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AMAC ve KAPSAM

Karaelmas Fen ve Mithendislik Dergisi (https://dergipark.org.tr/tr/pub/
karaelmasfen), Zonguldak Biilent Ecevit Universitesinin resmi yayin
organidir.

Derginin amact, Fen Bilimleri, Temel Saglik Bilimleri ve Miihendislik
Bilimleri alanlarinda yapilan 6zgin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktur.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danisma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alt: kategoride yayimlanur: (1) “Arag-
tirma Makaleleri”, (2) “Derleme Makaleler”, (3) “Kisa Makaleler”, (4)
“Teknik Not ve Vaka Takdimleri”, (5) “Editére Mektuplar”, (6) “Kitap ve
Yazilim Program: Elestirileri”. Makaleler Tiirkge veya Ingilizce dillerinde
yazlabilir; Ingilizce veya Tirkge Ozetler ile anahtar sézciikler icermelidir.

Karaelmas Fen ve Mihendislik Dergisi, Haziran ve Aralik aylarinda
olmak tizere yilda iki kez yayinlanmaktadir ve https://dergipark.org.tr/tr/

pub/karaelmasfen internet adresi tizerinden takip edilebilir.

Yayim Izni

Bireysel kullanim diginda, Karaelmas Fen ve Mihendislik Dergisi'nde
yayimlanan makaleler, sekiller ve ¢izelgeler yazili izni olmaksizin ¢ogal-

tilamaz, bir sistemde argivlenemez veya reklam ya da tamitim amagh
materyallerde kullanilamaz.

Bilimsel makalelerde, uygun sekilde kaynak gosterilerek alinti yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, gizelgelerine ve 6zetlerine ¢evrim-igi olarak https://dergi-
park.org.tr/tr/pub/karaelmasfen adresinden tcretsiz olarak erisilebilmek-
tedir.

Yazilarin Bilimsel ve Hukuki Sorumlulugu

Yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.
Yazilarin iceriginden ve kaynaklarin dogrulugundan yazarlar sorumludur.
Editér, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimer,
dergideki hatalardan veya bilgilerin kullanimindan dogacak olan sonuglar-
dan dolay: sorumluluk kabul etmez.

Yazarlarimizin etik ihlalleri ile ilgili tim iddia ve kesinlesmis siirecler
kendi sorumluluklarinda olup, kesinlesen etik ihlalleri durumunda makale
otomatik iptal edilir.

AIMS and SCOPE

Karaelmas Science and Engineering Journal (https://dergipark.org.tr/
tr/pub/karaelmasfen), is the official journal of Zonguldak Bilent Ecevit
University.

The journal’s aim is to be scientific journal publishing original papers,
reviews, short communications, technical notes and scientific editorial let-
ters of science in the following areas: basic sciences, basic medicine science
and engineering fields.

Articles submitted to this journal are evaluated in a double blinded peer-
reviewed fashion by an advisory committee. Articles are published mainly
in six categories: (1) “Research articles”, (2) “Review Articles”, (3) “Short
Communications”, (4) “Technical Notes and Case Reports”, (5) “Letters
to the Editor” and (6) “Book/Software Reviews”. All articles may be
written in Turkish or English, and should include English and Turkish
abstracts and key words.

Karaelmas Science and Engineering Journal is published two issues per
year in June and December.

The journal has also been available on-line by a website: https://dergipark.
org.tr/tr/pub/karaclmasfen

Permission Requests

Manuscripts, figures and tables published in the Karaclmas Science and

Engineering Journal cannot be reproduced, archived in a retrieval system,
or used for advertising purposes, except personal use.

Quotations may be used in scientific articles with proper referral.

Subscriptions

Karaelmas Science and Engineering Journal is delivered complimentarily
to University Library and scientists Tables of contents, abstracts and full
texts of all articles published are accessible free of charge through the web
site https://dergipark.org.tr/tr/pub/karaclmasfen

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to
the authors. Contents of the manuscripts and accuracy of references are
also at the authors’ responsibility. Editor, Associate Editors, Editorial and
Advisory Board members and the Publisher decline responsibility for
errors or any consequences arising from the use of information contained
in this journal.

All claims and finalized processes regarding violations of ethics by our

authors are under their own responsibility, and in case of ethical violations,
the article is automatically canceled.
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YAZARLARA BiLGILER

Karaelmas Fen ve Mithendislik Dergisi, Fen Bilimleri, Temel Saglik
Bilimleri ve Mihendislik Bilimleri alanlarinda yapilan 6zgiin aragtirma
makaleleri, derlemeler, kisa makaleler, teknik not, kitap elestirileri ve
bilimsel nitelikli editére mektuplar: yayinlayan uluslararas: bir dergidir.
Aralik ve Haziran aylarinda olmak tizere yilda iki kez yayinlanir. Dergi,
http://fbd. beun.edu.tr internet adresi tizerinden takip edilebilir.

Dergide yayinlanacak makale tiirleri agagidaki gibidir.

Aragtirma makalesi: Makale mutlaka orijinal ve daha énce hi¢ bir
dergide basilmamg veya sunulmamig olmali, tablo ve gekiller dahil 20
sayfay1 gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yasanan
gelismeleri ve bu konuda son yillarda yapilmis ¢aligmalarin bir araya
getirildigi makale tiridir. 15 sayfay: gegmemelidir.

Kisa makaleler: Kiigiik ¢apta yapilan caligmalar, orijinal aragtirma
deneylerinin 6n sonuglarindan, yeni buluglar ve klinik deneylerden
olugmali ve 5 sayfay: gegmemelidir.

Teknik notlar, Olgu sunumlar:: Bilimsel olarak énemli katki sunan
raporlardan olusmali ve 3 sayfay: gegmemelidir.

Editore mektuplar: Herhangi bir aragtirma konusuna ait fikirler,
haberleri, 6nerileri kapsamalidir ve 2 sayfay: gegmemelidir.

Kitap veya yazilim programlarina ait elestiriler: Kitap veya yazilim
programu hakkindaki kisa ve ozet bilgileri icermelidir ve 1 sayfay1
gegmemelidir.

YAYIN KURALLARI

Dergide yayinlanacak makalelerin yazim dili Tiirkge veya Ingilizcedir.
Yazim kurallarina uymayan makaleler, hakemlere gonderilmeden
duzeltilmek tizere yazara geri gonderilir. Bu nedenle derginin yazim
kurallar: dikkate alinmalidir. Makaleler sekiller ve cizelgeler dahil
20 sayfay1 gegmemelidir. Dergiye yayin icin génderilen makaleler iki
uzman hakem tarafindan degerlendirilir ve yayinlanmasina editor
tarafindan karar verilir. Dergiye gonderilen yazilar bagka bir yerde
yayinlanmamis veya yayinlamak tzere gonderilmemis olmalidir.
Dergide yayinlanmak tzere kabul edilmis olan yazilarin yayin haklar:
Karaelmas Fen ve Mihendislik Dergisine aittir. Diizeltilmis yazilar 3
ay icerisinde editére gonderilecektir.

DEGERLENDIRME SURECI

Dergi yo6nergelerine uymayan yazilar, bilimsel degerlendirme
yapilmadan yazarlara iade edilecektir. Dergi yonergelerine uygun
olarak gonderilen makaleler, onlar1 hakemlere atayacak olan Bag Editor
veya Yardimer Editor tarafindan incelenir. Inceleme siireci tek kordiir.
Hakem onerileri, alan editorlerinin gorisleri ve yayinn literatire
katkisi dogrultusunda Editor karar mektubunu yazar. Incelenmemis
tim yazilar 10 giin i¢inde geri gonderilir ve yazilarin karar mektuplari
3-6 ay i¢inde gonderilir.

Makalelerdeki tiim degisiklikler yazarlar: tarafindan yapilir. Son gekli
verilen ve yayina hazirlanan makaleler Gizerinde yazarlarca bir degisiklik

vV

yapilamaz. Her ne nedenle olursa olsun makalesinin yayinlanmasindan
vazgegen bir yazar, makalesini dergiye sunum tarihinden itibaren en
fazla iki ay icerisinde ¢ekebilir. Hayvan deneylerinde etik kurul izin
belgesi gereklidir.

MAKALE SUNUMU
Makaleler elektronik ortamda sunulacaktur.
YAZIM KURALLARI

e Makale A4 boyutlu kagida, tek yiize, tim kenarlardan 2.5 cm
bosluk birakilarak, ¢ift satir aralikli yazilmalidur.

*  Yazim bi¢imi, Times New Roman yaz: tipi ve 12 punto biiyiik-
ligiinde Microsoft Word Processor kullanilarak hazirlanmalidir.
Tamami siyah-beyaz renkte olmalidir (sekil ve ¢izelgeler dahil).

e Satir baglart numaralandirilmalidir. Sayfa numaralari, sayfalarin
alt orta bolimlerine konmalidir.

e Makalenin ana bélimleri, Tirkee Oz, 1ngi1izce Oz (Abstract),
Giris, Gereg ve Yontem/Yontemler (Saha tanimlamalari, ¢aligilan
malzeme v.d. Yontemler kisminin altinda alt baghik olarak verilme-
lidir), Sonuglar, Tartigma/Sonuglar ve Oneriler, Tesekkiir ve Kay-
naklardan olugur. Oz harig biitiin bélimler numaralandiriimalidir.

e Latince isimler italik olarak yazilmalidir.

Kapak Sayfasi: Yazinin ayr1 word dosyas:i olarak bir baghk sayfas:
olmalidir; baslik; tim yazarin tam adi, kurumlar ve ORCID ID’leri;
sorumlu yazarin iletigim adresi ve e-posta adresi.

Kapak Yazis1 Plani:

e Tiirkge ve Ingilizce baglik

*  Yazar adlar ve adresleri

e Sorumlu yazarin ads, adresi ve e-posta adresi

e Kisa baghk

e Tim yazarlarin ODCID numaralar:

Baglik: Metne uygun kisa ve anlagilir olmalidir. Ortalanmug olarak,
sadece ilk harfi biyik sonrakiler kiigiik, 14 punto ve koyu olmalidir.

Yazar adlar1 ve adresleri: Baglhigin altindaki yazar isimleri kisaltmasiz,
adi ve soyadi (varsa ikinci ismi veya soy ismi) kii¢ik harf ile
ortalanmis olarak 12 punto ve koyu yazi karakteri ile yazilmalidir.
Yazar isimlerinden sonra adres belirtmek i¢in tst simge olarak rakam
kullanilmalidir (*23 gibi). Sorumlu yazar isminde yildiz semboli
olmalidir (*). Yazarlarin tam adresleri kiigtik harfle, ortali ve 10 punto
olarak yazilmals, Universite, Fakiilte, Bolim ve Sehir belirtilmelidir.
Sorumlu yazarin e-posta adresi, adresinin
verilmelidir.

sonunda mutlaka

Oz ve Anahtar Kelimeler: Ozetler 10 punto ile yazilmali ve 250
kelimeyi gegmemelidir.

Tirke ve Ingilizce Gzetin altinda 2-6 kelimeden olusan Anahtar
kelimeler yazilmalidir.
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Ozet Sayfasinin Plam

1. Tirk¢e makalelerde

a) Tirkge Baghk f) Oz

b) IngilizceBashk 2) Anahtar Kelimeler
¢) Yazar Adlant h) Ingilizce Abstract
d) Orcid id 1) Ingilizce Anahtar Kelimeler
e) Adres(ler) (Keywords)

2. Ingilizce makalelerde

a) Ingilizce Baslik f) Abstract

b) Turkge Baglik g) Keywords

¢) Yazar Adlan h) Oz

d) Orcidid 1) Anahtar Kelimeler

e) Ingilizce Adres(ler)

Tam Metin: Makaledeki anabagliklar ve varsa alt baglklar anlagilir
olmalidir. Ana metin baslklar1 sola yanagik, bas harfi buyik, 12
punto ve koyu renkli olmalidir. Alt bagliklar 10 punto, kiigiik ve italik

yazilmalidir.

Girig: Aragtirmanin amaci, 6nemi ve konusunda yapilmig yayinlar
arasindaki yeri belirtilmelidir.

Gere¢ ve Yontem/Yontemler: Uygulanan yontemler ve teknikler
anlagilir bir geklide verilmelidir.

Sonuglar: Bu béliimde elde edilen bulgulara (sonuglara) yer verilmeli,
sonuglar gerekirse sekil ve gizelgelerle de desteklenmelidir.

Tartigma: Elde edilen bulgular ilgili literatiirlerle kargilagtiriimalidur.
Sonuglarin benzer ve farkliliklari yorumlanarak, ¢alismadan elde
edilen bulgular 6zetlenmelidir.

Tesekkiir: Aragtirmaya destek olan kisi ve kuruluglara yapilan
tegekkiirleri igermelidir.

Her tiirli ¢ikar ¢atigmasi, finansal destek, yazarlarin katki beyani, bagis
ve diger editoryal (istatistik analiz, Ingilizce/Tiirkge degerlendirme)
ve/veya teknik yardim var ise metnin sonunda sunulmalidur.
Kaynaklar: Yayinlanmamis bilgiler kaynak olarak verilmemelidir.
Ancak, tamamlanmis ve jiriden ge¢mis tezler kaynak olarak verilebilir.
Kaynaklar, makale sonunda alfabetik sirada (yazar soyadlarina gore)
verilmeli, yazar adi ve soyadlari, makalenin basim tarihi koyu olarak
yazilmalidir.

Kaynaklarin metin igerisindeki kullanimi agagida verilmistir:
1. Tiirkge Makalelerde:
Tek yazarh ¢alisma (Resat 2001, Landen 2002).

1ki yazarli ¢aligma (Aydan ve Genis 2008, Stanley ve Tunaz 1999,
Biiyiikgiizel ve Yazgan 2002) seklinde belirtilmelidir. Ug ve daha fazla
yazar s6zkonusu ise, (Kuscu vd. 2002, Yilmaz vd. 2007) seklinde, ayn:
yazarin birden fazla makalesi kullanilacaksa (Simith vd. 1995a,b,1997)
seklinde olmalidir. Herhangi bir kaynaktan alint: yapilmigsa: Aydan ve
Genis (2008)e gore.....seklinde olmugtur; Yilmaz vd. (2007)e gore;
diye yazilmaldur.

2. Ingilizce Makalelerde:
Tek yazarh ¢alisma (Landen 2002).

Iki yazarh calisma (Anderson and Pratt 2002, Biiyiikgiizel and Yazgan
2002). Herhangi bir kaynaktan alinti yapilmigsa Unli and Gergek
(2003)% gore...seklindedir, diye belirtilmelidir.

Ug ve daha fazla yazardan olusan galismalar (Evans et al. 2001,
Landen et al. 2004) seklinde olmalidir. Alint1 yapilacaksa Landen et
al. (2002)’ye gore; diye yazilmalidir.

Kaynak gosterilecek yayinda kag isim varsa, kaynaklar boliminde
tumd belirtilmeli, kisaltma yapilmamalidur.

Tiirkge ve Ingilizce makalelerde, yazilim programlari metin igerisinde
ismi ve yili belirtilerek (PROC GLM, SAS Institute 1999) seklinde

verilmelidir.
Kaynaklarin metin sonunda verilis sekilleri asagidaki gibidir:
Makale:

Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid
Pimpla turionellae L. (Hymenoptera: Ichneumonidae)'nin yagsama ve
gelisimine etkileri. Turk. J. Zool., 20:1-7.

Ozer, M., Perc, M., Uzuntarla, M. 2009. Stochastic resonance on
Newman-Watts networks of Hodgkin-Huxley neurons with local
periodic driving. Phys. Let. A, 373 : 964-968.

Kitap:

Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mithendisleri Odasi Yayinlari, Nitelik Matbaacilik, Ankara,
385s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

Kitapta Boliim:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems.
In: B. Halliwell, O.I. Auroma [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.

Rapor:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992.U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Kongre, Sempozyum:
Kuscu, S., Azar A., Kisa, A. 1997. Arsiv bilgi ve belgelerinden

yararlanilarak grafik kadastronun sayisallagtirilmasi ve bir uygulamanin

sonuglari. 6. Harita Kurultays, s. 211-222, Ankara.

Kaplan, A. 2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongresi, s. 45-50, Ankara.

Internet:

Eger bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten
alinan ve dergilerde yayinlanan makaleler harig), kaynaklar boliimiine
internet sitesinin ismi ve konu baglhg: tam olarak yazilmalidir.
Anonim web sayfas:

Leafy seadragons and weedy seadragons. 2001. Astp-//www.
windspeed. net. au/jenny/seadragons/
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Yazarli web sayfasi:

Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. 5#2p.//studytrekk.
lis.curtin.edu.au/ seklinde belirtilmelidir.

Baskida olan makale:
Evans, MA. 2002. Makale bashigi. Dergi. (baskida).
Tezler:

Ozcan, A. 2006. Endistriyel atiklar ve polipropilen lif igeren saha
betonlarinin 6zelliklerinin arastirilmasi. Yiksek Lisans Tezi, Zonguldak
Karaelmas Universitesi, 70 s.

Yazilim:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Cizelgeler ve Sekiller: Tum sgekil ve cizelgeler makale igerisinde
strayla numaralandirilmal (Cizelge 1., Sekil 1., Cizelge 2 ve 3, Sekil
2 ve 3; Sekil 4., Cizelge 2.), sekillerin sira numaralar1 ve bagliklary
altta, cizelgelerinki ise Ustlerine yazilmalidir. Grafik ve sekiller sayfa
boyutlar: dikkate alinarak ¢izilmelidir. Cizelge ve sekilllerin bashk ve
agiklamalari, Kaynaklardan sonra ayri sayfalar halinde Cizelgeler dizini
ve Sekiller dizini olarak hazirlanmalidir. Ag¢iklamalardan sonra ayri
sayfalar halinde ¢izelge ve sekiller verilmelidir. Grafikler, ¢izimler ve
fotograflar JPEG ya da TIFF formatinda (en az 600 dpi ¢ozintrlikte)
siyah-beyaz veya renkli olarak sunulmalidir. Fotograflarda buytitmeyi
gostermek i¢in mutlaka bar kullanilmalidir.

Cizelgede verilecek olan verilerde standart sapma veya standart
hatalar (1.42 = 1.36) seklinde, istatistiksel analiz yapilmigsa (731.2ab)
seklinde, bunlarin baglk olarak yazilis sekilleri de (ort + SE; ort + SD,
vb.) gibi olmalidir.

Denklemler: Matematiksel ifadeler “Equation Editér” (word orta-
minda) kullanilarak 9 punto ve alt ve st indisler 8 punto yazilma-
lidir. Metin icerisinde gegen esitlikler normal parantez () igerisinde
numaralandirilmalidir. Denklem sira numaras: ile birlikte (parantez
icerisinde) yazilmalidir.

Matematiksel denklemlerdeki esitlikler:
R :Abmypc +Blog . (f)  (2) seklinde olmalidur.

Ekler: Tim ekler ayri sayfaya yazilmali ve Romen rakamlar ile
numaralandirilmalidir.

Matematik dalinda yayin gonderecek yazarlarin konu siniflandirma
numarasint (AMS-Mathematical Subject Classification Number)
belirtmeleri gerekir.

Semboller ve Birimler: Metrik sistem veya SI birimleri (kPa, kIN/
m’, g/cm?, m/sn, g/m?, v.b.) kullanilmalidir. Gerek metin i¢inde ve
cizelgelerde, gerekse sekillerde rakamlarin ondalik bélimlerinin
belirtilmesi i¢in nokta kullanilmalidir (10.25 gibi). Yizdelik birimler
(%50) seklinde belirtilmelidir.

Kisaltmalar: Zamanla ilgili olan kisaltmalar: sa (saat), dk (dakika), sn
(saniye), y (y1l), hf (hafta) olarak belirtilmelidir. Tarihler verilirken glin
ay ve yil kisaltma yapmadan tam olarak yazilmalidir (23 Ocak 2007).

Sayilar: Sayilar cimle baglarinda yazi ile verilmelidir. Birden
dokuza kadar olan sayilar yazi ile, 10 ve daha biyiik sayilar rakamla
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belirtilmelidir. Birden kii¢iik olan sayilar (0.05, 0.56, 0.50, P < 0.05,
v.b.) olarak belirtilmelidir. Binden biiyiik sayilarda ytizden sonra olan
kisimlar virgtille ayrilmalidir (100, 000).

Dipnotlar: Cizelgede kullanilacak olan dipnotlar istatistiksel analiz
yapildigi durumlarda (*P<0.05; ** P<0.01; ** P<0.001; NS, istatistiksel

olarak 6nemsizdir, v.b.) seklinde olmalidir.

Derginin bir sayisinda, ilk isim olarak bir yazarin tgten fazla eseri
basilamaz. Dénemler igerisinde ti¢ten fazla eser gonderilmigse, ilk tigti
diginda kalanlar daha sonraki sayilara aktarilir.

Matematik ve ilgili konular i¢in makalenin hazirlanmasi su sekilde

olmalidir:

Makalenin ilk sayfasinda, Matematik Reviews yillik dizini itibaren en
az bir 2010 MSC (Matematik Konu Siniflandirmasi) numaralarini
icermelidir. MSC Konu Simiflandirmas: http://www.ams.org/math-
scinet/msc/msc2010.html adresinden temin edilebilir.

Kaynaklar bélimiinde, yazarlarin soy isimleri alfabetik siraya gore
dizilmeli ve numaralandirlmalidir [1],[2],..gibi. Metin igerisinde
kaynak numaralar1 kogeli parantez igerisinde alinmalidir, [23] veya
[12]-[15] gibi. Formiil numaralarini ayirt etmek i¢in, yuvarlak parantez
icinde tirnak igerisine alinmalidir. Yukaridaki sartlari saglamayan
yayinlar degerlendirmeye alinmaz.

Makale Yazim Kontrol Listesi

Makale dergiye sunulmadan 6nce makalenin yazim kurallarina uygun
olup olmadigindan emin olmak i¢in asagida belirtilen kontrolleri
yapiniz.

e Baslik sayfasi eklendi mi?

e Imla ve dilbilgisi kontroli yapildi mi?

e Tim sayfa diizeni ¢ift aralikli yazildi mi?

* Koselerden 2.5 cm bosluk birakildi mr?

*  Yaz tipi Times new roman ve buytikligi 12 punto mu?

e Metin igerisindeki bagliklar sola yanagik, 12 punto ve koyu renkli
yazildi m1?

e Tim yazarlarin adlar1 ve soyadlar kisaltma yapilmadan belirtildi
mir?

e Adresler belirtildi mi?

e Bagslik 14 punto koyu yazi karakteri ile ortalanarak yazildi mi?

e Tirkge Oz ve Anahtar Kelimeler yazildi m1?

* Ingilizce Abstract ve Keywords verildi mi?

e Kaynaklar yazim kurallarina gore ve alfabetik sirayla yazild: mi?

e Ondalik dilimler nokta ile belirtildi mi? (10.25 gibi)

*  Yiizdelik gosterimler (%63, %10 gibi) seklinde yapild: mi?

e Cizelgelerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

*  Cizelgeler makale icerisinde sirayla verildi mi?

*  Orijinal sekiller eklendi mi?

e Sekiller yazim kurallarina uygun olarak diizenlendi mi?

e Sekillerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

e Sekiller makale igerisinde sirayla verildi mi?

e Cizelgeler ve Sekiller Dizini ayr1 sayfalarda verildi mi?

e Tim sayfa ve satirlara numara verildi mi?
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ETIiK KURALLAR

Zonguldak Biilent Ecevit Universitesinin yayin organi olan Karaelmas
Fen ve Mihendislik Dergisi ulusal ve uluslararasi tim kurum ve
kisilere ticretsiz olarak ulagmay: hedefleyen hakemli bir dergidir.

Dergimize gonderilen bilimsel yazilarda, ICMJE (International
Committee of Medical Journal Editors) tavsiyeleri ile COPE
(Committee on Publication Ethics)un Editér ve Yazarlar igin
Uluslararas: Standartlari dikkate alinmaktadir.

Yazarlarimizin etik ihlalleri ile ilgili tiim iddia ve kesinlegmis
siirecler kendi sorumluluklarinda olup, kesinlesen etik ihlalleri
durumunda makale otomatik iptal edilir.

Hakemler i¢in Etik Kurallar
Hakemler;

Degerlendirdigi yazilarin gizliligine saygi gosterir ve makaleyi
tartiymaz veya yazi hakkinda baska herhangi bir kisiyle iletisim

kurmaz.

Olasi bir cikar ¢atigmasi oldugunda editorii konu hakkinda
bilgilendirir.

Onerileri i¢in nesnel ve yapict bir agiklama saglar.

Makaleye iligkin kararlarinin konudan veya yazarlik biciminden
etkilenmesine izin vermez.

Giigli bir bilimsel gerek¢e olmadik¢a yazarin kendi makalelerini
belirtmesini istemez.

Yazarlar tarafindan yayinlanmadan 6nce kendi ¢aligmalarinin
hicbirinde incelenen makalenin herhangi bir bélimini veya
bilgiyi ¢ogaltmaz.

Hakem degerlendirmelerini sadece uzmanliklar1 dahilinde ve
makul bir siire iginde kabul etmeyi kabul eder.

Yazinin yayina ¢ikmasini geciktirecek ertelemeler yapmaz.
Hakaret, diismanca veya kii¢iik digtrict bir dil kullanmaz.

Gonderilen makaleleri ve ilgili tim materyalleri inceledikten
sonra imha eder.

https://publicationethics.org/files/Ethical guidelines for peer

reviewers 0.pdf
Yazarlar i¢in Etik Kurallar

Yazarlar ve yardime yazarlar;

International Committee of Medical Journal Editors (ICMJE)

tarafindan belirtilen yazar kriterlerine uygunluk saglanur;

a. Eserin tasarimina veya tasarimimna énemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmas:

b. Calismanin hazirlanmasi veya literatiriin icerik icin elegtirel
olarak gézden gegirilmesi

c.  Yayinlanacak versiyonun nihai onay:

d. Caligmanin herhangi bir béliminitin dogrulugu veya biitiin-
lagi ile ilgili sorularin uygun sekilde sorusturulup ¢oziilme-
sini saglamada, caligmanin tim yo6nlerinden sorumlu olacak
anlagma.

Gonderilen makaleler yazar(lar)in 6zglin ¢aligmasi olmalidir ve
eszamanli olarak farkli yayincilara génderilmemelidir

Yazar(lar) aragtirma Onerisinde, icrasinda ya da aragtirma
sonuglarini raporlarken aragtirma suiistimali olarak tanimlanan
uydurma, tahrifat ya da intihalden sorumludur.

Gonderilen makalelerde ¢ikar catigmas: varsa editore bilgi
verilmelidir

Gonderilen makalelerde 6n kontrol, degerlendirme stireci ya
da yayinlanmig olan strimiinde yazar veya yardimci yazarlar
tarafindan hata fark edilirse bilgi vermek, dizeltmek ya da geri
cekmek i¢in editéri bilgilendirmelidir.

Makale gonderildikten sonra yazar siralamalar: ve yazar ekleme-
¢ikartmalari 6nerilmemelidir

Yazar(lar), etik kurul karar1 gerektiren aragtirmalar icin etik kurul
onay1 aldiging; etik kurul ads, karar tarihi ve sayist aday makalenin
ilk-son sayfasinda ve yontem bolimiinde belirtmeli, etik kurul
kararini gosteren belgeyi makalenin bagvurusuyla birlikte sisteme

yiklemelidir.

Yazarlar olgu sunumlarinda olur/onam formunun alindigina
iliskin bilgiye makalede yer vermelidir.

Kullanilan fikir ve sanat eserleri i¢in telif haklari diizenlemelerine
riayet edilmesi gerekmektedir.

Makale sonunda; Aragtirmacilarin Katki Orani beyani, varsa
Destek ve Tegekkiir Beyani, Catisma Beyani verilmelidir.

http://www.icmje.org/icmje-recommendations.pdf
https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.

ESE .2018.44.el.tr .pdf

Editérler I¢in Etik Kurallar
Editorler:

Okuyucular, aragtirmay: veya diger bilimsel c¢aligmalari kimin
finanse ettigi ve fon verenlerin aragtirmada ve yayinlanmasinda
herhangi bir roli olup olmadig1 ve eger dyleyse bunun ne oldugu
konusunda bilgilendirilmelidir.

Editorlerin yayin i¢in bir makaleyi kabul etme veya reddetme
kararlari, makalenin 6nemi, 6zglinligi ve netligi ile ¢aligmanin
gegerliligi ve derginin gorev alanina uygunluguna dayanmalidir.

Editorler, gonderimle ilgili ciddi sorunlar tespit edilmedikge,
gonderimleri kabul etme kararlarini tersine ¢evirmemelidir.

Yeni editorler, bir 6nceki editor tarafindan yapilan bagvurular:

yayinlama kararlarini  bozmamalidir ciddi  sorunlar tespit

edilmedikge.

VII


https://publicationethics.org/files/Ethical_guidelines_for_peer_reviewers_0.pdf
https://publicationethics.org/files/Ethical_guidelines_for_peer_reviewers_0.pdf
http://www.icmje.org/icmje-recommendations.pdf
https://www.ease.org.uk/wp-content/uploads/2018/11/doi.10.20316.ESE_.2018.44.e1.tr_.pdf
https://www.ease.org.uk/wp-content/uploads/2018/11/doi.10.20316.ESE_.2018.44.e1.tr_.pdf

Karaelmas Fen ve Miih. Derg. 12(1), 2022

Karaelmas Fen ve Miihendislik Dergisi / Karaelmas Science and Engineering Journal
Dergi web sayfasi / Journal home page: https://dergipark.org.tr/tr/pub/karaelmasten

Hakem degerlendirmesi siireglerinin bir agiklamasi yayinlanmali
ve editorler agiklanan streglerden 6nemli sapmalar: ortaya ¢ikarir.

Yazarlarin editoryal kararlara itiraz edebilmeleri igin beyan edilmis
bir mekanizmaya sahiptir.

Editorler, kendilerinden beklenen her sey hakkinda yazarlara
rehberlik etmelidir. Bu rehberlik diizenli olarak gincellenmeli ve
bu koda atifta bulunmali veya bu koda baglant: vermelidir.

Editorler International Committee of Medical Journal Editors
(ICMJE) 6nerdigi yazarlik kriterlerini belirtmeli

Editorler, hakemlere, kendilerinden beklenen her sey hakkinda
rehberlik saglamalidir. gonderilen materyalin giivenle ele alinmasi
ihtiyac1. Bu rehber diizenli olarak giincellenmelidir ve bu koda
basvurmali veya bu kodu baglamahdir

Editorler, kabul etmeden 6nce gézden gegirenlerin rekabet ede-
bilecek potansiyel ¢ikarlar: ifsa etmelerini istemelidir bir sunumu
gozden gegirin.

Editorler, hakemlerin kimliklerinin korunmasini  saglayacak
sistemlere sahip olmalidir yazarlara ve hakemlere bildirilen agik
bir inceleme sistemi kullanir.

VIII

Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve meveut tyeleri yeni politikalar
ve gelismeler hakkinda glincel tutmalidur.

Editorler, derginin kalitesine ve uygunluguna gore ve dergi
sahibinin / yayincinin mudahalesi olmadan hangi makalelerin
yayinlanacagina karar vermelidir.

Editorlerin derginin sahibi ve / veya yayma ile iligkilerini
belirleyen yazili bir s6zlesmesi olmalidir. Bu s6zlesmenin sartlar:
Dergi Editorleri i¢cin COPE Davranig Kurallari ile uyumlu
olmalidir.

Editorler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz
ve zamaninda yapilmasini saglamak icin ¢aba gostermelidir.
Editorler, dergilerine génderilen materyallerin incelenirken gizli
kalmasini saglayacak sistemlere sahip olmalidir.

Editorler, dergilerdeki bélimlerin farkli amag ve standartlara

sahip olacagini kabul ederek, yayinladiklar1 materyalin kalitesini
saglamak i¢in tim makul adimlari atmalidir.

https://publicationethics.org/files/Code%200f%20Conduct.pdf

endislik
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YAYIN ETiGi

Karaelmas Fen ve Mihendislik Dergisinin yayin etigi beyani, www.
publicationethics.org adresinde bulunan Yayin Etigi Komitesinin
(COPE) Davranis Kurallar: kilavuzuna dayanmaktadur.

Editorlerin Goérevleri
Adil ve editoryal bagimsizlik

Editorler sunulan makaleleri, yazarlarin irki, cinsiyeti, cinsel tercihi,
etnik kokeni, vatandaghgi, dini inanci, siyasi felsefesi veya kurumsal
egilimleri ne olursa olsun, sadece akademik yararlari (6nemi, 6zgiinliik,
caligmanin gegerliligi, netligi) ve derginin kapsamiyla olan ilgisine gore
degerlendirirler. Dizenleme ve yayinlama kararlari, hiikiimetlerin
veya derginin digindaki diger kurumlarin politikalar: tarafindan
belirlenmez. Genel Yayin Yonetmeni, derginin tim editoryal icerigi
ve bu igerigin yayinlanma zamanlamas: tizerinde tam yetkiye sahiptir.
Gizlilik

Editorler ve editorler, gonderilen bir makaleyle ilgili hicbir bilgiyi
ilgili yazar, gozden gegirenler, potansiyel gézden gegirenler, diger yayin
danigmanlari ve yayinci disinda kimseye agiklamaz.

Agiklama ve ¢ikar ¢catigmalar:

Editérler ve yayin kurulu tyeleri, génderilen bir makalede agiklanan
yayinlanmamug bilgileri, yazarlarin agik yazili izni olmadan kendi
aragtirma amaglar: dogrultusunda kullanmayacaktir. Yazinin iglenmesi
sonucunda editérler tarafindan elde edilen ayricalikls bilgi veya fikirler
gizli tutulacak ve kisisel avantajlari i¢in kullanilmayacaktir. Editérler,
makalelere bagli herhangi bir yazar, sirket veya kurumla rekabet,
igbirlik¢i veya diger iligkilerden/baglantilardan kaynaklanan ¢ikar
catismalari olan el yazmalarini dikkate almaktan geri ¢ekilecekler;
bunun yerine, yazi isleri kurulunun bagka bir tyesinden yaziyr
islemesini isteyecekler.

Yayin kararlar

Editorler, yayinlanmak tGzere degerlendirilen tim makalelerin, alanin-
da uzman en az iki gézden gegiren tarafindan hakem incelemesinden
gecmesini saglar. Yazi Tsleri Midiird, séz konusu calismanin dogru-
lanmasina, aragtirmacilar ve okuyucular i¢in 6nemine, elestirmenlerin
yorumlarina ve iftira, telif hakk: ihlali ve intihal ile ilgili su anda
yurtrlikte olan yasal gerekliliklere dayanarak, dergiye gonderilen el
yazmalarindan hangisinin yayinlanacagina karar vermekten sorumlu-
dur. Genel Yayin Yonetmeni bu karar: verirken diger editérler veya
yorumcularla gériigebilir.

Sorugturmalara katilim ve igbirligi

Editorler (yayinct ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmis makaleyle ilgili etik kaygilar ortaya ¢iktiginda duyarli
onlemler alacaktir. Etik olmayan yaymncilik davranglarinin rapor
edildigi her eylem, yayimlandiktan yillar sonra kesfedilmis olsa bile
incelenecektir. Editorler, suistimal stphesiyle ugragirken COPE
Akis Semalarini takip eder. Eger, sorusturma tzerine, etik kaygi iyi
kurulmusgsa, bir duzeltme, geri ¢cekme, endisenin ifade edilmesi veya
ilgili olabilecek diger notlar dergide yayinlanacaktur.

Gozden Gegirenlerin Gérevleri
Editoryal kararlara katk:

Akran incelemesi editorlerin editoryal kararlar almalarina yardimer
olur ve yazarlarla editoryal iletisim yoluyla yazarlarin makalelerini
gelistirmelerine yardimer olabilir. Akran incelemesi resmi bilimsel
iletisimin 6nemli bir bilegenidir ve bilimsel ¢cabanin kalbinde yer alir.

istem

Bir makalede bildirilen aragtirmayr gozden gegirmek i¢in niteliksiz
hisseden veya derhal gozden gegirilmesinin imkansiz olacagini bilen
davet edilen her hakem, edit6rleri derhal bilgilendirmeli ve alternatif
hakemlerle iletisime gegilebilmesi i¢in inceleme davetini reddetmelidir.
Gizlilik

Incelenmek igin alinan tiim el yazmalar: gizli belgelerdir ve bu sekilde
ele alinmalidir; Genel Yayin Yonetmeni tarafindan izin verilmedikleri
stirece (istisnai ve 6zel durumlarda bunu yapacak olanlar) baskalariyla
gosterilmemeli veya tartigtlmamalidir. Bu, inceleme davetini reddeden
davet edilen gozden gegirenler i¢in de gegerlidir.

Nesnellik standartlar1

Incelemeler objektif olarak yapilmali ve g6zlemler, yazarlarin makale-
nin iyilestirilmesi i¢in kullanabilmeleri i¢in destekleyici argimanlarla
net bir sekilde formile edilmelidir. Yazarlarin kisisel elestirisi uygun-
suzdur.

Kaynaklarin kabulii

Gozden gegirenler, yazarlar tarafindan belirtilen olmayan ilgili
yayinlanmig ¢alismalar: tanimlamalidir. Onceki yayinlarda bildirilen
bir gozlem, tiretme veya argiiman olan herhangi bir ifade ilgili
alintt eslik etmelidir. Bir elestirmen ayrica, kisisel bilgileri olan
makale ile kigisel bilgileri olan diger el yazmalar: (yayinlanmis veya
yayinlanmamig) arasinda 6nemli bir benzerlik veya 6rtiisme oldugunu
editorlere bildirmelidir.

Agiklama ve ¢ikar catigmalar:

Makaleye bagli yazarlar, sirketler veya kurumlarla rekabet, isbirlikei
veya diger iligkiler den kaynaklanan ¢ikar catigmalari olan davet
edilen hakemler, editorleri derhal ¢ikar ¢atigmalarini beyan etmeleri
ve alternatif hakemlerle iletisime gecebilmeleri i¢in inceleme davetini
reddetmeleri konusunda bilgilendirmelidir.

Gonderilen bir el yazmasinda agiklanan yayinlanmamig materyaller,
yazarlarin agik yaziliizni olmadan bir elegtirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikl
bilgiler veya fikirler gizli tutulmali ve gézden gecirenin kisisel avantaji
i¢in kullanilmamalidir. Bu, inceleme davetini reddeden davet edilen
gozden gecirenler icin de gecerlidir.

Yazarlarin Gorevleri

Raporlama standartlar:

Orijinal aragtirmanin yazarlari, yapilan eserin ve sonuglarin dogru bir
agiklamasini sunmali ve ardindan ¢alismanin dneminin objektif bir
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tartigmasini sunmalidir. El yazmasi, bagkalarinin eseri ¢ogaltmasina
izin verecek yeterli ayrinti ve referanslar igermelidir. Inceleme
makaleleri dogru, objektif ve kapsamli olmali, editoryal ‘gériis’ veya
perspektif parcalari acik¢a bu sekilde tanimlanmalidir. Hileli veya
bilerek yanlis ifadeler etik olmayan davransglar teskil eder ve kabul

edilemez.
Veri erigimi ve saklama

Yazarlardan, ¢alismalarinin ham verilerini editoryal inceleme icin el
yazmast ile birlikte saglamalar: istenebilir ve uygulanabilirse verileri
kamuya agik hale getirmeye hazir olmalidir. Her haliikarda, yazarlar,
katihmeilarin  gizliliginin  korunmast ve 6zel verilerle ilgili yasal
haklarin serbest birakilmasini engellememesi kosuluyla, bu verilerin
yayimlandiktan sonra en az 10 yil siireyle (tercihen kurumsal veya
konu tabanli veri deposu veya diger veri merkezi aracilifiyla) diger
yetkili profesyonellere erisilebilirligini saglamalidir.

Ozgiinliik ve intihal

Yazarlar sadece tamamen orijinal eserler yazdiklarindan ve sundukla-
rindan ve baskalarinin ¢aligmalarini ve/veya sozlerini kullanmuglarsa,
bunun uygun sekilde atifta bulunuldugunu saglamalidir. El yazmasin-
da bildirilen eserin niteliginin belirlenmesinde etkili olan yayinlar da
belirtilmelidir. Intihal, baska bir makalenin “yazarin kendi makalesi”
olarak “aktarilmasindan”, bagka bir makalenin 6nemli bolimlerini
kopyalamaya veya paraphrasinge (atif yapmadan), bagkalar: tarafindan
yapilan aragtirmadan elde edilen sonuglarin iddiasina kadar pek ¢ok
bi¢im alir. Tim bi¢imlerinde intihal etik olmayan yayincilik davranist
tegkil eder ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli gonderim/yayin

Temelde ayn: aragtirmay agiklayan bildiriler birden fazla dergide veya
birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar zaten bagka
bir dergide yayinlanmig bir makale dikkate i¢in gondermemelidir. Bir
makalenin ayni anda birden fazla dergiye gonderilmesi etik olmayan
bir yayin davramgidir ve kabul edilemez.

Bazi makalelerin (klinik kilavuzlar, geviriler gibi) birden fazla dergide
yayinlanmasi, belirli kosullarin kargilanmasi kosuluyla bazen hakli
olabilir. ﬂgili dergilerin yazarlar1 ve editérleri, birincil belgenin ayni
verileri ve yorumlanmasini yansitmas: gereken ikincil yayiu kabul
etmelidir. Birincil bagvuru ikincil yayinda belirtilmelidir.

Makalenin yazarlig:

Sadece bu yazarlik kriterlerini kargilayan Kkisiler, icerigin kamuya
actk sorumlulugunu Ustlenebilmeleri i¢in makalede yazar olarak lis-
telenmelidir: (i) ¢aligmanin anlagilmasina, tasarimina, ylritilmesine,
veri edinilmesine veya analizine/yorumlanmasina énemli katkilarda
bulunmustur; ve (ii) el yazmasi nin hazirlanmas: veya 6nemli ente-
lektiiel igerik i¢in elestirel olarak revize edilmes; ve (iii) gazetenin son
halini gérmis ve onaylamis ve yayimlanmak tizere sunulmasini kabul
etmis ve kabul etmis. Yazida bildirilen eserin 6nemli katkilari olan
(teknik yardim, yazma ve diizenleme yardimi, genel destek gibi) ancak
yazarlik kriterlerini karsilamayan kisilerin yazar olarak listelenmemesi,
yazili izin alindiktan sonra “Bildirimler” bélimiinde kabul edilmesi
gerekmektedir. ﬂgili yazar, tim uygun ortak yazarlarin (yukaridaki
tanima gore) ve uygunsuz ortak yazarlarin yazar listesine dahil edilme-
mesini saglamali ve tiim ortak yazarlarin makalenin son halini goriip
onayladigini ve yayina sunulmasini kabul ettigini dogrulamalidur.

X

Agiklama ve ¢ikar ¢atigmalar:

Yazarlar miimkin olan en erken agamada (genellikle gonderim
sirasinda bir agiklama formu gondererek ve makaleye bir ifade
de dahil olmak tzere)—, sonuglari veya makaledeki yorumlarin
etkilemek i¢cin yorumlanabilecek ¢ikar ¢atigmalarini ifsa etmelidir.
Agiklanmas1 gereken potansiyel ¢ikar ¢atigmalarina ornek olarak,
fahri, egitim hibeleri veya diger finansman, konugmaci birolarina
katilim, Gyelik, istthdam, danismanlik, hisse senedi sahipligi veya diger
hisse senedi ¢ikarlar ile ticretli uzman ifadeleri veya patent lisanslama
duzenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler, bilgi veya
inanglar gibi finansal olmayan konular veya makalede tartigilan
materyaller verilebilir. Calisma i¢in tim finansal destek kaynaklar:
agitklanmalidir (hibe numarasi veya varsa diger referans numaras: da
dahil olmak iizere).

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢alismalarini dogru bir sekilde kabul ettiklerin-
den emin olmali ve bildirilen eserin niteligini belirlemede etkili olan
yaymnlara da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler
(Giginct gahislarla konusma, yazigma veya tartisma) kaynaktan agik,
yazili izin alinmadan kullanilmamali veya rapor edilmemelidir. Yazar-
lar, bu hizmetlerde yer alan eserin yazarinin agik yazili iznini almamag-
sa, el yazmalarina hakemlik veya hibe bagvurular: gibi gizli hizmetlerin
saglanmasi nda elde edilen bilgileri kullanmamalidir.

Tehlikeler ve insan veya hayvan denekleri

Calisma, kullanimlarinda olagandis1 tehlikeler etlit eden kimyasallar,
prosediirler veya ekipmanlar iceriyorsa, yazarlar bunlari el yazmasinda
acikea Eger caligma hayvanlarin  veya
katilimeilarin kullanimini igeriyorsa, yazarlar tiim prosedirlerin ilgili
yasalara ve kurumsal yonergelere uygun olarak gergeklestirildiginden
ve ilgili kurumsal komitenin bunlari onayladigindan emin olmalidir;
el yazmasi bu yonde bir ifade icermelidir. Yazarlar ayrica, insan
katihimecilarla deneyler i¢in bilgilendirilmis onam alindigina dair bir
ifadeyi de makaleye eklemelidir. Insan katilimeilarin gizlilik haklarina
her zaman uyulmalidir.

tanimlamalidir. insan

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylar
ve telif hakk: izinleri i¢in isteklerine derhal yanmit vererek akran
degerlendirme siirecine katilmak ve tam igbirligi yapmak zorundadirlar.
“Gerekli revizyonlar” ilk karari durumunda, yazarlar gézden
gecirenlerin yorumlarina sistematik, nokta isaretli ve zamaninda cevap
vererek, makalelerini verilen son tarihe kadar gézden ge¢irip dergiye
yeniden gondermelidirler.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanlis-
liklar bulduklarinda, derginin editorlerini veya yayimcisini derhal bil-
gilendirmek ve ¢alismay: bir hata bi¢iminde dizeltmek veya geri ¢ek-
mek i¢in onlarla igbirligi yapmak onlarin yukimliligidir. Editorler
veya yayinct, yayinlanmis bir caligmanin 6nemli bir hata veya yanliglik
icerdigini tigtinci bir taraftan 6grenirse, makalenin dogrulugunu dergi
editérlerine derhal dizeltmek veya geri cekmek veya dergi editorlerine
kanit sunmak yazarlarin yikimlaligidir.
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INSTRUCTIONS to AUTHORS

Karaelmas Science and Engineering Journal is the international
scientific journal publishing original papers in English or Turkish,
reviews, short communications, technical notes and scientific editorial
letters of science in the following areas: basic sciences, basic medicine
science and engineering fields. This journal publishes two times a year
(June and December). Manuscripts should be submitted online by a

website: https://dergipark.org.tr/tr/pub/karaelmasfen
Manuscript Categories:

Research articles: Manuscripts should report original information
which have not been published or submitted previously. Articles
should not exceed 20 printed papers including tables and figures.

Review articles: Reviews of recent developments in a research fields
and ideas will be accepted. Manuscripts should not exceed 15 papers
of printed text. The use of tables and figures to summarize critical
points is encouraged.

Short  communications: These include small-scale investigations,
innovative methods, perspectives on existing laboratory techniques
and new methodologies, clinical trials and epidemiological studies. It
should no exceed 5 printed pages.

Technical notes or Case Reports: Scientific reports providing important
contributions their area will be considered in this category. It should
not be exceed 3 pages.

Letters to editor: These include opinions, news and suggestions. Letters
should not exceed 2 pages.

Book/Software Reviews: Short but concise description of the book/
software, not exceeding a page. These types are not peer reviewed.

CONDITIONS FOR PUBLICATION
Journal articles are published in Turkish or English. Manuscript should

be suitable to the formal criteria of Instructions to Authors, otherwise,
the manuscript will be sent back to the authors. Manuscripts should
not exceed 20 papers of printed text, including tables, figures and
references. Manuscripts that are found suitable for peer review will
be assigned to two expert reviewers. The final decision to accept or
reject a manuscript will be made by the Editor-in-Chief. After review
process, the Editor-in-Chief will inform the authors of acceptance,
rejection or necessity of revision of the manuscript. The paper has
not already been published elsewhere and it is not currently being
considered for publication elsewhere. If accepted, Karaelmas Science
and Engineering Journal have exclusive license to publish. Review
process is three months.

THE REFEREE PROCESS

Manuscripts that do not comply with the journal’s guidelines will
be returned to the authors without scientific evaluation. Articles
submitted in accordance with the journal’s guidelines are reviewed
by the Editor-in-Chief or Assistant Editor, who will appoint them
to referees. The review process is one-blind. The Editor writes the
decision letter in line with the recommendations of the referees, the
opinions of the field editors and the contribution of the publication

to the literature. All unexamined manuscripts are returned within 10
days, and the decision letters of the manuscripts are sent within 3-6
months.

PRESENTATION
Papers should be submitted online.

PREPARING MANUSCRIPTS

e Manuscripts should be written double space on A4 sized typing
paper with 2.5 cm all margins.

e Text should be prepared using Microsoft Word Processor with

Times New Roman font and 12 point size.
e All pages must be numbered. All lines must be numbered.

e The full paper should be divided in to following parts in order
to Abstract, Introduction, Materials and Method/Methods (Area
descriptions, Study materials, e.g. should be cited as subheadings),
Results, Discussion/Conclusions or Recommendations, Acknowl-
edgements and References. All sections must be numbered except
for the Abstract.

* Latin expression should be typed in italics.

Cover Letter: Please indicate title of manuscript and authors. You
may briefly explain your work.

Title Page: The article should have a title page as a separate word file;
hood; full author’s full name, institutions and ORCID IDs; contact
address and e-mail address of the corresponding author.

The Title: The title should be as short as possible, but give adequate
information regarding the contents. Title must be written on the
center with bold 14 font size. The first letter must be capital and the
others must be written as lower case.

Author’s Names and Addresses: All Authors full names must be
written as lower case with bold 12 font size in the middle. After
authors name and surnames, authors addresses should be stated with
superscript numbers (e.g. '23). Corresponding author’s full name
should be marked with an asteriks (*). All authors addresses must
be typed with lower case 10 font in the center. The corresponding
author’s contact address and e-mail address should be given. Names of
institutions and cities each authors also must be stated.

Abstract and Keywords: A brief, informative abstract, not exceeding
250 words, should be typed in 10 font size. Immediately following the
Turkish and English abstract, authors should provide 4-6 keywords or
phrases that reflect content of the article.

The Abstract Paper:

1. Turkish Paper

a) Turkish Title f) Abstract

b) English Title g) Keywords in Turkish

¢) Author’s names in Turkish ~ h) English Abstract (suitable
d) Orcid id with Turkish Abstract)

e) Addresses in Turkish 1) English Keywords

XI



Karaelmas Fen ve Miih. Derg. 12(1), 2022

Karaelmas Science and Engineering Journal / Karaclmas Fen ve Mithendislik Dergisi
Journal home page / Dergi web sayfasi: https://dergipark.org.tr/tr/pub/karaelmasten

2. English Paper
a) English Title f)

Abstract in English
b) Turkish Title g) Keywords
¢) Author’s names h) Turkish Abstract (0z)
d) Orcid id 1) Turkish Keywords (Anahtar

e) Addresses in English Kelimeler)

Main Text: Main Headings and subheadings should be informative,
must be typed in capital, bold 12 font size. Subheadings should be
written in lower case, 10 font size. Main headings should not be
numbered in the manuscript.

Introduction: This section should include the topic and importance
of the article and prior works.

Material and Methods: Experimental methods and procedures

should be described with clear and brief explanations.

Results: This section contain only findings, no writing comment.
Results can be supports by tables, figures, graphics etc., if necessary.

Discussion: Results should be compare with other studies and discuss
similarity and distinction.

Acknowledgements: It should be grants, funds, peoples reviewing the
manuscript and must be placed before thr references.

Any conflict of interest, financial support, authors’ contribution
statement, donation and other editorial (statistical analysis, English /
Turkish evaluation) and / or technical assistance should be submitted
at the end of the text.

Referencing: Please do not use unpublishing data. But MSc and PhD

thesis can be use as references. References in the text:
If they have one author (Resat 2001, Landen 2002)

Two authors (e.g.: Biiyiikgiizel and Yazgan 2004, Unli and Gergek
2003);

In the case of multiple authors they should be cited as (Landen et al.
2002, Yilmaz et al. 2007). Multiple citations (Smith 1996, Yilmaz et
al. 2007, Jones 2008), multiple publications by same author(s) should
be written as (Smith et al. 1996a, 1996b, 1997). Software should be
cited as (PROC GLM, SAS Institute 1999).

References should be given at the end of the text according to
alphabetical order of the first authors surname.

References should appeared at the end of the text as in the examples
provided below:

Journal Articles:
Biiyiikgiizel, K., Tunaz, H., Putnam, SM., Stanley, DW. 2002.

Prostoglandin biosynthesis by midgut tissue isolated from the Tabacco
Hornworm, Manduca secta. Insec Biochem. Mol. Biol., 32: 435-443.

Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid
Pimpla turionellae L. (Hymenoptera: Ichneumonidae)’nin yagama ve
gelisimine etkileri. Turk. J. Zool., 20: 1-7.

Ozer, M., Uzuntarla, M. 2008. Effects of the network structure and

coupling strength on the noise-induced response delay of a neuronal
network. Phys. Let. A, 372: 4603-4609.
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A Book:

Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mihendisleri Odast Yayinlari, Nitelik Matbaacilik, Ankara,
385 s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

A Chapter in a Book:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems,
In: Halliwell B., Auroma OI. [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.

A Report:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992.U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Conference Proceedings:

Stock, A. 2004. Signal transduction in bacteria. I the Proceedings of
the 2004 Markey Scholars Conference, pp: 80-89.

Kaplan, A. 2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongresi, s. 45-50, Ankara.

A 'Thesis:

Strunk, JL. 1991. The extraction of mercury from sediment and the
geochemical partitioning of mercury in sediments from Lake Superior,

M. Sc. thesis, Michigan State Univ., East Lansing, MI, 119 pp.

Ozcan, A. 2006. Endistriyel atiklar ve polipropilen lif igeren saha
betonlarinin 6zelliklerinin aragtirilmasi. Yaiksek Lisans Tezi, Zonguldak
Karaelmas Universitesi, 70 s.

In Press:
Evans, MA. 2002. Title. Journal. (in press).
Software:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Internet and URL:

If author(s) obtained from some information from internet, should be
write full web address in the reference section.

Web documents with no authors:

Leafy seadragons and weedy seadragons 2001.
windspeed. net. au/jenny/seadragons/

http://www.

