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Abstract: Norepinephrine plays an important role in many processes such as stress
response, attention, alertness, blood pressure regulation, neurotransmission and emo-
tional states. In this study, the molecule was optimized in order to get knowledge about
the formation of the Ca*2 doped norepinephrine complex and the functions of norepi-
nephrine in neurotransmission or other cellular processes by interacting with calcium.
Quantum mechanical calculations such as FT-IR, Nuclear Magnetic Resonance
(NMR), HOMO-LUMO structure with the energy level diagram, UV-visible absorp-
tion, The density of states (DOS) of the optimized molecule were performed. The
physical and chemical structure characteristics of the norepinephrine molecule and the
change of its structural properties by molecular bonding with Ca*? were investigated.

Keywords: NMR; DFT; HF; FT-IR; UV- Vis

Norepinefrin Molekiiliiniin DFT ve HF Yontemleri

Kullanilarak Niikleer Manyetik Rezonans ve Kuantum Kimyasal Hesapla-

malari

Ozet: Norepinefrin stres tepkisi, dikkat, uyaniklik, kan basincimin diizenlenmesi,
norotransmisyon ve duygusal durumlar gibi birgok siirecte dnemli bir rol oynamaktadir.
Bu ¢aligmada, Ca*? katkili norepinefrin kompleksinin olusumu ve norepinefrinin
kalsiyum ile etkilesime girerek ndrotransmisyon veya diger hiicresel siireclerdeki
islevleri hakkinda bilgi edinmek amaciyla molekiil optimize edilmistir. FT-IR, Nukleer
Manyetik Rezonans (NMR), enerji seviyesi diyagrami ile HOMO-LUMO yapisi,
UV-goriiniir emilim, optimize edilmis molekiiliin durum yogunlugu (DOS) gibi
kuantum mekaniksel hesaplamalar yapilmistir. Norepinefrin molekiiliiniin fiziksel ve
kimyasal yap1 oOzellikleri ve Ca* ile molekiiler baglanarak yapisal ozelliklerinin
degisimi incelenmistir.

Anahtar Kelimeler: NMR; DFT; HF; FT-IR; UV- Vis
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1. Introduction

Norepinephrine is a hormone that enhances levels of attention and alertness, which improves focus
and response abilities. Therefore, norepinephrine levels are thought to be associated with conditions
such as sleep patterns, attention disorders, and hyperactivity. It is also a neurotransmitter that helps with
memory encoding and maintenance [1]. Especially it plays an important role in the recording of emo-
tionally intense experiences in memory. Norepinephrine regulates transmission between nerve cells.
The release of norepinephrine from one particular nerve cell to another can increase or decrease nerve
transmission [2]. Norepinephrine increases blood pressure by causing blood vessels to constrict. This
effect plays an important role in regulating blood pressure in the body. Epinephrine (adrenaline), a drug
used to raise blood pressure, increase heart rate and relieve asthma symptoms, is a synthetic derivative
of norepinephrine. A well-balanced level of norepinephrine in the body is important to provide a healthy
functioning neurotransmission and a harmonious stress response [3]. However, unbalanced levels of
norepinephrine can cause some health problems [4]. For example, low levels of norepinephrine can be
associated with depression, fatigue and loss of motivation, while high levels of norepinephrine can be
associated with conditions such as anxiety, hypertension (high blood pressure) and panic disorder [4, 5].
Some drugs can affect norepinephrine levels or act on the nervous system by acting on norepinephrine
receptors. The study of the physical and chemical structure of this molecule is very important because it
is an active component in many drugs and it is very important to study the changes in its structural
properties after it bonds with other molecules. Norepinephrine can be considered as a precursor to the
dopamine molecule [6]. Norepinephrine is synthesized from dopamine by the enzyme dopamine be-
ta-hydroxylase [7]. Norepinephrine is a molecule known as 4-(2-amino-1-hydroxyethyl) ben-
zene-1,2-diol. Its chemical formula is CBH11NO3 and belongs to the catecholamine group [8].

Calcium signals are used in many biological processes such as neurotransmitter release in cells
and muscle contractions. Generally, Ca*? ions play an important role in many biological processes inside
and outside the cell. Calcium signals are used in neurotransmitter release and muscle contractions to
enable communication between nerve cells [9]. When a calcium (Ca) atom is bound to the norepi-
nephrine molecular structure, a norepinephrine-calcium complex is formed (Fig.1). This complex is a
structure formed when the norepinephrine molecule combines with a calcium ion. The norepineph-
rine-calcium complex may play a potential role in nerve conduction or other cellular processes through
the interaction of norepinephrine with calcium.

Norepinephrine Ca-Norepinephrine
HO _CaH

HO...

HO NH, ) “ AN

HO™ “NH;

CH OH

Figure 1. Skeletal formula of norepinephrine and Ca doped norepinephrine by ChemOffice drawing

In this study, Stuttgart/Dresden (SDD) was selected as the most optimal basis set for the norepi-
nephrine molecule using the DFT method. The LanL2MB complex best represented the basis set for this
method. The aim is to study the structural state of calcium in the complex by molecular bonding of the
norepinephrine molecule with Ca*2.

2. Materials and Methods
2.1. Calculation Method

The GaussView 6.0.16 program was used to plot the molecules of norepinephrine and Ca*? doped
norepinephrine [10]. The Gaussian 09: AS64L-G09RevD.01 program was used for all calculations [11].
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Calculations were made with the DFT and HF approach. In the norepinephrine molecule, SDD was
chosen as the most suitable basis set using the DFT method. The HF approach was used for Ca*? doped
norepinephrine. The complex represented the most optimal basis set LanL2MB. Quantum chemical
descriptors such as hardness, softness, chemical potential, and electronegativity were made using the
DFT method for the norepinephrine molecule and the HF approach for the Ca-doped norepinephrine
complex. To examine the band structure of the norepinephrine and Ca-doped norepinephrine optimized
data, density of state (DOS) cards were examined with the GaussSum 3.0 tool [12]. Molecular trajectory
data were mixed with Gauss's HOMO-LUMO diagram curves.

2.2. Spectroscopy

Fourier Transform Infrared (FT-IR), Nuclear Magnetic Resonance (NMR) and UV-Visible
Spectroscopy were used to obtain information about the structure analysis of norepinephrine and
Ca-norepinephrine molecules. FT-IR spectroscopy examines the vibrational energy transitions of
molecules. Because the IR spectrum is characteristic of the molecule, it gives important information
about the structure. To obtain specific information about norepinephrine and the Ca-doped norepi-
nephrine complex, the frequency, intensity and half-bandwidth changes were analyzed by FT-IR spec-
troscopy. In accordance with the data obtained, it is possible to have information about the structure
analysis and conformations of biologically active molecules. NMR analysis is also needed as FT-IR is
not sufficient for precise structure analysis. NMR spectroscopy studies the behavior of nuclei in a
magnetic field, obtaining characteristic resonance signals depending on the magnetic character of the
atomic nucleus. These signals provide information about the molecule's skeleton. In addition,
UV-Visible Spectroscopy is based on the principle of measuring the light transmitted or reflected from
the molecule using UV light (200-400 nm) and visible light (400-800 nm). It obtains the spectrum by
measuring the light passing through or emitted by the molecule at a specific wavelength.

3. Result and Discussion
3.1. Calculation Method

The norepinephrine molecule for theoretical calculations was optimized using Gaussian 09:
AS64L-G09RevD.01 program package [11]. Figure 2 shows the optimized structures of the two mol-
ecules. The 9H hydrogen at 7C of the optimized molecule in Figure 2a was removed and the structure of
the molecule was optimized by attaching 23Ca atoms to the structure as shown in Figure 2b.

Energy change occurs at each step in the optimization process of molecules. The energy change of
the molecules in the process of optimization is shown in Figure 3. In the figure, the beginning is indi-
cated by a blue dot. Each step is marked with green symbols. The red dot represents the end point. As
seen in Figure 3, the norepinephrine molecule started at about -3.4 eV and ended at -3.99 eV in 8 op-
timization steps. In the Ca-doped norepinephrine molecule, the optimization steps started at about
-4.5 eV and ended at -5.11 eV in 9 optimization steps.
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(a) “(b)

Figure 2. Optimize structure of (a) norepinephrine (b) Ca-norepinephrine

-1.61e4 T -1.677e4

Norepinephrine Ca-Norepinephrine

-3.6

Energy
Energy

0 2 4 6 8 0 2 4 6 8 10
Optimisation Step Optimisation Step

Figure 3. Energy change of molecules in the optimization process

3.2. Frontier Molecular Orbital Analysis (FMO)

The Enomo and Eiumo energy values of the optimized norepinephrine molecule and Ca-doped
norepinephrine complex were calculated using the DFT/B3LYP (SDD) basis set and HF method, re-
spectively, and the Gaussian 09:AS64L-G09RevD.01 program in the LanL2MB set. The parameters of
energy difference (AE), ionization potential (I), electron affinity (A), electronegativity (), chemical
hardness (1), nucleophilicity (g), electrophilicity (®), dipole moment (i) and chemical softness () were
calculated from the electron density distribution [13]. The calculated electronic structure values of
norepinephrine and Ca-norepinephrine molecules are shown in Table 1.
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Table 1. Norepinephrine and Ca-doped norepinephrine electronic structure values

Compound Norepinephrine Ca-Norepinephrine
Eromo (eV) -5.741 -5.082
ELumo (eV) -0.068 1.272
AE (V) 5.673 6.354
n (eV) 2.836 3.177
I (eV) 5.741 5.082
A (eV) 0.068 -1.272
G (eV?) 0.352 0.314
x (eV) 2.904 1.905
eVl -2.904 -1.905
o 1.486 1.588
€ 0.672 0.629

The forbidden energy gap can change the energy levels of electrons when a substance is energized,
affecting its electronic and electrical properties such as conduction or conductivity. When Ca was bound
to the norepinephrine molecule, the difference between the AE energy range increased by 0.681 eV (Fig.
4). Increasing the forbidden energy range of the molecule reduces the probability of electrons jumping
to higher energy levels, as the energy levels of electrons in the molecule have more energy. Ca bonding
to the norepinephrine molecule caused changes in the molecular structure, geometry or bond lengths of
the molecule.

Norepinephrine Q Ca—Norepmephrme
* ’ 9 Lumo

LuUmo

i
AE=5.673 eV AE =6.354 eV
HOMO I ?
HOMO

9
Figure 4. HOMO-LUMO structure with the energy level diagram of norepinephrine and Ca doped nore-
pinephrine



International Journal of Pure and Applied Sciences Vol. 10(1); 1-11 (2024)

3.3. Vibrational Spectroscopic Analysis Spectrum

The FT-IR spectrum for the investigated molecule between 3500 cm*-0 cm™ wave number is
shown in Figure 5. Spectral and vibrational frequency similarity indicates complex similarity. Ac-
cording to the principles of vibrational spectroscopy, the vibrational frequency of a bond increases as the
bond strength increases and the mass of the bond atom decreases. When the absorption peaks for the
norepinephrine molecule were analyzed, vibrations were observed between 3008 cm™-1672 cm™. The
transmittance is between 42% and 45%.

When Ca is doped into the molecule, spectra in the range of 4500 cm™-0 cm™ are obtained for
FT-IR analysis (Figure 5). The energy range is between 3563 cm™-1908 cm™ wave number. Transmit-
tance is between 82% and 46%. The reason for the increase in the energy range in the Ca doped mol-
ecule is that calcium changes the vibration, electron affinity, translation and rotation of the structure due
to the binding energy of calcium. An increase in peak intensity was observed as a result of interactions
between Ca and the norotransmitter molecule due to complex formation. Relatively shallowly and large

wave number peak shifts, on the other hand, imply the production of norepinephrine and Ca doped
complexes.

100 100

r[ T T T T T T AV v T T
NorepinephrinJ 1 V Ca-Norepinephrine
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Figure 5. Vibrational Spectroscopic Analysis Spectrum of Molecules

3.4. Nuclear Magnetic Resonance Spectroscopy

Due to the fact that hydrogen-containing groups in a molecule can be detected along with the
groups adjacent to this group, NMR calculations play an important role in obtaining information about
the structure to be examined. In addition, NMR is a very useful method to explain the relationship
between molecular structure and electronic properties [14]. By analyzing the behavior of nuclei in a
magnetic field, characteristic resonance signals of the nucleus are obtained and it is possible to obtain
information about the skeletal structure of the molecule. In this study, NMR chemical shift calculations
for molecular structure determination of the pure and doped complexes were performed using
Gauge-Including Atomic Orbitals (GIAO) using the DFT method SDD basis set and HF approach
LanL2MB basis set, respectively. NMR spectra of both molecules are shown in Fig. 6. The calculated

6
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chemical shift values of the analysed molecules are shown in Table 2. The values given in the table show
the results for the positions at which the atoms that make up the molecule shield. When the table and
graph are viewed, the sudden peaking in the graph shows where the characteristic feature of the structure
located. Norepinephrine shows an sudden peaking of atoms H18, H21, H20, H14, H15, H19, H13, H23,
H22, H17, H16. Ca doped norepinephrine shows H20, H18, H14, H13, H19, H15, H21, H22, H17, H16
atoms. Both norepinephrine and Ca-doped norepinephrine have common atoms. But H23 is not present
in Ca-doped norepinephrine. The reason is that H23 is replaced by a Ca atom.

T T T T T T
50 100 150 200 250 300
Shielding (ppm)

(@)

ISE

Degeneracy

9-C
12-C
4-N
1-0
O
O

T T T T T T T T T T
50 100 150 200 250 300 350
Shielding (ppm)

(b)

Figure 6. NMR spectrum of (a) Norepinefrin (b) Ca-norepinephrine
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Table 2. Chemical shifts of norepinephrine and Ca-norepinephrine

Norepinephrine Ca-Norepinephrine
Method Shielding (ppm) Method Shielding (ppm)
18-H 25.0966 20-H 26.3567
21-H 25.3305 18-H 26.558
20-H 25.9606 14-H 29.6746
14-H 26.8605 13-H 30.3761
15-H 28.1527 19-H 30.7421
19-H 28.5211 15-H 31.7158
13-H 28.9583 21-H 31.8593
23-H 29.903 22-H 32.0086
22-H 30.5651 17-H 32.6892
17-H 31.9338 16-H 32.9837
16-H 32.547 7-C 106.9171
7-C 44,743 11-C 107.4007
6-C 45.6936 10-C 115.4294
5-C 56.1802 6-C 120.4617
10-C 69.0409 5-C 120.6685
11-C 72.5559 23-Ca 121.2953
8-C 78.2376 8-C 136.3823
9-C 113.8041 9-C 184.2692
12-C 136.8239 12-C 198.8041
2-0 217.5328 4-N 296.8148
1-0 222.3375 1-0 321.7163
4-N 234.662 3-0 361.499
3-0 268.2187 2-0 378.042

3.5. UV-Visible analysis

The wavelengths and energy of the light absorbed by the molecule are displayed in the UV ab-
sorption spectrum. Electronic absorption spectra in the UV-visible range have been obtained to char-
acterize the compounds. Spectroscopy of UV-visible absorption searches for absorption between 200
nm-800 nm. Absorptions in this range are typically observed for compounds with double bonds or triple
bonds (conjugation). At wavelengths less than 200 nm, conjugated aliphatic molecules are absorbed.
The air substantially absorbs UV light below this wavelength, which is extremely hazardous for living
things [15, 16]. The compounds' UV-visible absorption spectra have been shown in Figure 7. The
wavelength of the UV absorption spectrum for norepinephrine is between 100 nm and 400 nm. It peaked
at 185 nm, is at a wavelength lower than 200 nm and is dangerous. The wavelength for norepinephrine is
between 500 nm and 1000 nm. It is seen to peak at 676 nm. The absorption in the 200 to 800 nm range is
between and is molecule containing double bonds or triple bonds (i.e. conjugation).
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Figure 7. UV-Visible absorption of norepinephrine and Ca-norepinephrine

3.6. Density of States (DOS)

The GaussSum program was used to calculate the Density of States (DOS), which displays the
appropriate DOS in Figure 8 and provides the molecular orbital contributions of the various basic
components for the compound's whole system [17]. The blue and green lines in the DOS spectrum
indicate the HOMO and LUMO levels. The boundary trajectories spatial redistribution is a
three-dimensional depiction of the local density of states that graphically displays the molecule's elec-
tron density [18]. The DOS spectrum can be used to confirm the variation of the HOMO-LUMO range
[19]. The number of places that are accessible at a specific energy position is calculated using this
spectrum. On the energy axis of the graph, the initial lines from -20 eV to 10 eV are known as occupied,
filled and donor orbitals, and from -5 eV to 0 eV as virtual, unfilled and acceptor orbitals. The high
density of DOS at a given energy level suggests that a large number of places are open for occupancy.
The absence of any states that the system could occupy is shown by the zero density of DOS.

Norepinephrine Ca-Norepinephrine
2.04 = DOS spectrum = Alpha DOS spectrum
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Figure 8. The density of states (DOS) with the contribution of norepinephrine and Ca-norepinephrine
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4, Conclusion and Discussion

AE (HOMO-LUMO) value increased when Ca-norepinephrine complex formed. This means that
the compound generated is highly chemically stable. It suggests that electrons have a reduced ability for
transferring to higher energy levels. Because of it will make the interaction of the reactants difficult, the
molecule is a hard molecule in terms of chemical reaction. In the binding of the Ca atom to the nore-
pinephrine molecule, NMR did not exhibit a distinguishing feature in the elucidation of the Ca atom. As
a result of NMR, Ca behaves like a C atom. The fact that H atoms have only 1 proton and 1 electron spin
has no effect as a distinguishing feature. C and O atoms close to the Ca atom change more effectively
than others. Frequencies shift towards higher frequencies.
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Ozet: Teknolojideki gelismeler Yapay zekanin birgok arastirma alaninda kullanimini
arttirmaktadir. Yapay zekd ve makine 6grenmesi tabanli araglarin tahmin islevindeki
basarisi, arastirmacilari, bu araclart daha yaygin bir bicimde kullanma konusunda
cezbetmektedir. Hava tahmini de bahsi gegen aragtirma alanlarindan biridir. Bu calis-
mada belirli bir zaman dilimindeki Izmir’e ait giinliik hava verilerinden yola ¢ikilarak
hava tahmini gergeklestirilmistir. Tahmin i¢in hem Yapay Sinir Aglar1 (YSA) hem de
Uyarlanabilir Sinirsel Bulanik Cikarim Sistemi (ANFIS) modelleri kullanilmistir. Ca-
lismada maksimum sicaklik minimum sicaklik, ¢iy noktasi, yagis miktari, deniz sevi-
yesindeki basing, goriis mesafesi, riizgar hizi, maksimum riizgar hizi, standart basing
degerlerini igeren toplam 9 girdiye karsilik tek ¢ikti olan ortalama sicaklik degeri tah-
min edilmistir. Iki modelin test performansi hata karelerinin ortalamas1 (HKO) ve hata
karelerinin ortalamasiin karekokii (HKOK) cinsinden elde edilmis ve birbiriyle kar-
silastirilmigtir. Elde edilen sonuglar hava tahmini islevinde ANFIS’in YSA’ya gore
daha iistiin performansa sahip oldugunu gostermistir.

Anahtar Kelimeler: ANFIS; yapay sinir aglar1; bulanik mantik; hava tahmini

Weather Forecast with Artificial Neural Networks and Adaptive Neural
Fuzzy Inference System

Abstract: Technological developments increase the use of artificial intelligence in
many research areas. The success of artificial intelligence and machine learning-based
tools in predictive function is attracting researchers to preferring these tools more
widely. The weather forecasting is also one of the important above-mentioned research
areas. In this study, a weather forecast was done based on the daily weather data of
Izmir in a certain time. Artificial Neural Networks (ANN) and Adaptive Neural Fuzzy
Inference System (ANFIS) models were used for prediction. In the study, the average
temperature value, which is the only output, was estimated against a total of 9 inputs
including maximum temperature, minimum temperature, dew point, amount of pre-
cipitation, sea-level pressure, visibility distance, wind speed, maximum wind speed and
standard pressure values. The test performance of the two models was obtained in terms
of the mean squared errors (HKO) and the square root of the mean squared errors
(HKOK) and compared with each other. The obtained results showed that ANFIS has
superior performance in weather forecasting function than ANN.

Keywords: ANFIS; Artificial neural networks; fuzzy logic; weather forecast
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1. Giris

Hava tahmini, atmosfer gézlemlerini, bilgisayar modellerinin farkli kombinasyonlarimi ve tahmin
tiretebilme yetenegini kullanarak sicakligin saptanmasi biciminde tanimlanabilir [1]. Hava tahminleri
meteoroloji kuruluslar vasitasiyla toplanan veriler iizerinden ve bagka {ilkelerin hava tahmini yapan
kuruluslarindan elde edilen veriler 15181inda gerceklestirilir. Hava tahminlerinde fizik kurallari ile yillar
boyu elde edilen tecriibelerden de faydalanilir. Bu tahminler yapilirken bir 6nceki yilin ayn1 dénemine
veya giiniine ait en yiiksek ve en diisiik sicakliklar, riizgar, basing gibi bir¢ok faktdrden yararlanilir.

Bilgisayar teknolojilerindeki gelismeler sayesinde tahmin islevi i¢in modeller olusturulabilmekte
ve bu modeller bir takim girdiler ve ¢iktilar 6gretilerek egitilebilmekte ve yeni verilerle tahmin kabili-
yetleri test edilebilmektedir. Yapay sinir aglar1 (YSA) da bu modellerden biridir [2]. Yapay sinir aglari,
insan biyolojisine ait sinir sisteminin ¢alisma bi¢imini daha basitlestirilmis bir bicimde simule etmek
icin tasarlanmis ag modelleridir [3]. Yapay sinir aglarinin en énemli 6zelligi bellege alma ve girdi
verileri arasindaki iliskileri ortaya c¢ikarma kapasitelerine sahip olmasidir [4]. Ogrenme ve tahmin
islevi i¢gin, egitim asamasinda verilen ornekler ile kurulan YSA egitilir ve test asamasinda ise girdi
olarak verilen farkli verilerle tahmin yetenegi test edilir [5-7].

Tahmin yetenegi olan bir diger model ise Adaptif Sinirsel Bulanik Cikarim Sistemi (Adaptive
Neuro Fuzzy Inference System-ANFIS)’dir. ANFIS, yapay Sinir Aglar1 ve Bulanik Mantik metotlari-
nin beraber kullanilabildigi bir yapiya sahiptir [8]. Bu modelde egitim ve test verileri ayr1 ayr yiik-
lenmekte ve kullanicinin girdigi {iyelik fonksiyonu tipi ve sayisi gibi farkli parametrelere ve secenek-
lere gore c¢esitli sayida bulanik kurala sahip modeller olusturulabilmektedir. Olusturulan model egitim
seti ile egitilebilmekte ve test seti ile tahmin kabiliyeti test edilebilmektedir [9-11].

Yapay sinir aglar1 ve bu aglarin bulanik mantik tekniklerinin kombinasyonundan olusan ANFIS
tabanli modellerin tahmin konusundaki kabiliyetleri; bilimsel arastirmacilari, séz konusu araglar1 zorlu
ve ¢esitli tahmin islevlerinde yaygin olarak kullanma konusunda tesvik etmektedir. Makine 6grenmesi
ve Yapay Zeka gibi popiiler arastirma disiplinlerindeki bilimsel aragtirmalarda da yaygin bir bigimde
tercih diliyor olmasi, ANFIS ve YSA tabanli modellerin sadece tahmin iglevi i¢in degil ayni zamanda
diger ¢6ziim aranan bir¢ok bilimsel problem i¢in de kilit rol iistlendiklerini gostermektedir. Bu bag-
lamda gerceklestirilen tahmin calismalarindan biri de Ok ve digerlerinin ANFIS ile IMKB 100 endeksi
tahmini gerceklestirdigi ¢alismadir. Arastirmacilar, bahsi gegen ¢alismada miimkiin oldugu kadar az
girdi ve model karmagiklig1 ile miimkiin olan en iyi tahmin sonuglarinin elde etmeye calismis ve
IMKB 100 endeksinin kisa dénemlik siireler i¢in tahmin edilebilir oldugunu ifade etmislerdir [12].

Tahmin islevindeki basarist bulanik sinirsel teknikleri biinyesinde barindiran ANFIS modelini tez
caligmalarina da dahil etmis ve bu kapsamda riizgar hizinin ANFIS ve ¢esitli girdilerle tahmin edilme-
sine odakl yiiksek lisans tezi Ogiit tarafindan gergeklestirilmistir [13]. Caligmada riizgar-hizi, yon ve
sicaklik gibi girdiler ile iki farklt model egitilerek 48 saatlik zaman dilimi i¢in riizgar hizlar1 tahmin
edilmis ve tahmin hatalar1 ortalama mutlak hata yiizde hatasi (MAPE) ve kuadratik hata (HKOK) hata
kriterlerine gore degerlendirilmistir.

Tibbi veriler kullanilarak gergeklestirilen bir baska ¢alismada ANFIS ile kanser hastalig1 igin risk
analizi gerceklestirilmistir [14]. Calismada ti¢ tip kanser hastaligi i¢in (kolon, akciger, meme kanseri)
ANFIS’in de igerisinde oldugu toplam ii¢ farkli bulanik sinir aglar1 tabanli model ile kanser riskinin
analizinin gergeklestirilebilir oldugu vurgulanmustir.
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Hava tahmini ile hidrolojinin 6nemli parametrelerinden biri olan buharlagsma tahmini, bir baska
akademik ¢alismada Giimiis ve arkadaglar1 tarafindan YSA, ANFIS ve Gen Ekspresyon Programlama
(GEP) yontemleri ile gerceklestirilmistir [15]. Calismada basing, sicaklik ve riizgar hizi gibi 6 farkl
girdi verilerek egitilen modeller igerisinde ANFIS’in diger yontemlere nazaran daha iyi tahmin sonug-
larina sahip oldugu belirtilmistir. iklim degisiklikleri ve kiiresel 1sinmaya sebep oldugu belirtilen en
onemli unsurlardan biri olan karbondioksit saliniminin ANFIS ile tahmin edildigi bir bagka ¢alismada,
Sel ve Tekgiin 2021, 2022 ve 2023 yillar1 igin Tiirkiye karbon saliniminin yiiksek oranda basariyla
(R?=0,99) tahmin edildigini belirtmislerdir [16].

ANFIS’in yap1 analizi amaciyla kullanildig1 bir bagka ¢aligmada Saltan ve Alaefary yol iist yapi-
larin dayanakliklarin1 bagka bir deyisle kalan omiirlerini tahmin etmeye ¢aligmislardir [17]. Tabaka
kalinlig1 ve sayis1 gibi 4 farkli girdi ile egitilen modelden test asamasinda elde edilen sonuglar; ger-
ceklesen ile tahmin edilen kalan 6miirler arasinda yiiksek bir iligki (0,909) oldugunu gdstermistir. Yine
insaat miihendisligi ile yakindan ilgili girdilerin kullanildig1 bir baska ¢alismada piring kabugu ikame
edilmis ¢imento hamurlar igin priz siirelerini belirlemek igin ANFIS kullanilmigtir [18]. Calismada
iicgen ve gauss iiyelik fonksiyonlarinin tercih edildigi modellerle gercegine yakin tahminlerde bulu-
nulabildigi vurgulanmistir.

Hava tahmininde 6nemli bir yeri olan ¢ig noktasi sicakligi, YSA’larin kullanildig1 yakin zamanda
gergeklestirilmis bilimsel bir aragtirma ¢alismasinda Can ve Sahin tarafindan tahmin edilmeye ¢aligil-
mistir [19]. Ozellikle tarim uygulamalari i¢in son derece nemli olan séz konusu parametrenin uygun
girdilerle egitilen ve kurulan YSA modelleri ile basarili bir bigimde kabul edilebilir hata degerleriyle
tahmin edilebilir oldugu ifade edilmistir. Giincel bir diger ¢alismada ise, Inan, ANFIS, YSA ve Gauss
Siire¢ Regresyonunu (GSR) gemilerin sefer esnasindaki performanslarini modellemek igin kullanmig
olup, YSA metodunun yakit harcamasi ve seyir siireleri konusunda daha yiiksek basarima sahip so-
nuglar Urettigini gostermistir [20].

Bu calismada Izmir’e ait 4 yillik hava tahmini verileri kullanilarak hem Yapay sinir aglari hem de
ANFIS ile ortalama sicaklik degerlerini tahmin edebilme yetisine sahip 2 ayr1 model gelistirilmis ve
her iki modelin tahmin yetenegi cesitli hata kriterlerine gore karsilastirilmigtir. Bu amagcla, bu bdliimde
literatiirde yer alan konu ile alakali calismalar 6zetlenmis olup ikinci boliimde ise kullanilan yontem
ve tahmin iglevi igin kurulan modeller ayrintilariyla ifade edilmistir. Kurulan modellerden elde dilen
bulgular, karsilastirmali olarak ti¢iincii boliimde sunulmus olup, son olarak doérdiincii boliimde ise elde
dilen bulgularin genel bir bakis agisiyla yorumlanmasi gergeklestirilmistir.

2. Materyal ve Metod
2.1. Veri Seti
Calismada kullanilan veriler Izmir’e ait 1 Ocak 1997 ile 31 Aralik 2000 tarih araligindaki giinliik

bazdaki 4 yillik bir zaman dilimini kapsayan hava durumu verileridir [21]. Veri setinde her biri 10
Oznitelikten olusan 1461 adet 6rnek mevcuttur. Her bir 6rnek i¢in Oznitelikler sirasiyla, maksimum
sicaklik, minimum sicaklik, ¢ig noktasi, yagis miktari, deniz seviyesindeki basing, goriis mesafesi,
rlizgar hizi, maksimum riizgar hizi, standart basing degerleri ve bu girdilere gore degisen degerler alan
ortalama sicaklik degeridir. Bahsi gegen 6zniteliklerin alt ve iist degerleri Tablo 1°de verilmistir.
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Tablo 1. Kullanilan veri setinin ozellikleri

Oznitelikler Alt Ust
Degeri Degeri

Maksimum Sicaklik (°C) 25.88 40.55
Minimum Sicaklik (°C) -9 2.61
Cig Noktas1 (°F) 13.6 64.4
Yagis Miktar1 (kg/m2) 0 7.6
Deniz Seviyesi Basinel (InHg) 29.26 30.48
Goriis Mesafesi (km) 2.3 10.1
Riizgar Hiz1 (m/sn) 0.92 29.1
Maksimum Riizgar Hiz1 (m/sn) 4,72 68.8
Standart Basing (InHg) 16.11 55.24
Ortalama Sicaklik (°C) -1.44 32.16

2.2. Yapay Sinir Aglar1

Yapay aglari, yapay sinir hiicrelerinin farkli katmanlar i¢inde birbirleriyle paralel baglantilar ku-
racak bir sekilde bir araya gelmeleriyle olusurlar. Sekil 1’de tek katmanli bir sinir hiicresi 6rnegi gos-
terilmektedir [22].

Toplama Fonk.

X1
wi
s Y
X2 >
W2
Xn Whn WI
Girdiler  Agirliklar Esik Aktivasyon Fonksiyonu Cikti

Sekil 1. Yapay Sinir Ag1 Modeli

Burada X; degerleri girdileri gostermektedir. Sistem girdileri toplanmakta aktivasyon fonksiyonu
ile belirli araliklara sahip ¢ikis degerlerine ¢evrilmektedir. Wi degerleri ise sistem Ogrenmesini ta-
mamlandiginda giincellenebilen agirlik degerleridir. S6z konusu agirliklar, girdi seti veya kendinden
onceki herhangi bir katmandaki bir diger islem terimi {izerindeki etkisini ifade eden degerlerdir. Gir-
dilerin her biri, s6z konusu girdiyi islem terimine baglayan c¢esitli agirlik degeriyle ¢arpilarak, toplam
fonksiyonu vasitasiyla birlestirilir [23].

Yapay sinir aglarinda ¢ok c¢esitli ag modelleri ve yapilart mevcuttur. Perceptron, Cok Katmanl
Algilayic1 (CKA), SOM, ART gibi YSA modelleri farkli amaglara hizmet edebilecek bicimde gelisti-
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rilmis olup, literatiirde yaygin olarak kullanilmaktadirlar. Bu modeller i¢inde en popiiler olanlardan
biri de, bu calismada da kullanilan1 ¢cok katmanli ileri beslemeli yapay sinir aglaridir (Cok Katmanl
Algilayici - CKA).

CKA sinir aglarinda hiicreler katmanlar bigiminde organize edilmistir. Ik katman girdi katmani
olarak ifade edilir. Bu katmanda ¢6ziilmesi istenen probleme ait veriler YSA’ya aktarilir. Girdi ile
¢ikti katmanlarimin arasindaki katmana gizli katman adi verilmektedir. Bir CKA aginda birden ¢ok
gizli katman yer alabilir. Sekil 2’de genel bir CKA ag1 yap1 bakimindan gosterilmektedir [24].

Gizli
Katman

Giris Cikis
Katmani Katmani

Sekil 2. Cok katmanli ileri beslemeli algilayici

Yapay bir sinir ag1 “ileri beslemeli” ve “geri beslemeli” olmak {izere hiicrelerinin baglanma bi-

¢imlerine gore iki mimari yap1 altinda siniflandirilmaktadir [25].

fleri beslemeli aglar: Bu ag yapisinda sinir agia sunulan veriler, sadece girdi birimlerden ¢ikti
birimlere dogru yani ileri dogru akar. Bu yapida néronlar katmanlar halindedir. Bir katmandaki sinir
hiicrelerinin ¢iktilar1 bir sonraki katmana agirliklar vasitasiyla girdi olarak verilmektedir. Ayni kat-
mandaki sinir hiicreleri arasinda veya bir 6nceki katmana yonlenme imkani, yani geri besleme devini-
mi mevcut degildir. Uygulamalarda genelde bu tip aglar tercih edilmektedir.

Geri beslemeli aglar: Veri akisinin geriye dogru gergeklestigi yapidir. En az bir adet geri bes-
leme devinimine sahiptir. Geri besleme, ayn1 katmanda yer alan sinir hiicreleri arasinda veya farkli

katmanlar tizerindeki sinir hiicreleri arasinda da bulunabilmektedir.

2.3. Uyarlanabilir Sinirsel Bulanik Cikarim Sistemi (ANFIS)
ANFIS, Jang adli bir aragtirmaci tarafindan (1993) Takagi-Sugeno bulanik modeli [26] temel

alinarak gelistirilmistir. ANFIS yap1 itibariyle, girdi/cikt1 veri setlerini egitim ve test kiimeleri halinde
ayrt ayr1 yikleyebileceginiz ve iiyelik fonksiyonlarinin sayismi ve ¢esidini model {izerinde
segebileceginiz bir yapiya sahiptir. Bu se¢imler model tizerindeki kural sayisinin belirlenmesini
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saglamaktadir. Egitim ve test agamasinda gosterilen hata degerleri sistem ciktis1 ile gercek cikti
arasindaki farkin kareleri toplaminin karekokiinii ifade etmektedir. Diger bir deyisle aldigimiz hata
degerleri HKOK  degerleridir. Bu hata degeri ile kurulan modelin performansi
degerlendirilebilmektedir. Ayrica test asamasinda model iizerindeki grafiksel kisim ile sistem ¢iktilari

ve gergek ¢ikt1 degerleri grafiksel olarak da gosterilebilmektedir.

1. Katman 2.Katman 3. Katman 4 Katman 5.Katman

P

Sekil 3. Adaptif Sinirsel Bulanik Cikarim Sistemi

ANFIS, 5 farkli katmani igermektedir. 5 katmani igeren bu yapi sekil 3’de gosterilmektedir [27].
Bu yapidaki katmanlari asagidaki gibi 6zetleyebiliriz [12] :

1. Katman: Girdi katmanmidir. Bu katmanda her diiglimden elde edilen girdi degerleri diger
katmanlara aktarilir.

2. Katman: Bulaniklagtirma katmamdir. Uyelik fonksiyonlar1 bu katman igerisinde yer alir. Bu
katmanda her bir digiimiin ¢iktisi, girdi degerleri ile tercih edilen iiyelik fonksiyonunu temel alan
iiyelik derecelerinden olugmaktadir.

3. Katman: Kural katmani olarak ifade edilir. Bir dnceki katmanda her bir girdi i¢in secilen tiyelik
fonksiyonu sayisia bagli olacak sayida kural olusturulur. Yani bu katmanda yer alan her bir diigiim,
Sugeno bulanik mantik ¢gikarim sistemini temel alarak olusturulan kurallar1 ve kural sayisini temsil
etmektedir.

4. Katman: Normalizasyon katmani olarak gorev yapar. Bu katmanda yer alan her diigiim, kural
katmanindan gelen biitiin diigiimleri girdi degeri olarak goérmekte olup, agda mevcut olan her bir
kuralin normallestirilmis agirlik derecesini hesaplama islevine sahiptir.

5. Katman: Birlestirme (Toplama) katmanidir. Her bir diigiimiin ¢ikt1 degerleri toplanarak ANFIS
modelinin ger¢ek degerine ulasilir.

ANFIS modelinde 6grenme algoritmasi, karma bir yapiya sahiptir. Hatanin geri yayilimina
dayalidir. Ogrenme islevi iki adimda gerceklestirilir. Ilk adimda giris 6rnekleri elde edilir ve baslangic
parametreleri sabit degerler olarak alinip en kiigiik hata kareleri ortalamas1 metoduyla en iyi ikincil
parametreler bulunur. Ikinci adimda ise girdi drnekleri yeniden elde edilip baslangic parametreleri

gradient descent yontemiyle degistirilir. Bu dongii daha sonra yinelenir [28].
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2.4. On isleme (Normalizasyon)

Kullanilacak veri setindeki her bir 6zniteligin deger degisim aralig1 digerlerinden farkli oldu-
gundan, hatay1 minimize etmek amaciyla veri kiimesindeki tiim degerler deneyler gerceklestirilmeden
once normalize edilmistir. Normalizasyon i¢in Min-Max yontemi kullanilmis olup bu yéntemde mi-
ninum deger her bir 6znitelik deger kiimesi i¢indeki en diisiigiinii, maksimum ise en yiiksegini ifade
etmekte olup, islem sonucunda s6z konusu degerler 0 ile 1 araligmna indirgenmektedir [29]. Verile-
rin %70’1 (1022 6rnek) egitim, %30’u (439 6rnek) ise test i¢in kullanilmistir.

3. Bulgular ve Tartisma

Olusturulan modelde gizli katmanda kullanilan néron sayilar1 her seferinde degistirilerek test ig-
lemi gergeklestirilmis ve en az hata kareleri ortalamasini (HKO) veren model belirlenmistir. Bu sap-
tama esnasinda nordn sayilart farkli her bir model igin gerceklestirilen deneylerden elde edilen egitim

ve test hatalar1 degerleri Tablo 2’de gosterilmektedir.

Tablo 2. Cesitli néron sayisina sahip YSA lar ile elde edilen sonuglar

Deney Noron  Devir Egitim Hata- Test

No Sayis1  Sayisi s1 Hatas1

(HKO) (HKO)
1 3 1000 0.0130 0.0096
2 5 1000 0.0059 0.0054
3 8 1000 0.0954 0.0083
4 10 1000 0.0126 0.0098
5 15 1000 0.0123 0.0123
6 18 1000 0.0201 0.0178
7 20 1000 0.0147 0.0142

Tablodan da goriilebilecegi gibi en iyi test sonuglarini veren model 5 ndrona sahiptir. Asagida sekil
4’te bu model gosterilmektedir. Egitim i¢in Gradient Descent algoritmasi kullanilmus, test performansi
icin ise HKO (hata kareleri ortalamasi) degeri hesaplanmustir.
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4 Neural Network Training (nntraintool) =

Neural Network

R

Algorithms

Data Division:

Index (divideind)

fEel-

Training: Gradient Descent (traingd)

Performance: Mean Squared Error (mse)

Derivative: Default (defaultderiv)

Progress

Epoch: 0 1000 iterations

Time: 0:00:02

Performance: 0.0475 I—W
Gradient: 0.122 [N 0.0276

Validation Checks: o | 0

1000

0.00
1.00e-05
6

Sekil 4. En iyi test sonucunu veren YSA modeli

Asagidaki sekilde ise bu modelin deney esnasindaki egitim ve test performanst HKO degerleri

acisindan ifade edilmektedir.

Mean Squared Error (mse)
Em
T

Best Training Performance is 00053281 at epoch 1000

| | | | |
400 50
1000 Epochs

Sekil 5. En iyi test sonuglarint veren YSA modelinin performansi

ANFIS ile gelistirilen model de girdiler i¢in farkl tiyelik fonksiyonlarina sahip dolayisiyla farkli
sayida kurala sahip bir takim deneyler yapilmis ve en iyi test tahmin sonug¢larini veren model
secilmistir. Tablo 3’de yapilan bu deneylerle ilgili bilgiler yer almaktadir.
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Tablo 3. Cesitli sayida iiyelik fonksiyonlari ve bulanik kurallara sahip ANFIS modelleri ile sonuglar

Girdi
Deney  Basina  Bulamik Devir Egitim  Test
No Uyelik  Kural  Sayim Hatasi Hatasi
Fonk. Sayisi (HKOK) (HKOK)
Sayisi
1 3 27 1000  0.0186 0.0217
2 4 36 1000  0.0181 0.0213
3 5 45 1000  0.0178 0.0203
4 6 54 1000  0.0170 0.0200
5 7 63 1000  0.0163 0.0200
6 8 72 1000  0.0162 0.0199
7 9 81 1000  0.0161 0.0201
8 10 90 1000  0.0154 0.0203
9 11 99 1000  0.0150 0.0219
10 16 144 1000  0.0132 0.0222

Elde edilen sonuglara bakildiginda en iyi test performansi gosteren modelin her bir girdi i¢in 8 {iyelik
fonksiyonu kullanilan model oldugu goriilmektedir. Sekil 6’da bu modelin yapisi gosterilmektedir.
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Sekil 6. En iyi test performansini veren ANFIS modeli

Asagidaki sekillerde ise bu modelin egitim ve test asamalar1 gosterilmektedir. Bu asamalarda dikkat
edilmesi gereken nokta elde edilen hata degerlerinin HKOK cinsinden oldugudur.
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Sekil 7. En iyi test sonucunu veren ANFIS modelinin egitim agamasi

Sekil 8. En iyi test sonucunu veren ANFIS modelinin test agamast

4. Sonug ve Tartisma
Karsilastirma i¢in her iki modelde de en iyi test performansini veren modeller kullanilmigtir. Ay-
rica kargilastirma yapabilmek i¢in her iki modelden test agamasinda elde edilen HKOK ve HKO hata
degerleri birbirine doniistiiriilmiistiir.
Tablo 4. Iki farkli model igin tahmin sonuglar:

Model HKO HKOK
YSA 0.0054 0.0735
ANFIS 0.0004 0.0199

21



International Journal of Pure and Applied Sciences 10(1)12-24 (2024)

Tabloya bakildiginda ANFIS ile elde edilen tahmin sonug¢larinin YSA kullanilan modele gore
daha iyi tahmin performansi gosterdigi goriilmekledir. Her iki hata tiirtindeki degerler bu degerlendir-
meyi desteklemektedir.

Ozetleyecek olursak, bu ¢alismada hava durumu verilerinden yola ¢ikilarak ortalama sicaklik cin-
sinden hava tahmininde bulunulmus, bu amagla YSA modeli ve ANFIS modeli kullanilmis ve kulla-
nilan bu modellerin tahmin sonuglar1 birbirleriyle kiyaslanmigtir. Giinliik bazda 9 adet girdi degiske-
nine bagh olarak egitim ve test islevleri gergeklestirilmis ve en diigiik ortalama tahmin hatasi ile AN-
FIS modeli YSA modeline gore daha tstiin bir performans sergilemistir. Sonug olarak hava tahminin-
de ANFIS (Uyarlanabilir Sinirsel Bulanik Cikarim Sistemi) modelinin yiiksek tutarlilikta kisa donemli
olarak ongorilebilir bir nitelige sahip oldugu sonucuna ulagilmstir.

Cikar Catismasi

Yazar bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazar bu calismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Ozet: Bu calisgmada  Tirkiye nin; Malatya-Arguvan, Sivas-Kangal,
Kahramanmarag-Elbistan ve Konya-Ermenek linyitlerinin piroliz 6zellikleri termal
analiz yontemleri ile belirlenmistir. DTA ve TGA deneyleri, 25 ile 1000°C sicaklik
araligina kadar, 10 ml dk’* Nz gaz1 akis hizinda, yaklasik 10 mg numune kullanilarak
gerceklestirilmistir. TG/DTG termogramlari incelendiginde nem kaybi, ugucu madde
¢ikis1 ve mineral madde bozunmasina bagli olarak {i¢ farkli bolge oldugu belirlenmistir.
Kinetik parametreleri hesaplamak icin Arrhenius ve Coats-Redfern modelleri
kullanilmistir. Kullanilan bu kinetik modeller yardimiyla Arrhenius sabitleri ve goriiniir
aktivasyon enerjileri hesaplanmigtir. Sonuglar karsilastirmali olarak degerlendirilmistir.
Her iki kinetik modele gore de en yiiksek aktivasyon enerjisi degerleri 3. bolgede
hesaplanmigtir. Arrhenius kinetik modeline gore, Konya-Ermenek linyitinin en yiksek
aktivasyon enerjisi ve R?’ye, Coats-Redfern kinetik modeline gére ise, Sivas-Kangal
linyitinin en yiliksek aktivasyon enerjisine sahip oldugu belirlenmistir. Agirlik kaybi,
diisiik sicaklik bolgesinde difiizyon kontrollii, daha yiiksek sicaklik bolgesinde ise
kimyasal olarak kontrol edilmistir. Diisiik sicaklik bdlgesinde aktivasyon enerjileri
yakinken, daha yiiksek sicaklik bdlgesi igin enerjiler onemli oOlgiide farklilik
gostermistir.

Anahtar Kelimeler: Aktivasyon enerjisi; Arrhenius; Coats-Redfern; kinetik analiz;
linyit

Kinetic Evaluation of Some Turkish Lignites by Thermal Analysis Method

Abstract: In this study, Turkey's; pyrolysis properties of Malatya-Arguvan, Si-
vas-Kangal, Kahramanmarag-Elbistan, and Konya-Ermenek lignites were determined
by thermal analysis methods. The pyrolysis properties of the samples were determined
by thermal analysis methods (DTA and TGA). DTA and TGA experiments were per-
formed using approximately 10 mg of the sample at a flow rate of 10 ml min-* N2 gas up
to a temperature range of 25 to 1000°C. When the TG/DTG thermograms were exam-
ined, it was determined that there were three different regions depending on moisture
loss, volatile matter release and mineral matter degradation. Arrhenius and
Coats-Redfern models were used to calculate kinetic parameters. With the help of these
kinetic models, Arrhenius constants and apparent activation energies were calculated.
The results were evaluated comparatively. According to both kinetic models, the
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highest activation energy values were calculated in the 3rd region. It was determined
that the Arrhenius kinetic model has the highest activation energy and R? for Kon-
ya-Ermenek lignite. According to the Coats-Redfern kinetic model, Sivas-Kangal lig-
nite has the highest activation energy. Weight loss was diffusion-controlled in the low
temperature region and chemically controlled in the higher temperature region. While
the activation energies were close in the low temperature region, the energies for the
higher temperature region differed significantly.

Keywords: Activation energy; Arrhenius; Coats-Redfern; kinetic analysis; lignite

1. Giris

Sanayinin ve teknolojinin hizli bir sekilde gelismesiyle bircok endiistri dalinda, ulagim
sektoriinde, konutlar ve igyerlerinde, enerji ihtiyact da giderek artmaktadir. Bunun dogal bir sonucu
olarak enerji ti-ketimi de siirekli olarak artmaktadir [1]. Diinyada artan enerji ihtiyacina karsilik petrol
ve dogalgaz rezervlerinin kisith olmasi endige vericidir. Petrol; basta akaryakit ve kimya endiistrisinin
hammadde kaynagi olurken, dogal gaz; evsel 1sinma sanayide enerji ve elektrik {iretiminde
kullanilmaktadir. Her iki hammadde diinya genelinde belirli bolgelerde bulunmaktadir. Buna karsin
komiirler 6zellikle linyitler diinya genelinde yaygin olmakla beraber rezerv biiyilikliigli agisindan belirli
cografyalarda bulunmaktadir. Linyit, cogunlukla elektrik iiretimi amagl termik santrallerinin temel
yakiti durumundadir. Tiim komiir tiirleri icerisinde linyit komiiriiniin rezervleri daha fazladir. Bundan
dolay1 gelecekte de linyit kdmiirii 5nemini koruyacaktir. Ulkemiz fosil enerji hammaddesi olarak sadece
linyit komiirii potansiyeline sahiptir. Tiirkiye’deki linyitler, 1s1l degerine (kalorifik deger), barindirdig:
kiil ve nem miktarina gore siniflandirilir [2-4].

Koémiirden enerji tiretim verimi, kullanilan yakma sistemine baglidir. Uygun olmayan yakma
sistem-lerinin kullanilmasi, enerji iiretim verimini ciddi oranda diisiirmektedir. Bu durum gevre
kirliligine yol agmaktadir. Bu nedenlerden dolayi; ¢cevre dostu, temiz, kolay bulunabilir, yenilenebilir,
stirdiiriilebilir ve ekonomik alternatif enerji kaynaklarinin kullanimi giderek 6nem kazanmaktadir.
Ancak alternatif enerji kaynaklari, yliksek maliyet ve teknik risklerden dolay1 fosil yakitlarla rekabet
mucadelesi vermektedir [5-7]. Bu kapsamda, diisiik degerli linyit potansiyelimizin temiz komir
teknolojilerinin gelistirilmesi ile deger-lendirilmesi, iilkemizin o6ncelikli enerji politikalar1 arasinda yer
almalidir.

Bu nedenle linyit potansiyeli agisindan Tirkiye’nin Malatya-Arguvan, Sivas-Kangal,
Kahramanmarag-Elbistan ve Konya-Ermenek linyitleri hala arastirma konusu olmaktadir. Bahsedilen
bolg-elerdeki rezerv miktarlar1 oldukga fazladir. Kahramanmaras’in Afsin-Elbistan bdlgesinde yer alan
linyit havzasinda 4 431 227 000 ton bilinen rezerv bulunmaktadir. Konya-Ermenek 5 918 000 ton
o6nemli linyit rezervlerine sahiptir. Sivas-Kangal 83 000 000 ton dnemli linyit rezervlerine sahiptir [8].
Malatya’da linyit rezervi sinirli olmasina ragmen, Arguvan ilgesi civarindaki linyit yataklari isletilmeye
devam etmektedir [9].

Linyit 6rneklerinin termal analizi DTA ve TGA yontemleri ile belirlenebilmektedir [10-17].
Termo-gravimetrik analiz (TGA), 6zellikle izotermal olmayan kosullar altinda genel piroliz siirecini
incelemek i¢in hizli bir nicel yontemdir ve genel ayrigma reaksiyonlari i¢in etkili kinetik parametrelerin
tahmin edilmesini saglar. Bu nedenle bu teknik son yillarda kdmiir, petrol sistleri, katran kumlar1 gibi
fosil yakitlarin piroliz, yanma ve yapisal 6zelliklerinin arastirilmasi i¢in yaygin olarak kullanilmaktadir
[18-26]. Komiiriin piroliz reaksiyonlari sirasinda kati, sivi ve gaz halinde iiriinler olugsmakta ve bu
reaksiyonlardan bazilarina kayda deger agirlik ve/veya 1s1 ve sicaklik degisiklikleri eslik etmektedir.

Bu ¢alismada, Malatya-Arguvan, Sivas-Kangal, Kahramanmaras-Elbistan ve Konya-Ermenek
linyit-lerinin yanma o6zelliklerinin ve kinetiginin analizine odaklanilmistir. Linyit gesitlerinin yanma
davranislarin1 ve yanma kinetigini degerlendirmek icin termogravimetrik analiz yapilmustir. Izotermal
olmayan ¢esitli kinetik modeller ile kinetik parametreleri hesaplamak miimkiindiir. Burada Arrhenius ve
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Coats-Redfern kinetik modelleri uygulanarak, gorinlr aktivasyon enerjileri ve Arrhenius sabitleri
hesaplanmustir.

2. Materyal ve Metod

Calismada kullamlan Arguvan linyiti, Coskunlar Kémiir Isletmesinden; Ermenek linyiti, Konya
Linyit Isletmeleri Miidiirliigii'nden; Kangal linyiti Sivas’taki Termik santralden; Elbistan linyiti ise
Afsin Termik santralinden temin edilmistir. Tiim linyitlerin karakteristik 6zellikleri, elementel analiz,
kisa analiz ve termal analiz (DTA-TGA) yontemleriyle belirlenmistir. Tiim 6rneklerin nem igerikleri
ASTM D3173’¢, kiil igeri-kleri ASTM D3174’e, ugucu madde igerikleri ASTM D3175’¢ gore
hesaplanmistir. Sabit C igerigi ise fark ile bulunmustur. Kisa analizler 3 kere tekrarlanmis ve bulunan
degerlerin ortalamasi alinarak, hata payt en aza indirilmistir. Karbonizasyon deneyleri Sekil 1°de
diizenegi verilen Protherm PZF 12/50/700 model ii¢ zonlu borusal firinla, elementel analizler
CHNS-932 (LECO) cihaziyla, termal analizler SHIMADZU DTA-50 ve SHIMADZU TGA-50 cihaz-
lartyla gergeklestirilmistir. Linyit érnekleri 150 ml dk™* N, gazi akisinda, 10°C dk* isitma hiz1 ile
600°C’de 60 dakika pirolize tabi tutulmustur. Piroliz sivisi, firin ¢ikigsina sogutucu baglanarak g¢ikan
gazin yogunlagmasiyla toplanmistir. Kat1 iiriin, 24 saat sonra firindan alinmis ve karakterizasyon
caligmalari i¢in saklanmustir.

Akis Olger
‘ Celik Kvet Li‘nyit Celik‘Reakto‘r

Kondenser

-
'

Azot Gaz (N,)

Piroliz Finini (3 Bolgeli)

Sekil 1. Karbonizasyon diizenegi.

3. Bulgular ve Tartisma

Malatya-Arguvan (AR), Sivas-Kangal (KN), Kahramanmarag-Elbistan (EL) ve Konya-Ermenek
(ER) linyitlerinin havada kuru bazda yapilan elementel analiz sonuglar1 Tablo 1°de, kisa analiz sonuglart
ise Tablo 2’de verilmistir. CHNS analiz sonuglarina gore (hata pay1 = %o 12) Ermenek linyiti %39.50 C
orant ile en yiiksek karbon igerigine sahiptir. C igerigi yiiksek olan linyitler sirasiyla Elbistan, Kangal ve
Arguvan linyitleridir. Linyitlerin yapisinda diisiik oranda N icerdikleri tespit edilmistir. Linyitler
oldukca gen¢ dogal malzeme olduklarindan, bunlardaki organik yapisal diizenlenme tamamlanmamustir.
Bunun sonucu olarak azot ve kiikiirtce zengindirler. Yapisal diizenlenmenin eksik olmasi ve bitkisel
kokenlerinden dolay1 oksijen icerigi de yiiksek ¢ikmaktadir. Bunun sonucu olarak yiizde olarak oksijen
oraninin fazla olmasi linyitlerde beklenen bir sonugtur.
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Tablo 1. Linyit turlerinin elementel analiz sonuclar:

% AR KN EL ER
31.80 32.81 34.74 39.50
3.54 1.40 4.64 5.31
0.66 0.36 0.56 0.91

S 3.88 2.95 5.14 3.93

o* 60.12 62.48 54.92 50.35

* Farktan hesaplanmustir.

Tablo 2. Linyit tiirlerinin kisa analizleri

Icerik (%) AR KN EL ER

Nem 7.56 5.33 7.33 18.25

Kl 37.47 43.84 39.74 29.14

Ucucu madde 25.36 31.54 35.45 39.85

Sabit C* 29.61 19.29 17.48 12.76

Toplam S 3.84 2.47 2.87 3.95

Alt 1s1l deger 2546 2841 2861 2031
(kcal kgt

*Farktan hesaplanmustir.

Tablo 2’den Ermenek linyitinin (ER) diger tiim linyitlerden daha fazla nem igerdigi goriilmekte-
dir. Her ne kadar kiil igerigi goreceli olarak diisiik olsa da (%29.14), yiliksek nem igeriginden dolay1 1s1l
degeri de diisiik (2031 kcal/kg) ¢ikmustir.

Tiim linyitlerin piroliz 6zellikleri termal analiz yontemleri ile belirlenmistir. Piroliz deneyleri azot
(N2) gazi ortaminda gergeklestirildigi i¢in, linyitlerin azot ortamindaki termogravimetrik analizleri
(DTA-TGA) Sekil 2°de verilmistir. Linyitlerin termal analizlerinde, kaba ve yapidaki neme bagli olan
birinci bdlge tespit edilmistir. ikinci ve iigiincii bélge ugucu madde ¢ikisia ve sabit karbonun yanmasi
sonucu meydana gelmistir.

Sekil 2’deki AR linyitinin DTA egrisinde {i¢ belirgin bdlge acikca goriilmektedir. DTA spekt-
rumunda 80°C ve 121°C’deki endotermik pik minimum sicakliklar1 yapidaki serbest nem ve biinye
neminin uzak-lasmasina aittir. Numune laboratuvar atmosferinde kurutuldugundan dolay1 serbest nem
olmas1 beklenen bir sonugtur. ikinci bélge olarak adlandirilan 210°C’den baslayarak 699.78°C’ye kadar
devam eden ekzotermik pik linyit yapisindaki organik materyalin bozunmasina aittir. Genis pik igeri-
sinde 390°C sicakliktaki omuz bu sicakliga kadar farkl bityiikliikteki makromolekiiler organik yapinin
oldugunu gostermektedir. Ekzotermik pikin 210°C ile baslayan bolgesinde ugucu maddenin yanma
baslangici s6z konusudur. Ugiincii bolge 528°C ve 700°C sicakliklari arasindadir. Ekzotermik pikin bu
bolgesinde yapisal olarak daha kararli ve daha biiyiik makromolekiiler gruplarin yanma reaksiyonu s6z
konusudur. TGA egrisi incelendiginde serbest ve bagli nem uzaklagmasindaki kiitle kayb1 agirlikca
%7.41, ekzotermik pikin tamaminda agirlik¢a %23.72’lik kiitle kayb1 s6z konusudur. Ikinci ve iigiincii
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bolgede ugucu madde ve katran ¢ikisi belirlenmistir. Linyitin kisa analiz-inden (Tablo 2) hesaplanan
ucucu madde miktar ile (%25.36), DTA’dan elde edilen sonug (%23.92) kiyaslandiginda, birbiriyle
uyumlu oldugu belirlenmistir.

KN linyitinin DTA spektrumunda 71.1 ve 116.3°C’deki endotermik pik minimum sicakliklart
yapidaki serbest nem ve biinye neminin uzaklagmasina aittir. Ikinci bdlge olarak 200°C sicaklikta bas-
layan 700°C sicaklikta tamamlanan ekzotermik bolgede yapida 3 farkli makromolekiiler birimden séz
edilebilir. Bu bolge 353.8, 494.4 ve 600.2°C pik maksimumlarina sahiptir. Ekzotermik pikin devaminda
goriilen 750°C pik minimumuna sahip endotermik pikin, kalsit mineralinin bozunmasina ait oldugu
diistiniilmektedir. TGA egrisi sonuglart numunenin kisa analiz sonuglar ile uyumludur. Piroliz deney-
lerinden elde edilen s1vi1 tiriin miktar1 (yaklasik %18-20) ikinci bolgede goriilen agirlik kaybi (%21.74)
ile uyumludur. Ayni sekilde kisa analizden hesaplanan ugucu madde miktar1 da (%31.54) DTA’daki

(ikinci bolge ve Gcuncl bolgenin toplamiyla) hesaplanan ugucu madde miktariyla (%33.11) uyum
icerisindedir.

TGA (mg) DTA (uV) IGA (mg) DTA (uV)
12 30 18 40

1.Bolge 2.Bilge 3.Bblge 1.Bélge 353,8°c 2.Bdlge 3.Bélge
cu
n

0 200 400 600 800 1000 0 200 400 600
Sicaklik (°C) Sicaklik (°C)

Arguvan (AR) Kangal (KN)

800 1000

TGA DTA y
JoAme) TCA (mg) DT

1.Bolge 2.Bilge 3.Bélge 1.Bilge xﬁiﬂﬁim 3 Rillge BT
0.4 mg, %422 Kitle Kyt
6.3 mg. %-68.7:

; ] . ; 0 200 ' 400 500 800 "0
0 200 400 600 800 1q
Sicakhk (°C) Sicaklik (°C)

Ermenek (ER)

Elbistan (EL)
Sekil 2. Linyit 6rneklerinin termogravimetrik analizleri.

EL linyitine ait termogram egrisi incelendiginde yaklasik 80°C sicaklikta oldukga kiigik pik
serbest neme ve 119°C’de goriilen keskin pik bilinye nemine bagli olan endotermik piklerdir. 180°C
sicaklikta baglayan ve 696°C sicaklikta biten ekzotermik pik organik makromolekiil yapilarin bozun-
masina aittir. S6z konusu 6rnekte 328, 350 ve 600°C pik maksimumlarina sahip ana ii¢ makromolekiil
birimden s6z etmek miimkiindiir. 328 ve 350.3°C pik maksimumlarina sahip birimler yapida hakim
birimlerdir. Digerinin yapidaki orani oldukga diisiiktiir. Nitekim s6z konusu linyitin alt 1s1] degerinin
diger iki linyite gore diisiik ¢ikmasi bu goriisii desteklemektedir. Ugucu madde ¢ikisinin gézlemlendigi
378°C-571°C’deki pikler ikinci bolgeyi gostermektedir. Kalsit bozunmasinin goriildiigii 696°C ve
734°C’ler arasindaki bolge ligiincii bolgeye aittir. Ugucu madde ve katran ¢ikiginin oldugu ikinci bol-
gede agirlik kaybi yaklasik olarak %26 olarak belirlenmistir.
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ER linyitine ait DTA egrisinde 67.5°C ve 120°C pik minimumlarina sahip endotermik pikler
serbest ve bagli nemin uzaklagsmasina aittir. Nemin uzaklagmasina ait endotermik pikler birinci reak-
siyon bolgesini olusturmaktadir. 210°C sicaklikta baglayan ve 600°C sicaklikta tamamlanan digerlerine
gore dar ekzotermik pik s6z konusu linyitin makromolekiiler birimler acisindan daha kararli yaprya
sahip oldugunu gostermektedir. Yani makromolekiiler birimlerdeki organik yapi ¢esitliligi diger lin-
yitlere gére daha azdir. Ugucu maddenin uzaklagmasi ve karbonun yanmasi ile ikinci reaksiyon bolgesi,
komiirdeki minerallerin dekompozisyona ugramasi sonucunda ise {i¢iincii reaksiyon bolgesi olusmak-
tadir. En fazla agirlik kaybiin ikinci bolgede olustugu belirlenmistir. Sonug olarak buradan anlasildig
gibi, komiiriin karbonlu kisminin bu bdlgede yanmasinin gerceklestigi sdylenebilir. Uciincii reaksiyon
bolgesinin sonundaki sicaklik degeri ise son yanma sicaklig1 olarak adlandirilmaktadir.

Koémur orneklerinin yanma profilleri genellikle iki adet maksimum pik icerirler, birinci maksi-
mum nemin uzaklagmasi, ikinci maksimum ise ger¢ek yanma evresini temsil etmektedir. Tutusma
sicakligi ve pik sicaklig1 burada 6n plana ¢ikmaktadir. Tutusma sicakligi birinci pikin minimuma indigi
ve ikinci pikin ylikselmeye basladig1 nokta olarak tanimlanirken; pik sicakligi yanma hizinin maksimum
oldugu sicaklik olarak tanimlanir. DTA egrilerinden pik sicakliklari; AR i¢in 528.1°C, EL i¢in 328°C,
ER igin 491°C ve KN i¢in 353.8°C olarak belirlenmistir. Daha diislik pik sicakligina sahip komiirler
kolayca tutusabilir ve yanabilir. Bu sicakligin yiliksek degerleri kdmiirliin daha az reaktiviteye sahip
oldugunu gostermektedir [27]. incelenen linyitler igerisinde EL’nin pik sicakligi degeri (328°C) en
diisiik oldugundan, kendiliginden yanmaya daha yatkin; en yiiksek pik sicaligina sahip olan (528.1°C)
AR’nin ise kendiliginden yanmaya en direcli linyit oldugu sdylenebilir. Sonug¢ olarak, kimyasal yon-
temlerle yapilan analizler sonucu elde edilen degerler ile DTA-TGA yontemi arasindaki degerler yak-
lasik olarak uyumlu sonuglar vermistir.

Kinetik parametreleri hesaplamak i¢in kullanilabilecek matematiksel yaklagimlar arasinda,
Arrhenius ve Coats-Redfern kinetik model yontemlerinin iyi bir yaklasim oldugu genis capta arasti-
rilmis [28-31] ve bu c¢aligmada aktivasyon enerjilerini degerlendirmek igin bagvurulmustur. Linyit
cesitlerinin yanma reaksiyonu asagidaki gibi tanimlanabilir.

Linyit — Car (g) + Ug¢ucu maddeler (g) + Kl (g) (3.1)

Deneysel olarak bir reaksiyon i¢in, Ink ile 1/T arasinda ¢izilen grafigin bir dogru olusturdugu
bulunmustur. Bu durum, biri dogrunun egimi, digeri baslangi¢ ordinati olmak tizere, iki parametre ile
matematiksel olarak ifade edilmektedir [32].

Bir reaksiyonun aktivasyon enerjisi, reaksiyon hizinin sicakliga bagl olarak hangi diizeyde de-
gistigini gostermektedir. Aktivasyon enerjisi, kimyasal bir tepkimenin gerceklesebilmesi i¢in asilmasi
gereken enerji degeri olarak da diigiiniilebilir. Her kimyasal tepkimenin kendine 6zgii bir aktivasyon
enerjisi vardir. Bir tepkimenin aktivasyon enerjisinin yiiksek olmasi, o tepkimenin daha zor baslayacag:
anlamina gelmektedir. Aktivasyon enerjisi yiiksek olan reaksiyonlarin hiz1 yavastir [33].

Aktivasyon enerjisi degerleri kimyasal bilesim, fiziksel yapi, fizikokimyasal 6zellikler ve mineral
icerigi gibi cesitli faktorlerden etkilenmektedir. Ayrica, linyit karmasik heterojen bir yapiya sahip ol-
dugundan, nominal olarak ayn1 6rnekte bile aym deneysel sonuglara ulasmak miimkiin olmayabilir.
Diisiik aktivasyon enerjisine sahip bir linyit tiirdi, termal islemlerin daha diisiik sicakliklarda gergekles-
tirilebilecegi anlamina gelir. Bu ise, enerji maliyetlerini diisiirebilir ve iglemlerin daha ekonomik hale
gelmesine katkida bulunabilir.

Arrhenius esitligi asagidaki sekilde tanimlanmaktadir [31, 34];

aw _

- = kW, (3.2)
k= Ar exp;—§ (3.3)

aw —E
- = Ar exp (E) W, (3.4)

Birinci derece reaksiyon kinetigi n=1 kabul edildiginde, esitlik (3.4) diizenlenerek;
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(

aw
dt

)%] = Ar exp (%)

elde edilir. Esitligin her iki tarafinin logaritmasi alindiginda;

log[(

aw, 1
at’ w

E
2.303RT

| = logAr —

(3.5)

(3.6)

elde edilir. Burada; dw/dt = Agirlik kayip orani, Ar = Arrhenius sabiti, k= Spesifik hiz sabiti, W=
Agirlik, n= Reaksiyon derecesi, E= Goriiniir aktivasyon enerjisi (kJ mol™), T = Mutlak sicaklik (K), R
= Gaz sabiti.

Arrhenius ’un reaksiyon modelinde, 6rnegin toplam agirlik kaybi hizini; hiz sabiti, 6rnegin ka-

lan kiitlesi (W) ve sicakliga (T) baghdir [32]. log[(dw/dt)/W]’ye karsilik 1/T’ye gore ¢izilen grafigin
lineer kisminin egimi [-E/2.303R]’ye esittir. Gorliniir aktivasyon enerjisi (E) bdylece hesaplanabilir
[35, 36]. 1/T=0"da dogrunun kesim noktasindan frekans faktorii olan Arrhenius parametresi (Ar) he-
saplanir.
Tum linyit 6rneklerine ait Arrhenius ve Coats-Redfern egrileri Sekil 3-6’da verilmistir.
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Sekil 6. a) ER linyitinin Arrhenius egrileri b) ER linyitinin Coats-Redfern egrileri.

Arrhenius modeline gore hesaplanmis olan aktivasyon enerjileri ve korelasyon katsayis1 degerleri
(R?), Tablo 3’de verilmistir. Aktivasyon enerjisi degerleri birinci reaksiyon bolgesinde 32.65-46.79 kJ
mol?, ikinci reaksiyon bolgesinde 55.68-518.85 kJ mol?! ve (giincti reaksiyon bdlgesinde ise
64.12-698.12 kJ mol* araliginda hesaplanmustir.

Arrhenius’dan bagka aktivasyon enerjisi hesabinda en ¢ok kullanilan yontemlerden biri Co-
ats-Redfern modelidir. n£1 igin Coats-Redfern esitligi [37];

1-(1-a)'~ n ArR 2RT E

s = n[(G) (1-5)] - e

N[ (3.7)

_ (Wo-wt)

- (Wo-wf)
dk), n= Reaksiyon derecesi, T = Sicaklik (K), R = Gaz sabiti, a = t zamanda reaksiyona giren agirlik
fraksiyonu, Wo = Baslangi¢ agirligi, Wt = t zamandaki agirlik, Wf = Son agirlik.

olmak tizere; Ar = Arrhenius sabiti, E= Aktivasyon enerjisi (kJ mol™), B = Isitma hiz1 (°C
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In[(1-(1-a) 1-n)/T? (1-n)]’e karsilik 1/T’ye gore ¢izilen grafigin lineer kisminin egimi (-E/R)’den
aktivasyon enerjisi hesaplanabilir [33]. n=1 i¢in Coats-Redfern esitligi [38];
-In(1-a) _ AR E

In =
T2 BE  RT

(3.8)

n=1 kabul edilerek Coats-Redfern’e gore hesaplanmis olan aktivasyon enerjileri Tablo 4’ de ve-
rilmigtir. Coats-Redfern egrilerine ait R? degerleri, birinci reaksiyon bolgesi igin 0.997-0.999; ikinci
reaksiyon bolgesi icin 0.995-0.999 araliginda ve iigiincii reaksiyon bdlgesi i¢in ise 0.999 araligindadir.
Tablo 4’den aktivasyon enerjisi degerlerinin, birinci bolgede 2.980x103-4.059x10° kJ mol?; ikinci
bolgede 5.934x1073-7.327x107 kJ mol ve Ugiincl bolgede 7.981x103-8.674x10° kJ mol? araliginda
oldugu gorilmektedir. Her iki modele gore hesaplanmig olan aktivasyon enerjisi degerleri incelendi-
ginde Coats-Redfern modeli ile hesaplanmis olan degerlerin, Arrhenius modeline gére hesaplanan
degerlerden daha diisiik oldugu sonucuna varilmistir.

Tablo 3 ve Tablo 4 incelendiginde, Arrhenius ve Coats-Redfern kinetik modellerine gore en yiiksek
aktivasyon enerjisi degerlerinin {iglincii bolgede elde edildigi goriilmiistiir. Arrhenius’un kinetik modeli
ile hesaplanan enerji degerlerinden Konya - Ermenek linyiti 698.12 kJ mol* ile en yiiksek aktivasyon
enerjisine sahiptir. Arrhenius kinetik modeli, Coats-Redfern kinetik modeline gore oldukga yuksek
aktivasyon enerjisi degerlerine sahiptir. Agirlik kaybinin, esas olarak diisiik sicaklik bolgesinde difiiz-
yon kontrollii, ancak daha yiiksek sicaklik bolgesinde kimyasal olarak kontrol edildigi belirlenmistir.
Diisiik sicaklik bolgesinde aktivasyon enerjileri birbirine yakin olsa da, daha yiiksek sicaklik bolgesi
icin enerjiler 6nemli 6l¢iide farklilik gostermistir.

Tablo 3. Arrhenius kinetik modeline gore hesaplanan aktivasyon enerjileri ve korelasyon katsayilar
Arrhenius Kinetik Model
Aktivasyon Enerjisi

RZ
(kJ mol?)
Reaksiyon Bolgeleri Reaksiyon Bolgeleri
1 2 3 1 2 3

AR 4108 74.33 64.12 0.949 0991 0.856
EL 46.79 55.68 220.50 0.728 0.954 0.444
KN 4140 56.72 446.53 0948 0.871 0.960
ER 3265 51885 698.12 0941 0.955 0.998

Tablo 4. Coats-Redfern kinetik modeline gore hesaplanan aktivasyon enerjileri ve korelasyon katsayilar
Coats-Redfern Kinetik Model
Aktivasyon Enerjisi

RZ
((10%) kJ molY)
Reaksiyon Bolgeleri Reaksiyon Bolgeleri
1 2 3 1 2 3

AR 3301 6.683 8.078 0.997 0.997 0.999
EL 4.059 6.470 8.314 0.999 0.995 1.000
KN 3.164 5.934 8.674 0.999 0.998 0.999
ER 2980 7.327 7.981 0.998 0.999 0.999
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4. Sonuc ve Tartisma

Bu calismada 4 farkli linyit tliriiniin termal davranisi azot atmosferinde termal analiz yontemiyle
belirlenmistir. Termogram egrilerinde tiim linyitler i¢in ii¢ farkli reaksiyon bdlgesi belirlenmistir. Bi-
rinci bolge nem kaybina, ikinci ve liglincii bolgeler ise ugucu madde ¢ikisi ve sabit karbonun yanmasina
bagl olarak g6zlenmistir.

Aktivasyon enerjisi, preeksponensiyal faktor gibi Kinetik parametreler TGA verilerinden her bir
bolge igin Arrhenius ve Coats-Redfern kinetik modelleri kullanilarak belirlenmistir. Arrhenius’a gore
hesaplanan aktivasyon enerjisi degerlerinin, Coats-Redfern'e gore hesaplananlardan daha yuksek
oldugu belirlenmistir. Her iki modele gore de, en yiiksek aktivasyon enerjisi {iciincii bolgede elde
edilmigtir. Arrhenius kinetik modeline gore, Konya-Ermenek linyitinin en ylksek aktivasyon enerjisi
(698.12 kJ mol ) ve R?’ye (0.998), Coats-Redfern kinetik modeline gore ise Sivas-Kangal linyitinin en
ylksek aktivasyon enerjisi (8.674x102 kJ mol?) ve R?’ye (0.999) sahip oldugu belirlenmistir. Genel
olarak tiim linyitler i¢in Arrhenius modelinin daha uygun oldugu sonucuna varilmistir.

Bu calisma, farkli Tiirk linyitlerinin termal davranisini ve piroliz siirecini kavramaya yardimci
olmasi ve Ozellikle yapilan kinetik analiz ile kendiliginden yanma davranigini kontrol edebilmek
acgisindan 6nem tagimaktadir.

Cikar Catismasi

Yazarlar bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazarlar bu ¢aligmanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: In today's technology, carbon-based materials (such as graphene, graphene
oxide, carbon nanotubes, etc.) have become one of the most important research areas
due to a large number of applications. Graphene oxide (GO) is being investigated in
many applications, especially in the energy field. In this study, GO was synthesized by a
modified Hummer’s method. After the synthesis of GO, nickel addition to the structure
was made by the hydrothermal method. The morphological and structural properties of
the synthesized GO were characterized by scanning electron microscope (SEM), X-ray
powder diffraction (XRD) and Brunauer—Emmett-Teller (BET). According to the BET
results, the surface areas of untreated GO and Ni-doped graphene oxide after heat
treatment at 360°C (Ni-doped GO 360) were calculated as 3.22 m? g and 228 m? g2,
respectively. Electrochemical properties of GO and Ni-doped GO 360 were analyzed
using cyclic voltammetry (CV), long term charge/discharge analysis and impedance
spectroscopy. At the end of 1000 cycles, it was determined that the Ni-doped GO 360
electrode retained 76% of its initial capacitance.

Keywords: Electrochemical properties; electrode; graphene oxide; modified Hummers
method

Elektrot Uygulamalari Uzerine Bir Arastirma: Nikel Katkilh Grafen Oksit
Sentezi

Ozet: Giiniimiiz teknolojisinde karbon bazli malzemeler (grafen, grafen oksit, karbon
nanotiipler vb.) ¢ok sayida uygulama nedeniyle en 6nemli aragtirma alanlarindan biri
haline gelmistir. Grafen oksit (GO), 6zellikle enerji olmak iizere bir¢ok alanda arasti-
rilmaktadir. Bu ¢alismada GO, modifiye Hummers yontemi ile sentezlenmistir. GO
sentezinden sonra hidrotermal yontemle yapiya nikel ilavesi yapilmistir. Sentezlenen
GO' nun morfolojik ve yapisal 6zellikleri taramali elektron mikroskobu (SEM), X-151n1
toz kirinimi (XRD) ve Brunauer—Emmett-Teller (BET) ile karakterize edilmistir. BET
sonuglarina gére GO ve Ni katkili 360°C'de 1s1l isleme tabi tutulmus GO’nun (Ni katkili
GO 360) yiizey alanlar sirastyla 3.22 m2 g ve 228 m? g? olarak hesaplanmigtir. GO ve
Ni katkili GO 360'm elektrokimyasal 6zellikleri siklik voltametri (CV), uzun siireli
sarj/desarj analizi ve empedans spektroskopisi kullanilarak analiz edilmistir. 1000
dongiiniin sonunda, Ni katkili GO 360 elektrodunun baslangi¢ kapasitansinin % 76'sini
korudugu belirlenmisgtir.

Anahtar Kelimeler: Electrochemical properties; electrode; graphene oxide; modified
Hummers method
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1. Introduction

Graphite crystal, one of the common allotropes of carbon, exhibits a three-dimensional structure
by connecting strong covalent bonds of carbon atoms decoupled in hexagonal shape and weak Van Der
Walls bonds between the planes. Due to the weak Van Der Walls bonds, the layers can be separated
from each other very quickly. Graphite has attracted much attention recently due to its low cost, easy
availability, easy conversion of graphene oxide (GO) and its derivatives into composite materials and
graphene [1].

GO is a carbon-based material with 2-dimensional, oxygen-containing functional groups, and it
can easily transform into graphite oxide from the oxidation of graphite and then graphene oxide by the
decomposition of numerous layers [2]. GO has a wide range of applications due to the presence of
oxygen-containing functional groups in its structure, the ratio of carbon atoms that hybridize sp? to
carbon atoms that hybridize sp? is controllable, it has adjustable electronic and optical properties, and it
has hydrophilic properties [3, 4].

Graphene can be produced from graphite via chemical [5, 6], chemical vapor deposition (CVD) [7,
8], mechanical [9, 10] or electrochemical [11, 12] methods.

The most important disadvantages of GO production methods are toxic and dangerous chemicals
and the appearance of many toxic gases in the resulting products. In the studies conducted so far, the
Hummers method, which uses a strong oxidizing agent such as KMnQOy instead of the very dangerous
ClO; and sodium nitrate instead of nitric acid, which forms a smoky acid vapor and also shortens the
reaction time, has been the most advantageous [13]. This method introduced graphite into the oxidation
reaction with a mixture of KMnQy4, concentrated H,SO4 and NaNOs. The Mn,O- formed here is a natural
oxidant species and selectively oxidizes unsaturated aliphatic double bonds on aromatic structures [14].
The disadvantage of this method is the formation of toxic gases such as NO, and N.O.. In addition, if the
temperature rises above 95° C, there is a risk of explosion of KMnO, and it is challenging to remove Na*
and NO* ions trapped in the crystal cage from the aqueous solution [15].

Therefore, in subsequent studies, the Hummers method has been modified and ways to reduce
these disadvantages have been investigated [16]. In these studies, changes have been made, such as
changing the reaction conditions, using KoFeO, instead of KMnQs, increasing the amount of concen-
trated acid instead of NaNO3, or using H3PO, in combination with H,SO4 [17].

In this study, Ni was doped to the GO structure produced using the modified Hummers method.
By applying heat treatment to the obtained structure, it was studied how its electrochemical properties
changed. Hence, this study aims to provide a solution to the current energy challenges in today's world.

2. Material and Method

GO production from graphite particles was done by the Modified Hummers method. After dis-
solving 0.1 M NiCl; in 80 mlt 0.1 g graphene oxide solution which obtained by modified Hummers
method and adding it to the teflon-lined reactor, the hydrothermal reaction was carried out in a vacuum
oven at 150 °C for 2 hours. After 2 hours, the oven was turned off and allowed to cool to room tem-
perature. The sample taken from the hydrothermal reactor was washed several times with pure water and
ethanol and then dried at 70 °C for 24 hours. To the DTA/TGA analysis (Figure 1) of the Ni-doped
sample, heat treatment was carried out at 360 °C to obtain the NiO phase. Heat-treated Ni-doped and
undoped samples were turned into electrodes to examine their capacitive properties. Nickel Doped and
undoped GO structure was used as the active material. It was ground until a homogeneous mixture of
active material (90%) and PVDF (10%) was obtained. A certain amount of 1-Methyl-2-pyrrolidone
(NMP) was added to this mixture and mixed until a slurry structure was formed. This mixture was
dropped onto porous Ni with a total mass of 5 mg and dried in a vacuum oven at 90 °C and 20 mbar
pressure for 24 hours.

The structure obtained after these operations used as a supercapacitor electrode and placed in a
three-electrode cell where electrochemical measurements (cyclic voltammogram (CV), galvanostatic
charge-discharge measurements (GCD), specific capacitance (Csp) measurements, etc.) performed.
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3. Results and Discussion
DTA/TGA curves of GO and Ni-doped GO are shown in Figure 1. In Figure 1, weight losses are
observed in two regions between 26-280°C and 280-530°C in the GO structure. A 13% mass loss in the
first region depends on removing adsorbed water in the structure, and a 45% mass loss in the second
region depends on removing unstable and stable functional oxygen groups in the environment [18, 19].
The DTA curves shown by the dashed line also confirm this situation.
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Figure 1. DTA/TGA curves of GO and Ni-doped GO.

