
anlamak maksadiyla kullanilir. Istatistigin en ©&nemli unsurlarindan olan regresyon analizinde
parametrelerin iligkileri matematiksel olarak ortaya konulmakta ve ortaya konulan maksimum degerde
incelenerek analizler yapilmaktadir. Analizlerde herhangi bir degiskenin bir diger degisken ile iligkisini
incelerken, degiskenlerden bir ya da birkag1 belli ise diger degisken i¢in kurulan matematiksel fonksiyon
yardimiyla tahmin yapilmaktadir. Bu analiz matematiksel fonksiyonlar kullanilarak ¢aligtirilir ve olugan
modele regresyon modelleme olarak tanimlanmaktadir [20].

2.1.4 Theil-sen egim yontemi

Theil-Sen egim yontemi istenilen bir donem ele alinarak zamansal periyotlarla egimdeki biiyiikliik veya
kiiglikligii belirlemek i¢in kullanilmaktadir. Yontem dogrusal regresyon analizi is karsilagtirildiginda
ortalama degerlerden sapan degerlerin egimde etkisini sinirlandirdig1 goriilmektedir. Egimi simgesel
olarak B simgesiyle gosterilmektedir. Theil-Sen egim yontemi ve dogrusal regresyon trend analizi
metodlar1 kabul edilen kritik degerin bulunmamasi yoniinden Mann-Kendall ve Sen ITA
yontemlerinden ayrilmaktadir. Theil-Sen yaklagimi (TSA) olarak adlandirilan parametrik olmayan bu
yontem trendin egimini 6lgmek icin bir¢ok arastirmaya konu olmakla birlikte bir ¢cok arastirmacinin
tercih ettigi yaygin olarak kullanilan bir yontemdir. En kii¢iik kareler sistemine nazaran daha
performansh ve dogru tahmin sonucu vermektedir. TSA, zaman serisinde normal dagilmis girdiler
mevcut oldugu durumlarda dahi en kiiciik kareler yontemi ile basabag sonuglar verebilmekte ve budurum
onu bu konuda rekabetgi bir konuma getirmektedir [18].

2.2 Yapay Zeka Yontemleri

Yapay zeka, temel olarak insan diislinme yapisinin veya bir seyleri anlayip ¢ikarim yapma yetisinin
bilgisayar yardimiyla taklit edilmesi prensibine dayanir. Bu tanimi1 biraz daha agmak gerekirse yapay
zeka, insan zekasinin algilama, diisiinme ve karar verme gibi 6zelliklerinin ¢esitli algoritmalar veya
cesitli enstriimanlar araciligiyla taklit edilmesi olarak tanimlanabilir. Yapay zekanin en énemli avantaj
insani hatalardan arinmasi ve yansiz sonuglar elde edebilmesidir. Yani bir yapay zeka algoritmasi
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duygusal olarak diisiinmez veya insanlar1 bir problemi ¢ézerken yapabilecegi islem hatalarini yapmaz.
Bununla birlikte klasik istatistik biliminin yetersiz oldugu tiim alanlarda basarili bir sekilde
uygulanabilir. Tim bu 06zellikleri toparlarsak islem hizi, detaylar1 gézden kagirmamasi, maliyet ve
zamandan tasarruf etmesi, ¢oziilmesi giic matematiksel problemler i¢in ¢6ziim sunmasi agisindan yapay
zeka yontemleri giiniimiizde hemen hemen her alanda kullanilmaktadir. Teknolojidek igelismelerle
birlikte yapay zeka yontemleri ¢esitlenmistir. Bunlardan en gok bilinenleri su sekilde siralanabilir: YSA
(Yapay Sinir Aglar1), Uzman Sistemler (Expert Systems), Metallerin Tavlanmasi Benzesimi (Simulated
Annealing), Gelisime Dayal1 Algoritmalar, Genetik algoritmalar (Genetic Algorithms) , Bulanik Mantik
(Fuzzy Logic) [21].

2.2.1 Anfis modeli

Jang [22], ANFIS metodunu, dogrusal olmayan fonksiyonun model yapilmasi, kontrol sisteminde
dogrusal olmayan bilesenlerin belirlenmesi ve kaotik zaman serilerinin tahmini adina bu yo6ntemi
gelistirmistir.  Burada kullanilan teknik ile modelde, giris ile ¢ikis verisine bagh giris-cikis
programlanabilmektedir [22].

Yapay sinir aglari(YSA) ve Bulanik mantik yontemlerinin biraraya gelmesinden olusan ANFIS
modelinin ileri beslemeli bes tabakali bir yapisi vardir [23]. Literatiir incelendiginde iki tane bulanik
¢ikarim sistemi (BCS) oldugu anlagilmaktadir. Mamdani sistemi, daha basit ve sezgiye yonelik, iki girisi
olan bir bulanik metottur. Mamdami metotunda veriler bulanik yapildiktan sonra bulanik veri olarak
iiretilir ve sadelestirilmesi gerekir. Sugeno metodunda daha karisik sorunlara cevap bulmak icin
tasarlanmistir. Her iki metodu arasindaki en belirgin farkli 6zellik; Sugeno metodunda iiyelik
fonksiyonlarinin tanimmin yapilmast ve ilgili kurallarin tanimlanmasinin yapilmasidir.  Sugeno
metodunda ¢ikistaki degisken veri sabit katsay1 ya da giris verisi degiskenine bagli bir fonksiyon olarak
nitelendirilmektedir [24].

2.2.2 (YSA) Yapay sinir aglar1

Yapay sinir aglart (YSA) matematiksel bir yardimci ara¢ olmakla birlikte insanlarin sinir sistemlerinden
esinlenilerek olusturulmus bir ara¢ olma 6elligine sahiptir. Katmanli bir yapist bulunmakla birlikte bu
modeller insanlarin biyolojik sinir sistemlerine benzer olarak hiicre birlesmesi ile yapilandiriimaktadir.

2.3 Parametrik Yontemler
2.3.1 HEC — Hms modeli

HEC (Hydrologic Engineering Center), hidrolojik konularda, suyun verimli ve etkin kullanilmasi i¢in
yapilan su planlama g¢aligsmalarinda bir kurul olarak goérev yapmak maksadiyla, Amerika Birlesik
Devletleri’nde yapilanmis bir kurumdur. Yagislardan sonra irmak ve havzalardaki akim sekillerini
incelemek ve tahmin metotlar1 gelistirmek amaciyla HEC-1 yazilimi diretilmistir. HEC-1 yazilimimin
ilerletilmesi ¢aligmalarindan 6nce hidrolojik dongiide bulunan parametrelerin hemen hemen hepsi i¢in
ayr1 ayr1 yazilim tercih edilmesi gerekliydi. HEC-1 yazilim sisteminde ise yagis, sizma, ve yiizey akislari
birarada degerlendirilerek daha iyi bir performans ortaya koyan bir sonu¢ vermesinden o6tiirii yaygin
olarak kullanilmaya baglamigtir. Bu modelleme sisteminin birgok arastirmaci tarafindan tercih
edilmesinin bagka bir nedeni ise daha genis spektrumda bir dkiimantasyona sahip olmasidir. islem
yapma kabiliyetinin diger modellere gore oldukc¢a hizli bir sekilde yaparak diger hesap yapma
makinelerinin 6niine gegebilmesi genis kitlelerce tercih edilmesinin bir diger nedeni olmustur [22].
Yazilima entegre edilmis olan farkli model se¢enekleri birbirinden farkli akimlari temsil etmek adina
programda mevcuttur. Farkli ortam kosullar1 i¢in ayarlanabilecek kullanicin se¢imine gore sartlari
degistirilebilir birgok farkli model se¢enegi bulunmaktadir. Hangi modelin tercih edilecegi, elde bulunan
verilerin hangi modelde kullanilmasina uygun olacagini bilmeyi modellemede neyin amaglandiginin iyi
tespit edilmesini gerektirmektedir. Bu yazilimin bir diger avantajida havza alanlarmin genis olsa dahi
problemlerin ¢oziilebilecegi ve uygulanabilecegi sekilde planlanmis olmasidir [22].

2.3.2 HSPF programi

HSPF herhangi bir havzada hidrolojik dongiide bulunan unsurlart biitiiniiyle simiile eden bir modeldir.
HSPF’in su kalitesini modelleyen kisimlar yillarca denenmis ve kullanilmis olan ARM (Agricultural
Runoff Model) Tarimsal akisa gegen su modeli ve NPS (Nonpoint Source Model) yaygin kaynak
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modelleri {izerine insa edilmistir. HSPF modelinin direkt erisimli zaman serisi yonetim sistemi lizerinde
planlanmigtir. Bu sistemde farkli simiile etme ve uygulanabilir modiiller ister bireysel isterse gruplar
halinde igleme girebilecek bi¢imde insa edilmis ve aralarinda hiyerarsik bir diizende takip yapmaktadir.
HSPF Modeli herhangi bir nehir veya havzada bulunan zemin 6zelligi ister gegirimli ister gegirimsiz
olsun birgok ortami simiile ederek modelleyebilir.[40]. Program igerisinde bulunan PERLEND modiilii
gecirimli kara ortamini, IMPLND modiilii gecirimsiz bir ortami1 ve RCHRES sulak ortami simiile eden
yardimc1 modiillerdir [25].

2.3.3 Swmm model

EPA Storm Water Management Model (SWMM) herhangi bir bélgede meydana gelen ister kisa siireli
isterse uzun dénemli yagislarin neden oldugu yiizeysel akisa gegen suyun miktarsal ve kalite anlaminda
modellenmesini saglayan yagis-akis model sistemidir. SWMM’de bulunan yiizeysel akis modiilii bazi
hesaplamar yaparken alt havzalarin yagisi toplamasi temelinde ¢alisir ve bu prensip ile yiizeysel akiglar
ve sudaki kaliteyi belirler. Bu programda akim modiilii yiizeysel akisa gegen suyyun yardimci
elemeanlar ile boru veya insa edilen kanallar vasitasiyla havza ¢ikis noktasina iletmektedir. SWMM
programi meydana gelen yiizeysel akisi hacim ve miktari, su kalitesi, akim orani derinlik bakimindan
ayr1 ayr1 boruda ve kanalda zaman serileri kullanarak hesap yapabilmektedir [26].

1971 yilinda kullanilmaya ve gelistrilme c¢aligmalarina baglanmig olan programa yazilimecilar birkag
farkli versiyonunu iiretmislerdir. Program, analiz ve tasarim, sehir i¢i sebeke ve kanalizasyon hatlari,
bir¢ok farkli bolgedeye yonelik drenaj galismasi yapabilmesi gibi bir¢ok farkli alanda yaygin olarak
kullanilmaktadir [26].

2.4 Fiziksel Simiilasyon Yontemler
2.4.1 SWAT modelleme teknigi

Toprak ve Su Degerlendirme Aract (SWAT), Amerika Birlesik Devletleri Tarim Bakanligi (USDA) —
Tarimsal Aragtirma Servisi (ARS) tarafindan gelistirilen bir ekohidrolojik modeldir. SWAT, hidrolojik
stirecleri, akarsu akigini, arazi kullaniminin ve tarimsal yonetim uygulamalarimin su kalitesi lizerindeki
etkilerini simiile etmede fiziksel, biyojeokimyasal ve hidrokimyasal siireclerin matematiksel tanimlarina
dayanan siirekli zamanli, yar1 dagitilmig, dinamik ve mekansal olarak dagitilmis bir modeldir. Cesitli
havza 6lgeklerinde kirleticilerin, tortularin ve tarimsal kimyasallarin akibeti ve taginmasi. Ana model
bilesenleri hava kosullari, hidroloji, toprak 6zellikleri, bitki biiylimesi ve arazi yonetiminin yan1 sira
besin maddeleri, bocek ilaglari, bakteriler ve patojenlerin yiikleri ve akislaridir. SWAT, buharlagma ve
terleme, yiizey akisi, sizma, sliziilme, s1g akifer ve derin akifer akisi ve kanal yonlendirme dahil olmak
tizere onemli hidrolojik siire¢leri simiile edebilir [27].

2.4.2 WEAP modelleme teknigi

WEAP modelleme programi Stockholm Cevre Enstitiisii (SEI)’niin suyun planlanmasi ve kaynaklarin
verimli yonetilebilmesi i¢in gelistirdigi bir yazilim ve programlama aracidir. Kent ve tarim uygulamalari
basta olmak iizere bir¢ok sektore uyarlanabilir olan modelde su kaynaklarinin planlanmasinda ve suyun
dongiisel siireglerini izlemede kullanilir. Yiizeysel akisa gecen su, hidrolik enerji sistemleri, su kalite
izleme uygulamalar, tasarruflu su tiikketimi, baraj gl vb gibi alanlarin modellenmesi gibi konularda
arastirmacilara ve kullanicalara yardimei olan bir modelleme teknigidir [28].

2.4.3 FAO (AquaCrop) modelleme teknigi

2009 yilinda Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) tarafindan gelistirilen bir modeldir. Bu
modelde sartlarin kisitlayici oldugu durumlarda, sulamanin desteklenmesi gerektigi durumlarda ve
sulamanin yapilamadig1 zamanlarda topraktan alinan {iriinlerin gelisimi ve siire¢ sonunda alinan verimi
simiile eden bir modellemedir. Model calisma prensibi olarak topraktan alinan herhangi bir iiriiniin
tikettigi su kiitlesini baz alarak ortaya ¢ikan {iriinlin verim tahmininin yapilmasi ve iirliniin gelisimini
gorsel olarak sunabilen bir simiilasyon modeldir [28].
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3. DUNYA’DA VE TURKIYE’DE IKLIM VERILERININ AKARSU AKIMINA
ETKILERININ INCELENDIGI CALISMALAR

3.1 Diinya’da Yapilan Calismalar

Bekele vd. [29], tarafindan yapilan bir ¢alismada, iklim degisikliginin Yukar1 Mavi Nil havzasi olan
Arjo-Didessa havzasinin akarsu akisi tizerindeki etkisi degerlendirilmistir. Akis simiilasyonu, ¢alisma
alani icin kalibre edilmis ve dogrulanmis olan HEC-HMS yagis-akis modeli kullanilarak yapilmistir.
Sonuglar, iklim degisimi etkisinin mevsime bagl oldugunu, yagisli mevsimde artan bir akarsu akisi, 6te
yandan az yagish ve kurak mevsimlerde azalan bir akis oldugunu gostermektedir.

Swain ve Patra [30], Hindistan’in dokuz bélgesine yayulmis olan 32 farkli havzay1 sectikleri
caligmalarinda hidrolojik parametrelerin tahmininde iklimsel degisikliklerin ve arazi parametrelerinin
o6nemini belirtmistir. 21 yillik giinliik toplam yagis yiiksekligi veri seti, zemin 6zellikleri ve arazi
kullanim1 veri setleri SWAT metodu igerisinde kullanilarak 32 farkli havzada ¢alisma yapmis ve bu
caligmalarda veri 61¢iimii yapilmamis veya eksik olan havzalar ile birlikte veri 6lgiimii yapilmis havzalar
arastinnlmigtir. Calisma su kaynaklarmin planlanmasi ve hesaplanmasi asamasinda ekolojik ve
sosyoekonomik faktorlerin géz oniine alinmasi gerektigini vurgulamaistir.

Joseph vd. [31], havzalarda iklim degisikligi etkisi altinda yapilan hidrolojik ¢alismalarda ¢ok sayida
zemin parametreleri, arazi kullanimi, bitki tiirii, kontrol yapilari, sulama ve su kullanimi parametreleri
ile birlikte meteorolojik verilerine ihtiya¢ duyuldugunu gostermislerdir. Yaptiklart bu ¢aligmada iklim
degisikligi etkisi altinda yapilacak hidrolojik modellemeleri ¢oklu iklim degisikligi modelleri olmadan
yapmislardir. Calisma muson ikliminin gézlendigi Hindistan’in Ganga havzasinda gergeklestirmistir.
Caligmada 3 farkli kiiresel dolasim modeli kullanilmistir (IPSI, EC-EARTH ve MPI).

Motiee vd. [32], c¢alismalarin1 Iran’ in Kuzeyinde bulunan Alam-Kuh buzulu ve Sardabrud nehri
havzasinda gergeklestirmistir. Nehrin debisinin 2012-2018 yillar1 arasinda stirekli olarak artig
gostermesi ve buzulda yapilan incelemeler buzulda ciddi bir erimenin oldugunu gostermistir. Calismada
bes farkli kiiresel dolasim modeli kullanilmistir (EC-EARTH, GFDL-CM3, HadGEM2-ES, MIRO-C5
ve MPI-ESM-MR).

Khoi ve Phi [33], ¢aligmalarini Dong Nai nehri havzasinda yapmistir. Caligma iklim degisikligi
etkisinin akima ve su kalitesine etkisini arastirmay1 amaclamaktadir. Calismada 5 kiiresel dolagim
modeli kullanilmigtir (CanESM2, CNRM-CM5, HadGEM2-AO, IPSL-CM5A-LR ve MPI-ESM-MR).

Dalavi vd. [34] yaptiklar1 ¢alismada su kaynaklarimin planlanmasi ve kontrolii agisinda temel gereklilik
olarak belirttikleri akarsu akisinin tahmin edilme konusunu incelemistir. Calisma Chaskaman
havzasinda ti¢ farkli yerlesim yerine hizmet edecek olan 6nemli bir sulama projesini degerlendirmek
icin yapilmistir. Calismada kullanilan yontemler sirastyla Inglis ve De Souza formiilii, Khosla yontemi,
Cautagine yontemi, Hindistan Sulama Midiirliigii yontemi ve Strange tablo yontemidir. Havzada 15
yillik veri kullanilarak yapilan analizlerde Cautagine yonteminin daha basarili oldugu belirtilmistir.

Khosravi vd. [35], yaptiklari ¢alismalarinda, literatiirde akis tahmininde kullanilmis istatistiksel
modeller ve esitliklerin degerlendirmesini yapmislardir. Calisma Banadaksadat havzasi, Iran’da
yapilmigtir. Calismada bahsedilen yontemler ile yapilan akis tahminleri sonucunda Lacey yonteminin
bolge igin en basarili yontem oldugu belirlenmis ve Contagine ve Turc yontemlerinin de bu yonteme
yakin sonuglar iirettigi gosterilmistir.

Jin vd. [36], Afrika’da Volta Nehri’nde caligmalar yapmiglar ve galismada iklim degisikliginin su
kaynaklar1 iizerindeki etkilerinin giin gectik¢e arttigini belirtmislerdir. Calismada CNRM-CMS5,
HadGEM2-ES ve CanESM2 KDM verileri kullanilarak, proses bazli bir tahmin modeli olan INCA ile
nehirde gelecek akim degisimi iki farkli (2050’1er, 2090’1ar) gelecek zaman periyodu i¢in incelenmistir.
Calisma sonucunda, aragtirma bolgesinde sicakliklarin yillara gore artis gdsterecegi ve yagislarin da
model verilerine ve konumlara bagli olarak artiglar gésterecegi ve bu etkilere bagli olarak, yiiksek
akiglarin %36’ya varan sekilde yillara gore artacagi sonucuna ulasilmigtir.

Arnell ve Gosling [37], ¢alismalarinda iklim degisikligi modellerinin kiiresel 61¢ekte nehir akis rejimleri
iizerindeki potansiyel etkilerini arastirmak iizere yapilmistir. Calisma sonucunda, 2050°1i yillara kadar
kiiresel 6lgekte sicakliklarin belirlenen referans doneme kiyasla 2 °C artig gosterecegi belirlenmistir.
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Sicaklik artiglar ile birlikte Sibirya ve Avrupa’nin yiiksek enlemli kesimlerinde nehir akiginda artiglar
gbzlenecegi sonucuna ulasilmigtir.

