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Onsoz

Matematik ve Fen bilimleri Uzerine Arastirmalar’ baglikli kitabin
hazirlanmasindaki temel amag, matematik, fizik, kimya, biyoloji gibi temel
bilimlere ait giincel bilgileri veya aragtirma bulgularini bir araya getirmektir.
Kitap ile sunulan boliimler, sonrasindaki ¢aligmalar igin kaynak niteliginde
olup yeni aragtirmalar ve fikirler igin 151k tutacaktir. Farkli disiplinleri bira
araya getiren bu kitap ile bagta lisans 6grencileri olmak tizere akademisyenlerin
ve aragtirmacilarin ¢aligmalarina 6nemli katkilar saglayacaktr. Kitabin
hazirlanmasinda emegi gegen tiim boliim yazarlarina ve kitab: okuyucular
ile bulusturma firsat1 sunan ‘Ozgiir Yaymnlar™nin tiim bireylerine tegekkiir
ederim.

Dog. Dr. Adile Akpinar

1ii






Preface

The main purpose of preparing the book titled ‘Research on Mathematics
and Science’ is to bring together current information or research findings
in basic sciences such as mathematics, physics, chemistry and biology. The
chapters presented in the book will be a source for future studies and will be
light on new research and ideas. This book, which brings together different
disciplines, will make significant contributions to the studies of academics
and researchers, especially undergraduate students. I would like to thank all
the authors of the chapters who contributed to the preparation of the book,
and all the individuals of ‘Ozgiir Yayinlar’ who provided the opportunity to
bring the book together with its readers.

Assoc. Prof. Adile Akpinar
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Bolum 1

Amanita caesarea ve Boletus reticulatus Oziitlerini
Iceren Yenebilir Film Uretimi

Mukaddes Gokyermez'
Ozge Siifer?

Fuat Bozok?®

Ozet

Bu galismanin amaci, Osmaniye ili Zorkun bolgesi Karincali yaylas: toplanan
Amanita caesaren (AC) ve Boletus reticulatus (BR) makrofunguslarindan
elde edilen ekstraktlarin yenebilir filmlere ilavesinin yol agtig1 etkilerin
aragtirlmasidir.  Bu  ekstraktlardan farkli oranlarda (25, 50 ve 100
mg) filmler hazirlanarak, filmlerin bazi fiziksel ve kimyasal ozellikleri
incelenmistir. Calismanin  bulgular, AC mantarmin  BR  mantarina
kiyasla daha yiiksek toplam fenolik bilegen igerige sahip oldugunu ortaya
koymugtur. AC ekstraktr igeren filmler kontrol grubuna goére daha ince
bulunurken, sadece BR100 filmi daha kalin sekilde olgilmiistiir. Her iki
mantar Oziitii kullanilarak iiretilen filmlerin nem igerigi, kontrol filminden
daha diigiik seyretmigtir. Filmlerin suda ¢oziiniirliigii mantar ekstraktinin
diigiik konsantrasyonlarinda azalmig, ancak daha yiiksek konsantrasyonlarda
artmistir. Filmlerin seffafligini gosteren L* degerinin kontrol filminde en
yiiksek, AC100 film 6rneginde ise en diigiik olmasi kontrol filminin daha
seffaf oldugunu gozler Oniine sermistir. Ayrica, mantar ekstraktlarindan
gelen biyoaktif bilesenler, yenebilir filmlerin opakliginin ve UV bariyer

oOzelliklerinin artmasina neden olmusgtur.

1 Yiiksck Lisans Ogrencisi, Biyoloji Boliimii, Fen Bilimleri Enstitiisii, Osmaniye Korkut Ata
Universitesi, 80000, Osmaniye, Tiirkiye, drgkyrmz@hotmail.com

2 Dog. Dr., Gida Miihendisligi Boliimii, Miihendislik Fakiiltesi, Osmaniye Korkut Ata Universitesi,
80000, Osmaniye, Tiirkiye, ozgesufer@osmaniye.edu.tr, Orcid: 0000-0001-8337-6318

3 Dog. Dr, Biyoloji Boliimii, Fen-Edebiyat Fakiiltesi, Osmaniye Korkut Ata Universitesi,
80000, Osmaniye, Tiirkiye, fbozok@osmaniye.edu.tr, Orcid: 0000-0002-9370-7712

@88 A hipsjoi.or/10.58830)0zgurpub252.c1212 1
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1. Girig

Ulkemiz, kendine 6zgii topografyast ve iklim 6zelliklerinin bir sonucu
olarak, ¢ok ¢esitli makro ve mikro mantari barindirmaktadir (Diindar vd.,
2016). Bugiine kadar Tiirkiye’de yaklagik 2500 mantar tiirii tespit edilmig
olup, bu tiirlerin yaklagik %851 bazidli mantarlar sinifina girmektedir. Her
giin bu alemin yeni ve ilgi gekici tiyeleri kesfedilerek listeye eklenmektedir
(Sesli ve Denchev, 2014; Bozok vd., 2018 ve 2020; Dogan vd., 2018;
Altuntas vd., 2021).

Diinya genelinde, gida endistrisinde yaygin olarak kullanilan
makromantarlarin 70.000’den fazla tiiriiniin oldugu ve bunlardan 2000
kadarinin yenebilir oldugu belirtilmektedir (Naeem vd., 2020). Bu
yenebilir mantarlar, 6zellikle Cin gibi baz1 Uzak Dogu iilkelerinde saglikli
ve dengeli beslenme i¢in 6nemli bir diyet bilegeni olarak kullanilmaktadir.
Clinkii hayvansal gidalarda bulunan bazi aminoasitler ve vitaminler bitkisel
iriinlerde bulunmamaktadir. Ayrica, diigitk karbonhidrat, diigitk yag
ve dolayisiyla diisiik kalori fakat yiiksek lif igerigi nedeniyle diyet yapan
kigilerin de kilo vermelerine yardimci olabilirler (Badalyan ve Zambonelli,
2019).

Fenolik bilegikler, besinlerin duyusal o6zelliklerine katkida bulunan
sekonder metabolitler olarak bilinir ve bir¢ok meyvede bol miktarda
bulunur (Rice-Evans vd., 1997). Bu bilesikler, besin degeri tagimasa da
hipertansiyonun olumsuz etkilerini azaltma, diisiik yogunluklu lipoprotein
oksidasyonunu engelleme, tiimor gelisimini 6nleme ve glikoz emilimini
diizenlemede rol oynamaktadir (Stacewicz-Sapuntzakis vd., 2001; Del Caro
vd., 2004).

Bitkilerden elde edilen dogal polimerler, petrolden yapilan sentetik
ambalaj malzemelerinin ¢evre dostu ve toksik olmayan bir ikamesi olarak
kullanilmaktadir. Kitinin deasetilasyonu yoluyla elde edilen dogal bir
polimer olan kitosan, biyolojik olarak parcalanabilirligi ve gevre dostu
ozellikleri nedeniyle yenebilir filmlerin formiilasyonunda yaygin olarak
kullamlmaktadir (Priyadarshi ve ark., 2018). Onceki aragtirmalar, toksik
olmayan ve biyouyumlu bir madde olan kitosanin basarili antioksidan ve
antimikrobiyal 6zelliklerini gostermistir (Bégin ve Van Calsteren, 1999; Xie
vd., 2001; Rabea vd., 2003; Yen vd., 2008; Goy vd., 2009; Raafat ve Sahl,
2009; Kong vd., 2010; Siripatrawan ve Harte, 2010; Leceta vd., 2013; Ke
vd., 2021). Sonug olarak kitosan, yenebilir filmlerin {iretimi i¢in umut verici
bir malzeme olarak ortaya ¢tkmaktadir. Ancak, mantar oziitleri i¢eren kitosan
bazli yenebilir filmler hakkinda gu anda sinirh literatiir bilgisi bulunmaktadur.
Bu eksiklikten yola ¢ikilarak bu ¢aliygmanin amaci, Osmaniye ilinden temin
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edilen Amanita caesaven ve Boletus reticulatus ekstraktlarini igeren kitosan
bazli yenebilir filmleri tiretmek ve elde edilen filmlerin bazi fiziksel ve
kimyasal 6zelliklerini aragtirmak olarak belirlenmigstir (Gokyermez, 2022).

2. MATERYAL VE YONTEM
2.1. Materyal

2.1.1. Mantar Materyali

Amanita caesaven ve Boletus reticulatus makrofunguslart Osmaniye ili
Zorkun bolgesi Karincali yaylasindan toplanmistir. Toplamadan 6nce, arazide
makrofunguslarin fotograflar1 ¢ekilmis, GPS koordinatlari, ytkseklik ve
gevredeki bitki ortiisii gibi ayrintilar1 kaydedilmistir. Toplanan makrofungus
ornekleri daha sonra Kangye (Cin) marka sebze kurutucusu kullanilarak, 50°C
sicaklikta 24 saat siireyle kurutulmugtur. Daha sonra, kurutulmug mantarlar
ogiitmek i¢in Waring (Almanya) firmasimna ait bir 6giitiicli kullanilmistir.
Kurutulan ornekler kilitli torbalarda 6zenle buzdolabinda +4°C’de analiz
edilinceye kadar muhafaza edilmigtir. Toplanan makromantarlarin konumlari
ve genel Ozellikleri agagida verilmektedir (Gokyermez, 2022);

08.10.2021 tarihinde Osmaniye, Zorkun, Karincali yaylasinda
36°57°35.9” K, 36°20°05.9”D koordinatlarinda ve 1324 m rakimda Amanita
caesaren toplanmigtir (Sekil 1). Mantarin gapkasinin ¢apr 50-140 (190)
mm’dir ve parlak turuncu-kirmizi ila soluk turuncu bir renk sergilemektedir,
renk olgunlastik¢a solmaktadir. Basglangigta, sapka digbiikey ve sonunda
diiz hale gelmeden 6nce yarim kiire gseklindedir. Yiizey biraz yapiskandir ve
kenar bogluklar1 kisa ¢izgilidir. Koruyucu bir doku olan volva, fark edilir
derecede biiyiik ve kalindir. Mantarin eti beyaz, sapkanin alt tarafi saridir.
Govde 60-130 x 15-25 mm boyutlarinda ve silindirik olup, agagr dogru
geniglemektedir. Sar1 renklidir, halkasinin alt tarafi diizdiir. Halkanin kendisi
genig, kalin ve zarimsidir, yukarisinda hafif gizgiler sergilemektedir. Bu
mantar tiiri Akdeniz bolgesinde yaygin olarak tiiketilmektedir (Neville ve
Poumarat 2004).

Boletus reticulatus mantar tiiri, 8 Ekim 2021 tarthinde Osmaniye’de
Zorkun Karincali yaylasinda 36°57°43.0> K ve 36°19°56.5” D
koordinatlarinda 1240 m rakimda toplanmugtir (Sekil 2). Mantarin sapkasi
20 cm’ye kadar bir ¢apa ulagabilir ve yarim kiire seklinde baglamakta, daha
sonra digbiikey veya diiz hale gelmektedir. Tipik olarak kurudur ancak
ozellikle yagish havalarda biraz yapigkan hale gelebilir. Sapka genellikle
ince veya kaba catlaklar gosterir ve rengi soluk kahverengi, kahverengi,
koyu sarimsi, grimsi-koyu kahverengiden neredeyse tamamen beyazimsiya
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kadar degigebilir. Bu tiir, zarar gordiigiinde mavi bir renklenme gostermez.
Govde, cubuk seklinde ve silindiriktir, bazen sapkanin rengiyle uyumludur.
Mantarin eti beyazdir, bazen sapin tabanindan kaynaklanan kahverengi bir
leke vardir ve havaya maruz kaldiginda renk degistirmez. Baglangigta, tiipler
beyaz goriiniir ancak daha sonra krem veya soluk sar1 bir renk tonuna geger.
Baz1 yazarlar bu tiire B. aestivalis olarak da atifta bulunmakta ve yaygin
olarak Avrupa kitasinin giiney bolgelerinde B. reticulatus’a rastlanilmaktadir
(kaynak: https://boletales.com).

Sekil 1. Amanita caesavea makromantavmm avazide cekilmis bir fotografi (Gokyermes,
2022)


https://boletales.com
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Sekil 2. Boletus reticulatus makvomantarmn avazide cekilmis biv fotografi
(Gokyermez, 2022)

2.2. Yontem

2.2.1. Ekstrakt Elde Edilmesi

5 gram kurutulmug ve toz haline getirilmis makrofungus 100 ml distile
suya ilave edilmis ve 2 saat siireyle 100 °C’de kaynamaya birakilmigtir. Daha
sonra elde edilen Whatman No.1 filtre kigid: kullamilarak siiziilen sivi,
buharlagtirilmig ve makromantar ekstrakt: iiretilmistir. Elde edilen oziitler,
kitosan bazli yenebilir filmlerin yapisinda kullanilana kadar buzdolabinda
+4 °C’de saklanmistir (Gokyermez, 2022).

2.2.2. Filmlerin Uretilmesi

Her iki mantar 6ziitiiniin farkli konsantrasyonlar1 (25, 50 ve 100 mg)
kullanilarak yenebilir film hazirlanmigtir. Her bir yenebilir film iiretmek igin
agagidaki basamaklar takip edilmistir (Sekil 3).
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1. 200 mg Kitosan

!

2. %171k 20 ml Asetik Asit
3. 100 pl Gliserol

4. 25-50-100 mg makromantar Sziiti

!

5. Homojenizasyon

!

6. 20 ml olacak sekalde 9 cm’lik petr1 kaplarnna dékilda
7. Oda sicakliginda kurutma

8. Her 4 saatte bir tartilda

Sekil 3. Yenebiliv film sivetim asamalary (Gokyermez, 2022)

2.2.3. Fourier Doniisiimlii Kizilotesi Spektroskobu (FTIR) ile
Analiz

Numunelerin FTIR spektrumlari, zayiflatilmis toplam yansitma aksesuari
ile donatilmig bir FTIR spektrofotometresi (Perkin Elmer 65, Waltham, MA,
ABD) kullanilarak elde edilmigtir. Veri toplama igin 4000-400 cm™ dalga
boyu aralig1 kullanilmigtir. Her bir spektrumu elde etmek i¢in toplamda 16
tarama gergeklestirilmigtir.
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2.2.4. Taramal1 Elektron Mikroskobu ile Analiz

Filmin yiizeyini ve enine kesitini incelemek igin, taramali elektron
mikroskobu kullanilmigtir. Kullanilan mikroskop Almanya, Jena iiretimli
Zeiss Evo 50 modelidir. Filmi daha iletken hale getirmek i¢in ABD ¢ikigh
Electron Microscopy Sciences markali sprey kaplayict numuneleri altin/
paladyum ile kaplamusti. 15 kV hizlanan voltajda film Orneklerinin
goriintiileri alinmustir.

2.2.5. Kalinlik Olciimii

Filmlerin beg farkli noktasindan bir dijital kumpas yardimiyla kalinliklar:
Olciilmiis ve bu bes degerin ortalamasi alinmugtir.

2.2.6. Nem Icerigi ve Suda Coziiniirliik

Film 6rnekleri makas kullanilarak 2 X 2 ecm’lik pargalar halinde kesilmis
ve hassas terazide tartilmigtir. Kesilen filmler daha sonra aliiminyum kaplara
konularak 105°C hava sirkiilasyonlu bir firinda (Binder, ED 115, ABD)
24 saat bekletilmigtir. Filmler firindan ¢ikarildiktan sonra, tekrar agirliklar
Olgiilmiigtiir. Dogrulugu saglamak igin bu islem li¢ kez tekrarlanmistir.
Filmlerin nem igerigi agagida belirtilen formiil kullanilarak, ylizde olarak
hesaplanmugtir;

% Nem = (M1 - M2) /M1 x 100 (1)

M1 : Ornegin ilk agirligt (g)
M2 : Ornegin son agirhg (g)

Filmlerin suda ne kadar iyi ¢oziindiiglinii anlayabilmek igin, kurutulan
filmler 50 ml distile su igerisine konularak 25°C’de 24 saat agirlik kaybi
durana kadar calkalanmigtir. Filmin ¢Oziinmeyen kisimlart daha sonra
105°C’de 24 saat etiivde (Binder, ED 115, ABD) birakilmistir. Filmlerin
sudaki ¢oziiniirliigi, egitlik 2 yardimiyla belirlenmistir.

% Suda ¢Oziiniirlitk = (W1-W2)/WI1 x 100 (2)

W1 : Ornegin ilk agirligs (g)
W2 : Ornegin son agirligt (g)
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2.2.7 Renk ve Opaklik

Filmlerin rengi portatif bir kolorimetre (Konica-Minolta CR-400,
Japonya) kullanilarak ol¢tilmiigtiir. L* (agiklik), a* (kirmizilik-yesillik) ve
b* (sarihk-mavilik) degerleri, her filmdeki dort farkli noktadan okumalarin
ortalamasi alinarak elde edilmistir. Filmlerin toplam renk degisimleri (AE)
agagidaki formiil kullanilarak tespit edilmistir;

aE= [ = L, )2+ (@ = a5,,)" 1+ (' = by, 3)

“Ref” ile belirtilmis olan parametreler, mantar 6ziitii igermeyen Ornege;
digerleri ise mantar 6ziitii igeren numuneye aittir.

Beyazlik (BI) ve sarilik (SI) indeksleri ise sirasiyla esitlik 4 ve 5 kullanilarak
tayin edilmistir;

BI=100-+/ (100 — L)%+ (a*)? + (b*)° (4)
142.86 X b
Sl=— & (5)

Filmler, 4.5 X 1.2 cm boyutlarinda kesilmig, bir kuvarts kiivet igine
yerlestirilmig ve absorbanslar1 spektrofotometre kullanilarak (Shimadzu, UV
1800, Japonya) 600 nm dalga boyunda 6lglilmiistiir. Opaklik, elde edilen
absorbans degerlerinin filmin kalinligina boliinmesi ile tespit edilmigtir
(Noshirvani vd., 2017).

2.2.8.UV-VIS Analizi

Kitosan bazli ve mantar 6ziitii i¢eren yenebilir filmlerin optik gegirgenligi,
250 ile 850 nm arasinda degisen dalga boylarinda analiz edilmigtir. Optik
Olgiimler, spektrofotometre kullanilarak yapilmig ve filmlerin gegirgenligi
yiizde transmittans olarak belirlenmistir (Sady et. al., 2021).

2.2.9. Toplam Fenolik Bilesen (TFB) Tayini

Bu galigmada toplam fenolik bilesen (TFB) tayini igin Folin-Ciocalteu
yonteminden yararlanilmistir (Li vd., 2015). Ekstrakte edilen maddeden 0.5
ml alinarak 0.5 ml Folin-Ciocalteu reaktifi ile birlestirilmis, ardindan 3 ml
%10’luk NaCO, ¢ozeltisi eklenmistir. Karigim daha sonra 30 dakika boyunca
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karanlik bir ortamda birakilmig, ardindan spektrofotometre yardimiyla
760 nm dalga boyunda karigimin absorbansi olgiilmiistiir. %80 metanol
soliisyonu kor ¢ozelti olarak kullanilmigtir. Sonuglar, 6ziitiin gram kuru
maddesi ya da filmin grami bagina miligram galik asit egdegeri olarak rapor
edilmigstir. Analiz Gi¢ tekrarh olarak yapilmugtir.

2.2.10. Antioksidan Aktivite Tayini (DPPH, FRAP ve ABTS
Yontemi)

0.1 ml oziit, 0.025 g/l konsantrasyonda %100 metanol igindeki 2 ml
1,1-difenil-2-pikrilhidrazil (DPPH) soliisyonuna ilave edilmigtir. Elde edilen
karigim 30 dakika siireyle karanlk bir ortamda bekletilmigtir. Daha sonra
absorbanslar, 517 nm’lik dalga boyunda spektrofotometrede Olgiilmiistiir.
Kontrol olarak hizmet etmesi i¢in %80’lik metanol soliisyonu kullanilmugtir.
Sonuglar, Aghraz vd., (2018) tarafindan agiklanan yontem izlenerek troloks
esdegeri cinsinden rapor edilmistir. Analiz {i¢ kez tekrarlanmigtir.

FRAP testini gergeklestirmek igin su bilesenler kullanmilmigtir; 10 mM
konsantrasyonda 40 Mm HCI i¢inde hazirlanan 2,5 ml 2,4,6Tris(2-piridil)-
s-triazin (TPTZ), 2.5 ml 20 mM FeCl, soliisyonu ve 25 ml 0.1 M pH degeri
3.6 olan asetat tamponu. Hazirlanmig 2 ml FRAP reaktifine, her bir mantar
ekstraktindan ayr1 ayr1 0.3 ml ilave edilmig ve nihai karigim, 10 mI’lik hacme
tamamlanmistir. Karanlikta 10 dakikalik inkiibasyon siiresinin ardindan
numunelerin absorbanslart  spektrofotometre  (Shimadzu, UV 1800,
Japonya) kullanilarak 593 nm dalga boyunda 6l¢iilmiigtiir. Sahit olarak 2 ml
FRAP reaktifi ve 8 ml damitilmig sudan olugan bir numune hazirlanmistir.
Elde edilen sonuglar Szydlowska-Czerniak vd. (2008)’e gore umol TE/g
KM cinsinden hesaplanmugtr.

1:1 oraninda 7.4 mmol/L ABTS ve 2.6 mM K,S O, igeren baglangig stok
soliisyonu ABTS analizi 6ncesinden hazirlanmugtir. Bu ¢ozelti daha sonra
etanol ile absorbansi 734 nm’de 1100+0.005 nm olana kadar seyreltilmistir.
Her 0.15 ml mantar ya da film ekstrakti i¢in 2.85 ml ABTS soliisyonu
ortama ilave edilmis ve karigim karanlik ortamda 2 saat bekletilmistir. Son
numunelerin absorbanslar1, spektrofotometre kullanilarak olgiilmiig ve
bulgular, Thaipong vd. (2006) tarafindan agiklanan metodolojiye gore umol
TE/g KM olarak ifade edilmistir. Referans 6rnek bu analizde %80 etanoldiir.

2.2.11. Istatistiksel Analiz

Sonuglar, Statistical Package for the Social Sciences (SPSS) programi
(IBM Statistics, ABD) (Siiriim 18.0) kullanilarak tek yonlii varyans analizi
yoluyla degerlendirilmistir. Bu amagla %95 giiven araliginda Duncan testi
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yapiimistir. Ek olarak, degiskenlerin ¢iktilar tizerindeki etkisi, iki yonlii
varyans analizi kullanilarak belirlenmigtir.

3. BULGULAR VE TARTISMA

3.1. Mantar Oziitlerinin Biyoaktif Potansiyeli

Amanmita caesaren (AC) ve Boletus reticulatus (BR) mantarlarinin TEB
igerikleri (mg GAE/g KM) ile DPPH, FRAP ve ABTS yontemleriyle
(umol TE/g KM) belirlenen antioksidan aktiviteleri Cizelge 1’de verilmistir
(GoOkyermez, 2022).

