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Tozlu Ortam Hava Kalitesinin Pnématik Tagima Sistemi ile Iyilestirilmesi ve
Fayda Maliyet Analizi: Uygulama Ornegi

Ali Kemal CAKIR'

1. GIRIS

Mesleki akciger hastaliklarinin Inorganik tozlardan etkilenmesi ile
olusan hastaliklarin genel adi Pnémokonyoz denilmektedir [1-4]. Ancak, bu adlandirma tam olarak bu
maruziyetin yol actigt patolojilerin tiimiinii géstermez. Akkurt, 1. [5] Mesleki Solunum Hastaliklart adli
kitabinda bu tanim1 “...pnémokonyoz akcigerde toz birikimi ve buna kasi gelisen doku reaksiyonudur”
diye tanimlandirmustir. Tanimdan da anlagilacagr tizere, akcigerlerde biriken tozun akciger dokusuna
olumsuz etkisi oldugu asikardir. Pnémokonyoz iginde patogenezi en iyi aydinlatilan tip silikozis’dir [5].
Silikozis’in insanlik tarihi kadar eski bir hastalik oldugunu Misir mumyalarinda silikotik nodutllerin
bulunmast gosteriyor. Silisyum dioksit (SiO2) veya silika diinyada en bol bulunan minerallerdendir.
Solunabilir buytkliikteki (0,5-5 um ¢apls) silis partikiillerinin inhalasyonu siklikla en tipik gériiniim olan
basit silikosis ve progresif masif fibrosis’e yol agar [5]. Serbest silis (silisyum dioksit) kristallerinin
solunumla alinmasi-havanin solunmasi sonucu meydana gelen bir pnémokonyoz turidir. akcigerde
toza karst siirekli bir reaksiyon olusur. Bu reaksiyon, sonunda kollajen liflerde artmaya ve fibrozise yol
acar. Kayalarin hemen hepsinde silis vardir. Bu nedenle kayalarin ve topragin parcalanmasi, 6gutilmesi,
yakilmasi gibi islerde silikozis riski s6z konusudur. Meslekler olarak sayildiginda her tiirden madencilik,
tas ocaklarinda ¢alisma, tas kirma ve 6giitme islemleri, cam, porselen ve seramik yapimi, dokiimhanede
calisma, metalliirji endiistrisi, kot taglama isciligi silikozis bakimindan riskli olan baslica islerdir [6]. Bu
nedenle Silisyum dioksit (SiO2)’un yogun bulundugu sektorlerde silikosiz hastaligina yakalanma
olasihigida yiksektir. Bu sektorlerden biri de kompoze tas sektoruntn yer aldigt madencilik
faaliyeteleridir. Bu sektorlerde yer alan firmalarin isverenleri bu hastaliklardan korunmak i¢in ¢esitli
tedbirleri de aldirmalari gerekmektedir.

Isveren, calisanlarinin saglik ve giivenligini tehlikeye atacak, is yerinde
bulunan tozlardan kaynaklanan olumsuz etkileri belirlemek tizere, 6331 sayil Is Saglig1 ve Giivenligi
Kanunu ve 29.12.2012 tarih ve 28512 sayili Resmi Gazete *de yayimlanan Is Sagligi ve Giivenligi Risk
Degerlendirmesi Yonetmeligi hikiimlerine uygun sekilde risk degerlendirmesi yapmakla yukimlidr.
Aytica, tozlu islerde yapilacak risk degerlendirmesinde asagida belirtilen hususlar 6zellikle dikkate alinir
[7].

a) Ortamda bulunan tozun ¢esidi,
b) Ortamda bulunan tozun saglik ve givenlik yéntinden tehlike ve zararlari,
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c) Maruziyetin duzeyi, siiresi ve siklig,

¢) Bu Yonetmeligin EK-1’inde yer alan mesleki maruziyet sinir degerleri,
d) Toz dl¢tim sonuglart,

e) Alinmas1 gereken 6nleyici tedbirleri,

Bu yénetmelik ekinde belirtilen degetlere gore “Ozelligi Olan Kayag
veya Mineraller Maruziyet Esik Siir Degerleri” bolimiinde inert veya Istenmeyen Toz basligt altinda,
Solunabilir Kisim i¢in belitlenen maruziyet sinir degeri 5 mg/ m? olarak belitlenmistir [6]. Bu kapsamda
kompoze tas sektoriinde faaliyet gosteren bir firma bu gereklilikleri yerine getirmek igin calisma
baslatmistir.

Proje calismasinin yapildigi yer Mugla bolgesinde olup, isletmeye ait
tesiste kirma-eleme ve mikronize 6giitme yapilmaktadir. Bu tesise ait yillik Gretim kapasitesi 240.000
ton 6gutilmiis kuvars ve feldspattir [10]. Calisma kapsaminda toza maruziyeti durumunu gorebilmek
i¢in toz Ol¢imlerinde bakanlikca yetkilendirilmis bir firmaya ortam ve kisisel Ol¢timleri yaptirmigtir.
Olgim sonucunda toza maruziyetin en yogun goruldigi yerlerde arastirma yapimasina karar
verilmistir.

Bu ¢alismanin temel amaci, kompoze tas sektoriinde faaliyet gosteren
bir firmada kuvars madeninden kaynaklanan tozlu ortami, pnématik tasima ile bertaraf etmektir.
Boylece tozun mevzuat gergevesinde istenen maruziyet sinur degerleri arasinda olmasini saglayarak,
calisanlarinin daha saglikli ve stirdiiriilebilir bir ortamda faaliyet yapmalarina olanak vermektir.

1.1. Ele Alinan Konular

Kuvars vb. isletmelerdeki ortam hava kalitesini etkileyen en 6nemli
faktor ortamda bulunan tozdur. Bu tarz isletmelerde toz, genellikle kuru tip 6giitme ve seperasyon
proseslerinde aktarma, bosaltma, transfer noktalarinda ve silo altlarindan triin, ara Grtin ve atiklarin
paketlenmesi bosaltilmast, taginmast ve depolanmasi stirecinde ¢ikan tozlardan kaynaklanmaktadir. Bu
kapsamda projede ele aldigimiz konular [10]:

- Kuvars tozu ve silikozis meslek hastalig,

- Mikronize Tesis genelinde gbzle gorilir tozlu ortam nedeniyle sagliksiz ortam hava kalitesini
tyilestirmek

- Ayni ortamda rutin ¢aligma yapan personelin matruz kaldigt tozu indirgemek/azaltmak
- Saglikli ve yiiksek motivasyonlu bir ¢alisma yapmak

- Sayisal degerlere dayali 6l¢iim ve analiz yapilmasi.
1.2. Uygulama Sekli

Calismanin 6zelinde, actk ocakta tretilen ve firmaya ait tesiste islenen
kuvars Uranlerinin 6nemli bir bélimi, bu tesiste kurulan Pnématik Tasima Sistemi ile minimize
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edilerek, kuvars tozlarindan kaynaklanabilecek olast ¢evre sorunlarinin ve saglk etkilerinin asgari
diizeye indirilmesi agsamasina gecilmistir.

2. YONTEM
2.1. Tozsuzlagtirma Projesi

Tozsuzlastirma projesi kapsaminda tesis i¢indeki trtinlerin kapalt
ortamda tasinmasi pnématik tasima sistemi ile yapilmast kararlastinlmistir. Pnomatik Tasima
Sistemleri, toz ve granil malzemelerin basingh hava ile borular igerisinden gonderilmesi igin
tasarlanmis olan tasima kaplaridir. Pnématik tasima sistemleri temel olarak ikiye ayrilmaktadir [10]:

a) Vakumlu Sistem

Vakumlu sistemlerde, hava ve katt parcaciklar boru hatti i¢ine emilir. Boru hattinin sonunda, katt ve
stvi akisinin ayrilmast bir siklon veya filtre araciligiyla gerceklestirilir. Yer ¢ekiminin de etkisiyle katt
parcaciklar diserken, hava akist vakum pompasinin oldugu yone dogru gekilir.

b) Basingl sistem:

Basingli sistemde atmosferik hava, fan araciligtyla stirekli olarak tasinur.
Fanin arkasinda ise kat1 parcaciklar hava akisinin icine enjekte edilmektedir. Boru hattinin sonunda,
kat1 ve stv1 akisinin ayrilmast siklon veya filtre araciligy ile gerceklestirilir. Yer ¢ekiminin de etkisiyle katt
parcaciklart duserken, hava fazi atmosfere geri donerek yukari dogru akar. Coklu besleme
noktalarindan tek bir bosalma mimkiindir. Tek bir besleme noktasindan ¢oklu bosaltma noktalarina
ulasmak miumkuindur. [8]. Sistemin cesitli modelleri mevcuttur. Bunlar;

D Modeli-Standart, DF Modeli-Dolum Filtreli, DP Modeli-Cikis
Vanali, DW Modeli-Tartimli, DBC Modeli-E-Kompakt, DMS -Coklu Dens Tasima [9]. Bu
modellerden D Modeli (Standart) projemizde kullanilmustir [10].

2.1.1. D Modelinin Ozellikleri

Ozel tasarim giris vanast, 50 m?®/sa. tasima kapasiteli, 500 m tasima
mesafeli, 6 barg’ye kadar basing dayanimli, PLC tabanli elektropnématik kontrol merkezi kumanda
sistemi ile haberlesebilme izleme ve kontrol i¢in dokunmatik ekranl ara yiz (Opsiyonel) 6zelliklerine
sahiptir [9].

Proje kapsaminda tozun en ¢ok goruldugi, siklon, kurutma ve filtre
birimlerini kapsayacak sekilde pnématik tasima sisteminin kurulmasina karar verildi. Sistem, Mikronize
Tesis, trtin, ara Grtn ve atiklarin silodan bigbaglere bosaltilmasi, forklifte tasinmasi, Besleme Bunker
veya siloya beslenmesi, bosaltilmasi, Elavatorle Degirmen Besleme Silosuna (Atiklarin silo altindan
bosaltilmas1 ve transferi ve tekrar bosaltilmasi ve nakledilmest) transfer edilmesini kapsayacak sekilde
tasarlandi. Sisteme ait is akis semast ise Sekil 1°te gosterilmistir [10].
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Sekil 1. Proje Sahast Detay Goriintim [10].
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Sekil 1’de gosterilen proje sahast is akisint kisaca Gzetleyecek
olursak; 1 numara ile kodlanan havali seperatorden ¢ikan -100n (100u altt malzeme) boyutlu
malzeme dogrudan degirmen besleme silolarina (Silo-1, Silo-2, Silo-3) génderilecektir. 3 ve 4
numaralar ile kodlanan Siklon 1, Siklon 2 ile 6 ve 7 numaralar ile kodlanan Tesis Filtresi 1 ve 2'den
c¢tkan malzeme ise, istenirse degirmen besleme silolarina, istenirse attk toplama silosuna
gonderilecektir. 5 numara ile gosterilen kurutucudan ¢itkan attk malzeme ise, direk atik toplama
silosuna génderilecektir. Sistemden bigbagler olarak alinmis olan ara Grtn veya attk malzeme, 9
numaradaki merkezi konumdaki istasyon ile ister atik toplama silosuna istenirse ise degirmen
besleme silosuna gonderilebilecektir. Tesisten ¢tkan manyetik seperator atiklarr ise, degirmen
besleme silosu tzerinde bulunan manyetik seperatore tasinabilmektedir. Bu sayede atik
malzemeler toz olusturmadan tamamen kapali bir sistemle atik olarak veya geri degerlendirilebilir
trin olarak degirmen tnitesinde degerlendirilebilmektedir [10].

2.2. Projenin Etkileri

Firma tUretim tesislerinde gesitli zamanlarda periyodik Slgtimler
yapilmaktadir. 02.02.2017 tarihinde, i¢ ortam havasinda, belitlenen bélimde, bes personel
tzerinde yapilan sekiz saat streli solunabilir toplam toz 6lgiim sonuglari Cizelge 1'de verilmistir.
Olgiimler; OSHA (Occupational Safety and Helath Administration) PEL (Permissible Exposure
Limit) ¢er¢evesinde GILIAN 3500 Model cihaz kullanilarak yaptirilmistir.

Cizelge 1. Tesiste Yapilan Maruziyet Toplam Toz Olgiimleri [11]

Olgiim Olgiilen OSHA Sin1r
Olgim | Olgiim Yapilan Olgiim Yapilan Deger
No Tarihi Boliim Parametre Degeri
Kisi (ng/Nm3) | (ng/Nm3)
. Mikronize Degirmen | Solunabilir
1 02/02/17 | Calisan-1 E— o 13300,5 5000
2 02/02/17 | Calisan2 | Sevkiyat-1 i‘;l;mablhr 8927,0 5000
. Solunabilir
3 02/02/17 | Calisan-3 Sevkiyat-2 Toy 12146,0 5000
4 02/02/17  |Calisan4 | Kalite Kontrol i‘j;nablhr 1056,0 5000
Solunabilir
5 02/02/17 Calisan-5 Bakim Onarim Tos 8745 5000

*Kisisel maruziyet Slgimlerinde personellerin isimleri actk bir sekilde belirtilmeyerek Calisan-1, Caligan-2 .... diye
tanumlanmigtir.

Tesiste bes personel tizerinde yapilan sekiz saatlik maruziyet
solunabilir toz Ol¢timleri sonucu elde edilen degetrler, OSHA'da belirtilen sinir deger ile
karsilastirilmistir. Yapilan maruziyet solunabilir toz Slgimlerinde Slgim yapilan personellerin
maruz kaldigi toz degerlerinin OSHA sinir degerlerini saglamadigt tespit edilmistir. Ortamda gozle
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gorilir toz vb. bulunmast ve kuvars tozunun Silikozis gibi kronik bir rahatsizliga yakalanma

olasiligint minimize etmek amact ile tozsuzlastirma projesine karar verildi.

Pnomatik

tasima

sisteminin  kurulmast

sonrasinda

sistemi

olusturan her bélum devreye girilmemis olup, kademe kademe devreye konulmasi tasarlanmistir.

Bu kapsamda, devreye alinan Mikronize Unitesi ve Degirmen Unitesinde kisisel toz maruziyet

Slgimleri yapimistir. Bu kisimlara ait sistemin devreye alinisinin %100'ni kapsayacak sekilde
yapilan toz 6l¢timlerini gosterir Cizelge 2 asagida verilmistir.

Cizelge 2. Tesiste Yapilan Maruziyet Toplam Toz Olgiimleri [12]

Olgiim Yapilan

Olgiilen Deger

.. .. Olgiim Yapil HA
Olglim No Olgtim Tarihi O“q?m aptian Parametre OS, . Slr?r
Kisi Bolim (ng/Nm?) Degeri (ug/Nm?)

Mikroni

1 28/05/18 Calisan-1 teromze Solunabilir Toz | 833 5000
Tesis I¢i

2 28/05/18 Calisan-2 Sevkiyat Solunabilir Toz | 204 5000

3 28/05/18 Calisan-3 Mikronize /g | nabilir Toz 408 5000
Degirmen Un.

4 28/05/18 Calisan-4 Kalite Kontrol | Solunabilir Toz | 298 5000

5 28/05/18 Calisan-5 Bakim Onarim | Solunabilir Toz | 907 5000

2.3. Fayda Maliyet Analizi

Calismaya ait fayda maliyet analizini gosterir veriler Cizelge 3 ’de
gosterilmistir. Fayda maliyet analizinin birbiti ile iliskilendiren diyagram Sekil 2’de, fayda/maliyet
oranindaki yillara gore degisim ise Sekil 3’teki diyagramda gorilebilmektedir.
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Cizelge 3. Tozsuzlastirma Projesi Fayda Maliyet Analizi

Maliyetler Faydalar Fayda/Maliyet Oram
Aciklama Fiyat (TL) | Etkilenen Olgiit (Nicel/Nitel) Yillar | Fayda Maliyet | Oran
Transporter (8 Adet) + Bilgisayar Calisan ~ Motivasyonunda
(1 Adet) + Yazilm (1 Adet) + Elektrik-Elektronik Artis,
Kurulum Kontrol Panel (1 Adet) + Kompresér (90 kWh) + 800 542.100 Blrgok sektor ve sirkete 1 212350’00 688.710 0,30833
Maliyeti | ™ CelikCekme Boru + Dirsek (Poliliretan ve i Nicel Nitel ornek teskil edebilecek
Bazalt=36 Addet) + Vanalar) 195.000 Euro x 2,78 sveren ’ olmasi,  Nihai iiriin
TL/Euro kalitesinde artis, Is Kazasi
Silo+Filtre (100 m3) Y.M. 27.000 ve meslek hastaliginda | 2 424.700,00 |808.320 |0,525411
Toplam 560.100 azalma 637.050,00 |927.930 |0,686528
Kompresor 849.400,00 |1.047.540 | 0,810852
1- Glinliik: 65 kWHx0,80=52
kWhx12saat/giin=624kWhx0,30 TL/giin=187 | 56.100 5 1.061.750,00 | 1.167.150 | 0,909695
TL/giin Calisan  Motivasyonunda
2- Yillik: 187 TL/giinx300 giin Artis,
] Yedek Parca Birgok sektdr ve sirkete | g 1.274.100,00 | 1.286.760 | 0,990161
Isletme isveren Nicel. Nitel ornek teskil edebilecek
Maliyeti 3 ' olmast, Nihai ~ {iriin
6600 kalitesinde artis, Iy Kazast | 1.486.450,00 | 1.406.370 | 1,056941
1- Ginlik: 0,2 TL/tonx110 ton/giin= 22 TL/giin ve meslek hastaliginda
2- Yallik: 22 TL/giinx300 giin azalma
Amortisman Bedeli 8 1.698.800,00 | 1.525.980 | 1,113252
569100TL/10 yil 56.910 9 1.911.150,00 | 1.645.590 | 1,161377
Toplam 119.610 10 2.123.500,00 | 1.765.200 | 1,20298
) 10.000 Adet BigBag X 5 Euro= .
50.000 Euro x 2,78 TL/Euro=..TL/y1l 139.000 Nicel
) 1 Adet Forklift Operatorii Maliyeti= (2000x3 TL/ay .
x 12 ay/yil)2=....... TL/yil 36.000 Nicel
- 1 Adet Diz Isci Maliyeti= | 32.400 ] Nicel
(1800x3 TL/ay x 12 ay/yil)/2=.. TL/yil Isveren, Calisan Tasarruf
1 Adet Forklift Yakit Gideri= .
i 3,7 It/saatx4 saatx3x300 giin= 3150 Nicel
900 1tx 3,50 TL/It=.... TL/y1l
- 1 Adet Forklift Bakim Gideri=../y1l 1.800 Nicel
- Toplam 212.350 Nicel
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TL
2.500.000,00
2.000.000,00 /
1.500.000,00 —
—b— Fayda
—m— Maliyet
1.000.000,00 Log. (Maliyet)
500.000,00 /
0,00 : . ; ; . |
o 2 4 [ 2 10 12 Yilar

Sekil 2. Fayda Maliyet Analizi Diyagrami

1,4

08 /
/ —&—Oran

016 /

0,4

0,2

1 2 3 4 5 6 7 8 9 10

Sekil 3. Fayda/Maliyet Analiz Oraninin Yillara Gore Degisimi (y:Oran, x:Y1l)
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Fayda maliyet analizi oranlart incelendiginde, 6zellikle ilk yillarda oranlarin (fayda/maliyet)
P’in alunda oldugu gorilmektedir. Bunun nedeni, projenin kapitaldeki kazan¢ beklentisinin
olmamasidir. Proje, c¢alisanlar tzerinde meslek hastaligina yakalanma riskini minimize etmeyi
amacladigindan, fayda maliyet oraninin 1 ve Uzerinde olmasi zaman almaktadir. Ayrica, meslek
hastaligina yakalanma neticesindeki sagliklt verilerin olmamast da bu oraninin asagi yonli olmasina
etkendir. Sirketin meslek hastaliksiz giin sayisinin artmasi, ticaret hayatinda itibar kazanmasi,
calisanlarin motivasyonundaki artis, urtiin kalitesindeki gozle gorilir iyilesmeler, triin kayiplarinin
azalmasina olanak saglamaktadir. Bu durumlar, nitel degerler oldugundan kazanca direk etki etmeyip,
dolaylt katki saglayan unsurlardir. Bu sebeple fayda maliyet oranindaki 1 ve st degere, cizelge ve
grafiklerde gosterilen tahmini stirelerden daha gabuk ulagilabilmesi kuvvetle muhtemeldir.

3. SONUC ve ONERILER

Yapilan ¢alismalarin neticesinde i¢ ortam hava kalitesinde tozsuzlastirma faaliyetleri etkisinde
gozle gorilir iyilesmeler oldu. 2018 yilinda yapilan Slgiimler ile de bu durum anlasimaktadir.
Yukaridaki ¢izelgeler incelendiginde ¢alisma yapilan mikronize ve degirmen tnitelerinde, bir 6nceki
6lcim degerleri ile bir sonraki 6l¢im degerleri kiyaslandiginda toz dl¢timlerinde belirgin dusiisler tespit
edilmistir. Ornegin, proje 6ncesi yapilan élgiimde gésterilen Mikronize Tesis ve onun i¢ bolimii olan
Degirmen Unitesi arasinda yapilan 6l¢iimde 13300,50 pg/Nm? élciilen degere karsilik, proje sonrast
caligma kapsaminda yapilan 6lcimde bu degerin 408 pg/Nm?e kadar dustigu gortlebilmektedir. Bu
da sistemin amaci dogrultusunda ve hava kalitesine olumlu seyredecegi fikrini desteklemistir.

Pnomatik sistem tozsuzlastirmanin yaninda isletmeye bagka faydalar da saglamistir. Bunlar;
Hava tasima nedeniyle yer isgalinin olmamasi
Bigbag kullaniminda azalma
Sistemin kapali olmast
Forklift kullanma ve tagima maliyetlerinin olmamast
Iscilik emegi gerektirmemesi
I¢ ortma hava kalitesinin iyilestirilmesi
Bakim gereksiniminin olduke¢a az olmast
Sinyalizasyon ve otomasyona muisait olmast

Kalite ve itibar kazanimi

SR N N N N U N N NN

Calisan motivasyonundaki yiikselis vb.

Ozellikle Mikronize ve Degirmen iinitelerinde bu galismanin yapilmast
tozun en ¢ok goruldigu kisimlar olmasi, bu sayede triin ve atiklarin silodan bigbaglere bosaltilmast,
bigbaglerin forkliftle tastnmasi, bighagden siloya bosaltilmasi, elevatorle degirmen besleme silosuna
transfer edilmesi asamalart harfiyen uygulanarak calisma ortaminda gbzle gorilir bir hava kalitesinin
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olusmasina olanak saglanmustir. Bu nedenle, calisma alninda uzun siireli (giinde 7,5 saat) calisan
personellerin toza maruz kalma olasihgr azaltilarak, silikosiz tarzi meslek hastaliklarina yakalanma
olasiligi azalmistir. Ulkemizdeki ézellikle maden sahalarinda yasanan is kazalari ve meslek hastaliklari
acisindan degerlendirildiginde, yapilan bu ¢alismanin maden isletmecilerine, maden yoneticilerine ve
kamusal alanda madencilik faaliyetlerinde bulunanlara referans olacagi ve tlkemizin insan odakl
yaklasimina referans gosterilecegi muhakkaktir.
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Fay Kili Mineralojisinde SEM ve XRD Veri Analizi

Ayse Didem KILIC'

1.GIRIS

Ilkkkez Ramsay (1980) tarafindan kullanilan makaslama zonu terimi, yan kayalara gére yiiksek
deformasyona ugramis, cogunlukla dar ve sinirlandirlmis zonu karakterize eder. Kuzey Anadolu Fay
zonu, Dogu Anadolu Fay zonu makaslama zonlarinin gelistigi biiyiik dogrultu atimli fay bélgeleridir.
Yogun deformasyon nedeniyle belirgin sekilde yan kayalardan ayrilabilen bu zon; gevrek, gevrek-
sinimli ve sinimli olarak ti¢ alt gruba ayrilir. Gevrek makaslama zonlari birbitlerine paralel/yaklasik
paralel pek cok fayin oldugu sinirli bir alanda agik bir sekilde siireksizlik gosterir. Bu zonun kenar
zonlari elastik davranis limiti icerisinde kalarak ya deformasyona ugramazlar veya bresik o6zellik
gosteritler. Gevrek-sinimlii makaslama zonlart fayin her iki yakasinda 10m kadar mesafede
go6zlenebilir.

Fay strinme kivrimlart en belirgin 6zelliklerindendir ve fayin hareket mekanizmasinin
tanimlanmast ile ilgili 6nemli bir belirtectir. A¢ilma catlaklari, sigmoidal sekilli yapilar gbzlenir. Fay kili,
bres gibi farkli fay kayalarinin gelistigi gevrek makaslama zonlart yer kabugunun yiizeye yakin
kisimlarint isaret eder (Ramsay, 1980; Brindley ve Brown, 1980).

Bres serisi, kataklaz serisi, milonit serisi ve fay kili olarak mm.den cm ye kadar farkli boyutta
kayalari kapsayan makaslanma fay zonlar fiziksel kosullarin kaya¢ bilesimi tizerindeki etkilerini
barindiran aktif boélgelerdir ayni zamanda. Kiristalin kuvars ve feldispat iceren kitasal kabugu
dformasyona ugratan fay zonunda elastik-stirtinmeli davranis gosteren st seviyelerde fay kili (unu),
bres, kataklastik seri ve pseudotakilit gibi fay kayalart olusurken, sicakligin kismen daha yiiksek oldugu
derinlerde yari-plastik 6zellik gésteren sintimlii kayalar (milonit serisi) gelisir. Mason (1978) tarafindan
yapilan bir ¢alismaya gore herhangi bir kaya icerisinde gelisen fay zonu, yiizeye yakin kesimlerde fay
bresi, derinlerde ise milonitik kaya gelisimine neden olur. Ancak, zaman igerisinde tektonizma ve
astnma ile derinlerde olusan milonitik kayalar ylizeye cikabilir.

Fay izi boyunca yiizeyde ve aktif fay zonlarinda, genel olarak ince taneli kum, silt ve tane boyutu
2 mikrondan daha az olan cesitli turlerde killer gelisir. 25°C-400°C araliginda ve yaklastk 2-15 km
derinliklere kadar durayl olabilen fay killeri fay kayalarinin litolojisine gore farklilik gésterirler. Bu
calismada amacimiz, aktif fay zonlarinda sikca goriilen fay killerinin mineraloji ve makroskopik olarak

! Dog. Dr., Firat Universitesi, Mithendislik Fakiiltesi, Jeoloji Boliimii-Flazig, Orcid:0000-0002-6804-6764
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tanimlayabilmektir. Ayrica, fay bolgelerinde yer alan siirecler hakkinda fay kili mineralojisi ve
jeokimyasindan olusumlari, sonraki evreler hakkinda tahmin gelistirmektir.

2. YONTEM

Inceleme alanin fay zonu olmast sebebiyle, kil boyutu ince kesit veya ICP-MS gibi analizlerle
belirlenemeyecek kadar kiictik taneleri de icerir. Fay kilinin icerigini belirleyebilmek icin XRD (X-Ray
difaktometre) analizi ve SEM kullanilmustir.

XRD metodu; 22 mikron elek ¢apindan gececek kadar kiiciik toz
taneler, 1-2 gram kadar olacak sekilde hazirlanir. Mimkiin oldugunca az yonlendirme ile dik bir sekilde
preslenir. Saf su ile stspanse edilen Ornekten, tane boyutu 2 mikrondan biyiik olanlar ¢éker, daha
kiiciik olanlar yukarida kalir ve su igerisinde bir ayrilma gelisir. Elementlere ait, her bir pik standart bir
minerali karakteriz ettigi icin, karsilastirma ile mineral belirlenir.

Fay zonundan alinan ve kesit yapilamiyacak kadar toz tanelerinden olusan kayaclarin
minerallerinin, dokusal ve morfolojik  6zelliklerinin ~ belirlenilebilmesi amaciyla iki 6rnek tzerinde
taramali elektron mikroskop incelemeleri (SEM) yapilmustir. Firat Universitesi Merkez laboratuvarinda
gerceklestirilen SEM ve XRD c¢alismast, yaklasik 0.5 cm3’lik 6rnegin Gst yiizeyi altinla  kaplanmis ve
daha sonra LO-435VP marka 0-300.000X buyttmeli taramali elektron mikroskopta ti¢ boyutlu
goruntileme alinarak incelenilmistir.

Fay Zonu Litolojisi

Dogu Anadolu Bélgesi’nde gliney kol, kuzey kol ve Karasu ¢ukurlugu olmak tizere ii¢ ana
bolimden olusan Dogu Anadolu fay1 aktif tektonik hatlardan biridir (Duman ve Emre, 2013).
Gunumiizdede etkinligini sirdiren DAF’1n yillik kayma hiz1 9£1 mm/yildir McClusky vd., 2000).

Uzunlugu yaklasik 580 km olan bu fay tizerinde Bing6l-Karliova, Ilica, Elazig-Palu, Malatya-
Piitiirge, Erkenek, Pazarcik ve Amanos segmentleri tanimlanmistir (Kokiim, 2019; Kékiim ve Inceéz,
2018). Fay zonu igerisinde volkanik kayaglar, asitik magmatitler, kumtasi-seyl, marn, ¢akiltast, resifal
kirectaslari, konglomera, kaba taneli kumtaslart ve akarsu ¢okelleri olan aliivyonlar gibi farklt kéken ve
kayac yapisinda litolojik birimler gérilir. Fay zonu deformasyon ve tektonizmanin yogun oldugu
alanlar oldugundan kataklaz olusumu da yaygindir. Fakat en Genmli Ozellik fay kili gesitliligi ve
neomineralizasyondur. Litolojik birimlerin bresik boyutta malzemeleriyle i¢ ige alterasyon
minerllaerinin yogunlugu dikkat ¢ekicidir. Alterasyon tirleri arasinda ¢atlaklar ve bosluklar boyunca
gelisen klorit ve epidot olusumlari, stilpnomelan, serizit, kalsit, kuvars sayilabilir (Kili¢ ve Inceoz,
2015).

Fay Kili Mineralojisi

Kil mineralleri farkl sicaklik ve basing araliginda degisim gosterir. Ancak ayni1 sicaklik ve basing
kosullart altinda dahi degisiklik gostermesi pH ile ilgilidir (Robertson ve Wu, 1979). Inceleme alan
icerisinde belitlenen fay zonu kil mineralleri; Kaolinit, illit, montmorillonit ve klorittir.
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Kaolinit kil minerali Perry and Hower (1970)’e gore derinlikle azalan bir 6zellige sahiptir.
Yerkabugunun ist seviyelerinde 100-200°C sicaklik araliginda kararlidir. Derinlikle kaolinit miktarinin
degisiminin bazi sebepleri vardir. Kaolinit minerali derinlik arttik¢a, Mg ile kombinasyon yapar ve diger
fazlarla gelisen reaksiyon sonucu illit ve klorite veya kuvarsla reaksiyon sonucu propillite dontistir
(Velde, 1977). Hidrotermal alterasyon trtini olan bu mineral, epimetamorfizma sirasinda silikat
minerallerinin alterasyonu sonucu gelisen minerallerin yapisina katidir (Sekil 3.1).

Illit, sedimanter kayaclarin en yaygin kil minerallerinden biridir. Artan sicaklik ve basing
etkisiyle sedimanlarin illit iceriginin artig1 goriliir. Fay zonundan alinan fay kili 6rnekleri disinda diger
kayag ttrlerinde de illit olusumlart mevcuttur. Bu mineral, ortalama 400°C sicaklik ve 2 kb bir basincta
kararlhidir (Velde, 1977) (Sekil 3.2). Diyajenetik illit olusumlari, fayin kestigi litolojik birimlerden
kirectast ve bazik magmatiklerle iliskilendirilirken, fay killerindeki illit olusumlari psédotaklitlerle veya
hidrotermal alterasyonu ile iligkilendirilir. Analizi yapilan 6rnekler igerisinde illit bilesimli kil mineralleri
iceren sedimanter kayaglarin varligy, illit mineralizasyonunun hem protolitten hemde hidrotermal
stureglerin fay zonu igersindeki etkinliginden kaynaklanmis olabilecegini gosterir.

Klorit, fay kayalarinda yaygin olarak izlenen diger bir kil mineralidir (Sekil 3.1 ). Ozellikle
kayaglarin catlak ve oyuklarinda yaygindir ve diger alterasyon mineralleri ile birlikte izlenir. Distik
dereceli metamorfizma kosullarinda stkca gérdiigimuz bu mineral, sedimanter kayaclar icerisinde de
mevcuttur. Klorit minerali fay kili 6rneklerinde en yaygin tiirlerden biridir (Sekil 3.1).

XRD ve SEM Analiz Verileri

Faylanma veya hidrotermal akiskanlarin etkisiyle olusan kil 6rneklerinden XRD analizi
yapilmistir. Yapilan tim kaya XRD analizi sonucunda igerisinde illit minerali bulunan 1262, 1286 ve
1477 m derinlige ait 6rneklerden yapilan SEM analizi de benzer sonuglar vermistir (Sekil 3.2, Sekil 3.3).
Bu 6rneklerde illit minerali yaninda, klorit, kalsit, feldispat, kuvars, dolomit ve simektit mineralleri
belirlenmistir.

Sekil 4.1“de TK-12 ye ait XRD difraktogram verisi goriiliir. Ornegin XRD analizinde birincil
mineral olarak 3.36, 4.24, 1.83 A degerleri ile Kuvars minerali, 10.01, 3.62, 3.11, 2.52 A degerleri ile
illit minerali ve 14.0, 5.1, 4.47 A degetleri ilede montmorilonit minerali belirlenmistir (Sekil 3.1).
Tektonik aktiviteye baglt olarak yiizeye yikselen hidrotermal akiskanlar etkisiyle olustugu dustinilen
fay killerinin 6nemli bir bélimide deformasyon ve alterasyona bagldir.
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Sekil 3.1. Fay kili X-Ray Difraktometre grafigi

TM-1/7 nolu 6rnege ait diger bir SEM gortuntustinde de kalsit olusumlart gorilir. Kalsitler
tipik trigonal yapidadir ve kimelenmis bir haldedir. Alinan Sl¢timlerde karbonat alterasyonu sonucu
kalsit minerallerinin gelistigi belirlenmistir (sekil 3.2).

TK-1/2 nolu 6rnegin SEM gériintisiinde, montmorillonit (solda) ve illit (sagda) mineralleri
gorilmektedir. Tipik dalgali, kivrimli ve yapraksi yap1 gosteren montmorillonit minerali ile karakteristik
levhamsi yapi gosteren illit minerali net goriintii vermektedir (Sekil 3.3).

( q 9 27 2 o

Sekil 3.2. TM-1/7 6rneginin SEM goriintisi ve kalsit(Cc) minerali
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Sekil 3.3. TK-1/2 nolu 6rnege ait SEM gériintiisii. Montmorillonit (Mon), Tllit (I1).
3. SONUCLAR

Fay zonlari, bres, kataklaz, milonit ve fay kili gibi farklt fay kayalarinin olusumuna sebep olan

mekanik ve tektonik etkileri barindirir.

Incelenen 6rneklerdeki porfiroklastlar ve yonli dokunun gelismesi, mineral alterasyonlart,
deformasyon mineralleri veya farkli goriinime sahip kivrimlarin bulunmasi, neo-mineralizasyon,
karbonat ve silis minerallerinin yayginligt fay zonu kayag yapilaridir. Dogu Anadolu fay1 gibi biytik fay
zonlart muhtemelen daha az zayif noktalar kesisimini kapsar ve gerilmeye karst kayac gruplarinin
gosterdigi tepkide farklilik gosterir.

Fay zonu tektonigine baglt olarak gelisen KID-GB dogrultulu fay ve ¢atlak sistemlerini i¢inde
bulunduran DAF makaslanma zonu; Tektonizmaya baglt olarak hidrotermal akiskanlarin ve kayag
alterasyonunun sonucu olarak farklt kil minerallerini kapsar. Fay zonu igerisinde illit, kaolinit,

montmortillonit ve klorit belirlenmistir.

Fay kili 6rneklerind yapilan X-Ismnlart difraksiyonu (XRD) ve taramali elektron mikroskobu
(SEM) verileri birbiriyle uyumlu olup, kalsit, feldispat, klorit, dolomit ve kuvars mineralleri mevcuttur.
Fay kili fraksiyonu incelemelerinde, klorit agirliktadir ve illit ve montmorillonit minerallerinede
rastlanilmustir. Incelemeler sonucunda illitler, politipleri diyajenetik ve hidrotermal olusumlarken, klorit
ve montmorillonit hidrotermal kaynaklidir.
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Introduction

Remarkable advances in optoelectronics over the past decade have significantly directed the
scientific focus to exploring new 2D materials with unique optical, electronic and excitonic properties
(Tang and Zhou, 2013: 1244-1315; Miro et al., 2014: 6537-6551; Xu et al., 2013: 3766-3790; Xue et
al., 2017: 1-20; Khan et al., 2020: 387-428). Various intriguing properties of 2D materials have been
revealed to date, endowing great potential for significant applications in energy, electronics and
photonics (Tan et al., 2014: 25836-25840; Zhang et al., 2015: 2-3; Jiao et al., 2015: 2683-2685; Tan et
al., 2017: 6225-6328; Tan et al., 2020: 2-18). Furthermore, the van der Waals type 2D hetero-structures
have proven successful for a number of ultrathin and flexible device applications (Cheng et al., 2018:
2-11; Liu et al., 2016: 3-15). However, their practical applications are still limited owing to some
inappropriate characteristics such as the lack of bandgap or too large bandgap, stability and toxicity
issues (Zhou et al., 2007: 2-5; Tang et al., 2011: 1-6; Ke and Kanatzidis, 2019: 1-4). Therefore, the
search for novel 2D structures is of paramount importance for next generation nanodevices. Over the
past decade, diverse approaches have been developed to exfoliate layered materials to produce
monolayer and ultrathin-layer nanosheets, such as ion intercalation/exchange, liquid exfoliation that
involves oxidation and metal-assisted mechanical exfoliation (Nicolosi et al., 2013: 1-18; Paton et al.,
2014:1-6; Desai et al., 2016: 1-5; Huang et al., 2020: 1-8).

Bismuth triiodide (Bils) is a typical metal halide to be used in optoelectronic applications,
particulatly as light absorbing layer in solar cells, owing to the favorable properties such as high defect
tolerance, high structural strength, low toxicity, high absorption coefficient and wide diffusion length
(Jellison et al., 1999: 1-4; Yorikawa and Muramatsu, 2008: 2-5; Brandt et al., 2015: 1-5). The layered
2D crystal structure of Bil; is built from Bils octahedra (Brandt, 2015: 4298). Bi atoms are
symmetrically coordinated by iodine atoms, exhibiting an ABC stacking order and ionic Bi-I bonding
within the layers along with weak van der Waals interaction between layers. Monolayer Bil; structure
has bismuth atomic planes located between iodide atomic planes, yielding the sequence of I-Bi-I. It
can be inferred from the computed dispersion relation that bulk Bil; has an indirect bandgap of about
1.75 eV (Brandt, 2015: 4298-4299) (and a direct optical transition slightly higher in energy), which was
also confirmed experimentally (Podraza et al., 2013: 2-8). The electronic structure of Bil; nanosheet
together with the DOS distribution refers to an indirect semiconductor with a bandgap of 1.57 eV,
which was calculated by the incorporation of SOC contribution (Ma et al, 2015: 1-6). Meanwhile, the
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Bil; thin films and flakes have been synthesized using various methods including thermal evaporation
and physical vapor deposition (Fornaro et al., 2004: 2). It is highly beneficial to explore the Bil;
nanostructures for gaining insight into the properties at the atomic scale; however, single-layer Bils
nanosheet has not been synthesized yet. Thus, more detailed experimental investigation on its
properties may enhance our understanding to their intrinsic characteristics and provide useful
guidelines for the synthesis of mono/multilayer(s), facilitating their practical applications.

In this study, large-scale ultrathin 2D Bil; crystal layers have been reported, to the best of our
knowledge, for the first time in the literature. Metal-assisted exfoliation method was utilized to obtain
the Bil; structures with the thickness of about 4 nm and the lateral size of tens of microns. Systematic
investigation of the material properties was also conducted using diverse spectroscopy and microscopy
techniques. In addition, the optimum gold layer thickness was determined to be 100 nm, as observed
from transition metal dichalcogenides (TMDs). It is anticipated that the suggested metal-assisted
induced-strain based physical approach will make it possible to produce high quality 2D nanomaterials
with large lateral area. Our work provides a facile route for exfoliation of ultrathin pure single Bil;
nanosheets from the bulk phase, which may reveal its great potential in optoelectronics and
photovoltaics.

Methods

Growth of Bil; crystal flakes: The Bils powder was purchased from Sigma-Aldrich and used
without further purification. Physical vapor transport technique was utilized for the crystal growth.
A charge of 5 g Bil; powder was loaded into a properly cleaned glass ampoule, which was later
vacuumed and sealed in argon atmosphere. The ampoule end with Bil; powder was placed at 310 °C
and the other end was placed at room temperature. The growth time was determined as 7 days for 5
g of powder. After that, the furnace was cooled down at a rate of 1 °C/min. Many tiny crystals, needles
and platelets were found to stack up together in the ampoule where the temperature was measured to
be around 230 °C, which is the growth temperature of the single crystal platelets. The platelets were
separated from the polycrystalline mixture by using tweezers. The typical platelet has a surface area of
10 - 20 mm?® and a thickness of 100 - 150 um.

Metal-assisted exfoliation of Bil; ultrathin layers: A thin gold layer was evaporated on bulk
crystal surface already located on an adhesive tape. After that, the uppermost layers were peeled off
by using a thermal tape to obtain the thermal-tape/gold-layer/multilayer-Bil5 structure. It was later
located on a SiO,/Si substrate treated with O, plasma to increase the surface energy. The thermal tape
was then released at around 110 °C using a hot plate on which the structure was put. The gold film is
etched using the standard KI/I,/H>O-based gold etchant including potassium iodide (KI: 21%) and
iodine (I»: 8%) wet etch (Transene gold etch - type TFA for 4 min). Final cleaning step was applied by
rinsing the sample with acetone and isopropyl alcohol for 10 min to remove residues. Following these
steps, large-atrea ultrathin Bils layers on SiO,/Si substrate were obsetved.

Standard adhesive tape based exfoliation of Bil; nanosheets: Thin crystals were first peeled off
from their bulk crystals by using adhesive tape. These freshly cleaved thin crystals on the tape were
brought into contact with 300 nm SiO; on Si substrate and rubbed 4-5 times for further cleaving.
After removing the tape, multilayered thinner nanosheets left on the substrate.
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Characterization: AFM measurements were carried out using Asylum system with standard
tapping mode tip. Steady-state absorption spectroscopy was done using Thermo Fisher Scientific UV-
Vis spectrophotometer. WITec system including a continuous wave laser with an output photon
energy of 3.06 eV (405 nm) was used to investigate the steady-state PL characteristics. Optical images
were collected via a Zeiss standard light microscope. Raman spectroscopy measurements were
conducted using a Horiba Scientific spectrometer including 532 nm laser source.

Results and Discussions

Bulk Bil; single crystal flakes with the lateral size of about 5 mm were growth using physical
vapor transport (PVT) method. Figure 1(a) shows the optical microscopy image of a crystal flake
utilized in this study. Absorption and photoluminescence (PL) spectra of the Bil; crystals are presented
in Figure 1(b), in which the absorption edge is matching well with the PL peak energy of 1.77 eV,
which is consistent with the literature value of about 1.79 eV (Brandt, 2015: 4299). In addition,
scattered light interference pattern was observed by stimulation at relatively high power from the flakes
encapsulated in glovebox, which indicates high crystallinity of the Bil; layered structure.
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Figure 1. (a) An optical microscopy image, and (b) PL and absorption spectra of bulk Bil; crystals
growth via physical vapor transport.

Gold-assisted exfoliation method was used to obtain ultrathin layers of the crystals in a more
controlled manner compared to standard adhesion based exfoliation. The degree of toughness of the
metal film and the lattice mismatch with the crystal might implement enough strain to peel off the
uppermost crystal layer(s), which is the phenomenon discussed before in the literature for TMDs
(Zhou et al., 2016: 1-9). Considering this perspective, in this study, we could exfoliate Bil; ultrathin
layers with the size of tens of microns on SiO,/Si substrates, as observed from the optical microscopy
images in Figure 2. The method worked properly with these crystals because there is high lattice
mismatch between Bil; and gold, and thus an adequate amount of strain is involved in the system to
exfoliate the uppermost layers. Thickness dependent stiffness of the Au layer is another parameter of
this method to enhance the yield. Therefore, various Au layer thicknesses were used to obtain the
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optimum value. As observed from the structures shown in Figure 2(a-c) with the gold layer thickness
of 25 nm, 40 nm and 60 nm, respectively, the thicknesses smaller than 100 nm yielded less
effectiveness in terms of scalability, integrity, and also reproducibility. Conversely, Figure 2(d-f) shows
that the Bil; layers obtained using 100 nm thick Au layer provide higher material quality, as observed
from the images acquired from different samples in the study.

Au: 100 nm

Figure 2. Optical microscope images of Bils layers exfoliated via gold-assisted method using gold
layer thickness of (a) 25 nm, (b) 40 nm, (c) 60 nm, and (d-f) 100 nm from different samples.

Structural analyses of the Bil; ultrathin layers have been carried out in terms of thickness using
atomic force microscopy (AFM). Figure 3 (a-b) shows the AFM images of the layers obtained using
the Au layers with the thickness of less than and equal to 100 nm, respectively. It was inferred that
approximately five-layered Bil; structures with a thickness of about 4 nm could be produced, as seen
from the corresponding height profiles in Figure 3(c-d). However, structural quality of the layers is
observed to be better for those yielded with the help of 100 nm thick gold layer. Overall, the AFM
analyses confirm the results from the optical images. Furthermore, the exfoliation of BiOI and
(BA)2Pbl, crystals was also performed; however, the method didn’t work properly enough with these
crystals owing to the intrinsic material properties and probably lower strain induced over the crystal
layers.
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Figure 3. AFM images of Bil; layers exfoliated through metal-assisted method with the gold thickness
of (a) <100 nm and (b) 100 nm, and the corresponding height profiles in (c-d).

Raman spectroscopy measurements for further analyses of the reported Bil; layers have been
also conducted. As shown in Figure 4(a), Raman peaks were observed at around 88, 107, 155 and 178
cm as pointed in the inset figure, which is in good agreement with the literature values and indicates
that the material did not deteriorate during the exfoliation process (Jain et al., 2018: 2-9). PL
spectroscopy analyses have been also performed using the exfoliated Bil; samples followed by TEFSI
superacid treatment and encapsulation in glovebox. The optical microscopy image of the
representative sample is presented in Figure 4(b). The PL spectra collected from the regions indicated
as green and red points in the figure are shown separately in Figure 4(c). Compared to the intensity
collected from the thicker crystal (red), it was observed that the PL intensity from the thin layer
increased and shifted to higher energy region of the spectrum as seen from the figure. PL and peak
position maps given in Figure 4(d) and 4(e), respectively, also confirm these results. However, as it
was reported in the aforementioned theoretical study that single Bil; layers have indirect band
structure, further systematic studies are needed to come to a robust conclusion (Ma et al., 2015: 2-6).
In addition, as above-mentioned, it was observed that the layered structure of Bil; is behaving as a
distributed Bragg reflector when the crystals are analyzed at high-power stimulation regime. Thus, it
is of great significance to discriminate scattered light contribution from the PL of these samples.
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Figure 4. (a) Raman spectrum of the exfoliated Bil; sample together with the corresponding optical
image (inset). (b) Optical microscopy image of the representative exfoliated Bil; sample encapsulated
in glovebox. (c) PL spectra collected from the thick and thin layers pointed in (b). Maps of (d) the PL.
intensity and (e) the peak wavelengths over the area in (b).

To make an appropriate comparison, classical adhesion based method followed by sonication
for around 1 minutes was also utilized to exfoliate Bils crystal layers. Figure 5(a,b) shows an AFM
image and the corresponding height profile from a Bil3/SiO,/Si sample. Optical image of the sample
is also presented in the inset of Figure 5(a). It can be concluded from the height profile through the
red line in (a) that there are thin layers with the thickness of about 40 nm, which corresponds to Bils
multilayers. Figure 5(c,d) further shows an AFM image and the corresponding height profile from
another exfoliated Bils on SiO,/Si substrate. It is inferred from the profile that there exist thin and
thicker layers together in the sample. As a result, the standard exfoliation method utilized for various
optoelectronic materials so far is much less efficient for Bils crystals when compared to the gold-
mediated exfoliation.
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Figure 5. (a,c) AFM images from different Bil;/SiO,/Si samples with (b,d) the corresponding height
profiles. The inset figure in (a) is the optical image of the respective region.

To sum up, ultrathin Bil; crystal layers with large-area of tens of microns have been reported
for the first time in this study. Gold layer thickness was determined as another effective parameter
considering the stiffness of metal layer and the optimum value was defined as 100 nm, which is similar
to that for 2D TMDs. Thickness control of the crystal nanosheets is anticipated to be able to realize
by varying the metal used in the metal-assisted exfoliation process, considering the amount of stress
induced in the uppermost crystal layers. This study may pave the way for understanding the underlying
characteristics of Bils crystal from the fundamental building blocks and for exploring a universal
production strategy of large-area high-quality 2D materials in optoelectronic applications.
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Perdahgi Canan, Hasanoglu Onur, Doruk Ziya; Tiinel Aydinlatmasi Hesaplarinda Standartlarin Kullanimi Ve
Onemi

Tiinel Aydinlatmas1 Hesaplarinda Standartlarin Kullanimi ve Onemi

Canan PERDAHCF
Onur HASANOGLUF?

Ziya DORUK’

Girig
Tunel aydinlatmasi, emniyetli tinel wulasiminin saglanmast i¢in  6nemlidir. Ttnel
aydinlatmasinin olmadigt veya yetersiz oldugu tinellerde trafik kazast olma riski oldukga fazladir. Bu

yuzden tinel aydinlatmasinin uluslararasi gecerliligi olan standartlar dikkate alinarak yapilmast
gerekmektedir.

Tunel aydinlatmasi hesaplarinin yapilabilmesi i¢in uluslararasi tunel
aydinlatma standartlarindan (CIE 88:1990, CIE 88:2004) yararlanilir. Bu standartlarin yaninda Avrupa
tlkelerinde tiinel aydinlatmasinda kullanilan Avrupa Tunel Aydinlatmasi Sartnamesinden de
yararlanilmaktadir.

Uluslararas: Standartlar ve Avrupa Tinel Aydinlatmast Sartnamesine
gore aydinlatma hesaplart yapilan tineller trafik giivenligi agisindan ¢ok daha giivenilir olacaktir.

Bu calisma ile tiinel aydinlatma hesaplari icin yapilmasi gerekenler
uluslararast standartlar ve Avrupa Tinel Aydinlatmast Sartnamesi dikkate alinarak agiklanacaktir.
Boylelikle tiinel aydinlatmast hesaplarinda bir rehber niteligi tastyan ¢alismamiz ile cok daha dogru ve
standartlara bagimli tiinel aydinlatmasi hesaplari yapilmasina katk: sunulacaktir.

Yontem

Tunel aydinlatmast hesaplarinin yapilabilmesi igin dikkat edilmesi
gereken ayrintillar vardir. Bu aynintilar derlenirken Uluslararasi Standart olan CIE 88:1990 ve CIE
88:2004 standartlarindan yararlandmistir. Bu standartlarin yani sira tiinel aydinlatmasinda Avrupa
tlkelerinde oldukea yaygin kullanilan Avrupa Tunel Aydinlatmasi Sartnamesinden de yararlanidmistir.

1.Ttinel Aydinlatmasinin Amaci ve Tiinel Aydinlatmasinda Dikkat Edilmesi Gerekenler

Ttunel aydinlatmasinin en temel amact, belirli bir tasarim hizinda tim
zaman dilimlerinde devamlt olarak akan trafigin tiinelin disinda oldugu gibi tinelin icinde de aynt

1 Canan PERDAHCI, Dog. Dr., Kocaeli Universitesi, Elektrik Miihendisligi Anabilim dalt
2 Onur HASANOGLU, Elektrik Miihendisi., Kocaeli Universitesi, Elektrik Miihendisligi Anabilim dalt
3 Ziya DORUK, Yiiksek I¢ Mimar., Mavi Giyim A.S
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emniyet ve rahatlikla gecmesini saglamaktir. Ttinel aydinlatmast ile arag siirtictisii goris alant boyunca
giiven ve emniyet duygusu hissetmelidir (CIE88:1990,1990:3-6).

Tinel aydinlatmasinda,

-Yol ve Tinel duvarlarinda olusan pariltt (nit) degeri, Yol boyunca pariltinin esit ve diizgtin dagilima,
-Kamasma faktoriiniin en kiiciik degere indirilmesi kontrold,

-Isik titremesinin yok edilmesinin saglanmasi

Durumlarina dikkat edilmesi gerekmektedir.

2. Tunel Aydinlatmasinda Boélgeler

.é __________________ S D, = >
Tinel Uzunlugu
| I |
B |
R ! |
:E | 2‘” | 1
‘m | @ | :
— Lo x| 2 i i
E 21 e :
5 NG Trafik &kis Yond :
L i I .
- | | | Lex
= ! l |
= i _ i
e | i e L. I¢ Bolge ' JE I
| | L |
| I ] Eﬂ |
| : i 2 i
| i | . |
i Sloesi s | I I z |
!n‘LDus Bolgesi = : A : !Mesafe m

Sekil 1. Tinel Aydinlatmasinda Bolgeler (CIE88:2004,2004:5)

Tinele girmeden 6nceki glindiiz gines 15181 pariltt degerinin tunelin icindeki pariltt degerinden ¢ok
daha yiiksek olmasi, insan goziiniin tiinele girerken adaptasyonunu olumsuz etkiler. Bu nedenle, tinel
aydinlatmast projesi hesaplarinda tiinelin disindaki ve tiinelin igindeki pariltt degeri farkinin buyik
olmamast gerekir.CIE 88:2004 Standardina gore tiinel bes bolgeden olusmaktadir. Bunlar dis bolge,
esik bolgesi, gecis bolgesi, i¢ bolge ve cikis bolgesidir. Giindiiz saatlerinde tinelin dist ile tiinelin
igindeki pardti degerleri arasindaki fark fazla oldugundan, tiinel aydinlatmasi proje hesaplari yapilirken
standartlardaki bolgelere ait olan degerler dikkate alinmalidir. Strtcinin emniyetli, giivenli ve sagliklt
yolculuk yapmast saglanmalidir (CIE88:1990,1990:4), (Perdah¢1,2014:1-3)

2.1 D1s Bolge

Tunelin uzunlugu, esik bolgesi, gecis bolgesi, i¢ bolge ve cikis
bélgesinin uzunluklarinin toplamidir. Dis bolge ise esik bolgesine girmeden Onceki mesafedir
(CIE88:1990,1990:5).

Ttunel aydinlatmast hesaplarinin yanlis yapildigy, paridtinin standartlara
uygun olmadigi veya aydinlk dizeyinin yetersiz oldugu dis boélgede, ara¢ strictlerinin tiinele
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yaklagmastyla birlikte kara delik etkisi meydana gelir. Bu nedenle, siiriiciintin tinel girisinde kara delik
etkisi ile yavaslamak istemesi bircok kazaya sebebiyet verir. Tinel aydinlatmasinin aydinlatma
hesaplarini etkileyen en 6nemli parametresi, dis bolgenin pariltt degeridir (L) (CIE88:1990,1990:5).

Dis bolgenin pariltisi, tiinelin uzunlugunun dortte biri yiksekliginde
tiinele yaklasan ara¢ striicisinin gozinden 20 derecelik bir aginin ug¢ noktalarini biitiinlestirerek
konige benzer sekil olusturan bolgenin ortalama pariltt degeridir (CIE88:1990,1990:5).

2.2 Esik Bolgesi

Esik bolgesi tinelin girisinin ilk bolgesidir. Esik bolgesinin pariltt
degeri Ly, ile ifade edilir ve dis bélgenin parltt degerine baghdir. Esik bélgesinin uzunlugu fren
mesafesine gore belirlenir. Fren mesafesi, sirticiintin giivenli bir sekilde durabilmesi icin takip ettigi
arac ile arasindaki mesafedir (IZBEK, 2007). Fren mesafesi tiinel igerisinde izin verilen en biiyiik trafik
hizina gore degisim gosterir [1,2,5]. Tinel icin izin verilen en biytk trafik hizini ise tiinelin yapist,
cografi kosullart ve bulundugu konum etkiler (CIE88:1990,1990:6), (Perdah¢1,2014:1-3).

2.3 Gegis Bolgesi

Thunelin esik bolgesinden sonra gelen bolgedir. Gegis bolgesi pariltist
L¢y ile ifade edilmektedir. Gegis bolgesinin parilti degeri esik bolgesi pariltt degerinden kigiik, i¢
bélgenin parilti degerinden buytktir. [Gegis bolgesinin parilti degeri, tiinelin esik bolgesi parilti
degerinden i¢ bolgesi pariltt degerine gecisi saglamak icin kademeli olarak disurilmektedir. Gegis
bélgesinin uzunlugu, tiinel igin belirlenen en buytk trafik akis hizina gore ve esik bolgesinin sonunda
bulunan pariltt degeri ile i¢ bolgenin girisinde bulunan pariltt degerleri arasindaki farka gore belirlenir
(CIE88:1990,1990:6).

2.4 1¢ Bolge

I¢ bolge, gecis bolgesinden sonraki bélgedir. I¢ bolgede pariltt degeri,
tiim i¢ bolge uzunlugu boyunca sabit bir degerde kalmalidir,(Perdah¢t,2014:1-3). I¢ bélgenin pariltist.
L, ile ifade edilir. (CIE88:1990,1990:8)

2.5 Cikig Bolgesi

Cikis bolgesi, tiinelin ¢ikisinda yer alan bolgedir. Bundan dolay: tiinelin
ctkisindaki 1siktan etkilenir. Cikis bolgesinde gorebilirlik ve rahatliga dikkat edilmest gerekir. Strticd,
ctkis bolgesindeyken tiinelin ¢ikisinda bulunan isiltt nedeniyle nesneleri gorebilir. Fakat ¢ikis bolgesinde
yogun trafik oldugunda fren mesafesi korunamamaktadir. Bu nedenle 6nde giden aracin ani
hareketinin algilanmast zorlasacagt icin ¢ikis bolgesinin pariltt hesaplarina  dikkat edilmelidir
(CIE88:1990,1990:9)

3. Tunel Aydinlatmasinda Kontrast

Tunel aydinlatmasinda yiksek pariltt kontrasti, bir nesnenin veya araglarin daha iyi
gorinmesini saglamaktadir. Ttnel icerisinde yiiksek pariltt kontrastt tiinel duvarlarinin ve yol ylizeyinin
yansima faktorine baghdir. Kontrast degeri L/Ey, orani arttikca artmaktadir. L/ Ey orani, pariltt degeti
(L) ile dogru, disey aydinlik duzeyleti (Ey) ile ters orantilidir. Ttnel igetisinde L/Ey, oraninin yiiksek
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oldugu ve 151k dagilimi asimetrik olarak arag siiriiciisine dogru olan aydinlatma sistemine zit-yonli

aydinlatma sistemi denir. L./Ey orani dizgin 1zgara adt verilen uygulama ile hesaplanabilmektedir
(CIE88:1990,1990:10).

3.1 Diizgiin Izgara Uygulamasi

w/6
—-—@ L J @ @

w/3 S/4S/8
/ /}LA%/f— armatur

e o L ] <) — ara
mesafesi -
— — —— é] =) ;]:l

l—w=gerit genisligi—e]

—/—5h I ~ / 12h
Sekil 2. Duzgiin 1zgara yontemi (CIE88:1990,1990:10)

Sekil 2’de W=Serit genisligi, S=Armatirler arast mesafe h armatiir
montaj yuksekligidir. Diizglin 1zgara yonteminde, iki aydinlatma armatiirii arasina 3 adet yol dikine, 4
adet yol boyuna olmak tizere toplamda 12 nokta tanimlanir (Bkz. Sekil 2) . Bu her nokta icin pariltt
degetleri ve aydinlik diizeyleri 6l¢iiliir. Olgiim sonucunu etkileyen armatiirlerin belirlenmesi igin dikkat
edilmesi gereken sinirlar vardir. Bu sinirlar 6lgimu yapilacak noktanin 6ntinden tunel yuksekliginin 5
kat1 kadar uzaklik ile, arkasindan tiinel yiiksekliginin 12 katt kadar uzakliktir (CIE88:1990,1990:11).

Olgiim yapildiktan sonra tiim noktalarin, I/ Ey orant hesaplanir. L/Ey,
oraninin en kiicik olan noktanin degeri, aydinlatma sisteminin asimetrisinin = degeridir
(CIE88:1990,1990:11).

Aydinlatma sistemleri L/ Ey oranina gore belitlenir. Tablo 1°de
aydinlatma sistemlerinde olmasi gereken L/ Ey orant degetleri verilmisgtir.

Tablo 1- Aydinlatma Sistemleri (CIE88:1990,1990:11).

Aydinlatma Sistemi L/Ev Orani
Simetrik Aydinlatma Sistemi <0.2
Z1t Yonli Aydinlatma Sistemi > 0.6

NOT: L/Ey Orant 0,2 ile 0,6 arasinda olan aydinlatma sistemine neredeyse hi¢ karsilagilmamaktadir. Kargilagilmast
durumunda simetrik aydinlatma sistemi olarak kabul edilmelidir.

4. Giindiiz Aydinlatmasi
4.1 Tiinel Aydinlatmas1 Hesaplarinda Tiinel Boyutlarinin ve Yapisinin Etkisi

Bazt durumlarda tinelin giindtz aydinlatmasinin yapilmasina gerek
yoktur. Ttnel girisine fren (durma) mesafesi kadar uzakta bulunan noktadan tiinel igine bakilir. Bakilan
noktadan tiinelin ¢tkist gériinebiliyorsa tinelin giindiz aydinlatma hesaplarinin yapilmasina gerek
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yoktur. Fakat tiinele giin 1s1g1n1n az girmesi, duvar yansima faktoriiniin ok disiik olmasi, tiinelin virajl
veya egimi giderek artan bir cografi yapist olmast ve trafik yogunlugunun fazla olmasi durumunda

gindiz tunel aydinlatmasi yapilmalidir. Tinel veya altgecit in giindiiz tiinel aydinlatmasi yapilmadan
once Sekil 4 incelenmelidir. (CIE88:2004,2004:4)

Tiinelin uzunlugu <25 m 25-75m 75-125m >125m
[ 7 ~ ‘
Tiinele fren mesafesi b/ \ r \‘ ‘
kadar yaklasildiginda cikis ‘ Evet Hayir Evet Hayir
tam olarak gdriiniir mu? | R |
‘ + — | v a |
Tiinelin igine giin 15181 gok ‘ | | Cok | | Az | | |
mu geriyor az mi? | — ‘ ‘ ‘
| \ _ ~ | ¥ T \
Tiinelin duvarlarimin ‘ ‘ ! \ | Biiyiik || Kiigiik \ | Biiyiik Kiigiik ‘ |
yansima faktorii buylik - \ ‘
mii ? (>0.4) kiiciik mii? \ | e ‘ | L/ \\ “ \
| v o v | \ vy ¥ '} | ‘ \
Trafik yogunlugu az mi1 ? Az Cok \ | Az Cok |
¢ok mu? ‘ - \ ‘ ‘ ‘
yd | | I / | | \
v ¥ v v v ¥ v vYv v
Giindiiz Normal esik bolgesi Normal esik bolgesi
aydmlatmasi yok aydinlatma seviy.esinin aydinlatma se\:iy§sinin
2650 degeri %100 degeri

Sekil 4. Farkli tiinel uzunluklari igin Tunelin giindiz aydinlatmasi (CIE88:2004,2004:5)
4.2 D1s Bolge Pariltist (Log)

Tunelin girisine yaklasan ara¢ strictsinin gézinun algiladigi parilt
degerine g6z uyumu pariltist denilmektedir. Ttnelin aydinlatma tasarimz igin oldukg¢a 6nemli olan g6z
uyumu pardtt degerinin belirlenmesi ¢ok zordur. Bu parilti degeri yerine en ¢ok tercih edilen pariltt
degeri dis bolge pariltt degeridir (Lyg). Tiunelin aydinlatma hesaplari yaptlmadan 6nce yil boyunca
yeterli siklikla dis bolgenin parltisinin Slgiilmesi gerekir. Yil boyunca ol¢imu yapilan dis bolge
pariltisinin en biyiik degeri, esik bolgesi, gecis bolgesi, i¢ bolge ve ¢ikis bolgesinin pariltt degerlerinin
hesaplamalarinda kullanilir. Mevsimsel kosullar ve meteorolojik nedenlerden dolay: dis bolgenin parilti

degeri gercekte Olclilemez. Bu yizden dis bolge pariltisinin hesaplanmast i¢in bazi yontemlerden
yararlanilir (CIE88:1990,1990:13).

4.2.1 Birinci Yontem

Birinci Yontem: Dis pariltt degerinin tablo yardimu ile belirlenmesidir.
Dis bolgenin parilti degerini hesaplanmak icin tiinelin giris kismina fren (durma) mesafesi kadar uzakta
bulunan noktadan tiinelin i¢ kismina dogru bir gérinti alinir. Alinan gbrunti Sekil 3’te belirtilen
durumlar karsilastirilarak vy :g6kytizii yizdesi belitlenir. Gokytzi ylzdesinin Tablo 2’de goérilen

degerler arasinda kalmasi durumunda I dis parltt degeri oransal olarak hesaplanacaktir
(CIE88:2004,2004:26)
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Sekil 3. Farkli fren mesafeleri ve cografi kosullardaki y: gékytizii yiizdesi
(Draft tunnel lighting EN,2008:31)

Sekil 3’de 20 derecelik koni ¢api genisliginde verilen alan iginde bulunan, y: gékylzi ytzdesi
verilmektedir.

Tablo 2’de farklt gokytizt yiizdesi, hava durumu ve fren mesafesine gore dis bélgenin parilti degerleri

verilmistir.
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Tablo 2- 20° lik Konik Goriis Alant igindeki ortalama pariltt degerleri. (CIE88:1990,1990:13).

20° LIK KONIK GORUS ALANINDAKI GOKYUZU YUZDESI

% 35 %25 %10 %0
NORMAL|KARLI NORMAL KARLI | NORMAL KARLI | NORMAL KARLI
Goris
Alanindaki | A| COK | AZ |[COK| AZ |COK| AZ |COK| AZ |COK| AZ |COK| AZ |COK| AZ |COK
durum Z
CL D D] ED | D ¢ (¢ (G | (F2) () [ (3) [(F3) | () | (2) | (*3) | (")
)

Fren C4)| (*4) (*4)| (*4) 14000 |5000 {4000 |5000 (2500 (3500 (3000 (3500 |1500 {3000 {1500 |4000
Mesafesi 60
m.
Fren Mesafesi|400]6000  {4000|6000 4000 |6000 [4000 |6000 {3000 {4500 {3000 |5000 |2500 |5000 |2500 |5000
(100-160)m [0
Tablo 2’ye yonelik notlar;

NOT 1. Tinelin yoniine bagl sonugclar:

AZ: Kuzey yarim kiirede bulunan aracin tinele giney girisi

COK: Kuzey yarim kiirede tinele kuzey girisi

Batt ve Dogu tinel girisleri icin “AZ” ve “COK” arasindaki orta degerler secilmelidir.

NOT 2. Tinelin etrafindaki ¢evre 1siltiligina bagli sonuglar;

AZ: Dugtik cevre yansima faktorleri

COK: Yiiksek cevre yansima faktorleri

NOT 3: NOT 1’de belirtilen agiklamalar gecerlidir.

NOT 4. Fren mesafesi 60 metre olan ve %35 gékyiizi yizdesi olan durumlarda pratik olarak kargilagilmaz.

4.2.2 Ikinci Yontem

Dis bolgenin pariltt degerinin belitflenmesi igin kullanilan bir diger
yontem daha vardir. Bu ydntem matematiksel hesaplamalar yapmaktir. Denk.1’de dis bolge pariltisinin
matematiksel formuli verilmistir (CIE88:2004,2004:206).

Ly = yLc + pLr + €Le+ tLth )
Denk. 1’de Lc: gokytizti pariltisi, Lt: yol pariltisy, Le: cevre partltisy, Lth:
esik bolgesi pariltisy, y: gokytizi ylzdesi, p: yolun yiizdesi, e: ¢evrenin ylzdesi, t:tinelin giris ylizdesi
olarak ifade edilir. Yolun yuzdesi, gokytizti yizdesi, gevrenin ylizdesi, tinelin giris yiizdesinin toplami1
1°dir. (CIE88:2004,2004:26).

G+p+e+r =1) )
Yukarida verilen denk 1°de Lu (esik bolgesi pariltist) degeri bir
bilinmeyendir. Formulde belirtilen diger parilti degerlerinin yaninda degeri ¢cok kii¢iik oldugu i¢in ihmal

edilmektedir. Fren mesafesi 60 metre olan tunel aydinlatmast tasariminda Lyq dis pariltt degeri denk
3’de gosterildigi gibi ifade edilebilir: (CIE88:2004,2004:20).
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Lo = Lc + pLr + eLe)/(1 — k) 3
Denk 3’te ifade edilen k degeri Lth/L,q olup hicbir zaman 0 ile 1

degerlerini ge¢cmedigi icin ihmal edilirse Ly dis parltt degeri denk 4deki gibi ifade edilir

(CIES88:2004,2004:20).

Lyy = Lc + pLr + elLe) “)

Denk 4’te yer alan Lc¢, Lr ve Le parilti degerleri farkli cografi kosullar

ve ara¢ siirme yoniine gore verilmistir. Tablo 3’deki verilen pariltdarin birimi ked/m?* dir
(CIE88:2004,2004:26).

Tablo 3- Lc, Lr ve Le pariltt degerleri farklt cografi kosullardaki degerleri (CIE88:2004,2004:10)

ARAC SURME Lc Lr Le (CEVRE) (ked/m?)
YONU (ked/m?) (ked/m?) YERLESIM
(Kuzey yarm | (GOKYUZU) (YOL) DAGLIK | YERI BINALAR KARLI CAYIRLIK
kiire)
Kuzey (¥) 8 3 3 8 15(V) | 15(H) 2
Dogu-Bati 12 4 2 6 10(V) | 15(H) 2
Giiney (¥) 16 5 1 4 5(V) | 15(H) 2

(V)=Dik yiizeyli daglik bolgeler icin ( vertical), (H)=Diz yuzeyli bolgeler icin gecerlidir. (Horizontal)

NOT: Tablo 3’de degerler arag kuzey yarim kiirede olmast durumuna gore verilmistir, eger ara¢ gliney yarim kirede ise (¥)
isaretli kuzey ve giiney stitunlarinin yer degistirmesi gerekmektedir.

Tunel aydinlatmast hesaplarinda dis  bolgenin  pariltt  degeri
hesaplanirken elde yeterli veri var ise ikinci yontem kullanilmalidir. Tkinci yontemle elde edilen dis
bolgenin pariltt degeri daha dogru belirlenmis olacaktir. Fakat elimizde yeterli bilgi yok ise birinci
yontemin kullanilmast onerilir.

4.3 Esik Bolgesi Pariltis1 (1)

Esik bolgesinin pariltist dis bolge pariltisina gére hesaplanir. Esik
bélgesinin pariltist ile dis bolgenin pariltist arasinda bir oran vardir. Bu oran k ile ifade edilmektedir.
Bu k degeri fren mesafesi ve L/Ey oranina gore Tablo 4’e bakilarak belitlenir. Belitlenen k degerine
gore esik bolgesi pariltt degeri hesaplanir (CIE88:1990,1990:18).

Tablo 4- D1s bolge (Ia ) ile esik bolgesi (L ) pariltt degeri arasindaki oran k sabiti tablosu
(CIE88:1990,1990:18).

Simetrik Aydinlatma Sistemi Z1t-Y6nld Aydinlatma Sistemi
(L/Ev <0,2) L/Ev = 0,6)

Fren Mesafesi k=La/ Lo k=L / Lao
60 m. 0,05 0,04
100 m. 0,06 0,05
160 m. 0,10 0,07

Tablo 4 ile ilgili notlar su sekildedir;

1- 0,2 <L/Ev < 0,6 araliginda bulunan aydinlatma sistemine neredeyse hi¢ bulunmamaktadir, fakat var ise simettik
aydinlatma sisteminde uygulanan esaslar gegerlidir.
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2- Tablo 4deki k degerleri normal hiz kosullarinda ve yogun trafik sartlarinda verilmistir. Bazt durumlarda k degeri
degismektedir. Bunlar, tiinelin icinde tek yon olarak devam eden trafik olmast, tiinel icin uygun gériilen en buyiik
hiz limitinin tim seritlerde aynt olmasi, Tunelin dier bélgelerinde serit gecislerinin olmamast, tinel icinde bulunan
araglarin durmamasi, Tuneldeki trafik yogunlugunun az olmasi, Tinelin viraji olmayan diz bir tiinel olmasi
durumlarinda belirlenen k degeri 0,75 ile ¢arpilir.

3-  Baz tlkelerde zit yonli aydinlatma sisteminde daha dustk k degeri kullanutlar.

4-  Giines 1318101 hig gecirmeyen esik bélgelerinde simetrik aydinlatma sistemi igin kullanilan k degeri dikkate alinmalidir.

Zit yonli aydinlatma sisteminde tiinelin i¢cinde bulunan nesneler ile ytizey arka plani arasinda yiiksek
kontrast elde edilir. Bundan dolayr zit yonli aydinlatma sisteminde daha kiigiik pariltt degerleri ile
yuksek gorebilirlik seviyesi elde edilir. (CIE88:1990,1990:18).

o [ 05 50 >
i i
00—k — ™
a0+ -~ —
407 "] s
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1 t +—t T ; o 14 -
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8 i - — i
5T o e
i3
a4
| | 1 || L 1 1 1 1 1 L - - _E sec,
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— i TR, 100 km/h
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T T T T T T T T T 1 120km /h
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Sekil 5 Ttunel aydinlatmast hesaplarinda farklt bolgelerdeki pariltt degeri degisimi
(Draft tunnel lighting EN,2008:11)

Esik bolgesinin uzunlugu en az fren mesafesi kadar olmalidir. Esik
bélgesinin ilk yarist boyunca pariltt degeri degismemelidir. Esik bolgesinin diger ikinci yarisinda, gecis
bolgesine dogru gegilir. Bu yizden gorsel uyumu saglamak amaciyla esik bolgesinin ikinci yarisinda
pariltt degeri kademeli olarak azaltilir. Bu kademeli azaltmada dikkat edilmesi gereken iki 6nemli ayrinti
vardir. Bunlardan ilki, parilt: degeri bir 6nceki kademenin pariltt degerinin en az %33t kadar olmalidir.
Bir digeri ise esik bolgesinin sonundaki pardti degeri, tiinelin girisindeki parilti degerinin %040
olmalidir (Bak. Sekil 5) (Draft tunnel lighting EN,2008:11).

Esik bolgesi aydinlatmasinda tinel duvarlarinin aydinlatmasina da
dikkat edilmelidir. Tunel duvarlarinin 2 metre yiiksekligine kadar olan alanindaki ortalama parilt

degeri, ortalama yol yiizeyi pariltisindan az olmamalidir (CIE88:1990,1990:20), (Draft tunnel lighting
EN,2008:11).
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4.4 Gegis Bolgesi Pariltis1 (1) ve Uzunlugu

Gegis bolgesi, esik bolgesi ile i¢ bolge arasinda kalan bolgedir. Esik
bolgesinden i¢ bolgeye dogru gecildikce kademeli olarak parlti degeri azalmaktadir. Bu kademeli
degisim en az bir 6nceki kademedeki pariltt degerinden %331 olacak sekilde olmalidir. Gegis bolgesi
pariltist degisimini zamanla ifadesi denk 5’de verilmistir (CIE88:1990,1990:20).

Ly = Lep(1.9 +1)714 ©)
Gegis bolgesi parltist i¢ bolge parltisinin ti¢ katt degerine kadar
azaltldiginda, gecis bolgesi bitmis, i¢ bolgeye gecilmis olacaktir. (Draft tunnel lighting EN,2008:11).

Gegis bolgesi aydinlatmasinda tiinel duvarlarinin iki metre yiiksekligine kadar olan kisminin ortalama
pariltt degeri, ortalama yol ylzeyi pariltisindan az olmamalidir. (CIE88:1990,1990:21).

4.5 I¢ Bolge Pariltist (Li)

Thunelin i¢ bolge pariltt degeri Lis ile ifade edilmektedir. Tunelin i¢ pariltt
degeri fren mesafesi ve trafik yogunluguna gore Tablo 5 dikkate alinarak belitflenmektedir. (Draft
tunnel lighting EN,2008:12-13)

Tablo 5- Tiinel aydinlatma tasariminda i¢ bolge icin ortalama pariltt degetleri (Draft tunnel lighting
EN,2008:12-13)

IC BOLGENIN ORTALAMA YOL VE YUZEY PARILTI DEGERLERI (cd/m?)
SAATTE TRAFIK AKISI (arac/saat)
FREN Dustk Orta Yiksek
MESAFESI (100 araca kadar) (100-1000 arag) (1000 aragtan ¢ok)
160 m. 5 (cd/m?) 10 (cd/m?) 15 (cd/m?)
100 m. 2 (cd/m?) 4 (cd/m?) 6 (cd/m?)
60 m. 1 (cd/m2) 2 (cd/m?) 3 (cd/m?)

Not: Tablo 5’ gére belitlenen i¢ bélge ortalama pariltt degeri, i¢ bélgede bulunan tiinel duvarlarinin iki metre yikseklige
kadar olan kisminin ortalama parilti degetleri ile aynt olmak zorundadir

4.6 Cikig Bolgesi

Tinel aydinlatmast hesaplarinda esik, gecis ve i¢ bolge paritilart ile
cevresel parltt uyumu gerceklestigi icin ¢ikis bolgesi icin aydinlatma hesaplarinin  yapilmast
gerekmemektedir. Fakat yine de ¢ikis bélgesi aydinlatma hesaplarinin yapilmasinin bazi faydalart vardur.
Bunlar su sekildedir;

1-Ttnelin ¢ikisinda yiiksek pariltt degeri olacagindan, strtict géziinde kamasma etkisi olacaktir. Crkis
aydinlatmasinin yapilmasi ile bu kamasma etkisi azaltilarak ¢ikista bulunan nesnelerin fark edilirligi
artacaktir

2-Tunelin ¢tkis bolgesinde ara¢ sollarken geride kalan aracin durumunun daha net bir sekilde
gbziikmesine katkida bulunulacaktir.

5 Tiinel Aydinlatmasi Tasariminda Giin Isiginin Degismesinin Etkisi
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Tinel aydinlatmasi hesaplarinda dis bolgenin pariltt degeri diger
bolgelerin pariltt degerlerini etkilemektedir. Bu ylzden dis bolgenin pariltt degeri giin igerisinde
periyodik olarak 6lctilmelidir (CIE88:1990,1990:23).