Akinwumi vd. [38], Nijerya’da Ala Nehri’nde iklim degisikliginin nehir akigina etkisini arastirmak igin
caligma yapmustir. Calisma alani olarak gilinlimiizde hissedilir sekilde olumsuz etkilerinin yasandig:
iklimsel degisikliklerine karsin nehir akisinin iklim degisikligi altindaki duyarliligini arastirmiglardir.
Calismada iklimsel parametrelerden yagis kullanilmistir. Calisma sonucunda referans donem
ortalamalarma gore yagisin iklim degisikligine bagli olarak artis gosterecegi dngdriilmiistiir.

Quansah vd [27], ABD’ de Alabam Nehrini ¢alisma alani olarak se¢mislerdir ve ¢alismalarinda
hidrolojik proseslerden olan nehir akisinin, yagis ve yiizeydeki sicakliktan etkilendiginden hareketle
iklim degisikliginin etkilerinin arastirilmasinda siklikla kullanilan bu parametreleri kullanarak nehir
akisindaki degisimi incelemislerdir. Calismada gelecek akis degerleri bir simiilasyon modeli olan
SWAT kullanilarak tahmin edilmistir.

Cui vd. [39], ekolojik sistem varligininin bagimli oldugu nehir sistemlerinde nehir akis rejiminin iklim
degisikligi etkisi altinda incelemesini yapmislardir. Calismada nehir rejimini incelemek icin akisg
tahminleri proses bazli SWIM modeli kullanilarak yapilmistir. Modelde havzaya ait tarimsal veriler,
topografik veriler ve iklimsel projeksiyon verileri girdi verisi olarak kullanilmis olup giinliik 6lgekte
¢iktilar elde edilmistir. Elde edilen bulgular ¢ercevesinde nehir akigina bagl ekolojik yasamin olumlu
yonde etkilenecegi ancak artig trendinin devam etmesi durumunda bu olumlu etkinin olumsuz etkiye
donebilecegi sonucuna ulagilmistir.

Mishra vd. [40], iklim degisikliginin, insan yasamina onemli bir etkisi olan nehir akislar1 iizerindeki
etkisini aragtirmiglardir. Nepal'deki Babai Nehri Havzast i¢in mevcut sinirli meteorolojik verileri
kullanarak iklim degisikliginin akarsu akist ve c¢evresel akis iizerindeki etkisini ve sulama igin
kaynaklardan beslenen nehir suyuna olan talebi aragtirmiglardir. Calisma sonucunda referans dénem
esas alindiginda nehir 14 akisinda yeterli olmayan su miktarimin gelecekte de yeterli olmayacagi ve bu
durumun tarimsal iiretimde g6z 6niinde bulundurularak daha az su ihtiyac1 olan iirlinlerin yetistirilmesi
gerektigi bildirilmistir.

Valeriy vd. [41], gelecekteki su ihtiyacinin kargilanmasi konusunun iklim degisikliginin olas1 etkileri
altinda incelenmesinin dnemini vurgulamistir. Caligmalarinda farkli konsantrasyon senaryolari etkisi
altinda farkli verileri kullanmiglar ve SWAT modeli ile gelecek nehir akis1 tahmini yapmislardir.
Arastirma bulgularina gore, ¢aligma bolgesinde yillik nehir akiglari anlamli artiglar gdstermis olup, artan
sicakliklarin etkisiyle vejetasyonun risk altinda oldugu goriilmiis olup bu konuda 6nlem alinmasi
gerektigi vurgulanmistir.

3.2 Tiirkiye’de iklim Verileri ile Akarsu Akimi incelenen Calismalar

Askar [42], iklimde meydana gelen degisimlerin su havzalar1 iizerinde yarattig1 etkileri SWAT modelini
tercih ederek analiz ve degerlendirmelerde bulunmustr. Modellemeyi yaparken havzaya gelen aylik
akarsu akimi verilerini SWAT yardimu ile simiile etmistir.

Babacan [43], c¢alisma kapsaminda akarsu akiglarinin modellenmesi i¢in makine Ogrenmesi
gerceklestiren Yapay Sinir Aglar1 (YSA), Uyarlanabilir Sinirsel Bulanik Cikarim Sistemi (ANFIS), Cok
Degiskenli Uyarlanabilir Regresyon Egrileri (MARS) sayisal yontemleri ve klasik regresyon yontemi
kullanilmistir. Tarihsel veriler ile kalibre edilen Akarsu Akist Tahmin Modelleri’nden (SPM) tahmin
performansi en yiiksek model belirlenmistir..

Seddige [44], ¢alismasinda dort farkli bolgesel iklim modeli kullanarak referans (1970-2005) ve gelecek
donem (2020-2100) i¢in egilim ve anomali c¢alismalar1 20°ser yillik periyotlar halinde
gergeklestirmistir.Calismasinda HEC-HMS ve HBV-Light modellerini kullanarak havzada akim ve kar
erime projeksiyonlar1 hesaplanmig, anomaliler bulunarak degerlendirmistir. Calisma sonucunda, daglik
bir memba havzasi olan Karasu igin, artan sicakliklar ile yagislarin kar yerine yagmur seklinde
diisecegini, bu nedenle karl1 giin sayisinin, kar su esdegerinin ve karla kapl1 alanin azalacagini, yagmur
seklinde diisen yagislar nedeniyle ortalama akimlarin artacagini ve akim piklerinin zamansal olarak 6ne
gelecegini gostermistir.
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4, SONUC

Bu calismada; iklim verilerinin akarsu akimlarina etkileri inelenmis olup, bu etkilerin nasil
gerceklestigini anlamak icin kullanilan akarsu akimlarmin modellenmesinde kullanilan yontemlere
iligkin bilgiler ve Diinya’nin farkli bolgelerinde akarsu akimlari analiz etmek i¢in yapilmis modelleme
ornekleri ortaya konulmustur.

Incelenen literatiir bilgileri 1s181nda, akarsu akimlarinin diinyanin farkli bélgelerinde olusan iklim
degisikligi ve parametrelere kars1 farkli tepkiler verdigi gozlemlenmistir. Genel olarak iklimde meydana
gelen degisiklikler sicakliklarda 1stnmanin artmasi yoniinde bir egilim gosterdigi, buna karsilik akarsu
akimlarinin bu durum karsisinda uzun zaman periyotlari dogrultusunda ilk 6nce artis, daha ileriki zaman
periyotlarinda ise azalis gosterecegi yoniinde bir etki gosterecegi beklenmektedir. Yapilan ¢aligmalarda
kullanilan modelleme ¢aligmalarmin ¢ok ¢esitlilik gosterdigi gézlemlenmekte olup gelisen yazilim ve
teknoloji sonucunda modellerin daha etkin ve verimli sonuglar verdigi goriilmiistiir.

Uzun yillar boyunca kullanilan istatistiksel modelleme yontemleri, 6zellikle Mann_Kendall trend analizi
calismalarda ¢ok sik kullanilmakta olup, fiziksel simiilasyon yontemlerinin 6zellikle SWAT modelleme
yonteminin ¢aligmalarda en ¢ok tercih edilen yotemlerden oldugu goriilmektedir. Parametrik olmayan
fiziksel yontemlerden Hec- Hms modelide oldukga sik kullanilmaktadir.

Bir akarsu akimim modellenmesinde fiziksel veriler, hidro-meteorolojik veriler, kavramsal veriler gibi
bir ¢ok girdi unsuru bulunmaktadir. Bu verilerin dogrulugu ve cesitlilik olarak ¢ok olmasi model
sonuclariin dogruluk performansini artirdigi gézlenlenmistir.

Hidrolojik dongiiniin en 6nemli unsurlarindan birisi olan akarsu akiminin degisen iklim kosullarina gore
nasil sonuglar getireceginin bilinmesi su kaynaklarinin planlanmasinda hayati bir 6neme sahiptir. Bu
ylizden caligmalarin dogru veriler ile performansi yiiksek modelleme yontemlerinin uygulanarak
sonuglarin analiz edilmesi ¢cok faydali olacaktir.
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OZET

Iklim sistemimizde meydana gelen degisiklikler nedeniyle olusan c¢evre sorunlari giiniimiizde 6nemli
konular arasindadir. Ozellikle iklim sisteminin degisimine sebep olan kiiresel 1sinma ile dogrudan
iligkilidir. Kiiresel 1sinma uzun siirede (yillarca), sistemli olarak yagis ve sicaklikta meydana gelen
degisiklikler olarak ifade edilebilir. Iklim degisikliginin olumsuz etkileri arasinda en énemlisi canli ve
insan yasami iizerinde dogrudan etkisi olan karasal su dongiisii iizerinde meydana getirdigi etkilerdir.
Ulkemizde bulunan sinirli su kaynaklar1 ve niifusunun artis1 goz dniinde bulundugunda, son yillarda su
talebi ile arz1 arasinda olusan fark siirekli olarak artmaktadir. Ilerleyen yillarda gerekli énlem ve uyum
calismalar1 yapilmaz ise bu durum mevcut su kaynaklarini tehlikeye atarak kotiilestirmesine neden
olabilir. Bu ¢alismada Sivas il sinirlari igerisinden dogarak Karadeniz’e bosalan Tiirkiye’nin en uzun
nehri olan Kizilirmak’in uzun yillar akim ortalamast ve son 10 yilda akim rejiminin meteorolojik
faktorlerle ilgisi ortaya konulmustur. Bu amagla 5 akim gdzlem istasyonundan (DSI) akim verileri ve 4
Meteoroloji istasyonundan (MGM) veriler alinmigtir. Meteoroloji verilerinden il merkezi ve Kizilirmak
havzasinda yer alan ilgelerde uzun yillar ortalama sicakliklarda 1 ile 2°C derece araliginda bir artis
oldugu bu artisin ise su andaki ortalama diinyamizin yiizey sicakligi artis1 olan (+1,16 °C) ile ortiistiigii
goriilmiistiir. Sivas ilinde yillik ortalama yagislarda bolgesel olarak %10-20 ve Kizilirmak havzasi
akarsu debilerinde ise %30’lara varan azalmalarin oldugu hesaplanmistir.

Anahtar Kelimeler: Kiiresel 1sinma, Yiizey sulari, Debi, Sicaklik, Yagis.

ABSTRACT

Environmental problems caused by changes in our climate system are among the most important issues
today. It is directly related to global warming, which causes changes in the climate system. Global
warming can be expressed as systematic changes in precipitation and temperature over a long period of
time (years). The most important among the negative effects of climate change is its effects on the
terrestrial water cycle, which has a direct impact on living and human life. Considering the limited water
resources in our country and the increase in population, the difference between water demand and supply
has been increasing continuously in recent years. If necessary precautions and adaptation studies are not
taken in the following years, this situation may jeopardize and worsen the existing water resources. In
this study, the long-term average flow of Kizilirmak, the longest river of Turkey, which originates in
Sivas province and empties into the Black Sea, and the relationship between the flow regime in the last
10 years and meteorological factors were revealed. For this purpose, flow data were obtained from 5
current observation stations (DSI) and 4 meteorological stations (MGM). From the meteorological data,
it is seen that there has been an increase in the average temperatures in the provincial center and the
districts located in the Kizilirmak basin in the range of 1 to 2 °C degrees for many years, and this increase
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coincides with the current average increase in the surface temperature of the earth (+1.16 °C). It has
been calculated that there are regional decreases of 10-20% in annual average precipitation in Sivas
province and up to 30% in Kizilirmak basin stream flow rates.

Keywords: Global warming, Surface waters, Flow, Temperature, Precipitation.

1. GIiRiS

Diinyamizda her gegen giin etkisini hissettigimiz iklim degisikligi ve ortaya ¢ikardigi kiiresel etkileri
artik goz ardi edilemeyecek seviyeye ulasmis olup her gegen giin artarak 6nemli boyutlara ulagsmustir.
Kiiresel 1sinmanim iklim sisteminde meydana getirdigi degisiklikler neticesinde yagis ve sicaklik
rejimleri diizensizlesmekte ve asir1 hava olaylari ile kiitlesel su dengesi bozulmaktadir. insan yasami
icin her anlamda en 6nemli ihtiyaclardan biri olan su ve suya siirekli erigsim iilkelerin en dnemli
sorunlarindan biri haline gelmistir. Bu nedenle iilkeler iklim degisikliginin yagislar ve su kaynaklar
tizerindeki etkileri lizerine ¢alismaya baslamislardir. Yapilan caligmalarda iklim, yagis vb. gesitli
modeller gelistirilmis ve bu modeller yardimiyla da gelecege dair iklim projeksiyonlar olusturmuslardir.
Boylelikle gelecekte yasanmasi muhtemel iklim krizleri 6ncesinde uyum tedbirleri alinabilecektir.

Asirt hava olaylarindaki uzun vadeli yagis veya sicakliklardaki degisiklikler iklim degisikliginin
gostergeleri olabilir (EPA., 2012). Iklim degisikligi 21. yiizyilin en biiyiik problemlerinden biridir ve
yaygin olarak yiizyilin en ciddi sorunlarindan biri olarak kabul edilmektedir. Iklim degisikliginin artik
bir olasilik olmaktan ¢iktig1 ve gerceklesmekte oldugu uzmanlar tarafindan ifade edilmektedir. Kiiresel
olarak yerkiirenin ylizeyinde 1906-2005 yillar1 arasinda sicakliklar 0,74°C artmistir (EPA., 2012).
2022'deki kiiresel ortalama sicaklik, 1880-1920 donemindeki temel ortalamadan 1,16°C daha sicak
oldugu ifade edilmektedir (URL-1). Buna gore IPCC (HiikGimetler aras1 Iklim Degisikligi Paneli)
Bilimsel Degerlendirme Raporuna gore, kiiresel sicakliklarin 1990 ve 2100 yillari arasinda 1,4 °C ile
5,8 °C arasinda yiikselmesi muhtemeldir (EPA., 2012, IPCC., 2001).

Hava sicakligi arttikca yiizeysel sularin sicakliklari da artmaktadir. Yiizeysel su sicakliklarinin
yiikselmesi su canlilarinin yasamlarini olumsuz etkilemektedir (EPA., 2012). IPCC’ye gore gectigimiz
ylizy1l boyunca yagis rejimlerinde degisiklikler oldugu yagislarin yogunlugu, sikligi ve tiirlerinin
degistigini belirtmektedir (IPCC-TGICA., 2007) iklim degisikligi 6zellikle su kaynaklarmin kullanimimn1
dogrudan etkilemektedir. Yagislar, hidrolojik dongiiyii ve dolayisiyla mevcut su miktarimi
degistirmektedir (Merga ve dig., 2022).

IPCC’e gore iklim degisikligi su kaynaklarina ulagilabilirligi ve kullanimini olumsuz olarak etki
etmektedir (IPCC., 2001, Mukheibir., 2010). iklim degisikligi genellikle hava sicaklig1 ve yagis gibi
temel hava durumu degiskenleri ile degerlendirilmistir. (IPCC., 2007, IPCC., 2013).

Son ¢aligmalarda, baz1 aragtirmacilar iklim degisikliginin etkilerini nicel olarak degerlendirmistir (Milly
ve dig., 2005). Milly ve digerleri 2005 yilinda, kiiresel su kaynaklarmin kullanilabilirligi tizerine 12
iklim modeli kullanarak elde ettikleri ¢alisma sonuglarinda Ekvatoral Afrika'daki su kaynaklarindaki
beslenimin, 2050'de Kuzey Amerika ve Avrasya'nin yiiksek enlemleri ve La Plata Giiney Amerika
havzasinda %10-40 oraninda artis olacagini ifade ederken, Gliney Avrupa, Orta Dogu ve orta enlemli
bat1 Kuzey Amerika ve Giiney Afrika'da %10-30 arasinda azalacagini ifade etmiglerdir. Candela ve dig.
(2012) yaptign galismada Ispanya-Siurana’da su kaynaklarinin kullanilabilirliginde maksimum %56
oraninda bir azalma olabilecegini ifade etmislerdir.

Ulkemiz de kiiresel gapta meydana gelen iklim degisikliklerinden etkilenmektedir. Uzun yillar
meteoroloji verileri incelendiginde o6zellikle son yillarda artan bir sekilde iilkemiz ortalama
sicakliklarinin yiikseldigi, ortalama yagislarin azaldigi, asir1 hava olaylarinin arttigr goriilmektedir.
Meteoroloji Genel Miidiirliiglinin 2022 yil1 parametre analizinde yer alan “Yillik Ortalama Sicaklik
Verisinin 1970-2022 Yillar1 Arasinda Dagilimi” grafiginde goriildiigii lizere iilkemiz ortalama
sicakliklari yaklagik 1,8 °C derece artmistir (URL-2).
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Sekil 1. Yillik Ortalama Sicaklik Verisinin 1970-2022 Yillar1 Arasinda Dagilimi (URL-2)

Benzer olarak Meteoroloji Genel Miidiirliigiiniin 2022 y1l1 yagis veri analizinde “Yillik Toplam Yagis
Verisinin 1970-2022 Yillar1 Arasinda Dagilimi ve Egilimi” grafiginde Tiirkiye toplam yagis ortalamasi
618,9 mm iken 2012-2022 yillar1 arasinda ise ortalama 597,9 mm ile disiis egiliminde oldugu
goriilmektedir (Sekil 2) (URL-3).
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Sekil 2. Yillik Toplam Yagis Verisinin 1970-2022 Yillar1 Arasinda Dagilimi ve Egilimi (URL-3)

Iklim degisiklinin diger bir etkisi olan asir1 hava olaylaridir. Bu asir1 hava olaylarindan biri de doludur.
Dolu meydana gelebilmesi icin, sicak ve nemli bir hava kiitlesinin hizla yiikselerek ani bir sekilde
sogumasi gerekir. Yaz aylarinda genellikle bu olay gergeklesir. (URL-4.)
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Sekil 3. Tiirkiye Yillik Ortalama Toplam Dolulu Giin Sayisi Verisinin 1980-2022 Yillart Dagilimi ve
Egilimi (URL-5)

1980-2022 yillar1 arasini kapsayan siirede dolulu giin sayisinin 6zellikle son 10-12 yilda asir1 bir sekilde
artt1g1 goriilmektedir. Oyle ki 1980-2008 yillar1 arasindaki 29 yillik ortalama 0,718 giin iken 2009-2022
yillar1 arasindaki 14 yillik ortalama ise 1,708 giin olmustur. Bu da yaklasik 2,37 kat bir artis demektir.

Dolayistyla, Ulkemizde de kiiresel 1stnmanin diinya geneline olan yansimalarini hissetmekteyiz.

Iklim degisikliginde insanlar1 etkileyen en énemli ve birincil problemler su déngiisiine olan etkileridir.
Bu etkiler su kaynaklarina olan ihtiyacimiz agisindan oldukg¢a 6nemli bir unsurdur. iklim sistemindeki
bu degisimler 6zellikle akarsu havzalarini etkilemekte ve artan su talebine karsin azalan yagislara paralel
olarak su arzi her gegen giin azalmaktadir.

Bu ¢alismada son yillarda Kizilirmak nehir havzasinda meydana gelen degisiklikler sicaklik, yagis ve
akarsu debileri gibi parametreler agisindan Sivas ili 6l¢eginde incelenmistir.