Cizelge 1. Mantar oziitlerinin toplam fenolik madde miktaviar: ve antioksidan bilesen
potansiyelleri (Gokyermez, 2022)

Ornek TFB DPPH FRAP ABTS

Amanita caesavea | 32.65+4.96 |288.90+£22.28 | 141.62+19.52| 75.91+06.06

Boletus reticulatus | 20.92+1.45 |117.50+£08.16 | 66.63+01.84 | 53.10+11.01

AC mantarinin TFB degeri 32.65 mg GAE/g KM iken, BR mantar1
igin bu deger 20.92 mg GAE/g KM’dir. AC mantar oziitiiniin, DPPH,
FRAP ve ABTS yontemleriyle belirlenen antioksidan aktiviteleri sirasiyla
288.90, 141.62 ve 75.91 umol TE/g KM iken, BR mantar oziitii, 117.50,
66.63 ve 53.10 umol TE/g KM’lik antioksidan davranig sergilemistir
(Gokyermez, 2022). Sharma ve Gautam tarafindan 2015 yilinda yapilan
aragtirmada, AC’nin TFB miktar1 63.32 mg/100 g GAE, DPPH radikali
stipirme aktivitesi 2.02 mg/ml, ABTS radikali indirgeme potansiyeli 1.45
mg/ml, FRAP yontemiyle demir iyonunu indirgeme yetenegi 1.86 mol
Fe*?/g KM olarak bulunmustur. Heleno vd. (2011) ise, Avrupa iilkelerinde
bulunan ¢esitli Boletus tiirlerinin antioksidan 6zelliklerini inceleyen bir
galisma yiiriitmistiir. Aragtirma ayni zamanda bu tiirlerin TFB analizini
de igermektedir. Makalede BRnin TFB konsantrasyonu (ekstrenin grami
bagina miligram galik asit egdegeri olarak) ve ayrica DPPH siipiirme ve
indirgeme giicli kapasiteleri (mililitre bagina miligram olarak) sirasiyla
12.08, 0.38 ve 0.96 olarak tespit edilmigtir. Macikova vd. (2009),
BRnin TFB’sini 23.0 mg GAE/g olarak belgelemistir. Bu arastirma ile
onceki aragtirmalar arasinda cografi konum, siire, kurutma prosediirleri
ve ckstraksiyon tekniklerindeki farkliliklara atfedilebilecek farkliliklar
bulundugunu séylemek gereklidir.
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3.2. Filmlerin Baz1 Fiziksel Karakteristikleri

Cizelge 2, degisen konsantrasyonlarda (25, 50 ve 100 mg) AC ve BR
makrofunguslarindan elde edilen oziitlerin ilave edildigi yenebilir filmlerin
baz1 tiziksel 6zelliklerine iligkin verileri sunmaktadir. AC ekstrakt1 igeren tiim
filmlerinin kalinhginin, kontrol filminden daha diigiik oldugu gozlenmistir.
Ek olarak, 25 ve 50 mg oraninda BR ekstrakti i¢eren filmlerin kalinlig: da
kontrole gore daha diigiikken, 100 mg ekstrakt i¢eren filmin kalinhigi daha
yiksektir. AC ekstraktini barindiran filmlerin kalinligi 0.060-0.062 mm
arasinda degisirken, BR oziitlii filmler 0.067-0.102 mm arasinda degisen
kalinlik degerleri sergilemigtir (Gokyermez, 2022).

Kontrol filminin nem igerigi %34.75 olarak belirlenmistir. Hem AC hem
de BR ekstraktlarini igeren filmlerin, kontrol filmine gore daha diigiik nem
igerigine sahip oldugu bulunmustur. Bununla birlikte, mantar oziitlerinin
film igerisinde konsantrasyonlari arttik¢a, nem miktarinin bir dereceye kadar
azaldigr gozlenmigtir. Cizelge 2 incelendiginde, BR100 filminin en yiiksek
suda ¢oziiniirliik degerine sahip oldugu, BR50 filminin ise en diigiik degeri
gosterdigi ortaya ¢ikmaktadir. Ayrica AC ekstrakti igeren filmlerin suda
¢oziintirliigiiniin, mantar ekstrakt1 igerigi arttikga belirli oranlarda azaldig:

da gozlenmistir (Gokyermez, 2022).

Cizelge 2. Filmlerin kalinlik, nem ve suda ¢oziiniirliik degevleri (Gokyermesz, 2022)

Film Cesidi Kalinlik (mm) Nem (%) Suda Q(t(i;)i)iniirliik
Kontrol 0.093+0.015 34.75°+0.01 62.19'x0.93
AC25 0.060/+0.010 28.57°+0.05 63.63'x1.64
AC50 0.0549+0.006 19.04*%0.06 61.80'x3.83
AC100 0.062£0.001 18.18>x0.75 60.16'x1.68
BR25 0.067«1+0.016 18.18>=0.01 60.83'x3.53
BR50 0.077+0.008 15.55¢ £0.02 59.98:x1.25
BR100 0.102:x0.018 15.76¢ £0.01 64.28'+0.00

Ayn siitundaki farkls bavflev istatistiksel olavak anlaml farkliiklar: gostermeltediv
(p<0.05).

Genig ¢apta bir literatiir taramasi yapildiginda, bugiine kadar mantar
oziitii igeren kitosan bazli yenebilir filmler {izerine belgelenmis tek bir
caligmaya rastlanmistir. Bu aragtirmada, Koc vd., (2020), Tricholoma terreum
sulu oziitli igeren ve igermeyen kitosan bazli filmlerin kalinhigini sirastyla
0.19 ve 0.06 mm olarak 6l¢miislerdir. Suda ¢oziiniirliik 6zellikleri agisindan
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T. terreum ckstrakti igermeyen kitosan bazh filmin 25°C sicaklikta 48 saat
sonra suda tamamen ¢oziindiigii, 7. terreum ekstrakti igeren filmin ise %34.9
oraninda ¢oziiniirliige sahip oldugu belirtilmistir.

3.3. Filmlerin Renk Ozellikleri

AC ve BR oziitlerini igeren kitosan polimeri bazli yenebilir filmlerin bazi
optik karakteristikleri Cizelge 3’te verilmistir.

L* degeri parlaklik seviyesini belirtir ve O (siyahlig1 temsil eder) ile 100
(beyazlig1 gosterir) arasinda degisir. Film 6rnekleri arasinda gozlemlenen en
diigiik L* degeri AC100’e (54.42) ait olurken, en yiiksek deger ise kontrol
numunesinde (79.85) kaydedilmistir. Filmlerin L* degerleri, her iki mantar
ckstraktinin konsantrasyonu arttikga belirli oranlarda diisiis gostermistir. Bu
bulgulara dayanarak, kontrol filminin daha yiiksek derecede parlakliga sahip
oldugu sonucuna varilabilir (Gokyermez, 2022).

a* i¢in negatif bir deger yesil tonlarin varligini, pozitif bir deger ise kirmiz
tonlarmn varh@im gosterir. AC ekstrakti eklendiginde, filmler pozitif degerler
sergilemis ve kontrole kiyasla daha kirmizi bir renk tonu gostermislerdir.
BR25 ve BR50 filmleri ise referans filme benzer negatif degerlere sahiptir,
ancak BR100 numunesi igin pozitif bir a* kaydedilmistir (Gokyermez, 2022).

b* degeri, sarihk ve mavilik derecesinin bir Olgiisii olarak iglev
gormektedir. Test edilen film Orneklerinde gozlemlenen deger araligr 6.60
ila 38.51 arasinda degigmistir. Mantar ekstrakt1 igermeyen kontrol filminde,
b* degeri 6.60 olup, numuneler arasinda en yliksek mavilik seviyesine haiz
film olma Ozelligine sahiptir. Mantar ekstraktlarinin miktar: arttikga, sarilik
degeri giderek yiikselmigtir. AC100 filmi en yiiksek b* degerini sergilemistir
(GOkyermez, 2022).

Cizelge 3. Filmlerin agiklik, kurmizilik-yesillik, saviik-mavilik degerlervi ile toplam venk
degisimleri (Gokyermesz, 2022)

Film Cesidi L* a* b* AE

Kontrol 82.04'x3.56 | -1.72¢%0.20 6.60'+0.50 0¢
AC25 73.44+1.65 0.19+0.87 25.10°%5.45 | 13.98°+5.20
AC50 65.39°x2.51 3.41°+0.80 | 33.98*x2.14 | 13.22°+2.31
AC100 54.424+2.11 | 11.29°+1.83 | 38.51'+x2.24 | 15.72°+1.89
BR25 74.05°+6.22 | -1.60x£0.36 | 12.58°*x1.76 | 06.57°+5.22
BR50 72.24>+4.32 | -1.479x0.18 | 19.69x1.96 | 06.73°+2.66
BR100 70.49%+2.61 0.29+0.09 31.74°+2.49 | 08.09°+4.06

Ayna siitundalki farkly havfler istatistiksel olavak anlamls farkidiklor: gostermelktedir

(p<0.05).
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Toplam renk farkliligy, referans kabul edilen yani 6ziit igermeyen filme gore
hesaplandigindan dolay, kontrol filminin AE degeri sifir olarak belirlenmistir.
Herhangi bir iirtin/materyal igin AE degeri sifirdan ne kadar uzaklagirsa, o
iriin/materyal orjinalinden renk agisindan o denli uzaklagmaktadir. O halde
AE miktar1 en biiyiik olan AC100 filmi, kontrol filminden renk agisindan en
farkli olan numunedir. Ayrica, AC 6ziitiinii igeren filmlerin AE degerleri, her
konsantrasyonda BR ekstraktini igeren yenebilir filmlerden daha yiiksektir.
En diigiik toplam renk farkliligina (6.57) sahip olan 6rnek 25 mg BR 6ziitii
iceren filmidir. Oziit konsantrasyonu arttik¢a BR film grubunda AE kademeli
olarak artarken, AC grubunda ayni etki gézlenmemistir (Gokyermez, 2022).

3.4. Filmlerin Beyazlik ve Sarilik Indeksleri ile Opaklik Degerleri

AC ve BR makromantar ekstraktlarini igeren yenebilir filmlerin beyazlik
ve sarilik indeksleri (BI ve SI) ile opakliklarina ait veriler Cizelge 4te
gOsterilmigtir.

Cizelge 4. Filmlerin venk indeksleri ve opakliklar: (Gokyermesz, 2022)

Film Cesidi BI SI Opaklik
Kontrol 80.77*£0.90 012.34°+00.66 1.28%x0.05
AC25 63.25°x4.15 048.91°x10.87 1.35%+0.28
AC50 51.329+2.39 074.34°+05.49 1.76°+0.19
AC100 39.19°+1.84 101.14*+05.46 2.17°+0.40
BR25 71.33"+5.89 023.667+02.12 0.91¢+0.10
BR50 65.74>+3.36 038.62°+03.26 1.14%x0.11
BR100 56.449+4.22 065.03"+09.32 1.72%%0.19

Ayn siitundaki farkls havfler istatistiksel olavak anlamls farkliklar: gostermeltediv
(p<0.05).

Cizelge 4’te sunulan verilerle kanitlandig1 gibi, mantar 6zlerinin film
bilesimine dahil edilmesi, BI degerlerinde dikkate deger bir azalma ile
sonuglanmugtir. Kontrol filmi en yiiksek BI degerini (80.77) gosterirken,
ACI100 film numunesi ise en diisiik degeri (39.19) sergilemistir. Bununla
birlikte mantar ekstraktlarinin, filmlerin BI degerlerini konsantrasyon artigina
bagli olarak farkli oranlarda diisiirdiigii tespit edilmistir (Gokyermez, 2022).

Cizelge 4, degisen oranlarda formiilasyona ilave edilen makromantar
ckstraktlarinin, konsantrasyona bagli olarak, filmlerin SI degerlerini
arttirdigini ortaya koymaktadir. SI degerleri analiz edildiginde, kontrol
filminin en diistik degeri (12.34) gosterdigi, ACI100 film Orneginin ise
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en yiiksek degeri (101.14) gosterdigi ortaya gikmugtir. AC ekstrakti igeren
filmlerin SI degerleri 48.91 ile 101.14 arasinda degigirken, BR ekstrakt
igeren filmlerin SI degerleri ise 23.66 ile 65.03 arasinda degismistir
(Gokyermez, 2022).

Opaklik, gidalarin paketlenmesinde kullanilan yenebilir filmlerin 6nemli
bir 6zelligidir. Bu filmlere 151¢a duyarl bilesenlerin déahil edilmesinin, 151k
iletimini potansiyel olarak azaltabilecegi varsayilmaktadir (Zhang vd., 2020).
Cizelge 4’te de gosterildigi tizere, mantar 6zii konsantrasyonlarinin artmasiyla
filmlerin opaklig: artmistir. Bununla birlikte, BR25 olarak belirtilen film en
diisiik opaklik degerini (0.91) sergilerken, AC100 film Ornegi ise en yiiksek
opaklik degerine (2.17) sahip olmustur (Gokyermez, 2022).

3.5. Filmlerin UV Isigin1 Engelleme Yetenegi

AC ve BR makromantar ekstraktlarini igeren yenebilir filmlerin optik
transmittanslari sirastyla Sekil 4 ve Sekil 5°de gosterilmistir.
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Sekil 4. Farkly ovanlavda Amanita caesaven oziitii igeven filmlerin UV-goriiniir
bolgedeki % transmittans degerleri (Gokyermez, 2022)
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Sekil 5. Farkly miktaviavda Boletus veticulatus oziitii iceven filmlevin UV-goriiniiv
bolgedeki % transmittans degerlevi (Gokyermez, 2022)

Lipitler gibi 118a duyarh gida bilesenleri igin kullanilan ambalaj
malzemelerinin  UV-engelleme ozellikleri, Sady vd. (2021) tarafindan
vurgulandig: gibi biiyiik 6nem tagimaktadir. Analiz, kontrol filminin en
yiksek UV-Vis 151k gegirgenligini sergiledigini ortaya gikarmugtir. Ayrica
hem AC hem de BR ekstraktlarinin artan konsantrasyonlari ile gegirgenlik
degerlerinin belirli oranlarda kademeli olarak diistiigii de gozlenmistir.
Ozellikle BR100 film numunesi, UV 15181 en etkili engelleme kapasitesine
sahiptir (Gokyermez, 2022).

3.6. FTIR ile Filmlerdeki Fonksiyonel Gruplarin Tespiti

AC ve BR makromantar ekstraktlarini igeren yenebilir filmlerin 4000-

600 cm™ dalga boyu araligindaki FTIR spektrumlart Sekil 6 ve Sekil 7°de
verilmistir.

Her iki gekilde de hem AC hem de BR oziitii igeren film orneklerini
benzer pik davranigi sergiledigi goriilmektedir. Her iki mantar oziitiinii igeren
filmlerin FTIR spektrumunda 850-924 cm™ seviyelerinde piklerin olmast,
mantarlarin yapisinda da bulunan polisakkaritlerden B-glukanin varligina
isaret etmektedir. 1028-1086 cm™ band araligi CO ve C-O-C gruplarina,
1400 cm™ ve civarmnn birincil alkolik gruplarin O-H baglarina, 1554 cm™!
bandinin ve civarinin amid I O-H baglarina, 1600 cm™ ve civarinin amid IT
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O-H baglarina, 3290 cm™ ve civar1 amit A gruplarina, 2870 cm™ ve civari
ise CH gerilmesine isaret etmektedir (Martins vd., 2012; Bonilla ve Sobral,
2016; Mahcene vd., 2020; Silva-Rodrigues vd., 2020).

Kontrol filmi, degisen konsantrasyonlarda AC ve BR ekstraktlar igeren
filmlerle karsilagtirldiginda, belirli piklerin  hafif kaymalar gosterdigi
gozlemlenmigtir. Spesifik olarak, kontrol filminde 2876 cm™deki pik,
mantar Ozlerinin eklenmesi {izerine 2862-2866 cm™ araligina kaymustir.
Benzer sekilde, kontrol filminde 1028 cm™deki pik, mantar ekstraktlari
cklendiginde 1030-1086 cm™ araliginda bulunmustur (Gokyermez, 2022).
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Sekil 6. Favkly ovanlavda Amanita caesaven ekstrakts iceren filmlevin FTIR
spektrumlary (Gokyermesz, 2022)
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Sekil 7. Farkly ovanlavda Boletus veticulatus ekstrakt iceren filmlerin FTIR
spektrumlary (Gokyermez, 2022)

3.7. Filmlerin Antioksidan Aktiviteleri

| 17

AC ve BR makromantar ekstraktlarini igeren yenebilir filmlerin DPPH ve
ABTS yontemiyle belirlenen antioksidan aktiviteleri filmlerin grami bagina
olmak tizere, Cizelge 5°de gosterilmistir. Mantar oziitii igeren filmlerin TFB
miktarlari ile demir iyonunu indirgeme yeteneginin bir gostergesi olan FRAP
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yontemiyle antioksidan aktivite tayin verileri, filmlerdeki ilgili bilegiklerin
konsantrasyonlar1 standart egrilerin konsantrasyon degerlerinin altlarinda
kaldigr igin hesaplanamamugtir (Gokyermez, 2022).

Cizelge 5. Mantar oziitii igeven film orneklerinin toplam fenolik madde icevikleri ve
antioksidan madde icevikleri (Gokyermez, 2022)

Fim Gesidi | ety | (ol g By
Kontrol 11.94+0.94 Belirlenemedi
AC25 12.57¢=1.56 Belirlenemedi
AC50 15.17°+1.93 05.09<+0.00
AC100 27.45'+2.37 37.05'+2.06
BR25 14.49°+3 .41 00.84%+0.62
BR50 19.27¢+1.46 04.22¢4+0.47
BR100 25.38'+0.64 29.92°+5.04

TE: Troloks esdegeri

Ayna siitundalki farkl havfler istatistiksel olavak anlamls farkidiklor: gostermektedir
(1<0.05).

Cizelge 5 incelendiginde, mantar ekstraktlarinin konsantrasyonu arttik¢a
filmlerin DPPH ve ABTS radikalini stipiirme aktivitelerinin kademeli olarak
arttig1 goriilmektedir. AC100 filmi en yiiksek DPPH indirgeme aktivitesi
sergilerken, kontrol filmi en diigiik potansiyele sahip olmugtur. Buna kargilik,
BRI100 film numunesi en fazla ABTS indirgeme davranmigi sergilerken,
kontrol ve AC25 filmlerinin aym radikalle tepkimeye girme potansiyelleri
tanimlanamamugtir (Gokyermez, 2022).

3.8. Filmlerin Morfolojisi

Sekil 8deki SEM goriintiileri, degisen seviyelerde mantar ekstrakt:
igeren yenebilir filmlerin mikroyapilarini gostermektedir. Yapilan incelemede
mantar Ozl igermeyen kontrol filminin yapisinin, digerlerine gore daha
muntazam ve piirlizsiiz oldugu goriilmektedir. Her iki mantar Oziitiiniin
de diisiik konsantrasyonlarda film matriksine dahil edildigi durumlarda, 50
ve 100 kodlu filmlere oranla, kontrol filmine daha yakin bir yapiya sahip
filmlerin elde edildigi belirlenmistir. Ancak mantar 6zii konsantrasyonu
arttikga filmler daha diizensiz bir yapi sergilemigtir (Gokyermez, 2022).
Kog vd. (2020)’nin, 1. terrewm ekstresi igeren kitosan bazli filmlerin mikro
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yapisini incelenmesi sonucunda, ekstrakt igermeyen kitosan filmin yiizeyinin
daha piiriizsiiz bir doku sergiledigi, oysa 1. terreum ekstrakti igeren filmin
kontrol filmine kiyasla daha fazla sertlige ve biraz daha piiriizlii bir dokuya
sahip oldugu ortaya ¢ikmugstir.

4. Sonuglar ve Oneriler

Bu galiygmada, Osmaniye ilinin Zorkun, Karincali Yaylas1 mevkiinden
temin edilen Amanita caesarea ve Boletus reticulatus Oziitleri farkll oranlarda
(25, 50 ve 100 mg) kitosan bazli yenebilir filmlerin formiilasyonlarina
eklenmigtir. Filmlerin bazi fiziksel ve kimyasal ozelliklerinin incelenmesi
sonucunda elde edilen bulgular su sekilde 6zetlenmistir (Gokyermez, 2022);

v’ Amanita caesarea (AC), Boletus reticulntus (BR)’a nazaran daha fazla
toplam fenolik maddeye sahiptir.

v' AC o6ziitii igeren biitiin filmler kontrole gore daha diigiik kalinliktadir.

v" Nem igerikleri kiyaslandiginda, her iki mantar Oziitiiniin ayr1 ayri ilave
edilmesiyle elde edilen biitiin filmlerin nem miktarlari, referansin nem
igerigine gore daha diigiik seviyelerdedir.

v" Suda ¢oziiniirliik, 25 ve 50 mg’lik mantar 6ziitii konsantrasyonlarinda
azalirken, 100 mg’lik konsantrasyonda ise artmuigtir.

v Renk parlakligi, en yiiksek degerini kontrol filminde, en diigiik
degerini ise AC100 film 6rneginde almugtir.
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Sekil 8. Farkly ovanlavda (25, 50 ve 100 myg) AC ve BR oziitii iceven yenebiliv filmlerin
SEM goviintiileri (Gokyermez, 2022)

v Biyoaktif bilegenler igeren mantar ekstrakt: ilavesi, yenebilir filmlerin
opaklik degerlerini arttirmugtir.

v' Mantar oziitii ilave edilmig 6rneklerin UV bariyer 6zellikleri daha
tyidir.



Mukaddes Gokyermez | Ozge Siifer / Fuat Bozok | 21

Yukaridaki bilgiler 1g18inda, her iki mantar Oziitiiniin de kontrol
filmine dahil edilmesinin antioksidan aktivitenin artmasina neden oldugu
belirlenmigtir. Bununla birlikte gelecekteki aragtirmalarda, film yapiminda
daha farkli mantar 6ziitlerinin kullanilmasi ve oziitlerin filmlerin gesitli kalite
niteliklerinde degisikliklere neden olup olmadiginin aragtirilmasi tavsiye
edilmektedir (Gokyermez, 2022). Ozellikle daha agik bir renge sahip olan
filmlerin iretilmesi, tiiketicilerin ilgisini daha ¢ok ¢ekebilir. Bunun igin
de farkhh mantar tiirlerinin konu edilmesi ve/veya bagarili optimizasyon
caligmalarinin yiiriitiilmesi elzemdir. Ayrica, iiretilen yenebilir filmlerin
gida maddelerinin ambalajlanmasinda kullanilmast ve depolama sirasinda
elde edilen veriler, filmlerin kullanim potansiyellerinin agiga ¢ikartilabilmesi
bakimindan 6nem tagiyacaktir.
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Ozet

Bu galigmada Osmaniye ili Fakiugag1 bolgesinde toplanan Laurus nobilis bitki
yapraklarinin 6ziitleri kullanilarak yesil sentez yoluyla ZnO nanopargaciklart
sentezlenmig ve farkl konsantrasyonlarda hazirlanarak (0, 62.5, 125, 250 ve
500 ppm) 72 vitro nano giibre kullanim olanaklari gesitli bitki (Zea mays (musir),
Tiiticum aestivum (bugday) ve Vicia sativa (fig)) tohumlarinin gelisimleri
lizerine etkileri arastinlmgtir. Ogiitiilmiis Laurus nobilis yapragindan 25 g
alinip 500ml dH,O igerisine konularak 1 saat boyunca 100 °Cde siirekli
karigtiridmistir. Siiziilerek elde edilen bitki oziitiinden 50 ml alinarak tizerine
5 g (CH,CO0),Zn 0.2 H,O ilave edilerek buharlagincaya kadar siirekli
karigtirlarak bekletilmistir. Pelet kismu kiil firminda 400, 600 ve 800 °C’lerde
ayr1 ayri yakilarak ZnO nanopartikiilleri elde edilmigtir. Elde edilen tozlar
XRD ve UV-Vis kullanilarak karakterize edilmigtir. Sterile edilen tohumlar
i¢lerinde 2 katlt Whatman No:1 filtre kagidi bulunan 9 cnv’lik petri kaplarina
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alinarak tzerlerine farkli konsantrasyonlarda ZnO NP’ler ilave edilerek
hazirlanan ¢ozeltilerden 10 ml konulup parafilmle kapatilmigtir. Daha sonra
petri kaplar1 8 giin boyunca oda sicakliginda (25 °C, 12 saat karanhk, 12 saat
aydinlk) bekletilmistir. L. nobilis 6ziitli kullanilarak yesil sentez yontemiyle
elde edilen ZnO nanopartikiillerinin en diigiik konsantrasyonlarda (62.5 ve
125 ppm) daha etkili oldugu tespit edilmistir.