Dis bolgenin pariltt degerinin 6l¢iilmesi i¢in parilti Slger, eger yol sola
dogru kavis yapmuyor ise yolun sol tarafinda 2-5 metre ylkseklige yerlestirilerek 6lciim gerceklestirilir.
Fakat yol sola dogru kavis yapiyor ise pariltt 6lger Slciilecek alanin karsisina veya yolun sag tarafina
konumlandirdarak 6l¢im gerceklestirilir (CIE88:1990,1990:23).

6 Isik Titremesinden Kaginma

Isik titremesi tiinel aydinlatmasi yapilirken uygun olmayan araliklarla
yerlestirilen armatiirlerden kaynaklanmaktadir. Isik titresiminden dolayr structde gorsel rahatsizlik
meydana gelmektedir. Bu gorsel rahatsizlik sunlara baghdir;

1- Saniyede parilti degisimi (titreme frekansi) sayust,
2- Periyodik olarak tekrarlanan aydmnliktan karanliga dogru gegcis sayist
3- Her periyotta tekrarlayan tst parilt: degeri ile alt pariltt degeri arasindaki oran 6nemlidir.

Genellikle 2.5 hz alt1 ve 15 hz tstindeki frekanslarda 151k titreme etkisi yok sayilir.
Isik titreme frekanst su sekilde hesaplanir,

Bir aracin hizt 60 km/saat (16,6 m/sn ) ise, ve icinde bulundugu tuneldeki armatitler aras
mesafe 4 metre ise 151k titreme frekanst 16,6 / 4 degerinden 4,2 hz olmaktadir (CIE88:1990,1990:24).

7 Sonug

Bu calismada stiriiciilerin tinel icinde saglikli ve giivenli bir yolculuk
yapabilmesi icin gerekli olan parlt degerleri ve bu parlt degerlerini etkileyen maddelerden
bahsedilmistir.

Calismada da belirtildigi gibi tiinel aydinlatmasi hesaplari oldukca
onemlidir. Aydinlatma bélgelerindeki parilti degetrlerinin mutlaka CIE Standartlarinda ve Avrupa
Tinel Aydinlatmast Sartnamesinde belirtildigi sekilde yapilmalidir.

Biz yaptgimiz bu calisma ile giincel uluslararasi CIE standartlart ile
Avrupa Tinel Aydinlatmast Sartnamesi ile tiinel aydinlatmasinin 6nemini vurgulamistir.

44



Perdahgi Canan, Hasanoglu Onur, Doruk Ziya; Tiinel Aydinlatmasi Hesaplarinda Standartlarin Kullanimi Ve
Onemi

Referanslar

CIE 88:1990. (1990). Uluslararas:t Aydinlatma Komisyonu.
CIE §8:2004. (2004). Uluslararasi Aydinlatma Komisyonu.
Draft tunnel lighting EN. (2008). Draft tunnel lighting EN.

IZBEK, K. (2007). TUNEL AYDINLATMA TASARIMINDA “FREN MESAFESI”. I1”. ULUSAL
AYDINILATMA SEMPOZYUMU VE SERGISI BIL.DIRII.ERI.

PERDAHCI, C. (2014). TUNNEL LIGHTING WITH LED. 7 International Ege Energy Symposinm &
Exchibition.

45



Oztiirk Koksal, Dilan & Levent, Menderes & Gundogan, Kadir; Soma Linyitinin Piroliz Ozelliklerinin
Termogravimetrik Yontem ile Incelenmesi

Soma Linyitinin Piroliz Ozelliklerinin Termogravimetrik Yontem ile
Incelenmesi
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Diinyada niifus artist kaynaklt enerji ihtiyacinin artmasina paralel dogal enerji kaynaklarinin
tikenme tehlikesi bilim diinyasin varolan enetji kaynaklarinin daha verimli kullanilmasi i¢in ¢alismalar
yapmaya yoneltmistir (Kanca, 2019: 43-54). Fosil yakitlar ylizyillardir diinyada varolan ve rezervleri
cok uzun Omiirli olan yakitlardir. Kémiir, diinyanin bir ¢ok tlkesinde yaygin rezervlere sahip olan,
distik maliyet ile elde edilen ve isleme kolayligtyla en 6nemli fosil kaynakls yakitlardan biridir (Ersahan
vd., 1997: 65-74). Tarihsel olarak kémiir, enduistri devriminin sonundan itibaren giindelik hayatimizin
6nemli unsurlarindan biri olarak enerji kaynaklar arasinda 6nemini korumaktadir (Agikalin, 2011: 145-
150). Buhatli gii¢ ¢evrimlerinden, elektrik santralleri ve 1sitma uygulamalarina kadar pek ¢ok alanda
birincil enerji kaynagt olarak kullanidmistir (Kocabas vd., 2015: 1723-1729). Bu siire¢ boyunca kémire
alternatif bir ¢ok enerji kaynagi ortaya c¢tkmasina ve komirin ¢evresel etkilerinin bilimsel agidan
tartismalara neden olmasina ragmen kémdur kullaniminin azalmasi miimkiin olmamistir. Bu durumda
enerji sektoriinde lider konumda olan komir teknolojilerinde gevresel Gstinlikleri olan temiz
yontemlerin kullanimina yonelik arastirmalar hiz kazanmustir (Yilmazer, 2012: 64).

Piroliz yada karbonizasyon, komiir gibi fosil melekyakitlarin oksijensiz bir ortamda termal yolla
bozunarak kati, stvt ve gaz formunda yan trtnlerin tretildigi prosestir (S6nmez ve Giray, 2001: 159-
169). Yakit tretimi i¢in genellikle kémire yiiksek sicaklik karbonizasyonu (koklasma) pirolizi uygulanir.
Burada 900°C ile 1100°C sicakliga kadar 1sitilan kémurden karbonca zengin kati atik, stvi ve gaz trtinler
elde edilir (Cinar ve Altun 2018: 259-266). Piroliz prosesinin verimini belirleyen en 6nemli degiskenler
sicaklik, piroliz stresi ve tanecik boyutudur. Sicakligin yikselmesiyle beraber kémiur aktif kok
yanmasina agamasina geger ve agiga ¢ikan gaz tepkimeye girmeye devam ederek ugucu bilesik verimini
arttirmaktadir. Kémirin pirolizi esnasinda farkl sicakliklarda farkli miktarlarda triin agiga ¢ikar ve bu
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bilesimler her birinden farkli kimyasal 6zellikler barindirmaktadir (Gafur, 2015: 36). Piroliz siiresi
sureci etkileyen diger 6nemli degiskendir. Piroliz esnasinda ortamda bulunan tiriinlerin alitkonma stresi
olarak tanimlanmaktadir (Ozsin, 2018: 315-329). Proses sirasinda uzun piroliz siirelerinde, gaz fazdaki
ucucu bilesenlerin bozundugu ve karbonca zengin kati atigin formunu kaybederek tekrar gazlastigt
gozlenmektedir (Fanu et al.,, 2018: 1536-1540). Koémiiriin tanecik boyutunun artmast ile triinlerin
parcalanarak ucucularin agiga ¢ikmasi daha uzun siirelerde olmaktadir. Kémiur yuzeyiyle uzun stre
temas eden ugucularda yan reaksiyonlar olusur. Bu durumdan piroliz stireci ve elde edilen trtnler
olumsuz etkilenmektedir (Altunbas, 2015: 30).

TGA analizi malzemelerin 1sil karakteristik 6zelliklerini belirlemek icin siklikla kullantdan bir
tekniktir (S6nmez ve Giray, 2001: 159-169). Isleme alinan numunenin agirhik degisimi ve referans ile
arasindaki sicaklik farki kontrolli bir hizla, uygun bir atmosferde 1sitilan maddenin kitlesindeki
degisimler cok hassas elektronik bir terazi ile 6lgtlir. Bir malzemenin sicaklik artist ile biinyesinde
meydana gelen termal ve gravimetrik degisimleri belitflemekte kullaniir (Figen vd., 2016: 350-361).
Malzeme bunyesinde meydana gelen agirlik degisimleri (su kaybi, organik madde uzaklasmas: gibi)
termogravimetri (T'G), ekzotermik ya da endotermik reaksiyonlar sonucu meydana gelen sicaklik
degisimleri diferansiyel termal analiz (DTA) cihazt ile tespit edilit. DTA, erime, kaynama, par¢alanma
noktalarint yiiksek bir dogrulukla tayin eder. TGA, DTA ve TG tek bir grafikte gézlemlenebilen es
zamanlt bir tekniktir (Tagar vd., 2015: 306-313).

Bu calismada farkli tanecik boyutlarina sahip Soma Linyit komiri numunelerine izotermal
olmayan Termogravimetrik analiz uygulanmustir. Tanecik boyutunun piroliz prosesinin en 6nemli
parametreleri olan sicaklik ve piroliz stiresine etkileri incelenmistir. Calisma sonucunda elde edilen
veriler 1s1g1nda optimum ¢alisma kosullart paremetreleri belitlenmistir.

YONTEM

Deneysel ¢alismalarda kullanilacak numuneler Soma koémiir isletmesinden temin edilmis ve
analizleri Usak Universitesi Mithendislik Fakiiltesi laboratuvarlarinda yapilmustir. Deneylerinin dogru
sonu¢ vermesi i¢in TGA analizi 6ncesinde numunelerden 10 gr agirhginda tartimlar alinarak bes ayri
kroze icerisinde ettivde 80 °C sicaklikta 45 dakika boyunca kurutma yapilmistir. Kémur numunelerinde
kuruma esnasinda yanma reaksiyonu gerceklesmemesi igin sicaklik maksimum 80 °C sicakliga
ayarlanmustir. Her bir analiz i¢in 10 ile 12 mg arasinda hassas terazide tartilan numuneler inert azot
gazi varliginda ve aliminyum krozelerde 10 °C/dk , 15°C/dk, 20°C/dk ve 30 °C/dk 1sitma hizlarinda
maksimum 1000 °C sicakliga kadar sitilarak analiz tamamlanmis ve termogramlar elde edilmistir.
Deney sonuglart ve termogramlar otomatik olarak bilgisayarda kayit altina alinmistir.
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Sekil 1-0,5-10 mm tane boyutundaki numunenin 10 °C/dk 1sitma hizinda 100-1000 °C sicakliklar arast
TG/DTA/DTG egtisi.

Sekil 1-’de 0,5-10 mm tane boyutundaki numunenin 10 °C/dk 1sitma hizinda 100-1000 °C
sicakliklar arast TG/DTA/DTG egrisi gorilmektedir. TGA grafikleri incelendiginde daha kiiciik tane
boyutuna sahip numunelerde agirlik kaybinin daha fazla oldugu gorilmistir. Bunun sebebi kiigtik tane
boyutuna sahip malzemede ytizey alaninin daha fazla olmast ve reaktifliginin yitksek olmasidir. Agirlik
kaybint arttiran diger bir parametre ise komiir icerisinde bulunan ugucu madde miktaridir. Soma
kémirinin yapisinda nem ve ugucu madde miktart yiksektir. Bu ytuzden agithik kayiplart ve nem

ctkislart TG egrilerinde belirgin olarak izlenmistir.

Numunelerin kiitle kaybt (TG) egrileri incelendiginde iki adet biiytik kayip alan1 gériilmektedir.
Bu alanlardan birincisi hammaddede bulunan nemin uzaklasmasi sonucunda olusan ilk buytk kiitle
kaybidir (Huytkpinar, 2010: 41). Bitin numunelerde 6zellikle 0-200 °C arasinda hizli bir distsle
beraber bu kayip goézlenmistir. Burada kémir icerisinde bulunan ugucu maddeler sicakligin
yukselmesiyle yanarak uzaklasir. Bu kayiptan sonra kisa bir yatay plato seklinde seyreden grafik birden
keskin bir dustsle ikinci bolgeye geger. Komiir termogramlarinda asil kitle kaybinin gbzlendigi
karakteristik bolge ise aktif piroliz bolgesidir. Bu aralikta arttk nemini birinci bélgede tamamen
kaybetmis olan kémur numunesi kalan agirliginin yarisindan fazlasini ikinci bolgede kaybeder. Kémir
bu evrede aktif kok yanmasint gerceklestirir. TG grafiginin Gg¢linct bolgesinde ise komiir artik aktif
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yanmasini tamamlamis, yapist bozunmus ve geriye karbonca zengin katr tiriin (char) ve kil kalmistir.
Bu bélge pasif piroliz bolgesidir. Burada komiir agirhiginin % 50” den fazlasini kaybetmektedir.

Numunelerin TG termogramlarindan sonra DTA egrileri yorumlanmugtir. Diferansiyel termal
analiz yonteminde numunelerin sicaklik farkina goére endotermik ve ekzotermik tepkimelerin hangi
sicakliklarda gerceklestigi tespit edilmektedir. Bu reaksiyon sicakliklarinin degerleri numunelerin yanma
yatkinliklariyla ilgili bilgi vermektedir (Tagar vd., 2015: 306-313). Sonuglara gére komiir 6rneklerinin
tamamt dort farklt 1sitma hizinda ilk olarak endotermik reaksiyon gostermislerdir. Birinci basamakta
gozlenen bu karakteristik endotermik pik komiir numunesinden uzaklasan nemi ifade eder.
Hammaddeden uzaklasan nem ve ugucu madde miktart arttikca pikler daha belirgin ve keskin
gorinimde olur. Soma komurintin igerisindeki nem icerigi yiksek oldugundan dolay1
termogramlardaki endotermik pikler belirgin bir sekilde gorilmektedir. Egrilerin  devaminda
numunelerde daha az belirgin bir endotermik pik daha goriilmiistir. Burada gorilen pik kémurin hizl
reaksiyona girmeden 6nce igerisinde kalan nem ve ugucu maddenin tamaminin uzaklasmasint gosterir.
Sicakligin artmastyla beraber nemini kaybeden komiir hizla reaksiyona girerek ekzotermik bir davranis
gosterir. Bu ekzotermik reaksiyon kémurin oksidasyona ugradigr anda baslar ve sicaklik daha fazla
yukseldikge reaksiyon hizt da artar. Bu basamak ayni zamanda kémur yanmasinin gerceklestigi aktif
piroliz bélgesidir. Bu basamaktan sonra gelen ekzotermik pikler hizla yikselen sicakliga baglt olarak
gerceklesen ekzotermik reaksiyonlari isaret eder (Gozke ve Agikalin, 2020: 1001-1003).

Tablo 1-Komiir numunelerinin aktif piroliz basamagina gecis sicakligt ve 1000 oC sicakliga kadar
maksimum kiitle kayiplari.

10 °C 15 °C 20 °C 30 °C
Tanecik Sicakbik Agithk  Sicaklik Agirhik  Sicakbk  Agirbk  Sicaklik  Agirhik  kaybi
boyutu  (°C) kayb1 (%) (°C) kayb1 (%) (°C) kayb1 (%0) (°C) (%)
(mm)
0,5-10 395 35,9 376 31,43 365 29,02 340 32,84
10-18 409 4492 390 30,19 378 32,77 361 34,92
18 + 411 31,62 401 30,51 391 32,46 385 44,15
mikst 450 41,45 420 36,57 395 39,45 387 41,28

Soma linyit komiriniin karakteristik kok yanmast asamasina gectigi aktif piroliz bolgesi verileri
her numune i¢in hesaplanmustir. Tablo 1- de gorilen aktif pirolizin basladigi sicakliklar tanecik boyutu
arttik¢a yukselmektedir. Daha buyiik tanecik boyutlarinda kémtr yapisinda bulunan kimyasal baglarin
kopmasi daha geg siirelerde olmakta ve buna paraler malzeme bozunmast da daha ytiksek sicakliklarda
gerceklesmektedir.

Isitma hizi yikseldikge kok yanmasinin basladigr sicakliklar dismustar. Tabloya gore 18+ mm
tanecik boyutundaki numunenin 10 °C/dk 1sitma hizinda aktif piroliz bolgesi baslangic sicakliklart 411
°C iken mikst boyut numunenin sicakligi 450 °C olarak kaydedilmistir. Burada malzemelerin baslangic
agirliklar ve tane boyutlar birbirlerinden farkli olmasina ragmen reaksiyon verdigi sicakliklar yakin
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degerdedir. Bunun sebebi kémiurin tepkime verdigi sicakliklarin karakteristik olmasi ve piroliz
parametrelerinin ¢ok belirgin olarak degismemesidir.
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Sekil 2- Numunelerin farkli 1sitma hizlarinda %40 dontstimi igin gegen stire.

Sekil 2- de kémur numunelerinin dort farkl 1sitma hizinda baslangic agirliklarinin %40’ mnin
dontsimi icin gegen streler gérulmektedir. Grafige gbre tanecik boyutu artttkca numunelerin
dontsim streleri de orantisal olarak artmistir. 20 °C/dk 1sitma hizinda 0,5-10 mm tanecik boyutlu
numunenin dénisim siresi 27,56 dakika 10-18 mm numunenin déniisim suresi ise 32,93 dakika
olarak hesaplanmisir. Numunelerin kendi i¢lerinde farkls 1sitma hizlarindaki déniisim stireleri ise 1sitma
hizinin artmastyla azalmustir. Isitma hizinin artmasiyla madde sicakligt daha hizli yukselerek yapisal
bozunma daha erken stirede baslamaktadir. Mikst tane boyutundaki numunelerin dontistim streleri 15
°C/dk 1sitma hizinda 86,41 dakika 20 °C/dk 1sitma hizinda ise 61,72 dakika olarak hesaplanmustir.
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Sekil 3- Numunelerin farkls 1sitma hizlarinda %40 dontsum sicakliklar:.

Komir numunelerinin %40 donusiimdeki sicaklik degerleri Sekil 3- te verilmistir. Grafik
incelendiginde tanecik boyutunun artmasiyla beraber numunelerin %40 déntisiime ulasma sicakliklart
yikselmistit. 10-18 mm ve 18+ mm tane boyutlarindaki numunelerin 15 °C/dk 1sitma hizindaki
dontsim sicakliklart sirasiyla 669,68 °C ve 746 °C dir. Tanecik boyutlart kendi iglerinde
degerlendirildiginde 1sitma hizinin artmasiyla dontisiim sicakhiginin azaldigr goriilmektedir. 0,5-10 mm
tanecik boyutuna sahip numune 10 °C/dk 1sitma hizinda %40 donusumunt 541,63 °C sicaklikta
tamamlarken 30 °C/dk 1sitma hizinda bu sicaklik 501,26 °C ye dusmustiir.

Termogramlar ve hesaplanan sayisal veriler degerlendirildiginde tanecik boyutunun artmasiyla
paralel piroliz parametrelerinden dontisiim siiresi ve dontisiim sicakliklart 6nemli dlciide etkilenmistir.
Ogzellikle en biiyiik tanecik boyutunda déniisiim siiresi ve sicakhigi ¢ok yiiksek degerlere ulasmistir.
Ayn1 zamanda 1sitma hizinin arttirilmastyla birlikte ayni tanecik boyutuna sahip numunelerin déntsim
sicakliklari ve siirelerinde yine belirgin bir degisim gézlenmemistir. En hizli doniistim 22,65 dakikada
0,5-10 mm tanecik boyutuna sahip numuneye en yavas dontsiim siresi ise 104,7 dakika ile mikst
numunesine aittir. En ytksek dontsim sicakligina mikst numunesi 967,84 °C de en distk sicakliga
0,5-10 mm numune 501,26 °C de ulasmistir. Sonug olarak tanecik boyutu ve farkli 1sitma hizlarinin
Soma linyitinin karakteristik tepkime sicakliklarini ve bozunma stirelerini belirgin oranda etkiledigi
gbzlemlenmistir.
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Investigation of the Effect of Nanoparticle Reinforcement in Epoxy Adhesive
on the Static Strength of the Joint in Single Patch Lap Bonding Joints

Edip CETKIN'

1.Introduction

Son zamanlarda hammadde temini stkintist ile birlikte artan malzeme ve makine fiyatlarina
bagli olarak hasarli makine pargalarinin degisimi yerine miimkiin oldukca tamirine gidilmektedir.
Endustride hasarlt parcalarin tamir igin gesitli birlestirme yontemleri kullanidmaktadir. Bunlardan
bazilart kaynak, percin, civata, lehim ve yapistirma ile birlestirme yontemleri kullanilmaktadir. Kaynak
ile birlestirme yontemlerinde birlestirme bolgesi yitksek 1siya maruz kaldigr icin kaynak boélgesinde
ITAB problemleri olugsmaktadir. Bundan dolayt kuvvet veya moment altindaki durumlarda bu
bolgelerde kolayca hasarlar meydana gelmektedir. Civata ve percin ile yapilan birlestirmelerde,
birlestirme bolgesinde birlestirme elemant igin agilan yuvalardan dolayt parcanin ve malzemenin
homojenligi bozulmaktadir. Bundan dolay: yiikleme altindaki durumlarda bu bolgelerde gerilme
yigilmalart olusur. Bu durumda birlesme bolgesinde kolayca hasarlarin olusmasinda sebebiyet verir.
Lehimle birlestirme yOntemi yiizeysel bir birlestirme teknigi oldugu icin uygulama alani makine
parcalarinin tamiri ve birlestirmelerinde olduke¢a sinirlidir. Yapistirict ile bitlestirme yontemi, distuk
maliyet, disik agirlik, yiksek giivenlik ve kolay tretim prosedirleri avantajlarindan dolayi, havacilik,
elektrik ve otomotiv endustrilerindeki tasarimcilar icin mekanik baglantilara ilging bir alternatif haline
getirmistir. Ayrica ¢esitli ¢evre kosullarinda ve statik veya degisken yiikler altinda yapistirilan
baglantilarda diizgiin bir gerilme yapist elde edildigi icin, yapistirict ile yapilan baglantilarin
mukavemetinin arastirilmasi, arastirmacilarin hafif bilesenlerin tasarlanmasi alaninda ilgisini cekmistir.
Bu nedenle, son on yilda alin alina bitlestirme, kademeli bitlestirme ve tek/cift bindirmeli baglantilar
gibi basit konfigiirasyonlarla sabit veya degisken yuk altinda baglantilarin mukavemetini arastirmak igin
kapsamlt ¢alismalar yapilmistir. Yapilan bu c¢alismalardan bazilar ise epoksi bilesenli yapistiricilarin
nano ve mikro partikiller ile birlikte kullanimlarint arastirmaktir. Literatiir calismalarinda cesitli
partikiller kullanilmistir. Bu ¢alismalardan bazilar; Borghei ve ark. tek bindirmeli yapistirma baglantilar
tzerinde grafen nano partikil (GNP) ve percinin ¢ekme kuvvetine karsi etkilerini incelemislerdir.
Sonug olarak, %0.5 GNP’nin yapistirict ve pergin ile kullanildig baglantilarda cekme kuvvetinin sadece
yapistirictnin kullanildigr baglantilara gore sirastyla %12 ve %24 oranlarinda artmistir. Ayrica ¢ekme
testinden sonra kopan ytzeylerin SEM goruntilerinde GNP nin kullanidigs baglantilarin yiizeylerinde
daha temiz homojen bir film tabakasinin olustugunu belirtmislerdir (Borghai vd., 2019: 3335-33340).
Moriche ve ark. grafen nano partikili (GNP) termal iletkenlik tizerindeki etkisini arastirmislar. Bunun
igin epoksi yapistiricilar icerisine farklt oranlarda grafen nano partikili takviye ederek deneyler
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gerceklestirmislerdir. Deneyler sonucunda %8 ve %10 oranlarinda GNP takviyesinin termal iletkenligi
strastyla %206 ve 306 oranlarinda artirmistir (Moriche vd., 2019: 407-420). Sadigh ve ark. Indirgenmis
oksit grafen partikillinin yapistirma baglantilarinda yorulma 6mrii tizerindeki etkisini arastirmuslardir.
Arastirmacilar indirgenmis oksit grafen partiktllinin kullaniddigr yapistirma baglantilarinin yorulma
omri %300 oraninda artigini belirtmislerdir (sadigha ve marami, 2018: 283-290). Razavi ve ark. Tek
bindirmeli yapistirma baglantilarinda silica nanoparticles (SNPs) and multi walled carbon nanotubes
(MWCNTSs) partikil takviyelerinin etkisini deneysel olarak arastirmislardir. Yapilan deneylerde nano
partikil takviyelerinin yapistirma baglantilarinin ortalama kesme mukavemeti ve uzamalar tizerinde
onemli bir etki yaptiklarini gérmiuslerdir. Ayrica tek bindirmeli yapistirma baglantilarinin hasar
mekanizmalart ve kirlma yuzeylerinin baglantt mukavemetleri arasindaki korelasyonu da
arastirmislardir (Razavi vd., 2018: 76-86). Han ve ark. Grafen ve karbon nanotip takviyeli epoksi
yapistirictlarin mekanik ve elektriksel 6zelliklerini deneysel ve sayisal olarak analiz etiler. Grafen’nin
%0.25 altindaki takviye oranlarinda mekanik 6zelikleri iyilestirdigini belirtmislerdir. Ancak karbon
nanotip’in %0.25 uzerindeki takviye oranlarinda daha iyi mekanik performans saglandigini
vurgulamislar (Han vd., 2019: 116-126). Pinto ve ark. Yapiskan baglantilarinin kesme mukavemetini
gelistirmek igin bir yapistirict olarak polivinil asetatina grafen nano partikiillerini (GNP) takviye etti.
Sonuglar, GNP’nin agirltkca% 0,1 takviyesinin kesme mukavemetini% 50'den fazla artirdigini gosterdi.
Ayrica yapistiriciya GNP'lerin eklenmesinin, nanofiller hidrofobikligine bagli olarak denge temas
acisinda bir artisa neden oldugunu bulmuslardir. Bu, yapiskan baglantilarin kesme mukavemetindeki
artisin, polimer zincitleri ve GNP'ler arasindaki glicli ara-yiizey etkilesimleri ile iliskilendirilebilir (Pinto
vd., 2013: 928-35). Zhai ve ark. nano alimina partikiillerinin yapistirma baglantilar tizerindeki etkisini
belirlemek igin farkli oranlarda nano alimina partikiillerini epoksi yapistiricisina katarak olusturulan
yapistirma baglantilarin ¢ekme-koparma testlerini yapmislardir. Nano aliiminan partikillerinin %2
orana kadar yapistirma baglantilarinin mukavemetini artirmistir. Ancak %2 den fazla aliimina ilavesinin
yapistirma baglantilart tzerinde olumsuz etkileri olmustur. Bunun nedenin araylizey ve kohezyon
birlesiminin yapisint degistirdiginden kaynaklandigini belirtmislerdir (Zhai vd., 2006: 3031-3), (Zhai
vd., 2008:23-8). Dorigato ve ark. Yapiskan baglantilarin kesme mukavemetini artirmak icin
sentezlenmis zirkonyum nano partikiillerini sol jel teknigi ile epoksi yapistiricilarina eklemislerdir.
Testler sonucunda zirkonyum partikiiliin %1 vol’de yaklasik olarak %060 oraninda iyilestirmenin
saglandigint agiklamislardir. Ayrica zirkonyum partikiiliiniin yapistirict ile substrat arasindaki ara yizey
1slanabilirliginin ve kimyasal uyumlulugun dengesini artirdigint da belirtmislerdir (Dorigato vd.,
2010:873-92).

Calismalar incelendiginde epoksi yapistiricilart igerisine farkli tirden nano partikil takviyesi
yapilarak baglantilarin elde edildigi gorilmustir. Fakat DP410, DP460 ve DP490 epoksi yapistiricilar
ve Jut fiber takviyeli plastik kompozitlerin grafen nano partikil ile birlikte karsdastirmali kullanimina
rastlantlmamistir. Bu calismada bu eksikligi gidermek amaciyla DP410, DP460 ve DP490
yapistiricilarina 0.1% wt., 0.2% wt. ve 0.3% wt. oranlarinda grafen nano partikil takviyeleri yapilarak
tek yamalt yapistirmalar yapimistir. Yapistirma ve yama numuneleri i¢in jut fiber takviyeli plastik
(JFTP) kompozit malzemesi i¢in kullandmistir. Yapilan yapistirma baglantilarinda grafen nano
partikillerinin etkisini incelemek icin bitun baglantilarin ¢cekme deneyleri yapilmustir.

2. Experimental Studies
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Calismada, yapistirma ve yama numuneleri icin jit fiber takviyeli plastik (JFTP) kompozit
malzemesi kullanilmistir. Yapistirict malzemest igin ise, DP410, DP460 ve DP490 kullanilmustir. JETP,
DP410, DP460 ve DP490 malzemelerine ait mukavemet degerlerinin belirlenmesi i¢in ¢ekme testleri
yapilmistir. Tablo 1’de JFTP kompozit malzemesi ve DP410, DP460 ve DP490 vyapistirict
malzemelerine ait mekanik 6zelikleri verilmistir. Yapistirict malzeme ile birlikte takviye elemant olarak
grafen nano partikiilii (GNP) kullanilmistir. Tki boyutlu (2D) bir karbonun allotropu olan grafen, sahip
oldugu sira dist 6zeliklerinden dolayt 2004’ten beri plaka benzeri karbon nanomalzemeler 2D'de yeni
bir ¢ag agtilar (Liv d., 2014: 824-9). Grafen, olaganiistl 6zgtl yuzey alanina (Novoselov vd., 2004:5696)
Ustiin mekanik ve elektriksel 6zelliklere sahiptir (Arabiy vd., 2017:254-64). Grafenin bu 6zeliklere sahip
olmast, onu ¢ok islevli ve yapisal takviyeli kompozitler gelistirmek icin diger karbon allotroplarina gore

avantaj saglar.

Tablo 1. Deneysel calismada kullanilan malzemelerin mekanik 6zellikleri

Malzeme Cekme Mukavemeti (MPa)
DP410 46.616
DP460 44.616
DP490 30.112
JERP 61
Epoksi recine 45

2.1 Preparation of specimens of adherent and patches

Deneysel calisma kapsaminda kullanilan kompozitlerin ilk énce tiretimleri yapildi. Uretimleri
igin takviye malzemesi olarak dokuma tip jut kumaslar ve epoksi recinesi icin de termoset matris
malzemesi kullanilmustir. Jiit kumaslar, genisligi 1 m olan kumagin alana baglt agiligi 300 gr/m®dir.
Sekil 1’de kompozit tretiminde kullanilan jiit kumasin goriintisti verilmektedir. Takviye malzemesi ve
recine malzemeleri hazirlandiktan 300x300 mm ebatlarinda kesilen dokuma tip jit kumaslar on iki
tabaka olacak sekilde Elle yatirma yontemi kullanilarak 0/90° oryantasyon agisina sahip kompozit
malzemeler imal edilmistir. On iki tabaka seklinde elle yatirma yontemi ile dretiminin ilk asamast
tamamlanan dokuma tip jut takviyeli kompozit malzemeler daha sonra yapistiricinin kirlesebilmesi
icin laboratuvarda bir kalip icerisinde 24 saat siireyle bekletilmistir. Uretim asamalart tamamlandiktan
sonra kompozit malzemelerin ¢ekme dayanimlarint belitflemek icin ASTM 3039 standardina gore
250x25x10 mm (uzunluk, genislik ve kalinlik) 6lcilerinde su jeti kullanidarak ¢ekme numuneleri
kesilmistir.
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Sekil 1. kompozit tretiminde kullanilan dokuma tip jiit kumas (Cetkin, 2019: 1354)

Kompozit malzemelerin ¢ekme ytikleri belirlendikten sonra tek bindirmeli yapistirma islemine
gecilmistir. Bunun i¢in kompozit malzemelerden 125x25x10 mm ebatlarinda yapistirma numuneleri
kesilmistir. Benzer sekilde yama numuneleri de 40x25x10 mm ebatlarinda kesilmistir. Sekil 2’de
calismada kullanilan yapistirma numunesinin géruntisi verilmistir.

Sekil 2. yapistirma isleminde kullanilan numune

Numune ve yama malzemelerin hazirlanma islemleri bittikten sonra DP410, DP460 ve DP490
yapistiriclart ile  tek bindirmeli takviyesiz yapistirmalari  yapidmistir. Tek bindirme deneysel
calismalarinda kullanilan yapistirict malzemelerin epoksi ve hizlandirict olmak tzere iki adet bileseni
vardir. Hacimsel olarak epoksi/hizlandirict orant 2/1 oldugunda yapistirict ylksek dayanim
gostermektedir. Bu orant saglamak icin 6zel helozoik uglar kullanidmustir. Sekil 3’te DP460 yapistiricist
ile yapilan takviyesiz bir birlestirme islemi gosterilmektedir.
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Yapistirma alani

Sekil 3. yapistirma isleminde kullanilan numune

2.2. GNP and bonding processes

Takviyesiz yapistirma islemi tamamlandiktan sonra %0.1, %0.2 ve %0.3 GNP takviyeli
yapistirma islemleri yapilmistir. Bunu i¢in 6ncelikle, hassas terazide %00.1, %00.2 ve %0.3 olarak Ol¢iilen
GNP’nin, DP410, DP460 ve DP490 ile ultrasonik karistiricida homojen hale getirilerek yapistirma
islemi yapilmistir. Bu islem icin GNP ve yapistiricilar ultrasonik karistiricida 15 dak. ve 30 Hz’de oda
sicakliginda karistirdmistir. Bu hazirlik isleminden sonra DP410, DP460 ve DP490’nin GNP takviyeli
yapistirma islemleri yapilmustir. Sekil 4’te GNP takviyeli olarak yapistirma islemi yapilan tek bindirmeli
numuneler gosterilmektedir.
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Sekil 4. GNP takviyeli olarak yapistirilan numuneler

2.3. Tensile tests

Numunelerin yapistirma islemleri bittikten sonra gekme deneyleri yapildi. Cekme deneyleri 250
KN kapasiteye sahip SHIMADZU AG-IC marka ¢ekme test cihazinda 1mm/dak sabit iletleme
hizinda gerceklestirilmistir (sekil 5). Yapilan ¢ekme testlerinde hata payint minimize etmek i¢in her bir

parametrede deneyler ti¢ kez tekrarlanmustir. Daha sonra bu degetlerin ortalamasi alinarak kuvvet-

uzama degerleri belirlenmistir.
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3. Results and discussion

Sekil 5. Tek bindirmeli yapistirmalarin ¢ekme deneyleri

JFTP kompozit malzemelerinin tek yamalar ile yapistirma islemleri yapilmistir. Yapistirma
islemi icin DP410, DP460 ve DP490 epoksi yapistiricilart ve bu yapistirict ile birlikte %00.1, %00.2, 9%00.3
oranlarinda grafen nano partikili (GNP) kullandmistir. Yapistirma islemlerinden sonra her bir
parametrenin yapistirma ¢cekme hasar yuki tizerine etkisi incelenmistir. Bunun icin her bir parametrede
yapistirma islemi yapilan numunelerin ¢ekme testleri yapimistir. Sekil 6, sekil 7 ve sekil 8’de %0.1,
%0.2, %0.3 grafen nano partikillerin kullanildigi numunelerin kuvvet-uzama grafikleri verilmistir.

000

2500

2000

1500

1000

Celone Kunvveti (V)

| o—— |
VTGN
0.1 GNP [%:0.3 GNP |
1.425 1,625 1825 1.703

Uzama (mm)

Sekil 6. DP410 ve GNP’nin (%0.1, %0.2, %0.3) kullanildigt yapistirma baglantilarinin ¢ekme-uzama

degerleri
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Sekil 7. DP460 ve GNP’nin (%0.1, %0.2, %0.3) kullanildigs yapistirma baglantilarinin ¢ekme-uzama

degerleri
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Sekil 8. DP490 ve GNP’nin (%0.1, %0.2, %0.3) kullanildigt yapistirma baglantilarinin ¢ekme-uzama
degerleri

Partikiilsiiz olarak DP410, DP460 ve DP490 yapistiricilart kullanilarak yapilan yapistirma
baglantilarin ¢ekme kuvvetleri sirasiyla 2000, 2367.2 ve 1802 N olarak elde edilmistir. Bu kuvvetlere
karsilik gelen uzamalara bakildiginda dogrusal bir iliski oldugu goérilmustiir. Yani cekme kuvvetinde
oldugu gibi en buytik uzama DP460 yapistirict ile yapilan baglantidan 1.843 mm (sekil 7) olarak elde
edilmistir. Partikiil takviyesinin yapistirma baglantilar tGzerindeki etkilerine bakildiginda, %0.1 GNP
takviyesinin biitiin yapistirma baglantilarinda artis sagladigi goérilmustir. Fakat en yuksek artis DP410
ve DP490 yapistiricilarinda sirastyla %022.7 ve %26.4 olmustur. %0.2 GNP takviyeli baglantilarinda ise
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DP410 ve DP490 yapsstiricilarinda %37.6 ve %306.4 oranlarinda artis olmustur. DP460 yapistiricisinda
ise 3425 N’luk cekme kuvveti ile %44.7 bir artts olmustur. %0.3 GNP takviyeli yapistirma
baglantilarinda ¢ekme kuvvetlerine karst direncglerin dustiigh gorilmustir. Bundan dolayr butin
yapistirictlar i¢in %0.2 GNP orant kritik deger oldugu soylenebilir. Cinkia %0.2 GNP takviye
tizerindeki yapistirma baglantilarinda ¢ekme kuvvetlerinin distigi gorilmustur.

4. Overall conclusions

DP410, DP460 DP490 yapstiricilart ve %0.1, %0.2, %0.3 oranlarda grafen nano partikiliiniin
(GNP) kullanildigr tek yama bindirmeli yapistirma baglantilardan elde edilen numunelerin ¢ekme
kuvvetleri ve uzamalarinin sonuglari agagida verilmistir.

v' DP410 yapsstirict ile yapilan tek yama bindirmeli yapistirma baglantisinin cekme kuvveti 2000
N’dir. %0.1, %0.2 ve %0.3 GNP’nin takviyesi ile yapilan baglantilarin ¢ekme kuvvetleri ise
strastyla 2454.7, 2753.1 ve 2345.3 N’diir.

v' DP460 yapstirict ve grafen nano partikiilin (GNP) takviyesi ile yapilan tek yamali
birlestirmelerin ¢ekme hasar yukleri %0.2 takviye oraninda 3425 N olarak en yiiksek deger elde
edilmistir. Ayrica %0.1, %0.2 ve %0.3 takviye oranlarinin baglantilarindan elde edilen ¢ekme
kuvveti takviyesiz olarak yapistirlan numunenin ¢ekme kuvvetinden daha yiksek elde
edilmistir.

v DP490 ve GNPnin kullanildigi yapistirma baglantilarin  ¢cekme kuvvetleri, takviyesiz
baglantinin 1802 N, takviyelerinin ise sirastyla 2277, 2459 ve 2284.7 N’dur. Benzler sekilde
DP410 ve DP460 yapstiricilarin kullaniddigr yapistirma baglantilarinda oldugu gibi GNP
takviyesinin yapistirma baglantilarinin ¢ekme kuvvetini artirmistir. Ancak en yiksek etki %00.2
GNP takviye oranlarinda olusmustur.
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Comparison of Load Balance Algorithms Using CloudAnalyst Simulation

Ersin Caglar’

Sertug Kaptar’

Introduction

In the 1950s, mainframe computers were huge and prohibitively expensive (Landauer, 1995:
118), which led the major companies and organizations to purchase one or two machines and use
them on time-sharing schedules. In the mid-1960s, an American computer scientist named J.C.R.
Licklider came up with an idea for an interconnected system of computers. In 1969, Bob Taylor and
Larry Roberts, using Licklider’s revolutionary idea, developed something known as ARPANET
(Advanced Research Projects Agency Network) which is widely referred to as “predecessor- of the
Internet” (Bidgoli, 2004: 97). Several telecommunication companies released their versions of
virtualized private networks (VPNs). Cloud computing started gaining popularity in 2007 thanks to
the exponential development of communication channels as well as the need of businesses and
organizations to expand their information systems (Arutyunov, 2012: 177). Nowadays, many
companies actively utilize cloud computing, i.e., Google has Google documents which allows work
with office documents (Arutyunov, 2012: 177).

Cloud computing is a way of giving users and customers access to cloud services with the
usage of web tools (Eneojo vd., 2019: 455). When connecting to these services, the user’s computer
requires almost no software(Assuming this computer has an operating system and a web browser)
Which makes connecting to them incredibly easy even if the user is not an expert at using computers
(Eneojo vd., 2019: 455). There are various types and categories of cloud services that deliver software
on-demand, creating and testing applications, audio, and video streaming, etc. Even though cloud
computing is a new technology, it is utilized by various companies (Attiya and Zhang, 2017: 30).
Everything from small businesses to companies and even a single user can obtain or make their cloud
computing service. When a company has its cloud computing service this helps them attract users
through the internet without physically going to the Organization or company. Cloud computing
services have load balancing algorithms as well as broker policies to perform better for the consumers
that try to access these services (Jyoti vd., 2020: 22).

Load balancing algorithms act as a guide for user requests to get better efficiency while
connecting to the data centers (Kaur and Ghumman, 2017 :28). Load balancing algorithms can also
help when a data center goes down by routing to a different data center that can handle these requests
(Alankar vd., 2020: 7342). These algorithms can also prevent bottlenecks from happening by directing
the user requests to a different data center for better information flow and connection
(Noormohammadpour and Raghavendra, 2017: 1501). Data centers also utilize service broker policies
that are different types of service broker policies. Depending on what service broker policies and load
balancing algorithms, users can connect to the services faster and also have a faster response from the
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services. There are many load balancing algorithms developed for different purposes (Kaur and
Luthra, 2012: 22). This paper will observe, which load balancing techniques will perform better than
the others as well as under what conditions they are going to perform better. A software called cloud
analyst is used with additional load balancing algorithms to simulate the results. The broker policy is
the same so that the results change only by the load balancing algorithm that is being used. Then the
workload/data requests from the user are changed and gradually increased from 100 bytes up to 5000
bytes. Moreover, the response time of data centers is monitored to obtain the results.

Literature Review

There have been different studies in this field about load balancing algorithms and cloud
computing conducted previously. Some studies focus on comparing different load balancing
algorithms with different cases to see which one performs the best as well as observing the cost of
these load balancing algorithms when implemented. Comparative studies can be done with simulators
like in this paper, which can help find results closer to the one of real life (Kumar and Sharma, 2017:
327).

In (Mesbahi vd., 2016: 148) a study done by comparing load balancing algorithms as well as
changing the broker policies to observe the best combination, the authors iterated in a total of 45
different cases that changed, workload per request, broker policies, and load balancing algorithms.
This paper has utilized three different load balancing algorithms with three different broker policies
as a result the paper has found out that the throttled load balancing algorithm has outperformed all of
the other load balancing algorithms.

In (Volkova, vd., 2018: 388) another study, the authors of the paper aimed to compare the
load balancing algorithms while implementing facebook’s user population for each region, and the
study was simulated using Cloud analyst. The study speculated that only 5% of the population will be
online during the peak hours and the rest of the time there will be only 1/10 of the peak user
population. The study has tested only three load balancing algorithms which were Round robin,
Equally spread, and Throttled. The simulations were over 24 hours and the result was, throttled was
faster than the rest of the load balancing algorithms as well as throttled being cheaper.

Another (Panwar and Mallick, 2015: 61) research conducted is a comparative study of load
balancing algorithms and it gives information about the load balancing algorithms and their types.
After that design of the simulator(Cloud analyst) was explained and configurations of the simulator
were shown were authors of the paper chose to compare round-robin and throttled with four data
centers and four user bases. This case was simulated for an hour. In the end, from analyzing and
observing the results, authors came up with the conclusion that, throttled less compared to round-
robin. Therefore, throttled is more efficient to run on cloud computing data centers.

In (Ramadhan vd., 2018: 1140) another research, the authors firstly start by discussing
information about the load balancing algorithms that come with cloud analyst simulators. Moreover,
the paper talks about the scenario as well as the simulator configurations which include data center
properties, user bases, load balancing algorithms, and the latency matrices. Simulations were set up
with the assumption that the users will use the app for 2 hours at night and every 5 minutes a new
request is loaded. Amazon EC2 pricing was taken into consideration for pricing. Throttled load
balancing algorithm was used for simulations where the results of the simulations are observed which
show the response times, request servicing times, and the cost. The authors of the paper concluded
that minimum, average and maximum are too far apart from each other.

Authors (Phi vd., 2018, 92) have suggested a throttled modified algorithm, to compare it to
the other load balancing algorithms with cloud analyst which is a simulator for cloud computing. Paper
explains other load balancing algorithms such as round-robin and throttled algorithms as well as
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discussing simulation setup. Users utilized the application for 2 hours in the evening after work and
every 5 minutes each user sends a new request. In the simulation, 6 user bases are located in different
regions with a single data center. This paper reflected the simulations and 2 different scenarios. The
first scenario is, the data center having 20 virtual machines. The second scenario is about, the data
center having 50 virtual machines. After analyzing the simulation results authors came to the
conclusion that the suggested TMA performed better than the other two algorithms which were
round-robin and throttled algorithms.

After looking at the papers referenced above it can be seen that none of the papers has tried
to implement and compare, as many load balancing algorithms and parameters as used in this paper.
In the next section, the proposed model will be explained in detail.

Proposed Model

In this section, the proposed model of the simulations will be discussed with the numbers
from the simulations. Details of the simulation configurations will be elaborated as well as the
information about the simulations will be presented. The proposed model is simulated using a cloud
analyst. Simulation of the proposed model will make the results closer to real-life results which will
validate the results more.

The purpose of this model is to compare load-balancing algorithms by iterating data request
sizes from 100 to 5000. Increasing the request size will increase the load for each Datacenter which
could be used to compare the performance of the load balancing algorithms. To check the
comparison, the cost and response time were taken as parameters.

Figure 1: Configuration map

As it can be seen in figure 1, Cloud analyst was configured to have data centers for each
continent. Data centers are crucial in reducing response time. Having a data center in each continent
will let people in that continent connect with that data center instead of a data center on the other side
of the world. Configurations also include a user base for each continent. As in real life, each continent
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has people that use the internet. However, these user bases are scaled down so that the computers can

simulate these easier.

Table 1: User base modeling

Base ID Region |Requests per User per Hour  |Data size per Request Peak Hour (GMT) Avg Peak Users |Avg Off-Peak Users
uUB1 0 60 5000 13:00-15:00 25000 2500

uB2 1 60 5000 15:00-17:00 37000 3700

uUB2 2 60 5000 20:00-22:00 30000 3000

UB4 3 60 5000 01:00-03:00 20000 8000

uUBS 4 60 5000 21:00-23:00 14000 1400

UBG6 5 60 5000 09:00-11:00 2500 250

Table 1 shows the configurations used for user base modeling. However, the Data size per

Request changed for each iteration.

For the configuration, off-peak hours are 1/10 of peak hours. In the table above, it can be

seen data size per request is set to 5000. However, it changes for each case that was iterated from 100
to 5000.

Data Center configurations can be seen in table 2 where the Server broker policy has been set

to the closest data centet.

Table 2: Datacenters Configuration

Data Center #VMS Image Size Memory BW

DC1 5 10000 512 1000
DC2 5 10000 512 1000
DC3 5 10000 512 1000
DC4 5 10000 512 1000
DC5 5 10000 512 1000
DC6 5 10000 512 1000

Table 3: Details of Datacenters

Name  |Region |Arch 0s VMM  |Cost Per Vm $/HR |Memory Cost $/s Storage Cost $/s |Data Transfer Cost $/Gb |Physical HW units
DC1 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20
DC2 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20
DC3 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20
DC4 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20
DC5 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20
DCé 5/x86 Linux Xen 0.1 0.05 0.1 0.1 20

The advanced part of the simulation configuration will be changed. Load balancing policy is

included in the advanced part of the configuration which is one of the main purposes of the simulation.
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f Main Configuration r Data Center Configuration r Advanced

User grouping factor in User Bases:
(Equivalent to number of simuitaneous
users from a single user base)

Request grouping factor in Data Centers:
(Equivalent to number of simuitaneous
requests a single applicaiton server
instance can support.)

Executable instruction length per request:

(bytes)

Load balancing policy
across VM's in a single Data Center:

o |

100

Equally Spread Current Execution Lo...| - |

Figure 2: Advanced configuration

The last configuration that will be shown is internet characteristics which include delay matrix,

Delay Matrix

bandwidth matrix as shown in table 5.

Table 5: Delay Matrix

The transmission delay between regions. Units in milliseconds

Region'\Region 0 1 2 3 4
0 25 100 180 2580 250 100
1 100 256 280 500 350 200
2 150 250 25 150 150 200
3 2580 500 180 25 500 500
4 2580 350 180 500 256 500
5 100 200 200 500 500 25
Bandwidth Matrix
The available bandwidth between regions for the simulated application. Units in Mbps
Region'\Region 0 1 2 3 4
0 2.000 1.000 1.000 1.000 1.000 1.000
1 1.000 200 1.000 1.000 1.000 1.000
2 1.000 1.000 2.500 1.000 1.000 1.000
3 1.000 1.000 1.000 1.500 1.000 1.000
4 1.000 1.000 1.000 1.000 500 1.000
5 1.000 1.000 1.000 1.000 1.000 2.000
Done | | Cancel
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Lastly, after discussing the simulation configurations and elaborating on the details, the
analysis and observation of the result is the only part left. For analysis, there are more than 4
parameters that have been observed from the simulation as overall response time, Datacenter
processing times, virtual machine cost, Total data transfer cost, and total cost. However, the
parameters that can show the difference between the load balancing algorithms are data center
processing time and overall response time. When comparing the load balancing algorithms, parameters
are used when choosing the best load balancing algorithm.

After entering the configurations and starting the simulation the parameters were observed
and the results have been recorded from simulations and prepared into graphs to make the
comparisons easier. The graphs and results that have been observed will be shown in the Results
section.

RESULTS

In this section, recorded results data will be revealed. Results have been separated into 2
different graphs which are, data center processing time and overall response time. More parameters
could have been shown, however, the most drastic differences can be seen in the 2 parameters that
will be shown in the graphs below.

Comparison of Load Balance Algorithms
250

200
150

100

50

Overall Response Time (ms)

100 500 1000 2500 5000
Data Request Size (mb)

= ANt Colony Equally Spread Honey Bee Location Aware === Round Robin

Figure 3: Comparison of Load Balance Algorithms based on Overall Response time

The graph above shows the overall response time between the load balancing algorithms under
different loads. When looking at this graph, It can be seen that the Location-aware load balancing
algorithm makes the overall response time of the data center lower at a low data request size. However,
when the data request size starts increasing, Location-aware response times start being equal to the
other load balancing algorithms. It is also revealed that on every data request size rest of the algorithms
have a similar response time.

69



Caglar, Ersin & Kaptan Sertug; Comparison of Load Balance Algorithms Using CloudAnalyst Simulation
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Figure 4: Comparison of Load Balance Algorithms based on data center processing time

The graph above is the data center processing times, which shows how fast a data center
process a request and then executes it. After observing the graph, it is revealed that on the smaller
data request size there is almost a 20 ms difference between location-aware and the rest of the load
balancing algorithms. When looking at the bigger data request size the processing times of the data
centers start shrinking and almost equaling to each other. Only load balancing algorithm that portrays
different behavior is location-aware with its initial faster processing times. The rest of the load
balancing algorithms have been tested.

CONCLUSION

Over the years, load balancing algorithms have become exponential. After companies around
the world started pro- viding their services from the internet, data centers need to be optimized to
provide better connections and services. To achieve this goal, data centers started improving the load
balancing algorithms which are implemented into the data centers. Improving the load balancing
algorithms means that users could connect to the data centers faster and without any delays or
problems.

In this paper, after observing the importance of load balancing algorithms, they have been put
into simulations to test which would give out better results and under what circumstances these results
would be better. For this, the load balancing algorithms were set up to imitate real-life results. After
configuring the simulator and running it, the results were recorded as well as observed.

After observing the results from the simulations, when it comes to data center processing time,
location-aware is the best load balancing algorithm. This trend can also be seen in the overall response
time, Location-aware is the best load balancing algorithm. However, when data request size was
increased, load balancing algorithms started behaving the same and giving out similar results. This
reveals that location-aware is the best when it comes to lower data request size but when the request
size is increased, all of the load balancing algorithms will start equating to the same speeds and rates.
Hence, the load balancing algorithm only matters when it comes to low data sizes.
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Gokhan UZUN'

Ziihre SENTURK?

Giris
Pestisitler sagladiklar katki ile 6zellikle ticari amacl tarimin vazgecilmez bir unsurudur. Siirekli
artmakta olan diinya nifusunun bununla basa ¢ikabilmesi i¢in gida tiretiminin de artmasi gerekmekte,

Stirekli artan insan popilasyonunun avcilik ve toplayicilik ile gelisimini ve ihtiyaglarini bir
noktaya kadar sagladiktan sonra tarima bagladt kisa bir zamanda da bunu sistematik hale getirdi.
Ardindan eskiden bizde de oldugu gibi yillardir serbest olarak dogada yetisen triinleri titketmeye alisan
bécekler, kemirgenler ve yer se¢meksizin biiyliyen yabani bitkiler insanoglu tarima basladiginda
sinirlarin disinda kalmaya zorlands.

Tarim insan beslenmesine dogrudan ve dolayli olarak yarar saglar. Hayvansal gidanin
saglanabilmesi i¢in de tarima ihtiyag vardir. Ancak halihazirda pestisit kullanilmasina ragmen %9’u
hastaliklardan %111 tarim zararlidarindan %151 ise yabani otlardan kaynaklanan ve yaklasik olarak
tarimin  verimin %35 oraninda azaltan kayiplara sahibiz bunu hasat sonrasi kayiplar ile
birlestirdigimizde bu oran %50-%70 seviyesine gelebilmektedir(Avan & Kotan, 2021:168).

Dinyada pestisitlerin en yogun olarak tartisildigt zaman 1940 ve 50’1 yillar oldu. Sitma, kolera
gibi bocek kaynakli hastaliklarla bogusan diinya DDT’nin ne kadar mitkemmel bir ¢6ziim oldugunu
kesfetti. Hastaliklarin kaynaklarini yok ediyor tarimda verimliligi arttirtyordu. Hatta bu pestisit kagifi
olan Dr Paul Miiller’e bir de Nobel kazandirdi. 50’i yillarda rizgar tersine donmeye bagladi. ABD
Balikgilik Biirosunda bir biyolog olarak ¢alisan Rachel Carson, 1951 yilinda en ¢ok satanlar listesinde
yer alabilen The Sea Around kitabi ile bir ABD Ulusal Kitap Odiilii kazand: ve yetenekli bir yazar
olarak taninma firsatt kazandi. Rachel, DDT ad: verilen maddeyi 6len kuslarin yumurtasina bakarak
kesfetmistti ve bircok deney sonucu yumurtalarin kabugunda DDT oldugu dogrulandr. Ayrica DDT
viicut dokusundaki yaglarda ¢oziiliir ve gida zincirinde biriken bir kimyasaldi. Tim bunlarin sonucunda
yazdigt Silent Spring cevresel endiseleri Amerikan halkinda benzeri gérulmemis bir noktaya getiren
kitap oldu. Silent Spring, kimyasal sirketlerin siddetli muhalefetiyle karsi karstya kalmasina ragmen,
ulusal pestisit politikasinda 6nemli bir yol actt ve ulusal ¢apta DDT ve diger zirai ilaglarin bircogunun
yasaklanmasina yol a¢tt. Amerika Birlesik Devletleri’'nde yasanan bu gelismeler tim insanlarin
pestisitlerin hakkinda stipheci bir yaklasima sahip olmasina sebebiyet verdi (Macgillivray 2011: 56)

Pestisitler hizli sonu¢ veren ckonomik ve koruyucu maddelerdir, tretim ve saklama
prosediitlerinde oldukga yararlidir. Ancak kontrolstiz kullanimi sonucunda tarim zararlilarinda
bagisiklik meydana getirme, kalintilarinin insanlara ulasarak insan sagligini tehdit etme, ekolojik
dengede bozulmaya yol agma gibi problemler ile karst karstya kalmamiza sebebiyet veren pestisitler
icin ABD ve Avrupa Birligi bir¢ok yasa ctkararak pestisit kullanimini kontrol altina almislardir. Daha

I MSc., Yuziinc Yil Universitesi, Kimya Bélimu, 0000-0001-9425-044
2 Prof. Dr., Yiiziincii Yil Universitesi, Kimya Bélimii, 0000-0002-0356-9345
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gevreci ve insan sagligina karst olumsuz etkileri olmayan pestisitlerin gelistirilmesine en buytk destek
pestisitin analizlerinden gelmektedir. Ayn1 zamanda pestisit kullaniminin yaninda getirdigi en buyik
sorun olan toksiditenin kontrol altinda tutulmasi i¢in pestisitlerin strekli olarak izlenmesine ihtiyag
vardir.

Diinyada kitalara gore sentetik pestisit kullanim durumuna baktigimizda 1990 ila 2019 aras1
Birlesmis Milletler Gida ve Tarim Orgiitii verilerine gore; %52,8 Asya %30 Amerika, %13,7 Avrupa,
%1,3 Okyanusya, %2,2 Afrika oldugu rapor edilmektedir. Ulkeler bazinda ise Cin 1416,128 ton ile
406,721 ton ile ikinci sirada bulunan ABD’nin 3 kat1 kadarlik bir pestisit kullanimz ile bast ¢ekmektedir.
Avrupa’da 11067,0 ton olan bu miktar tilkemizde ise bu deger 1083,9 tondur.

Pesticides (total) + (Total) - (%)

1990 - 2019
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Sekil 1. Dinyada 1990-2019 arasindaki pestisit kullanimi (FAO)

Avrupa’da alan basina dusen pestisit miktart 1990 ila 2019 yillari arasinda yuzolgumune gore
hesaplandiginda 2.614 gr/ km2 iken bu oran Tirkiye’de 1,383 gr/km?2 olarak karsimiza ¢tkmaktadir.
Ulkemizde Avrupa’ya oranla ¢ok daha az pestisit kullandigimiz goriilmektedir ancak tlkemizdeki
pestisit kullanimi olduk¢a heterojendir. Bolgelere gore bu kullanim incelendiginde; Akdeniz Bolgesi
%30 Marmara Bolgesi %19, Ege Bolgesi %18, Ic Anadolu Bolgesi %17, Guney Dogu Anadolu Bolgesi
%12, Karadeniz Bolgesi %3 ve Dogu Anadolu Bélgesi %1 takip etmektedir.(Avan & Kotan, 2021:
169)
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Sekil 2. Turkiye’de 1990-2019 arasindaki pestisit kullanimi (FAO)

Propoksur hakkinda genel bilgiler.

Pestisitler genellikle kullanildiklart tarim zararlisinin tiiriine gore ve igerdikleri kimyasal aktif
gruplara gore siniflandirilirlar. Insekdisit, fungusit, herbisit, rodentisit, nematisit en ¢ok bilinenlerdir.
Insekdisitler hedef canlida enzim asetilkolinesteraz inhibe edetler. Bu da zehitlenmeleri akla getirir ki;
zehirlenmelere karisan ilk pestisit kategorisi asetilkolinesteraz inhibitérleri karbamatlar (%17.55,
n=352); organofosfatlar (%15.15, n=304) ve organoklorinler (%29.21, n=5806) olarak bulunmustur.
Bertero ve arkadaglarinin yaptigi calismada pestisit zehirlenmelerinin evcil hayvanlarda goriilen vakalar
kedilerde 86/408 tavuklarda 4/16 kopeklerde ise 112/1138 oraninda karbamat kaynakli oldugu ortaya
konulmustur (Bertero et al., 2019: 136129).

Karbamatli pestisitler arasinda bilinen bir yere sahip olan propoxur 6zellikle biyiikbas
kiigiikbas, kiimes ve ev hayvanlar icin bécek veya mantar ilact olarak en ¢ok kullanian pestisit
tirlerinin baginda yer alir. 1959 yilinda kesfedilen bu pestisitin nérotoksisite de dahil olmak tzere bir
dizi olumsuz etkisi vardir hem akut hem de kronik maruziyette hafizayr olumsuz etkiler ve oksidatif
strese neden olur (Muda et al., 2018: 1). Baygon® (Sekil 1) olarak da bilinen propoxur, diger karbamatlt
pestisitlerde oldugu gibi sinir sisteminin asetilkolin enzimini inhibe etmek sureti ile tarim zararldarini
etkileyerek calisir (Khodadoust et al., 2014: 3118).
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Sekil 3. Propoxurun kimyasal yapist (2-izopropoksifenil-N-metilkarbamat) (PPX)

Toksiditelerinin oldukga fazla oldugu bilinen tarim ilaglart bu sayede takip edilmesi gerekliligini
de yaninda getirmektedir. Pestisit tayininde en ¢ok kullanilan analiz yontemi genellikle kromatografi
cesitleri olmustur. Yuksek duyarliliga ve tekrar edilebilitlige sahip olmasina ragmen oldukea karmasik
prosediitlere pahali gereglere ihtiya¢c duyan bu yontem zaman zaman fazlaca kimyasal Grtne ihtiyag¢
duymaktadir. Gaz kromatografisi karbamath pestisitlerde yiiksek 1sida bozulmasindan dolay1 analiz
zorlasir(Ni & Cao, 2006: 432).Yiksek performansl sivi kromatografisinde deneye baslanmadan 6nce
ZnS:Ni gibi bir eliminsayon ortamt i¢in sentezlenmesine ve karakterizasyonuna ihtiya¢ vardir (Boeris
et al, 2014: 25), sivi kromatografisi - kitle spektroskopisi (Fernandez et al., 2000: 44), , gaz
kromatografisi — kiitle spektroskopisi (Jia et al., 2015: 161), spektrofotometrik metodlar (Ni et al., 2004:
178), floresans ve (Ni & Cao, 2006: 432), optik yontemler (Pogac & "nik, 2001: 632) benzer
komplikasyonlara sahiptirler. Elektrokimyasal yontemler ise analiz icin iyi bir alternatif oldu. Basit,
hizli, ekonomik, ¢evre dostu, yerinde analize izin veren ve ¢evreye zarar vermeyen bu analiz yontemi
propoxur icin oldugu gibi (Selva & Paixdo, 2016: 114) diger pestisit izleminlerinde de de
kullanilabilmektedir. Yasal gerekliliklerin yerine getirilmesi amacina goére kromatografi ve diger
metotlarin yavas kalmasindan dolay1 elektroanalitik yontemlerin gelistirilmesi ve desteklenmesi ayrt bir
6nem tagtmaktadir.

Bu ¢alismada dongiisel voltametrinin faydalarindan yararlanidarak kare dalga voltametrisinde
hassas ve kullanislt bir analiz metodu ortaya konulmast amaglanmistir. Bunun icin CTAB ve SLS
surfaktanlarinin modifikasyonlart denenmistir.

Materyal ve Yontem
Kimyasallar

Calismamizda kullanilan tim kimyasallar Sigma-Aldrich ve Merck firmalarindan satin
alinmistir. Deneysel calismalar, ultra saf su kullanilarak, oda sicakliginda gerceklestirildi. pH 2-10
arasindaki 0.1 M Britton-Robinson (BR) tamponu destek elektroliti olarak kullanildi. Methanolde
cozilen propoksur 10-2 mol/L olarak stok ¢ozelti olarak kullanildi. 1ki kez saflastirma islemine maruz
birakilan deiyonize saf su ile seyreltme islemleri uygulandi ve kullanilmadigt zaman +40C’de muhafaza

edildi.
Analiz Cihazi ve Elektrot

Voltametrik ¢alismalar, elektrokimyasal analiz cihazit Autolab tip III (GPES 4.9 yazilim paketi
(EcoChemie, Hollanda)) ile gergeklestirildi. Elde edilen yalin voltamogramlara, ‘Savitzky ve Golay’
yazilim programi kullanilarak zemin diizeltmesi yapilmistir. Referans elektrot olarak MF 2012, BAS
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kodlu Ag/AgCl, yardimcr elektrot olarak MW 1032, BAS kodlu platin tel elektrot kullanilmistir. 10
mililitrelik elektrokimyasal pyrex® deney hiicreleri (¢ elektrot girisli) kullandmistir. Diizenegin alt
kismina manyetik karistirict yerlestirilmistir. WT'W, inolab pH 720 ile ¢6zeltilerin pH 6lgtimleri
yapilmistir. Calisma elektrodu olarak camimsi karbon elektrot ve polyctab modifiye camimst karbon
elektrot kullanildr.

Elektrot Modifikasyonunun Hazirlanmast

CTAB (setiltrimetilamonyum bromiir) 0.1 M H2SO4 i¢inde ¢6ztlerek 1x10-2 M hazirland: ve
pH 7.0 fosfat tamponunda icerisinde seyreltildi. Bu ¢6zelti igerisinde elektrokimyasal olarak yalin camsi
karbon elektrot yiizeyine (-0.8/-1.2/-0.8 V) potansiyelleri arasinda dongusel voltametri yontemi ile 8
dongtide polimerize edilerek camsi karbon elektrotun yiizeyine tutturuldu. Ters ¢evrilerek kurutulmaya
birakilan modifiye elektrot (0/1.5/0 V) potansiyelleti arasinda pH 7.0 fosfat tamponu icerisinde aktive
edilerek 6lctim alindi.

Bulgular

Polyctab camimst karbon elektrot ylizeyinde olusan elektrokimyasal olay1 anlayabilmek icin 0.1
M fosfat tamponu (pH=7.0) icerisinde 5x10-4 M Propoksur ¢ozeltisinin anodik yonde 0.0 V ile +1.60
V gerilim tarama araliginda ve 100 mVs-1 gerilim tarama hiz1 ile elde edilen doéntsimli
voltamogramlart Sekil 4’de gosterilmistir. Destek elektroliti ve 5x10-4 M Propoksur iceren ¢ozeltilerin
egrileri kiyaslandiginda propoksur’un yaklagik olarak (Ia) +1.49 V’da 4.73 uA’lik anodik bir
yukseltgenme piki verdigi, katodik yonde tarama yapildiginda ise (Ic) -1.03 V’da 1.02 pA’lik katodik
bir indirgenme piki gbzlenmektedir.

=]
(=]
=
=
=
w
[

W' = =pH 7 PES destek

0.00003 v/ === 5 10-4 M propoksur

0.00007
0.00006

0.00005

Current (&)

0.00004

WE(1)

0.000032

0.00002

0.00001

0.00000

".‘.E-.-TE

*II|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIF

0.0 0.2 0.4 06 08 10 1.2 14 1.6
Potential applied (V)

hlllllII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Sekil 4. 5x10-4 M Propoksur’un 0.1 M fosfat tamponu (pH=7.0) icerisinde polyctab camimsi
karbon elektrot tizerinde donustimli voltamogrami. Gerilim tarama hizi, 100 mVs-1, kesikli ¢izgi
destek elektrolitini gbstermektedir.
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Gerilim tarama hizinin propoksur’un anodik yiikseltgenme pik gerilimleri ve pik akim siddeti
lizerine etkisini incelemek icin; 5x10-4 M Propoksur’un, 10-1000 mV's -1 gerilim tarama hiz araliginda,
0.1 M fosfat tamponu (pH=7.0) destek ¢ozeltisi icinde dontisimli voltamogramlart kaydedilmistir
(Sekil 3). Aynt zamanda, tarama hizinin logaritmast ile yitksetgenme pik akiminin logaritmast arasindaki
bagintidan (log ip (pA) = 0.482 log v — 0.284, r = 0.997) elde edilen egimin 0.5’den kii¢iik olmasi
propoksur’un elektrokimyasal yiikseltgenme tepkimesinin difiizyon kontrollii bir proses oldugunu
gostermektedir. Buna ait ilgili grafik Sekil 5’de verilmistir.
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Sekil 5. Propoksur’un daha duyatlt ve secici voltametrik tayini icin, daha keskin ve iyi
belirlenmis pikler kare dalga voltametri teknigi ile elde edilmistir. Destek elektroliti ve pH’nin
propoksur’un voltametrik davranisi Gizerine etkisini arastirmak i¢in en uygun destek elektrolit ¢6zeltisi
igerisinde hazirlanan 5x10-5 M propoksur ¢ozeltilerinin +0.8 ile +1.6 V gerilim tarama araliginda
voltamogramlart kaydedilmistir. Bu amag icin, farkli destek elektroliti ¢ozeltileri kullandmustir. Sekil
6’de 5x10-5 M propoksur iceren farkli destek elektrolit ¢ozeltilerinde kaydedilen kare-dalga
voltamogramlari tstiinde pH’ nin etkisini gostermektedir.
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Sekil 6. Farkli destek elektrolit ¢oOzeltileri iginde 5x10-5 M propoksur’un kare-dalga
voltamogramlari. Kare dalga degiskenleri; puls amplitid, 30 mV, frekans, 50 Hz, gerilim adim1, 8 mV.

Voltametrik tekniklerde meydana gelen sinyaller, kullanilan cihazin degiskenleri ile
degisebileceginden, bu degiskenleri de optimize etmek gerekmektedir. Bu amag i¢in, 5x10-5 M
propoksur’un, pH 7.0 fosfat tamponu igerisinde, frekans f =15-175 Hz, gerilim adim1 AE =2-14 mV
ve puls amplitid ESW = 10-50 mV araliklarinda degistirilerek kare-dalga voltametri teknigi
degiskenlerini incelenmistir. Frekans’in arttirilmast ile 150 Hz’e kadar pik akiminda artis saglanmis
ancak 150 Hz’den sonra pik akimi artmis fakat pik morfolojisi bozulmustur. Bu nedenle en uygun
frekans degeri olarak 150 Hz olarak belirlenmistir. 2—14 mV gerilim araliginda pik sekli ve pik akim
degeri bakimindan en iyi sonug, AE = 8 mV degerinde, 10-50 mV puls amplitiid araliginda pik akimt
40 mV’da en iyi sonug elde edilmistir.

Analitik Yontem Validasyonu

Calisilan voltametrik yonteme ait duyarlilik, segicilik, tekraredilebilitlik ve dogrusallik araligs
detayl bir sekilde arastirlmistir. En iyi deneysel kosullarinda propoksur derisiminin yiikseltgenme pik
akimi tzerine etkisini incelemek icin, farkli derisimlerdeki propoksur ¢ézeltilerinin voltamogramlari
alinmistir. 1X10-7 - 5X10-5 M (sekil 7) calisma araliklarinda standart propoksur ¢ozeltilerinin, fosfat
tamponu (pH 7.0) iceren ¢Ozeltilerinde polyctab camst karbon elektrodu kullanidarak, +1.49 V
gerilimde elde edilen yiikseltgenme pik voltamogramlarinin ve bunlara karsilik gelen kalibrasyon grafigi
Sekil 5°de verilmistir. Derisime karsilik yikseltgenme pik akim degerleri kalibrasyon grafigine gecirildigi
zaman elde edilen dogru denkleminin esitlikleri asagidaki gibidir.

[ip (wA) = 0.3702 C(uM) +0.4726], r=0.995 (1)
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Sekil 7. Fosfat tamponu pH 7.0’de polyctab modifiye camimsi karbon elektrot ile propoksur
degisen derisimlerine (1x10-6- 5x10-4 M ) karsilik elde edilen kare dalga voltamogramlart ve ilgili
kalibrasyon egrileri.

Bu ¢alismada segilen voltametrik metodun analitiksel duyarliligint belirtmek i¢in gézlenebilme
sttt (GS, LOD) (3 s/m oranina gore), tayin alt sinir1 (TAS, LOQ) (10 s/m esitligine gore )
hesaplanmistir. Esitlikte yer alan “s”, destek elektroliti ¢ozeltisinin zemin ¢izgisinde okunabilen en
kiictik on sinyal giiriiltisiiniin standart sapmasini, “m” ise kalibrasyon egrisinin egimini gostermektedir.
Kalibrasyon egrisi denkleminden elde edilen sonuglara gére LOD; 1.88x10-7 M) ve LOQ; 6.27x10-7
M) olarak bulunmustur.

Yontemin kesinlik degerleri propoksur pik akim degerlerinin hem giin i¢ci hem de gtinler arast
tekraredilebilirligi bagil standart sapmalari (BSS) ile degerlendirildi. KIDASV yontemi kullanilarak, ayni
giinde ve farkli giinlerde bes farkli ¢ozeltide sekiz kez tekrar alindi. Propoksur’a ait yiikseltgenme pik
akimlarinin giin-i¢i ve gunler arast % BSS degerleri sirasiyla % 4.2 ve % 5.2 olarak belirlenmistir.
Sonuglar bize, ylkseltgenme pik akim ve pik gerilim degerlerindeki tekraredilebilirliginin oldukea iyi
oldugunu gostermektedir.

Tartigma ve Sonug

Bu calismada, ilk defa polyctab camimsi karbon elektrot ile karbamat pestisiti olan
propoksur’un elektrokimyasal 6zellikleri incelendi, duyarliligl, miktar tayini i¢in bir kare-dalga yontemi
gelistirildi. Gelistirilen bu voltametrik yontemin duyarliligi, dogrulugu, tekrar edilebilirligi, bulgularla
gosterildi. Gelistirilen yontem, propoksur tayinine yonelik kaynakcada yer alan diger elektrokimyasal
yontemlerle kiyaslandiginda daha duyarli (LOD; 1.88x10-7 M) ve ucuzdur. Gelistirilen elektrokimyasal
yontem, hem hizli hem de bir 6n-deristirme islemine gerek kalmadan, ucuz, duyarhlik bakimindan
olduke¢a basarili, kiigtik hacimli 6rnek ile calisilmast ve zaman alict olan ayirma islemlerine gerek
duymadan analiz yapilabilmesinin yant sira kaynakcada yer alan, spektrofotometrik ve kromatografik
yontemlere alternatif olabilir.
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Treatment by Electrocoagulation Using Waste Metals of Petroleum
Wastewater

Giilizar KURTOGLU AKKAYA'

1. Introduction

The petroleum industry releases large number of pollutants into the
environment. Petroleum refineries consume large amounts of water in refining processes such as
cooling, cleaning, steam generation, distillation, and hydrotreating. The quality and quantity of
wastewater generated from refineries is greatly affected by the refinery configuration. Wastewater
released by petroleum industries contains large amounts of hydrocarbons, heavy metals, phenols, and
other toxic chemicals (Perera et al., 2012; Jasmine & Mukherji, 2015; Thakur et al., 2018; Varjani,
2017). Adsorption, coagulation, anaerobic treatment, reverse osmosis, ultrafiltration, chemical
destabilization, flocculation, dissolved air flotation (DAF), membrane process to treat wastewater
from petroleum industry. different technologies have been used (Bennett & Peters, 1988; Kriipsalu et
al., 2008). Proper disposal of wastewater is important. Concentrations of these pollutants should be
reduced to acceptable limits before discharging the water into the environment. Therefore, innovative
research must develop new technologies that reduce complex molecules to simpler forms that are
reliable for maintaining water quality.

The EC process is the most applied electrochemical technology for
treating dissimilar wastes from the petroleum industry, both on a trial and pilot scale. Due to electro-
dissolution of sacrificial anodes, usually Al or Fe, produces flocs (amorphous precipitates of metal
species of hydroxides, oxides or oxyhydroxides) and simultaneously hydrogen and hydroxyl ions (OH"
) at the cathode (Shahedi et al., 2020). The charge of oils, colloids and suspended solids contribute to
their effective separation by neutralization, retention and adsorption mechanisms and their subsequent
precipitation or flotation, EC's colors and dyes, suspended solids, oils and greases, fluoride It has
proven effective in removing heavy metals and phosphorus, treat olive mill wastewater, dairy water
and laundry wastewater (Shahedi et al., 2020; Garcia-Segura et al., 2017). Otherwise, EC is considered
an efficient and cost-effective technique for wastewater treatment. At the anode, the soluble metal
(M), Al or Fe is dissolved as follows: (1) (2) (3)

M = M&T]) +ne”
)

Al = AlESy +3e”
)

Fe(sy = Felyy + 2e” 3)

! Dr., Necmettin Erbakan University, Environment Engineering Department, Orcid: 0000-0003-4779-0428
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However, in oxygen-containing environments, ferrous species are
unstable and form iron species with the effect of dissolved oxygen and reaction (4) occurs (Zongo et
al., 2009)

2+ 1 3+ -
2Fe(aq) + 502(9) + H20(aq) - ZFe(aq) + ZOH(aq) (4)

This destabilization of metal ions (M n + at an appropriate pH),
coagulated species and metal hydroxides (Equation (5)) creates wide gaps and suspended particles can
collect there. During the EC process, metal hydroxides with a large surface area are useful for rapid
adsorption of soluble organic compounds and capture of colloidal particles. The heaps formed are
then easily removed from the aqueous medium by precipitation or flotation (Wang et al., 2018) (5)

M('};;) — monomeric species qq) = polymeric speciesqqy > amorphous M(OH)ys) (5)

The reaction occurring at the cathode is pH dependent. At neutral or

alkaline pH, hydrogen is produced via Equation (6), whereas under acidic conditions Equation (7)
explains better hydrogen generation at the cathode:

2H20(aq) + 2e” > Hz(g) + 20H~ (6)
2H{uq) + 2€7 = Hy(g) ™)

In this study, the EC process for treating petroleum wastewater with
waste perforated iron plates used in different fields of energy, industry and environmental sectors was
investigated. The effect of some operational parameters (pH electrolysis time and current density) on
the COD removal efficiency was investigated.

2. Material and Method

Petroleum wastewater wastewater was obtained from a national
petroleum refinery in Kocaeli, Turkey. All experimental studies were conducted with 250 mlL
wastewater volume at ambient temperature (20—25 °C). Characterization of the petroleum wastewater
used is given in Table 1. Since the electrical conductivity of petroleum wastewater is low, 1 g/L NaCl
was added to the water to increase the ionic strength (Yavuz et al., 2010). The EC reactor made of
plexiglass material has a diameter of 19 cm and a height of 15 cm. Two different types of electrodes
were used in the study. Perforated iron sheet pieces, which are used for many purposes in the industry,
were used as the anode and classical plate as the cathode (Figure 1). The pores of the perforated iron
plate are circular, and each pore area is 1,13 cm®. The plate was placed circularly in the reactor and the
plate equal to the net plate area was used. The dimensions of the plate are 6.6 cm wide, 11 cm high
and 0.2 cm wall thickness. It is submerged 4 cm in water. The reactor was supplied with a direct
current power supply. A homogeneous mixture of the solution was provided by means of a magnetic
stirrer at 150 rpm. The electrodes were washed before each experiment. After a 1 h settling period
after each experimental set, the purified samples were collected and the COD analysis of the obtained
supernatant was performed. The COD removal efficiency was calculated from the equation below.

Co—C
0 1,100

R% =
0

.. .where Cy and C; are initial and final coloration and COD, respectively (Akkaya & Bilgili, 2020).
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The basic materials and devices used in laboratory work are power
supply (Mervesan 305D II), pH meter (Hach Multi-HQ40d Instruments), UV-VIS spectrophotometer
(Hach Lange DR 6000), and precision balance.