2. MATERYAL METOD
Ulkemiz DSI tarafindan hidrolojik olarak 25 havzaya ayrilmistir. (Sekil 4)

Sekil 4. Tirkiye nehir havzalar1 (URL-6)
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Sivas ili 6 adet nehir havzasmin belirli kismini barindirmaktadir. Bu havzalar kuzeyden giineye dogru
Dogu Karadeniz Havzasi, Yesilirmak Havzasi, Kizilirmak Havzasi, Firat-Dicle Havzasi, Seyhan
Havzasi ve Ceyhan Havzasidir.

HAVZALAR
B covnan neezan
DOGU KARADINE WATAN
D DL AT v s
P wousons vawzam Dose
P s ievzan
TP AR MNIAT

Sekil 5. Sivas nehir havzalari

Tiirkiye’nin kendi smirlar1 igerisindeki en uzun nehri olan Kizilirmak Sivas’m Imranli ilgesinde bulunan
Kizildag’in giiney yamagclarindan dogup Karadeniz’e dokiilmektedir. Kizilirmak Sivas ilinde sirasiyla
Imranli, Zara, Hafik, Merkez, Sarkisla ve Gemerek ilgelerinden gegmektedir. Sivas ilinin % 47si
Kizilirmak havzasinda yer almaktadir. Kizilirmak Havzasinin toplam su potansiyeli 6.480 hm® olup %
32si (2.085 hm?®) Sivas sinirlari igerisinde bulunmaktadir (DSI., 2023)

Calismamizda kullandigimiz veriler, Meteoroloji Genel Miidiirliigii, DSI Genel Miidiirliigiiniin internet
sayfasindan ve kurumlardan temin edilmistir. Kizilirmak nehri izerinde bulunan 5 adet istasyon se¢ilmis
olup (D15A117 Kizilirmak Ahmethaci, E15A039 Kizilirmak N. Bulakbasi, D15A290 Kizilirmak
Di8kmencik, E15A035 Kizilirmak N. Sogiitlithan ve D15A340 Kizilirmak Egerci) bu akim gozlem
istasyonlari verilerinden faydalanilmisgtir.
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Sekil 6. Kizilirmak l'izerindel:i-aklm gbzlem istasyonlar1 — Google Earth goriintiisii

Sekil 7. Kizilirmak tizerindeki akim gozlem istasyonlari — Google Earth goriintiisii
Bulgular ve Tartismalar

Sivas ilinde 1970-2021 yillar1 arasindaki sicaklik ortalamalari incelendiginde yaklasik 1,4 °C derecelik
bir sicaklik artiginin gergeklestigi goriilmektedir (Sekil 9). Bu degisimin Tiirkiye ortalamasinin (1,8°C)
altinda kaldig1 goriilse de diinya ortalamasinin (1,16°C) tistiinde oldugu goriilmektedir.
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Sekil 8. Sivas Ili Kizilirmak Havzasi Ortalama Sicaklik Verisinin 1970-2021 Yillar1 Arasinda Dagilimi

Sivas ili Kizilirmak havzasinda yillik toplam yagis miktarlarinda 2010-2021 yillar1 arasinda 416,2 mm
oldugu ve toplam yagis miktarmin ise 110 mm azalmanin meydana geldigi goriilmektedir (Sekil 10).
Bu da yagis ve sicaklik verilerinde bir iliskinin oldugunu ifade etmektedir.
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Sekil 9. Sivas Kizilirmak havzasi toplam yagis miktar1 degisimi

Kizilirmak havzasinda yer alan Akim gozlem istasyonlariin verileri incelendiginde 6zellikle son 10-20
yildaki akimlarin uzun yillar ortalamalarini disiirdiigii gézlemlenmistir (URL-7).

Sekil 9°da Sivas ili Kizilirmak havzasinda yer alan 5 adet ana akim gdzlem istasyonundan alinan veriler
icin zamanla akim rejimlerindeki degisim grafigi verilmistir. Bu veriler incelendiginde tiim
istasyonlarda ortalama akim rejimlerinin diistiigii gdzlemlenmistir. Ozellikle en ¢ok diisiis 7 y1llik veriye
gdre D15A340 Kizilirmak Egerci istasyonunda 24,79 m%/s olarak gériilmiis olup yaklasik %44’liik bir
diisiis meydana gelmistir. Uzun yillar ortalama verileri incelendiginde ise 59 yillik ortalama verilere
gore E15A035 Kizilirmak N. Sogiitlithan istasyonunda 15 m®/s ve %35’lere varan bir diisiis meydana
gelmistir. Bu diisiisler yagis miktarinda meydana gelen azalma ile benzesmektedir. Zira yiizeysel su
kaynaklarin en onemli girdisi yagislardir. Dolayisiyla meydana gelen bu azalis dogrudan nehir akim
rejimini de etkiledigi diisiiniilmektedir.
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Ozellikle Kizilirmak gegtigi noktalardaki kullanimi agisindan hem tarim hayvancilik hem de kullanma
suyu ihtiyaci agisindan 6nemli bir yiizeysel su kaynagimizdir. Bu azalmanin ilerleyen yillarda artacagi
diistiniilmekte olup, gerekli uyum 6nlemlerinin alinmasi olduk¢a énemli bir konudur.

KIZILIRMAK YILLIK ORTALAMA AKIMLARI

D15A117 KIZILIEMAK AHMETHACI E15A039 KIZILIRMAK M. BULAKBASI
YILLIK ORTALAMA AKIM (m¥s) (1967-2022) YILLIK ORTALAMA AKIM {ms) (1972-2022)
14,00 30,00
12,00 25,00
10,00 20,00
800
15,00
6,00
4,00 10,00
200 5,00
000 y=-0,0452x + 8,3163 000 y=-0,0747x + 12,804
EEREDRREBEEIGES D EENAOEL FEEZ IS 2T ELEEZ 3D N
AoEnganena e RERAR S DTGNS DREEE SRS R
D15A250 KIZILIRMAK DIKMEMNCIK E15A035 KIZILIRMAK M. SOG0TLOHAN
YILLIK ORTALAMA AKIM (m?¥s) (2000-2022) YILLIK ORTALAMA AKIM {m?s) (1963-2022)
45,00 80,00
40,00 70,00
35,00 60,00
30,00 l_ A r\ 50,00
= ™~ a0,00
20
e H ,‘ 30,00
15,00
20,00
10,00
5,00 o
y=-0,1069x + 23,836 o ¥ =-0,253Lc+ 43,255
00
0,00 FEEREEE RSO EnIng
2000 2002 2004 206 H0E 2010 2012 W04 2016 2048 030 2032 eSS g9 EEEEN

D15A340 KIZILIRMAK EGERCI
YILLIK ORTALAMA AKIM (m¥s) (2015-2022)

70,00
60,00
50,00
40,00
30,00
20,00
10,00
v =-3,5411x + 55,583

0,00
A5 016 HWIT Wi HWis W0 X 201

Sekil 10. Sivas Kizilirmak nehrinin Akim gdzlem istasyonlarina ait ortalama akim degerleri.
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Sonuglar

Diinyada oldugu gibi iilkemizde de sinirli su kaynaklarimiz g6z oniine alindiginda, iklim degisikliginin
potansiyel etkileri daha da énemli hale gelmektedir. iklim degisikliginin neden oldugu sicaklik ve yagis
degisiklikleri su talebinin artmasma ve kullanilabilir su kaynaklarinin azalmasina neden olmaktadir.
Yapilan arastirmalara bakildiginda kiiresel olarak tiim iilkelerin iklim degisikliginden etkilenecegi
goriilmektedir. Yapilan bu ¢alisma ile elde edilen sonuglardan, Kizilirmak akarsuyu agisindan akig
rejimlerinde, iklim degisikligine bagli olarak sicakligin artmasi ve yagisin azalmasi ile bir diisiigiin
oldugu ayrica sanayilesme ve tarimsal amagli su talebinin arttig1 goriilmektedir. Sivas ilinde Kizilirmak
havzas1 sinirlari igerisinde bulunan 44 baraj ve géletin 28 tanesi son 20 yilda hizmete alinmigtir (URL-
8). Sayilar1 hizla artan ve biiyiik cogunlugu sulama amaciyla hizmete alinan baraj ve goletler nedeniyle
havzada sular tutulmakta ve mansap kismina ulagan su miktar1 giinden giline azalmaktadir. Bu durumda
havzanin mansabindan gelecek su talepleri de dikkate alinarak su biit¢esi belirlenmelidir.

Tarimda kullanilan su baskisinin azalmasi amaciyla daha az su isteyen iiriinler bolgelere gore tercih
edilmeli, yeralt1 ve yiizey su barajlar1 kurulmali, yeralt1 ve yeriistii su kaynaklarmi birlikte koordineli
olarak kullanimi1 baslangicta iklim degisikligi ile uyum politikalar1 agisindan yilizey sularinin
degerlendirilmesinde dnemlidir.
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OZET

Atik sularin ¢evresel etkilerinin azaltilmasi, 6zellikle biiyiik hacimli atik sularin i¢inde bulunan toksik
ve kanserojen ozelliklere sahip boyar maddelerin etkili bir bicimde uzaklastirilmasi, glinlimiizde ¢evre
koruma alaninda artan bir neme sahiptir. Bu baglamda, 6zellikle Kristal Viyole gibi boyar maddelerin
aritimi, ¢evre koruma cabalarinin merkezine yerlestirilmistir. Bu ¢alisma, sulu ¢ozeltilerden Kristal
Viyole boyar maddesinin adsorpsiyon yoluyla uzaklastirilmasi i¢in sentezlenen hidroksiapatitin
kullanilabilirligini arastirilmistir. Aragtirma sonuglarina gére, maksimum adsorpsiyon degerleri, pH 4,
0.5 g adsorbent i¢eren ortamda, 25°C'de ve baslangi¢ Kristal Viyole konsantrasyonunun 50 mg/L oldugu
durumda elde edilmistir. Adsorbent miktarinin belirli bir degere kadar artigi, boyar madde gideriminde
artisa neden olmustur. Ayrica, adsorpsiyonun 120. dakikada dengeye ulastii ve boyar madde
konsantrasyonundaki artisin giderim verimini digiirdiigli belirlenmistir. Sicakligin 25°C'den 45°C'ye
cikarilmasinin da boyar madde giderimini artirdigi tespit edilmistir. Optimal deney kosullarinda,
hidroksiapatitin Langmuir ve Freundlich izoterm modelleri ile yalanci birinci ve ikinci derece kinetik
modellere uygunlugu analiz edilmis ve Kristal Viyole' nin giderim mekanizmalar1 arastirilmistir.
Termodinamik parametreler arasinda Gibbs serbest enerjisi (AG®), entropi (AS®), ve entalpi (AH®)
degerleri belirlenmistir. Hidroksiapatit i¢in negatif AG® degerleri, adsorpsiyonun kendiliginden
gerceklestigini gostermistir. AS®' nin pozitif degerleri, adsorpsiyon islemi sirasinda kati/sivi ara
ylizeyinin diizensizliginin arttigini, negatif olmasi diizensizligin azaldigin1 gosterir. Kristal Viyole
islemlerinin adsorpsiyonu igin pozitif AH® olmas1 da adsorpsiyonun endotermik ve kendiliginden
oldugunu gostermistir. Bu g¢aligma, hidroksiapatitin Kristal Viyole'nin adsorpsiyonu i¢in etkili bir
adsorban olarak kullanilabilecegini ortaya koyulmustur.

Anahtar Kelimeler: Adsorpsiyon, Boyar madde, Kinetik, Kristal Viyole, Termodinamik

ABSTRACT

The mitigation of environmental issues stemming from wastewater, particularly the effective and
economical removal of colorants found in large-volume wastewater, holds increasing significance in
contemporary environmental conservation. In this context, the purification of colorants with toxic and
carcinogenic effects, such as Crystal Violet, has become a focal point of environmental protection
efforts. This study investigates the use of hydroxyapatite, synthesized for the adsorption-based removal
of Crystal Violet colorant from agqueous solutions. According to the findings of the research, maximum
adsorption values were observed at pH 4, in a medium containing 0.5 g of adsorbent, at 25°C, with an
initial Crystal Violet concentration of 50 mg/L. The increase in the amount of adsorbent up to a certain
value led to an enhancement in colorant removal. Additionally, it was determined that adsorption
reached equilibrium at 120 minutes and an increase in colorant concentration beyond this point resulted
in a reduction in removal efficiency. The elevation of temperature from 25°C to 45°C was also found to
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increase colorant removal. Under optimal experimental conditions, the suitability of hydroxyapatite for
Crystal Violet removal was analyzed with Langmuir and Freundlich isotherm models, as well as pseudo-
first and second-order kinetic models. The mechanisms of Crystal Violet removal were explored.
Thermodynamic parameters, including Gibbs free energy (AG®), entropy (AS°), and enthalpy (AH®),
were determined. Negative AG® values for hydroxyapatite indicated the spontaneity of the adsorption
process. Positive AS® values suggested an increase in the disorder at the solid/liquid interface during the
adsorption process, while negative values indicated a decrease in disorder. The positive AH® for Crystal
Violet adsorption processes demonstrated the endothermic nature and spontaneity of adsorption. This
study demonstrates that hydroxyapatite can effectively serve as an adsorbent for the removal of Crystal
Violet through adsorption processes.

Keywords: Adsorption, Dyestuff, Kinetics, Crystal Violet, Thermodynamics.

1. GIRiS

Diinya genelinde endiistriyel ve evsel faaliyetlerin artmasi, su kaynaklarim etkileyen cesitli gevresel
sorunlart beraberinde getirmistir. Bu sorunlardan biri de atik sulardaki boyar madde kirliligidir.
Endiistriyel sektorler, tekstil, deri, kagit, boya ve benzeri alanlarda kullanilan kimyasal maddeler
nedeniyle atik sularinda cesitli boyar maddeleri igerebilmektedir. Bu durum, su ekosistemlerini olumsuz
etkileyerek, ¢esitli gevresel sorunlara yol agmaktadir (Smith, J. et al., 2020).

Atik sularin icerdigi boyar maddeler, genellikle endiistriyel iiretim siire¢lerinden kaynaklanan atik
sulardan tiiremektedir. Tekstil sektoriinde kullanilan boyar maddeler, kumaslarin renklendirilmesi ve
islenmesi sirasinda atik sularda yogun bir sekilde bulunabilir. Aym1 zamanda deri endiistrisi, hayvansal
kaynakli iiriinlerin islenmesi sirasinda ortaya ¢ikan atik sularla ¢esitli boyar maddeleri su sistemlerine
birakabilir (Jones, A. ve Brown, B.,2018).

Bu boyar madde kirliligi, sadece su kaynaklarina degil, ayn1 zamanda su ekosistemlerine ve insan
sagligina da zarar verebilir. Atik sularin dogrudan su kaynaklarina desarj edilmesi, sucul ekosistemlerde
biyolojik ¢esitliligi azaltabilir ve su kalitesini olumsuz etkileyebilir. Ayrica, insanlar tarafindan
kullanilan su kaynaklarima karigan boyar maddeler, igme suyu aritma sistemleri i¢in ek bir zorluk
olusturabilir (Wang, C. ve Liu, D., 2019).

Bu baglamda, atik sulardaki boyar madde kirliligi konusu, ¢evre miihendisligi, su kalitesi yonetimi ve
endiistriyel siirdiiriilebilirlik alanlarinda 6nemli bir arastirma konusu olmustur. Bu ¢alismam da, atik
sularin boyar madde kirliligi ile ilgili mevcut literatiirii derleyerek, bu soruna yonelik anlayisimizi
derinlestirmeyi ve ¢evresel siirdiiriilebilirlik i¢in etkili ¢oziimler gelistirmeyi amacglamaktadir.

2. Atik Sular

Glnlmiizde, endiistriyel, evsel ve tarimsal faaliyetlerin bir yan {iriinii olarak ortaya ¢ikan atik sular,
dogal su kaynaklaria yonelik potansiyel tehditler olusturarak g¢evre sorunlarina yol agmaktadir. Atik
sularin dogru bir sekilde yonetilmemesi, sucul ekosistemlerin dengesini bozabilir, igme suyu
kaynaklarini tehlikeye atabilir ve ¢esitli sucul canlilarin sagligini etkileyebilir.

Atik sular, endiistriyel tesisler, evler, tarim alanlar1 ve diger insan faaliyetlerinin sonucunda ortaya ¢gikan
stv1 atiklar ifade eder (United Nations Environment Programme (UNEP), 2005). Bu atiklar genellikle
su, organik ve inorganik maddeler, mikroorganizmalar, kimyasal bilesenler ve diger kirleticiler igerir.
Atik sularm 6zellikleri, kaynagin tiiriine, atik tiirlerine ve desarj edildigi ¢evresel kosullara bagl olarak
biiyiik dl¢iide degisebilir (Metcalf & Eddy, Inc., 2003).

Fiziksel Ozellikler: Atik sularm fiziksel 6zellikleri, renk, koku, goriiniirliik ve sicaklik gibi faktorleri
igerir. Ornegin, endiistriyel tesislerden gelen atik sular genellikle belirgin renk degisiklikleri ve 6zel
kokular igerebilir (Tchobanoglous, G., Burton, F. L., & Stensel, H. D., 2002).

Kimyasal Ozellikler: Atik sularin kimyasal bilesimi genis bir yelpazede degisebilir. Organik ve
inorganik maddeler, agir metaller, kimyasal atiklar ve diger kirleticiler bu kategoride yer alir. Kimyasal
ozellikler, atigm kaynagina ve igerigine bagli olarak farklilik gosterir (World Health Organization
(WHO)., 2017).

246



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

Biyocesitlilik ve Mikrobiyolojik Ozellikler: Atik sular, mikroorganizmalarin varligini igerebilir. Bu
mikroorganizmalar, atiklarin gevresel etkilerini belirlemede ve sucul ekosistemlerde biyogesitliligi
etkilemede rol oynayabilir (APHA, AWWA, & WEF., 2017).

Atik sularin gesitliligi, bu atiklarin gevresel etkilerini anlama ve etkili bir sekilde yonetme ¢abalarin
karmagiklastirir. Bu nedenle, atik su yonetimi stratejileri, atiklarin tiirline ve kaynagina uygun olarak
uyarlanmalidir.

2.1. Atik Sular ve Aritim Yontemleri

Atik sularin aritimi, suyun icerdigi kirleticilerin tiirline, miktarina ve kaynagia bagl olarak cesitli
yontemleri icerir. Bu yontemler, fiziksel, kimyasal ve biyolojik aritim siireclerini icerir ve genellikle bir
kombinasyon halinde kullanilir.

2.1.1 Fiziksel Aritim Yontemleri

Fiziksel aritim yontemleri, atik sularin i¢cinde bulunan kati maddelerin ve diger biiyiik partikiillerin
uzaklastirilmasini saglar.

Siizme (Filtrasyon): Su, 6zel filtrelerden gecirilerek partikiil madde ve g¢ozeltilerinden arindirilir
(Metcalf & Eddy, Inc., 2003).

Cokeltme: Atik suya kimyasal maddeler eklenerek ¢cozliinmeyen partikiillerin bir araya gelip ¢cokelmesi
saglanir (Tchobanoglous, G., Burton, F. L., & Stensel, H. D., 2002).

Flotasyon: Hava veya bagka bir gazin eklenmesiyle, ¢ozeltideki kiiciik partikiillerin yiizeye ¢ikmasini
saglayarak ayrilmasini amaglar (Sawyer, C. N., McCarty, P. L., & Parkin, G. F., 2003).

2.1.2. Kimyasal Aritim Yontemleri

Kimyasal antim yontemleri, suyun icindeki Kkirleticileri kimyasal reaksiyonlar araciligiyla
uzaklastirmay1 hedefler.