1. Giris

Kiiresellesen diinya ve artan niifusa bagl olarak teknoloji tiim insanlar
i¢in vazgecilmezdir. Ayrica zaman gegtikge teknolojinin insanlarin yagam
standartlarini iyilestirme yoniinde hizla ilerledigi goriilmektedir. Ozellikle
son yillarda nano ol¢ekte (1 ile 100 nm arast) yapilan galigmalarla ilgilenen
ve multidisipliner bir alan olan nanoteknoloji popiiler hale gelmistir (Bhatia
vd., 2016; Miller vd., 2004). Ancak nano Olgekli yapilar, yiiksek yiizey/
hacim oranlar, kiigtik boyutlar, yiiksek yiizey enerjileri, kuantum etkisi ve
azaltilmig kusurlar gibi 6zelliklerinden dolayr makro 6lgekli yapilara gore
daha fazla ilgi gormektedir (Narayanan vd., 2011; Liveri 2006). Ozellikle
nanopar¢aciklar, nano-gubuklar, nano-kristaller, nano-tiipler, nano-teller gibi
malzemeler nano 6lgekli yapilar arasindadir (Mao vd., 2016). Nanoteknoloji
alanindaki aragtirmalarin hizla artmasiyla boyutlar, sekilleri ve morfolojileri
nedeniyle miitkemmel kimyasal, fiziksel, optik ve mekanik 6zelliklere
sahip nanopargaciklar elde edilebilmektedir. Ayrica iistiin 6zelliklere sahip
nanoparcactklarin biyomedikal, tip, gida, elektronik, kozmetik, tekstil,
tarim, saglik, otomobil endiistrisi, ingaat vb. gibi ekonominin birgok
sektoriinde uygulamalart bulunmaktadir (Shah vd., 2015; Asmatulu vd.,
2013; Kumar vd., 2008; Espitia vd., 2012; Kathirvelu vd., 2009; Li vd.,
2005; Ko vd., 2007; Frey vd., 2009; Nair vd., 2010; Pardeike vd., 2009;
Prow vd., 2011; Chaloupka vd., 2010]. Bu durum, nanopargaciklarin
bir¢ok sektorde daha fazla kullanilmasi gerekliligini ortaya koymustur.
Aynmi zamanda nanopargaciklarin bir¢ok alanda artan kullanimu ile tiretim
agamalarinin  biyolojik ve g¢evresel giivenlik agisindan dikkatle gozden
gegirilmesi kaginilmaz bir gergektir. Bilindigi gibi nanopargacik sentezi
icin genellikle karmagik yapiya sahip, maliyetli ve gevreye zarar verme
potansiyeli olan kimyasal ve fiziksel yaklagimlar kullaniimaktadir (Igbal vd.,
2017). Giintimtiizde bu iki sentez iglemine ek olarak hem ¢evre dostu hem
de toksik kimyasallarin kullanimini ortadan kaldiran yesil sentez yontemi
ile biiyiik Olgekli nanopargacik iiretimi yapilabilmektedir (Jadoun vd.,
2021; Patil vd., 2017; Kumar vd., 2018; El-Borady vd., 2020). Diger bir
deyisle yesil sentez yontemi hem biyolojik materyallerin hem de inorganik
materyallerin kullanildig1 nanopargacik sentez siireci olarak tanimlanabilir
(Korbekandi vd., 2009; Ishak vd., 2019; Chatterjee vd., 2020; Kharissova
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vd., 2013). Bu sentez isleminde bakteri, mantar, alg, maya, kiif, viriis gibi
canli mikroorganizmalar ve ¢ogunlukla bitkiler kullanilmaktadir (Shukla
ve Iravani 2017). Bitki ve canli mikroorganizmalarin ekstraktlarinda
bulunan aminler, fenolik bilesikler, enzimler, proteinler ve pigmentler gibi
molekiillerin, indirgeyici etkileri ile metal tuzlarini indirgeyerek metal
tyonlarint metal nanoparcaciklara doniigtiirdiikleri ortaya ¢ikmaktadir (Gour
ve Jain 2019; Velusamy vd., 2016; Boroumand vd., 2015). Ayrica, yiiksek
verim ve diiglik maliyete sahip olmasi, tek adimda basit bir islem olmast,
daha gevre dostu olmasi, daha kararli nanopartikiiller elde etmek ve biiyiik
Olgekli sentez igin uygun olmasi gibi temel avantajlar1 agisindan yesil sentez
yontemiyle nanopargacik elde etme siirecinde bitki ekstraktinin kullanimini
tistiin kilmaktadir (Sastry vd., 2013; Vijayaraghavan vd., 2017).

Daha oOnceki galigmalara bakildiginda, farkli bitkiler ve bazi mantar
tiirlerinin oziitleri kullanilarak yesil sentez yontemiyle gesitli metal oksitler
sentezlenmigtir. (Abbasifar vd., 2020; Rafique vd., 2022; Sharma vd., 2022;
Sedefogluvd., 2022). Yesil sentezlenmis metal oksit nanopartikiiller arasinda,
ZnO NP’ler, fotokatalitik, antibiyofilm, antidiyabetik, antibakteriyel,
antifungal, hemolitik ve katalitik aktiviteler gibi iistiin 6zelliklerinden dolay1
birgok aragtirmaci tarafindan siklikla aragtirilmaktadir (Dulta vd., 2022;
Colak vd., 2017; Mane vd., 2021; Rahimi vd., 2020; Meydan vd., 2022;
Kurian vd., 2021; Metwally vd., 2022).

Bu ¢alismanin amaglart; (i) Laurus nobilis oziitii ile yesil sentezlenen
ZnO NP’leri iiretmek, (ii) Uretilen bu naopartikiillerin karakterizasyonunu
yapmak ve (iii) ZnO NP’lerin tig farkli bitkinin biiytimesi ve gelisimi iizerine
etkisini aragtirmak seklinde siralanabilir.

2. MATERYAL VE YONTEM
2.1 Materyal

2.1.1 Bitki Materyali

Bu aragtirma kapsaminda kullanilan bitki 6rnekleri Osmaniye ili Fakiugag:
bolgesinden toplanmig ve toplanan 6rneklerin gerekli morfolojik 6zellikleri
ile GPS koordinatlar1 ve deniz seviyesinden yiikseklikleri kaydedilmistir.
Toplanip preslenerek kurutulan bitki 6rnekleri herbaryum materyali olarak
Osmaniye Korkut Ata Universitesi Biyoloji Béliimii’nde saklanmaktadir.
“Flora of Turkey and the East Aegean Island” adli eser kullanilarak bitkiler
teshis edilmistir (Davis, 1982). Bitki 6rneginin lokalitesi ve oOzellikleri
agagida verilmigtir.
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Laurusnobilis L., Osmaniye Korkut Ata Universitesi Yerleskesi, 37°02°313”
K, 36°13°206” D, 154 m, 06.01.2022 (Sekil 1). Aromatik, 2-15 m ye kadar
boylanabilen herdem yesil agag ya da ¢ali formunda cift evcikli (dioik, erkek
ve disi gigekler ayr1 ayri bitkilerde bulunmasi durumu) bitkiler. Yapraklar
3-10(11) x 2-4(5) cm boyutunda, dar bir gekilde oval-mizraksidan genis
yumurtamsiya kadar sekillenmekte. Erkek ¢igekler 8-12 stamenli, filamentler
tabana yakin kisimlarda armutsu salg tiiylerine sahip. Disi gigekler steril 4
stamenli. Meyve 10-12(20) mm, kiiresel, elips sekilli, siyah renkte. Makilik
alanlarda, kayalik yamaglarda vb. yerlerde 1-1200 m ye kadar yiiksekliklerde
yayilig gostermektedirler (Davis, 1982).

Sekil 1 Lanrus nobilis bitkisinin genel goviintiisii
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2.2 Yontem

2.2.1 Oziitleme

Toplanan bitki 6rnekleri laboratuvara getirilerek golgede 7 giin boyunca
kurutulmugtur. Kurutulan bitki 6rnekleri bir 6giitiicli yardimiyla iyice
ogiitiilmiistiir. Ogiitiilen bitki drneginden 25 g alinip 500 ml dH,O igerisine
konulduktan sonra 1 saat boyunca 100 °Cde siirekli karigtirilmistir. Daha
sonra oda sicakligina gelince kadar sogumaya birakilmig ve ¢ozelti Whatman
No:1 kigidi ile siiziilmiistiir. Elde edilen siv1 6ziit analizlerde kullanilincaya
kadar +4°Cde buzdolabinda saklanmustir.

2.2.2 ZnO Nanopartikiil Sentezi ve Karakterizasyonu

Elde edilen her bir bitki 6ziitiinden 50 mlalinip iizerine 5 g (CH,COQO),Zn
0.2 H,O (ACS, CAS# 5970-45-6, Merck) ilave edilerek buharlagincaya
kadar 100 °C’de stirekli karigtirilarak bekletilmistir. Daha sonra geriye kalan
pellet kismui kiil firrninda 400, 600 ve 800 °C’lerde ayr1 ayri yakilarak ZnO
nanopartikiilleri elde edilmigtir. Elde edilen tozlarin karakterizasyonunu
yapmak i¢in XRD ve UV-Vis analizleri hizmet alimi gseklinde yapilmugtir.

2.2.3 ZnO Nanopartikiiliiniin 2 vitro Cimlenme Uzerine Etkisi

Farkli sicakliklarda yakilarak elde edilen ZnO nanopartikiillerinin farkl
konsantrasyonlar1 (0, 62.5, 125, 250 ve 500 ppm) Zea mays (musir),
Tiiticum aestivum (bugday) ve Vicia sativa (fig) tohumlarinin ¢imlenmesi
tizerine etkileri aragtirilmigtir. Ticari olarak satilan tohumlar Osmaniye
ilinde yerel bir saticidan temin edilmistir. Temin edilen tohumlarin yiizey
sterilizasyonu 30 dk boyunca %]15’lik sodyum hipoklorit ¢ozeltisinde
bekletilerek yapilmustir. Yiizey sterilizasyonu yapilan tohumlar iglerinde 2
katli Whatman No:1 filtre kagidi bulunan 9 cm’lik petri kaplarina alinarak
tzerlerine farkli konsantrasyonlarda ZnO nanopartikiilleri ilave edilerek
hazirlanan ¢ozeltilerden 10 ml konulup parafilm ile iyice hava almayacak
sekilde kapatilmigtir. Daha sonra petri kaplar1 8 giin boyunca oda sicakliginda
(25 °C, 12 saat karanlik, 12 saat aydinlik) bekletilmistir. 8. giiniin sonunda
petri kaplarinda ¢ikarilan fidelerin kok ve govde uzunluklar oOlgiilerek not
edilmigtir. Yag agirhiklari tartihp not edildikten sonra kuru agirliklarini
belirlemek igin fideler sabit tartima gelinceye kadar (yaklagik 48 saat) firinda
50 °C’de bekletilmistir. Firindan ¢ikarilan 6rneklerin tartimi yapilmig ve kuru
agirliklart belirlenmistir.
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2.2.4 Istatistiksel Analiz

Yesil sentez yontemiyle iiretilen ZnO NP’lerin test edilen bitkilerin
biiyiime ve gelismesini degerlendirmek igin SPPS paket programi (Versiyon
18.0, IBM Istatistik, ABD) kullanilmistir. Sonuglar tek yonlii varyans analizi
(ANOVA) ile Duncan testi uygulanarak yapilmistir (degerler %95 giiven
araliginda sunulmugtur).

3. Bulgular ve Tartigma

3.1 XRD

X151 difraktometresi metodu kristal olan ya da amorf malzemelerin
yapisal ve kristalografik yapis1 hakkinda detayh bilgi saglamak i¢in kullanilan
en yaygin yontemdir. Bitki ekstraktlari ile hazirlanan toz ZnO 6rneklerin x
1511 toz kirinim analizleri Rigaku Miniflex XRD ile yapilmig ve bu XRD
Cu Ko igmimi ve A= 1,5418 A dalga boyuna sahip bir lazerle donatilmistir
ayrica bu olglimler normal kogullarda tarama agis1 20 = 20° — 70° araliginda,
adim aralig1 olan 0,02° ile alinmugtir.

Sekil 2°de grafikte XRD pikleri goriilmektedir. Numunelerin XRD
sonuglari, P63mc uzay grubuna ait hekzagonal vurtzit ZnO yapisinda
kristallestigi gostermektedir (PDF 36-1451 ya da ICSD 76641). XRD
grafiginde biitiin 6rneklerin vurtzit yapida olan (101), (002), (101),
(102), (110), (103), (200), (112) ve (201) diizlemlerine atfedilen piklere
sahip oldugu goriilmiiy ve bunlarin haricinde herhangi bir ikincil faz
gozlenmemistir. Bu sonuglar tiretilen malzemelerin saf fazli ZnO oldugunu
gostermektedir (Kisi ve Elcombe 1989).
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Sekil 2. Laurus nobilis ekstraktu ile favkls kalsinasyon swcaklyjindn sentezlenen
ZnO’larm 20 = 20° - 70° XRD desenleri

Ayrica kalsinasyon sicakliginin artmast ile numunelerin XRID’lerinde
piklerin siddetinde artma oldugunu kristalliginin arttigim1 gostermektedir.
Bunun ile birlikte biitiin numunelerde 101 pikinin en giddetli yonelim
oldugu goriilmiigtiir ve bu literatiir ile uyum igerisindedir (Sadananda kumar
ve ark 2013).

3.2 UV-Vis

Orneklerin  optik ~ o6zellikleri  Shimadzu UV-3600 Plus  UV-vis
spektrometresi ile belirlenmigtir. Dalgaboyuna kargi ylizde yansima verileri
alinan bu dlgiimler Sekil 3’te verilmistir. Orneklerin lgiimleri toz halinde
alinmistir.
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Sekil 3 Laurus nobilis ekstrakty ile farkls kalsinasyon swaklyjimda sentezlenen ZnO
tozlarmmn UV-VIS spektrometre olgiimlerinin dalga boyuna karvsr % Yaydma Yansuna
grafikleri

Orneklerin yansimalari 500 nm dalga boyunu gecen degerler igin
%50°’nin tizerinde oldugu goriinmekte ve bu degerler literatiir degerleri
ile uyum igerisindedir. Ayrica kalsinasyon sicakliginin azalmast ile birlikte
yansima degerinde azalma oldugu gozlemlendi. Bunun yani sira biitiin
kalsinasyon sicakliklarinda Lawurus nobilis (Defne) ekstrakti ile hazirlanan
orneklerin yansimalarinin yiiksek oldugu goriilmektedir. Biitiin ornekler
icinde sogurma 370-380 nm civarinda basglamisti. Bu degerler yaklagik
olarak benzer galigmalarda aynidir (Tan ve ark 2005, Sedefoglu, 2016).

4.3 SEM Analizi

Orneklerin  morfolojik yapist Zeiss Sigma 300 taramali elektron
mikroskobu (SEM) ile yapilmugtir. Sekil 4’te nano malzemelerin 10000X ile
yakinlagtirtlan SEM goriintiileri bulunmaktadr.
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Sekil 4 Lauvus nobilis ekstrakty ile farkls kalsinasyon swcaklyymda sentezlenen ZnO
tozlarmm SEM goriintiileri (a: 400 °C, b: 600 °C, c: 800 °C)

Nanopargaciklarin goriintiilerinde homojen olmayan sekilde dagilan
graniiller goriilmektedir. Bu graniillerin geometrileri bitki ekstrakt1 ve
kalsinasyon sicakligt ile degigsmistir. Sekil 4 incelendiginde kiigiik partikiillerin
bir araya gelerek biiyiik partikiiller meydana getirdigi gozlemlenmistir.
SEM goriintiilerinde yaklagik 1 um boyutunda olugan topaklanmalar ile 1
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wm altinda biiyiikliiklerde homojen olmayan bir sekilde iiretilen pargaciklar
gozlemlenmistir. Graniillerin yiizeylerinde farkli yonelimler, ag1 farkliliklary
goriilmektedir. Sentezlenen nano malzemelerin kalin gqubuklar, kiigiik
parcaciklar ve hekzagonal geometriler seklinde oldugu gortilmektedir.

3.4 Tohum Cimlenmesi

Bu arastirma ile Lawrus nobilis (Defne) bitkisinin 6ziitli elde edilmis
ve elde edilen 6ziitle yesil sentez yontemiyle ZnO nanopartikiilleri (NP)
iiretilmistir. Uretilen nanopartikiillerin farkli konsantrasyonlar1 hazirlanarak
(0,62.5, 125,250 ve 500 ppm) 77 vitro nano giibre kullanim olanaklari gesitli
bitki (Zea mays (musir), Triticum aestioum (bugday) ve Vicia sativa (fig))
tohumlarinin geligimleri iizerine etkileri aragtirilmugtir. Her iki bitkinin 6ziitii
kullanilarak yesil sentez yontemiyle elde edilen ZnO nanopartikiillerinin
en disiik konsantrasyonlarda (62.5 ve 125 ppm) daha etkili oldugu tespit
edilmigtir (Sekil 5-8).

Detne bitkisi oziitii kullanilarak ve farkl sicakliklarda firinda kalsine edilen
ZnO NP’lerin genellikle en diigiik konsantrasyonda (62.5 ppm) kontrole
gore daha fazla kok uzamasini etkiledigi goriilmektedir. Bununla birlikte
daha yiiksek konsantrasyonlarda (125, 250 ve 500 ppm) uygulandiginda ise
kok uzamasini engelleyici etkiye sahip oldugu tespit edilmistir. 400, 600 ve
800 °C’lerde ayr1 ayri kalsine edilen ZnO NP’lerin en diigiik konsantrasyonda
(62.5 ppm) uygulanmasiyla misir fidelerinin kok uzunluklarini kontrole gore
sirastyla %18, %16 ve %5 oranlarinda, gévde uzunluklarini ise %15, %11
ve %6 oranlarinda artirdigy belirlenmistir. 400 ve 600 °C’de kalsinasyonla
elde edilen ZnO NP’ler bugday fidelerinin kok uzunluklarini kontrole gore
62.5 ppm konsantrasyonda %13 ve %2 oranlarinda artirirken, 800 °C’de
kalsine edilen ZnO nanopartikiilleri ise %18 oraninda azaltmig ve bugday
tidelerinin govde uzunluklart ise %17, %8 ve %12 oranlarinda artmistir.
Benzer gekilde, 400 ve 600 °C’lerde kalsinasyonla elde edilen ZnO NP’lerin
fig fidelerinin kok uzunluklarini %9 ve %7 oranlarinda artirirken, 800 °C’de
kalsine edilen ZnO NP’nin yaklagik %25 oraninda azalttig1 tespit edilmistir.
Bununla birlikte, fig fidelerinin gévde uzunluklar1 ise test edilen biitiin
konsantrasyonlarda kontrole gore azalmugtir. Yag agirhiklara bakildiginda,
musirda 600 ve 800 °C’de, bugdayda 400 ve 600 °C’de fig bitkisinde ise
400 ve 800 °C’de kontrole gore bir artig gozlenmigtir. Misir ve bugday
bitkilerinin kuru agirliklar1 800 °C’de kalsine edilen 62.5, 125 ve 250 ppm
konsantrasyonlarda kontrole gore artarken, fig bitkisinin ise 62.5 ve 125
ppm konsantrasyonlarda artma gozlenmesine ragmen, 250 ppm ve iizeri
konsantrasyonlarda azalmugtir.
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Bu sonuglardan yola ¢ikarak elde edilen ZnO NP’lerin baz1 bitkilerin kok
uzamalarina etki ederken, bazilarinin ise govde uzamalarina daha ¢ok etki
ettigi soylenebilir. Bununla birlikte ileride yapilacak ¢aligmalarda, elde edilen
nanopartikiillerin arazi sartlarinda kullanilmasi, etki mekanizmalarinin
aragtirilmasi onerilmektedir. Ayni zamanda, ileriki ¢aliymalarda elde edilecek
toz halindeki NP’lerin piiskiirtme yoluyla saksilarda yetigtirilecek olan gesitli
bitkilerin yapraklarina uygulanmasi da diistiniilmektedir.

Daha 6nceki yapilan ¢alismalarda, bu ¢alisma ile benzer sonuglar elde
edenlerle birlikte farkli sonuglar elde eden arastirmacilarda bulunmaktadir.
Ewais vd., (2017) vyaptiklar1 ¢alismada, Ocimum tenuiflorum  Oziitia
kullanilarak yesil sentez yontemiyle elde ettikleri ZnO nanopartikiillerin farkli
konsantrasyonlarmimn (25, 50, 100 ve 200 ppm) Phaseolus vulgaris bitkisinin
biiyiime ve gelisimi iizerine etkilerini aragtirmiglar ve aragtirma sonunda,
en iyi sonucun 50 ppm Zn+100 ppm ZnO NP’lerin yapraktan piiskiirtme
yoluyla oldugunu tespit etmiglerdir. Rafique vd, (2022) tarafindan yapilan
caliymada, Syzygium cumini yapraklarinin oziitii kullanilarak ZnO NP elde
edilmig ve elde edilen bu partikiiliin Pennisetum glancum™an tohum geligimi
tizerine etkileri aragtirilmistir. Sonug olarak, kontrol ile kiyaslandiginda elde
edilen ZnO NP’lerin, P, glaucum™an tohum geligimini %60 oraninda artirdigi
belirlenmigtir. Sharma vd., (2022) tarafindan yapilan ¢alismada, Eucalyptus
lanceolata yaprak oziitii kullanilarak yesil sentez yontemiyle ZnO NP elde
etmigler ve elde edilen bu nanopartikiillerin farkli konsantrasyonlarinin misir
tohumun gelisimi tizerine etkilerini aragtirmiglardir. Aragtirma sonunda
musir gelisimi igin en iyi sonug 200 ppm konsantrasyonda alinmig ve bu
konsantrasyondan daha yiiksek konsantrasyonda (400 ppm) bitki geligimi
igin negatif etki gosterdigi sonucuna varimistir.
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Sekil 5. Lawurus nobilis oziitii kullandavak elde edilen ZnO nanopartikiillerinin test
edilen bithilerin kok uzunlujuna ethisi
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Sekil 6 Lanrus nobilis oziitii kullandavak elde edilen ZnO nanopartikiillerinin test
edilen bitkilerin govde uzunlujuna etkisi
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Sekil 7 Lawrus nobilis oziitii kullandarak elde edilen ZnO nanopartikiillevinin test
edilen bitkilevin yas agwlhiklarv: iizevine ethisi
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Sekil 8 Lanrus nobilis oziitii kullandarak elde edilen ZnO nanopartikiillerinin test
edilen bitkilerin kuru agwliklar: jizerine ethisi
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5. Sonuglar ve Oneriler

Bu calisma ile Lawrus mobilis bitkisinin oziitii  kullanilarak yesil
sentez yontemiyle ZnO nanopartikiilleri elde edilmistir. Elde edilen bu
nanopartikiillerin XRD, UV-Vis ve SEM analizleri yapilmistir. Bununla
birlikte yesil sentez yontemiyle {iretilen nanopartikiillerin nanogiibre
ozellikleri in vitro olarak farkli tohumlar (T7iticum aestivum, Zea mays ve
Vicia sativa) tizerinde test edilmigtir.

Bu galismada, ZnO nano malzemelerin elde edilmesi stirecinde 6rneklerin
optiksel, yapisal ve yiizey morfolojilerinin kimyasal sentezleme yontemi ile
tiretilen numuneler ile uyumlu oldugu gosterilmistir. Orneklerle yapilan
XRD g¢aligmalarinda orneklerin saf hekzagonal vurtzit yapida ZnO oldugu
bulunmustur. Orneklerin dagimmh yansima sonuglarinda 375 nm civarinda
sogurma gergeklestigi bulunmugtur. SEM goriintiileri, tiretim kogullarinin
degismesi ile pargacik morfolojisinin degistigini agik¢a ortaya koymustur.

Misir, bugday ve fig bitkilerinin kok, gévde uzunluklarini ve yag ve
kuru agirhklarii en disiik konsantrasyonda (62.5 ppm) uygulanan
ZnO NP’ler kontrole gore belirli bir oranda artirmigti. Daha yiiksek
konsantrasyonlarda ise konsantrasyon artigina bagh olarak inhibe ettigi tespit
edilmigtir. Boylelikle, test edilen her ii¢ bitkinin de biiyiime ve geligmesi
artmugtir. Ancak, farkli bitki oziitleri kullanilarak yesil sentez yontemiyle
elde edilen ¢esitli nanopartikiillerin sadece in vitro kosullarda degil aym
zamanda arazi kogullarinda da hem koklere hem de piiskiirtmek suretiyle
yapraklara uygulanarak test edilmesi ve ayrica bu nanopartikiillerin etki
mekanizmalarinin da arastirilmast 6nerilmektedir.

Tesekkiir

Bu caligma Osmaniye Korkut Ata Universitesi Bilimsel Aragtirma Projeleri
Birimi tarafindan (Proje No: OKUBAP-2022-PT2-016) desteklenmis ve
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Chapter 3

Quantum Calculus Approach to the Dual
Number Sequences

Faik Babadag'

Abstract

In recent years, many researchers have focused on the chaotic dynamics of
quantum calculus, which arises in a variety of areas including the study of

fractals, multi-fractal measures, combinatorics and special functions.

