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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 6zgiin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktir.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danigma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alti 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 Programi Elestirileri”. Makaleler Tirkge veya Ingilizce dillerinde
yazilabilir; 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/karaclmasfen 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 alint: yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, ¢izelgelerine ve ozetlerine ¢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.
Editor, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimei,
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 Karaelmas 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 mektuplari 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 agsagidaki gibidir.

Aragtirma makalesi: Makale mutlaka orijinal ve daha énce hi¢ bir
dergide basilmamis veya sunulmamis olmali, tablo ve sekiller dahil 20
sayfay1 gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yaganan
gelismeleri ve bu konuda son yillarda yapilmis caligmalarin bir araya
getirildigi makale tiriidir. 15 sayfay: gegmemelidir.

Kisa makaleler: Kigiik ¢apta yapilan caligmalar, orijinal aragtirma
deneylerinin 6n sonuglarindan, yeni buluglar ve klinik deneylerden
olugmali ve 5 sayfay1 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 sayfay:
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
kurallar1 dikkate alinmalidir. Makaleler sekiller ve cizelgeler dahil
20 sayfay1 gegmemelidir. Dergiye yayin icin génderilen makaleler iki
uzman hakem tarafindan degerlendirilir ve yayinlanmasina editér
tarafindan karar verilir. Dergiye gonderilen yazilar baska 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  yonergelerine 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 editérlerinin gorisleri ve yayinin literatire
katkis: dogrultusunda Edit6r karar mektubunu yazar. Incelenmemis
tiim yazilar 10 giin iginde geri gonderilir ve yazilarin karar mektuplari
3-6 ay i¢inde gonderilir.

Makalelerdeki tim degisiklikler yazarlar: tarafindan yapilir. Son sekli
verilen ve yayina hazirlanan makaleler tizerinde 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 yazilmalidir.

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

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

¢ Makalenin ana bolimleri, Tirk¢e Oz, 1ngilizce Oz (Abstract),
Giris, Gereg ve Yontem/Yontemler (Saha tanimlamalari, ¢aligilan
malzeme v.d. Yontemler kisminin altinda alt baglik olarak verilme-
lidir), Sonuglar, Tartigma/Sonuglar ve Oneriler, Tesekkiir ve Kay-
naklardan olusur. Oz haric biitiin boliimler numaralandirilmalidir.

e Latince isimler italik olarak yazilmalidur.

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

Kapak Yazis1 Plani:

o Tirkge ve Ingilizce baslik

*  Yazar adlar1 ve adresleri

e  Sorumlu yazarin ads, adresi ve e-posta adresi
e Kisa baghk

e Tim yazarlarin ORCID’leri

Baglik: Metne uygun kisa ve anlagilir olmalidir. Ortalanmug olarak,
sadece ilk harfi bliytk sonrakiler kiigtik, 14 punto ve koyu olmalidur.

Yazar adlar1 ve adresleri: Baghigin altindaki yazar isimleri kisaltmasiz,
adi ve soyad: (varsa ikinci ismi veya soy ismi) kii¢ik harf ile
ortalanmig 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.

Tirkce ve Ingilizce 6zetin altinda 2-6 kelimeden olugan Anahtar
kelimeler yazilmalidir.
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Ozet Sayfasinin Plam

1. Tirk¢e makalelerde

a) Tirkege Baghk f) Oz

b) Ingilizce Baslik g) Anahtar Kelimeler
¢) Yazar Adlant h) Ingilizce Abstract
d) ORCID 1) Ingilizce Anahtar Kelimeler
e) Adres(ler) (Keywords)

2. Ingilizce makalelerde

a) Ingilizce Baslik f) Abstract

b) Tirkge Baglik g) Keywords

¢) Yazar Adlar h) Oz

d) ORCID 1) Anahtar Kelimeler

€) 1ngilizce Adres(ler)

Tam Metin: Makaledeki anabagliklar ve varsa alt bagliklar anlagilir
olmalidir. Ana metin bagliklar1 sola yanagik, bas harfi biyik, 12
punto ve koyu renkli olmalidir. Alt basghiklar 10 punto, kii¢tik 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 bolimde elde edilen bulgulara (sonuglara) yer verilmeli,
sonuglar gerekirse sekil ve ¢izelgelerle de desteklenmelidir.

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

Tesekkiir: Arastirmaya destek olan kisi ve kuruluslara yapilan
tesekkiirleri icermelidir.

Her tiirla ¢ikar catigmasi, finansal destek, yazarlarin katk: beyani, bags
ve diger editoryal (istatistik analiz, 1ngilizce/Tiirkge degerlendirme)
ve/veya teknik yardim var ise metnin sonunda sunulmalidir.
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 kullanimi1 agagida verilmistir:
1. Tirkge Makalelerde:
Tek yazarli calisma (Resat 2001, Landen 2002).

iki yazarli galigma (Aydan ve Genis 2008, Stanley ve Tunaz 1999,
Biiyiikgiizel ve Yazgan 2002) seklinde belirtilmelidir. Ug ve daha fazla
yazar sozkonusu ise, (Kuscu vd. 2002, Yilmaz vd. 2007) seklinde, ayn1
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 yazilmalidir.

2. Ingilizce Makalelerde:

Tek yazarli calisma (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
timi belirtilmeli, kisaltma yapilmamalidur.

Tiirkge ve Ingilizce makalelerde, yazilim programlari metin igerisinde
ismi ve yih 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 Miithendisleri 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.

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, §., 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 alinmus ise (internetten
alinan ve dergilerde yayinlanan makaleler harig), kaynaklar boliimiine
internet sitesinin ismi ve konu baghg1 tam olarak yazilmalidir.

Anonim web sayfas::

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

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

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

Ozcan, A. 2006. Endiistriyel 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 sekil ve cizelgeler makale igerisinde
strayla numaralandirilmali (Cizelge 1., Sekil 1., Cizelge 2 ve 3, Sekil
2 ve 3; Sekil 4., Cizelge 2.), sekillerin sira numaralari ve bagliklari
altta, cizelgelerinki ise Ustlerine yazilmalidir. Grafik ve sekiller sayfa
boyutlar: dikkate alinarak ¢izilmelidir. Cizelge ve sekilllerin bashik ve
actklamalari, Kaynaklardan sonra ayri sayfalar halinde Cizelgeler dizini
ve Sekiller dizini olarak hazirlanmalidir. Agiklamalardan 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 bliyttmeyi
gostermek icin mutlaka bar kullamilmalidir.

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

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

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

Ekler: Tim ekler ayr1 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 boélimlerinin
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 yaz: ile, 10 ve daha buytik 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 yiizden 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 tigten fazla eser gonderilmigse, ilk ti¢ti
diginda kalanlar daha sonraki sayilara aktarilir.

Matematik ve ilgili konular i¢in makalenin hazirlanmas: su sekilde
olmalidir:

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

Kaynaklar béliminde, yazarlarin soy isimleri alfabetik siraya gore
dizilmeli ve numaralandirlmalidir [1],[2],..gibi. Metin igerisinde
kaynak numaralari kégeli parantez igerisinde alinmalidir, [23] veya
[12]-[15] gibi. Formiil numaralarini ayirt etmek iin, 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 Baglik sayfas: eklendi mi?

¢ Imla ve dilbilgisi kontrolii yapildi ms?

e Tim sayfa diizeni ¢ift aralikli yazildi mi?

* Koselerden 2.5 cm bosluk brrakildi mr?

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

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

e Tim yazarlarin adlari ve soyadlar: kisaltma yapilmadan belirtildi
mi?

e Adresler belirtildi mi?

e Baslik 14 punto koyu yaz: karakteri ile ortalanarak yazild: mi?

e Tirkge Oz ve Anahtar Kelimeler yazildi mi?

o Ingilizce Abstract ve Keywords verildi mi?

e Kaynaklar yazim kurallarina gére ve alfabetik sirayla yazildi 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?

e Cizelgeler makale ierisinde 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 Tum 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 Editor ve Yazarlar igin
Uluslararas: Standartlar1 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 yazt 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.

Giiglii bir bilimsel gerekce olmadik¢a yazarin kendi makalelerini
belirtmesini istemez.

Yazarlar tarafindan yayinlanmadan o6nce kendi ¢aligmalarinin
higbirinde incelenen makalenin herhangi bir bolimini veya
bilgiyi ¢ogaltmaz.

Hakem degerlendirmelerini sadece uzmanliklar: dahilinde ve
makul bir stre iginde kabul eder.

Yazinin yayina ¢ikmasini geciktirecek ertelemeler yapmaz.
Hakaret, diismanca veya kiigiik digtriict 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 yardimci yazarlar;

International Committee of Medical Journal Editors (ICMJE)
tarafindan belirtilen yazar kriterlerine uygunluk saglanir;

a. Eserin tasarimina veya tasarimina énemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmasi

b. Caligmanin hazirlanmasi veya literatiirin igerik icin elestirel
olarak gozden gegirilmesi

c¢. Yayinlanacak versiyonun nihai onay1

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

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

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

Gonderilen makalelerde ¢ikar catigmasi varsa editore bilgi
verilmelidir

Gonderilen makalelerde 6n kontrol, degerlendirme stireci ya
da yaymlanmis olan siriminde yazar veya yardimc: yazarlar
tarafindan hata fark edilirse bilgi vermek, dizeltmek ya da geri
cekmek icin editéri bilgilendirmelidir.

Makale gonderildikten sonra yazar siralamalar: ve yazar ekleme-
¢ikartmalari onerilmemelidir

Yazar(lar), etik kurul karar1 gerektiren aragtirmalar icin etik kurul
onay1 aldigin; 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 alindiina
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

Editorler i¢in Etik Kurallar
Editorler:

Okuyucular, aragtirmay: veya diger bilimsel ¢alismalari 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 ¢alismanin
gegerliligi ve derginin gérev alanina uygunluguna dayanmalidur.

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

Ciddi sorunlar tespit edilmedikge yeni editorler, bir 6nceki editér
tarafindan yapilan bagvurulari yayinlama kararlarini bozmamalidur.
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- Hakem degerlendirmesi stireclerinin bir agiklamasi yapilmali
ve editorler agiklanan silireglerden 6nemli sapmalari ortaya
¢ikarmalidir.

- Yazarlarin editoryal kararlara itiraz edebilmeleri i¢in 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 belirtmelidir.

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

- Editorler, hakemlerin kimliklerinin korunmasimi saglayacak
sistemlere sahip olmalidir. Yazarlara ve hakemlere bildirilen agik
bir inceleme sistemi kullanir.

- Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve mevcut tyeleri yeni politikalar
ve gelismeler hakkinda glincel tutmalidir.

- Editorler, derginin kalitesine ve uygunluguna gére ve dergi
sahibinin / yaymncinin midahalesi olmadan hangi makalelerin
yayinlanacagina karar vermelidir.

- Editorlerin derginin sahibi ve / veya yaymct ile iligkilerini
belirleyen yazili bir sézlesmesi olmalidir. Bu szlesmenin sartlar
Dergi Editorleri i¢cin COPE Davranig Kurallar1 ile uyumlu
olmalidir.

- Editorler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz
ve zamaninda yapilmasini saglamak i¢in ¢aba gostermelidir.
- Editorler, dergilerine gonderilen materyallerin incelenirken gizli

kalmasini saglayacak sistemlere sahip olmalidir.

- Editorler, dergilerdeki bolimlerin farkli amag ve standartlara
sahip olacagini kabul ederek, yayinladiklar: materyalin kalitesini
saglamak i¢in tim makul adimlari atmalidur.

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

Editérlerin Gorevleri
Adil ve editoryal bagimsizlik

Editérler sunulan makaleleri, yazarlarin irki, cinsiyeti, cinsel tercihi,
etnik kokeni, vatandaghgi, dini inanci, siyasi felsefesi veya kurumsal
egilimleri ne olursa olsun, sadece akademik yararlari (6nemi, 6zgiinlik,
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 igerigi
ve bu igerigin yayinlanma zamanlamas: tizerinde tam yetkiye sahiptir.
Gizlilik

Editérler, gonderilen bir makaleyle ilgili hicbir bilgiyi ilgili yazar,
gozden gecirenler, potansiyel gozden gecirenler, difer yayin
danigmanlari ve yayinci disinda kimseye agiklamaz.

Agiklama ve ¢ikar ¢catigmalar:

Editérler ve yayimn kurulu dyeleri, génderilen bir makalede agiklanan
yayinlanmamug bilgileri, yazarlarin agik yazili izni olmadan kendi
aragtirma amaglari dogrultusunda kullanmayacaktir. Yazinin iglenmesi
sonucunda editorler tarafindan elde edilen ayricalikli bilgi veya
fikirler gizli tutulacak ve kisisel avantajlari i¢in kullamilmayacaktur.
Editérler, makalelere bagl herhangi bir yazar, sirket veya kurumla
rekabet, igbirlik¢i veya diger iliskilerden/baglantilardan kaynaklanan
cikar catigmalart olan yazilarimi dikkate almaktan geri ¢ekilecekler;
bunun yerine, yayin kurulunun bagka bir tyesinden yaziy1 islemesini
isteyecekler.

Yayin kararlar

Editérler, yayinlanmak tGzere degerlendirilen tiim makalelerin, alanin-
da uzman en az iki gézden geciren tarafindan hakem incelemesinden
geemesini saglar. Sorumlu mudir, s6z konusu ¢aligmanin dogrulan-
masina, aragtirmactlar ve okuyucular i¢in énemine, elestirmenlerin
yorumlarina ve iftira, telif hakki ihlali ve intihal ile ilgili su anda yiirtir-
likte olan yasal gerekliliklere dayanarak, dergiye gonderilen yazilardan
hangisinin yayinlanacagina karar vermekten sorumludur. Sorumlu
midir bu karari verirken diger editorler veya yorumcularla goriisebilir.

Sorugturmalara katilim ve igbirligi

Editorler (yayine: ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmis makaleyle ilgili etik kaygilar ortaya ¢iktiginda duyarlh
onlemler alacaktir. Etik olmayan yayincihk davraniglarinin rapor
edildigi her eylem, yayimlandiktan yillar sonra kesfedilmis olsa bile
incelenecektir. Editorler, suistimal stiphesiyle ugrasirken COPE
Ak Semalarini takip eder. Eger, sorusturma tizerine, etik kaygi iyi
kurulmugsa, bir diizeltme, geri ¢ekme, endigenin ifade edilmesi veya
ilgili olabilecek diger notlar dergide yayinlanacaktir.

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 bilesenidir ve bilimsel ¢abanin merkezinde yer

alir.
Istem

Bir makalede bildirilen aragtirmayr gézden gecirmek igin niteliksiz
hisseden veya derhal gbozden gegirilmesinin imkansiz olacagini bilen
davet edilen her hakem, editérleri derhal bilgilendirmeli ve alternatif
hakemlerle iletisime gegilebilmesi i¢in inceleme davetini reddetmelidir.
Gizlilik

Incelenmek igin alinan tiim yazilar gizli belgelerdir ve bu gekilde 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 gozlemler, yazarlarin maka-
lenin iyilestirilmesi i¢in kullanabilmeleri amaciyla destekleyici argi-
manlarla net bir sekilde formiile edilmelidir. Yazarlarin kisisel elestirisi
uygunsuzdur.

Kaynaklarin kabulii

Hakemler, yazarlar tarafindan atifta bulunulmamus ilgili yayinlanmag
calismalari belirlemelidir. Onceki yayinlarda rapor edilmis bir gézlem,
tiretme veya argiiman olan herhangi bir ifadeye ilgili alint1 eslik
etmelidir. Bir hakem ayrica, incelenmekte olan makale ile hakkinda
kisisel bilgi sahibi olduklari (yayinlanmig veya yayinlanmamis)
herhangi bir diger makale arasindaki herhangi bir 6nemli benzerlik
veya ortiismeyi editorlere bildirmelidir.

Agiklama ve ¢ikar ¢catigmalar:

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

Goénderilen bir yazida agiklanan yayinlanmamug materyaller, yazarlarin
actk yazili izni olmadan bir elestirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikl
bilgiler veya fikirler gizli tutulmali ve gézden gegirenin kigisel avantajt
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
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bir agiklamasini sunmali ve ardindan ¢alismanin 6neminin objektif
bir tartigmasini sunmalidir. Yazi, bagkalarinin eseri ¢ogaltmasina izin
verecek yeterli ayrinti ve referanslar icermelidir. Inceleme makaleleri
dogru, objektif ve kapsamli olmali, editoryal ‘goris’ veya perspektif
parcalar: agikea bu sekilde tanimlanmalidir. Hileli veya bilerek yanlis
ifadeler etik olmayan davranuglar tegkil eder ve kabul edilemez.

Veri erigimi ve saklama

Yazarlardan, ¢aligmalarinin ham verilerini editoryal inceleme i¢in
yazi ile birlikte saglamalari 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 araciligiyla) 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. Yazida bildi-
rilen eserin niteliginin belirlenmesinde etkili olan yayinlar da belirtil-
melidir. Intihal, bagka bir makalenin “yazarin kendi makalesi” olarak
“aktarilmasindan”, bagka bir makalenin énemli bélimlerini kopyala-
maya veya paraphrasinge (atif yapmadan), bagkalar: tarafindan yapilan
aragtirmadan elde edilen sonuglarin iddiasina kadar pek ¢ok bi¢im alir.
Tiim bigimlerinde intihal etik olmayan yayincilik davranis: tegkil eder
ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli génderim/yayin

Temelde ayni aragtirmayr agiklayan bildiriler birden fazla dergide
veya birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar daha
6nce bagka bir dergide yaymlanmis bir makaleyi degerlendirilmek
tzere gondermemelidir. Bir makalenin ayni anda birden fazla dergiye
gonderilmesi etik dis1 bir yayin davranigidir ve kabul edilemez.

Bazi makale tiirlerinin (klinik kilavuzlar, geviriler gibi) birden fazla
dergide yayinlanmasi, belirli sartlarin karsilanmasi koguluyla bazen
hakli goriilebilir. Tlgili dergilerin yazarlari ve editorleri, birincil
belgenin ayni verilerini ve yorumunu yansitmasi gereken ikincil yayini
kabul etmelidir. Birincil referans, ikincil yayinda belirtilmelidir.

Makalenin yazarlig:

Sadece bu yazarlik kriterlerini kargilayan kisiler, icerifin kamuya
actk sorumlulugunu tstlenebilmeleri i¢in makalede yazar olarak lis-
telenmelidir: (i) ¢aligmanin anlagilmasina, tasarimina, yiritilmesine,
veri edinilmesine veya analizine/yorumlanmasina énemli katkilarda
bulunmustur; ve (i) yazinin hazirlanmasi veya 6nemli entelektiiel
icerik i¢in elestirel olarak revize edilmesi; ve (iii) gazetenin son halini
gormiis ve onaylamis ve yayimlanmak tizere sunulmasini kabul etmis
ve kabul etmis. Yazida bildirilen eserin énemli katkilar: olan (teknik
yardim, yazma ve diizenleme yardimu, genel destek gibi) ancak yazarlik
kriterlerini kargilamayan kisilerin yazar olarak listelenmemesi, yazili
izin alindiktan sonra “Bildirimler” béliminde kabul edilmesi gerek-
mektedir. Hgili yazar, tim uygun ortak yazarlarin (yukaridaki tanima
gore) ve uygunsuz ortak yazarlarin yazar listesine dahil edilmemesini
saglamali ve tim ortak yazarlarin makalenin son halini gortip onayla-
digini ve yayina sunulmasini kabul ettigini dogrulamalidir.

X

Agiklama ve ¢ikar ¢atigmalart

Yazarlar mimkin olan en erken asamada (genellikle gonderim
sirasinda bir agiklama formu gondererek ve makaleye bir ifade de
dahil olmak tizere), sonuglar: veya makaledeki yorumlarini etkilemek
i¢in yorumlanabilecek ¢ikar ¢atigmalarini ifga etmelidir. A¢iklanmasi
gereken potansiyel ¢ikar catigmalarina ornek olarak, fahri, egitim
hibeleri veya diger finansman, konugmact biirolarina katilim,
tyelik, istthdam, danigmanlik, hisse senedi sahipligi veya diger hisse
senedi ¢ikarlari ile dcretli uzman ifadeleri veya patent lisanslama
diizenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler, bilgi veya
inanglar gibi finansal olmayan konular veya makalede tartisilan
materyaller verilebilir. Caligma i¢in tim finansal destek kaynaklar:
aciklanmalidir (hibe numaras: veya varsa diger referans numaras: da
dahil olmak iizere).

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢aligmalarini dogru bir sekilde kabul ettiklerin-
den emin olmali ve bildirilen eserin niteligini belirlemede etkili olan
yaymnlara da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler
(iginct 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 alma-
migsa, yazilara hakemlik veya hibe bagvurular: gibi gizli hizmetlerin
saglanmasinda elde edilen bilgileri kullanmamalidur.

Tehlikeler ve insan veya hayvan denekleri

Caligma, kullanimlarinda olagandis: tehlikeler etiit eden kimyasallar,
prosedirler veya ekipmanlar igeriyorsa, yazarlar bunlari yazida agik¢a
tanimlamalidir. Eger ¢alisma hayvanlarin veya insan katilimcilarin
kullanimini igeriyorsa, yazarlar tim prosedirlerin ilgili yasalara ve
kurumsal yonergelere uygun olarak gerceklestirildiginden ve ilgili
kurumsal komitenin bunlari onayladigindan emin olmalidir; yazi
bu yonde bir ifade icermelidir. Yazarlar ayrica, insan katihimecilarla
deneyler i¢in bilgilendirilmis onam alindigina dair bir ifadeyi de
makaleye eklemelidir. Insan katilimcilarin gizlilik haklarina her zaman
uyulmalidir.

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylari
ve telif hakki izinleri icin isteklerine derhal yanit vererek akran
degerlendirme siirecine katilmak ve tam ibirligi yapmak zorundadirlar.
Ik olarak “revizyon gerekli” karar1 verilmesi durumunda yazarlar,
hakemlerin yorumlarina sistematik olarak, her noktasina zamaninda
yant vererek, makalelerini verilen son tarihe kadar gézden gecirip
dergiye yeniden gondermelidir.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanlis-
liklar bulduklarinda, derginin editdrlerini veya yayimcisini derhal bil-
gilendirmek ve ¢aligmay1 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 ti¢lincl bir taraftan 6grenirse, makalenin dogrulugunu dergi
editérlerine derhal diizeltmek veya geri cekmek veya dergi editorlerine
kanit sunmak yazarlarin yikimlialagtdr.
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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 with Turkish Abstract)

e) Addresses in Turkish 1) English Keywords

XI
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2. English Paper

a) English Title f) Abstract in English

b) Turkish Title g) Keywords

¢) Author’s names h) Turkish Abstract (0z)

d) ORCID 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. Tur. 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 Mithendisleri 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. In 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. Endiistriyel atiklar ve polipropilen lif iceren 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. bttp://studytrekk.lis.curtin.edu.an/

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).



Karaelmas Fen ve Miith. Derg. 12(2), 2022

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

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 tift or jpeg files on our web sites on
supplementary files.

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

e 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

e 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

e English title is given

e Title is in title case

* English abstract is given

* English keywords are given

o Turkish abstract (Oz) is given

* 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

* Tables are refered to the consecutively in the paper

* Captions are written in left case

*  Figure legends are given

e 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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ETHICAL PRINCIPLES

Official journal of Zonguldak Biilent Ecevit University, Karaclmas
Science and Engineering Journalis a peer-reviewed journal which aims
to reach all national and international institutions and individuals free
of charge.

In the scientific articles sent to our journal, the recommendations of
ICMJE (International Committee of Medical Journal Editors) and
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
our authors are under their own responsibility, and in case of ethical
violations, the article is automatically canceled.

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.

- do not contact the authors directly and request their previous
articles unless there is a strong scientific reason.

- do not duplicate any part of the article or information reviewed in
any of their own work before it is published by the authors.

- agree to accept the reviews only within their expertise and finish
the review process within a reasonable time.

- do not intentionally prolong the review process which leads to a
delay for the publication of the article.

- use a language refrained from being hostile and avoids making
derogatory personal comments.

- destroy the manuscript and associated material after reviewing.

https://publicationethics.org/files/Ethical_guidelines_for_peer_

reviewers_0.pdf

Ethical Guidelines for Authors
Authors and co-authors,

- meet the following criteria for authorship defined by International
Committee of Medical Journal Editors ICMJE);

a. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work;

b. Drafting the work or revising it critically for important
intellectual content;
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c. Final approval of the version to be published,;

d. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

- ensure that submitted articles are original and are not sent to
different publishers.

- are responsible for any falsification, alteration or plagiarism which
are defined as abusing research before or during the research or
while reporting the findings of it.

- inform the editor if there is any conflict of interest in the submitted
articles.

- inform the editor for correction or withdrawal if any mistake is
noticed after publication or during the process of pre-control or
evaluation.

- do not suggest reordering, adding or dropping author names after
article submission.

- state, if the research requires the decision of the ethics committee,
that they have the ethics committee approval with the name of
the ethics committee and the date and number of the decision in
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,
Disclosure and if necessary, Acknowledgements.

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

Ethical Guidelines for Editors
Editors:

- 'The readers should be informed about who provides financial
support to the study or other scientific studies and whether there
is any role of sponsors in the study or publication, and if there is
any, what the contribution is.

- Editors should base their decisions of acceptance or rejection on

the importance, originality and clarity of the article, validity of
study and its relevance to the remit of the journal.
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ONSOZ

Degerli okuyucular,

Zonguldak Biilent Ecevit Universitesi tarafindan, “Karaelmas Fen ve Miithendislik Dergisi” Aralik 2022 sayisini yayinlamig ve
okuyucularimizla bulusturmus olmaktan kivang duyariz.

Fen ve Miihendisligin hizla gelistigi ve uygulandig1 bir zamanda, bilgiyi iiretmek ve bu bilgiyle teknolojik gelismelere katkida
bulunarak toplumsal faydaya doniistiirmek 6nceliklerimizdir.

Universitemiz tarafindan 2011 yilindan beri yayinlanan dergimiz, TUBITAK ULAKBIM TR Dizin tarafindan taranan dergiler
listesindedir. Karaelmas Fen ve Miihendislik Dergisinin hem ulusal hem de uluslararasi bilim toplulugu nezdinde taninirhigi
istikrarli bir gekilde artis gostermektedir. Dergimizin yayimlanmasini stirdiiriilebilir bir yapida daha da ileriye tasiyarak uluslararas:
taninirhik icin uluslararasi gegerliligi bulunan dizinler tarafindan da taranmak ve kaliteyi artirmak gelecek hedeflerimiz arasindadir.
Uluslararas: dizinlerde yer almak icin yazarlar, arastirmacilar ve bilim insanlar: tarafindan dergimizdeki yayinlara atiflarini
artirmalarini beklemekteyiz. Yeni bir ekip olarak basart i¢in yoldayiz, varis noktasinda degiliz.

Dergimizin mevcut sayisinda asagida basliklari verilen toplam 15 makale bulunmaktadir.

« Insan Eklem Agilarinin Gergek Zamanli Olgiilmesi I¢in Diisiik Maliyetli Bir Céziim

o Bes Boyutlu Doniistiiriilmiis Weyl-Yang-Kaluza-Klein Kiitlegekim Teorisi

« I¢me Suyu Aritma Tesislerinde Dogal Organik Maddenin Molekiiler Agirlik Dagilimi ve Trihalometan Olusumu
« Egilme Etkisindeki Biiyiik Dairesel Bogluklu Kirislerin Davranisinin Deneysel Incelenmesi

« Siiper Elipsler igin bir Cevre Formiilii Onerisi ve Fizikte Dikdértgensel Sinir Deger Problemlerinde Kullanimi
 Chua Devresinin Kalitatif Davranisi Uzerine Yeni Bir Paradigma

 Kirmizi Solucan Eisenia fetida Kaynakli Slomik Sivinin Baz1 Biyolojik Ozelliklerinin Aragtirilmast

« Bolu Ili Hava Kirletici Maddeler ile Meteorolojik Faktérler Arasindaki Iliskilerin incelenmesi

o Farkli Hiicre Hatlarinda KLK4 Gen Ifadesinin Belirlenmesi

« Ikincil Enaminon Bilesiklerinin Suda Sentezi ve Karakterizasyonu

o Bilinmeyen Diirtiisellik Seviyesine Sahip Toplamsal Gauss Olmayan Giiriiltii Altinda Alt-Optimal Seziciler Kullanarak Darbe
Sezimi

« Bazalt Lif Kullaniminin SIFCON’un Dayaniklilik ve Mekanik Ozelliklerine Etkisi

o Ratlarda Olusturulan Kritik Boyutlu Kalvaryal Defektlerde Bakteriyel Seliiloz Temelli Hidroksiapatit (BS-HAp)
Nanokompozitinin Kemik Olusumu Uzerine Etkisi

« Antibakteriyel Etkiye Sahip Penisilin G'nin Drosophila melanogaster’in Antioksidan Savunma Sistemi Uzerine Etkisi
o Anlamsal Webde Ontolojinin Benzerlik Eslestirmesi

Dergimizin yayinlanmasinda desteklerini her zaman bizlerden eksik etmeyen Prof. Dr. Ismail Hakki OZOLCERe, makale
yazarlarina, yazilar1 degerlendiren hakemlerimize, alan editorlerimize, yayin kurulumuza ve yayimevimize tesekkiir ederiz.

Prof. Dr. Yilmaz YILDIRIM
Bas Editor
Aralik 2022
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FOREWORD

Dear readers,

The “Karaelmas Journal of Science and Engineering” on behalf Zonguldak Biilent Ecevit University, we are pleased to have published
the December 2022 issue and bring it to our readers.

Atatime when Science and Engineering is rapidly developing and applied, our priorities are to produce knowledge and to contribute
to technological developments with this knowledge and to transform it into social benefit.

Our journal, which has been published by our university since 2011, is on the list of journals scanned by TUBITAK ULAKBIM
TR Index. The recognition of Karaelmas Journal of Science and Engineering has been steadily increasing both nationally and
internationally. It is among our future goals to take the publication of our journal further in a sustainable structure and to be scanned
by internationally recognized indexes for international recognition and to increase its quality. We expect authors, researchers and
scientists to increase their citations to publications in our journal in order to be included in international indexes. As a new team,
we are on the road to success, not at the destination.

In the current issue of our journal, there are a total of 15 articles with the following titles.

+ A Cost-Effective Solution for Real-Time Measurement of Human Joint Angles
+ The Five Dimensional Transformed Weyl-Yang-Kaluza-Klein Theory of Gravity

« Characteristics of Molecular Weight Distribution of Natural Organic Matter and Trihalomethane Formation Properties in
Conventional Drinking Water Treatment Processes

« Experimental Investigation of Behavior of Beams with Large Circular Opening Under Bending

o Suggestion of a Perimeter Formula for Super Ellipses and their Use in Rectangular Boundary Value Problems in Physics

« A New Paradigm on the Qualitative Behavior of Chua’s Circuit

o Investigation of Some Biological Properties of Coelomic Fluid Originating from the Red Worm Eisenia fetida
 Investigation of Relationships between Air Pollutants and Meteorological Factors in Bolu Province

« Expression of KLK4 Gene Expression Different Cell Lines

o Synthesis and Characterization of Secondary Enaminone Compounds in Water

o Pulse Detection Using Sub-Optimal Detectors Under Additive non-Gaussian Noise Having Unknown Level of Impulsiveness
o Effects of Basalt Fibre Utilization on Durability and Mechanical Properties of SIFCON

« The Effect of Bacterial Cellulose Based Hydroxyapatite (BC-HAp) Nanocomposite on Bone Formation in Critical Sized
Calvarial Defects in Rats

o Effect of Antibacterial Penicillin G on Antioxidant Defense System of Drosophila melanogaster
o Similarity Matching of Ontology in Semantic Web

We would like to thank Prof. Dr. Ismail Hakki OZOLCER, who always supported us in the publication of our journal, the authors
of the articles, our referees who evaluated the articles, our field editors, our editorial board and our publishing house.

Prof. Dr. Yilmaz YILDIRIM
Editor in Chief
December 2022
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Insan Eklem Agilarinin Gergek Zamanli Olgiilmesi I¢in Diisiik Maliyetli Bir Coziim

A Cost-Effective Solution For Real-Time Measurement of Human Joint Angles

Samet Ciklagandir* @, Yalcin Igler

Tzmir Katip Celebi Universitesi, Miihendislik ve Mimarlik Fakiltesi, Biyomedikal Miihendisligi Bélumi, Cigli, Tzmir

Oz

Gunlik ve bazt sportif hareketlerin takibinin yani sira, Kas-iskelet sistemi hastaliklari, diigme ve carpmaya bagli yaralanmalar, kas-sinir
hastaliklar1 ve protez uygulamalari gibi pek ¢ok alanda teshis, tedavi, ameliyat 6ncesi planlama ve tedavi sonrasi iyilesmenin takibi
asamalarinda hareket analizleri kullanilmaktadir. Bu noktada eklem agis1 6lgen basit cihazlar yerine gercek zamanl olarak hareketleri
kayit edebilen cihazlar giderek 6nem kazanmaktadir. Ote yandan, gercek zamanli hareket yakalama teknolojileri nispeten yiiksek
maliyetlidir. Bu nedenle, bu ¢alismada eklem agilarini ger¢ek zamanli olarak takip edilebilen, kablosuz ¢aligabilen, taginabilir ve digiik
maliyetli alternatif bir elektronik gonyometre cihazi gelistirilmis, gerceklestirilmis ve test edilmigtir. Geligtirilen cihazin dogrulugu
iki sekilde test edilmistir. Ik olarak, bu cihazin eklem acisi Slgiimlerindeki bagarist ayni anda kayit alinan mekanik bir gonye ile
kargilagtirilmistir. Bu sekilde, 14 kisinin her iki dirseklerine ve dizlerine 30, 45, 60 ve 90 derecelik eklem agilari i¢in kayit edilmis ve
tek 6rneklem t-testi kullanilarak kargilagtirilmigtir. Ayrica, hastalarin gergek zamanh olarak hareketleri hem gelistirilen cihaz ile hem
de optoelektronik tabanli ticari bir cihaz ile kayit edilmistir. Bu kayitlarin ne kadar benzer olduklar: Pearson Korelasyon yoéntemi
kullanilarak test edilmistir. Bu istatistiksel analizler icin IBM SPSS v24 kullandlmugtir. Sonug olarak gelistirilen sistem ile mekanik
gonyometre arasindaki tim olgtimlerde istatistiksel anlaml bir fark tespit edilememis (p>0,05) ve Optitrack cihazi ile arasinda
cok yiiksek bir korelasyon oldugu tespit edilmigtir. Dahasi, Kalman filtresi sayesinde ger¢ek zamanli takip 6l¢timlerinde korelasyon
degerinin arttif1 gorilmistar.

Anahtar Kelimeler: Eklem agilari, Elektrogonyometre, Gergek zamanli 6l¢iim, Hareket analizi, Hareket takip sistemleri, Kalman
filtresi

Abstract

In addition to the follow-up of daily and some sportive activities, motion analysis is used in many areas such as musculoskeletal system
diseases, fall and impact injuries, musculoskeletal diseases, and prosthesis applications, in the stages of diagnosis, treatment, pre-
operative planning, and post-treatment recovery. At this point, instead of simple devices to measure joint angles, real-time movement
recording devices are becoming increasingly important. On the other hand, real-time capturing technologies are relatively costly.
Therefore, in this study, a portable and low-cost alternative electronic goniometer device that can monitor joint angles in real-time
can operate wirelessly has been developed, implemented, and tested. The accuracy of the device was tested in two ways. First, this
device and a mechanical ruler recorded joint angle measurements at the same time. In this way, the joint angles of 30, 45, 60, and 90
degrees to both elbows and knees of 14 subjects were recorded and compared using the single-sample t-test. Then, this device and an
optoelectronic-based commercial device recorded real-time movements of the patients. The Pearson Correlation method was utilized
to test the similarities of these real-time records. The software of IBM SPSS v24 was used in these statistical analyses. As a result, no
statistically significant difference in all measurements between the developed system and the mechanical goniometer was detected
(p>0.05), and a very high correlation between the devices and the Optitrack device was determined. Moreover, it is concluded that the
correlation is increased, in real-time tracking measurements, by means of the Kalman filter.

Keywords: Joint angles, Electrogoniometer, Real-time instrumentation, Motion analysis, Motion capture systems, Kalman filter
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1. Girig

Insanoglunun en onemli aktivitelerinden birisi istemli
hareket edebilmesidir (IMedved 2000). Yiiriime, oturma,
merdiven ¢ikma, kosma, ziplama ve sportif faaliyetler
gindelik hayatin ayrilmaz bir parcasidir. Bu temel
aktivitelerin eksikligi ya da yetersizligi hayat kalitesinde
6nemli bir distise sebep olur ve eski hareket kabiliyetinin
en kisa siirede geri kazanilmas arzu edilir. Béyle bir durum
s6z konusu oldugunda, hareket kaybinin iyilestirilmesi igin
oncelikle bu etmenleri olugturan sebeplerin tespit edilmesi
gerekir. Bu amagla gelistirilen yirime analizleri kisinin
yurtime ile ilgili problemlerin teshisinde kullanilan fiziki
muayene ile tanisal diger testlere yardimci bir yéntemdir
(Aydil vd. 2014). Bu analizin uygulanma sekline gore
nitel ve nicel olmak uzere gesitli yontemler gelistirilmistir
(Moissenet ve Armand 2015). Bunlardan en yaygin
kullanilan el/g6zle muayene, skorlama formlari ve video
bazli muayenedir (Akalan ve Temelli 2014). Bu muayene,
hasta gozlemlenerek yapilmaktadir ve bazi uygulamalarda
daha sonra incelemek adina kamera ile yirtime kayitlari
alinmaktadir. Fakat bu yontemden faydalanilarak konulan
teshisler, inceleyen hekimin tecriibesine gore degisebilmekte
ve kimi zaman yanls tani ile sonuglanmaktadir (IMuro-
de-la-Herran vd. 2014). Gelisen teknoloji sayesinde, nitel
yontemler yerine nicel yontemler gelistirilmeye baglanmisg
ve bu soruna bir ¢6ziim bulunmugtur. Yeni teknoloji 6l¢im
sistemleri sayesinde, hareket kabiliyetleri kisinin dogal
hareketlerini bozmadan sayisal verilere bagli olarak elde
edilebilmektedir (Shull vd. 2014). Bu yontemle beraber
hekimlerin teghis koyma ve degerlendirme yaklagimlari
vakadan vakaya degismeyen, tekrar ol¢tllebilir ve sayisal
veriye dayali hale donigmustir.

Cizelge 1: Eklemlerin Hareket Agikliklar

1.1. Insan Viicudu Eklemleri Hareket Aralig

Insan viicut yapst, kaslar1 ve bag dokular1 sebebiyle sinirh
diizeyde hareket acikligina sahiptir. Her eklem belirli
acilarda hareket yapabilmektedir (Chiras 2013). Eklem
hareket aciklig1 herhangi bir eklem i¢in hareket kabiliyetinin
ol¢imudiir. Eklemler yari oynar, oynamaz ve oynar eklemler
olarak smiflandirilirlar (Aydin 2000). Oynar eklemler
arasinda omuz, kalca, kol ve bacak eklemleri, yar1 oynar
eklemler arasinda alt¢ene, parmak eklemleri ve omurgadaki
omurlar, oynamaz eklemler ise kafatasi ve kuyruksokumu
kemikleri yer almaktadir (Resnick ve Kransdorf 2004).
Bu kemiklerin hareket araliklari insan yasmna bagh
olmakla beraber genel itibariyle Cizelge 1'de gosterilmistir
(Demirhan ve Goksan 1993, Reese ve Bandy 2016, Bennett
vd. 1963).

Eklem  hareket agikliklar:
yapabilecekleri  hareket
Cizelge 1 ile kiyaslanarak hareket kayiplari degerlendirilir.

normal insanlar  igin

kapasitesini ~ gostermektedir.
Diz bolgesi igin yaklagtk hareket agikligi fleksiyon ve
ekstansiyon hareketlerinde 0° ile 150° arasindadir. Bu aralik
dahilinde kisinin hareketi bu agilarda sergilemesi beklenir.
Fakat herhangi bir kas-iskelet hastaliklarinda hareket
agilari azalabilir. Ornegin; dizde meydana gelen meniskiis
yirtiklarinda hareket kabiliyeti kayiplar1 olusur. Tedaviden
sonra hareket agikliklar1 hafta hafta kaydedilerek tedavinin
seyri degerlendirilir. Belli bir stire hareket sinirlamast olan
dizde dort hafta sonunda 70”lere kadar hareket kazanmalar

miimkiindiir (Brindle vd. 2001).

Toplum igerisinde yasa bagli olarak gorilme siklif1 artan
bir diger hastalik olan osteoporoz hareket agikliklarini et-
kilemektedir (Pearlmutter vd. 1995). Yaglanmayla beraber
gozlenen kemik erimesinin hizlanmas: sonucunda, kemigin

Ellem Tioleri Eldeml Eklem Agiklik Sinirlar:
m Tipleri mler -
y pe e Fleksiyon Ekstansiyon Abduksiyon Adduksiyon Dis Rotasyon I¢ Rotasyon
Omuz 165°-180° 44°-89° 165°-187° - 81°-123° 63°-90°
Dirsek 141°-158° 0°-1° - - - -
El bilegi 64°-96° 63°-89° 19°-22° 26°-37°
o ) Kal¢a ~130° ~20° ~50° ~30° ~40° ~50°
ynar exem Diz ~150° ~0° - - ~40° ~10°
(Diarthrosis) Sol Fleksiyon | Sag Fleksiyon | Sol Rot. Sag Rot,
° ° ° ° 0. (4 szyon ﬂg 4 SlyOn 0 0. asyon ﬂg 0 asyon
B - -1
Oyun 36 70 70 20 ~45° N450 Ngso N85°
. Dorsifleksiyon Plantar fleksiyonu Ewversiyon I nversiyon
Ayak bil
yak bregl ~30° ~50° ~15° ~30°
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kalitesinde bozulma meydana gelir ve kemik kayiplari ortaya
¢ikar (Takata ve Yasui 2001). Bunun sonucunda hasta hare-
ket esnasinda zorlanma, agr: hissedebilir ya da hareketi ger-
ceklestiremeyebilir. Tim kemiklerde goriilebilirken en ¢ok
omurlarda, kalga kemiklerinde ve bileklerde sik gozlenir (Iq-
bal 2000). Tiim bu sonuglar esliginde hareket agikliklarinin
takibi hastaligin seyri, teshisi ve tedavisi agisindan olduk¢a
sik kullanilmaktadir.

1.2. Hareket Yakalama Teknolojileri

Bilgisayarli veya hesaplamali yontemler giniimize kadar
birgok agidan glivenli sonuglar treterek ¢aligmalarda bagar
dizeyini artirmaya yardimer olmuslardir (Chao 1986). Bu
yontemler arasinda gonyometrelerden baslayarak daha has-
sas ve karmagik sistemlere sahip bir¢ok teknoloji siralana-
bilir. Hareketlerin analizinde kullanilan sistemlere, hareket
yakalama (Motion Capture, ks. MoCap) teknolojileri olarak
tanimlanmaktadir (Rosenhahn vd. 2008). Bu teknolojiler 10
pm'ye kadar hassaslikta 6l¢tim yapmaktadir. MOCAP tek-
nolojisi 5 ayr1 siifa ayrilmaktadir (van der Kruk ve Reijne
2018). Bunlar optoelektronik, elektromanyetik, elektrome-
kanik, akustik ve gérinti islemeye dayali yontemlerdir. Bu
yontemlerden optoelektronik siniftakiler hassas kameralarla
viicudun belli noktalarina yerlestirilen isaretleyicileri algila-
yarak hareketi yakalar (Surer ve Kose 2011). Isaretleyicilerin
zaman-mekansal o6zellikleri kullanilarak arasindaki agilar
hesaplanir ve hareket agiklig ortaya ¢ikarilir. Sistem olduk¢a
hassas ¢aligti31 icin literatiirde sik¢a rastlanmaktadir ve Altin
Standart olarak kabul edilmektedir (McGinnis vd. 2017).
Bu sistemin en bariz 6rnegi Optitrack’tir. Elektromanyetik
sistemlerde kisiye yerlestirilen génderici ve sistemin diger
parcast alict arasindaki konum bilgisi transferiyle hareketler
yakalanir (Kitagawa ve Windsor 2012). Bu sistemde kamera
olmadigi i¢in goris hattina ihtiyag yoktur. Fakat sistem fer-
romanyetik malzemelere olduk¢a duyarl: oldugu i¢in giirilti
meydana gelebilir (Cloete 2009). Bunun yaninda sistem ¢ok
yaygin olarak kullanilmamaktadir. Elektromekanik sistem-
ler ise diger sistemlere gore daha makul fiyatli olduklar: i¢in
oldukga sik rastlanan hareket yakalama sistemleridir. Atalet
olet birimi (IMU) hareket sensorleri giyilebilir bir elbise
tzerinde eklemlerin bulundugu yerlere sabitlenir (Riecicky
vd. 2018). Bu sensorlerden gelen hareket verileri bilgisayar
tizerinde olusturulan model tabanli yaklagimlarla hareketler
izlenir (Roetenberg vd. 2009). Fakat diger sistemlere gore
fiyat: makul olsa da yaklasik 4000 $ ile yine de pahali say1-
labilecek diizeydedir. Ayrica elbise giydirmek zahmetlidir ve
her bir kisi i¢in ayr: dl¢iilerde elbise bulundurmak masrafli-
dir. Akustik sistemler elektromanyetik sistemlere benzerler.
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Fakat akustik sistemlerde elektromanyetik dalgalar yerine
akustik dalgalar kullanilir. Bu sistemde genel itibariyle
guriltileri fazlaca barindirmakta olup sistemlerin haberles-
mesi i¢in gerekli olan menzil uzunluk degeri oldukga disiik-
tur (Magdin 2017). Bir diger sistem olan gortinti islemeye
dayal: sistemlerde isaretleyici bulunmayip ¢esitli algoritma-
lar kullanilarak hareketlerin yakalanmasini olusturur. Bu tip
sistemlerde kizilotesi derinlik sensoéri ve RGB kameralar
kullanilir. Kamera renk ile derinlik bilgilerinden elde etti-
gi gorintileri, kullandigi hesaplamalarla yaklagik modeli
olugturur (Fern'ndez-Baena vd. 2012). Goértnti islemeye
dayali sistemlerde bozucu etken olarak giines 1sinlar1 girisim
yaparak hareketin yakalanmasini zorlagtirabilir ve gurilti
olusturabilir. Bu sistemin en bilinen cihazi Kinect'tir. Cizel-
ge 2'de hareket yakalama cihazlarinin en popiiler olanlarinin
ozellikleri gosterilmistir.

1.3. Gonyometreler

Bironcekibolimdebahsedilen hareketyakalama teknolojileri
olduk¢a pahali olmasinin yaninda yiliksek hassasiyete
sahiptirler. Bu cihazlarin bir diger dezavantajlari, laboratuvar
ortaminda kurulumlari sirasinda ve kurulum yaptiktan
sonra ise dogru ve strekli kullanimlari i¢in uzun zaman
gerektiren kalibrasyon igleminde kargilagilan zorluklardir
(Noiumkar ve Tirakoat 2013). Genellikle bu dezavantajlara
kars1 ac1 6lgmek icin oldukga pratik ve uygun maliyetli olan
gonyometreler kullanilir. Gonyometre yunanca da gonyo
ac1 ve metre 6l¢me anlaminda kullanilan bir cihaz olarak
ge¢mektedir. Gonyometreler ortak bir noktadan sabitlenmis
cift eksenli ¢ubuklardan olusan basit aletlerden daha
karmagik yapilara sahip elektronik gonyometrelere kadar
bir¢ok ¢esitte piyasada bulunmaktadir. Olduk¢a kolay bir
sekilde 6l¢im yapabilmesinin yaninda fiyatlar: da uygundur.
Evrensel gonyometreler analog ve dijital olmak tzere gesitli
tiplerde bulunmaktadir. Analog gonyometreler o6lgiim
basit bir ¢ubuk tizerinde ag1 skalast bulunan alet tGizerinden
veriler okunarak dl¢im yapilir. Dijital gonyometreler de ise
ac1 6lcimi analog’a gore daha hasas bir gekilde siv1 kristal
ekran (LCD) vasitasiyla 6lgtlir. Fakat her iki gonyometre
de kisi hareket halindeyken 6l¢im yapamaz ve sonuglari
kaydetme 6zellikleri yoktur. Sekil 1A-B'de en sik kullanilan

gonyometreler gosterilmistir.

Evrensel gonyometrenin disinda a¢1 6l¢mek icin kullanilan
stvili ve swvisiz egimolgerler (bubble-inclinometer), pendu-
lum egimolger, yergekimsel gonyometre, elektrogonyomet-
re, sirt hareket agikligi oleer (BROM) ve boyun hareket
actkligy 6lcer (CROM) gibi aletlerde bulunmaktadir (Kli-
nich ve Reed 2013). Elektrogonyometreler birbirine bag-
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Cizelge 2: MOCAP Teknolojileri
Hareket Yakalama

Teknolojileri

Ornekleme frekans: /
Kare h1z1 (m)

Hassasiyet

Gecikme

Optoelektronik OptiTrack Prime41 (Akalin
2018) ,
(NaturalPoint, Corvallis, 180 FPS 13.5m 20 pm ve alt1 5.5 ms
Oregon, ABD)
Elektromanyetik Ubisense 700 IP (Ruiz ve
o Granja 2017) (Cambridge, 33.75 Hz 160m 0.15 -
Ingiltere)
Eﬂl;ktromekanik Xsens M'Tw Awinda
E X (Paulich vd. 2018) 1000 Hz 50 m 0.5° RMS 30 ms
1 ?! (Enschede, Hollanda)
Akustik
)))) WSN (Bischoff vd. 2012) . 9 0.0535 .
gﬁr;ilntii Islemeye Kinect v2 (Gonzalez-Jorge
o vd. 2015) 30 FPS 45 0.003 60
’ (Microsoft, New Mexico, = m ) ms
ABD)

lanmig esnek ¢ubuklar halinde tizerinde sensor takimlarinin
bulundugu bir tiir gonyometredir (Shiratsu ve Coury 2003).
Elektronik gonyometreler sahip olduklar: farkl: tiirde 6l¢tim
yontemleriyle a¢1 6lgimini gergeklestirir. Bunlar arasinda
genel itibariyle ¢alisma prensibi potansiyometreler, fiber
optik, gerinim 6lger transdiserler veya IMU sensérleri kul-
lanilarak dl¢timler yapilmaktadir. Elektronik gonyometreler
ac1 Slctimlerini daha net gosterme, kayit edebilme, gercek
zamanli inceleyebilme gibi 6zellikler sebebiyle evrensel
gonyometrelere gore daha tstindiir. Bunun yaninda kayitlar
vasitastyla gergek zamanli 6l¢timlerden zamansal-mekansal
ozellikler de ¢ikarilabilmektedir (Ouckama 2007). Piyasa-
da bulunan ve en ¢ok kargilagilan 6rnegi Sekil 1F'de gos-
terilen ¢ift eksenli elektrogonyometredir (Biometrics Ltd.,
Newport, Ingiltere). Olgiim yapilacak uzuva sabitlenerek
sensorlerden gelen veri okunur ve ag1 degeri hesaplanir. Bir
diger alet Sekil 1G'de gosterilen BROM egimoélcer ile bel ve
gogus fleksiyon, ekstansiyon, rotasyon, laterofleksiyon ve ha-
reket agikliklar: ol¢timleri gergeklestirilmektedir (Norkin ve
White 2016). Sekil 1Hde gosterilen CROM egimolger ile
servikal rotasyon-fleksiyon-ckstansiyon ve laterofleksiyon
olgtimleri gerceklestirilmektedir (Law ve Chiu 2013). Bu
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aletler ile belirli viicut kisimlarinin hareket agiklik 6l¢timleri
gergeklestirilmekte olup alet tasarimlarindan 6tiiri sadece
yukarida belirtilen uzuvlarda 6l¢timler alinmaktadir. Diger
yandan dl¢timler el ile yapildigindan aletin 6l¢tim esnasin-
da kaymas: ya da farkli gonyometreler ile 6l¢iim yapildigin-
da farkli sonuglarin alinmasi, gonyometrelere olan gliveni
azaltmaktadir (Boone vd. 1978). Olgiimii zorlastiran bir
diger etken, aletlerin eklem uzerine yerlestirmede karsilagi-
lan zorluktur ve yerlestirme sirasinda hareket etmeye bagl
olarak dl¢imler hatali ¢ikabilmektedir. Tim bu sorunlarin
tustesinden gelmek i¢in hassas ve gercek zamanli 6l¢iim ya-
pabilen elektrogonyometreler kullanilabilir. Fakat piyasada
bulunan bu tiir gonyometrelerin fiyatlar: oldukga yiiksektir.

1.4. Saglik Alaninda Gonyometre Uygulamalar:

Biyomekanik uygulamalar, yiirtime analizleri, karpal tiinel
sendromu teshisi i¢in bilek agis1 6l¢timi, kalga fonksiyonu-
nun degerlendirilmesi gibi pek ¢ok uygulamada gonyomet-
reler siklikla kullanilmaktadir. Bu uygulamalara ek olarak ig
kazalarina bagl yaralanmalarda hareket esnasinda eklemlere
disen yukleri bulmak i¢in eklemler arasindaki agilar: 6lgmek
onemlidir. Is esnasinda dogru agilar ile viicudun hareket et-
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Sekil 1: Evrensel gonyometre ¢esitleri,
(A) Analog gonyometre, (B) Dijital
gonyometre, Ol¢iimler igin kullanilan
gonyometre gesitleri (C) Swvi egimolger,
(D) Pendulum egimélger, (E) Yergekimsel
gonyometre, (F) Elektrogonyometre,

(G) BROM, (H) CROM.

mesi hem kisinin fazla gayret sarf etmesinin 6ntne gegerken
hem de zamanla meydana gelebilecek olasi yaralanmalarin
oniine gegmektedir. Is kazalarini 6nlemek amaciyla ¢ift ek-
senli esnek elektrogonyometre kullanilarak balik endstri-
sinde ¢alisan kisilerin bilek ag1 dl¢timleri gerceklestirilmistir
(Hansson vd. 1996).

Akalli telefonlarin ve saatlerin gelismesiyle de pek ¢ok analiz
bu cihazlar sayesinde de yapilabilmektedir. Bagka bir ¢alis-
mada, bir kameradan alinan gorinti ile eklemler tzerinde
eksenler olusturularak akilli telefon tabanli gonyometre ya-
pilmistir ve daha sonra iki-boyutlu gorinti tzerinde olugtu-
rulan iki eksen kullanilarak a¢1 hesaplanmistir (Ferriero vd.
2013). Fakat bu teknige dayali 6l¢timlerde kameranin dogru
pozisyonlanamamasi 6l¢im sonuglarini etkilemekte ve yan-
lis olgtimlere sebep olmaktadir (Keles vd. 2016). Elektro-

gonyometreler hareket sirasinda daha iyi él¢timler yapmak
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ve dogal olmayan harekete neden olmamak i¢in daha esnek
bir tipte yapilabilir.

Bagka bir ¢aligmada, gerinim olger igeren elektrogonyo-
metrelerin transdiser sayisini artirarak bilek agisini daha az
hatayla 6l¢me yetenekleri kanitlandi (Jonsson ve Johnson
2001). Fakat bu sekilde bir alet maliyet agisindan oldukea
yiiksek miktar tutmaktadir. Kal¢a ve diz tizerinde elektro-
gonyometrelerden alinan veriler 1s131nda asimetri teghisleri
ve buna bagli anormalliklerin muayenesi yapildi (Rowe vd.

1989).

Yapilan ¢alismalar incelendiginde ve mevcut olan cihazla-
rin dezavantajlari dikkate alindiginda alindiginda yeni bir
gonyometreye gereksinim oldugu gozlendi. Olgiimlerin
dogruluk, okunabilirlik, izlenebilirlik ve tekrarlanabilirlik
ozelliklerini daha da gelistirmek i¢in yeni bir elektrogonyo-
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metre cihazi tasarimi gergeklestirildi. Bu ¢alisma ile portatif,
kablosuz ve ger¢ek zamanli izlenebilen farkli bir elektrogon-
yometre cihaz tasarimi amaglandi. Gergeklestirilen tasarim
sayesinde hastanin dogal hareket akigini bozmayacak sekilde
ac1 dl¢timlerini kaydedebilen ve kablosuz aktarim gercekles-
tirebilen ayrica diger sistemlere gore de uygun maliyetli bir
gonyometre tasarland.

2. Materyal ve Yontem
2.1. Sistem Tasarimi

Sistem iki adet ivmedlgerin verilerini kullanarak agi hesap
edilmesi ve gercek zamanli ag1 degerinin kayit edilmesi
ile verilerin telefon veya bilgisayar ortamina Bluetooth ile
transferini icermektedir. Sistemin blok diyagrami Sekil
2ade gosterilmistir. MikroSD kart sayesinde ge¢mise donik
incelemeler kolaylikla yapilabilir ve doktor ge¢mis kayitlara
bagli olarak hastanin hareket kabiliyetindeki gelisimi
izleyebilir, verileri kargilagtirabilir. Aynmi zamanda akilli
telefonlara yiiklenecek uygulama sayesinde basit araytiziinde
act degeri gercek zamanli gostermektedir. Bunun yaninda
Bluetooth alicisina sahip herhangi bir dizistd ya da
masatistl bilgisayar ile de veriler es zamanl takip edilebilir.
Bilgisayar iizerinde Arduino IDE (Ivrea, Italya) yazilim
serial port ekrani ile takip miimkiindir, bunun yaninda
Ucretsiz olarak hizmet veren Processing (v3.5.1, Agik
kaynak, Massachusetts, ABD) yazilimi ile de ag1 degerleri
takip edilebilmektedir. Sensorler cirt cirth kumag braket
icerisinde yerlestirilmistir. Bu braket ile diz, dirsek, ayak
bilegi, el bilegi gibi dl¢timler kolaylikla yapilabilmektedir.
Diger 6l¢timler icin sensorlerin braket igerisinde ¢ikarilip
el ile tutturulmasi gerekmektedir. Sensorlerin hareket
esnasinda baglantilarinin kopmasini engellemek ve aradaki
kabloya herhangi bir hasar gelmemesi i¢in sikica lehimlenen
kablolar ayrica silikonlanarak muhafaza edilmistir. Sistemin
mimarisinde bulunan mobil uygulama geligtirilmektedir.

2.2. Elektronik Devre

Mikrokontrolcti devrede az yer kaplamasi ve baglanacak
donanimlarin sayica ¢ok olmast sebebiyle giris ¢ikis pinleri
fazla olan Arduino Nano (Ivrea, italya) tercih edilmigtir.
Mikrodenetleyici toplamda 22
bulunmakta olup Atmel ATMega328 islemcisine sahiptir.

adet girig-cikig  pini

Calisma gerilimi olarak 7V-12V arasi c¢alismaktadir ve
16MHz c¢alisma frekansina sahiptir. Mikrodenetleyicinin
boyutlar: yaklagik olarak 19x43mmdir (Delebe 2014).

Ag¢t o6lgme mekanizmas: icin MPU6050 ivmedlgerler
tercih edilmistir. Tvmedlcer, ti¢ eksen cayro ve ¢ eksen
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acisal ivmeolcer olmak Uzere alti serbestlik derecesine
sahip IMU sensérdir. Caligma voltaji 3V ile 5V arasinda
degismektedir. Acisal ivmeodlger Olgim araligi +2g, +4g
+8g, +16g degerinde olup, iletisim standart olarak 12C
protokoliine sahiptir (Fedorov vd. 2015). Devrede iki adet
ivmeodlcer eksenlerden bagimsiz olarak agt Slgmek igin
gereklidir. Tvmedlger mikrodenetleyici ile SDA ve SCL
pinleri tizerinden haberlesmektedir. Her iki ivmeodlgerde
mikrodenetleyici tzerinde ayni yere baglanmis olup
ivmedlgerlerin adres degisikligi sebebiyle sinyaller ayirt
edilebilmektedir. Bunun i¢in bir ivmeodlgerin ADO pini aktif
edilerek adresi degistirilmistir.

Kullanicinin 6l¢iim sonuglarini canli takip edebilmesi igin
hem cihaz tzerine LCD ekran yerlestirilirken hem de Blu-
etooth modili ile bilgisayar ortaminda takip edilebilmesi
ve daha sonra analiz edilmek tizere kayit yapabilecegi bir
dizenek hazirlanmigtir. Bunun igin 16x2 karaktere sahip
arka aydinlatmasi olan LCD ekran mikrodenetleyiciye bag-
lanmugtir (Soni ve Suchdeo 2012). LCD ekran arka aydin-
latmasinin siddetini ayarlamak tzere potansiyometre kulla-
nilmistir. Bunun yaninda 10 m haberlesme mesafesine sahip
HC-06 Bluetooth modiili a¢1 bilgisini bilgisayara aktarmak
tizere tercih edilmistir. Bu modil 3V-5V aras: ¢alisma geri-
limine ve 2.4 GHz bandinda haberlesme frekansina sahiptir.
Boyutlar1 oldukga kiictik olan bu modiil devreden yaklasik
50mAlik akim ¢ekmektedir (Anwary vd. 2019). Kayit 6zel-
ligi i¢in mikro SD kart ve Arduino uyumlu adaptori kulla-
nilmigtir. Depo edilecek verilerin boyutlarinin az olmas: ve
fiyatinin makul olmasi sebebiyle 1GB mikro SD kart tercih
edilmigtir. Diger yandan adaptor ayni gerilim araliklarinda
caligmakla beraber SPI haberlesme protokoline sahiptir.
Bunun i¢in mikrodenetleyicinin MISO, MOSI ve SCK
pinleri kullanilmigtir. Guncel elektronik elemanlar: biinye-
sinde barindiran ve esnek ¢izme ortami saglayan Fritzing
(v.0.8.7b, FH Potsdam, Brandenburg, Almanya) yazilimi ile
devre semas: Sekil 2bde gosterilmistir. Cihazin strekli ¢ali-
sip pil titketimini artirmasini engellemek i¢in agma-kapama
anahtari pil ile elemanlar arasina yerlestirilmistir. Pil olarak
PP3 tip 9V lityum kaynakli batarya kullanilmigtir. Tim do-
nanimlarin delikli plaket tizerinde yerlesiminden sonra sa-
bitlenerek elastik brakete icerisine yerlestirilmistir.

2.3. Programlama

Mikrokontroleii programlanmast Arduino IDE v1.8.9 ya-
zilimu ile gerceklestirildi. Tki ivmedlcer ayni pin tizerinden
haberlesecegi i¢in tek hatli (One-Wire) iletisim kiitiipha-
nesi, MPU6050 ivmedlger kiitiiphanesi, Bluetooth kiittp-
hanesi, LCD ve mikroSD kitiphaneleri yiiklendi. Alet
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ilk agildiginda gerekli haberlesme birimlerinin kontrolini
yapmakta ve mikroSD kart takili olup olmadigini sorgu-
lamaktadir. Eger her ikisi de mevcut degilse LCD ekrana
yazip kullaniciyr bilgilendirmektedir. Daha sonra sensorle-
rin kalibrasyonlar1 yapilmakta olup veriler okunur. Her iki

sensoriin adresleri farkli oldugu igin sirayla veriler okunur ve
ac1 degeri hesaplanarak LCD ekrana gonderilir. Bu adimdan
sonra eger Bluetooth veya mikroSD bagh ise veriler kayit
edilmek tzere islenir. Veriler tekrar okunmak tizere dongu
basa doner.

Akilli Telefon

=———]

Bilgisayar

Kontrol Unitesi

(———

Hareket
Fleksiyon-Ekstansiyon

[ Arduino Nano

MPU6050
IMU Sensbrleri

MikroSD Hafiza

[

]
(o]
[ )

)

Sinyal Isleme

——,

I*C

Arduino
Nano

Pil

HC-06
Bluetooth
Moduli

MicroSD

LCD
Ekran

Sekil 2: (A) Diizenegin blok diyagram, (B) Elektronik devre sematigi.
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2.4. Kalman Filtresi

Ivmeslger sensorler, titresimden ve ¢evredeki giiriiltiilerden
hassas bir gekilde etkilenir. Bunun sonucunda ol¢timler
gercek degerden farkli ¢ikabilir. Istenilen sinyali gergek
sinyale olabildigince yakin elde edebilmek i¢in Kalman filtre
ve Fusion filtre gibi ¢esitli filtreler kullanilmaktadur.