Table 1. Characterization of Petroleum Wastewater

Parameter Value
pH 7,94
Conductivity (uS/cm) 173,6
Turbidity (NTU) 99,9
Oil&Grace (mg/L) 1727
COD (mg/L) 553
Total phenol (mg/L) 2,22

Figure 1. a Perforated iron plate b: EC set up

Results and Discussion
2.1. The effect of pH

The pH of the solution plays an important role in electrochemical and
chemical coagulation processes (Lee et al, 2014). The pH conditions significantly alter the
physicochemical properties of coagulants, for example: (i) the solubility of metal hydroxides, (ii)
electrical conductivity of metal hydroxides and (iii) size of colloidal particles of coagulant complexes
(Ganesan et al., 2013). It is related to changes in the chemical structure of pollutants under the
influence of pH. The protonation/protonation of the functional groups of the pollutants, depending
on their pKa, directly affects the net charges of the pollutants and their electrostatic interactions
(Dermentzis et al., 2011). Due to the different physico-chemical character of pollutants as a function
of pH, this parameter needs to be optimized according to the target pollutant nature and waste
conditions. Therefore, in this study, COD removal in petroleum wastewater at different pH was
evaluated.
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The COD removal efficiency at different pH values is given in the FIGRE 2. The lowest removal
efficiency was obtained at pH=4 (17%) and the highest removal efficiency (£87%) was obtained
between pH=8-10. Generally, there is an increase in the removal efficiency from acidic pH to alkaline
pH. This situation has also been expressed in different studies (Tir & Moulai-Mostefa, 2008; Naje et
al., 2017). The reason for this is whether the organic compounds in the wastewater can be removed
by the EC process. The pH=4 low removal efficiency is because the iron is not removed by EC due
to the soluble and miscible compounds in the water that do not react with Fe(I) and/or Fe(III)
produced from the iron sheet anode, and the iron remains in the solution. However, the removal of
17% could be removed by chance because of being able to absorb on a certain amount of wool.
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Figure 2. Change of pH on COD removal (Conditions: 10 mA/cm?, 20 min)

EC process between pH=6-8, Fe(II) and Fe(IIl) Na" is more acidic
than (OH) to form Fe(OH), and/or Fe(OH); together with H" ions. Hydrolyzed Fe ions are produced.
In the wastewater, COD removal will be partially realized by reacting with Fe(II) to form soluble
compounds and with Fe(IIl) to form insoluble compounds or vice versa. An increase from 60% to
80% has occurred.

After pH=8, both Fe(II) and Fe(IlI) and turbidity in wastewater, oils,
oil and grease and suspension, small number of suspended solids and liquids react to form water-
insoluble compounds, and thus the compounds are removed. An average of 87% COD removal was
obtained between pH=8-10. The remaining unremoved fraction was the soluble portion of these
parameters that did not react with Fe(Il) or F(III) to form insoluble compounds. In a study, it was
stated that COD removal is high at a pH above 7.5 for Fe electrodes (Moreno-Casillas et al., 2007).

2.2.Current Density

The amount of current density determines the coagulant production
rate and adjusts the rate and size of bubble production, thereby affecting the growth of flocs
(Modirshahla et al., 2007). For this reason, the effect of current density on the removal of pollutants
was investigated. The COD removal efficiency was observed in the range of 2.5 mA/cm?-30 ma/cm®
during the 20-minute electrolysis period at the determined optimum pH=8. Even at the lowest current
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density the removal efficiency is relatively high (82%.) (Figure 3). It is achieved by effectively dissolving
the anode and cathode in the wastewater. In similar studies, this removal efficiency was achieved with
at least 4 plate electrodes. It has also been stated in the studies that the removal efficiency increases
with the increase in the number of electrodes, since more hydroxide is produced with the increase in
the number of electrodes (Shahriari et al., 2019). For this reason, the number of naturally produced
ions has increased with the design designed with waste metal. Mainly, increasing the applied current
resulted in a higher dissolution rate of the anode, which increased the iron ions released in the oily
wastewater (more coagulation agent was available), thus improving the pollutant reduction rate. It is
observed that the removal efficiency increased as the current density increased, but after 10 mA/cm?,
the removal efficiency remained in a stable line. The COD removal efficiency was 93% between 10
and 30 mA/cm’. At the end of the study, the optimum cutrent density was determined as 10 mA/cm®
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Figure 3. Change of Current Density on COD removal (Conditions: pH:8, 20 min)

In studies of petroleum wastewater with EC, it has been stated that Al
electrodes provide better removal efficiency. However, Ammar et al. (2019) also found similar results
to the removal efficiencies obtained in this study (Ammar et al., 2019).

2.3.Electrolysis Time

The effect of electrolysis time was conducted between 2 and 60 min
of electrolysis at optimum pH and current density values. The COD removal efficiency is directly
dependent on the concentration of ions produced by the electrodes. As the electrolysis time increases,
there is an increase in the concentration of ions and hydroxide flocs. Figure 4 shows the relationship
between COD removal efficiency and electrolysis time. A rapid increase in COD removal occurred
after a 2-min electrolysis time. The COD removal efficiency remained stable up to 30 min, after which
it tended to decrease slightly. It can be explained by the accumulation of produced iron hydroxides in
the wastewater. Therefore, 5 min of electrolysis time will be sufficient for treating petroleum

wastewater.
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Figure 4. Change of Electrolysis time on COD removal (Conditions: 10 mA/cm?, pH:8)
3. Literature studies

The EC process is the most applied electrochemical technology for
treating dissimilar wastes from the petroleum industry, both on a trial and pilot scale (Trevifio-
Reséndez et al., 2021). This is because electro-dissolution of sacrificial anodes, usually Al or Fe,
produces flocs (amorphous precipitates of metal species of hydroxides, oxides or oxyhydroxides) and
simultaneous production of hydrogen and hydroxyl ions (OH’) at the cathode (Shahedi et al., 2020).
They contribute to the efficient separation of oils, colloids and suspended solids by charge
neutralization, retention and adsorption mechanisms and their subsequent precipitation or flotation.

Sitterley et al. evaluated the treatment of different samples of reflux
and produced waters from a fracturing well in Oklahoma, USA, using laboratory-scale EC treatment
with Fe and Al electrodes (Sitterley et al., 2020). In this study, high turbidity reduction (>90%) and
low to moderate COD (37%) were achieved 10—20 min electrolysis time and medium current densities
(6-25 mA cm™) by treatment with EC. In a different study, it was stated that the use of aluminum as
the anode and cathode of petroleum wastewater was most effective at a current density of 60 mA cm’
*in a 30 min electrolysis time. Under these conditions, The COD and turbidity removal were 83.52%
and 99.94% (Gousmi et al., 2016).

Apart from that, two different wastewater samples (COD: 3628 to
5064 mg/1) collected from a specific location in the wastewater treatment system of a local petroleum
refinery. They treated by EC using an aluminum electrode. The effects of current density, initial pH
and flow rate were investigated. It has been shown that under optimum conditions, EC can provide
up to 57% reduction in COD (El-Naas et al., 2013). In a different study using aluminum electrodes,
the optimum conditions were found to be 9.9 mA/cm® 5 mS/cm for current density, conductivity,
pH and electrolysis time, respectively, and 78.77% of the COD at 9 and 18 min (Giwa et al., 2013).

In this research, the ability of COD to be removed from petroleum
wastes was evaluated using an aluminum-based electrocoagulation reactor. A series of batch flow
studies was conducted to evaluate the effect of current density, separation of electrodes and treatment
time on COD removal from refinery wastewater. The highest efficiency in COD removal was
determined as 80.0%. After 100 min of electrolysis, a current density of 8 mA/cm’, electrode
separation of 2 and 20 mm provided the highest removal percentage (Khalil et al., 2021).

Conclusion
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In this study, COD removal from petroleum wastewater was
investigated using a waste material as an perforated electrode. The effect of different operating
parameters such as pH, current density and reaction time on COD removal was determined. It was
determined that optimum operating parameters affected COD removal and at the end of the study,
they were pH=8, current density of 10 mA/cm” and electrolysis time 5 min, respectively. In the
studies, it was determined that the number of Al electrodes and the number of Al electrodes affects
the COD removal for treating petroleum wastewater with EC, but the waste electrode used in this
study was more effective. Its perforated and circular design has increased the electrode surface area.
By placing the cathode in the middle of the circular anode, the reaction is ensured on the entire surface
of the anode and cathode. The large number of iron compounds formed in the environment
contributed greatly to the removal of COD. Additionally, the anode used in this study is a waste
perforated metal.
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Dizel Motorlarda Alternatif Yakit ve Motor Parametrelerinin Yanma
Ozelliklerini Etkisinin Incelenmesi

Hasret DOGAN!

Mehmet CELIK?

I. GIRiS

Dizel motorlar ge¢misten gunumuze kadar agir is sanayinde ve tagimacilikta ¢ok buytk rol
Ustlenmistir. Toplu tastmacilikta ve agir yuk tasitlarinda genellikle dizel motorlart kullanilmaktadir. Bu
sebeple dizel motorlarindan kaynaklanan emisyonlarin azaltilmast "6nem kazanmaktadir. Sehirlerdeki
kirlenmenin biytik bir bélimini otomobillerden kaynaklanmaktadir. Bu kirleticilerin 6zellikleri ve
yogunluklari motor tipine, motor ayarina, kullanim tarzina, yakit bilesimine ve atmosferik | sartlara
baglidur.

Motorlu tagitlar | cevreyi; egzoz emisyonu, yakityag buhari, kursun bilesikleri, asbest ve lastik
tozlari, aginma, paslanma ve korozyon sonucu olusan gaz, sivi ve kati atiklarla kirletmektedir. Bu
kirleticilerin en etkin zararli ve yogun olanlari egzoz gazinda bulunan CO, HC, NOx ve PM (is, duman
vb.) emisyonlaridir. Bunlardan NOx ile PM emisyonlart daha ¢ok dizel motorlarindan
kaynaklanmaktadir. [1]

Bircok tlke dizel motor icin tarih vermis olsa bile elektrikli araglarda batarya probleminin
¢oziilememis olmast agir is sanayisi sektoriinde belirsizliklere yol agmaktadir. Ulkemizdeki araglar goz
ontine alindiginda dizel araglarin pazar payinin 2010’dan bu yana %18,3 seviyelerinden, %038,1
seviyelerine kadar yikselmistir. Distik 6zgul yakit tuketimleri ve yuksek tork cikislart en biuyik
etkenlerden biridir.

Benzinli motora kiyasla yuksek sikistirma oranlarinda ¢alismalari, diistik devirlerde daha yiiksek
tork cikist saglamast, diisiik 6zgul yakat tiketimi ve yuksek verimlerde ¢alismalart gibi avantajlart varken,
yiuksek sikistirma orani nedeniyle silindir icinde olusan yiksek basinglardan dolayr kullanidan
malzemenin kalitesi veya agirhiginda artma olur.

Bircok tlkenin dizel motorlu araglardan vazge¢me karart almasindaki en biyik etken
emisyonlardan kaynaklanmaktadir. Tablo 1’de 1992 yilinda kabul edilen Euro 1 emisyon standartlar
ile ginimiizde uygulanan Euro 6 emisyon standartlari arasinda ¢ok biyiik farklar vardir. Bu belirlenen
degerler motor ureticilerini zorlamaktadir- Yapilan tim calismalar emisyonlart distirmis olsa dahi
sifira indirememis olmasi i¢ten yanmali motorlardan vazge¢meye zorlamaktadur.

1Karabiik Universitesi, Mithendislik Fakiiltesi, Otomotiv Mithendisligi Bolimii, Karabiik
2 Karabiik Universitesi, Mithendislik Fakiiltesi, Otomotiv Mithendisligi Béliimdi, Karabiik
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Tablo 1. Euro Emisyon Standartlart [2]

Siuf Tarih | CO | THC [ NMHC | NO, | HCHNO, | PM [ PN[#/km]
DIZEL
Euro 1 Temmuz 1992 2,72 - - - 0,97 0,14 -
(3,16) (1,13) (0,18)
Euro 2 Ocak 1996 1 - - - 0,7 0,08 -
Euro 3 Ocak 2000 0,66 - - 0,50 0,56 0,05 -
Euro 4 Ocak 2005 0,50 - - 0,25 0,30 0,025 -
Euro 5a Eyliil 2009 0,50 - - 0,180 0,230 0,005 -
Euro 5b Eylil 2011 0,50 - - 0,180 0,230 0,005 6*101
Euro 6 Eylil 2014 0,50 - - 0,080 0,170 0,005 6*101
BENZIN
Euro 1 Temmuz 1992 2,72 - - - 0,97 - -
(3,16) (1,13)
Euro 2 Ocak 1996 22 - - - 0,5 - -
Euro 3 Ocak 2000 23 0,20 - 0,15 - - -
Euro 4 Ocak 2005 1,0 0,10 - 0,08 - - -
Euro 5 Eylil 2009 1,0 0,10 0,068 0,060 - 0,005 -
Euro 6 Eylil 2014 1,0 0,10 0,068 0,060 - 0,005 6*101
Il. MATERYAL VE YONTEM

Calismamizda M57D30 kodlu BMW markasinin 5.30d motorunun silindir ve piston oOlgtleri
baz alinmistir. Tablo 2’de motor 6lgtleri gérilmektedir.

Tablo 2. Motor Parametreleri

Stroke 90 mm
Silindir ¢api 84 mm
Sikistirma oramnt 21:1
Hacim 498.7 cc
Yanma odast hacmi 24.3 cc
Silindir sayis 1

Motor analizleri icin gelistirilmis bir¢ok program bulunmaktadir. Diesel RK, GT-Suite,
ANSYS Forte gibi programlar 6rnek olarak verilebilir. Calismamizi yaparken ANSYS 2020 Rl
surimund kullandik. ANSYS iceriginde bir¢ok analiz imkant sunmaktadir. Calismamizda ANSYS

Forte, Thermal Analysis ve Static Structural Analysis kullanilmustir.

Calismamiza baslarken ANSYS Forte icerisinden generate mesh (mesh olustur) sekmesi yardimu ile 45

derece sektor agisinda piston silindir diizenegini simiile ederek baslandr. Sekil 1’de analizlerin yapildig:

silindir duvari ve piston gérulmektedir.
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Sekil 1.Generate Mesh ile Sektér Olusturma

45 derece sektor agist; piston silindir diizeneginin 1:8’1 kadardir. Tamamint almak yerine sadece
bir 45 derecelik bir parcasini almamiz analizlerin sonucunda bir degisiklige yol agmamakla beraber
yapilan analizleri hizlandirmakta ve daha kisa stirede ayni sonuglara varmamuzi saglamaktadir. Tablo
3’te mesh 6lctleri verilmektedir.

Tablo 3. Mesh Olciileri

Piston Tepesi Profili Sand Bowl
Sektor Acist 45

Cap 84mm
Stroke 90mm

Olusturulan Mesh daha sonra ANSYS Forte programinin igerisine gonderilir. Bu islemden
sonra ayarlanmast gereken sekmeler Sekil 2’de gorildugi sirastyla;

-Sprey modelleme ve enjeksiyon
-Sinir sartlart

-Baslangic kosullari
-Simtlasyon kontroli
-Ciktilarin kontroli
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Sekil 2. ANSYS Forte Ana Agag

A. Sprey Modelleme ve Enjeksiyon

Motorlarda verim ve giicti yiikseltmek i¢in denenmis bir¢ok enjeksiyon tipi bulunmaktadir.
Mekanik dizel pompa enjeksiyonla baslayan common-rail (ortak hat) ile devam eden enjeksiyon
sistemlerinin ortak amact basinghi bir sekilde dizel yakittn sikistirilmis  dolgunun izerine
puskirtilmesidir. Sprey modellemesinde common-rail sistem kullanidmistir.

Nozul boyutu, enjektér tipi, enjeksiyon zamanlamast dogrudan
motorun ¢tkis parametrelerini etkilemektedir. Nozul boyutunun fazla biyitk olmast pulverizasyonu
¢ok fazla azaltugindan ve enjektor ici basincint distrdigi icin yanma meydana gelmez. Cok kugtk
degerlerde ise basinct astri ylkselecek fakat gdnderilen yakit miktart cok fazla diiseceginden motor cikis
parametrelerini diistrecektir. Uygun nozul boyutunun bulunmast i¢in analizler yapilmis olup uygun
nozul secilmistir.

Enjeksiyon zamanlamast hesaplanirken piiskiirtme avanst UON’dan 15°, 18°, 21° derece 6nce
analizler yapilmis olup, enjeksiyonun ka¢ krank acist stirmesi gerektigi hesaplanmistir.

Tablo 4te sprey modellemesi ve enjeksiyon icin yapilan ayarlamalar gérinmedir. Yapilan
enjeksiyon devamli degil kesik kesik olarak secilmistir. Devamlt enjeksiyonda enjeksiyon zamaninin
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basindan sonuna kadar siirekli bir piskiirtme varken, kesik kesik piiskirtme de aralikli olarak
puskirtme yapilir. Kesik kesik yapilan ptiskirtmenin devaml puskiirtmeye gére daha iyi yanma verimi
verdigi gorulmistir.

Tablo 4’te verilen degerler deneme analizler sonucu bulunmus ve motora gore uyarlanmustir.

Tablo 4. Sprey Modelleme ve Enjeksiyon

Sprey modeli Katr enjektor

Yakit karisimi nC7Hi6 — n-Decane (nCioHz2)
Enjeksiyon baglangici 150, 180, 21° krank agtst UON’dan énce
Enjeksiyon zamani 19 krank agist

Puskirtilen yakit miktari 0.045¢g

B. Sinir Sartlarinin Belirlenmesi

Sinir sartlari, analizin hangi siurlar icinde baslayacagint belirlemek agisindan 6nem arz
etmektedir. Pistonun, silindir duvarlarinin ve silindir kapaginin analiz basindaki sicakligt analiz
sonugclarina dogrudan etki etmektedir. Cok ytiksek degerlerde yanma sonu sicakliginin agirt artmasina
bu da NOx emisyonlarinin ytikselmesine neden olmaktadir.

Kullanilan degerler ANSYS Forte egitim kilavuzunda belirtilen degerler olup kullandigimiz

motora gore uyarlanma yapilmustir [3].

Tablo-5 Sinir Sartlart

Piston sicakligs 550 K

Sicaklik transfer carpant 1 (silindir kapag: ve silindir duvari i¢inde sabittir.)
Sektor agist 45

Silindir kapag: sicakligt 530 K

Silindir duvart sicaklig 470 K

C. Baslangi¢c Kosullar

Baslangic kosullarinda simiilasyonun baslayacagi alt noktalar secilir. Burada 6nemli nokta gaz
karisimi ve simtlasyon baslangicinda icerideki gazin sicakligi ve basincidir.

Sekil 3’te emilen havanin kiitlesini mol fraksiyonuna gorilmektedir. Ideallestitilen hava icin
0.126 mol O, 0.874 mol N, kullanilmistir.
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Sekil 3. Gaz Karisimi

Tablo 6’da karsimiza ¢ikan swirl ratio yani girdap orant olarak ¢evrilen terim, silindir icerisinde

emilen havanin silindir igerisinde stkistirtlirken olusturdugu girdaptir. Bunun yitksek olmast istenir.

Emme manifoldu tasarimi, havanin silindir duvarlarina stirtinmesi havanin agsal hizint azaltmakta ve

stkistirma islemi boyunca dismektedir. Ancak yanma odasinda degisiklikler yaparak girdap hizt

arttirdabilir.

Tablo 6. Baslangic Kosullart

Hava giris sicakligs 368 K
Hava giris basinci 3.0 bar
Swirl orant 0.8

D. Simiilasyon Kontrolii

Tablo 7°de verilen degiskenler analizin verecegi sonuglara dogrudan etkisi vardir. Ornegin

baslangic krank acisinin -165 dereceden -180 dereceyi ¢ikarilmast aynt simiilasyon sartlarinda farkl

sonuglar vermektedir. Yapilan analizde valf hareketi ve supap zamanlamast olmadigindan baslangic ve

bitis degerleri 6nemlidir. Simiilasyon kontrolini mentsiinde tablo 7°de verilen degiskenlerin

degistirilmesi saglikli bir sonu¢ almak igin yeterlidir. Analizin hangi devirde gerceklesecegi, baslangi¢

ve bitis krank acilarinin belirlenmesinde ve motor icerisinde olusacak kimyasal olaylarin ne zaman veya

hangi olaydan sonra baslayacagina karar verildigi yerdir. Kimyasal reaksiyonlar piskirtme veya

ateslemeyle baslayacagi gibi belirli sicaklik degerlerinde baglayacak sekilde ayarlanabilir. Fakat yanma

baslamadan kimyasal reaksiyonlarin baslamasi sonuglari etkilemektedir.

Tablo 7. Baslangi¢ Sinir Sartlari

Baslangic krank agist

-165 (emme supabi kapanma zamani)

Bitis krank ac1s1

125 (egzoz supabt agilma zamant)

Motor devri

2750 rpm

Kimyasal reaksiyonlarin baglamast

Enjeksiyondan sonra
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E. Ciktilarin Kontrolii

Cikt1 kontroliinde analiz sonucunda vermesini istedigimiz degerlerin secimi ve bu degerleri hangi
krank acist sirastyla yapilacagina dair secim yapilir.

Yapilan ayarlamalar saglikli sonug verecek bir analiz i¢in yeterli olmakla beraber ¢tkan sonuglara gore
girilen degerlerde oynama yapimistir.

F. Motor Devrinin Belitrlenmesi

Motor devri analizden istedigimiz degerleri alabilmek i¢in 6nem arz etmektedir. Rolanti devrinde
yapilan bir analiz ile tam yiik devrinde yapilan bir analizin ¢iktilart birbirinden farklt olacaktir. Devir
seciminin ardindan sicaklik ve basing farkinin gozlenmesi igin segilen devirde puskiirtme avansint ve
kullanilan yakiti degistirerek ayarlamalar yapilacaktir. Tablo 8 ve Tablo 9°7da motor devir analiz
sonugclart goriilmektedir.

Tablo 8 Motor Devir Analizleri

Devir Tork Gig oYT f’ifirrnn? T“;::;k Sicaklik Basing
750 0.69738 4.3586 361.3568 0.61875 0.22358 1714.852 320
1000 0.74368 6.19735 338.8548 0.62732 0.23842 1719.215 319
1250 0.79749 8.30716 315.9926 0.64111 0.25567 1707.799 314
1500 0.83727 10.4659 300.9776 0.65483 0.26843 1693.871 309
1750 0.86621 12.63219 290.9235 0.66296 0.2777 1682.041 305
2000 0.88425 14.73752 284.9869 0.66776 0.28349 1662.664 300
2250 0.89199 16.72482 282.5142 0.66829 0.28597 1646.554 295
2500 0.90047 18.75982 279.8534 0.66971 0.28869 1629.844 290
2750 0.90514 20.7485 278.4092 0.67035 0.29018 1616.375 287
3000 0.90405 22.60137 278.7442 0.66607 0.28984 1601.051 282
3250 0.9042 24.48877 278.6991 0.66314 0.28988 1591.284 280
3500 0.90283 26.33268 279.1209 0.66004 0.28944 1583.243 278

Tablo 8de karsimiza ¢ikan sicaklik degeri analizin ortalama sicakligidir. Ortalama sicaklik

analiz boyunca yani tist 6li noktadan 165° 6nce ve st 61t noktadan 125° derece sonrast arasinda kalan

290 derecelik krank hareketi boyunca silindir icerisinde olusan sicakligin ortalama degeridir.

Sekil 4-6 da motorun tork, giic ve 6zgiil yakit tiketimi (OY'T) grafikleri goriilmektedir.

Analizlerde elde edilen gli¢ ve tork degerleri, Gross Indicated tork ve Gross Indicated power

olarak verilmistir. Gross Indicated, Tirkce actklamast gazin pistonda sikistirma ve gl¢ safhalarinda

yaptigt istir. Surtiinmeler ve diger cogu kayiplar elimine edilmis halidir.
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Sekil 6. OYT grafigi (Gross Indicated)

Sekil 4-6’ da elde edilen sonuglar g6z 6ntne alinarak analize baslamak icin ideal devir olarak
2750 dev/dak olarak secilmistir.

G. Analizler

Piskiirtme avansinin ve alternatif yakitlarinin kullanimt sonucunda degisimi gézlemek icin 9 farkls
analiz yapilmustir. Yapilan analizler sonucunda kosullara bagli olarak yanma sonu sicaklik, basinglart ve
ctkan gazlarin emisyonunda degisimler gbzlenmistir.

Yapilan analizler asagida belirtilen degiskenler ile yapilmistir.

1. 2750 devir U.O.N’ dan 15 derece énce %100 dizel
. 2750 devir U.O.N’ dan 15 derece énce %90 dizel %10 etanol
. 2750 devir U.O.N’ dan 15 derece 6nce %80 dizel %20 etanol
. 2750 devir U.O.N’ dan 18 derece 6nce %100 dizel
. 2750 devir U.O.N’ dan 18 derece énce %90 dizel %10 etanol
. 2750 devir U.O.N’ dan 18 derece 6nce %80 dizel %20 etanol
. 2750 devir U.O.N’ dan 21 derece énce %100 dizel
. 2750 devir U.O.N’ dan 21 derece énce %90 dizel %10 etanol
9. 2750 devir U.O.N’ dan 21 derece 6nce %80 dizel %20 etanol
Yapilan analizlerde puskiirtme avanst, verilen yakitta degisiklik yapilirken diger parametreler sabit

[ eI B S T N\

tutulmustur. Artan devir ile artan yakit ihtiyacindan dolay1 enjektor ici basincinin sabit olmasi igin
nozzle boyutlarinda dizeltmeler yapilmistir. Enjektor ici basinct 1550 bar olarak ayarlanmistir.

Sicaklik ve basing tablolarinda agik bir sekilde gorilecegi gibi degisen parametrelere ragmen yanma
sonu sicaklik ve basinglarini karsilastirdigimizda aralarinda ¢ok fazla bir fark olmadigindan analizler
daha genis bir aralikta yapilmustir.
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H. Yakit Piiskiirtme ve Ist Yayiliminin Modellenmesi

ANSYS Visualize gorsellestirme programu yardimi ile partikiil takibi ve silindir igerisinde olusan
sicakligin yayilimi inceleyebilmekteyiz. Bu gorsellestirmeler sayesinde 1sinin hangi noktada basladigin
ve nasi dagildigint gézlemlenebilmektedir.

Ist yayithmt Sekil 7°de gosterildigi gibi sirastyla ilerlemistir. Sekil 7(a)’ya baktigimiz zaman enjektor
memesine yakin yerde pulverize olmus yakit tanelerinin yanmasiyla baslar. Sekil 7(b)’de tst noktaya
ulastig1 ve basincin maksimum oldugu noktada silindir yariginin i¢inde yanma yayilmaya baslar ve bu
yayilmay1 sekil 7(c) ve sekil 7(d) takip eder. Enjeksiyon profili kesikli ptiskirtme oldugu icin ilerleyen
krank acilarinda igerideki yakit miktart daha fazla artmugtir. Tutusan yakit piston yargr icerisinde
buytyerek once piston yiizeyinde, sonrasinda silindir kapaginda en son olarak da silindir duvarinda
yayllmaya devam etmektedir. En son silindir duvarinda yayilmasinin nedeni dizel motorlarda
pistonlarin tizerinde yanma odalart bulunmasindan kaynaklidir. Silindir duvarlarinda en ¢ok sicakliga
maruz kalan bélge en tst bolgedir. Buradan anlasilan pistonun strekli yaglanarak sogultulmasi gerektigi
ve gerekiyorsa eger bir yag sogutucu ile motor igerisindeki yagin sogutulmast gerekir. Kapaktaki ve
silindir duvarinda yer alan sogutma kanallarinin 1sty1 ¢ekecek bir sekilde tasarlanmast gerekmektedir.
Bunlar olmadig taktirde motorun agir ¢alisma sartlart altinda 6mru ciddi anlamda kisalacaktir.

ANSYS
0

Sekil 7(a) Ist Yayiliminin Baslamast ve Dagilimi (st 614 noktadan 3 krank agis1 6nce)

ANSYS

20K

Sekil 7(b) Ist Yayiliminin Baslamasi ve Dagilimi (ist 61t noktada)
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ANSYS

20081

ANSYS

2020 R1

Sekil 7(d) Ist Yayiliminin Baslamasi ve Dagilimi (ist 61t noktadan 25 krank agist sonra)

Ist yayithmi Sekil 7’de gosterildigi gibi olusan sicaklik sirasiyla ilerlemistir. Gorsellere baktigimizda ilk
sicaklik olusumu enjektér memesinin etrafinda daha sonrasinda puskiirtilen yakitin piston tepesinde
carptigt yerde baslamaktadir. Enjeksiyon profili kesikli piisktirtme oldugu icin ilerleyen krank agilarinda
icerideki yakit miktart daha fazla artmistir. Tutusan yakit piston yarigi icerisinde biytyerek 6nce piston
yuzeyinde, sonrasinda silindir kapaginda en son olarak da silindir duvarinda yayildmaya devam
etmektedir. En son silindir duvarinda yayilmasinin nedeni dizel motorlarda pistonlarin Gizerinde yanma
odalar1 bulunmasindan kaynaklidir. Silindir duvarlarinda en ¢ok sicakliga maruz kalan bolge en tst
bélgedir. Buradan anlasilan pistonun strekli yaglanarak sogultulmasi gerektigi ve gerekiyorsa eger bir
yag sogutucu ile motor igerisindeki yagin sogutulmasi gerekir. Kapaktaki ve silindir duvarinda yer alan
sogutma kanallarinin 1siy1 ¢ekecek bir sekilde tasarlanmasi gerekmektedir. Bunlar olmadigr taktirde
motorun agir ¢alisma sartlart alttnda 6mri ciddi anlamda kisalacaktir.

Sekil 8(a-b-c-d)’de enjektoriin yakitt piiskirtmesi modellenmistir. 21 krank agist 6nce baslayan 19
krank acist devam eden puskirtmenin -17 krank acisindan -14 krank acisina kadar olan modellemesi

yapilmustir.
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Sekil 8(a)’da avans agist 21 derece olan enjeksiyonun tam olarak basladigi nokta gorilmektedir.
Devam eden 8(b) yakitin pilverize olmaya basladigt gorilmektedir. Bunu yakitin i¢cindeki mavi renk
haricindeki renklerin ¢ogalmasindan anlamaktayiz. Bu olay 8(c) ve 8(d) de daha net olarak

gorilmektedir. Pulverizasyonun ¢ok oldugu nokta enjektér memesi ¢tkisinda degil daha ¢ok piston

yuzeyine yakin yerlerde meydana gelmektedir.
i

ANSYS

220R1

Sekil 8(a) Puskiirtme (ist 6li noktadan 17 derece 6nce)

ANSYS

220RY

Sekil 8(b) Puskiirtmenin (ist 6lit noktadan 16 krank agist 6nce)
i

ANSYS

2020 R

Sekil 8(c) Puskiirtme (st 6l noktadan 15 krank acist 6nce)
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ANSYS

2020 R1

Sekil 8(d) Piskiirtme (tist 6lii noktadan 14 krank agist 6nce)

I Emisyonlarin Incelenmesi

Motor treticileri tirettikleri motorlarda emisyon standartlarina uymak zorunda olduklarindan ¢ikan
gazlarin analizlerini yapmaktadirlar. Emisyon standartlarina uymadiklarinda agir yaptirimlar ve para
cezalart ile karsilasiimaktadir. Gelisen teknoloji sayesinde motoru tiretmeden 6nce bunlari simiile
etmek kolaylastt. Kullandigimiz program gibi baska programlar sayesinde de ¢tkan gazlarin emisyonlart
izlenebilmektedir.

ANSYS Forte her bir analiz icin gazlarin ¢iktillarini grafik halinde vermenin yaninda Excel tablosu
olarak da kaydetmektedir. Bunun sayesinde tiim analizler tek bir Excel dosyasinda toplanip
karsilastirilabilir.

Grafiklerdeki ¢izgiler analiz sirastyla derlenmistir.

1. 2750 devir U.O.N’ dan 15 derece énce %100 dizel
. 2750 devir U.O.N’ dan 15 derece énce %90 dizel %10 etanol
. 2750 devir U.O.N’ dan 15 derece énce %80 dizel %20 etanol
. 2750 devir U.O.N’ dan 18 derece énce %100 dizel
. 2750 devir U.O.N’ dan 18 derece énce %90 dizel %10 etanol
. 2750 devir U.O.N’ dan 18 derece énce %80 dizel %20 etanol
. 2750 devir U.O.N’ dan 21 derece énce %100 dizel
. 2750 devir U.O.N’ dan 21 derece énce %90 dizel %10 etanol
9. 2750 devir U.O.N’ dan 21 derece énce %80 dizel %20 etanol
Sekil 9’da CO emisyonuna baktigimiz zaman avans agisina bagl olarak bir artis gérilmektedir. En

oo 1 &N Ul A WD

Ustteki 3 ¢izgi asagidan yukartya sirasiyla 7-8-9 nolu analizlerdir. Yani ayni avans miktarinda etanol
oraninin artmastyla CO emisyonunda yiikselme goriilmektedir.

Emisyonun en distik gorildigi ¢izgi 3 numaralt analizdir. Avans agisinin artmasi CO emisyonunu
artts yontunde etkilemistir.
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Sekil 9. CO Emisyonu (kttle fraksiyonu)

Sekil 10” da partikiill madde gikist gbzlendiginde, en fazla partikill madde (is) 1 nolu analiz (15 derece
U.O.N’ dan é6nce %100 dizel) de goriiliirken en az partikiil madde (is) ise 9 nolu analizde (21 derece
U.ON’ dan é6nce %80 dizel %20 etanol) goriilmistiir. Etanol ilave edilmesi is emisyonunu
diusurmustir.

Sekil 10’da da gorildugi gibi avans acisinin arttirilmast ve etanol yilizdesinin arttirilmasi is
emisyonlarini olumlu yonde etkilemistir. CO emisyonuyla karsilastirdigimizda zaman avans agistyla
beraber emisyon yikselirken, partikiil madde emisyonunda tam tersi etki saglamistir.
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Sekil 10. Partikiil Madde (is) Emisyonu (kiitle fraksiyonu)
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Sekil 11°de hidrokarbon emisyonlarina baktigimiz zaman avans acgisin ve yakit tiiriiniin emisyona
cok fazla bir etkisi olmadigi gérilmustir. Hidrokarbon emisyonu silindir igerisine alinan yanmadan
disart ¢cikan emisyonlaridir. Bu emisyonun yiiksek olmast eksik yanmayi isaret eder. Dizel araclarda
emisyonlari, yakit titketimini, silindir ici sicakhigr distirmek icin egzoz gaz1 re sirkiilasyonu (EGR) gibi
sistemler kullanilmaktadir. Bu sistem gerektiginde devreye girerek, silindirin i¢ine egzoz gazini gonderir
ve bu sayede yanmamis HC’ler tekrardan yanmaya dahil edilir. Bu sistem ayrica silindir i¢i sicakligi
distrdugi icin NO, emisyonunu da diisirmektedir. Analizler yapilirken EGR kapali olarak yapilmuistir.
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Sekil 11. HC Emisyonlart (kiitle fraksiyonu)

NOx emisyonlart yanma sonucu olusan NO, N>O ve NO’nun toplamudir. NO,’ in %80-851
NO’ dan olusur. NOy emisyonlari yaklasik 1500 °C’yi astiginda silindir igerisinde bulunan N, oksijen
ile tepkiye girerek NOy emisyonlari olusmaktadir. Sicakliktaki artisa baglt olarak 1700 °C tzerindeki
sicakliklarda meydana gelen %1 oranindaki artis NO, emisyonlarinda yaklasik %20 oraninda bir artisa
sebebiyet vermektedir [4]. Tablo-9’da da gorildigl gibi motor stabil ¢alisma devirlerine geldiginde
silindir icerisinde daha dustik bir ortalama sicaklik yakalamaktadir. Bunun sonucu olarak da NOx
emisyonlart dismektedir. Yapilan analizlerin sonucunda ¢ikan gazlardaki NOy oranlart Sekil 12°de
gOsterilmistir.
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Sekil 12. NO, Emisyonlar (kiitle fraksiyonu)

Grafigi inceledigimizde NOx emisyonlarinin en yiiksek oldugu yer 7 nolu analizde (21 derece U.O.N’
dan 6nce %100 dizel) oldugu gorilmektedir. En disik NOx emisyonu ise 3 nolu analizde (15 derece
U.O.N.” dan 6nce %80 dizel %20 etanol) ¢iktigr gériilmektedir. Silindir ici sicakligin etkisi oldugu gibi
yakilan yakitin ve avans miktarinin da 6nemi biiytikttr. Avans agisinin distiriilmesi ve etanol eklenmesi
NOy olusumunu dusiirerek emisyonu olumlu yénde etkilemistir [5]. Daha da fazla distrilmesi
durumunda NOx olusumu daha da dusecektir fakat yakitin buharlasacak ve tam olarak yanmaya zamant
olmayacagindan dolay1 eksik yanma gerceklesecektir. Bu olay NO, emisyonunu distriirken yanmamis
HC emisyonunu da agir1 sekilde ytikseltecektir ve gli¢ kaybina yol acacaktir.

J. Sicaklik ve Basinglarin Incelenmesi

Dizel motorlarin yanma; sikistirma sonucu sicakligr ve basinct arttirilan havanin tstiine basinglt bir
sekilde yakit puskirtilmesi ile gerceklesir. Dizel motorlarin yanma sonu basinglart yiksek olur.
Emisyon analizinde gozlendigi tzere sicaklik ve basinglarda piskirtme avansi ve farkli yakit
karisimlarinda degisiklik géstermektedir.

-165 ile 125 krank agis1 arasinda kalan degerleri okumak, birbirinden ayirmak zor oldugu icin grafigi
olustururken dar bir aralik secilmistit.

Sekil 13’te ki grafikte goriildiigii gibi en yiiksek sicaklik degerinin 7 nolu analizde (U.O.N’ dan 21
derece 6nce %100 dizel) oldugunu goriiyoruz. En diisiik sicaklik degerine ise 3 nolu analizde (U.O.N’
dan 15 derece 6nce %80 dizel %20 etanol) ulastimaktadir. Distik puskirtme avansinin ve etanol katkilt
yakit kullanmanin emisyonlarda oldugu gibi sicaklik grafiginde de etkisi oldugu goérilmektedir.
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Sekil 13. Yanma Sonu En Yiiksek Sicakliklar (K)

Sekil 14’te basing grafigini okudugumuzda en yiiksek basing degerini 9 nolu analizde (U.O.N’
dan 21 derece 6nce %90 dizel %10 etanol) elde edilirken, en diisiik basing ise 3 nolu analizde (U.O.N’
dan 15 derece 6nce %80 dizel %20 etanol) elde edilmistir. Basing grafiginde digerlerinden farkli olarak
en yuksek noktayr yakaladigimiz analiz degismistir. Fakat en yiksek basing degerine 21 krank agist
avans degerinde ve %10 etanol takviyesinde ulagsmustir. Diger grafiklerle karsilastirdigimiz zaman avans
degerinin yliksek olmast yliksek sicaklik, basing ve bunlari bagimli olarak da yitksek emisyonlara yol
acmaktadir.

Sicakligin ve basincin etkilerinin piston ve diger yanma odast igerisinde
bulunan elemanlar iizerindeki etkileri arastirdigimiz icin U.O.N’ dan 21 derece 6énce %100 dizel
yakitinin kullanildigi analiz (7 nolu) ve U.O.N’ dan 15 derece 6nce %80 dizel %20 etanoliin kullanildig
(3 nolu) analiz sartlart bir sonraki asamalarda kullanilmistir.
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Sekil 14. Yanma Sonu Basinglari (bar)

Piston; icten yanmalt motorlarda biyel kolu ile krank miline bagli olan, silindir gémlegi icerisin
asag1 ve yukari hareket eden parcadir. Dizel motorlarda yakit puskiirtmesinin baglamasi ve yakitin alev
almastyla beraber icerideki basing ve sicaklik hizli bir sekilde yukselir. Gergeklesen yanma sonucunda
gaz genlesir ve Ust 6lu noktada en yliksek basing degerine ulagilir. Olusan bu gaz kuvveti pistonu
asagtya dogru iter ve krank milini déndurir. Olusan gaz kuvveti piston yiizeyine dolayisiyla pistona
etki eder. Is zamaninda pistonla beraber gaz kuvvetine, silindir kapagt, supaplar ve silindir duvarlar
da maruz kalir. Igeride olusan kuvvetler biyidiiginde kullanilan malzemelerinde ayni oranda

gelistirilmesi gerekir.

Silindir igerisindeki yanma sonucu olusan gaz kuvvetinin piston tizerine etkileri incelenmistir.
Farkliliklari gézlemleyebilmek i¢in yapilan analizlerden en yiksek ve en dustik sicaklik, basing verileri
kullanildi. Kullanidan piston modeli Sekil 15 ‘de ki SolidWorks ortaminda 3 boyutlu olarak analizlerde

kullanilan Olgtlere gore ¢izilmistir.
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Sekil 15. Piston CAD Cizimi

L. Statik ve Termal Yiikleme

Statik yiikleme, gaz kuvvetinin pistona karst olusturdugu tepki kuvvetlerinin piston tizerindeki
yol actig1 deformasyonlart gérmek icin kullandmistir. Termal analiz ise silindir icerisinde proseslerden
dolay1 artan sicakligin malzeme tuzerinde nasil bir deformasyona yol agtigini gézlemlemek igin
kullanilmistir.[6] Olgiilen en yiiksek basing 305 bar (30.5 Mpa), en yiiksek sicaklik 2552 K (2279 °C)
olarak bulunmustur. Gegici termal analiz (transient thermal) ve statik yap: analizi beraber
cozdurilmustiir. Piston malzemesi olarak al-2618A aliminyum alasim malzemesi belirlenmistir.
Secilen malzemenin 6zellikleri Tablo 10°da verilmistir. Normal sartlarda tretilen pistonlarin bazilarinda
piston ylizeyine kaplama yapilir. Kaplamanin avantaji sirtiinmeyi azaltir ve buna bagli olarak meydana
gelen sesi de azaltmis olur sadece bununla kisitl kalmayan kaplama islemi ayni zamanda asinma
dayanimint da arttirir. Analizlerde kaplama kullandmamistir.

Tablo 10. Al-2618A Ozellikleri

Al-2618A
Cekme dayanimi 440MPa
Kesme dayanimt 260 Mpa
Akma dayanim1 370 Mpa
Termal iletkenlik 146W/mK

Yuksek degerler kullanilarak yapilan 1. Statik ve termal yiikleme sonucunda;

Sicakligin etkisi g6z oniine alindiginda yanma sonucu olusan yaklasik 2552.6 K (2279.6 °C)
sicaklik degeri piston tzerine etki ettiginde sicakligin dagilimi gérilmektedir. Sekil 16(a) incelendigi
zaman piston Gzerinde gorilen en yuksek sicaklik 2279.6 °C (2552.6 K) ile piston yluzeyinde goriilirken
en dusiik sicaklik pistonun eteklerinde olup Olgtilen sicaklik 552.86 °C (825.86 K) ve ortalama piston
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tzerindeki sicaklik 902.6 °C (1175.6 K) olarak bulunmustur. Sekil 16(b)’de gordiigimiiz yarim kesit
piston goruntiisinde de goruldigu gibi sicaklik piston yluzeyinde en yogunken piston eteklerine dogru
etkisini kaybetmistir.

Ime;

6192021 1:13 PM

2279.6 Max
248

18164
1384.9
1353.3
1217
90,16
638,39
427.03
195,46 Min

Sekil 16(a) Yiksek Sicaklikta Dagilim

Irme:

6/10/2021 1:15 Ph

2279.6 Max
248

18164
1584.9
1353.3
1217
49016
638,59
A27.03
195.46 Min

Sekil 16(b) Yiksek Sicaklikta Dagilim (yarim kesit)
Sicaklikla beraber uygulanan basincin etkileri incelendiginde ise;
Sicaklikla beraber gaz kuvveti de uygulandigt zaman piston tizerinde olusan degisimler sekil
17(a) ve 17(b) de karsimiza ¢ikmaktadir. Genisleyen gaz pistonun asagiya dogru hareketinden sonra
pistonun ist noktalarina daha ¢ok baski yaptigr gorulmektedir. Analizler sonucunda elde edilen
maksimum deformasyon 1.4765 mm, ortalama olarak ise 1.0903 mm olarak gorilmustiir.
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1.4765 Max
1.3125
1.1484
093436
0.8203
0.65624
049218
0.32812
0.16406

0 Min

Sekil 17(a) Yiksek Basing ve Sicaklik Altinda Deformasyon

1.4765 Max
1.3123
11484
0.98436
0.8203
0.65624
0.49218
03za12
016406

0 Min

Sekil 17(b) Yiksek Basing ve Sicaklik Altinda Deformasyon (yarim kesit)

Von-misses stres analizi; par¢a tizerinde olusan gerilmelerin ve kayma gerilmelerinin ortalamasi
olarak tanimlanir [7]. Sekil 18’de de goruldigt gibi, basing ve sicaklik altinda par¢ada meydana gelen
en yiksek gerilme 423.74 MPa, en duisiik gerilme 2.3183 MPa iken ortalama olarak bir piston tizerinde
266.73 MP2’lik gerilme etki etmektedir.
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42374 Max
376,92
330,09
283.27
236,44
18962
142,79
05,968
49,143
2.3183 Min

Sekil 18. Von-Misses Analizi (yarim kesit)

Yapilan birinci analizden sonra sicaklik ve basing farkinin deformasyon miktarint goérebilmek
icin ikinci bir analiz baslatilds. Tkinci calismada kullanmak icin, yapilan ilk analizlerde bulunan en dusiik
sicaklik ve basincin bulundugu 3 nolu analiz dikkate (15 derece U.O.N.” dan 6énce %80 dizel %20
etanol) alinmistir. Bu analizde kabul edilen en dustik sicaklik degeri 2242.2 °C (2515.2 K), en distk
basing degeri ise 274 bar (27.4 MPa) olarak kullanilmustir.

Sicakligin etkisi bu ¢6ziimle icin incelendiginde piston tzerine etkiyen en yitksek sicaklik sekil
19(b)’de de gortldugt gibi 2237.5 °C (2510.5 K) ile piston yuzeyinde, en dusiik sicaklik 195.48 °C
(468.48 K) ile piston eteklerinde gorulmektedir. Ortalama sicaklik degeri ise 901.83 °C (1174.83 K)
olarak g6zlenmistir.

2237.5 Max
2008
17838
1556.9

1330

1103.1
876,17
649,27
42138
195.48 Min

Sekil 19(a) Dusiik Sicaklikta Dagilim
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6/19/2021 1:29 PM

2237.5 Max
20106
1783.8
1556.9

1330

11031
87617
640,27
432,38
195.48 Min

Sekil 19(b) Dusiik Sicaklikta Dagilim (yarim kesit)

Sicaklikla beraber gaz kuvveti de uygulandigi zaman piston tzerinde olusan degisimler sekil
20(a) ve 20(b) de karsimiza ¢ikmaktadir. Genisleyen gaz pistonun asagiya dogru hareketinden sonra
pistonun ist noktalarina daha ¢ok baski yaptigr gorilmektedir. Analizler sonucunda elde edilen
maksimum deformasyon 1.4552 mm, ortalama olarak ise 1.0638 mm olarak gorilmustiir.

6/10/2021 1119 PM

1.4552 Max
1.2035
1.1318
0.97013
0.50844
0.84676
048507
032338
016169

0 Min

Sekil 20(a) Dustik Basing ve Sicaklik Altinda Deformasyon
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1.4552 Max
1.2835
11318
0.97013
0.80844
0.64676
048507
032338
016169

0 Min

v
W

iy

Sekil 20(b) Dusiik Basing ve Sicaklik Altinda Deformasyon (yarim kesit)

422,56 Max
375.9

329,25

282.6

235,95

189.3

142,65
095,999
49,348
2.6968 Min

Sekil 21 Von-Misses Analizi (yarim kesit)

Sekil 21’de de goruldigu gibi, basing ve sicaklik altinda parcada meydana gelen en ytksek
gerilme 422.56 MPa, en dusiik gerilme 2.6968 MPa iken ortalama olarak bir piston tizerinde 246.42
MPa2’lik gerilme etki etmektedir
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I1l. BULGULAR

Yapilan analizler sonucunda avans agilar1 ve etanol ilavesinin motor yiikiine de baglt olarak
degisim gozlenmistir. Bu degisim etanol oraninin artmastyla olumlu yonde giderken, avans agisinin
yukselmesiyle olumsuz etkilenmistir.

IV. TARTISMA

Her gtin artan arag sayisindan kaynakli atmosfere salinan egzoz gazi emisyonu artmaktadir.
Emisyonu belirli dizeylerin altinda tutmak bu stireci durdurmayacaktir fakat yavaslatacaktir. Analiz
sonuglarina goére etanol ilavesinin artmast emisyon oranlarint distirmekle beraber motor pargalarinin
da 6mrintin uzamasinda yardimct olacaktir. Tek ¢evrim icin karsimiza ¢ikan ufak deformasyon farklari,
uzun streli kullanimda buyuk farklar acacaktir.

V. SONUCLAR

Calismanin sonucuna gore, yiiksek avans agilart ve sadece dizel yakit kullanimi emisyon ve
parcalar tizerinde olumsuz etkileri vardir. Analiz sonuclarinda da gordigiimiiz gibi sadece dizel
kullanilan ve yiiksek avans acilarinda, emisyon, sicaklik ve basing ytksek ¢ikmistir. Daha distk bir
avans agisinda ve etanol ilaveli yakitta ise daha dusiik emisyon, sicaklik ve basing gorilmistir. Elde
edilen sicaklik ve basing degerlerini termal ve statik yap1 analizinde ¢ift olarak kullanarak ¢6zimleme
yapidiginda, maksimum deformasyon oraninda %1,5lik bir fark karsimiza cikarken, maksimum
gerilme noktalarinda ise %00.27’lik bir fark gozlenmistir.
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Introduction

In front of the significant increase of industrialization and urbanization in coastal areas, the
marine environments are subject to human pressure, especially in terms of pollution (Tanyolag, 2009).
Marine pollution generated by the spill of wastewater and industrial effluents mistreated or sometimes
untreated is one of the most widespread forms and the most damaging to all coastal marine ecosystems
of the planet (Espinosa ez /., 2007). Heavy metal pollution is one of the most important causes of
pollution in lakes and seas around the world. Traditional solution technologies are taking time and
expensive. For this reason, it is inevitable to use low-cost and environmentally-friendly technology to
grade up contaminated soil and water resources, especially in developing countries (Abdallah and
Abdallah,2008:140). Organisms which accumulate contaminants in their where this is not changes of
contaminants. Algal seaweed has been used as biomonitors of metal samples were rinsed thoroughly
with seawater on-site and contamination (Al-Homaidan, 2007:345; Kamala-Kannan e7 a/., 2008:1235)
Macroalgal species are generally preferred as indicator organisms to measure heavy metal levels in
both the seas and the freshwater in the world. Due to the high negativity on the surface of the red
algae, they have the ability to attract and store many heavy metal ions in the water. This makes the use
of algae important in determining and eliminating water pollution.(Alp ez 4/,2012:48). Many
researchers have concentrated their studies on heavy metal absorption of algae under both
experimental and natural conditions. There are studies on the use of Cladophora sp. and Ulpa sp. algae
as bioindicator species (Alp ez a/2011:14).

! Hatice Banu KESKINKAYA, Res. Assist., Selcuk University, Department of Biology, Orctd: 0000-0002-6970-6939
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Figure 1: A. Liagora ceranoides (J.V Lamouroux) in natural habitat. B. Liagora viscida (Forsskal)
C.Agardh) in natural habitat.

We aimed in this study determine the availability of macroscopic red algae from the
Mediterrenian sea for absorption applications. For this purpose, both macro element values and trace
element values were investigated and the results were evaluated by comparing algae and water.

Properties of Macro and Trace Elements
About the properties of the macro elements, in the water, Calcium can be found at very

different concentrations. Calcium and magnesium are the most important ions that give water
hardness. Potassium is the seventh of the elements found most abundantly in the earth's crust (Fowler,
1979:269). However, the amount of potassium in natural waters is low. Sodium is the most commonly
found element in the earth's crust. Sea water has % 2.6-2.7 Sodium Chloride. Phosphorus is found in
organic and inorganic forms in natural waters and is an essential element in plant and animal growth
(Dadolahi-Sohrab ez 4/,2011:582)

The heavy metal sulfides found in the nature are partially oxidized by the effect of atmospheric
events and dissolved in water to form sulfates (Villares ef a/.,2001:224) About the properties of the
trace elements, Aluminum is the third frequently found element in earth’s crust, but it is hardly ever
found in waters. Toxic cadmium can be due to the impairment of galvanized pipes in aquatic
environment, with its use in plastics industry as a stabilizer or due to other industrial wastes.
Ahmadpour e a/.,2012:14037). Cobalt is one of the trace elements necessary for life. In case of its
deficiency, activation of certain enzymes can stop. Chromate compounds can be found in waters only
with contamination. Copper available in water is related with the pH of water, carbonate concentration
and other anions. While the amount of iron in nature is quite a lot in nature, it is found in small
quantities in natural waters. Manganese is dissolved in soil due to climatic events and gets into water.
The lack of molybdenum element limits the primer production. Algae growth is warned if added to
water. Most nickel salts are water soluble. While they are found in surface waters at level 5-20 pg/ L.
The average amount of lead at lakes and rivers on earth is around 1-10 micrograms. Selenium can get
into aquatic environments through industrial waters. Zinc is one of the important elements for life.
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As its amount in 1 m3 water varies from 2.5-12 mg, it is not deemed to be a trace element (Ttzen ez
al,,2009:365).

MATERIAL AND METHOD
Sampling procedures

Liagora ceranoides and Liagora viscida algal samples were taken from Antalya coast of in
Mediterrenaian Sea in 2019 at the middle of summer when algae formed intense populations. Among
the various organisms, possible the samples were obtained by scuba diving. Collected samples were
placed in sterile glass bottles and brought to the laboratory in the cold chain. The foreign materials on
the algae are being cleaned with distilled water and then milled algae stored at room temperature. The
satellite image of the area where the samples were taken is given in the Figure 2. Coordinates of the
station where the samples are taken; station: N 36°52'57.15" E 30°40'40.36" , N 36°53'3.22" E
30°42'5.28" respectively.

"

Figure 2: Satellite image of algae samples taken from Antalya

Determination of Macro and Trace Elements
Analytical methods.

Before analysis, samples were placed in durable glass bottles and dried at 105 ° C for 24 hours
in a drying oven. 0.2 g of the dried samples were taken and 5 mL nitric acid (65 % HNO3 mL-1) and
2 mL of purified water were added and allowed to stand at room temperature for 24 hours. After that
samples were dissolved in microwaved. The samples removed from the microwave were cooled and
filtered through a 100 mm blue band filter paper, then transferred to falcon tubes and 25 mL volume
was completed with deionized water (Rao,1986:220). The samples were then read on the ICP-OES
(Varian Vista) device.
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The wavelengths of the elements measured in the device are respectively B 249,772, Ca
317,933 nm, K 766,491 nm, Mg 279,553 nm, Na 589,592 nm, P 213,618 nm, Co 238,892, Mo 202,032
nm, Cd 214,439 nm, Cr 267,716 nm, Cu 327,395 nm, Fe 238,204 nm, Mn 257,610 nm, Ni 231,604
nm, Pb 220,353 nm and Zn 213,857. Working conditions of ICP-AES is as follows: instrument: ICP-
AES (Varian-Vista), RF Power: 0.7-1.5 kW (1.2-1.3 kW for Axial),plasma gas flow rate (Ar): 10.5-15
dm’/min. (radial) 15 (axial) , auxilary gas flow rate (Ar): 1.5, viewing height: 5-12 mm, copy and reading
time: 1-5 s (max. 60 s) , copy time: 3 s (max. 100 s).

Statistical analysis.
All statistical analyses were performed by using the SPSS15 software package. The Pearson

Correlation Matrix was applied in order to evaluate the relationship between each of the metal
parameters within the L. ceranoides and L. viscida.

RESULTS
In this study, the concentrations of the elements that accumulate in L. ceranoides and L. viscida

species taken from Antalya, were determined. Macro and trace element contents of algal species and
aquatic environment were compared. The mean and standard deviation values of macro and trace
element contents of algae samples are given in Table 1 and Table 2.

Table 1: Mineral and trace element concentrations obtained from L.ceranoides

Liagora ceranoides (mg/kg™")
n= Mean

Mineral Elements Trace Elements

Ca 137645,1 Cd BDL*
K 224825 Co 0,742
Mg 11139,5 Ct 0,742
Na 922375 Cu 5,196
P 148,478 Fe 233,11
Mn 10,393

BDL* = Below Dedection Limit Mo BDL*

Ni 0,742

Pb 8,908
Zn 11,878
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Table 2: Mineral and trace element concentrations obtained from L.viscida

Liagora viscida (mg/kg")
n=3 Mean

Mineral Elements Trace Elements
Ca 258882,3 Cd BDL*
K 13793 Co BDI*
Mg 3440,7 Ct 3,076
Na 105284 Cu 6,923
P 280,769 Fe 727,692
Mn 17,692
Mo BDL*
BDL* = Below Dedection Limit Ni 5,384
Pb 22,307
Zn 12,307

According to Table 1 and 2, when the accumulation amounts of the elements in the algae
samples are taken into consideration, it is determined that the first orders are taken by the macro
elements. Molybdenum, cobalt and cadmium are below the limit values in the measurements. Iron
was the most abundant trace element after macro elements in both samples. Phosphorus, Boron trace
elements were followed Iron element. Chromium, cobalt and nickel are the least trace elements that
can be detected. In our study, it was determined that the most trace element accumulation was in Iron
element in both algal species. According to some other studies, it is seen that the most accumulation
in the algal species is in Iron element.
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Table 3: The relation between the metal parameters of the samples

Correlations

B Ca Cr Cu Fe K Mg Mn Mo Na Ni P Pb Zn
B
1

Ca | _9g0 1

Cr | 587 | -416 1

Cu | 997 | _962 | ,648 1

Fe | 435

3 ]

775

K| 560 | ;721 | 331 | 505 | 997 1

Mg | 560 | ;721 | 331 | 505 | 997 | 1,0007 | 1

Mn | 999* | _og0 | 587 | 097 | -635 | -569 | -569 1

Mo [ 569 | 721 | -331

E] > »

980 | 587 | -997° | 635 | 569 | 569 |-1,0007| -569 1

505 | -997 |-1,000%|-1,000%| 569 1

Na | poo™| |
Ni | 997 | 961 | 652 |1000™| -570 | -500 | -500 | 997 | 500 | -997 1

P -1,000™| ,980 =587 | -,997° ,635 ,569 569 | -1,0007| -,569 | 1,0007 | -997 1
Pb | 955 995 -,324 =931 834 ,786 786 -,956 -, 786 956 -,929 ,956 1
Zn 459 -,275 ,989 526 ,394 469 ,469 459 -,469 -,459 531 -,459 -,178 1

*. Correlation is significant at the 0.05 level (2-tailed).

3

**. Correlation is significant at the 0.01 level (2-tailed).

The relation between the metal parameters of the samples taken from the L. ceranoides and L. viscida
taken from Dardanelles was determined by the Pearson Correlation Analysis and was given in Table
2. The relations between the metals in the L. ceranoides and L. viscida at 0,05 significance level (p<0.05);
At 0, 01 significance level (p<<0,01) while Mg element showed positive correlation with K element, it
showed negative correlation with Mo element. In addition Mn element had positive correlation with
B element and it showed negative correlation with Na and P elements(p<<0,01). Also while there was
positive correlation between Cu and Ni, P and Na, there was negative correlation between Mo and K
(p<0,01).
As a results of our study, about macro elements, calcium has the highest value in both algal samples
have been measured.

About trace elements, Iron has the highest value in both species have been measured.
Elemental concentrations of L.ceranoides and L.viscida were determined as following: Ca> Na> K>Mg
>Fe>P>B>7Zn>Mn>Pb>Cu>Co=Cr=Ni, Ca>K>Na>Mg>Fe>P>B>Pb>Mn>Zn>Cu>Ni>Cr

respectively.

CONCLUSION

According to these results, it can be said that algae has high absorption ability. According to
PCA analysis, macro and trace elements showed positive and negative correlation with each other.
High levels of heavy metals were found in L. ceranoides and L. viscida algae. These high concentrations

are caused by anthropogenic discharges of pollutants into the coastal areas of A. Heavy metal
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pollution, which adversely affects human health, should be monitored continuously in the Antalya,
which has a high potential for ship traffic and tourism, and therefore, serious measures should be
taken to reduce the input of pollutants into this area and action must be taken now before it is too

late.
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Introduction

Diagnosis of myocardial ischemia through traditional electrocardiography (ECG) relies on
human interpretation of the body-surface signals and has a limited ability to localize ischemic regions.
As myocardial ischemia can be characterized by the transmembrane potential (TMP), reconstructing
a whole-heart TMP map will promote the determination of the location and extent of ischemia (Wang,
2012),(Cimponeriu et al., 2001),(Shaw, 2002).

This inverse problem is typically formulated using the finite element (FE) method based on
the bidomain heart in which the cardiac source is represented either by the myocardial TMP or the
current density derived from it (Bjorn Fredrik Nielsen et al., 2013),(Shaw, 2002). During the ST
interval of the ECG, TMP is homogeneous throughout the heart except in ischemic tissue. Since torso
potentials at some time point depend only on the TMP distribution at the instant, the inverse problem
is formulated in this quasi-static segment of the heart cycle, eliminating time from the bidomain
equation and simplifying the problem (MacLachlan et al., 2006),(Carmeliet, 2017),(MacLeod et al.,
2005),(Johnston, 2005).

To obtain a unique solution to the ill-posed inverse problem, some constraint has to be applied
to the possible solutions. The constraint can cast the solution into a certain functional form, effectively
removes certain types of unrealistic solutions. Application of such constraints that would turn an

otherwise irregular solution into a more regular one is called regularization.

Here, we have created pseudo-experimental data by running the forward problem separately
with ischemic and healthy conductivities. The data are fed as input in the inverse problem and the
outcome originating from a healthy and ischemic conductivities are compared.

We have applied two techniques, namely Truncated Singular 1 alue Decomposition (TSVD)
regularization and Tikhonov regularization (Barth et al., 2007). There are different variants of Tikhonov
regularization that we have employed in this work, namely 0" and 1% order, and mean value

! Assist. Prof. Dr., Baku Engineering University, Department of Automation & Power Electrical Engineering, Orcid: 0000-
0003-3085-1669
2 Assoc. Prof. Dr., Cukurova University, Department of Biomedical Engineering, Orcid: 0000-0003-1818-1383
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regularization. Mean value regularization, although based on a simple idea, has not been used in inverse
ECG problem before and bears novelty in this work.

Method
Problem Formulation

To produce realistic synthetic data for acute ischemia myocardium, we set the TMP during the
ST interval to 0 mV in the healthy tissue and -30 mV in the ischemic tissue (Wang, 2012),(Li et al.,
1998),(Stinstra et al., 2004). With 1/, denoting the TMP:

0mV,  xinhealthy tissue
30 mV, xinischemic tissue

(1)
The utilized mathematical model can be summarized as follows:
-V - (c(x)VD(x))=f(x), xeQ 2)
where
() = {0, XxeT 5)
Vo VV, (x), xeH

()] xeT
()] XxeH

e

oy, xeT
o(X)= )

o,+0o,, XeH

D(x) ={ )

(o;V®)-n; =0, on oT (6)
®, =0, onoH (7)
(o,VD,)-n, =—(o;VD)-n;, onoH 8)
(o.V®,)-n, =(o;V(V, +®,))-n, =0, ondH )

The integral form of Eq. (2) after applying the Galerkin FE approach, Green’s theorem, and the
natural boundary conditions is given by:

j (o (X)VD(X)).Vw(x)dx = — j (o,VV,, (X)).VW(x)dx (10)

where T represents the torso domain bounded between the heart surface and the body surface, H
represents the heart domain, Q=T UH is the entire domain, 6T and OH are the boundaries of
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torso and heart surfaces, respectively (Wang, 2012),(MacLachlan et al., 2007),(MacLachlan et al,,
2005),(Ruud et al., 2009),(MacLachlan et al., 2006),(Bjorn Fredrik Nielsen et al., 2007).

The final linear system after FE interpolation is applied to Eq. (10) can be written in matrix form

as:

STT STR 0 D, 0
SRT SRR SRH (I)R = 0 (117)
0 Sk Sun [P Mo,

where @, ®; and @, denote the potentials of the heart nodes, the torso nodes where sutface

potentials are measured, and the remaining nodes of the problem domain, respectively. Note that a
source can exist only in the heart domain. Hence, the FE representation of the source term (the right

hand side of Eq. (10)) can be expressed using heart potentials as M®,, . The system in Eq. (11) can

be manipulated to obtain the following relation between ®; and @, :

(SHRS;}L?SRT )71(SHH - SHRS;elRSRH -M)®, =D,
(12)

In the inverse problem of ECG, we solve the ill-posed and typically underdetermined linear
system given in Eq. (12) which is in the form K;®, =®, . Since underdetermined, a solution to this

system can be found only under some imposed constraint, which is achieved through regularization.

Regularization towards an efficient and meaningful solution of the above equation has been
one of the main research areas of computational cardiac research. Tikhonov (Shahidi et al., 1994),
(Rudy & Oster, 1997), Kalman filter (Berrier et al., 2004) , generalized eigensystem, Truncated total
least squares (Throne et al., 1999), (Shou et al., 2008) TSVD, and Total Variation regularization (Wang,
2012) are some of the commonly used methods in the inverse problem of ECG.

Ill-conditioned systems, that are highly sensitive to changes in their input, appear in many
problems of physical sciences. For the sake of notational simplicity, let us write the above linear system
in a more familiar way as:

Ax=Db (13)

where X € R"and b € R™ represent the nodal value vectors of heart potentials @y and the torso

Rmxn

potentials @7 at measurement nodes, respectively, and A € is the coefficient matrix. In our

problem, # > m since the number of heart nodes is larger than the number of torso nodes.
Consequently, the resulting system is underdetermined. The solution of this system is sought by
solving the linear least-squares minimization problem associated with the linear system

min||Ax—b)| (14)
where the symbol | || indicates the I.? norm of the equation residuals. As mentioned before, small
numerical changes in the entries of A and/or b causes disproportionately large changes in x. In order
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to be able to obtain a physically meaningful solution to the linear system from Eq. (14), a constraint
has to be enforced to the x vector (i.e. x should be regularized) such that it does not behave chaotically.

The two-dimensional chest model used in this study is acquired from University of Utah
(Fig.1.) Realistic conductivity values are taken from literature (Ruud et al, 2009) and assigned to
different tissues in the chest model. The FE procedure and the corresponding regularization codes
are programmed in Python environment. The FE code is verified for simple test cases using COMSOL
Multiphysics (COMSOL AB, Stocholm, Sweden) package.

Torso cavity Lungs

Muscle

Ventricles
Figure 1. Chest model used in the study. Red dots indicate the points where torso potentials are measured.
The Singular Value Decomposition
The singular value decomposition (SVD) of A is accomplished by:
P
A=UDV' => ucV/, P =rank(A) =min(m,n) (15)
i=1

where U = (uq, Uy, ..., U,,) € R™™ and V= (v, V,,...,V,) € R™™ are matrices with
orthonormal columns, U'U=V'V =1, and where D=diag(c,,0,,...,0,) ER™™" has non-

negative diagonal elements appearing in non-increasing order such that

0,20,2..20,20 (16)
The numbers ¢; are the singular values of A while the vectors w; and v; are the left and right singular

. .. . . O,
vectors of A, respectively. The condition number of A is equal to the ratio % (Johnson & MaclLeod,
n

2012),(Wu et al., 2013),(Engl et al., 1996),(Groetsch & Groetsch, 1993).

The rank of a matrix is defined as the maximum number of linearly independent rows (or
equivalently columns) in the matrix. For an »X#n matrix, the maximum possible value for rank(A) is
min(m,n).

If 7 > n then
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o, 0 - 0
0 o, - 0
D=0 .
0 - - 0
0 - o 0|

and in the case 7 > » the matrix D takes the form

o, 0 - 0 0 - 0
. 0 o, . . :
0 - - o 0 - 0

According to the definition of pseudo-inverse matrix

Rank (A) T
AT=vDUT = Y
i=1 Gi
D*=diag(i,i,...,i)
o, O, n
1 0 0
O,
0 1 . 0
0,
D=|0 L
O-n
0 - . 0
0 - .. 0
So,

(17)

(18)

(19)

(20)

(21)
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Rank (A) V-UT
x=Ab= > (=) (22)
i=1 O;

Truncated Singular Value Decomposition

TSVD approximation of A will effectively ignore the smallest singular
values. Consider the best rank £ approximation of A with respect to the Euclidean norm. It is given
by the sum of the first £ rank-one matrices in the SVD, i.e.

k
A =UD\V' => ucV/ (23)
)
For & < rank(A), the TSVD method gives the approximate solutions of Eq.(22) in the form
, K vul
X, =Alb=(VDU")=> (=)o (24)
i1 O

where x; is the vector that satisfies Eq.(14). In other words:
X, = (x| min ||Ax—b||) (25)

Tikhonov Regularization

This regularization method replaces the minimization problem given in Eq. (14) by the penalized
least squares problem (Hou & Jin, 1997),(Chamorro-Servent et al., 2018),(Johnston Peter R., 2018).

min{ | Ax—b]’ +a* x|} (26)

Matrix L is the regularization matrix and used to incorporate a priori information into the solution. The

2
regularization parameter o is a weight term that adjusts the contribution of the regularization term H LXH

to the minimized functional (Oster & Rudy, 1992),(Rudy & Oster, 1997),(Wu et al., 2013),(Cheng et
al., 2003),(Tuboly et al., 2015).

Two choices of L used in this work are:

i.  the unit matrix I;

1 0 --- 0

0 1 0
L=I= :

0 O 1

ii.  the discrete first order derivative operator;
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11 0 - 0

0 -11 - 0
T P .

0 - -1 1 |

The corresponding regulatization methods are called 0" and 1% order Tikhonov regularization,
respectively. The pseudo-inverse of A in this method is given by

Al =(ATA+a’L'L)"'AT 27)
And the solution for x is obtained as:

x,=A'b 28)
When the SVD of A is available, we see that the solution vector X, can be expressed as

X, =V(D*+a’L'L)*DU'b 29)
If we insert the singular values and vectors, we get

Xe =2 (% ()b (30)

Mean Value Regularization

While heart potentials change across the tissue, no major fluctuations are expected in their
values. Hence, another possible constraint could be forcing the values in x as close to their mean value
as possible. To enforce this constraint L should be defined in such a way that:

”I—X” = (Xl - Xa\ve)2 + (XZ - Xave)2 +eeet (Xn - Xave)2 (37)

which can be achieved if L is chosen as:

-1

n n n

B T

L = n n n
B -1
L N n n.J
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Results

The torso potentials calculated in the forward analysis constitutes the input of the inverse

problem and the objective is to reconstruct the TMP distribution as output. The reconstruction of
TMP allows us to locate the ischemic region due to its altered TMP.

The forward simulation is run on the inhomogeneous chest model for three constructed
ischemia cases that we have named Ischemia 1 (Fig. 2), Ischemia 2 (Fig. 3) and Ischemia 3 (Fig. 4).
The torso potentials calculated in the forward analysis constitutes the pseudo-experimental data that
we fed to the inverse analysis. Then the related TMP is constructed in the heart tissue. The nodes
where the reconstructed TMP significantly deviates from its healthy value of 0 mV towards the
unhealthy value of -30 mV should belong to the ischemic region. In this work, a node whose TMP
turns out to be lower than -0.001 mV is considered to be located in the ischemic region.
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Figure 2. Inhomageneous torso model, isotropic heart conductivity and ischemic region on the top of left ventricle (Ischemia 1). The mesh has 3181 nodes and
6252 elements.
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Figure 3. Inhomageneous torso model, isotrapic heart conductivity and ischemic region on the right hand side of left ventricle (Ischemia 2). The mesh has 4641
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Figure 4. Inhomogeneous torso model, isotropic heart conductivity and ischemic region on the left hand side of right ventricle (Ischemia 3). The mesh has 2863

nodes and 5616 elements.

For the three ischemia cases we have studied, assuming healthy or ischemic conductivity in

does not seem to make much difference in successfully locating the ischemic region.

TVSD and the other three regularization techniques has located the ischemic region almost

perfectly for Ischemia 1 case with or without ischemic conductivity taken into account (Figs. 5-8).

For Ischemia 2 case, we have observed that the utilized regularization methods capture the

ischemic boundaries slightly better when the ischemic conductivity is not taken into account. (Figs. 9-

12). All four regularization techniques have performed with the same effectiveness for this case.

The results produced for Ischemia 3 case show again similar trends with the previous two

cases. There seems to be no distinct advantage of one approach to the other. The boundary of the

estimated ischemic region has deviated around its outer edge from the experimental boundaries with

all regularization techniques (Figs. 13-10).

= Experimental Ischemic Area
Healthy TSVD

Unhealthy TSVD

Heart

Figure 5. Localizing the ischemic region with healthy and unhealthy conductivities using TSVD

regularization (Ischemia 1).
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s Experimental Ischemic Area
Healthy Tikh zero
Unhealthy Tikh zero

Heart

Figure 6. Localizing the ischemic region with healthy and unhealthy conductivities using Zero order Tikhonov regularization (Ischemia 1).

Experimental Ischemic Area
Healthy Tikh first

Unhealthy Tikh first

— Heart

Figure 7. Localizing the ischemic region with healthy and unhealthy conductivities using First order Tikhonov regularization (Ischemia 1).

== Experimental Ischemic Area
Healthy Tikh mean
Unhealthy Tikh mean

Heart

Figure 8. Localizing the ischemic region with healthy and unhealthy conductivities using Mean value regularization (Ischemia 1).
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s Experimental Ischemic Area io—s

Healthy TSVD ’ \
Unhealthy TSVD
Heart

Figure 9. Localizing the ischemic region with bealthy and unbealthy conductivities using TS1V'D regularization (Lschemia 2).

== Experimental Ischemic Area —

Healthy Tikh zero \
Unhealthy Tikh zero
Heart

Figure 10. Localizing the ischemic region with healthy and unbealthy conductivities using Zero order Tikhbonov regularization (Ischemia 2).

Experimental Ischemic Area
Healthy Tikh first

Unhealthy Tikh first

Heart

Figure 11. Localizing the ischenic region with healthy and unbealthy conductivities using First order Tikhonov regularization (Ischemia 2).
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= Experimental Ischemic Area
Healthy Tikh mean
Unhealthy Tikh mean

Heart

Figure 12. Localizing the ischenic region with healthy and unbealthy conductivities using Mean value regularization (Ischemia 2).

= Experimental Ischemic Area
Healthy TSVD
s Unhealthy TSVD
Heart

Figure 13. Localizing the ischemic region with healthy and unbealthy conductivities nsing TSV'D regularization (Ischemia 3).

s Experimental Ischemic Area
Healthy Tikh zero
Unhealthy Tikh zero
Heart

Figure 14. Localizing the ischemic region with healthy and unbealthy conductivities using Zero order Tikhonov regularization (Ischenia 3).
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Figure 15. Localizing the ischemic region with bealthy and unhealthy conductivities using First order Tikhonov regularization (Lschemia 3).

Experimental Ischemic Area
Healthy Tikh mean
Unhealthy Tikh mean

Heart

Figure 16. Localizing the ischemic region with healthy and unbealthy conductivities using Mean value regularization (Lschemia 3).

Discussion and Conclusion
In this work, we have investigated whether pseudo-experimental data produced with ischemic
ot healthy conductivities in the forward analysis makes a difference in accurately locating the ischemic

region. We have also evaluated different regularization approaches in that sense.

A forward analysis considering not only the ischemic TMP but also the ischemic conductivity
is more realistic and expected to produce more accurate results. In that sense, models that take only
the ischemic TMP into account should be more error prone. In a separate study, we have observed
that the difference between these two approaches may reflect itself significantly on the estimated torso
potentials. On the other hand, for an inverse study aimed at locating the ischemic region in the heart,
the pseudo-experimental data sets created with these two approaches give almost identical ischemic
regions in the heart. While the distribution and value of reconstructed TMP may differ when healthy
or ischemic conductivities are used, the boundary of the transition zone between the healthy and

ischemic regions (where TMP drops below -0.001 mV) seems unaffected by this factor. This issue can
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be further evaluated for larger ischemic zones or in the case of multiple disjoint ischemic zones

present.

All Tikhonov regularization methods and TSVD have been observed to be equally effective
in locating the ischemic region in the heart. Consequently, it can be concluded that mathematically

simpler approach such as mean value regularization may be preferable to more complex approaches

such as TSVD.
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Bit Prediction on Keccak-[200] Cryptographic Function with LSTM Neural
Network
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Introductrion

Deep learning, a field of machine learning, is the name given to all models and algorithms built
on artificial neural networks. Deep learning is a learning method that enables us to achieve successful
results thanks to its multiple layers using non-linear transformations (LeCun et al., 2015: 436-444).

Cryptanalysis is the name given to the methods that analysis the security of the system with
the analysis made on the algorithm of an encryption system. The attacks that are not dealt with the
algorithm of the encryption system and are made to the encryption system through trial and error are
called brute-force attacks. In recent years, many cryptanalysis and brute-force attack studies have been
conducted on cryptographic systems using deep learning methods. These studies have shown that
deep learning methods are successful in measuring the security levels of cryptographic systems.
Besides, the security of the so-called random number generators needed in all areas of cryptology is
extremely important. Because so-called random number generators are often used in cryptography for
key generation. The key is the most important part of a cryptographic system.
In cryptology, hash functions are often used as the so-called random number generator. In 2015,
Secure Hash Algorithm-3 (SHA-3), also known as Keccak, has been accepted as standard for hash
functions by America National Institute Standard of Technology (NIST). While Keccak produces
fixed-length outputs like other hash functions, the function that uses the Keccak algorithm but
produces extendable hash outputs is called Shake (Dworkin, 2015). In this study, we tried to predict
the hidden bits of the outputs, called capacity obtained by using the Keccak function, by using LSTM
neural network.

Related Work

In (Jayachandiran and Kaminsky, 2018), lightweight cipher Simon's ctyptanalysis was made
using artificial neural networks. In the Simon system, the input message is split into 32-bit blocks.
Besides, secret key length is 64-bit. It was tried to guess the key used by teaching the encrypted texts
corresponding to the texts open to the artificial neural network. These operations are stuck on the one
and two round of the Simon cipher, using Python's Keras library. Artificial neural network is trained
with 5 million plaintext-ciphertext pairs and 1000 keys are used. That is, the 5000 keys are used to
encrypt plaintext. As a result, the accuracy of one round Simon cipher in the key prediction ranges
from 60% to 70%, the two round of Simon cipher in the key prediction ranges from 50% to 60%.

I M.Sc., Ege University, Computer Sciences, Orcid: 0000-0001-6941-4752
2 Professor, Ege University, Computer Engineering, Orcid: 0000-0003-3622-7672
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In (Truong et al., 2018:403-414), the effect of classical noise, which is a type of random number
generators, which have a great importance in the field of cryptology, has been investigated with the
help of artificial neural network that endangers the security of random number generators. The dataset
was collected from a quantum random number generator. The recurrent convolutional neural network
is used to reveal the patterns between the random numbers generated by taking advantage of the
numbers formed after the operations of the quantum random number generator to generate random
numbers. In this system, which tries to predict the random number to be produced next, the accuracy
of the hardware producing the random number has also been measured. The training set consists of
5 million integers of 13-bit length. The test set consists of 1 million samples. Accuracy is measured by
comparing the output obtained with deep learning to the other possible output.

Stream ciphers are widely used in cryptology. Machine learning methods were used to find the
basic patterns in the secret key used in stream cipher in (Kant et al., 2009:251-258). For both Linear
Feedback Shift Register (LFSR) and Geffe Generator, next bits have been predicted. Two experiments
were carried out. In the first experiment, 300,000 of 500,000 keystream bits were used for training and
200,000 for testing. The desired accuracy was not achieved as a result of this experiment. Then,
machine learning methods were trained with 18,000,000 data and tested with 2,000,000 data using
selected stream cipher. As a result, accuracy was achieved between 49.6% and 50.3%.