In this paper, owing to some useful g-calculus notations, we consider the
sequence of g-Fibonacci dual number and g-Lucas dual number with a
different perspective and we present some formulas, facts, and properties
about these number sequences. After that, some fundamental identities are
given, such as D’ ocagnes, Cassini, Catalan, and Binet formulas and relations
of the g-dual number sequences, and defined the new dual polynomial and
function called g-dual Fibonacci polynomial and function sequences. Then,

we provide some properties for these sequences.

1. Introduction

W. K. Clifford (1845-1879) introduced the algebra of dual numbers as a
tool for his geometrical investigations, and Kotelnikov gave the first
applications (Kotelnikov, 1985). Eduard Study gave line geometry and
kinematics using dual numbers and dual vectors (Study, 2022). He showed
that the points of the dual unit sphere in D have a one-to-one relationship.
Dual numbers have modern applications in computer modeling of rigid
bodies, mechanism design, kinematics, human body modeling, and
dynamics (Guggenheimer, 2012; Fischer,1998; Nurkan, 2015; Angeles,
1998).
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A dual number is defined by the form a, + €a,, where
ay and aq are real numbers and € is the dual unit taken to
satisfy e2=0 with € # 0.

The addition and multiplication of any dual numbers A and B are defined,
respectively, as follows:
A+ B = (ay+by) +e(a, +by)
and
AB = agby + €(aghy + a,by)

In the literature, the Fibonacci and the Lucas numbers
play an important role in various areas such as mathematics and
related fields. For positive integer n, the linear sequences F,, and
L, are defined by F,,,,=F,;; + F, and L,;,=L,4+; + L. Here,
the initial conditions are Fy=0, F;=1, Ly=2, and L;=1,

respectively. The Binet formulas of these numbers are

a — g
F, = A
a—p
and
L,=a™+p"

The properties, relations, results between Fibonacci and Lucas numbers can
be found in (Horadam, 1963; Koshy, 2018, 2019; Maynez, 2016; Nalli,
2009; Oduol, 2020; Vorobiov, 1974). Quantum calculus is important in
both physics and mathematics. In recent years, many researchers have
become interested in quantum calculus, which occurs in a variety of
mathematical fields of combinatorics and special functions. For
understanding of this paper, we demonstrate definitions and facts from the
quantum calculus. The g-integer (Kac, 2002; Kome, 2022; Stum, 2013;
Akkus, 2019) is shwon by

1—q" n—-1
[nl, = _q=1+q+~--+q (1)

1
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of two variables n and q. For positive integer m and n, we obtain

[m+ n]q = [m]q + qm[n]q

(2)

[mn], = [m]; + [n]gm
In this paper, some basic concepts of dual number sequences are
given using g-dual Fibonacci number sequences and g-dual Lucas
number sequences. Moreover, we obtain the main identities and define

quantum dual Polynomials and functions.

2. q -Dual Fibonacci and Lucas Number Sequences

In this section, we give dual number sequences with components including
quantum integers, which are called g-dual Fibonacci number sequences
and g-dual Lucas number sequences. Moreover, we obtain the main
identities.

Definition 2.1. Dual number sequences can be given in the forms:

an 1— n an+1 1-— n+1
o ( q)+E (1—-q™"h)

n (3)
a—aq a—aq
or equivalent
Fp=a™ nl, +ea™n+1], (4)

are called the n** g-dual Fibonacci number sequences and

3 an(l _ an) an+1(1 _ q2n+2)

Ly = 1—gqn € 1 — gntl ©)
or equivalent

a[2n a™12n+2
L, = [2n]q +e [ Jq (6)

[n], [n + 1],
are called as the n*" g-dual Lucas number sequences, where ¢ is the dual unit
and 2 = 0.
Theorem 2.2. ( Binet’s formula ) For n > 0, the Binet formulas for dual

number sequences arc
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Fy = a™[nlga + (@B

afnly )
[, y+a" (1 -qp

Moreover, these dual number sequences are shown another

L, =

expression of the form

aa — (aq)"y
n= a—aq (8)
Ly = aa+ (aq)y
where
a=1+as
p=¢ 9
y=1+(aqe

Proof. By taking Equalities 1, 2, 4 and 9, we have
Fp=a™ Hnly, +ea™n+1],

=a™ 1 [n], + ea"([n]q +q")

=a" nl,(1 + ae) + ea"q"

= a" !nlya+ (aq)"B

Calculate the Binet formula for the g-dual Lucas number sequences £, in

other form

an(l _ an) an+1(1 _ q2n+2)
n = 1-— qn te 1-— qn+1

a™(1+q™) + ea™ (1 + g™tY)
a™(1+ ag) + (aq)™(1 + aqe)

=a"a+ (aQ)"y

Theorem 2.3. (Catalan’s identity) Forn > r, r > 1
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2n—2qn
1-gq

Proof. By using Equalities 1, 2, 8, and 9, after some calculations. We have

Tn+r?n—r _:}:‘n2 = ([_T]q + [T]Q)(l + [Z]QS)

FrsrFo—r — Tnz

_ a,n+rg _ (aq)n+rZ an—rg _ (aq)n—rZ ang _ (aq)nZ 2
B a—aq a—aq

a—aq

aZn—an (2 _ q—r _ qr)

- 1-q)? 2L
aZn—an (1 + 1-— q—r _ qr)

= e (1+[2]4¢)
aZn—an

1=q ([-7lqg + [r1) (1 + [214¢)

This completes the proof.
Remember that in the case r = 1 in Theorem 2.3, it reduces to Cassini’s
identity of the g-dual Fibonacci number sequences.

Corollary 2.4. (Cassini identity) Forn > 1, we will have

a,2n—2qn

Frs1Fnoy — F2 = ([=1q + [11g)(1 + [2]4¢)

1—g¢q

Theorem 2.5. (d” Ocagne’s identity) For any integer m and n, we have

FnFnir — FaFmer = am+n+1([m]q - [n]q) gz (1 + E)
Proof. Using Equalities 2, 3, 7 and 9, we get
Tan+1 - TnTm+1

=qgm1 ([m]q a+ (QQ)mE) (a"[n]q a+ (aq)n+1£)
—qn1 ([n]q a+ (CICI)"E) (am[m]q a+ (a’q)m*'lﬁ)

qn _ qm
— am+n—1( ) g2_}_0_,m+n(qm _ qn)gé

1-¢q
=— ([mlq = [nlg) @*+a™([n]g — [mlg)aB
am

" (fml, - [nl,) o (1-p)

a

Theorem 2.6. For positive integers m,r and s with m > r and



54 | Quantum Calculus Approach to the Dual Number Sequences

m = s, then the following holds between the g-dual Fibonacci number
sequences and the g-dual Lucas number sequences

LintrFmes = Lm+sFmer = qua2m+r+s_1([5]q - [T]q)(l + [Z]qs)
Proof. By using Equalities 2, 3, 7 and 9, also doing necessary calculations,

we will have

Lm+r?m+s - Lm+sTm+r
: a™ T [2m+ 2r],
B [m+7], =

(am“[Zm + 2s],

+ @M1 — q)E) (am+s—1 [m+ s]q a+ (aq)"“’sﬁ)

y + am+s+1(1 _ Q)E>

[m + 5], =
(17—
= 2gMg2mtrts—1 ( )
qa 1—gq ay
(@ -1+l
= 2gMg2mtrts—1 ( )
qa 1—gq ay
— qua2m+r+s—1([s]q _ [T]q)(l + [Z]qs)
3. q- Dual Fibonacci and Lucas Polynomial Sequences

In this section, we define g-dual polynomial sequences which generalizes
g-polynomial sequences F,,(t) and L, (t). We obtain the Binet formulas for
q-dual polynomial sequences. Moreover, we give some properties and
identities for these quantum dual polynomial sequences

Definition 3.1. For p(t) and r(t) dual component polynomials, the g-
polynomial sequences F,, (t) and L, (t) are provided as follows:

{Fn+2(t) = p()Fp41(t) —r(®)F,(t)
Lnt2(t) = p(6)Lny1(8) = 7(O)Ln (D)

Here, the initial conditions are Fy(t)=0, F(t)=1, Ly(t)=2, and

(10)

Lo(t)=p(t), respectively.
Clssify the g-dual polynomial squences F, (t) and L, (t)
acording to the given the polynomials p(t) and r(t) values,

repectively.
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1. Assume that p(t) = ag+1 and r(t) = a’?q are constant
polynomials, we obtain as follows:

{Fn+2(t) = (aq + 1)Fn+1(t) —a® qFn()
Lns2(t) = (aq + DLy (8) — a? qLn(t)

2. Assume that p(t) = A(s) and r(t) = —1 are not constant
polynomials, then we have

Fri2(t) = A()Fps1(0) + Fr(6)

wth the initial conditions Fy(t) = 0, F;(t) = 1. From Equality 10, roots of

x? —p(t)x +r(t) =0are

p() +p?() —4r(t)
2

a(x) =

ad

sy - PO APPO —#®
2

Then, the Binet formulas for g-polynomials F,,(t) and L, (t) are
a’(x) — " (x)

B0 =~ 80

and

Lp(®) = a™(x) + (%)

Defintion 3.2. Let F, (t) and £, (t) be dual polynomial sequences Then, the

tolowing recurrence relations are obtained

Fp = Fp(t) + €Fp44(t) (11)
and
L () = Ly (6) + el () (12)

FromEquality 11, the initial conditions of the g-dual Fibonacci polynomial

SCquenCCS are
:FO = Fo(t) + gFl(t) =&

and
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Fy = Fy () + eF,(0) = 1+ p(0)

From Euality 12, the initial conditions of the g-dual Lucas polynomial
sequeces are

Lo(t) = Lo(t) + Ly (t) = 2 + ep(t)
and
L1(8) = Ly(t) + €L, (1)

=p(®) + e(P*(®) —r(®))
where ¢ is dual unit.

Theoem 3.3. The Binet formula of the g-dual polynomials , (t) and

L, (t) are

F ) = a™(x)a(x) — (0B (x)
a(x) = B(x)

and

Ln(t) = a™(x)a(x) + B (x)B(x)

Here,

a(x) =1+ a(x)e

and

B(x) =1+ p(x)e

Proof. For the g-dual polynomials %, (t) and £,,(t), the proof is calculated
similarly to the theorem 2.2.

By doing some calculations, the following relations can be obtained

Fi(t) — a(x)Fo(t) = B(x)

Fi(t) = BO)Fo(0) = alx)

L1(8) = a(x)Lo(t) = (B(x) — a(x))B(x)

L) = B(x)Lo(t) = (a(x) = B(x))a(x)

4. q-Dual Fibonacci and Lucas Function Sequences
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In this section, we define quantum dual function sequences or briefly g-
dual function sequences in the quantum calculus.

Definition 4.1. Assume that p(t) is an arbitrary function. Its g-derivative
operator is shown by

dqp(t) = p(qt) — p(t) (Kac,2002).

Note that in particular d,(t) = (q — 1)t,

: _ e plgt) —p(r) _ dg(®)
im Dap(®) = lim =3y = ~ae

(13)
were ¢ # 1. The n** g-dual Fibonacci function sequences is given by
Fo(t) = Fp(t) + Fpp1 (e, where F, (t) is the n t* g-Fibonacci function

sequences and ¢ is dual unit. Then, g-derivative is

{Dan(t) = Dq(Fn(t) + Fri1(0)e) (14)

= DgF,(t) + DgFpiq1(t)e
Here D4 F,,(t) demonstrate the derivative of F,, (t)

Proposition 4.2. For the integer n > 0,if F,,(t) = (t — )y is selected,
q-derivative of the function sequences F, (t) can be given in the form
DaFn(©) = [l Fros (O),

where p is constant.

Proof. From Equalities 13 and 14, we compute g-derivative of the

function sequences F,,(t), we obtain

C(qt-w)" - - pn

Dafn(®) = e —w
(@ = (-
(q—-1)

= [n]qFn-1(t)
and the derivative of the n ** g-dual Fibonacci function sequences is
DyF, (8) = [n]gFn-1(t) + [n + 1]gFn(D)e

= [n]gFn-1 () + q"[1], €
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Example 4.3. For the integer n < 0, consider the function

F_n(t) = (t — Wg", we calculate the g-derivative of Fy,(t) and F, (t).

Proof. By using Definition 3.1 and Equality 13, we can write

(qit-w) " =t —w™
(q—DE—pw

_ @ -DHee-w™
(g—1)

DqF—n(t) =

= [-n]gF_(ns1) (0

_ Iy
= q" 1:‘—(n+1) (t)

and doing necessary calculations, D, F_,,(t), we get

[n], [n+ 1],
DgF_p(t) = _q_nF—(n+1) ) — WF—(MZ)(OE

5. Conclusion

In the present paper, the g-dual number sequences have been introduced by

using the notations from quantum calculus. First of all the recurrence

relation for these numbers have been obtained. Then, some fundamental

identities are obtained such as the Binet formulas, the Cassini, the Catalan,

and the d’Ocagne identities. Furthermore, the new polynomials and

functions which are called g-dual Fibonacci and g-dual Lucas polynomial

and function sequences. Also, we have presented some properties and

identities for these polynomial and function sequences.
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Chapter 4

Some Remarks on the 14" Sustainable

Development Goal in Tirkiye

Nurcihan Hacioglu Dogru'

Abstract

Marine and oceans are important resources that provide numerous services
such as sustaining life, food supply, clean energy; and transportation. However,
these valuable resources, along with the habitats they support, are subjected
to various anthropogenic pressures, including climate change, population
growth, and industrial intensity. In order to create social, economic, and
ecological value, sustainable utilization of the sea and its resources can only
be achieved through the development and implementation of management
strategies based on marine sciences. Recognizing the significance of marine
and ocean conservation, the United Nations adopted a framework consisting
of 17 Sustainable Development Goals (SDGs) in 2015, which includes the
enhancement of sustainable use and conservation of seas and oceans as a
priority goal. Effective strategies to combat overfishing, ocean acidification
and worsening coastal eutrophication have been emphasized. Tiirkiye,
being a country surrounded by three seas and rich in water resources, is
also highly affected by water pollution. Industrial activities, agricultural use,
urbanization, population growth, and hydrological conditions contribute to
water pollution, making it a significant environmental issue in the country. In
this context, the aim of this study is to examine the issues related to seas and
marine resources in Tirkiye in line with the 2030 Sustainable Development
Goals and provide a fresh perspective on what has been done and what needs
to be done in the context of Goal 14. The objective is to develop science-
based strategies, intensify research capacity, and provide information on the
necessary actions to be taken.
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1. Introduction

The emergence of contemporary environmental movements in the 1960s
and 1970s necessitated the examination of the concepts of development and
environment together (Scoones, 2007). This situation was further advanced in
the report known as the Brundtland Report, also referred to as “Our Common
Future” (Brundtland, 1987), which introduced the concept of sustainable
development to a new level. In this report, sustainable development, defined
as meeting the needs of the present without compromising the ability of
future generations to meet their own needs, emerged as a concept that
encompasses various disciplines in today’s world (Thiele, 2016). Today,
sustainability and sustainable development have become indispensable
concepts for modern societies, and they have become the guiding principles
in the actions and decisions of governments, communities, organizations,
and individuals in the modern world (Caradonna, 2014).

Sustainable development is an approach to development that aims to
achieve social and economic progress in harmony with environmental
sustainability. This approach involves using resources efficiently and
effectively to meet the needs of current generations while considering the
needs of future generations. Sustainable development is addressed in three
fundamental dimensions: economic, social, and environmental. In the
economic dimension, sustainable development seeks to promote economic
growth while reducing inequalities, eradicating poverty, and ensuring the
equitable distribution of resources. In the social dimension, the focus is on
improving human well-being and safeguarding basic human rights such
as education, health, equality, and gender justice. In the environmental
dimension, the objectives include sustainable management of natural
resources, conservation of biodiversity, combating climate change, and
reducing environmental impacts. What sets sustainable development apart
from traditional environmental conservation approaches is its proactive and
holistic focus on long-term evolving dynamic processes (Portney, 2015;
Bozoglu and Cigerim, 2022). It considers the interconnections between
economic, social, and environmental aspects and seeks to promote a balanced
and integrated approach for a sustainable future.

After sustainable development came to the agenda of countries, the
question of how countries would achieve this development emerged. How
countries will make a plan and program, how they will organize their
investments and what should be done for sustainability has become an
important topic of discussion. At this point, various targets have emerged
and it has been stated that countries can achieve sustainable development
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by realizing these goals (Yildirnm and Yildirim, 2020). The latest goals
for the countries of the world to reach sustainable development are in the
form of “2030 Sustainable Development Goals”. The “2030 Sustainable
Development Goals”, which contain 17 basic goals and were adopted in
2015, are seen as a historical global achievement.

Oceans and seas, which hold a significant place in our daily lives, serve as
the locomotive of the blue economy and blue growth, encompassing global
climate regulation, maritime transportation, marine tourism, health, and
fisheries. Therefore, the oceans, seas, and underwater life should be on the
agenda of all countries aiming for sustainable world goals. This priority is
particularly crucial for countries with coastlines. This priority has led to the
inclusion of the oceans and seas in the “2030 Sustainable Development Goals”
and their identification with Goal 14 (Global Sustainable Development
Report, 2023). SDG 14 focuses on the sustainable use and conservation of
oceans and seas, addressing issues such as overfishing, ocean acidification,
and coastal eutrophication. It aims to protect marine and ocean biodiversity
and encourages countries to support research financing in this field. It is a
crucial goal within the Sustainable Development Goals framework, aiming
to combat the negative impacts of overfishing, ocean acidification, and
coastal eutrophication, and to promote the preservation of marine and ocean
biodiversity.

Tiirkiye is a country surrounded by seas on three sides and connected
to oceans through straits. It has four different sea systems: the Sea of
Marmara, the Mediterranean Sea, the Black Sea, and the Aegean Sea. The
diverse ecological characteristics of its seas and inland waters have resulted
in high biodiversity. This situation highlights the importance of preserving,
developing, and sustainably managing water resources, especially marine
resources, for the country. Tiirkiye’s rich marine and inland water resources
play a vital role in various aspects of the country’s economy and society. They
support sectors such as fisheries, maritime transportation, tourism, energy,
and provide important ecological services. However, the sustainable use and
effective management of these resources are essential to ensure their long-
term viability and to avoid overexploitation or degradation. Efforts are made
to protect and conserve marine and inland water ecosystems in Tirkiye,
including the establishment of marine protected areas, the implementation
of sustainable fishing practices, and the promotion of responsible tourism.
Furthermore, water resource management plans and regulations are
developed to ensure the sustainable utilization of these valuable resources
while considering ecological, economic, and social factors. The sustainable
management of marine and inland water resources in Tiirkiye is not only
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important for the country’s own well-being but also contributes to the global
efforts for the conservation and sustainable use of these vital ecosystems.

The aim of this study is to project the current situation in Tiirkiye’s seas,
as well as provide information on the progress made so far and the necessary
actions and recommendations to be taken in line with the Sustainable
Development Goals (SDGs). It focuses on the development of strategies,
planning, and regulations in pursuit of sustainable development.

2. Physical Structure of the Country’s Seas

Tirkiye, surrounded by the Mediterranean, Black, and Aegean Seas, has
a coastline of 8,333 kilometers (including islands), making it one of the
countries with the longest coastal strip in Europe. The distribution of this
coastline is approximately 33.66% in the Aegean Sea, 20.34% in the Black
Sea, 20.07% in the Mediterranean, and 11.20% in the Sea of Marmara.
Approximately 65% of the country’s population is settled along the coast
(Dolgen et al., 2006).

The Black Sea, with a surface area of 496,064 km?2, has an average depth
of 1,197 meters and its deepest point reaches 2,245 meters. The continental
shelf along the Turkish coastline of the Black Sea is narrow, with a coastal
length of 1,795 kilometers. The salinity of the Black Sea is 18 parts per
thousand, and it is known for having the world’s largest hydrogen sulfide
reserves. Therefore, there is no life below depths ranging from 150 to 200
meters. More than half of the fish caught in Tirkiye come from this sea,
making it economically significant for the country. The Black Sea also holds
importance in terms of maritime transportation due to its coastal ports

(Akengin et al., 2016).

The Sea of Marmara, with a surface area of 11,350 km?2, is the smallest
sea in Tirkiye. It separates the Asian and European parts of Tiirkiye and
has the characteristic of being an inland sea. The deepest point of the Sea of
Marmara is 1,238 meters. It has a wide continental shelf. It is connected to
the Black Sea through the Istanbul Strait and to the Aegean Sea through the
Canakkale Strait. The coastline of the Sea of Marmara is 1,275 kilometers
long. It holds importance due to fishing and port activities. The Turkish
Straits System (Bosphorus and Canakkale) are significant in terms of upper
and lower currents. The Black Sea, which receives heavy rainfall and is the
outlet for numerous rivers, is 40 cm higher in elevation compared to the
Sea of Marmara. The excess water flows from the Istanbul Strait to the Sea
of Marmara and then through the Canakkale Strait to the Aegean Sea. The
salinity of the Aegean Sea is higher compared to the Marmara and Black
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Seas. The denser waters flow as bottom currents through the straits towards
the Black Sea.

The Istanbul Strait, which connects the Sea of Marmara to the Black Sea,
is the narrowest and one of the busiest waterways in the world. The widest
part of the Istanbul Strait is 3,600 meters, located in the north between
the Anadolu Lighthouse and Turkeli Lighthouse. The narrowest part is
698 meters, between the Anadolu Fortress and the Rumeli Fortress. The
depth of the Istanbul Strait varies between 30 and 110 meters. This strait
holds significant strategic importance and enhances Tiirkiye’s geopolitical
position. Istanbul Port serves as a gateway for Tiirkiye’s exports and imports,
connecting it to the rest of the world.

The Canakkale Strait, which connects the Sea of Marmara to the Aegean
Sea, has its widest point at the southern boundary, measuring 3,600 meters,
and its narrowest point is between Canakkale and Kilitbahir, with a width
of 1,200 meters. The depth of the strait varies between 50 and 140 meters.
The Canakkale Strait holds strategic importance as it connects the Marmara
and Aegean seas. Similar to the Istanbul Strait, it is also a busy waterway.
Both the Istanbul and Canakkale straits are significant for fishing activities
as well (Taghgil, 2004).

The Mediterranean, which is the largest sea surrounding Tiirkiye, covers an
area of 2,500,000 km?. It is connected to the Atlantic Ocean through the Strait
of Gibraltar and to the Indian Ocean through the Suez Canal. The average
depth of the Mediterranean is 1,400 meters, with the deepest point reaching
4,400 meters. Apart from the Iskenderun and Mersin Gulfs, the continental
shelf of the Mediterranean is quite narrow. The salinity level is 36 parts per
thousand. Along the Turkish coastline, temperatures in the Mediterranean
range from 14°C to 34°C. The length of the Turkish coastline along the
Mediterranean is approximately 1,577 km. The Mediterranean Sea holds
significant importance, particularly in terms of marine tourism. It also plays a
crucial role in port activities and maritime transportation (Atalay, 2011).

The Aegean Sea, located between Tiirkiye and Greece, has a total area of
214,000 km? including the islands. There are approximately 3,000 islands
in the Aegean Sea. It is the sea with the longest coastline for Tiirkiye.
The length of the Turkish coastline along the Aegean Sea is 2,805 km,
accounting for approximately one-third of the total length of our coasts. The
Aegean region has numerous bays, gulfs, and peninsulas due to its indented
coastline. The salinity level in the Aegean Sea is 25 parts per thousand. It
holds significant importance in terms of fishing and port activities. It also
contributes significantly to the Turkish economy through marine tourism

(Bageren, 2006).
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Our seas, besides their impact on our country’s climate and strategic
importance, are also significant economic resources. They hold great
potential in terms of harvested seafood, maritime transportation, and natural
resources on the seabed. This potential carries significant importance for the
future of our country.

3. Sustainable Blue Economy for Marine Ecosystems

The concept of blue economy was first introduced by Pauli (2010),
emphasizing that the blue economy creates wealth in terms of sustainability
and therefore, the balance between environmental and economic goals needs
to be achieved.