The TGA curve shown in red indicates the Ni-doped GO. Mass loss is observed in four different
regions. The mass loss occurring in 30-140°C, the first region, is due to the removal of moisture and
ethanol in the environment. The second region, between 140-280°C, is caused by the thermal oxidative
decaying of Ni(OH). is considered. The third and fourth mass losses, located between 280-530°C, were
caused by the environment's decaying of functional oxygen groups.

Figure 2 shows the curves of N, adsorption-desorption and change of pore width with pore di-
gestion of the samples. All three examples show type 1V isotherm according to the IUPAC classifica-
tion. Micro and meso pores are located together in the structure.
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Figure 2. BET isotherm of GO, Ni-doped GO and Ni-doped GO 360.
(The graph on the inside shows the pore size distribution.)
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Micro and meso pores are located together in the structure. Initially, the pores varying from 2-10
nm had a density, while the pore volume increased due to Ni addition to the structure, and 360°C heat
treatment was observed. The surface areas determined according to BET measurements are 3 m? g, 150
m? g and 228 m? g for GO, Ni-doped GO and Ni-doped GO 360, respectively.

Figure 3 shows the XRD spectra of the samples. The obtained spectrum for GO agrees with the
literature [20-22]. As a result of the addition of Ni to the structure, peaks belonging to different nickel
compounds have been observed. It has been determined that the NiO structure is formed due to applying
heat treatment (calcinated) at 360°C.
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Figure 3. XRD spectra of GO, Ni-doped GO and Ni-doped GO 360.
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Figure 4. SEM images of a-c) GO d-f) Ni-doped GO g-i) Ni-doped GO 360.
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GO structures obtained by the modified Hummers method are seen in Figure 4 a-c. The foliar and
layered form of GO is visible. In Figure 4 d-f, the Ni-doped GO structure is present. Ni doping has
occurred in GO in certain areas and widely. Figure 4 g-1 shows the Ni-doped GO structure with heat
treatment at 360°C. As a result of heat treatment, it has been observed that the Ni contained in the
structure changes its form, and exhibits a leafy and spherical shape. This change in structure confirms
the increase in surface area.

GO produced by the modified Hummers method (75%), Carbon Black (15%) and PVDF (10%)
were thoroughly ground by mixing in a zirconium mortar for a certain period. Then, it was pressed after
adding a certain amount to the Ni foam. The CV curves of the electrode prepared in this way at different
scanning speeds in a 6 M KOH solution are given in Figure 5.
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Figure 5. CV curves of the GO electrode at different scanning rates.
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Figure 6. The first ten charge-discharge curves of the GO electrode.
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Reduction and oxidation peaks around -0.6 and -0.2 are formed as a result of redox reactions
between the electrode and the solution. These redox reactions indicate that the resulting electrode has
pseudocapacitive behavior [23-25].

Figure 6 is the first ten charge-discharge curves taken in a three-electrode cell within 6 M KOH of
the GO electrode. The fact that the curves obtained are in the shape of a sawtooth indicates that this
electrode's capacitive behavior is good [26-29].
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Figure 7. Electrochemical impedance spectroscopy curves at the open circuit potential of the GO
electrode.
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41



International Journal of Pure and Applied Sciences 10(1);37-46 (2024)

Figure 7 shows the impedance spectra of the same electrode after the first and 1000 cycle
charge-discharge process. The fact that the slopes of the curves obtained as a result of electrochemical
impedance spectroscopy are more than 45° is associated with the suitable capacitive property of the
electrode [30-32]. The slope of the electrochemical impedance curves of the GO electrode used in the
study was initially around 70°. This value decreased to around 47° at the end of 1000 cycles. As a result,
it was determined that the GO electrode showed capacitive behavior.

The CV curves of the electrode Ni-doped GO at different scanning speeds in a 6 M KOH solution
are given in Figure 8.

The reduction and oxidation peaks observed around -0.6 and -0.2 with the addition of Ni to the
structure are not observed. The shape of the curves is quite similar to the rectangular shape observed in
ideal capacitors [33-35].

Figure 9 is the first ten charge-discharge curves taken in a three-electrode cell within 6 M KOH of
the Ni-doped GO electrode. While the addition of Ni to the structure does not create a difference in the
potential value of charge-discharge, it has caused an increase in charge-discharge time.

The electrochemical impedance spectroscopy results are given in Figure 10. The slope of the curve
is around 63°. As a result, adding Ni to the structure has improved the capacitive properties of GO
electrodes by producing the modified Hummers method.

In Fig 11, the change of the specific capacitance of the GO and Ni-doped GO 360 electrodes with
a charge-discharge cycle is given. The charge-discharge tests were performed at 1 Ag™ for both elec-
trodes. The specific capacitance of the GO electrode, which was 181 Fg-1 at the beginning, decreased to
166 Fg! after 1000 cycles of charge-discharge. The initial capacitance of the Ni-doped GO 360 elec-
trode decreased from 246 Fg™ to 187 Fg* after 1000 cycles. The addition of Ni to the structure and the
application of heat treatment increased the surface area, as well as increased the specific capacitance
accurately.
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Figure 9. The first ten charge-discharge curves of the Ni-doped GO electrode.
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Figure 10. Electrochemical impedance spectroscopy curves at the open circuit potential of the
Ni-doped GO 360 electrode.

4. Conclusion

In this study, nickel was added to the graphene oxide structure obtained by the modified Hummers
method and heat treatment was applied at 360°C. It has been determined from XRD that the nickel
contained in the structure is transformed into a NiO structure as a result of heat treatment. In addition,
the surface area of the structure obtained by nickel doping and heat treatment has increased from
3m?2gtto 228 m? gt. While the specific capacitance of GO produced by Hummer was 166 F/g, it
increased to 187 F/g as a result of the addition of Nickel to the structure. However, an increase in spe-
cific capacitance has also been observed as a result of nickel doping and heat treatment. After long-term
charge-discharge tests, it was found that the Ni-doped GO 360 electrode retained 76% of its initial
capacitance.
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Abstract: The aim of this study is to investigate the effectiveness of fjorbid-a-mediated
sonodynamic therapy in a 3D prostate cancer cell model. The effect of fjor-
bid-a-mediated sonodynamic therapy was examined by crystal violet staining in a 3D
cell culture model created using human PC3 cells. Furthermore, apoptosis mechanisms
were analyzed using Hoechst and propidium iodide staining (HOPI), and the levels of
total oxidant (TOS) and total antioxidant (TAS) were assessed biochemically using
corresponding kits. Crystal violet staining was employed to assess the effectiveness of
sonodynamic therapy facilitated by pheophorbide-a, revealing a substantial 75% re-
duction in the viability of cancer cells. HOPI staining results indicated that there was no
noteworthy increment in the count of apoptotic cells in the control, drug-only, or ul-
trasound-only groups. However, a remarkable 80% increase in apoptotic cell count was
observed following pheophorbide-a-mediated sonodynamic treatment. Additionally,
biochemical measurements demonstrated elevated levels of Total Oxidant Status (TOS)
and decreased levels of Total Antioxidant Status (TAS) in the treatment groups in
comparison to the control groups. Based on the acquired data, it was established that
pheophorbide-a-induced sonodynamic therapy for prostate cancer treatment diminishes
cell viability by inducing apoptosis through oxidative stress in a 3D cell culture system.

Keywords: 3D cell culture model; Pheophorbide-a; sonodynamic therapy; prostate
cancer; PC3

3 Boyutlu Prostat Kanseri Hicre Modelinde Fiyorbid-A Aracili
Sonodinamik Tedavinin Etkinliginin Arastirilmasi

Ozet: Bu ¢alismanin amac1 3 boyutlu prostat kanseri hiicre modelinde fiyorbid-a aracili
sonodinamik tedavinin etkinliginin arastirilmasidir. Insan PC3 hiicreleri kullanilarak
olugturulmus 3D hiicre kiiltiirii modelinde fiyorbid-a aracili sonodinamik tedavinin et-
kisi kristal violet boyama ile incelenmistir. Ayrica apoptoz mekanizmalar1 hoechst ve
propidiyum iyodid boyama (HOPI) ile gergeklestirilmig, biyokimyasal degerlendir-
meler ise total oksidan (TOS) ve total antioksidan (TAS) seviyeleri ayni isimli kitler
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kullanilarak gergeklestirilmistir. Kristal violet boyama sonucunda fiyorbid-a aracili
sonodinamik tedavinin etkinligi incelenmis ve kanser hiicrelerin canliliginda %75
oraninda azalma oldugu gozlenmistir. HOPI boyama sonuclarma gore kontrol ve Sa-
dece ilag ya da sadece ultrases gruplarinda apoptotik hiicre sayisinda anlamli bir artig
gbzlenmemigsken, fiyorbid-a aracili sonodinamik tedavi sonrasi apoptotik hiicrelerin
sayisinda %80 oraninda artig goriilmiistiir. Son olarak biyokimyasal 6l¢iimler sonu-
cunda kontrol gruplarina kiyasla tedavi gruplarinda TOS seviyelerinde artig, TAS se-
viyesinde azalma gozlenmistir. Elde edilen verilerden, prostat kanseri tedavisinde fi-
yorbid-a aracili sonodinamik tedavinin hiicre canliligin1 oksidatif stres {izerinden
apoptoza yol agarak azalttig1 belirlenmistir.

Anahtar Kelimeler: 3D hicre modeli; Fiyorbid-a; Sonodinamik Tedavi; Prostat kan-
ser; PC3

1. Introduction

Prostate cancer ranks as the second most prevalent cancer among males, resulting in approxi-
mately 1.3 million deaths worldwide [1]. Despite its high incidence, our understanding of its metastasis
and pathogenesis remains limited, necessitating the utilization of various investigative approaches. In
recent years, alongside traditional two-dimensional (2D) in vitro and in vivo studies, three-dimensional
(3D) cell culture methods have emerged and gained attention as they offer a more comprehensive rep-
resentation of the disease. The incorporation of 3D cell culture models in cancer research has garnered
increasing interest, primarily due to their ability to recreate tissue architecture and the extracellular
matrix (ECM), which play significant roles in shaping tumor cell responses to microenvironmental cues
[2]. These models hold particular importance in generating scientifically robust data, as they closely
mimic in vivo conditions. Specifically, 3D cell culture models emulate the ECM of tissues through
various techniques, enabling improved representation of cell-cell and cell-matrix interactions compared
to conventional 2D cell culture models [3].

The management of prostate cancer typically involves the utilization of treatment modalities such
as surgical interventions, radiation therapy, and hormone therapy. Nevertheless, the side effects asso-
ciated with these interventions have a substantial impact on the patients' quality of life. For this reason,
there is a need for different, non-invasive and less toxic alternative treatments to be an alternative to
prostate cancer treatment [4,5]. Sonodynamic therapy (SDT) is an emerging and evolving therapeutic
approach among alternative modalities, aiming to induce cellular demise through the activation of an
ultrasound-responsive agent at specific frequencies [6]. SDT has emerged as a therapeutic strategy that
draws its foundation from the fundamental principles of photodynamic therapy (PDT). SDT aims to
provoke cell death and/or apoptosis by leveraging the generation of reactive oxygen species (ROS), with
a specific emphasis on singlet oxygen. This process occurs through the interaction between photosen-
sitizing agents and light, thereby facilitating the production of ROS [7]. The principal mechanism un-
derlying SDT can be attributed to the non-thermal effect, specifically the phenomenon known as cavi-
tation. Cavitation arises from the generation, expansion, and subsequent collapse of microbubbles
within an environment stimulated by ultrasound. Essentially, under the influence of ultrasonic irradia-
tion, certain microbubbles within the liquid medium experience growth and contraction, leading to
ultrasonic cavitation. This process ultimately results in the production of free radicals (including H, OH,
H202, and superoxide) through the breakdown of water molecules [8]. On the other hand, produced free
radicals induce apoptotic pathways and cause cells via apoptosis pathway [9-11]. In summary, the aim
of this study was to evaluate the efficacy and elucidate the underlying mechanisms of pheophor-
bide-a-mediated sonodynamic therapy in a three-dimensional (3D) cell culture model of prostate cancer.
This study stands as a pioneering investigation in the field, as it represents the first exploration of
sonodynamic therapy specifically within the framework of 3D cell culture models.

2. Material and Methods
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Propidium iodide, Pheophorbide-a and Hoechst 33342 dye were procured from Sigma Aldrich
(Taufkirchen, Germany) for experimental purposes. The PC3 cell line, derived from human prostate
cancer, was procured from Biolegend (San Diego, CA) and ATCC (Manassas, VA) for the purpose of
this study.

2.1. 2D Cell Culture

In order to examine the influence of pheophorbide-a-mediated sonodynamic therapy on 3D cell
culture, RPMI 1640 medium (Sigma-Aldrich, Germany) was used to employed and cultured on prostate
cells. The growth medium was composed of 10% FBS (fetal bovine serum, Sigma-Aldrich, Germany),
1% L-glutamine, and 1% streptomycin- penicillin (Sigma-Aldrich, Germany). The cells were initially
seeded in a 75 cm? flask and maintained at a temperature of 37°C in a humidified incubator with 5% CO,
in air until they reached an approximate confluence of 80%. Upon reaching this confluence, the cells
were harvested to facilitate subsequent experimental procedures.

2.2. 3D Cell Culture

Once 1% agarose gel was prepared for 3D cell culture model. For this, 1 gram of agarose was
weighed and placed in a 250 mL Erlenmeyer flask. Then, 100 mL of distilled water was added and this
mixture was heated in a microwave oven until the agarose dissolved. After the gel-like mixture reached
40 °C, 6-well microplates were covered with agarose, with 2 mL of agarose in each well. Then, the
prepared PC3 cells were seeded into the wells as drops with 5000 cells in each well. Commercially
available ECM was then seeded according to the Kit descriptions.

2.3. Pheophorbide-a-mediated Sonodynamic Treatment

Following the preparation of the 3D cell model, the cells were randomly allocated to different
experimental groups, including a control group, a pheophorbide-a (Pha) alone group, an ultrasound
alone (US) group, and a group receiving combined treatment with Pha and ultrasound (SDT). Subse-
quently, varying concentrations of Pha (0, 0.1, 0.2, 0.5, 1, and 5 puM) were added to the respective
groups, and the cells were incubated for a duration of 4 hours. Following the designated incubation
period, the cells underwent ultrasound treatment utilizing a Sonidel SP100 sonoporator (Sonidel Ltd.,
Ireland) that operated at an intensity of 0.5 W/cm2 and frequency of 1.0 MHz. The ultrasound treatment
lasted for 60 seconds, resulting in the formation of the SDT and ultrasound-alone groups. Following the
treatment, the cells were cultured in fresh medium and allowed to incubate for an additional 24 hours.

2.4. Cytotoxicity Tests

The cytotoxicity of Pha-mediated SDT was evaluated using crystal violet staining. Following the
treatment period, each well was supplemented with 40 pl of MTT dye and incubated for a duration of 4
hours. Subsequently, the cell medium was aspirated, and 100 pl of dimethyl sulfoxide (DMSQO) was
added to each well. The spectral absorbance of the specimens was assessed within the 560-620 nm
wavelength spectrum employing a plate-reading apparatus (Thermo Multiskan SPECTRUM, Waltham,
MA). All trials were iterated thrice, and the mean absorbance value from the triplicate measurements
was employed for determining cell viability through the subsequent equation (Equation 1.):

Equation 1:

% Cell Viability: (ODcontrol — ODsample) / (ODcontrol — ODblank)

2.5. Detection of Cell Apoptosis
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The assessment of the apoptotic pathway involved the utilization of staining techniques such as
Hoechst 33342 and propidium iodide. Subsequent to the treatments, the cells were collected, and a 50 pl
cell suspension was combined with a mixture of Hoechst 33342 and propidium iodide (5 pl). The
mixture was gently mixed and incubated for 1 hour to enable accurate measurement of apoptosis. Fol-
lowing this, a volume of 30 pl from the cellular solution was applied onto a slide and examined using a
fluorescent microscope (Olympus BX51, Tokyo, Japan) for imaging objectives. The quantification of
viable, apoptotic, and necrotic cells was performed utilizing ImageJ software (NIH, MD, USA).

2.6. Biochemical Tests

Biochemical analyses were performed to evaluate the Total Antioxidant Status (TAS) and Total
Oxidant Status (TOS) utilizing specific assay methods. The TAS level in cell lysates was determined
using a commercially available kit from Rel Assay (Rel Assay Kit Diagnostics). Trolox, a water-soluble
analog of vitamin E, was utilized as the calibration standard for quantification. The results were ex-
pressed as millimoles of Trolox equivalents per liter (mmol Trolox equiv./L). The TOS level in cell
lysates was measured using another commercial kit from Rel Assay (Rel Assay Kit Diagnostics), em-
ploying hydrogen peroxide as the calibration standard. The results were expressed as micromoles of
H202 equivalents per liter (umol H202 equiv./L).

2.7 Statistical analysis

Statistical analysis was carried out employing GraphPad Prism software (GraphPad Software,
Inc., La Jolla, CA, USA). Disparities in variances were evaluated through one-way analysis of variance
(ANOVA), followed by Dunnett's multiple comparison test as a post-hoc analysis. Statistical signifi-
cance was defined as p-values equal to or less than 0.05. (*p < 0.05, **p < 0.01, ***p < 0.001).

3. Results
3.1. Cytotoxic Effects of Pheophorbide-a-Mediated Treatments on Prostate Cancer Cells

The cellular morphological changes in control, drug-only, and Pha-mediated SDT groups were
examined under light microscopy (Figure-1). The statistically significant reduction in cell count ob-
served within the treatment group is consistent with the results obtained from 3D models (Figure-1b).
The cytotoxic impact of pheophorbide-a (Pha)-mediated sonodynamic therapy was evaluated using the
MTT assay, and the results showed that the cytotoxic effects of Pha alone and ultrasound alone did not
elicit significant outcomes on prostate cells (Figure 2a-2b). Conversely, the combined application of Pha
and sonodynamic therapy (Pha-SDT) exhibited a substantial reduction in cell viability, specifically
targeting prostate cancer cells (Figure-2c) (p <0.0001).

Fig.1

Control

Figure 1. 2D and 3D morphological images of PC3.
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Figure 2. The cytotoxic efficacy of a) drug alone, b) US alone, and ¢) SDT treatments on PC3 cells

was evaluated.

The data are presented as the mean + standard error of the mean (SEM). Statistical analysis was
performed using the One-Way ANOVA test, followed by Dunnett's multiple comparison test as a
post-hoc analysis. P-values equal to or less than 0.05 were considered statistically significant (*p < 0.05,
**p < 0.01, ***p < 0.001, **** p < 0.0001) compared to the untreated control group.

3.2. Induction of Apoptosis in PC3 Cells Following Treatment

Hoechst 33258 and propidium iodide dyes were utilized for the investigation of the effects of
treatments on the apoptosis mechanism and the results are presented in Figure 3. The results illustrate
that the groups subjected to SDT, PDT, and Simultaneous Sonodynamic and Photodynamic Therapy
(SPDT) exhibited a notable elevation in apoptotic cell populations compared to the other groups
(p=0.0381) (Figure-3). Remarkably, the SDT group demonstrated the highest increase in apoptotic cells,
aligning with the findings obtained from the MTT assay.

3Ja-Apoptosis Results
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Figure 3. Apoptosis assessment was conducted by determining the percentage of apoptotic cells in
PC3 cells.
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The data are presented as the mean + standard error of the mean (SEM). Statistical analysis was per-
formed using the One-Way ANOVA test, followed by Dunnett's multiple comparison test as a
post-hoc analysis. P-values equal to or less than 0.05 were considered statistically significant (*p <
0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001) compared to the untreated control group.

3.3. Results of Biochemical Analysis Following Treatments

Consistent with prior research, it is well-established that the generation of oxygen species during
SDT can elicit necrosis or apoptosis in PC3 cells. The degree of membrane lipid oxidation can be
evaluated by measuring the levels of Total Antioxidant Status (TAS) and Total Oxidant Status (TOS). In
our study, we observed a decrease in TAS levels across all drug and SDT groups, accompanied by an
increase in TOS levels. Notably, cells treated with 1 uM Pha and 1 uM Pha-mediated SDT exhibited a
substantial reduction in TAS levels and a pronounced elevation in TOS levels (Table-1).

Table 1. The biochemical findings of the control, drug-alone, and treatment groups were assessed.

TAS (mmol Trolox Equicv./L)  TOS (umol H,0, Equiv/L)

Control 1.66 2.34
Ultrasound 1.54 6.4
Drug 0.25uM 0.97 8.19
Drug 1uM 1.1 7.8
Drug 0.25uM + Ultrasound 1.49 9.18
Drug 1uM + Ultrasound 0.68 9.42
4. Discussion

This study represents the inaugural investigation, elucidating the comparative antitumor effect and
potential underlying mechanism of Pheo-mediated SDT using a 3D cell model of prostate cancer. In the
last days, three-dimensional (3D) cell culture models has a great attention due to its ability to better
mimic the in vivo and microenvironment of in vitro cultured cancer models [3,12]. 3D models better
than 2D models to show basic properties of cell morphology, cell proliferation, cell differantion and
others [13]. Additionally, 3D models are important for ethical problems of animals using in cancer
studies [14]. 3D cancer models are obtain for many cancer types as prostate cancer by using with dif-
ferent procedures [15]. Grayson et al. established that three-dimensional (3D) cultures outperform 2D
cell culture models due to their ability to physiologically mimic the intricate cell-cell and cell-matrix
interactions observed in solid tumors. Moreover, this approach exhibits high reproducibility, enabling
more efficient characterization of drug testing and potentially closing the disparity between in vitro and
in vivo experiments. Consequently, these advancements hold promise for the development of pa-
tient-specific therapies [16]. Safari et all suggested that human amniotic mesenchymal stromal cells
(hAMSCs) were good candite for inhibitation prostate cancer cells in 3D cell culture [17]. In another
study, it was shown in

3D cell culture prostate cancer model that androjen receptor and filamin A complex a new suitable
marker for prostate diagnosis and treatment [18]. As a result, 3D models are suitable and great potential
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for cancer researches. As our knowledge, this is the first study of investigation sonodynamic therapy of
3D cell culture model.

Because of prostate cancer heterogeneous a wide range of treatment models are using in prostate
cancer treatment. In clinical settings, localized prostate cancer is typically managed through surgical
intervention, brachytherapy, or external beam radiotherapy. Nevertheless, these therapeutic interven-
tions come with diverse adverse effects, including urinary incontinence, erectile dysfunction, and the
risk of collateral damage to adjacent organs and healthy tissues [19,20]. Consequently, there has been an
increasing focus on the development of alternative therapies, such as sonodynamic therapy, in recent
years, aiming to address the limitations associated with the existing treatment modalities for prostate
cancer [21-24]. Sonodynamic therapy is a new and minimally invasive anti-cancer therapy that uses
synergetic efficiency of therapeutic ultrasound and a chemical agent called sonosensitizer [24]. In
addition, using therapeutic ultrasound in sonodynamic therapy provide an advantage in deeper tumor
like prostate cancer [25]. The scientific literature contains a limited number of studies exploring the
efficacy of SDT mediated by various sonosensitive agents for specific cancer types [26,27]. Pha is used
in some SDT studies [6,23,28], However, this study represents the first instance of demonstrating the
effectiveness of pheophorbide-a (Pha)-mediated SDT on a three-dimensional (3D) cell model of pros-
tate cancer. Umemura et al. conducted investigations under both in vivo and in vitro conditions, pro-
posing Pha as a promising sensitizer for SDT in cancer treatment. The results of their investigations
provided additional evidence demonstrating that pheophorbide-a-mediated SDT induced cellular
damage in both in vitro and in vivo sarcoma cell models, thereby underscoring its superior efficacy
when compared to hematoporphyrin [7]. In addition, Jin investigated Pha-mediated SDT on mouse
squamous cell carcinoma (SCC) model and they found that this modality could be very useful for
treatment of non-superficial or nodular tumors [29]. The administration of pheophorbide-a (Pheo) at a
concentration of 50 pg/mL has been shown to lack notable cytotoxic effects on normal human umbilical
vein endothelial cells (HUVEC) [30]. However, when Pheo concentrations range from 3 to 5 uM, it has
been observed to hinder the growth of LNCaP cells [31]. Moreover, Xu et al. [32] have proposed that
Pheo exhibits toxicity on LNCaP cell lines at concentrations exceeding 4.8 uM. Consistent with these
observations, our assessments of cell viability demonstrate that pheophorbide-a-mediated SDT hinders
cell proliferation in PC3 prostate cancer cell lines. This outcome aligns with earlier SDT investigations
that utilized distinct cell lines and sensitizers [7,29].

5. Conclusion

The primary objective of this study was to explore the potential of pheophorbide-a (Pha)-mediated
sonodynamic therapy in a three-dimensional (3D) cell model of prostate cancer. PC3 prostate cancer cell
lines were utilized in this investigation, known for their aggressive nature and androgen independence.
The findings indicate that Pha-mediated SDT significantly reduced the viability of cancer cells. This
effect may be attributed to the generation of oxygen species, which potentially induce apoptosis and
influence apoptotic pathways, thereby contributing to the production of apoptotic cells following the
treatments. In conclusion, this study highlights the potential of Pha as a promising therapeutic approach
when combined with sonodynamic therapy.
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Abstract: Platichthys flesus is an important fisheries resource in the all Black Sea used
for human consumption. It is an economic species, being caught for commercial pur-
poses both in Europe and Turkiye. Therefore, the present study aimed to determine the
nutritional quality indices and changes in biochemical and fatty acid compositions in
flounder (Platichthys flesus) fillets and gonads caught from the Southern Black Sea in
the reproduction period. While the moisture and lipid contents of flounder fillets were
higher than the gonads, the protein and ash contents were determined to be higher in the
gonads than in the fillets. The differences among them were found to be statistically
significant (P<0.05). C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ and C18:3n-3
fatty acids in fillets, C16:0, C20:4n-6, C20:5n-3 and C22:6n-3 fatty acids in gonads
were dominant. There were statistical differences between them (P<0.05). Among total
fatty acids, SFA and PUFA were detected at higher rates in gonads and MUFA in fillets
(P<0.05). The index of thrombogenicity (IT), hypocholesterolemic/ Hypercholest-
er-olemic (h/H) and flesh lipid quality (FLQ) values were determined higher in gonads,
and the index of atherogenicity (1A) value was determined higher in fillets. While there
was no statistical difference between IT and h/H values (P>0.05), the differences be-
tween 1A and FLQ values were found to be significant (P<0.05). As a result, it is
recommended to consume flounder, having commercial importance in Black Sea and
important nutritional value in terms of protein and fatty acids compositions.

Keywords: European flounder; fatty acids; 1A; IT; FLQ; h/H

Giiney Karadeniz'deki Avrupa pisi bahg (Platichthys flesus) filetosu ve
gonadlarmmin besin kalitesi

Ozet: Platichthys flesus tiim Karadeniz'de insan tiiketimi icin kullanilan dnemli bir
balikgilik kaynagidir. Hem Avrupa'da hem de Tiirkiye'de ticari amagla avlanan
ekonomik bir tlirdiir. Bu nedenle bu ¢alismada, Giiney Karadeniz'den avlanan pisi
balig1 (Platichthys flesus) fileto ve gonadlarinin iireme doneminde beslenme kalite
indeksleri ile biyokimyasal ve yag asidi kompozisyonlarindaki degisimlerin belirlen-
mesi amaglandi. Pisi balig1 filetolarinin nem ve lipit igerikleri gonadlara gore daha
yiiksek iken, protein ve kiil iceriklerinin gonadlarda daha yiiksek oldugu belirlendi.
Aralarindaki farklar istatistiksel olarak anlamli bulunmustur (P<0,05). Filetolarda
C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ ve C18:3n-3 yag asitleri, C16:0,
C20:4n-6, C20: Gonadlarda 5n-3 ve C22:6n-3 yag asitleri baskindi. Aralarinda istatis-
tiksel farklar vardi (P<0.05). Toplam yag asitlerinden SFA ve PUFA gonadlarda,
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MUFA ise filetolarda daha yiiksek oranda tespit edildi (P<0.05). Trombojenite indeksi
(IT), hipoko-lesterolemik/hiperkolesterolemik (h/H) ve et lipid kalitesi (FLQ) degerleri
gonadlarda, atero-jenite indeksi (IA) degeri ise filetolarda daha yiiksek olarak belir-
lendi. IT ve h/H degerleri arasinda istatistiksel bir fark bulunmazken (P>0.05), IA ve
FLQ degerleri arasindaki farklar ise anlamli bulundu (P<0.05). Sonu¢ olarak Ka-
radeniz'de ticari oneme sahip, protein ve yag asitleri bilesimi agisindan 6énemli besin
degeri olan pisi baliginin tiiketilmesi 6nerilmektedir.

Anahtar Kelimeler: Avrupa pisi baligi; yag asitleri; IA; IT; FLQ; h/H

1. Introduction

Nowadays, healthy nutrition has become important for leading a quality life. Adequate and bal-
anced nutrition is an important factor in a healthy life. Fish is one of the most important contributors to a
healthy human diet because it contains important nutrients [1-2]. Depending on the number of fatty
acids that cannot be synthesized by human bodies and the number of double bonds in the carbon chain,
saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), and polyunsaturated fatty acid (PUFA)
amounts and ratios are used to determine the nutritional importance of fats in foods [3]. Indices de-
veloped for fatty acids are used to determine food quality. Among PUFA, linoleic acid (LA, C18: 2
n-6) and linolenic acid (LNA, C18: 3 n-3) are essential fatty acids and the synthesis of arachidonic acid
(ARA, C20:4 n-6)) from LA, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from LNA
reveals the importance of these fatty acids [4-5].

Human beings need PUFA from birth to death. These are essential fatty acids and must be taken
into the body from outside through food. The therapeutic properties of the -3 fatty acids EPA and
DHA, which are commonly found in fish and other seafood, and their contribution to quality of life have
been conclusively demonstrated by research. Omega 3 fatty acids have been found to have a significant
effect on the prevention of diseases such as heart attack, cardiovascular diseases, depression, migraine
headaches, Alzheimer's, early dementia, joint rheumatism, diabetes, high cholesterol, and blood pres-
sure, some types of allergies and cancer [6-7]. Its contribution to children's eye health, especially brain
development, has been conclusively proven. For this reason, it is recommended that the amount of fish
and fish products should be consumed between 100 g [8] and 300 g [9], preferably oily fish, at least two
meals a week to increase the benefits and feel the health effects [10-11].

Marine lipids have long been recognized for their health effects on humans and this is primarily
due to their fatty acid composition and distribution [12]. Therefore, increasing the consumption of fish
or fish products that are rich in PUFA of the n-3 family and poor in PUFA of the n-6 family is important
for human health [13]. In the investigated flatfish, up to 50% of the fatty acids were PUFA and 18% to
25% were SFA [14-15-16-17-18-19].

Numerous studies have been conducted to determine the nutrient composition of fish and other
seafood, especially the distribution of fatty acids [20-13-21-22]. European flounder (Platichthys flesus)
fillets typically contain high-quality protein, essential fatty acids (such as omega-3), vitamins (such as
vitamin D and B12), and minerals (such as selenium and phosphorus). However, no studies on the
nutritional composition of flounder gonads have been found in the literature. Therefore, a comparative
study on the nutritional composition of flounder gonads and fillets was designed. The current study
was conducted to determine the changes in the nutritional composition, fatty acid composition necessary
for human health and nutritional quality indices in both fillets and gonads of flounder (Platichthys
flesus) caught from Sinop during the breeding period. For this purpose, different edible parts of this fish
species (fillet and gonad) were distinguished and evaluated separately, and a comparative analysis of
both parts was made.

2. Material and Method

2.1. Fish material
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In this study, European flounder (Platichthys flesus) caught from Sinop during the breeding period
in 2021 was used. Sampling was done in January and February, the spawning period in the Black Sea, to
determine the change in fatty acids in fish fillet and the effect of egg formation on fatty acids. A total of
10 female fish, 5 each month, were obtained directly from the boats. The fish were transported to the
Sinop University Faculty of Fisheries Feed Production and Technology laboratory under cold chain
conditions. After length and weight measurements, the gonads and fillets of the cleaned fish were sep-
arated. Gonads and fillets were homogenized separately and made ready for analysis. Each homoge-
nized sample was packaged in 3 parallels and stored at -20°C.

2.2. Biochemical Analysis

Gonad and fish fillet samples were analyzed according to the standard methods of the Association
of Official Analytical Chemists [23]. The samples for dry matter detection were dried at 105°C until a
constant weight was achieved. The ash content of samples was determined after being burned at 550°C
for 6 h in a muffle furnace. Crude protein amount was analyzed by the Kjeldahl method, and crude lipid
was determined after extraction with petroleum ether by the Soxhlet method.

2.3. Fatty Acid Analysis

Total lipid was determined by modified Bligh and Dyer Method [24]. 0.25 g of extracted lipid from
fish fillet and gonad was thawed by adding 4 ml of heptane and 0.4 ml of 2N KOH was added. This
mixture was stirred in vortex for 2 minutes, then centrifuged at 5000 rpm for 5 minutes. After centrif-
ugation, 1.5-2 ml of the heptane phase was collected and transferred to glass tubes for GC/MS analysis.
The injection of samples into the device was performed with the autosampler Al 1310. Samples were
analyzed by Thermo Scientific ISQ LT model GC/MS gas chromatography by spectrometer. For this
analysis, with 0.25um film thickness was used a Trace Gold TG-WaxMS capillary column (Thermo
Scientific code: 26088-1540) in 0.25um inner diameter and 60um length. The injection block temper-
ature was adjusted to 240°C and the column temperature program to be increased from 100°C to 240°C.
Helium gas (1 ml/min) was used as a carrier gas and 1:20 split ratio was applied. The MS unit (ISQ LT)
was used in electron ionization mode. Fatty acids were defined by comparing the standard FAME
mixture of 37 components [Chem-Lab Fame mix (37C) standard solution; Art. Nr. CL40. 13093; Lot
Nr. 221.561.102.100] with respect to their arrival time.

2.4. Indices of the nutrition quality of fillet lipids

The lipid nutritional value of the fillets is referred to as the index of atherogenicity (1A), the index
of thrombogenicity (IT), the flesh lipid quality (FLQ) measurements and hypocholesterolemic/ Hy-
percholesterolemic (h/H). These measurements were determined using the following formulas
[25-26-27]

[(4xC14:0) + C16:0+C18:0]
Ao T (2.2)
(EMUFA + n-6 PUFA + n-3 PUFA

(C14:0 + C16:0 + C18:0)
IT= --- (2.2)
(0.5X=MUFA+0.5xn-6PUFA+3xn-3PUFA)+( n-3PUFA/n-6 PUFA)

C20:5n3+C22:6 n3
FLQ= -meernmmmmemmeenemeeeenee (2.3)
Ytotal FA
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(C18:1n-9+C18:2n-6+C20:4n-6+C18:3n-3+ C20:5n-3+C22:5n-3+C22:6n-3)
h/H=---- (2.4)
C14:0+C16:0

2.5. Statistical Analysis

Anderson-Darling and Levene's tests were used for the homogeneity of variances and equality of
variance of the datas, respectively. Mann-Whitney U test was performed to look at the mean differences
between the groups and to determine whether there was a significant difference between them. Before
the statistical analysis, the square root transformations of the percent data were made for the homoge-
neity of the variances. Differences were considered significant when p<0.05. All analyses results were
presented as mean valuestSE. Analyzes were performed using Minitab 17 (Minitab Inc., State College,
PA, USA) software for Windows.

3. Results and Discussion
In terms of biochemical composition between the gonads and fillets of fish, moisture and lipid

contents were determined to be higher in the fillets, and protein and ash contents were higher in the
gonads (Table 1). The differences between them were found to be statistically significant (P<0.05).

Table 1. Biochemical composition of the gonad and fillets of the European flounder (Platichthys flesus)

(% fresh weight)
Gonads Fillets
Moisture (%) 67.54+0.532 76.88+0.58"
Protein (%) 30.21+3.17 21.35+0.25°
Lipid (%) 1.06+0.132 1.99+0.44°
Ash (%) 3.50+0.13° 2.01+0.10%

Data are mean + SE. Means with different superscript letter in a row are significantly different (p>0.05)

The health effects of marine lipids on humans have long been known. Aquatic organisms (fish,
invertebrates, algae and other aquatic products) are the main natural sources of PUFA in the human diet.
Fisheries, which are also rich in biochemical composition, contain high protein, are rich in essential
amino acids, and are of high quality in terms of marine lipids, increasing their importance in the diet.
The moisture, protein, lipid and ash were 80.55%, 17.64%, 1.20% and 1.07%, respectively, in a study
carried out on the fillet of the European plaice (Pleuronectes platessa) in Norway [28]. The fillet bio-
chemical compositions of European flounder caught in the North Sea were reported approximately 81%,
16.6%, 0.8% and 0.9% in terms of moisture, protein, lipid and ash [17]. The nutritional composition of
the mature egg is very important for the survival of the egg and subsequently the larvae. Therefore, in
many fish species, gonads often have different nutritional compositions compared to fillets. In the
current study, the gonad protein ratio was determined to be higher than the fillet protein ratio.

C14:0, C18:0, C16:1, C18:1n-9c, C20:1, C18:2n-6¢ and C18:3n-3 fatty acids in fillets and C16:0,
C20:4n-6, C20:5n-3 and C22:6n-3 fatty acids in gonads were predominant (Table 2). There were sta-
tistical differences between them (P<0.05). Among total fatty acids, SFA and PUFA were detected at
higher rates in gonads and MUFA in fillets (P<0.05). Figure 1 was showed changes in the predominant
fatty acids in European flounder (Platichthys flesus) fillet and gonads.
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Table 2. Fillet fatty acid compositions of the gonad and fillets of the European flounder (Platichthys

flesus) (% total fatty acids)

Fillets Gonads

C14:.0 5.11+0.53° 3.19+0.15°
C15:0 1.21+0.092 1.77+0.04°
C16:0 14.07+0.50? 18.65+0.94
C17:.0 0.82+0.05? 1.79+0.032
C18:0 4.58+0.20° 4.25+0.27°
C20:0 0.40+0.14° 0.15+0.02

C21:0 0.23+0.07° 0.06+0.02?
C22:0 0.51+0.22° 0.03+0.01®
C23:.0 0.21+0.05? 0.29+0.142
C24:0 0.89+0.142 0.70+0.08?
YSFA 28.03+0.212 30.86+0.72°
Cl4:1 0.77+0.05° 0.53+0.09?
Ci15:1 0.56+0.13? 0.79+0.19°
Cl6:1 9.60+0.37° 4.87+0.38?
Cl7:1 1.67+0.08% 2.11+0.21°
C18:1n-9c 13.76+0.97° 11.71+0.472
C18:1n-9t 4.89+0.71° 4.00+0.29°
C20:1 3.02+0.41° 1.27+0.18%
C20:1n-9 1.72+0.30° 1.03+0.102
C24:1 0.67+0.11° 0.22+0.03?
SMUFA 36.67+1.31° 26.35+0.472
C18:2 n-6¢ 3.85+0.22° 3.27+0.03?
C18:2 n-6t 0.45+0.05° 0.45+0.05?
C18:3n-3 1.76+0.37° 1.13+0.122
C18:3n-6 0.49+0.10° 0.15+0.022
C20:2 0.93+0.15° 0.50+0.07?
C20:3n-3 0.60+0.05° 0.87+0.02°
C20:3 n-6 0.36+0.072 0.75+0.31°
C20:4 n-6 4.06+0.25° 4.21+0.12°
C20:5n-3 9.80+0.09° 11.80+0.26"
C22:2 0.36+0.09° 0.15+0.02?
C22:6 n-3 12.40+0.61° 19.48+0.52°
>PUFA 35.06+1.19° 42.70+1.18°
>n-3PUFA 24.56+0.882 33.28+0.86"
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2n-6PUFA 9.21+0.16° 8.82+0.29°
n-3/n-6 2.67+0.09% 3.78+0.04°
PUFA/SFA 1.25+0.04% 1.39+0.07°
DHA/EPA 1.27+0.072 1.65+0.02°
DHA+EPA 22.20+0.69° 31.28+0.78°

Data are reported as meanzstandard errors of three replicate (3). Means with different superscript letter in a row are signifi-
cantly different (p>0.05). SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty
acids, DHA: Docosahexaenoic acid, EPA: Eicosapentaenoic acid

Fish are the main source of n-3 PUFAs in the human diet. This feature arises from the fatty
acid composition and the amount of unsaturated fatty acids in fish [12]. Unsaturated fatty acids include
both MUFA and PUFA. There is a consensus regarding the positive effects of PUFA on human health
[29-30-31]. Many researchers reported that factors such as seasonal changes, species, sex, size, food
availability, geographic location, breeding status, fishing season, water temperature and salinity affect
the amount of fatty acids in fish species [32-33-34]. Thornes [35] stated that in the flatfish, 50% of the
fatty acids contain PUFA and between 18% and 25% of the fatty acids are saturated fatty acids. In the
current study, fatty acids, including palmitic, stearic, oleic acids, and DHA, were abundant in the egg
and the fillet of flounder regardless of sampling time. Prato and Biandolino [36] reported that oleic
acid is the most abundant MUFA in most marine fish. MUFA and SFA are used as metabolic energy
sources for these species, and long-chain n-3 fatty acids are essential mainly for structural purposes,
i.e. as components of membrane phospholipids. In addition, MUFA is converted to energy more
efficiently through the p-oxidation process than n-6 PUFA. This observation can be explained by the
fact that SFA and MUFA are largely represented in neutral lipids [37].

20
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Figure 1. Changes in the predominant fatty acids in European flounder (Platichthys flesus) fillet and
gonads.

The balanced presence of LNA and LA in the diet of fish larvae provides an optimal survival
rate [38]. Likewise, the presence of LNA, ARA and EPA increases the quality of fish egg [39]. LA
is a precursor to ARA, which is reported to be advantageous for the cardiovascular health of consum-
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ers only when present at low levels, due to its antagonistic effect against the health benefits of n3 fatty
acids [40-41]. Garaffo et al. [25] reported very low amounts of ARA content in tuna egg (Thunnus
thynnus). In the current study, both LA and ARA levels were very high levels in the gonad and the
fillet.

Seafood contains high and balanced amounts of PUFA, especially EPA and DHA [29-42]. In
addition to providing people with high-quality proteins, fish consumption satisfies nutritional require-
ments for essential n-3 fatty acids, primarily EPA and DHA, which are two long-chain polyunsaturat-
ed fatty acids (LC-PUFA) mainly present in fish [43]. DHA also plays an important role in the repro-
ductive activities of females. It is transferred from the muscles to the liver and gonads and affects egg
quality and survival in the larva, and also plays an important role in adaptation processes [44]. It has
been reported that DHA and EPA are among the most abundant fatty acids in flatfish, containing more
than 40% of total fatty acids for starfish (Platichthys platessa) and yellowtail flounder (Harbour fer-
ruginea) [17]. While DHA is high in some species such as megrim (Lepidorhombus whiffiagonis),
yellowtail flounder (Limanda ferruginea) and spiny stingray (Dasyatis pastinaca), EPA is higher in
flat fish such as plaice (Pleuronectes platessa), Alaska flounder (Pleuronectes quadrituberculatus),
turbot (Scophthalmus maximus) [45]. In the current study, the amount of gonad DHA was determined
higher than the amount of fillet DHA in the breeding period. The gonad EPA rates were higher than
the fillet EPA rates. In a study in which fatty acid values were determined in many marine fish species,
DHA+EPA was 13% in spotted flounder (Lepidorhombus boscii) [46]. The current study showed
very high values of DHA+EPA ratios ranging from 22.20% to 31.38%. Fish need PUFA to adapt to
lower water temperatures, and cold sea fish are richer in n-3 fatty acids [47]. EFSA [48] recommended
that a daily intake of 250-500 mg/100g EPA and DHA is appropriate against the risk of cardiovascular
disease. Rimm et al. [49] reported that the amount of n-3 in flounder fillet is 350 mg/100 g. In the cur-
rent study, however, the amount of n-3 in flounder was determined to be quite high, and this species
met the daily EPA and DHA intake recommended by EFSA [48] in both the egg and the fillet. Sori-
guer et al. [50] found that the DHA level in a sole fish sample taken from the southern coast of Spain
was 14.8 (Ytotal lipid). In another study, Riley [51] determined the percentages of DHA and EPA for
the tongue base as 14.4 and 7.3, respectively. Soriguer et al. [50] found that the DHA level in a sole
sample taken from the southern coast of Spain was 14.8 (%total lipid). In another study, Riley [51]
determined the percentages of DHA and EPA for the sole fish as 14.4 and 7.3, respectively.

The n-3/n-6 ratio is a good index to compare the relative nutritional value of fish oil [52]. A
high n3/n6 ratio is required to reduce the risks of coronary heart disease, plasma lipid levels and can-
cer [40]. In addition, rational intake of n3/n6 fatty acids in human diets has been associated with the
prevalence of coronary heart disease [12]. While people in the Western world consume the n3/n6 ratio
around 1:15-20, the recommended intake is 1:6 [53]. It is recommended that the n3/n6 ratio be above
1. In a study in which fatty acid values were determined in many marine fish species, the n3/n6 ratio
was reported as 3.4% in spotted flounder [46]. In the current study, the n3/n6 ratio was determined at
lower levels in the fillet than in the gonad.

Various fatty acid ratios and some nutritional indices have been put forward to determine the
health quality of lipids in foods used for human consumption. It is recommended that the PUFA/SFA
ratio in foods should be above 0.45 in human diets [54]. Low PUFA/SFA ratios may increase the risk
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of cardiovascular diseases. The PUFA/SFA ratio of the diets obtained in the current study was quite
high (fillet and gonad, 1.25 and 1.39, respectively). This shows that flounder is suitable for human
consumption in terms of PUFA/SFA (Figure 2).
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Figure 2. Variations in the total fatty acids of the European flounder (Platichthys flesus) fillet and the
gonads

In the present study, no difference was determined between the nutritional quality indices IT
and h/H in the gonads and fillets of European flounder (P>0.05). The 1A value was higher in fillets
than in gonads (P<0.05). FLQ value was determined to be significantly higher in gonads than in fillets
(P<0.05; Table 3).

Table 3. The nutritional quality indices of the gonad and fillets of the European flounder (Platichthys

flesus)

Gonads Fillets
1A 0.51+0.01% 0.54+0.05°
IT 0.57+0.042 0.54+0.017
FLQ 31.30£1.732 22.89+1.09°
h/H 2.44+0.36% 2.41+0.017

Data are mean £SD. Means with different superscript letter in a row are significantly different (p>0.05 IA: The index of
atherogenicity, IT: The index of thrombogenicity, FLQ: Flesh lipid quality, h/H: hypocholesterolemic/hypercholesterolemic.

A healthy animal product can be characterized by low Al and IT and high FLQ and h/H index
[3-55-25]. Al and IT show the potential to stimulate platelet aggregation [56]. Because IT tends to
form clots in blood vessels, this is defined as the relationship between saturated and unsaturated fatty
acids. Therefore, the smaller the Al and IT values, the greater the potential to protect against coronary
artery disease. In addition, it has been reported that fatty acids can reduce cholesterol and phospholipid
levels in the blood and thus prevent the emergence of micro and macro coronary diseases [57]. In fish
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diets, Al and TI are recommended to be below 1.0 and 0.5, respectively, in terms of human health
[58]. In the current study, Al and IT values were determined below 1.0 and 0.5. SFA, MUFA and n-6
PUFA are Tl and Al. It has been reported that these lipid indices have potential effects on diet quality
and coronary artery diseases [59-60].

hypocholesterolemic/Hypercholesterolemic index (h/H) characterizes the relationship between
hypocholesterolemic fatty acid and hypercholesterolemic fatty acid. Compared with the PUFA/SFA
ratio, the h/H ratio may more accurately reflect the effect of fatty acid composition on the prevention
of cardiovascular disease (CVD). The h/H has certain limitations. h/H may contain more types of fatty
acids, such as other molecular types of MUFA, and different weights may be assigned to different
types of molecular fatty acids. Some studies reported that the h/H value is between 1.73 and 4.75 for
shellfish, excluding Loxechinus albus [61] and between 1.54 and 4.83 for fish, excluding Opisthonema
oglinum, which is 0.87 [58]. The h/H is related to the effect of specific fatty acids on cholesterol
metabolism, and higher values are considered more desirable for human health [62]. Rincén-Cervera
et al. [61] reported the highest h/H value among all analyzed fish species was in red cusk-eel
(Genypterus chilensis, 2.93), followed by Chilean hake (Merluccius gayi gayi, 2.23), while the fish
with the lowest h/H values were Chilean sand bass (Pinguipes chilensis, 1.54) and jack mackerel
(Trachurus murphyi, 1.73). Recent studies have reported h/H values between 0.65 and 2.46 for fish
lipids [63-58]. In the present study, the h/H value was determined 2.44 and 2.41 for the gonad and
fillet, respectively.

The lipid quality of meat is directly related to EPA and DHA ratios. The FLQ value represents
the ratio of EPA+DHA to fatty acids. Omega-3 fatty acids are beneficial for both healthy people and
those suffering from cardiovascular diseases and are reported to reduce the risk of arrhythmias (ab-
normal heartbeats), which can lead to sudden death [64]. Luczynska et al. [65] reported an FLQ value
of 20.25 for Platichthys flesus. In the present study, relatively high FLQ values (29.59-33.02 for gon-
ads; 23.17-21.34 for fillets) were obtained. In this context, it can be said that European flounder has a
good nutritional quality for human consumption.

4. Conclusion

Based on the data obtained from this study, it has been suggested that the European flounder is
an exceptionally nutritious fish species in terms of its biochemical content, fatty acid composition, and
overall nutritional quality. The n3/n6 fatty acid ratio in the human diet is crucial for visualizing heart
disease and reducing cancer risk by lowering plasma lipid levels [40]. Therefore, increasing the con-
sumption of n3 fatty acids is important for promoting human health [66]. In this study, both the
gonads and fillets of the evaluated European flounder were characterized by low-fat content and high
levels of n-3 fatty acids, particularly EPA and DHA. Interestingly, the EPA+DHA content was found
to be higher in the gonads compared to the fillets. This indicates that the gonads are a richer source of
these beneficial fatty acids. According to the values of PUFA, the totals of EPA and DHA, the n-3/n-6
ratios, and the nutritional quality index values, the European flounder—both in its gonads and fil-
lets—has been determined to be an important source of essential fatty acids. This makes it a valuable
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addition to the diet for those looking to improve their intake of n-3 fatty acids and thereby enhance
their overall health and well-being.
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Ozet: Yesil kompozit malzemelerin uygulama alanlari, siirdiiriilebilir kalkinmanin ye-
sil ekonomide dogal kaynak kullanimini tesvik etmesiyle hizla artmistir. Bu ¢alisma,
dogal dolgular ile giiglendirilmis biyo malzemelerin mekanik 6zelliklerinin degisimi
hakkindadir. Biyobozunur polilaktik asit (PLA) malzemesine, iki farkli boyutta (63 um
ve 300 um) ve ii¢ farkli agirlik oranlarinda (%5, %15 ve %20) findik kabugu tozu ve
prina tozu eklenmistir. Uretilen biyokompozit malzemelerin mukavemet ve sertlik
degerleri incelenmistir. Taramali elektron mikroskobuyla goriintiileri alinmis ve termal
ozellikleri i¢in termogravimetrik analiz yapilmistir. Sonuglar degerlendirildiginde, ta-
rimsal atik olan findik kabugu tozunun agirlik¢a %35 oraninda katki olarak kullanilmasi
sayesinde kompozitin mukavemetinin arttirdigi goriilmiistiir. Bu malzemeden yiiksek
degerli iiriin seklinde kompozit dolgu maddesi olarak yararlanilabilecegi diisiiniil-
mektedir.

Anahtar Kelimeler: Biyokompozit; plastik enjeksiyon; siirdiirilebilirlik; findik ka-
bugu tozu; prina tozu; mekanik 6zellikler

Production of Biocomposites with Hazelnut Shell and Pomace Additives by
Plastic Injection Molding

Abstract: The application areas of green composite materials have been increasing
rapidly thanks to the promotion of the use of natural resources by the green economy in
order to ensure sustainable development. This study is about the change of mechanical
properties of biomaterials reinforced with natural fillers. Hazelnut shell powder and
pomace powder were added to the biodegradable PLA material in two different sizes
(63 um and 300 um) and three different weight ratios (5%, 15% and 20%). The strength
and hardness values of the produced biocomposite materials were investigated. Images
were taken with a scanning electron microscope (SEM) and thermogravimetric analysis
(TGA) was performed for thermal properties. When the results were evaluated, it was
seen that the strength of the composite was increased by using 5% by weight of hazelnut
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shell powder, which is an agricultural waste, as an additive. It is understood that this
material can be utilized as a composite filler in the form of a high value product.

Keywords: Biocomposite; plastic injection molding; sustainability; hazelnut shell
powder; olive pomace powder; mechanical properties

1. Giris

Girig Diinya niifusunun giin gectikge artmasi halihazirda sinirli olan kaynaklarin ve enerjinin ta-
sarruflu kullanilmasini zorunlu kilmaktadir. Yesil teknoloji; doga ve insan dostu, geri doniisiimii des-
tekleyen, kaynak kullanimindaki verimli slireclerin tamamini1 kapsamaktadir. Glinlimiizde iiretim faa-
liyetlerinin devam edebilmesi i¢in maliyet ve siirdiiriilebilirlik arasindaki iliskinin 6nemi biiyiiktiir.
Karbon ayak izini en aza indirmeye c¢aligan Avrupa Yesil Mutabakati, endiistrinin yesil devrimi olarak
nitelendirilmis ve ekonomik biiyiime stratejilerinin ekosistemin biitiinciilliigiinii bozmadan planlanma-
sint hedeflemistir [1]. Bu nedenle, bir¢ok sektorde (insaat, gida, makine, mobilya vb.) temiz ve sitirdii-
rilebilir sistemleri olusturabilecek yesil kompozitler gibi yenilik¢i malzemelerin tretiminde inovatif
yaklasimlara ihtiyag dogmustur. Ureticinin istegi ucuz, hafif, yiiksek mukavemetli ve temin edilmesi
(ulasilabilirligi) kolay olan malzemelerle iiretimini gerceklestirmektir. Kompozit malzemeler, bu ge-
reksinimleri karsilamak {izere ortaya ¢ikmustir. Iki veya daha fazla bilesenden bir araya gelen matris ve
takviye malzemeler (seramik, polimer veya metal malzemeler) kompozitleri olusturur [2]. Yesil kom-
pozit malzemeler olarak bilinen biyokompozitler ise, matris ve takviyesinden en az birinin yenilenebilir
veya biyobozunabilir maddelerden olusan malzemelerdir [3-4]. Guniimiizde matris malzemesi olarak en
fazla kullanilan biyopolimerlerden biri polilaktik asittir (PLA) [5-8]. Polilaktikasit ve dogal liflerin bir
araya gelmesiyle olusturulmus yesil kompozitlerin, geleneksel polipropilen/cam takviyeli kompozitlerin
performansina benzedigi bilinmektedir [9]. Diisiik maliyet ve temin kolayligi nedeniyle kompozit iire-
timinde geleneksel sentetik malzemeler yerine takviye malzemesi olarak siklikla tercih edilen dogal
lifler veya katkilar, gida ve tarim atiklarinin degerlendirilmesiyle elde edilebilmektedirler [9-14].

Odun kokenli dogal lifler [15-18], lif kabag: atiklari, kahve ¢ekirdegi zar1, arpa sap1 atigi, muz,
ananas, keten, kenevir, pamuk gibi bitkisel kaynaklar [19-22], atitk manda boynuzu [23], midye ka-
buklar1 [24] veya atik yenge¢ kabuklar1 [25] literatiirde kullanilmis gesitli takviye malzemeleridir.
Biyokompozitler, dogal par¢alanma siirecine sahip, Omriinii tamamladiktan sonra geri doniisebilir ve
kompostlanabilir olmas1 sayesinde tercih edilmektedirler [26].

Biyopolimerler, yenilenebilir dogal ve siirdiiriilebilir kaynaklar kullanildigi biyokompozitlerdir.
Petrol rezervlerinin smirli ve geri doniisebilmesinin zor olmasi biyopolimerlere talebi artirmistir.
Arastirmacilar, simdiye kadar biyokompozitlerin iiretilme yontemleri, malzeme ¢esitleri ve mekanik
Ozellikleri hakkinda ¢ok cesitli ¢alismalar yapmislar ve gelecekte de yapmaya devam edeceklerdir. Bu
caligmalardan bazilarina kisaca deginilmistir. Kaya, farkli oranlarda cam elyaf, ceviz kabugu ve aygi-
¢egi sap1 karigimlarinin kullanilmasi ile tiretilen lif levhalarin fiziksel ve mekanik 6zellikleri arastir-
mistir. Hammadde tiirii ve miktari, regine orant, regine ile hammaddenin karistirilmasindaki homojenlik
ve presleme sartlarina baglh olarak fiziksel ve mekanik 6zelliklerin degiskenlik gosterdigini fakat tire-
tilen ¢ogu levhada standartlarda istenilen degerlerin saglandigini belirtmistir [27].

Tasdemir, polipropilen igerisine zeytin ¢ekirdegi ve badem kabugu tozlarmi ekleyerek polimer
kompozit liretmistir. Kompozitteki zeytin ¢ekirdegi ve badem kabugu tozlarinin oraninin artmasiyla su
emme miktarinin ve 1s1l ¢arpilma sicakliginin arttigini rapor etmistir. Ayrica, numunelerin siirtiinme
katsayisinin ve aginma oraniin da artan zeytin ¢ekirdegi ve badem kabuklar1 orani ile arttig1 sonucuna
ulagmustir [28].

Tasdemir ve Kastan, zeytin ¢ekirdegi tozlarini polipropilen polimer igerisine belli oranlarda (%5,
10, 15 ve 20) ekleyerek kompozit malzeme iiretmisglerdir. Fiziksel ve asinma 6zelliklerini incelemek i¢in
cesitli testler yapmiglardir. Kompozitlerde toz oram arttikga elastiklik modiilii, sertlik ve yogunluk
degerlerinin yiikseldigini fakat akma mukavemeti, cekme mukavemeti, % uzama ve darbe mukavemeti
degerlerinin diistiigiinii gozlemlemislerdir [29, 30].
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Oral ve arkadaglari, findik kabugu tozlarini farkli kimyasal islemlere (asetik anhidrit ve sodyum
hidroksit) maruz birakmiglardir. Bu tozlarin %10-50 oranlarinda biyo bazli regineye eklenmesiyle
olusturduklar biyokompozitlerin elastik 6zellikleri, ultrasonik dalga hizlar1 ve soniimleme 6zelliklerini
incelemislerdir. Katkisiz olanlara kiyasla biyokompozitlerin yogunluk, ultrasonik dalga hizlar1 ve elas-
tik modiil degerlerinde 6nemli bir artis gérmiislerdir. Elde ettikleri elastik modiil degerlerine gore saf
biyo regine ve findik kabugu tozu-NaOH arasindaki en uygun kombinasyon orani 50:50 olarak belir-
lemislerdir [31].

Karakus ve arkadaslari, PLA malzemeye kizilgam odun unu ve titanyum-dioksit nano toz ekle-
yerek polimer kompozit liretimi gergeklestirilmigtir. Kizilgam odun unu oraninin arttirilmasiyla kom-
pozitlerin ¢ekme dayanimi ve uzama miktarinin azaldigini tespit etmislerdir [32].

Avci ve arkadaglar1 karacam kabugu, mese kabugu, polipropilen, polietilen ve baglayici ajanin
farkli kombinasyonlar ile yeni bir biyokompozit iiretmis ve irettikleri biyokompozitlerin fiziksel ve
mekanik 6zelliklerini incelemislerdir [33].

Bir bagka ¢alismada, epoksi regineye %10-50 araliginda prina ile ceviz kabugu takviyesi eklenmis
ve Uretilen kompozitlerin mekanik, elektriksel, iletkenlik ve termal 6zelliklerine dolgu maddesi oraninin
etkisi arastirilmistir [34]. Calismanin sonucuna gore, sade epoksinin ¢ekme uzama degerinin prina ve
ceviz kabugu takviyesi eklenmesiyle azaldigi ortaya ¢ikmistir. Yapilan biyobozunurluk testi, dogal
katkiyla hazirlanan kompozitlerin petrol bazli malzemelere alternatif olabilecegini gostermistir.

Torun ve arkadaglart polietilen malzemeye kestane kupula lifini belirli oranlarda (%30, 40 ve 50)
ilave etmislerdir. Lifler alkali modifikasyonu ve Kestane kupula lifi katkili termoplastik kompozitlerin
mekanik, fiziksel ve termal 6zelliklerini incelemislerdir [35].

Cengiz ve arkadaslar1 farkli agirlik oranlarinda (%S5, 10, 15 ve 20) findik kabuklarimi polipropilen
matrisli polimer kompozitlerin tiretiminde kullanmislardir. Enjeksiyon makinesinde ¢ekme ve egme test
numunelerinin liretiminin basarili bir sekilde gerceklestirilmesiyle, tarimsal atik olarak siniflandirilan
findik kabuklarinin polimer kompozitlerin {iretiminde dolgu malzemesi olarak kullanilabilecegini ifade
etmislerdir [36].

Njoku ve arkadaglari, deniz salyangozu kabuk takviyeli polyester kompozitin gekme mukavemeti
ve young modiilii tizerindeki etkilerini (400, 600, 800, 1000 pm parga boyutu ve %10, 20, 30, 35, 40 ve
45 agirlik degisimine bagli olarak) incelemislerdir. Cekme mukavemeti ve elastisite modiilii, parca
agirh@min artmasiyla artmis ve parg¢a boyutunun azalmasiyla iyilesmistir [37].

Tiim bu bilgiler 1s181nda biyokompozit ¢esitliliginin, kompozit icerisine eklenen malzeme cesit-
liligi dogrultusunda devamli artma potansiyeli tagidigi anlasilmaktadir. Tiikenen kaynaklar, artan ¢evre
kirliligi, yiiksek maliyetler ve sentetik iirlinlerin geri doniisiim problemleri arastirmacilar1 dogal mal-
zemelere yonlendirmistir. Yeni kompozitlerin gelistirilmesi i¢in, dogadan ilham alan ¢éziimler ince-
lenmekte ve dogal malzemelerin dolgu maddesi olarak kullaniminin uygun olup olmadigi arastiril-
maktadir. Literatiirde yer alan aragtirma sonuglarina gore %10 odun veya odun tiirevi katki miktarinin
uygun oldugu bildirilmistir [38, 39]. Bu ama¢ dogrultusunda yapilan ¢alismada, findik kabugu ve prina
tarimsal atiklarinin kompozit tiretiminde dolgu malzemesi olarak kullaniminin gelistirilmesine odakla-
nilmistir. Kompozit olusturmak i¢in PLAya eklenen tozlar, tarimsal atik malzemelerden elde edilmistir.
PLA eklemeli imalatta ¢ok kullanilan bir sarf malzemesidir. Buna ragmen, nemden ¢abuk etkilenmesi
ve diisiik erime noktasina sahip olmasi dezavantajlaridir. Bu nedenle, PLA’nin performansini artirmak
amactyla katki maddeleri eklenerek yeni tiirevleri/versiyonlart gelistirilmektedir [40]. Findik kabuklar
Tirkiye’de bol miktarda bulunmaktadir. Findik kabugu yakacak olarak veya orman endiistrisinde
kontraplak tiretiminde kullanilmaktadir [41]. Prina ¢ogunlukla yakit olarak, sabun yapiminda veya
giibre sanayinde kullanilir. Prinanin yapisi, %40 seliiloz ve %19 ligninden olusmaktadir [42].

Farkl1 oranlarda tarimsal atik takviyeler ile gii¢lendirilmis PLA esasli kompozitlerin ¢gekme testleri
yapilmistir. Ayrica biyokompozit i¢erisindeki katkilarin dagilimi SEM ile goriintiilenmis ve TGA ana-
lizi ile katkilarin erime sicakliklarina etkisi arastirilmigtir. Deneylerin sonuglari, kompozitlerin mekanik
mukavemeti hakkinda ayrintili bilgi saglamistir. Bu ¢alismada kompozitlere eklenen tiim takviyelerin
boyut ve katki oranlari igin elde edilen sonuglarin analizi sunulmus ve sonuglar tartigilmistir.
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2. Materyal ve Metod

2.1. Malzeme Ozellikleri

Graniil halindeki saf polilaktik asit malzeme Frekans 3D firmasindan temin edilmistir. Saf graniil
ile organik takviyelerle homojen bir karisim elde etmek i¢in 6giitiicii makine ile graniil toz haline geti-
rilmigtir. PLA malzemeler, biyouyumlu olduklar i¢in kompozit iiretiminde ve 3B yazicilarda siklikla
filament olarak kullanilmaktadirlar. Bu ¢alismada kullanilan findik kabuklar1 Zonguldak ilinden temin
edilmistir. Prina ise Ege bolgesinde faaliyet gosteren bir zeytinyagi firmasindan temin edilmistir.

2.2. Kompozitlerin Hazirlanmasi

Kompozit malzemelerin iiretilmesinde homojen bir yap1 elde etmek amaciyla PLA graniilleri ve
katki malzemeleri (prina ve findik kabugu), graniil 6giitiicii yardimiyla ayr1 ayri toz haline getirilmistir.
Elmas makine plastik mikronize marka graniil 6giitiicli kullanilmistir. Elenen tozlar titresimli bir elek
yardimiyla elenmistir. Eleme sonras1 PLA partikiil boyutlar1 288-666 pm arasinda degismektedir. Ca-
lismada kullanilan katki oranlari literatiirden goriilen arastirma sonuglarina gore belirlenmistir. Katki
malzemeleri elemeden sonra boyutlara ayrilmistir. Buna gore agirlikca sirasiyla %35, 10 ve 15 oranla-
rinda findik kabugu ve prina kullanilmistir. Katkilar iki farkli tane boyutlarinda olup tane biiyiikliikleri
300 um ve 63 um degerindedir. Karigimlar hassas terazi ile ol¢iilerek hazirlandiktan sonra, homojen bir
karigim elde etmek amaciyla ¢cok yonlii mekanik karistirici yardimiyla 4 saat karigtirilmigtir. Karigimlar
cift vidal ekstriiderden gegirilmeden once iglerinde olabilecek nemin giderilmesi amaciyla kurutma
firminda 60 °C sicaklikta 24 saat siireyle bekletilmistir. Firinda kurutulan numuneler ¢ift vidali L/D
orani 44 olan ekstriider makinasinda (Polartek Polymer Research Technologies Inc. Trade Co. Ltd.
Istanbul, Tiirkiye) filament haline getirilmistir. Cift vidali ekstriider 3 farkli 1s1tma bolgesine sahiptir. ik
1sitma bolgesi 120 °C ve sonraki iki bolge ise 190 °C sicaklik degerlerine ayarlanmistir. Secilen sicaklik
degerleri ile aglomerasyonun engellenmesi amaglanmigtir ve bu sicaklik degerleri segilmeden once
bir¢cok deneme yapilmistir.

Biitiin karigimlar ayni sicaklik degerlerinde ve ayni ilerleme oraninda 60 rpm olacak sekilde iire-
tilmistir. Uretilen filamentler kirict kullamlarak tekrar graniil haline getirilmistir ve daha sonra tekrar
son dretim Oncesi iclerinde nem etkisini elimine etmek igin 60 °C sicaklikta 72 saat siire ile bekletil-
mistir. Hazirlanan karigimlardan ¢ekme test numunelerinin iiretimi enjeksiyon kalip makinesinde
ASTM D638 Type 1 standartlarinda gekme numunesi kaliplarina basilarak iiretilmistir. Istatistiksel
olarak degerlendirme yapabilmek i¢in her kompozit bilesiminden beser adet hazirlanmigtir. Enjeksiyon
kaliplama islemi sirasinda bir kompozit malzeme bilesiminden diger kompozit bilesime gegis sirasinda
elde edilen numuneler ise degerlendirme disinda birakilmastir.

Enjeksiyon makinesi de benzer sekilde ti¢ farkli 1sitma bolgesine sahiptir. Enjeksiyon kaliplama
islemi 30 rpm hizinda ve 185 °C giris sicakligi ve 190 °C son iki bolgenin sicakligi olacak sekilde
ayarlanarak yapilmstir. Sekil 1’de deneylerde kullanilan ekipmanlar verilmistir ve Sekil 2°de de bi-
yokompozit liretimindeki asamalar gosterilmistir.
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Sekil 2. Biyokompozit iiretim asamalari

2.3. Mekanik ve Mikroyapi Ozelliklerinin Belirlenmesi

Cekme testleri ASTM D638'e gore 2 mm/dk ¢ene hizinda ve oda sicakliginda uygulanmistir.
Cekme testi cihazi 5 KN kapasiteli WDW-5 model universal ¢ekme cihazidir. Deneyler, bes tekrarh
olarak yapilmistir. Degerlerin ortalamasi alinarak grafikler olusturulmustur. Biyokompozitlerin termal
kararliligini belirlemek i¢in TGA analizleri yapilmistir. TGA analizleri, Shimadzu DTG 60H marka
cihazda 30°C-800°C sicakliklarinda 10°C/dk 1sitma hizinda nitrojen atmosferi altinda gergeklestiril-
mistir. Ek olarak, FEI Quanta FEG 250 taramal1 elektron mikroskobu kullanilarak katki malzemele-
rinden ve biyokompozitlerden SEM goriintiileri alinmustir.
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3. Bulgular ve Tartisma

3.1. Cekme Test Sonuclar:

Bu calismada plastik enjeksiyon ile iiretilen saf PLA ile, agirlikca %5, %10, %15 oranlarinda
findik kabugu ve prina takviyeli PLA esasli kompozitlerin mekanik 6zellikleri ¢cekme testleri ile ince-
lenmistir. Sekil 3’te kompozit malzemede findik kabugu tozunun boyut ve katki oranlarina bagli olarak
mukavemet degerleri verilmistir. Sonuglar, katkisiz PLA numunesinin ¢gekme mukavemetinin 72,9 MPa
oldugunu goéstermistir. Ozellikle 63 um boyutunda ve agirlikga %5 findik tozu katkisi ile elde edilen
kompozitin ¢cekme mukavemeti katkisiz kompozite kiyasla %19,4 artmistir. Buna ragmen, 300 pm
boyutunda ve agirlik¢a %5 findik tozu katkisi ile elde edilen kompozitin ¢cekme mukavemeti katkisiz
kompozite kiyasla %8,57 azalmistir. Bu durum kompozit malzemelerde diisiik toz boyutu ve diisiik toz
katki oraninda findik kabugu tozu kullaniminin avantajlari bulundugunu gostermektedir. Kompozite
eklenen findik kabugu tozunda boyuta bagli olmaksizin katki orani arttik¢a cekme mukavemeti diis-
mistiir. 63 pm boyutta %15 findik tozu katki oran1 kompozit malzeme elde etmek i¢in denenmis fakat
plastik enjeksiyon makinasi tikandigi igin iglem gergeklestirilememistir. Bu nedenle, 63 pm boyutunda
agirlikca %10 findik kabugu tozu katki orani eklenmesiyle mukavemette ¢ok biiyiilk azalma goriil-
miistiir. %10 ve %20 katki oranlarinda 300 pm’luk findik kabugu tozunun mukavemetinin 63 pm findik
kabugu tozuna kiyasla yiiksek ¢cikmasi plastik enjeksiyonda akisin sorunsuz gerceklesmesi sebebiyledir.

Sekil 4’te kompozit malzemelerde prina tozunun boyut ve katki oranlarina bagl olarak muka-
vemet degerleri verilmistir. Katkisiz PLA malzemeye gore, her iki boyut ve tiim katki oranlarinda prina
tozu eklemek kompozit malzemelerin mukavemetinin diigmesine sebep olmustur. Prina tozlar1 kendi
icinde degerlendirildiginde, en yiikksek mukavemet degeri 67,94 MPa olarak 63 um boyutta agirlikca %5
katki oraninda bulunmustur. En diisiik mukavemet degeri ise 17,99 MPa olarak 300 um boyutta agir-
likga %15 katki oraninda goriilmiistiir. Prina tozlar1 ile PLA matris arasindaki atomik bagin uyumsuz
olmasi nedeniyle kuvvetli baglanma gergeklestirilememistir.

Sekil 3 ve Sekil 4’ te verilen grafiklerde her iki tozun mukavemete etkisi incelendiginde, toz
boyutunun ve katki oraninin yiiksek tutulmasinin kompozit iiretiminde mukavemet avantaji saglamadigi
anlagilmistir. Sekil 5’te ¢ekme sonrasi prina 63 um katkili numunelerin 6rnekleri verilmistir.

Findik Kabugu Tozu
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Sekil 3. Findik kabugu tozu katkili biyokompozitlerin mukavemet degerleri.
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Sekil 4. Prina tozu katkili biyokompozitlerin mukavemet degerleri
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Sekil 5. Cekme sonrasi numune ornekleri

Tablo 1’ de findik kabugu ve prina tozlar katkili kompozit malzemelerin %uzama miktarlar1 ve-
rilmistir. Saf PLA’ ya kiyasla katkili kompozitlerin tamaminda % uzama miktar1 diismiistir.

Tablo 1. Findik kabugu ve prina tozlarimin % uzama miktarlarr.

Toz Boyutu Organik Oran

Sira (um) Katky (%) % Uzama
Referans Saf PLA 4,92+0,14
1 63 Findik 5 4,53+0,17
2 63 Findik 10 1,64+1,24

3 63 Findik 15 0
4 300 Findik 5 1,62+0,26
5 300 Findik 10 1,13+0,25
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6 300
7 63

8 63

9 63
10 300
11 300
12 300

Findik
Prina
Prina
Prina
Prina
Prina
Prina

15
5
10
15
5
10
15

0,95+0,13
2,93+0,22
3,38+0,33
1,22+0,17
2,69+0,24
2,95+0,65
0,64+0,45

3.2. Sertlik Test Sonuclari

Sekil 6’da kompozit malzemede findik kabugu tozunun boyut ve katki oranlarina bagli olarak
sertlik degerleri verilmistir. Sertlik 6lgtimleri on tekrarla yapilmistir. Saf PLA Shore D sertlik degeri
86,5 olarak Sl¢iilmiistiir. Kompozite katilan findik kabugu tozunun boyutu 63 pm’dan 300 um’a ¢ikti-
ginda malzemenin sertlik degeri artis gostermistir. Buna ragmen katkili numunelerin sertligi katkisiz
PLA’dan diisiik bulunmustur. Sonuglar genel olarak degerlendirildiginde katki miktarinin artigiyla

kompozit malzemenin sertliginin diistiigli sdylenebilir.

Sekil 7°de kompozit malzemede prina tozunun boyut ve katki oranlarina bagli olarak sertlik de-
gerleri Ol¢iilmiistlir. Tiim deney numunelerinin sertlik degerleri, katkisiz PLA numunenin sertlik dege-
rine ulasamamustir. Prina tozu katkisinin kompozit malzemenin sertligiyle iligkisi de boyut ve katki
miktarina bagl olarak degisiklik gostermistir. En yiiksek sertlik degeri %15 katki oran1 63 pum ile elde
edilirken, %10 katki oraninda toz boyutu fark etmeksizin sertlik degerleri birbirine yakin ¢ikmustir.

Findik Kabugu Tozu

\O
o

Saf PLA (86)

Sertlik (Shore D)
~ ~ ~ =] oo
[=) BN [e] [} [=)}

(=)
[=))

62

Sekil 6. Findik kabugu tozu katkili biyokompozitlerin sertlik degerleri

o3 um =300 pm
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Sekil 7. Deney Prina tozu katkili biyokompozitlerin sertlik degerleri

3.3. Isil Ozelliklerin Degerlendirilmesi

Deneylerde hazirlanan PLA ve PLA/prina, PLA/findik bilesimindeki biyokompozitlerin tama-
minin termal gravimetrik analiz sonuglar Sekil 8’de gdsterilmistir.

Organik tozlarin PLA’ya eklenmesi sonucu ergime sicakliklarinda diisiis gézlemlenmistir. Ekle-
nen tozlarin benzer seliilozik yapilarda olmalarindan kaynakli katilan findik tozunun veya prina tozunun
tiirii ergime sicakligi diisiisline etkileri benzerdir.

Eklenen tozun ebadina gore ince tozlarin ergime baglangi¢ sicakligini diigiirmesine karsin yapinin
bozunma dayanimina katkisi daha yiiksektir. Bu durum TGA spektrumlarinda 63 mikron findik ve prina
tozu katkilar1 eklenme oraninca ergime sicakliginin diisiisii ve bozunma sicakligi degerini yiikseltmesi
olarak goriilmektedir. 300 mikronluk toz eklentileri igin bu ergime ve bozunma baglama-bitis sicak-
liklar1 daha dar bir aralikta gerceklesmekte, saf PLA’ya yakin termal davraniglar izlenmektedir.

Durumun olas1 yorumu daha diisiik tane boyutundaki organik tozlarin homojen dagilimi sonucu
bir¢ok bdlgede mikro pargacik olarak 1s1l etkileri kendinde absorbe edip daha genis bir aralikta PLA’nin
bozulma etkilerini desteklemeleridir. Eklenen tozlarin katki yiizdelerinin artist PLA’nin termal davra-
niglarina etkisi ince taneli organik tozlar i¢in bozunma sicakliginda olumlu yondedir. Artan katki ora-
ninca kompozitin termal davranig esnekligi iyilesme gostermistir.
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Sekil 8. Deney Prina tozu katkili biyokompozitlerin sertlik degerleri

3.4. Mikroskop Gériintiilerin Degerlendirilmesi

Prina ve findik kabugu tozunun morfolojisi (Sekil 9) ve biyokompozitlerin kirilma yiizeylerinin
tamami (Sekil 10) taramali elektron mikroskobu kullanilarak degerlendirilmistir. Goriintii alma islemi
oncesinde tim numuneler altin paladyumla kaplanmistir.

63 um boyutlarindaki prina ve findik kabugu tozlarinin 300 pm boyutlarindaki tozlara kiyasla
daha piiriizlii bir dis yiizey yapisina sahip olduklan goriilmektedir (Sekil 9 a,b,c ve d). Sekil 9e ve Sekil
9f’de ise PLA iginde farkli miktarlarda bulunan tozlarin goriiniimii igin iki 6rnek verilmistir. Burada
kompozit igerisinde bulunan findik ve prina tozlarinin (boyuta bagli olmaksizin) piiriizlii yapilarini
kaybettikleri ve yuvarlaklastiklar1 gdzlenmistir. Bunun sebebinin, tozlarin dis ¢eperinin PLA ile kap-
lanmasi yiiziinden oldugu tahmin edilmektedir.

Sekil 10°da ise biyokompozit malzemelerin igindeki tozlarin dagilimi goriilmektedir. 300 pm
findik tozu kompozit igerisinde yer yer topaklanmisken, aym1 boyuttaki prina tozunda herhangi bir
topaklanma durumu goriilmemistir.
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e) Findik 63 um %10 f) Prina 300 um %15
toz katkisiyla toz katkisiyla

Sekil 9. Tozlarin mikro yap1 goriintiileri
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%15

i) Prina 300 pm %3 k) Prina 300 pm %10 1) Prina 300 um %15
Sekil 10. Tozlarin mikro yap1 goriintiileri.

4. Sonuc ve Tartisma

Bu ¢alismada 63um ve 300 um boyutlarinda ve farkl agirlik oranlarinda (%5, %10 ve %15) prina
ve findik kabugu tozu dolgulu PLA kompozitlerin tiretimi ve karakterizasyonu gergeklestirilmistir. Bu
calismadan elde edilen baslica sonuglar sunlardir:

Polilaktik asit’e %5 findik kabugu tozu eklenmesiyle elde edilen biyokompozitlerin ¢ekme da-
yanimi sade PLAya kiyasla %16,3 oraninda artmis olup, diger katki miktarlarinda ¢ekme dayaniminda
azalma goriilmiistiir. Findik kabugu toz boyutu 300 um’da biyokompozit malzemenin ¢ekme muka-
vemeti %5 toz katki oraninda en iyi sonug elde edilirken, %10 ve %15 toz katki oran1 arasinda fazla bir
degisiklik olmamuigtir.

Prina tozu katilan kompozitlerde de ¢ekme dayanimi diigmiistiir. Prina toz boyutlari 63 um olan
kompozitin cekme mukavemeti, 300 um toz katkili biyokompozit malzemenin ¢ekme mukavemetinden
daha yiiksektir. Prina katkili kompozitlerde en yiiksek ¢cekme mukavemeti %5 katki oraninda ve 63 pm
toz boyutunda elde edilmistir.

84



International Journal of Pure and Applied Sciences Vol. 10(1); 72-88 (2024)

Findik kabugu toz boyutlart 63 pm’dan 300 um’a ¢iktiginda biyokompozit malzemenin sertlik
degeri yiikselmistir. Prina tozuyla kiyaslandiginda, findik tozu katkist malzemenin sertligini daha fazla
artirmigtir.

TGA analizi sonuglarina gore katkilarin PLA’ya eklenmesi ergime sicakliklarini diismesine sebep
olmustur. Findik kabugu ve prina tozunun ergime sicakligina etkileri benzerdir.

Prina tozu katkili malzemelerin enjeksiyon isleminde herhangi bir sorun yaganmazken, findik
kabugu tozu katkili malzemelerde tozlarin boyut veya miktariyla iligkili topaklanmaya bagl tikanma
problemleri olabilmektedir. Biyokompozitlerin mekanik 6zelliklerini arastirmak i¢in ¢ekme testi ve
termal Ozelliklerini belirlemek icin termo-gravimetrik analizi yapildiktan sonra alinan sonuglar ince-
lendiginde, diisiik miktarlarda findik kabugu tozunun polilaktik asit (PLA) matris malzemesinde dolgu
malzemesi amaciyla kullanilabilecegi anlagiimistir.