In (Alani, 2012:637-6406), cryptanalytic attack was made to DES and Triple-DES using artificial neural
networks. In this study, a neural network based cryptanalysis was performed on both systems using
211 plaintext-ciphertext pairs for DES, 212 plaintext-ciphertext pairs for Triple-DES. In this attack,
an attempt was

made to predict plaintext from ciphertext. The attack was partial for both systems. One of the most
important details here is that an attack with neural network has achieved accuracy with less plaintext-
ciphertext pairs compared to other cryptanalysis methods.

In (Albassal and Wahdan, 2004:231-237), the authors made the cryptanalysis of the Feistel block cipher
using neural networks. Encryption was made using the Feistel block cipher, and the plaintext-
ciphertext pairs created were used as training data for the neural network. Then, by giving plaintext-
ciphertext pairs to the trained network, the bits of the key used are tried to be predicted. The attack
for 2 and 3 round of Feistel cipher was successful. A hidden layer has been added to the neural network
for 4 round of Feistel cipher.

The authors classified the cryptosystem in (Chandra and Varghese, 2007:312-314) using Cascade
Correlation Neural Network. Three datasets were created from RC6 and SEAL cryptographic systems.
Classification accuracy on these datasets varies between 90.9% and 93%. Two hidden layers are used.
The same datasets were processed using gradient descent back propagation and the successes of the
two neural networks were compared. Cascade Correlation Neural Network has yielded more
successful results.

Keccak Algorithm

The SHA-3 (Secure Hash Algorithm-3), also known as Keccak, is permutation-based, unlike
other standardized hash functions. SHA-3 contains six functions: SHA3-224, SHA3-256, SHA3-384,
SHA3-512, SHAKE128, SHAKE256. Keccak consists of two parameters which called r (bitrate) and
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¢ (capacity), and r + c determines the permutation size. In addition, the capacity value is the security
parameter. Keccak has an iterative structure consisting of round and the number of round is
determined by the permutation length. The round function includes five steps: t, y, 7, 0 and 0.

If the input message is not a multiple of r-bit length, the multi padding rule is applied as in
SHA-3. Since Keccak has a Sponge construction, the hash value is created in two phases called
absorbing and squeezing. Absorbing is the phase where the input is divided into r-bit blocks and these
blocks are processed by Keccak permutation. Squeezing is the phase where the hash output is
generated, and the output size is set at this phase. The absorbing and squeezing phases are shown in
Fig. 1.
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Figure 1 - Sponge Construction (Guido et al., 2011)

In SHA-3, the permutation length is 1600-bits. Other parameters are r =1088-bits and c=512-
bits due tob =r + c. 1, %, 7, 0 and 0 step operations are repeated for 24-round in SHA-3. The bits to
be processed with Keccak permutations are represented by a three-dimensional structure called the
state. In SHA-3, the state is indicated by al[i, j, k] and its size is 5x5x64. i,j,k indicate the bit positions
on the state. Indices start from 0 in all Keccak step operations (Bertoni et al., 2009:320-337). Keccak
round steps as 1 € 5, € 5, k € 2], p is parity, RC is round constants are as follows. In addition, value

t is calculated as follows;

(7)) =03B2;10001)forall 0=t <24.

0 afijik] — alijik] @ plalij-1,k]) @ plafiy+1,4-1]) (1)
0 : alij,k] < alijk-(1+1)(t+2)/2] (2)

7 :al},2i+3)] «— alij] (3)

32 aligk] — alik] @ (“aliyt 18] & alij+2.4] (4)
t:al0,0] «— a/0,0] @ RC (5)

Although the size of the Keccak permutation in SHA-3 is 1600-bit, besides, the permutation
can have the size of 25, 50, 100, 200, 400, 800 bits. The size of the Keccak permutation is related to
the word size w and value / € {1, 2, 3, 4, 5, 6}. In addition, the number of rounds in Keccak is
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determined by the equation 2/ +12. For this reason, as the permutation size increases, the number of
rounds and the word size increase.

Method And Evaluation

Recurrent Neural Networks (RNN) are used in sequence modeling and time series. In other words,
RNN allows using previous outputs of the program as inputs. Some of the advantages of RNN are to
processing any length of inputs, model size is independent of the input size, calculate previous data,
and weights shared over time (Staudemeyer and Morris, 2019). Also, one version of RNN is Long
Short Term Memory (LSTM) networks are making it easy to remember historical data in memory. On
the other hand, the disappearing gradient problem of RNN is solved thanks to LSTM. Deep Learning
models are more successful than classical machine learning approach under certain conditions.
Because of these features, LSTM was chosen.

Convolutional Neural Networks (CNN) is a networks suitable for processing spatial data such
as images, videos. It uses perceptrons to analyze data. CNN takes fixed-length input and generates
fixed-length output. LSTM is a more suitable neural network for cryptographic random number
generator analysis, as both input and output lengths are variable and more useful in sequence analysis.
Therefore, the analysis of random numbers generated by the Keccak algorithm will be done with
LSTM.

In this study, step operations of Keccak algorithm were applied on 50000 different inputs to
create the dataset. The first column of the dataset consists of 200-bit length hash function inputs. The
second column is the outputs of Keccak step operations, which are created by applying only one round
on the given input. The third column in the dataset is the bits in the capacity part of the output
generated in the second round of Keccak step operations. All operations were performed on Keccak
whose permutation length is 200-bit. Keccak step operations encoded in Python programming
language are applied 2-round to randomly generated bit sequences and the results are recorded in the
text file. Step 1 used to break symmetry is ignored.

The dataset obtained was taught to the LSTM network. The entries that make up the first
column in the dataset are used as labels in the LSTM network. The encrypted 200-bit length data in
one round in the second column and the 72-bit length capacity part of the output generated in the
second round are given to the LSTM network. The arbitrary length random bit sequence il is the
input of the Keccak hash function. i2 is a 200-bit length sequence obtained after 1-round Keccak step
operations. The 72-bit length capacity part of the output obtained after 2-round Keccak step
operations is i3 and the predicted 72-bit length sequence is 0. The basic scheme with these parameters
is shown in Fig. 2. In the sequence to sequence model, the input is processed by the encoder LSTM
(E) and the output is generated by the decoder LSTM (D).
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Figure 2- Basic structure of proposed bit prediction model

The program is written in Python 3.7 programming language and Keras, TensorFlow and
Numpy libraries are used. The batch size value determined is 64, the number of epochs is 200 and the
number of samples in the dataset is 40000 in the training. 10000 data were used for the test. In addition,
the experiments were run for 256 units with basic LSTM neural network and Softmax was used as an
activation function. The neural network used contains a single LSTM layer followed by fully-
connected layer with a neuron.

In LSTM networks, a problem is that the dimensions of the input string and the output string
are the same length. This problem was solved with the sequence-to-sequence model. Our aim is to
predict the hidden bits of the output obtained in the second round from the output obtained in the
first round. So our second data has a shorter length than our first data. For this reason, the sequence-
to-sequence model is the most suitable model (Edunov et al., 2017).

The learning process of the LSTM network was completed, the results were tested with 10000
test data and 74% success was achieved. The Python program was run on the computer with Windows
10 operating system, Intel i5-10210U CPU, Intel UHD620 GPU and 16 Gb RAM. The network
worked for a total of 26 houts.

While 40000 data is taught to the LSTM network, the validation loss value in the first epoch
1s 0.6992 and the validation accuracy value is 0.5692. These values are 0.4860 and 0.6953, respectively,
in the twenty-fifth epoch. In the fiftieth epoch, the loss value is 0.4565 and the accuracy value is
0.7098. The loss and accuracy values of some epoches are given in Table 1.
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Table 1 - Loss And Accuracy Values Following Epoch

Epoch

Number

1
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200

Loss Value

0.6992
0.5757
0.5021
0.4758
0.4630
0.4565
0.4521
0.4482
0.4452
0.4422
0.4398
0.4387
0.4363
0.4335
0.4324
0.4299
0.4287
0.4273
0.4251
0.4238
0.4234

Accuracy

Value
0.5692
0.6411
0.6873
0.7006
0.7063
0.7098
0.7129
0.7159
0.7187
0.7218
0.7244
0.7254
0.7278
0.7298
0.7321
0.7344
0.7363
0.7382
0.7403
0.7423
0.7440

The accuracies were calculated after every ten epochs of training the dataset. The accuracy

value increases as fast as the 30th epoch and loss value decreases rapidly until the 30th epoch. Then

this rate of increase and decrease slows down. After 180th epoch, the accuracy value continues to be

approximately 74%. The loss and accuracy graph for 200 epochs is given in Fig. 3. Experiments were

carried out by changing the number of units, but no tangible improvement in accuracy was observed.
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Figure 3- Loss and Accuracy Values Following Epoch

This study, which has been made considering the hash functions used in key generation, can

be compared with machine learning methods that make the key prediction of crypto-systems in the

literature. When similar works that predict bits on cryptographic systems are examined in the literature,

the general accuracy value varies between 50% and 70%. For example, in (Jayachandiran and
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Kaminsky, 2018), 2-round key predict was made on Simon cipher and maximum 60% accuracy was
achieved. In another similar work (Kant et al., 2009:251-258), key prediction was made on stream
cipher and 50.3% accuracy was achieved. Key prediction involves a similar approach, although not
very close to our work. Because the keys of cryptographic systems are generated by random number
generators. In another work in (Chandra and Varghese, 2007:312-314), using machine learning
methods for RC6 and SEAL cryptographic systems, up to 93% accuracy was achieved with Cascade
Correlation Neural Network.

Conclusion

Recently, neural cryptanalysis is a frequently used method. In this study, 2-round analysis of
200-bit permutation of Keccak algorithm was performed. Capacity bits, which are the security bits of
Keccak algorithm, were predicted by using LSTM network. Sequence-to-sequence model is used
because the input and output lengths are different. As a result of this study, 74% accuracy was achieved
in the prediction model with the LSTM network. In future work, using hyperparameter optimization
techniques is planned for improving performance.
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Derin Gegitli Yinelemeli Unite ve Uzun Kisa Siireli Bellek Tabanli Anomali
Tespit Teknigi

Merve Begiim TERZI

I.  GIRIS

Geleneksel stireg izleme teknikleri, verilerdeki anomalileri tespit etmek amaciyla bir zaman
penceresi boyunca kimtlatif toplam ve issel agirlikli hareketli ortalama gibi istatistiksel ol¢timler
kullanmaktadir [1]. Bu tekniklerde, zaman penceresinin uzunlugunun Onceden belirlenmesi
gerekmekte ve sonuglar buytk dl¢tide bu parametreye baglt olmaktadir.

Yinelemeli sinir aglarinin (RNN) gelismis varyantlart olan GRU ve LSTM aglari, RNN'ler tarafindan
karsilasilan kaybolan gradyan probleminin tstesinden gelmek amaciyla siirekli hata akisint saglayan
carpimsal gecit mekanizmalart kullanmaktadir [2]. Degisen uzunlukta 6riuntiiler iceren karmasik ¢ok
degiskenli zaman dizilerindeki uzun vadeli bagimliliklart 6grenebilme ve uzun siire hafiza koruyabilme
yetenekleri sayesinde Onceden belirlenmis zaman penceresi ihtiyacini ortadan kaldirmaktadir.
Yinelemeli gizli katmanlarin ardigik olarak yigilmasi sonucu olusturulan derin GRU ve LSTM aglar1 ise
zaman dizisi verilerinin farkli zaman 6Slgeklerinde islenebilmesini ve daha zengin zamansal 6znitelikler
kiimesi elde edilmesini saglamaktadir.

EKG sinyallerini kullanarak kardiyovaskiiler hastaliklarin teshisini gerceklestirmek igin literatiirde
onerilen teknikler, kendi kendini organize eden haritalar (SOM) [3], otoregresif modelleme [4], bulanik
c-means kimeleme [5], ¢ok katmanl algilayicilar (MLP) [6], RBF sinir aglari [7], destek vektor
makineleri (DVM) [8] ve zaman serisi yenilik tespit teknikleridir [9]. Bu teknikler, 6n isleme
metotlarinin  uygulanmasini, zaman-frekans — Ozniteliklerinin = ¢tkardmasii  ve  siniflandirict
tasarlanmasint gerektirmektedir. Ayrica, bu tekniklerin gurbiiz sekilde calismalart icin gesitli
kardiyovaskiler hastaliklarin yol agtig1 farklt EKG anomali tirlerini iceren veri kiimeleri ile egitilmeleri
gerekmektedir. Ancak, farklit EKG anomali tiirlerinin hepsi icin etiketli veriler her zaman mevcut
olmamaktadir. Bu nedenle, teknigin egitildigi veri kiimesinde bulunmayan diger anomali tiirlerini de
tespit edebilen genelleme kabiliyeti yiiksek bir anomali tespit teknigi gelistirilmesi hedeflenmelidir.

II. YONTEM

Bu calismada, saglikli deneklerden elde edilen EKG zaman dizilerinin normal davransslart yigilmis
RNN, GRU ve LSTM aglariyla modellenerek, gurbiiz kestirim modelleri gelistirilmis ve normal

! Thsan Dogramaci Bilkent Universitesi, Flektrik ve Flektronik Mithendisligi Boliimii
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davranistan sapmalar kestirim hatalari ve Gauss tabanli istatistiksel anomali tespit teknigi kullanilarak
tespit edilmistir. Boylece, EKG zaman dizilerindeki anomalilerin glirbuiz tespitini gerceklestirerek,
kardiyovaskiiler hastaliklarin givenilir teshisini saglayan bir teknik gelistirilmistir.

A. Veri Tabani

Onerilen teknigin gelistirilmesi sirasinda, koroner arter hastaligi (MI), kalp yetmezligi (HF), kardiyak
aritmi (CA) tanist konulan hastalardan ve saglikli gontllilerden elde edilen ham EKG kayitlarint iceren
PTB-EKG veri tabant kullanilmustir [10]. Veri tabani, genis bantlh EKG verilerindeki anomalileri
arastirmak amactyla Benjamin Franklin Universitesi Tip Fakiiltesi Kardiyoloji Ana Bilim Dali
tarafindan yuratilen klinik arastirma calismast kapsaminda olusturulmustur. Acik erisimli EKG vert
tabanlari arasinda en fazla cesitlilikte anomali tiirlinii iceren veri tabanidir ve hastalarin koroner arter
patolojileri ile ilgili detaylt klinik bilgiler icermektedir. Veri tabanindaki tim kayitlar Kardiyoloji
Anabilim Dali uzmanlan tarafindan etiketlenmistir. Kayitlarin sayisallastirilmast sirasinda, yiiksek
¢ozunirlige sahip sinyallerin elde edilmesi i¢in 10 kHz o6rnekleme frekansi, 16-bit 6rnekleme

cozuntrlugi ve 0.5 uV genlik ¢6zintrlign kullandmistir.

B. Yinelemeli Sinir Ag1 Mimarisi

Geleneksel RNN'let, girdinin veya ¢iktinin degisken uzunlukta olabildigi zamansal bagimhiliklart olan
stralt zaman dizileri ieren makine 6grenmesi problemlerinde kullanilmaktadir [11]. Her bir zamandaki
aktivasyonu Onceki zamanin aktivasyonuna bagl olan yinelemeli gizli durumlari nedeniyle, degisken
uzunluktaki zaman dizilerini yiksek basarimla 6grenebilen geleneksel ileri beslemeli sinir aglarinin
uzantsini olusturmaktadir. RNN'lerin her yinelemeli katmant Sekil 1'deki gibi zaman boyunca agilarak,

ayni parametreleri paylasan esdeger bir ileri beslemeli aga dontsturtlebilir.

Sekil 1: RNN'nin yapst [11].

Zaman dizisi girdisi x = (x4, X2, ..., X7) icin RNN yinelemeli gizli durumunu h; asagidaki gibi
giincellemektedir. Burada, tanh hiperbolik tanjant fonksiyonunu, Wyy , Wpy , Wy, agirlik
matrislerini, by , by, 6nyargt vektorlerini ve ¢ dogrusal ag cikisi aktivasyon fonksiyonunu ifade

etmektedir.
ht = tanh (th X¢ + Whh ht—l + bh)
Ve = ¢(Wyh h + by)
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RNN'in dezavantaji, geri yayithm sirasinda katmanlar boyunca geriye dogru giderken gradyan
degerlerinin azalmasindan kaynaklanan kaybolan gradyan problemi nedeniyle bilgi kayb1 olmast ve
uzun vadeli bagimliliklart 6grenememesidir. Kaybolan gradyan problemine ve kisa donemli hafizaya
¢6zim olarak, gizli durum bilgilerini uzun stre koruyabilen ve olaylar arasinda uzun streli gecikmeler
olan verilerde yiiksek basarim gosterebilen GRNN'ler 6nerilmistir [11].

C. Gegitli Yinelemeli Unite Ag1 Mimarisi

GRU aglarinda, kaybolan gradyan problemini ¢6zmek, gizli durum bilgilerini korumak ve verilerdeki
uzun vadeli bagimhliklar 6grenmek amaciyla bilgi akisint kontrol eden yapay sinir aglart olan gecit
bitimleri bulunmaktadir [12]. GRU aglarina, 6énceki gizli durumunu h;_4 silmesini saglayan sifitlama
gecidi 7 ve mevcut gizli durumunu yeni gizli durum flt ile giincellemesini saglayan giincelleme gecidi
u olacak sekilde iki gecit eklenmistir. Agin egitimi sirasinda asagidaki denklemler yinelemeli olarak
kullanilarak, agin aktivasyonlar: hesaplanir ve girdi dizisinden ciktt dizisine ¥ = (Y1, Y2, oo, Y1)
haritalama gerceklestirilir.

Ur = 0(Wyx x¢ + Wyp he—q + by)

1y = 0(Wex x¢ + Wiy he—y + by)
he=1-u)Ohey +uOh
he = tanh(Wyy x¢ + Wy (1:© he_y) + by)
Ve = ¢(Wyh h: + by)
Burada, o lojistik sigmoid fonksiyonunu, Wy, , Wyp , Weyx , Wep , Wiy, Wiy, Wy agirlik

matrislerini, by, , by , by , by, 6nyargi vektorlerini ifade etmektedir. © vektorlerin eleman bazinda

carpimini ve ¢ dogrusal ag cikist aktivasyon fonksiyonunu gostermektedit.

hs (D)) n

. /

Sekil 2: Tki carpimsal gecitli GRU aginin yapist [12].

D. Uzun Kisa Siireli Bellek Ag1 Mimarisi

LSTM aglarinin temel birimi, yinelemeli baglantilara sahip birden ¢ok hiicresi bulunan ve bilgiyi
saklamak amaciyla kullanilan bellek hucreleridir (¢) [13]. LSTM aglarina, mevcut bellek durumunu

yeni bellek durumu ¢; ile giincellemest i¢in giris gecidi i, 6nceki bellek durumunu ¢, unutmast icin
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unutma gecidi f, mevcut bellek durumunu okumast icin cikis gecidi 0 olacak sekilde ti¢ gecit
eklenmistir. Ayrica, LSTM aglar1 gozetleme deligi baglantilarini kullanarak, zaman araliklarini hassas
sekilde Ol¢meyi Ogrenebilmektedir. Agin egitimi sirasinda asagidaki denklemler yinelemeli olarak
kullanilarak, agin aktivasyonlar: hesaplanir ve girdi dizisinden ciktt dizisine ¥y = (¥, Y2, oo, Y1)
haritalama gerceklestirilir.
ir = o(Wix x¢ + Wip he—q + Wic ¢eq + by)
ft = G(fo X¢ + th h't—l + ch Cet—1 + bf)
0r = 0(Wox x¢ + Wop he—g + Wye ¢e—q + o)
=[O 1+ O
Cp = tanh(Wey x¢ + Wep he—q + b.)
h; = o © tanh(c;)

Ve = ¢(Wyh h: + by)

Burada, o lojistik sigmoid fonksiyonunu, Wi. , Wr. , W, gézetleme deligi baglantilarinin késegen
agirlik matrislerini ve b; , by , b, , be , by, 6nyargt vektorlerini ifade etmektedir. O vektorlerin eleman

bazinda carpimini, ¢p dogrusal ag cikist aktivasyon fonksiyonunu gostermektedir.

co N\ ¢

ey @ R
.
]

| (%)

ol|[e] [em]|[o]

hf.f h!

Sekil 3: Ug carpimsal gecitli LSTM aginin yapist [13].

E. Gegitli Yinelemeli Sinir Aglarinin Egitimi

Tek degiskenli X = (x(l),x(z), ...,x(")) zaman dizisindeki girdi degiskenlerini gbsteren her
x® € R™ noktast t zamanindaki m-boyutlu vektor (xit), xét)' ,x,(,?) olarak ifade edilen EKG
kaydini temsil etmektedir. Gelistirilen derin RNN, GRU ve LSTM tabanlt kestirim modelleri, m-
boyutlu girdi degiskenlerinin gelecekteki [ degetlerinin kestirimlerini 6grenmektedir. Bu nedenle, m-
boyutlarin her biri i¢in modellerin giris katmaninda bir digim bulunmaktadir. Kestirimler m-boyutlu

girdi degiskenlerinin gelecekteki | degetleti icin yapildigindan, modellerin ¢tktt katmaninda m x [
digim bulunmaktadir.

Gelistirilen modellerin egitim, dogrulama ve test asamalarinda kullanilmak tzere tim veri kiimesi
dort gruba ayristirlmistir. Bu gruplar, saglikli deneklerden elde edilen normal EKG verilerini iceren
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egitim kimesi (try) ve dogrulama kimesi (valy), saglikli deneklerden ve hastalardan elde edilen

normal ve anormal EKG verilerini iceren dogrulama kiimesi (valy) ve test kiimesidir (tey).

Bir, iki ve ti¢ yinelemeli gizli katmana ve her katmanda degisen sayida diigiimlere sahip derin RNN,
GRU ve LSTM aglarinin try egitim kiimesi kullanilarak egitilmesi sonucunda, EKG zaman dizilerinin
gelecekteki zaman adimlarinin giirbiiz kestirimini 6grenen modeller gelistirilmistir. Erken durdurma
yontemi ve valy dogrulama kiimesi kullanilarak, gelistirilen aglarin parametreleti en iyilenmis ve en
yuksek basarima sahip modeller secilmistir [14, 15].

F. Anomali Tespit Teknigi

Gelistirilen en iyilenmis derin RNN, GRU ve LSTM modelleri kullanilarak, val, dogrulama
kiimesinin kestirimi gerceklestirilmis ve kestirim hatalart hesaplanmistir. Bu amagla, girdi vektoriiniin

x® € X tim | <t <n—1degetleri icin [ kez kestirimi gerceklestirilmistir. ei(t) degerinin £ ile

2D arasindaki hata farkini gosterdigi  durumda, x® icin kestirim hatast vektori e® =

[el(t), ) el(t)] hesaplanmustir.

Kestirim hatast vektotlerine Cok Degiskenli Gauss Dagilimlart N (g, £) uydurulmus ve En Buyiik
Olabilirlik Kestirimi (MLE) yontemi kullanilarak, en iyilenmis g ve &' parametrelerinin kestirimleri
gerceklestirilmistir [16, 17].

val, dogrulama kiimesindeki normal ve anormal degetleti ayiran en iyilenmis T ayrim esik degeri,
F;-skorunun en biyiiklenmesiyle belirlenmis ve tey test kiimesindeki anomalilerin glirbiiz tespitini
saglamak amactyla kullandmistir [18].

Optimum derin  RNN, GRU ve LSTM modelleri kullanilarak, test kiimesinin kestirimi
gerceklestirilmis ve kestirim hatasi vektorlerine Cok Degiskenli Gauss Dagilimlarinin uydurulmast
sonucunda elde edilen olasilik dagilimlar p(t) e en iyilenmis esik deger T kullaniarak, test

kiimesindeki normal (N) ve anormal (A4) degerlerin siniflandirilmast gerceklestirilmistir [19].

x® €4 p® <1
x®DeN; pO>1

0(x) ={

Gelistirilen tekniklerin normal ve anormal verileri ayirt etme basarimlarint 6lgmek amaciyla F -
skoru, pozitif tahmin degeri (PPV), isabet orani (TPR) ve yanlis alarm orani (FPR) asagida gosterildigi
sekilde hesaplanmustir.

PPV.TPR

PPV + TPR

1

PPV = ——
TP + FP
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TPR =55 TFN

FP

FPR = ———
FP +TN

III. SONUCLAR VE TARTISMA

Gelistirilen derin RNN, GRU ve LSTM aglari ve Gauss tabanli istatistiksel anomali tespit teknikleri
kullanilarak, test kiimesi tizerinde elde edilen basarim sonuglari Tablo 1, 2 ve 3'de gosterilmistir. Her
bir tablo, iki gizli katmana ve her katmanda 20 dugiime sahip en iyilenmis derin RNN, GRU, LSTM
aglart ve U¢ farkli EKG anomali turi igin bagimsiz olarak hesaplanan bagarim sonuglarin
gostermektedir. Gelistirilen tekniklerin test kiimesi tizerinde elde edilen basarimlarinin ve farkl
gesitlilikte EKG anomali tirlerine genelleme kabiliyetlerinin oldukga yiiksek oldugu goriilmektedir.

Ayrica, derin GRU ve LSTM aglarinin her ¢ EKG anomali tirt icin derin RNN aglarina kiyasla
daha yiiksek basarima sahip olduklari goriilmektedir. Gelistirilen tekniklerin anomali tespitinin en zor
oldugu CA anomali tiriinde bile yiiksek basarim gosterdikleri, en yitksek basarimin ise MI anomali
turtinde elde edildigi gorilmektedir.

Tablo 1— Derin RNN Tabanl Istatistiksel Anomali Tespit Teknigi Basarim Sonuglart (%)

Basarim Olgiitleri RNNc, RNNyr RNNy;
PPV 74.3 77.3 80
TPR 72.8 76.8 80.8
FPR 27.1 22.9 20.2
F, 73.5 78.1 80.4

Tablo 2 — Derin GRU Tabanli Istatistiksel Anomali Tespit Teknigi Basarim Sonuglart (%)

Bagarim Olgiitleri GRU:, GRUyr GRUy;
PPV 86.2 90.7 92.7
TPR 87.1 89.8 91.7
FPR 13.9 9.3 7.4
Fq 80.6 90.2 92.1
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Tablo 3 — Derin LSTM Tabanlt Istatistiksel Anomali Tespit Teknigi Basarim Sonuglart (%)

Basarim Olgiitleri LSTMca LSTMyp LSTMy;
PPV 89.1 92 95.1
TPR 88.2 91.1 94.2
FPR 11 8.2 5.1
F, 88.7 91.5 94.6

Bu calismada, derin GRNN'lerin kaybolan gradyan probleminin Ustesinden gelme yetenekleri
sayesinde uzun vadeli bagimliliklar iceren EKG zaman dizisi verilerinde anomali tespiti konusunda
derin RNN'lere kiyasla daha yiitksek bagarima ve genelleme kabiliyetine sahip olduklart gésterilmistir.
Ayrica, yigilmis yinelemeli gizli katmanlara sahip derin LSTM ag1 ve Gauss tabanli istatistiksel anomali
tespit tekniginin PTB-EKG veri tabani tizerinde en yitksek bagarima ve genelleme kabiliyetine sahip
oldugu gorulmektedir. Bu nedenle, gelistirilen teknigin EKG zaman dizilerindeki st seviye zamansal
Oznitelikleri veriyle ilgili 6n bilgi sahibi olmadan daha seyrek temsillerle 6grenebildigi ve normal zaman
dizisi davranislarint glirbiiz sekilde modelleyebildigi gosterilmistir.

Literatiirde 6nerilen EKG anomali tespit teknikleriyle kiyaslandiginda, bu ¢alismada gelistirilen derin
ogrenme tabanli istatistiksel anomali tespit tekniginin daha ytiksek basarima ve genelleme kabiliyetine
sahip oldugu gorulmektedir [20]. Gelistirilen teknigin diger avantajlari, dogrudan ham sinyaller
tzerinde c¢alismast, veri On islemesi, Oznitelik ¢ikarimi ve anomaliler hakkinda 6n  bilgi
gerektirmemesidir. Sonu¢ olarak, gelistirilen teknik, EKG zaman dizilerindeki anomalilerin giirbiiz
tespitini gerceklestirerek, kardiyovaskiiler hastaliklarin giivenilir teshisini saglamaktadir.
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Polyamide Samples
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Introduction

Additive manufacturing technologies are a serious evolution where the amount of usage is
increasing exponentially. Fused Filament Fabrication (FFF), which is the material extrusion method,
among additive production methods such as stereolithography (SLA), powder bed fusion, laser
dintering, stands out as the method with the highest potential with its easiness, cheapness and
availability even in every shopping mall. This technology, which was initially used in mold and
prototype production, is finding an expanding area of use as it allows the use of a wide range of
materials. Today, beyond basic materials such as PLLA, ABS, engineering materials such as PA, PETG
and PC, and even high-performance thermoplastics such as PEEK and PI can be used by the FFF
method (Figure 1.) (Cano-Vicent et al., 2021; Khan, Joshi, & Deshmukh, 2021; Park & Fu, 2021;
Redwood, Schéffer, & Garret, 2017; Sharafi, Santare, Gerdes, & Advani, 2021).
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Figure 1. Materials used in FFF (Redwood et al., 2017)

FFF process starts with an idea and continues with the creation of the CAD data of that idea.
The most important point here is that the part whose 3D drawing is created can be produced
additively. Appropriate toolpaths are created for the CAD data saved in a suitable format for the slicer
program (eg .stl) and sent to the machine in gcode format. Production parameters such as layer height,
extrusion width, printing speed, nozzle temperature, table temperature determined in the slicing
software play a decisive role on the mechanical properties of the final product. The summary of
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production process with the FFF method is shown schematically in Figure 2. (Cano-Vicent et al., 2021;
Wahab Hashmi, Singh Mali, & Meena, 2021).

ﬂ*
O
o

3D printed pieces 3D Printing

Figure 2. FFF production process (Cano-Vicent et al., 2021)

Although there are many studies on the mechanical properties of the parts produced by the
FFF method, the number of studies on the bonding strength, which is the weakest direction, is very
few(Candal et al., 2021; Doshi, Mahale, Kumar Singh, & Deshmukh, 2021; Kumar & Ranjan, 2021;
Rodzen, Harkin-Jones, Wegrzyn, Sharma, & Zhigunov, 2021; Sgrulletti, Bragaglia, Giarnetti, Paleari,
& Nanni, 2021; Tutar, 2021; Weake, Pant, Sheroan, Haleem, & Kumar, 2020). On the other hand,
these studies were mostly carried out using generic materials such as PLLA and ABS. In this study,
Polyamide (PA), an engineering material used in industry, was used as filament material. The effects
of layer height, extrusion width and printing speed on the interlayer bond strength in the ZX direction,
which is critical in terms of mechanical properties were investigated by Taguchi method.

Material And Method

In this study, high quality BASF Polyamide which is preferred for its mechanical properties
and flexibility was used as filament material for sample production. Used filament diameter was 1.75
mm. It has a translucent, high impact and wear resistance, low flammability, and high distortion
temperature, lightweight, easy malleability features; durable parts can be printed. However, the main
disadvantages of Polyamide are that it is hygroscopic, it easily absorbs moisture, and hence it can cause
quality problems.

In order to determine the bond strength, the cylindrical test specimens given in Figure 3 were
modeled using the SolidWorks CAD software. After the created 3D CAD model was saved in stl
format, it was imported into the slicer program (Simplify3D) and Gcodes were generated in this
interface according to the production parameters and sent to the 3D printer. The manufactured
samples were subjected to the tensile test in the universal testing device given in Figure 4. 3 samples
for each parameter set were tested and the mean values were used for calculations. Obtained tensile
load values were used for representing the bond strength. The lower and upper limits were determined
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for the layer height, extrusion width and printing speed parameters that affect the bond strength, and
a Taguchi table was created. Nozzle temperature, bed temperature and nozzle diameter were kept
constant as 230 °C, 90°C and 0.4 mm, respectively. Sample productions were carried out using Creality
Ender3 Pro brand 3D printer using the parameters in Table 1. created according to the Taguchi L9
table.

AL
= |
n | o
D8
Figure 3. Tensile test sample Figure 4. Universal testing machine

Table 1. The selected Taguchi orthogonal array with the assessed parameters and their levels

Sample No Layer Height Extrusion Width  Printing Speed

(mm) (mm) (mm/s)
1 0.20 0.44 10
2 0.20 0.52 15
3 0.20 0.60 20
4 0.28 0.44 15
5 0.28 0.52 20
6 0.28 0.60 10
7 0.36 0.44 20
8 0.36 0.52 10
9 0.36 0.60 15

Optimization was performed using Taguchi method to maximize the tensile loads obtained
from tensile tests and then, verification samples were produced with the predicted optimum parameter

160



Tutar, Miimin; Optimization of Interlayer Bond Strength of Additively Manufactured Polyamide Samples

levels. To analyze the effect of process parameters on the bond strength, Analysis of Variance
(ANOVA) analysis was performed with the obtained values.

In addition, the produced samples were examined with a Celestron brand handheld digital
microscope (Figure 5.) with the capacity up to 200x zoom and 5MP resolution, and the layer height
and extrusion width values were verified.

Figure 5. Handheld digital microscope used for measuring layer height and extrusion width

Results And Discussion

Layer height and extrusion width values were measured and the obtained images are presented
in Figure 6. As a result of the measurements, it has been seen that the parameters submitted to 3D
printer are the same as the actual values. This can be considered as an indication that the printer
performs the process parameters submitted for production, within its sensitivity, in an appropriate

manner.
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)
Figure 6. Extrusion width a)0.44mm, b)0.52mm and ¢)0.60mm Layer height d)0.20mm, ¢)0.28mm,

£)0.36 mm

Nine tested samples representing each parameter set can be seen in Figure 7 a). Tensile test
graph of samples having optimum parameter set is also shown in Figure 7 b). The mean tensile load
values obtained from the tensile tests are given in Table 2 together with the related parameter sets.
Additionally, S/N (Signal to Noise) ratios were calculated using “Latger is better” formula and given

in the same table.

162



Tutar, Miimin; Optimization of Interlayer Bond Strength of Additively Manufactured Polyamide Samples

_l_'__l, % ol ' .
! 1w i W T T 1200 ‘
! i 1000 ‘ ~
3 2 |
i o 800 ‘ .
2 600 ‘ -
z |
= \
400 | .
200 - ]
\
0 : . — : . .
0.0 05 1.0 15 2.0 25
Elongation (mm)
a) b)
Figure 7. a) Tested samples, b) Obtained tensile test graph for optimum parameters
Table 2. Obtained tensile test values and calculated S/N Ratios
Layer Height Extrusion Printing Speed  Tensile Load S/N Ratio
(mm) Width (mm) (mm/s) ™)
0.20 0.44 10 435 52.7698
0.20 0.52 15 595 55.4903
0.20 0.60 20 946 59.5178
0.28 0.44 15 446 52.9867
0.28 0.52 20 860 58.6900
0.28 0.60 10 406 52.1705
0.36 0.44 20 719 57.1346
0.36 0.52 10 533 54.5345
0.36 0.60 15 1028 60.2399

Response tables and plots for Means and S/N ratios are given Table 3. and Figure 8. The order of
importance of the process parameters for the bonding strength was: Printing Speed > Extrusion width
> Layer height (Table 3). Main effect plots show how each factor affects the response characteristic.
The main effects of the mean of means exhibit a perfect correlation with the means of S/N ratios

(Figure 8).

ANOVA is the statistical treatment most commonly applied to the results of experiments to
determine the percentage contribution of each parameter. ANOVA helps in formally testing the
significance of all main factors and their interactions by comparing the mean square against an estimate
of the experimental errors at specific confidence levels. In Table 4, ANOVA table is given with
calculated % contribution values which shows the effect of each parameter on tensile load. Printing
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speed parameter shows the highest effect on bond strength with a %50.68 contribution. This finding

is also consistent with the effects obtained by the Taguchi method.

Table 3. Response tables for means and S/N ratios

Layer Height  Extrusion Width

Printing Speed

Response Table for Means

1 058.67 533.33 458.00
2 570.67 062.67 089.67
3 760.00 793.33 841.67
Delta 189.33 260.00 383.67
Rank 3 2 1
Response Table for Signal to Noise Ratios
1 55.93 54.30 53.16
2 54.62 56.24 56.24
3 57.30 57.31 58.45
Delta 2.69 3.01 5.29
Rank 3 2 1
T e 3
a) b)

Figure 8. a) Main effects plot for Means, b) Main effects plot for S/N Ratios

Table 4. Analysis of Variance table for Means

Printing S peed

Source DF SeqSS AdjSS AdjMS F P % Contribution

Layer Height 2 53860 53860 26930 0.86 0.538 12.19
Extrusion Width 2 101401 101401 50700 1.62 0.382 22.95
Printing Speed 2 223974 223974 111987 3.57 0.219 50.68
Residual Error 2 62671 62671 31335 14.18
Total 8 441905 100

Using the experimental test results, optimum levels of parameters were

predicted and conformation tests were carried out with the samples produces with predicted parameter

levels. The predicted values using the S/N ratios and means for the optimal levels of the process
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parameters are presented in Table 5. Table 5 also lists the experimental value and prediction error.
Neither the S/N value prediction nor the mean prediction has an error greater than 1.02%. Obtained
tensile test graph of conformation tests is also given in Figure 7 b.

Table 5. Prediction for the optimum levels of process parameters (Layer height: 0.36mm; Extrusion
width:0.6mm,; Printing speed:20mm/s)

Predicted S/N Ratio Predicted Mean (kN)
61.1624 1068.78
Experimental (k) 60.54 1064
Prediction error (%) 0.45 1.02

Mechanical properties of upright direction depend on a few
mechanisms effected by process parameters. One of these mechanism is notch effect. Resulting
surface roughness causes notch effect when the sample subjected to stress. So, parameters that
increase surface roughness causes low tensile properties. On the other hand, air gaps between lines
have a significant effect on tensile load due to fact that gaps do not resist to load and decrease the
effective section area. Furthermore, as a most important parameter, temperature directly effects
mechanical properties over adhesion (Kovan, Altan, & Topal, 2017; Lepoivre, Boyard, Levy, &
Sobotka, 2020).

According to obtained results, it can be concluded that increasing printing speed increases the
tensile load (Figure 8.) Chacon et al.(2016) and Christiyan et al. (2016) reported that the mechanical
properties decrease as the feed rate increases for the upright orientation (Chacén, Caminero, Garcia-
Plaza, & Nunez, 2017; Christiyan, Chandrasekhar, & Venkateswarlu, 2016). In a study by Lepoivre et
al. (2020), it is reported that there is an optimal temperature value for good adhesion and high viscosity
leading to a stable structure (Lepoivre et al., 2020). The printing speed effects directly the time spent
for a layer. So, decreasing the time left for cooling the layer increases the temperature effect. It means
that resulting temperature due to the selected parameter set can increase or decrease the mechanical
properties depending on where the optimum resulting temperature is located.

Figure 8. also shows that increase in extrusion width increases the tensile load. This increase
can be attributed to decrease in air gap (Figure 6). In addition, increase in extrusion width causes an
increase in temperature that effects the bonding strength.

Layer thickness parameter effects the mechanical properties in different ways. So, In the
literature, there are studies reporting the effects of this layer height differently. Christiyan et al (2016)
and Weake et al. (2020) reported that increase in layer height lower the mechanical properties, while
Chacoén et al. (2017) reported that it increased (Chacén et al., 2017; Christiyan et al., 2016; Weake et
al., 2020). Interestingly, Kovan et al. (2017) reported a very limited effect of layer height on the bond
strength (Kovan et al., 2017). In this study, it observed that bonding strength first decreased with
increase in layer height and then increased. Durga et al. (2019) reported the same effect (Durga Prasada
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Rao, Rajiv, & Navya Geethika, 2019). There are a few concepts that can be mentioned here. First, the
time the polymer material is exposed to heat increases with decreasing layer height and the polymer
loses its properties in this process. The second is the concept called the statistical size effect. This
concept says that a decrease in layer height results in more layers and the risk that in one layer
something goes wrong, which in the end will be the location where a failure starts.

Conclusion

In this study, the effect of layer height, extrusion width and the printing
speed on the bond strength at upright direction of PA samples were investigated. The produced
samples were subjected to tensile test and optimization is performed using Taguchi method for the
purpose of maximizing the bonding strength. Verification of layer height and extrusion width were
carried out using optical microscope. The main conclusions can be summarized as follows:

e The optimal combination of process parameters was a layer height of 0.36 mm, a extrusion
width of 0.6 mm, and a printing speed of 20 mm/s.

e Confirmation tests for optimal parameter set is performed. Neither the S/N value
prediction nor the mean prediction has an error greater than 1.02%.

e The order of importance of the process parameters for the bonding strength was: Printing
Speed > Extrusion width > Layer height.

e The most significant parameter was printing speed with a contribution of 50.68 percent.
e Increasing printing speed and extrusion width values increased the mechanical properties.

e The bonding strength first decreased with increase in layer height and then increased.
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The Origins and the Development of Artificial Intelligence

Nazl Giilsah CIMILLF

Aytekin COKELEZ 2

Introduction

Throughout the history, many different definitions have been made about what
might make mankind different from other species. Some of these definitions emphasized
that mankind is a rational creature, while others drew attention to the technical skills

and the communication styles of mankind.

It is possible to state that, among all the definitions of mankind, the intelligence
is frequently described as a distinctive qualification of human kind. Because, human
intelligence is in the sub text of all these definitions which lay emphasis on the technical
skills, the communication skills or the rationality of human.

Artificial intelligence on the other hand, is not just an effort to facilitate practical
life but also it includes the efforts to reproduce intelligence of human beings. Thus, it
also contains the aim of gratifying the sense of curiosity about the possibility of human
intelligence being reproducible as it is interrogated by Turing (1950: 1) with the question
of “Can machines think?” in his work.

Nilsson (2009: 13) defines the artificial intelligence as an activity dedicated to
bring in intelligence to machines. McCarthy (1959: 3) on the other hand defines it as an
attempt to put forward ideas about how machines will use language, how to abstract and
create concepts and to demonstrate how machines can improve themselves by solving
problems that can be solved by human. McCarthy also defines intelligence as the quality
which enables an entity to act together with its predictions as well.

Teigens (2019: 1) classifies the possible criteria of artificial intelligence as the

following;

. An algorithm of an artificial intelligence must have an ability
to make a decision, to pursue a strategy and to be able to think rationally,

o It must be able to represent the knowledge,
o It must have a common sense,
° It should be able to learn,

! Istanbul T@knik Universitesi, Bilim ve Teknoloji Tarihi Béliimii, Orcid: 0000-0002-4955-9492
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. It must be capable of making plan,

. It must have an ability to communicate (with natural

language processing),

° With all these abilities, it should be able to orient towards

collective goals.

The long term aim of studies in the field of artificial intelligence is to create a
thinking machine which is intelligent, conscious, has an ability of learning and also free
will as well (O’Regan, 2012: 250). With this regards, it is possible to define artificial
intelligence as attributing the capacity of thinking, acting and knowing of human to the
machines via codes and algorithms.

Hence, the aim of this study is to examine the history of artificial intelligence,
starting from the period when artificial intelligence emerged as an idea, to the period
when it was conceptualized, until the period called artificial intelligence winters. For
this purpose, the history of artificial intelligence will be handled with an interdisciplinary
approach and will be examined comparatively.

The Conceptual History of Artificial Intelligence

Artificial intelligence was pronounced as this particular name as “artificial
intelligence” for the first time in The Dartmouth Conference in 1956 by John McCarthy.
One of the most important factors in naming artificial intelligence with this name was
to distinguish it from Shannon’s work titled “Automata Studies”, which also is a work
that involved in Dartmouth Conference. Another factor was that McCarthy had wanted
to separate this concept from the subject of cybernetics (Nilsson, 2009: 78).

Additionally, The Dartmouth Conference, was an organization which a wide
variety of different topics were involved. For instance, Rochester, had contributed to
the conference with his studies about nerve cells and neural networks. Newell and
Simon, who were conducting their project about symbol-processing, have made a huge
contribution by presenting the Logic Theorist Program for symbolic logic. Shannon on
the other hand, had aimed to the concepts of information theory to be applied to the
brain models and computing machines. He also aimed to create a computer language
which is capable of being programmed and Minsky also made a contribution by
publishing his work “Steps Toward Artificial Intelligence” as well (Nilsson, 2009: 79).

Since then, there is an ongoing dispute even today about how accurate is to call
artificial intelligence by this particular name (Nilsson, 2009: 79). For instance, Arthur
Samuel criticizes it founding on the idea that to call artificial intelligence with this
proper name gives the impression as if it is completely disconnected or unreal. In
addition, Newell and Simon also did not approve of this name in the first place in spite
of the fact that they accepted it in later periods (McCorduck, 1979: 101).
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Even though the name of artificial intelligence had given in 1950, it is possible
to say that the conceptual history of artificial intelligence dates back to much earlier
periods in time (McCarthy and Hayes, 1969: 1) considering the idea of artificial
intelligence in the conceptual sense is encountered in ancient cultures and mythology in
history. One of the earliest known examples evoking the idea of artificial intelligence is
found around 200 B.C. in the myth of Pygmalion (O’Regan, 2012: 230). The Pygmalion
is a myth which tells a story about a sculptor who makes a statue of a woman, the
sculptor falls in love with the statue and it springs to life as a result of his prays to
Aphrodite.

The main idea which construct the concept of robot and artificial intelligence is
found in the 12" century European literature with the imagination of Golem (Hadddadin
and Nobbe, 2020). Golem is an example of Jewish mythology which tells a story about
the creatures which resemble to human kind and stronger than human which were
created by a holy person. Golem means “alive statue” in Hebrew and they were described
as the speechless manservants of the clergy (O’Regan, 2012: 230). It is possible to
multiply the examples which treats similar subjects such as Frankenstein and Pinocchio

as well.

With this regard, it would be possible to say for artificial intelligence that even
though it is relatively a young discipline in the history of science, its roots are based on
hundreds of years ago.

In the mid 1980s, the claims about creating a system which is capable of
producing human consciousness is possible, qualified as suspicious and exaggerated.
These types of notions did lead to a period calls “Artificial Intelligence Winters” in
technical literature. During this period, there were a dramatical decreasing for the funds
which allocated for the studies in the field of artificial intelligence. The main reason for
artificial intelligence winters were the neuroscientists claims which asserted that the
brain is such a complex being, it is impossible to reduce it to a transaction with fixed
inputs and outputs (Dogan, 2020: 18).

Thereafter the period of artificial intelligence winters which also calls as the dark
age in the artificial intelligence, the aims for studies in the field of artificial intelligence
had narrowed down and instead of a strong artificial intelligence, the scientists tended
to make relatively more realistic studies such as data mining, data access and natural
language processing (Nilsson, 2009: 393).

Artificial intelligence is considered as a multidisciplinary field which contains
many types of other disciplines such as philosophy, cognitive science, psychology,
mathematics and linguistics (O’Regan, 2012: 234).

The Mathematical Roots of Artificial Intelligence

Even though, the theoretical studies contributed voluminously in the field of
artificial intelligence, the main breakthroughs in the field of artificial intelligence
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coincide with the period when it became a discipline with the formalization of fields of
computation, logic and probability. In this context, formal expression in these areas has
a significant effect for the improvements in the field of artificial intelligence. The idea
of expressing computation as a formal algorithm was introduced by Al-Harezmi in the
9" century (Russell and Norvig, 1995: 11). Al-Harezmi is also considered to be the
scientist who introduced the field of Arabic numerals and algebra to Europe, as well as
algorithms.

Hence, including Robotic science, all the studies about artificial intelligence and
computer programming are built on a foundation based on mathematics and
computation. Moreover, the word computer is also derived comes from the word
“computing” as well. In this context, it would be appropriate to say the developments
in artificial intelligence is in parallel with the developments in mathematics and
computation. One of the most important mathematical improvement is Blaise Pascal’s
invention of arithmetic calculator in 1642. This invention is described as a major and
initiative in terms of computation (Aspray, 1990: 1). Furthermore, the mechanical
impactor which Leibniz developed in 1674 was also inspired by Pascal’s addition
machine as well (Nilsson, 2009: 54).

Sir Isaac Newton on the other hand, established the field of infinitesimal calculus
by developing a method called “Newton Method” in order to solve the optimization
problems in the field of mathematics. Simultaneously with Newton, Gottfried Wilhelm
Leibniz also invented the differential calculus and integral calculus formulas as well.
Leibniz stated, transferring these calculations to a machine instead of scientists spending
hours for calculations is a tremendous improvement for mathematics (Davis, 2002: 190).
He is also considered as the first computer scientist by many historians of science due
to his studies on the binary digit (Haddadin and Knobbe, 2020: 2).

The Technical Basis of Artificial Intelligence

It would be appropriate to say that for the studies in the field of artificial
intelligence, its technical history is equally valuable as its theoretical and mathematical
origins. For instance, the input device of Pierre Jaquet Droz's mechanical doll named
“The Draughtsman” is considered to be an disc cam that basically functions as a
programmable memory. This mechanical doll has the ability to draw on paper with a
quill and real ink. When viewed from this aspect, it is possible to state that, this
invention of Droz fairly contributed to the development of artificial intelligence
(Haddadin and Knobbe, 2020: 2). Droz later started working on prosthetic limbs with
Frédéric Leschot.

One of the most important developments in the field of Artificial Intelligence is
that Charles Babbage’s, who is considered as the father of computer technologies, design
which includes procession, memory, the input of data and the output of result. This
design of Babbage had the basic features of computers in later periods. Which is why,
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this design is an analytical engine considered to be the first mechanical computer.
However, Babbage was not able to complete the construction of this design during his
lifetime (O'Regan, 2012: 207).

In addition to the approach that qualifies Charles Babbage as a pioneer, there
are contradictory arguments regarding Ada Lovelace as the first programmer in history
(Bromley, 1990: 67). Along with this program which were started to be developed in
1868 that would later called “Ada” and the developments in calculation, the groundwork
was laid for the first usable computer and control systems (Haddadin and Knobbe, 2020:
3).

As a matter of fact, besides Babbage's analytical engine design and idea, Ada
Lovelace is also considered to have written the first computer program in history that
could demonstrate the fundamental potential of a computer.

However, Babbage’s invention of "Analytical Machine" in 1822 and made an
undeniable contribution to computer science (Nilsson, 2009: 55). Which is why, It would
be fair to consider Babbage as the pioneer in the field (Hyman, 1985: 27).

The History of Robot Technologies

The word "robot" which means mechanical human in modern language is a word
that derived from the Czech word "robota" that means slave labor or compulsory service
(O’Regan, 2012: 247).

Although it is not quite certain when the first examples of the concrete
conception of the robot idea in history were occurred, it is possible to see the traces of
the robot idea in 12th century European literature (Haddadin and Knobbe, 2020: 2).
Because, the mystical creatures called as “Golem” in the European literature of the
period, converging to the idea of robot, can be considered as one of the first conceptions
that evoke the idea of robots in history.

The word robot was pronounced for the first time in a science fiction script called
"Rossum's Universal Robots" written by the Czech writer Karel Capek in 1920. The
script which tells the story of robots who works as artificial workers in a factory were
exploited, first published in Prague then translated in English in 1923 (O’Regan, 2012:
230).

One of the oldest and most known sources of concrete studies on artificial
intelligence and robot technologies corresponds to the 15th Century Renaissance Period
in Europe. Because at that period of time, Leonardo Da Vinci, has made tremendous
contributions to both art and science with his many inventions such as hydraulic pump,

mechanical jumper and various musical instruments etc.

Among his inventions, two of them has remarkable importance in terms of
Robotics. One of them is "Autonomous Flying Machine" and the other one is the
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"Mechanical Knight", which would later be referred to as "Leonardo's Robot" (Moran,
2006: 989).

The Mechanical Knight is a mechanism that works with rope pulls and deflection
pulleys which integrated into the knight's armor, and thus can perform various human-
like movements. This invention considered as the first steps in robotics which were
taken through a mechanism (Haddadin and Knobbe, 2020: 12).

Although the oldest known record about robots belongs to Archytas of Tarentum
(430 BC), it can be stated that the automatic mechanisms designed and developed by Al-
Jazari provide a basis for today's robot technology. As a matter of fact, it is quite
possible to state that Al-Jazari was one of the first scientist to produce concrete studies
in this very field when it’s looked from the perspective of the history of robotics (Cirak
and Yoruk, 2016: 5). Because, there are known written sources indicating that Al-Jazari
designed mechanical drawings in the robotic sense about 200 years before Leonardo Da
Vinci’s designs (Akman, 1976: 3).

Al-Jazari described the possibilities of using more than 50 drawings of automata
in his book, "The Book Containing the Utilization of Mechanical Movements in
Engineering". In addition, it is thought that one of the first known robot example in
world history was designed by Al-Jazari. It is a device which has an automatic mechanism
that can move by itself and also is gifted to the Artuqid sultan by Al-Jazari (Kumar,
2010: 58). He has also produced works that is considered as a milestone in the field of
cybernetics (Cirak and Yorik, 2016: 4).

The Brief Story of Cybernetics

Cybernetics is a field defined as a branch of science in which living organisms
such as humans and animals or mechanisms such as designed robots and the systemic
structures of these mechanisms are examined in terms of control, functioning,
management and possibilities (Broadhurst and Darnell, 1965: 442). All types of behavior
comprises the field of research, in studies concerning to the field of Cybernetics as long
as it is regular, determinant and also repeatable as well (Ashby, 1961: 17).

The word Cybernetics, which derived from the root of “Kybernetes” means
helmsman in Ancient Greek and it has turned into the word "gubernator", which means
management in Latin. The concept of cybernetics was first pronounced with this name
by André-Marie Ampere in 1834, in a work in which she classified the information
entirely for defining the concept of "management" (Beer, 2002: 204).

The concept of Cybernetics’ also defined as a philosophy which does not
differentiate between living organisms and man-made machines, by emphasizing
analogical points in terms of operation, despite the fact that their components are
different. (Broadhurst and Darnell, 1965: 442). In this context, the main research areas
of this branch consist of biological, technological and cognitive processes such as
practical activities, learning, communication and also management as well.
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The term of cybernetics is first pronounced by Arturo Rosenblueth, Norbert
Wiener and Julian Bigelow in 1943, carrying the proper meaning as it is conceptualized
(Nilsson, 2009: 49). The field of cybernetics is established as a discipline by Norbert
Wiener (Beer, 2002). Wiener (1948: 3), defines cybernetics as a branch of science that
studies communication and control between animals and humans.

Wiener also laid the foundations of the information age with his studies in the
field of cybernetics (Broadhurst and Darnell, 1965: 442). It is possible to characterize
cybernetics as a field that involved in an interaction with disciplines such as; system
theory, psychology, artificial intelligence and philosophy (Miiller & Kant, 2000: 19). As
a matter of fact, the field of artificial intelligence is conceptualized and handled as a
different discipline from the field of cybernetics in the Dartmouth Conference in 1956
(Nilsson, 2009: 79).

Turing Test: The Idea of a Possible Computable Intelligence

One of the biggest aims in artificial intelligence studies is to design humanoid
algorithms that will be presented to serve the humanity. For this purpose, one of the
most basic components for this study is to program a system that works with a discipline
as the human mind.

The working principles of the human mind, which is desired to be reproduced,
also require an interdisciplinary examination. Which is why, in artificial intelligence
researches, examining how the brain works with neurological, psychological and
biological disciplines and also philosophical questions as the milestones of the concepts
such as understanding, reasoning and rational thought are as valuable as programming,

computer science and calculation.

In general, in parallel with the definitions of artificial intelligence, it is possible
to classify the criteria of a possible humanoid artificial intelligence under four main
headings. It must think humanely, think rationally, act humanely and act rationally
(Jieshu, 2017: 2). A program of artificial intelligence should also have skills such as NLP
(Natural Language Processing), representation of knowledge, automatic reasoning and
machine learning in order to behave like a human.

Turing (1950: 4) categorized the main components of computers in three topics;
the first one is; the memory. Turing considers this unit as a store of information. The
second one is the execution unit. This unit is quite as the book of rules. The given rules
turns into the table of instructions. And the last one is the control unit, which is
considered as a system that determines if these instructions are true or false. The
working principle of these three units are designed by modelling the brain of human.

Alan Turing evaluates the concept of artificial intelligence with all its possibilities
by reducing it to a question. He poses a key question that is still been questioned even
today; “Can machines think?”. In other words, he evaluates the possibilities of
attributing this kind of an operation to a machine by modeling the working principle of
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the brain. Turing (1950: 1); states that it is necessary to begin with making a proper
definition to both words that make up this question sentence, "machine" and "thinking".
The most valid answer that can be given to this question is to describe an “Imitation
Game” in which Artificial Intelligence is involved in order to embody it with a thought
experiment. The imitation game, also called the Turing test, actually represents a concept
of disembodied intelligence in an interesting way (Lowe, 2000: 213). Because the
Imitation Game is based on testing the concept of intelligence, not from the perspective
of non-verbal forms of intelligent behavior, but in the theoretical sense of

communication capacities.

The imitation game is played by a woman (A), a man (B) and an interrogator (C)
out of both of their sight. The interrogator, must guess to whom he or she is talking. A
or B is stands for one of each two genders. The game is based on guessing which one is
male or female regarding the answers they receive. In this game, B's aim is to help the
interrogator (C), and A's aim is to mislead the interrogator. Turing put forward the idea
that thinking about what would happen if a machine took over the place of A in such a
game? That would also answer the question of whether machines could think. In this
version of Turing, the interrogator's goal will be to distinguish a human (X) from a
machine based on similar questions. In such setup, especially with questions based on
mathematical calculations, it is highly possible that the answer of the machine will be
faster and more accurate than the answer that a human can give (Turing, 1950: 2). In
fact, a possible humanoid artificial intelligence must have all the cognitive capacities
such as representing the knowledge, automatically reasoning, and learning in order to
pass the Turing test (Russell and Norvig, 1995: 5).

Even though the “Imitation Game” is a test that analyzes how equivalent artificial
intelligence is to human intelligence, it is not a test that established through
communication, it is established only through written text messages. Which is why,
expert level visual and auditory systems must also necessarily have inputs and outputs
for the analysis of a complex structure such as human intelligence. There have been
critics who have adopted the idea that it should also be tested within such system as
well (Kurzweil, 2013: 61). For instance, according to Searle (1980: 423), even though a
possible machine which is able to pass the Turing test, would never be the same as

human in terms of cognitive qualifications.
Chinese Room Example: The Possibility of a Strong Artificial Intelligence

It is possible to evaluate the discussion of how far is possible to formalize the
human mind in three main approaches (Brown, 2002: 3); First approach is based on the
idea that, the lack of solution, which is a result of the lack of knowledge and theory in
this field, might be eliminated in the light of more research and theoretical thinking.
The second approach stands for the idea that human mind has limited capacities. Which
is why, it is not sufficient to solve and give a solid answer for such question. In terms

of Kant, human mind, regarding the category of understanding, is not capable of create
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such theory. And the third approach defenders, adopts the idea that human mind has a
mystical structure, and that is why it is neither possible to be analyzed nor to be copied.

In this context, the concept of strong artificial intelligence represents the possible
example of an artificial intelligence which can think and learn as a mankind intelligence.
For Dennett (1991: 319), as the defended idea in field of computational psychology,
mind can be evaluated equally with the conscious and it is possible to create an artificial
intelligence which is able to think like brain. Furthermore, he claims that it will be
understood that it is necessary to have a computational substructure, when the concept
of selfness is understood thoroughly.

According to Searle (1980: 424) who rejects the claims that defend the possibility
of a humanoid artificial intelligence, creating a humanoid bio-chemistry with this kind
of a mechanism is not possible. In order to consolidate his argument, Searle (1980: 422)
gives an example named “Chinese Room” and via this example, he also gives another
perspective to the Imitation Game of Turing. The questions within the scope of
“Imitation Game” don’t require an understanding of the meaning. However, according
to Searle, the matter of meaning is necessary for a true intelligence (Lowe, 2000: 217).
Which is why, even for a possible machine who passes the Turing test in “Imitation
Game”, would never be able to be counted a humanoid mind in sense of cognitive
capacities.

It is possible to evaluate the work of Searle on the basis of two main premises
(Boden, 1988: 253);

1. The intentionality is intrinsic to humans and animals. Because this quality is a
based upon the brain that has a corporal structure by nature.

2. Exemplifying a computer program is not sufficient to be a condition of
intentionality. A computer program is only a manipulation of symbols
according to the syntactic rules.

A person who doesn’t know a word of Chinese is assumed to be locked in a room
with s serial of a Chinese script within the Chinese Room example (Searle, 1980: 32).
Afterwards, a second text and a serial of rules in order to make a connection in between
are assumed to be given to the person. The serial of rules are in English (which supposed
to be the native language of the person) and they are given for make a correlation in
two serials of symbol. Lastly, a third serial of a Chinese symbol and some English
instruction which explains how to associate the first and the second texts. Thus, the
first text is a script, the second one is a story and the third one consists of questions.
But this distinction is not given to the person. Searle, unlike the strong artificial
intelligence defenders, gives such example to explain how there is a difference between
responding a question with an understanding of the sense and responding by
manipulating some Chinese symbols without any understanding of the story line.
Because, this kind of an attitude is not a matter of a fact, it is a matter of a decision.
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Hence, according to Searle (1980: 419) understanding is not a subject of a machine.
However, by contrast with Searle, for Newell (1963: 13) the cognitive capacities of
human is same as a computer’s capacities. And also, mind is evaluated as a computable
system in computational psychology as well (Casey and Morgan, 2012: 157).

Memory, Machine Learning and Logic in Artificial Intelligence

It is stated that even though, the working principle of the brain is substantially
complex and it’s not quite possible yet to attribute a solid explanation to it; the learning
process of the brain is defined as collecting, keeping and using an information (Deiana
at al., 2010: 402). At this juncture, memory is a store of thought, perception and
variations of behavior which occurred within the learning procession, aimed to be used
when it is needed. Concordantly, according to Bergson (2005: 150), the entire of
conscious consists of keeping and cumulating the past in the present time, and also the
prediction of the future. Hence, it is possible to say that, for any possible simulation of
artificial intelligence, it’s required to model the memory for achieving to human mind.

Many psychologists including David Rumelhart and George Hinton made
researches about neural networks of the memory models. It is possible to state that
these studies gained a serious momentum in mid 1980s, with the reinvention of the back
propagation learning algorithm which was first found by Bryson and Ho in 1969. This
algorithm has been applied to many learning problems in computer science and
psychology (Rumelhart and McClelland, 1986: 72). The widespread dissemination of the
results in the collection of parallel distribution operations has been met with great
enthusiasm (Russell and Norvig, 1995: 588).

Based on the series of experiments on the functioning of memory, it is possible
to say that the concept of memory in humans is a concept that can be modified when a
new item is recorded, unlike being stable and determined traces on a hard disk, which
is the memory store of digital computers. Since artificial intelligence is designed by
considering human consciousness as a model, memory is an important factor for
artificial intelligence as well as for understanding the human mind. Contrary to most
behavioral studies, relatively little is known about the brain systems underlying each
type of retrieval of the memory (Friedman, 2000: 7).

One of the most important factors that makes human mind special is the ability
of producing new and different solutions to new problems, together with a multifaceted
thinking skill. Both the way to perceive a problem and to choose a method as a solution
is convenient to change and develop through the experience and knowledge via the

ability of learning.

The ability of learning is a skill that is necessary not only to have some type of a
knowledge, but also to have an idea about the working of the world and to produce
effective strategies to deal with the world in a sense. Hence, machine learning is defined
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as attributing of this ability which allows to adopt new conditions and to infer new
patterns by programming (Russell & Norvig, 1995: 55).

In terms of neurologic, the concept of learning, which considered as one of the
most important factor of intelligence and the acquisition of an information or a skill,
are related to the change in the transmissivity of synaptic connections between neurons,
and the establishment of new synaptic connections. This type of a process is explained
with a structure that begins before birth and continues through the biological growth
(Kurzweil, 2013).

Turing (1950: 17), also mentions about the learning process of the brain for an
adult mankind in three degrees. At first, there is the beginning state which occurred by
birth of a human. Secondly, the process is started to be formed with education,
experience and gained new information as growing up. Last but not least, there is a
degree which can’t be gained by as education but other experiences. There’s a processes
which ties those there degrees via causality. Hence, for machine learning, Turing (1950:
17) suggests to simulate a manner of a child brain, which is able to learn within these
degrees, instead of simulating a brain of an adult. Because, learning within the process
of growing has a big importance.

The learning process is divided into two main categories as; simple and complex
models of learning (Crockett, 1992: 9). The simple model of learning has an atomic
structure and depends on the idea that storing the information. But the complex learning
model is an open ended system which has no limit of sphere of influence. Hence, it is
quite possible to attribute the simple learning model to a certain example of an artificial
intelligence, it is not yet possible to attribute the complex model to it. Because it is not
yet a field which is able to be computed.

Learning and acquiring new experiences are not only for to store an information
or an experience which acquired in the memory, but also it is a determinative factor for
behaving according to them. There must be the qualities of common sense and ability
of judgment that characterize a rational person who is assumed to have a certain
intelligence. The claim that such a structure is not available to be computed and that
there is no algorithm to embody this structure is an important notion that can be
evaluated within the subject defined as the “Frame” problem (Lowe, 2000: 220).

The Frame Problem, which first pronounced by McCarthy and Hayes (1969: 30),
is a problem which interrogates how to formalize the problem solving process (Hayes,
1981: 233). In artificial intelligence programs, the strategies were being followed as
coded and repetitive reactions when faced with a problem. However, when a mankind

is face with a problem, it is possible to find new strategies for each new problems for
them (Minsky, 1974: 5).

In parallel with the developments in the field of artificial intelligence, it is
possible to say that the breakthroughs such as the fact that an artificial intelligence
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algorithm did beat Gary Kasparov in 1990 at the IBM chess tournament by working
much faster in mathematical calculations compared to human intelligence are quite
impressive. However, the common point for chess, mathematical calculations and all
other such fields where artificial intelligence did make successful progress, is that these
activities have an autonomous structure that depends on certain rules. For this reason,
it is a very concordant field to be carried out the steps by a computer program.

For a computer program, following the steps requires a mechanical process.
Which is why, Lowe (2000: 11) evaluates an artificial intelligence or a computer program
for the activities in fields such chess and mathematical calculation, on the basis of its
ability to follow instructions rather than the intelligence or cognitive basis.

In order to program the motor skills of human which acquired by experience and
learning, and to attribute such skills to artificial intelligence, there must be also a process
quite as learning by experience as well (Lowe, 2000: 12). As a result, a proper system
that learns, recognizes mind patterns, be able to solve problems and even has motor
skills is required (Harnad, 1990: 337).

As a matter of fact, robots can also be defined as intelligent systems with sensor
capacities (Hayes, 1981: 233). Hence, the issue of how a robot can plan in a given
situation and how it can produce a solution to a problem by finding a strategy has been
tested with a series of "bombing" experiments by Dennett (1984: 1). In other words, a
suitable solution was sought for the frame problem. Within the experiment, an R1 robot
is supposed to be tasked with only protecting itself. The R1 Robot is placed in a room
with a backup battery which about to be exploded. As a result, the experiments fail
because of the frame problem.

In artificial intelligence studies, it is aimed to design not only programs that
perform arithmetic operations, but also programs beyond a certain calculator including
non-arithmetic decisions. According to Aspray (1990), an artificial intelligence program
without this capacity is equal to a simple calculator. John McCarthy proposed programs
that were shaped by logic, with common sense knowledge and reasoning. Because,
according to McCarthy (1959: 5), a proper artificial intelligence is only possible with a
logic-based system. In fact, since 1980s, after many unsuccessful attempts, artificial
intelligence studies have changed direction from the idea of solving the frame problem
has been largely abandoned to logic-based systems (Gryz, 2013: 17).

Logic systems were used even before the computers since the 1930s with the
relay, the systems of punch cards and electronical calculators. Even if according to the
working principles they were primitives comparing with today’s technology, they were
including in a manner of a logical systems. Another important development in the same
years was Alan Turing (1937: 230)’s description for an algorithm which is able to
calculate mechanically without any human intervention. Since the 1800s, the studies has
been on the basis of the idea of a machine that can make logical decisions. The fact that

180



Cimilli, Nazli Gulgah & Cokelez, Aytekin; The Origins and The Development of Artificial Intelligence

a reasoning pattern such as Aristotle’s syllogism can easily be expressed as a form or a
pattern, these general symbols can also be used in different concrete events has formed
the basis of the reasoning logic in artificial intelligence programs (Nilsson, 2009: 28).

Leibniz also made tremendous contributions to the field of logic, in terms of
establishing a universal language of logic. Because, he defined the field of logic by
synthesizing it with mathematics, thus he developed theories that would enable
mechanical reasoning. In order to express human thoughts in a symbolic way, he
established a universal mathematical language and made various studies to mechanize
human's logic ability (Davis, 2002: 192). The first logic machine was designed by Charles
Stanhope towards the end of the 18th century. It is possible to describe this logic
machine called “Stenhope Box” as a kind of analog computer (Nilsson, 2009:29).

George Boole (2009: 10) on the other hand, who evaluated the principles of
logical reasoning and expressed these principles mathematically, provided the basis for
the mechanization of reasoning with his studies. Later on, Gottlab Frege constructed a
logic system involved the internal components of the premises. This system laid the
groundwork for the predicate calculus system, which is also important for artificial
intelligence (Nilsson, 2009: 33). Since the Frege’s logic system, it has become possible
to express the logic language with a linear equation.

Natural Language Process in Artificial Intelligence

The ability of Language is described as one of the most important factors that
make humans different from other species. Based on examples such as Searle's (1980:
421) The Chinese Room argument and the Turing Test (1950: 1), it is possible to say
that in artificial intelligence studies, the language capacity is also evaluated as a
determinant criterion for measuring thought and understanding levels. Because,
conceptual thinking becomes possible via the ability of language. In addition, to be able
think collectively becomes possible. Hence, the language ability is more than just a
measure of the level of understanding; it also forms the basis of the communication skill
of mankind who is a social being.

Which is why, in artificial language studies, it is tried to design programs by
evaluating certain rules of spoken and written language within the computational field,
which is able to interact with a possible computer, communicate or write and also can
make translations as well. Since the birth of computer languages, there is a distinction
between formal programming languages such as, first order logic or “Lisp” and
languages that have developed by consensus through the history such as Turkish and
English (Russell & Norvig, 1995: 245). Therefore, natural language process is seen as a
sub branch both of human-computer interaction and computational linguistics (Seker,
2015: 18). For instance, the translation operations of Google and applications such as

Siri are getting developed in parallel with the studies of natural language process.
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In order to analyze and produce language skill in a possible artificial intelligence
algorithm, important criteria for natural language process consist of four stages; lexical,
syntactical, semantical and practical. One of the closest examples to this classification
is seen in the categorization made by Peirce (1994: 481) to list the branches comprising
the field of semiotics’ (Sowa, 2000: 1). The formal semantics of programming languages
are given with possible mathematical models which defined by the language (O'Regan,
2012: 139).

Natural Language Process' first major achievement is considered to be the
introduction of the database with Circa in 1970. The first computer interface unit on
the other hand is the Lunar system, which written by William Woods in 1973. With this
system, the computer successfully answered 78% of the questions posed to it (Russell
& Norvig, 1995: 693). However, these questions are not open ended questions, but they
are the questions which have specific and definite answers.

What artificial intelligence researchers accept as machine understanding is, in a
sense, the concretization of a formal program. In this context, one of the issues that
Searle (1980: 422) wanted to convey with the example of the "Chinese Room" is to show
that embodying a program does not provide sufficient conditions for meaning. In fact,
such a thing is not seen as a condition, even if it is programmed with the correct input
and output (Odell, 1984: 1306).

In fact, the primary correlations of internet networks are considered as notions
in the minds of those who interpret the correlations of the signals, rather than being
bits and bytes whose signs are encoded. Thus, without humans, documents, data and
contents would have been meaningless. In more concrete terms; the physical world, the
representatives using signs to represent the essence, and the intentions of the
representative constitute the ultimate source of meaning.

A sign has three aspects; the represented essence, the other represented essence
and the representative (Sowa, 2000: 1). Referring to something depends on how the
signs relate to each other, what qualities they represent, and the representatives who use
those signs to communicate. The meaning of something consists of the triangular
relation of the object, symbol and concept (Peirce, 1994: 92). In this type of a
relationship, the conceptis considered as the intermediary that connects the symbol and
the object.

For a possible artificial intelligence where symbolic expressions are programmed
with appropriate algorithms, the subject of how these expressions can or can’t be made
sense comprises the research area of the symbol grounding problem. Symbol grounding
is accepted as an attempt to show that computers can also have a in a sense of a semantic
structure as well (Mayo, 2003: 2).

3 Peirce's (1994: 481) classification is also categotized under three headings as syntactical, semantical and pragmatic as well.
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Harnad's (1990: 337) claim that symbols can literally be understood, even when
manipulated by a robot, if they are well-founded in the real world, is also could evaluated
as a response to Searle's (1980: 417) Chinese Room argument. The fact that the concept
called symbol or manipulation of symbols are based on form rather than meaning can
also be interpreted as the meaning occurs in a systematic way.

The symbol system also includes this meaning by definition. However, it is an
implicit structure that the symbols are meaningful for the person who perceives them.
The main claim of Harnad (1990: 340) is based on the idea that the path from meaning
to symbol is built from zero. In other words, it is necessary to ground meaning from

Z€ro.

The traditional cognitivist attitudes towards Artificial Intelligence have regarded
the issue of cognition as a purely physical symbol system (Newell and Simon, 1976: 120).
In this context, physical symbol systems are systems that are capable of storing,
processing and interpreting symbolic structures in accordance with certain rules (Vogt,
2006: 4). In line with the semiotic arguments of Saussure (1974: 43), semantic
representation has been interpreted as internal structures which relate to arbitrary
signals or labels. Therefore, the relation of meaning to reality is left ambiguous. This
uncertainty is the main reason for McCarthy and Hayes's (1969: 31) Frame Problem,
Searle's (1980: 423) Strong Artificial Intelligence problem with the Chinese Room
example, and Harnad's (1990: 335) Symbol Grounding Problem (Vogt, 2006: 4). And,
the underlying common problem is that the symbols in the cognitive approach are not
be positioned properly.

According to Brooks (1990), in order to solve the problems of the cognitive attitude,
intelligence should be based on the interaction between its physical representative and
its environment. This approach of Brooks has been called the physical grounding theory.
At this point, symbols are no longer needed. Because intelligent behavior is based on
parallel processing sensory motor coupling.

As a conclusion, the studies of robots and artificial intelligence programs to
comprehend meaning and nature in a sense are seen as a turning point for artificial
intelligence studies as well as for understanding how meaning is established.

Conclusion

In this study, the origin and the development processes of artificial intelligence
are researched on the basis of a technical and historical background.

The technical developments within the conceptualization of artificial intelligence
is examined in parallel with the developments in the field of mathematics and
computation, based on the idea that the developments in the mathematical field
constitute a solid ground for artificial intelligence.
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Since The Dartmouth Conference, which was organized in 1956, when John
McCarthy's proposal for the name of artificial intelligence was accepted, the aims of the
studies in this field is researched for a full-fledged example of artificial intelligence.

In this context, the criteria for a proper example of an artificial intelligence; such
as being able to make decisions, solve a problem, find a strategy by making a certain
plan, represent a knowledge, be able learn, communicate and the possibilities for these
type of skills are mentioned.

Theories and experiments on the possibilities of a strong artificial intelligence is
studied in parallel with the disciplines of neurology, computation, semiology and
linguistic. Hence, the important studies such as the Turing’s (1950: 1) Imitation Game,
the example of the Chinese Room of Searle (1980: 417) and the bombing experiment of
Dennett (1984: 2) are examined and questioned.

Artificial intelligence possibilities are evaluated together with the correlation of
consciousness, memory and logic concepts. It is understood that logic has an important
role in establishing a conceptual hierarchy between classical logic, symbolic logic and
artificial intelligence logic. Thus, it is stated that artificial intelligence algorithms are not
only designed by pure arithmetic operation, but also comprises of the mathematical
expression of logic.

The reasons for the Frame Problem, which was introduced by McCarthy and
Hayes in 1969 is researched. The attempts to attribute the ability to make decisions and
plan to a machine are evaluated together with the concepts of learning and memory.

Cognitive capacities of Artificial Intelligence and artificial language have been
researched with an interdisciplinary attitude. The attempts to artificially design the
language capacity are interrogated under the title of Natural Language Process. In this
context, it is understood that this field is developed in parallel with the developments
in fields of linguistics, semiotics and such disciplines.

The symbol grounding problem which Harnad (1990: 335) posed, is discussed
through the questions of how the semantic interpretation of a formal symbol could be
intrinsic to a system. In this context, Newell and Simon, who consider the human
comprehension as a physical symbol system, are also mentioned.

In conclusion, since the roots in the history, artificial intelligence is researched
from different aspects. And It is understood that, artificial intelligence studies are not
only limited to a technical field, but also contain an interdisciplinary structure as well.
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Torque Control for Interior Mounted Permanent Magnet Synchronous Motors
Based on Third Harmonic Injection Pulse Width Modulation
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Introduction

Permanent magnet synchronous motors (PMSM) are widely used due
to their high efficiency, high power density and controllability over a wide speed range (Yan, 2015).
Interior Mounted-PMSMs are a type of PMSMs and due to their reluctance torque generation capacity,
the torque capacity is higher (Dwivedi, Laursen, & Hansen, 2010). Therefore, IPM motors are used in
areas where high torque capacity motors are required, such as electric vehicle technology (Li & Liu,
2019).

The efficiency of the drive systems of IPM motors, combined with the efficiency of the motor
itself, may shows better performance in applications where it is used. Therefore, each part in the drive
system must be designed to have the least loss. Hence, the necessary pulse width modulation (PWM)
strategies should be used to drive the inverters used to drive 3-phase motors. In the literature,
sinusoidal PWM (SPWM) (Liu & Shang, 2021; Mahto, Mishra, & Bansal, 2020), third harmonic
injection PWM (THIPWM) (Albatran, Allabadi, Khalaileh, & Fu, 2021) and space vector PWM
(SVPWM) (Li, 2014; Sharifian, Herizchi, & Firouzjah, 2009; Tiecheng, Ce, Ningbo, Deyan, & Sanling,
2012) switching strategies are widely used. In this study, the driver system of the IPM motor is
designed using the THIPWM switching strategy.

Initially, the control system was modeled with the help of Clark and Park transformations on
the dg-axes so that it can be easily controlled as a direct current motor of a 3-phase motor. Then, a
closed-loop control system was created in which the error value is driven to zero by comparing the
current values fed back from the motor and the command currents requested from the driver. After
providing the control process with the help of PI regulators, the voltage values on the dq-axes were
defined in the ABC frame and modulated in the PWM block. The generated pulses are applied to the
inverter legs and a 3-phase output voltage is obtained. Although dqg-axes can be converted to ABC
frame mathematically in the simulation environment, inverter and PWM strategy are used to make the
simulation results realistic. In addition, the maximum voltage value that the THIPWM strategy can
use in real life is also limited in simulation. Since the motor parameters used in the simulation are from
a real motor parameters, the designed drive system is applicable in real life.
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I. Method

a) IPM Motor Modelling

The motor equations obtained by using Clark and Park transformations used for the transition
from the ABC frame to the dg-axes in the modeling of alternating current motors are given by (1)-(4)
(Sun, Wang, & Chen, 2015).