The blue economy conceptualizes the oceans as “development areas”
that integrate conservation, sustainable use, oil and mineral extraction, bio-
research, sustainable energy production, and marine transportation (United
Nations, 2019). The blue economy is seen as a comprehensive development
approach that promotes growth by emphasizing the efficient and optimal
use of marine resources without compromising sustainability elements
(Mohanty, 2019). At the core of the global blue economy concept lies
the provision of healthy oceans to serve future generations while ensuring
economic growth derived from the oceans (Atakpa, 2018). Table 1 further
elucidates the concept of the blue economy and provides a detailed overview
of its components (World Bank, 2016; Toplu-Yilmaz, 2021).

Tible 1. The scope of the blue economy (abbreviated from Toplu-Yimaz, 2021)

Type of activity (nature of business) Activities within Subcategories

Collection and trade of marine resources  Seafood harvesting
Utilization of marine organisms for
pharmaceutical and chemical applications
Extraction and utilization of non- Mining of minerals
renewable resources from the sea Energy resource extraction
Freshwater production
The use of renewable natural resources Renewable energy generation offshore
(wave, wind, tidal energy)
Trade within and across oceans Transportation and trade
Coastal development
Tourism and recreation
Indirect impact on the economy and the ~ Carbon capture
environment Coastal protection
Waste management and industrial
infrastructure
Presence of biodiversity
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As can be seen in the table, the blue economy encompasses numerous
activities such as tourism in the seas and coastal regions, fishing, extraction
of marine resources for cosmetics and medicines, maritime transport,
production of shipbuilding and maritime equipment, extraction of oil
and minerals, carbon sequestration and coastal recreation (Toplu-Yilmaz,
2021).

The evaluation of our seas in terms of the blue economy involves the
sustainable and efficient utilization and management of marine resources. The
blue economy is an approach that aims to maximize the economic potential of
marine and ocean resources while also targeting environmental sustainability
and the conservation of ecosystems. Tiirkiye has significant potential for a
thriving blue economy due to its surrounding seas and extensive coastline.
Various sectors such as fisheries, marine tourism, maritime transportation,
energy resources, marine mining, water sports, and underwater resources
form the key components of the blue economy in our seas.

Fisheries and aquaculture sectors are significant sources of income derived
from the rich fish and seafood resources in Tirkiye’s seas. They provide
employment opportunities and contribute to exports.

Marine tourism also holds great economic value for Tiirkiye. Our
beautiful beaches, bays, and islands attract tourists who prefer sea, sun, and
beach vacations. These tourism activities contribute to increased tourism
revenue and the development of local economies.

Maritime transportation plays an important role due to Tiirkiye’s strategic
location. Waterways such as the Istanbul and Canakkale Strait serve as vital
transit points for maritime trade and heavy ship traffic. Our ports are the
lifelines of foreign trade and the logistics sector.

Furthermore, our seas also hold potential for energy resources, particularly
wind and solar energy. Projects related to offshore wind and solar energy
contribute to clean energy production and energy security.

Marine mining also plays a significant role within the blue economy of
our seas. Resources such as minerals, oil, and natural gas found in the seabed
can be economically evaluated and contribute to the country’s economy:

The evaluation of Tiirkiye’s seas in terms of the blue economy requires
the sustainable utilization of this potential and the preservation of marine
resources. Measures such as sustainable fishing practices, conservation of
marine ecosystems, management of environmental impacts, and marine
spatial planning can ensure the successtul management of the blue economy.
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Goal 14 of the Sustainable Development Agenda 2030 aims to promote
sustainable blue economy and its objectives include (TCCSBB, 2019);

14.1 By 2025, prevent and significantly reduce all forms of marine
pollution, including marine debris and nutrient pollution, particularly from
land-based activities.

14.2 By 2020, sustainably manage and protect marine and coastal
ecosystems, taking actions to restore and enhance their resilience, in order
to achieve healthy and productive oceans, addressing the adverse impacts on
these ecosystems.

14.3 By 2030, minimize and address the impacts of ocean acidification,
including through enhanced scientific cooperation at all levels.

14.4 By 2020, effectively regulate harvesting and end overfishing, illegal,
unreported, and unregulated (IUU) fishing, and destructive fishing practices,
and implement science-based management plans, in order to restore fish
stocks in the shortest time feasible, at least to levels that can produce
maximum sustainable yield as determined by their biological characteristics.

14.a Enhance the conservation and sustainable use of oceans and their
resources by implementing international law as reflected in the United
Nations Convention on the Law of the Sea (UNCLOS), which provides
the legal framework for the conservation and sustainable use of oceans and
their resources, in accordance with the Intergovernmental Oceanographic
Commission Criteria and Guidelines on the Transfer of Marine Technology,
in order to increase scientific knowledge, develop research capacity, and
transfer marine technology to developing countries, particularly Small
Island Developing States (SIDS) and Least Developed Countries (LDCs),
and promote the contribution of marine biodiversity to their development.

14.b Provide access for small-scale artisanal fishers to marine resources
and markets.

14.c Enhance the conservation and sustainable use of oceans and their
resources, as reflected in UNCLOS, which sets out the legal framework for
the conservation and sustainable use of oceans and their resources, as stated
in paragraph 158 of the document “The Future We Want.”

In our country, the most important and highest revenue-generating
component of the blue economy is fishing activities, which fall under
the category of harvesting and trade of marine resources. According to
the Turkish Statistical Institute (TUIK) data for 2022, the production of
aquatic products increased by 6.2% compared to the previous year, reaching
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849,808 tons. Of this production, 30% consists of marine fish obtained
through fishing, 5.6% consists of other marine products obtained through
fishing, 3.9% consists of inland fish obtained through fishing, and 60.6%

consists of aquaculture products (Figure 1).
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Figure 1: Aquaculture production, 2013-2022 (TUIK, 2022)

In 2022, the production of fishery products increased by 2.1%, with
a total production of 335,003 tons through fishing activities. Aquaculture
production reached 514,805 tons, while marine fisheries increased by 2.3%
compared to the previous year, and inland fisheries increased by 0.4%. The
quantity of harvested marine fish reached 254,535 tons, with the most
commonly caught species being anchovy (125,980 tons), bonito (49,892
tons), and sardine (16,729 tons). Aquaculture production increased by 9.1%
in 2022 compared to the previous year. Of the total aquaculture production,
368,742 tons were from marine aquaculture, and 146,063 tons were from
inland aquaculture. The most important fish species cultivated were trout
with 145,649 tons in inland aquaculture, and sea bass with 156,602 tons
and sea bream with 152,469 tons in marine aquaculture (TUIK, 2022).

In addition to fishing activities, there is a need for the development of
all the activity areas mentioned in Table 1 in our country’s seas. However,
we believe that special emphasis should be placed on marine biotechnology:
Marine biotechnology is undergoing rapid development worldwide and
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has reached an exciting stage in areas such as aquaculture, biochemistry,
genetics, genomics, health, cosmetics, environment, bioenergy, and more.
Genomic and proteomic methods provide valuable information for the
sustainability of marine ecosystems and the exploration and utilization of
marine biodiversity. Although marine biotechnology has a wide range of
applications, from biomedical to environmental fields, its importance is just
starting to be recognized in our country (TUDAYV, 2017).

In order to successfully implement the blue economy and make significant
contributions to the country’s economy, it is important to pay attention to
issues such as food security, marine pollution, and overfishing in fishing
activities. To achieve this, the following measures can be taken:

Food security: Emphasis should be placed on the production of healthy
and reliable food in fishing activities. Good agricultural practices, hygiene
standards, and traceability measures should be implemented. Fishermen

should handle and store their catch properly.

Marine pollution: Environmental protection measures should be
implemented to prevent marine pollution. Discharge of industrial waste into
the sea should be controlled, and wastewater treatment facilities should be
used to keep our seas clean. Additionally, recycling and awareness campaigns
are important for reducing plastic and other waste in the oceans.

Overtishing: Preventing overfishing is essential for the sustainability of
tish stocks. Fishing activities should be carried out using sustainable fishing
methods that allow for the reproduction of fish populations. Regulations
such as laws, quotas, and fishing seasons can help control overfishing.

In this field, plans and strategies focused on blue growth should be
developed by following the incentives provided by the European Union and
similar institutions.

Priority should be given to marine biotechnology studies, and various
institutions should be supported through universities to promote research
and development in this area.

These measures will ensure the sound management of the blue economy
and the sustainable use of marine resources. This will lead to both economic
development and the preservation of the ecosystems in our seas.

4. Pollution Problem in Turkish Seas

Marine systems, whose economic and ecological importance is increasingly
due to their high nutrient, mineral and energy content, are threatened by a
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variety of pollutants that reach through the atmosphere, coastlines, lakes
and rivers (Dogan-Saglamtimur and Subagi, 2018). In particular, maritime
transport, accidents, industrial activities, tourism, urbanization and high
waste discharge cause a decrease in the amount of oxygen in sea water and
have become an important threat to the life of marine organisms (Incaz et
al., 2005; Ecel, 2007). Marine pollution occurs when the capacity to dispose
of pollutants accumulated in water is exceeded (Artiiz, 1992; Nauke and
Holland, 1992; Aras, 2001; Clark, 2001; Giiven and Oztiirk, 2005; Incaz
et al., 2005; Butt, 2007; Zuin et al., 2009).

4.1. Marine pollution from ships

Ship-source pollution is a significant source of marine pollution. The
waste, spills, and emissions generated during ship operations can pollute the
oceans. This pollution can occur in various forms:

Oil pollution: It occurs when oil contaminates the seas due to fuel
transfers, maritime accidents, or leaks from oil tankers. Oil pollution can
cause serious harm to marine life and disrupt ecosystems.

Chemical pollution: During the transportation of chemicals on ships,
leaks or the discharge of chemical waste into the sea can result in chemical
pollution. This type of pollution can directly impact marine life and cause
damage to aquatic ecosystems.

Wastewater pollution: Discharging wastewater from ships, including
waste from toilets, sinks, and kitchens, can lead to wastewater pollution.
The pollutants contained in this waste can degrade water quality and affect
marine life.

Air pollution: Ship engines emit harmful gases and particles into
the atmosphere. These emissions can contribute to air pollution and
environmental impacts in coastal areas near the seas.

In Tiirkiye, as well as globally, marine pollution and issues related
to coastlines are prominent concerns. The Black Sea, Aegean Sea, and
Mediterranean Sea are heavily polluted. Maritime transportation, accidents,
the widespread production and use of oil and its derivatives, and discharges
play a significant role in the industrial pollution of the seas (Dogan-
Saglamtimur and Subagi, 2018).

According to data from the Turkish Statistical Institute (DIE), more
than 20,000 ships visit ports in Tiirkiye each year, including multiple visits
by the same ship within a year (Environmental Inspection Report, 2002).
Hazardous substances carried by ships consist of approximately 70% (94.8
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million tons) crude oil, 26% (34.2 million tons) petroleum products, and
the remaining 4% (6 million tons) liquefied gases and chemical products
(Orhon et al., 2008).

Pollution caused by ships is a comprehensive and complex issue. Initially,
maritime pollution is not limited to oil alone. Apart from oil, wastewater,
garbage, and other types of waste discharged or discarded from ships can
also contribute to marine pollution. The cargo responsible for pollution
resulting from maritime accidents is not solely limited to oil or petroleum
derivatives. However, when we mention pollution caused by ships, the first
thing that comes to mind is typically oil pollution caused by ships. There are
two main reasons for oil pollution caused by ships. The first reason is the
operation of tankers carrying oil cargo as well as other ships, and the second
reason is oil pollution resulting from maritime accidents involving both oil
tankers and occasionally non-tanker ships.

Intentional or operational oil pollution, resulting from the deliberate
discharge of oil by ships during their operations, constitutes a major
component of oil pollution in the seas. Intentional oil pollution, arising
primarily from the normal activities of non-tanker ships and especially oil
tankers, is based on two main causes. The first cause is the discharge of oil
pollution resulting from the emptying of ballast water in tankers, and the
second cause is oil pollution arising from the washing of cargo and sometimes
tuel tanks. Accidental oil pollution, on the other hand, is actually the type of
pollution that attracts the most attention from the international community.
In today’s world, where tanker capacities have reached unimaginable sizes,
maritime accidents resulting from navigation errors, mistakes made by
individuals responsible for ship management, and occasionally force majeure
events have caused and continue to cause major disasters to the marine
environment. The scale of marine pollution in general and, specifically, oil
pollution caused by ships has reached alarming levels in recent times, making
it a matter of great concern for both coastal states and the international
community in terms of pollution prevention (Abdullahzade, 2009).

In the Mediterranean, the increase in the amount of domestic waste
based on seasonal population growth due to tourism, industry, and
agricultural activities, as well as waste from yacht tourism and petroleum
derivatives resulting from maritime transportation, are significant causes of
pollution. The Mediterranean accounts for 28% of global oil transportation,
and around 20,000 tons of oil per year seep into the Mediterranean due
to accidents or negligence from the 60 oil refineries located in its vicinity
(Dogan-Saglamtimur and Subagi, 2018).
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In the Aegean Sea, pollutants primarily reach through residential
and industrial waste, wastewater discharges, runoff from precipitation,
agricultural and port activities, maritime traffic, and rivers flowing into the
sea. With the addition of wastewater discharges from the Turkish coast to
the Aegean Sea and the influence of the Canakkale Strait, the sea is exposed
to a pollution load equivalent to a population of nearly 20 million (Dogan-
Saglamtimur and Subagi, 2018).

The Sea of Marmara 1is an inland sea that connects the Black Sea to
the Aegean and Mediterranean Seas through the Istanbul and Canakkale
Straits, respectively (Dolgen et al., 2006). In terms of size and capacity as
a recipient environment for waste materials, the Sea of Marmara has about
100 times less capacity compared to the Mediterranean Sea and 1,000 times
less compared to the Black Sea (Akkaya, 2004). The increasing maritime
traffic in the Sea of Marmara, along with pollution triggered by the bilge
and ballast waters of marine vessels, results in a significant pollution load
spreading over a wide area (Dogan-Saglamtimur and Subagi, 2018).

The Black Sea in our country receives pollutant loads from various rivers,
primarily including the Sakarya, Yesilirmak, and Kizilirmak, as well as the
Danube River, which carries the pollutant load of almost all of Europe. The
pollution of the Black Sea is not limited to the sea and rivers; the region is also
threatened by environmental pollution (Talinh & Sari6z, 2002). Annually,
548 km3 of water flows from the Black Sea to the Sea of Marmara, while
only 249 km3 of water flows from the Sea of Marmara to the Black Sea
through the bottom current. This indicates that pollution occurring in the
Black Sea will have approximately twice the impact on the Sea of Marmara
compared to the influence of the Sea of Marmara on the Black Sea (Dogan-

Saglamtimur & Subagi, 2018).

Marine pollution in the Turkish Straits, which connect the Black Sea
and the Mediterranean Sea, is primarily caused by maritime transportation
through the Canakkale and Istanbul Straits. The contribution of pollution
from maritime traffic in the Istanbul Strait to the total pollution has been
determined to be approximately 10% (Orhon et al., 2008). Records show
that a total of 162 significant marine accidents have occurred in Tiirkiye until
today. Out of these accidents, 105 took place in the Istanbul Strait, 35 in
the Canakkale Strait, and 22 in the Sea of Marmara. Among these incidents,
4% were fires, 30% were groundings, 52% were collisions between two
vessels, 72% were collisions with docks or waterfront mansions, and 10%
occurred due to other reasons. It has been noted that there are six accidents
per 1 million miles of passage through the Istanbul Strait, which is twice the
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number of accidents that occur in the Suez Canal (Dogan-Saglamtimur and
Subagi, 2018).

To prevent and reduce ship-source pollution, various measures have
been implemented. International maritime organizations have established
standards and guidelines to control ship emissions, regulate waste
management, and prevent marine pollution. These measures include the
proper management of ship waste, promotion of recycling, use of wastewater
treatment systems, and monitoring of ship operations.

International cooperation is crucial in combating ship-source pollution.
Collaboration and awareness-raising activities should be conducted
among the maritime sector, shipowners, port operators, governments, and
non-governmental organizations. Additionally, innovations such as the
development of ship technologies and the use of eco-friendly fuels can be
effective in addressing marine pollution.

4.2. Domestic Waste and Land-Based Marine Pollution

Domestic waste and land-based marine pollution occur when waste from
land areas and coastal settlements reaches the sea. This type of pollution
can result from various factors and can cause significant harm to marine
ecosystems. Here are some examples of domestic waste and land-based
marine pollution:

Sewage discharge: Urban areas have sewage systems that collect domestic
waste and used water and discharge it into the sea. However, in cases where
sewage systems are inadequate or faulty, waste can directly reach the sea or
coastlines. This can lead to water pollution and harm to aquatic life.

Beach and coastal pollution: Touristic areas or coastal settlements can
experience pollution due to litter, plastic waste, and other land-based debris
left by visitors or the local population. Beach and coastal pollution disrupts
marine ecosystems, damages the food sources of marine organisms, and
leads to the degradation of coastal ecosystems.

Agricultural pollution: During agricultural activities, fertilizers,
agricultural chemicals, and irrigation water can reach the sea through rivers.
Agricultural pollution can result in the excessive accumulation of nutrients
like nitrates and phosphates in aquatic ecosystems. This impairs water quality,
reduces oxygen levels in the seawater, and negatively affects marine life.

Industrial pollution: Wastewater from industrial facilities, factory
discharges, and industrial waste can reach the sea. These wastes may contain
chemicals, heavy metals, toxic compounds, and other pollutants. Industrial
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pollution can lead to water pollution, harm to aquatic life, and disrupt the
balance of ecosystems.

To combat domestic waste and land-based marine pollution, measures
such as the establishment of wastewater treatment plants, improvement of
sewage systems, implementation of environmental conservation policies,
and public awareness campaigns are taken. Additionally, there are various
international agreements and regulations in place to control marine pollution
on a global scale.

Land-based pollution is particularly evident in the Sea of Marmara. As
a relatively small sea, it is essential for all coastal municipalities to invest in
wastewater treatment to minimize the impact of pollution on the Sea of
Marmara. Additionally, monitoring the pollution in the Sea of Marmara from
a public health perspective and providing transparent and easily accessible
information to the public entering the sea is important.

Since the Sea of Marmara is replenished with oxygenated waters from
the North Aegean and the Canakkale, special attention should be given to
preventing pollution in the Northern Aegean and the Canakkale. Monitoring
the pollutants carried by the surface currents from the Black Sea is also of
great importance. This way, the pollution budgets of the Marmara and Black
Seas can be updated.

4.3. Eutrophication and Heavy Metal Pollution

Eutrophication is a type of pollution that occurs in water systems due
to the accumulation of excessive nutrients. It is often caused by sources
such as agricultural activities, sewage discharge, and industrial waste, which
introduce high levels of nitrogen and phosphorus compounds into water
systems. These nutrients promote rapid algae growth in aquatic ecosystems,
leading to excessive proliferation of aquatic plants and a decrease in oxygen
levels in the water. As a result, the balance of aquatic life is disrupted, leading
to fish deaths and a decline in water quality.

Heavy metal pollution, on the other hand, occurs when heavy metals are
released into water systems. Industrial activities, mining, energy production,
and waste disposal are common sources of heavy metal contamination in
water. Metals such as lead, mercury, cadmium, and arsenic can accumulate
in aquatic environments, posing a serious threat to aquatic organisms and
ecosystems. The long-term accumulation of these metals can impact the
health and reproductive abilities of aquatic organisms and affect population
dynamics. Furthermore, heavy metals can have significant effects on human
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health and can be transmitted to humans through contaminated water
sources.

Several measures are taken to combat these types of pollution. To control
eutrophication, it is important to regulate fertilizer use in agricultural areas,
treat sewage water, and improve industrial waste management. Preventing
heavy metal pollution involves using wastewater treatment systems in
industrial facilities, ensuring safe waste disposal practices, and being cautious
with products containing heavy metals.

Regular monitoring of aquatic ecosystems, determination of pollution
levels, and the development of effective conservation strategies are also
crucial. These efforts are vital for the protection of water resources, the
sustainability of aquatic life, and the preservation of human health.

There is limited data available on eutrophication-related pollution in
Turkish seas. However, in recent times, the use of phosphate-free cleaning
products has helped reduce the ecological damage caused by their release
into the marine environment. It is important to comply with the standards
set by EU countries in this regard and promote the use of phosphate-
free cleaning products. The use of phosphate compounds increases the
phosphate content in water, leading to a process known as eutrophication,
which results in decreased oxygen levels and negatively affects marine
organisms. The increased phosphate levels lead to rapid algae growth,
organic matter accumulation at the bottom, insufficient oxygen levels, and
tish deaths. Changes in parameters such as odor, taste, and color can be
observed in seawater. The choice of raw materials used is important not
only for the preservation of our seas and the environment but also for water
conservation. Protecting our seas from pollution is crucial. Particularly along
the Mediterranean coasts, there have been observed retreats in endemic
seagrass meadows known as Posidonia oceanica due to pollution from
domestic sources. These seagrass meadows are considered the lungs of the
Mediterranean due to their oxygen production, and although they are under
protection, they are still threatened by various factors.

There are numerous studies on heavy metals in Turkish waters. It is known
that heavy metals can also transfer to humans through marine organisms.
However, so far, specific fish species that are harmful to human health have
not been identified. Nevertheless, monitoring studies need to continue in
order to assess the situation. (TUDAY, 2017).

Excessive plankton growth, particularly during the spring months, is a
common manifestation of eutrophication and can be observed in widespread
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areas. Many seas in Tirkiye, especially the Sea of Marmara, experience
excessive plankton growth, also known as plankton blooms. This phenomenon
typically begins in the spring season and ends around June. However, in the
past decade, the frequency of these blooms has increased fivefold, primarily
due to the excessive input of nutrient salts. This nutrient input leads to the
overgrowth of single-celled organisms called phytoplankton, which can be
seen on the water surface as red or sometimes white patches. These blooms,
which primarily contribute to oxygen depletion in seawater, can also result
in fish mortality if they persist for a long time. It is recommended to
regularly monitor the dynamics of the phytoplankton and coccolithophores
responsible for these occurrences, particularly in the Turkish Straits System.
Furthermore, the occurrence frequency of phenomena such as “mucilage”
and “sea snot,” which are indicators of pollution, has also increased in recent
years, especially in the Marmara and Northern Aegean waters, particularly
during the spring season.

Marine mucilage, also known as sea snot, is a dense and highly viscous
substance composed of polymers derived from various marine organisms,
including excretions and secretions of different sizes and species such as viruses,
bacteria, phytoplankton, and even zooplankton. It consists of dissolved and
polymeric organic matter, rich in extracellular polysaccharides, and exhibits
hydrogel-like properties. The jelly-like and adhesive characteristics of marine
mucilage enable it to encapsulate a wide range of marine organisms.

The mucilage problem has been frequently observed in the Adriatic Sea
since the 1870s. In the Aegean Sea, it was documented between 1990 and
2010, while in the Sea of Marmara , it was first observed between 2007 and
2010, and most recently in June 2021, with severe intensity (Danovaro et

al., 2009).

The recent intense mucilage formation in the Sea of Marmara, which has
high human activity, is considered to be a result of environmental pollutants
and pressures such as climate change affecting the Sea of Marmara ecosystem.
The prominent presence of polysaccharides and carbohydrates in mucilage
structure indicates that it originates from phytoplankton-derived materials.
The transition from a mild winter to spring and hot summer months leads
to calm sea currents and reduced wave activity, creating stagnant conditions
in the water column. These conditions promote the development of anoxic
conditions, delayed decomposition of humic compounds, and accelerated
production of mucilage. Some studies have reported that a high N/P ratio
and low levels of certain nutrient elements can accelerate mucilage production
(Mecozzi et al., 2001).
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The Marmara Basin is home to numerous Organized Industrial Zones and
industrial establishments. Additionally, agricultural and livestock activities
take place within the basin. Residential areas and industrial facilities within
the Marmara Basin contribute pollutants to the air and water from areas
where solid waste is disposed of. Agriculture and livestock activities result
in the influx of significant amounts of N, P, and pesticides into the basin.
Airborne pollutants such as polycyclic aromatic hydrocarbons (PAHs),
polychlorinated biphenyls (PCBs), and polybrominated diphenyl ethers
(PBDEs) are released into the atmosphere from domestic and industrial
activities. In addition to C, N, and P pollution in water, metals, PAHs,
PCBs, PBDEs, pharmaceuticals, and microplastics are transported to the
Sea of Marmara through discharges, rainfall, and dry and wet deposition
from the atmosphere (Aydin, 2021).