Kalman filtresi ile 6nceki duruma gore yeni durum
hesaplanarak tahmini durum elde edilir. Bu sebeple giris
ve ¢ikti degerleri 6nemlidir. Olgiilemeyecek sinyalleri bile
gercege yakin tahmin etmede olduk¢a bagarilidir. Kalman
filtresi bir filtre olarak goriilse de aslinda tahmin edici bir
islemdir. Kalman filtresi ile tahmini deger ve dizeltme
gerceklestirilir. Kalman filtresi ile ivmedlger probleminin
matematiksel modellemesi i¢in baslangigta denklem (1) ve

denklem (2)den yararlanilir.
T, = Az + Bu, + wi— (1)
Z,=Hzx,+ v, ()

Alt indis olarak kullanilan t harfi durumlar (ayrik zaman
araliklar1 t=0 ms, t=1 ms gibi) géstermektedir. x, ile sinyalin
degeri, 6nceki sinyal degeri (), kontrol sinyali (x) ve
onceki degerin giirilti degerleri (w, ) toplanarak elde edilir.
Denklem 2 de ise Z, 6l¢im degeri, sinyalin degeri (x) ile
olgiim giriltisinin (v) toplamudir. A, B ve H harfleri
matrisleri temsil eder. Bu problem i¢in matrisler

1.127 —0.494 0.112 —0.383
A= 1 0 0 |, B=|0.592 |ve
0 1 0 0.521

H=1 olarak optimize edilmistir. Problemi olusturduktan
sonra kalman filtreli sinyali bulmak i¢in denklem (3)den

yararlanilir.

X =X +K(Z - HX)) ©)
P=(1-KH)P; ®)
P, =AP. A" +Q (6)
X, =AX,.. + Bu, (7)

X, Kalman filtresi sonrasinda elde edilen deger (tahmini
deger), K, kalman kazanci, X, dizeltme guncellemesi
yapilmadan bulunan bir énceki tahmin degeridir. Baglangicta
bu deger sifir olarak alinmugtir. P, 6nceki hata kovaryansi,
P, giincelleme sonucu bulunan hata kovaryansidir. Denklem
(6) ve (7) ile degerlerin tahmin agamasi, denklem (3), (4)
ve (5) ise verileri glincelleme ya da dizeltme agamasin
icermektedir. Bu kistmda R sensér hata kovaryanst,
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Q_ gtrtlti kovaryans: olarak iki parametre o6nemlidir.
Baslangicta bu degerlerin belirlenmesi gerekir ve sifirdan
tarkli sayilar secilmelidir. Bu ¢aligma i¢in R degeri 2.2 ve Q_
degeri 0.45 olarak belirlenmistir. Bu degerlerin belirlenmesi
gercek sinyale olabildigince yakinsamak i¢in manuel olarak
denenmistir. Herhangi bir metot kullanidmamgtir. Kalman
kazanci her bir adimda hesaplanarak yeni deger bulunur.
Bu sayede ol¢im anlik biyik degisimlere karsi hassashigi
yok edilir. Ol¢iim ile elde edilen degerler daha piiriizsiiz ve
yumusak gecislere sahiptir.

2.5. Deneysel Calisma

Cihazin validasyonunu yapmak ve denek izerinde
gerceklestirmek adina 7 erkek ve 7 kadin (yas 24 SD+5,1)
tzerinden Olgtimler alinmistir. Deneklerin gegmiglerinde
hareketleri kisitlayacak bilinen herhangi bir hastalik veya
ameliyat saptanmamustir. Olgiimler, deneklerin enstriimani
kollar ve bacaklarina giymeleriyle, 30°, 60° ve 90° icin
gergeklestirilmigtir. Ayni zamanda 6lgim ile beraber i¢
agilar1 30%, 60°, 90° olan plastik sabit génye ve ayarlanabilir
hareketli gonye vasitastyla sonuglar kargilagtirilmistir (Sekil
3A-C).

Gergek zamanli kayitlarin  validasyonu i¢in kamerali
sistem olan OptiTrack (NaturalPoint, Corvallis, Oregon,
ABD) sistemi kullanilmigtir. Optoelektronik = sistemde
6 kamera kullanilarak kayit islemi gerceklestirilmistir.
Kameralarin modeli Flex 3, gorinti hizi 60 FPS, gecikme
0,1 ms ve sistemin Ornekleme frekans:1 100 Hz olarak
sistem calismaktadir. Kayitlar glines gérmeyen kapali bir
ortamda herhangi bir giiriltii icermeyen laboratuvarda bir
kisi tizerinden alinmis olup sensorlerin tizerine OptiTrack
isaretleyicileri yerlestirilmigtir. OptiTrack kalibre edildikten
sonra her iki sistemden de es zamanl kayitlar alinmistir. Sekil
3D'de sensorlerin yerlesimi ve kayit ortami gosterilmistir.

2.6. Istatiksel Analiz

Olgiim sonuglari alinan 14 kisinin her bir ag1 degeri igin
alinan 5 6l¢im degerinin ortalama ve standart sapma gibi

tanimlayici istatistikleri SPSS (v.25,IBM, New York, ABD)
yazilim paketi kullanilarak hesaplanmistir.

M= %Z a; (8)

(ai_M)z

SD = n—1

9)

Burada M ortalama, SD standart sapma, z degeri 6l¢imlerin
sayisi, a, ise i. 6lglim sonucudur.
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Sekil 3: Olgiimiin alinmasi ve validasyonu, A-B) Sag dirsek
60° fleksiyon hareketi pergel ile dogrulanmasi, C) Sol dirsek

90° ektansiyon hareketi gonye ile dogrulanmasi, D) OptiTrack
isaretleyicilerin yerlesimi ve hareket yakalama laboratuvari.

Ayrica, tasarlanan sistemden alinan 6l¢imlerin pergel ile
olgtlen degerden farkli olup olmadiginin incelenmesi igin
istatistiksel analiz ile anlamlilik degeri (p) hesaplanmaktadir.
Bu degerin belirli degerden (mesela 0,05) kigtik olmasi
halinde anlamli bir fark oldugu sonucuna ulasilir. Tasarlanan
sistemden tekrar edilerek alinan dlgtimler tek bir deger ile
kargilagtirlacagy icin tek Orneklem t-testi secilmistir. Bu
testin uygulanmasi i¢in de SPSS (v.25, IBM, New York,
ABD) yazilim paketi kullanilmistur.

Bunun yani sira, tasarlanan sistemin kamerali takip
oletim sistemi olan OptiTrack ile kargilagtirilmas: i¢in de
istatistiksel analize bagvurulmugtur. Tki farkli yontemle
alinan sayisal Olgtimler arasindaki dogrusal bir iligkinin
varligini, varsa bu iliskinin yoniint ve biyiikligini veren
yontemlerden birisi Pearson Korelasyon Testidir. Bu testin
sonucu olan Pearson korelasyon katsayisi (r) ve ortalama
karesel hatalarin karekoki (RMSE) degerleri yine SPSS
(v.25, IBM, New York, ABD) yazilim paketi kullanilarak
hesaplanmugtir. Burada r degeri +1%e yaklastik¢a iki 6lgtim
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arasinda ayni yondeki uyumun artti1 ve —1'e yaklastikca ise
ters yondeki uyumun artti1 sonucuna ulasilirken, RMSE
degeri 0’a yaklagtikga iki 6l¢tim arasindaki farkin azaldig:

sonucuna ulagilir

No— . 2
RMSE = 27217(“" n“')

(10)
Burada RMSE ortalama karesel hatanin karekoki, 7 degeri
olgtimlerin say1si, 4, ve 4, i. 6l¢lim sonuglaridir.

3. Sonuglar

3.1. Elektrogonyometre ile Geleneksel Gonyenin
Kargilagtirilmas:

Elektrogonyometre ile sag dirsek, sag diz, sol dirsek ve sol
diz tzerinden 30, 45, 60 ve 90 derecelik agilardan alinan
olgimler gonye acgik degeri ile karsilagtirlmigtir. Her
bir 6l¢tim yeri ve 6lgtim agist 14 kisi tizerinden beser kez
elektrogonyometre dlciisii kayit edilmistir. Daha sonra SPSS
yazilim paketi kullanilarak tanimlayici istatistik degerleri
(Ortalama ve SD) ile tek orneklem t-testi kargilagtirmalar:
(p) yapilmugtir. Tasarlanan elektrogonyometre ile elde edilen
olctimler ve mekanik gonye ile dl¢tilen deger arasindaki fark
tek orneklem t-testi incelenmistir. Cizelge 3'de 6zetlenen
sonuglara gore, tasarlanan sistem ile alinan GSl¢timler ve
mekanik gonye degeri arasinda istatistiksel olarak anlamli
bir fark tespit edilmemistir (p > 0,05).

3.2. Optitrack ile Elektrogonyometrenin Istatiksel
Olarak Kargilagtirilmas:

OptiTrack ve elektrogonyometre ile es zamanl olarak
Olctimler alinmigtir. Sekil 4de 6rnek olarak bir denegin
sag kol dirseginden alinan sinyaller gdsterilmigtir.
Elektrogonyometre ile alinan verilerin Optitrack ile alinan
hareket verileri kii¢iik bir zaman gecikmesiyle takip ettigi
gorilmektedir. Bu gekilde tim denekler icin tzerinde
devrenin hareket etmesinden kaynakli belirli zamanlarda
gurilti olugsa da sinyalin akigini bozmayacak diizeyde

oldugu belirlenmistir.

Bu gekilde tim denekler i¢in her iki sistemle de hareketler
kayit edilmigtir. Daha sonra bu veriler SPSS yazilimi
aracithifiyla Pearson Korelasyon yontemi ile incelenerek
aralarindaki iligkiyi ortaya koyan RIMSE ve r degerleri
hesaplanmugtir. ~ Yukaridaki 6rnek i¢in ham veri ile r
degeri 0,921 ve RMSE degeri 2,32 Kalman filtreli olarak
elde edilen verilerden r degeri 0,963 RMSE degeri 1,89
olarak hesaplanmigtir. Benzer sgekilde hesaplanan tim
Pearson korelasyon katsayisi ve ortalama karesel hatanin
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Cizelge 3: Gonye ile Elektrogonyometrenin Kargilagtirilmas:

Olgiim Yeri Gonye () F e
30 30,19 + 0,73 0,34
Dirsek 45 45,52 + 0,84 0,06
Fleksiyon 60 60,37 + 1,22 0,28
Sag 90 90,49 + 1,15 0,14
30 30,49 + 0,98 0,09
Diz 45 45,31 £ 0,86 0,21
Fleksiyon 60 60,13 + 1,45 0,74
90 90,71 + 1,39 0,08
30 30,38 + 0,93 0,15
Dirsek 45 45,29 + 0,90 0,26
Fleksiyon 60 60,30 + 1,42 0,44
Sol 90 90,77 + 1,58 0,09
30 30,48 + 0,96 0,09
Diz 45 45,29 + 0,59 0,09
Fleksiyon 60 60,46 + 1,59 0,29
90 90,89 + 1,66 0,07
Sag Ko‘l Fleksiyoq Hareketi |
w
140 _
%120 -
< 100 -
80 -
o ! | ! ! | \ L]
@ ! 4Zaman (Sani:(e) ° ’ ’ )
180 ‘ —OptiTrack " : {
160 —— Kalman Filtreli Elektrogonyometre
140 _
%120 -
< 100 -
80 .
& ! | ! ! ! ! L]
1 4Zaman (Sani;e) ° ’ ’ ?

Sekil 4: (A) OptiTrack (mavi) ile elektrogonyometrenin (kirmizi) es zamanl Slgiimlerinin grafigi, (B) OptiTrack (mavi) ile Kalman

filtreli elektrogonyometrenin (kirmizi) es zamanh 6lgtimlerinin grafigi.
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karekokii degerleri Cizelge 4de 6zetlenmistir. Buna gore
a¢1 degerlerinin RMSE i¢in ortalama ve standart sapma
degerleri 2,19 + 0,27 ve r i¢in ortalama ve standart sapma
degerleri 0,94 + 0,02 olarak bulunmugstur. Pearson korelasyon
degerinin 1e yakin olmasi Optitrack cihaz: ile gelitirilen
sistem arasinda mitkemmele yakin bir benzerlik oldugunu
gostermektedir. Ustelik RMSE degerinin ortalama a1
degerine gercek zamanli olarak bolinerek hesaplanmasi
halinde %1,51'lik bir ortalama karesel hata olugtugu
gorulmektedir.

3.3. Elektrogonyometrenin Maliyet Analizi

Onerilen tasarimin bir diger 6nemli 6zelligi ise diger
sistemlere gore 20,97% ile daha uygun maliyetli olmasidir.
Buna gore Cizelge 5de kullanilan tim malzemelerin
tcretleri gosterilmistir. Sistemde kullanilan Arduino tabanli
sensorler ve cevre birimleri maliyet konusunda oldukca
uygundur. En yiiksek maliyetli parca elektronik devrenin
yerlestigi kumag braket olmustur.

Cizelge 4: Optitrack ile Elektrogonyometrenin Kargilagtirilmasi

4. Tartisma

Ortopedik ameliyatlar, pediatri ortopedi, fizik tedavi, spor
yaralanmalari, ortez-protez tasarimlari, osteoporoz tedavi-
si, kismi felg, hareket kabiliyeti eksikligi ve rehabilitasyon
gibi alanlarda siklikla kullanilan gonyometrelerle dogru 61-
¢im sonucu elde edilmesi ve 6l¢imlerin tekrarlanabilirligi
caligmalarda tartigma konusu olmustur (Roach vd. 2013).
Yapilan ¢aligmalarda farkli cihazlarla yapilmis olan 6l¢im-
lerin sonuglari uyum iginde olsalar dahi, kisinin 6l¢imiine
gore benzer sonuglari ¢ikarmaktan geri kalmistir. Bunun
en 6nemli sebeplerinden birisi el ve goz ile 8l¢imiin belir-
li skalalar arasindan sayisal degerin, tahmini okunmasina
dayanmaktadir. Bunun yaninda 6l¢iim aletleri ekleme el ile
sabitlenerek 6l¢tim alinir ve bunun sonucunda 6l¢iim, kisiye
gore degisiklik gosterebilmektedir. Ayrica hareket esnasinda
evrensel gonyometreler ile anlik 6l¢timiin alinmas: mimkin
degildir. Zamana gore agisal degisimi gézlemleme, evrensel
gonyometreler kullanilarak yapilamaz. Hareket agikligini

Ham Veri Kalman Filtreli Veri
Ol¢iim Yeri e Kare"se{ Pearson Korelasyon o Kare"se{ Pearson Korelasyon
Hatanin Karekokii Katsayrst (r) Hatanin Karekokii Katsayrst (r)
(RMSE) (RMSE)
Sag Dirsek Fleksiyon 2,32 0,921 1,89 0,963
Sag Diz Fleksiyon 3,04 0,932 2,35 0,952
Sol Dirsek Fleksiyon 2,51 0,919 2,06 0,949
Sol Diz Fleksiyon 2,98 0,903 2,48 0,921
Ortalama 2,71+ 0,35 0,92 + 0,01 2,19+0,27 0,94 + 0,02
Cizelge 5: Onerilen Sistemin Yaklagik Maliyeti (Satis I¢in Gerekli Olan Maliyetler Dahil Degildir)
Malzeme Adet Birim Fiyat ($) Fiyat (%)
MPU6050 Ivmedlger 2 1,16 2,32
LCD Ekran 1 1,49 1,49
Arduino Nano 1 2,98 2,98
HC-06 Bluetooth Modiili 1 3,31 3,31
MikroSD Kart 1 2,65 2,65
MikroSD Adaptor 1 0,50 0,50
Elastik Uzuv Braket 1 6,63 6,63
Pil 1 0,50 0,50
Direng 3 0,056 0,17
Anahtar 1 0,08 0,08
Potansiyometre 1 0,17 0,17
Delikli Plaket 1 0,17 0,17
Toplam Maliyet 20,97
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olemek icin evrensel gonyometrelerin iki ekseni 6l¢tim ya-
pilacak uzuvlar ile paralel yapilir ve aradaki ac1 6lgiilir. Bu
yontemde g6z ile uzuvlara paralel yapilan ¢ubuklar kisiye
gore oletim sonuglarini etkiler (Chapleau vd. 2011). Bu de-
zavantajlari gidermek icin cesitli yaklagimlar geligtirilmis ve
elektrogonyometreler 6nerilmistir. Elektrogonyometreler, es
zamanli olarak hareket a¢ikligini 6l¢menin yaninda hareketi
kisitlamayip kisinin dogal hareketlerini yapmasina izin ver-
mesi, hafiza ile 6l¢im sonuglarinin kayit edilmesi, uzaktan
izlenebilmesi, viicut tizerinde kolaylikla sabitlenebilmesi gibi
avantajlar1 yaninda getirmistir (Piriyaprasarth vd. 2008). Fa-
kat tiim bu avantajlar sebebiyle fiyat-maliyet artmig bundan
dolayr klinik birimlerde bu teknolojiye ulagilabilirlik kisir
kalmistir. Cizelge 6'da gorildugi tizere genel itibariyle piya-
sada bulunan gonyometre-egimolgerlerin yaklasik fiyatlary
gosterilmistir. Bu fiyatlar icerisinde 6nerilen sistemin driin
maliyeti yer almakta olup satig maliyetini icermemektedir.
Firmalarin ticari kaygilari ve medikal sektorinin kar ka-
zanglar1 disinildiginde bu fiyatlarin katlanarak artig: bi-
linmektedir. Basit bir gonyometre bile oldukga yiiksek fiyat-
larda yer almaktadir. Bu ytizden ilgili klinik birimlerde basit
ve ucuz gonyometreler kullanilmaktadir. Ayrica her gonyo-
metre insan viicudunun her eklem 6l¢timt i¢in kullanilamaz.
Ornegin BROM sadece bel ve gogiis 6lgiimlerinde, CROM
servikal 6l¢timlerde, pendulum egimoélger pelvis egim agisin
ve parmaklarin ag1 6l¢imlerinde, yergekimsel gonyometre
servikal hareket acikligi 6l¢imlerinde ve c¢ocuklarda ayak
torsiyon olgtimlerinde siklikla kullanilmaktadir (Yankai ve
Manosan 2009). Diger bolgelerin hareket agikligi ol¢tim-
lerinde bu cihazlar genellikle tercih edilmezler. Bu sebeple

kliniklerde ek gonyometre talepleri olusmaktadir. Tiim bu
sorunlarin ¢6ziimi olarak uygun maliyetli, uzaktan izlenebi-
len, es zamanl takip edilebilen, hafiza ile kayit etme 6zelligi
bulunan, oldukga pratik giyilebilen ve kolaylikla taginabilen
elektrogonyometre tasarimi 6nerilmis ve denekler tizerinde
olcumler teste tabi tutulmustur.

Bu ¢alismada gelistirilen cihazin ¢ikisina Kalman filtresi
uygulanmigtir. Kalman filtresinin uygulanmast ile ¢ikiglardaki
anlik yiikselme ve distislerin 6niine gegilerek daha yumusgak
gegisli Olctimler elde edilmistir. Ayrica, Kalman filtresi
sayesinde ¢ikislardaki oSlgtimlerin daha kararli bir hale
gelmesi saglanarak ol¢timlerin tekrarlanabilirliginin (yani
pespese alinan dl¢iimlerde ayn1 sonuglarin elde edilmesinin)
saglandig gorilmistiir.

Bu ¢aligmada iki adet ivmedlger ile hareket acikligs tespit
edilmistir. Bunun yaninda bazi ¢aligmalarda flex sensor kul-
lanilarak elektrogonyometre tasarimlart mevcuttur (Wang
vd. 2011). Fakat flex sensorler ivmedlgerlere gore daha pa-
hali olmasinin yaninda zamanla egilip bukuldugunden dola-
y1 hatali sonuglar tretebilmektedir. Ruiz-Olaya ile arkadag-
larinin yapmis olduklar: giyilebilir elektrogonyometre uygun
sonuglar tretse de kullanilan malzemeler geregi oldukga pa-
hali maliyetlere ulasmaktadir (Ruiz-Olaya vd. 2017). Diger
yandan gonyometrelerin dogrulanma yontemi ¢aligmalara
gore degisiklik icermektedir. Allahyari ile arkadaglarinin
2016da yapmis olduklari ¢alismada elektrogonyometre ile
Kinect validasyonu yapilmistir (Allahyari vd. 2017). Fakat
Kinect bu validasyon i¢in altin standart olmayiginin yaninda
her eklem agisini 6l¢mede kullanilamaz. Bu sebeple validas-

Cizelge 6: Piyasada Bulanan Ticari Gonyometrelerin Yaklagik Fiyatlari ile Onerilen HUGGo Sistemin Fiyatinin Kargilagtiriimast

(Onerilen Sistemin Satis Maliyetini Yansitmamaktadir)

Ol¢iim Teknolojileri

Fiyat ($)

Onerilen sistem (HUGGo) 20,97
Elektrogonyometre (Biometrics Litd.) 295
Dijital gonyometre 300
Elektronik Sistemler Kinect v2 400
Xsens MTw Awinda 4350
OptiTrack Prime41 5999 (Sadece Kamera)
Ubisense 700 IP 29200
Evrensel gonyometre 10
Pendulum egimolcer 15
) . Sivi egimolcer 46
Elektronik Olmayan Sistemler ;
Yercekimsel gonyometre 173
BROM 395
CROM 395
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yonlar bu ¢alismada oldugu gibi altin standart olarak gegen
cihazlar ile yapilmalidir. Rezende ile arkadaglarinin yapmug
olduklar: polimer optik fiber gonyometre disiik fiyatl olma-
sina ragmen validasyon agsamasinda diisiik sonuglar tiretmis-
tir (Rezende vd. 2018). Tum bu aragtirmalara bakildiginda
bu dezavantajlar1 ortadan kaldiracak tasarim validasyonlar:
gerceklestirilerek hareket agikligi 6l¢timlerinde kullanilmak
Uzere sistem onerilmistir.

5. Tegekkiir
Yazarlar, Ipek Avci, Deniz Hande Kisa, Merve Oguz

ve Yilmaz Kemal Yice'ye, bu ¢aligmanin baglatilmas:
asamasindaki desteklerinden dolay: tesekkiir ederler.
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Bes Boyutlu Doniistirilmiis Weyl-Yang—Kaluza—Klein Kiitlecekim Teorisi
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Abstract

We study the case in which the five dimensional theory is the transformed Weyl-Yang—Kaluza—Klein gravity. The dimensionally
reduced equations of motion are derived by considering an alternative form of the main equation of the theory in the coordinate basis.
'The conformal transformation rules are applied to the invariants. We also discuss the possible specific cases and the new Lorentz force

density term, in detail.

Keywords: Weyl-Yang—Kaluza—Klein theory, Dimensional reduction, Conformal transformation, Field equations

Oz

Bes boyutlu teorinin, dontstirilmiis Weyl-Yang—Kaluza—Klein kiitlecekim oldugu durum incelendi. Boyutsal olarak indirgenmis
hareket denklemleri, teorinin ana denkleminin alternatif formu diisiniilerek koordinat bazinda tiiretildi. Degismezler i¢in konformal
dontisiim kurallar: uyguland:. Ayrica olasi 6zel durumlar ve yeni Lorentz kuvvet yogunlugu terimi ayrintili olarak tartigildi.

Anahtar Kelimeler: Weyl-Yang—Kaluza—Klein kurami, Boyutsal indirgenme, Konformal déntisiim, Alan denklemleri

1. Introduction

Quadratic curvature Lagrangians have been used by many
researchers to generalize or expand Einstein’s theory of
general relativity for over a century (for early works, see, e.g.,
Weyl 1918, Weyl 1919, Pauli 1919, Weyl 1921, Eddington
1924). The simple alternative forms of the scalar curvature,
R, could be the square version of the scalar curvature,
R’ the Ricci tensor, R,..R™, or of the Riemann tensor,
R,.;..R*", and a linear combination of those, such as
the well-known Gauss—Bonnet invariant (Lanczos 1938,
Lanczos 1949, Lanczos 1957), as one step forward. Among
them, mathematically, the most similar to the Yang-Mills
gauge theory (Yang and Mills 1954) is the following matter-

free gravitational action quadratic equation in R :
I=2 | d'sy=g R R (1)

where ¥ and ¢ represent the coupling constant and the
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determinant of ¢, respectively, on a four-dimensional
(4D) spacetime M. By accepting that an affine connection
is a Levi—Civita connection, i.e., torsion is absent, and
considering a Palatini variational method, i.e., the metric
{g} and connection {I'} are assumed to be independent
variables (Palatini 1919, Misner et al. 1973), the connection
O0{C} of this curvature-squared action (1)
provides the field equation without matter (Lichnerowicz

1958, Loos 1963, Loos and Treat 1967, Yang 1974)
D.R*.;;=0 2)

variation

which is known as Yang’s gauge gravity equations in
the literature. The third-order equations (2) are more
complicated than well-established Einstein’s field equations;
however, they include Einstein’s vacuum solutions in a
natural manner. From the relation

D;IR#MJ = DXRL'O‘ - DGRU/I = 07 (3)

which is derived from the second Bianchi identity
DR =0, where D refers to the typical covariant
derivative, the obvious vacuum solutions, R,.=0 and
R,.= Ag., for any constant A, satisfy the equivalent
equation (3). Conversely, the Palatini variation of the action
(1) with respect to the metric {g} without matter can be
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written as follows (Stephenson 1958, Fairchild 1976,
Fairchild 1977):

RupsoR =5 . Reuso R = 0. (4)

'The field equations (4) are initially considered to eliminate
nonphysical solutions (Pavelle 1975, Pavelle 1976, Fairchild
1976) even though numerous physical ones exist in the
literature (Pavelle 1974, Thompson 1975, Thompson 1975a,
Ni 1975, Pavelle 1978, Bagkal 1999, Kuyrukcu 2013,
Kuyrukeu 2021) (for more historical notes, see, e.g., Dean
1999, Kuyrukecu 2021). Besides, Baekler and Yasskin (Backler
and Yasskin 1984) noted that the standard variation of (1)
produces the equations, which is fourth order for a metric

R/zMURvMG - %gvamhRmM + QDADO_RG/IAT = 07 (5)

which is Eddington’s equation (Eddington 1924). They also
noted that “if a metric (or tetrad) satisfies the torsion-free
vacuum equations (2) and (4), it also satisfies the vacuum
Eddington equation (5), but not vice versa”. For the case in
which torsion is zero, but the matter Lagrangian term exists
and x = 1, the field equations (2) and (4) become

DuR#Ma = Sﬂmy (6)

R#MdRz:MG - %gﬂerMaRmM = va, (7)

where Sy, represents the canonical spin tensor and T,
represents the canonical energy-momentum tensor in the
aspect of the quadratic Poincaré gauge theory of gravity
(Baekler and Yasskin 1984). Camenzind and Fairchild
also considered the equation (7) as an energy-momentum
tensor of this alternative theory rather than the typical field
equations (Camenzind 1975, Fairchild 1977). Kilmister et al.
(1961) also introduced the current term S, , which satisfies
a covariant conservation property of the form D,S'" =0,
but they could not clearly define what it was. Besides, the
cyclic symmetry property of S ,i.e., St = 0, is proposed
by Oktem (1985). Furthermore, by considering Einstein’s
field equations, G, = T, along with the field equation (3),

the source term can be written in the following forms
S/hﬂ* = DA (Tz'ﬂ_%gvdT) _DG (Tvﬁ_%gMT)7 (8)

where 7T\, represents the covariantly conservative,
D, T*" =0, energy-momentum tensor, whose trace is
T'=1T.,. This current density term Si, in (8) was first
used for Yang—Mills field equations with the SO(3,1) gauge
group by Camenzind (Camenzind 1975, Camenzind 1975a,
Camenzind 1977, Camenzind 1978, Camenzind 1978a).

The metric is a nondynamic variable, i.e., a priori in this

Karaelmas Fen Miih. Derg., 2022; 12(2):134-145

sense. Later, Cook used Camenzind’s matter current term
(8) by considering a formal analogy between Einstein’s
theory of relativity and classical electrodynamics, which
means the connection {I"'} and Riemann tensor {R}
correspond to the vector potential {A} and electromagnetic
field tensor {F}, respectively, to solve vacuum energy,
cosmological constant, and dark energy problems (Cook
2008, see also, e.g., Chen et al. 2013). However, even if the
term (8) is suggested to solve the source-term problem of
this simple gravity model, it cannot be obtained from an
action principle, meaning that it is inconsistent.

'The main motivation in this work is to extend and generalize
our previous results (Bagkal and Kuyrukcu 2013) to the
Einstein frame in which the Ricci scalar has its canonical
form by considering that the five-dimensional (5D) theory
is the Weyl-Yang—Kaluza—Klein (WYKK) theory of gravity
(for non-Abelian WYKK theory, see also Kuyrukcu 2014).
Weyl was the first to consider using the R.,..,R“" invariant
in the action to unify gravitation with electromagnetism by
employing the principle of gauge invariance, the vacuum
gravitational field equation (2) was proposed by Yang in
an integral formalism for gauge fields without additional
equations (4) and (5), and Kaluza and Klein (KK) assumed
that gravitation and electromagnetism can be unified in
the 5D spacetime (Kaluza 1921, Klein 1926, Mandel
1926, Klein 1926a). Then, we can prefer to call this higher-
dimensional model the WYKK theory of modified gravity
rather than just KK reduction of a quadratic gravity even
though they are all different situations. Conversely, we can
note that the field equations (2), (4), (6), (7), and (8) are
also known as Stephenson-Kilmister-Yang—Camenzind
equations in the literature. In this sense, we take advantage of
the horizontal lift basis that is given by Misner et al. (1973)
for faster calculations rather than the differential forms
available in the literature (Pope, Perry 2009). Moreover,
the dimensionally reduced vielbein components of the
curvature tensor, which are important for the considered
model, are explicitly presented in the opened-notation form
rather than the compact-notation form. The possible special
cases are also investigated and discussed, along with the new
Lorentz force density term, in detail. Before we attempt to
obtain the reduced conformal equations, we wish to revisit
our previous work (Bagkal and Kuyrukeu 2013) to explain
how we can use an alternative equation (3) to derive the
field equations for the reader’s convenience.

The layout of this paper is as follows: In Section 2, we present

a brief review of the 5D WYKK theory of gravity and

135



Kuyrukeu / The Five Dimensional Transformed Weyl-Yang—Kaluza—Klein Theory of Gravity

derive new accurate field equations, in particular. In Section
3, the transformed equations of motion are found for the
generalized KK metric ansatz. Section 4 is concerned with
obtaining the reduced form of the Kretschmann invariant,
RuiR"" , (Kretschmann 1915) both by applying a circle
reduction mechanism and performing the conformal scale
transformations in the so-called Einstein frame. Section
5 is devoted to investigating special cases of the reduced
equations. In Section 6, we finally present our findings and
future work.

2. Revisit of the Reduced Equations of the WYKK
Theory

As usual, the 5D standard KK action, I, is given by
. 1 , .
1= W-//;t d4xdy\/ng, (9)

on the 5D manifold M with compactification of the type
M=MxS8", where M is the usual 4D spacetime as
used previously, and S' has the geometry of a small circle.
Conversely, R, #%,and § refer to the ordinary 5D Ricci
curvature; the coupling constant, which is related to the 4D
coupling constant, ¥ and the radius of the fifth dimension,
r,as X*=x* | dy=2nrx’

e., §=det(guv), respectively. Here the classical metric
ansatz of the theory, which is independent of the fifth
dimension, becomes

) _(9.(@) + ¢ (2)Au(2) A (z) ¢*(2)Au(2)
petan)=( LS o boo

and hence F @4/ —det(g,.) ¢F Moreover, ¢ (z)
is the dilaton field, A, (z) is the gauge potential, and G (2)
is the 4D metric tensor in the usual manner. Kaluza also
assumed that the derivatives of all the fields with respect
to the new fifth coordinate, y, vanish (Kaluza 1921). In
what follows, the hatted/unhatted fields are 5D/4D. We
can also introduce 5D coordinates as 2* = (z*,2°) or, in
short, = (x,y), where the capital curved Latin indices
are A,B,..=0,1,2,3,5, and the Greek curved indices are
u#,..=0,1,2,3.

; and the determinant of G,

For shortcut calculations, we can consider the Maurer—
Cartan exterior forms rather than the coordinate basis as
a type of strategy. In this fashion, the 5D line element,
G (z,y) = guvdz" dz" | takes the form

G(x,y) = HuE'QF", (11)

where the coframes one-form become
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Eﬂ :Eﬂ

4 (z,9) (z), (12)
E(zy) = (@) [A(z) + dy],

and the 5D Minkowski or orthonormal met-

ric is Hap =diag(74,+1). Hence, we can write the
4D line element as G(z) =7.E"(2)QF () with
7w=diag(—1,+1,+1,+1), and the gauge fields as
A(x) =A;(z)E*(z), where all hatted indices refer to the
orthonormal basis, i.e., the flat indices. We can now obtain
the dimensionally reduced components of the spin connec-
tion one-form, I'is, and the curvature two-form R'; by
considering MaurerCartan structure equations (see, e.g.,
Dereli and Ggoluk 1990, Kuyrukcu 2013). However, we
prefer to transform the desired components in opened-no-
tation form rather than the compact-notation form to better
understand the structure of these equations as follows:

7, =T",

[ = %ﬁDFﬂm

[y = [ = —1 P, (13)
[ =—¢ ¢,

u=9"¢,

and

R o = R o — 5 9* (QF" Fy+ F*F— F*,F),

Risis= (oD"FM % (20" Fis + @iF"s — s F"3),  (14)
Risi=—¢'Dp" — %gozF“"F -

Note that R's,=—R"s:, and D@, =D,@, as well as
D, F,,and ¢, refer to the 4D covariant derivative, the
electromagnetic field tensor ie., Fj = 9:A4,— d:4,, and
¢, =D,p=09,¢. The same results, (13) and (14), have
already been discussed in the language of horizontal lift basis
(see, e.g., Bagkal and Kuyrukcu 2013, as well as Lee 1983 for
metric signature (+,-,-,-,-) and ¢(x) =1 ). Conversely, for
later convenience, we set

Ri= P, R: =Q;, Rs=U, (15)

and in terms of vielbeins, which are the orthonormal basis
vectors, the 5D metric takes the form §uy = A" A" v s,
where the vielbeins and the inverse vielbeins are

}ALA :(]:\Lﬂv ]"\Lﬂ;?):(hﬂr 0)
" ]’:I/Sv }"}/55 ¢A1: ¢ ’

(B2 1) o)
A hs/z hSS _A/& go—l )
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which sat1sfy kY = 8%, (" k", = 6%,) and

RY kP = 6Yy (W sk, = 8".) in the five (four) dimensions.
Hence, the final results of the components of the 5D Ricci
tensor are calculated by considering the vielbeins (16) in the

coordinate basis as follows (for the metric signature (+,-,-,-

,-), see, e.g., Liu and Wesson 1997):
R.=Pu+¢A,Q.+0AQ.+ ¢’ AAU,
R

=9Q.+ ¢*A, U, (17)
Ry=9¢'U,
where
Pu=R.— 3¢ Ful."~¢ D¢,
Q.=—5¢(D.F"+3¢ " 0,F"), (18)

U=—¢"(D, 9"~ °FuF™).

The next step is to obtain the corresponding equations
of motion. Thus, we consider the 5D Einstein equations
Gz =0 or, equivalently, R.; = 0; i.e., the Ricci curvature

tensor vanishes, as usual. Hence, we have

RAB:O,ﬁ

R55:072> WIO,

R;,=0,and U=0,-Q.=0,

R,.=0,and U=0, and Q.=0,= P.. =0, (19)

which means that the solution set, Sk« , of the standard KK
theory turns out to be

SKK:{¢MVZO, arzo,

Let us now investigate the dimensionally reduced field
equations of the WYKK theory, where the source-free field

equations become DiR"sp=0 in the five dimensions.

U=0}. (20)

It is useful to consider the equivalent form (3) of field
equations (2) to obtain the computational advantage in the
orthonormal chart, as follows:

DARAB(,‘D = DCRBD _DDRBC'- (21)
If we define
DAR?IM& = P@Z&, DARAS% = S/‘la,

(22)

DARAM’S = Qaz, bARAszs = Uz,

and by substituting the expressions (15) into the equation
(21) together with the connection terms (13), performing
some manipulations, and then employing the vielbeins
(16) to convert the resulting equations into the desired
field equations that are written in coordinate basis, we find
reduced equations in the following forms:

Karaelmas Fen Miih. Derg., 2022; 12(2):134-145

DA Mo‘
_¢A/‘ QW + (0 A’I'Ao‘ U/K -

Pvm + §0A S/ld + §0A QM
©’A,A; U,

-ADARAS/IG = ¢S/Irf + ¢2An UA - ¢2A/1 UG; (23)

DARAM5 = _DARAvSZ = @QM + ¢2A1'U/l7

DARAS/IS = _DARAW = (02U/1,

where

PMG = DA ¢ﬂ€ - DJ¢M + %@(Evg@/l - F‘Mag + 2F}gaqv)7
(24)

S/lo = D/laa _DaaA - %(0 (Fjpﬁpa _Fg()?px) + (OFMW,
(25)

QWK :DAa'zv+¢7l (¢1:QK+¢/IQ ) §0F @0/1 §0E/1(I/{
(26)

U, —DA(L(+ ¢_1¢Aﬂ @FApQ §0_1§0 Pp/l (27)

There is no doubt that equations (24) — (27) naturally
contain patterns of (18), as expected. As a result, we have

D,R"5cp=0,=

D,R:=0,= 1T,

D,R*;=0,and U;=0,= Q. =0, (28)
D.R*,,=0,and U,=0,=S,, =0,

D.R*,, =0, and UA 0, and Q,, =0, and
Si=0,=P,=

In this case, the set of solution of the WYKK theory
obviously becomes

Swyrrx = {PMJ = 0, SM = O, QM =

As can be easily seen, equation (25) can be obtained from
(26) using Sio = Qu—

is not necessary. Hence, the final forms of dimensionally

0,U,=0}. (29)

Qss, meaning that equation (25)

reduced field equations are given by

DA ?w _Dg ?’M + %@(Emaﬁ _E:/‘\ad + 2F/laaz:) = 0, (30)

D.Q+¢ (9. Qi+ 9:Q)+ 5 PF Pri— 5 0F U =0,
(31)
09" Po=0, (32)

DU+ ¢ o U~ ¢FApr

and any solutions of the KK theory, (20), solve the reduced
equations of the WYKK theory (30) — (32). It is essential
here to note that the {P..,Q., U} set (18) can turn into

the {P..,Q., U } setvia
Pu=P.,  Q=—3¢Q, U=—¢ U (33)
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The reduced field equations, which can be written by
considering the {%.,Q., U} set, have already been given
in our previous work (Baskal and Kuyrukeu 2013). However,
the expressions (30) — (32) containing the { P, Q,, U }
set clearly seem to be more accurate than those containing
the { P, Q., U} set, and we now have the three equations
corresponding to the three variables. Another way of
obtaining the field equations is the 5D WYKK action,
which is given by

j: %'/‘ d'ix dy\/ngABCDRABCD

By substituting the dlmenswnally reduced form of the
Kretschmann invariant, K = Rucp R, which is found to
be in Bagkal and Kuyrukcu (2013), into action (34) and
dropping the total derivative terms that can come out with
the help of Leibniz rule from the action gives

(34)

o =g @R =50 R F*

+%¢4 Fo F"F, F + %gﬁFWFMFAgF"“ +6 (2@ Fl "
—0,. @ FuF™*) + 49(¢"F*" + ¢"F")D,F,,

—@*F" D, D*F,,— 20F"“F" ,D,¢,— 40 ¢"D"D, @] .
(35)

Finally, the independent variation of action, I[g,I",F,¢,],
(35) with respect to the four variables gives the four field
equations. The Palatini variation of the above action with
respect to the metric {g} should directly produce the
dimensionally reduced equations of (4). However, we cannot
directly obtain equations (30) — (32) from the variational
principle, as expected. For instance, the connection variation
01T} leads to an equation that can transform into (30)
by using various identities (which are given by Baskal and
Kuyrukeu 2013). Additionally, to obtain expressions that
can be written in forms of (31) and (32), we should vary the
action with respect to the field tensor { F'} and the partial
derivative of the boson fields {¢,} rather than the usual
variables {A} and {¢}, respectively; otherwise we cannot

obtain the proper equations (Celik 2021).

3.The Reduced Field Equations from the
Transformed WYKK theory

To obtain the field equations that are not only dimensionally
reduced but also transformed from the conformal rescaling
procedure, it is useful to first write the D-dimensional
Weyl-rescaled Ricci scalar, B (Hawking and Ellis 1999,
Dabrowski et al. 2009), as

138

(D-1)(D-4)E7£.8",
(36)

R=&7[R-2(D-1)&'D.E" -

where the tilde quantities denote fields in the Einstein
frame, as usual, under the Weyl rescaling of the metric with
a conformal factor, £(z), as follows:

Juw(z) = E*(2) g (). (37)
After that, for D = 5, the KK action (9) changes

3 1 =

I=5 A)fMd4x dyJ—4 R, (38)

), drdy Vg & QE[R—8E'D,E —4E7E,EY)
39)
by using V=g =E&"y/—¢g. Hence, to obtain the correct

coefficient of R, meaning that £*¢& ™ = 1, we must choose
& = ¢ 'Therefore, the conformal transformation of the
metric (10) becomes

(co’/ "9t @ ALA <p““A#)

4/$AU g04/3 (40)

G

Inspired by equation (40), one can write a generalized KK
metric ansatz, which is the special case of the DeWitt
ansatz (Cvetic et al. 2003), in terms of the actual 4D fields
as follows:

A eZaw
gun =

where the ¥ =¥ () is a new scalar field, and @ and B

are arbitrary constants, which will be determined later. The

.+ 2By ) 2By
gt eAA, e A#>7 (41)

62/3'// Az,« eZW

obvious choice of the vielbein basis is inspired by coframes
(12) as (see, e.g., Pope, Perry 2009).

E'(z,y)=e""E"(2),

g (z,) (2) @)
E(zy) =" [A(2) + dyl.
By using the relation between dual fields,

EP(X4) = ix, 2" = 63, the basis vectors are explicitly
found to be

i, (zy)=e ey, —As(2) Lx, ],

is, (2,y) W()[ #(@)ex] 3)
4}?;(1",?/)_ ’ ‘Xv

where the ¢x,E° =0, is also satisfied in four dimensions.
We can employ the horizontal lift basis formalism, which is
the easiest way to obtain not only field equations but also
invariants. For this purpose, the 5D connection coeflicients
can be written as follows (Misner et al. 1973):

[age = %[ Exefan + Exofiac — ExaGoe + Fane + Facn + fom ). (44)
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Here, the commutation coefficients, fi = —fu’, are
evaluated by [Zx,2s5,]=fi is, and the block diagonal
G = diag(gm, +1). 'The
commutators of the anholonomic basis vectors (43) now
take the form

JAcﬁfvj =—qe™ (Iﬁ# 8%2 -
]Acms — _e(ﬁerI)wFM
Jis=—fo =—Be Y.

Hence, the required higher-dimensional components of the

connection are found by considering (44) and (45):

metric  becomes nonzero

¢i~3/&2)7
(45)

=T —ae™ (Y gu)—¥.6"),
/&%: f‘/livg — %66 zawF#
F)#z = IA“#IE — %e(ﬁ Q«INFM, (46)
f‘#w — _Be—m&wu’
[uws=HRe Y,

Conversely, in the noncoordinate basis the Riemann tensor

is defined by Misner et al. (1973)

A A A AL oA A AL
RABCD = 2X( FABD - 25(,‘;1—“4[?('7 + FAEC FEBD - FAEDFEBC‘ -

(47)

Now, the dimensionally reduced vielbein components of the
curvature tensor can be obtained using (43), (45), and (46)
in (47)

L e %62('97%% (2F" .Fys + F";Fs — F";F,3)
+ae” (guDs¥" — g Diyp" + 8% Dip — 63D 1)

+ate ™ [lﬁﬂ (%gw - lﬂﬁgm) + %W (gaﬁ’% — G 6,;2)

Y. (Y073 —¥:6"%)], (48)
Rﬂsjﬁ — _%e(B*MJWDﬂFM

_’_%(a _ B) e(ﬁ—:}a)w (ZQﬂFz@ + §0A’Fﬁa _ §D@Fﬂj) (49)
+%ae(ﬁ*3d)w ,#p (ij 8ﬂ5 _ F%S%),

Rﬂsjs — _Be—zawDMD/l _ %ez(ﬁfza)wFﬂﬁFM (50)

+e[(2a— ) BY v -

After introducing R, =

aBy v, 0"l

P, and R: = Q. together with
Rs = U and finding the vielbeins and the inverse vielbeins
as
i e”h", 0
M\ A, )
W :( Ry 0 ) G1)
T\ A, )
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r AEE}. 2.

we obtain the following components of the Ricci tensor in
the coordinate basis

Ru=e¢"P,+e " A,Q,+ e "A,Q,+e* A,A,U,
B Q.+ W AL,

Ry =e"U, (52)

where

¢)M — e—zawRW _ %ez(ﬁ—za)wFWFu o __ e—zw [angpwp

+Q2a+B) Dy — e [(2a + B) ag ¥, ¥°
—(2a°+2ap — B)Wﬁ]

1

Q f@ﬂ da)\ﬁD Fo _ B (B- da)\/'prp”

U=—Be ™" Dy’ + %e“"“ CF = (2a+ B) Be Y g
(53)

Finally, one easily finds the solution set of the conformal

KK theory as S ={Pw=0,Q =0,U=0}. Next, we

can introduce that

~ ~

A4 —
DiR% = 0AGs
Aan &
DiR"s5 = QM,

.Z\)‘RA‘M = SA@
e (54)
DiR"s = Us.

Then, we can derive the desired field equations in coordinate

basis, as mentioned before, by substituting the connections
(46) together with the { P, @, U } set in (53),and use the
vielbeins fields (51) in the following forms:

DARAU/IU = em'llpula + e<2a+£WAu S/la + e(ZKHBNAo @wl
_6(2(1%)‘/’144‘@@0 + G(MM)‘/’AUAGUA _ G(MM)‘/’A,,AAUM
A= e(QwﬁNxS + ety @ — ey, [[j
— _DARA[/5/1 2a+ﬂ ‘I/Q + e (a+2B) wA U/"
— _DARA:):) (a+2E)|/rU/‘

)

(55)
where
P =e“{D:Py—D,Pu
+ 56N (F,Q,— FuQ, + 2F.0Q))
T [V (goaPos = goo Pri) + %% — ¥, Pl
Siw=e"D:Q,—D.Q:— 5" (Fi*Pos — F.*Pra)
+e "V E U+ a(YQ, — ngx)],

(56)

(57)

a) wyé/l
_6 B*ﬂr)llfFM.i(]’

éu} = eimll [D}Qv_‘_ agvllﬁpép + (B -

+B¢/léu + %e(ﬁiawFuOi)ﬁ/K - (58)

U,= —aw(DA(u_,_Blh _leu@ WFA”QO—BI,W@M).(S‘))
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In this regard, we have the solution set:
SWYKK = {PMU = 07 S/la = 07 QM = OyU/l = 0} .

is easy to see that Sio=0,—Q,, so that we can ignore

Again, it

equation (57) without loss of generality. Hence, the final
forms of the reduced field equations of the transformed
WYKK theory become

D/I@va _D0¢M + %e(ﬁ—a)w (Fuaé/l _FMQU + 2F/Iaéu)
+a’ [wp (gM @pc - gud @M) + ¢/l @uo - ¢0‘ @u/l] - 0,
D.Q,+ag. ' Q.+ (B—a)y,Q;+ %e(‘f’“”Fup o
—%ew"’)‘”FM([{ =0,

DU+ By U~ 5" FrQ,— By Prs = 0.

(60)

As expected, the corresponding equations of motion are
more complicated than those given in (30) — (32).

4.'The Reduced Actions from the Transformed
WYKK Theory

By considering a popular dimensional reduction method,
the quadratic curvature term can be expanded as

«:RABCDRAB’CD :R,m)mej& +4AR/1525R/25M+ 4RQSA‘SR&5A:S-
(61)

As is well-known, the invariant does not depend on the
choice of basis. Thus, by using directly (48) — (50) and the

2R is F*"F”” = R is F* F* and  after long but
careful manipulations and reorganization of the terms, we

relation

have the following reduced expression:

~ B 3 L
7( =e day [R#MUR;:MU _ 762(5 a)wR#MUFpUF/IU

+%e'“£’”)"FWF””FMF“’ + %e’“ﬁ”’)‘”FM,F”FmF”

+(9a*— 14af + 6% * "y . Y' F,, F™

+2(3a*—2aB —2R%) e Y Ny F

+4 (B — a) e " (Y F* + " F*)D,F,,

+e* Y D,F,,D'F* +23a— )" Y F“F",D, ¥,
+4(2a*+ B°) D, Y. D"y’

+4ae*® "y F,,D,F" + 8a(ay ., — D, ¥,) R"

—Aa*Y 'R+ 4a° D,y D,y

+8a (2a*+ B ¥ ¥ D,y —8(2a° + 2aB* — B) ¥ "Y' Dy,

+4(3a" + 40’ 5* —2aB* + B) Y .Y v, ¥,
(62)
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where the 4D Ricci tensor and Ricci scalar appear in the
above conformal equation. Furthermore, the comparison
between the invariants (35) and (62) causes us to introduce
new interaction terms such as YR, ¥*Dy, and ¥*.

Another way of obtaining the reduced Kretschmann scalar
(62) is directly using the conformal transformation rule of
the squaring curvature R,..,R*", which is expressed as
(see, e.g., Carneiro et al. 2004, Bao et al. 2008)

RMMGR#MG =e® {RuMoR#MU +8 (5# éu —D, Ev)RW
+4[D,&"D,&"+ (D—2)D,&,D"E’]

B ER+S(D-EEDE—EEDE)
+2(D-1)(D—2)€.6"€,€},

if the metric changes as

g/m (.7/') = 625(1)9/41) (.T) . (64)

Conversely, the 5D metric (41) can be rewritten in terms of

4D fields as follows:

Gt PR B PRl | )
Iz ufly iz
)

Z(B*H)WAU 62(E*a)w

(65)

Na ¥l

MN = 6204//(
€

which means that the new conformal factor is equal to
E(z) = ay (z). Hence, equation (63) changes the following
result for D=5

ﬁABCD}:zABCD = e "“{RupcprR"™ + 8ar (0/1},4 I;B —D. E&B)RAB

—4a*Y W R+ 4a* D Dp” + 3D, D]

+240° [ b D” — P Do ] + 240 b s
(66)

Moreover, a comparison between metrics (10) and (65)

E=av@  As aresult,

terms R upen R in (35), the anholonomic components of

leads us to obtain a new potential term, e

R* jand R ,which comes from equation (14), rescale under
the redefined scalar field, ¢ (z) =e% "%  transformation.
For example, the curvature invariant changes accordingly in
the following form:

R=R—2(8—a)¥ ¥ —¢"* " FuF" = 2(8—a)D,y".
(67)

We should also calculate the following necessary relations of
the function ¥ (z) as

Dﬂ% = Dﬂ¢ﬁ7
D#W% = Eﬁ‘## = %6(5WW¢A’F%
Dsyrs=(B—a)y ¥,

(68)
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and it is clear that ¥;=1v’=0, by considering the new
versions of the connections (13), which are obtained the

same way
[ =T%,

s, = %ew—ame

f*ﬂsﬁ — f‘fzgg — _%e(ﬂ—awFﬁﬁ, (69)
[ = —(B—a)y’,

D= (B—a)y,.

As a mathematical challenge, if we substitute all results into
equation (66), after careful calculations, we exactly obtain
equation (62). Conversely, in the lower dimension, the
modified KK action (38) is transformed into

1= ZL}’EZ[M d'z dyy/—ge e

x[R—2(3a*+2aB+ B) Y . y" — %y(ﬁwawFW (70)
—2(3a+ B)D.y"],

where we use R that is obtained by (48)-(50), and
V=g =ePp/—g=e""""/—g for D=5. We can find
exactly the same result by considering the rescaled curvature

scalar in Einstein frame, which is once again given by

Carneiro et al. (2004) and Bao et al. (2008)
R=¢¥*[R-(D-1)(D-2)&.6"—2(D—-1)D,&", (71)

together with the equations (67) and (68).This is the easy way,
if one wants to obtain field equations from implementing
the least action principle to the action after computing the

Ricci scalar by only considering (71).
5.The Special Cases

It is easy to read off from the action (70) that to rid of the
coeflicient of the Einstein-Hilbert term, i.e., to obtain
minimally coupled gravity, we must choose S =—2a.
Besides, the term ¥ ,¥* can be a canonical normalized
term if @*=1/12, ie., (@,B)=(+1/2/3,F1/V3).
Note that, (a,8) = (—1/3,2/3) in (40) also satisfies the
condition 8 = —2«, and see Gibbons and Wiltshire (1986)
for (a,B) = (—1/@,2/\/5) . Conversely, fora D=N+1
dimensional spacetime, the proper values of the constants
become a*=1/[2(N—1)(N—2)] and f=—(N—2)a
in Pope, meaning that (@,8)= (£1/2/3,F1/v/3) is
obviously correct for N =4.The R term in (70) is also
compatible with the result of Pope for NV = 4, except for the
coefficient of the term D, " ,which is a total divergence and
does not contribute to the field equations, as usual. However,
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we can say that it seems that there is a typographical error
in Pope because the same coefficient, i.e., —=2(3a + ), was
also obtained in Perry (2009). Finally, if we consider the
modified WYKK action from (62), then we have

j': 2}%2&de dy /_ge(4a+5)wef4a¢ [R;MMR#MG
3

eV R s P FY + gew’“)"’Fﬂ,,F’“FMF*"

+_€4(BWWFWFMFMFW

+ (92> — 14ap + 6B%) ey . ' F,, F*
+2(3a*—2af —2B%) Y Yy F
+4(B—a)e* " (Y F* +y"F*)D,F,,

+e* Y D,F,D'F*" +2(3a — B)e** " F*F* Dy,
+4(2a* + B*) D, , D"Y’ + 4ae** """ F,,D,F”*
+8a(ay ¥, —D.Y.)R” —4a* Y . Y"R

+4a*D, "Dy’ + 8a (2a* + B Y " D,y
—8(2a*+2ap* — B) Y "Y' Dy,

+4(3a' +4a* B° = 22+ B) Y. ¥ .y

ool pofeo

(72)

Now, we have to set 8 =0 to obtain a standard form of
R R™" . Hence, the two special cases are investigated to
find the new reduced equations in the following subsections:

5.1The B = —2a case
For B =—2a case, the field equations (60) are simplified

as follows:

D/l¢uo _Doi)u/l + %673(1'# (Fudé/l _Fu/lézf + 2F/Id@v)
+a [Iﬁp (gM {Dpd v ¢p/l) + lﬂx ¢ua - wg ¢M] = O,
DA@U + agu/llppép - 3a'l//uéj - 2a¢AQU

+%673&¢Fup NM - %67&1me7:( = O,

DA([/(_ 2Q|ﬂjﬂ_ %B%WFAOQP + 2&'¢p¢p)\ =0.
(73)
Here, the conformal KK equations {%,., Q., U} become

¢,uu = e*Za;bRw) - %eisawFﬂpFuﬂ - aeizawgﬂqulﬁp

—6a’e ‘//Mﬁm

Q. =3¢ D, F*, +3ac Y I, (74)

U=2ae™ D,y + %e’meF“,

from the 4D point of view. There is full agreement between
the above equations (74) and Pope for IV = 4. Conversely, for
action (72) one finds that
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I= ﬁ ./M d'zdyJ/—ge R R — %e’wR wis ' F%

+%e'“""’FwF““FMF‘“ + %e'”WFWF”FMF‘”

+61a’e Y Y F, F* = 2ae ' W F, F
—12ae” (Y F* +y*F*)D,F,,+ e’ D,F,,D'F*"
+10ae ™ F*' F*;D, ¥, + 24a° D\, D"y’
+4ae " F,,D,F” +8a(ay .\, — D, ¥,) R*
—4a*y W R+ 40’ D, Y DY’ + A8a*y W D,y
—144a° "y’ D, + 2040 ¥ b 0.

(75)
Finally, we can say that the quadratic term R, R*"
does not have its canonical form in this case, as expected.
However, to avoid this problem, we can set ¥ (z) = 0 which
is not an acceptable condition in the KK theories, so that
a nonphysical constraint, F,.F" =0, arises from the last
equation of (74).In fact, this is the well-known inconsistency
problem of the KK theories. Conversely, in the considered
model, @Q,and U in (74) are not necessarily zero, and even
if ¥(z) =0, we do not have F,.F” =0, but the Lorentz
force density term, f;=F,"D.F*,, appears in the last
equation of (73) as

[1=—Di(F..F"), (76)

which can also be obtained from equations (18) and (32)
if we recall that ¢ (z) = 1 in Bagkal and Kuyrukcu (2013).

5.2'The B =0 case

Let us investigate the reduced equations by assuming that
B =0. This strong restriction actually breaks the high-
dimensional structure of the metric (41). Nonetheless,
this case still deserves attention from the viewpoint of the
considered model, and @ is a free parameter. In this regard,
we have from equation (60) that

D/I¢ud _DJ¢M + %efa\// (Fzméﬂ _FMQU + 2F/ldéu)

+a [wﬂ (gu}xi)pa - gua @M) + lﬁ/l ¢UG - Ipy ¢M] = 0,
D/Iéu + agu/llﬁpép - awyé/l + %eia\bFup ~p/1
—Lewr, U=0,

DU~ 5e“FrQ, =0, (77)
where the corresponding equations of motion of the unified
theory are equal to
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Pr= Ry — ¢ F S — ae ™ (g, DY + 2D,

_2a26_2a¢ [g;wwplﬁp - l)b/l wUL
Qu = _%673(1prpr7

1

i{ — Z€_4a¢szFm7 (78)

in the four dimensions. Moreover, the final form of the
action (72) is similarly reorganized as:

1 o3
Izg—}eszdudnyg[RmR o2

+%e"””FﬂyF“”FMF‘” + %e”‘““’FwF”FmF‘”‘

+3a’e (3Y ' FuF"™ + 24 W' Fy, F™)

—dae” (Y 'F* +y"F*)D,F,,+ e D,F,,D'F*
+6ae* F“F*,D,\r, + 4a* (2D, ,D* ¥’ + D,y " D, y")
+4ae " Y"F,,D,F* + 8a (v ., — D, ¥,) R
—4a’Y, Y R+16a° (Y, Y" DY’ —¥" Y’ D)
+12a'Y Y ).

672J¢Ryl;/lgF#UFM

(79)

In this case, the coeflicient of the gravitational part R,
which does not have its canonical form, becomes e**
in (70), but the R, R"" term is canonical in (79). The
equation (78) also gives the D,F*,=0 and F,.F" =0,
if @=0and U =0, respectively, despite ¥ (z) # 0. As
mentioned before, this is not a problem for the WYKK
theory due to the structure of general field equations (77).
Actually, U+0 is the necessary condition in this case;
otherwise all equations in (77) fall into triviality. Besides, we
can now determine the following new Lorentz force density
term including boson fields as follows:

fﬂ =-D, (lﬁFmF”),

from the last equations of (77) and (78) if we choose the
parameter @ =—1/4, and without considering, certainly,

¥(z) #0.

(80)

6. Conclusion

In this work, by employing an alternative form of the basis
equation of the considered model in the review section, we
have recomputed the reduced field equations in terms of
the new { P, Q,, U} set,i.e., the equations of the typical
KK theory. The new expressions (30)—(32) seem to be more
accurate than others, including the {%.,Q,, U} set in
Bagkal and Kuyrukcu (2013). Then, using simplifications
that result from the horizontal lift basis, we have generalized
the resulting equations to the Einstein frame in which the
conformal metric ansatz contains arbitrary parameters @
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and f. After these reduction procedures, we have derived
the desired set of field equations, which are governed by
the new conformal {P,.,Q,, U} set, and the transformed
quadratic action in the coordinate basis both by considering
the vielbeins fields and the conformal transformation rules.
Conversely, we have investigated the consequences of the two
possible cases, 8 =—2aand S =0, on this approach. As
we mentioned in our previous work (Bagkal and Kuyrukeu
2013), for the condition ¥ (x) = 0, the standard KK theory
renders the well-known nonphysical constraint, Fi,. ' = 0,
whereas this Lorentz invariant term does not have to be
equal to zero in the WYKK theory because of the more
general field equation (73). By contrast, the Lorentz force
density, f1=F:,"D.F", ,appears for the former case naturally.
Additionally, even if ¥ (z) # 0, we have demonstrated that
the density term can only be equal to the negative gradient
of the new invariant, i.e., fi=—D;(YF,.F”)for the latter
case with ¢ =—1/4.

Let us finally remark that we can extend our formalism to
investigate the dimensionally reduced form of equation (7),
whose second term had already been calculated in (62),in the
5D generalized KK theory for completeness. Furthermore,
whether the first equation of (60) can be written in the form
of the equation (8) can be studied. We have already shown
that (Kuyrukcu 2016) the first field equations, i.e.,

DAsz _DGPIM - %wz (FzmQ/l _FMQLT + 2FAGQU) = 0, (81)
which is given by Bagkal and Kuyrukcu (2013) or can be
obtained from (30) using P.,=P,and Q,=—(1/2)0Q,

,can exactly be written in the following Camenzind’s current

density form
DuR#Mo :D/l (TUO‘_%QUO‘T) _DU (TUA‘ _%gMT), (82)

for the case in which Q,=0,U =0, or more generally
Q,=0,and D, U=0 . Here T,, represents the stress-
energy tensor that comes from the KK theory of gravity
(Liu and Wesson 1997). We are working on obtaining such
relationships for the model under consideration.
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Characteristics of Molecular Weight Distribution of Natural Organic Matter and
Trihalomethane Formation Properties in Conventional Drinking Water Treatment
Processes

Konvansiyonel Ieme Suyu Aritma Iesislerinde Dogal Organik Maddenin Molekiiler Agiritk Dagilim ve
Trihalometan Olusumunun Ozellikleri

Kadir Ozdemir*

Zonguldak Bulent Ecevit Univversity, Faculty of Engineering, Department of Environmental Engineering, Zonguldak, Turkey

Abstract

In this study, ultrafiltration (UF) technique was used for natural organic matter (NOM) characterization in water samples taken
from Ulutan drinking water treatment plant (UW'TP) units (raw water, coagulation and disinfection process) in Zonguldak. The
distribution of NOM fractioation was performed the carbon mass balance of the UF processes according to the Total organic carbon
(TOC) measurements. The NOM fraction with molecular weight (MW) <1000 Da (1 kDa) is the dominant fraction among all
the fractionated water samples. Its percentage ranged from 54.29% to 69.76% between raw and disinfection processes stages in
UWKEP. During treatment process, higher MW fractions were removed more efficiently than MW< 1kDa, especialy coagulation
step. This result showed that low molecular weight organics are relatively hydrophilic and not effectively removed by coagulation.
Disinfection stage had limited effect on removing organic fractions. On the other hand, as the raw water samples was chlorinated,
the highest trihalomethane formation potential (THMFP) was observed the fraction of < 1kDa as 163.2 pg/L during the reaction
times of 168 hours and followed by 1-3kDa (15.3 pg/L), 3-5kDa (12.6 pg/L) and >5kDa (8.4 pg/L), respectively., The highest specific
trihalomethane formation potential (STHMFP) concentration was determined MW<1kDa as 35.8 ug THMFP/ mg TOC. As a
result, the findings of this study demonstrated that the deterrmination of NOM fractions with the UF technique may be an applicable
strategy for operation of conventional drinking water treatment plants.