Web document with author:

Dawson, J., Smith, L., Deubert, K. 31 October 2002. Referencing,
not plagiarisim. Aztp://studytrekk.lis.curtin.edu.au/

Symbols and Units: Metric systems or SI units should be used (kPa,
kN/m?®, g/cm?, m/sn, g/m?, e.g.). Current abbreviations can be used
without explanation, others must be explained. Use “ % ” only with
numerals and in tables and figures. Close up space to numerals (e.g.
60%). Use the dot for decimal units (e.g. 10.26).
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Abbreviations: All acronyms/abbreviations must be explained in
parenthesis after their first occurrence. If many unfamiliar acronyms/
abbreviations are used, please compile them in an “Abbreviations”
section at the end of the paper.

Use the following abbreviations for time: h (hour), min (minute), s
(second), yr (year), mo (month), wk (week), add “s” to create plurals
(e.g. wks). Do not abbreviate “liter” by itself or when accompanied by

a numeral.

Dates: Present dates in this format: day month year (e.g. 13 February
1998).

Gene Sequencing: Genbank may be conducted at their website at

http://www.ncbi.nlm.nih.gov/Genbank/submit.html.
Tables and Figures:

e Tables and figures captions must be written in separate pages in
Table Legends and Figure Legends sections after the reference
section.

e Tables and figures should be embeded in separate papers and must
be numbered consecutively throughout the paper (Table 1, Fig. 1,
Figs. 2-3, Fig. 4).

e Use a semicolon to separate different types of citations (Fig. 3;
Table 3)

e Electronically submitted figures and graphs are preferred *.jpg or
*.tiff (min. 600 dpi) formats. Do not give magnification on scales
in the figure titles; instead draw bar scales directly on the figures.

e All the tables and figures must be referred in the text.

e The numbers and headings of figures must be written below the
figure.

e The numbers and headings of tables should be written the top of
the table.

* Standart erors or deviations should be cited as (e.g., 1.45 + 1.06),
statistically data should data must be given as (e.g., 734.3ab) in
the table.

* Figures must be uploaded as tiff or jpeg files on our web sites on
supplementary files.

e The column title of standart errors or deviations must be cited as
(means = SD, or means + SE).

* Use the following abbreviations for months: Jan., Feb., Mar,
April, May, Jun., July, Aug., Sep., Oct., Nov., and Dec.

Appendices: All appendices must be typed on separate sheet and

should be numbered consecutively with capital Roman numerals.

Equations: Mathematical expressions should be written by an
equation editor (Word format) in 9 point size. Indices font should be
8 point size. Each equation in text should be numbered in parenthesis.

Mathematical equations should be citated as below:

R =Abarrtype +Blog . (f) (2)
When authors send mathematical papers, they should state AMS-
Mathematical Subject Classification Number.

Numbers: Spell out numbers at the beginning of sentence. Spell out
the numbers one through nine. 10 and up are always cited as arabic
numerals. All numbers <1 must be preceded by a zero (e.g. P<0.05).
When a number is >1000, use a comma to separate hundreds from
thousands.

Footnotes to Tables: In case of statistical data in tables, use footnotes
to define or clarify column headings or specific datum with in data

field (*P<0.05; ** P<0.01; ** P<0.001; NS, not significant).

For submitting first namely author’s manuscripts should not exceed
three folds in the same issue. Authors when submit the four folds
manuscripts, they will be publish in another issues.

The preparation of the manuscript should be as follows for
Mathematics and related subject:

The first page of the manuscript must include at least one 2010 MSC
(Mathematics Subject Classification) numbers following the annual
index of the Mathematical Reviews. MSC Subject Classification can
be obtained from “http://www.ams.org/mathscinet/msc/msc2010.
html”.

The items in the reference section should be ordered according to
the alphabetical order of the surnames of the authors and numbered

numerically such as [1], [2],....

In the text, reference numbers should be enclosed in square brackets,
such as [23] or [12]-[15], to distinguish them from formula numbers
which should be quoted in round brackets.

Final Checklist of the Manuscript

Before submitting of your paper (and other writings as applicable),
please make sure that the following requirements have all been made:

e Cover letter is enclosed

*  Spell check and grammar check have been performed

* Entire paper is double-spaced including abstract, tables, captions,
references

*  Marigins are 2.5 cm each marigin

* Font size is 12 punto

* Font type is Times new roman

*  Decimals are shown by a full stop (e.g., 10.25)

*  Percent signs appear without a space after the number (e.g., 63%)

e Names of authors are written in full (not abbreviated)

e Address is given

*  English title is given

e Title is in title case

* English abstract is given

* English keywords are given

e Turkish abstract (Oz) is given

e Turkish keywords (Anahtar Kelimeler) are given

*  Original figures are enclosed

* Figures are prepared according to the instructions

* Figures are maximum 16x20 cm; minimum 8 cm wide

* Figures are refered to the consecutively in the paper

e Tables are maximum 16x20 cm; minimum 8 cm wide

e Tables are refered to the consecutively in the paper

e Captions are written in left case

* Figure legends are given

* Table legends are given

* References are typed according to the instructions

* References are listed alphabetically

e All pages and all lines are numbered
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In the scientific articles sent to our journal, the recommendations of
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the International Standards of COPE (Committee on Publication
Ethics) for Editors and Authors are taken into consideration.

All claims and finalized processes regarding ethical violations of
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Ethical Guidelines for Peer Reviewers
Peer Reviewers,

- respect the confidentiality of the manuscript, do not discuss it and
do not reveal any details of it.

- inform the editor about any conflict of interest.

- provide objective and constructive explanations for their
suggestions.

- do not allow the decisions related to the article to be influenced by
the subject of the manuscript or the way of writing.
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- do not duplicate any part of the article or information reviewed in
any of their own work before it is published by the authors.
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the review process within a reasonable time.

- do not intentionally prolong the review process which leads to a
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Ethical Guidelines for Authors
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- meet the following criteria for authorship defined by International
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ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
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that they have the ethics committee approval with the name of
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the first and last page of the article and the methods section, also
upload the ethics committee approval document to the system
along with the application of the article.

- state in the article that they have the consent form for the case
reports.

- comply with the copyright regulations for the ideas and works of
art used in the article.

- provide statements for Author Contribution, Conflict of Interest,
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Depositian of TiOQ—Doped Diamond-Like Carbon Films From a New Solution and

Their Characterizations
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Oz

Elmas-benzeri karbon (EBK) filmler gosterdikleri mekanik ve fiziksel 6zelliklerinden dolay1 en ¢ok ¢aligilan kaplama malzemeleridir.
Bu filmlerin 6zelliklerinin iyilestirilmesi igin tiretim yontemleri ve katkilanmalari tizerine pek ¢ok ¢alisma yapilmugtir. Uretim yontemleri
arasinda elektrokimyasal biriktirme yontemi, kolaylik ve ucuz ekipman gibi avantajlara sahiptir. Daha o6nceki bir ¢aligmamizda,
titanyum metalini hidrojen peroksit (FH,O,) igerisinde ¢oziindirerek elde ettigimiz titanyum ¢Ozeltisi ile metanol (CH,OH)
karigimindan, elektrokimyasal yéntemle titanyum dioxide (TiO,) katkali EBK film iiretmeyi basarmustik. Bu ¢alismada ise TiO, katkali
EBK filmler titanyum isopropoxide (T'TIP) ve metanol karigimindan olusturulan ¢ozeltilerin elektrolizi ile biriktirildi. Iki farkl
TTIP konsantrasyonunda tretilen filmler, morfolojik, yapisal ve elementel olarak karakterize edildi. Taramali elektron mikroskobu
fotograflar: filmlerin homojen ve kompakt oldugunu gostermistir. Filmlerin 600 °C ‘de tavlanmasiyla filmlerin morfolojisinde bir
degisiklik gézlenmemistir. X-1sinlar1 fotoelektron spektroskopisi analizleri, titanyumun film igerisinde TiO, formunda oldugunu
ve TTIP konsantrasyonunun artmasiyla filmdeki titanyum miktarmnin arttigim géstermistir. X-1sinlari kirinimi analizleri, TiO,’nin
EBK matriste amorf olarak bulundugunu ve daha digik TTIP konsantrasyonuyla hazirlanan filmin elmas igerige sahip oldugunu
ortaya koymustur. 600 °C de tavlandiktan sonra ise bu filmin grafitize oldugu goriilmistiir. Elde edilen bulgular, TiO, katkili EBK

nanokompozit filmlerin bu ¢aligmada 6nerilen ¢6zeltiyle kolaylikla tiretilebilecegini gostermistir.

Anahtar Kelimeler: Elmas-benzeri karbon, Titanyum dioksit, Nanokompozit

Abstract

Diamond-like carbon (DLC) films are the most studied coating materials due to their mechanical and physical properties. Many
studies have been conducted on the deposition methods and doping to improve the properties of these films. Among the deposition
methods, the electrochemical deposition has advantages such as convenience and inexpensive equipment. In our previous study, we
were able to produce a titanium dioxide (TiO,) doped DLC film by electrochemical method from a mixture of methanol (CH,OH)
and titanium solution obtained by dissolving titanium metal in hydrogen peroxide (H,O,). In this study, TiO, doped DLC films were
deposited by electrolysis of solutions formed from a mixture of titanium isopropoxide (TTIP) and methanol. The films deposited at
two different TTIP concentrations were characterized morphologically, structurally and elementally. Scanning electron micrographs
were shown that the films are homogeneous and compact. No change was observed in the morphology of the films after annealing
the films at 600 °C. Chemical analyses showed that titanium was in the form of TiO, and the amount of titanium increased with
increasing T'TIP concentration. X-ray diffraction analysis revealed that TiO, was amorphous in the DL.C matrix and the film prepared
with lower TTIP concentration had diamond content. After annealing at 600 °C, it was seen that this film was graphitized. The
obtained findings showed that TiO, doped DLC nanocomposite films can be easily deposited with the solution proposed in this study.

Keywords: Diamond-like carbon, Titanium dioxide, Nanocomposite
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1. Giris
Elmas-benzeri karbon (EBK), sp® ve sp? baglarini birlikte

iceren amorf karbon (a:C) ince film malzemelere verilen
isimdir (Basman vd., 2018; Bouabibsa vd., 2020; Robert-
son, 2002). Bu malzemelerin igerdikleri sp® baglari elmas
benzeri, sp® baglar: ise grafit benzeri o6zellikler gosterme-
lerine sebebiyet verir. Ustiin mekanik, tribolojik ve fiziksel
ozellikleri sebebiyle, koruyucu kaplamalar, biomedikal, op-
tik ve elektronik gibi genis uygulama alanlarina sahiptirler
(Basman ve Varol, 2019; Bouabibsa vd., 2020; Erdemir ve
Donnet, 2006). Uretim yontemine gore, farkli oranlarda sp?
ve sp® hibritlesmeleri ile farkli miktarlarda hidrojen igerecek
sekilde tretilebilen bu filmler, ¢ok genis bir skalada meka-
nik, tribolojik ve fiziksel 6zellikler gosterebilmektedirler
(Bootkul vd, 2014; Xu vd., 2018).

Literatirde EBK filmler tizerine yapilan ¢aligmalar, Gretim
yontemi, tretim parametreleri ve katkilamanin filmlerin
fiziksel ve mekanik 6zelliklere etkisi tizerine yogunlagmak-
tadir. Filmlerin bag yapisi ve icerdikleri elementler Gretim
yontemi, tretim parametreleri ve katkilamaya direkt ola-
rak baglidir (Basman vd., 2018; Bootkul vd., 2014; Xu vd.,
2018). EBK filmlerin mekanik, elektriksel ve optik 6zellik-
lerinin, tretim ydnteminin diginda, H, N, F, Si gibi ame-
tallerin ve Ag, W, Ti ve Al gibi metallerin matris i¢ine kat-
kilanmasiyla da degistirilebildigi rapor edilmistir (Bootkul
vd., 2014; Caschera vd., 2011; S. Y. Chen vd., 2013; Dai
vd., 2013; Khun vd., 2009; Xu vd.,2018). EBK matris i¢ine
katkilama yapilmasi bag yapilarini degistirmesinin yani sira
hem i¢ stresi azaltmakta hem de film/althik bag kuvvetini
arttirmaktadir.

EBK filmler, fiziksel buhar biriktirme (FBB), kimyasal
buhar biriktirme (KBB) ve elektrokimyasal biriktirme yon-
temleri ile biriktirilebilmektedir. Elektrokimyasal yontem,
diger iki metoda gore, ucuz ekipman, kolaylik ve genis yii-
zeylere biriktirebilme gibi avantajlara sahiptir (Basman vd.,

2015; Isildak ve Ozbek, 2020).

Titanyum dioksit (TiO,) sira dis1 fiziksel ve kimyasal 6zel-
liklerinden dolay1 en ¢ok caligilan metal oksit malzemeler-
den biridir. Foto-yaniletken 6zelligi TiO, nin antibakteriyel
ajan olarak kullanilmasina olanak saglar (Lopes vd.,2017;
Marciano vd., 2009). EBK filmler biyolojik ortamlar ile
iyi uyum gostermelerinden dolayr implant malzemelerde
yaygin olarak kullanilmaktadir. Dahasi, TiO, ile katkilan-
diklarinda biyo-uyumluluklari iyilesmektedir ve antibak-
teriyel ozellikleri artmaktadir (Lopes vd., 2017; Marciano
vd., 2009; Wachesk vd., 2013, 2016). TiO,nin EBK film-

lere katkilanmast i¢in yapilan ¢aligmalarda genellike KBB
ve plazma iyon implantasyon teknigi kullanilmigtir (Amin
vd., 2009; Lopes vd., 2017; Marciano vd., 2009; Thorwarth
vd., 2005; Wachesk vd., 2016). Ancak, daha onceki bir ¢a-
lismamizda, titanyum metalini hidrojen peroksit (H,O,)
icerisinde ¢oziindirerek elde ettigimiz titanyum ¢dzeltisi
ile metanol (CH,OH) karisimindan, elektrokimyasal y6n-
temle TiO, katkilhh EBK film tiretmeyi bagarmustik (Bagman
2020). Bu ¢aligmamizda ise TiO, kaynag: olarak titanium
isopropoxide (TTIP) ve karbon kaynag: olarakta metanoli
kullanarak TiO, katkili EBK filmler irettik. Iki farkli TTIP
konsantrasyonunda trettigimiz filmler, taramali elektron
mikroskobu (SEM), x-1sinlart kirtnimi (XRD) ve x-1g1nlar1
fotoelektron spektroskopisi (XPS) ile analiz edildi ve mor-
folojik, yapisal ve elementel 6zellikleri ortaya konuldu.

2. Gereg ve Yontemler

TiO, katkii EBK filmler, kuru metanol (CH,OH)
(Sigma Aldrich %99.9) ve titanium(IV) izopropoksit
(TifOCH(CH,),],) (Sigma Aldrich, %97) karnigimindan
olusan ¢ozeltilerin atmosferik basingta ve oda sicakliginda
elektrolizi ile biriktirildi. Caligmada kullanilan elektroliz
dizeneginin resmi bagka bir ¢alisgmada gosterilmistir (Yan
vd., 2004). EBK film, bor katkili p-Si (100) tek kristal alt-
lik (p = 10-20 Q-cm) katot elektrot tizerine biriktirilmistir.
Anot elektrot olarak parlatilmig grafit plaka kullanilmistir.
Deneysel yontemin detaylari daha onceki ¢alismamizda
verilmigti (Basman 2020). Filmler iki farkli titanyum(IV)
izopropoksit konsantrasyonunda hazirlandi. Birinci film 80
ml methanole 50 pl titanyum(IV) izopropoksit, ikinci film
ise 80 ml methanole 200 pl titanyum(IV) izopropoksit ekle-
nerek hazirlanan ¢ozeltilerin 180 V gerilimde 6 saat elektro-
lizi ile elde edildi. Analizler i¢in birinci film T1, ikinci film
ise T2 olarak kodlanmistir. Elde edilen filmler, morfolojik,
yapisal ve elementel olarak analiz edilmislerdir. Filmlerin
ylzey mikro-fotograflari Quanta FEG-250 model FEI
marka taramali elektron mikroskobu ile ¢ekildi. Kristal yap1
analizleri Panalytical marka CuKa monokromatik 1g1n kay-
nakli Empyrean model XRD cihaz: ile yapildi. Filmlerin
elementel bilesen analizleri AlKa monokromatik X-isin1
(1486.74 ¢V, 200 W) kaynakli Specs marka XPS spektros-
kopi cihazi ile yapild1.

3. Bulgular ve Tartigma
3.1. SEM Analizi

Filmlerin ytzey morfolojilerini belirlemek ve tavlamanin
morfolojiye etkisini gézlemek i¢in film yuzeylerinin SEM
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fotograflari ¢ekilmistir. Tavlanmamis ve tavlanmig T1 fil-
minin SEM fotograflar: sirasiyla Sekil 1A ve B'de, tavlan-
mamis ve tavlanmig T2 filminin SEM fotograflar: ise sira-
styla Sekil 2A ve B’de gosterilmistir. SEM fotograflarindan
gortilecegi uzere, filmler siirekli ve yogun yiizeylere sahiptir.
180 V gerilim ve farkli konsantrasyonlarda hazirlanan film-
lerin yiizeyleri arasinda belirgin bir fark gézlenmemektedir.
Dahasi, tavlama 6ncesi ile tavlama sonrasindaki film yiizey-
leri arasinda onemli bir fark bulunmamaktadir. Bu da soz
konusu filmlerin 1s1l kararliliga sahip oldugunu gostermek-
tedir.

3.2. XPS Analizleri

XPS analizleri film yiizeylerinin kimyasal bilesenlerinin ve
filmlerde mevcut elementlerin bag durumlarinin tespiti igin
gerceklestirilmigtir. T1 ve T2 filmlerine ait genel tarama
XPS spektrumlar Sekil 3’te gosterilmigtir. XPS spektrum-
lar1 elde edilen filmlerin, baglica oksijen, titanyum ve kar-
bon bilesenlerinden olustugunu gostermektedir. Filmlerin

P —

?ﬁq 1/13/2016 "‘7 W 1 mag O]

vacmode | det | WD Tmo’d;f’* —

AP | 5:52:29 PM | 10.00 kV | 5000 x | High vacuum | ETD | 11.5mm | SE FEI QUANTA FEG 450

30 pm
B.E.U ARTMER

kimyasal bilesenleri; ytizeydeki bir miktar Silisyum hari¢
birakilarak, T1 i¢in Ti % 3.72; C % 8.99; O % 87.29 ola-
rak, T2 igin ise Ti % 6.28; C % 8.66 ve O % 85.06 olarak
hesaplanmugtir. Film yiizeylerinde mevcut elementlerin bag
durumlarini incelemek i¢in her bir filmin Ti, C ve O i¢in
yuksek ¢cozuntrlikla XPS taramalar: gergeklestirilmistir.

T1 filmine ait Ti 2p, O 1s ve C 1s spektrumlar: sirasiyla Se-
kil 4A,B ve C’de verilmistir. Filtreleme islemine tabi tutulan
O 1sve C 1s pikleri yine Sekil 4B ve C'de verilmistir. Ti 2p
spektrumunda, 458.3 ve 464.0 eV’da yer alan pikler sirasty-
la Ti 2p,, ve Ti 2p,,'ye pikleridir. Bu piklerin konumlar:
arasindaki 5.7 eV’luk fark, titanyumun Ti** yiikseltgenme
durumunda oldugunu géstermektedir (Bharti vd., 2016;
Chen vd., 2017; Nezar vd., 2017). Piklerin simetrik olma-
dig1 durumlar, titanyumun Ti*?, Ti* gibi ytukseltgenme du-
rumlarinda oldugunu gésterir ki, titanyumun yikseltgenme
durumunu belirlemek i¢in filtreleme uygulanmas: gerekir.

Ancak burada Ti 2p pikleri simetrik gorindiginden filt-

HY mag Iil 1 de
12.00kV | 3.5 | 5000x  ETD | SE

Sekil 2. Tavlanmamis (A) ve (B) tavlanmis T2 filmine ait SEM fotograflari.
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Sekil 3. T1 filmine (A) ve T2 filmine (B) ait genel tarama XPS

spektrumlari.

releme gergeklestirilmemigtir. Diger yandan, titanyum ve
karbonun birlikte oldugu kompozitlerde, TiC fazinin olus-
mast s6z konusu olabilir. Ancak bu faza kargilik gelen 455,3
eV’taki karakteristik pik goézlenmediginden TiC fazinin
olugsmadig1 séylenebilir (Lin vd., 2013). O 1s spektrumunda
(Sekil 4B), filtreleme sonucunda 530.4 €V ve 532.0 eV ko-
numunda iki pik gézlenmistir. Bu pikler sirasiyla TiO, deki
Ti-O bagina ve hidroksil gruplarina atfedilmektedir. vd.,
2017). Burada Ti-O piki referans degerlerinden daha yik-
sek degerlere kaymistir ve bu kayma TiO,de karbon kat-
kisina atfedilir. TiO,'deki karbon katkist O 1s baglanma
enerjisini de etkilemistir. Sekil 4C’de C 1s spektrumuna
filtreleme uygulanmus ve 281.9; 284.5; 286.5 ve 289.2 eV’da
konumlanan 4 pik bulunmustur. Buna gore 281.9 eV’daki
pik TiO, orgiisiine katkilanarak O-Ti-C bag: olusturan
karbona atfedilir (He vd., 2013; Sullivan vd., 2014; Huang,
vd., 2008). 284.5 eV’daki pik C-C bagina (elementel kar-

bon), 286.5 ve 289.2'deki pikler de sirasiyla C-OR(H) ve
C-OOR(H) baglarina kargilik gelmektedir (Basman vd.,
2018; Ma vd., 2017; Park vd., 2009; Yan vd., 2004; Yu &
Zhang, 2009). Her ne kadar bazi kaynaklar 284.5 eV ci-
varindaki piki safsizlik olarak gelen karbona atfetseler de,
bizim ¢aligmamizda bu durum s6z konusu degildir. Ciinki
ayn1 gerilimde sadece metanolin elektroliz edildigi durum-
da, metanol kaynakli karbon; altlik tzerine birikerek film
olusturmaktadir (Basman vd., 2015). Ayrica goraldugu tize-
re pik siddetli ve keskindir ve karbon orani ytiksektir. Bu
sebeple, 284.5 ¢V’da goriilen pik, EBK matrisin karbonuna
atfedilmektedir (Ma vd., 2017). 50 pl titanyum(IV) isopro-
poksit eklenerek hazirlanan bu filmde karbon miktar: titan-
yum miktarinin yaklagik ti¢ katidir. Yani bu filmde her ne
kadar TiO, 6rgiisti iginde yer alan karbon atomu bulunsa da
asil matris EBK filmdir. Dolayisiyla elde edilen film, TiO,
katkili elmas benzeri film olarak degerlendirilmektedir.

T2 filmine ait Ti 2p, O 1s ve C 1s spektrumlar: sirasiyla
Sekil 5A,B ve C’de verilmistir. Filtreleme iglemine tabi tu-
tulan O 1s ve C 1s pikleri yine Sekil 5B ve C’de verilmistir.
Ti 2p spektrumunda, 458.6 ve 464.2 ¢V’da yer alan pikler
sirastyla Ti 2p, , ve Ti 2p,  pikleridir. Bu piklerde simet-
rik oldugundan filtreleme gerceklestirilmemistir. Piklerin
konumlari arasindaki 5.6 eV’luk fark, titanyumun Ti* yik-
seltgenme durumunda oldugunu gostermektedir (Bharti
vd., 2016; Chen vd., 2017; Nezar vd., 2017). 455,3 eV’taki
Ti-C karakteristik piki gorilmediginden, bu filmde de
TiC fazinin olusmadig: séylenebilir (Lin vd., 2013). O 1s
spektrumunda ($ekil 5B), filtreleme sonucunda 530.5 eV
ve 532.0 eV konumunda iki pik gézlenmistir. Bu iki band
sirastyla TiO,'deki Ti-O bagina ve hidroksil gruplarina at-
fedilmektedir. (Bharti vd., 2016; Ennaceri vd., 2017; Nezar
vd., 2017). Bu filmde de TiO, de ki karbon katkisindan do-
lays, Ti-O piki referans degerlerinden daha yiiksek degerlere
kaymustir. Sekil 5C’de C 1s spektrumuna filtreleme uygu-
lanmis ve 283.0; 284.6; 286.2 ve 289.0 eV’da konumlanan 4
pik bulunmugtur. Buna gére, 283.0 eV’daki pik TiO, 6rgii-
stine katkilanarak O-Ti-C bag: olusturan karbona atfedilir
(He vd., 2013; Sullivan vd., 2014; Huang, vd., 2008). 284.6
eV’daki pik C-C bagina (elementel karbon), 286.2 ve 289.0
eV’daki pikler de C-OR(H) ve C-OOR(H) baglarina kargi-
lik gelmektedir (Basman vd., 2018; Ma vd., 2017; Park vd.,
2009; Yan vd., 2004; Yu & Zhang, 2009). Yine 284.6 ¢V
civarindaki pik siddetli ve keskindir. Bu pik EBK matrisin
karbonuna atfedilmektedir (IMa vd., 2017). Her ne kadar Ti
miktar: T1 filmine gére fazla olsa da, bu filmde TiO, katkils
EBK film olarak kabul edilebilir.
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Sekil 4. T'1 filmine ait yiiksek
¢oziniirlikli Ti 2p (A), O 1s
(B) ve C 1s (C) spektrumlari.

Sekil 5. T2 filmine ait yiiksek
¢oziniirlikli Ti 2p (A), O 1s
(B) ve C 15 (C) spektrumlar.
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3.3. XRD Analizleri

Uretilen filmlerin kristal yapi analizleri X-Isi1 Kiri-
nim (XRD) yontemi ile gerceklestirilmistir. Tavlamanin
TiO,nin ve EBK filmin kristal yapisinda bir degisiklige
neden olup olmayacaginin anlagilmas: i¢in, XRD analizleri
filmler tavlanmadan once ve filmler 600 °C’de tavlandiktan
sonra yapilmigtir. Sekil 6A ve B, T1 filminin tavlanmadan
once ve tavlandiktan sonraki XRD desenini sirastyla gos-
termektedir. Silisyum (100) tek kristali 69.9”de keskin bir
pik gosterir. T1 filminin tavlanmadan 6nceki XRD spektru-
munda 70° dolaylarinda gozlenen genis pik silisyum altlik-
tan kaynaklanmaktadir. Fakat altlik film kapli oldugu i¢in,
pikin keskin olarak gézlenmedigi distinilmektedir. Diger
taraftan 20'nin 75.9° degerinde gézlenen pik (022) elmas
karbona karsilik gelmektedir (JCPDS No: 98-006-7787).
TiO,ye ait herhangi bir pike rastlanmamasi, TiO, nin
amorf yapisindan ve karbonun yiksek oranindan kaynak-
lanmaktadir (Warkhade et al., 2017). T filminin tavlan-
diktan sonraki XRD spektrumunda; 20’nin 44.4 ve 77.62
degerlerinde gortilen pikler grafit piklerine (JCPDS No: 96-
120-0018) ve 38.18de goriilen pik moissonite (SiC) pikine
(JCPDS No: 96-901-1662) karsilik gelmektedir. SiC pi-

kinden, tavlamayla silisyum ile karbon arasinda SiC fazinin
olugtugu anlagilmaktadir. Tavlamadan sonra XRD desenin-
de yeni grafit piklerinin g6zlenmesinden tavlama ile filmin
icerigindeki elmasin grafitize oldugu anlagilmaktadir. EBK
filmlerin tavlama ile grafitize olduklar: literatirde yapilan
calismalarda rapor edilmistir. Dolayisiyla burada gozlenen
durum literatir ile uyum igerisindedir. Ayrica, tavlama son-
rasinda da TiO, piki gézlenmemistir.

Sekil 7A ve B, T2 filminin tavlanmadan 6nce ve tavlan-
diktan sonraki XRD desenini sirasiyla gostermektedir. Se-
kil 7A’da 69° civarinda gozlenen pik silisyum althiga aittir.
Bu pik diginda diger fazlara ait bir pik gozlenmemesi filmin
amorf yapisina atfedilmektedir. Sekil 7B aymi filmin 600
°C’de tavlandiktan sonra ki, XRD pikini gostermektedir.
Tavlamadan sonra XRD spektrumunda bazi pikler belir-
mistir. 20’'nin 47.32° ve 60.38° degerlerinde gorilen pikler
CO fazina karsilik gelirken (JCPDS No: 96-151-7803),
42.997de gortlen pik grafitik karbona karsihk gelmekte-
dir (JCPDS No: 96-901-2591). 57.2° ve 64.3° civarindaki
pikler ise SiC pikleridir. T1 ve T2 filmleri farkli miktarda
titanyum ve karbon icerdiklerinden XRD desenleri de bir-
birinden farklidir.

T1 Tavlanmamig

Siddet (k.b.)
Siddet (k.b.)

& """ ®

T2 Tavlanmamig

Siddet (k.b.)
Siddet (k.b.)

T1 Tavlanmig
Sekil 6. T1 filminin
= ps = tavlanmadan once (A) ve
20 tavlandiktan sonraki (B)
XRD desenleri.
T2 Tavlanmig

Sekil 7. T2 filminin

tavlanmadan énce (A) ve
20 tavlandiktan sonraki (B)
XRD desenleri.
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Biyomedikal metal/metal alagimlarin biyouyumlulugunu,
korozyon direncini ve antibakteriyel ézelliklerini arttirmak
icin EBK ve nankompozit EBK kaplama ¢aligmalari litera-
tirde devam etmektedir. EBK filmlerin, TiO, ile katkilan-
diklarinda biyo-uyumluluklarinin iyilestigi ve antibakteriyel
ozelliklerinin arttig1 rapor edilmistir. Ancak TiO, nin EBK
filmlere katkilanmas: i¢in yapilan c¢alismalarda genellike
KBB ve plazma iyon implantasyon teknigi kullanilmigtir.
Bu ¢alismamizda KBB ve plazma iyon implantasyon y6n-
temlerine gore son derece ucuz ve basit ekipman gerektiren
elektrokimyasal biriktirme yéntemiyle TiO, katkili EBK
filmler tretilmistir. Bu ¢alisma, TiO, katkili EBK filmle-
rin elektrokimyasal yontemle tretilecebilecegini gostermesi
agisindan 6nemlidir. Ayrica, uygulanan gerilim ve TTIP
konsantrasyonu gibi deney parametreleri degistirilerek ya-
pilabilecek yeni ¢aligmalar i¢inde yol géstericidir.
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An Analytical Solution to Conformable Fractional Fokker-Planck Equation

Conformable Anlaminda Kesirli Mertebeden Fokker-Planck Denkleminin Analitik Coziimii

Muammer Ayata* ® , Ozan Ozkan

Selcuk University, Faculty of Science, Department of Mathematics, Konya, Turkey

Abstract

It is the first time in this work that a newly defined conformable Laplace decomposition method (CLDM) is applied to nonlinear
fractional Fokker Planck (FP) equation which has a major role in statistical physics. This new algorithm combines conformable
Laplace transform and Adomian decomposition method. First, some basic theorems and definitions of fractional derivative are given
in conformable sense. Then, the general algorithm of CLDM is presented. After that, the presented method is supported by numerical
example by the aid of figures. As is seen from the numerical example, conformable Laplace decomposition method is strong, easy to
use, reliable and applicable to a wide variety of fractional PDEs.

Keywords: Conformable fractional derivative, Fokker Planck equation, Laplace decomposition method

Oz

Bu ¢alismada, istatistiksel fizikte 6nemli bir role sahip olan dogrusal olmayan kesirli Fokker Planck (FP) denklemi, yeni tanimlanmug
olan conformable Laplace ayrigtirma metodu (CLAM) ile ilk kez ¢6ziilmektedir. Bu yeni algoritma, conformable Laplace dontstimi
ile Adomian ayrigtirma yontemini birlegtirmektedir. Calismamizda ilk olarak, kesirli tiirevin bazi temel tanimlari ve teoremleri
conformable anlaminda verilmigtir. Ardindan CLAM’ 1n genel algoritmas: anlatilmigtir. Bundan sonra, kullanilan metot grafikler
yardimiyla sayisal 6rnekle verilerek desteklenmigtir. Sayisal 6rnekten goriildigi tizere, conformable Laplace ayristirma yontemi giicld,
guvenilir, kullanimi kolay ve kesirli mertebeden ¢ok ¢esitli kismi tirevli diferensiyel denklemlere uygulanabilir 6zelliklere sahiptir.

Anahtar Kelimeler: Conformable kesirli tiirev, Fokker Planck denklemi, Laplace ayristirma metodu

1. Introduction

In real life, many events can be modeled in a more accu-
rate way in fractional analysis than classical analysis and
also in fractional analysis it is possible to discuss various
real world problems modeled. So fractional calculus started
to get much attention lately (Podlubny 1998, Atangana et
al. 2015). Some of the application areas of fractional cal-
culus are; thermodynamics, entropy in dynamical systems,
control theory of dynamical systems, mechanics, econom-
ics, motion, control problem, systems identification, signal
processing, fluid flow, viscoelastic materials, polymers, dif-
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fusion problems, potential fields and many other areas of

sciences (Atangana 2015, Miller and Ross 1993).

With the advances in technology, many physical and engi-
neering problems gained an opportunity in modelling with
the help of fractional differential equations. Until recently,
Riemann-Liouville (RL) and Caputo were the most com-
monly used fractional derivative definitions for finding ap-
proximate solutions of differential equations. But some of
the properties that must be in fractional derivative were not
satisfied in these definitions. Some of them are as follows

(Atangana 2015):

*  Derivative of constant in RL does not equal to zero if the
order of derivative is not a natural number.

* In order to get the Caputo derivative of a function, it is
necessary to get the classical derivative of that function.

+ Caputo and RL derivatives do not provide chain rule,
product and quotient rules.
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* In Caputo and RL definitions, integer order derivatives
do not give the same results as in classical derivatives.

Recently definition of conformable fractional derivative
is presented by Khalil et al. (2014) which provides the
fractional derivative properties that Caputo and RL
definitions do not.

Now let us give some definitions and theorems of
conformable fractional derivative that we are going to use.

Definition 1.1.
Consider a function ¢ with ¢:[0,00) — R . When
t >0, 7€ (0,1)in conformable sense,

*  77-order fractional derivative belongs to ¢ is defined as

DI =lim* (t+ ﬂf;> —g() o

- D!(g)(0) = lti_r{)lDf (g) (¢) if g is 7 -differentiable
in (0,d) for some d > 0 and if l}{%lD? (g) (1) exists
(Khalil et al., 2014).

Theorem 1.1.

Assume s,h be 7)-differentiable functions at some point

t >0 and 7 € (0,1]. Then, (Khalil et al. 2014).
1. D!(hp + sk) = pD?(h) + kD] (s) for any real k,p
constants.

2. D7(d) = 0 for any constant function § (t)=d.

3. D}(hs) = D7(h)s + h D](s).

D7 (h)s — hD](s)

4. DI = :

5. DI(t") = mt""" for any real m .

6. D!(hog) = h'(s(1))D!(s) () when h is differentiable at

S (t) .
Definition 1.2.

Consider a function ’w:[d,oo) — R with a € R and
0 <% =< 1. Then 7-order conformable for the function
w, Abdeljawad (2015) defines Laplace transform as
Liw®]s) = F7e™ 7 wb)d,(t.d)

t=a)" (2)
=fre” 7 w)(t—d)"'dt

)7

10

Theorem 1.2.

Consider a differentiable function p:(7,00) — R with
r € R and 0 < 7 < 1. Then (Abdeljawad 2015)

L D) ]=sLpt)]-h(r). (3)

2. Material and Methods

There are many studies in the literature to show that
conformable fractional derivative definition is very useful,
effective and powerful. Some of these st udies are as follows:
Abdeljawad (2015) showed that conformable fractional
derivative definition provides power series expansions,
Laplace transform, integration by parts, chain rule. Hammad
and Khalil (2014) presented the Wronskian form of linear
conformable fractional differential equations. Tayyan and
Sakka (2020) employed Lie analysis in searching properties
of nonlinear conformable time-space fractiolanl PDEs.
Eslami and Rezazadeh (2016) used first integral method in
solving fractional conformable Wu-Zhang system. Awan et
al. (2017) used preinvex functions on getting refinements
of conformable fractional Hermite-Hadamard inequalities.
Qi and Wang (2020) discussed the asymptotical stability
of fractional system solution in conformable sense. Kurt
et al. (2017) employed G’/G expansion and homotopy
analysis method to find new solutions to fractional system
of Nizhnik-Novikov-Veselov in conformable sense.
Ayata and Ozkan (2020) found analytical solutions for
conformable fractional Newell-Whitehead-Segel equation
using conformable Laplace decomposition method. Zafar
et al. (2019) explored conformable fractional mKdV
equations by the help of exp(- @ (7)) expansion method.
Zhao and Luo (2017) generalized fractional derivative in
conformable sense when describing real world problems.
Ladrani and Cherif (2020) examined whether the damping
conformable fractional equations have oscillating solutions
or not. Chung (2015) studied harmonic, damped and forced
oscillator problems in Newton mechanics with conformable
fractional derivative. Ozkan and Kurt (2018a, 2018b)
proved the existence of conformable Laplace transform and
introduced conformable double Laplace transform. Ozkan
and Kurt (2019) also found new exact solutions for some
conformable fractional PDE systems.

Due to the wide application areas of fractional analysis,
many analytical and numerical methods such as homotopy
perturbation method (Momani and Odibat 2007),
Kudryashov method (Ray 2016), sub-equation method

Karaelmas Fen Miih. Derg., 2022; 12(1):9-14
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(Zhang and Zhang 2011), first integral method (Eslami
and Rezazadeh 2016), variational iteration method (Wu
and Lee 2010) and Adomian decomposition method (Ray
and Bera 2005) have been developed on the solutions of
these fractional PDEs.

ADM is an effective method to solve linear-nonlinear
PDE’s (Rach 1984). For a better accuracy and convergence,
there are so many modifications and hybrid forms of ADM.
Some of which are Fourier Transform ADM (Nourazar et
al. 2013), spectral ADM (Hosseini and Abbasbandy 2015),
Legendre polynomials combined with ADM (Keyanpour
and Mahmoudi 2012), combination of reproducing kernel
method and ADM (Geng and Cui 2011). Here, CLDM
we propose for conformable fractional systems is also one
of those hybrid forms (Ayata and Ozkan 2020). In CLDM,
Laplace transform is combined with ADM in conformable
sense.

Here we consider fractional FP equation in conformable
sense. Andrian Daniel Fokker (1914) and Max Karl Planck
(1917) are the first to use FP equation in describing the
Brownian motion of particles (Risken and Frank 1989).
This FP equation examines the change in the probability
density function belongs to velocity and position of an article
(Jordan et al. 1998). It has a central role in a large variety
of areas some of which are; surface physics, neurosciences,
laser physics, nonlinear hydrodynamics, psychology, plasma
physics, pattern formation, etc (Frank 2004).

In this work we employ CLDM to nonlinear fractional
PDEs. Let’s give the CLDM algorithm in details.

Consider the following general fractional systems of PDE’s
in the operator form

Div+H(@w)+Pw)=gxt) 0<72<1x>0,t>0 (4
with the initial condition
v(z,0) =h(z). (5)

Here D7 represents the linear derivative operator of 7
-order with respect to ¢ in conformable sense. H represents
linear operator, P represents nonlinear operator and ¢
represents the nonhomogeneous part.

When conformable Laplace transform L, is implemented
to both sides of Equation 4, it turns into

L,[DIv]+ L,[HW ]+ L,[PW)] = L, [g] (6)

Using differential property of conformable
transform (Abdeljawad 2015), Equation 6 becomes

Laplace

Karaelmas Fen Miih. Derg., 2022; 12(1):9-14

Ly[v]=+0x,00+ Ly [g]) = +(H») = (P(v) 7)

When inverse of the conformable Laplace transform is
implemented to Equation 7, we obtain the solution we are
looking for as,

v= L L0, 00+ L, [g)]— L [LHO)] - L [HPO)]
(8)

According to the ADM, we decompose the v (,2) solution
in the Equation 4, nonlinear term

P(x,t) and Adomian Polynomials £, as an infinite series
given below (Rach 1984, Adomian 1990, Cherruault et al.
1992),

vix,t) = Ziovn, )
P(v(x,t)) =" E.,
E, =L &[Poo+ Y AvJA=0 , n=0,12,. (11)

(10)

If Equation 9., Equation 10. and Equation 11. are put in
the Equation 8. and both sides are matched, the following
iterative algorithm is obtained

vo= L, [F(x,0)+ L,[g)]
Vorr == L [FHE) ] = L7 [HP D).

(12)
(13)

When the desired number of v, components are calculated,
approximate analytical solutions of v (2,2) can be found
from Equation 13.

3. Results and Discussion

Let us give a numerical example of fractional PDE systems
to conformable Laplace decomposition method.

Consider the given non-linear conformable fractional

Fokker Planck PDE below (Eslami and Taleghani 2019)

=G+ Lm]y , x>0,0<n=1
(14)

with the initial condition

v(z,0) =1z. (15)

To solve this problem above using CLDM presented and
initial values given in Equation 14. and Equation 15. we
obtain

11
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Vo =X,
_ U

V= Xﬁ’
"

Va=X 77l (16)
I

V3 xng "
"

Va=X 7744‘ ’

Hence the solution v (x, t) is obtained as follows

v, ) =vo+vit v+ v+ (17)

=x(1+ 5+ 5+ + o+ )’

with the closed form of

vix,t) = xe. (18)

For 7 = 1, the solution becomes

v(x,t) =ze'. (19)

that overlaps with the exact solution in (Eslami and

Taleghani 2019).

In Figure 1, it is seen how CLDM solution behave for
7=1 when 0<¢{<1 and 0 <z <5. In Figure 2,

CLDM solution is given for different 7 values at =1
and 0 < ¢ < 3. Here it is aimed to show how the change
in derivative order aftects the solution. In Figure 3, the error
between 10-step CLDM solution and the exact solution for
7=1isgiven when 0 <¢{<1and 0 <z < 5. Hereit
is seen that CLDM gives us a very close result to the exact
solution even in 10-step.

|--— n04 —n=05—— =07 —n-1.0

Figure 2. CLDM solution of v (z,t) for different 7 values
when x=1and 0 <¢<3.

._.

o
&
|
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Figure 1. CLDM (exact) solution of v(x,t) for 7 =1
when 0 <t<1and 0 <z <5.
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Figure 3. Error between 10-step CLDM solution and exact
solution of v(z,t) for p =1 when 0<¢t<1and 0<z <5.
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In this study the applicability of the new CLDM to
nonlinear fractional PDEs is aimed to be demonstrated.
In this new CLDM, there is no need of any restrictive
assumptions and discretizations. Since the method does not
need any discretization, it does not contain round of errors
in calculations. As is seen from the numerical example,
the solution obtained can be expressed as an infnite power
series that can be expressed in closed form. As a result it
can be said that CLDM is a powerful mathematical tool
in solving nonlinear fractional PDEs and also it is a guide
for researchers in that it offers analytical and numerical
solutions to a large class of fractional PDEs.
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Niy (N=6-55) Kiimelerinin Geometrik Biiytimesi ile Erime Davranisi Iliskisinin
Incelenmesi

The Inwestigation of the Relationship Between Geometrical Growth and Melting Behavior of
Ni,, (N=6-55) Clusters

Meral Erytirek*

Zonguldak Bilent Ecevit Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Bolumi, Zonguldak, Turkiye

Oz

Ni (N=6-55) kiimelerinin her bir atom eklendiginde elde edilen minimum enerjili geometrik yapilarinin biiytime davranisi ile birlikte
erime davranigi incelenmigtir. Bunun i¢in pargaciklar aras: etkilesmelerde Sutton-Chen potansiyelinin kullanildigi mikrokanonik
Molekiler Dinamik (MD) similasyon yonteminden faydalanidmugtir. MD similasyonundan elde edilen bag uzunlugundaki
dalgalanmalarin kare ortalamasinin karekoki d(rms) ile ¢oklu histogram yontemi kullanilarak hesaplanan 1s1 kapasitesi egrilerinin,
atom sayist arttiginda nasil bir davranis gésterdikleri ve kiimelerin en kararli geometrileri ile olan iligkileri belirlenmigtir. 8(rms) lerin faz
gecis bolgesine kargilik gelen, 1s1 kapasitesi egrilerinin maksimumlari ve global minimumlars ile birinci izomerlerinin enerji farklarinin
atom sayisina bagli degisim grafikleri incelenmis ve N=13, 19, 38, 48, 50, 55 kiimelerinin en kararli yapida oldugu bulunmustur.

Anahtar Kelimeler: Kimeler, Nikel, Erime, Molekiler dinamik, Termodinamik, Sutton-chen potansiyeli, Coklu histogram yontemi

Abstract

The melting behavior of Ni, (N=6-55) clusters was studied, as well as the growing behavior of geometric shapes with the lowest
energy acquired when each atom was added. This was accomplished using the microcanonical Molecular Dynamics (MD) simulation
approach, which employs the Sutton-Chen potential in interparticle interactions. The heat capacity curves were calculated using the
multiple histogram method with the caloric curves from MD simulation and the square root of the mean squared (drms) of the bond-
length fluctuations. How do the heat capacity curves which calculated using the multiple histogram method behave when the atomic
number increases and the relations of the clusters with the most stable geometries were determined. The maximums of heat capacity
curves corresponding of d(rms) phase transition region and the graph of change by atomic number for the energy difference between
global minumum and first isomers have been investigated and N=13, 19, 38, 48, 50, 55 clusters were found to be the most stable sizes.

Keywords: Clusters, Nickel, Melting, Molecular dynamics, Thermodynamics, Sutton-chen potential, Multiple histogram methods

1. Giris Ni kimelerinin yiiksek kimyasal ve katalitik reaktiviteleri,
benzersiz 6zellikleri ve nano malzemelerdeki ¢oklu uygula-

1 Sellikle ikili. ficlii al Kiimeleri ile iloil;
Son yillarda dzellikle ikili, Geli alagim llimeleri le ilgili malar1 nedeniyle, bir¢ok aragtirma alaninda 6nemli bir yer

tutmaktadir (Lyalin vd. 2009, Li vd. 2018, Kaatz ve Buthe-
el 2018, Wei vd. 2016, Hewage vd. 2012). Ni (N=2-150)
kiimelerinin yapisal, elektronik ve erime davranig: ile ilgili
bir¢ok ¢alisma vardir (Yuyang vd. 2007, Wei vd. 2012,). Bu
caligmalarda Ni kiimelerinin ikosahedral, kesik oktahedron

aragtirmalar hiz kazanmgtir. Bu ¢aligmalarda, alagim kiime-
lerinin kompozisyonlar: olusturulurken kararli geometrik
yapilarin se¢imi 6ne ¢ikmaktadir. Bunun i¢in 6zellikle tek
atomlu kiimelerin en kararli geometrik yapilarinin ve erime
davramisinin incelendigi ¢aligmalardan yararlanilmaktadir.

ve Mackay yapilarda minimum enerjili geometrilere dogru
bir gidisat izledigi vurgulanmaktadir.
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rin, her bir atom eklendiginde nasil bir geometrik biiyime
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Sutton-Chen etkilesme potansiyelinin kullanildigi mikro-
kanonik Molekiler Dinamik simiilasyonundan yararlanil-
mustir. Erime dinamiginin analizi i¢in bag uzunlugundaki
dalgalanmalarin kare ortalamasinin kare koki d(rms) ve
coklu histogram yonteminden 1s1 kapasiteleri elde edilmisg
ve kiime boyutuna gore davraniglari incelenmistir (Lu vd.
2009, Erytirek ve Guven 2008, Cezar vd. 2019, Oderji ve
Ding 2011). 8(rms) egrilerindeki kati-sivi faz gegisi bolgesi-
V) 1€
her bir kiimenin birinci yerel minimumlarinin, global mi-
nimuma gére enerji farklant (AE_ =E -E ) elde edil-
migtir. Bu niceliklerin atom sayisina bagli degisim grafik-

ne kargilik gelen 1s1 kapasitelerinin maksimumlari (C

lerinde, komsu kiimelerine gére maksimumlarinin bire bir

uyumlu oldugu goérilmustiir (Franz 2001, Noya vd. 2007).

2. Gereg ve Yontemler
2.1. Termal Minimizasyon

Kiimelerin en disik enerjili geometrik yapilari ve potansi-
yel enerji ytizeyi taranirken faz gecis bolgesine kargilik gelen
minimum enerjili geometrileri ve izomerleri, mikrokanonik
Molekiiler Dinamik (MD) termal minimizasyon yontemi
kullanilarak elde edilmigtir. Bu ydntem, sistemin toplam
enerjisinin tamami potansiyel enerji oluncaya kadar, yavagca
toplam enerjinin azaltilmasiyla en distik enerjili geometriyi
elde etmeye dayanir. Bu siire¢ sogutma iglemi olarak adlan-
dirilir ve enerjideki azaltma miktari ¢ok ki¢tk tutularak,
sogutmanin yavagca gerceklestirilmesi saglanir. Potansiyel
enerji, minimum degere ulagincaya kadar son koordinat
baslangic koordinati olacak sekilde hesaplamaya devam edi-
lir (Lloyd ve Johanston 1998, Kirkpatrick vd. 1983).

2.2. Potansiyel Enerji

Parcaciklar arasi etkilesmeleri veren kuvvet alani olarak
Sutton-Chen potansiyeli kullanilmistur.

Potansiyel enerji ifadesi

N

V= 5[2(%) —e Pi"z] M

p=2(5) 2)

olup, r= | r-r, | olmak tizere i. ve j. atomlar arasindaki uzaklik,
a 6rgi sabiti, ¢ boyutsuz bir parametre, x enerji boyutunda
bir parametre iken n ve m birer tamsayidir. Esitlikteki birin-
ci terim ikili etkilesmeleri, ikinci terim ise gdmme enerjisini
tanimlar. Gomme fonksiyonu r,, i noktasindaki elektronik
yik yogunlugudur ve Es. 2 den hesaplanir. Nikel kiimesi
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i¢in a, ¢, x, m ve n parametreleri sirasiyla 3.52A, 39.432,
1.5707x102eV, 6 ve 9 dur (Nayak vd. 1997).

2.3. Molekiiler Dinamik Simiilasyonu
Mikrokanonik MD simiilasyonunda, hesaplamalarda Ha-

milton Hareket denklemlerinin Hamming’in modifiye dér-
diincti dereceden predictor corrector algoritmas: kullanil-
mistir (Hamming 1959). Her bir kiime i¢in hesaplamalar-
da, hareket yoringesinin baglangi¢ degeri olarak minimum
enerjili geometriye karsilik gelen koordinatlar verilmig, ayni
zamanda agisal ve cizgisel momentum bilesenleri sifirlan-
mistir. Adim siiresi 5x10™"%s olmak tizere, simiilasyonlarda
ilk 10000 adim sistemin termal dengeye gelmesi i¢in kulla-
nilirken, toplam 510000 simiilasyon adimi atilmigtir. Siste-
min toplam enerjideki artig miktar

AE=(3N-6)AT 3)

bagintisindan elde edilmisti. Burada AT=200K olarak se-
¢cilmistir. Her bir enerji artis1 icin bir 6nceki hesabin son
koordinatlar: ile birlikte son agisal ve ¢izgisel momentum
bilesenleri, baslangi¢ degeri olarak alinmig ve bu sekilde 20
similasyon gerceklestirilerek erime davranis: ile ilgili kine-
tik ve termodinamik nicelikler hesaplanmistir.

2.4. Coklu Histogram Yontemi

MD simiilsyonlarinda her bir toplam enerji i¢in elde edilen
potansiyel enerjilerin dagilimlarindan konfigiirasyonel ent-
ropiler, Coklu Histogram Yontemi ile hesaplanmis ve mik-
rokanonik sistemler i¢in tanimlanan termodinamik denk-
lemler kullanilarak; i¢ sicaklik, 1s1 kapasitesi degerleri elde
edilmistir (Erytirek 2005, Calvo ve Labastie 1995, Labastie
ve Whetten 1990).

2.5.Kinetik ve Termodinamik Niceliklerin Hesaplanmas:

Bag uzunlugundaki dalgalanmalarin kare ortalamasinin

karekoki 8(rms)

S (rms) = N(Nz— 5 > (<r/> <_r<j;”/> ) @

i<j

esitliginden hesaplanmustir. Ifadedeki <EIE> sembolii ortala-
ma alindigini, N parcacik sayisini ve r, i parcacik ile j. par-
cacik arasindaki uzakligi tanimlamaktadir. d(rms) in sicak-
liga bagli degisim egrilerindeki ani artisin bagladig: sicaklik
degerinden itibaren, yapinin erimeye basladig: anlagilir. Bu
davranig genellikle 8(rms)’in 0.1 ile 0.2 araliginda degere sa-

Karaelmas Fen Miih. Derg., 2022; 12(1):15-21
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hip oldugu duruma karsilik gelir ki bu Lindemann kriteri
olarak bilinmektedir.

Histogram y6nteminden hesaplanan konfigiirasyonel ent-
ropi degerleri, mikrokanonik topluluk i¢in tanimlanan ter-
modinamik denklemlerde

1_4ds 1 _ds 5)
T~ de V°© °Cy ~ dE’

kullanilarak sirasiyla i¢ sicaklik ve 1s1 kapasitesi hesaplan-
mugtir.

3. Bulgular
3.1. Minimum Enerji Geometrileri

Ni (N=6-55) kiimelerinin minimum enerjili geometrileri
Sutton-Chen Potansiyelinin kullanildigit MD termal mi-
nimizasyon yontemi ile elde edilmis ve sonuglari Sekil 1
de sunulmustur. Geometriler ve enerji degerleri literatiirle
(Doye ve Wales 1997) kargilastirilmis ve uyumlu oldugu
gorilmistir.

N=6 dan N=55 e giderken her bir atom eklendiginde geo-
metrik yapinin nasil bir biytime davranigi gosterdigi anlasil-
maya ¢alistlmistir. Bunun i¢in sistematik bir yol izlenmistir.
Ik olarak, eklenen atom kendisinden bir énceki en yakin
geometrik yapiya gore belirgin ve anlagilir ise kirmizi renkte
gosterilmigtir. Tkinci olarak, ardigik olmasa da aymi geomet-
riye sahip kiimelerin davranig: anlagilabilsin diye birden faz-

la renk kullanilmustir (Sekil 1).

Minimum enerjili geometrisi ikili dortgen piramit olan Ni,
kimesi hari¢, diger kiimelerin ardisik geometrik yapilari
izlendiginde bilinen ve simetrisi en yiiksek olan ikosahed-
ral, oktahedron, kesik oktahedron ve ikili Mackay yapilara
dogru buyiime egiliminde oldugu gozlenmistir. Bu yapilarin
ayrintih gérintimleri Sekil 2 de sunulmugtur. Geometrilerin
en 6nemli 6zelligi besgen ya da altigen halkalardan olusan
katmanlar icermesidir. Bunun yani sira Mackay geometrinin
dis katmani on atomlu besgen halka ya da ongen halkadan
olugmaktadir. Ardigik kiimeler incelendiginde simetrisi dii-
stk geometrilerin biyiime davraniginda; besgen halkalarin,
altigen halkalara déniigme egiliminde oldugu fark edilmis-

LAy

Sekil 1. Ni (N=6-

55) kiimelerinin global
minimum geometrileri

ve nokta gruplari. Birinci
satirda yapilarin kargidan,
ikinci satirda ise Usten
gorinimleri sunulmusg ve
her bir atom eklendiginde
geometrik gelisimlerinin
belirlenebilmesi i¢in farkls

Karaelmas Fen Miih. Derg., 2022; 12(1):15-21
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tir. Yani eklenen atom, bir 6nceki yapinin yanal yiizeyine
yerlesmek yerine ikosahedral gévdedeki besgen halkalar: al-
tigen olusturma egilimi gosterdigi, bu davranigin da diizen-
siz geometrilerin olugmasina yol agtig1 anlagilmigtir.