Tesekkiir

Bu calisma Karabiik Universitesi bilimsel arastirma projeleri birimi tarafindan KBU-
BAP-22-DS-126 koduyla desteklenmistir, destekleri icin tesekkiir ederiz.

Cikar Catismasi
Yazarlar bu makaleyle ilgili herhangi bir ¢ikar ¢atigsmasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazarlar bu ¢aligmanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: The aim of the present study was to investigate the potential risk to human
health from toxic/carcinogenic arsenic in ripe (RiTo) and unripe tomatoes (UnRiTo)
grown in the municipal wastewater treatment plant effluents exposure zone. The arsenic
concentrations were determined in each tissue of RiTo and UnRiTo tomatoes. Arsenic
values in tomatoes were root>leaf>unripe tomato>ripe tomato>stem. The maximum
ED (exposure dose) value in RiTos was 1.21E-02 mg.kg.day* for child, minimum ED
value was 4.80E-03 mg.kg™.day* for male. The ED value was calculated as 5.44E-03
mg.kgt.day! for female. The maximum ED value in UnRiTo was 2.12E-02
mg.kgt.day? for child, min ED value was 8.39-03 mg.kg*.day* for male. ED value
was calculated as 9.51E-03 mg.kg™t.day* for female. EDs in RiTo and UnRiTo were
child>female>male. When the HQs (hazard quotient) in RiTo and UnRiTo compared,
HQ values in UnRiTo were higher. All of the HQ values were higher than 1. As a result,
results of tomatoes analysis show that there was non-carcinogenic and carcinogenic
health risks.

Keywords: Arsenic; carcinogenic; health risk; tomatoes; wastewater

Kentsel Atiksu Aritma Tesisi Cikis Sularina Maruz Kalan Alanda Yetisen
Olgun ve Olgunlasmamis Domateslerde Toksik/Kanserojen Arsenigin
Potansiyel Insan Saghg: Riski

Ozet: Bu calismanin amaci, kentsel atiksu artima tesisi ¢ikis sularma maruz Kalan
bolgede yetistirilen olgun (Oldo) ve olgunlagmamis domateslerdeki (Hado)
toksik/karsinojenik arsenigin insan sagligina yonelik potansiyel riskini arastirmakti.
Arsenik konsantrasyonlar1 Oldo ve Hado domateslerinin her dokusunda belirlendi.
Domatesteki arsenik degerleri kok>yaprak>olgunlasmamis domates>olgun do-
mates>govde seklinde belirlendi. Oldos'ta maksimum ED (maruz kalma dozu) degeri
cocuk igin 1.21E-02 mg.kgl.gin?, minimum ED degeri ise erkek icin 4.80E-03
mg.kgt.giin? idi. Kadinlarda ED degeri 5,44E-03 mg.kg™.giin? olarak hesaplandi.
Hado'da maksimum ED degeri ¢ocuk igin 2,12E-02 mg.kg.giin"t, minimum ED degeri
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ise erkek igin 8,39-03 mg.kg*.giin idi. Kadmnlarda ED degeri 9,51E-03 mg.kg™.gin™
olarak hesaplandi. Oldo ve Hado'daki ED'ler ¢ocuk>kadin>erkekti. Oldo ve Hado'daki
HQ'lar (tehlike boliimii) karsilastirildiginda, Hado'daki HQ degerleri daha yiiksekti. HQ
degerlerinin tamami 1'den yiiksek ¢ikmistir. Sonug olarak domates analiz sonuglari
kanserojen olmayan ve kanserojen saglik risklerinin bulundugunu géstermektedir.

Anahtar Kelimeler: Arsenic; kanserojen; saglik riski; domates; atiksu

1. Introduction

Environmental pollution by toxic substance is a health concern [1]. The toxic elements can origi-
nate from anthropogenic sources such as municipal and sewage discharges [2]. Wastewater treatment
plants (WWTP) are established to treat contaminated water and to minimize the concentrations of
pollutants it contains and to protect the environment [3,4]. These plants receive used water from mu-
nicipality and industries, reuse and release effluents and by-products [4-6]. The consumption of food
plants contaminated with metal or metalloids is one of the toxic ways humans are exposed to these
pollutants [7]. People exposed to toxic metal or metalloids in contaminated areas have increased in
recent years, causing serious health problems. Examples of these health effects are disruption of en-
zyme, nucleic acid, and protein structures [7-9].

Arsenic (As) is an environmental toxicant with human health effects and ranked first on 2017 Pri-
ority List of Hazardous Substances [10]. Arsenic enters environmental media either for natural reasons
or because of human induced activities [11]. Inorganic arsenic compounds do not contain carbon
compared to organic arsenic compounds and are generally composed of simple molecules such as
arsenic trioxide. Therefore, inorganic arsenic is highly toxic. Exposure to inorganic arsenic, occurs
through arsenic contaminated waters and grains, foods, fruits, and vegetables [12]. Food consumption
has been considered as one of the major routes for human exposure to Arsenic, compared with inhala-
tion and dermal contact [13]. Arsenic poses potential human health risk through consumption of crop
exposed to water that is arsenic-rich [11]. Exposure of humans to inorganic arsenic can affect multiple
organ functions, resulting in different arsenic related diseases including cancer such as bladder, skin,
and lung cancer as well as non-cancer diseases, including cardiovascular and dermal lesions disease
[7,10,14,15].

Tomatoes are among foods consumed widely in Tirkiye. According to Turkish Statistical Institute
(TUIK) data, tomato production in 2023 is estimated to be 13.5 million/ton [16]. According to 2018
data, the per capita consumption of tomatoes is 116.9 kg [17]. Tomatoes have a wide variety of uses,
especially in the form of frozen foods, canned foods, tomato paste, ketchup, and pickles. However,
there is potential human health risk with consumption of the tomatoes contaminated by various pollu-
tants. Tomatoes exposed to the effluents of biological WWTP can pose risk when consumed by human.
Therefore, the importance and purpose of the study was to assess the potential health risk of arsenic in
tomatoes exposed to effluents from biological WWTP.
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2. Material and Method

2.1. Study Area

A study area that takes effluents of WWTP (Elazig, Tiirkiye) was selected. Wastewater exposed
zone is shown in Figure 1. Schematic flow diagram of WWTP is shown in Figure 2.

ELAZIG
Study area

Figure 1. Study zone
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Figure 2. Schematic flow diagram of WWTP

Wastewater from 383.975 people is treated at the plant. WWTP project flow is 1671 L/s for 2020.
The WWTP consists of screening, gritting, primary settling, aeration tanks and secondary settling. The
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WWTP was under revision in 2007 and was in operation in 2008 [18-21]. To determine the coordinate
values (X:4271832; Y:529401) were used Magellan eXplorist 510 (Santa Clara, USA).

2.2. Sample Analysis

The tomato samples (TS) (total=1250 g) grown in the wastewater exposed zone were collected
from 4 sites (n=12). Tomatoes were harvested by hand. The tomatoes were cleaned in the laboratory
with pure water. Separated tissues were dried at 25°C and powdered. Extraction process was imple-
mented as following: sample (1 g) was cold leached with nitric acid (HNO3z). After cooling a modified
Agua Regia solution of equal parts concentrated hydrochloric acid (HCI), HNOs and deionized water
(DI H20) were added to samples. The samples diluted with HCI, and then filtered and analyzed by
inductively coupled plasma/mass spectrometry. Quality assurance/certificate of analysis (QA/AC) was
given in Table 1. Besides, human health risk for arsenic detected in ripe and unripe tomatoes was cal-
culated. The physicochemical properties of arsenic are given in Table 2 [22].

Table 1. QA/AC Details

Tomatoes
Analyte As
QC Unit mg/kg
STD V16 Standard 1.6
Expected 1.6
Wastewater
Analyte As
QC Unit pa/L
STD TMDA-70.2  Standard 40.3
Expected 42.2

QA: quality assurance, AC: certificate of analysis, QC: quality control, STD V16 and STD TMDA-70.2: standards

Table 2. Arsenic properties

Atomic number 33

Atomic mass 74.9216 g.mol*
Density 5.7 g/cm® at 14°C
Melting point 814 °C (36 atm)
Boiling point 615 °C (sublimation)
Vanderwaals Radius 0.139 nm

Isotopes 8

Energy of first ionisation 947 kJ/mol
Energy of second ionisation 1798 kJ/mol
Energy of third ionisation 2736 kJ/mol
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2.3. Health Risk Assessment

Tomatoes are among foods commonly consumed by humans. Therefore, it is very important to
determine the pollutants in the tissues of tomatoes and to evaluate the carcinogenic risk of the pollutants.
In our study, human health risk was evaluated with some calculations in terms of arsenic in RiTo and
UnRiTo. The non-carcinogenic risk (HQ) [23];

cDI
T
2.1)
CDIk
HQ = Z£=1m (2-2)

where HQ is the expression for non-carcinogenic risk. RFD = reference dose (mg/kg.day) Daily
exposure dose (CDI) was obtained as following [24,25]:

IintakeXEFXED

x1073 (2.3)
BWxAT

CDlgjetary = Cripex

_ IintakeXEFXED -3
CDlgietary = CunripeX BwaxAT % 10 (2.4)

where CDlgietary: dietary. Crige : arsenic ripe tomatoes (mg.kg™), Cunripe is arsenic value in unripe
tomatoes (mg.kg?), linwke : intake (g/day), EF and ED: exposure frequency and duration, AT: time
(days), BW is weight (kg). Cancer risk (CR) was determined as below [26]:

CR = CDIxSF (2.5)
SF: slope factor (mg/kg.day)™.

2.4. Statistical Analysis

IBM SPSS Statistics 21 was used to investigate correlation among arsenic in both ripe and unripe
tomatoes (n=12). If the p-value is less than the significance level (p = 0.05), the relationship between
arsenic values in ripe and unripe tomatoes are insignificant. The closer the r value is to 1, the greater the
relationship.

3. Results and Discussions

3.1. Characteristics of Effluents
pH of the effluents was 7.0-8.3, EC was 1.11-1.22 mS/cm. The arsenic concentrations in WWTP
effluents were determined as 5.1+0.2 pg/L.
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3.2. Arsenic Values in Tomatoes

The arsenic values determined in tomatoes grown in wastewater exposed zone given in Fig. 3
(n=12).
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Figure 3. The Arsenic Values

When as was examined, max. As was 1.5+0.08 mg.kg? in root and min. As: 0.3+0.01 mg.kg* in stem.
As values in leaf: 1£0.01 mg/kg. When the arsenic values in RiTo and UnRiTo were compared, the
arsenic values in UnRiTo were higher. Arsenic in UnRiTo: 0.7£0.03 mg/kg. As values in tomatoes were
root>leaf>unripe tomato>ripe tomato>stem. The arsenic values in RiTo and UnRiTo were compared
with reference (As: 0.1 mg/kg) given by Markert [27]. The level of arsenic accumulated by RiTo was
determined to be 32 times higher. The arsenic value accumulated by UnRiTo was determined as 35. As
can be seen, there was difference in arsenic accumulation between RiTo and UnRiTo.

3.3. Statistics of the Arsenic Values in Tomatoes

Correlations showing the relationship between arsenic values in ripe and unripe tomatoes given in
Table 2.

Table 2. Relationship Between Arsenic in Ripe and Unripe Tomatoes

Ripe Unripe
. Pearson Correlation 1
Ripe
. Pearson Correlation ,965” 1
Unripe
,035

*. Correlation is significant at the 0.05 level (2-tailed).
The correlations between RiTo and UnRiTo were determined as positive and significant. The cor-

relation between ripe and unripe tomatoes was calculated as r=0.965. The correlation is significant at the
0.05 levels. As a result, a strong relationship was determined between ripe and unripe tomatoes.
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3.4. Potential Health Risk in terms of Arsenic in Ripe and Unripe Tomatoes

Arsenic pollution is a serious threat to environmental quality and public health in general due to its
persistence and toxicity in the environment [28,29]. ED of arsenic in RiTo and UnRiTo are given in
Table 3.

Table 3. Estimated Daily Exposure Doses (mg/kg.day)

Ripe tomatoes Unripe tomatoes

Value (mg/kg.day) Value (mg/kg.day)
Male 4.80E-03 Male 8.39E-03
Female 5.44E-03 Female 9.51E-03
Children 1.21E-02 Children 2.12E-02
Total 2.24E-02 Total 3.91E-02

Max. ED value in RiTo was 1.21E-02 mg.kg.day? for child, minimum ED value was 4.80E-03
mg.kgt.day?® for male. The ED was 5.44E-03 mg/kg.day for female. EDs for humans in RiTo
child>female>male, respectively. Total ED in RiTo was calculated as 2.24E-02. The maximum ED
value in UnRiTo was 2.12E-02 mg.kg.day™* for child, minimum ED value was 8.39-03 mg.kg™.day™*
for male. ED value was calculated as 9.51E-03 mg/kg.day for Female. EDs for humans in UnRiTo
child>female>male, respectively. Total estimated daily exposure dose in UnRiTo was 3.91E-02. When
the ED values in RiTo and UnRiTo were compared, ED values in UnRiTo were higher. Similar to ED
values, total estimated daily exposure dose values were also higher in UnRiTo.

The HQs were given in Figure 3.

Ripe tomatoes (a)

Male Female Children

Unripe tomatoes (b)

Male Female Children

Figure 3. Non-Carcinogenic Risk Values in Tomatoes
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Maximum HQ value in RiTo was determined as 40.4 for Child, lowest HQ was 15.99 for male. The
HQ was 18.12 for Female. EDs for humans in RiTo were child > female > male, respectively (Fig 3a).
Highest HQ in UnRiTo was determined as 70.7 for child, lowest HQ was 27.98 for male. The HQ was
31.71 for Female. EDs for humans in UnRiTo were observed as child>female>male, respectively (Fig
3b). When the HQ values in RiTo and UnRiTo were compared, HQ values in UnRiTo were higher. All
the HQ values were higher than 1. HQ values derived from tomatoes dietary exposure reveals that
humans consuming these tomatoes is characterized by non-carcinogenic risk.

There is non-carcinogenic human health risk of arsenic in RiTo and UnRiTo grown in wastewater
exposure zone. Arsenic accumulated in human may induce neuro behavioral abnormalities during
puberty and neuro behavioral changes as adult; other effects for child include intellectual deficiencies,
immune suppression, and cognitive [12].

Carcinogenic risk was calculated as 8.46E-03. United States Environmental Protection Agency
(USEPA) adopt a risk between 1076 -10~* to suggest point at which risk management decisions should be
taken [30]. The value determined in our study is greater than the ones given. Therefore, there is car-
cinogenic health risk. The potential carcinogenic risk found is not surprising because of the exposure of
the tomatoes to the effluents of the wastewater treatment plant. Inorganic arsenic is considered a car-
cinogen by the International Agency for Research on Cancer (IARC), causing skin and lung cancers
[11]. High arsenic concentrations taken into the body results in decreased arsenic methylation capacity
and/or methylarsonic acid in urine. A decreased arsenic methylation capacity with greater proportions of
inorganic arsenic and/ or methylarsonic acid in urine is related to increased non-cancer and cancer
diseases [12,31].

4. Conclusions

Discharge of effluents from the wastewater treatment plants to the environment can result in ex-
cessive accumulation of toxic elements in edible parts of plants grown in this discharge area. Accord-
ingly, consumption of these plants could pose potential health risk to humans consuming them. Tomato
plant was chosen in our study since it is grown for agricultural purposes in the region exposed to
wastewater. In present research, investigation of human health risk by studying arsenic in tomatoes
provides useful information on the status of vegetables exposed to wastewater effluent discharge zone.
Human health risk was investigated by assessing arsenic. Results of tomatoes analysis show that there
were non-carcinogenic and carcinogenic health risks. The arsenic concentrations were determined in
each tissue of RiTo and UnRiTo. Arsenic values in tomatoes were root>leaf>unripe tomato>ripe to-
mato>stem. The maximum ED value in RiTo was 1.21E-02 mg.kg*.day for child. The ED value was
calculated as 5.44E-03 mg/kg.day for female. The max.ED value in UnRiTo was 2.12E-02 mg.kg*.day™*
for child. ED value was calculated as 9.51E-03 mg/kg.day for female. EDs for humans in RiTo and
UnRiTo were child>female>male. When the HQs in RiTo and UnRiTo were compared, HQ values in
UnRiTo were higher. All of the HQ values were higher than 1. As a result, results of tomatoes analysis
show that there was non-carcinogenic and carcinogenic health risks. We hope that present research
contributes to the health risk assessments, which not only lights today’s important problems, but will
also give new motivation to attempts that aim to preserve the human and environment health. The
limitation of this study is the determination of heavy metal contents and health risks in different plant
species in different agricultural areas where wastewater is discharged.
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Ozet: Bu calisma 2018-2022 yillari arasinda Tunceli il sinirlarinda yer alan Piiliimiir il-
cesi florasina katki saglamak amaciyla yapilmistir. Yapilan bu arastirmada toplanan bit-
kilerin teshis edilmesi sonucunda ¢alisma sahasinda 89 familya ve 433 cinse ait 957
taksonun bulundugu tespit edilmistir. Bu taksonlardan 115°i endemiktir ve endemizm
orani %12’ dir. Arastirma sonucunda 304 taksonun Piiliimiir i¢in yeni kayit oldugu be-
lirlenmistir. Bitkilerin fitocografik dagilimlar sirastyla; 337’si (%35.2) Iran-Turan; 85°i
(%8.8) Avrupa-Sibirya; 46’s1 (%4.8) Akdeniz; 489’u (%51.2) ise Genis yayilish ve Bi-
linmeyen oldugu goriilmektedir.

Anahtar Kelimeler: Flora; Pultimdr; Turkiye

Contributions to flora of PUlimur (Tunceli/Turkey)

Abstract: This study was carried out in order to contribute to flora of Pulumir district,
which is located in the province of Tunceli between the years 2018-2022. In this study, it
was determined that there were 957 taxa belonging to 89 families and 433 genera in the
study area, according to the results obtained from the identification of the collected
plants, 115 of these taxa are endemic and the endemism rate is 12%. As a result of the
research, it was determined that 304 taxa were new records for Pulumir. The phy-
to-geographic distributions of the plants are respectively; 337 (35.2%) Iranian-Turan; 85
(8.8%) were Euro-Siberian; 46 (4.8%) were Mediterranean; it is seen that 489 (51.2%)
are Widely distributed and Unknown.

Keywords: Flora; Pultimir; Turkiye

1. Giris

Bir bolgenin flora zenginligi gesitli vejetasyon tiplerinin bulunmasi, burada yayilis gosteren bit-
kilerin sayisi, cesitlililigi ve dzelliklede endemik tiirlerin varligiyla 6lgiilebilir. Ulkemiz cografik ko-
numu, jeolojik yapisi, farkli iklim tiplerinin goriilmesi sebebiyle flora bakimindan olduk¢a zengindir.
Piiliimiir ilgesi, iilkemizin Dogu Anadolu bélgesinde, Tunceli ilinin kuzeydogusunda yer alir ve dogu-
sunda Bingol, batisinda Ovacik ilgesi, kuzeyinde Erzincan, glineyinde ise Nazimiye ilgesiyle ile kom-
sudur. Arastirma sahasi Davis kareleme sistemine gore B7 ve B8 karelerinde, fitocografik olarak
[ran-Turan bélgesinde bulunmaktadir [1]. Piiliimiir ve ¢evresi cografik agidan daglik ve engebeli bir
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yapr gostermektedir. Ilge sinirlarmin giineyinde Karagol daglari, kuzeydogusunda Bagirbaba dagi,
kuzeybatisinda ise Mercan daglar1 yeralmaktadir. Piiliimiir ilgesi diizliiklerin fazla olmadigi bu enge-
beli alanda, Piiliimiir deresinin agmis oldugu kuzey-giiney dogrultusunda dar bir vadi icerisinde yeralir
[2]. Pulimar ilgesinde 2014-2022 yillar1 arasinda yapilan hava rasatlarina gore; yillik ortalama sicak-
lik 9.5 °C ve yagis miktar1 ortalama 610.7 mm'dir. Temmuz en kurak aylardir ve bu donemde aylik
ortalama yagis 4 mm'nin altina diiser. Ortalama 110.4 mm yagis miktariyla en fazla yagis Aralik; en
diisiik yagis miktar1 ise 3.8 mm ile Temmuz ayinda goriilmektedir. Agustos 30.4 oC ile yilin en sicak,
Ocak -6.6 °C ile en diisiik sicakligin goriildiigii aylardir. Bélgenin iklimi Koppen-Trewatha iklim si-
niflandirmasina gore Yazlar1 ¢ok sicak, Kiglar1 soguk, Iliman Karasal (Dcho) olarak siniflandirilmak-
tadir [3].

2. Materyal ve Metod

Calismanin materyalini Piiliimiir ilgesinden toplanan bitki 6rnekleri olusturmaktadir. Bolgede
yetisen bitki tiirlerinin tespiti i¢in 2018-2022 yillarinda degisik vejetasyon donemlerinde floristik ge-
ziler diizenlenerek bitki numuneleri toplanmistir. Arazi ¢alismalarinda toplanan bitki numuneleri her-
baryum kuralarma gore preslenip kurutularak, Munzur Universitesi’nde bulunan kisisel herbaryumda
saklanmaktadir. Bitki 6rneklerinin teshisleri Tiirkiye Florasi ve ilgili kaynaklar kullanilarak yapilmistir
[1, 4-13]. Floristik listeyi olusturan bitkilerin familya, cins ve tiirleri alfabetik siraya gore verilmistir.
Bu listede sirastyla bitki adi, endemiklik durumu, fitocografik bolgesi, tehlike kategorisi, istasyon
numarasi, toplama tarihi ve toplayici numaralar1 belirtilmistir. Bitki listesi verilmeden 6nce bitki top-
lanan lokalitelerin listesi verilmistir. Bitki adlar1 ve otorleri yazilirken “The plant list”, "International
Plant Names Index (IPNI)" esas alinmistir [14, 15].

Bitki toplanan lokaliteler;

. Piilliimiir; Ardigl yaylasi- Nav Golii arasi, 2000-2400 m, 20.08.2018, 10.08.2019, 18.07.2020
. Piilliimiir; Bagirbaba dagi, 2400-2950 m, 19.08.2018, 11.08.2019, 17.07.2020, 10.09.2020
. PUlumir; Karag6z koy(, 1850-2200 m, 15.08.2018, 14.08.2019, 15.07.2020

. Piillimiir; Agagenligi koyii, 1800-2000 m, 25.06.2019, 17.06.2020, 04.07.2021

. Palimir; Balpayam kéyt, 1700-1900 m, 24.06.2019, 14.06.2020, 02.07.2021

. Piiliimiir; Sanigiil koyti, Buyer selalesi civari, 1900-2200 m, 26.05.2018, 01.06.2019

. Piiliimiir; Goneli civari, 1750-1900 m, 05.06.2020, 30.06.2021

. Piiliimiir; Hiver Tuzlasi ve ¢evresi, 1750-1850 m, 04.06.2020, 29.06.2021

. Palimir; Kovuklu kéyt, 1600-1800 m, 03.06.2020, 09.06.2021, 12.07.2021

10. Piiliimiir; Akdik koyti ve yaylasi, 1500-1800 m, 01.06.2020, 10.06.2021

11. Piiliimiir; Bogali koyii, 1400-1700 m, 02.06.2020, 11.06.2021

12. Piiliimiir; Kirklar koyii-Beyazsu arasi, 1800-2100 m, 10.07.2019, 01.08.2020, 01.07.2021
13. PUlumir; Salérdek- Kadiselalesi civar: 1450-1700 m, 15.06.2021, 10.07.2021

14. Piiliimiir; Piiliimiir vadisi, Kirmizik6prii civari, 1250-1400 m, 14.06.2021

15. PUlumir; Kocatepe kdyl- Yalmanlar mezrasi, 1800-2000 m, 20.06.2020, 17.07.2021

16. Piiliimiir; Kirklar koyii, 1400-1500 m, 17.06.2021

17. Pillimiir; Pilimir merkez ve civari, 1500-1600 m, 12.06.2021

18. Piiltimiir; Pilimiir’den 10 km sonra, 1800-1900 m, 17.06.2021

OO0 W —

Kisaltmalar:

°C : Santigrat derece

E.Medit: Dogu Akdeniz fitocografya bolgesi
End.:Endemik

Euro.-Sib.:Avrupa-Sibirya fitocografya bolgesi
Ir.-Tur.: iran-Turan fitocografya bolgesi

km: kilometre

L: Lokalite

m: metre

mm: milimetre

Medit: Akdeniz fitocografya bolgesi
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P: Paksoy

TN: Toplayict numarasi

*: Yeni kayit

3. Bulgular
Arastirma alanindan toplanan bitkilerin teshis edilmesiyle olusturulan floristik liste Tablo 1’de veril-
mistir.
Tablo 1: Floristik liste
Familya Takson L Tarih TN
Acanthaceae Acanthus dioscoridis L. var. dioscoridis 1 20.08.2018 P1745
Adoxaceae Sambucus nigra L. (Euro-Sib.) 14 14.06.2021 P2333
Amaranthaceae  Amaranthus retroflexus L. 5 02.07.2021 P2544
Atriplex laevis Ledeb. 7 30.06.2021 P2511
Beta corolliflora Zosimovic ex Buttler (Ir.-Tur.) 4 04.07.2021 P4187
B. macrorhiza Steven (Ir.-Tur.) 5 24.06.2019 P1830
Blitum virgatum L.* 1  20.08.2018 P1754
Chenopodium album L. subsp. album L. var. album* 4 04.07.2021 P2599
C. opulifolium Schrad. ex W.D.J.Koch & Ziz 7 30.06.2021 P2524
C. sosnowskyi Kapeller (Ir.-Tur.) 4  25.06.2019 P1849
C. vulvaria L. 5 02.07.2021 P2543
Dysphania botrys (L.) Mosyakin & Clemants.* 5 14.06.2020 P2107
Noaea tournefortii Mog. 7 30.06.2021 P2523
Amaryllidaceae  Allium armenum Boiss. & Kotschy End., (Ir.-Tur.), LC 2  17.07.2020 P2198
A. atroviolaceum Boiss.* 3 15.07.2020 P2176
A. balansae Boiss. End., (Ir.-Tur.)*, NT 1 18.07.2020 P2232
,:\/I.e((:j?tlll)lmlschon Link. subsp. haemostictum Stearn (E. 12 01082020 P2243
A. cardiostemon Fisch. & C.A. Mey. (Ir.-Tur.) 14 14.06.2021 P2322
A. dictyoprasum C.A.Mey. ex Kunth (Ir.-Tur.)* 15 17.06.2021 P2351
A. flavum L. subsp. tauricum (Besser ex Rchb.)
K Richt. (Medit )* 3 14.08.2019 P1944
A. hoshabicum Firat End. (Ir.-Tur.) 2 18.07.2020 P2200
A. pustulosum Boiss. & Hausskn. (Ir.-Tur.)* 4 04.07.2021 P2612
A. rotundum L. (Euro-Sib.) 16 17.06.2021 P2470
A. scorodoprasum L. (Euro-Sib.)* 15 17.06.2021 P2404
A. sintenisii Freyn. End., (Ir.-Tur.), NT 1 18.07.2020 P2230
A. stamineum Boiss. (E.Medit.)* 18 17.06.2021 P2488
A. szovitsii Regel (Euro-Sib.) 3 14.08.2019 P1980
A. tuncelianum (Kollmann) Ozhatay, B.Mathew &
Siraneci End., (Ir.-Tur.)*, VU 15 17.06.2021 P2394
(Slt:_r%er.r)g*la clusiana (Ker Gawl.) Ker Gawl. ex Spreng. 5 10.092020 P2244
Anacardiaceae  Cotinus coggygria Scop.* 9 12.07.2021 P2630
Pistacia terebinthus L. (Medit.) 14 14.06.2021 P2317
Rhus coriaria L.* 16 17.06.2021 P2445
Apiaceae Angelica purpurascens (Avé-Lall.) Gilli. 15 17.06.2021 P2363
Anthriscus cerefolium (L.) Hoffm. 1 18.07.2020 P2222
A. kotschyi Fenzl ex Boiss. & Bal. 1 20.08.2018 P1809
A. nemorosa (M.Bieb.) Spreng.* 10 10.06.2021 P2266
Artedia squamata L.* 3 14.08.2019 P2005
Astrantia maxima Pallas subsp. haradjianii (Grintz.) 15 17.06.2021 P2397

Rech. fil. End.
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Astrodaucus orientalis (L.) Drude (Ir.-Tur.)
Berula erecta (Huds.) Coville subsp. erecta
Bunium elegans (Fenzl) Freyn *

B. microcarpum (Boiss.) Freyn & Bornm.*
B. paucifolium DC. (Ir.-Tur.)*

Bupleurum aleppicum Boiss.

B. falcatum subsp. cernuum (Ten.) Arcang.*
B. gerardii All.

Caucalis platycarpos L. subsp. platycarpos

Chaerophyllum astrantae Boiss. & Balansa ex Boiss.

(Euro-Sib.)
C. crinitum Boiss. (Ir.-Tur.)

C. macrospermum (Willd. ex Sprengel) Fisch. &

C.A.Mey. ex Hohen (Ir.-Tur.)*
Cnidium silaifolium (Jacg.) Simonk.
Conium maculatum L.

Daucus guttatus Sm.*

Echinophora tenuifolia L.  subsp. sibthorpiana (Guss.)

Tutin (Ir.-Tur.)*

Eryngium billardierei F.Delaroche (Ir.-Tur.)*
E. campestre L. var. virens (Link) Weins*
Falcaria vulgaris Bernh.

Ferula communis L. subsp. communis (Medit.)
F. orientalis L. (Ir.-Tur.)*

Ferulago longistylis Boiss. End. (Ir.-Tur.), EN
F. setifolia K.Koch (Ir.-Tur.)*

Fuernrohria setifolia C. Koch*

Glochidotheca foeniculacea (Fenzl) Fenzl
Grammosciadium daucoides DC. (Ir.-Tur.)*
G. platycarpum Boiss. & Hausskn. (Ir.-Tur.)*
Heptaptera anisoptera (DC.) Tutin

Heracleum crenatifolium Boiss. End.*, NT

H. cyclocarpum C. Koch (Euro-Sib.)*

H. pastinacifolium C. Koch subsp. incanum (Boiss. &

Huet) Davis End., LC

H. trachyloma Fisch. & C.A.Mey.

Laser trilobum (L.) Borkh.

Lisaea strigosa (Banks & Sol.) Eig. (Ir.-Tur.)*
Malabaila secacul (Mill.) Boiss.

Myrrhoides nodosa (L.) Cannon

Oenanthe sophie Schischk.

Opopanax hispidus (Friv.) Griseb.
Ormosciadium aucheri Boiss.*

Pimpinella anthriscoides Boiss. (Ir.-Tur.)

P. corymbosa Boiss. (Ir.-Tur.)

P. kotschyana Boiss. (Ir.-Tur.)*

P. peregrina L.

P. peucedanifolia Fischer ex Ledeb. (Ir.-Tur.)*

P. tragium Vill. subsp. polyclada (Boiss. & Heldr.)

Tutin
Prangos ferulacea (L.) Lindl.*

P. munzurensis A.Duran, Lyskov & Paksoy End.

(Ir.-Tur.)
P. pabularia Lindl.*

P. platychlaena Boiss. ex Tchihat. subsp. platychlaena
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Apocynaceae

Araceae

Aristolochia-

ceae

Asparagaceae

Aspleniaceae

Asteraceae

End. (Ir.-Tur.)*, LC
Scandix iberica M.Bieb.*
S. stellata Banks et Sol.
Smyrniopsis aucheri Boiss. (Ir.-Tur.)*
Smyrnium cordifolium Boiss. (Ir.-Tur.)*
Torilis leptocarpa (Hochst.) C.C.Towns. (Ir.-Tur.)
T. leptophylla (L.) Rchb. f. var. leptophylla
Turgenia latifolia (L.) Hoffm.*
Zosima absinthifolia Link*
Trachomitum sarmatiense Woodson_ (E.Medit.)*
Vincetoxicum canescens (Willd.) Decne.*
V. scandens Sommier & Levier
Arum orientale M.Bieb. subsp. orientale (Euro-Sib.)
Biarum carduchorum (Schott) Engl. (Ir.-Tur.)*

Avistolochia bottae Jaub. & Spach (Ir.-Tur.)

Bellevalia speciosa Woronow ex Grossh.

Hyacinthella acutiloba K.Perss. & Wendelbo End.,
(Ir.-Tur)*, NT

Hyacinthus orientalis L. subsp. chionophilus Wendel-
bo*

Leopoldia comosa (L.) Parl. (Medit.)

Muscari armeniacum Leichtlin ex Baker

M. neglectum Guss. ex Ten.

Onosma montanum Cirillo (E.Medit.)*

O. narbonense L. (Medit.)

O. persicum Hausskn. ex Bornm. (Ir.-Tur.)

O. pyrenaicum L.

O. sphaerocarpum A.Kern.*

O. umbellatum L.

Puschkinia scilloides Adams (Ir.-Tur.)*

Scilla siberica Haw. subsp. armena (Gross.) Mordak
(Ir.-Tur.)

Ceterach officinarum Willd.

Achillea arabica Kotschy (Ir.-Tur.)

A. grandifolia Friv.

A. millefolium L. subsp. millefolium (Euro-Sib.)

A. nobilis L. subsp. neilreichii (A.Kern.) Velen. (Eu-
ro-Sib.)

A. teretifolia Willd. End. (Ir.-Tur.)

A. cretica L. subsp. anatolica (Boiss.) Grierson

A. cretica L. subsp. umbilicata Grierson

Arctium minus (Hill) Bernh. (Euro-Sib.)*

Artemisia absinthium L.*

A. austriaca Jacq.*

A. caucasica Willd. *

Aster alpinus L.

Bellis perensis L. (Euro-Sib.)

Carduus lanuginosus Willd. End.

C. nutans L. subsp. leiophyllus (Petrovi¢) Stoj. & Stef.

C. pycnocephalus L. subsp. cinereus (M.Bieb.)
P.H.Davis

Centaurea aggregata Fisch. & C.A.Mey. ex DC. subsp.

aggregata*

C. behen L.
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14.08.2019
17.06.2021

P2092
P1769
P2262
P2081
P2545
P2310
P1839
P2520
P2417
P2067
p2271
P1715
P2264

P2530
P2289
P2058

P2069

P1703
P1704
P1827
P1810
P2006
P2477
P1705
P2035
P1814
P1707

P1706

p2370
P2494
P2460
P2314

P2624

P1988
P2114
P2136
P2301
P1935
P2008
P1886
P2233
p2182
P2515
P2311

P2627

P1982
P2352

104


http://www.theplantlist.org/tpl1.1/record/kew-2438320
http://www.theplantlist.org/tpl1.1/record/kew-207146
http://www.theplantlist.org/tpl1.1/record/kew-2456752
http://www.theplantlist.org/tpl1.1/record/kew-16301
http://www.theplantlist.org/tpl1.1/record/kew-21945
http://www.theplantlist.org/tpl1.1/record/kew-300513
http://www.theplantlist.org/tpl1.1/record/kew-278515
http://www.theplantlist.org/tpl1.1/record/kew-278658
http://www.theplantlist.org/tpl1.1/record/gcc-610
http://www.theplantlist.org/tpl1.1/record/gcc-35947
http://www.theplantlist.org/tpl1.1/record/gcc-29842
http://www.theplantlist.org/tpl1.1/record/gcc-29842
http://www.theplantlist.org/tpl1.1/record/gcc-5846

International Journal of Pure and Applied Sciences 10(1); 100-124 (2024)

. benedicta (L.) L.*

. carduiformis DC. End.

. consanguinea DC. End. (Ir.-Tur.)*

. fenzlii Reichardt End., (Ir.-Tur.)

. glastifolia L. (Ir.-Tur.)

. iberica Trevir. ex Spreng. subsp. iberica
. kurdica Reichardt End. (Ir.-Tur.)*

. pterocaula Trautv. (Ir.-Tur.)

. rhizantha C.A.Mey. (Ir.-Tur.)

. saligna (K.Koch) Wagenitz End., (Ir.-Tur.)
. solstitialis L. subsp. solstitialis*

. spectabilis (Fisch. & C.A.Mey.) Sch.Bip. (Ir.-Tur.)
C. urvillei DC. subsp. nimrodis (Boiss. & Hausskn.)
Wagenitz End. (Ir.-Tur.)*

C. virgata Lam. (Ir.-Tur.)
Chardinia orientalis (L.) Kuntze (Ir.-Tur.)
Chondrilla juncea L.*
Cichorium intybus L.*
Cirsium alatum (S.G.Gmel.) Bobrov. (Ir.-Tur.)
C. cephalotes Boiss. (Euro-Sib.)
C. leucocephalum (Willd.) Spreng. subsp. leucocepha-
lum (Ir.-Tur.)
C. macrobotrys (K.Koch) Boiss.
C. pubigerum (Desf.) DC. var. pubigerum
C. rhizocephalum C.A.Mey. (Ir.-Tur.)
C. simplex C. A. Mey. subsp. simplex (Euro-Sib.)
C. tinctoria (L.) J.Gay subsp. tinctoria
Cousinia eriocephala Boiss. & Hausskn. ex Boiss. &
Hausskn. End., (Ir.-Tur.)
Crepis alpina L.*
C. dioritica Schott & Kotschy ex Boiss. End., (Ir.Tur.)
C. foetida L. subsp. rhoeadifolia (M.Bieb.) Celak.
C. pulchra L. subsp. pulchra
C. sahendii Boiss. & Buhse (Ir.-Tur.)*
C. syriaca (Bornm.) Babc. & Navashin
C. wildenowii Czerep. (Ir.-Tur.)*
Crupina crupinastrum (Moris) Vis.*
Cyanus depressus (M.Bieb.) Sojak*
C. pichleri (Boiss.) Holub*
C. segetum Hill_
C. triumfetti (All.) Dostal ex A.Léve & D.L6ve subsp.
triumfetti
Doronicum cacaliifolium Boiss.
(E.Medit.)*
Echinops orientalis Trautv. (Ir.-Tur.)
E. pungens Trautv. (Ir.-Tur.)*
Erigeron acris L. subsp. pycnotrichus (Vierh.) Grierson
(Euro-Sib.)
E. caucasicus Steven subsp. venustus (Botsch.) Grier-
son
Eupatorium cannabinum L. (Euro-Sib.)*
Filago anatolica (Boiss. & Heldr.) Chrtek & Holub.
(Ir.-Tur.)
Garhadiolus hedypnois Jaub. & Spach (Ir.-Tur.)
Geropogon hybridus (L.) Sch.Bip. End. (Medit.)
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Gundelia colemerikensis Firat End. (Ir.-Tur.)* 12 01.07.2021 P2605
G. glabra Miller 3 14.08.2019 P2010
G. tournefortii L. (Ir.-Tur.) 4 17.06.2020 P2120
Helianthus tuberosus L. 9 12.07.2021 P2622
Helichrysum araxinum Takht. ex Kirp. (Ir.-Tur.) 3 14.08.2019 P2038
H. chionophilum Boiss. & Bal. End. 1 20.08.2018 P1757
H. graveolens (M.Bieb.) Sweet* 1 20.08.2018 P1758
H. plicatum DC. subsp. plicatum 3 14.08.2019 P2023
H. plicatum DC. subsp. polyphyllum (Ledeb.) A 04072021 P2557

P.H.Davis & Kupicha

H. plicatum DC. subsp. pseudoplicatum (Nabélek)
P.H.Davis & Kupicha

Hieracium pannosum Boiss. subsp. pannosum (E.
Medit.)*

Inula acaulis Schott et Kotschy ex Boiss. var. acaulis*
I. acaulis Schott et Kotschy ex Boiss. var. caulescens
Nab.

I. aucherana DC. (Ir.-Tur.)

I. helenium L. subsp. pseudohelenium Grierson
(Ir.-Tur.)

I.  macrocephala Boiss. & Kotschy ex Boiss.
End.,(Ir.-Tur.)*

14 14.06.2021 P2318

1 10.08.2019 P1914
1 18.07.2020 P2223
3 14.08.2019 P2000
3 14.08.2019 P2018
15 17.06.2021 P2385

9 12.07.2021 P2629

I. oculus-christi L. (Euro-Sib.)* 4  25.06.2019 P1850
. salicina L. (Euro-Sib.)* 4 04.07.2021 P2609
Iranecio eriospermus (DC.) C.Jeffrey. (Ir.-Tur.) 14 14.06.2021 P2332
Jacobaea cilicia (Boiss.) B.Nord. End. (Ir.-Tur.)*, LC 11 11.06.2021 P2275
Jurinea moschus Bobrov (Ir.-Tur.) 18 17.06.2021 P2500
Klasea cerinthifolia (Sm.) Greuter & Wagenitz* 4 04.07.2021 P2576
K. serratuloides (DC.) Greuter & Wagenitz (Ir.-Tur.) 11 11.06.2021 P2279
Lactuca racemosa Willd. (Euro-Sib.) 15 17.06.2021 P2366
L. saligna L.* 16 17.06.2021 P2430
L. serriola L. (Euro-Sib.) 17 12.06.2021 P2306
L. tuberosa Jacq. 13 15.06.2021 2316
Leontodon asperrimus (Willd.) Endl. (Ir.-Tur.) 15 17.06.2021 P2413
L. hispidus L. subsp. hispidus (Euro-Sib.) 2 11.08.2019 P1958
Matricaria chamomilla L. var. chamomilla 12 01.07.2021 P2527
Onopordum acanthium L. 7 30.06.2021 P2519
O. bracteatum Boiss. & Heldr. (E. Medit.) 9 12.07.2021 P2625
O. carduchorum Bornm. & Beauverd (Ir.-Tur.)* 4 04.07.2021 P2567
O. turcicum Danin (Ir.-Tur.) 2 10.09.2020 P2245
Picris h!eraC|0|des Sibth. & Sm. subsp. hieracioides 5 14.06.2020 P2340
(Euro-Sib.)

P. strigosa M.Bieb. subsp. strigosa (Ir.-Tur.)* 15 17.06.2021 P2610
Pilosella auriculoides (Lang) Arv.-Touv._ 4 17.06.2020 P2387
P. cymosa (L.) F.W.Schultz & Sch.Bip. subsp. cymosa 16 17.06.2021 P2469
(Euro-Sib.)

P. pilisquama (Nageli & Peter) Dostal 4 17.06.2020 P2119
P. verruculata (Link) Sojak* 5 24.06.2019 P1836
Podospermum alpigenum K.Koch 1 10.08.2019 P1895
P. canum C.A.Mey. 1 20.08.2018 P1771
P. radicosum (Boiss.) Gemeinholzer & Greuter 1 18.07.2020 P2225
Psephellus pyrrhoblepharus (Boiss.) Wagenitz End., 4 04072021 P2597
(Ir.-Tur.), LC

Pulicaria dysenterica (L.) Bernh. subsp. dysenterica 4  25.06.2019 P1846
Reichardia dichotoma (DC.) Freyn (Ir.-Tur.) 9 03.06.2020 P2071
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Berberidaceae

Betulaceae

Boraginaceae

Scorzonera incisa DC. (Ir.-Tur.)

S. latifolia (Fisch. & C.A.Mey.) DC. (Ir.-Tur.)

S. rigida Aucher ex DC. (Ir.-Tur.)

S. sericea Aucher ex DC. End., LC

S. suberosa K.Koch subsp. suberosa (Ir.-Tur.)

S. tomentosa L. End., (Ir.-Tur.)*, LC

S. veratrifolia Fenzl. (Ir.-Tur.)

Senecio leucanthemifolius Poir.

subsp. vernalis (Waldst. & Kit.) Greuter.*

S. othonnae M.Bieb. (Euro-Sib.)*

S. racemosus (M.Bieb.) DC. (Ir.-Tur.)

Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball
ex Ball

S. oleraceus (L.) L.

Tanacetum armenum (DC.) Sch.Bip.

T. argenteum (Lam.)  Willd.  subsp.
End.,(Ir.-Tur.), LC

T. balsamita L.

T. balsamitoides Sch.Bip.*

T. cappadocicum (DC.) Sch.Bip. End., (Ir.-Tur.)*, NT
T. parthenifolium (Willd.) Schultz Bip. (Ir.-Tur.)

T. zahlbruckneri (Nab.) Grierson End., (Ir.-Tur.), LC
Taraxacum microcephaloides Soest*

T. sonchoides (D.Don) Sch.Bip. (Ir.-Tur.)

T. stevenii (Spreng.) DC. (Ir.-Tur.)

Tragopogon buphthalmoides (DC.) Boiss. (Ir.-Tur.)

T. coloratus C.A.Mey. (Ir.-Tur.)

T. pratensis L. subsp. pratensis (Euro-Sib.)*

T. porrifolius L. subsp. longirostris (Sch.Bip.) Greuter
(Medit.)

T. reticulatus Boiss. & A.Huet

Tussilago farfara L. (Euro.-Sib.)*

Xanthium spinosum L.*

X. strumarium L. subsp. strumarium*

Xeranthemum annuum L.*

X. longepapposum Fisch. & Mey. (Ir.-Tur.)

Berberis crataegina DC. (Ir.-Tur.)*
Alnus glutinosa (L.)  Gaertn.
(Euro-Sib.)*

Betula litwinowii Doluch. (Euro-Sib.)

B. pendula Roth. var. pendula*

Corylus avellana L. var. avellana (Euro-Sib.)

Alkanna froedinii Rech. f. End. (Ir.-Tur.), LC

A. orientalis (L.) Boiss. var. orientalis (Ir.-Tur.)

A. tinctoria (L.) Tausch (Medit.)*

Anchusa aucheri A.DC.*

A. azurea Mill. var. azurea

A. leptophylla Roem. & Schult. subsp. tomentosa
(Boiss.) D.F.Chamb. End. (Ir.-Tur.), LC

A. strigosa Banks & Sol. subsp. strigosa

Asperugo procumbens L. (Euro-Sib.)*

Brunnera orientalis (Schenk) I.M.Johnst.

Buglossoides arvensis (L.) I.M.Johnst.*

Cerinthe minor L. subsp. minor (Euro-Sib.)*
Cynoglossum creticum Mill.

argenteum

subsp.  glutinosa
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Echium italicum L. (Medit.) 17 12.06.2021 P2304
Heliotropium circinatum Griseb. (Ir.-Tur.)* 8 29.06.2021 P2510
H. ellipticum Ledeb. (Ir.-Tur.)* 7 30.06.2021 P2514
I(_I?EPI'TJIS) barbata (M.Bieb.) Giirke subsp. barbata 14082019 P2024
'(\I/Iré?'lr'atr(.))mla densiflora (Ledeb. ex Nordm.) J.F.Macbr. 3 15072020 P2160
Moltkia caerulea Lehm. (Ir.-Tur.) 4 17.06.2020 P2141
Myosotis alpestris F.W. Schmidt subsp. alpestris 1 10.08.2019 P1887
M. incrassata Guss. (E. Medit.) 2 11.08.2019 P1947
M. olympica Boiss. (Euro-Sib.) 1 20.08.2018 P1786
M. refracta Boiss. (Medit.) 3 15.07.2020 P2179
M. stricta Link ex Roem. & Schult. (Euro-Sib.) 1 18.07.2020 P2231
Onosma alborosea Fisch. & C.A.Mey. 3 15.08.2018 P1721
0. gigantea Lam. (E. Medit.)* 4 04.07.2021 P2596
O. isaurica Boiss. & Heldr. End., (Ir.-Tur.), LC 3 14.08.2019 P2021
O. nana DC. End., (E. Medit.), LC 4  04.07.2021 P2602
O. proballanthera Rech.f. End. (Ir.-Tur.), NT 5 02.07.2021 P2546
O. sericea Willd. (Ir.-Tur.) 15 17.06.2021 P2396
O. taurica Willd. 3 14.08.2019 P1999
Paracaryum cristatum (Schreb.) Boiss. subsp. cristatum 4 04072021 P2578

End. (Ir.-Tur.), LC

P. hirsutum (DC.) Boiss. (Ir.-Tur.) 12 01.07.2021 P2541
P. racemosum (Schreber) Britten var. scabridum
(Rech.£.) R.R.Mill End. (Ir.-Tur.), DD 3 14082019 P2013
P. strictum Boiss. (Ir.-Tur.)* 11 02.06.2020 P2063
Rindera caespitosa (A.DC.) Bunge End. (Ir.-Tur.), LC 6 01.06.2019 P1820
R. lanata (Lam.) Bunge var. lanata (Ir.-Tur.) 3 14.08.2019 P1986
Rochelia disperma (L. f.) K. Koch var. disperma 9 03.06.2020 P2068
Solenanthus circinnatus Ledeb. (Ir.-Tur.) 3 14.08.2019 P2041
S. stamineus (Desf.) Wettst. 4 17.06.2020 P2126
Brassicaeae Aethionema arabicum (L.) Andrz. ex DC. 14 14.06.2021 P2319
A. armenum Boiss. (Ir.-Tur.) 15 17.06.2021 P2380
A. caespitosum (Boiss.) Boiss. End., (Ir.-Tur.)*, NT 1 10.08.2019 P1923
A. cordatum (Desf.) Boiss. (Ir.-Tur.) 4  04.07.2021 P2560
A. diastrophis Bunge* 12 10.07.2019 P1864
A. erzincanicum Kandemir & Aytag End. (Ir.-Tur.) 2 11.08.2019 P1939
A. grandiflorum Boiss. & Hohen. (Ir.-Tur.) 1 18.07.2020 P2228
A. membranaceum DC. (Ir.-Tur.) 18 17.06.2021 P2504
A. oppositifolium (Pers.) Hedge 3 15.08.2018 P1717
A. speciosum Boiss. & A.Huet (Ir.-Tur.) 1 10.08.2019 P1881
Alliaria petiolata (M.Bieb.) Cavara & Grande 16 17.06.2021 P2449
Alyssum aizoides Boiss. End.*, LC 2 10.09.2020 P2247
A. alyssoides (L.) L. 4  04.07.2021 P2588
A. condensatum Boiss. & Hausskn. subsp. flexibile 16 17.06.2021 P1816
(Nyar) Dudley
A. hirsutum M.Bieb. 15 17.06.2021 P2357
A. lepidotum Boiss. End., LC 3 14.08.2019 P1990

A. murale Waldst. & Kit. var. murale 3 14.08.2019 P2008
A. peltarioides Boiss. subsp. virgatiforme (Nyar.)
Dudley End., LC 5 14.06.2020 P2096

A. samariferum Boiss. & Hausskn. 2 10.09.2020 P2252
A. sibiricum Willd. 15 17.06.2021 P2416
A. simplex Rudolph 17 12.06.2021 P2298
A. strictum Willd. (Ir.-Tur.) 7 05.06.2020 P2088
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A. szovitsianum Fisch. & C.A.Mey. 16 17.06.2021 P2467
A. xanthocarpum Boiss. 12 10.07.2019 P1869
Apchon!um_ellchry5|follum (DC.) Boiss. subsp. 5 17.07.2020 P2199
elichrysifolium*

Arabis nova Vill. subsp. nova 12 01.07.2021 P2537

Aubrieta canescens (Boiss.) Bornm. subsp. macrostyla 3 15.07.2020 P2172
Cullen & Hub.-Mor.*

A. libanotica Boiss. & Hohen. 9 03.06.2020 P2072
Aurinia cyclocarpa (Boiss.) Czerep. End., NT 4 17.06.2020 P2133
Barbarea auriculata Hausskn. ex Bornm. End. 6 01.06.2019 P1801
B. plantaginea DC. 5 24.06.2019 P1840
Camelina rumelica Velen. subsp. rumelica 5 14.06.2020 P2100
Capsella _bursa—pastorls (L)  Medik. subsp. 17 12.06.2021 P 2307
bursa-pastoris

Cardamine uliginosa M.Bieb. 4 17.06.2020 P 2149
Chorispora tenella (Pall.) DC. 12 01.07.2021 P 2532
Clypeola jonthlaspi L. 12 01.07.2021 P 2535
gcral_lflicﬁfgarpus vesicaria (L.) Holmboe subsp. vesicaria 4 17.06.2020 P2118
Conringia clavata Boiss. 11 02.06.2020 P2062
C. orientalis (L.) Dumort.* 9 09.06.2021 P2255

Crambe orientalis L. var. orientalis (Ir.-Tur.) 4 17.06.2020 P2122
Descurainia sophia (L.) Webb ex Prantl subsp. sophia 6  26.05.2018 P1709
Didymophysa aucheri Boiss. 1 18.07.2020 P2204

Draba bruniifolia Steven subsp. bruniifolia 6 01.06.2019 P1806
Erophila verna (L.) DC. subsp. verna* 17 12.06.2021 P2303
Eruca vesicaria (L.) Cav. subsp. vesicaria 15 17.06.2021 P2395
Erysimum crassipes Fisch. & C.A.Mey. 10 10.06.2021 P2268
E. leucanthemum (Stephan ex Willd.) B.Fedtsch. 13 15.06.2021 P2344
E. smyrnaeum Boiss. & Balansa 18 17.06.2021 P2491
E. thyrsoideum Boiss. End., LC 16 17.06.2021 P2204
F|_b|g|a clypeata (L.) Medik. subsp. clypeata var. 13 15.06.2021 P2340
eriocarpa

F. macrocarpa (Boiss.) Boiss.* 3 14.08.2019 P1985
Graellsia davisiana Poulter End.*, EN 15 08.08.2021 P2613
Heldreichia bupleurifolia Boiss.* 2 10.09.2020 P2250
H. rotundifolia Boiss. End. (Ir.-Tur.)*, LC 2 10.09.2020 P2246
Hesperis bicuspidata (Willd.) Poir. 3 14.08.2019 P2005
H. breviscapa Boiss. End., EN 13 15.06.2021 P2349
Elr.]d;ielr_wéula DC. subsp. campicarpa (Boiss.) Dvorak 12 01.07.2021 P2542
Iberis simplex DC. 2 17.07.2020 P2197
I tinctoria L. subsp. tomentella (Boiss. & Balansa) 3 14082019 P1983
P.H.Davis

Lepidium draba L. subsp. draba 16 17.06.2021 P2468
L. perfoliatum L. 14 14.06.2021 P2325
Nasturtium officinale R.Br. 16 17.06.2021 P2458
Physocardamum davisii Hedge End. (Ir.-Tur.), VU 1 10.08.2019 P1879
isceudosemperkum aucheri Pobed. End., (Ir.-Tur.), 20.08.2018 P1748

19.08.2018 P1743
17.06.2020 P2132
14.06.2020 P2105
15.07.2020 P2164

P. sempervivum (Boiss. & Balansa) Pobed. End., NT
Sinapis arvensis L.*

Sisynbrium altissimum L.*

Tchihatchewia isatidea Boiss. End., (Ir.-Tur.), VU
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Campanulaceae

Cannabaceae

Caprifoliaceae

Caryophyllace-

ae

Thlaspi arvense L.

T. bornmuelleri (Rchb.f.) Hedge End., (Ir.-Tur.)
Asyneuma amplexicaule (Willd.) Hand.-Mazz. subsp.
amplexicaule*

A. limonifolium (L.) Janch. subsp. limonifolium*

A. lobelioides (Willd.) Hand.-Mazz (Ir.-Tur.)
Campanula conferta A. DC. (Ir.-Tur.)

C. dersimensis Firat & Yildirnm End.*

C. glomerata L. subsp. hispida
(Witasek)Hayek(Euro.-Sib.)*

C. hedgei P.H.Davis End., (Ir.-Tur.), NT

C. involucrata Aueher ex A. DC. (Ir.-Tur.)

C. munzurensis P.H.Davis End., (Ir.-Tur.), NT

C. oligosperma Damboldt End., (Ir.-Tur.), NT

C. ovacikensis Yild.  subsp.  ovacikensis  End.,

(Ir.-Tur.), VU

C. ovacikensis Yild. subsp. capitellata (Damboldt)
Yild. End., (Ir.-Tur.)*, EN
C. rapunculoides L.
Damboldt

C. quercetorum Hub.-Mor. & C.Simon End., (Ir.-Tur.),
EN

C. stevenii M.Bieb. subsp. stevenii (Euro-Sib.)

C. tridentata Schreb. subsp. tridentata (Euro-Sib.)
Legousia pentagonia (L.) Thell. (E. Medit.)*

Celtis australis L. subsp. caucasica (Wild.)
C.C.Towns.*

Centranthus longiflorus Steven
(Ir.-Tur.)*

Cephalaria hirsuta Stapf (Ir.-Tur.)
C. speciosa Boiss. & Kotschy End., (Ir.-Tur.)*, LC
Dipsacus lacinatus L.*

Lomelosia calocephala (Boiss.)
Burdet.(Ir.-Tur.)*

Lonicera caucasica Pallas End.*, LC
L. nummulariifolia Jaub. & Spach*
Morina persica L. (Ir.-Tur.)*
Scabiosa rotata M.Bieb. (Ir.-Tur.)
Valeriana alliariifolia Vahl.

V. officinalis L. subsp. officinalis
V. saxicola C.A. Meyer*
Valerianella coronata (L.) DC.

V. dactylophylla Boiss. & Hohen.*

subsp. cordifolia (K.Koch)

subsp.  longiflorus

Greuter &

Agrostemma githago L.*

Arenaria serpyllifolia L. subsp. serpyllifolia
Cerastium chlorifolium Fisch. & C.A.Mey.

C. purpurascens Adams var. purpurascens
Dianthus crinitus Sm. subsp. crinitus

D. cruentus Griseb.

D. floribundus Boiss. (Ir.-Tur.)*

D. zederbaueri Vierh. End. (Ir.-Tur.)*, NT

D. zonatus Fenzl var. aristatus (Boiss.) Reeve
Eremogone cucubaloides (Sm.) Hohen. (Ir.-Tur.)
E. gypsophiloides (L.) Fenzl (Ir.-Tur.)

AR P W
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11.08.2019
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11.08.2019
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P2154
P1904

P1991

P2484
P1766
P2405
P2614

P2426

P1719
P2354
P2240
P1877

P1911

P1910

P2201

P1718

P2216
P1784
P2607

P2480

P2456
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P2585

P1832

P2462
P2486
p2592
P1989
P2367
P2488
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P2466
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P2184
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P1941
P1872
p2229
P1752
P2411
P1950
P1885

110


http://www.theplantlist.org/tpl1.1/record/kew-360673
http://www.theplantlist.org/tpl1.1/record/kew-468943
http://www.theplantlist.org/tpl1.1/record/kew-468938
http://www.theplantlist.org/tpl1.1/record/kew-468938
http://www.theplantlist.org/tpl1.1/record/kew-365793
http://www.theplantlist.org/tpl1.1/record/kew-365793
http://www.theplantlist.org/tpl1.1/record/kew-2709024
http://www.theplantlist.org/tpl1.1/record/kew-2462297
http://www.theplantlist.org/tpl1.1/record/tro-33500423
http://www.theplantlist.org/tpl1.1/record/kew-2764116
http://www.theplantlist.org/tpl1.1/record/kew-2764222
http://www.theplantlist.org/tpl1.1/record/kew-2792071

International Journal of Pure and Applied Sciences 10(1); 100-124 (2024)

Celastraceae
Cistaceae

Cleomaceae

Colchicaceae

Convolvulaceae

Cornaceae

Crasssulaceae

Gastrocalyx ampullatus (Boiss.) Schischk. (Ir.-Tur.)
Gypsophila adenophylla Barkoudah End. (Ir.-Tur.), LC
G. briquetiana Schischk. End., (Ir.-Tur.), LC

G. hispida Boiss. (Ir.-Tur.)

G. laricina Schreb.

Herniaria glabra L.

Holosteum umbellatum L. var. umbellatum*
Mesostemma kotschyana (Fenzl ex Boiss.) Vved.*
Minuartia anatolica (Boiss.) Woronow End., LC

M. erythrosepala Hand:-Mazz. End. (Ir.-Tur.), LC

M. hamata (Hausskn.) Mattf.

M. juniperina (L.) Maire & Petitm.

M. oreina Schischk.

Moenchia mantica (L.) Bartl. subsp. mantica*
Paronychia kurdica Boiss. subsp. kurdica Boiss. var.
kurdica (Boiss.) McNeill

Phryna ortegioides (Fisch. & C.A.Mey.) Pax &
K.Hoffm. End. (Ir.-Tur.)*, NT

Saponaria prostrata Willd. End. (Ir.-Tur.), LC

Silene arguta Fenzl. (Ir.-Tur.)

S. bupleuroides L. subsp. bupleuroides

S. caryophylloides (Poir.) Otth subsp. caryophylloides
(Ir.-Tur.)

. chlorifolia Sm. (Ir.-Tur.)

. compacta Fisch.

. dianthoides Pers. (Ir.-Tur.)

. italica (L.) Pers. subsp. italica

. latifolia Poir. subsp. alba (Mill.) Greuter & Burdet

. laxa Boiss. & Kotschy (Ir.-Tur.)

. macrodonta Boiss.

. montbretiana Boiss. (Ir.-Tur.)

. odontopetala Fenzl var. odontopetala*

. pungens Boiss. (Ir.-Tur.)*

. spergulifolia (Willd.) M.Bieb. (Ir.-Tur.)

. vulgaris (Moench) Garcke var. vulgaris*

Stellaria media (L.) Vill. subsp. media*

Telephium imperati L. subsp. orientale (Boiss.) Nyman
Vaccaria hispanica (Mill.) Rauschert subsp. hispanica*
Veleziarigida L.*

Euonymus latifolius (L.) Mill.

Fumana aciphylla Boiss. (Ir.-Tur.)
Helianthemum ledifolium (L.) Mill.

Cleome ornithopodioides L. (E. Medit.)
Colchicum szovitsii Fisch. &  C.A.Mey.
szovitsii (Ir.-Tur.)*

C. triphyllum Kunze

Cuscuta europaea L.

C. lupuliformis Krock. (Euro-Sib.)
Convolvulus arvensis L.

C. betonicifolius Mill.*

C. calvertii Boiss. (Ir.-Tur.)*

C. lineatus L.*

Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav.
(Euro-Sib.)

Rosularia aizoon (Fenzl) A. Berger (Ir.-Tur)*
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P1964
P2026
P1750
P2598
P1857
P2283
P2203
P2539
P2102
P1883
P2614
P1908
P2211
P2569

P2615

P2566

P1959
P2400
P1971

P1915

P2502
P2455
P2040
p2372
P2619
P2403
P2365
P1727
P1742
P1756
P2601
P2603
P2101
P1984
P2129
P2033
P2597
p2278
P2631
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P2192

P2590
P2589
P1801
P1720
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P1749

P2331
P1760
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Cucurbitaceae
Cupressaceae

Cyperaceae

Datisciaceae
Elaeagnaceae
Equisetaceae

Euphorbiaceae

Fabaceae

R. libanotica (L.) Sam. (E. Medit.)*

R. sempervivoides (Fischer ex M. Bieberstein.) Boriss.*
Sedum album L.*

S. gracile C.A.Mey. (Euro-Sib.)*

S. pallidum M.Bieb.

S. telephium L. (Euro-Sib.)*

Umbilicus intermedius Boiss.

U. luteus (Huds.) Webb & Berthel.*

Bryonia aspera Steven ex Ledeb.*

Juniperus excelsa M. Bieb.*

J. foetidissima Willd.*

Blysmus compressus (L.) Panz. ex Link*
Bolboschoenus maritimus (L.) Palla subsp. maritimus
Carex acutiformis Ehrh. (Euro-Sib.)*

C. distans L. subsp. distans (Euro-Sib.)

C. divisa Huds. (Euro-Sib.)*

C. oreophila C.A. Mey. (Ir.-Tur.)

C. panicea L. (Euro-Sib.)

C. vesicaria L.*

Cyperus fuscus L. (Euro-Sib.)

C. longus L. subsp. longus*

Isolepis setacea (L.) R.Br.

Schoenoplectus lacustris (L.) Palla subsp. lacustris
Scirpoides holoschoenus (L.) Sojak subsp. holoschoe-
nus

Datisca cannabina L.

Elaeagnus angustifolia L.*

Equisetum arvense L.*

E. palustre L.

Euphorbia aleppica L.*

. cheiradenia Boiss. & Hohen. (Ir.-Tur.)

. denticulata Lam. (Ir.-Tur.)*

. falcata L. subsp. falcata*

. herniariifolia Willd.

. iberica Boiss. (Ir.-Tur.)*

. macroclada Boiss. (Ir.-Tur.)

. szovitsii Fisch. & C.A.Mey. (Ir.-Tur.)*

Anthyllis vulneraria L. subsp. boissieri (Sagorski)
Bornm.*

Astracantha condensata (Ledeb.)Podlech
(Ir.-Tur.), LC

A. gummifera (Labill.) Podlech (Ir.-Tur.)*
A. microcephala (Willd.) Podlech (Ir.-Tur.)
Astragalus aduncus Willd. subsp. aduncus (Ir.-Tur.)
. angustifolius Lam. subsp. angustifolius (Ir.-Tur.)
. anthylloides Lam. End. (Ir.-Tur.)

. campylorrhynchus Fisch. & C.A.Mey. (Ir.-Tur.)
. christianus L.*

. crinitus Boiss. End. (Ir.-Tur.), NT

. densifolius Lam. subsp. densifolius (Ir.-Tur.)

A. fragrans Willd. (Ir.-Tur.)

A. fraxinifolius DC. (Ir.-Tur.)

A. halicacabus Lam. End. (Ir.-Tur.)

A. incertus Ledeb.

A. lagopoides Lam. End., (Ir.-Tur.)
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A. lineatus Lam. var. lineatus (Ir.-Tur.)

A. macrocephalus Willd. subsp. finitimus (Bunge)
D.F.Chamb. (Ir.-Tur.)*

A. mollis M.Biep. (Ir.-Tur.)

A. nezaketiae A.Duran & Aytac End. (Ir.-Tur.), EN
A. ovinus Boiss.

A. pinetorum Boiss. End., (Ir.-Tur.), LC

A. strigillosus Bunge End., (Ir.-Tur.)

A. vaginans DC. End., LC

A. xylobasis f. angustus (Freyn & Sint.) Ponert End.,
(Ir.-Tur.)

Cicer anatolicum Alef. (Ir.-Tur.)

Colutea cilicica Boiss. & Balansa

Dorycnium pentaphyllum Scop.

subsp. herbaceum (Vill.) Rouy

Galega officinalis L. (Euro-Sib.)

Genista albida Willd.*

Glycyrrhiza glabra L.

Hedysarum erythroleucum Schott & Kotschy ex Boiss.
End. (Ir.-Tur.), LC

H. varium Willd. subsp. syriacum (Boiss.) C.C.Towns.
(Ir.-Tur.)

Lathyrus aureus (Steven) D.Brandza (Euro-Sib.)

L. chloranthus Boiss. (Ir.-Tur.)

L. inconspicuus L.

L. roseus Steven (Euro-Sib.)

L. rotundifolius Willd.

L. sativus L.

Lotus alpinus (DC.) Ramond*

L. corniculatus L. subsp. corniculatus*

L. gebelia Vent. subsp. gebelia*

Medicago lupulina L.*

. minima (L.) L. var. minima

. monantha (C.A.Mey.) Trautv. (Ir.-Tur.)

. orbicularis (L.) Bartal.

.radiata L. (Ir.-Tur.)

. rigidula (L.) All. var. rigidula

. sativa L. subsp. sativa

Melilotus albus Medik.

M. officinalis (L.) Pall. subsp. officinalis
Onobrychis altissima Grossh.

O. caput-galli (L.) Lam. (Medit.)

O. cornuta (L.) Desv. (Ir.-Tur.)*

O. galegifolia Boiss. (Ir.-Tur.)*

O. montana DC. subsp. cadmea (Boiss.) P.W.Ball
Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj.
Oxytropis persica Boiss. (Ir.-Tur.)*

O. savellanica Boiss. (Ir.-Tur.)*

Pisum sativum L. subsp. sativum

Robinia pseudoacacia L. var. pseudoacacia
Securigera orientalis (Mill.) Lassen

S. varia (L.) Lassen

Sophora jaubertii Spach (Euro-Sib.)

Tragacantha densifolia (Lam.) Kuntze End. (Ir.-Tur.)
Trifolium angustifolium L. subsp. angustifolium
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T. argutum Sol. 7 05.06.2020 P2078
T. arvense L. 15 17.06.2021 P2414
T. diffusum Ehrh. 13 15.06.2021 P2346
T. ochroleucon Huds. 4  17.06.2020 P2151
T. phleoides Willd. (Medit.) 13 15.06.2021 P2341
T. physodes M.Bieb. var. physodes (Medit.) 18 17.06.2021 P2490
T. pratense L. var. pratense 17 12.06.2021 P2295
T. pratense L. var. sativum Schreb. 16 17.06.2021 P2447
T. repens L. var. repens™ 17 12.06.2021 P2286
Trigonella coerulescens (M.Bieb.) Halacsy (Ir.-Tur.) 13 10.07.2021 P2617
Vavilovia formosa (Steven) Al. Fed.* 2 11.08.2019 P1937

Vicia alpestris Steven subsp. hypoleuca (Boiss.)

P.H.Davis End. (Ir.-Tur.)*, LC 2 11082019 P1949

V. anatolica Turrill (Ir.-Tur.) 5 14.06.2020 P2103
V. balansae Boiss. 1 20.08.2018 P1771
V. canescens Labill. subsp. variegata (Willd.)
P.H.Davis (Ir.-Tur.) 13 10.07.2021 P2618
V. cracca L. subsp. cracca (Euro-Sib.) 3 14.08.2019 P2036
V. noeana Boiss. (Ir.-Tur.) 15 17.06.2021 P2383
V. sativa L. subsp. nigra (L.) Ehrh.* 4  04.07.2021 P2564
V. tenuifolia Roth subsp. tenuifolia* 9 17.06.2018 P1770
V. tenuifolia Roth subsp. elegans (Guss.) Nyman 4 17.06.2020 P2148
V. villosa Roth subsp. varia (Host) Corb. 5 02.07.2021 P2548
V. villosa Roth. subsp. villosa 11 11.06.2021 P2277
Fagaceae Quercus brantii Lindl. (Ir.-Tur.)* 8 04.06.2020 P2075
Q. hartwissiana Steven (Euro-Sib.) 14 14.06.2021 P2330
(kQI.elnfectorla G.Olivier subsp. veneris (A. Kern.) Mei- 7 05.06.2020 P2089

Q. libani G.Olivier (Ir.-Tur.) 16 17.06.2021 P2459
Q. petraea (Matt.) Liebl. subsp. pinnatiloba (K. Koch) 12 10.07.2019 P1859
Menitsky End.

Q. pubescens Willd. subsp. pubescens 18 17.06.2021 P2487
?” rgﬁ;;; L. subsp. pedunculiflora (K.Koch) Menitsky 17 12062021 P2293
Gentianaceae K:/Ieenlgaeur?sum erythraea Rafn. subsp. turcicum (Velen.) 3 14082019 P2009
Gentiana gelida M.Bieb. (Euro-Sib.) 15 17.06.2021 P2588
G. septemfida Pall. subsp. septemfida (Euro-Sib.)* 3 14.08.2019 P1995
G. verna L. 2 10.07.2021 P2578
Geraniaceae Erodium _absmthmdes Willd. subsp. armenum (Trautv.) 1 18072020 P2218
P.H. Davis (Ir.-Tur.)
E. ciconium (L.) L’Her.* 4 17.06.2020 P2134
E. cicutarium (L.) L’Her.* 7 05.06.2020 P2079
Geranium pyrenaicum Burm. f. subsp. pyrenaicum 13 10.07.2021 P2618
G. tuberosum L.* 3 15.07.2020 P2167
Pelargonium endlicherianum Fenz| 2 10.09.2020 P2251
Hypericaceae Hypericum armenum Jaub. & Spach (Ir.-Tur.) 1 10.08.2019 P1913

H. elongatum Ledeb. ex Rchb. var. elongatum

(Ir.-Tur.) 15 17.06.2021 P2402
H. linarioides Bosse subsp. linarioides 2 19.08.2018 P1730
H. lysimachioides Boiss. & Noé (Ir.-Tur.) 5 24.06.2019 P1842
H. microcalycinum Boiss. & Heldr. (Ir.-Tur.) 1 20.08.2018 P1781
H. perforatum L. subsp. perforatum* 3 15.08.2018 P1724
H. scabrum L. (Ir.-Tur.)* 4 04.07.2021 P2571
H. triquetrifolium Turra 4 04.07.2021 P2565
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Iridaceae

Ixioliriaceae

Juglandaceae
Juncaceae

Lamiaceae

H. venustum Fenzl
Crocus biflorus Mill.
(Ir.-Tur.)*

C. kotschyanus K.Koch
B.Mathew End., (Ir.-Tur.), NT
C. suworowianus K.Koch
Gladiolus atroviolaceus Boiss. (Ir.-Tur.)*

G. italicus Mill.*

Iris aucheri (Baker) Sealy (Ir.-Tur.)

I. caucasica Hoffm. subsp. turcica B. Mathew (lIr.-Tur.)
I. galatica Siehe End. (Ir.-Tur.)*, LC

I. persica L. (Ir.-Tur.)*

I. reticulata M.Bieb. subsp. reticulata (Ir.-Tur.)*

I. sari Schott ex Baker End. (Ir.-Tur.), LC

Ixiolirion tataricum (Pall.) Schult. & Schult.f. var. ta-
taricum (Ir.-Tur.)

Juglans regia L.*

Juncus articulatus L. subsp. articulatus (Euro-Sib.)

J. compressus Jacq. (Euro-Sib.)*

J. inflexus L. subsp. inflexus*

Luzula forsteri (Sm.) DC. subsp. forsteri (Euro-Sib.)
Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.)
Arcang.*

A. chamaepitys (L.) Schreb. subsp. cuneatifolia (Stapf)
P.H.Davis*

A. chamaepitys (L.) Schreb. subsp. laevigata (Boiss.)
P.H.Davis (Ir.-Tur.)

A. orientalis L.

Ballota nigra L. subsp. nigra (Euro-Sib.)

Clinopodium graveolens (M.Bieb.) Kuntze subsp.
rotundifolium (Pers.) Govaerts

C. vulgare L. subsp. vulgare*

Eremostachys molucelloides Bunge (Ir.-Tur.)*
Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey.
(Ir.-Tur.)

L. peltata (L.) Fisch. et C.A. Mey. (Ir.-Tur.)

Lamium album L. subsp. aloum (Euro-Sib)

L. amplexicaule L. var. amplexicaule (Euro-Sib)*

L. garganicum L. subsp. strtiatum (Sm.) Hayek (E.
Medit.)

L. macrodon Boiss. & A. Huet (Ir.-Tur.)

L. multifidum L. (Ir.-Tur.)

L. orientale (Fisch. & C.A.Mey.) E.H.L.Krause End.
(Ir.-Tur.)

L. tomentosum Willd. (Ir.-Tur.)
Marrubium astracanicum Jacq.
(Bornm.) P.H. Davis End., LC

M. parviflorum Fisch. & C.A. Mey. subsp. parviflorum
(Ir.-Tur.)

Mentha longifolia (L.) L. subsp. typhoides (Briq.)
Harley

M. spicata L. subsp. spicata*

Nepeta betonicifolia C.A.Mey. subsp. betonicifolia
(Ir.-Tur.)

N. glomerata Montbret & Aucher ex Benth.

subsp. tauri (Maw) B.Mathew

subsp.  cappadocicus

subsp. macrodon
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Liliaceae

Linaceae

N. italica L. subsp. italica*
N. nuda L. subsp. albiflora (Boiss.) Gams
N. racemosa Lam. subsp. racemosa (Ir.-Tur.)

Origanum acutidens (Hand.-Mazz.) letsw. End.
(Ir.-Tur.),LC
Phlomis herba-venti L. subsp. pungens (Willd.) Maire
ex De Filipps

P. kurdica Rech. f. (Ir.-Tur.)*

Phlomoides tuberosa (L.) Moench.

Prunella vulgaris L. subsp. vulgaris (Euro-Sib.)

Salvia aethiopis L.*

S. brachyantha (Bordz.) Pobed. (Ir.-Tur.)*

S. caespitosa  Montbret &  Aucher  ex
Benth.End.(Ir.-Tur.),LC

. candidissima Vahl (Ir.-Tur.)*

. frigida Boiss. (Ir.-Tur.)

. macrochlamys Boiss. & Kotschy (Ir.-Tur.)*

. microstegia Boiss. & Balansa (Ir.-Tur.)

. multicaulis Vahl (Ir.-Tur.)*

. poculata Nabelek (Ir.-Tur.)

. recognita Fisch. et C.A.Mey. End. (Ir.-Tur.), LC

. sclarea L.

verticillata L. subsp. amasiaca (Freyn & Bornm.)
Bornm. (Ir.-Tur.)

S. verticillata L. subsp. verticillata (Euro-Sib.)

Satureja hortensis L.

Scutellaria orientalis L. subsp. orientalis (Ir.-Tur.)*
Stachys annua (L.) L. subsp. ammophila (Boiss. &
Blanche) Sam. (E. Medit.)

S. cretica L. subsp. garana (Boiss.) Rech. f. (Ir.-Tur.)

S. lavandulifolia Vahl (Ir.-Tur.)
S. spectabilis Choisy ex DC.
(Ir.-Tur.)

Teucrium chamaedrys L.
Rech. f. (Ir.-Tur.)*

T. orientale L. var. glabrescens (Hausskn. ex Bornm.)
Rech.f. (Ir.-Tur.)

T. orientale L. var. orientale (Ir.-Tur.)

T. polium L. subsp. polium

Thymus fallax Fisch. & C.A.Mey. (Ir.-Tur.)

T. haussknechtii Velen. End., (Ir.-Tur.)*, NT

T. kotschyanus Boiss. & Hohen. subsp. kotschyanus
(Ir.-Tur.)

T. leucotrichus Halacsy var. leucotrichus (E. Medit.)
Ziziphora capitata L. (Ir.-Tur.)

Z. persica Bunge (Ir.-Tur.)

Fritillaria pinardii Boiss. (Ir.-Tur.)*

Gagea bulbifera (Pall.) Salisb. (Euro.-Sib.)*

G. gageoides (Zucc.) Vved. (Ir.-Tur.)

G. villosa (M.Bieb.) Sweet (Medit.)

Tulipa armena Boiss. var. armena (Ir.-Tur.)*

T. julia K.Koch (Ir.-Tur.)*

Linum mucronatum Bertol. subsp. armenum (Bordz.)
P.H.Davis (Ir.-Tur.)

L. mucronatum Bertol. subsp. mucronatum (lIr.-Tur.)
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Lythraceae
Malvaceae

Moraceae

Oleaceae
Onagraceae

Orchidaceae

Orobanchaceae

L. nervosum Waldst. & Kit.

L. obtusatum Boiss. End., (Ir.-Tur.), LC

L. tenuifolium L. subsp. tenuifolium
Lythrum salicaria L. (Euro-Sib.)*
Alcea calvertii (Boiss.) Boiss. End., (Ir.-Tur.), LC

A. dissecta (Baker f.) Zohary (Ir.-Tur.)*

Malva neglecta Wallr.*
Tilia rubra DC. subsp. caucasica (Rupr.) V.Engl. (Eu-

ro-Sib.)

Morus alba L. subsp. alba*
Ficus carica L. subsp. rupestris (Hausskn.)

Browicz(Ir.-Tur.)*

Fraxinus angustifolia VVahl subsp. angustifolia

Epilobium hirsutum L.

E. stevenii Boiss. (Ir.-Tur.)
Anacamptis coriophora (L.) R.M.Bateman, Pridgeon &

M.W.Chase*
A. palustris (Jacq.)

R.M.Bateman,

M.W.Chase subsp. palustris
A. pyramidalis (L.) Rich.*

Cephalanthera damasonium (Mill.) Druce (Euro-Sib.)

Pridgeon

C. kurdica Bornm. ex Kraenzl. (Ir.-Tur.)*

C. rubra (L.) Rich.

&

Dactylorhiza iberica (M.Bieb. ex Willd.) So6 (E. Med-

it.)

D. osmanica (Klinge) P.F.Hunt & Summerh. var.
anatolica (E.Nelson) Renz & Taubenheim End.,

(Ir.-Tur.), NT

D. osmanica (Klinge) P.F.Hunt & Summerh. var. os-
manica End., (Ir.-Tur.), LC
D. umbrosa (Kar. & Kir.) Nevski (Ir.-Tur.)
D. viridis (L.) R.M.Bateman, Pridgeon & M.W.Chase
Epipactis palustris (L.) Crantz (Euro-Sib.)
E. persica (So6) Nannf.*

E. veratrifolia Boiss. & Hohen. (Ir.-Tur.)

Limodorum abortivum (L.) Sw.*

Ophrys apifera Huds.

Orchis anatolica Boiss. (E. Medit.)
O. mascula (L.) L. subsp. mascula (E. Medit.)
O. militaris L. subsp. stevenii (Rchb.f.) B.Baumann &

al. (E. Medit.)

O. pallens L.

O. punctulata Steven ex Lindl. (E. Medit.)

Platanthera chlorantha (Cruster) Rchb.
Bornmuellerantha aucheri (Boiss.) Rothm. (Ir.-Tur.)*

Bungea trifida (Vahl) C.A.Mey. (Ir.-Tur.)

Diphelypaea tournefortii (Desf.) Nicolson (Ir.-Tur.)

Euphrasia pectinata Ten. (Euro-Sib.)
Melampyrum arvense L. (Euro-Sib.)
Orobanche alba Stephan ex Willd.

O. arenaria Borkh.
O. cernua Loefl.

O. schultzii Mutel (Medit.)

Pedicularis comosa L.