Keywords: Ultrafiltration, Natural organic matter, Molecular weight, Trihalomethane

Oz

Bu ¢aligmada Zonguldak iline igme suyu saglayan Ulutan icme suyu aritma tesisi (USAT) tnitelerinden (Ham su, koagtilasyon ve
dezenfeksiyon) alin su numunelerinde bulunan dogal organik madde (DOM) karakteizasyonu ultrafiltrasyon (UF) teknigi kullanilarak
gergeklestirilmisti. DOM  fraksiyonlarinin dagilimi UF prosesi ile toplam organik karbon (TOK) konsantrasyon degerleri esas
alinarak karbon kitle dengesine gore yapilmisti. USAT’de ham sudan dezenfeksiyon tUnitelerinden alinan su numunelerinde UF
prosesi ile karakterize edilmis biitin organik fraksiyonlar arasinda en fazla bulunan molekiler agirhig: (MA) 1000 Da (1kDa)dan
daha kiigiik olan organik fraksiyonlar oldugu tespit edilmistir. Ham sudan dezenfeksiyon tnitesine kadar 1kDadan kiiciik olan
NOM fraksiyonlarinin bulunma ytzdesi %54.26-%69.76 arasinda yer almaktadir. Aritma prosesi siiresince, en yiksek giderim verimi
koagtilasyon adiminda ve MA yiiksek olan organik fraksiyonlarda meydana gelmistir. Bu sonug ayni zamanda koagiilasyon prosesinde
disik MA sahip hidrofilik 6zellikteki fraksiyonlarin etkili bir sekilde giderilemedigini gostermektedir. Diger yandan tim organik
fraksiyonlarda en diisiik giderim verimi dezenfeksiyon prosesinde meydana gelmistir. Klorlanmig ham su numunelerinde 168 saatlik
reaksiyon siiresinde en yiiksek trihalometan olusum potansiyeli (THMOP) miktar1 (163.2 pg/L) MA 1kDadan kiigiik olan DOM
fraksiyonlarda gorilirken, siras: ile MA 1-3kDa olanlarda 15.3 pg/L, 3-5kDa olanlarda 12.6 pg/L ve MA 5kDadan biytik olan
fraksiyonlarda ise 8.4 pg/L olarak 6l¢tilmiistir. Bununla birlikte, DOM fraksiyonlar: arasinda en yiiksek spesifik trihalometan olusum
potansiyeli (STHMOP) konsantrasyonu (35.8 pg THMFP/ mg TOK) MA 1kDadan kigik olan fraksiyonlarda gozlenmistir. Bu
calismada elde edilen bulgular UF teknigi ile DOM fraksiyonlarinin tespit edilmesinin konvansiyonel icme suyu aritma tesislerinin
isletmesinde uygulanabilir bir strateji oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Ultrafiltrasyon, Dogal organik madde, Molekiiler agirlik, Trihalometan
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1. Introduction

Natural organic matter (NOM) in water consistitues of
a wide variety of organic compounds and also plays a
significiant role in water treatment. It forms from largely
aliphatic to colored aromatics (Swietlik et al., 2004). Some
of the organic substances are negatively charged compounds
with different content and molecular size. The amount
and characteristic features of natural organic substances in
surface waters vary depending on the topography, climate
and geology of that place (Fabris et al., 2008, Wei et al.,
2008a).

On the other hand, NOM affects drinking water treatment
on many aspects, like the dose of treatment chemicals
(Yang et al., 2016). Further, ensuring a desired quality water
production in drinking water treatment plants requires the
removal of these organics with a high efficiency (Sillanpii
et al., 2011). There are many studies on the removal
technologies of natural organic substances in the related

literature (Jiang et al., 2018, Mao et al., 2018).

Among these treatment technologies, the most common
and economical method is coagulation and flocculation,
followed by precipitation and filtration steps (Galjaard et
al.,2018). The increase in the concentration of NOM causes
negative effects in terms of water quality in drinking water
resources. These problems include the level of taste and odor
in the water, the increase in the amount of disinfectant with
the dose of coagulant used, the occurrence of disinfection
by-products with potentially harmful effects, the occurrence
of microbial growth in the networks and the increase
in complexed heavy metal concentrations. NOM reacts
with disinfectants like chlorine, during water disinfection,
halogenated disinfection byproducts (DBPs) form (Zha et
al., 2014). Trihalomethanes (THMs) and haloacetic acids
(HAAs) are the most common disinfection by-products
(DBPs) from chlorinated drinking water reservoirs (Chu
et al., 2017, Han and Zhang 2018). Some researches have
reported that NOM is the main precursor of chlorinated
by-products (Hua and Reckhow 2007). In the mean
time, the chemical and physical structure of NOM has
an important place in the formation of disinfection by-
products Ozdemir (2014). On the other hand, if the organic
matter consists of high MW substances such as aromatic
compounds, higher amounts of THMs and HAAs are
observed as a result of chlorination of hydrophobic organics.
NOM is generally divided into hydrophobic, transphilic,
and hydrophilic groups. Hydrophobic NOM consists of
humic and fulvic acids. Hydrophilic NOM includes mostly
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aliphatic carbon and nitrogenous compounds (Chen et al.,
2008). Additionally, NOM characterization focused on
general parameters, including total organic carbon (TOC),
UV absorbance at 254 nm wavelength (UV ) and specific
ultraviolet absorbance (SUVA) (Awad et al., 2016.) These
are surrogate parameters for providing to information of

DBP precursors (Uyak et al., 2007).

Fractionation techniques as physical and chemicsl
can be useful for NOM characterization (Chow et al.,
2005). Ultrafiltration, size separation chromatography,
ultracentrifugation are the most well-known physical
fractionation methods. On the other hand, one of the
most widely used chemical separation methods is resin
fractionation. UF technique has been used for separating of
NOM fractions related to their moleculer sizes the range
from 1000 to 30000 Daltons (Da) (Gang et al., 2003). Also,
UF technique is no requirement for chemical reagents.
'The goal of study is to find the MW distribution of NOM
fractions in conventional treament processes and analyze
to the trihalomethane formation potential (THMEFP) of
different MW fractions of NOM. Also, this study is one
of the first studies on the fractionation of natural organic
materials found in drinking water sources in the Western
Black Sea region by ultrafiltration method.

2. Materials and Methods
2.1. Water Sampling

In the study, water samples were taken from the Ulutan
Drinking Water Treatment plant (UWTP) in Zonguldak.
Ulutan Dam is the main water reservoir in Zonguldak and
provides a maximum of 34,000m*/day of water to UWTP.
UWTP is a kind of conventional treatment plant including
aeration, coagulation-flocculation, filtration and disinfection
processes.

2.2. Ultrafiltration

UF process was used to fractionate the NOM components
according to their molecular size. UF was conducted by
using a stirred UF cell (Millipore 8200) with YM disc
membrane made of regenerated cellulose (Amicon, USA).
Prior to filtration, ultrapure water was passed through the
membranes to remove any possible leached organics until
TOC in the permeate was <0.1 mg/L. After that, the
membrane was installed into the UF cell and rinsed two
times using 0.01 mol L21 NaOH and HCI alternatively.
The stirrer kept agitating more than 10 min for each rinse.
High purity nitrogen (99.99%) was used to pressurize the
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Figure 1: A schematic flow chart showing UF process.

filtration process, and the permeate was stored at +4°C until
analysis. The MW of the applied membranes was as follows:
1,3 and 5 kDa. NOM was separeted by using ultrafiltration
membranes, including a fraction with MW < 1kDa, 1-3kDa,
3-5 kDa and > 5kDa. Water samples taken from raw water,
coagulation and disinfection units were passed through the
membranes of MW < 1 kDa, 1-3kDa, 3-5 kDa and > 5kDa.
The cleaning process was performed by the procedure of
Zhao et al. (2006). Transmembrane pressure value of 0.35
MPa was applied for UF tests with surface water samples.
'The shceme of the UF process is given in Figure 1.

2.3. Chlornation and THMFP Procedure

Chlornation of water samples was made in a 500 cm?®
amber-color glass bottle. Water samples were buffered
to pH 7.5 with 5 mM phosphate buffer. Chlorine stock
(1000 mg/L) solutions was prepared using commercial 4%
NaOCl and standardized by iodometric titration. THMFP
test was done according to in Standard Methods of 5710-B
(APHA 2005). According to this method, the pH value of
the water samples should be brought to 7 with phosphate
buffer and chlorinated, and then kept at 25 °C for 7 days.
The chlorinated samples were placed into 125-mL amber
glass bottles with polypropylene screw caps and TFElined
caps. Afterwards, residual chlorine amounts should be
determined according to the DPD colorimetric method

(APHA 2005).
2.4. Analytical Procedure

Ultrapure water (Sartorius Co., Germany) was used to
prepare the standard solutions used in all experimental
procedures and analyzes carried out in the laboratory. TOC
analyses were performed with a Shimadzu TOC-5000
Analyzer, using high temperature combustion, according

to APHA-3510B. UV-1608 Shimadzu spectrophotometer
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was used for measurements of UV ,,. SUVA was found
as the UV, divided by the TOC values. Analyses
involving THM compounds were conducted with the
liquid-liquid extraction method in the EPA 551 method
(USEPA 1998). HP 6890 Series II Gas Chromatograph
equipped with a micro Electron Capture Detector (GC
pECD) instrument with a DB-1 capillary column (30
mx0.32 mm ID.x1.0 pm, J&W Science) was used for

THM measurements.

3. Results and Discussion
3.1. Distribution of NOM

'The UF technique is widely used for the determination of
molecular weight distributions of NOM in water treatment.
Prior to UF processes, a mass balance must be done for each
NOM fraction with TOC analysis. In addition, any loss
or contamination situations are also reviewed in the mass
balance calculation for NOM fractions. The results of the
mass balance for each NOM fraction are presented in Table
1. As can be seen Table 1, The TOC values of each NOM
fraction analyzed in the purification steps are given in the
left column. Then, the TOC mass of each NOM fraction
was calculated by multiplying the volume of the sample with
the measured TOC concentration in mg. The distribution
of NOM fractions in each treatment step was found by
dividing the TOC value of each fraction by the sum of TOC
value. Also, in this section, the recovering percentage of each
TOC in the raw water, coagulation and chlorination units
of each fraction were found. TOC recovery including those
in raw water, coagulation and chlorination process were
recorded as (100 + 10.21%), (100 + 6.2%), (100 + 3.53%), and
(100+7.41%), respectively. Brockmeyer and Spitzy (2013)
examined the TOC mass balance of fractionated NOM
samples collected from Outer Alster Lake in Hamburg city,
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Table 1: TOC Mass Balance for Each Water Treatment Unit

Water source Molecular Dimension Smie TOCmass |, T,O C,
volume distribution
Raw water Dalton (Da) (mg/L) (L) mg (%)
Raw water 8.78 0.18 1.58
>5000 D (>5kDa) 0.34 0.54 0.18 12.14
5000-3000 D (5kDa-3kDa) 0.46 0.54 0.25 13.93
3000-1000 D (3kDa-1kDa) 0.48 0.54 0.26 15.36
<1000 D (<1kDa) 4.56 0.18 0.82 54.29
Total mass= Sum of fractions 1.779 1.51 100
Recovery (%) 101.4
Coagulated water Coagulated water 6.45 0.18 1.16
>5000 D (>5kDa) 0.19 0.54 0.10 9.56
5000-3000 D (5kDa-3kDa) 0.25 0.54 0.14 12.58
3000-1000 D (3kDa-1kDa) 0.32 0.54 0.17 16.11
<1000 D (<1kDa) 3.68 0.18 0.66 61.74
Total mass= Sum of fractions 1.779 1.07 100
Recovery (%) 103.3
Chlorinated water Chlorinated water 5.23 0.18 0.94
>5000 D (>5kDa) 0.16 0.54 0.09 9.68
5000-3000 D (5kDa-3kDa) 0.21 0.54 0.11 12.70
3000-1000 D (3kDa-1kDa) 0.29 0.54 0.16 17.54
<1000 D (<1kDa) 3.46 0.18 0.62 69.76
Total mass= Sum of fractions 1.779 0.89 100
Recovery (%) 105.6

Germany. The results of this study showed well recoveries.
In other words, NOM fractions recoveries of 0.5kDa, 1kDa
and 10kDa were found as (100 +14), (100+7) and (100+5).
Schwalger and Spitzy (2013) has reported that organic
carbon recoveries were calculated as 99+13 for MW<1kDa,
100 +20 for MW>5kDa and 100 * 3 for MW >50kDa in
fresh and estuarine waters in Germany. These experimental
studies reveal that TOC mass balance values indicate no
major loss or contamination of NOM fractions as a result of
the UF process. On the other hand, when the results of this
study were compared with previous studies, it was seen that
the relevant literature was supported Wang et al. (2008).
Similar recoveries have been presented in other literature

studies (Wilding et al., 2005, Kottelat et al., 2008).
3.2. NOM Size Distribution in Water Sources

Figure 2 illustrates the distribution of fractions during the
conventional treatment processes in UWTP. The results
inluded that the predominant fraction of NOM in raw water
stage was <1 kDa, accounting for 54.29 % of total TOC,
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followed by 1kDa-3kDa and 5kDa-3kDa with15.36% and
13.93 %, respectively. The least common fraction was >5kDa,
as 12.14%. These results confirm to the data from previous
studies (Han et al., 2015). Similar results were obtained in
studies by Wei et al. (2008b). They have noted that the NOM
fraction of < 1kDa composes at the major portion of TOC
content in four water reservoir. Gu et. al (2006) collected
water samples from Guangzhou section of the Pear] River
in China to investigate soluble organic fractions with UF
technique. They indicated that the majority of NOM was
composed of fractions less than 500kDa as a result of the
characterization of the water samples in the Pearl River.
The results of this part of study show that organic carbon
of NOM in raw water samples consists of hydrophilic
fractions which are characterized by more aliphatic carbon
and nitrogenous compound such as carbohydrates, sugars,
and amino acids. Additionally, coagulation can remove
organics. NOM fractions with MW >5 kDa, 5-3 kDa, 3-1
kDa, and < 1 kDa in coagulation step were determined as

9.56%, 12.58%; 16.11% and 61.74%, respectively, based
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on the TOC concentration calculations. In the meantime,
while the removal rates of with MW >5 kDa and 5-3 kDa
were observed as about 50%, the removal rates of 3-1 kDa,
and < 1 kDa was recorded as 33% and 21%, respectively.

m e
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Figure 2. Fraction mass distribution of water treatment processes.

The findings presented that the removal ratio generally rose
with the increase in MW. In addition, molecules with small
size are not effectively removed by coagulation especially, <
1kDa. Chen et al. (2021) have performed that raw water
(RW), settled water (SW), and filtered water (FW) samples
collected from a drinking water treatment plant were
fractionated into 24 NOM fractions with varying molecular
weights. The results revealed that MW < 1kDa NOM
fraction is the most abundant in raw water (RW) (71.22%),
sediment water (SW) (46.26%) and filtrate water (FW)
(41.12%). Also, the findings of this investigation illustrated
that hydrophilic fractions can not be treated effectively
in FW, which contributed to the low aliphatic precursors
remaining in the FW. However, after the SW process, the
hydrolysis and complexation induced by AlO A, (OH)",
and AICI, greatly contribute to the removal of the organics.
On the other hand, some experimental studies in the
literature have shown that most of the organic fractions
with high molecular weight like 10 kDa can be removed
by the coagulation process (Matlianen et al., 2002, Song et
al., 2019). Disinfection with chlorine increased slightly the
concentration of NOM fractions. The distributions of MW
>5 kDa, 5-3 kDa and 3-1 kDa were calculated as 9.68%,
12.70% and 17.54 %, respectively. Altough the percentage
of organic fraction with MW less than 1kDa (69.76%)
was found to increase more with chlorination, the lowest
removal rate as TOC concentration was detemined in the
fraction of MW < 1kDa. Some researchers have found that
organic fractions greater than 2.5kDa are decreased more
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than other NOM fractions during disinfection (Kristiana
et al., 2013). This finding also revealed that chlorination
leads to the partial oxidation of NOM and thus, hydrophilic
fraction of NOM increased through chlorination. Similar
observations have been reported by some researches (Zhao

et al., 2013, Zheng et al., 2016).

Overall, the conventional applications removed the
hydrophobic compounds more effectively than the
hydrophilic ones. Further, low MW fractions of NOM were
not effectively removed by conventional treatment process

and also higher remaval in NOM fractions was coagulation
unit in UWTP.

3.3. Identification of THM Precursors in Raw Water

Figure 3 shows the trihalomethane formation of NOM
fractions in chlorinated raw warer samples at the reactio
of 168 hours. According to Figure 2, while the fraction of
< 1kDa had the highest THMEFP level (163.2 ug/L), the
fraction of > 5kDa had the lowest THM concentration (8.4
ug/L). The factions of 5-3 kDa and 3-1 kDa were accouted
for 12.6 ug/L and 15.3 ug/L, respectively. These findings
displayed that hydrophilic compounds play a greater role
in the formation of THMs and studies on the subject in
the previous literature support the results obtained in this
study (Xu et al., 2012, Zhang et al., 2020). The removal
efficiency of DBP precursors in conventional treatment
systems largely depends on the hydrophobicity and MW of
the NOM (Yan et al., 2017). Zhao et al. (2006) suggested
that the low-molecular-weight 0.5-1K fraction was the
major precursor of THM formation for effluent of each
of the four treatment processes in a conventional drinking
water plant in Guangzhou. Previous studies have shown
that higher concentrations of THM are formed as a result
of chlorination of NOM, which is composed of especially
organic carbon aromatic compounds rather than aliphatic
compounds (Li et al., 2016). In the results of study by Niu
et al (2018) show that the main DBP precursors were the
fraction with MW <1 kDa and fraction with MW 3-10
kDa, and the DBP’s generation ability of lower molecular
weight DOM (<10 kDa) was higher than that of higher
molecular weight NOM. Therefore, we can generally report
that the THMFP was closely related to the MW and the

concentration of fractions.

On the other hand, Figure 4 gives specificTHMFP
(STHMPEFP) levels. The STHMFP of MW > 5kDa, 5kDa-
3kDa, 1kDa-3kDa and <1kDa increased in that order
(24.7 pg/mg, 27.4 pg/mg, 31.8 pg/mg, 35.8 pg/mg), and
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MW <1 kDa had a stronger STHMFP than the higher
MW ones (Figure 3). We can generally suggest that the
highest STHMFP is observed with the decrease of MW
and that lower NOM fractions produce more THMs. In
the study of Nkambule et al. (2019) on THM formations
for the optimization of drinking water treatment plant,
higher amount of THM formation was observed during
the chlorination of NOM fractions with hydrophobic
organic carbon. The results displayed that there is a strong
correlation between STHMFP and the aromatic fraction
of NOM in the treatment plant. Similar results have also
been cnfirmed by other researches, which have shown
that lower MW fractions as the important precursors in
the THM formation (Roe et al., 2008). In the study of
Karapinar et al. (2014) on seasonal NOM characterization,
they took water samples from Terkos Lake, which provides
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drinking water to the province of Istanbul, and carried out
the fractionation process with the UF technique. Then, as
a result of chlorination of each fraction, it was determined
that the highest STHMFP occurred in NOM fractions of
MW<1kDa. In other words, this result might be revealed
that the STHMFP level depends on the origin of NOM.

4. Conclusion

In this study, NOM characterization in water samples taken
from Ulutan drinking water treatment plant (UWTP) units
was used by using UF technique has been carried out. As
a result of the experimental studies, it was observed that
NOM fractions with a molecular weight less than 1 kDa
were dominant in each treatment unit. This result also
shows that NOM fractions with a hydrophilic molecular
weight less than 1 kDa cannot be effectively removed. It
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has been determined that the hydrophilic fraction of NOM
plays an important role in THM formations that occur as
a result of chlorinated water samples during the treatment
period. In other words; the fraction of < 1kDa had the
highest THMFP level (163.2 ug/L). Further, the highest
STHMFP concentration as 35.8 pg THMFP/ mg TOC
was recorded in MW < 1kDa. The results of this study show
that the realization of the NOM fractionation process with
the UF technique can make an important contribution
to the efficient operation of conventional drinking water
treatment plants.
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Deneysel Incelenmesi
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Oz

Giiniimizde betonarme binalarda hem ihtiya¢ hem de estetik agidan su tesisati, telefon hatti, bilgisayar ag1, vb. hizmetlerin désemelerin
altindan gegirilerek asma tavan ile kapatilmasi tercih edilmektedir. Ancak bu tesisat borularinin gecirilmesi tagiyic sistem elemanlarinin
beton dokimi sonrasinda gergeklestirilmektedir. Bu yizden uygulamada bazen bu borular estetik kaygilarla uygulama mihendislerinin
de haberi olmadan kiris elemanlarda bosluk acilarak olusturulmaktadir. Dikdértgen, kare veya daire seklinde olabilen bu bogluklar
tastyici elemanlarda 6nemli 6l¢tide zayiflamalara yol agmaktadir. Bu ¢alismada betonarme kirig gévdesinde birakilan bogluk adedinin ve
yatay dogrultudaki konum degisiminin kirig davranig: tizerindeki etkisi incelenmistir. Bu amagla dokuz adet betonarme kiris numunesi
tretilmis ve dort noktali egilme testine maruz birakilarak deneyleri yapilmistir. Bu kirislerden bir adedi bogluksuz referans numunedir.
Diger tiim numunelerde dairesel bosluk birakilmis ve kiris Gizerindeki bogluk adedi ve konumu degistirilmistir. Elde edilen sonuglardan
bosluk adedi arttik¢a ve boslugun yeri mesnete yaklastikca numune yiik tagima kapasitesinin, yerdegistirme yeteneginin ve enerji
tiiketme kapasitesinin 6nemli mertebelerde azaldig: gorilmustir.

Anahtar Kelimeler: Betonarme, Dairesel bogluk, Egilme, Kirig

Abstract

It is preferred in reinforced concrete buildings nowadays from the structural and serviceability point of view to hide the service pipes
and cables like telephone lines, computer networks, etc. under the suspended ceilings or raised floors. However, the installation of
those services in the existing buildings leads in real life to an opening in structural elements especially beams without the knowledge
of the structural engineers. These openings which may be in all shapes circular, rectangular, or square, can weaken the structural
elements significantly. The effect of change the number and the location of these openings in the horizontal direction of the reinforced
concrete beams on behavior is investigated in this study. For this reason, nine reinforced concrete beams are constructed and tested by
performing a four-point bending experiment. One of these beams is beam without gaps as reference. The other beams have circular
openings with different numbers and locations. The test results clearly show that the load-carrying capacity, deflection, and energy
assumption of the specimen decreased significantly as the number of openings increased and the location of the openings approached
the support.

Keywords: Reinforced concrete, Circular opening, Bending, Beam
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1. Girig

Ulkemizde son yillarda meydana gelen depremler, mevcut
binalarin deprem giivenliginin saglanmasinin ve depreme
dayanikli binalarin inga edilmesinin 6nemini ortaya
¢tkarmistir. Mevcut binalarin deprem giivenligi ancak tasiyici
sistem elemanlarinin givenligi ile saglanabilir. Betonarme
binalarin tagtyict sistemi tamamlandiktan sonra elektrik
tesisati, su tesisaty, telefon kablosu, vb. hatlarin gegirilmesi
i¢in kiris elemanlarinin gévdesinde hesaplamalarda dikkate
alinmayan bosgluklar olusturulabilmektedir. Bu bogluklar
boyut olarak kii¢iik veya biytiik, geometrisi ise genellikle
kare, dikdortgen veya daire seklinde olabilmektedir (Sekil
1). Birakilan bu bosluklarin kiris davramisini dolayisiyla
bina davranisini olumsuz yonde etkileyecegi ortadadir. Bu
nedenle kiriste birakilan bu bogluklarin betonarme kirig
davranis: Gzerindeki etkilerinin tanimlanmas: biyik 6nem
tagimaktadir.

Literatirde bulunan bazi arastirmalarda, kiris govdesinde
acilan bosluklarin gekil ve boyut degisimlerinin kirig
davranig tizerindeki etkinligi deneysel olarak aragtirilmistur.
Ornegin, Yang vd. (2006) tarafindan yapilan ¢alismada,
yiksek dayanimli derin kirislerde dikdértgen bosluklarin
etkisi beton dayanimi, kesme agikligi orani ve bosluk
boyutlar1 i¢in deneysel ve analitik olarak aragtirilmigtir.
Deneyler sonucunda, bosluk boyutunun ilk yikleme
adimlarinda eleman yerdegistirmesini fazla etkilemedigi
ancak diyagonal catlak olusumundan sonra oldukga etkili
oldugu gorilmistir. Ayrica beton dayanimi degisiminin
eleman rijitligini fazla etkilemedigi de vurgulanmistir. Yoo
vd. (2007), bosluklu ve 6ngermeli derin kiriglerin tagima
glcti yikini deneysel olarak aragtirmis ve sonuglari
mevcut tasarim yontemleriyle karsilagtirmistir. Elde edilen
sonuglardan, mevcut tasarim yontemlerinin bogluklu derin
kiriglerde yetersiz kaldign gorulmistir. Lee vd. (2008)

tarafindan yapilan ¢aligmada, gesitli konumlarda dairesel

Sekil 1. Kiriglerde birakilan bogluklara 6rnekler.
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bosluklar1 bulunan derin kiriglerin davraniglar1 deneysel
olarak incelenmistir. Deneyler sonucunda bosluk bulunan
numunelerin yiik tagima kapasitesinin, bosluksuz numuneye
gore yaklagik %10 azaldig: gorilmustir.

Campione ve Minafo (2012) tarafindan yapilan ¢alismada,
distik kesme agikligi oranina sahip derin kiriglerde dairesel
bosluklarin etkisi deneysel ve analitik olarak incelenmistir.
Calismada boslugun konumu ile enine ve boyuna donati
miktar1 degisken parametre olarak secilmistir. Numuneler
sonlu elemanlar programi ATENA2D ile modellenerek
sonuglar kiyaslanmugtir. Al-Sheikh (2014) yaptig: calismada,
farkli konumlarda, boyutlarda ve sekillerde olusturulan
boslugun kirislerin egilme davranigi tzerindeki etkisini
incelemistir. Calismada 27 adet kiris deneyi yapilmugtir.
Kiriglerdeki bosluk konumunun kesme bolgesinde olmasi
durumunda yik tagima kapasitesinde maksimum azalma
oldugu ve dairesel bosluga sahip elemanlarin yik tagima
kapasitesinin kare ve dikdértgen bosluklu elemanlara gére
daha fazla oldugu gorilmistir. Benzer sekilde, Chin ve
Doh (2015) tarafindan yapilan ¢alismada, gévdesinde iki
adet kare veya dairesel bogluk bulunduran derin kiriglerde
bosluk boyutu ve seklinin etkisi arastirilmistir. Yapilan
deneyler sonucunda dairesel bosluklu kirislerin yiik tagima
kapasitesinde %30-35, kare bogluklu kirislerde ise %40-80

azalma meydana gelmistir.

Ozkal (2017), derin kiriglerde diisey dogrultudaki bogluk
konumunun ve seklinin yapisal davranis tizerindeki etkileri-
ni deneysel olarak incelemistir. Bosluklar daire, kare ve dik-
dortgen seklinde secilmistir. Bogluklarin hasar tiird, tagima
guct, stineklik ve rijitlik degerlerine olan etkileri degerlendi-
rilmistir. En 6nemli davranig farkina bogluk seklinin neden
oldugu gorilmustir. Shoeib ve Sedawy (2017) tarafindan
yapilan ¢aligmada, kiriglerdeki farkli boyutlarda ve sekillerde
(kare, dikdortgen ve dairesel) olusturulan boglugun davranig
Uzerindeki etkisi incelenmigtir. Bu amagla beton dékilme-
den 6nce, beton dokildiikten sonra ve kiris belirli bir yiike
maruz birakilarak belli seviyede hasar gérdiikten sonra bog-
luk brrakilmistir. Elde edilen sonuglardan, boslugun beton
dokiillmeden 6nce veya sonra olusturulmasi arasinda 6nemli
bir davranis farkliliginin ortaya ¢ikmadig: ve dairesel boslu-
ga sahip kiriglerin daha fazla yiik tagidig1 goralmistiir. Abdo
ve Mabrouk (2017), saf burulmaya maruz kalan dikdortgen
bosluklu kirislerin davranigi tzerinde bosluk sayisinin, ki-
ris yuksekliginin ve etriye araliginin etkisini incelemigtir.
ANSYS programi kullanilarak numuneler modellenmis ve
deneyler esnasinda olusan ¢atlaklarin dagilimi kiyaslanmig-
tir. Bosluk sayisinin azalmasi, kiris yiksekliginin artmasi
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veya etriye araliginin azalmasi kiriglerin burulma kapasitesi-
ni artirmigtir. Osman vd. (2017) tarafindan yapilan ¢aligma-
da, dairesel bosluklu betonarme kiriglerin kesme dayanimi
deneysel olarak ve sonlu elemanlar program: ANSYS kulla-
nilarak arastirlmistir. Caligmada kiris kesme agikligi orani,
bosluk boyutu ve konumu degisken parametre olarak segil-
mistir. Deney ve analiz sonuglar1 birbiriyle uyumlu olarak
elde edilmistir.

Jasim vd. (2019) tarafindan yapilan ¢aligmada, govdesinde
iki adet kare bogluk bulunan derin kirislerde bogluk boyutu
ve konumunun davranis Uzerindeki etkisi incelenmistir.
Numuneler ABAQUS sonlu elemanlar programi kullanilarak
modellenmis ve deney sonuglariyla kiyaslanmistir. Elkersh
vd. (2020) tarafindan yapilan ¢aligmada, kemerli kiriglerde
dikdértgen bogluk bulunmasi durumunun etkileri deneysel
ANSYS program:
kullanilarak analitik ¢alisma genisletilerek bosluk genisligi

ve analitik olarak incelenmistir.

ve seklinin incelendigi parametrik ¢alisma da yapilmugtir.

Ayka¢ ve Yilmaz (2011) tarafindan yapilan caligmada,
govdesinde daire veya tiggen seklinde diizenli buyiik bogluklar
bulunan betonarme kiriglerin davranigt incelenmistir.
Bosluk geometrisi ve ¢ekme donatisi orani degisken
parametre olarak secilmistir. Yapilan deneyler, dayanim
ve stuneklik agisindan dairesel bosluklu kiriglerin, ti¢gen
bosluklu kirislere gore daha iyi sonuglar verdigi gorilmiistiir.
Bosluklardan dolay: kirislerin egilme rijitliklerinde 9%10-
30 arasinda bir azalma meydana gelmigtir. Kalkan (2014)
yaptigt calismada, diizenli bosluklara ve farkli donat:
diizenine sahip betonarme kirislerin deneylerinden buldugu
sehim degerlerini literatiirde mevcut bulunan formillerden
elde edilen analitik degerlerle kargilagtirmistir. Kalkan vd.
(2019) tarafindan yapilan ¢aligmada, ¢ekme donatisi oran:
degisen diizenli kare bosluklu betonarme kiriglerin egilme
davranist ANSYS programi kullanilarak aragtirilmugtar.
Donati oraninin artmasiyla kiriglerin yiik tagima kapasitesi
ve egilme rijitliklerinde artig, sehim de ise azalma saglanarak
bosluksuz kirigin davranigina yaklasmanin mimkin oldugu
gorulmustir.

Murugesan ve Narayanan (2017), betonarme kiris icerisinde
farkli boyutlarda ve konumlarda olusturulan bir adet
dairesel boslugun egilme davramg: tzerindeki etkisini
deneysel ve teorik olarak incelemistir. Deneylerden elde
edilen ilk catlama yikiinin ve egilme dayaniminin teorik
hesaplamalar ile uyumlu oldugu gorilmistir. Kumbasaroglu
ve Korkmaz (2020), betonarme kiriglerin icerisinden gecen
tesisat borularinin egilme dayanimina etkisini deneysel
olarak aragtirmugtir. Kiriglerin boyuna dogrultusunda ¢ekme,
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basing ve tarafsiz eksen seviyesinde dairesel kesitli bogluklar
birakimigtir. Bogluklarin mimkiin oldugunca tarafsiz eksen
seviyesinden ge¢mesi gerektigi sonucuna varilmgtir.

Literatirde genel olarak, kirig gévdesinde duzenli sekilde
boslugun birakildigi veya derin kirigler icin boslugun
incelendigi calismalara rastlanmaktadir. Ozel bir donati
tasarimi yapilmaksizin tesisat borusu vb. gibi gerekgelerle
sonradan  olusturulan boglugun davranig Uzerindeki
etkinligini inceleyen ¢aligma sayisi olduk¢a az sayidadir.
Dolayisiyla bu konudaki verilerin artirilmasi, bogluklarin
eleman davramigini  nasil etkilediginin anlagilmasinda
ve onarim yonteminin se¢iminde kolaylik saglayacaktur.
Bu amagla yapilan deneysel c¢alismada, betonarme kirig
Uzerinde sonradan olugturulan bogluklarin adedinin ve
yatay dogrultudaki konumunun degismesinin kiris davranig
Uzerindeki etkisi incelenmistir. Bu kapsamda bir adedi
bosluksuz digerleri bir, iki ve ti¢ adet dairesel bosluga sahip
olmak tzere toplam dokuz adet dikdortgen kesitli kirig
numunesi tretilmigtir. Tum kirig numunelerinin dort noktali
egilme testleri gergeklestirilmigtir. Deneylerden kirislerin
hasar dagilimlari, yik tasima kapasitesi, maksimum
yerdegistirme, enerji tiiketme kapasitesi ve egilme rijitligi
elde edilerek gerekli kiyaslamalar yapilmugtir.

2. Gereg ve Yontem

Caligma kapsaminda 150 mm x 300 mm en kesitine ve 2700
mm uzunluga sahip % 6l¢ekli dokuz adet betonarme kirig
numune uretilmigtir. Kirigin Ustiinde 212, altinda ise 312
boyuna donati mevcuttur. Kiris numune boyutlarinin ve
donatilarinin se¢iminde tilkemizdeki mevcut kirislerin genel
ozelliklerini yansitmasi amaglanmigtir. Sarilma bolgesinde
t6/100 mm, orta bolgede £6/200 mm araliklarla enine donat:
uygulanmistir. Enine ve boyuna donati miktarlari, Turkiye
Bina Deprem Yonetmeligi 2018 (TBDY)in minimum
kogsullarini saglayacak sekilde segilmistir. Etriye kancalari
135° olacak sekilde hazirlanmistir. Uretilen betonarme
kirislere ait boyut ve donat: detaylar: Sekil 2'de verilmigtir.

Beton dokimi sirasinda beton karigimdan 150 mm
boyutlarinda kiip numuneler alinmig ve 28 giin siire ile kiir
edilmistir. Kir islemi sonunda deney giiniinde test edilen
kiip numunelerin ortalama beton basing dayanimlar1 (f)
Cizelge 1'de verilmistir.

Kirig tiretiminde kullanilan 6 ve 12 mm ¢apindaki nerviirli
donatidan tger adet numune alinarak ¢ekme deneyleri
gergeklestirilmistir. Deneyler sonucunda 6 mm ¢apindaki
donati i¢in ortalama akma dayanimi 330 MPa, 12 mm
capindaki donat1 i¢in 450 MPa olarak elde edilmistir.
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Sekil 2. Kiriglerin boyut ve donat: detayn.
Cizelge 1. Numunelere ait beton basing dayanim degerleri.
Kiris No N1 N2 N3 N4 N5 N6 N7 N8 N9
f (MPa) 47 46 45 44 44 42 42 42 47

Uretilen dokuz adet kiristen bir adedi bosluksuz, dort
adedi tek bosluklu, ti¢ adedi iki bogluklu ve bir adedi ise tg
bosluklu olarak tasarlanmistir. Tum bogluklu numunelerde
dairesel bogluk ¢ap1 150 mm olarak uygulanmigtir. Tek
bosluklu dort adet kiriste boslugun kiris bagslangicina
olan mesafeleri 375 mm, 525 mm, 825 mm ve 1350 mm
olarak segilmistir. Iki bogluklu ve ti¢ bogluklu numunelerde
kiyaslamalarin  yapilabilmesi i¢in boslugun baslangic
mesafesi 375 mm olarak sabit tutulmug ve bogluklar aras
mesafeler degistirilmigtir. Kiris numunelerindeki bosluk
adedi ve konumlari, mevcut binalardaki kiris elemanlarda
sonradan olusturulan bogluk ozelliklerine benzestirilerek
segilmistir. Uretilen deney numunelerine ait bosluk sayilar:
ve konumlari Cizelge 2'de verilmistir.

4

Cizelge 2de tamimlanan kodlamada N harfi “Numune’
ifadesinin kisaltilmasini, N harfinden sonraki rakamlar
sirastyla numune numarasini, bogluk adedini, boslugun
kiris baglangicina olan mesafesini (mm) ve bogluklar aras
mesafeyi (mm) gostermektedir.

Numuneler iretim ve kir isleminin tamamlanmasinin
ardindan dort noktali egilme testine maruz birakilmistir.
Deney sirasinda kullanilan yikleme dizenedi sematik ve
fotograt olarak Sekil 3’te verilmistir. Kirisler, solda sabit,
sagda ise hareketli olarak mesnetlenmistir.
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Deneyler sirasinda uygulanan yiikiin degeri,300 kN kapasiteli
yiik hiicresi ile 6l¢tilmustir. Deney numunelerinin tizerindeki
yerdegistirmeler (disey yiikiin uygulandig: noktalarda, kiris
acikliginin ortasinda ve mesnet bolgelerinde) 0.01 mm
hassasiyetli yerdegistirme 6lcerler (LVDT) ile dl¢tilmistiir.
Deneylerde kullanilan 6lgiim aletlerinin konumlar: Sekil
4te verilmigtir.

Betonarme kirislerin deneyleri yerdegistirme kontrolli
olarak yapilmigtir. Deneylerde uygulanan yiikleme protokolii
Sekil 5’te verilmisgtir.

3. Bulgular

Deneylere baglamadan 6nce, deney esnasinda olusan hasarin
net bir sekilde gozlenebilmesi i¢in tim kiris numunelerin
yuzeyleri kire¢ ile badana edilerek 50 mm araliklarla karelaj
uygulamasi yapilmustir. Kiris numuneleri sirasiyla deney
dizenegine yerlestirilerek dort noktali egilme testine maruz
birakidmistir. Deneyler sirasinda yiikleme, el kumandali
hidrolik kriko yardimiyla yapidmistir. Olusan catlaklar
ve hasarlar, yiikleme ve bosaltmanin her adim: i¢in renkli
tebesir kullanilarak kirigler tzerine ¢evrim numarast ile
birlikte isaretlenmistir. Kiris numunelerde deney sirasinda
olusan hasarlara ait goriinimler Sekil 6'da verilmistir.
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Cizelge 2. Uretilen deney numunelerine ait bosluk sayilar1 ve konumlari.

Numune Ads

Numune Ozellikleri

¥ 2700 ke
375k 2325 k
525k 2175 *
¥ 825 * 1875 #
r 1350 » 1350
#— 375260 2065 »
375 370—H 1955 *
375k 470—F 1855 F
b
Sekil 3. Yikleme diizeneginin
gorinimd.
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300
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7Z—400——400—=
2700
Sekil 4. Olgiim aletlerinin konumlarr.

150

100
£
:
8

50

0

0o 2 4 6 8 10 12 14 16 18 20 22
_ Sekil 5. Deneylerde uygulanan yiikleme
Cevrim numarasi protokolii.

Bogluksuz referans kiris numunenin (N1-0) hasari siinek
egilme kirilmas: seklinde ortaya ¢ikmistir. Kiris tzerinde
cok sayida kilcal egilme catlagi olusmustur. Yiklemenin
ilerlemesiyle ¢atlaklarda genisleme meydana gelmistir.
Numunenin basing bolgesindeki betonun ezilmesi ile deney
sonlandirilmigtir (Sekil 6.a). Bogluklu kiris numunelerde,
bosluksuz numuneye gore daha az sayida egilme catlag:
meydana gelmis ve bunu takiben bosluk kenarindan
numunenin Ust ve altina dogru ¢apraz devam eden ani
kesme hasarinin olugmas: ile gii¢ tiikenmesine ulagilmgtir.
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Yiik kapasitesinde meydana gelen ani digme ile deneyler
sonlandirilmigtir.

Tek bosluklu numunelerin (N2-1-375, N3-1-525, N4-
1-825, N5-1-1350) hasarlari kendi igerisinde genel
olarak kiyaslandiginda, boslugun mesnete yaklagmas: ile
numunedeki egilme catlagi sayisinin azaldigi ve kesme
kirilmasi ile daha erken seviyelerde gii¢ tikkenmesine ulagtig
gozlenmistir (Sekil 6.b-e). Dolayisiyla kiris davranisinin,
boslugun kiris mesnetine yaklagmas: ile daha kritik hale
geldigi soylenebilir. Boglugun agiklik ortasina yaklagtigi
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(1) N9-3-375-260-260

(b) N2-1-375

(d) N4-1-825

(f) N6-2-375-260

Sekil 6. Numunelere ait hasar gérinimleri.

numunelerde (N4-1-825, N5-1-1350) gii¢ tikenmesi
sirasinda, boslugun st tarafinda meydana gelen egik
catlamanin kirig Gstiine kadar uzanmasiyla bu bélgede beton
basing ezilmesinin de ortaya ¢iktig1 gorulmiustiir (Sekil 6.d-
€). Mesnete en uzak (tam ortasinda) bosluk bulunan kiris
numunesinde (N5-1-1350) gozlenen davranis neredeyse
bosluksuz kiris (N1-0) davramsina benzemektedir. Tki (N6-
2-375-260, N7-2-375-370, N8-2-375-470) ve li¢ bosluklu
(N9-3-375-260) numunelerde de gl¢ tikenmesi bosluk
etrafindaki ani kesme hasar ile ortaya ¢ikmistir (Sekil 6.-1).
Ayrica birden fazla bosluga sahip numunelerde tek bosluklu
numunelere gore daha az sayida kilcal egilme catlaginin
ortaya ¢iktig1 gorilmistiir.

Deneyler sirasinda elde edilen tiim numunelere ait ¢cevrimsel
yik — yerdegistirme grafikleri ve her bir ¢evrime ait tepe
noktalarinin  birlegtirilmesi ile olusturulan zarf egrileri

Karaelmas Fen Miih. Derg., 2022; 12(2):155-165

Sekil 7de sunulmustur. Grafikler, bosluk adedi ve yerlesim
farkliliginin eleman davranigini 6nemli derecede etkiledigini
gostermektedir. Tki ve ¢ bosluklu numunelerin tamaminda
kiris ani gsekilde gevrek kirilmaya maruz kalirken, tek
bosluklu numunelerde bosluk agiklik ortasina yaklastik¢a
bosluksuz referans kiris numuneye yakin bir davranig
sergilemistir. Ancak boglugun mesnete yakin bolgelerde
konumlanmasiyla eleman yiik tasima kapasitesine ulagmig
ve kisa bir stire sonra ani olarak gli¢ tikenmesine ulagmugtir.
Benzer sonuglar bosluksuz referans numunenin zarf egrisi
ile bir, iki ve t¢ bosluklu numunelerin zarf egrilerinin
kiyaslanmas: sonucunda da gorilebilmektedir (Sekil 8).

Betonarme kiriglerin yiik tagima kapasiteleri (P), maksimum
yerdegistirme (D), enerji tiiketme kapasitesi ve egilme rijitligi
sonuglari Cizelge 3’te verilmistir. Buradaki yerdegistirme
maksimum yikin en fazla %15 azalma meydana geldigi
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Sekil 7. Numunelere ait ¢evrimsel ylik-yerdegistirme grafikleri ve zarf egrileri.

degere kargilik gelen yerdegistirme degerlerini temsil
etmektedir. Yik-yerdegistirme grafigindeki her bir ¢evrim
icindeki alan hesaplanarak enerji tiketimi, elde edilen
degerlerin toplanmasi ile de toplam enerji tiketimi elde
edilmigtir. Burada toplam enerji tiiketimi degeri maksimum
yikiin en fazla %15 azalmasina karsilik gelen deger icin elde
edilmistir. Deney sonuglarinin yorumlanabilmesi a¢isindan
bosluklu numunelere ait degerler, bosluksuz referans
numuneye oranlanarak elde edilen degisim yiizdeleri de
Cizelge 3’te verilmistir. Yiizdelerdeki arti isaret referans
numuneye goére ortaya ¢ikan artigi, eksi isaret ise azalma
oranini gostermektedir.
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Cizelge 3 incelendiginde tek bogluklu numunelerin yiik
tasima kapasitesi degerleri bogluksuz referans numuneninki
ile benzerlik gostermektedir. Ancak yerdegistirme degerleri
agisindan degerlendirildiginde 6nemli azalmalarin oldugu
dikkati ¢ekmektedir. En biytik azalma, boslugun mesnete
yakin oldugu numunelerde ortaya ¢ikmistir. Bogluk aciklik
ortasina dogru kaydik¢a numunenin davranisi bosluksuz
referans kirise yaklagmaktadir.

4. Tartigma

Betonarme Kkiriglerin gévdesinde dikdortgen, kare, daire
veya Ucgen seklinde agilan bosluklar, kirig davraniginin
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Sekil 8. Bosluk sayisina gore numunelerin zarf egrilerinin kiyaslanmas.

Cizelge 3. Numunelere ait deney sonuglarinin kiyaslanmas.

Enerji Enerji

P P D D Rijitlik  Rijitlik

Numune Ad1 (kN) (%) (mm) %) '{ll(xll\(;;tllmm)l Tul((o;)t)lml (kN/mm) (%)
N1-0 112.83 - 131 - 13978 - 41.15 -
N2-1-375 109.54 -2.92 28 -78.63 2238 -83.99 40.23 -2.24
N3-1-525 108.84 -3.54 88 -32.82 9524 -31.86 37.54 -8.77
N4-1-825 112.11 -0.64 115 -12.21 13172 -5.77 35.78 -13.05
N5-1-1350 110.59 -1.19 121 -7.63 13421 -3.98 24.61 -40.19
N6-2-375-260 71.96 -36.22 9 -93.13 332 -97.62 30.45 -26.00
N7-2-375-370 81.15 -28.08 9 -93.13 414 -97.04 24.85 -39.61
N8-2-375-470 94.00 -16.69 12 -90.84 483 -96.54 20.57 -50.01
N9-3-375-260-260 70.29 -37.70 11 -91.60 348 -97.51 22.61 -45.05

Karaelmas Fen Miih. Derg., 2022; 12(2):155-165 163



Qaderi, Ben Saoud, Eren, Giindogay,Yaman, Tekeli Kabas / Egilme Etkisindeki Biiytik Dairesel Bosluklu Kiriglerin Davraniginin

Deneysel Incelenmesi

onemli derecede zayiflamasina yol agabilmektedir. Bogluklu
kiriglerdeki bogluk seklinin davranigi etkileyen o6nemli
parametrelerden biri oldugu bilinmektedir (Ozkal, 2017).
Ozellikle dairesel bosluga sahip kiriglerin yiik tagima
kapasitesinin, diger bosluk sekillerine gore daha fazla
oldugu farkli ¢aligmalarla ortaya konulmustur (Aykac ve
Yilmaz, 2011; Al-Sheikh, 2014; Chin ve Doh, 2015; Shoeib
ve Sedawy, 2017). Yapilan ¢aligma kapsaminda betonarme
kiris govdesinde sonradan ortaya ¢ikarilan dairesel
bosluklarin sayisinin ve yerinin degisiminin kiris davranigi
tzerindeki etkinligi incelenmistir. Bu amagla bir adedi
referans bosluksuz kirig, dort adedi tek bosluklu, ti¢ adedi
iki bogluklu ve bir adedi ise ti¢ bogluklu olmak tizere dokuz
adet kiris numunesi tretilmis ve dért noktali egilme testine
maruz birakilmigtir.

Bosluksuz referans numunenin hasari incelendiginde, ki-
ris egilme bolgesinde ¢ok sayida kilcal ¢atlaklarin meydana
geldigi ve elemanin stinek egilme hasari ile gli¢ tiikenmesi-
ne ulagtigs goralmustiir. Bogluklu numunelerde ise ilk ha-
sar genellikle bogluk etrafinda kirise dogru ilerleyen kesme
catlamas: geklinde ortaya ¢ikmistir. Chin ve Doh (2015)
tarafindan yapilan bosluklu derin kiriglerin davraniginin in-
celendigi ¢aligmada da, meydana gelen gerilme yigilmalar:
nedeniyle benzer hasarlarin olustugu vurgulanmgtir. Ortaya
¢tkan bu ¢atlamanin genislemesi ile elemanda ani ytk digi-
sit meydana gelmistir. Ozellikle bogluk mesnete yaklagtikga
hasar ani olarak ortaya ¢ikmig ve elemanin gevrek bir dav-
ranis sergilemesine sebep olmustur. Boglugun agiklik bolge-
sinde bulunmasi durumundaki davranis ise neredeyse bos-
luksuz kirise benzer sekilde ¢ok sayida egilme ¢atlag: olarak
ortaya ¢ikmugtir.

Tim numuneler arasinda en buytk tagima glct yuku
bosluksuz referans Kkiriste ortaya ¢ikarken, en kugik
tasima glct yiki t¢ bogluklu kiriste (N9) ve mesnete en
yakin bogluklara sahip iki bosluklu kiriste (N6) meydana
gelmistir. Tek bosluklu numunelerde boslugun yerine bagh
olarak referans numuneye oranla yiik tagima kapasitesinde
%0.6 ile %3.5 arasinda, iki bogluklu numunelerde %16.7
ile 36.2 arasinda, ti¢ bosluklu numunede ise %37.7 azalma
meydana gelmistir. Tek bosluklu numunedeki tagima giici
yikii degerleri birbirine olduk¢a yakindir. Iki bosluklu
numunelerde ise bogluk mesnete yaklastikca numunenin
yik tagima kapasitesi azalmaktadir. Benzer olarak Elkersh
vd. (2020), kare ve tek bogluklu betonarme Kkirislerin
davranigini incelenmis ve boslugun egilme bolgesinde
%0.1,
durumunda ise %5 azalma gergeklestigini vurgulamistir.

olmast durumunda kesme bolgesinde olmasi
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Dolayisiyla literatiirdeki ¢aligmalarda kiristeki boslugun
kesme bolgesinde olmasi durumunda yani bosluk mesnete
yaklastik¢a eleman kapasitesinin daha fazla azalmis oldugunu
dogrulamaktadir. Benzer sonuglar Campione ve Minafo
(2012) ile Al-Sheikh (2014) tarafindan yapilan ¢aligmalarda
da goriilebilir. Ozellikle iki bosluklu numunelerdeki ikinci
boslugun mesnete yaklagmast ile yik tasima kapasitesindeki
azalma daha biiyiik oranda ortaya ¢ikmaktadir. Tagima giict
yiikt bosluk sayis: arttik¢a azalmaktadir.

Tek bosluklu numunelerde bogluk yerinin degisimi tagima
glict yikini ¢ok degistirmese de boslugun mesnete yak-
lagmas: ile yerdegistirme kapasitesinin olduke¢a azaldigi ve
numunenin gevrek davranis sergiledigi goriilmektedir. Tek
bosluklu numunelerde referans numuneye oranla yerdegis-
tirme degerinde %7.6 ile %78.6 arasinda, iki bosluklu nu-
munelerde %90.8 ile %93.1 arasinda, ti¢ bogluklu numunede
ise %91.6 azalma meydana gelmistir. Genel olarak, buradaki
kii¢iik degerler boslugun agiklik ortasinda (egilme bolgesin-
de), buyiik degerler ise boglugun mesnet tarafina yaklagtig1
(kesme bolgesinde) durumdaki sonuglar: ifade etmektedir.
Dolayisiyla bosluk mesnete yaklastik¢a yerdegistirme ka-
pasitesinin azaldig: soylenebilir. Elkersh vd. (2020) tarafin-
dan yapilan deneyler ve analizler sonucunda, kemerli kirigin
yerdegistirme kapasitesinde, boslugun egilme bolgesinde
olmasi durumunda %8, kesme bolgesinde olmast durumun-
da ise %17 azalma gerceklestigi vurgulanmistir. Dolayisiyla
literatiirdeki ¢aligmalarla uyumlu olarak kesme bélgesinde-
ki azalma egilme bolgesindeki azalmadan daha fazla olarak
kargimiza ¢ikmaktadir.

Numunelerin davrangi, yik-yerdegistirme grafiklerinden
elde edilen enerji tiiketme kapasiteleri acisindan referans
numuneye goére degerlendirildiginde, tek bogluklu numune-
lerde enerji tiketme kapasitesinde %4.0 ile %84.0 arasin-
da, iki bogluklu numunelerde %96.5 ile %97.6 arasinda, ti¢
bosluklu numunede ise %97.5 azalma meydana gelmistir.
Sonuglardan da goruldagi gibi boslugun bulunmas: ile nu-
munedeki enerji tiketme kapasitesi 6nemli miktarda azal-
maktadir.

Numunelere ait rijitlik degerleri incelendiginde, bogsluk
aciklik ortasina dogru yaklastik¢a ve bosluk sayisi arttikca
genel olarak numune rijitligi azalmistir. Tek bogluklu
numunelerde boslugun yerine bagl olarak rijitlik degerinde
%2.2 ile %40.2 arasinda, iki bosluklu numunelerde %26
ile %50 arasinda, ti¢ bogluklu numunede ise %45.1 azalma
meydana gelmistir.
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Elde edilen sonuglar genel olarak degerlendirildiginde,
bosluk sayisi arttik¢a ve boslugun yeri mesnete yaklastikca
numunenin yik tagima kapasitesinin, yerdegistirme yetene-
ginin ve enerji tiiketme kapasitesinin 6énemli mertebelerde
azaldig1 sGylenebilir.
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Suggestion of a Perimeter Formula for Super Ellipses and their Use in
Rectangular Boundary Value Problems in Physics

Siiper Elipsler icin bir Cevre Formiilii Onerisi ve Fizikte Dikdortgensel Sinir Deger

Problemlerinde Kullanim:

Kadir Can Erbasg*

Bagkent University, Faculty of Engineering, Department of Biomedical Engineering, Ankara, Turkey

Abstract

Super ellipses or Lame curves introduced by Gabriel Lame have been frequently studied subjects in physics and engineering in
recent years. While the calculation of the area of super-ellipses is analytically possible, the lack of formulations for circumference
calculations is noteworthy. To overcome this deficiency, this study aimed to write a code that computes the circumferences of super
ellipses numerically and to find an approximate circumference formulation compatible with the numerical results. Additionally, the
perimeter formulation obtained shows that in a rectangular boundary condition, Laplace’s equation can be reduced to approximately
one dimension with super ellipses and a practical approximate solution to a difficult physical problem can be found.

Keywords: Super ellipse, Perimeter, Circumference, Laplace equation, Rectangular boundary

Oz

Gabriel Lame tarafindan tanitilan stiper elipsler veya Lame egrileri, son yillarda fizik ve mithendislikte sik¢a ¢aligilan konular olmustur.
Stiper elips alanlarinin hesaplanmasi analitik olarak miimkiin olsa da, ¢evre hesaplamalari i¢in formiillerin eksikligi dikkat ¢ekicidir. Bu
eksikligi gidermek i¢in bu ¢aligma, siiper elipslerin ¢evrelerini sayisal olarak hesaplayan bir kod yazmay: ve sayisal sonuglarla uyumlu
yaklagik bir ¢evre formilasyonu bulmayr amaglamistir. Ek olarak, elde edilen ¢evre formiilasyonu, bir dikdértgen sinir kosulunda,
Laplace denkleminin stiper elipslerle yaklasik bir boyuta indirgenebilecegini ve zor bir fiziksel probleme pratik bir yaklagik ¢6zim

bulunabilecegini gostermektedir.

Anahtar Kelimeler: Stper elips, Cevre, Laplace denklemi, Dikdortgensel sinirlar

1. Introduction

Super ellipses are shapes that can transform into ellipses,
rectangles and asteroids, first proposed by Gabriel
Lame (Gridgeman 1970). In Cartesian coordinates, it is
represented by using Equation 1.

Y
D (1

where 4, 4 and 7 are positive real numbers. For different

n

=1

n

4

a

values of 7, the shape of the super ellipse changes in
angularity, while variations in parameters 4 and 4 lead to
changes in the aspect ratio and size of the shape (Figure
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1). For similar figures, readers can see the paper of Erbas
(Erbag 2020) and web page of Wikipedia (Superellipse
2021). When the parameters  and 4 are equal, equilateral
shapes such as square (n— oo) and circle (n=2) appear. Some
authors prefer to call #=4 of these shapes as “squirc/e” and
some as “super circle’ (Li and Boyd 2015) When 7=4 and
a=b, it is called “rectellipse” (Weisstein 2021a, 2021b).

After Piet Hein's works on design (Hein 2021), super-
ellipses have become an interesting topic for many
disciplines such as architecture, design, physics, engineering
and computer vision (Gardner 2020). Recently, studies have
shown that products designed as round or curved polygons
are more preferred than angular or pointed polygons (Bar
and Neta 2006, 2007, Silvia and Barona 2009, Westerman et
al. 2012). Based on this, the popularity of super ellipses has
also manifested itself in the field of design and architecture.
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Figure 1. Super ellipses for different parameters. n100

(approximately square): 7=100, a=b=1; n4 (squircle): n=4, a=b=1,
n2 (circle): n=2, a=b=1; n15 (curved rthombus): #n=1.5, a=b=1; nl
(thombus): n=1, a=b=1; n23 (asteroid): n=2/3, a=b=1; n4k06 (super
ellipse): n=4, a=1, =0.6; n2k2 (ellipse): n=2, a=0.5, b=1.

Not only in design and architecture, but also in physics and
engineering, super-ellipses have reached widespread use.
Studies in this subject are summarized as diffraction optics
(Manenkov 2014, Kleev and Kyurkchan 2015, Manenkov
2019, Kyurkchan et al. 2019), superelliptical boundary
conditions in the Helmholtz equation (Panda and Hazra
2014), tire-ground contact area (Hallonborg 1996), contact-
force for packing (Delaney and Cleary 2010, Arifuzzaman
et al. 2020), radiotherapy (Méndez and Casar 2021),
electromagnetic source transformations (Allen et al. 2009),
shape fitting (Rosin 2000, Osian et al. 2004), computer
vision (Zhang and Rosin 2003), skull prosthesis modeling
(Lin et al. 2016) and superplasticity (Anishchenko et al.
2019, Anishchenko et al. 2020).

When studies in physics and engineering are examined
in more detail, it is seen that super ellipses are used in
calculations in mathematical physics. Nagornov et al. report
that equipotential lines of the capture potential of the 2x
NADEL ICR cell are formed as super-ellipses in the plane
perpendicular to the magnetic field (Nagornov et al. 2021).
Huang et al. 2021 reported that the interface between solid
and fluid domains in a Stefan problem changed from the
initial circular configuration to an up-down asymmetric
egg-shaped geometry. Also, square cylinders have become
a hot topic in engineering (Sert 2021) and therefore super-

Karaelmas Fen Miih. Derg., 2022; 12(2):166-176

ellipses can be used to model the temperature contour lines
that will form around the square cylinder.

Some researchers report that solutions of differential
or integral equations in near corner regions are difficult
compared to smooth bounds. (Bremer et al. 2010, Dhia et
al. 2021). Applying the finite element method in a boundary
condition with rounded corners is a time-consuming and
costly method because it is necessary to create a mesh with
many nodes. Even when the rounded corners are sharpened,
the calculations are correct, butlocally incorrect (Krahenbiihl
et al. 2011).

To overcome the difficulties in the corner regions, Erbas
showed that he could model the contour lines (equipotential
curves) of super ellipses with a good approximation in his
studies, in which he examined the approximate solution
of Laplace’s equation in rectangular boundary conditions
(Erbag 2019, Erbas 2020). Applying Gauss’s law for a
Gaussian surface defined on equipotential curves around
a square conductor, he could calculate the characteristic
impedance of a rectangular transmission line with a
reasonable approximation.

Assuming that the contours that will form around the
angular boundaries in two dimensions can be modeled
with convex super ellipses, it is important to know the
circumferences of the convex super ellipses in accordance
with the 2D divergence theorem. To the best of our
knowledge, there is no large-scale study in the literature
that covers the circumferences of all degrees and edge
ratios of convex superellipses. To address this important
shortcoming, a numerical method that can calculate the
circumferences of super-ellipses much more precisely and
an analytical formulation that overlaps with the numerical
results with a good approximation is proposed in this study.
With the proposed contour formulation, one-dimensional
approximate solution of Laplace’s equation in rectangular
boundary conditions is also obtained.

With the results of the study, perimeter calculations of
super-ellipses, which are increasingly used, will be facilitated
and practical solutions to the boundary value problems used
in physics will be offered. In addition, it will be able to ofter
a solution to the computational problems seen in the regions
with angular borders mentioned in the literature.

2. Material and Method

In Cartesian coordinates, arc length of a smooth function
y=f{x) between x=x, and x=x, is calculated using Equation 2
(Weir et al. 2005).
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2 dy b}
Lsz«/1+<dx>dx v)
In most cases, this integral does not come in terms of
familiar conventional functions and is expressed in functions
of complex structure, such as hypergeometric functions.
Although the difficulty of integrating due to the square root
is tried to be overcome with numerical calculations, it costs
a lot of effort to write the computer codes for numerical
calculations. Moreover, in regions where the derivative
approaches infinity, the numerical sum may produce
erroneous results.

A familiar solution to overcome this problem is to calculate
the perimeter in a different coordinate system. The first
coordinate system that comes to mind is polar coordinates,
the formulation of which is given in Equation 3. For a closed
curve, 0, and 0, limits can be selected as 0 and 27. Equation
4 is a parametric arc length formula for an ellipse (Weir et
al. 2005). To compute the quarter perimeter of ellipse, #, and
¢, can be chosen as 0 and /2 (Abbot 2011).

02 2
1= [ (2T
o= [T

2.1. Numerical Computation of the Perimeter

©)

(4)

To find a formulation that predicts the circumference of the
super ellipse expressed by Equation 1, the notation and basic

concepts are explained in Equation 5 (Superellipse 2011).
Perimeter of a super ellipse of degree # is given by

P.(a,b) = aP.(1,k) = 4a (L. (k) +S.(k)) (5)

where £=4/a is the ratio of the minor axis to the major axis
and the subscript 7# denotes the degree of the super ellipse.
L (%) and § (%) show the arc lengths above and below the
diagonal respectively. The numerical calculation of the L
value is easier than for the § value because while the y/
dx derivative takes values close to zero in L , it approaches
infinity for § (Figure 2A). Large derivatives can cause some
numerical difficulties in the perimeter integral. Therefore,
the length S can be calculated for a super-ellipse where the
arc is positioned more horizontally (Figure 2B). The integral
expressions for L and § are as follows:

y=k(l—z)" (6)
NS | n 2l
% = ke (1-2")7 " = q _’“;”n) == k(1 E5)"
(7)
Using Equation 2 leads
a=g PN
L= [ ()" @ (8)

z=0

S (%) can be calculated from both Figure 2A and B as in
Equation 9.

2n—2

S, (k) = j1/1+k2(1f"x,n) T do
(@/k)"

2
=k.271/" 1

—u/w) dr

9)

2n—2
n

AY
IR e T H
2 (k)
‘\
\‘ ;
- A Llk) Figure 2. A) The first
il S (k)‘\‘ \/=X/ k quarter of a super ellipse
\/—kX | " %i with a=1 and 4=£. Arc
‘ i lengths of the arcs AB and
| Ci  x X BC are denoted by L (%) and
2 1 " P o § (%) respectively.

B) Rotated and mirrored
version with a=£ and 4=1.
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The curve in Figure 2B is obtained by writing 1/k instead
of k in the curve in Figure 2A and enlarging it k times.
Applying the =x/% transformation to the second integral of
Equation 9, Equation 10 and 11 are obtained.