Ni (N=7,9-14, 19, 20, 40, 46, 47, 49, 52-55) kiimelerinin
besgen halkalar iceren ikosahedral ve Mackay geometrilere
dogru biiytime egilimi gosterdigi, Ni (N=26, 37-39, 41, 43,
50, 51) kiimelerinin kesik oktahedron yapiy: tercih ettigi tes-
pit edilmigtir. 33, 34, 45 ve 48 atomlu kiimelerin ise Mackay
benzeri geometrik yapida oldugu anlagilmistir. Bu kiimeler-
den Ni,g in ayrintili gérinimii Sekil 3 de sunulmustur. Bu
yapida biylime egiliminin, Mackay yapida oldugu gibi on
atomlu halkalar olusturmak yerine, ikili ikosahedral benzeri
(Sekil 4 mavi renk) geometriden, bir yonde disa dogru (Se-
kil 4 kirmiz1 ve yesil renk) genisledigi gortlmistir. Geriye
kalan kiimelerden N=16-18, 21-24, 30-32, 36, 44 atomlu
olanlar incelendiginde, ikili ikosahedral veya i¢ govdesi ikili
ikosahedral olan Mackay geometriye dogru biiytirken; ekle-
nen atomun, ana yapiyl bozacak sekilde besgen halkalarin
i¢ine girmeye calisarak, gidisattaki diizenin bozulmasina yol

actig1 anlagilmigtir. N=25, 28 ve 29 diizensiz kesikli okta-
hedron benzeri yapilarda iken, N=32 ve 35 hi¢bir geometri-
ye uymayan bir yapida oldugu tespit edilmistir.

3.2. 8(rms) ve Is1 Kapasitesi Egrileri
Sekil 4 de sicakliga bagh olarak verilen Niy (N=6-55) kii-

melerinin d(rms) ve mikrokanonik 1s1 kapasitesi egrileri kii-
melerin kararlilifini tanimlamak i¢in kullanilmistir. (Agua-
do ve Jarrold 2011 Lyalin 2009, Cezar vd. 2019, Oderji ve
Ding 2011))

d(rms) egrileri, 1s1 kapasiteleri ile birlikte ele alindiginda ki-
melerin erime davranigini tanimlamak i¢in faydali bir y6n-
temdir (Erytirek ve Gtiven 2008, Karabacak vd. 2002, Ha-
berland 2000, Lu vd. 2009, Cezar vd. 2019, Teng vd. 2007).
Global minimumlar1 daha kararli olan Ni (13, 19, 38, 48,
50, 52-55) kiimelerin 1s1 kapasitesi egrilerinin maksimumla-
rinin daha keskin ve 6(rms) nin ani artigina kargilik gelen faz
gegis bolgesinde oldugu gorilmistiir. Global minimumlar:
diizensiz veya karasiz olan kiimelerin ise 1s1 kapasitelerinin
maksimumlarinin komsu kiimelerine gére daha kugiik veya

Sekil 2. Sirastyla ikosahedral, oktahedron, kesik oktahedron ve ikili Mackay Geometriler ve ayrintili gorinimleri. Burada,

katmanlar anlagilabilsin diye merkez atomlar gosterilmemistir.

Sekil 3. Ni,, kiimesinin Mackay benzeri geometrisi. Bu yapida dis katmandaki on atomlu besgen katmanlar olusamadan (kirmizi
atomlar), biylime yanal ytizeyde bir yonde tiglinct bir katman (yesil atomlar) olusturacak sekilde ger¢eklesmistir. Bir diger farlilik
da ikosahedral govdedeki (mavi atomlar) besgen halkalarin kégelerinin ayni hizada olugudur.

18
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1s1 kapasitesi egrilerinin yayvan oldugu tespit edilmistir. Bu
kiimelerin 8(rms) egrileri incelendiginde, kat1 faz bolgesin-
de fazla bulunmadigi ve hizla ani artiga gectigi anlagilmigtar.
Bu durum yapinin kararsizliginin da bir ol¢isudiir (Cezar

vd. 2019, Teng vd. 2007).

Niy (N=6-55) kiimelerinin 1s1 kapasitelerinin maksimum
degerleri, 8(rms) in Lindemann kriteri de dikkate alinarak
elde edilmis ve Sekil 5.a da sunulmusgtur. Global minimum-
larin kararlilig1 hakkinda daha kesin bir sonuca ulagabilmek
icin, MD simiilasyonunda her bir toplam enerji degerine
karsilik gelen faz uzay1 hesaplamalarinda, kaydedilen koor-
dinatlarin minimizasyonundan elde edilen, global minimu-

ma en yakin izomerin enerji farklar1 AE_ un, atom sayisina
bagli degisim grafigi de ¢izilmis ve Sekil 5.b de sunulmustur.
Bu grafikler birlikte ele alindiginda komgu kiimelerine gére
Ni-(N=13, 19, 38, 48, 50, 55) kiimelerinin, hem C
hemde AE_
gili kiimelerin digerlerine gore geometrik kararhiliginin dog-
rulugunu da desteklemistir (Frantz 2001, Noya vd. 2007).

Bu kiimelerin global minimumlari, en ¢ok bilinen ytiksek

Vi 1ATT
lar1 daha buytiktiir. Bu sonug ayni zamanda il-

simetriye sahip sirastyla ikosahedral, ikili ikosahedral, kesik
oktahedron, Mackay benzeri, ikili kesik oktahedron ve ikili
Mackay olan en kararli geometrilerdir (Sekil 2 ve 3).
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4. Sonuglar ve Oneriler

Niy (6-55) kiimelerinin sirasiyla her bir atom eklendigin-
de biytime davranig: ayrintili olarak ele alinmis ve yuksek
simetriye sahip kiimeler (ikosahedral, ikili ikosahedral,
Mackay ve ikili Mackay yapilar) sirasiyla tespit edilmistir.
Ni, hari¢ N=7, 9-13 e kadar her bir atom eklendiginde yap:
ikosahedral geometriye dogru biiyiime gostermistir. Ni,,,
ikoshedral olan Ni  {in yanal yiizeyine bir atomun eklen-
digi yapida iken, 15-18 e kadar ikosahedral yap: bozulmus
onun yerine altigen halkanin tercihli oldugu geometrilere
rastlanmistir. Ni | yiiksek simetriye sahip ikili ikosahedral
geometride oldugu halde N=40 a kadar Mackay geometri-
ye dogru net bir gidisata rastlanmamugtir. Ni,; son katmani
besgen yerine altigen olan Mackay geometride olup, 46, 47,
49, 52-55 e kadar atomlar eklendik¢e global minimumlar
ikili Mackay geometriye dogru; 37-39, 41, 43, 50, 51 kiime-
leri ise kesik oktahedrondan, ikili kesik oktahedrona dogru
biiylime egilimi gostermistir. Sonug olarak etkilesim potan-
siyeli olarak Sutton-Chen Potansiyelinin kullanildigr Nig
(N=6-55) kiimelerinin biiyime davrans1 belirli bir diizende
gerceklesmemistir. Buna benzer bir ¢aligma daha 6nce ya-
pilmadig i¢in 6-55 araligindaki Nikel kiimelerinin global
minimumlarinin geometrik davranug ile ilgili yapilan bu de-
tayll analizin, alasim kimeleri ile ilgili ¢aligmalara 6nemli
bir katk: saglayacag: digtinilmektedir.

Ardigik olarak kiimelerin erime davranis: ile ilgili 8(rms) ve
1s1 kapasiteleri incelenerek global minimumu en kararli olan
kimeler belirlenmistir. Is1 kapasitelerinin, 8(rms) egrileri-
nin faz gecis bolgesine karsilik gelen maksimumlarin C,,_
degerleri elde edilmis, her bir kiimenin kendisine en yakin
yerel minimumunun AE__ - grafikleri karsilagtirmali olarak
ele alinmis ve birbirleri ile iligkili oldugu sonucuna varil-
mugtir. Kiimelerin global minimumlar: ne kadar kararli ise
(N=13, 19, 38, 48, 50, 55), AE__ degerleri o kadar biiyiik ve
C,,... pikleri daha keskin ve daha biiyiiktiir. Sonug olarak 1s1
kapasitelerinin maksimumlarinin keskin ve degerinin biytik
olmasi, ilgili kiimenin global minimumunun kararliliginin
bir ol¢tstdur.

Franz (2001), Lennard-Jones kiimeleri ile ilgili yaptig:
¢aligmada C,_ ve erime sicakliginin atom sayisina bagh
degisimlerini kargilagtirilmis ve benzerligin nedeni olarak
kimelerin geometrik kararliligini 6ne stirmistir. Bunun
yani sira kiimelerle ilgili sihirli sayr davranist olarak bilinen
caligmalarda (Doye ve Meyer 2005, Noya vd. 2007, Wu
vd. 2012), komsu kimelerin global minimumlarinin,
birinci ve ikinci mertebeden enerji farklarinin atom sayisina
bagli degisimlerini elde etmek ve buradan kararli yapilar:
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belirlemek de yaygin olarak kullanilan bir yontemdir. Bu
calismada; 1s1 kapasitelerinin, d(rms) in faz-gecis bolgesine
karsilik gelen C,  degerleri ile her bir kiimenin birinci
izomeri ile global minimumu arasindaki enerji farkinin
atom sayisina bagl degisimleri kargilagtirilmig ve benzer bir
iligki bulunmustur.

Oderji ve Ding (2011) alagim kiimeleri ile ilgili erime gegisi
calismalarinda belirttikleri gibi, 8(rms) ve 1s1 kapasitelerinin
birlikteelealindigianalizlerden; diizensizglobalminimumlar:
olan kiimelerin, 1s1 kapasitesi egrilerinin komgu kiimelerine
gore yayvan olmasi, belirgin maksimumlarinin olmamasi,
erime davraniglarini belirlemekte zorluk olusturmaktadir.
Bu zorlugu gidermek i¢in faz-gecisi bolgesinde, simiilasyon
stirecinde potansiyel enerji yiizeyini tarayarak, kiimenin
hangi minimumlara gittigini, geometrinin ne sekilde
degistigini aragtirmak da bir ¢6ziim tretebilir.
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I¢me Suyu Kaynaklarinin Klor ve Klor Dioksit ile Dezenfeksiyonu Sonucu Meydana

Gelen Dezenfeksiyon Yan Uriinleri Olusumunun Arastiriimas:: Istanbul Ornegi

Invesz‘igaz‘ion 0f Disinfecz‘ion By—Producz‘s Formation in Disinfea‘im of Drinking Water Sources with
Chlorine and Chlorine Dioxide: Istanbul Case Sz‘udy

Kadir Ozdemir*

Zonguldak Biilent Ecevit Universitesi, Mithendislik Fakiiltesi, Cevre Mihendislgi Bélimi, Zonguldak, Turkiye

Oz

Bu ¢alismada igme suyu kaynaklarinin klor (CL)) ve klor dioksit (ClO,) ile ok31dasyonu sonucu meydana gelen sirast ile trihalometan
(THM), Klorit (ClO,) ve klorat (ClO,) g1b1 dezenfeksiyon yan urunlen (DYU) arastinilmistir. Bu ¢alismada analiz edilen su
ornekleri Istanbul’un icme suyu kaynaklan olan Terkos Golii (TRG), Biiyiikgekmece Goli (BCG) ve Omerli Baraj (OLB) sularindan
toplanmugtir. Su 6rnekleri Cl, ve CIO, ile oksitlenerek verilen reaksiyon siireleri sonunda meydana gelen THM olusumlar: tespit
edilmistir. TRG, BCG ve OLB su orneklermde dogal organik madde (DOM) igerigi ise toplam organik karbon (T'OK), 254 nm’deki
ultraviyole absorban (UV254) ve spesifik ultraviyole absorban (SUVA) parametrelerinin lgiimleri ile ortaya konulmustur. Klorlanan
su numunelerinde 24 saatlik reaksiyon siiresi sonunda ve oda sicakliginda (25 °C) 6lgiilen en yiiksek THM konsantrasyonu (235,65
pg/l) TRG ham sularinda gzlemlenmistir. Cl, ile oksitlenen sulardaki THM miktarlarinda artig meydana gelirken C1O, ile oksitlenen
su numunelerinde ise azalma trendi gozlenmistir. Diger yandan bu ¢alismada su 6rneklerinin ClO, ile oksitlenmesi sonucu meydana
gelen ClO, ve CIO; gibi inorganik yan {riinlerin olusumlari degerlendirilmistir. C10,” ve ClO; olusum yiizdeleri siras ile TRG'de
%68,51-%13,21, BCG’de %61,05-%12,28 ve OLB’de ise %69,87-%15,67 olarak tespit edilmistir.

Anahtar Kelimeler: Klor dioksit, Klorlama, Trihalometan, Klorit, Klorat, Istanbul

Abstract

In this study, formation of disinfection byproducts (DBPs), namely, trihalomethane (THM) during chlorine (Cl,) and chlorine
dioxide (ClO,) oxidizing was investigated with reference to key controlling parameters. Terkos Lake Water (TRG), Buyukc;ekmece
Lake Water (B(;G) and Omerli Dam (OLB) were used as drinking water source in present study. Water samples were oxidized with
Cl, and CIO, doses at the end of given reaction times to observe the formation of THMs in water sources. The structures of natural
organic matter (NOM) in TRG, BCG and OLB samples were revealed to the organic parameters, namely, total organic carbon
(TOC), ultraviole absorbance at 254 nm wavelength (UV254) and specific ultrviole absorbance (SUVA). Among to the chlorinated
drinking water sources, the highest THM concentration was observed as (235,65 pg/l) in TRG samples with dose of Cl, (10 mg/1)
at the end of reaction time of 24 h. Altough THM amounts increased in waters oxidized with CL, the trend of decreasing THM
amounts with oxidized ClO, was observed. On the other hand, formation of inorganic DBPs such as chlorate (C10,") and chlorite
(ClO,) was evaluated during ClO, oxidizing. C1O,  and ClO; levels were determined as 68,51%-13,21% for TRG, 61,05% -12,28%
for BCG and 69,87% -15,67% for OLB.
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1. Giris

Klorlama diinyada sadece i¢me suyu kaynaklarinin dezen-
teksiyonu i¢in degil ayni zamanda termik santralleri, rafi-
neriler, petrokimya endustrisi ve kimyasal isletme tesisleri
gibi endustriyel faaliyetlerden kaynaklanan kirlenmenin
ontine gegmek icin de yaygin bir sekilde kullanilmaktadir
(Satpathy vd. 2019). Bununla beraber diinyada i¢me suyu
ihtiyaci, kullanim amaci ve miktarina bagl olarak gol, nehir
ve tath su rezervuarlari gibi farkli dogal su kaynaklarindan
kargilanmaktadir. Dezenfeksiyon, g6l ve nehir gibi yiizey-
sel su kaynaklarindan patojen mikroorganizmalar: bertaraf
ederek daha giivenli ve kaliteli bir su tiretmek i¢in gercekles-
tirilmektedir (Agusa vd. 2009, Chowdury vd. 2014, Wang
vd. 2018). I¢eme suyu kaynaklarinin klorla dezenfeksiyonu
sonucunda trihalometanlar (THMs) ve Haloasetik asitler
(HAASs) gibi 6nemli dezenfeksiyon yan trtinleri meyda-
na gelmektedir (Dickenson vd. 2008, Sadiq ve Rodriguez
2004). Amerika Birlesik Devletleri Cevre koruna Ajanst
(USEPA 2006) tarafindan insan sagligi tzerinde kansero-
jen etkilere sahip olan THMs ve HAAS'in i¢me sularinda
kontrolii i¢in maksimum kirletici limit konsantarasyon de-
gerleri sirasi ile 80 pg/l ve 60 pg/l olarak belirlenmistir. 17
Subat 2005 tarihli resmi gazetede yayinlanan Insani Tiike-
tim Amagli Sular Hakkinda Yonetmelik'te Toplam THM
konsantrasyonu i¢in belirlenen limit deger 100 pg/I'dir
(Anonim 2005).

Son yillarda igme suyu aritiminda séz sahibi olan tilkelerde
klorlama sonrast meydana gelen DYU’niin olusumunun mi-
nimize edilmesi ve kontrol altina alinmast i¢in, kloraminler,
ozon (O,) ve klor dioksit (C1O,) gibi alternatif dezenfek-
tanlar kullanilmas: distntlmistir (Han ve Zhang 2018).
Bu oksidantlara kiyasla, kullanildig1 zaman énemli derecede
THM ve HAA olusumuna engel olan ClO,’in kullanim:
daha fazla 6n plana ¢tkmistir (Gan vd. 2016). Ayni zaman-
da CIO, yiiksek okside etme giiciine bagli olarak, genis pH
araliklarinda (pH 2-10) sudaki patojenleri gidermede klora
gore daha etkili bir dezenfektandir (Periera vd. 2008). Diger
yandan klorit (ClO,") ve klorat (Cl1O;") CIO, ile gergeklesti-
rilen dezenfeksiyon iglemi sonucunda meydana gelen inor-
ganik yan uriinlerdir (Gordon vd. 1990, Plewa vd. 2004).
ClO, ile oksidasyon siiresince ClO,” ve CIO,” olusumu
ham su kaynaginin kalitesine gore degismektedir. Genel-
likle igme sularmnin dezenfeksiyonunda kullanilan CIO,’in
yaklagik % 60’1 C1O, iyonuna %10’luk kismi da CIO;" iyo-
nuna dontsmektedir (Al-Otoum vd. 2016). Bununla be-

raber sularda ClO2 oksidasyonu sonucu gorilen CIOZ’ ve
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ClIO; iyonlarinin insan saghig tizerinde akut, kronik ve né-
rolojik etkileri bulunmaktadir (Gill vd. 1989, WHO 2011).
Bu nedenle USEPA (1998) igme sularinda CIO,’in sularda
bulunmas: gereken limit degeri 0,8 mg/l, C1O,” iyonunu ise
1,0 mg/1 olarak tayin etmistir.

I¢me sularinin dezenfeksiyonunda kullanilan ClIO, genellik-
le sodyum klorit (NaOCL) ¢ézeltisi kullanilarak elde edil-
mektedir. ClO, klor gaz1 (CL(g)), hipoklordz asit (HOCI)
veya hidroklorik asit (HCI) ¢ézeltileri ile NaCl, ¢ozeltisinin
su igerisindeki reaksiyonlari sonucunda elde edilebilmekte-
dir (Aieta ve Berg 1986). Bu reaksiyonlar siras1 ile Esitlik 1,
Esitlik 2 ve Esitlik 3 olarak verilmisgtir;

2NaClO; + CI,(g) — 2CI0,(g) + 2NaCl 1)
2NaClI0, + HOCI — 2CIO,(g) + NaCI + NaOH )
5NaCIO, + 4HCI — 4CI0,(g) + 5NaCI + 2H,0 3)

Bu ¢alismada, Cl.'ye alternatif olarak igme suyu kaynak-
larinin CIO, ile oksidasyonu sonucunda meydana gelen
DYUniin (THM, ClO, ve ClIO;’) olusum miktarlar: arag-
tirilmugtir. Cl, ve ClO, ile oksitlenen ham su érnekleri ise
caligma alani olarak daha once literatiirde organik madde
icerdigi bilinen Terkos Goli (TRG), Buytik¢ekmece Golu
(BCG) ve Omerli Baraji (OLB) igme suyu kaynaklarindan
alinmistir (Avsar vd. 2015; Uyak vd. 2014; Avsar vd. 2014).

Icme suyu dezenfeksiyonunda CIO, ve Cl, kullanilarak
farkli miktarlardaki DYU olusumu analizleri ile ilgili olarak
yapilan bu ¢aligma ulusal ve uluslararas: bilimsel literatiire
dezenfeksiyon yan trtnleri ile ilgili 6nemli bir katk: sagla-
makla beraber 6zellikle igme suyu aritma tesislerinin opti-
mizasyonu ile ilgili béyle bir aragtirma yapilmasi bu ¢aligma-
nin 6zgiinligiini ortaya koymaktadir.

2. Gereg ve Yontemler
2.1. Numune Toplama

Bu aragtirmada deneysel ¢aligmalarda kullanilan ham su 6r-
nekleri sirast ile TRG, BCG ve OLB sularindan toplanmig-
tir. TRG, BCG ve OLB Istanbul ilinin 6nemli igme suyu
kaynaklari olup, bu rezervuarlarindan yaklagik olarak giinde
2,5 milyon m?® su konvansiyonel aritmadan gectikten sonra
icme suyu olarak kullanilmaktadir. S6z konusu igme suyu
kaynaklarindan tekil numune olarak toplanan su numune-
leri deneysel ¢alismalarda kullanilmak tzere, herhangi bir
mikrobiyal aktiviteyi engellemek i¢in +4°C’de laboratuvar
ortaminda bulunan buzdolabinda saklanmigtur.
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2.2. CL, ve ClO, ile Oksidasyon Islemleri

I¢me suyu kaynaklarindan toplanan su numunelerinin Cl,
ve ClO, ile oksidasyon islemleri 500 mI'lik kahverengi cam
siselerde gerceklestirilmisgtir. TRG, BCG ve OLB numu-
nelerinde pH dizenlenmesi, 5 mM’lik fosfat tampon ¢6-
zeltisi ile pH 7’ye getirilerek yapilmistir. Klorlama deneyleri
APHA (2005)-5710-B’de yer alan iyodemetrik titrasyon
metoduna gére %4’lik NaOCl ile 5 mg/ml'lik hazirlanan
stok klor ¢ozeltisinden 500 ml'lik siselere 5 ve 10 mg/I'lik
klor dozu ilave edilerek gergeklestirilmigtir. Diger yandan
bu ¢alismada su numunelerinin CIO, ile oksitlenmesinde
kullanilan 1000 mg/Tlik stok ClO, ¢ozeltisi asagidaki Esit-

lik 4e gore tretilmistir;

4NaClO, + 2H, SO, — 2CIO, + HCI + HCIO; + 2Na, SO,
+H,O )

1000 mg L"lik stok ClO, ¢ézeltisinden 2, 5, 8 ve 10 mg/
I'lik ¢caligma dozlari hazirlanarak ham su numuneleri oksit-
lenmistir. Farkli C1O, dozlari ile oksitlenen TRG, BCG ve
OLB numuneleri belirtilen reaksiyon siirelerinde (1-24 saat)
meydana gelecek olan DYU olusumunu tespit etmek amaci
ile karanlik bir ortamda oda sicakliginda bekletilmistir.

2.3. Analitik Islemler

Cl, ve CIO, ile oksitleme islemlerinden 6nce TRG, BCG ve
OLB suyu 6rnekleri 0,45 pm’lik membran filtre kigidindan
gecirilmistir. Laboratuvar ortaminda gerceklestiren biitin
deneysel islemlerde ve analizlerde kullanilan standart ¢ozel-

Cizelge 1. Ham su kalite parametre degerleri.

tileri hazirlamada ultra saf su (Sartorius Co., Germany) kul-
lanilmistir. TOK o6l¢timleri APHA (2005)-3510-B’de be-
lirtilen yiiksek sicaklikta yakma metoduna gére Shimadzu-
5000A TOK analiz cihaz: kullanilarak yapilmigtir. Bununla
beraber UV, dl¢imleri ise Shimadzu 1601 UV Visible
spektrofotometre cihazi ile yapilmistir. THM bilesikleri-
ni igeren analizler EPA 551 metodunda yer alan sivi-sivi
ekstraksiyon yontemine gore; DB-1 kapiler kolona sahip
(30 mx0.32 mm 1.D.x1.0 pm, J&W Science) GC pECD
(Hewlett Packard Gas, 6890 Seri 2) cihaziyla yapilmugtir.
Bu ¢alismada su 6rneklerindeki C1O," ve ClO; ile Br iyon-
lart miktarlar1 USEPA 300.1 metoduna gore AS-19 analitik
kolon ve AG-19 guard kolondan olugan Dionex ICS-3000
iyon kromotografi cihazi kullanilarak tespit edilmigtir. Baki-
ye oksidant konsantrasyonlar: ise DPD- kolorometrik me-

todu ile tespit edilmistir (Chang vd. 2010; Yang vd. 2017).

3. Bulgular ve Tartigma
Cizelge ’de TRG, BCG ve OLB sulari ile ilgili su kali-

te parametre degerleri verilmistir. Cizelge 1’de gorildigi
tizere her bir i¢gme suyu kaynagindan toplanan su 6rnekleri
uzerinde yapilan su kalite parametre analizlerinin netice-
sinde; pH: 6,88-8,43; Bulaniklik: 1,8-7,7 NTU; Tletken-
lik: 220687 uS ecm™; Toplam sertlik: 85-194 mg CaCO,
L% Bromiir: 60-270 pg L ve sicaklik parametresinin ise
5.4-26.9°C arasinda degistigi gozlenmistir.

Buna gore TRG, BCG ve OLB alinan su 6rneklerinde si-
caklik parametresi deger araliklarinin birbirine yakin oldu-

Terkos Golii B.Cekmece Golii Omerli Baraji
Parametreler (TRG) (BCG) (OLB)
Min-Maks. Ortalama Min-Maks. Ortalama Min-Maks. Ortalama
pH - 7,50-8,13 7,74 7,97-8,43 8,13 6,88-7,53 7,29
Bulaniklik NTU 3,1-8,6 42 1,8-7,7 3,7 1,7-4,6 3,1
Tletkenlik pS/cm 285-596 423 311-687 522 220-375 265
Alkalinite mg/1 CaCO, 88-132 118 104-139 130 67-102 89
Toplam Sertlik | mg/l CaCO, 123-171 135 132-194 149 85-113 98
Sicaklik °C 5,3-25,8 15,8 7,4-26,9 16,4 6,5-24,2 15,3
Klortir mg/1 41-75 54 63-125 79 25-58 38
Bromiir pg/L 83-210 140 110-270 200 60-110 80
TOK mg/1 4,15-6,27 5,47 3,81-6,32 4,85 3,38-4,85 4,02
Uv._, cm? 0,09-0,15 0,12 0,07-0,13 0,1 0,05-0,1 0,07
SUVA L/mg.m 2,17-3,61 2,85 1,88-3,41 2,55 1,52-2,95 2,11
24 Karaelmas Fen Miih. Derg., 2022; 12(1):22-31
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gu gorilmekte olup bunun yaninda en yiiksek pH degeri
BCG ham su numunelerinde gorilmiistiir. Klortr ve bro-
mir miktarlar: ise Marmara denizine kiyisi en yakin olan
ve dolayis: ile diger su kaynaklarna gore tuzluluk girisi
daha fazla olan BCG ham sularinda gézlenmistir. Uyak vd.
(2008) tarafindan Istanbul iline icme suyu saglayan su kay-
naklarinin klorlanmas: ile ilgili gerceklestirilen caligmada
BCG su kaynaginin Marmara Denizine yakin olmasi sebe-
bi ile tuzlu su girisinin fazla oldugu ve dolayisi ile bromiir
ve kloriir konsantrasyonlarinin yiikseldigi tespit edilmistir.
Bu bélgede konu ile ilgili ge¢miste yapilan aragtirmalar bu
sonucu dogrulamaktadir (Uyak ve Toroéz 2005). TRG ve
OLB ham su érneklerinde ise en yiiksek kloriir miktarlar:
75 mg/1 ve 58 mg/l olarak, bromiir miktarlar: ise 210 pg/1
ve 110 pg/l olarak o6lgilmigtir. Diger yandan, s6z konusu
i¢me suyu kaynaklarinda DOM’u temsil eden TOK para-
metresinin ortalama degerleri siras1 ile 5,47 mg/1, 4,85 mg/1
ve 4,02 mg/l olarak tespit edilmistir. En yiiksek TOK ve
UV, degeri (6,32 mg/l - 0,15 cm™) TRG ham sularinda
goriiliirken, en disiik TOK ve UV, degeri (3,38 mg/l —
0,05 cm™) OLB ham sularinda gozlenmistir. BCG ham su
numunelerinde ise en yiiksek TOK ve UV, degerleri 6,27
mg/lile 0,13 cm’, en diisiik TOK ve UV, degeri ise 3,81
mg/l ve 0,07 cm™ olarak ol¢tlmistir. En yiksek SUVA
(SUVA=UV__*100/TOK) degeri ise 3,61 L. mg. m olarak
TRG ham su 6rneklerinde bulunmugtur. BCG ve OLB su-
larinda bulunan en yiiksek SUVA degerleri ise 3,41 L/mg.m
ve 2,95 L/mg.m‘dir. TOK, UV

254

icme suyu kaynaklarindaki DOM miktarlarini ve yapisini

ve SUVA parametreleri

temsi etmek icin kullanilan organik parametrelerdir. TOK,
su icerisindeki DOM konsantrasyonunu (mg/1) gésterirken
UV,,,, 254 nm dalga boyunda DOM’un yapisindaki aktif
fonksiyonel organik bilesiklerin absorban degerini gosteren
6nemli bir organik parametredir. Bu ¢alismada oldugu gibi
literatiirde de bazi aragtirmacilar DOM konsantrasyonunda
meydana gelen degisimleri yerinde ve stirekli olarak izlemek
i¢in UV, ve TOK ile DOM arasindaki korelasyonlardan
faydalanmislardir (Benjamin vd. 1997, Ozdemir vd. 2015).
Diger yandan konu ile ilgili literatiirde yapilan ¢aligmalar-
da farklt DOM karakterine sahip su kaynaklarindaki UV,
degerlerinin klorlama prosesi sonucunda meydana gelen
THM miktarlarini 6nemli 6l¢ude etkiledigi gorulmistiir
(Matilainen vd. 2002, Guary vd. 2005). SUVA, DOM’un
organik igeriginin tahmininde en fazla kullanilan organik bir
parametre olup, ayni zamanda DOM igeren sularin klorlan-
mas1 sonucu olusan THM gibi DYU olusum potansiyelinin
de 6nemli bir gostergesidir (Yoon vd. 2012, Ozdemir vd.
2015). Literatiirde konu ile ilgili yapilan su kalitesi ¢aligma-
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larinda da SUVA degeri 4-5 L/ mg.m olan sularda DOM
daha ¢ok yiksek molekiiler agirhiga sahip aromatik bilesik-
lerden meydana geldigini gostermektedir (Elshorbagy vd.
2000, Ozdemir 2016). I¢eriginde DOM bulunan yiizeysel
sularda yiksek SUVA degerleri (SUVA > 3), DOM ige-
riginin 6zellikle fenol ve karboksil gibi aktif fonksiyonel
gruplara sahip yiksek molekiler agirliga sahip hidrofobik
organiklerden meydana geldigini gosterirken, digik SUVA
degerleri (SUVA < 3) alifatik organikler, karboksilik asit ve
aminoasitler gibi hidrofilik yapilarin daha yiiksek oranda
bulundugunu géstermektedir (Edzwald vd. 1985, Uyak vd.
2007). Dolayist ile; bu ¢alismada TRG, BCG ve OLB su
kaynaklarinda bulunan DOM’u temsil eden organik para-
metre degerlerinin literatiirde yapilan ¢aligmalarla da uyum-
lu oldugu goriilmektedir.

3.1. THM Olusumlarinin Aragtirilmasi

Sekil 1’de TRG, BCG ve OLB su 6rneklerinin 5 ve 10 mg/
I'ik Cl, ve C1O, dozu ile pH 7’de oksitlenmesi sonucunda, 1
ile 24 saat bekletme stireleri sonunda meydana gelen THM
miktarlar1 gésterilmektedir. Buna gore klorlanan ham su
orneklerinde yaklagik 1 saatlik reaksiyon siiresi sonunda
THM olusumunun %50’sinin gerceklestigi gozlenmekte-
dir. 24 saatlik reaksiyon stiresi sonunda klorlanan i¢gme suyu
kaynaklari i¢erisinde en ytiksek THM miktar1 (235,65 pg/1)
SUVA degeri (3,61 L/mg.m) en yiiksek olan bagka bir ifade
ile; organik karbonu hidrofobik bilesiklerden meydana gel-
mis TRG ham sularinda gozlenmistir.

24 saatlik reaksiyon stresi sonunda en az THM konsant-
rasyonu (48.51 pg/l) SUVA degeri (1,52 L/mg.m) en dustik
olan organik karbonu hidrofilik bilesiklerden olugmus OLB
su numunelerinde tespit edilmistir. 5 ve 10 mg/I'lik Cl, doz-
lar1 ile oksitlenen BCG ham su numunelerinde ise 24 saatlik
reaksiyon siresi sonunda meydana gelen THM miktarlar:
ise sirast ile, 56,04 pg/l ve 210,35 pg/l olarak ol¢tlmustiir.
Diger yandan CIlO, ile oksidiyonda, 24 saatlik reaksiyon
stiresi sonunda en diisiik ve en yiiksek ClO, dozu ile ok-
sitlenen TRG, BCG ve OLB su 6rneklerinde tespit edilen
THM miktarlar sirast ile, 2,78-30,21 pg/l, 3,1-31,03 pg/l
ve 1,86-28,14 pg/lolarak 6l¢ilmistir. Bagka bir ifade ile;
Cl,’a kiyasla ClO, ile oksidasyon prosesi sonucunda, TRG,
BCG ve OLB su numunelerindeki THM olugum miktar-
larinda siras: ile yaklagik %84, %75 ve %81 oraninda bir
azalma oldugu gorilmustir. Linder vd. (2006) tarafindan
yapilan ¢aligmalarda farkli su kaynaklarindan alinan su 6r-
neklerini Cl, yerine ClO, ile oksitlenmesi sonucunda THM
ve HAA konsantrasyonlarinda 6nemli bir azalma meydana
geldigi tespit edilmistir. Diger yandan bu ¢aligmada fark-
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Ii su kaynaklarindan alinan su numunelerinin Cl, ve CIO,
ile oksitlenmesi neticesinde elde edilen sonuglar ge¢mis li-
teratlir caligmalar: ile kargilagtirilmas: sonrasinda literatiirii
destekler sekilde oldugu gorilmistir (Ramavandi vd. 2015,
Yu vd. 2015). Sekil 2’de 5 mg/1 ClL, ve CIO, dozu kullani-
larak TRG, BCG ve OLB su numunelerinin oksidasyonu
stresince 40 °C’de ve 24 saatlik reaksiyon sonunda meyda-
na gelen THM miktarlar1 gosterilmektedir. Bu sonug aym
zamanda DOM igeren yiizey sularinin klorlanmas: netice-
sinde reaksiyon siiresi ve klor dozu arttik¢a meydana gelen
THM konsantrasyonlarinda da énemli bir artis meydana
geldigini gostermistir. Daha 6nce benzer konu ile yapilmig
caligmalarda elde edilen sonuglar bu bulgunun dogrulugunu

ortaya koymaktadir (Manafsi vd. 2016, Yang vd. 2017).
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S6z konusu ¢aligmanin sonuglart Sekil 1 ile kargilagtirildi-
ginda, su sicakligindaki artis ile orantili olarak her ti¢ igme
suyu kaynaginin klorlanmas: sonucunda meydana gelen
THM konsantrasyonlarinda belirgin bir artig olmasina kar-
silik CIO, ile gergeklestirilen oksidasyon neticesinde 6nemli
bir degisiklik olmadig1 gézlemlenmistir. Bagka bir ifade ile;
su sicakligs 25°C’den 40°C’ ye yiikseltildiginde 24 saatlik re-
aksiyon siiresi sonunda sirast ile klorlu TRG, BCG ve OLB
su numunelerinde THM olusumlarinin yaklagik %33, %36
ve %30 oraninda yiikseldigi tespit edilmistir. Diger yandan
CIO, ile oksitlenen TRG, BCG ve OLB su numunelerinde
analiz edilen THM konsantrasyonlarinda ise sadece 1 ile 2
pg/l arasinda bir degisim oldugu gézlemlenmistir. Benzer
sonuglar, Hong vd. (2017) tarafindan Cin’de Jin Lan i¢me
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suyu kaynagindan alinan 6rneklerin farkli miktarlarda Cl, ve
ClIO, ile oksitlenmesi ile su sicakliginin 20°C’den 30°C’ye
¢tkarilmasi sonucunda meydana gelen THM olusum mik-
tarlarindaki artisin degerlendirilmesi ile ortaya konulmus-
tur. Konu ile ilgili yapilan benzer literatir ¢alismalari ince-
lendiginde bu ¢alismada elde edilen sonucu destekledigi an-
lagilmaktadir (Ammar vd. 2014). Bununla beraber, sicaklik
artisi ile klorlanmis TRG ve OLB su numunelerine oranla
BCG su numunelerinde meydana gelen THM olusumunun
biraz daha fazla oldugu gérilmektedir. Bu bulgu, BCG su
orneklerinde bromiir seviyesinin yiiksek olmasi neticesinde
klorlama iglemi ile meydana gelen HOBr iyonun daha yiik-
sek sicakliklarda klorla oksidasyon reaksiyonundan ziyade
organik bilesiklerle daha hizli bir sekilde yer degistirme reak-
siyonlar olugturmasi sayesinde daha fazla THM olusumuna
neden oldugunu gostermektedir. Ayni zamanda diger i¢cme
suyu kaynaklarina kiyasla daha yiiksek bromiir konsantras-
yonuna sahip ClO, ile oksitlenmis BCG 6rneklerinde CIO,
ile DOM arasinda gergeklesen hidroliz ve diger bozunma
reaksiyonlarina bagli olarak ClO, miktarinda daha fazla bir
azalmanin meydana gelebilecegini gostermektedir Bu sonu-
cu ilgili literatiirde yapilmis ¢alismalarda elde edilen benzer
sonuglar desteklemektedir (Zhang vd. 2015)

Karaelmas Fen Miih. Derg., 2022; 12(1):22-31

3.2. Bakiye Cl1O,, C10, ve C1O, Olusumunun

Incelenmesi

Sekil 3'de farkhi ClO, dozlarinda (2-10 mg/l) oksitlenen
TRG, BCG ve OLB su numunelerinde 24 saatlik reaksi-
yon siiresi sonundaki bakiye ClO, miktarlar1 gésterilmistir.
En disiik ClO, dozu ile oksitlenen TRG su 6rneklerinde
bakiye ClO, seviyeleri 0.05 mg/l, BCG su numunelerinde
0,03 mg/l ve OLB su 6rneklerinde ise 0,08 mg/l; en yiik-
sek ClO, dozu ile oksitleme islemi gergeklestirildiginde bu
miktarlar siras ile 0,49 mg/1, 0,35 mg/lve 0,58 mg/1 olarak
tespit edilmistir

24 saatlik reaksiyon siiresi i¢cinde uygulanan tiim CIO, doz-
larinda OLB ve TRG numunelerine gore en yiiksek baki-
ye ClO, konsantrasyonu OLB érneklerinde gozlenmistir.
Buna gore farkli C1O2 dozlari ile oksitlenen su kaynaklarin-
da organik madde konsantrasyonu yiiksek olan TRG su nu-
munelerinde daha fazla miktarda ClO, tiiketimi goriiliirken
en az ClO, tiiketimi TOK konsantrasyonu en disiik olan
OLB su 6rneklerinde tespit edilmistir. Avsar vd. (2017)
tarafindan t¢ farkli su kaynaginin en distik ve en yiksek
(0,25-1,5 mg/1) CIO, ile oksitlenmesi neticesinde C1O, ba-
kiye konsantrasyonlarinin 0,03-0,6 mg/l arasinda oldugu
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gozlenirken, en yiiksek bakiye konsantrasyonun TOK de-
geri en az olan numunelerinde gorildigu tespit edilmistir.
Ayni zamanda gegmiste konu ile ilgili yapilan ¢alismalarda
elde edilen benzer sonuglar bu bulgunun gegerliligini dog-
rulamaktadir (Hsu vd. 2016). CIO, ve CIO; i¢me suyu
kaynaklarinin ClO, ile oksidasyonu sonucunda meydana
gelen inorganik yan triinlerdir. ClO,” ve CIO," olusumu

0,8 ~

Bakiye CIO2 (mg/l)

Cl0, doz, (mg/l)

=TRG =BCG =0LB

Sekil 3. C1O, oksitlenmesi sirasinda goriilen bakiye C1O, kon-

santrasyonlart: (Reaksiyon zamani = 24 saat, pH = 7).

oksitlenme reaksiyonunda pH degerine gore degismekte-
dir. pH 7’de sularin oksidasyonu neticesinde C1O,” olusumu
Esitlik 5 ile verilmektedir (Avsar vd. 2017);

CIO,(aq) + e~ — CIO,- )

Esitlik 6 da gosterildigi gibi asidik pH (pH<3) degerlerinde
ise ClO, iyonu CI iyonuna doniismektedir.

CIO,- +4H" +4. — CI" + CIO;- + 2H,0 (6)

Yiiksek pH degerlerinde (pH =10) ise CIO, direkt olarak
Esitlik 7 de verildigi gibi klorit ve klorata dontigmektedir.

2CI10,+ H,O — 2H* + CIO»- + CIOs- (7)

Sekil 4de her bir igme suyu kaynagindan alinan su numune-
lerinin 2 ile 10 mg/1 ClO, ile oksitlendiginde meyana gelen
ClO, ve CIO; oranlan verilmektedir. Buna gore verilen
ClO, dozlarinda ClO," olusumunun CIO, den daha diisiik
oldugu gézlenmektedir. En yiiksek Cl1O, ve CIO;" olusu-
mu en yiiksek ClO, dozunda sirast ile, %69,7 ve %15,67
olarak OLB suyu numunelerinde goriilmiistiir. Bu sonug
ayni zamanda meydana gelen ClO, ve ClO; olusumlarinin
uygulanan ClO, ile su kaynaklarinin igerdigi dogal organik
maddenin yapsi ile iligkili oldugunu gostermektedir. Konu
ile ilgili literattirde yapilmis caligmalarda elde edilen benzer
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Sekil 4. CIO, ile
oksitlenmesi sonucunda
goriilen C1O, ve CIO
olusumlari; A) TRG,

1o B) BCG, C) OLB.

(CIO, dozlari: 2-10 mg/l,
Reaksiyon zamani = 24

saat, pH = 7).
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sonuglar bulunmaktadir (Geter vd. 2004, Chu vd. 2011).
Diger yandan, analiz edilen klorir konsantrasyonuna bagh
olarak BCG ham sularinda gézlemlenen ClO, olusumu-
nun TRG ve OLB’de meydana gelen CIO, olusumundan
biraz daha digiik seviyede oldugu tespit edilmistir. Bagka
bir ifade ile; kloriir konsantrasyonundaki artis C10,” olusum
miktarinin azalmasina neden olmaktadir. Sathpathy vd.
(2019) tarafindan Hindistan’da denizden, Palar nehrinden
ve Suwanee rezervuarindan alina su ornekleri farkli dozlar-
da (1-25 mg/1) CIO, ile oksitlenmis olup, en diisiik C1O,
olusumu kloriir konsantrasyonu (19000 mg/l) en yiiksek
olan deniz suyu orneklerinde gozlenmistir. Bu ¢alismada
en disiik ClO," olusumlari ise siras ile %8,23 ve %8,27 ile
TRG ve BCG orneklerinde tespit edilmistir. Bu ¢alisma-
nin da bir sonucu olarak normal kosullar altinda (pH = 7)
ClO, oksidasyonu sirasinda Esitlik (5) de verildigi gibi ge-
nellikle su numunelerinde ClO," baskin inorganik yan tiriin
olarak gorilmektedir, Buna karsilik, Esitlik 6 ve Esitlik 7
de belirtildigi tizere asidik ve bazik pH degerlerinde CIO,
oksidasyonu sirasinda ise su numunelerinde C1O,” olusumu
ile beraber daha yiiksek oranlarda ClO, iyonu olusumunun
da gortlebilecegi literatiirde ilgili ¢aligmalarla da desteklen-
mektedir (Stanford vd. 2011).

Bu sonuglar, 2-10 mg/l arasinda ClO, dozlarinda oksitle-
nen TRG, BCG ve OLB suyu numunelerinde genellikle
ClO,’in ClIO, e doniisiimiiniin %60’dan daha fazla, C10,’in
ClO,”a oraninin is %8 ile %15 arasinda oldugunu ortaya
koymaktadir. Al-Gouti vd. (2016) tarafindan Katarda desa-
linasyon tesisleri ¢ikislarindan, igme suyu rezervuarlarindan
ve musluk sularindan alinan 6rneklerin farkli dozlarda CIO,
ile oksitlenmesi sonucunda ClO,’in ClO, e doniisiim oranin
%50-%70 arasinda, ClO,”e dontsiim oranin ise %7-%10
arasinda oldugu ortaya koyulmustur. Konu ile ilgili litera-
tiirde yapilan 6nceki galismalarda farkli dozlarda ClO, ile
oksitlenen su numunelerinde C1O,’nin %60 ile %70’i C1O,,
%10-20 sinin ise ClO, doniistigii bilgisi yer almaktadir
(Sorlini vd. 2014, Han vd. 2017).

Bu ¢alismada her bir i¢me suyu kaynaginin i¢erdigi DOM’un
yapisinin THM olusumunda 6nemli bir yerinin oldugu or-
taya konulmustur. CL, ile oksitlenen ham su numunelerinde
meydana gelen THM miktarlar: siras1 ile; TRG > BCG»>
OLB olarak gézlemlenmis olup, ClIQ, ile yapilan oksitle-
me sonucunda ise THM miktarlarinda belirgin bir azalma
meydan geldigi tespit edilmistir. Diger yandan her bir su
kaynaginin ClO, ile oksitlenmesi sonucunda ortamda Cl1O,
iyonun en baskin olarak goriilen inorganik yan trtin oldugu
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tespit edilmigtir. Ayrica bu ¢alisma, dezenfeksiyon isleminin
klora alternatif olarak klor dioksit ile gerceklestirilmesi ha-
linde, insan saglig1 tzerinde kanserojen etkisi olan THM
gibi DYU'niin minimize edilerek tilkemizdeki igme suyu
aritma tesislerinde daha kaliteli bir igme suyu iretiminin
elde edilecegi potansiyelini sonuglari ile ortaya koymaktadir.
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Callinectes sapidusun (Mavi Yenge¢) Hepatopankreas Esteraz (E. C. 3.1.1.1)
Aktivitesine Metal Iyonlarinin (Zn?, Co%, Cd, Ni*?) in Vitro Etkilerinin Belirlenmesi

Determination of in Vitro Effects of Metal Ions (Zn*?, Co*?, Cd*?, Ni*?) on the Hepatopancreas Esterase
(E. C. 3.1.1.1) Activity of Callinectes sapidus (Blue Crab)

Salih Goérgin®

Sivas Cumhuriyet Universitesi, Fen Fakiiltesi, Biyokimya Bélimii, Sivas, Turkiye

Oz

Bu caligmada insanlar tarafindan besin olarak tiketilen bir yengeg tiirii olan Callinectes sapidus (Rathbun, 1896)nin hepatopankreas
esteraz (E. C. 3.1.1.1) aktivitesine ¢inko (Zn), kobalt (Co), kadmiyum (Cd), nikel (Ni) metallerinin etkileri in vitro olarak belirlenmistir.
Elde edilen sonuglara gére; aragtirilan tiim metal iyonlarinin hepatopankreas esteraz aktivitesi Uzerine inhibisyon etkisi sergilemekle
birlikte, IC, | degerlerinin 0.83 mM (Cd) ile 32.21 mM (Co) arasinda degisim gésterdigi bulunmugtur. Metal iyonlarinin inhibisyon
tipleri degerlendirildiginde, Zn ve Co un-kompetitif inhibisyona neden olurken, Cd ve Ni karigik tip inhibisyon sergilemislerdir. Elde
edilen veriler, cevresel metal kirliliginin belirlenmesinde mavi yengecin roliine biyokimyasal veriler sunmaktadir.

Anahtar Kelimeler: Ca/linectes sapidus, Hepatopankreas, Esteraz, Metal iyonlar:

Abstract

In this study, in vitro effects of zinc (Zn), cobalt (Co), cadmium (Cd), nickel (Ni) on the hepatopancreas esterase (E. C. 3.1.1.1)
activity of Callinectes Sapidus (Rathbun, 1896), a crab species consumed as a food by humans, were investigated. According to the
obtained results; IC_ values were found to vary between 0.83 mM (Cd) and 32.21 mM (Co), in addition to the inhibition effect of all
the metal ions investigated on the hepatopancreas esterase activity. When assessed the inhibition types of the metal ions investigated,
while Zn and Co caused un-competitive inhibition, Cd and Ni had exhibited mixed type inhibition. The data obtained provide
biochemical data on the role of blue crab in determination of environmental metal pollution.

Keywords: Callinectes sapidus, Hepatopancreas, Esterase, Metal ions

1. Giris saglayan biyokimyasal mekanizmalar ile bagdastirilmakta-

Organizmalar metabolik fonksiyonlarini diizenlemek icin durlar. Bununla birlikte, e'sz%n31ye.1. metallefm regiile e.dllm1§
inko (Zn) gibi (esansiyel) bazt metallere gereksinim du- konsantrasyonlarinda cesitli faktorlere bagh olarak bireysel
¢ bir organizmada ve bireyler arasinda farkliliklar olabilecegi

de bildirilmektedir. Kadmiyum (Cd) ve civa (Hg) gibi esan-

siyel olmayan metaller s6z konusu oldugunda, bu metaller

yarlar. Bununla birlikte, kadmiyum gibi (esansiyel olmayan)
metallerin organizmalarda metabolik roliniin bulunmadig:
bildirilmektedir (Cresswell vd. 2015). Dekapod krustaseler-

de bakir (Cu) ve cinko gibi esansiyel metaller, organizmanin metabolik olarak regiile edilmezler ve maruz kalmaya bagh

olarak dokulardaki konsantrasyonlar: degisiklik gostermek-
tedir (Turoczy vd. 2001).

metale maruz kalmasina bakilmaksizin belirli bir dokuda
metalin goreli bir sabit konsantrasyonda kalmasina olanak
Agir metaller onemli ¢evresel kirleticiler arasinda yer alip
(Liu vd. 2014), akuatik omurgasizlardaki metal birikimi

beslenme yoluyla insan saghgini etkilemesi nedeniyle son

*Sorumlu yazarin e-posta adresi: sgorgun@cumhuriyet.edu.tr donemlerde dikkat ¢ekici bir konu haline gelmistir (Zhang
Salih Gorgiin ® orcid.org/0000-0002-2121-2577 vd. 2019). Metallerin biyolojik birikiminin (biyoakiimiilas-

yon) dogasinin, genellikle organizmanin belirli bir stirecte
@ (D 1. coor Creative Commons Alnt-GayriTicari-4.0 sadece bir metal yerine, bir¢ok farkli metalin bir karigtmina
TN Uluslararasi Lisanst” ile lisanslanmugtir:
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maruz kalmas: nedeniyle olduk¢a karmasik oldugu bildiril-
mistir (Cresswell vd. 2015). Organizmalar tarafindan alinan
metallerin toksik etkilerini sarf edebilecekleri seviyeler me-
tale gore ve organizmalar arasinda farkhiliklar gostermekle
birlikte, akuatik omurgasizlarda bu metallerin alinis, biyoa-
kimiilasyon ve toksisite mekanizmalar1 Rainbow ve Luoma
(2011) tarafindan genis bir gekilde tartigilmigtir. Akuatik
dekapodlar arasinda, nehir agzi ve kiyt ekosistemlerinin
anahtar tiirlerinden olan yengecler tipik olarak bentik orga-
nizmalardir ve ylizey sedimentinde yagamalarinin yani sira,
kontamine olmus sedimentler arasinda yagayan organizma-
lar1 besin olarak kullanmalari (Zhao vd. 2012, Cheng vd.
2017, Cheng vd. 2018) ve insana kadar ulagan akuatik besin
aginda, toksik bilesenlerin daha ust trofik seviyelere tagima-
larindan dolay: ekotoksikolojik ¢aligmalarin odagindadirlar
(Peterson vd. 2002). Bahsedilen bu ekolojik karakteristik-
leri nedeniyle yengegler, cevresel metal kontaminasyonla-
rinin izlenmesinde kullanilan 6nemli biyo-indikator tiirler
arasinda yer alirlar (Arya vd. 2014). Cevresel kirletici olarak
metaller, krustaselerde enzim ve hormon sitemlerine etki
ederek organizmanin hayatta kalma, gelisim ve Greme gibi
faaliyetlerini etkilemektedirler. Bu esnada, ozellikle asetil-
kolinesteraz ve esterazlarin da yer aldig1 cesitli enzimlerin
aktivitelerinde degisimler saptanmaktadir (Elumalai vd.
2005). Bu enzimlerde ¢evresel kirliligin izlenmesinde indi-
kator olarak kullanilan molekiler araglardir.

Omurgasizlarda hepatopankreas, metabolik ve fizyolo-
jik reaksiyonlar agisindan son derece aktif bir organ olup,
omurgalilarin karaciger, pankreas ve ince bagirsagina ana-
logdur (Lima vd. 2013). Ayrica hepatopankreas esteraz ak-
tivitesinin krustaselerde detoksifikasyon basta olmak tzere,
vitellogenez, oogenez, hormon metabolizmas: ve sinir im-
pulsu kontrolii gibi ¢ok 6nemli fizyolojik reaksiyonlar igin
esansiyel oldugu bildirilmektedir (Franceschini-Vicentini
vd. 2009; Frasco vd. 2010; Lima vd. 2013). Ayrica, agir
metallerin metabolik agidan aktif organlar olan solungag ve
o6zelliklede hepatopankreas dokusunda birikime ugradiklar
belirtilmektedir (Cogun vd. 2017).

Callinectes sapidus mavi yengeg olarak bilinmektedir ve pro-
tein agisindan zengin olmasi nedeniyle son dénemlerde in-
sanlar tarafindan besinsel tiiketimi ve ekonomik degerinin
giderek arttigi anlagilmaktadir. Literatirde mavi yengeg
dahil diger yenge¢ tirlerinin ¢esitli dokularindaki metal bi-
rikiminin seviyeleri ve metal kontaminasyonuna bagli olarak
baz: enzimlerin aktivitelerindeki degisimleri belirlemeye y6-
nelik ¢aligmalar bulunmasina ragmen, biyo-indikatér olarak
kullanilan enzimlerin inhibisyon kinetigine dair ¢aligmalar
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yok denecek kadar azdir. Bu nedenle, ¢aligmamizda, C.
sapidus’un metabolik ve fizyolojik siireglerinde kritik roller
oynayan hepatopankreas esteraz aktivitesine Zn, Co, Cd ve
Ni metallerinin etkilerinin iz vifro olarak aragtirilmasi ve
sergiledikleri inhibisyon tiplerinin belirlenmesi amaglan-
migtir.