P. munzurdaghensis Armagan End., (Ir.-Tur.)

18
15
15
15
15

13
13
13

14

P h~wh

01.06.2019
01.06.2019
14.06.2021
17.06.2021
17.06.2021
30.06.2021
04.06.2020

12.06.2021
12.06.2021
17.06.2021

14.06.2021
18.07.2020
14.06.2020

15.07.2020

17.06.2021

17.06.2021
14.06.2018
15.07.2020
17.06.2021

17.06.2021

17.06.2021

17.06.2021

15.06.2021
17.06.2021
17.06.2021
14.06.2018
14.08.2019
17.06.2021
15.07.2020
17.06.2021
20.05.2020

17.06.2021

10.07.2021
10.07.2021
10.07.2021
14.08.2019
17.06.2020
14.06.2021
18.07.2020
17.06.2021
17.06.2021
17.06.2021
17.06.2020
14.08.2019
04.07.2021
10.08.2019

P1804
P1823
P2323
P2440
P2501
P2516
P2074

p2297
p2281
P2410

P2320
P2201
P2231

P2175

P2438

P2398
P1791
P2170
P2436

P2393

P2406

P2497

P2472
P2475
P2381
P1792
P2027
P2373
P2162
p2371
P2056

P2493

P2622
P2623
P2624
P1998
P2135
P2315
P2205
P2382
P2448
P2360
P2139
P2001
p2581
P1882
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P. sibthorpii Boiss. 3 14.08.2019 P2016
Phelypaea coccinea (M.Bieb.) Poir. (Ir.-Tur.) 14 14.06.2021 P2324
gglsrtlglnthus serotinus subsp. aestivalis (N.W.Zinger) 18 17.06.2021 P2485
Paeoniaceae Paeonia mascula (L.) Mill. subsp. mascula 01.06.2019 P1826

01.06.2019 P1812
15.07.2020 P2174
01.06.2019 P1808

17.06.2020 P2142

24.06.2019 P1834
01.06.2019 P1805
17.06.2020 P2130
5 17.06.2021 P2389
17.06.2020 P2138
01.06.2019 P1800
17.07.2021 P2625
05.06.2020 P2080
17.06.2021 P2461
18.07.2020 P2215
17.06.2021 P2492
18.07.2020 P2208
04.07.2021 P2604
11.08.2019 P1948
04.06.2020 P2073
14.08.2019 P2022
29.06.2021 P2509
18.07.2020 P2217

Papaveraceae Corydalis erdelii Zucc. End., (Ir.-Tur.)
C. oppositifolia DC. subsp. oppositifolia End.*, LC
Fumaria asepala Boiss. (Ir.-Tur.)*
Glaucium acutidentatum Hausskn. & Bornm. End.,
(Ir.-Tur.), LC
G. leiocarpum Boiss.
Hypecoum procumbens L. (Medit.)
Papaver macrostomum Boiss. et A.Huet (Ir.-Tur.)
P. persicum Lindl. subsp. persicum
P. rhoeas L.
Roemeria hybrida (L.) DC. subsp. hybrida*
Parnassiaceae Parnassia palustris L. var. palustris
Pinaceae Pinus sylvestris L. var. hamata Steven (Euro.-Sib.)
Plantaginaceae  Anarrhinum orientale Benth. (Ir.-Tur.)
Globularia tricosantha Fisch. & C.A.Mey. (Ir.-Tur.)*
Linaria chalepensis (L.) Mill. (E. Medit.)
L. corifolia Desf. End., (Ir.-Tur.), LC
L. genistifolia (L.) Mill. subsp. genistifolia (Euro-Sib.)
L. kurdica Boiss. & Hohen. (Ir.-Tur.)
Plantago lanceolata L.*
P. major L. subsp. major
P. maritima L. subsp. maritima
Veronica anagallis-aquatica L.
V. anagalloides Guss. subsp. heureka M.A.Fisch.

[ep}

(Ir.-Tur) 15 17.06.2021 P2384
V. beccabunga L. subsp. beccabunga 2 11.08.2019 P1940
V. biloba Schreb. ex L. (Ir.-Tur.) 17 12.06.2021 P2288
V. intercedens Bomm. (Ir.-Tur.) 18 17.06.2021 P2479
V. macrostachya Vahl. (E. Medit.) 5 14.06.2020 P2050
Platanaceae Platanus orientalis L.* 17 12.06.2021 P2292
Plumbaginaceae Acantholimon acerosum (Willd.) Boiss. (Ir.-Tur.)* 4 04.07.2021 P2575
A. venustum Boiss. var. venustum (Ir.-Tur.) 1 10.08.2019 P1909
Poaceae Aegilops neglecta Req. ex Bertol. (Medit.) 1 10.08.2019 P1921
A. umbellulata Zhuk. (Ir.-Tur.)* 2 11.08.2019 P1967
Agropyron cristatum (L.) Gaertn. 4 17.06.2020 P2128
Agrostis stolonifera L. subsp. stolonifera (Euro-Sib.)* 2 11.08.2019 P1963
Alopecurus arundinaceus Poir. (Euro-Sib.) 1 20.08.2018 P1768
Avena barbata Pott ex Link (Medit.)* 5 14.06.2020 P2099
A. sativa L. var. sativa* 4 17.06.2020 P2131
Briza media L.* 1 10.08.2019 P1897
Bromus danthoniae Trin. 9 09.06.2021 P2256
B. intermedius Guss. 4 04.07.2021 P2582
B. japonicus Thunb. subsp. anatolicus (Boiss. &
Heldr.) 2 19.08.2018 P1736
Penzes*

B. squarrosus L. 16 17.06.2021 P2452
B. sterilis L. 4 17.06.2020 P2121
B. tomentellus Boiss. (Ir.-Tur.) 17 12.06.2021 P2291

Calamagrostis pseudophragmites (Haller f.) Koeler

(Euro-Sib) 16 17.06.2021 P2340
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Polygalaceae

Polygonaceae

Portulacaceae

Primulaceae

Ranunculaceae

Cynodon dactylon (L.) Pers.*

Dactylis glomerata L. subsp. hispanica (Roth) Nyman
Deschampsia cespitosa (L.) P.Beauv.

Elymus hispidus (Opiz) Melderis subsp. hispidus
Eremopoa altaica (Trin.) Roshev. (Ir.-Tur.)
Festuca pratensis Huds.*

Hordeum brevisubulatum (Trin.) Link. (Ir.-Tur.)
H. bulbosum L.

H. marinum Huds. subsp. gussoneanum (Parl.) Thell.
(Euro-Sib.)*

Koeleria pyramidata (Lam.) P.Beauv. (Euro-Sib.)*
Melica ciliata L.

Phleum montanum K. Koch.

Phragmites australis (Cav.) Trin. ex Steud. subsp.
australis (Euro-Sib.)

Poa bulbosa L. var. bulbosa

P. nemoralis L.

P. pratensis L.*

Secale cereale L.*

Stipa ehrenbergiana Trin. & Rupr. (Ir.-Tur.)
Taeniatherum caput-medusae (L.) Nevski (Ir.-Tur.)
Triticum aestivum L. var. aestivum*

T. durum Desf.*

Polygala anatolica Boiss. & Heldr.

P. papilionacea Boiss. (Ir.-Tur.)

P. transcaucasica Tamamsch.

Atraphaxis spinosa L. var. spinosa (Ir.-Tur.)*
Oxyria digyna (L.) Hill*

Persicaria bistorta (L.) Samp. (Euro-Sib.)
Polygonum arenastrum Boreau

P. cognatum Meisn. subsp. cognatum

Rheum ribes L. (Ir.-Tur.)*

Rumex acetosella L. subsp. acetosella

R. angustifolius Campd. (Ir.-Tur.)

R. crispus L. subsp. crispus

R. patientia L. subsp. patientia

R. scutatus L. subsp. scutatus

R. tuberosus L. subsp. horizontalis (Koch) Rech.
Portulaca oleracea L.*

Anagallis arvensis var. coeruleus

Androsace villosa L. var. villosa (Euro-Sib.)
Cyclamen coum Mill. subsp. coum

Lysimachia punctata L. (Euro-Sib.)

L. vulgaris L.

Primula auriculata Lam. (Ir.-Tur.)

Adonis aestivalis L. subsp. parviflora (Fisch. ex DC.)
N.Busch

A. cyllenea Boiss., Heldr. & Orph. var. paryadrica Boiss
End.*

A. flammea Jacq.

Caltha palustris L. var. palustris

Ceratocephala falcata (L.) Pers.*

Clematis orientalis L.

Delphinium albiflorum DC.*

D. crispulum Rupr.
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04.07.2021
18.07.2020
11.08.2019
14.06.2020
17.06.2021
29.06.2021
17.06.2020
04.07.2021

14.06.2020

10.08.2019
05.06.2020
17.06.2021

17.06.2021

04.07.2021
14.06.2019
14.06.2020
17.06.2020
10.08.2019
17.06.2020
09.06.2021
02.06.2020
18.07.2020
17.06.2021
04.07.2021
10.08.2019
11.08.2019
19.08.2018
14.06.2021
11.08.2019
15.07.2020
20.08.2018
17.06.2020
15.07.2020
01.07.2021
17.07.2020
17.06.2021
01.07.2021
01.07.2021
10.08.2019
15.08.2018
17.06.2021
15.06.2021
15.06.2021

01.06.2020

01.06.2019

15.06.2021
01.06.2019
12.06.2021
15.06.2021
14.08.2019
10.08.2019

P2608
P2206
P1969
P2098
P2295
P2506
P2123
P2568

P2102

P1884
P2087
P2441

P2482

P2577
P2013
P2104
P2136
P1903
P2127
P2257
P2064
P2207
P2356
P2559
P1926
P1945
P1738
P2316
P1955
P2168
P1785
P2110
P2166
P2528
P2193
p2582
P2540
P2541
P1920
P1725
P2378
P2345
P2343
P2059

P1809

P1912
P1807
p2282
P1815
P2034
P1893
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Resedaceae

Rhamnaceae

Rosaceae

D. dasystachyum Boiss. & Balansa End. (Ir.-Tur.)

D. kurdicum Boiss. & Hohen. (Ir.-Tur.)

Eranthis hyemalis (L.) Salisbh.*

Nigella oxypetala Boiss. (Ir.-Tur.)*

Pulsatilla violacea Rupr. subsp. armena (Boiss.)
Luferov

Ranunculus arvensis L. (Ir.-Tur.)

R. polyanthemos L. subsp. polyanthemos

R. repens L. var. repens

Thalictrum isopyroides C.A.Mey. (Ir.-Tur.)

T. minus L. var. minus

Reseda lutea L. subsp. lutea

Frangula alnus Mill. subsp. pontica (Boiss.) P.H.Davis
& Yalt. End.*, LC

Paliurus spina-christi Mill.*

Rhamnus alpina L. subsp. fallax (Boiss.) Maire & Pe-
titm.*

Agrimonia eupatoria L. subsp. eupatoria*

Alchemilla mollis (Buser) Rothm.*

A. persica Rothm.

Amelanchier ovalis Medik. (E. Medit.)

Cotoneaster nummularius Fisch. & C.A.Mey.*
Crateagus monogyna Jacqg.

C. orientalis Pall. ex M.Bieb. subsp. orientalis
Cydonia oblonga Mill. var. oblonga *
Filipendula ulmaria (L.) Maxim.
(Euro-Sib.)

Geum rivale L.

G. urbanum L. (Euro-Sib.)

Malus sylvestris (L.) Mill.

Potentilla argentea L.*

. erecta (L.) Raeusch. subsp. erecta
. geronioides Willd. (Ir.-Tur.)

. inclinata Vill.

. lignosa Willd. ex Schltdl. (Ir.-Tur.)*
. pulvinaris Fenzl. End., VU

. recta L. subsp. recta

. reptans L. var. reptans

. speciosa Willd.*

runus armeniaca L.

. cerasifera Ehrh.

. dulcis (Mill.) D.A.Webb*_

. mahalep L.*

. microcarpa C.A.Mey. (Ir.-Tur.)*

. prostrata Labill._ (Medit.)

. spinosa L. (Euro-Sib.)

Pyracantha coccinea M.Roem. var. coccinea

Pyrus elaeagnifolia Pall. subsp. elaeagnifolia

P. elaeagnifolia Pall. subsp. kotschyana (Boiss. ex
Decne.) Browicz

Rosa canina L.

R. mollis Sm.

R. pulverulenta M.Bieb.

R. villosa L.

Rubus canescens DC. (Euro-Sib.)*

subsp. ulmaria
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20.08.2018
04.07.2021
15.07.2020
17.06.2021

01.06.2019

01.06.2019
17.06.2021
01.07.2021
04.07.2021
24.06.2019
17.06.2020

17.06.2021
30.06.2021
17.06.2021

17.06.2021
01.07.2021
15.06.2021
17.06.2020
17.06.2021
17.06.2021
10.07.2019
12.06.2021

04.07.2021

17.06.2021
04.07.2021
11.06.2021
14.08.2021
17.06.2021
19.08.2018
11.06.2021
12.07.2021
20.08.2018
17.06.2020
05.06.2020
01.07.2021
12.06.2021
10.07.2019
12.06.2021
01.06.2020
17.06.2021
10.07.2019
17.06.2021
12.06.2021
24.06.2019

14.08.2019

17.06.2021
17.06.2021
05.06.2020
14.08.2019
17.06.2021

P1788
P2595
P2162
P2368

P1813

P1818
P2446
P2534
P2558
P1819
P2125

pP2377
P2521
P2435

P2499
P2525
P2338
P2118
P2489
P2457
P1863
p2285

P2573

P2359
P2606
P2278
P2010
P2376
P1737
P2280
P2623
P1778
P2117
P2068
P2536
P2290
P1866
P2296
P2060
P2454
P1858
P2495
pP2287
P1845

P2037

p2481
p2427
P2082
P2012
P2386

120


http://www.theplantlist.org/tpl1.1/record/kew-2871388
http://www.theplantlist.org/tpl1.1/record/kew-2871388
http://www.theplantlist.org/tpl1.1/record/rjp-970
http://www.theplantlist.org/tpl1.1/record/rjp-1418
http://www.theplantlist.org/tpl1.1/record/rjp-528
http://www.theplantlist.org/tpl1.1/record/rjp-1192
http://www.theplantlist.org/tpl1.1/record/rjp-1997
http://www.theplantlist.org/tpl1.1/record/rjp-2033
http://www.theplantlist.org/tpl1.1/record/rjp-44
http://www.theplantlist.org/tpl1.1/record/rjp-375
http://www.theplantlist.org/tpl1.1/record/rjp-2078
http://www.theplantlist.org/tpl1.1/record/rjp-1309
http://www.theplantlist.org/tpl1.1/record/rjp-43
http://www.theplantlist.org/tpl1.1/record/rjp-447
http://www.theplantlist.org/tpl1.1/record/rjp-3036
http://www.theplantlist.org/tpl1.1/record/rjp-3036

International Journal of Pure and Applied Sciences 10(1); 100-124 (2024)

Rubiaceae

Rutaceae
Salicaceae

Santalaceae

Sapindaceae

Saxifragaceae
Scrophulariacee

Simaroubaceae
Smilacaceae
Solanaceae

R. sanctus Schreb.*

Sanguisorba minor Scop. subsp. lasiocarpa (Boiss. &

Hausskn.) Nordborg
S. minor Scop. subsp. mindr
Sorbus torminalis (L.) Crantz

S. umbellata (Desf.) Fritsch subsp. umbellata
Asperula affinis Boiss. & A.Huet (Ir.-Tur.)

A. arvensis L. (Medit.)*

A. glomerata (M.Bieb.) Griseb. subsp. condensata

(Ehrend.) Ehrend. (Ir.-Tur.)
A. glomerata

Griseb. subsp. filiformis (Bornm.)

Schénb.-Tem. (Ir.-Tur.)
Callipeltis cucullaris (L.) DC. (Ir.-Tur.)
Cruciata taurica (Pall. ex Willd.) Ehrend. subsp. taurica

(Ir.-Tur.)

Galium megalanthum Boiss. (Ir.-Tur.)

G. mite Boiss. & Hohen. (Ir.-Tur.)
G. subuliferum Sommier & Levier

G. verum L. subsp. glabrescens Ehrend. (Ir.-Tur.)

(M.Bieb.)

Ehrend.

&

Haplophyllum myrtifolium Boiss. End., (Ir.-Tur.)*, LC

Populus nigra L.
P. tremula L. var. tremula (Euro-Sib.)
Salix alba L. (Euro-Sib.)*

S. excelsa S.G. Gmel. (Ir.-Tur.)*

S. triandra L. (Euro-Sib.)

Arceuthobium oxycedri (DC.) M.Bieb.*
Chrysothesium aureum (Jaub. & Spach) Hendrych End.

(Ir.-Tur.), NT
Thesium arvense Horv. (Euro-Sib.)
T. billardierei Boiss. (Ir.-Tur.)

T. impressum Steud. ex A. DC. (Ir.-Tur.)
Viscum album L. subsp. album*
Acer hyrcanum Fisch. & C.A.Mey. subsp. hyrcanum

(Euro-Sib.)

A. monspessulanum L. subsp. ibericum (M. Bieb. ex
Willd.) Yalt.*
A. platanoides L. (Euro-Sib.)

A. tataricum L. subsp. tataricum

Saxifraga sibirica L.
Scrophularia catariifolia Boiss. & Heldr. (Ir.-Tur.)

S. libanotica Boiss. var. cappadocica R.R.Mill End.,

(Ir.-Tur.), LC
S. rimarum Bornm.
S. scopolii Hoppe ex Pers. var. scopolii

Verbascum oreophilum C.Koch var. joannis (Bordz.)

Hub.-Mor. (Ir.-Tur.)
V. songaricum Schrenk ex Fisch. et Mey. subsp.

subdecurrens Hub.-Mor. End., (Ir.-Tur.), LC

V. speciosum Schrad. subsp. speciosum
Ailanthus altissima (Mill.) Swingle
Smilax excelsa L. (Medit.)

Datura stramonium L.

Hyoscyamus niger L.

H. reticulatus L. (Ir.-Tur.)*
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17.06.2021
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10.07.2019

01.08.2020
17.06.2021
17.06.2021
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05.06.2020
14.06.2021

P2473
P2165

p2321
P2434
P2261
P2563
P1960

P2019

P1942

P2593
p2374

P2433
P1799
P2561
P2478
P2362
P2336
P2091
P2093
P1824
P2538
P2163

P2526

P2424
P2610
P2533
P2115

P2419

P1907

P2031
P2284
P1907
P2029

P2420

P1852
P2432

pP2241

P1862

P2242
P2422
P2353
P2066
P2094
P2334
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Tamaricaceae
Thymelaeaceae

Typhaceae
Ulmaceae

Urticaceae

Verbenaceae
Violaceae

Vitaceae
Xanthor-
rhoeaceae

Zygophyllaceae

Tamarix tetrandra Pall. ex M.Bieb.

Daphne oleoides Schreb. subsp. oleoides (Ir.-Tur.)
Thymelaea passerina (L.) Coss. & Germ.

Typha minima Funck (Euro-Sib.)

Ulmus canescens Melville (E.Medit.)*

U. glabra Huds. (Euro-Sib.)*

Parietaria judaica L.*

Urtica dioica L. subsp. dioica (Euro-Sib.)*
Verbena officinalis L. var. officinalis*

Viola occulta Lehm.*

V. sieheana W.Becker*

Vitis vinifera L. var. vinifera*

Asphodeline tenuior (Fisch. ex M.Bieb.) Ledeb. subsp.
tenuiflora (K.Koch) Tuzlaci (Ir.-Tur.)

Eremurus spectabilis M.Bieb. (Ir.-Tur.)

Tribulus terrestris L.

Zygophyllum fabago L. (Ir.-Tur.)

16
15
15
16
15
13
16
15
16

16
17

12

~

17.06.2021
17.06.2021
17.06.2021
17.06.2021
17.06.2021
15.06.2021
17.06.2021
17.06.2021
17.06.2021
01.06.2019
17.06.2021
12.06.2021

01.07.2021

01.07.2021
05.06.2020
29.06.2021

P2444
P2429
pP2421
P2450
P2423
P2335
p2428
P2425
P2431
P1821
P2471
P2309

P2531

P2529
P2086
P2505

4. Sonuc ve Tartisma

Yapilan arazi ¢aligmalarinda toplanan bitki numunelerinin teshis edilmesi sonucunda; 89 fa-
milya ve 433 cinse ait 957 takson tespit edilmistir. Bu taksonlardan 115’i endemiktir ve endemizm
orani %12’dir. Aragtirma bdlgesinde daha dnce yapilmis ¢aligmalar ile ilgili literattrler [1, 4, 5, 16-21]
incelendiginde yapilan bu ¢alisma sonucunda 304 taksonun Piiliimiir i¢in yeni kayit oldugu belirlen-
mistir. Bitkilerin fitocografik dagilimlari sirastyla; 337°si (%35.2) Iran-Turan; 85°i (%8.8) Avru-
pa-Sibirya; 46’s1 (%4.8) Akdeniz; 489°u (%51.2) ise Genis yayilish ve Bilinmeyen oldugu goriilmek-

tedir (Sekil 1).
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fran-Turan Avrupa-Sibirya Akdeniz Genis Yayilish ve

Bilinmeyenler

Sekil 1. Taksonlarin fitocografik dagilimlari

Floristik acidan en fazla takson iceren familyalar Asteraceae (143), Fabaceae (88), Brassicaceae (70),
Apiaceae (63), Lamiaceae (60), Caryophyllaceae (47), Rosaceae (41), Boraginaceae (39), Poaceae
(36) ve Orchidaceae (18) seklinde siralanmaktadir (Sekil 2).
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Sekil 2. En cok takson iceren familyalar
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En fazla takson iceren cinsler ise Astragalus (21), Centaurea (16), Allium (15), Silene (15), Alyssum
(13), Campanula (13), Salvia (13), Aethionema (10) ve Trifolium (10) seklinde siralanmaktadir (Sekil
3).
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Sekil 3. En cok takson iceren cinsler

Sonug olarak bu caligsmanin; cesitli sebeplerden dolay1 yeterli arastirma yapilamamis olan Piiliimiir
ilgesi florasina katki sagladigi ve ilgenin 6zellikle daglik kesimlerinin bitki ¢esitliligi ve endemik bitki
varlig1 acisindan oldukga zengin bir potansiyele sahip oldugu diistiniilmektedir.

Tesekkiir

Arazi caligmalari sirasinda yardimei olan Zeynel Duman, Kemal Giinesli, Misliim Yildiz ve Zlfi
Cavus’a tesekkiir ederiz.
Cikar Catismasi

Yazar(lar) bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.

Arastirma ve Yayn Etigi Beyam

Yazar(lar) bu calismanin aragtirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: Aeration is a procedure carried out to enhance water quality. Various hy-
draulic structures and devices for water aeration have been utilized in the literature. The
venturi nozzle plays a significant role in water jet aeration. The aeration efficiency
achieved with the venturi nozzle is seven times higher than that of the classic circular
nozzle. In this experimental study, various holes of different sizes were created in the
throat portion of the venturi nozzle; thus, air was drawn into the flow by creating neg-
ative pressure. The study examined the impact of the venturi nozzle on aeration effi-
ciency by varying the length of the throat portion. The findings revealed that making a
hole in the throat portion significantly improved aeration efficiency increasing the size
of the throat portion had a detrimental effect.

Keywords: Drinking and domestic water; aeration; oxygen transfer; water jet; venturi
nozzle

Venturi Agizhgin Bogaz Bolgesindeki Delik Capinin ve Bogaz Uzunlugunun
Havalandirma Verimine Etkisi

Ozet: Havalandirma, sularin kalitesini artirmak igin yapilan bir islemdir. Sularin ha-
valandirilmasinda farkli hidrolik yapilar ve aygitlar literatiirde kullanilmaktadir. Su
jetleri ile havalandirmada venturi agizligin 6nemli bir yeri vardir. Venturi agizlik ile
elde edilen havalandirma verimi, klasik dairesel agizliga gore yedi kat daha fazladir. Bu
deneysel ¢alismada venturi agizligin bogaz bolgesinde farkl ¢aplarda delikler agilmis
ve negatif basing olusturularak akim igerisine hava girisi saglanmistir. Ayrica venturi
agizliginin bogaz bolgesi uzunlugu degistirilerek havalandirma verimine etkisi arasti-
rilmustir. Elde edilen bulgulara gore bogaz bolgesinde delik acilmasinin havalandirma
veriminin arttirllmasma 6nemli bir katki sagladigi ve bogaz bolgesinin uzunlugunun
arttirilmasinin ise olumsuz yonde etki ettigi sonucuna varilmistir.

Anahtar Kelimeler: igme ve kullanma suyu; havalandirma; oksijen transferi; su jeti;
venturi agizlik
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1. Introduction

Water is the most essential substance for life of all creatures. Freshwater resources are limited in
the world. Studies on the preservation and enhancement of the quality of limited waters have always
attracted researchers' attention. The concentration of dissolved oxygen in water decreases with the
pollution of water. It is crucial to replace the decreasing oxygen concentration in water. In some types
of water, removing gases such as carbon dioxide, methane, and hydrogen sulfide may be necessary. In
this case, the process of water aeration comes forward. Water aeration is necessary to increase the
decreasing dissolved oxygen value in the waters and remove the volatile gases in the waters [1, 2].

Many different hydraulic structures have been used in water aeration. Waters in the streams can
be aerated, and dissolved oxygen concentration can be increased by passing through the stepped
spillways, cascades, weirs, and levees. For example, if the dissolved oxygen concentration value in a
stream has decreased to 3-4 mg/L, this value can be increased to 8-9 mg/L using the cascade structure.
The water collected from dam reservoirs is subject to treatment in the treatment facility before being
supplied to the network as drinking and domestic water. Water can be aerated by flowing water
through cascades built around the four sides of a pool. This method is frequently used in practice.
Besides the above-mentioned hydraulic structures, using water jets in the aeration process is also very
common. Differently from the hydraulic structures such as stepped spillways, cascades, and weirs, the
water jets require energy. Water jets are a device frequently used for different purposes in civil
engineering, environmental engineering, and chemical engineering.

Bin [3] conducted a very comprehensive review of water jets. The studies published until the
publication date of the review article were collected in that article. In that article, it was reported that
water jets are used for different purposes in different engineering fields. Bagatur [1] examined
different types of nozzles in water jets in his doctoral thesis. He changed the outlet sections of the
nozzles and investigated the effect of this change on the aeration efficiency. Bagatur [1] found that the
change of nozzle outlet section has a significant impactsignificantly affected aeration efficiency.
Emiroglu and Baylar [4] created holes near the outlet point of a circular nozzle and investigated the
effect of these holes on aeration efficiency. They found that the air holes changed the shape of the
water jet, and the expansion of the water jet was increased at the point of impact with the water and
thus the aeration efficiency can be increased. Bagatur and Onen [5] used Gene Expression
Programming (GEP) and Artificial Neural Network (ANN) models to determine the aeration
efficiency of water jets. They stated that these models were a very successful technique for
determining the aeration efficiency. Bagatur and Onen [6] used water jets to improve oxygen transfer
efficiency. The authors used the GEP model to determine the oxygen transfer efficiency. Onen [7]
used artificial intelligence techniques to determine the penetration depth of water jets and stated that
artificial intelligence techniques successfully determined penetration depths. Puri et al. [8] prepared a
review article on increasing oxygen yield in water. The authors reviewed and summarized the relevant
studies up to the article's publication date. They stated that different hydraulic structures would be
used to increase the oxygen transfer efficiency of water. Can et al., [9] numerically analyzed the
aeration performance of turbulent water jets and compared it with experimental data. The authors used
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ANSY-CFX commercial software for numerical analysis. They stated that the numerical and
experimental results were very compatible.

Many studies have been carried out in the literature to increase aeration and oxygen transfer effi-
ciency using water jets. A Venturi device has also been used as a nozzle. The present study focused on
the effect of the diameter of the hole created in the throat portion of the venturi nozzle on aeration.
Within the scope of the current studyit is aimed to experimentally investigate the effect of changing the
length of the throat portion of the venturi nozzle and the diameter of the hole created in the throat portion
on air entrainment rate and oxygen transfer efficiency.

2. Materials and Methods
2.1. Basic Theory

Equation (2.1) calculates the oxygen transfer efficiency in the literature [1, 2, 4].

dC A

—=K, —(C,-C) (2.1)
dt Vo

where, Cs expresses the saturation concentration of oxygen in the water. Instead of the A/,
expression in Eq. (2.1), “a” showing the specific intersection surface is used in the literature.

In Eq. (2.1), if integral for C=C, and C=C, t=0 and t=t is taken, it becomes as

C t

dC

=(K,a)| dt
c[ c_c ¢ L)g
(2.2)
From the solution of Eqg. (2.2);

C.-C
/| —=—|=—(K, at 2.3
[CS_CO] (K.2) @3

Equation (2.3) is obtained. Where, C, and C; are water oxygen concentrations at baseline and at
time t, K.a is the mass transfer coefficient. According to Eq. (3), the values of K a are obtained by using
against time t on a semi-logarithmic paper. K.a was normalized at 20 °C by using Eq. (2.4) to make a
comparison in different systems.

(Ka)y =(K ), (1-024)(20_T) (2.4)
Oxygen transfer efficiency (OE) was calculated by Eqg. (2.5).
E= (KLa‘)ZOC: vW

(2.5)
0.50Q,V?

In Eg. (2.5), OE indicates the oxygen transfer efficiency (kgO./kW-hr), C: indicates the
saturation concentration of dissolved oxygen (mg//), V4 indicates the volume of the water (m?3), p indicates
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the mass density of water (kg/m®), Q. indicates the discharge of water (m?s), and V; indicates the
velocity of the water jet (m/s).

3. Experimental setup and Method

The experimental study was conducted in the Hydraulic Laboratory of Firat University, Faculty of
Engineering, Department of Civil Engineering. Within the scope of the study, a tank with a volume of
1.80 m® was manufactured (Fig. 1). The front side of the tank was made of glass material. Thus, the
movement and scattering of air bubbles in the tank could be monitored. The tank was filled with tap
water. The water in the tank was circulated with the help of a water pump. After the pump drew water
from the tank, it was fed into a supply pipe. A venturi nozzle was placed at the end of the supply line.
Thus, the water coming out of the nozzle impacted the water in the tank from a certain distance (L;=0.30
m). The impact angle of the water jet was taken as #=45°. Air holes were created in the throat portion and
the venturi nozzle's center. The diameters of the air holes were taken as 1.4, 1.7, 2.0, 2.8, 3.4, 4.0, 4.2,
5.1 and 6.0 in mm. The angle a1 was chosen as 21° in the converging cone region of the venturi nozzle,
and the angle az was chosen as 7° in the diverging cone region (Fig. 2). These angles are both accepted in
practice and in the literature [4]. The outlet diameters of the circular nozzles were taken in the same way
as the venturi nozzles. Thus, comparisons were significant. The outlet diameters were D=18.67, 22.67,
26.67, 28.00, 34.00, and 40.00 mm. L/D=1 and L/D=2 ratios were used in all experiments for venturi
and circular nozzles (Fig. 3). The throat diameters of venturi nozzles were taken as d=14, d=17, and
d=20 mm. The ratio of throat portion diameter to nozzle diameter was taken as d/D=0.50 and d/D=0.75.
The ratio of the diameter of the air holes to the diameter of the throat portion was selected as hd/d=0.1,
hd/d=0.2 and hd/d=0.3. The ¢/d=0.50 and ¢ /d=1.00 ratios were used to manufacture venturi nozzles.
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Fig. 1. Experimental set-up
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Supply line Inlet cone  Throat  Diverging cone Outlet

Fig. 3. Circular nozzle and its geometric details

After the tank was filled with tap water, the dissolved oxygen (DO) concentration in the water
was decreased before each experiment was conducted for oxygen transfer. Sodium sulfite (NaSOs)
and cobalt chloride (CoCl,) were used for this purpose. The experiments used these chemicals to
reduce the DO concentration to 0 mg/L. After these chemicals are added to the water, it is necessary to
mix them thoroughly. After the mixing process was completed, measurement was taken with the
HANNA Model HI9142 dissolved oxygen meter. Then, the pump was started and the water coming
out of the venturi nozzle was impacted into the impact pool. At this phase, the DO value of the water
in the tank was measured continuously. When the DO value reached saturation, the time was
determined. The air entrainment rate (Qa) was measured using a Testo 435 anemometer. In the current
study, each nozzle was tested for jet velocities (V;) ranging from 2.50 m/s to 15.00 m/s. Reynolds

number was calculated from the equation (Re =(V; x D)/v). Where Vj= jet impact velocity (m/s),

D= diameter of nozzle (m), and v= kinematic viscosity of water (m?/s). To determine the K.a values, t
expression in x-axis and —/n((C,—C,)/(C,—C,)) expression in y-axis were considered. The

scatter diagram for these two parameters was plotted and the line was fitted. The (K.a) values were
found (Fig. 4) from the fitted line. Then, the values of OE were obtained using Eq. (2.5).
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Fig. 4. Determination of K a values

4, Results and Discussion

4.1. The Effect of Variation of Throat Portion Length and Hole Diameter on Air Entrainment
Velocity

Figures 5(a-e) show the effect of both the change in the length of the throat portion of the venturi
nozzle and the change in the diameter of the hole created in the throat portion on the air entrainment
velocity. In Figs. 5(a-c), the throat diameter of the venturi nozzle is 14 mm. In Fig. 5(a), the ratio of
the throat portion to the nozzle outlet diameter is 0.50, and the ratio of the nozzle outlet length to the
outlet diameter is 1. As can be seen from Fig. 5(a), the increase in the length of the throat portion
caused a decrease in the air entrainment rate values. The most important reason for this is the negative
effect of the air drawn into the flow due to the negative pressure in the throat portion on the change in
the shape of the jet with the increase in the length of the throat portion. In other words, when the
length of the throat portion was shorter, the expansion of the water jet coming out of the nozzle was
greater. With the increase in the jet expansion, the water jet impacting the pool carried much more air
bubbles to the impact pool. Thus, the air entrainment rate values were higher when the throat portion
was shorter. Figures 5(a-e) show the effect of the diameter of the air hole created in the throat portion
of the Venturi nozzle on the air entrainment rate. In the throat portion of the Venturi nozzle, the
velocity head (V2/2g) increased excessively while the pressure head (P/y) decreased. Thus, negative
pressure was generated in the throat portion from the energy equation. When a hole was created in the
throat portion, air was absorbed into the stream due to the negative pressure. The air absorbed into the
flow changed the shape of the water jet, caused air to mix into the flow, and led the water jet to take
the shape of a crescent at the outlet. Thus, the expansion of the jet increased at the point of impact with
the pool. As the jet expansion and impact velocity increased, the values of the air entrainment rate also
increased. Although there was no significant change with the change of the hole diameter, larger Qa
values were generally obtained for hq/d=0.20.
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In Fig. 5(d), the diameter of the throat portion of the venturi nozzle was 17 mm. The ratio of
the diameter of the throat portion to the nozzle outlet diameter was 0.75. As shown in Fig. 5(d), the
highest value was obtained for ¢/d=0.5. For hy/d=0.20, higher Qa values were obtained compared to
other hole diameters. This was because d/D=0.75 caused more air intake into the flow for hs/d=0.20.
In Figs. 5(e, f), the throat portion diameter of the venturi nozzle was 20 mm, and similar results were
obtained with other diameters. It should also be stated that Qa values increased with increasing water
jet velocity, and the rate of increase was significant. This was due to the increase in the momentum of
the jet (oQV;) at the point of impact on the receiving pool.

325
- [d=14 nm: dD-0.50. LD-1]
300 —
275 —
250 —
225 —
T 200 —
\; 175
Z 150 -
o' -
125 — Venturi nozzel
100 —| —@—  (/d=1.00: hy/d=0.10
= —l— (/d=1.00; hy/d=0.20
] —@—  (/d=1.00; hy/d=030
50 — £/d=0.50; hy/d=0.10
25 ] = (/d=0.50:hy/d=0.20
= - £/d0.50; 1;/d=0.30
0 — ] I T 7\' T 1 T 1 T ’] T ] T 'r =1 “ T 7’ T ]
0 2 4 6 8§ 10 12 14 16 18
Water jet velocity (nvs)
600 -
500 | g=14 mm; £/d=0.50, /D=1
400
300 —
—
200 - - o
"
P
100 /
T ]
s ]
_f{f -
" _
e
O‘ —
Venturi nozzel
—4—  dD=0.50; hy/d=0.10
10— —M D050 hyd=020
] —@—  dD-050; hy/d=0.30
T ——— D075 hg/d=0.10
| - dD=075 ha'd=020
——  dD=0.75: hyd=0.30
2 T T T T T T T
2 3 4 5 6 7 8 910 15 20

‘Water jet velocity (mv/s)

200
i a
175 —
150 —
+ 125
E
= 4
2
E 100 —
- B
75 — Venturi nozzel
il ——  (/d=1.00:y/d=0.10
50— W (/d-1.00.1y/d=0.20
) —@—  (/d-100. hy/d=030
- £/d=0.50; hy/d=0.10
5 —
2 /050 hy/d=020
1 ———  [/dR0.50; hy/d=0.30
0 T T | T | T T T | T | T T ‘ T
2
20 0 2 4 6 8 10 12 14 16 18 20
Water jet velocity (m/s)
250 ]
= | d=17 num: d/D=0.75: LD=1 c
225 —
200 —
175
T 150
= 4
2
mg 125 —
=, B
=4
100 — Venturi nozzel
] ——  /d=100: hy/d=0.10
75—
—M— (/4100 hy/d=020
50— — @ (/d=1.00; hy/d-030
4 ——— [/d=0.50; hy/d=0.10
25 — — d050: hy/d-020
b —— [/d=0.50; hy/d=0.30
"\‘\‘\lllll\“\l‘l
0 2 4 6 8 10 12 14 16 18 20

Water jet velocity (m/s)

131



International Journal of Pure and Applied Sciences 10(1); 125-135 (2024)

280 7 600
- /.
260 — d=20 mm: dD=0.75: L'D=1 A? im 1 | d=20 nmx 7 /d=1.00: L 'D=1 (f)
- /? - '-',
240 —| Vs 300
- // 200 -
i 7
200 — 7
7 SR 100 —
v -
-+ 180 4 v 7
= 160 — = ]
z S B
“E 140 2 B ~
] E ’
o120 — e
- Venturi nozzel . -y -
_ Yy Venturi nozzel
100 P S
£/d=1.00: 1y /d=0.10 / )
80 — ) o ——  d/D=0.50; hy/d=0.10
i W (/=100 y/d=0.20 10 — 7 B D050 a0
60 — @ (/d=100; hy/d=0.30 ]
—@—  dD=0.50; hy/d=0.30
] ———  £/d=0.50: Iy/d=0.10 ] o
40 ) ———  dD=0.75; hg/d=0.10
b —— /d=0.50; hy/d=0.20 N
20 — ) (H] “© Il“ o —H—  aD=0.75hgd=0.20
- — [/d=0.50; .3 -
0 Y ———  d/D0.75: hg/d=0.30
T I T T T [T ! ‘ 2 \ T T T
2 2 ; 20
0 4 6 8 10 1 14 16 18 2 3 4 5 6 7 8 910 15 20

Water jet velocity (m/s) Water jet velocity (nvs)

Fig. 5. Effect of changing the length of throat portion and hole diameter on air entrainment rate in a venturi
nozzle

4.2. Effect of Changes in Length of Throat Portion and Hole Diameter on Oxygen Transfer
Efficiency

Figure 6(a) shows the change between water jet velocity and OE. The values of OE decreased
with increasing water jet velocity. The most important reason for this was the increase in pump power.

This is because N, =0.5,0QWVJ-2 in the denominator of the OE equation given in Eqg. (2.5) was

equal to power. Oxygen transfer efficiency also increased with the increase in diameter. This was due
to the increase in jet momentum (pQV;). The OE values decreased with the increase in the ratio of the
diameter of the throat portion to the outlet diameter. With the increase in the diameter of the throat
portion, the outlet velocity of the water jet decreased. Thus, OE values decreased. The increase in the
velocity of the water jet caused an increase in the momentum, and thus, the OE values increased.
Figure 6(a) shows that the oxygen transfer efficiency of the venturi nozzle was considerably higher
than that of the circular nozzle.

Figure 6(b) shows the change between water jet velocity and OE for circular nozzle. As shown
from Fig. 6(b), OE values increased with increasing diameter. The most important reason for this was
the increase in the momentum of the water jet.

Figure 6(c) shows the effect of the change in the length of the throat portion on the oxygen
transfer efficiency. As can be seen from Fig. 6(c), the most significant OE values were obtained when
both the diameter of the throat portion was narrow and the length of the throat portion was small. It is
also seen from the figure that the values of non-dimensional throat portion diameter d/D=0.50 were
considerably higher than d/D=0.75. In addition, the best OE values were obtained for ¢/d=0.50. In
their study, Van de Sande and Smith [10] indicated the oxygen transfer efficiencies of 3.9, 5.8, 8, 10,
and 12 mm circular nozzles. The maximum velocity was taken as 15 m/s. K a values increased with
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increasing velocity. The slope of the obtained graph was in agreement with the slopes of the values
obtained in the present study.

In the study by Van de Sande and Smith [10], a graph was plotted between velocity and OE, and
OE values decreased with increasing velocity. The same trend was obtained in the current study.
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Fig. 6. Effect of the change in length of throat portion and hole diameter on oxygen transfer efficiency in venturi
nozzle

4. Conclusion

The current study investigated the air entrainment rate and oxygen transfer efficiency of circular
and venturi nozzles with different diameters. Particular focus was attached to the effect of the length of
the throat portion of the venturi nozzle and the effect of the hole made in the throat portion. Varying
diameters of the air holes in the throat portion significantly affected the air entrainment rate and oxygen
transfer efficiency. No increase in air entrainment rate was observed with increasing hg/d. In general,
higher data were obtained for ha/d=0.2 and hy/d=0.3. The ratio of throat portion length to throat portion
diameter, ¢/d was effective on air entrainment rate and oxygen transfer efficiency. ¢/d=0.50 generally
gave better results than ¢/d=1.00.
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Abstract: In this study, Acid Red 88 (Sodium 4-(2-hydroxy-1-naphthalenylazo)
-naphthalenesulfonate) dye solution, which is used extensively in textile industry, was
used. Dye removal efficiency determination studies were firstly performed by using
three moss species, Chiloscyphus polyanthus, Cinclidotus pachylomoides and Palus-
triella Falcata (Hedw). In the case of comparison of color removal efficiency of
Chiloscyphus polyanthus, Cinclidotus Pachylomoides and Palustriella Falcata
(Hedw), it was seen that the species with the highest color removal efficiency with in-
creasing dye concentration was determined for Palustriella Falcata (Hedw). Further-
more, the effect on color removal efficiency was determined at specific concentration,
pH and under UVA (Ultraviolet-A) lamp light by using a photo reactor with these
mosses species. It has also been detected that these three mosses can be used in pho-
tocatalytic studies. Thus, these three mosses species can be employed as color removing
material both separately and with UVA light.

Keywords: Mosses; color removal; dye solution; wastewater; photo-reactor

Farkh Yosun Tiirlerinin Boya Cozeltilerinden Renk Giderme Etkinliginin
Karsilastirmah Olarak incelenmesi

1. Introduction

Ozet: Bu cgalismada, tekstil endiistrisinde yaygin olarak kullanilan Asit Kirmizis1-88
(Sodyum 4-(2-hidroksi-1-naftalenylazo)-naftalensiilfonat) ¢ozeltisi, ¢esitli mantarlarla
boya giderimi amaciyla kullanilmistir. Boya giderim etkinligi belirleme ¢alismalar1 ilk
olarak Chiloscyphus Polyanthus, Cinclidotus Pachylomoides ve Palustriella Falcata
(Hedw) adli ii¢ karayosunu tiri kullanilarak gergeklestirilmistir. Chiloscyphus Pol-
yanthus, Cinclidotus Pachylomoides ve Palustriella Falcata (Hedw)'nin renk giderme
etkinlikleri karsilastirildiginda, artan boya konsantrasyonuyla en yiiksek renk giderme
etkinligine sahip tiiriin Palustriella Falcata (Hedw) i¢in belirlendigi goriilmiistiir. Ay-
rica bu yosun tiirleri ile foto-reaktor kullanilarak belirli konsantrasyon, pH ve UVA
(Ultraviyole-A) lamba 15181 altinda renk giderme etkinligi {izerindeki etkisi belirlen-
mistir. Ayrica bu ii¢ karayosununun foto-katalitik ¢calismalarda kullanilabilecegi tespit
edilmistir. Sonug olarak, bu ii¢ yosun tiiriiniin hem ayr1 ayr1 hem de UVA 15181yla renk
giderici madde olarak kullanilabilecegi tespit edilmistir.

Anahtar Kelimeler: Yosun; renk giderimi; boya ¢ozeltisi; atik su; foto-reaktor
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A rapid enhancement has been observed in industrial activities due to the hasty increase in
population and the development of technology. As a result of these activities, environmental
pollutants and various wastes were emerged implicitly that has become a major problem for life
and nature [15; 35; 43; 45; 54, 64]. This situation has made it necessary to struggle environmental
pollution more effectively. In particular, water resources have been negatively affected due to
pollutants released directly and indirectly from industrial facilities to receiving environments.
There are lots of industries that cause poisonous wastewater in the technological growing world.
The textile industry appears to be one of the most environmentally "polluting” industries, in the
case of considering the volume and composition of wastewater. The textile industry is consid-
ered to be the industry that pollutes the environment the most, considering its discharge volume
and effluent content compared to other industrial sectors [70; 72].

Scientific studies and researches in recent years have focused on preventing the pollution
of water resources and reducing the current water pollution load [12; 15]. Synthetic dyes are
widely used in the textile industry and they contain color, high chemical oxygen demand (COD),
pH, and toxic solids. Accordingly, they create important environmental problems. Industrial
waste-derived organic dyes pose significant challenges, much like numerous other organic pol-
lutants, given their elevated toxicity to aquatic life. This toxicity can lead to severe repercussions
for human health, as well as for plants and aquatic ecosystems [28; 51]. Treatment of this type of
wastewater with high amounts of organic pollution is difficult and problematic due to the high
concentrations of complex dyestuffs and stable chemical structures of these organic compounds
[48]. So, the treatment of wastewater containing dyestuff requires using advanced treatment
techniques. [19; 44; 55; 73; 76]. The adsorption process is one of the most used methods that
have been employed for the highest purification performance in recent years [6; 7; 13; 18; 19; 24;
30; 33; 39; 42; 48; 59]. Many researchers have focused on dye removal experiments in the last
decades due to the decreased clean water resources [11; 14; 16; 32; 56; 62].

Additional measures are required to remove color, which is the main characteristic of tex-
tile dyeing industry wastewater. Because classical treatment plants can only achieve partial suc-
cess in removing the color of wastewater [17]. When colored wastewater is discharged into the
receiving environment, it absorbs the sun rays and prevents the light from reaching the deep part
where photo-synthetic activity takes place. As a result, the primary production chain is disrupted
in natural systems. Due to the presence of color in natural water bodies, the permeability of dis-
solved oxygen is impeded. The reduction of dissolved oxygen in water bodies seriously affects
life in the aquatic environment [31].

Even at low concentrations, wastewater containing dyestuff poses an aesthetically unde-
sirable problem when discharged into the environment [52]. Due to the complex chemical struc-
tures of synthetic organic pigments in dyes, they are resistant to bacteriological decomposition
[37].

While some azoic dyes undergo anaerobic degradation, the decomposition process leads to
the formation of aromatic amines, which can have highly adverse effects on the environment
[10]. In our country, dyestuffs have the potential to accumulate at high rates in the environment,
thanks to their resistance to breakdown due to the azo bonds they contain. Their stable structure
under acidic and alkaline conditions and resistance to aerobic degradation, heat, and light make it
challenging to purify dyes using conventional treatment methods. Consequently, it is known that
in some cases, reactive dyestuffs exit the treatment process at high rates, up to 90%, without un-
dergoing treatment [31].

Among diverse treatment technologies, (bio)adsorption stands out as a highly promising
technique for treating dye-laden effluents, particularly when the adsorbent is affordable and eas-
ily accessible. Cost-effectiveness is a crucial factor in industrial applications, making this meth-
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od particularly appealing [63]. Sorbents, especially based on biowastes have gained significance
due to their comparable efficiency. Materials locally abundant in large quantities, such as natural
substances, agricultural waste, or industrial byproducts, can serve as low-cost adsorbents. Vari-
ous types of these economical adsorbents, including black carrot residues, wheat shell, grape
stalk waste, sugarcane bagasse, maize bran, coconut and seed hull, cotton waste, apple wastes,
orange residue, rice bran, and lemon peel waste, have been employed for heavy metal removal
[1;2;3;5;8;20; 26; 27; 36; 47; 60; 63; 66].

Mosses, representing approximately 23,000 species among all land plants worldwide, have
found extensive application as indicators of heavy metal pollution in numerous studies. A key
aspect of these investigations involves standardizing the adsorption capacities of various moss
species sourced from different regions, facilitating an objective comparison of pollution levels
[38]. Mosses serve as sensitive bio-indicators for detecting heavy metal contamination and offer
several advantages as indicator organisms: (a) lacking an epidermis or cuticle, their cell walls
readily allow penetration by metal ions; (b) devoid of organs for mineral uptake from substrates,
they primarily obtain minerals through precipitation; (c) mosses reflect metal concentrations
correlated with atmospheric deposition amounts [25; 65; 71].

Among various bio-indicators, mosses were among the first used to trace pollution in Eu-
rope [9; 23], particularly in industrial areas [21; 22; 34; 49; 74]. Their ability to mirror the
chemical composition of the surrounding atmosphere stems from the absence of a cuticle or
roots. Due to their ectohydric nature, mosses directly acquire most elements and nutrients from
atmospheric deposition [13]. While several other sorbents have been tested as pollution moni-
tors, the low production cost of mosses and their potential for reutilization, combined with their
high adsorption capacity, provide moss with additional value. Chiloscyphus polyanthus, Cincli-
dotus pachylomoides and Palustriella Falcata (Hedw). were selected for the removability of dye
from wastewater.

Chiloscyphus polyanthus is one of the commonest leafy liverworts to be found on rocks
and other surfaces in watercourses and lakes where it usually grows at least partially submerged.
It's unlikely to find it in chalk or limestone streams or in other base-rich water as it prefers water
with a pH of 6.5 or less. Scapania undulata is a common associate [69].

Cinclidotus pachylomoides, also known as lattice tooth-mosses, are a genus of deciduous
moss in the family Pottiaceae. They are aquatic mosses that live in and on streams and rivers and
are widespread in the Holarctic - especially in Europe and the Mediterranean [75].

Palustriella Falcata, this large hook-moss is surprisingly variable in habit, although not
habitat. It is a characteristic species of strongly basic and often stony flushes and fens. For the
field bryologist, its stand-out field character (other than habitat of course) is its strongly pleated
leaves. This places it in a small but select group of lookalikes and rules out others which do not
have pleated leaves. Confusion is therefore only likely with Sanionia species, which rarely grow
in wet habitats, Hamatocaulis vernicosus, a smaller, reddish species with more weakly pleated
leaves, and the two other species of Palustriella [68].

In the current study, the dye removal of Acid Red 88 textile dye with three different moss-
es was made comparatively for the first time in the literature. In addition, it has been determined
that these three mosses can be used both separately and in dye removal processes with photo-
catalytic oxidation.

1. Materials And Methods
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1.1. Materials

Mosses used in the dye removal experiment were collected different regions. Chiloscyphus
Polyanthos was got from Kayseri city, Soysalli village, near Buyuleyen Lake at an altitude of
1100 m with coordinates 38° 23'300"N - 35°21'580"E; Cinclidotus Pachylomoides, from Kayseri
city, Yahyali province near Kapuzbasi Waterfall at 750 m altitude and at 37°46'26"N-35°23'36"E
coordinates; Palustriella Falcata, from Kayseri city, Yahyali province, near Kapuzbasi Waterfall
at 750 m altitude and 37°46'26" N - 35°23'36"E coordinates.

The Acid Red 88 was obtained from Fisher Scientific (TCI, America), NaOH and HCI
were obtained from Merck (KGaA, Germany) and purified accordingly [40]. UV-Visible spectra
were recorded on a Shimadzu UV-160-A spectrophotometer. The pH adjustments were made
with the Thermo ORION 3-STAR benchtop pH meter. Centrifugation was carried out with the
Hettich Benchtop centrifuge ROTOFIX 32 A. Weighing operations were done with Shimadzu
AUX320 Analytical Balance.

2.2. Methods
2.2.1. Biosorption Experiment

In this study, mosses were subjected to dye removal applications in a shaking water bath to
assess their biosorption capabilities. Each experiment utilized 100 mL of dye solution with the
biosorbent material, aiming to determine the optimal values for experimental parameters. Fol-
lowing each biosorption experiment, samples underwent centrifugation for biosorbent-solution
separation, and the remaining dye concentration in the supernatant was quantified using a
UV-Visible spectrophotometer [2; 3; 4; 63].

Biosorption studies were carried out at room temperature. A 250 mL capacity flask was
used for this purpose. The optimum pH study was conducted to determine the pH at which the
bryophytes used exhibited the best absorbance properties [5]. 100 mL dye solution at 50 ppm
concentration was put into 250 mL flasks. The initial pH of each dye solution was individually
adjusted to the desired values with 0.1 M HCI and 0.1 M NaOH. (Selected pH values are 3, 4, 5,
6, 7, 8, 9, and 10 for each dye). Then, 1 g of pre-prepared moss biosorbents was added to
dye-containing flasks at the initial time. They were agitated at a constant speed at room temper-
ature. [46; 57]. (Fig. 1) Samples were taken at particular time periods such 1%, 2", 31 4 and 5%
hour. After centrifugation separately, each sample was examined for dye removal activity. The
dye concentration in the agqueous part was measured with a UV-Visible spectrophotometer to
calculate the removal capacity. All procedures were applied in the same order for all three bryo-
phyte types used in the experiments.
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~ e ¥ 0,
Palustriella Falcata (Hedw).
Figure 1. The illustration of biosorption experiment of dye solution by three mosses

The employed solutions at various concentrations, such as 50 ppm, 100 ppm, 200 ppm,
300 ppm, and 400 ppm were prepared from stock dye solution. The pH of the solutions was
adjusted to pH=3 value, which was determined as the optimum working value. The 100 mL of
each solution was taken into the flask, and it interacted with 1 g of algae in the erlenmeyer.
The contact time was determined as 1, 2, 3, 4, and 5 hours in a shaker water bath at room
temperature. Biosorption studies were performed for Chiloscyphus Polyanthus, Cinclidotus
Pachylomoides and Palustriella Falcata (Hedw) at room temperature, at different dye con-
centrations, pH = 3, and agitation speed of 150 rpm/min.

2.2.2. Photo-reactor Process

A batch-type cylindrical Pyrex glass reactor (50 cm x 4.6 cm) with a capacity of 500
mL and a UV lamp system were used. The mixture in the reactor was provided by bottom-fed
airflow. The UV lamp system used in the process is cylindrical in shape, made of flexible
transparent material, with a height of 33.5 cm and a diameter of 14.3 cm. Its inner surface is
covered with aluminum foil, allowing a maximum of 6 UV lamps to be placed hexagonally at
equal intervals and the lamp type to be changed. Lamps with two different types of UV range
were used in the lamp system. These lamps are classified as UVA (315-400 nm) and UVC
(100-280 nm) according to the International Commission on Illumination.

The photo-reactor mechanism was formed by placing the lamp assembly on the shaker.
The experimental setup used for photo-reactor experiments is shown in Fig. 2 below [41; 67].
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Figure 2. Schematic representation of the reactor system used by applying photoreactor and
UVA light. (A: Switch On/Off, B: Erlenmeyer, C: UV A Lamps)

For photocatalytic application, 50 ppm and 100 mL of Acid Red 88 dyestuff solutions
were used. It was placed in a 250 mL flask and the pH was adjusted to 3. Then, 1 gr
Chiloscyphus polyanthus, Cinclidotus pachylomoides and Palustriella Falcata (Hedw) were
added to these dye solutions. UV lamps were turned on and the reaction was started. The
contact duration continued for 120 minutes. Solution samples were taken in every 20 minutes
to calculate the removal capacity. They were centrifuged at 4000 rpm for 5 minutes. Then, the
samples were placed in a 10 mm quartz cell in a spectrophotometer device and the absorbance
was measured at 510 nm wavelength [61]. The color removal efficiencies over measured ab-
sorbance values were calculated using the equation below and the color removal graph was
drawn.

Co-Ct

CRE (%)==~ *100

CRE %: Color removal efficiency,
Co: initial dye concentrations,
Ct: dye concentrations at t.
2. Results and Discussion
2.1. Determining the optimum pH
As can be seen from the values obtained in Table 1, the pH values determined to be

pH=3 in all three bryophyte types which provided the best color removal performance and
gave the most efficient absorbance results.
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Table 1. Color removal percentages of moss-dye solution at various pHs
pH
Plant Time 3 4 5 6 7 8 9 10
1hour 89.58 7255 6471 63.83 68.00 5833 6170 67.31
2"hour 9375 7451 66.67 6596 68.00 6458 6170 67.31
3%hour 97.92 8235 66.67 7234 66.00 6250 6170 67.31

Chiloscyphus

polyanthus
4"hour 97.92 86.27 66.67 76.60 74.00 6250 63.83 69.23
Shhour 97.92 8235 6275 7234 68.00 70.83 7234 6731
1hour 89.58 86.27 8431 80.85 86.00 8333 7872 82.69
o 2"hour 89.58 86.27 86.27 80.85 86.00 8542 7872 82.69
Cinclidotus

3%hour 91.67 86.27 8824 8298 86.00 8542 8511 84.62
4"hour 91.67 8824 8824 8298 88.00 8542 87.23 86.54
S5hhour 95.83 9020 90.20 87.23 90.00 89.58 85.11 90.38
1%hour 8542 7255 6275 5319 66.00 5625 5319 59.62
2hour 8750 76.47 7451 5745 70.00 6250 59.57 65.38
3%hour 91.67 7843 76.47 5957 72.00 6458 6383 67.31
4"hour 91.67 7843 7843 6170 7200 66.67 6596 67.31
Shhour 9375 8824 86.27 76.60 84.00 79.17 76.60 80.77

Pachylomoides

Palustriella
Falcata

3.2. Color Removal Application in Different Dye Concentrations

The dye removal efficiency of Chiloscyphus polyanthus was observed up to 89.58%.
This result was obtained with 50 ppm dye solution at the end of the first hour. The color re-
moval efficiency increased with the progress of application time. The highest color removal
efficiency was recorded as 97.92% at the 3rd hour. In the case of examining the values in Fig.
3, the dye removal efficiency regularly increased in the first 4 hours.

E50 ppm ®W100ppm m200ppm m300 ppm ® 400 ppm
i

[o0]
) 8 o
wn
[e)]

93,75
88,66
97
96,9
97,92

100 -+
90
80
70
60
50
40
30
20
10

89,58
85,57

% color removal

1

. 3 4 5
time (h)

Figure 3. Color removal percentages graph of "Chiloscyphus polyanthus™ versus dye concen-
tration and time
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In general, the Chiloscyphus polyanthus fungus shows increasing dye removal efficien-
cy for Acid Red 88 with increasing concentration and contact time within the first 4 hours.
However, after the 5th hour, it is thought that the dye adsorption reverses and desorption into
the solution medium occurs.

B50 ppm MW100ppm m200ppm m300ppm m400 ppm
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Figure 4. Color removal percentages graph of "Cinclidotus Pachylomoides™ versus dye con-
centration and time

High color removal efficiency of Cinclidotus Pachylomoides was obtained as a result of
the dye removal experiments conducted (Fig. 4). The color removal efficiency increased at
low concentrations between 1% and 5" hours. The highest decolorization efficiency occurred
with 50 ppm concentration at the end of the 5-hour experiment process. However, the maxi-
mum color removal was achieved in a shorter time for higher concentrations. The highest de-
colorization efficiency, 97.96%, was detected in 400 ppm solution after 3 hours. In addition, it
is noteworthy that, generally, when the dye concentration is increased from 50 ppm to 400
ppm, the color removal efficiency is higher in the samples taken for each hour.
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Figure 5. Color removal percentages graph of "Palustriella Falcata™ versus dye concentration
and time

Palustriella falcata (Hedw) type bryophyte has also shown significant color removal ef-
ficiency against Acid Red 88 textile dye (Fig. 5). 85.42% color removal efficiency was de-
termined in 50 ppm solution after 1% hour. Besides, the color removal efficiency of Palustri-
ella falcata (Hedw) was obtained 98.22% with 400 ppm solution at the same time interval.
The highest color removal efficiency was acquired as 98.47% with 400 ppm dye solution at
the end of 3" hour.

In the case of comparison of three types of mosses, such Chiloscyphus polyanthus, Cin-
clidotus Pachylomoides, and Palustriella Falcata (Hedw); the highest color removal efficiency
during the time increasing versus concentrations was determined by employing Palustriella
Falcata (Hedw).

It can clearly be seen that, even in the first hour, the color removal efficiency with 400
ppm Acid Red 88 textile dye solution was found to be 98.22%. It can be evaluated that Palus-
triella Falcata (Hedw) has an effective color removable ability at higher dye concentrations in
a short time. Chiloscyphus polyanthus, among these three mosses, achieved better color re-
moval activity as 97.92% at 50 ppm than other moss species.

3.3. Photo-Reactor Studies

In order to determine whether Chiloscyphus polyanthus, Cinclidotus Pachylomoides,
and Palustriella Falcata (Hedw) can be used with Photo reactor or not was investigated. The
results of photo-reactor experiments with 50 ppm Acid Red 88 solution are given in Table 2.

Table 2. The color removal efficiency of “Mosses - dye solution” batches
with photo-reactor

Chiloscyphus polyanthus | Cinclidotus Pachylomoides Palustriella Falcata
Time + UV + UV + UV
20 min. 87.50 81.25 75.00
40 min. 87.50 83.33 85.42
80 min. 93.75 87.50 85.42
100 min. 95.83 91.67 87.50
120 min. 97.92 93.75 89.58

Chiloscyphus polyanthus, Cinclidotus Pachylomoides and Palustriella Falcata (Hedw)
were employed in order to determine whether they could be used as water purification from
dye solution or not. The results of photo-reactor experiments with 50 ppm Acid Red 88 are
given in the Table 2.

Herewith, Chiloscyphus polyanthus demonstrated 97.92% color removal performance
after 2 hours. Chiloscyphus polyanthus was found to have 93.75% color removal activity in
the 2" hour during the experiment performed without UV light alone. Photo-reactor applica-
tion has increased the color removal efficiency approximately as 4.44%.

93.75% color removal efficiency with photo reactor for Cinclidotus Pachylomoides was
obtained in the 2" hour. It was observed that the moss alone performed 89.58% color removal
activity in the 2" hour without UV light. This shows that 4.65% increase occurred in pho-
to-reactor investigation.

Lastly, Palustriella falcata showed 89.58% efficiency under UV light at the end of 2
hours. Furthermore, in the experiment conducted without UV light, it was observed that the
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Palustriella falcata achieved 87.50% color removal ability after 2 hours. An increase just
about 2.3% has happened in color removal efficiency.
3. Conclusion and Suggestion

The moss species such as Chiloscyphus polyanthus, Cinclidotus Pachylomoides and
Palustriella Falcata (Hedw) were found low-cost biosorbent candidates for removal of Acid
Red 88 dyestuff from wastewater. Therefore, they can be frequently used in the textile indus-
try to purify water contaminants. The optimum pH at which biosorbents could get the highest
efficiency was determined as 3. The increasing concentration from 50 ppm to 400 ppm of dye
solution didn’t significantly change the adsorption performance. It can be evaluated that se-
lected mosses have an adequate adsorption capacity. However, increasing time had a slightly
increasing effect on dye removal. But after the 5™ hour, the adsorption process reversed to
desorption in some cases. The highest color removal efficiency was determined as 98.47%
with Palustriella falcata with 400 ppm dye concentration at the 3™ hour. Besides, Chiloscy-
phus polyanthus was found to be more effective in low concentrations. It was obtained
97.92% dye removal efficiency with 50 ppm at the 3" hour.

These significant results can also be encountered from similar researches such; Nath et
al. (2015) investigated the biosorption of malachite green by Bacillus cereus. They observed a
maximum dye removal efficiency of 91% under optimal conditions: pH 5, biomass concentra-
tion of 0.5 g/L, initial dye concentration of 400 mg/L, and a contact time of 360 minutes [50].
Padmesh et al. (2008) investigated the biosorption of basic dyes (methylene blue and rhoda-
mine B) using Azolla filiculoides. They found maximum biosorption capacities of 166.7 mg/g
and 91.8 mg/g at 30°C, respectively. The authors concluded that the isotherm data fit best to
Langmuir models, while the kinetics of adsorption followed the pseudo-second-order model
most accurately [53]. Bhagavathi et al. (2016) examined the biosorption of basic dyes (meth-
ylene blue, malachite green, and basic blue 41) using effective microorganisms-based water
hyacinth compost. They found that the maximum dye removal efficiencies for methylene
blue, malachite green, and basic blue 41 were 98.9%, 98.4%, and 89.1%, respectively, with
uptake values of 286.15 mg/g, 147.81 mg/g, and 139.29 mg/g. The optimized operational pa-
rameters for batch adsorption studies were observed to be pH (8, 8, and 7), dosage (4 g/L),
and initial dye concentration (50 mg/L) [58]. Vijayaraghavan et al. (2015) explored the capa-
bility of Gracilaria corticata for removing crystal violet. They noted the highest sorption ca-
pacity at pH 8, with a biosorbent dosage of 5 g/L, and an initial dye concentration of 1000
mg/L [29].

It has also been studied that these three biosorbent species can also be employed in
photo-reactor experiments for the purification of wastewater. The activities on color removal
efficiencies were investigated with mosses by sending UVA rays to the solution, including 50
ppm dye concentration. They all enhanced the dye removal in different percentages:
Chiloscyphus polyanthus 4.44%; Cinclidotus Pachylomoides 4.65%; and Palustriella falcata
2.30%. Thus, it can be concluded that these three mosses can remove color from wastewater
solution both individually and with UVA light.
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Ozet: Ulkemiz zeytin agac1 yetistiriciligi ve zeytinyagi iiretimi konusunda diinyanin
onde gelen iilkelerinden biridir. Zeytinyag liretiminin ekstraksiyon siireci, yiiksek or-
ganik yukleri nedeniyle ciddi gevresel sorunlara neden olabilecek yan drunler Uretir.
Zeytinyagi tretimi sirasinda, kullanilan {iretim yontemine bagli olarak ii¢ farkli yan
iriin ortaya ¢ikmaktadir. Bunlarin yaklagik %20’ si zeytinyagi, %30 ‘u pirina ve yak-
lasik %50' si de atik su olarak bildigimiz kara sudur. Bu ¢aligmamizda zeytin isleme
strecinden elde edilen zeytin kara suyu, pirina ve atik durumundaki yaprak ve dal
pargalarinin yakil-masi ile elde edilen kiiliiniin kimyasal igerikleri LC/MS ile tespit
edilmistir. Ayrica kara su ve pirinanin antimikrobiyal aktiviteleri se¢ilmis mikroorga-
nizmalar tizerinde disk difiizyon yontemiyle arastirilmistir. Buna gore; Pseudomonas.
aeruginosa ve Klebsiella. pneumoniae tiirlerinde aktivite gézlenmezken diger biitiin
tirlerde antimikrobiyal ak-tivite tespit edilmistir. En iyi sonug kara su 6rneklerinde ve
Bacillus. spizizenii, Entero-coccus. faecalis, Klebsiella. aerogenes, Streptomyces.
pyogenes ve Candida. albicans’ da 0.3 ¢cm olarak olglilmiistiir. LC/MS sonuglari, kara
suda 10 farkli fenolik bilesik oldugunu kanitlarken yan iriinlerde olmasi beklenen
hidroksitirosol: 153.05, oleuropein: 377.14, elenolik asit: 213.07 gibi temel bilesenler
farkli miktarlarda tespit edilmistir. Pirina da 6 bilesik tanimlanirken, hidroksitirosol ve
oleuropein igerigine rastlanama-mistir. Kiil de ise kara su ve pirinada da tespit edilen

Pinoresinol ve Gingerol diginda fenolik bilesik tespit edilememistir.

Anahtar Kelimeler: Zeytin kara suyu; pirina; antimikrobiyal aktivite

Chemical Content and Antimicrobial Properties of Olive Black Water, Po-

mace and Ash

Abstract: Our country is one of the world's leading countries in olive tree cultivation
and olive oil production. The extraction process of olive oil production produces
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by-products that can cause serious environmental problems due to their high or-ganic
load. During olive oil production, three different by-products are produced depending
on the production method used. Approximately 20% of these are olive oil, 30% are
pomace and approximately 50% are black water, which we know as wastewater. In
this study, the chemical contents of olive black water, pomace and ash obtained by in-
cineration of waste leaves and twigs were determined by LC/MS. In addition, the an-
timicrobial activities of black water and pomace were investigated by disk diffusion
method on selected microorganisms. Accordingly, no activity was observed in Pseu-
domonas. aeruginosa and Klebsiella. pneumoniae species, while antimicrobial activity
was detected in all other species. The best result was measured at 0.3 cm in black wa-
ter samples and in Bacillus. spizizenii, Enterococcus. faecalis, Klebsiella. aerogenes,
Streptomyces. pyogenes and Can-dida. albicans. LC/MS results proved that there are
10 different phenolic com-pounds in black water, while hydroxytyrosol, which is ex-
pected to be in by-products: 153.05, oleuropein: 377.14, elenolic acid: 213.07 were
detected in different amounts. While 6 compounds were identified in pomace, hy-
droxytyrosol and oleuropein content was not found. No phenolic compounds were de-
tected in ash except for Pinoresinol and Gingerol which were also detected in black
water and pomace

Keywords: Olive black water; olive pomace; antimicrobial activity

1. Giris

Yeni bir ekonomik kavram olan dongiisel ekonominin temel amac1 iiriin dmrii, geri doniisiim ve
yeniden kullanimin tesvik edilmesidir. Bu ekonomik ve ¢evresel siirdiiriilebilirlige odaklanarak, ta-
rimsal gida yan triinleri atik degil, degerlendirilmesi gereken kaynaklardir. Strdiirtilebilir uygulamalar
endistriyel olgekte zeytinyagi sektdriine uygulanabilir. Zeytin agaci (Olea europaea) yetistiriciligi
ozellikle yaygin olan ve giderek artan bir potansiyele sahiptir [1, 2].

Bitkilerde bulunan sekonder metabolitler antioksidan ve antimikrobiyal etkiye sahip olmalari
acisindan 6nem tagimaktadir [3]. Sentetik antioksidanlara, antimikrobiyal bilegiklerin yan etkilerine ve
toksisitesine karsi siiphelerin giderek artmasindan dolay1 bu dogal kaynaklara olan ilgi her gegen gin
artmaktadir[4, 5].

Zeytinyag tiretimi, Akdeniz tilkelerinde 6nemli bir tarimsal-endUstriyel faaliyeti temsil etmekte-
dir. Akdeniz iilkeleri tek baslarina diinya ¢apidaki toplam zeytinyagi iiretiminin %98’ini gercekles-
tirmektedir [6, 7]. Onde gelen zeytinyag iireticileri [8]. Tiirkiye, Yunanistan, talya, Fransa, Ispanya,
Portekiz, Fas, Tunus, Cezayir, Misir, Israil ve Suriye’yi igeren Akdeniz havzasinda; Avustralya kitasi-
nin bir kisminda ve Amerika Birlesik Devletleri’nin Kaliforniya eyaletinde zeytin agaci yetistirilmek-
tedir [9, 10]. Zeytinyag1 ekstraksiyonu, gida sektoriindeki en yogun kirletici ¢iktisi olan endUstrilerden
biridir [11]. Zeytinyaginin mekanik olarak ekstraksiyonu toprak ve sucul cevrelerde yuksek fitotoksik
etkiye sahip yan triinler olusturmaktadir. Bircok LCA analizi, zeytin ve zeytin yan iiriinlerinin bu
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sektoriin stirdiirtilebilir bir liretime ulasmasinin éniindeki en biiyiik engel olduguna dikkat ¢ekmektedir
[12].

Zeytinyag: iiretimi (Sekil 1) zeytin bahgelerinde zeytin agaclarinin budanmasi ile baslar (genel-
likle her iki yilda bir) verimsiz ve eski dallarin ortadan kaldirilmasiyla zeytinyag: iiretimi iyilestirilir.
Bu da biiyiik miktarda atik biyokiitlenin olusumu ile sonuglanir [13]. Zeytinler toplandiktan ve zeytin
degirmenine getirildikten sonra zeytinlerle birlikte toplanan yapraklar ayrilir. Zeytinyagimin kendisini
elde etmek icin Ogilitme, karigtirma veya malaksasyon gibi islemlere tabi tutularak ayiklama yapilir
[13,14].

Yan liriin kompozisyonu, zeytinyagini ezilmis zeytin posasindan ayirmak i¢in uygulanan igleme
baghdir [13]. Ug fazli sistem iki temel atik iiretir: kat: bir posa (zeytin posas1 veya zeytin cekirdegi) ve
blyuk miktarlarda separatorden gelen durulama suyu ile dekantasyon asamasindan gelen zeytin de-
girmeni suyudur [7]. Ote yandan, iki fazl sistem ii¢ fazli yontemin degistirilmis bir versiyonu olarak

diisiiniilebilir ve yag1 su ilavesi olmadan zeytin posast liretir ve bitkisel atik su sorununu ortadan kaldi-

I1r.
3 fazli Uretim Prosesi
Su s Su
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180 m? gam 0-70 I'l'l!] (600 m3] {1m mr }

! ) l ” )
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Sekil 1. Ug fazli ve iki fazl zeytinyag: ekstraksiyon sistemi kullanilarak zeytinyag: iiretimi

Iki fazli sistem, yalmzca dogal olarak buharlasan az miktarda artik su Ve yar1 kat bir iiriin olan
prina Uretir [15]. Literature gore, bir hektar zeytin agacindan yaklasik 2500 kg zeytin elde edilir [7] ve
100 kg zeytin basina yaklagik 40-70 kg pirina Uretilmektedir [16-19]. Pirina glnumizde zeytinyag:
endustrisinde en bol bulunan ve en 6nemli yan riindir [10]. Fitotoksiktir, biyolojik olarak parcalana-
maz ve aritilmasi zordur. Organik bilesikler bakimindan zengin bilesimi ve yiiksek nem igeriginden
dolayr pirina Onemli bir kirleticidir ve bu kirletici yan {rlniin uygun sekilde aritilma-
si/degerlendirilmesi zeytin iireticileri ekonomik karina zarar verdigi i¢in zorunludur [6,20].
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Zeytin fenoliklerinin %98'1 pirina da kaldig1 i¢in zengin bir fenolik bilesik kaynagi olarak kabul
edilir [17,21]. Pirinada tamimlanan ana fenolik bilesik hidroksitirosol ve tiirevleridir [17,21,22]. YUk-
sek miktarlarda bulunan diger pirina fenolikleri ise oleuropein, tirosol ve elenolik asittir [17,23].

Zeytinyag1 endiistrisi sonucu olusan diger atiklar ise zeytin yapraklari ve karasudur [24]. Zeytin
yapragi, ¢ok sayida biyoaktif bilegseni dogal olarak i¢inde barindiran bir yan iirliniidiir. Cogunlukla
agacin budanmasi, hasat edilmesi ve liretim faaliyetleri esnasinda agiga ¢ikar ve polifenolik bilesikler
bakimindan zengin bir {irlindiir. 1 ton zeytinin iglenmesi sirasinda 50-100 kg zeytin yapragi atigi
olusmaktadir. Bu atiklarin kullanilmayan kismi ise yakilarak kiil haline getirilmektedir [25].

Zeytinlerin yaga donilisiimiinde 6nemli miktarlarda zeytin atik suyu olarak bildigimiz kara su or-
taya ¢ikmaktadir. Kara su, organik ve mineral madde agisindan zengin, asidik karakterde olan bir yan
iirlindiir. Kara suyun miktar1 ve fizikokimyasal 6zellikleri; tiretimin yapildig1 yere, {iriin alinan agacin
tiirline, yasina, hasat mevsimine ve ekstraksiyon yontemlerine gore degiskenlik gostermektedir. Zeytin
karasuyu miktar bakimindan %83-96 su, %3.5-15 organik maddeler, %0.5-2 mineral tuzlardan olus-
maktadir. Organik kisim ise seker, azot bilesikleri, ucucu asitler, polialkoller, pektin, yag, polifenoller
ve karasuya koyu rengi veren tanenleri icermektedir [26]. Bu ¢alismanin amaci Ulkemiz igin blyuk
Ooneme sahip olan zeytinin yaga doniisiimii siirecinde olusan c¢esitli ara {irlinlerin sahip olduklari feno-
lik bilesiklerin tespit edilmesi ve bu ara iiriinlerin tagidiklar1 antimikrobiyal 6zelliklerin belirlenmesi-
dir.

2. Materyalve Metod

2.1. Zeytin Kara Suyu, Pirina ve Kilinin Eldesi
Calismada kullanilan karasu, pirina ve kiil 6rnekleri Mersin’in Tarsus ilgesinde bulunan zeytin-

yag1 isletmelerinden temin edilmistir. Sikimdan sonra elde edilen karasu ve zeytin ekstraksiyon isle-
minden elde edilen pirina ve kil Malatya Turgut Ozal Universitesi Laboraratuvari’ na getirilmis ve
uygulamalarda kullanilincaya kadar +4°C’ de muhafaza edilmistir.

2.2. Zeytin Isletmesi Yan Uriinlerinin Kimyasal Iceriklerinin Belirlenmesi

Kara su, pirina ve kil igerisinde bulunan fenolik bilesiklerinin tanisi, standart maddelerin ali-
konma zamanlari, spektrumlarindan ve literatiir verilerinden yararlanilarak LC-MS yontemi ile yapil-
mustir. LC-MS analizleri Thermo Scientific marka elektrosprey kiitle spektrometrisi (Thermo Scienti-
fic, LCQ Deca XP MAX) kullanilarak negatif modda gergeklestirilmistir [27]. Standart maddelerin her
biri farkli konsantrasyonlarda hazirlanarak ve kolona enjekte edilerek her bir bilesik i¢in kalibrasyon
egrisi olusturulup miktar tayinleri belirlenmistir.

2.3. Zeytin Yan Urinlerinin Antimikrobiyal Aktivitelerinin Belirlenmesi

Zeytinyag1 isletmesi yan iriinleri olan kara su ve pirinanin antimikrobiyal etkileri secilmis olan
mikroorganizmalar Uzerinde (Escherichia coli, Enterococcus fecalis, Streptococcus pyogenes, Staphy-
lococcus aureus, B. spizizenii, B. subtilis, P. aeruginosa, K. pneumoniae, K. aerogenes ve C. albicans)
test edilmistir. Antimikrobiyal aktivite i¢in drnekler bos antibiyotik disklerine emdirilmis ve pozitif
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kontrol olarak da Cefadrokxil antibiyotik diskleri kullanilmistir. Disk difiizyon yontemi ile test edilen
olan antimikrobiyal aktivite i¢in hazirlanan Nutrient Agar ve Saboraud Dextroz Agar besi ortamlarina
mikroorganizmalarin ekimi yapilmis ve daha sonra orneklerin emdirildigi diskler ve CFR antibiyotik
dikleri yerlestirilerek mikroorganizmaya uygun sekilde 37 ve 28 °C’de inkiibasyona birakilmstir.
Bakteri i¢in 1 giin fungus igin 3 giinliik inkiibasyon sonunda elde edilen zon ¢aplar1 Slgiilerek anti-
mikrobiyal aktivite tespit edilmistir.

3. BulgularveTartisma

Aragtirmada kara su i¢inde Hydroxytyrosol, Acyclodihydroelenolic acid hexoside, Elenolic acid,
Oleuropin, Verbacoside, Taxifolin, Trihydroxy-octadecenoic acid, Pinoresinol, Gingerol ve Maslinic
acid olmak iizere 10 farkli fenolik bilesik farkli miktarlarda tespit edilmistir (Sekil 2, Tablo 1). Pirina
da Elenolic acid, Hydroxy-decarboxymethyl, Apigenin, Pinoresinol, Gingerol ve Maslinic acid olmak
tizere 6 farkli fenolik bilesik tespit edilmistir (Sekil 4, Tablo 3) Kiil de ise kara su ve pirina da ayn
miktarlarda tespit edilen Pinoresinol ve Gingerol fenolikleri tanimlanmistir (Sekil 3, Tablo 2). Benzer
caligmalarda tirozol ve hidroksitirozol’iin zeytinyaglarinda baskin olan fenolik bilesikler oldugu belir-
tilmistir [28,29]. Fenollerin miktar1 zeytinin yetistigi bolgenin kosullarina, ektraksiyon metoduna ve
depolama kosullarina bagli olarak degismektedir [30].
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Sekil 2. LC/MS sonucu kara suda tespit edilen fenolik bilesikler

Tablo 1.LC/MS sonucu Kara su i¢eriginde bulunan fenolik bilesiklerin miktarlar

No RT (dk) Pik ad Y ikseklik
1 2.9 Hydroxytyrosol 153.05

2 3.3 Acyclodihydroe- 407.15

lenolic acid hexoside

3 4.0 Elenolic acid 213.07

4 55 Oleuropin 377.14

5 7.3 Verbacoside 623.2

6 9.7 Taxifolin 303.2

7 10.8 Trihyd- 329.23

roxy-octadecenoic acid
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11.6 Pinoresinol 357.05
14.9 Gingerol 293.17
10 18.0 Maslinic acid 471.34
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Sekil 3. LC/MS sonucu kiilde tespit edilen fenolik bilesikler

Tablo 2. LC/MS sonucu kiilde bulunan fenolik bilesiklerin miktarlart

No RT (dk) Pik ad1 Y Uikseklik
11.6 Pinoresinol 357.06
14.9 Gingerol 293.17
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Sekil 4. LC/MS sonucu pirina da tespit edilen fenolik bilesikler

Tablo 3.LC/MS sonucu pirina igeriginde bulunan fenolik bilesiklerin miktarlar:

No RT (dk) Pik ad Yukseklik
1 4.9 Elenolic acid 229.07
2 7.1 Hydroxy-decarboxymethyl 199.09
3 10.8 Apigenin 269.04
4 11.6 Pinoresinol 357.05
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14.9 Gingerol 293.17
18.0 Maslinic acid 471.34

Kara su ve pirina orneklerinin antimikrobiyal aktiviteleri incelendiginde; P. aeruginosa ve K.
pneumoniae disindaki diger biitiin tiirlerde antimikrobiyal aktivite tespit edilmistir. En iyi sonu¢ kara
su drneklerinde ve B. spizizenii, E. faecalis, K. aerogenes, S. pyogenes ve C. albicans’ da 0.3 cm ola-
rak gozlemlenmistir. Zeytin ve zeytin yan Urlnlerinde bulunan oleuropeinin, mikroorganizmalarin
gelisme hizim geciktirdigi veya inhibe ettigi yapilan ¢alismalarda gosterilmistir [31-34]. Cok sayida
calismada oleuropein ve tiirevlerinin B. cereus, E. faecalis, E. coli, H. influenzae, K. pneumonie, L.
plantarum, M. catarrhalis, P. fragi, S. enteritidis, S. typhi, S. aureus, S. carnosus, V. parahaemolyticus,
V. cholerae, V. alginolyticus ve kiifler tizerinde iiremeyi engelleyici etkisinin oldugunu gostermistir
[5,35-38].