Koagiilasyon ve Flokiilasyon: Suya kimyasal koagiilanlar eklenerek ¢ozeltideki partikiillerin ¢6kmesi
saglanir ve flokiilasyon islemiyle bu ¢okeltinin bir araya gelmesi kolaylastirilir (EPA (Environmental
Protection Agency)., 2004).

Adsorpsiyon: Aktif karbon gibi adsorbent malzemeler kullanilarak suyun i¢indeki organik kirleticilerin
ve renklilik veren maddelerin emilmesi amaglanir (Crittenden, J. C., Trussell, R. R., Hand, D. W., Howe,
K. J., & Tchobanoglous, G., 2005).

Ileri Oksidasyon: Ozon, hidrojen peroksit veya UV 15131 gibi oksidatif maddeler kullanilarak suyun
icindeki organik bilesenlerin par¢alanmasi ve temizlenmesi saglanir (Klavons, J. A., & Brubaker, G. R.,
1999).

2.1.3. Biyolojik Aritim Yontemler

Biyolojik aritim yontemleri, suya eklenen mikroorganizmalarin organik maddeleri ayristirarak
temizlemesini igerir.

Aktif Camur fslemi: Atik suya mikroorganizma iceren aktif camur eklenir ve organik maddeler
biyolojik olarak parcalanir (Grady Jr, C. P. L., Daigger, G. T., & Lim, H. C., 1999)

Biyo-filtreleme: Biyolojik olarak aktif bir filtrenin kullanilmasiyla atik suyun temizlenmesini saglar
(Renner, R., 2000).

2.1.4. ileri Aritim Yontemleri:

Ileri aritim ydntemleri, geleneksel aritim siireglerinden sonra uygulanan ek teknolojilerle daha yiiksek
kalitede su elde edilmesini saglar.

Ters Ozmoz: Yiiksek basing altinda, suyun bir membran araciligiyla gecirilerek tuzlar, organik
maddeler ve diger kirleticilerin uzaklastirilmasi saglanir (Spiegler, K. S., & Yarar, B., 2002).

Iyon Degisim: Zararli iyonlarin su igerisindeki iyonlarla degistirilmesiyle suyun arindirilmasini amaglar
(Drioli, E., Ali, A., Macedonio, F., & Goswami, Y., 2016).
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Bu yontemlerin se¢imi, atik suyun karakteristigi, hedeflenen su kalitesi ve yerel kosullara baglh olarak
degisir. Yiiksek etkinlik ve su kalitesi saglamak i¢in genellikle bu yontemlerin kombinasyonlari
kullanilir.

3. BOYAR MADDELER

Boyar maddeler, cesitli maddelere renk veren veya renk degistiren organik veya inorganik bilesiklerdir.
Bu maddeler, genellikle tekstil, gida, kagit, deri, kozmetik ve diger endiistriyel sektorlerde kullanilarak
tiriinlere estetik bir goriiniim kazandirir. Boyar maddelerin genis bir yelpazede tiirleri bulunmakta olup,
kimyasal yapisi, renk tonu ve uygulama alanlarina gore siiflandirilabilirler.

Boyar maddeler, genellikle renkli bir yapiya sahip olan organik veya inorganik bilesiklerdir. Bu
maddeler, kimyasal 6zellikleri ve reaktiflikleri bakimindan genis bir ¢esitlilige sahiptirler. Genellikle
renksiz olan substratlar iizerine adsorbe olabilirler, boylece renkli bir goriiniim elde edilir (Gupta, V. K.,
Jain, R., Mittal, A., & Saleh, T. A., 2015).

3.1. Boyar Maddelerin Siniflandirilmasi

Boyar maddeler ¢oziliniirlik, kimyasal yapi, kullanilis yerleri ve boyama ozellikleri gibi ¢esitli
karakteristikler g6z Onilinde bulundurularak siniflandirilabilir. Yaygin olarak kabul goren bir
siiflandirma:

3.1.1. Kimyasal Yapilarina Gore Simiflandirma

Azo Boyar Maddeler: Azo grubunu igeren boyar maddeler. Bu grup genellikle iki azot atomunu igerir.
Antrakinon Boyar Maddeler: Antrakinon halkasini igeren boyar maddeler.

Indigo Boyar Maddeler: Ozellikle mavi renk iireten indigo tiirleri.

Ftalosiyanin Boyar Maddeler: Bu boyar maddeler genellikle yesil ve mavi renkler iiretir (Zollinger,
H., 2003).

3.1.2. Kaynaklarima Gore Smiflandirma

Dogal Boyar Maddeler: Bitkilerden, hayvanlardan veya minerallerden elde edilen boyar maddeler.
Ornek olarak, kurkumin (zerdegalda bulunan bir pigment) verilebilir.

Sentetik Boyar Maddeler: Kimyasal siireclerle sentezlenen boyar maddeler. Ornek olarak, azo boyalari
veya ftalosiyanin boyalari verilebilir (Hunger, K., 2003)

3.1.3. Kullamim Alanlarina Goére Siniflandirma
Tekstil Boyar Maddeleri: Kumas ve lifleri renklendirmek i¢in kullanilan boyar maddeler.

Gida Boyar Maddeleri: Gidalara renk vermek i¢in kullanilan boyar maddeler. Ornek olarak, kurkumin
(g1da katki maddesi olarak kullanilan sar1 bir pigment) verilebilir.

Endiistriyel Boyar Maddeler: Plastik, boya, miirekkep gibi endiistriyel tirlinlerde kullanilan boyar
maddeler (Clark, M., 2016)

3.2. Boyar Maddelerin Atiksulardan Giderimi

Boyar maddeler, endiistriyel siire¢lerde kullanildiktan sonra atik sulara karisabilir ve ¢evresel sorunlara
yol agabilir. Bu atik sulardan boyar maddelerin etkili bir sekilde giderilmesi igin ¢esitli yontemler
kullanilmaktadir:

3.2.1. Fiziksel Yontemler

Fiziksel aritma yontemleri, atik sularin aritilmasinda kirleticilerin fiziksel 6zelliklerini kullanarak
uzaklastirilmasini saglayan teknikleri ifade eder. Bu yontemler, kirleticilerin ¢okertilmesi, siiziilmesi,
yiizdiiriilmesi veya adsorbe edilmesini icerebilir.
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Koagiilasyon ve Cokeltme: Atik suya kimyasal koagiilanlar ekleyerek, ¢okeltme islemi ile boyar
maddelerin ¢oktiiriilmesi. Koagiilasyon ve ¢okeltme, su aritma siireglerinde yaygin olarak kullanilan iki
asamal1 bir islemdir. Atik suya kimyasal koagiilanlar ekleyerek, ¢okeltme islemi ile boyar maddelerin
coktiiriilmesi. Bu islemler, su i¢inde bulunan partikiillerin bir araya gelmesi, ¢okelmesi ve sudan
uzaklastirilmasi amaciyla uygulanir.

Koagiilasyon: Koagiilasyon, suya eklenen kimyasal maddelerin (koagiilantlar) su i¢indeki partikiilleri
bir araya getirmesi islemidir. Koagiilantlar, su iginde ¢6ziinmiis olan yabancit maddelerle reaksiyona
girer ve bu maddelerin birbirine yapismasini saglar. Bu siireg, su icinde dagilmis olan kiiciik partikiillerin
daha biiytik, ¢cokeltilebilir parcaciklara doniismesini saglar (Metcalf, L., & Eddy, H. P., 2003).

Cokeltme: Cokeltme agsamasi, koagiilasyon siirecinden sonra ortaya ¢ikan biiylik partikiillerin su i¢inde
¢okmesi ve biriken ¢okeltilerin suyun dibine yerlesmesi islemidir. Bu asamada, suyun hizi yavaslatilir
veya durdurulur, boylece ¢okeltilerin ¢okelme siireci tamamlanabilir. Cokeltme tanklari, bu amagcla
kullanilan yaygin bir altyap1 6gesidir (Tchobanoglous, G., Burton, F. L., & Stensel, H. D., 2003).

Filtrasyon: Filtrasyon, su aritma siireglerinde kullanilan bir tekniktir ve suyun iginde bulunan
partikiillerin bir filtre yardimiyla ayrilmasini saglar. Bu islem, suyun i¢cindeki kat1 partikiillerin, organik
maddelerin veya diger istenmeyen maddelerin ¢ikarilmasi i¢in etkili bir yontemdir.

Filtrasyon, suyun igindeki ¢Oziinmils ve ¢Oziinmemis maddelerin bir filtre araciligiyla ayrilmasi
islemidir. Bu siirec, genellikle graniiler ortaml filtre yataklar1 veya membran teknolojileri kullanilarak
gerceklestirilir. Filtreleme islemi, suyun icindeki partikiillerin filtre yilizeyine tutunarak ayrilmasin
saglar. Graniiler filtre yataklari genellikle kum, ¢akil ve diger malzemelerden olusur ve su bu yataklardan
gegirilerek partikiillerin filtrelenmesi saglanir (Tchobanoglous, G., Burton, F. L., & Stensel, H. D., 2003)

3.2.2. Kimyasal Yontemler

Kimyasal aritma yontemleri, atik sularin icerdikleri kirleticileri kimyasal reaksiyonlar yoluyla
uzaklastirmay1 amaclar. Bu yontemler genellikle ¢esitli kimyasal maddelerin eklenmesini igerir, bu
maddeler kirleticilerle reaksiyona girerek c¢okeltme, flokiilasyon, koagiilasyon veya diger kimyasal
siireclerle kirleticilerin uzaklastirilmasini saglar. Iste bazi kimyasal aritma yontemleri;

Oksidasyon: Oksidasyon islemi, atik sulardaki organik maddeleri pargalamak, ¢6ziinmiis metalleri
coktiirmek veya diger kimyasal reaksiyonlar1 hizlandirmak amaciyla oksijen eklenerek gergeklestirilir.
Bu siiregte, oksidanlar (6rnegin, ozon, hidrojen peroksit veya havadaki oksijen) kullanilir. Oksidasyon
islemi, atik su aritma tesislerinde genellikle biyolojik aritma sistemlerine bir 6n iglem olarak veya aritma
verimini artirmak amaciyla uygulanabilir (Metcalf, L., & Eddy, H. P., 2003).

Fenton Reaksiyonu: Fenton Reaksiyonu, atik sulardaki organik kirleticileri gidermek amaciyla
kullanilan bir kimyasal oksidasyon yontemidir. Bu reaksiyon, hidrojen peroksit (H202) ve ferrous
(demir) iyonlarinin (Fe?") bir araya gelmesiyle gerceklesir. Bu kimyasal reaksiyon sirasinda hidroksil
radikalleri (*OH) olusur, bu radikaller organik kirleticileri okside eder ve pargalar (Sulaymon, I. M., &
Johnson, A., 2017

3.2.3. Biyolojik Yontemler

Biyolojik aritma yontemleri, atik sularin organik kirleticilerini mikroorganizmalarin aktiviteleri
araciligtyla pargalamak ve uzaklastirmak amaciyla kullanilan cgesitli siiregleri icerir. Bu yontemler,
genellikle biyolojik ¢amur islemleri, aktif ¢amur sistemleri, oksidasyon havuzlari, bitki aritma
sistemleri, sulama ile aritma (constructed wetlands), ve biyolojik filtreler gibi ¢esitli sistemleri kapsar
(Mara, D. D., Horan, N. J., & Armitage, N., 2001)

Aktif Camur Islemleri: Aktif ¢amur islemleri, atik su aritma tesislerinde yaygin olarak kullanilan
biyolojik aritma yontemlerinden biridir. Bu yontemde, atik su igindeki organik kirleticileri par¢calamak
icin biyolojik olarak aktif ¢amur kullanilir. Aktif ¢amur, su igindeki organik maddeleri yikayan ve
parcalayan mikroorganizmalari igerir. Bu islem genellikle havalandirmali ¢amur havuzlar veya
oksidasyon havuzlari iginde gergeklestirilir (Metcalf, L., & Eddy, H. P., 2003).
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Bitki Aritma Sistemleri: Bitki aritma sistemleri, sulak alanlar, sulama kanallar1 veya yapay olarak
olusturulan aritma havuzlari gibi alanlarda bitkilerin dogal yeteneklerini kullanarak atik sular1 aritmaya
yonelik bir siirectir. Bitkiler, kokleri araciligtyla suyun igindeki organik kirleticileri ve diger zararl
maddeleri absorbe eder ve bu maddeleri parcalayarak temizler. Bu sistemler genellikle dogal sucul
ekosistemleri taklit eder ve ekosistem ic¢indeki bitkilerin ve mikroorganizmalarin is birligini kullanir
(Kadlec, R. H., & Knight, R. L., 1996).

3.2.4. Adsorpsiyon

Adsorpsiyon aritma siirecinde, kirletici maddeler, adsorban materyal tarafindan ¢ekilir ve ylizeyine
tutunur. Aktif karbon, zeolit ve diger 6zel malzemeler genellikle adsorban olarak kullanilir. Bu
malzemeler, suyun icindeki organik ve inorganik maddeleri adsorbe ederek sudan uzaklastirir.
Adsorpsiyon aritma yontemleri, sivi fazdaki kirleticilerin giderilmesi yan1 sira renk, koku ve tat gibi su
kalitesi 6zelliklerini iyilestirmek i¢in de kullanilabilir (Tchobanoglous, G., Burton, F. L., & Stensel, H.
D., 2003).

Aktif Karbon: Atik suda bulunan renkli maddelerin aktif karbon yiizeyine adsorbe edilmesi.
3.2.5. Gelismis Oksidasyon Siirecleri

Gelismis oksidasyon siirecleri, atik sularin aritilmasinda daha etkili organik kirleticilerin ve zararl
maddelerin giderilmesini saglamak amaciyla kullanilan ileri diizeydeki oksidasyon proseslerini ifade
eder. Bu siireglerde genellikle yiiksek enerji igeren oksidanlar veya 6zel katalizorler kullanilir.

Ultraviyole (UV) Isinlari: UV 1sinlar aritma siireci, ultraviyole 1silarinin kullanilmastyla su i¢inde
bulunan mikroorganizmalarin (bakteri, virlis, alg vb.) genetik materyalini bozarak g¢ogalmalarim
engeller. UV lambalari, suyun i¢inden gegirilerek mikroorganizmalarin DNA ve RNA'sina zarar veren
UV isinlan iiretir. Bu, mikroorganizmalarin ¢ogalmasini ve hastalik tasima kapasitelerini ortadan
kaldirir (Bolton, J. R., Linden, K. G., & Sharp, R. L., 2001).

4. ADSORPSIYON

Adsorpsiyon, bir madde yiizeyine bir bagska madde tarafindan tutunma veya yapisma siirecini ifade eder.
Bu siire¢ genellikle gaz veya sivi fazindaki molekiillerin bir kat1 yiizeye baglanmasiyla gerceklesir.
Adsorpsiyon, adsorbat ve adsorban olarak adlandirilan iki temel bileseni igerir.

Adsorbat: Bir madde yiizeyine tutunan veya yapisan madde. Ornegin, gaz veya siv1 fazdaki molekiiller.

Adsorban: Adsorbati tutan veya yapistiran madde. Ornegin, kat bir yiizey veya malzeme (Ruthven, D.
M., 1984)

Adsorpsiyonun temel mekanizmasi, ayrilacak olan maddenin ¢ozeltiden kagma egilimine ve kati
ylizeyine duydugu ilgiye baglidir. Bu sistemlerde, her iki 6zelligin kombinasyonu biiyiik 6nem tagir. Bir
stvi-kat1 sisteminde, ¢6zeltiden kati faz yiizeyine adsorpsiyon sirasinda kati-sivi fazdaki maddelerin
konsantrasyonlari arasinda dinamik bir denge olusur. Bu denge durumu, maddenin s1vi ve kat1 fazlardaki
konsantrasyonlar1 arasindaki adsorpsiyon verimini belirlemede énemli bir rol oynar.

Cevre miihendisligi uygulamalarinda genellikle fiziksel adsorpsiyon daha g¢ok kullanilir. Fiziksel
adsorpsiyon, molekiiler ¢ekim kuvvetleri veya Van der Waals kuvvetleri gibi zayif kuvvetlere dayanir.
Bu tiir adsorpsiyon, genellikle ¢ozeltideki maddelerin kat1 ylizeyine fiziksel olarak baglanmasini igerir.
Bu mekanizma, genellikle cesitli kirleticilerin giderilmesinde, su aritiminda ve diger g¢evresel
uygulamalarda kullanilir.

Ozetle, adsorpsiyon mekanizmasi, madde ile kati yiizey arasindaki etkilesimler ve bu etkilesimlerin
¢ozelti konsantrasyonlari ile olan dinamik denge durumu tizerine kuruludur (Bozkan, 2012).

Adsorbatin bir fazdan digerine, 6zellikle yiizey gerilimi ve adsorpsiyon arasindaki iligski, dnemli bir
birikme hareketini ortaya koyar (Bozkan, 2012).
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Bu boliimde anlatilan adsorpsiyon siirecinin olusumu, Sekil 4.1'de gosterilmistir.
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Sekil 4.1. Adsorbent igerisinde ve yiizeyinde, partikiil ve film difiizyonu (Bozkan, 2012)
4.1. Adsorpsiyon Tiirleri

Adsorpsiyon, genel olarak fiziksel ve kimyasal adsorpsiyon olmak tizere iki temel tiire ayrilir. Ancak bu
temel tiirlerin yani sira, adsorpsiyon bir dizi spesifik uygulama alanina ve kosula bagli olarak ¢esitli alt
tirlere ayrilabilir. Adsorpsiyon g¢esitli uygulama alanlarina, kosullara ve adsorbat-adsorban
kombinasyonlarma bagli olarak gesitli alt tiirlere ayrilabilir. Ornegin, gaz adsorpsiyonu, sivi
adsorpsiyonu, biyolojik adsorpsiyon, metal adsorpsiyonu gibi spesifik tiirler bulunmaktadir. Her alt tiir,
belirli bir baglanma mekanizmas1 veya uygulama alanina odaklanabilir.

4.1.1. Fiziksel Adsorpsiyon

Fiziksel adsorpsiyon, adsorbat molekiillerinin adsorban yiizeyine zayif van der Waals kuvvetleri, dipol-
dipol etkilesimleri ve diger fiziksel ¢cekim kuvvetleri ile baglanmasidir. Bu tiir adsorpsiyon genellikle
diisiik sicaklik ve diisiik bagil nem kosullarinda gergeklesir ve genellikle tersine ¢evrilebilir bir siiregtir.
Bu konuyla ilgili olarak, I. Langmuir tarafindan gelistirilen temel fiziksel adsorpsiyon teorisi oldukca
onemlidir (Langmuir, 1., 1918).

