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Askeri A¢idan Denk Olmayan iki Ulke Savasimin Oyun Teorisi ile
Modellenmesi

Murat Ozkaya'", Ahmet Bakkaloglu?

!fsletme Boliimii, Siyasal Bilgiler Fakiiltesi, Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye
Matematik Miihendisligi Boliimii, Fen Edebiyat Fakiiltesi, Istanbul Teknik Universitesi, istanbul, Tiirkiye
2Motorlu Araglar ve Ulastirma Teknolojileri Boliimii, Tasova Yiiksel Akin MYO, Amasya Universitesi, Amasya, Tiirkiye

Makale Tarihgesi Oz — Bu galigmada, askeri agidan biri giiclii digeri zay1f olan iki lilke arasinda yasanan maddi ve manevi kayiplara neden olan
Gonderim:  15.11.2022 savasa doniismiis bir uluslararas1 ¢ikmazi matris girdili matris oyunlar1 kullanarak modelledik. Modelimizi kurmak i¢in ilk
Kabul: 25.01.2023 olarak gegmiste ve giiniimiizde yasanan ve savag durumuna doniisen uluslararasi olaylar: inceledik. Elde ettigimiz bilgiler

1s181inda ¢alismada sunacagimiz oyunun senaryosunu detayli bir sekilde agikladik. Sundugumuz senaryoya gére oyunumuzu
ti¢ farkli matris oyuna doniisebilecek bir matris girdili matris oyunu seklinde modelledik. Olusturulan modele gére yasanan
aktif savas durumu, ateskes durumuna veya savasa devam etme durumlarina doniismektedir. Ateskes durumunda oyun biter-
ken, savaga devam etme durumunda ise oyun iggal edilen yerleri tut veya de facto duruma geri don seklinde yeni bir matris
girdili matris oyununa doniismektedir. De facto sinirlara doniilmesi durumunda ortaya ¢ikan bu oyun sona ererken, isgal edilen
yerlerin tutulmast durumunda ise savasan bu iki iilkenin savas stratejilerinin belirlenecegi yeni bir oyun ortaya ¢ikmaktadir.
Olusan bu son oyunda ise iilkelerin savunma veya saldirt durumlarindan birine gececegi stratejiler arasindan segim yapmalari
gerekmektedir ve bunun sonunda savasin son durumu belirlenmektedir. Boylece iginde ii¢ farklt oyun igeren matris girdili
matris oyun modelinin her bir durumunu ayri ayri ele alip, ¢oziimlerini elde ederek gercek problemin ¢oziimiine ulastik ve
senaryodaki tilkelerin kriz durumunda iilke menfaatlerini koruyabilecekleri en ideal stratejileri belirledik. Boylece iki iilke
arasinda yaganan bir savasi oyun teorisi kullanarak modelledik ve sonuglarini sunduk.

Yayim: 30.06.2023

Arastirma Makalesi

Anahtar Kelimeler —Matris girdili matris oyunlar, oyun teorisi, savas oyunu, uluslararasi iliskiler, uluslararasi kriz

Modeling the War of Militarily Inequivalent Two Countries by Game
Theory

!Department of Business, Faculty of Political Sciences, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye
!Department of Mathematical Engineering, Faculty of Sciences and Letter, Istanbul Technical University, Istanbul, Tiirkiye
2Department Motor Vehicles and Transportation Technologies , Tasova Akin Yiiksel Vocational School, Amasya University, Tiirkiye

Article History Abstract — In this study, we model the international conflict that has evolved into a war that causes material and moral losses
Received:  15.11.2022 between two countries, one strong and the other weak militarily, using matrix games with matrix entries. In order to create
Accepted: 25 01.2023 our model, we first examined the international events that took place in the past and recent and turned into a state of war. In

e e light of the information we have obtained, we explain in detail the scenario of the game that we present in the study. According
Published: ~ 30.06.2023 to the scenario we presented, we model our game in the form of a matrix game with matrix entries, which can turn into three
different matrix games. According to the created model, the active war situation turns into a ceasefire or continuation of the
war. In the event of a ceasefire, the game ends, while in the event of a continuation of the war, the game turns into a matrix
game with a new matrix entry in the form of holding the occupied places or returning to the previous border. While this game,
which actually occurs in the event of a return to the previous borders, ends, if the occupied places are held, a new game arises
in which the war strategies of these two warring countries will be determined. In this last game, countries have to choose
between strategies to move to one of the defensive or offensive situations, and this decision is finally solved by the final state
of the war. Thus, by considering each situation of the matrix game model with matrix entries containing three different games
separately, we reach the solution to the actual problem by obtaining their solutions and determining the ideal strategies by
which the countries in the scenario can protect the interests of the country in a crisis. Therefore, we model the war between
the two countries by using game theory and present the results.

Research Article

Keywords — Game theory, international crisis, international relation, matrix games with matrix entries, war game
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1. Giris

Oyun teorisi, karar vericiler arasindaki rekabeti ve igbirligi durumlarin1i matematiksel araglar kullanarak
inceleyen bir bilim dalidir (Peters, 2015). Oyun teorisinin temelinde, karar vericilerin iyi tanimlanmis
hedefleri ve diger karar vericilerin davranislarina iligkin bilgileri kullanarak karar vermeleri esastir. Diger bir
deyisle, karar vericiler rasyoneldir ve stratejik olarak hamle yaparlar (Osborne ve Rubinstein, 1994). Oyun
teorisinin formal bir sekilde insa edilmesi ve kitaplastiriimasi von Neumann ve Morgenstern’in 1944 yilinda
yazmis oldugu “Theory of Games and Economic Behavior” isimli kitapla olmustur. Yazarlar bu kitapta iki
kisilik sifir toplamlar1 oyunlari ele almis ve detaylariyla incelemistir. Nash’in (1950) doktora tezinde fayda
fonksiyonun belli varsayimlari saglamasi durumunda oyunlarin bir denge noktasi oldugunu gostermesi
sonucunda 1994 yilinda Nobel o6diiliine layik goriilmiistiir. Béylece oyun teorisi arastirmacilarin dikkatini
daha fazla ¢ekmistir. Bunun iizerine Aumann ve Schelling (2005) rekabet ve igbirligi arasinda gelistirdikleri
calismalariyla Nobel odiilii almistir.

Zaman igerisinde c¢esitli uygulama alanlar1 bulan oyun teorisinin pratik ilk uygulamalar1 askeri alanda
goriilmektedir. Ornek olarak literatiirde, Ikinci Diinya Savas1 sirasinda miicadele iceren durumlara veya savas
esnasinda verilmesi gereken kararlarin analizlerinde oyun teorisi kullanilarak yapilan uygulamalar
goriilmektedir ((Beebe, 1957) , (Haywood, 1959), (Berkovitz ve Dresher, 1959)). Zaman i¢inde oyun
teorisinin uygulama alami genislemis ve farkli disiplinlerde gesitli sekillerde uygulamalar1 yapilmistir.
Maynard Smith ve Price (1973) hayvanlarin herhangi bir miicadele durumunda kullandig stratejilerin nasil
evrildigini oyun teorisi kullanarak ele almig ve bu kapsamda toplumsal davraniglarin analizleri i¢in 6nemli
olan evrimsel stabil strateji kavramini ortaya atmustir. Snidal (1985) oyun teorisini uluslararast politikalar
analiz etmek i¢in kullanmustir. Hansen (1990) Birlesik Devletler’deki hava tasimacilik sistemlerinde olan
rekabeti oyun teorisi kullanarak ele almistir. Wang vd. (2003) su kaynaklarinin dagitimini isbirlikli oyun
teorisi modellerini kullanarak incelemis ve gelistirdikleri yaklagimin kullaniglilig1 ile potansiyel avantajlarini
caligmalarinda sunmustur. Roy vd. (2010) ise oyun teorisinin ag giivenligi, siber giivenlik gibi konulara
yapilan uygulamalarini ele almigtir ve bu konuyla ilgili kapsamli bir derleme ¢alismasi yapmistir. Bshary and
Oliveira (2015) oyun teorisini hayvanlardaki isbirligini incelemek i¢in kullanmis ve bu igbirliginin evrimi ile
stirdiiriilmesi konularini evrimsel oyun teorisi araciligiyla agiklamislardir.

Archetti ve Pienta (2019) oyun teorisini kanserli hiicrelerin davranislarini incelemek igin kullanmiglardir. Bu
calismada tiimdrdeki hiicreler arasindaki isbirliginin incelenmesine ve bu isbirligini bozan tedavilerin
gelistirilme siirecine oyun teorisinin katki saglayabilecegini &ne siirmiislerdir. Izgi ve Ozkaya (2019)
yaptiklar1 caligmada tarim sigortasinin gerekliligi oyun teorisi kullanarak incelemis ve tarim sigortasi
yaptirmanin ciftciler icin herhangi bir durumda daha faydali olacagi sonucuna ulasmslardir. izgi ve Ozkaya
(2021a) iki tilke arasindaki yasanan uluslararasi bir ¢atismayi tutsaklar ikilemini kullanarak, oyun teorisi
araciligiyla modellemis ve uluslararasi bir krizi inceleyip gesitli analizler yapmuslardir. Ozkaya ve izgi
(2021b) oyun teorisi kullanarak Covid-19 pandemisi boyunca karantinanin, bireylerin davraniglar1 ve enfekte
olma olasiliklar1 g6z 6niinde bulunduruldugunda bireylerin hastaliga yakalanip yakalanmamasi {izerindeki
etkilerini incelemis ve pandemi siirecinde birey i¢in en iyi davramisin ne olacagini sorusuna yanit
aramiglardir. Yukaridaki ¢aligmalarda goriildiigii tlizere oyun teorisi farkli arastirma konularinda
disiplinlerarasi bir arag¢ olarak kullanilarak literatiirde kendisine genis bir yer bulmustur. Bu ¢aligmada ele
alinacak olan uygulamada ise oyun teorisinin uluslararasi iliskilerdeki kullanimina 6rnek olacak bir probleme
yer verilecektir. Literatiirde bu tiir uygulamalar da farkli sekillerde ele alinmstir.

Nam ve Kim (2000) Kuzey Kore ve Japonya’nin diplomatik normallesme siirecini geyik avi oyununu
kullanarak modellemislerdir. Correa (2001) c¢alismasinda oyun teorisinin uluslararas1 iliskiler
perspektifinden kullanimini detayli olarak incelemistir. Chung (2005) yaptig1 caligmada Amerika Birlesik
Devletleri’nin kars1 karsiya kaldig1 en degisken konulardan biri olan Cin ve Tayvan arasindaki krizi oyun
teorisi kullanarak analiz etmistir. Elimam vd. (2008) Misir, Sudan, Etiyopya ve diger iilkelerden gegen Nil
Nehri’nden kaynakli uluslararasi bir sorunu oyun teorik yontemler kullanarak ele almistir. Savunen (2009)
tezinde kiiresel stratejik miittefik iligkilerine igbirlikli oyunlarin nasil uygulanabilecegini ele almistir. Oh ve
Ryu (2011) Cin’in Kuzey Kore’ye yapilan ekonomik yaptirimlarin etkinligi {izerindeki etkisini gostermek
i¢in Kuzey Kore ve Amerika Birlesik Devletleri arasinda stratejik etkilesimi oyun teorisi ile incelemislerdir.
Reynolds (2012) ise Birlesik Devletler ve Cin’in askeri kuvvetlerinin zayif ve giiglii yonlerini analiz etmis
ve bu iki iilke arasindaki ¢atismay1 modellemek i¢in oyun teorisini kullanmigtir. Pramanik ve Roy (2013)
Hindistan ve Pakistan arasindaki Cemmu ve Kesmir bolgeleri problemini iki kisilik sifir toplamli oyunlar
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kullanarak modellemis ve optimal ¢oziimler sunmustur. Mousavi (2015) ise Iran ve Amerika Birlesik
Devletleri arasindaki niikleer gii¢ krizini oyun teorisindeki farkli modelleri kullanarak analiz etmis ve her iki
tilke i¢in uzun vadedeki en iyi se¢imin ne oldugu sorusuna cevap aramistir. Levi (2017) Kuzey Kore ve Cin
arasindaki gerginligi ve provokasyonlari oyun teorisi yardimiyla ele almustir.

Zolfagri (2020) Amerika Birlesik Devletleri ile Iran arasindaki gegmis ve giincel iliskileri incelemek igin
oyun teorisi kullanmistir. Gill (2020) ise ¢aligmasinda Pakistan ve Hindistan arasindaki niikleer silahlanma
yarisini, diger bir deyisle iki {ilke arasindaki caydiricilik miicadelesini oyun teorisinden yararlanarak ele
almistir. Bu silahlanma yarisin1 Tutsak ikilemini kullanarak modellemis ve iki iilkenin bu silahlanma yarisini
nasil kontrol altina alabilecekleri hakkinda ¢oziim aramustir. Alzawahreh (2021) ¢alismasinda tutsaklar
ikilemi problemini Suudi Arabistan ile Iran arasindaki iligkilere ve bu iki {ilkenin Ortadogu’daki rekabetlerine
uygulamistir. Tutsaklar ikileminin bu iki iilke arasindaki sorunlar agiklayabilecegini ayni ¢aligmada ifade
etmistir. Sahiner ve Ozbugday (2022) yaptiklar1 ¢alismada Suriye i¢ savasinin gelecegini oyun teorisi
kullanarak analiz etmistir. Babaei ve Gordji (2022) caligmalarinda 1970-2019 yillar1 arasinda Rusya ile
Norveg’in ekonomik ve politik iliskilerini davranigsal oyun teorisi kullanarak ele almistir. Ahmad (2022)
calismasinda Israil ile Filistin’in Oslo Anlasmalar1 dogrultusunda ortaya konulmus olan ¢oziimii neden
uygulayamadiklar1 sorununu oyun teorisi kullanarak analiz etmistir. Ornek olarak sunulmus calismalardan
goriilecegi lizere oyun teorisi uluslararasi iliskilerde, uluslararasi ¢ikar ¢atigmalarinda ara¢ olarak aktif bir
sekilde kullanilmaktadir. Biz bu calismada askeri kuvvetler acgisindan birbirine denk olmayan iki iilke
arasindaki savas durumunu ele alacagiz. Yapacagimiz analizlerde matris girdili matris oyunlarini kullanarak
problemin modelini olusturacagiz.

Calismanin devami su sekildedir: Boliim 1.1.’de oyun teorisi ile ilgili temel kavramlardan bahsedilmistir.
Boliim 2°de ele alinacak problem genel hatlariyla ifade edilmistir. B6liim 2.1.’de problemin senaryosu detayli
bir sekilde agiklanmigtir. Boliim 2.2.°de problemin ¢6ziimii ele alinmig ve optimal ¢éziimler sunulmustur.
Son boliimde ise ¢aligmanin sonuglarina yer verilmistir.

1.1. Oyun Teorisi ile Tlgili Baza Tanimlar

Bu bolimde g¢alismada boyunca oyun teorisi ile ilgili karsilagilacak bazi tanim ve agiklamalara yer
verilmistir. Ilk olarak sifir toplamli bir oyunun formal tanimi verilmistir. Daha sonra matris girdili matris
oyunlarm tanimi sunulmustur. Son olarak, bu tiir oyunlar1 ve bu oyunlarin ¢6ziim yontemini agiklayan bir
Ornege yer verilmistir

Tamm 1 (Ferguson, 2014): Sifir toplamli bir oyunun stratejik formu, diger bir deyisle normal formu,
1- P bos olmayan ve 1. oyuncunun stratejilerini igeren kiime,
2- @ bos olmayan ve II. oyuncunun stratejilerini igeren kiime,
3- A, X XY lizerinde tanimli reel degerli bir fonksiyon olmak iizere,

(X,Y, A) Ggliisii ile tanimlanir.

Oyunlar ya da daha genel bir ifadeyle cikar ¢atigmalar1 her zaman sifir toplamli olmak zorunda degildir.
Diger bir deyisle, bir oyuncunun kaybi her zaman diger oyuncunun kazancina esit olmayabilir. Bu durumda
oyunlara sifir toplamli olmayan oyunlar denir.

Tamm 2 (Ferguson, 2014): Oyuncularin belirli bir saf strateji segiminin sonucunun, oyuncularin bagka bir
oyun oynamasi gerekebilecegi matris oyunlarina matris girdili matris oyunlar denir.

Asagida matris girdili matris oyunlari ve ¢dziim yontemini agiklamak i¢in bir 6rnek sunulmustur.
Ornek (Ferguson, 2014): G, Ve G, asagidaki gibi 2 X 2 boyutlu matris oyunlari olmak iizere

G, = [(2) _31] ve G, = [2 ;]

G oyunu ise G; Ve G, oyunlarini igeren bir matris girdili matris oyunu olsun:

G, 4
G‘[s Gz]
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Burada G oyununda I. Oyuncu satir, II. Oyuncu ise siitunlar iizerinden se¢im yapmaktadir. Segilen satir ve
stitunun kesistigi girdi bir say1 ise oyun bitmektedir, aksi durumda G; veya G, oyunlarindan biri
oynanmaktadir.

G oyununu ¢ozebilmek i¢in ilk olarak G; ve G, oyunlar analiz edilir.
G, oyunun ¢oziimii yapildiginda:
I.Oyuncu Strateji Kimesi S; = {0.5,0.5}
I1. Oyuncu Strateji Kimesi S, = {0.67,0.33}
Oyun degeriv; =1
G,oyunun ¢oziimii yapildiginda:
I. Oyuncu Strateji Kiimesi S; = {0,1}
II. Oyuncu Strateji Kiimesi S, = {0,1}
Oyun degeriv, = 3

olarak bulunur. G oyunu oynanirken yapilan hamleler sonucunda olusan duruma gore G; veya G,
oyunlardan biri oynanir. Bu oyunlar oynandiktan sonra G matrisinin alacagi son durumda ise G; Ve
G,oyunlarmin oyun degerleri ilgili yerlere yazilir ve asagidaki getiri matrisi elde edilir:

i[5 3

G oyunu i¢in olusan matris ¢6ziildiigiinde diger bir deyisle asil ¢oziilmek istenen oyun ¢oziildiigiinde oyun
degeri ve oyuncular strateji kiimeleri asagidaki gibi elde edilir:

. Oyuncu Strateji Kimesi S; = {0.4,0.6}
I1.Oyuncu Strateji Kimesi S, = {0.2,0.8}
Oyun degeriv = 3.4

Yukaridaki 6rnekteki gibi verilen bir matris girdili matris oyununun ¢6ziim yontemi kisaca su sekilde
Ozetlenebilir. G ¢oziilmek istenen matris girdili matris oyun olsun: G matrisinde verilen diger oyunlarin
cOziimlerinin G matrisi icerisinde ilgili yerlere yazilmasiyla olusan G oyununun ¢oziimii asil oyunun
¢oztimudiir. (Detaylar i¢in bkz. (Ferguson, 2014)).

2. Problem

Bu béliimde ilk olarak askeri agidan gii¢lii bir X iilkesinin (siitun oyuncusu) kendisinden askeri olarak
daha gii¢siiz oldugunu kabul ettigimiz Y {ilkesine (satir oyuncusu) savas ilan etmesi sonucunda olusacak
durumu matris girdili matris oyunu seklinde G getiri matrisi ile modelleyecegiz. Bu modelde iilkelerin savas
durumunda Ateskes ve Savasa Devam Et seklinde iki adet saf stratejisi oldugu varsayilmaktadir. Savas bir
siireci kapsayacagi igin savastan taraflar bu siireg i¢erisinde kararlar alacaktir. Alinan bu kararlar sonucunda
savasin seyri yon degistirecek. Bu nedenle G matrisinin girdilerinde Boliim 2.1.’de goriilecegi lizere
(Ateskes, Ateskes) ve (Savasa Devam, Savaga Devam) stratejileri kullanildigi durumlarda oyun farkli bir
oyuna doniismektedir ve bu oyunlar G; ve G, oyunlar seklinde sunulmustur. G; oyunu oynandig: takdirde
yani her iki tlkenin de ateskes imzalamaya karar verdikleri durumda iilkelerin kullanabilecekleri iki farkli
strateji ortaya ¢ikmaktadir ve bunlar Defacto Sinirlara Geri Dén ile Isgal Edilen Yerleri Tut stratejileridir.
Diger durumda ise yani {ilkelerin her ikisinin de savasa devam ettikleri durumda ise G, oyunu aktif hale
gelmekte ve Savunma ve Saldirt stratejileri gibi farkli iki stratejinin kullanilacagi bir oyun ortaya
¢cikmaktadir.

Asagidaki getiri matrislerinde verilmis olan faydalar kardinal bir 6l¢iiyli degil oyuncularn tercihlerinin
siralamalarini yani ordinal bir 6l¢iiyii temsil etmektedir. Buradaki faydalarin (getirilerin) oranlar korunarak
degistirilmesi oyunun sonucunu degistirmeyecektir. Clinkii bu degerler oyuncularin tercihleri esas alinarak
ve islem kolaylig1 saglamasi sebebiyle sayilarla ifade edilmistir (Sahiner ve Ozbugday, 2022).
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2.1. Problemin Senaryosu

Gtglii X tilkesi (Siitun) oyuncusu bazi gerekgelerle kendisinden askeri anlamda daha zayif bir Y iilkesine
(satir) saldirmaktadir. Uzun ve yipratici askeri harekatlardan sonra iki iilke arasinda Ateskes ve Savasa
Devam seklinde G matrisinde verildigi gibi bir durum gelismektedir. Ulkeler savas boyunca yiprandig igin
kendi ¢ikarlarini da g6z oniinde bulundurarak bu duruma son vermek istemektedirler. Bu sebepten otiirii
ateskes yapma olasiliklar1 %60 iken savasa devam etmeleri durumunun olasiligi %40 seklinde temsili olarak
belirlenmistir. Eger giiclii X tlkesi saldirtya devam edip, giligsiiz Y iilkesi ateskes durumuna gecerse -3
birimlik bir kayip yasarken tam tersi durumda yani giiclii ateskese yanasir zayif olan saldirirsa giiclii olan
daha sert karsilik vereceginden zayif lilke -4 birimlik bir kayip yasayacaktir. Bu durumda altinda olusan getiri
matrisi (2.1)’de verilmistir.

Ateskes Savasa Devam
G= Ateskes 3+ 0.6 Gy -3
Savasa Devam —4 1+0.4%*G, 2.1)

Eger her iki iilke de anlagsmaya gitme yolunu segerlerse yani iilkeler Ateskes seceneklerini kullanirlarsa, oyun
asagidaki G, getiri matrisinde 6zetlendigi gibi yeni bir hal almaktadir. Yani iilkeler ya defacto sinirlara geri
donecekler diger bir deyisle birlesmis milletlerin tanidig1 eski smirlarina geri donecekler ya da Isgal Edilen
Yerleri Tut segenegini kullanacaklardir. Ulkelerin defacto sinirlara ¢ekilmesi sonucunda savasta kaybettikleri
maddi ve manevi degerlerden dolay1 -6’11k bir getiri elde edecekler. Ote yandan iilkelerin isgal Edilen Yerleri
Tut secenegi kullandiklari durumda ise zayif Y {ilkesi gii¢lii X iilkesinden daha az yer alabilecegi icin bu
durumda -1 birimlik bir getiri elde edecektir. Fakat iki iilkeden herhangi biri aldiklar1 yerleri tutmay1 tercih
ederlerse oyun yeni bir duruma evrilecek ve G, matrisindeki gibi bir durum ortaya ¢ikacaktir.

DSGD IEYT
G, = |DSGD —6 0+0.1%G,
I[EYT —10+0.9+%G, -1

DSGD: Defacto Smnirlara Geri Dén, IEYT: Isgal Edilen Yerleri Tut

G, durumunda ise oyunculari saldir1 ya da savunma olarak iki segcenek beklemektedir. Eger her iki oyunda
savunma pozisyonunda kalirlarsa herhangi bir kayip yasanmayacak bu nedenler 0 birimlik bir getirileri
olacaktir. Fakat iilkelerden biri savunmada kalir diger saldiriya gecerse saldiran taraf +2 birimlik kazang elde
ederken digeri -2 birimlik bir kayip yasayacaktir. Ote yandan her iki iilkede saldir1 duruma gegerse askeri
acidan giigsiiz olan lilke -1’lik bir kayip yasayacaktir. Bu asamada olusan oyunun getiri matrisi G, asagida
verilmistir.

Savunma Saldirt
G, = |Savunma 0 -2
Saldirt 2 -1

2.2. Problemin Coziimii

Problemi ¢6zmek i¢in Boliim 1.1.°de verilen 6rnekteki yaklasim yani matris girdili matris oyunlarinin
¢oziim yontemi kullanilacaktir. ilk olarak ¢oziilmesi gereken G oyununun icindeki G; Ve G, oyunlari
¢oziilecek ve bu oyunlarin oyun degerleri ilgili girdilerde yerlerine yazilacak ve daha sonra G oyununun oyun
degeri hesaplanacaktir.

[k olarak G, oyunu ele alalim. Oyunun ¢dziimii literatiirdeki yontemlerden biri kullanilarak yapildiginda
(Ornek olarak stratejilerinde esitlenmesi yontemi, lineer programlama vb.) G, oyununun oyun degeri v, =
—1 ve strateji kiimesi her iki iilke i¢in §; = S, = (0,1) olarak bulunur. Bu strateji kiimeleri her iki iilke igin
de saldir1 se¢enegini 6nermektedir. Daha sonra elde edilen oyun degeri G; getiri matrisinin ilgili girdisine
(2.2)’deki matristeki gibi yazilir.

DSDG [EYT
G, = |DSDG -2 0+0.1x(—1)
IEYT —-10+0.9=x(-1) -1
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2.2)

DSDG 1EYT
=|DSDG -6 0.1
IEYT -91 -1
Elde edilen G; oyunu da benzer sekilde ¢oziiliir. Bu oyunun oyun degeri v; = —6 olarak bulunur ve strateji
kiimesi ise her iki ilke i¢in S; = S, = (1,0) olarak elde edilir. Bu strateji kiimesi bu asamaya gelmis bir
durumda defacto sinirlara doniilmesinin en iyi secenek oldugunu ifade etmektedir.

Son olarak G; ve G, oyunlarimin oyun degerleri G oyununun getiri matrisinde ilgili yerlere (2.3)’deki matriste
goriilebilecegi sekilde yazilir.

Ateskes Savasa Devam
G = Ateskes 3+0.6%(—6) -3
Savasa Devam —4 1+0.4*(-1) (2.3)

Ateskes Savasa Devam

= Ateskes —-0.6 -3
Savasa Devam -4 0.6
G oyunu ¢oziildiigii takdirde oyun degeri v = —1.77 bulunurken, satir oyuncusunun yani zayif Y iilkesinin

strateji kiimesi (0.66, 0.34) ve giiclii X tilkesinin strateji kiimesi ise (0.51, 0.49) olarak bulunmaktadir.

Buna gore elde edilen strateji kiimesi yorumlanirsa askeri acidan zayif olan Y iilkesi i¢in ateskes yapma
olasilig1 %66 ile daha agir basmaktadir. Diger bir deyisle Y iilkesi i¢in boyle bir kriz durumunda yapabilecegi
en iyi hamle ateskes stratejisini kullanmaktir. Zayif olan Y {ilkesi bu savasi en az kayipla atlatabilmesi igin
rasyonel davranip ateskes secenegini segmek durumundadir. Giiglii olan X iilkesinin strateji kiimesi goz
oniinde bulundurulursa X iilkesi igin de en iyi secenegin ateskes stratejisi oldugu goriilmektedir. Ote yandan
gii¢ dengesinin esit olmamasindan dolay1 oyun degerinden de goriilecegi lizere sonug negatif ¢ikmistir, yani
oyun gii¢lii X oyuncunun lehine bir oyundur. Yani zayif olan Y iilkesi elinden gelen tiim diplomatik ¢abay1
ortaya koyarak en basta savasin ¢cikmamasi i¢in ¢gabalamalidir. Savagin kacinilmaz oldugu durumda ise oyun
degerine bakilarak zayif iilkenin bu savasi siirdiirmesi durumunda yasayacagi kayip katlanarak artacaktir. Bu
nedenle kriz yasayan bu iki iilke yoneticilerinin kayiplarimi en diisiik seviyede tutmak icin ateskes yoluna
giderek savasi bitirmesi gerektigi yorumu yapilabilir.

3. Sonuclar

Askeri agidan giiclii ve zayif iilke arasinda yasanan savas durumuna doniismiis olan uluslararasi bir krizi
matris girdili matris oyunlar1 seklinde modelledik. Olusturdugumuz modelde iilkelerin ilk durumda iki adet
saf stratejileri bulunmasina karsi yapacaklart hamleler sonucunda farkli oyunlara doniisen ve olusan yeni
oyunlarinda farkli hamleler icerdigi bir model kurduk. Modeli literatiirdeki ilgili oyun tiiriiniin ¢6ziim
yontemini kullanarak, her iki iilke icin strateji kiimelerini ve oyun degerlerini hesapladik. Elde ettigimiz
¢Oziimler sonucunda her iki iilke i¢inde bu tiir bir senaryo altinda birbirlerine nasil karsilik vermeleri
gerektigini agikladik. Sonug olarak bu ¢alismada, savas durumuna doniismiis uluslararasi bir krizin matris
girdili matris oyunlar seklinde modellenebilecegini gosterdik. Olusturdugumuz senaryoda {ilkelerin
menfaatleri dogrultusunda nasil bir yol izlemeleri gerektigini oyun teorisi ile analiz ettik. Her ne kadar bu
calismada kurulan senaryoda matris boyutu 2 X 2 olsa da boyut biiyiitiiliip girdiler farkli matris oyunlari
olacak sekilde daha karmasik modeller olusturabilir. Olusturulacak bu modellerin ¢dziimleri de literatiirde
var olan ¢6zliim yontemleri ile yapilabilmektedir.

2008 yilinda Rusya ve Gircistan arasinda yasanan Giliney Osetya savasi bu model kapsaminda
orneklendirilebilir. Rusya, Giircistan’a bagli Gliney Osetya bolgesinin bagimsizligint destekleyerek iki lilke
arasindaki gerilimi arttirmis ve bir ¢catigma baglatmistir. Rusya’nin, Giircistan’a kars1 baglattig1 saldirilara
Giircistan’da kars1 saldir1 yaparak karsilik vermistir. Fakat ilerleyen siiregte Rusya bu savastan galip ¢ikip 16
Agustos 2008 yilinda ateskes miizakereleri baglamistir. Daha sonra Rusya bolgenin bagimsizligi tanimis ve
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Giircistan buna tepki olarak Rusya ile diplomatik iliskilerini kesip, Bagimsiz Devletler Toplulugu’'nda
ayrildigini agiklamustir. Ote yandan Giircistan, Rusya’nin askeri gii¢ acisindan iistiinliigiinii (Giircistan
30000- Rusya 100000, (Rzeczpospolita,(2008)) goriip gerilimin ilk zamanlarinda diplomatik olarak
miizakere yoluna gitse ya da dogrudan ateskes g¢aligmalarina baslasaydi yasayacagi maddi ve manevi
kayiplar1 en aza indirebilirdi.
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1. Introduction

Galilean geometry is described by (Yaglom,1979). The Galilean plane G2 is represented in the Cartesian
plane as in the Euclidean plane. In the Galilean plane, the lines which are parallel to the y-axis are called
special lines and the lines which are not parallel to y-axis are called ordinary lines. The distance function is
different from the Euclidean plane. In the Galilean plane, if P = (x;,y,) and Q = (x,,y,) are points, where
X, > x4, then distance from P to Q is defined by formula as follows (see 1.1):

de(P,Q) = x5 — x1. (1.1)

If x; = x, and y, > y,, then the points P and Q are belong to same special line. The distance is defined by
formula as follows (see 1.2):

5PQ =Y2— V1 (1.2)

Since the distance function is different, the properties in the Euclidean plane can be reproduced faithfully in
this plane. In the Galilean plane, topics involving distance have been studied by some authors (Kurudirek &
Akca,2015; Akar, M., Yiice, S. & Kuruoglu, N.,2013).

Stewart's theorem and the median property are well known in the Euclidean plane. Moreover, this theorem and
property has been studied by some outhors (Kaya & Colakoglu,2006; Gelisgen & Kaya,2013; Gelisgen &
Kaya,2009) on other planes.

How can we define this theorem and property in the Galilean plane? In this study, the answer to this question
is investigated. Firstly, the definition of the base line is given similar to (Ozcan & Kaya,2003) for triangles in

11 aziz@aku.edu.tr
22 nceylan@aku.edu.tr
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G?2. Then, according to the definition of the base line, we give Galilean-analogues of Stewart’s theorem and
median property for the triangles whose sides are on ordinary lines.

2. Meterials and Methods

In this section, the basic information will be given about the triangle which is described by (Yaglom,1979)
in the Galilean geometry.

Let AABC be a triangle whose sides are on ordinary lines and the sides have the lengths |d; (B, C)| = ag,
|d;(C,A)| = bg, |dg (A, B)| = c; (see Figure 1). If a; is the largest side, then we can write a as follows
(see 2.1):

bG + C; = Qg, BG + CG = AG' (21)

Ca bg
2z

Figure 1 A triangle whose sides are on ordinary lines in G2.

Now, we can show a triangle whose any side is on the special line in G2.

Figure 2 A triangle whose any side is on the special line in G2.

The triangle in figure 2 is an isosceles triangle. Because of the equation (2.1), the side c; must be equal to the
sum of the sides a; and b, the angle C; must be the largest angle. But the slope of a special line is equal to
the tangent of the angle between special line and the x — axis (i.e., tan90°) and it must be infinite. Therefore
the largest angle must be either the angle A; or the angle B;. Hence a contradiction is obtained.
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Since the two types of Galilean lines are not comparable, it is natural to include in the class of lines of Galilean
geometry only ordinary lines (Yaglom,1979). So the sides of a triangle in G2 lie on ordinary lines. Now we
use the following definition given in (Ozcan & Kaya,2003) to give a Galilean-analogues of Stewart’s theorem
and median property.

Definition 2.1 Let AABC be any triangle whose sides are on ordinary lines in G2. A line k is said a base line
of AABC if and only if

1) k passes through a vertex,
i) k is parallel to a coordinate axis,
iii) k intersects the opposite side (as a line segment) to the vertex in Condition 1.

Thus, at least one of the vertices of a triangle always has one or two base lines. Like this a vertex of a triangle
is said a basic vertex. A base segment is a line segment on a base line, which is bounded by a basic vertex and
its opposite side.

3. Results and Discussion
After this preliminary, we can give the following theorem for a triangle whose sides are on ordinary lines.

Theorem 3.1 Let the sides of a triangle APQR in G2 have lengths |d;(P,Q)| =15, |dg(Q,R)| = pg,
|dg(R,P)| = q¢. If X € [QR] and |d;(Q,X)| = mg, |dg(X,R)| = ng, |dg(P,X)| = x4, then we can write
as follows (see 3.1):

( me + 1, If APQR has no base line through the vertex P,
ne + 9q¢, If APQR has only base line through the vertex P,

"¢ ~ e If APQR has two base lines through the vertex P

and X is between the intersection points of the base lines, (3.1)
Xg =< -
¢ Ing —qgl,  If APQR has two base lines through the vertex P

and X is not between the intersection points of the base lines.

PROOF :

Let

Q = Orthogonal projection of Q to the line through P and parallel to y — axis,
R = Orthogonal projection of R to the line QOQ,

X = Orthogonal projection of X to the line QQ.

i) If the triangle APQR has no base line through the vertex P (see Figure 3), then (see 3.2)
dg(P,Q) = dc(0,Q), ds(Q,X) = dg(Q.X). (3.2)

Thus, we obtain d; (P, X) = x; as follows (see 3.3 and 3.4):

de(P,X) =d(0,0) +dg(Q,X), (3.3)

Xg = T1g + mg. (34)
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P
L]
e [ =4

ez

= P A

i Pa

s i

"é Tz L me X B

Figure 3 A triangle which has no base line through the vertex P.
ii) If the triangle APQR has only base line through the vertex P (see Figure 4), then (see 3.5)

dg(P,R) =dg(Q,R), dg(R X)=ds(R X). (3.5)

Thus, we obtain d; (P, X) = x; as follows (see 3.6 and 3.7):

dG(P,X) :dG(Q,R)+dG(R,X), (36)
3.7
Xg = q¢ + ng. ( )
R =
9z ' I Tl
! n ez :
E = \ x» Pe
P : P x
% . ) :
............................... AN U LA S R
Q 4z R mng X Q € xp—m>

Figure 4 A triangle which has only one base line through the vertex P.

iii) If the triangle APQR has two base line through the vertex P and X is between the intersection points of
base lines (see Figure 6), then (see 3.8)

dg(R,P) = dg(R,Q), dg(RX)=ds(R X). (3.8)
Thus, we obtain d; (P, X) = x; as follows (see 3.9 and 3.10):

dG(P,X) =d6(R,X)—dG(R,Q), (39)

3.10
Xg =MNg — (g- ( )
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R
; ne
Ge Pe
P e
P e
R e Q' xg X Q

Figure 6 A triangle which has two base lines through the vertex P and X be between the intersection
points of base lines.

iv) If the triangle APQR has two base line through the vertex P and X is not between the intersection points
of base lines (see Figure 7), then (see 3.11)

de(R,P) =dg(R,Q), dg(R X)=ds(RX). (3.11)

Thus, we obtain d; (P, X) = x; as follows (see 3.12, 3.13, 3.14, 3.15):

de(P,X) =ds(R,X) —ds(R,0), (3.12)
Xg = g — g (3.13)
or
dG(P,X) :dG(R,Q,)—dG(R,X), (314)
.xG = qG - nG. (315)
R R :
Gz Tz :
r Pe X Pe
& : N : qc E m
Ty : X ¢
& Mg i
N P
B 6 7 R xoQl e T
................................................................................ ne e
dz Xg Q Q
4z
Mg

Figure 7 A triangle which has two base lines through the vertex P and X is not between the intersection
points of base lines.

As a result we can write as follows (see 3.16):
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x¢ = Ing — qel. (3.16)

The following corollary gives a Galilean-analogues of median property in the Euclidean geometry.

Corollary 3.1 Let the side of a triangle APQR in G? have lengths |d;(P,Q)| =15, |dg(Q,R)| = pg,
|d¢ (R, P)| = q¢. If X is midpoint of [QR]and |d;(P,X)| = Vo then (see 3.17)

( pe + 2rg, If APQR has no base line through the vertex P,
Pec +2q;, If APQR has only base line through the vertex P,
Pc —2qg, If APQR has two base lines through the vertex P
and X is between the intersection points of the base lines,
2V, =+ (3.17)

|pe — 2r¢|, If APQR has two base lines through the vertex P
and X is not between the intersection points of the base lines.

Proor : It can be proved similar to theorem 3.1.

4. Conclusion

In this study, Stewart's theorem and median property have been studied for triangles whose sides are on
ordinary lines in the Galilean plane G2. In order to achieve this aim, firstly, we give the definition of base line
for these triangles in G2. According to the cases of base lines we get Galilean-analogues of Stewart’s theorem
and median property.
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Oz - Oral kanser diinya genelinde sik gériilen bir kanser tiirlerindendir. Etkili olan hiicre tiiriine gore farkli oral kanser
tirleri vardir. Oral kanser tiirleri arasinda en yiiksek oran skuamoz hiicreli tiiriine aittir. Oral kanserin erken teshisi
tedavi agisindan ¢ok dnemlidir. Bu kanser tiiriinde, lezyonlar goriiliip hissedilen bdlgelerde olmalarina ragmen teshis-
lerinde ge¢ kalinmaktadir. Teshis siirecinde biyopsi, histopatolojik ve radyolojik goriintiilerin incelenmesi, kullanilan
baslica yontemlerdir. Hastaliklarin teshis siirecinde derin 6grenme yapilarmi kullanan karar destek sistemleri saglik
sektoriinde yayginlagsmaktadir. Literatiirde oral kanserin derin 6grenme ile siniflandirilmasinda farkli modelleri kul-
lanan galismalar yer almaktadir. Bu ¢alismada mevcut literatiirden farkl olarak Xception modeli 6n egitimli ve ardisil
algoritmayla birlikte modifiye edilmis sekilde kullanilmigtir. Normal ve oral skuaméz hiicreli kanserler seklinde iki
smifinda bulundugu egitim asamasinda sirasiyla %98.70 egitim basarisi, %97.20 zar dogrulugu, %96.50 hassasiyet
ve %97 duyarlilik elde edilmistir. Elde edilen bu degerler literatiirde yer alan diger baz1 ¢aligmalarla karsilastirilmustir.
Calismada Xception modelinin Clahe ile birlikte oral kanser siniflandirmasinda uygun bir segenek oldugu ve teshis
stirecinde yararl olabilecegi goriilmiistiir.
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Abstract — Oral cancer is one of the most common cancers worldwide. There are different types of oral cancer de-
pending on the type of cell that is affected. The highest rate among oral cancers belongs to the squa-mous cell type.
Early diagnosis of oral cancer is very important for treatment. In this type of cancer, although the lesions are in areas
where they can be seen and palpated, the diagnosis is made late. Biopsy, examination of histopathological and radio-
logical images are the main methods for diagnosis. Decision support systems that use the structures of deep learning
in the diagnosis process of diseases are becoming widespread in the health sector. There are studies in the literature
that use different models to classify oral cancer with Deep Learning. In this study, unlike the existing literature, the
Xception model was used in a modified form with a pre-trained and sequential algorithm. In the training phase, in
which there were two classes, namely normal and oral squamous cell carcinomas, 98.70% training accuracy, 97.20
dice coefficient, 96.50% sensitivity, and 97% sensitivity were obtained, respectively. These values were compared
with some other studies in the literature. The study concluded that the Xception model together with Clahe is a suitable
option for the classification of oral cavity cancer and can be useful for the diagnostic process.
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1. Giris

Diinya genelinde en ¢ok goriilen altinci kanser tiirii olan oral kanser goriilme siklig1 giderek artmaktadir.
Oral kanser kadinlara oranla erkeklerde daha fazla goriilir. Bu duruma sebep olarak sigara kullaniminin
erkekler arasinda daha yaygin olmas1 gosterilebilir. Oral kanserler oral skuamoz hiicreli kanserler (OSHK)
olarak adlandirilmaktadir. Agizda olusan kanserlerin yaklasik %90’1 OSHK, %5-10 aras1 ise mindr tlikiiriik
bezi karsinomlaridir. Oral kanserlerde hastalarda agr1 goriilmektedir. Hem agr1 belirtisi hem de goriilebilir
bolgede olmasindan kaynakli olarak daha kolay teshis edilecegi diisiiniilse de genellikle teshis hastaligin ileriki
evrelerinde olabilmektedir. Bu durumun temel nedeni agrinin ilerleyen asamalarda siddetinin artmasidir. Oral
kanser ilerledik¢e farkli organlara metastaz yapabilmektedir (Cosan ve Yilmaz, 2022).

Oral kanserlerin teshis siirecinde dis hekimleri 6nemli bir yere sahiptir. Rutin ya da rutin dis1 dis kontrollerinde
oral kanserler tespit edilebilmektedir. OSHK’ler en sik goriilen histopatolojik tiirdiir ve klinik bulgular ve
anamnez (hasta oykiisii) ile teshisi miimkiin olabilmektedir (Koca ve Yenidiinya, 2020). Oral kanser metastaz
yaparak akciger ve mide kanseri goriilme ihtimalini artirmaktadir (Saglam ve Ozsagir, 2020). Erken teshis
edilmeyen vakalarda fonksiyon kayiplar1 ve diizeltiimesi imkansiz hale gelen agiz ve yiiz deformasyonlari
goriilebilmektedir (Tas vd., 2020).

Oral kanserli hastalarin hayatta kalma oranlar1 yaklagik %40’tir. Hastaligin erken teshisi durumunda hayatta
kalma oran1 %80’lere ¢ikabilmektedir. Dudak kanserleri de oral kanser smifina girmektedir. Oral kanserlerin
temel sebepleri arasinda alkol ve sigara kullanimi ve agiz hijyeni gibi faktorler etkili olabilmektedir (Mollaoglu
vd., 2021). Oral kanserler Tiirkiye’de en ¢ok goriilen kanser tiirleri arasinda ikinci sira yer almaktadir. Oral
kanserler dudak, sublingual alan ve dilde goriilebilmektedir.

Oral kanserlerin teshisinde anamnezi, fiziksel muayene, radyolojik bulgularin incelenmesi ve biyopsi
kullanilan ydntemler arasindadir. Oral kanserlerin erken teshisinde ilk basamak olarak dis hekimleri
goriilmektedir. Bu tiir klasik yontemlerin yani sira yapay zekanmn bu alanda kullanimi da 6nemli hale
gelmektedir. Dis hekimliginde yapay zekd kullanimi hem hasta bakim kalitesi artirma hem de oral kanser
teshisi agisindan 6nemli olabilecektir (Ozkesici ve Yilmaz, 2021). Ozellikle kanser teshisi i¢in karar vericilere
destek saglayan, model bileseninde derin 6grenme yapilarini bulunduran karar destek sistemleri (KDS)
yayginlagsmaktadir. KDS’lerde kullanilacak derin 6grenme ile teshis siirecini daha hizli, basarili hale getirmek
miimkiin olabilmektedir (Ozdemir vd., 2022).

Bu boliimde oral kanserlerin teshisi i¢in literatiirde yer alan derin 6grenme algoritmalar1 ve goriintii isleme
tekniklerini i¢eren ¢aligmalar incelenmistir. Goriintiilerin siniflandirilmasinda piksel 6zelliklerinin kullanildig:
caligmalar literatiirde yer almaktadir. Goriintiilerde yogunluk, kontrast, parlaklik gibi piksel degerlerine gore
ozellikler kaydedilmekte ve algoritmalara giris olarak verilmektedir. Aberville vd., (2017) oral kanserin teshisi
i¢in bir ¢aligma sunmuslardir. Calismada siiflandirma islemi i¢in GLCM ile piksel 6zellikleri belirlenmistir.
Daha sonra bu GLCM ozellikleri destek vektdr makineleri algoritmasinda kullanilarak siniflandirilmstir.
Caligmada %96 auc (area under the curve), %88.3 egitim, %86.6 hassasiyet ve %90 6zgiilliik degerlerine
ulasilmustir.

Gorilintii 6n isleme goriintiilerde arka plan ve 6n plan nesneleri birbirinden ayrilarak algoritmasimin gerekli
Oznitelikleri ¢ikarmasi kolaylastirilarak basari artis1 saglanmaktadir. Yine goriintii 6n islemenin yapilmadig
diger bir ¢alismada %70.59 egitim basaris1 elde edilmistir. Calismada destek vektor makineleri yontemi ile
siniflama goriintiilerin siniflandirtlmasi yapilmistir (Chu vd., 2020). Alhazmi vd., (2021) tarafindan yapay sinir
aglar1 kullanilarak yapilan ¢alismada %78.95 egitim basarisi elde edilmistir. Basarinin diisiik olmasinda veri
setinde On isleme yapilmamis olmasinin etkisi vardir. ResNet farkl tiirevleri ile birlikte siniflama asamalarinda
sikc¢a kullanilan bir algoritmadir. Welikala vd., (2020) tarafindan yapilan bir ¢alismada bir ResNet tiirevi olan
ResNet101 algoritmasi tercih edilmistir. Goriintii 6n isleme asamasinin yer almadigr bu ¢alismada %78.30
egitim basarisi elde edilmistir.

284



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 2, Sayfa: 283-290

Literatiirde temel modellerin basari artis1 saglayacak sekilde modifiye edilerek farkli isimlerle kullanildigt
caligmalar yer almaktadir. EfficientNetB0’1 temel alan bir derin 6grenme algoritmasi ¢alisma kapsaminda
egitim asamalar1 i¢in tercih edilmistir. OSHK nin teshisi i¢in yapilan diger bir ¢alismada %94.9 hassasiyet,
%98.3 auc degerleri elde edilmistir (Fu vd., 2020). Lin vd., (2021) ¢alismalarinda HRNet adli CNN temelli bir
algoritma kullanmiglardir. Normal ve kanser tiirlinii de igeren toplam bes sinifa sahip bir veri seti ¢aligma
kapsaminda degerlendirilmistir. Veri setinde yer alan goriintiiler, lezyonlarin bulunduklar1 lokasyona gore
yeniden 6rneklenmistir. Caligmada %83.6 f1-skoru, %83 hassasiyet (sensitivity), %84.3 tahmin (precision)
calismada elde edilmistir.

Alkhadar vd. (2021) oral kanserin yapay zeka ile teshisi igin bir ¢alisma sunmuslardir. Calismada naive bayes,
lojistik regresyon ve karar agaclari olmak iizere farkli siniflama algoritmalar1 egitim agamasinda denenerek
kargilagtirilmigtir. En yiikksek bagsar1 %76 egitim basarisi ile karar agaclari yontemiyle elde edilmistir.
Shavlokhova vd., (2021) tarafindan sunulan ¢aligmada MobileNet kullanilarak egitim agamasi tamamlanmustir.
Calismada %47 hassasiyet, %96 ozgillik (specificity) elde edilmistir. Warin vd., (2021) oral kanserin
siniflandirtlmasi i¢in bir ¢alisma sunmusglardir. Calismada farklt modeller kullanilarak model basarilar
arasinda karsilastirma yapilmistir. DenseNet121 modeli kullanilarak %99 tahmin ve %100 duyarlilik (recall)
degerleri elde edilmistir. 350 tane OSHK &rnegi i¢eren ve 700 drnekten olusan bir veri seti kullanilmugtir.

Rahman vd., (2022) tarafindan sunulan AlexNet temelli algoritma ile oral kanser, OSHK ve normal olmak
iizere iki sinifa ayrilmigtir. Kaggle’a ait veri seti ¢aligma kapsaminda tercih edilmistir. Caligmada %90.06
egitim basarisi, %92.74 hassasiyet (sensitivity), %90.15 f1-skor degerleri elde edilmistir. Jubair vd., (2022)
tarafindan sunulan ¢alismada 480 iyi huylu 236 slipheli olmak iizere 716 goriintiiniin yer aldig1 bir veri seti
kullanilmigtir. Bu caligmada sirasiyla %85 egitim basarisi, %86.7 hassasiyet (sensitivity) degerleri elde
edilmistir.

Caligmada SVM, ResNet101, AlexNet gibi popiiler simiflandirma algoritmalarii kullanan g¢aligmalarla
karsilagtirma sonuglarma yer verilmigtir. Xception modelinde giris verileri ilizerinden clahe ile kontrast
iyilestirme uygulanmistir. Karsilastirma sonuglar1 Xception modelinin oral kanser siniflandirmasinda uygun
diger algoritmalara gore daha uygun bir ¢6ziim oldugunu gostermistir.

2. Materyal ve Yontem

Caligmada kaggle’a ait halka agik bir veri seti kullanilmigtir. Bu veri seti {izerinde veri artirma uygulanmustir.
Daha sonra veri seti %70 egitim %20 dogrulama ve %10 test olacak sekilde ayrilarak egitime alinmistir. Egitim
asamasinda onerilen model i¢in kullanilan hiper parametreler Tablo 1°de verilmistir.

Tablo 1
Hiper Parametreler
Parametre Deger
Y1gin Boyutu (Batch size) 16
Giris Boyutu (Input Size) 256 x 256
Ogrenme Katsayis1 (Learning Rate) 0.0001
Epok Sayist (Number of Epochs) 50
En lyileyici (Optimizer) Adam
Kayip Fonksiyonu (Loss Function) Binary cross entropy
Cikis Fonksiyonu (Output Function) Sigmoid
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2.1. Veri Seti ve Veri Artirma

Caligmada kaggle’a ait histopatolojik goriintiileri igeren halka agik bir veri seti tercih edilmistir. Veri seti
iizerinde yatay/dikey ¢evirme, 90/180 derece dondiirme islemleri ile veri artirma uygulanarak, veri sayist dort
katina ¢ikarilmistir. Veri artirma ile sistemin egitim agamasinda ezbere diismesi dnlenmeye ¢aligilmistir. Veri
seti kii¢iik oldugunda model, veri setini ezberleyebilmektedir. Bu durumda egitim basarisinda yapay bir artig
goriiliirken dogrulama basarisi diismektedir. Tablo 2°de veri setinin dagilimi verilmistir. Dagilimda veri artirma
ile olusan veri seti %70 egitim %20 dogrulama ve %10 test olacak sekilde ayrilmustir.

Tablo 2
Veri Seti Dagilimlar

Veri Simif Say1  Veri Artirma  Egitim Dogrulama  Test (%10)

Seti (%70) (%20)

Kaggle Normal 5001 20004 14002 4002 2000
Skuaméoz 5001 20004 14002 4002 2000
hiicreli
kanser

TOPLAM 15148 28004 8004 4000

2.2. On isleme

Veri setindeki goriintiiler tizerinde kontrast iyilestirme uygulanmistir. Kontrast iyilestirme igin clahe algorit-
masi kullanilmustir. Bu islem igin de opencv kiitiiphanesinde yer alan createCLAHE fonksiyonu tercih edil-
mistir. Bu siireg ile goriintii tizerindeki dokularin gériniirliigii artirilmistir. Bu yontem ile derin 6grenme algo-
ritmas1 sonucu elde edilecek basar1 artmaktadir. Siirece ait 6rnek gorseller Sekil 1°de goriilmektedir.

Orijinal Géruntu Clahe sonrasi

Sekil 1. On isleme siireci
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2.3. Simiflandirma Algoritmasi

Siniflandirma asamasinda segilen 6n egitimli Xception modeli temel model olarak alinmistir. Xception 2017
yilinda ortaya konan siniflama modelidir. Model giris akisi, orta akis ve ¢ikis akisi olarak {i¢ modiilden olus-
maktadir. Giris modiilii 3x3 ¢ekirdek boyutuna sahip, evrisim katmanlar: ve maksimum havuzlama katmanla-
rin1 igermektedir. Orta akis modiilii 8 kez tekrarlanan evrisim katmanlarindan olusmaktadir. Cikis akisi modiili
ise 2 evrigim katmani, maksimum havuzlama, 2 evrisim katmani ve global havuzlama katmanlarindan olus-
maktadir. Bu modelde kullanilan evrisim katmanlarinin tamami ayrilabilir (seperable) evrisim katmanlaridir.
Ayrilabilir evrisim, tek bir evrisimin ayn ¢iktiy1 iiretmek i¢in iki veya daha fazla evrisime bdliinebildigi bir
stiregtir. Tek bir siireg, ayn1 etkiyi elde etmek i¢in iki veya daha fazla alt siirece boliiniir. Bu katmanlar, gele-
neksel evrisim katmanlarina gore hesaplama gereksinimlerini azaltarak agin sadelestirmektedir.

Caligmada Xception modeli imageNet agirliklari ile birlikte 6n egitimli olarak kullanilmistir. Bu durum egitim
siiresinin azalmasini ve basar artisin1 saglamaktadir. Xception modelinin ¢ikisi, 6nce flatten katman ile ardisil
algoritmaya hazirlanmistir. Daha sonra bu modelin ¢ikis katmani ile elde edilen 6znitelikler, gelistirilen sira
tabanli bir algoritmaya girdi olarak alinmistir. Sira tabanh algoritma yogun katman (dense layer), aktivasyon
(activation) ve birakma (dropout) katmanlarindan olusmaktadir. Birakma katmanlari ile 6grenilmesi gerekme-
yen Ozellikler azaltilarak, sistemin ezbere diismesi dnlenmeye ¢alisilmistir. Son katman olarak kullanilan dense
katmaninda ¢ikis sinif sayisi kadar néron yer almaktadir. Algoritmanin genel yapist Sekil 2°de goriilmektedir.

i o
256x256x3
Dense (2, activation="softmax’)
Flatten
Dense (128) t
~
I Activation (RELU)

BatchNormalization '

BatchNormalization

1

ﬁ Dense (128)
~

Sekil 2. Siniflama algoritmasi

3. Arastirma Bulgulan

Calismada normal ve OSHK olmak iizere ikili siniflama yapilmistir. Temel model olarak Xception disinda
ResNet50, VGG16 ve VGG19 modelleri de egitim asamalarinda kullanilmis ve karsilastirilmigtir. Tablo 3’te
egitim asamasinda farkli modellerle elde edilen sonuglar yer almaktadir.
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Tablo 3

Egitim asamasi1 model karsilagtirmalari

Model Egitim Basaris1 (Accuracy) Zar Dogrulugu (Dice Coefficient)
VGG16 94,80 93,30
VGG19 94,85 93,55
ResNet50 97,50 96,10
Onerilen Model 98.70 97.20

Tablo 4 6nerilen yaklasimin diger bazi ¢aligmalarla olan karsilagtirma sonuglarini temsil etmektedir. Sekil 3’te
test veri seti ile elde edilen precision (tahmin), recall (duyarlilik) ve f1-skor degerleri yer almaktadir.

Tablo 4
Egitim asamasi karsilagtirma sonuglari
| Model Egitim Ozgiilliik- Tahmin- Duyarhlik- Hassasiyet- AUC F1-Skor-
Calisma Basarisi—  Specificity Precision Recall Sensitivity (%) F1-Score
Accuracy (%) (%) (%) (%) (%) (%)
Lin vd., (2021) HRNet -
84.30 - 83.00 - 83.60
Warin vd., (2021) DenseNet 99.00 100 - -
Jubair vd., (2022) EfficientNetBO 85.00 - 86.70 -
Fu vd., (2020) DCNN - 94.90 98.30
Rahman vd., (2022) AlexNet 90.60 - 92.74 - 90.15
Alhazmi vd., (2021) CNN 78.95 - -
Chu vd., (2020) SVM 70.59 - -
Welikala vd., (2020) ResNet101 78.30 - -
Shavlokhova vd., (2021) MobileNet 96.00 - 47.00 -
. SVM 88.30 90.00 - 86.60 96.00
Aberville vd., (2017)
K Ag 76. - -
Alkhadar vd. (2021) arar agact 6.00
Onerilen Model Xception 98.70 97.00 97.00 97.00 96.50 98.40 97.30
precision recall f1-score
5] .96 8.98 8.97
1 @8.98 .96 8.97
daccuracy 8.97
macro avg @8.97 8.97 8.97
weighted avg 9.97 0.97 0.97

Sekil 3. Test veri seti basar1 degerleri

4. Sonuclar ve Tartisma

Ozellikle medikal gériintiilerin siniflandirilmasinda imageNet gibi biiyiik veri tabanlari ile egitilmis 6n egitimli
modellerin, basar1 artis1 sagladig1 goriilmektedir. Ayrica veri setlerindeki goriintiilerin kontrast iyilestirmeye
tabi tutulmasi, derin 6grenme algoritmalar ile elde edilen basariy1 artirmaktadir. Bu durumun temel sebebi
goriintiideki 6n plan ve arka planda kalan 6geler arasindaki ayristirmanin artmasidir. Bu durumda evrisim
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katmanlarinda elde edilecek gereksiz dzellikler azaltilarak, siniflandirma agisindan algoritmanin daha sade ve
efektif olmasi saglanmaktadir. Bu durumlar goz 6niine alinarak ¢aligmada 6n egitimli Xception modeli, clahe
ile gorlintli 6n isleme uygulanmig goriintiilerle birlikte kullanilmistir. Xception modelinde yer alan ayrilabilir
evrisim katmanlari, hesaplama islemlerini azaltarak agin hizin1 artirmaktadir. Xception ¢alismada denenen
diger modellere gore daha yiiksek basar1 gosterdigi igin tercih edilmistir.

Sonuglar boliimiinde yer verilen karsilastirma sonuclarina gore Onerilen yaklasimin basarili oldugu
goriilmektedir. Onerilen yaklasim ile sirastyla %98.70 egitim basarisi, %97.20 zar dogrulugu %97 tahmin,
%97 duyarlilik ve %97 f1-skor degerleri elde edilmistir. Duyarlilik ve tahmin degerleri yiiksek ve 2 sinif iginde
yakin degerlerdedir. Bu durum modelin, 2 sinifin egitiminde de basarili oldugunu géstermistir. Derin 6grenme
algoritmalarinda birakma katmanlari goriintiilerdeki gereksiz ozelliklerin atilmasini saglayarak basariy1
artirmaktadir. Fakat bizim algoritmamizda segilen 0.4 birakma degerinin {izerine ¢ikildiginda basar1 diigiisii
gortilebilmektedir. Her algoritma ve modelin optimum parametreleri farkli olacagi i¢in denemelerle en uygun
olanlar secilmelidir. Bunun yani sira 6n islem uygulanan verilerin egitime alinmasi basarty1 artirmisgtir.

Derin 6grenme ile desteklenen KDS’lerin hastalik teshisinde kullanimi yayginlagmaktadir. Derin 6grenme
yapilarinin KDS’lerin model bileseninde kullanilmasi, teshis siirecinde insan faktoriiniin bertaraf edilerek daha
basarili ve hizli sonuclar elde edilmesine olanak saglayabilecektir. Calisma kapsaminda 6nerilen model teshis
siirecinde karar vericilere karar destegi saglayabilecektir. Calisma icerdigi karsilastirmalar ve literatiir taramasi
ile sonraki caligsmalar acisindan yol gosterici olabilir. Ileriki calismalarda goriintiiler dilimlere ayrilarak egitime
almabilir. Bu yontem bir¢ok caligmada 6zellikle ekran kart1 kisitindan dolayi tercih edilmektedir. Bu sayede
egitime alinacak veri setlerindeki olas1 piksel kayiplar1 en aza indirgenmis olmaktadir. Ayrica modeldeki
katmanlar farkli kombinasyonlarla ve parametrelerle denenerek daha iyi sonuglar elde edilebilir.

Yazar Katkilar:

Cihan Akyel: Arastirmada kullanilan veri setini hazir hale getirmis, hazirladigi model ile egitimleri gercekles-
tirmis, sonuglar1 degerlendirmis ve makalenin yazilmasini gergeklestirmistir.

Cikar Catismasi

Yazar ¢ikar gatigmasi bildirmemistir.
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Makale Tarihgesi Oz — Organik igerigi yiiksek atiklarin enerji tiretiminde kullanilmast gevresel ve ekonomik agidan tercih edilen bir
Gonderim:  26.09.2022 yaklagimdir. Bu ¢alismada patates nisastasi iiretim prosesinden ol”usan nisasta atiinin mikrobiyal yakit hiicresinde
Kabul: 16.01.2023 elektrik tiretim potansiyeli degerlendirilmistir. Mikrobiyal yakit hiicresi olarak karbon kumas elektrotlarin kullanildig:
Yayim: 30.06.2023 ¢ift odacikl hiicre kullanilmistir. Nisasta atigmin sulu karigimi ham, asidik kosullarda termal iglem (pH:2.5, 180 dk

' o kaynatma) (AT) ve asidik kosullarda yiiksek basingta termal islem (135 °C, pH 2.15, 2 atm, 60 dk) (ABT) gérdiikten
Arastirma Makalesi sonra kullanilarak 6n islemin elektrik tiretimine etkisi degerlendirilmistir. Nisasta karigimi anot bolmesinde elektron

verici substrat, oksijen ise katot bolmesinde elektron alicist olarak kullanilmigtir. 100 Q dirence karsi voltaj egrileri
¢ikarilmigtir. Polarizasyon egrisi ile elde edilen maksimum gii¢ yogunluklari ham, AT ve ABT biyokiitleleri ile isle-
timlerde sirasiyla 1.894 mW/m?, 10.919 mW/m? ve 8.926 mW/m? olarak elde edilmistir. Ham, AT ve ABT biyokiit-
leleri ile isletilen MYHler i¢gin elde edilen i¢ direngler ise sirasiyla, 9692 Q, 1363 Q ve 1760 Q olarak belirlenmistir.
2600 dk isletilen MYH denemeleri sonras1 ham AT ve ABT isletimleri i¢in KOI giderim verimleri sirastyla 40.27,
44.44 ve 52.46 olarak bulunurken, kolombik verimler sirasiyla 1.79, 5.03 ve 1.93 olarak belirlenmistir.
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Electricity Generation by Oxidation of Starch-Containing Waste in
Microbial Fuel Cell
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Article History Abstract — The use of wastes with high organic content in energy production is an environmentally and economically

Received: 26.09.2022 preferred approach. In this study, the electricity generation potential of the starch waste generated from the potato

Accepted:  16.01.2023 starch production process in the microbial fuel cell was evaluated. A dual-chamber cell using carbon cloth electrodes

Published:  30.06.2023 was used as a microbial fuel cell. The effect of pre-treatment on electricity generation was evaluated by using the
slurry of starch waste after raw and pre-treatment (thermal treatment (AT) in acidic conditions and high-pressure

Research Article thermal treatment (ABT) in acidic conditions. The starch mixture was used as an electron donor substrate in the anode
compartment, and oxygen as an electron-donating substrate in the cathode compartment. Voltage curves against 100
Q resistance are plotted. The maximum power densities obtained by the polarization were obtained as 1.894 mW/m?,
10.919 mW/m? and 8.926 mW/m? in the operations with raw, AT, and ABT biomass, respectively. The internal re-
sistances obtained for MFCs operated with raw, AT and ABT biomass were determined as 9692 Q, 1363 Q and 1760
Q, respectively. The COD removal efficiencies for the raw AT and ABT operations after the 2600 min run MFC trials
were found to be 40.27, 44.44 and 52.46, respectively, while the coulombic efficiencies were determined as 1.79, 5.03
and 1.93, respectively.
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1. Giris

Diinya niifusunun hizla biiylimesi, artan endiistriyellesme faaliyetlerine ve dolayisi ile artan atik olusumuna
neden olmaktadir. Uretim prosesleri sonrasi olusan kat1, stvi ve/veya gaz atiklarini uygun bicimde bertaraf
edilmesi gerekmektedir. Atik yonetiminde yakma ve araziye diizenli depolama uygulamalari diger yontemlere
kiyasla daha yaygin kullanilmaktadir (Bozkurt vd., 2022; Elif Gulsen Akbay vd., 2022).

Atiktan yesil enerjinin geri kazanimi igin pek cok metot 6nerilmektedir. Bu metotlar icinde mikrobiyal yakat
hiicresi (MYH) tercih edilen bir segenek olmustur. MYH’ler biyo-elektrokimyasal reaktorler olup atik suda
mevcut organik maddeyi tiiketebilen mikroorganizmalarin katalitik etkisi ile enerji ireterek ayn1 zamanda atik
suyu aritabilmektedirler. Hiicre performansini etkileyen pek ¢ok faktor mikrobiyal biiyiimeyi, aktiviteyi, elekt-
ron transferini, biyokimyasal reaksiyonlari ve gii¢ tiretimini direkt olarak etkilemektedir. MYH sisteminde
anot bélmesinde elektrot iizerinde biiyliyen ekzoelektrojenik mikroorganizmalar tarafindan organik maddeden
proton ve elektronlar tiretilmektedir. Ekzoelektrojen mikroorganizmalar biyo-elektrokatalitik olarak aktif tiir-
lerdir (Yasri vd., 2019). Uretilen elektronlar iletken dis devre yardimi ile katoda hareket eder, protonlar ise
proton degistiren membrandan gecerek katoda hareket eder. MYH’lerde anodik ve katodik bolmelerde mey-
dana gelen oksidatif ve rediiktiv reaksiyonlar arasindaki potansiyel farkliligindan dolay gii¢ iretilir (Kim vd.,
2008; Wilberforce vd., 2022).

Konvansiyonel anaerobik atik yonetim yaklasimlar atiklardan biyogaz tiretir. Ancak biyogazin yanarak elekt-
rige dontlisiimii sirasinda % 65 entropi kaybi olugsmaktadir. Ayrica biyogaz igerigindeki H>S, yanma sirasinda
SOy ’leri olusturabilir. MYH sisteminde ise organik maddenin parcalanmasi veya yanmasi sirasinda salinan
biyojenik CO; karbon nétral olarak diisiiniildiigiinden diinyadaki sera gazi seviyesini arttirmaz. MYH’ler dii-
stk ¢evre sicakliginda ve nétral pH’da isletilebildikleri gibi ucuz ve bol bulunabilen organik endiistriyel ve
kentsel kati1 atiklar/atik sular gibi biyo-polimerik maddeleri elektrik tiretimi i¢in kullanabilirler (Hoang vd.,
2022).

MY H performansi igin organik substrat nemli bir degiskendir. Mikroorganizmalarin aktivitesini ve elektron-
proton iiretimini etkiler. Artan mikrobiyal aktivite, substrat doniisiimiinii artirir, dolayisi ile gii¢ liretimi ve
kolombik verim artar. Substrat ylikleme hizt MYH performansinda olduk¢a 6nemlidir. Substrat ylikleme hi-
zindaki artig anot elektrot ylizeyinin kaplanarak ekzoelektrojenler ile diger ortamda mevcut mikroorganizmalar
arasinda rekabet olusmasina yol agabilir. Bu durum kolombik verimi ve elektrik tiretimini negatif olarak etki-
leyebilir. Diisiik substrat yiikleme hizinda ise yiiksek i¢ direng elektrik iiretiminde asil problemdir. Bu yiizden
biiytik 6lgekli uygulamalara gegmeden 6nce substrat ve mikroorganizmalar i¢in proses kosullarinin optimizas-
yonu onerilmektedir. Substrat konsantrasyonu artisi belirli bir seviyeye kadar gii¢ tiretimini artirirken ¢ok yiik-
sek konsantrasyonlar tizerinde zararl etki gosterebilir (Hoang vd., 2022).

Biyolojik parcalanabilirligi diisiik organik atiklara fiziksel, kimyasal, enzimatik veya mikrobiyal 6n islemlerin
uygulanmasi, bu atiklarin hidrolizini saglayip fermantasyon bakterileri i¢in karbonu ulagilabilir kilar. Nisasta
bakimindan zengin atiklarin enzimatik 6n aritimindan olumlu sonuglar alinmigtir (Gupte vd., 2022). Anaerobik
kosullar altinda nisasta ilk 6nce ¢oziinlir maddelere hidroliz olur, sonra hidroliz tirlinleri fermantasyon sira-
sinda asitlestirici mikroorganizmalar tarafindan basit bilesiklere doniisiir (Ye vd., 2019). Fermantasyon ve ni-
sasta hidrolizinden {iiretilen organik asitler (formik asit, asetik asit, propiyonik asit ve n-biitirik asit) ekzoelekt-
rojen bakteriler tarafindan tamamen kullanilabilmektedir. MYH’de organik asitler anot mikrobiyal toplulugu
ve elektrik tiretimini etkiler (Zafar vd., 2022; Zhang vd., 2022).

Nisastadan meydana gelen organik asitlerin sistem performansi iizerine {i¢ 6nemli rolii vardir (Zhang vd.,
2022). Bunlar;

-Oncelikle organik asitler anot mikrobiyal topluluk i¢in karbon ve enerji kaynagidir.

- Organik asitler, hidrofobik organik kirleticilerin kat1 fazdan desorpsiyonunu ve ¢éziiniirliiglinii gelistirerek
parcalanabilirliklerini arttirir.

-Organik asitler sistemin pH’1m1 etkiler, bu durum ise mikrobiyal toplulugun yapisini ve aktivitesini ciddi bi-
¢imde etkiler. Organik asitler nisastadan olusurken ayn1 zamanda anot mikroorganizmalari tarafindan tiiketilir.

MYH’lerde yiiksek kat1 igerikli atiklarin kullanimu yiiksek i¢ direng, kiitle transferi sinirlamasi, yavas biyolojik
parcalanma kinetigi, diisiik kolombik verim ve diisiik enerji geri kazanimi gibi dezavantajlara sahiptir (Zafar
vd., 2022).
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Atik heterojenitesinin artis1 atigin metabolize edilmesini giiglestirir. Bu nedenle yiiksek kat1 igerikli atiklarin
homojenitesinin saglanabilmesi i¢in genellikle partikiil boyutunu azaltma ve 6n aritim uygulamalar1 6neril-
mektedir. Fermantasyon i¢in kullanilacak biyokiitlenin 6n aritimi, atigin biyolojik doniisiimiinde 6nemli bir
adimdir. On aritim ile atigin yiizey 6zellikleri gelisir. Boylece mikrobiyal etkilesim artar, kompleks karbon-
hidrat, protein ve lipitlerin hidroliz hiz1 gelisir ve daha iyi par¢alanma saglanir (Zafar vd., 2022).

Bu caligmada patates cipsi iireten endiistriden kat1 formda olusan ve hali hazirda geri doniisiim proseslerinde
yakit olarak kullanilan nisasta atiginin MYH sisteminde elektrik iiretim potansiyeli degerlendirilmistir.
2. Materyal ve Yontem

MYH’nin anot bolmesinde elektron verici olarak patates cipsi liretim prosesi sonucunda olusan nigasta atig1
kullanilmistir. Atigin 6zellikleri Tablo 1°de verilmistir.