(=271n
/1+

=4<Ln(k) +k L.(1)) (11)

Ta=k (L) o

P,(1,k)

In Equation 9, the first and second integrals come from
Figure 2A and B respectively. Equation 10 gives the
and §. Finally, Equation 11
expresses the perimeter of a super ellipse with unit semi-
major axis in terms ok L (%) defined in Equation 8. P (1,%)
in Equation 11 (Superellipse 2011) is the key factor for the

calculation of all super ellipses with different ratios and

relationship between L

degrees by the help of Equation 5.

Using Matlab’s numerical integral tool (R2021b), L (%)
values in Equations 8 were computed with 0.10 step size
in the range O<k<I and 7<n<20. Perimeters P (1,k) in
Equation 11 were finally computed and recorded in Table
1. The Matlab code for this numerical computation is given
in the Appendix.

2.2. Suggestion of a General Perimeter Formula

The two special cases of super ellipses, n=1 and n=co,
correspond to rhombus and rectangular shapes, respectively

(n1 and 7100 in Figure 1). Their perimeters with semi-axis
1 and £ are given by Equations 12 and 13 (Mathisfun 2020).

=4/1+E =4(1+k)2 (12)
Pw(k)=4(1+k)=4(1+kl)% (13)

One can assert that the power in Equation 9 and 10 change
with the degree of super ellipse (7). Therefore, a general
perimeter formula for a super ellipse of degree # and axis
ratio 4 can be assigned as

P.(k) =4(1+k")ww (14)

where s(7) represents the power in terms of the degree with
specific values s(7)=2 and s(e0)=1. However, this is not the
only suggestion without any alternatives. In equation 15, by
writing o(7)=0 and a(0)=2, equations 12 and 13 can be
obtained, respectively. Moreover, by combining Equations
14 and 15, Equation 16 can also be assigned as an alternative
formula for super ellipse perimeter formulation.

P(1k)=4(1+a(n) k+k)? (15)

P.(1,k) = 4(1+ak™ + k) 50 (16)

As a third alternative, Ramanujan’s (Ramanujan and Hardy
1962) ellipse approximation in Equation 17 can be used
as a basis (Villarino 2005). Equation 18 is Ramanujan’s
approximation expressed with four parameters (4, B, C and
D). The values 4,=n, B,=3m, C,=10 and D=7 are valid for
the ellipse.

P (Lk)=n|1+k+ 3(1L—k)" (17)
’ 10(1+k) +4/1+ 14k +&°

PALE) = A (1+F) + B.(1 k)" 18)
o ' C.(1+k)+y/1+2D,k+k

It is clear that 24 will give the circumference of the
k=1 super circle, since in the case of k=1 there will be 24
remaining from Equation 18. Of the other special super
ellipses, the relevant parameters for n=1 should be 4= 2 V2,
B=2,C= V2/2 and D =0 because under these conditions

Table 1. Perimeters of super ellipses calculated by numerical integration 2 in the Appendix.

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1.0 4.020 4.079 4.176 4.308 4.472 4.665 4.883 5.122 5.381 5.657
1.5 4.033 4.122 4.257 4.429 4.631 4.857 5.105 5.369 5.648 5.939
2.0 4.064 4.202 4.386 4.603 4.844 5.105 5.382 5.672 5.973 6.283
2.5 4.099 4.277 4.497 4.746 5.015 5.300 5.598 5.906 6.223 6.547
3.0 4.130 4.339 4.586 4.857 5.146 5.448 5.761 6.082 6.410 6.745
4.0 4.179 4.430 4.712 5.013 5.328 5.653 5.985 6.324 6.669 7.018
6.0 4.240 4.538 4.857 5.190 5.531 5.880 6.234 6.592 6.953 7.318
9.0 4.288 4.618 4.963 5.318 5.678 6.043 6.412 6.783 7.157 7.533
20.0 4.347 4.715 5.090 5.469 5.851 6.235 6.620 7.007 7.395 7.784
inf 4.400 4.800 5.200 5.600 6.000 6.400 6.800 7.200 7.600 8.000
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the Rhombus circumference in equation 12 is obtained. In
the case of n=co, B_=0 is sufficient to obtain equation 13
with a rectangular perimeter.

Since at £=0 all P (1,%) values will approach 4, parameter B,
can be expressed in terms of others. Equation 19 guarantees
to give the perimeter value correctly for the extreme values

of k=0 and k=1.

P.(1,k) :w(l +k)

(4-P,(1,1)/(1+C,)(1—k)*
C.(1+k)+y/1+2D,k+k

(19)

In short, there are 4 different perimeter formulation
alternatives so far (Equations 14-16, 19). As a result of
many curve fitting methods tried with these functions, it
was seen that Equation 19 gave the best values. As a result,
it was aimed to find the parameters in Equation 19 for each
n value.

2.3. Computation of the Parameters for the Perimeter
Formula

In Equation 19, the two unknown parameters to be
calculated by curve fitting are parameters C and D. The
desired parameters were calculated for certain n values with
the Matlab Curve fit tool (Matlab 2021). When choosing
n values, those giving approximately equally distributed
perimeter values for the super circle were chosen. For the
k ratio of the super ellipse, steps with 0.05 were preferred.
Selected 7 and £ values for Curve fit are

n=1{10,131517 1.8 2.0, 2.2, 2.5, 3.0, 4.0,
6.0, 9.0, 20.0%;
k={0.0, 0.05, 0.10, 0.15, ..... 1}.

(20)

First, the parameters for the n=2 ellipse were found with
curve fit, unlike the values found by Ramanujan (Villarino

2005), as in Table 2.

For all n values in Equation 20, parameters C and D were
obtained with errors less than 10*. The C and D, parameter
sets were fitted as a function of 7 and directed to surface fit
tool to find the most general P (7, £) function. After several
trials and intervening curve fits, an appropriate P (7, %)

Table 2. Curve fit results for n=2.

function was found with surface fit with RMSE: 0.001598.
Surface fit results are presented in Equation 21.

P(Lk) =(1176(1 -1 )" +2.825)(1+)
‘ (~0.03%n*+25+n—16.6) (1—F)*
(10+ 72 +0.2 40— 7.6) (1 +K) + (1~ 1550 +5)y/ 14240 «(1- 1) "2

(21)

3. An application of Physics: Potential Around a
Square Conductor

3.1. Numerical Solution

Can contour lines be modeled with super ellipses and
reduced to 1 dimension under ideal conditions? To find the
answer to this question, the potential distribution around
a conductive square whose potential is held constant was
studied as a boundary value problem, whose contour lines
resemble super ellipses. The problem in question was defined
between a 50 unit radius circle, held at a concentric potential
of 0 volts, and a unit radius square with a potential of 1
volt, as shown in Figure 3. The boundaries of the square are
the 1-volt equipotential curve. As you move away from the
square, the equipotential curves will become more and more
rounded because at infinity the square becomes pointlike
and the equipotential curve approaches the circle. This
means that the first contour line at the square is n=co, and
the one at infinity is n=2 super circles. Contours in between
form a family of super ellipses going from n=eo to n=2.

'This problem can be expressed mathematically as in Equation
22-24 and Figure 3A, B. It was solved by MATLAB PDE
tool and the potentials V(x,0) at some points were recorded

as in Table 5.

ViV (x,y) =0 (22)
V(,y) =V(-1l,y) =lal—1<y < and (23)
V(z,1)=V(r,—1)=lat—1<z<1 (24)
V(z,y) = 0at x>+ y* = 50*

3.2. Approximated Solution

Can this boundary value problem be made 1-dimensional
with respect to x by transforming x"+y"= 4" in symmetric

General model P,(1,k) = pi*(1+k)+(4-pi)*(C+1)(1-k)"2/(C*(1+k)+sqri(1+2°D*%+k"2))
Parameters C=12.33 D=8.997
Goodness of fit SSE: 1.918e-008 R-square: 1 RMSE: 3.177¢-005
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Contour: ¥V Height: v

®

Contour: V Height: vV

Figure 3. Equipotential lines of Equations 22-24. A) Full scale, B) zoomed scale. Inner square and outer circle are held at V=1 and V=0

respectively.

pdpL

o ]uy

u

u=1

p=l A rrdi

Figure 4. Equipotential lines between two neighboring contours.
E, and E, represent any of two electric field lines (gradient).

conditions, similar to how Laplace’s equation is reduced to
1 dimension with respect to r with «’+)?=? transform in
circularly symmetric conditions? Proving this is the subject
of a separate study. In this study, it will be assumed that
it can be reduced to 1 dimension and the results will be
compared. Under this assumption, the superellipse degree

[ (]

n” should be taken as a function of .
3.2.1. Finding n()

In a one-dimensional problem, the electric field must be
of constant magnitude on each equipotential curve. As you
move away from the squared boundary, x increases and »
decreases. A suitable choice of 7(y) in Equation 25 (Erbag
2019, Erbas 2020) can explain increasingly rounded families

Karaelmas Fen Miih. Derg., 2022; 12(2):166-176

of super circles. To find the appropriate 7(x) function, on the
contour of a given x value, it must depend only on y in the
electric field (Equation 26 and Figure 4).

xn(#) + yn(u) — /ln(ﬂ) (25)
dv(p)
dp
If the electric field (E) and potential difference (dV) are

homogeneous on the contour, then according to equation 26,

E=VVsE(p)=— (26)

the perpendicular coordinate length d is also homogeneous
on the contour. The area dA of the region of thickness du
is expressed as in Equation 27, depending on the contour
perimeter P.

Pp)dpe = dA(s2) = P () = 2412

au
The perimeters P(yu) and areas A(u) of super circles are

@7)

directly proportional to their radii and their squares,
respectively, with coeflicients p(7) and a(n) (Erbas 2020).
Therefore, perimeters and areas can be expressed as in
Equation 28.

P(u) =-p(n) and A(1) = 1a(n) (28)

If equation 28 is substituted in equation 27, a differential
equation depending on x and # is obtained as in Equation

29.
da(n)
a (29)

=p(n)=2a(n)+ ﬂg—z d%;n)

up(n) =2pa(n) + p*

The solution of Equation 29 is Equation30 with & denotes
derivative of @ with respect to 7.
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e
= o) —2a(m) "MW1

f a.(n)-dn

J pln)—2a(n)
Since the boundaries have equal axis, the perimeter
coefficient p(7) in Equation 31 can be obtained by writing

k=1 in Equation 21 and area coeflicients a(n) (Weisstein
2021a) is given by Equation 32.

(30)
= exp

p(n) =2.352(1— 1) +565 (31)
|
F =
a(n) =409 JEM (32)
r(g+)

From the solution of the equations, a function that gives
n(u) is obtained. When these functions are fitted to the
appropriate functions, the following results are obtained
with RMSE=1.333*107 which has very high accuracy.
Equation 33 gives the degrees of the rounding super circles
shown in Figure 4.

nip) =2+ 2L

u (33)

3.2.2. Finding the Potential V()
'The problem given by Equation 22-24 is a Laplace equation

in quadratic symmetric boundary conditions. Assuming the
contour lines will be modeled with Equation 33, Laplace’s
equation can be expressed in 1 dimension according to y
with the help of Gauss’s Law. The equipotential surface
corresponding to a given value x defines a super circular
closed cylinder of circumference P(u) of length L. Since
the electric field will be constant on this cylinder, the
closed surface integral can be written as in Equation 34 and
potential 7 can be solved as in Equation 35. Parameters ¢
and €, denote charge and permittivity of vacuum respectively.

$rda=-pa=L .-G ppw=L 04
Vi) -V =7 [ 5 (35)

To obtain the 7/P(u) function in the integral in Equation
35, Equations 31 and 33 are combined to find P(y) as in
Equation 36. The inverse of this function, 2/P(x), fits very
well with the function shown in Equation 37.

P(p) = up(n) = 2352p(1- L) + 5,654

1 __ 01608
P(a) ~ 2 +0.259

(36)

(37)
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When the function in Equation 37 is substituted into the
integral in 35, it gives a function in Equation 38 form with
two unknown parameters (A and C). Here, A and C depend

on the boundary conditions.
V(e) =AIn(pe+0.2595)+C (38)

Since the boundary values are V(1)=1 and V(50)=0, the
function V{u) that provides these values is represented by
Equation 39.

[ p+02595 1+0.2595
V(p) = f”[ 50 +0.295 ]/ I"[ 50 +0.295

Finally, equation 40 is the intended approximate solution to

(39)

the boundary value problem. Its derivative function is the
expression of the electric field and is given in Equation 41.

+0.2595

V(g) =—0.2712 ~In[#5ow] (40)
_ 02712

E(1) = 302595 (41)

'The formulations shown by Equation 40 and 41 can explain
the potential or electric field on the x-axis, y-axis and y=+-x
lines with good approximation. To find the value at any (x,y)
point, it is necessary to find the 4 value corresponding to
each (x,y) point based on Equation 25. Using the modeling
of contour lines with super ellipses, Erbas calculated the
capacitance of square-shaped capacitors or the characteristic
impedance of transmission lines. (Erbag 2020).

4. Results and Discussion

Matlab numerical integral tool was used in two different
ways to calculate the circumferences of convex superellipses
numerically. In the first, the integral is taken directly from
zero to one, while in the second, it is taken from two
different parts (as in Equation 11). The consistency of the
two different numerical methods tried was tested with
the elliptic integral function giving the circumference of
the ellipse (n=2). The codes of these integral methods are
given in Appendix as “Numerical Integration 1 (NI 1)” and
“Numerical Integration 2 (NI 2)”, respectively. The results for
some extreme values of the ellipse are listed in Table 3 with
their relative errors.

As can be seen from Table 3, NI2 gives better results for
the ellipse circumference. Therefore, when calculating the
circumferences of superellipses with difterent degrees,
NI 2 was taken as reference. The approximate perimeter
formulation proposed in this study (Equation 21) and
Aldaher’s approximate perimeter formulation (Aldaher
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Table 3. Peripheral arc lengths of some ellipses for different values of k by numerical integration 1 and 2 with their relative errors with
respect to elliptic integral of the second kind.

k Elliptic Int NI1 NI2 Error1 Error2
0.05 4.019426 4.019426 4.019426 1.33E-12 0
0.5 4.844224 4.844224 4.844224 3.08E-14 0
1 6.283185 6.283185 6.283185 4.93E-14 0

Table 4. Peripheral arc lengths of some superellipses for different values of 7 and # by numerical integrations, web calculators and
approximated formulas with relative errors with respect to NI 2.

n k NI1 NI2 Procato Had2know Aldaher Eq.21
1.1 0.05 4.00515 4.00515 4.01000 4.00600 4.00908 4.00920
1.1 0.5 4.48252 4.48252 4.48000 4.48300 4.50899 4.47944
1.1 1 5.67712 5.67712 5.68000 5.67800 5.70411 5.67530
4 0.05 4.07324 4.07326 4.07000 4.07300 4.09252 4.07471
4 0.5 5.32784 5.32803 5.33000 5.32700 5.39194 5.32755
4 1 7.01730 7.01770 7.02000 7.01600 7.04689 7.01554
80 0.05 4.05878 4.19159 4.19000 1.23200 4.21641 4.19015
80 0.5 4.63377 5.96195 5.96000 1.77300 5.94028 5.96280
80 1 5.28863 7.94499 7.94000 2.30600 7.85535 7.94674
Rel.Err Rel.Errx Rel.Err Rel.Errx Rel.Err Rel.Err
1.1 0.05 2.15E-09 0 1.21E-03 2.13E-04 9.83E-04 1.01E-03
1.1 0.5 2.81E-08 0 -5.62E-04 1.07E-04 5.90E-03 -6.87E-04
1.1 1 1.34E-08 0 5.08E-04 1.55E-04 4.75E-03 -3.19E-04
4 0.05 -4.85E-06 0 -8.01E-04 -6.42E-05 4.73E-03 3.54E-04
4 0.5 -3.71E-05 0 3.69E-04 -1.94E-04 1.20E-02 -9.05E-05
4 1 -5.64E-05 0 3.28E-04 -2.42E-04 4.16E-03 -3.08E-04
80 0.05 -3.17E-02 0 -3.80E-04 -7.06E-01 5.92E-03 -3.44E-04
80 0.5 -2.23E-01 0 -3.27E-04 -7.03E-01 -3.64E-03 1.43E-04
80 1 -3.34E-01 0 -6.27E-04 -7.10E-01 -1.13E-02 2.21E-04

2012) were calculated and compared with numerical
studies. Also, two calculator sites related to super ellipse
circumference calculations have been found on the
internet and the results on these sites are Procato (Natural
Superellipse 2022) and had2know (Lamé Curve Calculator
2022) are included in the comparison in Table 4.

It can be seen from Table 4 that the calculations deviate
more from each other as the degree of superellipse gets
larger. If the degree is 80, the superellipse will look more like
a rectangle, so its circumference will be closer to the value
of Equation 13. Similarly, the n=1.1 super ellipse should
come out close to the value from equation 12. According
to the results in the table, it can be said that the NI 7 and
had2know calculator results are largely bankrupt. At small
degrees, the procato calculator gives a larger error than the

Karaelmas Fen Miih. Derg., 2022; 12(2):166-176

others. According to these results, it can be said that the
best numerical method is NI 2 and the best approximate
formula is Equation 21. Equation 21, which is the product
of this study, proves that the degree of super ellipse 7 and
the edge ratio £ is a large-scale approximation with a relative
error between Ze-3 and Ze-4 in almost every scale. In more
detailed error measurements, it was seen that Equation 21
gave an absolute mean relative error of 2.43¢-4 compared
to VI2.

The potential values computed with the numerical solutions
of Laplace’s equation with MATLAB PDE tool and the
potential values calculated from Equation 40 approximately
are shown in Table 5. Additionally, this table also shows the
percentage errors of the approximate method compared to
the numerical method.
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Table 5. Numerical solution (V') and approximate analytical solution (V) with percentage errors

p \4 Y%er p \4 Y%er
1.00 1.0000 1.0000 0.00 8.47 0.4744 0.4748 0.09
1.33 0.9478 0.9364 -1.21 10.11 0.4270 0.4281 0.27
1.65 0.9004 0.8866 -1.54 12.07 0.3797 0.3812 0.39
2.02 0.8531 0.8397 -1.57 14.41 0.3324 0.3340 0.49
2.43 0.8058 0.7943 -1.43 17.21 0.2850 0.2867 0.58
291 0.7584 0.7495 -1.17 20.54 0.2377 0.2393 0.68
3.48 0.7111 0.7051 -0.84 24.53 0.1903 0.1917 0.75
4.17 0.6637 0.6592 -0.68 29.28 0.1430 0.1442 0.82
4.97 0.6164 0.6137 -0.44 34.95 0.0957 0.0965 0.88
5.94 0.5691 0.5675 -0.27 41.70 0.0483 0.0490 1.37
7.10 0.5217 0.5213 -0.07 50.00 0.0000 0.0000 0.00

5. Conclusion

In this study, a general formula that describes the
circumferences of super-ellipses is proposed and an
approximate solution method of the Laplace equation to
obtain electric potential in square boundary conditions is
proposed with this formulation. The mean absolute error of
the perimeters calculated by this approximated perimeter
formula is 0.0243%. The average of the absolute errors in
computing potential is 0.74%.

With the information obtained in this study, the
circumferences of super-ellipses can be calculated more
precisely numerically or can be obtained with a good
approximation using a simple formulation. Also, in an
angular boundary condition, boundary value problems can
be simplified. The methods proposed in the study are open
to development and can be generalized to methods that
can yield appropriate results even under rounded-corner
boundary conditions. Considering that super-elliptical
forms will be used more widely in the future due to the
negative aspects of angular devices or materials, further
development of the work should be expected in the future.
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APPENDIX
% Numerical Integration 1 for MATLAB R2021b
n=4; k=0.5;

xmax=1; fun5 = @(x) sqrt(1 + (((1-x."n).A(1./n-
1)).*%k.*.N(n-1)).A2 );

P_1 = 4*integral(fun5,0,xmax);

% Numerical Integration 2
xmax=2.7-1/n);

fun5 = @(x) sqrt(1 + ((1-x.An).A(1./n-1)).%k.*x.M(n-1)).A2
); % Integrand of L_n

fun6 = @(x) k*sqrt(1 + (((1-x.An).A(1./n-1)).5(1/
k).*xAM(n-1)).A2); % Integrand of S_n

L_n = integral(fun5,0,xmax); S_n = integral(fun6,0,xmax);

P_2=4*(_n + S_n);
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A New Paradigm on the Qualitative Behavior of Chua’s Circuit

Chua Devresinin Kalitatif Davranisi Ugzerine Yeni Bir Paradigma

Muzaffer Ates* ®, Muhammet Ates

Van Yuzuncu Yil University, Van, Turkey

Abstract

Today, the qualitative behavior of dynamical systems is a very important subject of control theory. Based on this, we consider the
stability and instability properties of the equilibrium points of Chua’s circuit under suitable conditions by the Lyapunov direct method.
'This method gives us qualitative information directly without solving the given systems. From this circuit, we construct suitable energy
or candidate Lyapunov function and then apply the method as a tool to investigate the global asymptotic stability and instability of the
system. We also determine under which conditions the system behaves as a chaotic system or a memristor. In this study, we realized
that an unforced dissipative dynamical system with bounded initial states has zero solution or motion at infinity. Some simulation
results and examples are given to verify the obtained theoretical predictions.

Keywords: Chua’s circuit, Lyapunov stability, Memristor, Nonlinear RLC circuit

Oz

Guniimiizde dinamik sistemlerin niteliksel davranigi, kontrol teorisinin ¢ok énemli bir konusudur. Buna dayanarak, Lyapunov
direkt yontemi ile Chua devresinin denge noktalarinin uygun kogullar altinda kararlilik ve kararsizlik 6zelliklerini ele aliyoruz. Bu
yontem, verilen sistemleri ¢6zmeden bize dogrudan niteliksel bilgi verir. Bu devreden, uygun enerji veya aday Lyapunov fonksiyonunu
olusturuyoruz ve daha sonra ydntemi, sistemin global asimptotik kararhligini ve kararsizligini aragtirmak icin bir arag olarak
uyguluyoruz. Ayrica sistemin hangi kogullar altinda kaotik bir sistem veya bir memristor gibi davrandigini da belirleriz. Bu ¢aligmada,
sinirh baglangi¢ durumlari olan bir zorlamasiz tiiketen dinamik sistemin sonsuzda sifir ¢oziime veya harekete sahip oldugunu fark ettik.

Elde edilen teorik tahminleri dogrulamak i¢in baz: simiilasyon sonuglari ve 6rnekler verilmistir.

Anahtar Kelimeler: Chua devresi, Lyapunov kararlilifi, Memristor, Dogrusal olmayan RLC devresi

1. Introduction

In this study the handled Chua-like circuit is a third-order
nonlinear autonomous circuit with at least one nonlinear
element (/VR), one linear resistor and three linear energy
storage elements (Adamatzky et al. 2013). In 1983,
Chua realized that chaos could be produced in such third
section- order circuits when shows symmetric piecewise—
linear characteristics (Vyz—Ixz), but this is not necessary
(Adamatzky et al. 2013), it can also be realized with a cubic
characteristic (Chua 1992, Zhong 1994). Since Chua’s
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circuit has become a reference circuit for studying chaos.
Chaotic systems can be found in physics (the Lorentz
actuator), in finance, in biology, or electrical circuits
(Chua’s electrical circuits) which have found interest in the
literature (Sene 2021, Srisuchinwong et al. 2007). Here,
we will study three different aspects: stability, instability
and chaos properties of the circuit. We give the conditions
(for NR) under which the present model exhibit stability,
instability and chaos. We support our theatrical results with
graphical representations in 3D. We turn out our discussion
on the stability and instability of the defined circuit with
the more general nonlinear characteristic of NR. We also
discuss the chaotic behaviors of the circuit for symmetric
of  Vip—Ing.
understanding nonlinear phenomena will become more and

piecewise-linear characteristics Hence,

more important as time goes (Johnsen 2012), since nature
itself is nonlinear. Therefore, the qualitative behavior of


https://orcid.org/0000-0001-5725-9580
https://orcid.org/orcid-search/search?searchQuery=0000-0003-2223-2745
http://0000-0001-5725-9580
http://0000-0003-2223-2745

Ates, Ates / A New Paradigm on the Qualitative Behavior of Chua’s Circuit

many nonlinear systems (of any order) such as biological,
electrical, mechanical and neural systems are analyzed today.

The term szability is a device of some sort that operates
under certain general conditions (La Salle and Lefschetz
1961). Stability is the heart of control theory (Gil 2005).
‘Therefore, the Lyapunov direct method is a very efficient
tool to determine the qualitative behaviors of dynamical
systems (Sugie and Amano 2004, Zhang and Yu 2013). The
Lyapunov characterizations of the fractional differential
equations are detailed in (Sene 2020), and fractional input
stability is addressed in a recent paper (Sene 2019). Unlike
these studies, we construct the Lyapunov function from the
storage elements of the circuit that fortified the application
of the method. For stability analysis of differential equations,
the proposed approach improves some relevant studies such
as (Sugie and Amano 2004) and (Tunc and Tunc, 2007).
Because the derivative of the Lyapunov functions in these
studies may be in the form of (2) at a blow, but they are not
(for explanation see section 4). So, the proposed approach
can apply to a fourth-order elliptic filter (Seidi et al. 2007).

In this connection, we shall cite some excellent studies in
the relevant literature discussing qualitative behaviors of
certain circuit systems (Chua et al. 1986, Kennedy 1994,
Tchitnga et al. 2012, Kocamaz and Uyaroglu 2014). Here,
we applied the Lyapunov method to certain third-order
nonlinear RLC circuit systems. Passive systems are stable,
in this respect a novel passivity property of nonlinear RLC
circuit investigated in (Jeltsema et al. 2003).

The rest of this paper is organized as follows. Section 2
presents some definitions and auxiliary results. Section 3
deals with three main results and simulations. Section 4
deals with the discussion. Section 5 closes the paper with a
short conclusion.

Let’s give the following fundamentals relevant to the subject
before the main results.

2. Preliminaries

A dynamical system is investigated as a theoretic
mathematical model that maps inputs (excitations, causes)
into outputs (responses, effects) by a set of intermediate
variables (state variables). In this investigation, we consider
the nonlinear dynamical system of the form

() = f(x(t),2(0) =z, Vt > 0, 1)

where t € R*(R" =[0,00)) denotes time, z € R" denotes
the state of the system, f:R" — R" satisfies global Lipschitz
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condition. The state vector z(t) €D, in which DS R"
is a domain that contains the origin z=0. A constant
vector z.€ D is said to be an equilibrium state of the
system (1) if the condition f(x.) =0 is satisfied, where 0
is the null vector. The velocity vector %(t) vanishes at the
equilibrium state ., and therefore the constant function
2(t)==z. is a solution of (1). We assume that (1) is well
posed, that is, there exists a unique solution :[0,00) — R"
for every initial data 2(0)=2,€R", and = depends
continuously on z, according to the normed topology on
R". Let £(0) =0, f(z)#0 for x# 0.Let the measured
output of (1) is z (). The energy or the Lyapunov function
E(t)=E(z) e C'(R",R.) of (1) is positive definite
function (pdf) and continuously differentiable along the
motions of (1) such as

L p(e () = ().

Now,we can define some properties of the energy (Lyapunov)
functions. The following two definitions are from (Zhong et
al. 2009).

Definition 1 A function @ (R.,R.) is of class K if it is
continuous, strictly increasing, and @(0) =0 A class K.
function @(r) is a subset of class K if a(r)— oo as

T — 00.

We extend Proposition 2.1 (Zhong et al. 2009) as the
following definition:

Definition 2 A function E(z) € C'(R",R.) is said to
be positive definite, decrescent and radially unbounded
function if there exist functions ¢ and B of class K, and
some pdf 7 such that

(@) a(z]) =B zl)vt=0,vz e R,

(ii) E(0) =0,

(ii)) £(z) <=y (lzl) =o0.

For globally asymptotically stability of our discussion, we
may give the following definition (Haykin 2009).

Definition 3 The equilibrium state z. is said to be globally
asymptotically stable if it is stable and all trajectories of the
system (1) converge to x. as time # approaches infinity.

Corollary 1 For any unforced dissipative dynamical system,
the time derivative of the storage (Lyapunov) function E(t)
along the system trajectories is

E@==>" RF=-Y" 1%,- V<0 ®)

where R; > 0is the resistance, I;and wv; are the current

and voltage of the i#h component of the system. For a
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conservative or Hamiltonian system (Ri=0,E(t)=0).
'The physical significance of (2) may be found in a recent
study (Ates 2021).

We are now in a position to state and proof our main results.

3. Main Results

Now with the above projection, we can easily discuss
the qualitative behaviors of the following Chua’s circuit
(Adamatzky et al. 2013).

Figure 1: Chua’s circuit with nonlinear resistor NR, Iz = p(z).

Here, Iy for the stability and instabilitty analysis of the
above circuit may be in the form p(z) = Exz'"” + 1z, where
ne€N,N=1{1,2,3,..} and k> 0 is a constant. The circuit
shown in Figure 1 generates the following system (with
L= Vety§ = Very 2 = 11)

(3)

Theorem 1 The invariant equilibrium point (0,0,0) of (3) is
globally asymptotically stable or this point makes the system
lossless if p(x) satisfies the followings:

(i) p(0) =0,

(i) p(z) =0,

(iii) zp(z) = 0,

(iv) p(z) — +o0 as  — +oo.

Proof The storage energy function E,(t) = E, (z,y,2) of the
circuit in Figure 1 from power-energy relationship of the
circuit theory is

Et) =50z’ + 5 Coy’ + S L2".

Karaelmas Fen Miih. Derg., 2022; 12(2):177-182

The energy function (E:R° = R") satisfies
(1) El (07070) = Oa
(i) E\(z,y,2) >0,Vz,y,z€ R—1{0,0,0}.

E is confirmed by the Definitions 1 and 2. Thus, E; is a
pdf. Then, we write

El (t) 2 %Ch’lfz.
The time rate of change of E(t) along trajectory (3) is

given by
: _ T=YY X 2

E(t)= _R<T) —( o (@) >p (z).

E.(t) is in the form of (2). Thus, E,(t) <0 on R*,
Ei(00) =0and E,(x) - o0 as 2°+7y’+2z"— co. Hence,
(3) have bounded motions. The set .S where £, =0 is
10,0,0} . This implies that the origin is the only invariant
subset of S. Then, the zero motion {0,0,0} or the
equilibrium motion of (3) is globally asymptotically stable.

Hence, E, with the associated system satisty the properrties
of Definitions 1, 2 and 3. Consequently, one may conclude
that (3) is lossless at infinity, that is, 2(co) = 0. For convince,
see Figures 2a and 2b with ¢, =C,=1F,L=0.1H,R =1,
and p(x) = %:ﬁ.

Figure 2A: Stable phase portrait of the system (3).

In addition, recall that (0,0,0) is the only invariant
equilibrium state of (3). For p(z) =z’+z, we have the
following Jacobian matrix for (3) about equilibrium state
(with R=C,=C,=L=1)

-2 1 0
1 -1 -1
0 1 0

which has the following eigenvalues:
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-2.5214 + 0.0000i, -0.2393 +0.8579i, -0.0.8579i.

The negative real part of the eigenvalues implies that system
(3) is stable. Both the results obtained by the Lyapunov
method and the Jacobian matrix method are compatible
with Definition 3.

0 5 10 15 20
t

Figure 2b. Stable time series solutions of system (3).

Theorem 2 The system (3) is unstable if the (ii) condition of
Theorem 1 is replaced by

»(0)<0.

2n+1

Proof In this case,let p(z)= %x —xz . Now, the condi-
tion (iii) of Theorem 1 is not satisfied in the neighborhood
of the origin, that is, zp () <0. In this case, E.(¢t) >0
implies that system (3) is unstable. The phase portrait in
the neighborhood of the origin (0,0,0) blow-up which is
a fundamental difficulty in the study of nonlinear systems

and the time series solutions of (3) do not converge to the

equilibrium point for large time # This explanation matches
with Figures 3a and 3b. Here, all the parameters of (3) are
the same as defined in the above simulations, but only p (z)
is different. The explanation for the new p(z) will be given
in the following example.

Moreover, in this case, the Jacobian matrix

01 O
1 -1 -1
01 0

verifies the instability of the system (3).

Example 1 For n=1,p(z)= 3—10:1:3 —x  third-order,
xp(z) <0 (in the neighborhood of the equilibrium) which
contradicts with (iii) of Theorem 1.

Theorem 3 The system (3) is chaotic if the nonlinear resistor
NR in Chua’s circuit represents symmetric piecewise-linear
(Vg — Ivz) characteristics with negative slopes.

Proof Now, NR can represent the working process of a
memristor or Chua’s diode such that

br+ (b—a)x,if * < —xo
p(x) =1ax,if —xo <z <120 (4)
br + (@ —b) o, if * < —x0

where x0>0,a <0, and b <0 are constants. In this case,
the system (3) can be represented by (4). With the following
graphic (Figure 4) which has three equilibrium points:
one at the origin where VR has a locally negative slope or
conductance 4, and the two others occur at +x,, where
NR has a locally negative conductance 4. The new one may
represent an affine system, that is, p (0) #0.The Lyapunov
function at the equilibrium points:

X,Y,Z
-

@ ¢

Figure 3: A) Unstable phase portrait of the system (3). B) Unstable time series solutions of system (3).
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(i) E.(0,0,0) =0,
(11) E, (ixo, + Yo, + Zo) 75 0.

'The second condition contradicts with the minimum energy
configuration at the equilibrium point. The chaotic behavior
of the system (3) with (4)

INR

T (b —a)xg

(a—b)xy 4~

Figure 4: The driving point characteristic of the nonlinear resistor
NR in Chua’s circuit has breakpoints at o . The driving point
characteristic of the nonlinear resistor VR in Chua’s circuit has
breakpoints at +xy and slops  and 4.

'The chaotic behavior of the system (3) with (4) is depicted
in Figure 5.

5000
0
N
-5000
-10000 .|
500
5000
0 0
-5000
y 500 -10000 =

Figure 5. Phase portrait of the system (3) with (4).
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4. Discussion

The proposed approach can also be used in the stability
analysis of first, second and higher-order (more than 3+
order) differential systems, especially RLC circuits and
elliptic filters (Saeidi 2007). In addition, the nonlinear
element (IVR) of Chua’s circuit is treated as a cubic nonlinear
element form p(x) = ax + bx® where a,b > 0 are constants
in the relevant literature (Zhong 1994). But, in this study,
we relaxed this condition to the most general characteristic
of the element as defined above system (3). Moreover,
according to the proposed approach the directional
derivative of the Lyapunov function of an unforced system
is equal to the negative value of the dissipated power. This
approach improves some existing conclusions. For example,
according to the proposed approach, the derivative of
Lyapunov function for system (E") in (Sugie and Amano
2004) will be V'=—y* that is in the form of (2). But in
(Sugie and Amano 2004) it is a long equation and it is not
in the form of (2). This is just one example.

5. Conclusion

In this paper, the global asymptotic stability, instability and
memristive performance of nonlinear third-order systems
have been investigated. The paper presents a new idea to
determine the construction and derivative of the Lyapunov
function from the perspective of physical meaning. We
precisely construct the suitable (real) Lyapunov function by
using the power-energy relationship of basic circuit theory.
Therefore, the stability and instability of the systems framed
by LRC circuits. So, the obtained results can be unified with
(2) and different from the existing literature. Symmetric
piecewise-linear (Vs —Iyz) characteristics with negative
slopes of NR determine the memristive performance of
Chua’s circuit. The numerical examples have been presented
to prove the applicability of the proposed theoretical results.
The methodology handled here may be applicable for
higher-order differential systems and impressive for future
stability analysis.
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Investigation of Some Biological Properties of Coelomic Fluid Originating from the

Red Worm Eisenia fetida

Kirmiz1 Solucan Eisenia fetida Kaynakl Solomik Sivinin Baz: Biyolojik Ozelliklerinin Arastirilmas:

Elif Demirkan® ®, Tuba Sevgi ®, Aynur Aybey Cetinkaya ®, Halime Kocakurt

Bursa Uludag University, Faculty of Arts and Sciences, Department of Biology, Bursa, Turkey

Abstract

Eisenia fetida is abundant and vital member of the soil environment. The coelomic fluid they secrete help their physiological activities.
'This liquid, which they release during stress, also has a significant effect on soil health and ecotoxicity. In this study, some biological
properties of coelomic fluid were investigated. For this purpose, 3 bacteria were selected from coelomic fluid, they were identified based
on the 165 rRNA sequence and 2 of these were similar to Bacillus cereus and 1 to Bacillus thuringiensis. When the enzymatic activities in
the coelomic fluid were controlled, the presence of lipase, cellulase, amylase, protease, phytase and arylsulfatase activities were detected.
The antibacterial effects of the coelomic fluid was investigated against Enterococcus faecalis, Escherichia coli, Staphylococcus epidermidis,
Staphylococcus aureus, Klebsiella pneumoniae, Salmonella typhimurium, Yersinia enterocolitica and Pseudomonas aeruginosa. According to the
results, it showed inhibitory effects on test bacteria. Additionally, the thin layer chromatography results showed the presence of glucose
and maltose in the coelomic fluid. Protein pattern of fluid showed five clear protein bands in the range of 17-46 kDa. With this study,
some biological properties of coelomic fluid have been revealed, and will shed light on future studies.

Keywords: Antimicrobial activity, Coelomic fluid, Earthworm, Eisenia fetida, Enzyme activity, Protein profile

Oz

Eisenia fetida, toprak ortaminin bol bulunan hayati tyelerindendir. Salgiladiklar1 sélomik siv1 fizyolojik aktivitelerine yardimer olur.
Stres sirasinda serbest biraktiklar: bu sivi, toprak saghigi ve ekotoksisite tizerinde de 6nemli bir etkiye sahiptir. Bu ¢alismada, sélomik
stvinin bazi biyolojik ézellikleri aragtirilmigtir. Bu amagla s6lomik sividan 3 bakteri se¢ilmis, 16S rRNA dizilimine gére tanimlanmis ve
bunlardan 2 tanesi Bacillus cereusve 1 tanesi Bacillus thuringiensis ile benzerlik gostermistir. Solomik sividaki enzimatik aktiviteler kontrol
edildiginde lipaz, selilaz, amilaz, proteaz, fitaz ve arilsiilfataz aktivitelerinin varlifs tespit edilmistir. S6lomik sivinin antibakteriyel
etkileri Enterococcus faecalis, Escherichia coli, Staphylococcus epidermidis, Stapylococcus aureus, Klebsiella pneumoniae, Salmonella typhimurium,
Yersinia enterocolitica ve Pseudomonas aeruginosa’ya karsi arastirilmustir. Sonuglara gore s6lom bakterileri tizerinde inhibitér etkiler
gostermigtir. Buna ek olarak, ince tabaka kromatografisi sonuglari ise sélomik sivida glikoz ve maltoz varligini gdstermistir. Stvinin
protein paterni, 17-46 kDa araliginda bes agik protein bandi gostermistir. Bu ¢aligma ile s6lomik sivinin bazi biyolojik 6zellikleri ortaya
konulmus olup, bundan sonraki ¢aligmalara 1g1k tutacaktur.

Anahtar Kelimeler: Antimikrobiyal aktivite, Sélomik sivi, Solucan, Eisenia fetida, Enzim aktivitesi, Protein profili

1. Introduction term quality and productivity. It is explained as soil biota

. e s . . . helps to soil fertility, but there is not so much informations
Protection of soil life is the first thing against the sustainable P ) . R ; o
e : a1 about soil-dwelling organisms and the functioning of
management of its biological properties of soil life for long- ) ) o

soil ecosystems. The role of earthworms in fertility of

soil has been known since 1881 (Bhadauria and Saxena
2010). Earthworms are the Annelidae, Lumbricidae family,
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2003). Earthworms are an important for soil fauna in many
of the natural ecosystems and make up a big portion of the
macrofauna biomass (Lavelle 1995).

Earthworms are metamerically segmented organisms
(Gudeta et al. 2020). Although the worm has a primitive
organization, it’s circulatory, nervous, muscular, digestive,
excretory and reproductive systems are developed well. It’s
one of important feature is its body segmentation. It has
the same general functions like the division of the body
to organs, different segments perform different functions

(Aydilek 2005).

Earthworms secrete a pungent yellow liquid on stress (heat,
cold, mild electric current, etc.) (Nadana et al. 2020). This
fluid secreted from the coelom, which is the space between
the body wall and the alimentary canal, is called coelomic
fluid (CF). The yellow colour comes from riboflavin, which is
found partly in the fluid. However, CF is a mixture contains
aromatic metabolites are known as species-specific small
molecules, but its true content is not fully known (Rochfort
et al. 2017).

liquid contains some enzymes such as fibrinolytic enzymes,

However, researchers determined that this

metalloenzymes, lysozymes, proteases, and antimicrobial
proteins, polysaccharides, some nutrients and also defense
substances that support the growth of plants beside inhibit
plant from diseases (Wang et al. 2007, Gudeta et al.
2021). Bioactive components in the liquid have cytolytic,
proteolytic, antimicrobial, anti-inflammatory, antioxidant
and antitumor, hemolytic, hemagglutination, tumorolytic
and mitogenic activities (Li et al. 2017). Antimicrobial
substances like antigen binding proteins and lysozyme that
are the significant elements for immune system have also
found in the CF (Wang et al. 2006). Antimicrobial peptides
are the most important defense components, are now
considered as universal host defense tools against microbial
infection (Valembois et al. 1992, Scherbert and Messner
1997).

Researchers have investigated the activities of several
enzymes such as protease, amylase, and prophenoloxidase
isolated and purified from CF (Kauschke et al. 2007,
Ramian et al. 2018).

CF has also been reported to have anticancer activity. The
high concentration of CF exerted a toxic effect on Hela
cells, causing cell lysis and fragmentation (Esaivani et al

2017).

Many techniques have been developed so as to obtain CF
from earthworms for various biological activities etc. There
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are usually four methods are practicing nowadays for the
collection of CF from earthworms namely; warm water
method, electric shock method, cold shock method and heat
shock method (Patil and Biradar 2017).

CF with complex matrix with many biological functions
and its own immune defense and microbial fertilizer has
long been of interest (Cooper et al. 2002, Shen 2010). With
the development of biotechnology, the bioactive compounds
in the worm began to attract more and more attention.

Eisenia fetida (older spelling: foetida), also known as the
California red worm, is one of the richest terrestrial species.
They have an important role to maintain the ecological
function of the soil by restoring and converting waste
products into high-value useful plant growth medium
(vermicompost: biofertilizer) (Devi and Khwairakpam

2020).

'The aim of our study is to reveal some important biological
properties of CF from E. fetida. For this, we intend to
contribute to the literature by isolating bacteria from CEF,
presence of enzymes, antibacterial effect, presence of sugar,

protein content in the fluid, and also by detecting the protein
profile of the fluid with SDS-PAGE.

2. Materials and Methods
2.1. Materials

'The worm FEisenia fetida, which was used as a CF source in
the study, was obtained from Solitera Compost Ecological
Products Food, Agriculture and Livestock Company (Bursa),
which produces chemical fertilizers and earthworms.
For antibacterial activity tests, Pseudomonas aeruginosa
ATCC 35032 Yersinia enterocolitica ATCC 9610 Klebsiella
preumoniae ATCC 70603 Staphylococcus aureus ATCC 25923
Salmonella typhimurium ATCC 14028 Escherichia coli ATCC
25922 Enterococcus feacalis ATCC 29212 and Staphylococcus
epidermidis ATCC 12228 were obtained from Department of
Microbiology and Infection Diseases, Faculty of Medicine,
Bursa Uludag University.

2.2. Methods
2.2.1. Extraction of coelomic fluid by salt shock method

The earthworms were washed twice with distilled water and
0.85% NaCl (physiological salt water) respectively, dried on
a paper, and then put in a glass beaker. The 5 V stimulation
for 30 s was applied to the earthworms. It was induced them
to release CF from the epidermal dorsal pores. The collected
CF was vortexed and filtered with 0.22 pm syringe filter
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(Macherey-Nagel sterile filter) (Vasantha et al. 2019). Cell-

free supernatant was used in the experiments.
2.2.2. Isolation and identification of bacterial strains

Nutrient agar medium was used to isolate bacteria. 1 mL of
CF obtained from the worm was mixed by vortexing in 10 mLL
of 0.85% of NaCl solution A series of dilutions were made
from the solution sample and inoculated into petri dishes.
‘They were incubated overnight at 37 “C. Identification and
phylogenetic analyzes of 3 selected bacteria were performed
by Refgen Biotechnology company (Ankara, Turkey). The
bacterial identification and phylogenetic analysis were done
after extraction of genomic DNA of bacteria (Qbiogene,
Montreal, PQ, Canada). The sequence was analyzed with
ABI 3100 Genetic Analyzer (Applied Biosystems, USA)
and sequences were checked and analyzed by a similarity
search on the NCBI GenBank database using BLAST
(Basic Local Alignment Search Tool) to compare with the
related sequences (Altschul et al. 1990). The CLUSTAL W
was used to obtain multiple alignments of nucleotides for
16S rRNA genes. The phylogenetic analysis was constructed
by MEGA 6.0, the phylogenetic tree was created using the
neighbor-joining method (Saitou and Nei 1987). Gram
and spore staining were also performed. The sequences
were submitted to NCBI GenBank database and accession
numbers were obtained.

2.2.3. Protein concentration determination

'The biomass of protein content in CF was determine by
Lowry et al. (1951) method. The protein concentration of
the test sample was performed from a standard curve.

2.2.4. Enzyme activities of coelomic fluid

'The presence of important enzymes such as lipase, cellulase,
amylase, protease, phytase and arylsulfatase activities in CF
was investigated.

Lipase

Titrimetric analysis was used to determine the lipase activity
(Sugihara et al. 1991). Reaction mixture (4.5 mL of 50 mM
Tris-HCI (pH 7.0) and 0.1 M CaCl,), 1 mL of olive oil and
1 mL of filtered CF were incubated at 30 °C for 30 minutes
by shaking. The 20 mL of 99.8% ethanol was used to stop
enzymatic reaction. The pH was titrated to 10.5 by using a
burette containing 50 mM KOH. One unit enzyme activity
was described as the amount of enzyme releasing 1 pmol of

fatty acid.
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Cellulase

'The method by Miller (1959) was used for the determination
of cellulase enzyme activity. 0.5 mL of 1% carboxyl methyl
cellulose substrate solution was added to 0.5 mL of CF and
solution was incubated at 37 °C for 30 minutes in a water
bath. In order to stop the reaction, 1 mL of Dinitrosalicylic
acid (DNS) reagent (Garriga et al. 2017) was put and tubes
were incubated in boiling water for 5 min., the absorbance
was measured at 540 nm after cooling. One unit (U) of
enzyme activity was defined as the enzyme amount that
releases 1 pmol glucose per minute.

Amylase

Amylase activity was assayed by the starch-iodine method
(Yoo et al. 1987). 5 mL of substrate solution (0.1% w/v) was
kept for 10 min at 37 °C in a water bath and, then CF (0.5
mL) was added and incubated under the test conditions.
After that 5 mL stopping reagent (0.1 M HCI) was added
to the reaction mixture. 0.5 mL of mixture was added to
5 mL iodine solution. The absorbance was measured at
620 nm. One unit of enzyme was defined as the amount
of enzyme that hydrolyzed 1 mg of starch (0.1%) under
experimental conditions.

Protease

Total protease activity was measured using a casein substrate
Anson Method (Keay and Wildi 1970). One mililiter of
the CF, 1 mL 0.05 M phosphate bufter-0.1 M NaOH
(pH 7.0 adjusted with phosphoric acid) was taken in a
test tube containing 2% casein. Then test tube was placed
in a water bath at 37 °C for 10 min. After reaction, 2 mL
0.4 M Trichloroacetic acid (TCA) was added for stopping
the reaction. After 20 min stand at 37 °C, the solution was
centrifuged at 6000 rpm for 10 min. From 1 mL supernatant
was treated with 5 mL 0.4 M NaCO,. To this mixture 1
mL of 1:3 diluted Folin-Ciocalteu reagent was added, the
contents were mixed properly and placed in dark for 20 min
before the absorbance was measured at 660 nm. A standard
curve was plotted from the concentrations of 0-60 pg/mL
tyrosine and one unit of protease activity was defined as the
amount of enzyme required to liberate 1 pg/mL tyrosine.

Phytase

Phytase activity was assayed according to the method
described by Choi et al. (2001). 0.1 mL of CF and 0.9
mL of 2 mM sodium phytate was mixed in the test tubes
containing 0.1 M Tris-HCI bufter (pH 7.0). The reaction

mixture was incubated in a water bath at 37 °C for 10 min
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and then the reaction was stopped by adding 0.75 mL of 5%
(w/v) TCA. Freshly prepared 1,5 mL of color reagent [four
volumes of 2.5% (w/v) ammonium molybdate in 5.5% (v/v)
sulfuric acid and one volume of 2.5% ferrous sulfate (w/v)]
was added to the test tube and the released phosphate was
measured at 700 nm. One enzyme unit was defined as the
amount of phytase liberating 1 pmol of inorganic phosphate
in a minute under the assay conditions.

Arylsulfatase

Arylsulfatase activity was determined by using method of
Ohresser et al. (1997). 0.4 M glycine-NaOH buffer pH
9.0, 10 mM imidazole and the enzyme substrate 0.3 mM
5-bromo-4 chloro-indolylsulphate (X-SO,) were added to
400 pl CF in a total volume of 500 pl the reaction mixture.
The sample was incubated at 37 °C for 1 h with X-SO,, then
500 pl of 4% SDS in 0.2 M Na acetate buffer pH 4.8 and
100 pl of 10 mg/mL tetrazotized-o-dianisidine (Fast Blue
B) (Sigma) was used to stop reaction. Fast Blue B coupled to
the a-naphthol released in the reaction, a purple precipitate
which is soluble in SDS was observed. The absorbance at 540
nm was measured within 2 min after the addition of Fast
Blue B. Arylsulfatase activity was expressed as o-naphthol
concentration formed in 1 hour at 37°C according to the
total amount of protein (ug o-naphtol/mg protein hour).

2.2.5. Agar well diffusion method for antibacterial activity

Agar well diffusion method was used to determine CF’s
antibacterial activity (Haque et al. 1995). The test strains
were incubated at 37°C for 24 h in nutrient broth. The
inoculates with a density equivalent tol.5 x 10® CFU/mL
were spread over the Nutrient Agar (NA) with a cotton swab
dipped in. Then, wells (7 mm in diameter) were made in the
inoculated agar under sterile conditions. Filtered CF (0.22
pm syringe filter, Macherey-Nagel) was collected in sterile
1.5 mL microcentrifuge tubes and applied in concentration
of 1 mg protein/mL dH,O. 100 pl of diluted solutions of
bacitracin (Merck), ampicillin (Calbiochem), penicillin
(Merck) (Img/mL) and CF filtrate and distilled water as
control were added to wells. The plates were left to dry for
1 h at room temperature. All the plates were incubated at
37 °C for 48 h and observed for zones of inhibition. Zones
were recorded by measuring in millimeter(mm).

2.2.6. SDS-PAGE

Characterization of CF proteins was determined by sodi-
um dodecyl sulphate / polyacrylamide gels (SDS-PAGE)
according to Laemmli (1970). The protein separation was

accomplished by using 10% SDS run at 100 V for 2 h.
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2.2.7. Determination of carbohydrates by TLC method

Thin layer chromatography (TLC) method was used
according to Stahl (1965). for the determination of
carbohydrates in CF and in commercial coelomic fluid
(CCF) procured from Solitera Compost Ecological Products
Food, Agriculture and Livestock Company (Bursa) Silica
gel plates with a size of 20x10 cm and a thickness of 0.2 mm
were used (Merck, 100390). The CF was applied as 5 ul with
a microsyringe (Hamilton), and the plates were allowed to
dry at room temperature. Butanol, ethanol, distilled water
(5:3:2) were used as solvents. The plate remained in the
tank until the solvent removed. Then the plate was removed
and kept in an oven at 110 °C for 10 minutes to dry out. A
solution of sulfuric acid and methanol (1:3,v/v) was carefully
sprayed onto the plate. The plate was then dried in an oven
again at 110 °C for 10 minutes, to monitor carbohydrates as
black or brown spots on the white plate (Robyt and White
1987).

3. Results and Discussion

Earthworms release liquid from the coelom to the external
environment in case of rough use or stress. CF, which
consists of the aqueous fluid released from the dorsal
pores of the worms and composed of coelomocytes such as
amoebocytes, mucocytes, circular cells and chloragogen cells,
plays a very important role in the fight against pathogenic
microorganisms in the immunity of the worms. There are
many chemical components with medicinal value in the
CF. With the development of biotechnology, the bioactive
compounds in the worm began to attract the attention of
more and more scientists (Cooper et al. 2002, Shen 2010).

In this study, some biological properties of CF obtained
from E. fetida were revealed. Bacterial load of CF was
determined as 10° CFU/mL in NA. There were over 100
bacterial colonies on petri dish, morphologically different
three bacteria were selected. They were named as bacteria
5,6,and 7. As can be seen on phylogenetic tree, bacteria 5,
6 showed 100% sequence identity with Bacillus cereus and
bacteria 7 showed 100% similarity with Bacillus thuringiensis
(Figure 1).The partial 16S rRNA of the isolated bacteria 5,
6, and 7 were deposited in GenBank (accession numbers

OM457246, OM457247, and OM458830 respectively).

Yakkou etal.(2021) was analyzed the structure of the bacterial
community of the earthworm’s CF and it was obtained that
28 different bacterial isolates were found from total 70
colonies. Out of them 16 isolated bacteria were selected
and they were found as Aeromonas, Bacillus, Buttiauxella,
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Bacillus cereus strain MCDA10-2 (2)

e

@ 0.0010

Bacillus thuringiensis strain ATCC 10792

Figure 1. Bacterial load in CF (A), Phylogenetic tree of four bacteria based on the neighbor-joining method (B). Bar, 0.0010

substitutions per nucleotide position.

Enterobacter, Raoultella, Pantoea, and Pseudomonas. Among
them there are species which Bacillus thuringiensis, Bacillus
altitudinis, Bacillus licheniformis, Pseudomonas aeruginosa,
Pseudomonas azotoformans, Pseudomonas helmanticensis have
important role in the rhizosphere and beneficial bacteria
for plant growth and also used in soil fertilization and
biocontrol (Mishra et al. 2014, Yousra et al. 2018).

Earthworms are considered as major terrestrial ecosystem
engineers for their ability to modify physical (aggregate
structure, porosity), chemical (nutrient supply and cycling)
and biological (soil fauna, microbial and enzymes activities)
properties of the soil profile. The decomposition and
mineralization of organic matter in nature is associated with
the presence of extracellular and intracellular enzymes of
both soil and worm gut bacteria (Jouni 2018).

'They are also known to have many digestive enzymes such
as amylase, cellulase, lipase, lumbrokinase, endoglucanase
and B-glucosidase etc. These enzymes are also useful for
biomass utilization (Akazawa et al. 2018). Earthworms
contain abundant of enzymes useful for bioremediation
of contaminated soils, in animal feeds for improving the
digestion of proteins, lipids, and carbohydrates, and also in
the saccharification of starch, detergents, animal and human
therapeutics (Ramian et al. 2018).
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In present study the enzyme activity of CF was demonstrated
in Figure 2. The presence of lipase, cellulase, amylase,
protease, phytase and arylsulfatase enzymes were detected
in CF obtained from E.fetida. The activity values for lipase,
cellulase, amylase, protease and phytase in the coelom fluid
were compared with the enzyme activity results obtained
from our previous studies with Bacillus sp. bacteria. While
lipase was 9.5 U/mL in CF, it was 6.6 U/mL in Bacillus
cereus ATA179 (Demirkan et al. 2020); while cellulase was
48 U/mL in CF, it was 68 U/mL in Bacillus sp. (Msakni
2020); while amylase was 496.2 U/mL in CF, it was 21.2
U/mL in Bacillus sp.M10 (Demirkan et al. 2016); while
protease was 115.6 U/mL in CF, 224 U/mL in Bacillus
sp. N-40 (Seving and Demirkan 2011); while phytase was
528 U/mL in CF, it was 210 U/mL in Bacillus megaterium
EBD 9-1 (Demirkan et al. 2017). The arylsulfatase as value
was compared with the data of the study conducted with
Chlamydomonas reinhardtii (Sevgi and Demirkan 2021). The
arylsulfatase activity was found to be quite low in CF. The
presence of phytase enzyme in fluid was reported for the first
time in this study. These enzymes in CF may be released by
Bacillus sp. bacteria found in CF. According to these results,
the fact that amylase and phytase activities were found high
in the CF, which are useful for biomass utilization.
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Figure 2. Enzyme activities in coelomic fluid from E. fetida.

Some researchers have investigated the enzymes in the E.
fetida CF. Akazawa et al. (2018) reported the presence of
lumbrokinase, amylase, endoglucanase, glucosidase and
lipase in CF of E. fetida. Raw-starch-digesting (Amy I) and
cold-adapted (Amy II) o-amylases from the earthworm
E. fetida were purified and characterized by Tsukamoto
et al. (2021). Ramian et al. (2018) reported the effects of
pH, temperature and metals on amylase enzyme in CF
obtained from Allolobophora chlorotica worm and Kauschke
et al. (1997) reported the presence of proteolytic enzymes
in CF from earthworms Lumbricus terrestris, identified
eight proteases at different electrophoretic mobility and
showed their trypsin and chymotrypsin and found relatively
heat stable, are classified as serine proteases. Bilej et al.
(1995) identified a cytolytic protein in the CF of E. fetida
earthworms and is capable of lysing different mammalian
tumor cell lines. Yamaji et al. (1998) identified a newly
sphingomyelin-specific binding protein called Lysenin,
purified from CF of the earthworm E.fetida, which induces
erythrocyte lysis. Kizilkaya et al. (2010) reported the enzyme
activities such as urease, phosphatase and arylsulphatase
during vermicomposting by earthworm E. fetida. Eue et al.
(1998) also reported hemolytic activity in CF of E. fetida.

Plants grown on vermicompost treated soils have been shown
to be more resistant to diseases and pests. The antibacterial
and antifungal effect of vermicompost on plants is due to
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the CF that worms secrete out of their bodies for various
reasons. Enzymes and proteins such as agglutinin, fetidin,
lumbricin and chitinase in the structure of CF mixed with
vermicompost act against some fungi, bacteria and pests that
contain chitin in their structure, thus weakening the effects
of lots of diseases and pests. (Wang et al. 2006, Gudeta et
al. 2021).

In this study, agar well diffusion assay was applied for
the antibacterial activity of the CF extracted from E.
fetida against pathogenic bacteria causing diseases in
human such as Enterococcus feacalis, Escherichia coli,
Staphylococcus epidermidis, Staphylococcus aureus, Klebsiella
pneumoniae, Salmonella typhimurium, Yersinia enterocolitica
and Pseudomonas aeruginosa and the data were compared
with standard antibiotics as controls (Table 1). As a
result, CF obtained from E. fetida have shown zones of
inhibition between 15-35 mm against of the pathogenic
bacterial strains. It was observed that the effect of CF was
significantly higher than standard antibiotics particularly
bacitracin (BAC). The highest inhibitory effects of CF
were identified on the growth of K. pneumoniae and E.
coli. The antibacterial impact of CF was studied highest to
lowest as follows K. pneumonia, E. coli = Y. enterocolitica, S.
typhimurium, P aeruginosa, S. aureus, S. epidermidis (Table
1). The findings showed that CF had a high potential to

inhibit the bacterial growth used in the research. Due to
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Table 1. Antibacterial activity of coelomic fluid (CF) against different pathogens.

Diameters of inhibition zones (mm)

Antibiotics (1 mg/mL)
Test bacteria CF (1 mg/mL)
AMP PEN

P, aeruginosa ATCC 35032 21 12 11 8
Y. enterocolitica ATCC 9610 25 21 12 15
K. pneumoniae ATCC 70603 35 17 14 12
S. aureus ATCC 25923 20 20 24 15
S. typhimurium ATCC 14028 22 16 15 9
E. coli ATCC 25922 35 22 18 19
E. faecalis ATCC 29212 25 17 26 19
S. epidermidis ATCC 12228 15 9 12 10

BAC: bacitracin, AMP: Ampicillin, PEN: Penicillin.

extensive antibacterial properties of CF, extracted CF may
have potential applications for the pharmaceutical industry.

Earthworms always expose the invasion of pathogen
microorganisms in their environments, so they live because
of helping their defense system, since the beginning of
evolution (Engelmann et al. 2004). Because of this, CF of
the earthworms have more than 40 proteins and they exhibit
some biological activities like antimicrobial, cytolytic,
haemolytic, haemagglutinating, proteolytic, mitogenic and
tumorolytic activities (Cooper and Roch, 2003, Gudeta et
al. 2020).

There are so much studies about antibacterial components
in CF of earthworms in literature. Valembois et al. (1992)
reported that the CF from E. fetida has an antibacterial
activity against Gram negative Aeromonas hydrophila and
Gram positive Bacillus megaterium as pathogenic bacteria.
Scherbert and Messner (1997) identified some lysozyme like
molecules as bacterolytic molecules and found active only
against gram positive bacteria. Murugan and Umamaheswari
(2021) assayed CF of Eudrilus eugeniae on gram positive
bacteria (S. faecalis, B. subtilis, Micrococcus Juteus) and gram
negative bacteria (E. coli, Salmonella abony, P aeruginosa)
and identified the best inhibitory effects on the growth of
P aeruginosa and B. subtilis. Milochau et al. (1997) stated
that CF of Eisenia fetida andrei ndicates strong hemolytic
activity against some mammalian erythrocytes and bacteria.
Vasanthi et al. (2013) reported that the extract from Eudrilus
eugeniae showed strong antimicrobial activity against E. co/i,
B. subtilis, S. abony, §. aureus and K pnuemoniae bacteria
and Aspergillus niger, Aspergillus flavus, Candida albicans and
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Penicillum notatum fungus. Tutar and Karaman (2017) also
found the zone diameters of the CF obtained from E. fetida
between 8-54 mm against the microorganisms Erwinia
chrysanthemi, Erwinia  herbicola, Pseudomonas  cepacia,
Pseudomonas fluorescens, Pseudomonas syringae, Xanthomonas

carotae and Xanthomonas campestris

The presence of sugar in the CF extracted from E. fetida was
determined by TLC. According to the TLC result, when
glucose and maltose were used as standards, the presence
of very little glucose and maltose was observed. However,
the presence of sugar was not observed in commercial CF

(Figure 3).

Konosu et al. (1966) showed glucose and maltose in TLC
using several different solvent systems. The properties of the
CF in starch column chromatography showed three peaks
and the behaviors agreed well with glucose and maltose.
Clark (1964) also reported the presence of glucose, maltose
and trisaccharide in coelomic fluid of other species of marine
worm, Nephtys hombergi. Yuk et al. (2012) reported that 1D
NMR spectrum of the CF carbohydrates are present at trace
levels of various sugars including maltose, glucose. Ramian et
al. (2018) also reported the amylases in CF and body extract
from the earthworm Allolobophora chlorotic and showed the
enzyme hydrolyzed raw starch to main products.

In this study, when the protein profiles of the CF were
analyzed by SDS-PAGE, several proteins, which were
estimated as dark and light bands, were detected. The
molecular weights of these proteins are estimated to be
between 15-46 kDa. Estimated molecular weights among
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3 of them were found between 46-32 kDa, while one of
them was 32 kDa and another one as 15 kDa (Figure 4).
The protein bands obtained in this study are predicted to
be phytase, amylase, protease or antibacterial peptides. The
protein that appears as a thick band is estimated to be a
phytase enzyme. Because, the molecular weight of phytase
enzymes were determined as approximately 45 kDa

(Demirkan et al. 2017).

In the CF of A. caliginosa several proteolytic bands below
94 kDa were detected and the inhibition assays showed
that these CF protease as serine proteases (Kauschke et
al. 2007). Milochau et al. (1997) reported Fetidin proteins’
molecular masses 40 kDa and 45 kDa and determined that
they were stable under at 56°C. Bilej et al. (1995) depicted
a protein in CF with western blot analysis with 42 kDa
molecular weight. Molecular mass of lysenin protein from
CF of FEisenia fetida had found as 41 kDa (Yamaji et al
1998). Three proteins Hemolytic protein (H) 1, H2, H3 had
hemolytic activity had molecular weights of 46, 43 and 40
kD, respectively (Eue et al. 1998).