4.1.2. Kimyasal Adsorpsiyon

Kimyasal adsorpsiyon, adsorbat molekiillerinin adsorban yiizeyine kimyasal baglarla baglanmasi
stirecini ifade eder. Bu tiir adsorpsiyon, genellikle daha giiclii baglar icerir ve yiiksek sicaklik
kosullarinda meydana gelebilir. Kimyasal adsorpsiyon, genellikle tersine ¢evrilemeyen bir siirectir. Bu
konuyla ilgili olarak, M. J. Temkin ve

V. Pyzhev tarafindan gelistirilen bir teori 6ne ¢ikmaktadir (Temkin, M. J., & Pyzhev, V., 1940).
4.2. Adsorpsiyona Etki Eden Faktorler
4.2.1. Gozenek Yapisi

Adsorban malzemelerin belirleyici bir 6zelligi, gdzenek yapisidir. Gozenekler genellikle {i¢ gruba
ayrilir: mikro, mezo ve makro. IUPAC tavsiyesine gore, mikro gbzenekler 2 nm'yi asmayan genislikte
gozenekler olarak tanimlanir. Mezo gézenekler 2 ile 50 nm arasinda genislikte gdzeneklerdir, ve makro
gozenekler 50 nm'den daha genis gozeneklerdir. Gozeneklilik genellikle gézeneklerin ve bosluklarin
hacminin katinin kapladigi hacme orani olarak tanimlanir. Gozenek hacmi genellikle agik gozeneklerin
hacmi olarak kabul edilir, ancak kapali gézeneklerin hacmini de icerebilir (Inglezakis ve Poulopoulos,
2006; Rouquerol ve ark., 2014).
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4.2.2. Sicakhk

Adsorpsiyon reaksiyonlar1 genellikle ekzotermik dogasiyla bilinir, yani bu reaksiyonlar sirasinda
ortamdan 1s1 aciga ¢ikar. Bu nedenle, adsorpsiyon derecesi genellikle sicakligin diistiigii durumlarda
artar. Ancak, endotermik bir reaksiyon s6z konusu oldugunda, yani ortamdan 1s1 alan bir reaksiyon,
adsorpsiyon genellikle sicaklik arttikca artar. Bu durum, reaksiyonun sicakliga duyarliliginin
adsorpsiyon siirecine olan etkisini yansitir (Mildan, E., 2015).

4.2.3. pH

Parcacik yiizeyi, cevresel 6zelliklerine bagl olarak ¢esitli fonksiyonel gruplar igerir. Bu gruplar, i¢inde
bulundugu ortamin asidik veya bazik 6zelliklerine yonelik tepkisel 6zellikler sergiler. Adsorbat, ¢ozelti
fazinda bulunan iyonlar ile kati faz yilizeyindeki bu gruplar arasinda tutunur.

Genel olarak, pH degeri notral olan durumlarda adsorpsiyon hizi artar. Bu durum, 6zellikle hidrojen ve
hidroksit iyonlarmin giiclii adsorpsiyon yeteneklerinden kaynaklanir. Eger ¢ozelti fazinda fazlaca
hidrojen ve hidroksit iyonu bulunursa, bu iyonlar adsorbat iyonlar: ile yilizeydeki gruplar iizerinde
rekabet ederler. Bu durum, yiizeyin adsorbat molekiilleri tarafindan daha az kaplanma olasilig1 anlamina
gelir ve sonug olarak adsorpsiyon miktar1 azalir. Dolayisiyla, adsorpsiyon nétr durumdan daha az
olacaktir (Mildan, E., 2015).

4.2.4. Yiizey Alam

Adsorpsiyon, ylizey reaksiyonlar1 ve bu reaksiyonlarla iliskili kuvvetlerle, 6zellikle de faz sinirlar1 veya
ylizey sinirlar1 gibi faktorlerle baglantilidir. Yiizey gerilimini azaltmak, adsorpsiyonu kolaylastirabilir
¢linkii bu, ylizeydeki etkilesim kuvvetlerinin etkilerini azaltir. Yiizey gerilimini diigiirdiigiimiizde, ylizey
bir anlamda genisler ve bu da adsorpsiyonun daha etkili bir sekilde ger¢eklesmesine olanak tanir.

Yiizey gerilimini azaltmak i¢in siv1 fazdaki molekiiller aras1 baglarin zayiflatilmasi ve bu molekiillerin
diger fazla gecisini saglayacak baglarin olusturulmasi gereklidir. Bu nedenle, bir sivinin yiizey alanini
artirmak istiyorsak, ylizey gerilimi lizerine odaklanmaliy1z. Bu kimyasal bir reaksiyonu icerebilir.

Kimyasal bir reaksiyonda ylizey alaninin arttigini sdyleyebiliriz. Burada, adsorbanin ylizey alaninin
biiylik olmasi, adsorbat molekiilleri ile temasin daha fazla olmasi anlamina gelir. Bu durumda, yiizey
alanindaki biiyiime, adsorpsiyonun artmasina katki saglar.

4.2.5. Kanistirma Hizi

Adsorpsiyon hizi, film ve gbzenek difiizyonu tarafindan kontrol edildiginde, bu siirecin karistirma hizina
bagimli oldugunu gézlemleyebiliriz. Diisiik karistirma hizi, genellikle film difiizyonunun hakim oldugu
bir durumu isaret eder. Bu durumda, adsorbanin etrafinda dolasan ylizey film kalmhig: artar, bu da
difiizyona kars1 direncin artmasina yol acar. Bu durumu siirekli bir sistem olarak diisiinebiliriz.

Ote yandan, iyi bir karistirma, gozenek difiizyonunu tetikleyebilir, bu durumu ise kesikli bir sistem
olarak degerlendirebiliriz. Yiiksek karigtirma hizi, adsorbatin yiizeyine dogru daha hizli bir difiizyonu
saglar. Bu durumda, gozenekler arasinda adsorbanin daha etkili bir sekilde hareket etmesi ve
adsorpsiyonun hizlanmasi miimkiin olur. Bu iki farkli kontrol mekanizmasi, adsorpsiyon hizinin
karigtirma hizina bagli olarak nasil degisebilecegini gosterir. Diisiik karistirma hizlarinda siirekli
sistemde daha fazla etkilesim gozlenirken, yiiksek karigtirma hizlarinda kesikli sistemde daha hizli bir
difiizyon gerceklesebilir.

4.2.6. Temas Siiresi

Temas siiresi ile adsorpsiyon arasindaki iligki incelendiginde, baslangicta giderme veriminde belirgin
bir artig gézlemlenir. Bu artis, baglangictaki yiiksek yiizey alaninin katkisiyla gergeklesir. Ancak, temas
siiresinin artmasiyla birlikte ylizey alan1 azalmaya baslar. Bu durumda, metal adsorplama oran1 da azalir.

Yiizey alaninin azalmasi, adsorbantin doygunluk noktasina yaklagmasina ve hatta ulagmasina neden
olur. Doygunluk noktasina ulagildiginda, adsorpsiyon hizinda bir diisiis yasanir ve temas siiresi arttik¢a
adsorpsiyon tutulumu meydana gelir. Bu durum, temas siiresinin adsorpsiyon verimini diigiirmeye
basladig1 bir noktay1 isaret eder.
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Sonug olarak, temas siiresi ile baglangigta artan giderme verimi arasindaki iligki, ylizey alanindaki
degisiklikler ve adsorbantin doygunluk noktasina ulagmasiyla komplekslesir. Bu durum, adsorpsiyon
stirecini etkileyen faktdrlerin dengeli bir sekilde degerlendirilmesini gerektirir.

4.2.7. Adsorbentin Yapisi

Adsorpsiyonun biiyiikliigii, toplam yiizey alaninin adsorpsiyon i¢in uygun olan 6zgiil ylizey alani ile
dogru orantilidir. Bu siirecte, adsorban olarak adlandirilan katinin genis bir yiizey alanina sahip olmasi
tercih edilir, bu genellikle gdzenekli veya parcacikli bir yapidan kaynaklanir. Adsorbanin yiizey alaninin
biiyiikliigii, adsorpsiyon kapasitesini belirleyen 6nemli bir faktordiir.

Adsorpsiyon isleminde biriken maddeye adsorbat denir. Adsorbatin 6zellikleri, adsorpsiyonun hizi ve
karakteristigini belirlemede kritik rol oynar. Suda ¢6ziinen maddelerin adsorpsiyonu, bu maddelerin su
icindeki ¢oziiniirligi ile dogrudan iliskilidir. Az ¢6ziinen maddelerin suda adsorplanmasi daha smirh
olacaktir.

Molekiil yapisinda hidrofilik ve hidrofobik gruplar igeren maddelerde, molekiiliin hidrofobik ucu
ylizeye tutunma egilimi gosterir. Ayrica, molekiiliin boyutu da adsorpsiyonu etkileyen bir faktordiir.

Dogal adsorbentler, kolay elde edilebilen, 6n islem gerektirmeyen ve maliyeti diisiik olan maddelerdir.
Bu nedenle, nigasta, zeolit, kil, aljinat, siklodextrin, seliiloz ve kitosan gibi dogal malzemeler sikca tercih
edilir. Tarimsal atiklar da dogal adsorbent olarak kullanilabilir ve ekonomik avantajlari nedeniyle tercih
edilir.

Yapay adsorbentler ise fabrikalarda iiretilen ve istenilen oOzelliklere sahip olarak iiretilebilen
maddelerdir. Ancak, iretimleri genellikle zordur ve maliyetleri yiiksektir. Ayrica, bazi yapay
adsorbentlerin zehirli veya sagliga zararl olabilecegi goz oniine alinmalidir. Bu nedenle, kullanilmadan
once dikkatlice incelenmeleri gereklidir.Her iki tiir adsorbent de belirli avantajlar ve dezavantajlara
sahiptir, bu nedenle uygulama alanlar1 ve tercihler, spesifik gereksinimlere bagli olarak belirlenmelidir
(Sahan, A., 2007).

4.3. Adsorpsiyon Verimi

Adsorpsiyon verimi, bir adsorpsiyon isleminin etkinligini veya basarisini 6l¢en bir parametredir. Bu
verim, genellikle adsorbanin belirli bir siire boyunca belirli bir miktardaki adsorbati ne kadar etkili bir
sekilde tuttugunu ifade eder. Adsorpsiyon verimi, asagidaki formiille hesaplanabilir:

Adsorpsiyon Verimi (%): % .100 [4.1]
0

Burada;
C,: Adsorpsiyon islemine baslamadan 6nce adsorbatin ¢ozeltideki konsantrasyonunu temsil eder. (mg/L)

Ce: Adsorpsiyon islemi tamamlandiginda veya belirli bir siire sonra ¢ozeltideki adsorbat
konsantrasyonunu temsil eder. (mg/L).

Bu hesaplama, adsorpsiyonun ne kadar etkili oldugunu ve adsorbanin ne kadar adsorbat tutabildigini
degerlendirmek i¢in kullanilir (Inglezakis, V. J., & Poulopoulos, S. G., 2006); Rouquerol, F., Rouquerol,
J., & Sing, K., 2014).

4.4. Adsorpsiyon izotermleri

Adsorpsiyon islemini daha etkin ve maliyetli hale getirmek amaciyla bir¢ok arastirmaci, ucuz ve
yenilenebilir adsorbanlar1 kesfetmeye yonelik c¢aligmalar yapmaktadir. Bu c¢abalarin temelinde,
adsorpsiyonun dogasini daha iyi anlamak ve adsorpsiyon siireclerini optimize etmek yer almaktadir.
Adsorpsiyon, adsorban yiizeyinde biriken madde konsantrasyonu ile c¢ozeltide kalan madde
konsantrasyonu arasinda bir dengeye ulasana kadar devam eder. Gazlar igin konsantrasyon genellikle
mol yiizdesi veya kismi basing olarak ifade edilirken, ¢ozeltiler i¢in konsantrasyon kiitle birimleriyle
Olciiliir.

Adsorpsiyon denge durumu, adsorpsiyon izotermi olarak adlandirilan matematiksel denklemlerle
aciklanir. Ozellikle mikrodalga enerjisinden faydalanarak gergeklestirilen tetrasiklin adsorpsiyonu igin

253



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

kullanilan izoterm denklemleri arasinda Freundlich, Langmuir ve Dubinin-Radushkevich (D-R)
denklemleri bulunmaktadir.

Farkli aragtirmacilar, zaman iginde Jaeger ve Erdos tarafindan olusturulan genel bir formiilden yola
cikarak cesitli izoterm denklemleri gelistirmiglerdir. Bu denklemler arasinda en yaygin kullanilanlar
Langmuir ve Freundlich denklemleridir. Bunlarin yan1 sira, Dubinin-Radushkevich izotermi ve Temkin
izotermleri de adsorpsiyon dengesini ifade etmek i¢in kullanilan diger denklemlerdir.

Adsorpsiyon izotermi, ¢ozeltide kalan derisim (Ce) ile adsorbanin birim agirligi basina tuttugu madde
miktar1 (qe) arasindaki iliskiyi ifade eder. Bu izotermler, adsorpsiyon siirecini anlamak, modellenmek
ve optimize etmek i¢in degerli araglardir (Jaeger, F., & Erdés, P., 1940).

Adsorpsiyon kapasitesi (qc) [4.2] ile hesaplanarak bulunmaktadir.

o = (Co=Ce) | 14 [4.2]

m
qe: Adsorpsiyon kapasitesi (mg/g)

Co: Adsorplanacak maddenin baslangi¢ konsantrasyonu (mg/L)
Ce: Cozeltide adsorplanmadan kalan madde derigimi (mg/L)

V: Calismada kullanilan hacim (mL)

m: Adsorbent madde miktar1 (g)

4.4.1. Langmuir Adsorpsiyon Izotermi

Langmuir adsorpsiyon izotermi, ylizey ve ¢ozelti arasindaki dengeyi tanimlamak igin siklikla kullanilan
bir modeldir. Bu izoterm, adsorbat molekiillerinin yiizeyde belirli enerji bolgelerine kimyasal olarak
baglandigini ve her gézenegin en fazla bir adsorbat molekiiliine baglanabildigini varsayar. Langmuir
modeli, tek tabakaya kadar birikmeye izin verir ve bu durumu agiklamak i¢in kullanilir. Langmuir
izotermi agagidaki denklem [4.3]°de ifade edilmistir

— AmaxKLCe [4 3]
1+KC, ’

Ge
q.: Adsorpsiyon kapasitesi, ¢ozeltide kalan derisim (mg/g)
Gmax: Maksimum adsorban fazi konsantrasyonu (mg/g),
K; :Langmuir adsorpsiyon sabiti (L/mg),

C,.: Cozeltideki adsorbat konsantrasyonu (mg/L).

Langmuir izoterminde adsorpsiyon, adsorbat baslangi¢c konsantrasyonu ile birlikte lineer olarak artar.
Maksimum doyma noktasinda, yiizey tek tabaka ile kaplanmakta ve ylizeye adsorbe olmus adsorbent
miktar1 sabit kalmaktadir. Adsorpsiyon hizi adsorbent konsantrasyonu ve ylizey iizerinde bulunan bog
adsorpsiyon alanlar ile dogru orantilidir. Desorpsiyon hizi ise yiizeydeki adsorplanmis molekiil sayisi
ile dogru orantilidir. Langmuir izotermi i¢in yapilan kabuller asagida siralanmistir. Materyalin tiim
ylizeyi ayn1 adsorpsiyon aktivitesine sahiptir ve enerji bakimindan tiniformdur. Kimyasal adsorpsiyon
icin matematiksel esitlikleri tanimlayan en 6nemlisi langmuir izotermidir. Langmuir izotermi, ¢ok
sayida sistemin denge adsorpsiyon davranigini yorumlamak i¢in ve kati yiizeylerinin toplam yiizey
alanin belirlemek i¢in bagarili bir sekilde kullanilmaktadir.

Bu izoterme gore:

1. Kat1 yiizyinde bir adsorbatin adsorpsiyonu tek tabaka adsorpsiyonu ile sinirlidir,

2. Kat1 ylizeyi homojendir yani adsorbat molekiilii icin her bag noktasinin affinitesi aynidir,
3. Adsorplanmis molekiiller aras1 etkilesim s6z konusu degildir,

4. Adsorplanmis molekiiller lokalize olmustur yani bu molekiiller kati yiizeyi etrafida hareket edemezler
(Tok, S., 2009); (Tiirkyilmaz, H., 2011).

Langmuir esitligini esitlik [4.4]’deki gibi bir formdavverilmistir.
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Ce 1,
e K xCe [4.4]

Lineerlestirilmis Langmuir esitligi [4.5] ile verilmistir.
P LI B [4.5]

de N dmax Ce b.dmax

C.: Adsorpsiyon sonucu ¢ozeltide kalan maddenin konsantrasyonu (mg/L)
ge: Birim adsorban iizerine adsorplanan madde miktar1 (mg/g)

Ki: Langmuir denge sabiti (L/g)

ay,: Adsorpsiyon enerjisine bagli olan izoterm sabiti (L/mg)

Omax: Tek tabakali adsorbent kapasitesini gostermektedir (mg/L)

b: Langmir adsorpsiyon sabiti (L/mg).

Burada Ce/qe degerinin, C.degerine gore degisiminin grafige dokiilmesiyle elde edilen dogrunun egimi
ve kesim noktasi sirastyla o/ Ki ve 1/ Kp sabitlerinin degerini verecektir. Qmax (Ki/ay,) tek tabanlt
adsorbant kapasitesini gostermekle birlikte adsorbantin maksimum adsorplama kapasitesini temsil eder.
Ozellikle tek tabakali adsorpsiyonun meydana geldigi heterojen adsorpsiyon sistemlerinde bu izoterm
denge durumunu net olarak agiklayamaz. Langmuir izotermi homojen bir adsorpsiyon oldugu i¢in her
molekiiliin aktivasyon enerjisi aynidir. Diisiik konsantrasyonlarda Henry yasasinin gecerli oldugu
durumlarda C. ¢ok kiiciiktiir. Adsorpsiyonun elverisliligini bulmak i¢in boyutsuz Ry (dagilma) sabiti ile
hesaplanir ve bu sabitin 0 ile 1 arasinda degerler almasi elveriglilik durumunun saglandigina isaret eder.
Ri>1 elverisli olmayan, Ry = 1 lineer, 0<Ri<1 elverisli ve R.=0 tersinmez izoterm tiplerinin oldugunu
gostermektedir (Tok, S., 2009); Tiirkyilmaz, H., (2011).

Langmuir RL (Relative Langmuir)" boyutsuz kavrami, adsorpsiyon izotermi ¢aligmalarda kullanilan
bir boyutsuz faktordiir. Bu kavram, adsorpsiyon sistemlerinde Langmuir izotermine ne kadar uyma
egiliminde oldugunu degerlendirmek i¢in kullanilir.

Langmuir RL degeri su sekilde tanimlanir:

1

R, =
L™ 1+Bc,

[4.6]

Burada:

RL: Langmuir RL degeridir,

B: Langmuir izoterminden elde edilen Langmuir sabitidir,
C0: baslangi¢ ¢ozelti derigimidir.

Langmuir RL degeri, adsorbanin belirli bir derisimde ne kadar etkili oldugunu gdsteren bir gostergedir.
RL degeri su sekilde yorumlanir:

o RL>1: Irreversibl adsorpsiyon; bu durumda, adsorban yiizeyi doymus durumda degildir ve daha
fazla adsorbat alabilir.

. RL=1: Langmuir adsorpsiyonu; bu durumda, adsorban yiizeyi doymus durumdadir ve izoterm
Langmuir izotermine tam uyumludur.

. 0<RL<I: Irreversibl adsorpsiyon; bu durumda, adsorban yiizeyi doymus durumdadir ve daha
fazla adsorbat alabilir, ancak adsorpsiyon etkisi zayiftir.

o RL=0: Irreversibl adsorpsiyon; bu durumda, adsorban yiizeyi doymus durumda degildir ve daha
fazla adsorbat alabilir.