Tablo 1
Caligmada kullanilan patates cipsi endiistrisi nisasta atiginin ozellikleri
Analiz Sonug
Nem (% kiitlesel olarak) 39.04
Kiil (Kuru madde) (%) 0.42
Protein (Kjeldahl) (Kuru madde) (%) 0.16 £0.05
Asit miktar1 (mL/100 gr) 2.2

MYH sisteminde, nisasta atig1 saf suya ilave edildikten sonra kaba filtreden gegirilerek sistem ekipmanlarina
zarar verebilecek maddelerden arindirildiktan sonra kullanilmistir. Atik karigimi ham ve termokimyasal 6n
islem (asidik kosullarda termal islem (AT) ve asidik kosullarda yiiksek basingta termal islem (ABT) gordiikten
sonra kullanilmistir.

2.1. Atiga Uygulanan On Islem

Sulu nisasta ¢dzeltisine iki farkli 6n islem uygulanmustir. {lk 6n islemde (AT) atik karisiminin pH’1 0,1 N
HCl kullanilarak 2.5’a getirildikten sonra 180 dakika boyunca isitici {izerinde kaynatilmistir. ikinci 6n islemde
(ABT) ise pH’1 2.5’a getirilen atik karigimi 60 dakika 2 atm basing ve 135 °C sicaklik sartlarina maruz bira-
kilmistir. Bu 6n islem i¢in Niive Ot 90 Dik Tip Laboratuvar Buharli Sterilizatorii kullamilmistir. On islem
sonrasi karisimlar oda sicakligina getirildikten sonra ilk hacmine saf su ilavesi ile tamamlanarak, 0,1 N NaOH
ile pH 7.4’e ayarlanmustir. On islem gdrmiis nisasta atiklar1 anot bdlmesine substrat kaynag olarak ilave edil-
mistir.

2.2. MYH Sistemi

Denemeler H-tipi her bir bolme hacmi 500 mL olan cam reaktorde kesikli olarak yiirtitiilmiistiir. Ham ve
On islem gormiis nisasta ¢dzeltisi anot bélmesinde substrat olarak kullanilmustir, katot bolmesinde elektron
alici olarak ise oksijen kullanilmistir. Anot ve katot bolmelerinde Fuel Cell Store’dan temin edilen ve kalinlig
356 mikron olan AvCarb 1071 diiz karbon kumas kullanilmigtir. 22 cm? diiz karbon kumas elektrot materyali
0.2 mm bakir tel ile baglanarak anot bélmesinde olusan elektronlarin katot bélmesine transferi saglanmustir.
Anot ve katot arasindaki devre 100 Q direng kullanilarak kapatilmistir. Anot ve katot bolmelerini proton gegi-
ren membran (DupontTMNafion® 117) ile ayrilmistir. Membran 40 °C de 24 saat 30% HO; ile sartlandiril-
diktan sonra kullanilmistir. Anot bélmesi her bir deney dncesi anaerobik kosullarin saglanabilmesi amaci ile
azot gazi ile stipiiriilmistiir. Katot bolmesinde elektron alici olarak oksijen saglanmasi suyun akvaryum pom-
pasi (Tetra Aps 400 akvaryum hava motoru) ile 200 L/sa debide havalandirilmasi ile gergeklestirilmistir. Anot
bolmesine ekzoelektrojenler bakimindan zenginlestirilmis as1 kullanilmistir. Kullanilan as1 yaklasik ii¢ ay sii-
resince substrat olarak gida enddistrisi aritma ¢amurunun kullanildigt MYH sisteminden alinmistir. Anot bol-
mesinde besin ihtiyac1 1 mL NH4CI (172.22mg/L), 1 mL MgCl; (55.55 mg/L), 0.5mL KCI (72.22 mg/L), 1
mL NaCl (64.44 mg/L), 5 mL K;HPO4 (1888 mg/L), 8 mL KH.PO4 (2600 mg/L) ilavesi ile karsilanmustir.
Ayrica, katot bélmesinin tamponlama kapasitesini artirmak i¢in 0.5mL K;HPO, (212.5 mg/L) ve 20 mL
KH2PO4 (5777 mg/L) ilave edilmistir. Reaktor 3 g nisasta atigi/L ile beslenerek 430 mg/L. UAKM/L biyokiitle
konsantrasyonu ile isletilmistir. Deneysel sistem Sekil 1’de gosterilmektedir.
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Sulu atik karigh
(Ham/On Iglemli) ~=

=t

Sekil 1. Caligmada kullanilan ¢ift odacikli MYH diizenegi

2.3. Analiz

Anot bolmesinde atigin oksidasyon derecesi KOI analizi yapilarak belirlenmistir. KOI analizi Standard Met-
hods, 1989, 5220 D’ye gore kapali refluks metodu ile yapilmigtir. KOI giderim verimi Denklem 2.1°e gore
hesaplanmustir.

— Ct

Co

Burada Co ve C; sirast ile nisasta karisiminin ilk ve t zamam sonundaki KOI degerini gdstermektedir.

Giderim verimliligi (%) = x 100 (2.1)

Hiicreler aras1 potansiyel bilgisayara bagli yazilim ile kontrol edilen bir dijital multimetre (UT181A True RMS
Data logging Multimeter) ile 10 dakikalik araliklarla 6lgtilmiistiir. Gerilim, sabit bir harici direng (Ras) lizerin-
den olgiiliirken, akim (I) Denklem 2.2’ye gére Ohm yasasindan hesaplanmustir (Logan vd., 2006).

I=V/Rys (2.2)

Burada V, bir dis direng (Rqy) tizerinden dlgiilen voltaji, T elektrik akimini gostermektedir. Giig (P) tiretimi
Denklem 2.3'e gore hesaplanmis ve elektrotun yiizey alani ile normalize edilmistir.

P=IxV (2.3)

Kolombik verimlilik (%), substrattan anota aktarilan toplam kolomblarin aktarilabilen maksimum kolomba
orani olarak ifade edilir. Elde edilen toplam kolomblar, akimi1 zaman i¢inde entegre ederek belirlenir, boylece
bir t zamaninda degerlendirilen kesikli MYH iglemi i¢in kolombik verimlilik Denklem 3.1 'e gore hesaplanir
(Jia et al., 2008).

t

8/ Idt
CE (%) = f‘)— x 100 (2.4)

FV,,AKOI

burada F, Faraday sabitidir, AKOI, t zaman icindeki KOI'deki degisimdir ve Van, anot odasinin ¢alisma hac-

midir.

Gli¢ yogunlugunu akim yogunlugunun bir fonksiyonu olarak tanimlayan bir gii¢ egrisi, polarizasyon egrisin-

den hesaplanir. Polarizasyon egrisi, 100000 ve 10 Q arasindaki farkli dig direnglere karsi okunan voltaj diisiisii

ile belirlenmistir. Voltaj/akim egrilerinin egilim ¢izgileri olusturularak egimlerinden i¢ direngler hesaplanmis-

tir.

294



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 2, Sayfa:291-300

3. Bulgular ve Tartisma

Iki bolmeli MYH sisteminde anot bolmesinde ham ve &n islem gdrmiis atik oksidasyonu ile olusan elekt-
ronlar, katot bolmesine transfer olduktan sonra oksijen ile birleserek suyu olusturmaktadir. iki bolme arasin-
daki elektron transferi sirasinda 6lgiilen voltaj degerleri Sekil 2°de verilmistir.

e ABT e AT Ham

N
o

)

-
f
>

Voltaj (mV)
N

(65

o

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Siire (dakika)

Sekil 2. On arttimli ve ham nisasta atiklar1 ile isletilen MYH’lerde 100 Q dirence kars1 elde edilen voltaj
grafikleri (ABT (135 °C, pH 2.15, 2 atm, 60 dk), AT (pH 2.5, 180 dk kaynatma))

Sekil 2’de goriildiigii izere ham atik karisiminda kolay parcalanabilen organik maddelerin varligindan dolay1
ilk 100. dakikada artan par¢alanma hizlar1 voltaj degerini maksimum 29 mV’a artirmistir. Ancak daha zor
pargalanabilen organiklerin ortamda kalmasi sonucu par¢alanma hizi azalmig bunun sonucu olarak da voltaj
degerlerinde azalma egilimi gézlenmistir. AT ve ABT ile beslenen MYH’lerde kolay pargalanabilen organik
maddelerin orani arttigindan dolayi kisa bir adaptasyon siiresinde sonra voltaj degerlerinde artig belirlenmistir.
300. dakikada AT ve ABT ile beslenen MYH’lerde maksimum 37 ve 33 mV degerleri belirlenmistir. Karigima
on islemin uygulanmasi voltaj degerinde belirgin bir artisa sebep olmustur.

Gergeklestirilen MYH isletimlerinde anot bolmesinde KOI giderimleri ham, AT ve ABT i¢in sirasiyla %16.84,
%44.44 ve %56.80 olarak elde edilmistir. On aritim yapilmanus direngli seliilozik nisasta biyokiitlesinde par-
¢alanabilir organik maddenin azlig1 nedeni ile diisiik giderim gdzlemlenmistir. On islemlerin varhig KOI gi-
deriminde ve elektrik iiretiminde belirgin artisa neden olmustur.

Elektrik tiretim potansiyeli, elektron vericisinin, elektron alicisinin, elektrot malzemesinin ve katolitin 6zellik-
lerine gore degisir (Xiao vd., 2014). MYH'ler dahil olmak iizere yakit hiicrelerinin elektriksel verimliligini
karakterize etmek i¢in polarizasyon egrilerinin kullanilmas1 yaygin olarak kabul edilmistir (Koodk vd., 2021).
Polarizasyon egrileri, her deney i¢in stabil voltaj elde edildiginde olusturulmustur. Egriler sekil 3’de gosteril-
digi gibi, 10 Q ila 100000 Q dis direng arasinda elde edilen voltaj degerleri ile olusturulmustur. Polarizasyon
egrisi ile elde edilen maksimum gii¢ yogunluklar1 ham, AT ve ABT ile gerceklestirilen deneylerde sirasiyla
1.894 mW/m?, 10.919 mW/m? ve 8.926 mW/m? olarak elde edilmistir. Polarizasyon egrileri, aktivasyon pola-
rizasyonu ve kiitle aktarimu ile iligkili genel kayiplar hakkinda bilgi almak igin yararlidir. Polarizasyon egrisi
sirasinda ¢ikarilabilir giicii sinirlayan gii¢ asimi olgusu ortaya ¢ikabilir (Kook vd., 2021). Bu durum gii¢ yo-
gunlugu egrisinin (en yiiksek giicten sonra) daha yiiksek akim yogunluklar: beklenirken daha diisiik akim yo-
gunluklarina geriye katlanmasi olarak tanimlanir. Gii¢ asiminin arkasindaki ana neden ¢ogunlukla anot yiize-
yindeki yetersiz biyofilm gelisimidir, ancak elektrotun diisiik kapasitansi, diisiik hammadde iletkenligi, opti-
mal olmayan organik yiikleme, toksik bilesikler yada polarizasyon taramasi 6rnekleme oraninin yanlis ayar-
lanmas gibi diger faktorler de katkida bulunabilir (Kodk vd., 2021). Calismada gergeklestirilen ii¢ polarizas-
yon egrisinde yliksek akim yogunluklarinda bu durum gézlemlenmistir. Bu gii¢c asimlarinin yetersiz elektron
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transfer mekanizmalarindan kaynakli olan anodik biyofilmin yetersiz elektroaktivitesinden kaynaklandig: dii-
siiniilmektedir. Yetersiz elektron transfer mekanizmalar1 diisiik biyokiitle, mikrobiyal topluluklardaki farkli-
liklar veya anotta farkli elektron transfer yollarinin kullanilmasi nedeniyle olusabilir (Zhu et al., 2012).

(a)
—o— Akim Yogunlugu —e—Gii¢ Yogunlugu
400 2 _
< 300 15 E
: .
F 200 1 =
S 100 0,5 §°
=
0 0 )50
0 5 10 15 20 3
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£ 300 6 E
.E N
= 200 4 )50
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Sekil 3. Ham (a), AT (b) ve ABT (c) deneylerin polarizasyon egrileri

Degisen dis direnglerle olusturulan ve akimin bir fonksiyonu olarak ¢izilen voltaj egrilerinin egimleri MYH’le-
rin i¢ direnglerini temsil eder. I¢ direnglerdeki degisim elektron kayiplari ile ilgilidir ve i¢ direncin diisiik
olmast istenir. I¢ direngteki azalma anot iizerindeki biyofilmin zenginlesmesi ve olgunlasmasindan kaynakla-
nan artan mikrobiyal aktivitenin bir sonucu olabilir. I¢ direncteki artis ise katot iizerindeki katalizdriiniin azal-
masi, proton ge¢irgen membrandan proton gegisi kaybi1 ve benzeri gibi etmenler ile MYH'nin performans dii-
stistiniin bir sonucu olabilir (Lu et al., 2009). Asagidaki sekillerde MYH sistemlerinin i¢ diren¢ hesabi igin
olusturulan akim/voltaj egrileri, egrilerin denklemleri ve regrasyon katsayilar1 gosterilmistir. Egrilerin egimleri

296



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 2, Sayfa:291-300

MYH sistemlerinin i¢ direnglerini ifade etmektedir. Sekil 4’te i¢ egrilerin hesaplanabilmesi i¢in ¢izilen vol-
taj/akim grafikleri gosterilmektedir. Ham, AT ve ABT biyokiitleleri ile gerceklestirilen deneylerde i¢ direncler
sirasiyla 9692 Q, 1363 Q ve 1760 Q olarak belirlenmistir. Yaqoob vd. (2022) patates atik suyu ile gercekles-
tirdikleri calismalarinda maksimum 36.84 mA/m? akim yogunlugu elde ederken sistemin i¢ direncini 1557 Q
olarak belirlemislerdir (Ali vd., 2022).
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Sekil 4. MYH isletmelerinin voltaj/akim grafikleri ve i¢ direngleri gosteren egimleri (Ham (a), AT (b) ve ABT
(©)

Uno vd. (2017) nisasta ve laktik asit ile gerceklestirdikleri ¢aligmalarinda nisastay1 ve laktik asiti kullanabilen
0zel mikroorganizmalart MYH sisteminde paralel ve ardisik sekilde calismiglardir. 100 mL hacimli tek oda-
ciklt MYH sistemlerinde katotta Pt katalizorlii elektrot ile ¢alismislardir. ki farkl isletme modelleri ile mak-
simum gii¢ yogunlugu olarak 49.9 mW/m? ve 12.1 mW/m? elde etmislerdir (Uno vd., 2017). Jenol vd. (2019)
hidrolize ettikleri % 58 nisasta igerigine sahip atik ve Clostridium beijerinckii saf kiiltiirii ile MYH sistemi
isletmislerdir. Katotta Pt katalizorlii karbon kullandiklar ¢ift odacikli MYH ile maksimum 73.8 mW/cm? gii¢
yogunlugu ve %10.7 kolombik verim elde etmiglerdir (Jenol vd., 2019). Mevcut ¢aligsma ile elde edilen gii¢
yogunluklar ve kolombik verimlerin literatiir ile kiyaslanabilir oldugu goriilmiistiir. Gérece daha diisiik ve-
rimlerin elde edilmesinin, ¢alismada karisik kiiltiir ile asilama gerceklestirilmesi ve kullanilan anot hacmi (450
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mL) ile elektrot alanlarinin (22 cm?) daha yiiksek olmasindan kaynaklandig: diisiiniilmektedir. Yiiksek hacim-
ler ve biiyiik elektrot alanlart MYH calismalarinin ticarilestirilmesi icin gerekli olmakta birlikte gii¢c kayiplari-
nin artmasina neden olmaktadir.

3.1. Kolombik Verimin Degerlendirilmesi

Kolombik verim hesaplanirken Faraday sabiti olarak 96485, Van anot hacmi olarak 0.4 L alinmistir. Her
bir set igin voltaj egrilerinin altinda kalan alanlar Axsn biriminden ham, AT ve ABT isletimleri i¢in sirasiyla
20.130, 62.212 ve 41.620 olarak hesaplanmustir. 2600 dk sonras1 ham AT ve ABT isletimleri icin KOI giderim
verimleri sirastyla 40.27, 44.44 ve 52.46 olarak bulunurken, kolombik verimler sirasiyla 1.79, 5.03 ve 1.93
olarak belirlenmistir. Elde edilen kolombik verimlilikler organik maddeden salinan elektronlarin biiyiik bo-
limlerinin akim olusumu igin kullanilmadigin1 géstermektedir. Olasi alternatif elektron kayiplari arasinda me-
tanojenez, biyokiitle olusumu, enstriimental kayiplar ve diger elektron alicilarimin kullanimi yer alir
(Shimoyama vd., 2008). Lu vd. (2009), nisasta proses atik suyunu kullandiklari ¢aligmalarinda kolombik ve-
rimi %8 olarak elde etmiglerdir. Diisiik Kolombik verim gergek atik su ile ¢alisilan MYH’lerde genel bir so-
rundur. Bu durumun ana nedeninin anot odasinda diger muhtemel elektron alicilarinin (siilfat ve nitrat gibi)
elektronlar1 tiiketmesi oldugu diistiniilmektedir. Ayn1 zamanda katottan anot odasina oksijen diflizyonunun
etkisi substratin aerobik bozunmasina yol agarak kolombik verimin diismesine neden olur (Lu vd., 2009). Hi-
rose vd. (2021) Escherichia coli susu ile gergeklestirdikleri galismada MYH hiicresinde nisasta atiginin potan-
siyelini incelemislerdir. Nigasta atigina 20 dk boyunca 121 °C 6n islem uygulamislardir. Tek odacikli olarak
islettikleri MYH hiicresi ile % 3-3.5 araligindan kolombik verim elde etmislerdir (Hirose vd., 2021). Mevcut
calismada AT 6n islemi ile % 5.03 kolombik verim elde edilmistir.

4. Sonuclar

Bu caligmada patates cips tiretiminden olusan nisasta atiginin MYH sisteminde elektrik {iretim potansiyeli
degerlendirilmistir. Atiga termokimyasal 6n iglemlerin uygulanmasinin elektrik {iretimini ne yonde etkiledigi
ortaya konulmustur. Elde edilen veriler asagida 6zetlenmistir:

-MYH sisteminde maksimum gii¢ yogunluklar1 ham, AT ve ABT atif1 i¢in sirastyla 1.894 mW/m?, 10.919
mW/m? ve 8.926 mW/m? olarak elde edilmistir. I¢ direngler ise sirasiyla 9692 Q, 1363 Q ve 1760 Q olarak
belirlenmigtir.

- MYH sistemlerinde yiiksek elektrik iiretiminin saglanmasi yani sira atigin biyolojik iyilestirilmesi de hedef-
lenmektedir. Gergeklestirilen MYH isletimlerinde anot bolmesinde KOI giderimi ham, AT ve ABT igin sira-
styla %16.84, %44.44 ve %56.80 olarak elde edilmistir. On islem uygulanmasi organik madde giderimini bii-
yiik oranda artirmistir.

- Ham AT ve ABT isletimleri icin KOI giderim verimleri sirastyla 40.27, 44.44 ve 52.46 olarak bulunurken,
kolombik verimler sirastyla 1.79, 5.03 ve 1.93 olarak belirlenmistir. Ozellikle AT &n isleminin direngli organik
maddeyi pargalayarak substratin elektron verici olarak kullanimi kolaylastirarak kolombik verimi arttirdigi
sOylenebilir.

-Bu ¢aligma biyolojik pargalanabilirligi yliksek olan endiistriyel atiklarin biyolojik iyilestirilmesinde ve atiktan
enerji eldesinde MYH’lerin bir alternatif olarak kullanilabilecegini gdstermistir. Pargalanabilirligi diisiik olan
nisasta atiklarinin MYH sistemlerinde uygun 6n islemlere tabi tutularak giic {iretiminde, KOI gideriminde ve
kolombik verimde artis saglayabilecegi goriilmiistiir.

Yazar Katkilan

Elif Durna Pigkin: Veri toplamis ve analizini yapmustir. Verilerin makale formatina getirilmesini saglamistir.
Nevim Geng: Makalenin genel prosediiriinii planlamis ve tasarlamistir. Verilerin makale formatina getirilme-
sini saglamistir.

Cikar Catismasi

Yazarlar ¢ikar ¢atismasi bildirmemislerdir.
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1. Introduction

Forensic entomology is an extensive discipline that uses a combination of entomology and judiciary
(Hall R. D., 2001). Investigating the insects and other arthropods on a corpse provides significant evidence to
solve cases as estimating the time of death. Forensic entomology also represents medico-criminal entomology,
has been used entomological information for the determination of minimum post-mortem intervals (PMImin)
(Hall, 2001; Byrd & Castner, 2001).

PMImin is the detection of the time passing after death by using body temperature, livor and rigor mortis
analyses, liveliness, and paleness of nails and skin (Byrd & Castner, 2001; Smith, 1986; Catts & Goff, 1992;
Nelson, 2000). There is evidence that entomological data plays a crucial role in determining the PMImin from
the early to advanced decay stage (Smith, 1986; Nuorteva, 1977; Goff et al., 1986); Greenberg, 1991). The
entomological method reliability which is used during the determination of the PMImin, were evaluated by
using comparative analyses about the autopsy report, entomological and second-degree evidence on 16 death
cases (Kashyap & Pillay, 1989). According to these analyses, the entomological method is more decisive than
pathological methods as livor mortis, rigor mortis, algor mortis, and decomposition, which are based on
changes in 72 hours after death (Byrd & Castner, 2001).
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Almost 400 insect species could be found at different decomposition stages of corpses (Payne, 1965).
Identification of the fly's succession in different areas, the definition of different phases of decomposition and
the insect species (eggs, larval stages, pupae, and adults) on carrion, and the information about their
development at different environmental conditions can provide proof for the determination of PMImin, the
season of death, whether the carcass moved from crime scene to another place, trauma location on the body,
sexual molestation, and effects of drugs (Smith, 1986; Greenberg, 1991; Introna, Suman, & Smialek, 1991;
Haskell et al., 1997).

Many necrophagous insects can be found on the corpse but Calliphoridae (blowflies) family members are
primary colonizers which provide an investigation of PMImin. Calliphoridae is very large group and members
of this family can be found worldwide. They have antennae that can detect putrefaction and gases released
during the decaying of the corpses (Ashworth & Wall, 1994). Calliphoridae can be used in forensic cases to
determine the accurate PMImin, the cause of death, the geographical environment in which the death occurred,
the season, the time of dismemberment if the body was dismembered, the location of the corpse, the presence
of toxic substances or pharmaceutical drugs, cases of abuse, sexual abuse, the time of trauma on the corpse,
and whether the corpse was transported (Catts & Goff, 1992; Benecke & Lessig, 2001; Campobasso & Introna,
2001). Development data of blowflies provide the most precise estimations of PMImin. Besides, succession
analyses of arthropods on the carrion are the second method to estimate the PMImin. However, the succession
patterns of flies on forensic cases are not typical and insect colonization is affected by several factors, including
carcass size, habitat, seasonality, climate, temperature, altitude, humidity, chemicals and drugs and geographic
region (Hall & Brandt, 2006; Wells & LaMotte, 2010; Mullany et al., 2014). Evaluating the effect of these
factors is important for correctly assessing legal cases. In Turkey, few studies were conducted for determining
the succession parameters of forensically important species especially Calliphoridae. (Ozdemir & Sert, 2009);
surveyed an investigation to determine Coleoptera fauna on Carcasses in Ankara province. Sabanoglu & Sert,
2010; determined the seasonal distribution of Calliphoridae in Ankara province. Seasonality of insect
succession on decomposing dog carcasses in Samsun province was evaluated by (Kokdener & Polat, 2014).
Differences in succession of Coleoptera species attracted to pig carcasses in rural and urban habitats in
Eskisehir was investigated (Altunsoy, Turan, Firat, & Sert, 2017. This study seeks to obtain data which will
help to address these factors. Recently, a considerable literature has grown up around the theme of determining
faunal density and succession patterns of insects on the corpses. Succession parameters of insects associated
with the corpses in a particular geographic area is essential tool to determine of PMImin. However, the
forensically important species vary according to geographical regions and these studies provide reference data
to solve crimes. The specific aim of this study was to determine the seasonal activity and succession patterns
of the Calliphoridae species during five decomposing stages of the pig carcasses, in Eskisehir province,
Turkey. The present research explores Pollenia rudis Fabricius, 1794 (Diptera: Calliphoridae) as a forensically
important fly that colonizes on the corpses in Turkey.

2. Materials and Methods

The study was conducted in Eskisehir, Sulu Karaaga¢ Village (39°55°27°°N 30°29°18”°E, 1233 m)
located in Central Anatolia, Turkey between 2011 and 2012. The study area is surrounded by a forest composed
of Quercus spp. Linnaeus (Fagales: Fagaceae) and Pinus spp. Linnaeus (Pinales: Pinaceae). Four female and
eight male pig carcasses were used and placed inside separate metal cages to isolate them from wild animals.
Each cage placed the study area as one pig per month. They were partitioned into four groups as spring,
summer, autumn, and winter to facilitate working on pig carcasses (Table 1).
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Table 1
The placing dates and duration of the decomposition stages of pig carcasses in each experimental period. (*:
The pig carcasses never completed this stages)

Season Pig Date Fresh Bloated Active  Postdecay  Skeletal
Num-
ber
Spring 5 4 March 8 days 8-9days 9-11 days * *
6 2 April 5-6 days  3-4 days 15-20 * *
days
7 1.May 3 days 5-6 days 14-15 5-6 days *
days
Summer 8 1 June 1-2 days 4 days 10 days 15-16 *
days
9 3 July 1 day 4-5 days 5-6 days 6-7 days 10 days
10 1 August 1 day 3-4 days 8 days 7-8 days 10-11
days
Autumn 11 6 September 1 day 8 days 10-11 8-9 days 3-4 days
days
12 5 October 1-2 days 8-9 days 13-14 3-4 days *
days
1 4 November  1-4 days 18-20 4-6 days * *
days
Winter 2 4 December  5-7 days 20-23 * * *
days
3 3 January 8-9 days 22-24 * * *
days
4 5 February 25-26 4-5 days * * *
days

The pigs were supplied from Baskent University Generation and Research Center and Cukurova University
Medical Science Experimental Research and Application Center. Ethical approval for the study was provided
by Anadolu University Experimental Animals Local Ethics Committee (Date and no. 2012/01). Pigs were
sacrificed by intravenous injection of 300 mg pentobarbital sodium under veterinary control. During the study,
a total of twelve pigs were sacrificed as one pig per month.

A “’Forensic Entomology Daily Data Sheet’’ (F.E.D.D.S.) was prepared for the environmental variables such
as relative humidity, ambient temperature, and climatic conditions, Calliphoridae species and their density,
physical changes, and decaying stages of the carcasses were recorded during each sampling on the F.E.D.D.S.
Pig carcasses were assessed three times daily; in the morning, afternoon, and sunset. Due to the fly activity
was more enhanced, specimens were collected in the morning. Min and Max temperature parameters were
recorded during the study (Table 2). Besides, corresponding photographs were taken. Adult specimens were
collected with a sweep net and the forceps were used for larvae and pupae. Adult specimens were killed with
ethyl acetate jars and preserved in 70% ethanol. Calliphoridae specimens were identified using identification
keys as described (Greenberg & Kunich, 2002; Szpila, 2010; Whitworth, 2006; Rognes, 1987). All specimens
were preserved in the Zoological Museum of Technical University.
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Table 2
Monthly moisture, min and max temperature, and monthly average temperature parameters.

Monthly ~ Monthly
Months Monthly  Max.Air  Min.Air

Moisture Temp. Temp.  Average
Average  Average Average Temp.
(%) ) O (O
March 73 8,7 2,7 54
April 58,6 20,5 5 10,7
May 68,8 21,7 9 15,5
June 52,2 29,3 12,3 19.2
July 50,1 32,3 16,1 219
August 50 29,5 129 218
September 53 28,3 10 17,8
October 67,2 22,4 7,7 12,4
November 70,5 9,2 44 7
December 80,6 6,6 19 23
January 91,1 0 -6,1 0,1
February 88,6 -0,9 -7,8 1,8

3. Results and Discussion

Five stages of decomposition were identified during present research: fresh, bloated, decay, postdecay, and
skeletal according to the description of decomposition stages as provided by Goff, 1993. (Figure 1) and totally
seven species belong to the Calliphoridae family were identified: Calliphora vicina, Robineau-Desvoidy, 1830
(Diptera: Calliphoridae), Calliphora vomitoria Linnaeus, 1758 (Diptera: Calliphoridae), Chrysomya albiceps
Wiedemann, 1819 (Diptera: Calliphoridae), Lucilia illustris Meigen, 1826 (Diptera: Calliphoridae), Lucilia
sericata Meigen, 1826 (Diptera: Calliphoridae), Pollenia labialis Robineau-Desvoidy, 1863 (Diptera: Calli-
phoridae), and Pollenia rudis Fabricius, 1794 (Diptera: Calliphoridae) and seasonal succession of these species
were briefly discussed.
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5
€ psp

Figure 1. Decomposition stagés of pig carcasses. a) fresh stage b) bloated stage ¢) active stage d) postdecay
stage e) skeletal stage

>

There were seven species of Calliphoridae collected from the carcasses. Adults in the families Calliphoridae
were the primary colonizers of the carcasses, arriving shortly after exposure of the carcasses and colonised in
2-3 minutes. Min and Max temperature parameters when the species seen first and last time, were recorded
(Table 3). It was determined that the breeding activity of Calliphoridae decreases and time for laying increases
on carcasses in a day when the temperature was lower than 20°C. In addition, hatching delays more than
normal. The breeding behavior of the Calliphoridae species affected by cloudiness and rain. If the weather was
rainy, Calliphoridae species do not lay on carcasses but their activity proceeded around the carcass.

The presenting of evidence from carcasses which examined four different periods. The autumn study was
conducted from Sep. 6th to Dec. 4th (Table 1). Seven species were collected from carcasses in this period; C.
vicina, C. vomitoria, Chr. albiceps, L. illustris, L. sericata, P. labialis, and P. rudis. The winter study was
completed from Dec. 4th to Mar. 4th (Table 1). Only C. vicina was collected from the carcasses. The spring
study was conducted from March. 4th to June 1st (Table 1). Six species were collected; C. vicina, C. vomitoria,
Chr. albiceps, L. illustris, L. sericata, and P. rudis. The summer study was conducted from June 1st to Sep.
6th (Table 1). Five species were collected; C. vicina, C. vomitoria, Chr. albiceps, L. illustris, and L. sericata.
C. vicina was the most common species on the carcasses at Eskisehir during the year. C. vicina showed major
activity until 13 January and its activity was not observed from 13 January to 10 March. Interestingly, C. vicina
has observed the rest of the months on the carcasses, and oviposition density is weaker than C. vomitoria and
L. sericata (Figure 2 and Figure 3).

The activity of L. sericata was observed from Apr. 5th to Oct. 17th on the carcasses. This species was the most
common in April than other species and maintain density until 18 May. The activity of L. sericata decreases
during the high density of laying. When the larval activity of Chr. albiceps (known as predators of L. sericata)
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increases on the carcasses, the adult activity of L. sericata decreases (from last week of May to June) (Figure
2 and Figure 3).

Species November | December | January | February | March | April May June Juy | August [September| October
L2 34 234 L2 3 4L 234 123 4 1234|1234 1)2|3(4)1|2|3])4]L|2]3]|4

Calliphora vicina
Calliphra vomitoria
Chyrisomya albiceps
Lucilia illustris
Luilia sericata
Pollenia labialis

Pollenia rudis I:- .

Figure 2. Insect succession patterns on the pig carcasses from November to October. (White color indicates
absence of species and each color represents different species)

Chr. albiceps was the most common species during the summer period. The activity of Chr. albiceps began in
May and the activity increased on carcasses when the average temperature was 29.5°C in June. Effect of rela-
tive humidity reduced the time of the maturation of larvae for almost two days. Because of this, the activity of
the L. sericata larvae decreased and none of the pupae were observed on the carcass or around the carcass
(Figure 2 and Figure 3). Although P. rudis was the most common species in autumn, Chr. albiceps was still
on the carcass during autumn.

The activity of the C. vomitoria was observed every study period except winter. Besides, the activity is mini-
mized in the summer because this species prefers cool weather and cannot see on the carcass in fully sunny
days. So, the activity of this species was observed until last week of June, and rarely in July and August, on
days that are not completely sunny (Figure 2 and Figure 3).

L. illustris was observed on the carcasses in May and the activity of the L. illustris from May to September
was lower than other species. Also, P. rudis and P. labialis was observed on the pig carcasses at the same time
and these species have not been reported in the previous studies. The activity of the P. rudis has been observed
in every examination period except the winter (Figure 2 and Figure 3).
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Pig  |Species November | December
1 C. vicina

C. vomitoria
C. vicina

C. vicina
None

C. vicina

P. rudis

C. vicina

C. vomitoria
6 L. sericata
P. labialis

P. rudis

C. vicina

C. vomitoria
7 Chr. albiceps
L. illustris

L. sericata

C. vicina
C. vomitoria
8 Chr. albiceps

L. illustris

L. sericata
C. vicina

C. vomitoria
9 Chr. albiceps
L. illustris

L. sericata

C. vicina
C. vomitoria
10 |Chr. albiceps

L. illustris

L. sericata
C. vicina

C. vomitoria
Chr. albiceps
11 |L.illustris

L. sericata
P. labialis

P. rudis

C. vicina

12 |C.vomitoria
Chr. albiceps
L. sericata

Figure 3. Monthly distribution of the species on each carrion during the study period. (White color indicates
absence of species and each color represents different species)

January February | March April May June July August | September| October

als|lwN

It was determined that the presence of the Vespula germanica Fabricius, 1793 (Hymenoptera: Vespidae) ac-
tivity around the carcasses prevents the laying of Calliphoridae during the egg-laying period, from May to
August. The population of the Calliphoridae decreased about 30% attacking and killing by V. germanica. Also,
there was significant predation by the Staphylinidae and Histeridae species feeding on the larvae of the Calli-
phoridae, especially summer period. Together these results provide important insights for evaluating entomo-
logical data, found on the corpses to determine the PMImin.

The present study was designed to determine the succession patterns of Calliphoridae on pig carcasses in Cen-
tral Anatolia. Because of a certain PMImin estimation process is the most fundamental criteria in forensic
entomology, a precise analyzes and assessment of entomological data should be done carefully and intensively.
For this purpose; seven Calliphoridae species, C. vicina, C. vomitoria, Chr. albiceps, L. illustris, L. sericata,
P. labialis, and P. rudis which are evidence for PMImin estimation in criminal cases, were identified in the
present study. All of these seven species were observed together in the autumn period of the study which was
placed in September and October. It was determined that adults and larvae of C. vicina, C. vomitoria, Chr.
albiceps, L. sericata, and L. illustris can be used for solving any case from spring to autumn. Another forensi-
cally important species was L. Sericata, which was seen for the first time in March, and keep its existence until
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December in this study. It is also reliable to use this species in possible death cases that occur in spring, sum-
mer, and autumn. Besides, the seasonal activity and succession of P. rudis on carcasses were observed for the
first time in Turkey. Although (Sulakova & Bartak, 2013), stated that Pollenia Robineau-Desvoidy, 1830 is
not included in forensically important blowflies, they found the P. rudis on the pig carcasses in their study. In
the present study, P. rudis provides useful evidence to estimate PMImin during spring, summer, and autumn
while (Taleb, Tail, & A¢ikgoz, 2021) found particularly in Spring and also stated Pollenia species should be
consisted of in carrion entomofauna. Tabor (2004) determined the P. rudis existed on the corpse only bloated
stage, other carrion studies confirmed that Pollenia is attracted to the dead bodies (Prado E Castro et al., 2012);
Benbow et al., 2013).

Literature shows that the tendency to the carrion and distribution of species is different under dissimilar con-
ditions. In our study, the most attracted species to the carrion during autumn were C. vicina, C. vomitoria, Chr.
albiceps, L. illustris, L. sericata, P. labialis, and P. rudis whereas Chr. albiceps and Hydrotaea ignava Harris,
1780 (Diptera: Muscidae) were the most in Portugal (Prado E Castro et al., 2012). However, similarly, winter
periods represented with C. vicina and C. vomitoria.

Sabanoglu & Sert (2010) reported that C. vomitoria, C. vicina, L. sericata, and Chr. albiceps in Central Ana-
tolia and explained the succession and the seasonality of these four species. Based on their reports, L. sericata
was the most common species during the study period while in our study C. vicina has the longest duration in
Eskisehir. On the other hand, C. vomitoria was observed as cool weather species in both studies. C. vicina was
seen in the subtropical zone in winter, temperate zone in autumn and spring as reported by Greenberg &
Povolny (1971). For the present study, C. vicina showed major activity until 13 January and its activity was
not observed from 13 January to 10 March. Chr. albiceps was the most abundant species during summer in
Eskisehir. The activity of Chr. albiceps began in May and increased when the average temperature was 29.5°C
in June. Similarly, Sabanoglu & Sert (2010) stated that Chr. albiceps is the most frequently seen species during
summer on the carcasses. Another study surveyed in Brasil, Chr. albiceps was determined as the most abundant
species for all experimental periods (Carvalho & Linhares, 2001).

4. Conclusion

The most obvious finding from this study is that adult Calliphoridae were the first colonizers on the
carcasses. However, the duration time of each decomposition stage depended on the area’s particular
environmental conditions and also the effect on the activity of the insects associated with the bodies. These
findings have significant implications for the understanding of how ecological conditions effect on the
forensically important species, especially Calliphoridae, at different zones and different microclimates. The
insights gained from this study may be of assistance bio-model for investigations on human cases in this area
of Eskisehir, Turkey. Further studies are needed to determine the geographic spreads and succession of
different microclimates of forensically important Calliphoridae species in different regions of Turkey.
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1. Introduction

The studies in which the possibility theory are used for the first time in portfolio selection are Tanaka &
Guo (1999) and Tanaka, Guo & Tiirksen (2000). In these studies, the exponential possibility distributions are
used for asset returns. The possibilistic counterpart of the Markowitz’s MV model is proposed in Carlsson,
Fuller & Majlender (2002) where the possibility distributions are given with trapezoidal fuzzy numbers. The
Sequential Minimal Optimization (SMO) algorithm is given in Zhang, Zhang & Xiao (2009) for its solution.
When the possibility distributions are given with triangular fuzzy numbers, it is shown in Tag, Kahraman &
Giiran (2016) that the possibilistic MV model reduces to a linear optimization problem. When the possibility
distributions are given with triangular fuzzy numbers, mathematical analysis of the possibilistic MV model is
studied in Goktas & Duran (2020).

The variants of the possibilistic MV model, which are called as the upper and lower possibilistic MV models
are proposed in Zhang, Wang, Chen & Nie (2007). When the possibility distributions are given with trapezoidal
fuzzy numbers and asset weights are bounded, these variants are studied in Zhang (2007). There are also lots
of studies about the possibilistic portfolio selection as reviewed in Zhang, Li & Guo (2018) and Fuller &
Harnati (2018). On the other hand, the analytical solutions and exact efficient frontiers of these variants are
not presented in the literature. Thus, in this study, we make mathematical analyses of these variants. In this
regard, we derive their analytical solutions and exact efficient frontiers when the possibility distributions are
given with trapezoidal fuzzy numbers. We also propose their extensions to multiple upper (lower) possibilistic
mean scenarios by using the max-min optimization framework. Furthermore, we show that the max-min
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optimization problems in the proposed extensions reduce to the linear optimization problems as in the upper
and lower possibilistic MV models. That is, the proposed extensions can be solved with the known algorithms
in the literature.

The rest of paper is organized as follows. In Section 2.1, we make mathematical analyses of the upper and
lower possibilistic MV models when the possibility distributions are given with trapezoidal fuzzy numbers. In
Section 2.2, under the same assumption, we propose their extensions where there are multiple upper (lower)
possibilistic mean scenarios. In Section 3, we illustrate and compare the upper and lower possibilistic MV
models and their proposed extensions with an explanatory example. Then, we conclude the paper with Section
4.

2. Methods

2.1. The Upper and Lower Possibilistic Mean — VVariance Models

The upper (lower) possibilistic MV model does not capture the negative dependence (Corazzo & Nardelli,
2019). Thus, in this study, we assume that short positioning is not allowed in the portfolio selection problem
as the risk-free asset. Then, feasible set (S) in the portfolio selection problem is given as below where w is the
weight vector of assets and the weight of the i" asset is equal to wiand n is the number of the assets.

S:{W:ZWizlandWiZO,Vi} (2.1)
i=1

The membership function of trapezoidal fuzzy number (a,b,a,p) is given as below. See Klir & Yuan (1995),
Zimmermann (2001) and Kosinski (2006) for detailed information about the fuzzy numbers and the possibility
theory.

1—a—t,a—a£t£a
a
La<t<b
A(t)= t—b (2.2)
1-—— b<t<b+p
B

0, otherwise

Graphical representation of (2.2) is given in Figure 1.

o
©
T
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a a b B

Figure 1. The membership function of trapezoidal fuzzy number (Corazzo & Nardelli, 2019).
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Upper and lower possibilistic means are calculated as below for (a,b,a.p) respectively (Zhang, 2007). Here,
b+(1-y)/ is the upper bound of y cut whereas a—(1—y)a is the lower bound of the y cut.

B
3

M.(R)=2] (a-(1-7)a)dr=a-*

M (A)=2[ (b+(1-7)Ady =b+
(233)

Upper and lower possibilistic variances are calculated as below for (a,b,a,p) respectively (Zhang, 2007).

Var*(A)=Zj:[M*(A)—(b+(1_7,)ﬂ)]2yd7=f—; 2.4)
Var*(A)=ZF[M*(A)_(""_(l_y)a)T7d7:(f_;

Upper (lower) possibilistic mean of portfolio is the weighted average of upper (lower) possibilistic means of
the assets. This information is also valid for upper (lower) possibilistic standard deviation. That is, upper
(lower) possibilistic correlation between any two asset is equal to 1 (Zhang, 2007; Corazzo & Nardelli, 2019).
Based on this information, the upper possibilistic MV model can be given with the following bi-objective
linear maximization problem where (a;,bi,0i,B:) is the possibility distribution of i asset’s return (r;) for all i.
Here, the first (second) objective is to maximize (minimize) upper possibilistic mean (standard deviation) of
portfolio.

max (2.53)

The lower possibilistic MV model can be given with the following bi-objective linear maximization problem
where the first (second) objective is to maximize (minimize) the lower possibilistic mean (standard deviation)
of portfolio.

max (2.5b)
n a,
ol 25)

Based on the weighted sum method, the efficient frontier of (2.5a) is equal to the efficient frontier of the
following linear maximization problem where the weight (c) of the first objective varies on [0,1]. The optimal
solution of (2.6a) is defined as the upper possibilistic efficient portfolio (UEP) for given ¢ in (0,1). If the
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optimal solution of (2.6a) for ¢ in{0,1}is also a Pareto optimal solution of (2.5a), then it is also called as the
upper possibilistic efficient portfolio.

max CZV\G (bi + %) +(1- C)(_gwi (%B

n 2.6a
sty w =1 (2.62)

i=1

w, >0,Vi

Based on the weighted sum method, the efficient frontier of (2.5b) is equal to the efficient frontier of the
following linear maximization problem where the weight (c) of the first objective varies on [0,1]. The optimal
solution of (2.6b) is defined as the lower possibilistic efficient portfolio (LEP) for given c in (0,1). If the
optimal solution of (2.6b) for ¢ in {0,1} is also a Pareto optimal solution of (2.5b), then it is also called as the
lower possibilistic efficient portfolio.

max ciZn;,Wi (ai - %) +H1- C)(_izn;wi (3%)]

n 2.6b
sty w =1 (2.6b)

i=1

w, >0, Vi

Remark: When c=1 in (2.6a), the portfolio (MaxUPM) that maximizes upper possibilistic mean is found.
When ¢=0 in (2.6a), the portfolio (MinUPS) that minimizes upper possibilistic standard deviation is found.
When c=1 in (2.6b), the portfolio (MaxLPM) that maximizes lower possibilistic mean is found. When c=0 in
(2.6b), the portfolio (MinLPS) that minimizes lower possibilistic standard deviation is found.

Based on the Fundamental Theorem of Linear Programming, we have the following cases. Similar results are
also valid for the lower possibilistic efficient portfolio.

i. The upper possibilistic efficient portfolio consists of only one asset, which is a Pareto optimal solution of
(2.5a) and the unique solution of (2.6a). We call this asset as a non-dominated asset.

ii. The upper possibilistic efficient portfolio consists of any convex combination of two or more assets, which
are Pareto optimal solutions of (2.5a) and alternative optimal solutions of (2.6a).

For given upper possibilistic standard deviation e, the upper possibilistic efficient portfolio is found with the
following linear maximization problem.

maxZn:wi (bi +%)

n ﬂl J
st. W | —= =€
.Z;‘ (3 2 (2.7)
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Based on the Simplex algorithm, we have the following results. Similar results are also valid for the lower
possibilistic efficient portfolio.

i. If the optimal solution of (2.7) is a degenerate solution, the upper possibilistic efficient portfolio consists of
only one asset, which is a Pareto optimal solution of (2.5a).

ii. If the optimal solution of (2.7) is a nondegenerate solution and there are not alternative optimal solutions,
the upper possibilistic efficient portfolio is equal to any convex combination of two assets, which are Pareto
optimal solutions of (2.5a).

iii. If there are alternative optimal solutions of (2.7), the upper possibilistic efficient portfolio is equal to any
convex combination of three or more assets, which are Pareto optimal solutions of (2.5a).

iv. The upper possibilistic efficient frontier is exactly constructed by connecting the non-dominated assets with
line segments since upper possibilistic mean and standard deviation are the linear functions of w.

Upper possibilistic performance can be defined as upper possibilistic mean over upper possibilistic standard
deviation. Then, the portfolio (MaxUP) that maximizes it found as below under the assumption that at least
one asset’s upper possibilistic performance is positive. By definition, MaxUP is an upper possibilistic efficient
portfolio.

(2.8) is a linear fractional problem and its optimal solution(s) are either a corner point or an edge of the feasible
set (Biswas, Verma & Qjha, 2017). That is, we have the following cases. Similar results are also valid for the
portfolio (MaxLP) that maximizes the lower possibilistic performance.

i. MaxUP consists of only one asset, which uniquely maximizes upper possibilistic performance.
ii. MaxUP consists of any convex combination of two or more assets, which maximize upper possibilistic
performance.

2.2. The Proposed Extensions of Upper and Lower Possibilistic Mean — Variance Models

In this study, we assume that the possibility distributions are determined based on the past data in the upper
and lower possibilistic MV models similar to Tas et al. (2016). In our proposed extensions, we call this case
as a base scenario. In each additional scenario, we assume that these distributions are shifted by 6, which are
determined by the k experts based on their future perspectives. Clearly, 6i; is positive when the j™ expert is
more optimistic about the future return of the i™ asset than its past return.

r=(a+6,0+6,.a,p)vi (2.9)
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In each additional scenario, upper (lower) possibilistic variances remain the same whereas upper (lower)
possibilistic means change by 6;;. Then, based on (2.5a), we propose the extension of upper possibilistic MV
model to multiple upper possibilistic mean scenarios as below.

Zn:vvi(bﬁ%+9i]jj,

max min (2.10a)
weS ] n
= '3\2

Based on (2.5b), we propose the extension of lower possibilistic MV model to multiple lower possibilistic
mean scenarios as below. The max-min strategy guarantees the robustness (Riistem, Becker & Marty, 2000).
Thus, we call (2.10b) as the robust lower possibilistic MV model whereas we call (2.10a) as the robust upper
possibilistic MV model.

anwi(ai _ﬁ-l_gi jj’
i1 3 '

max min (2.10b)

weS j n

Based on the weighted sum method and definition of minimum function, the following linear maximization
problem gives the same efficient frontier with (2.10a). We call the optimal solution of (2.11a) as the robust
upper possibilistic efficient portfolio (RUEP) for given ¢ in (0,1). If the optimal solution of (2.11a) for ¢ in
{0,1} is also a Pareto optimal solution of (2.10a), then we also call it as the robust upper possibilistic efficient
portfolio.

max crp +(1- C)[_iznllw‘ (SI%JJ

S-t-ﬂSzWi(bi +£+H""j for all j

i 3 (2.11a)

n
w, =1
i=1

w, >0, Vi

Based on the weighted sum method and definition of minimum function, the following linear maximization
problem gives the same efficient frontier with (2.10b). We call the optimal solution of (2.11b) as the robust
lower possibilistic efficient portfolio (RLEP) for given c in (0,1). If the optimal solution of (2.11b) for ¢ in
{0,1} is also a Pareto optimal solution of (2.10b), then we also call it as the robust lower possibilistic efficient
portfolio.
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max cy + (1—0)[12”1:“" [S%B

stp<dw, (ai —%+9i,j] for all j

i=1

(2.11b)

W, >0, Vi

Remark: When c=1 in (2.11a), the portfolio (MaxWUPM) that maximizes the worst-case upper possibilistic
mean is found. When c¢=1 in (2.11b), the portfolio (MaxWLPM) that maximizes the worst-case lower
possibilistic mean is found. When ¢=0 in (2.11a), MinUPS is found. When ¢=0 in (2.11b), MinLPS is found.
MinUPS and MinLPS are defined in Section 2.1.

We define the portfolio (MaxWUP) that maximizes the worst-case upper possibilistic performance with the
following max-min problem based on (2.8) where we assume that at least one portfolio’s worst-case upper
possibilistic performance (mean) is positive.

Zn:Wi (bi +'Bi+0i’j]
maxmin UP(W,HJ.):: i1 3

weS j

(2.12a)

s,t_qSZWi (bi +%+H""j for all j (2.12b)

(2.12b) is equivalent to the following maximization problem where 7 is a positive variable.
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j = (2.12c)
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max zn

st.n<r

720and w, >0,Vi

After some arrangements, we see that (2.12c) is equivalent to the following linear maximization problem.
Thus, we derive MaxWUP by standardizing the optimal solution of (2.12d).

max z

S.t.ZﬁZWi(bi+%+c9i’jj for all |
i=1

(2.12d)
_'jzl

Similarly, we derive the portfolio (MaxWLP) that maximizes the worst-case lower possibilistic performance
by standardizing the optimal solution of (2.13).

! (2.13)
~ ai _
zlw [3@ j_l

3. Results and Discussion

In this section, we illustrate and compare the upper and lower possibilistic MV models and their proposed
extensions where the possibility distributions of five risky assets (R1, R2, R3, R4 and R5) in the base scenario
are as in Zhang (2007) and (3.1). Since ai=b; for all i, these are specifically triangular fuzzy numbers. In this

section, we take ¢=0.5 in finding UEP, LEP, RUEP and RLEP. That is, the two objectives in the portfolio
selection problem are equally-weighted.
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= (0.073,0.073,0.054,0.087)

0.105,0.105,0.075,0.102

(
(0.138,0.138,0.096,0.123 (3.1)
(

0.168,0.168,0.126,0.162

g )
Iy )
Ty )
I =(0.208,0.208,0.168,0.213)

Based on (3.1), we calculate the important metrics for the upper possibilistic MV model as in Table 1. We
show the best values in bold. We see that the all risky assets are non-dominated assets in this model.

Table 1
The important metrics for the upper possibilistic MV model.
Risky Assets Upper P. Mean Upper P. Std. Upper Perf. (2.6a) for c=0.5
R1 0.102 0.0205 49741 0.0407
R2 0.139 0.0240 5.7816 0.0575
R3 0.179 0.0290 6.1742 0.0750
R4 0.222 0.0382 5.8140 0.0919
R5 0.279 0.0502 5.5573 0.1144

Based on (3.1), we calculate the important metrics for the lower possibilistic MV model as in Table 2. We
show the best values in bold. We see that the all risky assets are non-dominated assets in this model.

Table 2
The important metrics for the lower possibilistic MV model.
Risky Assets Lower P. Mean  Lower P. Std. Lower Perf. (2.6b) for c=0.5
R1 0.055 0.0127 4.3212 0.0211
R2 0.08 0.0177 4.5255 0.0312
R3 0.106 0.0226 4.6846 0.0417
R4 0.126 0.0297 4.2426 0.0482
R5 0.152 0.0396 3.8386 0.0562

By using the best values in Table 1 (Table 2) with the order of its columns, we derive the following results.
We see that the upper and lower possibilistic MV models give the same optimal portfolios, which are not
diversified.

i. MaxUPM (MaxLPM) consists of only R5.
ii. MinUPS (MinLPS) consists of only R1.
iii. MaxUP (MaxLP) consists of only R3.
iv. UEP (LEP) consists of only R5.

We assume that the shifting parameters (6i;), which are determined based on the expert knowledge are as in
Table 3. Clearly, the first expert predicts that the all possibility distributions are as in (3.1) whereas the first,
second and third experts predict that the possibility distribution of R3 is as in (3.1).

319



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 2, Pages:311-322

Table 3
The shifting parameters.
Risky Assets Scenario 1 Scenario 2 Scenario 3 Scenario 4
R1 0 0.1 0.05 -0.05
R2 0 0.05 -0.05 0.1
R3 0 0 0 -0.05
R4 0 -0.05 0.05 -0.1
R5 0 -0.1 -0.05 0.05

We uniquely find the some optimal portfolios in the robust upper possibilistic MV model as in Table 4. We
see that RUEP is equal to MaxWUPM in our example. We also see that its proposed extension gives more
diversified portfolios than the upper possibilistic MV model.

Table 4

Some optimal portfolios in the robust upper possibilistic MV model.
Risky Assets MaxWUP MaxWUPM RUEP
R1 0 0.5 0.5
R2 0.5 0 0
R3 0 0 0
R4 0.5 0 0
R5 0 0.5 0.5

We uniquely find the some optimal portfolios in the robust lower possibilistic MV model as in Table 5. We
see that its proposed extension gives more diversified portfolios than the lower possibilistic MV model. We
also see that MaxWLP (RLEP) is different from MaxWUP (RUEP).

Table 5

Some optimal portfolios in the robust lower possibilistic MV model.
Risky Assets MaxWLP MaxWLPM RLEP
R1 0.3333 0.5 0
R2 0.3333 0 0.5
R3 0.3333 0 0
R4 0 0 0.5
R5 0 0.5 0

In Figure 2, we give the exact efficient frontier of the upper possibilistic MV model and the approximated
efficient frontier of its proposed extension respectively where UP is equal to MaxUP. Since the all risky assets
are non-dominated in the upper possibilistic MV model, its efficient frontier is constructed by connecting them
with line segments. We see that the robust upper possibilistic efficient portfolios are close to the efficient
frontier of the upper possibilistic MV model whereas the upper possibilistic efficient portfolios are not close
to the its proposed extension’s efficient frontier. That is, the robust upper possibilistic efficient portfolios give
satisfactory results in the base scenario and are robust to worst-case scenario unlike the upper possibilistic
efficient portfolios.

In Figure 3, we give the exact efficient frontier of the lower possibilistic MV model and the approximated
efficient frontier of its proposed extension respectively where WLPM is equal to MaxWLPM. Since the all
risky assets are non-dominated in the lower possibilistic MV model, its efficient frontier is constructed by
connecting them with line segments. We see that the robust lower possibilistic efficient portfolios are close to
the efficient frontier of the lower possibilistic MV model whereas the lower possibilistic efficient portfolios
are not close to the its proposed extension’s efficient frontier. Furthermore, MaxWLP is the efficient portfolio
in the lower possibilistic MV model. That is, the robust lower possibilistic efficient portfolios give satisfactory
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results in the base scenario and are robust to worst-case scenario unlike the lower possibilistic efficient

portfolios.
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4. Conclusion

In this study, we derive the analytical solutions and exact efficient frontiers of the upper (lower) possibilistic
MV model under certain assumptions. We also propose its extension to multiple upper (lower) possibilistic
mean scenarios based on the max-min optimization framework. Since the max-min optimization strategy
guarantees the robustness, we call its proposed extension as the robust upper (lower) possibilistic MV model.
We show that its proposed extension can be solved by using the linear optimization algorithms. Furthermore,
we derive more diversified and conservative optimal portfolios with its proposed extension than the upper
(lower) possibilistic MV model in our illustrative example. Thus, its proposed extension is more suitable for
conservative investors than the upper (lower) possibilistic MV model in portfolio selection. On the other hand,
it may not be preferable for non-conservative investors due to the worst-case orientation.
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allowed us to draw a conclusion on how the reinforcement material in the produced specimens affected Al-matrix composite
properties. It was determined that the B4C reinforcement added to the matrix increased the hardness values of the composites
at all sintering temperatures, the highest bending strength was obtained in the composite with 10% B,C particle
reinforcement, and in general, the B,C reinforcement was homogeneously dispersed in the matrix. Increased B,C
reinforcement ratios resulted in higher hardness values in the composite materials.
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1. Introduction

Light material applications utilize high abrasion resistance (Rahmani, Majzoobi, Zadeh & Kashfi, 2021)
The properties of metal-matrix composite materials (MMCSs), made these materials preferable due to their high
mechanical values. ( Karakoc, Ovali, Diindar & Itak, 2019). The inadequacy of metals and alloys in providing
both strength and hardness to a material has led to the development of MMCs (Topcu, Giilliioglu, Bilici &
Giilsoy, 2020). In MMCs, matrix materials such as Ti, Al, and Mg are used (Karakoc et. al., 2019). Aluminum,
which is in the class of light metal materials, is used in several fields of the industry with the advancements in
technology and its technical properties (Giiven & Delikanli, 2012). Aluminum alloys are the most commonly
used metal engineering materials after steel in the industry today (Gokee, Findik & Kurt,.2017). High strength
aluminum alloys are commonly used in aerospace because of their good machinability (Altiparmak, Yardley,
Shi & Lin, 2021). Aluminum-based composite materials, which are produced by combining an aluminum alloy
matrix and various reinforcement materials on a macro scale, have much more advantageous properties than
unreinforced aluminum alloys. Although it is light, its high strength and high specific strength, low thermal
expansion coefficient and high wear resistance can be counted as its main advantages (Karabulut, Karacif &
Tiirkmen, 2021). Aluminum MMC:s are scientifically engineered components with greater potential to increase
strength in the defense, aerospace, and automotive industries (Radhika, Sasikumar, Sylesh & Kishore, 2020).
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Aluminum composites have become important materials for cylinders, pistons, piston rods, piston rings, and
many other automotive applications (Aherwar, Patnaik & Pruncu, 2020). Aluminum alloy is used in aero-space
industries (Merisalu et. al., 2021). Aluminum AA2024, which is strengthened by precipitation, is highly
prevalently used in the structural components of aircraft thanks to its good mechanical, fatigue properties and
high corrosion resistance (Mohammadi, Vanhove, Bael & Duflou, 2012). While some ceramic-based
reinforcements like Al,Os and SiC are used frequently in aluminum MMCs, there is a limited number of studies
conducted on aluminum MMCs reinforced with B4C, which is a hard ceramic (Radhika et. al, 2020). It is
known that combining B4C with a metal can alleviate problems associated with brittleness. The most popular
metal that is used for this purpose in combination with B4C is aluminum (Colak & Turhan, 2019). B4C is a
carbide-based reinforcement material that has a high level of hardening capacity at high temperatures, high
hardness, low density, and excellent chemical and thermal stability (Radhika et. al, 2020). B.4C is a superhard
material. The hardness of B4C is second only to diamonds and cubic boron nitride in nature (Wang et. al.,
2020). B4C is an important engineering material because of its high abrasion resistance (~2 x 10-14m?N™?)
(Lyu et. al., 2020). In composite material production, particle size and the distribution of particles inside the
matrix structure are determining parameters on the properties of mechanical of the composite material that is
produced (Arik, Kirmizi & Ozcatalbas et al, 2017). The fabrication of MMCs is achieved by both how and
cold fabrication methods such as powder metallurgy, die casting, vacuum and pressure infiltration, and hot
extrusion. Among these methods, powder metallurgy has gained great momentum in recent years. The powder
metallurgy method is a fabrication method that is carried out by shaping metal powders that are mixed by
compacting in a mold with a suitable shape and dimensions for the part to be produced at room temperature or
high temperatures, followed by sintering them at a certain temperature (Pul & Baydaroglu, 2020). The most
important reason for the preference of the powder metallurgy method is the homogeneous distribution of
particles. In this method, the desired part can be successfully produced by compacting in a mold based on the
desired part shapes and dimensions (Okay & Islak, 2021).

In this study, B4C particle-reinforced metal composites of Al2024-matrix were produced at reinforcement
ratios of 7% B.C, 10% B4C, 15% B4C, and 20% B.C by the powder metallurgy, and the effects of the
reinforcement materials on the mechanical and microstructural analyzes of composites were investigated. In
the production of the composites, the parameters included a compacting pressure of 525 MPa, a sintering time
of 45 minutes, and sintering temperatures of 550 °C, 575 °C, and 595 °C. Three-point bending and hardness
tests were conducted on the samples, and the values that were obtained were analyzed along with
microstructure scenes.

2. Material and Methods

In this experimental study, Al2024 with particle sizes of 100-150 wm was used as the matrix material, while
the reinforcement material was selected as B4C powder with a particle size of 10 pum. According to methods
reported in previous studies in the literature, 5 different reinforcement ratios were determined and Table 1
presents.

Table 1
Mix ratios of composite specimens
Sample MiXing ratios by weight
code AA2024 B4C
N1 100 -
N2 93 7
N3 90 10
N4 85 15
N5 80 20

Powder mixtures were obtained by weighing the powders that were used in the study using a RADWAG PS
1000/C/2 precision scale with a readability value of 0.001 g. Since the powders could not be well compacted
during compression, polyethylene glycol (1% by weight) was added to the powder mixtures as a binder in
order to increase the compressibility of the powders. The powders that were prepared by weighing at the
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desired ratios and mixed were compressed in a 10x10x55 mm mold using a Hidrokar Hidrolik (100-ton) brand
uniaxial press and fabricated. During fabrication, the surface where the inside of the mold contacted the part
and the punch surface contacting the mold were wiped with a lubricant (stearic acid+ethanol) solution after
each compaction process. This way, the parts and the punch were prevented from getting stuck in the mold.
While removing the specimens from the mold, a force that corresponded to approximately 10% of the
compacting pressure was applied. During the compaction and removal of the specimens, care was taken to
avoid the application of impact forces.

The AA2024-matrix and B.C-reinforced composite materials that were produced were cut at the dimensions
of 10x10x10 mm to conduct the hardness tests and metallurgical examinations, and they were hot-mounted
using a Struers Citopress-1 hot mounting press. The hot-mounted specimens were polished by using 180, 320-
, 600-, 800-, 1000-, and 1200-grid round sandpapers with a Metkon Forcipol 1v brand polishing machine.
After the sanding and polishing steps of the specimens were completed, fine polishing steps were carried out
by putting a diamond paste suspension at a particle size of 3 pm on a round polishing pad placed on the disc.
To obtain information on the microstructures of the sanded, polished, and then acid-etched(Keller's reagent)
specimens and characterize the composites, a NIKON ECLIPSE ME600D brand optical microscope was used.
The hardness measurements of the composite materials were made using a Brinell hardness device (Load:
15.625 Kkg., Indenter Diameter: 2.5 mm, Time: 10 s). Each hardness value was taken as the average of the
hardness values obtained from 5 different zones of the tested specimen. Three point bending tests of the
samples were made using Autograph (AG-1/100Kn 346-52111-11) brand device and were calculated with the
equation given below in ASTM B 528-16 (ASTM B 528-16. 2008) standard.

3.P.L

CKD =5 ew

(Mpa) (2.1)

P: The load at the time the test specimen is broken(N), L: Length between supports(46 +0,3mm), t: Thickness
of the test sample(10+0,13mm) , W: Width of test sample(10+0,13mm), CKD: Cross fracture strength(MPa)

3. Results and Discussion

The effects of the 10-um B4C added to the AA2024 matrix on hardness are shown in Figure 1. As seen in
Figure 1, at all temperatures, as the ratio of the added reinforcement increased, the hardness values of the
specimens also increased. The main reason for this was the fact that the hardness of the reinforcement phase
B.C added to the matrix was higher than the hardness of the matrix.
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Figure 1. Changes in the hardness values of the AA2024 + 10 um B4C specimens based on temperature and
reinforcement ratio changes

Similarly, in the study conducted by Senel M. C. (Senel, 2020), composites of Al-B4C and Al-Al,Os; were
produced by the powder metallurgy by adding Al,Os or B4C at different ratios (0, 1, 3, 6, 9, 12, 15, 30% by
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weight) to pure aluminum, the effects of reinforcement ratio of composites on hardness, compressive strength
and microstructure were investigated. Compressive strength and the highest hardness values were found in the
Al-30% B4C specimen (hardness: 75 HV, compressive strength: 178 MPa), the Al.Os; specimen of Al-30%
(hardness: 52 HV, compressive strength: 162 MPa). In comparison to the pure aluminum specimen, the
hardness of the Al.O;with Al-30% composite increased by 73.3%, its compressive strength increased by 80%,
whereas the hardness of the Al-30% B4C composite increased by 150%, and its compressive strength increased
by 98%. Consequently, the author reported that the ceramic reinforcement materials added to the aluminum
matrix resulted in increased mechanical properties such as hardness and compressive strength. Likewise, Colak
and Turhan (Colak & Turhan, 2016) produced an Al-Si/B.C MMC material using powder metallurgy. Into an
Al-7% Si powder mixture, they added B.C at ratios of 5, 10, 15, and 20% by weight, subjected the resulting
powder mixtures to cold compaction under 450 MPa pressure, sintered them by keeping them under an argon
atmosphere at 590 °C for 60 minutes. Then, the mechanical properties of the composite samples were
determined by making hardness measurements. The highest hardness value depending on the ratio of B4C
added to the aluminum matrix was found as 71.3 HV in the N5 specimen containing 20% B4C. They measured
the lowest hardness value as 38.4 HV in the N1 specimen that was hot compacted without adding particle
reinforcement and reported that the hardness values increased in general based on increased reinforcement
ratios. Hasirc1 and Giil (Hasirc1 & Giil, 2010) produced B4C particle-reinforced Al-matrix composite materials
using powder metallurgy and prepared 4 different specimens, pure Al, Al with 5% B4C, Al with 10% B4C, and
Al with 20% B4C. They reported that in all hardness measurements, as the reinforcement ratio and the hardness
values continuously increased. Celik et al. (Celik, Kiligkap & Yenigiin et al, 2018) investigated the hardness
and microstructure values of B4C-reinforced Al-matrix composites produced with the powder metallurgy
method depending on different compaction pressure values and reinforcement ratios. As a result of their
experiments, the researchers determined higher hardness values as the compaction pressure and reinforcement
ratio values increased. Sahin and Oksiiz (Sahin & Oksiiz, 2016) also produced copper-matrix with 10% Al,O3
and B4C composite materials containing by volume using the powder metallurgy and examined the mechanical
properties of the composites. As a result of their experiments, they found that the composites mechanical
properties were developed by the reinforcement phases added to the matrix, the hardness and wear resistance
values of the B4C particle-reinforced composites were significantly superior to those of the Al,O; particle-
reinforced composites.
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Figure 2. Changes in the strength of three-point bending of the AA2024 + 10 um B4C specimens based on
temperature and reinforcement ratio changes

While the strength of three-point bending of the AA2024 + 10 um B.C specimens increased up to the addition
of B4C at 10% by weight, it decreased at higher reinforcement ratios. The main reason for this was that due to
the increased reinforcement particle ratio inside the matrix, the compactness of the composite decreased, and
its porosity increased. Against the force that was applied, the matrix lost its ability to absorb these pores inside
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it, and accordingly, the strength of three-point bending of the composite dropped as the ratio of the added
reinforcement increased. This situation is demonstrated in Figure 2.

In the study conducted by Arik et al. (Arik, Kirmizi & Ozgatalbas, 2017), B4C-reinforced MMCs with an
Alumix-13 matrix were produced hot compaction, and their mechanical properties were examined. The powder
mixtures containing 5, 10, and 15% B4C by weight were compacted under a pressure of 50 MPa at 610 °C for
an hour, solution-annealed at 530 °C for 3 hours, and artificially aged at 160 °C for 13 hours. They conducted
hardness measurements and three-point bending strength tests on the aged and non-aged composite materials.
The authors observed that an increase in the ratio of the reinforcement material and the thermal aging procedure
increased the hardness and three-point bending strength values of the composites. Among the powder-
metallurgical parts they obtained, while the hardness value of the neat Alumix-13 was 63.97 HB, the composite
containing 15% B.C had a hardness value of 99.59 HB, which was 55.6% higher than that of the neat Alumix-
13. Considering the values, the researchers obtained as a result of their three-point bending tests, the B4C
reinforcement material provided a significant increase in the three-point bending strength of the powder-
metallurgical composite materials, but there was a decrease in the three-point bending strength of the
composites containing 10% B4C. As a reason for this result, they suggested that the increased tendency of
fracture formation with the increased B4C ratio restricted the deformation during the three-point bending test
and probably showed a tendency towards a cleavage fracture, which may have led to the lower three-point
bending strength values at increased reinforcement ratios. Moreover, Arik H. (Arik, 2019) produced SiC-
reinforced composite materials using the powder metallurgy method and investigated the hardness and fracture
strength of these materials that were compacted under a pressure of 500 MPa and sintered for 2 hours at 650
°C. Compared to the neat matrix structure, the composite structure was more resistant to three-point bending,
and while the flexural deformation in the neat specimen was 2.37 mm, this value was 1.83 mm for the
composite material, and the author reported that the 10% SiC reinforcement added to the matrix provided a
substantial improvement in the mechanical properties of the composite material. In other studies, in the
literature, as in our study, it has been concluded that ceramic reinforcement materials added to the metal matrix
improve the mechanical properties of the matrix.

Figure 3 Optical microscopic image of 90% AA2024+10% B4C (10 um) sintered at 575 °C

To examine the particle distributions of the obtained specimens, microstructure photographs were taken using
an optical microscope. Figure 3 shows the microstructure images of the 90% AA2024+10% B4C (10 pm)
composite material that was sintered at 575 °C. The images of the composite specimens revealed that a
homogeneous B.C (10 um) particle distribution occurred in the matrix. In these images, it was also seen that
there were pores around some B4C particles. It is believed that these pores were caused by the inadequacy of
the compaction pressure that was applied. As the grain size decreased, the ceramic particles were observed to
gather usually at grain boundaries. Furthermore, it was seen that the grain sizes of the B4C particles were not
uniform, and they included both large and more ground particles. While this may have been caused by the
pressure that was applied, it may also be a consequence of contact among the particles.
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4. Conclusion

In this study, upon the examination of AA2024-based MMCs that contained 7% B4C, 10% B4C, 15% B.C,
and 20% B,4C reinforcement materials by volume, it was observed that the hardness and three-point bending
strength values of the composites varied based on their reinforcement particle ratios and sintering temperatures.
The optical microscopy examinations revealed that the B4C particles were homogeneously distributed in the
matrix. According to the comparisons of the unreinforced AA2024 material and the B4C particle-reinforced
composite, the hardness of the composite was significantly higher, and the reason for this was that a sufficient
interface connection was achieved between the reinforcement particles and the matrix as a result of the addition
of B4C powder particles which had much smaller particle sizes compared to the matrix. Moreover, the three-
point bending strength of the matrix was also increased by the addition of B4C, but there was a decrease in the
three-point bending strength of the composite when B4C was added to the matrix at higher ratios than 10%.
The main reason for this was that the density of the composite decreased, and its porosity increased with the
increase in the ratio of the reinforcement particles in the matrix. In turn, the pores inside the matrix lost their
absorbance capacity against the load that was applied, and the three-point bending strength of the composite
decreased along with increasing reinforcement ratios.
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1. Introduction

Technology has now permeated practically every aspect of our daily lives. The growing use of information
and communication technologies (ICT) and the internet has led to the establishment of a new environment
characterized by the interconnection of numerous devices, ranging from mobile phones to smart home appli-
ances. Cyberspace is the environment comprising computer systems, ICT infrastructures, telecommunications
networks and embedded integrated circuits (NIST, 2022).