2. Gereg ve Yontemler
2.1. C. sapidus Orneklerinin Saglanmas

Calismada kullanilan Callinectes sapidus (Rathbun, 1896)
ornekleri Mugla Ili Koycegiz Dalyan’indan elde edilmistir.
Laboratuvara  getirilen  6rneklerin  hepatopankreaslar:
buzlu ortamda diseke edilmis ve ¢aligilana kadar -20 °C’da

muhafaza edilmisgtir.
2.2. Homojenat Hazirlanmasi

Homojenat hazirlanmasi Althalji ve Gorgtin (2019)’a gore
bazi modifikasyonlar ile yerine getirilmigtir. Bu amagla
orneklerden elde edilen 5 gram hepatopankreas dokusu,
Ultra-Turrax T 25 homojenizatoérde 25.000 devir/dk hizda
3 dakika stresince 50 mM Tris-HCI (pH 7.40, 1 mM
DTT, 1 mM EDTA) tamponunda homojenize edilmistir.
Elde edilen homojenat 4000 rpm’de 10 dk santrifiij edilmek
suretiyle kaba partikillerin ¢oktiriilmesi saglanmis ve
ustteki sipernatant alinarak enzim aktivitesi ¢caligmalarinda
kullanilmigtar.

2.3. Enzim Aktivitesi Tayinleri

Esteraz aktivitesi 6l¢imleri 405 nm dalga boyunda ve
4-nitrofenil butirat (p-NPB) substrat: kullanilarak ¢ift 151n
yollu spektrofotometrede gerceklestirilmistir. Aktivite tipi
20 pLL 6rnek, asetonitril igerisinde ¢6ziinmis 50 mM p-NPB
substratinin 20 pL’si ve 960 pL aktivite tamponundan (%
4 etanol iceren pH 8.0 Tris-HCI) olugsmus ve 30 °C’da
aktivite olgtimleri gerceklestirilmigtir (Althalji ve Gorgln,
2019). Kor tupinde enzim ¢ozeltisi yerine ayni hacimde
aktivite tamponu kullamilmigtir. Hepatopankreas esteraz
aktivitesi i¢in degisen substrat konsantrasyonlar1 (0.05
mM, 0.125 mM, 0.25 mM, 0.50 mM ile 1 mM final
konsantrasyondaki bes farkli noktada) ile kadmiyum (0.3,
0.5 ve 0.8 mM), ¢inko (1.5, 2.5 ve 4 mM), kobalt (10, 15
ve 20 mM) ve nikel (5, 10 ve 20 mM) metalleri ile inkiibe
edilmigtir. Kor tipi her bir 6l¢im i¢in 6rnek tiptundeki
metal iyonunun konsantrasyonunu icermistir. Belirtilen bu
deney kosullarinda esteraz aktivitesi rutin enzim aktivitesi
tayinine gore belirlenmek suretiyle kontrol ve inhibitor
bulunan tiiplere ait elde edilen hizlardan Lineweawer-
Burk egrisi cizilerek her bir metal i¢in inhibisyon kinetigi

33



Gorgiin / Callinectes sapidusun (Mavi Yengeg) Hepatopankreas Esteraz (E. C. 3.1.1.1) Aktivitesine Metal 1yonlar1n1n

(Zn*?, Co*?, Cd*?, Ni*?) in Vitro Etkilerinin Belirlenmesi

belirlenmistir. Ayrica caligilan metal iyonlarinin farkh
konsantrasyonlar1 kullanilarak IC,  degerleri belirlenmistir.

3. Bulgular

C. sapidus hepatopankreas esteraz aktivitesi tizerine Cd, Co,
Zn, Ni metal iyonlariin inhibisyon tipleri, IC, ve K. de-
gerleri Cizelge 1'de goriilmektedir. Hepatopankreas dokusu
esteraz aktivitesi lizerine inhibisyon etkisi gosteren metal
iyonlarinin IC_ degerleri, 0.83 mM (Cd) ile 32.21 mM
(Co) arasinda oldugu belirlenmistir. Bu veriler Cizelge 1 ve
Sekil 5’te sergilenmigtir. Hepatopankreas kas dokusu este-
raz aktivitesi Gizerine metal iyonlarinin sergilemis olduklar:
K. degerlerinin Zn igin 0.508 mM ($ekil 1), Cd igin 0.692
mM (Sekil 2), Ni i¢in 8.672 mM (Sekil 3) ve Co i¢in ise
14.651 mM (Sekil 4) oldugu bulunmugtur. Caligmamizda
hepatopankreas esteraz aktivitesi tizerine en yiliksek inhibis-
yon etkisi gosteren metallerin ¢inko ve kadmiyum oldugu
belirlenmistir. En az inhibisyon etkisine sahip olan metalle-
rin ise kobalt ve nikel oldugu gorilmektedir.

4. Tartigma

Calismamizda elde edilen sonuglar, insan beslenmesi, eko-
nomik ve ekolojik acidan énemli konumdaki bir yenge¢
tirii olan C. sapidus’un hepatopankreas esteraz aktivitesinin
aragtirmamizda kullanilan agir metallere (Zn, Cd, Co ve
Ni) duyarl: oldugunu gostermektedir. Bu duyarliligin farkl
metal iyonlarinda farkli derecelerde oldugu goz 6niine alin-
diginda, ¢alismamizda elde edilen veriler, IC, | degerlerinin,
Cizelge 1 ve Sekil 5’te gorildigu tizere, en dusikten en
yiiksege dogru Cd, Zn, Ni ve Co siralamasinda oldugunu
gostermektedir. Elde edilen bu bulguya gére, hepatopank-
reas esteraz aktivitesine en yiksek inhibisyon etkisine sahip
olan metal iyonu kadmiyumdur. Esansiyel olmayan ve ¢ok
dusiik konsantrasyonlarda dahi toksik olabilecegi belirtilen
(Soegianto vd. 2013; Zhang vd. 2019) bir metal iyonu ola-
rak kadmiyum, yenge¢ dokular: tarafindan metabolik olarak
regiile edilememektedir. Ayrica, tilkemiz sularindan topla-
nan mavi yenge¢ 6rneklerinde degerlendirildigi tizere, ¢ev-
resel kirliligin belirlenmesinde énemli bir indikatér oldu-

Cizelge 1. Callinectes sapidus (mavi yengeg) hepatopankreas esteraz aktivitesi tizerine metal iyonlariin inhibisyon tipleri, IC_ ve

K, degerleri.
. HEPATOPANKREAS
Inhibitor .
fyon K Inhibisyon
(mM) Tipi
Cd* 0.835 0.692 Karigik tip
Zn* 1.384 0.508 Un-kompetitif
Ni* 18.140 8.672 Karisik tip
Co* 32.210 14.651 Un-kompetitif
1§
0.9
0.8
0.7
0.6
0.5
x
0.4
B ! /
-50 30
0.1 1/s
0
-25 -20 -15 -10 -5 0 5 10 15 20 25
# kontrol B1.5mM A25mM X4mM -0.1
#® kontrol M0,3mM A0,5mM X0,8mM

Sekil 1. Cinko’nun (Zn) farkli konsantrasyonlarimin C. sapidus

hepatopankreas esteraz aktivitesi Gzerine etkisi.
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Sekil 2. Kadmiyum’un (Cd) farkli konsantrasyonlarinin C.

sapidus hepatopankreas esteraz aktivitesi tizerine etkisi.
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gu belirtilmektedir (Turkmen vd. 2006; Cogun vd. 2017).
Kadmiyumun birikimi Pseudocarcinus gigas (Turoczy vd.
2001), Cancer irroratus (Chou vd. 2002) ve Eriocheir sinensis
(Cheng vd. 2018) gibi diger yengeg tiirlerinden de deger-

lendirilmistir.

Caligmamizda hepatopankreas esteraz aktivitesi Uzerine
kadmiyumdan sonra en fazla inhibisyon etkisi gosteren me-
tal iyonu ¢inkodur. Ayrica aragtirilan metal iyonlar icerisin-
de en diisiik K. degeri (0.508 mM) ¢inko igin belirlenmistir.

Metabolik olarak gereksinilen ve esansiyel bir metal olan

-15

+ kontrol u5mM A10mM X20mM

1/s

# kontrol

E10mM A15mM X20mM

Sekil 3. Nikelin (Ni) farkli konsantrasyonlarinin C. sapidus

hepatopankreas esteraz aktivitesi tizerine etkisi.

Sekil 4. Kobalt'in (Co) farkh konsantrasyonlarinin C. sapidus

hepatopankreas esteraz aktivitesi tizerine etkisi.
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Sekil 5. Metal iyonlarinin IC_ degerlerinin belirlenmesi. A) Zn, B) Cd, C) Ni, D) Co
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¢inkonun dokularda ¢ok fazla birikime ugramadigi daha
onceki ¢aligmalarda (Turoczy vd. 2001; Cresswell vd. 2015)
vurgulanmakla birlikte, calismamizda kullanilan diger iyon-
lar olan kobalt ve nikel ile kargilagtirildiginda, kadmiyuma
benzer bir sekilde, ¢cinkonun da diisik konsantrasyonlarinin
hepatopankreas esteraz aktivitesi tizerinde 6nemli inhibis-
yon etkisine yol agtig1 gérilmustir.

Gerek IC, gerekse K. parametreleri agisindan en yiiksek
degerler sirasiyla kobalt ve nikel iyonlari i¢in belirlenmisgtir.
Bu veriler kobalt ve nikelin C. sapidus hepatopankreas este-
raz aktivitesi tizerinde inhibisyon etkisinin oldugunu gos-
termekle birlikte, kadmiyum ve ¢inkoya gére daha az inhi-
bisyon sergileyen metaller olduklarini 6nermektedir. Nikel
ve kobaltin sucul omurgasizlardaki etkilerini degerlendiren
calismalarin olduke¢a sinirhi sayida oldugu gorilmektedir.
Nikelin bazi hayvansal organizmalarda mikro-esansiyel
element oldugu ve agir1 miktarlarinin sucul organizmalarin
davranis, biiytime, gelisim ve tremesini etkiledigi bildiril-
migtir (Verma 2012). Vitamin B ’nin yapisinda bulunan
kobaltin iz miktarlar: canlilar i¢in esansiyel olmakla birlik-
te, cevresel konsantrasyonlarinin sucul organizmalardaki
risk etkileri neredeyse belirsizdir (Stubblefield vd. 2020).
Sonug olarak, sucul omurgasizlarda agir metallerin doku-
lardaki birikimlerini ve miktarlarini saptamaya yonelik ¢ok
sayida ¢alisma olmasina kargin, metabolik enzimler tizerin-
de sergiledikleri inhibisyon tiplerini belirleyen ¢alismalarin
oldukga sinirli oldugu gérilmektedir. Yapilan bu ¢aligma ile
mavi yengeg hepatopankreas esteraz aktivitesinin ¢aligmada
kullanilan ve inhibisyon seviyeleri farkli olan metallere karst
duyarli oldugu gorilmiis ve ¢evresel metal kirliliginin belir-
lenmesinde 6nemli bir belirte¢ enzim olabilecegi kanisina

vartlmigtir.
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Abstract

Tumor hypoxia is a restrictive factor for cancer treatment. Ozone therapy, used to decrease or prevent the hypoxia in tumor. In this
study, it is aimed to use ozonized oil nanoemulsions (OZNEs) to overcome the limitations of ozone therapy in cancer research. The
influence of OZNE against cancer cell lines is evaluated by Reactive Oxygen Species (ROS) and yH2AX assays. For both B-16
melanoma and OV-90 cell lines, ROS production levels increased due to the increase in OZNE doses (0.85% to 14.88% and 1.94%
to 58.58% for B-16 and OV-90 cell lines, respectively). 5-fold higher yH2AX cell positivity’s determined in OV-90 cells compared to

B-16 melanoma cells. OZNE treatment could provide a new effective method to damage cancer cells in the future.

Keywords: Ozonized oil, Nano, yH2AX, ROS, B-16 melanoma, OV-90 ovarian

Oz

Tumér hipoksisi, kanser tedavisinde tedaviyi kisitlayan bir faktordiir. Ozon terapi, tumor hipoksisini azaltmak ya da 6nlemek amach
kullanilir. Bu ¢aligmada, kanser tedavisinde ozon terapinin kisitlamalarinin dstesinden gelmek i¢in, ozon yagi nanoemiilsiyonu
(OZNE) kullanimi amaglanmaktadir. OZNE’nin kanser hiicre hatlarina olan etkisi, Reaktif Oksijen Tturevleri (ROS) ve yH2AX
testleri ile degerlendirilmigtir. B-16 melanoma ve OV-90 over hiicre hatlarinin her ikisinde de, ROS tretimi OZNE doz artis1 ile
artmigtir (B-16 melanoma igin %0.85’den %14.88¢, OV-90 over icin %1.94'den %58.58%¢), OV-90 over hiicreleri yH2AX hiicre
pozitifligi B-16 melanom ile kiyaslandiginda 5 kat fazla artig gostermistir. OZNE tedavisi gelecekte kanser hiicrelerine hasar verecek
yeni etkili bir yéntem saglayabilir.

Anahtar Kelimeler: Ozon yagi, Nano, YH2AX, ROS, B-16 melanoma, OV-90 over

1. Introduction et al., 1996; Plasswilm et al., 2000; Young et al., 1988). Gray
) . et al. have shown that resistance to radiotherapy increased
Cancer is most common cause of death, despite a new tech- ) ] )
. 2.5-3 times and apoptosis decreased in the presence of tu-
niques have been developed to for cancer treatment. Tumor

hypoxia is most important factor affecting the success of
cancer treatment (Van Meir, 1996) and increase the risk of
angiogenesis, metastasis and resistance to treatment (Brizel
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mor hypoxia (Gray et al., 1953).

Ozone, which is a reactive molecule, degrades in aqueous
mediums and is converted to oxygen (Strickland & Perkins,
1995). In clinical applications ozone is used in high con-
centrations for disinfection and at low concentrations to
accelerate wound healing and epithelization. It is also used
as an alternative therapy in the treatment of advanced isch-
emic diseases, diabetic foot, viral infections, fungal infec-
tions, burns, dentistry, cancer, etc (Bocci et al., 2000; Clavo
et al., 2004; Stoker, 1902). In recent years, there have been
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pilot studies examining ozone therapy and tumor hypoxia.
These studies show that ozone increases oxygenation in hy-
poxic tumors (Clavo et al., 2004). To date, few studies have
demonstrated the effect of ozone on cancer cells. Among all,
ozone has been shown to decrease cellular viability by apop-
tosis (Klestadt et al., 2005). Sweet e al. reported the effect
of different concentrations of ozone on the growth of lung,
breast, and uterus cancer cells. The presence of 0.3 ppm, 0.5
ppm, and 0.8 ppm ozone inhibited cancer cell growth 40%,
60%, and more than 90%. In the presence of 0.5 ppm ozone,
growth rates of cancer cells are lower than noncancerous
cells (Sweet et al., 1980). In another study, Simonetti ez a/.
investigated the influence of ozone with 5-Fluorouracil and
cisplatin in human colon cancer cell (HT29) and reported
that ozone with 5-FU and cisplatin decrease cell viability
and increase cytotoxicity by 15-20% (Simonetti et al., 2017).
Moreover, to date, most of these studies have focused on
DNA synthesis and metastatic potential, which inspire al-
ternative cancer therapy applications nowadays (Young et

al., 1988).

Ozonized oils are obtained from reaction of ozone with
vegetables oils and preferred more than ozone as they have
high solubility, absorption and easy application (Serio et al.,
2017; Travagli et al., 2010). Ozone affects the intracellular
signaling systems (Travagli et al., 2010) and ozonized oils
are frequently used in medical applications since ozonized
oils overcome the difficulties of ozone during its applications
(i.e. high reactivity of ozone gas, low solubility, and low
absorption)(Serio et al., 2017; Travagli et al., 2010).

In this study, we aimed to investigate the influence of
ozonized oil nanoemulsions (OZNEs) on cancer cells
because the effects of hypoxia and the therapeutic activity
of oxygenation in cancer cells are critical. The novelty
of this study relies on the ozone nanoemulsion dose-
dependency effect in different cancer cell lines, allowing us
to evaluate ROS production and yYH2AX cell positivity. In
this regard, B-16 melanoma and OV-90 ovarian cell lines
were incubated with OZNE at different concentrations.
Subsequently, in vitro cellular activities of both cell lines
have been determined by ROS, and yH2AX assays (Figure
1).

2. Materials and Methods

Ozonized oil was obtained from Aktifoks Ozonid (Izmir,
Turkey). Peroxide value, iodine value, and acidity of ozonized
oil were determined as described previously (analyzed by

TUBITAK-MAM, Turkey) (Aydin & Kazanci, 2018).
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Nanoemulsions were prepared using the emulsion inversion
point (EIP) method as described in our previous study
(Aydin & Kazanct, 2018). In this study, the OZNE has been
prepared under pre-defined optimized conditions (750 rpm
mixing rate, surfactant/oil (2:1)). Zeta potential and size
distribution of nanoemulsions were analyzed with dynamic
light scattering (DLS) with Zetasizer Nano-S (Malvern,
England). Scanning electron microscopy (SEM) was
conducted on nanoemulsions for imaging the nanoemulsion
morphology using a field emission scanning electron
microscope (FEI Quanta, FEG450) with an operating
voltage of 7 kV. Malignant melanoma mouse B-16 cell line
and human ovarian OV-90 cell line have been purchased

from ATCC (Germany).
2.1.In Vitro Cell Culture Studies

B-16 mouse melanoma (B16, ATCC CRL-6475) cells
and OV-90 ovarian cancer cells (OV-90, ATCC CRL-
11732) were cultured in RPMI 1640 medium (Sigma,
Germany) supplemented with 10% fetal calf serum (FCS,
(Sigma, Germany), %10 L-glutamine (Sigma, Germany)
and 1% penicillin/streptomycin (Sigma, Germany). After
the cells reached 80-85% confluence, before cell seeding,
the cells were digested with 0.25% trypsin—-EDTA (Sigma,

Figure 1. Schematic illustration of OZNE treated B-16
melanoma and OV-90 ovarian cell lines assessed DNA damage,

ROS, and yH2AX assays.
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Germany), centrifuged, and resuspended in medium. Then,
the cells were conducted in sterile 12-well tissue culture
polystyrene (TCPS) dishes in stationary conditions at
37°C in a humidified CO, (5%) atmosphere (Heraeus
Instruments, Germany). 2 mL of cell suspension at a
density of 5x10° cells ml"! (RPMI 1640 supplemented with
10% FBS (and 1% penicillin-streptomycin) was incubated
in 12-well plates for 3 days. Then, B-16 melanoma cells
and OV-90 ovarian cells were incubated with (OZNE)
doses (1 pl OZNE dose=0.015 pl ozonized oil) sterilized
by filtering through 0.22 pm filter (Milipore, Sigma) were
for 60 min at 37°C according to our previous study (Yal¢in
et al., 2021). Experimental groups were defined as control
(without OZNE), OZNES (5 pl/well), OZNE10, (10 pl/
well), OZNE20 (20 pl/well), OZNES50 (50 pl/well), and
OZNE100 (100 pl/well) and optical microscopy images
of the cells exposed to different concentrations of OZNEs
were shown in our previous study (Yal¢in et al., 2021).

2.2. Reactive Oxygen Species (ROS) by Flow Cytometry

ROS determination by flow cytometry was assessed with
the principle of determining the conversion of 2’7’-dichlo-
rofuorescin d, acetate (DCFDA) to 2’7’-dichlorofluresce-
in (DCF). B-16 and OV-90 cells treated with all OZNE
groups were incubated with DCFDA (10 pM, Sigma) at
37°C for 30 minutes, and then conducted to flow cytometry
device (Beckman coulter, USA). The ROS assay kit (Sigma,

Germany) was used according to the instructions of manu-

facturer. The percentage of fluorescence caused by DCF was
determined.

2.3. Evaluation of YH2AX Positivity by Flow Cytometry
B-16 and OV-90 cells treated with all OZNE groups

were incubated on the 12 well plates using flow cytometry.
Phosphorylated H2AX histone proteins have interacted
with primary antibodies. After 30 minutes of incubation
at room temperature, staining has been done with labeled
with FITC. The H2AX DNA damage assay kit (Beckman
Coulter, FL) was used according to the instructions of
manufacturer.

2.4. Statistical Analysis

Data are expressed as means + standard deviation of three
similar experiments carried out in triplicate. Statistical anal-
ysis was performed by one-way analysis of variance (ANO-
VA) with Tukey’s post hoc test for multiple comparisons us-
ing Graph-Pad Instant (GraphPad Software) statistics pro-
gram. p>0.05, p <0.05, p <0.01, and p <0.001 represent sta-
tistically no significant values, statistically significant, very
significant, and extremely significant values, respectively.

3. Results and Discussion

Figure 2 demonstrates DLS results and SEM image
of ozonized oil nanoemulsion. SEM image approved
homogenously distributed and spherical nanoemulsions

(Figure 2A), confirmed by polydispersity index (PDI) value

Size Distribution by volume
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Zeta Potential Distribution

Total Counts
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PDI:0.136

Figure 2. A) SEM image of
OZNE, B) mean size distribution
of OZNE and C) zeta potential
distribution of OZNE.
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of nanodroplets dispersed in emulsion (PDI: 0.136) (Figure
2B). Prepared nanoemulsion average size and zeta potential
values were 212.9+0.7 nm -22.5+05 mV, respectively (Figure
2B and 2C).

3.1. Evaluation of Reactive Oxygen Derivatives (ROS) by
Flow Cytometry

The increase of ROS production in the cell plays an
significant role in the initiation of apoptosis by causing
damage to the cell membrane, deterioration in intracellular
protein structure and functions, structural damage in
DNA and loss of function in the cell (Bayr, 2005). ROS
affects DNA and rapid cellular division more. After the
discovery of these qualifications of ROS, ROS release
concentration has become more and more important. ROS
is a side product of normal cell metabolism and can be
either beneficial or harmful depending on the concentration
and location (Bhardwaj et al., 2016). In this study, the
percentage of fluorescence caused by DCF was measured
by flow cytometry in order to determine ROS derivatives
on both B-16 melanoma and OV-90 ovarian cells treated

with OZNE nanoemulsions. OV-90 ovarian cells were
used in order to investigate the effect of OZNE treatment
regarding different cancerous cell types by exploring ROS
derivatives and YH2AX positivity.

Figure 3 demonstrates ROS histograms of B-16 melanoma
cells. As seen from Figure 3, ROS levels in B-16 melanoma
cells were gradually increased from 0.85% in control group
to 14.88% in the OZNE100 group due to the increase in
nanoemulsion concentration. Additionally, it is noteworthy
that a significant increase was determined in ROS levels of
OZNES50 and OZNE100 groups (~9-fold and ~17-fold,
respectively) compared to the control group. Thus, ROS
levels in B-16 melanoma cells were evaluated as OZNE
concentration-dependent. Previously, Alarifi ez a/ studied
the cellular ROS production and apoptosis efficiency of Pd
nanoparticles in human malignant melanoma cells. When the
fluorescence percentages of cells with different concentrations
of Pd nanoparticles were examined after 24 and 48 hours, an
increase in ROS was observed depending on the increase in
nanoemulsion concentration (Alarifi et al., 2017).

00 4

800
= g00
2 =
ﬂ A: 1.63%

200 4

2004

. 0P 0! 0 10°

© FL1 INT

SSINT

10004 0004
800+ 8004
E 00+ E 600
B w0 e
100 200
o - ° o
w W
@ FL1 INT
000 1000 -
L& 8O0 ~
. 600
z | E
- A:282% s
200 200
s et g E P

@ FL1INT @

FL1 INT @

FL1 INT

Figure 3. ROS Histograms of B-16 melanoma cells treated with different concentrations of OZNE; A) Control B) OZNES5,
C) OZNE10, D) OZNE20, E) OZNES50, F) OZNE100 (X-axis (FL1 INT) represents the intensity of fluorescence in the red
spectrum and Y-axis (SS INT) represents the intensity of side scatter).
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Essential oils and their components have high anticancer
potential due to the fact that they induce ROS. However,
there are not many studies on the nanoemulsion forms of
these oils. Khan ez a/. investigated the anticancer potential
of the carvacrol nanoemulsion in human adeno carcinoma
A549 cells and the carvacrol nanoemulsion treatment
showed an increase in ROS levels, and this induced
apoptosis (Khan et al.,2018). Our results showed in a similar
manner with previous reports in the literature. Thus, it can
be suggested that the increase of ROS levels in OZNE
nanoemulsion treated cells induced apoptosis, which also
confirms apoptosis studies.

Figure 4 demonstrates flow cytometry histograms showing
ROS levels of OV-90 cells treated without and with OZNE
nanoemulsions. Results showed an increase in ROS levels
from 1.94% (control) to 58.58% (OZNE100 group) due to
the increase of OZNE concentration within OV-90 cells
(Figure 4). OV-90 cells displayed ~22- and ~30-fold higher
levels in OZNES50 and OZNE100 groups, respectively,
compared to control groups.

3.2. Evaluation of yH2AX Positivity by Flow Cytometry
Method

Double-stranded DNA break is the most dangerous DNA
damage. Even a single double-stranded break that is not
repaired results in cell death (Jackson, 2002; Sonoda et al.,
2006). Many anticancer drug studies are also being studied
as an inducer of DNA double-stranded break. yH2AX
is a new cancer biomarker to evaluate DNA damages
(Bassing et al., 2003) in cancer treatment and follow-up
(Kuo & Yang, 2008). yH2AX positivity is a method that
allows the physical locations of DNA damage to be viewed
by fluorescent methods (Nikitaki et al., 2020). H2AX is a
member of the H2A family, it is phosphorylated at regions
where double-stranded DNA breaks occurs and is named
yH2AX . The presence of YH2AX in the environment means
DNA damage and double-stranded break (Kuo & Yang,
2008; Rogakou et al., 1998; Stiff et al., 2004). In the current
study, we hypothesized that while undergoing OZNE
treatment, double-strand DNA breaks were induced in
B-16 melanoma and OV-90 cell lines. Here we benefited
by the yH2AX assay to investigate the phenomenon. The
investigation also compares the cumulative cell damage
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Figure 4. ROS Histograms of OV-90 ovarian cells treated with different concentrations of OZNE; A) Control B) OZNES,
C)OZNE10, D) OZNE20, E) OZNES0, F) OZNE100 (X-axis (FL1 INT) represents the intensity of fluorescence in the red
spectrum and Y-axis (SS INT) represents the intensity of side scatter).
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which is hypothesized to occur depending on OZNE

concentration.

Figure 5 demonstrates H2AX positive B-16 cell population
levels without and with OZNE nanoemulsions. According to
the histograms, YH2AX positive cells were 0.52% in control
group, the positive cells increased to a value of 12.55% and
17.06% in OZNE50 and OZNE100 groups, respectively
(Figure 5).This is ~24- and ~33-fold increase suggesting that
the yH2AX is expressed at a higher level with the recruitment
of repair enzymes, and their active participation in the DNA
damage repair pathway. When the cells exposure OZNE
nanoemulsion, YH2AX positive cells gradually increased
(Figure 5). This suggests that DNA damage was caused by
exposure to high OZNE concentrations, which is associated
with programmed cell death.

yH2AX positive OV-90 cell levels without and with OZNE
nanoemulsions were represented in Figure 6. According to
the histograms, a significant increase in yH2AX levels was
determined in OZNES50 (64.74%) and OZNE100 (71.89%)
groups compared to control (3.52%) (Figure 6). This leads
to approximately 18- and 20-fold high levels, respectively.
The results clearly demonstrate that the increase in OZNE

concentration gradually increases YH2AX cell positivity in
both B-16 melanoma and OV-90 cell lines.

3.3. Evaluation of Cell Lines Under ROS Production and
yH2AX Positivity

Different cell types have comparable DNA-repair capacity.
It is well-known that malign melanoma has high a resistivity
(Miller & Mihm Jr, 2006; Trott, 1991) throughout the
treatment and overcomes sublethal DNA injuries compared
to the other tumor cells (Jones et al., 2001). Previously it
was shown that B-16 melanoma and OV-90 ovarian cells
exhibited different YH2AX positivity and ROS production
due to their DNA repair capacity (Bocker & Iliakis, 2006).

In this study, the effects of OZNE nanoemulsion
concentration in different cells were highlighted in terms
of determining the increase of ROS production in cells. It is
likely that OZNE treatment contributed to ROS production
in both B-16 melanoma and OV-90 cells (Figure 7A).
Moreover, it should be mentioned that high concentrations
of OZNE nanoemulsions (OZNE50 and OZNE100)
strongly supported ROS production influencing cell
apoptosis.
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Figure 5. yH2AX Histograms of B-16 melanoma cells treated with different concentrations of OZNE; A) Control B) OZNES5,

C) OZNE10, D) OZNE20, E) OZNES50, F) OZNE100.
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Figure 6. yH2AX Histograms of OV-90 ovarian cells treated with different concentrations of OZNE; A) Control B) OZNES5,

C) OZNE10, D) OZNE20, E) OZNES50, F) OZNE100.

Approximately 6- and 4-fold higher ROS production was
determined in OV-90 cells compared to B-16 melanoma
cells treated with OZNES50 and OZNE100 groups,
respectively (Figure 7A). Figure 7B shows approximately
5- and 4-fold higher yYH2AX levels were determined in
OV-90 cells compared to B-16 melanoma cells treated with
OZNE50 and OZNE100 groups, respectively.

Oxygen and its mimics act through a mechanism of
damage fixation utilizing electron affinity. Some chemicals
developed from free radicals have shown promising
prospects or have already been used clinically. Although
great progress has been made in this direction, there are
still some obstacles hindering clinical translation, such as
adverse effects of hyperbaric oxygen, lack of structure types,
lack of optional active groups with ‘oxygen effect’ and lack
of tumor specificity (Churchill-Davidson, 1964; Overgaard,
2007). In this study, an emerging nanoplatform, which was
developed to regulate the level of ROS such as H,O, and
‘OH, served carriers of ozone. ROS can mediate signal
transduction, oxidize proteins, damage DNA structure,

and induce apoptosis (Reczek & Chandel, 2015; Sfikas et
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al., 2012; Simon et al., 2000; Stadtman & Berlett, 1997).
Since the regulation of ROS levels in tumors enables the
accelerated damage of cancer cells (Tang et al., 2020), our
results give a new method to damage cancer cells in the
future.

However, it is noteworthy to mention that further study
would be required to fully understand the impact of ROS
levels and the mechanism of cellular damage in vivo,
regarding the OZNE studied here. The latter aspect, the
inevitable of clinical potential remains a major challenge.

In conclusion, we explored the effects of OZNE on B-16
melanoma and OV-90 ovarian cell lines in terms of ROS
production and YH2AX cell positivity. Our results showed
that ROS production and yH2AX cell positivity depend on
OZNE concentration. Furthermore, both B-16 melanoma
and OV-90 cell lines treated with OZNE50 and OZNE100
groups greatly increased ROS production and YH2AX cell
positivity. Future studies of OZNE nanoemulsion may
further support its use in cancer treatment due to increase
of cellular damage.
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Sicak Presleme Yontemi ile Uretilen Cu-Cr Alagimlarinin Sertlik ve

Elektriksel Iletkenlik Ozellikleri Uzerine Mekanik Alagimlama Siiresinin Etkisi

The Eﬁcz‘ of Mechanical A/loyz'ng Time on the Hardness and Electrical Cana’ucz‘iw'z‘y Properties 0f
Cu- Crﬂl[oys Produced by Hot Pressin g Method

Hamza Colak ®, Serhatcan Berk Akcay ®, Temel Varol* ®, Onur Giler ®, Hiseyin Can Aksa

Karadeniz Teknik Universitesi, Mithendislik Fakiiltesi, Metalurji ve Malzeme Mithendisligi Bolumd, Trabzon, Turkiye

Oz

Yapilan bu ¢alismada agirlikca %0,5 krom takviyeli bakir partikillerin mekanik alagimlama yontemi ile farkli alasimlama stireleri
kullanilarak alagimlandirilmas: ve tretilen tozlarin sicak pres yontemiyle yogunlastirilmas: ¢aligmalari yer almaktadir. Mekanik
alasimlama parametreleri olarak 10:1 bilye:toz orani, 400 dev/dk doniis hiz1 se¢ilmistir stireler ise degisken olarak 0, 0,5, 1, 2 ve 4 saat
olacak sekilde belirlenmistir. Sicak presleme parametreleri tiim deneylerde sabit olarak kullanilmistir ve 500 °C ve 600 MPa olarak
belirlenmigtir. Yapilan deneyler neticesinde baslangicta kiiresel ve diizensiz morfolojiye sahip tozlarin 0,5 saat mekanik alagimlama
islemi sonrasinda pulsu benzeri morfolojiye sahip oldugu belirlenmigtir. Ayrica yapilan deneyler sonucunda en yiiksek spesifik ytzey
alan1 1 saat mekanik alagimlama iglemi neticesinde elde edilmistir ve 0,0667 m2/g olarak dl¢tilmistiir. Bu ¢aligma kapsaminda tretilen
kompakt numunelerin en disik ve en yiksek sertlik degerleri sirasiyla mekanik alagimlama iglemi uygulanmamis ve 1 saat mekanik
alagimlama iglemine tabii tutulmus numunelere aittir ve 71,97 HB ve 99,12 HB olarak 6l¢tilmistiir. En yiiksek elektriksel iletkenlik
degeri de 4 saat mekanik alagimlama iglemine tabii tutulmug numuneye aittir ve 91,27 %IACS olarak 6l¢tilmistir. Yapilan bu ¢aligma
ile mekanik alagimlama iglem parametrelerinden biri olan stirenin pargaciklarin morfolojisi ve boyutu ile kompakt malzemenin
mikroyapisi ve fiziksel ve mekanik 6zellikleri Gzerine etkileri belirlenmistir.

Anahtar Kelimeler: Bakir, Krom, Mekanik alagimlama, Sicak presleme, Toz metalurjisi

Abstract

'This study concentrated on alloying 0.5% chromium reinforced copper particles by weight by mechanical alloying method according
to different alloying times and intensifying the produced powders by hot press method. 10:1 ball:powder ratio and 400 rpm rotation
speed were selected as mechanical alloying parameters and the times were determined as 0, 0.5, 1, 2 and 4 hours as variable. Hot
pressing parameters were used as constant in all experiments and were determined as 500 °C and 600 MPa. As a result of the
experiments, it was determined that the powders with initially spherical and irregular morphology had a flake-like morphology after
0.5 hours of mechanical alloying. In addition, as a result of the experiments, the highest specific surface area was obtained after 1 hour
of mechanical alloying and was measured as 0.0667 m2/g. The lowest and highest hardness values of the compact samples produced
within the scope of this study belong to the samples that were not mechanically alloyed and subjected to 1 hour mechanical alloying,
respectively, and were measured as 71.97 HB and 99.12 HB. 'The highest electrical conductivity value belongs to the sample subjected
to mechanical alloying process for 4 hours and it was measured as 91.27% IACS. In this study, the effects of time, which is one of the
mechanical alloying process parameters, on the morphology and size of the particles, the microstructure and physical and mechanical
properties of the compact material were determined.

Keywords: Copper, Chromium, Mechanical alloying, Hot-pressing, Powder metallurgy

*Sorumlu yazarin e-posta adresi: tvarol@ktu.edu.tr

Hamza Colak ® orcid.org/0000-0002-3032-5370
Serhatcan Berk Akgay ® orcid.org/0000-0002-7492-4287
Temel Varol ® orcid.org/0000-0002-1159-5383

Onur Giiler ® orcid.org/0000-0002-9696-3287

Hiiseyin Can Aksa ® orcid.org/0000-0001-9086-6526

@ ®@ Bu eser “Creative Commons Alintu-GayriTicari-4.0
BTN Uluslararas: Lisans” ile lisanslanmugtir.


http://orcid.org/0000-0002-3032-5370
http://orcid.org/0000-0002-7492-4287
http://orcid.org/0000-0002-1159-5383
http://orcid.org/0000-0002-9696-3287
http://orcid.org/0000-0001-9086-6526

golak, Akgay, Varol, Giiler, Aksa / Sicak Presleme Yontemi ile Uretilen Cu-Cr Alagimlarinin Sertlik ve Elektriksel Tletkenlik Ozellikleri

Uzerine Mekanik Alagimlama Siresinin Etkisi

1. Giris

Tletken malzemeler elektrik devresini tamamlamaya ya da
kesmeye yarayan, termal enerjinin iletimini saglayan mal-
zemeler olarak kullanilmaktadirlar (Holm 1981). Iletken
malzemelerin ana amaci, elektriksel ya da termal iletken-
ligin kesintisiz bir sekilde siirdirtlebilmesini saglamaktir.
Bu amag dogrultusunda iletken malzemeler, radyo ve veri
iletisimi, telekomiinikasyon sistemleri, otomotiv sektori ve
uzay ve havacilik gibi bir¢ok sektérde yaygin bir kullanima
sahiptir (Braunovic vd. 2017).

Iletken malzemelerin segimi iletkenligin siirekliliginin sag-
lanmast agisindan 6nemli bir husustur. Malzemelerin se-
¢iminde, malzemenin elektriksel ve termal iletkenligi, ok-
sidasyon direnci, mekanik 6zellikleri ve ekonomikligi goz
ontine alinmasi gereken parametrelerdendir (Chapman
2015). Tletken malzemelerde 6ncelikli olarak, elektriksel ve
termal iletkenliginin yiiksek olmas: beklenmektedir. Gerek-
li olan bu elektriksel ve termal iletkenlik 6zelliginin saglan-
masi ile iletken malzemeler, devrenin tamamlanmasindaki
kopri gorevini verimli bir sekilde yerine getirebilecektir
(Rooy ve Linden 1990, Giiler ve Evin 2009, Slade 2017).
Iletken malzemeler karsilastirildiginda en yiiksek elektriksel
iletkenligin 106 %IACS (Uluslararas: tavl bakir standardz)
degeri ile gimiiste (Ag) oldugu gorilmektedir. Ancak gi-
mus yiksek maliyetli bir metal oldugu i¢in kullanim1 sinir-
lanmaktadir. Ikinci en yuksek elektriksel iletkenlige sahip
iletken malzeme ise 100 %IACS ile bakirdir (Cu) ( Mesina
vd. 2002). Bakirin elektriksel iletkenliinin iyi olmasi ve
nispeten maliyetinin daha diisik olmasi nedeniyle iletken
malzeme olarak yaygin bir sekilde kullanilmaktadir. Elekt-
riksel iletkenlikte oldugu gibi, glimisiin termal iletkenlik
degerinden sonra (419 W/mK) metaller arasinda en yiiksek
termal iletkenlik degerini (394 W/mK) saglamas: bakirin
kullaniminin 6niind agan diger bir parametredir (Gale ve

Totemeier 2003, Varol vd. 2021a).

Iletken malzemeler calisma sirasinda siirekli ag-kapa ha-
reketlerine maruz kalmakta ve kullanim sirasinda olugan
direngten dolay1 ortaya ¢ikan yiiksek sicaklik nedeniyle za-
manla oksitlenme meydana gelmektedir (Canake1 vd. 2014).
Bu durum elektriksel ve termal iletkenlikte azalmaya, direng
olusumu ve bunu takiben 1s1 artigina ve bolgesel kopmalara
neden olmaktadir (Chapman 2015). Bu baglamda, iletken
malzeme olarak siklikla kullanilan, ancak bazi uygulamalar-
da yetersiz kalan bakirin da olumlu ézelliklerinin yani sira
oksidasyon direnci ve sertlik gibi gelistirilebilecek 6zellikleri
mevcuttur (Neikov vd. 2019). Bu nedenle, simdiye kadar
bir¢ok aragtirmaci bakira ikinci bir faz elemani (Sn, Zn, Si,
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Cr, Ni, Al, vs.) ilave ederek bakirin mekanik 6zelliklerini
ve oksidasyon direncini iyilestirmeye ¢aligmustir (Gao vd.
2003, Zhao vd. 2014, Shkodich vd. 2014, Patra ve Mondal
2014).

Bu alagim elementleri igerisinde kromun (Cr) varligi mal-
zemenin mekanik 6zelligini iyilestirir ve bakira belirli oran-
larda krom ilavesi ile yiiksek sertlik, elektriksel iletkenlik ve
termal iletkenlige sahip Cu-Cr alagimlari elde edilir (Lahiri
ve Bhargava 2009). Ancak geleneksel yontemlerle tretim
sirecinde kromun bakir icerisinde oldukea sinirli ve yavag
¢6ziinmesi, yogunluk farkindan dolay: bakur ile kromun ka-
risma zorlugu ve yiiksek sicaklik nedeniyle ¢evreyle kimyasal
reaksiyon olusumu gibi olumsuzluklar mevcuttur (Shen vd.
2018, Baksan vd. 2020). Bu nedenle bir¢ok ¢alisma gele-
neksel tretim yontemlerine alternatif olarak agiri doymusg
kati ¢6zelti hazirlamanin mimkiin oldugu mekanik alagim-
lama (MA) ile tretim yontemine odaklanmigtir (Lahiri ve
Bhargava 2009, Zhao vd. 2014, Fang ve Kang 2015, Neikov
vd. 2019).

MA, metal tozunun 6gutilmesini, kaynaklanmasini ve bu
stirecin tekrarlanmasini igeren kati hal toz Gretimi i¢in kul-
lanim1 yaygin olan bir tekniktir. Bakir ve krom tozlari, bu
teknik kullanilarak atomik boyutta birlestirilebilmektedir
(Suryanarayana 2001). Ustiin performansa sahip Cu-Cr
alasgim tozlari, 6giitme bilyelerinin boyutu, 6glitme siiresi
ve bilye-toz kiitle orani gibi MA’nin islem parametrelerinin
kontrol edilmesiyle tretilebilir (Lahiri ve Bhargava 2009,
Zheng vd. 2009).

MA ile uretilen Cu-Cr alagim tozlarinin gekillendirilmesi
i¢in dékim, haddeleme, dévme ve toz metalurjisi ile gekil-
lendirme gibi ¢esitli yontemler bulunmaktadir. Bu yontem-
ler arasinda toz metalurjisi ile sekillendirme tstiin 6zelliklere
sahip yenilik¢i malzemelerin tretilmesine olanak saglamasi
nedeniyle tercih sebebi olmaktadir (Suryanarayana 2001,
Varol vd. 2020). Toz metalurjisi ile sekillendirme yontemle-
ri arasinda soguk presleme, sinterleme ve sicak presleme gibi
yontemler yer almaktadir. Sicak presleme ile sekillendirme
yontemi literatiir incelendiginde ek bir sinterleme islemine
gerek duyulmadan istenilen mekanik ve fiziksel 6zelliklere
sahip malzemelerin tretilmesine olanak saglamas: nedeniyle

siklikla tercih edilmektedir (Varol vd. 2021b).

Literatir incelendiginde MA yontemi ile tretilen Cu-Cr
alagimlarinin kimyasal kompozisyonu yiikse krom oranlari
icermektedir. Zhao ve digerleri (2014), yapmis olduklar:
calismada agirlikea %25 Cr igeren Cu-Cr alagimlarinin 15:1
bilye:toz oraniile 3 saat siire parametreleri ile MA yontemiyle
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Uretimi tzerine ¢aligmalar yapmistir. Fang ve Kang (2015)
yapmis olduklari ¢alismada afirlikca %8 Cr igeren Cu-
Cr alagimlarinin dretimi tzerine ¢aligmalar yapmiglardir.
Ghorbani ve digerleri (2018), yapmis olduklar1 ¢aligmada
agirlikca %1 Cr ve %5 karbon nano tip (CNT) iceren
bakir alagimi tozlart MA yéntemi ile sentezlemisler ve bu
tozlar1 25 °C, 300 °C ve 500 °C sicakliklarda ve 40 MPa, 80
MPa ve 120 MPa presleme basinci altinda sicak presleme
yontemiyle kompakt hale getirmiglerdir. Yapmis olduklar:
caligma sonucunda artan presleme sicakliginin sertlik
degerini %65 oraninda arttirdigini tespit etmislerdir. Ayrica
bu ¢alisma kapsaminda tretilen agirlikca %1 Cr icerigine
sahip alagimin mikro sertlik degerlerinin artan presleme
basinct ve sicaklify ile arttigini ortaya koymuslardir. Bu
baglamda yapilan bu ¢aligma ile dugiik (%0,5 ag.) Crigerigine
sahip Cu-Cr alagimlarinin MA yo6ntemiyle iretilmesinde
MA stiresinin etkilerini irdelenmesi amaglanmaktadir.
Ayrica yapilan bu ¢aligmanin amaci, 6glitme siiresinin MA
yontemi ile Gretilmis olan, agirlikca %0,5 Cr igeren Cu-
Cr alagimi tozlarin sicak pres yontemi ile kompakt hale
getirilmesi sonrasinda digiik Cr takviye oraninin ve MA
islemi stresinin Uretilen kompakt malzemelerin fiziksel ve
mekanik 6zellikleri Gizerine olan etkilerini aragtirmaktur.

2. Gereg ve Yontemler

Bu ¢alisma kapsaminda kullanilan ortalama toz boyutu
68,55 pm olan kiiresel morfolojiye sahip bakir ve ortalama
toz boyutu 39,75 pum olan diizensiz morfolojiye sahip

krom tozlari (%99,9<saflik degeri) Nanografi, Ankara,
Thrkiye’den tedarik edilmigtir. Ayrica, kullanilan kimyasal
malzemeler analitik safliga sahiptir (%99,9<saflik degeri) ve
Merck Group, Almanya’dan tedarik edilmigtir. Sekil 1 bu
caligma kapsaminda gergeklestirilen deneysel ¢alismalarin
sematik gosterimini icermektedir.

MA iglemi Retsch marka PM200 model bilyeli 6giitict
kullanilarak gerceklestirilmigtir. Yapilan tim deneylerde
ogtitme hizit 400 devir/dakika, bilye:toz agirlik orani 10:1
ve islem kontrol takviyesi agirlikca %2 olarak segilmistir.
MA islemi i¢in kullanilan deney parametreleri Cizelge
1’de gosterilmektedir. Cizelge 1 incelendiginde, bu ¢aligma
kapsaminda 0, 0,5, 1, 2, 4 saat olmak tizere bes farkli 6gtitme
suresinin kullanildig: agikea gorilmektedir.

MA iglemi ile tiretilen Cu-Cr alagimi tozlarin yogunlagtiril-
masi ve kompakt hale getirilmesi i¢in sicak presleme yon-
temi ile tretim gerceklestirilmistir. Sicak presleme yontemi
metalik tozlarin sinterleme sicakliginda basing altinda be-
lirli bir kalip icerisinde sikigtirilmas: olarak tanimlanabilir.
Bu yontem ile hem tstiin fiziksel ve mekanik ozellikler elde
edilmekte hem de ham presleme sonrasinda gerceklestirile-
cek sinterleme islemi i¢in gereken stireden tasarruf edilme-
dir. Ayrica, literatiir incelendiginde sicak presleme yontemi
ile gergeklestirilen tretim sonrasinda pargaciklar arasinda
yiksek kenetlenme ve disiik gozeneklilik oran: tespit edil-
digi anlagilmaktadir (Schubert vd. 2008, Canakg¢: ve Varol
2014). Yapilan tim sicak presleme islemine ait deney para-

‘ Mekanik Alasimlama lsleml

‘ Karakterizasyon ‘

Balar Partikiil
I(rom Partikiil
‘ Tungsten Karbiir (WC) Bilye

Sekil 1. Bu ¢aligma

’ Sicak Pres Yontemi

’ ‘ Ogiitme Sonrasi Toz Morfolojisi |

kapsaminda yapilan

deneysel ¢alismalarin
sematik gosterimi.
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Cizelge 1. MA islem parametreleri.

Deney Kodu Cu Cr O@tme HlZl Ogiitme Siiresi  Islem Kontrol Parametresi
(%agirlik¢a)  (%agirlikga)  (devir/dakika) (saat) (% agirlik¢a)
Cu0,5Cr0s 99,50 0,5 400 0 2
Cu0,5Cr0,55 99,50 0,5 400 0,5 2
Cu0,5Crls 99,50 0,5 400 1 2
Cu0,5Cr2s 99,50 0,5 400 2 2
Cu0,5Cr4s 99,50 0,5 400 4 2

metreleri Cizelge 2’de gosterilmektedir. Cizelge 2 incelen-
diginde, tiim deneylerde kullanilan sicaklik, presleme basin-
c1 ve presleme siiresi parametreleri gérilmektedir. Literatir
incelendiginde bakir ve bakir esasli malzemelerin sicak pres
yontemiyle iiretiminde 500 °C presleme sicakligi ve 600
MPa presleme basinci ile elde edilen sonuglarin istiin oldu-
gu gortlmektedir (Varol vd. 2021b). Bu nedenle yapilan bu
¢alismada sicak presleme parametreleri 500 °C ve 600 MPa
olarak belirlenmisgtir.

Cizelge 2. Sicak presleme islem parametreleri.

3. Bulgular ve Tartigma

Partikil boyut ol¢im deneyleri MA islemi uygulanmamig
bakir ve krom, agirlik¢ca %0,5 Cr takviyeli olarak 0, 0,5, 1,
2 ve 4 saat MA islemi ile tretilen Cu-Cr alagim tozlar igin
gerceklestirilmistir. Partikil boyutu 6l¢im deneyleri Mas-
terSizer 2000 model partikiil boyut tayin cihazi kullanilarak
gerceklestirilmis ve deney sonuglar: Sekil 2’de gosterilmistir.
Sekil 2 incelendiginde, bakir tozunun (Sekil 2A) baslangigta
68,55 pm ve krom tozunun (Sekil 2B) baglangicta 39,753
pm oldugu gérilmektedir. Farkli 6gtitme streleri igin %0,5
Cr takviyeli Cu-Cr alagimi tozlarin toz boyutu ol¢timleri

Deney Kodu Slcoakhk Basing Sue 0,5, 1, 2 ve 4 saat i¢in sirastyla Sekil 2C-F arasinda goste-
(°C) (MPa) (saat) M S )
rilmigtir. Bakirin stinek bir malzeme olmasi nedeniyle gev-
Cu0,5Cr0s 500 600 2 . e .. . . y
rek bilyeler ile 6giitilmesi islemi sirasinda stire bagl olarak
Cu0,5C10,5s 500 600 2 yassilasma, kirilma ve tekrar yassilasma olaylar1 gercekles-
Cu0,5Crls 500 600 2 mektedir (Zuo vd. 2009, Guerrero 2014, Wang vd. 2019).
Cu0,5Cr2s 500 600 2 Bu baglamda ilk olarak Sekil 2C ile gosterilmekte olan, 0,5
Cu0,5Cr4s 500 600 2 saat siiren 6gtitme islemi sonrasinda gerceklestirilen partikul

Bu ¢alisma kapsaminda tretimi yapilan Cu-Cr alagimi toz-
larin ve kompakt malzemelerin malzeme karakterizasyonu
deneyleri; partikiil boyutu tayini deneylerinin gerceklesti-
rilmesi i¢in MasterSizer 2000 model partikiil boyut 6l¢tim
cihazi, morfoloji ve mikroyapi incelemeleri i¢in Zeiss Evo
LS10 model taramali elektron mikroskobu (SEM), ele-
mentsel analizlerin gerceklestirilmesi i¢in elementel harita-
lama deneylerinde AZtecOne system EDS elementel analiz
cihazi, sertlik 6l¢imlerinin yapilabilmesi icin NEMESIS
9000 model Brinell sertlik 6l¢im cihazi ve elektriksel ilet-
kenlik ol¢timlerinin gergeklestirilmesi i¢in Fischer mar-
ka SIGMASCOPE® SMP10 model masatisti taginabilir
problu elektriksel iletkenlik 6lger kullanilarak gergeklestiril-
migtir. Sertlik ve elektriksel iletkenlik 6l¢imi deneylerinin
sonuglari, her bir numune i¢in tg farkli noktadan tger kez
gerceklestirilmis olup elde edilen degerlerin aritmetik orta-
lamalarinin alinmasi ile belirlenmistir.
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boyut 6l¢imii sonucunun bakir ve krom tozlarinin baglan-
gictaki partikil boyutlarinin ¢ok daha tizerinde bir partikiil
boyutuna sahip oldugu (135,628 pum) agik¢a gérilmektedir.
Mekanik 6giitme islem stresinin artmastyla birlikte 1 saat-
lik 6gtitme islemi neticesinde (Sekil 2D) 0,5 saatlik 6giit-
me sonrasinda elde edilen partikil boyutundan daha kigiik
ortalama partikil boyutu (110,545 pm) 8l¢timii mevcuttur.
Bu durum yassilagmis partikiillerin kirilip tekrar yassilag-
maya baglamast ile agiklanabilir. Ogiitme siiresinin 2 ve 4
saat olarak secildigi deneyler sonucunda yapilan 6l¢imler
gittikce artan bir partikil boyutu oldugunu géstermektedir
(Sekil 2E, F). Sekil 3, MA islemi sonrasinda farkli stireler
ile dretilen Cu-Cr tozlarin spesifik ytizey alanlarinin karsi-
lagtirlmasini gostermektedir. Sekil 3 incelendiginde baglan-
gictaki spesifik ylizey alaninin 1 saatlik MA islemine kadar
artig gosterdigi ve sonrasinda diigmeye bagladig: gorilmek-
tedir. Spesifik yiizey alani 6lgtimleri 0, 0,5, 1, 2 ve 4 saat
MA alagimlama islemi sonrasinda sirastyla 0,023, 0,0485,
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0,0667, 0,0477, 0,0383 m?/g olarak 6l¢tilmistir. Bu durum
yiiksek bilye:toz orani ve yiiksek MA siiresinin stinek bakir
parcaciklarin soguk kaynaklanmasi sonrasinda partikil bo-
yutlarinin artmasi ve spesifik ytizey alanlarinin da buna bagh
olarak azalmasi seklinde agiklanabilir. Ayrica literatiirde ya-
pilan benzer bir ¢alismanin sonucunda da benzer bulgular
ile kargilagilmigtir (Giiler vd. 2019).