4.4. Plastic Waste Pollution in Marine Systems

Plastic waste pollution in our seas is an environmental issue that occurs
as a result of plastic materials being discarded or transported into marine
environments. Plastic waste can enter the seas from various sources, such
as the dumping of waste in coastal areas, garbage disposed of from marine
vessels or ships, litter carried from coastlines, and plastics transported
through rivers. The majority of plastic waste in the oceans remains in marine
ecosystems for a long time, causing various negative effects. Plastics can take
years to degrade, during which they can be ingested by marine organisms
or entangle fish and marine mammals in fishing nets, leading to suffocation.
Additionally, plastics that are fragmented by sunlight and wave action can
become microplastics, which can be consumed by marine organisms. This
situation can progress through the food chain, reaching organisms at the top
trophic levels and ultimately impacting humans as well.

Plastic waste pollution not only harms marine ecosystems and biodiversity
but also creates visual pollution and negatively affects the tourism sector.
Furthermore, the release of chemical substances contained in plastics can have
adverse effects on water quality and the health of marine ecosystems. Several
measures are being taken to address this issue. Firstly, waste management
and recycling systems need to be strengthened to prevent plastic waste from
reaching the seas. Steps can be taken to reduce plastic consumption, ban
or limit single-use plastics, and replace plastic packaging with recyclable
materials. In addition, raising public awareness and conducting educational
campaigns are crucial. It is important for individuals to understand the
impact of plastic waste on nature and the oceans and to raise awareness
about proper waste management practices.
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Internationally, there are agreements and initiatives aimed at combating
plastic waste pollution. For example, the “Marine Plastic Pollution” program
led by the United Nations Environment Programme (UNEP) contributes
to collaboration and the development of strategies among countries.
Combating plastic waste pollution is an important step towards preserving
marine ecosystems and achieving a sustainable environment. It requires the
responsibility and adherence to proper waste management practices by every
individual and institution.

More than 40% of plastic waste consists of single-use products, and
over half of plastic items become waste within three years (Lebreton and
Andrady, 2019; Tortell, 2020). If current plastic consumption and waste
management systems continue, it is estimated that by 2025, the oceans will
receive 6.4 million tons of plastic waste every day (Jambeck et al., 2015). An
Australian study cited in WWZF’s report titled “No Plastic in Nature” revealed
that humans ingest 5 grams of plastic per week, equivalent to consuming
a credit card’s worth of plastic. The ingestion of plastics into the human
body occurs primarily through water consumption. According to WWE the
Mediterranean Sea receives 0.57 million tons of plastic waste annually, and
this amount is expected to increase further (WWE 2019). WWEF’s report
titled “Out of the Plastic Trap: Saving the Mediterranean from Plastic
Pollution” indicated that Tiirkiye is the third-highest contributor of plastic
waste to the Mediterranean Sea, following Egypt and Italy (Boucher and
Bilard, 2020).

Tiirkiye is surrounded by various seas where economic activities such as
industry, fishing, shipping, and tourism take place. The coastal areas of the
Mediterranean and Aegean Seas are particularly important for tourism. The
success of combating plastic pollution in these areas will not only affect the
diversity of marine life and ecosystems but also tourism revenues and the
quality of tourists’ experiences. In the Black Sea, shipping, fishing activities,
and tourism are both sources and sectors affected by plastic pollution.
Food and packaging waste, plastic bottles, and cigarette butts are the most
commonly found plastic waste in nature, accounting for 70% of plastic waste
according to WWEF Australia’s report titled “Plastic Revolution to Reality.”
Unfortunately, these wastes are frequently observed along all coastlines of
Tiirkiye. The prevalence of polystyrene and polyethylene plastics in marine
environments supports this data, as these materials are commonly used
in packaging (UNDP, 2021). As of 2018, the average plastic packaging
recycling rate in the EU was 41.5%. In Tiirkiye, 9.6 million tons of plastic
are produced annually, with 2.2 million tons of plastics being released into
the market as packaging, and only half a million tons of this packaging being
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recycled. According to a study conducted in 2015, Tiirkiye ranks 14th in the
world in terms of mismanaged plastic waste. The low rates of waste collection
and deficiencies in waste management further exacerbate the environmental
impact of plastic waste. According to a WWEF report published in 2018, 144
tons of plastic waste from Tiirkiye enters the Mediterranean Sea every day.
Similar studies have identified significant amounts of plastics reaching the
sea in other regions as well (Alessi et al., 2018; Baysal et al., 2020).

Plastics enter the seas through direct or indirect pathways. Direct
input is caused by litter left on beaches or plastic products discarded into
the sea during fishing or transportation activities. Indirect input, on the
other hand, refers to the transportation of plastic waste to the seas through
various pathways such as wind or river currents, originating from land-
based activities and inadequately managed plastic waste (including littering,
pesticide packaging, greenhouse covers, etc.). Research on plastic pollution
has found that 80% of plastic waste in the seas is land-based, while only 20%
is generated from marine activities (Akdogan and Giiven, 2019). One of the
main sources of land-based plastic pollution in Tiirkiye is the deficiencies in
waste management practices. There are still four municipalities in Turkiye
that do not provide waste services. In municipalities where waste services
are provided, the proportion of the population receiving waste services in
those municipalities is 98.8% of the total population. Of the collected waste,
67.2% is subjected to controlled landfilling, 20.2% is disposed of in open
dumpsites, and only 12.3% is sent to recycling facilities (TUIK, 2018). Due
to the lack of effective recycling and recovery infrastructure, plastic waste
can easily end up in the environment, bypassing the waste management
system. Although efforts are being made to prevent uncontrolled dumping
and transform open dumpsites into controlled landfill sites, the disposal of
waste in open dumpsites (in a manner not compliant with the EU Landfill
Directive) continues. Coastal areas, river basins, and hillsides are used as
open dumpsites. Some of the plastic waste disposed of in controlled landfill
sites also mixes with the environment through rainfall, soil movements,
and wind. To prevent this situation, land conditions and prevailing wind
directions should be taken into account when selecting sites for controlled
landfill areas. Additionally, storage cells opened in controlled landfill sites
should be covered with soil daily to prevent potential leaks of plastic waste.
Source separation of household waste will both reduce the amount of plastic
entering the environment and promote resource and energy conservation.
Dual collection systems are in place in EU countries, and steps in this
direction are also regulated in Tiirkiye through the Zero Waste Regulation,
Packaging Waste Regulation, and the Environment Agency Law related to
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deposit systems. Municipalities need to establish infrastructure for separate
waste collection through waste collection centers. However, the deficiencies
of municipalities in the separate collection or sorting of packaging waste lead
to the leakage of plastic waste into the environment. Moreover, delays in the
implementation of the deposit system contribute to the increase in plastic
pollution stemming from beverage packaging. Improper disposal of waste
in terrestrial areas and coastal regions is one of the most significant factors
in the release of plastic waste into the environment. Intentionally leaving,
dropping, or wind-blown litter from open waste bins are among the causes
of terrestrial pollution. The amount of plastic entering the environment
in this way is not yet known in Tiirkiye, and national-scale studies should
be conducted. The increase in plastic consumption along with the increase
in consumption overall, combined with weaknesses in waste management
system monitoring and implementation, leads to single-use plastic packaging
and other disposable products becoming the most common sources of
pollution in the seas. Plastic waste is the most commonly encountered waste
in coastal areas and beaches in terms of volume (Goniilal et al., 2016; Ertas,

2021).

This situation applies to both the Mediterranean and the Black Sea,
although the sources and types of waste may vary. Along Tiirkiye’s
Mediterranean coast, packaging waste, small plastic particles, and single-
use products are more prevalent compared to other types of plastic waste
(Oztekin et al., 2019). In the Black Sea, packaging waste is predominantly
observed, while cigarette butts tend to increase during the summer season.
One important problem in our seas is ghost nets. Particularly in the Black
Sea, there are large amounts of nets and plastics on the seabed. Globally,
ghost nets account for 10% of plastic waste in the seas and are the most
lethal type of plastic waste for marine organisms (WWE 2020). Fishing
nets and gear used in fishing and monitoring activities contain a significant
amount of plastic, and after they reach the end of their lifespan, fishermen
may discard them into the sea. These abandoned nets continue to capture fish
and other marine organisms and, being made of plastic, persist in the marine
environment for decades without decomposing. According to WWEF data,
28% of the plastic waste entering the Mediterranean is derived from fishing
(both capture and aquaculture) and shipping activities. Unmanaged plastics
harm marine life, the predators that consume them, and ultimately humans.
Additionally, plastics dumped into the seas also damage the fishing and
tourism sectors. The estimated cost of the damage caused, including the cost
of cleaning up such waste, is $13 billion for these industries. Microplastics,
which are not visible to the naked eye (less than 5 mm in size), also infiltrate
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the environment in large quantities, similar to macroplastics. This infiltration
occurs through various pathways such as the use of cosmetic products,
improper storage of raw materials, and the wear of vehicle tires and large
plastics. These invisible particles harm marine life and smaller organisms that
create the conditions necessary for the survival of larger organisms (Baysal
et al., 2020). With China’s ban on plastic waste imports in 2018, Tiirkiye’s
volume of plastic waste imports has been increasing (Tremblay, 2019).

Tiirkiye is a country that imports a significant amount of plastic waste,
especially from Europe. Despite restrictions on the import of unsorted
plastics and a reduction in the import quota for packaging waste imposed by
the European Union, Tiirkiye still remains a country that imports waste from
abroad. One serious problem that arises is that a portion of the imported
packaging waste is not recyclable and is illegally incinerated. According to
a report by Greenpeace in 2019, Tiirkiye’s monthly plastic waste imports
increased from 4,000 tons in the first quarter of 2016 to 33,000 tons per
month in the first quarter of 2018. A large portion of this import came from
the United Kingdom (Greenpeace, 2019). According to data compiled from
the UN Comtrade platform, this amount reached 225,376 tons in 2019.
The Ministry of Environment and Urbanization decided that companies
could meet 80% of their plastic waste processing capacity through imported
waste from 2019 and the beginning of 2020, and then reduced this
percentage to 50%. However, despite this decision, Tiirkiye’s plastic waste
imports continue. The Ministry of Environment and Urbanization banned
the import of polyethylene, which constitutes a significant portion of plastic
waste imports, as of July 2, 2021, with a regulation published in the Ofticial
Gazette numbered 31485 on May 18, 2021. However, another regulation
published in the Official Gazette numbered 31537 on July 10, 2021, lifted
the ban on the import of waste polyethylene.

4.5. Global Climate Change Effects on Marine Systems

Tirkiye is a country with rich biodiversity and a strategic location,
surrounded by seas such as the Aegean Sea, Mediterranean Sea, Black Sea,
and Sea of Marmara . However, these seas are significantly affected by the
impacts of climate change. Climate change has various negative effects on
the seas. The increase in sea water temperatures has significant impacts
on marine ecosystems. Warm water can disrupt food chains and habitats
that are vital for marine organisms. Additionally, the increase in ocean
acidification can harm coral reefs and weaken the calcium shells of marine
organisms.
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Climate change also leads to rising sea levels. Increased sea levels can
result in coastal erosion, salinization, and flooding in coastal areas (Cheung
et al., 2009). Coastal ecosystems are threatened as a result of the rising sea
levels. The effects of climate change can be observed in various ways in
Tiirkiye’s seas. For example, the temperature rise and sea level increase in
the Mediterranean Sea affect agriculture, tourism, and natural life in coastal
regions. In the Black Sea, changes in sea water temperature have impacts on
fishing and marine ecosystems. Tiirkiye is taking various steps to combat
climate change and protect its seas. These steps include promoting the use of
renewable energy sources, establishing marine protected areas, implementing
measures to combat coastal erosion, and implementing programs to tackle
marine pollution. However, more work and international cooperation are
needed in the areas of climate change and the protection of seas. Ensuring the
healthy preservation of seas and adapting to the impacts of climate change is
of great importance for Tiirkiye’s future sustainability and ecosystem health

(TUDAV, 2017).

5. Conclusions and Recommendations

Tiirkiye, inits journey of developmentfrom the past to the future, prioritizes
the protection and improvement of the environment in line with its global
responsibilities while advancing its country economically and socially. In this
context, our country emphasizes its readiness to contribute to a sustainable
world since the adoption of the 2030 Agenda for Sustainable Development.
Tiirkiye adopts the approach of integrating Sustainable Development
Goals (SDGs) into its Development Plans and sectoral strategies, and
implementing and monitoring them in a comprehensive manner. Tiirkiye,
surrounded by seas on three sides, is a country with high biological diversity
due to the influence of its diverse ecological characteristics in its seas and
inland waters. Therefore, the conservation, development, sustainable use,
and effective management of water resources, especially marine resources,
are important. In addition to the strategic plans of public institutions related
to Development Plans, key policy documents for Sustainable Development
Goals (SDGs) include the National Climate Change Strategy Document,
Climate Change Adaptation Strategy and Action Plan, Biodiversity Strategy
and Action Plan, National Wetlands Strategy, and Tiirkiye National Marine
Research Strategy Document SKA 14.

The components of the main policy framework that overlaps with SKA
14 are as follows:

* Conservation of water quality in coastal and transitional waters
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* Expansion of marine and coastal protected areas, strengthening of the
conservation system, and effective management

* Ensuring effective stock management through identification,
monitoring, and control of fish stocks

¢ Support for sustainable aquaculture production
¢ Development of aquaculture practices

e Conservation of genetic resources in aquatic organisms and
establishment of gene banks

* Support for research and technology development activities in the field
of aquaculture

* Facilitation of market access for producer organizations

¢ Implementation of science-based and effective resource management in
fisheries and strengthening of administrative capacity

* Enhancement of product diversity and branding in aquaculture,
considering environmental sustainability, to increase competitiveness in
international markets.

Our legislation includes regulations for the protection and prevention of
pollution in coastal and marine ecosystems. The Environmental Law and
relevant legislation establish principles for preventing the entry of waste
originating from land-based and maritime activities into our seas. Principles
for the discharge of wastewater and the prevention of water pollution,
as well as the monitoring and control procedures for these purposes, are
also regulated. In the event of pollution, regulations are in place to ensure
maritime safety, protect the sea and its surroundings, and prevent harm to life
and property. To conserve fish stocks and economically benefit from fishery
resources, our legislation addresses matters related to their acquisition,
trade, and utilization. Tirkiye evaluates SKA 14 within two main thematic
focuses:

1. Prevention of marine pollution and ecosystem conservation, and
ii. Sustainable production of aquatic products and stock management.

Based on the consideration of TUIK (Turkish Statistical Institute) data,
Tiirkiye’s National Voluntary Reviews of the Sustainable Development Goals,
and studies on marine pollution, the following activities are recommended:

e In the context of preventing marine pollution and conserving
ecosystems, an ecosystem-based integrated management approach should
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be adopted, considering both the quality and quantity of water resources.
Important steps should be taken in pollution monitoring and prevention, as
well as in the identification and conservation of biodiversity.

* In the context of sustainable production of aquatic products
and stock management, activities should focus on monitoring stocks,
protecting endangered species, and enhancing stocks through restocking
efforts. Additionally, important steps such as utilizing information and
communication technologies in the aquaculture sector, certifying and
monitoring aquaculture facilities, should be taken.

* Maximizing the utilization of aquatic resources from our seas and
inland waters, while ensuring a balance between conservation and use based
on the principle of sustainability.

* Increasing the contribution of seafood consumption to meeting
people’s protein needs.

* Enhancing the effectiveness of producer organizations in seafood
production and marketing.

* Establishing well-equipped fishing harbors and logistics centers for the
benefit of fishermen and aquaculture farmers.

* Ensuring the recording of seafood products obtained from seas and
inland waters at the points of landing to facilitate access to accurate, reliable,
and up-to-date data.

* Improving the legal framework for the conservation of fish stocks and
the development of aquaculture.

* Conducting research in various fields such as Pharmacology and
Biomedical Sciences, Marine Bioproducts, Marine Bioenergy, Marine
Microbiology, Algal Biotechnology, Biomaterials and Nanobiotechnology,
Functionality/Sustainability of Marine Ecosystems, and similar topics in
Tiirkiye’s seas. In this regard, activities in marine biotechnology should be
encouraged.
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Bolum 5

N-Heterosiklik Karben Onciilii Benzimidazol
Tuzlarinin Suzuki-Miyaura Tepkimesine Ligant
Etkist

Ulkii Yilmaz!

Ozet

Biyoaktivite agisindan genis bir yelpazeye sahip biarillerin sentezinde
kullanilan karbon-karbon (C-C) eslesme tepkimeleri arasinda en tercih edilen
yontem Suzuki-Miyaura (SM) tepkimesidir. Toksisitesi diigiik reaktiflerin
kullanim1 ve 1liman sartlarda kolay gergeklesen bir tepkime tiirii olmasi bu
yonteme olan ilgiyi artirmaktadir. Tepkime sirasinda paladyum katalizorleri
tercih edilmektedir. SM tepkimesinde gogunlukla tercih edilen N-Heterosiklik
karben (NHC)-Pd katalitik sistemi diger sistemler ile kiyaslandiginda
elektronik yapisinin rahatga degistirilebilmesi, hava ve neme duyarliliginin
olmamasi avantajlarini igerir. Bu anlamda benzimidazol tuzlart NHC lerin
hazirlanmasi i¢in faydali 6nciillerdir. Benzimidazolyum halojentir-Pd(OAc),
katalitik sistemleri ile katalizlenen 7 situ SM tepkimesi giiniimiizde segkin
biaril sentez yontemidir.

1. Giris

Biaril bilegikleri farmakolojik ve agrokimyasal agisindan Onemli
bilegiklerdir. Biariller giintimiizde kullanilan birgok ilacin i¢eriginde bulunan
fonksiyonel gruplar olup antifungal, anti-inflammatuar, antiromatizmal,
antitimoral ve antihipertensif gibi biyoaktivitelere sahiptirler. Bifonazole
(antifungal), fenbufen (anti-inflamatuar), valsartan (antihipertensif) ve
sonidegib (antineoplastik) ilaglar1 bifenil tiirevleridir [1-3]. Bu yiizden
biarilerin ve bifenillerin kolay ve ekonomik bir sekilde sentezlenebilmeleri
igin birgok sentetik metot geligtirilmigtir. Bunlardan Suzuki-Miyaura
tepkimesi (SM) en ¢ok tercih edilen biaril sentez yontemlerinden biridir. SM

1 Prof. Dr., Malatya Turgut Ozal Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi,
Miihendislik Temel Bilimleri Béliimii, ulku.yilmaz@ozal.edu.tr, ORCID ID: 0000-0002-
2806-4781
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tepkimesiyle paladyum katalizorii varliginda aril halojentirler ile arilboronik
asitler arasinda yeni C-C bag olusarak bifenil tiirevlerinin ya da daha genis
anlamuyla biarillerin sentezi gergeklestirilir [4-6]. SM C-C gapraz eglesme
tepkimesini katalizleyen paladyum katalizorleri farkli ligantlar kullanilarak
gelistirilebilmektedirler. Bunlardan en 6nemli ligant grubu NHC ve NHC
onciilii olarak kullanmilan benzimidazolyum halojeniirlerdir [7-9].

2. Karbon-Karbon (C-C) Eslesme Tepkimeleri

Birgok uygulama alanina sahip olan yeni reaktiflerin 6zellikle de biyoaktif
molekiillerin sentezi agisindan C-C bag1 olusum tepkimeleri organik ve tibbi
kimya ¢aligmalarinda biiyiik 6neme sahiptirler [10]. Karbon-karbon ¢apraz
baglanma tepkimeleri bir metal katalizor varliginda bir organik elektrofil ile
bir organometalik niikleofil arasindaki tepkime olarak tanimlanabilir (Sekil
2.1) [11].

Katalizér metali [M]

R-Xx + RZm » R-R? + mX
m =B (Suzuki-Miyaura) - :
Sn (Migita-Kosugi-Stille) IM]= 6. Lu N1 B
Zn (Negishi)
Si (Hiyama-Hiyama-Denmark) X=Cl,Br I, OTf...

Mg (Kumada-Tamao-Corriu)
Li (Murahashi)

Sekil 2.1. C-C ¢apraz bagglanma tepkimelerinin genel semase

Bu tiir tepkimelerde Ni ve Pd metalleri indirgenme-yiikseltgenme
basamagi degisim durumunun kolayligi nedeniyle diger metaller ile
kiyaslandiginda katalitik merkez olarak daha gok tercih edilirler. Bununla
birlikte en giiglii katalitik sistemler Pd metali varliginda olugturulabilmigtir
[11-13].

2.1. Suzuki-Miyaura (SM) Tepkimesi

Capraz C-C bag olusumu tepkimelerinin iginde en dikkat ¢ekeni SM
tepkimesidir. Kesfedildiginden bu yana (1979) [14] biaril tiirevlerinin
sentezi i¢in kullanilan en 6nemli metottur. Genel olarak paladyum igeren
bir katalizor sistemi ve baz varhiginda aril, vinil, ve alkil halojeniirler
ile organoboranlardan C-C bagi olusumuyla biarillerin sentezlenmesi
metodudur (Sekil 2.2.1) [4,8,11].
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[Pd] Katalizori
R'-X + R%BY; » R-R? + XB-Y,

R', R? = aril, vinil, alkil
X =Cl, Br, I, OTE...
BY; = Organoboranlar

Sekil 2.2.1. Palladyum katalizorlii Suzuki-Miyaura tepkimesinin genel semast

Suzuki Miyaura tepkimelerinde en temel haliyle ¢ agamali bir
katalitik dongii s6z konusudur. Birinci agamada katalizoriin organik
halojentirle etkilestigi yiikseltgeyici katillm s6z konusudur. Arkasindan
metal Uzerindeki ligantlarin yer degisimi ile transmetalasyon adimi
gergeklesir. Son olarak iki bilesik arasinda yeni C-C baginin olusumu ile
biaril sentezinin gergeklestigi indirgeyici ayrilma agamasi ($ekil 2.2.2) ile
tepkime sonlanir [4,11,15,16].

R'-X
Ln-Pd°
1.2
R-R Yiikseltgeyici
katihm
7
indirgeyici :
ayriima Ln-Pd
R1
R? HO-B(OH),
/ _ Transmetalasyon

metalde ligant degisimi
Ln-Pd! ( g gisimi)

R'-B(OH),
OH

R‘l

Sekil 2.2.2. Palladyuwm katalizorlii SM tepkimelerinde genel katalitik donyyii
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2.2.1. Suzuki-Miyaura Tepkimesinde Kullanilan Ligantlar

Homojen katalizorler ile desteklenen SM tepkimelerinde kullanilan gesitli
ligantlar vardir. Birincisi P-dondr ligantlardir ve bu gruba fosfin ile fosfor
igeren palladasaykillar (paladyum igeren halkalar) girmektedir. N-donor
ligantlar ise piridinler-iminler, imidatlar, pirimidinler, aminler, orto metalli
palladasaykillar, pincer tip amitler ve hidrazonlar girmektedir [17]. Ugiincii
grup ise kullanim agisindan diger ligant gruplarina gore daha avantajli olan
N-heterosiklik karben (NHC) ligantlar1 ya da NHC onciilleridir [18].
NHCler fosfin ligantlart ile kiyaslandiginda giiglii elektron saglayict olmalart
yani sira termal kararhilik, havaya ve neme karsi hassasiyetinin azligi, diigiik
toksisite ve yiiksek performans gostererek daha dikkat ¢eker hale gelmistir
[19-23]. NHC-palladyum kompleksleri ilk olarak Hermann vd. tarafindan
[24] hazirlandi. Organ vd. tarafindan kegfedilen NHC-Pd-piridin yani
PEPPSI (piridinle giiglendirilmis 6n katalizor hazirlama kararlilagtirma ve
baglatma) kompleksi ise elektronca daha da zenginlestirilmis olan bir tiir
oldugundan SM tepkimelerinde oldukga yiiksek verimlere sebep olmugtur
[25].

NHC-Pd kompleksleri katalizor ~Onciilleri  olarak NHC lerden
sentezlenirken inert sartlar gerekmektedir. Bunun yerine NHC onciilii
olabilecek azolyum tuzlar1 kullanilarak kargilik gelen NHC i situ geligen
deprotonasyon ile elde edilerek Pd metali yaminda yerinde kullanilan
katalizorlere doniigebilirler. Boylece havaya neme kargt oldukga kararh
katalitik sistemler elde edilmektedir. Son zamanlarda yapilan caligmalarda
kaydedildigine gore in situ geligen katalitik sistemlerin kullanimu ile 6zellikle
imidazolyum tuzlarinin Pd ile birlikte kullanimi sonucunda dikkate deger
tepkime verimleri kaydedilmigtir [26-28].