Dependence on cyberspace introduces new dangers and challenges to individual, national, and international
security. In the World Economic Forum's 2021 Global Risks Report, cybersecurity vulnerability is ranked
among the top 10 most serious global threats (World Economic Forum, 2021). As cyberspace grows more
pervasive, cybersecurity, which is defined as the process of detecting, preventing and responding to cyber
threats (NIST, 2018), and maintaining the confidentiality, availability and integrity of information systems and
data in cyberspace will become increasingly crucial (European Commission, 2013).
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Cyber threats and vulnerabilities are becoming more numerous, severe, and complicated (Cifci, 2017). In order
to manage risks, withstand cyber attacks, safeguard individuals and organizations in cyberspace and commer-
cial operations, maintain connectivity with the world, and exist in the digital realm, it is important to build an
adequate level of cybersecurity (ENISA, 2012). It is vital to build cybersecurity policies, plans and strategies
to preserve the capacity to exploit cyberspace.

Global spending on cybersecurity products and services reveals that, in addition to establishing security, the
economic impacts of cybersecurity are important (Rodrigues et al., 2019). It was estimated that a total of 1.75
trillion dollars will be spent globally for the five-year period from 2021 to 2025 (Braue, 2021).

Because technology foresight is a process to identify technologies crucial to an industry's performance to de-
sign the desired future (Chen et al., 2012), it can be used as a tool to develop strategy, goals, and roadmaps for
cybersecurity, too. Technology foresight is a structured approach (Keenan et al., 2003) and a systematic pro-
cedure (Conway, 2014) for identifying key research fields and emerging technologies by looking at the long-
term future of science, technology, economy, and society (Martin, 1995). Foresight, as defined by Yiiksel and
Cifci (2017), is a multidisciplinary process that employs relevant methodology components to select research
areas or propose long-term plans.

In the literature, there are various methods, models and frameworks to be followed in foresight activities.
Foresight has been widely used since the 1990s as it helps to identify important areas of science and technology
and integrate research and development efforts with social and economic needs (Martin & Johnston, 1999). In
this study, the roadmap and action plans were determined using a novel technological foresight technique
called the Foresight Periscope Model (FPM) developed by Yiiksel and Cifci (2017).

At the start of the research, "Cybersecurity Roadmap of Turkey" working group was formally formed under
the technological panels under the auspices of the Undersecretariat for Defense Industries (SSM) in January
2018. Then, members were recruited, and the researcher was assigned as the chairman of the group. While the
research proceeded, the working group lost official support as a result of the temporary suspension of the
technology panel's activities after the reorganization of the SSM into the Presidency of Defense Industries
(Defense Industry Agency-DIA); but even so, the activities were completed within the academic framework.

To conduct the study, around 25 specialists from the Turkish Armed Forces (TAF), government organizations
like TUBITAK (The Scientific and Technological Research Institution of Turkey), universities, and cyber-
security corporations participated in a total of three focus group sessions. In addition, for the online Delphi
survey, which was conducted within the scope of determining the technology roadmap, approximately 1,900
experts were contacted via e-mail and the opinions of 150 experts were obtained. Most of the participants were
from academia, and of those participants, 36% had more than 5 years' experience in cybersecurity. Addition-
ally, 75% of all the participants held a Master of Science or doctoral degree.

2. Materials and Methods

Before the thesis work, the Foresight Periscope Model (FPM) and a framework of generic foresight named
FORESIGHT, which was used with FPM, were introduced to the literature by Yiiksel and Cifci (2017) and
presented at the International Conference on Engineering, Technology and Innovation (ICE/ITMC) conference
in 2017. The model has been developed to select and perform the most appropriate methods in foresight activ-
ities by integrating the factors and resources that affect the selection of foresight methodologies into the pro-
Cess.

The FPM model and the FORESIGHT framework were used in the research. The methods selected and applied
in the study are shown in Table 1.
2.1. The Technology Foresight Model Used in the Research

To streamline and standardize the foresight processes, Yiiksel and Cifci (2017) developed the Foresight
Periscope Model (FPM), which has three components: resources, methodology and future strategies. Like the
periscope used on submarines, FPM uses available resources and methods to clearly define future strategies.

332



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 2, Pages: 331-344

The model was updated in the light of the experiences gained from the thesis studies by Yiiksel (2018) and
Cifci (2019).

Table 1
Methods Used in the Study in the Order of the FORESIGHT Phases
Functions Methods
Framing Literature Review, Visioning
Obtaining Brainstorming, Literature Review, Survey, Workshop, Focus Group

Reviewing Trend Analysis, SWOT (Strengths and Weaknesses, Opportunities and Threats), STEEPLE (Social,
Technological, Economic, Environmental, Political, Legal, Ethical), Focus Group

Establishing Expert Panel, Delphi Survey

Synthesizing  Visioning, Critical Technologies, Scenario Building

Ilustrating Roadmapping

Guiding Critical Technologies, Policy Recommendations, Strategy Development
Handling Strategy Formulation, Policy Recommendations, Action Plans

Tracking (This phase is not included in the scope of the study)

The FORESIGHT is a general functional foresight framework that consists of nine phases (Framing, Obtain-
ing, Reviewing, Establishing, Synthesizing, lllustrating, Guiding, Handling, Tracking) and can be used with
FPM. Functions and phases in the FORESIGHT framework cover the actions of widespread foresight models
in the literature and divide foresight activities into sub-modules. The FORESIGHT method selection frame-
work is integrated into the FPM as seen in Figure 1. The methods in the first four phases (FORE) correspond
to the methodology, while the remaining five phases (SIGHT) are used to identify and implement future strat-
egies.

Future
Strategies

* Range = Time horizon of foresight

* Resolution capacity = Effective
determination of alternative futures

[Flo[r[es[i[c[u]r]

Methodology

* Angle of sight = Scope of foresight

¢ Skillful and trained users = Foresight
experts

Resources

Figure 1. Foresight Periscope Model-FPM

Based on the underlying resources and processes, FPM attempts to establish its future strategies as clearly as
possible. The periscope's field of vision symbolizes the “foresight scope”, the range represents the “timeframe”
covered by the foresight, the resolution codes the “effective assessment of possible futures”, and educated and
skilled periscope users represent the “foresight specialists”. The elements that influence the approaches to be
employed in FPM include diverse resources as well as their reflections at the organizational, sectoral, national,
and international levels.

Available resources and the type of foresight study are the determinants of the tools, techniques and methods
of the foresight activities to be done (Miles, 2002; Popper, 2008; Porter, 2010). "Methodology" is chosen based
on the resources, aims, and scope of the foresight research, and "future strategies"” are established based on the
outcomes of the activities conducted with the methods chosen. Future strategies are determined based on the
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desired and possible futures. To examine and assess action plans, FPM does not require the use of a specific
instrument or approach. Appropriate approaches from the FORESIGHT phases can be utilized to define, apply,
and monitor strategic directions.

3. Aim and Significance of the Study

The primary goal of this research is to develop a cybersecurity technology foresight for Turkey for the next
20 years, till 2040. In this context, the goal is to reveal Turkey's cybersecurity strengths and weaknesses, as
well as opportunities and threats in this field, to identify the cybersecurity technologies that should be invested
in, to identify the various scenarios in terms of investments to be made in the country and global security and
stability, to identify the most appropriate course of action, and to make concrete policy recommendations.

Cyberspace has evolved as a new warfighting domain, in addition to land, sea, air and space (Brandes, 2013).
As technology progresses at a breakneck pace, it is vital to take measures against dangers, weaknesses, and
risks in order to make safe use of these advancements. Cybersecurity is a primary priority that must be met in
order to attain protection and attack capabilities and supply the required infrastructure.

Many areas of economy, scientific studies, commerce, communication and social life are interconnected in
today's digital world through an infrastructure called "cyberspace” (The White House, 2015). The threat of
devastating cyber attacks is increasing on this infrastructure targeted by malicious actors. One of the main
security issues in state-level national security strategies is cybersecurity. It is widely accepted that long-term
and strategic approaches to cybersecurity are necessary (Cyber Security Council, 2016).

According to the results of the literature review, technology foresight is not used as a common method in the
creation of country-level cybersecurity strategies (Cifci, 2019; Bahuguna et al., 2020). As in the examples of
the Vision 2003 study conducted in Turkey (TUBITAK, 2004) and Japan's 10th Foresight Study (Ogasawara,
2015), cybersecurity is not considered as the main theme of technology foresight studies but as a sub-title
under information and communication technologies. In addition, studies such as the European Cybersecurity
Foresight show that the cybersecurity foresight activities focus on only a few issues related to the Internet of
Things (l1oT) (Cyber Security Council, 2016).

In this study, which was carried out within the scope of the doctoral thesis, cybersecurity is considered as the
main theme of foresight methods. In this context, with the participation of specialists from various institutions
and organizations throughout the country, this study can be considered to make a significant contribution to
the technology foresight and cybersecurity literature. At the end of the study, the cybersecurity vision, Turkey's
strengths and weaknesses, opportunities and threats in the field of cybersecurity, the status of universities and
private companies in the country, and the cybersecurity technology taxonomy officially accepted by the Turk-
ish government, in addition to the 20-year cybersecurity roadmap, were attained.

The study provides technology foresight researchers with ways, methods and tools and facilitates technology
foresight studies, especially in the field of cybersecurity, by offering concrete guidance on an exemplary pro-
cess through the case of Turkey.
4. Basic Steps of Conducted Foresight Study

The main activities in the study were carried out in the following order:

- Literature review by the researcher,

- Creating a website where information, documents and announcements are shared,

- First focus group meeting: Vision study, selection of criteria for the weight of cybersecurity technologies,
STEEPLE analysis,

- The researcher's survey on cybersecurity-related technologies,
- Prioritizing cybersecurity technologies by experts,

- Creation of desired cybersecurity capabilities by the researcher in the form of Delphi statements,
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- Second focus group meeting: Reviewing the cybersecurity technology list, reviewing Delphi statements
by experts and creating new statements, conducting a survey on cybersecurity regarding Turkey with the ex-
perts participating in the meeting,

- Prioritizing the cybersecurity capabilities list by experts,

- Two-round Delphi survey: Conducting an online Delphi survey (1,900 experts were reached and answers
were received from 150 experts),

- The researcher's analysis of Turkey's cybersecurity sector and the current situation of universities,

- Workshop: Creation of scenarios, determination of roadmap and concrete policy actions.

5. Results and Discussion

Information about the main outputs revealed in the study is given in the following sub-headings. In this
context, the following outputs were obtained:

- Cybersecurity Technology Taxonomy

- Turkey's Strengths and Weaknesses, Opportunities and Threats Analysis
- Capabilities to be Acquired

- Status of Universities in Turkey in terms of Cybersecurity

- Cybersecurity Companies in Turkey

- Scenarios and Roadmaps

- Cybersecurity Action Items (Action Plan)

5.1. Cybersecurity Technology Taxonomy

Participants created a list of 169 underpinning technologies, which were organized into 15 system-based
technologies, and 6 systems/products. This list was designed to cover the correct categories that can satisfy
commercial and academic needs (Table 2). The most comprehensive list of literature has been created with the
help of experts from diverse backgrounds and organizations. Cybersecurity technologies and classification
prepared in this study have been adopted by the DIA as a formal technology taxonomy? of the Turkish defense
industry.

Table 2
Technology Taxonomy Created in the Study
Technology Group No Technology/System/Product
Group A 1-169 Samples: Network Security Policy Management, Network Access
Underpinning Technologies Control, Software-Defined Security, Network Monitoring.
Network Security, Endpoint Detection and Protection, Identity and
Access Management (IAM), Messaging and Communication Secu-
Group B rity, Data Security, Cloud Computing Security, Application Security,

1-15 Internet Security, Mobile Devices Security, Industrial Control
(SCADA) Systems Security, Internet of Things (1oT) Security, Oper-
ating Systems and Container Security, Cybersecurity for Autonomous
and Smart Platforms, Hardware Security, Firmware Security

Cybersecurity Analytics, Cyber Intelligence, Cybersecurity Opera-
1-6  tions, Cybersecurity Event Management, Cyber Forensics, Cyberse-
curity Risk and Compliance Management

System Related Technologies

Group C
Systems/Products

2 It is possible to access the Defense Industry Technology Taxonomy at https://www.sasad.org.tr/uploaded/SSB-Savunma-Sanayi-
Teknoloji-Taksonomisi.pdf in both Turkish and English.
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In this study, the technology list with 169 cybersecurity technologies was e-mailed to experts for assessment
and prioritization. The technologies were weighted by the experts according to their contribution to national
security needs, science and innovation capability and global competitiveness.

5.2. Turkey's Strengths and Weaknesses, Opportunities and Threats Analysis

The first meeting of the study was held at the facilities of the DIA with the participation of 17 cybersecurity
specialists. The vision was determined at the meeting. A SWOT analysis, a STEEPLE analysis and cyberse-
curity trend survey were also conducted.

The researcher prepared Turkey’s SWOT factors before the meeting, and experts were requested to provide
their perspectives with additional factors. All the elicited factors were ranked by the researcher according to
the priorities given by the participants in the meeting. When the results are examined, among 119 factors,
Turkey's weaknesses (31 weaknesses) in cybersecurity are more than its strengths (17 strengths), and oppor-
tunities (56 opportunities) are much more than threats (15 threats). The top 10 factors among all factors are
given in Table 3 and Table 4.

Table 3
Cybersecurity Strengths and Weaknesses of Turkey (Top 10)
No Strengths Weaknesses
1 Young and entrepreneurial workforce Lack of trained human resources

2 Ascience and technology community inte-  Disruptions in education and training
grated into the international community
3 The existence of government institutions that Dependence on abroad in high-tech areas
can realize the cybersecurity strategies
4 Economic power of Turkey Organizations are unaware of their true cybersecu-
rity requirements
5 Presence of state support for cybersecurity Lack of domestic products and technology in the
field of cybersecurity and information systems
6 Industry opened to the international arena Inadequate collaboration between the general public,
industry, and academia
7  Presence of legal and regulatory framework  Absence of a collaborative culture
that safeguards personal information, ideas,
and works
8 Young and technology-adoptive manpower  Insufficient corporate competencies in the field of
cybersecurity

9 Strong political support for cybersecurity Businesses specialize in a small range of niche cy-
bersecurity services and products
10 Embracing the sense of nationality Limited amount of data for research

The researcher prepared the STEEPLE factors based on the extensive survey and analysis. In the workshop,
specialists were requested to add new factors to the existing list. A total of 85 factors which have an impact on
Turkey’s capabilities were determined in the meeting. Then the factors were prioritized by the participants
based on their effects. According to the results of the study, technological factors that need to be addressed by
Turkey have the highest rate, while ethical factors have the lowest. This demonstrates that the challenges that
have to be resolved with regard to technology are prevalent in Turkey.

According to the results of the trend survey conducted face-to-face with experts at the first focus group meet-
ing, it was evaluated that Turkey would be among the top five countries in the world in terms of being the
target of cyber attacks in the next five years. It is also predicted that information leakage, cyber espionage,
data breaches, ransomware, malware, phishing, zombie computers, web-based attacks, identity theft and web
application attacks will be among the most common types of attacks.
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5.3. Capabilities to be Acquired

After the first meeting with the experts, the researcher prepared the capabilities to be acquired (Delfi state-
ments) based on the participants' cybersecurity technology weightages. Delphi statements are capabilities that
include cybersecurity technologies and are considered necessary to be achieved. The statements were written
to include the highest rated technologies.

Table 4
Opportunities and Threats for Turkey in Cybersecurity (Top 10)
No Opportunities Threats
1 Increasing need for cybersecurity as cyber Under-investment in R&D

threats increase and become more complex

2 Integration of cybersecurity as a component of  Lack of confidence in domestic products
national security in many countries worldwide

3 Cybersecurity needs arising from social, techno- Failure to attach sufficient importance to the na-
logical, economic, environmental and political ~ tional development of systems due to urgent sup-

factors ply demands
4 Due to the nature of cybersecurity, the need for  Evaluation of cost before quality as required by
domestic products public procurement legislation

5 The penetration of technology into all areas of ~ Markets mostly dominated by foreign products
life and the increase in its use
6  Willingness and will of the public and private The questioning of defense expenditures, espe-
sector to invest in cybersecurity cially in the Western world
7  The rapid evolution of cyber threats Export restrictions on the selling of cutting-edge
cybersecurity technologies
8 The breadth of the domestic and foreign market  The widespread adoption of cloud computing and
the dominance of foreign companies
9 Digital services' invasion into every facet of life  Establishment of a culture eager to make easy
via the internet (shopping, health, information money
sharing, etc.)
10 Deficiencies in the institutional establishment of International competition
cybersecurity systems

The second meeting was held at DIA facilities with the participation of 14 experts. This meeting focused on
Delphi activities. Delphi study is a technique designed to bring the opinions of experts and non-experts closer
to each other. Participants examined 37 capabilities previously written by the researcher and voiced sugges-
tions for necessary changes. The participants were given a list of technologies that had previously been listed
according to their importance, and they were asked to write down additional capabilities among them. During
the meeting, 54 additional capabilities were proposed by the participants. In this way, a total of 91 cybersecu-
rity capabilities were listed and prioritized by the experts.

Following the prioritization of the capabilities list by the experts in the working group, top 25 capabilities were
selected for realization. Then, two-round Delphi survey was handled over the internet and in such a way as to
reach the widest scale of experts in Turkey. In order to achieve maximum participation in the survey, the
researcher obtained the e-mail addresses of faculty members in computer engineering departments at Turkish
universities by accessing the official websites of the schools. To further expand the participation, the researcher
gathered business cards from cybersecurity experts at events and conferences in Turkey. These experts, along
with others who learned about the study, also provided the researcher with the contact information for addi-
tional participants. In total, 1,900 people were identified and contacted.

For the Delphi survey, forms containing 25 cybersecurity capabilities were prepared in Google Forms, and the
survey link was sent to the participants across Turkey via e-mail. A total of 150 experts answered the first
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round, and 91 of them answered the second round of the survey. The contribution of capabilities to the econ-
omy and contribution to security was scored between 1 and 5, and the time and methods of realization were
also voted.

According to the results, a consensus was reached among the Delphi rounds; that is, the answers given in the
first round and the answers given in the second round were close to each other. While the contribution of the
determined cybersecurity capabilities to security varies between 4.3 and 4.9 points, their contribution to the
economy varies between 3.9 and 4.6 points. As a result of this study, the prioritization of 25 capabilities, their
scoring for their contribution to security and economy, and the time and methods of realization were obtained
(Table 5). The highest rated cybersecurity capabilities are given below in the order of their priorities:

-(I;?)?]It?if)ution Scores of Cybersecurity Capabilities per Delphi Round
Contribution First Round Second Round
Contribution to Security 4.3 4.9
Contribution to Economy 3.9 4.6

Capability-1:  Protecting embedded systems from cyber attacks and running security tests on a wide range
of integrated circuits.

Capability-2:  Quantum-safe crypto hardware, software and algorithms together with supercomputers and
quantum computers.

Capability-3:  Cybersecurity technology and products addressing the cybersecurity of cyber-physical sys-
tems and ranking among the top 5 countries for global sales of such products.

Capability-4:  Lightweight cryptography that is used in small smart devices and elements of the Internet
of Things (lIoT) and is penetrating the international markets.

Capability-5:  Cybersecurity technologies for protecting aerial vehicles and ground systems, including air
traffic control systems (flight control systems, air traffic networks, navigation systems, etc.).

Capability-6:  Strong cyber offense and defense capabilities capable of competing with top-tier countries
such as the United States, Russia, and China.

Capability-7:  Dominating global markets with cybersecurity technologies addressing wireless devices
and next-generation wireless communication technologies.

Capability-8:  Authentication and authorization technologies depend on blockchain and a new generation
of methods and techniques.

Capability-9:  Being an international education and training center with extensive and cutting-edge cy-
bersecurity testing, training and exercise systems.

Capability-10: International market dominance of cybersecurity products for cloud-based systems and vir-
tual operating systems.

Capability-11: Extensive cyber threat intelligence collection capabilities with hardware, software and
widespread infrastructure covering all around the world.

Capability-12: Cybersecurity tools, techniques and technologies for big data, data analytics systems and
other database systems.

Capability-13: New generation of automated security testing and vulnerability management tools, tech-
niques, and methods.

Capability-14: Techniques and products combined with artificial intelligence and emerging information
technologies perform penetration testing.
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Capability-15: Penetration into the international market with at least 5% market share with software-de-
fined cybersecurity systems.

Capability-16: Tools and products for automated response to cyber incidents.
Capability-17: Tools and products for defending against Advanced Persistent Threats (APTSs).

Capability-18: Systems, tools and techniques for defending against Distributed Denial of Service (DDoS)
attacks.

Capability-19: Anomaly-based and behavior-based cybersecurity systems to protect systems from mali-
cious software.

Capability-20: Intelligent cyber attack systems with automatic attack and hiding capabilities to prevent
attribution.

Capability-21: Security systems for network protection (firewalls, guards, intrusion detection and preven-
tion systems etc.) that can take automatic measures against cyber attacks and having products among the top
10 preferred brands globally.

Capability-22: Tools and techniques for Data Loss Prevention (DLP) and being among the top 10 in inter-
national markets.

Capability-23: Tools and techniques for cloud computing security.

Capability-24: Aerial systems (aircraft, helicopters, unmanned aerial vehicles, etc.) with cyber attack ca-
pabilities.

Capability-25: Smart intelligence devices and systems, including robots, with resiliency against cyber at-
tacks and rapid recovery capability.

5.4. Status of Universities in Turkey in terms of Cybersecurity

A study was conducted to identify courses and programs related to cybersecurity in Turkish universities to
reveal the status and situation of the universities. The study reflects the data for the fall semester of 2022.

In Turkey, 167 universities have departments of computer engineering, computer science, information engi-
neering, software engineering, or artificial intelligence engineering. At the undergraduate level, there is a fo-
rensic information engineering department in a university and an information security technology department
in a university specifically for cybersecurity. There are cybersecurity graduate programs in 26 universities and
doctorate programs in three universities (Table 6).

Information security, cybersecurity, cryptography, network security, information systems security and data
security courses are commonly offered in undergraduate and graduate programs of universities in Turkey.

5.5. Cybersecurity Companies in Turkey

The Turkish Cybersecurity Cluster platform was established in 2017 under the leadership of the DIA in
order to create a cybersecurity ecosystem in Turkey and thus create synergy by supporting companies that can
produce technology and products on a global scale (Turkish Cybersecurity Cluster, 2022). A protocol was
signed between the DIA and the Presidential Digital Transformation Office in 2021, and it was decided to
carry out the platform activities together (Presidential Digital Transformation Office, 2022).

Companies in Turkey have been analyzed in terms of producing cybersecurity products and providing cyber-
security services. In order to elicit the data, the web pages of approximately 3,000 companies were visited by
the researcher.

As a result of the research, it has been determined that approximately half of the 169 technologies in the
cybersecurity taxonomy applied by companies in Turkey do not have a relevant cybersecurity product. 220
companies that are members of the Cybersecurity Cluster offer products in 47 different categories and services
and training in 31 categories. Most of the cybersecurity products produced are related to cybersecurity event
management, network security, identity and access management, endpoint security, application security, data
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security, web security, secure communication and cloud security. No product has been found that directly
addresses technology groups for operating systems and container security, autonomous systems and smart
platform security.

Common cybersecurity services include consultancy, network security, security audit and hardening, penetra-
tion testing and vulnerability analysis, system security, cyber incident response, and application security.

As of October 2022, there are a total of 94 technology development zones in Turkey (TGB, 2022). Cyberse-
curity companies exist in almost half of the 79 active zones.

Table 6
Cybersecurity Master (MS) and Doctorate (PhD) Programs in Turkey

No University Program Degree
1 Adana Science and Tech. University  Cybersecurity MS

2 Ahmet Yesevi University Cybersecurity MS

3 Antalya Bilim University Cybersecurity MS

4 Bahgesehir University Cybersecurity MS

5 Bandirma University Cybersecurity MS

6  Diizce University Cybersecurity MS

7  Ege University Information Technologies and Internet Security  MS

8  Firat University Forensics Engineering MS/PhD
9  Gazi University Information Security Engineering MS/PhD
10 Gebze Technical University Cybersecurity MS

11 Hacettepe University Information Security MS

12 Tsik University Cybersecurity MS

13 Istanbul Aydin University Information Security MS

14 Istanbul Commerce University Cybersecurity MS

15 Istanbul Technical University Info. Security Engineering and Cryptography MS

16 Kadir Has University Cybersecurity MS

17  Kog University Cybersecurity MS

18 KTO Karatay University Forensics MS

19 Marmara University Cybersecurity MS

20 National Defense University Cybersecurity MS

21 Middle East Technical University Cybersecurity MS

22 Sabanci University Cybersecurity MS/PhD
23  Sakarya University Cybersecurity MS

24 TOBBETU Cybersecurity MS

25  Uskiidar University Cybersecurity MS

26  Yildiz Teknik University Cybersecurity and Cryptography MS

5.6. Scenarios and Roadmaps

Based on the analyses carried out, the action items to be taken were put forward together with the scenarios
and road maps by the experts.

A total of four scenarios have been created on the two axes of "Turkey's Commitment and Situation" and
"Global Security and Stability" (Figure 2). While "Turkey's Commitment and Situation" includes all the pro-
cesses related to Turkey's desire to achieve its cybersecurity vision and the steps it has taken, the "Global
Security and Stability™ axis covers the difficulties and risks that Turkey will have to take while achieving its
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cybersecurity goals. The scenarios are titled Locked in the Blue Ocean, Rising Cybersecurity Star, Hellish and
Rise in the Mud.

A total of 91 cybersecurity capabilities (Delfi statements) were shared with the relevant scenarios according
to the political and economic power and situation required to fulfill the capabilities covered in the statements,
and a road map was set for each scenario. The roadmap that was developed for Scenario-1, which is the most
desirable situation, is given in Figure 3.
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Figure 2. Possible Scenarios for Cybersecurity
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Figure 3. Roadmap for Scenario-1

The roadmap shows the cybersecurity capabilities with their implementation methods and underlying technol-
ogies. In the roadmap, which capabilities will be acquired between which years, and which technologies should
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be invested in order to acquire these capabilities, are listed in order of priority (the expression and technologies
at the top left).
5.7. Cybersecurity Action Items (Action Plan)

In addition to scenarios involving cybersecurity capabilities, action items for the development of cyberse-
curity in Turkey have been defined. A total of 50 action items have been put forward in order to overcome the
weaknesses and threats in the field of cybersecurity and to benefit from the strengths and opportunities in
cybersecurity. The first 20 action items are listed as follows:

Action-1: The turnover of cybersecurity companies should be increased by at least 20% within two years.

Action-2: The DIA and TUBTAK should receive $10 million in annual funding for cybersecurity R&D
initiatives.

Action-3: Companies producing cybersecurity products should be provided with incentives (funds, tax
reduction, etc.) and credit opportunities as export support.

Action-4: Every year, five nations should be chosen in order to expand cybersecurity exports, and targeted
research should be done to open up to those nations.

Action-5: Each year, cybersecurity firms should advertise their products at least one international trade
show. Manufacturers should get $10,000 in financial support from the government budget for this reason.

Action-6: Financial support should be given based on the kind of patent in order to boost the number of
patents in the cybersecurity industry.

Action-7: At least 10% more employees should be hired each year to work in the field of cybersecurity (at
least about 500 people per year).

Action-8: Companies should be granted technological business funds to do research in areas where there
are no manufacturers in order to extend the cybersecurity product catalog.

Action-9: All businesses engaged in the cybersecurity industry should participate in promotion and incen-
tive programs to join the Turkish Cybersecurity Cluster.

Action-10: The IT departments of public institutions should hire at least two cybersecurity specialists.

Action-11: It is important to provide the political, social, legal, and economic conditions necessary to main-
tain a skilled workforce in the nation.

Action-12: The cybersecurity task allocation of the country's highest level organizations (Ministry of the
Interior, Armed Forces, National Intelligence Organization, USOM, BTK, and so on) should be restructured.

Action-13: In the next five years, the proportion of R&D investments to GDP should be consistently raised
to a minimum of 2%.

Action-14: Annually, five firms should be assisted in establishing an overseas unit in respected technology
centers or other international business hubs.

Action-15: The state should fund the cybersecurity certification exam expenses for people working in cy-
bersecurity and information processing in public institutions (those who successfully pass the exam).

Action-16: Cybersecurity personnel job descriptions and a workforce catalog should be developed, as
should definitions of tasks to be completed and credentials to be gained.

Action-17: Every year, technology awards should be presented to organizations that are successful in cy-
bersecurity technologies (based on criteria such as product exports, patents granted, etc.).

Action-18: Incentives and strategic plans should be put in place to found at least 10 cybersecurity companies
in each technology park in order to triple the number of cybersecurity enterprises in the next five years.

Action-19: Certain facilities and systems should be required to employ approved national cybersecurity
products.
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Action-20: In 10 major cities, a cybersecurity technical high school should be established.

6. Conclusion

Foresight is a method used to shape the future rather than predict it. In this study, information about Turkey's
cybersecurity foresight, which was prepared as a doctoral thesis at METU in 2019, is given with the updated
version of the model used, and the outputs of the thesis are presented as a summary. According to the study's
findings, Turkey needs to invest more in cybersecurity products, services, technologies, education and training,
and research and experimental development to keep up with developed countries.

Turkish cybersecurity sector should invest in the development of tailored cybersecurity products and technol-
ogies that address the specific needs of the Turkish market. This could involve collaborating with local com-
panies and research institutions to identify key areas of focus for innovative solutions. The sector could also
consider collaborating with other countries with advanced cybersecurity capabilities to gain access to expertise
and facilitate the exchange of knowledge and ideas.

To achieve a leading position in cybersecurity, it is essential to take determined action and make investments
as outlined in the roadmaps. It is necessary to repeat the foresight studies according to the developing and
changing political, social, economic and technological environment and to make adaptations and updates in
the necessary areas. In this context, it is vital to regularly renew the cybersecurity technology foresight in this
study, which was carried out with the widest participation in Turkey, and to evaluate the results of the imple-
mentations and make the necessary corrections and developments.
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tion of the changes in parameter values of various pre-processing methods used to increase the visibility of
Research Article mammography images and reduce the noise in the images, to the classification performance. In this study, the
mini-MIAS database were used. Gaussian filter, Contrast Limited Adaptive Histogram Equalization and Fast
local Laplacian filtering methods were applied as pre-processing method. In this study, two different parameter
values were applied for two different image processing methods (I. Parameter values are Gauss filter o = 3,
Laplacian filter 6=0.6 and «=0.6; II. Parameter values are Gauss filter ¢ = 1, Laplacian filter =2 and a=2).
In the normal-abnormal tissue classification, higher accuracy and area under the curve were obtained in the 2nd
parameter values in all classification methods. As a result, it has been acquired that different parameter values
of the pre-processing methods used to improve mammography images can change the success of the classifica-
tion methods.
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1. Introduction

In health care, determining the presence of a disease and developing various treatments involves the
collection of complex multidimensional data for various purposes such as reducing the cost of drugs. Various
biomedical imaging techniques such as magnetic resonance imaging (MRI), ultrasonography (US), computed
tomography (CT), mammography, X-ray (X-ray) have been developed to increase the possibility of early and
accurate diagnosis of diseases. In recent years, machine learning and deep learning algorithms are also
frequently used as one of the areas of medical imaging, because it is one of the most important areas of
radiology in the course of an investigation of the process of emergence of the disease in lighting and disease.
Therefore, radiological images can be processed with machine learning and deep learning algorithms to assist
health-care providers in making a diagnosis. Image processing is also used for a wide variety of scientific,
artistic and commercial applications. In recent years, the image processing method has been used frequently,
especially in the field of health. The use of various image processing methods for the processing of large-
volume medical images in diagnosis, treatment planning and follow-up processes has increased especially in
the last two decades (Scholl, Aach, Deserno, & Torsten, 2010). The purpose of medical image processing is to
provide medical images used in diagnosis and treatment processes more understandable and informative.
Cancer is one of the most common causes of death in the world. Breast cancer is one of the most common
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types of cancer in women. Early diagnosis of cancer is very important because when cancer is diagnosed at an
early stage, a more positive response to treatment methods can be obtained. Early and accurate diagnosis of
the imaging as well as improving the statistical methods and various image processing algorithms can
contribute importantly. Therefore, the use of mathematical and statistical methods in digital radiological
images through Computer-Assisted Diagnosis (CAD) systems may be useful for radiologists to distinguish
between benign and malignant masses (Mehdy, Ng, Shair, Saleh, & Gomes, 2017). Various algorithms have
been proposed to increase the visibility of microcalcifications, one of the earliest signs of breast cancer, in
mammography images (Besl & Jain, 1988). Among these algorithms, various methods such as mean filter,
median filter, Gaussian filter, contrast-limited adaptive histogram equalization (CLAHE), un-sharp masking,
Laplacian sharpening methods are used in the pre-processing step. In the literature, the success of various pre-
processing methods on different images has been investigated in several studies (Ganvir & Yadav, 2019;
Swathi, Anoop, Dhas, & Sanker, 2017; Al-Najdawi, Biltawi, & Tedmori, 2015). However, when we review at
the literature, no study has been found in which the effect of the changes in the parameter values of the filtering
methods used in the pre-processing step on the classification results. Due to the increasing amount of data,
image processing and visualization algorithms need to be updated again.

In this study, different parameter values of Gaussian filtering, which is an image smoothing filter and Laplacian
filtering methods used as sharpening filters, are discussed. The main motivation to examine the contribution
of the changes in parameter values of various pre-processing methods used to increase the visibility of mam-
mography images and reduce the noise in the images, to the classification performance. The plan of this study
as follows. In Chapter 2, materials and methods were given. In Chapter 3, provides the experimental results
and analysis. Finally, Chapter 4 discussion and concludes this work with future work.

2. Materials and Methods

In this study to show, the effect of the variability of parameter values of image pre-processing methods on
classification performance, image processing algorithms was applied on mammography images. The image
processing methods used in this study consist of 4 stages. The stages that are applied to images are image pre-
processing, segmentation, feature selection after feature extraction and classification, respectively. The general
flow diagram of the study is given in Figure 1.

Criginal
Mammography
Image

Gauss filter

CLAHE
Phase 1:

Pre-processing sigma=0.6
methods lL.parameter values
Fast local
Laplacian
Filler

IMAGE peemeteraes aipha=2
PROCESSING
P H AS E S Segmenfq?‘ion K-means clustering ‘,:e:elg\”hjn

methods

Phase 3: GLCM and
Feature GLRLM
extraction methods

Phase 4:
Feature
selection

Correlation
Filter methods

Phase 5: Machine learning
Classification methods

Figure 1. Flowchart of comparison of different parameter values of pre-processing methods for
normal-abnormal lesion classification
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2.1. Data collection

The open-access mini-MIAS database was used in the study (Suckling, 1994). It is an open-source database
that is widely used in mammography image processing studies (Ganvir & Yadav, 2019; Bandyopadhyay, 2010;
Ramani, Vanitha, & Valarmathy, 2013). This dataset consists of 322 digitized mammography images,
including right and left breast images of 161 patients. Images are in “PGM” format. In the database all available
mediolateral oblique (MLO) views of the left and right breast are included). The upper outer quadrant and
axillary tail, which are the most common cancer locations in the breast, are better visualized with MLO imaging
compared to other positions. All images in the database are 1024 x 1024 pixels in size, 200 microns in pixel
thickness, and 8-bit (256 grey levels).

Ethics committee approval is not required because open access data was used in this study. Since it is public
data, informed consent from patients is not required. This data set was collected from a single center and was
preferred, because it provided us with the opportunity to compare with our own results according to image
processing topic due to the application of standard measurement techniques and widespread use in the
literature. In this study, 120 mammography images were randomly selected. Of these 120 images, 40 belong
to individuals with normal, 40 benign and 40 malignant masses.

In this study, Fiji-ImageJ (Schindelin et al., 2012), MedPic (Demirci, 2020), MATLAB (The MathWorks,
2017) version R2017b for image processing methods and R Studio (RStudio Team, 2021) software were used
to examine the performance of classification methods. We draw the plots in Figure 2A, B by using "ggplot2"
package (Wickham, 2016) in RStudio.

2.2. Scenarios

For this study, the scenarios to be applied are given below.

i. Three different pre-processing methods were applied to mammography images (Gauss filter, CLAHE,
Un-sharp masking).

ii.  Two different parameter values were determined for Gaussian filter and Un-sharp masking filtering
methods.

iii. 1. Parameter values are Gauss filter o = 3, Laplacian filter =0.6 and «=0.6.
II. Parameter values are Gauss filter ¢ = 1, Laplacian filter 0=2 and a=2.

2.3. Pre-processing

Pre-processing is an important step in medical image processing because some images contain unwanted
information such as noise. Salt and pepper noise and Gaussian noise are the main types of noise in image
processing (Swathi et al., 2017). Pre-processing methods remove noise in the analysed image and improve
some image properties such as contrast. Pre-processing algorithms are usually done to prepare the data set to
be used in the classification phase. The main purpose of pre-processing is to improve the image quality by
removing irrelevant parts in the background of the images and make the images ready for segmentation. There
are many pre-processing methods used in image processing (Bandyopadhyay, 2010).

Some mammography images in the mini-MIAS database contain label information. Since these labels
originating from the mammography device have a high-density value, they may cause false results from the
images. Therefore, thresholding and dilation morphological processes were applied to clear labels from
mammography images. With processes, it is aimed to clean the labels, artificial lines and noisy areas in the
images. Later, pre-processing methods were used in mammography images to improve image quality and
improve segmentation results. In this study, mainly Gauss filter, CLAHE and Fast local Laplacian filtering
methods were applied to mammography images.

The widely used smoothing filter in the image pre-processing stage is the Gaussian blur filter. This filter uses
the Gaussian distribution function. Therefore, the effect of removing noise from the image depends on the
standard deviation of the Gaussian distribution. The larger the standard deviation value in the Gaussian
distribution, the larger the size of the Gaussian blur filter. The o (sigma) parameter of the Gaussian filtering
method varies in the range of -3<6<3 (Dasgupta & Wahed, 2014).
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Fast local Laplacian filtering is an image sharpening filtering method that measures the rate at which the first
derivatives of images change. For the Laplacian filtering method, 6 (sigma) and a (alpha) parameter values are
determined. The o value for binary images should be in the range of [0, 1] and for images with different
intervals, the o value should be in the range of [a, b]. The o value is in the range of [0.01, 10] (Paris, Hasinoff,
& Kautz, 2011).

The CLAHE algorithm, on the other hand, balances the distribution of the grey values used, thus making the
hidden areas of the image more visible.

In this study, two different parameter values were applied for two different image processing methods. First,
the o parameter value of the Gaussian filtering method was determined as 3 and the ¢ and a parameter values
of the Laplacian filtering method were determined as 0.6. Then, the ¢ parameter value of the Gaussian filtering
method was determined as 1, the ¢ and a parameter values of the Laplacian filtering method were determined
as 2 and the performance results for classification according to the differences in parameter values were
examined (Avci & Karakaya, 2021). In other words, the performance of the classification methods was
examined as the size of the Gaussian blur filter decreased and the size of the Fast local Laplacian filter
increased.

Figure 2. mdb023 malignant original left MLO mammography image in mini-MIAS database (A). Contrast-
enhanced image with CLAHE algorithm (B). Image with Gaussian filter sigma=3 (C). Image with Gaussian
filter sigma=1 (D).

Figure 3. mdb023 malignant original left MLO mammography image in mini-MIAS database (A). Contrast-
enhanced image with CLAHE algorithm (B). Image with Fast local Laplacian filter sigma=0.6, alpha=0.6
(C). Image with Fast local Laplacian filter sigma=2, alpha=2 (D).
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2.4. Segmentation and ROI

It can be said that image segmentation is the most difficult step in image processing because the success of
the segmentation process has a great effect on feature extraction and classification performance. Image
segmentation is dividing an image into regions and objects with different features in each region. In other
words, image segmentation is the process of dividing an image into meaningful parts. The pixels in the regions
obtained at the end of the segmentation process have common features. In image processing, the region of
interest (ROI) must be determined by the appropriate segmentation method before feature extraction.

The next important step for mammography images that are cleared of labels and artifacts by pre-processing
methods is to extract ROIs by clearing pectoral muscle, etc., from images with the appropriate segmentation
method. In this study, the k-means clustering algorithm was chosen as the segmentation method. This method
has been preferred because it does not require any prior knowledge and is better than other region enlargement
techniques. After the images obtained after the segmentation process are applied as a mask on the original
images, ground truth images are obtained.

2.5. Feature Extraction and Selection

Another important step in image processing is to extract features from images. In the field of image
processing, feature extraction methods are algorithms that calculate various features of ROIs in the image. In
other words, feature extraction is a method of capturing the visual content of images. Correct classification of
images depends on the selection of the most suitable features because these attributes characterize a particular
region, they are used as input variables in the classification phase.

After the image pre-processing and segmentation processes were applied to the mammography images, feature
extraction was performed. In this study, Grey-Level Co-Occurrence Matrix (GLCM) and Grey Level Run
Length Matrix (GLRLM) methods were used as feature extraction techniques. 22 features were extracted with
the GLCM method and 11 features were extracted with the GLRLM method. These features were extracted
from ROI samples by GLCM and GLRLM methods in four different directions: O°, 45°, 90° and 135°. The
feature matrix was obtained by taking the average of these extracted features. Thus, with the help of this feature
matrix, mammography images were converted into numerical data. The texture feature is used to identify the
cancer area in the mammography image. Texture is a combination of patterns that are repeated with a regular
frequency.

For feature selection, first of all, the correlation matrix was examined. Among the 33 features obtained, a
selection was made by selecting only one of the features with a correlation of more than 0.90.

2.6. Classification

These numerical data obtained as a result of image processing were used as input variables in classification
methods. Thus, in the application realized, the calculated features and ROI samples were classified as normal-
abnormal tissue with 6 different classification methods according to different parameter values of the pre-
processing methods. Methods used for classification:

(1) Support Vector Machine (SVM)
(2) Random Forest (RF)

(3) Artificial Neural Network (ANN)
(4) k-Nearest Neighbors (k-NN)

(5) Naive Bayes (NB)

(6) Decision Tree (DT)

The classification performances of each selected feature in detecting the presence of a lesion alone were
examined with the area under the curve (AUC) values obtained as a result of the ROC Analysis. In this study,
comments were made on the AUC values, as they combined the sensitivity and specificity values. The
performances of these models established for classification methods were evaluated according to accuracy,
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sensitivity, specificity, AUC and F1 evaluation criteria. 95% confidence intervals (Cl) for the accuracy and
AUC values were also calculated. The accuracy of the triple classification was calculated with the help of
confusion matrix. Accuracy values were calculated by the ratio of the correctly classified cells in the confusion
matrix to the total sample number. The radiologist's evaluations in the mini-MIAS database were used as the
gold standard for calculating sensitivity and specificity values. Details about the performance measures can be
accessed from relevant source (Karakaya, 2021).

3. Results and Discussion

In this part, the results of the test performances of the scenarios of two different parameter values are given
in this section. The results are presented below.

After applying Gaussian filter, CLAHE, Fast local Laplacian filtering and k-means clustering algorithms on
the mammography images obtained from the mini-MIAS dataset, the classification success of the features
obtained by GLCM and GLRLM methods was examined with the AUC. The AUC values of the selected
features alone vary between 0.541-0.721 for the first parameter values and 0.550-0.826 for the second
parameter values. In Table 1, the AUC values and confidence intervals of the 10 selected features are given
according to the parameter values. It has been observed that most of the features obtained with the second
parameter values have higher classification performances than the first parameter values.

Table 1
AUC values and confidence intervals for normal-abnormal classification of 10 features selected using the cor-
relation coefficient

Feature 1. According to Parameter 2. According to Parameter

name Values (95% CI) Values (95% CI)
Autocorrelation 0.721 (0.630-0.812) 0.732 (0.642-0.822)
Contrast 0.586 (0.480-0.692) 0.565 (0.458-0.672)
Correlation 0.541 (0.432-0.650) 0.623 (0.520-0.726)
Cluster prominence 0.552 (0.444-0.660) 0.550 (0.442-0.658)
Energy 0.661(0.562-0.760) 0.683 (0.586-0.780)

Short run emphasis
Long run emphasis

0.615 (0.511-0.719)
0.608 (0.504-0.712)

0.819 (0.745-0.893)
0.826 (0.754-0.898)

0.678 (0.581-0.775)
0.595 (0.490-0.700)
0.694 (0.599-0.789)

Low grey level run emphasis
Short run low grey-level emphasis
Long run low grey-level emphasis

0.619 (0.516-0.722)
0.640 (0.539-0.741)
0.614 (0.510-0.718)

1.Parameter values: Gauss filter o = 3, Laplacian filter =0.6 and =0.6
2. Parameter values: Gauss filter o = 1, Laplacian filter =2 and a=2
ClI: Confidence intervals

The accuracy values and its confidence intervals (95% CI) of classification methods as a three class (normal-
benign-malignant tissue) according to the different parameter values of the mammography images in the MIAS
database, where the 10 selected features are evaluated together, are given in Table 2. According to these results,
as the parameter value of the Gaussian blur filter gets smaller and the Fast local Laplacian filtering parameter
values get larger, higher accuracy values are obtained. According to the accuracy, in 2nd parameter values,
SVM and Naive Bayes methods are more successful than other methods.
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Table 2
Accuracy values and confidence intervals of classification methods according to different parameter values in
normal, benign and malignant classification

Machine learning 1. According to Parameter 2. According to Parameter

methods Values (95% CI) Values (95% CI)
SVM 0.556 (0.467-0.645) 0.833 (0.766-0.900)
RF 0.500 (0.411-0.589) 0.750 (0.673-0.827)
ANN 0.528 (0.439-0.617) 0.722 (0.642-0.802)
K-NN 0.417 (0.329-0.505) 0.444 (0.355-0.533)
NB 0.528 (0.439-0.617) 0.833 (0.766-0.900)
DT 0.389 (0.302-0.476) 0.722 (0.642- 0.802)

1.Parameter values: Gauss filter o = 3, Laplacian filter =0.6 and «=0.6
2. Parameter values: Gauss filter o = 1, Laplacian filter 0=2 and a=2
Cl: Confidence intervals

According to these results, as the parameter value of the Gaussian blur filter gets smaller and the Fast local
Laplacian filtering parameter values get larger, higher accuracy values are obtained. According to the accuracy,
in 2nd parameter values, SVM and NB methods are more successful than other methods.

Then, to examine the classification performance of images with and without lesions as a two class, normal
images were classified as normal-abnormal, considering normal images as a group and benign and malignant
images as a group. The accuracy values of the classification methods according to the 1st and 2nd parameter
values regarding the three (normal-benign-malignant) and two (normal-abnormal) classification results are
given in Figure 4 and Figure 5.
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Figure 4. Comparison of accuracy values of classification methods according to different parameter values: 3
class (normal-benign-malignant classification).
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Figure 5. Comparison of accuracy values of classification methods according to different parameter values: 2
class (normal-abnormal classification).

The results of the normal-abnormal classification of the characteristics of the examined data set are given in
Table 3. According to Table 3, the 2nd parameter values showed higher performance than the 1st parameter
values in terms of both accuracy and AUC. When we look at measures such as Accuracy and AUC, according
to the 2nd parameter values, the performances of the SVM, RF, ANN and NB classification methods are more

successful than the k-NN and DT methods.

Table 3

Performance of classification methods according to different parameter values of pre-processing algorithms
for normal-abnormal classification

1. According to Parameter

2. According to Parameter

Values Values

Machine

Iearrr:i)r:jgS CA Sensitivity Specificity AUC  F1 CA  Sensitivity Specificity AUC F1
Sr\n/?\; 0.694 0.683 0.214 0.566 0.800 0.702 0.823 0.571 0.795 0.711
RF 0.556 0.727 0.285 0.578 0.667 0.725 0.718 0.571 0.823 0.727
ANN 0.650 0.694 0.780 0.750 0.617 0.778 0.860 0.850 0.854 0.787
k-NN 0.500 0.530 0.480 0.500 0.555 0.611 0.583 0.455 0.550 0.601
NB 0.639 0.500 0.620 0.565 0.628 0.715 0.730 0.540 0.680 0.775
DT 0.583 0.525 0.513 0.520 0.634 0.635 0.615 0.475 0.550 0.640

CA: Classification accuracy
AUC: Area under the curve

It is emphasized that the pre-processing step is very important in the segmentation and feature extraction stages
in determining the suspicious regions in mammography images by computer-assisted systems. In the literature,
pre-processing algorithms have been used in single or double form in most of the studies (Al-Najdawi et al.,
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2015; Ramani et al., 2013). However, there is no study for examining the effect of parameter values on
performance measures of classification methods, as in this study on filtering methods used as a pre-processing
method.

Therefore, this study was planned to see the effects of the use of different parameter values for the blur and
sharpen filtering dimensions on the performance of the classification methods.

The effects of mean, median, adaptive median, Wiener and Gaussian filtering methods on different noise types
in mammography images were evaluated with measures such as Peak Signal-to-Noise Ratio (PSNR) and
Signal-to-Noise Ratio (SNR) (George & Sankar, 2017). After using Transformer oil images mean, median,
Wiener and non-local means (NLM) filtering methods as a pre-processing method, an evaluation was made
according to image quality evaluation measures such as mean square error (MSE) and PSNR (Maheshan &
Kumar, 2019). In our study, the effects of smoothing and sharpening filtering methods on the performance of
classification methods according to different parameter values were investigated. It has been investigated that
the applied filtering methods can change the performance of the classification methods when their size is
changed.

Considering the results obtained in both three and binary classification, high classification results were
obtained with SVM, RF, ANN and NB methods and low classification results were obtained with k-NN and
DT methods. In this study, classical machine learning methods were used as a classification method.

We used sigma=3 and sigma=1 for Gaussian blur filtering method, sigma=0.6 alpha=0.6 and sigma=2 alpha=2
for Laplacian filter. However, instead of 2 different parameter values for filtering methods, an optimal value
will be determined after trying all possible combinations after trying many parameter values. In future studies,
an optimal value can be found by examining different parameter values of different filtering methods and the
performance of deep learning methods can be examined.

4. Conclusion

In conclusion, it was seen that the changes in the parameters of the filtering methods used as the pre-
processing method affected the performance results of the classification methods. In this study, two different
filtering methods were analysed according to the parameter values. In other words, the performance of the
classification methods increased as the parameter value of the Gaussian blur filter decreased and the Fast local
Laplacian filtering parameter values increased.
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Makale Tarihgesi Oz — Son yillarda suyun kit oldugu ve dolayisiyla suyun ekonomik deger tagidig1 yérelerde aritilmis atiksulardan su
Gonderim:  03.09.2022 geri kazanimina ve suyun yeniden kullanimina ilgi giderek artmaktadir. Bu ¢alismada, kentsel ikincil aritma ¢ikis
Kabul: 25.12.2022 sularia laboratuvar 6lgeginde NF (Nanofiltrasyon) prosesi uygulanarak, ¢ikis suyunun ¢esitli amaglar i¢in geri kaza-
Yayim: 30.06.2023 niminda yiiksek oranda organik/inorganik madde gideriminin yanisira mikrobiyal kirliligin de giderimi ile etkili bir

' o su yonetimi yaklasimi ortaya konmasi amaglanmustir. Deneysel ¢alismalar “Taguchi Deneysel Tasarim” uygulamasi
Arastirma Makalesi ile planlanmustir. Calismada transmembran basinci (5; 7.5; 10 bar), VRF (hacim azaltma faktorii: 2; 3; 4) ve membran

tipi (NP030; NF270; NF90) degiskenleri ve degisken seviyelerinin NF prosesi i¢in “Yanit Yiizey Yontemi” ile opti-
mizasyonu gergeklestirilmis olup en iyi performans 5 bar ve 2 VRF isletme sartlari ile NFOO membran olarak belir-
lenmistir. Dogrulama deneyi sonuglarina gére gikis suyunda toplam koliform degeri 6.8x10° kob/100 mL’den tespit
edilemez diizeye kadar diisiiriilmiis, Kimyasal Oksijen Ihtiyac1 (KOI) 14 mg/L ve Toplam Céziinmiis Kat1 (TCK) 86
mg/L olarak tespit edilmistir. Deney sonrasi elde edilen NF siiziintii suyunun yeniden kullanilabilirligi, ulusal ve ulus-
lararas1 mevzuatlara gore degerlendirilmis, pH 6.5, Biyolojik Oksijen Ihtiyaci (BOIs) 9.6 mg/L olarak bulunmus ve
stiziintli suyunda fekal koliform ile Askida Kati Madde (AKM)’ ye rastlanmamustir. Buradan elde edilen siiziintii
suyunun sulama amagh kullanima uygun oldugu, ayrica endiistriyel sogutma suyu ve yeralt1 suyuna desarj gibi farkli
amaglar i¢in de kullanilabilecegi goriilmektedir.
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Article History Abstract — In recent years, interest in water recovery from treated wastewater and water reuse has been increasing in
Received: 03.09.2022 the regions having water shortage and hence economic value of water. The study aims to recover effluent for urban
Accepted:  25.12.2022 secondary treatment effluent with the laboratory scale NF (Nanofiltration) process with the removal of a high rate of

- . organic/inorganic matter as well as microbial pollution, thus be able to introduce effective water management appro-
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ach for this effluent water Taguchi Design was applied to plan experimental procesure, The transmembrane pressure

Research Article (5 7.5; 10 bar), volume reduction factor: (VRF) (2; 3; 4) and membrane type (NP030; NF270; NF90) were optimized

with the "Response Surface Method" for the NF process. As a result NF90 with 5 bar and 2 VRF operating conditions
were selected as the best performing membrane for water recovery. Based on the validation experiment results, the
total coliform of the effluent reduced from 6.8x10° cfu/100 mL to below to detectable level. Further, Chemical Oxygen
Demand (COD) and Total Dissolved Solids (TDS) decreased to 14 mg/L and 86 mg/L, respectively. Based on the
assessment of the national and international regulations on the reusability of NF permeate water from experiment; pH,
Biological Oxygen Demand (BODs) were 6.5, and 9.6 mg/L, as well as fecal coliform and total suspended solids (TSS)
were not detected in the permeate. To come to the conclusion, the permeate water acquired from the proces is suitable
for irrigation purposes and can also be used for the purposes such as industrial cooling water and discharge to gro-
undwater.
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1. Giris

Su kithigr sadece kurak ve yart kurak bolgelerde bir sorun olusturmakla kalmayip; niifus artigi, yagam
standartlarinin ytlikselmesi, iklim degisikligi, endiistrilesme, tarim ve insan faaliyetlerindeki artislar da diinya
genelinde su kithgim giderek arttirmaktadir (Chon, Kim, Moon ve Cho, 2012; Bhattacharya, Ghosh ve
Mukhopadhyay, 2013). Diinya Bankasi’nin 2020 yili raporuna gore, 2050 yilina kadar diinya niifusunun
yarisindan fazlasinin su kithigi riski altinda olacagi belirtilmektedir (Kharraz vd., 2022). Artan su kithig ile
birlikte su ihtiyacinin temiz su kaynaklarindan karsilanmasindaki zorluklar da, alternatif su kaynaklarina
yonelme gerekliligini ortaya cikarmaktadir. Atiksu aritma tesislerinde aritilan atiksularin geri kazanilarak
yeniden temiz su kaynagi olarak kullanilmasi bunun i¢in énemli bir firsat haline gelmistir (Hacifazlioglu vd.,
2018; Hube vd., 2020).

Atiksularin yeniden kullanimu ile ilgili Avrupa ve Akdeniz Bolgeleri gibi yetersiz su dengesine sahip alanlarda
artan uygulamalar mevcuttur (Bakopoulou, Emmanouil ve Kungolos, 2011; Rygaard, Binning ve Albrectsen,
2011; Agrafioti ve Diamadopoulos, 2012). Amerika Birlesik Devletleri, Katar, Suudi Arabistan, Kuveyt ve
Israil, kisi basina atiksuyun yeniden kullanimi agisindan en iist sinif iilkeler arasindadir. Avustralya’da tahmini
2 milyar m® atiksu her yil 580 belediyenin aritma tesisinde aritilarak, sulama ve diger amaglar igin
kullanilmaktadir (Shahid, Kashif, Pathak, Choi ve Rout, 2022). Orta Dogu ve Afrika’da ise bircok kurak ve
yar1 kurak alan, sinirli su kaynaklar1 nedeniyle ciddi su stresi ile kars1 karsiyadir (Chen vd., 2021). Ancak, tiim
diinyada yaklasik 14.2 milyar m%yil olan yeniden kullanilabilir su hacmi, toplam evsel atiksu hacminin
%4'tinden daha azim temsil etmektedir (Yang vd., 2021). Su kitlig1 yasayacak iilkeler arasinda olan Tiirkiye’de
(Akiiztim, Cakmak ve Gokalp, 2010) ise atiksuyun yeniden kullanimi ve bununla ilgili uygulamalar biiyiik bir
potansiyele sahiptir. Ulkemizde bu alandaki galismalar daha ¢ok kentsel atiksularin geri kazanimi {izerinden
ilerlemektedir. Ciinkii aritilmis kentsel atiksular yiiksek hacim, uygulanabilirlik ve iyi bilinen kalite
ozelliklerinden dolayr siirdiiriilebilir su yonetimi i¢in en iyi yeniden kullamim kaynaklar1 arasinda
gosterilmektedir (Acero, Benitez, Leal, Real ve Teva, 2010; Zanetti, De Luca ve Sacchetti, 2010; Can-Dogan,
Yasar, Sen ve Aydiner, 2016).

Kentsel atiksularin aritiminda genellikle konvansiyonel sistemler kullanilmaktadir. Ancak atiksu ortaminda
bulunan baz1 kimyasal maddeler ve mikrobiyal kirleticiler, insan ve ¢evre sagligi lizerinde kisa ve uzun vadede
negatif etkilere yol agmaktadir (Pedrero, Kalavrouziotis, Alarcon, Koukoulakis ve Asano, 2010; Zanetti vd.,
2010; Jin, Jin, Wag ve Shi, 2013; Mizyed, 2013; Can-Dogan vd., 2016). Bu nedenle insanlarin temas halinde
oldugu alanlarda kentsel atiksularin geri kazanimi igin yiiksek verimlerde aritim teknolojilerine ihtiyag
duyulmaktadir (Acero vd., 2010; Maryam ve Biiyiikgiingér, 2019). 25 Mayis 2020 tarihinde yayinlanan
Avrupa Parlamentosu ve Konseyi (AB) 2020/741 Yonetmeligi, suyun yeniden kullanimi i¢in minimum
gereksinimleri igermektedir. AB tarafindan olusturulan yeni Dongiisel Ekonomi Eylem Plani'na goére, atiksu
aritma siirecinin bir pargast olarak gerceklestirilen faaliyetlerin ¢ogu, atiksuyu; su ve besin kaynagi olarak
kullanabilen yeni teknolojilerin kesfedilmesiyle ilgili olmalidir (Czuba vd., 2021). Bu nedenle aritilmis kentsel
atiksulardaki olumsuz etkileri ortadan kaldiracak ileri aritma stratejilerinin gelistirilmesine ve alternatif
yontemler sunulmasina ihtiya¢ duyulmaktadir.

Geri kazanilmis atiksuda mikrobiyal agidan saglik riskini kontrol altinda tutmak igin ileri aritma yontemi
olarak genellikle dezenfeksiyon prosesi uygulanmakta olup, bu islem yan dirlinler olusturmasi,
dezenfektanlarin nakliyesi ve depolanmasi gibi problemler olusturmaktadir. Aritilmis atiksularm sulama
amagli yeniden kullanimi ve geri kazanimi igin, kentsel atiksulara uygulanan alternatif ileri aritma teknikleri
arasinda en On sirada membran prosesler gésterilmektedir (Wu, 2019; Rizzo vd., 2020; Suwaileh, Johnson ve
Hilal, 2020; Czuba vd., 2021; Shahid vd., 2022). Teknolojinin hizli gelisimiyle membran fiyatlar1, ilk yatirim
ve isletme maliyetlerindeki diisiis nedeniyle de membran proseslerin bu alandaki kullamimlar1 giderek
yayginlasmaktadir (Guo, Ngo ve Li, 2012; Hube vd., 2020).
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Membran prosesler, cesitli monovalent ve iki degerli iyonlar1 ¢ozeltiden uzaklastiran ve sudaki tuzlulugu
azaltan (Hacifazlioglu vd., 2018), ozellikle inorganik ve organik mikrokirleticilerin giderimi igin iyi
performans gosteren teknolojilerdir. Ultrafiltrasyon (UF) ile igme suyu elde edilmesi igin yapilan bir caligmada
kaynak olarak yiizey suyu kullanildiginda hollow fiber UF membran ile filtrasyon sonrasinda siiziintii suyunda
E. koliform gbzlenmis olup etkin bir mikrobiyal giderim i¢in ilave kimyasal dezenfeksiyon gerekliligi
vurgulanmistir (Zhang ve dig., 2019). Bununla birlikte, Wintgens vd., (2005) ve Warsinger vd., (2018),
pratikteki deneyimlerde ve membran isletme sartlarinda elde edilen pozitif koliform sonuglarina gére yeniden
kullanim tesislerinde kullanilan tipik UF membranlarinin, her zaman bakteriyel kontaminasyona kars1 tam bir
engel olusturmadigini ifade etmektedirler. Geri kazanilmis atiksular endiistriyel proseslerde sogutma, igilebilir
ve/veya igilemez kentsel kullanim, yeraltisuyu 1slahi gibi amaglarla yeniden kullanilabilmektedir (Czuba vd.,
2021). Rekreasyonel kullanim gibi insan viicudu ile temas edebilecek amagclar igin geri kazanilmig atiksu
kullanildiginda suyun aritimi i¢in insan sagligi riskini en aza indirecek nanofiltrasyon (NF) prosesi gibi
gelismis su aritma secenekleri kullanilmalidir (Ngo vd., 2021). Bu nedenle hem mikrobiyal agidan saglik
risklerini ortadan kaldirmak hem de yiiksek organik kirletici giderim verimlerini yakalamak amaciyla, son
yillarda NF membran prosesi uygulamalar1 artmaktadir. Literatiirde atiksu geri kazanimi i¢in NF uygulanmasi
konusunda ¢esitli caligmalar bulunmaktadir.

Czuba vd., (2021) yaptiklar1 calismada UF sonrasi nanofiltrasyon (NF) ile elde ettikleri siiziintiiniin Kimyasal
Oksijen Ihtiyac1 (KOI) bakimindan sogutma suyu ve igilebilir su amacli, Toplam Céziinmiis Kat1 (TCK)
bakimindan ise sadece sogutma amacli kullanilabilecegini tespit etmislerdir. NF prosesi ile maliyetteki
diisiislerle birlikte, sudaki monovalent tuzlarin, divalent iyonlarin, organik maddelerin giderimi ve bakteri
eliminasyonunda etkin bir verim saglandig1 diger ¢alismalarda goriilmektedir (Parlar, Hacifazlioglu, Kabay,
Pek ve Yiiksel, 2019; Wang vd., 2020; Shahid vd., 2022). Hacifazlioglu vd., (2018) yaptiklar1 ¢calismada
atiksuyun yeniden kullanimi igin kullandiklart NF270 membram ile 20 bar basingta elde ettikleri NF
stiziintiisiiniin orta toleransli bitkiler i¢in kullanilabilir oldugunu tespit etmislerdir. Evsel atiksularin aritiminda
kimyasal, mikrobiyolojik ve ekotoksikolojik olarak NF ve ters 0zmos (TO) membranlarin degerlendirildigi
caligmada ise kimyasal parametreler i¢in NF90 ve TO membranlarin etkinliginin yiiksek oldugu, membran
prosesler ile siiziintli suyu eldesinde mikrobiyolojik parametrelerde bazi smirlamalarin ortaya ¢iktigi,
ekotoksikolojik olarak degerlendirildiginde ise uzun vadede NF90 ve SW30 gibi NF ve TO membranlarin daha
etkili sonuglar verdigi goriilmektedir (Palma vd., 2016).

Bu ¢aligmada, biyolojik olarak aritilmig kentsel atiksu aritma tesisi ikincil ¢ikis suyuna NF membran prosesi
uygulanarak, organik ve inorganik madde ile mikrobiyal kirletici giderim performanslari ve siiziintii suyunun
cesitli amaglar i¢in geri kazanilabilirligi incelenmistir. Laboratuvar 6l¢ekli ¢apraz akis membran iinitesinde
gergeklestirilen NF deneylerinde, membran tipi, isletme basinci ve hacim azaltma faktorii (VRF) degiskenleri
ve degisken seviyeleri esas almarak Yanit Yiizey Yontemi (YY'Y, response surface methodology) ile optimum
isletme sartlar1 giderim verimi, toplam koliform sayisi ve siiziintii akisi {izerinden belirlenmistir.

2. Materyal ve Yontem

2.1. Kullanilan Atiksu Karakterizasyonu ve Analitik Yontemler

2019 yili itibari ile yaklasik 40.000 kisilik niifusa sahip Kocaeli Universitesi Umuttepe Yerleskesinde
hastane, fakiilteler, laboratuvarlar, kafeteryalar, yurtlar ve lojmanlar gibi kaynaklardan olusan atiksular,
yerleske alaninda bulunan kentsel atiksu aritma tesisine iletilmektedir. Yerleske, 2019 yili verilerine gore
1896,3 m?/giin su tiiketimine sahiptir (bkz. Tablo 1).

Su tiiketimi ve buna bagli olarak atiksu miktar1 6grenci niifusunun yogun oldugu aylarda artis géstermektedir.
44.2 ha yesil alana sahip olan {iniversitede yaklasik 700 m%/giin’ liik sulama suyu ihtiyac1 gogunlukla sebeke
suyundan karsilanmaktadir. Bu nedenle yaz aylarinda da 6grenci olmamasina karsilik su tiiketimi aym
seviyelerde gozlenmektedir.
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Deneysel calismada kullamlan atiksu Kocaeli Universitesi Umuttepe Yerleskesi Biyolojik Atiksu Aritma
Tesisi ikincil aritma ¢ikis suyudur. Tesis 3000 m?/giin kapasite ile uzun havalandirmali aktif camur sistemine

uygun olarak ¢aligtirllmaktadir. Tablo 2’de ikincil aritma ¢ikis suyu ortalama karakterizasyon degerleri ile
uygulanan analitik yontemler verilmistir. Deneysel calisma sonuglart KOI, TCK, toplam koliform gibi su kalite
parametreleri {izerinden degerlendirilmistir.

Tablo 1

Kocaeli Universitesi Umuttepe Yerleske’sinde su tiiketimleri, 2019

Aylar

1. Ogrenci Yurdu

Arastirma ve Uygulama 2. Ogrenci Yurdu

Diger Birimler

(m3) Hastanesi (m®) (m) (m3)
Ocak 14162 12350 776 31053
Subat 12553 12119 666 28127
Mart 17756 11884 984 29914
Nisan 17724 11111 986 36903
Mayis 21011 12037 1310 31078
Haziran 11166 8017 695 23162
Temmuz 8043 11613 310 34488
Agustos 7204 8999 232 27986
Eyliil 12474 10569 649 29171
Ekim 19790 11502 1156 32615
Kasim 17835 10509 1057 27925
Aralik 22070 12614 1432 34368
Giinliik
Ortalama 498.1 365.3 28.1 1004.9
(m*/giin)
Yerleskedeki Genel Su Tiiketimi Ortalama (m*/giin) 1896.3
Tablo 2
Ikincil aritma ¢ikis suyu karakterizasyonu ve kullanilan analitik yontemler
Parametre Birim Yontem Konsantrasyon
pH - Hach HQ440d Cihazi: Multiparametre Y 6ntemi 6.5-7.8
[etkenlik ps/cm Hach HQ440d Cihazi: Multiparametre Y ontemi 309 — 1399
TCK mg/L Hach HQ440d Cihazi: Multiparametre Y ontemi 100 —793
AKM mg/L TS EN 872: Siizme Y 6ntemi 5-42
BOI mg/L TS 4957-1 EN 1899-1: Asilama Y dntemi 7-38
KOi mg/L 5220 D: Kapal1 Reflux Kalorimetrik Yontemi 27-88
Bakiye Klor mg/L TS 6229 EN 7393-2: Kalorimetrik Yontem 0.05-0.534

Toplam koliform  kob/100 ml
Fekal koliform kob/100 ml

TS EN 9308-1: Membranla Siizme Y ontemi
TS EN 9308-1: Membranla Siizme Y ontemi

8x10! — 6.8x10°
5x10! — 4x10°

2.2. Kullanilan Membranlar

Deneysel ¢alismada NF270, NP030 ve NF90 membranlar: kullanilmistir. Membran tipleri molekiiler agirlik
kesme sinirlan ve saf su akilar1 g6z oniinde bulundurularak segilmistir. Bu membranlarin genel 6zellikleri

Tablo 3’ te verilmistir.
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Tablo 3
Kullanilan NF membranlarin genel 6zellikleri
Membran  Uretici Materyal MWCO 0 MgSO, NacCl ((L;;ﬁlzrf:lg:;) Maksimum
S ; 0 0 :
Tiiri Firma (Da) (%) (%) (20-25 °C°) Basing (Bar)
Filmtech PAp
- < .3 +0.
NF270 (DOW) TFC 300 2-11 97 35 22.3+0.8 41
Microdyn
- - >
NP030 ®Nadir PES 400 0-14 30 1 40
Filmtech
NF PA 2 4-11 - - 2.44 41
90 (DOW) p 00

PES: Polietersiilfon; PAp: semi-aromatik piperazine-kaynakl poliamid; TFC: Ince film kompozit

2.3. Membran Filtrasyon Sistemi ve Deneysel Prosediir

Calismada, kesikli deneylerde HP4750 karistirma hiicreli tezgdh iistii Sterlitech filtrasyon sistemi
kullanilmustir (bkz. Sekil 1). Sistem 14.6 cm?* lik etkili bir membran alanina sahip olup, paslanmaz celik, dikey
yerlesimli ve ¢apraz akis membran iinitesinden olugsmaktadir. Hiicre igi 300 mL’ lik bir kapasiteye sahip olup,
300 rpm’lik ¢apraz akig hizi sartlarinda deneyler yiiriitiillmistiir. Filtrasyon prosesi konsantrasyon modunda
isletilmis ve membran gegis basinci, modiile dogrudan beslenen azot gazi ile saglanmustir.

Basing
Regiilatdrii

.

Basing
Kontrol
Vanasi

Filtrasyon
Hiicresi

Bilgisayar Terazi Manyetik Kanstiric N2 (Azot) Gazi

Sekil 1. Sterlitech NF deney diizenegi

2.4. Teknik Performans

Besleme akimini konsantre etme sartlarinda gergeklestirilen kesikli deneysel ¢alismalarda, NF deneyleri
igin “siiziintii akilarr” Esitlik (2.1)’ e gore hesaplanmustir. Bu esitlikte; J-siiziintii akis1 (L/m? sa); A-etkili
membran alam (m?); V-toplam siiziintii hacmi (m®) ve t-filtrasyon siiresini belirtmektedir.

1dv
=L 2.1
A dt -
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Kesikli deneylerde “kirletici madde giderme performanslarr”, membran siiziintii akimindan alinan kompozit
numunelerde yapilan analizler sonucunda belirlenmistir. Proseslerde membranlarin kirletici ayirma veya
giderme verimleri, her bir parametre i¢in Esitlik (2.2) kullanilarak hesaplanmistir. Bu esitlikte, R-kirletici
madde giderim performansini (%); Cs-konsantre modunda deney sonunda siiziintiideki kirletici madde
konsantrasyonunu (mg/L); Ck-deney sonunda konsantredeki Kirletici madde konsantrasyonunu (mg/L)
vermektedir.

R(%)=(1—g—;)x100 2.2)

Besleme akimini konsantre etme sartlarinda gercgeklestirilen deneysel ¢alismalarda kullanilan “hacim azaltma
faktorii” Esitlik (2.3)” e gore hesaplanmistir. Bu esitlikte, VRF-hacim azalma faktoriinii, Vy, -baslangictaki
besleme hacmini (L) ve Vi-filtrasyon sirasindaki konsantre hacmi (L)’ ni ifade etmektedir.