Sekil 5. Kara su ve Pirinanin antimikrobiyal aktivite sonuglari

4. Sonug

Diinyadaki endiistriyel kaynakli atiklar ve ¢esitliliginin zaman iginde arttig1 diisiiniildiiginde bu
endustrilerin atiklarinin, yapilarindaki 6nemli bilesiklerden otiirti degerli maddelere doniisme potansi-
yeline oldugu bilinmektedir. Ulkemiz icin stratejik bir degeri olan zeytinin yaga doniisiimii esnasinda
meydana gelen zeytin yapragi, pirina ve karasu gibi bilesikler de sahip olduklar1 fenolik bilesiklerden
otlrd 6nem arz etmektedir. Bu bilesiklerin dogalkatki maddesi olarak kullanimi igin, yan urtin olan
zeytin yapraklarinin, kara su ve pirina gibi triinlerin degerlendirilme imkanina sahip olmasi1 ve tasi-
diklar1 antimikrobiyal 6zellikler nedeniyle de sentetik kimyasallara alternatif olabilecegi diistiniilmek-
tedir.

Cikar Catismasi
Yazar(lar) bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigim bildirir.

Arastirma ve Yayin Etigi Beyam
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Yazar(lar) bu calismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: In recent years, many studies have been conducted in-depth investi-
gating YOLO Models for object detection in the field of agriculture. For this
reason, this study focused on four datasets containing different agricultural sce-
narios, and 20 different trainings were carried out with the objectives of under-
standing the detection capabilities of YOLOv8 and HPO (optimization of hy-
perparameters). While Weed/Crop and Pineapple datasets reached the most ac-
curate measurements with YOLOvV8n in mAP score of 0.8507 and 0.9466 re-
spectively, the prominent model for Grapes and Pear datasets was YOLOVSI in
mAP score of 0.6510 and 0.9641. This situation shows that multiple-species or in
different developmental stages of a single species object YOLO training high-
lights YOLOvV8n, while only object detection extracting from background sce-
nario naturally highlights YOLOv8I Model.

Keywords: YOLOvVS8 state-of-the-art networks; hyperparameter optimization;
agricultural images; object detection

Karmasik Tarim Senaryolar1 Uzerinde Nesne Tespiti icin HPO ile YOLOVS
Model Serisinin Degerlendirilmesi

Ozet: Son yillarda, tarim alaninda nesne tespitine yonelik YOLO modellerini
derinlemesine inceleyen bir¢ok ¢alisma yapilmistir. Bu nedenle bu c¢alismada
farkli tarimsal senaryolar igeren dort veri seti lizerine odaklanilmis ve YOLOvVS
iizerinde HPO’nun (hiper parametrelerin diizenlenmesi) tespit yeteneklerinin
anlasilmas1 amaciyla 20 farkli egitim gergeklestirilmistir. Weed/Crop ve Pi-
neapples veri setleri sirasiyla 0.8507 ve 0.9466 mAP skorunda YOLOv8n ile
optimal dl¢liimlere ulasirken, Grapes ve Pears veri setleri i¢in 6ne ¢ikan model
0.6510 ve 0.9461 mAP skorunda YOLOVSI olmustur. Bu durum birden fazla
tiirin veya tek bir tiirlin farkli gelisim asamalarindaki nesneler tizerinde YOLO
egitiminin YOLOv8n’i 6ne ¢ikardigini, yalnizca arka plan senaryosundan elde
edilen nesne algilama goérevinde ise YOLOVS] modelini dogal olarak 6ne ¢1-
kardigin1 gdstermistir.

Anahtar Kelimeler: YOLOV8 state-of-the-art networkler; hiper parametre op-
timizasyonu; zirai goruntiler; nesne tespiti
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1. Introduction

Deep learning-based models that provide state-of-the-art performance are very attractive in the
domain of object detection problems [1-2]. These models combine the following merits: momentum
with stable, fast, and real-time object detection in the recognition of objects with image properties in
agricultural environments. Among the models developed for the solution of object recognition prob-
lems, YOLO (You Only Look Once) stands out in real-time object detection with its effective overall
average precision (mAP) values [3]. On the other hand, images are complex due to the diversity of
details in agricultural application data and YOLO methods can produce solutions that can more accu-
rately express the data sets improving the evaluation performances [4] and optimizing the hyperpa-
rameters. Moreover, rectangular bounding boxes are the basis for object detectors that determine the
region of each object sample more precisely than the traditional rule-based image processing techniques
one of which is known as pixel-wise [5-6].

2. Literature Review

Nowadays, intelligent applications [7] in the domain of agriculture have become increasingly
popular because taking management measures in various agricultural activities requires accurate ad-
justments according to the specific conditions of each agricultural process. As the number of objects and
the interaction of objects increases in images containing real production data, the complexity of the
problem increases exponentially. Especially when images with agricultural content are evaluated, these
images may consist of fruits growing on trees, mature/unmatured fruit characteristics, multi-featured
fruit groups in a bunch, complex agricultural field images containing different tree species, or complex
structures requiring crop/weed detection. Most of the time, uncertainty in plant characteristics, subjec-
tivity in expert evaluation, and lack of object labeling can lead to decreased object detector perfor-
mances [8]. Unlike region-based detectors based on two stages phenomena such as the CNN (R-CNN)
series, YOLO, all variations of which are referred to as one-stage detectors in computer vision, have
demonstrated remarkable performance by combining region detection and object classification in sim-
ple structures to achieve speeds in higher performance. In the literature, prediction studies on agricul-
tural images in recent years can be classified as object detection prediction by considering these two
main detector groups:

e Convolutional Neural Network (CNN) based methods incorporate fine-tuned networks [9] for the
detection of specific objects assisting some techniques for object visualization from VGG16
feature maps.

e Region-based Convolutional Neural Network (R-CNN) methods, although time-consuming a
region-based strategy for object detection first determines the possible areas [10] of the object and
then operate sequentially independent CNNs (Convolutional Neural Networks) in these areas.
Despite this technique having significant performance, and two additional processes, it increases
the number of operations on the image and results in a low FPS (Frames per second).

o Faster Region-based Convolutional Neural Network (Faster R-CNN) [11] based methods employ
a CNN network and obtain fixed-size features from the topmost feature map. These methods
detect objects by designing an effective region proposals algorithm that can solve detection effi-
ciency problems.

e Mask R-CNN has previously been used in agricultural applications. Adding a mask prediction
branch to the Faster R-CNN and Mask R-CNN is capable of revealing objects and inferring
boundaries precisely [12].

e YOLOv7x and its other variants have recently been successfully applied in a variety of real-world
applications, including object-to-object detection in images from X-ray-captured agricultural
fields [13]. Studies have been conducted to measure speed and performance among many YOLO
variants models such as the YOLOv5, YOLOv6, YOLOv7, and YOLOvV7x [4].

e Architectures based on YOLOVS variants are built on the capability of previous YOLO versions,
adding new specific features to gradually increase performance [14]. Thanks to its ease of use and
speed in real-time applications at different scales, YOLOV8's popularity has increased in a wide
range of object detection and tracking, sample segmentation, and image classification processes.
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Traditional image processing methods require some filtering processes to reveal the distinctive
features in the image. Although researchers need to produce extra solutions suitable for many experi-
mental processes and data in the complex parameter tuning stages, the model is prone to overfitting and
the decisions it makes after training can be misleading. On the other hand, images are complex due to the
diversity of details in agricultural application data, and deep learning as an object detection method can
produce solutions that can more accurately express the dataset [15]. Some studies use the Faster R-CNN
based on the ResNeXt-101 which is developed to extract prominent features to improve the detection
capability of Faster R-CNN [16] or use R—-CNN with VGG19 processed for weed identification [17].
The R-CNN series (including R-CNN, Fast R-CNN, Faster R-CNN, Mask-RCNN [18], and YOLO
series (including YOLO-v1-v5) are mostly used in the agricultural field [19-20]. Wang et al. experiment
with YOLOV8 and the other is the two-stage model Mask R-CNN that achieves precision rates ex-
ceeding 90% [21]. Therefore, it can be said that compared to traditional methods, to solve problems
including complex agricultural datasets one-stage detectors are getting more popular thanks to their
flexibility.

2.1. Paper Contribution
Architectures based on YOLOVS variants were investigated based on images comprising complex
agricultural environments. The prominent dynamics of the investigation can be summarized as follows:
e Using four different problem domains included for training with the newest versions of
YOLOvV8n, YOLOvVS8s, YOLOVSI, YOLOv8m, and YOLOvV8Xx for feature representation.
e Investigating the YOLOV8-based versions supported by synthetic data augmentation
strategy to gradually increase performance.
o Deeply understanding the YOLOV8 detection capability and practices in different agri-
cultural scenarios. The objective for optimizing hyperparameters is that they provide a
general measurement value for object detection in agricultural images containing different
types of scenarios.

3. Data Materials

The network was trained and tested on Benchmark image datasets. While the Grapes, Pineapple
and Pear datasets contain consequently 76, 1128, and 721 different-grown fruit images, the Weed/Crop
dataset contains 644 weed plants at early growth and growth stages. Four datasets obtained from dif-
ferent sources included images from the field in different seasons and under different light and illumi-
nation conditions. Randomly selected sample images are depicted in Fig.1.

Input Images Annotations

goo= L%

Pineapple
Figure 1. Sample input images and annotations randomly selected.
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4, Methods

4.1. Overview of YOLOvV8
YOLOv8 which has been maintained by Ultralytics Group is shared on GitHub environment. This
open-source work, which includes different variants, is structured with features that can perform many
tasks such as segmentation, classification, and object detection. [14]. YOLOv8 network structure is
given in Fig.2. YOLOvV8 comprises five versions, namely n based on 3.2Mparams, s based on
11.2Mparams, m based on 25.9Mparams, based on 43.7Mparams and X based on 68.2Mparams, with a
robust network architecture developed over different models. Moreover, YOLOV8 incorporates three
significant structures, including:
e The backbone is the main block of the network and comprises the C2f module that supports richer
gradient flows, improving the feature extraction capacity of the backbone network.
e The Neck integrates the backbone and head and comprises SPPF and New CSP-PAN structures.
e The head is responsible for the production of final decisions to optimize the loss calculation
process that is the basic structure of [21] Distribution Focal Loss.

[ Cm;V H ConV ]—)[ c2f H ConV ]

éBackBone

[ C2f ](—|Concat H}pSampH c2f HConcat (—[JpSamp}(*
w
"L ConV HCuncatH czf J—»[ Conv ]—»c.:ncatH o2 |

Figure 2. Schematic summarized diagram for YOLOv8 with the BackBone, Neck, and Head blocks.

4.2. Hyperparameter Evaluation
Hyperparameter training is a time-consuming process, especially for deep learning networks. It

can take decades of GPU processing to finish the entire process, as even training a single neural network
to converge takes almost a day [22]. It is common to use any hyperparameter optimization toolkit, which
bridges network training and hyperparameter tuning. Scikit-Optimize is the expanded library specified
by many more frameworks. Several machine learning methods including probabilistic approaches,
searching, and some other optimization algorithms. Common aspects of all these methods include their
application to search algorithms, support for deep learning training frameworks, and application pro-
grams for experiments.
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4.2.1. Mosaic Augmentation
The Mosaic Augmentation method is a method that combines four randomly selected images from

the training samples into a single image and creates unique diversity in object detection by using scales
in various variations. YOLOV8 uses mosaic augmentation to speed up the training process.

5. Design of Experiment

When evaluating the object detector's F1 score, Precision (P) in Eg. (4.1) comprises True Positive
s (TP), False Positives (FP), Recall (R) in Eq. (4.2) comprises True Positives (TP) and False Negatives
(FN), average precision mAP@0.5, and finally average precision mAP@0.5:0.95 are considered the
most common metrics in every scenario [19] Basic definitions are obtained from the confusion matrix as
follows: According to these metrics:

Precision(P) = TPT:)FP (4.1)
Recall(R) = TPT:’FN (4.2)

In this study, the number of weeds, the bunch of grapes, the pears, and the pineapple per image
was recorded as a ground truth value. TP comprises the true positives which mean weeds with a
bounding box for the Weed/Crop dataset, the bunch of grapes for the Grapes dataset, the pears for the
Pears dataset, and the matured pineapples for the Pineapple dataset; FP corresponds to the false positives
without weeds, without matured pineapples and the background for the rest of the datasets. FN indicates
false negatives in case the target weed and matured pineapples are not detected. The loU is calculated
according to the difference between the bounding box that is obtained by the model and the ground truth.
The trained model obtains a confidence score for each object separately, which it performs according to
the YOLOV8 algorithm, and provides a TP using the bounding box coordinates. Precision recall curve
area determines the average precision (AP) in Eq. (4.4).

PxR
P+R

F1score = 2x 4.3)

Average Precision(AP) = fol P(R)dR (4.4

When discussing the outputs of the model, the average of the AP is used on a class-by-class basis
and an average precision (mAP) value is obtained. The mAP value is more sensitive in measuring
different precision values obtained from the recall function than the AP value measurements. In this
study, consequently, three metrics were produced: F1 score in Eq. (4.3) and precision values using two
different thresholds: mAP@0.5 and mAP@[0.5:0.95].
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6. Experimental Results

6.1. Training Environments and Hyperparameter Settings

A 5-fold cross-validation Monte-Carlo procedure was employed partitioning the data randomly
into training, validation, and test sets for model performance assessment using ColLaboratory (Google
LLC, Mountain View, CA, USA) environment which has a speed option given as 280 FPS on an
NVIDIA A100 TensorCore GPU. For the hyperparameter adjustment [23], the pixel size of the images
of the input network was set to 640X640. The Stochastic Gradient Descent method was chosen as the
model optimizer which is one of the most important hyperparameters. The weight decay value was
given as 0.0005. The batch size was chosen as 16. The epoch number is fixed as 50 for all of the model
training periods. The initial learning rate was chosen as 0.01 integrating the momentum value to 0.937.
To boost the training process during mosaic augmentation the last ten epochs during YOLOVS training,
augmentation is frozen for image HSV (hue, saturation, and value) parameters were given consequently:
h value was set to 0.015, s was set to 0.7, and v was set to 0.4. Translate and scale values were given as
0.1, flip left-right was set to 0.5, and finally, the mosaic parameter was set to 1.0.

6.2. Accuracy Assessment on the Validation Datasets

YOLOv8 Models were assessed in various ways across the Weed/Crop, Grapes, Pears, and Pine-
apple datasets and showed significant performance on validation processes. Performances of the five
models on four datasets are resumed and depicted in Fig.3.

(d
Figure 3. Different model scales of precision, recall, mMAP@ 0.5, and mAP@0.5-0.95 for 50 epochs.

(a)Weed/Crop scales, (b) Grapes dataset scales, (c) Pear dataset scales, (d) Pineapple dataset scales
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Performance results and specifically F1 measures of best YOLO model versions for the five
studied YOLO versions (YOLOv8n, YOLOv8s, YOLOvSI, YOLOV8m, and YOLOvV8X), and best
Model results were highlighted in bold. After 50 epochs during the training of the five studied Models
on the four datasets, the results revealed that the performance decreased drastically with the existing
Grapes dataset results. Among YOLOvV8 model measurements, YOLOv8n obtained the highest P with
0.8949 on the Pear dataset, while YOLOV8n obtained the best R with 0.8568, mMAP@0.5 with 0.9466
and mAP@0.5:0.95 with 0.6815 on the Pineapple dataset which makes YOLOv8n the most appropriate
Model for the Pineapple dataset. Among YOLOv8 model measurements, YOLOV8s obtained the best P
with 0.9094 and mAP@0.5 with 0.9509 on the Pear dataset, while YOLOv8s obtained the best R with
0.9059 and mAP@0.5:0.95 (0.6498) on the Pineapple dataset. YOLOv8I obtained the best P with
0.9266, the best R with 0.9155, and mAP@0.5 with 0.9509 on the Pear dataset. YOLOv8m obtained the
best P (0.9196), the best R with 0.9110, and mAP@0.5 with 0.9613 on the Pear dataset. Among
YOLOv8 model measurements, YOLOv8x gained the best P with 0.9232 and mAP@0.5 with 0.9631 on
the Pear dataset, while YOLOvV8x obtained the best R with 0.9883 and mMAP@0.5:0.95 with 0.6476 on
the Pineapple dataset

Among the five studied YOLO versions, YOLOv8n superimposed the Weed/Crop dataset for all
the metrics resulting in P with 0.8341, R with 0.7725, mAP@0.5 with 0.8507, mAP@0.5:0.95 with
0.5609, and F1 with 0.8015. Among the five studied YOLO versions, YOLOv8n superimposed the
Pineapple dataset for all the metrics resulting in P with 0.8885, R with 0.8568, mAP@0.5 with 0.9466,
mAP@0.5:0.95 with 0.6815, and F1 with 0.8810. YOLOVS8I surpassed the other four studied YOLO
versions for the Grapes and Pear datasets. YOLOV8I trials resulted in P with 0.6639, R with 0.5787,
mAP@0.5 with 0.6510, mMAP@0.5:0.95 with 0.3433, and F1 with 0.6186 for the Grapes dataset. Similar
to these results, YOLOvS8I obtained P with 0.9266, R with 0.9155, mAP@0.5 with 0.9641,
mAP@0.5:0.95 with 0.5975, and F1 with 0.9210 for the Pear dataset that is the best experiment results
overall the studied datasets.

Table 1. Performance and F1 scores of YOLOv8 model measurements for the five studied YOLO
versions (YOLOv8n. YOLOv8s. YOLOv8I. YOLOV8m. and YOLOv8X).

Dataset Model P R MAP@0.5 MAP@0.5:0. F1
95
Weed/Crop YOLOv8n  0.8341  0.7725 0.8507 0.5609 0.8015
YOLOv8s  0.8209 0.7713 0.8423 0.5365 0.7959
YOLOv8l  0.8386  0.7464 0.8369 0.5168 0.7898
YOLOv8m 0.8208  0.7472 0.8294 0.5136 0.7822
YOLOv8x  0.8272  0.7085 0.8239 0.5133 0.7632
Grapes YOLOv8n  0.6465  0.5091 0.5888 0.2809 0.5696
YOLOv8s  0.6807  0.5499 0.6296 0.3206 0.6083
YOLOvsI 0.6639  0.5787 0.6510 0.3433 0.6186
YOLOv8m 0.6591  0.5829 0.6439 0.3346 0.6183
YOLOv8x  0.6806  0.5499 0.6296 0.3206 0.6083
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Pear YOLOv8n  0.8949  0.8448 0.9238 0.5237 0.8691
YOLOv8s  0.9094  0.8882 0.9509 0.5630 0.8986
YOLOvSI 0.9266  0.9155 0.9641 0.5975 0.9210
YOLOv8m 0.9196 0.9110 0.9613 0.5914 0.9152
YOLOv8x  0.9232  0.9137 0.9631 0.6031 0.9184
Pineapple  YOLOvV8n 0.8885  0.8568 0.9466 0.6815 0.8810
YOLOv8s  0.8575  0.9059 0.9350 0.6498 0.8753
YOLOvSI 0.8579  0.9041 0.9333 0.6519 0.8803
YOLOv8Bm 0.8519  0.9107 0.9427 0.6685 0.8803
YOLOv8x  0.8486  0.9883 0.9252 0.6476 0.9131

It can be observed from Table 1 that YOLOvV8n is the prior Model for the Weed/Crop and Pine-
apple datasets, while YOLOv8I is the prior Model for the Grapes and Pear datasets. Additionally, mul-
tiple-species distinctions or in different developmental stages of a single-species object YOLO training
were supported by Table 2 with YOLOV7 variants. It has been observed that the experiments presented
in Table are lower in proportion than the results obtained on the same dataset with YOLOv8n. Com-
parisons made for Yolov8 variants over different object detection scenarios in the same domain are
given in Table 3.

Table.2. Performance comparisons of YOLOV7 variants on the Weed/Crop dataset

Model P R F1 MAP@0.5
YOLOV7 0.74 0.73 0.74 77.26
YOLOV7x 0.81 0.75 0.81 82.90

Weed/Crop detection training was also evaluated with YOLOv7 and YOLOV7x.TP comprises
the true positives which mean weeds with a bounding box for the Weed/Crop dataset, the matured
pineapples for the Pineapple dataset, while TP comprises the bunch of grapes for the Grapes dataset, and
the pears for the Pears dataset. FP corresponds to the false positives without weeds for the Weed/Crop
dataset, without matured pineapples for the Pineapple dataset, and the background for the rest of the
datasets. These two scenarios were observed on four datasets, and based on the objectives of the datasets
in object detection (Weed/Crop and Pineapple detect two separate object types, Grapes and Pear datasets
distinguish between objects and ground), it was observed that they were naturally grouped in pairs and
were successful in two separate YOLOv8 Models. As shown in Fig.4., the highest sensitivity detection
was obtained because of the morphology of the pear fruit and tree pattern on all YOLO training models.
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Weed/Crop Dataset
training with
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Figure 4. Sample detections on the YOLOVS versions with the most accurate models on four datasets.

Table.3. YOLOvV8 object detection studies in the agriculture domain

Models Dataset Domain P R mAP@0.5

[12] YOLOvV8n Rapaseed Pod De-  0.98  0.99 0.99
tection

[14] YOLOvV8x Pest-Infected Leaf 0.75  0.65 0.67
Region

[25] YOLOv8m Insect detectionon  0.752  0.549 0.627
PlantDoc dataset

[26] YOLOVSs Strawberry ripe- 090 0.79 0.93

ness detection

7. Discussion

When identifying crops in agricultural environments, generalization problems often occur due to
structural differences in the crops' size changes over time. In this study, four different data sets were
analyzed with YOLO-v8, in which different variants were used to detect the temporal change of the
crop, distinguish it from different objects, or separate it from other components in the environment.
Additionally, synthetic augmentation of the dataset in lower fidelity, slightly distorted but realistic
images by manual marking (especially in images containing objects with transitions to each other)
helped to reduce overfitting and improved the generalization ability in object detection, as can be seen
from the F1 values in Table 1. While Weed/Crop and Pineapple datasets reached the most sensitive and
accurate measurements with YOLOvV8n in F1-score and mAP@0.5 measurements, the prominent model
for Grapes and Pear datasets was YOLOVS8I. The lowest sensitivity detection was obtained for the
Grapes dataset that remained under an F1-score of 0.62. Relatively low results compared to other ex-
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periments on the grape dataset may depend on several factors including different tree species, leaf
morphologies, weather, and season conditions affecting the grape bunch view in the images [24]. Mul-
tiple species or in different developmental stages of a single species object YOLO training achieved
with mAP score of 0.8507 for Weed/Crop, with mAP score of 0.9466 for matured/unmatured pineapple
detection. Although satisfactory outputs are obtained from investigations on datasets, efforts still need to
be made to improve the overall accuracy in complex problems such as grapes bunch detection.

8. Conclusion

YOLOvV8's popularity has increased in a wide range of object detection and tracking, sample
segmentation, and image classification processes because of its model practices and speed in real-time
applications in different environments. Therefore, in this study, a total of 20 trainings were carried out
by applying similar hyperparameters on YOLOv8 models to enable object detection in 4 different
datasets. The Mosaic image augmentation technique was used to increase image diversity. Experiments
have produced surpassing results on two models of YOLOvV8. While Weed/Crop and Pineapple datasets
reached the most sensitive and accurate measurements with YOLOv8n in F1-score and mAP@0.5
measurements, the prominent model for Grapes and Pear datasets was YOLOVSI. This situation shows
that multiple-species or in different developmental stages of a single species object YOLO training
highlights YOLOvV8n, while only object detection extracting from background scenario naturally high-
lights YOLOv8I Model.

This research proposes to deeply understand the YOLOV8 detection capability and practices in
different agricultural scenarios by using YOLOV8 models on four datasets. The objectives that are
based on regularizations of the hyperparameters measure the closeness between the estimated and
experimental records for different object detection. These regulations have concluded the study by
highlighting two models, namely YOLOv8n and YOLOVSI. Although the results obtained from ex-
periments on different datasets are satisfactory, efforts still need to be made to improve the overall
accuracy in complex problems such as grapes bunch detection.

Future Work

Since it is difficult to accurately label the entire area of a single object in a manual labeling pro-
cess, hybrid use of detection methods with a clustering method can improve performance. As future
works, YOLOv8 models can be compound together with a density-based clustering method.
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Ozet: Bu calismada poly (s-caprolactone) (PCL) ile Poli(vinil kloriir) (PVC-N3) blend-
leri iiretilmis olup, ZnO yariiletken ilavesi ile olusan kompozit arastirilmistir. Oncelikle
PCL ve PVC-N3 uygun bir ¢ozelti icerisinde homojenizatdr yardimiyla uzun siire karis-
tirilarak elde edilmistir. Ayri bir yerde ayni ¢6ziicii ile karistirilan ZnO hazirlanan blen-
de eklenerek, degisen ZnO oranina gére polimer karigiminda meydana gelen farkliliklar
incelenmistir. %5, %10, %15 oranlarinda ZnO yariiletkeni eklenmistir. Hazirlanan nu-
munelerin yapisal sonuglart XRD ve SEM analizleri ile incelenmistir. ZnO katkilt
kompozitlerinin optik 6zellikleri UV-VIS spektrometresi ile karakterize edilmigtir. Nu-
munelerin XRD (X-1sin1 Difraksiyonu) spektrumlarinda hekzagonal wurtzite yapili
ZnO’in varligim1 gostermistir. SEM (Taramali Elektron Mikroskopu) analizlerinde ise
yapida kiimelenmenin artmast goriilmiis olup; polimer blendinin katkiyla yiizey piiriiz-
liligini degistirdigini gostermektedir. Buna ilaveten; PCL+PVC-N3 karisiminin ZnO
ile optiksel etkilesimi UV-Vis spektroskopisi kullanilarak incelenmistir. UV-Vis 6l-
¢limleri kullanilarak numunelerdeki yasak enerji araliklarindaki degismeler gesitli uy-
gulamalar i¢in iyilestirme gosterecek sekilde belirlenmistir. ZnO-PCL+PVC-N3; kompo-
sitlerinin optik enerji bant araliklar1 artan katki igerigiyle degisiklik gosterdigi goriil-

muistiir.

Anahtar Kelimeler: PCL ve PVC-N3 polimer; ¢inko oksit; optik 6zellikler

Structural and Optical Properties of ZnO-doped PCL+PVC-N3 Polymers

Abstract: In this study, poly (e-caprolactone) (PCL) and poly(vinyl chloride) (PVC-N3)
blends were produced and the composite formed by the addition of ZnO semiconductor
was investigated. First of all, PCL and PVC-N3; were obtained by mixing in a suitable
solution with the help of a homogenizer for a long time. ZnO, which was mixed with
the same solvent in a separate place, was added to the prepared blend and the changes in
the polymer blend were examined according to the changing ZnO ratio. 5%, 10%, 15%
ZnO semiconductor was added. The structural results of the prepared samples were an-
alyzed by XRD (X-Ray Diffraction) and SEM (Scanning Electron Microscopy) analysis.
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The optical properties of ZnO doped composites were characterized by UV-VIS spec-
trometry. XRD spectra of the samples showed the presence of ZnO with hexagonal
wurtzite structure. SEM analysis showed increased clustering in the structure, indicating
that the polymer blend changes the surface roughness with doping. In addition, the in-
teraction of PCL+PVC-N3 blend with ZnO was also investigated using UV-Vis spec-
troscopy. Using UV-Vis measurements, the changes in the forbidden energy ranges of
the samples were determined to show improvements for various applications. The opti-
cal energy band gaps of ZnO-PCL+PVC-N3 composites were found to change with in-
creasing doping content.

Keywords: PCL and PVVC-N3 polymer; zinc oxide; optical properties

1. Giris

Son zamanlarda alternatif enerji ve biyomiihendislik uygulamalar1 i¢in gelistirmekte olan birkag
materyale 6zellikle polimer kompozitlere ilgi giderek artmaktadir [1]. Ancak, fiziksel 6zelliklerinin
arastirilmasi ve iyilestirilmesi gelisen uygulamalar i¢in hala 6nemli bir arastirma konusudur. Yillardir
cevresel kaygilar ve petrol kaynaklarinin sinirliligi, biyomiihendislikte umut verici bir uygulama alani
sunan poly (e-caprolactone) (PCL) gibi biyolojik olarak pargalanabilen ve biyo esasl polimerlerin
uretimine yonelik toplu aragtirmalara neden olmaktadir [2,3]. PCL g¢esitli ortamlarda ¢oztiniirliigii ne-
deniyle kullanigh ve sik tercih edilen bir polimer olup oda sicakliginda ¢oziicii ve yari serttir [4,5].
PCL yi ilgi odag1 yapan 6zellikle tibbi kullanimlardaki cekiciligi, biyouyumlu olmasi, gegirgen olmasi
ve canli organizmalar i¢in toksik olmamasidir [6,7]. En iyi uygulamalari paketlemede ve tarimsal sek-
tordedir ve de bir¢ok ¢oziicii veya bilesikle kolayca reaksiyona girebilir [7,8]. Poly (e-caprolactone)
(PCL) ve polylactide (PLA) gibi alifatik polyesterler; ilag dagitimi ve doku miihendisligi gibi cerrahi
alanlarda kullanimindan dolay1 ilgi giderek artmaktadir [9,10]. Bu malzemelerin farkli optik 6zellikler
sundugu da goriilmiistiir. Ornegin absorpsiyon yogunlugu 280 nm civarinda ve yasak enerji aralig1 4.4
eV civarinda oldugu gézlemlenmistir [4,11-13]. Baz1 arastirmalarda ise PCL esasli nanokompozitlerin
fizikokimyasal &zellikleri incelendiginde 260-290nm araligr ve 190-220 nm dalga boyunda PCL ye
bagl iki bant goriilmiistiir. Bu bantlar sirasiyla ester karbonilin n—»>n* ve m — n* gegislerine karsilik
gelmektedir [13]. PCL nin performansi az miktarda nanopartikiil ekleyerek kolayca arttirabilmektedir
[1,14]. Nanomalzemeler yiiksek yiizey reaktivitisinden dolay1 polimere katkilanmasiyla 6zelliklerini
degistirebilmektedir [1,5]. Ustelik kuantum smirlama etkileriyle iliskilendirilerek farkli polimerler ile
etkilesim ozelliklerine sahiptirler [15,16]. Bazi nanopartikiillerin PCL nin bozunma siirecini hizlandir-
dig1 gozlemlenmistir [17,18]. PCL, biyolojik olarak uyumlu, gegirgen ve parcalanabilir ve de hidrofo-
bik bir yar1 kristaldir [19,20]. PCL biyolojik olarak emilebilir ve canli organizmalar igin toksit degildir
[10]. Diinyada ilk sirada sentetik polimer olarak polyethylene ve polypropylene gelmektedir. PVC ise
bu polimerlerden sonra gelen 3. en ¢ok kullanilan polimerdir [21,22]. CH,-CH, formile sahip olan
PVC, petrokimyasal bitkilerden petrol, tuz ve dogal gazdan elde edilir [23,24]. Etilen ve klordan re-
tilen vinyl chloride PVC nin monomerini olugturmaktadir [25]. Karbon, hidrojen ve klor atomlarindan
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olusan PVC yanici 6zelligi olmayan bir maddedir ve bundan dolay1 da boyamada, yiyecek ve icecek
kaplarinda, tibbi malzemelerde, sulama borular1 gibi alanlarda kullanilmaktadir [26]. Polivinil klortr
(PVC), ¢ok sayida uygulama alanina sahip degerli bir endiistriyel polimerdir [27]. Diisiik maliyetli,
yiiksek geri kazanim oran1 ve milkemmel elektriksel ve korozyon direncinin bir sonucu olarak endiist-
ride yaygin olarak kullanilmaktadir [28]. PVC elektrik hatlarinin insasinda yalitim maddesi olarak da
en yaygin kullanilan bir polimer ¢esididir. Diisiik fiyat liretim kolaylig1 ve sertlik gibi 6zellikleri nede-
niyle bu polimerler termoplastik malzemeler olarak da kullanilmaktadir [29]. Polivinil kloririn, pen-
cereler, gerceveler, dosemeler, borular, panjurlar, duvar kagitlar1 hortumlar, kablolar ve teller, kapla-
malar, platisoller, ambalajlar, tibbi tiipler ve kan torbalar gibi uygulama ve kullanim alanlarina sahip-
tirler [30,31]. Bundan otiirti, son yillarda PVC nin geri doniisiimii igin yapilan kimyasal modifikas-
yonlar biyik ilgi goérmektedir [32]. PVC genellikle ¢esitli polimerlerle karistirilir [33-35]. Polimer
karisimi, yeni 6zellikler elde etmek icin ve yliksek performans saglamak icin fiziksel veya kimyasal
etkilesimleri kullanilarak iki veya daha fazla polimerlerin birlesimi i¢indir [36]. Poly-Vinly chloride
azide (PVC-Njs) ise PVC ve sodium azide’nin (NaN3) bir reaksiyonu olarak bazi Cl atomlariyla N3
molekiillerinin yer degistirmesi sonucu sentezlenmistir [37,38].

ZnO nanopartikilleri énemli elektrokimyasal 6zelliklere ve fizikokimyasal ozelliklere, 6zellikle-
de optik ozelliklere sahiptir [35]. 1I-VI grubuna ait olan Cinko oksit (ZnO), katki maddeleri genis ve
yiiksek eksiton baglanma enerjisine (60 meV) sahip, oda sicakliginda n tipi bir yariiletken metal oksit
olup yasak enerji aralig1 3.33 ev civarinda dogrudan bant araligina sahiptir [39,40]. ZnO, ylksek g6-
riiniir gegirgenligi (%90) ve yiiksek elektron hareketliligi (115-155 cm?/V.s) ile toksik degildir. Genis
bant araligina sahip malzemeler her zaman iyi sonuglar verirler. Genel kosullar altinda agirlikli olarak
hekzagonal wurtzite yapisina sahiptir [41,42]. Bu 6zellikler ZnO'yu ¢esitli optik ve elektronik alanlar-
da oldukca uygulanabilir kilmaktadir. Ek olarak, ZnO'nun biyouyumluluk gésterdigini ve benzersiz
diizeyde mekanik, termal ve kimyasal kararlilik sergiledigini belirtmek gerekir [43]. Ayrica ZnO’nun
dikkat cekici performansi elektronik, optik ve fotonik alanlarda drnegin UV lazerler, 151k yayan diyot-
lar, giines pilleri, nano jeneratorler, gaz sensorleri ve fotodedektorler gibi uygulamalar igin ilgi ¢ekici
olmaktadir [42,44].

ZnO yariiletkenini, hazirlanan polimer blendine katkiladigimizda yiiksek performans saglamak,
teknolojide kullanim alanin1 genisletmek ve malzemenin iletkenlik &zelligindeki degisimini gérmek
i¢in bu ¢alisma yapilmaistir.

2. Materyal ve Metod
2.1. Numunelerin Elde Edilmesi ve Sentezlenmesi

PVC, PETKIM sirketinden satin alinmis olup, ortalama molekiil agirligi (Mn) 63.000 g/mol’diir.
e-kaprolakton ve ¢oziicli olarak kullanilan Tetrahidrofuran (THF) (%99,9) Sigma-Aldrich'ten satin
alinmistir. PVC literatiirde daha 6nce arastirilan azidleme reaksiyonuna gore gerceklestirildi [38]. PCL
ise molekiil agirligi 80.000 g/mol olup Sigma-Aldirch’ten alinmistir. ZnO tozu ise Sigma Aldrich’ten
%99.9 saflikta alinmigtir.
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2.1.1. Poli(vinil klortuir) (PVC-Ns3) Sentezi

PVC, dimetil formamid (DMF) iginde ¢oziilerek igerisine sodyum azid ilave edilmistir. Argon
gazi ile reaksiyonu sonucunda olusan tuz ayrilarak ¢oktiirme islemleri tekrarlanarak vakumlu firinda
kurutularak elde edilmistir [38].

2.2. Numunelerin Hazirlanmasi

Bu ¢alismada; sabit degerlerde karistirilan PVC-N3 ile PCL co-polimerlerine katki olarak farkli
oranlarda ZnO ilave edilmistir. ZnO katkili PCL+PVC-N3 filmlerini hazirlamak i¢in dncelikle 0.1 gram
tartilan PVC-N3, 5 mlt tetrahidrofuran (THF) de ¢6ziildii. Ayrt bir yerde ¢6ziinen 0.4 gram PCL,
PVC-N;3 ile karistirildi. Belli oranlarda hazirlanan ZnO ise THF ile ¢oziilerek hazirlanan karigim igine
ilave edilmistir. Daha sonra 24 saat 37° de etiivde bekletilerek polimerler hazirlandi. Bu islemler her
ZnO katki orani i¢in tekrarlandi.

2.3. Karakterizasyon Teknikleri

Hazirlanan ZnO katkili PCL+PVC-N3 filmlerinin yapisal ve optik analizleri arastirildi. Mikro-
yapisal analizlerini arastirmak icin XRD ve SEM sonuglar1 incelenmistir. Numunelerin kristallik 6zel-
likleri oda sicakliginda Rigaku miniflex600 difraktometre kullanilarak 2=0.15406 nm dalga boyunda
X-1s11 kirinimi ile karakterize edilmistir. XRD desenleri oda sicakliginda 40 kV voltaj ve 15 mA akim
ile kaydedilmistir. Numunelerin yiizey 6zelliklerini incelemek igin 25 kV hizlandirma voltajina sahip
bir Hitachi S-3500 SEM kullanilmistir. Tiim numunelerin optik spektrumlari ise Perkin Elmer UV/VIS
Spektrometresi kullanilarak 300-800 nm dalga boyu araliginda kaydedilmistir.

3. Deneysel Sonuglar

3.1. XRD Analiz Sonuglar

Polimerler yapisal olarak amorf ve kristal olarak ikiye ayrilmaktadir. Bu calismada amorf
PVC-Ns3, kristal olan PCL ve de ZnO yariiletkeni ile karisim polimerilerinin x-1gin1 kirinimlari 6lgim-
leri oda sicakliginda alinmustir. Sekil 1’de XRD sonuglar1 grafik tizerinde gosterilmistir.
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Sekil 1. ZnO katkili PCL+PVC-N3 kompositlerinin XRD grafigi

Hazirlanan kompozitlerin oda kosullarinda olgiilen XRD sonuclaria gore polimere ZnO eklen-
mesiyle yeni, keskin pikler elde edilmistir ve artan ZnO oram ile pik siddeti de artmistir. Bu durum
sonucunda olusan bu keskin ve artan piklerin ZnO katkilanmasiyla daha kristallesmeye yonelik oldugu
gozlemlenmistir. ZnO hekzagonal wurtzite kristal yapist ile uyumludur (JCPDS 36-1451 ile kafes
parametreleri a = 3,249 A ve ¢ = 5,206 A) [45]. Yansimalar 31.3°, 34.3°, 36°, 47.2°, 56.43°, 62.62°
ZnO’nun (100), (002), (101), (102), (110), (103), (200), (112), (201), (004), (202) dizlemlerine en-
dekslenebilir [45]. Sonug olarak XRD desenleriyle hem PCL + PVC — N3z n hem de hekzagonal
wurtzite yapili ZnO’nun varligin1 gdstermis olup, eklenen ZnO katkisiyla yapidaki kristallik de-
recesinin arttig1 gorilmiistiir. ZnO pik siddeti katki orani arttik¢a artmistir. Bu sonug ile homojen bir

karigim olan kompositin kristallik derecesini arttirmis oldugu sdylenebilmektedir.
3.2. Taramah Elektron Mikroskobu (SEM) Sonuclari

Cok fazli polimer kompozitlerin mekanik 6zellikleri biiyiik 6l¢lide faz morfolojilerine bagl ol-
dugundan ve faz morfolojisi kompozitlerin performansini etkilediginden, ikili karisgimlarin faz yapila-
rin1 tanimlamak i¢in taramali elektron mikroskobu SEM kullanilmaktadir [46]. Bu nedenle hazirlanmis
olan PCL+PVC-Ns kopolimeri ve ZnO katkili bu kompozitlerin yiizey morfolojisini incelemek i¢in
SEM mikrograflar1 alinmis olup Sekil 2°de gosterilmistir. ilave edilen katki ile yapida degisiklikler
goriilmektedir. Elde edilen SEM goriintiilerinde farkli biiyiikliik ve yapilarda kiimelerden ve rastgele
dagilan tanecikli yapilardan olustugu gozlemlenmistir. Numunelerin plriizli ve delikli bir yiizeye

sahip oldugu ve katki sayesinde kiime boyutlarinin artmasina bagli olarak yiizey piirtizliliigii de art-
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migtir. Olusan delikli gériiniimlerinde SEM goériintiilerinde biiylitme islemi sirasinda {iretim paramet-
relerinden kaynaklandigi diisiiniilmektedir. Sekil 2° de EDX analizi sonuglarinda ise polimere ZnO
baglandiktan sonra yapida olmasi gereken Zn ve O atomlan goriilerek istenilen yapinin elde edildigi

kanitlanmugtr.
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Sekil 2. Hazirlanan Kompositlerin SEM ve EDS Sonuglari1 a) PCL+PVC-N3 b) %5 ZnO
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3.3. Optik Karakterizasyon Sonuclari

ZnO katkili PCL+PVC-Nsznumunelerinin optik 6zellikleri Perkin EImer UV/VIS Spektrometresi
kullanilarak oda sicakliginda 200-1100 nm araliginda alinmistir. Beer-Lambert yasasina gore 1518in
absorbansi, numunedeki absorblayici tiirlerin konsantrasyonu ile dogru orantilidir [47]. Elektronlarin
bant gecisleri fotonun enerjisine (hv) gore optik sogurma katsaysi (o) kullanilarak analiz edilebilir
[48]. Atomik ve elektronik bant yapilari, bilesikteki molekiillerle iligkili olarak asagidaki (3.1) denk-
lemiyle belirlenmistir;

(ahv) = A (hv - Eg)Y2 (3.1)

Tauc denklemi olarak bilinen bu denklemde; hv; dogrudan fotonun enerjisi, Eg; valans ve iletim
band1 arasindaki optik enerji boslugu ve A ise foton enerjisinden bagimsiz bir sabittir [42]. Sekil 3'de
cizilen (ahv)? -E grafiklerinde, PCL+PVC-N; polimerlerine farkli oranlarda ZnO eklenmesi ile be-
lirlenen Eq degerleri gosterilmektedir. Numunedeki katkilama orani arttik¢a yasak enerji araliklarinin
degistigi goriilmiistiir. Bu degisimin bir diger sebebi ise; kiimelerin olusmasi ile kusurlarin veya dii-
zensizligin neden olabilecegi diisiiniilmektedir. Ayrica kusurlarin varligi da mevcut durumlar i¢inde alt

enerji seviyelerinin olusumuna yol actigi seklinde de yorumlanabilir [50].
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Sekil 3. Hazirlanan kompositlerin (ahv)? -E grafikleri

4. Sonuc ve Tartiyma

Doku miihendisligi gibi bir¢ok alanda tercih edilen antibakteriyel 6zellige sahip malzemelerin
kullanimina yonelik talebin artmasindan dolay1 polimer olarak PCL+PVC-N3 blendi ile antibakteriyel
ozelligi olan ZnO vyariiletkeni ele alinmistir. Bu calismada farkli oranlarda ZnO katkisiyla
PCL+PVC-Nzkompositleri hazirlanmistir. Calisma, hazirlanan kompositlerin basarili bir sekilde sen-
tezlendigi sonucuna varmistir. Bu hazirlanan numunelerin yapisal 6zellikleri igcin XRD, SEM VE EDX

karakterizasyonlar1 arastirilmigtir. XRD incelemelerin sonucunda eklenen ZnO ile kristallesmenin
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arttig1 sonucuna varilmaktadir. SEM sonuglarinda da katki ile yapinin degistigi; kiimelenmelerin go-
rildiigli ve bunun sonucunda da piiriizliliglin degistigi goriilmektedir. Dolayisiyla katki performansi-
nin yiizey iizerinde etkisi goriilmiistiir. EDX analizi sonucuyla da Zn, O gibi elementlerin varlig1 ne-
deniyle PCL+PVC-N3’e dahil edildiginin bir kaniti olmaktadir. Optik Slgiimlerinde ise hazirlanan
kompositlerin katki oramiyla iletkenliklerinde de degismeler meydana getirdigi goriilmiistiir. Sonug
olarak; PCL ve PVC-Ns iyi karisilabilir polimerler oldugundan igerisine eklenilen ZnO yariiletkeni ile
polimerlerin 6zellikleri kontrol edilebilir ve uygulama alanlarini genisletmek i¢in de farkli bilesimler-

de kullanilabilirler.
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Ozet: Bu caligma; depreme kars1 giiglendirme gereksinimi olan kamu binalar1 (idari ve
temel egitim kurumlari) i¢in dnceliklendirme, siralama ve se¢im probleminin ¢éziimiine
yonelik o6neride bulunmaktadir. Kamu yoneticileri ve bina sahipleri depremlerden
kaynakli potansiyel kayiplar1 azaltmak amacryla mevcut yapilar gliglendirme karart ile
siklikla karst karsiya kalmaktadir. Bahse konu binalarin sayist ve giliglendirmeye duyu-
lan gereksinimleri diisiiniildigiinde, sinirli olan 6deneklerin daha verimli kullanilmast
acisindan, yapilacak siralama ve se¢im islemi biiyiik nem arz etmektedir. Arastirmaya,
Cok Nitelikli Karar Verme (MAUT) ile Kriterler arasi Korelasyon Yoluyla Kriterlerin
Onem Tespiti (CRITIC) yéntemlerinin birlikte kullanilmasma dayali olarak
gerceklestirilen se¢im ve dnceliklendirme problemi konu edilmistir. Giiglendirme ger-
eksinimi olan kamu binalarina ait yapisal, fiziksel ve ekonomik kategoride bazi para-
metreler esas alinmistir. Kamu idari binalar1 ve temel egitim binalar1 olmak iizere iki
kategoride analizler gerceklestirilmis, elde edilen sonuglar irdelenmistir. Binalarin
giiclendirme amaciyla, dnceliklendirilmesinde en 6nemli kriterlerin beton basing da-
yanimi ve gii¢clendirme maliyeti oldugu sonucuna varilmistir. Onerilen yéntemin kamu
bina yoneticileri agisindan se¢im ve siralamada objektif bir karar verme yaklagimi olarak
kullanilabilecegi, bu sayede kamu kaynaklarinin etkin ve verimli kullanilabilmesine
katk: saglayacagi degerlendirilmistir.

Anahtar Kelimeler: Gugclendirme; karar verme; cok nitelikli fayda teorisi; CRIRIC
yoéntemi; kamu binalar

Prioritization Method Recommendation for Public Buildings Requiring
Strengthening Against Earthquake: Critic Method and Multi-Attribute Benefit

Theory

Abstract: This study proposes a solution to the prioritization, ranking and selection problem for
public buildings (administrative and basic educational institutions) in need of retrofitting
against earthquakes. Public administrators and building owners are often faced with the decision
to retrofit existing buildings in order to reduce potential losses due to earthquakes. Considering
the number of buildings in question and their retrofit-ting needs, the ranking and selection
process is of great importance for more efficient use of limited funds. The selection and priori-
tization problem based on the combination of Multi-Attribute Decision Making (MAUT) and
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Criteria Importance Through Intercritera Correlation (CRITIC) methods is the subject of the
research. It is based on some parameters in structural, physical and economic categories of
public buildings in need of retrofitting. Analyses were carried out in two categories, public
administrative buildings and basic education buildings, and the results obtained were analyzed.
It is concluded that the most important criteria for prioritizing buildings for retrofitting are
concrete compressive strength and retrofitting cost. It is evaluated that the proposed method can
be used as an objective decision-making approach in selection and ranking for public building
managers, thus contributing to the effective and efficient use of public resources.

Keywords: Decision making; multiattribute utility theory; CRITIC method; public buildings.

1. Giris

Deprem tehlikesi altinda bulunan iilkelerde, mevcut yapilarin depreme dayanikli hale getirilmesi, po-
tansiyel kayiplar1 azaltmak i¢in kritik 6nem tasimaktadir. Bu durum bina sahipleri ve kamu yoneticileri i¢cin
onemli bir problem teskil etmektedir. Ulkemizde kamuya hizmet veren binalari biiyiik bir kismi, depreme
dayanikli yap1 tasarimi agisindan doniim noktasi kabul edilen deprem yonetmeliklerinin (DBYBHY-2007 ve
TBDY-2018) yiiriirlikte olmadig1 2000 yili éncesinde yapildigi gozlemlenmektedir [1-5]. Bahse konu binalar
icin yapilan performans analizi sonucunda, bu binalarin biiyiik bir kism1 i¢in depreme kars1 giiclendirilmesi
gerektigi karar1 alinmaktadir. Bina sayis1 ve giiclendirme icin gerekli parasal kaynagin biiytikligii diisiiniil-
diiglinde, tiim binalara ayn1 anda giiclendirme ve onarim islemi yapilmasi ¢ok da miimkiin géziikmemektedir.

Ozellikle binada verilen kamu hizmetinin aksatilmadan giiclendirme ve onarim islerinin gerceklestiril-
mesi neredeyse imkansizdir. Ayrica kamu bina yoneticileri ve idareciler giiclendirme kararini alirken, dogru
analiz parametrelerini kullanarak, sinirli olan kamu kaynaklarinin etkin, verimli ve ekonomik olarak kulla-
nimim da saglamalar1 gerekir [6].

Giiglendirme, bir yapinin veya yapiya ait tasiyici elemanlarin yiik tagima kapasitesini, rijitligini, stinek-
ligini ve stabilitesini iyilestirmeyi amaclayan bir dizi miidahaledir. Bu miidahale ile yap1 veya yapiya ait
tastyici elemanlar hasar 6ncesi veya mevcut durumundan daha iyi bir seviyeye ulasilmasi saglanir [7-9].

Binalar iizerinde yapilan giiclendirme faaliyetleri, deprem riski yliksek bolgelerde kritik 6neme sahiptir.
Bu siireg, binanin yapisal 6zelliklerine, bulundugu yere ve diger degiskenlere bagl olarak biiyiik dl¢lide de-
gisiklik gosterir. Ayrica giligclendirme isleminde katlanilmasi gereken yiiksek maliyetlere gereksinim duyula-
bilir.

Bir binanin giiclendirilmesi veya yikilip yeniden yapilmasina karar verilmesi, mimarlar, insaat miihen-
disleri ve ekonomistler gibi farkli alanlardan uzmanlarin bilgi birikimlerini birlestirmesi gereken karmagik bir
siirectir. Merkezi hiikiimet destegiyle son yillarda ivme kazanan kentsel doniisiim faaliyetleri, mevcut binala-
rin yikilip yeniden yapilmasini tesvik etmektedir. Bu durum, insaat sektoriinde 6nemli bir faaliyet haline
gelmistir [10-11].

Afet ve Acil Durum Yonetimi Baskanligi (AFAD) tarafindan hazirlanan Ulusal Deprem Stratejisi ve
Eylem Plani'nda (UDSEP 2023), yogun insan kullanimina sahip ve bina énem katsayist yliksek olan hasta-
neler, okullar gibi yapilarin deprem risk seviyelerinin belirlenmesi ve siniflandirilmas1 gerektigine vurgu
yapilmustir. Plan ayrica, bu yapilarin mevcut durum performanslarinin da degerlendirilmesi ve depreme kars1
yetersiz oldugu tespit edilenlerin 6ncelikli olarak giiglendirilmesini 6ngérmektedir [12].

Konuyla ilgili yapilan literatiir caligmalarinda, kamu ve stratejik binalara yonelik sismik riski azaltmak
ve Onceliklendirme stratejisi belirlemek amaciyla en uygun giiclendirme miidahalesinin se¢imine ydnelik
AHP, TOPSIS, VIKOR gibi ¢ok kriterli karar verme yontemleri kullanilarak, sismik tehlike seviyesi, eko-
nomik ve sosyal zarara maruz kalma olasilig1 lizerinde ¢calismiglardir. Etkili kriterler bina yasi, malzeme tiirii
ve ozellikleri, analiz yontemi olarak belirlenmistir [13].

Bagka bir calismada, depremden etkilenme olasilig1 yiiksek bolgelerde bulunan kamu binalar1 i¢in karar
verme ve risk yonetimi, karmagik bir siire¢ olduguna deginilerek, bu siiregte, binanin tarihi ve kiiltiirel degeri,
ekonomik degeri, arsa degeri, yap1 giiclendirme maliyeti, gliclendirme sonrasi sermaye degeri, bina yenileme
maliyeti ve bina faaliyetlerinin ikamesi (tasima) sermaye degeri gibi bir¢ok faktoér géz onilinde bulundurul-
malidir. Bu faktorleri dikkate alan bir mantik akis diyagrami olusturulmustur. Bu diyagram, karar vericilerin
depreme yatkin kamu binalar1 i¢in en uygun ¢6ziimii segmesine yardimei olmak i¢in tasarlanmigtir [14].
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Literatiirde genel olarak cok kriterli karar verme yontemleri (CKKYV) ve kriter agirliklandirma konula-
rinda calismalar oldukga fazladir. Bu yontemlerin isletme, endiistri miithendisligi, lojistik ve yatirim projesi
degerlendirme gibi ¢ok farkli alanlarinda agirliklandirma, secim ve siralama kararlarinin alinmasinda sikca
kullanildig goriilmektedir [15-18].

Bu calismada 6zellikle CRITIC yontemi gibi subjektif degerlendirmeden uzak kriter agirliklandirmala-
rina ve secim yapma siirecinde kullanilabilen ¢ok kriterli karar verme yontemlerinin -MAUT- uygulanmasiyla
elde edilecek en faydali alternatifin secimine yonelik 6rnek bir uygulama sunulmustur

Zamanla binalar, fiziksel ve cevresel etkenler, insan miidahaleleri ve yasal zorunluluklar gibi cesitli
faktorlerden etkilenerek ekonomik ve fonksiyonel degerlerini kaybedebilirler [19-20]. Bu durum, yipranmis ve
diisiik performans gosteren binalar i¢in iki secenegi beraberinde getirir. Bu segeneklerden ilki binay1 yik-
maktir. Diger secenek ise yapinin gerekli olan tasiyici elemanlarinda giiglendirme yapilmak suretiyle kapasi-
tesinin arttirilmasi secenegidir. Ortaya ¢ikan bu iki sonucu destekleyecek siirdiiriilebilir ¢éziimlerin ve olasi
sonuclarinin ne oldugunun c¢ok iyi belirlenmesi gerekmektedir.

2. Materyal ve Metot

Genel olarak karar verme siireci mevcut alternatifler arasindan amag¢ veya amaglara en uygun sece-
nek/secenekleri belirleme sirecidir [21]. Ozellikle son yillarda CKKV yontemleri yardimiyla, belirsizliklerin
bulundugu bir karar ortaminda, karar vericinin bilgi ve tecriibelerini sistematik olarak degerlendirmesi sonucu,
en iyi ¢oziime nasil ulasilabilecegi konusunda yaklasimlar gelistirilmistir. Karar vericiden beklenen, amag ya
da amaglarina uygun, birden fazla alternatifler arasindan belirledigi kriterlere dayali bir degerlendirme yaparak
birini se¢mesidir. Karar verici bazen bir kisi, bazen de ayn1 amaci tastyan bir topluluk ya da farkli amaglara
sahip bir grup insan da olabilir [22-23].

Karar verme siireci, problemin belirlenmesi, tercihlerin olusturulmasi, alternatiflerin degerlendirilmesi
ve en uygun alternatifin sec¢ilmesi gibi asamalardan olusur. Bu ¢aligmada, depreme kars1 giliclendirme ihtiyact
olan binalar arasindan yapilacak se¢im ve onceliklendirme kararinin alinmasi konu edilmistir. Bu se¢im ve
onceliklendirme islemi CKKYV yontemleri yardimiyla gergeklestirilecek olup, ilk agamada kriterlerin agirlik-
landirilmasi objektif agirlik belirleme yontemi olarak kullanilan CRITIC, karar problemindeki en biiytik yarar
saglayan alternatifin belirlenmesi ve siralama islemi ise Cok Nitelikli Fayda Teorisi (MAUT) yontemi yar-
dimiyla gerceklestirilecektir.

Kriter agirliklandirma asamasi, karar verme problemlerinde elde edilecek ¢oziim iizerinde belirleyici bir
etkiye sahiptir. Literatiirde siklikla kullanilan kriter agirhiklandirma yontemleri teknik olarak iki sinifa ayirilir.
Objektif yontemler ENTROPY, CRITIC, TOPSIS ile subjektif yontemler AHP, ANP, SWARA, DEMATEL
en bilindik kriter agirliklandirma yontemleri arasinda yer alir [24-26].

2.1. Critic

[k olarak 1995 yilinda Diakoulaki vd. tarafindan literatiire kazandirilmig olan CRITIC ydntemi, karar
matrisinde normallestirilen kriter degerlerinin standart sapmalar1 ve kriterler arasi korelasyon hesabina dayali
objektif bir agirliklandirma yontemidir.

CRITIC yontemine ait islem basamaklari asagida siralanmistir [27].

Karar problemi i¢in belirlenmis m adet ¢oziim alternatifi i¢in Ai(i = 1,2,3,...,m) ve n adet kriter icin
Kj(j = 1,2,3,...,n) indisleri iizerinden tanimlanarak,

1. Asama: Karar Matrisinin Olugturulmast;

X ile simgelenen karar matrisi, alternatiflere karsilik gelen kriterlere gore (Esitlik 2.1) olusturulur.

Al X11 X12 Xln
Am Xml XmZ an

2. Asama: Karar Matrisinin Normalizasyonu;
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Karar matrisine ait normalizasyon isleminin gergeklestigi bu asamada ¢6ziim icin belirlenen her bir
kriterin fayda (maksimize) ve maliyet (minimize) yonlii olma durumlarina gore (Esitlik 2.2 ve Esitlik 2.3)
normalize edilmis kriter degerleri (Xj;) hesaplanr.

xij—min (xij)

Xij(fayda) = maks(xij)—min (xij) i= (1, ...... , m) Vej = ((1, ...... ) Il) (22)

maks (xij) — xij

Xij(maliyet) = maks (xij)—min (xij) i= (1, ...... ’ m)vej = ((1, ...... ,n) (23)

3. Asama: Iliski Katsay1 Matrisinin Olusturulmasi;

Degerlendirme kriterleri arasindaki iligki giiciiniin belirlenmesi amaciyla (Esitlik 2.4) kriter ¢iftleri ara-
sindaki korelasyon katsayilar1 yardimiyla iligki katsay1 matrisi (pjk) olusturulur.

_ Yt (rij=T)) (rik-Tk)
Pik = — —
\[Z{Iil(rij—rj)z'Z?il(rik—rk)z

4. Asama: C; Degerinin Hesaplanmasi,

k=12 ..,n (2.4)

Bu agama, problem ¢6ziimiinde kriterlerde bulunan bilginin degerlendirilerek celiski ve zithik yogun-
luguna dayali toplam bilginin ifade edilerek C; degerlerinin hesaplandigi (Esitlik 2.5) adimdir.

C] = Gj ' lez:l(l — p]k) ] =12,..,n (25)

5. Asama: Kriter Agirliklarinin Hesaplanmast;

CRITIC yonteminde son asama olup, C; degerinin, o kritere ait toplam C; degerine oranlamasi sonucu
kriter agirlik degeri W; elde edilir (Esitlik 2.6).

C;
Wi ]

_ 2.6
) Zﬁ=1 G ( )

Nesnel (objektif) agirliklandirma yontemleri arasinda yer alan CRITIC yontemi sonucu elde edilen
kriter agirlik degerleri, ayn1 zamanda kriter 6nem diizeyini de belirlemis olacaktir.

2.2. Cok Nitelikli Fayda Teorisi (MAUT)

Cok kriterli karar verme yontemleri arasinda gosterilen bu yontem, ilk olarak 1967°de Fisburn ve 1974’de
Keeney tarafindan uygulanmistir. MAUT yonteminde amag karar probleminde birbiriyle ¢elisen birden fazla
kriter i¢in, en ¢ok faydayi saglayan alternatifin belirlenmesidir [28-29]. Yonteme ait adimlar asagida sira-
lanmustir.

Adim 1: Karar problemine konu edilen alternatif ve kriterlerin (Xn) belirlenmesi.

Adim 2: Kriterlere ait nitelik ve niceliklerin dogru sekilde degerlendirmesini saglayacak kriter agirlik (w;)
degerleri atamalarinin yapilmasi. Kriterlere ait toplam w; degerleri 1’e esit olmalidir (Esitlik 2.7).

Zwi —1 2.7)

Adim 3: Kriterlere ait deger ol¢iilerinin hesaplanmasi yapilir. Bu hesaplama kriterin nicel veya nitel deger
tagimasina dayali olarak, nicel deger ise nicel degeri, nitel deger ise ikili karsilagtirmalara dayali olarak he-
saplanir.
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Adim 4: Karar matrisinde bulunan her bir kriterin fayda veya maliyet yonlii olma durumuna gore -fayda
(maksimizasyon) ve maliyet (minimizasyon)- karar matrisinin normalize edilmesi saglanir (Esitlik 2.8 ve
Esitlik 2.9).

xij—min (xij)

u]- (Xij)(fayda) = maks (xij)—min (xi]) i= (1, ...... , m) vej = ((1, ...... , n) (28)

maks(xif)—xij . _ (1. .. ym)vej = ((1,.. .. ,1) (2.9)

u;j (Xij) (maliyet) = maks(xij)—min (xij)

Adim 5: Bu asama fayda degerinin belirlendigi son asamadir. Karar verici i¢in agirliklandirilmis fayda
fonksiyonundan elde edilen ve tek bir sayiyla ifade edilebilen fayda degeri U(Ai) hesaplanmis olur (Esit-
lik-2.10). Karar vericinin en yiiksek fayda degerini veren alternatifi-alternatifleri segmesi-siralamasi sonucu
karar problemi ¢6ziilmiis olur.

n
UA) = Z w uj(x;) (2.10)
j=1
3. Uygulama

Binalarin depreme kars1 dayanikli olup olmadig1 karar1 alaninda uzman ingat miihendisleri tarafindan
incelenen bina {izerinde, Tiirkiye Bina Deprem Yonetmeligi’ne (TBDY-2018) gore yapilacak “Performans
Analizi” sonucuna gore verilebilecek bir karardir. Bahse konu analiz i¢in bina tasiyici sistem tiirii, zemin ve
temel sinifi, beton basing dayanimi ve donati durumu vb. ¢ok sayida yapisal parametreye ihtiya¢ duyulur.

Bu c¢alismada performans analizi sonucuna gore gliglendirme gereksinimi bulunan kamu binalarinin
secimi ve dnceliklendirilmesi i¢in bir model onerilmistir. Calismada kullanilan veriler idari hizmet binalar1
(IHB) ve temel egitim kurumlar1 (TEK) igin iki ayr1 veri seti olarak diizenlenmis ve ¢dziimlenmistir. Giig-
lendirme ve onarim ihaleleri 4734 Sayili Kamu Thale Kanunu 19.madde yapim isi kapsaminda Cevre, Sehir-
cilik ve Iklim Degisikligi Miidiirliikleri ve Kamu ihale Kurumlarinca (KIK) gergeklestirilen ve sonugclari
karara baglanan ihale verileriyle birlikte, ekli istekli dosyalarindan elde edilmistir. Gliglendirme ve onarim
projelerinde yer alan yaklasik maliyetler kullanilmistir. Bu kapsamda 9 adet idari hizmet binasi ve 7 adet temel
egitim kurumu hizmet binasi1 olmak {izere toplam 16 binaya ait veriler ¢calismaya konu edilmistir. Calismada
birinci 6rneklem igin segilen giiglendirme gereksinimi olan 9 (dokuz) IHB (idari hizmet binas1) arasinda bahse
konu yéntem kullanilarak énceliklendirme ve sonrasinda bir siralama elde edilecektir. ikinci 6rneklemde ise
yine giiclendirme gereksinimi olan 7 (yedi) TEK (temel egitim kurumlar1) binasi verilerine dayali 6ncelik-
lendirme ve siralama isleminin gerceklestirilmesi amaglanmaistir.

Depreme kars1 giiglendirilecek bina alternatifleri arasindan se¢cim ve siralama isleminde kullanilacak
kriterlerin, baska bir ifade ile karar degiskenlerinin belirlenmesi asamasindan sonra, bu degiskenlerin etki
faktorlerinin belirlenmesi asamasina gegilir. Karar degiskeni/kriterin belirlenen amag icin, biiyiik olmasi daha
iyi ise, fayda yonli yani maksimizasyon, kii¢iik olmasi daha iyi ise, maliyet yonlii yani minimizasyon olarak
nitelendirilir. Bagka bir ifadeyle, karar vericinin belirlemis oldugu amag (bu ¢aligmada: Binanin gii¢clendir-
meye duyulan ihtiyacinin kapasitesi) dogrultusunda etkili kriter degerinin kiiciik olmasi daha iyi ise, kriter
yoni maliyet yonlii (minimizasyon), kriter degerinin biiyiik olmasi daha iyi ise, kriter yonii fayda yonlii
(maksimizasyon) olarak secilir. Kriter yonlerinin secimine dair 6rnek uygulama Tablo 1’de verilmistir.

Giliglendirme ve onarim gerektiren bahse konu binalarin dnceliklendirilmesinde kullanilacak kriterler
beton basing dayanimi (K-1), zemin yatak katsayisi (K-2), bina kat sayis1 (K-3), bina taban alan1 (K-4), top-
lam bina alam (K-5) ile gii¢clendirme ve onarim maliyeti (K-6) olarak belirlenmistir (Tablo 2).

Calismada, IHB igin 9 adet alternatif bina A-1, A-2, ...., A-9 ve TEK igin 7 adet alternatif bina B-1,
B-2, ...., B-7 bigiminde kodlanarak, ¢calismaya konu bina alternatifleri tanimlanmigtir. Yonteminin uygulan-
masi sonucunda depreme kars1 giiclendirme gereksinimi olan alternatif binalar arasinda onceliklendirme ve
siralama iglemi yapilmis olacaktir.

Gtglendirilme karar1 verilen binalar icerisinden yapilacak bir segme islemi i¢in, beton basing dayanimi
en diisiik olan, toplam alan1 en yliksek olan, maliyeti en diisiik olan vb. seklinde etki yonlerinin se¢imi amaca
uygun olacaktir. Calismaya konu binalar igin belirlenen kriter yonleri Tablo 2°de verilmistir.
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Tablo 1. Kriter Yonlerinin Belirlenmesine Dair Ornek Uygulama

Guglendirilecek iki bina (Bina-1 ve Bina-2) arasindan oncelikli olarak hangisinin gii¢lendi-

rileceginin se¢ilmesi problemi igin;

Kriter Yonu

Bina-1 ve Bina-2’den "Beton Basing Dayanimi" na bakarak
oncelikle hangisini giiclendirmek isterdiniz?

Basing Dayanimi
"KUCUK" olani.

Maliyet
(minimizasyon).

Bina-1 ve Bina-2’den “Zemin Yatak Katsayisi” na bakarak
oncelikle hangisini gliclendirmek isterdiniz?

Zemin Yatak Katsayisi
“KUCUK" olan.

Maliyet
(minimizasyon).

Bina-1 ve Bina-2’den “Kat Sayisina” bakarak 6ncelikle hangisini
guclendirmek isterdiniz?

Kat Sayisi
"BUYUK" olan.

Fayda
(maksimizasyon).

Bina-1 ve Bina-2’den “Bina Taban Alani” na bakarak oncelikle
hangisini gliglendirmek isterdiniz?

Bina Taban Alan1
"BUYUK" olani.

Fayda
(maksimizasyon).

Bina-1 ve Bina-2’den “Toplam Insaat Alan1” na bakarak once-
likle hangisini giiclendirmek isterdiniz?

Toplam Ingaat Alani
"BUYUK" olanu.

Fayda
(maksimizasyon).

Bina-1 ve Bina-2’den “Giliglendirme Maliyeti” ne bakarak once-
likle hangisini giiclendirmek isterdiniz?

Glglendirme Maliyeti
"KUCUK" olani.

Maliyet
(minimizasyon).

Tablo 2. Segim ve Onceliklendirmede Etkili Kriterler ve Etki Yonleri

Kriter Kriterin Ads Kriterin Yoni
Kodu

K-1  Beton Basing Dayanimi (MPa) Maliyet (min.)
K-2  Zemin Yatak Katsayis1 (kN/m®) Maliyet (min.)
K-3  Kat Sayisi (adet) Fayda (max.)
K-4  Bina Taban Alani (m?) Fayda (max.)
K-5 Toplam Ingaat Alani (m?) Fayda (max.)
K-6  Glglendirme Maliyeti (TL) Maliyet (min.)

Calismada idari hizmet binalar1 (IHB) ve temel egitim kurumlar1 (TEK) icin onerilen ydntem ayr1 ayri
uygulanacak olup, elde edilecek sonuglar son bolimde okuyucuya sunulacaktir.

Yéntem ilk olarak IHB sinifina dahil giiclendirme gereksinimi olan 9 adet, TEK smifina dahil 7 adet
binaya uygulanmistir. Her binaya ait kriterin sayisal deger atamalar1 yapilarak CRITIC yonteminde ilk asama
olan karar matrisi olusturulmustur (Tablo 3) ve (Tablo 4).

Tablo 3. Idari Hizmet Binalar: (IHB) I¢in Olusturulan Karar Matrisi

KRITERLER K-1 K-2 K-3 K-4 K-5 K-6
Kriter Yonleri Maliyet Maliyet Fayda Fayda Fayda Maliyet (min.)
Alternatifler (min.) (min.) (max.) (max.) (max.) 4 '
A-1 9 30000 6 336 2016 181.867,43
A-2 11 24500 3 718 2098 209.998,00
A-3 20 21650 8 650 5200  3.538.902,00
A-4 6 40000 5 273 1147 394.181,56
A-5 12 30000 1 265 265 73.295,00
A-6 20 23500 4 200 800 129.998,69
A-7 10 29430 4 230 690 255.804,63
A-8 18 7848 4 342 1368 544.799,75
A-9 6 14715 5 150 757 411.630,40
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Tablo 4. Temel Egitim Kurumu (TEK) Binalar: I¢in Olusturulan Karar Matrisi

KRITERLER K-1 K-2 K-3 K-4 K-5 K-6

Kriter Yonleri  npajiyet Maliyet Fayda Fayda Fayda Maliyet (min.)

Alternatifler (min) (min) (max) (max.) (max.) yeramin
B-1 10 14850 5 657 3336 874.019.00
B-2 7 15122 4 486 1944 485.168.55
B-3 85 15107 4 1675 5325 964.591,30
B-4 7 21000 3 322 966 249.781,02
B-5 12 12753 4 473 1880 261.236.,64
B-6 53 19620 4 911 3644 923.308.46
B-7 118 12949 4 915 2900 843.461.64

Uygulamaya konu idari hizmet binas1 (IHB) ve temel egitim kurumu (TEK) icin sirasiyla 9 adet ve 7
adet, farkli 6zelliklere sahip bina i¢in, 6 adet nicel kritere dayali olarak elde edilmis 9x6 ve 7x6’lik karar
matrisinde bulunan karar degiskenlerinin/kriterlerin fayda ya da maliyet yonli olma durumlarina goére Esitlik
(2.2) ve (2.3)’ten yararlanilarak normalize edilmistir. Hesaplamaya iliskin rnek teskil etmesi agisindan IHB
icin K-5/A-1 ve TEK igin K-6/B-1 kriterlerine ait normalizasyon degerlerinin belirlenmesi Esitlik (2.11) ve
Esitlik (2.12)’de verilmistir.

2016—-265
Xi]'(fayda) = 200—z65 — 0,355 (2.11)

964.591,30—874.019,00
X ; = . — =0,127 2.12
limaliyet) = 964 50130-249.781,02 (2.12)

IHB ve TEK binalari icin hesaplanan normalize karar matrisi Tablo 5 ve Tablo 6°da gosterilmistir.

Tablo 5. ITHB Normalize Karar Matrisi

KRITERLER =

ALTERNATIFLER K- K-2 K-3 K-4 K-5 K-6
d
A-1 0.786 0.311 0.714 0.327 0.355 0.969
A-2 0.643 0.482 0.286 1.000 0.371 0.961
A-3 0.000 0.571 1.000 0.880 1.000 0.000
A-4 1.000 0.000 0.571 0.217 0.179 0.907
A-5 0.571 0.311 0.000 0.202 0.000 1.000
A-6 0.000 0.513 0.429 0.088 0.108 0.984
A-7 0.729 0.329 0.286 0.141 0.086 0.947
A-8 0.143 1.000 0.429 0.338 0.224 0.864
A-9 1.000 0.786 0.571 0.000 0.100 0.902
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Tablo 6. TEK Normalize Karar Matrisi

KRITERLER =

ALTERNATIFLER K-1 K-2 K-3 K-4 K-5 K-6
B-1 0.299 0.746 1.000 0.248 0.544 0.127
B-2 0.746 0.713 0.500 0.121 0.224 0.671
B-3 0.522 0.715 0.500 1.000 1.000 0.000
B-4 0.746 0.000 0.000 0.000 0.000 1.000
B-5 0.000 1.000 0.500 0.112 0.210 0.984
B-6 1.000 0.167 0.500 0.435 0.614 0.058
B-7 0.030 0.976 0.500 0.438 0.444 0.169

Normalize karar matrisinin hesaplanmasi sonrasinda kriterler arasindaki iliski derecelerinin be-
lirlenmesi amaciyla Esitlik (2.4) yardimiyla kriterler arasi korelasyon matrisi hesaplanmistir  (Tablo
7) ve (Tablo 8).

Tablo 7. Korelasyon Katsayilar: (TEK) Tablo 8. Korelasyon Katsayilar: (IHB)
K-1 K-2 K-3 K-4 K-5 K-6 K-1 K-2 K-3 K-4 K-5 K-6

K-1 1.00 -0.83  -0.34 0.01 0.04 -0.09 K-1 1.00 -046 -0.18 -031 -044 049

K-2 |-0.83 1.00 0.56 019 020 -0.12 K-2 |-0.46 1.00 0.11 0.06 012 -0.18
K-3 |-0.34 0.56 1.00 021 048 -0.57 K-3 |-0.18 0.11 1.00 028 077 -0.72
K-4 0.01 0.19 0.21 100 094 -0.77 K-4 |-031 0.06 0.28 1.00 0.77 -0.55
K-5 0.04 0.20 0.48 094 100 -0.88 K-5 |-0.44 0.12 0.77 077 100 -0.91
K-6 |-0.09 -0.12  -057 -0.77 -0.88 1.00 K-6 0.49 -0.18 -0.72 -055 -091 1.00

4. Bulgular

Karar degiskenleri olarak tanimlanan kriterlere ait standart sapma degerleri kullanilarak CRITIC yon-
temine dair islem adimlarinda belirtilen Esitlik (2.5) yardimiyla her kritere ait bilgi miktarini ifade eden C;
degerinin hesaplanmasi asamasi gergeklestirilmistir. IHB ve TEK binalar1 i¢in hesaplanan C; degerleri
Tablo 9 ve Tablo 10’da sunulmustur.

Tablo 9. Cj Degerleri (IHB) Tablo 10. CjDegerleri (TEK)
K-1 K-2 K-3 K-4 K-5 K-6 K-1 K-2 K-3 K-4 K-5 K-6
Cj 2351 1563 1.353 1.659 1408 2.179 Cj 2376 1932 1345 1484 1386  3.287

CRITIC yontemindeki son asama olan kriterlerin onem agirliklarimn (w;) belirlenmesi Esitlik (2.8)
kullanilarak elde edilmistir (Tablo 11).
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Tablo 11. CRITIC Yéntemi ile Hesaplanan Kriter Onem Agirliklar:

Idari Hizmet Binalar1 (IHB) Temel Egitim Kurumu Binalari (TEK)

K-1 K-2 K3 K4 K5 K-6 K-1 K2 K3 K4 K5 K-6

w; 0.224 0.149 0.129 0.158 0.134 0.207 w; 0.201 0.164 0.114 0.126 0.117 0.278

Depreme kars1 guclendirme gereksinimi olan kamu binalar1 igin yapilacak se¢im ve bu se¢imde
etkili karar degiskenleri/kriterlerin agirliklandirilmasi CRITIC yontemiyle gerceklestirilmistir. Idari
hizmet binalar1 (IHB) icin en yiiksek dneme sahip kriterler 0.224 degeri ile “beton basing dayanimi”
ve 0.207 degeri ile “onarim ve giiclendirme maliyeti” ¢ikmistir. ikinci veri seti olan temel egitim ku-
rumlar1 (TEK) i¢in uygulanan yontem sonuglarindan 0,278 degeri ile “onarim ve giiclendirme maliyeti”
ve 0.201 degeri ile “beton basing dayanimi” en yiiksek 6neme sahip kriterler olarak belirlenmistir.

Objektif agirliklandirma yontemleri arasinda yer alan CRITIC yontemi uygulamasi sonuglarinda
elde edilen kriter 6nem agirliklarinin belirlenmesinin ardindan, ¢alismaya konu birden fazla binanin
(alternatiflerin) fayda degerlerinin hesaplanmasi ve siralanmasi iglemi MAUT yontemiyle gerceklesti-
rilmistir. Bahse konu yontemlerin uygulanmasi ve sonuglarin hesaplanmasinda Microsoft Office Excel
2021 Standard paket program kullanilmistir.

MAUT yontemi asamalarindan olan karar matrisinin olusturulmasi ve normalizasyon iglemleri
CRITIC yonteminde de belirtilen esitlikler yardimiyla hesaplanmis, sonrasinda her bir alternatifin fayda
degerinin belirlenmesi adimina gecilmistir. Giiglendirme gereksinimi bulunan her bir alternatif bina i¢in
fayda fonksiyonu formiiliinden Esitlik (2.10) yardimiyla toplam fayda degeri hesaplanmis ve alterna-
tifler siralanmigtir. Elde edilen degerler Tablo12 ve Tablo 13’te sunulmustur.

Tablo 12. Toplam Fayda Degeri ve Siralama (IHB)

KRITERLER = K-1 K-2 K-3 K-4 K-5 K-6

Toplam
ALTERNATIFLER (0.224) (0.149) (0.129) (0.158) (0.134) (0.207) F:; o ralama
Al 0176 0046 0.092 0.052 0.048 0201  0.613 3
A2 0144 0072 0037 0158 0.050 0.199  0.659 1
A3 0000 0085 0129 0139 0134 0.00  0.486 6
A-4 0224 0000 0.074 0.034 0024 0188 0543 4
A5 0128 0.046 0000 0032 0000 0207  0.413 8
A-6 0000 0076 0055 0014 0015 0204  0.364 9
A7 0163 0049 0.037 0.022 0012 0196  0.479 7
A8 0032 0149 0.055 0.053 0.030 0179  0.498 5
A9 0224 0117 0074 0000 0013 0187  0.614 2
Tablo 13. Toplam Fayda Degeri ve Siralama (TEK)

“KRITERLER = K-1 K-2 K-3 K-4 K-5 K6 Toplam
ALTERNATIFLER  (0.201) (0164) (0.114) (0.126) (0.117) (0278) Stralama
B-1 0060 0122 0114 0.031 0.064 0035  0.426 6
B-2 0450 0.117 0.057 0015 0.026 0187 0552 1
B-3 0105 0117 0.057 0126 0117 0.00 0522 3
B-4 0.50 0.000 0.000 0.000 0.000 0.278  0.428 4
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B-5 0.000 0.164 0.057 0.014 0.025 0.274 0.533 2
B-6 0.201  0.027 0.057 0.055 0.072 0.016 0.427 5
B-7 0.006 0.160 0.057 0.055 0.052  0.047 0.377 7

Elde edilen verilere gore kriter agirliklandirmas1 CRITIC yontemiyle belirlenmis toplam 6 kriter
(K-1, ..., K-6) referans almarak, MAUT yodntemi yardimiyla alternatifler siralanmustir. iki ayr1 veri
seti (IHB ve TEK) icin belirlenmis alternatif binalar arasindan fayda degerleri toplami en yiiksek
olandan baglanarak siralama islemi gerceklestirilmistir. Buna gore arastirmaya konu 9 adet idari hiz-
met binasi (IHB) arasindan toplam fayda degeri en yiiksek olandan baslanarak A-2, A-9, A-1, A-4,
A-8, A-3, A-7, A-5 ve A-6 seklinde binalarin siralanarak onceliklendirilebildigi, temel egitim kurum-
lar1 (TEK) i¢in ise toplam fayda degeri en yiiksek olandan baglanarak B-2, B-5, B-3, B-4, B-6, B-1 ve
B-7 seklinde siralanarak onceliklendirilebildigi goriillmektedir.

5. Sonug ve Oneriler

Calismada kullanilan yontemlerin literatiirde Cok Kriterli Karar Verme Yontemleri (CKKYV) da-
hilinde, farkli alanlarda karar verme, se¢im, siralama ve Onceliklendirme problemlerinin ¢dziimiinde
sikca kullanildig1 goriilmektedir.

Ulkemizin bir deprem iilkesi oldugu gerceginden hareketle, bu konuda alinacak &nlemlerin ba-
sinda kentsel doniisiim ve bina giiclendirme faaliyetleri gelmektedir. Bu ¢alismada literatiirde farkli
alanlarda uygulanmis CKKV yontemlerinin benzer sekilde giiclendirme uygulamasi yapilacak, deprem
performansi yetersiz binalarin se¢im ve siralama konusunda da kullanilabilecegi sonucuna varilmustir.