They also defend themselves against pathogenic microbes
and pests through their humoral defense mechanism which
includes bioactive molecules. Other metabolites such as
hormones, enzymes, vitamins, proteins, different macro and

glucose
CF

maltose

Marker CCF CF

micronutrients, and a massive amount of microbes facilitate
a conducive environment for the growth of a plant by
reducing stress conditions and create unfavorable condition
for pathogenic soil microbes and pests (Gudeta et al. 2021).

4. Conclusion

Earthworm coelomic fluid contains important defense
components such as bacteriostatic/bactericidal, hemolytic,
cytolytic and proteolytic substances. Many researchers
have focused on the study of bioactive proteins in worm
coelomic fluid. In this study, some biological properties of
E. fetida coelomic fluid were revealed. Especially, due to
the high antibacterial properties of coelomic fluid, it has
a high potential for use in the pharmaceutical industry. It
has the potential to be used in enzyme production with the
isolation of bacteria in coelomic fluid that secrete enzymes
of industrial importance. The data obtained are of a nature
to shed light on other studies.

L1 L2 L3

190
134

100
76
57

46

32

25
22

17

11

Figure 3. Determination of the presence of glucose and
maltose by thin layer chromatography. CF: coelomic fluid from
E.fetida, CCF: commercial coelomic fluid product.

190

Figure 4. SDS-PAGE showing protein profile standard protein
markers (LL1), coelomic fluid (L.2), 1:10 diluted coelomic fluid
(L3).
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Bolu I1i Hava Kirletici Maddeler ile Meteorolojik Faktorler Arasindaki Iligkilerin

Incelenmesi

Invesz‘igaz‘ion 0f Re/az‘ions/yips between Air Pollutants and Mez‘earologiml Factors in Bolu Province

Ceren Unal* ®, Gamze Ozel

Hacettepe Universitesi, Fen Fakiiltesi, Istatistik Bolimd, Beytepe, Ankara, Turkiye

Oz

Kirleticiler atmosferde duman, toz, saf olmayan su buhari ve gaz seklinde bulunabilmektedir. Bu kirleticilerin maddi zararlara sebep
olacak miktarlara ylikselmesi ve/veya canlilarin ve insanlarin sagliklarini olumsuz yonde etkileyecek seviyelere yiikselmesi hava kirliligi
olarak adlandirilmaktadir. Hava kirliligine ise, sicaklik, yagis miktari, nem, yatay ve dikey hava akimlari gibi meteorolojik kosullar etki
etmektedir. Bu ¢aligma kapsaminda, 2017-2020 yillar1 arasinda Bolu iline ait iklim parametrelerinin (hava sicaklifs, rizgar yoni, riizgar
hiz1, bagil nem ve hava basinci) hava kirliligi tizerine (partikiil madde (PM, ), kiikiirt dioksit (SO,), azot (NO), azot dioksit (NO,),
azot oksit (NO, ) ve karbon monoksit (CO) diizeyleri tizerindeki etkisinin ortaya konulmas: amaglanmugtir. Hava konsantrasyonlarina
dair ve meteorolojik veriler kullanilarak hava kirleticilerinin zamansal degisiminde ¢oklu dogrusal regresyon ve korelasyon yontemleri
kullanilmugtir. Yapilan analizler esnasinda PM, , SO,, NO, NO,, NO, ve CO degerleri bagimh degisken, meteorolojik parametreler
ise bagimsiz degisken olarak ele alinmistir. Verilerden yararlanilarak analizler, aralarindaki bagintiyr gosteren korelasyon katsayilar:
hesaplanmis ve hava kirleticilerine ait regresyon denklemleri elde edilmistir.

Anahtar Kelimeler: Coklu dogrusal regresyon, Hava kalitesi indeksi, Hava kirliligi, Tklim parametreleri, Korelasyon

Abstract

Pollutants can be found in the atmosphere in the form of smoke, dust, impure water vapor, and gas. The increase of these pollutants
to the levels that will cause material damage and/or the increase to the levels that will negatively affect the health of living things and
people is called air pollution. Meteorological conditions such as temperature, precipitation amount, humidity, horizontal and vertical
air currents affect air pollution. Within the scope of this study, between 2017-2020, the climate parameters (air temperature, wind
direction, wind speed, relative humidity, and air pressure) of Bolu province on air pollution (particulate matter (PM10), sulfur dioxide
(SO2), nitrogen (NO), nitrogen dioxide (NO2), nitrogen oxide (NOX) and carbon monoxide (CO) levels. Multiple linear regression
and correlation methods were used in the temporal variation of air pollutants using meteorological data and air concentrations. During
the analysis, PM10, SO2, NO, NO2, NOX, and CO values are considered as dependent variables, and meteorological parameters
are considered as independent variables. By using the data, the correlation coeflicients showing the correlation between them are
calculated and the regression equations for air pollutants are obtained.

Keywords: Multiple linear regression, Air Quality Index, Air pollution, Climate parameters, Correlation

1. Girig
Hava kirlenmesi, normalde havanin bilesiminde bulunan

bazi maddelerin yine ¢esitli dogal ve yapay nedenler ile yiiksek
miktarlara erigmesi veya ¢esitli yapay/dogal sebepler ile dogal
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olarak havanin bilesiminde bulunmayip bazi maddelerin
havanin bilesimine katilmas: sonucunda ortaya ¢ikmaktadur.
Ayni zamanda, insanlarin sagliklarini ve hayvan ve bitkilerin
ise gelisim ve yasamlarini olumsuz olarak etkilemektedir
(Iskan vd., 2015). Hava kirliligi riizgarlarla dagilarak, esitli
kimyasal reaksiyonlarla ayrigarak veya toprak, deniz ve
goller izerine ¢6kerek kendini temizleyebilmektedir. Havay1
kirleten en 6nemli partikiiller arasinda Kiikiirt dioksit (SO,),
Karbondioksit (CO,), Partikiil Madde (PM), Ozon (O,),
Hidrokarbonlar (HC), Karbon monoksit (CO) ve Azot
oksitler (NO,) olarak siralanabilmektedir (Cekim, 2020).
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Hava Kkirliligi, atmosferik sinir tabakada meteorolojik
faktorlerin, cesitli kaynaklardan atmosfere salinan hava
kirleticilerinin ve yiizey topografya 6zelliklerinin etkileriyle
birlikte olugsmaktadir (Abdullahi ve Cakir, 2017). Sicaklik,
riizgir yoni, hizi, basing ve nem gibi meteorolojik faktorlerle
beraber yiizey purizlilik ézellikleri de hava kirleticilerinin
dagiliminda 6nem tegkil etmektedir. Atmosferik hava
kirliliginde meteorolojinin en 6nemli rold; taginim, dagilim

ve atmosferden ayrilma agamalarinda etkili olmasidir. (Oguz
ve Pekin, 2015)

Modern yasamin getirdigi sehirlesmenin bir sonucu da hava
kirliligidir ve kiresel 6lgekte etkisi bulunmaktadir. Hava
kirliliginin insan sagligina olan etkisinin 6nemli olmasi
sebebiyle, bu konuya kiiresel olarak buyiik 6nem verilmek-
tedir (Sharma vd., 2003). Bu problemi ¢ozmek ve strateji
belirlemek amaciyla, atmosferik kirletici konsantrasyon-
larin1 izlemek ve analiz etmek konularina odaklanilmigtir
(Kyrkilis vd., 2007). Hava kirliliginin diizeyini siniflamada
tim diinyada yaygin olarak kullanilan bir siniflama sistemi
bulunmaktadir. Belli bir bélgedeki hava kalitesinin karak-
terize edilmesi icin tlkelerin kendi sinir degerlerine gore
donustirdikleri ve kirlilik siniflandirilmasinin yapildig: bu
indekse hava kalitesi indeksi (HKI) (Air Quality Index/
AQI) ad verilmektedir (Ozel ve Cakmakyapan, 2015). Bu
sistem ile havadaki kirleticilerin konsantrasyonlarina gére
hava kalitesini iyi, orta, kotu, tehlikeli vb. derecelendirme ya-
pilmaktadir. Indeks derecelendirmelerine gére farkli tanim

Cizelge 1. EPA hava kalitesi indeksi.

ve renkler kullanilarak ifade edilmekte ve 6l¢timii yapilan
her kirletici i¢in ayr1 ayr1 diizenlenmektedir (Yavuz, 2010).
Ulusal Hava Kalitesi Indeksi, EPA Hava Kalitesi Indeksini
ulusal mevzuatimiz ve sinir degerlerimize uyarlayarak olus-
turulmugtur (Stirekli Izleme Merkezi SIM, 2022). Partikiil
maddeler (PM, ), karbon monoksit (CO), kiikiirt dioksit
(80,), azot dioksit (NO,) ve ozon (O3) olmak tizere bu bes
adet temel kirletici i¢in hava kalitesi indeksi hesaplanmak-
tadir (Yavan ve Hotunluoglu, 2018). Cizelge 1'de EPA hava
kalitesi indeksine ait gostergeler, Cizelge 2'de ulusal hava
kalitesi indeksi kesme noktalar: ve Cizelge 3’te indeks he-
saplanan parametrelerin sinir degerleri verilmigtir (Strekli

Izleme Merkezi SIM, 2022).

Literatirde yer alan ¢esitli ¢alismalarda hava kirliligi
incelenmis ve ¢esitli yontemlerle analizi yapilmistir (Yilmaz
2017, Mutlu 2019 ve Yilmaz 2018). Bu ¢alismada ise, 2017-
2020 periyodu arasinda Bolu ilinde hava kirleticilerinin
sicaklik, riizgir yonu ve hizi, bagil nem ve hava basinci gibi
meteorolojik parametrelerle olan iligkileri aragtirilmistir.

2.Yontem ve Bulgular
Iki veya daha fazla sayidaki degisken arasinda iligki olup

olmadig ve eger bir iliski mevcutsa bu iligkinin derecesi de
istatistiksel bir yontem olan regresyon analizi ile incelenir.
Degiskenler arasinda bulunan iligkiden yararlanilarak bu
etkilesimin nedenini agiklamak ve degiskenlerin birinden
yararlanarak diger degiskeni tahmin etmek mimkindir.

Hava Kalitesi Indeksi ~ Saglik Endise Renkler
(AQI) Degerler Seviyeleri
050 fyi Yesil Hava 1.<ah.tes1 mer.nnun‘edla ve hava kirliligi az riskli
veya hig risk teskil etmiyor.
Hava kalitesi uygun fakat alisilmadik sekilde hava
B kirliligine hassas olan ¢ok az sayidaki insanlar i¢in
>1-100 Orta Sart bazi kirleticiler agisindan orta diizeyde saglik endisesi
olugabilir.
101 - 150 Hassas Turuncu Hassas gruplar icin §aghk et.kllen quV§.a1b1.l1r‘ Genel
olarak kamunun etkilenmesi olas: degildir.
B 5 Herkes saglik etkileri yagamaya baglayabilir, hassas
151 =200 Sagliksrz Kirmiz gruplar i¢in ciddi saglik etkileri s6z konusu olabilir.
201 — 300 Kotii Mor Saglik a(;1smda.n acil durum f)lu§“turab1'hr. Nifusun
tamaminin etkilenme olasilif ytiksektir.
301 — 500 Tehlikeli Kahverengi Saglik ala'rr'm: Herkes daha ciddi saglik etkileri ile
kargilagabilir.
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Cizelge 2. Ulusal hava kalitesi indeksi kesme noktalar1.

S SO, [pg/m’] NO,[pg/m’] CO [pg/m?] O,[pg/m’] PM, [pg/m’]
1 Sa. Ort 1 Sa. Ort 8 Sa. Ort 8 Sa. Ort 24 Sa. Ort
Iyi 0-50 0-100 0-100 0-5500 0-120 0-50
Orta 51-100 101 - 250 101 - 200 5501 — 10000 121 -160 51-100
Hassas 101 - 150 251-500 201 -500 10001 — 16000 161 -180 101 - 260
Sagliksiz 151 -200 501 -850 501 - 1000 16001 — 24000 181 - 240 261 - 400
Koti 201 - 300 851 -1100 1001 —2000 | 24001 — 32000 241 -700 401 -520
Tehlikeli 301 -500 >1101 >2001 >32001 >701 >521

Cizelge 3. Hesaplanan parametrelerin sinir degerleri.

S SO,[pg/m’]  NO,[pg/m’]  CO [pg/m’] O,[pg/m’] PM, [pg/m’]
1Sa. Ort 1Sa. Ort 8 Sa. Ort 8 Sa. Ort 24 Sa. Ort

Ulusal Sinir Deger 380 260 10000 120 60

AB Uye Ulkeleri Sinir Degeri 350 200 10000 120 50

Cizelge 4. Meteorolojik parametreler ile hava kirlilik parametrelerinin 2017-2020 dénemine ait ortalama yillik degerleri.

Hava Sicaklig: Riizgar Yonii Riizgar Hiz1 Bagil Nem Hava Basinc
Ortalama 16,764 205,904 3,399 49,623 1063,712
Standart Hata 0,232 0,560 0,114 0,442 4,095
Ortanca 16 201 1 47 1019
Kip 11 200 1 39 1016
Standart Sapma 7,843 18,911 3,864 14,913 138,102
Varyans 61,521 357,657 14,931 222,414 19072,308
Basiklik -0,996 1,063 -0,973 1,117 7,404
Carpiklik -0,012 1,177 1,001 1,096 3,051
Aralik 33 109 10 77 532
En Biiyiik -1 171 1 24 1003
En Kiigiik 32 280 11 101 1535
Toplam 19061 234113 3865 56422 1209441

Bu ¢aligmada, meteorolojik faktorler ve kirlilik degiskenleri
arasindaki iligki SPSS yazilimi kullanilarak regresyon analizi
w» 90, NO, NO,,
NO, ve CO olmak tizere bagimsiz degiskenler ise nem,
basing, riizgar, sicaklik olarak ele alinmis ve aralarindaki

ile incelenmigtir. Bagiml degisken PM

iligkiler coklu regresyon analiziyle incelenmistir.

Cizelge 4de Bolu Bolgesi'ne ait meteorolojik parametreler
ile hava kirlilik parametrelerinin 2017-2020 dénemine ait
tanimlayict istatistikleri gorilmektedir. Boluda ortalama
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sicaklik degeri 16,7°C, maksimum sicaklik degeri 32°C,
minimum sicaklik degeri -1°Cdir. En soguk ay olan ocak
ayinin ortalama sicakligs ise 0,9°C iken, en sicak ay olan
temmuz ay1 ortalama sicakligi 19,9°C'dir. Ortalama riizgar
hiz1 3,39 m/sn olup maksimum rizgar hizi 11 m/sn’ye kadar
ulagmaktadir. Ortalama bagil nem yiizdesi 49,6'dir. Basing
degerleri ele alindiginda ise ortalama basing degerinin 1063
hPa; minimum basing degerinin 1003 hPa ve maksimum
basing degerinin 1535 hPa oldugu gériilmektedir.
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Karbondioksit (CO,); trafik, enerji kullanimi, biokiitle
yanmast, endistriyel stiregler, ormanlarin yok olmasi, Azot
dioksit (NO,), giibrelenmis topraklar, fosil yakitlarin yakil-
masindan ortaya ¢ikan gazlardir ve iklim degisikligine yol
agmaktadir. Kiikiirt dioksit (SO,) ve Azot monoksit (NO)
ise asit yagmurlar: olusumunda en etken maddelerdir. Hava
kirlilik ve meteorolojik parametrelerin 2017-2020 dénemi-
ne dair yillik degerleri Cizelge 5de verilmistir.

Sekil T'e gore, 2017 kig mevsimine ait Bolu ili hava kirliligi
verilerine bakildiginda kasim ayindan itibaren yiikselmeye
bagladigini aralik ayinda mevsimsel kogullarla birlikte en
fazla hava kirliliginin gézlemlendigi goriilmektedir. 2017

yaz mevsimine ait hava kirliligi verilerine baktigimizda ise,
en yiksek hava kirliliginin mart ayinda oldugunda ama
normallerin tzerine ¢ikilmadigini, mart ayindan itibaren
havalarin sinmasiyla kirletici etkenlerin daha da azaldig:
gorilmektedir.

Sekil 2’ye gore, 2018 Kis mevsimine ait hava kirliligi ve-
rilerine gore yine kasim aylarinda hava kirliligi verilerinde
bir ytkselis oldugunu ve bunun subat aylari sonuna kadar
devam ettigi gorilmektedir. 2018 Yaz mevsimine ait hava
kirliligi verilerine bagl olarak yaz mevsiminde en ¢ok dii-
stsiin temmuz ayinda oldugunu diger aylarda ortalama hava
kirliligi miktarinin ayni diizeylerde oldugu gérulmektedir.

Cizelge 5. Meteorolojik parametreler ile hava kirlilik parametrelerinin 2017-2020 dénemine ait yillik degerleri.

Riizgar Riizgir Bagil  Hava
NO NO, | NO, CON i Sacalehilc Yoni Hiz1 Nem Basina
~ Ortalama | 67,03 | 9,30 | 77,67 | 83,99 | 161,82 |1234,88| 16,94 | 203,84 4,43 62,28 |1158,33
S Stand
| Standart | 3503 | g 02 | 52,62 | 18,58 | 64,61 | 751,93 | 8,00 | 18,00 | 4,16 | 17,76 | 220,83
Sapma
» Ortalama | 71,38 | 9,96 | 75,34 | 72,07 | 147,45 |1414,80| 17,34 | 206,07 517 43,07 |1026,30
v
=
& | Standart | 3409 | 564 | 5268 | 2245 | 70,64 | 5317 | 7,84 | 1837 | 437 8,4 9,48
Sapma
- Ortalama 84,69 | 7,88 | 74,16 | 64,42 | 138,59 |1048,49| 17,03 207,8 1,00 43,65 |1017,23
—
=)
& | Standart 4281 | 3,00 | 48,92 | 28,89 | 71,53 | 486,5 7,79 20,07 0,00 9,08 2,45
Sapma
- Ortalama | 6991 | 6,11 | 62,75 | 46,35 | 109,09 |1160,58| 10,05 | 205,36 1,00 52,05 |1017,33
]
=]
| Standart 28,62 | 2,88 | 19,53 | 6,69 | 24,72 | 2582 | 257 | 19,36 | 0,00 4,82 3,80
Sapma
2017 Kis Mevsimi 2017 Yaz Mevsimi
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Sekil 1. 2017 kig ve yaz mevsimlerine ait Bolu ili hava kirliligi.
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Sekil 3’ gore, 2019 Kis mevsimi hava kirliligi verilerine bak-
tigimizda en yiiksek karbon monoksit miktarlarina aralik ve
ocak aylarinda kargilagildigini diger aylarda miktarlarin or-
talama olarak ayni oldugu goriilmektedir. 2019 Yaz mevsimi
hava kirliligi verileri i¢in yine kig aylarinin son aylar: olarak
gortlen mart aymda karbondioksit miktarinin diger aylara
oranla fazla oldugunu gorilmektedir.

Belirtilen gore, 2017-2020 verilerine ait hava kirliligi verileri
degerlendirildiginde; 6zellikle kis aylarinda hava kirliliginin
daha ¢ok arttigini yaz mevsimi i¢inde degerlendirdigimiz
mart aymi gozlem dist tuttugumuzda ise genel olarak hava
kirliliginde dusis gozlendigini soyleyebiliriz. Aylik degisim
degerlendirildiginde, PM, degerlerinde mayis, haziran,
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Sekil 2. 2018 kig ve yaz mevsimlerine ait Bolu ili hava kirliligi.

2019 Kig Mevsimi

3000
2500
2000
1500
1000

500

PRCRRRTS. S WY SR VOV D v N

Tath0 0 00 § $ S $ EEEEEEEEEKKKKAARAA

— PM10 s S02 s NO s NO2 smn NOX s CO

2019 Yaz Mevsimi

1800
1600

0

B bR B Rt KB i AW A R e

— PM10 s SO2 s NO s NO2 s NOX s CO

Sekil 3. 2019 kig ve yaz mevsimlerine ait Bolu ili hava kirliligi.

2020 Kis Mevsimi

2000
1800
1600
1400
1200
1000

= N et
00000000 ODODODOODOODOS ST SSSSSSS S

o P10 e—S02 e—N e——NQ?2 e——NQX —CO

Sekil 4. 2020 kig mevsimine ait Bolu ili hava kirliligi.
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temmuz, agustos ve eylil aylarinda belirgin bir azalig; kasim,
aralik, ocak, subat ve mart aylarinda ise belirgin bir artig g6-
rilmektedir. Bunun sebepleri olarak da kigin 1sinma ve tagit
gazlarinin hava kirliligi verilerinin artmasinda rol oynadig:
disgtinilebilir.

Cizelge 6'da bagimh degisken PM,  ve bagimsiz degiskenler
hava basinc, riizgir yond, riizgir hizi, sicaklik ve bagil nem
olarak alinarak kurulan regresyon modeline ait sonuglar ile
birlikte iliski miktari ve belirtme katsayist verilmistir. Kurulan
regresyon modeli i¢in, PM =~ dizeyine etki eden faktorlere
ait katsayilar elde edilerek ilgili model kurulmugtur.

Cizelge 6’ya gore bagimh degisken PM, 'nun bagimsiz de-
giskenler (hava basinci, rizgar yond, riizgar hizi, hava si-
cakligi ve bagil nem) ile kurulan modelin anlamlihif: test
edilmis ve model anlamli (Onem Seviyesi<0,05) bulunmus-
tur. Bagimsiz degiskenler olan meteorolojik veriler bagiml
degisken PM, 'nun %10,6’s1n1 agiklamaktadir. Bagimsiz de-
giskenler arasinda %33’liik iliski bulunmaktadir. Bagimsiz
degiskenlerin anlamliliklar1 incelendiginde riizgir hizi ve
hava basinct anlamsiz bulunmugtur (Onem Seviyesi>0,05).
Bu yiizden modele dahil edilmemistir. PM,  igin elde edilen
regresyon denklemi asagidaki gibidir:

PM, = 210,477 + (-0,914) Hava sicaklig: + (-0,342) Riizgar
yoni + (-0,673) Bagil nem

Anlamli bulunan regresyon modeline gére, Bolu ilinde hava
sicakliginin 1 birim artmas: partikil madde miktarinin or-
talama 0,914 birim azalmasina, riizgar yoniniin 1 birim art-
mast partikil madde miktarinin ortalama 0,342 birim azal-
masina, bagil nemin 1 birim artmas: partikil madde mik-
tarinin ortalama 0,673 birim azalmasina neden olmaktadur.

PM, degerleri ile meteorolojik parametre degerleri arasin-
daki korelasyon katsayilar: Cizelge 7'de gosterilmistir.

Cizelge 7de yer alan sonuglara gore, bagimli degisken PM, |
ile hava sicakligi arasinda negatif yonli %6’lik, rizgar yoni
ile negatif yonli %16’lik, bagil nem ile negatif yonli %21’lik,
hava basinci ile negatif yonli %18lik bir iligki vardir.
PM, 'nun bagimsiz degiskenlerle olan iliskisinin anlamlilik-
lar1 incelendiginde; hava sicakligr (0,12<0,05), rizgar yoni
(0,0001<0,05), bagil nem (0,0001<0,005) ve hava basinct
(0,0005<0,05) ile olan iligkileri anlamli bulunmugtur. PM, |
ile riizgar hiz1 arasindaki iligki ise 6nemsiz (0,397>0,05) bu-

lunmugtur.

Cizelge 8de bagimli degisken SO, ve bagimsiz degiskenler
hava basinc, riizgr yond, riizgr hizi, sicaklik ve bagil nem
olarak alinarak kurulan regresyon modeline ait sonuglar ile
birlikte iligki miktari ve belirtme katsayisi verilmistir. Kurulan
regresyon modeli i¢in, SO, diizeyine etki eden faktorlere ait
katsayilar elde edilerek ilgili model kurulmustur.

Cizelge 6. PM,  diizeyine etki eden faktérlere ait regresyon modeli sonuglari.

Model Kareler Toplam1 Slgzl;:zlsiik Ortal;;;z Kare F Sc:rli;:;i R R?
Regresyon 177351,285 5 35470,257 26,727 0,0001 0,325 0,106
Artik 1499652,683 1130 1327,126
Toplam 1677003,968 1135
e nen  Collinearity Statistcs
B Standare Beta Seviyesi Tolerans VIF
Hata
Sabit 210,477 15,288 13,768 0,0001
Sicaklik -0,914 0,181 -0,186 -5,053 0,0001 0,582 1,719
R. Yoni -0,342 0,058 -0,168 -5,870 0,0001 0,961 1,040
R. Hiz1 -0,409 0,287 -0,041 -1,425 0,155 0,951 1,052
B. Nem -0,673 0,100 -0,260 -6,711 0,0002 0,527 1,896
H. Basina -0,015 0,010 -0,053 -1,466 0,143 0,607 1,649
R.Yonii= Rizgir Yont, R.Hizi= Rizgir Hizi, B.Nem= Bagil Nem, H.Basinci= Hava Basinci.
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Cizelge 7. PM,  degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilari.

Pearson
Korelasyon

PM,, Sicaklik R. Yonii R. Hizx B.Nem H. Basinc1
PM 1,000 -0,067 -0,168 0,008 -0,213 -0,184
Sicaklik -0,067 1,000 -0,140 -0,045 -0,420 0,290
R. Yonu -0,168 -0,140 1,000 0,058 0,110 -0,094
R. Hiz1 0,008 -0,045 0,058 1,000 -0,169 -0,120
B. Nem -0,213 -0,420 0,110 -0,169 1,000 0,377
H. Basina -0,184 0,290 -0,094 -0,120 0,377 1,000

Cizelge 8. SO, diizeyine etki eden faktérlere ait regresyon model sonuglari.

Kareler Serbestlik  Ortalama Kare Onem
Toplam1 Derecesi Hata Seviyesi
Regresyon 6411,962 5 1282,392 44,348 0,0001 0,406 0,165
Artik 32444115 1122 28,916
Toplam 38856,077 1127
Standartlagtirilmamig  Standartlagtirilmig . o o
Katsayilar Katsayilar O Collinearity Statistics
Seviyesi
B Standart Hata Beta Tolerans VIF
Sabit 12,601 2,262 5,571 0,0001
Sicaklik -0,251 0,027 -0,334 -9,344 0,001 0,581 1,720
R. Yonii -0,009 0,009 -0,029 -1,041 0,298 0,963 1,038
R. Hiz1 0,277 0,042 0,183 6,527 0,0001 0,951 1,051
B. Nem -0,168 0,015 -0,424 -11,299 0,001 0,528 1,893
H. Basina 0,009 0,001 0,215 6,135 0,0001 0,603 1,657

Elde edilen sonuglara gére, kurulan regresyon modeli anlamli
(Onem Seviyesi <0,05) bulunmustur. Bagimsiz degiskenler
olan meteorolojik veriler bagimli degisken hava kirliligi
SO,/nin %16,5’ini agiklamaktadir. Bagimsiz degiskenler
arasinda %41’lik bir iligki bulunmaktadir. Cizelge 8de
bagimsiz degiskenlerin anlamliliklari incelendiginde riizgar
yoni meteorolojik degiskeni anlamsiz bulunmustur (Onem
Seviyesi>0,05). Buna gore elde edilen regresyon modeli

asagidaki gibidir:

SO, = 12,601 + (-0,251) Sicaklik + (0,277) Riizgar iz +
(-0,168) Bagil nem + (0,009) Hava basinct

Elde edilen bu modele gore, hava sicakliginin 1 birim
artmas: kikiirt dioksit miktarinin ortalama 0,251 birim
azalmasina, riizgar hizinin 1 birim artmas: kiikirt dioksit
miktarinin ortalama 0,277 birim artmasina, bagil nemin
1 birim artmas: kiikiirt dioksit miktarinin ortalama 0,168
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birim azalmasina neden olmaktadir. Ayrica hava basincinin
1 birim artmas: kiikiirt dioksit miktarinin ortalama 0,009
birim artmasina neden olur.

502 degerleri ile meteorolojik parametre degerleri arasindaki
korelasyon katsayilar1 Cizelge 9'da gosterilmistir.

Cizelge 9a gore, bagimli degisken SO, ile hava sicakligt
arasinda negatif yonli %9’luk, rizgar yoni ile negatif yonli
%3’liik, bagil nem ile negatif yonla %23’lik, hava basinci ile
negatif yonli %6 lik ve riizgar hiziile pozitif yonli %24 lik bir
iliski vardir. SO,'nin bagimsiz degiskenlerle olan iligkisinin
anlamliliklar1 incelendiginde; hava sicakligi (0,001<0,05),
riizgar hiz1 (0,0002<0,05), bagil nem (0,001<0,005) ve hava
basinci (0,018<0,05) ile olan iligkileri anlamli bulunmugtur.
SO, ile riizgar yonii arasindaki iligki 6nemsiz (0,102>0,05)

bulunmugtur.
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Cizelge 10da bagiml degisken NO ve bagimsiz degiskenler
hava basinc, riizgar yond, rizgir hizi, sicaklik ve bagil nem
olarak alinarak kurulan regresyon modeline ait sonuglar ile
birlikte iligki miktari ve belirtme katsayisi verilmistir. Kurulan
regresyon modeli i¢in, NO diizeyine etki eden faktorlere ait
katsayilar elde edilerek ilgili model kurulmustur.

Elde edilen sonuglara gére, bagimli degisken NO’nun
bagimsiz degiskenler (hava basincy, riizgar yond, rizgar hizi,
hava sicaklig1 ve bagil nem) ile kurulan modelin anlamlilig:
test edilmis ve model anlamli (Onem Seviyesi<0,05)
bulunmugtur ve bagimsiz degiskenler olan meteorolojik
veriler; bagimli degisken hava kirliligi NO’nun %14,3’int
agikladigy gorulmektedir. Bagimsiz degiskenler arasinda ise
%38lik bir iligki bulunmaktadir. Cizelge 10’a gére, bagimsiz
degiskenlerin anlamliliklar1 incelendiginde riizgir hizi ve
hava basinct anlamsiz bulunmugtur (Onem Seviyesi>0,05).

Bu ytizden modele dahil edilmemistir. Elde edilen regresyon
modeli agagidaki gibidir.

NO = 219,140 + (-0,2526) Hava sicaklig1 + (-0,316)
Rizgar yoni + (-0,472) Bagil nem

Kurulan anlamli regresyon modeline gére, hava sicakliginin
1 birim artmasi azot miktarinin ortalama 0,252 birim
azalmasina neden olur. Riizgar yoniinin 1 birim artmasi azot
miktarinin ortalama 0,316 birim azalmasina, bagil nemin 1
birim artmas: ise azot monoksit miktarinin ortalama 0,472
birim azalmasina neden olmaktadur.

NO degerleri ile meteorolojik parametre degerleri arasindaki
korelasyon katsayilar1 Cizelge 11'de gosterilmistir.

Bagimli degisken NO ile hava sicakligi arasinda negatif yonla
%32lik, riizgar yonu ile negatif yonla %7’1ik, riizgir hiz ile
pozitif yonli %2’lik, hava basinci ile negatif yonli %18’lik bir

Cizelge 9. SO, degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilari.

SO, Sicaklik R.Yoni R. Hiz1 B.Nem H. Basinca1
SO, 1,000 -0,098 -0,038 0,241 -0,238 -0,062
Sicaklik -0,098 1,000 -0,136 -0,041 -0,417 0,293
Pearson R. Yonii -0,038 -0,136 1,000 0,057 0,105 -0,094
Korelasyon R. Hiz1 0,241 -0,041 0,057 1,000 -0,171 -0,121
B. Nem -0,238 -0,417 0,105 -0,171 1,000 0,378
H. Basinct -0,062 0,293 -0,094 -0,121 0,378 1,000

Cizelge 10. NO diizeyine etki eden faktorlere ait regresyon model sonuglari.

Kareler Serbestlik  Ortalama Kare Onem
Toplam1 Derecesi Hata Seviyesi
Regresyon 412255,42 5 82451,08 37,71 0,001 0,378 0,143
Artik 2470448,62 1130 2186,24
Toplam 2882704,04 1135
e e Onem  Collinearity Staistics
Seviyesi
B Standart Hata Beta Tolerans VIF
Sabit 219,140 19,622 11,168 0,001
Sicaklik -2,526 0,232 -0,393 -10,883 0,0005 0,582 1,719
R. Yont -0,316 0,075 -0,119 -4,219 0,0002 0,961 1,040
R. Hiz1 -0,157 0,368 -0,012 -,426 0,670 0,951 1,052
B.Nem -0,472 0,129 -0,139 -3,671 0,0002 0,527 1,896
H. Basina -0,012 0,013 -0,033 -0,930 0,352 0,607 1,649
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iligki vardir. NO’nun bagimsiz degiskenlerle olan iligkisinin
anlamliliklar1 incelendiginde; hava sicakligi (0,001<0,05),
rizgir yont (0,005<0,05) ve hava basinci (0,001<0,05) ile
olan iligkileri anlamli bulunmus. NO ile riizgir hiz1 ve bagil
nem arasindaki iligki 6nemsiz bulunmugtur.

Cizelge 12'de bagimli degisken NO,'nin bagimsiz degisken-
ler (hava basinct, riizgar yon, rizgar hizi, hava sicakligs ve
bagil nem) ile kurulan regresyon modeline ait sonuglar ile
birlikte iligki miktar1 ve belirtme katsayis: verilmistir. Kuru-
lan regresyon modeli i¢in, NO, diizeyine etki eden faktérle-
re ait katsayilar elde edilerek ilgili model kurulmugtur.

Bagimli degisken NO, nin bagimsiz degiskenler (hava
basinct, riizgar yond, rizgar hizi, hava sicaklifi ve bagil nem)
ile kurulan modelin anlamlilig1 test edilmis ve model anlamli
(Onem Seviyesi <0,05) bulunmustur. Bagimsiz degiskenler
olan meteorolojik veriler; bagimh degisken hava kirliligi

NO, nin
arasinda %20’lik iligki bulunmaktadir. Cizelge 12’ye gore,

bagimsiz degiskenlerin anlamliliklari incelendiginde bagil

%4’tint agiklamaktadir. Bagimsiz degiskenler

nem anlamsiz bulunmustur (Onem Seviyesi>0,05). Bu
yizden modele dahil edilmemistir. Elde edilen regresyon
modeli agagidaki gibidir:

NO, = 61,607 + (-0,252) Hava sicakligs + (-0,101) Riizgar
yont +(0,607) Rizgar hizi + (0,035) Hava basinct

Kurulan anlamli modele gére, hava sicakliginin 1 birim
artmast azot dioksit miktarinin ortalama 0,252 birim
azalmasina neden olur. Riizgir hizinin 1 birim artmasi azot
dioksit miktarinin ortalama 0,607 birim artmasina, riizgar
yoni 1 birim artmasi azot dioksit miktarinin ortalama
0,101 birim azalmasina neden olmaktadir. Hava basincinin
1 birim artmas: ise azot dioksit miktarinin ortalama 0,035
birim artmasina neden olur.

Cizelge 11. NO degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilar:.

NO Sicaklik R.Yonii R.Hiz1 B.Nem H. Basinc1
NO 1,000 -0,327 -0,076 0,026 0,002 -0,187
Sicaklik -0,327 1,000 -0,140 -0,045 -0,420 0,290
Pearson R. Yonii -0,076 -0,140 1,000 0,058 0,110 -0,094
Korelasyon R. Hiz1 0,026 -0,045 0,058 1,000 -0,169 -0,120
B.Nem 0,002 -0,420 0,110 -0,169 1,000 0,377
H. Basinci -0,187 0,290 -0,094 -0,120 0,377 1,000

Cizelge 12. NO, diizeyine etki eden faktérlere ait regresyon model sonuglari.

Kareler Serbestlik Ortalama Onem
Toplam1 Derecesi Kare Hata Seviyesi
Regresyon 28780,26 5 5756,052 9,434 0,005 0,200 0,040
Artik 689491,66 1130 610,170
Toplam 718271,92 1135
Standartlagtirilmamis  Standartlagtirilmig . . . o
Katsayilar Katsayilar Onem Collinearity Statistics
Seviyesi
B Standart Hata Beta Tolerans VIF
Sabit 61,607 10,366 5,943 0,005
Sicaklik -0,252 00,123 -,078 -2,053 0,040 0,582 1,719
R.Yoni -0,101 0,040 -0,076 -2,550 0,011 0,961 1,040
R. Hiza 0,607 0,195 0,093 3,121 0,002 0,951 1,052
B.Nem -0,079 0,068 -0,047 -1,162 0,246 0,527 1,896
H. Basina 0,035 0,007 0,192 5,140 0,001 0,607 1,649
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NO, degerleri ile meteorolojik parametre degerleri
arasindaki korelasyon katsayilar: Cizelge 13'de gosterilmistir.

Bagimli degisken NO, ile riizgar yonii ile negatif yonli
%8lik, riizgar hizi ile pozitif yonli %7’lik, bagil nem ile pozi-
tif yonli %3’lik ve hava basinct ile pozitif yonld %14 lik bir
iligki vardir. NO,'nun bagimsiz degiskenlerle olan iliskisi-
nin anlamliliklar1 incelendiginde riizgar yoni (0,003<0,05),
rizgar hizi (0,005<0,05) ve hava basinct (0,01<0,05) ile olan
iligkileri anlamli bulunmusg. NO, ile hava sicakhigi ve bagil
nem arasindaki iligki 6nemsiz bulunmustur.

Cizelge 14de bagimli degisken NO,in bagimsiz degiskenler
(hava basincy, riizgar yond, riizgar hizi, hava sicakligi ve bagil
nem) ile kurulan regresyon modeline ait sonuglar ile birlikte
iligki miktar1 ve belirtme katsayisi verilmigtir. Kurulan
regresyon modeli igin, NO, diizeyine etki eden faktorlere
ait katsayilar elde edilerek ilgili model kurulmugtur.

Bagimli degisken NO, 'nin bagimsiz degiskenler (hava ba-
sinct, rizgar yond, rizgar hizi, hava sicakligs ve bagil nem)
ile kurulan modelin anlamlilig: test edilmis ve model anlam-
It (Onem Seviyesi <0,05) bulunmustur. Bagimsiz degisken-
ler olan meteorolojik veriler; bagimli degisken hava kirliligi
NO,'in %8’ini agiklamaktadir. Bagimsiz degiskenler ara-
sinda %29’luk iliski bulunmaktadir. Bagimsiz degiskenlerin
anlamliliklar1 incelendiginde rizgar hizi ve hava basinci an-
lamsiz bulunmustur (Onem Seviyesi>0,05) bu yiizden mo-
delde olmamalidir. Elde edilen regresyon modeli asagidaki
gibidir:

NO, = 280,488 + (-2,782) Hava sicakligs + (-0,418)
Riizgar yoni +(-0,552) Bagil nem

Elde edilen sonuglara gore, hava sicakliginin 1 birim artmasi
azot oksit miktarinin ortalama 2,782 birim azalmasina,
rizgar yonintin 1 birim artmasi azot oksit miktarinin

Cizelge 13. NO, degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilari.

NO, Sicaklik R. Yonii R.Hizx B.Nem H. Basinca
NO, 1,000 0,003 -0,083 0,077 0,035 0,148
Sicaklik 0,003 1,000 -0,140 -0,045 -0,420 0,290
Pearson R. Yonii -0,083 -0,140 1,000 0,058 0,110 -0,094
Korelasyon R.Hizt 0,077 -0,045 0,058 1,000 -0,169 -0,120
B. Nem 0,035 -0,420 0,110 -0,169 1,000 0,377
H. Basinct 0,148 0,290 -0,094 -0,120 0,377 1,000

Cizelge 14. NO, diizeyine etki eden faktérlere ait regresyon model sonuglari.

Kareler Toplami Slgil;:ztelsi:( Ortalﬁ‘;i are Onem Seviyesi R
Regresyon 434931,05 5 86986,21 19,975 0,003 0,285 0,08
Artik 4920921,67 1130 4354,80
Toplam 5355852,72 1135
e e Onem  Collinearity Staistics
Seviyesi
B Standart Hata Beta Tolerans VIF
Sabit 280,488 27,693 10,128 0,001
Sicaklik -2,782 0,328 -0,317 -8,490 0,001 0,582 1,719
R. Yont -0,418 0,106 -0,115 -3,957 0,0005 0,961 1,040
R. Hiz1 0,449 0,520 0,025 0,863 0,388 0,951 1,052
B. Nem 0,552 0,182 0,119 3,042 0,002 0,527 1,896
H. Basina 0,024 0,018 0,048 1,303 0,193 0,607 1,649
Karaelmas Fen Miih. Derg., 2022; 12(2):194-206 203




Unal, Ozel / Hava Kirletici Maddeler ile Meteorolojik Faktérler Arasindaki {liskilerin Incelenmesi

ortalama 0,418 birim azalmasina, bagil nemin 1 birim
artmast ise azot oksit miktarinin ortalama 0,552 birim
azalmasina neden olmaktadir.

Cizelge 16dabagimli degisken CO’nun bagimsiz degiskenler
(hava basinci, rizgar yond, rizgar hizi, hava sicakligi ve bagil
nem) ile kurulan regresyon modeline ait sonuglar ile birlikte

9 .. . . . iliski miktar1 ve belirtme katsayis1 verilmistir. Kurulan
NO; degerleri ile meteorolojik parametre degerleri arasin- $ aytst v d

daki korelasyon katsayilart Cizelge 15de gosterilmistir. regresyon modeli i¢in, CO diizeyine etki eden faktorlere ait

katsayilar elde edilerek ilgili model kurulmugtur.

Bagimli degisken NO, ile h klig1 il tif yonli

L CowEen Ny T AV SIS ey oo YORH Bagimli degisken CO’nun bagimsiz degiskenler (hava ba-
%231k, rizgir yonu ile negatif yonli %8lik, rizgar hizi e vinil. riigwir higt b s basdl
ile pozitif yonli %41k, bagil nem ile pozitif yonli %1’lik sinct, riizgdr yont, rizgar hiz, hava sicakligr ve bagil nem)
ve hava basinci ile negatif yonli %8&lik bir iligki vardir.

NO, un bagimsiz degiskenlerle olan iligkisinin anlamlilikla-

ile kurulan modelin anlamlhlig: test edilmis ve model an-
lamli (Onem Seviyesi <0,05) bulunmustur. Bagimsiz degis-
kenler olan meteorolojik veriler; bagimli degisken hava kir-
liligi CO’tn %57’sini agiklamaktadir. Bagimsiz degiskenler
arasinda %32’lik bir iligki bulunmaktadir. Bagimsiz degis-

r1 incelendiginde hava sicaklig (0,0001<0,05), rizgar yoni
(0,02<0,05), ve hava basinct (0,003<0,05) ile olan iligkileri
anlamli bulunmus. NO; ile bagil nem ve riizgar hizi arasin-

daki iliski nemsiz bulunmustur. kenlerin anlamliliklari incelendiginde bagil nem anlamsiz

bulunmustur (Onem Seviyesi>0,05). Bu yiizden modelde
olmamalidir. Elde edilen regresyon modeli agagidaki gibidir:

Cizelge 15. NO, degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilari.

NO

X

NO 1,000

Sicaklik R.Yonii R.Hiz1 B.Nem H. Basinc1

X -0,238 -0,087 0,047 0,015 -0,081

Sicaklik -0,238 1,000 -0,140 -0,045 -0,420 0,290

Pearson R. Yonii -0,087 -0,140 1,000 0,058 0,110 -0,094
Korelasyon | R. Hizt 0,047 -0,045 0,058 1,000 -0,169 -0,120
B.Nem 0,015 -0,420 0,110 -0,169 1,000 0,377

H. Basinct -0,081 0,290 -0,094 -0,120 0,377 1,000

Cizelge 16. CO diizeyine etki eden faktorlere ait regresyon model sonuglari.

Kareler Serbestlik  Ortalama Kare Onem
Toplam Derecesi Hata Seviyesi
Regresyon 136412187,7 5 27282437,5 110,13 0,009 0,32 0,57
Artik 279941067,1 1130 247735,5
Toplam 416353254,8 1135
Standartlagtirilmamis  Standartlagtirilmig .. . . .
Katsayslar Katsayilar Onem Collinearity Statistics
Seviyesi
B Standart Hata Beta Tolerans VIF
Sabit 3854,61 208,875 18,454 0,001
Sicaklik -26,750 2,471 -0,346 -10,825 0,001 0,582 1,719
R. Yoni -6,527 0,797 -0,204 -8,194 0,0005 0,961 1,040
R. Hizs 44,019 3,919 0,281 11,231 0,001 0,951 1,052
B.Nem 1,622 1,369 0,040 1,185 0,236 0,527 1,896
H. Basina -0,999 0,137 -0,228 -7,278 0,0001 0,607 1,649
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Cizelge 17. CO degerleri ile meteorolojik parametre degerleri arasindaki korelasyon katsayilar: ve 6nem diizeyleri.

CoO Sicaklik R. Yonii R. Hiz1 B.Nem H. Basina1
CO 1,000 -0,413 -0,113 0,305 0,029 -0,328
Sicaklik -0,413 1,000 -0,140 -0,045 -0,420 0,290
Pearson R. Yonii -0,113 -0,140 1,000 0,058 0,110 -0,094
Korelasyon R. Hizx 0,305 -0,045 0,058 1,000 -0,169 -0,120
B.Nem 0,029 -0,420 0,110 -0,169 1,000 0,377
H. Basina -0,328 0,290 -0,094 -0,120 0,377 1,000

CO =3854,612 + (-26,750) Hava sicaklig1 + (-6,527)
Riizgar yonu + (44,019) Rizgar hizi + (-0,999) Hava

basinct

Kurulan modele gore, hava sicakliginin 1 birim artmasi CO
miktarinin ortalama 26,75 birim azalmasina neden olur.
Riizgar yontinin 1 birim artmasi CO miktarinin ortalama
6,52 birim azalmasina, riizgar hizinin 1 birim artmasi CO
miktarinin ortalama 44,09 birim artmasina, hava basincinin
1 birim artmas: ise CO miktarinin ortalama 0,999 birim
azalmasina neden olmaktadir.

CO degerleri ile meteorolojik parametre degerleri arasindaki
korelasyon katsayilar1 Cizelge 17'de gosterilmistir.

Bagimli degisken CO ile hava sicakhigi ile negatif yonli
%471'lik, rizgir yoni ile negatif yonli %1717lik, rizgir
hizi ile pozitif yonld %30’luk, bagil nem ile pozitif yonli
%2’lik ve hava basinci ile negatif yonld %32’lik bir iligki
vardir. CO’nun bagimsiz degiskenlerle olan iligkisinin
anlamliliklar1 incelendiginde hava sicakligi (0,001<0,05),
rizgar yoni (0,001<0,05), rizgar hizi (0,005<0,05) ve hava
basincr (0,001<0,05) ile olan iligkileri anlamli bulunmus.
CO ile bagil nem (0,163>0,05) arasindaki iligki 6nemsiz

bulunmustur.

3. Tartisma ve Sonug

Emisyon ve kirlilige sebep olan kaynaklarin atmosfer ve
arazi ile etkilesimlerini kapsayan bir anlays, hava kirliligi
i¢in belirlenen uygun yoénetim planlari ve stratejilerinin
gelistirilmesinde onem tegkil etmektedir (Mentese ve
Tagil, 2012). Birgok ¢aligmada gorilmistir ki, hava kirliligi
ile iklim parametreleri arasinda bir iligkilidir. Bu nedenle,
atmosfer ile emisyonlar arasindaki etkilesimden dolay1
yapilacak olan stratejilerde 6nem teskil etmektedir.

Yapilan bu c¢aligma ile, Bolu ili i¢in 2017-2020 yallar:
arasinda hava sicakligi, nem, riizgar hizi ve basing olarak

S0,

belirlenen iklim elemanlarinin hava kalitesi (PM,,

Karaelmas Fen Miih. Derg., 2022; 12(2):194-206

NO, NO,, CO ve NO,) izerinde bulunan etkisi ile
istatistiksel yontemlerden yararlanilarak hava kirliligine dair
ele alinan parametrelerin zamansal degisimleri incelenmistir.
Analizlerde elde edilen regresyon modellerinin devaminda
korelasyon katsayilarindan yararlanarak iligki miktarlari
hakkinda yorumlar yapilabilmektedir. Bagimsiz degiskenler
olan meteorolojik veriler; bagimli degisken hava kirliligi
PM,; ‘un %17’ini, SO, 'nin %16,5ini, NO’'nun %14,3%indg,
NO, nin %4%ini ve NO,'in ise %8’ini agiklamaktadir. Elde
edilen iligki miktarlarina gére bagimsiz degiskenler ile en
yiiksek iliskiye sahip olan bagimli degisken SO, olup, pozitif
yonli ve %41’lik bir iligki bulunmaktadir. En dustk iligkiye
sahip olan bagimli degisken ise NO, olup, yine pozitif
yonli ve %20°lik bir iliski s6z konusu olmugstur. Elde edilen
sonuglara gore, hava kirleticileri ile iklim elemanlari arasinda
sicaklik, hava basinci ve riizgar yoni ile orta diizey; riizgar
hizi ve bagil nem ile distik dizeyde bir iligkinin mevcut
oldugu séylenebilmektedir.
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Farkli Hiicre Hatlarinda KILK4 Gen Ifadesinin Belirlenmesi

Expression af KI.K4 Gene Expressz'on Diﬁ’erenz‘ Cell Lines
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Oz

Kallikrein releated peptidaz (KLK) gen ailesi, insan genomundaki en buytk proteaz geni kiimesi tarafindan kodlanmaktadir ve
yiiksek oranda korunmus 15 serin proteazdan olusur. Bu ailenin doku kallikrein ve kallikrein ile iligkili peptidazlarin en ¢ok bilinen
ve biyobelirte¢ olarak kullanilan Gyesi prostata spesifik antijen (PSA- KLK3)dir. Biyobelirteg olarak kullanilan diger tyeleri ise, insan
glandiiler kallikrein 2 (KLK2) ve KLK4 (KLK-L1,PRSS17, AI2A1, ARM1, EMSP, EMSP1, PSTS TMPRSS2 ve prostaz) dir. PSA
ve diger KLK’lar arasindaki yapisal benzerlik g6z 6niine alindiginda, ailenin kalan tyelerinin kanser biyobelirtegleri olarak potansiyel
rolii son yillarda goke¢a aragtirilmaktadir. Caligmamizda PC-3/LNCaP (insan prostat karsinomu), HEP3B (insan hepatoseliiler
karsinomu), HT-29/SW480 (insan kolon karsinomu), ve HUVEC (insan umblikal ven endotel hiicresi) hiicre hatlarinda KLLK4’in
ifadesi mRINA ve protein diizeyinde ¢aligilmigtir. Caligilan tiim hiicre hatlarinda ifadesinin oldugu, yine literatiirle tutarh olarak androjen
bagimli prostat kanserlerinde ise ifadesinin yiiksek oldugu tespit edilmistir. Ayrica farkli evrelerde olan kolon kanseri hiicre hatlarinda,
kanser ilerleyisi ile iligkili olarak KLLK4 ifadesinin HT-29 hiicrelerinde SW480 hiicrelerine kiyasla yliksek bulunmusgtur. Caligmamiz

sonuglarinin KLLK4 regiilasyonunu hedefleyen kanser ¢alismalari i¢in hiicre se¢iminde yonlendirici olacag: distintilmektedir.

Anahtar Kelimeler: Hepatoseliiler karsinom, Insan umblikal ven endotel hiicresi, KLK4, Kolon kanseri, Prostat kanseri

Abstract

The highly conserved Kallikrein-related peptidase (KLK) gene family, encoded by the largest set of protease genes in the human
genome, consists of 15 serine proteases. Prostate-specific antigen (PSA-KLK3) is the most well-known and biomarker member of
tissue kallikrein and kallikrein-related peptidases. Others are human glandular kallikrein 2 (KLK2) and KLK4 (KLK-L1, PRSS17,
AI2A1, ARM1, EMSP, EMSP1, PSTS TMPRSS2 and prostasis). Given the structural similarity between PSA and other KLKs,
the potential role of remaining family members as cancer biomarkers has been extensively investigated in recent years. In our study,
the expression of KLK4 in PC-3/LNCaP (human prostate carcinoma), HEP3B (human hepatocellular carcinoma), HT-29/SW480
(human colon carcinoma),and HUVEC (human umbilical vein endothelial cell) cell lines was studied at the mRINA and protein level.
KLK4 mRNA and protein expression were found in all studied cell lines and its expression is high in androgen-dependent prostate
cancers (LNCaP), which is also consistent with the literature. In addition, a high level of KLK4 expression was found in HT-29 cells
than SW480 cells which are different stages of colon carcinoma cell lines, and this high-level expression is correlated with cancer

progression. It is thought that the results of our study will be guided in the selection of cells for cancer studies targeting the regulation
of KLK4.

Keywords: Human umbilical vein endothelial cell, Hepatocellular carcinoma, KLLK4, Colon cancer, Prostate cancer
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1. Girig
Kallikreinler,
kininojenlerden vazoaktif peptit (lys) bradikinin tretme

ilk olarak kininojenaz aktiviteleri ve
yetenekleri ile tanimlanan serin proteazlarin bir alt grubudur.
Kallikrein ilk olarak pankreas oziitlerinde tanimlanmugtir
(Kraut vd. 1930, Werle E. 1934). Yapilan caligmalarla
karacigerden tiiretilen bir plazma kallikreini ve birkag
dokunun lokal doku ortaminda aktif olan glandiler veya

doku kallikreini belirlenmistir (Clements vd. 2004).

Insan genomundaki en biiyiik proteaz geni kiimesi tarafindan
kodlanan, yiiksek oranda korunmus KLK gen ailesi 15
serin proteazdan olugmaktadir (Clements vd. 2001, Tefekli
2012, Emami ve Diamandis 2008, Korkmaz vd. 2004, Xi
vd. 2004). Tiim bu genler, 19q13.4 kromozomu tzerindeki
insan KLLK lokusunda kiimelenmistir (Kontos ve Scorilas
2012, Diamandis vd. 2000, Lundwalla ve Brattsandb
2008). Cesitli tirlerde bugtine kadar tanimlanan tim doku
kallikrein genlerinin ortak ozellikleri, bes ekzonun benzer
bir genomik organizasyonu, serin proteaz katalitik aktivitesi
i¢in korunmusg bir amino asit rezidist ve birinci ekzonda
kodlanmus bir sinyal peptid dizisini igermeleridir (Korkmaz
2004).

Normal ve neoplastik prostat dokulari tzerinde yapilan
calismalarda, prostata spesifik antijen KLLK3 (PSA olarak
da bilinir), glandiler kallikrein 2 (KLK2), TMPRSS2 ve
prostaz/ KLK4 (diger isimleri: PRSS17/EMSP1) yuksek
oranda ifade olduklar: ve androjenik hormonlar tarafindan
duzenlendigi gosterilmistir (Matsumura vd. 2005).

Kallikrein ile ilgili peptidaz 4 (KLK4), androjenler
tarafindan dizenlenen ve ekspresyonu prostat icin olduk¢a
spesifik olan ve prostat kanseri kemik metastazlarinda bol
miktarda bulunan serin proteazdir (Xi vd. 2004, Fuhrman-
Luck vd. 2016). KLK4; KLLK-L.1, PRSS17, AI2A1, ARM]1,
EMSP, EMSP1, PSTS olarak da bilinir (Obiezu vd. 2001).
254 amino asitten olusan 4.38 kb genomik DNA’y1 kapsar.
5 ekzon ve 4 introndan olusur. Bir salgilama sinyaline (pre-)
peptit (26 amino asit), ardindan bir aktivasyon (pro-) peptit
(4 amino asit) ve 1 potansiyel N-bagl glikosilasyon yerine
sahip olgun zincir (224 amino asit) bulunur. His71, Asp116,
Ser207 (Met = 1% gore ve ekson 1’ de ATG1 tarafindan
kodlanan) katalitik tglisii korunur ve proteolitik aktivite
icin gereklidir. Bir KLLK4 tam uzunlukta protein olarak
sentezlendikten sonra, sinyal peptidi yarilir ve pro-KLK4
(zimogen) daha sonra hiicreden salgilanir. Aktivasyon
uzerine, olgun aktif enzimi tretmek i¢in propeptit

uzaklagtirilir. KLLK4 geni orijinal olarak PRSS17 geni olarak
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adlandirilmigtir ve EMPS1 (Enamel matrix serine protease
1) proteinini kodlayan dejenere primerler kullanilarak
domuzda gelismekte olan dis emaye epitel hiicrelerinden
klonlanmigtir (Lai vd. 2009).

RT-PCR deneyleri ile yapilan ¢aligmalar sonucunda meme,
yumurtalik, endometriyum, tiikriik bezi, akciger, adrenal
bez, kolon, trakea da KLK4’ in ifade oldugu gosterilmistir.
Northern blot analizi ile insan dokularindaki daha sonraki
caligmalar, KLK4 mRNA ekspresyonunun prostata agirlikli
olarak lokalize oldugunu géstermistir; beyin, testis, omurilik,
tiroid, deri ve bobrek de diisik ile orta seviyelerde KLK4
mRNA’ y1 ifade ettigi gosterilmigtir. KLK4 mRNA, in situ
hibridizasyon deneyleriyle yag bezlerinde, ter bezlerinde,
kil folikilleri, stratum bazale, stratum spinosum ve stratum
graniilosumda da tespit edilmistir. (Dong vd. 2001, Majum-
dar ve Diamendis 1999, Lai 2009, Wang, 2018). Yapilan bir
caligmada, KLLK4 ekspresyonunun, prostat kanseri kaynakl
LNCaP hiicre hattinda androjenler tarafindan yukar: regiile
edildigi ve meme karsinomas: hiicre hatti BT-474 te hem
androjenler hem de progestinler tarafindan yukari regiile
edildigi gosterilmistir (Obiezu vd. 2001). KLK4, prostat
kanseri hucrelerinin ¢ogalmasinin desteklenmesinde ve ge-
nel olarak, siklin B1 ve E2F1 gibi hticre dongusi ile ilgili
genlerin dizenlenmesi yoluyla malign fenotip degisiklikle-
rinde egsiz bir role sahip oldugu gosterilmistir. (Avgaris vd.

2012).
PSA ve diger KLK’lar arasindaki yapisal benzerlik g6z 6ntine

alindiginda, ailenin kalan tyelerinin kanser biyobelirtecleri
olarak potansiyel roli son yillarda ¢ok¢a arastirilmistir.
Yakin tarihli aragtirmalar, KLK2 ve KLK4 dahil diger
KLK’ larin testislerde dretildigini ve dolaysiyla testis
kanseri i¢in biyolojik belirte¢ olarak potansiyel olabilecegini
onermektedir. Biyolojik belirte¢ olarak kullanimlarinin
disinda, kanser patogenezinde bir dizi kritik islevsel roliniin
tespiti KLK’ larin terapotik hedefler olarak potansiyel
kullanimlarini ortaya ¢ikarmistir (Emami ve Diamandis
2008, Kontos ve Scorilas 2012, Kryza vd. 2017). KLK4
tin regiilasyonunu hedefleyen kanser ¢aligmalari icin hiicre
secimi olduk¢a 6nemlidir. Literatiir incelendiginde LNCap,
PC-3, DU145 prostat kanseri hucrelerinde (Klokk vd.
2007), HT-29 kolon kanseri hiicrelerinde (Gratio vd. 2010),
meme karsinomas: hiicre hatt1 BT-474, (Obiezu vd. 2001),
ameloblast benzeri hiicreler (LLS8) (Liv d. 2022), diginda bir
caligma bulunmamaktadir. Bu kapsamda c¢alismamizda, bu
zamana kadar genellikle dokular Gzerindeki ifadesine bakilan
KLK4’ tin, farkh prostat karsinom hicre hatlarinda (PC-3/
LNCaP), hepatoseliiler kanser hiicre hattinda (HEP3B),
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farkli kolon karsinom hiicre hattlarinda (HT-29/SW480)
ve normal hiicre hatt1 olan HUVEC (insan umblikal ven
endotel hiicresi) hiicre hattindaki ifadesi belirlenmistir.

2. Gereg ve Yontem
2.1. Hiicre Kiultiiri

Calismamizda PC-3/LNCaP (insan prostat karsinomu),
HEP3B (insan hepatoseliler karsinomu), HT-29/SW480
(insan kolon karsinomu), ve HUVEC (insan umblikal
ven endotel hiicresi) hiicre hatlart kullanilmisti. PC-3
ve LNCaP hiicreleri Ege Universitesi Biyomiihendislik
Bolimiinden Prof. Dr. Kemal Sami Korkmaz’ dan; HEP3B
hiicreleri Cardiff Universitesinden Dr. Dipak P. Ramji’
den, HT-29 hiicreleri Canakkale 18 Mart Universitesi
Molekiiler Biyoloji ve Genetik Béliminden Dog. Dr.
Tugba Boyuegmez’ den; SWA480 hiicreleri Orta Dogu
Teknik Universitesi Biyolojik Bilimler Boliminden Prof.
Dr. Sreperna Banerjee’ nden; HUVEC hiicreleri Uludag
Universitesi Tip Fakiiltesi Temel Bilimler Bélimiinden Prof.
Dr. Berrin Tunca’ dan temin edilmistir. Hiicre kiltirleri,
PC-3 hiicre hattt DMEMF12 Mix (EuroClone), LNCaP
hiicre hattt RPMI 1640 (EuroClone), HEP3B/HT-29/
SW480 ve HUVEC hicre hattt DMEM high glukoz
(EuroClone) medyumunda 2mM L-Glutamin ve %10 FCS
iceren 1X antibiyotik-antimikotik (EuroClone) besiyerinde,
%5 CO, igeren nemli atmosferde 37 °C de gergeklestirildi.

2.2. Canli Hiicrelerin Belirlenmesi ve Hiicre Sayim1

Stspansiyon hale getirilen hiicrelerden hiicre sayimi
yapmak i¢in ve hiicre canlilifinin belirlenmesi amaciyla,
hiicreler tripan mavisi ile boyandi. Boyanan hiicrelerin
mililitresindeki sayisin1 bulabilmek i¢in tizerinde 25 kiigiik
kare bulunan, 1 mm? alan igeren ve 0.1 mm derinlige sahip
olan hemositometre lami kullanildi. Flasklardan Tripsin-
EDTA kullanilarak kaldirilan hucreler, ¢oktirme iglemi
icin 1000 rpmde santrifij yapildi. Santrifijden alinan
hiicrelerin stipernatant kismi dokiilerek, hiicre pelleti FCS
iceren medyumda ¢oziildi. Ayri bir ependorfa stispansiyon
hale getirilen hiicrelerden ve tripan mavisinden esit hacimde
konularak, bu karigim 3 dakika inkibe edildi. Ardindan
oli ve canlt hicreleri ayirt etmek icin bu karigimdan 10pl
hemositometre lamina aktarilarak sayim yapildi. Olii hiicreler
tripan mavisi ile mavi renge boyanirken canlt hiicreler mavi
renge boyanmadi. Mavi renge boyanmayan canli hiicreler
sayild1 ve boylelikle hiicre stispansiyonun mililitresindeki
canli hicre sayist hesaplandi (Turkoglu vd. 2019).
Calismamizda kullanilan PC-3/LNCaP (insan prostat
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karsinomu), HEP3B (insan hepatoseliiler karsinomu), HT-
29/SW480 (insan kolon karsinomu), ve HUVEC (insan
umblikal ven endotel hiicresi) hiicre hatlar1 25 cm? flasklara,
hem RNA hem de protein deneyi i¢in 2x10° olarak ayr1 ayri
ekildi. 24 saat sonunda hiicreler tripsinizasyon yontemi ile
flasklardan kazinarak RNA pelletleri -80 °C ye kaldirilds.
Yine 24 saat sonunda RIPA Buffer ile flasklardan hiicreler
bir kaziyict spatiil ile kazinarak protein izolasyonu yapildi ve

-80 °C ye kaldirilds.