VRE- 2 (2.3)

2.5. Deneysel Tasarim Yontemi

Kentsel atiksu aritma tesisi biyolojik ¢ikis suyunun NF membranlar ile aritimina iligskin deneysel galismalar,
elde edilen sonuglarin istatistiki yontemlerle degerlendirilebilmesi ic¢in deneysel tasarim cergevesinde
planlanmis ve yiiriitiilmiistiir. Bu amagla, endiistride siire¢ tasarim parametrelerinin optimizasyonu, ¢evre
miihendisligi uygulamalarinda ise 6zellikle sulardan cesitli kirleticilerin uzaklastirilmasini incelemek igin
yaygin olarak kullanilan Yanit Yiizey Yontemi uygulanmustir (Bilen, Ates ve Bayraktar, 2018; Ozmetin,
2019). YYY coklu parametrelerin sistem iizerindeki etkisini ortaya koymaya yarayan pratik bir yontemdir.
YYY’de deney tasarimi, regresyon modelleme ve optimizasyon teknikleri i¢ ice kullanilmaktadir. En ¢ok
kullanilan YYY tasarimlari; “CCD-Merkezi bilesik tasarimi” ve “Box-Behnken tasarimi” dir (Oney ve
Samanli, 2016).

Caligmada uygulanan NF membran prosesi igin proses parametrelerinin optimizasyonuna yonelik 3 seviyeli
Box-Behnken deney tasarimi uygulanmustir. YYY, “Design Expert 10.0” yazilimi kullanilarak yerine
getirilmistir. NF membran prosesinin deneysel tasariminda dikkate alinmig bagimsiz degiskenler ve degisken
seviyelerine iligkin bilgiler Tablo 4’te verilmistir. Calismada VRF, Basing ve NF membran tiirii bagimsiz
degiskenler; KOI (%), TCK (%), Ak1 (J) ve toplam koliform (kob/100 ml) bagimsiz yanit degiskenleri olarak
belirlenmistir. Bu 3 degisken ve 3 seviye esas alindiginda elde edilen deneysel tasarim tablosu Tablo 5’teki
gibidir.

Tablo 4
NF prosesi i¢in bagimsiz proses degiskenleri ve seviyeleri
Bagimsiz Degisken Seviye
-1 0 1
VRF 2 3 4
Basing (bar) 5 7.5 10
Membran Tiirii NP030 NF270 NF90

Sonuglar korelasyon katsayis1 (R?), varyans analizi (ANOVA), istatistiksel ve cevap grafikleri kullanilarak
degerlendirilmistir. Elde edilen biitiin model denklemleri, istatiksel anlam agisindan uygunluklarinin test
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edilmesi amaciyla, varyans analizine (ANOVA) tabi tutulmustur. ANOVA bagimsiz degiskenlerin kendi
aralarinda nasil etkilesime girdiklerini ve bu etkilesimlerin bagimli degisken iizerindeki etkilerini analiz etmek
icin kullanilir,

ANOVA analizinde herhangi bir degisken i¢in hesaplanan F degeri, o degiskenin yanitlar iizerindeki etkisinin
onemli ya da 6nemsiz oldugunun belirlenmesinde kullanilir. En biiyiik F degerine sahip degiskenin, yanitlar
iizerindeki etkisi de en biiyiiktiir (Ross, 1996). Degiskenler ile bunlara karsilik yanitlar arasinda bulunan iliski
Esitlik (2.4)’te gosterildigi gibi li¢c parametre icin, ikinci dereceden polinomiyal bir model ile ifade edilmistir
(Sahoo ve Gupta, 2012; Yaldiz ve Saglam, 2012).

k k k-1 k
Y =8+ Z Bix; + Z Bix? + Z z Bijxixj + € (2.4)
i=1 i=1

i=1 j=i+1

Burada Y yanit degiskenlerini, X; ve Xj bagimsiz degiskenleri, fo regresyon katsayisi, fi, fii, fij sirastyla modelin
lineer, ikinci dereceden ve ikili etkilesim katsayilarini, kK bagimsiz degisken sayisini, ¢ ise hatayi ifade
etmektedir (Ebrahimzadeh, Behbahani, Yamini, Adlnasab ve Asgharinezhad, 2013; Oney ve Samanli, 2016;
Demirhan, 2017).

Tablo 5
“Design Expert 10.0” ile elde edilen deneysel tasarim tablosu
Deney No Membran Tiirii VRF Basing (bar)
1 NP030 4 7.5
NF270 2 10

3 NF90 2 7.5
4 NF270 4 5
5 NP030 3 10
6 NF270 3 7.5
7 NF90 4 7.5
8 NF90 3 10
9 NF90 3 5
10 NF270 4 10
11 NP030 2 7.5
12 NP030 3 5
13 NF270 3 7.5
14 NF270 3 7.5
15 NF270 2 5

3. Bulgular ve Tartisma

3.1. NF Deneyleri Aki Performanslari

Sekil 2’de sirasiyla NP030, NF270 ve NF90 membranlar i¢in VRF’ ye karsi elde edilen siiziintii aki
degerleri verilmistir. Yapilan bir ¢alismada evsel atiksularin dogrudan bir NF membrani ile aritilmasi
sonucunda (15 dakikada 20.0 L/m?sa’ e kadar bir siiziintii akisinda) iyi kalitede su eldesi saglandif
gorililmiistiir (Sayed, Tarek, Dijkstra ve Moerman, 2007) fakat diisiik basingta ikincil atiksularin dogrudan NF
ile ihmal edilebilir membran kirlenmesinde 3.0 L/m?sa’ lik ¢ok diisiik siiziintii akis1 ile de aritiminin saglandig
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belirtilmistir. NF membran prosesin direkt uygulandigi bu ¢aligmada, membran kirlenmesini minimize etmek
icin diisiik gecirgen aki uygulamasi ile de yiiksek kaliteli su elde edilebilecegi belirtilmektedir (Ngo vd., 2021).

O T T T T T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
VRF
(a) NF270
35
1 = Deney 3
304 ©  Deney 7
1 4  Deney 8
25 +  Deney 9
T 20-
E -
= 15-
I, 4
10+
S_
0 T T T T T T T T T T T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
VRF
(b) NF90
50
® = Deney |
N ® Deney 5
[ ]
40 4 Deney 11
v Deney 12
’g 30+
E
& 204
_
10
O T T ¥ T T T T T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
VRF
(c) NP030

Sekil 2. Membran tiirlerinin VRF’ye kars1 degisen aki grafikleri a) NF270 b) NF90 c) NP030
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Bu calismada, NP030 membranlar ile yapilan deneyler arasinda siiziintii akisi en yiliksek olan deney seti 23.1
L/m?sa ile 11 nolu deney iken, NF270 membran ile yiiriitiilen deneylerde en yiiksek aki degeri 59.0 L/m?sa
ile 10 nolu deney sartlarinda elde edilmistir. NF90 deneylerinin tamaminda, beklendigi gibi, siiziintii aki de-
gerleri ¢ok diisiik olmakla beraber 15.4 L/m?sa ile 8 nolu deney sartlari ile digerlerine gore daha yiiksek aki
degeri saglanmustir.

3.2. Yiizey Yanit Yontemi Coziimleri ve Dogrulama Deneyleri

Yiizey yanit yontemi ile belirlenen ve deney tasarim tablosunda verilen sartlarda yiiriitiilen deneyler
neticesinde, elde edilen yanit degerleri Tablo 6> da verilmistir. Her yanit degeri i¢in ANOVA analizleri
gerceklestirilmis ve bagimsiz degiskenlerin yanitlar iizerindeki etkileri degerlendirilmistir. Bu sonuglar
iizerinden elde edilen model ile, optimum isletme sartlar1 ve tahmini yanit degerleri belirlenmis, sonrasinda
dogrulama deneyi gerceklestirilerek nihai sonuglar elde edilmistir.

Yapilan deneylerde sinir kosullar1 kodlanmis degerler olarak -1, 0 ve +1 i¢in sirasiyla baglangic VRF degerleri
2; 3; 4, basing 5; 7.5; 10 Bar, membran tiirii ise NP030; NF270; NP90 olarak se¢ilmistir.

Tablo 6
Farkli degisken seviyeleri i¢in deneysel yanitlar
Degiskenler Yanitlar
Deney Membran KOI o AKi1 Toplam koliform

Noo VRF  Basme o %)  TEKCOD ey (kobrioo mi)
1 4 7.5 NP030 38.0 29.8 22.4 te.

2 2 10 NF270 275 26.9 29.5 te.

3 2 7.5 NF90 66.3 81.3 8.0 te.

4 4 5 NF270 66.7 26.1 41.5 2

5 3 10 NP030 19.6 154 20.8 te.

6 3 7.5 NF270 42.0 21.7 48.4 100

7 4 7.5 NF90 63.4 86.4 4.4 1

8 3 10 NF90 49.0 86.6 154 8

9 3 5 NF90 85.0 90.3 7.7 4

10 4 10 NF270 64.0 35.9 59.0 te.

11 2 7.5 NP030 8.0 16.2 23.1 te.

12 3 5 NP030 11.0 18.6 17.2 3

13 3 7.5 NF270 67.2 28.3 45.1 116

14 3 7.5 NF270 59.0 24.6 43.7 84

15 2 5 NF270 40.0 19.6 50.2 te.

t.e.: Tespit edilmemistir.

3.2.1. KOIi Giderimi

KOI (%) parametresi icin gergeklestirilen varyans analizinin sonuglar1 Tablo 7’ de verilmistir. Modelin F
degeri 7.38; p-degeri< 0.05 olarak bulunmustur. p-degerinin<0.05 olmasi, model terimlerinin yanitlar lizerinde
onemli etkiye sahip oldugunu gostermektedir. Ayrica modelden elde edilen yiiksek R? (0.93) ve ayarlanmig R?
(0.80) degeleri model ve deneysel sonuglarin uyumlu oldugunu gostermektedir. ANOVA tablosunda (bkz.
Tablo 7) goriildiigii gibi, KOI gideriminde VRF ve membran tiirii bagimsiz degiskenlerinin anlaml1 etkilerinin
oldugu belirlenmistir. VRF degiskenine kiyasla membran tiiriiniin KOI giderim parametresi iizerinde daha
yiiksek etkiye sahip oldugu tespit edilmistir.
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Tablo 7
KOI (%) parametresi i¢in varyans analizi (ANOVA)
Kareler Serbestlik Ortalama F Degeri p-degeri
Toplamm Derecesi Kareler
Model 6862.97 9 762.55 7.38 0.0202
A-VRF 930.53 1 930.53 9.00 0.0301
B-Basing (bar) 271.14 1 271.14 2.62 0.1662
C-Membran Tiiril 4375.50 1 4375.50 42.33 0.0013
AB 48.18 1 48.18 0.47 0.5251
AC 271.19 1 271.19 2.62 0.1662
BC 497.35 1 497.35 4.81 0.0797
A? 7.15 1 7.15 0.07 0.8030
B2 63.76 1 63.76 0.62 0.4678
C? 427.55 1 427.55 4.14 0.0976

KOI yamit degiskeninin deneysel sonuglar1 ile model kullanilarak tahmin edilen sonuglar arasindaki korelasyon
grafigi Sekil 3(a)’da verilmistir. Bagimsiz degiskenlerin KOI giderim parametresi {izerindeki etkilerini daha
iyi anlamak i¢in yazilimdan elde edilen 3D pilot grafigi Sekil 3(b)’ deki gibidir. VRF, KOI gideriminde etkili
bir degiskendir ve VRF arttikca KOI giderim verimi de artis egilimi gostermistir fakat 6zellikle membran
tiiriiniin KOI giderim verimi iizerine etkisinin ¢ok daha dikkat g¢ekici oldugu goriilmektedir. NF90
membranlarda KOI giderimi %70’ ler seviyesinde iken bu deger NF270 ve NP030 membranlar ile yapilan
deneylerde ¢ok diisiik bulunmustur.

100 —
100

80 | | 80
| 60
?) o
o

=]
S e D E
= - D D |
o | 20
= 3 |
| @)
I D :
=]
20—
u
. | 4
07 05 <@
T T T ‘ | | 0 3
0 20 40 60 8 -
Membran Tri g
Deneysel :
(a) :

Sekil 3. (a); Deneysel ve tahmin edilen KOI giderim verimi grafigi, (b); Membran Tiirii ve VRF’ye bagli olarak
KOI (%) degisimi

Elde edilmis olan modelin KOI giderimi icin yapilan varyans analizi sonucu kodlannus degerlerle ifade edilen
model denklemi agagidaki gibidir:
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KOl (%) = 22.49684 + (8.72424 x A) + (3.47961 x B) + (81.54019 X C) + (1.38824 X A X B) —
(8.23388 x A X C) — (4.46025 x B x C) — (1.39183 x A?) — (0.66487 x B?) — (10.76082 x C?)

3.2.2. TCK Giderimi

Sulama suyu kimyasal kalite kriterleri, bitkilerin tuzluluga olan hassasliklar1 ve bitkilerin yapraklarina zarar
veren kloriir konsantrasyonlart gibi yonetmeliklerde de yer alan, TCK ve kloriir gibi dnemli su kalite
parametreleri de su geri kazanimi ve yeniden kullaniminda olduk¢a 6nemlidir (Fesliyen 2017). Bu nedenle
caligmada diger bir yanit parametresi olarak, TCK (%) parametresi secilmistir.

Modelin anlamlilik derecesi ve giderim verimi iizerine etki eden parametrelerin etkinlik derecesinin
belirlenmesinde ANOVA tablosundan yararlanildigi daha 6nce belirtilmistir. TCK parametresi i¢in Onerilen
modelin varyans analizi (ANOVA) tablosu Tablo 8’ de gosterilmistir. Inorganik parametre olarak
degerlendirilen TCK giderimi i¢in 0.0003 p-degeri ile modelin 6nemli oldugu belirlenmistir. Modelin verdigi
yiiksek R? (0.9871) ve ayarlanmis R? (0.9638) degerleri arasindaki diisiik fark modelin yanit i¢in yeterliligini
gostermektedir. TCK (%) parametresi icin en etkili bagimsiz degiskenin membran tiirli oldugu belirlenmistir.

Tablo 8
TCK (%) parametresi igin varyans analizi (ANOVA)
Serbestlik Ortalama .. .
Kareler Toplanm Derecesi Kareler F Degeri p-degeri
Model 11634.16 9 1292.68 42.37 0.0003
A-VRF 146.46 1 146.46 4.80 0.0800
B-Basing (bar) 12.68 1 12.68 0,42 0.5476
C-Membran Tiirii 8745.03 1 8745.03 286.61 <0.0001
AB 1.50 1 1.50 0.05 0.8333
AC 17.89 1 17.89 0.59 0.4784
BC 0.07 1 0.07 0.00 0.9643
A2 7.97 1 7.97 0,26 0.6310
B2 2.16 1 2.16 0.07 0.8009
c? 2703.09 1 2703.09 88.59 0.0002

Deneysel ve tahmin edilen degerlerin korelasyon grafigi bkz. (Sekil 4(a)) ve Membran Tiirii-VRF bagimsiz
degiskenlerine bagl olarak TCK yanit degisimi 3D yanit yiizey grafigi Sekil 4(b)’ de verilmistir. Sekil 4(b)’den
goriildigi tizere TCK giderim verimi, membran tiiriine bagli olarak 6nemli oranda degismekte iken, VRF ile
TCK gideriminin anlamli bir etkilesiminin olmadig1 goriilmektedir. KOI gideriminde oldugu gibi TCK
gideriminde de NF90 membran ile yapilan deneyler i¢in %80’ in {izerinde verimler elde edilmis olup membran
tiiriiniin etkisinin TCK gideriminde gok yiliksek oldugu ve NF90 hari¢ diger iki membranda verimin ¢ok diisiik
degerler aldig1 sdylenebilir.
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Sekil 4. (a) Deneysel ve tahmin edilen TCK (%) giderim verimi grafigi, (b) Membran tiirii ve VRF’ye bagh
olarak TCK (%) degisimi

3.2.3. Ak

Membran maliyetlerinin degerlendirilmesinde 6nemli bir etkiye sahip olan membran akisi da bu ¢alismada
performans degerlendirilmesinde kullanilan 6nemli bir parametredir. Ak1 parametresi igcin ANOV A sonuglari
Tablo 9°da verilmistir. Membran proseslerde 6nemli bir performans gdstergesi olan aki parametresi i¢cin model
dnemli olarak bulunmustur. Yiiksek R? (0.9656) degeri ve bu degerin ayarlanmis R? (0.9038) ile arasindaki
diisiik fark modelin aki parametresi i¢in uyumlu ve yeterli oldugunu bir kez daha gostermektedir.

Tablo 9
Aki (J) parametresi i¢in varyans analizi (ANOVA)
Kareler Toplamn Serbestlik Derecesi Ortalama Kareler F Degeri p-degeri

Model 3895.79 9 432.87 15.61 0.0037
A-VRF 43.06 1 43.06 1.55 0.2679
B-Basing (bar) 18.03 1 18.03 0.65 0.4567
C-Membran Tiirii 267.02 1 267.02 9.63 0.0267
AB 376.98 1 376.98 13.60 0.0142
AC 4.45 1 4.45 0.16 0.7052
BC 3.48 1 3.48 0.13 0.7377
A? 0.03 1 0.03 0.00 0.9761
B? 1.55 1 1.55 0.06 0.8225
C? 3137.56 1 3137.56 113.17 0.0001

ANOVA sonuglarina gore aki parametresi tizerinde membran tiirii ve basing parametrelerinin ikili etkilesimi
ve membran tlirliniin ikinci dereceden (kuadratik) etkisinin 6énemli oldugu bulunmustur. Aki parametresi igin
deneysel ve tahmin edilen degerlerin karsilastirma grafigi ile 6nemli etkiye sahip membran tiirii ve basing
parametrelerine karsi aki grafikleri sirasiyla Sekil 5(a) ve 5(b)’ de verilmistir. Siiziintii aki degerlerine
baktigimizda hem NF90 hem de NP030 membranlarda aki degerleri keskin bir sekilde diismiistiir. Elde edilen
parabolik egriden de goriildiigii gibi membranin por yapisina bagli olarak NF270 membranlarda aki degerleri
40.0 L/m? sa mertebelerinde olup yiiksek degerler almistir. Bagimsiz degiskenlerden basing arttikca akida ¢ok
az da olsa bir diisiis gézlenmektedir.
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Sekil 5. (a) Deneysel ve tahmin edilen aki grafigi, (b) Membran tiirii ve basing degiskenlerine bagli olarak Aki
degisimi

Deneysel sonuglarinin varyans analizi sonucu elde edilen model denklemi asagidaki gibidir:

AKI () = 124.5461 — (26.28606 x A) — (12.60355 x B) — (5.40923 x C) + (3.88321 x A X B) —
(1.05482 x A X C) + (0.37285 x B x C) — (0.086318 x A?) + (0.10362 x B?) — (29.15058 x C?)

3.2.4. Koliform Giderimi

Bir kentsel atiksuyun geri kazaniminda su kalitesi agisindan geri kazanilan suyun insan sagligini tehdit
etmeyecek seviyelerde olmasi gereckmekte olup, bu acgidan en Onemli parametre olarak patojen
mikroorganizmalardan indikator Koliform bakterileri gosterilebilir (Ngo vd., 2021). Deneysel ¢aligmalarda
kullanilan kentsel ikincil aritma ¢ikis suyunda yaklasik toplam koliform degeri 8x10'-6.8x10° kob/100 mL
arasinda degismektedir. Yapilan deneysel ¢alismalar sonucunda tiim sartlarda yiiksek oranda toplam koliform
giderimi saglandig1 goriilmiistiir. Farkli degisken seviyeleri igin yapilan deneysel ¢aligmalardan elde edilen
yanitlardan; NF270 siiziintiisiinde 1x102-1.5x10? kob/100 mL, NP030 membran siiziintiisiinde <1x10* kob/100
mL toplam koliform degerleri tespit edilmistir. NFO0 membran siiziintiisiinde ise toplam koliform tespit
edilmemistir.

Bu caligmada giderim performansinin deney setindeki tiim deneylerde ¢ok yiliksek olmasi sonucu yazilim
tarafindan uyumlu bir model olusturulamamistir. Deneysel ¢alismalarda NF siiziintiileri ve konsantrelerinde
tespit edilen toplam koliform degerleri Sekil 6’da verilmis olup 6zellikle NF270 membrani ile yapilan deneysel
caligmalarda 6, 13 ve 14 numarali deney setlerinde siiziintii akiminda ihmal edilemeyecek seviyelerde
mikrobiyal kirlilige rastlanmigtir. Hamoda, Al-Harbi ve Al-Ajmi, (2015) tarafindan yapilan ¢aligmada giris
toplam koliform degerleri 0.2x108 - 10x10° kob/100 mL olan atiksularin UF filtrasyonu sonucunda toplam
koliform degerleri ancak 0.05x10° - 0.47x10° kob/100 mL seviyelerine indirilebilmistir. Buradan gdzenekli
yapiya sahip NF veya UF membranlarda mikrobiyal kirliligin bazi isletme sartlarinda istenilen seviyelere
diisiiriilemeyecegi goriilmektedir.
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Sekil 6. NF stiztintiileri ve konsantrelerinde tespit edilen toplam koliform degerleri

3.3. Optimizasyon ve Dogrulama Deney Sonuclari

Toplam koliform’un maksimum diizeyde gideriminin amaglandig1 bu ¢alismada, NF prosesinin yiiksek
koliform giderim performans ile birlikte organik madde (KOI) ve inorganik madde (TCK) gideriminin yani
sira siizlintii akisinin maksimizasyonu i¢in degiskenlerin optimum seviyeleri belirlenmis ve elde edilen bu
degisken verileri ile dogrulama deneyi yapilmistir. Yazilimdan elde edilen optimum isletme seviyeleri ile
model tahmin degerleri ve dogrulama deney sonuglari Tablo 10’da verilmistir. Model tahmin sonuglar ile
dogrulama deneyi sonuclar1 oldukca benzerlik gdstermektedir. flave olarak, dogrulama deneyi sonrasinda;
¢ikis suyunda pH, fekal koliform, biyolojik oksijen ihtiyac1 (BOIls) ve askida kat: madde (AKM) degerlerine
de bakilarak, elde edilen stiziintii suyunun Atiksu Aritma Tesisleri Teknik Usuller Tebligi (AATTUT)
(2010)’ne ve U.S. Environmental Protection Agency (US-EPA) (2004) yonergesine gore yeniden
kullanilabilirligi degerlendirilmistir (Tablo 11). Dogrulama deneyi sonrasinda NF90 membran ile yiiriitiilen
deneyde 12.0 L/m?sa siiziintii akisinda KOI degeri 14 mg/L, TCK degeri 86 mg/L olup toplam koliforma
siiziintii suyunda rastlanmamustir. Ikincil aritma suyuna UF sonras1 NF uygulanan benzer bir ¢alismada DK
membran ile 1.19+0.06 mg/L KOI, 333.4+33.4 mg/L TCK, >100 kob/100 mL koliform degerleri elde
edilmistir (Czuba vd., 2021).

Tablo 10
Yanit degiskenleri optimum ve dogrulama degerleri
Model Tahmin Deneysel Dogrulama
Optimum ' Toplam . Toplam
Seviyeler KOI TCK Aki  koliform KOI TCK Aki  koliform
(%) (%) (L/m?sa) kob/100 (%) (%) (L/m?sa) kob/100
ml ml
VRF: 2
Basing: 5
bar 81.0 84.6 15.2 - 79.2 85.7 12.0 te.
Membran
Tiirii: NFOO

te.: Tespit edilmemistir.
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Tablo 11

Ulusal ve uluslararasi mevzuata gore dogrulama deney sonuglarinin yeniden kullanim igin kiyaslanmasi
Parametre Dogrulama AATTUT (2010) US-EPA (2004)

Deneyi

Sonucu

1.Smif 2.Smif 3.Smif
TCK 86 <500 mg/L® 500-2000 mg/L @ >2000 mg/L ® 500-2000 mg/L®)
Koi 14 75 mg/L @ < 20-90 mg/L ®
2.2/100 mL

(7 giinliik ort.) @

240/100 mL (Herhangi
bir 6rnek i¢in max.) )

Toplam te. -
Koliform Tespit Edilemez Diizeyde

Toplam Koliform/100 mL

®)
<1-200 kob/100mL ®
<200 ad/100 mL ©®
Fekal t.e. 0 ad/100 mL (Sinif A igin) ¥ <1-103 kob/100mL ©®
Koliform
<200 ad/100 mL (Siif B igin) ¥
pH 6.5 5830 6
6-9 (Smif A ve B i¢in) ¥

BOIs 9.6 <20 mg/L (Smif A igin) ) <30 mg/L (Smif B igin) ¥ < 10-45 mg/L ©
AKM 0 <30 mg/L (Smif B igin) ¥ <5-30 mg/L ©®

(@ Tablo E7.2. Sulama suyunun kimyasal kalitesinin degerlendirilmesi igin gelistirilmis tablo (AATTUT, 2010)

@ Tablo E7.21. Sogutma kulelerinde kullanilmasi tavsiye edilen su 6zellikleri (AATTUT, 2010)

® Tablo E7.22. Aritilms atiksularin sogutma kulelerinde yeniden kullaniminda genel kalite kriterleri, izleme periyotlar1 ve aritma
tipleri (AATTUT, 2010)

® Tablo E7.1. Sulamada geri kullanilacak aritilmis atiksularm siniflandiriimasi (AATTUT, 2010)

® Tablo 2.7. Sulama igin aritilmis sudaki bilesenler i¢in dnerilen limitler (US-EPA, 2004)

®) Tablo 8-3. Suyun yeniden kullanimiyla ilgili su kalitesi parametreleri zeti (US-EPA, 2004)

(™ Tablo A-1. Kisitlamasiz kentsel yeniden kullanim, Tablo A-8. Endiistriyel yeniden kullanim (US-EPA, 2004)

® Tablo 4-13. Suyun yeniden kullanimi igin 6nerilen yénergeler (US-EPA, 2004)

t.e.: Tespit edilmemistir.

AATTUT (2010), Ek-7 “Aritilmis Atiksularin Sulama Suyu Olarak Geri Kullanim Kriterleri” nde “Tablo
E7.2”ye gore TCK degeri /. Sinif sulama suyunda <500 mg/L olmalidir. US-EPA (2004) yonergesi “Tablo
2.77de ise TCK’nin 500 mg/L’nin altinda olmas1 durumunda “hichir zararl: etkisi genellikle fark edilmez”
olarak ifade edilmistir. Bu dogrultuda NF90 membran siiziintiisii, optimum igletme sartlarinda elde edilen 86
mg/L TCK degeri ile /. Swmmif sulama suyu olarak nitelendirilebilir ve higbir zararli etkisi fark edilemez. 25
Ekim 2022 tarihinde yapilan degisiklikle, AATTUT (2010)’ ne ilave edilen “Tablo E7.21” de sanayi
tesislerinde sogutma kulelerinde kullanilan tatli suda olmasi gereken TCK miktar1 tek gegisli sistem igin 1000
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mg/L ve resirkiilasyonlu sistem i¢in 500 mg/L’dir. Optimum isletme sartlarinda NF90 siiziintiisiinde elde
edilen 14 mg/L KOI degeri, AATTUT (2010) “Tablo E7.21” de verilen sogutma suyu kriterlerini ve US-EPA
(2004) “Tablo 8.3” e gore suyun yeniden kullanimu icin verilen KOI sinir degerlerini saglamaktadir. Buna gére
elde edilen siiziintiiniin, TCK ve KOI parametreleri bakimindan sulama ve endiistride sogutma amaciyla
kullanima uygun oldugu tespit edilmistir.

Diisiik konsantrasyonlarda mikroorganizma barindirdigindan aritilmig atiksularin endiistride sogutma kulele-
rinde kullanimi biyolojik biiyiimeye sebep olabilir (AATTUT, 2010). Bu tebligde toplam koliform ile ilgili bir
standart bulunmamaktadir. Bu parametre Kaliforniya eyaleti gerekliliklerine gore, US-EPA (2004)’ de verilen
“Tablo 8.3”, “Tablo A-1”, “Tablo A-8” ve “Tablo 4-13” ¢ gore degerlendirilmistir US-EPA (2004) “Tablo 8-
3” e gore olmasi gereken toplam koliform miktar1 <1-200 kob/100 mL olarak belirtilmistir. “Tablo A-1" ve
“Tablo A-8”e gore de herhangi bir 6rnek i¢in maksimum toplam koliform miktar1 240/100 mL, 7 giinliik orta-
lama koliform miktar1 ise 2.2/100 mL olmalidir. Ayni yonergedeki “Tablo 4.13” ¢ gore ise direkt olmayan
igilebilir yeniden kullanim amaciyla ve igilebilir akiferlere enjeksiyon yoluyla yeraltisuyu sarj1 igin “tespit
edilemez diizeyde toplam koliform/100 mL” kriteri saglanmalidir. Buna gore elde edilen NF90 siiziintiisiiniin
toplam koliform parametresi bakimindan; sulama amagli kisitlamasiz kentsel yeniden kullanim, sogutma
amagli endiistriyel yeniden kullanim ve yeralti suyuna desarj i¢in uygun kalitede oldugu goriilmektedir.

Calismada optimizasyon deneylerinde en iyi sartlarm belirlenmesi icin KOI, TCK ve toplam koliform
parametreleri esas alinirken, su geri kazanimi igin NF siiziintii suyunun degerlendirilmesinde ilave olarak
AATTUT (2010) “Tablo E7.22” ve “Tablo E7.1” de verilen fekal koliform, pH, BOIs ve AKM parametreleri
de ayrica analiz edilmistir. NF90 ile dogrulama deney sartlarinda toplam koliform gibi fekal koliform da “tespit
edilemez diizeyde” belirlenmistir. Fekal koliform esas alindiginda siiziintii suyu AATTUT (2010) “Tablo
E.7.22” ye gore endiistride sogutma amaciyla kullanilabilir nitelikte olup ATTUT (2010) “Tablo E7.1” e gore
NF90 siiziintii suyu, hem A hem de B sinifinda kentsel ve tarimsal sulamaya elverislidir. pH 6.5, BOIs 9.6
mg/L degerlerinde olup siiziintii suyunda AKM” ye rastlanmamustir. Elde edilen degerler “Tablo E7.22” ve
“Tablo E7.1” verilen sinir degerlerin oldukga altindadir. Ayrica, siiziintii suyundaki fekal koliform US-EPA
(2004) “Tablo 8.3” e gore degerlendirildiginde, suyun yeniden kullanim limitlerini karsilamaktadir. pH, BOIs
ve AKM parametreleri de suyun yeniden kullanimi i¢in US-EPA (2004) kriterleri ile uyumludur. Tablo 11
gostermektedir ki; ikincil aritma ¢ikis sularmin yeniden kullaniminda NF90 membran uygulamasi iyi kalitede
su geri kazanimi saglayabilmektedir.

4. Sonuclar

Geri kazanilmis atiksularin kentsel sulama, sogutma amagh endiistriyel kullanim ve yeralti suyuna desarj
gibi gesitli amaglar i¢in yeniden kullanimi, artan su kitligi nedeniyle siirdiiriilebilir su yonetimi ¢ergevesinde
umut verici bir yaklasim olarak goériilmektedir. Bu ¢alismada kentsel atiksu aritma tesisi ikincil aritma ¢ikig
suyuna NF prosesi uygulanarak, suyun geri kazanilabilirligi degerlendirilmistir. Taguchi deney tasarimi ve
dogrulama deneyi sonrasinda, transmembran basinci, VRF ve membran tiirii degiskenleri arasinda TCK, KOI
ve toplam koliform gideriminde verimi etkileyen en 6nemli degiskenin membran tiirii oldugu tespit edilmistir.
VRF, KOI gideriminde etkili bir degiskendir ve VRF arttikga KOI giderim verimi artis egilimi gostermektedir
fakat 6zellikle membran tiiriiniin KOI giderim verimi iizerine etkisinin ¢ok daha dikkat cekici oldugu
soylenebilir. TCK gideriminde, membran tiiriiniin 6nemli etkisi oldugu goriiliirken, VRF ile TCK gideriminin
anlaml1 bir etkilesiminin olmadig1 goriilmektedir. Siiziintii aki degerlerine bakildiginda, hem NF90 hem de
NP030 membranlarda tikanmalardan dolay1 akida hizli diistisler gézlenmistir. Bagimsiz degiskenlerden basing
arttikca akida az da olsa bir diisiis gbzlenmekte olup bu calismada basing etkisinin ¢ok anlamli olmadigi
goriilmiistiir. Toplam koliform giderim performansinin tiim deneylerde ¢ok yiiksek olmasi sonucu yazilim
tarafindan uyumlu bir model olusturulamamisken, en iyi membran olarak belirlenen NF90 membran ile
yiriitillen deneyler sonucunda siiziintii akiminda toplam koliformun yanisira AKM ve fekal koliforma da
rastlanmamustir. KOI, TCK, toplam koliform, fekal koliform, pH, BOis ve AKM parametreleri iizerinden
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yapilan degerlendirmelerde, NF prosesinin aritilmig atiksuyun {igiinciil aritimi igin giivenli bir sekilde
kullanilabilir oldugu sdylenebilir. Ayrica NF prosesi ile farkli siniflarda, ulusal ve uluslararasi mevzuatlara
uygun nitelikte kentsel ve tarimsal sulama suyu elde edilirken, aritilmis atiksulardan endiistriyel sogutma
amacli kullanim ve yeralt1 suyuna desarj olmak iizere farkli amaglar i¢in su geri kazanimi da miimkiindiir.
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1. Giris

Atom ve molekiillerin elektronik yapilar1 ve tayflarinin elde edilmesi, deneysel ve teorik ¢aligmalar ile
yogun sekilde yapilmaktadir. Deneysel verilere yakin sonuclar bulunabilmesi i¢in yeni yontem gelistirmek
giiniimiizde giincelligini koruyan bir alan olmaktadir. Elektronik yap1 hesaplamalarinda en sik kullanilan yon-
tem Hartree-Fock-Roothaan (HFR) (Roothaan 1951, 1960) yontemidir. Bu yontem ile atomik ve molekiiler
orbitaller, literatiirden bilinen iistel tipli baz fonksiyonlarin dogrusal kombinasyonu seklinde ifade edilir. Sis-
temin fiziksel 6zelliklerinin dogru sekilde ve hassas olarak elde edilebilmesi icin HFR y6nteminde baz fonk-
siyonu se¢imi temel 6nem tasir. Segilen baz fonksiyonu hem elektronun davranisini iyi bir sekilde temsil etmeli
hem de hesaplama kolayligi saglamalidir; ¢ekirdege yaklastik¢a (r 20) zirve kosulunu (Kato, 1957) ve ¢ekir-
dekten uzaklastikga (r ) tstel azalmay1 (Agmon, 1982) fiziksel olarak anlamli bir sekilde tanimlamalidir.
Bu durum tek elektronlu sistem olan Hidrojen atomunun ¢oziimiinden elde edilmistir. Bu sebeple elektronik
yap1 hesaplamalarinda, iistel tipli orbitaller (UTO) tek elektronun davranisim fiziksel olarak tanimlamak igin
kullanilir. Literatiirde, siklikla kullanilan baz fonksiyonlari Gaussian Tipli Orbitaller (GTO) (Boys, 1950),
Slater Tipli Orbitaller (STO) (Slater, 1930) ve Bessel Tipli Orbitaller (BTO) (Ema vd., 1999; Steinborn vd.,
1999; Steinborn vd., 2000) basta olmak iizere farkli tipleri bulunmaktadir.

Elektron davranisinin, ¢cok elektronlu sistemler ile yapilan ¢aligmalarda temel 6nemi olmasindan dolayi, segi-
len yontem ile tek elektron davraniginin temsil edilebilmesi hesaplama agisindan da oldukga etkili olmaktadir.
Literattirdeki ¢alismalar sonucu, GTO’nun tek elektron davranisini fiziksel olarak yeterince iyi betimleyeme-
mesi ve STO ile yapilan hesaplamalarin uzun zaman almasi gibi problemler yeni baz fonksiyonlar1 arayigini
dogurmustur. Farkli nedenlerle, literatiirde baz fonksiyonlar1 oldukca genis bir alan olarak ¢alisilmaya devam
edilmektedir.

Alternatif olarak, BTO’nun bir¢ok avantajinin olmasi literatiirde kullaniminin yayginlasmasini saglamustir.
Fourier doniistimiiniin kolaylig1 (Weniger ve Steinborn, 1983) ve hesaplama siiresinde avantaj saglamasi, 6zel-
likle icerdigi ikinci tiir degistirilmis Bessel fonksiyonlarinin K,,(z) tek elektron davranigini iyi bir sekilde tem-
sil etmesi (Filter ve Steinborn, 1978) BTO’larin baz fonksiyonu olarak kullanimini arttirmistr.

Baz fonksiyonlarinin etkinligini daha da arttirmak i¢in literatiirde dnerilmis farkli yaklagimlar bulunmaktadir.
Bunlardan en 6nemli yaklasim olan1 bag kuantum sayisi tizerindeki tam say1 olma kisitlamasinin kaldirilip bas
kuantum sayisinin tam say1 olmayan degerleri (Allouche, 1974; Bishop ve Leclerc, 1972; Copuroglu, 2017;
Mehmetoglu ve Copuroglu, 2011; Mehmetoglu ve Copuroglu, 2012; Parr ve Joy, 1957; Snyder, 1960) alacak
sekilde kullanilmasidir. Boylece ek optimize edilecek bir parametre ile varyasyonel olarak hesaplanacak top-
lam ve orbital enerji gibi 6zelliklerin daha hassas elde edilebilmesi saglanmaktadir.

Bu ¢aligmada iki elektronlu sistem igin tek elektronlu radyal dalga fonksiyonu, bas kuantum sayisi tam say1
olmayan yani kesirli degeri olan BTO kullanilarak (KBTO) olusturulmustur. Yeni radyal dalga fonksiyonu ile
HFR yonteminde atomik matris elemanlarinin sayisal hesaplamalar1 yapilarak He atomunun (Z=2) ve izoe-
lektronik serisine ait katyonlarin temel durum toplam enerji degerleri, perdelenme sabitleri ve bas kuantum
sayilar1 optimize edilerek hesaplanmistir. Koopman teoremi kullanilarak da atomik sistemlerin iyonizasyon
potansiyelleri elde edilmistir.

2. Genel Tammmlar

BTO’lar literatiirde asagida gosterildigi sekilde tanimlanir (Filter ve Steinborn, 1978):

B\ (£3F) = Ny 'Ky 1, (ST)S (0, ). (2.1)

Bu tanimlamada Ng;¢normalizasyon sabiti, indirgenmis (reduced) Bessel fonksiyonu (RBF) ve ;™ (6, @) ger-

cek ya da kiiresel harmoniklerdir. Perdelenme sabiti { > 0 kosulunu saglar. RBF’lerin ifadesi ise g=n+l ve n
bas kuantum sayis1 olmak iizere (Filter ve Steinborn, 1978),

gq-i-1

Kywo (1) = e—;rqi (q-1+i)Y(<T)

& (q-1-1)i12 (22)
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olarak verilir.

Standart BTO ile yapilan hesaplamalarda (Coskun ve Ertiirk, 2022; Ema vd., 1999; Ertiirk ve Oztiirk, 2018;
Ertiirk ve Sahin, 2020) bas kuantum sayis1 n pozitif tam say1 degerleri alir. Bas kuantum sayisindaki bu kisit-
lama kaldirilarak, tam say1 olmayan bas kuantum sayisi olan yeni bir v parametresi kullanilabilir. Boylece, bas

kuantum sayisi tam say1 olmayan KBTO’ya ait radyal dalga fonksiyonu asagidaki gibi tanimlanir (Weniger,
2021),

B\Tl((; r) = szgrl’}v—uz(@) (2.3)

(3) esitligi ile gosterilen KBTO igin v varyasyonsal parametre, N,,;- normalizasyon sabiti ve k,_, 2(Gr) ise

RBF olarak tanimlanir. RBF fonksiyonlar1 K, ({r) ile gosterilen ikinci tiir degistirilmis Bessel fonksiyonu ile
ifade edilebilir:

()= 2] () K aer), 2a)

Bu ¢alismada, K, _1,,({7) i¢in, literatiirde yer alan ve hipergeometrik fonksiyon igeren matematiksel ifadesi
kullanilarak, KBTO’lar i¢in baz fonksiyonlar1 elde edilmistir. Ikinci tiir degistirilmis Bessel fonksiyonu
K, _1/2({r) daha agik olarak Tricomi birlesik (confluent) hipergeometrikU (v, 2v, 2{r) (Tricomi, 1947) fonk-
siyonu ile asagidaki gibi verilir:

K, 1 (£T) =7 (24T)e"U (v, 2v,2¢r). (2.5)

Boylece yeni olusturulan baz fonksiyonu olan KBTO’lar, (4) ve (5) denklemlerinin (3) denkleminde yerlerine
yerlestirilmesiyle elde edilebilir:

BYY($;1) = Nygr'2v2({r)V*1/2e =S U (v, 2v, 20). (2.6)

(6) denklemi ile verilen radyal dalga fonksiyonuna ait N,,;; normalizasyon katsayisi,

N _1"(1/+I+1)X 7 T(312+v+1) -
gt e [ [ (1312) (v +1) T (2v + 1417 2) |

olarak hesaplanir.

3. Hesaplama Yontemi

Bu ¢alismada Birlesik HFR (BHFR) yontemi kullanilmigtir (Guseinov, 2007). BHFR yonteminde atomik
matris elemanlarimin analitik ifadelerinin elde edilebilmesi i¢in bazi yardimei integrallerden yararlanilir.
KBTO’ya ait tek elektron ve iki elektron integrallerinin analitik ifadelerinin elde edilmesi i¢in sirasiyla Koga
ve Kanayama’ nin (1997) ¢alismasindaki 6. ve 7. esitlikler ile ifade edilen yardimci integraller kullanilmistir.

Bu ¢alismadaki tiim BHFR hesaplamalari, Mathematical 1.0 programinda, arastirmacilar tarafindan yazilmis
olan kendi kendine uyumlu alan hesabi yapabilen program ile yapilmistir (Guseinov vd., 2007). Yazilan prog-
ram, bas kuantum say1si tam say1 olacak sekilde standart BTO i¢in elde edilmis parametreler (Ema vd., 1999)
kullanilarak kontrol edilmistir. Notral atomlar igin yapilan kontrollerde, temel durum enerji degerlerinin lite-
ratlirle tamamen uyumlu sonuglar verdigi goriilmiistiir. Kullanilan programda atomik matris elemanlarinin he-
saplanmasi ve sayisal degerlerin hafizaya yazdirilmasi i¢in elektron bulunan atomik orbital sayisi, atom ¢ekir-
degi yuki Z ve atomik orbitallerin parametre (segilen orbital i¢in en uygun perdelenme katsayilari { ve bag
kuantum sayist v) degerleri girilmelidir. Program kullanilarak oncelikle tek elektronlu integraller hesaplanir
ve tek elektronlu Hamiltoniyen ilk olarak kdsegenlestirilerek ilk iterasyon sonucu dogrusal kombinasyon kat-
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sayilar1 elde edilir. Bu katsayilar Fock matrisinin olusturulmasi ve kdsegenlestirilmesi i¢in kullanilarak iteras-
yona devam edilir. Istenilen hassasiyet olan degere kadar iterasyon devam ettirilmelidir. Bu calismada iteras-
yon hassasiyeti virial orani ile belirlenmistir.

KBTO’daki lineer olmayan parametreler ({, v) BHFR toplam enerji degerleri minimize edilerek optimize edil-
mistir. Optimizasyon siirecine, standart BTO i¢in elde edilmis parametreler (Ema vd., 1999) baslangi¢ deger-
leri olarak alinarak baslanmistir. Yerel minimumlardan kaginmak ve elde edilen parametrelerin giivenirliligi-
nin belirlenmesi i¢in Mathematica programinda bulunan Newton, quasi-Newton, conjugate gradient ve prin-
cipal axis yontemleri kullanilarak tam optimizasyon yapilmaya ve global minimum degerleri elde edilmeye
calisilmustir.

Atomik orbitallerin kalitesini belirlemek i¢in virial oranlar1 hesaplanmis, elde edilen virial oranlarinin, kesin
deger olan -2’ den 1x10~7 hassasiyetinden fazla miktarda sapmadig1 gdzlemlenmistir. Bu sonug, optimizasyon
parametrelerinin yeterince dogru oldugunu gostermektedir.

He atomunun (Z=2) ve izoelektronik serisine ait katyonlarin (3<Z<20) iyonizasyon potansiyelleri, Koopman
teoremi kullanilarak elde edilmistir.

4. Sayisal Sonuclar ve Tartisma

Bu ¢alismada BHFR toplam enerji hesaplamalari, minimal baz ¢ergevesinde olusturulan KBTO baz fonk-
siyonlar1 ile He atomunun (Z=2) temel durumu ve izoelektronik serisi (3<Z<20) i¢in tam optimizasyon ile
yapilmustir.

Tablo 1’de, He atomunun izoelektronik serisindeki atomlara ait KBTO ile hesaplanmis toplam enerji degerleri,
optimize edilmis tam say1 olmayan bas kuantum sayis1 v ve perdelenme sabiti ¢ degerleri listelenmistir. Atom
numarasi Z arttik¢a, v ve { degerlerinin arttig1 ve ayrica v degerlerinin standart kullanim degeri olan 1’e yak-
lastig1 goriilmiistiir.

Tablo 1

He atomunun 'S temel durumunun izoelektronik serisine ait KBTO ile hesaplanmis toplam enerji degerleri
ve lineer olmayan v, { parametreleri degerleri (Hartree atomik birimlerinde)

Atom Z —Ep 1% é’
He 2 2.858512695 0.857684175 1.506789960
Li* 3 7.233651344 0.904606359 2.512686253
Bet*? 4 13.60871185 0.928308065 3.508256737
B+ 5 21.98374558 0.942587621 4.505651323
c* 6 32.35876704 0.952127910 5.503937220
N *° 7 44.73378190 0.958951114 6.502723993
06 8 59.10879278 0.964072389 7.501818192
7 9 75.48380109 0.968058290 8.501119240
Ne*8 10 93.85880765 0.971248081 9.500560326
Na™*® 11 114.2338130 0.973858799 10.50010462

Mg*10 12 136.6088173 0.976035012 11.49972700
Al 13 160.9838210 0.977877013 12.49940937
Sj+12 14 187.3588241 0.979455828 13.49913510
p+i3 15 215.7338268 0.980824317 14.49889767
g+l4 16 246.1088292 0.982022107 15.49869265
Cl*5 17 278.4838312 0.983078893 16.49850962
Ar 16 18 312.8588331 0.984018333 17.49834713
K+ 19 349.2338347 0.984859228 18.49820591
Ca™e 20 387.6088362 0.985615672 19.49807289
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Yeni olusturulan KBTO ile elde edilen sonuglar ile genellestirilmis BTO (GBTO) (Ertiirk ve Sahin, 2020), bas
kuantum sayisi kesir degerli Slater ve ¢ift (Double) hiperbolik kosiniis fonksiyonlar1 (KSTO-DHC) (Coskun
ve Ertiirk, 2022) ve sayisal Hartree-Fock (SHF) (Koga vd., 1995) degerleri arasindaki temel durum enerji
farklar1 Tablo 2’de gosterilmistir. KBTO ile elde edilen degerlerin GBTO ile elde edilen degerlerden daha iyi
oldugu ve en yiiksek enerji farkinin He (Z=2) igin bulunan 2.5607 miliHartree oldugu goriilmistiir. KSTO-
DHC ile elde edilen degerlerin ise KBTO ile elde edilen degerlerden daha minumum degerler aldig1, enerji
farklariin ise en fazla He (Z=2) i¢in hesaplanan 3.1670 miliHartree olarak hesaplanmistir. SHF degerlerine
2.2209 miliHartree diizeyinde yaklasildigi ve en biiyiik farkin 3.1673 miliHartree ile (He i¢in Z=2) oldugu
gortilmiistiir. Tablo 2°den atom numarasi arttik¢a baz fonksiyonu olan KBTO’nun performansinin daha iyiles-
tigi gorilmektedir. Bu durum cekirdege daha yakin olan elektron i¢in bas kuantum sayisinin kesir degerli
olarak daha iyi temsil edilmesi sonucunu ¢ikarmaktadir.

Tablo 2

He atomunun 'S temel durumunun izoelektronik serisine ait KBTO ile hesaplanmis toplam enerji degerleri-
nin karsilagtirilmasi: AEgpro_kpro, 4Ekpro-(KsTo-pHc) V€ AEsyr_kpro enerji farklar (Hartree atomik bi-
rimlerinde)

Atom Z AEGBTO_KBTO AEKBTO—( KSTO-DHC) AEKBTO—SHF
He 2 0.0025607 0.0031670 0.0031673
Li* 3 0.0022882 0.0027633 0.0027639
Be*? 4 0.0021629 0.0025868 0.0025876
B*3 5 0.0020911 0.0024878 0.0024889
c* 6 0.0020446 0.0024246 0.0024258
N *° 7 0.0020120 0.0023807 0.0023821
O+t 8 0.0019880 0.0023485 0.0023499
EF+7 9 0.0019695 0.0023238 0.0023253
Ne*® 10  0.0019548 0.0023043 0.0023059
Na*® 11 0.0019428 0.0022885 0.0022901
Mg +10 12 0.0022755 0.0022771
Al*t 13 0.0022645 0.0022662
gj*12 14 0.0022552 0.0022569
p+13 15 0.0022471 0.0022488
g4 16 0.0022401 0.0022418
ol e 17 0.0022339 0.0022357
Arte 18 0.0022284 0.0022302
K7 19 0.0022235 0.0022253
Ca*® 20 0.0022191 0.0022209

Koopman Teoremi kullanilarak hesaplanan iyonizasyon potansiyelleri Tablo 3’te verilmistir. Elde edilen de-
gerler KSTO-DHC (Coskun ve Ertiirk, 2022), ti¢lii optimize edilmis (triple-optimized) Gaussian Baz setleri
(TOGBS) verileri (Canal, Jorge ve De Castro, 2002) ve deneysel sonuglar (Moore, 1970) ile karsilastirilmustir.
Yapilan karsilastirmalarda KBTO ile elde edilen degerlerin deneysel verilere en yakin sonuglari verdigi goriil-
miistiir. Ayrica AEgpro—(ksto-pHc)lyonizasyon potansiyeli farklarmin P*13 katyonundan sonra 0.0095 Hart-
ree degerinde sabit kaldig1 goriilmiistiir.
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Tablo 3

He atomunun 'S temel durumunun izoelektronik serisine ait KBTO ile hesaplanmis iyonizasyon potansiyeli
degerleri -¢, AExpro—(ksto-pHc) AEkpro-Tocrs enetji farklari ve deneysel degerleri —&gpy5 (MJI/mol bi-

rimlerinde)
Iyonizasyon Potansiyeli

Atom z ¢ AEKBTO—( KSTO-DHC) AE gr0-7oc8s ~Eanys
He 2 2.4090 0.0011 0.0011 2.3723
Li* 3 7.3195 0.0119 0.0118 7.2981
Be*? 4 14.8682 0.0108 0.0107 14.8487
B+ 5 25.0422 0.0103 0.0101 25.0257
c* 6 37.8416 0.0099 0.0097 37.8304
N *° 7 53.2664 0.0098 0.0095 53.2664
Oe 8 71.3170 0.0094 0.0090 71.3345
F+7 9 91.9928 0.0093 0.0088 92.0378
Ne*® 10 115.2941 0.0093 0.0086 115.3791
Na*® 11 141.2209 0.0092 0.0084 141.3626
Mg +10 12 169.7732 0.0092 0.0081 169.9914
Al 13 200.9511 0.0091 0.0078 201.2707
Sj+12 14 234.7544 0.0091 0.0076 235.2046
p+3 15 271.1827 0.0095 0.0078 271.7990
g+ 16 310.2370 0.0095 0.0076 311.0590
Ccl*® 17 351.9168 0.0095 0.0074 352.9913
Ar*ie 18 396.2221 0.0095 0.0070 397.6024
K7 19 443.1529 0.0095 0.0068 444.8982
Ca*® 20 492.7092 0.0095 0.0065 494.8873

Sekil 1’de atom numarasi (Z) ile toplam enerji degerleri arasindaki iligki gdsterilmistir. Atom numarasi arttikca
toplam enerji degerinin de diizgiin bir sekilde arttigi, KBTO’nun etkinliginin GBTO’dan daha iyi oldugu go-
riilmiistiir. Atom numarasi arttikca KSTO-DHC ile elde edilen degerlerin ise KBTO’dan daha iyi sonuglar
verdigi ve SHF degerleri ile genel olarak 1 x 10> mertebesinde ayni oldugu goriilmiistiir. Bas kuantum say1-
siin kesir degerli olmasinin, baz fonksiyonunun performansim arttirdigi gozlemlenmistir.
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KBTO—(KSTO-DHC) 'AEKBTO—SHF enerji farklarl

Kesir degerli bas kuantum sayis1 v ile perdelenme sabiti ¢ arasindaki iliski Sekil 2°de gésterilmistir. Atom
numaras1 Z=2’den Z=10’a kadar v degerleri hizl1 bir sekilde artarken, Ne *8(Z=10) katyonundan sonra v de-

gerlerinin diizgiin bir sekilde arttig1 gézlemlenmistir.

—+— He izoelektronik

090

25 50 75

Sekil 2. Kesir degerli bag kuantum sayis1 v degerlerinin, perdelenme sabiti { © nin fonksiyonu olarak degisimi

Sekil 3’te gosterilen Z ile v arasindaki iliski incelendiginde Sekil 2’dekine benzer bir grafik elde edildigi ve
Ne*8 (2=10) katyonuna kadar v degerlerindeki artisin hizl1 oldugu, sonraki katyonlarda bu artisin daha diizgiin
oldugu goriilmektedir. Genel olarak kesir degerli bas kuantum sayisi, atom numarasi arttik¢a standart kullanim

degeri olan 1’e yaklasmaktadir.
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Sekil 3. Kesir degerli bag kuantum sayis1 V degerlerinin atom numarasi Z’ nin fonksiyonu olarak degigimi

5. Sonug¢

Bu ¢aligmada, bas kuantum sayisi tam say1 olan standart BTO tizerindeki kisitlama kaldirilip minimal baz
cercevesinde KBTO olusturulmustur. He (Z=2) atomunun temel durumunun izoelektronik serisine ait katyon-
larin (Z=20’ye kadar) toplam enerji degerleri tam optimizasyon yapilarak KBTO ile hesaplanmistir. Hesapla-
malar sayisal olarak yapilmig olup yeni olusturulan baz fonksiyonunun etkinligi literatiirdeki benzer baz fonk-
siyonlar1 olan GBTO, KSTO-DHC ve SHF degerleri ile karsilastirilmistir. Atomik yap1 hesaplamalarinda kul-
lanilan baz fonksiyonlarinin etkinligi arttirmak i¢in, bag kuantum sayisi iizerindeki kisitlamanin kaldirilarak
kullanilmas1 yaygin bir yaklagimdir. Elde edilen sonuglar gostermistir ki KBTO ile elde edilen sonuglar
GBTO’dan daha diisiik enerji degerleri vermis ve SHF degerlerine yaklasilmasini saglamistir; ancak STO nun
bas kuantum sayis1 tam say1 olmayacak sekilde ikili hiperbolik kosiniis KSTO-DHC ile kullanilmasi
KBTO’dan daha iyi sonuglar vermis ve SHF degerlerine daha fazla yaklasilmistir. Buradaki dezavantaj, sayisal
hesaplama ile tam optimizasyon yapilmasinin fazla zaman almasi ve literatiirde daha diisiik enerji degerleri
veren baz fonksiyonlar1 bulunmasidir. KBTO ile hesaplanan iyonizasyon potansiyeli degerlerinin, KSTO-
DHC ve TOGBS degerlerine gore deneysel verilere daha yakin sonuglar verdigi goriilmiistiir.
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Article History Abstract — In this study, the determination of the surface morphology of red blood cell (RBC) from interferogram
Received: 18.11.2022 image obtained by quantitative phase imaging (QPI) method is presented. QPI, is an optical measurement method
Accepted:  12.12.2022 frequently used in recent years, allows to obtain quantitative data for different samples (cell, thin film surface, etc.).
Published:  30.06.2023 Many measurement setups at the micrometer level and with nanometer precision have been designed for quantitative

surface determination. Among these, white light diffraction phase microscopy (WDPM) is a design that combines
Research Article the advantages of off-axis holography-specific speed and phase sensitivity associated with common path interferom-

etry. Interferogram image of RBCs have been formed by the WDPM setup. Analysis of this image has been carried
out by Fourier transform. As a result of this analysis, three-dimensional (3D), dynamic (observable from all angles)
and height-known profiles of RBCs have been created. From the height profiles, the parameters related to the mor-
phology of RBCs as the projected surface area (PSA), diameter (D), mean corpuscular volume (MCV) and total
surface area occupied by the cell (SA), have been determined quantitatively. In addition, two-dimensional images,
obtained by examining blood samples with light microscopy and scanning electron microscopy (SEM), have been
compared with the data achieved by WDPM. The advantages and disadvantages of WDPM and light microscopy and
SEM, which are commonly used in biomedical measurements, are discussed through the results. In this way, it was
possible to see the difference between QPI and traditional methods used to imaging the cell surface.

Keywords — Fourier transform, interferogram, light microscope, quantitative phase imaging, SEM

1. Introduction

Quantitative studies have come to the forefront in recent years in sciences such as biology and physics. The
development of optical measurement techniques used in laboratories supports the design of more competent
and cheaper measurement systems in the diagnosis and treatment phase to ensure non-invasively healthy re-
sults. Increasing the sensitivity of profilometric optical measurement systems, which are used in many fields
of industry and research, is necessary for more accurate and reliable measurement (Cacace et al., 2020; Ed-
wards et al., 2014). In the fringe projection technique used for quantitative phase imaging (QPI) in profile
determination studies, the fringe pattern is projected onto the object whose height is to be measured with the
help of projection and its image is recorded. From this image, the phase value for each pixel is calculated and
when added together, the surface profile of the object is obtained in gradient units. This phase distribution is
converted into height information using the geometry of the experimental setup (Takeda & Mutoh, 1983).
When the object under investigation becomes relatively smaller, the experimental setup should also change.
In 2001, Quan and colleagues used the LCD fringe projection method to obtain three-dimensional images of
writing on coins (Quan et al., 2001). In the following years, interferometry was proposed for micrometer-scale
measurements (Endo et al., 2005; Leonhardt, 2005; Reolon et al., 2006) and cell imaging with white light
diffraction phase microscopy (WDFM) (Majeed et al., 2017; Mir et al., 2010; Popescu et al., 2008). Studies
on the red blood cell (RBC) morphology with different QPI setups have increased considerably in recent years
and are published in high-impact journals (Ahmadzadeh et al., 2017; Jaferzadeh & Moon, 2016; Moon et al.,
2013; Singh et al., 2020).
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RBC size, count and other morphological measurements are frequently used in the diagnosis and follow-up of
many diseases by various methods (Curl et al., 2005; Lee et al., 2013; Popescu, 2011). There are several articles
which have investigated RBC morphology using conventional methods (Buys et al., 2013; Mukherjee et al.,
2015; Oprisan et al., 2017). In these studies, cell surface was usually imaged by atomic force microscopy
(AFM) and scanning electron microscopy (SEM). These commonly used imaging techniques require a prelim-
inary preparation of the blood sample. Although higher resolutions can be achieved with SEM and AFM im-
aging, the sample is damaged during measurement. QPI can provide quantitatively precise knowledge of cell
structure at the cellular level (Ahmadzadeh et al., 2017). Structural parameters such as cell diameter (D), pro-
jected surface area (PSA), total surface area (SA) and mean corpuscular volume (MCV) can be calculated from
the three-dimensional (3D) profile obtained by QPI (Jaferzadeh & Moon, 2016). WDPM, an interferometric
technique, provides quantitative measurement of RBCs (Bhaduri et al., 2012; Pham et al., 2013; Unal et al.,
2020). A common path interferometer is an interferometer in which the sample and the reference beam prop-
agate along the same path. In off-axis holography, it is possible to obtain the phase of an interferogram by
taking only one image with a camera. There is an interferometric setup with a non-zero angle between the
sample and reference beam and requires filtering spatial frequencies. WDPM is a QPI method that integrates
the benefits of both the speed characteristic of off-axis holography and the phase precision related to common
path interferometry (Majeed et al., 2018).

WDPM allows the determination of the RBC morphological parameters without sample preparation and non-
invasive way. With this method, a sample image and a reference image are needed to calculate the 3D profile
of the sample. The WDPM, which consists of an interferometer, light microscope and camera, ensures low
speckle noise with white light and single-shut measurement (Bhaduri et al., 2012; Edwards et al., 2014). Phase
values are calculated from an interferogram of the sample surface using various phase calculation techniques.
The most widely used phase calculation method for this purpose is the Fourier transform. The height infor-
mation in the interferogram is retrieved from the phase term (Takeda & Mutoh, 1983). Once the phase of each
point (pixel by pixel) on the surface of the sample and the reference is determined, they are combined to obtain
a 3D profile of the sample dynamically and quantitatively without damaging the sample.

In this study, three-dimensional dynamic surface profiles of RBCs have been achieved with the WDPM meas-
urement system and the Fourier transform analysis. In the first section, the experimental setup in which inter-
ferogram image has been acquired is described in detail. In the next section, Fourier transform phase calcula-
tion method is explained and the quantitative surface profiles have been given. In addition, the light microscopy
and SEM imaging procedures applied for the same blood sample are detailed and the obtained images have
been compared with quantitative surface profiles. In this way, it has been possible to see the difference between
the most commonly used methods and QPI, for imaging the cell surface and generating quantitative data about
the morphology of RBC.

2. Materials and Methods
2.1. WDPM Method

2.1.1. Imaging with WDPM

WDPM is a system consisting of an interferometer, camera and microscope. In this technique,
micrometer-scale measurements can be made by interferometry without contact with the object. In
order to achieve the surface profile of RBC in a dynamic three-dimensional structure, it is first
necessary to obtain interferogram images for the sample and reference.

The WDPM measurement system was equipped with a Zeiss Axio Observer Al inverted microscope
with halogen light and a Hamamatsu ORCA Flash 4.0 CMOS camera. The CMOS image sensor in
this camera realizes both low noise (1.0 electrons (median) 1.6 electrons (r.m.s)) and high-speed
readout (100 frames/s with 2048 pixels x 2048 pixels) at the same time, with an exposure time of 1
ms. This camera has an effective area of 13,312 mm x 13,312 mm and a pixel size of 6.5 pm. This
setup was mounted on an optical table to minimize mechanical vibrations and minor disturbances in
the interferometer. Figure 1 (a) shows the WDPM setup.
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Figure 1. (a) WDPM experimental setup; (b) schematic representation of the interferometer (L1, 60
mm focal length lens; the pinhole has two apertures with diameters of 210um and 5 mm; L, 150 mm
focal length lens; the camera; (c) pinhole.

First, the blood sample is spread on a slide without any preliminary preparation and covered with
another slide. The sample is placed in an inverted microscope, focused and a clear image is obtained.
This image is projected onto the diffraction grating from the image output at the bottom of the
microscope. Different wavelengths are diffracted at different angles through the grating (110
grooves/mm). As shown in Figure 1(b), after passing through the diffraction grating, the rays from the
microscope image plane encounter the first lens with a focal length of 60 mm. The image components
incident on the Fourier plane behind the lens are filtered by a pinhole (Figure 1 (c)) having two
apertures of 210 um and 5 mm diameter. The 0" and 1% components are passed through the pinhole
and encounter the second lens with a focal length of 150 mm, while the initial image is observed upside
down. Component 1 passing through the 5 mm aperture and component 0 passing through the 210 pm
aperture are superposed on the resulting image plane through the second lens, forming an
interferometric pattern. The +1st beam is not along the optical axis and has a small angle with the Oth
beam. Therefore, it generates a lateral shift. However, the amount of this shift is small enough and
does not affect the generated profile. With the camera in the result image plane, a reference image
without blood sample is first recorded. This reference image is used to remove impurities in the system.
And then, the interferogram is generated and recorded for the blood sample. The interferometer
magnifies the sample and reference image M=f2/f1=2.5 times. When taking into account with the
magnification of the objective used, WDPM gives a total magnification of 157.5 for the image with a
63X objective. The RBC interferogram generated in the WDPM setup is shown in Figure 2. From this
interferogram, the Fourier transform was used to calculate the surface profile showing the height at
each point.
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Figure 2. RBC interferogram obtained from the WDPM measurement system.

2.1.2. Phase Calculation Method with Fourier Transform

The phase term in the Fourier transform carries the height information in the images obtained from the
WDPM setup. The deformed fringe pattern can be written with carrier frequency fo, phase ¢(x,y) and amplitude
r(x,y) as in equation (2.1):

9@ = D anlxy) explizmnfyx) @1

n=—oo

Here q,(x,y) = A,r(x,y)explinp(x,y)], fo = 1/p, is the fundamental frequency of the monitored fringe
pattern and po is the fringe width. Since there is only one carrier frequency in the x-axis direction, the fringe
pattern in the image is parallel to the y-axis. The 1D Fourier transform of equation (2.1) can be written as
equation (2.2)

+ oo

G(f,y) = f r(x,9)

— 00

ZA" exp(—ian(f —nfy) + inp(x, y)) dx. (2.2)

This equation can be expressed as G(f,y) = Yne—w Qn(f — nfo,v). G(f,y) and Q,,(f, y) are the 1D Fourier
transforms of g(x,y) and q,,(x, y) respectively. The spectrum of Q,,(f — nf,,y) should be separated by the
carrier frequency; the first frequency component Q, (f — fo,y) is chosen and the inverse Fourier transform is
calculated as equation (2.3)

G, y) = Air(x, y) expli[2mfox + @ (x, ¥)]} (2.3)

Repeat for the case where the height is zero;
Go(xy) = Ajexpli[2mfox + o ()]} (24)

equation (2.4) is obtained. Equation (2.3) is multiplied by the complex conjugate of equation (2.4);
G0, )Go * (x,y) = |A1?r (x, y)exp{ilAp (x, y)]} (2.5)

In equation (2.5), Ap(x,y) = @(x,y) — @y (x) is the phase difference due to the change in height of the object

at each point and Ap(x,y) = tan™! [:Zgg: ;2&;, ;3] Thus, the height (phase difference) of each point
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(pixel) on the surface from the reference plane is determined in radians and when added together, the profile
of the object is achieved (Dursun et al., 2004; Takeda & Mutoh, 1983). If the same process is repeated for the
reference image and the phase of the reference image is subtracted from the phase values of the image con-
taining the RBC, the impurities and background brightness in the system are minimized.

2.1.3. Determination of RBC Morphology

By applying the Fourier transform, the phase distribution was calculated from the interferogram obtained
with the WDPM experimental setup (figure (2)) and the RBC profiles were obtained in terms of phase. This
phase information was converted to height in pm using the equation (2.6) (Popescu et al., 2006).

AAp(x,y)

20N = Gl — ]

(2.6)

Here, the center wavelength of the halogen lamp of the microscope is 550 nm, nc=1.41 is the refractive index
of the cell and np=1.34 is the refractive index of the plasma surrounding the cell. Considering the total magni-
fication (157.5 times) provided by the camera, 63X objective and the interferometer, the size of a pixel of the
raw image is 0.04x0.04 um. Based on these calculations, the height profiles of RBCs are shown in Figure 3 at
different angles.

From these height profiles, the morphological parameters of the RBCs such as the projected surface area
(PSA), diameter (D), mean corpuscular volume (MCV) and the entire surface area (SA) were calculated. The
first morphological parameter is the PSA, which is the area of the cell in the x-y plane (Jaferzadeh et al., 2019;
Jaferzadeh & Moon, 2016). It is calculated from the equation PSA = Np?, where N is the total number of
pixels occupied by the cell in the x-y plane and p is the size of a pixel (0.04x0.04 um). The diameter of the cell
can be calculated by the equation D = 2.,/PSA/m (Jaferzadeh et al., 2019; Jaferzadeh & Moon, 2016). In ad-
dition, MCV is calculated from the height profile as MCV = p? ¥ z(x, y) (Ahmadzadeh et al., 2017; Jaferzadeh
& Moon, 2016). The SA of the RBC is determined from the height profile as the sum of all surface areas
divided into small triangular pieces (Park et al., 2016).
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Figure 3. (a) from different angles; (b) full front view of the 3 profiles obtained by Fourier transform method
from the interferogram in Figure 2 created by WDPM.
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2.2. SEM Method

2.2.1 Preparation of RBCs for SEM Imaging

In order to image the blood sample with SEM, a sample preparation phase is required. This process was
carried out by following these steps (Unal et al., 2020):

a. Blood samples are collected in EDTA tubes and stored at +4 °C for one day.
b. Samples are first spread on a glass slide and washed with phosphate buffered saline (PBS.

c. The washed samples are then fixed in 2.5% glutaraldehyde with sodium cacodylate trihydrate for 120
minutes.

d. The samples are then stored in sodium cacodylate trihydrate at 4 °C.
e. After dried for examination, they are ready for SEM imaging.
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2.2.2. Imaging with SEM

mag [ | spot HV pressure | det Wi | ———20pm ———

5000x | 3.5 | 5,00kV | 250 Pa | GSED | 9.2 mm | 82.9 ym ‘ NABILTEM

mag [] | spot 2\% pressure WD HFW —3ym —

30000x | 3.5 | 500kV | 250 Pa | GSED | 9.2 mm | 13.8 pm NABILTEM

Figure 4. Images of RBCs retrieved by SEM imaging

Basically, an electron microscope functions as follows; an electron source emits electrons that interact with
the sample to be examined, which are then processed by the detector to produce an image. The electron source
is an electron gun containing a tungsten or tungsten filament wire. A high voltage is applied to the filament,
which heats the wire to a temperature of about 2700 K and releases electrons. In order for the oscillation to
occur, the current must be increased as well as the voltage applied to the wire, and it is determined that the
thickness of the filament to be used should be 0.125 mm on average. The oscillating electrons are guided by
the anode plate, passing through lenses with electromagnetic properties and falling on the sample. Thus, the
accelerated electron beam interacts with the sample and the electrons, which change their direction as a result
of elastic collision with the sample atoms, are scattered back. Inelastic collisions of the electron beam with the
outer orbital electrons of the sample atoms result in the formation of lower-energy Auger electrons, which
allow us to obtain information about the sample surface. As a result of all these collisions, electrons that have
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broken out of their orbits and lost energy form secondary electrons. Thanks to these secondary electrons com-
ing from 10 nm below the sample surface, a high-resolution topographic image is obtained from the sample
(Goldstein et al., 2018; Zhou & Wang, 2007).

Structural, topographical and morphological features and elemental analysis can be performed with SEM and
samples can be monitored at different magnifications. Since, SEM gives a photography of the sample surface
with scale information, has a disadvantage compared to QPI (Ahmadzadeh et al., 2017). The images obtained
with SEM are not dynamic and a qualitative measurement result is obtained. In addition, the blood cells need
to be subjected to a preliminary preparation process before imaging. The prepared RBCs were imaged with a
FEI, Quanta FEG SEM instrument at NABILTEM at Tekirdag Namik Kemal University (figure (4)).

2.3. Imaging with Light Microscope

Blood samples were smeared onto a glass slide and covered with another slide. Without any further prepa-
ration, these sandwiched blood samples were imaged on an Inverted Axio Observer microscope using a 40X
objective. Firstly, the microscope was adjusted to clarify the image and the resulting clear image of RBCs was
recorded with a Hamamatsu Orca Flash 4.0 camera. In the light microscope image shown in Figure 5, RBCs
were observed as biconcave in shape.

On 28.06.2022, permission was obtained from Tekirdag Namik Kemal University Non-Interventional Clinical
Research Ethics Committee for the study titled "Determination of Erythrocyte Morphologies in Multiple Scle-
rosis Patients by Quantitative Phase Imaging Method". The blood samples used in this study were collected
from healthy volunteers of the study for which ethics committee approval was obtained.

Figure 5. Light microscopy images of blood samples.