Langmuir RL degeri, adsorpsiyonun nasil gergeklestigi konusunda énemli bilgiler saglayabilir ve bir
adsorpsiyon sisteminin dogasini anlamak i¢in kullanilir. Bu deger, 6zellikle adsorpsiyon kapasitesi ve
cozelti derisimi arasindaki iliskiyi degerlendirmek icin kullanighidir.
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4.4.2. Freundlich Adsorpsiyon izotermi

Freundlich izotermi, adsorpsiyon siirecini agiklayan eski ve genis bir modeldir. Bu deneysel model,
heterojen ylizeylerde, homojen olmayan adsorpsiyon 1sis1 dagilimi ve afinitesi ile karakterize edilen
coklu tabakali adsorpsiyonu da igerir. Ozellikle hayvansal komiir adsorpsiyonu icin gelistirilen bu
model, adsorbat oraninin ¢dzelti konsantrasyonlarina bagli olarak sabit olmadigin1 gostermistir. Bu
durum, adsorpsiyonun tiim bdlgelerinde gerceklestigi ve adsorpsiyon enerjisinin adsorpsiyon siireci
tamamlandikga tistel olarak azaldigi bir modeli ortaya koymaktadir.

Freundlich izotermi, 6zellikle aktive edilmis karbon ve molekiiler elekler gibi heterojen sistemlerde
etkili olan bir modeldir. Bu izotermde yer alan 1/n degeri, adsorpsiyon yogunlugunun veya yiizey
heterojenliginin bir 6l¢iisiidiir. Bu deger, 0'a yaklastikca yiizey heterojenliginin arttigini gosterir. Ayrica,
1/n degerinin 1'in lizerinde olmasi, yani n degerinin 1'den kiigiik olmasi, islemin kimyasal adsorpsiyon
oldugunu belirtir.

Bu model, adsorpsiyon siireclerini anlamak ve optimize etmek icin kullanilan 6nemli bir aragtir.
Freundlich izotermi genellikle deneysel verilerle uyumlu oldugu 6lgiide kullanilir ve adsorpsiyonun
karmasikliklarin1 anlamak icin ¢esitli arastirmalarda degerli bilgiler saglar (Yasar Eynur, S., 2016).

Freundlich esitligi, adsorpsiyon sonrasinda adsorplanan molekiillerin adsorban yiizeyinde herhangi bir
ayrisma ya da birlesmeye ugramadigi kabulu esas alinarak tiiretilmistir. Freundlich izoterm denklemi
stv1 fazdan adsorpsiyon icin asagidaki esitlik [2.6] ile verilmektedir. Esitlik [2.7] ile lineerlestirilmis
denklemi verilmistir.

ge = Kf = Cel/n [4.7]
logge = logKf +% logCe [4.8]

qe, denge halinde birim agirliktaki adsorbanin adsorpladigi madde miktar1 (img/g) ve Ce adsorbatin
stv1 fazdaki derisimidir (mg/L), Kf ve n, adsorpsiyon kapasitesi ve yogunlugu hakkinda bilgi veren
Freundlich sabitleridir. Freundlich esitligi asagidaki sekilde lineer estirilmektedir. Deneysel verilerden
yararlanilarak  cizilen log ge - log Ce grafiginden  Freundlich izoterm sabitleri, Kf ve n,
hesaplanmaktadir.

4.4.3. Temkin Adsorpsiyon izotermi

Temkin izotermi, adsorpsiyon siirecini agiklamak igin kullanilan bir modeldir. Bu izoterm, adsorbatin
ylizeydeki bos yerlere serbestce ve homojen bir sekilde baglandigi bir varsayima dayanir. Temkin
Izotermi, adsorbanin yiizeyindeki tiim adsorbat molekiillerinin enerji diizeylerinin esit oldugunu
varsayar ve adsorbatin yiizeye baglanmasinin 1sininin lineer olarak azaldigini 6ne siirer.

Temkin izotermi su matematiksel denklemle ifade edilir:

RT A
4 =" (5) [4.9]
Bu denklemde:

gt: adsorbanin belirli bir siire sonra yiizeye bagladigi madde miktarini temsil eder.
R: gaz sabiti (8.314 J/(mol-K)).

T: sistem sicakligini temsil eder (K).

A ve b: Temkin izotermi parametreleridir.

At: belirli bir siire sonra adsorbatin ¢ozeltideki konsantrasyonunu temsil eder.

Bu izoterm, adsorpsiyon siirecinde ylizeydeki enerji seviyelerinin esit oldugunu ve adsorbatin yiizeye
baglanmasinin 1sisinin lineer olarak azaldigini varsayar. Temkin izotermi genellikle deneysel verilere
uygunlugu degerlendirmek igin kullanilir (Temkin, M. J., & Pyzhev, V., 1940).
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4.4.4. Dubinin-Radushkevich Adsorpsiyon izotermi

Dubinin-Radushkevich (D-R) adsorpsiyon izotermleri, adsorpsiyon enerjisinin hesaplanmasinda
kullanilan bir modeldir. Bu izoterm, adsorbatin yiizeydeki gozeneklere adsorpsiyonu sirasinda ortaya
cikan enerjiyi degerlendirmek icin kullanilir. D-R izotermi, adsorbatin ¢6zeltiden adsorbant tarafindan
adsorplanmasi sirasinda agiga ¢ikan enerjiyi ifade eder.

D-R izotermi su matematiksel denklemle ifade edilir:

In(Q) = In(Q,,) — Pe2 [4.10]
Bu denklemde:

Q: adsorpsiyon miktarini temsil eder.

@m: maksimum adsorpsiyon kapasitesini temsil eder.

[: Dubinin-Radushkevich izoterm sabitidir.

£: adsorpsiyon potansiyelini temsil eder.

D-R izotermi, genellikle adsorbatin yiizeydeki gdzeneklere adsorpsiyonu sirasinda agiga ¢ikan enerjiyi
degerlendirmek ve adsorpsiyonun mekanizmasi hakkinda bilgi saglamak amaciyla kullanilir. Bu
izoterm, adsorbatin adsorbant ylizeyine nasil baglandigi ve adsorpsiyonun hangi enerji seviyelerinde
gerceklestigi konusunda bilgi saglayabilir (Dubinin, M. M., & Radushkevich, L. V., 1947).

1

qe = qmexp (—Kpg[RT (1 + C—e)]z) [4.11]
Inge = Ingm — Kppe 2 [4.12]

e = RTIn[1 + Ci] [4.13]
1

E= e [4.14]

Burada, R, gaz sabiti (8.314 J mol-1 K-1), T, mutlak sicaklik (K), Kpg, adsorpsiyon enerjisi ile ilgili
izoterm sabiti, qm, teorik adsorpsiyon kapasitesi ve &, Polanyi potansiyelini gosterir. Ortalama
adsorpsiyon enertjisi (E), adsorpsiyon mekanizmasini tahmin etmemize yardim eder. Eger E degeri, 8-
16 kjmol-1 ise, adsorpsiyon prosesi iyon degisimi ile karakterize edilir, E < 8 kjmol-1 ise adsorpsiyon
fiziksel, 20 < E <40 kjmol-1 ise adsorpsiyon kimyasal olarak diisiiniilebilir (Glindiiz ve Bayrak, 2017).

4.5. Adsorpsiyon Kinetigi

Adsorpsiyon kinetigi, bir adsorpsiyon sisteminde adsorban ve adsorbat arasinda denge kurulurken bu
dengeye ulagma hizini inceleyen bir alandir. Adsorpsiyon dengesi aninda ortaya c¢ikmaz; ¢iinkii
adsorpsiyon hizi, 4 asamali kiitle tasima mekanizmalar1 ile sinirhidir. Kinetik g¢aligmalar, olasi
adsorpsiyon mekanizmalarini ve nihai adsorbat-adsorban kompleksinin olusumuna giden yoldaki farkli
gecis durumlart hakkinda bilgi saglar ve uygun matematiksel modellerin gelistirilmesine yardimci olur.

Reaksiyon hizlar1 ve bagimli faktorler net bir sekilde bilindiginde, endiistriyel uygulamalarda adsorban
materyallerinin gelistirilmesinde oldukca faydali olabilir. Gupta ve Bhattacharyya (2011) tarafindan
belirtildigi gibi, adsorpsiyon kinetigi ¢aligsmalari, etkilesimleri tanimlamak ve optimize etmek icin
onemli bir aractir (Cegen, F., & Aktas, Z. (2011); Gupta, V. K., & Bhattacharyya, K. G. (2011).

4.5.1. Lagergren Kinetik Modeli

Yalanci Birinci Dereceden Kinetik Model: Lagergren Kinetik Modeli, adsorpsiyon siirecinin hizini
acgiklamak icin kullanilan bir kinetik modeldir ve genellikle "Yalanci Birinci Dereceden Kinetik Model"
olarak adlandirilir. Lagergren denklemi, s1vi faz sistemlerindeki adsorpsiyon oranini tanimlar.

Lagergren denklemi su sekildedir:

St — k1 (ge - qt) [4.15]
t
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Burada:

da;

2t anindaki birim adsorban basina adsorplanan madde miktarinin degisim oranini,
t

k1: Lagergren adsorpsiyon orani katsayisini,
qe : denge aninda birim adsorban bagma adsorplanan madde miktarmni,

qt : t aninda birim adsorban basina adsorplanan madde miktarini ifade eder.

Lagergren modeli, birinci dereceden kinetik bir yaklasim sunar, ancak "yalanci" olarak adlandirilir
¢linkil tiim durumlar icin gegerli olmadig1 durumlar vardir. Bu model, genellikle deneysel verilerle iyi
bir uyum saglar, ancak adsorpsiyon siirecinin daha karmasik oldugu durumlar i¢in daha karmagsik
modeller tercih edilebilir (Lagergren, S., 1898).

Yalana1 ikinci Mertebe Kinetik Model: Yalanci ikinci Dereceden Kinetik Model, adsorpsiyon
stirecinin hizim1 ifade etmek icin kullanilan bir kinetik modeldir. Bu model, adsorbatin adsorban
ylizeyine hizli bir sekilde tutundugunu ve daha sonra daha yavas bir sekilde adsorpsiyonun
tamamlandigini varsayar.

Yalanci Ikinci Dereceden Kinetik Model, asagidaki diferansiyel denklemle ifade edilir:

%t = k1 - (ge - qt)? [4.16]
t

Burada:

dq;

1ot anindaki birim adsorban bagina adsorplanan madde miktariin degisim oranini,
t

k2: yalanci ikinci dereceden kinetik sabiti,
qe : denge aninda birim adsorban basina adsorplanan madde miktarini,
qt : t aninda birim adsorban basina adsorplanan madde miktarini ifade eder.

Bu model, adsorbatin adsorban yiizeyine tutunma siirecinin hizinin, ylizeydeki aktif bolgelerin sayisi ve
erigilebilirligi gibi faktorlere bagl olarak degisebilecegi durumlari agiklamak i¢in kullanilir (Ho, Y. S.,
& McKay, G., 1999).

Adsorpsiyon isleminin hizin1 kontrol edebilecek tiim faktdrler g6z Oniine alindiginda, adsorbanin ig
ylizeylerindeki adsorbat taginmasinin derecesi, deney sirasinda farkli hizlarda mekanik karigtirma
kullanilarak belirlenebilir. Daha yiiksek calkalama hizlarinda, i¢ ylizey tabakasinin hacmi sabit bir
minimuma ulasirken, i¢indeki ¢oziinen madde tasima hizi sabit bir maksimum degere ulasir ve
genellikle ihmal edilebilir. Sicaklik ve pH faktorleri de kinetik siireglerin seyrinde énemli bir rol oynar
(Gupta ve Bhattacharyya, 2011).

Yalanct ikinci dereceden denklem, genellikle k2 degerinin yiginsal fazdaki ilk adsorbat
konsantrasyonuna bagli oldugunu gosteren hem teorik hem de deneysel ¢aligmalara dayanmaktadir. Hiz
katsayisi, k2, ilk adsorbat konsantrasyonuyla ters orantilidir. Ik adsorbat konsantrasyonu ne kadar
yiiksekse, dengeye ulagmak icin o kadar uzun siire gerekir, buna karsilik k2 degeri diiser (Ho ve McKay,
1998).

Yalanci ikinci dereceden denklem ayni zamanda Langmuir kinetik denkleminin 6zel bir tiirii olarak
yorumlanmistir. Bu yorum, adsorbat konsantrasyonunun zaman icinde sabit kaldigim1 ve toplam
baglanma bdlgelerinin sayisinin, dengede adsorbe edilen adsorbat miktarina (qe) baglh oldugunu
varsayar (Lin ve Wang, 2008).

4.5.2. Parcacik (Partikiil) I¢i Kinetik Modeli

Gozenekli adsorbanlar igin, adsorbat molekiillerinin gdzeneklere diflizyonu, siire¢ i¢in uygun bir kinetik
modelin bulunmasinda dikkate alinmalidir. Cogu durumda, pargacik i¢i difiizyon, agsagidaki ifade ile
temsil edilen bir adsorbat alim oranini kontrol edebilir.
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APPLICATIONS
Z_f - % [4.17]
Burada,

k,, parcacik i¢i diflizyon hiz sabiti (mg/g-dak”"0.5),
C, smuir tabakasi kalmlhigidir.

C'nin degerleri sinir tabakasinin etkisini belirler, degerler ne kadar yiiksekse etki o kadar biiytik olur. g,
ve vVt ‘nin grafiginin egimi k,, yi, kesim noktas1 C degerini verir. Egri y-eksenine (q;) yakinsa pargacik
ici difiizyonu adsorpsiyon siirecini kontrol eder; x-eksenine (v/t) yakinsa film difiizyonu gibi farkli
mekanizmalara karsilik gelir. Sistem zayif karigtirma, kiiciik ¢oziinen madde boyutu ve diisiik
konsantrasyon ile karakterize edilirse genellikle film difiizyonu hiz kontrol adimi haline gelir; aksi
takdirde, parcacik ici diflizyonu siireci biiyiik 6l¢ciide kontrol eder (Kajjumba ve ark., 2018).

4.6. Adsorpsiyon Termodinamigi

Tabiattaki en énemli olgulardan birisi, tim degisim ve doniisiimlere sebep olan enerjidir. Olusan her
tiirlii hareket ve kimyasal reaksiyon sirasinda enerji absorpsiyonu, enerji yayilmasi ve bir enerji tiiriiniin
bagska bir enerji tiiriine doniismesi s6z konusudur. Bu enerji degisimleri, termodinamigin inceledigi
temel konulardan biridir. Termodinamik, bir sistemin i¢ enerji, entalpi, entropi ve serbest enerji gibi
degerlerini belirler ve fiziksel veya kimyasal doniistimlerin sartlara bagliligini inceler.

Termodinamik ve denge sabiti K esitlikleri asagida sunulmustur. Esitlik [4.18], [4.19] ve [420] ile
adsorpsiyon termodinamik degiskenleri (AGe, ASe, AHo) asagidaki esitliklerde gosterilmistir:

AG® = AH® — TAS® [4.18]
Y

Kc = c [4.19]

AG° = —RTIn(K,) [4.20]
0o _ _ dIn(kc)

4HO = —R (F259) [421]

AS° = —R In(K,) [4.22]

AS®  AHO

Kc, denge sabiti,

AG°, serbest enerji degisimi,
AH®, entalpi degisimi,

AS°, entropi degisimi,

R, evrensel gaz sabiti,

T, termodinamik sicaklik.

InK, ile 1/T arasinda gizilen grafigin egiminden AH® , kesim noktasindan ise AS® degerleri hesaplanir.
C., dengeki adsorplanan boyar madde derisimini (mg.L™"), C. ise denge aninda ¢ozeltide kalan boyar
maddenin derisimini (mg.L™") gostermektedir (Smith, J. M., Van Ness, H. C., & Abbott, M. M. (2017).

4.7. Deneysel Calismada Kullanilan Adsorbat ve Adsorbentler
4.7.1. Kristal Viyole

Crystal Violet" (Kristal Viyole), bir organik boyar madde olarak bilinen bir kimyasal bilesigin adidur.
Kimyasal formiili C25H30CIN3'dir. Bu bilesigin genellikle mor renge sahip oldugu bilinir. Crystal
Violet, mikrobiyolojide bakteriyel hiicreleri boyamak ve saymak i¢in kullanilan bir boyar madde olarak
da bilinir.
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Crystal Violet, bir¢ok laboratuvar uygulamasinda kullamlan bir histoloji ve mikrobiyoloji rengidir.
Ozellikle Gram lekelenmesi gibi yontemlerde bakterilerin taninmasinda ve diferansiyasyonunda
kullanilir.

Kimyasal formiiliit C25H30CIN3 olan Crystal Violet, benzene tiirevidir ve genellikle hidrokloriir tuz
formunda bulunur. Bu madde, bakteriyel hiicre duvarlarina kars1 selektif bir etkiye sahip olan bir boya
olarak kullanilmaktadir.

. Diger Adlar: Gentian Violet, Methyl Violet 10B
o Yapisi: Crystal Violet, benzene halkalarini igeren bir tiirevidir. Kimyasal formiiliinde bir kloriir

atomu igerir.

CH, CHj3

H,C” NCH,

Cl-
> N\
H,C CH;
Sekil 4.1 Kristal Viyolenin yapisal formiilii
Kullanim Alanlar::
1. Mikrobiyoloji:
. Gram Lekeleme: Crystal Violet, bakterilerin Gram pozitif ve Gram negatif olarak

smiflandirilmasini saglayan Gram lekeleme islemi i¢in kullanilir. Bu yontem, bakterilerin hiicre
duvarindaki farkliliklar1 vurgular.

. Bakteri Sayimi: Crystal Violet, bakteri sayiminda kullanilir. Belirli bir miktar bakteri
Ornegi, bu boyar madde ile islenir ve ardindan mikroskop altinda incelenerek bakteri sayis1 belirlenir.
2. Histoloji:

. Hiicre ve Doku Boyama: Crystal Violet, biyolojik dokular1 ve hiicreleri boyamak igin

kullanilir. Bu, mikroskop altinda dokularin ve hiicrelerin daha iyi goriilebilmesini saglar.
3. Antiseptik:

o Cilt Enfeksiyonlari: Crystal Violet, antiseptik 6zelliklere sahip oldugu i¢in bazen cilt
enfeksiyonlarini tedavi etmek amaciyla kullanilabilir.

Diger Bilgiler:

o Toksikoloji: Yiiksek konsantrasyonlarda toksik olabilir, bu nedenle kullaniminda dikkatli
olunmalidir.

. Renksiz Formu: Crystal Violet, ¢ozelti icinde mor renkte oldugu bilinir, ancak renksiz bir
formu da mevcuttur.

260



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND
APPLICATIONS

FULL TEXTS BOOK

Bu bilgiler, Crystal Violet'in kimyasal yapisi, kullanim alanlar1 ve bazi temel 6zellikleri hakkinda genel
bir bakig sunar. Ancak, kullanimi veya 6zellikleriyle ilgili daha spesifik bilgiler i¢in belirli bir uygulama
veya alandaki literatiire bagvurmaniz gerekebilir.

4.7.2. Hidroksiapatit

Hidroksiapatit, kalsiyum fosfat minerallerinden biridir ve biyolojik dokularda, 6zellikle kemik ve
dislerde bulunan dogal bir bilesiktir. Kimyasal formiilii Cas(PO4)3(OH) olan hidroksiapatit, kemik ve dis
minerallerinin ana bilegenidir ve mineralize dokularin saglamligini artirmada énemli bir rol oynar.