2.3. Hiicre Pelletlerinden RNA Izolasyonu ve cDNA
Eldesi

PC-3/LNCaP (insan prostat karsinomu), HEP3B (insan
hepatoseliler karsinomu), HT-29/SW480 (insan kolon
karsinomu), ve¢. HUVEC (insan umblikal ven endotel
hiicresi) hiicre hatlarinda KLLK4 geninin mRNA ifadesini
belirlemek amaciyla RNA izolasyonu i¢in -80 °C’ den
cikarilan pelletlerden RNA izolasyonu gergeklestirildi.
Thermo Scientific-Gene]ET RNA purification kiti ile
RNA izolasyonu yapildi. RNA larin saflik ve miktar tayini
i¢in spektrofotometre 260 nm ve 280 nm’ de absorbanslar:
olgtldi. Elde edilen RNA’ lardan 1pg RNA olacak sekilde
alinmas: gereken miktar hesaplandi. RevertAid RT Reverse
Transcription Kiti (Thermo Scientific) kullanilarak cDNA
sentezi gerceklestirildi. Bunun i¢in 6ncelikle her bir tipe 1pg
RNA, konuldu ve tzerlerine Oligo dT” den 1pl eklenerek
dH, O ile 12.5ul hacime tamamlandi. PZR cihazina konulan
ornekler 65 °C’ de 5 dakika inkiibe edildi. Inkiibasyon
sonunda her bir tiipe, 4pl Buffer RT, 2ul dNTP, 1l Revers
Transkriptaz enzimi ve 0.5ul Ribolock Inhibitériinden
olugan karigimdan 7.5pl paylastirildi. Son hacimi 20 pl olan
tiipler PZR cihazinda 42 °C de 1 saat ve 72 °C 10 dakikalik
inkiibasyona birakildi. Internal kontrol olarak kullanilan
insan B2 primerleri ile Polimeraz zincir reaksiyonu yapilarak
cDNA' lar kontrol edildi. Ardindan agaroz jel elektroforezi
yapilarak cDNA’lar goriintilendi.

2.4. Ger¢cek Zamanli PZR (Real Time PCR)

KLK4 mRNA ifadesinin belirlenebilmesi amaciyla elde
edilen cDNA’ lardan 1pl hacimde (1pg), ileri (forward) ve
geri (reverse) primerlerinden 0.5 er pl (100 ng/pl), 6.25ul
RealQ_Plus 2x Master Mix Green (Ampliqon) ve 4.25pl
dH,O kullanilarak 12.5p] son hacime tamamlanarak
PZR gerceklestirildi. Gergek zamanli Polimeraz Zincir
Reaksiyonu (PZR) i¢in Light Cycler 485 (Roche Diagnostic)
cihazi kullanildi. Buttin cDNA lar 3 tekrarli olarak ¢aligildi
ve elde edilen Ct degerlerinin ortalamalar1 alindi. KLK4
ekspresyon primerleri i¢in NM_004917.5/NP_004908.4
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Cizelge 1. Ekspresyon ¢aligmasinda kullanilan primerler.

KLK4

Accession Uriin ~ Baglanma
Forward [0t Number Biyiiklugiic  Sicaklig:
5-CACTGGTCATGGAAAACGA- |5-ATGAGGTCGTTAGCGAG-| NM_004917 214b 5500
ATT-3 CAAG-3 XM_001134318 p

Hp2 (Insan p2 Mikroglobulinin)

Accession Uriin Baglanma
Forward s Number Biiyiikligii  Sicaklig:
;53 TTTCTGGCCTGGAGGCTATC | 5 CATGT%X&%%T‘;)CCCACT— NM_004048 314 bp s50C

kodlu dizi tizerinden 2. ve 3. ekzon arasindan biyoinformatik
olarak primerler dizayn edildi. KLLK4 ekspresyon primerleri
ve kontrol genimiz olan Human-B-2 mikroglobilin (Hp2)
genine ait primerler (Cizelge 1) i¢in baglanma sicakligi 55
C olarak belirlendi.

2.5. Gergek Zamanli PZR Sonuglarinin
Degerlendirilmesi ve Istatistiksel Analizler

Gergek zamanli PZR sonuglarindan elde edilen sonuglar
Livak metoduna goére degerlendirildi (Livak ve Schmittgen
2001). KLK4 mRNA seviyesini belirlemek i¢in yapilan
gercek zamanli PZR sonucunda elde edilen KLK4 Ct
degerleri, internal kontrol gen olarak kullanilan insan beta
2 Mikroglobulinin (HB2) Ct ortalamasindan ¢ikartilarak
normalize edildi. Caligma sonuglari melting curve analizi
ile dogrulandi. Sonuglar Oneway Anova ile degerlendirildi.
Veriler istatistiksel olarak p<0,05 oldugunda anlamli olarak
kabul edildi.

2.6. Western Blot

25 cm?flasklara, 2x10° olarak ekilen hiicrelerden 24 saat so-
nunda KLLK4 geninin protein ifadesini belirlemek amaciyla,
RIPA Bufter ile protein izolasyonu gergeklestirildi. Her bir
hiicre hattina ait proteinden 35pg kullanilarak %10’ luk po-
liakrilamid jele yiiklendi ve PVDF membrana (Millipore)
transfer ile aktarildi. Membranda spesifik olmayan baglan-
may1 6nlemek icin %0,1 (v/v) Tween20 ve %5 (w/v) yagsiz
st tozu igeren 1X Tris salin tamponu (TBS) icerisinde 1
saat bloke edildi. Ardindan Tween20 iceren 1X TBS tam-
ponu ile 3 kez yikandi. Yikama isleminden sonra primer an-
tikor olan KILLK4 (jnvitrogen, PA5-72768) antikoru ile bir
gece +4 °C de muamele edildi. Ertesi giin 1X TBS tamponu
ile 3 kez yikama yapild: ve sekonder antikor (HRP-konjuge
anti-rabit) ile 1.5 saat muamele edildi. Tekrar 3 kez yikamas:
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yapilan membran Pierce ECL (Western Blotting Substra-
te-Thermo) substratiyla muamele edilerek, Fusion FX VIL-
BER LOURMAT cihazinda gorintilendi. KLLK4 protein
miktar1, B-Aktin proteini miktari ile normallegtirildi.

3. Sonuglar

3.1. KLK#4 iin SW480, HT-29, HEP3B, HUVEC, PC-3
ve LNCaP Hiicre Hatlarindaki mRNA ifadesi

2x10° olacak sekilde ekim yapilan hiicrelerden 24 saat so-
nunda flasklardan kaldirilarak RNA izolasyonlar1 gercek-
lestirildi. Bu RNA’ lardan 1pg kullanilarak Reverse trans-
kriptaz polimeraz zincir reaksiyonu (RT-PZR) ile cDNA
sentezi yapildi. Internal kontrol gen olarak kullanilan insan
B2 Mikroglobulin ile PZR yapilarak cDNA’ larin kontroli
saglandi. PZR sonuglar elektroforez jele yiklenerek gortin-
tulendi (Sekil 1). KLK4 geninin farkli hiicre hatlari olan
PC-3/LNCaP (insan prostat karsinomu), HEP3B (insan
hepatoseliiler karsinomu), HT-29/SW480 (insan kolon
karsinomu), ve HUVEC (insan umblikal ven endotel hiic-
resi) hiicrelerinde mRNA ifadesini belirleyebilmek ama-
cryla spesifik KLK4 ve HB2 primerleri kullanilarak gergek
zamanli PZR gerceklestirildi. Yapilan analizlere gore (Sekil
2) KLK4 {in tiim hticre hatlarinda ifadesi bulunurken en
¢ok androjen bagimli prostat kanseri hiicresi olan LNCaP
hiicresinde, en az ise kolon kanseri hicresi olan SW480 de

mRNA ifadesinin oldugu gorulda.

3.2. KLK4’ iin SW480, HT-29, HEP3B, HUVEC, PC-3
ve LNCaP Hiicre Hatlarindaki Protein Ifadesi

25 cm? flasklara, 2x10° olacak sekilde ekim yapilan
hiicrelerden 24 saat sonunda flasklardan Ripa Buffer ile
kazinarak elde edilen protein miktarlar1 Bradford yontemiyle

belirlendi. Poliakrilamid jele her bir protein 35pg yliklenerek

Karaelmas Fen Miih. Derg., 2022; 12(2):207-215
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Sekil 1. Farkli hiicre hatlarindan yapilan ¢cDNAllarin HB2
PZR elektroforez jel gortuntisi (1:100b¢ marker, 2: SW480
kolon kanseri hiicre hatti, 3: HT-29 kolon kanseri hiicre hatti,
4: HEP3B hepatoseliler kanseri hiicre hatti, 5: HUVEC
umblikal ven endotel hiicresi, 6: PC-3 prostat kanseri hicre

hatti, 7: LNCaP prostat kanseri hiicre hatti, 8: 100bg marker).
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Hiicre Hatlan

Sekil 2. Farkli hiicre hatlarinda KLK4 mRNA ifadesi (SW480
kolon kanseri hiicre hatti, HT-29 kolon kanseri hiicre hatti,
HEP3B hepatoseliiler kanseri hiicre hatti, HUVEC umblikal
ven endotel hicresi, PC-3 prostat kanseri hicre hatti, LNCaP
prostat kanseri hiicre hattr).

90V da yuritildd. Yirttilen jellerdeki proteinler membrana
transfer islemi ile aktarildi. Islem sonunda membranda
spesifik olmayan baglanmay: 6nlemek i¢in yagsiz sit tozu
ve Tween20 igeren 1X TBS ile 1 saat bloke edildi. Ardindan
KLK4 primer antikoru ile bir gece +4 °C de muamele
edildi. Ertesi gin 1X'TBS tamponu ile 3 kez yitkama igleme
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Sekil 3. Farkli hiicre hatlarinda KLK4’ Gn protein ifadesi
(SW480 kolon kanseri hticre hatti, HT-29 kolon kanseri hiicre
hatti, HEP3B hepatoseliler kanseri hticre hatti, HUVEC
umblikal ven endotel hiicresi, PC-3 prostat kanseri hiicre hatt,

LNCaP prostat kanseri hiicre hatti).

yapildiktan sonra sekonder antikor (HRP-konjuge anti-
rabit) ile 1.5 saat muamele edildi. 1X'TBS ile 3 kez ytkamas:
yapilan membran Pierce ECL (Western Blotting Substrate-
Thermo) substratliyla 3 dakika inkiibe edildi ve Fusion
FX VILBER LOURMAT cihazinda gorintilendi. Ayni
membranda normalizasyon icin Insan B-aktin bantlarida
goruntilendi. KLK4’ in protein seviyesini belirlemek i¢in
yapilan western blot sonucunda ise elde edilen bantlar
imaj J programinda analiz edildi. Analizler sonucunda elde
edilen KLLK4 protein miktari, B-Aktin proteini miktar: ile
normallestirildi. Yapilan analizlere gore (Sekil 3), KLK4’
Gn tim hiicre hatlarinda ifadesi bulunurken, yine mRNA
analizleri ile tutarl olarak en ¢ok androjen bagiml prostat
kanseri hiicresi olan LNCaP hiicresinde, en az ise kolon
kanseri hiicresi olan SW480 de protein ifadesi tespit edildi.

211



Poyrazli, Aydogan Tirkoglu, Okuyan, Ké¢kar / Farkli Hiicre Hatlarinda KLLK4 Gen Ifadesinin Belirlenmesi

4. Tartigma

Literatirde KLK4tin ifadesiyle ilgili ¢alismalar incelen-
diginde, ¢aligmalarin genellikle insana ait kanserli dokular
veya normal dokulardaki KLLK4 ifadesine yonelik oldugu
gorilmektedir. Kanser hiicre hatlar1 kullanilarak yapilan
birkag ¢aligma bulunmaktadir.

KLK4 ekspresyonunun, prostat kanseri kaynakli LNCaP
hiicre hattinda androjenler tarafindan yukari regiile
edildigi ve meme karsinomas: hiicre hattt BT-474 te hem
androjenler hem de progestinler tarafindan ifadesinin artti1
gosterilmistir (Obiezu vd. 2001).

Literatiir incelendiginde bazi serin proteazlarin, proteazla
aktive olan reseptorler (PAR’lar) araciligiyla hareket eden
sinyal molekiilleri oldugu digtinilmektedir. Insan kolon
kanser gelisimi PAR1 (proteazla aktive olan reseptor) ve
PARA4 (trombin reseptorleri) ayrica PAR2 (tripsin reseptorti)
ile iligkilendirmigtir. KILK4 ifadesi, normal insan kolonunun
epitel hiicrelerinde azdir ancak insan kolon adenokarsinom-
larinda KLLK4 ekspresyonu yiiksektir. Serin proteaz ailesinin
bir tyesi olan KLK4'tin insan kolon kanserinde PAR1 ve
PAR2Yyi aktive edip etmediginin aragtirildig: bir ¢aligmada,
PAR1 ve PAR?2 ifade eden insan kolon kanseri hiicre hatti
olan HT-29 hicrelerinde, rekombinat KLK4 uygulanmis ve
hiicre i¢i Ca*?deki degisiklikler izlenmistir. HT-29 hiicrele-
rinde KLK4tin PAR1 yoluyla sinyal ilettigi gosterilmigtir.
Western blot analizleri ile yapilan yolak ¢alismalarinda ise,
PART1 bloke edici antikorlarin, KLK4'tin kalsiyum gegisleri
tizerindeki etkisini tamamen ortadan kaldirdig: ve KLK4 ile
indiklenen ERK1/2-MAP kinaz yolunun kalsiyum mobi-
lizasyonu ile indiklenmesi i¢in gerekenden daha az KLLK4
konsantrasyonu ile aktivasyonun bagsladig: gosterilmistir.
Sonug olarak bu veriler, PAR1 aracili KLLK4 sinyal iletim
yolunun kolon timorijenezinde yeni bir sinyal iletim yolu

olabilecegini distindirmektedir (Gratio vd. 2010).

Kallikrein ailesi tyesi proteinler, farkli dokular arasinda
ekspresyon ve fonksiyon agisindan biiytik farklhiliklara sahiptir.
Kallikrein ailesi genlerinin farkli kanser tiirlerinde potansiyel
biyobelirte¢ rolii Uzerine yapilan bir ¢alismada (Tailor vd.
2018), The Cancer Genome Atlas (TCGA) gen ekspresyon
verileri kullanilarak kallikrein ailesi tyelerinin farkli
kanser tirlerinde diferansiyel ekspresyonu incelenmistir.
Yapilan bu ¢alismada kallikrein ailesinin (KLK1-15) 15
tyesinin timi, TCGAdan alinan gen ekspresyon verileri
kullanilarak incelenmigtir. Her kanser tird igin ayrica
kontrol 6rnekleri de kullanilmigtir. Bu ¢aligmada 6zellikle

KILK4 {in ifadesine bakilan; 66 Kromofob renal hiicreli
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karsinom 6rnegi ve 25 kontrol 6rnegi ile yapilan analizde
KLK#4 tn ifadesinin Kromofob renal hiicreli karsinomda
234 kat arttifi, bu artig Grokinaz plazminojen aktivator
(uPA) ekspresyonunun artmas: ile iligkilendirilmigtir. 1097
meme invaziv karsinom 6rnegi ve 114 kontrol érneginde
KLK4 in meme invaziv karsinomda asir1 ifade olan tek
kallikrein oldugu, prostat adenokarsinomunda ve treteryal
mesane karsinomunda kontrol gruplarina gore sirasiyla 3
kat ve 2 kat arttig1 gosterilmistir. Ozofagus karsinomunun
da kontrol orneklerine kiyasla ifadesinin 3 kat arttify,
uterus endometriyal kanserde 6 kat ve tiroid karsinomunda
ekspresyonunun azaldigi gosterilmistir (Tailor vd. 2018).

Yine ameloblast benzeri hiicrelere (LS8) sodyum floriir
(NaF) uygulanarak KLK4 mRNA ve protein seviyesine
bakilan bir ¢aligmada NaF ile muamele edilmis LS8
hicrelerinde KLK4 mRNA ve protein seviyesinin belirgin
bir sekilde azaldig: gosterilmistir (Li vd. 2022).

Kallikrein ile iligkili peptidaz ailesinin tiyesi olan KLLK4 in
yumurtalik kanseri dokusunda, meme kanseri dokusunda,
Polimorf adenokarsinom (PAC) dokusunda, agir1 ifade-
si oldugu gosterilmistir. Yiksek KLK protein seviyelerinin
siklikla yumurtalik kanseri hastalarinin serum ve fiizyon s1-
vilarinda da bulunmasi gergegiyle tutarlidir. Yiiksek dereceli
seroz yumurtalik kanseri olan 138 hastay: iceren bir deney
grubunda, KLK4 tiimé6r dokusu mRNA ekspresyon seviye-
lerini analiz edildiginde yagin yan: sira asit stvi hacmininde
KLK4 mRNA ekspresyon seviyeleri ile 6nemli dl¢tide iligki-
li oldugu gosterilmistir (Gong vd. 2019).

KLK4, normal ve iyi huylu meme dokularina kiyasla kanserli
meme dokularinda yukari regile edildigi gosterilmigtir.
Yiiksek KLK4 mRNA ve miR-378 ekspresyon seviyelerinin,
tclii negatif meme kanserinde niiks ve hayatta kalma ile

iligkili oldugu gésterilmistir (Gong vd. 2021).

Polimorf adenokarsinom (PAC), minér tiikiiriik bezlerinin
ikinci en sik gorilen malign tiikirtik bezi timoértadir. PAC
doku orneklerinde KLK mRNA dizeylerini belirlemek
ve KLK ekspresyonunun timoér hicreleriyle sinuirli olup
olmadigini anlamak amaciyla 19 vakadan PAC ve normal
tukirik bezi dokusu alinarak, KLK1-15in kantitatif
ekspresyon seviyesine bakilan bir ¢alismada, ytiksek ve dugsik
KLK ekspresyonu sergileyen numuneler ayni zamanda
immunohistokimya boyamas: i¢in secilmistir. Sonuglar,
normal tikirik bezi dokusu ile karsilagtirildiginda, PAC
doku numunelerinde KLK1, KILK4, KILK10, KILK12
ve KLK15 icin ortalama KLK mRNA ekspresyonunda

istatistiksel olarak anlamli bir artig oldugu belirlenmistir.
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Immiinohistokimya sonuglari ise, timér hiicrelerinde KLK’
larin bulundugunu ve mRNA ve protein diizeyinde tiikiruk
bezi neoplazisinin KLK profiline 6nemli dl¢iide katkida
bulundugunu gostermislerdir (Cox vd. 2021).

KLK#4 tn dokulardaki ekspresyon profili i¢in yapilan bir
bagka calismada ise; plasenta, bobrek, kalp, beyin, iskelet
kasi, dalak, yumurtalik, 16kosit, karaciger, timiis ve pank-
reasta neredeyse hi¢ ekspresyonunun gérilmedigi bununla
birlikte, en yiiksek ifadesinin prostatta gorildigu, testis ve
ince bagirsakta ise nispeten yiiksek seviyelerde ifadesinin
oldugu gorilmistir (Lundwall vd. 2021). Cok sayida ¢a-
ligma, KLLK4’ iin insana ait farkli kanser doku tiirlerindeki
ifadesinin bu kanser tirleri i¢in bir anahtar rol oynadigini
onermektedir.

Caligmamizda, qPCR ve western blot analizleriyle, PC-3/
LNCaP (insan prostat karsinomu), HEP3B (insan hepato-
seliiler karsinomu), HT-29/SW480 (insan kolon karsino-
mu) ve HUVEC (insan umblikal ven endotel hiicresi) hiic-
relerinde KLK4 mRNA ve protein seviyeleri 6l¢tilmustur.
LNCaP hiicreleri, PC-3 hiicrelerinden farkli olarak androjen
bagimli prostat kanseri hiicreleridir. LNCaP hiicreleri, AR
(androjen reseptorii)’ni ifade ederken ayni zamanda PSA’
y1 da eksprese eder ve biiyiimeleri, insan prostat adenokar-
sinomuna benzer sekildedir. PC-3 hicreleri, AR ve PSA'y1
eksprese etmez ve proliferasyonu, androjenden bagimsizdir
(Tai vd. 2011). Yapilan ¢aligmalar KLK4'tin androjen ba-
gimli prostat kanserlerinde ifadesinin arttigini gostermekte-
dir. Calismamizda KLK4’ iin mRNA ve protein seviyesinde
ifadesine baktigimizda diger hiicre hatlarina kiyasla en ¢ok
androjen bagimli LNCaP hucrelerinde ifadesinin arttig: li-
teratiirle tutarl olarak tespit edilmistir.

Caligmamizda incelenen kolon kanseri hiicre hatlarindan
biri olan HT-29 hiicrelerinde, androjen reseptorii ve estrojen
reseptorii f§ anlatimi oldugu bilinmektedir. c-myc, K-ras,
H-ras, N-ras, Myb, sis ve fos onkogenlerin ekspresyonu i¢in
porzitiftir. p53 proteini mutasyona (R273H) ugramustir ve
p53 geninin kodon 273’tinde bir Arg-His ile sonuglanan
bir G-A mutasyonu vardir. Ayrica HT-29 hicreleri Dukes
C evresi insan kolon adenokarsinomundan tiretilmigtir
(Gala de Pablo vd. 2018). Calismamizda incelenen diger
kolon kanseri SW480 hiicreleri, c-myc, K-ras, H-ras, N-ras,
myb, sis ve fos onkogenlerin ekspresyonu i¢in pozitiftir. p53
geninin 273. kodonunda bir Arg-His ikamesi ile sonuglanan
bir G-A mutasyonu ve bir Pro-Ser ile sonuglanan kodon
309’ da bir C-T mutasyonu vardir. SW480 hiicreleri Dukes
B tipi insan kolon adenokarsinomundan tiretilmigtir

(Rochette vd. 2005). Sonug olarak farkli 6zellikte olan HT-
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29 ve SW480 kolon kanseri hicrelerinde KLK4 itn mRNA
ve protein dizeyindeki ifadesi kargilasgtirildiginda HT-29
hicrelerindeki KILK4 ifadesinin SW480 hucrelerine kiyasla
hem mRNA hem de protein diizeyinde daha yiiksek ifade
edildigi tespit edilmistir. HT-29 hicre hattinda tespit edilen
artmig KILK4 ifadesinin 6zellikle Duke B (SW480) ve Duke
C (HT-29) olarak siniflandirilan kolon kanseri evrelerinden
elde edilmis bu hiicre hatlarinda ilerleyis basamaklarinda
KLK4'tin anahtar rol oynayabilecegini distindirmektedir.

Literatir incelendiginde KLK4'in saglikli hiicre hatlariyla
ifadesine yonelik ¢calismalar daha ¢ok saglikli dokular yéntn-
dedir. Normal insan derisinde KLK mRNA ekspresyonunu
ve lokalizasyonunu RT-PCR ve in-situ hibridizasyon yoluy-
la yapilan bir ¢alismada kantitatif RT-PCR analizi sonucu
KLK4in mRNA ifadesinin oldugu gosterilmistir (Komatsu
vd. 2003). Saglikli dis dokularinda da bulunan KIL.K4, dig
emayesinin nihai sertligine ulagabilmesi i¢in ekstraseliiler
matriks proteinlerini pargalama iglevi gorir (Christiono ve
Anggarani 2021). Bunun disinda saglikli bobrek, karaciger,
prostat, kolon ve akciger dokulariyla KLK4 imminohisto-
kimya ¢aligmalarinda bébrek, karaciger ve prostatta immii-
no yanit gozlenmistir (Seiz vd. 2010). Literatirde saglikl
hticre hattt modeli olarak kullanilan HUVEC (insan umb-
likal ven endotel hiicresi) hiicre hattiyla ilgili bir ¢aligmaya

)

rastlanmamugtir. Caligmamizda bir serin proteaz olan KLLK4
tin HUVEC hiicre hattinda mRNA ve protein diizeyindeki
ifadesinin ytiksek oldugu gozlemlenmisgtir.

Normal karacifer dokusunda ifade edildigi tespit edilen
(Seiz vd. 2010) KLK4tin HEP3B (insan hepatoseliler
karsinoma) hiicre hattinda ifadesi ile ilgili bir ¢alismaya
rastlanmamugtir. Calismamizda ilk kez karaciger kanseri

hiicre hatti olan HEP3B hitcrelerinde KLK4in hem
mRNA hem de protein diizeyinde ifadesi tespit edilmistir.

5. Tegekkiir
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Oz

Enaminon bilesikleri, sentetik organik kimyada ¢ok genis bir yelpazede uygulama alanina sahiptir. Ozellikle son yillarda , enaminona
iceren organik sentezler ve onlarin katalitik uygulamalara yonelik aragtirmalar ¢ok¢a yapilmistir. Bu ¢alismada da tGigtinciil enaminoketon
ve enaminoester bilesikleri ile aromatik aminlerin FeCl.6H,O katalizérliigiinde su iginde gergeklestirilen tepkimelerinden yiiksek
verimle ve kisa siirede ikincil enaminon bilegikleri sentezlenmistir. Yontemde tepkimeler su i¢inde gergeklestirilmis olup bir organik
¢ozuclye ihtiyag duyulmamigtir. Tepkimenin su i¢cinde gerceklestirilmesi tepkime veriminin artmasina neden olmustur.

Anahtar Kelimeler: Enaminon, Katalizor, Kondenzasyon, Su, Yesil sentez

Abstract

Enaminon compounds have a wide range of applications in synthetic organic chemistry. Especially in recent years, many studies
have been conducted on organic syntheses containing enaminone and their catalytic applications. In this study, secondary enaminone
compounds were synthesized with high yield and in a short time from the reactions of tertiary enaminoketone and enaminoester
compounds and aromatic amines in water with FeCl,.6H,O as a catalyst. In the method, the reactions were carried out in the water

and an organic solvent was not needed. Performing the reaction in water resulted in increased reaction yield.

Keywords: Enaminone, Catalyst, Condensation, Water, Green synthesis

1. Girig

Enaminon bilesikleri organik sentezde 6nemli bir yere
sahiptir. Taksol, peptidler ve amino alkoller gibi biyolojik
olarak aktif bilesikler i¢cin ara triin olarak kullanilirlar.
Enaminonlarin en biiyiik avantaj: fizyolojik pH kosullarinda
kararli olmalari ve diistik toksisiteye sahip olmalaridir
(Zhang vd. 2012). Kolaylikla elde edilebilen bu ¢ok yonli
bilesiklerde molekiiliin kendi icinde iki adet elektronca
eksik merkezi ve bir adet elektronca zengin merkezi
oldugundan hem elektrofillerle hem de nikleofillerle
kolaylikla tepkimeye girebilir (Sekil 1). Enaminonlar halkali
ya da agik zincirli olarak siniflandirilabilir. Birincil ve ikincil
asiklik enaminonlar farkli tautomer formlarinda bulunabilir

(Sekil 1) (Kascheres 2003).
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Giinimiizde enaminon bilesiklerini elde etmek i¢in ¢ok
farkli sentez yontemleri mevcuttur. Bu yontemlerden bir
tanesi aromatik hidrokarbonlar ile dialkilamino dimetil
asetallerin ¢oziicisiz ortamdaki veya etanol, dietileter,
toluen, dimetil formamid gibi ¢6ziciler igerisinde azot
ortaminda kondenzasyonudur (Reidlinger vd. 1998, Al-
Omran vd. 2001, Lue ve Greenhill 1997, Al-Omran vd.
1998, Caubere vd. 1994, Reis vd. 1994, Selic vd. 1997,
Svete vd. 1997, Zupancic vd. 2001, Hedge ve Jones 1993,
San Martin vd. 1994). Hem halkali hem de agik zincirli
aktif metilen ketonlardan bu yontemle farkli yapilara
sahip enaminonlar elde edilebilir (Schuda vd. 1986). Bir
bagka klasik enaminon sentez yontemi, a, -konjuge alkin
bilesiklerine amin katilmasidir. Birincil aminlerin elektronca
fakir alkin bilesiklerine katilmasi yoluyla farkli yapilara
sahip enaminonlar sentezlenmigtir (Hedge ve Jones 1993,
Huisgen vd. 1966, Yang vd. 2010, Um vd. 2005, Thorwirth
ve Stolle 2011).

Klasik organik sentez yontemlerinden farkli olarak da
enaminon bilesiklerinin sentezi mimkindir (Stefani vd.

2000, Govindh vd. 2012, Liu vd. 2013, Olyaei vd. 2021).
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Bu yontemlerden biri olan yesil sentez yonteminde (Liu vd.

clektronca fakir merkez 2013), enaminonlar sulu ortamda ve yiiksek verimlerle elde

)0(4/1\ R edilmistir. Bu yesil sentezde Lewis asitleri ve ayn1 zamanda
R! ITT/ Bronsted asitleri olan ¢ok ¢esitli katalizorleri de kullanarak
/ R2 denemeler yapilmugtir.

Daha onceki ¢alismalarimizda, bakir katalizor kullanarak

elektronca zengin merkez
enaminonlar ile elektronca fakir karbenlerin tepkimeleri

H R R R sonucu ¢ok cesitli ve ilgi ¢ekici heterosiklik bilegikleri
0O N 0O N7 OH N~ &

| | yiiksek verimlerle sentezlemistik (Gungor vd. 2007, 2011,
AN A AN 2013). Atfedilen caligmalarimizda c¢ikis bilesigi olarak

I I 111 kullandigimiz enaminonlar organik ¢oziici iginde 1s1
varliginda kondenzasyon tepkimeleriyle elde edilmisti.
“ Bu ¢alismada ise daha once kullandigimiz yéntemden
farkli olarak Liu vd.’nin 2013 yilindaki ¢aligmasi temel
H R alinarak Z-konformasyonuna sahip ikincil enaminonlar
;E)N\ sentezlenmistir (Sekil 2, Cizelge 1).
=
v

Enaminonlarin tautomerleri

Sekil 1. Enaminon bilesiklerinin yapisi.

R
O O HN
Me FeCl;.6H,0 p
Rl)KKITI/ + R’*-NH, —2 2> R! + NH(Me),
2 2
R® Me : Sekil 2. Ikincil enaminonlarin
1) 2) suda sentezi.

Cizelge 1. Ikincil enaminonlarin FeCl,.6H,0O katalizorligiinde suda sentezi

1 R’NH p) ;
i R! R’ R R! R’ R® sﬁ];?s):((l:::t) Verim (%)
a Ph H Ph Ph H Ph 3 98
b Ph H |CH,pMe Ph H C,H,-p-Me 1 95
N Ph H |CH,»-NO, Ph H | CH,-p-NO, 3 90
d Ph H CH,Ph Ph H CH,Ph 1 90
e CH,»NO,| H Ph CH-m»NO,| H Ph 4 81
£ OFt H Ph OEt H Ph 8 62
O (0]

RI—R? = O Ph RI—R? = 0)‘1( Ph 1,5 92

: Mﬁ?oto Nad o0
(0] O
h RI—R? = ij:\( Ph RI—R2 = d Ph 2 88
O O
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2. Gereg ve Yontem

Cahigmada kullanilan tim kimyasal maddeler Sigma
Aldrich firmasindan satin alinmugtir. Yapilan '"H NMR ve
B3C NMR analizleri Bruker AC 250/60 MHz ve Agilent
VNMRS 500/125 MHz cihazlarinda TMS i¢ standart
kullanilarak alinmigtir. Kimyasal kaymalar (8) ppm olarak
verilmistir. Sinyallerin yarilmalarinda s (singlet), d (doublet),
t (triplet), q (quartet), p (pentet), m (multiplet) ve bs (broad
singlet) olarak gosterilmistir. GC analizlerinde Agilent 6850
cihazina bagli HP-1 kapiler kolon kullanilmigtir. Kolon
sicakligi 100°Cde 5 dakika izotermal, dakikada 20°C hiz ile
290°C’de 10 dakika izotermaldir. Alikonma zamanlari (z,)
dakika cinsinden verilmistir. GC-MS analizleri i¢in Thermo
Finnigan trace dsq cihazinda %5 fenil polifenilen-siloksan
kapiler kolonu ve FID kullanilarak helyum tagiyict gaziyla
yapilmustir.

2.1. Klasik Yontemle (E)-3-(dimetilamino)-1-fenilprop-
2-en-1-on (1a) Sentezi (Greenhill 1977)

Asetofenon (8.9 g, 74 mmol) ve dimetilformamid dimetil
asetal (20 mL) karisimi 120°C'de iki saat siireyle kaynatilir.
Karigim vakumda konsantre edildiginde sar1 katilar olugur.
Katilar soguk heksan ile yikanir ve kurutulur.

2.2. ikincil Enaminon Sentezi

25 mLlik balona tigiinciil enaminon (1) (0.3 mmol), birincil
amin (0.3 mmol), %20 mol FeCL.6H,O ve 1.5 mL su
eklendi. Balon oda sicakliginda tepkime tamamlanana kadar
karigtirildi. Tepkimenin tamamlanmas: TLC ile takip edildi.
Tepkime tamamlandiktan sonra karigima 5 mL su eklendi.
Etil asetat ile ekstraksiyon islemi yapildi (3 x 10 mL).
Organik fazlar birlestirildi, susuz Na,SO, ile kurutuldu.
Etil asetat doéner buharlagtiricida buharlagtirildi. Kati elde
edilen trtinler kristallendirilerek sivi elde edilen triinler ise
kromatografi ile saflagtirildi.

3. Bulgular
3.1. (E)-3-(dimetilamino)-1-fenilprop-2-en-1-on (1a)
O ¢ 8
4 = _CHj3
5 |
1 3 CHs;
2 7
(1a)

Bolim 2.1'deki prosediir kullanilarak 1a %75 verimle elde
edildi; t,: 12.07; EI-MS (m/z): 175 (M, 49), 158 (100), 105
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(21), 98 (64), 77 (21); "H NMR (250 MHz, CDCL,) $ 7.88
(bozuk dd, J=9.8/2.5 Hz.,2H, Ar-H),7.82 (d, /= 12.4 Hz,
1H, H-6), 7.44-7.34 (m, 3H, Ar-H), 5.70 (d, J = 12.4 Hz,
1H, H-5), 3.11 (genis s, 3H, H-7),2.91 (genis s, 3H, H-§).

3.2. Sentezlenen Ikincil Enaminonlar

3.2.1 (Z)-1-Fenil-3-(fenilamino)prop-2-en-1-on sentezi
(2a)

(2a)
Bolim 2.2'deki prosediir kullanilarak (£)-3-(dimetilamino)-

1-fenilprop-2-en-1-on (1a) ve anilinin tepkimesinden sen-
tezlendi. Tepkimeden elde edilen kati heksandan kristallen-
dirildi. Sar1 renkli kristaller elde edildi. Erime noktasi: 127
-132°C; £,:13.0; EI-MS (m/z): 223 (M*, 11), 146 (25),118
(12), 105 (100), 77 (20); '"H NMR (500 MHz, CDCL,) §
12.16 (d,/=11.7 Hz,'H, H-6),7.95 (dubletin bozuk tripleti,
J=7.4/12 Hz,2H, Ar-H), 7.55 (dd, J = 12.2/7.9 Hz, 1H,
H-5),7.51 —-7.45 (m, 3H, Ar-H), 7.37 (dd, J = 8.3/7.4 Hz,
2H, Ar-H),7.13 (dd, J = 8.3/1 Hz, 2H, Ar-H), 7.10 (bozuk
triplet, /= 7.6 Hz, 1H, Ar-H), 6.05 (d,/ = 7.9 Hz, 1H, H-4);
BC NMR (125 MHz, CDCL,) 4 190.4 (C=0), 145.0 (C-5),
140.8 (C, -NH),139.5 (C, -C=0),133.1(C,),130.5 (C,),
129.9(C,),128.4(C,),127.9 (C,),115.8 (C, ), 94.8 (C-4).

3.2.2 (Z)-1-Fenil-3-(p-tolilamino)prop-2-en-1-on

sentezi (2b)
CH;
9
O HN 7
W 5
1 3 4
2
(2b)

Bolim 2.2'deki prosediir kullanilarak (£)-3-(dimetilamino)-
1-fenilprop-2-en-1-on (1a) ve p-toluidinin tepkimesinden
sentezlendi. Ham kat: karigim heksandan kristallendirildi.
Koyu sar1 renkli kat1 elde edildi. Erime noktasi: 153 — 154
°C; £ 13.5; EI-MS (m/z): 237 (M, 11), 132 (100),105
(92),91 (62),77 (43); 'H NMR (500 MHz, CDCL,) 6 12.16
(d,J = 12.2 Hz, 1H, H-6), 7.90 (dubletin bozuk tripleti, /
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= 7.6/1.5 Hz, 2H, Ar-H), 7.53 (d, ] = 7.9 Hz, 1H, H-5),
7.51 - 7.45 (m, 3H, Ar-H), 7.17 (d, ] = 8.3 Hz, 2H, H-7),
7.03 (d,] = 8.3 Hz, 2H, H-8),6.01 (d, ] = 7.8 Hz, 1H, H-4),
2.34 (s, 3H, H-9); “C NMR (125 MHz, CDCL,) & 190.2
(C=0), 145.1 (C-5), 1385 (C,  -NH), 137.6 (C,), 133.2
(€,),131.0(C,),129.9 (C,),128.1(C,),128.0 (C, ), 115.4
(C,),92.8 (C-4),20.7 (C-9).

3.2.3 (Z)-3-((4-Nitrofenil)amino)1-fenilprop-2-en-1-on
sentezi (2c)

9 NO,
S
0 HN™ 7
L7
4
1 3
2
(2¢)

Bolim 2.2'deki prosediir kullanilarak (£)-3-(dimetilamino)-
1-fenilprop-2-en-1-on (la) ve 4-nitroanilinin tepkime-
sinden sentezlendi. Ham kati karigim heksan-benzen ikili
karigtmindan kristallendirildi. Koyu kahve renkli kat: elde
edildi. Erime noktasi: 180 - 182 °C; #,: 13.8; EI-MS (m/2):
268 (M, 5), 222 (32), 146 (100), 137 (12), 105 (80), 91
(57), 77 (35); '"H NMR (500 MHz, CDCL) 6 12.28 (bs,
1H, H-6), 8.26 (d, J = 9.5 Hz, 2H, H-8), 7.96 (d, ] = 8.6
Hz, 2H, H-3), 7.57 — 7.48 (m, 4H, H-1, H-7, H-5), 7.17
(d, /=71 Hz, 2H, H-2), 6.22 (d, J = 7.7 Hz, 1H, H-4);
BC NMR (125 MHz, CDCL,) ¢ 189.9 (C=0), 141.6 (C-
5),139.5 (C,), 139.4 (C,), 132.1 (C,), 1295 (C,), 127.9
(€,),126.5 (C,),115.1 (C, ), 97.4 (C-).

3.2.4 (Z)-3-(benzilamino)-1-fenil-prop-2-en-1-on
sentezi (2d)

9
8
6
0 HN™ 7
Ws
1 34
2
(2d)

Bolim 2.2'deki prosediir kullanilarak (E)-3-(dimetilamino)-
1-fenilprop-2-en-1-on (1a) ve benzilaminin tepkimesinden
sentezlendi. Ham kat: karigim heksandan kristallendirildi.
Acik sar1 renkli toz kat1 elde edildi. Erime noktasi: 67 — 70
°C; £,:13.6; EI-MS (m/z): 237 (M, 2), 146 (85), 135 (24),

Karaelmas Fen Miih. Derg., 2022; 12(2):216-222

106 (37), 105 (28), 91 (100), 77 (56); 'H NMR (500 MHz,
CDCL,) 6 10.62 (bs, 1H, H-6),7.90 (dubletin bozuk tripleti,
J=6.9/1.7Hz,2H, Ar-H), 7.48 - 7.36 (m, 5H, Ar-H), 7.33
~7.30 (m, 3H, Ar-H), 7.03 (dd, J = 12.7/7.3 Hz, 1H, H-5),
5.79 (d,/ = 7.3 Hz, 1H, H-4),4.48 (d, ] = 6 Hz, 2H, H-7);
BC NMR (125 MHz, CDCL,) 6 186.2 (C=0), 134.5 (C,),
134.4 (C,), 133.6 (C-5), 1302 (C,), 128.8 (C,), 128.6
(C,), 12855 (C,),128.2 (C,),110.0 (C-4),53.4 (C-7).

3.2.5 (Z)-1-(3-Nitrofenil)-3-(fenilamino)prop-2-en-1-
on sentezi (2e)

O HN 4
5
1 3 4
2
NO, (2¢)

Bolim 2.2'deki prosediir kullanilarak (E)-3-(dimetilamino)-
1-(3-nitrofenil)prop-2-en-1-on (1e) ile anilinin tepkime-
sinden sentezlendi. Kahve renkli toz kat1 elde edildi. Erime
noktasi: 145 — 147 °C; 'H NMR (500 MHz, CDCL,) §
12.22 (d, J = 10.3 Hz, 1H, H-6), 8.77 (d, J = 1.7 Hz, 1H,
H-3), 8.37 — 8.35 (m, 1H, H-1), 7.66 (t, ] = 7.7 Hz, 1H,
Ar-H),7.65(dd,J="7.7/2.2 Hz,1H, Ar-H),7.63 — 7.61 (m,
1H, Ar-H),7.41 - 7.38 (m,2H, Ar-H),7.17 - 7.15 (m, 3H,
Ar-Hve H-5),6.06 (dd,/="7.7/2.2 Hz,1H, H-4); *C NMR
(125 MHz, CDCL) 6 190.2 (C=0), 144.8 (C-2), 141.3 (C-
5),138.6 (C,), 130.9 (C, ), 130.5 (C, ), 129.9 (C,), 129.2
(c,),127.1(C,),125.2(C,),121.9 (C, ), 116.4 (C, ), 92.8
(C-9).

3.2.6 Etil (Z)-3-(fenilamino)akrilat sentezi (2f)

9
5 8
O HN'6
2
1/\0 =4
3
(2D

Bolim 2.2deki prosediir kullanilarak etil (E)-3-
(dimetilamino) akrilat (1f) ile anilinin tepkimesinden sen-
tezlendi. Ham tepkime karigiminda Griin ve ¢ikug bilesiginin
(1f) karigimi oldugu gorildi. Cikis bilesigi distik basing-
ta vakum damitmas ile uzaklastirildi ve trtin koyu kahve

renkli yag halinde elde edildi. #,: 11.4; EI-MS (m/z): 191
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(M, 8), 162 (25), 146 (100), 118 (14), 92 (35), 77 (60), 73
(14); 'H NMR (500 MHz, CDCL) & 10.72 (d, / = 13.1 Hz,
1H H-5),7.70 (d, J = 13.2 Hz, 1H, H-4), 7.31 — 7.28 (m,
2H, H-8),7.06 (t,] = 7.4 Hz, 1H, H-9),7.01 (d, ] = 7.7 Hz,
2H, H-7),4.78 (bs, 1H, H-3),4.27 (q,] = 7.2 Hz, 2H, H-2),
1.34(t,/ = 7.2 Hz,3H, H-1); ®*C NMR (125 MHz, CDCL,)
§168.4 (C=0),142.4 (C-4),139.3 (C-6),129.8 (C-9),124.3
(C-8),116.5 (C-7),98.5 (C-3), 60.4 (C-2), 14.4 (C-1).

3.2.7 2,2-Dimetil-5-((fenilamino)metilen)-1,3-dioksan-
4,6-dion (2g)

9
5 8
O HN 6 7
H3(II§)\ 3/4
H3C20 o
(2g)

Bolim 2.2'deki prosediir kullanilarak 5-((dimetilamino)
metilen)-2,2-dimetil-1,3-dioksan-4,6-dion (1g) ile anilinin
tepkimesinden sentezlendi. Heksandan kristallendirildi. #,:
11.8; EI-MS (m/z): 247 (M, 1), 145 (100), 117 (75), 90
(95), 58 (14), 50 (8); 'H NMR (500 MHz, CDCL,) 6 11.3
(d,J=13.3 Hz, 1H, H-5), 8.65 (d, J = 14.7 Hz, 1H, H-4),
7.45 (t,J]=7.8 Hz,2H, H-8),7.28 (t,] = 7.4 Hz, 1H, H-9),
7.26 (d,J=7.8 Hz,2H, H-7),1.76 (s, 6H, H-1); *C NMR
(125 MHz, CDCL,) 6 165.6 (C=0), 163.5 (C=0), 152.6
(C-4),137.8 (C-6), 130.1 (C-8), 126.9 (C-9), 118.0 (C-7),
105.2 (C-2),87.3 (C-3),27.1 (C-1).

3.2.8 2-((Fenilamino)metilen)sikloheksan-1,3-dion (2h)
9
5 /©8
O HN" 6 7
4

\

1
5 @)

(2h)

Bolim 2.2'deki prosediir kullanilarak 2-((dimetilamino)
metilen)sikloheksan-1,3-dion (1h) ile anilinin tepkimesin-
den sentezlenmistir. Heksandan kristallendirildi. Beyaz toz
kat1 elde edilmistir. £,: 12.7; 'H NMR (500 MHz, CDCIL,) &
12.9 (bs, 1H, H-5),8.62 (d, /= 13.7 Hz, 1H, H-4), 7.39 (dt,
J=7.7Hz,2H, H-7),7.25 - 7.20 (m, 3H, H-8, H-9), 2.54
(p,J = 6.3 Hz,4H, H-2),2.01 (p,/ = 6.4 Hz, 2H, H-1); BC
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NMR (125 MHz, CDCL) & 194.2 (C=0), 194.0 (C=0),
151.6 (C-4), 138.4 (C-6), 129.5 (C,), 125.2 (C,), 117.3
(C,), 113.1(C-3),37.9 (C-2),37.6 (C-2),19.3 (C-1).

4. Sonuglar ve Tartigma

Bu calismada, (E)-V,N-distibstitiiye enaminonlar ile bi-
rincil aminlerin su varhiginda ve FeClL.6H,O katalizor-
liginde tepkimeleri gergeklestirilerek hedeflenen ikincil
(IV-stibstitiiye) enaminon bilesikleri elde edilmistir. Tepki-
meler daha once literatiirde var olan Greenhill 1977, San
Martin vd. 1994, Kascheres 2003, Thorwirth ve Stolle 2011
ve Zhang vd. 2012de yapilmis ¢aligmalarin kogullardan
farkli olarak sulu ortamda 1-8 saat stre araliginda gercek-
lestirilmigtir. Gerekli ayirma islemleri yapildiktan sonra ko-
laylikla elde edilen kat: ham triinler, kristallendirme yoluyla
saflagtirilmigtar.

Liu vd. 2013'de yapmis oldugu ¢alismasindaki deney ko-
sullar1 temel alinarak gerceklestirilen sentezlerde goreceli
olarak daha yiiksek verimlerle trtnler elde edilmigtir. Ay-
rica aynt ¢aligmada (Liu vd. 2013) sadece aril grubu olan
enaminonlar sentezlerde kullanilmis olup alifatik enaminon
ile tepkimelerin gerceklesmedigi belirtilmistir. Ancak bu ¢a-
lismada, enaminondaki aril grubunun ester grubu ile yer de-
gistirilmesiyle de trtintn (2f) olustugu gézlenmistir. Olugan
uriin (2f) %62 verimle elde edilmistir. Ayni tepkimede, aril
grubu aldehit grubu ile degistirilip yapildiginda tepkimenin
gerceklesmedigi gozlenmistir. Bu ¢alismada ayrica halkali
alifatik gruplarla da deneyler yapilmistir ve triinler (2g ve
2h) ytiksek verimlerle elde edilmigtir.

2g ve 2h bilesikleri disinda sentezlenen ikincil enaminonlar
(Z)- izomeridir (Sekil 3). Bilesiklerin (Z)- izomeri olduklar:
1H NMR spektrumundaki ¢ift bag protonlarinin i¢ bag
iizerinden eslesme sabitlerinden anlagilmaktadir. Ornegin,
Sekil 3'de gosterilen 2a bilesiginde H_ ve H, protonlarinin
(8 6.05 ile 7.56, sirastyla) birbiriyle eslesme sabiti (37 ) 7.85
Hzdir (Sekil 4). Ayrica azot atomu tzerindeki hidrojen ile

Sekil 3. (Z)-Enaminonlarin gosterimi.

Karaelmas Fen Miih. Derg., 2022; 12(2):216-222



Giingdr / Tkincil Enaminon Bilesiklerinin Suda Sentezi ve Karakterizasyonu

nn 0 ~ (5]
8g 235998 83882888 3
RS RRR2R2Z NRRRRNRRRIBS B
% — Ves=——YV |
_Ph g8
O HN |
)J\/ [
Ph
/ (2a)
8
T T T : T T
6.15 6.10 6.05 6.00 5.95
1 (ppm)
|
|
| ]
[ 1
[
Il
.
T I 4 g
§ g 58§ g
= T T T T T T T T I‘_1 f\‘ et T T ‘DI T T T T T T T T T T T T
120 115 110 105 100 95 90 85 80 75 6.% ( 6.(; 50 45 40 35 30 25 20 1.5 10 05 0.0
ppm

Sekil 4. 2a bilesiginin "H NMR spektrumu.
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Pulse Detection Using Sub-Optimal Detectors Under Additive non-Gaussian Noise
Having Unknown Level of Impulsiveness

Bz'linmeyen Diirtiisellik Sew'yesz'ne Sa/.zip Toplamsal Gauss Olmayan Grrilti Altinda Alz‘—Opz‘imal
Seziciler Kullanarak Darbe Sezimi

Mehmet Emre Cek* @, Eda Dinc

Dokuz Eylul University, Faculty of Engineering, Department of Electrical and Electronics Engineering, Tzmir, Turkey

Abstract

In this study, real time rectangular pulse detection problem is addressed when the channel noise distribution is not known in advance.
Since there is no information about the noise parameters, sub-optimal detectors such as soft limiter, sign correlator and the proposed
signed power are utilized for real time pulse detection problem using only received noisy samples. Noting that the unknown channel
noise is not necessarily to be Gaussian, symmetric a-stable (SaS) distribution is given as non-Gaussian noise model. Since one of the
main objectives is to detect the existent pulse within minimum observation interval, detector performances characterized by detection
and false alarm probabilities are analyzed with respect to pulse length under both Gaussian and SaS noise. It is shown that not only
the given sub-optimal detectors can exhibit performance close to optimal linear detector under Gaussian noise, but also they provide
superior performance under SaS distribution. When the channel has strong impulsiveness, it is observed that the sign correlator and
signed power detector introduced in this study exhibit better detection performance compared with soft limiter detector. Consequently,
these detectors can be practically implemented to determine existence of pulse within a certain observation interval when there is no
prior information about channel noise which is most likely non-Gaussian. Among the other sub-optimal detectors, the proposed
signed-power detector is observed to exhibit more stable detection performance under channel noise having varying impulsiveness.

Keywords: Binary hypothesis testing, Non-Gaussian noise, Probability of detection, Probability of false alarm, Sign correlator detector,
Signed power detector, Soft limiter detector

Oz

Bu ¢alismada, kanaldaki girtltinin dagilim: 6nceden bilinmiyorken gercek zamanh dikdértgensel darbe algilama problemi ele
alinmaktadir. Gurtltli parametreleri hakkinda bilgi olmadigindan, sadece alinan glirtiltili 6rnekleri kullanan yumusak kirpicy, isaret
ilintileyici ve 6nerilen isaretli glic sezicisi gibi alt-optimal algilayicilardan gercek zamanli darbe sezim problemi i¢in faydalanilir.
Bilinmeyen kanal giirtiltiisinin Gauss olmasinin gerekmedigini dikkate alarak, simetrik o-kararli (SaS) dagilim Gauss olmayan
glrilti modeli olarak verilmektedir. Ana amaglardan birisi mevcut darbenin minimum gézlem araliginda sezilmesi oldugundan, sezim
ve yanlis alarm olasilig: ile tamimlanan sezici bagarimi Gauss ve durtisel davranig gosteren SaS dagilim altinda darbe uzunluguna
gore analiz edilmektedir. Verilen alt-optimal sezicilerin, Gauss dagilim altinda optimal dogrusal seziciye yakin bagarim sergilemekle
kalmayip SaS dagilim altinda Gstiin basarim sagladigi gosterilmektedir. Kanal giirtltisi kuvvetli diirtisellige sahip oldugunda
isaret ilintileyici ve bu ¢alismada tanitilan isaretli gii¢ sezicisinin yumusak kirpici seziciye kiyasla daha iyi sezim basarimu sergiledigi
gozlenmektedir. Sonug olarak, yiiksek olasilikla Gauss olmayan kanal giirtltisi hakkinda 6n bilgi olmadiginda, bu seziciler belirli bir
gozlem aralig: icinde darbenin varligina karar vermek i¢in pratik olarak uygulanabilir. Diger alt-optimal seziciler arasinda, onerilen
isaretli gli¢ sezicisinin degisen diirtiisellik sergileyen kanal giirtltist altinda daha kararli bir sezim bagarimu sergiledigi gézlenmektedir.

Anahtar Kelimeler: Tkili hipotez testi, Gauss olmayan giirtiltl, Sezim olasilif1, Yanlis alarm olasiligs, Isaret ilinti sezici, Isaretli glc
sezicisi, Yumusak kirpici sezici
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1. Introduction

In radar systems, the pulse repetition interval (PRI) is one of
the significant parameters to characterize targets in terms of
variation of duration between adjacent pulses (Wiley, 2006).
Analysis of radar systems containing rectangular pulse is
given in detail (Hao et al., 2022). Basic PRI modulation
type is defined as a function of difference between times
of arrival (TOA) of each pulse (Gencol et al., 2016) for a
specified target. However, these radar pulses are observed
in noisy environment and detection accuracy of a particular
pulse onset directly affects the deviation from exact PRI
modulation pattern. The deviation in PRI modulation
types is analyzed in (Gao and Tian, 2015). In this context,
recent studies concentrate on detecting existence of radar
pulse where short time Fourier transform is used in (Liu
et al., 2019), alternatively the pulses are detected by edge
enhancement (Li et al., 2020), and edge detection is
performed by Haar wavelet filter (Ranney et al., 2021).
Moreover, moving sum filter is used to detect magnitude
change for pulse detection (Ranney et al., 2022).

In (Tsihrintzis and Nikias, 1997), radar clutter is modelled
by @ —stable distribution as an earlier application on
radar signal processing. Moreover, it is reported by (Win
et al, 2009) network interference on wireless systems
can be statistically modelled by symmetrical a — stable
distributions. The evidence of impulsive noise in applications
of communication and radar/sonar signal processing brings
a motivation to construct further analysis to extract the
information related with the application area. Therefore,
it is shown in these studies that the channel noise does
not always exhibit Gaussian behaviour. The pulses need to
be analyzed in presence of non-Gaussian noise which is
modelled by @ — stable distribution in this study.

An earlier approach based on maximum correntropy is
also applied for antipodal signal detection in (Hakimi
and Hodtani, 2018). In (Sun et al., 2021), fractional lower
moment is evaluated within the observed sliding time
interval. Similarly, robust detection of a target is performed
by utilizing fractional lower order moments (Huang et
al., 2021). Receiver design and detection regions under
impulsive noise interference are also investigated in (Clavier
et al., 2021). In the literature, it is seen that the noise in
the channel is generally assumed to be known. However, the
noise distribution may not be known exactly in practice or
its parameters may not remain unchanged. Therefore, the
optimal maximum likelihood detector and Cauchy detector
are not involved in this study since entire noise parameters
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and noise intensity are respectively required to decide the
existence of pulse for these detectors. Consequently, there is
a lack in the literature performing real time pulse detection
in case of unknown noise. Since the detection performance
is assumed to be determined in real time, the length of the
time interval is significant to provide reasonable detection
probability obtained from short signal length.

The main contribution of this study is not only to
implement practical suboptimal detectors used in digital
communication systems in order to detect rectangular
pulse when the statistical information related with channel
noise is unknown, but also a sub-optimal detector called
signed power detector based on fractional power of the
observed signal is proposed in this study to exhibit robust
detection performance under impulsive noise channels with
unknown impulsiveness. The paper is organized as follows.
In the next section rectangular pulse detection problem
and analytical results are derived under Gaussian noise
condition. Subsequently, the sub-optimal detectors together
with the proposed signed power detector are described. The
performances of these detectors are illustrated by computer
simulations in Section 3 under Gaussian and symmetric @ —
stable (SaS) distribution having difterent impulsiveness. In
the last section obtained results are concluded.

2. Method

Pulse detection problem within a certain time interval
is formulated in terms of binary hypothesis testing and
the sub-optimal detectors are described in the following
subsection.

2.1. Pulse Detection

In the given signal detection problem under Additive
White Gaussian Noise (AWGN), the entire observed signal
having N samples including rectangular pulse with known
amplitude 4 having duration NV, samples is modelled as
given in Equation 1.

w[n] ;n=1,2,....No
X[n]=1A+wln] ;n=Ni+1,..No+Ns 1)
wln] ;n=NotNp+1,.,N

where the noise samples are taken from the Gaussian
distribution w[ - | ~ N(0,0%) and the time instant of pulse
onset N, is assumed to be unknown. In order to perform
real time analysis, a running window having length W < N,
is defined in which the existence of pulse is investigated.
Evolution of observed signal within the window length
involving all possible scenarios is illustrated in Figure 1.
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Since the main objective is restricted to online detection of
pulse onset, the problem is localized to construct the binary
hypothesis testing within the duration M < W < N, where
the parameter M is the length of the existing rectangular
pulse within the running window. Accordingly, the binary
hypothesis test becomes as given in Equation 2.

Hoz[n]=w[n] n=12..W
. _ Jwln] n=12 .. W—-M )
H:aln] {A+w[n] n=W-M+1,..W

It is obvious that first W —M samples are common for both
hypotheses and act as irrelevant data since any information
cannot be provided. Thus, the problem is reduced to detecting
existence of pulse only within the length of interval M
given in Equation 3.

Hez[n]=wln] n=12..M

3)
H:z[n]=A+w[n] ,n=12,..M
x[n]
Np
e —
7.\ SO gt "I\WA'A“‘.T
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Figure 1. Evolution of real time pulse detection problem based
on running window.
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Considering the pulse amplitude is reasonably assumed
to be known, the observed signal can be modified as
yln]= x[n]—% and the binary hypothesis test in (3) is
reformulated as in Equation 4.

Hiylnl=—2+uln] n=12,..M
)

Hiy[n]= %er[n], n=1,2..M

where the problem is converted into antipodal signal
detection. The likelihood functions under the Gaussian
noise having zero mean and ¢* variance are given in (5)

and (6)
1 ( (y[n]+‘§)2)
Vore? P\ 20T

p(ylnl Ho) = (5)
and

(y[n]—4)?
pln}i) = J;ij(—%) ©)

Once the investigation of pulse existence is characterized by
samples, Neyman-Pearson test can be apphe t%d?termme
the likelihood ratio (Kay, 1998) L(z) = g) >y by

comparing with threshold 7 and is given in

1 M- l A z]
(7m0 Z (el
7 exXpl—=—= x|n +— 2
(2702 Xp[ 207 e - ]
Analytically, the likelihood ratio is obtained as
- 1 M-1 2
Y=g tyln] > 5 ®)

where y denotes sample mean and is considered as the
test statistics 7' (y) =y . Note that T(y)
characterized by determining mean under each hypothesis
as found in (9) and (10)

is statistically

=B34 +uln) |- -4 ©)

—E[ﬁf:; (g +ulad]=4

and variance, obtained under both hypotheses as in (11)

E(T(y);

E(T(y);H)) (10)

var (T (y);Hox) —UCLT( ZMI_ +w[n]> WZ

Finally, the test statistic for this antipodal signal detection

(11)

problem is expressed in (12)
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2
N(—%,O-V) under H,
Ao (12)
2

)

’V) under H,

'The probability of detection and probability of false alarm
are determined in (13) and (14), respectively,

7’+%
Pu=Pr{T(y) > 7 H}=Q p (13)

Vi

f_A
Py=Pr{T(y) > 7;H,} = Q| ——2 (14)

/o
M

where Q(z) is the right tail probability and is given as

Qz) =" efldt. Relation between detection

probabilitil a%g ﬁlgnal strength is characterized by signal to

noise ratio (in (15)

2
SNR(dB) = 101og% (15)

Since the observed waveform model is converted to
exhibit antipodal behaviour, the decision boundary can be
set 7' =0and the theoretical results for false alarm and
detection probabilities are respectively evaluated as

Jo

M

P,=Q|— A/O_2 )_1 Py (18)
Vir

which results in Pp+Pmn=1. Consider that P, = P
may occur as the worst case and hence the lower bound for
detection probability can be given as P, = 0.5 . In the sequel,
the practical suboptimal detectors are described for pulse
detection problem.

2.2. Sub-Optimal Detectors for Pulse Detection

Conventional linear detector which is reported to be
optimal under Gaussian noise (Johnson, 1996) and (Sureka
and Kiasaleh, 2013) determines existence of pulse according
to the rule given in (18)

Linear detector (Sureka and Kiasaleh, 2013):

> ylnl2 0 (18)

The soft limiter (SL) detectors clips the observed signal
depending on the predefined threshold x > 0 as formulated
in (19)
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Soft Limiter (SL) Detector (Sureka and Kiasaleh, 2013):

> gkln) % 0 (19)
where
K 2K
g(z) = lz| <K (20)
K 22K

An alternative detector is defined to be the sign correlator
(SC) detector which converts the observed noisy signal
into binary form and determines the existence of a pulse
according to operation in (21)

Sign Correlator (SC) Detector (Saleh et al., 2012):

> sgn(y[n) % 0 1)
1,z=0

where sgn(z) = . The Non-Gaussian channel
noise exhibiting 1mpulzé1ve and infinite variance behaviour
is modelled by distribution which is expressed by its
characteristic function as given in (22) (Nikias and Shao,

1995)
@(0)=

where the parameters « € (0,2] is the characteristic
is the
shift parameter adjusting the location. The impulsive

efd”lﬂl"ﬂ‘é& (22)

exponent tuning the impulsiveness of the noise,

noise is symmetrical around the origin when 6 =0 and
correspondingly the location parameter & is assumed to
be 6 =0 in this study. The scale parameter ¢ arranges the
intensity of the noise. When a = 2, it can be considered
as identical with the standard deviation of Gaussian noise.
Note that pdf of SaS' noise cannot be analytically expressed
except for special cases where Gaussian noise is obtained
for characteristic exponent @ =2 and Cauchy noise is
obtained for @ =1 which is frequently used to characterize
the impulsive noise. In the presence of such an impulsive
noise with infinite variance for a < 2, the term generalized
signal to noise ratio (GSNR) needs to be defined alternative
to SNR (Sureka and Kiasaleh, 2013)

GSNR(dB) = 101og 4,

. 23)

2.3. Signed Power Detector

One of the distinctive properties of @ —stable random
variable X is described in terms of its moments. Note that
a random variable X having alpha-stable distribution for
0 < a <2 is given to have finite moments according to
the satisfaction of the condition in (24) (Nikias and Shao,
1995), (Samorodnitsky and Taqqu, 1994)
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EllXI']<o if0<p<a

El|X)]= 00 if 29

p=a

According to (24), one can conclude only the fractional
lower order moments (FLOM) satisfying p < a is finite,
otherwise they are said to be infinite. This property is utilized
in density parameter estimation from the set of observations
having length to determine the signed fractional moment

(Kuruoglu, 2001) given in (25)

S,= 1Yl X 25)

where X, are taken from SaS distribution and the pth
signed power of a number z is described as (Kuruoglu,

2001)

<

2 =sign(2)| 2 (26)

One of the challenging problems is the selection of moment
order which is comprehensively discussed in different
studies (Ma and Nikias, 1995), (Tsihrintzis and Nikias,
1996), (Kuruoglu, 2001) and (Bibalan et al., 2017). Utilizing
the feedback from the studies in the literature, the moment
order in this study is set constant p=0.01 where the
characteristic exponent of the channel is assumed to be
a > 0.01 although it is declared to be unknown. Under
SasS noise, the signed power (SP) detector is defined as

> sgn(y[n]|y[n]f :> 0 (27)

satisfying the condition p < &. Performances of these
detectors are shown in simulation results in the next section.

3. Simulation Results and Discussion

The experimental results are obtained by Monte Carlo
simulations using Matlab software as a result of ensemble
averaging of 10* realizations. The threshold for soft limiter
and the signed power detector are taken as x =44
consistent with (Sureka, and Kiasaleh, 2013) and p = 0.01
, respectively. For sake of simplicity, the noise intensity for
both Gaussian and SaS' noise is set 0 =1 and the pulse
amplitude is tuned according to the specified SNR or
GSNR value.