9%0,5 Krom takviyeli bakir tozlarin farkls stirelerde MA isle-
mi sonrasinda elde edilen morfoloji goriintiileri ve elementel
spektrum deney sonuglari Sekil 4-8'de gorilmektedir. Sekil
4 incelendiginde, baslangic morfolojisi kiresel olan bakir
tozlar ve diizensiz olan krom tozlar gorilmektedir. Sekil 4C
elde edilen toz karigiminin yapisinda yalniza Cu ve Cr ele-
mentlerinin gézlendigini kanitlamaktadir. Sekil 5 incelen-
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Sekil 3. Mekanik alagimlama yontemi ile tretilen Cu-Cr
tozlarin spesifik ytizey alanlarinin kiyaslanmast.

diginde 0,5 saat MA islemi sonrasinda toz morfolojisinin
pulsu benzeri morfoloji olarak degistigi ve yapida yalnizca
Cu ve Cr elementlerinin varligi (Sekil 5C) agik bir sekilde
gortilmektedir. Bu durum bakurin siinek bir malzeme olmasi
nedeniyle sert bilyeler ve bakirdan daha sert krom tozlar1 ile
carpigmast ile yassilagmasi seklinde agiklanabilir. Bu durum
Sekil 6-8de gorildigl tizere artan mekanik alagimlama
stresi ile birlikte benzer olarak devam etmektedir. Béylece
bu ¢aligmada irdelenen ve MA iglem parametrelerinden biri
olan stirenin tretilen tozlarin morfolojisi tizerindeki etkisi
net bir sekilde ortaya konulmustur. Sekil 4-8 incelendiginde
bu ¢alisma kapsaminda gergeklestirilen tim deneylerin ele-
mentel spektrum analizleri sonucunda yapida yalmzca Cu
ve Cr varlifi tespit edilmistir. Spektrum deney sonuglarinin
timinde Cu elementine ait pik siddetlerinin daha ytiksek
oldugu gorilmektedir. Bu durum bu ¢alisma kapsaminda
tretilen Cu-Cr alagimlarinin kimyasal kompozisyonu dik-
kate alindiginda (agirlik¢a %99,5 Cu ve %0,5 Cr) Cu ele-
mentine gére oldukea diisiik bilesime sahip Cr iceriginden
kaynaklanmaktadur.

MA yontemi ile farkli alagimlama siirelerinde tretilen tozlar
500 °C sicaklik ve 600 MPa presleme basinct altinda sicak
presleme islemi ile yogunlastirilmiglardir. Yogunlagtirma
islemi sonrasinda elde edilen kompakt numunelere ait mik-
royapt incelemeleri Sekil 9 -13 arasinda gosterilmektedir.
Sekil 9 incelendiginde 0 saat MA sonrasinda elde edilen
Cu-Cr tozlar kullanilarak tiretilmis olan kompakt numune-
nin mikroyapisi gorulmektedir. Artan MA stiresi ile birlikte
mikroyapr incelemelerinde tane sinirlarinin diizensiz olarak
dagilim gosterdigi gorilmektedir. Bu durum pulsu benzeri
morfoloji ile agiklanabilir.
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Sekil 4. Cu0,5Cr0s kodlu numuneye ait tozlarin SEM
kullanilarak yapilan morfoloji incelemeleri; 500X (A), 1000X
(B) ve elementel spektrum deney grafigi (C).
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Sekil 5. Cu0,5Cr0,5s kodlu numuneye ait tozlarin SEM
kullanilarak yapilan morfoloji incelemeleri; 500X (A), 1000X
(B) ve elementel spektrum deney grafigi (C).
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Sekil 6. Cu0,5Crls kodlu numuneye ait tozlarin SEM
kullanilarak yapilan morfoloji incelemeleri; 500X (A), 1000X
(B) ve elementel spektrum deney grafigi (C).

B Map Sum Spectrum

Sekil 7. Cu0,5Cr2s kodlu numuneye ait tozlarin SEM
kullanilarak yapilan morfoloji incelemeleri; 500X (A), 1000X
(B) ve elementel spektrum deney grafigi (C).
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Sekil 8. Cu0,5Cr4s kodlu numuneye ait tozlarin SEM
kullanilarak yapilan morfoloji incelemeleri; 500X (A), 1000X
(B) ve elementel spektrum deney grafigi (C).
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Sekil 9. Cu0,5Cr0s kodlu numuneye ait kompakt numunenin
SEM kullanilarak yapilan mikroyapi incelemeleri; 500X (A) ve
1000X (B).
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Sekil 10. Cu0,5Cr0,5s kodlu numuneye ait kompakt
numunenin SEM kullanilarak yapilan mikroyap: incelemeleri;

500X (A) ve 1000X (B).

Sekil 11. Cu0,5Cr1s kodlu numuneye ait kompakt numunenin
SEM kullanilarak yapilan mikroyapi incelemeleri; 500X (A) ve
1000X (B).

Sekil 12. Cu0,5Cr2s kodlu numuneye ait kompakt numunenin
SEM kullanilarak yapilan mikroyapi incelemeleri; 500X (A) ve
1000X (B).
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Sekil 13. Cu0,5Cr4s kodlu numuneye ait kompakt numunenin
SEM kullanilarak yapilan mikroyap: incelemeleri; 500X (A)
ve 1000X (B).

MA yontemi ile 1 saat ve 4 saat alagimlama stireleri ile
retilmis olan kompakt numunelere ait mikroyap: ve
elementel haritalama goriintileri sirasiyla Sekil 14 ve Sekil
15°de gosterilmektedir. Elementel haritalama goértntileri
incelendiginde sicak presleme islemi sonrasinda yapida
yalnizca Cu ve Cr elementlerinin bulundugu acik bir sekilde
anlagilmaktadir.

Uretimi yapilan kompakt numunelere ait sertlik ve elektrik-
sel iletkenlik deneylerinin sonuglari sirasiyla Sekil 16 ve Se-
kil 17’te gosterilmektedir. Literatiir incelendiginde agirlik¢a
9%0,7 Cr oranina sahip Cu-Cr alagimlarinin yaglandirma ve
es kanalli agisal ekstrizyon (EKAP) iglemine tabii tutulmas:
sonrasinda elde edilen mikro sertlik degerlerinin yaglandir-
ma i¢in 450 °C, EKAP i¢in 500 °C tretim sicakliginda en
ustiin degerleri gosterdigi, yaslandirma islemi i¢in yaklagik
1,7 GPa(=173,3 HV) ve EKAP i¢in yaklagik 1,5 GPa(=
153 HV), anlagilmaktadir (Bochvar vd. 2019). Literatir-
de yer alan bagka bir ¢aligmada agirlik¢a %0,4 Cr ve %0,3
Zr iceren bakir alagimlarimin vakum indiksiyon yontemi
ile tretilmesi sonrasinda elde edilen sertlik degeri yaklagik
olarak 115 HV(=110HB) olarak ol¢ilmustir (Meng vd.
2019). Shen ve digerleri (2018) yapmis olduklar: ¢aligmada,
agirlikea %0.57 Cr igeren bakir alagiminin %20 oraninda
soguk sekillendirme sonrasinda yaklagik olarak 140 HV(=
133 HB) sertlik degerine sahip oldugunu ortaya koymuslar-
dir. Gorildugi gibi 1 saat 6giitme stiresine kadar elde edi-
len numunelerin sertlik degerlerinde yaklasik %5071k artig
gozlenirken, 6glitmenin ilerleyen saatlerinde (4 saate kadar)
diigiis egiliminin meydana geldigi belirlenmistir. Ilerleyen
oglitme saatlerinde stinek yapili bakir tozlari igerisine sert
krom parcaciklarin batarak bakir tarafindan ¢evrelenmesi,

Karaelmas Fen Miih. Derg., 2022; 12(1):47-58
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mikroyap: igerisinde homojen olmayan bir dagilima sebe-

biyet verebilmektedir. Ogiitmenin ilerleyen saatlerinde ba-
kir icerigini gosteren EDS piklerindeki siddet bu durumu
destekler niteliktedir (Sekil 4-8). Mekanik 6gttmenin 1
saate kadar uygulandigi durumda sert krom pargaciklarinin
ve Ogitme sirasinda soguk kaynaklanma-kirilma mekaniz-

Karaelmas Fen Miih. Derg., 2022; 12(1):47-58

Sekil 14. Cu0,5Cr1s kodlu
numuneye ait kompakt elementel
analiz deney sonuglar;; SEM
goriintiisii (A), Cu ve Cr elementel
haritalama (B), Cu elementel

haritalama (C) ve Cr elementel
haritalama (D).

Sekil 15. Cu0,5Cr4s kodlu
numuneye ait kompakt elementel
analiz deney sonuglary; SEM
gorintisi (A), Cu ve Cr elementel
haritalama (B), Cu elementel
haritalama (C) ve Cr elementel

haritalama (D).

malarinin etkisi ile kesme etkisi sayesinde homojen bir yap1
eldesi sertlik degerlerinde 6nemli élgtide artig saglamustur.
Ayrica MA ile birlikte tozlar Gizerinde mikro ¢ikintilar mey-
dana gelmekte ve bu mikro ¢ikintilar yiizey alanini arttir-
maktadir. Bahsi gecen bu mikro ¢ikintilar sicak presleme
sirasinda uygulanan basing ile birlikte birbirlerine kenetlen-
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Sekil 16. Sicak presleme yontemiyle kompakt hale getirilmis

deney numunelerine ait sertlik deneyi sonuglari.

mektedir ve boylece bu durum goézenekliligin azalmas: ile
sonug¢lanmaktadir. Benzer gekilde sert parcaciklarin 6giitme
sirasinda gergeklestirdigi kesme etkisi literatiirde belirtil-

mistir (Gtler vd. 2019, Giiler vd. 2021).

Sekil 15’ten anlagsildigy gibi, 6giitme siresinin 4 saat olma-
sina kadar malzemelerin elektriksel iletkenlik degerlerinde
sturekli bir artig gorulmuistir. Mekanik 6giitme uygulan-
mayan numunelerde belirlenen elektriksel iletkenlik degeri
yaklagik 70 %IACS olarak belirlenirken, 4 saat 6giitme so-
nucu elde edilen numunelerde bu deger yaklagik 90 %IACS
olarak tespit edilmistir. Ogiitme siiresinin artmast ile, daha
onceki kisimlarda belirtildigi gibi parcaciklarin ince ve daha
pulsu hale gelmesi toz boyutunun giderek artmasina neden
olmaktadir. Sicak presleme sonucu elde edilen nihai trtin-
lerin mikroyapisinda daha yiiksek boyutlu ve pulsu parga-
ciklarin yiiksek enerjili tane sinir1 sayisinda azalmaya neden
olmasi, diger bir deyisle tanelerin daha biiyiik hale gelmesi,
iletkenligi saglayan elektronlarin daha rahat hareket etme-
sine neden oldugundan, elektriksel iletkenlik degerlerinde
artig gbzlenmistir.

Yapilan deneysel ¢alismalar sonucunda bagslangigta ortala-
ma partikil boyutu sirasiyla 68,55 pm ve 39,75 pm olarak
olgiilen bakir ve krom tozlarinin, %0,5 krom takviyeli ola-
rak hazirlanmasi ve 0,5 saat MA islemi sonrasinda ortalama
partikil boyutu 135,628 pm olarak 6l¢ilmustir. En yiksek
MA stresi olarak belirlenen 4 saat sonrasinda ise bu tozlarin
ortalama partikil boyutu 193.676 pm olarak dl¢tlmustir.
Yapilan MA islemleri sonrasinda Cu-Cr partikillere ait
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Sekil 17. Sicak presleme yontemiyle kompakt hale getirilmis

deney numunelerine ait elektriksel iletkenlik deneyi sonuglari.

spesifik yiizey alani degerleri 1 saatlik MA stiresine kadar
artmakta ve sonrasinda azalmistir. MA uygulanmadan elde
edilen numunelerin spesifik yiizey alan1 0,023 m?/g, 1 saat
MA iglemi sonrasinda 0,0667 m*/g ve 4 saat MA islemi
sonrasinda 0,0383 m?/g olarak belirlenmistir. Sicak pres-
leme islemi sonrasinda elde edilen numunelere ait sertlik
degerleri artan 6giitme siiresine bagli olarak artis egilimin-
de olmakla birlikte en yiiksek spesifik ytizey alani degerine
sahip 1 saatlik MA iglemi ile tretilmis Cu%0,5Cr1s kodlu
numunenin sertlik degeri 99,12 HB olmustur. 2 ve 4 saat-
lik MA sonrasinda tretilen numunelerde ise sirastyla 98,65
ve 89,8 HB olacak gekilde azalig egilimindedir. Bu durum
spesifik yiizey alaninin azalmasi ile agiklanabilir. En dagik
elektriksel iletkenlik degeri Cu%0,5Cr0s kodlu numuneye
ait olmakla birlikte bu deger 70,27 %IACS olarak 6l¢tilmus-
tir. En yiiksek elektriksel iletkenlik degeri (91,27 %IACS)
ise Cu%0,5Cr4s kodlu numuneye aittir. Yapilan bu ¢alig-
ma neticesinde pargacik boyutu ve spesifik yiizey alaninin
MA yénteminin iglem parametrelerinden biri olan stire ile
dogrudan etkilendigi ve buna bagli olarak fiziksel ve me-
kanik 6zelliklere de etki ettigi anlagilmaktadir. Yapilan bu
calismadan elde edilen sonuglara dayanarak MA paramet-
relerinin sicak presleme ile tretilen Cu-Cr alagimlarinin fi-
ziksel ve mekanik ozelliklerine dogrudan etki ettigi agik¢a
gorilmiistiir. Bu yiizden, bilye:toz orani, devir sayst, islem
kontrol katkis: gibi MA parametrelerinin degistirilerek yeni
tir Cu-Cr alagimlarinin geligtirilmesi saglanabilir. Ayrica,
basing, sicaklik gibi sicak presleme parametrelerinin etkisi
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de detaylica aragtirilabilir. Elde edilen alagimlarin aginma
ozellikleri de arastirilarak kromun alagimlarin aginma me-
kanizmalari tizerine etkisi belirlenebilir.
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Cross-linking of PVC by Various Lengths of PEG via “Click” Chemistry

Cesitli Uzunluklardaki PEG ler Vasitasiyla PVC'nin “Klik” Kimyast ile Capraz Baglanmast
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!Giresun University, Department of Chemistry, Giresun, Turkey
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Abstract

Cross-linked poly(polyvinyl chloride) (c-PVC) was synthesized by “click” reaction of polyvinyl chloride with azido pendant group
(PVC-N3) and dipropargyllated polyethylene glycol (dp-PEG). For this purpose, dp-PEGs were obtained from polyethylene glycols
with different molecular weights (400 Da, 600 Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) via treatment with
propargyl chloride. PVC-N3 was synthesized through the substitution reaction between the pendant chloride on the PVC chains
and azide ion. By using PVC-N3 and dp-PEGs with various lengths, c-PVCs with various degrees of cross-linking was obtained.
The characterization of the PVC-N3, dp-PEG and ¢-PVC were performed using Fourier transform infrared spectroscopy, nuclear
magnetic resonance spectroscopy, thermogravimetric analysis, scanning electron microscopy and elemental analysis. Degrees of
swelling of c-PVCs with different cross-linking densities in N,N-dimethylformamide were determined by quantitative measurements.

Keywords: “Click” chemistry, Cross-linking, Poly(vinyl chloride), Polyethylene glycol, Degree of swelling

Oz

Capraz bagli poli(vinil kloriir) (c-PVC), azit grup ekli poli(vinil kloriir) (PVC-N3) ile dipropargillenmis polietilen glikoliin (dp-PEG)
“klik” kimyas1 reaksiyonuyla sentezlendi. Bu amag i¢in, dp-PEG’ler, farkli molekil agirliklarina sahip polietilen glikollerin (400 Da,
600 Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) propargil kloriir ile muamelesinden elde edildiler. PVC-N3, PVC
zincirleri tizerindeki asili kloriirlerle azid iyonu arasindaki yer degistirme reaksiyonuyla sentezlendi. PVC-N3 ve ¢esitli uzunluklardaki
dp-PEG’ler kullanilarak farkli derecelerde ¢apraz baglamaya sahip c-PVCller elde edildi. PVC-N3, dp-PEG ve ¢-PVCnin
karakterizasyonlari, Fourier dontgtimlii kizil6tesi spektroskopisi, niikleer manyetik rezonans spektroskopisi, termogravimetrik analiz,
taramali elektron mikroskobu ve elementel analiz teknikleri kullanilarak gerceklestirildi. N,N-dimetilformamid i¢inde farkli capraz
baglanma yogunluklarina sahip c-PVC’lerin sisme dereceleri nicel 6lgiimlerle belirlendi.

Anahtar Kelimeler: “Klik” kimyasi, Capraz baglanma, Poli(vinil kloriir), Polietilen glikol, $Sisme derecesi

1. Introduction

Poly(vinyl chloride) (PVC), one of the most common and
important functional polymers, has been kept steady growth
of the production and consumption over the world (Asan

and Oztiirk 2017, Grishin 2015). PVC is less dependent on
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crude oil or natural gas comparing to all other polymers,
which are nonrenewable such as polyethylene, polyethylene
terephthalate and polymethyl methacrylate. Copolymers
have substantial interest due to their mechanical properties
and practical applications (Savas and Oztirk 2020).
Copolymers, having polyethylene glycol (PEG) units, are
very appealing substances for chemicals, industrial and
biomedical practices, as PEG has unparallel features such
superior hydrophilicity, flexibility, ion absorbability, and a
superior grade of biocompatibility (Asan and Ovztiirk 2017,
Wang et al. 1998, Aydinli et al. 2004, Riess 2003, Gacal
et al. 2006, Pispas and Hadjichristidis 2003, Goktas et al.
2014). In 2001, “click” chemistry described by Sharpless et
al. (2001) has high yields, requires minimum purification,
and proceeds in the existence of various functional groups
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without the need for protection chemistry (Hein et al.
2008). After this time, “click” chemistry applications have
been broadly studied (Moses and Moorhouse 2007, Savas
et al. 2020, Xu et al. 2007, Tunca 2013, Altintas and
Tunca 2011, Xi et al. 2014, Catiker et al. 2019, Binder and
Sachsenhofer 2007, Moshaverinia et al. 2012, Oztiirk and
Yoriimez 2020, Oztiirk et al. 2018). The Cu catalyzed azide-
alkyne cycloaddition reactions are only the important one of
these “click” reactions (Barner-Kowollik et al. 2011, Tunca
2018, Oztiirk and Cavicchi 2018).

Firstly, polyvinyl chloride with azido pendant group
(PVC-N,) was carried out by the reaction of purified PVC
and sodium azide as the literatures (Asan and Oztiirk 2017,
Savagand Oztiirk 2020, Kiskan et al. 2008, Pawlak et al. 2013,
Zhang et al. 2020). Secondly, synthesis of dipropargyllated
polyethylene glycol (dp-PEG) obtained by the reaction of
PEGs with different molecular weights (400 Da, 600 Da,
1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) and
propargyl chloride was presented as the similar procedures
reported in the cited literatures (Pawlak et al. 2013, Oztiirk
et al. 2019, Oztiirk and Meyvaci 2017). Lastly, PVC-N, and
dp-PEG were utilized for “click” chemistry to obtain cross-
linked poly(polyvinyl chloride) (c-PVC). Furthermore, the
product characterization was provided in detail. Briefly, this
paper demonstrates cross-linking of PVC by using difunc-
tionalized PEGs with various lengths as novel cross-linking
agents through “click” chemistry method.

2. Experimental
2.1. Materials

PVC (approximately Mn = 22,000 Da), copper(I) bromide
(CuBr), N,N-dimethylformamide (DMF), sodium azide
(NaN,), 2,2"-bipyridyl (bpy), propargyl chloride, acetone,
chloroform were received from Sigma-Aldrich and
tetrahydrofuran (THF), PEGs with various molecular
weights (400 Da, 600 Da, 1000 Da, 1500 Da, 2000 Da, 3000
Da, and 10000 Da), ethanol, petroleum ether, triethylamine
(TEA) were supplied by Merck Millipore. Diethyl ether and
petroleum ether were received from Carlo Erba Reagent,
methanol was supplied by Kimetsan. All chemicals were
used without further purifications.

2.2. Instrumentation

Fourier transform infrared-attenuated total reflectance
(FTIR-ATR) spectra of the products were detected using a
Jasco F'T/IR 6600 model FT-IR spectrometer. 'H nuclear
magnetic resonance ("H NMR) spectra of the products
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were detected using a Bruker Ultra Shield Plus, ultra-
long hold time 400 NMR spectrometers. The elemental
analyses of the samples were performed on a Costech
ECS 4010 instrument. Thermogravimetric analysis (TGA)
measurements were conducted using a Seiko II Exstar 6000
TG/DTA 6200 instrument. The sample was heated at a rate
of 10 °C/min from 25 °C to 900 °C under N, gas. Scanning
electron microscopy (SEM) images were taken on a Zeiss
EVO LS 10 electron microscope. The cross-linked polymers
were coated with a thin layer of gold on their surfaces to
provide electrical conductivity.

2.3. Purification of PVC

PVC was purified as in the cited literatures (Asan and
Oztiirk 2017, Oztiirk et al, 2014, Oztiirk et al. 2020) as
tollow; 30 g of PVC powder was dissolved in 120 mL of
THEF in 48 hours and precipitated in excess methanol and
dried under vacuum at 40 °C for 48 hours.

2.4. Synthesis of polyvinyl chloride with pendant azido
group (PVC-N,)

The similar procedures described in the cited literatures
were applied for synthesis of PVC-N; (Asan and Oztiirk
2017, Savas and Oztiirk 2020, Kiskan et al. 2008, Pawlak et
al. 2013, Zhang et al. 2020, Jia et al. 2017, Ouerghui et al.
2016).For example, 30 g of purified PVC, 0.886 g of NaN
and 70 mL of DMF were placed into a flask. The flask was
immersed in an oil bath fixed at 60 °C on a magnetic stirrer,
and afterwards N, gas was introduced in the flask by a
glass syringe. After 48 hours, the flask was opened, and the
content was filtered. The solvent was evaporated by using
a rotary evaporator. The mixture was poured into excess
methanol to precipitate PVC-N.,. The product was filtered

and dried at room temperature under vacuum for 2 days.

2.5. Synthesis of dipropargyllated polyethylene glycol
(dp-PEG)

Synthesis of dipropargyllated PEGs was performed by a
synthesis protocol similar with the literatures (Pawlak et
al. 2013, Oztiirk et al. 2019, Oztiirk and Meyvact 2017,
Goswami et al. 2013). The reaction parameters were given
in Table 1. The specified amounts of PEGs (400 Da, 600
Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da)
and TEA were dissolved in chloroform under N, gas flux.
The flasks were cooled below 0 °C by using ice-salt bath.
Certain amounts of propargyl chloride (stoichiometrically
equivalent to the PEGs) in 7 mL of chloroform were slowly
added to the solutions via dropping funnels. The solutions

Karaelmas Fen Miih. Derg., 2022; 12(1):59-66
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were stirred at room temperature for certain times given
in Table 1. The solutions were concentrated by a rotary
evaporator and then cold excess diethyl ether was added to
precipitate the dp-PEGs. The dp-PEGs were obtained from
decantation and dried at room temperature under vacuum
for 2 days.

2.6. Synthesis of cross-linked polyvinyl chloride (c-PVC)
by “click” chemistry

The amounts of reactants used in the cross-linking were
shown in Table 2. The specified amounts of PVC-N,,
dp-PEG, CuBr, bpy, and THF (as solvent) were charged
separately into a flask and then the flask was purged with
N, for 5 minutes. The flask was immersed in an oil bath
at 35 °C until the times given in Table 2. The jelly mixture
was poured into excess methanol to remove the unreacted

Table 1. Reaction parameters for the synthesis of dp-PEG.

chemicals and catalysts. The cross-linked polymer was dried
at room temperature under vacuum for 2 days.

2.7. Degrees of swelling (q ) values of c-PVC

The degrees of swelling (q ) values of c-PVC were determined
as in the literatures (Collins et al. 1973, Hamurcu and Baysal
1993, Hazer and Baysal 1986). Briefly, 0.2 g of the cross-
linked sample was kept in 20 mL of DMF for 2 h at 25 °C.
Then, sample was removed and weighed. q_ values of c-PVC
samples were calculated by the equation:

_ Miswolten polymer

qv =

I‘ndry polymer

Here,m and m are the masses of the swollen
swollen polymer dry polymer

c-PVC and the dry ¢-PVC, respectively.

p 1P 1 PEG/ .
PEG ropal.'gy ropafgy Propargyl Triethyl- Time Yield
chloride chloride . ) form
(mol) (@) (mol) chloride amine (g) (mL) (hour) (wt %)
& o (mol/mol)
15.002 0.008
HH-2 (PEG-2000 Da) | (PEG-2000 Da) 1.120 0.015 0.533 2.287 60 56 | 82.91
7.547 0.005
HH-3 (PEG-1500 Da) | (PEG-1500 Da) 0.745 0.010 0.500 1.525 55 48 | 74.18
8.094 0.008
HH-4 (PEG-1000 Da) | (PEG-1000 Da) 1.192 0.016 0.500 2.440 45 48 | 66.52
6.091 0.010
HH-5 (PEG-600 Da) (PEG-600 Da) 1.490 0.020 0.500 3.050 46 49 | 48.51
5.005 0.013
HH-6 (PEG-400 Da) (PEG-400 Da) 0.931 0.012 1.083 1.906 47 53 | 58.96
10.045 0.001
HH-7 (PEG-10000 Da) | (PEG-10000 Da) 0.150 0.002 0.500 0.134 74 48 93.79

Table 2. Synthesis of c-PVC by “click” chemistry. Reaction temperature: 35 °C.

dp-PEG PVC-N, CuBr bpy

THF Time

Decomposition

Yield q

R Temperature (°C)
(®) (®) (® (® (mL) (hou) (wt%) GnDMF) ..~ " . .
HK2 1.539 3.381 | 0.221 | 0.475 40 25 72.10 - 223 464 -
HK3 1.370 1.010 | 0.130 | 0.284 27 27 84.58 3.31 181 274 459
HK4 1.000 1.364 | 0.190 | 0.425 30 27 65.51 3.24 198 371 448
HK5 1.015 2.003 | 0.258 | 0.562 35 26 75.61 6.64 195 457 -
HKe6 0.792 2.048 | 0.258 | 0.562 30 24 80.90 6.57 201 299 444
HK7 9.090 1.007 | 0.261 | 0.567 50 26 87.75 1.95 285 399 -
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3. Results and Discussion
3.1. Synthesis of PVC-N,

PVC-N, yield was 93.91 wt %. The first line in Scheme 1
includes the reaction pathway for synthesis of PVC-N_. The
FT-IR spectrum of PVC-N, in Figure 1A shows 2950 cm™
and 2912 ecm™ for aliphatic ~-CH, and 2330 cm™ for -N..
Typical -N, signal at 2330 cm™ appeared in polymer sample,
which was confirmed the expected chemical structure. The
"H-NMR spectrum of PVC-N, in Figure 2A shows 2.2
ppm for -CH , 4.3 ppm for -NCH, and 4.5 ppm for -CICH.
The result of elemental analysis of PVC-N_ shows 37.76 wt
% C, 4.48 wt % H, and 0.25 wt % N, which confirms the
successful azidation of PVC.

3.2. Synthesis of dp-PEG

The second line in Scheme 1 includes the synthesis of dp-
PEG. The yields of the propargylation reaction were found
to be between 48.51 wt % and 93.79 wt % as shown in Table
1. Maximum yield of dp-PEG was obtained by using PEG
with 10000 Da. Minimum yield of dp-PEG was obtained by
using PEG with 600 Da. It is more probably that there will
be a population of three types of PEG which possess zero,
one, and two propargyl end-groups. As we used [propargyl
chloride]/[PEG] = 2/1 (mol/mol) in the reaction, there
could be zero and one propargyl end-groups at very little
amounts. To the best of our knowledge, most of the product
is PEG with two propargyl groups at chain-ends. However,
we assumed that all the product was dp-PEG, namely, cross-
linking agent. The FT-IR spectrum of dp-PEG (HH-7 in
Table 1) in Figure 1B indicates the signals at 3411 cm™ for
C=C, 2946 cm™ for aliphatic -CH, 1115 cm™ for -OC. The
'H-NMR spectrum of propargyl-PEG (HH-3 in Table 1)
in Figure 2B shows 2.5 ppm for =CH of the propargyl part,

3.5 ppm and 4.1 ppm for -OCH,, of PEG block, 4.4 ppm for
-OCH, linked PEG block. The observed peak at 2.5 ppm
for =CH proton in the "H-NMR spectrum and 3411 cm™
for C=C groups in the FT-IR spectrum of dp-PEG were
further evidences that dp-PEG was successfully obtained.

3.3. Synthesis of c-PVC by “click” chemistry

c-PVC was obtained at 35 °C by using “click” chemistry
method of dp-PEG and PVC-N.,. Scheme 2 includes the
reaction pathway for synthesis of ¢-PVC. The results of
the polymerization were shown in Table 2. The yields of
the ¢-PVC obtained from “click” chemistry were found
gravimetrically between 65.51 wt % and 87.75 wt %. The
yields may be assumed to be relatively high. The FT-IR
spectrum of ¢c-PVC (HK7 in Table 2) in Figure 1C indicates
the characteristic signals at 2877 cm™ for aliphatic -CH,
1095 cm for-OC, 617 cm™ -Cl. Furthermore, the observed
peaks at 1462 cm™ and 1342 cm™ for triazole group were
evidence that the “click” chemistry was fulfilled.

The morphological properties of ¢-PVC samples (HK2
and HK4 in Table 2) were examined by SEM analysis. The
surface morphologies of the cross-linked polymers were
given in Figure 3. Generally, fractured surface structure was

seen in SEM images of c-PVC. SEM images of the c-PVC
generally exhibited porous surfaces.

TGA analysis of c-PVC (HK4 in Table 2) was conducted to
determine both the chemical compositions of the polymer
and temperatures of thermal transitions belonging to
each component in the polymer (Figure 4). PEG had one
decomposition temperature (Td) at 371 °C. But PVC had
two Td at 198 °C and 448 °C. In the case of c-PVC, PVC
and PEG units have individual Td. As shown in Figure
4, TGA demonstrated fascinating characteristics of the

60°C

PEG Fropargyl chloride

in DMF
H—CH,CH H + NaN; — s H—CH,CH
| n MaCl \
Cl

1 N5
Prufied PV C PVCN;
room temp.
in CHCL
HO {-~CH,CH,0 JK]H + 2CH=CCH,CI ! e CH=CCH oJVCHZCHzo JECHZ,CECH
-HCI
+TEA

11 |
Ik | CHETH [ | CHETHJFPH
Cl

PEG-dipropargyl

Scheme 1. Reaction pathways in the syntheses of PVC-N; and dp-PEG.
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Figure 3. SEM images of c-PVC; (A) X1000 (HK2 in Table 2), (B) X5000 (HK2 in Table 2), (C) X20000 (HK2 in Table 2), (D)

X500 (HK4 in Table 2), and (E) X1000 (HK4 in Table 2).
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Figure 4. TGA thermogram of c-PVC (HK4 in Table 2).
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polymer such as continuous weight loss starting from about
140 °C to nearly 550 °C with maxima at 198 °C, 371 °C,
and 448 °C.

The “click” chemistry synthesis of ¢c-PVC from the two
constituent homopolymers was acquired. In other word,
this paper demonstrates cross-linking of PVC by using
difunctionalized PEGs with various lengths as novel cross-
linking agents through “click” chemistry method. This
procedure used to synthesize cross-linked polymer is easy
and effective. This work can pioneer for further and well-
conceived cross-linked polymers used for many applications.
The calculation of q, a very reliable and practical method,
could be applied to verify the cross-linked polymer
formation. The swelling ratios of c-PVCs in DMF varied
from 1.95 to 7.26.
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Abstract

Resistance of materials to mold fungi is directly related to the material properties and the environmental temperature and relative
humidity level. Critical relative humidity occurs when the relative humidity reaches to the point where mold fungi can grow on the
substrate. A strategy should be developed to address the conditions of mold fungi growth and use more suitable materials depending
on the humidity conditions in the building. The purpose of this research was to establish the essential relative humidity of various
construction materials based on their substrate category in order to get a better understanding of mold resistance and to reduce the
danger of mold development. The critical relative humidity for six building materials was determined in this research to assess each
substrate category’s resistance to mold growth. Inoculation of construction materials with six mold spores (Penicillium, Cladosporium,
Chaetomium, Scopulariopsis, Aspergillus, and Acremonium) and incubation in a desiccator at 22° C (%75-95 ). For 3 months, samples were
analyzed once a week. Mold growth was most sensitive to substrate category I (gypsum board) in this laboratory experiments. There
was no evidence of growth in any of the glass or composite samples. The essential moisture level varied according to substrate category.
For example, the essential humidity level for drywall (category I) was 80%, whereas for rock wool it was 85% (category II). At various
relative humidity levels, the time needed for critical mold development varied. Critical mold development times for gypsum board are
12 weeks at 75% relative humidity and 1 week at 95% relative humidity. The greater the environment relative humidity, the less time
essential mold development requires on the substrate.

Keywords: Mould, Relative humidity, Critical relative humidity level, Building material, Mould resistance

Oz

Yapi malzemelerin kiif mantarlara karg: direnci, malzeme 6zellikleri, ortam sicakligi ve bagil nem seviyesi ile dogrudan iligkilidir. Kritik
bagil nem, bagil nem, substrat tizerinde kiif mantarlarinin gelisebilecegi noktaya ulastiinda meydana gelir. Kiif mantarlarinin tireme
kosullarin: ele almak ve binadaki nem kosullarina bagli olarak daha uygun malzemeler kullanmak icin bir strateji gelistirilmelidir.
Calismada yap: malzemelerinin kif direncini daha iyi anlamak ve kif olusumu riskini en aza indirmek i¢in substrat kategorisine
bagli olarak kritik bagil nemini belirlenmesi amaglanmistir. Bu ¢alismada, her substrat kategorisinin kiif olusumuna kars:t direncini
degerlendirmek i¢in alt1 yap: malzemenin kritik bagil nemi belirlendi. Yap: malzemeleri alt1 kif sporu (Penicillium, Cladosporium,
Chaetomium, Scopulariopsis, Aspergillus ve Acremonium) ile agilandi ve 22°C’de (%75-95) bir desikatorde inkiibe edildi. Ug ay boyunca
numuneler haftada bir kez analiz edildi. Laboratuvar testlerinde, kif olusumuna en duyarls, substrat kategori I (alg1 levha) olmustur.
Cam ve kompozit numunelerinin higbirinde {ireme tespit edilmedi. Kritik nem seviyesi farkli substrat kategorileri i¢in farklrydu.
Ornegin, algipan (kategori I) icin kritik nem seviyesi %80, tas ylini i¢in (kategori II) ise %85 idi. Farkli bagil nem seviyelerinde kritik
kuf gelisimi igin gereken stire degisiklik gostermistir. Bu kapsamda alg1 levha igin kritik kif gelisimi %75 bagil nemde 12 hafta, %95
bagil nemde ise bir haftadir. Ortamin bagil nemi ne kadar yiiksek olursa, substrat tizerinde kritik kif olusumu i¢in gereken sirenin o
kadar kisa oldugunu géstermektedir.

Anahtar Kelimeler: Kif, Bagil nem, Kritik bagil nem seviyesi, Yap: malzemesi, Kuf direnci
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1. Introduction

Mold fungi have a high resistance to adverse conditions as
well as a high ability to produce spores. As a result, fungal
spores can be found in any environment and on any surface.
Mold fungi are an integral part of the ecosystem because
they are responsible for the separation and recycling of
dead matter. Indoor mold fungi, on the other hand, can be
harmful to people’s health as well as damaging to building
materials and components. Therefore, measures should be
taken to prevent the growth of fungi in these environments.
It is important to know the factors that affect the growth
of fungi in order to prevent the growth of indoor fungi
(Johansson 2018, Nielsen 2004, Sedlbauer 2002, Adan
1994). Mold growth is greatly influenced by a number of
important factors, including humidity, temperature, and
substrate. Mold fungi must be exposed to these elements
for a specific period of time. Generally, moisture is the most
important factor in mould growth. Moisture requirements
for mould growth are temperature- and nutrient-dependent(
Stanaszek-Tomal 2020, Jugles et al. 2020, Moon 2005,
Stanaszek-Tomal 2020, Jugles et al. 2020,).

'The more closely the temperature and nutrient content are to
their optimal values, the less moisture is required for growth
(Wu and Wung 2020, Johansson 2018, Sedlebauer 2004,
Adan 1994, Ayerst 1969). The amount of moisture required
for fungi growth is determined by the moisture content of
the substrate on which they grow. This quantity of moisture
is referred to as relative humidity (Sedlebauer 2004, Moon
2005, Samson et al. 2001, Adan 1994). In each material,
the rate of fungal growth varies. Some materials can tolerate
high humidity without mold development, whereas others
cannot withstand mold growth even at low humidity
levels.Many studies have been conducted to determine the
environmental parameters that induce mold development in
various construction materials (e.g. Hofbauer et al. 2008,
Nielsen 2004, Nielsen 2002, Ritschkoff et al. 2000, Viitaneu
1998). One should anticipate that humidity and temperature
levels inside a building will fluctuate. The preferred materials
to reduce the risk of mold growth should be those that can
withstand the current conditions. Due to the diversity of
construction material, it is impracticable to assess their
resistance to microbial growth. Following a review of the
literature, three substrate categories were proposed to assess
the effects of the substrate on mold growth (Doll and Burge
2001, Horner et al. 2001, Klamer et al. 2004, Nielsen 2004,
Pasanen et al. 2000 ).

The purpose of this study was to determine the critical
relative humidity of the substrate in order to gain a better
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understanding of the mold resistance of building materials
and to facilitate the selection of an appropriate material
for the anticipated temperature and relative humidity
conditions in order to minimize the risk of mould growth.

2. Material and Method
2.1. Fungal Species

Mold fungi species found in various climates vary
considerably (Andersen et al. 2011, Hyvirinen et al. 2002).
Therefore, we selected mold fungi found in buildings of
the Mediterranean climate. As a result, an apartment
with dampness and mold issues was chosen in Istanbul’s
Avecilar district. The samples were collected from locations
contaminated with molds. The samples were cultured on
malt agar in Petri dishes until sporulation occurred. To
identify the fungal species, the samples were examined in
Istanbul university Medical Microbiology laboratory. These
species frequently exhibit a wide range of water requirements
(Grant et al. 1989 ) and belong to distinct groups in terms
of successional colonization. These fungi species were mixed
together to replicate real condition (Table 1).

2.2. Building Materials

Due to the diversity of building materials, it was difficult
to assess them separately. This could be simplified by
classifying materials as according ones resistance to fungal.
Sedlebauer (2002) proposed four categories of substrates
based on experimental examinations to account for the
influence of the substrate on the formation of mould fungus
(Sedlbauer 2002). Various building materials were assigned
to each of the four substrates in order to support this
purpose. Substrates categorized as optimal culture medium,
biologically recycled building materials, porous building

materials, and non-degradable and nutrient-free building

Table 1. Mould species used.

Growth Conditions

Species Temperature (°) Hul:ilgit;;?% )

Min. Opt Min. Opt
Penicillium 5 25 78 -
Cladosporium -5 25 85 -
Chaetomium 5 26 - -
Scopulariopsis - 25 - -
Aspergillus 10 35 - -
Acremonium - 26 77 -
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Table 2. Material type and Substrate Categories.

Material Material description SCubstrate
ategory
Plasterboard 12.5 mm standard cardboard covered gypsum. |
Rock wool Made of 30 mm rockwool, uncoated yellow and black glass wool on both sides. II
Water-based paint Acrylic compolymer-based, silicone-added, water-based interior wall paint. II
Solvent based paint Contains anticorrosive and zinc chromal pigment. Interior wall paint. 1I
Glass 2mm standard window glass III
Composite Aluminum composite facade panel. 111

materials. Because this study was limited to building
materials, only categories I, II, and III were considered. This
was accomplished by selecting materials from each category
(Table 2). Without contamination, mold fungi could not be
formed on substrate category III. There were a high risk of
fungal growth on items in categories I and II, depending on
the environmental conditions in which they were located. In
this study, different construction materials were determined
for each substrate type. Based on their frequency of usage in
the envelopes of Istanbul buildings, six building elements
were ultimately selected for this purpose. All materials were
purchased from a local shop and divided into four 50 x100
mm test pieces. The test pieces were located at 22° C and
relative humidity levels ranging from 75 % to 95 % were
applied. Additionally, all materials were sterilized on their
surfaces prior to use.

2.3. Suspension of Fungal Spores

To ensure that each test was repeatable, a spore suspension
was produced in a standardised manner, mostly in accordance
with MIL-STD-810G. (Department of Defense 2010).
45 mL of sterilized water was poured into a culture flask
containing crystal beads which was filled with spores that
had been scraped off the fungus’s surface (building materials
laboratory of ITU). A single flask represented each species.
To release the spores from the conidiophores, the flask was
shaken, which dispersed the spores. Sterile glass wool was
used to filter the contents of the flask. After discarding the
supernatant, the spores were cleaned with sterilized water.
'The solution has been then separated by centrifugation as it
ever was. This was done three times in order to wash out all the
nutrients from the agar. The final spore suspension was made
by combining equal volumes of each species’ suspension.

2.4. Spore Suspension Inoculation Method

It is critical to achieve fungal growth by inoculating the
specimen properly. This can be done in a variety of ways
and according to one’s personal preferences. The technique
of Johansson et al. employed (Johansson et al. 2018). In
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Table 3. Mould growth rating scale for the experiments.

Rating Description of extent of growth

0 No fungal growth
Coverage < 1%
1%< Coverage <10%
10%< Coverage <30%
30%< Coverage <70%
70%< Coverage

UL (W[ | =

order to conduct this experiment, a spore suspension of 0,4
ml was applied to one surface of each specimen. The liquid
suspension was sprayed onto the surfaces of the test pieces
to spread the spores evenly across the surface (building

materials laboratory of ITU).
2.5. Inoculation

The prepared samples were placed horizontally in
desiccators. Each desiccator was programmed to maintain
22 °C and a desired relative humidity. Each desiccator was
equipped with a digital humidity and thermometer for
regular temperature and relative humidity control (building
materials laboratory of ITU).

2.6. Ambient Conditions of Desiccators

All desiccators were set to maintain a constant 22° C and
a relative humidity of %75+ 5, %80+5, %85 +5, %90+ 5,
and %95+ 5, respectively. Silica gel, calcium chloride, and
carbonate were used to create desiccators for 80, 85, 90 and
% 95 relative humidity, respectively and pumice was used to

create %75 (building materials laboratory of ITU).

Three months were spent testing each sample of the selected
materials at a constant temperature and specified relative
humidity. For 3 months, samples were analysed weekly

2.7. Evaluation of Fungal Growth in Laboratory Samples

Weekly evaluations were conducted on all surfaces of
samples exposed to mold growth. The surfaces of the
samples were examined for fungal growth using either the
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naked eye or a 40x stereo microscope in this evaluation. On
the surfaces of the samples, fungal growth was evaluated
using the rating scale shown in Table 4. No surface contact
was made when the analysis procedure was used, as it was
non-destructive (Frihwald et al. 2008). This study method
made it possible to continuously monitor mould growth
on the same test piece. The results were analyzed on the
basis of the simplified judgment. When the mold growth
rating reached 2 or higher for the first time, a test piece was
considered to have failed.

Table 4. Critical humidity level of materials according to 12
week incubation results (at 22° C).

Material Relative Humidity(%)

2.8. Definition of Critical Moisture Level

'The tests were conducted at a constant relative humidity.
The critical relative Humidity was determined by the case
with the lowest relative humidity that met any of the
preceding criteria. For instance, if the critical mould level
requirements were satisfied at a relative humidity of 90%,
the critical relative humidity for this material was considered
to be 90%.

3. Results

Mold fungi growth was detected in all tested materials after
varying exposure times and relative humidity conditions
(%75-95 RH and 22°C) in the building materials laboratory
of ITU -Faculty of Architecture. The growth of mould on

Plasterboard 80 plasterboard was detected using the naked eye and the light
Rock wool 85 microscope for the upper and lower sides. The first stage
Water-based paint 90 of growth (rating 2) was detected in plasterboard after one
g g p
Solvent based paint 90 week of exposure, and rating 3 was detected after three
Glass - weeks, depending on the test series (Figure 1).
, dep g gu
Composite -
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As the exposure continued, the highest rating for mold
growth was detected in plasterboard. The majority of the
mold fungi were Penicillium and Aspergillus species.
Additionally, the rating 2 was detected in rockwool after
three weeks, but only on surfaces in which spore suspension
had been sprayed. After five weeks, a first sign of mold
growth was detected just on top surface of water-based
paint in which spore suspension had been sprayed.

When the exposure time was prolonged, mold growth
was detected in all study materials. Numerous thin mould
hyphae were discovered in solvent-based paint. The type and
intensity of mould growth varied according to the material.
In rockwool, dark, hyphae had been bonded to fibers, and
the rockwool’s solidity appeared to deteriorate over time,
affecting its mold resistance (Figure 2). Mold fungi was also
very dark on plasterboard (Figure 3).

Under 85% relative humidity, no growth of mold fungi
was detected in Category II materials, while growth was
detected in Category I materials. No growth was detected
in Category III, under any humidity conditions. The results

were summarized in Table 4.

Figure 3. Dark mould fungi on the surface of plasterboard.
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In this study, the time needed for samples to achieve critical
relative humidity values is important. When critical mold
growth occurs at the lowest possible relative humidity,
building materials approach critical relative humidity. The
estimated critical relative humidity for the materials tested
after 3 months of incubation. During the test, the highest
relative humidity was %95 and the lowest relative humidity
was %75 (Figure 4). The time required for critical mold
growth at specified relative humidity could be determined
using this information (Table 5).

'The results show that the higher the relative humidity of the
environment, the shorter the time required for critical mould
growth on the substrate. Mold growth on plasterboard, for
instance, takes 12 weeks at a relative humidity of less than
80%, but just two weeks at a relative humidity of 90%.
(Figure 4).

Table 5. The required time for the critical relative humidity
level of the material (at 22° C).

Plasterboard 12
Rock wool 10
Water-based paint 11
Solvent based paint 12
Glass -
Composite -

Ralative Humidity for critical mould
growth at 22° C

M Plasterborad

[any
»

m Rockwool

[any
N

m Water based

f‘j 10
= 8
?; 6 paint
£
= 4 m Solvent based
2 paint
¢ 5 05 G © W Glass
o uu o u
X X X
m Composite

Relative Humidity

Figure 4. Graph of the time required for critical mould growth.
at the specified relative Humidity. (time is determined weekly).
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4. Discussion

Numerous laboratory techniques have been developed to
determine a material’s resistance to mold growth (Adan
1994, Chang et al. 1995, Pasanen et al. 2000, Wang 1992).
'The technique we employed in this research has certain sim-
ilarities to and differences from previous methods report-
ed in the literature. Differences may exist in the sensitivity
of individual materials to mould, despite belonging to the
same group of materials, as well as variations in test setup
and analysis techniques.

'The duration of the experiment is a critical factor in these
studies. The longer the test, the greater the chance of fungal
growth. However, for practical reasons, these tests cannot
be conducted indefinitely and results must be presented at
the appropriate time. According to literature, 12 weeks is an
appropriate duration for this method (Johansson et al. 2012,
Viitanen 2004). Additionally, the time required for materials
to exhibit first signs of fungal growth at critical relative
humidity varies (Viitanen et al. 2010). It’s worth noting that
the higher the relative humidity, the shorter the time required
for exposure to other mold-growing conditions. To evaluate
a material’s critical moisture level, it must be tested at various
humidity levels. According to the literature on humidity
conditions for fungi growth, the minimum required relative
humidity for growth is 75% and the maximum required is
95%(Tsongas et al. 2016, Dedesko and Siegel 2015, Grant
et al 1989, Holme et al. 2008). In our study, the relative
humidity conditions in the laboratory were determined to be
a minimum of 75% and a maximum of 95%.

We examined a combination of spores from six distinct
fungus species to simulate the natural habitat (Table 1). As
a result, the cumulative effect of these various mold types on
the materials was determined. As well, building materials
exhibit varying degrees of resistance to mold fungi formation
based on their properties. Due to the varied resistance of
construction materials, this study investigated three distinct
categories. Moreover, to determine the relative humidity of
building materials, samples from each category were chosen.

Environmental factors have an effect on the critical
moisture level. However, material characteristics have a
major influence in fungus development and were taken into
account while categorizing construction materials in this
research.

We used a method in which samples with a rating of 2 or
higher were considered to have failed and were not further
investigated in order to characterize the course of growth
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and the time at which the threshold moisture level was
reached. This method of evaluating a material’s resistance
to development enables the creation of criteria for what
constitutes acceptable behavior in practice. These results
may be used to evaluate the mold resistance of novel
materials at varying amounts of moisture. After determining
the substrate’s critical relative humidity, the manufacturer/
architect may choose the right material to reduce the risk
of mould development, taking into consideration the
anticipated temperature and relative humidity conditions.

We acknowledge that our study has a number of
limitations. As a result, this test cannot be used to forecast
the duration of exposure to a substance beyond the period
specified in the laboratory. Such predictions need further
study. All of these variables vary across trials, including
the fungus, the inoculation technique, the temperature,
the relative humidity, the time, the analytical method, and
the analysis frequency. To achieve the intended outcome
in this research, the advantages and disadvantages of all
prior studies and studies in this area were thoroughly
examined. Numerous these factors have an effect on the
critical moisture level given to a material based on the facts
and experiences discussed in this section. The test in this
research was done at a constant temperature of 22 ° C and
a constant relative humidity. Hydrothermal conditions, on
the other hand, vary inside structures. It has an effect on
mold development ( Nielsen 2004, Viitanen 2004). Even
yet, there is a potential of contamination, which may impair
mould development. Additional study is required to make
such forecasts. It is essential to check the material at a range
of different humidity and variety of different moisture levels
to determine its critical moisture content.

It is necessary to establish the critical relative humidity of
building materials in order to assess their resistance to fungal
growth. Numerous factors influenced a building material’s
critical relative humidity. In this study, temperature,
relative humidity, substrate categories, incubation period,
and evaluation criteria for mould development have been
analyzed. Due to the fact that different substrate categories
exhibit variable degrees of fungal resistance, each substrate
category must be evaluated individually. In this context, a
critical relative humidity was determined for each category
according to the results of the experiments conducted in
this study. Temperature is also a factor to consider when
describing critical Relative humidity. When the temperature
decreases, the mold’s relative humidity requirement should
be higher. This study investigated fungal growth at a

temperature of only 22 ° C. Further research is necessary
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to make such predictions, as well as to verify whether
laboratory tests accurately reflect real-world conditions and
how duration affects the outcome.
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Yeni Nesil Yiiksek Giigliit IGBT ler I¢in Dinamik Modelleme ve Deneysel Dogrulama

Dynamic Modelling and Experz'mem‘al Validation of New Generation Hig/.) Power IGBTs
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Oz

Bu c¢alismada, karakterize edilmis IGBT dinamik modelleme yapilmigtir. Bu dinamik modelleme i¢in IGBT bilgi dokiman:
kullanilmistir. Kurulan model IGBT cift darbe test devresinde denenmistir. Sonuglar deneysel ¢aligmalarla kargilagtirilmigtir. Bu
caligmanin temel amaci yiiksek glicli ¢eviricilerle yapilan benzetim ¢alismalarinda sonuglarin 6zellikle iletim ve kesime gegis anlarinda
gercege yakin olmasini saglamaktir. Yine IGBT kapi siirme devresi tasarim agamasinda da model, algoritmanin benzetim ortaminda
gelistirilmesi esnasinda fayda saglayacaktir. Benzetimlerde ANSYS Simplorer programu kullamilmigtir. Modelleme i¢in yeni nesil
yiksek glicli IGBT modiilii olan MBM450FS33F model Hitachi marka IGBT se¢ilmistir. Bu trtin yeni paket ¢ift IGBT’li modiil
olup yiiksek gii¢ yogunlugu, diisiik endiiktans ve kolay paralellenebilir 6zellikleriyle yiiksek giicli geviricilerde tercih edilmektedir.
Deneysel sonuglar kurulan cift darbe test diizenegi tizerinden alinmigtir. Benzetim ve deneysel ¢alismalar arasindaki farklar grafik ve
cizelgelerle verilmig, program tzerinde yapilan IGBT modelin ger¢ek modiil ile yakinlifi anahtarlama enerjisi hesaplamalar: ile de
kontrol edilmistir. Sonuglar kurulan modelin ger¢ege yakin oldugunu, bu modelin kullanildig: sistem benzetimlerinde uygulanabilir
oldugunu gostermistir.

Anahtar Kelimeler: IGBT modelleme, IGBT kayiplar, Yiiksek giicli IGBT, Cift darbe testi, Model dogrulama

Abstract

In this paper, IGBT dynamic model is characterized by the circuit simulation tool. IGBT datasheet is used for the details need to
built dynamic model. After that, the model is used in the double pulse test circuit simulation. And the results compared with the real
test results. Main idea of this research is to have an IGBT dynamic model as close as possible to real one in order to use the model in
the gate drive design simulations. A software tool of Ansys Simplorer is used for the simulations and the IGBT that is used for the
research is MBM450FS33F. 'This is the new packaging generation high voltage dual IGBT that has the feature of high power density,
low inductance and easy paralleling for the converter applications. Experimental test measurements are also performed with double
pulse test setup. The comparison of the simulation and the experiment results for both voltage and current waveforms, especially peak
values and the turn off and turn on energy losses are given in detail. The results are shown that the dynamic IGBT model that is built
can be used for the system simulations. It achieves an acceptable accuracy considering the compared results.

Keywords: IGBT modelling, IGBT losses, High power IGBT, Double pulse test, Model verification

1. Giris givenilir bolgede ¢aligmalarini kritik hale getirmistir. Giig

Giiniimiizde IGBT anahtarlama elemanlan yiiksek giigli giic ceviricileri uygulamalarinda 6ncelikli olarak devre benzetim
elektronigi ¢eviricilerinde siklikla kullanilmaktadir. Yiksek programlars 1.le saligilmasi, ozellikle gu(; kat1. tasaruminin ve
akim ve gerilim altinda anahtarlanmalari, bu anahtarlarin kontrol algoritmast tasarimunin vazgecilmezi olmustur. Bu,

8 ’ tasarimcilara hem zamanda kolaylik, hem de gergek sistemde

olugacak risklerin 6nceden gortilmesini ve gerekli aksiyonla-
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dinamik modeli ile gergekte sistemin glvenilir aralikta
calismasini benzetim programi ile 6nceden kestirilebilmek
mimkiindir. Literatirde farkli komplekslikte, farkli IGBT
elemanlarinin modelleme ¢aligmalar1 yapilmigtir (Sheng
vd 2000). Bu modelleme ¢alismalarinin farkliligi, modelin
kullanilacagt uygulamaya gore degismektedir. Cogu devre
benzetim programlarinin kendi kitiphanelerinde standart
IGBT modeli bulunur. Fakat bu modeller genel IGBT
modeli olup, stirekli hal i¢in uygundurlar. Dinamik (kesime
ve iletime girme) gecislerde gercek durumdan ciddi anlam-
da uzak davranirlar. IGBT modelleri genel olarak matema-
tiksel ve davranigsal modeller olarak ikiye ayrilmaktadirlar
(Ji vd 2012). Bu ¢aligmada davranigsal modelleme teknigi
bir benzetim programi tizerinden yapilmig, IGBT modiilin
kapasitif ve endiktif elektriksel parametreleri ile birlikte
akim-gerilim-enerji grafikleri girilmis, detay parametrelerin
ctkartilmasi programa birakilmigtir. Bu da ¢alismanin diger
modelleme tekniklerine gore daha pratik bir yontem olma-
st saglamigtir. Ayrica diger modelleme ¢aligmalarina gore
olusturulan modelin ger¢ek model ile deneysel olarak nasil
kargilagtirilacag: basitce sunulmus, yiksek giiclii ¢eviricilerde
anahtarlama gegislerinde 6nemsenecek kritik akim-gerilim
ve zaman bilgileri detayli verilmistir.