3. Results and Discussion

In order to determine the surface morphology of RBCs with the QPI technique, the WDPM experiment
setup was performed as shown in Figure 1 and the interferogram image shown in Figure 2 was obtained. Phase
values were calculated for each pixel of the interferogram image using Fourier transform method and these
phase values were converted into height information. Thus, surface profiles of the RBCs with known height
values at each point were created. These profiles are three-dimensional and dynamic, observable from any
angle and quantitative. Morphological parameters for the profiles given in Figure 3: PSA=79.91 pm?, D=5.74
um, MCV=92.53 um?® and SA=131.14 pm? for cell 1; PSA= 71.45 um?, D= 4.94 um, MCV= 83.79 um? and
SA=117.68 um? for cell 2; PSA= 74.99 um?, D= 5.38 um, MCV= 87.85 um?® and SA= 123.85 um? for cell 3.
These values are consistent with the literature (Park et al., 2016). The samples were not subjected to any pre-
liminary preparation while creating these profiles. One of the advantages of this technique is that the samples
were imaged in the WDPM without any contact or damage. WDPM provides fast measurement, which is an
advantage of off-axis holography, and is a phase-sensitive QPI1 method, which is an advantage of common path
interferometry. In conclusion, the advantages and disadvantages of the WDPM measurement system can be
listed as follows: no sample preparation is required; the measurement acquisition time is the sum of the camera
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recording time (1 second) and the image analysis time (average of 1 minute, depending on the size of the image
by Fourier transform); there is no contact with the sample during imaging; no sample distortion occurs. In
addition, the profile obtained from WDPM images is three-dimensional and dynamic, it can be observed from
any angle, it is a quantitative result with known phase and/or height values at each point, and it is possible to
calculate different parameters related to morphology from the profile.

In order to compare the advantages and disadvantages of the cell profiles obtained using the WDPM method,
the widely preferred SEM and light microscopy imaging were also performed.

Blood sample was first subjected to a preliminary preparation process for obtaining SEM images. Thus, the
RBCs fixed on the slide were placed in the SEM device. It was observed that some RBCs were distorted during
the measurement due to the pressure and temperature applied by the device (figure 4). In addition, this device
scans the sample surface with an electron beam for imaging, which can damage the sample as there is contact
with the sample. In the SEM image, RBC diameters were observed around 6.7 um, but no quantitative data on
the height (thickness) of the RBC could be obtained. The measurement of RBC diameter from SEM images
was performed on a two-dimensional scaled photograph. Therefore, SEM can qualitatively determine the struc-
tural, morphological and topographical features of the surface of RBCs while it has the major advantage of
observing samples at different magnifications with high resolution. However, it has some disadvantages; it
gives a two-dimensional surface image with scale information and no height information, it is not a quantitative
morphology determination technique, sample preparation is required before the imaging process, which is a
disadvantage in terms of both time and cost, there is a contact with the sample, so distortion of the sample may
occur due to the pressure applied inside the device during imaging.

No preparation was done for light microscopy imaging. The magnification of the light microscope is 40x and
the images provide information about the shape of the RBC in general. The observation of biconcave shapes
(figure 5) confirms the SEM images and the generated three-dimensional profile. With light microscopy, a
large number of cells can be observed at the same time and no sample preparation is required. However, the
image is in two-dimensional, contains no height information, no quantitative information can be obtained and
depends on the visual interpretation of the researcher who performs the imaging and examines the image.

4. Conclusion

Using a QPI method such as WDPM, 3D height profile and morphology-related parameters of RBCs can
be determined. Quantitative information can be generated with QPI measurement methods that have been de-
veloped in recent years and can provide solutions to many problems in the fields of biology, health and tech-
nology. The fact that the quantitative information to be generated with QPI can be performed without any
preliminary preparation of RBCs that can be easily obtained from peripheral blood and without contact, the
low cost compared to other methods will make the process easily accessible and applicable.
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1. Introduction

Human life and activities are directly dependent on natural environmental conditions. Climatic conditions in
the natural environment are of great importance. Climatic conditions affect people's food-clothing choices,
economic activities, psychological and physiological conditions, health, tourism activities, settlement, housing
types, etc. directly or indirectly audits (Tiirkes, 2010, 2021a). The climate system, which tends to change in all
periods, has gained a different dimension since the 19th century with the effect of the industrial revolution.
People's industry, energy, agriculture, transportation, heating and waste, construction, wrong land use, etc. In
recent years, severe human-induced climate change has been experienced due to increased greenhouse gas
emissions in the atmosphere as a result of activities. Changing climatic conditions cause the degradation of
ecosystems, loss of habitats, and extinction of approximately 1 million species. Climatic conditions are
warming at a rate that nature and humans cannot adapt to, and this causes extremes and disasters (Tiirkes,
2020, 2022a). In the reports of the Intergovernmental Panel on Climate Change (IPCC) and many studies, it is
stated that cities are at the forefront of climate change and that catastrophic consequences will occur in cities
in the coming years (IPCC, 2022a, 2022b; Tiirkes, 2022b). In Turkey, almost all cities, large or small, are
warming rapidly (Tirkes, 2020). For example, with some exceptions, mean (mean, maximum, and minimum)
air temperatures measured in all regions of Turkey and almost all climatology and meteorology stations
established in the Southeastern Anatolia Region, the number of summers and tropical day air temperatures, a
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record high air temperatures and hot weather The frequency, duration, frequency and intensities of the waves
are increasing rapidly (with statistical significance) (Erlat & Tiirkes, 2013, 2017; Tiirkes, 2020; Erlat, Tiirkes
& Aydin, 2021; etc.). Moreover, according to many studies that take into account the changes between the
middle and the end of the century, air temperatures in Turkey, along with many other countries in the
Mediterranean Basin, in the coming decades will be higher in the warmer part of the year (eg summer), for
example towards the end of the century will be 3 to 7 °C higher than today (Turp, Oztiirk, Tiirkes & Kurnaz,
2014; Oztiirk, Turp, Tiirkes & Kurnaz, 2018; Turkes, Oztas, Tercan, Erpul, Karag6z, Dengiz, Dogan, Sahin &
Avcioglu 2020; etc.). All these results show that climatic thermal comfort is deteriorating rapidly even today
and this deterioration or negativity may become more severe in the future.

At this point, we find it useful to discuss the concepts of resilience and vulnerability. Resilience is a way of
thinking and designing that we need to prepare for the impacts of climate change and how we will achieve this
(Tiirkes, 2021b). Today, the concept of resilience, psychology and information technology, geography,
ecology, public health, agriculture, business, etc. spread rapidly in different and very distant areas such as In
terms of climate change, resilience means “strengthening the ability of human and natural systems to withstand
and respond to changes in the Earth's climate” and “between prevention and mitigation (climate change
combat) approaches to climate change on the one hand and adaptation approaches on the other. It can be
considered as a way of closing the conceptual divide” (Tiirkes, 2021b, 2022b). In this context, resilience can
be considered a positive quality or initiative when it maintains the capacity for adaptability, learning, and/or
economic and social transformation. The vulnerability to climate change is defined as “the degree to which a
community or system (related to the physical geography and ecological system or socio-economic sector) is
affected or vulnerable to climate change stress, the level of meeting or responding to the stress (sensitivity),
and the level of adaptation or adaptation to climate change can be defined as the relationship between. In this
definition, if the climate is used instead of the term climate change, then we get the concept of climatic
vulnerability (Tiirkes, 2014). In addition, to reduce the impact of climate change and prevent climate change,
anthropogenic greenhouse gas emissions must be reduced very quickly and effectively. Climate change
mitigation does not only include mitigation, it also includes all human initiatives and actions to reduce human-
induced emissions of major greenhouse gases such as CO2, CH4, and N20 in all socioeconomic sectors and
to improve and increase the sinks of greenhouse gases (Ttirkes, 2021b, 2022a). On the other hand, considering
that it is impossible, but even if greenhouse gas emissions are almost completely stopped at the level of 2015,
for example, the accumulation (concentration) of CO2 and other greenhouse gases in the atmosphere will likely
remain well above normal levels for the next decades (Tiirkes, 2021a, 2022b), the changing climate and effects
must be accommodated. But adaptation isn't just about surviving climate change. In addition to "adjustments
in natural or human systems" for a new or changing environment, adaptation measures can take advantage of
possible "beneficial opportunities” or some "weak-moderate adverse impacts" associated with climate change.
According to the IPCC (2022c), adaptation in human systems is the process of adapting to the existing or
expected climate and its effects to reduce harm or take advantage of beneficial opportunities. Adaptation in
natural systems is the process of adaptation to today's (current) climate and its effects; human initiative can
facilitate adaptation to the anticipated (future) climate and its effects. In reality, adaptation is a factor that
should be considered at the very beginning and every stage of a sustainable development process. By pre-
integrating this into their policies and strategies, governments can accelerate robust economic development
while reducing vulnerability to climate change. Adaptation approaches vary by geography, time, sources of
funding, levels of political support, and dozens of other factors. There is no one-size-fits-all approach to
adaptation (Tirkes, 2021b, 2022b). In this context, it is necessary to determine the temporal and spatial
distribution of the thermal comfort conditions of the cities for a climate-resistant sustainable urban
development.

Thermal comfort can be defined as the state of feeling comfortable or comfortable/happy in the environment
they are in or in the thermal environment (mainly temperature, humidity, and wind climatology) (Olgyay,
1973; Sungur, 1980; Caglak, 2021). Uncomfortable conditions increase mortality rates (Anderson & Bell,
2009; Nastos & Matzarakis, 2011; Aboubakri, Kahnjani, Jahani & Bakhtiari, 2020), diseases such as
circulatory and respiratory system (Nastos, Giaouzaki, Kampani & Matzarakis, 2013; Scherber, Langner &
Endlicher, 2014; Huang, Zhao, Chen, Kan & Kuang, 2015; Fallah & Mayvaneh, 2016; Blazejczyk, Baranowski
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& Blazejczyk, 2018) cause many social, economic, and physical negativities such as increases in energy use
and decrease in work efficiency (Tiirkes, 2010; Tiirkes & Erlat, 2017).

Mankind, who settled down in the Neolithic period, later established urban settlements depending on factors
such as production surplus and trade. In this respect, cities are tangible cultural heritage areas where
civilizations, scientific discoveries, and socio-economic advancements occur (Yazar, 2006). However,
urbanization movements in the world gained speed with the industrial revolution. With the industrial
revolution, the need for labor in the cities, the education, health, and socio-economic attractiveness of urban
life, and the mechanized agriculture in the countryside, many unemployed families migrated to the cities. As
a result of the rapid and unplanned urbanization movement, many environmental pollutions such as squatting,
the conversion of natural areas to impermeable surfaces such as asphalt and concrete, the use of motor vehicles,
the use of fossil fuels, the destruction of green areas, domestic and industrial wastes have adversely affected
the thermal comfort conditions of the cities. In dense and high-rise urban areas, the number of urban canyons
and the areas they affect has increased, and this has led to reduced wind speed and air pollution in cities,
transforming cities into suffocating, dull and hot environments (Clarke & Bach, 1971; Tuller, 1980; Mayer,
1993; Svensson & Eliason, 2002; Thorsson, Lindgvist & Lindqvist, 2004; Bulut, Toy, Irmak, Yilmaz &
Yilmaz, 2008; Blazejczyk, Kuchcik, Dudek, Krecisz, Blazejczyk, Milewski, Szmyd & Palczynski, 2016; Toy,
Caglak & Esringii ).

With the majority of the population living in cities and the increase in people's awareness, scientific studies
have begun to be made on the thermal comfort conditions of urban areas. Oke (1973) in Canada, Karl, Diaz &
Puppet (1988) in the USA, Fortuniak, Ktysik & Wibig (2006) in Poland, Bonacquisti, Casale, Palmieri & Siani
(2006) in Italy Gulyas, Unger & Matzarakis (2010) investigated the thermal comfort conditions of urban areas
in Hungary. In these studies, it has been explained that while negative thermal comfort conditions are
experienced in densely built areas in the urban area, more positive thermal conditions are experienced in
suburban and rural areas. Algeciras, Tablada & Matzarakis (2018) Afforestation studies are proposed to
improve the thermal comfort conditions of pedestrians in Cuba. In the studies carried out in Turkey, negative
thermal conditions are experienced due to dense urban areas and air pollution in Erzurum (Bulut et al., 2008)
in the cold climate region, in Ankara (Caliskan & Tiirkoglu, 2014) and Eskisehir ( Toy et al., 2021) revealed
that urban areas have more negative comfort conditions than the surrounding rural areas and that the urban
area in Samsun offers more oppressive and negative thermal conditions than the rural area in its immediate
vicinity (Caglak, 2017).

This study, it is aimed to examine the thermal comfort conditions of Diyarbakir, which is a historical city in
the Southeastern Anatolia Region of Turkey, which is not very cold in winter and is characterized by very hot
and dry conditions in summer. In this context, the aims of the study can be listed as follows:

o Determination of thermal comfort conditions according to the PET index by using hourly data from
four meteorology stations with different terrain characteristics,

o Revealing the temporal distribution of the determined thermal comfort conditions according to the
seasonal order,

o Demonstrating the spatial distribution of thermal comfort conditions with new methods, taking into
account many variables and features of the land,

e Asaresult of the analysis, examining the comfortable and stressful periods of the city of Diyarbakir
in terms of climatic thermal comfort,

o Distribution of thermal comfort conditions in the city according to spatial distribution analysis and
determination of the factors affecting the distribution,

e Explaining how urban land use affects thermal comfort conditions and how urbanization affects
thermal comfort conditions,

o Developing solutions to negative thermal comfort conditions due to urbanization and
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o Redesigning the newly developing or developed districts and neighborhoods of Diyarbakir in terms
of in terms of creating climate-resistant cities and adapting to the negative effects of climate change;
making necessary physical and ecological geographical improvements and making suggestions on
managerial measures.

2.General Physical Geography Features

Diyarbakir is at level 3 (TRC2) in the Sanliurfa Sub-Region of the Southeastern Anatolia Region according
to the statistical regional units classification. Geographically, it is located in the Tigris Section of the South-
eastern Anatolia Region, between 38° 02' and 37° 48' north latitudes and 40° 18' and 40° 01' east longitudes.
The city of Diyarbakir, which has the status of a metropolitan city, consists of the district centres of Baglar,
Kayapinar, Yenigehir, and Sur. The basalt plateau formed by the basalt lavas emanating from the Karacadag
volcano and the Tigris River was effective in the establishment and development of the city of Diyarbakir. The
city was founded on a broad basalt plateau extending horizontally on the eastern edge of the Tigris River valley
(Figure 1; Karadogan, Drahor & Kuzuoglu, 2020). Diyarbakir is one of the oldest settlements in Anatolia, as
it is located on the city trade routes established by the Tigris River, and it is also a city of history, culture, and
civilizations.
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Figure 1. Location map of Diyarbakir city

In the city of Diyarbakir, according to De Martonne steppe — is humid, according to Aridite Index and Ering
Precipitation Efficiency Index, steppe — is semi-arid, according to Thornthwaite semi-arid — less humid (C1,
B'3,s2,b'2) and Koppen —Geiger' according to this, climate conditions with mild-hot dry summer (Csa) are
experienced (Boliik, 2016; Yilmaz & Cicgek, 2018). The climate features that can be expressed as the degraded
Mediterranean with hot and dry summers and rainy winters are observed.

According to long annual means, the annual mean temperature is 15.9 °C, rising to 38.4 °C in summer and
falling to -2.2 °C in winter. Mean relative humidity is 55.2%, and annual total precipitation is 498.4 mm.
Precipitation falls mostly in winter and spring seasons, and drought occurs in summer. The wind speed has
been measured as 1.1 m/s on mean and it is understood that the wind speed is low. The mean and extreme
values for the city of Diyarbakir are given in Table 1.

. Capital city
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Table 1

Mean and extreme meteorological values of Diyarbakir city (1929 —2021) (Url 1)
Parameters Value Date/Period
Mean air temperature for many years 15.9 °C Annual
Mean high air temperature 38.4 July
Mean low air temperature -2.2 January
Mean relative humidity % 55.2 Annual
Mean wind speed 1.1mis Annual
Mean annual total precipitation 498.4 mm Annual
Mean number of rainy days 93.9 days Annual
Extreme high temperature 46.2 °C 21.07.1937
Extreme lowest temperature -24.2 °C 11.01.1933
Highest rainfall in a day 71.6 mm 26.03.1976
The highest snow thickness 65 cm 16.01.1973
Fastest wind 35m/s 01.06.1987

3. Materials and Methods

In the study, the data of Diyarbakir Regional Meteorology Station with national code 17281 representing the
urban area, Sur/Unal Erkan Heliport with national code 17283 and Esref Bitlis Heliport with national code
18166 representing the semi-urban area, and the measurement data of Diyarbakir Airport meteorology station
with national code 17280 representing the rural area were used. From 2015 to 2021 (7 years), which are the
years when these stations in the city make common measurements, hourly; air temperature (°C), relative
humidity (%), wind speed (m/s), and cloudiness (octa) measurement data were considered appropriate (Figure
2).

SU -Suburban

% County Border
ﬂ:? Urban Core
0

1 2

KM

Figure 2. Selected meteorological stations with hourly measurements and different terrain textures in the city
of Diyarbakir
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The meteorology stations used in the study are located at altitudes close to each other and on different terrains.
Some information about the stations is given in Table 2. The land features were determined by considering the
building and settlement densities in the area where the stations are located (Figure 2).

;?tbi'ltﬁtfe and terrain characteristics of meteorology stations used in the study (Url 2)
Represented Area  Code Location Altitude (m) Surface
U 17281  37°54'33.01"N; 40°12'52.89"E 680 Dense structured
SuU 18166  37°5527.48"N; 40°13'58.43"E 679 Loosely structured
SU 17283  37°56'19.57"N; 40°17'48.37"E 701 Loosely structured
R 17280 37°54'0.49"N; 40°1221.16"E 674 No structure

Thermal comfort conditions were tried to be determined by using the data measured in meteorology stations.
The Physiological Equivalent Temperature (PET) index obtained from the RayMan model, which is a radiation
model and calculates both personal and atmospheric factors, was used to determine thermal comfort conditions.
PET index, body heat energy by taking into account human thermal comfort, all effects of the thermal
environment (short and long wavelength solar radiation, air temperature, relative humidity, wind speed, etc.),
and thermo-physiological conditions of the human body (clothing type and activity). (Hoppe, 1999;
Matzarakis, Mayer & Iziomon, 1999; Gulyas, Unger & Matzarakis, 2006). After creating station information
(altitude, latitude, longitude, time zone) in RayMan software, hourly; Air temperature, relative humidity, wind
speed, and cloudiness data are loaded, and the software calculates the short and long-wavelength solar radiation
according to the day and time of the year. The formula (Equation 3.1) developed by Hoppe (1984) is used to
calculate the index (Tiirkoglu & Caligkan, 2011).

M+W+Q*(Tmrt,v)+QH(Ta,v)+QL(e,v)+QSW(e,v)+QRe(Ta,e)+ S=0 (3.1)

In the equation, M is the metabolic rate (activity), W mechanical power (type of activity), Q* radiation budget,
QH change in sensed temperature, QL change in latent heat (evaporation), QSW distribution of latent heat
through perspiration, QRe heat exchange through respiration (sensed and latent heat exchange). temperature),
S is storage, Ta is air temperature, e is vapor pressure, v is wind speed, and Tmrt is mean radiant temperature.
Since thermal comfort conditions are felt subjectively, a 35-year-old, 175 cm tall, 75 kg, 0.9 clo clothing load,
and 80W workload is taken into consideration in determining the comfort ranges of the PET index (Table 3).

Table 3
Human thermal sensation and stress ranges for PET (Matzarakis et al. 1999)

PET (°C) Thermal sensation Level of thermal stress
<40 Very cold Extreme cold stress
4.1-8.0 Cold Strong cold stress
8.1-13.0 Cool Moderate cold stress
13.1-18.0 Slightly cool Slightly cold stress
18.1-23.0 Comfortable No thermal stress
23.1-29.0 Slightly warm Slightly heat stress
29.1-35.0 Warm Moderate heat stress
35.1-41.0 Hot Strong heat stress
>41.0 Very Hot Extreme heat stress

Mean, Maximum, and Minimum PET values were obtained from the mean, maximum, and minimum
hourly data. A newly developed model approach was used to obtain the spatial distribution of thermal comfort
conditions from the values obtained from the PET index. It has been determined that this developed method is
more than 95% reliable by testing it in three different climatic regions (Caglak, 2021). In this model approach,
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ArcGIS 10.5 version of Geographic Information Systems software was used, taking into account the effects of
many variables of the field on the PET index. Through the ArcGIS 10.5 program; Altitude, land use, solar
radiation, and mean wind speed base maps were prepared. The land use map was obtained from Corine and
urban atlas data. The distribution of solar radiation in the field was obtained by using the digital elevation
model according to the day and time of the year in the ArcGIS 10.5 program. In addition, the mean radiant
temperature (MRT) values according to the land cover were calculated according to the land feature using the
Mr. T software. The software calculates according to the following formula (Equation 3.2).

N vah<10-25
Tyrr = || — 273.15 (3.2)

.0

TMRT: mean radiant temperature (°C)

K*abs: Sum of all absorbed shortwave radiant flux densities (W-m?)
L*abs: Sum of all absorbed long wave radiant flux densities (W-m?)
€: Emission power of the human body (0.97)

o: Stefan-Boltzman constant (5.67 * 10-8 W-m?K4) (Cohen, Palatchi, Palatchi, Bar, Lukyanov, Yaakov,
Matzarakis, Tanny & Potcher, 2020).

The distribution of radiant temperature (MRT) values was obtained with the ArcGis 10.5 program (Figure 3).
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Figure 3. Base maps containing the variables of the terrain used in the spatial distribution of thermal comfort
conditions (A: Elevation, B: Solar Radiation, C: Land Use, D: Mean Radiant Temperature, E: Wind Speed, F:
Distribution of PET Values by Stations)

Using all these base maps, the spatial distribution of thermal comfort conditions was prepared by calculating
with the Raster Calculator tool in the ArcGIS 10.5 program. In addition, how much of the area covered by the

thermal gaps were calculated in the ArcGIS 10.5 program. The effects of field variables on the PET index were
determined according to the coefficients in Table 4.

403



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 2, Pages: 396-414

Table 4

Parameters affecting the spatial distribution of the PET index (Steenveld, Koopmans, Heusinkveld, Hove &
Holstlag, 2011; Koopmans, Ronda, Steeneveld, Holstlag & Tank, 2018; Perkhurova, Konstantinov,
Varentsov, Shartova, Samsonov & Krainov, 2019; Koopmans, Heusinkveld & Steenveld, 2020)

Parameters Alteration PET (°C)
Wind velocity 1 (m/s) 2.50
Mean radiant temperature (MRT) 1°C 0.6
Elevation 100 (m) 0.5
Solar radiaton (saat 14:00) 100 (w/m?) 0.4
Solar radiaton (saat 07:00) 100 (w/m?) 1.2

Anemometer device, which measures wind speed at synoptic meteorology stations, makes measurements at 10
meters above the ground. Therefore, wind speed maps are arranged according to 1.1 meters, which is the
reference level of the human body's centre of gravity (Nastos, et al., 2013; Nastos & Matzarakis, 2019). The
wind speed data obtained from the meteorology station making observations for synoptic purposes were
evaluated according to 1.1 meters using the following formula (Equation 3.3).

WS, , = WS, - (1.1/h)° (3.3)

In the equation, a = 0.12 « z0 + 0.18; WSh: wind speed value measured at altitude (m/s) (at 10 meters);

H is the height of the Station (10 meters); an empirical exponent of surface roughness; z0 is the surface
roughness length (Troen & Petersen, 1989).

The roughness length (z0) value was obtained from the European Wind Atlas.

4. Results and Discussion

The thermal comfort conditions of Diyarbakir city are mapped monthly as mean, maximum, and minimum.
According to the mean PET values, 'cool’ stress in dense and high-built areas (11.4%, and 4.1% of the field,
respectively) in the city center in December and January, in medium and low-density urban areas (65.7% of
the field, 67.0%, respectively) 'cold' stress and 'very cold' stress were determined in rural areas (22.9% and
28.2% of the area, respectively) on the urban periphery. In February, 'slightly cool' stress is experienced in the
over-built and dense urban canyons (2.8%), ‘cool’ stress in medium-density urban areas (13.5%), and ‘cold'
stress in other areas (83.7%). While ‘comfortable’ conditions are perceived in densely built areas (4.8%, 4.2%,
respectively) in March and November, 'slightly cool' stress in medium-density urban areas (29.8%, 21.1%,
respectively) and low-density urban areas and urban peripheries (65.4%, respectively), 74.7% perceived ‘cool’
stress. 'Slightly warm' stress in April, ‘warm' stress in May and October (10.1%, 15.9%, respectively), and 'hot'
stress in June and September (15.9%) in dense and highly built areas (6.3% of the area) in Diyarbakir city,
'very hot’ stress was determined in July and August (13.0%, 17.2%, respectively). In a medium-density urban
area (about 36.4% to 75.5% of the area) ‘comfortable’ conditions in April, 'slightly warm' stress in May and
October, ‘warm' stress in June and September, 'hot' stress in July and August heat stress is experienced. 'Slightly
cool' stress in April, ‘comfortable’ conditions in May and October, 'slightly warm'’ stress in June and September,
in low-density urban areas and rural areas on the periphery (about 7.3% to 47.7%), July and August ‘warm'
stress was detected in the months of the year (Figure 4; Table 5).
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Figure 4. Spatial distribution of the mean thermal comfort conditions of the city of Diyarbakir by months in

Percentages of spatial distribution of monthly mean thermal comfort conditions in Diyarbakir city (%)
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According to the maximum PET values, 'slightly cool' stress in the dense urban area (13.3% and 10.3% of the
field, respectively) in Diyarbakir in December and January, ‘cool’ stress in the medium-density urban area
(39.4%, 27.8%, respectively) and low-density 'cold' stress is perceived in urban areas (47.3% and 61.9%,
respectively). In February, 'slightly warm' stress in the city center (1.4%), '‘comfortable' conditions in dense
and medium-density urban areas (11.9%), 'slightly cool' stress in low-density urban areas (59.8%), and 'slightly
cool' stress in rural areas ( 26.9% are experiencing 'cool’ stress. In March and November, 'slightly warm' stress
in densely built areas (13.3%), 'comfortable’ conditions in medium-density urban areas (39.4%, 39.0%,
respectively), and ‘comfortable’ conditions in low-density urban areas and urban peripheries (47.3%, 47.7%,
respectively). slightly cool' stress is perceived. In April, 'very hot' stress in urban areas where urban canyons
are concentrated (3.3% of the area), 'warm' stress in dense and medium-density urban areas (19.6%), 'slightly
warm' stress in low-density urban areas (70.0%) and urban ‘Comfortable' conditions were determined in the
areas open to the wind (7.1%) on the periphery. 'Very hot' stress in densely built areas where the wind speed
decreases in May and October (3.4%, 3.3%, respectively), 'hot' stress in dense and medium-density urban areas
(10.2%, 19.6%), low-density urban area (approximately 70%). ) ‘warm' stress and ‘slightly warm' stress were
determined in rural areas (approximately 7.0%) on the urban periphery. During the hot period of the year from
June to September, 'very hot' stress is dominant in the dense and medium-density urban areas (more than half
of the site), while 'hot' stress is dominant in other areas (approximately 40.0% of the area) (Figure 5; Table 6).
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Figure 5. Spatial distribution of the maximum thermal comfort conditions of the city of Diyarbakir by months
in the year

Table 6
Percentages of spatial distribution of monthly maximum thermal comfort conditions in Diyarbakir city (%)

Months/Ranges | 1 11 v Vv Vi VIL VI IX X Xl Xll

Cold 619 473

Cool 27.8 26.9 39.4
Slightly cool 10.3 59.8 47.3 47.7 133
Comfortable 119 394 71 1390
Slightly warm 14 133 700 7.0 71 133
Warm

Hot

Very hot 34 290 528 614 229 33
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According to the minimum PET values, in the city of Diyarbakir; during the winter season (from December to
February), 'very cold' stress is effective in the entire field. 'Cool' stress in dense and high-rise urban areas (about
2.2% to 6.5% of the site) in March, April, and November, in dense and medium-density urban areas (about
9.3% to 13.5% of the site) ) 'cold’ stress and 'very cold' stress in other areas (more than 80.0% of the field) are
perceived. In dense and high-rise urban areas (about 10.0% of the area), 'slightly cool' stress in October,
‘comfortable' conditions and 'slightly cool' stress in May, 'slightly warm' stress in June and September, 'hot'
stress in July and August were determined. 'Cool’ stress in October and May, ‘comfortable’ conditions in June
and September, and 'warm' stress in July and August were determined in the medium-density urban area
(approximately 15.0% to 30.0% of the area). 'Cold' stress in October and May, 'slightly cool’ stress in June and
September, 'slightly warm' stress and ‘comfortable’ conditions in July and August in low-density urban areas
and wind-exposed urban fringes (approximately 50.0% of the site) (Figure 6; Table 7).

DECEMBER JANUARY FEBRUARY

NOVEMBER

LEGEND 0 2 4 N
Study Border County Border ~~~ River ~ Road and Street

PET (°C) 8.1-13.0] 13.1-18.0 m >41.1
Thermal Sensations Cool _|Slightly Cool Slightly Warm Yery ot

Figure 6. Spatial distribution of the minimum thermal comfort conditions of the city of Diyarbakir by months
in the year
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Table 7

Percentages of spatial distribution of monthly minimum thermal comfort conditions in Diyarbakir city (%)
Months/Ranges | I im 1w v Vi VIE VI IX X Xl Xl
Cold
Cool 24 65 583 06 460 22
Slightly cool 15.6 55.3 54.8 15.4

Comfortable 44 330 111 06 329

Slightly warm 11.7 689 66,5 11.7
Warm

In all evaluations based on average, maximum, and minimum conditions, it has been determined that densely
populated areas in the city centre have more unfavourable comfort conditions than low-density areas around
them and open areas in the city periphery. Concretization, the increase of asphalt roads and pavements (gardens
of school or public buildings, sidewalks, etc.), insufficient green areas, and rapid destruction of natural areas
are effective in experiencing these negativities.

When the studies in the literature on the subject are examined; Clarke & Bach (1971) reported that suburbs are
more comfortable than the city centre in Cincinnati, Ohio, USA. Tuller (1980) stated that in Christchurch, New
Zealand, adverse thermal conditions emerged in areas with the central business district (CBD), light industrial
- commercial area, and dense residential areas. Mayer (1993) stated that areas with trees in urban canyons
provide a more comfortable living space than areas without trees. These results were found in Sweden
(Svensson & Eliason 2002; Thorsson et al., 2004), Poland (Fortuniak et al., 2006; Blazejczyk et al., 2016),
Italy (Bonacquisti et al., 2006), It has also been described in studies conducted in Hungary (Gulyas, et al.,
2010; Vitt, Gulyas & Matzarakis, 2015). In studies conducted in Turkey, it was found in the cold climate region
Erzurum (Bulut et al., 2008), Central Anatolia region Ankara (Caligkan & Tiirkoglu, 2014), Eskisehir (Toy et
al., 2021), and Black Sea Climate Region. Similar results emerged in Samsun in Turkey (Caglak, 2017). The
fact that densely built urban areas revealed in this study have more negative thermal conditions than low-
density urban areas around them and open areas in the city periphery is similar to the studies in the literature.

5. Conclusion

Thermal comfort conditions, which are the common effects of all climate elements, affect many activities from
human health to the economy. In this study, the temporal and spatial distribution of thermal comfort conditions
in Diyarbakir, a historical city, were analyzed with new methods. The spatial distribution of thermal comfort
conditions in this method; is explained by including geographical variables (land use, altitude, solar radiation,
average radiant temperature, wind speed, etc.) in the calculation.

Diyarbakir is a historical city established on the banks of the Tigris River in terms of trade, culture, and tourism.
The city had a dense and dense settlement with the migration from rural to urban in Turkey in the 1950s. This
situation has caused the climatic conditions of the city to change due to many anthropogenic factors such as
the destruction of green areas in the city, the deterioration of natural areas, the increase in air pollution, the
increase in the use of motor vehicles, the increase in domestic and industrial wastes.

For sustainable urbanization that is resistant to climate, the temporal and spatial distributions of thermal
comfort conditions of Diyarbakir, which has continental climate conditions, were examined as average,
maximum and minimum. As a result of the study, according to the averages in the city of Diyarbakir; While
‘cold' and 'cool' stresses are experienced in the winter season, ‘warm', 'hot', and 'very hot' stresses are
experienced from May to September, which is the hot period of the year. In the spring and autumn seasons,
which are the transitional seasons, 'slightly warm' stress, ‘comfortable’ conditions, and 'slightly cool’ stress are
perceived. In dense and high-rise areas in the urban area, more unfavourable comfort conditions were
determined compared to the environment. According to the maximum averages; While ‘cool’, 'slightly cool’,
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and ‘comfortable’ conditions were determined in winter, ‘warm’, 'hot’, and 'very hot' stresses were determined
from April to October. At maximum averages, more adverse thermal conditions are experienced in densely
built urban areas. According to the minimum averages; 'very cold' stress was detected throughout the field in
the winter season. In areas with dense urban canyons, 'cool' stress in March, April, and November, ‘slightly
cool' stress in October, '‘comfortable’ conditions in May, 'slightly warm' stress in June and September, ‘warm'
and 'hot' stress in July and August were determined. In low-density urban areas and urban peripheries, ‘cold'
stress in March, April, and November, 'cool’ and 'cold' stresses in October, ‘cool’ and 'slightly cool' stresses in
May, 'slightly cool’ stresses in June and September, 'slightly warm' stress is experienced in July and August.

It has been observed that the densely built urban areas in the city center of Diyarbakir experience more adverse
thermal conditions than the low-density urban areas around them and the open areas in the city peripheries. In
this respect, the study revealed to what extent urban heat islands occur due to urbanization and how land use
affects thermal comfort conditions in a city in a continental climate zone. It is necessary to reduce these
negative thermal comfort conditions of cities and to adapt to climate-resistant sustainable cities. Environments
such as parks, green building designs, and water surfaces should be increased in the city. In addition, when the
green areas are distributed evenly in the urban area, a local wind (breeze) effect will occur due to the
temperature difference between the built area and the green area, and the ‘fresh air' air circulation of the city
will also be positively affected. Urban design and planning should be done from a geographical perspective
(taking into account human, biotic, and physical environmental conditions) to reduce the negative thermal
conditions of cities and for sustainable healthy cities. In this context, the initiatives and scientific-technical
touches of architects, landscape architects, geographers, and designers can help us adapt to uncertain future
conditions.
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Article History Abstract - The amount of energy utilized in our lives has significantly increased since the invention of
Received: 06.11.2022 electronic devices. Due to this increase in consumption, energy conservation and small-scale energy stor-
Accepted: 15.12.2022 age have become important. Smart glass technology is realized by using electrochromic devices prepared
Published: 30.06.2023 from thin films whose transmittance can be controlled under the influence of electric field. Most of the

oxidized components of transition metals can be used in electrochromic devices. Vanadium, transition
Research Article metal, is one of the rare compounds that show coloration in both anodic and cathodic layers. Vanadium

Oxide thin films show phase change at different temperatures. With this feature, it shows anodic or ca-
thodic differences in oxidation levels. In this study, V,0Os thin films were prepared by annealing at different
thicknesses and temperatures with a spray coating device in order to measure the energy storage capacity
of electrochromic devices. Prepared thin film samples were examined by atomic force microscopy (AFM)
to determine their surface morphology. Optical and electrochemical properties of thin films were measured
with UV-Vis spectrophotometer. Thin films were prepared for use in the anodic layer by coating PEDOT:
PSS on the ITO/glass surface. Electrochromic devices were prepared by combining the anodic and ca-
thodic layers with electrolyte gel by sandwich method. Durability and load capacity analyses of the pre-
pared electrochromic devices were carried out.

Keywords — Electrochromic devices, smart glasses, spray coating, thin films, vanadium oxide

1. Introduction

The world quickly entered the age of technology with the invention of the transistor, which was acknowl-
edged as the key component of electronics in the middle of the 20th century (Kastner, 1992). The rapid progress
of this period, the beginning of which is not far away, has made technology much more accessible today. The
fact that technology accompanies us in every aspect of our lives causes an increasing energy need day by day
(Sumboja et. al., 2018). Considering the fossil resources with limited reserves and the developments in renew-
able energy resources, which have been studied frequently in recent years, two important points about energy
stand out: the prevention of energy loss and the second is that the energy produced can be stored. The needs
of cheaper cost, smaller volume energy production, storage, and power saving, which started with the intro-
duction of electronic devices into our lives, have pushed scientists to work in this direction. Preventing energy
loss plays an important role for long-term energy consumption. (Sorel et al., 2015). Most of the energy loss
occurs due to building facades. In order to prevent these losses, glass technology with chromogenic (color
changing) properties has been the focus of attention of many researchers. The most important feature of chro-
mogenic materials is that in addition to being able to change color under an influence, this change is also
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reversible. Chromogenic materials themselves do not produce energy (Zakirullin, 2020). Electrochromic struc-
tures, which are from a chromogenic material class, show the chromogen property under electric potential.
Since the electrochromism was first defined in 1969, many scientists focused on working on low-cost electro-
chromic devices, and research on adapting these devices to daily life was accelerated (Chang et al. 2020).
Many of the oxidized components of transition metals can be used in electrochromic devices (Zhang et al.
2020). However, there is a feature that distinguishes the oxide component of the vanadium transition metal
from other transition metals. In transition metal oxide component materials, vanadium oxide components are
one of the rare compounds that show coloration in both the anodic and cathodic layers (Kang et al., 2014). For
this reason, it can be used in the active or counter layer in electrochromic material production studies, and it is
frequently researched (Cai et al., 2016). Vanadium oxide components can form compounds at different oxida-
tion levels from V*2 to V*° and show a color change at each oxidation level. This behavior is an important
feature for electrochromic devices (Mjejri et al., 2018).

The ability to store energy ensures that the produced energy can be used in case of need. Energy storage can
be done in many different forms. The aim of energy storage systems is to store the highest energy in the lowest
volume. In order to achieve this, the storage system must have a high storage capacity and a high charge/dis-
charge time (Ibrahim, Ilinca, Perron, 2008). In this context, thin films can work as energy storage systems with
high energy density and small volume, depending on the storage capacity of the material on which the film
coating is performed. Transition metals show insulating properties and become conductive due to external
factors such as magnetic field, electric field, heat and light. Vanadium, a transition metal, is an important
source for electrochromic devices because it changes color under the influence of electric potential. Vanadium
takes the values of V*2, V*3, V** and V*® in its oxide components (Margoni et al, 2017). The fact that vanadium
has a different color in each oxidation level makes vanadium an important working material for electrochromic
devices (Table 1). The stable oxide components of vanadium are VO, V203, VO, and V0. It can be examining
the oxide components in two separate groups as the V,Ozn.1 Magneli series and the V2,Osn-2 Wadsley series
(Berezina et al, 2014). Each oxide form undergoes a phase change when it reaches the so-called critical tem-
perature. This phase change can be in the form of a transition from semiconductor to conductive phase, or a
reversible transition from the conductive phase to the semiconductor phase is also possible (Wu et al. 2008).

Table 1
Oxidation levels of V205
Oxidation Level lon Color
+5 VO3 or VO,* YELLOW
+4 VO BLUE
+3 AV GREEN
+2 AV PURPLE

Herein, the energy storage capability of electrochromic devices was evaluated by annealing V,Os thin films at
various thicknesses and temperatures using a spray coating device. AFM analysis was used to determine the
surface morphology of prepared thin film samples. With a UV-Vis spectrophotometer, the optical and electro-
chemical characteristics of thin films were measured. ITO/glass surface was coated with PEDOT: PSS to create
thin films for the anodic layer. By sandwiching the electrolyte gel with the anodic and cathodic layers, elec-
trochromic devices were created. It was concluded that the V,Os thin film prepared with a simple coating
process is quite useful for electrochromic supercapacitor applications.

2. Materials and Methods

V/Cl3 solutions at different concentrations were prepared and sprayed on the ITO/Glass surface from the same
distance in the literature (Akl, 2006). VCl; solution at a concentration of 0.1 M was used in the study. Thin
films were prepared by spraying the prepared solution on the ITO/Glass surface from distance of 20 cm with
a spray gun device at a sub-base temperature of 100 °C. The prepared films were annealed at 300 °C. Apart
from the prepared solution, there are the number of cycles and annealing temperature parameters that affect
the test results. By changing these parameters, different thin films were obtained. The surface morphologies
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of the obtained thin films were examined by atomic force microscopy (AFM) and scanning electron micros-
copy (SEM). Using a Nanosurf Naio-AFM, the surface morphology of the polymer films was examined at
ambient conditions and room temperature. This system was operated in the non-contact mode to capture topo-
graphic and phase images. Besides, the surface morphologies were also imaged by scanning electron microscopy
(SEM, JEOL JSM-7100-F). By using a CH-Instrument CHI617D electrochemical workstation potentiostat-gal-
vanostat system and a platinum disk (0.02 cm?) as the working electrode, an Ag wire as the reference electrode,
and a Pt wire as the counter electrode, electrochemical analyses were carried out (CE). The absorption spectra
of V205 films under applied potential were taken into consideration through spectroelectrochemical measure-
ments.

3. Results and Discussion

3.1. Surface Morphology of V20s thin Films

It is important that the surface has a rough structure in the prepared thin film samples. The high interaction
surface between the electrolyte gel to be used in ECDs prepared using the sandwich system and the V,Os thin
film samples, which will be used as the cathode electrode, also increases the load holding capacity. For this
reason, the surface roughness has been a decisive feature when examining the test results. In the spray coating
device, ITO/Glass surfaces were coated with a thin film without annealing at different temperatures with 4, 6
and 8 cycles at 100 °C substrate temperature (Kumar et al, 2008). Different samples were obtained by changing
the number of cycles and temperature. The RMS values of the obtained samples are given in the table below.
RMS values of the surface are measured by Atomic Force Microscope (Table 2).

Table 2
RMS Results of V205 thin films
Vz(f)“sr;hm 4 cycles 6 cycles 8 cycles
RMS RMS RMS
Not annealed 4,21 nm - -
300 4,54 nm 8,43 nm 11,02 nm
350 4,73 nm 8,58 nm 11,27 nm

According to the results obtained, it was decided to use the thin film, which was prepared with 6 cycles and
annealed at 300°C. AFM images of the V6_300 sample are given in Figure 1.

> - Bl

57 nm
50

40

30

20

10

Figure 1. V6_300 V20s thin film

In addition, the surface morphology was examined by scanning electron microscopy. The SEM images of the
V05 thin film coated in 6 cycles after annealing at 300 °C are as follows. The rough structure of the surface
is also observed in SEM images (Figure 2). The roughness on the surface occurs as agglomerations on top of
each other. It was observed that precipitation occurred in the agglomerations formed in the 2 pm cross-section.
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Figure 2. (a) SEM image of V6_300 V:0s thin film (scale 200 nm) (b) SEM image of V6_300 V05 thin film
(scale 2 um).

3.2. Optical Properties of V,Os thin Films

Optical characterization of V,Os thin films, which were spray coated on the table at 100 °C with the spray
coating method, after annealing at 300 °C, was made by UV-Vis absorption spectroscopy. Wavelength and
absorbance/transmittance curves are given in Figure 3. It is seen that all the coated films have bands centered
at 420 nm. In addition, as the film became thicker with the increase in the number of cycles, a significant
increase was observed in the intensity in the absorption band and the related band also widened. Considering
the optical band gap values calculated from the starting point of the lowest energy absorption band, the Eg
value was calculated as 2.47 eV, 2.39 eV and 2.26 eV, respectively, depending on the increase in the film
thickness (Abyazisani et al., 2015). These values are an important indicator of the semiconductor properties of
the films. In addition, when the transmittance values at 400 nm are compared in the transmittance measure-
ments, it is seen that the absorbance band, which decreases from 80% to 65%, ends, and that this value de-
creases from 98% to 85% above 500 nm. The results demonstrate that all thin films that have been created can
be used directly in electrochromic devices.
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Figure 3. Absorbance spectrum of V20s thin film.
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3.3. Electrochemical Properties

To determine the load holding capacity of the prepared thin films, cyclic voltammetry curves were obtained
by applying potential on the thin film. Cyclic voltammetry graphs of 300 annealed V.Os thin films prepared
with 4, 6, 8 cycles of coating on 1 cm? area are shown in Figure 4. As in the literature, it is observed that the
prepared thin films have two oxidation peaks (Mouratis et al. 2020). In the study, the load capacities of V4_300,
V6_300, V8_300 thin films were measured as 2.89 x 102 C, 3.76 x 102 C, 4.94 x 102 C, respectively.

50 PRREPIRTIN ISR (U TS NSNS S S U U SR ST S RS ST RS RS S "
1 V8_300

40
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20-
10

Current/ le-4A
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Figure 4. Cyclic voltammogram of V4_300, VV6_300 and V8_300 thin films.

Cyclic voltammetry measurements were made to determine the load capacity of the prepared V.0Os electro-
chromic devices (EC). The V6_300 thin film is in the cathodic layer. In the anodic layer, an electrochromic
device (EC) was prepared using PEDOT: PSS. The load holding capacity of the device prepared in 5 cm? active
area was calculated as 0.154 C (Figure 5).
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Figure 5. Cyclic voltammogram of V,0s — PEDOT: PSS electrochromic device.

To measure the durability of the electrochromic device, -1.6 and 1.6V were applied at 10-second intervals.
It was observed that the ECD prepared from V6_300 thin film maintained its stability at the rate of 98% at the
end of 2000 cycles (Figure 6).

419



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 2, Pages: 415-421

3 S S S R
0.010 - ' ' ' '
0.008 -
0.006
0.004 3

Current / A

—_—Y—— 77—
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time / sec

Figure 6. V6_300 sample V.0s- PEDOT: PSS Durability test graph of electrochromic device.

3.4. Spectroelectrochemical measurements

In the Spectro electrochemical characterization of the V6_300 thin film, which is one of the prepared V205
films, the measurement was performed in the range of -1.2-1.2 V. The most important feature of chromogenic
materials is that they can change color, as well as this process is reversible. For this reason, spectroelectro-
chemical measurements were carried out in the range of -1.2-1.2 V, where the prepared V-0Os thin films showed
reversible properties. It was observed that the color of the film changed from yellowish green to dark green
depending on the applied potential (Figure 7). In the spectroelectrochemical characterization of the V6_300
thin film carried out between -1.2 V and 1.2 V, first, a strong absorption band of the thin film up to 500 nm at
-1.2 V is observed. It was observed that the intensity of the 400 nm-centered band decreased partially as the
potential continued to be applied. In addition, it is seen that the intensity of the 800 nm-centered bands covering
550 nm and the entire visible and near IR region has increased. It was observed that the color of the film
changed from yellowish green to dark green depending on the applied potential (Surca, Drazic, Mihecic, 2020).
As a result of the spectroelectrochemical measurements carried out between -1.6 V and 1.6 V for the prepared
ECD, it is observed that the color of the transparent device turns dark blue because of the contribution of
PEDOT: PSS to the coloration, with the application of positive potential and the increase in the intensity of all
peaks above 400 nm. As a result of the experiments and studies carried out, it has been observed that the

prepared ECDs behave like micro supercapacitors and have energy storage capacities (Hall and Bain, 2008).
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Figure 7. Spectroelectrochemical characterization of V6_300.
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The electrochromic device is prepared in 1TO-glass/\VV205//LiClO4 gel electrolyte//PEDOT: PSS/ITO-glass
architecture. The spectroelectrochemical behavior of PSS-based ECD was investigated in the range of -1.6-1.6
V. The prepared device shows reversible properties in the range of -1.6-1.6 V. It is observed that the color of
the device, which is transparent, with the increase in the intensity of all peaks at 400 nm and above with the
applied positive potential, turns into dark blue because of the contribution of PEDOT: PSS to the coloration
(Figure 8). When the transmittance values at 400 nm of the samples prepared V4 300, V6_300, V8 300,
respectively, were compared, it was observed that the transmittance values decreased from 80% to 65%. If the
absorbance band is above 500 nm, it is seen that this value decreases from 98% to 85%. The obtained data
show that all prepared thin film samples can be used in electrochromic devices. As a result of the CV electro-
chemical measurements, it was observed that the cyclic voltammetry graphs of the electrochromic devices
prepared with V.Os thin films in the cathodic layer overlapped with the pseudo capacitors (Liu et al., 2017).
When the cyclic voltammetry graphs were examined, it was determined that the thin film samples prepared in
1 cm? area performed oxidation in two stages under the positive potential. During this oxidation, the load
capacities of V4_300, V6_300, V8_300 thin films were measured as 2.89 x 102 C, 3.76 x 102 C, 4.94 x 102
C, respectively. The load holding capacity of the ECD, which was prepared in an area of 5 cm2 using V6_300
in the cathodic layer and PEDOT: PSS in the anodic layer, was calculated as 0.154 C. It has been observed
that the V6_300 — PEDOT: PSS EC device, which was prepared as a result of the stability tests, maintained its
stability at the rate of 98% after 2000 cycles. This situation is very important in terms of charge-discharge
durability, and it has shown that it can be used easily in this state in practice.
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Figure 8. Absorbance spectrum of V,0s-PEDOT: PSS.

3.5. X-Ray Crystallography

The crystal structure drawn with the lattice parameters determined in the XRD results obtained for the
V6_300 thin film is given in Figure 9. Blue balls represent Oxygen atoms and purple balls represent Vanadium

7[ V
2

S

5 TK
=t/

(o]

Figure 9. V6_300 thin-film crystalline structure

It showed a peak at 26 28° and 17° degrees in the V6_300 sample. Lattice parameters were determined as a
(A):11,285, b (A):3,572, ¢ (A):4,114. The results obtained support the existence of V,0s.
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4. Conclusion

In this study, the optimization of V,0s thin films to be used in the cathodic layer in the ECDs prepared was
studied. The energy storage capacities of ECDs prepared by using V2Os thin films in the cathodic layer and
PEDOT: PSS thin films in the anodic layer were investigated. Spray coating method was used to coat V20s
thin films. VVCls was used as the precursor to be used in the coating device. Distilled water was used as the
solvent. Morphological and optical characterizations of thin films were performed with the help of XRD, AFM,
SEM and UV-Vis spectrometer measurement systems. As a result of XRD measurements, it was observed that
all samples were in crystal structure in orthorhombic phase. The electrochromic device structure was formed
by combining the prepared anodic and cathodic layers with the sandwich method. As a result of the experi-
ments and studies carried out, it has been observed that the prepared ECDs behave like micro supercapacitors
and have energy storage capacities.
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Giivenlik Kiiltiirii Boyutlarimin Giivenli Davrams Algilar1 Uzerine
Etkilerinin Ila¢ Sanayinde Bir Arastirmasi

Sibel Kayaoglu'", Necla Dalbay?

125 Saglig1 ve Giivenligi Ana Bilim Dali Doktora Program, Lisansiistii Egitim Enstitiisii, Istanbul Aydin Universitesi, Istanbul, Tiirkiye

Makale Tarihgesi Oz — s kazalarmin temel nedenlerinden birinin galisanlarmn giivensiz davramslari oldugu bilinmektedir. Buradan ha-
Gonderim:  22.06.2022 reketle ¢alisanlarm giivenli davranislarinin is kazalarini azaltmada biiyiik rol oynayacag: agiktir. Arastirmanin amaci,
Kabul: 20.12.2022 bir ilag firmasindaki ¢aliganlarin giivenlik kiiltiirii ve giivenli davranis diizeylerinin belirlenerek, giivenlik kiiltiiriiniin
Yayim: 30.06.2023 giivenlik davranigi iizerine etkisinin degerlendirilmesidir. Bu tespitler de kurumlarin davranisg odakli giivenlik yonetim

sistemi kurmalarini saglayacaktir. Caligma, Tekirdag ve Kocaeli illerindeki bir ilag firmasinin 3 ayn tesisinde 610
Arastirma Makalesi calisanin katilimiyla anket uygulayarak gergeklestirilmistir. Calisanlarin %61.14°i kazalarin nedenlerinin ¢alisanin

giivenli (emniyetli) olmayan davranigi olarak yanitlamiglardir. Ayrica giivenlik kiiltiiriiniin, yonetimin siirdiiriilebilir
giivenlik destegi, ¢aligma alani-is ¢evresi ve giivenlik farkindaligi olarak {i¢ ayr1 faktor bashig: altinda toplandigi be-
lirlenmistir. Regresyon analizi sonucuna gore, giivenlik kiiltiiriinii en iyi agiklayan faktor gruplarinin, ¢alisma alani-is
gevresi ve giivenlik farkindalig1 oldugu goriilmiistiir. Yine regresyon analizine gore, giivenli davranisi etkileyen en
o6nemli faktoriin ise giivenlik uyumu oldugu ve ti¢ dnemli giivenlik kiiltiirii faktoriiniin ise giivenlik uyumu tizerine
etkisinin %39 civarinda oldugu belirlenmistir. Kadercilik algisi ile herhangi bir faktor arasinda %95 anlamlilik diize-
yinde bir iliski olmadig1 bulunmustur. Bu durum bize kadercilik algisini agiklayan faktoriin regresyon analizi i¢in
kullanilamayacagini1 géstermistir. Calisma sonuglart dogrultusunda, ¢alisanlarin giivenli davraniglarinin arttirilmasi
i¢in giivenlik uyumu kapsaminda giivenli davranislarin aliskanliga doniistiiriilmesi gerekmektedir.
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1. Giris

Diinya genelinde her giin insanlar is kazalar1 veya isle ilgili hastaliklar sonucu 6lmektedir. Uluslararasi
Calisma Orgiitiiniin verilerine gore her yil en az 1,9 milyon insan 6liiyor ve 90 milyon kisiyi bulan engellilik
nedenlerinin 19 ana mesleki risk faktdriine maruz kalmasindan meydana gelebilecegi tahmin ediliyor. Ek
olarak, her y1l yaklasik 360 milyon 6liimciil olmayan is kazast meydana gelmektedir (ILO, 2022).

Tiirkiye’de ise Sosyal Giivenlik Kurumu (SGK) tarafindan 2020 yilinda 4a sigortalilarin is kazas1 ve mesleki
hastaliklar istatistiklerine baktigimizda, 2020 yil1 boyunca 384.262 is kazas1 meydana gelmistir. Bu kazalarda
1.231 kisi hayatim kaybetmistir. 2020 yilindaki istatistiklerde toplamda Tiirkiye’de 908 kisiye mesleki hastalik
tamimlamas1 yapilmistir. Yine ayni yila ait kaza ve mesleki hastaliklar istatistik raporlarinda “21-Temel
eczacilik iirlinlerinin ve eczaciliga iliskin malzemelerin imalati” kapsaminda bildirilmis olan 1043 is kazasi
yaganmustir. Bu kazalar 6liime sebep olmamustir. Yine ayni raporda ilgili sektér kodu kapsaminda 2 kiside
mesleki hastalik yasandigi belirtilmistir (SGK, 2020).

Kazalarin nedenlerini ortaya koyan arastirmacilardan biri olan Heinrich, endiistriyel kazalarin yaklagik
%88'nin kisilerin giivenli olmayan eylemlerinden, %10'unun giivenli olmayan mekanik veya fiziksel
kosullardan ve %2'sinin 6nlenemez oldugu savini ortaya koymustur (Heinrich, 1941).

Diger bir arastirmaci, Nielsen, (2014)’e gore is glivenligi kiiltiiriiniin yiiksek oldugu yerlerde is kazalarinimn
istatistiki olarak diisiik olacagini ortaya koymustur (Nielsen, 2014). Jasiulewicz-Kaczmarek vd., (2015)* gore
birbiriyle bagimli kiiltiir yaratarak calisanlarin giivenli davramiglarini ve ayni anda benzer giivenlik
tutumlarinin birbiriyle iliskilerini artirarak, is kazasi siklik hizinin da azaltilmasinin saglanabilecegi ortaya
koymustur (Jasiulewicz-Kaczmarek vd., 2015).

Heinrich, (1941)’in ¢alismasinda raporlandigi gibi literatiirde bir¢ok ¢aligmada, kisilerin giivenli olmayan
davraniglarinin kazalara neden olabilecegi belirlenmistir. Ayrica yine literatiirde glivenli davraniglarin, 6rgiitiin
givenlik kiiltiiriinden etkilendigi goriilmistiir. Bu c¢aligmalardan biri olan Karadal vd., (2019)’ne gore,
“giivenlik kiltiirii ile igyeri yaralanmalarinin kuvvetli baglantisi olabilir” tezi ortaya konmustur. Bu bilgiler
1s1¢inda ¢alisma ortamlarinda glivenlik kiltiiriiniin  belirlenmesi, arttirilmasi ve siirdiiriilebilir olmasi
onemlidir.

1.1.  Giivenlik Yonetimi Uygulamalari

Giivenlik yonetimi uygulamalarindan biri olan gilivenlik kiltiirii algisi ilk olarak Cernobil niikleer kazasiyla
birlikte konusulmaya baslamis olup, 1991 yilinda Uluslararasi Niikleer Giivenlik Danisma Gurubu (Nuclear
Safety Advisory Group) tarafindan, kuruluslarda ve bireylerde 6zelliklerin ve tutumlarin bir araya getirilmesi
olarak tanimlanmustir. Bu dogrultuda, giivenlik kiiltiirliniin hem organizasyonlar hem de bu organizasyonlarda
yer alan calisanlarin tutumlari ile ilgili oldugu degerlendirilmistir. Tim giivenlik konularinin, uygun
algilamalar ve eylemlerle eslestirme gerekliligi ile ilgili oldugunu vurgulamak icin ilgili tanimlama
olusturulmustur (InternationalNuclearSafetyAdvisory, 1991).

Giivenlik iklimi hakkindaki tanim ise ilk Zohar tarafindan 1980 yilinda, “onlarin mesleki davranislarinda
giivenli davranigin goreceli dnemine iliskin paylasilan ¢alisan algilari” olarak belirtilmistir (Zohar, 1980).

Arastirmalar genellikle glivenlik yonetimi, giivenlik iklimi ve gilivenlik kiiltiirii kavramlari arasindaki ayrimi
yapmakta basarisiz olmustur. Bu terimler genellikle birbirinin yerine kullanilir ve bu iligkiler dizisi, asagida
Sekil 1'de gosterilmektedir. Ancak bunun karmasik bir karsilikli iligkiler dizisinin ¢ok basitlestirilmis ve soyut
bir temsili oldugu kabul edilmektedir (Kennedy ve Kirwan, 1998). Bir bagka aragtirmada, giivenlik kiiltiirii
orgiit kiltlirtiniin bir alt boyutu oldugu ve giivenli davraniglara ve orgiit liyelerinin tutumlarina etki eden
diisiinceler oldugunu ortaya konmustur (Dursun, 2013).
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Cevre

Distan ice dogru
giderek soyut olan
kavramlara dogru

ulasilir

Sekil 1. Giivenlik kiiltiirii, giivenlik iklimi ve giivenlik yonetimi arasindaki iligki (1. Giivenlik yonetimi
uygulamalari, 2. Giivenlik iklimi, 3. Giivenlik kiiltiirii, 4. Orgiit kiiltiirii)

Bir¢ok aragtirmaci ve Geller ve Williams, (2001)’a gore; davranigsal bir gézlem ve geri bildirim siireci,
yalnizca igyeri yaralanmalarini azaltmanin etkili bir yolu degildir; ayn1 zamanda bir organizasyonun giivenlik
kiiltiirtinde degisimi yonlendirmede de etkili olabilir. Diger emniyet yonetim sistemleri de bir organizasyonun
emniyet kiiltiiriinii etkiler ve bu etki olumlu veya olumsuz olabilir (Geller ve Williams, 2001).

Neal ve Griffin, (2002)’e gore giivenlik kiiltiiriniin bir alt belirleyicisi olan giivenlik iklimi giivenli davranisi
etkiler. Is kazalarmin azalmasina yardimci olan faktdrler giivenlik uyumu ve giivenlik katilmmudir (Neal ve
Griffin, 2002). Ayrica giivenlik kiiltiirti, givenli davraniglar ve orgiitiin giivenlik performansinin arasindaki
etkilesimler iizerine son zamanlarda bir¢ok analiz yapilmistir. Ozetle yapilan galigmalara gore, calisanlarin
giivenli davramslarimin, kurumdaki giivenlik kiiltiiriinden etkilendigidir (Ornegin Lee, 1998; Fung vd., 2005;
Muniz vd., 2007; Demirbilek, 2005; Ocaktan, 2009; Agusdin vd., 2022).

Sekil 2. Isyeri yaralanmalarmin giivenlik iklimi, giivenlik kiiltiirii ve giivenlik davranislar1 arasindaki iliski
modeli

Giivenlik ikliminin ve giivenlik kiiltliriiniin glivenli davraniglar1 ve dolayisiyla isyeri yaralanmalarini 6nledi-
gini Karadal vd., (2019) Sekil 2’deki modellemeyle birlikte ortaya koymustur (Karadal vd., 2019). Genel ola-
rak igyeri yaralanmalarinin 6niine gegebilmek i¢in giivensiz durumlar ve giivensiz davraniglar1 ortadan kaldi-
rilmasi gerekliligi bir baska ¢alismada belirlenmistir (Okur, 2021). Damayanti vd., (2022)’ne gore giivenlik
kiiltiirii giivenli davranislari etkiler ve sonug olarak is kazalarinin azaltilabilir oldugunu ortaya koymustur (Da-
mayanti vd., 2022).

Dr. Reddy's Laboratories (DRL) olarak bilinen biiyiik bir ila¢ sirketinde yapilan ¢aligmaya gore siirdiiriilebilir
performans yonetim sistemi igin 8 destek maddesi degerlendirilmistir. Bunlardan biri giivenlik basligidir. Ca-
lismaya gore sifir kaza hedefine ulasabilmek icin her diizeyde giivenlik ve giivenli bir ¢aligma ortami operas-
yonlarimin ayrilmaz bir pargasi olarak goriilmiistiir. Giivenligi birgcok faktoriin etkiledigi belirlenmistir. Ayrica
giivenlik kiiltliri yaklagimi i¢in en 6nemli faktoriin ¢alisanlarin ve paydaslarin giivenlik farkindaliginin ve
giivenlik bilincinin siirdiiriilebilir olmasi olarak ortaya konmustur (Mistry, 2018).

Caligmamizda ilag sektoriindeki is kazalarin nedenleri aragtirilmistir. Bu kapsamda kazalarin kok nedenlerinin
cogunlukla ig giivenligi 6nlemleri olmayan ¢aligsma ortamlarindan mi (giivensiz durumlar) veya is¢inin giivenli
olmayan davranislarindan mu (giivensiz davranig) kaynakli olup olmadigi degerlendirmeye alimmustir. Daha
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sonrasinda ise giivenlik kiiltiirii 6lgegine ait boyutlarin giivenli davranis dlgegindeki boyutlar tizerindeki etki-
leri incelenmistir. Caligmanin hipotezleri, HO: Giivenlik kiiltiirli boyutlar1 giivenli davranig boyutlari izerinde
etkisizdir. H1: Giivenlik kiiltiirii boyutlar1 giivenli davranis boyutlari iizerinde etkilidir olarak belirlenmistir.

1.2.  Giivenlik Kiiltiirii ve Giivenli Davramslarin Boyutlar:

Giivenlik kiiltiiriinii ve glivenli davranisi olusturan unsurlar literatlirde ¢esitli taramalar yapilarak toplam 14
madde de 6zetlenmeye calisilmistir. Sirasiyla asagidaki gibi ilk 12 boyut giivenlik kiiltiirli lgegini tanimlayan
sorulardan, son 2 boyut ise giivenli davranis 6lgegini tanimlayan sorulardan olusmaktadir.

1.2.1. Giivenlik Kiiltiirii Boyutlar:

Giivenlik Farkindaligi: Caliganlarin, ¢alisma alanlarindaki sorumluluklarinin neler oldugunu tanimlar.
Ayrica giivenlik kurallarinin neler oldugu, kurallara olan uyum seviyesi ile giivenlik sorunlariyla nasil basa
cikacaginin bir toplamidir. Dolayisiyla ¢alisanlarin giin icindeki glivenlik 6nlemlerine uyum farkindaliklarinin
Ol¢imlenebildigi ve giivenlik kiiltiiriine bakis agilarinin degerlendirilebildigi bilgilerdir (Lin vd., 2008).

Yonetimin Giivenlige Bagliligi: Calisanlarin saglik ve giivenlige verdikleri nem, yonetimin giivenlige olan
bagliligini nasil algiladiklari ile iliskilidir. Bu faktoriin sorulari, yonetimin giivenligi ne dl¢lide destekledigi ve
giivenlik sorunlarini nasil yonettigine dair bir iliskiyi degerlendirmek iizere olusturulmustur. Caliganlarin
giivenlik kiiltiiriiniin ve glivenlik 6nlemlerinin desteklendigi bir faaliyet ortaminda bulunursa daha az mesleki
hastaliklara yakalanacagi ve hastalik kaynakli kaylp zamanlarmin da daha da az olacagina iliskin
degerlendirmedir (Smith ve Wadsworth, 2009)

Yonetimin Giivenlik Onceligi: ilgili boyut ile birlikte yonetimin giivenlik kiiltiiriine ve giivenlik énlemlerine
en az {iretim kadar 6nem verip vermedigini tanimlamaktadir. Ornek vermek gerekirse, alisanin “Ydnetim
calisanlarin giivenligine agike¢a biiyiik nem verir” tanimi ile ilgili bir algidir. Dolayisiyla yonetimin en 6nemli
gorevi calisanlar tarafinda giivenlik ve tiretimin esdeger oldugu algisini saglamaktir (Cox ve Cheyne, 2000).

Giivenlik Iletisimi ve Geri Bildirim: Giivenlikle ilgili olarak ydnetim ve ¢alisanlarin arasindaki bilgi alisverisi
giivenlik iletisimi ve geri bildirimi olarak tanimlanir (Demirbilek, 2005). Calisanlarin kendi arasinda ve
yoneticileri tarafindan sosyal olarak desteklenmesi pozitif glivenlik kiiltiiriiniin varlig1 ile benzer sekilde
alakalidir. (Demirbilek ve Ozgiir, 2015). Bu sayede kurum iginde uyumluluk olusacaktir. Vredenburgh,
(2002)’a gore yeni ve 6nemli olan bu kazalari1 raporlamak, 6neride bulunmak ve ¢alisanin verimliligi ile
ugragmaktir (\redenburgh, 2002).

Ayrica 5 boyuttan giivenlik kurallari, destekleyici ortam, kisisel dncelikler ve giivenlik ihtiyaci, tehlikenin
kigisel degerlendirilmesi ve calisma ortami boyutlarim1i Cox ve Cheyne, (2000)’ne gore asagidaki gibi
tanmimlanmustir: Giivenlik kurallarinin ana amaci kurulugtaki giivenlik talimat ve prosediirlerinin uygulamalari
ile giivenli caligma yapma arasindaki alginin bir tanimlamasidir. Yine bu hayat kurtaran kural ve prosediirlerin
varligi ve bunlardan kesinlikle taviz verilmemesi esasidir. “Isyerindeki bazi saglik ve giivenlik kural ve
prosediirlerinin gercekte uygulamasinin pratik olmamasi” igerigi ise giivenlik kurallari boyutuna verilecek
giizel bir 6rnektir. Destekleyici ortam ise ¢alisanlarin giivensiz durumlari bildirmesi i¢in destekleyici bir ortam
varligini igerir. “giivensiz durumlari raporlamam igin desteklenirim” ifadesi bdylesi bir ortam1 anlatmak igin
kullanilabilir. Sahsi glivenligi disinda ayrica is arkadaglarinin ve ortam kosullarimin giivenliginin saglanmasi
da bu konuda destekleyicidir. Caliganlarin giivenlik ile ilgili kurallara uymalar1 ve destekleyici ortam arasinda
bir iligki vardir. Kisisel 6ncelikler ve glivenlik ihtiyaci, ¢alisanin sirket igindeki isini tamamlarken en dncelikli
gorevinin giivenlik oldugu bu faktor icinde tamimlanmugstir. “Giivenlige siirekli olarak vurgu yapilmasi
onemlidir” ifadesi de yine bu durumu anlatmaktadir. “Calismak icin kisisel olarak giivenli bir ortamin benim
i¢cin énemli oldugu” ifadesi de yine kisisel Oncelik ve giivenlik ihtiyaglarinda belirleyici bir glivenlik kiiltiirii
yansimasidir. Tehlikenin kisisel degerlendirmesi, ¢alisanlarin kaygi seviyesi tehlikenin kisisel degerlendirmesi
ile ol¢timlenmektedir. Kazaya karisma veya ugrama riski ya da yaralanma endisesi konusunda g¢alisanlar
davraniglarimi  6lgmeyi hedefler. Sonug¢ olarak calisanin kendi c¢alisma alanindaki saglik gilivenlik
sorumluluklarinin farkindaligi ve tehlikeyi kisisel olarak degerlendirmesi konusundaki algi belirlenmis olur.
Caligma Ortami, giivenlik ile {iretim Onceliklerinin ¢atismasi ¢aligma ortami faktoriine karsilik gelmektedir.
Ayrica galisanlar ¢caligma ortamu ile {iretim hedeflerini iligskilendirerek giivenli ¢alisma ortamini organizasyon
kiiltiiriiniin bir pargast olarak gérecektir. Calisma ortamu giivenligi “Bir isi giivenli sekilde yapabilmek i¢in
yeteri kadar zamanim vardir.” veya “Uretim hedefleriyle giivenlik 6nlemleri arasinda baglant: vardir.” iki
unsur ile agiklanabilir (Cox ve Cheyne, 2000).
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Gtivenlik Egitimi: Egitimlere istirak edilmesi ¢alisanlarin tecriibelerinden faydalanmak ve iist yonetimden ara
kademe yoneticilere kadar tiim kademenin giivenlik konusundaki talimat ve kurallari benimsemesini
saglayacagi i¢in kritiktir (Demirbilek, 2005). Neal vd., (2000)’e gore giivenlik iklimi faktorlerinden 6nemli
biri ¢alisanlarin giivenlik egitimidir (Neal vd., 2000). Yapilan bir ¢ok goriismede; isbasi egitimlerinin kogluk
ve mentorlugun, organizasyonun giivenlik kiiltiiriiniin ve ¢alisanlarin giivenlik egitim ve yeterliliginin {izerinde
etkili oldugu belirtilmistir (Jebb, 2015).

Kadercilik: Kaderciligin pozitif giivenlik kiiltiirii iizerine etkisi vardir. Asyali ve Avrupali subaylara yapilan
caligmalarda kadercilik algilarinin neredeyse ayni oldugu belirlenmistir. (Havold ve Nesset, 2011). “Kazalar
sadece olur, kacinilmazdir ve 6nlemek imkansizdir” sorulart ilgili faktorii tanimlamaktadir (Rundmo ve Hale,
2003)

Raporlama Kiiltiirii: Havold ve Nesset, (2011), tarafindan gelistirilen bu faktér kaza, ramak kala kaza ve
tehlikeli durumlar bildirme ve bu bildirimlerin nasil raporlandig1 ve raporlamanin kolayligi konusuna deginir.
“Giivenli olmayan durumlar bildirmeye tesvik ediliriz” sorusuyla da ilgili raporlama kiiltiirii hakkinda bilgi
sahibi olunmaktadir (Havold ve Nesset, 2011).

1.2.2. Giivenli Davrams Boyutlar

Giivenli davranig boyutlari ise 2 temel kategoride Nam, (2019) tarafindan degerlendirilmistir. Giivenli
davranis boyutlari, giivenlik katilimi ve giivenlik uyumu olarak ikiye ayrilmistir (Nam, 2019).

Giivenlik katilimi: giivenlik uygulamalarina katilim, ¢alisma arkadaslarina giivenlik konusunda destek olmak
ve goniillii davranislari igerir. Ornegin “Isyerindeki giivenlikle ilgili gerekliliklerin gelistirilmesi faaliyetlerine
sik sik katilim gosteririm” ifadesi giivenlik katilimudir. (Griffin ve Neal, 2000; Neal ve Griffin, 2002) Nam,
(2019)’a gore ise giivenlik katiliminin etkinliginin, giivenlik farkindaligi, yonetimin giivenlik konusuna bakisi,
yonetimin giivenlik dnceligi, etkili iletisim ve yonetimsel olarak destekleyici raporlama kiiltiirii ile olacagini
is saglig1 ve giivenligi profesyonelleri ifade etmislerdir (Nam, 2019).

Giivenlik uyumu: Griffin ve Neal, (2000)’e gore giivenlik uyumlulugu, giivenlik prosediirlerine bagli kalmay1
ve isin giivenli bir sekilde yiriitiilmesini igerir (Griffin ve Neal, 2000). Giivenlik uyumu, kisisel koruyucu
donanimlar1 kullanmak kurali gibi igyerindeki giivenlik talimatlarina uyma davraniglarini kapsar. Giivenlik
talimatlarina uyum davranis1 giivenlik uyumunu, yani davranislarin aligkanliga donmesine ve her bir ¢alisma
oncesinde isi icin gerekli onlemleri alarak ¢aligmaya baslamasimi saglar. Calisanin kisisel yetkinligi de
calisanin giivenligini etkiler ve bu da giivenlik uyumu boyutu igin kritiktir (Neal ve Griffin, 2002).