Yontemin uygulanmasinda kriterlerin agirliklandirilmast CRITIC, onceliklendirmeye konu bi-
nalarin se¢im ve siralamasi ise ¢ok nitelikli fayda teorisi (MAUT) yontemiyle gerceklestirilmistir.
Idari hizmet binalar1 (IHB) ve temel egitim kurumlar1 (TEK) binalar1 icin ayr1 ayr1 hazirlanan veri seti
degerlerinin her ikisi i¢in de, en énemli kriterlerin (w;) beton basing dayanimi (K-1) ve glclendirme
maliyeti (K-6) oldugu belirlenmistir. MAUT yontemiyle ele alinan veriler yardimiyla, giiclendirme
gereksinimi bulunan binalarin fayda degerlerine gore siralama islemi yapilmis olup, idari hizmet bina-
lar1 (IHB) icin A-1 kod nolu binanin, temel egitim kurumlar1 (TEK) i¢in ise B-2 kod nolu binanin én-
celikli olarak onarim ve gii¢lendirilmesi gerektigi sonucuna varilmastir.

Kamu kaynaklarinin etkili ve verimli kullanimi agisindan, ekonomik kaynaklarinin sinirlt olmasi,
buna ragmen giiclendirme gereksinim olan bina sayisinin fazla olmasi bu konuda verilecek kararin
onemini arttirmaktadir. Yontemin uygulanmasi, bu konuda karar verici konumundaki kamu idarecileri
ve bina yoneticileri tarafindan alinacak kararlarin daha objektif ve isabetli olmasina katki saglayacag:
diistintilmektedir.

Insaat miihendisligi ve yap1 yonetimi agisindan degerlendirildiginde, yontemin nesnel verilere
dayali olarak uygulanabilmesi, elde edilen sonuglarin agik ve anlagilir olmasi 6nemli bir kazanim olarak
gorilmektedir. Gelecek calismalarda farkli 6rneklemler iizerinden kriter sayisinin artirilmasiyla sira-
lamada olusacak degisikliklerin belirlenmesi, ayrica kriter agirliklandirma ve segimine ydnelik litera-
tirde kullanilan diger yontemlerin karsilagtirmali olarak uygulanmasi, sonuglarin kiyaslamali olarak
degerlendirilmesinin faydali olacag: diigiiniilmektedir.
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Abstract: The ionosphere is a conductive and natural plasma layer of the at-
mosphere that starts from 50 km above the ground and continues up to approxi-
mately 1000 km. To neglect the magnetic field effect on the ionosphere, both
vertical and horizontal ionosondes are used to detect the electron density of the
ionosphere in many parts of the Earth. In this study, in ionosphere plasma;
Without any approximation, the phase and group velocities of the ordinari wave,
which is independent of the magnetic field in the collisional ionosphere plasma
(electron-ion; electron-neutral), were obtained analytically and its seasonal be-
havior was calculated numerically. According to the results obtained; There is a
strong similarity between the change trends in the phase and group velocities of
the ordinari wave at local times of 05:00 in the morning and 20:00 in the evening.
It can be said that in these time intervals in the E and F regions of the ionosphere,
the wave energy is constant and the directions of the phase and group velocities
are in the same direction but in opposite directions.

Keywords: lonosphere; ordinary wave; group-phase velocity

Iyonkiiredeki Ordinari Dalganin Grup ve Faz Hizi; Tam Coziim ve Sayisal
Analizler

Ozet: Iyonosfer yerden 50 km den baslayip yaklagik olarak 1000 km ye kadar
devam eden atmosferin iletken ve dogal bir plazma tabakasidir. Iyonkiirede
manyetik alan etkisini ihmal etmek icin hem dikey hem de yatay iyonosondalar,
Diinya'nin bir¢ok yerinde iyonosferin elektron yogunlugunu tespit etmek icin
kullanilmaktadir. Bu ¢alismada iyonkiire plazmasinda; hicbir yaklasim
yap-madan, c¢arpigmali iyonkiire plazmasinda(elektron-iyon; elektron-notr)
manyetik alandan bagimsiz olan ordinari dalganin faz ve grup hizlari analitik
olarak elde edilerek, mevsimsel dav-ranisi niimerik olarak hesaplanmistir. Elde
edilen sonuglara gore; ordinari dalganin faz ve grup hizlar1 sabah saat 05.00 ve
aksam saat 20.00 yerel zamanlarinda degisim trendleri arasinda kuvvetli bir
benzerlik goriilmektedir. fyonosferin E ve F bélgelerinde bu zaman araliklarinda
dalga enerjisinin sabit, faz ve grup hizlarinin yonlerinin ayni1 dogrultuda fakat zit
yonde oldugu sdylenebilir.

Anahtar Kelimeler: Iyonkiire; ordinari dalga; grup- faz hizi
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1. Introduction

The chemical composition, physical make-up, and characteristics of Earth's ionosphere have been
the subject of substantial scientific investigation [1-3]. The conductive nature of the ionosphere has
prompted much study into the electromagnetic waves’ (EMWSs’) behavior in this medium under dif-
ferent conditions and their response to waves with a high frequency [4-9]. To measure ionosphere
parameters, especially electron density, ionosphere remote sensing is a commonly used technique. One
device, called a transmitter, sends an electromagnetic wave into space, where another, called a receiver,
picks it up [10-14]. Through comparing the characteristics of emitted and received waves, one can learn
about the ionosphere [15, 16]. To achieve this, ionosondes, both vertical and horizontal, are used, and
they come from all around Earth. There is a constant wave acting on the vertical ionosonde. The
standard wave is sent towards the vertical ionosonde while the medium is thought to be collisionless.
The “group velocity” of a wave is the speed at which its components move through the medium, be it
energy or information [4-9]. Impossibility of achieving faster-than-light communication arises from the
fact it is always the case that the speed of the signal is slower than the speed of light. You can either
produce a negative group velocity or cut off the flow of electric current to get the group velocity close to
zero. Similar to how photons act in the ionosphere [1-3, 17, 18], photons keep on propagating through
the medium at the constant, predictable speed of light irrespective of the circumstances. Based on the
data that is currently available, it appears that the ionosphere is theoretically collision-free [1-3, 19].
This is the main premise upon which most widely accepted mathematical judgments are based. You can
make an argument for this approach in some contexts, but it won't work in others [5, 6, 11, 13, 20]. A
thorough familiarity with all the features connected with the regular wave is required to guarantee the
correct operation of the vertical ionosonde. Examining the ordinary the phase and group velocities of a
wave in the collisional ionosphere was the main goal of this study. There is a widespread belief that
these speeds significantly indicate wave propagation and energy transmission. The normal wave's group
and phase velocity in the ionosphere’s E and F regions, as found via ionospheric layer numerical
evaluation. The ordinary wave can be calculated using well-established formulate by taking collisions
into account.

2.The phase and group velocity for ordinary wave

In all studies conducted so far on the waves' interaction with the ionosphere plasma, the refractive
index of the ordinary wave is given as follows, depending on the ionosphere parameters [1-13]

2 2
Wp Vo

2
np=1- +1 (2.1)
o+ o+

wp: (plasma frequency of electrons), v=(veitven ) frequency of electron collisions w: wave frequency.
At any given wave, the group velocity [1-9].

Vg=—-"i 2.2)

on
n+w —
ow

Once the group velocity of an ordinary wave has been determined using mathematical manipulations

Vo = C _ Cor _j Coj (23)

® r0 @ [Rect) (R rel)
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The coefficients that are dependent on plasma parameters are as follows.
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(2.5)
2 2
10 Vo
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@tV a)(a) +v )
On the other hand, the phase velocity of the ordinary wave (from eq. 1) is obtained by
C Ca ] c
Vpho = — = L2 Ch (2.6)
oo (ap+b12) (A2+b12)

3. Numerical Analysis and Results

At the E layer (140 km) and F layer (240 km) ionosphere plasma region in Elazig Geographic
coordinates, these computations were carried out using Equations (3 and 6). For the “Sunspot number
is maximum” in 1990, the figures were computed using IRI (International Reference lonosphere) data.

Analytical examination of the equations reveals that in collision cases induced by medium colli-
sions, both the phase velocity and the group velocity exhibit a complicated structure. Both the group
velocity and the phase velocity show signs of speed attenuation in their imaginary components. Varia-
tions in the total magnitude of the phase velocity with respect to local time are shown in Figure 1.
Thus, the phase velocity is at its lowest before sunrise (about 5:00 a.m. LT) and rapidly increases be-
tween 5:00 a.m. and 18.00 p.m. LT, while keeping its amplitude constant all the way through. There is
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a precipitous decline in temperature after 18 p.m., and by 20 p.m. LT, all seasons have dropped to their
lowest point.

The symmetry between Figure 2 and Figure 1 pertains to the change in group velocity. But it's
not that high when put next to the phase velocity. As can be observed in the other figures, figures 3 -4
are similar to the trend of phase velocity change in figure 1 and the behavior of group velocity in fig-
ure 4. Though they are conceptually equivalent, the E-region’s higher phase and group velocities set it
apart from the F-region.
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Figure 1. Seasonal diagram of the phase velocity of the ordinary wave in the E-region
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Figure 2. Seasonal diagram of the group velocity of the ordinary wave in E-region
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Figure 3. Seasonal diagram of the phase velocity of the ordinary wave in the F-region
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Figure 4. Seasonal diagram of the group velocity of the ordinary wave in the F-region

4. Conclusion

A key component of the ionosphere's operation and the transmission of high-frequency signals is
the ordinary wave, which controls electron density. In order to lay the framework for future studies
and experiments in this area, it is crucial to understand how a typical wave behaves in the ionosphere.
Investigating the magnitudes of the group velocity and phase in the E and F layers of the ordinary
wave was the aim of this research. Under the right conditions, these areas can be seen in the iono-
sphere during medium collisions, and they are unaffected by Earth’s magnetic field. While the wave’s
phase and group velocities are symmetrical in both the E and F sections, the E region shows higher
velocities and phases than the F region. The computed group velocities of the ordinary wave are as-

206



International Journal of Pure and Applied Sciences 10(1);202-208 (2024)

sumed to be always smaller than the speed of light throughout the year. One thing to keep in mind is
that the phase velocity is getting closer to the speed of light. It follows that, under normal conditions,
the energy of the ordinary wave is distributed to the particles when they enter the medium.
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Abstract: This work investigates the integration of multiplicative calculus into gradient
descent algorithms, including Adaptive Gradient algorithm (AdaGrad), Root Mean
Squared Propagation (RMSProp), Nesterov Accelerated Gradient (NAG), and Mo-
mentum, to optimize exponential-quadratic-logarithmic composite functions with the
positivity constrained. This research, conducted across five scenarios within the Con-
strained and Unconstrained Testing Environment (CUTESst), compares these multipli-
cative methods with their classical counterparts under a variety of constraints envi-
ronments such as bounded, quadratic, and other types, and unconstrained environments.
The results demonstrate the significant superiority of multiplicative-based algorithms,
especially in unconstrained and bounded constrained scenarios, and demonstrate their
potential for complex optimization tasks. Statistical analysis supports the observed
performance advantages, indicating significant opportunities for optimization strategies
in positive domains.
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Pozitif Alanlarda Ustel-ikinci Dereceden Logaritmik Bilesik Fonksiyon
Op-timizasyonu: Gradyan Inis Algoritmalarinda Carpimsal Kalkiiliisten

Yararlanma

Ozet: Bu caligma, pozitiflik kisitlamali iistel-logaritmik bilesik fonksiyonlar1 optimize
etmek icin, Uyarlanabilir Gradyan algoritmasi (AdaGrad), Kok Ortalama Kare
Yayilimi (RMSProp), Nesterov Hizlandirilmis Gradyan (NAG) ve Momentum gibi
gradyan inis algoritmalarma Carpimsal Kalkiiliisiin entegrasyonunu arastirmaktadir.
Kisitlamali ve Kisitlamasiz Test Ortami (CUTEst) i¢inde bes senaryoda yiiriitiilen bu
aragtirma, Carpimsal Kalkiiliis ile revize edilen gradyan inis algoritmalariyla, siirli,
karesel ve diger tiirler gibi cesitli kisitlama ortamlarmin yani sira kisitlamasiz or-
tamlarda klasik kalkdiliisteki gradyan inig algoritmalariyla karsilagtirmaktadir.
Sonuglar, 6zellikle kisitlamasiz ve simirl kisitlamali senaryolarda ¢arpan tabanli algo-
ritmalarin belirgin tstiinliigiinii ve karmasik optimizasyon gorevleri i¢in potansiyell-
erini gdstermektedir. Istatistiksel analiz, gozlemlenen performans avantajlarmi
destekleyerek, pozitif alanlarda optimizasyon stratejileri ig¢in 6nemli firsatlar oldugunu
gOstermektedir.
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kalkulus; bilesik fonksiyonlar

1JPAS 2024, 10(1) https://doi.org/10.29132/ijpas.1467644 https://dergipark.org.tr/tr/pub/ijpas



https://doi.org/10.29132/ijpas.1467644
https://dergipark.org.tr/tr/pub/ijpas
https://orcid.org/0000-0002-6383-1878
https://orcid.org/0000-0001-5904-9931

International Journal of Pure and Applied Sciences 10(1); 209-227 (2024)

1. Introduction

Setting the Context:

Gradient descent-based algorithms, which are at the core of the optimization field, have found a
place in many fields such as machine learning and applied sciences due to their ease of use and effec-
tiveness [1]. Variants of these algorithms, which use the principles of Newtonian calculus, have been
researched and optimized many times over the years. However, as real-world problems constantly
evolve and create new situations that need to be optimized, these basic methods require updating and
improvement.

Identifying the Problem:

One such avenue for innovation occurs in the optimization of functions restricted to positive
domains, especially functions containing exponential, quadratic, and logarithmic properties. Classical
gradient descent methods, although versatile, often face limitations in these contexts, mainly due to their
inherent linear additive nature and the challenges posed by non-negative constraints [2].

Introducing the Novel Approach:

This study deals with integrating Multiplicative Calculus (MC) principles into gradient descent
variants and making them more suitable for exponential-quadratic-logarithmic composite functions that
are limited to positive areas. It brings a new perspective to optimization for positively bounded areas. An
alternative to Newtonian Calculus, Multiplicative Calculus offers a different perspective by focusing on
multiplication and ratios rather than addition and subtraction. This inherently makes it suitable for
positive fields and multiplicative growth processes.

Rationale and Methodology:

To exploit this potential of MC, we adapted several classical gradient descent algorithms into the
multiplicative calculus framework, including RMSProp, AdaGrad, Momentum, and NAG [3-5]. To
apply the methods comparatively, exponential-quadratic-logarithmic composite functions were created
using the CUTEst test set [6]. We developed Exponential-Quadratic-Logarithmic Composite Functions
as our objective functions, g(x,), by transforming the quadratic objective functions provided by
CUTEst's testing suite. The transformation process involves taking a function f(x,) from CUTEst and
applying the transformation g(x,)=e°9*™) g jt,

Objective and Scope:

Through extensive testing in the CUTESt optimization environment, this research aims to sys-
tematically evaluate the performance of these multiplicative-based methods relative to their classical
counterparts in various scenarios characterized by different iterations and learning rates. 5 scenarios
were used: 1- 1000 iterations, 0.001 learning rate, 2- 10 iterations, 0.1 learning rate, 3- 10 iterations, 0.01
learning rate, 4- 10 iterations, 0.001 learning rate, 5- 10 iterations, 0.0001 learning rate. Comparisons
were made by categorizing the composite function used as an unconstrained, bounded constraint,
guadratic constrained, and other type of constrained. In the results section, we present comparison
results between alternative methods and their counterparts. Additionally, we include performance
comparisons of these methods in both constrained and unconstrained scenarios. We also provide de-
tailed statistical analysis, including t-statistics and p-values, to further validate the benchmark.

Significance of the Work:

The results of this research can go beyond theoretical knowledge and offer a new perspective from
which optimization problems can be viewed and solved. By demonstrating the effectiveness of methods
based on multiplicative analysis, especially in the context of exponential-quadratic-logarithmic com-
posite functions, this study opens the door to innovative optimization strategies that can significantly
improve problem-solving in areas where positive domain constraints are common.

Structure of the Paper:

The paper's structure is designed for clarity and simplicity, organized as follows:

. Introduction: Sets the stage, outlining the research question and its significance.

. Related Works: Reviews existing literature to contextualize the study within the broader field.

. Definitions of Multiplicative Calculus: Explains key concepts and mathematical foundations of

multiplicative calculus.

. Revised Methods: Describes the adaptations of classical algorithms using multiplicative calculus

principles.

. Results: Presents findings from testing the revised methods on various functions and scenarios.
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. Discussion: Analyze the implications of the results, comparing the performance of revised and
classical methods.

. Conclusion: Summarizes the study's contributions, and limitations, and suggests directions for
future research.

2. Related Works
2.1. Gradient Descent Methods

Since the gradient descent algorithm is at the core of optimization, it has been and is being studied
a lot. Thanks to these extensive studies, various variants such as AdaGrad, RMSProp, Momentum, and
NAG have emerged [7]. These variants are obtained by integrating innovations such as adaptive
learning rate or momentum to increase convergence rate and stability. Momentum includes a velocity
component that incorporates past gradients to accelerate convergence in relevant directions while re-
ducing oscillations and proves particularly effective in navigating valleys and plateaus in the target
landscape [8]. AdaGrad improves performance on sparse gradient problems by providing adaptive
learning rates for each parameter, allowing individualized parameter updates, thus facilitating a more
refined optimization process [9]. NAG improves the concept of momentum by integrating a for-
ward-looking mechanism that predicts future gradients to make more informed update decisions, thus
improving convergence rates. RMSProp, attributed to Geoffrey Hinton, modifies AdaGrad's aggressive
diminishing learning rates by maintaining a moving average of recent squared gradients, ensuring
sustained learning progress across iterations.

2.2. Multiplicative Calculus

Multiplicative calculus, developed as an alternative to Newtonian calculus, was introduced by
Grossman and Katz in the early 1970s. While classical calculus, that is, Newtonian calculus, is based on
addition and subtraction, in Multiplicative calculus, derivative and integral are defined by multiplication
and division operations. This framework offers a unique perspective for problems where growth pro-
cesses are multiplicative rather than additive in nature.

The theoretical foundations of multiplicative calculus were further developed by Bashirov and
others, who extended the concepts of multiplicative differentiation and integration, demonstrated their
applicability to a variety of mathematical functions, and established the fundamental theorems of mul-
tiplicative calculus [10, 11]. These works laid the foundation for the field's mathematical rigor and
consistency.

Multiplicative calculus has found use in areas where the examined phenomenon grows or decays
exponentially or geometrically and has been shown to provide advantages over Newtonian calculus [12—
15]. For example, in the field of biomedical sciences, multiplicative analysis has been applied to model
the growth of biological tissues and populations [16]. It offers a new approach to modeling compound
interest and exponential growth processes by providing more accurate and intuitive explanations than
traditional analyses in economics [17].

Although the application of multiplicative calculus in optimization is relatively new, its potential
is significant. The inherently multiplicative nature of many optimization problems, especially those
involving exponential growth or decay, suggests that multiplicative calculus could offer more natural
and efficient optimization algorithms. Investigating the principles of multiplicative calculus within
gradient descent algorithms represents a new research direction that may provide insights into more
effective optimization strategies.

Recent studies have begun to explore the integration of multiplicative calculus with computational
algorithms, including its potential in numerical analysis and algorithmic design [13]. A study highlights
the utility of multiplicative calculus in biomedical imaging, particularly its ability to preserve positivity
in images and matrix fields, a crucial feature for applications such as diffusion tensor imaging [18].
Another research study presents a multiplicative calculus adaptation of the Runge-Kutta method,
demonstrating its effectiveness and broader applicability in solving problems involving positive-valued
functions, complemented by extensive error and stability analyses [19, 20]. In addition, a review of
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wave propagation models reveals a significant advance in simulation methodologies by revealing how
multiplicative calculus, with its different approach to exponentials, can increase solution efficiency and
overcome traditional sampling limitations [21].

The adoption of MC in the broader mathematical and scientific communities faces challenges.
First of all, it differs from traditional mathematical principles and needs further theoretical development
and practical verification. Future research will focus on introducing algorithms, empirical testing in
optimization, and exploring uses in machine learning and data analysis.

Multiplicative Calculus is a field that is open to exploration and has the potential to provide ad-
vantages in different fields. As scientists' attention is drawn to this field, it may provide new insights,
methodologies, and applications that push and expand the boundaries of multiplicative calculus.

2.3. Optimization in Positive Domains

Optimizing functions constrained to positive domains presents unique challenges, often requiring
transformations or adaptations of standard methods to maintain feasibility and convergence [22]. Ex-
ponential-quadratic-logarithmic composite functions, characterized by their strictly positive output and
exponential growth behavior, are typical examples of such difficulties. In the literature, positive
bounded problems have been discussed, but this situation inherent in Multiplicative calculus has not
been investigated in the literature.

2.4. Our Contribution

Building on the foundational work in both gradient descent methodologies and multiplicative
calculus, our research introduces a novel integration of these domains. By adapting classical gradient
descent algorithms to the multiplicative calculus framework and applying them to exponen-
tial-quadratic-logarithmic composite functions, we present a unique approach to optimization in positive
domains. Our work extends the current understanding of gradient descent's applicability, providing
empirical evidence of the advantages offered by a multiplicative-based approach, particularly in han-
dling functions with inherent exponential growth characteristics within bounded constraints.

3. Definitions of Multiplicative Calculus
This section introduces the definitions of MC used in this paper [11].
Let R, = (0, )
Definition 3.1 Multiplicative addition operation is defined in the following manner.
at+.b=a-b. (3.1)

Definition 3.2 Multiplicative multiplication is shown as -, and the operation is performed in the
following manner.

a, b= elog(a)-log (b)_ (3.2)

Definition 3.3 Multiplicative zero and multiplicative one are changed to 1 and e respectively.
Some of the properties of multiplicative summation and calculation is given below:

e Commutativity of MC Addition: Let x,y € R, then

x+,.y = y+.x. (3.3)

e Associativity of MC addition: Let x,y,z € R, then
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X+, (y+.2) = (x +. ¥)+.z. (3.4)

e Identity element of MC addition: Let x € R, then

x+,1=x. (3.5)

e Inverse elements of MC addition: Let x € R, then

—x=1 (3.6)
X

e Identity elements of MC multiplication: Let x € R, then

x -, e = elog©)log(®) — x. (3.7)

e Inverse elements of MC multiplication: Let x € R, then

= (3.8)

e Distributivity.: Let x,y,z € R, then

x+.y)z=(x2)+ " 2). (3.9)

Definition 3.4 Let x,y € R, , MC subtraction is shown as —, , operation is defined in the
following manner;

X—y=x+,(—y)=x+, (i) = % (3.10)

Definition 3.5 Let x,y € R, , MC division is shown as /, and operation is defined in the
following manner;

_1
x/y=x.(@ )=x- (elogl(y)> — elog (x)log (el ) ) (3.11a)
log (x)
= elog (),
(3.11b)

Definition 3.6 Let n € N, MC factorial process is shown as !, and operation is defined in
following manner;

nl, = e™, (3.12)
Definition 3.7 Let k € N and x € R, , MC power operation is shown below.
xke = (1og(0)*, (3.13)

Definition 3.8 Let A € R, and first MC derivative is defined of f at x € A4, shown as f*(x),
derivative operation is following manner;

fr0) = lim (f et h)—.fCO)/ A,
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= lim (G- )= f ().,
= lim(f e )= f )/

. f(xh)
= lim(——>)/.h,
h—>1( fx) )+

tog LR
= lim(e losm ),
h—>1( )
x-h-f )£ (x-h)

= lim(e f&fx ),
le( )

xf1(x)
ff(x)y=er®» , xe€ A (3.14)

Multiplicative calculus operates exclusively on positive numbers, ensuring that its derivative al-
ways falls within the range of 0 to positive infinity [11]. In the context of multiplicative calculus, it is
imperative to consider three distinct cases of the derivative. The first case, when f(x)* > 1, leads to a
decrease in f(x). The second case, where f(x)* = 1, signifies the identification of optimal points, mir-
roring the scenario in classical calculus where the derivative equals 0. Lastly, when f(x)* > 1, it results
in an increase in f(x).

4. Revised Methods

4.1. Gradient Descent
In classical calculus, gradient descent algorithms adjust weights through a combination of learn-
ing rate and derivative. The derivative in classical calculus can take values from negative infinity to
positive infinity. The Classical Gradient Descent (GD) formula for classical calculus is illustrated in
Equation 4.1. Where 6 is parameters that should be updated, « is the learning rate, J'(8) is deriva-
tive of the cost function.
Onew = Oo1a —a - J'(0). (4.1)

When Equation 4.1 is examined, it is seen that the old and new parameters are equal to each oth-
er when the derivative is equal to zero. However, in the context of generating a Multiplicative Gradi-
ent Descent algorithm, it is imperative to acknowledge that the multiplicative derivative is bounded
within the interval (0, o). This means that the multiplicative derivative cannot be directly integrated
into Equation 4.1. For the use of the MC derivative, Equation 4.1 needs to be revised with MC princi-
ples. When the GD algorithm is adapted to include multiplicative calculus, it results in the formulation
of Equation 4.2.

6o
Opow = ot (4.2)

aloge(J"(6))

When Equation 4.2 is examined, it is seen that when the multiplicative derivative is equal to 1,
the new and old parameters are equal to each other. The second crucial observation arises when the
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multiplicative derivative exceeds 1 or falls below 1. In cases where the learning rate is less than 1, the
update process does not yield accurate results. Hence, it becomes imperative to set the update magni-
tude greater than 1 for proper convergence. For the comparative analysis between classical calculus
gradient descent and multiplicative gradient descent, the learning rate for classical gradient descent is
denoted as 'a', while the learning rate for multiplicative gradient descent is set as ' «c= e®'. After im-
plementing the requisite corrections, the Multiplicative Gradient Descent algorithm is presented in
Equation 4.3b.

Bo1a
Onew = IO (4.33)
xlogee 1@
__Boug
Onew = RZONE (4.3b)
o J()

4.2. Momentum
The formula for the Momentum update rule in gradient descent is as follows:
41 =B "0 +a-J'(6y), (4.4)
Ot+1 = 0 — D41 (4.5)
Where:
e Vi is the momentum term at time step t.
e fisahyperparameter that controls the strength of the momentum.
e J’(0) is the gradient of the loss function at time step t.
e 6 is the parameter vector at time step t.
e a s the learning rate.
This update rule introduces a momentum term, which is a fraction of the previous update, to
smooth out oscillations in the updates and accelerate convergence in relevant directions.
The momentum update is aligned with the principles of MC, as illustrated in Equations 4.6b and
4.7 below.

Opqq = flo9ePt « qloge] (O0) (4.6a)
0-]1(6)
Oppr = ‘Blogeﬁt . qlogee JIO)) ’ (4.6h)
Ot+1 = 0¢/V¢41. (4.7)

In transitioning from VGD to the MC domain, it becomes apparent that the learning rate requires
an adjustment to oc= e®. In classical calculus, the momentum parameter typically falls within the
range of 0 to 1. Consequently, to effectively apply momentum in the MC context, it is imperative to
utilize = eb.

X= ea’ '(/) = eﬁ, (48&,48b)
0-]1(0)
Oppq = Plo9ede o JO) (4.9)
Ot+1 = 0¢/9¢41. (4.10)

In the experiments, the initialization of 9 differs based on the calculus approach. In classical
calculus, 9 is setto 0, whereas in the context of MC, 9 is initialized to 1.
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4.3 NAG

One notable distinction between NAG and standard Momentum lies in its computation of the
gradient, projected ahead in the direction of momentum. This feature substantially mitigates oscilla-
tions and bolsters convergence, particularly in situations characterized by high curvature. The NAG
update protocol is delineated by Equations 4.11, 4.12 and 4.13.

T = Gt - ﬁ - 19t’ (411)
Oes1 =B "9 +a-]'(1), (4.12)
Ot+1 = 0t — D41 (4.13)

Where:
e Vi is the momentum term at time step t.
e fis ahyperparameter that controls the strength of the momentum.
o J’(0) is the gradient of the loss function at the parameter vector 6.
e 0O is the parameter vector at time step t.
e o is the learning rate.
Applying the formulations outlined in Equations 4.8a and 4.8b, along with the definitions delin-
eated in Section 2, we derive the expressions for MC-NAG, which are subsequently presented in
Equations 4.15c and 4.16.

- O 4.14
T_ll)l()geﬁt' ( ’ )

Opyq = Y108t « o108e ) () (4.15a)

)@
— 1/)10ge ¢ . logee J@ (415b)
=J'(©

— wlogel‘)t o J@ , (415C)

Or41 = ﬁi (4.16)

t+1

In classical calculus, 9 is set to 0, whereas in the context of MC, ¢ is initialized to 1.

4.4, AdaGrad

AdaGrad's fundamental concept lies in adjusting learning rates according to the historical gradi-
ents associated with each parameter. This adaptive approach proves beneficial in scenarios where cer-
tain parameters necessitate more conservative updates while others warrant more substantial adjust-
ments. The update process for Classical AdaGrad is detailed below. The accumulated squared gradient
G: for a parameter 6 at time step t is updated based on the gradient of the loss function with respect to
that parameter J(6,). The accumulated squared gradient G is shown in Equation 4.17.

Ge = Gr1 + (J'(0))% (4.17)

This means that at each time step, the squared gradient is added to the previous accumulated
squared gradient. For the learning rate, at each time step t, the learning rate «: is determined by divid-
ing the initial learning rate oo by the square root of the accumulated squared gradients G;plus e.

ar = ay/+/Ge + €. (4.18)
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This means that the learning rate is reduced for parameters that have received large updates in
the past and increased for parameters that have received smaller updates. The update for the parameter
6 at time step t is then performed using the calculated learning rate:

0 =0t1 +a:(J'(6r) (4.19)

In the initial step, the Accumulated Gradient undergoes an update. In the classical calculus
framework, the summation operation for the Accumulated Squared Gradient is transformed into a
multiplication operation, thereby optimizing the Accumulated Gradient.

G, = G,_, eI (60, (4.20)

In the classical AdaGrad approach, the gradient is initialized with a value of 0 for accumulation.
In MC-AdaGrad, a distinctive initialization of 1 is employed, reflecting the multiplicative nature of the
method. Subsequently, the employment of multiplicative derivatives is imperative in the formulation.
Upon the incorporation of the MC derivative and subsequent necessary simplifications, we arrive at
Equation 4.21.

0-J1(6) 2
Gy =Gy_yq - el"( @) (4.21)

The subsequent crucial step involves the refinement of the adaptive learning rate equation. In

MC gradient descent, conventional learning rates within the range of 0 to 1 are not suitable, given the

unique nature of MC, which corresponds to negative values in classical calculus. Consequently, the

exponential function e® is employed to define the learning rate within the MC calculus framework.

Following this adjustment, the equation is aligned with the definition provided in Section 2, resulting
in the derivation of Equation 4.23.

x=e?, (4.22)

log,(1/e(08e Gre)0s
0

o= ), (4.23)

The final step in the MC-AdaGrad methodology involves the parameter update, succinctly rep-
resented by Equation 4.24 below.

. (9-11(9))

70 (4.24)

gt = gt—l X

4.5. RMSProp

RMSProp is an optimization algorithm designed to dynamically adjust learning rates for indi-
vidual parameters. It tackles the diminishing learning rates challenge observed in AdaGrad by incor-
porating a moving average of squared gradients. The moving average employed in Newtonian calculus
needs to be adapted to the geometric mean for its effective integration into MC. The update formula
for parameter 6 at time step t in RMSProp is expressed as:

G =BG+ (1= B) - (J'(6)% (4.25)
Or =01 — (a-(J'(6:))/G: + €. (4.26)

a is the learning rate.

J'(8,)is the gradient of the loss function with respect to 6 at time step t.

G.is the moving average of squared gradients for parameter 6 at time step t.

B is a hyperparameter that controls the exponential decay of the moving average.
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e ¢ isasmall constant.
Adapting RMSProp to the principles of MC is essential. Initially, parameters such as learning
rate and decay should be initialized as the exponent of 'e'. Subsequently, operations should be updated
in accordance with the definitions outlined in Section 2 and by using Equations 4.8a and 4.8b.

6:1(8)
J(6r) =e O, (4.27)
G, = P! Ge-a - (1/_4))[11_3(1"((]*(915)))2 (4.28)
0 =04 /(ocln(]*(Gt))ln(l/(e(ln(GtIE))O.S))). (4.29)

5. Results
Classical gradient descent algorithm, NAG, Momentum, AdaGrad, and RMSProp algorithms,
along with their multiplicative analysis-based counterparts, were evaluated in five different scenarios
on exponential-quadratic-logarithmic composite functions subject to various constraints: bounded,
guadratic, others, and unbounded. The scenarios have been deliberately chosen to cover a wide range
of optimization conditions:
Scenario 1: Iteration Count: 1000, Learning Rate: 0.001
e Reason for Iteration Count: The high number of iterations allows the algorithm to com-
prehensively explore the optimization environment and find a global or near-global op-
timum. This is especially useful for complex functions with many local minima.
¢ Reason for Learning Rate: The reason why the learning coefficient is chosen small is to
test the algorithms in high iterations in a controlled manner without exceeding the opti-
mum value.
Scenario 2: Iteration Count: 10, Learning Rate: 0.1
¢ Reason for Iteration Count: A low number of iterations tests the ability of the algorithm to
converge quickly. This scenario is designed to evaluate the algorithm's performance in
situations where computational resources or time are limited.
e Reason for Learning Rate: A high learning rate forces larger parameter updates, testing
the algorithm's ability to make significant progress with each iteration.
Scenario 3: Iteration Count: 10, Learning Rate: 0.01
e Reason for Iteration Count: Similar to Scenario 2, the low number of iterations tests the
performance of the algorithm with minimal computational effort.
e Reason for Learning Rate: A moderate level of learning was chosen to test the behavior of
the algorithms when they need both significant updates and stability at the same time.
Scenario 4: Iteration Count: 10, Learning Rate: 0.001
e Reason for Iteration Count: Again low number of iterations to test fast convergence ca-
pabilities.
e Reason for Learning Rate: A small learning rate similar to Scenario 1, but with fewer it-
erations to see how well the algorithm performs with minimal updates over a short period.
Scenario 5: Iteration Count: 10, Learning Rate: 0.0001
o Reason for Iteration Count: Low iteration count for rapid convergence testing.
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o Reason for Learning Rate: An extremely small learning rate tests the performance of the
algorithm with very careful updates.

Collectively, these scenarios were selected to conduct a comprehensive investigation to under-
stand how algorithms behave at high iteration counts, aggressive-rapid changes, sensitive updates, and
the need for stability. This comprehensive approach ensures that the study's findings are applicable to
a wide range of practical optimization problems and highlights the versatility and potential advantages
of MC-based algorithms. Table 1 displays the conducted scenarios.

Table 1. Scenarios of Experiments.

Scenarios Iteration count Learning rate
1 1000 0.001
2 10 0.1
3 10 0.01
4 10 0.001
5 10 0.0001

In the experimental setup, the parameters of the classical and alternative methods were set as
follows:

e S =10.9 for Classical Momentum. e B =¢" for MC-Momentum.

e B =0.9 for Classical NAG. e B =¢" for MC-NAG.

e €= 10"% for Classical AdaGrad. . e = 2% for MC-AdaGrad.
o € = 107 for Classical RMSProp. . € = e for MC- RMSProp.
e S =0.9 for Classical RMSProp. e B =¢" for MC-RMSProp.

In the experimental design, starting points were established using the exponential of CUTEst's
default starting values, aligning with the inherently positive domain of the composite functions under
study. This adjustment ensured that both algorithms commenced from equivalent starting points,
providing a consistent and stable foundation for comparison within the experimental framework.

Classical Gradient Descent:

In this analysis, classical gradient descent was evaluated across 405 instances. Of these, the mul-
tiplicative gradient descent approach remained convergent in 278 cases, while its classical counterpart
did so in 258 instances. Among the scenarios where both methods achieved convergence, the alterna-
tive multiplicative method yielded superior results in 124 cases. Conversely, the classical approach
outperformed the alternative in 17 instances, and both methods arrived at identical solutions in 74
cases. Statistical analysis further substantiated these findings, with t-statistics and p-values recorded at
3.0469 and 0.0026, respectively, indicating the significance of the observed differences.
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Table 2. Comparison of Classical Gradient descent and MC-Gradient Descent

Classical Gradient Descent MC-Gradient Descent
Stable Convergence 258 cases 278 cases
Better Convergence 17 cases 124 cases
Convergence to same point 74 cases
T-statistics 3.0469
P-value 0.0026

Momentum:

The Momentum Gradient Descent method underwent testing in 405 scenarios. In these tests, the
Multiplicative Momentum Gradient Descent approach maintained convergence in 269 instances, while
the Classical Momentum method did so in 263 cases. Within the subset where both methods achieved
convergence, the multiplicative variant outperformed the classical one in 118 cases. In contrast, the
classical approach yielded superior outcomes in 19 cases, and both methods reached identical solu-
tions in 73 cases. The significance of the performance differential between the two methods was con-
firmed through statistical analysis, which yielded t-statistics and p-values of 2.9701 and 0.0033, re-
spectively.

Table 3. Comparison of Momentum and MC-Momentum

Momentum MC-Momentum
Stable Convergence 263 cases 269 cases
Better Convergence 19 cases 118 cases
Convergence to same point 73 cases
T-statistics 2.9701
P-value 0.0033

NAG:

The NAG method was evaluated across 405 scenarios. The Multiplicative NAG approach re-
mained convergent in 267 of these cases, whereas the Classical NAG method did so in 255 instances.
In situations where both approaches achieved convergence, the multiplicative variant demonstrated
superior performance in 118 cases. On the other hand, the classical version outperformed the multipli-
cative one in 18 instances, and both methods arrived at identical outcomes in 73 cases. Statistical
analysis further underscored these results, revealing t-statistics and p-values of 3.0475 and 0.0026,
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respectively, thereby highlighting the significant differences in performance between the two ap-
proaches.

Table 4. Comparison of NAG and MC-NAG

NAG MC-NAG

Stable Convergence 255 cases 267 cases

Better Convergence 18 cases 118 cases
Convergence to same point 73 cases
T-statistics 3.0475
P-value 0.0026

AdaGrad:

The AdaGrad algorithm was subjected to examination in 405 distinct scenarios. The Multiplica-
tive AdaGrad variant remained convergent in 257 of these cases, mirroring the Classical AdaGrad's
convergence in an equal number of instances. Among the scenarios where convergence was achieved
by both methods, the alternative multiplicative AdaGrad yielded more favorable outcomes in 115 cas-
es, while the classical AdaGrad delivered superior performance in 108 cases, and both methods
reached identical solutions in 33 cases. A thorough statistical analysis was conducted to assess these
findings, yielding t-statistics and p-values of 4.0893 and 5.8033*10°°, respectively, which underscore
the significant performance differences between the two methodologies.

Table 5. Comparison of AdaGrad and MC-AdaGrad

AdaGrad MC-AdaGrad
Stable Convergence 257 cases 257 cases
Better Convergence 108 cases 115 cases
Convergence to same point 33 cases
T-statistics 4.0893
P-value 5.8033*10°

RMSProp:

The RMSProp optimization technique was rigorously tested across 405 scenarios. In this series
of tests, the Multiplicative RMSProp variant maintained convergence in 262 instances, closely fol-
lowed by the Classical RMSProp, which did so in 261 instances. Within the subset where both ver-
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sions converged, the multiplicative adaptation of RMSProp achieved more favorable outcomes in 119
cases. Conversely, the classical version of RMSProp outperformed the multiplicative variant in 110
cases, with both methods arriving at identical outcomes in 30 cases. Comprehensive statistical analysis
was performed to evaluate these outcomes, resulting in t-statistics and p-values of 4.2504 and
2.9842*10°, respectively, thereby highlighting the significant performance distinctions between the
two RMSProp adaptations.

Table 6. Comparison of RMSProp and MC- RMSProp

RMSProp MC-RMSProp
Stable Convergence 261 cases 262 cases
Better Convergence 110 cases 119 cases
Convsgg?ﬁ?ce to same 30 cases
T-statistics 4.2504
P-value 2.9842*10°

To discern the strengths and limitations of the algorithms within various constrained environ-
ments, a meticulous evaluation was conducted, focusing on the impact of different constraint types on
algorithm performance.

Bounded Constraints:

In the context of composite functions with bounded constraints, the alternative methods demon-
strated superior performance in 379 instances, while classical methods excelled in 199 cases. Statisti-
cal analysis underscored these findings, yielding a t-statistic of 5.3609 and a highly significant p-value
of 1.19*%107.

Table 7. Comparison at Bounded Constraints

Classical Methods MC-Methods
Better Convergence 119 cases 379 cases
Convergence to same point 0 cases
T-statistics 5.3609
P-value 1.19*107

Quadratic Constraints:
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When analyzing composite functions subject to quadratic constraints, alternative methods sur-
passed classical methods in 62 instances, whereas classical methods were superior in 45 cases. Both
methods converged to the same value in 141 scenarios. Statistical validation of these outcomes was
provided by a t-statistic of 3.5332 and a p-value of 0.0004, indicating significant performance differ-
ences.

Table 8. Comparison at Quadratic Constraints

Classical Methods MC-Methods
Better Convergence 45 cases 62 cases
Convg;ﬁﬁ?ce to same 141 cases
T-statistics 3.5332
P-value 0.0004

Other type of Constraints:

In scenarios involving composite functions with other types of constraints, the alternative meth-
ods outshined classical approaches in 125 instances, while the latter prevailed in 25 cases. Additional-
ly, both methodologies achieved identical outcomes in 142 instances. The distinction in performance
between the two methods was statistically significant, as evidenced by a t-statistic of 3.3093 and a
p-value of 0.0010.

Table 9. Comparison at Other types of Constraints

Classical Methods MC-Methods
Better Convergence 25 cases 125 cases
Convergence to same point 142 cases
T-statistics 3.3093
P-value 0.0010

Unconstrained:

Within the realm of unconstrained composite functions, alternative methodologies demonstrated
superior performance in 26 instances, in contrast to classical approaches, which excelled in 3 cases.
The significant disparity in efficacy between the two methodologies is corroborated by a t-statistic of
3.9010 and a p-value of 0.0005, indicating a statistically significant difference.
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Table 10. Comparison at Unconstrained functions

Classical Methods MC-Methods
Better Convergence 3 cases 26 cases
Convergence to same point 0 cases
T-statistics 3.9010
P-value 0.0005

6. Discussion

This study has attempted a comprehensive review of classical and multiplicative analysis-based
optimization algorithms across a diverse set of scenarios and constraints, using exponen-
tial-quadratic-logarithmic composite functions. Findings from this research provide insight into the
relative strengths and potential limitations of each approach under varying conditions.

Algorithm Performance Across Scenarios:

The classical gradient descent algorithm and its variations, including NAG, Momentum, AdaG-
rad, and RMSProp, were analyzed along with their multiplicative counterparts. In our tests across five
scenarios, we consistently saw that multiplicative methods were especially adaptable and responsive,
especially in tests with many iterations and different learning rates. This adaptability highlights how
multiplicative computing can improve how algorithms combine and perform, especially in complex
optimization cases.

Convergence and Superiority:

An important aspect of our findings concerns the convergence rates of classical and multiplica-
tive methods. While both approaches exhibited commendable convergence abilities, multiplicative
methods frequently outperformed their classical counterparts, providing smaller values in most cases
where convergence was achieved. This superiority was seen most in the Bounded constraints case, and
while alternative methods gave better results for 379 cases, only 199 methods gave better results for
classical methods. The Unconstrained case was the second most successful, as the number of scenarios
was relatively small compared to the Bounded scenario, Classical algorithms only succeeded in con-
verging in %10 of the cases. While the Classical algorithms had difficulty converging, the alternative
methods were successful in more scenarios and performed better in 90 percent of comparable situa-
tions. Regarding other types of constraints, alternative methods outperformed classical methods in 125
cases, while classical methods showed superior performance in 25 cases; this indicated a significant
advantage for alternative approaches in these specific conditions.

Statistical Significance:

Statistical analysis, including t-statistics and p-values, played an important role in validating the
performance differences observed between classical and multiplicative methods. The significant
p-values obtained across various algorithms and types of constraints strengthen the robustness of ap-
proaches based on multiplicative analysis and shows a significant improvement over traditional meth-
ods in certain optimization scenarios.
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Constraint-Specific Observations:

Evaluation based on types of constraints further illuminated the strengths and weaknesses of the
algorithms. There were examples of the superiority of both classical and alternative methods, espe-
cially in scenario with quadratic; This suggested that the choice of optimization method may depend
on the specific nature of the constraint. However, in unconstrained environments, alternative methods
have demonstrated their versatility and distinct advantage in broader optimization applications.

Multiplicative Methods' Superiority:

The superior performance of multiplicative methods in certain scenarios can be attributed to their
natural fit with the exponential growth or decay models common to the exponen-
tial-quadratic-logarithmic composite functions tested. Thanks to this adaptability, it enables effective
research in an optimization environment where classical algorithms may have difficulty in uncon-
strained situations. Future studies can create new models by blending the best features of multiplica-
tive analysis-based methods with the features of traditional methods.

Limitations:

A limitation of this work is the computational efficiency and RAM usage of methods based on
multiplicative calculus. This should be taken into consideration when using multiplicative calcu-
lus-based optimization algorithms in large-scale projects and algorithms that require high processing
speed and RAM capacity, such as deep learning.

Implications and Future Directions:

The analyzes obtained from this study have the potential to provide advantages in practical ap-
plication in various fields beyond academic interest. It is thought that the proven superiority of meth-
ods based on multiplicative analysis in certain scenarios will direct scientists to further research on
optimization and applications in other fields. Future studies may focus on improving these methods
and analyzing the performance of real-world problems.

This study opens a different innovative way to complex optimization problems by presenting a
comparative analysis on optimization based on classical and multiplicative analysis. This performance
increase obtained on the composite function with multiplicative calculus also paves the way for the
evaluation of other alternative calculus methods.

7. Conclusion

Our investigation into the application of multiplicative calculus within optimization algorithms
has revealed a promising avenue for addressing complex optimization problems, especially in positive
domains. The multiplicative methods exhibited exceptional performance in unconstrained and bound-
ed scenarios, outperforming classical algorithms in a significant majority of cases. These findings un-
derscore the potential of multiplicative calculus-based methods for enhancing optimization techniques.
However, the computational efficiency and RAM usage of these methods pose challenges that warrant
further exploration.

Zou and colleagues examined the convergence properties of adaptive methods such as RMSProp
and Adam, finding them to be effective in a variety of scenarios [3]. Our study supports these results
and shows that multiplicative adaptations not only preserve but also strengthen these traits. In particu-
lar, our statistical analysis shows that multiplicative methods provide faster and more stable conver-
gence in various optimization environments. Boyd and Vandenberghe’s work on convex optimization
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provides a solid foundation for understanding optimization in constrained environments [22]. Our
research builds on these principles by applying multiplicative computation to gradient descent algo-
rithms, demonstrating superior performance in constrained and unconstrained scenarios that Boyd and
Vandenberghe describe as challenging for classical methods. Wilson’s work addresses several limita-
tions of classical gradient descent methods, including handling of positivity constraints, convergence
issues, and performance in non-convex optimization [4]. Multiplicative methods inherently preserve
positivity constraints and provide non-negative variables throughout the optimization process. Multi-
plicative methods show stronger convergence properties, increasing the probability of reaching opti-
mal solutions, especially in convex scenarios. Additionally, Multiplicative based methods exhibited
greater robustness to local minima, improving performance in complex optimization environments.
The strengths of adaptive methods such as AdaGrad and RMSProp are emphasized by Ruder, faster
convergence and stability are achieved by integrating the MC calculation in our work[1]. The
non-linear structure of MC based methods enables faster convergence.

Future research could focus on developing hybrid models that combine the strengths of both
classical and multiplicative approaches, potentially mitigating limitations and expanding the applica-
bility of these advanced optimization strategies.
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Ozet: Calisma alami olarak Elazig ili Alacakaya ilgesi cevresi segilmis ve bu
alandan dogal olarak yetisen Alyssum murale tiirlerine ait 6rnekler toplanmistir.
Bu caligmanin amaci, diisiik konsantrasyonlarda bor iceren bazik topraklarda
(serpantinli topraklar) yetisen Alyssum murale bitkisi kullanilarak, topraktan bor
giderimi ve bu bitkinin kok ve dalinda bor birikim kapasitelerinin aragtirilmasidir.
Bu kapsamda serpantinli topraklar iizerinde yetisen 12 adet Alyssum murale bit-
kisi topragi, kok ve dali ile birlikte toplanarak, bor igin kimyasal analizleri ya-
pilmistir. Kimyasal analizler ICP-MS (Indiiktif Eslesmis Plazma-Kutle Spektro-
metresi)’ de gerceklestirilmistir. Ortalama olarak, toprakta 6.5 ppm, kokte 24.4
ppm ve dalda ise 76.4 ppm bor degerleri saptanmistir. Bu bitkinin toprak, kok ve
dallarindaki bor zenginlesme degerleri (ECR, ECS ve TLF) oldukga yiiksek ¢ik-
mustir. Bu da Alyssum murale bitkisinin topraktan hem kdke, hem de dala 6nemli
oranda bor akiimiilasyonu gerceklestirdigini isaret etmektedir. Sonug¢ olarak,
Alyssum murale, bor bakimindan fakir topraklarda yiiksek oranda bor akiimiile
etme yetenegine sahip oldugunu gostermistir. Bu da o6zellikle bor ile kirlenmis
topraklardan borun temizlenmesi ve rehabilite edilmesi i¢in iyi bir akimulator
bitki oldugunu, dolayisiyla da fitoremediasyon ¢alismalarinda kolaylikla kulla-

nilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Bor; Alacakaya; akiimilasyon; fitoremediasyon

Boron Accumulations by Alyssum Murale which Grows in Basic Soils

Abstract: The area around Alacakaya district of Elazig province was chosen as
the study area, and samples of naturally growing Alyssum murale species were
collected from this area. The aim of this study is to investigate boron removal
from soil and boron accumulation capacities in the roots and shoots of this plant
by using the Alyssum murale plant, which grows in basic soils (serpentine soils)
containing low concentrations of boron. In this context, the soil, roots and shoots
of 12 Alyssum murale plants growing on serpentine soils were collected and
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chemically analyzed for boron. Chemical analyzes were carried out in ICP-MS
(Inductively Coupled Plasma-Mass Spectrometry). On average, boron values
were determined as 6.5 ppm in the soil, 24.4 ppm in the roots and 76.4 ppm in
the shoots. Boron enrichment values (ECR, ECS and TLF) in the soil, roots and
shoots of this plant were quite high. This also indicates that the Alyssum murale
plant accumulates a significant amount of boron from the soil to both roots and
shoots. As a result, Alyssum murale showed that it has the ability to accumulate
high amounts of boron in boron-poor soils. These results indicated that A. murale
is a good accumulator plant, especially for cleaning and rehabilitating boron
from boron-contaminated soils, and therefore can be easily used in phytoremedi-
ation studies.

Keywords: Boron; Alacakaya; accumulation; phytoremediation

1. Giris

Bor, periyodik tablonun 13. grubunda bulunan bir metaloiddir ve hem litosferde hem de hidros-
ferde genis olgiide dagilmistir. Bor, dogal olarak kayaglarda, toprakta ve suda bulunmasina ragmen,
oksijen, nitrojen, hidrojen ve karbon gibi diger elementlerle karsilastirildiginda ortamdaki bollugu
disiiktiir [1]. Bor hem dogal hem de antropojenik faaliyetler yoluyla gevreye salinmaktadir. Dogal
faaliyetler kayalarin asinmasindan kaynaklanan emisyonlari igerirken, antropojenik faaliyetler endiist-
rilerden kaynaklanan emisyonlari igerir [2]. Tarimda herbisit ve giibrelerin asir1 kullanimi, cam imalati,
plastiklerin yanicilifint azaltan katki maddeleri ve seliiloz izolasyonlari, madencilik ve isleme faali-
yetleri, yiiksek enerjili yakitlarin tiretilmesi, borik asit ve diger bor tuzlar gevreye salinmaktadir [3].
Toksik kirleticilerin uzaklagtirilmasi, insan sagligina ve ¢evreye yonelik tehdidin en aza indirilmesi
agisindan son derece 6nemlidir [4].

Dogal olarak olusan bor (B), borat, borik asit veya borosilikat minerali olarak bulunur ve nispe-
ten daha az miktarlarda yaygin olup [5], yaklasik 80 mineralde bulunmaktadir [6]. Bor bitkilerce borik
asit (HsBOs) ve borat B(OH)4 seklinde alinmaktadir [7]. Toprakta dncelikle demir, magnezyum, so-
dyum, kalsiyum, aliiminyum ve lityumun degisken konsantrasyonlarin1 kapsayan borosilikat mineral-
leri formunda bulunur [8]. Yerkabugunda yaklasik 10 ppm, kaya¢ ve topraklarda 10 ppm’ in altinda
bulunurken, seyllerde ve az sayida toprakta 100 ppm 'in Gzerinde degerlere rastlanmaktadir [9-10].

Bor, yerkabugunda esas olarak silikat minerallerinde yaklasik 10 ppm konsantrasyonunda bulu-
nur ve magmatik, metamorfik ve tortul kayaglarda borosilikat olarak bulunabilir. Diinya ¢apinda bor
zengini yataklar Kaliforniya, Avustralya, Cin, Rusya ve Arjantin'de bulunmaktadir; ancak Tiirkiye,
kiresel bor rezervinin neredeyse %73' (i ilk sirada yer almaktadir [11]. Bircok llkede toprakta borun
bulunmamasi bitkilerde eksiklik sorunlarina neden olmaktadir [12]. Ancak TUrkiye'de yiksek seviye-
ler daha ¢ok toksisiteyle sonuglanmaktadir [13].

Bor seviyesini etkileyen unsurlar topragin pH'1, dokusu, sicakligi ve yonetim uygulamalaridir.
Bununla birlikte, son birka¢g on yilda, endiistriyel ve kentsel aritma tesislerinden gelen su, yiizey
madenciligi ve tuzdan arindirma tesislerinden gelen atiklar, kanalizasyon ¢amuruyla kirlenmis su,
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ucucu kil endiistriyel kimyasallar gibi ¢esitli kaynaklardan gelen yiiksek bor konsantrasyonu igeren
sulama suyunun uygulanmasi nedeniyle ve belediye kompostlar1 topragin bor seviyelerini olaganiistii
derecede hafifleterek onlar 6zellikle kurak bolgelerde tarimsal amaglar icin uygunsuz hale getirmistir
[3, 14-17].

Bor toksisitesi hem iiriin verimini hem de kalitesini etkileyen dnemli bir hastaliktir. Bor toksis-
itesinin tipik gozle goriillir belirtisi, yapraklarda renk degisikliginin yani sira bitki giiclinlin azalmasi,
bitki gelisiminin gecikmesi, meyvelerin sayisinin, boyutunun ve agirliginin azalmasidir [11,18]

Bor tim bitkiler igin gerekli olup, ametal olan tek bitki besin maddesidir. Ancak dogal ve
tarimsal ortamlarda bulunabilen konsantrasyonlarda bir¢ok bitki i¢in toksik hale gelir [19]. Bor, toprak
¢ozeltisinde asir1 konsantrasyonlarda bulunuldugunda bitkiler i¢in toksik olabilir [20]. Bor, bitkilerin
gelisimi ve iyi iiriin verebilmesi icin gerekli olup, gerekli tiim elementler arasinda toksik miktar1 ile
noksanlik miktar1 ¢ok yakin olan tek elementtir [21-22]. Tarim topraklarindaki bor konsantra-
syonunun 0.5-5 ppm arasinda olmasi gerekmektedir. Bor bitkiler icin gerekli olup, fazla olmasi du-
rumunda bitkiler igin son derece zararlidir [23]. Bor toprakta ve sulama sularinda oldukga diisiik
derigimlerde bulunur. Ancak toprakta tutulma ve yikanmasinin giigliigii nedeniyle toprakta hizla birikir
ve tarimsal tirlinlerin yetismesini engeller. Yetiskin saglikli insanlarda bor seviyesi 15-80 ppb arasinda
degismekte olup, 5-45 ppm arasindaki dozlar 6ldiiriicii olarak kabul edilmektedir [23, 24].

Borun bitkiler i¢in 6nemi biyuktir, ancak ihtiya¢ duyulan miktar ¢ok azdir. Bitkiler genel olarak
topraktaki borun % 5' inden azin1 kullanirlar [25]. Bitkilerin buytmesi icin gerekli olan bor miktari 0,5
ile 2,0 ppm arasinda degismektedir. Bor oraninin 2,0 ppm’in iizerinde oldugu topraklarda bor kirliligi
meydana gelir ve buna bagl olarak iiretimde azalma ve {irlinlerde bozukluklar goriiliir [26, 27].

Toksik veya yetersiz bor diizeyinin tiirden tiire ve genetik cesitlilige bagl olarak degistigi
bilinmektedir. Bununla birlikte, toksisitenin mekanizmasi, borun bitkiler i¢in neden toksik oldugu
veya toleransh bitkilerin toksisiteden nasil kagindigi hala net bir sekilde anlagilamamistir. Bor toksis-
itesi belirtileri, en yash yapraklarda koyu kahverengi lekeler ve klorotik uglar ve kenarlar seklinde
nekrotik lezyonlar seklinde ortaya ¢ikar ve bitki giiciinde ve gelisiminde azalmaya neden olur [28].

Mikro elementlerin hem eksiklikleri hem de toksisiteleri bitki biiylimesini baskilayabilir. Hem
temel mikro besinler (Cu, Zn, Mn, Fe, Ni, Mo ve B) hem de temel olmayan metaller (mikro besin
analoglari, 6rnegin Cd, Pb, Hg ve Cr) artan biyolojik kullanilabilirlik seviyelerinde mevcut olduklarinda
toksiktir [29]. Bor, bircok kayagcta ve toprakta toplam 5-50 ppm konsantrasyonda bulunur ve normal
olarak bitki yaprak dokusunda 10-50 ppm arasindadir. Bununla birlikte, bugday gibi 6nemli tahillar da
dahil olmak tizere pek cok tiir, dokularindaki yiksek bora oldukca duyarhdir ve yaklasik 50 ppm doku
seviyelerinde ciddi toksisite belirtileri gosterir [30].

B, Cu, Zn gibi elementlerin tarimsal alanlarda fitotoksik diizeylerde birikmeleri ile tarimsal faa-
liyetlerde biiyiik kayiplar olugsmaktadir. Hasati yapilan bitkilerin besin zinciri yoluyla insan sagligina
olumsuz etkiler s6z konusu olabileceginden, bu kirliligin uygun teknolojilerle temizlenmesi ¢alismalari
surddrilmektedir [31].

Yeryiiziindeki topraklarda daha ¢ok bor eksikligi goriildiigii i¢in bor eksikligi konusunda bir¢ok
calisma yapilmistir. Aslinda diinyanin en zengin bor yataklarina sahip olan iilkemiz topraklarinda, bor
fazlalig1 ve yetisen bitkilerde bundan kaynaklanan bor toksitesi goriilmektedir [24]. Bor mineralinin
endiistride (tekstil, fiberglass, cam, deterjan, orman {irlinleri, ila¢ sanayi, kozmetik vb.) yogun olarak
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kullanim1 ve kaplica sularinin akarsu ve rezervuarlara karismasi bor elementinin ¢evre kirliligine olan
etkisini artirmaktadir [24]. Tarim topraklarindaki bor konsantrasyonu 0.5-5 ppm arasinda olmalidir
[32, 33].

Araziden sistematik olarak toplanan bitki 6rneklerinin degisik organlarinda kimyasal analizler
yapilarak cevher aranmasina biyojeokimyasal prospeksiyon denilmektedir [34-38]. Maden yataklarinin
bulundugu alanlarda birgok bitki tiirli yetismesine ragmen, yetistigi topragin kimyasal 6zelliklerini
yiiksek oranda yansitan bitki tiirleri biyojeokimyasal prospeksiyonda kullanilir. Bu bitkilere belirleyici
(indikator) bitki denilmektedir [36-39]. Fitoremediasyon ise kirlenmis alanlardan agir metallerin
uzaklastirilmast i¢in hiperakiimiilator bitkilerin kullanildig: bir iyilestirme yontemidir [29, 40].

Agir metal kirliligi, insan sagligim1 olumsuz etkileyen ve tarimsal verimde kayiplara neden olan
onemli ¢evresel tehlikelerden biridir. Bor (B), ¢inko (Zn), kursun (Pb), kadmiyumun (Cd) neden ol-
dugu agir metal kirliligi, kars1 karsiya oldugumuz en 6nemli kiiresel ¢evre sorunlarindan biridir. Top-
raklarda olusan agir metal kirliliginde serpantinitler yiiksek oranda dikkat ¢ekmistir. Serpantinit (ize-
rinde yetisen bitkilerin toprakta bulunan metalleri yiiksek oranda biriktirebilme 6zelligi tizerinde bir-
cok ¢alisma yapilmustir [41-52]. Serpantinli topraklar {izerinde yasayan bitkiler, topraktaki olumsuz
fiziksel ve kimyasal faktorlere ve yiiksek konsantrasyondaki agir metallere uyum saglamalidir. Hipe-
rakiimiilasyon, bitkilerin serpantinli topraklarda yasamlarimi siirdiirebilmesinin bir diger sebebidir.
Alyssum’un Tiirkiye’ de 48 farkli ¢esidi vardir ve bunlarin 27 tanesi Tirkiye’ de olup, serpantin ende-
migi olarak bilinir [53-55].

Bitkileri kullanarak kirleticileri ¢evreden uzaklastirmak igin gelistirilen bir yontem olan fitore-
mediasyonun, toksik iz elementlerle kirlenen suyun iyilestirilmesi i¢in umut verici, uygun maliyetli,
cevre dostu bir teknoloji oldugu gosterilmistir [56]. Bitkiler igerisinde bora dayanikli bitkilerden yapi-
lan ¢alismalarda fitoremediasyon yontemi ile giderimin biiyiik 6l¢iide saglandigi goriilmustiir [57].

Zn, Mn, Cu, Co, Pb, Al ve Ni iceren metalli topraklarin fitoremediasyonunda kullanilacak bitki
tiirlerini tanimlayan bir¢ok ¢alisma yapilmis olmasina ragmen, bor ile ilgili pek fazla ¢aligma yoktur.
Bitkilerde bor birikimi hakkinda fazla bilgi bulunmamaktadir. Alacakaya bolgesinde dogal olarak
yetisen ve yaygin tiirlerden birisi olan Alyssum murale’ nin bor akiimilasyonu tizerine de herhangi bir
calisma yapilmamistir. Bu ¢alismanin amaci, Alacakaya bolgesinden toplanan Alyssum murale tlrleri-

nin bor konsantrasyonlarini inceleyerek hiperakiimiilator dzelliklerini belirlemektir.
2. Materyal ve Metod
2.1. Calisma alam

Bu c¢alisma, Tiirkiye Elazig'da, 1936 yilindan bu yana madencilik faaliyetlerinin uygulandigi
Alacakaya maden sahasinin Kef bolgesinde gergeklestirilmistir (Sekil 1). Calisma alani, Elaz1g ilinin
yaklagik 80 km giineydogusunda ve Alacakaya ilgesi sinirlari igerisinde bulunmakta olup, Tiirkiye’ nin
en 6nemli krom yataklarimin bulundugu Alacakaya bolgesinde yeralir Alacakaya bolgesinde bircok
kayag toplulugu bulunmaktadir. Bunlar yaslidan gence dogru, Paleozoyik yasl Bitlis Metamorfitleri,
Ust Kretase yasli Guleman Ofiyoliti, Ust Meastrihtiyen-Orta Eosen yasli Hazar Grubu, Orta Eosen
yasli Maden Karmasig1 ve Miyosen yasli Lice Formasyonundan olusmaktadir (Sekil 1).
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Sekil 1. Calisma alaninin jeoloji haritasi [58].

2.2. Toprak ve Bitki Ornekleri

Toprak ve bitki 6rnekleri cevher alanindaki 12 farkli lokasyondan toplanmistir. Halk dilinde seki
kuduzotu olarak bilinen Alyssum murale, Turpgiller (Brassicaceae) ailesinden bir tir olup, bilimsel
olarak Alyssum murale seklinde tanimlanir. Cok yillik, sarigi¢ekli, yapraklar1 basit ve diiz kenarli otsu
bir bitkidir. 60 cm kadar boylanabilir. Govde yapraklar1 yukari ¢iktikca azalir. Tiim gévde yildizsi
tilylerle kapli olup, ¢igeklenme nisan ve temmuz aylarinda gergeklesir [59]. Calisma alanindaki to-
praklarda dominant bir tir olup yaygin olarak bolgede yetisen bu bitki, cevherli/cevhersiz alanlarda
bitki kokii, dali ve iizerinde yetistigi topraklardan ayri ayri 6rnekleme yapilmistir. Toprak ornekleri
Alyssum murale' nin kok besleme yerlerinden 0,10 ile 0,40 m derinliklerden alinmistir.  Serpantinli
topraklardan alinan Alyssum murale bitkisi, kok ve dallarina ayrilarak, dnce musluk suyu ile daha
sonra saf su ile yikanmig, 24 saat 60 °C' de kurutulan bitki 6rnekleri etiivde 300 °C’de 24 saat siire ile
alevsiz ortamda yakilarak kiil haline getirilmistir.

Laboratuvarda 0.10 gr kiil ve toprak orneklerine 2 ml derisik HNO3 ilave edilerek 1 saat siireyle
95 °C’de 1sitic tizerinde 1sitilarak kurutulmustur. Kurutulan 6rneklere 2 ml HNO3; ve HCI-HNO3-H,0
(her biri asitten 1:1:1 alinarak hazirlanan 6 ml karisim ve 0.10 gr kiil ve toprak ornegi) karisimi ilave
edilmistir. Tiim toprak ornekleri karisim igerisinde ¢oziildiikten sonra B element analizleri, ICP-MS
(Inductively Coupled Plasma Mass Spectrophotometer)’ de gerceklestirilmistir. Yine aym sekilde to-
praklarda oldugu gibi, bitki kiil 6rneklerinde de B analizleri ICP-MS ile yapilmigtir. Bu ¢alismada
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bitki ve topraktaki bor analizleri igin ICP-MS (Perkin-Elmer ELAN 9000) teknolojisi kullanilmistir.

Tiim analizler Kanada ACME analiz laboratuvarinda yapilmistir.

2.3. Zenginlesme Katsayilari

Alyssum murale’ nin topraktan aldig1 bor degerlerinin kok ve daldaki zenginlesme degerlerini ortaya
koymak i¢in ECR, dal ile toprak arasindaki iligkiyi ortaya koymak i¢in ECS, kOkten dala olan bor
aktimiilasyonlarini belirlemek i¢in ise TLF degerleri hesaplanmistir. Zenginlesme katsayilar1 (ECR),
belirli bir tiiriin bitkisel iyilestirme potansiyeli dikkate alindiginda ¢ok 6nemli faktorlerdir [60]. Kok
icin zenginlesme katsayilari, bitki kokleri ve topraktaki spesifik aktivitelerin oranlari bitki kokiiniin
ppm cinsinden konsantrasyonunun, topragin ppm cinsinden konsantrasyonuna bolinmesiyle hesapla-
narak bulunmustur. Bu deger, eser elementlerin bitki kisimlarinda birikmesi veya elementlerin toprak-
tan bitki kokiine aktarimi igin bir indeks olarak kullanilir [61]. Siirglinler i¢in zenginlestirme
katsayilar1 (ECS), belirli bir tiiriin fitoremediasyon derecesini gosterdigi i¢in ¢gok énemli bir faktordiir
(bitki dalinin ppm konsantrasyonunun bitki kdkinin ppm konsantrasyonuna bélimd) [60]. Translo-
kasyon faktorleri (TLF), bitki dalindaki metalin, bitki koklerindekine oraninin hesaplanmasiyla (bitki
dalimin ppm cinsinden konsantrasyonunun, kdkin ppm cinsinden konsantrasyonuna bélinmesiyle)
elde edilir [62]. Bu faktor kokten gévdeye metal transfer kapasitesini gosterir [62]. TLF metallerin
kokten siirgiine aktarilma (birikmeme) yetenegini gosterir ve fitoremediasyon c¢alismalari igin oldukga
onemlidir. Hiperakiimiilator bitkilerde zenginlesme katsayis1 (ECR) ve translokasyon faktorleri (TLF)
1'den biiyiiktiir, oysa translokasyon faktorleri ve zenginlesme katsayilar1 metal dislayicr tiirlerde tipik
olarak 1'den disiiktiir [62], 1'den yiiksek translokasyon faktorleri, biiyiik olasilikla verimli metal
tasima sistemlerine [60] ve metalin koklerden yapraklara tasinmasinda ¢ok etkili bir yetenegi
oldugunu gosterir [63].

3. Bulgular ve Tartisma
3.1. Toprakta Bor

Serpantinli topraklar (bazik topraklar) pH 7.6-7.8; organik madde igerigi %8-12, ortalama %35
kum, %27 kil ve %23 siltten olusan tinli ve turbali kilden olugsmakta olup, renkleri tipik olarak koyu
kahverengiden agik griye kadar degismektedir. Bor, topraklarda H3BO3 ve kismen de B(HO)4 olarak
cozeltide diizensiz dagilmis olarak, organik ve mineral fraksiyonlarda bulunur. Ana kayaca bagl olarak
topraktaki bor igerigi biiyiik bir degisim gostermektedir [64]. Alanlarin bitki ¢esitliligi topraklarin bor
igerigine bagl olarak degisiklik gostermektedir. Bor konsantrasyonu diisiik olan (0,1-2 ppm) topraklar
zengin bir tlir ¢esitliligi (84 tiir) gosterirken, daha yiiksek bor konsantrasyonuna sahip topraklar (10
ppm) bitki ortiisti agisindan fakirdir. Bor, toprak veya tortu tarafindan adsorpsiyon yoluyla toprakta
tutulabilir [27]. Toprakta bor tutulmasinda énemli rol oynayan topraklarin kil igerigi, organik madde
icerigi ve pH'1 temel faktorlerdir [65-69]. Calisma alanindaki topraklarin ortalama bor icerigi 6.5 ppm
olup, en yiiksek 11 ppm, en diisiik ise 2 ppm bor konsantrasyonlar1 gézlenmistir (Sekil 2). Benzer se-
kilde, Sasmaz [70] tarafindan Keban maden sahasindaki 26 toprak érneginde bor konsantrasyonu, 1.0 ila
16 ppm (ortalama: 4.97 ppm) olarak belirlenmistir. Kabata-Pendias [71]" a gore, en yiksek toprak
konsantrasyonlar1 10 ila 100 ppm kiregli topraklarda, 120 ila 130 ppm killi topraklarda gézlenmistir.

Saltal1 vd. [72], farkli karakteristiklere sahip topraklarda bor adsorpsiyonuyla ilgili yaptiklari ¢calismada,
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topraklarda yarayislt borun 0.05-1.60 ppm oldugunu, topraklarin maksimum bor adsorpsiyon kapasi-
telerinin kil, kirec ve pH degerleri ile énemli pozitif iliskisinin oldugunu rapor etmislerdir. Luc-
ho-Canstantino [73] tarafindan Meksika’nin merkezinde yapilan ¢alismalarda; topraklardaki borun
kimyasal fraksiyonlar1 belirlenmistir. Tiim fraksiyonlarin toplamlarini temsil eden borun toplam kon-
santrasyonu 9.2-123.8 ppm arasinda degistigini belirtmistir. Ok ve Akay [68], Emet ve Hisarcik (Kii-
tahya) Havzasi’'nda yapilan incelemeler sonucunda topraklarin toplam bor igeriginin 20-2000 ppm
arasinda, bitkilerin yararlanabilecegi bor i¢eriginin ise 0.01-744.4 ppm arasinda oldugu tespit edilmistir.
Toplam bor igerigi acisindan bu degerlerin bor madeni yakininda en yiiksek oldugu ve topragin ma-
denden uzaklig1 arttik¢a degerlerin azaldig1 gozlenmistir. Bu degerler tolere edilebilir sinir degerlerden
oldukca yiksektir. Ok ve Akay [68], 10 bolgede farkli bitkilerde yapilan bor tespitleri sonucunda,
topragin, sedimentin ve atiklarin toplam bor iceriginin 20-2000 ppm arasinda, bitki tarafindan kullani-
labilir bor igeriginin ise 0.01-744.4 ppm arasinda oldugu tespit edilmistir. Raza vd. [69], Saskatchewan
topraginda bor konsantrasyonunun 79 ppm ile 138 ppm, Armena, Alberta yakinindaki ince dokulu
topraklarda ise 3-4 ppm bor oldugu rapor edilmistir.
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Sekil 2. Bazik topraklarda yetismis Alyssum murale bitkisinin toprak, kok ve dalindaki bor akiimiilas-
yon dagilimu.

3.2. Alyssum murale' de Bor

Alacakaya ¢evresindeki serpantinli topraklarin yaygin olarak gézlendigi alanlardan 12 adet farkl
lokasyonlardan Alyssum murale bitkisi toplanarak kok ve dal seklinde boliimlere ayrilarak, bor igin
kimyasal analizleri yapilmigtir. Kok i¢in yapilan kimyasal analizlerde en yiiksek 41 ppm bor igerigine
sahip iken, en diiiik ise 8 ppm olarak saptanmistir. Kokteki ortalama bor konsantrasyonu ise 24.4 ppm
olarak belirlenmistir (Sekil 2). Alyssum murale’nin dallarinda ise ortalama bor konsantrasyonu 76.42
ppm olarak gozlenirken, en yuksek 137 ppm, en diisiik ise 42 ppm olarak gozlenmistir (Sekil 2). Alys-

sum murale’ nin topraktan aldig1 bor degerlerinin kok ve daldaki zenginlesme degerlerini ortaya koy-
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mak i¢in ECR, dal ile toprak arasindaki iligkiyi ortaya koymak i¢in ECS, kdkten dala olan bor akiimi-
lasyonlarini belirlemek i¢in ise TLF degerleri hesaplanmistir. Bu hesaplamalara gore Alyssum murale’
nin bor i¢in ortalama ECR degerleri 3.87 olarak bulunurken, ECS igin 12.89, TLF igin ise 3.04 ppm
olarak belirlenmistir (Sekil 3). Bu degerlerde calisilan bitkinin koék ve dalin topraktan yiiksek oranda
bor akiimiile etme yetenegine sahip oldugunu gostermektedir. Kok ve dalin bor akiimiilasyon oranlari-
n1 karsilagtirdigimizda, dalin koke oranla ¢ok daha fazla akiimiilasyon yetenegine sahip oldugunu isa-
ret etmektedir ki bu da, TLF degerlerinin yiiksek olmasi bunun bir isareti olarak kabul edilebilir (Sekil
3). Marin vd. [19], Beer Sheva (Israil)’ de L. gibba bitkisindeki bor igeriginin 930 ila 1900 ppm ara-
sinda degistigini ve L. gibba'nin iyi bir bor akiimiilatérii oldugunu belirtmistir. Qian vd. [74], Hippuris
vulgaris' in 1132 ppm bor konsantrasyonuyla 12 sulak alan bitkisi tiirii arasinda en iyi bor akiimulatori
oldugu bulmustur. Turker vd. [75], diilnyanin en biiyiik boraks madeninden (Kirka, Tiirkiye) ¢ikan bor
madeni atiklarini saha kosullarinda bor madeni atiklarini aritmak igin nasil kullanilabilecegi konusun-
da 6nemli bir ¢alisma yapmistir. Bu amagla, deneysel bir sulak alan kamig (Phragmites australis) ve
sazlar (Typha latifolia) ile bitkilendirilmis ve maden atik sular1 sulak alandan tasmmustir. Bu ¢alisma-
nin sonuglari, maden atiklarindaki bor konsantrasyonlarinin ortalama 187 ppm'den 123 ppm 'e (%32
giderim oran1) diistiigiinii gostermektedir.

Babaoglu vd. [30], Eskisehir Kirka il¢esinde halen faaliyette bulunan bor madeni alaninda
Gypsophila sphaerocephala tiiriiniin toprak {iistii aksaminda oldukea yiiksek konsantrasyonlarda (2093
+ 199 SD ppm, tohum; 3345 + 341 SD ppm, yapraklar) bor icerdigi, koklerinde ise bor konsantrasyo-
nu daha diisiik (51 = 11 SD ppm) bulunmustur. G. sphaerocephala’ nin yiiksek bor toksite belirtileri-
nin goriildigi topraklarda yetistirilmesiyle hiperakiimiilasyon yoluyla bitkisel madencilik yapilabile-
cegi sonucuna varilmigtir. Sasmaz [70], Keban maden sahasi yiizey topraklarindaki bor konsantrasyo-
nunun 26 toprak drneginde 1.0-16 ppm (ortalama: 4.97 ppm) arasinda degistigini ve bu topraklarin
Kabata-Pendias [71] tarafindan 6nerilen farkl iilkelerdeki yilizey topraklarindan daha fazla oldugunu
bildirmistir. Sasmaz vd. [76], Maden Cu ve Keban Pb-Zn maden sahalarindan bitki, toprak ve su or-
nekleri toplanmis olup, ortalama bor degerleri Keban maden topraklarinda 16.9 ppm, Maden Cu ma-
den topraklarinda 16.1 ppm ve belediye atiksu topraklarinda 12.2 ppm olarak tespit etmislerdir. Glr vd.
[77], Lemna mindr ve Lemna gibba tizerinde 7 giin boyunca farkli bor konsantrasyonlari (2 (kontrol),
4, 8, 16, 32, 64 ve 128 ppm) tespit etmis ve L. mindr ve L. gibba' min daha az bor ile kirlenmis atik

sularin temizlenmesi ve 1slah ¢aligmalar1 i¢in 6nemli bitkiler oldugunu belirtmislerdir.
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Sekil 3. Bazik topraklarda yetismis Alyssum murale bitkisinin ECR, ECS ve TLF zenginlesme
degerleri.

4. Sonugclar

Bu ¢alismada Alyssum murale bitkisinin bunyesinde bor biriktirebilme yetenekleri tespit
edilmeye calisilmistir. Bu bitkilerin yetisti§i alandan alinan toprak numuneleri ile kok ve govde
kisimlarina ayrilan bu bitkiler {izerinde ¢alisilarak, bor elementinin konsantrasyonu incelenmistir.
Caligma alanindaki topraklardaki ortalama bor konsantrasyonlar: diisiik olmasina ragmen (ortalama:
6.5 ppm), Alyssum murale bitkisinin kok ve dalindaki bor konsantrasyonlari, topraklarindaki bor kon-
santrasyonlarindan birka¢ kat daha yiiksektir. Sonug¢ olarak Alyssum murale bitkisinin bor igin
akiimiilator 6zellik gosterdigi, dolayisiyla da bor ile kirlenmis topraklarin iyilestirilmesi ve temizlen-
mesi i¢in fitoremediasyon ¢aligsmalarinda kolaylikla kullanilabilecegi anlasilmistir.
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Ozet: Bu caligma, uyku kalitesi ile yasam tarzi faktorleri arasindaki baglantiy
derinlemesine incelemektedir. Arastirma, cinsiyet, yas ve meslek gibi demografik
Ozellikler ile uyku siiresi, kalitesi, fiziksel aktivite diizeyleri ve stres gibi yasam
tarzi degiskenlerinin uyku bozukluklarina etkisini makine 6grenimi teknikleri
kullanarak analiz etmektedir. Calismada, Lojistik Regresyon, En yakin komsular,
Naive Bayes, Rastgele Orman, AdaBoostClassifier ve Destek Vektdr Makinesi
(SVM) gibi gesitli makine 6grenimi modelleri uygulanmistir. Ozellikle Rastgele
Orman ve SVM modelleri, yiiksek dogruluk oranlari sayesinde uyku bo-
zukluklarini belirlemede etkili olduklart gézlemlenmistir. Ayrica, meslek ve stres
diizeyleri ile uyku bozukluklari arasindaki iliskiler {izerine detayli analizler
yapilarak, uyku sagliginin iyilestirilmesi i¢in dneriler sunulmustur.

Anahtar Kelimeler: Uyku sagligi; uyku bozukluklari; makine 6grenimi; Ran-
dom Forest; destek vektor makinesi

In-depth Analysis and Classification of Sleep Disorders with Machine

Learning Techniques

Abstract: This study investigates the link between sleep quality and lifestyle
factors in depth. The study analyses the effect of demographic characteristics such
as gender, age, and occupation and lifestyle variables such as sleep duration,
quality, physical activity levels, and stress on sleep disorders using machine
learning techniques. In the study, various machine learning models such as logistic
regression, nearest neighbors, naive bayes, random forest, adaBoost classifier, and
support vector machine (SVM) were applied. In particular, Random Forest and
SVM models were found to be effective in identifying sleep disorders due to their
high accuracy rates. In addition, detailed analyses on the relationships between
occupation, stress levels, and sleep disorders were performed, and recommenda-
tions were presented to improve sleep health.
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1. Giris

Uyku, insan hayatinin temel bir yoniidiir ve kaliteli bir yasam strdirebilmek icin yeterli ve rahat
bir uyku sarttir. Yapilan arastirmalar, uyku kalitesinin ve siiresinin, bireylerin fiziksel, zihinsel ve
duygusal saglig1 tizerinde derin bir etkisi oldugunu gostermektedir [1-3]. Ancak, ginimuz toplumunda
bircok birey, ¢esitli nedenlerle uyku bozukluklar1 yasamakta ve bu durum genel saglik iizerinde olumsuz
etkilere sahip olmaktadir. Uyku bozukluklarmin arka planindaki faktorleri anlamak ve etkili miida-
haleler gelistirmek, bu nedenle, kamu saglig1 i¢in biiyiik bir oncelik haline gelmistir [4].