Val _ Id] d 'Pd] [—'Pq]
[Vq]‘R[lq ARSI R

M
p Ly O7fl
=l 20
3p )
T, = - [Wal, — ¥,14]
3p 4)

T, = 7(‘Pm1q —lalg(Lq = Ld))

Va, Vg, ta, ig, Wa ve Pq represent the d- and g- axes voltage (V), current (A) and flux (Wb)
values, respectively. The expressions R, Ly, Lq ve ¥, represent the stator resistance (ohm), the d- and
g- axes inductance values (H), and the constant flux value of the magnets (Wb), respectively. The

values of w, T, and p represent electrical speed (rad/s), electromagnetic torque (N.m), and number of
poles, respectively.

b) THIPWM Strategy

SPWM strategy is widely used in motor drives due to its easy implementation and simplicity.
However, since the DC bus usage rate of SPWM is low, THIPWM strategy has been found as a
solution to deal with this problem. Although the application method is the same as SPWM, the DC
bus utilization rate is increased by injecting third harmonic components into the reference voltage
values. Equations of THIPWM strategy are as in (5)-(7).
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The voltage values on the dg-axes obtained from the PI regulators are defined in the ABC
frame with the help of inverse Clark and Park transform matrices. Then, the sinusoidal waves in the
obtained ABC frame are compared with a high frequency carrier wave to obtain PWM signals. When
THIPWM strategy is used in motor drives, 8 value shows the measured instantaneous rotor position
of the motor. The block diagram of the proposed drive system, in which the motor is driven using the
THIPWM strategy, is as in Figure 1.
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Figure 1: The Proposed Drive System

I1. Simulation Results
The parameters of the motor used in the simulation are given in Table 1. The THIPWM
strategy switching frequency was determined as 5 kHz and the results were obtained by running the
simulation for 1 sec. The motor was tested at different torque and speed values by operating the drive
system according to the torque-speed profiles given in Figure 2.

Table 1: Prototype Motor Parameters

Motor Type Interior Permanent Magnet Synchronous Motor

Phase Number/ Pole Number 3/8
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Nominal Speed 2500 rpm @120 V DC
Continuous Torque 15.7 N.m @51.6 A rms
Continuous Power 4.1 kW @120 VDC
Input Voltage Range 12V-600V
Nominal d Axes Inductance 0.282 mH
Nominal q Axes Inductance 0.0828 mH
Nominal Stator Flux Magnitude 0.0182 Weber
Nominal Phase Resistance 0.0463 ohm
Inertia 0.0072 kg.m?
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Figure 2: Torque-Speed Profile

In the drive system, while the mechanical speed value was 500 rpm, the command torque value
was 0 N.m, that is, the motor was operated for 0.2 sec at no load. The drive system has been shown
to meet the no-load references. By 0.2 sec, the mechanical speed value was increased to 1000 rpm
with the help of the step function, and it was observed that the electromagnetic torque and dq-axes
current values met the command currents. In other words, even if the speed change is made while the
drive system is unloaded, it meets the electromagnetic torque demanded from the system.

In 0.3 sec, the motor was loaded with 10 N.m electromagnetic torque and it was observed that
the drive system met the demanded torque at constant speed. In addition, it can be seen that the
system produces the desired output in the steady state by operating the driver at 1000 rpm and 10
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N.m electromagnetic torque for 0.1 sec. Subsequently, the transient performance of the drive was
investigated by changing the reference electromagnetic torque and mechanical speed value with the
ramp function. As can be seen from Figure 3, possible scenarios have been tested and the simulated
drive has successfully completed the control process at all test points.
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Figure 3: Validation of Drive System
III.  Conclusion

In this study, drive simulations of IPM motors, which are frequently used in practical applications
due to their superior properties, are performed. It has been observed that the IPM driver successfully
provides torque control in the model created using the THIPWM strategy, which was developed as
an alternative due to the low DC bus usage rate of the SPWM strategy. It was observed that the drive
tracked the reference values at each of the test points in the torque-speed profile determined by
considering different scenarios. Using the simulated drive system, tracking the reference values
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correctly, and having good steady state and transient performance provide significant advantages in
the areas of IPM motor applications. In addition, increasing the DC bus utilization rate with the use
of the THIPWM strategy will also provide advantages in applications.
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A Consumption Related Knowledge Sharing Behavior Analysis By Applying
Multiple Regression Algorithms
Ozetk YAVUZ!

Introduction

With the advancements in information and communication
technologies, new community types and definitions took place. In this study consumption related
knowledge sharing behavior in virtual communities and antecedents of this behavior is analyzed. For
this purpose a conceptual model has been developed following the literature review. After reaching to
the required sample size of the study, a quantitative research methodology has been applied and the
model tested. Based on the analysis results it has been found out that we-intention, online word of
mouth behavior and perceived usefulness are important antecedents of consumption related
knowledge sharing behavior in virtual communities.

Communities and community related behaviors have been long in the focus of many scholars.
Therefore it is possible to find several studies focusing on understanding communities and community
related behaviors in literature. It is seen that early definitions of communities date back to 1967’s
which start with Ferdinand Tonnies’ former definition of the concept (Tonnies, 1967). Ferdinand
Tonnies, a nineteenth century German sociologist, in his Community and Society book highlights the
distinction between society and community where he defines community (Gemeinschaft) as intimate,
private and exclusive living together whereas society (Gesellschaft) as the public life, that is the world
itself (T6nnies,1967).

Later with the advancements in information and communication technologies, new
community types and definitions took place. According to one of the most known definitions of
Rothaermel, a virtual community is similar to a community of mind described by Tnnies except that
it is formed through an electronic communication medium and is not bound by space and time
(Rothaermel, 2000). Alternatively Strauss indicates that a virtual community is similar to other
community forms as it allows for social interactions among its members using various internet tools
and exhibits certain community standards and rules for facilitating these social interactions (Strauss,
1978).

2. Literature Review
2.1. Virtual Communities

Virtual communities are community based formations in the virtual environments therefore
it’s worth noting early traditional community definitions available in literature. Webster defines
community as a social group of any size whose members reside in a specific locality, share government
and often have a common cultural and historical heritage. Communities generally hold a social,
religious, occupational or other group sharing common characteristics or interests and are perceived
or perceiving it as distinct in some respect from the larger society within which it exists (Webstet's,
2011).When the root of the word "community" is investigated it’s seen that the word community is
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derived from the Old French communité in the late 14th century which is derived from the Latin
communitas (cum, "with/togethet" + munus, "gift"), a broad term for fellowship or organized society
(Merriam Webster, 2011).

Community concept, which has been defined in several ways in many years, later found place
and was adapted to virtual environments after the emergence in communication and information
technologies while preserving some of its traditional characteristics whereas changing some of the
characteristics that it possess. Accordingly scholars coined several virtual community definitions each
approaching virtual communities from different perspectives. Hagel defines a virtual community as a
network of people with common interests communicating with each other electronically whereas
according to Porter a virtual community is an aggregation of individuals or business partners who
interact around a shared interest, where the interaction is at least partially supported and/or mediated
by technology and guided by some protocols or norms (Hagel and Armstrong, 1998; Porter, 2004).
Alternatively Plant defines it as a collective group that come together either temporarily or
permanently through an electronic medium to enable the interaction of entities, individuals or
organizations in a common problem or interest space (Plant, 2004).

In literature it is seen that perceived usefulness (Davis, 1989 ; Dong, 2008), perceived ease of
use (Davis, 1989), opinion leadership (Rogers 2003; Flynn et al., 1996; Lazarsfeld, 1944, Andersen,
1971; Bettinghau, 1987), social comparison (Festinger, 1954; Kim, 2006; Vassileva, 2007), online word
of mouth behavior (Hennig et al., 2004), we-intention (Dholakia, 2004) and consumption related
knowledge sharing behavior (Ajzen, 1991, 2006; Davenport and Prusak ,1998) have been the main
constructs of the model.

3. Research Model

Following the literature review of the study, a research model has been formed considering
some of the theories and models evolved over time. In the research model, perceived ease of use refers
to the degree to which the prospective user expects the technology to be free of effort whereas
perceived usefulness refers to the degree which a person believes whether using a particular system
would enhance his or her job performance (Dong, 2008). Both perceived easiness and usefulness
hypothised to have a positive influence on consumption related knowledge sharing behavior in virtual
communities.

Perceived usefulness refers to the degree to which a person believes that using a particular
system would enhance his or her performance (Davis, 1989; Dong, 2008). As it is indicated by Porter,
in the technology acceptance model, perceived usefulness and perceived ease of use are the beliefs
that are presumed to influence attitudes toward new technology (Porter, 2000).

In literature, opinion leaders are defined as individuals that provide informal, consumption
related advice to other consumers and have an important role in the influence of customers and their
decision making processes. In this context according to Vuuren, opinion leaders often provide
information and advice to their followers; therefore they are likely to influence purchasing behavior
through word of mouth communication (Vuuren, 2007).Kotler defines an opinion leader as someone
who can influence members in the social community because of special techniques, knowledge,
personalities, and other uniqueness (Kotler, 1998). As Flynn indicates opinion leaders are in a tendency
to give advice whereas opinion seekers are in a tendency to ask for it (Flynn et al., 1996). It is expected
that individuals or consumers who have opinion leadership characteristics to join virtual communities
for sharing their knowledge time to time. Opinion leadership is hypothised to have a positive
influence on consumption related knowledge sharing behavior.

Social comparison construct used in the model refers to the drive within individuals to look
to outside images in order to evaluate their own opinions, abilities, enhance their self images which is
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based on Festinger’s social comparison theory that focuses on explaining and understanding
tendencies of individuals in evaluating and comparing their own opinions and desires with others
(Festinger, 1954; Kim, 20006). Today individuals make these comparisons via other individuals’
(members’) profiles in virtual communities.Social comparison hypothised to have a positive influence
on consumption related knowledge sharing behavior.

Online word of mouth behaviot used in the model which base on Arndt’s word of mouth
who he defines it as an oral, person to person communication between a receiver that is non
commercial, regarding a brand, product or service and a communicator who informs the receivers
(Arndt, 1967). In this context online word of mouth behavior construct used in the model refers to
any positive or negative statement made by potential, actual, or former customers about a product or
company, which is made available to a multitude of people and institutions via Internet (Hennig et al.,
2004 ; Sun, 2006). Accordingly online word of mouth behavior is hypothised to have a positive
influence on consumption related knowledge sharing.

We-intention construct used in the model refers to Dholakia’s respective construct which he
defines as intentions to participate together as a group which is a function of both Individual
determinants (i.e., attitudes, perceived behavioral control, positive, and negative anticipated emotions)
and social determinants (i.e., subjective norms, group norms, and social identity) (Dholakia, 2004).
Some form of the consumption related knowledge sharing is expected to be performed in a group
setting with the other communities or group members of the individual therefore we-intentions
hypnotized to have a positive influence on consumption related knowledge sharing behavior.

Finally consumption related knowledge sharing behavior refers to the behavior of sharing
consumption related knowledge in virtual communities where behavior is defined as an observable
response in a given situation with respect to a given target which is a function of compatible intentions
and perceptions of behavioral control in literature (Ajzen, 1991, 2006; Davenport and Prusak ,1998
and Wasko and Faraj, 2005).

4. Research Methodology
4.1. Measures

Following an intensive literature review and the formation of the conceptual framework of the
study, scales used to measure respective constructs have been adapted from the studies available in
literature empirically and tested accordingly.

4.2. Data Collection and Sampling Method

As suggested in literature over 385 observations has been found sufficient for the sample size
values with an error of 5% and a confidence level of 95% (Aguila et. al.,2014; Lemeshow et.al.,1990;
Yau, 2013).In literature used formula to calculate this has been n= t2x (px q) / €2 where n refers
to sample size, p refers to proportion, percentage or presence of the study characteristics (In literature
it is suggested that when we have no prior values for the proportions to be estimated, we can use p-
and g-values as 50%.) q=1-p, e refers to margin of error; t = 1.96 (with 95% confidence level). Based
on that, n = 1.962 x 0.5 x 0.5 / 0.052 sample size has been found 384.16 and rounded to 385 Aguila
et. al.,2014; Lemeshow et.al.,1990; Yau,2013; survey monkey site-sample size calculator, 2017).

5. Data Analysis and Findings
5.1. Validity and Reliability of the Measures

Reliability of the constructs have been assessed and evaluated considering suggested lower
limit of Cronbach’s alpha in literature. With the sample size of 425 it has been seen that all Cronbach
alpha values for the respective constructs have a value of higher than .70, in other words all the

198



Yavuz, Ozerk; A Consumption Related Knowledge Shating Behavior Analysis By Applying Multiple Regression
Algorithms

constructs used in the research model are statistically reliable and can be regarded as reliable constructs
of the research model. (Hair et al., 2006; Nunnally, 1978; Cronbach, 1951)

5.2. Exploratory Factor Analysis and Reliability Assessment

For an exploratory understanding of the constructs an exploratory factor analysis has been
conducted. The seven factors used in the model were extracted based on the principal
component method which is to say that the eigen values of all factors bigger than one (Hair et al,,
20006). The KMO measure of sampling adequacy (Kaiser, 1970) and Bartlett Test of Sphericity
demonstrated that the EFA was applied correctly for all the constructs meaning KMO values for all
the constructs found to be equal and higher than 0.50 which is the suggested cut-off point
of the measure in literature (Kaiser,1970). Also Bartlett Test of Sphericity (BTS) suggested that
the bivariate correlations among the scales’ items were significantly different from zero( p=0.000)
for all seven factors used in the model. Lastly Cronbach alpha statistics for each factor has
been found significant and bigger than the cut-off point 0.70 (Nunnally, 1978).

5.3. Confirmatory Factor Analysis and Reliability Assessment in
SEM

As it is stated by Karahoca, reliability and validity analysis is used in the assessment of the
model in SEM. For this, composite reliability, convergent validity and discriminant validity criteria
should be met for the reliability and validity of the model that is being used (Karahoca, 2018).

Based on the confirmatory factor analysis results, it is confirmed that the composite reliability
of the scales used in the study which reflects the internal consistency of the measurement model found
to be reliable since it reaches the suggested lower limit of this measure 0.60 in literature (Dholakia and
Yi, 1995).

In assessing convergent validity as suggested in research literature two criteria taken into
consideration which were composite reliability should exceed average variance extracted and average
variance extracted should be above 0,50 threshold (Anderson, 2010). According to that all constructs
found to have a high convergent validity(Anderson, 2010).

Finally discriminant validity of the respective constructs have been assessed based on the
criteria that MSV should be less then AVE and ASV should be less then AVE (Anderson, 2010).
Based on these results it is seen that required discriminant validity criteria for all of the constructs met.

5.4. Results of the Hypothesis Tests

Table 1: Multiple Regression Analysis Results

Dep. Variable: Consumption Related Beta t value P value
Knowledge Sharing Behavior

Independent Variables:

Opinion Leadership ,109 2,760 ,006
Social Comparison ,105 2,472 ,014
We-intention 171 3,825 ,000
Online Word of Mouth Behavior 413 8,727 ,000
Perceived Ease of Use -,105 -2,264 ,024
Perceived Usefulness ,165 3,323 ,001
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R= 0,635
R?= 0,403
F=46,533
P = 0,000

Based on the analysis conducted it has been found out that we-intention, online word of
mouth behavior and perceived usefulness are significant predictors of consumption related knowledge
sharing behavior in virtual communities whereas it has been found out that there is no significant
relationship between opinion leadership, social comparison, perceived ease of use with consumption
related knowledge sharing behavior in virtual communities.

6. Conclusion and Discussion
6.1. Discussion of Results

Today virtual communities became one of the important venues for consumers where
participants can be organized around shared interests for sharing and seeking consumption related
knowledge in different phases of the consumer decision making processes. Additionally, virtual
communities became one of the primary venues where consumption related knowledge sharing
behavior and word of mouth communication is taking place. As Kozinets asserts, virtual communities
are considered as good source of references and venues for social interaction and it is possible to find
many virtual community types that are explicitly structured around consumption related activities
(Kozinets, 1997). From this point forward, understanding consumption related knowledge sharing
behavior taking place in virtual communities and motivational and influential factors of this behavior
hold an important value for marketers.

In the first hypothesis perceived ease of use has been hypothised to have a positive influence
on consumption related knowledge sharing behavior. In contrast to the literature review it has been
found no significant relation between perceived ease of use and consumption related knowledge
sharing behavior.

The second hypothesis of the research has been as perceived usefulness has a positive
influence on consumption related knowledge sharing behavior this hypothesis has been accepted.
The third hypothesis has been that opinion leadership has a positive influence on consumption related
knowledge sharing behavior. In contrast to the literature review it has been found no significant
relation between opinion leadership and consumption related knowledge sharing behavior.

In the fourth hypothesis social comparison has been hypothised to have a positive influence
on consumption related knowledge sharing behavior. In contrast to the literature review it has been
found no significant relation between social comparison and consumption related knowledge sharing
behavior.

The fifth hypothesis of the research has been that online word of mouth behavior has a
positive influence on consumption related knowledge sharing behavior.

In the sixth hypothesis we intention has been hypothised to have a positive influence on
consumption related knowledge sharing behavior. As it is pointed out in literature today consumers
use virtual communities in order to share their ideas, product and consumption related knowledge,
engage word of mouth communications, build communities and contact other consumers who are
seen as more objective sources of information (Kozinets, 2002). If underlying reasons of consumption
related knowledge sharing behavior and respective influence of these factors on consumption related
knowledge sharing behavior understood well, it would be possible to develop more effective
marketing strategies and programs considering some of the underlying factors that have influence on
consumption related knowledge sharing behavior.
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Use of Electro-Spin Spectroscopy Method in Determining the Oxidation
Stability of Oils
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GIRIS

Diinya ntfusunun artmastyla beraber yenilebilir yaglarin tiiketim oraninda da hizli bir artig
meydana gelmistir (Karamani vd., 2020:1). Yenilebilir yaglar, ¢ogunlukla yagli tohumlardan ve
bitkilerin kok, yaprak gibi organlarindan elde edilirler temin edilir ve insan beslenmesinde énemli yer
alan triacilgliseroller, c¢oklu doymamus,tokoferoller, karotenoidler, yag asitleri, yagda ¢Oziinen
vitaminleri, fenolik ve antioksidan bilesikleri icermektedirler (Lu vd., 2019:1; Dedebas vd., 2021:1)

Yiksek miktarda doymamis yag asitleri iceren bitkisel yaglar sicaklik, 1sik, enzimler, metaller,
mikroorganizmalar ve oksijen gibi katalitik sistemlerin varliginda uygun olmayan ¢evre kosullari altinda
uzun streli depolanmalari ve islenmeleri nedeniyle ¢esitli oksidasyona reaksiyonlarina ugramaktadirlar
(Liu vd., 2018:1485). Lipid oksidasyonu, gidalarda istenmeyen tatlara neden olarak triin kalitesini,
giivenligini ve besin degerini etkileyen en 6nemli faktorlerden birisidir. Lipid oksidasyonu sadece
yenilebilir yaglarin biyoaktif bilesiklerinin ve duyusal 6zelliklerini azaltmakla kalmayarak aynt zamanda
tiketiciler i¢in saglik sorunlarina neden olabilecek toksik bilesiklerin olusumuna neden olmaktadir.
(Kubow, 1992; Lu vd., 2019:1-2; Karamani vd., 2020:1; Xie vd., 2020:1; Dedebas vd., 2021:2).
Yenilebilir yaglarda gorilen lipid oksidasyonu serbest radikal zincir reaksiyonlarini iceren karmastk bir
surectir ve oksidasyon reaksiyonlari, buytk 6lciide gidalarin yapisinda bulunan yag asitlerinin bilesimi
gibi bircok faktore bagl olarak degisim gostermektedir. Yaglarin yapisinda bulunan doymamis yag
asitlerinde meydana gelen oksidasyon reaksiyonu bozulma, hidroliz ve polimerizasyon
basamaklarindan olusmaktadir ve serbest radikaller, bu reaksiyonlarda ara anahtar bilesenlerdir (Liu
vd., 2018:1). Serbest radikaller kararsiz ve DNA ve hticre hasari, lipid ve protein oksidasyonunun yani
sira kanser gelisimi ve diger oksidatif stresle iligkili hastaliklardaki degisiklikleri tesvik eden oldukc¢a
reaktif oksijen turleridir (Barba vd., 2020:77).

Oksidasyon reaksiyonlarinin baglatma ve yayilma asamalarinda, yaglarin yapisinda bulunan
doymamus yag asitleri oksijen (O,) ile reaksiyona girerek, hidroperoksitler ve peroksi radikalleri
olusmaktadir. (Sekil 1, 2). Olusan hidroperoksitler alkil aldehitler ve ketonlar, epoksitler gibi gibi
bilesiklerin olusumuyla sonuglanan birkag¢ radikal mekanizmadan meydana gelmektedir (Kamaleldin
ve Pokorny, 2005; Roman vd., 2010:87; Jiang vd., 2020 : 1; Merkx vd., 2021:1).
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Oksidatif gida bozulmalart gidalarin hem raf Omurlerini hem de beslenme 6zelliklerini
etkilediklerinden dolayt oksidasyonun erken asamalarini anlamak ve tahmin etmek o6nemlidir.
Giunumiizde lipid oksidasyonunun belirlenmesi igin peroksit degerleri, p- anisidine degeri, 6zgiil
sogurma degerleri ve tiyobarbitiirik asit reaktif maddeler gibi analizler en yaygin kullanilan yontemler
arasinda yer almaktadir (Xie vd., 2020:1; Liu vd., 2020:1). Ancak bu yontemler maliyetli, zaman alici,
insan sagligl ve cevre icin ciddi riskler olusturan yiksek miktarda ¢oztici ve buyik numuneler
gerektirmektedir (Karamani vd., 2020:1; Thomsen vd., 2000: 725; Liu vd., 2020: 2). Son zamanlarda
elektron spin rezonans spektroskopisi, kizilétesi spektroskopisi niikleer manyetik rezonans ve raman
spektroskopisi gidalarda lipit oksidasyonu sirasinda olusan radikal tiirlerin tespiti i¢in gelistirilmis yeni
yontemleridir (Xie vd., 2020:1). Bu yontemler arasindan elektrospin rezonans spektroskopi teknikleri,
lipid peroksidasyonunun ¢ok erken asamalarinda serbest radikal olusumunu ve birikimini saptamak
igin kullanilan yeni ve hassas bir teknik olarak kabul edilmektedir. Ayn1 zamanda ESR tayiniyle daha
az numune kullanilarak gida oksidatif stabilitesinin hizli bir 6l¢imi yapilabilmektedir (Yu ve Cheng,
2008:67; Chen vd., 2018:59) .

Elektrospin Rezonans Spektroskopisi

Elektron paramanyetik rezonans (EPR) olarak da adlandirilan elektron spin rezonans (ESR)
spektroskopisi, gidalarda lipid oksidasyonun erken asamalarinda eslesmemis elektronlert ve serbest
radikalleri belirlemek i¢in kullanilan yeni ve hassas bir teknik olarak kabul edilmektedir (Yu ve Chen,
2008:62; Chen vd., 2018; Cui vd., 2020:1) ESR spektroskopisi lipid oksidasyonunun cok erken
asamalarinda gidalarin duyusal 6zellikleri ve oksidatif durumu inceleyerek degerlendirme olanag:
saglayarak, irinde bozulma yasamadan siire¢ parametrelerini degistirmek icin harekete gecilebilme
imkani saglamaktadir (Thomsen vd., 2000: 725; Jiang vd., 2020:1). Elektrospin rezonans
spektroskopisi fizik, kimya, biyoloji, malzeme bilimi, tip, gida ve nutrasétik gibi bir¢ok arastirma
alaninda yaygin olarak kullandmaktadir. ESR spektroskopisinin prensibi, NMR spektroskopik
teknigine ¢ok benzemektedir ve eslesmemis bir elektron tzerindeki manyetik alanin etkisiyle tretilen
enerji seviyeleri arasindaki gecislerin bir sonucu olarak mikrodalga araliginda elektromanyetik
radyasyonun emilmesine dayanmaktadir. Eslenmemis elektron, manyetik moment olarak bilinen bir
"spin"e sahiptir. Uygulanan bir manyetik alana maruz kaldiginda, elektron, sirastyla bir alt veya bir tst
enerji seviyesine karsilik gelen manyetik alanin yontine paralel veya antiparalel olarak hizalanir. Bu iki
seviye arasindaki enetji farki, miknatislanma alaninin giicii ile pozitif orantilidir. ESR'de, alt seviye
durumundaki eslesmemis elektron, sabit bir mikrodalga 1s1masi frekansint emdikten sonra ist seviye
durumuna uyarilir. Isinlama frekansi, manyetik alanin siirekli olarak taranmastyla uygulanan manyetik
alanin giicti ile tam olarak eslestiginde, tanimlama isleme gerceklestirir. Bu nedenle ESR, serbest
radikallerin ve gecis metal iyonlart gibi diger paramanyetik tiirlerin tespiti igin oldukea spesifik olan
dogrudan ve net bir 6lcimdir. Bu yontem, genellikle nanosaniye ile saniye arasinda degisen nispeten
kisa bir yart 6mre sahip biyolojik sistemlerde reaktif oksijen/azot tirlerinin arastirilmast icin buyiik
6nem tasimaktadir. (Yu ve Cheng, 2008:62). ESR yontemiyle yagin oksidatif stabilitesinin 6l¢tilmesinde
spin tuzagl olarak PBN kullanilir ve oksidatif zincir reaksiyonunun erken asamasinda serbest
radikallerin olusumu olarak Ol¢tlebilmektedir. Bununla birlikte tam yaglt stittozu, peynir, tzim
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cekirdegi, findik yagt ve mayanoz gibi gida emiilsiyonlarin oksidatif stabiliteleri elektro spin yéntemi
kullanilarak incelenmistir (Thomsen vd., 2000; Cui vd., 2020:1-8; Jiang vd., 2020; Merkx vd., 2021:1;)
Son yillarda yiiksek duyarliligs ve yerinde radikallerin olusumunu belirleme yetenegi nedeniyle, ESR
spin yakalama teknigi nanobilim arastirmalarinda hem sagligin tesviki hem de kanser
kemoterapisindeki potansiyel uygulamalari ile ilgili olarak nanomalzemelerin radikal stptrme
kapasitesini degerlendirmek igin yaygin olarak kullanilmaktadir. (Jiang vd., 2020:1)

Sonug

Bu calismada son zamanlarda gelismekte olan teknolojiler kullanilarak islenen gidalarda serbest
radikal analizi ve gida urlnlerinin oksidatif stabilitesini belitflemek icin elektrospin rezonans
spektroskopisinin kullanimi umut verici bir yontem oldugu belirlenmistir. Bununla birlikte ESR
teknikleri, meyve ve sebzeler, et ve baliklar, baharatlar, tahil taneleri ve yaglt tohumlar dahil olmak
tzere farkl gida turlerinde serbest radikallerin tanimlanmast i¢in ¢ok popiiler hale gelmektedir. ESR,
radikal tiirleri belirlemek ve 6l¢mek ve ayrica radikal mekanizmalari arastirmak igin giicli bir aractir.

ESR yo6ntemi ilerleyen zamanlarda geleneksel lipit oksidasyon tespitinde kullanilan yontemlerin yerine
kullanilabilir.
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Plastik Ambalajlardan Gidalara Fitalat Esterlerinin Migrasyonu

Ozlem KIZILIRMAK ESMER'
Yesim ASLAN?
Furkan KUCUK

1.GIRIS

Gidanin kalite 6zelliklerini muhafaza etmek, guvenligi saglamak ve raf 6mriinii uzatmak gibi
islevlere sahip olan ambalaj malzemeleri aynt zamanda gidanin kimyasal kontaminasyonuna da sebep
olabilecek bir potansiyele sahiptirler. Temas halinde oldugu malzeme ile temas stiresi boyunca difiizyon
olayt sonucu gerceklesen Ozellikle distik molekil agirligina sahip bazi  bilesenler gidaya
gecebilmektedir. Migrasyon olarak adlandirilan bu olay hemen hemen her turli ambalaj
malzemesinden gerceklesmekte, ancak plastikler migrasyona daha fazla egilim gostermektedir.

Gida ile temas eden madde ve malzemelerin, normal veya 6ngorilen kullanim kosullarinda
madde ve malzemeyi olusturan bilesenlerden gidaya insan sagligini tehlikeye sokacak, gidanin
bilesiminde istenmeyen degisimlere neden olacak veya duyusal 6zelliklerinde bozulmaya neden olacak
miktarda gecis olmamalidir (TGK, 2018). Ayrica gida ile temas halinde kullanilan plastik malzemelere
yonelik olarak hazirlanan Avrupa Birligi (AB) direktiflerinde ve Tirk Gida Kodeksi (TGK) tebliginde,
hem toplam migrasyon hem de spesifik migrasyona yonelik bazt diizenlemeler bulunmaktadir. Toplam
migrasyon icin sinir deger 10 mg/dm* ambalaj malzemesi ya da 60 mg/kg gida olarak belirtilmisken,
spesifik migrasyon miktarlari toksikolojik olarak 6nemli olan bilesenler icin ayr1 olarak verilmektedir
(10/2011/EU, TGK, 2019).

Plastik ambalaj malzemelerinden gidaya ge¢me yapabilecek bilesikler arasinda yapida serbest
halde kalan monomerler, plastiklestirici, UV stabilizatorleri gibi Griiniin islenmesini saglayict ya da son
trtinin ozelliklerini olumlu yonde etkileyen bazi katki maddeleri ve tretim geregi ortaya ¢ikan bazi
bilesenler bulunmaktadir. Fitalatlar da son trtine istenen bazi 6zellikleri kazandirmak amaciyla yapiya
cklenen, gidaya migrasyon potansiyeli bulunan ve insan saghigini olumsuz yonde etkileyebilecek
kimyasallardir.

! Do¢.Dr., Ege Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Bolimi, ORCID: 0000-0003-4652-0514
2 Ege Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Boliimii
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2.FITALATLAR
2.1.Genel Bilgiler

Fitalatlar, fitalik asidin alkolle girdigi esterifikasyon reaksiyonundan (Sekil 1) elde edilen ve
cesitli endustriyel uygulamalarda onlarca yildir yaygin olarak kullanilan, petrolden imal edilen, insan
yaptmi organik maddelerdir (Catiou vd., 2015; Orug, 2020). Ornegin fitalik anhdiritin 2-etil hekzanolle
girdigi esterifikasyon reaksiyonu sonucu dietil hekzil fitalat (DEHP) olusmaktadir (Sekil 2).

CH,

o CH,
3-6 carbon atoms in backbone
o DEHP
9. Reproductive effects in animals
° CH
Alconol, Phthalic Acid :
d A
&
Esterification
Plasticizer CH,
8 ° CH;
o =7 carbon atoms in
° backbone - e.g. DINP
No reproductive effects
i CH;,
CH; CH,

Sekil 1. Fitalatlarm olusum tepkimesi

o [+}
i ! _/C/\/
@c\o +2 O e zI
4 i
Y I
phthalic anhydride 2-ethyl hexanol
Di-2-ethylhexyl phthalate

Sekil 2. DEHP nin olusum reaksiyonn (Godwin, 2000).

Fitalatlar bircok kaynakta fitalik asit esterleri olarak karsimiza c¢ikan 1,2-Benzendikarboksilik
asidin di-esterleridir. Esnekligi, seffafligi, islenebilirligi ve dayanikliligi artirma yetenegine sahip
olduklarindan; ¢esitli plastik triinlerde, 6zellikle PVC’de plastiklestirici olarak kullanilan kimyasallardir.
Ayrica oyuncaklarda, boyalarda, kisisel bakim itriinlerinde, filmlerde, farmasétik kaplamalarda,
yapistiricilarda ve gida ambalaj malzemelerinde kullanilmaktadir (Gallert-Ayala vd., 2013; Hauser ve
Calafat, 2004; Hayasaka 2014; Jeddi vd., 2014;). Plastik bir malzemedeki fitalat orani, Griinin tirine
ve amacina bagl olarak Griin agirhiginin %45'ine kadar ¢ikabilmektedir (Bosnir vd., 2007).

Fitalatlar renksiz, kokusuz veya ¢ok az kokuya sahiptirler. Yiiksek sicaklikta buharlasma hizlar
fazladir. Cozunurlikleri yagda ve alkolde yuksek, suda ise sinithdir (Cavailere vd., 2008; Sorensen,
2006; Ozgiir, 2021). Nispeten apolar yapidadirlar ve eklendikleri polimer ile kovalent baglar
olusturmazlar. Bu nedenlerden dolay1 fitalat migrasyonunu 6zellikle plastik ambalaja ambalajlanmis
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yaglt gidalarda daha fazla gérmek mimkindiir (Cariou vd., 2015; Cavaliere vd., 2008; Sorensen, 2000).
Bir bagka deyisle fitalatlarin gidalara migrasyon potansiyeli gida matrisinin lipofilik 6zelliklerine baghdir
(Xu vd., 2010). Bunun yani sira, yapilan bir arastirma sonucuna gore, hazir (restoran ve fast-food)
gidalarin evde hazirlanan yemeklere gore fitalat seviyelerinin %35 daha yiiksek oldugu belirlenmistir
(Anonim, 2020). Migrasyona ugrayan fitalatlarin cogunun organik yapida olmalari nedeniyle, fitalatlarin
yaga ve yagl gidalara migrasyon oraninin daha fazla olmast bu olay1 desteklemektedir (Xu vd., 2010).

Fitalatlarin dinya ¢apinda kullaniminin artistyla beraber; yalnizca plastik ambalajli gidalarin
tiiketimiyle degil; solunum, toprak ve toza maruz kalma ve deriyle temas yoluyla da insan viicuduna
alindiklart belirtilmektedir (Jeddi vd., 2014). Sorensen (2000), fitalatlarin topraga ve toza
migrasyonunun 6zellikle yem ve gida triinlerinin dogrudan kontaminasyonuna, dokularda biyolojik
birikime ve besin zinciri yoluyla transfere neden olabilecegini belirtmistir. Buradan yola ¢ikarak
fitalatlarin zamanla ¢evresel kontaminantlara déntstugini soylemek mimkiindir (Cariou vd., 2015;
Cavailere vd., 2008).

Fitalatlari, yiiksek molekil agirhiklt ve distik molekdl agirlikls fitalatlar olmak tizere iki temel
grupta incelemek mimkiindir. DEHP, BBP (Biitil benzil fitalat), DiNP (Di-izononil fitalat), DOP
(Di-oktil fitalat) ve DiDP (Di-izodesil fitalat) gibi yitksek molekul agirlikls fitalatlar genellikle son triine
kopma direnci ve esneklik gibi 6zellikler kazandirmak igin kullanilirlar. DBP (Di-bitil fitalat), DMP
(Di-metil fitalat), DEP (Di-etil fitalat) ve DiBP (Di-izobitil fitalat) gibi diisik molekil agirlikl fitalatlar
ise Ozellikle renk ve koku tutucu olarak kullanihirlar. Cesitli kisisel hijyen triinlerinde ve oje gibi
kozmetik trtinlerde de koku stabilizatori olarak kullanilirlar (Anonim, 2008; Cariou vd., 2015; Gelmez,
2015; Yerlikaya, 2017)

Uretilen DEHPnin %90’indan fazlast PVC igin plastiklestirici olarak kullaniimaktadir
(Yerlikaya, 2017). Her ne kadar DEHP en ¢ok bilinen fitalat olsa da, 6zellikle 20 yy’.1n basindan itibaren
DiNP ve DiDP kullanimi yayginlasmistir. 2010 yilinda Avrupa’daki toplam fitalat satisinin %83’ini
bu iki fitalatin olusturdugu belirtilmektedir (Cariou vd., 2016).

Fitalatlarin toksikolojik farkliliklar1 dolayistyla hepsi tek bir grup olarak siniflandirtlmamaktadir.
DEHP, DBP, DiDP ve DiNP toksik maddeler arasinda sayilmaktadir ama ayni zamanda da en yaygin
olarak kullanilan fitalatlardir (Rodgers vd., 2014).

2.2.Fitalatlarin Insan Sagligina Etkileri

Fitalatlarin insan saglhgr tzerindeki potansiyel zararli etkileri konusunda iki karsit goris
savunulmaktadir. Bu gorislerden biri, fitalata maruz kalmanin insan saghg acgisindan riskli oldugunu
belirtmekte ve Diinya Saglk Orgiiti'niin (WHO) yaptigi calisma sonuclarini ve tavsiyelerini
kendilerine referans alarak plastik malzemelerin, tir ve sayt olarak, kullaniminda azalmay:
savunmaktadir. Diger bir goris ise, insanlarin fitalatlara maruz kalmasi durumunda, saglik acisindan
risklerinin thmal edilebilir diizeyde dustik oldugunu ve en ytiksek fitalat maruziyetine sahip insanlarin
bile yapilan deneylerdeki hayvanlarin fitalat maruziyetinden daha distik oldugunu belirtmektedir
(Bosnir vd., 2007). Ama bu karsit goriise ragmen fitalatlarin, gidanin duyusal 6zelliklerini etkilemesi,
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endokrin sistemini bozucu kimyasallar olarak insanlarda treme sistemini etkiledigi ve viicutta
karsinojen bir etkiye sahip oldugunu bildiren pek ¢ok ¢alisma bulunmaktadir (Lovrenovic vd., 2020).

Organ
morfolojisi

Bagigikhk
hiicresi

degigimi
Obezite

e Metabolik
hastahiklar hastaliklar

Geligimsel Genetik
bozukluklar hastaliklar

Kanserler

hastaliklar

Sekil 3. Fitalatlarm insan saghgima etkileri (Ozgiir, 2021).

Sekil 3’te fitalatlarin, doku gelisimine, hiicre dongiistine, sinir sistemi gelisimine vs. etki ederek
kanserlere, kardiyovaskiiler hastaliklara, obeziteye, genetik hastaliklara, gelisimsel bozukluklara yol
actig1 gosterilmektedir (Ozgiir, 2021).

Hayvanlar tzerinde yapilan toksikolojik ¢alismalar, fitalatlarin insan sagligina olumsuz etkileri
ile alakalt endiseleri arttirmaktadir. Fitalatlar ve metabolitleri karaciger, bobrek, akciger, kalp gibi ¢esitli
organ sistemlerinde toksik etkilere neden olabildikleri kemirgenler tzerinde yapilan calismalarla
desteklenmistir. Insan saglgr Uzerindeki en bilinen zararlt etkileri ise endokrin bozucu ajanlar
olmalaridir. Fitalatlar, 1970l yillarda endokrin bozucu ajanlar sinifina dahil edilmislerdir. Ayrica
yenidoganlarda asirt zayifliga veya 6lit dogumlara da sebep olabilmekteditler. Fitalatlarin bunun disinda
karsinojenik bilesikler olarak kabul edilerek, Uluslararasi Kanser Arastirma Ajanst (IARC) tarafindan
2B (Insanlarda olast karsinojen) ve 3 (Insanlarda karsinojen olarak siniflandirilamayanlar) listelerine
alinmuglardir. (Orug, 2020). Avrupa Bitligi'nde bugiine kadar, on fitalat, Avrupa Kimyasal Ajanst
(ECHA) tarafindan “karsinojen, mutajenik, reprotoksik” (CMR) maddeler olarak siniflandirilmis ve
“Reprotoksik 1B grubunda yer almislardir (Anonim, 2019). Ozellikle DiBP, DBP, BBP ve DEHP
reprotoksik 1B CMR maddeleri arasinda listelenmistir (Cariou vd.,2015; Cavailere vd., 2008).

Fitalatlarin tirine gbre insan sagligina etkileri degismektedir. DEHP ve metabolitlerine
(MEHP, MEHHP, MEOHP) maruz kalinmasi durumunda, anogenital mesafeyi, c¢ocuklarin
noérogelisimini, DNA (Deoksiriboniikleik asit) hasarini, sperm konsantrasyonunu, spermin yasama
stiresini, yogunlugunu ve morfolojisini, cocuklarda dikkat eksikligi ve hiperaktivite bozuklugu, insiilin
benzeri buytime fakt6ri I dizeyini ve bazi solunum problemlerini (astim ve hirilts gibi) etkilemektedir.
Diger taraftan DEHP maruziyeti ile yumurtalik ve uterus boyutu arasinda pozitif korelasyon (DEHP
arttikca yumurtalik ve uterus boyutunun artmast) bulunmustur (Jurewicz ve Hanke, 2011).
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Ayrica DEP metaboliti olan mono etil fitalat (MEP) ve DBP metaboliti olan mono biitil fitalat
(MBP) maruziyeti ile cinsiyet hormonu baglayict globulin seviyesi ve LH (Liiteinlestirici hormon) orant
arasinda pozitif korelasyon oldugu da fark edilmistir. Yine DEP, DBP ve bunlarin meabolitlerinin
sperm kalitesini etkiledigi belirtilmektedir. Bu etkiler; konsantrasyon, yasanabilirlik, yogunluk,
morfoloji, anogenital mesafe, FSH, LLH seviyesi, serbest ve toplam T3, DNA hasart ve ¢ocuklarin
nérogelisimi oldugu bilinmektedir. Mono benzil fitalat (MBzP) maruziyeti, anogenital mesafe, sperm
konsantrasyonu ve DNA’ya verdigi hasarlarla bilinmektedir (Gelmez, 2015; Jurewicz ve Hanke, 2011).

Erkeklerde kisithigin, sperm kalitesi ve sayisiyla direkt iliskili oldugu bilinmektedir. Ureme
kapasitesi normalin altinda olan evli erkeklerde yapilan bir ¢alismaya gore, DBP ve BBP’nin
metabolitleri olan MBP ve MBzPnin sperm kalitesiyle iliskili oldugunu gostermistir. Yetiskin
erkeklerde bu kimyasallara maruz kalinmasi durumunda, akciger fonksiyonlarinda ve sperm sayist ve
hareketliliginde azalma yapabilmektedir (Benjamin vd., 2017; Gallart-Ayala vd., 2013).

3.1.YASAL DUZENLEMELER

Gida ile temas eden plastik malzemelere iliskin tebligde fitalat esterlerine dair spesifik
migrasyon limiltleri (SML) ve kullanim kisitlamalarina dair bazt 6zellikler Tablo 1’de verildigi gibidir
(TGK, 2019; 10/2011/EU).

AB tarafindan DBP, BBP ve DEHP dahil olmak tizere 12 fitalik asit esterinin olast endoktin
bozucu 6zellikleri bildirilmistir. Ayrica, fitalatlarin potansiyel tehlikeleri bilindiginden Amerika Birlesik
Devletleri Cevre Koruma Ajanst’nin (EPA) fitalatlart “Oncelikli kirletici maddeler” olarak listelemesi
de bu bilesiklerin daha siki diizenlenmesine olanak saglamistir (Cavailere vd., 2008).

EFSA 2005 yilinda yaptigr risk degerlendirmesinde, DBP, BBP, DEHP’nin iireme sistemi
tzerindeki etkilerinden dolay1 ginliik tolere edilebilir alim (TDI) degetlerini sirastyla 10, 500, 50 pg/kg
vicut agirligi-giin olarak, DINP ve DiDP’nin ise karaciger etkilerinden dolayt TDI degerini toplamda
150 pg/kg vicut agirhigi-giin olarak belitlemistir (EFSA, 2019).

EFSA 2019 yilinda yaptig1 en son risk degerlendirmesi sonucunda DBP, BBP, DEHP’nin fetal
testesterondaki azalma gibi ireme sistemi tizerindeki etkilerinden ve DiNP’nin de fetal testesteron
seviyelerini karaciger etkilerinden 3 kat daha fazla etkilediginden dolayt bu dort fitalat igin grup TDI
degeri (50 pg/kg viicut agirligi-giin) belitlemistit. DiDP’nin TDI degerinde herhangi bir degisiklik
yapimamistir (EFSA, 2019).
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Tablo 1. TGK Gida ile Temas Eden Plastik Madde ve Malzemeler Tebligi’nde plastiklestirici olarak

kullanilan fitalat esterlerine dair ozellikler

Madde
No

SML

Madde Ismi
(mg/kg)

Kisitlama ve Ozellikler

phthalic acid, dibutyl
ester-Dibiitil fitalat-
DBP

157 0,3

Sadece;(a) Yagsiz gidalarla temas eden tekrarlt kullanilan
madde ve malzemelerdeki plastiklestiricilerde (b) Son
trindeki  konsantrasyonu  %0,05°¢  kadar  olan
poliolefinlerde teknik yardim maddesi olarak kullanilir.

phthalic acid, benzyl
butyl ester-
159 30
Benzil biitil fitalat-
BBP

Sadece; (a) Tekrarli olarak kullamlan madde ve
malzemelerdeki plastiklestiricilerde (b) TGK-Bebek
Formiilleri Tebligi, TGK-Devam Formiilleri Tebliginde
tanimlanmis olan bebek formulleri ve devam formiilleti
veya TGK-Bebek ve Kugik Cocuk Ek Gidalar
Tebliginde tanimlanmis olan bebek ve kiictik cocuklarin
beslenmesinde ek olarak kullanilan islenmis tahil bazl
olan ve tahil bazli olmayan ek gidalar hari¢ olmak tzere
yagsiz gidalarla temas eden tek kullanimlik madde ve
malzemelerdeki plastiklestiricilerde (c) Son triindeki
konsantrasyonu %0,1’e kadar teknik yardim maddesi
olarak kullanilir.

phthalic acid, bis(2-
ethylhexyl) ester-

283 1,5

>

Dietil hekzil fitalat-
DEHP

Sadece; (a) yagsiz gidalarla temas halinde olan tekrarlt
olarak kullanilan madde ve malzemelerde plastiklestirici,
(b) son urindeki konsantrasyonu %11 gecmeyecek
sekilde teknik yardim maddesi olarak kullandir.

phthalic acid, diesters
with primary, saturated
Cg —C1o branched
alcohols, more than 60
% Co-Diizononil
fitalat-DiNP

728

9
(Toplamda)

phthalic acid, diesters
with primary, saturated
Cy -C11 alcohols more
729 than 90 % C]o
Di iso desil fitalat-
DiDP

Sadece; (a) tekrarh olarak kullanilan madde ve
malzemelerde plastiklestirici olarak; (b) TGK-Bebek
Formiilleri Tebligi, TGK-Devam Formiilleri Tebliginde
tanimlanmis olan bebek formulleri ve devam formilleri
veya TGK-Bebek ve Kicik Cocuk Ek Gidalari,
Tebliginde tanimlanmig olan bebek ve kiiciik ¢ocuklarin
beslenmesinde ek olarak kullanilan islenmis tahil bazlt
olan ve tahil bazli olmayan ek gidalar ile temas edenler
hari¢ olmak tizere, yagsiz gidalarla temas eden tek
kullanimlik madde ve malzemelerde plastiklestirici olarak,
(c) son turinde konsantrasyonu %0,1’e kadar teknik
yardim maddesi olarak kullanilir.
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4.AMBALAJ] MALZEMELERINDEN GIDAYA FITALAT MiGRASYONU

Literatiirde plastik ambalaj malzemelerinden temas halinde oldugu gidaya fitalat migrasyonu ile
ilgili yapilmis olan ¢ok sayida ¢alisma bulunmaktadir. Fitalat migrasyonu tizerine yapilan ¢alismalarin;
migrasyon analizleri i¢in metot iyilestirmesi amaciyla yapilabildigi gibi migrasyonu etkileyen faktorleri
incelemek amaciyla da yapildigi gorillmektedir. Bu ¢alisma kapsaminda ise yapilan literatiir taramasi
sonucunda gidanin bilesimi, temas siiresi, temas sicakhigt ve gidanin pH degeri gibi faktorlerin
migrasyon Uzerinde etkili oldugu belirlenmis ve c¢alisma sonuglarinin degerlendirmesinde bu
dogrultuda bir siuflandirma yapilmustr.

4.1.Gidanin Bilesiminin Migrasyon Miktarina Etkisi

Yang vd., (2019), yaptig1 calismada 283 hazir gidada 18 farkl fitalat incelemis ve 0-18 yas
arasindaki bireyler icin saglik risklerini degerlendirmistir. Orneklerin plastik ambalajli oldugu
belirtilmekle beraber, plastigin tiirti belirtilmemistir. Yapilan ¢alismada 283 farkli gida trtint; Cin Halk
Cumbhuriyeti 2014 Ulusal Istatistik Biirosu’nun gida siniflandirma sistemine bagh olarak 6 kategoriye
(fasulye, et, kek, patates, siit ve su bazlt Griinler) ayrimistir. Kapali alanda ve karanlikta bekletilen
trtnlerin analizleri 30 gunliik periyotlarla toplam 150 giinde yapimustir. Her bir temas stiresi i¢in
depolama sicakliklart Tablo 2’de verilmistir.

Tablo 2. Depolama siiresi ve depolama sicakliflar:.

Depolama siiresi (giin) Sicaklik aralig: (°C)
1-30 -4,3-4,1
31-60 0-9,2
61-90 4,6-17,8
91-120 13,2-23,3
121-150 15-25,1

Analiz edilen 6rneklerin 218'inde DEHP ve DBP tespit edilmis, diger fitalatlarin tespit
limitinin altinda oldugu belirtilmistir. Bu iki fitalat bazi trtinlerde tespit limitinin altinda kalirken,
Ozellikle yagca zengin Orneklerde daha fazla bulunmustur. Maksimum degetler kek kategorisinde
DEHP i¢in 5,23 mg/kg DBP icin ise yine 2,54 mg/kg olarak tespit edilmistit. Ayrica depolama
stresinin ve sicakliginin artisina bagl olarak 6rneklerdeki fitalat igeriginin de artis gosterdigi ve tim
kategorilerde spesifik migrasyon limitlerinin (DEHP icin 1,50 mg/kg; DBP icin 0,30 mg/kg) tizerine
ctkan 6rnekler bulundugu tespit edilmistir.
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Risk degerlendirmesinde 0-18 yas araligindaki bireyler cinsiyetlerine gore 2’ye ve yaslarina gore
6 gruba (0-3, 4-6, 7-9, 10-12, 13-15 ve 16-18) ayrilmus, 6 gida kategorisine DEHP ve DBP i¢in ortalama
ginlik doz (ADD) ve TDI belirlenmistir.

Her iki fitalat i¢in en yiiksek TDI ve ADD degerleri kek kategorisinde hesaplanmustir. Bu
kategoride DBP icin EFSA tarafindan belitlenen TDI (50 ug/kg viicut agithgi/giin) degeri 0-3 yas
grubunda astlirken DEHP icin ise TDT’ler 7,11 ile 30,8 ug/kg viicut agirligi/giin arasinda hesaplanmius,
EFSA degeri (50 pg/kg vicut agithgl/gtn) astlmamistir. Ayni yas grubunda DEHP icin belirlenen
TDI’'nin her zaman DBP icin belirlenen TDI’dan daha diisiik oldugu ve ADD i¢in bu durumun tam
tersi yonde oldugu tespit edilmistir. Buradan yola ¢ikilarak DBP maruziyetinin DEHP’den daha fazla
oldugu, dolayistyla DBP’nin DEHP’den daha biiytik risk teskil ettigi sonucuna varidmustir. Ayrica bebek
ve ¢ocuklarin fitalatlardan olumsuz etkilenme yatkinliklarinin daha ytiksek yas grubundaki bireylerden
daha fazla oldugu ve kadinlarin erkeklere oranla fitalatlara daha duyarlt oldugu belirlenmistir.

Bu calismadan yola ¢ikilarak migrasyonun gidadaki yag icerigiyle dogru orantii olarak artis
gosterebildigi, bu yagl triinlerde temas stiresinin uzun (150 giin) olmasinin da SML lerin asilmasinda
6nemli bir rol oynadigr géralmustiir.

Sireli vd., (2017) Turkiye pazarindaki farklt meyveli yogurt tirleri ve ambalaj malzemeleri basta
olmak tzere yogurt Uriinlerindeki DMP, DEP, DBP, BBP, DEHP ve DNOP miktarlar1 analiz
edilmistir. Yogurt tiirleri meyveli yogurtlar, sade homojenize yogurt ve sade kaymaklt yogurt olarak
belirlenmis, kaymaksiz yogurdun kaymak kismi ayrica analiz edilmistir.

Ik olarak yogurt ambalajlari analiz edilmistir ve simulant olarak %3 asetik asit-su ¢ozeltisi
kullanlmistir. Kullanilan ambalajlarin tiirti belirtilmemistir.  Simulantlarin yogurt ambalajlarina
konulmastyla hazirlanan 6rnekler 40°C’de 10 giin sireyle bekletilmistir. Analiz sonuclarina
bakildiginda sade yogurt ambalajlarindaki DEHP degetleri 7,9-157,8 pg/L konsantrasyonlart arasinda
tespit edilmistir. Yogurt ambalajlarinin neredeyse tamaminda sirastyla 0,5 ile 10,7 pug/L ve 1,1 ile 194,5
ug/L arasinda degisen DEP ve DEHP bulunmustur. DMP konsantrasyonu ¢ok dusik degetlerde
tespit edilmistir. DNOP tiim ambalajlar icin tespit limitinin altinda kalmustir ve BBP sadece iki
numunede ve az miktarlarda tespit edilmistir.

Inek siitiinden yapilmis farkl yogurt érneklerinden toplam 88 adet alinmustir. Bunlarin 72’si
meyveli (ananas, cilek, elma, ahududu, kayist, muz, orman meyvesi, seftali ve visne), 81 kaymaksiz, 81
sade kaymakli yogurtlardan olusmaktadir. LOD ve LOQ degetleri sirasiyla 0,259-1,003 pg/kg ve
0,864-3,344 pg/kg araliginda belirlenmistir.

Orneklerin %6'sinda fitalat kalintist tespit edilmemistir. Meyveli yogurtlar arasinda en yiiksek
fitalat konsantrasyonlari visneli yogurtta bulunurken, en az muz, elma, kayist ve seftalili yogurtlarda
tespit edilmistir. En yiiksek fitalat konsantrasyonlart kaymakli yogurtlarda tespit edilmistir. Kaymakl
yogurtlarda, kaymak kisminda diger kisimlara gore daha fazla miktarda fitalat tespit edilmistir.
Kaymakta maksimum DEHP konsantrasyonu 671,8 pg/kg miktarinda belitlenmistit. DEP ve DEHP,
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yogurt ambalajlarinin neredeyse tamaminda sirasiyla 0,5 ile 10,7 pg/L arasinda ve 1,1 ile 194,5 pg/L
arasinda tespit edilmistir.

DEP ve BBP disindaki tim fitalatlar i¢in maksimum ortalama degerlerin kaymak tabakasinda
ctkmast trtindeki yag iceriginin migrasyon hizina etkisini bir kez daha gostermistir.

Bu analizlerin yani sira maruziyet degerlendirmesi de yapan Sireli vd., (2017), o6ncelikle
denekleri vicut agirliklar ve yaslart dikkate alarak; yetiskinleri (19-64 yas, ortalama agithk 74 kg) ve
cocuklart (6-8 yas, ortalama agirlik 24 kg; 9-11 yas, ortalama agirlik 33,9 kg; 12-14 yas, ortalama agirlik
47,9 kg; 14-18 yas, ortalama agirlik 59,9) toplam 5 gruba ayirmustir. Bu degerlendirmenin sonuglarina
gore; tum yas gruplarinda ortalama 0,4 pg/kg vicut agirligi-gin ile en yiksek alim DEHP, en dustuk
alim ise 0,002 pg/kg viicut agirligi/giin ile BBP’ye aittir. Sonuglarin, DEHP, BBP ve DBP alimlarinin,
EFSA tarafindan belirlenen TDI degerlerinin altinda oldugu belirtilmistir.

4.2. Temas Siiresinin Migrasyon Miktarina Etkisi

Orug (2020) tarafindan yapilan bir ¢alismada, PET siselere dolum yapilmis limonlu icecek
(limonata), karisik meyve aromali gazli icecek (gazoz) ve dogal kaynak suyundaki bazt fitalat estetlerinin
(DMP, DEP, DBP, BBP, DEHP, DOP) migrasyonu incenmistir. 23°C sicaklikta depolanan 6rnekler
icin temas streleri yeni Uretilmis, son tiketim tarihini yarlamis (gazoz ve kaynak suyu icin 6 ay,
limonata icin 3 ay) ve son tiiketim tarihini gecmis olarak belirlenmis ve analiz yapilmistir. Orneklerin
tamaminda incelenen tiim fitalat esterlerine dair migrasyon miktarlarinin tiim temas siireleri igin tayin
limitlerinin (0,14 ile 2,84 p/L) ve spesifik migrasyon limitlerinin altinda oldugu tespit edilmistir.
Buradan yola cikilarak s6z konusu icecekler icin 23°C depolama sicakliginin gtivenli oldugu sonucuna
varimistir.

Biscardi vd., (2003) PET siselerde 12 ay stre ile depolanan dogal
mineralli su ve karbonatlt su 6rneklerinde DEHP’nin migrasyonunu GC-MS ile analiz etmistir. Analiz
sonuglarina bakildiginda; DEHP, dogal mineralli su i¢in 9 aylik depolamadan sonra, karbonatlt su
numuneleri i¢in 10 aylik depolama sonrasinda tespit edilmis ve tim numunelerde konsantrasyonu 0,4
mg/L’den 3,2 mg/L'ye yukselmistir.

4.3. Temas Sicakligin Migrasyon Miktarina Etkisi

Ayamba vd., (2020) yaptiklart calismada, Gana gida endistrisinde kullanilan PE (polietilen)
gida ambalajlarindaki 5-80°C sicakliklarinda ve 4 saat temas stiresi kosullarinda fitalat migrasyonunu
incelemislerdir. Numuneler, ti¢ farklt pazardan, siyah polietilen torba, diz polietilen torba, kalin diiz
polietilen filmler/torbalar, polietilen gida ambalajlati ve polietilen plastik siseler olmak tizere bes farkl
tirde polietilen olarak temin edilmistir.

Ik olarak fitalatlarin sabit sicaklikta farkls siirelerde polietilen gida ambalajindan simulant
olarak kullanilan suya migrasyonu analiz edilmistir. Tim ambalaj tirlerinde, DEHP ve DBP en yuksek
konsantrasyonlarda, DEP 4. saatten sonra az miktarda tespit edilmis, BBP ise hi¢bir temas siiresinde
tespit edilmemistir. 5°C/ 30 dakikalik temas stresinden sonta siyah polietilen torba, diiz polietilen
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torba, kalin diiz polietilen filmler/torbalar, polietilen plastik siseler ve polietilen gida ambalajlarinda
analiz edilen ortalama DEHP konsantrasyonlari sirasyla, 1,01 pg/kg, 2,02 ug/ke, 0,56 ng/kg, 0,85
ug/kg ve 1,07 pg/kg olarak belitlenmistit. 5°C'de 4 saatlik temas stitesinden sonra ise DEHP
konsantrasyonlart sirasiyla 2,29 pg/kg, 1,45 pg/kg, 1,11 ng/kg, 0,52 ng/kg ve 1,54 ng/kg
konsantrasyonlarinda tespit edilmistir. DEHP konsantrasyonu maksimum 2 saatlik temas stresinde
belirlenirken, DBP konsantrasyonu maksimum 4 saatlik temas siiresinde tespit edilmistir.

Daha sonra, fitalatlarin gesitli sicakliklarda polietilen gida ambalajlarindan simulant olarak
kullanilan suya migrasyonu analiz edilmistir. Ambalaj malzemelerinden gida simulantina migrasyona
ugrayan DBP'nin konsantrasyonlart DEHP'ye kiyasla daha diisiik konsantrasyonlarda tespit edilmistir.
Temas sicakhigr diiz polietilen torbada 5°C'den 80°Cl'ye ¢iktiginda, DBP’nin migrasyon miktart 0,02
ug/kg'dan 0,41 pg/kg'a yikselmistir. Ayrica, siyah polietilen torbada DEHP migrasyon
konsantrasyonu, 5°C'de 0,83 pg/kg'ken 80°C'de 1,21 pg/kg konsantrasyonuna yukselmistir.

Son olarak, fitalatlarin polietilen gida ambalajlarindan yagl gida simulantt olarak kullanidan
zeytinyagina migrasyonu analiz edilmistir. DEHP, yagl gida simulantinda tespit edilen baskin fitalat
olmustur, bunu DEP ve ardindan DBP izlemistir. DEHP konsantrasyonlart, en ytksek sicaklikta ve
en yiksek temas suresinde 0,69 mg/kg ila 1,95 mg/kg arasinda degismistir. Ancak DEP
konsantrasyonlar: <LOD ile 1,77 mg/kg arasinda degismistir. Simulant olarak kullanilan suda
migrasyonu tespit edilen diger baskin fitalat olan DBP, yagli gida simulantinda (zeytinyagi) <LOD ile
1,43 mg/kg araliginda tespit edilmistir. BBP ise polietilen ambalaj malzemelerinin hicbirinde tespit
edilmemistir. Sonug olarak, zeytinyaginda tespit edilen fitalat konsantrasyonlarinin, suda tespit edilen
fitalat konsantrasyonlarina gore ¢ok daha ytiksek seviyelerde oldugu belirlenmistir.

Yapilan bu calismanin sonucunda, suda tespit edilen tim fitalatlarin konsantrasyonu,
10/2011/EU yonetmeliginde belirtilen SML degetlerinin altinda ¢tkmustir. Bununla  bitlikte,
zeytinyagindaki DEHP ve DBP konsantrasyonlarinda 10/2011/EU yénetmeliginde belirtilen SML
degerlerinden daha ytksek olan sonuglar tespit edilmistir.

Yuan vd., (2019) PVC’den n-hakzan, izooktan ve %95 etanol simulantlarina DEP, DiBP, DBP,
BBP ve DEHP’nin migrasyonunu oda sicakligi (20°C), yiiksek sicakliklarda (40°C ve 60°C) analizler
etmislerdir.

Sekil 4te kutle transferi dengeye ulastiktan sonra 3 farkli simulant icin yapilan analizlerde
fitalatlarin belirlenen 3 sicakliktaki migrasyon hizlart gosterilmektedir. Analiz sonucunda genel olarak
izooktandaki migrasyon hizinin digetlerinden daha dusik oldugu, 60°C sicaklikta simulant turintn
sicakliga etkisinin ihmal edilebilir dizeyde oldugu, 20°C ve 40°C sicakliklarda ise en yiiksek migrasyon
hizinin n-hekzanda oldugu belirlenmistir. Sicakligtn DEHP migrasyonu hizina etkisinin diger
fitalatlardan daha disik oldugu tespit edilmistir. DEP migrasyon hizinin genellikle en yiiksek
ctkmastnin dusiik molekdl agirligina sahip olmasindan ve yag-su partisyon katsaysinin (Ko/) yliksek
olmasindan kaynaklandigs belirtilmistir.
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Sekil 4. Farklr simulant igin fitalatlarm belirli sicakliklardaki migrasyon hizlar:

Jeddi vd., (2014) tarafindan yapilan c¢alismada, evlerde ve perakende magazalarinda
dondurulmus veya diger yaygin depolama kosullarinda saklanan siselenmis sulardaki DBP, DEHP ve
BBP miktarlari arastirilmistir. Bu amacla 6 farkli markadan PET sise su alinarak 6 farkli kosulda (-
18°C, 0°C, 4-8°C, 25°C, 40°C ve dis ortam sicakliginda (12-26,5°C)) 45 giin siireyle depolanmustir.

Sekil 5’ten de goruldiugu gibi, BBP’nin dusiik sicakliklarda (-18°C, 0°C ve 4-8°C ve 25°C’de
tespit edilememis, 40°C’de ve dis ortam sicakliginda da ¢ok disiik miktarlarda oldugu belirlenmistir.
Genel olarak sicaklik ve depolama siiresi arttkca DEHP ve DBP’de artis oldugu, 40°C'de depolanan
orneklerde depolama siresinin sonunda depolamadan oOnceki konsantrasyonlara gore; DEHP
konsantrasyonunda %349,1, DBP konsantrasyonunda %935,8 ve BBP konsantrasyonunda %333,0
artts oldugu belirlenmistir. Ayrica, 0°C ve -18°C depolama kosullarinda da DEHP ve DBP
konsantrasyonlarinin sirastyla %52,1, %187,8, %059,6 ve %251,4 oraninda arttigi belirlenmistir. Temas
sicakligin yani sira, temas stresi fitalat esterlerinin suya gecisini etkilemistir. Diger bir deyisle, saklama
kosullar1 ve siselenmis suyun markasi ne olursa olsun depolama siiresinin artmasiyla suya gecen fitalat
esterlerinin konsantrasyonu artmustir.

-18°C 0°c Refrigrature (4-8 °C)

25

oBP DEHP B86P peP DEHP BBP oee DEHP BBP
Room (25 °C) 40 °C Qutdoor

1 125

25

o

al. 1 DEHP B8P Der DEHP BBP oes DEHP BBP

*Groups without small letter do not have significant differences (p>0.05)
In other groups, different small letters show significant differences but there are not significantly differents in similar small letters

- First Day - Tenth Day - Thirtieth Day - Forty fifth Day

Sekil 5. Farklr depolama kosullarmda PET siselerden suya gecen fitat esterlerinin konsantrasyonlar:
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Jeddi vd., (2014) 0-6 yas aralig1 icin bir risk degerlendirmesi de yapmustir. Sise sularindan elde
edilen migrasyon verilerine gore bebek (0-6 ay ve 7-12 ay), 1-3 yas araligi ve okul 6ncesi ¢ocuklar (4-6
yas) olacak sekilde gruplara ayirmis ve TDI degetlerini hesaplamislardir. 40°C'de PET su siselerinden
DEHP'nin sirastyla 0.240, 0.218, 0.20 ve 0.174 pg kg/vicut agirligi/giin oldugu belitlenmistir. Sonug
olarak tiim senaryolarda PET siselerden su alimi yoluyla fitalat migrasyonunun, hedef grup olan
cocuklarda saglik agisindan bir risk beklenmedigi sonucuna varimistir.

Farhoodi vd., (2008) DEHP’nin PET siselerden Iran’a 6zgii bir yogurt icecegine migrasyonunu
incelemiglerdir. Avrupa Komisyonu diizenlemelerine goére simulant olarak asetik asit (%3 w/v)
secilmigtir. Farklt sicakliklarda (4°C, 25°C ve 45°C) 4 ay siireyle depolanan simulant 6rnekleri belirli
periyotlarla analiz edilmistir. Ambalajin simulant ile temasindan etkilenip etkilenmedigini belirlemek
i¢in diferansiyel taramali kalorimetri (DSC) kullanilmistir. Analiz sonucunda 4°C depolama sicakliginda
DEHP migrasyonunun beliflenmedigini, depolama sicakhiginin 25°C’den 45°C’ye ylkselmesinin
DEHP migrasyonunu 1,5 kata kadar arttrdigini tespit eden Farhoodi ve ark. (2008), bu durumun
difiizyon katsayisinin artisiyla agiklanabilecegini belirtmistir. Ayrica depolama siiresinin artistyla da
DEHP migrasyonunun arttigi gbzlemlenmistir. DSC sonuglari simulant ile ambalaj polimeri arasindaki
etkilesimin PET’in  yapisin1  etkilemedigini gostermistir.  Sonug¢ olarak maksimum DEHP
konsantrasyonu 2,4 mg/L olarak bulunmus, 10/2011/EU yonetmeliklerinde DEHP icin belirtilen
SML’nin (0,3 mg/L) altinda oldugu tespit edilmistir.

4.4.Uriiniin pH Degerinin Migrasyon Hizina Etkisi

Bosnir vd., (2007) yaptiklari bir ¢calismada PET ambalajli 45 farklt alkolstiz igecek ve maden
suyuna fitalat migrasyonunun belirlenmesi, migrasyon ile trtiinde kullanilan koruyucu tirii ve trtin
pH’st arasindaki iliskiyi belirlemeyi amaglamislardir. Uriin 6rnekleri, icerdikleri koruyucu tiiriine gore
5 gruba (Ortofosforik asit, sodyum benzoat, potasyum sorbat, sodyum benzoat-potasyum sorbat
karisimi ve koruyucu icermeyen maden suyu) ayrilmustir. Yapilan analizlerde DMP, DEP, DBP, BBP,
DEHP, DOP ve toplam migrasyon analizleri yapilmistir. Oda sicakliginda (22°C) depolanan 6rnekler
tretim tarihinden 30 gtin sonra analiz edilmistir.

Koruyucu igeren ilk 4 grupta en yuksek migrasyon oranina sahip fitalatn DMP oldugu
belirlenmistir. Maden suyu grubunda ise en fazla DBP, sonra DEHP ve en dusik DEP migrasyonu
tespit edilitken DMP, DOP (LOD: 0,04 ug/L) ve BBP (LOD: 0,005 pg/L) migrasyonu tespit
edilememistir. Ayrica hicbir 6rnekte DOP tespit edilmemis, BBP ise yalnizca potasyum sorbat
grubunda (ortalama 5,40 ng/L) tespit edilmistir. Diger gruplardaki migrasyonun maden suyundaki
migrasyondan 5 ila 40 kata kadar daha ytksek ¢ikmasi triinler arasindaki pH farki ile iliskilendirilmis,
urunin pH degeri azaldik¢a migrasyon hizinin artabilecegi belirtilmistir. pH degerinin 3’in altinda
olma kosulu dikkate alinarak migrasyon seviyesinde yiiksekten dusiige potasyum sorbat, sodyum
benzoat-potasyum sorbat karisimi, sodyum benzoat ve ortofostorik asit seklinde bir siralama
yapilmustir. EU tarafindan DEHP, DBP ve BBP icin belitlenen SML’ler (1,50 mg/kg, 0,3 mg/kg ve
30 mg/kg) ile yapilan karsilastirma sonucunda 5 grup icin de SML degetlerinin agilmadigi gérilmistiir.
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Fang vd., (2016) yaptiklart bir ¢aligmada, PP ambalajlardan sivi gidalara DEHP ve DBP
migrasyonuna pH seviyesinin ve isitma stresinin etkisini incelemislerdir. Bu amagla 4 farkli pH
degerinde (3,5,7 ve 9) sivt gida 0-5 dakika arasinda farkli strelerde 1sitilmistir. Analiz sonuglarinda,
DEHP, kuvvetli asidik kosullar (pH=3) disinda, 1sitslmamis numunelerin cogunda tespit edilmemistir.
Istilmis numunelerin DEHP konsantrasyonu gidanin pH seviyesine gore 6nemli 6lgtide degisiklik
gostermistir. Ozellikle pH 3’te ve pH 9°da DEHP migrasyonlart ve ilk 1 dakikalik 1sitma siiresinde
DEHP migrasyonu 6nemli 6l¢tiide gerceklesmis ve 1. dakikadan sonra daha diigiik bir ivmeyle artis
devam etmistir. pH 5 ve 77de DEHP migrasyon miktarlar1 daha diigiik miktarda gerceklesmis, iki pH
degeri arasinda 6nemli bir farklihk gozlenmemis ve 1. dakikadan sonra isitma stresinin DEHP
migrasyon miktarina énemli bir etkisi olmamustir.

DBP migrasyonu ise, 1sitma kosullarindan bagimsiz olarak tim numunelerde tespit edilmistir.
Ozellikle pH 3’te diger pH’lara gore 6nemli 6lciide yiiksek miktarlarda gerceklesmis, asidik kosullar,
1sitma olmadan bile 66,1 + 3,9 pg / L konsantrasyonda DBP migrasyonuna neden olmustur. Isitma
stresiyle tim pH degerlerinde DBP migrasyonunda artis oldugu belirlenmis ancak pH degeri ve 1sitma
suresi arasinda etkilesimin daha diistk dizeyde oldugu tespit edilmistir.

Sonug olarak asidik gidalarin ve daha uzun isitma siiresinin fitalat migrasyonunu arttirdigt
sonucuna vartlmistir. EFSA tarafindan DEHP icin belitlenen 0,05 mg/kg viicut agithigi/gtin ve DBP
icin belitlenen 0,01 mg/kg vicut agirligi/gun TDI degetleri dikkate alindiginda, 60 kg agirliginda bir
kisi icin yitksek asitlikteki (pH 3) gidalara gerceklesen DEHP ve DBP migrasyonlart kullanilarak yapilan
hesaplamada, belirtilen TDI degetlerinin altinda kaldigi gérilmustir. 10/2011/EU yonetmeligine gore
ise, DEHP ve DBP icin SML degerleriyle karsilastirildiginda (1,5 ve 0,3 mg/kg), DEHP ve DBP icin
belirlenen migrasyon miktarlarinin tamaminin sinir degerlerin altinda oldugu belirlenmistir.

Rastkari vd., (2017) tarafindan yapilan bir ¢alismada, PET ve HDPE siselere konulan 3 farkls
asidik meyve suyuna (limon suyu, sirke ve koruk suyu) DEP, DBP ve DEHP migrasyonuna giines
15181na maruz kalmanin etkisi incelenmistir. Ornekler 25°C oda sicakliginda veya giines 15181 altinda 2,
4 ve 6 ay sureyle depolanmislardir. Ortalama fitalat konsantrasyonlari; koruk suyu igin <LOD ile 0,521
ug/L arasinda, limon suyu icin <LOD ile 0,261 pg/L arasinda ve sitke icin <LOD ile 0.599 pg/L
arasinda belirlenmistir En yitksek migrasyon miktarlarinin DEP ve DEHP i¢in oldugu belirlenmistir.

Yapilan analizler sonucunda, numunelerin tamaminda DEP, DBP ve DEHP migrasyon
miktarlarinin PET ambalajlarda HDPE ambalajlara gore daha fazla miktarda gerceklestigi, giines
is181na maruz kalmakla migrasyon miktarlarinin arttgr belitlenmistir.  Ancak test edilen tim
numuneletin DEHP miktatlari, EPA’nin DEHP i¢in belitledigi limit deger olan 6 pg/L'nin olduk¢a
alinda oldugu belirlenmistir. Bu nedenle, plastik siselere konulan asidik meyve sularinin, tiketiciler
acisindan fitalat estetlerine icecek yoluyla maruz kalmast agisindan 6nemli olmadigt ve bu tir meyve
sularina gerceklesebilecek fitalat migrasyonlarinin olumsuz saglik etkileri agisindan endise konusu
olmadigt belirtilmistir.

225



Kizilirmak Esmer, Ozlem & Aslan, Yesim & Kiigiik, Furkan; Plastik Ambalajlardan Gidalara Fitalat Esterlerinin
Migrasyonu

5.SONUC

Yagl gidalarda 6zellikle DEHP ve DBP migrasyonunun yagsiz gidalara gore daha fazla oldugu
belirlenmistir. Migrasyonun zamana bagl degisimini inceleyen biitiin ¢alismalarda migrasyon dengeye
gelinceye kadar temas siiresinin artisina baglt olarak migrasyon miktarinda da arttgi sonuglarina
varilmistir. Migrasyonun sicakliga bagli degisimini inceleyen c¢alismalarda ise sicaklik artisina bagl
olarak migrasyon hizinin arttugt tespit edilmistir. Asitli gidalarda ozellikle DEHP ve DBP
migrasyonlarinin incelendigi, 3’tn altindaki pH degerlerinde migrasyonun diger pH degerlerine oranla
daha hizli gerceklestigi belirlenmistir. Ayrica tizerinde en ¢ok calisma yapilan fitalatlarin sirasiyla
DEHP, DBP ve BBP oldugu gorilmiistir. Yapilan calismalara baktigimizda BBP genellikle tespit
limitinin altinda kalmistir ve 40°C’nin Uzerindeki sicakliklarda tespit edilebildigi goérulmustiir.
Calismalarin buytk c¢ogunlugunda ise DEHP ve DBP tespit edilmistir. Genel olarak yapilan
calismalarda elde edilen sonuglar SML degerlerinin altinda kalmugstir. Bazi ¢alismalarda yiiksek sicaklik
ve uzun depolama kosullarr gibi durumlarda sonuglar SMI nin tizerinde ¢ikmustir. Fitalatlarin saghga
etkileri Gizerine yapilan calismalarinda DBP maruziyetinin DEHP’den daha fazla oldugu, dolayisiyla
DBP’nin saglik tizerinde daha buytik risk olusturdugu belirlenmistir.
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Infertilite guniimizde ¢ocuk sahibi olmaya ¢alisan ciftlerin yaklasik %15'ini etkileyen 6nemli
bir sagltk sorunudur. Infertil ciftlerin yaklasik yarisinda erkek infertite faktorleri etkilidir ve diinya
capindaki erkeklerin yaklasik %4'int etkiler (Li vd., 2020: 343). Erkek infertilitesine sebep olan genetik

kokenli faktorler: Multifaktoriyel hastaliklar, genetik orijinli endokrin hastaliklar, tek gen hastaliklar,
mitokondriyal DNA (mtDNA) mutasyonlari ve kromozomal bozukluklardir.

Kromozomal bozukluklar, normal poptilasyonla kiyaslandiginda infertil erkeklerde daha yaygin
gorilir (Johnson, 1998: 398). Yapisal kromozomal bozukluklar, gonad hicrelerinde anormal
segregasyona ve mayotik arreste neden olarak, infertilite, spontan disik, 6li dogum veya malforme
bebek dogumuna sebebiyet verebilir. Perisentrik inversiyonlar dengeli yapisal kromozomal
bozukluklardir. Kromozomun uzun ve kisa kollarinda sentromeri icine alan 2 kirtk noktasinin
ortasinda kalan kismin ters donerek tekrar birlesmesi ile olugur. Perisentrik inversiyonlar cogunlukla
tesadifen tanimlanir ve bu bireylerin ¢ogu normal fenotipe ve normal dogurganlik potansiyeline
sahiptir. Ayrica bozulmus mayotik olaylart takiben kromozomal olarak dengesiz gametlerin tiretilmesi
nedeniyle reproduktif riskler gorilebilir. Bu sebeplerle, kromozom 1’de perisentrik inversiyonu olan
erkek tastyicilarin genetik danismanhigt zordur. Perisentrik inversiyonlarin yaklasik %12'si erkeklerde
infertiliteye neden olur (Li vd., 2020: 343). Farkli kromozomlardaki inversiyonlar veya ayni
kromozomdaki farkli kirik noktalart farkl klinik sonuglara yol acabilir.

Calismalar, kromozom 1'deki perisentrik inversiyonun azospermi ile iliskili oldugunu
gostermistir (Li vd., 2020: 343). Bundan once kirtk noktasinin pozisyondan bagimsiz olarak
spermatogenik bozulmaya sebep olarak erkek infertilitesine neden oldugu disintlmistir (Chandley
vd., 1987: 327). Genom dizileme teknolojisinin gelismesiyle birlikte, kromozom 1 tzerinde belirli
bolgelerde spermatogenez ile ilgili genler bulunmustur. Kromozom 1’de, spermatogenez icin
butinligi cok 6nemli olan bir lokus bulunabilir (Bache vd., 2004: 993). Bununla bitlikte, kromozom
1'deki perisentrik inversiyon tastyicilarinin normal dogurganliga ve ailesel gecise sahip oldugu da
bildirilmistir (Li vd., 2020: 343). Kromozom 1'deki spesifik inversiyon/kirik noktast ile klinik sonug
arasindaki iliskinin daha fazla agikliga kavusturulmasi gerekmektedir. Calismanin amact kromozom 1’in
perisentrik inversiyonuna sahip olan iki infertil vakay:r literatirdeki diger vakalarla beraber

1 Ozgiir BALASAR, T}bbih Genetik Uzmani, MD, Konya Sehir Hastanesi, Tibbi Genetik Bélimu
2 Muserref BASDEMIRCI Tibbi Genetik Uzmani, MD, Konya Sehir Hastanesi, Tibbi Genetik Bolimu
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degerlendirip, etyopatogenik nedenleri tizerinde durmak ve kromozom 1'deki perisentrik inversiyonun
kirik noktast ile spermatogenez arasindaki iliskiyi incelemektir.