1.3. Davrams Odakh Giivenlik Yonetim Sistemi

Davranis odakli giivenlik yonetimi konusunda ¢ok fazla ¢aligma yapilmistir. Bu caligsmalardan ilki
niteliginde olan Geller ve Williams, (2001)’a gore, Henrich, (1941)’in savin1 da teyit eden bir veri ortaya
¢ikmistir. Caligmalarinda, kazalarin bir gogunun nedeninin giivenli olmayan davranislar sebebiyle olustugunu
gosteriyor (Geller ve Williams, 2001; Heinrich, 1941). Geller ve Williams, (2001)’1n ¢alismalarinda kazalar
Onlemede en uygun maliyetli uygulamanin, davramis odakli giivenlik yoOnetiminin oldugu ve hedef
belirlemeden sonra bireyler ve gruplar i¢in gézlem ve geri bildirimlerin bir biitiinii oldugu anlagilmistir.

Yine farkli sektorlerde yapilan caligmalara gore davramis odakli giivenlik yonetim sistemi hayata gegirilir
gecilmez is kazasi oraninda azalma yasanmis ve gilivenli ¢aligmalarda artiglarin oldugu analiz edilmistir
(Cooper, 2010; Terry, 2003; Cooper vd., 2005; Kaila, 2011; Chen ve Tian, 2012). Nisanc1 ve Kaymak
Demiréren, (2020)’nin galisma sonuglarina gore, davranis odakli is giivenligi uygulamalarinin Grgiitlerin
giivenlik kiiltiiriinde pozitif yonde etkiledigi anlagilmaktadir (Nisanci ve Kaymak Demiréren, 2020).

2. Materyal ve Yontem

Arastirmanin evreni Tiirkiye’deki ilag¢ firmalaridir. SGK 2020 yili verilerine gére ¢ok tehlikeli veya
tehlikeli sinifta yer alan ilag hammadde ve ilag tiretim alanlarinda genel olarak is kazalarinin yaganma orani
diger cok tehlikeli ve tehlikeli gruptaki ingaat, maden, demir-gelik vb. endiistrilere gore diisiik ihtimallidir.
Ancak Tablo-2’deki gibi demografik sorulardan 6zellikle de ila¢ sektoriinde ¢alisan kisilerin en az dortte
birinin is kazasina ugramanin esiginden dondiigii goriilmektedir. Yine is kazasini yasamis olan ¢alisanlarin
sayist da ayni sektdrde neredeyse beste bir oranindadir. Son olarak yine ayni sektérde kazaya sahit olanlarin
sayisl ise c¢alisanlarin neredeyse yarisini kapsamaktadir. Bu anlamli degerlere baktigimizda Tiirkiye’de daha
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oncesinde calisilmamis olan ilag¢ sektoriindeki kazalarin 6nlenmesi kapsaminda bir ilk olacag ve farkindalik
yaratmak adina ¢aligma yapilmistir. Yine bir diger amag, ilag sektorii diger sektorlerle kiyaslandiginda olmazsa
olmaz her sartta devam etmesi zorunlu bir iiretimdir. Covid-19 pandemisi de dahil hatta savasta ve diger
afetlerde oncelikle ihtiyag duyulan ve her daim ayakta durmasi gereken bir tiretim olmustur. Dolayisiyla saglik
icin lretmeye saglikla devam edilebilmesi icin ¢aliganlariin saglikli ve giivenli olmasi da 6nemlidir. Bu
nedenle arastirmada daha 6ncesinde ¢aligma yapilmamis olan ilag sektorii segilmistir. Arastirmanin 6rneklemi
ise Tekirdag ve Kocaeli illerinde faaliyet gosteren bir ilag firmasinin 3 fabrikasidir. Bu c¢aligmanin nicel
aragtirma olarak degerlendirilen anket kismi1 01 Mart-12 Nisan 2021 tarihleri arasinda firmanin 3 ayr1 tesisinde
gergeklestirilmistir. Anketin etik kurul onayir alimmustir. Anket ¢alismasinda Nam, (2019)’un gelistirdigi
giivenlik kiiltiirli ve giivenlik davranis 6l¢tim anketi kullanilmistir.

Arastirmada, nicel teknik olarak 5°li Likert tipi giivenlik kiiltiirii ve giivenlik davranis 6lgeginden olusan anket
sorular1t mavi yaka ve beyaz yakali olan firmanin tiim ¢aliganlarina (1788 kisi) yonlendirilmistir. Ancak sadece
610 calisan tarafindan cevaplanmistir. Calismada, 6nce toplanan anketler {izerinden ¢aligilan 6lgek sorularinin
giivenilirlik analizi gerceklestirilmistir. Tiim sorularin faktor analizi kullanilarak agiklayiciliklar1 ortaya
konmustur. Olgekler arasi iliskiler ise Regresyon analizi ile ayrintili olarak degerlendirilmistir. Calismada ilk
17 soru ¢alisanlarin kisisel ve demografik bilgilerini 6l¢mek icin sorulmustur. Diger olgekler ise 52 sorudan
olusan 42 boyutlu giivenlik kiiltiirii ve glivenli davranisi 6lgmeyi saglayan sorulardir.

2.1. Demografik Sorularin Siklik Analizi

Caligma kapsaminda 6rnekleme dahil edilen galisanlarin demografik 6zelliklerine ait istatistikleri Tablo 1
ve Tablo 2’deki gibidir. Tesis adlar1 1. Tesis, 2. Tesis ve 3. Tesis olarak adlandirilacaktir. Tesisler, ilag tiretimi
alanlari, depolama, laboratuvarlar, aragtirma gelistirme iiniteleri, teknik birimler ve idari ofislerden olusmak-
tadir. Ayrica ¢aligmaya tiim gorev grubundan ve tiim kademelerden ¢alisanlarin katilimi 6ngdriilmiis ve sag-
lanmustir. Yine katilimeilarin gogunun sektordeki calisma siiresi ile su andaki isyerinde ¢aligma siiresinin yiik-
sek oldugu goriilmiistiir. Ayni zamanda katilimeilarin, az bir kismi tageron olarak ¢aligmakta ve cogunlugu asil
isveren caliganlarindan olusmaktadir. Caligmaya katilanlarin ¢gogunlugunu mavi yakali tabir ettigimiz {iretim
sahasindaki ¢alisanlar olusturmaktadir.

Tablo 1
Demografik degiskenlere yonelik istatistikler-1

Ozellikler N % Kiimiilatif %

Cinsiyet Kadin 431 70.656 70.656
Erkek 179 29.344 100

Medeni Hal Bekar 229 37.541 37.541
Evli 381 62.459 100

Yas 18-20 4 0.656 0.656
21-25 83 13.607 14.262
26-30 151 24.754 39.016
31-35 119 19.508 58.525
36-40 100 16.393 74.918
41-48 119 19.016 93.934
49-55 28 4.590 98.525
56 ve iistii 9 1475 100

Egitim Durumu Lisans 158 25.902 25.902
Lisans Ustii 42 6.885 32.787
Lise 235 38.525 71.311
Ortaokul ({lk3gretim) 43 7.049 78.361
On Lisans 91 14.918 93.279
flkokul 4 6.721 100

Tablo 1’e gore galisanlarin % 70.6°s1 erkek, %29.3’1 kadindir. Caliganlarin yas araliklarina bakildiginda en
biiyiik pay1 % 24.7 ile 26-30 yas araliginin olusturdugu goriilmiistiir. Calisanlarin % 62.4’1 evli iken, % 37.5°1
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bekardir. Calisanlarin % 25.9’u lisans mezunu, %6.8°1 lisansiistii mezunu, %38.5’1 lise mezunu, %7’si ortaokul
(ilkdgretim) mezunu, %14.9°u 6n lisans mezunu ve %6.7’si ise ilkokul mezunudur.

Tablo 2
Demografik degiskenlere yonelik istatistikler-2
Ozellikler N % Kiimiilatif %
Bu sektordeki calisma hayatinizda hig Evet 156 25.574 25.574
is kazasina ugramanimn esiginden
dondiiniiz mi? Hayir 454 74.426 100
Bu sektordeki ¢alisma hayatmizda is Evet 121 19.836 19.836
kazas1 gegirdiniz mi?
Hayir 489 80.164 100
Bu isyerinde is kazas1 gegirdiniz mi? Evet 108 17.705 17.705
Hayir 502 82.295 100
Bu isyerinde veya daha 6nceki calisma  Evet 331 54.262 54.262
ortamlariizda is kazasina sahit
oldunuz mu? Hayir 279 45,738 100
Is kagasma ..er{.fa..zla neyin sebep Is giivenligi olmayan (emniyetsiz) 237 38.852 38.852
oldugunu disiiniiyorsunuz? ¢alisma ortami
Is¢inin giivenli (emniyetli) olmayan 373 61.148 100
davranigi

Tablo 2’ye gore; katilimceilarin, % 25.57’si bu sektorde is kazasina ugramanin esiginden dondigiini ifade
ederken, % 74.4’1 boyle bir durumu daha 6ncesinde yasamadigini ifade etmistir. Katilimeilarin, % 19.8’1 bu
sektorde is kazasi gegirdigini, ancak % 80.1°1 is kazasina maruz kalmadigimi belirtmistir. Katilimcilarin
%54.2’sinin ¢aligma hayatinda is kazasina sahit oldugunu, %45.7’sinin ise is kazalarina sahit olmadig
gorlilmiistiir. Calisanlarin % 61.14’{ine gore; is kazalar1 is¢inin gilivenli (emniyetli) olmayan davranisi
sebebiyle gerceklesirken, % 38.8’ine gore ise is kazalari1 igyerinin giivenli olmayan (emniyetsiz) ¢aligma ortami
yliziinden gerceklesmektedir.

2.2. Ol¢ek Sorularinin Degerlendirilmesi

Arastirmada kullanilan giivenlik kiiltiirii ve giivenli davranist olusturan tiim boyutlar ayri ayri gilivenilirlik
analizine tabi tutulmus, sonuclar degerlendirilmis ve giivenilirligi diisiiren sorular veya soru gruplart mevcut
ise Olgek igerisinden ¢ikarilarak aragtirmanin giivenilirligi arttirilmigtir. Tablo 3’e gore Cronbach alpha degeri
oldukga diisiik ¢ikan tek bir 6lcek mevcuttur. Giivenlik Kurallar1 olduke¢a diisiik Cronbach alpha degerine
sahiptir (0.35). Bu 6l¢egin bir faktor grubu olusturmasi miimkiin degildir. Bu agidan agiklayici faktor analizine
girmeden analiz dis1 birakilmigtir.

Tablo 3

(")}Qek giivenirliligi alfa katsayis1 dl¢timleri
Ozellikler Madde (Soru) Sayisi Say1 (N) Cronbach Alpha (a)
Giivenlik Farkindalig1 (GF) 5 610 0.86
Yonetimin Giivenlige Baglihigi (YGB) 4 610 0.88
Yonetimin Giivenlik Onceligi (YGO) 3 610 0.91
Giivenlik iletisimi (Gi) 3 610 0.87
Giivenlik Kurallar1 (GKU) 3 610 0.35
Destekleyici Ortam (DO) 4 610 0.71
Kisisel Oncelikler ve Giivenlik Ihtiyac1 (KO ve Gi) 3 610 0.86
Tehlikenin Kisisel Degerlendirilmesi (TKD) 3 610 0.62
Calisma Ortami (CO) 5 610 0.81
Giivenlik Egitimi (GE) 3 610 0.65
Kadercilik (K) 5 610 0.82
Raporlama Kiiltiirii (RK) 3 610 0.85
Giivenlik Katilimi (GK) 3 610 0.65
Giivenlik Uyumu (GU) 4 610 0.93
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2.3. Aciklayic1 Faktor Analizi

Aciklayict faktor analizi Olgeklerin gecerlilik ve giivenilirlik seviyelerinin tespiti amaciyla kullanilir,
Aciklayic faktor analizinin gergeklestirilebilmesi ve varsayimlarin saglanmast icin, Kaiser Meyer Orneklem
(KMO) yeterliligi olgiitii ve sonra Barlett’s testi uygulanmigtir. KMO degerinin 0,90 iizerinde bulunmasi
miilkemmel 6rneklem biiytikliigiini géstermektedir. Barlett Testi, %95 giiven araliginda elde edilen verilerin
arasinda iligkiselligin oldugunu gostermektedir. Bu sonug, verilerin faktér analizine uygun oldugunu
gostermistir.

Tablo 4
Kaiser-meyer-olkin drneklem yeterliligi ve barlett testi
KMO (Kaiser Meyer Olkin) 0,95
X2 20186,657
Barlett Testi (Barlett’s Test) Df 1176,000
P-value <.001

Tablo 4’¢ gore tiim 6l¢egin KMO degeri 0.95 ¢ikmustir. Tiim 6lgegin KMO degerleri tek tek 6lgek sorulart igin
hesaplanmistir. Her bir soru olgekten ¢ikarildiginda elde edilen KMO degerlerinin giiven verici oldugu
degerlendirilmistir.
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Sekil 3. Faktor sayisi belirleme ¢izelgesi

Veri setimizin yaklagik kag¢ faktérden olustugunu bulabilmek i¢in “Scree Plot’ ¢izilmistir. Sekil 3’e gore 6z-
degeri 1°¢ yakin olan 4 ile 6 arasi faktor sayisi oldugu belirlenmistir. Bu sebeple 5 faktor dikkate alinmugtir.
Bu 5 faktoriin toplam agiklayicilik orani ise %51.8’dir.

Tablo 5
Faktor aciklayiciligi
Faktorler Yiik Degeri Aciklayicilik Yiizdesi Kiimiilatif Yiizde
Faktor 1 7.335 0.150 0.150
Faktor 2 6.264 0.128 0.278
Faktor 3 5.449 0.111 0.389
Faktor 4 3.786 0.077 0.466
Faktor 5 2.537 0.052 0.518

Tablo 5’e gore ilgili 5 faktorden agiklayicilik yiizdesi %5’in tizerinde olan degerler dikkate alinmistir. Bu 5
faktor birbiriyle en iligkili olan faktorlerdir.
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Tablo 6
Faktor yiikleri tablosu

Ozellikler Faktor 1 Faktor 2 Faktor 3 Faktor 4 Faktor 5

GF1 0.846

GF2 0.857

GF3 0.507

GF4 0.621

GF5 0.598

YGB1 0.681

YGB2 0.755

YGB3 0.849

YGB4 0.787

YGO1 0.805

YGO2 0.830

YGO3 0.783

Gi1 0.688

Gi2 0.718

GIi3 0.586

DO1

D02

DO3 0.475

DO4 0.423

KOveGil

KOveGi2

KOveGi3

KOveGi4

TKD1 0.616

TKD2 0.450

TKD3 0.444

col 0.639

co2 0.682

CO3 0633

CO4 0.600

COS5 0.673

GE1 0.785

GE2 0.465

GE3 0.467

K1 0.715
K2 0.758
K3 0.765
K4 0.686
K5 0.523
RK1

RK2

RK3

GK1

GK2

GK3 0.405

GU1 0.966

GU2 0.957

GU3 0.992

GU4 0.832

Tablo 6’ya gore Faktor 1’i; Yonetimin Giivenlik Bagliligi faktorii, Yonetimin Giivenlik Onceligi faktorii ve
Giivenlik Iletisimi faktorii sorularindan olusturmaktadir. Genel olarak Faktdr 1’in Yonetimin Siirdiiriilebilir
Giivenlik Destegi olarak degerlendirilmesi uygun bulunmustur. Faktor 2’ye ise destekleyici ortami, tehlikenin
kisisel degerlendirilmesi, ¢alisma ortami, giivenlik egitimi sorular1 ve 1 soru ile giivenlik katilimi da dahil
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olmustur. Faktor yiikii olarak en yiiksek olan boyut ise ¢aligma ortami boyutudur. Sonug¢ olarak Faktor 2;
Calisma Alani-Is Cevresi olarak degerlendirilmesi uygun gériilmiistiir. Faktor 3°{i; Giivenlik uyumu faktorii
olusturmustur. Faktor 4, Giivenlik farkindaligini olusturmustur. Faktor 5°1 ise Kadercilik faktorii olusturmus-
tur. Sonug olarak dl¢ek 5 boyuttan olusmustur.

Tablo 7

Temel faktorler
Faktor Faktor Icerigi
Faktor 1 Yonetimin Giivenlik Baghligi; Yonetimin Giivenlik Onceligi ve Giivenlik Iletisimi (Y®6netimin Siirdiiriilebilir Giivenlik Destegi)
Faktor 2 Destekleyici Ortamu, Tehlikenin Kisisel Degerlendirilmesi, Caligma Ortami, Giivenlik Egitimi (Calisma Alami-Is Cevresi)
Faktor 3 Giivenlik Uyumu
Faktor 4 Giivenlik Farkindalig
Faktor 5 Kadercilik

Dolayistyla genel olarak Tablo 7 ye gére, Faktor 1; Yonetimin Giivenlik Baglihigi; Yonetimin Giivenlik On-
celigi ve Giivenlik Iletisimi sorularindan olusmustur. Ancak bundan sonraki tamimlamalarda Faktér 1; Yone-
timin Strdiiriilebilir Glivenlik Destegi olarak gececektir. Faktor 2; Destekleyici Ortam, Tehlikenin Kisisel De-
gerlendirilmesi, Calisma Ortami, Giivenlik Egitimi sorularindan olusmustur. Ancak bundan sonraki tanimla-
malarda Faktor 2; Calisma Alani-Is Cevresi olarak gececektir. Faktor 3; Giivenlik Uyumu boyutundaki soru-
lardan olusmustur. Faktor 4; Giivenlik Farkindaligi boyutundaki sorulardan ve son olarak Faktor 5; Kadercilik
boyutundaki sorulardan olugsmustur.

2.4. Korelasyon Analizi

Korelasyon analizi; degiskenler arasindaki iliski, bu iliskinin yonii ve siddeti ile ilgili bilgiler saglayan
istatiksel bir yontemdir (Ers6z ve Ersoz, 2022). Calisma ile elde edilen anlamli faktorlerin aralarinda nasil
iligkiler oldugunun anlagilmasi adina ilk olarak korelasyon tablosu olusturulup faktorler arasi anlamhi
korelasyon degerleri incelenecektir. Bu analiz, her bir faktér grubu arasindaki iliskilerin giicliniin ve
anlamliliginin tespiti igin gereklidir.

Tablo 8
Faktorler arasi korelasyon tablosu
Faktor Faktor 5 Faktor 3 Faktor 4 Faktor 1 Faktor 2
Faktor 5 Pearson Correlation
1 0.025 -0.044 0.01 0.043
Sig. (2-talied)
0.538 0.277 0.803 0.292
Faktor 3 Pearson Correlation
0.025 1 .530** 507** .553**
Sig. (2-talied)
0.538 0 0 0
Faktor 4 Pearson Correlation
-0.044 .530** 1 .553** 531**
Sig. (2-talied)
0.277 0 0 0
Faktor 1 Pearson Correlation
0.01 507** .553** 1 J12%*
Sig. (2-talied)
0.803 0 0 0
Faktor 2 Pearson Correlation
0.043 .553** 531** 712%* 1
Sig. (2-talied)
0.292 0 0 0

** 045 hata seviyesini tanimlar. ¥*p<0.01

Tablo 8’ de goriildiigii tizere 5 faktor arasi iligki 6l¢limlenmis ve anlamliliklari %35 hata seviyesi lizerinden
Ol¢iilmistiir. Bu tabloya gore Faktor 5 kadercilik algisinin diger dort faktdrle %5 anlamlilik seviyesinde bir
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iliskisinin olmadig1 goriilmistiir. Bu durum bize kadercilik algisin1 agiklayan faktoriin regresyon analizi igin
kullanilamayacagini gostermektedir. Diger tiim faktorlerin belirli bir diizeyde anlamli iliskileri oldugu igin
regresyon analizinde kullanilmistir. Calismanin amaci, gilivenlik kiiltiiri  boyutlarindan y6netimin
siirdiiriilebilir giivenlik destegi, ¢alisma alani-is ¢cevresi ve giivenlik farkindalig: (Faktor 1, Faktor 2 ve Faktor
4) faktorlerinin glivenli davranis boyutunu ifade eden giivenlik uyumu faktorii (Faktor 3) tizerine etkilerini
belirlemektir.

2.5. Dogrusal Regresyon Analizi

Regresyon analizi, bagimli degisken (tahmin edilen) ile bagimsiz degisken ya da degiskenler arasindaki
iligkiyi tahmin etmek i¢in kullanilan istatistiksel bir aragtir. Farkli tiirleri mevcuttur. Tek bagimsiz degisken
ile matematiksel olarak gosterilirse; ¢ = a + fx + e seklinde tanimlanmaktadir. Bu denklemde bagimli
degisken y ile bagimsiz degisken x ile ifade edilerek, iki degiskenin arasindaki iliskinin dogrusal kurgusudur
ve amag¢ bagimsiz degisken iizerinden bagimli degiskenin tahmin edilmesidir. Bu analizin
gergeklestirilebilmesi igin belirli ve onemli varsayimlarin saglanmasi gerekmektedir. Bu test sonucunun
giivenirliligi i¢in gerekli dort temel varsayim mevcuttur. Bunlar, dogrusallik; es varyanshlik; bagimsizlik ve
normal dagilim olarak tanimlanmustir (Field vd., 2012).

Caligmada, giivenlik kiiltiirii boyutlarindan olan Faktor 1, Faktor 2 ve Faktor 4 bagimsiz degiskenleri
olusturmaktadir. Giivenli davranis boyutu olan Faktor 3 ise ¢aligmanin bagimli degiskenini olusturmaktadir.
Yani galigmada {i¢ bagimsiz ve bir bagimli degisken bulunmaktadir. Bu yiizden formiiliimiiz matematiksel
olarak; ¢y = a + B1x1+ f2x2 + B3x3 + e seklinde tanimlanmaktadir. Giivenlik kiltiirii boyutlarinin,
giivenli davranis boyutu iizerinde etkisinin olup olmadig: varsa ise ne kadar anlamli oldugunun tespiti ¢coklu
dogrusal regresyon analizi ile test edilmistir. Faktor 3 ise giivenli davranig boyutunu tanimlar.

Tablo 9
Regresyon model 6zeti
Model R R? Ayarlanmus R? Tahminin Standart
Hatas1
1
0.625 0.390 0.387 0.523

a.Tahminleyen: Faktor 1, Faktor 2, Faktor 4

b.Bagimli Degisken: Faktor 3

Bagimli degiskendeki toplam degismenin yiizde kaginin bagimsiz degisken ya da degiskenler tarafindan acik-
landigin1 tespit etmek i¢in R? degerinden yararlanilir. Bu katsayi 0 ile 1 arasinda deger alir. Deger 0°a yakla-
sirsa, modelin veriye uyum gostermedigi veya bagimsiz degisken ya da degiskenlerin, bagimli degiskendeki
degismeyi agiklayamadigi durumu 1’e yaklasirsa, bagimli degiskendeki degismenin, bagimli degiskenler tara-
findan agiklayabilecegine isaret etmektedir (Devore, 2011). Tablo 9’a gore R? degeri 0.390 olarak hesaplan-
mistir. Bagimli degisken ise Faktor 3 yani giivenli davranisa isaret eden giivenlik uyumudur. Bagimsiz degis-
kenler Faktor 1, Faktor 2 ve Faktor 4 gilivenlik kiiltiiri 6geleri Faktor 3 giivenlik uyumu faktoriinden %39
oraninda etkilenmektedir.

Tablo 10
Anova

Model Kareler

Serbestlik D. Ortalama Kareler F
Toplam P
Regresyon 106.20 3.00 35.40 129.35 0.00
Hatalar 165.85 606.00 0.27
Toplam 272.05 609.00

Regresyon modelinin anlamliligini sinamak i¢in F (ANOVA) testinden yararlanilir F test degerinin 129.35 ve
bu degere ait sig. (anlamlilik) siitunundaki degerin 0.001“den diisiik (p=.000) oldugu yani modelin anlaml
oldugu goriilmektedir (Tablo 10).

434



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Sayt 2, Sayfa: 424-440

Tablo 11
Regresyon katsayilar matrisi
Model Standartlastirilmams Katsay1 Standart Katsay1 Anlamhhk Korelasyon istatistikleri
(Unstandardized (Standardized T (Sig.) (Collinearity Statistics)
Coefficients) Coefficients)
Bagimsiz Tolerans Varyans
Degiskenler B S(tg?(;jalrztrg?;a Beta Enflasyon
(Constant) ) Faktorii (VIF)
Faktor 2 0.351 0.053 0.306 6.583 0.000 0.465 2.149
Faktor 1 0.112 0.043 0.124 2.619 0.009 0.450 2.222
Faktor 4 0.336 0.044 0.299 7.629 0.000 0.656 1.525

a.Bagimli Degisken: Faktor 3

Regresyon denkleminin kuruldugu katsay1 tablosu (Tablo 11) ise faktorlerin standart katsay1 degerlerini hem
de anlamliliklarini belirler. Bagimli degisken Faktor 3 giivenlik uyumudur. Cikan sonuglara gore giivenlik
kiltiirii faktorlerinin (Faktor 1, Faktor 2 ve Faktor 4) gilivenlik uyumu faktorii lizerinde istatistiksel olarak
anlamli etkisi vardir (p<0.001). Giivenlik farkindalig1 faktorii (Faktor 4; beta katsayisi= 0.299) caligma alani-
is cevresi faktoriinii (Faktor 2; beta katsayisi= 0.306) daha cok etkilemektedir. Yonetimin siirdiiriilebilir
giivenlik destegi faktorii ise (Faktor 1; beta katsayisi= 0.124) calisma alani-is ¢evresi faktoriinden (Faktor 2;
beta katsayisi= 0.306) daha cok etkilemektedir.
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Regresyon varsayimlarindan hatalarin normal dagiliminin Q-Q plot testi ile dogrusal ilerledigi Sekil 4’de
goriilmektedir ve normal dagilim saglanmaktadir. Ayrica varyanslarin homojenligi testi ile de belli bir 6lgiide
hatalarin normal dagilimi saglanmaktadir.

3. Bulgular ve Tartisma

Calismanin korelasyon sonuglariin yer aldigi Tablo 8’e gére Faktor 5 kadercilik algisinin diger dort
faktorle %5 anlamlilik seviyesinde bir iligkisinin olmadig1 goriilmiistiir. Bu durum bize kadercilik algisini
aciklayan faktoriin regresyon analizi i¢in kullamlamayacagini gostermektedir. Literatiir c¢alismalarina
baktigimizda, giivenlik kiltiirii algisinda negatif veya pozitif yonlii olsun kadercilik boyutunun yeri vardir
(Aytac ve Ozok, 2015; Hosten ve Dalbay, 2021; Nam, 2019; Ruiu, 2012).

Albayrak ve Tuna, (2021)’ nin arastirmasinin sonucuna gore giivenlik farkindaliginin giivenlik uyumu iizerine
onemli bir etkisi oldugu belirlenmistir. Giivenlik farkindaliginin giivenlik uyumu {izerinde ve yoneticilerin
giivenli davraniglarinin ise giivenlik katilimi iizerinde 6nemli bir pozitif etkisinin oldugu tespit edilmistir.
Ancak ilgili caligmada giivenlik kiiltiirii boyutlarindan olan kadercilik 6gesinin ise glivenli davranislar tizerinde
negatif yonlii anlaml bir iliski saptanmistir (Albayrak ve Tuna, 2021).

Tablo 8’¢ gore giivenlik kiiltiirii boyutlarindan y6netimin stirdiiriilebilir giivenlik destegi, ¢alisma alani-ig
cevresi ve gilivenlik farkindalign (Faktor 1, Faktor 2 ve Faktor 4) faktorleriyle, giivenli davranis boyutunu
anlatan giivenlik uyumu (Faktor 3) faktoriiniin arasinda anlamli iliskiler oldugu belirlenmistir. Tablo 9’a gore
R2 degeri 0.390 degeri bagimsiz degisken giivenlik kiiltiirii 6gelerinden Faktor 1°in ve Faktor 2°nin ve Faktor
4’{in giivenli davranisa isaret eden giivenlik uyumunun (Faktor 3) yaklasik 0.390’nim1 agiklamaktadir. Yani,
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giivenlik kiiltiirii faktorlerinin (yonetimin stirdiiriilebilir giivenlik destegi, calisma alani-is ¢evresi ve giivenlik
farkindalig1), glivenli davraniga (giivenlik uyumu) olan etkisinin istatistiksel olarak %39 degerinde oldugu
ortaya ¢ikmustir. Ozkan ve Arpat, (2015)’e gore giivenlik kiiltiirii algisi ile giivenlik davramslari arasinda ise
pozitif yonde ve orta diizeyde bir iliski bulunmaktadir (Ozkan ve Arpat, 2015). Literatiirdeki benzer
caligmalara gore; gilivenlik farkindaliginin, giivenlik uyumu faktorii lizerinde 6nemli etkisi oldugu ortaya
konulmustur (Dursun ve Keser, 2014; Dursun, 2013; Yildiz ve Yilmaz, 2017). Yapilan bir diger ¢alismay1 baz
aldigimizda is kazalarimin azaltilmasinda gilivenlik uyumu ve katilimi yani giivenli davraniglar 6nem
kazanmaktadir (Neal ve Griffin, 2002). Ozkan ve Arpat, (2015)’e gore giivenlik kiiltiirii algis1 ile ydnetimin
giivenlik bagliligi arasinda ise pozitif yonde ve mitkemmel diizeyde bir iligki bulunmaktadir. Yine ayni
arastirmaya gore gilivenlik kiiltiirii algisi ile glivenlik farkindalig: arasinda ise pozitif yonde ve orta diizeyde
bir iliski bulunmaktadir. Giivenlik farkindaligi ve giivenlik kurallari, giivenlik davranislari ile en yiiksek
korelasyona sahip boyutlardir (Ozkan ve Arpat, 2015).

Diger aragtirmadaki bulgulara gore giivenlik uyumu ve giivenli farkindaligi faktorlerinin yeterliligi glivenlik
kiiltiirtinii ve glivenlik iklimini pozitif yonde etkiledigi ortaya konmustur (Arzahan vd., 2022).

Tablo 10’a gore ANOVA F test degerinin 129.35 ve bu degere ait sig. (anlamlilik) stitunundaki degerin
0.001*den diisiik (p=.000) oldugu yani modelin anlaml1 oldugu goriilmektedir.

Tablo 11’¢ gore giivenlik kiiltiirti boyutlarindan Faktor 1, Faktor 2 ve Faktor 4 her ti¢ii de giivenli davranigin
boyutunun bir gdstergesi olan giivenlik uyumu {izerinde istatiksel olarak anlamli etkisi oldugu (p <0.001)
goriilmektedir. Sonug olarak, ¢alisma alani-ig ¢cevresi (Faktor 2; beta katsayis1 =0.306) olarak degerlendirilen
faktoriin, gilivenlik farkindalign faktoriinden (Faktor 4; beta katsayisi =0.299) daha ¢ok etkilendigi
gorlilmektedir. Faktor 1 (yonetimin siirdiiriilebilir giivenlik destegi; beta katsayis1 =0.124) ile Faktor 4
karsilastirildiginda giivenlik farkindaligi faktoriiniin calisma alani-ig ¢evresi lizerinde ayrica daha agiklayici
oldugu gorillmistir. Aym sekilde Can ve Hiiseyinli, (2017)’ye gore regresyon analiz ¢aligmasi Antalya
Bolgesi’ndeki konaklama isletmelerinin sahip oldugu giivenlik kiiltiiriiniin, ¢alisanlarin giivenli davraniglarini
ne derece etkiledigine yonelik regresyon analizi de literatiir olarak karsilastirilma igin kullanilmusgtir.
Sonuglarindan biri glivenlik kiiltiiri 6lgegi boyutlarindan biri olan ¢aligma alani ile; giivenli davranis 6lgegi
boyutlarindan biri olan giivenlik uyumu {iizerinde anlamli bir iliski bulunmakta oldugu ortaya ¢ikmustir.
Bununla birlikte ayni ¢aligmada giivenlik yonetimin giivenlik ile ilgili tutum ve davranislar arttikca,
caliganlarin igsyerindeki giivenlik davranis prosediirlerine uyumu ve giivenli davranis prosediirlerine katilimi
artmaktadir (Can ve Hiiseyinli, 2017). Yonetim destegi ve isyeri ortami gibi faktorler gilivenlik kiiltiir
boyutlarini, giivenlik uyumu faktoriiniin ise giivenli davranis boyutunu olusturmaktadir (Damayanti vd., 2022).
Yiyecek ve icecek endiistrisinde yapilan bir ¢aligsmada ise yonetimin glivenlik konusunda taahhiit eksikliginin
ise pozitif giivenlik kiiltiiriinii etkiledigi ortaya konmustur. (Otitolaiye vd., 2019). Yine bir bagka ¢alismaya
gore giivenlik kiiltiirii glivenlik liderliginden etkilendigi saptanmistir (Draghici vd., 2022).

Sonug olarak; giivenlik farkindaligini, yonetimin siirdiiriilebilir destegi ve ¢aligsma alani-is gevresi etkinliginin
artmasi dolayisiyla da giivenlik kiiltliri ve giivenli davranislarin artmasini saglayacak bazi is sagligi ve
giivenligi aktiviteleri diizenlenmesi saglanabilir. Bu sonuglara istinaden ve birgok arastirmacinin da ortaya
koydugu istatistiksel sonuglara gore giivenlik kiiltliriiniin ve giivenli davranigin desteklenecegi bir sistem
kurmanin (6diillendirme vb.,) 6nemli olacagi goriisii hakimdir (Sorensen, 2022). Bir diger calismada ise
giivenli davraniglart etkileyebilmek icin motivasyon arttirici ¢aligmalarin yapilmasi gerekliligi ortaya
konmustur (Sakalli vd., 2022). Bunu saglayabilmek icin ilk olarak calisanlarin giivenlik farkindaligini
arttiracak cesitli etkinlikler diizenlenebilir. Mesela, is saglig1 ve giivenligi etkinlikleri, slogan yarigmalari,
seminerler ve nokta bazli goriigmeler-bilgilendirmeler, is saghigi ve giivenligi biilteni ve yine bazi
bilgilendirme yayinlar1 (poster, e-mail, gorsel ve isitsel medyanin kullanimi) drnek gosterilebilir (Choudhry
vd., 2007; Vredenburgh, 2002).

4. Sonuclar

“Herkes saglikli ve dengeli bir gevrede yasama hakkina sahiptir” Anayasanin 56. Maddesine gére ve insan
Haklar1 Evrensel Bildirgesine genel olarak baktigimizda tiim insanlarin saglikli ve giivenli ortamlarda
yasamas1 onemli bir haktir. Ozellikle de toplum igin saglik iireten ila¢ sektoriindeki calisanlara saglikli ve
giivenli bir ortam ile is kazalari-mesleki hastaliklarinin yasanmadigi bir ¢alisma ortami yaratmak 6nem
kazanmaktadir. Kazalarin 6nlemek adma yapilan ¢alismanin amaci olan ilag sektoriinde gilivenlik kiiltiirii
boyutlarmin ¢alisanlarin giivenli davramis algilar1 iizerine etkilerinin oldugu belirlenmistir. Sonuglara gore
ilgili ilag firmasinda g¢alisanlarin giivenli davramiglarmin arttirilmasi i¢in giivenlik uyumu boyutunun ve
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giivenlik kiiltiiriiniin {i¢ boyutunun (yonetimin siirdiiriilebilir giivenlik destegi, calisma alani-is ¢evresi ve
giivenlik farkindaliginin) mutlaka desteklenmesi onemlidir. Giivenlik uyumunu arttirmak i¢in ¢alisanlarda
giivenlik ¢alisma prosediir ve talimatlarina uyumun arttirilmasi ve uyumun aligkanliga doniistiiriilmesi 6nem
kazanacaktir. Bu nedenle siirekli sahada olmak galisanlar1 desteklemek ve gerektiginde odiil-ceza sistemi
kurularak uygulanmasi saglanmalidir. Yine, davrams odakli giivenlik yonetim sistemi uygulamalarindan
faydalanilarak calisanlarin giivenlik uyumu arttirilmasi saglanabilir. Giivenlik kiiltiiriiniin arttirilmasi1 adina ise
caligsma alanindaki risk analizlerinin ¢ok iyi yapilmis olmasi ve siirdiiriilebilirligi saglamalidir. Y&netimin
destegi igin goriiniir liderlik ¢alismalar1 6n plana alinmali ve sahada farkindalik arttiracak etkinlikler
diizenlenmesi saglanabilir. Ayrica giivenlik kiiltiirii 6gelerinden biri olan kadercilik faktorii sorularinin ise
literatiirdeki kadercilik boyutunu da iceren farkli dlgek sorulariyla karsilastirilmasi saglanabilir. Dolayisiyla
kadercilik faktoriiniin giivenlik kiiltiirii ve bdylece giivenli davraniglara olan etkisinin yeniden
degerlendirilmesi uygun olacaktir. Ilerleyen siireclerde ila¢ firmalarmin birgogunda aymi calismalarin
gergeklestirilmesi giivenlik kiiltiiri yaklagiminin ve giivenli davranig algisinin net olarak ortaya cikartilmasi
icin Onem tasiyacaktir. Boylece is kazalarinin yasanmadig giivenli ortamlarin olusmasi saglanabilecektir.
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de belirlenmistir (p < 0,05). Bu ¢alismada, uluslararasi korunma statiisiindeki katilimcilarin gegici korunma statiisiin-
dekilerden daha iyi sartlarda yasamimi devam ettirdigi saptanmistir. Gogmen ve siginmacilarin konut i¢i ve konut disi
kosullarinin iyilestirilmesi i¢in sosyal ve ekonomik hayata katilmalarini saglayacak onlemlerin alinmasi gerekmekte-
dir.
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Abstract — Especially following the internal turmoil occurred in Syria in 2011 resulted in mass migration to Turkey.
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who want to go to Europe. The aim of this study is to determine the current environmental conditions of immigrants
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1. Giris

Gog; ekonomik, toplumsal, siyasi sebeplerle bireylerin veya topluluklarin bir iilkeden bagka bir iilkeye, bir
yerlesim yerinden baska bir yerlesim yerine gitmesi seklinde ifade edilmektedir (Tirk Dil Kurumu, 2022).
Adigiizel (2019), gogii insanlarin sosyal, ekonomik, siyasi veya dogal nedenlerden dolay1 cografi olarak yer
degistirmesi olarak tanimlarken; Tosun (2017) ise sahislarin ya da bir toplumun hayatlarinin bir pargasini veya
tamamini gegirmek {izere gecici ya da biitiiniiyle bir siire i¢in bir iskan yerinden digerine yerlesmek sartiyla
yaptig1 cografi yer degistirme hareketi olarak tanimlamaktadir. Giiniimiiz kosullarinda gog; insanlarin daha iyi
yasam kosullarinda yasamak gibi hayat beklentileri nedeniyle veya kendi segimleri diginda yasamaya maruz
birakildiklar1 kotii yasam kosullart nedeniyle bireysel ya da kitleler halinde gerceklestirdikleri yer degistirme
hareketi olarak ifade edilebilir.

Gog¢ hareketini, gerceklestirme yerine ve tarzina gore siniflandirmak miimkiindiir. Gog¢ hareketi
gerceklestirildigi yerlere gore i¢c gd¢ (ulusal gog) Ve dis go¢ (uluslararast gog) olarak ikiye ayrilmaktadir.
Birey ya da kitleler halinde, bir iilkenin sinirlar1 igerisinde, bir yerlesim yerinden bagka bir yerlesim yerine
gergeklestirilen hareket i¢ goc; bir {ilkenin sinirlart digarisina ¢ikilarak, hayatlarini devam ettirmek igin bagka
bir lilke sinirlari igerisine gergeklestirilen hareket ise dis gog olarak nitelendirilebilir (Giiresci 2016).

Goge kaynaklik eden ya da gociin bagladig: lilkeye kaynak iilke, go¢ hareketi sonucu varilmak istenen asil
iilkeye varincaya kadar kalinan iilkeye fransit iilke ve go¢ hareketi sonucu asil varilmak istenen iilkeye ise
hedef iilke denilmektedir (Adigiizel 2019). Baska bir ifade ile transit go¢ “gidilmesi amaglanan asil iilkeye
ulagincaya kadar bir veya birden fazla tilkede gegici olarak kalinmasi1” anlamina geldigi kabul edilmektedir.
Bununla birlikte transit gécte diger dnemli nokta ise “gegici siire” olarak ifade edilen zamanin belirli bir
stiresinin  olmamasidir (Birlesmis Milletler 2016). Bu baglamda, go¢ hareketi {i¢ O6nemli asamadan
olugmaktadir: i) kaynak iilkeden ayrilmadan 6nceki evre, ii) transit evre ve iii) hedef iilkeye varig ve orada
kalma evresidir. Bu duruma ek olarak ¢esitli nedenlerden dolay1 kaynak iilkeye tekrar geri doniis evresi de s6z
konusu olabilmektedir (Davies vd. 2009).

Gog hareketini gerceklestirilme sekline gore diizenli (yasal) gé¢ Ve diizensiz (vasal olmayan) go¢ olarak da
ikiye ayirmak miimkiindiir. Diizenli gog¢, bir iilkenin sinirlarina girmek i¢in gerekli izinler alinarak yasal
prosediirlere uyularak gerceklestirilirken; diizensiz go¢ ise bir iilkenin sinirlarina yasal olmayan yollardan
izinsiz sekilde girilmesi durumunda veya gerekli izinler alinmis olsa da verilen izinlerin siiresi gegmesine
ragmen tlke sinirlari igerisinde kagak olarak yasamaya devam edilmesi durumudur (Aydin 2016).

Tiirkiye, tarihinde birgok gdge hem kaynak iilke hem de hedef iilke olmustur. Ozellikle 1958 itibariyle hem
ulusal goce hem de uluslararasi goce taniklik etmistir. Tiirkiye’de gelisen sanayi ile birlikte kdyden kente ve
kentten bagka bir kente olan i¢ goclerin orani artmistir. Bu duruma ek olarak, Almanya, Hollanda gibi ¢esitli
iilkeler ile Tiirkiye arasinda is giicli anlagsmalar1 imzalanarak dis go¢ verilmistir. Tiirkiye, 2000’1i yillardan
itibaren goce kaynaklik eden iilke konumundan hedef iilke ve transit lilke konumuna ge¢mistir (Adigiizel
2019). Gogmen ve siginmacilarin Tiirkiye’yi segmelerinin ¢esitli nedenleri bulunmaktadir. Bu nedenler
arasinda, Tiirkiye’nin Giiney Kibris, Yunanistan ve Italya gibi Avrupa Birligi’ne (AB) iiye iilkelere yakin
olmasi ve gelismekte olan bazi iilkeler ile karsilastirildiginda, Tiirkiye nin ekonomik alanda daha iyi olmast
gosterilebilir (Bayir ve Aksu 2020). Bu baglamda Tiirkiye, AB’ye yonelik transit gé¢ hareketlerinde 6nem arz
ettigi i¢in dzellikle diizensiz go¢ ile yogun bir sekilde miicadele etmektedir (Tepealti, 2019). Ayrica, Amerika
Birlesik Devletleri (ABD), Kanada ve Italya gibi iilkeler, smirlarina gelen ve korunma talebinde bulunan
gbemenlerin, siginmaci veya miiltecilerin tilkeye girislerini ve {ilkelerinde kaliglarini zorlastirici nlem alirken;
tilkelerinden sinir dis1 etmeyi kolaylastirict sert kurallar uygulamaktadir. Buna karsin, Tiirkiye nin agik kap1
politikas1 uygulayarak korunma talebinde bulunan gogmen, siginmaci veya miiltecileri tilke sinirlari igerisine
kabul etmesi de dis go¢ kapsaminda Tiirkiye’nin tercih edilmesinde 6nemli etkenler arasindadir (Bayir ve Aksu
2020).

Gilinlimiizde diinyanin farkli tilkelerinde yasanmaya devam eden kaos ortamu, i¢ ¢atismalar ve savaslar ile diger
iilkelere gore sosyal bakimdan dezavantajli olma gibi ¢esitli faktorler birgok insan1 kitleler halinde gé¢ etmeye
zorlamaktadir. Bununla birlikte gé¢ olgusu, Afganistan tarihinde de devamlilik kazanmis ender olgulardan
biridir (Dogan 2019). Afganistan’da i¢ karisiklar ile siyasi ve ekonomik istikrarsizlik hala devam etmektedir.
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Bu bakimdan Afganistan, géce kaynaklik eden iilkeler arasinda yer almaktadir. Baz1 Orta Dogu iilkelerinde
yasanan kaos ortamu, i¢ karisikliklar ve siyasi istikrarsizlik sonucunda 6zellikle Suriye’de diinya tarihinin sahit
oldugu en biiyiik insani krizlerden biri Nisan 2011 tarihinden itibaren vuku bulmaktadir. Suriye’de meydana
gelen bu kaos ortamindan basta Tiirkiye olmak iizere, Urdiin, Liibnan ve Irak gibi komsu iilkeler Snemli dlgiide
etkilenmistir (Erdogan 2017). Yasanan i¢ savas ve kaos ortami, milyonlarca kisinin evlerini, memleketleri
birakarak bagta sinira komsu iilkeler olmak iizere cesitli iilkelere go¢ etmesine neden olmustur. Tiirkiye,
Suriye’de meydana gelen i¢ savas nedeni ile sinirlarina gelen siginmacilara Nisan 2011°den bu yana “agik
kap1” politikas1 uygulayarak, diinyada en ¢ok gdg¢men, siginmaci veya miiltecinin bulundugu {ilkeler
siralamasinda birinci siraya yiikselmistir (Dogan 2019).

Calisma kapsaminda incelenen Canakkale ili, transit ve hedef bolge kategorilerinde yogun sekilde ve genellikle
diizensiz go¢ almaktadir (Taskin ve Kahraman 2020). Tirkiye’yi, transit iilke olarak kullanmak isteyen
gbcmen, sigimmact veya miilteciler AB’ye iiye iilkelere gitmek icin kara yollarina gdre kontrol altinda
tutulmasi daha zor olan ve maddi agidan daha ucuz oldugu diistiniilen deniz yolunu tercih ederek Ege Denizi
ve Akdeniz’i siklikla tercih etmektedir (Aydin 2016). Canakkale ili, konumu itibariyle Tiirkiye’nin en
batisindadir, Avrupa topraklarina yakindir ve Ege Denizi’ne de kiyist bulunmaktadir. Go¢men veya
siginmacilarin bu gibi nedenler ile se¢gmis oldugu Canakkale iline (Tagkin ve Kahraman 2020) ait gilincel veriler
incelendiginde, toplam 5.088 Suriyeli siginmacinin gegici koruma statiisiine alindig1 bilinirken (Gé¢ idaresi
Baskanligi 2022a); Uluslararas1 Koruma statiisii almak i¢in bagvurmus veya Uluslararasi koruma statiisii
kazanmis gogmenlerin sayisi ile ilgili net bir veri mevcut degildir.

Bu calismanin amact; gogmen ve siginmacilarin mevcut ¢evresel kosullarinin temel halk sagligi agisindan
Canakkale’de belirlenmesidir. Calismaya goniillii olarak katilan 253 gog¢men ve sigimmacinin mevcut
durumlari i) konut i¢i, ii) konut digi, iii) ¢evresel ve iv) saglik kosullar1 agisindan arastirilmustir.

1.1. Gog, Cevre ve Saghk

Goc¢ hareketi, hedef iilkelerde toplumlarin niifus yapisini, ekonomisini ve sosyal yapisini degisiklige
ugratabilmektedir (Castles ve Miller 2008). Gog hareketiyle birlikte hizla artan niifus; tiiketim ihtiyaglarinin
artmasina, insanlarin yasam bigimlerinin degismesine, dogal kaynaklara olan talebinin artmasina, ¢evresel
kalitenin bozulmasina ve ¢evrenin var olan dengesini yitirmesine neden olmaktadir (Bozkurt 2013).

Cevre, insanlarin ve diger canlilarin yasam alanlarini olusturan ortam olarak ifade edilebilir. Bu baglamda
saglik agisindan gevre; fiziki gevre, biyolojik ¢cevre ve sosyokiiltiirel cevre olarak ii¢ gruba ayrilmaktadir (Gtiler
ve Cobanoglu 1994). Su, yiyecek ve barinak ise insan ve canlilarin yasamlarim siirdiirmeleri igin ¢evreden
saglanilan en Onemli gereksinimler arasindadir (Giiler ve Cobanoglu 1994). Go¢ eden gocmen veya
siginmacilarin en 6nemli gereksinimleri arasinda barimma ve beslenme gelmektedir. Yeni yerlesim yerine
gelen gdocmen veya sigimmacilar oncelikli olarak hayatlarini devam ettirmek icin hizli bir sekilde is bulma
potansiyeli daha yiiksek olan kent merkezlerini tercih etmektedir. Ancak, gé¢ ile artan niifus, beraberinde
kentlerde konut ihtiyaci gibi problemleri de ortaya ¢ikarmaktadir. Bu ilave konut stogu gereksinimi goc
meydana gelmeden dnce dngoriilemedigi i¢in, go¢ meydana geldikten sonra halkin bilgi ve imkan1 dlgiistinde
¢oziimlenmeye calisilarak; kentlerde garpik yapilar, gecekondulagma, yesil alanlarin bilingsizce bozulmasi ve
sagliksiz konutlarda ikamet edilmesi gibi olumsuz sonuglari meydana getirmistir (Yenigiil 2005). Ayrica, gog
ile hizla biiyiiyen kentlerde toprak kirliligi, hava kirliligi, su kirliligi, giiriilti kirliligi, sanayi i¢in topraklarin
asir1 derecede tahrip edilmesi ve alt yapimin yetersiz kalmasi gibi yeni durumlar da ortaya ¢ikmistir (Yaman
ve Musmul 2018). Cevre kalitesinin bozulmasi, paralel olarak insan sagligini da olumsuz yonde etkilemektedir.

Insan saglig1 kisinin kendini iyi hissetmesi ve yasam kalitesinin bozulmadan devam etmesi seklinde ifade
edilebilir. Diinya Saglik Orgiitii saglig1, sadece hastalik veya sakatligin olmamasi degil, ayn1 zamanda “insanin
fiziksel, ruhsal ve sosyal yonden tam bir iyilik halinde olmas1” seklinde ifade etmistir (\WHO 1946). Bununla
birlikte, toplumlarda kirtlgan ve hassas olan kisilerin yer aldig1 “riskli grup” olarak ifade edilen bireylerin de
yer aldigi goz ardi edilmemelidir. Hassas 6zellikteki bu riskli gruplar icerisinde normal sartlarda ¢ocuklar,
yaslilar, hamileler ve engelliler yer alirken; go¢ olgusu ile gdcmen veya sigimmacilarin da bu gruba dahil
edilmesi miimkiindiir. G6¢men veya siginmacilarin sagliklarini; go¢ etme nedenleri, gocii yasal veya yasal
olmayan sekilde gergeklestirmeleri, go¢ ederkenki seyahat sekilleri, go¢ siiresinde istismara ugramalar1 veya
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ihtimali, go¢iin gerceklestirildigi mevsim, go¢gmenlerin dil becerileri ve hedef iilkelerdeki yasal haklar1 gibi
cesitli faktorler etkilemektedir (Davies vd. 2009). Hedef iilkelerde kotii yasam kosullarinda hayatlarimi
siirdiirmeye caligmalar, kiiltiirel aligkanliklara uyum saglayamamalari, kullanilan dili 6grenememeleri, yasal
statii kazanamamalar1 ve sinir dis1 edilme korkular1 gibi etkenlerin de gogmen ve/veya siginmacilarin saglik
durumlarina olumsuz etkileri bulunmaktadir.

1.2. Tiirkiye ve Go¢

Genelde tiim diinya iilkelerinin, 6zelde ise Tiirkiye ve AB iilkelerinin giindeminde olan en 6nemli konularin
basinda uluslararasi go¢ gelmektedir (EImas 2016). Tiirkiye, 29 Ekim 1923’de Cumbhuriyetin ilan edilmesinden
sonra gdclerin kaynak iilkesi ve hedef iilkesi olmustur. Bu duruma ek olarak, Almanya, Hollanda gibi ¢esitli
tilkeler ile is giicti anlagmalar1 imzalayan Tiirkiye, uluslararasi go¢iin kaynak tilkesi olurken (Adigiizel 2019);
ozellikle 197011 yillarda goglerin hedef iilkesi olmustur. 1970’11 yillarda Tiirkiye’ye yonelen gociin biiyiik
kismini Tiirk soyundan olanlar ve Balkan iilkelerinden gelenlerin olusturdugu bilinmektedir. Sonraki yillarda
Tiirkiye’ye gelen dis gocler farkli cografyalardan kaynaklanmaya baslanmistir. Bazi Orta Dogu {ilkelerindeki
siyasi karisikliklar ve ekonomik problemler sonucunda Afganistan, Irak, Pakistan ve Iran gibi iilkelerden
yogun bir sekilde go¢ almistir (Ince 2018). Giiniimiizde basta Afganistan olmak iizere Suriye, Pakistan,
Tirkmenistan, Banglades ve Filistin gibi {ilkelerden Tiirkiye’ye yogun bir sekilde gb¢ yasanmaya devam
etmektedir (Gog idaresi Baskanligi 2022b).

Tiirkiye, 1951°de imzalanan “Cenevre Sozlesmesi” ve 1967°de imzalanan “Miiltecilerin Hukuki Statiisiine
Iliskin Protokol” ile gdcmen ve miilteciler konusunda uluslararasi alanda sorumluluklarini tanimlamustir.
Bununla birlikte, Tiirkiye 1961 tarihinde bir bildiri yayinlayarak Cenevre Sozlesmesinde yer alan “cografi
kisitlama” sartin1 nedeni ne olursa olsun uygulamaya koyacagini ve Avrupa haricinde iilkeye gelenleri miilteci
olarak kabul etmeyecegini agikg¢a bildirmistir ve buna iligkin Miiltecilerin Hukuki Durumuna Dair 1967 tarihli
Protokol, Bakanlar Kurulu Karari tarafindan onaylanarak 1968’de Resmi Gazete’de yayimlanmuistir.
Giiniimiizde Tirkiye ile birlikte “cografi kisitlama” sartimt Kongo, Madagaskar ve Monako iilkeleri
uygulamaktadir (Erdogan 2017). Bu duruma bagli olarak, Tiirkiye 4 Nisan 2013 tarihinde kabul edilen ve 11
Nisan 2013 yilinda Resmi Gazete’de yayimlanan 6458 sayili “Yabancilar ve Uluslararasi Koruma Kanununu
(YUKK) cikarilmistir. YUKK’a gore, yabancilarin Tiirkiye’ye girisleri, Tiirkiye’de kaliglar1 ve Tiirkiye’den
cikiglar ile Tiirkiye’den koruma talep eden yabancilara saglanacak korumanin kapsamina ve uygulanmasina
iliskin usul ve esaslar diizenlenmektir (Igisleri Bakanligi 2013). 6458 sayili YUKK’a dayanarak, 22 Ekim
2014’te Resmi Gazete’de 6203 say1l1 “Gegici Koruma Yonetmeligi” (GKY) yayimlannustir (Igisleri Bakanlig
2014). GKY’ye gore, iilkesinden ayrilmaya zorlanmus, ayrildig iilkeye geri donemeyen, acil ve gegici koruma
amaciyla kitlesel olarak sinirlarimiza gelen veya sinirlarimizi gegen yabancilardan, 4/4/2013 tarihli ve 6458
sayil1 Yabancilar ve Uluslararasi Koruma Kanununun 91. maddesi ¢ercevesinde, uluslararasi koruma talebi
bireysel olarak degerlendirmeye alinamayanlara saglanabilecek gegici koruma iglemlerinin usul ve esaslari ile
bu kisilerin Tiirkiye’ye kabulii, Tiirkiye’de kaligi, hak ve yiikiimliiliikleri, Tiirkiye’den cikiglarinda yapilacak
islemler, kitlesel hareketlere karsi alinacak tedbirler ve ulusal ve uluslararasi kuruluslar arasindaki igbirligiyle
ilgili hususlar diizenlenmistir (Igisleri Bakanlig1 2014).

2. Materyal ve Yontem

Bu caligmanin yontemi, nicel arastirma yontemlerinden olan betimsel arastirmadir. Betimsel arastirmalar,
bir durumu olabildigince dikkatli bir sekilde tanimlamay1 amaglayan ¢alismalar olarak ifade edilmektedir
(Biiyiikoztirk vd. 2009). Calisma evrenini 2019 yilinda Tiirkiye’de Uluslararasi Koruma kapsaminda kayit
altina almmis 56.417 go¢cmen ve Gegici Koruma kapsaminda kayit altina alinmig 3.576.370 siginmaci
olusturmaktadir. Zaman ve imkan bakimindan ¢alismanin daha kolay ilerleyebilmesi i¢in 6rneklem alma
yoluna gidilmistir. Bu ¢aligmada 6rnekleme yontemlerinden olan “6l¢iit 6rnekleme” kullanilmustir. Bu
yontemde, temel olarak dnceden belirlenmis ¢esitli olgiitleri karsilayan durumlar dikkate alinmistir (Yildirim
ve Simsek 2018). Bu calismada 06lgiit, arastirmacilar tarafindan belirlenmistir. Arastirmanin 6rneklemini
Canakkale ilinde Uluslararas1 Koruma kapsaminda bulunan gé¢menler ve Gegici Koruma kapsaminda bulunan
siginmacilar olugturmaktadir. Miimkiin oldugunca diizenli gégmen ve siginmacilara ulagabilmek i¢in, bu
calismanin katilimeilarim Canakkale i1 Gog Idaresi’ni Nisan-Mayis 2019 doneminde ziyaret etmis diizenli
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(kayitl) veya kayit islemlerini tamamlamaya gelmis olan siginmaci ve gé¢cmenler arasindan bu calismaya
katilmaya onam verenler olusturmaktadir.

Bu ¢aligmanin amaglari; Canakkale ilini transit veya hedef bolge olarak secen gogmen veya siginmacilarin i)
konut i¢i ¢evresel kosullarinin, ii) konut dis1 ¢evresel kosullarinin ve iii) mevcut gevresel yasam sartlarinin ve
iv) saglik durumlarinin belirlenmesidir.

Arastirma Orneklemi, calismaya goniillii olarak katilan (onam alinan) toplam 253 gd¢men ve siginmacidan
olugmaktadir. Goriisme yapilan katilimeilara yoneltilen sorular Mentese ve Tasdibi (2016) ve Mentese vd
(2020)’den galismanin hedef katilimer kitlesine gore diizenlenerek uyarlanmustir. Ayrica, ¢alisma kapsaminda
gbcmen veya siginmacilarin giivenligini ve gizliligini tehlikeye disiirebilecegi diisliniilen gé¢menlerin
sosyoekonomik kosullar1 (yas, uyruk, kaynak iilke, medeni hal, ¢ocuk sayisi, egitim durumu, gé¢ etmeden
onceki meslegi, halihazirda ¢alisma durumu, konutlarinda galisan birey sayisi, ortalama aylik gelir ve giderleri,
konutlarmin kira olup olmadig, géc ettikleri tarih vb.) hakkinda higbir soru yoneltilmemistir. ilaveten, sorulara
Tiirkce cevap veremeyecek olan katilimcilar i¢in, tercliman tarafindan katilimeinin anadiline gore Arapga veya
Farsga dillerinde yoneltilen sorulara verilen yanitlar kullanilmustir.

Calisma kapsaminda toplanan veriler, SPSS 19.0 istatistik paket programi kullanilarak degerlendirilmistir.
Tanimlayici istatistikler ile her bir sorunun frekans (ni) ve yiizdelikleri (%ni) hesaplanmistir. Kategorik
verilerin dagilimi ortalamanin %95 giliven seviyesinde gosterilmistir. Varyans analizi (ANOVA) ile
degiskenler arasindaki iliskiler belirlenmistir. Istatistiksel giiven seviyesi olarak p<0,05 kabul edilmistir.

3. Bulgular ve Tartisma

Bu c¢alismadan elde edilen bulgular katilimcilarin  sosyodemografik 6zelliklerinin belirlenmesi,
katilimcilarin ikamet ettikleri konut i¢i ve konut dis1 kosullara gore degisimi ile katilimcilarin meveut yasam
ve saglik kosullarinin belirlenmesi seklinde siniflandirilmigtir. Ayrica, katilimeilarin genel durumlart ile
cevresel gostergeler, katilimcilarin korunma statiisii ve cinsiyeti arasindaki iligkiler arastirilmigtir (Demirytirek
2020).

3.1. Sosyodemografik Ozellikler

Caligmaya katilan katilimcilarm %5,1°1 (13 kisi) kadin ve %94,9’u (240 kisi) erkek gd¢men veya
siginmacidan olugmaktadir. Korunma statiilerine gore %79,1°1 (200 kisi) Uluslararast koruma kapsamindaki
goecmenlerden ve %20,9’u (53 kisi) gecici koruma kapsamindaki siginmacilardan olugsmaktadir. Calismaya
katilan katilimcilarin sorulara cevap verdikleri lisan agisindan %69,2si (175 kisi) Tiirkge ve %30,8°1 (78 kisi)
kendi ana dillerinde (Farsca veya Arapga) cevap vermistir.

3.2. Konut i¢i Kosullar

Caligmaya katilan katilimcilarin ikamet ettikleri konutun i¢ mekan kosullarina goére dagilimi Tablo 1’de
verilmektedir. Ozet olarak; katilimcilarin %32,4’{i evinde kiiflenme/rutubet/su sizintist gozlediklerini; %17’si
evinde giineslenme/isik miktarinin yeterli olmadigini; %82,2’si evinde yapilmig tadilat konusunda bilgisinin
olmadigini; %43,1’1 evlerinde 3 oda oldugunu; %8,3’{i evin igerisinde tuvaletin olmadigini; %3,6’s1 banyonun
evin igerisinde olmadigini; %26,5’1 yemek yapilan mekanin ayni zamanda yatak odasi olarak kullandigini;
%13,8’1 pismis veya pismemis yiyecekleri higbir zaman uygun kosullarda saklayamadiklarini; %9,1°1 evinde
sinek, bocek, fare gibi kemirgen ve diger haseratlarin her zaman goriildiigiinii; %70,4’1 evinde sinek, bocek,
fare gibi kemirgen ve diger haseratlara karsi ilaglama yapilmadigini belirtmistir. Caligmaya katilan
katilimcilarin ikamet ettikleri mekanda mutfak ve 1sinma amacli kullandiklar yakat tiiriine gore; katilimcilarin
%71,1’1 evinde tiipli ocak kullandiklarini, %2,4’ii evinde ocak olmadigini; %33,2’si evlerinde 1sinmak i¢in
elektrik kaynagmi kullandigimi ve %7,9’u evinde 1smmak igin herhangi bir yakit veya i1smma aract
kullanmadigini ifade etmistir.
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Tablo 1

Katilimcilarin ikamet ettikleri konutun i¢ mekaninin kogullarina gore frekans dagilimi*

Ozellik Frekans (%n;)
Kiiflenme/rutubet/su sizintis1
Evet 32,4
Hayir 67,6
Yeterli glineslenme/isik miktart
Evet 83,0
Hayir 17,0
Son yapilan genel tadilat zamani
2 yildan kisa siire dnce 17,0
2 ila 10 yil arast 04
10 yildan uzun 0,4
Bilmiyor 82,2
Oda sayisi (salon dahil)
1 oda 5,9
2 oda 24,5
3 oda 43,1
4 ve daha fazla oda 26,5
Tuvaletin evin i¢erisinde olmasi
Evet 91,7
Hayir 8,3
Evin igerisinde banyonun olmasi
Evet 96,4
Hayir 3,6
Yemek yapilan yerin ayn1 zamanda yatak odasi olarak kullanilmasi
Evet 26,5
Hayir 73,5
Yiyeceklerin uygun sartlarda saklanmasi
Her zaman 83,4
Nadiren/bazen 2,8
Hicbir zaman 13,8
Hageratlarin gozlenme sikligi
Her zaman 91
Nadiren/bazen 17,8
Higbir zaman 73,1
Evin ilaglanma siklig1
Yilda 1 kez yapiliyor 13,4
Yilda 2 kez yapiliyor 9,9
Yilda en az 3 kez yapiliyor 6,3
Hayir, hig yapilmadi 70,4
Mutfak yakiti
Tup gaz 71,1
Dogal gaz 25,3
Diger 1,2
Ocak yok 2,4
Isinma yakiti
Elektrik 33,2
Dogal gaz 25,3
Odun 20,2
Diger (merkezi 1s1tma, birden fazla yakit, vb.) 12,7
Kullanmiyor 79
* n=253
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Insanlar hayatlarin1 devam ettirmek igin goniillii veya goniilsiiz olarak yer degistirmek zorunda kalabilmekte-
dir. Bazi durumlarda, hayatlarin1 devam ettirmek i¢in yasadiklari iilke sinirlari igerisinde bir yerden bagka bir
yere veya yasadiklari iilke sinirlarindan ¢ikarak baska tilke sinirlari igerisine bir go¢ hareketi gerceklestirmek-
tedirler. Gocler sadece belirli bir zaman icerisinde veya belirli mekanlar icerisinde gerceklesmekten ziyade,
herhangi bir zamanda ve herhangi bir yerde gergeklesmeye devam eden yer degistirme hareketi olarak pek ¢ok
tilkenin giindeminde yer bulmaktadir (Castles ve Miller 2008).

Gog hareketi literatiirde de yerini genellikle politik, sosyoekonomik, sosyolojik perspektiflerden yapilan farkli
arastirmalar ile yer almaktadir. Ancak, gogmenlerin ¢evresel ve genel yasam kosularina iligkin yeterli bilgi
mevcut degildir. Kamplardan ayrilarak Istanbul’a yerlesen Suriyeli sigmmacilar ile toplumsal uyum ve kabul
siireglerinin arastirildigi bir calismada, calismaya katilanlarin biiylik bir cogunlugunu erkeklerin olusturdugu
ve bunun nedenlerinin ise kadinlarin miilakat yapmak istememeleri ve erkeklerin kadinlara oranla ulasilabilir-
liginin daha kolay olmas1 gosterilmistir (Yildirimalp vd. 2017). Bu duruma ek olarak, Tiirkiye’de var olan
ataerkil toplum yapisiyla Suriyeli siginmacilarin bazi agilardan benzedigi; kadinlarin ev isleri ve ¢ocukla ilgi-
lenirken, erkeklerin ise bir iste ¢alistigi belirtilmistir (Yildirimalp vd. 2017). Benzer sekilde, Canakkale ilinde
gerceklestirilen bu calismada katilimeilarin %5,1°ini (13 kisi) kadin ve %94,9’unu (240 kisi) erkek gégmen
veya siginmacilardan olusmustur. Erkek katilimcilarin fazla olmasinda benzer nedenler yer alirken; 6zellikle
bekar erkeklerin daha rahat go¢ etmeye goniillii oldugu veya goge dahil oldugu diistiniilmektedir.

Hedef iilkelerde gdgmen ve siginmacilar bazi problemler ile karsilasabilmektedir. Ornek olarak hedef iilkede
hakim olan dilin bilinmemesi veya 6grenilmemesi gibi durumlar sonucunda uyum ve entegrasyon siireci zor-
lagmakta; yerel halk ile saglikli bir sekilde iletisim kurulamadigi icin, yerel halkta bir dnyargi ve gégmen ve
siginmacilar da ise diglanmislik hissi olusabilmektedir. Canakkale ilinde gerceklestirilen bu ¢aligmada kati-
limcilarin; %69,2’si (175 kisi) sorulara Tiirkge ve %30,8°1 (78 kisi) sorulara kendi ana dillerinde (Fars¢a veya
Arapga) cevap vermistir. Tiirkgeyi bilenlerin biiylik gogunlugunun ¢alistiklari is dolayisiyla lisan1 6grendikleri
tahmin edilmektedir. Durgun ve Aydin (2018), Kahramanmaras yerel halki ile kent merkezlerinde yasayan
Suriyeli sigimmacilarin giivenlik ve ekonomi gibi alanlara etkileri ve katkilar ile yerel halkin siginmacilara
yapilan yardimlari nasil degerlendirdigini aragtirmistir. Calismanin katilimcilarinin %64,1°1 sigimmacilar ile
herhangi bir iliski kuramadigini, ancak onemli bir sorun da yagamadigini belirtirken; %12’si iligki kurmaktan
kagindigini ve %11,2’si diyalog konusunda rahatsizlik duydugunu belirtmistir.

Tablo 2’de katilimcilarin yasadiklart evde kiif, su sizintis1 ve/ya koku vb. sikayetlerinin olmasi ile konut
yasinin degisimi verilmistir. Katilimeilarin %58,9’u 10 yildan eski evlerde yasarken; %9,9’u 2 yildan yeni
evlerde ikamet etmektedir. Konut yasimin artmasiyla kiif, su sizintis1 ve/ya koku gézlenmesinin paralel olarak
artis gosterdigi; katilimeilarin %9,9u yildan yeni olan konutlardan gikayetgi olurken; %35,6’s1 ise 10 yildan
eski evlerde benzer sikayetlerin oldugunu belirtmistir. Eski binalarda kiif ve/ya koku daha yaygin olarak
gozlenmektedir (Mentese vd. 2020). Az sayida katilimer ise konut yasini yeni tagindigi ig¢in tam olarak
bilmediginden bu soruya yanit verememistir.

Tablo 2

Katilimcilarin yagadiklar evde kiif, su sizintis1 veya koku vb. sikayetlerinin gézlenme sikligi ile konut yaginin
degisimi*

Konut yas1 Kiif, goriiniir su s1izintis1 veya koku
Var Yok

Bilmiyor 9 (3,6) 3(1,2)

2 yildan az 25(9,9) 0 (0)

2 — 10 y1l arast 47 (18,6) 20 (7,9)

10 yildan eski 90 (35,6) 59 (23,3)

Toplam 171 (67,6) 82 (32,4)

* Nj (%ni)

Gogmen ve siginmacilarin siklikla karsilastig bir diger problem ise barmma sartlarma iliskindir. Ozellikle
Suriye sinirina yakin illerin yogun go¢ almasi ve go¢ edenlerin diger illere dagilmasiyla birlikte konut kirala-
rinin arttigl gézlenmistir (Topgu 2020; Sentiirk 2020). Gégmen ve siginmacilar da bu duruma ¢oziim olarak
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cekirdek aile yerine birkag aile birlikte yasamaya ve yerel halkin tercih etmeyecegi, goreceli kotii yasam ko-
sullar1 olan konutlarda hayatlarini siirdiirmeye baslamustir. Istanbul’da ikamet eden Suriyelilerin % 9’u iki
ailenin, %11,5°1 ii¢ ailenin ve %4’1 ise dort veya daha fazla ailenin paylastig1 bir konutta barmmaktadir (Kaya
ve Kirag 2016). Konutlarda yasayan Suriyelilerin yaridan fazlasi konutunun iklim kosullarina uygun olmadi-
gin1, yariya yakini ev ortaminin aile yagamina uygun olmadigini, evin yeterli biiyiikliikte olmadigini ve kon-
forsuz oldugunu beyan etmistir (AFAD 2017). Bu duruma iliskin olarak, Canakkale ilinde gergeklestirilen bu
calismada cesitli saptamalar yapilmistir: katilimcilarin %32,4°1 evlerinde kiiflenme/rutubet/su sizintis1 gozle-
digini, %17’si evinde giineslenme/1sik miktarinin yeterli olmadigini, %73,51 evlerinde 3 ve daha az oda (salon
dahil) bulundugunu, %8,3’1i tuvaletin evin igerisinde olmadigini, %3,6’s1 banyonun evin igerisinde olmadigini,
%26,5’1 yemek yapilan mekanin ayni zamanda yatak odas1 olarak kullanildigini, %13,8’1 pismis veya pisme-
mis yiyeceklerin higbir zaman saklanamadigini, %2,4 i mutfakta ocagin olmadigini, %7,9’u evlerinde 1sinmak
icin herhangi bir yakit/isinma sistemi kullanmadigini, %70,4’1 evlerinde sinek, bocek, fare gibi kemirgen ve
diger hageratlara kars1 ilaclama yapilmadigini ve %64,8’1 evlerinin ara sokakta oldugunu belirtmistir.