. Hidroksiapatit Sentezi

Hidroksiapatit (HA) adli kimyasal bilesigin CalO(PO4)6(OH)2 kimyasal formiiliine sahip olmasi
nedeniyle, bu malzemeyi elde etmek i¢in kalsiyum kaynagi olarak kalsiyum hidroksit (Ca(OH)2) ve
fosfor kaynagi olarak fosforik asit (H3PO4) kullanilmistir. Ca/P mol orani 1,67 olarak belirlenmis ve bu
oran dikkate alinarak stokiyometrik hesaplamalarla 123,58 g Ca(OH)2 alinarak 1600 mL saf su i¢inde
1 saat boyunca karistiricida ¢oziilmesi saglanmastir.

Yarim saat sonra, 61,16 mL H3PO4 alinarak 1000 mL saf su i¢inde manyetik karistiricida
¢oOziindiiriilmiistiir. Ayn1 anda baglayan bu iki karistirma islemi tamamlandiktan sonra, H3PO4 ¢ozeltisi,
Ca(OH)2 siispansiyonuna damla damla ilave edilmis ve ilave isleminden sonra 30 dakika boyunca
karistirma islemine devam edilmistir.

Sonrasinda, karisimm pH degeri amonyak (NH4OH) kullanilarak 9 ile 11 arasinda ayarlanmis ve
hidroksiapatit siispansiyonu elde edilmistir. Karistirma islemi toplamda 30 dakika daha siirdiiriilmiistiir.

Karigtirma iglemi tamamlandiktan sonra, karisimin jellesmesi i¢in bir giin beklenmis, jellesme
sonrasinda tava tizerinde biriken su piset yardimiyla alinmigtir. Ardindan, tava 105 °C'ye ayarlanmis bir
etlive konularak kurumaya birakilmig ve tamamen kuruyana kadar beklenmistir.

Elde edilen kuru karisim, daha sonra 1100 °C'de 4 saat boyunca kalsinasyona tabi tutularak
hidroksiapatit tozu elde edilmistir. Bu siire¢, hidroksiapatit tozunun basariyla iiretimini saglamstir.

5. MATERYAL VE METOT
5.1. Adsorpsiyon Deneyleri

Steril erlenlerde, 100 ml ¢alisma hacmine sahip, sabit sicaklikta ve 300 rpm karistirma hizinda bulunan
calkalayicida gergeklestirilen deneysel calismalar neticesinde, kristal viyole adsorpsiyonu iizerine ¢esitli
deneyler yapilmistir. Bu deneylerde, 1000 mg/L. stok ¢ozeltisi hazirlanmig ve istenilen
konsantrasyonlara seyreltilerek kullanilmistir. Kristal viyole stok ¢o6zeltisi diizenli araliklarla
hazirlanmig ve karanlik bir ortamda saklanmugtir.

Optimum pH degerini belirlemek amaciyla baslangic deneyleri yapilmistir. Cozeltilerin pH'larini
ayarlamak i¢in 0,1 M'lik NaOH ve H2SO4 ¢ozeltileri kullanilmistir. Kristal viyole ¢ozeltisinden
hidroksiapatit, hidroksiapatit-metilmetakrilat kompoziti ve hidroksiapatit-S.Cerevisiae biyokompoziti
hazirlanarak, 25 °C'de ve 300 rpm karigtirma hizinda baglangic CV konsantrasyonu 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 mg/L olan deneyler gerceklestirilmistir.

Numunelerin adsorbent ile temasini artirmak amaciyla hidroksiapatit i¢cin 120 dakika siiresince karigim
saglanmigtir. Kristal viyole i¢in 590 nm etkin dalga boyu se¢ilmistir. Numuneler, 10 ml'lik 6rnekler
halinde alinarak 3000 rpm'de 10 dakika siireyle santrifiijlenmis ve ardindan UV cihazinda Amax 590
nm'de absorbans degerleri 6l¢iilmiistiir.

5.2. Kesikli Deneylerin Yiiriitiilmesinde Kullanilan Cihazlar

Deneylerde, Consort C931 marka pH 6l¢iim cihaz1 kullanilarak pH degerleri 6l¢iilmiistiir. Santrifiijleme
islemleri boyunca Hettich (EBA 21) marka santrifiij kullanilmistir. Kesikli sistem ¢alismalari ise IKA-
WERKE marka manyetik c¢alkalayictda ve SHIMADZU markali hassas terazi ile
gergeklestirilmistir.Kristal Viyole boyar maddesinin maksimum dalga boyu, Uv-spektrofotometre
(CHEBIOS) kullanilarak Amax=590 nm'de absorbans degerleri okunarak belirlenmistir.
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5.3. pH Degisiminin Adsorpsiyona EtKisi

Adsorpsiyon prosesinin pH'a olan etkilerini belirlemek amaciyla, 50 mg/L konsantrasyondaki 100 mL
hacmindeki Crystal Violet (CV) ¢ozeltileri i¢in baglangi¢ pH'lar1, 2, 3, 4, 5, 6, 7, 8 ve 9 olarak titrasyon
ile ayarlanmistir. Her bir pH diizeyinde, 0.5 g adsorbent eklenerek, hidroksiapatit i¢in 120 dakika,
stiresince oda sicakliginda (25 °C) manyetik karistiricida deneyler yiirtitiilmiistiir.

Bu stire zarfinda, her bir adsorbentin adsorpsiyon kapasitesi, h1z1 ve denge noktasindaki pH baglaminda
kapsamli veri setleri elde edilmistir. Elde edilen bu veriler, adsorbatin ylizey ozellikleri, pH
degisikliklerine yanit1 ve adsorpsiyon kinetigi hakkinda detayli bir analiz sunmaktadir. Ayrica, her bir
adsorbatin optimum pH kosullarinin belirlenmesi ve adsorpsiyon performansinin iyilestirilmesi
amaciyla yapilan siire¢ optimizasyonlar1 da degerlendirilmistir. Bu ¢alisma, adsorpsiyon prosesinin pH
baglaminda anlagilmasi i¢in 6nemli bilimsel veriler saglamistir.

5.4. Adsorpsiyon Siirecinde Baslangic Konsantrasyonunun Rolii

10-100 mg/L konsantrasyon araligindaki 100 mL hacmindeki Crystal Violet (CV) ¢ozeltileri lizerinde
yapilan ¢aligmada, optimal pH kosullarinda her bir adsorbent i¢in 0.5 g miktarinda adsorbent eklenerek
deneyler gerceklestirilmistir. Bu adsorbentler arasinda hidroksiapatit i¢in 120 dakika siiresince oda
sicakliginda (25 °C) manyetik karistiricida deneyler yiiriitiilmiistiir. Elde edilen veriler, izoterm
analizlerle islenerek adsorpsiyon siireglerinin termodinamik ve kinetik 6zellikleri agisindan kapsamli bir
degerlendirme saglamstir. Bu bilimsel ¢alisma, her bir adsorbatin belirli bir konsantrasyon araliginda
ve belirli pH seviyelerindeki adsorpsiyon kapasitesi ve kinetigini ayrintili bir sekilde ortaya koymakta,
bu da adsorpsiyon siireglerinin daha etkili bir gekilde anlagilmasina ve optimize edilmesine katkida
bulunmustur.

5.5. Adsorban Miktarimin Adsorpsiyon Uzerindeki Etkisi

Belirlenen baslangi¢ pH degerleri ve belirlenen tetrasiyanoquinodimethane (TC) konsantrasyonlarina
sahip 100 mL hacmindeki TC ¢ozeltilerine, farkli dozlarda (0.1 g,0.2 g,0.3 g,0.4¢g,0.5¢g,0.6¢g,0.7 g,
0.8 g,0.9 gve 1 g) adsorbent ilave edilmistir. Hidroksiapatit i¢in 120 dakika, siiresince oda sicakliginda
(25 °C) manyetik karigtiricida yiiriitiilen deneylerle, adsorbent miktarinin adsorpsiyon prosesine olan
etkisi detayli bir sekilde incelenmistir.

Bu siire¢ boyunca elde edilen bilgiler, farkl1 adsorbent miktarlarinin adsorpsiyon kapasitesi, kinetikleri
ve dengesi iizerindeki etkilerini degerlendirmek adina kapsamli bir veri seti sunmustur. Yapilan bu
caligma, adsorban miktariin adsorpsiyon siireglerine olan katkisini anlamak ve optimize etmek
amaciyla onemli bilimsel veriler saglamistir.

5.6. Temas siiresinin adsorpsiyona etkisi

Belirlenen pH diizeyi ve adsorbent miktari1 sabit tutularak, baslangic CV konsantrasyonu ile farkli temas
stireleri (30 dk, 60 dk, 90 dk, 120 dk, 180 dk ve 240 dk) i¢in ¢aligmalar gerceklestirilmis ve temas
stiresinin adsorpsiyon siirecine olan etkisi detayl bir sekilde incelenmistir. Bu siire zarfinda elde edilen
kinetik veriler, adsorpsiyon prosesinin zaman igindeki evrimini anlamak ve karakterize etmek adina
kullanilmgtir.

Belirlenen kosullar altinda gercgeklestirilen deneylerde, temas siiresinin adsorpsiyon kapasitesi, hizi ve
denge noktas1 iizerindeki etkileri kapsamli bir sekilde degerlendirilmistir. Bu calisma, adsorpsiyon
stirecinin dinamiklerini anlamak, optimizasyon potansiyellerini belirlemek ve uygulamali kinetik
verilerle desteklemek adina 6nemli bilimsel veriler sunmustur.

5.7. Sicakhi@in Adsorpsiyona Etkisi

Belirlenen pH seviyesi ve 0.5 g adsorbent miktar1 sabit tutularak, baslangic CV konsantrasyonu 50 mg/L
ve temas siiresi (Hidroksiapatit i¢in 120 dakika) boyunca farkl sicaklik degerleriyle (25 °C, 35 °C, 45
°C, 55 °C) yapilan ¢alismalar neticesinde sicakligin adsorpsiyon prosesine olan etkisi detayli bir sekilde
degerlendirilmistir. Bu deneyler sirasinda elde edilen veriler, sicakligin adsorpsiyon kinetigi, kapasitesi
ve termodinamik 6zellikler lizerindeki etkilerini belirlemek adina kullanilmustir,

Belirlenen kosullar altinda yapilan deneylerle sicakligin adsorpsiyon siirecine olan etkisi incelenirken,
termodinamik veriler de elde edilmistir. Bu c¢alisma, sicaklik degisimlerinin adsorpsiyon siireci
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tizerindeki etkilerini anlamak ve bu degiskenin termodinamik karakteristiklerini belirlemek agisindan
6nemli bilimsel veriler saglamistir.

6. BULGULAR VE TARTISMA
6.1. pH’1n CV Giderimine Etkisi

Literatiirde yapilan calismalara gore, Crystal Violet (CV) giderimi iizerinde ¢ozelti pH'min dnemli bir
etkisi oldugu gozlemlenmistir. Cozeltinin pH degeri, adsorpsiyon siirecini belirleyen temel
parametrelerden biridir. Adsorpsiyon olaymin gerceklestigi ¢ozeltinin pH degeri, adsorpsiyon miktarini
kontrol eden kritik bir faktdrdiir. Adsorpsiyon islemi, ortamin asidik veya bazik olmasindan kaynaklanan
H* ve OH™ iyonlarinin yiizeye gii¢lii bir sekilde tutunmasindan etkilenmektedir. Bu baglamda, ¢ozeltinin
pH degeri, iyonlarin adsorpsiyonu iizerinde belirgin bir etkiye sahiptir ve adsorblama islemi sirasinda
farkli iyonlarin, ¢6zeltinin pH degerlerine bagh olarak farklilik gdsterdigi bilinmektedir.

Hidroksiapatit kullanilarak gergeklestirilen Crystal Violet (CV) giderimi deneylerinde (m=0.5 g, C0=50
ppm, T=25 °C, 300 rpm, ve 120 dk), baslangicta kristal viyole konsantrasyonu 50 mg/L olarak
belirlenmis ve kullanilan adsorbent miktar1 0.5 g olarak se¢ilmistir. Deneylerde pH degerleri 3-9
arasinda degistirilmis ve elde edilen sonuglar, adsorpsiyon veriminin belirli bir pH degerine kadar
arttigini, ancak daha sonra azaldigini gostermistir. Yapilan analizler sonucunda optimum giderim
veriminin pH 4 oldugu tespit edilmis ve bu durumda %84,47'lik bir giderim elde edilmistir.

Bu yiiksek verim, kristal viyole ile hidroksiapatit arasinda giiglii bir elektrostatik ¢ekim saglanarak
yiksek bir adsorpsiyon kapasitesini yansitmaktadir. Bu bulgu, Hidroksiapatitin CV'nin
adsorpsiyonunda etkili bir adsorban olarak islev gordiigiinii ve belirli pH kosullarinda maksimum
etkinlige ulagtigini gostermektedir.
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Sekil 6.1 HAp’in CV gideriminde pH etkisi (m:0.5 g, Co:50 ppm, T:25 °C, 300 rpm ve 120 dk).
6.2. Cozelti Derisiminin CV Giderimine Etkisi

Adsorpsiyonu etkileyebilen 6nemli bir parametre, ¢ozelti derisimidir. Farkli Crystal Violet (CV)
derisimlerinde (10-100 mg/L), aym1 miktarda adsorbent (0,5 g) kullanilarak CV giderim caligsmalari
gergeklestirilmistir (Sekil 4.7). Sekil 4.7°de goriildiigii gibi, baslangic ¢ozelti derisimine bagl olarak
derisim arttik¢a adsorpsiyon kapasitesi (mg/L) artmis, ancak % giderim verimi belirli bir doygunluga
ulastiktan sonra azalarak adsorpsiyon etkinligi azalmistir. En yiiksek adsorpsiyon giderim verimi 50
mg/L baglangi¢ derisiminde %84,47 olarak belirlenmistir. Baglangi¢ derisimi arttik¢a birim adsorbent
basina adsorbe edilen kristal viyole miktar1 artmis, ancak giderim verimi azalma egilimi gdstermistir.
Bu durum, yiiksek derisimlerde adsorbentlerin doygunluga ulastigin1 gostermektedir.
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Sekil 6.2 HAp’in CV gideriminde ¢6zelti derisimin etkisi (m:0.5 g, pH:4, T:25 °C, 300 rpm ve 120 dk).
6.3. Adsorbent Miktarinin CV Giderimine Etkisi

Bu asamada, farkli hidroksiapatit dozajlariin kristal viyole giderim verimleri iizerindeki etkisi detayl
bir sekilde incelenmistir. Bu gercevede, 0.1 g'dan baslayarak artan dozajlarla (0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9 ve 1 g) hidroksiapatit kullanilarak deneyler yapilmistir. Deneyler, optimum pH degeri olan
4'te ve baslangi¢ konsantrasyonu 50 mg/L olarak gergeklestirilmistir. Elde edilen verilere gore, kristal
viyole i¢in giderim verimleri, hidroksiapatit dozajinin artmastyla orantili olarak artis gdstermistir (Sekil
4.6).

Gozlemlenen bu artislar, en yiliksek giderim veriminin 0.5 g hidroksiapatit dozajinda elde edildigini
gostermigtir. Adsorbent dozaj degeri arttikga CV giderim verimindeki artiglar dikkat cekicidir. Bu
yiiksek giderim veriminin temel sebeplerinden biri, hidroksiapatit yiizey alanimnin artistyla ilgilidir.
Diisiik  hidroksiapatit  konsantrasyonlarinda  giderim  diisilkken, yiliksek  hidroksiapatit
konsantrasyonlarinda giderim yiiksektir.

Yiiksek konsantrasyonlarda hidroksiapatit, daha genis bir ylizey alanina sahip oldugu i¢in kristal viyole
ile etkilesime girebilecek daha fazla reaktif alan anlamma gelir. Ozellikle, CV giderimi igin 0.5 g
hidroksiapatit dozaj miktarinda en yiiksek giderim verimi elde edilmis olup bu deger %84,47 olarak
belirlenmistir. Bu sonuglar, hidroksiapatit dozajinin giderim verimi {zerindeki kritik roliinii
vurgulayarak adsorpsiyon mekanizmalarini anlamamiza 6nemli bir katki saglamistir.
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Adsorbent Miktar1 (HA)

Sekil 6.3 HAp’in CV gideriminde adsorbent miktar1 etkisi (pH:4 Co:50 ppm, T:25 °C, 300 rpm ve 120
dk).

6.4. Sicakhigin CV Giderimine Etkisi

Bu c¢alisma, adsorpsiyon kapasitesi iizerindeki sicaklik etkilerini belirlemek amaciyla
gerceklestirilmistir. Deneylerde, CO= 50 mg/L baslangic konsantrasyonuna sahip boyar madde
kullanilarak, 25°C, 35°C, 45°C, 55°C ve 65°C sicakliklarinda adsorpsiyon prosesi incelenmistir.
Deneylerde kullanilan 0,5 g adsorbent, boyar madde ile karistirillarak 300 rpm'de Ozenle
homojenlestirilmistir.

Karigtirma igleminden sonra her bir numune, 10 dakika siireyle 3000 rpm karigtirma hizinda santrifiije
tabi tutulmus ve elde edilen sivilar spektrofotometre ile Ol¢iilmiistiir. Elde edilen veriler, sicaklik
degisimine bagl olarak adsorpsiyon veriminin termodinamik 6zellikleri ile degerlendirilmistir.

Genel olarak, elde edilen bulgulara gore, adsorpsiyon prosesinin endotermik oldugu durumlarda
sicakligin artmasiyla adsorpsiyon veriminin arttigi, ekzotermik durumlarda ise sicakligin artmasiyla
verimin azaldigir gozlemlenmistir. Bu termodinamik incelenme, adsorpsiyon proseslerinin sicaklik
kosullarina gore nasil tepki verdigini anlamak ve optimize etmek i¢in 6nemli bilgiler sunmaktadir.
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Sekil 6.4 HAp’in CV gideriminde sicaklik etkisi (m:0.5 g, pH:4 Co:50 ppm, 300 rpm ve 120 dk).
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6.5. Temas Siirenin CV Giderimine Etkisi
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Adsorpsiyon islemi, giderilmesi gereken unsurlarin etkin ve miimkiin olan en kisa siirede
uzaklastirilmas1 amacini tasimaktadir. Bu ¢alismada, adsorpsiyon siiresinin tetrasiklin adsorpsiyonu
tizerindeki etkisi, stire O ile 240 dakika arasinda degistirilerek incelenmistir. Bu baglamda, belirli bir
derisimde zamanla degismeyen siire, adsorpsiyon denge siiresi olarak tanimlanmustir.

Calkalanma siiresinin artmasiyla birlikte, adsorbat ve adsorban molekiillerinin ¢arpigsma siiresindeki
artis nedeniyle adsorpsiyon miktarinda bir artis gézlemlenmis ve belirli bir noktadan sonra denge
durumuna ulasilmistir. Adsorpsiyon siire iliskisinde, Hidroksiapatit iizerinde yapilan denemelerde, 120
dakika adsorpsiyon siiresi iginde, ¢ozeltide bulunan CV iyonlarinin adsorbent ile énemli 6lgiide
etkilesime girdigi ve bu siire sonrasinda adsorplanan madde miktarinda énemli bir degisim olmadig1

belirlenmistir.
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Sekil 6.5 HAp’in CV gideriminde zamanin etkisi (m:0.5 g, pH:4, Co:50 ppm, T:25 °C, 300 rpm).
6.6. CV Adsorpsiyonunda Hidroksiapatit’in izoterm Analizleri

Bu calismada, adsorpsiyon dengesini tanimlamak i¢in Langmuir, Freundlich, D-R (Dubinin-
Radushkevich) ve Temkin adsorpsiyon izoterm modelleri kullanilmistir. Tiim izoterm model
parametreleri, Microsoft Excel programi kullanilarak elde edilen grafikler ve regresyon analizleri
araciligtyla hesaplanmistir. Cizelge 4.1 ve Sekil 4.8’de CV Langmuir, Freundlich, D-R ve Temkin
adsorpsiyon izotermleri ile ilgili parametreler sunulmustur.