3.1. Effect of Channel Impulsiveness

'The simulation results reflecting the effect of impulsiveness
on detection probability of rectangular pulse is shown
in Figure 2 as a function of characteristic exponent «
according to fixed observed pulse length M and GSNR
values. The characteristic exponent range lies between
a =2 (Gaussian noise) and @ =0.6 corresponding to
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strongly impulsive noise. Although the optimal linear
detector given in (Johnson, 1996) is seen to yield the best
detection performance under Gaussian noise as expected,
when the channel noise becomes impulsive as decreases,
the linear detector performance get worse dramatically
compared with other detectors. This result indicates the
necessity of other suboptimal detectors in case the noise
exhibits non-Gaussian behaviour. Moreover, the suboptimal
detector performances need to be analyzed in two regions
according to results in Figure 2 where the soft limiter in
(Sureka and Kiasaleh, 2013) exhibits superior detection
probability compared with sign correlator in (Saleh at al.,
2012) and proposed signed power detector as it is observed
to be a > 1.2. However, when the noise samples have
extreme outliers, especially for @ <1, the signed correlator
and signed power detector performances become apparently
better than soft limiter detector.

“‘“ﬂ\A

o
o —a—Linear
0.7 —a—Sign Correlator
—&—Soft Limiter
——
0.6 {Powfr
0.5

2 1.5 1 0.5

(e}

Figure 2. Variation of P, with respect to stable noise
impulsiveness parameter a;M = 50, GSNR = —8dB.

Therefore, the remaining analyses investigating the effect of
observed pulse length M and SNR are explained under
Gaussian noise and @ —stable noise simulated at two
different characteristic exponent, separately. As an overall
assessment considering entire characteristic exponent range,
the proposed signed power detector is seen to exhibit more
stable behaviour compared with the other sub optimal
detectors sign correlator given in (Saleh et al., 2012) and
soft limiter detector given in (Sureka and Kiasaleh, 2013).
This finding is put forward by evaluating the mean detection
probability and its standard deviation given in Table 1
obtained from the entire range of characteristic exponents.
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Table 1. Mean Detection Performance and its standard
deviation in the range.

Method Mean Value of P, Std. Dev. of P,
Gaussian 0.65 0.1234
Soft Limiter 0.80 0.0296
Sign Correlator 0.81 0.0349
Signed Power 0.82 0.0269

As it can be clearly seen, the best detection performance
with lowest standard deviation can be achieved by the
proposed signed power detector.

3.2. Effect of SNR

The detection probability with respect to signal to noise
ratio is illustrated in Figure 3 under Gaussian noise and in
Figure 4 under SaS noise, respectively. It is seen in Figure
3 that, linear detector has the best detection probability
compared with other detectors. However, when the channel
noise becomes impulsive as the results shown in Figure 4A,
especially for lower value i.e. increased impulsiveness as the
detector performances shown in Figure 4B, the distinctive
degradation on detection performance of linear detector is
apparent although it is optimal under Gaussian case.

0.9
0.8 —&—|inear
a —é&—Sign Correlator
o —&—Soft Limiter
0.7 —&—Signed Power
0.6
0.5

SNR (dB)

Figure 3. Detection probabilities with respect to SNR under

Gaussian noise.

On the other hand, soft limiter detector can be said to
exhibit better detection probability according to Figure
4a compared with other sub-optimal detectors such as
signed correlator and signed power detector when noise
slightly deviates from Gaussian behaviour and soft limiter
detector given in (Sureka and Kiasaleh, 2013) may be a
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reasonable selection rather than other detectors under
moderate impulsiveness. However, if the channel exhibits
strongly impulsive characteristic, the sign correlator (Saleh
et al, 2012) and the proposed signed power detector
performances are observed to be apparently superior to both
linear (Johnson, 1996) and soft limiter (Sureka, Kiasaleh,
2013) detectors as shown in Figure 4B.

1 - A
0.9t
0.8
a —&—Linear
o —a—Sign Correlator
0.7+ ~&—Soft Limiter
‘ —a—Signed Power
0.6
0.5 - : : : ; :
-20 -15 -10 -5 0 5
@A GSNR (dB)
1 a
3
0.9
0.8 —&—|inear
D.D —a—Sign Correlator
~—&—Soft Limiter
0.7 —a— Signed Power
3
0.6
0. T
-20 -15 -10 -5 0 5
GSNR (dB)

Figure 4. Detection probabilities with respect to GSNR under
SasS noise; A) (¢ =1.6), B) (¢ =0.8).

3.3.Effectof M

It is seen that the sub-optimal detectors soft limiter and
sign correlator together with signed power detector are not
critically affected from variation of noise distribution whereas
the linear detector performance degrades dramatically when
the noise distribution becomes impulsive. Rather than the

Karaelmas Fen Mih. Derg., 2022; 12(2):223-230
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method in the literature (Li et al., 2020) which processes
entire data, it is concentrated on instant detection within
the observation length much smaller than pulse length.
Since the observed data length is one of the parameters to
compare detection performance within short time length,
the time-frequency techniques as given in (Liu et al, 2019)
are not considered since the spectral resolution becomes
poor to yield satisfactory result for the signal within short
time interval. Sensitivity of the sub-optimal detectors to the
length of observed pulse length M are shown in terms of
P, and P in Figure 5 and Figure 6 under Gaussian and
SaS noise, respectively. It is clear that the linear detector
achieves the theoretical result and exhibits the best Py — Pr
characteristic among the other detectors as shown in Figure
5 under Gaussian case. As the channel impulsiveness
increases, the linear detector yields the lowest detection
performance for specified M as illustrated in Figure 6A
and 6B, respectively.

1
L '
0.9 3
0.8f ——P_, Linear
0.7} ——P, Theoretical
_._PFA Linear
06} ——P_, Theoretical
—a—P, SC
051 —e—P_ SC
FA
0.4F by S
——P,, SL
0.3F ~8~P, SP
o —o—PFA SP
B
011 4
0 i
0 10 20 30 40 50
M

Figure 5. P, — Pr of detectors as a function of M samples
under Gaussian noise. (SNR = —8dB).

According to the results in Figure 6A, soft limiter has more
sensitivity to the observed pulse length under SaS noise
whereas its performance gets worse than other suboptimal
detectors under stronger impulsive noise condition as
shown in Figure 6B. Additionally, P»—Pr performances
of sign correlator and the proposed signed power detectors
are close to that of soft limiter detector as given in Figure
6A under weak impulsiveness condition and better results
are observed under strong impulsive channel as shown in

Figure 6B.
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Figure 6. Pp— P of detectors as a function of M samples
under SaS noise, (GSNR =—8dB);A) (¢ =1.6),
B) (¢ =0.8).

Nevertheless, one can generally conclude that the given sub
optimal detectors yield notable robust behaviour against
the variation of noise impulsiveness and it can be said that
improved detection performance can be achieved for the

fixed observed pulse length.

4. Conclusions

This paper proposes utilization of the sub-optimal detectors
in detection problem of rectangular pulse in real time within
a limited observation interval when the channel noise is
assumed to be unknown in advance. The proposed approach
is shown to provide a detection mechanism independent of
the noise distribution parameters and can be designed to
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exhibit robust performance against the outlier components
in channel noise. It should be noted that the soft limiter
detector yields a reasonable pulse detection performance
unless the channel exhibits strongly impulsive characteristic.
'The sign correlator and the proposed signed power detectors
come forward if the impulsive outlier samples become
dominant in observed data. In terms of different channel
noise distribution conditions, the proposed detector can be
said to exhibit better detection performance with smaller
fluctuation, i.e., more robust stability in detection probability
and this can be considered as superiority compared with
other sub-optimal detectors.
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Eftects of Basalt Fibre Utilization on Durability and Mechanical Properties of

SIFCON

Bazalt Lif Kullaniminin SIFCON un Dayamklzlzk ve Mekanik Ozelliklerine Etkisi
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Abstract

'The basalt fibre utilisation in Slurry Infiltrated Fibre Concrete (SIFCON) production has been studied to investigate how the durability
and mechanical properties of SIFCON are affected by the basalt fibre replacement with steel fibre. Steel fibre with a length of 30 mm
and the basalt fibre having a length of 24 mm are used in the SIFCON mixtures with the replacement ratios of 0%, 25%, 50%, 75% and
100% by volume. The extensive laboratory studies have been conducted to specify compressive strength, flexural strength, sorptivity,
water absorption, acid attack and Bohme abrasion resistance in terms of the basalt fibre replacement variation. The results reveal that
the increment in basalt fibre replacement ratio decreases the compressive strength and the capillary water absorption while increasing
the water absorption values. No significant change in the flexural strength is observed up to 50% basalt fibre utilisation and lower
weight loss values are specified in this range for the SIFCON samples exposed to acid solution. The highest Bohme abrasion resistance
is identified for samples having the basalt fibre replacement ratio of 25%. The results signify that the basalt fibre utilisation provides
advantages considering the variations in flexural strength, physical and chemical degradation.

Keywords: Abrasion resistance, Acid attack, Basalt fibre, Permeability, SIFCON, Strength

Oz

Bu ¢alismada SIFCON dretiminde ¢elik lif yerine bazalt lif kullaniminin SIFCON’un dayaniklilik ve mekanik ozelliklerini nasil
etkiledigi arastirilmigtir. SIFCON numunelerinde, 24 mm uzunlugundaki bazalt lif hacimce %0, %25, %50, %75 ve %100 oranlarinda
30 mm uzunlugundaki gelik lif ile yer degistirilerek kullanilmigtir. SIFCON numunelerinin dayaniklilik ve mekanik 6zelliklerini
belirlemek i¢in basing dayanimi, egilme dayanimi, su emme, kilcal su emme, asit saldirisi ve BShme aginma direnci deneyleri yapilmugtr.
Sonuglar, bazalt lifin yer degistirme oranindaki artigla SIFCON numunelerinin su emme degerinin arttigini, basing dayanimi ve kilcal
su emme degerlerinin ise azaldigini géstermigtir. %50 oranina kadar bazalt lif kullanimi, SIFCON numunelerinin egilme dayanimi
sonuglarinda 6nemli bir degisiklige neden olmamigtir. Asit ¢ozeltisine maruz birakilan SIFCON numuneleri i¢in %50 oranina kadar
bazalt lif iceren numunelerde elde edilen agirlik kayb: degerlerinin daha distik oldugu belirlenmistir. En yiiksek B6hme aginma direnci
%25 oraninda bazalt lif iceren SIFCON numunelerinde elde edilmistir. Sonug olarak, egilme dayanimy, fiziksel ve kimyasal aginma
deneylerindeki degisimler g6z 6niine alindiginda SIFCON tretiminde bazalt lif kullanim: avantaj saglamaktadr.

Anahtar Kelimeler: Aginma direnci, Asit saldirisi, Bazalt 1if, Gegirimlilik, SIFCON, Dayanim

1. Introduction

'The conventional concrete with high-volume steel fibre is not
suggested in practical concrete design due to the reduction
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in workability occurs in concrete mixture incorporated
with high-volume steel fibre utilisation targeting to attain
higher ductility, flexural, compressive and tensile strength
values (Akgadzoglu and Killi 2021). On the other hand,
much higher steel fibre utilisation is possible with Slurry
Infiltrated Fibre Concrete (SIFCON) technique (i.e. 5-30%
by volume), which was first developed by Lankard (Lankard
1984, Lankard and Newell 1984). SIFCON is produced
by the special slurry poured into fibre, which contains the
mixture of cement, fine sand, silica fume, water and super

plasticizer (e.g. (Wang and Maji 1994, Tabak 2004). Since
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high-volume fibre and fine material are used in the slurry,
the SIFCON matrix provides superior flexural strength,
toughness and subsequently higher ductility properties (e.g.
(Yazict et al. 2010, Beglarigale et al. 2014, Elavarasi and
Mohan 2016)).

The extensive compressive and tensile strength tests to
determine the mechanical properties of SIFCON samples
containing 4-10% hooked steel fibre have been conducted
by the previous studies which reveal that tensile strength
and fracture toughness of samples are improved with the
increment in fibre content (e.g. (Wecharatana and Lin
1992, Yan et al. 2002)). Although no substantial change in
compressive strength variation is observed in this increasing
range of fibre content by Wecharatana and Lin (1992), Yan
et al. (2002) states otherwise by referring to the significant
increases in compressive and flexural strength values
(especially in fracture toughness). The highest compressive
and flexural strength results are obtained from the samples
having the fibre content of 10% as 127.8 MPa and 78.7
MPa, respectively. It is highlighted that the cracks formed
on the side surfaces of the sample beams are distributed
more homogeneously in the cases of the fibre amount is
increased. Sharma and Singh (2008) concludes that the
best compressive strength performance is identified in the
samples having the fibre content of 8% based on the results
obtained from samples with the fibre content range of 0-9%.
The observed reduction in the compressive strength values
obtained from the samples having the fibre content of 9% is
attributed to the prevention of free and uniform spreading
of the cement slurry through the utilised high-volume fibre
which leads to many voids in fibre matrix. It is highlighted
that the compressive and flexural strength values are
decreased due to the difficulty of passing mortar through
the fibre matrix because of these resulting voids.

Giridhar and Rao (2015) examined the effect of steel fibre
utilisation on the mechanical properties of SIFCON in
terms of compressive, flexural and tensile strength values
obtained from the samples having the steel fibre content of
4-8%, among which the highest compressive, flexural and
splitting tensile strength values are attained from the samples
produced with 8% steel fibre content. The coinciding results
are also obtained from the studies conducted by Soylu and
Bingol (2019). The maximum compressive and flexural
strength are obtained from the 28-day samples produced
with a fiber volume of %8, as 80.12 MPa and 35.85 MPa
respectively. Tuyan and Yazici (2012) investigated the
mechanical properties of SIFCON produced by steel fibre
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with hook-end and smooth shapes, and the bond between
fibre and matrix. It is revealed that the adherence is increased
with the appropriate curing conditions and the increment in
the strength of matrix and the fibre diameter. It is also stated
that the bonding ability of the hook-end fibre is superior to
that of the smooth fibre. It is underlined that as the fibre
embedded length is increased, the toughness is improved
with the surge in the adherence ability.

Ipek et al. (2014) investigated the flexural strength and
fracture toughness of SIFCON samples produced with
the steel fibre having the length of 35 mm and 60 mm.
It is revealed that while the strain capacity of the samples
with steel fibre having the length of 60 mm is higher, the
maximum tensile capacity (47.06 MPa) of the samples
produced by using steel fibre combination having the length
of 35 mm and 60 mm is higher. Yardimci et al. (2007)
produced SIFCON samples using single or combined steel
and synthetic fibre content of up to 12%. These samples
were cured under low steam pressure at 80°C for 24 hours.
The highest flexural strength (62 MPa) is obtained from
the samples containing 12% steel fibre and the highest
flexural toughness value (103367 Nmm) is attained from
the samples with 9% steel and 3% synthetic fibre contents.
The combined effect of steel and polypropylene fibre on
the physical and mechanical properties of SIFCON was
investigated by Canbay (2014). It is indicated that steel fibre
is more effective on the mechanical properties of samples
than that of polypropylene fibre. The compressive strength
test results of SIFCON containing 100% steel fiber, 50%
steel fiber-50% polypropylene fiber and 100% polypropylene
fiber are obtained as 141.29, 110.38 and 108.73 MPa, and
flexural strength results are obtained as 32.95, 19.21 and
15.60 MPa, respectively. Although polypropylene fibre has
lower strength compared to steel fibre, it is suggested that
polypropylene fibre would be superior to be used where
corrosion risk is higher.

The performance assessment of conventional reinforced
concrete and SIFCON has been evaluated in terms of the
results obtained from compressive, flexural, tensile strength
and abrasion tests by Vijayakumar and Kumar (2017). In
this study, the SIFCON samples were produced with the
glass fibre content of 1% and the steel fibre contents in
the range of 5-11%. The highest compressive and flexural
strength values are 36.98 MPa and 5.52 MPa in SIFCON
samples containing 1% glass fiber and 9% steel, respectively.
It is revealed that SIFCON provides superior performance
compared to that of normal reinforced concrete. It is
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underlined that the highest performance is attained from the
samples having the steel fibre content of 9%, higher the fibre
content is more difficult for mortar to settle, which adversely
affects the results. Ipek and Aksu (2019) investigated the
combined effect of steel and polypropylene fibre blends. The
highest flexural strength values obtained from fully fibre-
filled beam samples are attained as 44 MPa and 41 MPa
from the samples having the steel fibre combined lengths
of 60 mm and 35 mm, and the combined lengths of 60
mm steel and 50 mm polypropylene fibre, respectively. It is
highlighted that the combined polypropylene and steel fibre
utilisation improves flexural strength and fracture toughness.
The polypropylene fibre provides significant advantages in
terms of its unit weight and cost compared to steel fibre.

'The reason of basalt fiber preferred to be used in SIFCON
applications in the presented study is not just because it is
an environmental-friendly material and it has a superior
characteristic as higher tensile strength properties, it also
overcomes the drawbacks such as corrosion and higher
weight of steel fibre that could be more critical in some
specific SIFCON applications. Although several researches
in the literature present the eftect of steel and polypropylene

Table 1. Chemical composition and physical properties of
cement and silica fume.

fibre on the mechanical properties of SIFCON, it is the first
time in the literature (to the best of the authors’knowledge),
the basalt fibre utilisation is considered in the production
of SIFCON and presented in this paper. The durability and
mechanical properties of SIFCON incorporated with basalt
fibre having various volumetric replacement ratios of steel
fibre are investigated in this presenting research and some
substantial conclusions are drawn.

2. Materials and Methods
2.1. Materials

In this study, the silica fume which is obtained from Eti
Elektrometalurji Inc. in Turkey and CEM I 42.5R type
of Portland cement are used. The physical properties and
chemical compositions of Portland cement and silica fume
are given in Table 1.

CEN standard sand complying with TS EN 196-1 (2016)
was used to prepare SIFCON mixtures. Standard sand is
produced by Limak Trakya Cement Factor in Turkey. The
sieve analysis results of sand having the specific gravity of
2.6 are given in Table 2. The polycarboxylic-ether based
superplasticizer (SP) having the specific gravity of 1.10 was

utilised.

KMX 55/30 BL type of steel fibre having hooks on both
ends obtained from Kemerli Metal Industry and Trade Inc.

Chemical properties Portlantd Silica fume were used, which are of the length of 30 mm, the diameter
S of 0.55 mm and the specific gravity of 7.18. The basalt fibre
CaO 63.52 2.06 was procured from Spinteks Textile Construction Industry
SiO, 19.54 91.92 and Trade Inc., which are having the length of 24 mm, the
ALO 4.47 0.42 diameter of 14 microns, and the specific gravity of 2.78.
23 . . . . .
Fe O .94 0.20 The close view images of .stee.l and basalt fibre used in the
= presented study are given in Figure 1.
MgO 1.27 3.28
2.2. Detail of Mixes and Preparation
SO, 2.73 0.83
KO 0.90 2538 Although there is no standard for SIFCON slurry mixes
2 . . . .
at present, the slurry must have a sufficient level of fluidity
Na,0 0.14 0.55 to pass through the fibre without snagging to attain a
Loss on ignition (%) 3.92 1.68 void-free structure. The water/cement (w/c) ratio of the
Physical properties SIFCON slurry prepared in this study was specified as
Soecific eravi 312 29 0.3, the content of binder was designated as 1000 kg/m?,
P : gravity ; - - and the silica fume was incorporated as 10% of the binder.
Blaine fineness (m”/kg) 384 20000 It is stated by the previous researchers that the mini-flow
diameter of SIFCON slurry should be approximately 38 cm
Table 2. Sieve analysis results of sand.
Sieve size (mm) 2.00 1.60 1.00 0.50 0.16 0.08
Percentage passing (%) 0.00 6.37 33.47 67.18 86.92 99.33
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for adequate workability for the utilization of steel fiber (e.g.
(Ipek et al. 2014, Ipek and Aksu 2019)). In this study, the
mini-flow test was carried out as per TS EN 1015-3/A2
(2000) on the trial mixtures using various superplasticizer
ratios. Accordingly, the amount of superplasticizer required
in the mixture for the flow diameter of 38+1 cm was specified
as 1.4% of the binder (see Figure 2A). In addition, the mini
V-funnel test shown in Figure 2B was conducted and the
flow time for SIFCON slurry was obtained as 3.21 s. The
mix proportions for the SIFCON slurry used in this study
are given in Table 3.

In the mixing procedure for the SIFCON slurry, initially,
the cement and silica fume as a binder were mixed, then
sand was added and mixed until a uniform distribution was
attained. Then, two-thirds of the water was added to the
mixture and mixed, and finally, the remaining water mixed

with the superplasticizer was added into the mixture and
mixed for another 2-3 minutes.

'The fibre rate of 6.8% by volume was used in the production
of all SIFCON samples. The total number of 5 SIFCON
mixtures have been produced with the rates of fibre which

are 100% steel fibre (control), 75% steel fibre and 25% basalt

Table 3. Mixing ratios for SIFCON slurry in 1 m®.

Materials Amount (kg)

Cement 900
Silica fume 100
Sand 919
Water 300
Superplasticizer 14

Figure 1. Fibre
used in the
production of
SIFCON (A)
steel fibre (B)
basalt fibre.
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Figure 2. Flowability
of SIFCON slurry (A)
mini slump-flow (B) mini

V-funnel.
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fibre, 50% steel fibre and 50% basalt fibre, 25% steel fibre
and 75% basalt fibre, and finally 100% basalt fibre. Several
studies in the literature suggest considering the multi-layer
method for the production of SIFCON samples in order to
attain a homogeneous fibre distribution at every point of the
mould and to allow the slurry fully flowing through the fibre
(Abdalay et al. 2019, Ali 2018, Khamees et al. 2020, Alcan
and Bingol 2019, Bajpai and Chandak 2018). Therefore, in
the present study, the three-layer technique was used in the
production of SIFCON samples. In this method, after one-
third of the total fibre volume was randomly placed in the
mould, the SIFCON slurry was then poured into the mould
for slightly covering the fibre placed in the mould, and
similarly, the process was repeated for the other two layers.
After 24 hours of casting, the cube and beam specimens were
demoulded and cured in water until the day of experiment
was conducted.

2.3.Testing

'The testing programs were designed to identify how the basalt
fibre replacement ratios affect the durability and mechanical
properties of SIFCON. Accordingly, compressive strength,
flexural strength, sorptivity, water absorption, acid attack and
Bohme abrasion tests were conducted. Compressive strength
values for 7, 14 and 28-day samples were determined using
3 cube sample sets having the dimensions of 50x50x50 mm
obtained from each SIFCON mixture according to ASTM
C109/C109M-20 (2020). In order to identify the flexural
strength values, the three-point flexural tests were carried
out complying with ASTM C348-18 (2018) standard on
three beam samples having the dimensions of 40x40x160
mm cured up to 7 and 28 days for each mixture.

The sorptivity test was performed on 28-day cured cube
samples having the dimensions of 50x50x50 mm, which
were initially dried to obtain the constant weight in the oven
and then kept in ambient temperature to cool them down.
'The side surfaces of samples were covered with waterproof
tape in order to allow the capillary absorption only from
the bottom surface. After measuring the mass, they were
placed into the container which was filled with enough
water to just cover the bottom surface. In order to obtain
the mass gained at different time intervals (i.e. 1, 4, 9, 16,
25, 36, 49 and 64 minutes) the samples were removed out
of the container, surface dried and weighed. Accordingly,
the sorptivity values were specified considering the slope
of regression curve based on the relationship between the
amount of water absorbed from the unit surface area and
the square root of elapsed time. The water absorption test
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was performed using 28-day cured cube samples having
the dimensions of 50x50x50 mm complying with ASTM
C642-21 (2021). The saturated surface dry weight (W) of
the SIFCON samples were measured and then the samples
were dried in an oven until attaining a constant weight.
After the dry weight (J/,) measurement of the samples, the
water absorption ratios of SIFCON samples were calculated
using the equation as follows.

Wea—W
= 7%/% d (Eq.1)

'The performance of SIFCON samples against acid attack was

WA X 100

identified by examining the change in weight, compressive
and flexural strength values. The cube and prism samples
having the dimensions of 50x50x50 mm and 40x40x160
mm cured in water for 28 days were placed in a solution
with 7% H,SO, (acid) concentration after the curing time
is ended. Another set of samples from each mixture was
kept in water to identify the acid effect by comparison. The
solution was renewed every 20 days due to the change in
the concentration of the acid solution in which the samples
were kept. During this acid solution change, the surface of
samples was cleaned, dried and their weights were measured.
Compressive and flexural strength tests were applied to the
samples exposed to H,SO, solution for 90 days and samples
kept in water.

Bohme test complying with TS 2824 EN 1338 (2005) was
carried out to determine the abrasion resistance of SIFCON
samples. The cube samples with a size of 71+1.5 mm were
used in this experiment. The 28-day cured samples were
dried in the oven until attaining the constant weight. Then
the measurements of weight and dimensions of the samples
were undertaken. The samples were placed in a clamp and
an axial force of 294 + 3 N was applied. After placing 20 g
of standard abrasive grain on the test track, the sample was
subjected to 22 revolutions which is referred as a cycle. After
each cycle, the disc and the contacted face of the sample
were cleaned and the sample was rotated by 90° around
its vertical axis. After each 4 cycle-set the dimensions and
weight of the sample were measured. After the test was
repeated 16 cycle-set, the total volume loss was determined
using the equation as follows.

av =2 (Eq.2)

AV = is volume loss after 16 cycle-set (measured from
mass), cm>

Am = is mass loss after 16 cycle-set, g

© = is volume bulk density of the sample g/cm?
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3. Results and Discussion

'The flexural strength tests were performed on the 7-day and
28-day water cured SIFCON samples having the basalt fibre
replacement ratios of 0%, 25%, 50%, 75% and 100%. Figure
3 indicates the variation of flexural strength values in terms
of the basalt fibre replacement ratios. Figure 3 shows that
the flexural strength values from the 7-day cured samples
are in the range of 23-33 MPa and the results from the
28-day cured samples are in the range of 26-36 MPa. The
flexural strength values from the 7-day cured samples with
the basalt fibre replacement ratios of 0, 25, 50, 75 and 100%
were obtained approximately as 33, 32, 32, 31 and 24 MPa,
respectively. The flexural strength results from the 7-day
cured samples reveal that using basalt fibre replacement
ratios up to 75% insignificantly aftect the flexural strength
of SIFCON samples. However, Figure 3 indicates that using
100% basalt fibre replacement ratio reduces the flexural
strength of the 7-day cured samples by approximately 28%
compared to the samples produced with 100% steel fibre
(control). The flexural strength values from the 28-day cured
samples having the basalt fibre replacement ratios of 0, 25,
50, 75 and 100% were obtained approximately as 36, 35, 34,
32 and 26 MPa, respectively. Figure 3 shows that using basalt
fibre replacement ratios up to 50% insignificantly affect the
flexural strength values from the 28-day cured samples.
However, the flexural strength results from the 28-day cured
sample having 75 and 100% basalt fibre replacement ratios
are reduced by approximately 12% and 27% compared to the
samples produced with 100% steel fibre, respectively.

The research conducted by Ipek and Aksu (2019) has
revealed the similar results compared to the results obtained
in the presented study. It is highlighted in their study that
the highest flexural strength values attained in the fully
fibre-filled beam samples are specified as 44 MPa and 41
MPa, respectively, for the samples having the combination
of equal volume steel fibre having the lengths of 60 mm
and 35 mm, and for the samples having the combination of
steel fibre having the length of 60 mm (66% of total fiber
volume) and polypropylene fibre having the length of 50
mm (33% of total fiber volume).

Figure 4 shows the compressive strength results from the
SIFCON samples, which are obtained at the curing ages of
7,14 and 28 days. The results from the samples with 100%
steel fibre (i.e. the basalt replacement ratio of 0%) for all
curing ages are within the range of 46-86 MPa. Figure 4
indicates that the compressive strength results vary as 86,
68, 55, 38 and 29 MPa for the samples having the basalt
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fibre replacement ratios of 0, 25, 50, 75 and 100% at the
curing age of 28-day, respectively. Figure 4 shows that the
compressive strength results are reduced with the increase
in basalt fibre replacement ratio for all curing ages. The
percentage reductions in compressive strength for 7-day
cured samples are about 22%, 44%, 56% and 56%, for 14-
day cured samples are about 18%, 40%, 58% and 62%, for
28-day cured samples are about 20%, 35%, 56% and 66%
(for the basalt replacement of 25%, 50%, 75% and 100%),
respectively. When the compressive strength values in
Figure 4 are compared in terms of the curing time, the rate
of increment corresponding to the same replacement ratios
gradually decreases with an increase in basalt fibre content.

40
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----- £ 7-Day
[
= 35
o
= .
£
=
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©
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Basalt fibre replacement ratio (%)

Figure 3. The variation of flexural strength values in terms of
the basalt fibre replacement ratios.

Compressive strength (MPa)

10

0 25 50 75 100
Basalt fibre replacement ratio (%)

Figure 4. The variation of compressive strength values in terms
of the basalt fibre replacement ratios.
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'The difference in compressive strength results for 7, 14 and
28-day cured samples with 100% basalt fibre replacement
ratio are minimal compared to the results obtained from
the samples having lower replacement ratios. Since basalt
fibre is of lower density than that of steel fibre, the quantity
of basalt fibre is higher than the steel fibre volumetrically
replaced. Since the agglomeration of the basalt fibre occurs
in the samples with high replacement ratio, the compressive
strength result dramatically reduces due to non-uniformity
of the sample, which is attributed to the non-infiltration of
cement slurry through the basalt fibre. This outcome of the
presented study also coincides with the comments made by
Zhang et al. (2020) investigated the mechanical properties
of reactive powder concrete (RPC) using steel and basalt
fibers. Zhang et al. (2020) reveals that as the amount of steel
fiber used is high, the excessive amount of basalt fiber causes
adverse effects such as entanglement and agglomeration
of the fibers. Accordingly, the contact interface decreases
between the fiber and the cementitious material, resulting in
a weakening of the bond between the fiber and the cement
slurry. This subsequently affects the compactness of the RPC
matrix, increases the internal defects, reduces the effective
internal bearing contact surface area of the RPC material
and makes harder to improve the mechanical properties.

Figure 5 shows the variation of water absorption results
obtained from 28-day cured samples in terms of the basalt
fibre replacement ratios, which fall within the range of 2.6~
3.2 %. Figure 5 indicates that the water absorption values
slightly increase with the increment in the basalt fibre
replacement ratio, which are about 3%, 13%, 13% and 22%
for the basalt ratio of 25%, 50%, 75% and 100%, respectively.
'The sorptivity values obtained from the SIFCON samples
are given in Figure 6 which demonstrates that the results
vary in the range 0f 0.0225-0.015 mm/min"2. Figure 6 shows
that the sorptivity coefficients reduce with an increase in the
basalt fibre replacement ratio. The percentage reduction in
sorptivity result is about 9%, 28%,25% and 33% for the basalt
replacement ratios of 25%, 50%, 75% and 100%, respectively.
'The capillarity and permeability properties of concrete defer
widely depending on the void structure of concrete, which
vary in terms of both the continuity and the ratio of voids
along with the voids’ size variation. Sorptivity depends on
the amount of continuous capillary voids in the concrete (viz.
total capillary void volume) and their size. Accordingly it is
observed in this study that the increase in water absorption
capacity and the reduction in the sorptivity occur due to
the increase in basalt fiber content of SIFCON since the
basalt fibre utilization increases the void size and ratio in the
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Figure 5. The variation of water absorption values in terms of
the basalt fibre replacement ratios.
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Figure 6. The variation of sorptivity values in terms of the
basalt fibre replacement ratios.

vicinity of fiber, which restrains the flow of cement slurry
through the fiber properly. Figure 7 indicates the correlation
between the sorptivity and the water absorption results
obtained from the SIFCON samples. The coeflicient of
determination level (the R? value) for this correlation is also
considerably high as 0.98. Bankir, MB (2020) has obtained
a similar relationship between the results of the water
absorption test and the sorptivity test compared to that of
the presented study. It is specified that the capillary water
absorption coefficient was low in concretes having high
water absorption capacity. This is explained by the bridging
effect of the fibers, the movement of water in the fiber line
and the number of voids encountered in the concrete.

The flexural strength results from the SIFCON samples
immersed in 7% sulfuric acid solution and kept in water are
shown in Figure 8. This figure also indicates the resulting
percentage reduction in the strength values. It demonstrates
that for the samples immersed in the aggressive acid solution
at 90 days, the flexural strength values are reduced compared
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to the samples kept in water at the same period. The results
from the samples kept in water are in the range of 28-39
MPa, while the flexural strength values from the samples
exposed to the sulfuric acid solution are in the range of 20-
37 MPa. Figure 8 implies that the results from the samples
exposed to acid solution are reduced with an increase in the
basalt fibre replacement ratio. The flexural strength values
from the samples exposed to acid solution and having the
basalt fibre contents of 0%, 25%, 50%, 75% and 100% are
reduced approximately by 6%, 12%, 17%, 21% and 30%
compared to that of the samples kept in water corresponding
to the same basalt fibre replacement ratio, respectively.

The compressive strength results of SIFCON samples
immersed in 7% sulfuric acid solution and kept in water are
shown in Figure 9. This figure also indicates the resulting
percentage reduction in the strength values. It demonstrates
that the compressive strength values from the samples
immersed at 90 days in aggressive sulfuric acid solutions are
reduced comparing with the samples kept in water at the
same period. The results from the samples kept in water are
in the range of 52-107 MPa, while the compressive strength
values from the samples exposed to the sulfuric acid solution
are in the range of 11-43 MPa. Figure 9 shows that the
results from the samples exposed to acid solution are reduced
with an increase in the basalt fibre replacement ratio. The
results from the samples exposed to acid solution and having
the basalt fibre replacement ratios of 0%, 25%, 50%, 75%
and 100% are reduced approximately by 60%, 72%, 72%,
77% and 78% compared to that of the samples kept in water
corresponding to the same basalt fibre replacement ratio,
respectively.

Figure 10 shows the time-dependent weight loss results of
the SIFCON samples exposed to acid solution. The weight
loss values of the samples are in the range of 0-45%. Figure
10 indicates that the weight loss surges by an increase in
the exposure time. The weight loss results from the samples
containing the basalt fibre replacement ratios of 0% 25%
and 50% vary in the range of 0-15%, while the weight loss
results from the samples having the basalt fibre replacement
ratios of 75% and 100% are diversified within the range of
8-45%. This variation is attributed to the increase of voids in
SIFCON owing to the basalt fibre utilisation at a higher rate,
accordingly, the acid solution penetrates into the internal
structure and subsequently causes more deterioration in the
sample.

Figure 11 indicates the variation of Bohme abrasion test
results obtained from 28-day cured SIFCON samples in
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Figure 7. Correlation between sorptivity and water absorption
values.
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Figure 8. The flexural strength values from the samples exposed
to acid solution and kept in water, and the percent strength
reduction variation.
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Figure 9. The compressive strength values from the samples
exposed to acid solution and kept in water, and the percent
strength reduction variation.
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Figure 10. The time-dependent weight loss variation of
SIFCON samples exposed to acid solution.
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Figure 11. Variation of abrasion loss values for the SIFCON
samples in terms of the basalt fibre utilisation ratios.

terms of the basalt fibre replacement ratios. The abrasion
loss values of samples are in the range of 1.6-5.6 cm’.
Figure 11 shows that the abrasion loss is reduced up to
the basalt fibre replacement ratio of 50%. The percentage
reduction in abrasion loss are about 63% and 33% for the
basalt fibre replacement ratios of 25% and 50%, respectively.
'The percentage increases in abrasion loss from the samples
having the basalt fibre replacement ratios of 75% and 100%
are about 26% and 31%, respectively.

Atis et al. (2009) states that there is a stronger relationship
between surface abrasion and flexural strength rather than
compressive strength. This outcome also coincides with the
results from the presenting research, in which it is observed
that the compressive strength values from the SIFCON
samples are reduced with an increase in the basalt fibre
replacement ratio, unlike the flexural strength value obtained
from 28-day cured samples up to the replacement ratio of
50% (see Figure 3). This signifies that abrasion resistance
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is more related to flexural strength rather than compressive
strength.

Considering the abrasion volume loss results obtained from
the Bohme abrasion test, it is observed that the basalt fibre
replacement ratio of up to 50% leads to a reduction in the
abrasion volume loss. Since the abrasion is referred to the
breaking oft the particles from the sample body resulting
from the frictional forces caused by the abrasive material or
impact forces from the rolling action, it causes the tensile
stresses exceeding the corresponding strength of the material
subjected to abrasion. It is demonstrated that the fibre act as
the crack inhibitors in concrete, which improve the tensile
strength and toughness of the samples, and accordingly
reduce the abrasion damage. The samples, in which steel
and basalt fibre combination is used, demonstrate a superior
performance than the samples containing only steel fibre
or basalt fibre per se. Thus, a suitable steel and basalt fibre
combination provides higher abrasion resistance. In the
case of a combined utilisation of macro and micro-fibre,
micro-cracks are initially surrounded micro-fibre which
delay the coalescence of cracks in the cement paste and
mortar phase, and subsequently increase the apparent
tensile strength in these phases. Then, the increased stress
is transferred to macro-fibre by bridging the micro-cracked
region. Thus, convergence and coalescence of cracks are
delayed. Accordingly, the utilisation of basalt fibre up to
50% prevents the separation of concrete particles from the
sample body due to the friction forces caused by the abrasive
material.

4. Conclusion

The following conclusions may be drawn based on the
findings from the presented experimental study.

o 'The flexural strength results from 7-day cured samples
reveal that using basalt fibre replacement ratios up to 75%
insignificantly affect the flexural strength of SIFCON
samples. However, using 100% basalt fibre replacement
ratio reduces the flexural strength of 7-day cured
samples by approximately 28% compared to the samples
produced with 100% steel fibre (control). In the case of
28-day cured samples, using basalt fibre replacement
ratios up to 50% also insignificantly affect the flexural
strength values. However, the flexural strength results
from 28-day cured samples having 75 and 100% basalt
fibre replacement ratios are reduce by approximately
12% and 27% compared to the sample produced with
100% steel fibre, respectively.
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e 'The compressive strength reduces with the increase in
basalt fibre replacement ratio for all curing age. When
the compressive strength values are compared depending
on the curing time, the rate of increment corresponding
to the same replacement ratios gradually is reduced
with an increase in basalt fibre content. The difference
in compressive strength results for 7, 14 and 28-day
cured samples with 100% basalt fibre replacement
ratios are minimal compared to the results obtained
from the samples having lower replacement ratios.
Since basalt fibre are of lower density than that of steel
fibre, the quantity of basalt fibre is higher than the steel
fibre volumetrically replaced. Since the agglomeration
of the basalt fibre occurs in the samples having high
replacement ratio, the compressive strength results are
dramatically reduced due to non-uniformity of the
sample, which is attributed to the non-infiltration of
cement slurry through the basalt fibre.

o 'The water absorption values are slightly increased with
an increment in the basalt fibre replacement ratio due to
the increase in the number of pores within the interior
structure.

o 'The sorptivity coeflicients are reduced with an increase
in the basalt fibre replacement ratio. There is a strong
correlation between the sorptivity and the water
absorption results obtained from the SIFCON samples.

o 'The weight loss results from the samples containing the
basalt fibre replacement ratios of 0% 25% and 50% vary
in the range of 0-15%, while the weight loss results from
the samples having the basalt fibre replacement ratios
of 75% and 100% diversify in the range of 8-45%. This
variation is attributed to the increase of voids in SIFCON
owing to the basalt fibre utilisation at a higher rate, the
acid solution penetrates into the internal structure and
subsequently causes more deterioration in the sample.

e 'The abrasion loss is reduced up to the basalt fibre
replacement ratio of 50%. The percentage reduction in
abrasion loss are about 63% and 33% for the basalt fibre
replacement ratios of 25% and 50%, respectively. The
percentage increases in abrasion loss from the samples
having the basalt fibre replacement ratios of 75% and
100% are about 26% and 31%, respectively. This signifies
that a suitable steel and basalt fibre combination provides
the highest abrasion resistance.
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Ratlarda Olusturulan Kritik Boyutlu Kalvaryal Defektlerde Bakteriyel Seliiloz Temelli
Hidroksiapatit (BS-HAp) Nanokompozitinin Kemik Olusumu Uzerine Etkisi

The Effect of Bacterial Cellulose Based Hydroxyapatite (BC-HAp) Nanocomposite on Bone Formation in
Critical Sized Calvarial Defects in Rats
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Oz

Bu ¢aligmada, sicanlarda kritik boyuttaki kalvaryal defektlerde bakteriyel seliiloz-hidroksiapatit (BS-HAp) kompozitinin kemik
rejenerasyonundaki potansiyelinin degerlendirilmesi amaglanmustir. Komagataibacter xylinus S4 izolatindan elde edilen BS-HAp
taramali elektron mikroskobunda (SEM) incelenerek icerigindeki Ca ve P iyonlarinin yogunlugu tespit edilmistir. Ratlarda olusturulan
kalvaryal defektlere elde edilen BS-HAp dondurulup kurutularak uygulanmistir. 4. ve 8. haftanin sonunda alinan érnekler histopatolojik
olarak incelenmistir. SEM sonuglarina gore BS lifleri, ince demetler halinde olup fibril ¢ap: 42,11 nm olarak tespit edilmistir. HAp,
BS pelikiline dahil olarak iceriginde yiiksek oranda Ca ve P elementleri saptanmugtir. Yapilan in-vivo deneylerin sonunda 4. haftada
herhangi bir kemik olusumuna rastlanmamistir. BS-HAp grubunda diizgiin bag doku olusumu gézlenmistir. 8. haftanin sonunda
BS-HAp grubunda biyomateryal komsulugunda yeni kemik alanlari izlenmistir. Komagataibacter xylinus S4 izolatindan elde edilen
BS-HAp biyomateryal olarak kullanildiginda 8. haftada yeni kemik olusumunu indiklemistir.

Anahtar Kelimeler: Bakteriyel seliloz, Biyomateryal, Hidroksiapatit, Kemik rejenerasyonu, Rat

Abstract

'This study, it was aimed to evaluate the potential bone regeneration effect of bacterial cellulose-hydroxyapatite (BC-HAp) composite
in calvarial defects of critical size in rats. BC-HAp obtained from Komagataibacter xylinus S4 isolate was examined under a scanning
electron microscope (SEM), and the concentration of Ca and P ions in its content was determined. BC-HAp was freeze-dried and
applied to calvarial defects. Samples taken at the end of the 4 and 8" weeks were examined histopathologically. According to SEM
results, BC fibers were in thin bundles and the fibril diameter was determined as 42.11 nm. As HAp is included in the BC pellicle,
high levels of Ca and P elements were detected in its content. At the end of the in-vivo experiments, no bone formation was found in
the 4™ week. Uniform connective tissue formation was observed in the BC-HAp group. At the end of the 8" week, new bone areas
were observed in the BC-HAp group adjacent to the biomaterial. When BC-HAp obtained from Komagataibacter xylinus S4 isolate
was used as a biomaterial, it induced new bone formation at 8 weeks.

Keywords: Bacterial cellulose, Biomaterial, Hydroxyapatite, Bone regeneration, Rat
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1. Girig

Dis kaybs, siniis pnématizasyonu, periodontal hastalik, fa-
siyal ve dentoalveoler travma, odontojenik ve odontojenik
olmayan kistler ve timorler, oral patolojik lezyonlar ve daha
bircok durumda alveoler kemik defektleri olugmaktadir
(Tolsunov vd. 2019). Normal anatomik ¢ergeveyi korumak,
bos alani ortadan kaldirmak, estetik restorasyon ve dental
implant yerlestirmek adina, olugan bu defektlerin rekons-
tritksiyonu gerekir. Defektin i¢ini doldurup fiziki bir yap1
saglayan kemik ve kemik yerine gecen materyaller kullanil-
maktadir. Bu materyallerin genel ismi “kemik grefti” olarak
geemektedir. Kemik greftleri; osteogenezisi, osteoindiiksi-
yonu ve osteokondiksiyonu aktive etmek i¢in kullanilmak-
tadir (Nandi vd. 2010). Giintimiizde kalsiyum fosfat (trikal-
siyum fosfat ve hidroksiapatit), kalsiyum silfat ve biyoaktif
cam gibi seramik bazli malzemeler, yeni mineralize doku ve
greft materyali arasinda yakin bag olusturmasi nedeniyle
siklikla kullanilmaktadir (Boccaccini ve Blaker 2005, La-
urencin vd. 2006). Ozellikle hidroksiapatit (HAp) kemige
benzer yapist ve kompozisyonu dolayisiyla kemik rejeneras-
yonu uygulamalarinda yaygin kullanimi (Wang vd. 2007)
onun osteojenik olmayan osteokondiiksiyon &zelliginden
kaynaklanmaktadir. Sentetik HAp, osteointegrasyon orani-
n1 arttirmak icin implant ¢evresinde basariyla kullanilmigtir

(Moore vd. 2001).

Guintimuzde farkli nanokompozit tiirlerinin (organik-inor-
ganik, inorganik - inorganik ve biyo-organik nano malze-
meler), ila¢ iletimi, kanser tedavisi, tibbi gorintileme ve
kimyasal algilama gibi biyomedikal alanlarda kullanimlarina
izin verilmistir (Bramhill vd. 2017). Nanokompozit gelis-
tirmede yogun olarak arastirilan bir polimer olan bakteriyel
seliiloz (BS), su tutma kapasitesi yiiksek oldugu i¢in yaraya
nemli bir ortam saglar ve yaranin iyilesmesini destekler. Yii-
zeyindeki hidroksil gruplarinin fazlalifi nedeniyle, tretim
sirasinda ya da dretildikten sonra kolaylikla modifiye edi-
lebilmekte ve 6zellikle yaralarda mikroorganizma geligimini
engellenmek amaciyla antimikrobiyal 6zellikler kazandiril-
maktadir (Czaja vd. 2006, Oliveira vd. 2016). BS lifleri ke-
mik kollajenine benzer bir yapiya sahiptir bu ytizden kemik
rejenerasyonu icin kullanimi alanininda yapilan aragtirmalar
son yillarda artmigtir (Vadaye vd. 2018). BSden elde edilen
membranlar, kritik ve kritik olmayan kemik defektlerinin
rekonstriiksiyonu i¢in bariyer membran olarak kullanimig-
tir (Lee vd. 2015). BS’nin tretim miktari, kompozisyonu
ve buna bagl olarak biyolojik 6zellikleri de tiire spesifiktir
ve bu hem teknolojik hem de bilimsel amaglar i¢in dikkate
alinmasi gereken 6nemli bir degiskendir. Modifiye edilme-
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mis seliilozun antibakteriyel ve antibiyofilm etkisi ilk kez ye-
rel izolatimiz olan Komagataibacter xylinus $4 (K. xylinus) ile
yapilan ¢alismamizda gosterilmistir (Top vd. 2021). BSlerin
ozellikleri ve HAp'in etkili osteojenik yetenegi ve glici goz
6nine alindiginda, bunlar1 kemik rejenerasyonu i¢in hem
biyo hem de mekanik 6zelliklere sahip hibrit yap: iskelele-
rine entegre etmek umut verici bir strateji olarak gérilmek-

tedir (Liu vd. 2021).

Piyasada kullanilan ¢ok sayida greft materyallerin pahali ol-
mast ya da kolaylikla ulagilamamas: gibi dezavantajlarindan
dolay1 BS kaynakli yeni tibbi malzemelerin tiretimi ve selii-
lozun alternatif biyo-materyal potansiyeline ilgiyi ¢ekmistir.
Literatirde K. xy/inus S4 susundan elde edilen BS-HAp'in
kemik rejenerasyonuna etkisini degerlendiren bir calig-
ma bulunmamaktadir. Bu baglamda sunulan makale, BS-
HAp'tan elde edilen materyalin kemik rejenerasyonuna olan
etkisinin degerlendirildigi ilk ¢aligmadir. BS’ nin fizikokim-
yasal 6zelliklerine ve HA'nin kemik rejenerasyonuna 6nemli
katilimina dayanarak, bu ¢aligmanin amaci, ratlarda olugtu-
rulan kritik boyutlu kalvaryal defekt modelinde K. xylinus
S4 susundan elde edilen BS-HAp nanokompozitinin kemik
rejenerasyonu potansiyelini degerlendirmektir.

2. Gereg ve Yontemler
2.1. Bakteriyel Seliiloz Uretimi

Caligmada, seliiloz trettigi bilinen Komagataibacter xylinus
S4 yerel izolat kullanilmistir (Top vd. 2021). Bakteri, Pa-
mukkale Universitesi Fen-Edebiyat Fakiiltesi Bakteriyoloji
Laboratuvari kaltir stoklarindan temin edilmigtir. BS tre-
timi icin M1AOS5P5 besiyeri (glukoz 10 gr/l, yeast extract
10 gr/l, pepton 7 gr/l, asetik asit 1.5 gr/l ve 10 ml/1 etanol)
kullanilmistir (Cakar vd. 2014). Kiltir 30°C'de 3 ile 4 glin
inkiibe edilmis ve ylizeyde olusan seliiloz pelikili nazikge
alinmig ve distile su ile 6n yikama iglemi yapilmigtir. Daha
sonra besiyerinden gelebilecek tim kalintilarin uzaklagtiril-
masi i¢in seliiloz pelikili 0,5 M NaOH igerisinde 90°C'de
30dk bekletilmistir. Bu iglem iki kez tekrarlandiktan sonra
BS, NaOH ile muamele edilmistir. Son olarak, nétr pH'’ya
ulasana dek distile su ile yikanan BS, analiz i¢in buzdolabin-
da saklanmugtir.

2.2. Hidroksiapatit Sentezi

Hidroksi apatit (HAp) sentezi, Fosfat ve Ca onciilleri olarak
(NH,)2HPO, ve Ca(NO,).4H,O ¢ozeltileri kullanilarak
in vitro kimyasal ¢okelim metodu ile gerceklestirilmistir.
Bunun i¢in 6ncelikli olarak 0,6 M (NH,) 2HPO, ve 1,0 M
Ca(NO,).4H,O ¢ozeltilerinin pH’lar1, konsantre NH,OH
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ile 10,2’ye ayarlanmistir. Fosfat iceren ¢ozelti, kalsiyum
iceren ¢ozeltiye 70 °Cde damlatilarak ilave edilmis ve
48 saat boyunca oda sicakliginda karigtirlmistir. Olusan
cokelti (HAp partikilleri) toplanmis ve 4 kere distile su
ile yikanmigtir. 60 C'de 24 saat kurutulan HAp partikilleri
ogutilerek toz haline getirilmistir (Grande vd. 2009).

2.3. Bakteriyel Seliiloz-Hidroksiapatit kompozit (BS-
HAp) Sentezi

Homojen biyomimik mineralizasyon reaksiyonun ger¢ekle-
sebilmesi igin bakteriyel seliiloz 0,1 M CaCl, ¢ozeltisinde
37°Cde 3 giin inkiibe edilerek aktiflestirildi. Daha sonra
HAp mineralizasyonunu baslatmak i¢in BS, 1,5xSBF’de
37°Cde 7 ile 14 gin inkibe edildi. Elde edilen BS-HAp
kompoziti liyofilize edildi (Hong vd. 2006). Olusturulan
kafa defektine yerlestirilmek tizere dondurulup kurutuldu.

Sentetik Viicut Sivis1 (SBF); NaCl (99.5%), NaH-
CO, (99.5%), KCI (99.0%), Na,HPO4.H O (99.5%),
MgCl,.6H,0 (99.0%), Na,SO,, (CH,OH),CNH, (99.5%),
CaCl,.H,0 (99.0%) ve HCI gibi kimyasallardan olus-
maktadir. 960 mL distile su igerisine sirasi ile 6,5456
gr NaCl; 2,2682 gr NaHCO3; 0,373 gr KCI; 0,1419 gr
Na,HPO,.2H,O eklendikten sonra sicaklik 37°C’ye ¢ikaril-
di. 0,3049 MgCl,.6H,0; 9 mL 1M HCI; 0,3675 gr CaCl,.
H,0; 0,071 gr Na SO,; 6,057 gr (CH,OH),CNH, eklen-
dikten sonra 30 mL. 1M HCI kullanilarak pH 7,4 ayar-
landi. Her bir kimyasal distile su igerisine eklendiginde tger
dakika karigtirildi. Hazirlanan SBF, BS-HAp sentezinde
kullanilmak tizere +4 C%de muhafaza edildi (Tas 2000).

2.4. Taramal1 Elektron Mikroskobu Gériintiileri (SEM

goriintiileme)

BS-HAp materyalinin morfolojik yapisi, Pamukkale Uni-
versitesi Ileri Teknoloji Uygulama ve Aragtirma Merkezi'nde
(Denizli) Taramali Elektron Mikroskop (SEM) analizi ile

incelenmistir.
2.5. Hayvan Deneyi

Buaragtirma, Pamukkale Universitesi Hayvan Deneyleri Etik
Kurulu tarafindan onaylanmistir (PAUHDEK-2018/19).
Caligmamizda alti adet erkek 320-400 gr Wistar rat (2-3
aylik) kullanilmigtir. Tim hayvanlar 22+1 °C'de 12 saatlik
kafeslerde

Ratlar, 6tenaziye kadar yeteri kadar kemirgen yemi ve su

aydinlik/karanlik  doéngisiinde

tutulmugtur.

almistir. Deneyler Pamukkale Universitesi Deneysel Cerrahi
Uygulama ve Aragtirma Merkezi'nde gergeklestirilmigtir.
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2.5.1 Cerrahi Iglemler

Calismada tim iglemler steril ortamda gerceklestirilmis olup
hayvanlarin anestezisi intramuskiiler enjeksiyon yontemi
ile 10 mg/kg ksilazin hidrokloriir (Rompun 2%, Bayer,
1stanbul,Turkey) ve 50 mg/kg ketamin hidrokloriir (Ketalar,
Eczacibagi-Warner Lambert, Istanbul, Turkey) kullanilarak
yapilmistir. Genel anesteziyi takiben ratlarin kafa bolgesi
tiras edilip povidone iyot ile kafa derisi dezenfekte
edilmistir. Rat kafa derisinde kalvaryal kemigin bitimine
kadar bir kesi atilarak kafa derisi ve periost, kalvaryadan
ayrilmigtir. Bunu takiben ratlarin kalvaryalarinda parietal
kemigin saginda ve solunda 5Smm’lik defektler trepan frez
ve steril salin sogutmas ile agilmistir (Alpan vd. 2016). Sol
defekt bolgesine, BS-HAp'tan olusturulan greft materyali
defektin ¢ap: kadar hazirlanip yerlestirilmigtir. Sag defekt
ise bos birakilmistir (Sekil 1). Daha sonra periost greft
stabilizasyonu ve defekt beslenmesini saglamak icin 5-0
poliglaktin 910 (Vikril Jonson&Johnson/ethicon) ile siitiire
edilmigtir. Kafa derisi ise 4-0 ipek sitiir ile suture edimistir.
Postoperatif olarak ratlara 50 mg/kg Seftriakson (Cephaxon-
Toprak) i.m. ve 4 mg/kg Carprofen (Rimadyl- Pfizer) 20 cc
flakon 3 giin siire ile subkiitan6z olarak verilmistir. Ratlar,
4 ve 8 haftalik iyilesme periyodundan sonra 200 mg/kg
i.p. sodyum pentotal enjeksiyonu (Petothal, Abbott, ABD)
kullanilarak sakrifiye edilmistir.

2.5.2. Histolojik Analizler

Histopatolojik incelemeler i¢in defekt alanlarindan alinan
ornekler %10 nétr formalin ile sabitlendi. 2 glinlik fiksas-
yondan sonra numuneler EDTA (etilendiamintetraasetik
asit) (0,1 M) solisyonunda 1 hafta stireyle dekalsifiye edildi.

Sekil 1. Rat
kalvaryasindaki
caligma gruplarinin
goriintlsi. Sol defekt
bolgesinde BS-HAp,
sag defekt bolgesi bosg
birakilmigtir.
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Ardindan doku 6rnekleri otomatik doku isleme ekipmani
(Leica ASP300S, Leica Microsystem, Nussloch, Almanya)
tarafindan rutin olarak iglendi. Parafin bloklarina gémilmis
orneklerden 5 mikron kalinliginda seri kesitler, tam otoma-
tik doner mikrotom (Leica 2155, Leica Microsystem, Nuss-
loch, Almanya) ile alindi. Daha sonra histopatolojik ince-
lemeler i¢in Hematoxylin-Eosin (HE) ile boyanan kesitler
15tk mikroskobunda incelendi. Defekt alanindaki kemik iyi-
lesme bolgesi asagidaki gibi puanlandi. Histomorfometrik
parametreler ve hesaplamalarda;

Toplam iyilesme alani (THA; mm?), defekt kapanma orani
(DCR;%), yeni olusan kemik alani (NFB; mm?) ve artik
materyal alani (RMA; mm?) hesapland: (Jung vd. 2015).
Lezyon bolgesindeki osteoblast ve osteoklastlarin sayisi
1,23 mm? alanda (400 X biytitme) sayild: (Araujo vd. 2015).
Morfometrik analizler Image] (Ulusal Saghk Enstitileri,
Bethesda MD) kullanilarak yapildi.

2.6. Istatistiksel Analiz

Calismanin verileri SPSS ver 21 ile degerlendirilmistir.
Gruplarin  kargilagtirilmast Mann-Whitney U testi ile
gerceklestirilmigtir. 4. Hafta ve 8. Hafta verileri ise Wilcoxon
testi ile degerlendirilmigtir. Anlamlilik dizeyi 0.05 olarak
alinmugtir.

3. Bulgular ve Tartigma

Bu ¢alismada, yerel bir izolat olan K. Xylinus 84 ile tretilen
BS-HAp nanokompozitinin, ratlarda olugturulan kalvaryal
defektler tizerine olan kemik rejenerasyon potansiyeli deger-
lendirilmigtir. Farkli analizlerde gozlemlenen sonuglar, BS-
HAp nanokompozitinin, ratlarda olusturulan kritik boyutlu
defektlerde 8. haftada kemik rejenerasyonunu destekledigi
sonucuna varlmistir. BS; Azotobacter, Pseudomonas, Sal-
monella and Sarcina ventriculi, Pseudomonas, Salmonella ve
Sarcina ventriculi gibi belirli bakteri tirleri tarafindan hiicre
dig1 olarak sentezlenen bir materyaldir. Bunlar arasinda en
etkili ve dolayisiyla seliiloz Gretimi igin en ¢ok kullanilan
bakteriler Gluconacetobacter xylinum, Gluconacetobacter han-
senii ve Gluconacetobacter pasteurianustur (Torres vd. 2019).
Komagataeibacter cinsinin seliiloz Gretme kabiliyeti ile dik-

kat ¢ekici oldugu bulunmusgtur (Wang vd. 2018).

Hem saflign hem de yiksek derecede biyouyumluluk
ozelligi ile bakteriyel seliiloz, kemik doku mithendisligi
igin potansiyel bir iskele gorevi gérmektedir. Ozellikle
toksik olmamasi ve yiliksek sisme yeteneginden dolay: BS,
biyomedikal uygulamalarda dogal ve sentetik polimerler
arasinda on plana ¢tkmistir (Svensson vd. 2005). Kollajen ve
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jelatin ile kiyaslandiginda, BS hayvansal kaynakli olmadig:
i¢in alerjik de degildir (Fontana vd. 1990). BS, ags: ultra
ince fiber yapisi nedeniyle 6nemli mekanik o6zellikler
gosterir. BS’nin mekanik 6zellikleri, bitki selilozundan daha
glclidir (Wahid vd. 2021). Yapay HAp, kemigin dogal
HAp'1 ile ayn1 kimyasal ve kristal yapiya sahiptir ve kemik
rekonstriiksiyonu i¢in kullanilmaktadir. Bu baglamda, esitli
caligmalar, herhangi bir toksisite olmaksizin osteoblast
hiicrelerinin ¢ogalmasini arttirarak kemik onarimi i¢in BS

ile HAp'i arastirmigtir (Favi vd. 2016, Grande vd. 2009).

BS ve BS-HApin morfolojik gorinimleri SEM ile
incelenmis ve mikrograflar Sekil 2'de verilmistir. BS lifleri,
ince demetler halinde olup fibril cap1 42,11 nmdir. Farkli
ortamlardan elde edilen BSnin morfolojik gérinimi
ve fibriler yapisi farklilik gosterir. Ornegin Jung ve
arkadaglarina (Jung vd. 2010)'na gore BS, ultra ince seliiloz
fibrillerinden olusan retikiiler yapidadir ve bu fibrillerin
cap1 gliserollu ortamda yaklasik 65-80 nm iken, glukozlu
ortamda 75-90 nmdir. Gliserol ve melas iceren ortamdan
elde edilen seliilozun fibril ¢ap: ise 35-70 nmdir (Vazquez
vd. 2013). Acetobacter xylinum selilozik fibrilleri ise 128-207
nm arasinda degismektedir (Gayathry ve Gopalaswamy
2014). Caligmamizin SEM goriintiilerine gore HAp, kiiresel
globiiler yapidadir (Sekil 3). BS-HAp kompozitinde ise, BS
liflerinin HAp kuresel globiillerin tizerini homojen olarak
kapladig: ve bu kiiresel globillerin kiimeler halinde oldugu
gérilmiistiir. Ince seliiloz fibrillerin daha kalin demetler (173
nm) halinde olmas: BS ve HAp arasinda giigli baglanmay1
gostermektedir. Ayrica BS-HAp kompozitinin SEM-
EDS analizi, HAp'nin kimyasal yapisinda bulunan P ve Ca
elementlerin yogunlugu dikkati ¢ekmistir. Bu elementlerin
varligi, HAp'in BS pelikiiliine dahil oldugunu dogrulamistir
(Sekil 3).

Caligmamizda BS ile HAp entegre edilerek, kemik rejene-
rasyonunda kullanilmak tzere potansiyel bir biyomateryal
elde edilmeye ¢aligilmigtir. Aragtirmalar, BS bazli hidrojel
yapt iskelelerinin doku rejenerasyonu uygulamas: igin po-
tansiyel bir biyomateryal haline gelebilecegini géstermistir
(Jiang vd. 2018). BS biyouyumlu bir biyopolimerdir ve yiik-
sek kristallik, ultra ince ag yapist ve yiiksek su emme ka-
biliyetine sahiptir. BS’nin bu 6nemli yapisal ve fonksiyonel
ozellikleri, kas-iskelet/doku miuhendisligi/kemik biyomii-
hendisligi uygulamalarinda 6nemini artirmaktadir (Basu
vd. 2018). Betatrikalsiyum fosfat (3-TCP), okta-kalsiyum
fosfat (OCP) ve HAp gibi biyoaktif kalsiyum fosfat dolgu
maddeleri, biyomateryalin osteoiletim ve osteoindiiksiyon

ozelliklerini iyilestirir (Muthukumar vd. 2016) ayrica HAp
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Sekil 2. Bakteriyel selliloz (A)
ve Hidroksiapatitin (B) SEM

goriinimi.

901

3 7 s

ke

SE MAG: 30000 x HV: 20.0 AV WO: 5.0 mm CE— Owe W22010 21230 FM W 200 P 7 b g
Spectrum: Objects 2637
E1l1 AN Series unn. C norm. C Atom. C Error (1 Sigma)
[wt. %) [wt.%]) [at . %] [wt.%])
Ca 20 K-series 25.46 32.16 16.62 0.78
O 8 K-series 21.62 27:.31 35.35 327
C [3) K-series 15.57 19.67 33.92 2:61
P 15 K-series 8.94 11.29 Te DS 0.38
Cl 17 K-series 5.08 6.42 3% 19 0.20
Na 11 K-series 2.09 2.64 2.38 Q.17
Mg 12 K-series 0.40 0.50 0.43 0.05 Sekil 3. BS-HAp

kompozitinin SEM ve SEM-
EDS analizi.

kemigin ana bilesenlerinden biri oldugundan ¢alismamizda

HAp kullanim tercih edilmigtir.