2.2.2. imidazolyum Tuzlarinin SM Tepkimelerinde Ligant Etkisi

Yapilan ilgili bir galiymada geleneksel 1sitma ile aril kloriirlerden Pd/1,3-
bis(2,6-diizopropilfenil)imidazolyum kloriir tuzu katalitik sistemi yaninda
6 saatte % 75 tepkime verimiyle bifenil tiirevi sentezlenirken, baglangigta
ilgili tuz ve palladyumdan sentezlenen kompleks kullanilarak (Sekil 2.2.2.1)
katalizor onciilii olarak kullanildiginda ayni tepkime 22 saatte ancak % 68
verim ile gergeklestirilebilmistir [29].
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N
)\@L %/L OMe
OMe
B(OH}: ¥
P (% 3 mol) \
B =
+ KOMe (3 esdeder),
TABAB (% 10 mal), toluen

N\

40°C, 22 saat % 68 verim

Br =

WTSREN /
OMe
OMe 9
B(OH):2 (% 3 mol)
Pd{dba)s (% 3 mal)
R
+ KOMe (3 esdeger), B
5 TABAB (% 10 mol), toluen \

40 °C, 6 saat 7 9% 75 verim

Sekil 2.2.2.1. Pd/imidazolynm tuzu katalitik sisteminin Pd-NHC kompleks katalizor
onciiliine vistiinliigii

Kumar vd. tarafindan yapilan ¢aligmada ise benzer sekilde Pd(OAc), ve
amido-N-imidazolyum tuzlarindan olusturulan katalitik sistem kullanilarak
in situ gelisen tepkime ile heteroaril bromiirler ve klortirlerden % 70 tizerinde
tepkime verimleri ile biaril tiirevleri sentezlenmistir [30].

2.2.3. Benzimidazolyum Tuzlarinin SM Tepkimelerinde Ligant

Etkisi

NHC bazli ligantlar uygun siibstitiientler kullanilarak sterik ve elektrofilik
ozellikleri agisindan iyilestirilebilmektedirler. Bu baglamda en ¢ok kullanilan
NHC onciilii  ¢ekirdek benzimidazoldiir. Dahasi SM  tepkimelerinde
paladyum yaninda ligant olarak kullanilan NHC 6nciilii benzimidazolyum
halojeniirler oldukga basarili doniiglimlere sebep olmuglardir [23,
31,32]. Ornegin, Chiu vd. yaptiklari galismada alkil kopriilere sahip
bisbenzimidazolyum halojentir/Pd (OAc), katalitik sistemlerini baz olarak
t-BuOH 1n kullanildig1 ve aril bromiirler ile boronik asitlerden 60 °C
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sicaklikta 1 saat tepkime siiresiyle yaklagik % 100 e varan verimlerle bifenil
tiirevlerinin sentezi gergeklestirilmistir [33]. Wang vd. tarafindan sentezlenen
ksilil ve piridil kopriilii bisbenzimidazol tuzlar1 (Sekil 2.2.3.1) Pd(OAc),
yaninda kullanildiginda deaktif aril kloriirlerin eglesme tepkimelerinde iliman
sartlarda bile yiiksek verimler elde edilmistir [34].

(Q C[)
refluks

= 4-MeO-CgHy
X=CH,N 2,4,6-Me3-CgHy
Sekil 2.2.3.1. Ksilil ve piridil kopriilii bisbenzimidazolyum dibromiivier

Diigiinceli vd. tarafindan yapilan galigmada ise kinoksalin kopriili
bisbenzimidazol tuzlari sentezlenerek (Sekil 2.2.3.2) aril kloriirlerin reaktif
olarak kullanildig1 bifenil tiirevlerinin sentezinde ligant ociilii olarak
kullanilmig ve Cs,CO, 1n baz olarak kullanildigr 80 °C de gergeklesen
tepkimelerde verim % 91 e kadar ulagmistir [35].

/R ;2

N N

EE — \ /
N\ A />

DMF, 25 °C
48 saat = -
R= p-siyanobenzil N+ Br Br +N
p-metoksibenzil N
B o-klorobenzil </
p-fenilbenzil N N
A /
R R

Sekil 2.2.3.2. Kinoksalin kopriilii bisbenzimidazolywm dibromiivier

Yigit tarafindan yapilan ¢aliymada perhidrobenzimidazolinyum kloriir
tuzlarr (Sekil 2.2.3.3) NHC onciilii olarak kullanilarak Pd(OAc), varliginda
DMEF:H, O ¢oziicii karigim igerisinde K,CO, bazi ile 80 °C ve 1 saat tepkime
stiresinde gergeklesen SM  tepkimelerinde deaktif aril kloriir reaktiflerin
kullanilmasina ragmen tepkime verimi GC-MS de olgiildiigii tizere % 74-98
olarak kaydedilmigtir [36].
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NH, EtOH, 3 saat N=CH-Ar
refluks
+ ArCHO %
NH, N=CH-Ar
MeOH, NaBH,

5 saat, oda sicakligi

//Ar
NH
< HC(OEt)s, NH,4CI
- 12 saat, 110 °C
C ( .

N NH

4 N

Sekil 2.2.3.3. Perbidrobenzimidazolinyum kloviivier

Ozdemir vd. tarafindan yapilan galigmada (Sekil 2.2.3.4) alkanil kopriileri
ile sentezlenmig bisbenzimidazol tuzlari paladyum katalizor sistemlerinde
kullanilarak aril Kklortirler ve fenilboronik asitlerden bifenil tiirevleri
sentezlenmigtir. SM tepkime verimleri % 54-97 araliginda kaydedilmistir [37].

OCH,4

OCH;

D

2)n

DMF
/ * Br(CHznBr ~——>
N

<

H,;C

Sekil 2.2.3.4. Alkanil kopriilii bisbenzimidazolynm dibromiivier

3. Mikrodalga Destekli Tepkimelerde Sentez Kolaylig1

Yaklagik otuz yildan bu yana organik sentezlerde mikrodalga radyasyonu
ile dielektrik 1sitma kullanilmaktadir. Bu tiir 1sitmanin yapilabilmesi
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igin mikrodalga radyasyonunu alan malzemenin dielektrik katsayisinin
yiiksekligine gore 1sitma da giiglii olacaktir. Giin gectik¢e sentezde 6nemini
artiran mikrodalga geleneksel 1sitma ile kiyaslandiginda miikemmel bir
sekilde tepkime siiresini kisaltip segiciligi artirarak hedef iiriiniin verimini
artirmaktadir [38-40]. Ilk defa 1996 yilinda mikrodalga destegi SM
tepkimelerinde kullanilmig olup [41] sagirtict etkisi nedeniyle sonrasinda
bir¢ok eglesme tepkimelerinde destekleyici teknik olarak kullaniimugtir
[42,43]. Suzuki-Miyaura tepkimelerinde mikrodalga isitma ile geleneksel
isitma kiyaslandiginda  tepkime verimleri yakin oldugu halde tepkime
stireleri saatlerden dakikalara hatta saniyelere diigmektedir [44-47]. Bu
yiizden mikrodalga destekli tepkimelerin ileriki yillarda sayisinin artacagini
ongormek zor degildir.

4. Benzimidazol Tuzlarinin Mikrodalga Destekli SM
Tepkimelerinde Ligant Olarak Kullanimi

Yilmaz vd. tarafindan gergeklestirilen ¢aliymada [48] NHC onciilii olarak
turfuril ve tiyenil gruplari igeren bisbenzimidazol tuzlari sentezlenerek (Sekil
4.1) yapilari spektroskopik yontemlerle ( 'H, *C-NMR ve IR) belirlendikten
sonra mikrodalga destekli SM tepkimelerinde etkinlikleri belirlenmek iizere
bir dizi optimizasyon denemeleri yapilmugtir.

— \ Y H,
Q/\L ° T
N —
X
N7 ONN;
N,,) c NZ
— Ci
x
\ 1.Y:0 N /N
Y 2.Y:8 ) )
ci
N7
6.Y:0
7.Y:8
—
\ Y

Sekil 4.1. Furfuril ve tiyenil gruplar: iceven bisbenzimidazol tuzlar:
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Katalitik sistemde bulunan Pd(OAc),/benzimidazol tuzu orani, ¢oziicii

karigimu, baz tiirti, geleneksel 1s1itma etkisi, mikrodalga giicii vs. belirlenerek
en etkin oranlar belirlenmistir (Sekil 4.2).

B(OH), Pd(QAc); (% 1 maoal)
o 2 (% 1 mol),
” mw ya da termal isitma e
{ Br COCH;
Gozoch kangimi (1:1),
Baz (% 2 mol)

Baz: K,C0;, CsCO4, ELN, DBU

Cozicl kangimi: DMF/H,0, EtOH/H;0, Dioksan/H,Q
Termal isitma (°C): 90, 145

Mikrodalga 1sitma (°C): 60 (50W), 90(100W), 145(400W)

Sekil 4.2. Optimizasyon tepkimeleri

Buna gore sartlar en etkin hale getirildiginde tiim SM tepkimelerinin
uygulanmast igin % 1 mmol Pd(OAc),, % 1 mmol benzimidazolyum
dikloriir tuzu (1-7), 1 mmol aril halojeniir, 1.2 mmol fenilboronik asit 2
mmol K,CO, ve DMF/H,O ¢oziicii karigimi kullanilmugtir. Tepkimeler 145
°C de 400 W giigte mikrodalga 1sitma kullamlarak 5 dakikada % 25-99
araliginda verimler ile gergeklestirilmigtir. (Sekil 4.3)

Pd(OAC): (% 1 mol)

1-7 (%1 mol), mw (400 W)

DMF/H20 (1:1), 145 °C, 5 dk
1.2 mmol 1 mmol K2CO; (2 esdeder)

R, X: COCHg, Br
CHO, CI
CH3, CI
OCHg, CI
SCH3, CI
NH, CI

Sekil 4.3. SM Tepkimeleri

SM tepkimeleri igin en etkili benzimidazol ligantlar1 bulmaya yonelik
yapilan bagka bir ¢aligmada [49] ise trimetilsiliimetil grubu igeren bir
seri benzimidazol tuzu sentezlenerek mikrodalga destekli tepkimelerde

kullanilmugtir. Caligmada elektron saglayici gruplara sahip tuzlarinin katalitik
sistemde daha etkili olduklar1 goriilmiistiir (Sekil 4.4).
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/ /

-

H
/

v KOH,EIOH v N z N
N (CHa)SICHoCI RX, DMF >X
g A /

N N N+

Y:H, NO, Y:H, NO, CHgl, Y: H
. CaHgl. Y:H

. {CH3),GHI, Y: H

. CH3{CHz):Br, Yi H
. CH3(CH)Cl, Y: H
.CHal, ¥: NOy

RX:

~N O AN

Pd(OAC): (% 1 mol)

2-7 (% 2 mol), mw (300 W)

DMF/Hz0O (1:1), 120 °C, 10 dk
R,X: COCH;, Br KoC0; (2 esdederi)
NO;, Cl
CHO, CI
CHs, CI
OCH;, Cl
NH,, CI
SCHs4, CI

% 34-99

Sekil 4.4. Trimetilsislilmetil igevikli benzimidazol tuzlarinn tephimelere ethisi

Mikrodalga desteki SM tepkimelerine benzimidazol ligantlarinin katkisi
inert tepkime ortami gerektirmediginden olduk¢a degerlidir. Bir grup
silisyum igeren benzimidazol tuzu ($ekil 4.5) ile yapilan C-C bag: olusum
tepkimelerinde yiiksek verimler kaydedilmis ayrica 4-kloroanisol ile yapilan
tepkimelerde ise tepkime verimleri % 50-76 arahiginda olup deaktif klorlu
halojentirler olamalarina ragmen oldukga iyi sonuglardir [40].



L
s
”

KOH EtOH

O: > LS|CHZCi

L RX, DMF

L: CHa, CgHg R

Pd(OAC) (% 1 mol)
Tuz ligant (% 2 mol),
mw (300 W)

\
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L
Lo
o

)

r
N+
3
R

CHaCH=CHy, L: CHs, XBr
CHQCaHs, [ CHQ, X:Cl
(CHg)aCN, L: CHa, X: CI
CHgCaHaCH;*D. 12 CHa, X:Br
(CHz)zcﬁHs, L CH;;, X Br
CH, L: CgHs, X: |

CHQCHg. L: CﬁHs. Xl
CH,CH=CHg, L: CgHs, X: Br
CHQCsHs. L: Cf,Hs‘ X:. Cl

@»B(omg* -

- O~

z DMF/H,0 (1:1), 120 °C,
R.Z X H.CH.I 10 dk, K,CO5 (2 esdeferi)
OCHz, CH, |
COCH;, CH, Br
H, N, Br
OCH,, CH, CI

Sekil 4.5. Silisyum taswyan benzimidazolyum halejeniivier ve SM tepkimelerinde ligant

etkilers

Heck, Sonoghashira, Buchwald-Hartwig ve

Suzuki-Miyaura eslesme

tepkimelerinde de Pd varliginda kullanilan N-ftalimidoetil gruplarina sahip
benzimidazolyum bromiirler (Sekil 4.6) tepkime verimlerinin dikkate deger
artigina sebep olmustur. Ozellikle SM tepkimelerinde aril bromiirlerden %

86-96 izole verimler ile bifenil tiirevleri elde edilmi

stir [51].

Bunlarin diginda Pd(OAc), yaninda ligant olarak kullanilan benzil,
3-fenilpropil ve alkanil koprii igeren benzimidazol tuzlar ile fenilboronik asit,
fenil-1,4-diboronik asit, 2- ve 3-halopiridinler, 1-bromonaftalin, aril kloriir
ve bromiirlerin reaktif olarak kullanildig: tepkimelerde yiiksek verimler ile
mikrodalga destekli SM tepkimelerinin katalizlenmesini dakikalar igerisinde

saglamiglardir [52-55].
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% Tr\’

N 1. Br
¢ °  pwr N> ) 2.Cl
> i — / Br R 3.H
Vs 4.CH,
L 5.CN

N+
N

8] (o]

Pd(OAc)z (% 1 mol)

1-5 (% 2 mol), mw (300 W)
/N B(OH); + R—Qm > O O R

= DMF/H,0 (1:1), 120 °C, 5 dk
1.2 mmol 1 mmol K3C03 (2 esdeger)

R: OCH,
H
COOCH;

Sekil 4.6. N-ftalimidoetil gruplarv: tasyan benzimidazolyum halejeniivier ve SM
tepkimelevinde ligant ethileri

Ozetle, NHC onciilii benimidazolyum halojeniirler ve Pd(OAc), dan

olugsan homojen katalitik sistemler kullanilarak katalizlenen SM tepkimeleri
birkag saatlik tepkime siirelerinde ve iliman kosullarda oldukga iyi verimler ile
gergeklestirilmektedir. Bununla birlikte tepkime olarak mikrodalga dielektrik
isitma ile desteklenirse dakikalara hatta saniyelere diigen tepkime siireleriyle

sagirtict derecede verimli SM tepkimeleri ger¢eklestirilmektedir.
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Abstract

In this study, radionuclides Th-232, K-40, Na-22, Eu-152, Ra-226, and
Bi-207 were detected in placenta samples from 24 mothers who gave birth
between the ages of 20 and 49. A Nal gamma detector with an ORTEC-
branded scintillator that measures 7.62 cm x 7.62 cm and has a crystalline
thallium-doped yield of 2% at 0.5 MeV and 1.3% at 2 MeV was used to
test radionuclides. For 86400s, the placenta samples were counted (24
hours). Using Maestro-32 software, the peak areas in the obtained spectra
were captured, entered into the proper equations, and the radionuclide
activity concentrations were computed as Bq/g. Th-232, K-40, Na-22, Eu-
152, Ra-226, and Bi-207 activity concentrations were determined based on
different ages. Th-232, K-40, Na-22, Eu-152, Ra-226, and Bi-207 activity
concentrations were found, and they varied depending on the radionuclide’s
age. These concentrations ranged from 8.470.20 to 34.911.27 Bq/g for
Ra-226, from 0.781.03 to 25.581.03 Bq/g for Th-232, from 5.100.35 and
32.371.66 Bq/g for K-40, from 4.620.66 and 14. In order to develop the
methodology for a more in-depth analysis, this pilot study evaluated the

capability to identify particular radionuclides in placentea samples.
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1. Introduction

The placenta is the additional embryonic tissue that arises during
pregnancy between the uterine mucosa and the chorion of the progeny for
the development and protection of the oftspring. The organ responsible for
facilitating the exchange of nutrients, oxygen, and other substances between
the mother and the fetus is the placenta. Most people tend to think of this
exchange as a technique to alter the location where the mother’s blood and
the baby’ blood shift. The mother’s blood does not, however, combine
with that of the fetus. From the outset of pregnancy, there is chemical
communication between the mother and the fetus, and these hormonal and
chemical messages continue to be beneficial to the infant until birth. The
nutrients and oxygen required for the development of new cell groups and
tissues are carefully chosen by the placenta and transported to the fetus. The
waste products that are produced are separated, though, and sent to the
mother’s body. Due to the extensive cellular division and differentiation that
occurs during embryological development, prenatal life is regarded as the
most delicate stage of human development. Because of this, exposure to any
environmental toxins at this time can have serious consequences. Numerous
people are exposed to environmental contaminants from numerous sources,
such as radionuclides, heavy metals, organic hydrocarbons, and pesticides, as
a result of rising industrial pollution and man-made or natural combustion
activities around the world. It is acknowledged that these pollutants
gradually worsen the public health and are particularly harmful throughout
the era of growth and development. The fetus is far more vulnerable to
teratogens than an adult is, even at modest exposure levels that normally do
not affect the mother [1, 2]. Exposure can result in structural alterations that
are permanent if it happens during organ development [3].

The environment and living things are highly at risk from radionuclides,
which are radioactive materials that release ionizing radiation during the
decay of active atoms [4]. The placental transmission mechanism of
radioactive substances has garnered particular attention in research on the
radiation load to which the human organism is exposed by the addition of
radioactive nuclides.

It might be possible to see this issue from new angles by estimating some
of the adverse impacts that radioactive elements might have on the fetal
organism. However, it is also possible to learn more about the process by
which these nuclides are incorporated into the developing organism [5]. As a
result of the use of radiation, humans are exposed to radiation doses at various
rates. However, humans often absorb radionuclides through inhalation,
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food, and water. A significant portion of the exposure from natural sources
falls under a specific form of internal radiation exposure where the bronchial
epithelium is exposed to alpha particles from radon’s short-lived offspring
[6, 7, 8]. Since the main source of natural radioactivity in soil samples is
typically identified by the activity of Ra-226, Th-232, and K-40, it is crucial
to identify the level of natural radioactivity in the soil [9]. Due to the fact
that these radionuclides can enter people through the food chain, natural
radioactive substances like Th-232, Ra-226, and K-40 can reach dangerous
radiological levels in some circumstances [10]. Th-232 and Ra-226 are the
radionuclides that are among them that are the most dangerous. Determining
the health dangers to a developing life, such as a fetus, is crucial for this
reason. Drinks, food, and breath can all introduce radium, europium, and
K-40 into the body, posing both internal and external risks. According to
certain research, neonates absorb more radionuclides than older children and
adults. It is considered that adult fractional absorption values greater than
0.5 correlate to 100% absorption in newborns and infants. It is generally
agreed that infant absorption values between 0.5 and 0.01 in adults should
be increased by a factor of two. Values of 0.001 or less in adults are accepted
with a ten-fold increase [11].

In contrast, when an assessment is made for drug- and food-based
transfers, drug and nutrient transfers are explained by mechanisms such as
passive, facilitated diffusion, and active transmission [12, 13]. A tentative
classification of transport mechanisms across the human placenta is based on
(a) primary physiological significance of transferred substances, (b) relative
transfer rates, (c) true transport mechanisms, and (d) equality or inequality in
distribution [14]. The absence of nucleotides in food or medicine, however,
does not sufticiently explain whether or not they transfer. According to our
research, certain nucleotides were transported while others were not.

By investigating the identification of specific radionuclides in placentea
samples, this pilot study sought to establish the methodology such as
preparation of samples and radionuclide measurements and utilized statistics
analysis for a more thorough investigation. It will also serve as a reference
for upcoming research.

2. Material and Method

2.1. Preparation of Samples and Making Measurements

Nearly 578 kilometers to the southeast of Turkey’s capital, Ankara, lies the
Mediterranean city of Kahramanmarag, which is 568 meters above sea level.
The city is situated between the 36th and 37th east meridian and the 37th
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and 38th north parallel. At 26 weeks, placenta samples from 24 women who
gave birth between the ages of 20 and 49 were obtained in 2013 at the Sutgii
Imam University (KSU) Faculty of Medicine, Department of Obstetrics and
Gynecology. Donors don’t reside close to any nuclear or mineral facilities,
while living in the city’s center. However, it’s possible that the people who
live in this community will eat the fish in a contaminated reservoir. After
being collected, cleaned, and weighed, the samples were stored in an oven at
a constant temperature of 105 °C for three weeks. The ashing operation was
done at a steady temperature of 105°C to avoid the samples burning in the
oven. The samples were prepared for measurements by being sieved through
a 200-mesh sieve after being smashed in a mortar.

2.2. Radionuclide Measurements

Gamma ray spectrometry was used to measure the activity concentration
of radionuclides in placenta samples using a 7.62 cm x 7.62 cm Nal(Tl)
detector [14]. This gamma spectrometer offers an energy resolution of
8% for 662 keV and a relative counting efticiency of roughly 20%. For
the accuracy of the results, it is crucial that the system efficiency calibration
be completed before the measurement. Gamma sources Cs-137 (662 keV
(85.1%)), Co-60 (1172 keV (99.86%), and 1332 keV (99.98%) were used
for the efficiency calibration. The referenced study provides a thorough
explanation of how the detector in this study was calibrated [15]. The
gamma spectrum was examined using the ORTEC-provided Maestro-32
program. Every 86400 seconds, every sample was counted (24 hours). To
prevent unintentional radiation exposure, the detector is encased in a lead
shield. The activity concentrations of Th-232, K-40, Na-22, Eu-152, Ra-
226, and Bi-207 radionuclides were computed as Bq/g using these fields in
the equation shown below.

A= < 1
_EX"thxm 1)

where m (g) is the mass of the dried and prepared samples for
measurement, A (Bg/g) is the radioisotope concentration, C (counts) is the
net peak area, € is the detector efficiency, t (86400 s) is the counting time,
and vy is the absolute transition probability of -decay. The difference between
the areas of the peaks visible in the spectrum and the areas of the peaks
determined from the BKGR (background = basic count) count is the area
value, which is represented as the net peak area (C) in the equation. Figure
1 shows a picture of the experimental setup used to take the measurements.
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Additionally;, Figure 2 displays the spectrum for S4, including the start and
end points. The nuclides used in this study’s analysis were subjected to the
energies displayed below.

Na-22: 511.01 keV and 1274.53 keV (Na-23 photo-peak)

Eu-152: 121.78 keV, 344.27 keV, 841.54 keV, 963.34 keV, 970.30 keV,
1314.61 keV and 1389.00 keV (Eu-151 photo-peak )

Bi-207: 569.70 keV, 1063.66 keV and 1770.23 keV (Pb-207 photo-
peak)

These radioisotopes have energy in the channels where the peaks in the
spectra obtained from the analysis of the samples coincide. The device’s
library also contains the energy of these isotopes and their peaks.

2.3. Statistics

Table 1’s results are all provided as average-error values (x-error). For the
statistical analysis of various ages and radionuclide activity concentrations,
the IBM SPSS 22 program was employed. The link between various ages and
radioactive activity concentrations was examined using Pearson correlation
analysis. The range of the correlation coefficient is from -1 to +1. A negative
correlation, on the other hand, is defined as one of the variable pairs rising
while the other declines, and it is defined as the correlation coefficient taking
values between 0 and -1. A positive correlation, which ranges from 0 to 1,
indicates that the two variables change in tandem. Additionally, whether
negative or positive, the connection is stronger the closer the correlation
coefticient is to +1 or -1. Table 2 provides the correlation coefficients
between the various factors.