YONTEM

Literatiirde “kromozom 1/ petisentrik inversiyon/ erkek infertilitesi” anahtar kelimeleri
kullanilarak tarama yapildi. Kromozom 1'de perisentrik inversiyonu olan vakalar bulundu ve
stniflandirildr. Bunlar, 1 nolu kromozomunda perisentrik inversiyonu olan tireme ¢agindaki erkek
vakalar1 igeriyordu ve hematolojik malignensiye bagli kromozomal anormalligi olanlar ve
kromozomunda kompleks yapisal degisiklikleri olanlar hari¢ tutuldu. Literatiir analizinden elde edilen
inversiyon kirik bolgeleri ve klinik 6zellikleri tabloda gosterildi (Tablo 1). Kromozom 1°de perisentrik
inversiyonu olan 2 infertil erkek hastamizda bu gruba dahil edildi. Bu sonuglar gostermektedir ki
olgularin %70.3"inde (26/37) spermatogenik bozukluk vardit.

[l hastamiz 54 yasinda erkek hasta primer infertilite nedeniyle klinigimize basvurdu. Fizik
muayenede testisler normal boyutta ve vaz deferensleri normal olup erkek dis genitalyaya sahipti.
Jinekomasti belirtisi yoktu. Semen analizinde azospermi oldugu gorildi. Rutin  hematolojik,
biyokimyasal testleri ve hormon diizeyleri (FSH, LH, PRL, toplam testosteron ve serbest testosteron)
normal araliklarda tespit edildi. GTG bantlama ve C-bantlama boyama teknikleri kullaniarak
konvansiyonel sitogenetik yontem ile kromozomlar analiz edildi. Analizi sonucunda hastada
kromozom 1’in buyik bir perisentrik inversiyonu, 46,XY,inv(1)(p22q32), tespit edildi (Sekil 1).
Hastanin ebeveynlerinin karyotipleri normal bulundu. Inversiyon de novo olarak degerlendirildi.
Ailede anormal gebelik ve infertilite 6ykiisti yoktu. Hastadaki SRY (sex-determining region of the Y-
chromosome) bolgesinin varligt SRY 6zgti prob kullanilarak FISH yoéntemi ile tespit edildi. AZF
(azoospermia factor) bolgeleri (AZFa, AZFb, AZFc ve AZFd) spesifik markerlar (sY254, sY84, sY86,
sY141,sY160, sY158, sY142, sY152, sY233, sY147) kullanilarak polimeraz zincir reaksiyonu ile analiz
edildi ve bu bélgelerde delesyon olmadigr gorildi.

A

1q32 ‘

Sekil 1- Sekil 1A’da GTG bantlama yapilmis normal (sol) ve inverte (sag) 1 nolu kromozomlar idiogramlariyla
birlikte gosterilmistir. Sekil 1B’de C bantlama yapilmis inverte (sol) ve normal (sag) 1 nolu kromozomlar oklarla
gOsterilmistir.
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Ikinci hastamiz 29 yasindaki erkek hasta 3 yildir korunmastz iliskiye ragmen cocuk olamama
sikayeti ile klinigimize yonlendirildi. Fizik muayene normaldi. Rutin hematolojik, biyokimyasal ve
hormon test (FSH, LH, PRL, toplam testosteron ve serbest testosteron) sonuglart normal tespit edildi.
Semen analizinde siddetli oligospermi goruldi. AZF ve SRY bolgeleri spesifik markerlar (sY82, sY83,
sY84, sY80, sY88, sY10065, sY105, sY121, sY127, sY134, sY143, sY153, sY254, sY255, sY160,
sY1191, sY1291, sY14, ZFX/Y ve AmelXY) kullanilarak fragman analizi ile degetlendirildi ve bu
bolgelerin normal oldugu tespit edildi. Klasik sitogenetik yontemlerle yapilan kromozom analizinde
46,XY,inv(1)(p12q32) tespit edildi (Sekil 2).
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Sekil 2- Hastaya ait karyotip gérintiisiinde inversiyonlu 1 nolu kromozom ok ile gdsterilmistir.

Erkek infertilitesine yol acan en 6nemli genetik faktorlerden birisi kromozomal anomalilerdir.
Infertil erkeklerin %0.16'sinda perisentrik ve parasentrik inversiyonlar bulunur (Pertin vd., 2013: 634).
Her ne kadar inversiyonun, spermatogenik bozulmaya yol agarak erkek infertilitesine neden oldugu
distinilmus olsa da kromozom 1'deki spesifik kromozomal kirtk noktalari ile spermatogenik bozukluk
derecesi arasinda anlamli bir iliski olmadigt da bildirilmistir (Meschede vd., 1994: 573). Ayrica giincel
literattir bilgileri, inv(1)'in her zaman kisitliga neden olmadigint géstermektedir (Li vd., 2020: 346).
Kromozom 1’in perisentrik inversiyonu klinik bulgu vermeden bazen prenatal dénemde tant almakta,
bazen de nesiller boyunca ailesel gegisle alt jenerasyona aktarim olmaktadir (Uehara vd., 1995: 261).
Perisentrik inversiyonlar dengeli kromozomal yeniden duzenlemelerdir; DNA’nin paketlenmesi
esnasinda kromozomal olarak farkli paketlenmis olsa da tim kromozomal materyal vardir. Burada
gercekten dengeli olan diizenlemelerle, sitogenetik olarak dengeli gériindiigii halde molekiiler dizeyde
dengeli olmayanlari ayirt etmek gerekir. Molekiiler dizeyde dengesiz olan durumlarda etkilenen genler,
klinigin olusmasinda 6nem arz eder. Perisentrik inversiyon molekiler diizeyde dengeli olsa bile sonraki
nesiller i¢in tehlike arz ettigide unutulmamalidur.

Tablo 1’de, inv(1)'deki her bir kirik noktasinin infertilite ile iliskili olabilecegi ve ¢ogu erkek
tastyicida spermatogenik bozukluga neden olabilecegi gorilmektedir. Perisentrik inversiyonun
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spermatogenez Uzerindeki etkisinin mekanizmast kesin olarak bilinmemektedir. Bir hipoteze gore,
inversiyonlarin mayoz boliinmede dogal seyrinde olmasi gereken kromozomlar arast eslesme, sinaps
ve rekombinasyon olaylarint bozdugu yéniindedir (Li vd., 2020: 346). Inversiyon tastyicilarinda
heterosinaps, asinaptik boélge ve azalmis rekombinasyon gozlenir. Sinapsin  dogrulugu,
spermatogenezin uygun bir sekilde ilerlemesi i¢in kritik bir 6neme sahiptir. Her gamete genetik
materyalin dogru bir sekilde ayrilmasini saglayan, mayoz 1 profazdaki homolog kromozomlar
arasindaki eslesme, sinaps ve rekombinasyondur. Bu siiregler, inversiyon gibi kromozomal bozukluklar
tarafindan bozulursa, dogru eslesme ve sinaps gerceklesmeyecektir. Yanlis eslesme ve sinaps mayotik
kontrol noktasini indikleyerek mayotik arreste ve apoptozise neden olur. Ayrica homolog
kromozomlar arasinda rekombinasyonun azalmasi spermatogenezi de bozmaktadir. Dolaysiyla
inversiyon spermatogenik arrest, azospermi veya azalmis sperm konsantrasyonuna yol agar. Aslinda
bu durum sadece inversiyon icin gegerli bir durum olmayip bir¢ok kromozomal bozukluk icin de
gecerlidir.

Diger bir hipotez de, XY bivalenti ile inverte kromozom arasindaki etkilesimdir. Hem fare hem
de insan mayoz bolunmesinde, inversiyon, resiprokal veya Robertsonian translokasyon dahil olmak
tzere kromozomal bozukluklari olan bireylerde XY bivalent ile anormal kromozom arasinda etkilesim
gozlenmektedir (Johannisson vd., 1987: 223). Bu da, spermatositlerde mayotik arreste neden olabilir.
Bu stradist durum, inv(1)’e sahip kisilerde ki mayoz ¢alismalart ile netlik kazanabilir.

Bir diger hipotez ise kirik noktasindaki gen veya genlerin fonksiyonun bozulmasiyla ilgilidir.
Kirik noktasinda fonksiyonu bozulan gen spermatogenezde rol oynayan bir gen ise infertiliteye sebep
olabilir. Bu mekanizma hastalarimizdaki infertilite nedenini agiklayabilir. Online Mendelian Inheritance
in Man (OMIM) veri tabaninda, testiste eksprese oldugu bilinen 339 gen vardir (Li vd., 2020: 346). Bu
genlerin  testisteki fonksiyonlart tam olarak bilinmemekle beraber 64 tanesinin OMIM’de
spermatogenik bozuklukla iliskisi gosterilmistir. Bunlardan 3 tanesi 1 nolu kromozomda lokalizedir.
Ilki bromodomain, testis-specific (BRDT) geni 1 nolu kromozom iizerinde 1p22.1'de yer alir ve
homozigot mutasyonlart asefalik spermatozoaya yol acar. Ikincisi sperm-associated antigen 17
(SPAGT7) geni 1p12°de lokalize olup sperm motilitesinde azalmaya yol agarak infertiliteye neden olur.
Sonuncusu ise spermatogenic failure 2 (SPGF2) geni 1 nolu kromozom tzerindeki sitogenetik
lokasyonu bilinmemekle beraber heterozigot mutasyonlart azospermi ve oligospermiye neden
olmaktadir.

Ayrica cell division cycle 14A (CDC74.A) geni 1.kromozomun 1p21.2 bélgesinde yer alir ve
mutasyonlari yitksek oranda anormal morfolojili hareketsiz sperm tretimi ile sonuglanir (Imtiaz vd.,
2018: 780). CDC714A genindeki homozigot mutasyonlar bazi erkeklerde infertiliteye neden
olabilmektedir. Literatirde bu genler disinda 1 nolu kromozom tizerinde insan erkek infertilitesi ile
iliskisi bildirilen baska genler de vardir. Tektin 2 (TEKTZ2) geni 1 nolu kromozomun kisa kolunda
lokalizedir (1p34.3) ve testiste eksprese edilit. TEKTZ2 geninin fonksiyon kaybettirici mutasyonlart,
sperm motilitesinin bozulmasina neden olur (Wolkowicz vd., 2002: 243). Sperm mitochondria-
associated cysteine-rich protein (SMCP) ve ornithine decarboxylase antizyme 3 (OAZ3) genleri
1g21.3’de lokalizedir. SMCP geni sperm mitokondrisinin yapisinin korunmast ve stabilizasyonu icin
o6nemlidir (Nayernia vd., 2002: 3048). O.AZ3 geni ise spermatogenezin erken evresinde eksprese
olmaya baslar ve ge¢ spermatid evresinde ekspresyonu durur (Ivanov vd., 2002: 4811). Cation channel,
sperm-associated, auxiliary subunit epsilon (CATSPERE) geni 1 nolu kromozomun 1q44 bélgesinde
lokalize olup spermatozoanin hiperaktif hareketliliginde ve erkek fertilitesinde rol alir (Chung vd.,
2017: 23082). 1p31.1°de lokalize olan MutS homolog (MSH4) geni insan testisinde ekprese olur ve
hayvan modellerinde erkek farelerde infertiliteye yol acar.
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llging bir sekilde, inversiyonlu kromozomu annelerinden kalitan infertil erkeklerde azospermi
olmasina ragmen, annelerinde subfertil belirtisi bile goriilmemesi dikkat ¢ekicidir (Perrin vd., 2013:
635). Bu nedenle, inversiyonlar kadin infertilitesine degil erkek infertilitesine neden oluyor gibi
goriilmesine ragmen bu farkliligin altinda yatan mekanizmanin anlasidmasit icin molekiler diizeyde
arastirmalar yapilmasi gerekmektedir. Infertil erkekler arasinda en stk gérillen kromozomal yeniden
dizenleme 1 nolu kromozomun perisentrik inversiyonudur (Bache vd., 2004: 999). Bu durumun
genotip-fenotip korelasyon paternlerini kesfetmek icin seminal, endokrin ve histolojik parametreleri

dogru bir sekilde kayit ederek inversiyonun kirik noktalarinin sekansinin yapilmasi gerekmektedir.

Tablo 1- Literaturde bildirilen kromozom 1'de perisentrik inversiyonlu tastyicilarin kirik bolgeleri ve klinik

Ozellikleri.
Vakalar Kirik bélgeleri Klinik 6zellikler Referans
1 inv(1)(p36.3q12) Oligospermi Barros vd. (1986)
2 inv(1)(p36.3q21) Oligoastenospermi Luo vd. (2014)
3 inv(1)(p36.3q43) Kriptozoospermi Morel vd. (2007)
4 inv(1)(p36.2q42) Tekrarlayan dustikler Luo vd. (2014)
5 inv(1)(p36.1932) Disiik veya 6lii dogum Johnson vd. (1988)
6 inv(1)(p36q12) Siddetli oligospermi Chandley vd. (1987)
7 inv(1)(p36925) Azospermi Li vd. (2012)
8 inv(1)(p36g25) Siddetli oligospermi Zhang vd. (2015)
9 inv(1)(p36q42) Gebelik kaybt Honeywell vd. (2012)
10 inv(1)(p36g42) Tekrarlayan gebelik kaybt Fryns ve Van Buggenhout (1998)
11 inv(1)(p35921) Azospermi Rivera vd. (1984)
12 inv(1)(p34q12) Siddetli oligospermi Antonelli vd. (2000)
13 inv(1)(p34923) Azospermi Meschede vd. (1994)
14 inv(1)(p34923) Azospermi Téth vd. (1982)
15 inv(1)(p33925) Azospermi Chandley vd. (1987)
16 inv(1)(p32q12) Oligoastenoteratospermi Gabriel-Robez vd. (1986)
17 inv(1)(p32921) Oligoastenospermi Luo vd. (2014)
18 inv(1)(p32921) Spontan abortus Guichaoua vd. (1986)
19 inv(1)(p32q32) Oligoastenoteratospermi Luo vd. (2014)
20 inv(1)(p32q42) Azospermi Chandley vd. (1987)
21 inv(1)(p32q42) Azospermi Batanian ve Hulten (1987)
22 inv(1)(p31q12) Habitiel abortus Martin vd. (1994)
23 inv(1)(p31q13) Bozulmus spermatogenez Mierla vd. (2014)
24 inv(1)(p31q43) Oligospermi Chandley vd. (1987)
25 inv(1)(p22.1g34.1) | Infertilite Young vd. (2019)
26 inv(1)(p22q42) Oligoteratospermi Chantot-Bastaraud vd. (2007)
27 inv(1)(p21q31) Azospermi Kirkpatrick vd. (2012)
28 inv(1)(p13qll) Tekrarlayan dustkler Sachs vd. (1985)
29 inv(1)(p13g21) Siddetli oligospermi Dul vd. (2012)
30 inv(1)(p13q23) Bozulmus spermatogenez Mierla vd. (2014)
31 inv(1)(p13923) Infertilite Saxena vd. (2012)
32 inv(1)(p13923) Normal fertilite (tesadiifi tespit) Uehara vd. (1995)
33 inv(1)(p13q25) Azospermi Giraldo vd. (1981)
34 inv(1)(pl1ql2) Oligoastenospermi Luo vd. (2014)
35 inv(1)(p13942) Tki disiik Sykiisii Li vd. (2020)
36 inv(1)(p22q32) Azospermi Bu ¢alisma
37 inv(1)(p12q32) Siddetli oligospermi Bu calisma

Sonug olarak, bu ¢alismada kromozom 1'in perisentrik inversiyonunun infertilite ile iligkisi iki
erkek hasta Uzerinden literatiirdeki vakalar esliginde degerlendirildi. Infertil bireylerde kromozom
analizi infertilite sebebinin ortaya ¢tkarilmasinda olduk¢a 6nem arz etmektedir. Ayrica inversiyonlarda
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kirtk noktalarinin hekimler tarafindan dikkatle degerlendirilmesi, genetik danismanlik agisindan
6nemlidir. Kromozom 1'deki kirik noktasi ile erkek infertilitesi arasindaki iliskinin aydinliga kavusmasi
icin daha fazla galismaya ihtiyag vardir. Etyopatogenik nedenlerin agikliga kavusturulmast ise benzer
hasta sayilarinin artirilarak molekiiler tekniklerin uygulanmast ile mimkiin olacaktir.
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Meme Kanseri Hastalarinda Erbb4 Geninin Prognostik Degeri Uzerine Bir
Aragtirma

Esen CAKMAK'
GIRIS
Meme kanseri diinyada en stk gortilen kanserler arasinda yer almakla birlikte kadinlarda kansere
bagl olimlerin baslica nedenlerinden biridir. Son yillarda gelisen erken tant ve tedavi rejimlerine
ragmen meme kanseri kot prognoz sergilemeye devam etmektedir. Hastalarda birincil tedavi strateji
cerrahi olmakla birlikte kemoterapi, radyoterapi ve hormonal tedaviler de uygulanan tedaviler arasinda
yer almaktadir. Diger kanser turlerinde oldugu gibi meme kanserinde de metastaz ve nitks tedavi
stratejilerinde 6nemli sorun olusturmaktadir (Wang vd., 2017). Risk faktorleri arasinda yas, hormonal
faktorler, diyet, obezite, reproduktif faktorler ve genetik faktorler sayilabilir (Naeem vd., 2019).
Hetorojen bir biyolojik profile sahip olan meme kanseri, yaklasitk %5-10 oraninda genetik faktorlerle
iliskili ve %90 bir oranla ise sporadik olarak gelismektedir (Lima vd., 2019). Klinik, patolojik ve
molekiiler 6zellikler hastaligin prognostik degerini belirlemek icin yaygin olarak kullanilmaktadr.
Bununla birlikte tedaviye yonelik gelistirilen hedef molekiiller ve biyobelirtegler meme kanseri
calismalarinda odak noktast olmaya baslamistir (Chen vd., 2019). Klinik ve patolojik faktérler arasinda
hasta yasi, aksiller lenf nodu durumu, tiimér boyutu, histolojik 6zellikler, hormon reseptér durumu
(6strojen reseptori (ER) ve progestron reseptorii (PR) gibi) ve HER2 durumu gibi faktorler yer
almaktadir. Bu faktorler hastaligin tedavi stratejisini ve prognozu belitlemek icin genellikle bir arada
degetlendirmektedir  (Schnitt, 2010). Meme kanseri luminal A (ER+/PR+), liminal B
(ER+/PR+veya, ER+/PR+/HE R2+), HER2+, bazal (ER-/PR-/bazal miyoepitelyal belirtecler
yiksek/ EGFR+) ve normal meme benzeri (ER-/PR-/bazal miyoepitelyal belirtecler-/ EGFR-) olmak
tzere dort alt tipe ayrilmaktadir (Banerjee vd., 2018).

Epidermal biytime faktori reseptor ailesi ErbB1 (EGFR), ErbB2 (HER2), ErbB3 (HER3) ve
ErbB4 (HER4) olmak tzere dort tiyeden olusmaktadir. Bu reseptor kinaz ailesi meme kanserinin
patogenezinde ve timor olusum siireglerinde kritik bir role sahiptir. Bu aileden ErbB4 geninin
ekspresyonu Ostrojen reseptorii ve progesteron reseptori pozitifligi, HER2 reseptori negatifligi, iyi
farklilasmis fenotip, daha kiigiik tiimor boyutu, daha disiik niiks riski ve daha uzun genel sagkalim ile
iliskilendirilmistir (Tabatabian vd., 2020). ErbB4 kinaz reseptorleri transkripsiyonel aktivasyon, hiicre
dongtsinin durdurulmast, timor hiicresi ¢ogalmasi, farkhilasmasi, buytimenin baskilanmast ve
apoptozun uyarilmasi gibi cesitli biyolojik stireclerde etkin olarak yer almaktadir. ErbB4'in meme
kanserindeki rolti hakkinda farkli gorisler mevcuttur. Bazit galismalar ErbB4 geninin  asir
ekspreyonunu kot prognoz ile iliskilendirirken, genel sagkalimi iyilestirdigi yontunde arastirmalarda
bulunmaktadir (Sahu vd., 2017). Bu nedenle meme kanserinde ErbB4 geninin prognostik degeri tam
olarak netlik kazanmamistir.

1 Dr. Ogr. Uyesi, Kahramanmaras Siitgii Imam Universite, Tibbi Hizmetler ve Teknikler Bolimii, Orctd:0000-0002-9216-
7478
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Sunulan bu c¢alismada, meme kanseri tedavisinde ErbB4 geninin prognostik 6nemini
degerlendirmek i¢in baz1 biyoinformatik programlar kullanarak meme kanseri hastalarinda ErbB4 geni
ile klinik parametreler ve sagkalim verileri arasindaki iliski incelenmistir.

MATERYAL METOT

Bu calismada bazi biyoinformatik araglar kullanilarak ErbB4 geninin prognostik degeri
belirlenmeye calisilmistir.

Breast Cancer Gene-Expression Miner v4.7 (bcGenExMiner v4.7,
http://bcgenex.centregauducheau.fr/ BCGEM) biyoinformatik aract yaymnlanmis genomik verileri

igeren bir veritabanidir (Jezequel vd., 2021). Bu veri tabant ile ERBB4 geni ve bazi klinik parametreler
arasindaki iliski belirlenmistir.

Kaplan—Meier Plotter (http://kmplot.com/analysis/) platformu 7830 klinik meme kanseri
hastasinin gen ekspresyon bilgilerini ve hayatta kalma verilerini icermektedir (Gy6rtty, 2021). ErbB4

geninin genel sagkalim, nikssiiz sagkalim ve uzak metastazsiz sagkalimdaki prognostik degerini
belirlemek i¢in kullanilmistir. Analizler %95 gtiven araligt (CI) ile tehlike orani (HR) ve log-rank P
degeri baz alinarak, otomatik olarak hesaplanmistir.

Ualcan (http://ualcan.path.uab.edu/) The Cancer Genome Atlas (TCGA) verilerinin
derinlemesine analizi i¢in yaygin olarak kullanilan bir web aracidir (Chandrashekar vd., 2017). Bu

program timor ve normal numuneler arasinda ve ayrica farkli evrelere gbre timor alt gruplarinda
ErbB4'tn ekspresyon seviyesini belirlemek icin kullanilmustir.

SONUCLAR

Meme kanseri hastalarinda ErbB4 ekspresyonu ve klinik parametreler bcGenExMiner
biyoinformatik aract ile belitlenmistir. Klinik parametreler arasinda yas, Scarff—Bloom—Richardson
(SBR), Nottingham Prognostik Indeksi (NPI), Ostrojen Reseptorii (ER), Progesteron Reseptorii (PR),
Insan Epidermal Biiyiime Faktorii Reseptorii-2 (HER-2), Nodiil Durumu, Bazal Benzeri Durum ve
Uglii Negatif Meme Kanseri (TNBC) durumu yer almaktadir. Bu parametreler prognastik faktotlerdir
ve hastaligin dogal iletleyisini tanimlamaktadirlar.

Yas, diger hastaliklarda oldugu gibi meme kanseri hastalarinda da hastaligin prognostik degerini
belirleyebilmek icin 6nemli parametrelerden biridir. Sonuglar Tablo 1’de gosterilmistir. Analiz
sonuglarina gore 51 yas tstii ve 51 yas alt1 hasta bireylerde ErbB4’tin ekspresyon seviyesinde anlaml
bir fark bulunmustur (Sekil 1. A). Bununla birlikte, 24-40, 40-70 ve 70-96 yas araliklari ile ErbB4’tin
ckspresyon seviyesi arasinda da istatistiksel olarak anlamlt bir iliski g6zlenmistir (Sekil 1. B). Scarff—
Bloom—Richardson (SBR), tiibtil formasyonu, pleiomorfizmin niikleer 6zelliklerini ve mitotik aktivite
degerlendiren histolojik bir derecelendirme sistemidir. Nottingham Prognostik Indeksi (NPI), hastalar1
timor boyutuna, lenf nodu evresine ve timor derecesine gore ek prognostik gruplara ayirmak igin
kullanilan SBR’nin modifiye edilmesiyle olusan bir derecelendirme sistemidir (Chen vd., 2019). Daha
ileri SBR ve NPI derecesine sahip meme kanseri hastalari, daha az ErbB4 genini ifade etme egiliminde
oldugu gorulmustir (Sekil 1. C-D).

Ostrojen reseptér (ER), progesteron reseptér (PR) ve insan epidermal bilyiime faktorii
reseptori-2 (HER-2) durumu, ErbB4 geninin ekspresyonu ile pozitif bir korelasyon géstermistir (Sekil
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1. E-F-G). Pozitif nodul durumu olan meme kanseri hastalarinin ErbB4 gen ekspresyonu negatif nodul
durumu olan hastalara kiyasla ¢ok az bir artis gostermistir (Sekil 1. H). Bununla beraber, bazal benzeri
olmayan alt tipe gbre bazal benzeri alt tipte ErbR4'tin ekspresyon seviyesinin 6nemli bir sekilde artis
gostermistir (Sekil 1. I). Benzer sekilde, aynt degisim tg¢li negatif meme kanseri (TNBC) hastalarinda
da goralmustir (Sekil 1. J).

Sekil 1. be-GenExMiner programu kullanarak farkls klinik parametrelere gére hasta gruplari arasinda
ErbB4 geninin ekspresyon seviyesini gosteren grafikler. Klinik parametreler; 51 tistii ve alt1 yas araligs
(A), 24-96 yas arahigt (B), SBR (C), NPI (D), ER (E), PR (F), HER-2(G), nodul durumu (H), bazal

benzeri durum (I) ve Ggli negatif durum (J).

A

24

o -

ErbB4 log2 mRNA seviyesi

p <0.0001
n<m

ErbB4 log2 mRNA seviyesi

I

p < 0.0001
T

ErbB4 log2 mRNA seviyesi

T
SBR2
(1698)

SBR3

(1374)

ErbB4 log2 mRNA seviyesi

p <0.0001
>

(No:)

ER+

(3911)

ER-

(551)

ErbB4 log2 mRNA seviyesi

2

-3

p < 0.0001

N3y

D

[24:40)

(238)

J40;70]

(2851)

[70:96]

(1217

24

o

p<0.0001

NP1
1173)

NFI2
(1525)

NPI3
(418)

°

FErbB4 log2 mRNA seviyesi

[

p <0.0001
| EJ |

(No?)

PR-

(828)

241



Cakmak, Esen; Meme Kanseri Hastalarinda Erbb4 Geninin Prognostik Degeri Uzerine Bir Aragtirma

ErbB4 log2 mRNA seviy
-

ErbBd log? mRNA sevivesi

R

34

T
T p<0.0001
. __mem
HER2- HER2+
(Noj (3582) (861)
2 R
a i
p <0.0001
| 1 |
Non-basal-like Basal-like

(No:)

(3837)

(832)

24 T R
= 14
H
2
]
% o [N -
<4
2 a4
=
2
£
i}
2
-1 -
] p=0.3574
T T u=a
N- N+
(Na) (2418) (1646)
7
2
= 1
2
E
é o] e,
S
)
2.
=+
2
£
i
2 s
1 p < 0.0001
3 | ] |
Non-TNBC TNBC

(Nox)

(4113)

(317)

Tablo 1. be-GenExMiner veri tabanint kullanarak meme kanseri hastalarinin ErbB4 ekspresyonu ile
klinik parametreleri arasindaki iliski

Parametre Hasta sayis1 ErbB4 P-degeri*
Yas 0.0001
<51 1098 -

>51 3208 -

24-40 238

40-70 2851

70-96 1217

ER <0.0001
Negatif 1468 Artmis

Pozitif 3810 -

PR <0.0001
Negatif 946 Artmis

Pozitif 1439 -

HER-2 <0.0001
Negatif 1409 -

Pozitif 201 Artmis

Nodal durumu 0.0175
Negatif 2447 -
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Parametre Hasta sayis1 ErbB4 P-degeri*
Pozitif 1509 Artmis

Bazal durumu <0.0001
Bazal olmayan durum 4089 -

Basal- benzeri durum 1112 Artmis

Uclii negatif durum <0.0001

Ucglii negatif olmayan 3986 -

Ucglii negatif 374 Artmis
* Istatistiksel anlamhilik Welch testi ile belirlenmistir.

ErbB4 geninin prognostik degeri Kaplan-Meier egrileri ile belitlenmistir. Programda ErbB4
geni 206794_at ve 214053_at olarak iki farkli Affimetrix ID numarast ile temsil edilmektedir. Kaplan-
Meier analizlerine gére meme kanseri hastalarinda ErbB4 geninin asir1 ekspresyonu genel sagkalim,
uzak metastaz sagkalim ve niiksiiz sagkalim ile 6nemli derecede iliskili bulunup pozitif korelasyon
gostermistir (Sekil 2. A-F).

Sekil 2. ErbB4 geninin prognostik degerini gosteren sagkalim egrileri. Kaplan-Meier Plotter
kullanilarak genel sagkalim (A ve B), uzak metastazsiz sagkalim (C ve D) ve niiksstiz sagkalim (E ve
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Ualcan web aract meme kanseri dokulari ve normal dokular arasindaki ErbB4 geninin
ckspresyon seviyesini karsilastirmak icin kullantlmistir (Tablo 2, Sekil 3). Bu program TCGA’dan aldigt
verilerden faydalanmaktadir. Analiz sonuglarina gére, ErbB4 geninin ekspresyon seviyesinde tiimorlii
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dokular ile normal dokular arasinda 6nemli fark bulunmamustir (p>0,005). Meme kanseri evreleri
arasinda ise normal dokulara kiyasla evre 1 istatiksel agidan anlamli bulunmustur (p<<0,005). Meme
kanserinin alt gruplarina bakildiginda 6nemli derecede farklilik g6zlenmistir (Tablo 2).

TARTISMA

Insan epidermal biiyiime faktérii reseptorii (HER) aile tiyelerinin asirt ekspresyonu bircok
insan epitelyal malignite tirtinde siklikla gézlenmektedir. ErbB4'in meme kanserindeki 6nemini
anlamak icin yapilan calismalara bakildiginda hem onkogenik hem de timér baskilayict bir rol
tstlendigi distuntlmektedir. ErbB4'tn asir1 ekspresyonu, meme kanseri hiicrelerinin biyiimesini
artirdig icin onkogen olarak diginilmesine neden olmustur. Bununla birlikte, ErbB4'in meme
kanseri hiicrelerinde aktivasyonu, in vitro hiicre dongiisii durmasi, farklilasmasi ve apoptoz gibi
biyolojik stiregler ile iliskilendirilmis ve timor gelisimini baskiladigr diistintlmistir (Sundvall vd.,
2008).

Bir biyoinformatik arag¢ olan be-GenExMiner programi kullanarak farkl klinik parametrelere
gore ErbB4 geninin ekspresyon seviyesi degerlendirilmistir. ErbB4 geninin ekspresyonu ER ve PR ile
pozitif korelasyon gosterirken SBR, NPI, HER-2, nodul durumu, bazal benzeri durum ve tiglii negatif
durum ErbB4 diizeyi ile negatif bir iligkili gbstermistir. Meme kanserinde hem birincil hem de invaziv
timorler icin ER ve PR’nin pozitifligi ve ErbB2-negatifligi, iyi farklilasmis fenotip ve olumlu sonug ile
iliskili oldugu rapor edilmistir. Ayrica, ErbB4’tin asir1 ekspresyonu ER pozitifligi ile iligkili olmakla
birlikte daha kisa ntiksstiz sagkalim ile de iliskilidir (Hollmen ve Elenius, 2010).

Tablo 2. Meme kanseri ve normal dokular icin farkli parametrelerde ErbB4 geninin ekspresyon

dizeyi

Analiz Karsilagtirma P-degeri

Ornek Tipi Normal- Primer doku > 0,005

Kanser Normal - 1. evre < 0,005

Evreleri
Normal - 2. evre > (0,005
Normal - 3. evre > (0,005
Normal - 4. evre > 0,005
1. evre — 2. evre > (0,005
1. evre — 3. evte > (0,005
1. evre — 4. evtre > (0,005
2. evre — 3. evtre > (0,005
2. evre — 4. evre > (0,005
3. evre — 4. evre > (0,005

Alt gruplar Normal - Luminal < 0,005
Normal - HER2 Pozitif < 0,005
Normal - TNBC < 0,005
Luminal - HER2 Pozitif < 0,005
Luminal - TNBC < 0,005
HER2 Pozitif - TNBC < 0,005
Normal - TP53 Mutant < 0,005

Normal - TP53 NonMutant < 0,005
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TP53 TP53-Mutant - TP53- < 0,005
mutasyon Nonmutant
durumu

Sunulan ¢alismada meme kanserinde ErbB4 geninin prognostik degeri Kaplan Meier egrileri
kullanilarak degerlendirilmistir. Analiz sonuglarina gore, asir1 eksprese olmus ErbB4 geni daha koéti
genel sagkalim, niikssiiz sagkalim, uzak metastazsiz sagkalim gostermistir. Bu bulgular 1s1ginda ErbB4
ckspresyon seviyesinin meme kanseri prognozu i¢in yararli bir biyobelirte¢ olarak kullanilabilecegi
ongorilmektedir.

Bu ¢alismada, TCGA veri bankasindaki saglikli ve tiimorli hiicrelerin ErbB4 gen ekspresyon
profilleri karsilastirldiginda anlaml bir fark bulunmamustir. ErbB4’nin meme kanseri hiicrelerinde agir1
ya da az ekspresyon profili sundugu artik bilinmektedir. Ayrica, ErbB4 geninin diger HER ailesi
tyelerine gore daha az eksprese 6zelligi tasimaktadir (Sundvall vd., 2008). Farkli evrelere sahip meme
kanseri hiicreleri ve saglikli hiicreler arasinda ekspresyon profillerine bakildiginda ise saglikli hiicre ve
1. evre meme kanseri hastalarinda istatiksel acidan anlamli bir fark bulunmustur. Meme kanserinin alt
gruplarindaki ekspresyon diizeyleri arasinda da anlamli fark g6zlenmistir. Uglii negatif meme kanseri
(TNBC) meme kanserinin bir alt grubu olup agresif biyolojik o6zellikler ve kotii prognozu
sergilemektedir. Toplam 203 TNBC hastasinda yapilan bir ¢alismada asirt ErbB4 ekspresyonunun
sagkalim analizine gbre kot prognoz ile iliskili oldugunu ortaya ¢tkaridmistir. Cok degiskenli bir Cox
regresyon modelinde ise EtbB4 ekspresyonu, TNBC'li hastalarda uzun vadeli prognozun bir gdstergesi
olarak tanimlanmistir (Kim vd., 2016).

Sekil 3. Meme kanseri ve normal dokular igin farkli parametrelerde ErbB4 geninin ekspresyon diizeyi.
Normal ve meme kanseri dokularinda ErbB4 geninin ekspresyon seviyesi (A), farklt evrelerde ErbB4
genin ekspresyon seviyesi (B), alt gruplara gére ErbB4 geninin ekspresyon seviyesi (C), T53 mutasyon
durumuna gore ErbB4 genin ekspresyon seviyesi (D).
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Tumori destekleyen ¢ok islevli bir transkripsiyon faktérint kodlayan timoér proteini p53
(TP53), meme kansetlerinin yaklastk %30'unda mutasyona ugramaktadir. Mutasyonun bazal benzeri
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alt grupta gorilme sikligi yaklasik %80 oraninda iken luminal-A alt gruplarinda bu oran %15'e kadar
inebilmektedir (Dumay vd., 2013). Biyoinformatik analizlere gore ErbB4 ekspresyon dizeyi TP53
mutasyonu bakimindan incelendiginde, normal meme htcreleri, mutasyona sahip meme kanseri
htcreleri ve mutasyon gozlenmeyen meme kanseri hiicreleri ile karsilastirldiginda 6nemli bir fark
bulunmustur. Sonuglara gére meme kanseri hastalarinda TP53 mutasyonu ErbB4 ekspresyon
seviyesini 6nemli 6lciide azaltmis, mutasyon olmadigi durumda ise ekspresyon seviyesinin normal
hticrelere oranla artt1ig1 gézlenmistir.

Sonug olarak, yapilan biyoinformatik analizler meme kanseri hastalarinda normal dokulara gore
ErbB4’tin asir1 eksprese edildigini, daha kétu hayatta kalma ve gesitli klinik parametrelerle iliskili
oldugunu gostermistir. ErbB4, meme kanserinin prognozu i¢in 6ngorici bir biyobelirteg olarak
kullanilma potansiyeline sahip oldugu 6ngorilmektedir. Meme kanseri prognozunu degerlendirmek ve
bu stirecte ErbB4’tin roliinti daha detaylt belirleyebilmek icin daha fazla ¢alismaya ihtiya¢ vardir.
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Comparative Helicometra fasciata (Digenea) Infections in Some Marine
Fishes in the Black Sea

Arzu GUVEN!

Tiitkay OZTURK?

Introduction

Opecoelidae Ozaki, 1925 is important trematode family both terms of genera and species
number in the Black Sea (Gaevskaia and Korniychuk, 2003: 425-490). Helzcometra Odhner, 1902 which
contain about 35 species, one of the largest genera of the Opecoelidae family and distributes in wide
geographic regions (Andres et al., 2014: 405-412; Sekerak and Arai, 1973: 707-738). This genus have
long, evident and single polar filaments on the egg. Their helical uterus is distinctly conspicuous and
making directly definable of this worm (Aken’Ova et al., 2006: 17-27; Blend and Dronen, 2015: 183-
270). To date, the most widespread Opecoelidae species reported to be Caznocreadinm flesi (IKorniychuk
and Gaevskaia, 2000: 89-9)1, Gaevskajatrema perezi (Gibson and Bray, 1982: 529-559) and Helicometra
fasciata in the Black Sea (Katokhin and Korniychuk, 2020: 15-27). Helicometra fasciata frequently
reported in intestinal tract of marine and brackish piscine hosts that live from shallow to deep waters.
Also, H. fasciata uses a vatiety of gastropod in addition shrimp/prawn species as first and second
intermediate hosts, respectively (Blend and Dronen, 2015: 183-270; Meenakshi et al., 1993: 69; Mufioz
and Cribb, 2006: 196). In adults, the body is morphologically elongated, oval and flattened. Oral sucker
subterminal and usually small, ventral sucker bigger than oral sucker. Testes two-lobed, tandem and
post ovarian. Anterior and posterior testes are almost equal in size and it may vary in shape as can be
irregular, indented or almost entire. There is the pre-pharynx and the pharynx is adjacent to the oral
sac. This worm has spiral uterus and single polar filament of the eggs due to easily recognized (Jones
et al., 2005: 745). The objective of this study is to investigate the infection values of Helicometra fasciata
in some marine fish from the Sinop coast of the Black Sea and to present the seasonal occurrence of
H. fasciata infection in their hosts comparatively.

Material and Methods

Fish samples were caught from the Sinop coast of the Black Fish brought to the laboratory
alive and examined for the presence of Helicometra fasciata. In this research study from June 2016 to
May 2017, 34 fish species, which belong to 26 different fish families, were examined and 8 fish species
from 4 families were found to be infected with Helicometra fasciata. These specimens are Symphodus tinca
(n:28), S. roissali (n:7), Neogobius melanostomus (n:174), Mesogobius batrachocephalus (n:122), Gobius niger
(1:86), Zosterisessor ophiocephalus (n:0), Scorpaena porcus (n:256) and Gaidropsarus mediterranens (n:107). The

! Arzu GUVEN, Assist. Prof. Dr., Turgut Ozal University, Dogansehir Vahap Kiigiik Vocation High School
2 Tiirkay OZTURK, Prof. Dr., Sinop University, Faculty of Fisheries
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digenean parasite specimens were detected in stomach, intestine and pyloric caeca of fish samples and
live digenean parasite specimens were washed briefly with physiological saline solution. The digenean
parasite specimens both unfixed only washing with saline water and fixed, stained with acetic carmine
and mounted in Canada balsam were examined and photographed using a stereo Olympus microscope
(BX53) equipped with a digital camera (DP50). The digenean parasite species, H. fasciata was identified
by generally accepted morphological criteria (Figure 1) (Korniychuk, 2009: 63-68). The infection
parameters, prevalence (percentage of fish infected) mean intensity (mean number of parasites per
infected fish) and abundance (mean number of parasites per examined fish) were calculated following
the definitions of Bush etal. (1997: 575-583). The differences in the mean intensity values of H. fasciata
for seasons were tested by the Kruskal-Wallis test (Nonparametric ANOVA). All statistical tests were
carried out using GraphPad Instat 3.0 for Windows 2000 (Software, San Diego, CA, USA) software
(p<0.05: statistically significant).

Figure 1- Line drawings of of H. fasciata (at: anterior testis; cs: cirrus-sac; e: egg with unipolar flament, gp:
genital pore; os: oral sucker; ov: ovary; p: pharynx; pt: posterior testis; u: uterus; vd: vitelline duct; vf: vitelline
follicle; vs: ventral sucker)

Results

In the present study, Helicometra fasciata was detected in N. melanostomus, M. batrachocephalus, G.
niger, Z. ophiocephalus, S. tinca, S. roissali, S. porcus and G. mediterranens collected from Sinop coasts of the

250



Giiven, Arzu & Oztiirk, Tiirkay; Comparative Helicometra fasciata (Digenea) Infections in Some Marine Fishes
in the Black Sea

Black Sea. While this species was appear in intestine of eight fish species, in additation it was appear
in pyloric caeca and stomach of S. poreus. Infection prevalence, mean intensity and mean abundance
were determined for each host species (Table 1, Figure 2).

Table 1- Prevalance (P), mean intensity (MI) and mean abundance (MA) values of Helicometra fasciata
in some marine teleosts from Sinops coasts of the Black Sea (TNP: total number of parasite, n:
examined fish number, SD: Standard deviation, I: intestine, Pc: Pyloric caeca, S: Stomach)

Host Infection Site TNP P (%) MI = SD MA £ SD

N. melanostomus (n:174) I 1 0.57 1.00 = 0.00 0.005 £ 0.08*
M. batrachocephalns (n:122) I 34 5.73 4.85 % 3.69 0.28 + 2.45*
G. niger (n:86) I 12 5.81 2.40 +0.87 0.14 + 0.71*
7. gphiocephalus (n:6) I 1 16.67 1.00 * 0.00 0.17 £ 0.41*
S. tinca (n:28) I 56 32.14 6.22 + 2.90 2.00 £ 5.88"
S. roissali (n:7) I 34 85.71 5.67 + 3.08 4.86 +7.22°
S. porcus (n:256) I, Pc, S 104 17.18 2.36 + 0.25 0.41 +1.12"
G. mediterranens (n:107) I 7 2.80 2.33+1.33 0.06 £ 0.50°

The all generally morphologically of Helzicometra fasciata individuals in each host were similar, although
some minor morphological variations were present (Figure 2). They exhibited slightly different
patterns in the distribution of vitelline follicles (Figures 2). Some had continuous lateral vitelline fields,
some had irregular gaps in the lateral fields and, some the vitelline follicles were arranged in clusters
(Figure 2). The size, filament length and density of the eggs of the digenean from different hosts were
also different. The shape of the testes also varied, ranging from deeply lobed or indented to irregular
and to almost entire (Figure 2 and 3). Testes shapes of Helicometra fasciata are much deeply lobed in M.
batrachocephalus, G. niger and Z. ophiocephalus, slightly lobed in N. melanostomus, S. porens and G.
mediterranens and S tinca, almost entire in S. roissali (Figure 2 and 3). These characteristics are known to
vary in H. fasciata therefore not considered taxonomically significant here.
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Figure 2- General views of adult Helicometra fasciata detected from different hosts A. from N. melanostomus, B.

trom M. batrachocephalus, C. from G.niger, D. from Z. ophiocephalus, E. from . tinca, F. from . roissali, G. S. porcus,
H. from G. mediterranens
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Figure 3- Shape and arrengements gonads (ovary and testes) of H. fasciata detected from different hosts A.
trom N. melanostomus, B. trom M. batrachocephalus, C. from G.niger, D. trom Z. ophiocephalus, E. from S. tinca, F.
trom S. rodssalz, G. S. poreus, H. from G. mediterraneus. Scale bars 250 um.

Prevalence and mean intensity values of H. fassciata presented a wide range of variation,
depending on the fish species. Maximum values were obtained for . rvissali and S. tinca. Seasonal
prevalence and mean intensity values of H. fasciata according to examined each fish are reported in
Table 2. Except for Z. ophiocephalus and S. roissalz, all fish were examined in all seasons. Totally 174
Neogobius melanostomus examined, only 1 fish was infected with H. fasciata, which was examined in the
autumn season. Similarly, only 1 individual of Z. gphiocephalus examined during the study was infected
with H. fasciata.
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Table 2- Seasonal prevalance (P), mean intensity (MI) and mean abundance (MA) values of H. fasciata
detected in marine teleosts from Sinop coasts of the Black Sea

Spring Summer Autumn Winter
P (%) 1.54
Neogobins MI £ SD ND ND 1.00 £ 0.00 ND
melanostonins MA £ SD (n:34) (n:7) 0.02 £0.12 (n:68)
() (n:65)
P (%) 10 100 4.17 4.65
Mesogobins MI + SD 1.00 £ 0.00 1.00£ 0.00 14.0 + 18.38 1.50 £ 0.71
batrachocephalns ~ MA £ SD 0.10 + 0.31 1.00£ 0.00 0.58£3.90  0.07 £0.34
() (n:30) (n:1) (n:48) (n:43)
P (%) 20.0 14.29
MI £ SD ND 2.00 +1.73 3.00 + 2.83 ND
Gobius niger
MA £ SD (n:37) 0.40 + 1.06 0.43 £ 1.34 (n:20)
() (n:15) (n:14)
P (%) 100
ZLosteriosessor MI + SD 1.00 + 0.00 ND ND
ophiocephalus MA + SD 1.00 £ 0.00 (n:2) (n:3) (:0)
() (n:1)
P (%) 22.22 50.0
Symphodus MI = SD 14.0 + 16.9 4.0 £5.20 ND ND
tinca MA £ SD 3.11 +8.61 2.00 + 4.10 (n:2) (n:3)
(n) (n:9) (n:14)
P (%) 66.67 100
Symphodus MI £ SD 11.5+13.44 2.75 £ 0.96
(n:0) (n:0)
roissali MA £ 8D 7.67 £11.59 2.75 £ 0.96
() (n:3) (n:4)
P (%) 20.69 24.41 10.94
Scorpaena MI£SD 4.00 + 2.61 223+141 ND 1.57 £0.79
porcus MAZSD 0.83 £ 1.98 0.54 £1.18 (n:36) 0.17 £0.55
() (n:29) (n:127) (n:64)
Gaidropsarus P (%0) ND 15.38 ND 4.17
mediterranens MI + SD (n:23) 3.00 + 2.83 (n:47) 1.00 + 0.00
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MA £ SD 0.46 + 1.39 0.04 £ 0.20
(n) (n:13) (n:24)
P (%) 8.44 25.68 2.33 4.51
MI £ SD 5.64%+7.91 2.55 + 2.37 7.00 £ 11.31 1.50 £ 0.71
Total MA +SD 0.48 £ 2.72» 0.66 + 1.63b 0.16 £ 1.87» 0.07 £ 0.342
(n) (n:166) (n:183) (n:215) (n:222)
Discussion

To date Helicometra fasciata was reported in Black Sea by different researcher (Dolgikh and
Naidenova, 1968: 448-453; Gaevskaia 1995: 3-6, 2002: 219-223; Katokhin and Korniychuk, 2020: 15-
27; Korniychuk 1997: 43-46, 1999: 44-48, 2000a: 40-44, 2000b: 34-38, 2001a: 32-36, 2001b: 24-25,
2008: 41-52, 2009: 63-68; Korniychuk and Gaevskaia 1999: 42-47; Machkevsky 1990: 75-82;
Machkevsky et al. 1996: 40, 1997:58-62; Machkevsky and Gaevskaia 1997: 51-57; Naidenova 1966: 88-
89; Naidenova and Dolgikh, 1969: 7-12; Nikolaeva and Solonchenko, 1970: 129-166; Osmanov, 1940:
187-265; Oztiirk et al., 2015: 390; Shchepkina and Tkachuk 2001: 49; Solonchenko 1969: 118-119;
Tepe et al., 2014: 209-215; Tkachuk 2000: 134; Tkachuk and Mordvinova 1999: 21-23). Helicometra
fasciata is a species with a worldwide distribution reported in many hosts of brackish and marine fish.
To date, 31 different fish species have been reported in the Black Sea and Crimean coasts (Gaevskaia
and Korniychuk, 2003: 425-490). Only four of these studies were carried out in the Black Sea coasts
of Turkey (Oztiirk et al., 2015: 390; Oztiirk et al., 2017: 683; Oztiirk and Giiven, 2021: 126-132; Tepe
et al., 2014: 209-215). Also, this species reported in G. mediterranens at Sea of Marmara (Oguz and Bray,
2006: 161-167), Conger conger at northeastern Aegean Sea (Akmirza, 2012: 845-848) and S. porcus at
Aegean Sea (Senol, 2004: 62) from Turkey. The hosts where H. fasciata was determined in this study
are among the hosts where there is frequently reported in the Black Sea (Table 1).

Current research about H. fasciata regarding its host ranges and infection values from different
hosts both in the Turkish coasts and Turkish coast of the Black Sea are very limited and there is only
a couple of previous studies in this area (Akmurza, 2012: 845-848; Oguz and Bray, 2006: 161-167;
Oztiirk et al., 2015: 390; Oztiirk et al., 2017: 683; Oztiirk and Giiven, 2021: 126-132; Senol, 2004: 62;
Tepe et al., 2014: 209-215). In addition, infection values are not available in most of the studies. With
this study as IN. welanostomus, G. niger, Z. ophiocephalus new fish species were added to the hosts of the
H. fasciata on the Turkish coast and also infection values were presented both for each fish species
and depending on season (Table 1 and Table 3).
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Table 3- Helicometra fasciata references previously reported in the Black Sea from the fish detected in
this study

Host References

N. melanostomuns Korniychuk, 2009; Naidenova and Dolgikh, 1969

M. batrachocephalus  Korniychuk, 2009; Naidenova and Dolgikh, 1969; Nikolaeva and Solonchenko, 1970;
Oztirk et al., 2015

G. niger Korniychuk, 1999; Naidenova and Dolgikh, 1969; Reversat and Silan, 1993

Z. ophiocephalus Naidenova and Dolgikh, 1969; Osmanov, 1940; Reversat and Silan, 1993

S. tinca Katokhin and Korniychuk, 2020; Korniychuk, 1999; Korniychuk, 2000a; Korniychuk,
2009; Naidenova and Dolgikh, 1969; Nikolaeva and Solonchenko, 1970; Oztiirk and
Guven, 2021

S. roissali Katokhin and Korniychuk, 2020; Korniychuk, 2009; Oztiirk and Giiven, 2021

S. porcus Korniychuk, 1999; Korniychuk, 2000a; Korniychuk, 2009; Naidenova and Dolgikh,
1969; Nikolaeva and Solonchenko, 1970; Osmanov, 1940; Tepe et al., 2014, Oztiirk et
al., 2017

G. mediterranens Dolgikh and Naidenova, 1968; Korniychuk, 1999; Korniychuk, 2009; Naidenova and

Dolgikh, 1969; Nikolaeva and Solonchenko, 1970

This parasite species has a wide host distribution. Considering that the parasite was detected
in 8 different hosts belonging to 4 different fish families in this study, similar to previous studies, the
findings of this study prove that the parasite has a wide host distribution. The widespread presence of
this digenea parasite species in different geographical regions and different fish species has been
explained by the fact that this species has a wide range of intermediate hosts (Blend and Dronen,
2015). This parasite species has 19 known synonyms. Numerous researcher works has shown that a
wide range of morphological variation is known for this species. But Aken’Ova et al. 2006 was
reported differences in the distribution of the vitelline follicles, differences in the shape of the testes
that may be show a change from deeply lobed or indented to irregular and to almost entire, differences
in the size of the eggs of parasites from different hosts are not regarded taxonomically important. In
addition, cause of morphological variation in H. fasciata has been associated with the host and its diet
(Korniychuk, 1999: 44-48; 2000: 40-44). As presented above by other researchers, in this study, it was
also determined that some morphological features of Helicometra fasciata, which were detected in
different hosts, showed differences (Figure 1) In particular, the differences in the shape and size of
the testes are clearly seen in the figures. Prevalence (percentage of fish infected), mean intensity (mean
number of parasites per infected fish) and abundance (mean number of parasites per examined fish)
were calculated from all examined fish species and the respective data were presented in Table 1. The
highest prevalence value (85.71%) was found in S. rossali and second highest prevalence value
(17.18%) was found in S. porcus. There was statistically significant difference in abundance between
tish species (P<0.0001). Our results on infection values and reported in some other studies differ from
each other. This may be due to the fact that each study was conducted in different regions and the
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number of fish examined was different from each other. Also, infection prevalence value is highest in
summer season (25.68%) and infection prevalence value gradually increased towards to summer from
spring. There was statistically significant difference in mean abundance (P<0.0001) but there was no
statistically significant difference in prevalence (P=0.346) between seasons. There are not enough
studies to compare the presence of H. fasciata according to the seasons. Helicometra fasciata detected in
Anguilla anguilla, G. niger and Z. ophiocephalus by Reversat and Silan, 1993 and infection prevalence and
abundance calculated depending on the months. The results of this study did not overlap with the
results of our study. In our study, the infection level was found to be highest in summer, while in the
other study, the infection level was found to be low in summer. The low prevalence in summer months
was attributed to seasonal changes in the abundance of the second intermediate host, which is thought
to be a crustacean. Current research about H. fasciata regarding its host ranges and infection values
depending on the seasons from different hosts both in the Turkish coasts and Turkish coast of the
Black Sea are very limited and there is only a couple of previous studies in this area (Akmirza, 2012:
845-848; Oguz and Bray, 2006: 161-167; Oztiirk et al., 2015: 390; Oztiirk et al., 2017: 683; Oztiitk et
al., 2021: 126-132; Tepe et al., 2014: 209-215). In addition, infection values are not available in most
of the studies. With this study as N. melanostomus, G. niger, Z. ophiocephalus, S. tinca, S. roissali new fish species
were added to the hosts of the H. fasciata on the Turkish coast and also infection values were presented
both for each fish species and depending on season.

Conclusion

The present study comprises current data regarding the digenean parasite, H. fascata contains
important data about the host distribution, especially for the Turkish coasts of the Black Sea. The data
presented in this paper contribute to the list of parasite species that inhabit this basin. Considering the
morphological variations morphological identification alone is not sufficient to define all species of
Helicometra and should be supported by molecular studies. With this study new fish species were added
to be the hosts of the H. fasciata on the Turkish coast and this study will form the basis for future
studies.
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Introduction

Primary CNS (Central Nervous System) tumors are the most common malignancy in
childhood after hematological malignancies and are the most common solid pediatric tumors in
childhood. Primary CNS tumors predominate, and more than half of them are located in the
posterior fossa, that is, in the infratentorial space. The clinical presentation differs according to the
location of the tumor. These tumors may present with a few non-specific signs and symptoms that
can be seen in more common and less serious childhood diseases. [6]. Surgical management may
include biopsy for histological diagnosis, cytoreduction/debulking, and placement of ventricular
access devices (VADs) to facilitate complete excision and intrathecal/intraventricular adjuvant
chemotherapy for both local oncological control and management of sequelae such as
hydrocephalus. The extent of resection plays an important role in the oncologic outcome of most
of these tumorsUnderstanding the principles and concepts that underpin neurosurgical strategy
and approaches in the management of these tumors is essential for all medical professionals
involved in the care and follow-up of these patients. [5].

The modern approach to the treatment of posterior fossa medulloblastomas remains a
challenge for pediatric neurosurgeons and pediatric oncologists and requires a multidisciplinary
approach to optimize survival and clinical outcomes. [7,8]. The news of molecular classification in
subgroups changed the protocols of complementary therapies, but did not change the role of
surgery and the positive effect of total surgical removal. [7,9,10]. To reduce the risks of morbidity,
the balance between prolonging surgical resection and post-surgical neurological deficits needs to
be modulated. [9,11]. We discuss the surgical principles of the treatment of posterior fossa tumors
in children.

Tumor related hydrocephalus management

Surgical treatment of pediatric posterior fossa tumors is complex as it is associated with
hydrocephalus that may develop at the same time. Management of hydrocephalus is important to
reduce intracranial hypertension and facilitate surgical removal of the tumor. It reduces the risk of
postoperative sequelae [12,13]. Third ventricular cisternostomy (ETV), ventriculoperitoneal shunt
(VPS), and external ventricular drainage (EVD) are the treatment options. This is usually done
through placement of external ventricular drainage (EVD) in crisis situations, which can be
accomplished quickly and allows for predictable CSF (cerebrospinal fluid) drainage and clinical
assessment, but CSF drainage must be carefully controlled to avoid complications associated with
rapid changes in intracranial pressure (ICP). Excessive drainage, which can accelerate the formation
of upward cerebellar herniation and subdural hematoma, should be avoided. Only about 15-30%
of patients require permanent CSF deviation after tumor resection. [14, 15]. Because of the
potential morbidity from complications associated with permanent ventriculoperitoneal shunt
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placement (VPS), most neurosurgeons avoid routine preoperative shunt placement. In most
patients, temporary time can be gained with a corticosteroid course before surgery. The
advancement of endoscopic optics and visualization has allowed the application of endoscopic
third ventriculostomy (ETV) in the management of pre- and postoperative hydrocephalus. The
ETYV bypasses any obstruction to CSF outflow in the aqueduct and 4th ventricle, resulting in the
formation of a stoma at the base of the 3rd ventricle, allowing direct drainage of CSF into the basal
cisterns and subarachnoid CSF spaces. When performed before posterior fossa tumor surgery, it
can reduce the incidence of hydrocephalus due to normalization of CSF hydrodynamics and reduce
the risk of permanent postoperative CSF dysfunction. [16].

Some surgeons prefer to place the ventriculostomy using a bur hole at the intersection of
the coronal suture and midpupillary line, with the catheter 1 cm anterior to the tragus in the saggital
plane and targeting the inner canthus in the coronal plane, immediately after the frontal access
route anesthetic preparations are completed . Catheter length is calculated with the tip inside the
frontal horn based on imaging data . After the patient is placed in the prone position, other
surgeons insert the drain approximately 6 cm above the inion, 2,5 cm lateral to the midline, using
a bur hole and occipitally oriented towards the glabella. After insertion, the drain is clamped to
avold the risk of upper herniation due to rapid decompression of the ventricular system. If the
patient has hydrocephalus or is at high risk of developing hydrocephalus in the postoperative
period, an external drain is quickly placed before the tumor is removed. [17].

Surgical tumor management

One of the most important survival prognostic factors is still gross total resection of the
tumor (GTR). A residual disease smaller or larger than 1,5 cm2 will result in a different
complementary therapy protocol to classify patients as low or high risk groups. [8,11,18,19].
Patients in the low or standard risk group with complete removal documented by post-operative
MRI performed within the first 48 hours are accepted; absence of metastatic lesions, absence of
tumor cells in CSF were noticed on day 14 after surgical removal. These complications are
postoperative cerebellar mutism, cerebellar motor syndrome or high-grade dysfunctions and
speech disorders. [20-21]. The position of the patient is an important factor in the surgical planning
of tumor removal. The most commonly preferred position today is the prone position. [22-23]
because the overall complication rate and especially the vital risk are extremely low. Many criticisms
have been made of the sitting position, especially because of the risk of air embolism. [24]..
However, the sitting position has many advantages for surgeons, such as the normal anatomical
surgical view of the operating field, easier control of the source of bleeding, and easier control of
bleeding due to the outflow of blood by gravity. Also, some studies have reported a better clinical
outcome compared to the prone position. [22,25]. The most important surgical trick when
performing the surgery in the sitting position is to apply careful hemostasis using the bipolar probe
at each step of the procedure and to control bone bleeding with the systematic use of wax. The
prone position is recommended only when a patent foramen ovale (PFO) is found on preoperative
cardiac ultrasound evaluation. [24]. PFO by itself is not a definite contraindication and if the risk-
benefit balance is in favor of the sitting position according to the tumor localization, the sitting
position can be done. [20].

Suboccipital craniotomy

In suboccipital craniotomy, a midline linear incision is made from the external occipital
prominence to the posterior arch of C2. The posterior fossa bone arises with the foramen magnum.
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It is important to leave the muscle attachments of the C2 intact to prevent cranio-cervical stability.
Burr holes are placed on either side of the midline just below the transverse sinuses and a wide
craniotomy is performed to expose both cerebellar hemispheres. The posterior arch of C1 is usually
preserved. Before opening the midline segment, hemostatic forceps are prepared to temporarily
clip the lower occipital sinus to prevent heavy bleeding. The dura usually opens in a Y shape and
is attached laterally to expose the cerebellar hemispheres and cerebellar tonsils. There are two
successive strategies for midline tumors. The transvermian approach uses a midline incision
through the inferior vermis with subsequent lateral retraction of the two halves of the vermis and
tonsils to expose the dorsal aspect of the tumor. The predominant advantage of this approach is
better visualization of the rostral spread of the tumor. The disadvantage is limited lateral exposure
and the occurrence of postoperative cerebellar mutism is believed to be higher with vermian
cleavage/manipulation. The telovelar approach avoids a vermian division and uses the opening of
the Magendie foramen (outflow of the fourth ventricle) to access the tumor. After the arachnoid
is divided between the vermis and one of the cerebellar tonsils, the cerebello-medullary fissure is
entered. The inferior medullary velum and tela choroidea of the caudal 4th ventricular roof are
encountered and its opening provides access to the floor of the 4th ventricle from below. Its
advantages are lateral exposure to both lateral foramen of Luschka as well as avoidance of vermian
division. The disadvantage is limited access to the most rostral part of the 4th ventricle with tumors
extending into the aqueduct. Of note, this is also the approach to access dorsal brainstem lesions
with dorsal exophytic components that pass through the ependymal lining of the floor of the 4th
ventricle and extend into the 4th ventricle. The incidence of cerebellar mutism is also believed to
be lower with this approach [27]. A variant for lateral hemispheric tumors is to make a paramedian
incision with a unilateral craniotomy. This is certainly suitable for smaller hemispheric tumors
located laterally to one side. However, for larger unilateral tumors, most surgeons still perform
bilateral craniotomy with midline exposure and greater bone exposure on the tumor side. This
allows for a larger working window and decompression, predicting and accommodating brain
swelling. (5).

Postoperative care

Meticulous hemostasis is achieved after tumor resection. The dura is closed or augmented
with autograft (pericranium) or synthetic allograft (for example, bovine pericardium) primarily to
try and achieve a watertight closure (to reduce the risk of pre-existing meningitis or complications
such as wound exudates with the risks of infection and pseudomeningocele). The bone flap is
replaced and secured with sutures or screws, and the muscle, fascia, and skin are carefully closed.
If an EVH has been placed, it is usually placed in the immediate postoperative period to allow CSF
drainage to optimize wound healing (to prevent CSF leaks) and normalize CSF pathways. The
volume of the CSF drainage outlet is an indicator of the adequacy of the function of the patient's
normal CSF pathways, and once reduced, the EVD is clamped and removed if the patient
successfully tolerates this challenge.(5)
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Yenidogan sepsisinde IL-6, IL-8, TNF- « ve C-reaktif protein (CRP)
diizeylerinin tan1 ve prognozdaki yeri

Ruken YILDIRIM

Mehmet Celal DEVECIOGLUF?
Giris

Yenidogan sepsisi yasamun ilk ayt icerisinde gorilen sistemik
enfeksiyon bulgulariyla karekterize 6nemli bir morbidite ve mortalite nedeni oldugu igin, erken tant
ve tedavisi 6nem kazanmaktadir. Yenidoganda enfeksiyon sikliginin diger yas gruplarina gore fazla
olmasinda immun sistemin immatir olmasinin roli mevcuttur. Kan  kiltirtinde
mikroorganizmanin tespiti ile kesin tanist konmakta olan sepsisin, kiltiir sonucun en erken 24-48
saat icinde ¢ikmast sebebiyle, tantya yardimei olacak yeni arayislara yol agmaktadir. Mevcut klinigin
sepsis ile uyumlu olmasi halinde alinan kan kiltirinde mikroorganizma tespit edilmez ise bile
hastaya baslanmis olan antibiyotik tedavisi tamamlanmali. Sonug olarak kan kiltiiriinin pozitif
ctkmast yenidogan sepsisi i¢in tani koydurucu olsa bile kiltiiriin negatif ¢ikmast sepsisi ekarte
ettirmez (Rashwan vd., 2019:149-155).

Yapilan bazi ¢alismalar, sepsis tanisint koymak i¢in CRP, interlokin-6 (IL-6) ve interlokin-8 (IL-8)
gibi bir¢ok sepsis belirteci igermektedir. CRP, enfeksiyon yanit olarak karacigerde sentezlenen bir
akut faz reaktanidir. Stpheli vakalarda enfeksiyonun dislanmasinda daha faydali olabilir ve
antibiyotiklerin daha erken kesilmesini saglayabilir. IL-6, enfeksiyon sirasinda erken dénemde artan
en 6nemli sitokinlerden biri olarak kabul edilir. Bakteriyel enfeksiyona yanit olarak monositler ve
makrofajlar tarafindan uretilir. 1L-8 Enfeksiyona cevap olarak monosit, makrofaj ve endotel
hucreleri tarafindan salgilanmakta. Bir ¢ok ozelligi ile IL-6’ya benzer. CRP ile bitlikte sepsis
tanusinda kullanildiginda sensivitesi yiksektir (Frantz vd., 1999:447-453).

Klasik olarak semptomlarin ortaya ¢ikis zamanina gore yasamun ilk 3 giiniinde goriilen erken
baslangicli neonatal sepsis (ENS) ve yasamin 4-30. gunlerinde gorilen ge¢ baslangicli neonatal
sepsis (GNS) olarak ikiye ayrilir. Annede kronik bir hastaligin varligl, anne yasinin 40 yas tstii yada
18 yas altinda olmast sepsis olasiligini normale gore arttirmaktadir (Ferrieri ve Wallen, 2018:553-
565; Shane vd., 2017:1770-1780). Prematiire bebeklerde term bebeklerden sepsis goriilme olasiligt
3-10 kat daha fazladir. Erken membran riipturt (>18 saat) ve korioamniyonit varliginda ENS riski
yaklasik 10 kat artmustir (Ericson, Laughon,2015:155-165). Annede rektal, vajinal grup B streptokok
(GBS) kolonizasyonu, Fetal distres varligi, cogul gebelik, disik APGAR, erken baslangiclt sepsis
riskini artirirken, kateter/sonda takilmasi gibi invaziv girisimler, mide asiditesinin azaltilmasi ve
cerrahi girisim ihtiyact GNS riskini artirmaktadir (Karakus vd., 2007:151-154). Dogum ve dogum
sonrast komplikasyonlar daha stk ENS ile iliskilidir (Puopolo vd., 2011:1155-1163).

! Uz. Dr. Diyarbakir Cocuk Hastanesi, Diyarbakir
2 Prof. Dr., Dicle Universitesi Cocuk Sagligr ve Hastaliklar, Diyarbakir
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Yenidogan sepsisinde bulgu ve semptomlar genellikle nonspesifiktir. Erken baglangich
sepsis cogunlukla birden ¢ok organ ve sistemi tutarken, ge¢ baslangiclt sepsis multi sistemik yada
osteomiyelit, pnémoni veya artrit gibi tek odagi tutmakta. Sepsiste erken tani sadece bebegin hayatta
kalma olasiligs icin degil ayni zamanda olusabilecek komplikasyonlarin 6nlenmesi i¢inde 6nemlidir.
Sepsiste hastanin klinik bulgulari kardiyak, solunum, merkezi sinir sistemi ve gastointestinal sistem
ile ilgili olsada en degetlisi bebegin iyi gériinmemesidir (Satar ve Ozlii, 2012:449-457; Bizzatro vd.,
2005:595-602).

Bu calisma ile, yenidogan sepsisinin tant ve prognozunda IL-6, IL8, TNF-« ve C-reaktif
protein (CRP) seviyelerinin giivenirligi ve 6neminin tespit edilmesi amagland.

Yontem

Bu calisma, 2008 yilinda Dicle Universitesi Tip Fakiiltesi Yenidogan
Yogun Bakim Unitesinde, sepsis nedeniyle takibini ve tedavisini yaptigimiz 30 hasta ile herhangi bir
hastaligt olmayan annelerden problemsiz olarak dogan saglikli 20 yenidogan tstiinde yapildi.
Calismay1 kabul ettiklerine dair hasta ebeveynlerinden onam alindi. Calisma igin (12/6/2008 karar
n0:614) ile Etik Kurulundan onam alindu.

Yenidogan sepsisi tanisi, annede gorilen, EMR, trogenital sistem enfeksiyonu, evde
dogum, prematirelik ve diisik dogum tartist gibi risk faktérleriyle beraber, muayenesinde, takipne,
burun kanadi solunumu, inleme, siyanoz, emmeme, yenidogan reflekslerinin azalmasi veya
kaybolmast, tasikardi veya bradikardi, periferik dolasim bozuklugu, hipotansiyon, kusma, ishal,
batin distansiyon, hipo yada hipertermi, irritabilite, hipotoni, sarilik, konvilsiyon, kutis marmaratus
ve ciltte dokuntii gibi bulgular tespit edilen yenidoganlar da ayirct taniya giren olasiliklarin
ekartasyonu ile konuldu. Sepsis tanist igin T6llner sepsis skorlamast kullanildi (T6llner,1982:331-
337).

Klinik olarak sepsis diistintilen hastalardan, kan kultirt, periferik
yayma, CRP, TNF-«, IL-6 ve IL-8 icin kan alind1. Sepsisli olgularda kan kiltirt antibiotik tedavisi
oncesinde alindi. Pediatrik BACTEC kiltir vasatlarina 0.5-1 ml’lik venéz kan ekimi yapildi.
Kankdiltirt makinasinda (Becton Dickinson, Phoenix 100) bir hafta tutuldu. Kiltiirde tremis olan
mikroorganizmalar gram boyast ile boyandi ve ekimi yapildi. Idantifikasyon islemi bir Enfeksiyon
Hastaliklar1 uzmant ve Mikrobiyolog tarafindan yapildi. CRP immunonefelometre (Beckman
coulter, immage S/N 2528) yontemi kullanilarak ¢alisildt ve normal deger <3 olarak kabul edildi.
Sitokinler (TNF-o, IL-6 ve IL-8) icin jelli biyokimya tuptne 2cc kan alindi. Sitokinler icin
kemoimmunesans 1mmunoassay yontemiyle calisilan Immulite Autamated Analizer kullanilds.
TNF-a, IL-6 ve IL-8 duzeyleri pg/ml cinsinden 6l¢tldi.

Mevcut verilerin degetlendirilmesi i¢in kullanilan istatistiksel
yontemler (standart sapma, ortalama) yant sira iki grubun kiyaslanmasinda bagimsiz t testi, mevcut
griplarin yinenlenen 6lgimlerinde eslendirilmis t testi, nitel verilerin karsilastirmalarinda ki-kare testi
kullanildi. Sonuglar, ¢ift yonli hipotez ve anlamlilik p<0.05 duzeyinde degerlendirildi.

Bulgular

Calismaya klinigi sepsis ile uyumlu 30 hasta ve sagliklt olan 20 vaka alindi. Mevcut klinik,
biyokimyasal parametreler ve istatiksel sonuglar asagida 6zetlendi.
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Her iki grubun cinsiyet, yas, postnatal yas ve dogum yeri
parametreleri arasindaki farklar istatistiksel olarak anlamli. Dogum agithig: (p:0.002), gestasyonal yas
(p:0.001), EMR (p:0.011) ve mortalite (p:0.003) parametrelerinin iki grup arasindaki farklar
istatistiksel olarak anlamliydi. Sepsis grubunda daha diisitk dogum agirligr ve gestasyonal yas vardi
ve bu grupta EMR ile mortalite orani yliksekti (Tablo 1).

Tablo 1. Sepsis ve Kontrol Gruplari Arasinda Risk Faktorlerinin Karsilagtirilmasi

Sepsis (n=30) Control (n=20) p value

Cinsiyet, n (%)
Erkek 16 (53.3) 11 (55.0) 0.5692
Kiz 14 (46.7) 9 (45.0)

Yas, n (%)
0-4 giin 8 (26.7) 4 (20.0) 0.4252
5-30 glin 22 (73.3) 16 (80.0)

Dogum tartisi, g, n (%)
<2500 ¢ 13 (43.3) - 0.002b
>2500 ¢ 17 (56.7) 20 (100.0)

Dogum haftast, n (%)
< 38 hafta 11 (36.7) - 0.0012
> 38 hafta 19 (63.3) 20 (100.0)

EMR, n (%)
Evet 8 (26.7) - 0.0112
Hayr 22 (73.3) 20 (100.0)

Postnatal yas, n (%)
Erken 8 (26.7) 4 (20.0) 0.4252
Geg 22 (73.3) 16 (80.0)

Dogum yeri, n (%)
Hastane 27 (90.0) 20 (100.0) 0.2072
Ev 3 (10.0) -

Mortalite, n (%)
Exitus 10 (33.3) - 0.0032
Sifa 20 (66.7) 20 (100.0)
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a. Fischer’s Exact Test, b. Chi-Square Test

TNF- o , IL-6, IL.-8, CRP seviyesi hasta grubunda daha yiiksek diizeylerde c¢ikti. Fark analizi
sonugclarina gore 11.-6 (p:0.024), 1L-8 (p:0.029) ve CRP (p:0.010) dizeylerinin gruplar arasindaki

farklart istatistiksel olarak anlamliydi. TNF-a diizeyinin gruplar arasindaki farks istatistiksel olarak
anlamli degildi (Tablo 2).

Table 2. Sepsis ve Kontrol Gruplarinda IL-6, IL-8, TNF-« ve CRP diizeyleri

Sepsis (n=30) Kontrol (n=20) p degeri
IL-6 (pg/mL) 191.5+319.5 19.1£27.9 0.024
IL-8 (pg/mlL.) 1161.9+1853.0 175.2+457.8 0.029
TNF-o (pg/mL) 58.3+73.0 41.69£31.2 0.343
CRP (mg/L) 30.01£44.7 2.9%2.6 0.010

TNF- o, IL-06, IL-8 ve CRP diizeylerinin erken ve gec sepsis gruplarinda farklari istatistiksel olarak
anlamlt degildi. Yine bu parametrelerin pozitif ve negatif kiltir gruplart arasindaki farklart anlamlt
degildi. IL-6 (p:0.001) ve IL-8 (p:0.007) duizeyleri mortalite grubunda istatistiksel olarak anlamlt
sekilde daha ytiksekti (Tablo 3).

Table 3. Sepsisli Hastalarda IL—6, IL8, TNF-« ve CRP Diizeylerinin Prognoz ile Iligkisi

Erken Sepsis (n=8) Geg sepsis (n=22) p degeri
IL-6 (pg/mL) 296.81443.1 153.3+264.2 0.285
IL-8 (pg/mL) 1348.3+£2139.6 1094.1+£1802.5 0.747
TNF-o (pg/mL) 53.6145.6 60.0£81.6 0.836
CRP (mg/L) 14.5£18.9 35.6£50.2 0.259

Pozitif kiltir (n=15) Negatif kultiir (n=15)
IL-6 (pg/mL) 78.8+£130.2 304.3£409.0 0.051
I1-8 (pg/mL) 997.8+1347.5 1325.9£2305.7 0.638
TNF-o (pg/mL) 45.7+£35.3 70.9197.2 0.353
CRP (mg/L) 28.8+53.4 31.24£35.9 0.887

Exitus (n=10) Sifa (n=20)

IL-6 (pg/mL) 454.41447.1 60.1£81.3 0.001
IL-8 (pg/mL) 2415.6+2659.0 535.0£841.3 0.007
TNF-o (pg/mL) 94.2+111.6 40.4+34.9 0.055
CRP (mg/L) 48.9162.1 20.6+30.7 0.103
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Tartisma

Yenidogan sepsisi, hayatin birinci ayinda goriilen bir enfeksiyonun
ortaya c¢tkardigt semptomlar ve kiltiirde bir mikroorganizmanin tespit edilmesi ile olusan, akut
bakteriyemi ile giden sistemik bir hastaliktir (Ericson, Laughon,2015:155-165). Yenidogan
sepsisinin hizl teshisi, ciddi sonuglarini 6nlemek i¢in ¢ok 6nemli bir konu olarak kabul edilir. Erken
teshise yardimet olmak icin bir¢ok sepsis belirteci devreye giriyor. Sepsiste ortaya ¢ikan bulgularin
ve komplikasyonlarin buyik kismi mikroorganizmanin direkt olarak etkisiyle olusmasindan ¢ok,
enfeksiyona sekonder salgilanmis olan mediatotlerin etkisi sonucudur. Onceki yillarda sepsis
gelisiminde mikroorganizmadaki lipopolisakkaritler suclanirken, daha sonra lipopolisakkaritlerin
uyarmast ile ortaya ¢itkan TNF-a, IL-1, IL—6, IL-8 gibi bir¢cok mediatoriin sepsis olusumunda yer
aldig1 tespit edilmistir (Shane vd., 2017:1770-1780; Puopolo vd., 2011:1155-1163).

Burstein  vd.,(2021:101-102)  calismalarinda, yenidogan sepsis
tanusinda CRP’nin duyarliligint %74 ve ozgulligini %62 olarak bildirmislerdir. Bunduki ve Adu-
Sarkodie (2020:194) yenidogan sepsisinde CRP duyarliligini %95.7 ve ozgulligini %82.4 olarak
bildirmislerdir. Morad ve ark (2020:pargraf 49)) sepsis grubunda CRP diizeylerinin istatistiksel
olarak anlamli sekilde sepsis stipheli gruptan yitksek oldugunu rapor etmislerdir. Ye vd., (2017: 616-
621) c¢alismalarinda, CRP i¢in yenidogan sepsis tanisal degerini %88.0 olarak bildirmislerdir.
Hisamuddin vd., (2015: 527-531) calismalarinda, yenidogan sepsis tanisinda CRP’nin tanisal
degerini %70.07 olarak bildirmislerdir. Adib vd., (2012:777-782) calismalarinda CRP’nin sepsisin
erken tanisindaki duyarliligint %45 ve 6zgulligini %95 olarak rapor etmislerdir. Forrest vd., (1986:
192-198) calismalarinda; tanit ve tedavide CRP’nin sik Ol¢timlerde daha faydali olacagr ve
antibiyoterapinin sonlandirilmasinda 6nemli bir kriter oldugu sonucuna varmuglardi. Bizim yapmuis
oldugumuz bu calismada tani esnasinda hastalarin % 90’da CRP pozitifligi mevcut olup diger
calismalar ile uyumluydu. Yaptigimiz ¢calismada kontrol grubu ile, sepsisli yenidogan hastalarin CRP
diizeyleri arasindaki fark istatistiksel agidan anlamliydi. Ote yandan, CRP diizeyine etki eden
degiskenlerin de, CRP tanisal degerinde dikkat alinmasi gerekir. Vasiljevi¢ vd., (2008: 253-257)
calismalarinda, erken sepsis hastalarinda CRP seviyesine gestasyonel hafta ve vicut agirhiginin
anlamli etki gosterdigini rapor etmislerdir. Bir baska calismada Gyllensvird vd., (2020: 531), CRP
ve klinik semptomlar sayesinde yenidogan sepsisin daha kolay teshis edilebilecegini bildirmislerdir.