Calisgmamizda 4 haftanin sonunda dekalsifikasyon sonrasi
ilk 3 ratin kafatasinin temporal bélgesinde olusan lezyon-
lardan kesitler alindi. BS-HAp uygulanan bélgede diizglin
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bir bag dokusu olusumu gérilirken, bos defekt bolgesin-
de agir1 enflamasyon izlendi (Sekil 4). Bos defekt grubuna
gore BS-HAp grubunda artmis osteoblast sayisi ve azalmig
osteoklast sayist saptandi (Cizelge 1). Bu asamada her iki
grupta da kemiklesme saptanmadi. 8 haftalik 6rneklerde ise
BS-HAp grubunda yeni olusan kemik adaciklari goriliir-
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ken, bos defekt bolgesinde, belirgin bir iltihabi reaksiyon  dogru minimal kemik olusumu gériildi (Sekil 5). 8. haftada
gorildi. BS-HAp uygulanan defekt alanlarinin ¢evresinden ~ BS-HAp grubunda 4. haftaya gore anlaml sekilde artmig
kemik olusumu ve ¢ok sayida kemikli adacik izlendi. Bos  osteoblast sayisi saptand: (Cizelge 1).

defekt bolgesinde defekt sinir alanindan, defekt merkezine

Sekil 4. 4. hafta histopatolojik kesit gortintiileri HE boyama. BS-HAp grubunda (A, B, C) defektli kisminin altindaki normal kemik
alaninin (ok bast) Gzerindeki defekt yerinde yeni olusan bag dokusu alani (ok). Bos defekt grubunda (D, E, F) belirgin enflamatuvar
reaksiyon (ok), defekt altinda normal kemik dokusu (ok bas1), enflamatuvar reaksiyon (beyaz ok), HE, Olgek cubuklari= 200,100,
40pum (sirasiyla Gstten alt siraya).

/
s > Myl

4 2 o ; & 7h

Sekil 5. 8. hafta histopatolojik kesit goruntiileri HE boyama. BS-HAp grubunda bag dokusunda yeni olusan kemik dokusu (A, B,
C) (oklar), Bos defekt grubunda (D, E, F) ¢cok siddetli enflamatuvar reaksiyon (ok baslar1), HE, Scale ¢ubuklari= 200,100, 40pm
(dan sirastyla Ustten alt siraya).
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Cizelge 1. Gruplar arasinda histomorfometrik sonuglarin kargilagtirilmasi.

Toplam iyilesme alani (mm?)

Defekt kapanma orani1 (%)

Yani olusmus kemik alani (mm?)

Osteoklast sayis1

Osteoblast sayis1

BS-HAp 4. hafta 8.73+0.47*
Bos defekt 4. hafta 6.01+0.42°
BS-HAp 8. hafta 18.99+1.92¢
Bos defekt 8. hafta 11.70+1.18¢
BS-HAp 4. hafta 72.26x1.05*
Bos defekt 4. hafta 63.5622.25°
BS-HAp 8. hafta 84.90+1.63¢
Bos defekt 8. hafta 74.89+2.45°
BS-HAp 4. hafta 6.760.38°
Bos defekt 4. hafta 3.99+0.79*
BS-HAp 8. hafta 24.88+1.53¢
Bos defekt 8. hafta 10.81+1.21¢
BS-HAp 4. hafta 8.66+0.57"
Bos defekt 4. hafta 11.33+0.57°
BS-HAp 8. hafta 11.66+1.57°
Bog defekt 8. hafta 14.33+0.57¢
BS-HAp 4. hafta 10.66+0.57*
Bos defekt 4. hafta 6.00+1.00°
BS-HAp 8. hafta 23.00£1.00¢
Bog defekt 8. hafta 9.00+2.00°

*: Ayni kolonda ayni parametreye ait gruplardaki farkli harfler ortalamalar arasindaki istatistiksel farks belirtir. p<0,05

**: Degerler ortalama + standart sapma olarak ifade edilmistir

Yapilan bir ¢aligmada BS, pelikiilleri simiile edilmis viicut
stvisina daldirilarak HAp ile kaplanmistir. BS zarinin yiize-
yinde HAp kiireleri olusturulmus ve daha sonra siganlarda
4-8 hafta boyunca kalvaryal defektte kemik olusumu i¢in
kullanilmistir (Ahn vd. 2015). 4. hafta sonunda BS ve BS-
HAp gruplarinda defekt alaninda fibréz bag dokusu tespit
edilmistir. Tki grupta da yeni kemik olusumu ve bu alan-
larda osteoblast aktivitesi gozlenmistir. Aktif osteoblastlar
BS-HAp grubunda BS grubundan daha fazla gozlenmistir.
8. haftada ise defekt marjininde yeni kemik olusumu 4. hat-
taya gore artmis ve BS-HAp grubunda BS grubuna gore
yeni kemik olugumu daha fazla gozlenmistir. Iki grupta da
enflamatuvar reaksiyon gozlenmemistir. Bizim ¢alismamiz-
da BS-HAp etkinligi bos defekt grubuyla karsilagtirilmugtr.
Yukaridaki ¢alismadan farkli olarak ¢alismamizda 4. hafta-
nin sonunda iki grupta da kemiklesme saptanmamustir ve
enflamatuvar reaksiyon saptanmugtir. 8. haftanin sonunda
ise BS-HAp grubunda defekt cevresinde kemik olusumu
izlenmistir (Cizelge 1). Atila ve arkadaslar1 (Atila vd. 2019),
kemik dokusu miihendisligi i¢cin ATCC 10245 Glucona-
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cetobacter xylinum ile tretilen BC/jelatin/bor katkili HAp
kompozit materyali in-vitro olarak degerlendirmisler. Olug-
turulan materyal yaklagik %68-80 oraninda iyi gézeneklilik
gostermistir ve kemik dokusunun desteklenmesi ve yenilen-
mesi i¢in uygun olan SaOs-2 hicre hattinda uygulandigin-
da ALP aktivitesinin istatistiksel olarak arttirmistir. Pigos-
si ve digerleri (Pigossi vd. 2015), osteojen biiyiime peptidi
(OGP) igeren ve icermeyen bir BS-HAp kompozitini fa-
relerde olugturulan kalvaryal defekt modelinde membran
olarak uygulamuslar ve kemik onarim potansiyelini ALPL,
RUNX2, TNFRSF11B, SPP1, BGLAP ve VEGF genle-
rinin ekspresyonu yoluyla arastirmiglardir. Aragtirmacilar
caligmamizla uyumlu olarak 4. haftada defekt kenarlarinda
tim gruplarda fibréz bag dokusu olusumu gozlemisler. Ay-
rica orta derecede bir enflamatuvar reaksiyon tim gruplarda
gozlenmistir. 60. ve 90. glinde ise hi¢bir grupta enflamatuvar
reaksiyon goézlenmemigtir. Bizim ¢alismamizda 4. haftada
BS-HAp grubunda diizgiin bir bag doku olusumu tespit
edilmisken bos defekt grubunda yaygin enflamasyon goz-
lenmigtir. Bog defekt grubunda 8. haftada hala enflamatu-
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var reaksiyon gozlenirken BS-HAp grubunda enflamasyon
gozlenmemistir. Calismamizdan farkli olarak yukaridaki
calismada 4. haftada yeni kemik olusumu gézlenmisken, bi-
zim ¢alismamizda 8. haftada BS-HAp grubunda yeni kemik
olusumu goézlemledik. Bunun nedeni farkli bakterilerden
tretilen BS’lerin farkli mekanik 6zelliklerinden kaynaklani-
yor olabilir. Ayrica ¢aligilan deney hayvanlarinin farklilig ve
rejenerasyon kapasitelerinin degisikliginden kaynaklanabilir.

4. Sonuglar ve Oneriler

Sonug olarak, kemik rejenerasyonu distintldiginde, BS-
HAp'tan elde ettigimiz biyomateryal kritik boyuttaki kemik
defektlerinde kemik rejenerasyonu icin 8. haftada etkili
bulundu. Calismamizin 6n ¢aligma niteliginde olmasindan
dolay1 yapilan analizler sinirli kalmistir. K. Xylinus $4 ile
tretilen BS-HAp nanokompozitinin kemik rejnerasyonu
tizerine etkilerinin daha kapsamli aragtirilabilmesi i¢in daha
fazla sayida deney hayvan: ile farkli zaman periyotlarinda
caligilmasi, sonuglarin immiinohistokimyasal ve mikro-BT
analizleri ile desteklenmesi gerekmektedir.

Cikar Catigsmasi Beyani: Yazarlar, bu makale ile ilgili olarak
bagka kisiler ve/veya kurumlar arasinda ¢ikar catigmasi
olmadigini beyan etmektedir.

Tesekkiir: Yazarlar bu ¢aligmaya katkisi olan Burak TOP’a
tesekkiir etmektedir.

Yazarlarin Katkisi: A.L.A.: Dizayn, hayvan deneyleri,
metodoloji, veri analizi, orijinal taslak, yazim; N.M.D:
Dizayn, in-vitro tretim, metodoloji, son degerlendirme;
T.H.D: Hayvan deneyleri, laboratuvar ¢alismas;; O.O.:
Histopatolojik incelemeler, veri analizi

Aragtirma ve Yayin Etigi Beyan

Yapilan ¢alismada aragtirma ve yayin etigine uyulmustur.
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Antibakteriyel Etkiye Sahip Penisilin G'nin Drosophila melanogaster'in Antioksidan

Savunma Sistemi Uzerine Etkisi

Eﬁécz‘ ofAm‘ibacz‘erial Penicillin G on Antioxidant Defense Sysz‘em of Drasop/)ila melanagasz‘er

Utku Can Atilgan' ®, Ender Buytikgtizel®

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

Oz

Tarim Urtinlerinin verimini etkileyen zararli organizmalari engellemek, kontrol altina almak veya zararlarini azaltmak icin cesitli
pestisitler kullanilmaktadir. Bu kimyasal maddelerin kontrolstiz ve agir1 kullanimlar1 hem ¢evre hem de biitiin canlilar i¢in tehlike
olusturmaktadir. Zararh bécekler ile miicadelede kullanilan kimyasal maddelerin hem etkinliginin hem de canli tizerindeki fizyolojik
etkilerinin iyi bilinmesi gereklidir. Bunun i¢in laboratuvar kogullarinda model organizmalar tizerinde bu maddelerin denenmesi olduk¢a
onem arz etmektedir. Bu ¢aligmada model organizma olarak Drosophila melanogaster kullanilmig olup, insektisitlere alternatif bir
madde olarak antibakteriyel bir etkiye sahip penisilin G’nin bécek tUzerinde oksidatif etkisi ve antioksidan kapasitesindeki degisimler
incelenmigtir. Kontrol ile karsilagtirildiginda en disiik denenen konsantrasyon olan 100 mg/L penisilin G igeren besin, bécegin 3.
evre larvasinda, malondialdehit (MDA) miktarini 8,39 + 2,65 nmol/mg proteinden 18,92 + 3,22 nmol/mg proteine istatistiksel olarak
onemli derecede artirdig tespit edildi. 400 mg/L’lik besinde 3. evre larvalarinda protein karbonil miktar1 (PCO) 1539,69 + 286,45
nmol/mg proteine yiikseldigi tespit edilmis ve istatistiksel olarak 6nemli ¢ikmugtir. Kontrol grubu ile karsilagtirildiginda larval evredeki
glutatyon-s-transferaz (GST) aktivitesinin 100 mg/Lide istatistiksel olarak 6nemli bir artis tespit edildi. Bocegin pup ve ergin evresinde
400 mg/L bulunduran besin grubunda, katalaz (CAT) aktivitesi sirasiyla 547,58 + 55,56 umol/mg protein/dk, 242,24 + 42,85 umol/
mg protein/dk olarak tespit edilmis olup, bu sonug kontrol ile kargilastirildiginda 6nemli derecede yiksek bulundu. Pup evresindeki
superoksit dismutaz (SOD) aktivitesi en diigtik penisilin miktarinda (100 mg/L) istatistiksel olarak anlaml bir artig gézlemlendi. 400
mg/Lide kontrol grubuyla karsilastirildiginda pup evresinde glutatyon peroksidaz (GPx) aktivitesi yaklagik iki kat: oraninda arttig1
tespit edildi. Elde edilen sonuglar ile Penisilin G’nin bécegin farkli evrelerindeki antioksidan enzimler Uzerinde ve oksidatif stres
belirteglerinde énemli degisimlere sebep oldugu tespit edildi.

Anahtar Kelimeler: Drosophila melanogaster, Malondialdehit, Protein karbonil, Katalaz, Stuperoksit dismutaz, Glutayon peroksidaz,
Penisilin G

Abstract

Various pesticides are used to prevent, control or reduce harmful organisms that affect the yield of agricultural products. The uncontrolled
and excessive use of these chemical substances poses a danger to both the environment and all living things. It is necessary to know both
the effectiveness of the chemicals and their physiological effects on the living organism used in the management against to harmful
insects. For this, it is very important to test these substances on model organisms in laboratory conditions.In this study, Drosophila
melanogaster was used as a model organism, and the oxidative effect of penicillin G, which has an antibacterial effect as an alternative
to insecticides, on the insect and changes in antioxidant capacity were investigated. 100 mg/L of penicillin G concentration compared
to the control, statistically significantly increased the malondialdehyde (MDA) content from 8.39 + 2.65 nmol/mg protein to 18.92
+ 3.22 nmol/mg protein in the 3rd stage larva of the insect. It was determined that the amount of protein carbonyl (PCO) in the 3rd
stage larvae increased to 1539.69 + 286.45 nmol/mg protein in 400 mg/L diet and it was statistically significant. Compared with the
control group, a statistically significant increase in Glutathione S-transferas (GST) activity in the larval stage was detected at 100
mg/L. 400 mg/L of penicillin G concentration in the pupa and adult stages of the insect, the catalase (CAT) activity was determined
as 547.58 + 55.56 pmol/mg protein/min, 242.24 + 42.85 umol/mg protein/min, respectively. was significantly higher compared to the
control. A statistically significant increase was observed in the lowest amount of penicillin G (100 mg/L) in the SOD activity in the
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pup stage. Compared to the control group at 400 mg/L, glutathione peroxidase (GPx) activity was found to increase approximately
twice in the pup stage. With the results obtained, it was determined that Penicillin G caused significant changes on antioxidant
enzymes and oxidative stress markers in different stages of the insect.

Keywords: Drosophila melanogaster, Malondialdehyde, Protein carbonyl, Catalase, Superoxide dismutase, glutathione peroxidase,

Penicillin G

1. Girig
Zararhlarla mucadelede farkli etki mekanizmasina sahip

kullanilmaktadr.
kontrollii olmayan ve asir1 miktarda kullanilan pestisitler

cesitli  pestisitler Diinya genelinde
hedef olmayan canlilar ve ekosistem icin biylik tehlike
olusturmaktadir (Dey 2016, Catae 2019, He vd. 2021).
Son yillarda geleneksel olarak kullanilan kimyasallarin
yani sira daha az toksik etkiye sahip maddeler tercih
edilmektedir. sebebi

lizerindeki etkilerini
kimyasallarin hedef olmayan canllar tizerindeki etkilerinin

Bunun hedef olmayan canlilar

olumsuz azaltmak i¢indir. Bu
anlagilmas: ve alternatif kontrol yéntemlerinin gelistirilmesi
biyiik 6nem arz etmektedir (Gunes ve Buytkgtzel 2017,
Dogan 2019). Drosophila melanogaster, ilkemizde 6zellikle
Ege bolgesinin incir bahgelerinde tarim zararlisi olarak
tespit edilen Drosophila tiirlerinden biridir. Meyvelerin
kurtlanmasina, ¢lirimesine ve kalitesinin diigmesine neden
olmaktadir (Aksit vd. 2003). Ayrica, yasam donglsinin
kisa olmasi, kiltirtinin kolay ve ucuz olmasi, genomunun
dizilenmis olmas: ve etik kisitlamalar olmamas: nedeni ile
D. melanogaster laboratuvarlarda uzun siredir kullanilan
onemli bir model organizmadir (Parvathi vd. 2009). Son 10
yil i¢erisinde toksikoloji ¢alismalarinda agirlikli olarak tercih
edilen ve 6nemli ¢ikarimlar yapilmasina imkan taniyan
bir organizma olarak da gorilmektedir (Hirsch 2012,
Abolaji vd. 2013). Yaygin kullanima sahip insektisitlerin
yerine alternatif kimyasallarin laboratuvar ortaminda
zararhi bocekler tzerindeki etkilerinin gosterildigi model
organizmalar ile yapian bircok ¢alismanin yapildig
gortlmektedir (Biytikgiizel 2007, Buytikgtizel ve Kalender
2009). Bu maddelerin bir grubu antibiyotik yapida olan
insektisitler grubunda da yer almaktadir; 6rnek olarak
abamektin ve streptomisin verilebilir (Biyikgiizel ve
Kalender 2007, Biytkgitizel ve Kalender 2009, Keles vd.
2021). Antibiyotikler ayrica laboratuvar sartlarinda model
olarak kullanilan béceklerin yapay besinlerinde mikrobiyal
kontaminasyonu engellemek amaciyla da eklenmektedir.
Bocekler laboratuvar kogullarinda kiltiire alinirken 6zellikle
yapay besinin kalitesini arttirmak i¢in bir¢ok antimikrobiyal
etkiye sahip madde kullanilmaktadir (Pascacio-Villafin
vd. 2017, van der Fels-Klerx vd. 2018, Cohen 2018, Aslan
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vd. 2019, Ustundag vd. 2019). Belirli konsantrasyonlarda
yapay besinlere eklenen antibiyotiklerin béceklerin yagama,
gelisime, omiir uzunluklari, yumurta verimi gibi birgok
parametresi Uzerinde etkili oldugu farkli bécek tiirlerinde
gozlenmistir (Buyiikgiizel ve Yazgan 2002, Dent ve Binks
2020).

Yapay besin ortamlarina ilave edilen antimikrobiyal
ozellikteki maddelerin bocegin sadece biyolojik 6zelliklerine
degil aym1 zamanda bocegin fizyolojik dongtisti tizerinde
olumsuz etki yaptigi bircok ¢aligmada gosterilmigtir
(Celik vd. 2019, Ustundag vd. 2019, Aslan vd. 2019,
Kastamonuluoglu vd. 2020). Ayni zamanda bu ¢aligmalarda
yapay besin kalitesini arttirmak i¢in kullanilan bu maddelerin
bocek tzerinde oksidatif stres yaratmis olabilecegi de
vurgulanmaktadir. Bilindigi gibi oksidatif stres sonucu bir¢ok
dokuda serbest radikal olusumu meydana gelebilmektedir
Serbest radikaller bir veya daha fazla ortaklanmamug
elektron cifti iceren atom veya molekiiller olup, biyolojik
sistemlerde farkli yollarla dretilirler (Lushchak 2014).
Serbest radikaller ile antioksidanlar arasinda bulunan denge,
fizyolojik fonksiyonlarin uygun sekilde yiirtyebilmesi
i¢in ¢ok onemlidir (Huynh vd. 2017, Nair vd. 2018). Bu
dengenin oksidanlar lehine bozulmas: halinde oksidatif
stres meydana gelir (Halliwell ve Gutteridge 2015). Ayrica,
viicuda disaridan alinan kimyasal ajanlar (pestisitler, agir
metaller vb.), biyolojik ajanlar (bakteri, mantar, parazit vb.),
fiziksel ajanlar (radyasyon, sicaklik vb.) ve ¢evresel stres (su
kirliligi, mevsimsel degismeler vb.) faktorleri oksidatif stresi
tetiklemektedirler (Valko 2007, Halliwell ve Gutteridge
2015). Bu durumlarda biyomolekiiller tizerine hasar
olusturabilmektedir. Serbest radikallerin zararli etkilerinden
korunmak i¢in diger 6karyotik organizmalar gibi boceklerde
de antioksidan enzimatik savunma sistemi vardir.
Stperoksit dismutaz (SOD), katalaz (CAT), glutatyon
peroksidaz (GPx), glutatyon S-transferaz (GST), sitokrom
P450, boceklerdeki antioksidan enzimlerdir (Wu ve Yi
2015, Guines ve Biyukgiizel 2017). Boceklerde bunlarin
diginda  GST  izoformlarinin  (GSTpx), Thioredoksin
(TRX), Glutaredoksin (GRX) gibi antioksidan enzimlerde
bulunmaktadir (Bauer vd. 2002, Corona ve Robinson 2006,
Yao vd. 2014).
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Penisilin G, antibakteriyel aktiviteye sahip, bakteri hiicre
duvarmin iginde bulunan penisilin baglayict proteinlere
(PBP’ler) baglanir bakteri hiicre duvari kuvveti ve sertligi
icin gerekli olan peptidoglikan zincirlerinin ¢apraz
baglantisina tzerinde etki gostererek bakteri hiicre duvari
sentezini kesintiye ugratir ve bakteri hiicre duvarinin
zayiflamasina ve sonugta hicre lizisine neden olmasini saglar
(Buytikgiizel ve Kalender 2007). 2020 yilinda Ustiindag
vd. tarafindan genis spektrumlu, beta-laktam 6zellikteki
penisilinin laboratuvar kosullarinda yapay besin ortamina
ilave edilerek D. melanogasterin tim yasama ve gelisme
parametreleri incelenmis ve konsantrasyonlara bagl olarak
béeegin biyolojik 6zellikleri Gzerinde olumsuz etki yaptig
tespit edilmigtir. Ancak yapay besin ortamina farkli penisilin
miktarlarinin eklenerek elde edilen D. melanogasterin larva,
pup, ergin bireylerinde antioksidan enzimatik savunma
sisteminden sorumlu enzimlerden SOD, CAT, GPx, GST
enzim aktiviteleri ile ilgili bir ¢alisma bulunmamaktadir.
Yapilan bu c¢aligma ile denenen etken maddenin D.
melanogaster izerindeki oksidatif etkisi ve bocegin larva, pup,
ergin bireylerindeki antioksidan enzim kapasiteleri hakkinda
bilgiler sunulmaktadir. Ayrica ¢alismamiz 2020 Ustiindag vd.
tarafindan yapilan ve bu etken maddenin D. melanogasterin
tim yasama ve gelisme parametreleri tizerinde olumsuz
etkisinin gosterildigi ¢aligmayr da destekleyen sonuglar
elde edilmis olmasi bu alandaki c¢aligmalara énemli katk:
saglayacak nitelikte oldugu distintilmektedir.

2. Gereg ve Yontem
1.1. Stok Kiiltiiriin Olusturulmasi

Calismada kullanilan Drosophila  melanogaster (Diptera:
Drosophilidae)in W1118 soyu kullanildi. Stok kdltir,
Zonguldak Biilent Ecevit Universitesi, Molekiiler Biyoloji
ve Genetik Bolimi, Bocek Kultiri Laboratuvarinda 25 +
2 °C sicaklik, %60-70 bagil nem ve 12 saatlik fotoperiyot
sartlarinda) yapay besin (Rogina vd. 2000, Lesch vd. 2007)
kullanilarak devamlilig1 saglandi. Yapay besin icerigi: agar-
agar (Ultrapure), D-Siikroz (SigmaUltra, > % 99, Sigma-
Aldrich), kuru toz maya (Dr. Oetker Gida San. ve Tic.
A.S., Torbali- Izmir), L-Askorbik asit (Sigma Ultra, = %
99), etanolde (ACS reagent, = %99,5), %13,5’lik nipajin
(p-hidroksibenzoik asit metil ester, kristal) ¢ozeltisinden,
patates piresi (Knorr, Unilever Sanayi ve Ticaret Tirk A.S.
Umraniye, Istanbul) ve saf su'dan olusmaktadur.

1.2. Belirlenen konsantrasyonlarda Penisilin G
Uygulanmasi

Laboratuvarimizda daha 6nce yapilan  ¢alismalar

Karaelmas Fen Miih. Derg., 2022; 12(2):251-262

sonucunda Penisilin G konsantrasyonlar1 100, 200, 400,
800 mg/L olarak belirlendi ve deney dizenegimizde bu
konsantrasyonlar kullanildi. Penisilin G suda ¢dziinebilen
bir madde oldugu i¢in yapay besin ortamina direk olarak
eklenmistir. Belirlenen her penisilin konsantrasyonu igin
yapay besin tzerine 2-3 disi ve erkek birey birakild: ve
250 ml lik kaltir siseleri kullanidi. Disi bireyler bu besin
Uzerine yumurtalarini birakti ve yumurtalarin agilmasi igin
beklendi. Ag¢ilan yumurtalardan elde edilen larvalar, pup,
ergin 6rnekleri toplandi.

1.3. OrnekToplanmam

Kontrol ve deney gruplarinin bulundugu kiltir sigeleri
deneyin baglatilmasindan sonra gelisme evreleri takip edildi
ve 3. evre larvalarin besin tizerinde gérilmesinin ardindan
erginler kiiltirden uzaklastirilmis ve 6rnek toplama islemine
gegildi. Larva, pup ve ergin bireylerden her tekrar i¢in 30
birey sayisina ulagilana kadar 6rnekler toplanmis ve -80 °Cde
analiz yapilana kadar muhafaza edilmek tizere dondurucuya

kaldirilds.

1.4. Oksidatif stres belirteclerinden Malondialdehit
(MDA) ve Protein karbonil (PCO) Miktarlarinin

Belirlenmesi

MDA: D. melanogaster'in olgun larva (3. evre), pup ve ergin
evrelerindeki tiim vicut dokularini parcalama islemi icin
%1,15’lik KCl kullanilarak ultrasonik homojenizatorden
gecirildi (10 sn, 30 W) (Bandelin Sonoplus, HD2070,
Berlin, Germany). Jain ve Levine 1995 metoduna gore
tiyobarbittirik asit (TBA) ile reaksiyona giren lipid
peroksidasyonun son triini MDA spektrofotometrede 532
nmdeki absorbansi okunarak miktar1 hesaplandi. MDA
miktar: 1,56 x 10° M 'em™ kat sayist kullanilarak nmol/mg
protein olarak verildi.

PCO: Protein karbonil tayini Levine vd. (1994)'in metodu
temel alinip bir ol¢tide degistirilerek (Krishnan ve Kodrik
2006) kuvvetli asit ortamda (2M HCI) proteindeki karbonil
gruplarinin 2,4 dinitrofenil hidrazin (DNPH) ile karark
bir 2,4 dinitrofenil (DNP) hidrozon olusturmasi ve bu
trtinlerin 370 nmde absorbanslarinin 6lgiilmesi esasina
dayanarak yapildi. Ayrica protein oksidasyonu sonucunda
meydana gelen PCO miktarinin hesaplanmasi i¢in total
protein tayini yapildi. 6M guanidin hidrokloriir ile ¢6ziilen
homojen karigimdan alinan 150 pl'ye 1350 ul guanidin
hidrokloriir ilave edilerek 1:10 oraninda sulandirilds.
Orneklerin absorbanslar: 280 nm'de spektrofotometrede

olguldu (Pajot 1976).
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1.5. Antioksidan Enzim Analizleri

Drosophila melanogasterin olgun larva (3. evre), pup ve
ergin evrelerindeki tim viicut dokularinin ekstrasyonu
homojenizasyon tamponu (% 1,15’lik KCl (Potasyum
kloriir), 25 mM K HPO, (Potasyum hidrojen fosfat), 5
mM EDTA (Etilendiamin tetra asetik asit), 2 mM PMSF
(Fenilmetilsulfonil florid), 2 mM DTT (Ditiyotiretol),
pH: 7,4) igerisinde ultrasonik homojenizatér (Bandelin
HD2070, Berlin, kullanilarak
gerceklestirildi Elde edilen homojenat ikiye ayrildy, ilk grup
SOD ve CAT tayini i¢in ikinci grup ise GST ve GPx tayini
i¢in kullanilmak tizere santrifiijleme islemine tabi tutuldu.

SOD: Toplam SOD (EC 1.15.1.1) tayininde Marklund
ve Marklund (1974)un metodu kullanilarak pyrogallol'un

3 dakikada 440 nmde alkali ortamda otooksidasyonu ile
yiikselen absorbans 6l¢tildi. Enzim aktivitesi U/mg protein

Sonoplus,

Germany)

olarak hesaplandi.

CAT: Katalaz (EC 1.11.1.6) enziminin aktivite tayini Aebi
(1984) tarafindan belirtilen metot ile yapilarak, enzim
aktivitesi pmol/mg protein/dk olarak verildi.

GPx: Glutatyon peroksidaz (EC 1.11.1.9) tayini Paglia
ve Valentine (1967) tarafindan belirtilen metoda gore
yapildi. Bu metod okside glutatyon (GS-SG) ve NADPH’1

olarak kullanan glutatyon rediktazin 340
Nikotinamidadenin-dintikleotid hidrojen fosfat
(NADPH)'1 okside etmesi ile meydana gelen azalan

substrat
nmde

absorbansin ol¢iilmesi esasina dayanmaktadir. Enziminin
spesifik aktivitesi nmol/mg protein/dk olarak verildi.

GST: Glutatyon-S-transferaz (EC 2.5.1.18) Habig vd.
(1974) tarafindan geligtirilen metod kullanilarak GST (EC
2.5.1.18) aktivitesi ol¢ildi. Enzim aktivitesi 340 nmde
(g4,: 0,0096 pM.cm™) siipernatantta bulunan 1 mg toplam
protein bagina 1 dakikada olusturulan tioether miktari
olarak 6l¢ildi. Enzimin spesifik aktivitesi ise mmol/mg

protein/dkdur.

Total Protein Tayini: Folin-Lowry vd. 1951 metoduna gore
lipid peroksidasyon triini olan MDA miktarlarini ve anti-
oksidan enzimlerin (GST, CAT, GPx ve SOD) aktivitesini
mg protein bagina hesaplamak i¢in 6rnek 6ziitlerden total
protein tayini deneyi yapildi. Orneklerin absorbanslari 600
nmide 6l¢iildii. Orneklerdeki protein tayini igin farkli kon-
santrasyonlarda BSA ¢ézeltileri hazirlanarak standart grafik
elde edildi. Elde edilen bu standart grafikten toplam protein
miktarlari hesaplandi.
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1.6. Verilerin Degerlendirilmesi

MDA ve PCO miktarlari, antioksidan enzim
aktiviteleri (GST, CAT, GPx ve SOD) ile ilgili verilerin
degerlendirilmesinde tek yonli “Varyans Analizi” (ANOVA)
(IBM SPSS 2021, versiyon 28.0), ortalamalar arasindaki
farkin 6nemini saptamak i¢in “LSD Testi” (IBM SPSS
2021, versiyon 28.0) uygulandi. 0,05 olasilik dizeyinde

ortalamalarin dnemi belirlendi.

2. Bulgular

Kontrol ile
konsantrasyon olan 100 mg/L penisilin iceren besin, bécegin
3. evre larvasinda, malondialdehit (IMDA) miktarin1 8,39 +
2,65 nmol/mg proteinden 18,92 + 3,22 nmol/mg proteine

kargilagtirlldiginda  en dusik denenen

istatistiksel olarak 6nemli derecede artirdig: tespit edildi
(Sekil 1). Pup ve ergin evrelerdeki denenen tiim penisilin
konsantrasyonlarda MDA miktarlar: kontrol besinine gore
istatistiksel olarak anlamli olmayan bir artig gézlemlendi

(Sekil 2, 3).

3. evre larvalarinda kontrol grubunda protein karbonil
(PCO) miktar1 500,85 + 205,26 nmol/mg protein elde
edilmis olup bu deger 400 mg/L’lik besinde larvada 1539,69
+ 286,45 nmol/mg protein’ e yikseldigi tespit edildi ve
istatistiksel olarak onemli ¢ikt: (Sekil 4). Pup evresinde 100,
200 ve 400 mg/L penisilin konsantrasyonlarinda siras: ile
222,02 + 56,67 nmol/mg protein, 272,88 + 93,20 nmol/
mg protein ve 335,62 = 70,45 nmol/mg proteine distigi
gorilmiis ve istatistiksel olarak da anlamli oldugu ortaya
cikmustir (Sekil 5). Ergin evre sadece 400 mg/L penisilin
PCO miktarini 6nemli derecede arttirmustir (Sekil 6).

Larva
= 25
=
T b
E
o
s 20
=11 ]
E
pia=— k3 1
o
E a
=10 a
= a
b a
= 5
3
s 0
Kontrol 100 200 400 £800
Konsantrasyonlar(mg/L)

Sekil 1: Penisilinin D. melanogaster'in larva evresindeki lipid
peroksidasyon trtini MDA miktarina etkisi. Ayni harfi iceren
cubuklarin gosterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet 3. evre larva kullanilarak
dort defa tekrar edildi.
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Sekil 2: Penisilinin D. melanogasterin pup evresindeki lipid
peroksidasyon trtini MDA miktarina etkisi. Ayni harfi iceren
cubuklarin gosterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet pup kullanilarak dort defa
tekrar edildi.

Sekil 3: Penisilinin D. melanogasterin ergin evresindeki lipid
peroksidasyon trtini MDA miktarina etkisi. Ayni harfi iceren
cubuklarin gosterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet ergin kullanilarak dort
defa tekrar edildi.
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Sekil 4: Penisilinin D. melanogasterin larva evresindeki protein
oksidasyonu sonucu olusan PCO miktarina etkisi. Aym harfi
iceren cubuklarin gdsterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet 3. evre larva kullanilarak
dort defa tekrar edildi.

Kontrol grubu ile karsilastirildiginda larval evredeki
glutatyon-S-transferaz (GST) aktivitesinin 100 mg/Iide
istatistiksel olarak 6nemli bir artig tespit edildi (Sekil 7).
Penisilinin tim konsantrasyonlarinin pup evresinde GST
aktivitesinde artiga sebep oldugu goriildi; ancak bu artigin
100 mg/Lide anlamli oldugu, 200,400 ve 800 mg/L penisilin
miktarlarinda anlamli olmadig: tespit edildi (Sekil 8). Ergin
evrede GST aktivitesinde 6nemli bir fark olusmamistir

(Sekil 9).

Penisilin i¢ermeyen kontrol grubunda katalaz (CAT)
aktivitesi 775,39 + 56,37 pmol/mg protein/dkdir. 100,
200, 400 ve 800 mg/L penisilin iceren besin grubu kontrol
besinine gore CAT aktivitesinde, 6nemli bir azalmaya neden
oldugu gozlemlendi (Sekil 10). Bu sonucun aksine pup ve
ergin evresinde 400 mg/L bulunduran besin grubunda,
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Sekil 5: Penisilinin D. melanogasterin pup evresindeki protein
oksidasyonu sonucu olusan PCO miktarina etkisi. Ayni harfi
iceren cubuklarin gosterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet pup kullanilarak dért defa
tekrar edildi.
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Sekil 6: Penisilinin D. melanogasterin ergin evresindeki protein
oksidasyonu sonucu olugan PCO miktarina etkisi. Ayni harfi
iceren ¢ubuklarin gosterdigi ortalamalar birbirinden farkli degildir
(p>0,05). Deneyler her tekrarda 30 adet ergin kullanilarak dort
defa tekrar edildi.

255



Atilgan, Buytkgtzel / Antibakteriyel Etkiye Sahip Penisilin G'nin Drosophila melanogasterin Antioksidan Savunma Sistemi Uzerine Etkisi

CAT aktivitesi sirasiyla 547,58 + 55,56 umol/mg protein/
dk, 242,24 + 42,85 pmol/mg protein/dk olarak tespit
edilmis olup, bu sonug kontrol ile karsilagtirildiginda 6nemli

derecede ytiksek bulundu ($ekil 11, 12).

Larval evrede siiperoksit dismutaz (SOD) aktivitesinde
anlamli bir degisim gortilmemistir (Sekil 13). Pup evresindeki
SOD aktivitesi kontrol besin grubunda 0,69 + 0,019 U/
mg proteindir. Ayni evrenin en disiik penisilin miktarinda
(100 mg/L) istatistiksel olarak anlamli bir artig gozlemlendi
(Sekil 14). En yiiksek penisilin konsantrasyonu olan 800
mg/L kontrol besini ile kargilagtirildiginda pup evresinde
SOD aktivitesinde istatistiki ac¢idan 6nemli bir azalma
tespit edildi. Ergin bireylerde ise 100 ve 400 mg/L penisilin
iceren besin grubu ile kontrol besini kargilastirildiginda
SOD aktivitesinde istatistiki a¢idan o6nemli bir azalma
tespit edilmistir (15).

Yapay besindeki 100, 400 ve 800 mg/L penisilin
konsantrasyonlarinda bécegin larval evresindeki GPx
aktivitesini digtirmustir. En fazla azalma 0,003 + 0,0008
nmol/mg protein/dk enzim aktivitesi olarak tespit edilen
en yiksek penisilin konsantrasyonunu (800 mg/L) iceren
besinde gergeklesti ve bu sonug istatistiki agidan 6nemlidir
(Sekil 16). Denenen 200 mg/L penisilin konsantrasyonu
kontrol besinine goére pup evresinde GPx aktivitesini
istatistiki agidan 6nemli bir azalmaya neden oldu. Ancak
bu azalma 400 mg/I’de kontrol grubuyla kargilastirildiginda
yaklagtk iki katt oraninda arttifi tespit edildi (Sekil
17). Ergin evredeki GPx aktivitesi yalnizca 100 mg/L
penisilin konsantrasyonu tarafindan artirilmig olup diger
konsantrasyonlar etkili olmamigtir (Sekil 18).
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Sekil 7: Penisilinin D. melanogasterin larva evresindeki GST
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet 3. evre larva kullanilarak dort defa tekrar edildi.

Sekil 8: Penisilinin D. melanogasterin pup evresindeki GST
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet pup kullanilarak dort defa tekrar edildi.
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Sekil 9: Penisilinin D. melanogaster'in ergin evresindeki GST
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet ergin kullanilarak dort defa tekrar edildi.
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Sekil 10: Penisilinin D. melonagaster'in larva evresindeki CAT
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet 3. evre larva kullanilarak dort defa tekrar edildi.
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Sekil 11: Penisilinin D. melonagasterin pup evresindeki CAT
aktivitesi uzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet pup kullanilarak dort defa tekrar edildi.

Sekil 12: Penisilinin D. melonagasterin ergin evresindeki CAT
aktivitesi uzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet ergin kullanilarak dort defa tekrar edildi.
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Sekil 13: Penisilinin D. melonagaster'in larva evresindeki SOD
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet 3. evre larva kullanilarak dort defa tekrar edildi.

Sekil 14: Penisilinin D. melonagasterin pup evresindeki SOD
aktivitesi tzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet pup kullanilarak dort defa tekrar edildi.
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Sekil 15: Penisilinin D. melonagasterin ergin evresindeki SOD
aktivitesi uzerine etkisi. Ayni harfi iceren ¢ubuklarin gdsterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet ergin kullanilarak dort defa tekrar edildi.
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Sekil 16: Penisilinin D. melonagasterin larva evresindeki GPx
aktivitesi Uzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet 3. evre larva kullanilarak dort defa tekrar edildi.
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Sekil 17: Penisilinin D. melonagasterin pup evresindeki GPx
aktivitesi uzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet pup kullanilarak dort defa tekrar edildi.

4. Tartigma

Pesitisit kullaniminin getirdigi olumsuz sonuglarin 6nlen-
mesi ve strdirilebilir miicadele yontemlerinin bulunmasi
amaciyla yeni yaklagimlar gelistirilmeye ¢aligilmaktadir. Son
yillarda zararli bocekler ile kimyasal miicadele ¢alismalarin-
da fakli etki mekanizmasina sahip antimikrobiyal ajanlarin
béceklerin tizerindeki biyolojik ve kimyasal etkileri ince-
lenmektedir (Biyiikgtizel and Kalender 2008, Buytikgizel
2009). Antibakteriyel etkiye sahip Penisilin G’nin model
organizma Drosophila melanogaster'in larva, pup ve ergin
evrelerindeki oksidatif stres ve antioksidan savunma sistemi
tuzerine etkisinin aragtirildigi bu ¢aligmada 6nemli sonuglar
elde edilmistir.

Oksidatif stres belirtegleri olan MDA ve PCO miktarlari,
larva ve ergin evrelerinde artan konsantrasyonlarda kontrol
grubuna kiyasla istatistiksel olarak artig gostermistir. Bu
durum, etken maddeye bagli olarak reaktif oksijen tiirleri-
nin olugmasi sonucu oksidatif hasarin meydana gelmesi ve
antioksidan savunma sistemine olumsuz etki olusturmasi
sebebiyle gerceklesmis olabilir. D. melanogaster'in larva evre-
sinde 100 mg/L konsantrasyonunda MDA miktarindaki
artig ile GST aktivitesindeki artisin korelasyon gostermesi
literatiirde bulunan diger ¢aligmalarda da benzer sekilde
gorilmektedir (Hyrsl et al. 2007, Biiytikgtizel and Kalender
2007, Aslan et al. 2019). Bilindigi gibi; GST, faz II detoksi-
fikasyonunda gorevli temel bir enzimdir; lipit peroksidasyon
triinlerinin detoksifikasyonu ve reaktif tirlerin konjugasyo-
nu ile oksidatif hasar1 onler (Matés 2000, Valko et al. 2007,
Halliwell and Gutteridge 2015, Anet et al. 2019). Elde
edilen bulgular dogrultusunda larva ile yapilan ¢aligmalarda
MDA miktarindaki artigin, penisiline bagh reaktif oksijen
tirleri (ROS) miktarindaki artistan kaynakli olabilecegi ve
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Sekil 18: Penisilinin D. melonagaster'in ergin evresindeki GPx
aktivitesi uzerine etkisi. Ayni harfi iceren ¢ubuklarin gosterdigi
ortalamalar birbirinden farkli degildir (p>0,05). Deneyler her
tekrarda 30 adet ergin kullanilarak dort defa tekrar edildi.

buna bagl olarak da antioksidan savunma sistemi Uzerinde
olumsuz etki yaptig1 disunilebilir. Buyikguzel ve Kalen-
der (2007)nin antibakteriyal etkiye sahip streptomisinin
kullanarak yaptig1 calismada Galleria mellonellanin larval
evrelerinde artan konsantrasyonlara bagli olarak MDA mik-
tarinda artig gorilmis ve bu artig yukarida belirtilen sekilde
penisiline bagli ROS olusumu nedeniyle olabilecegi ileri
sturtilmustir. Penisilinin 100 mg/L konsantrasyonunda D.
melanogaster'in larval evresinin GST aktivitesinde yiikselme,
GPx aktivitesinde ise digme gézlemlenmis olup; benzer
sonuglarin Hyrsl ve Buytkgiizel (2007) ve Biytukgiizel ve
Kalender (2009) ¢aligmalarinda da rapor edildigi gortil-
miustir. Bu durum antibiyotik stresinin oldugu kogullarda
bazi GST izoformlarinin (GSTpx) aktivitelerinin yeniden
dizenlenebilecegi Krishnan ve Sehnal (2006)nin yaptig:
caligmada gosterilmistir.

Bizim ¢alisgmamizda larval evrede yiiksek konsantrasyonlar-
dan biri olan 400 mg/L penisilin konsantrasyonunu kont-
rol grubuyla kargilastirildiginda PCO miktarinda istatiksel
olarak anlamli bir artisin oldugu tespit edilmistir. Kastamo-
nuluoglu ve ark. 2020 tarafindan yapilan ¢alismada da G.
mellonelldnin yapay besiyerine bir antifungal madde olan
terbinafin ilave edilmis ve bécegin MDA ve PCO miktarla-
rinda artig g6zlenmis ve bu artigin oksidatif stres gostergesi
oldugu belirtilmistir. Bir baska ¢alismada, D. melanogaster
tuzerinde genotoksik bir karsinojen olan tretan uygulanmug
ve MDA miktarindaki artis ile oksidatif hasar gosterilmis-
tir (Nagpal and Abraham 2017). Ardindan bitkisel koken-
li antioksidanlar diyet ile uygulanmis ve MDA miktarinin
distugt bulgusu elde edilmistir. Bu sekilde MDA miktar:
ile oksidatif hasar varlig1 arasindaki baglant: gosterilmistir.
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Bocegin pup evresinde 400 mg/L penisilin miktarinda GST
ve GPx aktivitesindeki artiga benzer Hyrsl (2007), Biytikgii-
zel (2009) ¢alismalarinda da gorilmistiir. Bu durum oksida-
tif strese kargt bocegin adaptif metabolik cevabinin sonucu
olabilir. Bécekler diinya tizerinde en fazla biyokiitleye sahip
canli grubudur. Ayni zamanda adaptasyon yetenekleri ¢ok
yuksek oldugundan ¢ok farkli ortam sartlarinda yasayabilirler.
Bu bagarilar: farkli sartlara metabolik yanitlarini degistirerek
adapte olabilmeleridir (Reece 2010). Stiperoksit dismutaz,
superoksit radikallerini hidrojen peroksite donistiriir ve
ardindan hidrojen peroksit CAT tarafindan suya dontsti-
rilmektedir (Valko 2007). Liu (2019) nun siprofloksasin ile
yaptig1 ¢alismasinda oldugu gibi bu iki antioksidan enzimin
aktivitelerinde gorilen artisin ve azalmanin korelasyon
gostermesi beklenir. Bu ¢alismada larva evresinde 100 mg/L
konsantrasyonda SOD aktivitesinde kontrol grubu ile ista-
tistiki bir fark gérilmemesine ragmen azalma gézlenmis ve
bu durumun yansimasi olarak CAT aktivitesinde de azalma
tespit edilmigtir. Bu enzimlerin aktivitelerindeki azalma
ile MDA miktarindaki artig arasinda baglanti kurulabilir.
Benzer bir sonug Biiyiikgtizel (2009)’in streptomisin kulla-
narak G. mellonella ile gerceklestirdigi caligmasinda oksidatif
strese karg1 yanit olusturan CAT ve SOD aktivitelerindeki
azalmanin MDA miktarinda artiga neden olabilecegi ifade
edilmistir. Calismamizda, D. melanogasterin pup evresinde
MDA miktarindaki istatiksel olarak anlamli artis olmama-
sina kargin ayni evrede GST, SOD ve CAT enzim aktivite-
lerinde kontrol grubuna kiyasla artig goriilmektedir. Benzer
bir sonu¢ Kaur ve arkadaglarinin (2020) gergeklestirdikleri
caligmada da gozlemlenmigtir. Antioksidan enzimlerin
tamaminin aktivitelerinde goézlemlenen artisin oksidatif
stres gostergesi oldugunu belirten bir¢ok ¢aligma bulun-
maktadir (Foyer et al. 1994, Ding et al. 2015, Kaur et al.
2020). Zorlu (2018)'nun ¢aligmasinda bizim sonuglarimiza
benzer sonuglar gériilmiis olup; G. mellonella ile yapilan bu
caligmada diyetle alinan titanyum dioksit nanopartikulleri-
nin artan konsantrasyonlarda hemolenfte MDA artigina yol
actig1 ve ROS olusumuna bagli oksidatif stres meydana gel-
digi ortaya konulmustur. Zorlu (2018)’nun titanyum dioksit
nanopartikilleri yiksek dozlarda disik dozlara gére daha
etkili oldugu ve bu durumun MDA miktarindaki yiikselme-
nin canlida olugan toksisiteye kars: verdigi yanita bagl ola-
bilecegi ifade edilmektedir. Zorlu (2018)'nun ¢aligmasinda
MDA aktivitesinde kontrol grubuna gére istatistiki farkin
olmadigi en yiksek konsantrasyonda CAT aktivitesinde
ciddi bir artis oldugu rapor edilmistir. Bu duruma benzer
bir durum bizim caligmamizin pup ve ergin evrelerinde
gortlmektedir. MDA miktarinda artan konsantrasyonlarda
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kontrol grubuna gore bir fark gorilmezken SOD ve CAT
miktarinda aktivitelerinde degisiklikleri bulunmaktadir.
Stiperoksit dismutaz enziminin ana gorevi ksenebiyotik gibi
hiicre dig1 faktorler tarafindan olusturulan stiperoksit radi-
kallerini oksijen ve hidrojen peroksite déntstiirmektir. Bu
bilgiye uyumlu olarak SOD aktivitesindeki artig literatirde
farkli ¢aligmalarda gosterilmistir (Krishnan and Kodrik
2006, Yong Wang et al. 2012). Bu ¢alismada pup evresinde
SOD aktivitesinin 100 mg/L ve 200 mg/L konsantrasyon-
larinda yukseldigi gézlemlenmigtir. Bu durum hem canlinin
artan konsantrasyonlara bagli olarak adaptasyon géstermesi
ile uyumlu hem de literatiirde oksidatif stresin olugtugu ve

SOD yamitinin 6l¢ildigi calismalarla uyum géstermektedir
(Karthi et. al. 2018, Kaur et al. 2020).

Drosophila melanogaster'in larva evresinde 400 mg/L de
PCO miktarinda gortilen artig ile beraber GST, CAT
ve SOD aktivitelerinde diistiis oldugu gorilmistir. Bu
durum protein karbonillerinin artisina bagli olarak enzim
yapilarinda meydana gelen hasardan dolayr gergeklesmis
olabilir (Keles vd. 2021). Bu ¢alismada elde edilen bulgular:
genel olarak su sekilde agiklayabiliriz: Ksenobiyotikler iki
detoksifikasyon yolu ile metabolize edilebilirler, bocekler
s6z konusu oldugunda bu yolaklar sonunda toksik etki
gosteren madde ya notralize olur ya da elemine edilir. Faz
1 reaksiyonlar: esasinda ksenebiyotikleri faz 2 reaksiyonlar:
i¢in hazirlar. Faz 2 reaksiyonlar: sonucu olugan iriinler daha
¢oziinebilir ve taginabilir hale gelirler. GST aktivitesi faz 2
reaksiyonlarinda gorev alan bir enzim olarak diisiik aktivite
gosterdiginde faz 1 reaksiyonlari sonucunda olugmus ve
halen aktif olan reaktiflerin birikmesi s6z konusu olabilir.
Bir anlamda faz 2 reaksiyon yolaginin tikanmas: lipitler ve
proteinler tizerindeki hasarin sebebi olabilir (Matés, 2000,
Valko et al. 2007, Halliwell and Gutteridge, 2015, Anet et
al. 2019).

boceklerle

getirdikleri ¢6zimlere ragmen baglica ¢evre kirliligi

Zararh miicadelede  kullanilan  pestisitler
olusturmalari, sirdirilebilir olmamalar1 ve hedef olmayan
canlilar tizerinde toksik etki gibi sorunlara neden olmaktadir
(Dey 2016, Catae 2019, He et al. 2021). Pestisit olarak
kullanilma alternatifleri ile beraber bazi kimyasallarin
laboratuvar kosullarinda yetistirilerek model organizma
olarak bilimsel aragtirmalarda kullanilan ve protein
kaynag: olarak tiketilmek tzere yetistirilme potansiyeli
olan boceklerin besiyerlerinde mikrobiyal kontaminasyonu
onlemek amaci ile ¢esitli antimikrobiyal maddeler eklendigi
literatiirde belirtilmektedir (Cohen 2018, van der Fels-
Klerx et al. 2018, Aslan et al. 2019, Ustundag et al. 2019).
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Bu ¢aligmanin yukarida ifade edilen konu bagliklar: i¢in
yapilan c¢aligmalara katki saglayacak nitelikte oldugu
distiniilmektedir. Daha 6ncede belirtildigi gibi Ustiindag
ve arkadaglar1 (2020) tarafindan yapilan ¢aligmada genis
spektrumlu, beta-laktam 6zellikteki penisilinin laboratuvar
kosullarinda yapay besin ortamina ilave edilerek D.
melanogaster:n  tim yasama ve gelisme parametreleri
uzerinde olumsuz etki yaptigi tespit edilmis, bizim
caligmamiz ile de penisilinin bdcek tizerindeki bu olumsuz
etkinin kaynaklar: aragtirilmis; oksidatif stres belirteglerinde
ve antioksidan enzimler tizerinde 6nemli degisimlere sebep
oldugu tespit edilmistir.

5. Tesekkiir
Bugalisma“FarkliEtkiMekanizmasina Sahip Antimikrobiyal
Maddelerin =~ Drosophila  melanogasterin  Antioksidan

Savunma Sistemi Uzerine Etkisi” baglikli doktora tez
projesinden elde edilmigtir. 2022-50737594-01 kodlu proje
destegi icin Zonguldak Biilent Ecevit Universitesi Bilimsel
Aragtirma Projeleri Birimi Koordinatorligine tegekkiir
ederiz. Biyoloji Bolumi Hayvan Fizyolojisi ve Biyokimyasi
imkanlarint  kullanmamizi

Aragtirma  Laboratuvari’nin

saglayan Prof. Dr. Kemal Biyukgtizele tesekkiir ederiz.
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Similarity Matching of Ontology in Semantic Web

Semantik Webde Ontoloji Benzerliklerinin Eglesmesi
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Abstract

Matching Ontologies becomes an important task for many applications in Semantic Web. This paper investigates effective similarity
match between ontologies by considering similarity on two levels. We first consider the similarity of the linguistic properties of the
ontology entities which takes in consideration both morphological and semantics of the entities. This is then combined with measuring
the similarity of the ontology structure as represented by RDF graph. This similarity is derived by constructing a graph from the
matched nodes and use it to calculate the measure of structure similarity.

Keywords: Linguistic similarity, Ontology matching, RDF (Resource Description Framework) graph, Similarity graph, Similarity

measure, Structure similarity

Oz

Ontolojileri eslestirmek bircok Semantik Web uygulamas: i¢in énemli bir gérev haline gelmistir. Bu makale, iki benzerlik seviyesi
kullanarak ontolojiler arasindaki etkili benzerlik eslesmesini aragtirmaktadir. Bu ¢aligmada, ilk olarak varliklarin hem morfolojisini
hem de semantigini hesaba katarak, ontoloji varliklarinin dilsel 6zelliklerinin benzerliklerinin incelenmesi ile baglamaktadir. Bu daha
sonra bir RDF grafigi ile temsil edilen ontoloji yapisinin bir karsilagtirmasi ile birlestirilmektedir. Bu benzerlik, eslesen diigiimlerden
bir grafik olusturularak ve yap: benzerliginin 6l¢iisiini hesaplamak i¢in kullanilarak hesaplanmaktadir.

Anahtar Kelimeler: Dilsel benzerlik, Ontoloji eslestirme, RDF (Kaynak Tanimlama Cercevesi) grafigi, Benzerlik ol¢iisii, Eglesen

grafik, Yap: benzerligi

1. Introduction

Ontology matching is a key challenge in Semantic Web
(Berners-Lee et al. 2001). It is the problem of finding
semantic mappings among ontologies for data integration
and reuse. To operate effectively, the Semantic Web must
be able to make explicit the semantics of Web resources
via ontologies, which software agents use to automatically
process these resources. Hence, large number of ontologies
are constructed covering many domains. Given the nature
of the web, being decentralised and lack common criterion
for building ontology, many of these ontologies will have
overlapping domains, while many others may describe
similar domains but using different terminologies. This
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heterogeneity presents problems however, particularly in
terms of redundancy and ambiguity.

To achieve some degree of interoperability to enable
integration and sharing of data across different applications
and organizations, virtually any application that involves
multiple ontologies must establish correspondences among
them (Uschold 2003). Hence, the development of tools
to measure the degree of similarity among ontologies has
received much attention (Liu et al. 2021).

To be fully meaningful the similarity must consider the use
of both linguistic and structural matchings hence adopts two
phases to compute similarity of the ontologies and return a
measure of the degree of similarity. In this work the measure
is considered a real number in the unit interval [0,1], with 0
means no similarity and 1 means complete similarity.
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2. Determining Linguistic Similarity Among
Entities

The firstphase of the analysisis to compute linguisticsimilarity
among ontologies entities. Generally, linguistic similarity
between two entities relies on both morphological and
semantic of the entities. Ontologies are usually represented
as attributed directed graphs and since the emergence of the
Semantic Web, such graph has been standardized by the
World Wide Web Consortium (Berners-Lee et al. 2001) as
set of RDF triples of the form <subject, predicate, object>.
Attribute name or label of a node or an arc in RDF graph can
be a URI or a literal, whether string, word or variable, and
nodes can also be blanks. Morphological similarity of the
ontology entities can be done by comparing their character
strings, while semantic similarity is done by comparing their
meanings.

To measure morphological similarity, we can use Levenshtein
string edit distance (Rice et al. 1997). In this method, the
similarity of two strings is taken as the minimum number
of single characters edit operations: deletions, insertions,
or substitutions, which are required in order to transform
one string into the other. Thus, the morphological similarity
measure SiM .y is given by:

ED("L,, "'Lj)
max (| n;|,| n;|)

ey

St (Miym;) =1 —

Where ED (n.n;) is the Levenshtein’s edit distance for
label strings of the two entities n;, and n; as character
strings irrespective of the types of the labels.

To compare the semantics of ontology entities, their
character strings should be fokenized using a tokenization
algorithm such as NLTK (Ramasubramanian and Ramya
2013, Bird et al. 2009). Tokenization is an NLP basic process
that partitions a character string into a sequence of units of
letters called zokens by using delimiters (such as punctuations,
upper case, digits etc.) and discarding the non-letter ones. If
any such tokens are words, we can measure their semantic
similarity by using WordNet (Miller et al. 2006). WordNet
is a lexical database that organizes nouns and verbs into a
taxonomy of is—a relations. Several methods are devised in
the bibliography for measuring the correlation or similarity
between two terms from the WordNet ontology (Qin et al.
2009, Blanchard et al. 2005, Budanitsky and Hirst 2006, Lin
1998, Ding et al. 2005, Resnik 1995). However, the results
on the evaluation of the performance of these similarity
methods done by Verlas et al. (Varelas et al. 2005) have

shown fairly general agreements among them. Here we
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select similarity measures based on counting edges between
concepts i.e., their depth in the WordNet is-a taxonomy
e.g., the works in (Wu and Palmer 1994, Algergawy et al.
2010), Hence to measure the semantic similarity between
two tokens #, and #, we use Wu and Palmer’s formula (2)
below that is illustrated in Figure 1.

. _ 2Xdepth (LCS)

Simra (1) = depth (t,) + depth (t.) )
B 2 X D,

- Di+D,+2XD,

where D, and D, are the numbers of is-a edges from nodes
representing tokens 7, and ¢, to node ¢, their first mutual
parent (called the Least Common Subsumer LCS) that
subsumes them both. D, is the number of is-a edges from
¢, to the root of the hierarchy. When tokens are not proper
words which means cannot be found in WordNet, then only
morphological similarity is considered.

root *

D, CIJ

< Q0
-

- il
Dl }j‘ ! D 2
& {:}"- _
o ©
rl tz

Figure 1. Illustration of the semantic similarity measure in

formula (2).

The semantic similarity Sims.. of the labels of two entities
n; and n; can be taken as the semantic similarity of their
corresponding token sets 7 and 7', (Nayak et al. 2007,
Salman 2020, Wang et al. 2021). This can be calculated by
adding up the best (maximum) similarity of every token
in one set to the tokens in the other. The summation is
then averaged by dividing over the sum of the two sets

cardinalities as shown in formula (3) below:

SimSem (n[’ nj)
Z nen [l'rné?lr)zi Simgy (1, [2)] + Z nET [I}lleaT)I( Simr, (11, fz)] (3)
[T [+] T
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The linguistic similarity Simyi,(n;,n;) of two entities n;
and m; can then be calculated by weighted sum combining
morphological and semantic similarities (Zhang et al. 2008,
Salman 2020, Liu et al. 2021, Lv et al. 2020) and can be
defined as:

SiM g (Ni17)

(4)

= p X St o (ni, 1) + ¢ X Simsen (ni,m)
where, p;g € [0,1]and p+¢q=1

3. Structure Similarity Matching

Linguistic similarity as shown in section 2 considers the
similarity of the ontology entities without considering
the similarity of ontology structure. As the ontology is
represented by RDF graph, similarity of ontology structure
is turned into similarity matching of RDF graphs. Exact
graph matchings have been shown in the literature to be
NP-complete, e.g., in (Klyne 2004). However, we rely in
RDF graph matching on characteristics of RDF graph
(Zhu et al. 2002). An RDF graph representing ontology is
simply a set of triples of the form <subject, property, object>
(Klyne 2004) and we can define it as follows.

Definition: An RDF graph is a directed labelled graph G =
(N,A) where (1) Vis a set of nodes whether represent subjects
or objects, (2) Ajis a set of arcs represent properties (called also
predicates) and (3) each arc 2 €4 connects subject node s
€ N to object o € N in that direction, representing triple

<s, p, 0>.

For computing the similarity between two RDF graphs,
matching is based on the intuition that if two subject nodes
are matched then their objects are also matched if their
arcs properties were matched. This idea was proposed in
Similarity Flooding work by Melnik et al [8] and also by G.
Jeh et al in SimRank (Jeh and Widom 2002). The matching
between two graphs can be put in the form of a graph, we
call this similarity graph, by pairing matched nodes according
to the that intuition. Similar procedure was also used in the
work in (Zhang et al. 2008) to create matching tree. Hence
to compute the similarity between two RDF graphs g and
g we first construct a similarity graph G (g, g’) according to
the following rule. Each node in the similarity graph is an
element from g x g’such that ((n,,n;’), p,(n,,n.)) € G (g,g)
& (n,p,n,) € gand (n/,p,n,)) € g’and n, is matched ton,’.
Using graph G (g, &), the structure similarity between n; in
gand 7n; in g’is the average of the similarity Sim i, (n,,n,)
and the similarity of the nodes neighbours to node (n,n,)
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, in-neighbours and out-neighbours, as illustrated in Figure
2. Similar method was devised in the work in (Zhang et
al. 2012) but it uses statements representing triples rather
than individual nodes and also in the work in (Zhang et al.
2008) that uses similarity tree rather than similarity graph.
The structural similarity Sim.. of two nodes n; and n; is
then calculated by the following formula:

Simm‘uc (nis nj) =aX Siml.[ng (n[’ n/)

lninj) | .
Z‘ _ ‘SlmLinglk(anj)
+ B x ==
I(nia nj) ‘

|O(inp |

+y x ==

(5)

Sim i, Or(niy ;)
| O(niyn)) |

a,B,y€(0,1] and a+B+y=1

Where in-degree |I(nin,)| (number of arcs leaving
(n,m;) as subject node), out-degree |O(n:,n;)| (number
of arcs entering (n,m,) as object node). Individual in-
neighbour is denoted by I.(n,n;), for 1 <k <[I(n,n;)]
and individual out-neighbour is denoted by Oj(n;,n;), for
1<k<|O(ny,n,)|.

In-neighbours

out-neighbours i\

Figure 2. Neighbouring nodes of the similarity graph node
(n:ym)).

To illustrate how the similarity graph is computed we
take the simple example displayed in Figure 3 below. Two
ontology RDF graphs g and g’are displayed in Figure 3-a
and Figure 3-b. To match these two RDF graphs, we create
the Similarity Graph G(g, ¢) in Figure 3-c in which each
node is represented by a pair of matched nodes of g and g’
starting from the first matched pairs (n, and n’in the figure)
then follow the corresponding matched arcs.
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Ny

a2

Nz N3

¥

ng

G (g, g’)

(n1, na")

(ns, na')

ns

Figure 3. Illustration of creating the similarity graph.

To calculate the similarity between two RDF graphs g and
g we can then use the following formula:

Z’I’ Simslm‘l (ni’ nj) X D (ni’ n/)
Z’II D (ni, nj)
Where n is the number of nodes in the similarity graph and

D(n:,n;) is the node (n:,n;) degree = indegree [ I(nin,) |
+ outdegree |O(niym;)|.

Sim(g’g')z (6)

4. Conclusion

The work presented in this paper has taken an approach
for effective measure of ontology similarity. This is done by
combining two measures of similarity. One is the measure
of linguistic similarity of ontology entities which considers
both morphological and semantics of the entities. The
second measure is the similarity of the ontology structure
using its representation as RDF graph. This measure
avoids the complexity of graph isomorphism by relying
on the triples characteristics of RDF graphs to create a
similarity graph. While this is a step in the development
of the similarity problem, in future work more analysis
still required particularly in handling the semantics of the
different types of node labelling. in addition to testing and
evaluating the method on real data.
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