Bu ¢aligmanin temel amaci, trtin bilgi dokiimanina gére
karakterize edilmis IGBT modelin benzetimdeki davranigi
ile gergek sistemdeki davramgini karsilagtirmaktir. Bu
sayede modelde kullanilan IGBT modilin, 6zellikle
anahtarlamanin gegisanlarinda gercege ne kadaryakin oldugu
ol¢tilmis olur. Calismada 6ncelikle IGBT komponentinin
bilgi dokiimani verileri kullanilarak iletime gegis ve kesime
gecis anlarindaki davraniginin parametresel modellenmesi
yapilmistir. Modelleme ve devre benzetimleri icin ANSYS
Bilgi

dokiimani grafikleri ve termal veriler adim adim girilmis ve

Simplorer benzetim  program:  kullanilmigtur.
model olugturulmustur. IGBT modelinin gercege ne yonde
ve ne kadar yakin oldugunun 6nemi kullanildigi uygulamaya
gore degiskenlik gosterir. Bu ¢aligma ile olusturulan model,
glic elektronigi gu¢ ceviricileri tasariminda kullanilarak
ceviricinin anahtarlama aninda givenilir bdlgede (SOA)
cahisip cahiymadigini gergek sistemi kurmadan benzetim
programu ile onceden anlamaya yeterlidir. IGBT surictu
devresi tasarimi i¢in de bu model kullamilabilir. Ozellikle
anahtarlama gegislerindeki dalga bigimlerini gercege yakin
gormek, strtct kontrol algoritmasini yiksek gerilim ve
akim altinda deneysel ¢caligmalar 6ncesinde analiz edebilmeyi
elverigli kilar. Fiziksel komponent parametrelerine gore
matematiksel modeller olusturmaya gerek duymaksizin
amaca uygun IGBT modeli bu ¢aligmada ger¢eklenmistir.

76

Bu dinamik model anahtarlama ge¢is anlarini gérmek igin
yeterli seviyededir.

Olusturulan modelin gergege yakinlik derecesine her iki
ortamda kurulan ¢ift darbe test devresi ile bakilmigtir. Bunun
i¢cin gercekte alinan anahtarlama grafikleri ve bu grafiklerden
elde edilen verilerle hesaplanan anahtarlama enerjileri,
olusturulan modelin kullanildigi benzetim devresinden
alinan grafik verileri ile kargilagtinlmigtir. Sonuglar yiizde
sapma seklinde cizelge ile verilmistir. Ayrica, 6zellikle IGBT
kesime gecis sirasinda sistemdeki kagak endiiktanstan dolay1
DC baraya yansiyan gerilim sigramasinin miktar: da elde
edilen grafiklerle kargilagtirilmigtar.

Bu ¢aligmanin bir diger amaci da Sekil 1’de gérilen 2017
yilinin ikinci yarisinda IGBT ireticilerinin ticari olarak
piyasaya sturdigi yeni paketleme tipinde 3300V 450A
¢ift IGBT’li modiillerin modellenmesi ve deneysel olarak
incelenmesidir. Bu ¢alismada nHPD? ailesi Hitachi marka
MBM450FS33F (IMBM450FS33F datasheet, 2017) model
IGBT i¢in dinamik model kurulup ilk defa piyasaya siiriilen
bu modillerin anahtarlama testleri hem deneysel olarak
hem de benzetim ortaminda gerceklenmistir. nHPD?
ailesi bu modillerin i¢ yapisindaki silikon ve iletkenlerdeki
iyilestirmeler ile birlikte bir takim avantajlari bulunmaktadur.
Modiilin i¢ endiktansi aymi gerilim smifi tekli IGBT
modillere gére %75 azaltilmistir. Gii¢ yogunlugu ise yine
tekli yiiksek gliclii modillere gore %10 oraninda artmugtir. Bu
modiiller yiiksek glicli ¢evirici sistemlerinde paralellenebilir
modilerlikte kullanilmaya uygundur. Burada; P ve N
gl¢ terminallerinin bir tarafta, AC terminalin de fiziksel
olarak bu girislere kargi tarafta olmasi yapisal anlamda

38mm i

140mm

[00mm

Sekil 1. Yeni nesil 3300V 450A-600A IGBT modil paketi.
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paralellenmesine olanak saglamaktadir. Ayrica bu yap: ile
birlikte, evirici sistemlerinde DC bara kondansatérleri ve yiik
baglantilar1 kolaylikla yapilabilmektedir (Kawase vd 2015).

2. Gereg ve Yontemler
2.1. Modelleme
IGBT modelleme i¢cin ANSYS Simplorer programu ile tiriin

bilgi dokiimani verileri kullanilarak aktif komponentler
modellenebilmektedir (Oustad vd 2016). Programda 3
farkli IGBT modil seviyesinde modelleme yapilmaktadir:
Ortalama IGBT Model, Temel Dinamik IGBT Model
ve Gelistirilmis Dinamik IGBT Model. Ortalama IGBT
modelde IGBT statik modelleme yapilabilmekte olup
gecis durumlar: dinamik olarak modellenememektedir.
Bu ¢aligmada kullanilan Temel Dinamik model, IGBT
anahtarlama gecislerinin benzetimde goriilebildigi dinamik
bir modeldir. Bu ¢alisma kapsaminda yeterli oldugu
icin bu modelleme tipi secilmistir. Bu modele IGBT
bilgi dokiimaninda bulunan tim akim-gerilim ve termal
grafiklerin girilebildigi gibi, modili¢in kapasite ve endiiktans
bilgileri de parametresel bir girdi olarak kullanilmaktadir.

Temel dinamik modelleme 11 basamaktan olugmaktadir.
11k boliimde IGBT anahtarlama nominal gerilim ve akim
degerleri, IGBT kap: gerilim degerleri, IGBT kap: giris
ve Miller kapasite degerleri girilmistir. Ikinci bolimde
kollekt6r-emiter gii¢ terminal direng ve endiktans degerleri,
kapi siirme direng degerleri girilmistir. Ugiincii bolimde
IGBT bilgi dokiimanindan ¢c—vee grafik degerleri,

sonraki bolimde ¢¢c—ver grafik degerleri girilmigtir.

Besinci bolimde ¢» — v diyot iletimsel grafik degerleri,
sonraki bolimlerde ise IGBT ve paralel ters diyotun
termal empedans degerleri girilmistir. Diger boélumlerde
ise program IGBT modiiliin analitik detay parametrelerini
olugturmaktadir.

2.2. Cift Darbe Test Diizenegi

Anahtarlamalar benzetim ortaminda ve deneysel ortamda
yapilmistir. Buna goére dalga sekilleri ¢ikartilmig ve
maksimum noktalar kargilagtinlmigtir. Deneysel testler
gunimizde IGBT dinamik davraniglarini nominal gerilim
ve akim degerlerinde test etmeye olanak saglayan ve Sekil
2de goriilen “Cift Darbe Test Devresi” tizerinde yapilmistir.
Bu test metodu ile IGBT lerin hem kesime gecis hem de
iletime gecis durumlarinda yasanan degisimler tek bir
oleim araliginda gorilebilmektedir (Musikka vd 2013).
Bu degisim durumlarinda IGBT ler nominal gerilim-akim
degerlerinde DC bara kondansatérlerinden ¢ekilen enerji ile
calistirilmig olmaktadirlar.

Cift darbe test devresinde enduktif yik kullanilir, tst
IGBTnin diyot eleman: endiktif yikin enerjisini alt
IGBT kesime girdiginde kendi tizerinden bogaltir. Alt
IGBT elemani 2 kere iletime ve kesime sokulur. Verilen
ilk darbede kollektor akimi belirli bir 2c degerine erisir.
Sisteme baglanilan yikin endiktans degeri alt IGBT kesim
durumunda akimin fazla degismemesi i¢in yeterince biiyiik
olmalidir. Ikinci darbe PWM isareti ile alt IGBT ikinci
kez iletime girer. Iletime girdigi anda ilk etapta sistemden
ust IGBT diyotundan dolay: tersine toparlama akimi akar.
Bunun nedeni, iki darbe arasi kesim esnasinda iist IGBT
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diyotu endiiktif yikiin enerjisini iletim yoniinde tikettigi,
yani iletim yoniinde akim akittifi, ikinci darbe ile kesime
gitmesi gerektigi noktada ters toparlanma akiminin DC
porzitif-negatif yéniinde akim akitmasidir. Ters toparlanma
bittigi anda akim sifirdan degil ilk darbede akimin ytikseldigi
noktadan tekrar akmaya baglayarak yukin endiktans
degerine ve iletim siresine bagli olarak artis gosterir.
Ikinci gerilim darbesi sonunda IGBT kesime gittigi sirada
sistemdeki enduktif etkiden dolayr alt IGBT kollektor-

emiter geriliminde (Vg ) asim gorilir.

Bu ¢aligma i¢in kurulan test diizenegi Sekil 3A’da gorildugu
Uzere 2 ayri bolimden olusmaktadir: 1) Test kabini 2)
Kontrol masasi. Ilgili beslemeler ve kontrol birimleri
yiksek gerilimin oldugu test kabininden izole sekilde
konumlandirilmigtir. Deney diizenegi icin hazirlanan cift
darbe test gii¢ kat1 Sekil 3B’de detaylar: ile verilmistir. DC

bara gerilimi bir varyak ile dogrultucu tizerinden DC bara
kondansatérini  doldurmak suretiyle olusturulmaktadir.
Dogrultucu biriminde IGBT modiillerin paralel diyotlar:
kullanilmigtir. Testi yapilan IGBT modili DC bara
kondansatériine genis sandvig bara ile baglanmigtir. DC bara
geriliminin kondansatér tizerinden kisa zamanda bogalmasi
icin direng ile kontaktor seri bir sekilde baraya baglanmig
olup kontrolii bir buton yardimiyla 110VDC gii¢ kaynag:
tzerinden yapilmaktadir. IGBT anahtarlama elemanini
istenilen sicaklikta test edebilmek icin sicaklik sartlandirma
devresi de sisteme entegre edilmistir. Kullanilan tim
elemanlar Cizelge 1'de listelenmistir.

Deneysel ¢alismalarda IGBT anahtarlama elemani, 25
derece ve 125 derecede Amantys marka ZP33NP1 model
IGBT surticusi ile anahtarlanmigtir. Bunun i¢in IGBT
modiild sogutucu plakaya isitic1 direngler ile baglanmugtir.
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Sekil 3. Cift darbe test
gl kat1 diizenegi

A) Blok sema

B) Deneysel ortam.
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Sicaklik sartlandirilmig, IGBT tabani kontrollt sekilde 125
dereceye 1sitilmistir. Buna gore bir adet sicaklik kontrolciisii
yardimiyla 1sitict direngler kullanilarak IGBT nin tabaninin
baglanmis oldugu aliminyum plaka kontrolli bir sekilde
wsitilmaktadir. Aliminyum plakada isitici direnglerin altina
baglanan termokupl yardimiyla istenen sicaklik degerinde
sabit tutulmaktadir. IGBT sicakligi ise ayri bir sicaklik

probu ile dl¢ii aleti tizerinden okunmaktadir.

IGBT modilin isitilmasinda kritik nokta modul igi
¢ip bolgesine en yakin noktanin tespiti, yani o noktanin
sicakliginin bilinmesidir. ~ MBM450FS33F  IGBT
modil igerisinde 12 adet IGBT ¢ip, 8 adet de diyot ¢ip
bulunmaktadir. Sekil 4'de modiil igerisindeki ¢iplerin
Modiil IGBT

ciplerinin kirmizi kare i¢ine alinmig olan birimin altindan

yerlesimi  goriilmektedir. igerisindeki

sicaklik olgilmusgtir.

Dinamik modelin IGBT iletim ve kesime ge¢is durumlarini
analiz edebilmek i¢in Sekil 5A’daki ¢ift darbe test devresi
olusturulmugtur. Benzetim ortaminda kurulan devrede
kap1 direngleri gercekte oldugu gibi iletim ve kesim igin
iki ayr1 direng seklinde eklenmistir. Kap: gerilimi ve sirme
direngleri IGBT dokiimaninda verilen degerlerde benzetime
girilmistir. Sistemdeki endiiktif yiik seri endiiktor ( Lya ) ve
direnci (Ryu) seklinde modellenmistir. Gerilim ise ¢ift
darbe testinde yapildig: tizere iki darbe seklinde verilmistir.

Cift darbe test sisteminde kagak endiktans 5 ayri endiiktor
kaynakli olugmaktadir: DC bara kondansatéri i¢ endiiktori

(L), sistem (+) bara endiiktori (L, ), sistem (-) bara
endiiktorii (L, ), tst IGBT endiiktori Ligsr , alt IGBT
endiiktori  Ljesr2. Bara endiiktor yollari Sekil 5B’de

gorilmektedir.
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Sekil 4. MBM450FS33F IGBT modil igi ¢ip yerlesimi

(Uretici firmadan 6zel alinmistir).

Cizelge 1. Cift darbe test diizenegi malzeme listesi (Test Kabini (1), Kontrol Masas: (2)).

Malzeme/Ekipman Model/Uriin Kodu

Dogrultucu (1)

4 adet MBN1500E33E2 IGBT modiilu

DC Bara Kondansatori (1) (1)

Electronicon E56.N37-465790, 4600pF 2000VDC

IGBT (1) Hitachi MBM450FS33F, 3300V 450A
IGBT Siriicii (1) Amantys ZP33NP1 model siiriicii
Yiik Bobini (1) 100uH 3000A/5ms
DC Bogaltma Kontaktora (1) Microelectrica Scientifica LT'C 250, 1500VDC 250A
DC Bogaltma Direnci (1) Tyco Electronics, 220hm 1kW
Isitma Direngleri (1) Arcol, 10ohm 100W
Sicaklik Kontrolciisii (1) ENDA ETC 442
Gerilim Probu (1) Tektronix THDP0100
Rogowski Akim Probu (1) PEM CWT 30R
Varyak (2) 0-220VAC/0-2800VAC
Multimetre (2) Fluke 87V
Osiloskop (2) Tektronix MSO 4104
G Kaynag: (2) GWlnstek SPD-3606
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Lkacak = Lpos + LIGBTl + LIGBTZ + Lney + Lcap (1)

Sistemde bulunan kagak endiktans, deneysel olarak
IGBT iletim ya da kesime gegis esnasindaki grafiklerinden
hesaplanabilmektedir (Volke ve Hornmkamp 2015). Burada
kesime gecis anindaki anahtarlama dalga sekillerinden
Anahtarlama testi sonucunda
kapama anindaki alt IGBT
kollektor-emiter gerilim sigramasi ve alt IGBT kollektor
akimi degisimi kullanilarak hesaplanmugtir.

hesaplama  yapilmugtir.
hesaplanan endiiktans,

Alt IGBT uglari tizerinden gerilim sigramasi gormek DC
baradaki gerilim sigramasini gérmekten daha saglikli bir
olgtimdir. Ciinki 6l¢iimlere gore IGBT tizerindeki gerilim
sigramasiniin - degeri DC  baradaki gerilim sigramasinin

yaklagik 2 katidir. Sistemin endiiktans: agagidaki Denklem
2 yardimiyla hesaplanmugtir. Burada “ L” endiiktans, “vcr”
IGBT; kollektér-emiter gerilimindeki anlik yiikselme ve
“d,;/dt” IGBT: kollektor akiminin zamanla degisimidir.

UCE:LXdiC/dt

3584
148ns )

L}mwk =90nH

220V =L X

Buna gore deneysel calismalardan alinan $ekil 6’deki
dalga sekilleri tzerinden yapilan hesaplamalarda kagak
endiktansin yaklasik 90nH  oldugu gérilmistir ve
benzetimde bu deger toplamda 90mH olarak Sekil 5’'de
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Sekil 5. A) Benzetim
ortaminda kurulan ¢ift
darbe test devresi (B)

Bara endiiktér yollari.

Karaelmas Fen Miih. Derg., 2022; 12(1):75-85



Tanriverdi, Yildirim / Yeni Nesil Yiiksek Giigli IGBT ler I¢in Dinamik Modelleme ve Deneysel Dogrulama

Cizelge 2. Cift darbe testi gli¢c elemanlar: elektriksel

parametreleri.

Parametre Deger

R, 50010
Lo 90nH
C., 4600pF
Ly 100pH
R 2mQ
v, 1800V

AvCE=220V

-
dicg_ 3584 /

dt 148ns

5.00GS/s H 7 84.0A

Mean Min 10M points

Sekil 6. Deneysel ortamda IGBT kesime gecis aninda dalga
sekilleri (DC bara gerilimi Vpc=1800V, Kollektor akimi Ic=450A,
Kapi direnci R,=12 ohm).

benzetim devresindeki endiktérlere girilmistir. Devrede
kullanilan glic elemanlarinin  elektriksel parametreleri
Cizelge 2’de verilmistir.

3. Bulgular
IGBT dinamik modelleme ile IGBT

anahtarlama gecis anlarinda gercek sisteme yakin sonuglar

elemaninin

cikarmasi beklenmektedir. Bunun i¢in dalga sekilleri her iki
ortamda da incelenmistir. Modelin dogruluk yakinsamast
i¢in ilk kriter anahtarlama gecis anlarinda IGBT akim
ve gerilim agim degerlerinin  deneysel ve benzetim
ortamlarinda birbirine yakin ¢ikmasidir. IGBT iletime
gegis esnasinda IGBT paralel diyotu ters toparlanmasindan
dolay1 olusan akim agimi ve IGBT kesime gegis esnasinda
sistem kagak endiiktanstan dolay1 olusan gerilim agimi bahsi
gecen elektriksel zorlanma faktorleridir. Burada kesime
gecis esnasinda olusan gerilim asimi sistemde daha kritik
problemler dogurabilmektedir. Bu ylizden akim asimina
gore daha fazla Oneme sahiptir. Gii¢ elektronigi gii¢
ceviricilerinde DC baraya bagli olan bara kondansatorleri
belirli bir gerilim dayanimina sahiptir. Bu sistemlerde en
biyiik ariza orami olan komponent bara kondansatorleri
oldugundan (Choi vd 2015), gerilim sigramasinin tepe
degeri kondansatérlerin zarar gdrmemesi agisindan 6nem
arzetmektedir.

Her iki durumdaki ¢aligmada da Sekil 7de goruldagu gibi
ozellikle IGBT kesime gegis durumunda akim ve gerilim
tepe degerleri birbirine ¢ok yakindir. Akim ve gerilim
grafiklerine bakildiginda, IGBT kesim durumunda testlerde

Cift Darbe Tesf

-10V

-1.00
0.0 20 45 7.0 95 12.0 14.5

@

16.3 US

Sekil 7. IGBT 2. anahtarlama darbesi dalga sekilleri (mavi: Kolektér-emiter gerilimi ( Vg ), mor: Kolektdr akimi ( Ieg ), yesil:
Kap gerilimi (Vir)) A) Benzetim ortaminda dalga sekli B) Deneysel ortamda dalga sekli.
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gerilim 2260V’a ¢ikarken, benzetimde 2195V’a kadar agim
yapmustir. Bu da yaklagik %3’lik bir fark oldugunu gésterir.
Bu fark esasinda benzetim esnasinda yapilacak algoritmanin
IGBT nin giivenli bolgede ¢alisip calismadigi konusunda
bize gercek caligmaya goére ¢ok yakin sonu¢ vermektedir.
Bunun diginda, IGBT iletim esnasinda tst IGBT’nin
ters toparlanma akimindan dolayr asgim yapan kollektor
akiminin tepe degeri gercek testlerde 670A iken benzetim
sonuglarinda 455A olarak gorulmustir. Bunun nedeninin
de IGBT duzerindeki diyotun modellemede yalnizca
1r — Upgrafiginin  girilebildigi, dinamik davraniginin
modellenmesinde benzetim programinin performansinin
distik olmasidir.

Anahtarlama ol¢timlerinde enerji hesaplamalari IEC 60747-
9 standardina gore Denklem 3’deki kayip hesaplariyla
yapilmaktadir (IEC 60747-9:2007, AN1403 Semikron
App. Note). Bu standarda gore enerji integral limitleri
akim-gerilim buyukliklerinin belirli yizdeleridir.

Eop=1Itve(t) ic(t)dt Ep=Ilvee(t)-ic(t)dt  (3)

Integral limitleri iletim gegisi i¢in £1, Varen un %107,
Lo, Vapion) un %2’si, kesime gecis icin 3, Vapiy un %907,
L4, To(on un %2’si olarak alinr.

IGBT iletim ve kesim durumlarinda deneysel ¢alisma
ve benzetim c¢aligmasinda grafiklerden enerji kayiplart
hesaplamak i¢in yukaridaki standarda goére zaman aralik
noktalar1 belirlenmistir. Buna gore Sekil 8de gorildigi
tizere iletime ve kesime gecis siireleri yaklagik ayni ¢ikmugtir.
Cizelge 3'de verilen bu sonuglara gore her iki ortamda IGBT
anahtarlama kayip hesaplarinin kargilagtirmasi yapilabilecegi
gorilmektedir.

IGBT benzetim modelinin dogrulanmas: i¢in bir diger
kriter de anahtarlama gegisleri esnasindaki enerji kayip
hesaplarinin kargilagtirilmasidir. Enerji hesaplar;, IGBT
iletime ve kesime gecis araliklarinda 25 ve 125 °C
sicakliklari i¢in 1800VDC v¢r gerilimi ve 100-500A ¢
akim kademelerinde anahtarlama dalga sekilleri tizerinden
yapilmustir. Bunun i¢in benzetim ve deneysel ortamlarda

elde edilen dalga sekilleri kullanilarak IEC 60747-9:2007

»

standardinda verilen zaman araliklar1 igerisinde “.csv

2455

125 o [#10Ves
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Sekil 8. IGBT benzetim
ve deneysel ortamda dalga
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dosyas: ile 10000 ol¢im verisi almmustir. Gerilim ve
akim degerleri ¢arpilmis, enerji hesab: i¢in standarda gore
belirlenen integral limitleri baz alinmigtur.

Deneysel verilerde kollektér akimini 6l¢mek i¢in kullanilan
Rogowski akim probunun bir gecikmesi mevcuttur. CWT
30R akim probunun kablo uzunlugu 4 m, bobin uzunlugu ise
70 cm’dir. Akim probunun yiiksek frekans Bode diyagram:
tizerinden gortilen yiiksek frekansta 40ns’lik bir faz kaymas:
olusmaktadir ve bu gecikme hesaplara katilmigtir (CWT
Technical Note 2011). Buna gére enerji hesaplar: ve iki
farkli ortamin sonuglarindaki hata yiizdeleri Cizelge 4’deki
gibi ¢ikarilmistir. Sekil 9’da ise akima bagh enerji kayiplar:
farkls sicakliklarda grafiksel olarak verilmistir.

Goruldigi gibi nominal caligma kosullarindan  digiik
glic yoninde uzaklastikca hata payr biytimektedir. Fakat
onemli olan IGBT anahtarlama elemaninin sinir galisma
degerlerinde benzetim ve deneysel verilerin yakinsadiginin
gorilmesidir. Sistemin giivenli bolgede c¢aligmasi  bu
bolgeler igin kritiktir. Bununla birlikte IGBT kesime gegis
durumunda gergek 6l¢timlerde akimin belirli bir degerden
sonra daha yavag soniimlenmesinden dolayr F.s enerji
kayiplar1 benzetimdekinden daha yiiksek ¢ikmistur.

4. Tartigma

Bu ¢aligmada yiiksek giicli bir IGBT modiiliin benzetim

Cizelge 3. IGBT iletime ve kesime gegis stireleri.

Tletime Gegis Siiresi Deger

Kesime Gegis Siiresi

programinda dinamik modeli olusturulmustur. Bu dinamik
modeli olugturmak icin ANSYS Simplorer benzetim
programi kullanilmistir. Dinamik model, IGBT nin iletime
ve kesime gecis anlarinda gercege yakin sonug verebilecek
dogrulukta ve yeterliliktedir. Literatirde IGBT modelleme
ile alakali bircok ¢alisma mevcuttur (Azar vd 2004, Bryant
vd 2008, Duan vd 2018, Haddi vd 1998, Ji vd 2015, Liv
d 2018, Ma vd 2020, Meng vd 2017, Nawaz vd 2013,
Song vd 2020, Sfakianis vd 2014, Xue vd 2017). Bu
calismalar, IGBT nin fiziksel ve matematiksel esitliklerle
olugturulan modeller olup farkli benzetim ve matematiksel
ortamlarda gergeklenmektedir. Bu modeller genel olarak
analitik modeller olup yar iletken fizigine dayanirlar.
Analitik modellemelerde IGBT vyari iletken anahtarin
fizik tabanli matematiksel esitlikleri farkli yakinsama ve
kabullerle farkli uygulamalar i¢in ¢ozilirler (Baliga 2011,
Clemente vd 1993, Hefner ve Diebolt 1994, Hefner
1995, Saadeh vd 2012). Fakat bu modelleme teknikleri,
bu c¢aligma ile olugturulan dinamik modele gore daha
karmagik esitlik ve parametre girdisi gerektirmektedir. Bu
caligmada IGBT modeli olusturma ANSYS ile daha basit
¢6zim sunabilmektedir. Clinkii daha ist seviye ve daha
pratik bir teknik uygulanmaktadir. IGBT bilgi dokiimani
tzerinden girilen R-L-C degerleri ve grafikler sonrast
IGBT modilin detay parametrelerinin ¢ikartilmasi isini
program yapmaktadir. Olusturulan benzetim modelinin
dogrulugunun deneysel c¢alisma ile karsilagtirmasi ve bu
sayede modelin dogrulanma yontemi de literatirdeki
cogu IGBT modelleme ¢aligmalarindan farkli ek olarak
verilmektedir. Caligmanin amaci; olugturulan bu modelin

Benzetim Deney Benzetim Deney iletim ve kesime ge¢is zamanlarinda ger¢ek modiilile dinamik
1.58 ps 1.63 ps 2.52 ps 2.4 ps davramista yakinligini 6lgmektir. Bunun i¢in deneysel
Cizelge 4. IGBT kayiplar: 6l¢tim sonuglari.
Calisma Kogullar: Deneysel Benzetim Hata Yiizdesi
Tj iC VCE Eon Eoﬂ” Eon Eoﬂ’ Eon Eoff
[°C] [A] [V] [J/pulse] [J/pulse] [J/pulse] [J/pulse] [%] [%]
125 500 1800 0.317 0.386 0.33 0.352 3.94 9.66
125 400 1800 0.236 0.305 0.246 0.274 4.07 11.31
125 300 1800 0.175 0.235 0.188 0.215 6.91 9.30
125 200 1800 0.106 0.162 0.115 0.144 7.83 12.50
125 100 1800 0.04 0.049 0.043 0.041 6.98 19.51
25 500 1800 0.257 0.375 0.285 0.317 9.82 18.30
25 400 1800 0.223 0.29 0.218 0.242 2.29 19.83
25 300 1800 0.147 0.197 0.133 0.165 10.53 19.39
25 200 1800 0.087 0.135 0.096 0.121 9.38 11.57
25 100 1800 0.035 0.058 0.04 0.047 12.50 23.40
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ortamda ve benzetim ortaminda farkli akim kademelerinde
IGBT modilu cift darbe test diizeneginde anahtarlanmug,
gerilim-akim tepe degerleri kargilagtirnlmistir.  Enerji
kayiplar1 da model ile ger¢ek modil benzerligi arasindaki
bir diger parametredir. Enerji hesaplari IEC 60747-9:2007
standardinda verilen sinir degerler baz alinarak hem deneysel
ortamda hem de benzetim ortamindan alinan veriler ile
hesaplanmugtir. Sonug olarak, IGBT modeli benzetim
ortaminda ger¢ege yakin referans olacak degerler vermistir.
Bu durum, IGBT modilin nominal ¢aligma degerlerinde
gercek ortamda anahtarlanmadan 6nce benzetim ortaminda
da sistemin giivenli bolgede ¢alisildigi konusunda gercege
cok yakin bilgi vermesini saglayacaktir. IGBT treticilerin
2017 yilinda yeni piyasaya ¢ikarmaya bagladiklar: yiiksek
glcli ¢ift IGBT’li 3300V 450A modiil i¢in modelleme

yapilmasiyla birlikte, ¢alisma ayr1 bir 6neme sahip olmustur.
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Determination of Total Phenol Contents, Antibacterial and Antioxidant Activity of
Some Mosses Species

Bazi Yosun Tiirlerinin Toplam Fenol Iceriklerinin, A ntibakteriyel ve Antioksidan Aktivitelerinin
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Abstract

The aim of this study were to determine total phenol contents, antibacterial and antioxidant activity of bryophyte species including
Plasteurhynchium striatum (Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex Miill. Hal.) Wijk & Margad. and Cratoneuron filicinum
(Hedw.) Spruce and Campyliadelphus chrysophylus (Brid.) R.S. Chopra. Antibacterial activity of methanolic, ethanolic, chloroform,
acetone and water extracts of these species was determined by microdilution method. Antioxidant activity of these species was
evaluated by 2,2-diphenyl-1-picrylhydrazyl free radical-scavenging ability. The total phenol content of these species was determined
quantitatively using the folin ciocalteu reagent, with gallic acid equivalents as the standard.

The highest DPPH free radical scavenging activity was observed in about 65% C. filicinum. Total phenolic content of P. euchloron
was determined the highest extract value of 0,027+0,002 mg/g. The methanol extract of bryophytes was found to have significant
antioxidant activity and phenolic contents. Antibacterial effect of the extracts was not observed against the tested microorganisms.

Keywords: Antimicrobial activity, Antioxidant activity, Bryophytes, Total phenol contents

Oz

Bu ¢alismanin amaci Cratoneuron filicinum (Hedw.) Ladin, Campyliadelphus chrysophylus (Brid.) R.S. Chopra. Plasteurhynchium striatum
(Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex Miill. Hal.) Wijk & Margad gibi briyofit tirlerinin toplam fenol igeriklerini,
antibakteriyel ve antioksidan aktivitelerini belirlemektir. Bu tiirlerin metanolik, etanolik, kloroform, aseton ve su ekstraktlarinin
antibakteriyel aktiviteleri mikrodiliisyon yontemi ile, antioksidan aktivitesi 2,2-difenil-1-pikrilhidrazil serbest radikal siiptirme yetenegi
ile, Toplam fenol igerikleri ise standart olarak gallik asit esdegerleri ile folin ciocalteu reaktifi kullanilarak nicel olarak belirlenmistir.

En yiksek DPPH serbest radikal stiptirme aktivitesi yaklagik %65 ile C. filicinum’da gézlendi. P. euchloron’un toplam fenolik igerigi
en ylksek ekstre degeri 0,027+0,002 mg/g olarak belirlenmigtir. Briyofitlerin metanol ekstraktinin 6nemli antioksidan aktiviteye ve
tenolik igerige sahip oldugu bulundu. Ekstraktlarin test edilen mikroorganizmalara karst antibakteriyel etkisi gézlenmedi.

Anahtar Kelimeler: Antimikrobiyal aktivite, Antioksidan aktivite, Briyofitler, Toplam fenol icerigi
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1. Introduction

There has been an increasing interest in studies on the po-
tential use of plants as natural biologically active compounds
in the pharmaceutical industry all over the world (Pejin and
Bogdanovi¢-Pristov 2012, Pejin et al. 2013, Yaglioglu et al.
2017). The evaluation of the biological activities of the bryo-
phytes provides a significant contribution to the search of
possible drug sources.

Bryophytes, the second largest group, which comes after
seed plants, were separated into three divisions within the
subkingdom of Bryobiotina as a result of recent molecular
studies. These divisions are composed of Bryophyta, March-
antiophyta, and Anthocerotophyta (Glime 2007, Goffinet
and Shaw 2009).

Bryophytes has been widely used as a herbal medicine
in China and India and among Native Americans since
ancient times. Bryophytes have high amounts of terpenoids,
phenolics, glycosides, fatty acids and some rare aromatic
compounds that can contribute to the prevention of cancer
and other chronic diseases (Mainasara et al. 2021).

Most of studies, however, have focused on higher
vascular plants, specifically the angiosperms. Compared
to angiosperms, pharmaceutical studies on bryophytes are
relatively fewer (Magtoto et al. 2015). Similar to other
plants, bryophytes possess antimicrobial and antioxidant
properties (Bodade et al. 2008). Some research has indicated
the potential of mosses as natural sources of antioxidant
(Pejin and Bogdanovi¢-Pristov 2012, Pejin et al. 2013,
Yaglioglu et.al. 2017).

Extracts of some bryophytes plants that have a high con-
centration of phenolics have good antioxidant activity (Hin-
neburg et al. 2006, Rice-Evans et al. 1995). The antioxi-
dant and total phenol content of Marchantia diptera Nees
& Mont. (Marchantiaceae), Ceratodon purpureus (Hedw.)
Brid. (Ditrichaceae), Dicranum polysetum Sw., Dicranum sco-
parium Hedw. (Dicranaceae), Leucobryum glaucum (Hedw.)
Angstr. (Leucobryaceae), Mnium marginatum (With.) P.
Beauv. (Mniaceae), Atrichum undulatum (Hedw.) P. Beauv.,
Polytrichum formosum Hedw. (Polytrichaceae), Pleurozium
schreberi (Willd. ex Brid.) Mitt. (Entodontaceae), Thuidium
tamariscinum (Hedw.) Schimp. (Thuidiaceae), Brachythe-
cium rutabulum (Hedw.) Schimp. (Brachytheciaceae), Ca/-
liergonella cuspidata (Hedw.) Loeske (Hypnaceae), Hypnum
mammillatum (Brid.) Loeske (Hypnaceae), Polytrichastrum
alpinum (Hedw.) G. L. Sm., Bryum moravicum Podp. and
Rhodobryum ontariense (Kindb.) Kindb. medicinal bryo-
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phyte species have been studied by different researchers
indicating that they have high antioxidant activity and phe-
nolic content, which might give new direction in medicine
as a source of antioxidant agents in the future (Hsiao et al.
1996, Chobota et al. 2008, Bhattarai et al. 2009, Cvetié¢ et
al. 2009, Pejin and Bogdanovi¢-Pristov 2012, Pejin et al.
2013, Pejin et al. 2014).

Also, some researchers have performed phenolic content
and antimicrobial activity of the Bryophytes (Cansu et al.
2013, Cansu et al. 2014, Tosun et al. 2014, Tosun et al.
2015, Coteli et al. 2017, Coteli et al. 2019 ).

'The aim of this study were to determine the antioxidant and
antimicrobial activity together with the total phenol content
of four moss species including Plasteurhynchium striatum
(Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex
Mull. Hal.) Wijk & Margad. Cratoneuron filicinum (Hedw.)
Spruce, Campyliadelphus chrysophylus (Brid.) R.S. Chopra.
that are also used as components of traditional medicine
preparations. (Cui et al. 2005, Shai et al. 2010).

2. Material and Methods
2.1. Plant Material and Sample Preparation

Research materials were collectedfrom Zonguldak province
in Turkey. They were identified and deposited in Zonguldak
Bilent Ecevit University-Bryophyte herbarium (ZNG
2428, 3294, 5851, 5869). In this study, spectrophotometric
measurements were measured with Tetra Mark T80 +
UV / VIS Spectrometer PG Instruments. DPPH, BHT,
BHA, gallic acid, folin reactive, methanol and NaCO, were
supplied from Sigma-Aldrich and Merck.

2.2. Sample Extraction

Samples were freeze dried (Lyolab freeze dryer) and ground
in a mortar. The samples (1 g) were extracted with 10 ml
80% MeOH in a shaker for one hour and filtered, while
the remaining material was re-extracted with 15 ml %80
MeOH overnight. Filtered extracts were combined and
concentrated in 80% MeOH with an evaporator. Dried
extracts were stored at 4°C till their use. They were completed
to 2 ml with %100 MeOH to determine antioxidant activity,
total phenolic compounds. The methanolic, ethanolic,
chloroform, acetone, and water extracts of mosses were
prepared for the antimicrobial activities.

2.3. Total Phenolic Content

'The total phenol amount of samples was based on Singleton
et al. (1965). Folin-ciocalteu stock solution was diluted
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with a 1:3 rate of water. After 20 g of sodium carbonate
was dissolved in 250 ml water, it was left for one night to
be filtered the next day. 250 mg gallic acid was dissolved in
%10 ethanol. Solutions of this gallic acid were prepared in
15.62,31.25,62.5,125, 250, 500 mg/1 concentrations. From
a one-gram-fresh sample, a 2 mg/ml solution was obtained.
From each Sample/Gallic acid solution, 20 pl were taken.
100 pl Folin-ciocalteu solution was added in 1.58 ml of
distilled water, and it stayed there for about five minutes.
300 pl %20 sodium carbonate was added in each, and they
stayed in a dark place for 2 hours. Their absorbances were
measured at 765 nm. Finally, the calibration curve of gallic
acid absorptions was formed (Singleton and Rossi 1965).
A strong correlation (R?=0.99407) for the total phenolic

content was found.

The total phenolic content of the plant extracts and the
standard antioxidant materials were determined according
to the Folin Ciocalteu method (Singleton et al. 1999).

2.4. Antioxidant Assessment Parameters
DPPH Free Radical Scavenging Assay

'The antioxidant activity of samples was measured with the
DPPH assay. The free radical scavenging effects of the
extracts on the 2.2-diphenyl-1-picrylhydrazyl (DPPH)
were determined according to the Sanchez-Moreno
method (Wang et al. 1996). The changes in the absorbance
of the specimens were measured at 517 nm with a UV
spectrophotometer (Tetra), where pure methanol was used.
Radical scavenging activity was expressed as the percent
inhibition (%) of DPPH radical and was calculated with the
following formula (Ellnain et al. 2003, Abdille et al. 2005,
Mainasara et al. 2021).

The antioxidant activity (Inhibition (%) was calculated as
follows:

o (absorbance sample — absorbance empty sample) x 100
AAlnhibition(%) = absorbance control

2.5. Antimicrobial Screening

The screening of the antimicrobial activity of the crude
extract of the colloid and rhizoid of mosses were carried
out individually on active cultures of Staphylococcus aureus
ATCC 29213, Methicillin resistant Staphylococcus aureus
(MRSA) ATCC 43300, Escherichia coli ATCC 25922,
Pseudomonas  aeruginosa ATCC 27853 and Enterococcus
Jecalis ATCC 29212. All strains were procured from the
Ankara University Faculty of Pharmacy, Department of
Pharmaceutical Microbiology, Turkey.
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The minimum inhibitory concentrations (MIC) of extracts
were determined with broth microdilution method
according to the recommendation of European Committee
on Antimicrobial Susceptibility Testing (EUCAST)
standards (ISO 20776-1 2006). For this purpose, 100 pL of
Cation adjusted Mueller Hinton Broth (CMHB) (Becton
Dickinson) was added to each well of 96-well microplates,
then 100 pL of sample was placed in the first well to
obtain double-fold dilutions. In the last stage, the bacterial
suspensions, prepared equal to McFarland 0.5 turbidity
with a densitometer (Biosan), was diluted 1/100 and 100 pL
was added to all wells. Microplates were incubated at 37°C
for 16-20 h. After incubation, the lowest concentration that
inhibit the visible growth of the microorganism defined as
MIC. Ciprofloxacin was used as control.

3. Result
3.1. Total Phenol Content (TPC)

The TPC of the moss extracts were expressed as mg
GAE/100 g dw of extract. The methanol extracts of samples
were found to have significantly higher TPC (p<0.05). The
methanol extract of P. euchloron showed the highest TPC
(0.027+0.002 mg/g GAE/100 g) among all moss extracts.
The maximum TPC in methanol extracts was determined in
P. striatum (0.022 +0.002 mg/g GAE/100g), C. chrysophyllus
(0.008 +0.001 mg/g GAE/100 g) and C. filicinum (0.0055 +
0.0015 mg/g GAE/100 g) (Table 2).

3.2. Antimicrobial and Antioxidant activity

The tested extracts have no antibacterial activity against
the investigated microorganisms with the microdilution
method (>500 pg/mL) (Table 1), however the methanol
extract of mosses was found to have significant antioxidant
activity and phenolic contents.

Four mosses species were screened for their potential as
antioxidants using the DPPH radical scavenging activity
method. The DPPH radical is widely used in assessing free
radical scavenging activity because of the ease of the reaction.
The % inhibition values of DPPH due to the absorbance
measured at 517 nm in the radical scavenging experiments
are shown in Table 1. In parallel to the examination of the
antioxidant activity of plant extracts, the values for three
standard compounds were obtained and then compared
to the values of the antioxidant activity. The standard

substances were BHA, BHT and ascorbic acid.

The free radical scavenging capacity of the four moss species
in different extracts, the three positive controls viz. BHA,
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Table 1. Result of the antimicrobial activity of the moss extracts with microdilution (MIC (pg/mL)).

Moss Extracts

. . 2 striatum
Microbial Strain

euchloron

Plasteurhynchium Palamocladium Cratoneuron Campyliadelphus

filicinum

chrysophylus

Ciprofloxacin

%léscAjsy,oo >500 >500 >500 >500
f\?’égﬁ’g"g‘;’f »500 >500 >500 >500 0.0039
o >500 500 0 0 "

BHT, and ascorbic acid were compared through their ability
to scavenge DPPH radical. The DPPH radical scavenging
capacity of the bryophytes extracts and the positive controls
increased in a dose dependent manner at a concentration
of 0.1-0.5 mg/ml. The rate of DPPH radical scavenging
capacity was found to depend on bryophytes species and
extracting solvent (Kumar et al. 2013). DPPH radical
scavenging capacity of methanol was significantly higher
(p<0.05) in comparison with the other extract for most of
the moss species. The maximum DPPH radical scavenging
capacity in methanol extracts was retained by C. filicinum
(%65) and P. euchloron (%62). Ascorbic acid (%92), BHA
(%91), and BHT (%89) were found to produce a significantly
higher (p<0.05) DPPH radical scavenging effect when
compared to the moss extracts (Table 2), (Figure 1).
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Table 2. Percentage inhibition of DPPH free radical of plants

extract at 517nm.

DPPH Free Radical Scavenging

Solution Activity (%)
BHT 88.9227
BHA 91.2591
Ascorbic Acid 92.8188
C. filicinum 65.1127
P, euchloron 62.7124
P, striatum 55.2202
C. chrysophyllus 51.9416
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Figure 2. Prepared using
the gallic acid standard for
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Table 3. Total phenol contents of plant extracts determined by
total phenol contents.

mg/g (Gallic Acid
Sample Equivalent)
P, euchloron Average 0.027+0.002 mg/g
P, striatum Average 0.022 = 0.002 mg/g

C. chrysophyllus Average 0.008 + 0.001 mg/g

0.0055 +0.0015 mg/g

C. filicinum Average

The total phenolic contents in the plant extracts were
expressed in terms of gallic acid equivalent using the
Folin-Ciocalteu’s reagent. The values obtained for the
concentration of total phenols were expressed as mg of

GA/g of extract (Table 3), (Figure 2).

4. Discussion

Antioxidants fight against free radicals and protect us from
various diseases. They exert their action either by scavenging
the reactive oxygen species or protecting the antioxidant
defense mechanisms (Umamaheswari and Chatterjee
2008). In this study, the percentages of inhibition of the
antioxidative activity of four moss species were determined
and also contributed significantly to literature due to lack
of studies evaluating the antioxidative properties of moss
extracts.

The most important groups of natural antioxidants are
phenolic substances (Tunalier et al. 2002). Therefore, the
determination of the quantity of phenolic compounds
is very crucial to understand the antioxidant capacity of
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plant extracts (Das and Pereira 1990, De Gaulejac et al.
1999, Sabovljevi¢ et al. 2001). Total phenolic content was
determined by using the Folin-Ciocalteu reagent. The total
phenolic content of the different fractions of plants was
solvent dependent and expressed as milligrams of gallic acid
equivalents (GAE) in all the plant extracts. In studies it
was indicated that the total phenolic concentration in plant
material was directly associated with antioxidant activity.
(Velioglu et al. 1998). The total phenolic compounds in
fractions varied widely, ranging from 0.008 = 0.001 mg/g to
0.027£0.002 mg/g were expressed as gallic acid equivalents
(GAE). P. euchloron exhibited the highest total phenolic

content.

Also, the antioxidant activities of the extracts were compared
with BHT and BHA, which are synthetic antioxidants.
Furthermore, the antioxidant activities of the extracts were
compared with ascorbic acid that is a natural antioxidant.
Ascorbic acid (%92), BHA (%91), and BHT (%89) were
found to produce a significantly higher (p<0.05) DPPH
radical scavenging effect when compared to the bryophyte
extracts. The maximum DPPH radical scavenging capacity
in methanol extracts was retained by C. filicinum (%65)
and P. euchloron (%62). Highly radical scavenging effects of
different concentrations of C. filicinum was demonstrated
in this study. However, the radical scavenging effects of P.
striatum, P. euchloron and C. chrysophylus were not found as
great as that of C. filicinum.

Only %5 of the bryophytes have been chemically analyzed
in the literature so far in the World (Sabovljevic et al. 2012).
These studies are increasing day by day. It is considered that
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bryophytes will become more important in the future due to
have a wide variety of phenolic compounds and antioxidant
effects, and to be a potential sources in the future.

Similarly, in our literature survey we found no study related
phytochemical content of the P. striatum, P.euchloron, C.
Jilicinum and C. chrysophyllus species.

When the scientific researches carried out up to now are
examined, the DPPH radical used in the DPPH method is
used for the differences in the concentrations of plant extracts
used in the research, DPPH radical or antioxidants may
vary depending on exposure to light and air. It is clear that
different results are obtained in this case (Mishra et al. 2012).

An extract derived from Perilla frutescens sprouts was shown
to exhibit potent antioxidative properties, including the ability
to effectively scavenge DPPH, anti-inflammatory activity,
and antiemetic effects. So, four moss species in this study may
have similar effects as P.frutescens. (Jeong et al. 2014).
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I'_jevamizoliin Model Organizma Galleria mellonella’ nin Bazi Biyolojik Ozellikleri
Uzerine Etkisi

The Eﬁcz‘ of Levamisole on Some Biological Parameters of Model Orgcmism Galleria mellonella

Volkan Keles*®, Ender Buyukguzel

Zonguldak Bilent Ecevit Universitesi, Fen-Edebiyat Fakiiltesi, Molekiiler Biyoloji ve Genetik Bélimii, Zonguldak

Oz

Imidotiyazol tiirevi antihelmintik bir madde olan levamizoliin biiyiik bal mumu giivesi, Galleria mellonella'nin, larva, pup ve ergin
evresindeki yagama orani, gelisim siireleri ve ergin 6miir uzunlugu tizerine etkileri incelendi. G. mellonella birinci evre larvalar1 0,001, 0,01
ve 0,1 g/100 g levamizol igeren yapay besinler ile beslendi. Denenen levamizol konsantrasyonlar: levamizol icermeyen kontrol besini ile
kargilagtirildiginda G. mellonellanin yagama ve gelisim parametrelerini tizerinde olumsuz yonde etkiledigi tespit edildi. Levamizolin
90,001 g ve %0,01 g'lik konsantrasyonlar: kontrol grubu ile kargilagtirildiFinda 7.evreye ulagan larva oranini istatiksel olarak 6nemli
derecede digtirdii. Denenen en yiiksek konsantrasyonda (%0,1 g) bu oran kontrol grubuna gore (%98,75) 3 kat azalarak %28,75 olarak
belirlendi. Levamizol ieren yapay besinlerde beslenen gruplarda kontrol grubuna gore pup olma oran: ve ergin olma oraninda da
benzer etkiler gézlemlendi. Levamizoliin farkli konsantrasyonlarini iceren yapay besinde yetistirilen bécekler, levamizol i¢ermeyen
kontrol grubuna gore 7.evre larva, pup ve ergin evrelere daha ge¢ ulagti. Levamizoliin %0,001 g ve %0,01 g’ lik konsantrasyonlar:
kontrol grubuyla karsilagtirildiginda bocegin ergin 6mir uzunlugunu uzatirken denenen en yiiksek levamizol konsantrasyonu (%0,1
g) bocegin ergin 6miir uzunlugunu kontrol grubuna goére yaklagik olarak 3 gilin azaltti. Elde edilen sonuglar neticesinde yapay besinle
birlikte alinan levamizolin model organizma G. mellonella’nin hem aktif beslenme gosterdigi larval evrede hem de pup ve ergin dénemi
olmak tizere daha sonraki gelisim evrelerinde olumsuz etkilerinin oldugu tespit edilmistir.

Anahtar Kelimeler: Levamizol, Galleria mellonella, Yasama orani, Gelisme stiresi, Ergin 6miir uzunlugu

Abstract

The effects of levamisole, an imidothiazole derivative anthelmintic, on survival rate, development time and adult longevity of greater
wax moth, Galleria mellonella, larvae, pupae and adult stage were investigated. First instar larvae of G. mellonella were fed on artificial
diet containing 0,001, 0,01 and 0,1 g/100 g of levamisole. Experimented levamisole concentrations negatively aftected the survival
and developmental parameters of G. mellonella when compared to the control diet without levamisole. The concentrations of 0,001%
g and 0,01% g of levamisole significantly decreased survival rates of 7™ instar larvaec when compared to the control group. Similar
results obtained from the survival of pupal and adult stages. Insects that fed on artificial diet with different concentrations of levamisole
reached the 7™ instar larva, pup and adult stages later than the control group without levamisole. While the concentrations of 0,001% g
and 0,01% g of levamisole extended adult longevity of insect, the highest concentration of levamisole tested (0,1% g) reduced the adult
longevity of the insect by approximately 3 days compared to the control group. As a result, it has been demonstrated that levamisole
taken with artificial diet has negative effects both in the larval stage that shows active feeding and in the subsequent developmental
stages, including the pupal and adult stages of model organism G. mellonella.

Keywords: Levamisole, Galleria mellonella, Survival rate, Developmental time, Adult longevity
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1. Girig

Tarimzararlilariile miicadelede sikliklabagvurulan geleneksel
yontemlere nazaran daha g¢evre dostu yaklagimlara ihtiyag
duyulmaktadir. Ekonomik ag¢idan énemli zararlara sahip
bir¢ok bocek tirtiniin laboratuvar ortaminda kitle halinde
tretimlerinin yapilmas: hem bu béceklerin fizyolojilerinin
anlagilmasina hem de ¢evre dostu yeni kimyasal maddelerin
tespit edilmesine olanak saglamaktadir. Bunun igin

laboratuvar ortaminda bu boceklerin kiltiriinin yapilmas:
onemli bir basamaktir (Zahran vd. 2018, Zeng vd. 2019).

Laboratuvarsartlarindabocekkiltirlerininolugturulmasinda
kullanilan yapay besinlerin kalitesi bu tir ¢aligmalar igin
onemli kismi olugturmaktadir. Bécek kiltir ortamlarinda
¢ok sik kargilagilan mikrobiyal kontaminasyonlarin 6niine
gecebilmek icin yapay besin bilesenlerine klinik agidan
onemli olan ¢esitli antibiyotikler eklenmektedir (Biytikgtizel
ve Kalender 2007, 2008, 2009, Buyiikgiizel ve Kayaoglu
2014, Aslan vd. 2019, Ustiindag vd. 2020).

Bocegin gelisimini optimum kogullarda saglamak icin
kullanilan bu maddeler genel olarak yan etkisi disik
ve yiksek organizmalarda gorilen prevalanst yiksek
hastaliklarin tedavisinde kullanilan klinik 6neme sahip
antibiyotiklerdir. Cesitli bakteriyel, fungal veya helmintik
enfeksiyonlarin tedavisi i¢in gelistirilen bu antibiyotiklerin
boceklerin  yapay besininde yiiksek konsantrasyonlarda
kullanildiginda yasama ve gelisim parametrelerini olumsuz
yonde etkiledigi birgok ¢alismada gosterilmistir (Hoffmann
vd. 2014, Li vd. 2020, Buyiikgiizel ve Biytkgtizel 2019, Wu
vd. 2020).

Antimikrobiyal ajanlarin etkinlifinin ve toksisitesinin
degerlendirilmesinde fare ve sican gibi omurgali model
organizmalar son yillarda bazi etik kaygilardan dolay:
yerini Galleria mellonelld’ya birakmistir (Vogel vd. 2011,
Lange vd. 2018, Piatek vd. 2020, Kastamonuluoglu vd.
2020). G. mellonellanin laboratuvar sartlarinda bagarili bir
sekilde kitle halinde tretimi ve kullanilan yapay besinlerin
kalitesinin artirilmasi bu ¢aligmalar i¢in olduk¢a 6nemlidir
(Biytikgtizel ve Kalender 2007, 2008, 2009, Buyiikgtizel ve
Biyukguzel 2016, 2019, Li vd. 2020).

Biytik bal mumu givesi, G. mellonella (Lepidoptera:
Pyralidae) bal peteklerine yaptigi tahribat nedeniyle
ekonomik agidan 6neme sahip tarim zararlisi bir bécek
tiradir. Hayat dongisiini tam bagkalagim gecirerek
surdiren G. mellonella larva, pup ve ergin olmak tzere
fizyolojik ve morfolojik olarak farkli stregleri iceren tg
farkli gelisim evresine sahiptir (Lange vd. 2019, Cutuli vd.
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2019). Zirai olarak onemli bir zararli olan G. mellonella'nin
aktif beslenme davranigi gosterdigi larval evresi memeliler
ile kargilagtirildiginda fizyolojik olarak yiiksek homoloji
gostermesi ve bu benzerliklerin diger yiiksek organizmalara
gore daha az kompleks olmasi global olarak o6neme
hastaliklarin  molekiiler
anlagilmasinda siklikla model organizma olarak tercih

sahip ¢esitli mekanizmasinin
edilmesini saglamigtir (Mikulak vd. 2018, Bismut ve Eztray
2019, Pereira ve Rossi 2020).