Sepsisli hastalarda TNF-a salinmi arasinda herhangi bir iliskinin varhigr yillarca arastirma
konusu olusturmustur. Rukmono vd., (2016: 15) calismalarinda TNF-a duzeyinin sepsisli
hastalarda, sepsis stipheli hastalara gére daha yiksek oldugu saptanmustir. Tracey vd., (1986: 470-
475); yaptiklart hayvan deneylerinde TNF-o uyguladiklari bir cok olguda sepsis ve septik sok klinigi
ile kargilasmistt. Hack vd., (1989: 1704-1710); yetiskin hastalarda yaptiklari ¢alismada sepsis tanilt
37 olgunun 32’de TNF-o serum seviyesinin yikseldigi gorilmistir. Yenidogan sepsisinde
sitokinlerin roli ile ilgili calismalar yetiskinlerde yapilan sepsis ile ilgili calisilmigsmalardan daha azdir.
Hibbert ve ark (2020: 15(5)) ise preterm ve term yenidogan sepsis gruplarinda TNF-o serum
diizeylerinin anlamli farklilik géstermedigini rapor etmislerdir. Yapmis oldugumuz calismada
sepsisli hastalarda Sl¢tilen TNF-a seviyesi saglikli grub ile mukayese edildiginde az bir artis goralda.
Ancak yapilan bu ¢alisma istatistiksel olarak anlamli bulunmadi.

Yenidogan sepsisinde yapilmis olan bir ¢ok ¢alismada IL.—8 seviyesinin yiikselmis oldugu
gorilmustir. (1992: 1704-1710) yilinda Hack ve ark. yetiskin sepsisli olgularda bakmis oldugu
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serum II.-8 seviyesi, vakalarin %89°da yiiksek tespit edilmistir. Yine (1992: 2402-2408) yilinda
Friedland vd., yaptigt ¢alismada; IL—8 seviyesinde ki artis ile mortalite arasinda pozitif yonde bir
iliskinin oldugu ileri suralmistir. Sitokinlerin yenidogan sepsisindeki roli ile alakali yeterince
calisma olmadigy icin, ¢alismamizdaki mevcut sonuglar eriskin sepsisinde tespit edilen sonuglar ile
karsilastirilacaktir. Ustiindag vd’nin (2000: ankara tez) yenidogan sepsisi ile ilgili calismalarinda;
kontrol grubuna ile kiyaslandiginda IL—8 duzeyi sepsisli olgularda oldukea yiksek bulunmustur.
Aradaki fark istatistiksel olarak anlamlidir. Bizim ¢alismamizda ayni sekilde kontrol ve hasta grub
arasindaki fark anlamli bulundu (p=0.029). Dolasimda bulunan IL.-8 diizeyleri gebelik haftasindan
ve bebegin postnatal yasindan etkilenmemektedir (Ng ve Lam. 2006: 125-131). IL-8’in kandaki
yartlanma 6mrintin 60 saat civarinda olmasi, sepsisin tanisinda ve takibinde diger sitokinler ile
kiyaslandiginda daha yararli olabilecegi izlenimi olusturmustur. Bununla ile beraber daha bir¢ok
calismaya ihtiyag vardir. Biz yaptigimiz calismada sepsisli olgularin I1.-8 seviyelerinin kontrol grubu

ile kiyaslandiginda daha yuksek oldugunu ve IL-8 seviyesi ¢cok yiiksek olan hastalarda mortalitenin
daha yiiksek oldugunu bulduk.

Morad vd., (2020: paragraf 49) calismalarinda, I1.-6 diizeyinin sepsis
olan hastalarda 6nemli oranda daha yiksek oldugu saptanmustir. Ye vd., (2017: 616-621)
calismalarinda, yenidogan sepsisinde IL-6 tanisal degerini %98 olarak bildirmislerdir. Rukmono ve
ark (2016:15) calismalarinda I1.-6 diizeyinin sepsisli hastalarda, sepsis stipheli hastalara gére daha
yiiksek oldugu saptanmustir. Ote yandan Kocabas vd., (2007:7-20) calismalarinda, Prokalsitonin ve
TNF-alfa parametrelerine gore IL-6, IL-8 ve CRP parametrelerinin 6zgtllik ve duyarliiklarinin
daha dusiik oldugunu bildirmislerdir. Yapmis oldugumuz c¢alismada hasta ve kontrol grubu
kiyaslandiginda aralarinda anlamlt bir fark bulundu. Hack vd., (1989:1704-1710) yetiskin sepsisli
olgularda yaptiklar: calismada IL— 6 diizeyindeki yiikseklik ile mortalite arasinda dogru orantilt bir
iliski tespit etmisti 2°. Sullivian vd,. (1992:510-515); cocuklarda yapmis oldugu calismada yaklasik
aynt sonuglart elde etmisti. Ustiindag vd., (2000: ankara tez) yaptigt ¢alisma ile IL.—6 seviyesinin
sepsisli grupta saglikli grup ile kiyaslandiginda artmis oldugu ve mevcut tedavi ile anlamlt oranda
azaldigt bulundu. Yapmis oldugumuz calisma ile IL-6’nin sepsisli hastalarda belirgin olarak
yukseldigi ve bunun yanisira bu ytkseklik ile mortalite arasinda dogru bir oranti oldugunu bulduk.

Sonug¢

Yapmis oldugumuz ¢alismada hastalardan sepsis distinildigi anda
kan 6rnegi alinmis olsa bile sepsisin tam olarak baslama zamanini tespit etmek giictiir. TNF-o’nin
yenidogan sepsisinin tant ve mortalitesinde diger parametreler kadar 6nemli olmadigt gorildi.
Bununla beraber yenidogan sepsisinin tanisinda IL-6, IL-8 ve CRP’nin olduk¢a 6nemli bir yeri
olmasina ragmen, enfeksiyonun siddeti ve mortalitesinin belitflenmesi agisindan IL-6 ve 1L-8’in
daha anlamlt oldugu go6zlendi.
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Local treatment with methotrexate of cesarean scar pregnancy: A case report
Sezeryan skar gebeligin metotreksat ile local tedavisi : Bir olgu sunumu

Tlknur OKUR AKSAN'
Nilhan OZTURK?

Dilek YENIAY?

Introduction

Cesarean scar pregnancy is a rare type of ectopic pregnancy, which is diagnosed as developing
pregnancy implanted in the myometrium at the side of a previous cesarean section scar'. This
phenomenon occurs about 0.15% in women with a previous cesarean operation’. However, it is
seen more common due to the increase in the number of cesarean sections and accounts for 6.1%
of all ectopic pregnancies”. Other causes of the increase include dilatation and evacuation,
myomectomy, operative hysterectomy and more improvement in diagnostic methods’. If the
condition is not managed in a timely manner, it leads to significant morbidity and mortality.
Continuing pregnancies to high weeks, may cause complications such as placenta accrete and

uterine rupture.

Clinical high suspicion of CSP in patients who have had previous uterine surgery and early diagnosis
by transvaginal ultrasonography may help initiation and success of conservative treatment,
prevention of complications, and preservation of uterus and fertility®.

There is no consensus on the treatment protocol for CSP. Various treatment options such as
dilation and curettage, uterine artery embolization, laparotomy or laparoscopic excision, local or
systemic methotrexate, local potassium chlorid, hysteroscopy, hysterectomy have been reported,
are depending on the gestational age and clinical characteristics at the time of admission”.

In our case, the patient who presented with the complaint of amenorrhea was successfully treated
without any complication by detecting a scarring ectopic pregnancy and applying transvaginal

ultrasound-guided injection of methotrexate.
Case

A 37-year-old female patient with gravida 6 parity 3 was admitted to our outpatient clinic with the
complaint of amenorrhea. The case had a history of cesarean section fifteen, eight and four years
ago, and had undergone salpingectomy for ectopic pregnancy 2 years ago. In the transvaginal
ultrasound performed on the same day, crown to rump length (CRL) was measured as 6 mm and
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was consistent with 6 weeks and 3 days, gestational sac located at the lower uterine segment and at
the previous cesarean section scar with a live embryo (sekil I). Due to the presence of the live
embryo 50 mg/m2 methotrexate was injected inside the gestational sac with transvaginal
ultrasound-guided puncture. A 20 Gauge Cook Medical needle was used. Fetal cardiac activity
turned negative after methotrexate using and no bleeding was seen. In the ultrasound examination
was performed 3 days after the intracavitary methotrexate application, the presence of a 6*3 mm
cystic image with irregular borders in the lower uterine segment after meth use of a cystic image
the lower uterine segment with irregular walls, measuring 6*3 mm without an embryo. The weekly

b-HGG level gradually decreased and the uterus became normal in the control performed 1 month
later (sekil IT).

Sekil I. Transvaginal ultrasound shows a gestational sac at the site of the lower uterine segment with
an empty uterine cavity.

Sekil 1. 1 month after treatment with methotrexate transvaginal ultrasound shows normal uterus
appearance

Discussion
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Cesarean scar pregnancy (CSP) is a life-threatening condition that, if not detected early, can result
high morbidity and mortality’. Among all types of ectopic pregnancies, scar ectopic pregnancy is
one of the rarest types. The first case was described in 1978 by Larson and Salomon’. It occurs as
a result of the implantation of the gestational sac into the myometrium and fibrous tissues of the
previous uterine scar. CSP tends to be more aggressive in the first and second trimesters due to the
risk of bleeding and uterine rupture®. The incidence of CSP is increasing all over the world, in line
with the increasing trend in cesarean rates’. Therefore, the possibility of scar ectopic pregnancy
should be included as a distant complication when explaining the complications of cesarean to the
patient”

There are two types of CSP, depending on the depth of invasion. The first type implants grow
away from the serosal lining and into the uterine cavity''. In the second type, locates deep within
the scar tissue and progresses into the serosal layer and possibly into the bladder or abdominal
cavity. This type is very dangerous and may lead uterine rupture and hemorrhage'..

US is the first and most important diagnostic method for diagnosis. Increasing suspicion and the
widespread use of us have led to the recognition of most cases of CSP in eatly pregnancy, thus
ensuring that the uterus and fertility can be preserved with rapid intervention. It also allows
differential diagnosis with abortion, molar pregnancy and cervical ectopic pregnancy. Transvaginal
ultrasound may allow early diagnosis of this disease before tragic consequences as uterine rupture
ot excessive bleeding”.

There is still no consensus on the best treatment for cesarean scar pregnancy. The treatment of
CSP depends on the clinical condition of the patient. If the patient has massive bleeding or uterine
rupture, immediate embolization or laparotomy followed by scar excision or hysterectomy is
indicated. The desire to preserve fertility is very important for patients. Medical treatment is
primarily indicated in hemodynamically stable patients, with the aim of preserving fertility by
avoiding laparotomy. However, close surveillance with the 3-HCG level is essential to monitor
response. Medical management includes local or systemic use of methotrexate, with or without the
use of potassium chloride. After confirming the diagnosis, the injection of potassium chloride
causes fetal death immediately and prevents further invasion and proliferation of the villi. Seow et
al. have previously advocated the use of ultrasound-guided methotrexate injection in the successful
management of scar ectopic'’. A lower B-HCG value and a myometrial thickness greater than 2
mm between the gestational sac and bladder seem to increase the success of methotrexate
treatment'”. However, no B-HCG value was determined for this treatment. The success of medical
therapy is monitored by serial 3-HCG values, and follow-up is recommended until the value
reaches < 5 mIU/ml". In our case, we caused fetal death without the need for KCI. by
administering local methotrexate with us guidance into the fetal sac. In the study of Aydeniz et al.,
which included 5 cases, they terminated the pregnancy by giving intracavitary methotrexate to each
patient'” and follow-up b-hcg levels with us control similar to our study. Local treatments are can
be better than systemic treatment because it has fewer side effects.

Conclusion
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CSP is a rare, life-threatening obstetric condition which is diagnosed early with the help of us. Early
diagnosis and treatment are very important to prevent serious complications. The treatment is not
completely clear and the first choice is medical treatment in hemodynamically stable patients.
Invasive procedures such as laparotomy or embolization can be applied in patients with acute
bleeding. A follow-up protocol with a well-defined diagnostic criteria and defined management can
be helpful in the treatment of this challenging ectopic pregnancy.
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BRCA-Iligkili Meme Kanseri

Miiserref BASDEMIRCY!
Ozgiir BALASAR®

Giris

Meme kanseri, diinya ¢apinda kadinlarda en stk gorillen malignitedir (Ferlay vd., 2013:1385).
Kadinlardaki tim kanserlerin yaklasitk %30’unu olusturur (Siegel vd., 2020:8). Meme kanseri
kadinlarda tim yas grubunda kansere bagl oliimlerde akciger kanserinden sonra ikinci sirada yer
alirken, 20-59 yas arast kanser nedenli Slimlerde ise ilk sirada gelir (Siegel vd., 2020:23). Yaklastk
%5-10"u kalitsaldir ve ailede kanser Oykiist ile yakindan iliskilidir, ancak bu durum farkli etnik
gruplar arasinda ve meme kanseri alt tiplerine gore degiskenlik gosterebilmektedir (Cao
vd.,2017:42).

Delesyon, duplikasyon ve translokasyonlar gibi anormalliklerden kaynaklanan genomik
instabilite, meme kanseri de dahil olmak lzere tim kanser hiicrelerinin 6nemli 6zelliklerinden
birisidir. Bu genomik anomalilerin DNA ¢ift zincir kirtklarinin onarim mekanizmasindaki
cksikliklerden kaynaklandigi distintilmektedir (Romanowicz-Makowska vd., 2011:201). Cift zincir
kiriklart zararli DNA lezyonlaridir ve dogru sekilde tamir edilmezse, hiicrenin hayatta kalmasini
daha da tehlikeye atabilecek kromozomal segment kayiplarina sebep olabilir. Ayni zamanda bu
lezyonlarin hatali onarimi, genomik instabiliteye ve hticre icin zararli olabilecek baska zararlt
mutasyonlarin da ortaya ¢tkmasina sebebiyet verebilir (Romanowicz-Makowska vd., 2011:201).

BRCAT ve BRCA2 DNA ift zincir kiriklarinin onariminda rol oynayan timor supressor
genlerdendir (Narod ve Salmena, 2011:445). BRCAT/2 genlerindeki germline patojenik/muhtemel
patojenik (P/LP) varyantlar herediter meme kansetlerinin biiytik bir kismindan sorumludur (Demir
vd., 2020:1337). BRCAT/2 genlerinde monoallelik germline P/LP varyantlari olan bireylerde meme
kanseri gelisme riski oldukea yiksektir. Bu genlerdeki varyantlarin arastirilmasinin meme kanser
gelisimi igin risk degerlendirilmesinde prediktif rol oynadigt kaniksanmistir (Tung ve Garber3.,
2018:141).

BRCAT1/2 genlerinin meme kanser gelisimi icin en 6nemli duyatlilik genleti oldugu g6z
ontinde bulunduruldugunda, Ulusal Kapsamli Kanser Agi (National Comprehensive Cancer
Network, NCCN) klavuzlarina gore secilmis hastalarda genetik test yapilmasi, hastalarin tedavi
planlanmast, takibi, ailesindeki diger riskli bireylerin belirlenmesi ve o kisilerin klinik yonetimi ve
genetik danismanlik agisindan oldukga 6nem arz etmektedir. Bu calismada meme kanseri tanist
konulan ve/veya NCCN kriterlerine gére genetik analiz yapilmast Onerilen olgularin BRCA7/2
genetik analiz sonuglarini sunmayt amacladik.

! Medical Genetic Specialist, MD, Konya City Hospital, Department of Medical Genetics, Orcid: 0000-0001-9012-9307
2 Medical Genetic Specialist, MD, Konya City Hospital, Department of Medical Genetics, Orcid: 0000-0002-2945-9355
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Yontem

Bu calismada NCCN klavuzlarina gére BRCAT/2 genetik analiz yapilmast gereken,
aralarinda akrabaligr bulunmayan 55 olgunun genetik analiz sonuglarini sunduk. NCCN kriterleri
Tablo 1’de gostetilmistit. BRCA7/2 genlerindeki nokta mutasyon ve kiiciik delesyon/duplikasyon
tespiti icin NGS (Next Generation Sequencing, Yeni Nesil Dizileme) yontemi kullanilirken, biytik
delesyon ve duplikasyon tespiti i¢in ise MLLPA (Multiplex Ligation-dependent Probe Amplification,
Multipleks ligasyona bagli prob amplifikasyonu) yontemi kullanidmistir.

NGS yontemi; tek bir numuneden elde edilen DNA’nin enzimatik reaksiyonlarla
milyonlarca DNA molekiiliine ayrilmasi ve ¢ogaltilmasi ile bu DNA molekiillerinin es zamanlt
olarak dizilenmesi esasina dayanmaktadir. Boylece genomdaki her bir bazin birden ¢ok kez
okunmast ve DNA parcalarinin dizilenmesi ile varyantlarin daha dogru bir sekilde tespit
edilebilmesi mimkin olabilmektedir. Ancak bu yontem ile genomdaki biyiik kopya sayist
degisiklikleri (ekzonik delesyon ve duplikasyonlar) tespit edilememektedir. Bunun i¢cin MLPA
yontemi kullanilmaktadir. MLPA, Multipleks Ligasyona Bagli Prob Amplifikasyonu, floresan ile
isaretli evrensel problar eklenmis dizilerin, eslenigi oldugu DNA’daki delesyon durumuna gore
amplifiye olmast ve bunun genetik analizotler ile tespit edilmesi esasina dayanir.

BRCAT/2 genlerindeki varyantlarin ¢ogu (=%80) tim gen dizi analiz yontemi ile, daha
kiictik bir kismi (~%10) ise delesyon duplikasyon analizi ile tespit edildiginden; olgulardan EDTA’lt
tipe alinan periferik kan 6rneginden DNA izolasyonu yapilarak oncelikle NGS yontemi ile
BRCAT/2 tim gen dizi analizi ¢aligilip herhangi bir varyant tespit edilmeyenlerde MLLPA yontemi
ile BRCAT1/2 delesyon-duplikasyon analizi yapilmistir.

Tablo 1. NCCN Kiriterleri

e <50 yas tan1 konulan meme kanseri
e <060 yas tant konulan ve triple-negatif (Ostrojen reseptot, progesteron reseptor ve HER2/neu [human
epidermal growth factor receptor 2] negatif) meme kanseri
e Herhangi bir yasta meme kanseri tanst ile birlikte =1 yakin akrabasinda ek kriterlerden birisinin varligy;
* <50 yas meme kanseri tanist
* invaziv over kanser
* erkek meme
* pankreas kanseri
* metastatik ya da yuksek dereceli (Gleason skor 27) prostat kanseri
e  Herhangi bir yasta meme kanseri tanist ile birlikte 22 yakin akrabasinda herhangi bir yasta meme kanseri
tanis
e  Bir veya iki memede birden fazla primer meme kanseri
e  Erkekte meme kanseri

e Herhangi bir yasta over kanseri ya da pankreas kanseri ya da metastatik prostat kanseri tanis

e  Askenazi Yahudi popiilasyonunda herhangi bir yasta meme kanseri tanist konulmus olmast

Sonug

NCCN kriterlerine gore ¢alisma yapilan 55 olgunun tamamt bayan idi. Olgularin 49 tanesi
meme kanseri tanisina sahip iken 6 olguda kanser tanist yoktu. 55 olgunun 13 tanesinde BRCA7/2
geninde heterozigot varyant tespit edildi (%23,63). Bir olguda BRCAZ2 geninde 2 varyant saptand.
Tespit edilen 14 varyantin 8 tanesi P/LP iken, 6 varyant klinik 6nemi belirsiz varyant idi. Olgularda
tespit edilen benign/muhtemel benign varyantlar degetlendirilmeye alinmadi. Ttim olgularda tespit
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edilen P/LP varyant orant %14,54 idi (8/55). P/LP varyant tespit edilen 8 olgunun 6 tanesi meme
kanseri tanisina sahip idi. Dolayistyla meme kanseri tanist konulmus olan olgularin %012,24’t (6/49)
BRCAT/2 agisindan pozitifti. Calisgma yapilan tim olgularin genetik analiz sonuglart Tablo 2’de
gOsterilmistir.

Tespit edilen tim varyantlarin 8’1 BRCA7 (%57,15)(8/14), 6’st BRCA2 geninde iken
(%42,85)(6/14); P/LP varyantlarin bes tanesi BRCAT (%62,5)(5/8), Ug tanesi ise BRCAZ2
genindeydi (%37,5)(3/8). Tespit edilmis olan 14 varyantin 12 tanesi NGS yontemi (%85,7) ile 2
tanesi ise MLPA(%14,3) yontemi ile tespit edildi. MLPA analizi ile iki olguda tespit edilen BRCA7
geninde ekzon 13 delesyonu idi. Diger varyantlar ise NGS yontemi ile tespit edilen nokta
mutasyonu ve kiicik delesyonlardl. Tespit edilen varyantlar ve patojeniteleri Tablo 3’de

gosterilmistir.

Olgularda en sik gbrilen varyant, Askenazi poptilasyonunda da en sik gériilen varyant olan
BRCAT genindeki ¢.5266dupC idi. BRCAZ2 geninde yeni bir patojenik varyant (c.8849del) tespit
edildi. Klinik 6nemi belirsiz varyantlarin klinik 6neminin belirlenmesi igin olgulara aile taramasi ve

varyant takibi 6nerildi.

Tablo 2. Olgularin genetik analiz sonuglart.
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OLGU ENDIKASYON BRCA1NGS BRCA2 NGS BRCA1 MLPA BRCA2 MLPA
DS.T 36 Yas Meme Ca Normal Normal Normal Normal
2E.A Anne Ve Teyze Meme Ca ¢.5266dupC Normal Normal Normal
3)H.E 36 Yas Meme Ca, 2 Abla Meme Ca Normal Normal Normal Normal
HH.K 38 Yas Meme Ca Normal c.4471_4474delCTGA Normal Normal
5R.0 46 Yas Meme Ca Normal Normal Normal Normal
6M.C 32 Yas Meme Ca Normal Normal Normal Normal
7S Anne Ve Teyzede Meme Ca Normal Normal Normal Normal
8T.S 36 Yas Meme Ca Normal Normal Normal Normal
9B.K 41 Yas Meme Ca, Abla Meme Ca Normal Normal Normal Normal
10)G.K 39 Yas Meme Ca, Anne Meme Ca Normal Normal Normal Normal
1DE.F.O 49 Yas Meme Ca Normal Normal Normal Normal
12)H.T 30 Yas Meme Ca, Babada Prostat, 2 Halada Meme Normal ¢.6468_6469delTC Yapilmadi Yapilmadi

Ca
13)U.A 25 Yas Meme Ca Normal Normal Ekzon 13 Normal
Delesyon
140.S Anne, Teyze, Teyzenin 2 Kizt Meme Ca Normal Normal Ekzon 13 Normal
Delesyon
15)D.S 42 Yas Meme Ca c.3541G>A Normal Normal Normal
16)F.K 49 Yas Meme Ca Normal Normal Normal Normal
17YG.O 50 Yas Meme Ca, Teyze Ve Kizt Meme Ca Normal ¢.8849delA Yapilmadi Yapilmadi
18)S.0 37 Yas Meme Ca Normal Normal Normal Normal
19)8.G 39 Yas Meme Ca, Teyze Meme Ca Normal Normal Normal Normal
2002.T 53 Yas Meme Ca, Anne Ve Kardes Meme Ca Normal Normal Normal Normal
21)ALP 46 Yas Meme Ca c4730C>A Normal Normal Normal
22)M.G Ailede BRCA2’de P/LP varyant Sykiisit Normal Normal Normal Normal
23)M.M Abla,Hala,Babasinin Halast Meme Ca Normal Normal Normal Normal
24HE.Y 31 Yas Meme Ca Normal Normal Normal Normal
25)H.N.H 31 Yag Meme Ca Normal ¢.3310A>C; ¢.3503T>A Yapilamadi Yapilamadi
26 S.C 33 Yas Meme Ca Normal Normal Normal Normal
27)E.H 38 Yas Meme Ca Normal Normal Yapilamadi Yapilamadi
28)N.G Abla, Hala Kizt Meme Ca Normal Normal Normal Normal
290.U 41 Yag Meme Ca Normal Normal Normal Normal
30)T.0 26 Yas Meme Ca Normal Normal Normal Normal
3DMK 44 Yas Meme Ca Normal c.5860A>G Normal Normal
32)H.O 41 Yas Meme Ca Normal Normal Normal Normal
33)B.G 38 Yas Meme Ca Normal Normal Yapilamadi Yapilamad:
34)S.C 31 Yas Meme Ca Normal Normal Yapilamadi Yapilamadi
35)F.A 40 Yas Meme Ca,Anne,Day1 Kiz1t Meme Ca Normal Normal Normal Normal
36)B.G 36 Yas Meme Ca Normal Normal Normal Normal
37AT 34 Yas Meme Ca Normal Normal Normal Normal
38)E.T 31 Yas Meme Ca Normal Normal Normal Normal
39)F.A 38 Yas Meme Ca Normal Normal Normal Normal
400M.O 38 Yas Meme Ca Normal Normal Normal Normal
41)A.0 Over Ca, Teyze Meme Ca Normal Normal Normal Normal
42HK 56 Yas Meme Ca,Kiz Kardes,Yegen Meme Ca c.3737C>A Normal Yapilamadi Yapilamadi
43)H.Y 29 Yas Meme Ca Normal Normal Normal Normal
44)C.E 25 Yas Meme Ca Normal Normal Normal Normal
45)F.AT 31 Yas Meme Ca, Anne Over Ca ¢.5266dupc Normal Yapilmad: Yapilmadi
40)A.G.G 45 Yas Meme Ca, Anne Meme Ca Normal Normal Normal Normal
47R.G 55 Yas Meme Ca, Abla Meme, Anne Over Ca ¢.5266dupc Normal Yapilmadi Yapilmadi
48)C.V 25 Yas Meme Ca Normal Normal Normal Normal
49M.T 47 Yas Meme Ca, Abla Meme Ca Normal Normal Normal Normal
50)N.S 45 Yas Meme Ca Normal Normal Normal Normal
51E.S 38 Yas Meme Ca Normal Normal Yapilamadi Yapilamadi
52)H.O 44 Yas Meme Ca Normal Normal Normal Normal
53)H.K 40 Yas Meme Ca Normal Normal Yapilamadi Yapilamadi
54A.D 44 Yas Meme Ca Normal Normal Yapilamadi Yapilamadi
55 A.E 43 Yas Meme Ca Normal Normal Normal Normal
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Not: S.B:Sonug bekleniyor. Ailede 2 Meme Ca 6ykiisti olanlarin en az birisinde tant yagt 50’den kigtiktir.

Tablo 3. BRCA1/2 genlerinde tespit edilen varyantlar.

VARYANT PATOJENITE OLGU NO

BRCA1 (NM_007294): ¢.5266dupC ACMG:Patojenik 2,45, 47
Clinvar:Patojenik

BRCA1 (NM_007294): c.3541G>A ACMG :Muhtemel Benign 15
Clinvar:Benign (Klinik Onemi
Belirsizden Benigne
dénmiistiir)

BRCA1 (NM_007294): c.4730C>A ACMG : Klinik Onemi Belirsiz | 21
Clinvar: Patojenitesi Tartigmalt

BRCA1 (NM_007294): c¢.3737C>A ACMG : Klinik Onemi Belirsiz | 42
Clinvar: Patojenitesi Tartigmali

BRCA1 geni Ekzon 13 Delesyonu Patojenik 13, 14

BRCA2 (NM_000059): c.4471_4474delCTGA ACMG:Patojenik 4
Clinvar:Patojenik

BRCA2 (NM_000059): ¢.6468_06469delTC ACMG:Patojenik 12
Clinvar:Patojenik

BRCA2 (NM_000059): c.8849delA* ACMG:Patojenik 17
Clinvar: Verisi Yok

BRCA2 (NM_000059): ¢.3310A>C ACMG : Klinik Onemi Belirsiz | 25
Clinvar: Klinik Onemi Belirsiz

BRCA2 (NM_000059): ¢.3503T>A ACMG : Klinik Onemi Belirsiz | 25
Clinvar: Klinik Onemi Belirsiz

BRCA2 (NM_000059): c.5860A>G ACMG : Klinik Onemi Belirsiz | 31
Clinvar: Klinik Onemi Belirsiz

*Daha 6nceden tanimlanmamis yeni mutasyon
Tartigma

BRCAT (17q21.31) ve BRCA2 (13q13.1) genleri sirastyla 1994 ve 1995 yillarinda kestedilen,
otozomal dominant kalitilan, meme kanserine yatkinlik olusturan en 6nemli iki gendir (Miki
vd.,1994:66, Wooster vd., 1995:789). Bu genlerdeki P/LP germline varyantlar, biiylik delesyonlar
ve yeniden dizenlenmeler DNA cift zincir kiriklarinin tamirinde rol oynayan protein fonksiyon
bozuklugu neticesinde kanser riskinde artisa neden olur. Tim meme kanserlerinin yaklasik %5-10u
kalitsal olmakla birlikte (Cao vd.,2017:41), kalitsal meme kanserlerinin ise %25-28’inden BRCA
genleri sorumlu tutulmustur (Cao vd.,2017:42). BRCA1/2 genlerindeki P/LP varyantlar 6zellikle
erken baslangich meme kanseri, bilateral meme kanseri ve uglii negatif (Gstrojen reseptord,
progesteron reseptori ve insan epidermal biiyiime faktori reseptorii-2 negatif) meme kanseri veya
ailede meme kanseri 6ykusi olan kisilerde daha sik gérilmektedir.

BRCA genlerinde P/LP varyant tastyan bireylerde goriilen klinik tablo BRCA7/2-1ligkili
Herediter Meme ve Over Kanseri (Hereditary Breast and Ovarian Cancer (HBOC)) olarak
adlandirilir (Shiovitz ve Korde, 2015:1292). Calismamizda herediter olabilecegi diisintlen meme
kanser olgularinin da dahil edilmesi ile bitlikte BRCA7/2 genlerinde varyant orant %23,63 olarak
tespit edilmis ve literatiir ile uyumlu bulunmustur.

BRCA genlerindeki varyantlarin tespitinde kullanilan standart yontemler sekans analizi ve
delesyon/duplikasyon analizidir. Bu genlerdeki degisimlerin ¢cogu, tek niikleotid degisimleri veya
birka¢ ntkleotidlik delesyon ya da insersiyonlardir. Bu degisimler sekans analiz yontemi ile
kolaylikla saptanabilir ancak sekans analizi buytik genomik degisiklikleri tespit etmekte yetersizdir.
BRCAT/2 genlerindeki degisimlerin kii¢tk bir kismi ise MLLPA yontemi ile tespit edilen daha buytk
yeniden diizenlemelerdir. Bu tir degisimler tim kalitsal BRCA varyantlarinin yaklasik %4-28'ini
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olugturur (Riahi vd.,2017:22). Tablo 4te BRCA7/2-liskili Herediter Meme ve Over Kanserinde
Kullanilan Molekiiler Genetik Yoéntemler ve P/LP varyantlarinin genlerdeki dagilimi gésterilmistir
(Petrucelli vd.,2016:4). Calismamizda BRCA genlerinde tespit edilen degisimler literatiir ile uyumlu
olarak %85,7 oraninda sekans yontemi ile %14,3 oraninda ise MLPA yontemi ile saptanmustir.

BRCA genlerinde tespit edilen varyantlarin yaklagik tcte ikisi BRCAT, tgte biri ise BRCA2
genindedir (Tablo 4). Bizim calismamizda da BRCA genlerinde tespit edilen tiim varyantlarin
%>57,15’1 BRCAT, %42,85’1 ise BRCA2 genindeydi. Tum varyantlar icinde P/LP olanlarin ise
%062,5’1 BRCAT, %37,51 ise BRCAZ genindeydi ve literatiir ile uyumluydu.

Tablo 4. BRCAT7/2-1liskili Herediter Meme ve Over Kanserinde Kullanilan Molekiiler Genetik

Yontemler.

Yonteme gore P/LP varyant tespit orani

BRCA1/21ligkili HBOC’de
BRCA genlerindeki P/LP .
Gen g .. Delesyon / Duplikasyon
dagilimi Sekans Analizi Analizi (MLPA)
BRCAT %66 >%80 ~%10
BRCA2 %34 >%80 ~%10

BRCAT/2-1iskili HBOC (OMIM#604370 ve OMIM# 612555) erkek ve kadin meme
kanseti, yumurtalik kanseti (fallop tupti ve primer periton kansetlerini icerir), BRCA2 geninde P/LP
varyant tagtyanlarda nadiren prostat, pankreas, melanom gibi diger kanserler icin artmus risk ile
karakterizedir. (Petrucelli vd.,2016:4). Malignite riski tahminleri, etnik kokene gore degisim
gostermekle bitlikte BRCA7/2 geninde P/LP varyant tastyan kadinlarda 6mur boyu meme kanseti
gelisme riski %050-85’dir (Shiovitz ve Korde, 2015:1292). Tablo 5’te BRCA 7 /2 genlerinde germline
P/LP varyant tastyan bireylerde malignite gorilme riski 6zetlenmistir (Petrucelli vd.,2016:4-5).

Tablo 5. Germline BRCA1/2 -Patojenik Varyanti Olan Bireylerde Malignite Riski.

Kanser Tiirii Genel Popiilasyon Risk Malignite riski

BRCA1 BRCA2

Meme
Ikinci primer meme
Over

Erkek meme

Prostat

%12

%?2 (5 yil icinde)

%1-2

%0.1

%0 (69 yasina kadar)

%46-87

%21.1(10 y1l iginde);
%83 (70 yasina kadar)

%39-63

%1.2

%8,6 (65 yasina kadar)

%38-84

%10.8 (10 yil iginde);
%062 (70 yasina kadar)

16.5%-27%

%8.9’a kadar

%15 (65 yasina kadar);
%20 (6mur boyu)
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Pankreas %0.5 %1-3 %2-7

Melanom %1.6 Artmis risk
(kutan6z & okiiler)

BRCA genlerinden daha az yaygin olan, farkli penetrasyon ve goriilme sikligina sahip kalitsal
meme kanser sendromlart ile iligkili baska genler de mevcuttur. Bunlardan TP53 (Li-Fraumeni
sendromu), PTEN (Cowden sendromu), CDH7 (Herediter Diffiiz Gastrik Kanser), CHEK2, ATM
(Ataksi-Telenjektazi), STK77 (Peutz-Jeghers sendromu) ve PALB2 genlerindeki P/LP varyantlarda
meme kanseri riski artist daha fazla iken; BLM, WRN, RAD51C, MI.LH1, MSH2, MSH6, PMS2,
EPCAM genlerinde ise daha nadirdir (Petrucelli vd.,2016:9-10). Ozellikle BRCA negatif olan ancak
herediter olabilecegi distiniilen meme kanser olgularinda bu durum g6z 6ntnde bulundurulmalidir.

CGalismamizda BRCA genetik analiz endikasyonu bulunan bireylerin sonuglart esliginde
BRCA1/2-Iliskili HBOC konusu degerlendirildi. Sonuglar literatiir ile karsiastirilarak
BRCA1/2’nin hasta ya da riskli bireylerde analiz edilmesinin 6nemi vurgulandi.

Sonug olarak kalitsal meme kanserleri hakkinda klinik bilgiler genislemeye devam ederken
gerekli goriilen bireylerde BRCA7/2 genetik analiz 6nerilmektedir. Bu durum hem tani konulmus
hastalarda tedavi yonetiminin planlanmast hem de ytiksek riskli bireylerde kanser gelisimine kars
riski azaltict 6nlemlerin alinmasi, bu bireylere erken tani yontemlerinin sunulmast ve genetik
danismanlik verilmesi acisindan olduke¢a 6nemlidir.
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Ziraat Alaninda Kullanilan Etmen Tabanh Sistemler ve Uygulamalari

Melek Isik’
1.GIRIS

Teknolojiye dayali sistemler giinimiizde bir¢ok sektorde kullandmaktadir. Genel olarak
matematiksel yontemler 6n plana c¢iksa da sezgisel ve akilli sistemlerde giinlik yasamda yerini
almaktadir. Sezgisel yontemler, biylik boyutlu problemler i¢in, kabul edilebilir stirede optimuma
yakin ¢6ztimler verebilen algoritmalardir. Matematiksel yontemler kadar net sonu¢ vermese de
endustri, ziraat ve hizmet alanlarinda kullandmaktadir. Sezgisel yontemlerin en sik kullanilanlarina
ornek olarak asagidaki yontemler verilmektedir; (www.wikipedia.org)

e Genetik Algoritma

e Karinca Kolonisi Optimizasyonu
e Parcacik Stiri Optimizasyonu

e Yapay Ar Kolonisi

¢ Diferansiyel Gelisim Algoritmast
e Benzetim Tavlama

e Yapay Sinir Aglar

e Bulanik Mantik

Akilli sistemler ise veri analizine dayalt ¢6zim yaklagimlaridir. Akidli sistemler tarimsal
alanda bitkisel hastaliklarin teghisi, mahsul verimliliginin belirlenmesi, otomasyon ve akilli
robotlarin  kullanimi gibi uygulamalarin  gergeklestirilmesi gibi bir¢ok konuda basart ile
uygulanabilmektedir (Akillt & Atil, 2014). Akillt sistemlere etmen tabanlt sistemler 6rnek olarak
verilebilmektedir. Etmen tabanl sistemler son zamanlarda ziraat alaninda da ¢6zim yaklasimi
sunmaktadir. Bu galismada, etmen tabanlt sistemlerin ziraat alanindaki uygulamalari incelenmistir.

2. ETMEN TABANLI SISTEMLER

Etmen tabanlt modelleme, son yillarda arazi kullanimi i¢in dikkat ¢eken bir yaklasim haline
gelmistir. Temel olarak insan hatasint en diistik seviyelere indirerek karar vermenin arazi kullanimi
tzerindeki etkisini mekansal olarak acik bir sekilde birlestirmenin bir yolunu sunmaktadir. Etmen
sistemlerin avantajlari, bireysel karar verme ve etkilesimlerini modelleme, sosyal stirecleri ve parasal
olmayan etkileri karar verme strecine dahil etme ve sosyal ve cevresel strecleri dinamik olarak
iliskilendirme yeteneklerini icermektedir. Etmenler, bagimsiz olarak calisabilen sistemlerdir. Esnek
bir sekilde programlanabilmektedir. Ginlik hayatta insanlara katkida bulunmaktadir (Aldag &
Eker, 2018; Oztemel, 2003).

Etmen tabanlt arazi kullanim modelleri, operasyonel karar destek araglarindan ziyade, basit
pratik kurallara donustirilebilecek temel bir bilgi tabant gelistirmek igin daha faydali olmaktadir.
Matthews, Gilbert, Roach, Polhill, & Gotts (2007) politika analizi ve planlama, katilimci modelleme,
arazi kullanimi veya yerlesimin mekansal modellerini actklama, sosyal bilim kavramlarini test etme
ve arazi kullanim islevlerini aciklama gibi ziraat alaninda yapilan etmen tabanli calismalar
gruplandirmislardir. Bu galismada ise yillara gore gelisimsel olarak ziraat alanindaki etmen sistemler
incelenmistir.

! Ars. Gér. Dr., Cukurova Universitesi, Endiistri Mithendisligi Bélimi
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3.ETMEN TABANLI SISTEMLERIN ZIRAAT ALANINDA UYGULAMALARI

Ziraat alaninda kullanilan etmen sistemler son yillarda daha ¢ok karsimiza ¢ikmaktadir.
Happe, Balmann, & Kellermann (2004), karmasik ekonomik sistemlerin modellenmesi agisindan,
etmen tabanlt modelleme sistemlerinin nicel olarak modellemek ve daha dogal bir sekilde anlamak
icin uygun bir yaklasim oldugunu éne siirmiislerdir. Ozellikle, etmen tabanli tarimsal yapisal
modelleri, tarimsal sistemlerin karmagikliginin daha iyi anlasgilmasini desteklemek icin bilgisayar
deneylerinin yapilmasina izin vermektedir. Calisma, ayni anda ¢ok sayida bireysel olarak hareket
eden etmenler ¢iftligi, Griin pazarlarini, yatirim faaliyetini ve arazi pazarint gz 6ntinde bulunduran
tarim politikast simiilatér modelini sunmaktadir. Cografi bilgi sistemleri, mekansal verileri
duzenlemek ve belirli 6zellikleri atamak i¢in kullandmistir. Calismanin ara yuztinde, bosluklar hticre
seklinde gosterildigi bir dizi grafik ile temsil edilmektedir (Sekil 1).

[
Simulstion  About  Quit

[Cowresr

rental price [arable lanc]
a DMJha

rentel price (arass ]

Seki/ 1. Tarim bolgesinin idealize edilmis gosterimi (Happe vd., 2004)

Nesne yonelimli tasarim kullanilarak olusturulan programda, ¢ok sayida nesne
bulunmaktadir. Nesneleri kullanarak bu calismayi tasarlarken, benzer ¢iftlik kiimelerinin davranist
bir biitiin olarak tanimlamistir. Ciftlik, yonetici, miizakere ve pazarlama etmenleri olusturulmustur.
Arguenon, Bergues-Lagarde, Rosenberger, Bro, & Smari (2006), bag hasadinda kullanilabilecek
farklt tarim robotlart igin ¢ok etmenli sistem 6nermislerdir. Ug tip etmen, tiziim isleme merkezi ve
asma sirasi gibi statik bilesenler arasinda bir bagda hareket etmektedir. Isleme merkezi, hasat edilen
tztimleri doluncaya kadar tasima etmeninden almaktadir.
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Seki/ 2. Etmen tabanlt sistem ara yizii (Arguenon vd., 2006)
Coklu etmen sistemi, ORIS platformu kullanilarak hasat islemine entegre edilmistir. Sekil
2’de gosterilen ekran gbruntiisidir ve nesneye yonelik programlama diliyle gelistirilmistir. Cok
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etmenli sistem, sistemin prototiplenmesi i¢in insan ve makine etkilesimlerini géz Oniinde
bulundurularak programlanmistir.

Freeman, Nolan, & Schoney (2009), 1960-2000 déneminde Kanada ¢ayir tariminda ciftlik

buyukligi ve mali yapinin evrimini incelemek ig¢in etmen tabanli sistem kullanildigin
belirtmislerdir. Modeldeki bireysel ciftlik acentesi etkilesimi ve dinamikleri, arazi milkiyeti ve
kiralama piyasalar1 araciligtyla gerceklesmektedir. Genel olarak, calismalarinin katkis: iki yonludur -
ilk olarak, etmenin orta ile biytk Olcekte ciftciligi simiile etme yeteneginin bir “kavram kanitint”
temsil etmesi ve ikinci olarak da, model girisimcilik ve hikiimet tarimsal destek 6demelerinin
Kanada kir ciftligi yapisinin evrimi tizerindeki etkisini incelemislerdir.
Tayland'in  kuzey yiksek bolgelerindeki bir su havzasinda sera tariminin  yayilmasini
Schreinemachers, Berger, Sirijinda, & Praneetvatakul (2009) ekonomik olcttler ve etmene dayalt
modellemeyi birlikte uygulayarak incelemislerdir. Calismalarinda, kuzey Tayland’da dolmalik biber
yetistirmek icin seralart g6z 6ntinde bulundurmuslardir (Sekil 3).

o Mao Sa watershed
u Bangkok

- — O
0 125 250 500

Sekil 3. Tayland konumu (solda) ve havzadaki yiikseklik siniflart (sagda) (Schreinemachers vd.,
2009)

Modeldeki her bir hesaplama etmeni, ¢alisma alanindaki tek bir ¢iftligi temsil etmektedir;
bu nedenle, gercekte ciftlikler ne kadar ¢oksa modelde o kadar ¢ok etmen bulunmaktadir. Etmenler,
iscilik, tarim arazisi, meyve bahgeleri ve seralar gibi kaynaklara sahiptir. Etmen sistemde her yil, her
temsilci icin strasiyla yatirim ve Uretim kararlarini simile eden iki matematiksel programlama
probleminin ¢dziilmesini icermektedir. Calisma, dolmalik biber icin seralarin benimsenmesinde
Mae Sa havzasindaki ciftlikleri kisitladigint gostermistir.

Iskocya’daki tarim sektéril icin varsayimsal bir karbon pazarint temsil eden etmen tabanlt
sistem Bakam & Matthews (2009) tarafindan sunulmustur. Model, PALM programinda
uygulanmistit. PALM, bir peyzaj duzeyinde kaynak akislarinin simiilasyonuna izin veren bir
programdir. Bir dizi i¢ ice sinif olarak olusturulmus etmene dayali model seklinde tasarlanmustir.
Cif¢i etmeni, PALM model yapisinda stratejik bir rolde tanimlanmustir. Ciftcl, toplam alani,
yetistirilen her mahsuliin alan1 ve her hayvan tiirtinden hayvan saysi ile tanimlanan bir ¢iftlik ile
iliskilidir. Yapilan modelin amact, tarim sektériintin sera gazi emisyonu azaltma hedefine katkist icin
ticaret plant secencklerinin etkilerini degerlendirmektir. Sec¢imlerdeki biytik cesitliligi hesaba
katmak i¢cin etmen tabanl bir yaklasim benimsenmistir.

Schreinemachers & Berger (2011) tarimsal sistemlerde ¢iftlik karar
verme surecini simille etmek icin kisitlt optimizasyon kullanma gelenegine dayanan matematiksel
programlama tabanli ¢oklu etmen sistemleri adi verilen etmen tabanlt bir yazilim paketini
incelemislerdir. Calisma sonucunda, tarimsal teknolojinin, pazar dinamiklerinin, ¢evresel degisimin

291



Isik, Melek; Ziraat Alaninda Kullanilan Etmen Tabanli Sistemler ve Uygulamalar1

ve politika mudahalesinin heterojen bir ¢iftlik hane halki nifusunu ve bu hanelerin yonettigi
tarimsal-ekolojik kaynaklari nasil etkiledigini ortaya koymuslardur.

Wise & Crooks (2012), fiziksel su sisteminin, su kullanimini diizenleyen yerel, sosyal ve
kurumsal yapilarin ve emlak piyasasinin kuzey Meksika bolgesinde bir yasam tarzi olarak geleneksel
ciftciligin strdiirilebilirligi tGzerindeki 6nemli etkilesimini ve kiimilatif etkisini arastirmak igin
etmen tabanlt bir sistem olusturmuslardir. Modelin sonuglari, gelecekteki hava durumu modellerine
ve hikiimet diizenlemelerine bagh olarak, akarsu temelli ¢iftciligin mevcut oranlara yakin devam
edebilecegini, 6nemli 6l¢tide kiigtlebilecegini, ancak var olmaya devam edebilecegini veya tamamen
ortadan kalkabilecegini gostermektedir.

Ekosistemlerdeki arazi kullanimi degisimini anlamak i¢in etmen tabanli modeller giderek
daha fazla kullanidmaktadir. Mialhe, Becu, & Gunnell (2012) piring ekimi ve su uriinleri
yetistiriciliginin son 40 yidir dogal yasam alanlart pahasina rekabet ettigi Pampanga deltasi,
Filipinler’de elde edilen saha verilerine dayanan etmen modeli gelistirmislerdir. Bu calismanin
amaci, ciftcilerin Griin segimine gore karar verme sireglerinde cesitli degiskenlerin etkisini
arastirmak ve sonugta ortaya ¢ikan arazi kullanim degisikligini analiz etmektir. Sonuglar, arazi
kullanimindaki degisikligin ¢ kategorisini ortaya koymaktadir: geltik tretiminin dogal yasam
ortamina yayilmasi, su trtinleri yetistiriciliginin dogal yasam ortami ve geltik tizerine bir uzantist ve
geltik ile su kultirti arasinda degisen ardisik donemler seklindedir. Cesitli gostergeler, rasyonel
etmenlerin ¢evresel degisikliklere en tepkisel ve uyarlanabilir oldugunu gostermektedir.

Bilgisayar modelleri, iklimle ilgili analizler igin degerli bilgiler saglayabilir ve tarimda daha
iyi uyum ve hafifletme i¢in politika mudahalelerinin diizenlenmesine yardimct olabilmektedir.
Berger & Troost (2014) ciftcilerin tarimda iklim degisikligine tepkilerini ve bunlarin politikalardan
nasil etkilendigini degerlendirmek igin tamamlayict bir ara¢ olarak ¢ok etmenli sistemler
onermislerdir. Tarimsal sistemlere uygulanan etmen tabanlt modeller, tekrarlt ¢iftlik programlama
icin kullanilan tekniklerden yararlanmaktadir, ancak tim bireysel ¢iftliklerin modelleri, mekansal
etkilesimleri ve dogal cevreyi icermektedir. Calismada, iklim degisikligi ve arazi kullanim stratejileri
gelistirmenin yollart arastirilmustir.
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Rasgele ciftlik 6rnegi modelde incelenmistir ve modellenen tiim etmen 6zellikleri tahmin
etmek icin kullanilmistir (Sekil 4). Etmen modeller, karmasik ama gercek hayatta nasil calistigina
dair grup algilartyla ¢ok daha yakindan ilgilidir ve tamamlayict model yaklasimlarin herhangi
birinden daha 6nemli bir politika aract saglama yetenegine sahip olmaktadir.

Iwamura, Lambin, Silvius, Luzar, & Fragoso (2014), Rupununi’deki demografik biyiime,
aveilik, tarim, arazi Ortisi degisikligi ve hayvan poptlasyonu arasindaki etkilesimleri incelemek icin
etmen tabanli modelleme ile bittunsel bir model cercevesi gelistirmislerdir. Guyana'nin Rupununi
bélgesi, kuzey Amazon bolgesinin Guyana Kalkani i¢cinde yer almaktadir (Sekil 5).
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Seki/ 5. Rupununi bitki 6rtiisti ve koylerin haritast (Iwamura vd., 2014)

Model, artan insan ntfusu ile yerel dogal kaynaklarin tikenmesi arasinda geri bildirim
dongileri sergilemektedir. Tarim ve avciliga dayanan yerli topluluklar icin strdurilebilirlik
kosullarini anlamak ve dis miidahalelerin etkilerini incelemek i¢in senaryo analizleri kullanilmistir.
Modelin genel amaci, yerli halk tarafindan tutulan topraklar tizerindeki sosyal ve ekolojik
etkilesimlerin ve geri bildirimlerin mekanizmasint anlamaktir. Calismada, dort tir etmen vardir:
alanlar, koyler, haneler ve hayvan tirleri. Haneler etmeni temel mekanizmalar1 saglamaktadir.
Gegim kaynaklari ve arazileri sirdirmek igin temel geri bildirimleri biitinlestiren yerli topluluklarin
potansiyelini gostermektedir. Orman o6rtiisinin ve biyolojik gesitliligin  korunmasinin insan
faaliyetleriyle nasil uzlastirilacagi konusunda daha bilingli tartismalara katkisinda bulunulmustur.

Singh & Sharma (2015) tarim alaninda internetten kisisellestirilmis bilgilerin alinmast i¢in
etmen teknolojisine dayali bir yapt 6nermislerdir. Gerekli bilgiler, etmenler araciligiyla kolay ve
verimli bir sekilde erisilebilmektedir. Wooldridge & Jennings (1995) etmenleri, belirli bir ortamda
konumlanmis ve bu ortamda 6zerk hareket edebilen bir bilgisayar sistemi olarak tanimlamugtir.
Ayrica, etmenlerin insanlarin veya diger sistemlerin miidahalesi olmadan hareket edebildigini
vurgulamislardir. Etmenler asagidaki 6zelliklere sahiptir;

e  Ogrenme/Akil yiiriitme: Etmenin gecmis deneyimlerinden 6grenme ve cevredeki kendi
davranisini art arda degistirme yetenegidir.

e Etkinlik: Cevresinden gelen etkilere veya bilgilere uygun sekilde tepki verebilir.

e Ozerklik: Eylemler iizerinde kontrole sahip olmalidir. Yalnizca énemli karatlar igin
kullanicinin miidahalesine ihtiya¢ duyabilitler.
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e Hedefe yonelik: Tyi tanimlanmis hedefleri vardir ve béylece kendi hedeflerine ulasr.

Sistemde tanimlanan etmenler ise asagidaki gibidir;

e Ciftei Etmen: Ciftciler icin internet ara ylizinun 6zellestirilmesinden sorumludur. Diger
etmenlerle isbirligi icinde ¢alisir.

e Arastirmact Etmen: Internet kullanim davranist araciligtyla arastirmacinin ilgisini ve tercihini
ortiik olarak belirler ayrica yayinlari, projeleri, isbirligini, egitimleri belirler.

e Ogretici Etmen: Kullanicinin ilgisini tanimlar ve mevcut ontolojiyi kullanarak bilgileri ilgi
alanina gore kisisellestirir.

e Pazarlamaci Etmen: Tarimdaki deneyimlerden sorumludur.

Yapilan c¢alisma, her gorev icin ayrt etmenler oldugundan ve paralel olarak
calisabildiginden, bilginin daha verimli kullanilabilirligi ile sonuglanmistir. Ayrica bilgi paylasimi igin
birbirleriyle isbitligi yapabilmesi bakimindan daha iyi bir sistem gelistirilmistir. Tarimdaki paydaslar
icin kullanicinin ilgi alanina, tercihine ve baglamina gore bilginin etkin bir sekilde erisilebilir olmasi
saglanmuistir.

Grovermann, Schreinemachers, Riwthong, & Berger (2017) alternatif pestisit kullanimini
azaltma stratejilerinin etkisini 6nceden degerlendirmeye izin veren bir matematiksel programlama
tabanl ¢oklu etmen sistemine dayali yeni bir model gelistirmislerdir. Model, yiiksek degerli nakit
mahsullerin benimsenmesine, sentetik pestisit kullaniminda hizlt bir artisin eslik ettigi Tayland’in
kuzeyinden iftlik ve arsa diizeyindeki verilerle parametrelenmistir.

Tarim sektort, strdurtlebilir bir topluma gegiste ¢cok 6nemli bir rol oynamaktadir. Maes
& Van Passel (2017), ciftcilerin yapisal cesitliligini, davranistaki heterojenligi ve dogal kaynak
kisitlamalarint hesaba katan etmen tabanli model kurmuslardir. Calismalarinda, Belcika tarim
sektori aragtirdmistir. Bireysel ciftcinin uyum kapasitesinin roliine, islem maliyetlerine ve karar
kurallarindaki gesitliligi incelenmistir. Bu model, ciftlik diizeyinde ampirik verilere dayanmaktadir
ve 2001°den 2011’e¢ kadar olan sektér dretimini g6z 6ntinde bulundurmaktadir. Belgika’da
gesitlendirilmis davranis ve etmen tabanlt giftlik modellemesini birlestiren ilk uygulamadir. Bu
durumda, uyarlanabilir ve uyarlanabilir olmayan ciftci tiirlerinin ayrt kategorileri uygulanmustir.
Sonuglar, sektériin zaman icindeki tretim duizeylerini agtklamak icin davranis kurallarindaki
cesitliligin gerekli oldugunu gostermektedir. Ciftcilerin bireysel davranislarindaki farklt bicimlerin
tarim sektorintn adaptasyonunu yavaslattugini gdstermektedir.

Hassas tarimda teknoloji, yalnizca bitkilerin temel ihtiyaclarint karsidlamayr degil, ayn
zamanda ¢esitli ortam degiskenleri g6z 6ntine alindiginda 6zel ihtiyaglarint tahmin etmeyi de garanti
etmektedir. Garcfa-Magarifio, Lacuesta, & Lloret (2018), tiretim maliyetlerini distirmek icin tarimda
akillt iletisim protokollerini simiile edecek mekanizmalardan yoksun oldugunu belirtmistir. Bu
baglamda, mevcut ¢alisma, pestisitlerin verimli bir sekilde yonetilmesi i¢in etmen tabanli bir akillt
iletisim protokolleri simiilatori sunmaktadir. Similator, elektrik giicti, mahsul sagligi, canlt bocek
yuzdesi ve pestisit tiketimi ihtiyacglarini dikkate almaktadir. Sistem, tarimda akidli iletisim
protokolleri baglaminda farkli stratejileri simiile etmek i¢in yeni bir etmen tabanli gergeveye
dayanmaktadir. Etmen mimarisi asagidaki gibidir:

e Sensor Etmeni: Bocekleri tespit etme ve bir ekin alanini dezenfekte edebilmektedir. Bu
etmen, diger sensor etmenleri ile iletisim kurabilmektedir.

e Hata Etmeni: Bir alandaki bir hatay1 temsil etmektedir.
e Mahsul etmeni: Belirli bir alanda yasayan ve buytyen mahsult temsil etmektedir.
e Tarim Goézlemci Etment: Sistemin etkinligini ve son durumunu izlemektedir.
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Sekil 6. sistemin sonuglarinin gosterildigi ekrandir. Ekin alani sensorlerle birlikte grafiksel bir sekilde
gosterilmistir. Calismanin sonucunda, akilli protokollerle hassas tarimin daha fazla yont dikkate
alinarak genisletilmesi planlanmaktadir.

Sekil 6. Sistemin ¢ikt1 ekrani (Garcfa-Magarifio vd., 2018)

Kablosuz multimedya sensor aglari, tarim izleme, altyapilar, askeri operasyonlar, afet
yonetimi vb. gibi ¢ok ¢esitli uygulamalarda kullanilmaktadir. Bhanu, Reddy, & Hanumanthappa
(2019) tarimi izlemek icin kullanilan, ¢ok etmen tabanli, icerige duyarlt bir bilgi toplama yéntemi
onermislerdir. Sekil 7.’de gosterilen ag ortami, algilayict digumlerden ve bir alict digimden
olusmaktadir.

Sekil 7. Network agt (Bhanu vd., 2019)

Ghandar vd., (2019) kentsel tarim icin kullanilan ve Hong Kong yakinlarinda bulunan ve
hizla biytiyen Shenzhen sehrinde bir uygulamada bulunmuslardir. Calismanin, merkezi olmayan
kentsel tarimsal tretim birimlerini koordine etmek icin yeni bir karar destek sistemi gelistirmeyi
kolaylastiracak ve kentsel ortamda tiretim ve tikketimin birlikte yerlestirilmesinden ¢ok sayida fayda
saglamasi Ongorilmustiir. Modelin ana kavramlart Gretim, dagitim, pazar talebi ve beslenmedir.
Uretim bir "itme" dinamigi yaratmakta pazar talebi ise tersine bir "cekme" dinamigi yaratmaktadir.
Model, tiketicilerin ve ureticilerin rolleri harmanlama yetenegini icermektedir. Cografi bilgi
sistemleri ve kentsel ¢evrenin demografik 6zellikleri, ¢iftlik ve etmen sisteme dahil edilmektedir.
Etmen tirleri tiketicileri ve treticileri icermektedir. Temsil edilen pasif nesneler ise kentsel
ciftlikler, tarim birimleri ve gida trtinleridir. Ana moduller asagidakileri icermektedir:
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e Baslatma modulu

e Tiketici alisveris moduli

e DPerakendeci kaynak modulu
e Kentsel ciftlik Giretim modulu
o  Uretici glincelleme modiilii

Sekil 8, ciftliklerin ve pazarlarin mekansal konumlarint test eden konfigiirasyonlar
gostermektedir. Senaryo 1, harita boyunca esit olarak dagitilmus ciftliklere ve perakendecilere
sahiptir. Senaryo 2, ciftlikleri belirli konumlarla sinirlandirir. Senaryo 3, ciftliklerin yalnizca belirli
bir yaricap i¢indeki perakendecilerle etkilesime girebilmesi disinda senaryo 1 ile aymudir.

(a) (b) (c)

Sekil 8. Shenzhen sehir senaryolart 1-3’te ciftlik konumu tizerindeki mekansal kisitlamalar: (a)
rastgele dagilim, (b) perakendecilerin yogunlasmast ve (c) merkezi bir kusakta yogunlasan
perakendeciler. Yesil, kentsel ciftlik yerlerini ve mavi perakende satis yerlerini temsil etmektedir.
(Ghandar vd., 2019)

Sonuglar (modelde kullanilan ¢esitli varsayimlar ve veriler gbz 6ntine alindiginda), kentsel
ciftliklerden gelen tiiketim yiizdesini ve tiiketici memnuniyetini artirmak icin ¢iftliklerin daha yitksek
kapasiteye sahip olmast ve tiriiniin lokasyonlar arast hareketinde ¢ok az kisitlama ile sehirde yaygin
olarak dagitilmasi gerektigini gostermektedir.

Barbuto, Lopolito, & Santeramo (2019) kentsel katt atiklardan elde edilen ¢oziintr biyo-
bazli maddeler iceren biyolojik olarak pargalanabilen malclama filmlerinin kullanimuyla ilgili ag
ozelliklerini bulmay:r amaglamislardir. Gergek verilerine gore etmen tabanlt bir model araciligryla
yayilma siirecini simiile etmislerdir. Model, Foggia eyaletinde bulunan Giiney Italya’dan bir bélge
baz alinarak incelenmistir. Etmen tabanli modeli kodlamak ve calistirmak i¢in NetLogo
platformunu kullanilmustir. Sekil 9, uygulanan modelin ara yiiziint gostermektedir.
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Sekil 9. Dairelerin etmenleri temsil ettigi NetLLogo programi araytizii (Barbuto vd., 2019)

Nesnelerin interneti teknolojisi son yillarda sera ¢evre izleme ve kontroliinde siirekli olarak
uygulanmaktadir. Wang, Chen, Zhou, & Li (2020), bir sera sisteminde verilerin birlikte
calisabilirligini saglamak icin XML tabanl bir veri kapsiilleme yontemi tasarlamuglardir. Ayrica,
coklu etmen sisteminin davranist, sera sistemindeki heterojen bilgileri ve veri senkronizasyonu igin
kullanilmistir. JADE tabanli gercek zamanlt ve kiimiilatif veri senkronizasyonu i¢in etmen tabanlt
sistem kullanilmistir.

Ziraat alaninda kullanilan etmen sistemler incelendiginde farkli farkli kullanim alanlart oldugu
gorilmiustir. Gelistirilebilecek bir¢ok alan mevcut oldugu tespit edilmistir.

4. SONUC

Yeni teknolojiler ile treticiler global dunyada etkili bir strateji i¢inde zorluklarint
paylasarak, giincel yasamda daha genis yararlar saglamak zorundadir. Yakin gelecekte ziraat alaninda
tlkemizde, akilli sistemlerin, tarimsal Uriinlerin kalitesinin ve miktarinin Gretilmesini imkan
saglayarak ve 6onemli derecede kaynaklarin yonetiminin iyilestirmesi beklentisi kac¢inilmaz olan bir
hedef olmaktadir. Bu calismada, akilli sistemler icerisinde tanimlanan etmenlerin ziraat alaninda en
az diger sektorleri etkiledigi kadar tarim tretimini de etkiledigi ve nasil bir etkilenme oldugu 6rnek
calismalarla 6zetlenmistir. Yurtdist calismalarinin yogunlukta olmast yurticinde de bu sektore ilgi
gOstermesi gerektiginin bir sonucudur. Gelecek calismalarda, sistemlerin uygulanabilitliginin
tlkemiz ziraat sektorine katkida bulunmast amaglanmaktadir.
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Anomali Tespiti igin Gegitli Yinelemeli Sinir Aglar1 ile Derin Ogrenme

Merve Begiim TERZI

I.  GIRIS

Geleneksel stireg izleme teknikleri, verilerdeki anomalileri tespit etmek amaciyla bir zaman
penceresi boyunca kimtlatif toplam ve issel agirliklt hareketli ortalama gibi istatistiksel olgctimler
kullanmaktadir [1]. Bu tekniklerde, zaman penceresinin uzunlugunun onceden belitlenmesi
gerekmekte ve sonuglar buytk dl¢tide bu parametreye baglt olmaktadir.

Yinelemeli sinir aglarinin (RNN) gelismis varyantlart olan GRU ve LSTM aglari, RNN'ler
tarafindan karsilasilan kaybolan gradyan probleminin tstesinden gelmek amaciyla stirekli hata akisin
saglayan carpimsal gecit mekanizmalari kullanmaktadir [2]. Degisen uzunlukta oriintiler iceren
karmastk ¢cok degiskenli zaman dizilerindeki uzun vadeli bagimliliklart 6grenebilme ve uzun siire hafiza
koruyabilme yetenekleri sayesinde Onceden belirlenmis zaman penceresi ihtiyacini ortadan
kaldirmaktadir. Yinelemeli gizli katmanlarin ardisik olarak yigilmasi sonucu olusturulan derin GRU ve
LSTM aglari ise zaman dizisi verilerinin farkli zaman 6lgeklerinde islenebilmesini ve daha zengin
zamansal 6znitelikler kiimesi elde edilmesini saglamaktadir.

EKG sinyallerini kullanarak kardiyovaskiiler hastaliklarin teshisini gerceklestirmek igin
literatiirde 6nerilen teknikler, kendi kendini organize eden haritalar (SOM) [3], otoregresif modelleme
[4], bulanik c-means kiimeleme [5], ¢ok katmanli algilayicilar (MLP) [6], RBF sinir aglart 7], destek
vektor makineleri (DVM) [8] ve zaman serisi yenilik tespit teknikleridir [9]. Bu teknikler, 6n isleme
metotlarinin  uygulanmasini, zaman-frekans  Ozniteliklerinin  ¢tkardmasii  ve  siniflandirict
tasarlanmasini gerektirmektedir. Ayrica, bu tekniklerin gurbiiz sekilde calismalart icin gesitli
kardiyovaskiler hastaliklarin yol actigi farkli EKG anomali tiirlerini igeren veri kiimeleri ile egitilmeleri
gerekmektedir. Ancak, farklit EKG anomali tiirlerinin hepsi icin etiketli veriler her zaman mevcut
olmamaktadir. Bu nedenle, teknigin egitildigi veri kiimesinde bulunmayan diger anomali turlerini de
tespit edebilen genelleme kabiliyeti yiiksek bir anomali tespit teknigi gelistirilmesi hedeflenmelidir.

II. YONTEM

Bu calismada, saglikli deneklerden elde edilen EKG zaman dizilerinin normal davranislart
yigilmis RNN, GRU ve LSTM aglariyla modellenerek, giirbiiz kestirim modelleri gelistirilmis ve

! Thsan Dogramaci Bilkent Universitesi, Elektrik ve Elektronik Mithendisligi Bélimii.
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normal davranistan sapmalar kestirim hatalar1 ve Gauss tabanlt istatistiksel anomali tespit teknigi
kullanilarak tespit edilmistir. Boylece, EKG zaman dizilerindeki anomalilerin gilirbliz tespitini
gerceklestirerek, KA’nin glivenilir teshisini saglayan bir teknik gelistirilmistir.

A. Veri Tabani

Onerilen teknigin gelistirilmesi sirasinda, Boston Beth Israel Deaconess (BIH) Tip
Merkezi'ndeki ve Massachusetts Teknoloji Enstitiisi'ndeki (MIT) laboratuvarlarin KA  teshisi
calismalarint desteklemek amactyla olusturduklart MIT-BIH veri tabani kullandmustir [10]. Veri tabani,
BIH Tip Merkezi'nin KA Laboratuvart tarafindan incelenen 47 hastadan ve saglikli denekten
kaydedilen ham EKG kayitlarini icermektedir.

Saglikli deneklerden elde edilen kayitlar Normal Sintis Ritmi iceren normal EKG zaman
dizilerinden olusurken, hastalardan elde edilen kayitlar Erken Ventrikiler Kasilmalar, Atriyal
Prematiire Kasilmalar ve Tempolu Vuruslar iceren anormal EKG zaman dizilerinden olusmaktadir.
Veri tabani, EKG verilerinde KA'nin yol actigi indiiklenmis ritim degisikliklerini géstermesi nedeniyle,
cesitli KA tespit tekniklerinin gelistirilmesi ve basarimlarinin degerlendirilmesi i¢in olduk¢a uygun bir
test ortamit sunmaktadir. Kayitlarin sayisallastirilmast sirasinda, yiiksek ¢ozinirliige sahip sinyallerin
elde edilmesi i¢cin 360 Hz 6rnekleme frekanst ve 10 pV genlik ¢ozinirligi kullandmistir. Veri
tabanindaki tim kayitlar, KA'nin baslangic ve bitis zamanlarini gbstermek tizere Kardiyoloji Anabilim
Dali uzmanlari tarafindan bagimsiz olarak etiketlenmistir.

B. Yinelemeli Sinir Ag1 Mimarisi

Geleneksel RNN'ler, girdinin veya ¢iktinin  degisken wuzunlukta olabildigi zamansal
bagimliliklart olan sirali zaman dizileri iceren makine 6grenmesi problemlerinde kullanilmaktadir [11].
Her bir zamandaki aktivasyonu 6nceki zamanin aktivasyonuna baglt olan yinelemeli gizli durumlart
nedeniyle, degisken uzunluktaki zaman dizilerini yiksek bagsarimla 6grenebilen geleneksel ileri
beslemeli sinir aglarinin uzantisint olusturmaktadir. RNN'lerin her yinelemeli katmani Sekil 1'deki gibi

zaman boyunca agilarak, ayni parametreleri paylasan esdeger bir ileri beslemeli aga dontsturtlebilir.

Sekil 1: RNN'nin yapist [11].

Zaman dizisi girdisi x = (xq,%3, ..., x7) icin RNN vyinelemeli gizli durumunu h; asagidaki gibi

giincellemektedir. Burada, tanh hiperbolik tanjant fonksiyonunu, Wy, , Wpy , Wy, agirhk
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matrislerini, by , b, ényargi vektorlerini ve ¢ dogrusal ag cikist aktivasyon fonksiyonunu ifade

etmektedir.
h’t = fanh (th Xt + Whh h’t—l + bh)
e = ¢(Wy, he + by)

RNN'in dezavantaji, geri yayilim sirasinda katmanlar boyunca geriye dogru giderken gradyan
degerlerinin azalmasindan kaynaklanan kaybolan gradyan problemi nedeniyle bilgi kaybt olmast ve
uzun vadeli bagimliiklar 6grenememesidir. Kaybolan gradyan problemine ve kisa dénemli hafizaya
¢6zim olarak, gizli durum bilgilerini uzun stre koruyabilen ve olaylar arasinda uzun siireli gecikmeler
olan verilerde yiiksek basarim gosterebilen GRNN'ler 6nerilmistir [11].

C. Gegitli Yinelemeli Unite Ag1 Mimarisi
GRU aglarinda, kaybolan gradyan problemini ¢6zmek, gizli durum bilgilerini korumak ve

verilerdeki uzun vadeli bagimliliklar1 6grenmek amaciyla bilgi akisini kontrol eden yapay sinir aglari
olan gecit birimleri bulunmaktadir [12]. GRU aglarina, 6nceki gizli durumunu hy_; silmesini saglayan
stfirlama gecidi 7 ve mevcut gizli durumunu yeni gizli durum hy ile giincellemesini saglayan
giincelleme gecidi u olacak sekilde iki gecit eklenmistir. Agin egitimi sirasinda asagidaki denklemler
yinelemeli olarak kullanidarak, agin aktivasyonlart hesaplanir ve girdi dizisinden ¢ikti dizisine
v = (v, V2, --.,¥r) haritalama gerceklestirilir.

up = 0 (Wi x¢ + Wyp he—y + by)

re = 0(Wx x¢ + Wi hey + ;)

ht = (1 — Ht) (D ht—l + Uy @ Et

he = tanh(Why x¢ + Wan (170 @ he1) + by)

e = ¢(Wy, he + by)
Burada, o lojistik sigmoid fonksiyonunu, Wiy , Wy , Wox , Wa , Wiy, Wy, Wy agulik

matrislerini, by, , by, by , b, O6nyargt vektorlerini ifade etmektedir. @ vektorlerin eleman bazinda

carpimini ve ¢ dogrusal ag ¢ikist aktivasyon fonksiyonunu géstermektedir.

s f” DD —
o :
Z; ,
Lo] Lo]  [em]
1 L) T

- /

Sekil 2: Tki carpimsal gecitli GRU agiin yapst [12].
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D. Uzun Kisa Siireli Bellek Ag1 Mimarisi

LSTM aglarinin temel birimi, yinelemeli baglantilara sahip birden ¢ok hiicresi bulunan ve bilgiyi
saklamak amaciyla kullanidan bellek hucreleridir (c) [13]. LSTM aglarina, mevcut bellek durumunu
yeni bellek durumu & ile giincellemesi i¢in giris gecidi i, 6nceki bellek durumunu ¢;—; unutmast i¢in
unutma gecidi f, mevcut bellek durumunu okumast icin ¢ikis gecidi 0 olacak sekilde t¢ gecit
eklenmistir. Ayrica, LSTM aglar1 gozetleme deligi baglantilarini kullanarak, zaman araliklarini hassas
sekilde Ol¢meyi Ogrenebilmektedir. Agin egitimi sirasinda asagidaki denklemler yinelemeli olarak
kullanilarak, agin aktivasyonlari hesaplanir ve girdi dizisinden ¢kt dizisine y = (vq, Vs, ..., V1)
haritalama gerceklestirilir.

ir = o(Wie x¢ + Wi he—y + Wic ce—1 + b;)

fe = U(W}x Xe + M’}n hiy + W}c Ct—1+ bf')
0r = 0(Wox Xt + Won he—y + Woe ¢ty + by)
e =ft Oce— +ir O
¢ = tanh(W,, x + Wy, hy—y + by)
hy = 0y @ tanh(e;)

e = ¢(Wy, he + by)

Burada, ¢ lojistik sigmoid fonksiyonunu, Wi, , Wr. , W, gozetleme deligi baglantilarinin
kosegen agirlik matrislerini ve b; , by , by , b , by, Onyargt vektérlerini ifade etmektedir.
vektorlerin eleman bazinda garpimini, ¢ dogrusal ag ¢ikist aktivasyon fonksiyonunu géstermektedir.

Cr1 / N \ C

%) + >
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O
f;
9 | ixafixajca) el .
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Sekil 3: Ug carpimsal gegitli LSTM aginin yapist [13].

E. Gegitli Yinelemeli Sinir Aglarinin Egitimi

Tek degiskenli X = (xD x@ . xM) zaman dizisindeki girdi degiskenlerini gésteren her
x® € R™ noktasi t zamanindaki m-boyutlu vektor (xit}.xgt}, ...,xfr?) olarak ifade edilen EKG
kaydini temsil etmektedir. Gelistirilen derin RNN, GRU ve LSTM tabanli kestirim modelleri, m-
boyutlu girdi degiskenlerinin gelecekteki [ degetlerinin kestirimlerini 6grenmektedir. Bu nedenle, m-

boyutlarin her biti igin modellerin giris katmaninda bir digim bulunmaktadir. Kestirimler m-boyutlu
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girdi degiskenlerinin gelecekteki [ degetleri icin yapildigindan, modelletin ¢ikti katmaninda m x [
digim bulunmaktadir.

Gelistirilen modellerin egitim, dogrulama ve test asamalarinda kullanilmak tzere tim veri
kiimesi dort gruba ayrstirilmistir. Bu gruplar, saglikli deneklerden elde edilen normal EKG verilerini
iceren egitim kiimesi (try) ve dogrulama kiimesi (valy ), saglikli deneklerden ve hastalardan elde

edilen normal ve anormal EKG verilerini iceren dogrulama kiimesi (valy ) ve test kiimesidir (tey).

Bir, iki ve ¢ yinelemeli gizli katmana ve her katmanda degisen sayida dugiimlere sahip derin
RNN, GRU ve LSTM aglarinin try egitim kiimesi kullanilarak egitilmesi sonucunda, EKG zaman
dizilerinin gelecekteki zaman adimlarinin giirbtiz kestirimini 6grenen modeller gelistirilmistir. Erken
durdurma yontemi ve valy dogrulama kimesi kullanilarak, gelistirilen aglarin parametreleri en
tyilenmis ve en yiiksek basarima sahip modeller secilmistir [14, 15].

F. Anomali Tespit Teknigi
Gelistitilen en iyilenmis derin RNN, GRU ve LSTM modelleri kullanilarak, val, dogrulama

kiimesinin kestirimi gerceklestirilmis ve kestirim hatalart hesaplanmistir. Bu amagla, girdi vektoriinin
x® € X tim [ <t < n—1degerleri icin I kez kestirimi gerceklestirilmistir. er.{t} degerinin £(® ile
£D  arasindaki  hata  farkini  gosterdigi  durumda, x®  icin  kestirim hatast  vektori

et = [git}, ...,ei{t]] hesaplanmistir.

Kestirim hatast vektotlerine Cok Degiskenli Gauss Dagilimlart N(ft, £) uydurulmus ve En
Buytk Olabilirlik Kestirimi (MLE) yontemi kullanidarak, en iyilenmis g ve X parametrelerinin
kestirimleri gerceklestirilmistir [16, 17].

valy dogrulama kiimesindeki normal ve anormal degetleti ayiran en iyilenmis T ayrim esik degeri,
F, -skorunun en buyiklenmesiyle belitlenmis ve tey test kimesindeki anomalilerin glrbiiz tespitini
saglamak amactyla kullandmigtir [18].

Optimum derin RNN, GRU ve LSTM modelleri kullanilarak, test kiimesinin kestirimi
gerceklestirilmis ve kestirim hatasi vektorlerine Cok Degiskenli Gauss Dagilimlarinin uydurulmast
sonucunda elde edilen olasilik dagilimlar p® ile en iyilenmis esik deger T kullanilarak, test

kiimesindeki normal () ve anormal (4) degerlerin siniflandirilmast gerceklestirilmistir [19].

x®ed; p® <t

o) :{x[t} EN; p® =1

304



Terzi, Merve Begiim; Anomali Tespiti igin Gegitli Yinelemeli Sinir Aglari ile Derin Ogrenme

Gelistirilen tekniklerin normal ve anormal verileri ayirt etme basarimlarint Slcmek amactyla Fy

-skoru, pozitif tahmin degeri (PPV'), isabet orant (T PR) ve yanls alarm orant (FPR) asagida gosterildigi

sekilde hesaplanmistir.

b= 2Py 1 TPR

PPV

TPR

FPR

III. SONUCLAR VE TARTISMA

" TP +FP
" TP+FN

“FP+TN

Gelistirilen derin RNN, GRU ve LSTM aglart ve Gauss tabanli istatistiksel anomali tespit
teknikleri kullanilarak, test kiimesi lzerinde elde edilen basarim sonuclart Tablo 1, 2 ve 3'de

goOsterilmistir. Her bir tablo, iki gizli katmana ve her katmanda 20 diigime sahip en iyilenmis derin
RNN, GRU, LSTM aglart ve tg¢ farkli EKG anomali tird i¢in bagimsiz olarak hesaplanan bagarim
sonuglarint géstermektedir. Gelistirilen tekniklerin test kiimesi tizerinde elde edilen basarimlarinin ve
farklt ¢esitlilikte EKG anomali tirlerine genelleme kabiliyetlerinin - oldukga yiiksek oldugu

goriilmektedir.