3.3. Konut Dis1 Kosullar

Calismanin katilimcilarinin konut dist kosullari; evlerin konumu ile market ve saglik kuruluslarina olan
uzaklig1 acisindan degerlendirilmistir. Caligmaya katilan katilimcilarin ikamet ettikleri mekanin konumuna
gore katilimcilarin %27,3 {intin (69 kisi) evleri ana cadde iistiinde, %64,8’inin (164 kisi) ara sokakta, %7,5’inin
(19 kisi) yollardan uzak oldugunu ve %0,4’{iniin (1 kisi) evinin konumu hakkinda bilgisinin olmadig1 belirlen-
mistir.

Caligmanin katilimeilarinin ikamet ettigi konutun marketlere ve hastane veya benzeri saglik kuruluslarina olan
uzakligma gore dagilimi Tablo 3’de verilmistir: Katilimcilarin %79,8’1 evlerinin marketlere olan uzaklig1 en
fazla 5 dakika yiiriime mesafesinde, %15’inin en fazla 15 dakika yiirlime mesafesinde, %2,8’isinin araba ile
10 dakika kadar siirdiigiinii ve %?2’si araba ile 20 dakikadan uzun siirdiigii belirlenmistir. Katilimcilarin
%2,4’linlin evlerinin saglik kuruluslarina olan uzaklig1 en fazla 5 dakika yiiriime mesafesinde, %13,8’inin en
fazla 15 dakika yliriime mesafesinde, %11,5’inin araba ile 10 dakika siirdiigii ve %67,6’sinin araba ile 20
dakikadan uzun siirdiigii tespit edilmistir.

Tablo 3
Katilimcilarin ikamet ettikleri mekanin marketlere ve hastane/saglik kuruluslarina olan uzakligina gore dagi-
limr*

Ev ile olan mesafe Marketlere olan Saglik kurumlarina
uzaklik olan uzaklik

En fazla 5 dakika yiiriime mesafesinde 202 (79,8) 6(2,4)

En fazla 15 dakika yiiriime mesafesinde 38 (15,0) 35 (13,8)
Araba ile 10 dakikada gidilebiliyor 7(2,8) 29 (11,5)
Araba ile 20 dakikadan uzun siiriiyor 5(2,0) 171 (67,6)
Bilmiyor 1(0,4) 14 (4,7)

*ni (%oni)

3.4. Mevcut Yasam ve Saghk Kosullar:

Katilimcilarin mevcut temel yasam ve saglik kosullari da aragtirillmistir. Calismanin katilimeilarimin
%56,9’u evinde musluktan temiz/icilebilir suya ulasamadigini ve %46,2°si evini haftalik olarak 3 kez,
%29,2’si 2 kez ve %23,7’s1 1 kez temizledigini ifade etmistir.

Caligmaya katilan katilimcilarin halihazirda aktif sigara i¢im durumu, mevcut saglik durumu, kronik rahatsiz-
liginin varligi ve yerlesim yerinde kendilerine verilen saglik hizmetlerinden memnuniyet diizeyine iligskin go6-
riigleri Tablo 4’de verilmektedir. Katilimcilarin %28,1°1 sigara igtigini ve %71,9’u sigara icmedigini bildirmis-
tir. Katilimeilarin %3,2°si mevcut saglik durumunun kéti oldugunu ve %1,2’si ise ¢ok kotii oldugunu; kati-
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limcilarin %4,3’1 doktor tarafindan tanist konulmus kronik rahatsizliginin oldugunu; %75°1 verilen saglik hiz-
metlerinden ¢ok memnun oldugunu ve %]17’si go¢ ettikten sonra herhangi bir saglik kurulusuna o zamana
kadar hi¢ gitmedigini belirtmistir.

Tablo 4
Katilimcilarin sigara igme durumu, mevcut saglik durumu, kronik rahatsizliginin varligi ve verilen saglik hiz-
metlerinden memnuniyet diizeylerine gore frekans dagilimi

Ozellik Frekans (%n;)
Sigara igme durumu

Evet 28,1
Hayir 71,9
Mevcut saglik durumu

Cok iyi 34,4
Iyi 54,9
Orta 6,3
Kotii 3,2
Cok kotii 1,2
Kronik rahatsizlik

Var 4,3
Yok 95,3
Bilmiyor 0,4
Verilen saglik hizmetlerinden memnuniyet diizeyi

Cok memnun 75,5
Memnun (iyilestirilebilecek az sayida yonleri var) 4,0
Kararsiz/cevap yok 0,8
Memnun degil (eksikleri ¢cok) 2,0
Hig gitmemis 17,0
Bilmiyor 0,8

Ayrica, ¢aligmaya katilan katilimeilarin mevcut yagam kosullarindan memnuniyet durumlari da arastirilmugtir.
Katilimcilarin %88,9’u (225 kisi) her seyden memnun oldugunu ve %11,1°1 (28 kisi) baz1 konu/konularda
problem yasadigini belirtmistir. Katilimcilarin %8,7’si (22 kisi) ¢alisma izni, yasam kosullari, saglik sigortasi
konularinda problemleri oldugunu, %1,6’s1 (4 kisi) ev/barinma konusunda problemi oldugunu, %0,4’0 (1 kisi)
egitim konusunda problemi oldugunu ve %0,4’1 (1 kisi) gog idaresi kurumuna 2 hafta da bir imzaya gelme
konusunda sorunu oldugunu ifade etmistir.

3.5. Katimcilarin Genel Durumlari ile Cevresel Gostergeler Arasindaki iliskiler

3.5.1. Katihmcilarin Genel Saghk Durumuna Gore Degisim

Katilimcilarin genel saglik durumu ile evde gecirilen siire arasindaki degisim Tablo 5’de verilmistir. Buna
gore, az sayida katilimce1 genel saglik durumunu “cok kotii” ve/ya “kotii” olarak (toplamda %4,4) tanimlamigtir
ve bu kisilerin ¢ogu giinliik ortalama 12 saatten daha az siireyi evlerinde gegirmekte oldugu; genel saglik du-
rumunu “cok iyi” ve/ya “iyi” olarak tanimlayan katilimcilarin ise %64,5°1 gibi bilyiik bir kisminin evlerinde
giinliik ortalama 12 saatten daha az siire gecirdigi anlasilmaktadir. Bu katilimcilarin vaktinin 6nemli bir kis-
mini ev disinda ve muhtemelen galistiklar1 is ortaminda gegirdikleri disiiniilmektedir.
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Tablo 5
Katilimcilarin genel saglik durumunun evde gegirilen giinliik ortalama siireye gore degisimi*
Evde gecirilen siire Saglik durumu
Cok kotii Kotii Orta Iyi Cok iyi Toplam
12 saatten az 2(0,8) 6(24) 10(4,00 95(37,6) 68 (26,9) 181 (71,5)
12 — 16 saat 0 (0) 0 (0) 4 (1,6) 21 (8,3) 10 (4,0) 35 (13,8)
16 saatten uzun 1(0,4) 2(0,8) 2(0,8) 23(9,1) 9 (3,6) 37 (14,6)
Toplam 3(1,2) 8(3,2) 16(6,3) 139(54,9) 87(34,4) 253 (100)
*n; (%I’li)

Hanede kalabalik yasanmasi, yeterli hijyenin saglanamamasi bulasici hastalik riskini arttiran 6nemli etkenler
arasindadir. Yapilan bir aragtirmada, Suriyeli siginmacilarin ¢ogunlukla bodrum katinda ve kiigiik evlerde kal-
dig1 ve kiray1 6demek i¢in kalabalik bir sekilde yasadigi gozlenmistir (Yildirimalp vd. 2017). Bununla birlikte,
konutta kabalik ve sagliksiz sartlarda yasanmasi da beraberinde gesitli riskleri barindirmaktadir. Ornegin, so-
lunum yolu, temas veya yiyecek ve icecekler ile bulasan bulasici hastaliklarin gézlenmesine yol agabilmekte-
dir. Nevsehir ilinde yapilan bir ¢alismada, Hepatit B ve C tanisinin 5 ve iizeri ¢ocuga sahip olan ve evde 8 ve
daha fazla kisi bulunanlarin arasinda daha yaygin oldugu belirlenmistir (Tagkiran 2009). Canakkale’de yapilan
bu ¢aligmanin katilimeilarmin %3,2’si su andaki saglik durumunun kétii oldugunu ve %1,2’si mevceut saglik
durumunun ¢ok kotii oldugunu ve %4,3’li doktor tarafindan tanis1 konulmus rahatsizligimin oldugunu belirt-
mistir.

Gogmen veya siginmacilarin saglik durumlari etkileyen diger faktorler arasinda hedef iilke veya transit iil-
kelerde verilen saglik hakkinin kapsami ya da saglik hizmetlerinin kalitesi yer almaktadir. G6¢men veya si-
ginmacilarin hedef iilke veya transit iilkeye yasal ya da yasal olmayan yollardan girmeleri, saglik hizmetlerine
ulagmalarinin 6niinde engel olusturabilmektedir. 2015 yilinda Isparta ilinde yasayan miilteci ve siginmacilar
ile gerceklestirilen bir calismada, katilimeilarin %17,4’iiniin kronik bir rahatsizliginin oldugu belirlenmistir
(Onal ve Keklik 2016). Katilimcilarin saglik hizmetlerine erisim konusunda yasadiklar1 problemlerin; doktor-
larin olumsuz tutumu, saglik ¢alisanlarinin olumsuz tutumu, iletisim sorunu ve saglik hizmetlerindeki olum-
suzluklar ile iliskili oldugu belirtilmistir (Onal ve Keklik 2016). 2014 yilinda gé¢menlerin yogun olarak bu-
lundugu Istanbul, Ankara ve Sakarya illerinde kadin gdgmenlerle gerceklestirilen bir calismada, katilimeilarin
22’sinin ¢aligma gergeklestirildigi donemde saglik sorunlari yagsadigi ve bunlarin 8’inin kronik saglik sorunlari
oldugu belirlenmistir (Bakacak vd. 2019). Kronik rahatsizliklar arasinda nérolojik ya da ortopedik agrilar, kas-
eklem agrilari, kalp-damar hastaliklari, diyabetik rahatsizliklar, dis ve agiz sagligi sorunlari, gastroenterolojik
problemler, tiroid gibi hormonal problemler, {ireme-cinsel saglik problemleri, onkolojik problemler (meme
kanseri) ve tiiberkiilozun oldugu belirlenmistir (Bakacak vd. 2019). Balikesir ilinin Bandirma ilgesi ve Canak-
kale ilinin Kumkale kasabasinda birinci ve ikinci kusak gogmenler ile gerceklestirilen bir ¢alismada, katilhim-
cilarin %53,6’sinin doktor tarafindan tanis1 konulmus bir kronik rahatsizliginin (hipertansiyon, seker hastaligi,
romatizmal hastaliklar, astim ve koroner arter hastalig1) oldugu tespit edilmistir (Akgiin vd. 2013).

Canakkale ilinde gerceklestirilen bu ¢calismada katilimeilari %75,5°1 verilen saglik hizmetlerinden ¢ok mem-
nun oldugunu ve %17’si herhangi bir saglik kurulusuna gitmedigini ve %11,1’inin problem yasadigi konular
arasinda saglik sigortasinin da oldugu belirlenmistir. Benzer sekilde, AFAD raporunda da kamp igerisinde ve
disinda yasayan Suriyeli siginmacilarin biiyiik bir kismi saglik hizmetlerinden ¢ok memnun veya memnun
olduklari belirtilmistir (AFAD 2017). Baska bir ¢alismada da Suriyeli siginmacilarin tamaminin saglik hiz-
metlerini yeterli ve etkili bulduklar: ve memnun olduklar: bildirilmistir (Tosun 2017). istanbul’un Fatih ilge-
sinde yasayan Suriyeli siginmacilar ile yapilan bir ¢alismaya gore, Suriyeli siginmacilarin %24’iiniin sigara
kullandig1 ve sirastyla gegirilmis operasyon Oykiisiine sahip olma, hipertansiyon, astim, kronik kalp hastaligi,
serebrovaskiiler olay ve diyabet’in en yaygin rahatsizliklar oldugu belirlenmistir (Balci vd. 2016). Benzer ola-
rak, bu ¢alismadaki gogmenlerin de sigara igme orani1 %28,1 olarak gézlenmisti. Kahramanmaras’ta 2015-
2018 arasinda Tip Fakiiltesi Hastanesinde plastik cerrahi anabilim dali klinigine bagvuran Suriyeli siginmaci-
larin en ¢ok atesli silah yaralanmalar1 veya patlamalar sonucu yaralar1 olan hastalardan olustugu ve ikinci
sirada ise savas sirasinda veya ¢adirlarda ¢ikan yanginlar nedeniyle meydana gelen yaniklar oldugu belirlen-
mistir (Bilgen vd. 2019). 2008’de Kayseri’de yapilan bir ¢alismada gégmenlerin %38,5’inin bakim eksikligi,
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%26’sm1n hijyen eksikligi ve %12,4’linilin ise dini inanglar1 geregi cezalandirilmay: hastalik sebebi olarak
gordiigi belirlenmistir (Erten vd. 2014). Ayrica, gégmenlerin bir kisminin kirik, yanik, bas agrisi, mide agrisi,
yliksek ates ve ishal gibi rahatsizliklarda geleneksel yontemleri iyilesmek i¢in uyguladig belirlenmistir (Erten
vd. 2014). Baska bir caligmada, gogmen ergenlerin, gogmen olmayan ergenlere gore fiziksel aktivite, beslenme
ve hijyen konularinda daha riskli saglik davranislart sergiledigi sonucuna ulasilmistir (Kalkim ve Toraman
2014).

3.5.2. Katihmcilarin Korunma Statiisiine Gore Degisim

Yapilan varyans analizi (ANOVA) neticesinde ¢aligmanin katilimcilarin korunma statiisiine gére bu ca-

lisma kapsaminda dikkate alinan ¢esitli parametrelere gore degisim gosterdigi istatistiksel giiven seviyesinde
belirlenmistir (p<0,05). Bunlardan ikamet edilen mekana (konut) iliskin olanlar sdyle siralanabilir: (konutun)
tipi, yasi, yer kaplama tiirii, toplam oda sayis1 (salon dahil), yazin ¢ok sicak olmasi, giinliik ortalama havalan-
dirma siiresi, yemek yapilan yerin ayni zamanda yatak odasi olarak kullanilmasi, yemeklerin pisirildigi yer,
tuvaletin evin iginde/disinda olmas1 ve musluktan temiz/icilebilir suya ulasilabilirlik.
Bu parametrelerden bazilar1 daha detayli olarak gosterilmektedir. Sekil 1°de katilimeilarin ikamet ettigi konut-
taki toplam oda say1sinin (salon dahil) korunma statiisiine gére degisimi ortalamanin %95 giiven araligina gére
gosterilmektedir. Buna gore, Uluslararasi korunma statiisiindeki katilimcilarin yasadiklar1 evlerin gegici ko-
runma statiisiindekilerden daha az sayida odasi oldugu saptanmustir (p<0.05).
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Sekil 1. Katilimeilarin korunma statiisiine gore evlerindeki toplam oda sayisinin (salon dahil) degisimi
(p<0,05)
(m: ortalama, T L. 2495 giiven arah@gimn iist ve alt smir1)

Sekil 2°de katilimcilarin halihazirda ikamet ettikleri konutlarin yasinin katilimeilarin korunma statiisiine gore

degisimi gosterilmektedir. Buna gore, Uluslararas1 korunma statiisiindeki katilimcilarin yasadiklar evlerin ge-
cici korunma statiisiindekilerden daha eski oldugu saptanmistir (p<0,05).
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Sekil 2. Katilimcilarin korunma statiisiine gore evlerinin yaginin degisimi (p<0,05)

Sekil 3’de gosterildigi iizere, gecici korunma statiisiindeki katilimcilarin saglik durumlar “iyi — ¢ok iyi” ara-
sinda degisirken; uluslararasi korunma statiisiindeki katilimcilarin genel saglik durumlarinin “iyi” olarak be-
lirtildigi ve genel saglik durumunun korunma statiisiine gore farklilik gosterdigi istatistiksel olarak da belir-
lenmistir (p<0,001). Calismaya katilan katilimcilarin korunma statiilerine gore ¢alisma kapsaminda dikkate
alman bazi hususlar agisindan farklilik oldugu saptanmistir (p<0,05). Katilimcilarin konutlarinin toplam oda
sayist (salon dahil) bakimindan degerlendirildiginde, uluslararasi korunma statiisiindeki katilimcilarin yasa-
diklar evlerin gegici korunma statiisiindekilerden daha az sayida odasinin oldugu; uluslararasi korunma statii-
stindeki katilimcilarin yemek yaptiklar: odanin gegici korunma statiisiindekilerden daha ¢ok katilimer tarafin-
dan ayn1 zamanda yatak odasi olarak kullanildigi, uluslararasi korunma statiisiindeki katilimcilarin yasadiklari
evlerde gecici korunma statiisiindekilerden daha ¢ok igilebilir suya musluktan ulasilabildigi ve uluslararasi
korunma statiisiindeki katilimcilarin yasadiklart yerin dig hava kalitesinin temiz oldugu yoniinde gecici ko-
runma statiisiindekilerden daha ¢ok sayida katilimci tarafindan degerlendirildigi goriilmiistiir.
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Sekil 3. Katilimcilarin korunma statiisiine gore mevcut saglik durumunun degisimi (p<0,001)

3.5.3. Katimcilarin Cinsiyetine Gore Degisim

Yapilan varyans analizi neticesinde ¢alisma kapsaminda dikkate alinan baz1 parametrelerin cinsiyete gore
degisim gosterdigi belirlenmistir (p<0,05). Cinsiyete gore degisim gosteren parametreler soyledir: giinliik evde
gegirilen ortalama zaman, digaridaki (yakin ¢evre) havanin temiz/kirli olmasi, musluktan temiz/igilebilir suya
ulagim, evde herhangi bir kiiflenme, rutubet ya da su sizintis1 gézlenmesi ile verilen saglik hizmetlerinden
memnuniyet.
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Katilimcilarin cinsiyetine gore evde ortalama gecirdikleri siirenin degisimi Sekil 4’de gosterilmektedir. Evde
gecirilen siirenin cinsiyete gore degisim gosterdigi; kadinlarin 16 saatten uzun siire evde vakit gegirdigi; er-
keklerin ise genellikle 12 saatin biraz tizerinde evde vakit gecirdigi belirlenmistir (p<0,001).

16 saatien nzun

12 — 16 saat I

12 samie kandar

Evde gecirilen siire

Kadin Erkek
Cinsiyet
Sekil 4. Katilimcilarin cinsiyetine gore evde gegirilen gilinliik ortalama zamanin degisimi (p<0,001)

4. Sonuclar

Canakkale’de yapilan bu ¢aligmanin sonuglar1 degerlendirildiginde, yukarida 6zetlenen mevcut durum ve
sorunlara iliskin ¢esitli ¢cziim 6nerileri getirmek miimkiindiir: Go¢men ve si§inmacilarin gerek caligmaya ka-
tilma orani agisindan gerekse ¢evresel ve saglik kosullart agisindan cinsiyete gore dnemli farkliliklar gézlen-
mistir. Bu amagla, Tiirk¢e kurslarinin sayisi arttirilarak kadin ve erkek gégmen ve sigimmacilarin katilmalari
tesvik edilmelidir. Gogmen veya siginmacilarin barinma kosullarinin iyilestirilmesi i¢in konut sahiplerine ko-
nut kiralarimin tavan fiyati konusunda yasal kisitlamalar getirilerek kotii ¢evresel kosullar olan konutlarda
veya kalabalik hane halki niifusu azaltilmalidir. Ayrica, gogmen ve siginmacilara saglikli yasam kosullarinin
gerekliligi ve nasil saglanacagi konularinda bilgilendirme yapilmali; gerektiginde ev temizligi, haseratlara
kars1 ev ilaglama, rutubet/kiif ve su sizintis1 giderimi konusunda ihtiya¢ malzemelerine ve hizmetlere eriseme-
yen ve yardima ihtiyac1 olan gd¢men ve siginmacilara destek olunmalidir. Ozellikle ev hanimi gd¢men ve
siginmacilara bulagici hastaliklar konusunda egitimler diizenlenmelidir. Korunma statiisiiniin gogmenlerin ¢ev-
resel ve saglik kosullarin1 6nemli 6l¢iide etkiledigi bu ¢aligmada ortaya gikan 6nemli sonuglardan bir tanesidir.
Gogmenlerin statiisii hedeflilkede sosyal ve ekonomik hayata katilmalarini da sekillendirmektedir. Bu nedenle,
diizensiz gogmenlerin kayit altina alinarak baska bir lilkeye go¢ etmeyeceklerse; yasal statiiye gegmeleri sag-
lanmalidir. Ozellikle kayit altina alinmayan siginmacilarin gizlilik ve giivenlik gibi kaygilar nedeniyle, bu
caligmada arastirilmak istenen sosyodemografik gostergelerin ¢ogu (yas, meslek, medeni durum, ¢alisma du-
rumu, gb¢ edilen kaynak ve/veya transit iilke/ler vb.) kapsam diginda birakilmak zorunda kalinmistir. Diizensiz
siginmaci ve gogmenlerin tilkemizde bulunuyor olmasinin sonuglarindan bir digeri olan kagak veya ucuz isci
calistiran isverenlerin sayisinda gozlenen artisa iligskin olarak denetimlerin arttirilarak igverenlere siginmaci ve
gdcmenlerin ¢aligma izinlerinin bulunmas1 konusunda bilgilendirme yapilmasi 6nem arz etmektedir.

Tesekkiir

Bu ¢alismanin igeriginin sekillenmesinde ve go¢menler ile yapilan goriismeler sirasinda gerektiginde tercliime
destegini esirgemeyen Canakkale Il Go¢ Idaresine tesekkiir ederiz.

Yazar Katkilan

Tugce Demirylirek: Veri toplamig ve literatiir taramasi yapmustir.

Sibel Mentese: Calismayi planlamus ve tasarlamustir. Istatistiksel analizler ve verilerin degerlendirilmesini yap-
mistir.
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Research Article 7.48+0.38, 7.97+1.20, and 7.32+0.68 g day-1, respectively, during the trial. In this study, Insignificant (P>0.05) dif-
ferences in specific growth rates (% / d) in experimental groups were observed during all experimental periods (60
days). The specific growth rates (%/d) were higher in goldfish fed with the T2 ration than in goldfish fed with T3 and
T4 and T1 diets (2.88%, 11.03%, and 11.71%; P> 0.05), respectively. Furthermore, there were no significant differ-
ences between the control group and the groups that received quinoa on body length, body height, head highs, or head
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the results obtained in this study, quinoa grain can be successfully used in the goldfish ration without any negative
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1. Introduction

Aquarium fish hobby is increasing in the world. It is estimated that the entire industry, including aquarium
equipment, feed, and pharmaceutical production, is worth more than 18-20 billion dollars worldwide (Dey,
2016). The goldfish (Carassius auratus auratus) belongs to the Cyprinidae family and is one of the most loved
aquarium fish due to its color, body shape, and simple of breeding that can be seen in ponds and aquariums in
the world (Degirmencioglu, 2021). Structural differences in plant flora have also emerged due to changes in
the ecosystem, along with global warming. In recent years, the use of drought-resistant plants as a source of
alternative feed has been on the agenda in animal hushandry. Examples of such grains are quinoa. Quinoa
(Chenopodium quinoa (Willd.) is a C3 annual dicotyledonous pseudo-cereal belonging to the Amaranthaceous
family (Bilalis et al., 2019). Quinoa can grow in soil with a wide pH range (4.5-9). Didier et al. (2016). Unlike
other grains, quinoa has versatile properties such as gluten-free, high protein and antioxidant content, and heat
resistance. These features have made it recognized in global agriculture (Martinez et al., 2009; Pulvento et al.,
2010; Bilalis et al., 2012; Kakabouki et al., 2014; Lavini et al., 2014; De Santis et al., 2016). The crude protein
(CP) content varies between 7% and 22% in quinoa grains. (Cardozo and Tapia, 1979; Wright et al., 2002).

It is richer in essential amino acids than cereals. In addition, it is an important food source for animals in their
developmental period due to its Lysine (5.1-6.4%) and Methionine amino acids (0.4-1.0%) content. Quinoa
also contains mineral substances such as calcium, iron, and phosphorus. (Repo-Carrasco et al., 2003; Vega-
Galvez et al., 2010). The starch ratio of quinoa varies between 51% and 61% (Atwell et al., 1983; Koziol,
1992). In addition, starch is preferred in the food industry due to its high particle size (3 p) and high viscosity
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(Galwey et al., 1990). The hesitation to use quinoa grain is due to the belief that quinoa is an antinutrient
substance (saponin, phytic acid, and trypsin inhibitor) and its bitter taste could affect feed intake when admin-
istered at high levels. Therefore, before giving quinoa to animals; pre-treatments such as soaking, heat treat-
ment, peeling, or selection of sweet quinoa varieties are required (Giil & Tekce, 2016). Interest is growing in
starting to use it, as many studies show that quinoa provides significant opportunities to improve the fascination
of animal feeds without losing animal performance. Quinoa can be used as an alternative energy source in
livestock rations in terms of nutrient content (Angeli et al., 2020). Similarly, it is recommended that sweet
quinoa species be added to animal rations as an alternative feed source, as it is stated that they give much better
results than bitter quinoa and all other grains (barley, corn, and oats) (Pate et al., 2006; Bazile et al., 2015; Giil
& Tekce, 2016). Constipation and bloating can be seen in sensitive fish due to the excessive use of gluten-
containing grains in some fish rations. The use of quinoa in animal nutrition may become more attractive over
time due to reasons such as the low protein content, high gluten content, and water requirement of the oat
grain. Although numerous studies evaluated the use of quinoa, Research data are not available on evaluating
its use in goldfish. This study aimed to investigate the effect of quinoa addition on growth performance, body
form, and feed composition in goldfish diets.

2. Materials and Methods

2.1. Animals, treatments, and experimental design

As the animal material of the experiment, a total of 96 - goldfish (the age of about 5 months) were used.
The fish were randomly divided into four groups with the same live body weight (g). Twins aquarium, a
commercial pet store located in the Bursa-sehrekiistii district was chosen as the experimental area. The
experiment was conducted between September and November 2021 and lasted 60 days. In the research, four
different rations were prepared, one for control and 3 for trial.

Table 1 The composition of feed mixtures used in the researche

Feed Diet

T:0.0 Qkg? T,100 g Q kg* T5150 g Q kg? T,200 g Q kg*
Fish meal 150 150 150 150
Wheat gluten 60 60 60 60
Krill meal 200 200 200 200
Soya meal 180 180 180 180
Wheat bran 20 20 20 20
Oat 200 100 50 -
Quinoa - 100 150 200
Wheat germ 150 150 150 150
Spirulina 15 15 15 15
Molasses 5 5 5 5
Vitamin+Mineral* 5 5 5 5
Probiotic** 10 10 10 10
Beta-xylanase +Phytase*** 4 4 4 4
Garlic powder 1 1 1 1
TOTAL 1000 1000 1000 1000
Nutrient composition
DM 95.85 96.21 93.18 95.56
oM 88.62 88.67 85.66 88.2
CP 38.20 38.62 38.04 38.39
EE 8.51 8.75 8.66 9.17
CEL 2.86 3.00 3.05 3.01
CA 7.23 7.34 7.52 7.36
NFE 39.05 38.3 35.91 37.63
ME Kcal kg™ DM**** 4563.545 4579.205 4439.940 4578.425

*Trace minerals and vitamins (per kg): Dicalcium phosphate, Sodium chloride, Magnesium oxide, Calcium carbonate Analyse: Calcium 17.90 %,
Fosfor 10.80%, Natrium 5.5%. Retinol palmitate (Vitamin A) 2000.000 IE, Cholecalciferol (Vitamin D3) 200.000 IE, o Tocopherol acetate (Vitamine
E) 8.000 mg, Ascorbic acid (Vitamin C) 20.000 mg, Thiamine (Vitamine B1) 2.000 mg, Riboflovine (Vitamine B2) 4500 mg, Pyridoxine (Vitamine
B5) 1500 mg, Nicotinamide (Vitamine PP) 5000 mg, Calcium-D-pantothenate 1500 mg, Foliumzuur 400 mg, Menadione (Vitamine K3) 250 mg,
Vitamin B12 30.000 mcg, Biotin (Vitamin H) 25.000 mcg, Magnesium oxide 22.000 mg, Zinkoxide 50.000 mg, Nikkel (I1)- Sulfate 10 mg, Natrium
fluoride 50 mg, Borax 100 mg, Calcium iodide 110 mg, Natrium bromide 100 mg, Mangan (l1)-sulfate 500 mg, Aluminium sulfate 500 mg, Lithium
carbonate 500 mg, Calcium sulfate 5000 mg, Lizer (I1)-Sulfate 1500 mg and Cooper (I1)-Sulfate 400 mg. ** (Saccharomyces cerevisiae) and (lactoba-
cillus acidophilus) *** 421617 Endo-1.4-beta-xylanase (EC 3.2.1.8) was obtained from Trichoderma citrinoviride Bisset (IM SD 135) 1.100.000
EPU/Kkg, 4al2 6-Phytase (EC 3.1.3.26) was obtained from Trichoderma reset (CBS 122001) 83.400 PPU/Kg. ****DM: Dry Matter, OM: Organic
Matter, CP: Crude Protein, EE: Ether Extract, CELL: Cellulose, CA: Crude Ash, NFE: Nitrogen Free Extract, and ME: Metabolizable Energy
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The performances of goldfish were investigated by adding 0%, 50%, 75%, and 100% quinoa grains instead of
oat grain in the feed (T1), (T2), (T3), and (T4), respectively. Care was taken to prepare the diets equally in
terms of energy and protein content. The structure of the concentrate feed mixtures used in the research, and
the nutrient content of quinoa, oatmeal, and diets are presented in (Table 1). Quinoa (Q) proceeded at a size of
3 mm. Feed raw materials were mixed in a blender for 10 minutes. Then, the feed mixture was ground into a
dough with a mixture of water and molasses and passed through a meat grinder. They were left to dry in an
oven at 65 C°. The length and diameter of the pellet were adjusted to 1-1.5 inches so that the fish could easily
eat the prepared food mixture. Body weights, feed consumption, and body forms of the fish were determined
every 20 days throughout the experiment. Scales capable of measuring 0.001 g were used to determine fish
weights.

2.2. Growth performance

Specific growth rate (SGR) = [(Final live weight) — (initial live weight) / 60 day] x 100, Weight gain (WG)
(9) = (End weighing) (g) - (First weighing) (9/20 day); Feed conversion Ratio (FCR) = Feed intake DM(g) /
Weight gain (g)

Quality water and high protein feed positively affect the head and color development of fish. In essence, feed
residues and fish excrement increase harmful gases such as ammonia, nitrate, and hydrogen sulfur in the water
over time. 30% of the water was drawn from the aquariums with a bottom siphon 4 times a week to eliminate
such formations; tap water was added to aquariums after resting for three days. Oxygen was supplied to the
aquarium with a hose and an air stone assembly connected to the air motor. Daily feed consumption of fish
was determined at the level of 2% of live weight. The feed was given by soaking in a small bowl so that bubbles
do not form in the air sacs while the fish are eating. Experimental groups were fed three times a day at 8:00
a.m., 13:00, and 6:00 p.m. The individual feed consumption of the fish could not be determined as group
feeding was carried out in the aquarium. The feed consumption was obtained by dividing the total fish number
in each aquarium.

2.3 Chemical composition

The metabolizable energy (ME) value of the diet was calculated based on chemical analyses according to
the National Research Council (NRC 1981) and Halver (1973). The following main ME formula was given.

Total ME (Kcal kg-1) = 5.65X(CP%)+9.45X(EE%)+4.10X(NFE)X10. The nutrient contents of the diet were
analyzed according to the AOC method (1990).
2.4 Statistical analysisEquations

Data for growth performance and head development in the aquarium were tested by analysis of variance
using the SPSS version15.0 Statistical Package (2006) and means were analyzed with the general linear
model's procedure using the following model described by (Cochran & Cox, 1957):

Yijk=p+Ti+Dj+Eijk where; Yijk — observation, u — population mean, Ti — Dietaries (i=T1, T2, T3 or T4),

Dj — animals (k=1, 2, 3....95 or 96), Eijk — residual error. Means were separated by Duncan’s multiple range
test.

3. Results and Discussion

Data showed that quinoa determined a lower OM and ash compared to oat seeds (867.5 vs. 901.1 and 14.6
vs. 16.1 g/kg, respectively). The CP content in quinoa was higher than in oat (132.5 vs. 110.6 g/kg,
respectively). The cell wall contents of quinoa were close to those recorded for oat (Table 2).
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Table 2

Chemical compositions of quinoa*and oat**seeds DM (%)
DM oM cCP EE CE CA NFE  ME (kcal kg?)
88.21" 86.75 1325 214 4.94 146 66.42 3674.05
91.72" 9011 1106 4.22 4.80 161 70.03  3894.88

DM: Dry Matter; OM: Organic Matter; CP: Crude Protein; EE: Ether Extract; CE: Cellulose; CA: Crude Ash; NFE: Nitrogen Free Extract; ME: Me-
tabolizable Energy calculated according to the (NRC 1981).

3.1. The Live body weight

The results of the live weights at various growth periods and the increases in total live weight, the specific
growth rate, and feed intake during the trial period are reported in (Table 3).

As seen in Table 3, Groups whose live weights were quite close to each other at the beginning of the trial. At
the end of the 60-day trial, their live weights increased and ranged from 17.24+1.37 to 17.74+1.61 g. The
highest live weight was determined in the 3rd group and the lowest live weight was determined in the 4th
group. The live weights of the groups were similar to each other. The Total live weight gains for fish fed by
the T1, T2 , T3 , and T4 diets were 7.56+0.70, 7.48+0.38, 7.97+1.20, and 7.32+0.68 g day-1, respectively,
during the trial (Table 3). In this study, the total live weight gain of the group was not significantly affected by
the application of quinoa. As a result of the research, it was found that adding up to 20% quinoa to goldfish
rations does not adversely affect the live weight and was similar to the oat Mosquero (2009) reported that
sweet quinoa can be added to broiler rations up to 25%. This value is significantly lower than the 25 % reported
by Mosquero (2009). Similarly; Jacopsen et al., (1997) found that the live weight in broilers consuming 50 g
kg -1 quinoa showed similarities compared to control group broilers. The observed response variance may be
related to several factors, such as species differences and the quinoa variety used in the dietary.

Table 3

Results on goldfish performance growth
Groups 1st Group (T1) 2nd Group (T2) 3rd Group (Ts) 4th Group(T,)
Parameters n X + Si n X + Sf n X + Si n X + Sf
Initial live weight (g/fish) 24 9.69+0.64 24 10.05+0.62 24 9.76+0.64 24 9.95+0.73
20. day 24 13.26+1.00 24 13.41+0.75 24 13.95+ 0.46 24 14.20+ 0.80
40. day 24 16.10£1.12 24 16.22+0.86 24 16.69+1.55 24 15.96+1.14
60. day 24 17.26+1.32 24 17.53+0.94 24 17.74+1.61 24 17.24+1.37
Total live weight gain 24 7.56+0.70 24 7.48+0.38 24 7.97+1.20 24 7.32+0.68
Specific growth rate (%/d) 24 11.45+0.88 24 11.79+0.56 24 12.87+1.28 24 12.97+1.11
Daily live weight gain
(g/fish)
0-20.day 24 0.182+0.201 24 0.170+0.179 24 0.212+0.197 24 0.214+0.129
20-40 day 24 0.144+0.018 24 0.142+0.174 24 0.138+0.028 24 0.089+0.027
46-60. day 24 0.058+0.145 24 0.067+0.119 24 0.055+0.007 24 0.067+0.013
Mean 0.128+0.121 0.126+0.157 0.135+0.098 0.123+0.068
Feed intake (g/fish)
0-20. day 1.38 1.53 1.55 1.43
21-40 day 182 1.74 1.87 1.70
41-60. day 0.87 0.85 0.86 0.80
Mean 1.35 1.37 1.42 1.31
FCR * 10.54 10.87 10.56 10.65

*FCR; Feed conversion ratio

3.2. The specific growth rate

In this study, the specific growth rate (SGR) was not affected significantly by quinoa supplementation
(Table 3). However, a partially insignificant increase (2.88%, 11.03%, and 11.71; P> 0.05) in the SGR (% / d)
was observed in the goldfish groups fed by T2 with 100 g quinoa, T3 with 150 g quinoa and with T4 200 g
quinoa diets feed compared to the control group.

Also, insignificant differences were observed in average daily gain during 0-20 days. The highest daily value
of live weight gains on fish was obtained from the T4 diet with 0.214+0.129 g day-1. This was followed by
the T3 diet, the T1 diet, and the T2 diet with 0.212+0.197, 0.182+0.201, and 0.170£0.179, respectively. The
differences between the means of the group were found statistically insignificant (P>0.05). The same trend
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was obtained throughout the trial period (0-60 days). Group's daily live weight gain showed similarity with
each other (Table 3). This can be explained by the fact that the protein and energy contents of the trial rations
are close to each other (Abo-Eid et al., 2021).

3.3. The Feed intake

Feed consumption and FCM values of the experimental fishes are presented in (Table 3). The average daily
feed consumption of fish showed a continuous increase during the trial period. It ranged from 1.31-1.42 g.
The highest feed consumption was determined in the 3rd group fed by T3 with 150 g quinoa and the lowest
feed consumption was determined in the 4th group fed by T4 with 200 g quinoa. The average daily feed
consumption of the group was not significantly affected by the application of quinoa. This may be due to the
palatability of quinoa grain being similar to that of oats. Similarly, Jacobsen et al., (1997) reported that feed
intake did not affect broilers fed with quinoa. The different results might be due to the differences in animal,
quinoa variety, and processing technology

3.4. The feed conversion

The average FCR; (Feed Conversion Ratio) of the experimental fish was determined to vary between 10.54—
10.87, respectively during the trial. (Table 3). The highest FCR was determined in the first group and the
lowest FCR was determined in the second group. During the period (60 days), the average FCR ranged from
17.24+1.37t0 17.74+1.61 g. for T1, T2, T3, and T4 respectively. These results are also supported by a previous
study (Abo-Eid et al., 2021). This may be due to the close values of feed intake parallel to the average daily
gain values (El Sayed, 2016). Since only the total feed intake was determined in each group, statistical analyses
of the results obtained data of feed intake and FCR could not be performed.

3.5. The Effects of Quinoa on the developmental body of Fish

When the effects of the use of quinoa on the development body of fish were examined, it was determined
that the mean body lengths of the experimental animals varied between 6.29+0.124 - 6.43+0.132, respectively
at the beginning of the trial. (Table 4). The body lengths of fish increased at the end of the 60-day trial. and it
ranged from 6.9540.131 to 7.29+0.212 cm.

As seen in Table 4, the head highs of fish according to the groups are; It was determined that it varied between
2.00£0.059 - 2.204+0.061 cm at the beginning of the study (p>0.05). At the end of the 60-day trial, the head
highs of fish were partially positively affected in goldfish fed by T2. In fish fed by diet T2 with 100 g quinoa
increased head high by 0.15 cm and Similarly, this increment was only 0.02 cm in fish fed by diet T3 with 150
g quinoa. In the present study, the head highs and head widths of the fish were not significantly affected by
quinoa.

There was no statistical difference between the rations in terms of criteria. Based on the data obtained in Table
4, shows that the ginoa ration does not have a negative effect on fish. The performance of all goldfish-fed
guinoa rations was similar to that of goldfish fed oats rations. However, these study results were not similar to
the previous study results. (Pate et al., 2006; Gutierrez-Espinosa et al., 2011; Bazile et al., 2015; Giil &Tekce,
2016; Marino et al., 2018; Angeli et al., 2020) which stated that quinoa gives much better results than all other
grains (barley, corn, and oats).
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Table 4

Results on the developmental body of goldfish
Groups 1st, Group 2nd Group 3rd Group 4th Group
Parameters n X + Si n X + Si n X + Si n X + Si
Initial body lengths (cm) 24 6.43+0.132 24 6.29+0.124 24 6.32+0.167 24 6.29+0.134
20. day 24 6.74+ 0.148 24 6.80+0.182 24 6.62+0.138 24 6.63+0.130
40. day 24 6.80+0.184 24 6.89+0.116 24 6.63+0.186 24 6.83+0.166
60. day 24 7.29+0.156 24 6.95+0.131 24 7.29+0.212 24 7.02+0.198
Initial body height (cm) 24 2.94+0.071 24 2.86+0.080 24 3.00+0.046 24 3.00+0.060
20. day 24 3.10+0.076 24 3.13+0.067 24 3.23+0.066 24 3.19+0.061
40. day 24 3.30+0.078 24 3.30+0.055 24 3.32+0.065 24 3.31+0.071
60. day 24 3.42+0.095 24 3.48+0.067 24 3.47+0.074 24 3.55+0.083
Initial head highs (cm) 24 2.20+0.061 24 2.12+0.046 24 2.15+0.036 24 2.00+0.059
20. day 24 2.35+0.055 24 2.36+0.044 24 2.42+0.047 24 2.27+0.055
40. day 24 2.45+0.058 24 2.53+0.042 24 2.53+0.061 24 2.43+0.052
60. day 24 2.60+0.055 24 2.75+0.065 24 2.62+0.064 24 2.58+0.048
Initial head widths (cm) 24 1.55+0.039 24 1.61+0.034 24 1.55+0.044 24 1.51£0.040
20. day 24 1.68+0.041 24 1.74+0.034 24 1.77+0.044 24 1.61+0.036
40. day 24 1.78+0.038 24 1.84+0.030 24 1.83+0.044 24 1.73+0.034
60. day 24 1.91+0.050 24 1.98+0.053 24 1.95+0.044 24 1.83+0.034

4.Conclusion

A well-chosen quinoa can positively affect goldfish performance growth and development body in diets
when an energy grain was limited or replaced by an oat grain as a concentrate energy source and can be
included up to 20% in goldfish diets without losing performance. However, considering the head development
of 0.15 cm in fish and long-term use in the diet, it is thought that the most optimal dosage of quinoa to a diet
of goldfish was 100 g/kg on a DM basis. Quinoa, which has a rich nutrient content and does not contain gluten
can play a very important role in terms of the recognition of this feed in the sector for reasons such as ease of
pelleting and being substituted for oats. No blood sample was taken because the fish were small. There was no
loss of death from the trial animals.
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Oz - Bu galismada, 2-aminoasetofenon bilesiginden bagslanarak 2-,3-,4- bromo substitue azakalkon (1-3) bilesikleri sentez-
lendi. 1-3 Nolu bilesiklerinin katifaz ortaminda mikrodalga cihazi kullanilarak 2-, 3-, 4-bromo azaflavanon bilesikleri (4-6),
sirastyla %52, %89 ve %77 verimlerle sentezlendi. Sentezlenen bilesikler spektroskopik olarak *Hidrojen, *Karbon, Baglan-
mus Proton Testi (APT) NMR, Fourier Doniistiimlii Kiziltesi Spektroskopisi (FT-IR) Infrared ve Stvi kromatografi-kiitle spekt-
rometresi/kiitle spektrometresi (LC-MS/MS)yontemleriyle karakterize edildi. Sentezlenen bilesiklerin antimikrobiyal aktivite-
leri 12 ayr1 mikroorganizmaya (4 adet Gram pozitif, 7 adet Gram negatif ve 1 fungus) karsi disk diflizyon yontemi kullanilarak
test edildi ve minimum inhibisyon konsantrasyonu (MiK) hesaplandi. Sentezlenen azakalkon ve azaflavanon bilesikleri (1-6)
test edilen mikroorganizmalar arasinda en yiiksek etkiyi Candida tropicalis’a karg1 gosterdi. 3-Bromo azaflavanon (5) bilesigi
Gram pozitif Enterococcus feacalis, Staphylococcus aureus ve fungus Candida tropicalis’a karst etkili bulundu. Test edilen
higbir bilesik Gram negatif bakterilere karsi etkinlik gostermedi. Sentezlenen bilesikler arasinda en yiiksek aktiviteyi 6.25
png/mL’lik MIC degeri ile 2 numarali azakalkon bilesigi Candida tropicalis’a karsi gosterdi. Ayrica sentezlenen 1-6 nolu bile-
siklerin antioksidan aktiviteleri plazmanin demir indirgeme yetenegi (FRAP) ve 1,1-Difenil-2-pikrilhidrazil kapasitesi (DPPH)
yontemlerine gore yapildi. Antioksidant testi sonucunda, 3-bromo kalkon (173,78+1,76 ve 0,48+0,01) ve 3-bromo azaflavanon
(279,05+1,77 ve 0,09340,001) bilesiklerinin en yiiksek antioksidan aktiviteye sahip olduklart goriildii.

Anahtar Kelimeler — Azaflavanon, antimikrobiyal aktivite, antioksidan aktivite, mikrodalga.
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Abstract — In this study, 2-, 3-, 4-bromo azachalcones (1-3) were synthesized starting from the 2-aminoacetophenone. 2-, 3-,
4-bromo azaflavanones (4-6) were synthesized from the compounds 1-3 by using a microwave method in the solid phase envi-
ronment with the yields of 52%, 89%, and 77%, respectively. The synthesized compounds were characterized spectroscopically
(*H, 13C, Attached Proton Test (APT) NMR, Fouirer Transform Infrared Spectrophotometer (FT-IR) and Liquid Chromatog-
raphy-Mass Spectroscopy (LC-MS/MS). The antimicrobial activities of the synthesized compounds were tested against 12
different microorganisms (4 Gram positive, 7 Gram negative and 1 fungus) using the disk diffusion method and the minimum
inhibition concentration (MIC) was calculated. The synthesized azachalcone and azaflavanone compounds (1-6) showed the
highest efficacy against Candida tropicalis among the microorganisms tested. 3-Bromo azaflavanone (5) was found to be ef-
fective against Gram positive Enterococcus feacalis, Staphylococcus aureus and fungus Candida tropicalis. None of the com-
pounds showed activity against Gram-negative bacteria. Compound 2 showed the highest activity against Candida tropicalis
among the tested compounds with a MIC value of 6.25 ug/mL. In addition, antioxidant activities of synthesized compounds 1-
6 were performed according to FRAP and DPPH methods. As a result of the antioxidant test, it was observed that 3-bromo
chalcone (173.78+1.76 and 0.48+0.01) and 3-bromo azaflavanone (279.05+1.77 and 0.093+0.001) had shown the highest anti-
oxidant activity.
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1. Giris

Kalkonlar, flavonoidler ailesinin dnciileri olan, bitkiler tarafindan iiretilen polifenolik bilesiklerin bir grubudur
(Arianingrum & Arty; 2018). Flavonlar, pirazolinler ve indol vb. gibi biyolojik 6neme sahip bir¢ok heterosiklik
bilesikler anahtar Onciiler olarak kalkonlar kullanilarak sentezlenebilir. Kalkonlar, yapisal olarak 1,3
konumlarindan iki fenil halkasinin baglandigi 15 karbondan olusmus propan zincir yapisindan olusur. (Roleira,
Varelaa, Gomes, Costa & Silva, 2021; Rozmer & Perjesi 2016, Valavanidis ve Vlachogianni 2013). Aromatik
halka yapisinda oksijen atomu bulunduran kalkonlar biyolojik agidan 6nemli yere sahiptir (Eddarir Cotelle,
Bakkour & Rolando, 2003; Forkman & Heller, 1999). Flavonoidler ve bunlarin alt siifi flavanonlar, dogada
antikanser veya antikanserojenik (antimutajenik) aktivitelere sahip oldugu bildirilen polifenolik bilesikler
olarak bulunur (Androutsopoulos, Papakyriakou, VVourloumis, Tsatsakis & Spandidos, 2010; Panche, Diwan
& Chandra, 2016). Flavanonlar genellikle 2'- substitue kalkonlarin (-OH, -NH>) asetik asit, etanol veya baska
¢Oziicii i¢inde; bir asit varliginda (siilfiirik asit, polifosforik asit gibi) veya bir baz katalizor varliginda (piridin,
DBU, TEA gibi), geleneksel 1sitma veya mikrodalga 1simasi altinda siklizasyon reaksiyonu ile sentezlenir
(Dongamanti, Naji, Bommidi&Rolando, 2016). Azaflavon bilesikleri, yapisinda piridil veya 1 konumunda azot
(N) bulunduran heterohalkali bilesikler olup genel olarak azakalkon ya da subtitue amino grubu bulunduran
kalkon bilesiklerinden baslanarak sentezlenirler (Yasar vd., 2008). Azaflavanon bilesikleri azaflavonoid sinifi
bilesiklerdir ve dihidrokinolinonlar olarak bilinirler (Nibbs & Scheidt; 2012; Sakirolla, Yaeghoobi&Rahman,
2012; Cheng, Zhao & Yu, 2014). Azaflavanon bilesiklerinin birbirinden farkli reseptor veya enzimler i¢in
ligand bulabilme kabiliyetlerinden dolay1 antimalaryal, sitotoksik ve mRNA inhibitdrii gibi birgok biyolojik
aktiviteye sahip olduklari, aday nonsteroid antiinflamatuar ilaglar (NSAID'ler) olarak énemli bir potansiyele
sahip oldugu bildirilmistir (Higuchi vd., 2009; Patti vd., 2012; Chandrasekhar vd., 2012). Azaflavon ve
azaflavanon bilesikleri yap1 olarak dogadaki bir¢ok bitkide bulunan bilesiklere benzer olmasi ve bu bilesiklerin
de cok cesitli biyolojik aktivite gdstermelerinden dolay1 literatiirde mevcut olan sentez yontemleri
degistirilerek farkli yontemlerle sentezlenme ihtiyaci baglamistir. Artan kimyasal atik ve sentez verimlerinin
yiikseltilmesi gibi sebeplerden dolay: giintimiizde organik kimyadaki sentezler de yesil kimya olarak bilinen
metodlara ilgi artmaktadir. Birbirinden farkli substitue gruplar1 bulunduran azaflavonon bilesiklerin sentezi,
geleneksel yontemlerle ya da degisik katalizorler varliginda mikrodalga cihazi ile yapildigi c¢alismalar
bulunmaktadir (Rosa, Seca, Barreto, Silva & Pinto, 2019; Nilsson, Nielsen, Liljefors, Nielson & Sterner, 2008;
Yayl, Ugiincii, Yayli, Demir & Demirbag, 2008). Bu bilesiklerin sentezi icin yapilan ¢alismalarda, amino
substitue  kalkonlar sentezlenerek halkalasma sonucundan azaflavanon bilesiklerinin  sentezi
gerceklestirilmistir (Rocha, Vaz, Pinto&Silva, 2019; Gupta, Jamatia, Patil, Ma & Pal, 2018; Chelghoum,
Bahnous, Bouraiou, Bouacida & Belfaitah, 2012).

Son yillarda sentez reaksiyonlarinda klasik yoOntemler yerine yeni sentez yontemlerinin kullanildig:
goriilmektedir. Bunun sebebi olarak klasik sentez islemlerinin uzun siireli olmasi, fazla miktarda ¢oziicii ve
reaktif kullanimi, tirtin veriminin diisiik olmasi gibi olumsuzluklar olabilir (Hayes, 2004; Safari, Naseh,
Zarnegar & Akbari, 2014). Bu olumsuz durumlari ortadan kaldirmak ya da en aza indirme ihtiyacindan 6tiird,
sentez alanindaki calismalarda farkli yontemlerin bulunmasi séz konusu olmustur. Bu anlamda mikrodalga
cihazinin kullanilmaya baglandig1 ¢alismalarin sayisinda oldukga artis goriilmektedir (Horihoski, Watanabe,
Narita, Suzuki & Serpone, 2018; Diaz- Ortiz, Prieto & Hoz, 2019). Bu sebeple mikrodalga cihaz1 yeni
potansiyel ilaglarin gelistirilmesinde 6nemli bir 1sitma kaynagi olarak kullanilmakta sentez alanindaki
caligmalarin odagi haline gelmistir (Mavandadi & Lidstrom; 2004). Mikrodalga destekli reaksiyonlar ¢oziicii
varliginda ve kati1 faz reaksiyonlar1 seklinde kullanilarak yapilmaktadir (Lidstrom, Tierney, Wathey &
Wetman, 2001; Murti, Patak & Patak, 2021).

Kalkonlardan flavanon sentezi, genellikle polar 6zellikteki ¢oziiciiler kullanilarak ya da kati faz reaksiyonlari
ile beraber yapilmaktadir. Genellikle aseton, metanol, etanol gibi polar ¢oziicii ortaminda mikrodalgada
flavanon bilesiklerinin sentezlendigi birgok ¢alisma mevcuttur (Sinyeue vd., 2022; Tehseen, Ghori, Khatoon,
Sajid & Nafees, 2021; Rahim, Bhuiyan, Matin, Ali & Kabir, 2018). Mikrodalga 1sinlariyla flavanon
bilesiklerinin sentez reaksiyonunda kati faz ortaminda sentezlenmesi de yapilmaktadir (Albogami, Alkhathlan,
Saleh & Elazzazy, 2014). Reaktant bilesikler aliimina, silika, Klay, N-bromo sukkinimit (NBS) gibi kati
maddelerle veya 1,2,4-tri kloro benzen (TCB) gibi siv1 ¢oziiciiler olarak kullanilarak, mikrodalga isinlarinin
daha kuvvetli sekilde absorbe edilmesini ve reaksiyon ortaminin homojen bir sekilde 1sinmasi saglanir (Silva,
Silva, Tome & Cavaleiro, 1999; Patoilo, Silva, Pinto, Tome&Cavaleiro, 2007; Varma, 2002; Kahriman vd.,
2012).

466


https://doi.org/10.1063/1.5065031
https://seap.taylors.edu.my/file/rems/publication/107450_8147_1.pdf
https://seap.taylors.edu.my/file/rems/publication/107450_8147_1.pdf
file:///C:/Users/Asus/Desktop/Yeni%20klasör/Downloads/DOI%2010.1007/s11101-014-9387-8
doi:10.1016/B978-0-444-62615-8.00008-4
doi:10.1016/S0040-4039(03)01140-7
doi:10.1016/S0040-4039(03)01140-7
https://doi.org/10.1016/S0958-1669(00)00192-0
doi:%2010.1016/j.pharmthera.2010.01.009
doi:%2010.1017/jns.2016.41
doi:%2010.1017/jns.2016.41
doi:10.1515/hc-2016-0027
doi:%2010.1002/cbdv.200890078
doi:%2010.1002/ejoc.201101228
doi:10.1007/s00706-011-0663-7
doi:10.1007/s00706-011-0663-7
https://doi.org/10.1002/adsc.201300920
file:///C:/Users/Asus/Desktop/Yeni%20klasör/Downloads/DOI%2010.1007/s00535-009-0102-2
file:///C:/Users/Asus/Desktop/Yeni%20klasör/Downloads/10.1016/j.jorganchem.2012.06.025
doi:%2010.1016/j.bmcl.2011.10.061
https://doi.org/10.3390/app9142846.
https://doi.org/10.1016/j.bmcl.2008.09.092
https://journals.tubitak.gov.tr/chem/vol32/iss6/14
https://doi.org/10.3390/mps2030070
https://doi.org/10.1021/acsomega.8b00334
https://doi.org/10.1016/j.tetlet.2012.05.097
https://doi.org/10.1016/j.tetlet.2012.05.097
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/107/257/acta-vol37.pdf#page=74
https://doi.org/10.1016/j.jtusci.2014.01.007.
https://doi.org/10.1016/j.jtusci.2014.01.007.
doi:10.1038/s41598-018-23465-5
doi:10.1038/s41598-018-23465-5
doi:%2010.1002/tcr.201800059
doi:%2010.2174/1568026043451078.
http://dx.doi.org/10.1016/S0040-4020(01)00906-1
http://dx.doi.org/10.1016/S0040-4020(01)00906-1
doi:%2010.2174/1385272825666210728095624
doi:%2010.3390/molecules27061781
http://www.botanyjournals.com/archives/2021/vol6/issue1/6-1-18
http://www.botanyjournals.com/archives/2021/vol6/issue1/6-1-18
https://www.researchgate.net/publication/341491752
http://dx.doi.org/10.13005/ojc/300205
http://dx.doi.org/10.13005/ojc/300205
https://doi.org/10.1002/(SICI)1099-0690(199901)1999:1%3c135::AID-EJOC135%3e3.0.CO;2-I.
https://doi.org/10.1002/(SICI)1099-0690(199901)1999:1%3c135::AID-EJOC135%3e3.0.CO;2-I.
doi:10.1002/jhet.5570440617
doi:10.1016/S0040-4020(01)01216-9.
https://doi.org/10.1002/jhet.800
https://doi.org/10.1002/jhet.800

Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 2, Sayfa: 465-476

Bu calismada genis biyolojik aktivite yelpazesine sahip olan heterohalkali azaflavanon bilesiklerinin
sentezlenmesi ve bu bilesiklerin ¢esitli biyolojik aktivite caligmalarinin yapilmasi amaglanmistir. Bu ¢alisma
kapsaminda, sentezi yapilan toplam 6 adet kalkon ve flavanon bilesiklerinin literatiirde sentezlerinin mevcut
oldugu gorilmektedir (Zhao vd., 2013; Santos vd., 2017; Varma & Saini, 1997). 2-/3- bromo substitue
azaflavanon bilesiklerinin (4,5) mikrodalga cihazi kullanilarak sentezlenmesi ve sentezlenen azaflavanon
bilesiklerinin biyolojik aktivite ¢aligmalarina dair herhangi bir ¢alismanin mevcut olmadigr goriilmiistiir. Bu
amagla bu ¢alismada, hem azaflavanon bilesiklerinin sentezinde yeni yontemler kullanilarak sentez yapilmasi
hem de antimikrobiyal, antioksidan aktivitelerinin tayin edilmesi ilk kez bu c¢alismada yapilmistir
(Bhattacharya, Kundu & Maiti, 2010; Zhu vd., 2021; Li, Jin, Yu &Su, 2009; Saito, Moriya & Akiyama, 2015;
Derebli vd., 2016).

2. Materyal ve Yontem

Bu ¢alismada, ¢alismaya konu olan farkli konumlardaki 1-,2-,3- bromo substitue azakalkon bilesikleri Claisen-
Schmidt kondenzasyonu yontemiyle sentezlendi. Sentezlenen kalkon bilesiklerinden baslanarak, laboratuvar
tipi mikrodalga cihazinda, molekiil i¢i halkalagsma reaksiyonu iizerinden farkli konumlarda brom igeren
azaflavanon bilesiklerinin sentezi yapilmistir. Sentezlenen 6 bilesik, disk difiizyon yontemi ardindan minimum
inhibisyon konsantrasyonu yontemi kullanilarak toplam 12 adet Gram pozitif, Gram negatif ve fungus
mikroorganizma Tlzerindeki antimikrobiyal aktiviteleri, DPPH ve FRAP yontemleri kullanilarak da
antioksidan aktiviteleri tespit edildi.

2.1.Enstriimentasyon

Saflagtirma ve sentez islemleri sirasinda kullanilan tiim kimyasallar Merck ve Sigma-Aldirich, etanol, me-
tanol organik ¢oziiciileri %98 saflikta olup fraksiyonlu destilasyon yapilarak sentez ve analiz islemlerinde kul-
lanildi. NMR alinirken kullanilan CDCl3 ve CD30D Merck marka olup % 99.8 safliktadir. UV spektrumlari
25 °C’de, Unicam UV2-100 Spektrofotometresinde alindi. Kiitle spektrumlari Micromass Quattro LC-MS/MS
cihazinda alindi. Erime noktalari mikroskoba bagli Thermo-var cihazi kullanilarak tayin edildi. IR spektrum-
lar1 ise KBr tabletleri halinde veya NaCl iizerinde CHClz ve CH3OH ¢6ziiciileri yardimiyla Perkin-Elmer 1600
Series FT-IR (4000-400 cm™) spektrofotometresinde alindi. NMR spektrumlar1 Varian Mercury 200 MHz
NMR cihaz1 kullanildi.

2.2. (1-3) Nolu Azakalkon Bilesiklerin Sentezi

Claisen-Schmidt kondenzasyon reaksiyonu ile 1-3 Nolu brom substitue azakalkon bilesiklerin sentezlen-
mesi i¢in uygulanan prosediir literatiirde verildigi gibi gergeklestrildi (Zheng vd., 2013; Cheng vd., 2014). 2-
amino asetofenon (1,0 g, 0,007 mol) ile 2-, 3- ve 4-bromo benzaldehit (1,36 g, 0,007 mol), baz olarak NaOH
(1.0 g, 0,025 mol) ve ¢ozmek i¢in etanol ve NaOH ¢6zmek i¢in saf su kullanilmistir. Reaksiyonlar 0-5 °C
araliginda yapilmis olup reaksiyonlara ait genel reaksiyon denklemi Sekil 1’de verilmistir. Reaksiyon ortami-
nin soguk olmasina dikkat edilerek kloroform ¢oziicii sisteminde asidik TLC ile reaksiyon ilerleyisi kontrol
edilerek olusan kati iirlin ortamdan ayrild1 ve kolon kromatografisi ile saflastirma sonrasi sar1 renkli iiriinler
'H-NMR, BC/APT-NMR ve COSY spektroskopisi alinarak literatiirdeki verilerle karsilastirildi.

2.3. (4-6) Nolu Azaflavanon Bilesiklerin Sentezi

Ilgili azakalkon bilesiginden 0,5 g (0,0016 mol) tartilarak iizerine 5 g K-10 Klay ilave edildi. Karigim iize-
rine kloroform ilave edilerek ¢oziildi. K-10 Klay ve kalkon karisimi evaporatorde kuruluga kadar cekildi.
Karisim, magnetle beraber mikrodalga cihazinin reaktorde cihaza yerlestirildi. 350 Watt 80 °C ‘de 25 dk mik-
rodalga 151m gonderilerek reaksiyonun takibi asidik TLC kullanilarak yapildi. Kontrollii olarak yapilan bu is-
lem 75 dk sonrasinda bitirildi. K-10 Klayle beraber bulunan iiriinii ortamdan almak i¢in reaktor igerigi kloro-
formda ¢oziilerek siizme islemiyle ayrildi ve evaporatorde ¢oziiciisii uzaklastirildi. Sentezlenen yagimsi tiriin-
lerin kolon kromatografisi ile saflastirma sonras1 *H-NMR, *C/APT-NMR ve COSY spektrumlari alindi.

2.4. Antimikrobiyal Aktivite Testi

Sentezlenen toplam 6 adet bilesigin antimikrobiyal aktivitelerinin bulunmasi i¢in disk difiizyon yontemi
uygulanarak duyarli bulunan mikroorganizmalara karst minimum inhibisyon konsantrasyonu (MiK) metodu
uygulandi. American Type Culture Collection'dan (ATCC) elde edilen 11 bakteri tiirline (4 Gram pozitif bak-
teri, 7 Gram negatif bakteri) ve 1 fungusa kars1 ayr ayr test yapilarak aktivite tayini yapildi.
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Mikrorganizmalar sirasiyla; Bacillus subtilis (B. subtilis) ATCC 6633, Enterococcus faecalis (E. faecalis)
ATCC 29212, Staphylococcus aureus (S. aureus) ATCC 25923, Staphylococcus epidermidis (S. epidermidis)
ATCC 12228, Escherichia coli (E. coli) ATCC 25922, Klebsiella pneumonia (K. pneumonia) ATCC 13883,
Pseudomonas aeruginosa (P. aeruginosa) ATCC 27853, Proteus vulgaris (P. vulgaris) ATCC 13315, Salmo-
nella typhimirium (S. typhimirium) ATCC 14028, Yersinia pseudotuberculosis (Y. pseudotuberculosis) ATCC
911, Enterobacter cloaceae (E. cloaceae) ATCC 13047, Candida tropicalis ATCC 13803 (C. tropicalis’dir.
Standart antibakteriyel ilag olarak Kanamisin kullanilmistir. Stok ¢ozeltiler ve ¢oziicii kontrolii igin metanol
kullanildu.

2.4.1. Disk Difiizyon Yontemi

Sentezlenen bilesiklerin metanoldeki ¢ozeltilerinin antimikrobiyal aktivite tayini i¢in ilk olarak disk difiiz-
yon yontemi kullanildi (Amelia vd., 2006; NCCLS, 1993). Her bakteri kiiltiirit Muller-Hinton broth'a agilana-
rak 37°C'de 16 saat inkiibe edildi. Optik yogunluk degeri ODg2s = 0.08-0,1'e ayarlandi. Her bir bakteri stispan-
siyonundan 100 pL, Mueller-Hinton agar ylizeyine yerlestirildi. Petri kaplar1 37°C'de 24 saat inkiibe edildi.
Kanamisin, 10 pg/disk'te pozitif referans olarak kullanildi. Cozeltilerin inhibisyon 6lgiimii i¢in toplam ¢ap
Olciimii yapildi. Her plaka, 10 uL metanol ve bir antibiyotik disk igeren bos bir disk tasidi. Her madde i¢in
yapilan deneme ¢ tekrar halinde yapildi. Bilesiklerin metanoldeki ¢ozeltisiyle emprenye edilmis disklerin
etrafindaki > 6 mm ¢apindaki inhibisyon bolgesi olan bakteriler, minimum inhibitor konsantrasyon (MIC) i¢in
kullanild1.

NH,
=z | . Z
NaOH A Br K-10 Klay MD A g,
EtOH N A 350 W, 45 dk N~
O 49 —> —_—
H N
| X 0
>
X=2-/3-/4-Br 1-3 4-6

Sekil 1. 1-6 Nolu bilesiklere ait genel sentez denklemi

2.4.2. Micro-seyreltme Yontemi

Disk diflizyon testinde, sentezlenen bilesiklerin metanol ¢6zeltilerinin duyarli oldugu bulunan bakteri sus-
lar1 lizerinde MIC degerleri belirlendi. Bakteri suslarinin inokulumlart 12 saat agar kiiltiirlerinden hazirlandi
ve slispansiyonlar 0,5 McFarland standart bulaniklia ayarlandi. Metanolde ¢oziilen ekstraktlar dnce test edi-
lecek en yiiksek konsantrasyona (500 pg/mL) seyreltildi ve ardindan Muller-Hinton broth bulunan test 1
mL’lik test tiiplerinde 500 pg/mL ile 0,49 arasinda bir konsantrasyon araligi elde etmek igin seri 2 kat seyrelt-
meler yapildi. Muller-Hinton suyu igeren test tiipleri. Cozelti ortamindaki bilesiklerin bakteri suslarina karst
MIC degerleri, bir mikro-kuyu seyreltme yontemi bazinda belirlendi (Murray, Baron, Pfaller, Tenover
&Yolke, 1995; Hajlaoui vd., 2009). Pozitif kontrol i¢in standart ila¢ olarak Kanamisin, 500-0,49 ug/mL kon-
santrasyon araliginda Muller-Hinton broth'da hazirlanarak kullanildi. 96 oyuklu plakalar, seyreltilmis bilesigi
iceren 200 pL Muller-Hinton broth'un her bir oyuga dagitilmasiyla hazirlandi1 ve her oyuga 12 saatlik agar
kiltiirlerinden 5 puL 0,5 McFarland ilave edildi. Her kuyunun igerigi 24 saat 37°C sicaklikta inkiibe edildi. Her
ortamda mikrobiyal biiylime, spektrofotometre (Molecular Devices, SpectraMax M2) kullanilarak 600 nm'de
ilgili absorbans (Abs) okunarak belirlendi ve her kuyudan 10 pL numuneler Muller-Hinton agar ortamina kap-
lanarak dogrulandi. Bu ¢alismada yapilan antimikrobiyal aktivite testleri kullanilan her organizma i¢in 2 tek-
rarl1 yapildi.
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2.5. Antioksidan Aktivite Testi

2.5.1. FRAP Yontemi

FRAP ydnteminde sentezlenen bilesiklerin 1 mg/mL konsantrasyonlardaki metanoldeki ¢ozeltileri hazir-
land1. Standart olarak Troloks kullanildi. Numune korii digindaki sentezlenen her bilesik ve standart ¢ozelti
icine 3 mL FRAP reaktifi ilave edildi. Standart ve numune kor ¢ozeltilerine 100 pl sentezlenen bilesiklerin
cozeltileri eklendi. 20 dakika bekletilerek spektrofotometre de 595 nm’de absorbanslari 6l¢iildii (Benzie ve
Strain, 1999).

Elde edilen absorbans degerleri, indirgeme potansiyeli yiiksek antioksidan madde askorbik asit ile yapilan
caligma sonuglariyla karsilagtirildi. Bu yontemde, artan absorbans degeri artan indirgeme kuvvetini goster-
mektedir.

2.5.2. DPPHe Yontemi

DPPHe radikali (2,2-difenil-1-pikrilhidrazil) ile yapilan bu test i¢in radikal metanol iginde ¢oziildii (Cuen-
det, Hostettman, Potterat & Dyatmiko, 1997). Sentezi yapilan kalkon ve azaflavanon bilesiklerin ve standart
bilesiklerin (BHT, Troloks, C vitamini) farkli konsantrasyonlarda ¢ozeltileri hazirlandi. 1/2 seyreltme isle-
miyle 4 seyreltme yapildi. Numune ¢ozeltilerinin her birinin {izerine 750 uL. DPPHe ¢ozeltisi ilave edildi.
Numune ¢ozeltileri ve standart ¢ozeltiler icin iki tekrar calismasi yapildi. Ayrica numune/standart her bir kon-
santrasyonu igin birer kor ve her bir numune ¢oziiciisii icin de ii¢ paralel ¢alisildi. Inkiibasyon siiresi 50 dk
sonunda 517 nm’de absorbanslar okundu. Absorbans-konsantrasyon grafigi ¢izilerek radikal miktarini yariya
indiren numune konsantrasyonu olan 1Cso degerleri (mg/mL) hesaplandi.

3. Bulgular ve Tartisma

3.1. (1-6) Nolu Bilesiklerinin Sentezi

(1-3) Nolu bilesikler olan kalkon bilesiklerinin sentezleri literatiirde belirtildigi sekilde yapildi (Zheng vd.,
2013; Cheng vd., 2014; Praveen, Parthasarathy, Kumar & Perumal, 2015). Sentezlenen kalkon bilesiklerinden
ilgili flavanon bilesiklerinin sentez mekanizmasi Sekil 1’de gdsterilmistir.

keto-enol
taotomeri

Sekil 2. 4-6 Nolu bilesiklerin genel sentez mekanizmasi
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Bu calismada, farkli konumlarda bromo substitue azaflavanon bilesikleri mikrodalga cihazinda kati faz
ortaminda yagimsi halde saf halde elde edildi. Literatiire bakildiginda bromo substitue azaflavanon
bilesiklerinin sentezlendigi ¢aligmalara rastlanilmaktadir (Saito vd., 2015; Gorepatil vd., 2018; Li vd., 2009;
Ahmed, Konduru, Praven, Kumar, Kamaluddin 2013). Fakat 5 ve 6 numaral1 azaflavanon bilesiklerinin ilk kez
mikrodalgada sentezledigi sdylenebilir. Azaflavanon bilesiklerindeki (4-6) a,B-doymamis karbonil grubuna ait
cifte bagin etkilesme sabitleri 15.6, 15.8 ve 15.6 Hz’lik ¢ifte bag protonlarinin etkilesme sabiti degerleriyle
trans izomer yapisinda oldugu bulunmustur.

Derebli ve ark. (2016), calismalarinda 2 amino asetofenondan baslayarak [C14dabco]Br katalizorii esliginde
4-brom subtituentininde iginde oldugu farkli substitue 2-azaflavanon bilesikleri sentezlemistir. Normal
prosediirden farkli olarak Derebli ¢alismasinda ¢o6ziiciisiiz ortamda %76 oldukga yiiksek verimle sentezi
gerceklestirmistir. Bir baska ¢alismada He ve ark., (2021), bizim ¢alismamiza benzer sekilde, farkli substitue
2 azakalkon bilesiklerinden katalizér varliginda 2-azaflavanon bilesikleri sentezlediler. Literatiirdeki yeni
caligmalarda siklikla goriilen bir yontem olan katalizér varliginda yapilan ¢alismada ZnCl; esliginde asetik
asit-asetik anhidrit ortaminda geri sogutucu altinda %74 verimle 4-bromo substitue 2-azaflavanon bilesiginin
sentezi yapilmustir. Pan ve ark., (2016) 36 saat 25 °C de pirolidin (2-pirolidinmetil]-8-kinolinamin) ortaminda
3-bromo subtitue azakalkon bilesiginden azaflavanon bilesigini %72 verimle sentezlemislerdir. Bizim
calismamizda farkli konumlardaki brom substitue 2-azaflavanon bilesiklerinin sentezi, ¢ok daha gevreye
duyarli, reaktan ve ¢oziicii kullaniminin en aza indirildigi bir cihaz ile literatiirdeki sentez ¢alismalarindan ¢ok
daha yiiksek verimlerle yapilmustir. Li ve ark. (2009), silikajelle beraber Yb(OTf)3 kullanarak su banyosunda
3 bromo azaflavanon bilesiginin oldugu farkli substitue gruplar bulunduran flavanon bilesikleri
sentezlemislerdir. Iki farkli metot uygulayarak yaptiklari sentez isleminde %50-87 verimlerle iiriin elde
etmislerdir. Calismada verilen NMR ve IR gibi spektroskopik veriler agisindan benzerlik oldugu
goriilmektedir.