Bu aragtirma, uyku sagligi ve yasam tarzi arasindaki karmagik iliskileri detayli bir sekilde
incelemeyi amaglamaktadir. Ozellikle, cinsiyet, yas, meslek, uyku siiresi, uyku kalitesi, fiziksel aktivite
seviyesi, stres seviyesi, BMI kategorisi, kan basinci, kalp atis hiz1 ve giinliik adimlar gibi faktorlerin
uyku bozukluklari tizerindeki etkilerine odaklanilmaktadir. Ayrica, demografik faktorlerin - cinsiyet,
yas, meslek - uyku bozukluklart {izerindeki etkileri de arastirmanin énemli bir pargasini olusturmak-
tadir. Bu baglamda, arastirmamiz makine &grenmesi algoritmalar1 kullanarak uyku bozukluklarini
siniflandirmakta ve bu bozukluklarin cinsiyet, yas, meslek gibi cesitli demografik ve yasam tarzi fak-
torleriyle iliskisini ortaya koymaktadir.

Makine 6grenimi algoritmalar1 kullanilarak uyku bozuklugu siniflandirmasi son arastirmalarda
onemli ilerlemeler kaydetmistir. Cesitli calismalar, otomatik uyku bozuklugu siniflandirmasi igin
makine 6grenimi tekniklerinin uygulanmasimi arastirmistir. Ornegin, Urtnasan vd. [5] uykusuzluk,
periyodik bacak hareketi, REM uykusu davranig bozuklugu ve gece frontal lob epilepsisi gibi baslica
uyku bozukluklariin otomatik siniflandirilmasi igin yapay zeka destekli bir algoritma olan uyku bo-
zuklugu ag1 (SDN) gelistirmistir. Bu, yapay zekanin uyku bozukluklarin1 dogru bir sekilde kategorize
etme potansiyelini géstermektedir. Ayrica Kwon vd. [6], hassas uyku evresi siniflandirmasi igin
evrisimli derin sinir aglarin1 kullanarak makine 6grenimi algoritmalarinin siniflandirma dogrulugunu
artirmadaki etkinligini vurgulamigtir. Ek olarak, Rakhonde vd. [7], uyku evresi siniflandirmasi i¢in bir
makine dgrenimi algoritmasi olarak Stokastik Gradyan Inisi (SGD) kullanmis ve bu alandaki farkl
makine 6grenimi yaklagimlarinin ¢ok yonliiliigiinii gostermistir. Bununla birlikte, Pradeepkumar vd.
[8], derin 6grenme tabanli algoritmalarin uyku evresi siniflandirmasinda geleneksel makine 6grenimi
yontemlerinden daha iyi performans gosterdigini gostererek, gelismis sonuglar i¢in gelismis tekni-
klerden yararlanmanin 6nemini vurgulamistir. Sundararajan vd. [9], 2021 yilinda, bilege takilan
ivmeolger verileri ve rastgele ormanlar kullanarak uyku siniflandirmasi iizerine bir ¢aligma yiiriitmustiir.
Delimayanti vd. [10], beyin dalgalarin1 ve EEG sinyallerinden ¢ikarilan yiiksek boyutlu FFT 6zellikle-
rini kullanarak uyku evrelerinin siniflandirilmasini arastirmistir. Yulita vd. otomatik uyku evresi
siniflandirmasi i¢in hizli bir konvoliisyonel yontem gelistirerek uyku bozuklugu siiflandirmasinda
makine Ogrenimi algoritmalar1 alanina katkida bulunmustur. Yulita vd. [11], otomatik uyku evresi
siniflandirmasi i¢in hizli bir konvoliisyonel yontem gelistirerek uyku bozuklugu siniflandirmasinda
makine 6grenimi algoritmalari alanina katkida bulunmustur. Cho vd. [12], uyku skorlama uygulamalari
icin cesitli makine 6grenimi yontemleri uygulayarak farkli uyku asamalarimi ayirt etmede rastgele
orman, torbalama ve kstar siniflandiric1 gibi algoritmalarin ¢ok yonliiliigiini sergilemistir.

Bu gelismeler, uyku bozuklugu siniflandirmasi igin daha sofistike algoritmalara dogru bir kay-
maya igaret etmektedir. Dolayisiyla, makine 6grenimi algoritmalariyla uyku bozuklugu simiflandir-
masina iligkin literatiir taramasi, uyku evresi siniflandirmasimin dogrulugunu ve verimliligini artirmak
icin yapay zeka ve derin 6grenme tekniklerinden yararlanmaya yonelik bir egilim oldugunu ortaya
koymaktadir.

Bu ¢alismanin bir diger 6nemli yonii, meslek tiirleri ve stres seviyeleri ile uyku bozukluklar
arasindaki iliskiyi derinlemesine analiz etmektir. Istatistiksel analiz yontemleri kullanilarak, cinsiyet ve
meslek tiirlerine gore uyku bozukluklarinin ve stres seviyelerinin analizi yapilmaktadir. Bu analizlerin
amaci, belirli meslek gruplarinda uykusuzluk problemi yasama olasiliginin daha yiiksek oldugunu
belirlemek ve meslek ile stres seviyeleri arasindaki iligkiyi ortaya koymaktadir. Bu degerlendirmeler,
uyku bozukluklarina yénelik 6nleme ve miidahale stratejilerinin gelistirilmesinde kritik dneme sahiptir.
Arastirma, uyku sagligina yonelik farkindaligi artirmayi, uyku bozukluklarinin énlenmesine yonelik
etkili stratejiler gelistirmeyi ve boylece bireylerin yasam kalitesini iyilestirmeyi hedeflemektedir. Bu
calisma, uyku sagligim iyilestirmeye yonelik miidahalelerin gelistirilmesine katkida bulunarak, bu
alandaki bilgi bosluklarini doldurmay1 ve toplum sagligini olumlu yonde etkilemeyi amaglamaktadir.
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Calismanin ilerleyen boliimlerinde, arastirmanin metodolojisi agiklanmis, ardindan analize iliskin
bulgulara yer verilmis ve sonu¢ ve tartisma bolimiinde arastirmanin temel bulgulari, bu bulgularin
mevcut literatiirle karsilastirilmasi, ¢calismanin siirliliklar ve gelecek caligsmalar i¢in 6nerilerde bulu-
nulmustur.

2. Materyal ve Metod

Bu arastirma, uyku sagligi ve yasam tarzi arasindaki iligkileri kapsamli bir sekilde inceleyen,
makine Ogrenmesi ve istatistiksel analiz yontemleri kullanilarak gergeklestirilmis bir calismadir.
Arastirmanin temel odak noktasi, uyku bozukluklari, stres seviyeleri ve meslek tiirleri arasindaki
dinamik iliskilerin derinlemesine analizi ve uyku bozukluklarinin makine 6grenmesi yontemleri ile
siniflandiriimasidir.

2.1. Veri Seti

Aragtirmada kullanilan "Uyku Sagligi ve Yasam Tarzi1" veri seti, Kaggle platformundan elde
edilmigstir [13]. Bu veri seti, 374 katilimcinin bilgilerini igermekte olup, cinsiyet, yas, meslek gibi de-
mografik bilgiler ile uyku aligkanliklari, fiziksel aktivite diizeyleri, stres seviyeleri ve daha birgok yasam
tarz1 faktoriine dair genis bir yelpazede veri sunmaktadir. Veri toplama siireci, katilimcilarin goniillii
katilim1 esas alinarak ve katilimcilarin gizliligini koruyacak sekilde yiiriitiilmiistiir. Kullanilan veri
setinin icerdigi degiskenler ve bu degiskenlerin agiklamalar1 Tablo 1°de gosterilmektedir.

Tablo 1. Veri Setinde Kullanilan Degiskenler ve A¢iklamalart

Degiskenler Aciklama Tiir Sayist
Kisi Sayist Calismaya 374
katilan
katilimeilar
Cinsiyet Erkek/Kadin 2
Yas Kisinin yil 31
cinsinden yas1
Meslek Meslek Trleri 11
Uyku siresi (saat):  Kiginin 27
gunde kac¢ saat
uyudugu
Uyku Kkalitesi (6lcek:  1-10): 6

Uyku kalitesinin
1 ila 10 arasinda
degisen 6znel bir
degerlendirmesi.

Fiziksel aktivite seviyesi (dakika/gun): 16
Kisinin  giinliik
fiziksel aktivite
yaptig1  dakika
sayisl.
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Stres seviyesi (6lcek:  1-10): 6
Kisinin yasadig
stres duzeyinin 1
ila 10 arasinda
degisen 6znel bir

degerlendirmesi.
Viicut Kitle Indeksi (BMI) Kategorisi ~ Kisinin BMI 4
kategorisi

(6rnegin, Zayif,
Normal,  Asiri
Kilolu).

Kan Basinci Kisinin kan 25
basinct Olglimii,
diyastolik basing
Uzerinden  sis-
tolik basing
olarak gosterilir.

Kalp atis hiz1 Dakikadaki atim 19
sayist olarak
kiginin dinlenme
kalp atig hiz1.

Giinliik adimlar Kisinin  giinde 20
attig1 adim
sayisl.

Uyku Bozuklugu (Bagimli Degisken)  Kiside uyku 3

bozuklugu olup
olmamasi (Yok,
Uykusuzluk,
Uyku Apnesi).

Bu arastirma, uyku sagligi ve yasam tarzi arasindaki iliskileri kapsamli bir sekilde incelemeyi
amaglamakta olup, cesitli veri kesfi ve gruplama teknikleri, veri 6n isleme, analiz ve siiflandirma
model degerlendirme islemleri Python programlama dili kullanilarak gerceklestirilmistir. Python, bi-
limsel hesaplamalar ve veri analizi i¢in kapsamli kiitiphanelere (pandas, NumPy, scikit-learn, mat-
plotlib) sahip oldugu i¢in tercih edilmistir.

2.2. Veri Kesfi ve Gruplama Teknikleri

Bu calismada, uyku bozukluklari, meslek tiirleri, stres seviyeleri ve cinsiyet gibi degiskenler
arasindaki iligkileri incelemek icin ¢esitli veri kesfi ve gruplama teknikleri kullanilmistir. Analiz siireci,
Python programlama dili ve bu dilin gii¢lii veri isleme kiitiiphaneleri olan Pandas, NumPy, Seaborn ve
Matplotlib  kullanilarak gergeklestirilmistir. “.value counts()” ve “.groupby()” fonksiyonlar
kullanilarak, uyku bozukluklari, meslek tiirleri, stres seviyeleri ve cinsiyet gibi kategorik degiskenlerin
dagilimlar1 ve birbirleriyle olan iliskileri analiz edilmistir. Tablo 2’de bu kategorik degiskenlerin
dagilimlarina iliskin veri tipleri siralanmistir. Bu analizler, veri setindeki farkli gruplarin uyku bo-
zukluklar1 tizerindeki potansiyel etkilerini anlamak i¢in yapilmustir.
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Tablo 2. Veri setinde kullanilan kategorik degiskenlerin veri tipleri

Sutun Null Olmayan Sayisi Veri Tipi
Kisi Kimligi 374 int64
Cinsiyet 374 object
Yas 374 int64
Meslek 374 object
Uyku Siresi 374 float64
Uyku Kalitesi 374 int64
Fiziksel Aktivite Seviyesi 374 int64
Stres Seviyesi 374 int64
BMI Kategorisi 374 object
Kan Basinct 374 object
Kalp Atis Hiz1 374 int64
Giinlik Adim Sayis1 374 int64
Uyku Bozuklugu 374 object

2.3. Veri On isleme

[k adimda, uyku saglig1 ve yasam tarz1 veri setinden elde edilen kategorik degiskenler (cinsiyet,
yas, meslek vb.), Python'un pandas kiitiiphanesi kullanilarak islenmistir. Bu doniisiim, sklearn
kiitiiphanesinin LabelEncoder fonksiyonu kullanilarak gergeklestirilmistir. Kigisel kimlik numarasi gibi
analiz i¢in gerekli olmayan siitunlar veri setinden ¢ikarilmistir. Ek olarak, kan basinci verileri iki kat-
egoriye doniistiiriilmiistiir: normal ve anormal. Onceden belirlenen degerler (6rnegin, '120/80, '126/83",
'125/80" vb.) normal kan basinci olarak kabul edilmis ve bu degerlere sahip olan gézlemler “0” ile
etiketlenmistir. Bu degerlerin disindaki tiim kan basinci degerleri ise anormal olarak kabul edilerek “1”
ile etiketlenmistir. Bu islem, kan basinci verilerinin analizde daha etkin bir sekilde kullanilmasini
saglamaktadir. Bu islemler sonrasinda, 6zellikler (X) ve hedef degisken (y) olarak iki ayr veri seti
olusturulmustur.

2.4. Model Egitimi ve Testi

Model egitimi ve test islemleri icin scikit-learn kiitliphanesinden faydalanilmigtir. Veri seti,
“train_test split” fonksiyonu ile egitim ve test setlerine ayrilmistir. Egitim seti (X), modelin 6grenmesi
icin kullanilirken, test seti (y) modelin genellestirme performansini degerlendirmek igin kullanilmistir.
Olusturulan X ve y veri setleri, egitim ve test setleri olmak {izere ikiye ayrilmistir. Bu ayrim, veri setinin
%80'1 egitim, %20'si test olacak sekilde ayarlanmistir. Egitim seti, modelin 6grenmesi igin; test seti ise
modelin performansinin degerlendirilmesi i¢in kullanilmastir.

2.5. Model Degerlendirme

Lazy Predict, siniflandirma gorevlerinde model se¢imi ve degerlendirme siirecini otomatiklestiren
bir makine 6grenimi kiitiiphanesidir. Kapsamli manuel yapilandirmaya gerek kalmadan hizli prototip
olusturma ve birden fazla modeli karsilagtirma i¢in 6zellikle kullanighdir. Siniflandirmada Lazy Predict,
egitim verilerine birden fazla model uydurarak ve dogruluk, kesinlik, geri cagirma ve F1 puan1 gibi
performans Ol¢iimlerinin bir 6zetini saglayarak kullanicilarin veri kiimeleri i¢in en uygun modeli be-
lirlemelerini kolaylastirir [14]. Lazy Predict, modelin egitim agamasinda egitim verilerinden aktif olarak
ay1rt edici bir islev 6grenmedigi tembel 6grenme ilkesine gore ¢alisir. Bunun yerine, bir tahmin gere-
kene kadar 6grenme siirecini erteler, bu noktada en yakin komsulari hesaplar veya tahmin yapmak igin
depolanmug ornekleri kullanir. Bu yaklasim, egitim sirasinda tek bir kiiresel model olusturan ve biiyiik
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veri kiimeleri i¢in hesaplama ag¢isindan daha az verimli olabilen istekli 6grenme yontemleriyle tezat
olusturmaktadir [15]. Bu ¢aligmada, LazyPredict kiitiiphanesi aracilig1 ile LazyClassifier kullanilarak
Lojistik Regresyon, KNN, Naive Bayes, Random Forest, AdaBoostClassifier, DummyClassifier ve
SVM makine 6grenmesi modellerinin performanslari karsilagtirilmis ve en iyi sonucu veren modeller
genel dogruluk oranlar ile belirlenmistir.

Makine 6grenimi modellerinin matematiksel formiilasyonlar1 ve algoritmalarin nasil ¢aligtigina
dair detayl agiklamalarin eksikligi, okuyucularin kullanilan modellerin i¢ isleyisini tam olarak anla-
masint zorlastirmaktadir. Bu nedenle, her bir makine 6grenimi modeli icin matematiksel formiilasyonlar

ve algoritma adimlari detaylandirilmahidir. Lojistik regresyonun hipotez fonksiyonu sigmoid
fonksiyonudur ve su sekilde tanimlanir:

1
hg(.X') = m (21)

Maliyet fonksiyonu (cost function) su sekilde ifade edilir:
J(6) = —— %, [yPlog (he(x®)) + (1 — yD)log (1 — he(xD))] (2.2)
Burada, m toplam 6rnek sayismi, y® ise i’inci 6rnegin gergek simif etiketini temsil eder.

Bununla birlikte, SVM’nin amaci, iki sinifi en genis marjinle ayiran bir hiper diizlem bulmaktir.
Hiper diizlem denklemi su sekilde ifade edilir:

f)=WTx+b (2.3)

Burada W agirlik vektoriinii, b ise bias terimini temsil etmektedir. Ek olarak, SVM
optimizasyon problemi su sekilde tanimlanmaktadir:

minw_b%llwll2 subject to yO (wtx® + b) > 1 vi
(2.4)

Bu problem Lagrange carpanlari kullanilarak dual formiilasyona doniistiiriiliir:

1 . . . .
max, Yty a; — 5 Xt Nt a;a;y Oy P (x@)Tx® (2.5
Burada a; Lagrange carpanlaridir.

Ote yandan, KNN algoritmasi, siniflandirma veya regresyon icin en yakin k komsuyu bulur.
Herhangi bir veri noktas1 x i¢in, stmiflandirma asagidaki gibi yapilir:

y = mode({y®@|x®D € N, (x)}) (2.6)
Burada N (x), x noktasinin en yakin k komsularini temsil eder ve mode ise en yaygin sinif

etiketini belirtir. Bununla birlikte, Naive Bayes siniflandiricisi, Bayes teoremi tizerine kuruludur ve su
sekilde ifade edilmektedir:

P(ylx) = 2RO 27)

Burada, P(y|x) x goézlemi verildiginde y sinifinin olasihigidir. Gaussian Naive Bayes igin, her
Ozellik x; normal dagilima sahiptir ve su sekilde hesaplanir:
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1

P(xly) = —=exp (-5 (28)

2

Znay

Son olarak, Random Forest, birden ¢ok karar agacinin ensemble (birlikte) kullanilmasi ile
olusturulan bir 6grenme yontemidir. Her bir aga¢ bagimsiz olarak egitilir ve siniflandirma i¢in ¢ogunluk
oylamasi ile karar verilir:

y = mode({h{(x), hy(x), ..., hg(x)}) (2.9)

Burada, \h;(x), i’inci karar agacinin tahminini temsil eder ve B toplam aga¢ sayisidir. Bu tiir
matematiksel ifadeler ve algoritma adimlari, okuyucularin modellerin teorik temellerini ve uygulama
siireglerini daha iyi anlamalarini saglayacaktir.

Bununla birlikte, modellerin siiflandirma performanslar1 asagidaki metrike formiilasyonlart
kullanilarak degerlendirilmistir. Burada, TP: True Positives (Dogru Pozitifler), TN: True Negatives
(Dogru Negatifler), FP: False Positives (Yanlis Pozitifler) ve FN: False Negatives (Yanlis Negatifler)
degerlerini temsil etmektedir.

Dogruluk, tiim dogru tahminlerin toplam 6rnek sayisina oranidir.

TP+TN

Dogruluk (Accuracy) = TPITNIFPIEN (2.10)
Kesinlik, pozitif olarak tahmin edilen degerlerin gergekten pozitif olma oranidir.

- . . TP
Kesinlik (Precision) = TPiFP (2.11)
Geri cagirma, gercek pozitif degerlerin ne kadarinin dogru tahmin edildigini gosterir.

. _ TP
Geri Cagirma (Recall) = TPIEN (2.12)

F1 skoru, kesinlik ve geri ¢agirmanin harmonik ortalamasidir ve dengesiz siniflarda performansi
degerlendirmek i¢in kullanilir,

F1 Skoru (F1 Score) = 2 x LrecisionxRecall (2.13)

Precision+Recall

Bu formiilasyonlar, makine 6grenimi modellerinin performansinmi degerlendirmek i¢in yaygin
olarak kullanilan metrikleri matematiksel olarak tanimlamaktadir.

2.6. Aykir1 Degerlerin Ele Alinmasi

Makine 6grenmesi algoritmalarinin dogrulugunu arttirmak adina, aykir1 degerler ele alinmistir.
Aykin degerlerin ele alinmasi igin, yas, uyku stiresi, fiziksel aktivite seviyesi, stres seviyesi, kalp atig
hizi ve ginlik adim sayisi gibi sayisal degiskenler i¢in IQR yontemi [16-17] kullanilmustir.
Standartlastirma igin scikit-learn'iin StandardScaler fonksiyonu kullanilmistir. Aykir1 degerler
temizlendikten sonra, kalan veri tizerinde standartlagtirma islemi gerceklestirilmis ve ilk agamada en iyi
sonucu veren modeller yeniden egitilmistir. Modellerin performansi, ¢apraz dogrulama yontemi ile
degerlendirilmis ve siniflandirma raporu olusturulmustur.
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3. Bulgular ve Tartisma

Bu boliimde, analiz yontemleri kullanilarak elde edilen bulgular sunulmaktadir. Analizde, uyku
bozukluklari, meslek tiirleri, stres seviyeleri ve cinsiyet arasindaki iligkiler {izerinde odaklanmigtir. Elde
edilen veriler, uyku bozuklugu prevalansinin demografik faktorlerle nasil iligkili oldugunu ortaya
koymaktadir. ik olarak, Sekil 1°deki grafikte uyku bozuklugu ve cinsiyet arasindaki iliski
gosterilmektedir. Bu siitun grafigi, cesitli uyku bozukluklariin erkekler ve kadinlar arasinda nasil
dagildigim gostermektedir. Uykusuzluk durumuna bakildiginda, erkeklerde 41 kisi ve kadinlarda 36 kisi
bu sorunu yasamaktadir. Uyku apnesi s6z konusu oldugunda ise cinsiyetlere gore dagilim 6nemli
derecede farklilik gostermekte; 11 erkek uyku apnesi sorunu yasarken, bu sayr kadinlarda 67’ye
cikmaktadir. “Yok” kategorisi ise uyku bozuklugu yasamayan bireyleri ifade etmekte ve burada
erkekler acik bir gogunluktadir; 137 erkege karsin 82 kadin bu kategoriye girmektedir. Grafigin genel
gosterimi, uyku apnesinin kadinlarda daha yaygin oldugunu, ancak diger kategorilerde ve toplamda
uyku bozuklugu yasamayanlarin sayisinin erkeklerde daha fazla oldugunu gostermektedir.

Uyku Bozuklugu ve Cinsiyet lliskisi 137

Erkek
. Kadin

140
120
100
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41 3¢

20}

32

Kisi Sayisi

11
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Uyku Bozuklugu Tard

Sekil 1. Uyku bozuklugu ve cinsiyet arasindaki iligki

Bununla birlikte Sekil 2’deki siitun grafiginde, ¢esitli meslek gruplarinin {i¢ farkli uyku bozuklugu
durumuyla olan iliskisi gosterilmektedir. Kirmizi siitunlar uykusuzlugu, mavi siitunlar uyku apnesini ve
sar1 siitunlar ise higbir uyku bozuklugu belirtisi olmayan kisileri temsil etmektedir. Satig personelinde
uykusuzluk en fazla olan meslek grubudur, 29 kisi ile bu durumu yasayanlar arasinda en yiiksek sayiya
sahiptir. Ogretmenlerde de uykusuzluk yaygindir; bu grupta 27 kisi etkilenmistir. Uyku apnesi agisindan
bakildiginda, hemsireler toplamda 61 kisiyle bu uyku bozuklugunu en ¢ok yasayan meslek grubudur.
Diger meslek gruplarindan 6gretmen, doktor ve avukatlar da dahil olmak {izere uyku apnesi yasayan
kisiler var, ancak sayilar1 ¢ok daha diistiktiir. Grafigin sari siitunlari, higbir uyku bozuklugu yasamayan
meslek gruplarimi temsil etmekte ve doktorlar bu kategoride 6ne ¢ikmaktadir. Toplam 64 doktor uyku
bozuklugu rapor etmemistir. Miihendisler de biiylik oranda uyku bozuklugu yasamamakta, 57 kisiyle
ikinci en yiiksek sayiya sahiptirler. Avukatlar ise 42 kisi ile {igiincii sirada yer almaktadir. Genel olarak,
bu grafik, farkli meslek gruplan arasinda uyku bozukluklarinin dagiliminin ne sekilde degiskenlik
gosterdigini gorsel bir bicimde sergilemektedir. Bu tiir veriler, mesleki stres seviyeleri veya calisma
saatleri gibi faktorlerin uyku kalitesi iizerindeki olas1 etkilerini anlamada yararhidir.
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Meslek Tiirlerinin Uyku Hastaligi ile iliski istatistigi
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Sekil 2. Meslek tiirleri ve uyku hastalig iliskisi

Buna ek olarak, satis personeli ve 6gretmenler, uykusuzluk yasayanlarin en biiyiik iki grubunu
olusturmakta, bu da bu meslek gruplarinin potansiyel olarak yliksek stres diizeylerine veya diizensiz
calisma saatlerine sahip olabilecegini diisiindiirmektedir. Ote yandan, uyku apnesi 6zellikle hemsireler
arasinda yaygin goriinmektedir. Bu durum, vardiya ¢alismasmin sik oldugu, dolayisiyla stresli bir
meslek grubunda olmanin uyku diizeni iizerinde olumsuz bir etkisi olabilecegine isaret etmektedir.
Bunun yani sira, doktorlar ve mithendisler, uyku bozuklugu rapor etmeyen en biiyiik iki gruptur. Bu, is
saatlerinin diizenli olabilecegini veya bu meslek gruplarmin uyku sagligim koruma konusunda daha
fazla kaynaga ve bilince sahip olabilecegini gostermektedir. Dolayisiyla, uyku bozukluklarimin
prevalansi meslekler arasi biiylik farkliliklar gostermekte, bu da is ortaminin, ig yiikiiniin ve stresin uyku
iizerinde 6nemli bir etkisi olabilecegini gostermektedir. Uyku sagligi genel saglik ve is performansi i¢in
hayati 6nem tagimaktadir. Uykusuzluk veya uyku apnesi gibi uyku bozukluklarinin yiiksek prevalansi,
is yerlerinin ¢aliganlarin uyku sagligin1 desteklemeye yonelik politikalar gelistirmesinin 6nemini
vurgulamaktadir. Bu grafik ayrica, uyku bozukluklarinin daha detayli analizi igin bir baslangi¢ noktasi
saglamaktadir; 0rnegin, neden bazi meslek gruplarinda bu sorunlar daha yaygin goriiliir ve is yerinde bu
sorunlarin 6nlenmesi veya azaltilmasi i¢in neler yapilabilir gibi sorulara cevap aranabilir. Sekil 3’teki
grafik, meslek tiirlerinin Stress seviyeleri ile iliskisini gostermektedir. Bu grafik, farkli meslek gru-
plarinin stres seviyelerine gore kisi sayilarini renk kodlu siitunlar halinde gostermektedir. Her renk,
belirli bir stres seviyesini temsil ederken, siitunlarin yiiksekligi her stres seviyesindeki kisi sayisini
gostermektedir.
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Meslek Tiirlerinin Stres Seviyeleri ile iligkisi
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Sekil 3. Meslek tiirleri ve stres seviyesi iligkisi

llgili grafik incelendiginde, ilk olarak, muhasebecilerdeki stres dagilimi, 4 stres seviyesinin en
yliksek oranda oldugunu gosterirken, daha yiiksek stres seviyeleri 6nemli dl¢iide azdir. Bu, muhasebe-
cilerin giinliik islerinde karsilagtigi zorluklarin yonetilebilir oldugunu, ancak belirli donemlerde
(6rnegin vergi donemleri gibi) stresin artabilecegini gosterebilir. Doktorlar ve hemsirelerde goriilen
yiiksek stres seviyeleri, saglik sektoriiniin yogun dogasi ve bu mesleklerin karsilastig1 yiiksek baskiyi
yansitir. Ozellikle, 8 stres seviyesindeki yiiksek oranlar, acil durumlar, uzun ¢aligma saatleri, yiiksek
sorumluluk diizeyleri ve hatta yasam ve 6liim kararlar1 gibi faktorlerle iligkili olabilir. Miithendislerde
stres seviyesinin daha disiik oldugunu gosteren 3 seviyesindeki yliksek sayilar, bu meslek dalinin
problem ¢ézme, planlama ve Ongoriilebilir i yiikleri gibi stresi azaltan faktdrleri igerebilecegini
diisiindiirebilir. Avukatlarin 5 stres seviyesinde yogunlasmasi, hukuk pratiginin rekabetci dogasi ve
karmasik davalara hazirlik siirecindeki stresleri yansitiyor olabilir. Ogretmenlerin ve satis personelinin
yiiksek stres seviyelerinde yogunlagmasi, bu mesleklerin genellikle yiiksek insan etkilesimi, performans
baskis1 ve muhtemelen kaynak yetersizliklerinin birlesiminden kaynaklanan stresi gostermektedir. Bu
verileri is stresi teorileri ve modelleriyle iliskilendirmek miimkiindiir. Ornegin, Karasek'in is Talep-
leri-Kaynaklar1 modeli [18] veya Siegrist'in Odiil Esitsizligi modeli [19] gibi teorik gergeveler, isin
talepleri ve bireyin bu talepleri karsilamak i¢in sahip oldugu kaynaklar arasindaki dengesizligin stres
yaratma potansiyeline isaret etmektedir [20-23]. Bu tiir analizler, is yerlerinin stresle basa ¢ikma
stratejilerini gelistirmede, 6rnegin stres azaltici programlarin tasariminda, egitim ve kaynak tahsisinde
faydali olabilir. Ayn1 zamanda, is saglig1 ve giivenligi politikalarmin sekillendirilmesinde ve meslek
gruplaria yonelik 6zel destek sistemlerinin olusturulmasinda da kullanilabilir. Elde edilen bu bulgular,
uyku bozuklugu prevalansiin demografik faktdrlerle nasil iliskili oldugunu ortaya koymaktadir. Ozel-
likle, hangi meslek gruplarinda uyku bozuklugunun daha yaygin oldugu, stres seviyesi ve uyku kalitesi
arasindaki iligki gibi detaylar burada sunulmustur. Bu bilgilere ek olarak, bu aragtirmada, uyku saglig
ve yasam tarz1 veri seti lizerinde ¢esitli makine 6grenmesi modelleri kullanilarak siniflandirma analizleri
gergeklestirilmistir. Analizin ilk asamasinda, LazyPredict kiitiiphanesi araciligi ile LazyClassifier
kullanilarak Lojistik Regresyon, KNN (k-Nearest Neighbors), Naive Bayes, Random Forest, Ada-
BoostClassifier, DummyClassifier ve SVM (Support Vector Machine) makine 6grenmesi modellerinin
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performanslari karsilagtirilmis ve en iyi sonucu veren modeller genel dogruluk oranlar ile Sl¢iilmiistiir.
Bu modellere iliskin sonuglar, Tablo 3’te gdsterilmektedir.

Tablo 3. Lazyclassifier Kullanilarak Gergeklestirilen Makine Ogrenmesi Modellerine Iliskin

Sonuclar
Modeller Genel Dogruluk
Orani1 (%)
Lojistik Regresyon 0.91
KNN 0.89
Naive Bayes 0.89
Random Forest 0.91
AdaBoostClassifier 0.83
DummycClassifier 0.71
SVM 0.91

Tablo 3’deki sonuglar incelendiginde, Calismada incelenen makine 6grenmesi modelleri arasinda,
Lojistik Regresyon, Random Forest ve SVM modelleri %91'lik genel dogruluk orani ile en iyi perfor-
mans1 sergilemistir. Bu sonuglar, bu modellerin uyku bozukluklarinin smiflandirilmasinda etkili
oldugunu ve veri setindeki oriintiileri basariyla yakalayabildigini gostermektedir. KNN ve Naive Bayes
modelleri de %89'lik genel dogruluk orani ile yakin bir performans gostermistir. Bu, bu iki modelin de
uyku bozukluklarmin smiflandirilmasinda kullanilabilecegini ancak en iyi modeller kadar olmasa da
yiiksek bir dogrulukla tahmin yapabildigini belirtir. AdaBoostClassifier modeli, %83 ’liik bir dogruluk
orani ile daha diisiik bir performans sergilemistir. Bu sonug, AdaBoostClassifier'in veri setindeki
ortintiileri diger modellere kiyasla daha az etkili bir sekilde yakaladigini gdstermektedir. DummyClas-
sifier, %71’lik genel dogruluk oram ile modeller arasinda en diisiik performansi sergileyen model
olmustur. DummyClassifier genellikle bir karsilastirma noktas1 olarak kullanilir ve beklendigi iizere,
daha sofistike modellerin performansin1 asamamustir. Daha sonra, makine 6grenmesi algoritmalarinin
dogrulugunu arttirmak adina, aykir1 degerler ele alimmustir. Aykir1 degerlerin ele alinmasi igin, yas, uyku
stiresi, fiziksel aktivite seviyesi, stres seviyesi, kalp atis hiz1 ve giinliik adim sayis1 gibi sayisal
degiskenler i¢in IQR yontemi kullanmilmistir. Aykir1 degerler temizlendikten sonra, kalan veri iizerinde
standartlastirma islemi gergeklestirilmis ve ilk asamada en iyi sonucu veren Lojistik Regresyon, KNN,
Naive Bayes, Random Forest ve SVM modelleri yeniden egitilmistir. Bu modellere iligkin siniflandirma
sonuglar1 Tablo 4’te gosterilmektedir.

Aykirt degerlerin temizlenmesi ve veri lizerinde standartlastirma islemi gergeklestirildikten sonra,
makine 0grenmesi modellerinin performansinda gozle goriiliir bir iyilesme oldugu gézlemlenmistir.
Aykirt degerlerin temizlenmesi ve verilerin standartlastirilmasi, modelin daha dogru tahminler yap-
masini saglamis ve genel dogruluk oranlarinda iyilesme saglamistir. Tablo 4’te gdsterilen sonuglara
gore, Lojistik Regresyon, KNN ve Naive Bayes modellerinin genel dogruluk oran1 %93'e yiikselmistir.
Buna karsin, Random Forest ve SVM modellerinin performansi da %94’e ¢ikmistir. Bu durum, mod-
ellerin uyku bozukluklarini siniflandirmadaki etkinliginin arttigin1 géstermektedir. Capraz dogrulama,
modelin sadece egitim veri seti lizerinde degil, gdrmedigi veriler iizerinde de iyi performans gdsterip
gostermedigini test etmeyi saglamaktadir.
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Tablo 4. Aykiri degerler ele alindiktan sonra makine 6grenmesi modellerinin performansi

Modeller Genel Dogruluk
Orani (%)

Lojistik Regresyon 0.93

KNN 0.93

Naive Bayes 0.93

Random Forest 0.94

SVM 0.94

Bu, modelin genellestirme kabiliyetini anlamak igin kritik bir 6neme sahiptir. Yani, model yal-
nizca egitim verisine 6zgii 6zellikleri degil, genel oriintiileri grenmis midir sorusuna yanit aramaktadir
[24]. Calismalar, ¢apraz dogrulamanin, 6zellikle probleme 6zgii bilgi eksikliginin oldugu senaryolarda,
siniflandirma hata oranlarinin dogru tahminlerini elde etmek igin ¢ok 6nemli oldugunu gostermistir. En
uygun siniflandirma yonteminin deneysel olarak segilmesine olanak taniyarak tek bir siniflandirma
stratejisinin kullanilmasina kiyasla daha yiiksek ortalama performansa yol agmaktadir [25-26]. Ayrica
capraz dogrulama, egitim setiyle aym1 dagilimdan aliman ve goriilmeyen verilere genellenebilen tah-
minlerin elde edilmesine yardimeci olmaktadir. Bu, modelin performansinin egitim verilerine asir
uymamasint ve yeni verilere etkili bir sekilde uygulanabilmesini saglamaktadir [27]. K-kat capraz
dogrulama veya tek basina c¢apraz dogrulama gibi capraz dogrulama yonteminin se¢iminin
siniflandirma modelinin dogrulugunu etkileyebilecegini unutmamak 6nemlidir. Capraz dogrulamanin
uygun sekilde uygulanmasi, Onyargilardan kaginmak ve model degerlendirmesinin gecerliligini
saglamak icin gereklidir [28]. Bu nedenlerle, ¢apraz dogrulama yontemi, makine d6grenmesi model-
lerinin degerlendirilmesinde 6nemli bir rol oynar ve model se¢imi, modelin robustlugu ve genellestirme
kabiliyeti hakkinda kritik bilgiler sunmaktadir. Bu ¢alismada, Lojistik Regresyon, KNN, Naive Bayes,
Random Forest ve SVM modellerinin degerlendirilmesi i¢in ¢capraz dogrulama yontemi uygulanmustir.
Capraz dogrulama i¢in kat sayis1 (cv) olarak 13 degeri belirlenmistir. “cross_val score” fonksiyonunun
cv parametresi, veri setinin ka¢ farkli alt kiimeye boliinecegini ve modelin kag¢ farkli iterasyonla
degerlendirilecegini belirtmektedir. Bu durumda, modeller 13 farkli alt kiime kullanilarak deger-
lendirilmis ve her bir alt kiime i¢in modellerin performansi test edilmistir. Bu yontemle, modellerin
genel performansina iliskin daha giivenilir ve genel gecer sonuglar elde edilmistir. Bu, ¢apraz dogru-
lamanin genellikle modellerin dayanikliligini ve genellestirme yetenegini test etmek i¢in kullanildiginin
bir gdstergesidir. Modellerin 13 kath ¢aprazlama isleminin sonucunda elde edilen karmagiklik matrisleri
Sekil 4’te gosterilmistir. Ek olarak, siniflandirma raporlar1 Tablo 5’te gosterilmistir.

Tablo 5, ¢apraz dogrulama islemi sonrasinda uygulanan makine 6grenmesi modellerine iliskin
simiflandirma raporunu gostermektedir. Bu rapor, her modelin uyku bozuklugu tiirlerine (Uykusuzluk,
Uyku Apnesi, Yok) gore kesinlik, geri cagirma ve F-1 skoru gibi performans metriklerini icermektedir.
Ayrica, her modelin genel dogruluk orani da belirtilmistir. Bu sonuglar, modellerin uyku bozukluklarini
ne kadar iyi siniflandirdigini ve her bir uyku bozuklugu tiirii i¢in modelin performansini gdstermektedir.
Lojistik regresyon modeli, Uykusuzluk, Uyku Apnesi ve Yok durumlar i¢in yiiksek kesinlik ve geri
cagirma oranlar1 elde etmis, 6zellikle Uyku Apnesi durumunda %94 kesinlik ve %98 geri ¢agirma ile
dikkat ¢ekici performans sergilemistir. Genel dogruluk %92 olup, uyku bozukluklarini siniflandirmada
etkili bir model oldugunu gostermektedir. Makro ve agirlikli ortalama degerleri, modelin genel olarak
dengeli bir performans sergiledigini belirtir.
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Tablo 5. Capraz dogrulama igleminin sonucunda modellere iliskin suniflandirma raporu

Modeller Kesinlik Geri F-1 Destek
Cagirma Skoru
Uykusuzluk 0.91 0.77 0.83 13
Lojistik Uyku Apnesi 0.94 0.98 0.96 48
Regresyon Yok 0.80 0.80 0.80 10
Dogruluk 0.92 71
Makro Ortalama 0.88 0.85 0.86 71
Agirlikl 0.91 0.92 0.91 71
Ortalama
Uykusuzluk 0.85 0.85 0.85 13
Uyku Apnesi 0.98 0.98 0.98 48
KNN Yok 0.90 0.90 0.90 10
Dogruluk 0.94 71
Makro Ortalama 0.91 0.91 0.91 71
Agirlikl 0.94 0.94 0.94 71
Ortalama
Uykusuzluk 0.83 0.77 0.80 13
Uyku Apnesi 0.96 0.98 0.97 48
Yok 0.90 0.90 0.90 10
Naive Bayes Dogruluk 0.93 71
Makro Ortalama 0.90 0.88 0.89 71
Agirlikh 0.93 0.93 0.93 71
Ortalama
Uykusuzluk 0.91 0.77 0.83 13
Uyku Apnesi 0.98 1.00 0.99 48
Yok 0.82 0.90 0.86 10
Random Forest Dogruluk 0.94 71
Makro Ortalama 0.90 0.89 0.89 71
Agirlikli 0.94 0.94 0.94 71
Ortalama
Uykusuzluk 0.91 0.77 0.83 13
Uyku Apnesi 0.98 1.00 0.99 48
Yok 0.82 0.90 0.86 10
SVM Dogruluk 0.94 71
Makro Ortalama 0.90 0.89 0.89 71
Agirlikli 0.94 0.94 0.94 71
Ortalama

KNN modeli, tim uyku bozuklugu tiirleri i¢in Lojistik Regresyona kiyasla biraz daha yiiksek
performans goéstermigtir. Ozellikle Uyku Apnesi durumu igin %98 kesinlik ve %98 geri ¢agirma
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orantyla miikkemmel bir sonug elde etmistir. Genel dogruluk %94 ile yiiksek deger elde etmistir. Makro
ve agirlikli ortalama degerlerinin yiiksekligi, modelin tiim simiflar arasinda dengeli ve giiclii bir per-
formans sergiledigini gosterir. Naive Bayes, Uykusuzluk ve Yok durumlari i¢in diger modellere gore
biraz daha diisiik performans sergilemis ancak Uyku Apnesi durumunda yiiksek bir basar1 orani elde
etmistir. Genel dogruluk %93 ile oldukga yiiksektir. Makro ve agirlikli ortalama degerleri, modelin
genel olarak dengeli bir performans sergiledigini belirtir. Random Forest ve SVM, uyku bozukluklarin
siniflandirmada 6zellikle Uyku Apnesi durumunda mitkemmel performans gdstermistir. Uyku Apnesi
durumu igin %98 kesinlik ve %100 geri ¢agirma oraniyla dikkat ¢ekicidir. Her iki modelin de genel
dogruluk orani %94'tiir, bu da onlar1 bu veri seti i¢in en etkili modellerden biri yapmaktadir. Makro ve
agirhikli ortalama degerleri, modellerin genel olarak yiiksek ve dengeli performans sergiledigini
gostermektedir. Sonug olarak, ¢apraz dogrulama sonuglari, incelenen makine 6grenmesi modellerinin
uyku bozukluklarini siniflandirmada yiiksek ve dengeli bir performans sergiledigini gdstermektedir. Bu
bulgular, model sec¢imi ve uyku bozukluklarinin tan1 ve tedavisindeki potansiyel uygulamalar agisindan
onemli bilgiler saglamaktadir. Modellerin yiiksek genel dogruluk oranlar1 ve dengeli performans
metrikleri, uyku bozukluklarmin etkili bir sekilde siniflandirilmasinda makine 6grenmesi yak-
lagimlarinin 6nemini vurgulamaktadir.
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Sekil 4. Modellerin 13 katli ¢caprazlama isleminin sonucunda elde edilen karmagiklik matrisleri

Capraz dogrulama sonuglarina dayanarak, Lojistik Regresyon, KNN, Naive Bayes, Random
Forest ve SVM modellerinin performanslar1 ayrintili olarak incelenmistir. Lojistik Regresyon modeli,
uyku apnesi sinifini oldukca yiiksek dogrulukla tahmin ederken, uykusuzluk ve "yok" siniflarinda bazi
karigikliklar yagamistir; uykusuzluk sinifinda 10 dogru tahmin yaparken 1 kisiyi uyku apnesi ve 2 kisiyi
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"yok" olarak yanlig siniflandirmistir. KNN modeli, uyku apnesi sinifinda benzer sekilde yiiksek
dogruluk saglamig, uykusuzluk ve "yok" siniflarinda ise daha az hata yapmistir. Naive Bayes modeli,
uyku apnesi sinifinda benzer performans sergilemis ancak uykusuzluk sinifinda diger modellere gore
daha fazla hata yapmistir; 10 dogru tahmine karsilik 2 kisiyi uyku apnesi olarak yanlis siniflandirmistir.
Random Forest modeli ise tiim siniflarda yiiksek dogruluk saglamis ve 6zellikle “uykusuzluk” sinifinda
en az hatayr yapmistir; 12 dogru tahmin yaparken sadece 1 kisiyi uyku apnesi olarak yanlis
simiflandirmigtir. Benzer sekilde, SVM modeli de “uyku apnesi” ve “yok” siniflarinda basarili olup,
uykusuzluk smifinda yiiksek dogruluk gostermistir.

Bu analizler, uyku apnesi sinifinin tiim modeller tarafindan yiiksek dogrulukla tahmin edildigini,
ancak “uykusuzluk” ve “yok” siniflarinda performans farkliliklarinin bulundugunu ortaya koymaktadir.
Uykusuzluk sinifinda en basarili modeller Random Forest ve SVM olup, her iki model de en az hatay1
yapmistir. Naive Bayes modeli ise uykusuzluk sinifinda diger modellere kiyasla daha fazla hata yap-
mistir. Genel performans agisindan, Random Forest ve SVM modelleri tiim siniflarda en yiliksek
dogrulugu saglamis ve uyku hastaliklariin siniflandirilmasinda {istiinliik gostermistir. Bu sonuglar,
uyku hastaliklarinin smiflandirilmasinda 6zellikle Random Forest ve SVM modellerinin etkinligini
vurgulamakta ve bu modellerin klinik uygulamalarda kullanilabilirligini desteklemektedir.

4. Sonuc ve Tartisma

Bu calisma, uyku sagligi ve yasam tarzi arasindaki iliskileri analiz ederek, uyku bozuklugu
siniflandirmasinda makine 6grenmesi yontemlerinin etkinligini kanitlamaktadir. Arastirma sonuglari,
cinsiyet, yas ve meslek gibi demografik faktorlerin uyku bozukluklari iizerinde belirgin bir etkiye sahip
oldugunu ortaya koymaktadir. Ayrica, makine 6grenmesi algoritmalarinin, 6zellikle Random Forest ve
Support Vector Machine (SVM) modellerinin, yiiksek dogruluk oranlar1 ve dengeli siniflandirma per-
formanslari ile bu bozukluklarin tanimlanmasinda gii¢lii araglar oldugu gdézlemlenmistir. Calismada,
uyku bozukluklarinin prevalansinin cinsiyet, yas ve meslek gibi faktorlerle anlamli bir iligkisi bulun-
mustur. Uykusuzluk durumunun, belirli meslek gruplarinda daha sik rastlanan bir sorun oldugu belir-
lenmistir. Ayrica, model performansi agisindan, aykir1 degerlerin temizlenmesi ve standartlastirma
islemlerinin ardindan makine 6grenmesi modellerinin dogrulugu 6nemli 6lgiide artmistir. Bu, uyku
bozuklugu siniflandirmasinda modellerin genellestirme kabiliyetinin ve robustlugunun, uygun veri 6n
isleme teknikleri ile nasil iyilestirilebilecegini gostermektedir. Ardindan, ¢apraz dogrulama, modellerin
egitim verilerine asirt uyum gostermeyerek, yeni ve goriilmemis verilere genelleme yapabilme
yetenegini basartyla test etmistir. Bu ¢aligmanin sonuglarina dayanarak su oneriler verilmektedir.
Caligmanin ortaya koydugu bulgularin egitim alanina entegrasyonu 6nem arz ettmektedir. Arastirmanin
gosterdigi lizere, uyku bozuklugunun meslek gruplari tizerindeki etkisi dikkate alindiginda, isyerlerinde
uyku sagliginin énemi konusunda bilinglendirme ve egitim programlarinin gelistirilmesi kritik 6neme
sahiptir. Bu baglamda, isyerlerine yonelik uygulanacak egitim seminerleri, uyku hijyeninin énemini
vurgulayarak c¢alisanlarin uyku kalitelerini artirmak igin pratik adimlar atabilecekleri stratejiler sun-
malidir. Ayrica, uyku diizeni ve kalitesini etkileyen faktorler hakkinda farkindaligi artirmak ve bu
faktorleri yonetme becerilerini gelistirmek i¢in kurumsal diizeyde egitimler diizenlenmelidir. Egitim
kurumlari, 6zellikle saglik ve egitim gibi yogun stres altinda c¢alisan meslek gruplar icin, uyku bo-
zukluklar1 ve bunlarin is performansi tizerindeki etkileri hakkinda 6zel dersler veya atolye ¢alismalari
planlamalidir. Bu programlar, uyku diizenini iyilestirme yontemleri, stres yonetimi teknikleri ve zaman
yOnetimi gibi konular1 kapsayabilir. Egitim miifredatina, 6zellikle tip ve saglik bilimleri 6grencileri i¢in
uyku tibbi ve uyku bozukluklart konusunda derinlemesine dersler eklenmesi, gelecegin saglik
profesyonellerinin bu 6nemli saglik sorununa karsi daha donanimli olmalarini saglayacaktir. Bunun
yan1 sira, uyku bozukluklarmin tani ve tedavisinde calisacak saglik profesyonellerine yonelik stirekli
profesyonel gelisim programlari, makine 6grenimi ve yapay zeka gibi yeni teknolojik araglarin
kullanimin1 igerecek sekilde gilincellenmelidir. Bu tiir egitimler, saglik hizmetlerinin verimliligini
artiracak ve hastalara sunulan bakim kalitesini ylikseltecek potansiyel uygulamalara isaret etmektedir.
Ozellikle egitim sektoriinde, 6gretmenlerin ve dgrencilerin saglikli uyku aliskanliklar gelistirmelerine
yardimcei olacak okul bazli miidahalelerin tasarlanmasi gerekmektedir. Okullar, uyku egitimi program-
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larini saglik ve refah miifredatlarinin bir parcasi haline getirerek, geng bireylerin erken yaglarda saglikli
uyku diizeni konusunda bilin¢lenmelerini saglamalidir.

Calismadan elde edilen bulgular, literatiirdeki benzer calismalarla karsilastirilarak deger-
lendirildiginde, oncelikle, Random Forest ve SVM modellerinin yiiksek dogruluk oranlari, uyku bo-
zukluklarimin smiflandirilmasinda etkili araglar olduklarim géstermektedir. Bu sonuglar, Sundararajan
vd. [9] tarafindan bilege takilan ivmedlger verileri kullanilarak yapilan ¢alismada rastgele ormanlarin
uyku smiflandirmasinda etkili oldugunu gostermesiyle uyumludur. Benzer sekilde, Kwon vd. [6]
tarafindan yapilan ¢alismada evrigimli derin sinir aglarimin yiiksek siniflandirma dogrulugu sagladigi
belirtilmistir, bu da ¢alismamizda kullanilan modellerin basarisini desteklemektedir. Meslek tiirleri ve
stres seviyelerinin uyku bozukluklar1 {izerindeki etkisi, literatiirde genis bir sekilde ele alinmstir.
Ornegin, Karasek'in Is Talepleri-Kaynaklar1 modeli, isin talepleri ve bireyin bu talepleri karsilamak i¢in
sahip oldugu kaynaklar arasindaki dengesizligin stres yaratma potansiyeline isaret etmektedir.
Calisgmamizda, yliksek stres seviyelerine sahip meslek gruplarinin uyku bozukluklari yasama
olasiliginin daha yiiksek oldugunu bulduk. Bu bulgular, Yperen [20] ve Pelfrene vd. [21] tarafindan
yapilan ¢alismalarda belirtilen is stresi teorileriyle uyumludur. Ayrica, ¢alismamizda kullanilan makine
ogrenimi modellerinin performanslari, Rakhonde vd. [7] tarafindan yapilan uyku evresi siniflandirma
calismasinda Stokastik Gradyan Inisi (SGD) kullanilarak elde edilen sonuglarla da karsilastirilabilir.
Caligmamizda Naive Bayes modeli uyku apnesi durumunda yiiksek dogruluk orani saglarken,
Rakhonde vd. [7] ¢alismasinda SGD'nin benzer bir basari elde ettigi gortilmiistiir. Bu ¢alismanin lit-
eratiire katkisi, uyku bozukluklarinin siniflandirilmasinda makine 6grenimi algoritmalarinin etkinligini
gosterirken, ayn1 zamanda meslek tiirleri ve stres seviyelerinin bu bozukluklar iizerindeki etkilerini de
vurgulamaktadir. Literatlirde, uyku bozukluklarinin belirli meslek gruplar arasinda farklilik gosterdigi
ve stresin uyku kalitesi lizerindeki etkisi konusunda c¢esitli goriisler mevcuttur. Calismamiz bu konuda
yeni veriler sunarak, 6zellikle uyku sagliginin iyilestirilmesine yonelik stratejilerin gelistirilmesinde
o6nemli bir kaynak olabilir. Kullanilan y6ntemlerin literatiirdeki yeri ve 6nceki ¢alismalardan nasil
farklilagtig1 da detaylandirilmalidir. Calismamizda, Random Forest ve SVM modellerinin yam sira
Naive Bayes, KNN ve Lojistik Regresyon gibi ¢esitli makine 6grenimi modelleri kullanilmistir. Bu
modellerin sec¢imi, literatiirdeki benzer ¢aligmalarda elde edilen basarilar ve dogruluk oranlar1 goz
oniinde bulundurularak yapilmistir. Ornegin, Cho vd. [12] tarafindan yapilan galismada rastgele orman
ve torbalama yontemlerinin uyku agamalarini ayirt etmede etkili oldugu belirtilmistir. Sonug olarak, bu
calismanin bulgulari, literatiirdeki mevcut bilgilerle karsilastinildiginda uyku bozukluklarinin
siiflandirilmasinda makine 6grenimi algoritmalarinin etkinligini ve ¢esitli meslek gruplarinin uyku
kalitesi lizerindeki etkisini ortaya koymaktadir.

Bu ¢aligmanin potansiyel kisitliliklari, aragtirma tasariminin ve uygulamanin birtakim smirlama-
lar1 etrafinda sekillenmektedir. ilk olarak, veri setinin nispeten sinirli boyutu, elde edilen bulgularin
genigletilebilirligi tizerinde dogal sinirlar olusturmakta ve bu bulgularin farkli popiilasyonlara veya
cesitli demografik yapiya sahip topluluklara uygulanabilirligini sinirlamaktadir. Caligmada kullanilan
veri seti, yalnizca 374 katilimciyr igermektedir. Bu, makine 6grenmesi modellerinin genellestirme
yetenegini siirlayabilir ve sonuglarin genis popiilasyonlara uygulanabilirligini azaltabilir. ikinci olarak,
uyku bozuklugunun 6l¢iimiinde kullanilan yontemlerin 6znel niteligi, 6l¢iim hatalarina ve yanliliklara
yol agabilecek faktorler arasinda yer almaktadir. Ayrica, veri setinin igerdigi degiskenlerin ve bu
degiskenlerin Ol¢iimlerinin tiim potansiyel etkileyici faktorleri kapsamamasi veya yeterli derinlige
ulagsmamasi, analizin kapsamini ve yorumlanabilirligini sinirlayabilir. Secilen makine égrenimi mod-
ellerinin ve bunlarin hiperparametre ayarlarmin sonuglar iizerinde énemli bir etkisi bulunmakta olup,
farkl1 modelleme tekniklerinin veya parametre ayarlarinin farkli sonuglar iiretebileceginin bilinciyle
yaklagilmalidir. Ayrica, kullanilan modellerin "kara kutu" dogasi, modellerin karar verme siireglerinin
anlagilmasini gii¢lestirmekte ve modellerin uygulanabilirligine iligkin soru isaretleri dogurabilmektedir.
Model validasyonu i¢in tercih edilen ¢apraz dogrulama yontemi, modelin genellestirme kabiliyetine dair
sagladig1 iggoriiler bakimindan elestirel olsa da, segilen kat sayisinin ve rastgeleligin sonuglara etkisi
g0z ard1 edilemez. Son olarak, bu ¢alismanin gozlemsel bir aragtirma olmasi, nedensel iligkilerin tespiti
acisindan deneysel calismalara kiyasla sinirli kalmasina neden olur. Elde edilen iligkilerin yalnizca
korelatif oldugu ve nedensel olarak yorumlanmamasi gerektigi unutulmamalidir. Bu kisithiliklar, bul-
gularin daha genis baglamlarda degerlendirilmesi ve gelecek aragtirmalarda metodolojik iyilestirmeler
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yapilmasi gerektiginin altin1 ¢izmektedir. Bu nedenle, arastirmanin sonuglarinin 1s183inda gelecekteki
caligmalarda bu kisitlamalarin iistesinden gelecek yollarin arastirilmasi Onerilmektedir. Gelecek
caligmalarda, mevcut arastirmanin sonuglarin1 daha genis bir perspektiften ele almak ve bulgularin
kapsamin1 genisletmek amaclamalidir. Bu baglamda, veri setinin boyutu ve cesitliligi énemli bir
baglangi¢c noktasidir. Daha genis ve demografik agidan ¢esitli bir katilimc1 havuzu kullanarak, elde
edilen modellerin genel niifus {izerindeki uygulanabilirliginin ve gilivenirliginin artirilmasi
hedeflenmelidir. Bu, farkli etnik kdkenlerden, yas gruplarindan ve sosyoekonomik statiilerden birey-
lerin dahil edilmesini gerektirir. Ozgiil olarak, uyku bozuklugu arastirmalari, biyolojik gostergeler gibi
objektif uyku kalitesi dl¢iimlerini de igermelidir. Bu sayede, modelin 6znel raporlama yanliliklarindan
etkilenmeden, uyku bozukluklarini daha dogru bir sekilde siniflandirmasi saglanabilir. Ayrica, uzun-
lamasina c¢alismalar, uyku bozuklugunun ilerleyisini ve tedaviye yanitini izleme firsati sunarak, zaman
icindeki degisiklikleri ve tedavi sonuglarin1 degerlendirme imkani verebilir. Bunun yani sira, makine
6grenimi modellerinin gelistirilmesi ve dogrulanmasi da, farkli algoritmalarin ve hiperparametre ayar-
larinin sistematik bir sekilde test edilmesini gerektirir. Model karar siireclerinin agiklanabilirligini
artirmak i¢in, modelin nasil karar verdigini ve hangi 6zelliklerin 6nemli oldugunu agiklayan teknikler
gelistirilmeli ve uygulanmalidir. Ayrica, bulgularin klinik uygulamaya doniisiimiinii kolaylagtirmak
icin, gergek diinya verileri kullanilarak modellerin uygulanabilirligi ve etkililigi degerlendirilmelidir.
Klinik ortamlarda gerceklestirilecek pilot ¢calismalar, modellerin uyku bozukluklarinin tan1 ve tedavi
sireglerine entegrasyonunu test edebilir. Bu tiir ¢aligmalar, makine 6grenimi tabanli araglarin klinik
karar verme sireglerine entegre edilmesi ve hasta bakiminin iyilestirilmesi yoniindeki pratik adimlari
belirleyebilir.

Cikar Catismasi
Yazar(lar) bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazar(lar) bu ¢alismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Ozet: Bu ¢alismada, standart ekmek regetesine uygun olarak hazirlanan bir adet
kontrol grubu ekmek (KGE) ile fermente edilmis yas tarhana hamurundan ii¢
farkli ekmek iiretimi gerceklestirildi. Ekmeklerin receteleri, tarhana yapimi sira-
sinda kullanilan un miktar1 ve tiiriinde degisiklik yapilarak hazirlandi. Tarhana
ekmeklerinden ikisi farkli miktarlarda bugday unu kullanilarak hazirlanirken diger
ornek gliitensiz un kullanilarak hazirlandi (TE1: 350 g bugday unu, TE2: 500 g
bugday unu, TE3: 350 g gliitensiz un). Ekmeklerin duyusal 6zelliklerinin belir-
lenmesi amaciyla 71 katilimcr tarafindan duyusal analiz testi yapildi ve ardindan
katilimcilardan satin alma niyetini belirleme formunun doldurulmasi istendi. Elde
edilen veriler istatistiki acidan degerlendirildi.

Ekmeklerin duyusal analiz sonuglarina gore; KGE en yiiksek duyusal
Ozelliklere sahip ekmek olurken en diigiik duyusal degerleri TE3 6rnegi gosterdi.
Tarhana ekmekleri arasinda en yiiksek duyusal 6zelligi TE1 6rnegi gosterirken
onu sirastyla TE2 ve TE3 6rnegi izledi. Genel kabul edilebilirlik degerlerinde TE3
orneginin ortalamanin altinda puan almasi duyusal 6zelliklerinin gelistirilmesi
gerektigi sonucunu ortaya koydu. Tiiketici satin alma niyeti formunun sonuglarin
da ise; KGE ve TEI1 6rneklerini satin alma niyeti yiiksek bulunurken TE2 ve TE3
ornekleri ortalamanin altinda sonuglar vererek satin alma niyeti diisiik bulundu.
Tiim sonuglar 151¢inda TE2 ve TE3 ekmeginin baz1 duyusal 6zelliklerinde iyiles-
tirmeler yapilmasi gerektigine karar verildi.

Anahtar Kelimeler: Tarhana; ekmek; fonksiyonel gida; triin gelistirme

Sensory Analysis of Breads Prepared from Tarhana Dough in Different
Formulations and Determination of Purchasing Intention

Abstract: In this study, one control group bread (CGE) prepared according to a
standard bread recipe and three different breads were produced from fermented
fresh tarhana dough. The recipes of the breads were prepared by changing the
amount and type of flour used during tarhana making. Two of the tarhana breads
were prepared using different amounts of wheat flour, while the other sample was
prepared using gluten-free flour (TE1: 350 g wheat flour, TE2: 500 g wheat flour,
TE3: 350 g gluten-free flour). A sensory analysis test was performed by 71 par-
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ticipants to determine the sensory properties of the breads and then the participants
were asked to fill in the purchase intention form. The data obtained were evaluated
statistically.

According to the results of the sensory analysis of the breads; while KGE had
the highest sensory properties, TE3 sample showed the lowest sensory values.
Among the tarhana breads, TE1 sample showed the highest sensory characteris-
tics, followed by TE2 and TE3 samples, respectively. The fact that TE3 sample
scored below average in general acceptability values revealed that its sensory
properties should be improved. In the results of the consumer purchase intention
form; while the intention to purchase the CGE and TE1 samples was found to be
high, the intention to purchase the TE2 and TE3 samples was found to be low with
below average results. In the light of all the results, it was decided that some
improvements should be made in some sensory properties of TE2 and TE3 bread.

Keywords: Tarhana; bread; functional food; product development

1. GIRIS

Gidalar, insanlarin yagsamsal faaliyetlerini surdirmelerine olanak taniyan 6nemli kaynaklardan
biridir. Bu kaynak, yasamin devamliligini saglamasinin yani sira kaliteli ve saglikli bir émir strdi-
rilmesinde de etkilidir. Dolayisiyla tliketime uygun gidalarin 6zellikleri, insan hayatinin seyrini belir-
leyebilecek derecede 6nem arz etmektedir [1]. Kiresel 1sinma ile birlikte diinya genelinde yasanan
iklimsel degisiklikler, toprak, su ve hava kirliligi, cevresel bozulmalar, kaynaklarin yanlis ve ol¢iisiizce
kullanilmasi gibi bir¢cok sebep insan sagligini tehdit edici etkilere yol agmaktadir. Bu durumlar ayni
zamanda tarim faaliyetlerini de etkilemekte dolayisiyla gida giivenligi konusunda birtakim sikintilarin
yagsanmasina sebep olmaktadir [1-3]. 21. yy.da gelinen son noktada kiiresel ¢apli bozulmalara kars1 hem
ulusal hem de uluslararas1 strdirilebilir dnlemler gelistirilmekte ve insan sagligin1 koruma zerine
caligmalar yuritilmektedir. Boylece gergeklesmesi 6n goriilen kotli senaryolara karsi tedbirler alin-
maktadir. Yapilan ¢alismalar arasinda; insan sagligini 6n planda tutan fonksiyonel gida pazarinin Ku-
rulmasi ve strdUrilebilir tarim ve gida uygulamalari igin yerel gida hareketi ile yavas gida hareketinin
olusturulmasi atilan 6nemli adimlar arasinda yer almaktadir [4-6].

Insanlar, kiiresel boyutlu bozulmalardan dolay1 yasamlarinda fark ettikleri olumsuz degisimlerden
etkilenmemek adina hayat standartlarin1 arttirmaya ve daha kaliteli bir yasam bigimini tercih etmeye
yonelmiglerdir. Bu noktada artan ve yayilan hastaliklardan korunmak ve yakalanma riskini en aza
indirebilmek adina saglikli gida arayis1 igine girerek fonksiyonel gidaya olan talebi artirmiglardir [5].

Fonksiyonel gidalar, Japonya hiikimetinin saglik politikalarindaki maliyet diizenleme ¢alismalari
sirasinda ortaya ¢ikmugtir. 1980 ile 1990 yillar1 arasinda Uzerinde yogun calismalar gergeklestirilerek
kanunen ‘‘Ozel Saglik Kullanim1 Amach Gidalar (Food for Specified Health Use-FOSHU)*’ olarak
adlandirilmig ve diger gidalar ile gida takviyesi tirtinlerinden keskin bir bigimde ayristirtlmistir [7, 8].
Fonksiyonel gida alanindaki ¢caligmalarin diinya geneline yayilmasiyla birlikte; Avrupa’da 1995 yilinda
Avrupa’da Fonksiyonel Gida Bilimi (Functional Food Science in Europe-FUFOSE) ve Amerika’da
1998 yilinda Fonksiyonel Gida Merkezi (Functional Food Center-FFC) kurularak hem bilimsel hem de
ticari boyutlu faaliyetler hiz kazanmistir [9-10]. Tiirkiye’nin fonksiyonel gida iizerine ¢aligmalar yi-
ritmesi ve kuresel pazara dahil olma sureci ise 2000 yilindan sonra baslamistir [11]. Fonksiyonel gida
kavraminin tanimlanmasi bir¢ok kurum ve kisi tarafindan farkli sekillerde izah edilmistir. Bu dogrul-
tuda; Japonya fonksiyonel gidayi: ¢“Saglikli yasam i¢in besinler’” olarak tanimlarken Avrupa Birligi:
“‘Beslenme amagli gidalar veya diyet gidalar1’” olarak kisaca tanimlamiglardir [11, 12]. GlUnumuzde
hala fonksiyonel gida tamim1 hakkinda tartigmalar devam etmekte olup yeni tanim Onerileri arasinda:
““Fonksiyonel gidalar, olast saglik artirict veya hastalik onleyici degere sahip maddeleri veya canl
mikroorganizmalart icerecek sekilde ve amaglanan faydayt elde etmek icin hem giivenli hem de yete-
rince yiiksek bir konsantrasyonda formiile edilmis yeni gidalardir. Eklenen bilesenler arasinda besin
maddelerini, diyet lifini, fitokimyasallari, diger maddeleri veya probiyotikieri icerebilir.”’ seklinde
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genis bir tanimi yapilmustir [13]. Yapilan tanimlamalardan yola ¢ikarak kisaca fonksiyonel gidalar igin;
viicuttaki sistemlerin isleyisine yarimeci olup hastalik riskini azaltan ve saglik {izerinde kanitlanmisg
etkileri bulunan bilesenlere sahip gidalar, seklinde bir agiklama yapilabilir.

Guvenilir ve stirdiiriilebilir gida talebi dogrultusunda insanlarin yoneldikleri bir diger alan ise
yerel gidalardir. Kirsal bolgelerde yetisen mahsullerden iiretilen ve dogal, organik, saglikli gibi ifade-
lerle 6zdeslestirilen bu gidalar ayn1 zamanda g¢evresel, siirdiiriilebilir, ekonomik ve sosyo-kulturel et-
kileriyle 6n plana ¢ikmaktadir. Ait oldugu kiiltiiriin izlerini tasimasi, dogaya uygun tiretimin gergek-
lestirilmesi, kirsal kesimdeki iireticilere ekonomik refah saglamasi ve tiiketici i¢in saglikl ve siirdiirii-
lebilir gidaya erisim imkani sunmasi gibi bir¢ok sebeple [14, 15] yavas gida hareketine olan ilgi ve yerel
gida pazarina olan talep artarak devam etmektedir.

Tarhana, en eski geleneksel Tirk mutfak lezzetlerinden biri olarak bilinmektedir. Tarihsel stire¢
icerisinde bolgelere gore cesitlilik gostermesi ve yapildigi yoredeki farkli {iriinlerle zenginlestirilmesi
tirlini yoresel bir gida haline de getirmistir [16-18]. Tarhananin 6nemli gidalardan biri olmasinin se-
bepleri arasinda kiiltiirel baglamda koklii bir gegmisinin olmasinin yani sira fermente bir iiriin olmasi ve
icerdigi besinlerin sahip oldugu bilesenler sayesinde fonksiyonel 6zellikler tasiyor olmasi da bulun-
maktadir. Temeli bugday ve yogurdun belirli oranlarda karigtirilip fermente edilmesine dayanan tar-
hanaya zaman igerisinde domates, biber, sogan ve ¢esitli yesilliklerin dahil edilmesiyle besin igerigi
yoniinden zengin bir gida olmasi saglanmistir [16-18]. Yogurtta bulunan probiyotikler, domatesteki,
likopen, tokoferol ve flavonoidler, kirmizi biberdeki karotenoidler, sogandaki kuarsetin gibi bilesenler
ile ¢esitli vitamin (6zellikle A vitamini ve B grubu vitaminleri) ve mineraller (kalsiyum, demir, sodyum,
potasyum, magnezyum, ¢inko, bakir) sayesinde tarhana saglik tizerinde islevsel etkileri bulunan bir gida
olarak bilinmektedir [19-22].

Bu ¢aligmada, Tiirk mutfak kiiltliriiniin en eski geleneksel lezzetlerinden biri olan tarhananin,
zengin besin iceriginden ve saglik iizerindeki kanitlanmig etkilerinden daha fazla yararlanilmasin
saglamak icin glinliik tiiketimdeki yerini arttirmak amaglanmistir. Bu dogrultuda fermente edilmis yas
tarhana hamurundan yeni bir iiriin gelistirmek adina giinliik beslenmede en ¢ok yer edinmis olan ek-
megin tarhana hamurundan {iretilmesine karar verilmistir. Uretilen yeni driiniin duyusal analiz yontemi
ile tikketime uygunlugu arastirilirken ayni zamanda satin alma niyeti anketi ile tiiketicinin {iriinii talep
etme diizeyi de Ol¢Ulmiistiir. Calisma, hem yerel hem de fonksiyonel bir iriin olan tarhananin kullanim
olanagini artirmay1 amagladigi ve geleneksel bir iirlinden farkli bir iiriin gelistirme konusunda 6rnek
teskil ettigi icin 6nem arz etmektedir.

2. MATERYAL VE METOT
Aragtirmanin  yapilamasi i¢in gerekli olan etik kurul izni 09.09.2023 tarihli,
E-87347630-659-720242 sayil1 belge ile alinmastir.

2.1. Materyal

Arastirma igin iiretilmesi planlar 4 ekmek 6rnegi icin 6n denemeler yapilarak receteler hazirlan-
mustir. Regetelerde yer alan malzemeler, Aydin’in Soke ilgesindeki yerel market ve pazardan temin
edilmis ve ekmeklerin iiretimi Dokuz Eyliil Universitesi Efes Meslek Yiiksekokulu’nda bulunan labo-
ratuvarda gergeklestirilmistir. Kontrol grubu ekmek (KGE) icin un, su, tuz ve maya kullanilmustr.
Tarhana ekmeklerinin dretiminde ise tiim ekmekler i¢in ayn1 miktarlarda; domates, sogan, yesil biber,
kirmiz1 biber, dereotu, taze nane ve haslanmis nohut kullanilmistir. Ornekler arasindan direkt yas tar-
hana hamurundan iiretilen ekmek (TE1) i¢in 350 g bugday unu, yas tarhana hamuruna un ilave edilerek
iiretilen ekmek (TE2) i¢in 500 g bugday unu ve gliitensiz tarhana ekmegi (TE3) i¢in 350 g gliitensiz
ekmek unu kullanilmigtir. EKmeklere ait malzemeler ve miktarlar1 Tablo 1’de yer almaktadir.

Tablo 1. Ekmek Orneklerine Ait Malzemeler ve Miktarlar:

Ekmek Ornekleri Malzemeler ve miktarlari

500 g bugday unu, 325 ml su, 7.5 g tuz, 12.5 g
KGE maya
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350 bugday unu, 125 g yogurt, 30 g domates, 30
TE1 g sogan, 5 g yesil biber, 5 g kirmizi biber, 5 g taze
nane, 5 g dereotu, 5 g haglanmig nohut, 75 ml su,
5.25 g tuz

500 bugday unu, 125 g yogurt, 30 g domates, 30
TE2 gsogan, 5 g yesil biber, 5 g kirmizi biber, 5 g taze
nane, 5 g dereotu, 5 g haslanmis nohut, 75 ml su,
7.59tuz

350 glitensiz ekmeklik un, 125 g yogurt, 30 g
TE3 domates, 30 g sogan, 5 g yesil biber, 5 g kirmiz1
biber, 5 g taze nane, 5 g dereotu, 5 g haglanmig
nohut, 75 ml su

Tablo 1°de 6rneklere ait malzemeler her bir ekmegin iiretim basamaklarina uygun olarak hazir-
lanip kullanilmistir. KGE 6rnegi ile tarhana ekmekleri arasinda iiretim siirecinde farkliliklar bulunurken
tarhana ekmeklerinin iiretim basamaklar1 ayni olup sadece kullanilan iiriin miktar1 ve tiiriinde farkliliklar
mevcuttur. Sekil 1’de KGE 6rneginin iiretim akig semasina yer verilmistir.

= [
=) [
=) It

Sekil 1. KGE 6rneginin iiretim akis semasi

Sekil 1’de goriildiigii iizere un ve su ile homojen bir hamur elde edildikten sonra tuz ve mayanin
aralikli olarak eklenmesi ve iki kez yogrulmasinin ardindan fermantasyon siireci baglamaktadir. 90
dakikalik fermantasyon siireci sonunda hamura sekil verilerek tepsi mayasi i¢in kisa siire dinlendirilip
pisirme islemi gergeklestirilmistir.
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=)

‘ Un lavesi
‘ Un flavesi

Sekil 2. Tarhana Ekmeklerinin Uretim Akis Semasi

Sekil 2’de ise tarhana ekmeklerinin iiretim akis semasi bulunmaktadir. Tarhana hamuru yapimiyla
baslayan bu sureg, tarhana icin gerekli tiim sebze, bakliyat ve otlarin yikanip dogranip karigtirilmasiyla
baglamaktadir. Pigen karigim soguduktan sonra yogurt ve un ilavesi yapilarak tarhana hamurlari elde
edilmigtir. 72 saatlik fermantasyon siiresi boyunca her 24 saatin sonunda un ilavesi yapilarak tiim 6r-
neklerin mayalanma aktivasyonuna destek olunmustur. Fermantasyon sonunda hamurlara sekil verilip
pisirilmislerdir.

2.2. Tarhana Hamurunun Yapim ve Ekmeklerin Uretimi

Ekmek orneklerinin Gretiminde; kontrol grubu ekmek i¢in 500 g bugday unu ile 325 ml su karis-
tirllarak homojen bir hamur elde edilmistir. Ardindan 7.5 g tuz ilave edilerek ikinci yogurma islemi
gerceklestirilmis ve hamur kisa siireli dinlenmeye birakildiktan sonra 12,5 g maya ilave edilerek son kez
yogrulup oda sicakliginda fermantasyona birakilmistir. 90 dakika boyunca fermente olan hamur dnce-
den 1sitilmis 180°C firinda 30 dakika pisirilmistir. Her bir tarhana ekmeginin Gretimi igin; 30 g domates
ve 30 g sogan blender ile dograndiktan sonra her birinden 5’er g olacak sekilde; kirmizi biber, yesil
biber, dereotu, taze nane ve haslanmis nohut blendera alinarak domates ve sogan ile birlikte dogran-
mustir. Esit boyutlarda dogranan malzemelerden homojen karisimlar elde edilmistir. Karigimlar tence-
reye alinarak TE1 6rnegi igin 75 ml su ve 5.25 g tuz; TE2 6rnegi igin 75 ml su ve 7.5 g tuz; TE3 6rnegi
i¢in sadece 75 ml su ilavesi yapilarak karigimlar kaynama noktasina gelinceye kadar pisirilmistir. TE3
ornegine tuz eklenmemesinin sebebi gliitensiz unun iginde ¢alismada belirlenen oranda tuz bulunma-
sindan kaynaklanmaktadir. Pisen karigimlar soguduktan sonra her birine 125’er g yogurt ve 300’er g un
ilave edilerek tarhana hamurlari elde edilmistir. 72 saat boyunca oda sicakliginda dogal fermantasyona
birakilan hamurlara 24 saatin sonunda 25 g ve 48 saatin sonunda yine 25 g un eklenerek mayanin ak-
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tivasyonu desteklenmistir. 72 saatlik fermantasyon sonunda TE1 ve TE3 6rneklerine sekil verilip pi-
sirme iglemi uygulanirken TE2 6rnegine 150 g daha un ilavesi yapildiktan sonra sekil verilip pisiril-
mistir. Tiim tarhana ekmekleri de kontrol ekmeginde oldugu gibi 6nceden 1sitilmis 180°C firinda 30

dakika boyunca pisirilmislerdir.

Sekil 6. TE3 Ornegi
Ekmeklerin pisirilmis hallerinin 6n yuzi, arka yUzu ve dilimlenmis halleri Sekil 3, Sekil 4, Sekil 5

ve Sekil 6°da yer almaktadir. i¢ sicaklig1 gecinceye kadar dinlendirilen ekmekler duyusal analiz testi
i¢in dilimlenerek tadim tabaklarina yerlestirilmislerdir.
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2.3. Duyusal Analiz

Uretimi tamamlanip tiiketime hazir hale getirilen ekmeklerin duyusal analizi i¢in 71 katilimcinin
yer aldig1 bir panel olusturulmustur. Demografik 6zellikleri incelenen katilimeilarin; 18-65 yas arali-
ginda 46 kadin ve 25 erkekten olustugu tespit edilmektedir. Katilimeilarin yas dagilimlar: incelendi-
ginde ise; 18-25 yas araliginda 23 kisinin, 26-45 yas araliginda 26 kisinin ve 46-65 yas araliginda 22
kisinin arastirmada yer aldigi saptanmaktadir. Bu durum, her yas grubundan birbirine yakin sayida
katilimeinin arastirmaya dahil oldugunu gostermektedir.

Duyusal 6zelliklerin degerlendirilmesinde, bu ¢alismaya benzer bir galismada [23] kullanilan; 1-5
arasi puanlamayla olusturulmus hedonik 6lgegin tercih edildigi (1- gok kot, 2-kotu, 3-orta, 4- iyi, 5-¢cok
iyi) ve tim duyusal kalite kriterlerini i¢eren tadim formunun kullanilmasi uygun bulunmustur. Kati-
limcilarin objektif degerlendirme yapabilmesi igin ekmekler tadim tabaklarinda rastgele olusturulmus
iic basamakli numaralarla kodlanmigtir. Duyusal degerlendirme formu ‘‘goriiniis 6zellikleri, tat ve
aroma Ozellikleri, tekstlr ozellikleri, agizda biraktig1 his ve genel kabul edilebilirlik 6zelligi’> olmak
tizere 5 ana degerlendirme ve bunlarin genisletilmis alt degerlendirmelerinden olugmaktadir.

2.4. Satin Alma Niyeti

Satin alma niyetini belirlemeye yo6nelik olarak ti¢ ifadeden olusan ve 5°1i likert 6lgegiyle hazir-
lanmis bir satin alma niyeti degerlendirme formu kullanilmustir. 1-5 hedonik 6lgek (1 Puan: Kesinlikle
katilmiyorum, 2 Puan: Katilmiyorum, 3 Puan: Ne katiliyorum ne katilmiyorum, 4 Puan: Katiliryorum, 5
Puan: Kesinlikle katiliyorum) ile puanlama yapilmasi istenen ifadeler araciligiyla her bir ekmek 6rne-
gine ait satin alma niyeti belirlenmistir.

2.5. Istatistiksel Analiz

Duyusal analiz ve satin alma niyeti formu araciligiyla toplanan veriler SPSS 28.0.0 paket prog-
rami kullanilarak analiz edilmistir. Ornekler arasindaki duyusal farkliliklarin ve satin alma niyeti de-
gerlerinin tespit edilmesi icin tek yonlu varyans analizi (One-way ANOVA) kullanilmistir. Analiz
sonuclarinin istatistiki agidan degerlendirilebilmesi i¢in p<0.05 olasilik diizeyinde Duncan ¢oklu kar-
silastirma testi kullanilmistir.

3. BULGULAR VE TARTISMA

Bu kisimda, galigma igin toplanan veriler ve analiz sonuglarina yer verilip literatiirde bulunan
benzer ¢aligmalara ait sonuglarla kiyaslama yapilarak benzerlikler ve farkliliklar tizerine ¢ikarimlarda
bulunulacaktir.

3.1. Katihmeilara Ait Demografik Ozellikler

Duyusal analiz testine katilim saglayan 71 kisilik panel; 18-65 yas araliginda 46 kadin ve 25 erkek
katilimcidan olusmaktadir. Katilimeilar Dokuz Eyliil Universitesi Efes Meslek Yiiksekokulu’nda
gorev yapan akademisyenler, personeller ve 6grenim goren 6grencilerden segilmistir. Yas araligina gore
katilimer sayis1 hesaplandiginda; 18-25 yas arasi 23 kisi, 26-45 yas arasi 26 kisi ve 46-65 yas aras1 22
kisinin arastirmaya katildig1 tespit edilmistir. Yas araliklaria gore siniflandirildiginda, katilimer sayi-
larinin birbirine yakin oldugu anlasilmaktadir.

3.2. Duyusal Analize iliskin Bulgular

Ekmek orneklerine ait duyusal degerlendirmeler; goriiniis, lezzet/tat, koku, tekstiir, agizda birak-
t1g1 his ve genel kabul edilebilirlik bagliklar1 altinda 1 (¢ok zayif) ve 5 (Cok iyi) arasinda puanlama
yapilarak belirlenmistir. Her bir baglik alt kategorilere ayrilarak kapsamli bir duyusal degerlendirme
yapilmigtir. Buna gore; goriiniis 6zellikleri ‘‘hacim, kabuk rengi, i¢ rengi, gézenek yapisi ve sekil si-
metrisi’’, lezzet/tat 6zellikleri ‘‘genel lezzet yogunlugu, genel aroma yogunlugu’’, tekstiir 6zellikleri ise
“‘cignenebilirlik, sertlik, yapiskanlik ve ufalanma’’ gibi ayristirilarak detayli degerlendirme yapilmast
saglanmustir.
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Tablo 2. Ekmeklerin Gériiniis Ozelliklerine Ait Duyusal Analiz Sonuclart

Goriiniis
Gozenek Sekil
Ornek Hacim Kabuk Rengi i¢c Rengi
Yapisi Simetrisi
KGE 4.30£0.90? 3.70+1.22 4.12+1.012 4.19+1.078 4.32+0.782
TEL 3.56+1.28b 3.66+1.212 3.73£1.29° 3.43£1.30° 4.00+£1.15%
TE2 3.61+0.99° 3.71+£1.112 3.53£1.11% 3.22+1.07° 3.77£1.01°
TE3 3.23+1.22b 3.11+1.14° 3.18+£1.22¢ 2.71£1.28¢ 3.73£1.06°

*a,b,c, ayni siitunda farkly harflerle gosterilen ortalamalar arasinda istatistiksel olarak onemli fark bulunmak-

tadir (p<0.05).