Ayrica, derin GRU ve LSTM aglarinin her tic EKG anomali tiirii igin derin RNN aglarina
kiyasla daha yiiksek basarima sahip olduklart gorilmektedir. Gelistirilen tekniklerin anomali tespitinin

en zor oldugu anomali tiiriinde bile yiitksek basarim gosterdikleri gérilmektedir.

Tablo 1— Derin RNN Tabanli Istatistiksel Anomali Tespit Teknigi Basarim Sonuglart (%)

Basarim Olgiitleri RNNEgy RNN4p RNNy
PPV 70.7 74.2 75.4
TPR 66.1 71.8 73.1
FPR 28.3 25 232
Fy 68.3 73 74.2

Tablo 2 — Derin GRU Tabanli Istatistiksel Anomali Tespit Teknigi Basarim Sonuclart (%)

Bagsarim Olgiitleri GRUgy GRU,p GRUy
PPV 83.3 85.7 88.9
TPR 81.5 84.1 87.4
FPR 16.7 14.1 10.7
Fq 82.4 84.9 88.2
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Tablo 3 — Derin LSTM Tabanlt Istatistiksel Anomali Tespit Teknigi Basarim Sonuglart (%o)

Bagarim Olgiitleri LSTMgy LSTM,p LSTMyy
rrv 84.5 88.9 90.2
TPR 83.8 87.4 88.5
FPR 14.9 10.7 9.1
F; 84.2 88.2 89.3

Bu calismada, derin GRNN'lerin kaybolan gradyan probleminin tstesinden gelme yetenekleri
sayesinde uzun vadeli bagimliliklar iceren EKG zaman dizisi verilerinde anomali tespiti konusunda
derin RNN'lere kiyasla daha yiiksek bagarima ve genelleme kabiliyetine sahip olduklart gésterilmistir.
Ayrica, yigilmis yinelemeli gizli katmanlara sahip derin LSTM ag1 ve Gauss tabanlt istatistiksel anomali
tespit tekniginin PTB-EKG veri tabant tizerinde en yiksek basarima ve genelleme kabiliyetine sahip
oldugu gorilmektedir. Bu nedenle, gelistirilen teknigin EKG zaman dizilerindeki tist seviye zamansal
Oznitelikleri veriyle ilgili 6n bilgi sahibi olmadan daha seyrek temsillerle 6grenebildigi ve normal zaman
dizisi davraniglarint gurbiiz sekilde modelleyebildigi gosterilmistir.

Literatiirde 6nerilen EKG anomali tespit teknikleriyle kiyaslandiginda, bu ¢alismada gelistirilen
derin 6grenme tabanli istatistiksel anomali tespit tekniginin daha yiksek basarima ve genelleme
kabiliyetine sahip oldugu gorilmektedir [20]. Gelistirilen teknigin diger avantajlari, dogrudan ham
sinyaller tzerinde galismasi, veri 6n islemesi, Oznitelik ¢ikarimi ve anomaliler hakkinda 6n bilgi
gerektirmemesidir. Sonug olarak, gelistirilen teknik, EKG zaman dizilerindeki anomalilerin giirbiiz
tespitini gerceklestirerek, kardiyovaskiiler hastaliklarin giivenilir teshisini saglamaktadir.
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Tarimsal tretimde yas meyve- sebze sektori, triinlerin toprak hazirligl, ekim ve hasat
islemlerinden sonra, tizerinde herhangi bir ikincil islem yapilmadan tiiketiciye ulastirilmast amaciyla
faaliyet gosteren, ciftci, komisyoncu, toptanct ve perakendeciden olusan bir yapidir. Tirkiye, farkl
iklim bolgeleri nedeniyle her bolgesinde meyve-sebze yetistirme imkanina sahiptir. Yas meyve-
sebze sektérinde dunyada 6nde gelen tlkelerden biri olan Tturkiye, Giretim miktart bakimindan ilk
bes tlke arasinda yer almaktadir. Havug, sebze tiretiminde 6nemli bir yere sahip olup belli alanlarda
fazla miktarlarda tretilip tuketilen bir sebzedir. Tturkiye, 2019 yilt itibariyle 125.772 da havug ekim
alanina sahip olup, ilk ti¢ sirada Konya (%52,77), Ankara (%21,61) ve Hatay (%17,5) yer almaktadir.
Bu tic il Tiirkiye havue ekim alaninin %92’sini olusturmaktadir. Uretim miktart bakimindan ise
Tirkiye’de 2019 yilinda tretilen 663.882 ton havucun %64t Konya’da, %230 Ankara’da, %9u
Hatay’da ve %4 diger illerde iiretilmektedir (Anonim, 2021a). Uriinler hasat sonrasin pazara
sunulmadan 6nce yikanarak tasniflenmekte ve paketlenmektedir. Uriinler hasat sonrast
temizlenmeden muhafaza edilmesi durumunda kasalara konularak soguk hava depolarina
yetlestirilmektedir. Depolama islemi, trtiiniin daha sonra tiketilmek, islenmek ya da pazarlanmak
lizere kalitesini koruyacak kosullarda bekletilmesi islemidir. Havuc 0 "C ve %90-95 nemde 4-6 ay
stureyle depolanabilir (Anonim, 2021a).

Bir¢ok tiretim alaninda soguk zincir, iretimin vazgecilmez unsurlarindandir. Soguk zincir,
gida maddelerinin Gretimden tiketimine kadar gegen siire icinde dogal nitelikleri korumak amaciyla
soguk ya da donmus ortamda depolanmasi, titketim merkezlerine sogutmalr araclarla tasimnmast,
satilacaklart zamana kadar yine soguk depolarda muhafazast ve satin alindiktan sonra tiketim
alanina kadar soguk ortamda koruma asamalarindan olusan soguk uygulamalara verilen isimdir
(Anonim, 2021a). Soguk hava depolarinda trinleri muhafaza eden isletmeler i¢in en 6nemli girdileri
enerji maliyetleridir. Bu enerji maliyetlerinin en basinda da elektrik enerjisi gelmektedir. Enerji
ihtiyacinin maliyetini minimum indirmek tarimsal isletmelerin maliyetlerinin dismesine kar payinin
artmasina katki saglayacaktir (Eker & Vardar, 2004). Tarimsal tretim faaliyetleri icerisinde enetjt
tiketimi ylksek baslica islemler; tarimsal sulama, kurutma, sera ve hayvan barmnaklarinin isitma ve
sogutulmast ile siit sagim tniteleridir (Guler, 2014). Ciftliklerimiz enetji titketimi fazla olan tarimsal
tretim islemlerini yerine getirebilmek i¢in yenilenebilir enerji kaynaklart olan biyoyakit, giines ve
ruzgar enetjisinden destek almakta veya tamamint bu kaynaklardan saglamaktadir. Bu yenilenebilir

! Unvan, Universite, Béliim, Orcid: Dr. Selguk Universitesi, Tarim Makineleri ve Teknolojileri Mithendisligi Bélimii,
0000-0002-9987-1695
2 Unvan, Universite, Boliim, Orcid: Dr. Selguk Universitesi, Tartm Makineleri ve Teknolojileri Miihendisligi Boliimii,
0000-0003-1743-9530
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enerji kaynaklarinin temel amact temiz ve strdurdlebilir ¢evreye sahip olmak ve gelecek yillara
yasanabilir bir ortam birakmaktir (Karaagag, Ogul, & Bardak, 2020). Bolgesel kosullar tarim
sektoriinde yenilenebilir enerji kaynaklarinin ekonomik kullanimint ve uygulama yontemini etkiler
(H. Oztiirk, Yasar, & Eren, 2010). Giines enetji sistemleri igin yillik ortalama giineslenme siiresi ve
cografi konumu bakimindan en ideal yerlerden biri Turkiye’dir diyebiliriz (Karaagag et al., 2020).
Tiirkiye'nin ortalama yillik toplam giines 1sinim siddeti 1527.4 kWh m?, giinde yaklasik 7.5 saat
giineslenme siiresini hesaba katarsak yillik giineslenme siiresi ortalama 2724 saattir. Bir diger
ifadeyle giinliikk 4.24 kWh m™ enetji tiretimi gerceklestirilebilir. Ttirkiye glines panelleri sistemi ile
gerceklestirebilecegi ortalama elektrik tretim potansiyeli 600 bin MW gibi ¢ok yiiksek bir degerdir
(Aksungur, Kurban, & Filik, 2013). Turkiye’nin 2021 yili Agustos ay1 itibariyla elektrik enerjisi
toplam kurulu giicinin yaklastk 98 bin MW olup, toplam kurulu giiciin tretim alanlarina goére
dagilim1 %31.9 hidrolik, %25.9 dogal gaz, %11.5 ithal kémir, %10.2 riizgar, %9.1 ithal komiir,
%7.5 glines, %01.8 biyokiitle ve %1.7 jeotermal enerjidir (Hakyemez, 2021). Ttirkiye’nin giines enerji
potansiyel haritast Sekil 1’de gosterilmistir. Bu haritaya gére 1 m? yiizey alanina gelen yillik ortalama
giines radyasyon miktart gineye gidildik¢e artmaktadir. Turkiye global radyasyon degetleri ginlik
en fazla 6570 kWh m? ile haziran ayinda, 11.31 saat ile en yiiksek giineslenme siiresi ise temmuz
ayinda gerceklesmektedir (Anonim, 2021b).

KWhim

BLIRSA -

.m-. BALIKESIR r"ﬂ ;

Sekil 1. Tturkiye giines radyasyon haritast (Anonim, 2021b)

Guniumizde enerji maliyetinin yukselmesi, ¢iftcilerimizin ve besicilerimizin gelirlerinin
o6nemli bir bélumunt elektrik faturalarina ayirmasina sebep olmaktadir. Bu ¢alismada, artan bu
elektrik ihtiyacini karsilamak icin Konya’da havug temizleme ve depolama isletmesinde giines
enerjisinin uygulanabilitligi ve isletmeye ekonomik getirisinin hesaplanmasi amaclanmistir.

Materyal ve Yontem
Giuines Panel Tesis Tasarim
Calismada ele alinan 6zel havug temizleme ve depolama isletmesi Konya 1li, Meram Ilcesi,

Kasinhant Mahallesinde yer almaktadir. Tsletme 8500 m? alana sahiptir. Havuc hasat islemi sonrast
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isletmeye getirilen tGriinler soguk hava deposuna yerlestirilmekte ve dénemsel olarak temizleme ve
paketleme islemi yapimaktadir. Temizleme ve paketleme islemi yiin 12 ay1 gerceklesmektedir.
Isletmede bulunan 4 adet soguk hava deposuna yerlestirilmis havuglar talep dogrultusunda
cikarilarak temizleme ve paketleme gerceklestirilerek sevk edilmektedir. Soguk hava depolarinin
toplam kapasitesi 1200 ton’dur. Isletme giinde 15-20 ton havug temizleme kapasitesine sahiptir.
Giines panel sistemi i¢in isletmenin temel elektriksel yukleri belirlenmistir (Cizelge 1). Isletmenin
giinliik enetji ihtiyact 4182 kWh, aylik ise 125460 kWh olarak tespit edilmistir. Isletmenin bir yillik
geriye dontik fatura edilmis aylik ortalama tiiketim degeri 124345 kWh’dur.

Isletme sahibi sebekeye bagli (of grid) PV sistem tercih etmistir. Yani tretmis oldugu
elektrigi isletme icerisinde kullanip, fazla enerjiye ihtiya¢ olmast halinde sebekeden karsilamaktadir.
Uretilen elektrik enerjisinin fazla olan kismi sebekeye verilmektedir. Daha sonra aylik olarak ilgili
elektrik dagitim sirketi ile mahsuplasmaya gitmektedir.

Cizelge 1. Isletmenin Temel Elektriksel Yiikleri

Elektriksel ytikler Gict Gunliik ortalama ¢alisma  Toplam enerji
(kW) sliresi (saat) miktart (kWh giin™")

Dalgi¢c pompa (1 adet) 36.6 5 183

Soguk hava deposu (4 adet) 36.6 24 3514

Yikama bandi motorlart (5 adet) 3 5 75

Elek mototlart (5 adet) 2 5 50

Diger (aydinlatma, TV vb) 30 12 360

Toplam 238 4182

Isletmede kullanilan giines paneline ait teknik ézellikler Cizelge 2’de verilmistir. Konya
ilinin glnes 1stnim siddetinin aylara gére degisimi ve ortalama giineslenme siireleri Cizelge 3’te
verilmistir.

Cizelge 2. Bir adet gines paneline ait etiket degerleri

Model No CWT450-144PMHCMB
Maksimum gti¢ (Wp) 330

Maksimum gticte voltaj (V) 33.8

Maksimum giicte akim (A) 9.78

Actk devre gerilimi (V) 41.21

Kapali devre akimi (A) 10.21
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Cizelge 3. Konya ili i¢in radyasyon degerlerinin ve ortalama giineslenme siirelerinin aylara
gore degisimi (Anonim, 2021b)

Aylar Radyasyon degerleri Gilneslenme
(kWh m?-gtin™) stiresi (saat)

Ocak 1.98 4.19

Subat 2.56 5.51

Mart 4.23 6.88

Nisan 5.20 8.03

Mayis 6.30 9.46
Haziran 6.78 11.28
Temmuz 6.81 11.97
Agustos 6.05 11.36
Eylil 5.12 9.79

Ekim 3.73 7.35

Kasim 2.36 5.53

Aralik 1.77 3.93

Konya ilinde en dusiik giines 1stnum siddeti ve giinesleme stiresi Aralik ayinda en yiiksek
ise Temmuz ayinda goriilmektedir (Cizelge 3). Isletmede kurulu olan giines enerji santrallerinin
2021 Agustos kur bilgilerine gbre ekipmanlarin maliyetleri Cizelge 4’te verilmistir. Cizelgeyi
inceledigimizde en fazla maliyetin glines panellerine ait oldugu goriilmektedir.

Cizelge 4. Giines santral sisteminin kurulum maliyeti

GES sistem ekipmanlart  Birim Birim fiyat: (TL) Toplam maliyeti (TL)

Gunes Paneli 480 adet 1350 648.000
Invertor 2 adet 50.000 100.000
Konstriksiyon - - 30.200
Kablolama 5000m 9 50.000
Diger (iscilik, ulasim vb.) - - 15.000
Toplam 843.200

Panel Verim Olgiimii

Giines panellerinin verim degeri hesaplamak icin isletmenin kurulu oldugu yerde,
09.11.2021 tarihinde 14:00 yerel saatinde; 25°C hava sicakligi, 1,1 m s™ riizgar hizinda ve 750 W m’
? 1s1ma giicii sartlarinda Slgimler alinmistir. Paneller catiya 10° egim ile yerlestirilmistir. Olgiimlerde

kullanilan cihazlara ait teknik 6zellikler Cizelge 5’te verilmistir.

Paneller tarafindan uretilen elektriksel giic, actk devre akim ve kisa devre gerilim
degetlerine baglt olarak Esitlik 1’e gére hesaplanmistir (H. H. Oztiirk, Kiigiikerdem, & Gokalp,
2016).
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PPV =IocxVs¢ 1)

PP17: PV sistem tarafindan uretilen elektriksel gtic miktar1 (W)
Ioc : agik devre akim degeri (A) ve
Ve : kisa devre gerilim degeridir (V).

PV sistemin verimi (1), Esitlik 1’de verilen denkleme gore hesaplanmustir. Burada verim,
sistem tarafindan uretilen elektrik miktarinin (Ppy), panellerin ylizey alanina gelen giines enerjisi
miktarina oranidir. (H. H. Oztiirk et al., 2016).

Npy = T Apy 2

Apy: PV ylizey alani (m?)
I: Toplam giines 1s1nim1 (Wm™)
Ppy: PV sistemin gticti (W)

Npv: PV sistem verimidir (%)

Sonug ve Tartigma
Giines Enerji Sisteminin Elektrik Uretimi

Isletmenin catisina kurulan giines enerji sisteminin aylara gore tretilecek —elektrik
hesaplamalari Esitlik 1 ve 2 ye gbre bir panele ait verim degerlerinden ve bolgenin glineslenme
stresinden yola gikilarak hesaplama yapilmistir. Saha 6l¢timleri sirasinda bir panelden 6lgiilen agik
devre akim degeri 4.5 A, kisa devre gerilim degeri 38.4 V ve panel ylzey sicakligt 33 °C olarak
Olgulmustir. Bir adet panelden alinan elektrik enetjisi 172.8 W ve verim degeri %12.5 olarak
hesaplanmistir. Isletmenin kurulu oldugu bolgenin aylik gineslenme suresi dikkate alindiginda
giines enerji sisteminin tretecegi elektrik degerleri Sekil 2’de verilmistir.
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Sekil 2. Isletmenin tiretebilecegi elektirik miktart
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Isletmenin en fazla enerji iiretimi temmuz ayinda gergeklesmistir. Isletmenin giines enetji
sisteminden 1 yil boyunca ortalama aylik enerji iretim degeri 22867 kWh olarak gerceklesmesi
beklenmektedir.

Isletmenin Elektrik Uretim ve Tiiketim Degerlerine Ait Maliyet Analizi

Sistemin toplam maliyeti 843.200 TL’dir. Yatirim maliyetinin %76’stnt PV paneller
olusturmaktadir. Panellerin Watt bastna maliyeti 4.09 TL, sistem maliyeti ise 5.32 TL.’dir. Isletmenin
aylik ortalama 125460 kWh elektrik titketim degeri maliyeti (elektrik birim fiyat1 0.78 TL/kWh)
97.858 TL’dir. Isletmenin yillik ortalama elektrik titketimi 1 505 520 kWh maliyeti ise 1.174.305
TL dir. PV sisteminin aylik elektrik tiretim miktart ortalama 22867 kWh, yillik tiretimi ise ortalama
274404 kWh olmaktadir. Isletmenin yillik ortalama sebekeden cekecegi elektrik 1231116 kWh’a
dismektedir. Bu durumda isletme yillik elektrik tiketiminden 274404 kWh, fiyat olarak ise 214.035
TL kazanct olacaktir.

Giines panellerinin ekonomik 6mtrlerini genellikle 20-25 yil arasindadir (Ondraczek,
2014). Yapilan arastirmalar, PV sistem ekonomik dmruntin 40 yila, kristal silikon teknolojisinde 50
yila kadar yikselebilecegini géstermektedir (Bazilian et al., 2013). Bu ¢alisma i¢in gines panellerinin
ekonomik 6mri 25 yil varsaydmistir (Akytiz, Bayraktar, & Oktay, 2009). Giines panellerinde her yil
%0.30’lik verim dusist gozlemlenir ve tretim degeri yildan yila diser (Taktak & Mehmet, 2018).
Bu baglamda glines enerji sisteminin kendini amorti etmesi 4.1 y1l olarak hesaplanmstir. Karaagag
et al. (2020) tavuk ciftligi i¢in yaptiklart ¢alismada gatr tipi glines enerji sisteminin kendini amorti
sturesini 6.2 yil olarak bildirmislerdir. Atakul, Ali Kalender, Gezici, and Eli¢in (2015) yaptiklart
calismalarinda 250 kWp glictiine sahip gunes enetjisi santralinin 6 yilda kendini amorti edecegini
aciklamuslardir. Giines enerji sisteminin kendini amorti etme suiresinin diger ¢alismalardan distik
¢tkmasinda kullanilan panelin giicti, bolgesel iklim sartlart ve tiretecegi elektrik enerjisini 6nce kendi
icerisinde kullanacak olmast etkili olmustur.

Sonug ve Oneriler

Biytik bir yenilenebilir enerji potansiyeline sahip olan Turkiye’de 6zellikle glines enetjisi
kullaniminin yaygin hale getirilmesi gerekmektedir. Bu baglamda temizleme ve siuflandirma
tesisleri ¢at1 giines enerjisi sisteminin kolaylikla uygulanabilecegi tesislerdir. Bu isletmelerde girdi
maliyetlerinin 6nemli bir kismint elektrik enetjisi olusturmaktadir. Bu ¢alismada, artan elektrik
ihtiyacint karsilamak icin Konya’da, orta 6lcekli bir havug temizleme tesisinde giines enetjisinin
uygulanabilirligi ve isletmeye getirisinin hesaplanmast amaglanmigtir.

Isletmenin catisina kurulan giines enerji sisteminin toplam maliyeti 843.200 TT.dir.
Isletmenin aylik ortalama elektriksel yiikii 125460 kWh olarak belirlenmistir. Bu elektriksel yiikiin
%84 “Gnl soguk hava depolari olusturmaktadir. Isletmenin aylik ortalama elektrik maliyeti 97.858
TL, yidlik ise 1.174.305 TL hesaplanmistir. Glines enerji sisteminin aylik elektrik tiretim miktart
22867 kWh, yillik iiretimi ise ortalama 274404 kWh hesaplanmustir. Isletmenin yillik ortalama
sebekeden ¢ekecegi elektrik 1231116 kWh’a diismektedir. Bu durumda isletmenin yillik elektrik
tiketiminde 274404 kWh azalma olacaktir. Baska bir ifade ile elektrik girdi maliyetinde yilda
ortalama 214.035 TL azalma olacaktir. Glines enerji sistemi Urettigi elektrigi kendi icerisinde
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kullanacagi icin batarya tGcreti ve yenileme gibi sorunu olmayacaktir. Bu durumda sistemin kendini
amorti stresi yaklasik 4.1 y1l olarak hesaplanmistir.

Tarimsal Griin temizleme, smniflandirma ve depolama isletmeleri icin elektrik enerjisi
ihtiyacinin tamamint veya belli oranini giines enerji sistemleri ile karsilamak isletmelerin maliyetini
ciddi oranda azaltacaktir. Ayni zamanda tiketiciler i¢in uygun alim fiyatlarinin olusmasina imkan
saglayacaktir. Ozellikle tarimsal alanlarda faaliyet gosteren isletmeleri yenilenebilir enetji kullanima
tesvik etmek, gerekli destekleri arttirmak tarimsal faaliyetlerin stirdiiriilebilirligi icin 6nemli olacaktr.

315



Orhan, Nuri & Sahin, Seda; Tarimsal Uriin Temizleme ve Depolama Igletmesinde Giines Enetji Sisteminin
Uygulanmasi ve Ekonomik Analizi

Kaynaklar

Aksungur, K. M., Kurban, M., & Filik, U. (2013). Tirkiye’nin Farkls Bolgelerindeki Giines Isinim
Verilerinin Analizi ve Degerlendirilmesi. Enerji 1V erimliligi ve Kalitesi Senpozyumn.

Akytz, E., Bayraktar, M., & Oktay, Z. (2009). Hibrid yenilenebilir enerji sistemlerinin endustriyel
tavukculuk sektori icin ekonomik agidan degerlendirilmesi: Bir uygulama. Balkesir
Universitesi Fen Bilimleri Enstitiisii Dergisi, 11(2), 44-54.

Anonim. (20212). Ankara Ili Havug Islene, Paketleme ve Depolama Tesisi/ On Fizibilite Raporn. Ankara
Kalkinma Ajanst.

Anonim. (2021b). Glines Enerjisi Potansiyel Atlasi. www.eie.gov.tr (erisim tarihi: 25.09.2021).

Atakul, §., Ali Kalender, M., Gezici, M., & Eli¢in, A. K. (2015). Guines Tarlast Kurulumu. Tarm
Matkinalar: Bilimi Dergisi, 11(1), 55-60.

Bazilian, M., Onyeji, 1., Liebreich, M., MacGill, 1., Chase, J., Shah, J., ... Zhengrong, S. (2013).
Re-considering the economics of photovoltaic power. Renewable Energy, 53, 329-338.

Eker, B., & Vardar, A. (2004). Kiiciik Riizgar Tiirbinlerinin Tarimsal Isletmelerde Kullanilabilme
Olanaklari. 1. Ulusal Temiz Enerji Sempozyumn, 26-28.

Giler, S. (2014). Orta dlgekli hayvancilak isletmelerinde yenilenebilir enerji kullanim olanaklar: ve drnek bir
nygnlama. Namik Kemal Universitesi,

Hakyemez, C. (2021). Aylik Enerji Bulteni. Retrieved from
https://www.tskb.com.tr/i/assets/document/pdf/enerji-bulteni-agustos-2021.pdf

Karaagac, M. O., Ogul, H., & Bardak, S. (2020). Kanatli hayvan ciftligi icin giines enerji
sisteminin tasartmi ve maliyet hesabt. Diizee Universitesi Bilim ve Teknoloji Dergisi, 8(1), 711-
722.

Ondraczek, J. (2014). Are we there yet? Improving solar PV economics and power planning in

developing countries: The case of Kenya. Renewable and Sustainable Energy Reviews, 30, 604-
615.

Oztiirk, H., Yasar, B., & Eren, O. (2010). Tarimda enerji kullanim1 ve yenilenebilir enetji
kaynaklari. TMMOB Ziraat Miibendisteri Odas: Tiirkiye Ziraat Mithendisligi V1. Teknik
Kongresi Bildiriler Kitabz, 909-932.

Oztiirk, H. H., Kiiciikerdem, K., & Gokalp, Y. (2016). Tarumsal Sulamada Giines Enerjisi Kullanim
Userine Bir Aragtirma. Paper presented at the International Multidisciplinary Congress of
Eurasia, Odessa, Ukrayna.

Taktak, F., & Mehmet, 1. (2018). Giines Enerji Santrali (GES) Gelistirme: Usak Ornegi. Geomatik,
3(1), 1-21.

316


file:///C:/Users/Lenovo/Downloads/www.eie.gov.tr
https://www.tskb.com.tr/i/assets/document/pdf/enerji-bulteni-agustos-2021.pdf

Kahraman Ilikkan, Ozge; Comprehensive Mining and Characterization of CRISPR-Cas System in Veillonella
spp.

Comprehensive Mining and Characterization of CRISPR-Cas System in
Veillonella spp.

Ozge KAHRAMAN ILIKKAN'’

Introduction

Veillonella is a gram-negative diplococci, small, strictly anaerobic bacteria that lack flagella,
spores, and capsules (Mashima et al., 2016). Vezlonella spp. has been isolated from the oral cavity
and intestinal tract of humans and are known to grow on on lactate, pyruvate, malate or fumarate
(Mashima et al., 2016). That bacteria fermentates lactate into propionate and acetate has been
associated with marathon running atlets and has made bacteria favorable for improving athlete
performance. For example, [eillonella atypica gavage approach has been shown to improve treadmill
run time in mice. Up to date, only VVeillonella atypica genome has been comprehensively analyzed
and CRISPR systems have been revealed (Han et al., 2020).

Bacteria and archaea constitute an adaptive defense system against phage or plasmid attacts
and is called Clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-
associated (Cas) genes (Makarova et al., 2011; Ramachandran & Bikard, 2019). CRISPR system
contains two classes (Class 1 and Class 2), 6 Types (I-VI), and 34 subtypes (Kahraman Ilikkan,
2021; Makarova et al., 2018). This clustering has been created according to the composition of Cas
genes, repeat sequences, and crRNA-effector complex (Alkhnbashi et al., 2020). CRISPR loci
include CRISPR array which direct repeats and spacer sequences in a (Lopatina et al., 2019).
CRISPR repeats are conserved short sequences in length 20 to 40 bases and separated by unique
sequences called spacers. Spacer sequences are acquired from either an invading plasmid or
bacteriophages and incorporated into the CRISPR array of the bacteria or archaea (Lopatina et al.,
2019). Thus, spacer sequences give a clue about interactions of bacteria in their ecosystems.

casT is a gene in CRISPR biology that presents universally in most CRISPR-Cas systems
and plays a role in adaption step (Crawley et al., 2018). However, cs2 was the most conserved gene
among all cas genes. Nevertheless, cas2 has less aminoacid sequence to compare. Therefore, this
research intented to invastigate all [eillonella spp. genomes and compare their both Cas1 and Cas2

enzymes.

Material and Method
Complete genome sequences

11 whole-genome and 29 draft genome sequences of [eillonella spp. strains published up
to date in NCBI (National Center for Biotechnology Information Genome Bank) were used for
the analyses (Sayers et al., 2020)

! Dr. Ogr. Uyesi, Baskent Universitesi, Gida Kalite Kontrol ve Analizi Programi, Orcid: 0000-0001-5843-6868
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CRISPR/Cas system identification and obtaining spacer sequences

CRISPR/Cas systems, spacers, and repeats sequences were identified with CRISPR-Cas++
and CRISPRDetect tools (Biswas et al., 2016; Grissa et al., 2007). CRISPR Recognition Tool (CRT)
v1.0 was used to confirm repeats swiftly (Bland et al., 2007). Spacer sequences were downloaded
from CRISPR-Cas++ tool. The heatmap of CRISPR systems of bacteria was constructed with
Rstudio, pheatmap package (Kolde, 2019).

Spacer analyses

Spacers belonging to a bacteriophage or plasmid were analyzed with the CRISPRTarget
tool (http://ctispr.otago.ac.nz/CRISPRTarget/crispr_analysis.html). Spacers, which are more
than 6, were used as a query to search against the phage or plasmid database by giving a cut-off
score of 20 . Exhibiting a maximum of two mismatches was considered as a parameter for a strong
match (Yang et al., 2020).

The phylogenetic analysis of the Casl and Cas2 proteins

Cas1 and Cas2 amino acid sequences were obtained from NCBI. All Cas1 and Cas2 amino
acid sequences were aligned by the ClustalW alignment algorithm with the MEGA X tool and the
UPGMA tree was constructed by using bootstrap method 500 replicates in Geneious Prime 2020.1
software (Kearse et al., 2012).

Results
CRISPR/Cas systems

CRISPR/Cas system of 40 Veillonella spp. strains were analyzed (Table 1). 21 strains had
type I1I-A, 10 strains had II-A, 5 strains had II-C, 4 strains had I-B, 4 strains had III-D, 2 strains
had I-C, and 1 strains had I-IF (Table 2, Figure 1). Repeat sequences were presented in Table 2.

Spacer target analyses

Spacer analysis revealed phage invaders of strains; namely, Proteus phage PM 85, Proteus
phage PM 93, Clostridium phage PhiS63, Clostridium phage PhiS63, Clostridium phage PhiS63,
Bacillus  phage Grass, Escherichia phage prol47, Campylobacter phage CPtl0,
Thermoanaerobacterium phage THSA-485A, Bacillus phage Hoody T, Bacillus phage CAMO03.

The phylogenetic analysis of the Casl and Cas2 proteins

Cas1 and Cas2 occurs universaly in all types of CRISPR and was used in adaptation process.
According to results, Casl and Cas 2 revealed a considerable agreement with subtypes, all were
clustered on the different branches of the tree according to subtypes as expected (Figure 2 and 3).

Discussion

CRISPR system diversity has been one of the attracted topic in biodiversity researches.
Closely related strains is difficult to type with 16S rRNA approach. Therefore, CRISPR system
comprison has been thought to help solving this problem. Especilly, Cas1 occuring in all type of
CRISPR, has been thought to have enough aminoacid sequence to compare CRISPR types of
strains. Therefore, this study intented to investigate |ez/lonella spp. CRISPR systems.
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Use of Alloys Electrodes in the Electrocoagulation Process

Hatice Sevim EKSI!

Giilizar KURTOGLU AKKAYA?

1. Introduction

Electrocoagulation (EC) is the most common electrochemical process that allows
simultaneous removal of many pollutants such as heavy metals, suspended solids, and emulsified
organic substances from wastewater using electric current and metal electrodes. The general
mechanism of the EC process includes coagulation, adsorption, absorption, precipitation, and
flotation processes. Aluminum (AI’") and iron (Fe’*, Fe*") electrodes are commonly used. These
electrodes react electrochemically with pollutants by producing water-soluble hydroxides during
the operating phase of the process. The adsorption capacity of metal hydroxides is high and with
these properties, metal hydroxides form coagulants by adsorbing different pollutant parameters in
the water and the formed coagulants are removed from the water by precipitating. EC is shown as
an indispensable step in the treatment of wastewater containing pollutants that are difficult to treat.
It is stated that it removes a wide variety of pollutants from water. It has been applied efficiently
to treat different wastewater containing refractory organic pollutants such as heavy metals (Al-
Shannag vd. 2015), foodstuffs (Chen et al., 2000), oil residues (Calvo et al., 2003), textile dyes (Bener
etal., 2019), fluoride (Sandoval et al., 2021), landfill leachate organic matter (Akkaya & Bilgili, 2020).
Some studies have even used EC for drinking water treatment (Heffron et al., 2019), (Das & Nandi,
2019). There is increasing interest in EC treatment in the industrial sector, thanks to its ability to
remove various pollutants.

1.1.  The EC process

The EC process consists of an electro-coagulant reactor, an anode, and an electrolytic cell
with a cathode. It consists of pairs of conductive metal plates placed between two parallel
electrodes and a direct current (DC) power source (Figure 1). The experimental setup also requires
a resistor box to regulate the current density and a multimeter to read the current values. The
conductive metal plates are commonly known as 'dissolving electrodes. The 'dissolved anode'
lowers the dissolution potential of the anode and minimizes the passivation of the cathode.
Dissolving electrodes can be made of the same or different materials as the anode. The EC process
is accepted to involve three successive steps: (a) the formation of coagulants by electrolytic
oxidation of the 'electrode'; (b) destabilization of pollutants, particle suspension, and breaking up
of emulsions; (c) collection of unstable phases to form flocs.

The destabilization mechanism of contaminants, particle suspension, and breaking of
emulsions has been explained in wide steps and can be summarized as follows:

! Ms., Necmettin Erbakan University, Environmental Engineering Department
2 Dr., Necmettin Erbakan University, Environmental Engineering Department, ORCID: 0000-0003-4779-0428
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1. Compression of the dispersed bilayer around the charged species, obtained from the
interactions of ions produced by dissolving the electrode, due to the current flowing through the
solution.

2. Charge neutralization of ionic species present in wastewater caused by counter ions
produced by electrochemical dissolution of the waste electrode. These counter-ions sufficiently
reduce electrostatic interparticle repulsion so that the van der Waals attraction dominates, thereby
causing coagulation. There are zero net loads in the process.

3. The flock formed as a result of flock formation and coagulation forms a sludge blanket that
captures and bridges uncomplexed colloidal particles.

DC power supply

( Aluminium Stainless steel
(anode)

: cathode) ;
‘.+ i , I Fl(}atlng [H
J — & ;
AP*— Al(OH);, «— OH

ol o :> : Adsorption

: Pollutant

= r,; ] aj | |

v A B - Anodic Sink Cathodic
(Oxidation) Sludge (Reduction

Electrocoagulation | G DefeenaReRStg D00 |

Figure-2. EC reactor (Wu et al., 2019)

Water is also electrolyzed in a parallel reaction, producing small bubbles of oxygen at the
anode and hydrogen at the cathode. These bubbles attract flocculated particles and lift-coagulated
pollutants to the surface by natural flotation.

In the EC cell (1) cathodic reduction of impurities in the effluent; (2) discharge and
coagulation of colloidal particles; (3) electrophoretic migration of ions in solution; (4)
electroflotation of coagulated particles with O2 and H2 bubbles produced at the electrodes; (5)
reduction of metal ions at the cathode; and (6) other electrochemical and chemical processes.

1.2.  Reactions occurring EC
When an electric field is applied to the electrodes from an external power source in a simple
EC reactor, the anode will undergo oxidation while the cathode will undergo reduction or reductant

deposition.

When the metal is named M as the anode, the electrochemical reactions can be summarized

as follows:

At the anode:

M) - M(aq)n +ne (1)
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2H20(1) _)4H+(aq)+02(g)+4e_ (2)
At the cathode:
Maq)"™ +ne” > M (3)

ZHZO(]_) + 2e > ZHZ(g) + 20H (4)

1.3. Advantages and disadvantages of EC

EC is a frequently preferred treatment method due to its many advantages. Thanks to EC,
a stable sludge formation is observed and dispersed particles in the water provide faster flock
formation compared to chemical treatment (Chaturvedi, 2013).

Although the EC method is similar to the traditional coagulation, it has many advantages.
These;

e ECis a method that requires simple equipment and is easy to use.
e Itis a method with low operating costs.

e Low cost compared to other methods as an initial investment cost.
e Low maintenance cost.

e Does not require the use of chemicals.

e Since there is no use of chemicals, there is no need for pollution caused by the use of
chemicals and additional methods for the elimination of this pollution.

e The sludge formed as a result of electrocoagulation can be easily dewatered and thus a small
amount of sludge is produced.

e The flocs formed have large particle sizes and contain less water, are acid-resistant and are
stable. For this reason, they can be easily filtered and separated.

e The waste sludge with lower total dissolved solids (TDS) content is generated compared to
chemical methods.

e Since the applied electric field activates the colloidal particles quickly, even the smallest
colloidal particles are removed.

e The formation of gas bubbles during electrolysis facilitates the removal of pollutants.
e EC provides a clear, colotless, and odotless effluent as a result of treatment.
e EC provides efficient wastewater treatment with different wastewater characteristics.

e The electricity required for current density in EC can be obtained from renewable energy
sources such as solar energy.

e EC minimizes the by-products formed.

e The combination of renewable energy sources and EC can minimize electricity and energy
consumption, which is a disadvantage in EC.

EC is the most widely used method among electrochemical treatment methods due to its
effective efficiency and easy operating conditions. However, EC has some disadvantages as well as
advantages and these are listed below.
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Electrodes are passivated over time, preventing the passage of electric current into the
aqueous medium. This situation reduces the treatment efficiency and causes the cost to be
increased by changing the electrodes frequently.

e Requires a highly conductive wastewater suspension.
e The hydroxide formed may tend to dissolve in some cases.

e Cost may be higher than other methods due to electricity and energy consumption.
2. Alloys

Alloys are called materials obtained by mixing a metal with at least one element in certain
proportions homogeneously. Metals used in industry are not pure, but in the form of alloys.
Depending on the desired properties in metal production, a structure different from the pure state
of the base metal is obtained as a result of solidification performed by adding one or more alloying
elements in addition to the base metal (Karaaslan, 2010). The biggest benefits of alloys are; It is the
production of new metal materials with superior properties by knowing how the added metals
affect the base metal properties. In cases where pure metals are insufficient for all kinds of effects
such as high temperature, abrasion, chemical environment, metals that provide the required
properties are added and alloyed. For example, the quick-rusting feature of iron is produced by
adding carbon to the iron and stainless-steel alloy is produced to a large extent. The desired metal
alloys can be produced according to the needs.

2.1.  Iron alloys

Iron alloys are alloy types in which the main metal is iron and other metals are added
depending on the desired properties. Iron is poor corrosion resistance due to environmental
influences. It also has low electrical conductivity. For this reason, the alloy obtained by adding iron-
based carbon element gives it a stainless feature and increases its electrical conductivity. Stainless
steel is a general term used to denote a wide group of advanced corrosion-resistant alloy steels.
Stainless steel are iron-based alloys containing at least 11% chromium (Cr) by weight (Sedriks,
1996). This amount of Cr gives stainless steel the ability to form a protective or passive film that
resists corrosion. The film is self-forming and self-healing and is responsible for the corrosion
resistance of stainless steel. Corrosion resistance can be increased with increasing chromium, nickel
and molybdenum levels. However, stainless steels cannot be considered 100% corrosion resistant.
The passive state can deteriorate under certain conditions and then corrosion occurs locally.
Stainless steel can show different properties depending on the varying carbon ratio. Iron alloys
containing less than 2.14% carbon are called steel, and iron alloys containing higher carbon are
called cast iron (Chaturvedi, 2013). In general, all ferrous materials containing up to 2.0% carbon
in their composition are defined as steel.

The type of iron-carbon alloy containing small amounts of manganese (Mn), silicon (Si), sulfur (S)
and phosphorus (P) besides the carbon metal is grouped under the name of steel.

2.2. Aluminum alloys

Aluminum (Al) has a unique position among all metals due to its properties and the
combination of these properties. Al’s lightness, corrosion resistance, good surface appearance,
durability, thermal properties, excellent machinability, electrical conductivity etc. are well known.
The integrated coexistence of these advantageous properties has made Al rank high among all other
metals. Pure Al is soft and ductile. When it comes to the main areas of use where mechanical
properties at a certain level are required, this property remains within certain limits that a pure
metal can provide. For this reason, both physical and mechanical, machinability etc. It is alloyed
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with other metals to improve its properties (Conserva vd., 1992). Many metallic elements alloy with
Al. However, some of these are commercially available alloys. The most commonly used alloying
elements are copper (Cu), Si, zinc (Z)n, magnesium (Mg) and Mn. The composition of Al alloys is
regulated by an internationally accepted classification system or nomenclature. According to the
Aluminum Association (AA), system classification adopted in European Standard EN 573, each
wrought alloy is assigned a four-digit number followed by another letter and number indicating the
temper or condition of the alloy. Only the first digit is of practical importance (Dura, 2013).

2.3.  Copper alloys

Cu is an important engineering metal because it is widely used in unalloyed conditions and
in alloys of other metals. It is a metal with high electrical conductivity, corrosion resistance.

Brass is obtained when alloyed with zinc, and bronze is obtained using zinc, Sn, Al, Si and
Ni additives. It is indispensable for the industry with its alloyed and unalloyed form. Bronze is more
durable and shows better corrosion resistance than brass (Erdogan, 2001).

2.4. Magnesium alloys

Mg, the third most abundant metal on the earth's surface after Al and iron, is a silver-gray
metal. Mg is a more environmentally friendly metal than other metals and is the lightest metal used
in industry. It has a high tendency to react with oxygen. The main alloying elements are Al, Zn and
Mn (Metin & Hayri, 2000).

3. Alloys in wastewater treatment with EC

As mentioned before, metal electrodes are used in wastewater treatment with EC and the
most commonly used metals are Al and Fe. The efficiency of wastewater treatment with EC has
been proven, but research has progressed on the disadvantages of EC. The presence of a passive
layer on the metal surface in the EC process increases the potential required for the dissolution of
metal cations from the electrodes. This increases the energy demand of the system. In addition, the
passivation of the electrodes over time and the prevention of the passage of electric current to the
aqueous medium reduce the treatment efficiency and increase the cost by changing the electrodes
frequently. For this reason, the electrode material used can be alloyed with different metals, delaying
its passivation, more resistant to corrosion and high electrical conductivity electrodes can be
prepared. Researchers are investigating the effectiveness of EC treatment using these different alloy
electrodes. It has been stated that it would be more appropriate to use Fe or Al alloys in EC
applications since alloying elements can limit the passive film formation. Also, the use of anodes
made of pure Al significantly increases electrical energy consumption due to the effect of Al surface
passivation (El-Ashtoukhy et al., 2013), (Mohammed, 2007), (Zazouli et al., 2012), (Bazrafshan et
al., 2012).

In most studies, the electrodes used in EC are metals containing 99% of the base metal.
The remaining 1%-part forms different metals, so the alloy used is the electrode. Alloy metal
electrodes used as electrodes for wastewater treatment in EC studies are shown in Table 1 with
their chemical compositions.
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Table-1. Alloy used as electrodes for wastewater treatment in EC studies.

Alloy Electrode Chemical Composition References

Mg-Al-Zn (AZ31) Al (3.069%), Zn (1.133%) Fe (0.019%), (Vasudevan, Lakshmi, &
Cu (0.001%), Si (0.131), Mn (0.486%), Sozhan, 2009), (Kamaraj et
Mg (95.1615) al., 2013)(Molano-Mendoza

etal., 2018)

Stainless steel -304 C (0.08%), Mn (2.0%), P (0.045%), S (0.03%), (OZBEK et al., 2017)
Si (0.75%), Cr (18.35%), Ni (8-10%), Mo (0.07%), Cu
(0.23%)

Stainless steel -316 C (0.04%), Mn (1.18%), P (0.41%), S (0.038%), Si (Zhu et al., 2020),
(0.012%), Cr (16.3%), Ni (10.09%), Mo (2.02%), Cu (Vasudevan et al., 2010)
(0.495)

AISI 420 (% 13-14 Cr;% 1 Mn;% 1 Si;% 0.3 C; ve denge Fe) (Sun et al., 2018)

Al-Zn-In Alloy Zn (1-4%), In (0.006-0.025%), Fe (0.15%), Si (0.15%) (Vasudevan et al., 2010)

AlMgSi0.5 Mg (0.45-0.9%), Mn (<0.10%), Fe (<0.35%), Si (0.20- (Fekete et al., n.d.)

0.6%), Cu (<0.105), Zn (<0.10%), Cr (<0.10%), Ti
(<0.10%), Diger (<0.15%)

A-U4G (2017-Al) Cu (4.08%), Mg (0.72%), Mn (0.62%), Si (0.60%%), Fe (Aitbara et al., 2021)
(0.27%), 'Ti (0.03%), balance is Al

Pure Al Si (0.25%), Fe (0.40%), Cu (0.05%), Mn (0.05%), Mg (Elabbas et al., 2016)
(0.05%), Zn (0.07%), Ti (0.07%), Al (99,5%)

AI86Ni10Y4 Zn (1-4%), In (0.006-0.025%), Fe (0.15%), Si (0.15%) Xu & Qiu, 2021)

Al 5754 Alloy Si (< 0.4%), Fe (<% 0.4%), Cu (<0.10%), Mg (2.6-3.6%), | (Picard et al., 2000)
Mn (<0.5%), Cr (<0.3%), balance Al

Al—-Mg alloys Mg (1.7-2.4%), Fe (0.5%), Mn (0.5-0.1%), Si (0.4%), (Bakshi et al., 2020), (Dura
balance Al & Breslin, 2019)

3.1. Literature studies

The performance of the EC process is strictly dependent on the electrode materials used.
The electrode material determines the type and concentration of coagulant introduced into the
solution. In addition, each material exhibits a different dissolution rate and this affects the energy
consumption of the system.

In the studies, the effects of alloy and pure metal electrodes on EC and water treatment
were compared. For example; Aitbara et al. (2021) evaluated the performance of pure Al (1050)
and alloy electrode (A-U4G (2017-Al)) for the treatment of milk wastewater. It has been stated that
the alloy electrodes show faster kinetics and provide a rapid pollution removal. In contrast, it has
been explained that the passive film formed on pure Al electrodes inhibits the effectiveness of the
removal process. As a result, it has been proven that Al alloy electrodes exhibit higher EC removal
than pure Al electrodes. In another study, the efficiency of pure Mg electrode and Mg-Al-Zn alloy
(AZ31) was compared (Donneys-Victoria et al., 2020). The performance of polarity change (PC)
of synthetic indigo carmine solution (IC) of two electrodes in EC treatment was evaluated. The
behavior of the cell voltage during the tests showed that in pure Mg, it was twice the value obtained
with the AZ31 alloy. Apart from that, the on-purgeable organic carbon and dye content removal
efficiency were 80% and 96% for AZ31, 75% and 86% for pure Mg, respectively. As it is known,
there are many types of steel alloy metals.

Dura & Breslin, (2019) compared two stainless steel anodes (AISI 420 and AISI 310) and
pure Fe electrodes in the removal of phosphate, Orange II and Zn ions from a synthetic wastewater
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at a current density of 11.7 mA/cm?® and surface area. It was decided to use stainless steel in the
study, as the fine rust particles of pure Fe mixed with the water and formed a yellowish color in
the water after treatment. They chosed two stainless steel alloys, AISI 420 and AISI 310. It is the
% chromium content in the alloy that separates the two steel electrodes. Therefore, AISI 310
provided 50% less removal of COD and Orange II compared to pure iron and AISI 420. However,
Zn removal was the same in all electrodes (99%). Yellow color was observed in the effluent
obtained with pure Fe, but not in AISI 420 and AISI 310. It was understood that the removal
efficiency was significantly reduced by increasing the Cr content with the AISI 310 alloy. The same
authors used pure Al (99.9%) and Al—Mg alloys as anodes in their studies for phosphate removal
with EC (Dura & Breslin, 2019b). It was stated that Al-Mg alloy was less sensitive to passivation
than pure Al and provided the best removal efficiency at all EC times (eg, 20 min Mg-Al alloy 95%,
pure Mg 84%). Similarly, (Elabbas et al, 2016) stated that the Al alloy
(aluminium/copper/magnesium alloy) electrode is the most effective way to remove COD and
chromium from tanning waters.

Polatides et al., (2005) also evaluated the pure electrodes and alloy electrodes in terms of
nitrate removal (Table 2.). The best removal efficiency was achieved with the Cu60Zn40 cathode.

Table-2. Different alloy electrodes and removal efficiency (Polatides et al., 2005)

Electrode Cu /n Al Pb Carbon felt Carbon felt Pb Cu60Zn40 | Sn85Cul5

% Performance | 90 61 88.6 | 93.3 | 94.9 29.7 99.1 97.4

Gousmi et al., (2016), an EC study was carried out by using four different combinations of
Fe and Al alloy AU4G (2017-Al) electrodes as both anode and cathode of synthetic oily wastewater
with the characteristics of an oil refinery wastewater. In the study, the use of Al alloy as anode and
cathode was most effective, the current density was 60 A/m? and the COD and turbidity removal
efficiency were 83.52 and 99.94% in the 30-minute electrolysis time. Xu & Qiu, (2021), the
treatment of oily wastewater was carried out in an EC system using AI86Ni10Y4 amorphous alloy
as the anode and graphite as the cathode. The COD removal rate is 75.68%. In a different study,
phosphate removal from scrapped Al alloy plates and synthetic wastewater was investigated (Bakshi
et al,, 2020). As a result of the study, 90% phosphate removal was obtained.

Since the researchers observed the effect of the electrodes on the treatment efficiency, they
want to obtain quality effluent with different electrodes in their studies. Vasudevan et al. used an
Al-Zn alloy to successfully purify water containing phosphate (Vasudevan et al., 2009a), iron
(Vasudevan et al., 2009b) , arsenate (Vasudevan et al., 2010), chromium (Vasudevan et al., 2011)
and copper (Vasudevan & Lakshmi, 2012). High removal efficiencies were obtained in all studies.
For example, Al alloy for removal of phosphates gave 99% efficiency after 30 minutes compared
to 87% and 85% efficiencies obtained with mild steel and pure Al electrodes under the same
conditions. Apart from that, Hossein et al. (2014) in their study, the efficiency of EC with
alternating (AC) and DC was evaluated by using Fe and stainless steel electrodes in Pb and Zn
removal (Mansoorian et al., 2014). They concluded that the alloys exhibited better removal
performance compared to pure metals. Kabdaslt et al., (2009) in this study, the EC treatability of
metal plating wastewater containing complex metals originating from the nickel (Ni) and Zn plating
process by using stainless steel electrodes was experimentally investigated.
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In the study for the treatment of hospital wastewater, EC, Fe, Al and stainless steel
electrodes were used (Veli et al,, 2016). According to the test results made according to the
proposed mathematical models, the maximum TOC removal efficiencies were 99.11% (pH 7.56,
CD 4.87 mA/cm?), 99.91% (pH 5.45) for Fe, Al and SS electrodes, respectively. , CD 4.46 mA/cm?
, and 99.89% (pH 7.80, CD 2.68 mA/cm®). It has been stated that the removal efficiencies for all
electrodes are high, but the stainless steel electrode is better than the Fe and Al electrodes according
to the energy consumption cost. Oumar et al., (2016) in their study, a combination of biofiltration
(BF) and EC processes was used for the treatment of landfill leachate. With the Mg-based anode
alloy, COD and color removal were 53% and 85%, respectively. Lakshmi et al., (2013) in their
study, Al alloy was preferred as the electrode and hydrogen recovery was targeted with EC nitrate
removal. As a result, it was concluded that a significant amount of hydrogen can be produced
during the removal of nitrate from water. When a maximum nitrate removal of 95.9% was achieved
at a current density of 0.25 A/dm’, the energy efficiency of hydrogen produced in the EC was
determined to be ~54% of the electrical energy demand of the EC. EC studies are used not only
in the removal of industrial and domestic wastewater, but also in the treatment of water mixed with
nuclear waste. The polluted water at the Fukushima Daiichi nuclear power plant contains seawater
(Kitagaki et al., 2013). Therefore, in order to evaluate the effect of sodium and other species, Sr,
Ru, Zr, Ce and Nd stable isotopes were added to the sea water collected in Tokai-mura and studies
were carried out using Al alloy electrodes on the removal of these isotopes by EC. The Ru isotope
was removed by 90%, but other elements could not be removed. IC, which has high toxicity, causes
irritations and carcinogenic effects, was investigated for removal by EC using bronze, Al, steel,
metal electrodes. Each of the electrodes was supplied commercially and as waste.

The discoloration of the IC reached 84% for the commercial Al electrode, 90% for the
steel electrode, and 96% for the bronze electrode at 80 minutes of operation (Oliveira et al., 2020).
In the electrodes produced from wastes, during the same process, there was a 72% color change
for the Al electrode, 92% for the steel electrode, and 90% for the bronze electrode, respectively.
At the end of the study, it was determined that waste alloy electrodes were effective in paint
degradation and were less costly. In the EC study using iron-based alloys as anode materials, it was
found to be an effective decolorization electrode (Arslan-Alaton et al., 2009). it was reported that
reactive dyebath wastes were completely decolorized by using stainless steel (SenthilKKumar et al.,
2010). Stainless steel has also been used with excellent removal efficiencies for the purification of
total suspended solids and turbidity (Abuzaid et al., 2002), (Bukhari, 2008), phthalic acid esters
(Kabdasli et al., 2009), nitrite (Abuzaid et al., 1999) and strontium (Murthy & Parmar, 2011).
However, there are studies where stainless steel electrodes exhibit less efficiency for the removal
of COD and BOD.

Conclusions

It has been proven in many studies that it is effective in wastewater treatment. The EC
process efficiency is strictly dependent on the electrode materials used. The electrode material
determines the type and amount of coagulant. In addition, each material exhibits a different
dissolution rate and this affects the energy consumption of the system. Within the scope of this
study, the effects of pure and 99% purity alloy electrodes in water treatment with EC were
compared. It has been stated that the alloy electrodes show faster kinetics and provide a rapid
pollution removal. It was concluded that the alloys exhibited better removal performance
compared to the pure metals.
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The Helminth Fauna of Gobiid Fishes (Gobiidae) of Sinop Coasts of the Black
Sea
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Introduction

Gobiidae is one of the largest fish families comprising more than 220 genera and 2000 species.
They are constitute important members of benthic ichthyofauna and are widely distributed in tropical
and temperate coastal marine, brackish and freshwater habitats all over the world. Fishes of the family
Gobiidae act an important role in the ecosystem, both as secondary consumers in the food chain and
as prey for larger fish, sea birds and seals, as well as being the definitive, intermediate or paratenic

hosts in the life cycle of many parasites.

To date, thirty-five gobiid species, five of which are non-native, have been reported from the
Black Sea basin (Engin and Seyhan, 2009; 111; Yankova et al., 2013; 247-255). The round goby,
Neogobins melanostomus, the knout goby, Mesogobius batrachocephalus, the black goby, Gobins niger, the red-
mouthed goby, and the grass goby, Zosteriosessor ophiocephalus are native species Black Sea basin. The
red-mouthed goby, Gobins cruentatus that is a species of the mediterranean basin and widespread in the
eastern Atlantic Ocean from the southwest Ireland to Senegal, is a non-native goby for Black Sea

basin.

Comprehensive data have been published on the parasites of the native gobiids in the Black
Sea basin, especially on the coasts and estuaries of the Northern Black Sea (Korniychuk et al., 2008:
17-22; Krasnovyd et al., 2012: e1-8; Kvach, 2001: 103-113; Kvach, 2002a: 71-76; Kvach, 2002b: 59-
65; Kvach, 2004a: 47-56; Kvach, 2004b: 144-148; Kvach, 2005: 103-110; Kvach, 2007: 207-211), but
there are few studies on the southern shores of the Black Sea (Giiven and Oztiirk, 2018: 33-38; Ozer,
2007: 483-492). Moreover, no studies have been conducted on parasite fauna of non-native red-

mouthed goby, G. cruentatus in the Black sea.

The aim of this study was to investigate the helminth fauna of five gobiid species in the Sinop
coast of the Black Sea, and was to compared with helminth faunas of same gobiid fishes in the
Northern Black Sea.

Material and Methods
Study Site

The study was carried out on the Sinop coasts of the Southern Black Sea (Figure 1).
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Figure 1. Map of sampling locality

Fish Specimens

A total of 383 specimens of the five gobiid species; the round goby, Neggobius melanostomus (n:
170), the knout goby, Mesogobins batrachocephalus (n:122), the black goby, Gobius niger (n: 80), the red-
mouthed goby, Gobius cruentatus (n: 5) and the grass goby, Zosteriosessor ophiocephalus (n: 6) were
investigated for the helminth parasites (Figure 2). Gobiid fishes were caught by trawl and demersal
nets a period between May 2015 to May 2017 from Sinop coast of the Southern Black Sea. Fishes
were transported to the parasitology laboratory of Faculty of Fisheries at the Sinop University and

some part of them examined freshly and some part of them frozen for later examined.
Isolation and Identification of Helminths

At necropsy, the fishes were measured and weighed. External (gills, skin, fins, eyes) and
internal organs (heart, stomach, intestine, liver, kidney, gonads, brain, gall bladder, muscle) of fishes
were examined using conventional methods. Helminth parasites were isolated using fine needle
forceps, under a stereo microscope. The number of helminth parasites was counted individually and
the site of infection was recorded. Parasite specimens were studied in both alive and permanent
preparations. The parasites were fixed in Bouin’s fluid between slide and coverglass without pressure,
stained in acetic carmine and mounted in Canada balsam. Permanent preparations were examined
using a light microscope (Olympus microscope BX53) at magnification X10, X100.
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Figure 2. Gobiid fish investigated in the study

Parasitological Indices and Statistical Analysis

The prevalence (P, %), mean intensity (MI), and abundance (A) values of each parasites were
determined according to Bush et al. (1997). The standard error (SE) of the mean intensity was
calculated. The significance of the helminth parasite fauna was determined by using an abundance (A)
index according to the scale presented in Zander et al., (2000: 361), as follows; A>2: core species;
A:0.6-2: secondary species; A:0.2-0.6: satellite species; A<0.2: rare species.

The Czekanowski—Serensen Index (ICS, %) was used to compare the helminth parasite faunas
of five gobiid fish. (Serensen, 1948: 1-34). The tendency to participate in the infracommunity was
evaluated in terms of the infracommunity index with >0.30 as the highest value. The mean
infracommunity was characterized as the mean number of parasite species per host individual (Zander,
2004: 18). The species evenness was calculated according to the formula provided by Zander vd.,
(1993: 84). The evenness values > 0.6 represented a greater part of the homogeneity with >0.7 being

a high homogeneity.

The differences in the mean intensity values of metazoan parasites in each fish host was tested
by the Kruskal-Wallis test (nonparametric ANOVA). All statistical tests were carried out using
GraphPad Instat 3.0 for Windows 2000 (Software, San Diego, CA, USA) software (p<<0.05: statistically

significant).
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Results

In total, seventeen helminth species were recorded from the gobies studied: one monogenean,
nine digenenan, two cestode, four of nematodes, and one acanthocephalan (Table 1, Figures 3, 4, 5,
0, 7).

Table 2 summarises the helminth species list with indications of prevalence (%), mean intensity
(MI), and abundance (A) values of identified parasites in their respective fish hosts. The overall mean
intensity values of parasite species varied significantly among gobiid fishes (P<0.05). The highest
prevalence values (100%) were found in G. cruentatus and Z. gphiocephalus, while the lowest value
(24.1%) was found N. melanostomus (Table 2). Species richness varied from 6 parasite species in G.
cruentatus to 13 species in G. niger.

Table 1. List of helminth parasites identified in the present study and their infection site (microhabitat)

Parasite species Infection site Hosts
(microhabitat)

MONOGENEA

Gyrodactylus sp. gills N. melanostomuns, G. niger

DIGENEA

Metadena sp. met.

gills and eyes

G. niger, G. cruentatus

Galactosomum lactenm met. gills, kidney G. niger, G. cruentatus, IN. melanostonius
Stephanostomum bicoronatum met.  gills, kidney G. niger, M. batrachocephalus
Cryptocotyle concava met. gills, fins N. melanostomus, M. batrachocephalus

Magnibursatus skrjabini

gills, digestive tract

G. niger, G. cruentatus, M. batrachocephalus, Z.
ophiocephalus

G. niger, N. melanostomus, M. batrachocephalus, Z.

Helicometra fasciata intestine ophiscephalus

Prodistomum polonii intestine N. melanostomuns

Lecithochirium musculus intestine M. batrachocephalus, Z. ophiocephalus

Phyllodistomum sp. Urinary bladder G. cruentatus

CESTODA

Seoles plenronectes pl. gall blladder, G. m;ge.r, G. cruentatus, M. batrachocephalus,
intestine Z. ophiocephalus, N. melanostomus

Progrillotia dasyatitis gall bl‘adder, G. niger, M. batrachocephalus, Z. ophiocephalus, N.
intestine melanostomns

NEMATODA

Hysterothylacium aduncum 1.3

digestive tract

G. niger, G. cruentatus, M. batrachocephalus,
Z. ophiocephalus, N. melanostomus

Hysterothylacium fabri 1.3

digestive tract

G. niger, M. batrachocephalus

Ascarophis valentina

digestive tact

G. niger, M. batrachocephalus

Contraceacum sp. L3 (encysted)

intestine, liver

N. melanostomus, G. niger, M. batrachocephalus

ACANTHOCEPHALA

Acanthocephalaolides irregularis

intestine

N. melanostomum, G. niger, M. batrachocephalus, Z.
ophiocephalus

met.: metacercaria; pl.: plerocercoid; L3: third larval stage
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Figure 3. Monogenean and digenean (metacercaria) parasite species (original). A. Gyrodactylus sp., B. encysted
met. of Metadena sp., C. encysted met. of Galactosomum lactenm (Jagerskiold, 1896), D. excysted met. of G. lactenm,
E. encysted met. of Swphanostomum bicoronatum (Stossich, 1883) Fuhrmann, 1928, F. excysted met. of. S.
bicoronatum, £. antetior end of S. bicoranatum, G. encysted met. of Cryptocotyle concava (Creplin, 1825) Lithe, 1899

Figure 4. Adult digenean parasite species (original). A. Magnibursatus skrjabini (Vlasenko, 1931) Naidenova,
1969, B. Helicometra fasciata (Rudolphi, 1819) Odhner, 1902, C. Prodistonum polonii (Molin, 1859) Bray & Gibson,
1990, D. Lecithochirium muscutus (Looss, 1907) Nasir & Diaz, 1971, E. Phyllodistonnm sp.
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Figure 5. Cestode parasite species (original). A. Scolex plenronectis Miiller, 1788 (plerocerc01d) B. bothrial margin
of 8. pleuronectis, C. Progrillotia dasyatidis Beveridge Neifar & Euzet, 2004; D. tentacles of P. dasyatidis, E. internal
end external hooks on tentacles of P. dasyatidis.

Figure 6. Nematode parasite species (original). A. anterior end of Hysterothylacium aduncum Rudolphi, 1802, B.
tail of H. aduncum, C. antetior end of H. fabri (Rudolphi, 1819), D. tail of H. fabri, E. anterior end of Ascarophis
valentina Ferrer et al, 2005, F. tail (female) of A. valentina, G. tail of (male) of A. valentina, H. Contraceacum sp.
(encysted).
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Figure 7. Acanthocephaloides irregnlaris Amin, Oguz, Heckmann, Tepe & Kvach, 2011. A. male specimen, B.
female specimen, C. Proboskis, D. egg (original).

The parasite fauna of the round goby consisted of 10 species ((Table 2) (Fig. 3A, C, D, G,
Figs. 4B, C, Fig. 5, Figs. 6A, B, H, Fig. 7). The trematodes were represented one mononegean by
Gyrodactylus sp. and four digeneans by G. lactenm (met.), C. concava (met.), H. fasciata and Prodistonum
polonii. Two species of cestodes were found this host (5. pleuronectis and P. dasyatitis). The nematodes
were represented by two taxa, including one identified species, one taxon identified to genus level
(Contraceacum sp.). The acanthocephalan A. zrregularis was also present.

The helminth fauna of the grass goby, Zosteriosessor ophiocephalus consisted of 7 species (Table
2, Figs. 4A, B, D, Fig. 5, Figs. 6A, B, Fig. 7). The helminths were represented by two cestode species
(8. pleuronectis and P. dasyatidis), three digeneans including two adult (H. fasciata and L. musculns) and one
metacercariae (M. skrjabini), and one nematode (H. aduncum) and one acanthocephalan species (A.
zrregularis).

The poorest parasite fauna, 6 species was noted in the red-mouthed goby, Gobius cruentatus
(Table 2, Figs. 3B, C, D, Figs. 4A, E, Figs. 5A, B, Figs. 6A, B). The helminths were represented by
one cestode species (5. pleuronectss), tour digenean species (adult Phyllodistomum sp. and metacercariae
G. lactenm, M. skrjibini and Metadena sp.), one nematode species (H. aduncum). Monogenean and
acanthocephalan species were not recorded.

Two helminth parasite, Scolex plenronectis and Hysterothylacium aduncum were determined in five
gobiid fishes. Two parasite species occured in only a host species: Prodistomum polonii in the intestine
of round goby, N. melanostomus and Phyllodistomum sp. in the urinary bladder of red-mouthed goby, G.
cruentatus (Table 2).

Five parasite species, S. pleunronectis, P. dasyatidis, H. aduncum, G. lactenm and Phyllodistonum sp.
played core roles in the helminth parasite faunas of gobies of Sinop coasts of the Black Sea (Table 3).
Scolex: pleuronectis was core in all host except the round goby, P. dasyatitis was core in the knout goby
and the grass goby, H. aduncum was core in knout goby and the red-mouthed goby. Digenean parasites,
G. lacteum and Phyllodistomum sp. were core in the red mouthed goby (Table 3).

339



Oztiirk, Tirkay & Giiven, Arzu The Helminth Fauna of Gobiid Fishes (Gobiidae) of Sinop Coasts of the Black Sea

Table 2. The helminth parasites of examined gobiid species in the present study (bold data for core species)

Neogobius Mesogobius B B B Zosteriosessor
Gobius niger Gobius cruentatus .
melanostomus batrachocephalus (n: 80) (n: 5) ophiocephalus
(n: 170) (n: 122) (n: 6)
Parasite species P MItSE A P MItSE A P MItSE A P MItSE A P MItSE A
Gyrodactylus sp. 0.6 2.0% 0.01 - - - 2.5 1.0+ 0.0 0.025 - - - - -
G. lactenm 0.6 1.0% 0.005 - - - 32.5 2.8 %09 0.925 20.0 17.0* 3.4 - - -
M. skrjabini - - - 4.9 1.5£0.5 0.07 2.5 15205 0.037 60.0 23106 1.4 333 1.0£0.0 0.33
C. concava 0.6 4.0* 0.04 0.8 21.0* 0.17
Metadena sp. - - - 5.0 20=x1.0 0.1 80.0 23%03 2.0 - - -
S. bicoronatum - - - 0.8 1.0% 0.008 | 15.0 50+ 1.7 0.75 - - - - - -
H. fasciata 0.6 1.0% 0.005 5.7 49 £3.7 0.28 6.3 24+£09 0.15 - - - 16.7 1.0£0.0 0.17
P. polonii 0.6 1.0% 0.005 - - - - - - - - - - -
L. musculus - - - 1.6 1.0 £ 0.0 0.016 - - - - - - 16.7 1.0£0.0 0.17
Phyllodistomum sp. - - - - - - - - 20.0 18.0* 3.6 - -
S. pleuronectes 8.2 3.0+08 | 025 721 438 £52 31.6 67.5 | 31.4£49 21.1 40.0 85%+75 34 100 | 43.7£149 | 43.7
P. dasyatitis 1.2 1.0+ 0.0 | 0.01 91.8 219+ 18 20.1 40.0 1.5+ 0.1 0.6 - - - 66.7 53+£33 3.5
H. aduncum 15.9 2.3 %05 0.37 49.2 69*14 3.38 37.5 20%03 0.75 20.0 12.0* 2.4 16.7 1.0+ 0.0 0.17
H. fabri - - - 5.7 29%09 0.16 3.8 1.5+05 0.6 - - - - - -
A. valentina - - - 0.8 3.0£0.0 0.02 6.3 1.2+0.7 0.075 - - - - - -
Contraceacum sp. 4.7 1.0+£0.0 | 0.05 4.1 1.0+ 0.0 0.04 213 14+ 0.1 0.3 - - - - - -
A. drregularis 0.6 62.0% 0.37 33 1.0+ 0.0 0.05 11.3 1.6 £ 0.2 0.175 - - - 16.7 40%0.0 0.67
Totally 241 29%05 1.09 97.5 57148 55.9 83.8 20.8 £4.5 | 2491 100 16.8 £ 6.6 16.8 100 | 48.7£13.9 | 487
Species richness 10 12 13 6 7
Shannon index 1.63 0.95 0.75 1.74 0.44
Species evenness 0.71 0.38 0.29 0.97 0.10

Explanations: P — prevalence (%); MI — mean intensity; SE — Standard Error; A — abundance; *- detected in only one individual
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Table 3. The core, secondary, satellite, and rare species in the helminth parasite faunas of five gobiid
species in the study area

Fish Host

| Core species

| Secondary species | Satellite species

| Rare species

N. melanostomns

S. plenronectis
H. aduncum
A. irregularis

Gyrodactylus sp.
G. lacteum

C. concava,

H. fasciata

P. poloni

Contraceacunm sp.

M. batrachocephalus

S. plenronectis
P. dasyatitis
H. aduncum

H. fasciata

M. skrjabini

C. concava

S. bicoronatum
L. musculus

A. valentina

H. fabri
Contraceacum sp.
A. irregularis

Gyrodactylus sp.
. M. sktjabini
. S. pleuronectis G /a_wz‘ez/w P daqufzz‘zx Metadena sp.
G. niger S. bicoronatum H. fabri T fsss
. fasciata
H. aduncum Contraceacum sp. .
A. valentina
A. irregularis
S. plenronectis
C. cruentatus G. lactenm M. skrjabini
' Phyllodistommum sp.  Metadena sp.
H. aduncum
S. plenronectis H. jasciata
Z. ophiocephalus > plenrone A. irregularis M. skrjabini L. musculns
P. dasyatitis
H. aduncum

The species composition of helminth faunas of the five gobiid species differed, and the

parasite species richness was variable among the gobiid fishes. The helminth parasite fauna of the
red-mouthed goby, which is of Mediterranean origin, differed markedly from those of the four
gobies (Table 2). The homogeneity of the helminth fauna was low in grass goby, but it was high in
red-mouthed goby (Table 2). The mean infracommunity index (ICI) of the black goby was higher
than that of the round goby (Table 4). A high Czekanowski—Sorensen index, indicating a close
similarity, was observed in the helmints fauna of the black and knout gobies (Ies=80.0%) (Table 5).
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Table 4. The infracommunity index (ICI) for gobiids. The tendencies to join the infracommunity
(ICI > 0.30) ate in bold.

Parasite species Neogobius Mesogobius Gobius Gobius  Zosteriossesor
melanostomus batrachocephalus  niger  cruentatus ophiocephalus

Gyrodactylus sp. 0.04 0.01

G. lactenm 0.04 0.13 0.08

M. skrjabini 0.02 0.01 0.25 0.13

C. concava 0.08 0.07

Metadena sp. 0.02 0.33

S. bicoronatum 0.001 0.06

Helicometra fasciata 0.02 0.02 0.03 0.06

Prodistonum polonii 0.02

L. musculns 0.006 0.06

Phyllodistomun sp. 0.08

Scolexc plenronectes 0.28 0.30 0.27 0.17 0.38

Progrillotia dasyatitis 0.04 0.38 0.16 0.25

H. aduncum 0.53 0.20 0.15 0.08 0.06

H. fabri 0.02 0.01

A. valentina 0.003 0.03

Contraceacunm: sp. 0.17 0.02 0.09

A. drregularis 1.22 0.01 0.05 0.06

Mean | 1.34 25 2.9 24 267

infracommunity

Table 5. Czekanowski-Sorensen Index (%) in helminth fauna of five gobiid species in the study

area
Neogobius Mesogobius Gobius Gobius Zosteriosessor
melanostomus  batrachocephalus niger cruentatus ophiocephalus
N. melanostomus 100
M. batrachocephalus 63.6 100
G. niger 069.6 80.0 100
G. cruentatus 37.5 33.3 52.6 100
Z. ophiocephalus 58.8 73.7 60.0 46.2 100

Discussion

To date, fifty-four helminth parasite species have been reported in four gobiid fishes

inhabiting the Black Sea coasts (except reported from freshwater) according to data of different
authors (Table 6). We found 17 helminth species, 15 of which have been previously reported, but
three species (except those defined at the genus level), Prodistomum polonii, Hysterothylacinm fabri and
Ascaroptis valentina have been noted in gobiid fishes in the Black Sea for the first time.

Although there are many studies on the helminth parasite fauna of four of the gobiid fish

investigated in the present study, there is no study on the parasite fauna of the red-mouthed goby,
which is of mediterranean origin (Table 6). This investigation is the first on the helminth parasites

of G. cruentatus in Black Sea coasts. Parasites such as Scolex plenronectis (Radujkovi and Sundic, 2014),
Lecithochirium musenlus, (Bartoli et al., 2005; Radujkovi and Sundic, 2014), L. grandiporum (Sey, 1970a),
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Heminrus communis (Papoutoglou, 1976), G. lacteun (Culurgioni et al., 2007) and Contraceacum aduncum
(Sey, 1970b) were eatlier reported in G. cruentatus in various sites of the Mediterranean coast. We
found 6 parasites pecies, 3 of which had previously been reported in published data, but 3 species,
Magnibursatu skrjabini, Phyllodistomum sp. and Metadena sp., were reported from in examined G.
cruentatus for the first time with this study.

According to previous studies, ten of the listed species, Galactosomum lactenm, Stephanostomum
bicoronatum, Cardiocephaloides longicollis, Grillotia sp. Cryptocotyle concavum, Cryptocotyle lingua, Helicometra
fasciata, Dichelyne minutus, Hysterothylacium aduncum and Acanthocephaloides propinguus were previously
observed in the four gobiids from different localities of the Black Sea (Table 6). Overall, these
helminth species are typical for the resident gobiids in the Black Sea, but we did not find C. longicollis,
Grillotia sp. C. lingna, D. minutus and A. propinguns during our study. Populations of these helminth
with complex life cycles are closely related to the distribution of their first intermediate hosts. Since
these helminth previously been reported from other localities in the Black Sea, the reason for the
absence of these parasites in our study can be explained by the differences in the local intermediate
host fauna or the density of the populations of intermediate host.

To the best of our knowledge, the occurrence of M. skarjabini in the knout, black and red-
mouthed gobies, and L. zusculus in the knout goby, and . pleuronectis in grass goby, and P. dasyatidis
in the round, knout and grass gobies, and A. zrregularis in the knout and black gobies are reported
for the first time in this study. Thus new hosts added to the host list above mentioned of helminth
parasites.

Although number of helminth species showed significant differences in parasitization
among different gobiid species, their Indices of Czekanowski-Serensen revealed overall similarity
(Table 5). However, the red-mouthed goby was clearly different. The red-mouthed goby possessed
lower numbers of parasites (6 species), and higher degrees of infection prevalence according to
other gobiids.

The Czekanowski-Sorensen index (ICS) showed that the helminth fauna of the red-
mouthed goby was quite different from the helminth fauna of the other goby. The red mouthed
goby and grass goby parasites had the least similarity (Ics: 33.3%) (Table 5). This may be due to the
Mediterranean origin of the migratory red-mouthed goby in the Black Sea fauna. Therefore, the
infection indices of the red-mouthed goby were different from most native gobiid species.

The results of the present study indicated that the species composition of the helminth
fauna of the four gobiid fishes from the southern coastal region of the Black Sea different from
those reported from various sites of the northern coastal zone of the Black Sea.

Table 6. List of the helminth parasites reported from five gobiid fishes in the Black Sea coasts
(except reported from freshwater)

Neogobius Mesogobius Gobius Gobius Zosteriosessor
melanostomus | batrachocephalus | niger cruentatus | ophicephalus

MONOGENEA

Gyrodactylus flesi 4,5 4,5

G. proterorhini 4,5,10 4,5 4,5

G. alviga 4,5

Gyrodactylus sp. PS PS

DIGENEA

Metadena panli 4 4

Metadena sp. PS PS

Galactosomum lactenm 4, PS 4 4, PS PS 4
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Stephanostomum

bicoronatum

Cryptocotyle concava

Cryptocotyle lingna

Magnibursatus skrjabini
Helicometra fasciata
Prodistomum polonii
Lecithochirium musculus
L. floridense

L. branchialis
Lecithochirium sp.
Phyllodistonum sp.
Acanthostomum
imbutiforme
Acanthostomum sp.
Ascacotyle sp.
Asymphylodora pontica
Bacciger bacciger
Pronoprymna ventricosa
P. petrowi

Proctoeces maculatus
Pygidiopsis geneta
Timoniella imbutiforme
Aponurus tschugunovi
Arnola microcirrus
Diphterostonum brusinae
Bucephalus marinum
Bucephalus polymorphus
Cardiocephaloides longicollis

4 4,PS 4,PS

1,2,3,4,6,7,8,
9,11, PS
1,2,3,4,7,8,9,
11

4,0,8,9,PS 4,8,9

6,8,9 8,9

PS PS
4,PS 4,PS 4,PS
PS

PS

4

2,4 4

10
2,9

>

>~ B~ B~

2,3,8,7,10, 11
9,11

~

6,8

4

1’2’ 3’ 49 79 8’ 99
11

3,7,8,9
PS 11, PS
4,PS

4, PS

>

PS

2,4,8,7

CESTODA

Scolex: plenronectis

Progrillotia dasyatidis

4,PS 4,PS 4,PS
PS PS 13, PS

PS PS
PS

Grillotia sp. (erinaceus?)
Table 6. continued.

n n n

Gobius
niger

Neogobius Mesogobius

melanostomus batrachocephalus

Gobius

cruentatus

Zosteriosessor
ophicephalus

Protocephalus gobiorum
Protocephalus subtilis

6,8

2,3,8, 11
7,8

NEMATODA

Hysterothylacinm aduncum
H. fabri

H. filiforme
Ascarophis valentina
Ascarophis prosper
Ascarophis sp.
Contraceacum sp.
Contraceacum
microcephalum
Contraceacum rudolphi
Spinetectns tamari

Eustronylides excisus

10, PS 4, PS 4,12, PS

PS PS

PS PS

PS PS PS

7,8

>

>

3,6,8 6,8

] >

PS 4, PS
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Streptocara crassicanda 2,3,6,8,9 8,9 23,8
Dichelyne minutus 5’0’3’13’ 6,7.8,9, 4,89 4,89 2,3,4,7,8,9
Cucullanus heterochrous 4 4

Spiroxys sp. 10

Raphidascaris sp. 8 8
ACANTHOCEPHALA

A. irregularis 11, PS PS PS 11, PS

A. propinquus 3,4,7,8,9 4,8,9 4,8,9 3,4,7,8,9
Acanthocephalus lucii 8

Neoechinorhynchus rutili 10

Telosentis exiguns 2,4,8,9 2,7,9,11
Total 43 29 30 6 30

1. Kvach (2001), 2. Kvach (2002a), 3. Kvach (2002b), 4. Gaevskaya and Kornychuk (2003), 5. Harris et al.
(2004), 6. Kvach (2004a), 7. Kvach (2004b), 8. Kvach (2005), 9. Kvach (2007), 10. Ozer (2007), 11. Krasnovyd
et al. (2012), 12. Tepe and Oguz (2013), 13. Tepe et al. (2014), PS. Present study
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