3.1.1. [2-(2-bromofenil)-2,3-dihidrokinolin-4(1H)-on] (4)

Verim: %52, kati iiriin, Rf: 0.59 (kloroform); IR (KBr, cm™): 3327 (-NH), 1667 (C=0), 3013 (=CH), 2850-
2929 (-CH); UV-vis A nm (loge): 363 (2.8); *H-NMR (200 MHz, CDCl3-CD3;OD (20:1, §, ppm): [al-H: 4.6
(2H, t, J= 6.6 Hz), 2.7 (2H, AXy), ar-H: 7.8 (d, 1H, J= 7.0 Hz), 7.4 (m, 3H), 7.3 (m, 2H), 6.8 (d, 1H, J= 7.8
Hz), 6.7 (d, 1H, J= 7.4 Hz), -NH: 4.7 (bs, 1H). C-NMR (50 MHz, CDCI3-CDs0OD (20:1, §, ppm): 192.9
(C=0), 57.7 (CH2), 46.2 (CH2), ar-C [131.4 (CH), 118.5 (CH), 135.5 (CH), 116.0 (CH), 151.4 (CH), 118.8
(CH), 139.9 (CH), 122.0 (CH), 131.9 (CH), 128.2 (CH), 127.4 (CH), 131.7(CH)]. C15H1.NO"Br: 301 g/mol,
LC-MS/MS (m/z) (%) [M("Br-NHs]*: 284, hesaplanan 284(100).

3.1.2. [2-(3-bromofenil)-2,3-dihidrokinolin-4(1H)-on] (5)

Verim: %89, katz iiriin, Rf: 0.56 (kloroform); IR (KBr, cm™): 3327 (-NH), 1666 (C=0), 3064 (=CH), 2849-
2926 (-CH); UV-vis A nm (loge): 243 (4.3), 262 (4.0), 362 (3.6); *H-NMR (400 MHz, CDCI5-CDs0OD (20:1,
d, ppm): [al-H: 4.7 (2H, t, J= 5.6 Hz), 2.8 (2H, AXy), ar-H: 7.9 (d, 1H, J= 7.4 Hz), 6.7 (t, 1H, J=8.2 Hz), 7.4
(t,1H,J=7.4Hz),7.2 (d, 1H,J=7.4 Hz), 7.6 (s), 7.5 (d, 1H, J=7.8 Hz), 7.3 (t, 1H, J= 4.4 Hz), 6.8 (d, 1H, J=
7.8 Hz), -NH: 4.5 (bs, 1H). *C-NMR (50 MHz, CDCls-CDs0D (20:1, 8, ppm): 191.7 (C=0), 56.2 (CH>), 46.3
(CHy), ar-C [130.2 (CH), 118.4 (CH), 136.2 (CH), 115.0 (CH), 147.5 (CH), 118.6 (CH), 138.2 (CH), 127.9
(CH), 122.9 (CH), 131.8 (CH), 130.9 (CH), 129.9 (CH)]. C1sH12NO™Br: 301 g/mol, LC-MS/MS (m/z) (%)
[M(°Br-NHs]*: 284, hesaplanan 284 (25).

3.1.3. [2-(2-bromofenil)-2,3-dihidrokinolin-4(1H)-on] (4)

Verim: %77, katt iiriin, R¢: 0.51 (kloroform); IR (KBr, cm%): 3325 (-NH), 1670 (C=0), 3063 (=CH), 2853-
2926 (-CH); UV-vis A nm (loge): 234 (4.3), 262 (4.0), 364 (3.6); H-NMR (400 MHz, CDCls-CDsOD (20:1,
8, ppm): [al-H: 5.2 (2H, t, J= 8.6 Hz), 2.7 (2H, AX>), ar-H: 7.8 (d, 1H, J= 7.0 Hz), 6.8 (t, 1H, J= 7.4 Hz), 7.4
(t, 1H, J= 6.0 Hz), 7.3 (d, 1H, J= 7.2 Hz), 7.2 (d, 1H, J= 6.2 Hz), 7.7 (d, 1H, J= 6.2 Hz), 7.6 (d, 1H, J= 6.6 Hz),
6.6 (d, 1H, J=7.8 Hz), -NH: 4.7 (bs, 1H). C-NMR (50 MHz, CDCls-CDsOD (20:1, 3, ppm): 193.2 (C=0),
57.0 (CH,), 44.4 (CHy), ar-C [127.9 (CH), 118.7 (CH), 135.9 (CH), 116.4 (CH), 152.0 (CH), 119.1 (CH),
140.1 (CH), 133.5 (CH), 129.9 (CH), 123.1 (CH), 129.9 (CH), 133.5 (CH)]. C1sH130,7Br: 316, LC-MS/MS
(m/z) (%) [M("°Br-NHs]*: 284, hesaplanan 284 (40).
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3.2. Antimikrobiyal Aktivite

Sentezlenen kalkon ve flavanon bilesiklerinin ¢alisilan 11 bakteri ve 1 fungus iizerindeki antimikrobiyal
aktivite sonucu Tablo 1’de gosterildi. Sentezlenen bilesiklerin test edilen G (-) bakteriler lizerinde herhangi bir
etkiye sahip olmadig tespit edildi. G (+) bakteriler tizerindeki etkilerinin de genel olarak ¢ok diisiik oldugu
tespit edildi. 6 bilesik arasinda bakteriler lizerinde en etkili 5 numarali, 3-bromo substitue azaflavanon bilesigi
olup, G (+) bir bakteri olan E. feacalis e kars1 25 pg/mL etki gosterdi. Mikroorganizmalarin geneline bakildi-
ginda yine en etkili bilesigin 5 numarali 3-bromo substitue azaflavanon bilesiginin E. faecalis, S. epidermidis
ve C. tropicalis tizerinde etki gosterdigi tespit edildi. 3 numarali bilesik olan 4-bromo substitue azakalkon
bilesigi hari¢ diger bilesiklerin hepsinin, insanlarda cilt ve deri hastaliklarina sebep olan fungus ailesinden bir
mikroorganizma olan C. tropicalis iizerinde 6.25-100 pg/mL araliginda etkisinin oldugu bulundu. Bu bilesikler
icerisinde C. tropicalis’e karsi en yiiksek aktivite 6.25 pg/mL’lik MIC degeri ile 2 numarali bilesik 3-bromo
substitue azakalkon bilesiginde bulundu. Kontrol antibiyotigi olan Kanamisinin C. tropicalis iizerinde her-
hangi bir etkisi bulunmadi.

Tablo 1

1-6 nolu bilesiklerinin test edilen bakteri suslarina karst MIC degerleri (ug/mL)
Bacteriler Kanamisin 1 2 3 4 5 6
B. subtilis 0.196 100 - - - - -
E. faecalis 6.25 - - - - 25 -
S. aureus 0.782 - - - 100 - 100
S. epidermidis 0.392 - - - - 50 -
E. coli 1.562 - - - - - -
K. pneumonia 0.392 - - - - - -
P. aeruginosa -- - - - - - -
P. vulgaris 0.196 - - - - - -
S. typhimirium 1.562 - - - - - -
Y.pseudotuberculosis 0.782 - - - - - -
E. cloaceae 1.562 - - - - - -
C. tropicalis -- 100 6.25 - 100 25 100

B. subtilis: Bacillus subtilis ATCC 6633, E. faecalis: Enterococcus faecalis ATCC 29212, S. aureus: Staphylococcus aureus ATCC
25923, S. epidermidis: Staphylococcus epidermidis ATCC 12228, E. coli: Escherichia coli ATCC 25922, K. pneumonia: Klebsiella
pneumonia ATCC 13883, P. aeruginosa: Pseudomonas aeruginosa ATCC 27853, P. vulgaris: Proteus vulgaris ATCC 13315, S. typ-
himirium: Salmonella typhimirium ATCC 14028, Y. pseudotuberculosis: Yersinia pseudotuberculosis ATCC 911, E. cloaceae: Ente-
robacter cloaceae ATCC 13047, C. tropicalis: Candida tropicalis ATCC 13803.

Flor, klor ve brom substitue azaflavanon bilesiklerinin sentezi yapilan bir bagka ¢aligmada Praven ve ark.
(2015), azakalkon bilesiklerini dnce epoksitleri haline ¢evirerek Diklorometan ortaminda trifilik asit kullan-
diklar1 ¢alismadir. 3- ve 4-bromo azaflavanon bilesiklerini sirasiyla 45 ve 50 dk siire sonunda %81-84 verimle
sentezlemislerdir. Yapilan antimikrobiyal aktivite caligmasinda en yiiksek aktiviteyi Shigella flexneri (15-20
mm), Staphylococcus aureus MRSA (17-22 mm) ve fungus olan Candida albicans (10-18 mm) {izerinde goés-
termislerdir. Bu anlamda bizim ¢alismamizdaki fungus iizerindeki aktivite agisindan benzerlik gosterdigi soy-
lenebilir. Kahriman ve ark.,(2012) 1,3-Diaza-flavanon ve flavon bilesiklerini sentezleyerek antimikrobiyal ak-
tivitelerini caligmislardir. Calismada gram pozitif bakteriler {izerinde flavanon ve flavon bilesiklerinin yiiksek
aktivite gosterdiklerini bulmuslardir. Bu ¢alismada da Gram pozitif bakteriler olan E. faecalis, S. epidermidis
ve C. tropicalis mikroorganizmalari tizerinde aktivite bulunmus olmasi bakimindan bizim ¢alismamizi destek-
ler sekildedir.

3.3. Antioksidan Aktivite

Brom siibstitiientinin farkli konumlardaki kalkon ve flavanon bilesikleri iginde 3 konumundaki bilesikler
olan 2 ve 5 bilesiklerinin antioksidan aktivitelerinin 6 bilesik i¢erisinde en yiiksek oldugu bulundu. Sentezlenen
bilesiklerde bulunun —NH; ve -NH gruplariin antioksidan aktivite gosterme egilimi artirdig1 bilinmektedir.
FRAP ve DPPH antioksidan aktivite test sonuglari standart sapmalar hesaplanarak verilmistir. Sonuglar genel
olarak degerlendirildiginde brom siibstitiientinin —-NH; ve —-NH subtituentinden uzakta bulunmasinin aktivite-
nin artmasi yoniinde etki sagladigi sdylenebilir.
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Tablo 2
1-6 nolu bilesiklerin FRAP ve DPPH Sonuglari

Numune FRAP (umol/g) DPPH (mg/mL)
1 81,642+1,231 0,583+0,011

2 173,783+1,763 0,484+0,012

3 59,794+0,983 0,819+0,015

4 237,333+1,295 0,122+0,009

5 279,052+1,773 0,093+0,009

6 231,056=+1,451 0,997+0,012
Troloks* 0,0034-+0,000

Yasar ve ark., (2008) yaptiklar1 calismada sentezledikleri hidroksi substitue flavanon bilesiklerinin
antimikrobiyal ve antioksidan tayinlerini yapmiglardir. DPPH tayini sonucunda flavanon bilesiginin gii¢lii
antioksidan gosterdigi, FRAP tayininde ise 268-283 umol degerinde aktivite gosterdigini bulmuslardir. Bu
baglamda bu calismada sentezi yapilan 3 adet azaflavanon bilesiklerinin FRAP degerlerine bakildiginda 231-
279 pmol olmas1 bakimindan literatiirdeki calismadaki gibi yiiksek antioksidan aktivite gosterdigi soylenebilir.

Diger bir ¢aligsma Sinek, (2012), hidroksi substitue azakalkon, azaflavon ve azaflavanon bilesiklerinin sentez-
lerinin yapildig1 ¢aligmada azaflavanon bilesiginin sentezlenen bilesiklere kiyasla SCso= 0,512 mg/mL degeri
ile en yiiksek DPPH degerine sahip oldugunu bulmustur.

4. Sonuglar

Flavanoid sinifi bilesiklerden olan azaflavanon sinifi bilesikler hem biyolojik hem de endiistriyel dneme
sahiptir. Biyolojik aktivite olarak; antioksidan, antimikrobiyal, antialerjik, antihipertansif, antiiilserojenik,
antiviral genis bir yelpazeye sahiptir. Bunlarin yaninda boya endiistrisinde ve metaller tepkime girme
kabiliyetinden dolay1 besin, tekstil, deri, metaliirji, tip, ziraat gibi ¢ok farkli ve kullanimi oldukg¢a 6nemli olan
degisik alanlarda kullanimlar1 s6z konusudur. Bu ¢alismada azakalkon ve azaflavanon bilesiklerinin 6nce
sentezi, sonrasinda antimikrobiyal ve antioksidan Ozelliklerinin belirlenmesi amacglandi. Flavanon
bilesiklerinin literatiire bakildiginda, son yillarda farkli kanser hiicrelerine karsi aktivitelerinin bulundugu
caligmalar bulunmaktadir. Bu sebeple antioksidan ve antimikrobiyal aktive degerleri yiiksek bulunan bu
bilesiklerin, antialerjik, antimutajenik, kardiyoprotektif, enzimatik aktivite modiilatorleri ve antikanser gibi
birgok farkli biyolojik aktivite testleri uygulanabilir. Farkli biyolojik aktivite ¢alismalarinin yapilmasi igin
yeterli bilesik miktarlarinin sentezlenmesinde bu c¢alismada tercih edilen, ¢evre dostu mikrodalga cihazi
kullanilarak oldukga kisa siirede ve yiiksek verimde flavanon bilesikleri sentezlenebilir. Bunun yani sira; farkli
heterosiklik bilesiklerinin 6ncii molekiilleri olan flavanon bilesiklerinin pirazolin ve glikozit tiirevleri gibi
bir¢ok bilesige sentezi gerceklestirilerek aktivite ¢alismalari genisletilebilir.

Tesekkiir
Bu calismada antioksidan aktivite testlerini yapan, Prof. Dr. Hiiseyin SAHIN’e tesekkiirlerimizi sunariz.

Yazar Katkilan

Tayyibe Beyza Yiicel: Bilesiklerin sentezini tasarlamis ve yapmustir.
Seda Fandakli: Bilesiklerin sentezinde yardimci olmustur.

Ismail Demir: Calismanin antimikrobiyal aktivitesini yapmustir.

Nurettin Yayli: Bilesiklerin sentezini tasarlamis ve degerlendirmistir.
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Cikar Catismasi

Yazarlar ¢ikar ¢atismasi bildirmemislerdir.
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Oz — Aktif karbon, yiiksek yiizey alani ve yiiksek adsorpsiyon 6zellikleri nedeniyle yaygi olarak kullamlmaktadur.
Aktif karbon tiretimi i¢in farkli birgok kaynak (komiir, findik kabugu, saman vb.) kullanilarak kimyasal veya fiziksel
aktivasyon islemleri uygulanmaktadir. Kullanilan her bir kaynagin aktivasyon kapasitesi farklidir. Ulkemizde kémiir
kaynagi kullanilarak aktivasyon yapilmasi konusunda pek ¢ok ¢alisma yapilmaktadir. Komiirle yapilan aktivasyon
caligmalarinda kiil igeriginin diisiik olmasinin aktivasyon iizerine olumlu etkileri oldugu belirlenmistir. Bu ¢aligmada
tiivenan (ham) Soma-Manisa yoresi linyit komiirii, ayni kdmiiriin iglem gormiis hali (kiil igerigi azaltilmis) ve bunlarin
belirli oranlarda karisimlarina kimyasal aktivasyon uygulanmis ve elde edilen yiizey alani, sabit karbon ve adsorpsiyon
kapasitesi sonuglar1 karsilastirmali olarak verilmistir. Kiil igeriginin azaltilmasi islemi organik solvent kullanilarak
yapilmustir. Tiivenan Soma komiiriiniin kil igerigini azaltmak amaciyla hidroflorik asit (HF), hidroklorik asit (HCI)
ve hidrojen peroksit (H,0,) kullanilarak 6n islem uygulanmasinin etkileri de aragtirilmistir. Aktif karbon tiretimi igin
6n iglem goérmiis ve islem gérmemis komiirlerin potasyum hidroksit tuzu (KOH) ile karigimlari hazirlanarak kimyasal
aktivasyon iglemi yapilmistir. En yiiksek yiizey alani, HF ile 6n islem gérmiis Soma komiiriit KOH ile karistirilarak
azot ortaminda yapilan aktivasyonu sonucu 2259.38 m?/g degerinde elde edilmistir. Kiilii azaltilmig komiir ve Soma
kdmiiriiniin 1:1 oraninda yapilan karisimlart ile de KOH kullanilarak azot ortaminda yaklasik 1600 m%/g degerinde
yiizey alani elde edilmistir. Elde edilen aktif karbonlar ticari aktif karbonlar ile karsilastirildiginda KOH ile yapilan
aktivasyon ile ylizey alaninin daha yiiksek oldugu tespit edilmistir.
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Abstract — Activated carbon is widely used due to its high surface area and high adsorption properties. For the pro-
duction of activated carbon, chemical or physical activation process is applied by using many different sources (coal,
hazelnut shell, straw, etc.). The activation capacity of each source used is different. In our country, there are many
studies on activation using coal source. In activation studies with coal, it has been determined that low ash content has
positive effects on activation. In this study, chemical activation was applied to the raw Soma-Manisa lignite coal, the
treated form of the same coal (with reduced ash content) and their mixtures at certain ratios, and the obtained surface
area, fixed carbon and adsorption capacity results were given comparatively. The ash content reduction was done by
using organic solvent. The effects of pre-treatment with hydrofluoric acid (HF), hydrochloric acid (HCI) and hydrogen
peroxide (H,0,) were also investigated in order to reduce the ash content of the raw Soma coal. For the production of
activated carbon, mixtures of pre-treated and untreated coals with potassium hydroxide salt (KOH) were prepared and
chemical activation process was carried out. The highest surface area was obtained at the value of 2259.38 m?/g as a
result of the activation of Soma coal, which was pretreated with HF, mixed with KOH and activated in the nitrogen
environment. A surface area of approximately 1600 m%g was obtained in nitrogen environment by using KOH with
mixtures of ash-reduced coal and Soma coal in a 1:1 ratio. When the activated carbons obtained were compared with
the commercial activated carbons, it was determined that the surface area was higher with the activation with KOH.
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1. Giris

Aktif karbonlar miikemmel adsorpsiyon yetenekleri nedeniyle cesitli alanlarda yaygin olarak
kullanilmaktadir. Aktif karbonlar yakit, gaz depolama, gaz ayirma, siiper kapasitor, atik su aritma, koku
kontrolii ve kataliz gibi birgok alanda kullanilmaktadir (Chunlan, 2005; Jiang, 2008; Ennaciri, 2014). Aktif
karbonlarin sahip oldugu yiiksek adsorpsiyon kapasiteleri; spesifik yiizey alani, gozenek hacmi ve
gbzenekyapisina baglidir Kullanim alanlarina gore graniil veya toz halinde tercih edilebilmektedir (Wu, Tseng,
& Hu, 2005). Aktif karbon direk komiirden iiretilebildigi gibi hindistan cevizi kabugu, kahve kabugu, talas,
yag-palmiye tasi, findik kabugu, badem kabugu, misir kabugu, piring samani gibi tarimsal veya endiistriyel
atik maddelerden de tiretilebilmektedir (Durie, 1979; Aygiin, 2003; Yang, 2013; Sekirifa, 2013).

Ulkemizde komiirden aktif karbon iiretilmesi konusunda cesitli ¢aligmalar yapilmaktadir. Ornegin Zonguldak
komiirine HCI ve HF ile kiil azaltma Onislemi uyguladiktan sonra H3PO4 kullanarak N2+H>O ortaminda
aktivasyon islemi yapilmistir (Toprak & Bozgeyik; 2018). Zonguldak Kozlu kdmiiriine HCI ve HF ile 6n islem
uygulandiktan sonra KOH ile aktivasyon uygulanmis (Oguz Erdogan & Kopac; 2018) bir bagka ¢aligmada
linyit komiirii ile KoCO3 kullanilarak N> atmosferinde kimyasal aktivasyon islemi uygulanmistir (Karacan,
Ozden & Karacan; 2007).

Aktif karbon iiretiminde temel adimlar karbonizasyon agsamasi ve aktivasyon asamasidir (Cetinkaya,
Sakintuna, & Yiiriim, 2003). Aktivasyon i¢in fiziksel aktivasyon veya kimyasal aktivasyon olmak iizere iki
farkli yontem ile yapilabilmektedir (Yang, 2013; Sekirifa, 2013). Fiziksel aktivasyon yontemi, karbonlu
yapimin karbonizasyonu ve ardindan ortaya c¢ikan komiiriin, karbon dioksit veya buhar gibi gazlar ile
aktivasyonunu seklinde uygulanmaktadir. Kimyasal aktivasyon yontemi ise nispeten diisiik bir sicaklikta ve
ZnCl,, KOH ve H3PO4 vb kimyasallar ile karbonizasyon seklinde olup tek bir adimda aktivasyon islemidir.
Kimyasal aktivasyon uygulandiginda daha yiiksek performansh aktif karbon gelistirilebildigi belirtilmektedir
ve aktivasyon siiresini, aktivasyon sicakligini ve mineral igerigini azalttigi igin bir avantaj olarak
goriilmektedir. Kimyasal aktivasyon isleminde hammadde, nispeten diisiik sicakliklarda ZnClz, HsPO., KOH,
NaOH, potasyum asetat gibi kimyasallarla karistirilarak 1s1l igleme tabi tutulur (Teng, 1998; Hsu, 2000;
Chunlan, 2005; Cuhadaroglu, 2008; Jibril, 2014; Hidayat, 2016). Kok, komiir gibi karbonlu hammaddelerden
KOH'nin kimyasal aktivasyonu ile iiretilen aktif karbonun 2000 m?/g iizerinde yiiksek bir yiizey alan1 (BET)
sagladigi belirlenmistir (Kawano, Kubota, & Onyango, 2008). Komiiriin sahip oldugu inorganik igeriklerin
cesitli kimyasal islemler ile azaltilmasi neticesinde komiiriin kil miktar1 azalmakta ve yiizey alam
artabilmektedir. Bu nedenle bazi ¢alismalarda aktivasyon islemi 6ncesinde inorganik icerigi azaltmaya yonelik
kimyasal 6n igslemler uygulanmistir (Bodoev, 1998; Chingombe, 2005; Jiang, 2008;). Aktivasyon islemi
uygulanirken kullanilan atmosferik ortam da yiizey alani 6zelliklerini dogrudan etkilemektedir. Aktivasyon
islemi azot (N), karbondioksit (CO;), su buhart (H20) gibi farkli atmosferik ortamlarda
gergeklestirebilmektedir (Jin, 2014; Rashidi, 2014; Faramarzi, 2015).

Bu ¢alismada tiivenan Soma komiiriiniin, organik solvent ile kiilii azaltilmis Soma kémiiriiniin (ARS) ve 1:1
oraninda karigimlarinin gesitli gaz ortamlarinda aktivasyon islemleri gerceklestirilmistir. Tiivenan Soma
komiiriine HF, HCI1 ve H>0; olmak iizere ii¢ farkli kimyasal ile 6n igslem uygulanarak elde edilen numuneler
de ayni gaz ortamlarinda aktivasyon islemine tabii tutulmustur. Tiim bu numuneler, ayni1 zamanda KOH ile
fiziksel karisimlari hazirlanarak ayn1 gaz ortamlarinda aktivasyon islemine tabi tutulmustur. Aktivasyon islemi
sonrasinda elde edilen yiizey alani, sabit karbon ve adsorpsiyon kapasitesi degerleri karsilagtirmali olarak
incelenmis ve agiklanmuistir.

2. Materyal ve Yontem

Calismada kullanilan tiivenan Soma linyit kdmiiriine ait analiz sonuglar1 Tablo 1°de verilmistir. T{ivenan
komiiriin kiil i¢erigini azaltmak i¢in Hidroflorik asit (HF), hidroklorik asit (HCI) ve hidrojen peroksit (H205)
ile ayr1 ayr1 6n iglem uygulanmistir. Kullanilan HF > %40 Sigma-Aldrich marka, HCI %37 Merck marka, ve
H20: ise %30 Merck markadir.

478



Journal of Advanced Research in Natural and Applied Sciences 2023, Cilt 9, Say: 2, Sayfa: 477-487

Tablo 1

Tiivenan (ham) soma linyit komiirii 6zellikleri.
Analiz Sonug (Orijinal Numunede)
Nem, % 10.47
Kil, % 13.72
Ugucu Madde, % 36.14
Sabit Karbon, % 39.67
Toplam Kiikiirt, % 1.04
Alt Isil Deger, cal/g 5268
Ust Is1l Deger, cal/g 5533
SiOz, % 44.9
Elementel Analiz (C) 56.44
Elementel Analiz (H) 4.63
Elementel Analiz (N) 212

2.1. On islem Uygulamas

HCl ile 6n islemlerde 10g tiivenan Soma Komiirii IM HCl ile 1 saat manyetik karistirict yardimiyla karis-
tirllmis, ardindan saf su ile pH degeri notr olana kadar yikanmis ve kurutulmustur. HF ile 6n islem i¢in ilk
adimda 18g Soma komiirii 120 ml SM HCI ¢ozeltisi ile 1 saat karigtirilmis, ardindan saf su ile yikanmustir.
Ikinci adimda 120 ml 22 M HF ¢ozeltisi ile 1 saat boyunca karistirildiktan sonra saf su ile yikanarak kurutul-
mustur. H>O; ile 6n islem gerceklestirmek icin % 20’lik H,O; ¢ozeltisi kullanilmistir. Hazirlanan ¢ozelti 1g
komiire 10 ml olacak sekilde eklenerek 3 saat boyunca 50°C sicaklikta manyetik karistiricida karistirilmistir.
Bu islemler sonucunda 3 farkli komiir numunesi elde edilmistir.

2.2. Aktivasyon Islemi

Komiiriin genel yapisindaki degisiklikler kademeli oldugundan ayni firin igerisinde ara verilmeden iki aga-
mal1 1sitma uygulanmistir. Her bir test kosulu ayni tutularak hazirlanan numuneler, 5°C/dk hizla 400 °C'ye
1sitilmis ve bu sicaklikta 1 saat tutulmustur. Daha sonra 5°C/dk hizla 850 °C'ye yiikseltilmis ve 2 saat siire ile
sabit sicaklikta tutulmustur. Tiim ¢aligmalarda kullanilan firin, Protherm PTF 12/105/500 tiip firindir. Gaz
besleme 06zelligi sayesinde gesitli atmosferik ortamlarda deneyler gerceklestirilmistir. Komiir, yiiksek sicak-
liklarda havada kolayca tutusabilen bir malzeme oldugundan, 6zelliklerini kaybetmeden ylizey alanini gelis-
tirmek i¢in ¢esitli gaz ortamlar1 (N2, CO>, su buhari) kullanilmigtir. Aktivasyon iglemi akis semas: Sekil 1’de
verilmistir.

Tiivenan komiir ve islem gormiis (gesitli yontemlerle kiilii azaltilmig) komiir numuneleri ile yapilan ¢aligma-
larda sadece gaz ortaminda veya KOH ile karigimlar hazirlanarak gaz ortaminda aktif karbon tiretilmistir. Ek
olarak kiilii azaltilmis komiiriin, tiivenan Soma komiirii ve 6n islem gérmiis Soma komiiri ile 1:1 oraninda
fiziksel karisimlart hazirlandiktan sonra KOH eklenerek gaz ortaminda aktivasyon islemleri yapilmistir. Ha-
zirlanan karigimlar oda sicakliginda laboratuvar ortaminda kdmiir/KOH oran1 1 olacak sekilde 1 gr komiir
numunelerinden hazirlanarak fira koyulduktan sonra kesintisiz karbonizasyon+aktivasyon islemi yapilmis-
tir. Her bir komiir karisimi igin komiir/KOH karigim orani 1 olacak sekilde numuneler hazirlanmistir. Aktif
karbon iiretimine dair adimlarin sematik ¢izimi Sekil 1’de verilmistir.

Komiirlerin yaklasik sabit karbon degeri TGA (Analyzer Perkin Elmer with Pyris 1 model TGA enstriimani)
ve BET yiizey alani1 (Quantachrome Intruments Quadrasorb SI Automated Surface Area & Pore Size Analyzer)
ile karakterize edilmistir.
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. Kémdr Numune Tipleri
: 1-Tlvenan Soma Kémdiril :
2-Kuli azaltilmig kémdr (Organik

: Cozucd)

: 3-HCI 6n iglemli komdir -
: 4-HF 6n iglemli kémur :
5-H,0, 6n islemli kémdr .

L T

}

e = P
E (N,, CO, veya Eﬁ + h E KOH
H,0 ) Aktivasyon

Yikama « E Distile Su E

}

Kurutma

}

Aktif
Komiir

Sekil 1. Aktif komiir iiretimi sematik ¢izimi.

3. Bulgular ve Tartisma

Tiivenan Soma komiird, kiilii azaltilmis kdmiir ve 6n islem gérmiis kdmiirlere her bir gaz ortaminda (N,
CO; ve su buhar) aktivasyon islemi uygulanmistir. Her numune ayni gaz ortamlarinda KOH ile karistirilarak
aktivasyon islemleri yapilmis ve tiim numunelere ait sonuglar karsilastirilmistir. Aktivasyon sonrasi degisimler
ylizey alan1 ve TGA analizi kullanilarak belirlenen sabit karbon degeri ile agiklanmistir. Komiiriin nem, kiil,
sabit karbon ve ugucu maddenin belirlenmesi igin ASTM standart yontemlerinin yani sira yaklagik bir analiz
icin TGA grafigi lizerinden hesaplama yontemi de kullanilmaktadir. Sekil 2, bir komiir numunesinin nem, kiil,
ucucu bilesen ve sabit karbon analizini gerceklestirmek i¢in TGA'nin nasil kullanilabilecegini gostermektedir
(Li, 2005).
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Sekil 2. TGA grafigi ile yaklasik sabit karbon analizi gésterimi (Li, 2005).

Sekil 3’te aktivasyon iglemi uygulanmamis olan tiivenan Soma komiirii ve organik solvent ile kiilii azaltilmis
olan Soma komiirline ait TGA grafigi verilmistir. Soma komiirii, kiilii azaltilmig komiir, 6n islem gdrmiis
komiirlerin TGA grafiklerinden hesaplanan yaklasik sabit karbon degerleri ve ylizey alanlari Tablo 2'de
verilmistir. Calismada tiivenan Soma kOmiiriiniin sabit karbon degeri yas yontem ile %39.67 olarak
belirlenmis, yaklasik TGA analizi ile ise %58.24 olarak belirlenmistir. Yontemler arasinda %18.57 fark
olusmaktadir. Yaklagik yontem ile elde edilen sonugta sapma orani beklenen degerlerden yiiksektir. Ancak
numuneler arasinda karsilastirma yapmak amaciyla her bir numuneye aym kosullarda TGA Olgiimil
yapildigindan, sapma orani kabul edilerek TGA sonuglari tizerinden ¢alisma degerlendirilmistir. Numunelerin
sabit karbon degerleri birbirine ¢ok yakindir. TGA o6l¢iimleri sonucunda kdmiiriin kiil miktarin1 azaltmak
amactyla uygulanan on islemlerin sabit karbon degerini degismedigi goriilmektedir. Bu asamada uygulanan
on iglemlerin kiil oranin1 azaltmay1 saglamadigi sdylenebilir. Soma komiirii, HF 6niglemli ve HCI 6nislemli
komiirlerin hesaplanabilir bir yiizey alam yoktur. Kiilii azaltilmis kdmiiriin yiizey alan1 2.55 m?/g, H,O
onislemli Soma komiiriiniin ise 2.37 m?/g olarak dl¢iilmiistiir.
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Sekil 3. Soma ve kiil azaltilmis komiiriin TGA analizi grafikleri.
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Tablo 2

Numune kodlari, yiizey alani ve sabit karbon sonuglari.
Numune Adi Numune Kodu  Yiizey Alam (m?/g)  Sabit Karbon (%)
Soma komiirii Soma 0.0 58.24
Kiilii azaltlmis Soma ARS 255 58.26
komiiri
HCl ile 6n islem
uygulanmig Soma Soma-HCl 0.0 59.41
Komiirii
H20- ile 6n islem
uygulanmis Soma Soma-H;0; 2.37 59.09
Komiiri
HF ile 6n islem
uygulanmis Soma Soma-HF 0.0 57.03
Komiirii

Sekil 4'de N2 gaz1 ve KOH-N; ortamlarinda aktiflestirilmis komiir 6rneklerinin tiimiine ait TGA grafikleri
karsilagtirmali olarak verilmistir. TGA grafiklerinden hesaplanan sabit karbon degerleri ve yiizey alami
sonuglar1 Tablo 3'te verilmistir. N, gaz1 ortaminda yapilan aktivasyon islemleri sonucunda Soma kémiiriiniin
sabit karbon degeri %58.24'ten %78.51'e yiikselmis ve yiizey alan1 2.5 m?%/g olarak olgiilmiistiir. H2O- ile 6n
isleme tabi tutulan Soma komiiriiniin sabit karbon degeri ayn1 aktivasyon kosullarinda %59.09'dan %82.36'ya,
yiizey alan1 ise 0 m?/g 'den 13.26 m?/g'ye; HCI 6nislemli Soma komiiriiniin sabit karbon degeri %59.41'den
%88.84', yiizey alan1 132.42 m?/g'ye, HF onislemli Soma komiiriiniin sabit karbon degeri %57.03'ten
%89.33'e ve yiizey alan1 231.67 m?/g degerine yiikselmistir.

Soma kdmiiriine uygulanan bu aktivasyon iglemi, ayni sartlarda kiilii azaltilmis kdmiir ve komiir karisimlarina
N2 ortaminda uygulanarak elde edilen degerler karsilastirilmistir. Sekil 4a'daki TGA grafikleri incelendiginde
N2 ortamindaki aktivasyon iglemlerinde her bir numunenin sabit karbon degerindeki artis birbirine ¢ok yakin
olmus ve %87-88 mertebesine yiikselmistir. Yiizey alanlari; kiilii azaltilmig komiir + HCI 6nislemli Soma
komiir karisimi igin 146.71 m?/g, kiilii azaltilmis komiir + H2O, dnislemli kdmiir karisim igin 234.28 m?/g,
kiilii azaltilmis komiir + HF onislemli komiir karisimi icin 253.06 m?/g, kiilii azaltilmis + Soma kdmiir karisimi
icin 255.14 m?/g, ve sadece kiilii azaltilmis komiir i¢in 273.01 m%/g olarak dlgiilmiistiir. Aktivasyon islemi
sonrast elde edilen yiizey alanlar1 baslangictaki komiir ylizey alanlarina gore yiiksek olmakla beraber aktif
karbonun sahip olmasi beklenen yiizey alan degerine gore disiik kalmistir. Ticari TUriinler ile
karsilastirildiginda  Sigma Aldrich marka, aktif karbon yiizey alami yaklasik 800-1500 m?/g olarak
belirtmektedir (URL-1). Bir galigmada ticari aktif komiirlerin yiizey alani degerlerinin 1000-3500 m?/g

arasinda degistigi belirtilmistir (Cheng; 2013).
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Sekil 4. a) N, ortaminda aktivasyon, b) KOH ile N, ortaminda aktivasyon sonucu TGA analiz grafikleri.

Kawano, ¢caligmasinda belirttigi gibi KOH ile aktivasyon iglemlerindeki yiiksek verim nedeniyle, bu ¢aligmada
KOH kullanilarak aktivasyon iglemleri de yapilarak sonuglar karsilastirilmistir. KOH ile aktivasyon isleminde,
KOH ile kdmiir arasindaki fonksiyonel gruplar arasinda reaksiyon olusmaktadir. Orta sicakliga ¢ikildiginda
KOH veya KOH’un ayrisan bilesenleri (K.CO3 ve K;0) ile Soma linyit komiiriin karbon atomlar1 arasindaki
reaksiyonlarla ¢ok sayida mikro gozenek olusmakta ve biiyiimeye baslamaktadir. Yiiksek sicakliga
cikildiginda, KoCO3/K>0 ile mikro gozenekli iskelet karbon atomlari arasindaki reaksiyonlarla mikro
gozeneklilik, mezo gozenekli veya hatta makro gozenekli olarak genislemekte ve ylizey alani artisi
gerceklesmektedir (Xing; 2014).

KOH ile yapilan aktivasyon islemlerinde de gaz ortamlari ve firin prosesi ayni kosullar altinda uygulanmustir.
Sekil 4b’de verilen TGA grafiklerine goére Soma komiirii ile karistirilmis KOH numunesinin sabit karbon
degeri %80.27 ve yiizey alan1 1921.43 m?/g’dir. HF &nislemli KOH karisiminin sabit karbon degeri ise %83.19
ve yiizey alam 2259.38 m?%/g’dir. H,O; énislemli KOH karisiminin sabit karbon degeri %64.71 ve yiizey alani
969.59 m%g’dir. HCI 6nislemli KOH karistminin sabit karbon degeri %59.42 ve yiizey alan1 101.0 m?/g’dir.
Kiilii azaltilmig komiiriin KOH karigimina N> ortaminda aktivasyon islemi uygulandiginda sabit karbon degeri
ise %68.05 ve yiizey alanm1 695.23 m?%/g olmustur. Tiivenan Soma komiirii ve kiilii azaltilmis komiirlerin 1:1
oraninda karigimlari ile Soma komiirii kullanimini azaltarak yiiksek ylizey alani elde edilmesi hedeflenmistir.
Buna gore H>O; 6nislemli komiir + kiilii azaltilmig komiiriin KOH karisiminin aktivasyonu sonucunda yiizey
alam 794.72 m?/g ve sabit karbon degeri %85.93 olmustur. HF 6n islemli Soma+ kiilii azaltilmis karigimin
yiizey alan1 1644.62 m?/g ve sabit karbon degeri 83.66'dir. HCI 6n islemli Soma+ kiilii azaltilmis karisimin
yiizey alan1 1680.30 m?/g ve sabit karbon degeri 86.03’tiir. Soma komiirii + kiil azaltilmis karisimin yiizey
alan1 ise 1083.23 m?/g, sabit karbon degeri ise %76.57'dir. Soma kdmiiriiniin kullaniminin yartya indirilerek
kili azaltilmis komiir ile karisiminin hazirlanmasi neticesinde de yiiksek ylizey alanina ve sabit karbon
degerine sahip aktif karbon cesitleri elde edilebilmistir.
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Tablo 3
Numune kodlari, yiizey alani ve sabit karbon sonuglari.

Yiizey Alani Sabit Karbon

Numune Adi Numune Kodu (m?/g) (%)
N> ortaminda Soma komiir aktivasyonu ~ Soma — N 2.50 78.51
Nz ortaminda HCI 6nislemli Soma HCI - N, 132.42 88,84
komiirii aktivasyonu
N ortaminda H0; Snislemli Soma H05 — N 13.26 82.36
komiirt aktivasyonu
Nz oitaurmn(.ia HF oniglemli Soma HF — N, 231 17 89.33
komiirii aktivasyonu
Nz O{ta"mlnc.la kiilii azaltilmis Soma ARS — N, 273.01 8754
komiirii aktivasyonu
N ortaminda Soma + kil azaltilmus Soma + ARS — N 255.14 87.09
Soma komiirii aktivasyonu
N2 ortaminda HCI 6nislemli Soma +
kiilii azaltilmig Soma komiir karigim ARS HCI — N, 146.71 88.36
aktivasyonu
N2 ortaminda H2O; 6nislemli Soma +
kiilii azaltilmig Soma komiir karigim ARS H,0, — N2 234.28 87.66
aktivasyonu
N2 ortaminda HF 6nislemli Soma + kiilii
azaltilmis Soma komiir karisim ARS HF — N, 253.06 87.25
aktivasyonu

N2 + KOH Aktivasyonu
N> + KOH ortaminda Soma kémiirii Soma — KOH — N, 192143 80.27
aktivasyonu
N + KOH ortaminda HCI 6nislemli
Soma komiirii aktivasyonu HCI — KOH — N3 101.0 59.42
Nz + KOH ortaminda F0 Bnislemli ) oy -, 969.59 64.71
Soma kdmiirii aktivasyonu
Nz +“K"OH f)rtamlnda HF 6nislemli Soma HF — KOH — N, 2959 38 83.19
komiirii aktivasyonu
N2 + KOH ortaminda kiili azaltilmig ARS — KOH — N, 695.23 68.05

Soma komiirii aktivasyonu

N2 + KOH ortaminda Soma + kiilii

azaltilmis Soma komiir karisim Sol\rln a+ARS—KOH 1083.23 76.57
aktivasyonu T

N2 + KOH ortaminda HCI 6niglemli

Soma + kiilii azaltilmig Soma kdmiirii QRS HCI - KOH - 1680.30 86.03
aktivasyonu 2

N2 + KOH ortaminda H,O; 6nislemli
Soma + kiilii azaltilmig Soma kdmiirii
aktivasyonu

N2 + KOH ortaminda HF 6niglemli
Soma + kiilii azaltilmig Soma kdmiirii ARS HF — KOH — N, 1644.62 83.66
aktivasyonu

ARS H;0; — KOH —

N, 794.72 85.93

Soma komiirii ve Onislem gormiis komiirlere KOH ile N> ortaminda aktivasyon islemi yapildiginda ticari
iiriinlere yakin ve daha yiiksek olan yiizey alanlar1 elde edilebildigi goriilmiistiir. Benzer sekilde Karacan,
K2COj3 kullanarak linyit komiirde asit ile 6n islem uyguladiktan sonra kimyasal aktivasyon gerceklestirdigi
calismada en yiiksek yiizey alam degerini 900°C sicaklikta 1009 m?/g olarak elde etmistir. Erdogan, bitiimlii
komiir ile yaptig1 kimyasal aktivasyon caligsmasinda, kiil i¢erigini azaltmak i¢in HCI ile islem uyguladiktan
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sonra, HF ile islem uygulamistir. Elde ettigi kdmiirlere 800°C KOH ile aktivasyon yaptiginda N, ortaminda
en yiiksek 1904 m?/g yiizey alanina ulastigini bildirmistir. Toprak, bitiimlii komiire, HCI ve HF ile 6n islem
sonras1 HsPO4 kullanarak N2+H,O ortaminda 800°C’de kimyasal aktivasyon ¢aligsmasi yapmis ve 1175 m?/g
yiizey alani elde etmistir. Karacan, Canakkale-Can linyitine KOH ve ZnCl, aktivasyonu uygulayarak en
yiiksek sirastyla 1092 m?/g ve 808 m?/g yiizey alanlari elde etmistir. Bu ¢alismada ise HF 6n islemi uygulanan
Soma komiirii aktivasyonunda en yiiksek 2259.38 m?/g yiizey alam elde edilmistir.

Sekil 5’te verilen adsorpsiyon izotermlerinde KOH ile N, ortaminda aktivasyon yapilan numunelere ait
sonuglar karsilastirmali olarak verilmistir. Elde edilen yiizey alanlar1 ile N2 adsorpsiyon kapasitesinin uyumlu
oldugu goriilmektedir. Diisiik adsorplama kapasitesine sahip olan HCl -KOH- N2 numunesinde yiizey alani
101.0 m?/g iken, en yiiksek adsorplama kapasitesine sahip HF- KOH- N, numunesinde 2259.38 m?/g’dir. Soma
komiirtine HCI ve H20; ile 6n islem yapilmasi ve kiili azaltilmig komiir ile karistirilmasi adsorpsiyon
kapasitesi ve ylizey alani iizerinde daha az oranda etkili olmustur. HF ve HCI 6n islemli komiirtin kiili
azaltilmis komiir ile karistirilmas: yaklasik 1600 seviyelerinde bazi ticari {iriinlerden yiiksek yilizey alani
getirmistir. Tiivenan Soma kdmiiriine direk aktivasyon ile yiiksek deger elde edilirken (1921 m?%g), HF ile 6n
islem uygulandiginda Soma komiirii aktivasyonunda ¢aligmanin maksimum degerine ulasilmistir.

Literatiirde mikro gézenekler sivi azotla (P,<0.2) dolduktan sonra mikro gézeneklilige sahip olmayan yiizeyin
adsorpsiyonunun bagladigi belirtilmektedir (Karacan; 2014). N> Adrospsiyon hacmi incelendiginde kiilii
azaltilmis komiir, Soma + ARS, H>O; +ARS, H>0; 6n islem ve HCI 6n islemli komiirlerin gézenek hacminde
artis olmadigi, fakat Soma komiirii ve HF 6n islemli komiir, ARS+ HF o6nislemli kdmiirlerde gézenek
hacminde artig oldugu goriilmektedir.

—=— ARS - KOH-N2

700 —e— ARS HF - KOH-N2
—a— HF - KOH- N2
600 ARS HCl — KOH- N2
—e— HCl - KOH-N2
500 —<¢— ARS H202- KOH- N2
—— H202 — KOH- N2
= 400 —&— Soma —KOH-N2
T —*— Soma + ARS — KOH- N2
< 300

0,00 0,05 0,10 0,15 0,20 0,25 0,30
P/P,

Sekil 5. KOH ile N2 ortaminda aktivasyon sonucu adsorpsiyon-desorpsiyon izotermlerinin numuneye gore
degisimi (V- adsorplanan hacim, P/P, - bagil basing).

Tium karbon tiirlerine CO, ve su buhart ortamlarinda KOH ile fiziksel karisim yapilarak aktivasyon islemi
gerceklestirilmistir CO, ortaminda aktivasyon islemlerinde yaklasik olarak 200 m?/g yiizey alam elde
edilmistir. Su buhan aktivasyon galigmalarinda ise yaklasik 610 m%g degeri elde edilmistir. N2 ortaminda
yapilan aktivasyon islemlerinde CO; ve su buharn ortamlarindan daha yiliksek yiizey alanlari elde
edilebilmektedir. N, ortami ve KOH fiziksel karigimlara ek olarak kémiire kimyasal 6nislem uygulandiginda
en verimli sonuglarin almabildigi goriilmektedir.
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4. Sonuglar

Bu caligmada tiivenan linyit Soma komiirii, organik solvent ile kiilii azaltilmig Soma komiirii ve kiil
miktarin1 azaltmak amaciyla c¢esitli 6n islemler uygulanmis komiirler ve bunlarin karisimlarina farkli
ortamlarda aktivasyon islemleri uygulanmis ve sonuglari incelenmistir. Bu ¢alismada ticari degerlere yakin ve
daha yiiksek ylizey alan1 degerleri elde edilebilmigtir. KOH karigimi ile azot ortaminda yapilan aktivasyonda
Soma komiiriiniin yiizey alan1 degeri 2.55 m?/g'den 1921.43 m%/g'ye yiikseltilmistir. Soma kdmiiriine HF 6n
islemi uygulandiginda yiizey alan1 bu calismada elde edilen en yiiksek yiizey alam olan 2259.38 m?/g
mertebesine ¢ikmigtir. Organik solvent ile kiili azaltilmis komiiriin ise azot ortaminda ve KOH ilavesiyle
yiizey alan1 695.23 m%/g olmustur. Soma komiiriiniin kullanim miktarini azaltmak ve kiilii azaltilmig komiirii
daha fazla kullanarak yiiksek ylizey alani elde etmek amaciyla 1:1 oraninda karisim ile aktivasyon yapildiginda
komiirlerin yiizey alanlar1 1644.62 — 1680.30 m?/g'a kadar artirilabilmistir. Her bir kdmiir numunesinin yiizey
alan1 sonucu adsorpsiyon izotermi ile uyumlu olmustur. En yiiksek adsorpsiyon kapasitesine sahip kdmiir
numunesinin yiizey alaninin en yiiksek degerde oldugu tespit edilmistir. Sabit karbon degeri uyumludur ve
yilizey alani yiikksek numunelerde sabit karbon orami yiiksek g¢ikmustir. Kiil oranimi azaltmak amaciyla
uygulanan 6n islemlerin, ilk asamada sabit karbon degerinde artis saglamadigindan kiil oranini degistirmedigi
diisiiniilmektedir. Ancak uygulanan on islemlerin, sonraki aktivasyon asamasi neticesinde sabit karbon ve
yiizey alaninda artigta etkili oldugu sdylenebilir. Sicaklik, N2 gaz ortami ve KOH ile olusan reaksiyon sonrasi
sabit karbon degerlerindeki artis, kiil oraninda azalma oldugunu gostermektedir. Kiil orani azaltilmig komiir,
hem ¢evreye daha az zararli olmasi hem de kullanim alanlarinin gelistirilip yayginlastirilmas1 agisindan
gelecek vadetmektedir.
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synthetic interactions that are not observed in nature can be provided. With these systems, natural product discovery,
microbial ecology, evolution and pathogenesis studies are carried out. In addition, co-culture systems are also used
in industrial, environmental and medical studies. In this study, the wild strain of Schizosaccharomyces pombe and
the DH5a strain of Escherichia coli were grown in their own specific media, then cultured for 48 hours and 72 hours
by cultivating in media containing 0,1% glucose with different cell number, and finally the differentiation in the
proteins released by the cells into the medium was observed in SDS polyacrylamide gels. Different from the control
conditions, new protein bands that emerged under the co-culture conditions were detected and two of these bands
were analyzed by mass spectrometry (MS). While 6 of differentaited proteins were released by S.pombe, 257 proteins
matched with E.coli proteom. These proteins are; Various carbohydrate-binding proteins, membrane proteins in-
volved in the identification of various signaling molecules and antibiotics, and other proteins involved in various
cellular processes.
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1. Introduction

Microbial interactions that take place in the natural environment are critical to the survival of organisms.
These natural interactions are mediated by a variety of molecules such as secondary metabolites, signal-sensing
molecules, and peptides (Fugua et al., 2001; Waters et al., 2005). Possible interactions between two microbial
populations can be considered positive interactions (commensalism, protocooperation, and mutualism),
negative interactions (amensalism and competition), and interactions that are positive for one and negative for
the other (parasitism and predation) (Bailey and Ollis, 1986; Atlas and Bartha, 1998). An example of these
relationships is that in passive competition, one species restricts the access of other species to nutrients by
secreting digestive enzymes or siderophores (iron chelators, produced to provide access to insoluble iron)
(Diggle et al., 2007; Rendueles and Ghigo, 2012; Griffin et al. 2004; Scholz and Greenberg, 2015). Active
competition, on the other hand, is a form of competition in which rival cells actively or through chemical
warfare harm each other to eliminate each other. This form of competition occurs through the production of
antimicrobials ranging from bacteriocins to peptides and antibiotics (Chao and Levin, 1981; Riley and Gordon,
1999; Ghoul and Mitri, 2016). Antimicrobial compounds can mediate competition between different species,

149 g.aysequlyanik@gmail.com

2 cagatay.tarhan@istanbul.edu.tr
*Corresponding author

488


https://dergipark.org.tr/en/pub/jarnas/article/1196962
https://dergipark.org.tr/en/pub/jarnas/article/1196962
https://dergipark.org.tr/en/pub/comufbed
mailto:g.aysegulyanik@gmail.com
mailto:cagatay.tarhan@istanbul.edu.tr
http://orcid.org/0000-0002-6989-9355
http://orcid.org/0000-0001-5265-4610

Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 2, Pages: 488-498

between related species of the same species, as well as between genetically identical individuals in a
population.

Co-culture systems are systems that contain mixed cultures that allow two or more different cell populations
to be grown together to study intercellular interactions. The main reasons for conducting experiments with
these systems are; The study of natural interactions between populations can be listed as increasing the success
of culture for some populations and establishing synthetic interactions between populations. Co-culture sys-
tems are used to study the interactions between cell populations, for natural product discovery, to increase
product productivity obtained by biotechnological studies, and to improve culture behaviours; It has been used
for a long time in basic scientific studies, industrial and medical studies (Goers et al., 2014). In addition, studies
such as discovering infection mechanisms (Cottet et al., 2002), attempts to make artificial tissue, and finding
and developing drug-specific compounds (Morae et al., 2012; Kim, 2005) is effectively carried out with co-
culture systems. With future industrial, medical, or environmental co-culture applications in mind, many syn-
thetic biology systems have been developed. Some of these can be summarized as bacterial cells designed to
kill pathogens, some therapeutic applications (Bermudez-Humaran et al., 2011), and tumor targeting (Ander-
son et al., 2008).

By applying and modifying the co-culturing technique, new peptides with previously undetected antimicrobial
properties can be isolated. In this way, new drug-active ingredients can be found and developed. Moreover,
with the co-culturation technique, previously undetected interactions between organisms can be detected and
new unstudied pathways unigue to the organism can be discovered.

In this study, it was tried to determine the differentiation in the proteins released into the medium under co-
ulture conditions of the wild strain of Schizosaccharomyces pombe, a eukaryotic single-celled model organism
frequently used in the field of molecular biology, and Escherichia coli (DH5a), an example of a prokaryotic
organism. The new protein bands, which appeared different from the control conditions of the co-culture, were
determined by SDS polyacrylamide gel electrophoresis, and then the proteins belonging to these bands were
determined by the Mass Spectrometry method. The proteins released into the medium were mostly found to
belong to E. coli and these proteins were classified and analysed based on Gene Ontology (GO).

2. Materials and Methods

2.1.Organisms, Media, and Establishment of Co-culture System

In this study, wild type (972 h-) of Schizosaccharomyces pombe Lindner liquifaciens, a unicellular and
eukaryotic yeast species belonging to the Ascomycetes class of the Fungi kingdom and Escherichia coli DH5a
strains, were used. S. pombe wild strain (972 h-) and E. coli DH5a strain used in the study were obtained from
the culture collection of the Faculty of Science, Department of Molecular Biology and Genetics in Istanbul
University. While Luria-Bertani (LB, pH 7.2) medium is used for the production and storage of E. coli, Yeast
Extract Solid Medium (YEA) is used for the production and storage of S. pombe, and Yeast Extract Liquid
(YEL) medium, containing 3% Glucose is used for propagation. Co-cultur, on the other hand, was established
in YEL medium and this medium contained 0.1% glucose to provide increased competition.For co-culture
establishment, S. pombe cells stored in solid YEA at +4 °C were first seeded into a new YEA by streaking
technique and allowed to grow at 30 °C for 2 days. Cells grown in YEA were seeded in 5 mL YEL with an
initial cell number of 106 cells/ml and allowed to grow overnight in a shaking oven at 30 °C, 180 rpm, and co-
culture cultivation was performed.

E. coli cells stored in liquid LB at +4°C were seeded into fresh 5 ml LB and allowed to grow at 37°C. For E.
coli cells not to pass into the stationary phase, the OD should not exceed 0.6 at 600 nm. At 200 ul OD 600 nm,
the number of E. coli cells with a value of 0.5 corresponds to approximately 106 h/ml. OD measurements of
E. coli cells, which were inoculated in LB and allowed to grow at 37 °C, were made at certain hourly intervals
using sterile LB as a blank, and co-culture cultivation was started when the OD value was approximately 0.5.

Pure cultures of S. pombe and E. coli were used separately as a control group in co-culture experimental sets.
Co-culture was started with 2.106 h/ml S. pombe and 106 h/ml E. coli. For the S. pombe control group, 2.106
h/ml S. pombe cells were inoculated in 10 ml of YEL medium containing 0.1% glucose, for the E. coli control
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group, 106 h/ml E. coli was inoculated into 10 ml of YEL medium containing 0.1% glucose. For the co-culture
set, 2.106 h/ml S. pombe and 106 h/ml E. coli cells were seeded in 10 ml of YEL medium containing 0.1%
glucose. All sets were incubated in an orbital shaker at 32 °C, 180 rpm.

E. coli cells stored in liquid LB at +4°C were seeded into fresh 5 ml LB and allowed to grow at 37°C. For E.
coli cells not to pass into the stationary phase, the OD should not exceed 0.6 at 600 nm. The OD of 200 pl
culture is 0.5 at 600 nm, and the number of E. coli cells corresponds to approximately 106 h/ml. OD measure-
ments of E. coli cells grown in LB at 37 °C were made at certain hourly intervals and co-culture cultivation
was started when the OD value was approximately 0.5.

Pure cultures of S. pombe and E. coli were used separately as the control group in co-culture experimental sets.
Co-culture was started with 2.106 h/ml S. pombe and 106 h/ml E. coli. For the S. pombe control group, 2.106
h/ml S. pombe was inoculated in 10 ml of YEL medium containing 0.1% glucose, for the E. coli control group,
106 h/ml E. coli was inoculated into 10 ml of YEL medium containing 0.1% glucose. For the co-culture set,
2.106 h/ml S. pombe and 106 h/ml E. coli cells were seeded in 10 ml of YEL medium containing 0.1% glucose.
All sets were incubated in a shaking oven at 32 °C, 180 rpm.

2.2. Extraction and Analysis of Proteins

At the end of 48 and 72 hours, cultures were transferred to sterile falcons. The falcon tubes were centrifuged
at 5000 rpm for 5 minutes and the supernatant was taken into a sterile falcon tube and removed from the
precipitated cells.

Protein precipitation was performed according to the method suggested by Wessel and Fliigge (1984) from the
supernatant (extracellular space) that was purified from cells after centrifugation. This method was the meth-
anol-chloroform-water method, which is a method applied for the quantitative recovery of protein in a dilute
solution in the presence of detergent and lipids. To obtain protein, the supernatant was divided into sterile
falcons with a 1 ml sample in each falcon. 4 ml of methanol was added to 1 ml of the sample and the tube was
vortexed. Then, 1 ml of chloroform was added to the tube and mixed again with the help of a vortex. Then 3
ml of dH,O was added and after vortexing again, it was centrifuged at 10000g for 10 minutes. After centrifu-
gation, the supernatant up to the 2" phase was removed from the samples, which were separated into 3 phases.
(At this stage, the proteins are collected in the second phase.) Then, 4 ml of methanol was added to the tube
and mixed again by vortexing. It was centrifuged again at 10000g for 10 minutes. The supernatant was com-
pletely removed, and the methanol was allowed to evaporate. Subsequently, the precipitated protein samples
were dissolved in 50-200 ul of 1% SDS. The SMART ™ BCA (bicinchoninic acid) Protein Assay Kit (iNtRON
Biotechnology) was used to determine the resulting protein concentrations and followed the manufacturer's
instructions. The absorbance of the samples obtained from the last step was measured in triplicate for all sam-
ples and standards using a spectrometer device (EON, BioTek Instruments Inc.) at a wavelength of 562 nm. A
standard curve was created using the concentration and absorbance values of BSA standards. Protein concen-
trations were calculated by inserting the absorbance values of the protein samples into the equation obtained
from the standard curve.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, 10%) was used to separate the pro-
teins by denaturing the water-soluble proteins suggested by Walker (2002). Mini-gel electrophoresis system
(Mini-PROTEAN® Tetra Cell, Bio-Rad) was used for SDS-PAGE application. Electrophoresis was performed
at constant voltage (200 V) and separation was continued until the band formed by bromophenol blue reached
the lower edge of the gel. After gel electrophoresis, the Coomassie brilliant blue staining method was used to
make the protein bands visible. After SDS-PAGE was completed, the gel was placed in a clean, acid-proof
plastic container.

The staining solution was poured into the gel container until it completely covered the gel, and the container
was shaken at 50 rpm on an orbital platform shaker (Heidolph Unimax 1010) for two hours at room tempera-
ture. The staining solution used at this stage was 0.05% (w/v) Coomassie brilliant blue R-250 (Merck 112553),
50:10:40 (v:v:v) MeOH (Methanol, Sigma-Aldrich 24229) : AcOH (Acetic Acid, Sigma-Aldrich 27225) ) : It
was prepared with a mixture of dH.0.
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After two hours, the gel was taken into the wash solution [prepared with a mixture of MeOH: AcOH: dH20
at the ratios of 5: 7: 88 (v: v: v)] and shaken at 50 rpm until free of dye. The wash solution was changed
periodically at this stage, and the washing process was repeated until the non-banded portions of the gel were
completely free of dye. The bands formed in the gel were visualized on the ChemiDoc MP (Bio-Rad) imaging
system using ImagelLab 5.2.1 software.

After imaging, the protein bands of the co-culture, which differed from the control groups, were cut with the
help of a sterile scalpel and taken into dH20O, and their analysis were carried out by LC/MS-MS, Acibadem
LabMed company affiliated to Acibadem University. The results with protein ID numbers obtained from
LC/MS-MS were analysed using UniProt and PANTHER programs. While the names and functions of the
proteins were searched on the UniProt website, metabolic functions and the cellular components of the proteins
were analysed using the PANTHER program.

3. Results and Discussion

3.1 Electrophoretic Analysis Results

Three samples from the 48th hour of the co-culture (15 ug protein), and the three samples from the 72nd
hour (90.4 pg protein) were loaded into the wells. Proteins run at a constant voltage of 200 V were then
visualized by the Coomassie staining method. Visible bands on the gel were analyzed using the ChemiDoc
MP (Bio-Rad) system and ImageLab 5.2.1 software (Figure 1). Since the bands 1 and 2 marked in Figure 1
were found to differ qualitatively from the 72nd hour control groups, these bands were cut with a sterile loop
and transferred to a clean microcentrifuge tube in dH,0 for LC-MS/MS analysis.

kDa

~—
Sy
>
n
—————
48thhour  48thhour 48thhour DroteinMarker  /2ndhour 72ad hour 720d hour
S.pombe Ecoii Cocuitur Spombde  Ecoli  Cocultur

Figure 1. The protein bands of the 48th hour samples were weaker than the bands of the 72nd-hour samples.

It was determined that the bands 1 and 2 marked in the figure differed qualitatively from the 72nd hour control
groups. For this reason, these bands were cut with a sterile loop and placed in a clean microcentrifuge tube in
dH,0 and prepared for LC-MS/MS analysis.
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3.2 ldentification of proteins

The proteins identified as a result of LC-MS/MS analysis were evaluated in UniProt and the names and
functions of the proteins are given as an appendix. Here, 6 protein-coding genes in the bands of the proteins
released into the medium by the co-culture were found in the S.pombe genome and were classified according
to their biological functions and cellular locations using the online platform PANTHER (Figure 2). Other 257
protein-coding genes were found in the E. coli genome. These proteins were also classified according to their
cellular location (Figure 3) and their cellular functions (Figure 4).

A o
small molecule metabolic process biosythetic process

primer metabolic process
/ cellular metabolic process

organic matter metabolic process
g P nitrogenous compound metabolig

process

RNA metabolism protein

metabolit converting enzyme chaperone protein
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Figure 2. Classification of proteins identified in the S.pombe genome according to their biological functions
(A) and cellular location (B).
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Figure 3. Classification of proteins identified in the E. coli genome according to their cellular location
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Figure 4. Classification of proteins identified in E. coli according to their biological functions.

Maltose/maltodextrin-binding periplasmic protein (malE) and D-galactose-binding periplasmic protein (mglB)
found in E. coli cells are among the binding proteins found in LC-MS-MS results. The binding protein MgIB
has a high affinity for glucose (Ferenci, 1996), and at low glucose concentration, glucose is mainly taken up
by cells in this way. In a study by Egli et al. (1993), giving 1.8 mg 1-1 galactose to a low glucose-containing
E. coli culture decreased the glucose utilization of the cells and led to glucose accumulation in continuous
culture. In addition, Hua and., (2004) found that the expression of a series of genes encoding membrane
transporter proteins was significantly induced in cultures of limited chemostats for various carbon sources, and
that about half of these genes were maltose (all genes of malGFE and malK-lamB-malM operons), galactose.
They showed that there are genes involved in a wide variety of high-affinity ABC transport systems that
facilitate uptake (three genes of the mgIBAC operon). In E. coli, the ABC transporter gene family covers
approximately 5% of the entire genome (Linton and Higgins, 1998). This shows how important these genes
are. Carbon-limited cultures have been proposed to investigate bacterial growth and behavior under
environmental conditions (Matin, 1979; Moriarty, 1993; Morita, 1993). Therefore, as a result of the proteome
analysis performed in our study, the qualitative increase of mgIB and malE proteins in cultures containing
0.1% glucose and limited carbon source suggests that E. coli compete for the source under co-culture
conditions.

The DNA protection protein, dps, is formed as a result of the RpoS-dependent state during nutrient starvation,
during the transition to the stationary phase, and forms a complex with DNA, giving it resistance to being
affected by DNase (Almiron et al., 1992). The co-culture of E. coli bacteria used in the study before they
entered the stationary phase and the analysis of the proteins obtained from the cells obtained at 72 hours, as a
result of the analysis of the dps formation, gives results consistent with the current calorie restriction. In addi-
tion, dps protein is also involved in the response to oxidative stress, iron and copper toxicity, heat stress and
acid-base shocks (Nair and Finkel, 2004). The glycerol dehydrogenase enzyme makes it possible for microor-
ganisms to use glycerol as a carbon source under anaerobic conditions (Gonzalez et al., 2008; Silva et al.,
2019). SodA is an important enzyme in the response to oxidative stress (McCord, 1993), and this Sod enzyme
functions as a metalloprotein with Fe and/or Mn (Edwards et al., 1998). Quinone reductase can reduce toxic
chromate to the less toxic Cr*3, while generating very low amounts of ROS (Ackerley et al., 2004). Only
Gonzalez et al., (2005) stated in their study that quinone reductase can be tolerant to ROS by two electron
transfer. The presence of dps, sodA[Mn], gldA proteins in the co-culture medium indicates that oxidative stress
occurs in addition to starvation stress in E. coli and that the response mechanisms are activated.

Another protein obtained in the study; YQggE is an uncharacterized protein. The yggE gene is thought to be one
of the genes that show high expression under oxidative stress, and yggE gene products are thought to be func-
tional in protecting bacterial cells or ameliorating cellular damage caused by oxidative stress (Levina et al.,
1999). According to the results of the study by Kim et al. (2005); The yggE gene product is thought to protect
genes involved in amino acid biosynthesis from oxidative damage by reducing intracellular ROS to a moder-
ately harmless level. Considering that the co-culture conditions in this study exposed the cells to stress in many
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respects (glucose starvation, presence of another type of organism, heat stress caused by the production of cells
at 32° C, etc.), the increase in the production of yggE protein supports previous studies.

In our study, it was observed that porin and its associated outer membrane proteins, Omp proteins, were also
released into the medium. On the extracellular side there are broad, extending loops between the filaments,
while on the periplasmic side there are short loops. Thanks to these features, Omps provides high stability in
the membrane and the ability to fight against harsh environments (Rollauer et al., 2015). Although different
Omps have different sequences and functions, they are similar in terms of structural and biological features
(Chaturvedi and Mahalakshmi, 2017). OmpA was first identified as a heat exchangeable protein in E. coli in
1974 (Foulds and Chai, 1978) and was first purified in 1977. The molecular mass ranges from 28 kDa to 36
kDa (Chai and Fould, 1977). The OmpA family is a group of porin proteins that have a high copy humber in
the Omps of gram-negative bacteria. OmpA plays an important role in maintaining bacterial surface integrity
(Samsudin and., 2016). OmpX belongs to a family of highly conserved proteins that appear to be important
for virulence by neutralizing host defense mechanisms (Heffernan et al., 1994). OmpA, OmpX, OmpC, OmpF,
FocD, FimC proteins are the other proteins that appear in LC-MS-MS results in 72 hours of co-culture.
Dekoninck et al., (2020) showed that the OmpA protein is effective in the Rcs stress response. Laubacher and
Ades (2021) stated that the Rcs response also exhibits the function of creating resistance against beta-lactam
antibiotics. In addition, Dam et al., (2017) showed that the MicC sRNA molecule controls OmpC/N and thus
takes part in the response to beta-lactam antibiotics. Moreover, OmpC functions as a receptor in the recognition
of signalling molecules in contact-dependent interaction (Beck et al., 2016). The present findings show that E.
coli and S. pombe are in contact in the culture medium, due to the presence of cysteine synthase A protein and
the stimulation of this protein in contact-dependent growth inhibition (Diner et al., 2012). Dupont et al., (2007)
demonstrated that OmpX and OmpF are functional in the early response to environmental stress. Choi and Lee
(2019) stated that OmpC is involved in both the antibiotic response and the integrity of the cell membrane.
Ghai et al., (2018) reported that OmpF can show selective permeability to molecules of similar size depending
on their structure and dipolar properties, and that the chemical stability of ampicillin, a widely used antibiotic,
is an important factor in penetrating OmpF to reach its target in the periplasm. The formation and
functionalization of the fimbria, which allows the bacteria to settle on the outer surface, depends on FocC and
FocD (Klemm et al., 1994,1995). FimC also acts as a chaperone in fimbria biogenesis (Choudhury et al., 1999).

Bacteria are organisms commonly used in biotechnological processes. They are widely used in medicine, food
and environmental industries, especially due to the various enzymes they secrete out of the cell. The enzyme
N-ethylmaleimide reductase breaks down toxic pollutants such as 2,4,6-trinitrotoluene (TNT). NemA reduces
nitro groups on the aromatic ring with NfsA and NfsB. Thus, E. coli uses nitrogen for cell growth (Gonzalez-
Pérez and., 2007). Hexavalent Chromium (Cr V1) is a serious environmental pollutant and is highly soluble in
water in this form. Bacteria have been discovered that convert Cr VI to its less toxic and insoluble form, Cr
I11. Robins et al. (2013) discovered in a study that E. coli NemA is a Cr VI reductase that works with high
efficiency.

N-ethylmaleimide reductase (NemA), one of the proteins determined to be released into the medium in our
study, is one of the important proteins encountered in biotechnology (Gonzalez-Pérez et al., 2007). Different
bioprocesses are encountered in the production of such related proteins and their feasibility is being done. Co-
culture systems are highly adaptable to biotechnological studies. If advanced molecular analyzes and feasibility
of products that are thought to have increased expression with co-culture systems are discovered, and it is
discovered that more efficient products with lower costs are obtained, it can contribute to biotechnological
studies by producing enzymes such as NemA with high efficiency. In the light of the findings, we can argue
that the formation of the above-mentioned proteins by E. coli in the co-culture medium is a response to the
stresses caused by environmental conditions and S. pombe.

The most important limitation of many microbial competition studies conducted to date is that data from in
vitro studies could not be tested in more natural environments. Studies with pure cultures do not consider the
interaction of secondary metabolites and provide a limited perspective for understanding the behaviour of
microorganisms against each other (Park et al., 2011; Nai and Meyer 2018). In this context, the use of co-
cultures in in vitro studies and the creation of natural environment conditions are very important for the
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progress of these studies. The establishment and development of co-culture systems will contribute to
answering various biological questions and overcoming various biological problems.

Properties such as the resilience of microorganisms that cannot be easily constructed in a single
microorganism, the stability of metabolism in changing environments and the changes in their responses to
stress, their tolerance to toxic metabolic wastes or compounds in the raw material can be understood with co-
cultures (Zhu et al., 2012).

4, Conclusion

This study includes the establishment of S. pombe and E. coli co-cultures and the examination of the
proteins that are released into the culture medium. As the main finding, it can be said that competition among
organisms increases the amount and types of protein released. Considering that antibiotic resistance developed
by microorganisms poses a serious threat today, obtaining peptide-antibiotics that can be produced by co-
culturation gains importance. According to our results, although mechanisms that are responsible for the
production of antimicrobial peptides seemed activated, we failed to detect these kinds of peptides in this
condition. To increase the competition in the co-culture system and to encourage cells to produce antimicrobial
peptides, options such as keeping the cultures in media with a lower energy source for a longer time and using
media with different compositions can be tried. Accordingly Different alternative co-culture options can be
tested by changing the cell numbers of both species. After SDS-Page, the study can be expanded by analyzing
other bands that are qualitatively different. The results obtained in this study may be important as preliminary
findings that can contribute to basic science with the changes in the metabolism of S. pombe and E. coli
microorganisms in the co-culture system, and to future biotechnological studies with the products they produce
as a result of these changes.
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