Tablo 2°de ekmeklerin goriiniis 6zelliklerine ait sonuglar incelendiginde; KGE 6rneginin kabuk
rengi hari¢ diger tiim 6zelliklerde en yiiksek degeri aldig1 goriiliirken TE3 6rneginin ise tiim goriiniis
ozelliklerinde en diigiik degerleri aldig1 saptanmaktadir. TE2 6rneginin kabuk rengi degeri ¢ok kiigiik bir
farkla KGE orneginden yiiksek bulunurken ortalamanin altinda deger alan tek 6rnegin ise gdzenek
yapisi Ozelliginde 2.71 puan alan TE3 6rnegi oldugu goriilmektedir. Dolayisiyla TE3 6rneginin gdzenek
yapisi haricinde diger tiim goriintis 6zelliklerinin her ekmek 6rnegi igin kabul edilebilir oldugu sonu-
cuna ulasilmaktadir.

Ekmek ornekleri arasinda yapilan istatistiki degerlendirme sonuglarinda ise; KGE 6rneginin ha-
cim, i¢ rengi ve gozenek yapist 0zelliklerinde diger orneklerden belirgin bir bi¢imde farklilagtig
(p<0.05) gozlenirken kabuk renginde sadece TE3 ornegi ile farklilik gosterdigi (p<0.05) ve sekil si-
metrisinde de sadece TE1 6rnegi ile benzerlik gosterdigi (p>0.05) tespit edilmektedir. TE3 6rnegi ise
kabuk rengi ve gozenek yapisi 6zelliklerinde diger 6rneklerden belirgin bir bigimde farklilasmaktadir
(p<0.05). TEL ve TE2 6rnekleri ise tiim goriiniis 6zelliklerinde birbirlerine benzerlik (p>0.05) goste-
rirken kabuk renginde TE3 6rneginden, i¢ renginde ve gozenek yapisinda ise hem KGE hem de TE3
orneginden 6nemli bigimde farklilik (p<0.05) gostermektedir.

Tablo 3. Ekmeklerin Lezzet Ozelliklerine Ait Duyusal Analiz Sonuclar:

Lezzet
Ornek Genel Lezzet Yogunlugu Genel Aroma Yogunlugu
KGE 3.70+1.232 3.60+1.212
TEl 3.30+1.272b 3.43+1.292
TE2 3.05+1.24° 3.33+1.21°
TE3 3.09+1.25° 3.32+1.232

*a,b,c, ayni siitunda farkl harflerle gosterilen ortalamalar arasinda istatistiksel olarak onemli fark bulunmakta-
dir (p<0.05).
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Tablo 3’te yer alan lezzet 6zelliklerine ait degerlendirme sonuglari incelendiginde; en yliksek
degerleri KGE 6rneginin aldig1 goriilmektedir. Ekmek 6rneklerinin hepsi ortalamanin iizerinde puanlar
aldigindan dolay1 lezzet 6zellikleri tim 6rnekler igin kabul edilebilir bulunmustur.

Ornekler arasinda istatistiki yonden karsilastirma yapildiginda ise; KGE 6rneginin genel lezzet
yogunlugunda TE2 ve TE3 6rneklerinden belirgin bi¢imde farklilastigi (p<0.05) saptanirken tarhana
ekmeklerine ait sonuglarin birbirine benzerlik (p>0.05) gosterdigi goriilmektedir. Ayrica tiim drnekler
genel aroma yogunlugu 6zelliginde de istatistiki agidan benzer (p>0.05) bulunmustur.

Tablo 4. Ekmeklerin Koku Ozelliklerine Ait Duyusal Analiz Sonuglar

Koku
Ornek Genel Koku Yogunlugu
KGE 3.98+1.078
TE1 3.56+1.34b
TE2 3.42+£1.27b
TE3 3.30+1.23b

*a,b,c, ayni siitunda farkl harflerle gosterilen ortalamalar arasinda istatistiksel olarak énemli fark bulunmak-

tadir (p<0.05).

Tablo 4’te 6rneklerin koku 6zelliklerine ait degerler incelendiginde en yiiksek degeri KGE, en
diisiik degeri ise TE3 6rneginin aldig1 goriilmektedir. Tiim ekmeklerin aldigir degerler ortalamanin
iizerinde olup kabul edilebilir sonuglar vermistir. Istatistiki yonden kiyaslama yapildiginda; KGE &r-
neginin diger drneklerden koku 6zelliginde 6nemli dlgiide farklilagtigi (p<0.05), tarhana ekmeklerinin
ise birbirlerine benzer oldugu (p>0.05) gorilmektedir.

Tablo 5. Ekmeklerin Tekstir Ozelliklerine Ait Duyusal Analiz Sonuglar

Tekstlr
Ornek Cignenebilirlik Sertlik Yapiskanhk Ufalanma
KGE 4.07+1.162 4.19+0.952 3.83+1.15 4.07+0.99
TE1 3.84+1.20 3.61+1.22° 3.60+1.29? 3.661.30
TE2 3.28+1.26 3.15+1.17¢ 3.12+1.31b 3.46+1.39°
TE3 2.94+1.20° 2.88+1.35¢ 3.09+1.19° 3.49+1.320

*a,b,c, ayni siitunda farkl harflerle gésterilen ortalamalar arasinda istatistiksel olarak énemli fark bulunmak-

tadir (p<0.05).

Tablo 5’te drneklerin tekstir 6zelliklerine ait degerler yer almaktadir. KGE ornegi tiim tekstiir

ozelliklerinde en yliksek puani alarak diger duyusal 6zelliklerde oldugu gibi en begenilen 6rnek ol-
mustur. TE3 6rneginin ¢ignenebilirlik ve sertlik 6zellikleri ortalama degerin altinda kalarak kabul edi-
lebilirligi diisiik 6zellikler gostermistir. TE1 ve TE2 6rnekleri ise tiim tekstiir 6zelliklerinde ortalamanin
iizerinde puan olarak kabul edilebilir bulunmustur.
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Orneklerin istatistiki yonden coklu karsilastirmas1 yapildiginda cignenebilirlik ve yapiskanlik
oOzelliklerinde KGE ile TE1 6rnegi, TE2 ile TE3 6rnegi birbirlerine benzerlik (p>0.05) gosterirken KGE
ve TE1 ornekleri TE2 ve TE3 &rneklerinden belirgin bigimde farklilagsmaktadir (p<0.05). Sertlik
degerlendirmeleri karsilastirildiginda ise KGE ve TE1 o6rnekleri tiim 6rneklerle farklilik gosterirken
(p<0.05), TE2 ve TE3 ornekleri benzer (p>0.05) bulunmustur. Ufalanma 6zelligi bakiminda karsilas-
tirma yapildiginda ise TE1 6rneginin hem KGE hem de TE2 ve TE3 6rnekleriyle benzerlik (p>0.05)
gosterdigi fakat KGE 6rneginin diger drneklerden farklilastigi (p<0.05) gorilmektedir.

Tablo 6. Ekmeklerin Genel Ozelliklerine Ait Duyusal Analiz Sonuclar

Genel Ozellikler

Ornek Agizda Biraktig1 His Genel Kabul Edilebilirlik
KGE 4.08+1.06% 4.16+1.018
TE1 3.50+1.35b 3.50+1.31°
TE2 2.98+1.3¢ 3.08+1.15¢
TE3 3.02+1.30¢ 2.92+1.27¢

*a,b,c, aym siitunda farkli harflerle gosterilen ortalamalar arasinda istatistiksel olarak dnemli fark bulunmak-
tadir (p<0.05).

Tablo 6’da ekmeklerin genel 6zelliklerine dair degerlendirmeler bulunmaktadir. KGE 6rnegi
agizda biraktig1 his ve genel kabul edilebilirlik yoniinden en yiiksek puanlar1 alirken TE2 6rnegi agizda
biraktigi his, TE3 6rnegi ise genel kabul edilebilirlik degerlendirmesinde ortalamanin altinda puanlar
almiglardir. Bu 6zellikler bakimindan TE2 ve TE3 6rnekleri kabul edilebilirligi disiik Grlinler olarak
kayda gecmistir. TE1 6rnegi ise tiim genel 6zelliklerde ortalamanin iizerinde deger alarak kabul edile-
bilir bulunmustur.

Ekmek 6rneklerinin genel dzelliklerine ait istatistiki degerlendirmeleri incelendiginde hem agizda
biraktigi his hem de genel kabul edilebilirlik yoninden KGE ve TE1 6rnekleri tim drneklerden 6nemli
Olciide farkli (p<0.05) bulunurken TE2 ve TE3 6rnegi birbirine benzerlik gosteren (p>0.05) iiriinler
olmustur.

Duyusal degerlendirme formunun son kisminda katilimcilara duyusal 6zellikler haricinde Urlnler
hakkinda belirtmek istedikleri diigiinceleri i¢in yer ayrilmistir. Katilimcilarin bir kismi bu alani doldu-
rarak ekmek ornekleri igin goriislerini aktarmislardir. Bu goriisler arasinda;

e 3 katilimc1 ekmek drneklerinin tuz miktarini az bulduklarini belirtmislerdir.

e 4 katilime1 TE3 6rneginden peynire benzer bir tat aldiklarimi ifade ederken 1 katilimcei da
TE2 6rneginden kekik tadi aldigini bildirmistir.

e 1 katilimc tarhana ekmekleri arasinda en ¢ok begendigi 6rnegin TE1 6rnegi oldugunu be-
lirtirken 1 katilimci tarhana ekmeklerinin higbirini begenmedigini ifade etmistir. Bagka bir
katilimci ise tarhana ekmeklerinin piyasa sunulmasi halinde satis fiyatinin ne kadar olacagini
merak ettigini belirtmistir.

e | katilimci ise tarhana ekmeklerinde eksi tadin yogun olmasindan dolay1 mide problemlerine
yol agabilecegi ve sindiriminin de zor olabilecegi yoniindeki tahminlerini aktarmistir.

Katilimcilarin ekmek 6rnekleri hakkinda beyan ettikleri goriisleri tizerine degerlendirme yapildi-
ginda baz1 katilimcilarin TE3 6rneginin tat algisinda ortak diisiinceye sahip oldugu goriilmektedir. TE3
orneginde peynir tadi algilanmasi; hamurun fermantasyon siireci boyunca asitliginin artarak eksimesi ve
gliitensiz un kullanimindan dolay1 gézenek yapisinin siki ve sert olmasi ile kabuk renginin beyaz ol-
masindan kaynaklanabilir. Uriinlerdeki tuz miktarinin az algilanmasinin sebebi ise tarhana ekmeklerinin
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iceriginde sebze bulunmasiyla iligkilendirilebilir. Dolayisiyla bu alginin giderilmesi igin standart bir
ekmek iiretiminde kullanilan tuz miktar1 tarhana ekmekleri igin artirilarak tuz dengesi saglanabilir.
Katilimcilardan birinin tarhana ekmeklerini hi¢ begenmedigini ifade etmesinin yani sira diger bir kati-
limcinin satis fiyatint merak etmesi, ekmeklerin begenilirliginin ve kabul edilebilirliginin kisiden kisiye
degisebilecegini kanitlamaktadir.

Literatiirde ekmegin zenginlestirilmesi ve gliitensiz Urln tiretimi iizerine yapilan ¢alismalarin
sonuglarina bakildiginda; Yapilan bir calismada, 1sirgan otu yapragi ve ekstraktiyla zenginlestirilen
ekmeklerin duyusal 6zellikleri incelendiginde; yapragin ekmek dokusunda ve hacminde olumsuz etki-
leri oldugu ve ekmegin kalitesini diisiirdiigi gozlenmistir [24]. Bir baska caligmada ise deniz topalak
kispesi ve keten tohumu kalintilarinin belirli miktarlarda ekmek yapim strecine eklenmesi, ekmegin
goriinlis ve hacim 6zelliklerinde diisiis yasanmasiyla sonuglanmistir [25]. Bakla ununun belirli oran-
larda ekmek tiretiminde kullanilmasi izerine yapilan bir arastirmanin sonuglarinda, bakla ununun ek-
megin hacminde diislis yasanmasina ve sertligini arttirmasina sebep oldugunu gdstermistir [26]. Farkli
bitki ve sebzeler ile bunlarin yan triinleri ve ekstraktlarmin belirli oranlarda kullanilarak ekmegin
zenginlestirilmesi iizerine yapilan bir¢cok caligmada, ekmegin hacminin ve tekstir Ozelliklerindeki
kalitenin distiigii sonucuna ulasilmigtir [27-35]. Bu ¢aligmada {iretilen tarhana ekmeklerinin duyusal
analiz sonuglari literatiirde yer alan ¢aligmalarin sonuglariyla benzerlik gostermektedir. Glltensiz tar-
hana tiretimi iizerine yapilan ¢aligmalar incelendiginde; belirli oranlarda gliitensiz un (tahil unlari,
baklagil unlari vb.) kullanilarak iiretilen tarhana drneklerinde en diisiik duyusal 6zellikleri %100 glii-
tensiz un kullanilarak hazirlanan 6rnekler gostermistir. Bu yonden literatiirde yer alan galismalarin
sonuclari, bu calismada iiretilen ve duyusal agidan en diisiik degerlere sahip olan gliitensiz tarhana
ekmeginin sonuglariyla benzerlik gostermektedir [36-38]. Tarhana hamuru kullanilarak yapilan galig-
malar incelendiginde; ¢orek yapimina belirli miktarda tarhana hamuru ilave edilerek duyusal deger-
lendirmenin yapildig1 bir ¢alismada, tarhana hamurunun en yiksek oranda ilave edildigi 6rnegin en
diisiik duyusal ozelliklere sahip oldugu sonucuna varilmistir [39]. Bu ¢alismada %100 tarhana hamu-
rundan ekmek iiretimi gergeklestirilmis ve TE1 ve TE2 6rnekleri kabul edilebilir diizeyde bulunmustur.
Dolayisiyla bu agidan iki ¢aligmanin sonucu birbirinden farklilik géstermektedir. Bagka bir ¢calismada
ise tarhana malzemeleri kullanilarak mayali ekmek yapimi denemesi gerceklestirilmis ve en yliksek
maya igerigine sahip olan ekmegin en iyi duyusal degerlere sahip oldugu sonucuna ulagilmistir [40]. Bu
caligmada tarhana hamurlar1 dogal fermantasyona birakildiklari igin hacim artis1 mayali ekmekte oldugu
gibi istenen seviyeye ulagamamustir. Dolayisiyla hazir maya kullanimi ile dogal fermantasyon siireci
ekmeklerin duyusal 6zelliklerinde farkli sonuclar ortaya koymaktadir.

3.3. Satin Alma Niyetine iliskin Bulgular

Uriinlerin satin alma niyetine ait degerlendirme ile katilimcilarin tadimini yaptiklari iiriinii giinliik
hayatta kullanmay1 hangi diizeyde tercih edecekleri belirlenmistir. Satin alma niyetine iliskin sonuglara
Tablo 7’ de yer verilmistir.

Tablo 7. Satin Alma Tercihine Ait Bulgular

Satin Alma Tercihi

Tamitimi yapilan Tamtimi yapilan Uriine ihtiyag duy-
Ornek | iiriinii kullanmay ke- Urund buyudk ihtimalle | dugumda tamitim yapilan
sinlikle deneyecegim alacagim iiriinii satin alacagim
KGE 3.92+1.232 3.77+1.31° 3.88+1.30?
TE1l 3.14+1.460 2.87£1.41° 3.09+1.46°
TE2 2.63+1.38¢ 2.57+1.39b¢ 2.74+1.37°
TE3 2.50+1.37¢ 2.35+1.33¢ 2.66+1.37°

271



International Journal of Pure and Applied Sciences 10(1); 261-275 (2024)

*a,b,c, ayni siitunda farkl harflerle gésterilen ortalamalar arasinda istatistiksel olarak énemli fark bulunmak-

tadwr (p<0.05).

Katilimcilara tadimini yaptiklar1 6rnekleri satin alma niyetlerini degerlendirecekleri ii¢ farkli ifade
yoneltilerek degerlendirilmeleri istenmistir. Tablo 7°de her bir 6rnege ait satin alma niyetine iligkin
degerlendirmeler bulunmaktadir. KGE 6rnegi tiim ifadeler i¢in ortalamanin lizerinde deger alarak satin
alma niyeti yiiksek {irlin olarak kayda ge¢mistir. TE1 6rnegi ‘tanitimi yapilan iiriinii biiyiik ihtimalle
alacagim’ ifadesinde ortalamanin altinda deger alsa da diger iki ifadede ortalamanin iizerinde puan
alarak satin alma niyeti yiiksek ikici {irlin olarak belirlenmistir. TE2 ve TE3 Ornekleri tiim ifadelerde
ortalama degerin altinda puanlar alarak satin alma niyeti diisiik tirtinler olmustur. Coklu karsilagtirma
testinin sonuclar1 incelendiginde; ‘Tanitimi yapilan iiriinii kullanmay1 kesinlikle deneyecegim’ ifadesi
icin TE2 ve TE3 ornekleri benzerlik gosterirken (p>0.05) diger tiim &rnekler onemli bigimde farkli-
lagsmaktadir (p<<0.05). ‘Tanitim1 yapilan triinii biiyiik ihtimalle alacagim’ ifadesi i¢in TE2 6rnegi hem
TEI hem de TE3 6rnegi ile benzer bulunurken (p>0.05) diger tiim ornekler birbirlerinden énemli bi-
cimde farklilasmaktadir (p<0.05). ‘Ihtiya¢ duydugumda tanitimi yapilan {iriinii satin alacagim’ ifade-
sinde ise KGE 6rnegi diger orneklerden belirgin bicimde farklilik (p<0.05) gosterirken diger drnekler
birbirine benzer sonuclar (p>0.05) géstermistir.

4. SONUC VE ONERILER

Turk mutfak kalttrinin geleneksel bir Grinii olan ve bdlgeden bolgeye gesitlilik gostermesiyle
yoresel gidalar kapsamina da giren tarhananin hem kullanim olanaklarini artirmak hem de islevsel
ozelliklerinden daha fazla yararlanilmasimi saglamak amaciyla fermente edilmis yas haldeki tarhana
hamurlarindan 3 farkl recetede ekmek tiretimi gergeklestirilmistir. Ekmekler {izerine yapilan duyusal
degerlendirme sonuglarinda gliitensiz un kullanilarak iiretilen TE3 6rnegi haricinde diger 6rneklerin
kabul edilebilir duyusal 6zelliklere sahip oldugu ve tarhananin farkli bir iiriin olarak tiiketilme potan-
siyelinin bulundugu anlasilmaktadir. Colyak hastalar1 i¢in besin degeri yiiksek alternatif bir iiriin gelis-
tirmek amaciyla Uretilen TE3 6rneginin ise bazi duyusal 6zelliklerinin gelistirilmesi gerektigi sonucuna
ulagilmistir. Satin alma niyeti sonuglarinda ise tarhana ekmekleri arasinda sadece TE1 6rneginin satin
alma niyeti yiiksek bulunurken TE2 ve TE3 &rnekleri ortalamanin altinda deger almistir. Bu durum iki
ekmegin de tiiketici begenisine uygun iyilestirmeler yapilmasi gerektigini gostermektedir.

Kdresel iklim krizi, hava, su, toprak ve ¢evre kirliligi gibi bir dizi doga sorunlari giiniimiizde
giivenilir ve saglikli gidaya erisimi zorlastirmaktadir. Bu durum surdurilebilir faaliyetlere yonelinme-
sini ve dogaya uygun tiretimlerin yapilmasini desteklemeye baslamistir. Yasanilan tiim siirecler kirsal
uretim faaliyetlerine ve yerel gidalara olan egilimi artirmigtir. Bu dogrultuda ¢alismada, tarhananin
farkli kullanim olanaklar1 olabilecegi yoniinde bir arastirma gergeklestirilerek yoresel gidalarin Uriin
yelpazesinin genisletilebilecegi ve sahip oldugu besin degerleri ile islevsel 6zelliklerinden daha fazla
yararlanilmasinin saglanabilecegi konusuna dikkat ¢ekilmistir. Caligmada 6rnek teskil etmesi i¢in sa-
dece bir tarhana regetesi {izerinden denemeler yapilmistir. Bu ¢alismadan hareketle farkli tarhana ge-
sitleri ve diger yoresel gidalardan iiriin gelistirme ilizerine yeni arastirmalar yapilarak stirdiriilebilir
iretim ve siirdiiriilebilir tiriin bazinda alternatifler gelistirilebilir. Konu ile ilgili olarak Bakanliklar,
arastirma kurumlari, akademisyenler, tarim kooperatifleri ve diger paydaslar bir araya gelerek stirdii-
riilebilir projeler olusturabilir ve tiiketici talepleri dogrultusunda hem fonksiyonel hem de yerel {iriin
cesitliligini arttiracak ¢aligmalar yiiriitiilebilir.

TESEKKUR
Bu makale birinci yazarin yliksek lisans tezinden tiiretilmistir.

CIKAR CATISMASI
Yazar bu makale ile ilgili herhangi bir ¢ikar ¢atismasi bildirmemigtir

ARASTIRMA VE YAYIN ETIGI BEYANI
Yazar, bu ¢alismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: In aquaculture hatcheries, microalgae, including Nannochloropsis sp.
(D.J. Hibberd, 1981), are utilized as live food sources, The development of algal
cultures employed in inoculation can satisfy the need for Nannochloropsis. This
process begins with stock cultures on a laboratory scale and advances to intensive
algal cultures in higher volume structures set up in both indoor and outdoor en-
vironments. The aim of the study was (1) to determine the specific growth rate
() of Nannochloropsis sp. grown under laboratory conditions as a live feed
source to feed crab larvae of Callinectes sapidus (Rathbun, 1896) (Brachyura:
Portunidae), and (2) to determine the fatty acid and amino acid compositions of
Nannochloropsis sp. According to the study's findings, Nannochloropsis sp. had
a specific growth rate (u) of 0.553 £ 0.004 when grown in Guillard F/2 culture
medium with aeration, 25 ppt salinity, and 25 OC room temperature. Out of all
the necessary fatty acids, DHA, at 22:6 (»-3) made up 0.5 = 0.07 percent, and
EPA, at 20:5 (0-3) made up 24.25 * 3.45 percent. The total amino acid content
of Nannochloropsis was observed to range from 0.00 = 0.00% (taurine) to 16.35
+ 3.56% (proline).

Keywords: Microalgae; nannochloropsis sp.; amino acids; crab larvae

Yengeg, Callinectes sapidus, larvalarimin beslenme denemelerinde kullani-
lan Nannochloropsis sp. (D.J. Hibberd, 1981)‘nin biiyiime, yag asidi ve
amino asit kompozisyonu

Ozet: Nannochloropsis sp. (D.J. Hibberd, 1981) Su triinleri kulugkahanelerinde
dogal besin kaynagi olarak kullanilan bir mikroalg tiriidiir. Caligmanin amaci,
Yengeg, Callinectes sapidus (Rathbun, 1896) (Brachyura: Portunidae) larvalarini
beslemek i¢in canli yem kaynagi olarak laboratuvar kosullarinda yetistirilen
Nannochloropsis sp.'nin (1) spesifik biiylime oraninin (i) belirlenmesi, ve (2)
Nannochloropsis sp.nin yag asidi ve amino asit kompozisyonlarmin tespit

edilmesiydi. Calisma sonuglari, havalandirmanin uygulandigi, Guillard F/2
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kiiltiir ortaminin kullanildigi, 25 ppt tuzlulugun ve 25 0C oda sicakliginin uygu-
landig1 kiiltiir kosullarinda Nannochloropsis sp.'nin spesifik biiyiime oraninin ()
0,553 + 0,004 oldugunu bulundu. Esansiyel yag asitlerinden EPA, 20:5 (®-3),
toplam yag asitlerinin yiizde 24,25+ 3,45 {inii olustururken, DHA, 22:6 (©-3)
ylizde 0,5 £ 0,07'si kadardi. Nannochloropsis'teki amino asitler, toplam amino
asitlerde %0,00 + 0,00 (Taurin i¢in) ile %16,35 = 3,56 (Prolin i¢in) arasinda

degistigi tespit edildi.

Anahtar Kelimeler: mikroalgler; nannochloropsis sp.; amino asitler; yengeg

larvalari

1. Introduction

There are six known species of the algae genus Nannochloropsis. D.J. Hibberd first named the genus
in 1981 [1]. These species are frequently found in freshwater and brackishwater environments, as well
as marine environments [2]. These are tiny, immobile spheres that lack any distinguishable morpholo-
gical characteristics that can be seen with an electron or light microscope. One important feature that
distinguishes Nannochloropsis from other microalgae is that it has chlorophyll a but not chlorophyll b or
c. They can also accumulate other pigments such as canthaxanthin, zeaxanthin, and astaxanthin [3]. The
diameter of these algae is usually between 2 and 3 microns [4].

Because Nannochloropsis can retain large amounts of polyunsaturated fatty acids, including bio-
diesel, itis highly valued for its potential in industrial applications [5, 6]. For fish larvae and rotifers, it is
currently mostly used as a nutrient-rich food source [4,7].

Nannochloropsis cells have an oil content of almost 30% of their dry weight when grown under normal
growth conditions in Guillard's F/2 medium [8], a common algal culture growth medium, supplemented
with nitrogen [4, 9]. However, it was found that different culturing conditions increased the average oil
content per cell, sustaining only sluggish rates of culture growth and lowering total output. Nitrogen
deficiency is one of these circumstances that has been examined the most extensively.
Research has looked at how cultures behave under nitrogen stress in a variety of culturing configurations
as well as how the cells react physiologically and molecularly to nitrogen deficiency [4, 9]. When
nitrogen is limited, it has been demonstrated that certain species of Nannochloropsis may store up to 60—
70% of their total biomass as lipids [4, 9]. In this scenario, the composition as well as the amount of
lipids vary. It was shown that whereas other lipids, primarily polar glycerolipids, free fatty acids, and
diacylglycerols, somewhat decreased in nitrogen depletion, triacylglycerols increased it by a significant
amount. The idea that the cells actively synthesize new triacylglycerols rather than merely converting
the existing lipids into triacylglycerols is supported by the fact that the increase in triacylglycerols
during nitrogen depletion is significantly greater than the reduction in the other glycerolipids [10].
Researchers present a measurement of the abundance of several proteins in cultures of Nan-
nochloropsis grown without nitrogen and with a CO2 supplement [11]. The proteomic analysis appears
to corroborate the hypothesis that the accumulation of triacylglycerols results from an increase in me-
tabolic flux via the fatty acid biosynthesis pathway, even in the face of differing experimental settings.
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The authors propose the theory that the increase in substrates across the route is caused by the break-
down of stored carbohydrates and the upregulation of glycolysis under their experimental conditions
[11].

The study aimed to ascertain two things: (1) the specific growth rate (1) of Nannochloropsis sp.
cultivated in a lab as a live feed source for crab larvae; and (2) the composition of fatty and amino acids
in Nannochloropsis sp.

2. Material and Method
Algal culture conditions
For this current study, Nannochloropsis sp. was chosen as a microalgal species, and it was
obtained from laboratories in the United States. Prior to the experiment, Nannochloropsis sp. was grown
in Guillard's F/2 algal culture medium [8]. Logarithmic stage cultures were used as inoculum.

20 mL of each algal stock culture was transfered to 200 mL of enriched F/2 medium in a 250 mL
Erlenmeyer flask using three cultures grown separately. Cultures were cultivated at 25°C while under
a 16/8 hours light/dark cycle by using 120 umol.m2.s* fluorescent white lights 4000Lux with constant
shaking.

Algal growth conditions and determination of Specific growth rate

Each 200 mL Nannochloropsis sp. stock culture was transfered to 800 mL of enriched F/2 me-
dium in a 1000 mL erlenmeyer flask with three replicates. Cultures were cultivated at 25°C during a
16/8 hours light/dark cycle by using 120 pmol.m™.s? fluorescent white lights at 4000 Lux with con-
stant air bubbling. A binocular microscope was used to count algal cells with a haemocytometer every
day to determine the growth rate. A Thoma hemocytemeter counting chamber, under a microscope at
400X magnification, was used to count Nannochloropsis cells.

The average specific growth rate (i) of Nannochloropsis from the triplicate findings from each
algal sample counts were calculated from the formula mentioned below:
p=100xIn (N2/N1)/ (t>-t1), where N1 and N represent the biomass at time 1 (t1) and time 2 (t), respec-
tively, and p is the specific growth rate [12]. The sign p indicates the specific growth rate (u), which is
the cell's exponential growth rate per unit of cell content.

Fatty acid composition study

A dry Nannochloropsis sample of 5-10 mg was added to 2% H»SO4 methanol [13]. Fatty acid
methyl esters (FAMEs) were extracted To separate and identify FAMEs, gas chromatography (GC)
using a DB-23 capillary column (30 m % 0.32 mm x 0.25 um) and flame ionization detection (FID)
was performed on an Agilent 7890 (Agilent Technologies Inc., Santa Clara, California, USA). The
split ratio was 10:1, and the injection temperature was 270 °C. The process of temperature rise was the
same [14].

Amino acid composition study

A dry Nannochloropsis sample powder (100 mg) was used for the analysis [15]. A combination
of tandem mass 2 Phycologia spectrometry (APl 3200 Q TRAP, AB Sciex, Framingham, Massachu-
setts, USA; HPLC-MS/MS) and high-performance liquid chromatography (Ultimate 3000, Dionex,
Sunnyvale, California, USA) was used to identify derivatives of amino acids (AAs). An
MSLab50AA-C18 column (150 x 4.6 mm; 5 pm) was used to separate AAs at 50 °C. Water with 1
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ml.min-! formic acid (A) and acetonitrile with 1 mL.min"* formic acid (B) served as the mobile phase.
An electrospray ion source (EIS) was used as the ion source, and the injection volume was 5 ul [15].

Statistical analysis

Algal Growth, fatty acid and amino acid composition data were analyzed using the MEAN Procedure
using using SPSS Statistics Software (SPSS 16.0). All data were expressed as means + standard deviation.
3. Results and Discussions

Algal Growth

Daily specific growth rate (i) of Nannochloropsis sp. was found to be 55.3 + 4.00 % at the cul-
ture conditions where bubbling aeration was applied, Guillard’s F/2 medium was used at 25 ppt salin-
ity and 25 °C.

Fatty acid composition
The results on fatty acid composition of Nannochloropsis sp. was summarized in Table 1.

Table 1. Percent of total fatty acid composition of Nannochloropsis sp.

Faty acids Percent of total fatty acids
12:0 0.3+ 0.02
14:0 2.6+ 0.14
15:0 0.2+ 0.05
16:0 0.7+ 0.05
16:1 (o-7) 19.0+ 0.54
16:2 (0-4) 0.4+ 0.02
17:0 0.5+ 0.03
16:3 (0-4) 0.6+ 0.03
18:0 0.6+ 0.05
18:1 (w-9) 3.6+ 0.17
18:1 (®-7) 2.0+ 0.10
18:2 (w-6) 4.2+ 0.08
18:3 (w-6) 0.4+ 0.05
18:3 (w-4) 0.2+ 0.03
18:3 (0-3) 1.4+ 0.08
18:4 (®-3) 0.3+ 0.05
20:1 (©-9) 0.0+ 0.00
20:2 (w-6) 0.0+ 0.00
20:3 (w-6) 0.5+ 0.07
20:4 (0-6) 3.8+ 0.53
20:3 (w-3) 0.3+ 0.06
20:4 (0-3) 0.2+ 0.06
20:5 (w-3) 24.25+ 3.45
22:5 (w-6) 0.0+ 0.00
22:5 (0-3) 0.1+ 0.04
22:6 (0-3) 0.5+0.07
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As can be seen from the Table 1, 24-25% of the oil is calculated as EPA and 0.5% as DHA.

These results are similar to previous studies of [4, 5, 6, 7, 16-21].

Amino acid composition

The results on amino acid composition of Nannochloropsis sp. was summarized in Table 2.
Table 2. Percent of total amino acid composition of Nannochloropsis sp.

Amino acids Percentage (%)
Aspartic Acid 8.35+1.75
Serine 5.36 + 1.68
Glutamic 14.14 £ 2.67
Glycine 6.20 +1.34
Histidine 0.71£0.03
Arginine 555+1.15
Threonine 6.29+ 145
Alanine 1.85+0.35
Proline 16.35+ 3.56
Tyrosine 1.37 £0.05
Valine 597+1.24
Methionine 2.44+0.53
Lysine 9.33+1.75
Isolucine 1.59 +0.53
Leucine 1255+ 2.27
Phenylalanine 255+0.74
Taurine 0.0+ 0.00

Amino acids in Nannochloropsis were found to vary between 0.00 £ 0.00% (for Taurine) and

16.35 + 3.56% (for Proline) in total amino acids and showed similarities to the previous studies
[4,5,17,19,21].
4. Discussions
The aquaculture sector worldwide includes microalgae farming since several species, such as

Nannochloropsis (Eustigmatophyceae), are used in aquaculture. Enhancing the nutritional content
(prote-ins, carotenoids, fatty acids, etc.) of Nannochloropsis cultivated in mass cultures has the great-
est aquaculture potential. This has a favorable impact on the physical and general health of the gener-
ated creatures, including the larvae of crabs (Callinectes sapidus). For the larvae of mollusks, crusta-
ceans, fish hatchings, or rotifers in aquaculture—all sources of biomass—Nannochloropsis spp. are
employed in a variety of ways. These include direct use as unprocessed cells (live feed), as a means of
bolstering the corresponding food chain, or as processed biomass that can be supplemented with food.
Aquaculturists frequently use open systems outdoors or a variety of closed photobioreactors to
handle the in-house growing of Nannochloropsis for food.
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In addition to its nutritional value, Nannochloropsis sp. has a positive environmental
impact on fish, crustacean, and mollusc aquaculture. This includes improved oxygen produc-
tion, CO, consumption, waste nutrient management, and antibacterial activity. The so-called
"green-water technique," which involves introducing Nannochloropsis to rearing ponds, has
resulted in significantly improved growth and survival rates for the larval and juvenile stages of
many freshwater and marine species than the more conventional clear-water techniques.
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Abstract: It is known that the general theory of relativity provides valuable an-
swers about our universe. General relativity theory is used to describe space, time,
and mass-energy interactions, while quantum theory is used to explain the behav-
ior and interactions of microscopic particles. The gap between these two theories
reveals the need to develop a unified theory of "quantum gravity"”. However, so
far no universal theory has yet been found that fully resolves this conflict. This is
a big puzzle that physicists have been working on for a long time, and unifying
these two theories harmoniously is one of the biggest challenges in modern phys-
ics. One of the theories put forward for this purpose is the "Rainbow" theory of
gravity. In this study, Einstein, Bergmann-Thomson and Landau-Lifshitz energy
densities are calculated for a spatial self-similar, locally rotationally symmetric
model using teleparallel geometry within the framework of the Rainbow theory of
gravity. However, the results obtained are evaluated using rainbow functions that
are well known in the literature. The obtained results are rewritten as explicit forms
of energy densities for Einstein, Bergman-Thomson and Landau-Liftshitz repre-
sentations using f;(x) = 1/(1 — y)and f,(x) = 1 rainbow functions. Accord-
ingly, it has been shown that the test particle changes its energy density for the
Einstein and Bergmann-Thomson energy-momentum prescriptions but does not
change the energy density for the Landau-Liftshitz energy-momentum prescrip-
tion.

Keywords: Teleparallel theory; rainbow theory of gravity; energy-momentum

Uzaysal Oz-Benzer, Yerel Donel Simetrik Model icin Gokkusag Kiitlecekim
Kuram Cercevesinde Teleparalel Enerji Yogunlugu

Ozet: Genel gorelilik kuraminin evrenimiz hakkinda gok degerli cevaplari verdi-
gini biliyoruz. Genel gorelilik, uzayi, zamani ve kiitle-enerji etkilesimlerini agik-
lamak i¢in kullanilirken, kuantum kurami, mikroskobik parcaciklarin davranigini
ve etkilesimlerini agiklamak i¢in kullanilir. Bu iki kuram arasindaki ugurum, bir-
lesik bir teori olan "kuantum kitlegcekimi" teorisinin gelistirilmesi gerekliligini or-
taya koyar. Ancak, su ana kadar bu ¢atigmay1 tam olarak ¢dzen evrensel bir teori
heniiz bulunamamistir. Bu, fizik¢ilerin uzun zamandir tizerinde ¢alistig1 biiytik bir
bulmacadir ve bu iki kuramin uyumlu bir sekilde birlestirilmesi, modern fizikteki
en biiyuk zorluklardan biridir. Bu amaca yonelik olarak ortaya konan kuramlardan
birisi de “Gokkusag1” kiitlecekim kuramidir. Bu calismada Gokkusag: kiitlecekim

1JPAS 2024, 10(1) https://doi.org/10.29132/ijpas.1480871 https://dergipark.org.tr/tr/publ/ijpas
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kuramu g¢ergevesinde tele paralel geometri kullanilarak uzaysal 6z-benzer, yerel
donel simetrik model i¢in Einstein, Bergmann-Thomson ve Landau-Lifshitz enerji
yogunluklar1 hesaplanmaktadir. Bununla birlikte elde edilen sonuclar i¢in litera-
tirde iyi bilinen gokkusagi fonksiyonlari kullanilarak bir degerlendirme yapilmak-
tadir. Elde edilen sonuglar f;(x) = 1/(1 — x) ve f,(x) = 1 gokkusag fonksi-
yonlar1 kullanilarak Einstein, Bergman-Thomson ve Landau-Liftshitz gosterimleri
i¢in enerji yogunluklarinin agik halleri yeniden yazilmistir. Buna gore, Einstein ve
Bergmann-Thomson enerji momentum gosterimleri i¢in test parcaciginin enerji
yogunlugunu degistirdigi ancak Landau-Liftshitz enerji momentum gésterimi icin
enerji yogunlugunu degistirmedigi gdsterilmistir.

Anahtar Kelimeler: Teleparalel kuram; gokkusag: kiitlegekim kurami; enerji-
momentum

1. Introduction

Our universe is expanding rapidly, as can be seen from Einstein field equations and the data ob-
tained by the Hubble telescope. This expansion can also be defined as the expansion of space time.
Within the framework of this expansion, what the energy-momentum density of our universe is or
whether localization is possible has been a subject of research for theoretical physicists. As a result of
Einstein's efforts to combine the theory of gravity and electromagnetism, the foundations of the telepar-
allel theory, an alternative theory to the general theory of relativity, were laid. In 1961, after Moller [1]'s
study containing his perspective on the energy-momentum puzzle, the solution of the problem acceler-
ated with the writing of the Lagrangian equation for the teleparallel theory. In the late 20th and early
21st centuries, Einstein, Bergmann-Thomson, Landau-Lifshitz, Moller, Weinberg, Tolman, Qadir-Sha-
rif notations were used by physicists such as Virbhadra [2], Xulu [3], Sharif [4], Salti [5], Aydogdu [6]
have addressed the energy momentum localization problem within the framework of general relativity
theory. However, Vargas [7], Pereira [8], Sharif [9], Salti [10], Aydogdu [11] and Ayguin [12] re-inves-
tigated the problem within the framework of teleparallel theory. Solutions approaches to the problem
have been modified and expanded in both general relativity and teleparallel theory. For these two theo-
ries, it can be said that the concept of torsion in the theory of absolute parallelism corresponds to the
curvature in general relativity. While the general theory of relativity is successful in explaining many
unknown phenomena, it remains incomplete at some points. The most important of these shortcomings
is the inability to combine gravity and quantum theory. At this point, the "Rainbow Theory of Gravity"
(RTG) appears with a structure that includes quantum contributions. According to the theory, the defor-
mation caused by a test particle in the structure of space-time is discussed. The energy momentum
distribution relation for RTG under non-linear Lorentz transformations is given as follows [13]:

fEQOE? - f7CQ0p? = m?. (1.1)

The symbols m, E,p here indicate the mass, energy and momentum of the test particle, respec-
tively. In addition, f;(x), fo(x) are rainbow functions, Ep is the Planck energy represented by y =
E/Ep.Incase y — 0 the normal distribution relation is obtained.
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. - _dt_ ——
In this study, by mapping dt - ) and dx; - 00

time, Einstein, Bergmann-Thomson and Landau-Lifshitz energy densities are calculated in teleparallel
geometry.

within the line element depicting space

2. Teleparallel Energy Momentum Prescriptions

In general, the metric tensor (g,, ) plays avery important role in formulating theories of gravity.
Tetrad (h* , ) provides the connection between curved and flat space time, used to describe the structure
of space time in the theory of string-parallel gravity:

h% he¥ =6;, h*,h, k=58, 9uv = Naph®,h?y . (2.1)

Here &, is the well-known Kronocker-Delta function and 74, = diag(—1,+1,+1,+1) is the
Minkowski flat space-time metric.

Using tetrads, the Weitzenbock coefficients, which are the basic coefficients of this geometry, can
be calculated with the following relation [14]:

I, = hy*d,h*, = —h%,0,h,*. (2.2)
Using the Weitzenbdck coefficients, the torsion tensor is written as follows, with anti-symmetric
properties:

T =Th, - T4, . (23)

Freud’s superpotentials can be defined using torsion tensor components:

2
UB Z hg;;ﬂ [mlT;wA + % (TV;M _ TA;W) + % (g#ATBﬁV — gV#TBB )] (2,4)
Here my,m,,ms are dimensionless coupling constants and (m, =i, m, =%, ms =—1)

makes general relativity and teleparallel theory equivalent. The Einstein, Bergmann-Thomson and
Landau-Lifshitz energy-momentum density in the teleparallel gravity frame are written as follows,
respectively;

1
hEY = —=0g(U,") (2.5)
1
hBE = - 0p(9"U; ") (26)
_ 1 Ary vO
hL# = —0g(hg" U, ™). (2.7)

Here EQ,B°°,L°° are components of the energy density and Eg, B%, L% are components of the
momentum density.
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3. Teleparallel Energy for a Self-Similar, Local Rotational Symmetric Model in a RTG
Framework

The line element for a self-similar, locally rotationally symmetric model in curved spacetime is
given by [15]:
ds? = e 2 [—dt? + A%(t)dx? + B?(t)e 2% (dy? + k2 sin(ky)dz?)]. (3.1)

The parameters expressed by 4, a, k define the symmetry groups of various models. A and B are
time dependent functions. Line element in RTG framework is expressed in the form

BZ(t)e—Za

2 X
ds? = e72M [—%dtz + 20 gx2 4 (dy? + k™2 sin(;cy)dzz)] (3.2)

fZ f?
Now, one can obtain the metric tensor g,,, and its inverse g#* from the line element (3.2) as follows,

e—zlx

[ 0 0 0
01 Az(t;ez‘“" 0 0
_ 5
uv = 0 0 Bz(t)e—zz(ﬂa)x 0 (3.3)
f3
0 0 0 BZ(t)e_ZZ::Z)x sin(ky)
__flzezlx 0 0 0
fZZele
o 0 22(0) fzefm)x 0 (3.4)
0 0 T 0
R,

equations are obtained. Using equation (2.1) h*, and h, ®can be written as
_e_lx -

T 0 0 0
1
A(t)e M 0 0
f2
ha = (3.5)
n —(+@)x
0 0 B(ne”HO* 0
f2
0 0 0 B(t)e~(+D* [5in(ky)
f2K -
fie™ 0 0 0
fzeﬂx
. A(E) 0
e N s . (3.6)
B(0)
fZKe(AHx)x
0 0 0 B(t)/sin(xy)]

Using metric tensor and tetrads, Weitzenbdck coefficients are obtained as follows:
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At B(t)
l“001 = Fl11 =—-4 Fl10 = A0 F220 = F330 = B
%, =T%,=—a—-21, '3, = gcotky (3.7)

Here A(t) = Z—f, B(t) = Z—f and the torsion tensors are written by

A
T012 = T021 =1, T101 =-T= "
B
TZoz —T% = T303 =T = Y
T212 = —T221 = T313 = —T331 =—a—4

Using torsion tensors, Freud superpotentials are obtained from equation (2.4) as follows.
_ B2(t)(a+A)e~2*(@+) [sinky

01 _ _ 10 —
UO UO f1f2KkA(E) ’

02 _ _q7 20 _ g7 12 _ _ gy 21 _ A®®)e"?** cosky
UO B UO B Ul B Ul - 4f1fok4/sinky

01 10 _ fiB®A®)e 2D [sinkyB(t)
U1 = _Ul = 3

fz K
—2x(a+1) [o . .
U, 02 _ -U, 20 — Us 03 _ —U, 30 _ fiB(t)e 1/SIr}I;i/[B(t)A(t)+A(t)B(t)]
2

12 _ _gp 21 _ gy 13 _ gy 31 _ BA(®)(a+2)e @ [sinky

Vo o=l =l =l = 2f1f2KA(L) ' (39)

After the finding of Freudian superpotentials and using them into the equations (2.5)-(2.6)-(2.7),
Einstein, Bergmann-Thomson and Landau-Lifshitz energy-momentum densities were determined re-
spectively.

e~ 2@+ D) [o2Xa2 42 (1) (cos 2ky —3)+32(a+21)2 BZ(t) sin? ky]

0 _
hEg = 64T f; fKcA(L) sin3/2 ky (3.10)
00 _ fik?A%(8)(3—cos 2ky)-32e”***f, a(a+2)B(t) sin® ky
hB™ = 64T f,KA(t) sin3/2 ky (3.11)
—4x(a+) g2 2XQ,.2 4204 252 .
K100 = € B2(t)[e2**K2 A%(t)-16(a+1)2B%(t)] sinky (3.12)

16T f5 K2

4. Conclusion and Suggestions

In this study, energy densities of Einstein, Bergmann-Thomson and Landau-Lifshitz are calculated
for a self-similar, local rotationally symmetric model within the framework of RTG. Teleparallel geom-
etry is used for the results obtained. As can be seen in Equations (3.10)-(3.11)-(3.12), all densities de-
pend on rainbow functions. For the Einstein representation, the energy density varies inversely with both
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the f; and f, rainbow functions. Bergmann-Thomson energy density varies directly with f; and in-
versely with f, rainbow functions. It is noticeable that the Landau-Lifshitz energy density changes only
inversely depending on the f, rainbow function. If the energy densities are rewritten for one of the
well-known rainbow functions in the literature [16], f; = 1% f> = 1, then,

Ep

Einstein energy densities are obtained as:

(1—%)e_2"(“+’1)[ez’“"KZA2 (t)(cos 2ky—3)+32(a+1)2B%(t) sin? ky|

hEQ = (4.1)

64mKA(t) sin3/2 ky

As seen in Equation (4.1), increasing the energy of the test particle will cause a decrease in the
Einstein energy density.
Bergmann-Thomson energy density is obtained as:
K2 A?%(t)(3—cos 2ky)—32e " ?**q(a+A)B%(t) sin? ky
6471'(1—%);(A(t) sin3/2 iy

hBO0 = (4.2)

Increasing the energy (E) of the test particle will cause an increase in the Bergmann-Thomson
energy density.
Landau-Lifshitz energy density is written as:

e~ (@+D)p2(1)[e2X% 2 42(+)~16(a+A)2B2(t)] sin ky
16mK2

hL% =

(4.3)

Here f,, one of the rainbow functions, being 1 causes that the test particle will not affect the
Landau-Lifshitz energy density. However, if the f, function is different from 1, the change in energy
density is an undeniable fact.

An application of Rainbow gravity theory has been made to unify the theory of gravity and quan-
tum theory, which is one of the problems that general relativity suffers from. The study is especially
important in terms of shedding light on both the energy-momentum localization problem and the prob-
lems of combining Rainbow gravity theory and quantum theory.

Acknowledgment

This study was presented as an oral presentation at the “Avrasya 10th International Conference
on Applied Sciences” on May 2 - 5, 2024, Thilisi, Georgia.

Conflict of Interest
The Author report no conflict of interest relevant to this article.
Research and Publication Ethics Statement

The author declares that this study complies with research and publication ethics.

288



International Journal of Pure and Applied Sciences 10(1); 283-289 (2024)

References
[1] Moller, C. (1958). On the localization of the energy of a physical system in the general theory of
relativity. Ann. Phys. 4, 347-371.

[2] Virbhadra, K. S. (1990). Energy associated with a Kerr-Newman black hole. Physical Review D,
41(4), 1086-1090.

[3] Xulu, S. S. (2003). The Energy-Momentum Problem in General Relativity, arXiv:hep-th/0308070.

[4] Sharif M. and Fatima T. (2005). Energy-momentum distribution: a crucial problem in general rel-
ativity, Int. J. Mod. Phys. A, 20, 4309-4330.

[5] Salti M. and Havare A. (2005). Energy-momentum in viscous Kasner-type universe in Bergmann-
Thomson formulations, Int. J. Mod. Phys. A, 20, 2169-2177.

[6] Aydogdu O. and Salti M. (2006). Energy density associated with the Bianchi type-1l space-time,
Prog. Theor. Phys., 115, 63-71.

[7] Vargas, T. (2004). The energy of the universe in teleparallel gravity. General Relativity and Grav-
itation, 36, 1255-1263.

[8] Pereira, J. G., Vargas, T. and Zhang, C. M. (2001). Axial-vector torsion and the teleparallel Kerr
spacetime. Classical and Quantum Gravity, 18(5), 833-842.

[9] Sharif, M. and Jamil Amir, M. (2007). Teleparallel energy—momentum distribution of lewis—pa-
papetrou spacetimes. Modern Physics Letters A, 22(06), 425-434.

[10] Salti, M. and Aydogdu, O. (2006). Energy in the Schwarzschild-de Sitter spacetime. Foundations
of Physics Letters, 19, 269-276.

[11] Aydogdu, O., Salti, M. and Korunur, M. (2005). Energy in Reboucas-Tiomno-Korotkii-Obukhov
and Godel-type space-times in Bergmann-Thomson's formulations. Acta Phys. Slov., 55, 537-548.

[12] Aygiin, S. and Tarhan, I. (2012). Energy—momentum localization for Bianchi type-1V Universe in
general relativity and teleparallel gravity. Pramana - J Phys., 78, 531-548.

[13] Magueijo, J. and Smolin, L. (2004). Gravity's rainbow. Classical and Quantum Gravity, 21(7),
1725-1736.

[14] Hayashi K. and Shirafuji, T. (1979). New general relativity. Phys. Rev. D 19(12), 3524-3553.

[15] Chao, W. Z. (1981). Self-similar cosmological models. General Relativity and Gravitation, 13, 625-
647.

[16] Feng, Z. W. and Yang, S. Z. (2017). Thermodynamic phase transition of a black hole in rainbow
gravity. Physics Letters B, 772, 737-742.

289



¢ PAS INTERNATIONAL JOURNAL Vol. 10(1); 290-302 (2024)
ISSN: PURE AND APPLIED SCIENCES DOI: 10.29132/ijpas. 1485873

Research Article

Subcritical Water Oxidation of Diethyl Phthalate Using H.O, and K>S,0s as
Oxidizing Agents: Application of Box-Behnken Design

Ozkan GORMEZ*", Ahmet Murat GIZIR

Received: 17.05.2024
Accepted: 27.06.2024

! Mersin University, Faculty of Science, Department of Chemistry, Mersin,
Tiirkiye; ozkan.grmz@gmail.com; agizir@mersin.edu.tr
* Corresponding author

Abstract: Phthalates are known for their harmful effects on human health, includ-
ing being carcinogenic, toxic, and causing endocrine disruption. Therefore, re-
moving phthalates from aquatic environments is an important issue for research-
ers. This study aims to compare the efficiency of hydrogen peroxide (HP) and
potassium persulfate (PS) oxidants in degrading diethyl phthalate using the oxi-
dant-assisted subcritical water oxidation method. Additionally, the study statisti-
cally examines the effect of operational parameters (temperature, oxidant concen-
tration, and treatment time) on diethyl phthalate degradation using the Box-
Behnken design. Results indicated that temperature was the primary parameter af-
fecting diethyl phthalate degradation, with both oxidants fitting a quadratic model.
The highest total organic carbon (TOC) removal rate (100%) was achieved when
potassium persulfate was used as the oxidant in the oxidation experiments. When
hydrogen peroxide was used as the oxidant, the maximum TOC removal efficiency
was determined to be 87%.

Keywords: Advanced Oxidation Processes; Subcritical water oxidation; Re-
sponse Surface Methodology; Box-Behnken Design; Endocrine disrupting chem-
icals

Oksitleyici Ajan Olarak H>02 ve K:S5:0s Kullamilarak Dietil Ftalatin
Subkritik Su Oksidasyonu: Box-Behnken Tasariminin Uygulanmasi

Ozet: Ftalatlar insan saglig1 {izerine kanserojen, toksik ve endokrin bozucu gibi zararl
etkileriyle bilinmektedir. Bu nedenle ftalatlarin sucul ortamlardan uzaklagtirilmasi
aragtirmacilar i¢in 6nemli bir konudur. Bu ¢alisma, oksidant destekli subkritk su
oksidasyon yontemini kullanarak, dietil ftalatin par¢alanmasinda hidrojen peroksit (HP)
ve potasyum persiilfat (PS) oksidanlarinin etkinligini karsilastirmay1 amaglamaktadir.
Buna ek olarak c¢aliyma, Box-Behnken tasarimmi kullanarak operasyonel para-
metrelerin (sicaklik, oksidan konsantrasyonu ve islem siiresi) dietil ftalat bozunmasi
Uzerindeki etkisini istatiksel olarak da incelimektedir. Ayrica ¢alisma, Box-Behnken
tasarimini kullanarak operasyonel parametrelerin (sicaklik, oksidan konsantrasyonu ve
islem stiresi) dietil ftalat bozunmasi tizerindeki etkisini istatistiksel olarak da
incelemektedir. Elde edilen sonuclar, dietil ftalat bozunmasini etkileyen birincil para-
metrenin sicakligin oldugunu ve her iki oksidant i¢in ikinci dereceden bir modele
uydugunu gosterdi. Oksidasyon deneylerinde en yiiksek toplam organik karbon (TOC)
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giderim oran1 (%2100) potasyum persiilfat kullanildiginda elde edilmistir. Hidrojen per-
oksit kullanildiginda ise maksimum TOC giderim veriminin %87 oldugu belirlendi.

Anahtar Kelimeler: Tleri oksidasyon teknikleri; subkritik su oksidasyonu; cevap
yuzey Metodu; Box-Behnken dizayni; endokrin bozucu kimyasallar

1. Introduction

Phthalates/phthalate esters (PAEs) are common plasticizers used to increase the flexibility and
durability of polymer-based materials. It is used extensively in many different fields, especially in the
production of PVC products, toys, synthetic fibers, paint pigments, insect repellent, medical products
and cosmetics [1,2]. It is known that the annual consumption of phthalates, which has been used in many
industries since the 1920s, is over 1 million tons only in China, and approximately 90% of this is in the
PVC sector [3]. PAEs, are widely used due to their low cost production and versatile chemical proper-
ties, are generally connected to the product structure by weak van der Waals forces or hydrogen bonds,
so they are easily separated from the products and quickly transported to the environment. As a result,
they spread easily to the environment and pollute the water, soil and air [2,3]. Phthalates, which are on
the list of carcinogenic and endocrine disrupting chemicals, have many toxic and mutagenic effects, as
well as negative effects on the reproductive systems of humans and animals [4,5]. Phthalates have been
shown to be distributed in surface waters and river bottoms at various concentrations (ng/L to mg/L).
Therefore, phthalate members such as dimethyl phthalate, diethyl phthalate, dibutyl phthalate etc. have
been classified as priority pollutants by organizations such as the China National Environmental Moni-
toring Center, the US EPA and the EU [1,6]. It is an important issue to remove both the wastewater
and natural water resources contaminated with these chemicals, which pose such serious dangers to the
environment and human health.

Advanced Oxidation Processes (AOPSs), used in recent years, have become an important method
used in the degradation of toxic and stable organic pollutants [7]. In this method, which is based on the
production of radicals such as "OH and SO, radicals nonselectively attack target organic molecules and
mineralize them by breaking them into molecules such as CO; and H,O [8]. One of the popular AOPs
method used to degrade organic pollutants in water is subcritical water oxidation (SWO) process. The
popularity of SWO in recent years is attributed to its applicability to wastewater containing a wide range
of pollutants and its being an environmentally friendly process. The main advantage of this process is
that the application of various conditions in which the pressure can be applied at values sufficient to
keep water in the liquid phase while keeping the temperature between 373-647 K. Another advantage
of the method is the availability of oxidants such as O,, H,O, (HP) and K;S;0s (PS) that will increase
radical production [9-11].

While carrying out all these experimental studies, determining the effect of each experimental
parameter on the result and the synergistic effects of the parameters requires very time-consuming and
costly processes. Response surface methodology (RSM) is a highly effective statistical program used to
determine the effects of these system variables and perform experimental modeling. Compared to tradi-
tional optimization methods, RSM provides more useful information with fewer experiments to deter-
mine the effects of variables on the system [12,13]. The Box-Behnken design (BBD) which is a member
of RSM, is a free, spherical, rotational quadratic design consisting of the center point and midpoints of
the edges of the cube. However, the BBD allows calculation of the response function at intermediate
levels and, through careful design and analysis of experiments, allows prediction of system performance
at any experimental point studied [14,15].

In the current study, the degradation of diethyl phthalate (DEP), which is a low molecular weight
member of the phthalate family and poses serious risks to the environment and human health, was per-
formed oxidant assisted subcritical water oxidation using HP or PS. During the SWO process, the ox-
idation efficiency of DEP was calculated by the total organic carbon (TOC) contents. Within the scope
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of the study, the effects of temperature (K), oxidant concentration (mM) and processing time (min) as
system variables, on the oxidation efficiency of DEP were examined using RSM and BBD.

2. Materials and methods

2.1. Materials

Diethyl phthalate (C12H1404) was purchased from Sigma-Aldrich (USA). Potasium persulfate
(K2S20s) and hydrogen peroxide (30% wt, H20) were obtained from Merck (Germany). Nitrogen gas
(N2) gas was supplied by Linde gas (Turkey). Ultra-pure water used in all stages of the study was pre-
pared using Millipore Milli-Q Advantage A10.

2.2. Box-Behnken Design of Oxidant Assisted Subcritical Water Oxidation

Box-Behnken design (Design Expert V11, Germany) was used to reveal the effect of independent
variables on the oxidation of DEF by oxidant assisted SWO process. The BBD experimental matrix has
3levels (-1, 0, +1) and temperature (373-473 K), processing time (20-60 min) and oxidant concentration
(20-50 mM) were applied as independent parameters. The experiments were carried out in three repeti-
tions and the results were depicted in Table 1.

2.3. Subcritical Water Oxidation Process and Analysis

Oxidation experiments of diethyl phthalate were carried out using a fixed bed high pressure reactor
made of stainless steel with a volume of 200 mL (hand-made). A 100 mg/L stock aqueous solution of
DEP used in SWO process. In oxidation experiments, 150 mL of DEP solution placed in the steel reactor
and a certain amount of oxidant was added to the solution in the reactor. The reactor was purged with
N> gas to evacuate the remaining air. To ensure subcritical conditions, the reactor was pressurized with
N2 gas at 30 bar and the experiment was performed to the specified temperature and processing time.
After the processing time for each experiment was completed, the reactor was rapidly cooled by immer-
sion in an ice bath, degassed when it reached room temperature and a 20 mL sample was taken for
analysis and stored at +4 °C. Total Organic Carbon (TOC) measurements of samples were performed
by a standard method using a TOC cell kit and Merck Nova 30 A spectroquant photometer [16].

3. Results and Discussion

3.1 The Evaluation of Box Behnken Design Results for the Oxidation of Diethyl Phthalate using
Hydrogen Peroxide and Potasium Persulfate as Oxidants

The experimental TOC removal percentages of DEP obtained by BBD using HP and PS oxidants
were shown in Table 1. As depicted from Table 1, the maximum TOC removal efficiency using HP was
obtained as 84.01% after 40 min, at 373 K and 50 mM of HP, while the minimum TOC removal value
was 43.71% after 40 min at 473 K and using 20 mM of HP. In case of using PS oxidant, the maximum
91.95% TOC removal was achieved at the end of the 60 min experimental period at 473 K and a con-
centration of 35 mM PS. Also, the minimum % TOC removal value was determined as 68.85% after 40
min at 373 K and using of 20 mM PS. The quadratic models were proposed for both oxidants. Table 1
also shows the TOC removal efficiencies predicted by the proposed models.
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Table 1. The experiments and predicted of TOC removal results were obtained using the Box-Behnken

design
TOC Removal (%)

RUN X1 X2 X3 HP PS

T (K) t (min) Cox (MM) Exp. Pred. Exp. Pred.
1 373(-1)  40(0) 50 (+1) 84.01 82.44 77.73 78.39
2 423 (0) 40 (0) 35(0) 50.29 49.68 73.98 74.42
3 373(-1) 20(-1) 35 (0) 73.28 73.53 72.87 7290
4 473 (+1) 60 (+1) 35 (0) 54.29 54.04 9195 91.92
5 373 (-1) 60(+1) 35 (0) 75.79 77.17 76.93 76.91
6 423 (0) 20 (-1) 50 (+1) 54.14 55.45 7711 76.42
7 423 (0) 40 (0) 35 (0) 49.80 49.68 7429 74.42
8 473 (+1) 20 (-1) 35 (0) 50.86 49.48 84.23 84.26
9 373(-1)  40(0) 20 (-1) 68.86 68.80 68.85 68.18
10 473 (+1) 40(0) 50 (+1) 58.71 58.78 89.75 90.42
11 423 (0) 60 (+1) 20 (-1) 47.29 45.98 7251 73.20
12 423 (0) 60 (+1) 50 (+1) 62.58 62.77 91.44 90.88
13 423 (0) 20 (-1) 20 (-1) 45.29 45.10 75.28 75.92
14 423 (0) 40 (0) 35(0) 49.43 49.68 7439 7442
15 473 (+1) 40 (0) 20 (-1) 43.71 45.28 83.19 8253
16 423 (0) 40 (0) 35 (0) 49.63 49.68 7444  74.42
17 423 (0) 40 (0) 35 (0) 49.26 49.68 75.03 74.42

The compatibility of the quadratic model for the subcritical water oxidation of DEP was statisti-
cally evaluated with the analysis of variance (ANOVA). Table 2 shows the ANOVA results of the re-
duced quadratic models obtained using BBD.

The low p-values (< 0.0001) of the quadratic models and the F-values of 172.09 and 143.48 ob-
tained for HP and PS oxidants, respectively, indicate that the experimental results are highly fitted with
the proposed quadratic model. Terms with p-values lower than 0.05 have significant effects on the
model. From Table 2, the high linear effects of the 3 independent variables (X1, Xz, and Xs) can be seen
in DEP oxidation with the SWO method for both oxidants. While only the quadratic effect of tempera-
ture (X:%) was high when HP oxidant was used, it can be seen from the small p-values and high F-values
that quadratic effects are important in all three variables (X1%, X2% and Xs%) when PS oxidant is used.
Among the interactive effect of the independent variables, the only important term belongs to between
proceeding time and oxidant concentration (X»Xs). In addition, the p-value of lack of fit for HP and PS
expressed that only 0.68 and 3.19% error due to noise, respectively.

Table 2. ANOVA results of the reduced quadratic models

HP PS

Source Mean F-value p-value Mean F-value p-value
Square prob > F Square prob > F
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Model 279.85 172.09 <0.0001 784.01 143.48 <0.0001
X1 1113.21 684.53 <0.0001 347.77 509.14 <0.0001
X2 33.54 20.62 0.0019 68.12 99.73 <0.0001
X3 368.43 226.55 <0.0001 163.77 239.77 <0.0001
XXz 0.21 0.13 0.7277 3.33 4.88 0.0582
XoX3 10.37 6.38 0.0355 73.10 107.02 <0.0001
X1? 677.54 416.63 <0.0001 65.15 95.38 <0.0001
X2? 5.94 3.65 0.0924 41.45 60.69 <0.0001
Xq? 8.92 5.48 0.0473 9.76 14.28 0.0054
Residual 1.63 0.68
Lack of Fit 3.10 19.72 0.0068 1.22 8.35 0.0319
Pure Error 0.16 0.15
Table 3. Regression and correlation analysis of quadratic models

Model Standart Mean C.VV PRESS R? R? Adequate

deviation % adjusted predicted Precision
HP 1.28 56.90 224 139.95 0.9942 0.9884 0.9378
PS 0.83 78.47  1.05 0.9931 0.9862 0.9472

With the help of the regression and correlation analysis results shown in Table 3, the reliability of
the reduced quadratic models obtained with the BBD were evaluated for both oxidants. Adequate Pre-
cision values, which are an indicator of the usability of the model and must be greater than 4, were
calculated as 40.20 and 38.51 for HP and PS, respectively. Adequate precision is a measure of the signal-
to-noise ratio and compares the range of predicted values with the average prediction error at design
points. While the correlation coefficient values of R?, adjusted R? and predicted R? were calculated as
0.9942, 0.9884 and 0.9378 for HP, incase PS oxidant these correlation coefficients were 0.9931, 0.9862
and 0.9472, respectively. The difference between the adjusted R? and the predicted R? values for both
quadratic models is less than 0.2, indicating the perfect agreement between the experimental values and
the predicted values calculated with the help of the model. Also, the fit of the models was depicted in

Fig. 1.
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Figure 1. The actual values vs predicted values of the TOC removal efficiency of Diethyl phthalate
using a) HP, and b) PS.

The quadratic polynomial equations derived by the RSM for the oxidation of diethyl phthalate
with HP and PS were shown in Egs. (3.1 and 3.2), respectively. With the help of these equations, the %
TOC removal values can be calculated at any operating point at the intervals for the temperature (373-
473 K), the experiment time (20-60 min), and the oxidant concentration (20-50 mM). ANOVA results
give the effective terms on the model as discussed before. In addition, quadratic polynomial equations
are useful in revealing which parameter affects the response in which direction [17,18]. For both oxi-
dants, the most effective linear term in DEP oxidation was temperature. However, while the temperature
(X1) increase had a decreasing effect on TOC removal when using HP oxidant, it enhanced the oxidation
efficiency performed in the case of PS oxidant. It seems that the parameter that has the least impact on
the response among the independent variables is processing time (Xz). However, the interactive (syner-
getic) effect of processing time and oxidant concentration (X2X3) was positive on TOC removal effi-
ciency.

TOC Removal (%) = +49.68 - 11.80X; + 2.05X, + 6.79X3 + 0.23X: Xo + 1.61XoX3 + 12.69)(12 + 1.19)(22
+1.46 X2 (3.1)

%TOC Removal (Y) = +74.42 + 6.59X; + 2.92X, + 4.52X5 + 0.91X1X; + 4.27X,X3 + 3.93X,2 + 3.14X,?
+1.52 X42 (3.2)

In the SWO process where PS oxidant is used, the quadratic effect of all three independent varia-

bles is lower than the linear effects, also they were positive effects. However, it is seen that the quadratic
effect of temperature was greater in the process using HP oxidant.
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3.2 SWO Oxidation of Dietil Phthalate using Oxidants

The use of hydrogen persulfate in subcritical water oxidation supports the formation of various
oxygenated reactive species (ROS), especially hydroxyl radicals with high oxidation potential (E°= 2.8
V) due to Egs. (3.3-3.7) [14,16].

heat

H,0, — 2'OH (3.3)
H,O,+ *OH — HO>" + H,0O (3.4)
H20.+'0OH — O+ H"+H0 (3.5)
‘OH + "OH — H,0O, (3.6)
‘OH +HO,” — H,0.0; (3.7)

The effect of each experimental variable on the oxidation of DEP can be examined in detail using 3D
graphics obtained from the RSM using BBD. For the TOC removal efficiency of DEP, any of the pa-
rameters determined as the system variable which are temperature (Xy), processing time (Xz), and HP or
PS concentration (Xs) can be kept constant and the dual effects of the independent variables can be
discussed.

Fig 2a show the processing time and temperature effects on TOC removal efficiency by keeping
the HP concentration at 50 mM. In the SWO process with HP as an oxidant, it is seen that DEP oxidation
occurs more effectively at low temperatures. It can be said that the temperature increase contributes to
the decomposition of HP into water and oxygen rather than the reactions that support the formation of
radicals. After 60 min of processing, 87.02% TOC removal was achieved at 373 K, and this value
decreased to 61.40% when the temperature was increased to 430 K. The increase in TOC removal to
63.89% by increasing the temperature to 473 K indicates that DEP oxidation increases as subcritical
conditions are approached. Fig 2b illustrates the effect of HP concentration and time at 373 K on DEP
oxidation. It is observed that processing time is not a very effective parameter at low HP concentrations,
but when the HP concentration is above 40 mM, increasing time acts to increase DEP oxidation. The
low TOC removal datas obtained when low HP concentration is applied reveals that the conversion
efficiency of HP to hydroxyl radical has been low. For this reason, hydrogen peroxide concentrations
may higher than the theoretically required amount increased the oxidation efficiency.

When the SWO results in which persulfate was used as oxidant were examined, higher DEP oxi-
dation efficiencies were achieved compared to HP. The effect of temperature and time on TOC removal
under conditions where the PS concentration was kept constant at 50 mM is given in Fig. 2c. After SWO
performed for 20 min at 373 and 474 K temperatures, TOC removals were determined as 74.67 and
83.72%, respectively, and by increasing the time to 60 min, the change rate was determined as 13% and
TOC removal reached 100% at 474 K. Thermal activation of persulfate allows the formation of the
sulfate radical (SO.™) due to cleavage of the peroxide bond is given in Eq. (3.8) [19]. The sulfate radical
has high oxidation potential (E°= 2.5-3.1 V), similar to the hydroxyl radical. However, it also has ad-
vantages over the hydroxyl radical, such as being longer lasting, showing activity in a wide pH range,
and being less affected by inorganic species that act as radical scavengers [20,21]. In fact, the formed
sulfate radical reacts with water supports the formation of hydroxyl radical following Eq. (3.9).
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According to the SWO results performed at 464 K, it was determined that for effective DEP oxi-
dation (> 81%), the PS concentration should be kept above 30 mM and the processing time should be
kept above 40 min (Fig. 2d). When the time and PS concentration were increased to the highest level at
the same temperature value, i.e. 60 min and 50 mM, 100% TOC removal was achieved.
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Figure 2. Effect of (a) temperature and time at 50 mM HP, (b) HP concentration and time at 373 K,
(c) temperature and time at 50 mM PS, (d) HP concentration and time at 464 K on TOC removal of
DEP.

In Table 4, the optimum conditions obtained statistically by the BBD and which can be used for
the oxidation of diethyl phthalate with HP and PS are given. While obtaining these optimum conditions,
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experimental conditions were selected where the model could reach maximum TOC removal percent-
ages. The important point is that the closer the acceptability value is to 1, the closer the results to be
obtained from the system will be to the statistical data, that is, the correct results will be obtained. For
example, if the researcher's goal is only to obtain the highest TOC removal % possible, they can achieve
87.0% TOC removal at the end of the 60 min experiment period by using 50 mM HP at 373 K temper-
ature, as seen in Table 4. Additionally, if it is desired to obtain the highest possible % TOC removal for
diethyl phthalate using PS, 100% TOC removal can be achieved at the end of the experiment period of
59 min by using 49.8 mM PS at 469 K temperature.

Table 4. The Optimum conditions obtainable in the Response Surface Method for the oxidation of
diethyl phthalate with HP and PS

HP PS
T T Chp TOC Re- TK) T Ces TOC Re-
No (K) (min) (mM) moval No (min) (mM) moval Desirability
(%) (%)
1 373 60 500 87.0+13 1 469 59 498  100.1+0.8
2 373 60 499 869+13 2 469 60 49.3  100.2+0.8
373 60 49.1 86.4+1.3 472 58 49.3  100.3+0.8

The effects of each independent variable on the response under the conditions recommended as
optimum for both oxidants are seen more clearly in Fig. 3. The main disadvantage of advanced oxidation
methods is their application costs, because of this time, temperature and oxidant concentrations have
been at average values in this study. However, it is possible to obtain more effective results at higher
concentrations of both oxidants.
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Figure 3. Effect of independent variables on the recommended optimum conditions for DEP oxidation
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by (a-c) HP (373 K, 60 min, 50 mM HP) and (d-f) PS (470 K, 60 min, 50 mM PS) oxidant-assisted
SWO method.
The quadratic models created by the Box-Behnken design (BBD) for the oxidation of diethyl phthalate
using HP or PS as oxidants were validated by comparing the predicted TOC removal percent values
with the experimental results obtained from random experimental points. Table 5 shows that the pre-
dicted values were in agreement with the experimental values, indicating that the models accurately
represent the oxidation process for DEP using HP or PS oxidant.

Table 5. The result of validation experiments for the oxidation of diethyl phthalate
TOC Removal (%)
Oxidant Run T (K) t(min) Co (MM) Experimental Predicted

Hp 1 398 45 40 66.09+1.09 61.87+1.27
2 433 30 30 41.69+1.22 45.25+1.27
PS 1 373 60 50 87.23+1.04 87.53+0.82
2 443 60 50 92.72+1.24 94.434+0.82
4. Conclusion

Phthalates are a class of chemicals known for their significant industrial use and their impact as
endocrine disruptors. The release of wastewater containing phthalates into the environment poses a crit-
ical concern due to the potential negative consequences on both the environment and human health.
Although there are a limited number of studies in the literature investigating phthalate degradation using
advanced oxidation processes, no direct study using the subcritical water oxidation method has been
found for diethyl phthalate. For this reason, the degradation of diethyl phthalate in aquatic environments
by the subcritical water oxidation method carried out in this study, together with the high removal results
obtained and the statistical evaluations and optimization of the method, is a guide for similar studies to
be conducted in the future.

This study aimed to develop an effective method for treating wastewater containing diethyl
phthalate using the oxidant-assisted subcritical water oxidation process. The researchers conducted de-
tailed statistical evaluations of the oxidation process for diethyl phthalate, utilizing ANOVA tests with
the Design Expert program. The results helped determine the optimum oxidation conditions for the
treatment process. When hydrogen peroxide (HP) was used as the oxidant in the subcritical water oxi-
dation (SWO) for diethyl phthalate, the maximum total organic carbon (TOC) removal was 87.0%. The
optimum conditions were found to be a temperature of 323 K, a concentration of 50 mM HP, and a
processing time of 60 minutes. It was observed that increasing the temperature was effective in reducing
the oxidation of diethyl phthalate in the HP-supported SWO method.

On the other hand, higher oxidation values (100%) were achieved with potassium persulfate (PS)
as the oxidant compared to HP. However, it was found that higher temperatures were required for the
oxidation of diethyl phthalate in the PS-assisted SWO process. The optimal operating conditions for PS-
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assisted SWO were determined to be a temperature of 470 K, a concentration of 50 mM PS, and a
processing time of 60 minutes.
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1. Introduction

Numerical semigroups first appeared in problems in classical number theory posed by J. J. Syl-
vester and Ferdinand Georg Frobenius in the late 19th century. Numerical semigroups have re-mained
the focus of extensive study due to the abundance of open problems and applications in other fields
such as electrical engineering, differential equations, and algebraic geometry.

Let ¥=4{ul ¢:u> 0} and ¢ beintegerset. Wi ¥ is called a numerical semigroup if

(i) z,+z,1d,forz,z,I W

(i) ¥\W is finite

(iii) 0T W.
A numerical semigroup W can be written that

W=<12,2,,..2,>={zu+ z,U,+ .+ zu :ul ¥,1£i£ k }.

LI ¥ is minimal system of generators of W if < L>= W\ and there isn’t any subset T1 L
such that < T>=W. Also, | (W= min{zl W, z> 0} and d(W= k are called multiplicity

and embedding dimension of W, respectively. Itis know that d(W£ 1 (W .If dW=1 (W then

W is called maximal embedding dimension (MED) (See [1,5,6]). Also, m(\Wj = max (¢ \V\b is called

Frobenius number of W, g(W= Card ({0,1.2,....m(W}CW) is called as the determine number of

W. Here, we will indicate the number of elements of the set W by Card(W).

For W is a numerical semigroup such that W=< z,,7,,...,Z, >, then we write that

W=<2,2,,..,2,>= {,= 0, 1y g = MW+ 1L® ..}, where z,<z,,9=q(W and

the arrow means that every integer greater than m(\W+ 1 belongsto W for i=12,...,q=qW.
Let Whbe a numerical semigroup. If ul ¥ and ul W, then U iscalled gap of W. We de-
note the set of gaps of W, by Y(W , ie, Y(W=¥\W={ul ¥:ul W}. The number

P(W = Card(Y (W) is called the genus of W, and we note that P(Wy+ q(W= m(W+ 1 (see

[81).
W is called symmetric numerical semigroup if m(W)- mi W, for mi ¢ \W. Itis know

the numerical semigroup W=< q,,0,> is symmetric and mMW= g,0,- 0,- ¢, . Thus,
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aw = Py = T2

. W s called pseudo symmetric numerical semigroup if m(W) is even and
. m(W) - ‘ .
mW- fI W f= T,for f 1 ¢\W (For details see [2,3,4,9,10]).

Let W be a numerical semigroup and ul Wu> 0. The set Ap(Wu)= {z1 W:z- ul W} is

called the Apery set of W according U,and Ap(Wu)i W ([8]).

For  numerical semigroup let’s the set, for . If  thentheset is called the half of ([7]). We
note that while is symmetric (pseudo symmetric) numerical semigroup, need not be symmetric
(pseudo symmetric). For example is symmetric numerical semigroup but s not symmetric numerical
semigroup ( is pseudo symmetric but is not pseudo symmetric) .

In this article, it is examine some results on the symmetric numerical semigroup W but 7 is pseudo

+
symmetric numerical semigroup such that W=< p,q> and VEV=< p,%, g> where

p<q and p,qare odd natural numbers .

2. MAIN RESULTS

Proposition 1. ([8]) |If W=<12,2,,..,2,> is MED numerical semigroup then
APW2)= {0.2,....2,} .
Proposition 2. ([8]) If W=<172,2,,..,2,> is a numerical semigroup then

V) = max(Ap(Wz,))- 2.

Proposition 3. ([7]) W is pseudo symmetric numerical semigroup U q(W = @
Proposition 4. ([8]) W is pseudo symmetric numerical semigroup U P(W = w

Proposition 5. ([8]) If W=< z,,2,,...,Z,> isa MED numerical semigroup then m(W= z,- z,.

Proposition 6. ([8]) Let W=< z,,Z,,...,Z, > be a numerical semigroup. Then the following conditions

are equalities:

(1) W is MED
@ Pw=Lg 5- At
21%2 i 2

305



International Journal of Pure and Applied Sciences 10(1); 303-308 (2024)

Theorem 7. Let W=< p,q > be numerical semigroups , where p< g and p,( are odd integers.

P+q
2

Then, VEV=< p, ,q>

Proof. Let W=< p,q> be numerical semigroups , where p< gand p,(Qare odd integers.
Then, we write

P+aq

xE< p, g =< Twywy,wy E ML x = pwy

y T gwy

= 2x = p(2wy)) + (p+ @wy + g(2w;)

e 2x = p(2Zwy +w,) + g(w, + 2w;)

> 2x = pm+gn, €< p.g>=1{l

L
— X = —_

2

In this theorem, if we put p= 3 then we obtain followings:

Corollary 8. Let W=< 3,q > be numerical semigroups, where q> 3is odd integer. ~ Then, the

numerical semigroup VEV:< 3,3+Tq,q> is MED, and m(VEV)z q- 3.

Theorem 9. Let W=< 3,q > be numerical semigroups, where q > 3 is odd integer. ~ Then, the

. . w 3+q . .
numerical semigroup EY =< 3,T,q > is pseudo symmetric.

Proof. Let W=< 3,q > be numerical semigroups, where g > 3 isoddinteger. = We write the nu-

merical semigroups VEV: <3 3; g ,q> is MED from Corollary 8. Then, we obtain
+ + -
P(VEV) == %(3 5 +Q)- 1= ar- > ! - 1= qu from Proposition 6. So, we have the numerical semi-

q- 1 (q- 3)+2 m(V\3+2
2 2 2

group VEV: <3— 3 q ——,Q> is pseudo symmetric since P(2)—

and Proposition 4.

The following Corollary is clear since the numerical semigroup W=< 3,q > is symmetric.
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Corollary 10. Let’s W=< 3,gq> ,where > 3 isodd integer. Then,

1) mW=2q- 3
) aW=PW=g- 1.

Proposition 11. Let W=< 3,q> be numerical semigroups and its half numerical semigroup is

W__53+q
2

,q> ,where > 3 isoddinteger. Then, we have

@ MW= M)+ g
_ q+ 1
(b) gW = Q(%S"' >

(©) P(W= 2P(V§V).

Proof. Let W=<3,g> be numerical semigroups and its half numerical semigroup is
w 3+ q

E: < B,T,q> , Where > 3is odd integer. Then,

@ M)+ a= (@- 3+q=2q- 3= mW) .
2 2 2

g+1_g9-3,g+1
2 2 2

since VEV is pseudo symmetric from Proposition 3.

Thus, we obtain q(VEV)+ =qg- 1=qW.

-1
© 2P()= 21 = g- 1= PW.
Example 12. Lets W=< 3,7>= {3k + 7k, : k,k, I ¥ }= {0,3,6,7,9,10,12,® ..} Then
mW=11, q(W=6, YW= ¥W={,2,4,5811}and P(W= Card(Y (W)= 6. In this case,

we have VE\I: {ul ¥:2u1 W}={0,35® ..}=<3,57> is MED since d(VEV): I (VEV)= 3.
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Also, we write that q(VEV): 2, we find m(VEV): 7- 3= 4 from Proposition 5.  So, VEV is pseudo

W,
w_ MG 4
symmetric numerical semigroup since q(E) = > = > = 2 from Proposition 3.

On the other hand, we obtain

m(VE\S+ 7= 4+ 7=11= mW),
q(%6+ %1= 2+ 4=6=q(W and

2P(VEV): 2.3= 6= P(W from Proposition 11.
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