3. Results and Discussion

Table 1 lists the radionuclide concentrations found in the tissues of
the human placenta. As seen from Table 1 and Figure 3, the radionuclide
activity concentrations measured in placenta samples are varied in between
34.91+1.27 8.47+0.20 Bq/g for Ra-226, between 25.58+1.03 and
0.78+1.03 Bq/g for Th-232, between 32.37+1.66 and 5.10+0.35 Bq/g
for K-40, between 14.36+1.09 and 4.62+0.66 Bq/g for Eu-152, between
18.92+0.80 and 1.50+0.07 Bq/g for Na-22 and between 28.47+0.11 and
1.05+0.20 Bq/g for Bi-207. Also, the net mass of the placenta samples are
tabulated at the same table.

As seen from Table 1 and Figure 3, Ra-226 was detected in all of the
placenta samples in “all different ages”. The highest Ra-226 value measured
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34.91 Bq/g in the 30 age group-(S11), while the lowest value measured 8.47
Bg/g in the 31 years old (S12). Th-232 radionuclide could not be detected
in samples S20, S21, S23, S31, S34, S39 and $40. However, the highest
amount of Th-232 was measured as 25.58 Bq/g in the 36 years old (S17)
and the lowest Th-232 amount was measured in the 49 years old (524). K-40
radionuclide could not be detected in the placenta samples S23, $24, S26,
$29, §33, S35, S36, S39 and S41. However, the highest amount measured
to be 32.37 Bq/g in the 25 years old (86), while the lowest amount was
measured as 5.10 Bq/g in the 34 years old (S15). The Eu-152 radionuclide
was detected in all placental samples. The highest concentration of Eu-152
was measured as 14.36 Bq/g in the sample no. S5 (24 years old) and the
lowest amount of Eu-152 was measured as 4.62 Bq/g in the sample S17, that
is, in the 36 years old. Na-22 radionuclide could not be detected in placental
samples coded S7, S17, S18, S19 and S24. For all that, while the highest
Na-22 radionuclide concentration was determined as 18.92 Bq/g in the S11
coded sample, the lowest Na-22 amount was measured as 1.50 Bq/g in the
S$13 coded sample. Finally, in only one sample (S17), the radionuclide Bi-
207 could not be measured. The highest Bi-207 radionuclide concentration
was measured to be 28.47 Bq/g in the sample numbered S19, and the lowest
Bi-207 radionuclide amount was also detected in the S24 coded sample as
1.05 Bq/g.

The amount of each radionucloid versus age can be seen at Figure 3.
Although there is no significant correlation with age, the variation trend of
each nucleoid is similar when all age groups are taken into account.

4. Conclusion

The placenta formed by the extraembryonic tissue that develops
between the baby’s chorion and the uterine mucosa during pregnancy for
the development and protection of the embryo/fetus.It provides nutrition,
development, respiration and excretion of the embryo/fetus.During the
development of the embryo, it secretes different hormones. The placenta,
which acts as a lung from time to time, takes over kidney function from
time to time. Therefore, the placenta performs a multifunctional task [12,
13] (web 1). Radionuclide activity concentrations of Th-232, K-40, Na-22,
Eu-152, Ra-226 and Bi-207 were measured in placenta tissue samples taken
from a total of 24 pregnant women aged 20 to 49 years. The radionuclide
activity concentrations are varied in between 34.91+1.27 and 8.47+0.20
Bq/g for Ra-226, between 25.58+1.03 and 0.78+1.03 Bq/g for Th-232,
between 32.37+1.66 and 5.10+0.35 Bq/g for K-40, between 14.36+1.09
and 4.62+0.66 Bq/g for Eu-152, between 18.92+0.80 and 1.50%+0.07
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Bq/g for Na-22 and between 28.47+0.11 and 1.05+0.20 Bq/g for Bi-207.
Statistical analysis was performed for the correlation between Th-232, K-40,
Na-22, Eu-152, Ra-226 and Bi-207 radionuclide activity concentrations and
different ages. But, no statistically significant correlation was determined
between different ages and radionuclide activity concentrations. The data
obtained could not be compared since it is unclear from the literature
whether radionuclide activity concentration measurements are done in
human placental tissues. Due to the fact that it has not yet been established
whether the mothers have radionuclides it is unclear whether the radionuclide
activity concentrations measured in Table 1 and Figure 3 are harmful to
human health. The human body contains radioisotopes in its natural state.
It’s not just K-40; other isotopes include I-129, uranium, thorium, carbon,
polonium, etc. Radiological examinations of placentas that belonged to
both the mothers and the fetuses were carried out. There were no additional
evaluations or measurements of the mother.

In addition, the tendency of each nucleotide to decrease and increase in
all different ages is similar to each other although there are different sources
of radionuclides. This pilot study intended to establish the methods, such
as sample preparation and radionuclide measurements, and used statistical
analysis for a more in-depth investigation by looking into the identification
of individual radionuclides in placentea samples. It will also be used as a
source for future studies.
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Table 1. The radionuclide activity concentrations measurved as Bq/y in placenta samples
(mean *ervoy, n=3).

Samples | Age | Ra-226 Th-232 K-40 Eu-152 Na-22 Bi-207 | Mass (kg)
S1 20 | 14.72+0.44 BDL 13.47+0.26 | 9.30+0.98 | 11.14+0.44 | 18.81=0.72 | 0,0780
S2 21 |26.60+1.03 BDL 20.84+2.51| 8.81*x0.77 | 10.08+0.65 | 13.54+0.09 | 0,0760
S3 22 [22.45+0.80 | 13.33+0.94 [ 10.17+0.90 | 7.71+1.09 | 11.24+0.39 | 14.40+0.08 | 0,0784
S4 23 122.69+0.70 BDL BDL 8.48+0.75 | 4.83+0.05 | 6.47+0.32 | 0,0835
S5 24 (29.70£0.99 | 20.96+0.83 BDL 14.36+1.09 | 11.30=0.30 | 23.35=0.87 | 0,0789
S6 25 [16.75%0.61 | 13.87+0.65 | 32.37+1.66 | 10.08+1.03 | 17.68+0.62 | 22.71+0.73 | 0,0713
S7 26 |23.47+0.85| 9.30=0.49 BDL 6.73%+0.60 BDL 4.83+0.32 | 0,0868
S8 27 |113.78+0.55 | 3.98+0.47 |30.73+0.44 | 10.39+0.83 | 2.94+0.06 |12.33=0.38 | 0,0799
S9 28 [22.55+0.63 [ 21.97+1.45[21.41=1.81 | 12.07+1.04 | 12.39+0.29 | 19.69+0.14 | 0,0704
S10 29 [17.31=0.71 | 20.26=0.97 BDL 7.2320.73 | 4.57+0.06 |16.92+0.20 | 0,0793
S11 30 |34.91+£1.27 | 16.74+0.55 | 18.88+1.74 | 12.97+0.98 | 18.92+0.80 | 3.02+0.10 | 0,0701
S12 31 | 8.47+0.20 BDL 6.72+0.22 | 8.52+0.76 | 9.64+0.50 |13.07+0.30 | 0,0741
S13 32 [13.79+£0.46 | 6.70=1.75 | 30.00£1.26 | 3.86=0.59 | 1.50+0.07 |18.72+0.95| 0,0803
S14 33 |19.53+0.65 | 13.26+0.61 BDL 8.88+0.66 | 8.41+0.30 | 4.00+0.53 | 0,0789
S15 34 |24.16=0.63 BDL 5.10+£0.35 | 9.14+0.77 | 12.51%+0.52 [21.18+1.15 | 0,0739
S16 35 |16.80+£0.62 | 8.59+0.51 BDL 5.48+0.50 | 5.87+0.17 | 1.89+0.18 | 0,0749
S17 36 |22.43+0.84 | 25.58+1.03 BDL 4.62+0.66 BDL 4.84+0.61 | 0,0500
S18 37 113.04+0.54 | 21.80£1.23 | 5.61=0.97 | 9.69+0.77 BDL BDL 0,0743
S19 38 25.90+0.89 | 6.41=+0.58 | 19.09+2.12 | 14.33+0.96 BDL 28.47+0.11| 0,0748
S20 39 [23.60+0.75 BDL BDL 7.26=0.78 | 8.18=0.06 | 8.34=0.20 | 0,0707
S21 40 [16.74=0.51 [ 24.23+1.54 [ 14.11+0.32 | 13.40=1.22 | 7.41+0.29 | 8.13+0.58 | 0,0626
§22 41 |21.21+0.85|10.84+0.41 BDL 8.78+0.89 | 10.45+0.30 | 15.18+0.67 | 0,0742
S23 42 [16.10+£0.61 BDL 14.49+0.72 [ 13.13+0.86 | 9.18+0.28 |25.30+0.36 | 0,0764
S§24 49 |23.07+0.85| 0.78+1.03 |29.85+0.98 | 10.67+0.91 BDL 1.05+0.20 | 0,0731

BDL:Below Detection Limit
Table 2. Correlation Coefficients

Correlation N p r results
Age*Ra-226 24 0.690 | -0.086 Relationship weak, not significant
Age*Th-232 17 0.749 | -0.084 Relationship weak, not significant

Age*K-40 15 0.969 | -0.011 Relationship weak, not significant
Age*Eu-152 24 0.589 | 0.116 Relationship weak, not significant
Age*Na-22 19 0.526 | -0.155 Relationship weak, not significant
Age*Bi-207 23 0.421 | -0.176 Relationship weak, not significant




Oyuz Kagian Koksal | Omer Sogiit | Fazil Aver / Sultan Sahin Bal | 115

.‘-AL‘__ N\
e\

R

II| iIIIIIlll IIIIIIII| IR

1 _I_

2 158 gl
100 BIZ 00 0000

]

Acquirad 0704 2018 152002 FRag Tme ARIE 18 Live Tme: BE4OD 00 &
Fle: AMIE11™1 DOFSONLML™ \derya karaboda Chn Channalz 1024
Detecior #1 WINT-BILGISAYAR MCB 120

Fig. 2. The spectrum for §4 sample



116 | A Pilot Study of Radionuclides Analysis of Human Placenta According to Different Ages

140
120

100

Radionuclide activity concentration (Bg/g)

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 49
Maternal Age

w—Ra-226 w—Th-232 — 40 —152Eu — Na-22 — Bi-207

Fig. 3. Varviation of each radionuclide according to different ages
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Combining Principal Normal Indicatrix Curves
And Direction Curves With An Alternative
Frame

Ilkay Arslan Giiven'
Fatma Colak?

Abstract

This work examined the direction curves of principal normal indicatrix
curves regarding a regular curve in Euclidean space of three dimension. The
{N,C,W} frame was assigned as a new alternative frame for the mentioned
curve. Investigating relationships among the main curve and direction curves
using such novel alternative frame is an innovative approach. The Frenet
members, curvature, torsion, harmonic curvature and geodesic curvature of
direction curves were determined. Direction curve characterizations in the
forms of the C-slant helix , slant helix and general helix were provided. In the
end, the relevant figures for these curves were displayed.

1. Introduction

The primary field of differential geometry study that has received the most
attention is curve theory. Curves come in many forms. Helix curves, such
as those found in animal horns, seedpods, and plant shoots, are prevalent
in nature. Additionally, the DNA molecule, which makes up the majority
of genetic material, is made up of two chains that helix. These chains have
couple helix shapes. Further, Salmonella and Escherichia coli flagella have
helices. A screw is the most common example of a helix. It has a helical
construction that converts rotation to motion along the axis. Computer
graphics and the manufacturing of artificial helices from various materials
both use helices.
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Ellipstic curves are additionally employed in cryptography. The role that
curves play in surfaces is their most significant feature. Curves are useful for
generating a surface concept, that works in physics, engineering, industry,

and other fields.

One of curve theory’s most alluring topics is the associated curve.
Associated curves are defined as two or more curves that have a mathematical
relationship to one another. These curves include Bertrand curve mates,
Mannheim curve mates, adjoint curves and involute-evolute curve mates,
among others.

Choi and Kim [3] recently suggested adding a new form of associated
curve to the literature. They termed it the direction curve and described it
such that the integral curve of an each Frenet vector in the mentioned curve.
They gave relationships between related curves’ curvature and torsion. They
provided a canonical method to build these helices and characterized slant
and general helices with regards to associated curves. In Minkowski space,
direction curves were studied by Qian and Kim in [11]. Inspired by these
direction curves, Macit and Diildiil [10] utilized a Frenet curve’s Darboux
vector of a Frenet curve to find W-direction curves. The V-direction curve of
a curve that is located on a surface covered by the Darboux frame was also
defined. Kiziltug and Onder [7] explored the theory of direction curves in
compact Lie groups of three dimension. Korpinar et al. [8] used a curve’s
Bishop frame to provide direction curves over again.

Another type of associated curve that has been extensively studied for
a long time are spherical indicatrix curves. Kula and Yaylh [9] researched
slant helices’ spherical indicatrix curves. They discovered that these spherical
helices are also spherical indicatrices. Sahiner [13] investigated the tangent
indicatrix’s direction curve and the relationship between spherical and
direction curves. These curves belong to the allied curves class as well. Specific
relationships between the curves’ curvatures were provided. Techniques for
obtaining the spherical helix, spherical slant helix, and general helix from the
circle were discovered. In Sahiner [14], similar scenarios were examined for
principal normal indicatrix curves.

Beside this, frames of curves are crucial to look at when studying curve
theory because of their specifications. Examples of adapted curve frames
abound. The most well-recognized and commonly used frame is the moving
Frenet frame.

According to Uzunoglu et al. [15], another newly defined attractive
frame is {N ,C, Wt which serves as an alternate moving frame. By treating
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the principal normal vector N as a constant, such a frame represents the
rotated state of a Frenet frame. It has a benefit over the Frenet frame in that
the characterization of the slant helix may be expressed more succinctly with
the new curvatures. The authors used the curve’s curvature and torsion to
establish new curvatures, f and g, while they were creating the {N ,C, W}
frame. Regarding the strength of such new frame, they proposed the
C-slant helix idea. Such kind of helix arises when the binormal and tangent
indicatrix are both spherical slant helices. It was demonstrated that the
C-constant precession curve is a C-slant helix and the C-slant helix’s specific
characterizations were developed. In the sense of the {N ,C ,W} frame
apparatus, they also provided the Frenet members of the indicatrix curves.

Our goal in this work is to investigate the combination of the {N ,C, W}
frame, principal normal indicatrix curve and direction curves. We look into
the characterizations of principal normal indicatrix curves’ direction curves.

2. Basic Concept

- r

Conte - ""Ferentiable manifold M and an interval I, the differentiable
function @: I = M is referred to as the curve in differential geometry [12].

Three orthogonal vector fields are known as Frenet vectors for a regular
curve o and @ X a” = 0 . These vector fields are provided by

/ "
a X

T:| N=BxT, B= (2.1)

/
Qa
—, .
o] oo
The tangent vector T, the principal normal vector N and the binormal
vector B are shown here. The curve’s torsion and curvature are computed in
the order of

_ ”0/ X 04”” L det(a’,a”,a") 2.2)
o o <o |
and Frenet equations are valid as [12]
T'= N,
N' = —xT + 7B, (2.3).
B' = —1N

A new curve frame that follows a curve, the alternative {N ,C ,W}
frame, is described as
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C_N' W_TT—I—I{B

v R

Here; N is the unit principal normal vector of Frenet frame, C' is the
derivative of principal normal vector and W is the unit Darboux vector.
The new curvatures f and g with respect to this new frame are provided by

f=rJy1+H |, g=of (2.4)

/
2
T . . K T
where H = — isharmoniccurvatureofacurveand o = ——az [—J
2 2
K (/i +7 ) k

is geodesic curvature of spherical image of principal normal indicatrix curve.
According to Uzunoglu et al. [15], the relationship between Hand o is also
depicted as

/ /
go—H r=—2 (2.5)

3 3
2

5(1+H2)5 f<1—|—<72)

T . .
Furthermore, when H = — is constant, a curve is referred to as a general
K

helix, and the reverse is true [5]. Additionally, o is constant if and only if it
is a slant helix [6].

When a unit speed curve « has a vector field C that creates a constant
I o . .
angle 6 = — with a fixed direction u , the curve is called a C-slant helix,

in other words, (C, u> = cosf = constant and the following equation
holds for C-slant helix

3

(f2 + 92)5

/
g
/
where the constant angle @ is formed between the vector C and the
fixed direction u [15].

= tan f = constant (2.6)
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Now, same basic notions about indicatrix curves will be given.

When curve’s each Frenet frame vector is translated to the center of the
unit sphere and gathering the end points of them, then indicatrix curves
are created on the surface of the unit sphere. The tangent, principal normal
and binormal vectors constitute the tangent, principal normal and binormal
indicatrix curves, respectively, and the corresponding equations for these
curves are shown as [12]

a, =N, (2.7)

Uzunoglu et al. [15] gave the equations between the Frenet members
of the principal normal indicatrix curve «, and the curve «, if
{TN, N,,B, kT, } is Frenet apparatus of the principal normal indicatrix
curve, as;

Ky =Vo'+1, 7, =TVo’ +1 (2.8)

and
K
T, :7(—T+HB)
N, :L{E(HT+B)—iN} (2.9)
o’ +1 o
B, :;{E(HT+B)+GN}.
o’ +1

The parametric curve that provides a unique solution to an equation
system is known as an integral curve. If (3(¢) is a parametric curve, Z is a
vector field and if 3(t) solves the differential equation 8'(t) = Z(B(t)),
then ((t) is referred to as an integral curve [12].

3. Direction Curves of Principal Normal Indicatrix Curve

This part includes the direction curves of principal normal indicatrix
curves by using the apparatus of alternative frame {N ,C ,W}. Some
characterizations and properties of these direction curves which are
constructed by integrating the Frenet vectors of principal normal indicatrix
curve are determined.
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Let v be a regular curve with Frenet frame {T, N,B } and 7y, be the
principal normal indicatrix curve of the curve . If the Frenet apparatus of
Yy 18 {TN, N,,B, kT, } , then the following integral curves are called
direction curves of principal normal indicatrix curve 7, ;

o =T

¢, = fNN, (3.1)

¢3:fBN

Remark : Let s, and s, be the arc length parameters of ¢ and 7, ,
respectively. Next, by differentiating and taking the norm the first equation
in equation (3.1) with regard to s, we obtain s, = s, . As a result, the
arc length parameters of the principal normal indicatrix curve 7, and the
direction curves ¢, ¢, and ¢, are equal.

Lemma 3.1: Let v be a parametrized curve with arc length, ~, be
principal normal indicatrix curve of « and ¢ be T, - direction curve of
7, - Frenet apparatus of the direction curve ¢, is given as

K
T, :?<_T+HB)’
okH 1 oK
N, = T- N+ B
§ f\/02+1 \/62+1 f\/0'2+1
B, H o 1 B, (32)

_ T N
JAH? +1)(0? +1) +\/0'2+l +\/(H2+l)(02+1)

K, = o’ +1 and (A =T\/(c” +1)

Proof: The results are simply derived by taking the derivative of the first
equation in (3.1), utilizing equations (2.1), (2.2), (2.3), (2.4) and (2.5) and
performing the necessary calculations.

Corollary 3.1: Let y be a parametrized curve with arc length, 7, be
principal normal indicatrix curve of « and ¢ be T, - direction curve of
vy - I -direction curve of 7, and principal normal indicatrix curve of
v overlap.

Proof: Observing equations (2.8), (2.9) and (3.2), we see that the Frenet
apparatus of 7y, and ¢, are same. Aside from this, if we take derivative of
second equation of (2.7) and first equation of (3.1), use Frenet formulas

ds
and —— = — | the result is apparent.

dsN



Tlkay Avslan Giiven | Eatma Colak | 125

Theorem 3.1: Let y be a parametrized curve with arc length, ~, be
principal normal indicatrix curve of « and ¢ be T, - direction curve of
v, - If the curve v is general helix, then T - direction curve of v is
planar.

Proof: If ~ is general helix, then H = T is constant. So, by the
equation (2.5), we have I'=0. According to eﬁuation (3.2), it is obvious
that torsion of ¢, is zero.

Theorem 3.2: Let y be a parametrized curve with arc length, 7 be
principal normal indicatrix curve of v and ¢ be T} - direction curve of
7y - Thecurve 7y is C-slant helix if and only if T} - direction curve of -y,
is general helix.

Proof: Contemplating equations (2.4) and (2.5), the harmonic
curvature of ¢, is obtained as H, =T". Also using equation (2.6), we have

H, =T'=

g Thus if T}, - direction curve of «y is general helix, then
an
H, is constant. So tan 6 = constant and we have the result.

Theorem 3.3: Let y be a parametrized curve with arc length, 7y, be
principal normal indicatrix curve of v and ¢ be T} - direction curve of
7y - The curve « is slant helix if and only if 7 - direction curve of «y, is
planar.

Proof: If the curve ~y is slant helix, then o is constant. So by the
equation (2.5), we get I'=0 . By using the equation (3.2), the torsion of
@, s zero. Also the proof is true for the opposite option.

Lemma 3.2: Let  be a parametrized curve with arc length, ~y, be
principal normal indicatrix curve of v and ¢,be N - direction curve of
7, - Frenet apparatus of the direction curve ¢, is given as

1
T, =Ny =— B(HHB)—;N},

o’ +1

. K(W+FH) o ( \/7H+I“)

_f\/(02+1)(F2+1)T+\/(02+1 F2+1 \/O' +1 1“2+1

H-T\o? +1 o

B, = T N
b E (o) () +\/(02+1)(F2+1) (33)
HTNo? +1+1

e e
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T _—1—”
~ _f(l"2+1)

Ky = \/(Fz +1)(02 +1) and

Proof: The results are simply derived by taking the derivative of the
second equation in (3.1), utilizing equations (2.1), (2.2), (2.3), (2.4) and
(2.5) and performing the necessary calculations.

Theorem 3.4: Let v be a parametrized curve with arc length, ~, be
principal normal indicatrix curve of v and ¢,be N - direction curve of
7y - If the curve -y is general helix, then N - direction curve of =, is
planar.

Proof: If v is general helix, then H = T is constant. So, by the

K
equation (2.5), we have I' = 0. Finally, the torsion of the curve ¢, is zero,
by considering equation (3.3).

Theorem 3.5: Let y be a parametrized curve with arc length, ~,~ be
principal normal indicatrix curve of v and ¢,be N - direction curve of
Yy - The curve v is C-slant helix if and only if NN - direction curve of
7y 18 planar.

Proof: Let the curve vy be C-slant helix. Then tan @ = constant , where
0 is the angle between the vector field C and a fixed direction u . According

.Thus I' = constant

to equations (2.4), (2.5) and (2.6) we have I' =
tan &

and I'"=0 . By the equation (3.3), the torsion of the curve @, is zero and
the result is clear.

Theorem 3.6: Let y be a parametrized curve with arc length, 7, be
principal normal indicatrix curve of v and ¢,be N - direction curve of
vy - N, -direction curve can not be slant helix or general helix, if the
curve v is slant helix.

Proof: Considering equation (3.3), the harmonic curvature of the N

-direction curve is obtained as

I“l

H, = 3
2

Fr g for )

Also the o function for being slant helix is
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. 1 (F2+l)(o-2+1) T
o o L e o)
(F +1)(0' +1)+£f(r2+1)J

Here, o is constant if the curve 7 is slant helix. Therefore H 6= 0
and o, = 0, consequently, N y ~direction curve can not be general and

slant helices.

Example: Lets consider arc length parametrized and general helix curve

[ cos?(s) _sin(s)cos(s) s
7(”‘{ NS ’ﬁj'

The principal normal indicatrix curve of 7y is

Vv (S) = (—COS(2S), sin(2s), 0) .

Then T, -direction curve and N -direction curve of y,, are found as

4 (s) = (—cos(Zs) e sing2s) +02,03J

2 "
sin(2s) cos(2s)
¢2(S)= 5 +c,, > +c5,C

WhereCiGR, 1<i<9.

It can be seen obviously that the curves ¢ and ¢, are planar, by
calculating torsions of them. Thus we aftirmed Theorem 3.1 and Theorem

3.4.



128 | Combining Principal Noymal Indicatrix Curves and Divection Curves With an Alternative...

Figure 1. The curve 7y .
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