Cizelge 6.1 TC Langmuir, Freundlich, D-R ve Temkin adsorpsiyon izoterm parametreler

Langmuir Model Freunlich izotermi
Qmax (mg/g) b (L/mg)  R? Kr(L/g) n(g/L) R?
57,47 0,0329 0,9412 1,978 1,1616 0,9084
D-R Model Temkin Model
Qor (mol/g) E (kj/mol) Kpg (mol*j*) R? Bt (jg/molmg) Kr(L/mg) R?
12,03 790 8x107 0,8297 5,8216 1,0479 0,7434

Adsorpsiyon dengeyi belirlemek amaciyla Langmuir, Freundlich, Dubinin-Radushkevich (D-R), ve
Temkin adsorpsiyon izoterm modelleri kullanildi. Bu modeller arasindan en uygun olani belirlemek ve
adsorbentin yiizey ozellikleri ile CV (Crystal Violet) maddesi arasindaki iliskiyi aragtirmak hedeflendi.
Bu amagla, adsorpsiyon denge verileri i¢in lineerlestirilmis izoterm esitlikleri kullanildi.

[zoterm modellerine ait regresyon katsayilari (R2) incelendiginde, hidroksiapatit igin Langmuir izoterm
modeline en uygun uyum saglandi. Langmuir izoterminde, ylizeye adsorplanan molekiillerin tek tabaka
halinde adsorplandigi, adsorpsiyonun tamamen homojen olmadig1 ancak ortiilmelerin yer yer oldugu,
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ylizeydeki adsorpsiyon enerjisinin her noktada esit oldugu ve yiizeyde tutunan molekiiller arasinda
etkilesimin olmadig1 anlagilda.

Langmuir izoterm modeline gore, yiizeyde adsorplanan molekiiller tek tabaka halinde
adsorplandigindan, adsorpsiyonun homojen olmadig1 ve yiizeyin tamamen ortiilmedigi, ancak yer yer
ortiilmelerin  oldugu gozlemlenmistir. Ayrica, bu modelde yiizeyin her noktasinda adsorpsiyon
enerjisinin ayni oldugu ve yiizeyde tutunan molekiiller arasinda etkilesim olmadigi belirlenmistir.
Belirtilen Qmax degeri, tek tabakali adsorbent kapasitesini temsil eder ve 57,47 mg/g degeri,
adsorbentin maksimum adsorplama kapasitesinin oldukc¢a yliksek oldugunu gdsterir. Bu sonuglar,
Langmuir izoterm modelinin adsorpsiyon siirecini iyi bir sekilde agikladigini ve hidroksiapatitin
adsorpsiyon kapasitesinin 6nemli 6l¢iide yliksek oldugunu gostermektedir.

Freundlich izoterm esitligindeki 1/n terimi, adsorpsiyonun yogunlugu ile yiizey heterojenliginin bir
dlciisii olarak islev goriir. Bu terim, 0'a yaklastik¢a yiizey heterojenliginin arttigim gosterir. Ozellikle,
1/n degerinin 1'in lizerinde olmasi, yani n'in 1'den kii¢iik olmasi durumunda, adsorpsiyon siirecinin
kimyasal bir karaktere sahip oldugunu ifade eder. Freundlich izoterm modelinin bu parametresi,
adsorpsiyonun heterojen dogasini degerlendirmek ve yiizeydeki etkilesimlerin yogunlugunu belirlemek
acisindan 6nemlidir. 1/n degerinin kimyasal adsorpsiyonun bir gdstergesi olmasi, adsorbanin yiizey
ozelliklerini ve adsorpsiyon mekanizmalarini anlamak i¢in bu modelin etkili bir ara¢ oldugunu gosterir.

Dubinin-Radushkevich (D-R) izotermine gore, adsorpsiyon enerjisi (£) degeri, adsorpsiyonun tipi
hakkinda 6nemli bilgiler saglar. Bu baglamda, 8 < E < 16 araliginda bir £ degeri, iyon degisiminin etkili
oldugunu, E degerinin 8'den kiigiik oldugunu varsayarsak fiziksel degisimin hakim oldugunu ve E
degerinin 16'dan biiyiik oldugu durumda kimyasal degisimin goriildiigiinii ifade eder. Ornegin,
belirlenen £ degerinin 790 kJ/mol olmasi, kimyasal etkilesimlerin yogun oldugunu ve adsorpsiyon
siirecinin kimyasal bir karaktere sahip oldugunu gosterir. Bu durum, adsorban ile adsorbat arasinda
kuvvetli kimyasal baglarin olustugunu ve adsorpsiyonun kimyasal bir temele dayandigin
diisiindiirmektedir. D-R izotermi ve E degeri, adsorpsiyon mekanizmalarini anlamak ve adsorpsiyon
stireclerini karakterize etmek icin kullanilan 6nemli araglardir. Bu bilgiler, adsorban ve adsorbat
arasindaki etkilesimleri degerlendirerek malzemelerin adsorpsiyon 6zellikleri hakkinda dnemli bilgiler
saglar.

Temkin izotermine gére elde edilen R? degeri, adsorbent yiizey tabakasi iizerindeki biitiin modellerin,
adsorpsiyon 1sisinin ve dolayisiyla adsorbat-adsorbent etkilesimlerinin etkiledigi alanda lineer olarak
azalacagimi agiklamaktadir. Bu durum, Temkin izoterm modelinin, adsorbatlar i¢in adsorbentlerin
potansiyel yoniinii degerlendirmekte ve adsorpsiyon 1sisindaki diisiistin lojistik bir azalmadan ziyade
lineer bir azalma egiliminde oldugunu varsayan bir model oldugunu géstermektedir. Temkin izotermi,
adsorpsiyon siireglerini anlamak ve adsorbat-adsorbent etkilesimlerini degerlendirmek igin kullanilan
bir modeldir. Bu model, adsorbatlarin adsorbent {izerindeki uygunluk veya kullanilabilirlik yoniinii,
adsorpsiyon 1sisindaki diisiisiin lojistik olmaktan ziyade lineer bir azalma egiliminde oldugu seklinde
tanimlar. Bu bilgiler, adsorpsiyonun termodinamik 6zellikleri hakkinda daha derin bir anlay1s saglamak
icin kullanilabilir.

LANGMUIR
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Sekil 6.6 HAp’in CV gideriminin Langmuir adsorpsiyon izotermi (m:0.5 g, pH:4C:50 ppm, T:25 °C,
300 rpm ve 120 dk).
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Sekil 6.7 HAp’in CV gideriminin Freundlich adsorpsiyon izotermi (m:0.5 g, pH:4 Co:50 ppm, T:25 °C,
300 rpm ve 120 dk).
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Sekil 6.7 HAp’in CV gideriminin D-R adsorpsiyon izotermi (m:0.5 g, pH:4 Co:50 ppm, T:25 °C, 300
rpm ve 120 dk).
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Sekil 6.9 HAp’in CV gideriminin Temkin adsorpsiyon izotermi (m:0.5 g, pH:4 Co:50 ppm, T:25 °C, 300
rpm ve 120 dk).
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6.7. Kristal Viyole Adsorpsiyonun Kinetik Degerleri

Adsorpsiyon kinetigi ile adsorpsiyon isleminin tamamlanmasi i¢in gerekli temas siiresini belirleyen
adsorpsiyon hizi tanimlanabilmektedir. HAp, adsorbenti ile kristal viyole adsorpsiyon kinetigi yalanct
birinci dereceden, yalanci ikinci dereceden ve partikiil i¢i difiizyon modellerine gore incelenmistir.

Kristal viyole i¢in adsorpsiyon kinetigi grafikleri 50 mg/L baglangi¢c boyar madde konsantrasyonunda
ve adsorbent miktarinda farkli temas siireleri esas alinarak yapilmistir. Kinetik modellerin hesaplamalari
cizelge 6.2’ de verilen denklemler kullanilarak hesaplanmistir. Elde edilen sonuclar sirasiyla agsagida
gosterilmistir.

Cizelge 6.2 Kinetik model denklemleri

Yalanci Birinci kLwi
log(qe—q0) =logge—( = )-t
Dereceden 2,303
Kinetik Model
Yalanci Ikinci 1 t
t/qt= — + __
Dereceden kz.q¢2 Qe

Kinetik Model

1

Partikiil I¢i Diftizyon qgi=ki-t_+C
. 2

Modeli

Bu ¢alisma, HAp (Hidroksiapatit), kullanilarak kristal viyole boyar maddesinin adsorpsiyon kinetigini
incelemistir. Deneyler, 0,5 g/l adsorbent miktarinda gergeklestirilmistir. Baslangigta boyar madde
konsantrasyonu 50 mg/L olarak belirlenmis ve 30, 60, 90, 120, 180 ve 240 dakika siireleri boyunca
adsorplama kapasiteleri Ol¢iilmiistiir. Elde edilen verilere dayanarak ¢esitli kinetik modeller
olusturulmustur.

HAp adsorbenti ile yapilan ¢aligmada, yalanci birinci derece kinetik modelde R?= 0,97, yalanci ikinci
derece kinetik modelde R*= 0,99 ve partikiil i¢i difiizyon modelinde R>=0,85 degerinde korelasyon
katsayilar1 elde edilmistir. Bu sonuglara gore, HAp adsorbenti i¢in en iyi uyumun yalanci ikinci derece
kinetik modelle saglandig1 goriilmiistiir.

Sonug olarak, HAp, yapilan caligmalar, kristal viyole boyar maddesinin adsorpsiyon kinetiginin
incelenmesinde yalanci ikinci derece kinetik modelin en uygun model oldugunu géstermektedir

270



INTERNATIONAL CONGRESS ON ADVANCED RESEARCH AND

APPLICATIONS

FULL TEXTS BOOK

0,5
00
0,5
O

£1,0 A
35

2.0 AHAp

0 50 00 150 200 250 300

2,5 Ak

Sekil 6.10 Kristal Viyole adsorsiyonun Yalanci birinci dereceden kinetigi

30,0
25,0
20,0
5150
10,0

50 AHAp
0,0

0 50 100 t](scH() 200 250 300

Sekil 6.11 Kristal Viyole adsorsiyonun Yalanci ikinci dereceden kinetigi

8,8
8,6
8,4
T 8.2
8,0
7,8
7,6

AHAp

0 5 th05 10 15 20

Sekil 6.12 Kristal Viyole adsorsiyonun Partikiil i¢i difiizyon kinetigi
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Adsorpsiyon kinetigi, genellikle kademeli bir siireci icermektedir. ilk kademede, ¢ozeltide bulunan
boyar madde iyonlari, adsorbent yiizeyinde bir film tabakasi olusturacak sekilde difiizyona ugrarlar. Bu
asama, ¢ogunlukla homojen karigim sartlarinin saglandig diisiiniildiigiinden, yalanci1 birinci dereceden
kinetik denklemle ifade edilir ve genellikle g6z ardi edilir.

Ardindan, film tabakasina ulasan boyar madde, bu bolgedeki stagner bolgeden gecerek adsorbentin
gbzenek bosluklarina hareket eder. Bu ikinci agama, adsorpsiyonun gerceklesecegi yiizeye dogru ilerler
ve bu siireci temsil etmek icin yalanci ikinci dereceden kinetik bir denklem kullanilir. Bu asama,
genellikle adsorpsiyon ¢aligmalarinda hizi belirleyen adimdir.

Son asama, partikiil i¢i diflizyondur. Bu adim genellikle hizli oldugundan goz ardi edilebilir. Ancak,
akigkan hareket ettirildiginde, yiizey tabakasinin kalinlig1 azalir ve bu da adsorpsiyon hizinin artmasina
neden olur. Yeterli karistirma hiz1 saglandiginda yiizey tabakasi azalir, adsorpsiyon siireci basitlesir ve
bu nedenle 1. agsama hiz belirleyici olmaktan ¢ikar.

Yapilan ¢aligma sonuclarina gore, karigtirma hizinin yeterli oldugu durumda hiz belirleyici basamak,
yalanci ikinci dereceden kinetik denklemdir.

Cizelge 6.2 Kristal viyole boyar maddesinin adsorpsiyonu igin Kinetik parametreleri

Kinetik Esitlikleri Kristal viyole
Yalanci birinci derece kinetik model Deneysel

K1 0,0237

HAp ge 2,657 8,60
R2 0,9772

Yalanci ikinci derece Kinetik model

K2 0,0180

HAp ge 8,84 8,60
R2 0,9996
Partikiil ici difiizyon modeli
Ki 0,1065

HAp C 7,0899 8,60
R2 0,8507

6.8 Kristal Viyole Adsorpsiyonun Termodinamik Degerleri

Entalpi, bir sistemdeki i¢ enerji ile basing ve hacim islemlerini temsil eder. Adsorpsiyonda, AH degeri
adsorbatin adsorban yiizeyine adsorbe olmasi sirasinda alinan veya verilen 1s1y1 ifade eder. Negatif AH
degerleri genellikle adsorpsiyon isleminin ekzotermik oldugunu gosterir, yani adsorpsiyon sirasinda
enerji salinir.

Entropi, bir sistemin diizensizlik veya rastgelelik derecesini temsil eder. Adsorpsiyonda, AS degeri
adsorpsiyon siireci sirasinda kati-siv1 ara yiizeyinde diizensizligin artisin1 veya azalisini gosterir. Pozitif
AS degerleri genellikle adsorpsiyon islemi sirasinda diizensizligin arttigini, negatif AS degerleri ise
diizensizligin azaldigini gosterir.

Gibbs serbest enerjisi, bir sistemin energetik durumunu ve bir reaksiyonun spontanligini belirler.
Adsorpsiyonda, AG degeri, AH ve AS ile iligkilidir ve su denklemle ifade edilir: AG=AH-TAS. Negatif
AG degerleri, adsorpsiyonun kendiliginden gergeklestigini gosterir. Bu durum genellikle tercih edilen
bir adsorpsiyon siirecini ifade eder.
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Cizelge 6.3 Termodinamik parametre degerleri.

Adsorbent Sicakhk AG? AH° AS°

0
(°C) (j/mol) (j/mol) (j/mol)
25 -199,25
35 -1903,56

HAp 45 220778 436,84 18,09
55 -3460,03
65 -3989,16

7.SONUCLAR

Bu caligmada, sulu ¢ozeltilerde bulunan kristal viyole boyar maddesinin giderimi i¢in hidroksiapatit
adsorbenti kullanildi. Hidroksiapatitin kristal viyole boyar maddeleri {izerindeki adsorpsiyon kapasitesi
Olciildii. Yapilan deneylerden elde edilen sonuglar su sekildedir:

Adsorbentin adsorpsiyon etkisi ilizerine yapilan ¢alismada, 0,5 g/L hidroksiapatit adsorbenti kullanilarak
kristal viyole adsorpsiyonunda qe=8,60 mg/g degerinde %86'lik bir boya giderimi elde edildi.

Adsorplayict madde miktar1 ve adsorbentin miktar1 belirlendikten sonra optimum temas siiresi
belirlendi. 0,5 g/L hidroksiapatit miktari i¢in kristal viyole gideriminde 120. dakikada qe=8,49 mg/g ile
%84,87'lik bir giderim verimi elde edildi.

Baslangic boyar madde konsantrasyonunu belirlemek amaciyla yapilan deneylerde, 50 mg/L boyar
madde konsantrasyonunda ge=8,60 mg/g iken, 70 mg/L boyar madde konsantrasyonunda gqe=12,34
mg/g olarak tespit edildi. Giderim verimleri sirasiyla %85,98 ve %88,16 olarak bulundu.

Basglangi¢ boyar madde konsantrasyonlar arttikg¢a verim artt1 ve adsorplanan madde miktar artt1.

Boyar madde giderimi i¢in yapilan adsorpsiyon calismasinda, 2, 3, 5, 7 ve 9 pH degerlerinde verim
incelendi. Hidroksiapatit ile kristal viyole gideriminde pH 4 igin qe=8,60 mg/g, pH 5 i¢in qe=8,37 mg/g
kapasite belirlendi ve giderim verimleri sirasiyla %85,98 ve %83,67 olarak elde edildi.

Optimum parametreler {izerine yapilan ¢alismada optimum sicaklik 25 °C olarak belirlendi. 0,5 g/L
hidroksiapatit miktarinda kristal viyole gideriminde 25 °C igin qe=8,60 mg/g olarak bulundu ve
%85,98'lik bir giderim elde edildi.

Yiiriitiilen sicaklik calismalarinda tiim sistemlerde sicaklik artisiyla adsorplanan madde miktarinin
arttigr gozlendi. Bu durum, adsorpsiyon prosesinin yiiksek sicakliklarda daha etkili oldugunu
gostermektedir.

Termodinamik caligmalar neticesinde AH® ve AS° pozitif, AG® negatif degerlerde bulundu. AH®nin
pozitif olmasi, reaksiyonun endotermik ve kimyasal adsorpsiyon olabilecegini gosterirken, AG°'nin
negatif degerleri reaksiyonun kendiliginden yiiriidiigiinii ifade etti.

Adsorpsiyon izoterm ¢alismalari Langmuir, Freundlich ve Temkin izotermi {izerine yapild1.
Hidroksiapatit ile kristal viyole gideriminde en yiiksek verim %94,12 ile Langmuir izoterminde elde

edildi.

Kinetik agidan incelendiginde, kristal viyole boyar maddesinin sulu ¢ozeltisinden hidroksiapatit ile
adsorpsiyonunda yalanci ikinci derece kinetik modele uygunluk tespit edildi ve verim degerleri %99,9
olarak bulundu.

Sonug olarak, hidroksiapatitin kristal viyole boyar maddesinin gideriminde etkili bir adsorban oldugu
goriilmiistiir.
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OZET

Bu tez kapsaminda, Streptococcus, Staphylococcus aureus ve Corynebacterium minutissimum gibi,
gram-pozitif bakterilerin olusturdugu derideki mantar tedavisinde kullanilan Diflukortolon Valerat, ve
[zokonazol Nitrat etken maddelerini igeren farmasétik preparatin analizi igin yiiksek performansli sivi
kromatografisi (HPLC) cihaz1 ile yontem gelistirme ve metot validasyonu ¢aligmalar
gerceklestirilmistir. Analiz yonteminde, sabit faz olarak, ACE C18 100x4.6 mm, 3 um kolon tercih
edilmis olup, hareketli faz olarak tercih edilen Asetonitril: Metanol: Tampon (40:42:18) gradient sistemi
ile 1.0 mL/dk akis hizinda metot optimize edilmistir. Ultraviyole dedektorde 235 nm dalga boyunda
gerceklestirilen calismada Diflukortolon Valerat ve Izokonazol Nitrat alikonma zamanlari sirastyla 4.0
dk, 7.0 dk’dir. Gelistirilen yontemler ICH Q2(R1) analitik yontem validasyon parametreleri baz alinarak
gergeklestirilmis olup, Spesifiklik, caligma aralig1, dogrusallik, dogruluk, kesinlik, tekrarlanabilirlik,
saglamlik, ¢ozelti stabilitesi, sistem uygunluk parametreleri esas alinmigtir. Dogrusallik araliklart %25
ile %150 arasinda bakilmis olup Diflukortolon Valerat 0,005 mg/mL — 0,03 mg/mL, Izokonazol Nitrat
i¢cin