1966 yilinda kegfedilmis
levamizol memelilerde gorilen akciger ve bagirsak paraziti
enfeksiyonlarinin  tedavisinde kullanilan  sentetik  bir
antibiyotiktir (Miller 1980, Martin vd. 2012). Levamizol
spesifik olarak nematodlarin kas hiicre duvarindaki nikotinik

imidazotiyazol tirevi olan

asetilkolin reseptérlerine baglanip, reseptore bagh kalsiyum
iyon kanallarini agarak hiicre i¢i kalsiyum derigiminin
artmasina neden olur. Hiicre i¢indeki kalsiyum miktarinin
artmasi sirekli kasilmaya yol agar ve hedef organizmayi
fel¢ ederek etkisiz hale getirir (McKellar ve Jackson 2004,
Holden-Dye ve Walker 2007).

Yapilan c¢aligmalarda levamizolin antihelmintik etkisinin
yani sira dogal oldurtici hicrelerin ve T hicrelerinin
aktivesini artirdigi tespit edilmistir. Iltihaphi romatizma
gibi enfeksiyon hastaliklarinin ¢ogunda ve 6zellikle 3. evre
kolon kanserinin tedavisinde cerrahi miidahale sonrasi
uygulanan kemoterapi kiirlerinde immiinostimiilant olarak

kullanilmaktadir (Scheinfeld vd. 2012, Chapuis vd. 2019).

Bu ¢alismada, levamizoliin yukaridaki uygulamalarinin
disinda model organizma olarak kullanilan G. mellonella'nin
yapay besinine eklenerek laboratuvar sartlarinda bocegin
etkisi
mellonella’nin 7.evre larva, pup ve erginlerindeki yasama

biyolojisi  tizerine gozlemlemek amaciyla G.
ve gelisim parametreleri ve ergin 6mir uzunluguna etkisi

aragtirtlmugtur.

2. Gereg ve Yontemler
2.1. G. mellonella Kiiltiirii

Laboratuvarimizda daha 6nceden kiltire alinmis olan
yumurtadan yeni ¢ikmus birinci evre G. mellonellalarvalar 28
+2°Cve %65 + 5 nispi nemde sogutmali inkiibatorde (Nive,
Es 500) ve devaml karanhigin saglandigi ortamda, Bronskill
(1961) tarafindan geligtirilen yapay besin (420 g bugday
kepegi, 150 mL stizme bal, 150 mL gliserin, 20 g 6gutilmis
koyu renkli eski petek ve 30 mL saf su) kullanilarak ergin
evreye kadar yetistirilerek stok kiltir olugturuldu.
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2.2. Levamizoliin Uygulanmas:

Deneylerde kullanilan imidazotiyazol tirevi bir antihel-
mintik olan levamizol (C H, NS, [6-phenyl-2,3,5,6-
tetrahydroimidazo(2,1-b)(1,3)thiazole], suda ¢oziinebilir,
204.291 g/mol, 500 g, Parti no: 1000204922) Deva Tlag
Sirketi'nden temin edildi. Levamizol konsantrasyonla-
r1 daha 6nce gerceklestirilmis olan c¢alismalardaki veriler
g6z 6ntne alinarak 6n denemeler ¢ercevesinde olusturuldu
(Buytikgtizel ve Kayaoglu 2014, Calik vd. 2015, Sugecti vd.
2016, Sefer ve Biiytikgtizel 2017, Celik vd. 2019). Yapilan 6n
denemeler sonucunda yapay besine ilave edilecek levamizol
konsantrasyonlar: %0,001 g, %0,01 g, %0,1 g ve %1 g olarak
belirlendi fakat denenen en yiiksek konsantrasyonda (%1 g)
gelisim gozlenmedigi icin bu grup deney diizeneginden ¢1-

karildi.

Igerigi verilen yapay besin bilesenleri genis bir kap icerinde
yaklasik olarak 15-20 dakika karstirilarak yapay besin
elde edildi. Belirlenen levamizol miktar1 100 gram besin
basina diisen gram antibiyotik olarak yapay besinin igerisine
dogrudan ilave edilip, iyice homojen oluncaya kadar
karigtirildi.

2.3. Beslenme Deneyleri

Galleria mellonella birinci evre larvalar1 yumusak uglu firga
yardimiyla kontrol ve levamizol konsantrasyonlar: iceren
kavanozlara birakildi. Kavanozlar 28 + 2 °C ve %65 + 5 nispi
nemde devaml karanligin saglandif1 ortamda ergin evreye
kadar yetistirildi.

Denenen levamizol konsantrasyonlarinin bécegin 7.evre
larva, pup ve erginlerindeki yasama orani, gelisim stresi ve
ergin 6mir uzunlugu tzerine etkisinin belirlenmesi i¢in
yapay besin icerisinde olgunlagan 7. evre larvalar 30 mL’lik
saklama kaplarinda stok kiltirtn ytritildigi sartlarda (28 +
2°C ve %65 + 5 nispi nemde sogutmali inkiibatérde devamli
karanligin saglandigi ortamda) sakland: ve deney diizenegi
her giin kontrol edildi. Levamizol i¢ermeyen kontrol grubu
ve levamizol igeren gruplar ile yapilan deneyler dort farkl
zamanda tekrar edildi.

2.4. Verilerin Degerlendirilmesi

Yasama orani, gelisme stireleri ve ergin 6mir uzunlugu ile
ilgili verilerin degerlendirilmesinde “ONE-WAY ANOVA”
(Tek Yonli Varyans Analizi) kullanildi. Ortalamalar
arasindaki farkin 6nemini saptamak icin gelisme siiresi ve
ergin omir uzunlugunda “LSD Testi” (SPSS statistical
software version 15.0 for windows; SPSS Inc., Chicago, IL,
USA), yasama oranx ile ilgili verilerin degerlendirilmesinde
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“Chi square Testi”"(x2) (Snedecor ve Cochran 1989),
kullanildi. Ortalamalar arsindaki fark ise 0,05 olasilik

seviyesinde degerlendirildi.

3. Sonuglar

Yapay besine dogrudan ilave edilen levamizolin %0,001
g, %0,01 g ve %0,1 g olmak Uzere denenen bitin
konsantrasyonlarinin - G.mellonellanin yasama ve gelisim
parametreleri tzerine olumsuz bir etki gésterdigi tespit

edildi (Sekil 1,2).

Levamizolin %0,001 g ve %0,01 g’lik konsantrasyonlar:
kontrol grubu ile kargilastirildiginda 7.evreye ulasan larva
oranini istatiksel olarak énemli derecede digiirdi. Denenen
en yiksek konsantrasyonda (%0,1 g) bu oran kontrol
grubuna gore (%98,75) 3 kat azalarak 928,75 olarak
belirlendi. Levamizol iceren yapay besinlerde beslenen
gruplarda kontrol grubuna gore pup olma orani ve ergin
olma oraninda da benzer etkiler gozlemlendi (Cizelge 1).

Levamizolin farkli konsantrasyonlarini iceren yapay
besinde yetigtirilen bécekler, levamizol icermeyen kontrol
grubuna goére 7.evre larva, pup ve ergin evrelere daha gec
ulagti. Denenen en yiiksek levamizol konsantrasyonu (%0,1
g) bocegin 7. evre larval doneme ulagma stiresini yaklagik
olarak 2 glin, pup evresine ulagma stiresini 10 giin ve ergin

olma stiresini 7 giin uzatt: fakat bu farklilik istatiksel olarak
anlamli ¢ikmadi (Cizelge 2).

Levamizolin %0,01 g ve %0,1 g’lik konsantrasyonlari
kontrol grubuyla kargilastirildiginda bocegin ergin 6miir
uzunlugunu uzatirken, denenen en yliksek levamizol
konsantrasyonu (%0,1 g) bocegin ergin 6miir uzunlugunu
kontrol grubuna gore yaklagik olarak 3 giin azaltarak 6nemli

bir etki gosterdi (Cizelge 3).

4. Tartisma
Tarim  zararlilariyla  miicadelede  ¢evre dostu  yeni
yaklagimlarin ~ gelistirilmesinde ve prevalanst yiiksek

hastaliklarin tedavisi i¢in kullanilan klinik agidan 6nemli
antibiyotiklerin etkinliginin ve toksisitesinin belirlenmesinde
kullanilan model organizmalarin yasama ve gelisim
parametrelerindeki  degisiklikler yapilan uygulamalarin
onemli bir basamagini olugturmaktadir (Zorlu vd. 2018,
Yusof vd. 2019). Ozellikle ergin 6miir uzunlugu gesitli
etken maddelerin ekotoksikolojisinin belirlenmesinde ve bu
maddelerin detoksifikasyonu veya birikmesine bagli olarak
ortaya ¢ikan oksidatif stres ile yakin iligkili hastaliklarin
anlagilmasinda 6nemli bir parametreyi olugturmaktadir

(Ning vd. 2016, Ghoneim vd. 2019).
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Sekil 1. Levamizolin G. mellonellanin yasama oranina
0 - etkisi. Ayn1 harfi igeren degerler birbirinden farkli
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Sekil 2. Levamizolin G. mellonellanin gelisme stresine
0 ; | m - etkisi. Ayni harfi igeren degerler birbirinden farkl
e P e degildir (P>0,05, LSD Testi).

Cizelge 1. Levamizoliin G. mellonelld’ nin yagama oranina etkisi.

Levamizol 7. evreye ulagan Pup olma Ergin olma orani (%)
(2/100g) larva oran1 (%) orani1 (%) .

8108 (Ort +S.E)t (Ort +S.E)t (Ort + S.E)f
0,0008 98,75 + 1,08 98,75 + 1,08" 93,75 + 1,08*
0,001 83,75 + 5,12 66,25 £ 5,12° 53,75  2,72°
0,01 71,25 £ 9,25 52,50 £ 99,12° 45,00 = 7,71°
0,1 28,75 + 3,70¢ 23,75 + 3,70¢ 16,25 + 5,41¢

‘Dort tekrarin ortalamasi, her bir tekrar icin 20 adet 1. evre larva kullanild. ’Aym siitunda ayni harfi iceren degerler birbirinden farkh degildir (P>0,05, LSD
Testi). SKontrol besini (Levamizol igermeyen,).

Cizelge 2. Levamizoliin G. mellonelldnin gelisme siiresine etkisi.

Levamizol 7. evreye ulagma Pup olma Ergin olma

(2/100g) siiresi (giin) stiresi (giin) siiresi (giin)

58 (Ort +S.E)t (Ort +S.E)' (Ort = S.E)t
0,0008 33,96 + 3,06* 41,45 + 3,472 51,22 + 3,30*
0,001 36,51 +1,81° 43,57 + 2,39 55,59 + 2,00°
0,01 35,09 £ 2,35* 43,99 + 2,75° 54,95 £ 2,25°
0,1 35,98 £ 3,28 52,22 + 6,01* 58,34 + 4,65*

‘Dért tekrarin ortalamasi, her bir tekrar igin 20 adet 1. evre larva kullamildr. *Aym siitunda ayni harfi iceren degerler birbirinden farkl degildir (P>0,05, LSD
Testi). SKontrol besini (Levamizol igermeyen,).
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Cizelge 3. Levamizolin G. mellonellanin ergin 6mir uzunluguna
etkisi.

Levamizol Ergin 6miir uzunlugu (giin)
(g/100g) (Ort £ S.E)f

0,000% 9,64 £ 0,5®

0,001 12,24 + 0,7°

0,01 10,96 + 1,6*

0,1 6,14 +1,3°

‘Dort tekrarin ortalamasi, her bir tekrar icin 20 adet 1. evre larva kullanild.
1‘Aym siitunda ayni harfi iceren degerler birbirinden farkl: degildir (P>0,05,
LSD Testi). $Kontrol besini (Levamizol icermeyen,).

Tarim zararlilariyla micadelede birgok bocek tiri igin bu-
yume inhibitérii ve dogal bir insektisit olan azadiraktinin
kullanildi@1 bir ¢aligmada, azadiraktinin subletal konsant-
rasyonlarinin (LC, : 16.564 ppm) G. mellonellanin gelisim
stirelerini uzattig1 ve 6mir uzunlugunu azalttig1 tespit edil-
migtir (Er vd. 2016). Caligmamizda yapay besin ile birlik-
te verilen levamizoliin yapilan ¢aligma ile benzer olarak G.
mellonellanin larva, pup ve ergin evredeki yagama oranini
dugtirdugi, gelisme strelerini uzattig ve ergin uzunlugunu
dustrdigu tespit edilmistir. Benzer etki Erbag ve Altuntag
(2020) tarafindan yapilan ¢aligmada da belirtilmigtir. Bir
bitki sekonder metaboliti olan juglonun kullanildig: bu ¢a-
lismada ise besin ile beraber verilen junglon konsantrasyon-
larinin (LC,: 1.59 mg /2 g, LC.: 2.38 mg / 2 g ve LC_;:
3.18 mg /2 g) G. mellonella’nin larva, pup ve erginlerinin ya-
sama oranini diigiirdigu, bu evrelere ulagma stirelerini uzat-
t1i1 ve ergin 6miir uzunlugunu digtirdigi gozlemlenmigtir

(Erbas ve Altuntas 2020).
Son yillarda yapilan ¢alismalarda genis bir antimikrobiyal

spektruma sahip olan benzimidazol tirevi antihelmintik
maddelerin model organizma G. mellonella Gzerindeki
etkileri aragtinlmigtir. Bu c¢aligmalar arasinda parazitik
organizmalarin miktrotiibillerini hedef alan benzimidazol
siifi anthelmintiklerden mebendazoliin kullanildig: bir
caligmada yapay besine ilave edilen mebendazol konsantras-
yonlarinin (%0,005 g, %0,05 g, %0,5 g ve %1 g) artmasiyla
paralel olarak G. mellonellanin 7. evre larva, pup ve ergin
evrelerindeki yagama oraninin diistigd, ergin 6mur uzunlu-
gunun ve tiim evrelerdeki gelisme siirelerinin kisaldig: tespit
edilmigtir. Elde edilen bu veriler dogrultusunda meben-
dazolin denenen konsantrasyonlarinin bécegin yasama
ve gelisme parametrelerini olumsuz yonde etkiledigi ifade
edilmistir (Calik vd. 2016). Bizim ¢alismamizda, %0,001 g ,
%0,01 g ve %0,1 g olmak tizere yapay besin ile birlikte veri-
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len levamizol konsantrasyonlarinin benzer bir sekilde b6ce-
gin 7. evre larva, pupa ve ergin dénemdeki yasama oranini
kontrol besinine gore ortalama %75 oraninda distrdigi ve
denenen en yiiksek levamizol konsantrasyonunun (%0,1 g)
ergin 6mur uzunlugunu ise yaklagik olarak 4 giin kisalttig1
belirlenmistir.

Yeni nesil benzimidazol tirevi bir antihelmintik olan trikla-
bendazol G. mellonella'nin yetistirilmesinde kullanilan yapay
besine %0,001 g, %0,01 g ve %0,1 g’lik konsantrasyonlarda
ilave edilmis ve yapilan beslenme deneyleri sonucunda b6ce-
gin 7. evre larva, pup ve ergin evrelerindeki yagama oraninin
6nemli 6l¢ude distigl ve denenen en yuksek triklabendazol
konsantrasyonunun bécegin pup ve ergin evrelere ulagma
stresini sirastyla 4 giin ve 7 giin uzattigi tespit edilmistir
(Kilig vd. 2015). Deneylerimizde kullandigimiz en yiiksek
levamizol konsantrasyonun (% 0,1 g) benzer bir sekilde G.
mellonella’nin pup ve ergin evreye ulasma strelerini kontrol
besinine gore sirastyla 11 glin ve 7 giin uzattig1 belirlenmis-
tir.

Benzimidazol tiirevleri arasinda daha genis bir etki
spektruma sahip bir anthelmintik olan oksfendazol %1,5
g’lik konsantrasyonda yapay besin ile birlikte verildiginde
G. mellonelldnin 7. evre larva, pup ve ergin evredeki
yasama oranini 6nemli ol¢ide dugirdigl, pup ve ergin
olma stirelerini ise kontrol grubuna gére yaklasik olarak 3
gin uzattifi ve ergin 6mir uzunlugunu énemli derecede
kisalttig1 belirlenmistir. Yapilan ¢alismada bocegin yasama
ve gelisme parametrelerinde gorilen olumsuz etkinin
oksfendazoliin bécegin orta bagirsaginda olusturdugu
stresten kaynaklanmag olabilecegi ileri stirtlmustir (Sugecti
vd. 2016). Caligmamizda kullandigimiz imidazotiyazol
tirevi bir anthelmintik olan levamizoliin memeli sindirim
kanalindan kolayca emilebildigi bilinmektedir (Luyckx
vd. 1982, Kouassi vd. 1986). Yapay besin ile birlikte
alinan levamizol bécegin orta bagirsak ve yag dokusunda
biyotransformasyon reaksiyonlar:1 sonucunda ortaya ¢ikan
reaktif oksijen tiirlerinin yogunlugunu artirarak benzer bir
strese neden olmusg ve buna bagli olarak da yasama ve geligim
parametreleri tizerinde olumsuz bir etki géstermis olabilir.

Yapilan bir bagka ¢alismada %0,003 g, %0,03 g ve %0,3 g’lik
konsantrasyonlarda yapay besine ilave edilen salisilanilid
tirevi bir anthelmintik olan oksiklozanidin G. mellonella'nin
7. evre larva, pup ve ergin evrelerinde yasama oranini
ve ergin Oomir uzunlugunu 6nemli derecede dusirdigi,
tim evrelerinde gelisme siiresini uzattig1 tespit edilmistir.
Bocegin yasama ve gelisme parametrelerinde goriilen bu
etkinin oksiklozanidin denenen konsantrasyonlarinin besin
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kalitesine olan olumsuz etkisinden kaynaklanmis olabilecegi
one strilmistir (Celik vd. 2019). Bizim ¢aligmamizda
90,001 g, %0,01 g ve %0,1 g olmak tiizere denenen
levamizol konsantrasyonlar: benzer bir gekilde yapay besin
bilesenlerinin fiziksel ve kimyasal 6zelliklerini degistirerek
G. mellonella'nin yagama ve gelisme parametrelerine olumsuz

bir etki yapmis olabilir.

Nair ve arkadaslar: tarafindan yapilan bagka bir ¢aligmada
ise G. mellonella (Lepidoptera) ile ayni takimda bulunan
ve tarim zararhisi olarak degerlendirilen Helicoverpa
armigera, FEarias wittella, Spodoptera litura, Spodoptera
exigua, Pectinophora gossypiella ve Chilo partellus olmak
tzere 5 farkli bécek tiriiniin yetistirilmesinde antifungal
ajan olarak kullanilan formalinin yapay besin ortamindaki
kontaminasyonu dugtirdagu fakat bu boéceklerin larva, pup
ve ergin olmak tzere tim gelisim evrelerindeki yasama
oranina ve gelisim siirelerine olumsuz etkisinin oldugu rapor
edilmistir (Nair vd. 2018). Calismamizda G. mellonella nin
yapay besinine ilave ettigimiz antihelmintik bir madde olan
levamizolin 9%0,01 g ve %0,1 g’'lik konsantrasyonlarinin
benzer bir sekilde kontrol grubuna gore bocegin 7. evre larva
olma oranini ortalama % 45, pup olma oranini ortalama %50
ve ergin olma oranini ortalama %60 oraninda distirdigi ve
bu evrelere ulagma siirelerini yaklasik olarak 9 gilin uzattig
tespit edilmistir. Yaptigimiz analizler sonucunda, yapay
besin igerigine ilave edilen levamizol konsantrasyonlarinin
artmastyla paralel olarak seyreden tim gelisim evrelerdeki
yasama orani, gelisme siireleri ve ergin 6mur uzunlugundaki
olumsuz etki levamizolin bocegin larval donemdeki
beslenme davramigini 6nemli 6Slctide degistirerek, larva
sonrasindaki evreler tizerinde de benzer bir etki gostermesine
neden olmus olabilir.

Salisinalid tiirevi bir antihelmintik madde olan niklozamidin
G. mellonellanin fizyolojik ve biyokimyasal parametreleri
Uzerine etkisinin aragtirildign bir baska calismada da
niklozamidin %0,001 g, %0,01 g, %0,1 g ve %1 gLk
konsantrasyonlarini iceren yapay besinle beslenen 1. evre
larvalarin, son evre larva, pup ve ergin evrelerindeki yagama
oraninin distigi ve denenen en yiiksek konsantrasyonda
ergin olma stiresinin 6nemli derecede uzadig: kaydedilmistir.
Buna ek olarak, bocegin yasama ve gelisim parametrelerinde
edilen bu
prooksidan etkisinden kaynaklandig: tespit edilmigtir

tespit etkinin niklozamidin olusturdugu
(Biytikgtizel ve Kayaoglu 2014). Bizim ¢alismamizda da
denenen en yiiksek levamizol konsantrasyonun (%0,1 g)
bécegin ergin olma siiresini yaklagik olarak 7 giin uzattig
tespit edilmistir. Bocegin yasama orani ve gelisme streleri
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tzerindeki olumsuz etki benzer bir sekilde denenen
levamizol konsantrasyonlarinin bocek tizerinde olusturdugu
prooksidan etkisinden kaynaklanmis olabilir.

Sonug¢ olarak, %0,001 g, %0,01 g ve %0,1 glk
konsantrasyonlarda yapay besine ilave edilerek oral yolla
verilen imidazotiyazol tirevi bir antihelmintik olan
levamizolin G. mellonelldnin 7. evre larva, pup ve ergin
olmak Uzere tim gelisgim evrelerinde bocegin yagama
ve gelisme parametrelerini olumsuz yonde etkiledigi
anlagilmistir. Levamizolin G. mellonella izerinde gosterdigi
olumsuz etkinin tam olarak anlagilabilmesi i¢in daha ileri
caligmalara gerek duyulmaktadur.

5. Tesekkiir

Bu c¢alisma “Levamizolin model organizma Galleria
mellonell’nin tim gelisim evreleri ve antioksidan enzim
aktiviteleri tizerine etkisi” baglikli doktora tez projesinden
elde edilmigtir. 2021-50737594-07 kodlu proje destegi igin
Zonguldak Biilent Ecevit Universitesi Bilimsel Aragtirma
Projeleri Birimi Koordinatérligi'ne tesekkir ederiz. Biyoloji
Bolimi Hayvan Fizyolojisi ve Biyokimyas: Aragtirma
Laboratuvari’nin imkanlarini kullanmamizi saglayan Prof.
Dr. Kemal Biytkgtzele tesekkiir ederiz. Caligmamizda
kullandigimiz levamizolii temin eden Deva Ila¢ Sirketine
tesekkiir ederiz.
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Abstract

Environmental contamination has now become a major global issue with adverse effects on our health and food security. Humans and
animals are being exposed to debilitating levels of contamination on a daily basis. Across the globe, air pollution alone causes millions
of premature deaths annually, mainly from lung cancer, chronic obstructive pulmonary disease (COPD), stroke, heart failure, and
respiratory infections, and according to World Health Organization (WHO), 99% of humanity breathes air containing contaminants
above recommended levels. The United Nations (UN) has identified “a pollution-free planet” goal among its three pillars, besides
climate change and biodiversity for 2022-2025. In order to mitigate contamination and relieve our burden of pollution-related disease,
we need to devise target-specific strategies. To that end, risk assessment of each chemical and natural contaminants and solid evidence
from toxicity studies appear to be of paramount importance. Meticulous efforts should be made to look into possible mechanisms
of action for each pollutant and detect their toxic potential and safe limits through comprehensive in vivo animal testing. Various
factors such as high operational costs and ethical issues concerning the use of higher vertebrates frustratingly restrict the efficient use
of traditional in vivo testing. Therefore, simpler and more dynamic model organisms like Drosophila melanogaster could be favored
for toxicity studies, as 75% of the genes related with human diseases are known to have homologs in D. melanogaster, which facilitates
research into different anomalies. This review aims to present the picture of studies regarding environmental pollutants that employed
using D. melanogaster, attempting to offer a comprehensive analysis of risks involved in exposure to environmental pollutants.

Keywords: Drosophila melanogaster, Environmental pollutants, Risk assessment, Ecotoxicity, In vive model organism, Health

Oz

Cevre kirliligi artik saghgimiz ve gida giivenligimiz tizerinde olumsuz etkileri olan 6nemli bir kiiresel sorun haline gelmistir. Insanlar
ve hayvanlar, giinliik olarak kendilerini zayiflatic1 kontaminasyon seviyelerine maruz kalmaktadir. Diinya genelinde tek bagina hava
kirliligi baglica akciger kanseri, kronik obstriiktif akciger hastaligi (KOAH), felg, kalp yetmezligi ve solunum yolu enfeksiyonlar:
sebebiyle her yil milyonlarca erken 6lime neden olmakta ve Diinya Saglik Orgutu (WHO)'ne gore, insanligin %99’u 6nerilen
seviyelerin tizerinde kirletici iceren havay: solumaktadir. 2022-2025 i¢in iklim degisikligi ve biyolojik ¢esitliligin yani sira Birlegmis
Milletler (BM), tigiincii destegini “kirlilik icermeyen bir gezegen” hedefi olarak belirlemistir. Kirliligi azaltmak ve kirlilikle ilgili hastalik
yikimizi hafifletmek icin hedefe 6zel stratejiler gelistirmemiz gerekmektedir. Bu amagla, her bir kimyasal ve dogal kirleticinin
risk degerlendirmesi ve toksisite ¢aligmalarindan elde edilen somut kanitlar ¢ok 6nemli gériinmektedir. Her kirletici igin olasi etki
mekanizmalarini aragtirmak ve kapsamli iz vivo hayvan testleri yoluyla bu kirleticilerin toksik potansiyellerini ve glivenli sinirlarini
saptanmak i¢in titiz caba gosterilmelidir. Yiksek ¢alisma maliyetleri ve daha yiiksek omurgalilarin kullanimina iligkin etik sorunlar gibi
cesitli faktorler, geleneksel in vivo testlerin verimli kullanimini engelleyici bir sekilde kisitlamaktadir. Bu nedenle, toksisite ¢aligmalari
i¢in D. melanogaster gibi daha basit ve dinamik model organizmalar tercih edilebilir, ¢iinkii insan hastaliklariyla ilgili genlerin %75’inin
D. melanogasterde homologlar1 oldugu bilinmektedir, bu da farkli anomalilerin aragtirilmasini kolaylastirmaktadir. Bu derleme, D.
melanogaster kullanilarak ¢evresel kirleticilerle ilgili caligmalari belirterek cevresel kirleticilere maruz kalmayla ilgili risklerin kapsamli
bir analizini sunmay: amaglamaktadir.
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1. Introduction

The chemical sector is one of the largest industries, and
global plastics production, which totaled 368 million
metric tons in 2019, is expected to grow by 4.4% in 2021
according to Baden Aniline and Soda Factory (BASF)
Online Report 2020 (https://report.basf.com/2020/en/).
Many consumer products, including foods, clothes, cleaning
products, paints, cosmetics, and electronics contain chemical
contaminants, and living organisms are often exposed to
these contaminants through food intake and dermal contact,
as well as inhalation and transfer via placenta. Toxicity from
exposure to a range of environmental contaminants has
also become a major health concern throughout the world.
Epidemiological research has revealed that such exposure
during prenatal period and early life deteriorates the healthy
development of fetus or embryo (conceptus) as well as
newborns (Wigle et al. 2008, Kadawathagedara et al. 2018).
The common complications resulting from such exposure
include embryonic mortality, fetal loss, intrauterine growth
restriction, preterm birth, birth defects, childhood diseases,
neuropsychological deficits, premature or delayed sexual
maturation and certain adult cancers (Wigle et al. 2008).

Humans and animals could be exposed to a mixture of
environmental contaminants that may act on several organ
systems through different mechanisms. For instance,
previous research has shown that endocrine disruptors
working through distinct toxicity mechanisms to impair
hormone-dependent signaling pathways in differentiating
tissues produce cumulative dose-additive eftects independent
of the mechanism (Rider et al. 2012, Karwacka et al.
2019). Multicomponent mixtures of endocrine-disturbing
chemicals have been found to act as antagonists which
could disrupt pathways of oestrogen, androgen, and other
hormones (Kortenkamp et al. 2007). Another important
mechanism of action for environmental chemicals appears
to be oxidative stress induced by reactive oxygen species

(ROS) (Wells et al. 2009, Luo et al. 2010).

Susceptibility of embryo or fetus to developmental

disturbances related to environmental contaminants
depends on exposition time and dose. Besides, compromised
antioxidant defense leaves the embryo prone to oxidative
damage through in wutero exposure to such contaminants,
because the embryo lacks fully developed antioxidant
enzymes and detoxification pathways (Al-Guboryand Garrel
2012). For this reason, the relationship of environmental
contaminants and impaired fetal growth attracts significant

attention from the fertility and reproductive health sector.
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Several of environmental contaminants

types

combine to produce different chemical mixtures, which

may

include pesticides, nanopesticides, nanoparticles, micro-
nanoplastics, heavy metals, pharmaceutical products,
xenoestrogens, and various others (indoor air pollutants,
haloalkanes, hydrazines, smog, etc.). Here we present
examples of natural contaminants and synthetic compounds
that might pose significant risks to human health, as they
have a common mechanism of toxicity, with the idea that
once we have deciphered this mechanism, we can make
huge strides towards prevention and mitigation of this

global problem.

2. Aims and Scope

Today, disordered urban growth constantly produces
industrial, domestic, and agricultural waste that may contain
harmful mixtures of chemicals, which tend to persist in
nature, polluting our air, soil and freshwater resources.
‘Therefore, research into possible mechanisms of action for
environmental contaminants is of vital importance for the
well-being of humans and animals (Bianchi et al. 2015).
Comprehensive investigation of chemical contaminants
for possible injurious effects through in vive animal testing
seems to be critical. Several factors such as high operational
costs and ethical issues tend to restrict the use of traditional
in vivo testing, therefore simpler experimental models like
roundworms, zebrafish, and fruit flies are favoured, and
however Drosophila melanogaster (fruit fly) stands out as an
ideal model for cytotoxicity and genotoxicity studies. As we
share a significant amount of genes with fruit flies - more
than 60% of their DNA is identical to that of humans,
almost 75% of the genes associated with human diseases
have functional homologs in D. melanogaster (Demir 2020a,
2021b). Another advantage of Drosophila is that it shares
various basic biological and physiological mechanisms and
molecular pathways with mammals (Demir 2021b), which
makes this insect an excellent model organism for various
fields, including genotoxicity studies (Demir 2021b), and
neurotoxicity screening (Rand 2010). D. melanogaster also
offers a series of advantages over rodents, including rapid
life cycle, ease of culturing, low costs, high fecundity, and
simple genetics with only four pairs of chromosomes. Most
importantly, ethical issues associated with vertebrate animals
do not apply to fruit flies.

Another important point is that the microbiota plays a
critical role in certain aspects of Drosophila physiology such
as growth and reproduction (Charroux and Royet 2012).
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Drosophila also features a specific microbiota with key roles
in its physiology and pathology (Kuraishi et al. 2013) and
changes in the gut microbiota can affect the health status
of Drosophila, with changes in both growth and body size
(Shin et al. 2011). This opens a new field to study harmful
effects of environmental contaminants like micro-nano
particles, as shown by research reporting that exposure to
nanoparticles caused a drastic reduction in the diversity of
the gut microbiota in Drosophila (Han et al. 2014).

Chronic exposure to environmental contaminants is known
to be associated with several health conditions, including
cancer, impaired immune and reproductive function, as well
as imbalanced gastrointestinal microbiota, which regulates
a range of host metabolic and immune processes. Here we
discuss possible effects of various contaminants abundant in
the environment and their impact on different ecosystems,
addressing the bidirectional relationship between D.
melanogaster and environmental contaminants to investigate
their toxicological relevance in the case of Drosophila as
an in vivo model. The substantial increase in the amount
of contaminants naturally intensifies our exposure to such
contaminants, raising concerns over their possible adverse
effects on humans and non-target organisms. This makes

the risk assessment for their toxicity and genotoxicity
imperative, as we urgently require conclusive evidence
on their safety or toxicity/genotoxicity (Figure 1). Table
1 indicates that widespread risk assessment methods for
mixtures of environmental pollutants and mixtures whose
effects have been investigated in literature. The aims of this
review are to present a comprehensive overview of different
studies carried out with D. melanogaster and the potential
risk of environmental pollutants exposure to health, and to
demonstrate the advantages of using Drosophila.

3. Common Pollutants
3.1. Pesticides and Nanopesticides

Previous toxicity experiments have revealed that exposure
to pesticides could result in lipid peroxidation and DNA
damage in humans (Kapeleka et al. 2021) and in rodents
(Mili¢ etal.2018). Experiments on aquatic animals show that
oxidative stress might play a serious role in the mechanism
by which pesticides create risks for developmental toxicity

(Kumar et al. 2021).

The widespread use of pesticides and nanopesticides
has been raising concerns over the last decades, since
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Figure 1. Evaluation of the biological/toxicological effects of environmental pollutants.
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Table 1. Widespread risk assessment methods for mixtures of environmental pollutants and mixtures whose effects have been

investigated in literature.

Used method Details of the method Investigated mixture samples ~ References
A(.ijusted or weight of HI incorporates pairwise E'nV1ronmen.ta.l nyxture of Marx et al. 2015
evidence HI assessment different antibiotics
Physiologically-based The PBPK aims to foresee Mixtures of trihalomethanes Niu et al. 2015
pharmacokinetic pharmacokinetic interactions in
Modelling (PBPK) mixtures at the tissue level Mixture of pesticide residues de Sousa et al. 2014
A mixt f different phthalat

HI is formed by the addition | ;o 0 S0 PSS Chang et al. 2014

Hazard Index (HI) of hazard quotients for each &

component chemical in a mixture

Pesticide mixtures on vegetable

and/or fruit Jensen et al. 2015

Toxic Equivalency Factor

(TEF) method is the TEF

The most commonly used type
of relative potency factor (RPF)

Binary mixtures of metals
including cadmium, lead and
copper

Gao et al. 2016

Whole mixture approaches

Whole mixture assessment

whole mixture

utilize toxicity data in the form
of the biological reaction to an

Industrial wastewater containing
phenol derivatives, preservatives
and surfactants

Carbajo et al. 2015

Sriram et al. 2015

Mixture of toxic metals and gases

most could damage certain species not considered pests.
Only about 0.1% of the pesticides is thought to reach
the target species after common application methods
like aerial spraying, and the rest causes environmental
contamination (Demir 2020b). According to reports, the
total pesticide-related death toll passed 100,000 across
the globe (WHO 2015), with children and women most
vulnerable to their injurious effects. Therefore, we urgently
need risk assessment methods to swiftly and efficiently
investigate ecotoxicity and cytotoxicity of pesticides
and nanopesticides. D. melanogaster might prove to be
a promising iz vive model organism for the risk assessment
and toxicological classification of nanopesticides (Demir
2020b).

3.2. Nanoparticles

Thanks to their dynamic structures, use of nanoparticles
(NPs) has been gaining momentum across a wide range
of sectors including electronics, cosmetics, medicine, and
pharmaceuticals (Demir 2021c). Carbon-based NPs may
have detrimental effects on human health as well as on
the environment. However, the current literature contains
limited research on the toxic and environmental effects
from direct and indirect exposure to NPs. According to
recent estimates, the production of NPs will reach 21,713
tons by 2020, which is sure to increase our exposure to such
materials (Demir 2021c). While researchers often prefer to
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carry out iz vitro studies for the detection of adverse effect
of NPs, in vivo approaches seem to yield more relevant data
for risk assessment. In that context, D. melanogaster is one
of the most genetically and experimentally accessible model
organisms used in biology as an in wive model. Around
75% of the genes involved in human diseases have related
sequences in D. melanogaster, fact that support its value as
an effective model to study different human pathologies

(Demir 2020b, 2021b).
3.3. Mlicro-Nanoplastics

Micro-nanoplastics (MNPLs) have recently attracted in-
creasingly more attention, as they have been building up in
the environment, multiplying our risk of exposure. A recent
study has calculated that the oceans contain a total of 8.3
million pieces of MNPLs in every cubic meter of water
(Brandon et al. 2020). Their abundant presence in nature
and their tiny size facilitates their crossing cellular barriers
and leads to potentially dangerous effects, thus calling for
urgent risk assessment through iz vivoe toxicity studies.

Ingestion appears to be the primary route of exposure in
many organisms, including aquatic animals, since MNPLs
are usually found in their digestive tracts (Carbery et al.
2018). Besides, the tiny size of MNPLs allows their transfer
through a range of tissues and organs (Alimba and Faggio
2019). Humans are mostly exposed to these plastics through
consumption of seafood, however there is an alarmingly
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limited amount of research to investigate potential toxicity

of MNPLs in humans (Demir 2021b).

In an attempt to pinpoint environmental factors which could
be considered to modulate risk of disease, researchers have
proposed several biomarkers, including overproduction of
ROS and RNS (Ghezzi 2020). Such biomarkers rank among
the parameters used in toxicology studies looking into the
effects of nanoplastics. A study exposing zebrafish larvae to
nanoplastics detected ROS generation throughout the body,
particularly in the head (Sékmen et al. 2019). The most
common species of water flea, Daphnia pulex, was exposed
to nanoplastics, which resulted in overproduction of ROS
along with activation of the MAPK signalling pathway,
impairing developmental and reproductive functions (Liu

et al. 2020).

Another useful biomarker, genotoxicity plays a major role in
the initiation and progression of different health problems,
as DNA damage is known to cause genetic mutation, cancer,
aging, and cell death (Barabadi et al. 2019). However, a
rather limited number of studies has looked into genotoxic
effects of MNPLs, and in those studies, hemocytes of
aquatic organisms have been used as cell targets to detect
any possible DNA damage. The researchers reported that
MNPLs smaller than 100 pm induced DNA damage (Avio
et al. 2015).

Although no contamination was thought to occur in Polar
Regions, organic contaminants have been constantly detect-
ed in Antarctica since the early 1960s, when bases were set
up for research purposes (Fidan and Ayar 2021). Increased
fishing, touristic activity, and vehicle traffic appear to be the
source of contamination in that region. A variety of sources
such as waste disposal and ocean currents that carry micro-
plastics (MPs) to Antarctica have been often shown as cul-
prits (Fraser et al. 2016). Fidan and Ayar (2021) obtained
water samples from three different stations in the Antarctic
Peninsula to test the toxicity of water on D. melanogaster, re-
porting no adverse effects in flies, which could suggest that
the contamination in that area has yet to reach the critical

threshold.
Zhang et al. (2020) investigated possible interactions of MPs

with other environmental and health hazards of common
pollutants such as cadmium (Cd) and cadmium compounds
in D. melanogaster, reporting that combined exposure to
MPs with such materials could lead to gut damage in larvae
and young flies, as well as impaired locomotor-behavioral
function among adults. Besides, exposure to cadmium
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components were found to induce dramatic levels of gene-
silencing in somatic cells. Their findings further support the
dynamic potential of D. melanogaster as an experimental
model in studies assessing possible effects of exposure to
other contaminants mediated by MPs.

In another study, Jimenez-Guri et al. (2021) exposed D.
melanogaster to MPs like polyvinyl chloride through food
culture, and although they detected no effects on the size
of adult flies nor on their immune capacity as compared to
controls, the researchers found significant changes in the
tecundity and male-to-female ratio.

Furthermore, Liu et al. (2022) explored the impact of MP
exposure on Drosophila, discovering that such exposure
caused a serious damage to adult fly’s retina along with
lower reproductive capacity. Such MP-induced phenotypes
could be attributed to the altered gene expression caused by
ligand-receptor interaction, phototransduction, endocytosis,
and signaling pathways of Toll and immune deficiency

(Imd).

Lastly, Demir (2021b) demonstrated that polystyrene
microplastics (PSMPs) produced genotoxic effects in
Drosophila. In this study, PSMPs induced genotoxic activity
predominantlyviainitiationofsomaticDNArecombinationin
a concentration-dependent manner.

3.4. Heavy Metals

A common group of environmental contaminants, heavy
metals may prove to be toxic at low concentrations during
the period from embryo formation to fetal development
and birth (Gundacker and Hengstschliger 2012). For
instance, Cd, both natural and industrial sources, has shown
toxicity in animal tests. Another common contaminant,
mercury (Hg) may enter the food chain through fish and
seafood. Exposure to mercury during pregnancy could
jeopardize the development of embryo and fetus through
ROS formation and oxidative damage to macromolecules
(Davidson et al. 2008). Research on mixtures of heavy
metals, such as Cd, nickel, and lead along with arsenic and
Cd has found increased mortality and immobilisation rates
in Daphnia magna (Le et al. 2013). In the literature, heavy
metal accumulation in the different organs and tissues and
genetic damage in the blood samples were detected in the
wild rodents (Microtus guentheri) collected from heavy metal
contaminated areas (Turna Demir and Yavuz 2020).

Shilpa et al. (2021) studied the effects of heavy metal ac-

cumulation by exposing D. melanogaster to lead (Pb), an
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environmental pollutant known to be associated with au-
tism spectrum disorder (ASD), during the larval and adult
stages. They reported that exposure to varying doses of Pb
(0.2 to 0.8 mM) resulted in accumulation of Pb inside Dro-
sophila brain and caused oxidative stress, which apparently
led to ASD-specific symptoms like increased social spac-
ing and grooming, as well as decreased memory, climbing,
and learning. Their findings suggest that oxidative stress
caused by Pb exposure from larval stage could lead to hu-
man ASD-specific behavioral patterns in Drosophifa. In a
recent study, Yang et al. (2022) showed that Cd exposure
caused DNA damage, oxidative stress via ROS, changes of

apoptosis related genes in Drosophila larvae.
3.5. Pharmaceuticals

Wide range of pharmaceuticals are known to contaminate
the environment which include non-steroidal anti-in-
flammatory drugs (NSAIDs) like high-dose aspirin, con-
traceptives, and antibiotics, whose mixture may prove to
have highly toxic effects (Kimmerer 2009). In a toxicity
study using Daphnia magna, a small planktonic crustacean,
as a model organism, for example, exposure to mixture of
NSAIDs was reported to cause significantly greater toxicity
than individual medications (Cleuvers 2004). Another study
reported that while exposure to individual drugs immobi-
lized only 1% and 16% of D. magna, respectively, mixture
of both drugs led to the immobilization of 95% (Cleuvers
2003), which represents a significantly greater toxicity than
expected. Furthermore, a mixture of different antidepressant
agents has been reported to result in higher deformity and

mortality than single agents (Flaherty and Dodson 2005).

Antibiotics have also recently gained attention as emerging
environmental pollutants associated with various harmful
effects such as obesogenic properties. In a study, D.
melanogaster were exposed to antibiotics, and the effects
were measured on circadian rhythm, lipid metabolism, and
microbiota. Circadian rhythm disorder was examined owing
to its relationship with lipid metabolism and microbiota in
obesity. Their results indicate that antibiotics could induce
obesogenic effects as well as dysrhythmia and disturbances
in lipid metabolism and microbiota (Yu et al. 2020).

3.6. Xenoestrogens

Considered as environmental chemical contaminants,
xenoestrogens are known to act like endogenous hormones
or impair endocrine processes, and they are abundant in
most types of plastics, cosmetic products, packaging, drug

coatings, and cosmetics (Klingmiller and Alléra 2011).

106

Toxicity tests on mammals have revealed their toxic effects
on reproductive system and embryonic health (Varayoud et
al. 2011). Plasticizers, chemicals employed to produce more
durable plastics, pharmaceuticals, and cosmetic products
are also known for their potential threat to endocrine
processes. Animal trials indicate that chronic exposure to
plasticizers, or more commonly known as phthalates, exerts
a serious impact on reproductive health, possibly leading
to infertility (Kay et al. 2013). Previous research using cell
cultures derived from monkey kidney demonstrates that 24-
hour exposure to propylparaben, a type of preservative often
found in cosmetic creams, shampoos, and lotions, results in
increased oxidative DNA damage and induce cell death or
cell cycle arrest (Martin et al. 2010).

Commonly used in wood paints applied to ships to prevent
them from damage from marine organisms, tributyltin
(TBT) may leak into aquatic environments, potentially
causing pollution. In rats, exposure to tributyltin compounds
after embryonic implantation has been found to increase the
rate of malformation and loss in fetus. Another endocrine-
disrupting type of xenoestrogen, triclosan (TCS) is usually
present across several ecosystems due to its widespread use
in consumer products. It has been reported that chronic
exposure to triclosan could impair thyroid homeostasis in
female rats and pubertal development in their offspring (Paul
et al. 2012). Besides, it has been observed that rats exposed
to triclosan during pregnancy suffer hypothyroxinemia at all
stages of reproduction (Paul et al. 2012).

4. Other Pollutants
4.1. Indoor Air Pollutants

Because individuals in modern cultures spend the majority
of their time indoors, air contaminants such as volatile
organic compounds (VOCs) occur more frequently and
at higher concentrations indoors than outdoors, indoor air
quality has become a serious health concern. Formaldehyde,
acetaldehyde, benzene, toluene, and perchloroethylene are
examples of rather hazardous indoor VOCs, with toluene
and formaldehyde most commonly found in workplaces and
households. VOC exposure can cause a variety of health
problems. However, the majority of research on indoor
air pollution has relied on measuring VOCs in household
indoor/outdoor habitats and human samples. Animal
models for inhalation toxicity research are rather limited,
with rodents being the most frequently used models, though
animal testing on such mammals for screening indoor air

pollution has its drawbacks (Wang et al. 2012).
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D. melanogaster is one of the most actively researched
alternative model organisms because it offers significant
benefitsoverothermodelorganisms,notablyinthemonitoring
of air pollution. These flies have been reliably used to test
the toxicity of compounds at various developmental stages,
including heavy metals, industrial VOCs, and anesthetic
agents (Rand 2010). Research has also been utilizing
Drosophila to understand the mechanisms and genetics
underlying susceptibility to ethanol intoxication, to measure
variations in metabolic rate during exposure to gasoline
components, to analyze olfactory avoidance behavior, and
to describe neurotransmitter pathways influenced by volatile
fungal toxins. Toluene and formaldehyde exposure causes
toxicity, and gene expression in fruit flies, according to (Eom

et al.2017).

'The majority of inhalation toxicity research has been carried
out on rodent models. However, some researchers adapted
such toxicity studies to Drosophila, an excellent model
for studying the molecular processes of responses to air
pollutants. Despite the lack of lungs, the airway systems
of Drosophila can be compared to respiratory systems of
mammals to serve as valuable model species for inhalation

toxicity tests (Posgai et al. 2009).

Several studies conducted by Win-Shwe and Fujimaki et
al. (Win-Shwe and Fujimaki 2010) have demonstrated that
long-term exposure to low levels of toluene can disrupt
neuroimmune crosstalk in the central nervous system. A
genome-wide gene expression profile analysis on Drosophila
revealed that toluene exposure altered numerous genes
involved in biological regulation, defensive response,
metabolic function, cell cycle, and circadian rhythms
(Moskalevetal.2014). However, no studies on the neurotoxic
consequences of formaldehyde inhalation in Drosophila have
been published. The microarray experiment by Eom et al.
(2017) suggested that formaldehyde inhalation might also

impair the Drosophila nervous system.

Recently, Weitekamp and Hofmann (2021) examined the
impact of indoor air pollutants on locomotor behavior and
possible changes in gene expression in D. melanogaster, by
analyzing their aggressive behavior and courtship routines
because this in-vivo model offers a series of advantages
in such testing. They reported that exposure to toluene or
formaldehyde via inhalation resulted in significant changes
in gene expression comparable to those reported in higher
vertebrates, which seriously altered pathways associated
with stress and immune capacity.
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Another study by Thimmegowda et al. (2020) also exposed
D. melanogaster to air pollutants, detecting marked changes
in locomotor behavior, survival, heart rate, hemocytes, along
with changes in the expression of certain genes, particularly
those known to play a role in immunity, stress, and
metabolism. Macedo et al. (2022) reported that 1-octen-3-
ol, known as mushroom alcohol, is a fungal VOC caused
adverse mitochondrial activity and induced oxidant stress
(nitric oxide (NO) and ROS) in D. melanogaster.

Since the body of D. melanogaster carries genes quite similar
to those of humans - as much as 60% of D. melanogaster’s
DNA is identical to that of humans - it stands out as an
ideal experimental model to test potential health hazards
of exposure to environmental pollutants. Besides, more
than 70 percent of genetic material responsible for
human diseases, including ASD, diabetes mellitus, and
various cancers, displays a functional homolog in D.
melanogaster (Lloyd and Taylor 2020). Drosophila was found
to be a suitable model organism to determine the entry
of various environmental pollutants into cells following
exposure via inhalation and ingestion. Particularly, lethality
and genotoxicity upon such exposure to environmental
pollutants have been thoroughly studied for its potential
adverse health consequences.

4.2. Haloalkanes

Over the recent decades, haloalkanes, a group of chemical
compounds, have been utilized in industry as solvents,
cleansers, anesthetics, and antiseptics. Some of these
haloalkanes are thought to be present as pollutants in
drinking water and chlorinated swimming pools. In general,
haloalkanes are severely hepatotoxic and are proven human
carcinogens. Carbon tetrachloride-induced hepatotoxicity
has been widely researched throughout the years (Weber et
al. 2003).

Lastly, Turna Demir (2022) noted that 1,4-Dioxane (DXN),
which is a drinking water pollutant, caused toxic and
genotoxic (mutagenic, recombinogenic, and DNA damage)
effects in D. melanogaster. In addition, the nontoxic doses
of DXN significantly induced oxidative stress, thermal
sensivity, abnormal phenotypic alterations, and climbing
behavior.

4.3. Hydrazines

Hydrazines are pollutants in the environment, are found in
edible mushrooms,and are employed in medicine. Hydrazines
are harmful in general, causing a range of toxic insults such as
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liver toxicity, carcinogenicity, and mutagenicity. Hydralazine,
the least hazardous of the hydrazines, causes DNA damage,
severe forms of systemic lupus erythematosus, and a rise in
lung tumor incidence in mice. Because of the importance of
hydrazine derivatives as environmental and food pollutants,
as well as their value in medicine, a substantial amount
of study has been conducted to unravel the processes of
toxicity of these molecules. According to research, when
hydrazine derivatives are oxidized (mediated by metal ions,
cytochrome P-450, and peroxidases), they produce free
radicals that cause DNA oxidation and damage (Song et
al. 2020). It has been postulated that substituted hydrazines
can alkylate DNA by nucleophilic assault rather than free
radical production. Nonetheless, DNA alkylation has been

linked to carcinogenic events.
4.4. Smog

Smog, a serious health issue in industrialized countries, is
frequent in big metropolitan areas, particularly during hot,
bright weather. People over 65, as well as those with heart
or lung problems, are especially vulnerable since the NOs,
sulfur dioxide, and ozone included in this pollution are
known to cause cellular damage through the formation of
free radicals. Sulfite exposure has also been linked to allergic
responses and bronchoconstriction in susceptible human
groups. Ozone is a hazardous gas that is one of the principal
pollutants in photochemical smog. It has been linked to
lung inflammation and alveolar epithelial damage. It has
been proposed that free radicals produced by the breakdown
of secondary ozonides, a reaction result of ozone with
unsaturated lipids, cause these effects (Wong 2017). Ozone
has also been shown to cause DNA damage in cells via free
radical-mediated processes (Wagner et al. 2021).

Eom et al. (2017) conducted an inhalation toxicity test
using toluene and formaldehyde on D. melanogaster in order
to investigate potential dangers of indoor air pollution. Their
computational behavior analysis detected that such exposure
impaired behavioral patterns of Drosophila. Inhalation of
these compounds were found to cause severe toxicity besides
significant changes in behavior and gene expression.

5. Toxic Effects of Environmental Pollutants on the
Gut Microbiota

Dramatic changes in microbiota composition and/or
optimal functions are have been linked to various metabolic
and immune diseases, such as Crohn’s disease (Darfeuille-
Michaud et al. 2004), diabetes (Qin et al. 2012), allergic
reactions (Ling et al. 2014), and colorectal cancer (Nakatsu
et al. 2015).
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Previous scientific work has found that human exposure
to endocrine-disrupting chemicals to obesity, diabetes,
and metabolic syndrome. However, it is unclear how
the gastrointestinal (GI) microbiota and environmental
chemicalsinteractand whether these interactions are relevant
for human health. A recent review suggests that GI microbes
might be playing a role in obesity and diabetes by altering
the absorption, disposition, metabolism and excretion of
environmental chemicals. Here we present the xenobiotic-
metabolising capabilities of the GI microbiota and then
identified

as substrates of the GI microbiota. Even though several

address certain environmental contaminants

chemical reactions are attributed to GI microorganisms,
limited number of enzyme families have so far been
nominated for microbial metabolism of xenobiotics, which
include sulfatases, 3-glucuronidases, -lyases, azoreductases,
and nitroreductases (Claus et al. 2016).

Within the last decades, research into gut microbiota
employed mostly utilized mammal test models to explore
the role of interaction between microbiota, gut, and brain.
However, Drosophila allows researchers to efficiently
study the mechanisms whereby gut microbes affect the
brain functions through observations of innate behaviors
including courting routines, aggression, locomotor behavior,
and temperature-related behavior (Chiang et al. 2022).
Although there are a few studies to have reported no
relationship between gut microbiota and courting routine in
Drosophila (Jia et al. 2021); we should note that those studies
employed different wild-types and different methods.

Li et al. (2022) reported exhaust gases from traffic signifi-
cantly impaired life span and locomotion in Drosophila, with
an increase in bacterial load in the guts upon exposure to
such gases, which could induce microbiome depletion in
guts, thus triggering changes in Imd and DUOX gene ex-

pression.

Different types of environmental pollutants are metabolized
in the gastrointestinal flora. Polycyclic aromatic hydrocarbons
(PAHs) are most commonly found in cigarette smoke, diesel
exhaust, particulate matter (PMs) in urban air pollution and
certain foods like smoked and grilled meat. Some have been
classified as probable human carcinogens, and exposure to
PAHs is linked to greater risk of lung and bladder cancer. In
their study investigating their effects on human microbiota,
Van de Wiele et al. (2005) found that PAH molecules
were not oestrogenic, while the colonic digests displayed
a significant oestrogenic activity, which suggests that the
microorganisms within the human colon might bioactivate
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PAHs by converting them into oestrogenic molecules.
As for further toxicological potential, rat and human
gut microbiota have been shown to be able to regenerate
benzo(a)pyrene from its hepatic conjugate and reverse the
endogenous detoxification (Claus et al. 2016).

Although certain synthetic pesticides, such as dichlorodi-
phenyltrichloroethane (DDT), have been banned in most
developed countries, some of them widely persist as a source
of contamination. Developed in the 1940s, DDT, the first
modern synthetic insecticide, has been found to promote
oestrogenic and antiandrogenic activity in specific tissues
(Kim et al. 2014). Exposure to this compound increases
the risk of developing several different types of cancers and
metabolic diseases (Mrema et al. 2013). Iz vivo research car-
ried out on rats, found that rats receiving DDT by stomach
tube metabolized it into Dichlorodiphenyldichloroethane
(DDD), which suggests possible involvement of the GI
microbiota in DDT metabolism. Unfortunately, the role of
the gut microbiota on pesticide metabolism has not been
adequately investigated, and further research is warranted

in this field.

Humans are primarily exposed to polychlorobiphenyls
(PCBs) via ingestion of contaminated food, as well as inha-
lation and dermal contact. They have been associated with
an increased risk of breast cancer (Negri et al. 2003), im-
paired reproductive function (Buck Louis 2014), and met-
abolic disruptions (Kim et al. 2014). The major metabolic
route in mammals is hydroxylation followed by excretion,
so the gut microbiota could be playing a crucial role in the
formation of MeSO,-PCBs. The metabolism of PCBs to
MeSO,-PCBs mediated by gut bacteria appears to be im-
portant from a toxicological perspective, because of their
lipophilicity. Such compounds have been reported to accu-
mulate in the human liver, lungs and adipose tissue, and may
well be linked to lung dysfunction complaints occurring in
poisoning due to food contamination incidents (Claus et al.

2016).

Some metals, including mercury, lead, cadmium, and
arsenic, could be highly poisonous to living creatures. The
highest toxicity is recorded in organic mercury compounds,
and methylmercury (MeHg) is the main source of organic
mercury in humans. Exposure to MeHg comes almost
exclusively from consumption of seafood. Experiments that
associated a decline or lack of gut microbiota with reduced
faecal excretion of total mercury have been reported to
confirm that demethylation for mercury is carried out by a
microbial community in the gastrointestinal tract (Claus et

al. 2016).
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Another source of metal contamination, bismuth is a
crystalline metal that can easily melt and so is often used
in cosmetics, pharmaceuticals, alloys and pigments. Faeces
samples collected from humans and isolated gut segments
from rats have been found to metabolize bismuth into
trimethyl bismuth, which is a toxic derivative of this metal
(Michalke et al. 2008). Most notably, derivatives of other
elements such as arsenic, antimony, tin and lead, have been
reported to be produced at higher rates. Since volatile
derivatives of metals often have greater toxicity than their
inorganic precursors, such transformations mediated by
gut microbiota might exert a significant impact on the host
organism, however further iz vivo studies are required to
reach conclusive evidence in this respect.

Several chemical compounds are derived from benzene,
which include phenol, toluene, and aniline. Nitrobenzene
and its derivatives (NBDs) are highly toxic compounds
released into the environment by human activity. Exposure
to nitrobenzene is known to have a negative impact on the
neurological system, cause liver necrosis, and degenerate
seminiferous epithelium cells in animal trials. Studies on
material in the cecum revealed that the gut microbiota
continuously converted nitrobenzene to potentially
hazardous NBDs. Antibiotic treatment has been reported to
reduce reductive metabolite excretion and offer protection
against methemoglobinemia induced by exposure to
nitrobenzene. Therefore, the gut microbiota could be
suggested to be main predictor of toxicity caused by NBDs

(Claus et al. 2016).

Known for their vibrant orange and red hues, azo dyes are
synthetic compounds accounting for more than half of
global annual dye production, therefore much research has
been focusing on the toxic potential of these compounds
ever since they were associated with higher risk of cancer
development as early as 1895. Certain azo dyes that are
often utilized as food colourants have been reported to have
very limited cytotoxic, mutagenic or carcinogenic effects,
whereas others extensively used in industrial applications
such as Sudan dyes are not permitted for food coloring
due to their known toxicity. These solvent dyes are readily
absorbed through the dermal route and human exposure
mainly occurs via inhalation and ingestion. Recent and
previous research offers unequivocal evidence that most
azo dyes, once absorbed by the human body, can undergo
microbiota-mediated decomposition and form carcinogenic
amines (Feng et al. 2012). Some of the metabolites produced
by gut microbiota in this way could be carcinogenic to
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humans even though the parent azo dyes may not have an
established potential to produce cancer (Feng et al. 2012).

A nitrogen-based compound often used to manufacture
strong plastics and glues, melamine could at some instances
be illegally used in protein content analyses as adding
melamine to pet food or infant formula gives a falsely high
protein level. As it is quite cheap and readily available,
people in underdeveloped countries may see a financial
opportunity despite its legal prohibition. The most common
damage of melamine exposure in humans is kidney stones
formed from melamine and uric acid, or from melamine and
cyanuric acid. Zheng et al. (2013) reported that antibiotic
therapy reduced the severity of melamine toxicity in rats and
that melamine was converted to cyanuric acid in vitro by
bacteria cultured from rat faeces. However, rats colonised
with Klebsiella terrigena were found to suffer intensified
renal damage induced by melamine (Zheng et al. 2013). The
toxic eftects of melamine on kidneys appears to have been
mediated by the gut microbiota, depending on metabolic
activities of microbial community in the gastrointestinal
tract.

The health effects of artificial sweeteners have been a
controversial issue. While some research reports benefits,
others indicate greater risk of diabetes (Nettleton et
al. 2009). Among the most commonly used artificial
sweeteners in Europe is cyclamate, which is metabolised
into cyclohexylamine, and this has been shown as the culprit
that causes cancer, but such toxicity is still disputed in the
scientific community. Cyclohexylamine has been identified
as the primary urinary metabolite of C-cyclamate in
human and animal experiments. There is also plenty of
evidence suggesting that gut microbiota is responsible for
cyclamate metabolism. In vitro research has revealed that
cyclamate is converted to cyclohexylamine by lower gut
contents. An in vivo study gave lab rats different doses
of cyclamate in drinking water for several months and
found that they began to convert it into cyclohexylamine,
however when they added antibiotics to water, they
observed that this ability to convert cyclamate was lost.
Several studies have made these observations in humans,
offering conclusions that the gut microbiota could be solely
responsible for metabolizing cyclamate (Claus et al. 2016).
Demir et al. (2014) observed that the potential genotoxicity
of different sweeteners (aspartame, acesulfame K, sucralose
and saccharin) in Drosophila wing spot test and the Comet
assay. They found that saccharin, acesulfame K and sucralose
did not genotoxic effect in the used two assays. On the other
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hand, obtained results from aspartame in the Comet assay
show a genotoxic effect.

Environmental pollutants can affect the metabolic activity
or content of the gastrointestinal flora. Environmental
factors, including lifestyle, eating habits and antibiotic
use may easily affect the gut microbiota. The microbiome
influences neurodevelopment, regulates behaviour and
contributes to various neurological and neuropsychiatric
disorders (Schretter et al. 2018). A range of environmental
chemicals have also been shown to inhibit bacterial growth
in the gut or to cause dysbiosis. Recent research indicates
that both changes in microbial colonization during the
perinatal period and exposure to environmental chemicals
early in life can lead to impaired immune function (Menard
et al. 2014). Thus, exposure to environmental contaminants
might be affecting normal colonization of bacteria in the
gastrointestinal tract, with effects on host physiology during
later stages of life.

Furthermore, there is a general agreement that a balanced
gut flora should not be defined as an idealized assembly
of particular microbe populations, but rather that the
microbes community should be able to perform a set of
metabolic functions in collaboration with its host, though
this series of metabolic functions has yet to be described.
This is noteworthy since some xenobiotics may affect
gastro intestinal microbiome composition without causing
dysbiosis: as such, once fresh human faecal samples were
incubated with antibiotics or host-targeted drugs, all host-
targeted drugs resulted in significant changes of microbial
gene expression, such as genes that control xenobiotic
metabolism, despite having negligible short-term effects
on microbial community structure (Maurice et al. 2013). A
range of environmental contaminants rendered hazardous
due to microbiome-mediated metabolism may be affected
by such interactions, leading to alterations in their toxicity
and risks. These compounds are also described in Table 2.

A common type of phosphonic acid, glyphosate is a
popular pesticide moderately used to kill certain insects
and weeds with relatively low toxicity to mammals. The
lowest concentrations of glyphosate has been reported
to inhibit the growth of Enterococcus faecalis isolated from
excrements of farm animals (Krtger et al. 2013). Sensitivity
to glyphosate appears to change from one strain of bacteria
to another. While some bacteria such as certain Salmonella
and Clostridium species are resistant to glyphosate, other
good bacteria such as Enterococcus species, Bacillus badius,
and Bifidobacterium adolescentis may be highly vulnerable to
this compound (Shehata et al. 2013).
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Table 2. Human exposure to environmental pollutants and their gut microbiota alteration effects.

Effects Source material References

Type of chemical

Exposure

DDT; 0.29 ug/kg bw per
day through nutrition

Dysbiosis at adulthood

of rats was induced after

Food

and cosmetics

Pesticides Chlorpyrifos; 0.01 to 0.14 | perinatal exposure to Pollutants in air Joly et al. 2013
ug/kg bw chlorpyrifos (1 mg/kg bw ta 2
per day through nutrition | per day).
. The PCBs mixture
Polychlorobiphenyls Il\)]é%_jlzo);;iﬂ;i (NbDLZ:; reduced the amount of Soil Choi et al.
(PCBs) o §REDWP many bacteria (especiall Water sediments 2013
day through nutrit Y P Y
ay through nutrition Proteobacteria).
Dioxin-like (DL)-PCBs: .
PCBs 0.29 pg toxic equivalency g?:rzlfelzstﬁ;u;t;f 0t of Soil Choi et al.
(TEQ) WHO, /kg bw i Water sediments| 2013
per day through nutrition fany bacteria.
Cadmium 0.16 pg/kg bw Fazeli et al.
per day through nutrition Cadmium, Lead and Ubiquitous 2011,
Lead 0.2 ug/kg bw per day . . . Lepage et al.
Metals LG arsenic induced dysbiosis environmental
through nutrition ) taminant 2011,
Arsenic 0.78 pug/kg bw per 1 tnouse. contaminants Breton et al.
day through nutrition. 2013
Acceptable daily intake Palmnis et al
(ADI) (Food and Drug Saccharin and aspartame Food additi 28 1r2nas ctak
Artificial sweeteners Administration; FDA, US):| induced dysbiosis in coda ves S ez’et A
Saccharin: 15 mg/kg bw, mouse and human. 2(1)11 4 '
Aspartame: 50 mg/kg bw
Other .
persistent organic 2378 E(ﬁﬁi(;iizental
%)Ic))lcl)lga)n ES 5\?1_? é) /fksgot')l% pngEQ Tetrachlorodibenzofuran produced Zhang et al.
8/ 1C-8 28 W per day (TCDF) induced during 2015
Polychlorinated through nutrition . ) .
dibenzofurans; dysbiosis in mouse. industrial
PCDFs) processes
Foods and food
NPs can enter living Silver: Reduction in packaging,
organisms through the diversity of the gut electronics, Han et al
Nanoparticles (NPs) inhalation, ingestion or by | microbiota of Ag NP- clothing, 2014 '
direct contact with the food| treated larvae in D. sunscreens,
web. melanogaster medical goods
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Another environmental contaminant, chlorpyrifos is an
organophosphate insecticide widely used to protect crops
against pests. An in vitrostudy on the human gastrointestinal
tract inoculated with faeces from healthy humans examined
the toxicity of chronic exposure to chlorpyrifos, as well as in
vivo tests in rats exposed to the compound from fetal stage
to 60 days of age (Joly et al. 2013). Exposure to chlorpyrifos
induced dysbiosis of gut microbiota and decreased levels
of friendly bacteria. As far as we are aware, this is the only
study to investigate the impact of perinatal exposure to low
doses of environmental contaminants on gut microbiota.

A study where rats were exposed to cadmium through
drinking water reported a sharp reduction in the
populations of all microbial communities (Fazeli et al. 2011).
Furthermore, chronic exposure to cadmium and lead in rats
resulted in specific changes in the composition of microbiota.
Animals that were exposed to heavy metals through food
have been found to have lower count of friendly bacteria as
compared to controls, but such exposures led to no toxicity
and or hepatotoxicity, as well as no significant changes in
behaviour, body weights, food intake, stool consistency or
gut motility (Breton et al. 2013). Nevertheless, low count
of friendly bacteria the family Lachnospiraceae have been
associated with intestinal inflammation and predisposition
to colitis (Lepage et al. 2011). Another study exposing rats
to arsenic for 4 weeks reported a significant reduction in
Firmicutes population, but not in Bacteroidetes numbers.
Such changes in gut microbiota have been associated with
metabolic activity alterations as evidenced by steep variation
in a range of microbial co-metabolites detected in excrement
samples of model organisms (Lu et al. 2014).

Common artificial sweeteners are known to contain
compounds such as aspartame, sucralose and saccharin,
which have been shown to cause significant disruption
to the microbiota homeostasis and disproportionate
microflora, changes in metabolic activities of animals and
humans. Studies on mice exposed to sucralose have reported
increased faecal counts of total anaerobes, with decline in
the count of friendly bacteria (Abou-Donia et al. 2008).
Likewise, another study treating mice with low doses of
aspartame in drinking water detected a rise in total bacteria
and in FEnterobacteriaceae and Clostridium leptum counts
(Palmnis et al. 2014), as well as higher serum propionate and
elevated fasting glucose values. A human study involving five
to seven days of saccharin consumption reported that the
majority of participants had significantly poorer glycemic
response and marked changes in their gut microbiota during
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the study (Suez et al. 2014). Overall, these findings points to
the fact that each individual responds to artificial sweetener
exposure differently, possibly resulting from the variations in
their gut microbiota composition.

6. Conclusions

Drosophila can dynamically meet requirements of toxicity
studies looking into environmental contaminants as it allows
optimization of pathway-specific screening, facilitates rapid
testing of samples at cellular or molecular levels, and rapid
identification of genes responsible for interactions with
environmental contaminants. Its ability to reflect the true
interactions between DNA and environment might shed
light on the toxicity mechanisms of certain substances.
Even though in vivo research carried out with other non-
mammalian models like zebrafish (Danio rerio) may offer
some solution, Drosophila appears to be superior at many
levels, and it allows researchers to process numerous samples
inashort time and to identify antibodies and genes regulating
certain pathways at much lower costs, yielding valuable data
on vital parameters like longevity, survival, mortality, and
mutagenicity (Demir 2020a, 2022). Also, ethical rules (3R:
Replacement, Reduction, and Refinement) concerned with
vertebrate animals do not apply to Drosophila (Jennings
2011). Lastly, the toolbox of Drosophila which allows easy
genetic manipulation is unique among different model
organisms such as D. rerio, Caenorhabditis elegans (worm),

and Daphnia magna (Mohr et al. 2014).

'This review summarizes our current knowledge from previous
in vitro and in vive research that scrutinizes the impact of
several environmental contaminants on various mammals
and non-target model organisms at several genetic, cellular,
and molecular levels, as well as possible mechanisms of their
toxicity. Although in wvitro approaches are the most used
for testing the potential harmful effects of environmental
pollutants in different properties, iz vivo studies can provide
much more important information complementing in vitro
data. D. melanogaster has become an ideal model organism
for the risk assessment and ecotoxicological classification
of environmental pollutants on the environment and
human health. D. melanogaster can be used as an ideal
model organism for the risk assessment and toxicological
classification of environmental contaminants. In this context,
D. melanogaster can prove an ideal model organism for their
risk assessment and toxicological classification, since it
shares an outstanding amount of physiological features in
molecular pathways with humans. The new research field
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known as Drosophotoxicology may offer valuable data on the
hazards of environmental contaminants. Collaboration with
this valuable species of fruit fly has played an integral part
in numerous Nobel-winning studies, and it will definitely
serve as a versatile toolbox to further our understanding
of environmental contaminants and their effects on living
organisms.

7. References

Abou-Donia, MB., El-Masry, EM., Abdel-Rahman, AA.,
McLendon, RE. and Schiffman, SS. 2008. Splenda alters
gut microflora and increases intestinal p-glycoprotein and
cytochrome p-450 in male rats. J. Toxicol. Environ. Health A,
71: 1415-1429. https://doi.org/10.1080/15287390802328630

Al-Gubory, KH. and Garrel, C. 2012. Antioxidative signaling
pathways regulate the level of reactive oxygen species at the
endometrial-extraembryonic membranes interface during
early pregnancy. Int. J. Biochem. Cell Biol., 44: 1511-1518.
https://doi.org/10.1016/j.biocel.2012.06.017

Alimba, CG. and Faggio, C. 2019. Microplastics in the

marine environment: current trends in environmental
pollution and mechanisms of toxicological profile. Environ.
Toxicol. Pharmacol., 68: 61-74. https://doi.org/10.1016/].
etap.2019.03.001

Avio, CG., Gorbi, S., Milan, M., Benedetti, M., Fattorini, D.,
d’Errico, G., Pauletto, M., Bargelloni, L. and Regoli, F.
2015. Pollutants bioavailability and toxicological risk from
microplastics to marine mussels. Environ. Pollut., 198: 211-

222. https://doi.org/10.1016/j.envpol.2014.12.021

Barabadi, H., Najafi, M., Samadian, H., Azarnezhad, A., Vahidi,
H., Mahjoub, MA., Koohiyan, M. and Ahmadi, A. 2019. A
systematic review of the genotoxicity and antigenotoxicity
of biologically synthesized metallic nanomaterials: are green
nanoparticles safe enough for clinical marketing? Medicina

(Kaunas), 55: 439. https://doi.org/10.3390/medicina55080439
BASF Online Report. 2020. 2020. https://report.bastf.com/2020/

en/
Bianchi, J., Mantovani, MS. and Marin-Morales, MA. 2015.

Analysis of the genotoxic potential of low concentrations of
Malathion on the Allium cepa cells and rat hepatoma tissue
culture. /. Environ. Sci., 36:102-111. https://doi.org/10.1016/].
jes.2015.03.034

Brandon, JA., Freibott, A. and Sala, LM. 2020. Patterns of
suspended and salp-ingested microplastic debris in the North
Pacific investigated with epifluorescence microscopy. Limnol.
Ocean Let., 5: 46-53. https://doi.org/10.1002/1012.10127

Breton, J., Massart, S., Vandamme, P., De Brandt, E., Pot, B.
and Foligné, B. 2013. Ecotoxicology inside the gut: impact

of heavy metals on the mouse microbiome. BMC Pharmacol.

Toxicol., 14: 1-11. https://doi.org/10.1186/2050-6511-14-62

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118

Buck Louis, GM. 2014. Persistent environmental pollutants and
couple fecundity: an overview. Reproduction, 147: R97-R104.
https://doi.org/ 10.1530/REP-13-0472

Carbajo, JB., Perdigén-Melén, JA., Petre, AL., Rosal, R.,
Letdn, P. and Garcia-Calvo, E. 2015. Personal care product
preservatives: risk assessment and mixture toxicities with an
industrial wastewater. Water Res., 72: 174-185. https://doi.
org/10.1016/j.watres.2014.12.040

Carbery, M., O’Connor, W. and Palanisami, T. 2018. Trophic
transfer of microplastics and mixed contaminants in the marine
food web and implications for human health. Environ. Int.,
115: 400-409. https://doi.org/10.1016/j.envint.2018.03.007

Chang, JW.,, Yan, BR., Chang, MH., Tseng, SH., Kao, YM.,
Chen, JC. and Lee, CC. 2014. Cumulative risk assessment
for plasticizer-contaminated food wusing the hazard
index approach. Environ. Pollut., 189: 77-84. https://doi.
org/10.1016/j.envpol.2014.02.005

Charroux, B. and Royet, J. 2012. Gut-microbiota interactions
in non-mammals: What can we learn from Drosophila?
Semin. Immunol, 24: 17-24. https://doi.org/10.1016/j.
smim.2011.11.003

Chiang, MH., Ho, SM., Wu, HY., Lin, YC., Tsai, WH., Wu,
T., Lai, C-H. and Wu, C-L. 2022. Drosophila Model for
Studying Gut Microbiota in Behaviors and Neurodegenerative
Diseases. Biomedicines, 10: 596. https://doi.org/ 10.3390/
biomedicines10030596

Choi, JJ., Eum, SY., Rampersaud, E., Daunert, S., Abreu, MT.
and Toborek, M. 2013. Exercise attenuates PCB-induced
changes in the mouse gut microbiome. Environ. Health
Perspect., 121: 725-730. https://doi.org/10.1289/ehp.1306534

Claus, SP., Guillou, H. and Ellero-Simatos, S. 2016. The gut
microbiota: a major player in the toxicity of environmental
pollutants? NPJ Biofilms Microbiomes, 2: 16003. https://doi.
org/ 10.1038/npjbiofilms.2016.3

Cleuvers, M. 2003. Aquatic ecotoxicity of pharmaceuticals
including the assessment of combination effects. Zoxicol. Lett.,
142:185-194. https://doi.org/lo.1016/50378—4274(03)00068—
7

Cleuvers, M. 2004. Mixture toxicity of the anti-inflammatory
drugs diclofenac, ibuprofen, naproxen, and acetylsalicylic acid.
Ecotoxicol. Environ. Saf., 59: 309-315. https://doi.org/10.1016/
S0147-6513(03)00141-6

Darfeuille-Michaud, A., Boudeau, J., Bulois, P., Neut, C.,
Glasser, AL., Barnich, N., Bringer, M-A., Swidsinski, A.,
Beaugerie, L. and Colombel, J-F. 2004. High prevalence of
adherent-invasive Escherichia coli associated with ileal mucosa
in Crohn’s disease. Gastroenterology, 127: 412-421. https://doi.
org/10.1053/j.gastro.2004.04.061

113


https://report.basf.com/2020/en/
https://report.basf.com/2020/en/

Demir, Turna Demir / Drosophila: A Promising Model for Evaluating the Toxicity of Environmental Pollutants

Davidson, PW., Strain, JJ., Myers, GJ., Thurston, SW.,
Bonham, MP., Shamlaye, CF., Stokes-Riner, A.,
Wallace, JM., Robson, PJ., Duffy, EM., Georger, LA.,
Sloane-Reeves, J., Cernichiari, E., Canfield, RL., Cox,
C., Huang, LS., Janciuras, J. and Clarkson, TW. 2008.
Neurodevelopmental effects of maternal nutritional status and
exposure to methylmercury from eating fish during pregnancy.
Neurotoxicology, 29: 767-775. https://doi.org/10.1016/].

neuro.2008.06.001
de Sousa, G., Nawaz, A., Cravedi, JP. and Rahmani R. 2014.

A concentration addition model to assess activation of the
pregnane X receptor (PXR) by pesticide mixtures found
in the French diet. ZToxicol Sci., 141: 234-243. https://doi.
org/10.1093/toxsci/kful20

Demir, E. 2020a. An in vivo study of nanorod, nanosphere,
and nanowire forms of titanium dioxide using Drosophila
melanogaster: toxicity, cellular uptake, oxidative stress, and
DNA damage. J. Toxicol. Environ. Health Part A, 83: 456-469.
https://doi.org/10.1080/15287394.2020.1777236

Demir, E.2020b. Drosophila as a model for assessing nanopesticide
toxicity. Nanotoxicology, 14: 1271-1279. https://doi.org/10.108
0/17435390.2020.1815886

Demir, E.2021b. Adverse biological effects of ingested polystyrene
microplastics using Drosophila melanogaster as a model in vivo
organism. J. Toxicol. Environ. Health Part 4, 84: 649-660.
https://doi.org/10.1080/15287394.2021.1913684

Demir, E. 2021c. A review on nanotoxicity and nanogenotoxicity
of different shapes of nanomaterials. J. Appl. Toxicol., 41: 118~
147. https://doi.org/10.1002/jat.4061

Demir, E. 2022. Mechanisms and biological impacts of graphene
and multi-walled carbon nanotubes on Drosophila melanogaster:
oxidative stress, genotoxic damage, phenotypic variations,
locomotor behavior, parasitoid resistance, and cellular
immune response. J. Appl. Toxicol., 42: 450-474. https://doi.
o0rg/10.1002/jat.4232

Demir, E., Turna, F., Aksakal, S., Kaya, B. and Marcos, R.2014.
Genotoxicity of different sweeteners in Drosophila. Fresen.
Environ. Bull., 23: 3426-3432.

Eom, HJ., Liu, Y., Kwak, GS., Heo, M., Song, KS., Chung, YD.,
Chon, TS. And Choi, J. 2017. Inhalation toxicity of indoor
air pollutants in Drosophila melanogaster using integrated

transcriptomics and computational behavior analyses. Sci.
Rep., 7:1-15. https://doi.org/10.1038/srep46473

Fazeli, M., Hassanzadeh, P. and Alaei, S. 2011. Cadmium
chloride exhibits a profound toxic effect on bacterial microflora
of the mice gastrointestinal tract. Hum. Exp. Toxicol., 30: 152-
159. https://doi.org/10.1177/0960327110369821

114

Feng, J., Cerniglia, CE. and Chen, H. 2012. Toxicological
significance of azo dye metabolism by human intestinal
microbiota. Front. Biosci., 4: 568-586. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5870118/?report=reader

Fidan, M. and Ayar A. 2021. An investigation of the toxic effects
of water samples collected from 3 different regions of antarctica
on Drosophila melanogaster. Int. J. Sci. Lett., 3: 97-108. https://
doi.org/10.38058/1js1.961391

Flaherty, CM. and Dodson, S.1.2005. Effects of pharmaceuticals
on Daphniasurvival,growth,and reproduction. Chemosphere, 61:
200-207. https://doi.org/10.1016/j.chemosphere.2005.02.016

Fraser, CI., Kay, GM., du Plessis, M. and Ryan, PG. 2016.
Breaking down the barrier: Dispersal across the Antarctic
Polar Front. Ecography (Copenhagen), 40: 235-237. https://doi.
org/10.1111/ecog.02449

Gao, Y., Feng,J., Han, F. and Zhu, L. 2016. Application of biotic
ligand and toxicokinetic—toxicodynamic modeling to predict
the accumulation and toxicity of metal mixtures to zebrafish
larvae. Environ. Pollut., 213: 16-29. https://doi.org/10.1016/j.
envpol.2016.01.073

Ghezzi, P. 2020. Environmental risk factors and their footprints
in vivo - A proposal for the classification of oxidative stress
biomarkers. Redox Biol., 34: 101442. https://doi.org/10.1016/j.
redox.2020.101442

Gundacker, C. and Hengstschliger, M. 2012. The role of
the placenta in fetal exposure to heavy metals. Wien Med.
Wochenschr., 162: 201-206. https://doi.org/10.1007/s10354-
012-0074-3

Han, X., Geller, B., Moniz, K., Das, P., Chippindale, AK. and
Walker, VK. 2014. Monitoring the developmental impact
of copper and silver nanoparticle exposure in Drosophila and
their microbiomes. Sci. Total Environ., 487:822-829. https://
doi.org/10.1016/j.scitotenv.2013.12.129

Jennings, BH. 201. Drosophila-a Versatile Model in
Biology & Medicine. Mater. Today, 14: 190-195. https://doi.
org/10.1016/51369-7021(11)70113-4

Jensen, BH., Petersen, A., Nielsen, E., Christensen, T., Poulsen,
ME. and Andersen, JH. 2015. Cumulative dietary exposure of
the population of Denmark to pesticides. Food Chem. Toxicol.,
83:300-307. https://doi.org/10.1016/j.fct.2015.07.002

Jia YC, Jin S, Hu KK, Geng L, Han CH, Kang RX, Pang, Y.,
Ling, E., Tan, EK., Pan,Y. and Liu, W.2021. Gut microbiome
modulates  Drosophila  aggression through —octopamine
signaling. Nat. Commun., 12: 2698. https://doi.org/ 10.1038/
s41467-021-23041-y

Jimenez-Guri, E., Roberts, KE., Garcia, FC., Tourmente, M.,
Longdon, B. and Godley, BJ. 2021. Transgenerational effects
on development following microplastic exposure in Drosophila
melanogaster. Peer J, 9: €11369. https://doi.org/10.7717/
peerj.11369

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118



Demir, Turna Demir / Drosophila: A Promising Model for Evaluating the Toxicity of Environmental Pollutants

Joly C, Gay-Quéheillard J, Léké A, Chardon K, Delanaud
S, Bach V and Khorsi-Cauet, H. 2013. Impact of chronic
exposure to low doses of chlorpyrifos on the intestinal
microbiota in the Simulator of the Human Intestinal Microbial
Ecosystem (SHIME®) and in the rat. Environ. Sci. Pollut. Res.,
20: 2726-2734. https://doi.org/10.1007/s11356-012-1283-4

Kadawathagedara, M., de Lauzon-Guillain, B. and Botton,
J. 2018. Environmental contaminants and child’s growth. J.
Dev. Orig. Health Dis., 9: 632-641. https://doi.org/10.1017/
S52040174418000995

Kapeleka, JA., Sauli, E. and Ndakidemi, PA. 2021. Pesticide
exposure and genotoxic effects as measured by DNA damage
and human monitoring biomarkers. Int. J. Environ. Health
Res., 31: 805-822. https://doi.org/10.1080/09603123.2019.1
690132

Karwacka, A., Zamkowska, D., Radwan, M. and Jurewicz,
J. 2019. Exposure to modern, widespread environmental
endocrine disrupting chemicals and their effect on the
reproductive potential of women: an overview of current
epidemiological evidence. Hum. Fertil. (Camb)., 22: 2-25.
https://doi.org/10.1080/14647273.2017.1358828

Kay, VR., Chambers, C. and Foster, WG. 2013. Reproductive
and developmental effects of phthalate diesters in females.
Crit. Rev. Toxicol., 43: 200-219. https://doi.org/10.3109/1040
8444.2013.766149

Kim, KS., Lee, YM., Kim, SG., Lee, IK., Lee, HJ., Kim, JH.,
Kim, J., Moon, H-B., Jacobs Jr., DR. and Lee, D-H. 2014.
Associations of organochlorine pesticides and polychlorinated
biphenyls in visceral vs. subcutaneous adipose tissue with type
2 diabetes and insulin resistance. Chemosphere, 94: 151-157.
https://doi.org/ 10.1016/j.chemosphere.2013.09.066

Klingmiiller, D. and Alléra, A. 2011. Endocrine disruptors:
hormone-active chemicals from the environment: a risk to
humans? Di#sch. Med. Wochenschr., 136: 967-972. https://doi.
org/10.1055/5-0031-1275832

Kortenkamp, A. 2007. Ten years of mixing cocktails: are view
of combination effects of endocrine-disrupting chemicals.
Environ.  Health  Perspect., 115 98-105.  https://doi.
org/10.1289/ehp.9357

Kriiger, M., Shehata, AA., Schrodl, W. and Rodloff, A. 2013.
Glyphosate suppresses the antagonistic effect of Enterococcus
spp. on Clostridium botulinum. Anaerobe, 20: 74-78. https://
doi.org/ 10.1016/j.anaerobe.2013.01.005

Kumar, R., Sankhla, MS., Kumar, R. and Sonone, SS. 2021.
Impact of pesticide toxicity in aquatic environment. Biointerface
Res. Appl. Chem., 11: 10131-10140. https://doi.org/10.33263/
BRIAC113.1013110140

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118

Kiimmerer, K. 2009. The presence of pharmaceuticals in the
environment due to human use--present knowledge and
tuture challenges. /. Environ. Manage., 90: 2354-2366. https://
doi.org/10.1016/j.jenvman.2009.01.023

Kuraishi, T., Hori, A. and Kurata, S. 2013. Host-microbe
interactions in the gut of Drosophila melanogaster. Front.
Physiol., 4: 375. https://doi.org/10.3389/fphys.2013.00375

Le, TH., Lim, ES., Hong, NH., Lee, SK., Shim, YS., Hwang,
JR., Kim, YH. and Min, J. 2013. Proteomic analysis in
Daphnia magna exposed to As(III), As(V) and Cd heavy
metals and their binary mixtures for screening potential
biomarkers.  Chemosphere,  93:  2341-2348.  https://doi.
org/10.1016/j.chemosphere.2013.08.031

Lepage, P., Hisler, R., Spehlmann, ME., Rehman, A.,
Zvirbliene, A., Begun, A., Ott, S., Kupcinskas, L., Doré, J.,
Raedler, A. and Schreiber, S. 2011. Twin study indicates loss
of interaction between microbiota and mucosa of patients with
ulcerative colitis. Gastroenterology, 141: 227-236. https://doi.
org/10.1053/j.gastr0.2011.04.011

Li Y., Pan, L., Li, P, Yu, G,, Li, Z., Dang, S., Faguang, J. and
Yandong, N. 2022. Microbiota Aggravates the Pathogenesis
of Drosophila Acutely Exposed to Vehicle Exhaust. Heliyon,
(Baskida). http://dx.doi.org/10.2139/ssrn.4025900

Ling, Z., Li, Z., Liu, X., Cheng, Y., Luo, Y., Tong, X., Yuan,
L., Wang Y., Sun, J., Li, L. and Xiang, C. 2014. Altered
fecal microbiota composition associated with food allergy in
infants. Appl. Environ. Microbiol., 80: 2546-2554. https://doi.
org/ 10.1128/AEM.00003-14

Liu, HP., Cheng, J., Chen, MY., Chuang, TN., Dong, JC.,
Liu, CH. and Lin, WY. 2022. Neuromuscular, retinal, and
reproductive impact of low-dose polystyrene microplastics
on Drosophila. Environ. Pollut., 292: 118455. https://doi.
org/10.1016/j.envpol.2021.118455

Liu, Z.,Huang,Y., Jiao, Y., Chen, Q., Wu, D., Yu, P, Li, Y., Cai,
M. and Zhao, Y. 2020. Polystyrene nanoplastic induces ROS
production and affects the MAPK-HIF-1/NFkBmediated
antioxidant system in Daphnia pulex. Aquat. Toxicol., 220:
105420. https://doi.org/10.1016/j.aquatox.2020.105420

Lloyd, TE. and Taylor, JP. 2020. Flightless flies: Drosophila
models of neuromuscular disease. Ann. N.Y. Acad. Sci., 1184:
e1-¢20. https://doi.org/ 10.1111/§.1749-6632.2010.05432 x

Lu, K., Abo, RP., Schlieper, KA., Graffam, ME., Levine, S.,
Wishnok, JS., Swenberg, JA., Tannenbaum, SR. and Fox,
JG. 2014. Arsenic exposure perturbs the gut microbiome and
its metabolic profile in mice: an integrated metagenomics and
metabolomics analysis. Environ. Health Perspect., 122: 284-
291. https://doi.org/10.1289/ehp.1307429

115



Demir, Turna Demir / Drosophila: A Promising Model for Evaluating the Toxicity of Environmental Pollutants

Luo, ZC., Liu, JM. and Fraser, WD. 2010. Large prospective
birth cohort studies on environmental contaminants and
child health-Goals, challenges, limitations and needs.
Med. Hypotheses, 74: 318-332. https://doi.org/10.1016/j.
mehy.2009.08.044

Macedo, GE., Vieira, PB., Rodrigues, NR., Gomes, KK.,
Rodrigues, JF., Franco, JL. and Posser, T. 2022. Effect of
fungal indoor air pollutant 1-octen-3-ol on levels of reactive
oxygen species and nitric oxide as well as dehydrogenases
activities in Drosophila melanogaster males. J. Toxicol. Environ.
Health Part 4, 31: 1-13. https://doi.org/10.1080/15287394.2
022.2054887

Martin, JMP., Peropadre, A., Herrero, O., Freire, PF., Labrador,
V.and Hazen, MJ. 2010. Oxidative DNA damage contributes
to the toxic activity of propylparaben in mammalian cells.
Mutat. Res. Genet. Toxicol. Environ. Mutagen., 702: 86-91.
https://doi.org/10.1016/j.mrgentox.2010.07.012

Marx, C., Miihlbauer, V., Krebs, P. and Kuehn, V. 2015.
Environmental risk assessment of antibiotics including
synergistic and antagonistic combination effects. Sci.
Total Environ., 524: 269-279. https://doi.org/10.1016/].
scitotenv.2015.04.051

Maurice, CF., Haiser, HJ. and Turnbaugh, PJ. 2013. Xenobiotics
shape the physiology and gene expression of the active human
gut microbiome. Ce//, 152: 39-50. https://doi.org/ 10.1016/].
cell.2012.10.052

Menard, S., Guzylack-Piriou, L., Leveque, M., Braniste, V.,
Lencina, C., Naturel, M., Moussa, L., Sekkal, S., Harkat,
C., Gaultier, E., Theodorou, V. and Houdeau, E. 2014.
Food intolerance at adulthood after perinatal exposure to the
endocrine disruptor bisphenol A. FASEB J., 28: 4893-4900.
https://doi.org/ 10.1096/1].14-255380

Michalke, K., Schmidt, A., Huber, B., Meyer, J., Sulkowski, M.,
Hirner, AV,, Boertz, J., Mosel, F., Dammann, P., Hilken, G.,
Hedrich, HJ., Dorsch, M., Rettenmeier, AW. and Hensel,
R. 2008. Role of intestinal microbiota in transformation
of bismuth and other metals and metalloids into volatile
methyl and hydride derivatives in humans and mice. Appl.
Enwviron. Microbiol., 74: 3069-3075. https://doi.org/10.1128/
AEM.02933-07

Mili¢, M., Zunec, S., Micek, V., Kasuba, V., Mikoli¢, A.,
Lovakovi¢, BT., Semren, TZ., Pavici¢, I., Cermak,
AMM., Pizent, A., Vrdoljak, AL., Valencia-Quintana, R.,
Sanchez-Alarcén, J. and Zeljeiié, D. 2018. Oxidative stress,
cholinesterase activity, and DNA damage in the liver, whole
blood, and plasma of Wistar rats following a 28-day exposure
to glyphosate. Arh. Hig. Rada. Toksikol., 69: 154-168. https://
doi.org/10.2478/aiht-2018-69-3114

116

Mohr, SE., Hu, Y., Kim, K., Housden, BE. and Perrimon,
N. 2014. Resources for Functional Genomics Studies in
Drosophila melanogaster. Genetics, 197: 1-18. https://doi.
org/10.1534/genetics.113.154344

Moskalev, A., Shaposhnikov, M., Snezhkina, A., Kogan, V.,
Plyusnina, E., Peregudova, D., Melnikova, N., Uroshlev,
L, Mylnikov, S., Dmitriev, A., Plusnin, S., Fedichev, P.
and Kudryavtseva, A. 2014. Mining gene expression data
for pollutants (dioxin, toluene, formaldehyde) and low dose
of gamma-irradiation. PLoS One, 9: ¢86051. https://doi.org/
10.1371/journal.pone.0086051

Mrema, EJ., Rubino, FM., Brambilla, G., Moretto, A., Tsatsakis,
AM. and Colosio, C. 2013. Persistent organochlorinated
pesticides and mechanisms of their toxicity. Zoxicology, 307:
74-88. https://doi.org/ 10.1016/j.t0x.2012.11.015

Nakatsu G, Li X, Zhou H, Sheng J, Wong SH, Wu WKK, Ng,
SC., Tsoi, H., Dong, Y., Zhang, N., He, Y., Kang, Q., Cao,
L., Wang, K., Zhang, J., Liang, Q., Yu, J. and Sung, JJY.
2015. Gut mucosal microbiome across stages of colorectal
1-9. https://doi.org/

carcinogenesis. Nat. Commun., 6:

10.1038/ncomms9727

Negri, E., Bosetti, C., Fattore, E. and La Vecchia, C. 2003.
Environmental exposure to polychlorinated biphenyls (PCBs)
and breast cancer: a systematic review of the epidemiological
evidence. Eur. J. Cancer Prev., 12: 509-516. https://www.jstor.
org/stable/45074377

Nettleton, JA., Lutsey, PL., Wang, Y., Lima, JA., Michos, ED.
and Jacobs, DR. 2009. Diet soda intake and risk of incident
metabolic syndrome and type 2 diabetes in the Multi-Ethnic
Study of Atherosclerosis (MESA). Diabetes Care, 32: 688-694.
https://doi.org/ 10.2337/dc08-1799

Niu, Z., Zang, X. and Zhang. 2015. Using physiologically based
pharmacokinetic models to estimate the health risk of mixtures
of trihalomethanes from reclaimed water. J. Hazard Mater.,

285:190-198. https://doi.org/10.1016/j.jhazmat.2014.11.051

Palmnis, MS., Cowan, TE., Bomhof, MR., Su, J., Reimer, RA.,
Vogel, HJ., Hittel, DS. and Sheareret, J. 2014. Low-dose
aspartame consumption differentially affects gut microbiota-
host metabolic interactions in the diet-induced obese rat.
PloS One, 9: €109841. https://doi.org/10.1371/journal.
pone.0109841

Paul, KB., Hedge, JM., Bansal, R., Zoeller, RT., Peter, R.,
DeVito, MJ. and Crofton, KM. 2012. Developmental
triclosan exposure decreases maternal, fetal, and early neonatal
thyroxine: a dynamic and kinetic evaluation of a putative mode-
of-action. Towicology, 300: 31-45. https://doi.org/10.1016/j.
t0x.2012.05.023

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118



Demir, Turna Demir / Drosophila: A Promising Model for Evaluating the Toxicity of Environmental Pollutants

Posgai, R., Ahamed, M., Hussain, SM., Rowe, JJ. and Nielsen,
MG.2009.Inhalationmethodfordeliveryofnanoparticlestothe
Drosophila respiratory system for toxicity testing. Sci.
Total Environ., 408: 439-443. https://doi.org/10.1016/].
scitotenv.2009.10.008

Qin, J, Li, Y., Cai, Z., Li, S., Zhu, J. and Zhang, F. 2012. A
metagenome-wide association study of gut microbiota in
type 2 diabetes. Nazure, 490: 55-60. https://doi.org/ 10.1038/
nature11450

Rand, MD. 2010. Drosophotoxicology: the growing potential for
Drosophila in neurotoxicology. Neurotoxicol. Teratol., 32: 74-
83. https://doi.org/10.1016/j.ntt.2009.06.004

Rider, CV,, Carlin, DJ., Devito, MJ., Thompson, CL. and
Walker, NJ. 2012. Mixtures research at NIEHS: an evolving
program. Toxicology, 313: 94-102. https://doi.org/ 10.1016/j.
tox.2012.10.017.

Schretter, CE., Vielmetter, J., Bartos, 1., Marka, Z., Marka, S.,
Argade, S. and Mazmanian, SK. 2018. A gut microbial factor
modulates locomotor behaviour in Drosophila. Nature, 563:
402-406. https://doi.org/10.1038/s41586-018-0634-9

Shehata, AA.,Schrodl, W., Aldin, AA., Hafez, HM. and Kriiger,
M. 2013. The effect of glyphosate on potential pathogens
and beneficial members of poultry microbiota in vitro. Curr.
Microbiol., 66: 350-358. https://doi.org/10.1007/s00284-012-
0277-2

Shilpa, O., Anupama, KP., Antony, A. and Gurushankara, HP.
2021. Lead (Pb)-induced oxidative stress mediates sex-specific
autistic-like behaviour in Drosophila melanogaster. Mol
Neurobiol., 58: 6378-6393. https://doi.org/10.1007/s12035-
021-02546-z

Shin, SC., Kim, SH., You, H., Kim, B., Kim, AC., Lee,
KA., Yoon, JH., Ryu, JH. and Lee, WJ. 2011. Drosophila
microbiome modulates host developmental and metabolic
homeostasis via insulin signaling. Science, 334: 670-674.
https://doi.org/10.1126/science.1212782

Sékmen, TO., Sulukan, E., Tiirkoglu, M., Baran, A., Ozkaraca,
M. and Ceyhun, SB. 2019. Polystyrene nanoplastics (20
nm) are able to bioaccumulate and cause oxidative DNA
damages in the brain tissue of zebrafish embryo (Danio
rerio). Neurotoxicology, 77: 51-59. https://doi.org/10.1016/j.
neuro.2019.12.010

Song, XQ., Wang, ZG., Wang, Y., Huang, YY., Sun, YX,,
Ouyang, Y., Xie, C-Z. and Xu, J-Y. 2020. Syntheses,
characterization, DNA/HSA binding ability and antitumor
activities of a family of isostructural binuclear lanthanide
complexes containing hydrazine Schiff base. J. Biomol. Struct.
Dyn., 38: 733-743. https://doi.org/10.1080/07391102.2019.1
587511

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118

Sriram, K., Lin, GX., Jefferson, AM., Stone, S., Afshari,
A., Keane, MJ., McKinney, W., Jackson, M., Chen,
BT., Schwegler-Berry, D., Cumpston, A., Cumpston,
JL., Roberts, JR., Frazer, DG. and Antonini, JM. 2015.
Modifying welding process parameters can reduce the
neurotoxic potential of manganese-containing welding
fumes. Toxicology, 328: 168-178. https://doi.org/10.1016/].
tox.2014.12.015

Suez, J., Korem, T., Zeevi, D., Zilberman-Schapira, G., Thaiss,
CA.,Maza, O.,Israeli,D.,Zmora,N., Gilad, S., Weinberger,
A., Kuperman, Y., Harmelin, A., Kolodkin-Gal, I., Shapiro,
H., Halpern, Z., Segal, E. and Elinav, E. 2014. Artificial
sweeteners induce glucose intolerance by altering the gut
microbiota. Nature, 514: 181-186. https://doi.org/ 10.1038/
nature13793

Thimmegowda, GG., Mullen, S., Sottilare, K., Sharma, A.,
Mohanta, SS., Brockmann, A, Dhandapany, PS. and
Olsson, SB. 2020. A field-based quantitative analysis of
sublethal effects of air pollution on pollinators. Proc. Natl.
Acad. Sci. U.S.A., 117: 20653-20661. https://doi.org/ 10.1073/
pnas.2009074117

Turna Demir, F. 2022. In vivo effects of 1,4-dioxane on
genotoxic parameters and behavioral alterations in Drosophila
melanogaster. J. Toxicol. Environ. Health Part A, 85: 414-430.
https://doi.org/10.1080/15287394.2022.2027832

Turna Demir, F. and Yavuz, M. 2020. Heavy metal accumulation
and genotoxic effects in levant vole (Microtus guentheri)
collected from contaminated areas due to mining activities.
Environ. Pollut., 256: 113378. https://doi.org/10.1016/j.
envpol.2019.113378

Van de Wiele, T., Vanhaecke, L., Boeckaert, C., Peru, K.,
Headley, J., Verstraete, W. and Siciliano, S. 2005. Human
colon microbiota transform polycyclic aromatic hydrocarbons
to estrogenic metabolites. Environ. Health Perspect., 113: 6-10.
https://doi.org/ 10.1289/ehp.7259

Varayoud, J., Ramos, JG., Bosquiazzo, VL., Lower, M., Munoz-
de-Toro, M. and Luque, EH. 2011. Neonatal exposure to
bisphenol A alters rat uterine implantation-associated gene
expression and reduces the number of implantation sites.
Endocrinology, 152: 1101-1111. https://doi.org/10.1210/

en.2009-1037

Wagner, JR., Madugundu, GS. and Cadet, J. 2021. Ozone-
Induced DNA Damage: A Pandora’s Box of Oxidatively
Modified DNA Bases. Chem. Res. Toxicol., 34: 80-90. https://
doi.org/ 10.1021/acs.chemrestox.0c00342

Wang, F., Li, C., Liu, W. and Jin, Y. 2012. Effect of exposure to
volatile organic compounds (VOCs) on airway inflammatory
response in mice. J. Towicol. Sci., 37: 739-748. https://doi.
org/10.2131/jts.37.739

117



Demir, Turna Demir / Drosophila: A Promising Model for Evaluating the Toxicity of Environmental Pollutants

Weber, LWD., Boll, M. and Stampfl, A. 2003. Hepatotoxicity
of haloalkanes:
tetrachloride as a toxicological model. Criz. Rev. Toxicol.,
33:105-136. https://doi.org/10.1080/713611034

Weitekamp, CA. and Hofmann, HA. 2021. Effects of air
pollution exposure on social behavior: a synthesis and call for
research. Environ. Health, 20: 1-13. https://doi.org/ 10.1186/
$12940-021-00761-8

Wells, PG., McCallum, GP., Chen, CS., Henderson, JT., Lee,
CJ., Perstin, J., Preston, TJ., Wiley, MJ. and Wong, AW.

2009. Oxidative stress in developmental origins of disease:

and mechanism of action carbon

teratogenesis, neurodevelopmental deficits, and cancer. Toxicol.

Sci., 108: 4-18. https://doi.org/10.1093/toxsci/kin263

WHO Global Health Statistics 2015. WHO Resources on
Sound Management of Pesticides. https://www.who.int/
neglected_diseases/vector_ecology/pesticide-management/
en/

Wigle, DT., Arbuckle, TE., Turner, MC., Bérubé, A., Yang,
Q., Liu, S. and Krewski, D. 2008. Epidemiologic evidence
of relationships between reproductive and child health
outcomes and environmental chemical contaminants. J.
Toxicol. Environ. Health B Crit. Rev., 11: 373-517. https://doi.
0rg/10.1080/10937400801921320

Win-Shwe, TT. and Fujimaki, H. 2010. Neurotoxicity of
toluene. Toxicol. Lett., 198: 93-99. https://doi.org/10.1016/].
toxlet.2010.06.022

118

Wong, TY. 2017. Smog induces oxidative stress and microbiota
disruption. J. Food Drug. Anal., 25: 235-244. https://doi.org/
10.1016/}.jfda.2017.02.003

Yang, P, Yang, X, Sun, L., Han, X., Xu, L., Gu, W. and Zhang,
M. 2022. Effects of cadmium on oxidative stress and cell
apoptosis in Drosophila melanogaster larvae. Sci. Rep., 12: 4762.
https://doi.org/10.1038/s41598-022-08758-0

Yu, Z., Shen, J., Li, Z., Yao, J., Li, W., Xue, L., Vandenberg, LN.
and Yin, D. 2020. Obesogenic effect of sulfamethoxazole
on Drosophila melanogaster with simultaneous disturbances
on eclosion rhythm, glucolipid metabolism, and microbiota.
Enwviron. Sci. Technol., 54: 5667-5675. https://doi.org/10.1021/
acs.est.9b07889

Zhang, L., Nichols, RG., Correll, J., Murray, IA., Tanaka,
N., Smith, PB., Hubbard, TD., Sebastian, A., Albert, I.,
Hatzakis, E., Gonzalez, FJ., Perdew, GH. and Patterson,
AD. 2015. Persistent modify gut

microbiota-host metabolic homeostasis in mice through aryl

organic pollutants
hydrocarbon receptor activation. Enwiron. Health Perspect.,
123: 679-688. https://doi.org/10.1289/e¢hp.1409055

Zhang, Y., Wolosker, MB., Zhao, Y., Ren, H. and Lemos, B.
2020. Exposure to microplastics cause gut damage, locomotor
dysfunction, epigenetic silencing, and aggravate cadmium
(Cd) toxicity in Drosophila. Sci. Total Environ., 744: 140979.
https://doi.org/10.1016/j.scitotenv.2020.140979

Zheng, X., Zhao, A., Xie, G., Chj, Y., Zhao, L., Li, H., Wang,
C., Bao, Y., Jia, W, Luther, M., Su, M., Nicholson, JK. and
Jia, W. 2013. Melamine-induced renal toxicity is mediated
by the gut microbiota. Sci. Transl. Med., 5: 172ra22-172ra22.
https://doi.org/ 10.1126/scitranslmed.3005114

Karaelmas Fen Miih. Derg., 2022; 12(1):101-118


https://doi.org/10.1080/10937400801921320
https://doi.org/10.1080/10937400801921320

Karaelmas Fen ve Miihendislik Dergisi TELIF HAKKI DEVIR FORMU

Makalenin Adx:

Yazarlarin adi (makaledeki sirayla):

Biz agagida imzalar1 bulunan yazarlar, sundugumuz makalenin orijinal oldugunu; bagka bir dergiye yayinlanmak tzere verilmedigini, daha 6nce
yayinlanmadigini, eger, timiyle ya da bir b6limu yayinlandi ise yukarida ad: gegen dergide yayinlanabilmesi i¢in gerekli her tiirld iznin alindigini
ve orijinal telif hakki devri formu ile birlikte Karaelmas Fen ve Miihendislik Dergisi Editorligine gonderildigini garanti ederiz.

Makalenin telif hakkindan feragat etmeyi kabul ederek sorumlulugu tstlenir ve imza ederiz.

Bu vesileyle makalenin telif hakki Zonguldak Biilent Ecevit Universitesi'ne devredilmistir.

Karaelmas Fen ve Miihendislik Dergisi Editérligii makalenin yayinlanabilmesi konusunda yetkili kilinmugstir. Bununla birlikte yazarlarin agagidaki
haklar: saklidur:

1. Telif Hakk: disinda kalan patent vb. biitiin tescil edilmis haklar.

2. Yazarin gelecekteki kitaplar ve dersler gibi ¢aligmalarinda; makalenin timi ya da bir bolimini ticret 6demeksizin kullanma hakki.

3. Makaleyi satmamak kosulu ile kendi amaglari i¢in ¢ogaltma hakk.

Biitiin yazarlar tarafindan imzalanmak tzere:

Yazar Ad: : (Yazarlar sirayla yazilacaktir) Tarih: .../ /o Imza :
Yazar Ad: : Tarih: .../ Imza:
Yazar Ads : Tarih:.../.../....... Imza:
Yazar Ad : Tarih: .../ Imza:
Yazar Ad: : Tarih:.../.../....... Imza:
Yazar Ad : Tarih:.../.../....... Imza:

Makaleyi génderen sorumlu yazarin;

Adi-Soyad:

Yazigma Adresi : (Sorumlu yazara ait posta génderim adresi)
Telefonu : (Sorumlu yazara ulagilabilecek telefon numarasi)
Belge Geger  : (Sorumlu yazara ulagilabilecek faks numarast)

E-posta : (Sorumlu yazarin e-mail adresi)



Karaelmas Science and Engineering Journal COPYRIGHT TRANSFER FORM

Manuscript Title:

Full names of all authors (in order to appear on manuscript)

The undersigned authors, we guarantee that our submitted manuscript is original work; it has not been published and is not being submitted or
considered for publication elsewhere, if, in whole or part of the publication of the magazine was published for the above-mentioned receipt of
all necessary permits and was sent to Editorial Office of Karaelmas Fen ve Miihendislik Dergisi with copyright transfer form.

We agree to waive the right to assume the responsibility of the copyright of the article and thank signature.

This article is hereby transferred to the copyright of Zonguldak Biilent Ecevit University.

Karaelmas Fen ve Miihendislik Dergisi Editor of the publication of the article is authorized.

However, the authors reserve the following rights:

1. All proprietary rights Copyright outside, such as patent.

2. to use, free of charge, all parts of this article for the author’s future works in books, lectures.

3. the right to reproduce the article for their own purposes provided the copies are not offered for sale.

To be signed by all authors:

Author Name : (The authors will be written in the order) Date:.../..../....... Signature :
Author Name : Date:.../....[....... Signature :
Author Name : Date:.../....[....... Signature :
Author Name : Date:.../....[....... Signature :
Author Name : Date:.../....[....... Signature :
Author Name : Date:.../....[....... Signature :

Corresponding author’s

Name-Surname:

Address  :(Corresponding author’s mail address)

Phone : (Corresponding author’s contact phone number)
Fax : (Corresponding author’s contact fax number)

E-mail  :(Corresponding author’s e-mail address)





